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( i) 

~stract 

Chapter 1 'Jf the thesis describes the synthesis 1 

char-:l.cterizat i ::m and structural assessment :Jf alkali-

metal and amm:Jnium 'Jx::~tetr:J.flu:Jr::~vanadates(v) ~ A fvoF 4J 
19 (A== K,. Rb,. Cs 'Jr NH

4
). I.R .. and F N.m.r. spectr:Jsc:Jpy, 

m:Jlar c:Jnductance, magnetic m'Jments and chemic .:J. analyses 

sii~ th'lt 1\ ·/-vo-F-4} are the principal pr:Jducts 'Jf the 

re,3cti:Jns 'Jf v 2o 5 with 40'/o HF and alku.li=metal and 

amm:Jnium biflu:Jrides AHF
2 

in presence 'Jf a small 

am:Junt :Jf ethan:Jl "'l.t steam-h"'lth temper.::tture. While the i.r. 

spectra suggest square pyramid;3.l c 4v structures f:Jr the 

- J 19 s:Jlid A L VOF<
1 

c:Jmp:Junds 1 the F N.m.r. spectrum sh:JWS 

stere:Jchemic~l n:Jn-rigidity :Jwing t:J r.::tpic flu:Jrine 

rearrangement between c
4 

and the trig:Jn.::tl bipyraminal ' v 

c
2

V stere:Jchemistry 'Jf the ~VOF4_/ ~ i'Jn in S'JlUti'Jn. 

synthesis anc'l spectr:Jsc:Jpic studies_ :Jf a new 

'JX'Jflu'Jr'Jvan"ldate(IV) c::mplex, rvoF3J, c-:Jnstitute 

·the subject rn3. tter :Jf Chapter 2. Blue crystalline 

hydraZ:Jnium 'JX'Jtriflu:Jr'Jvanad-3.te( IV), N2H5 rvoF 3_7, has 

been synthesised by the reacti:Jn :Jf v 2o5 with an excess 

:Jf 99% hydrazine hydrate in the presence :Jf 40'/o HF. The 

alk:ili-met::tl and amm:Jnium salts, :Jf the cJrnplex ani::>n, 

A rvoF
3
_7 (A::::: Na, K :Jr NH4 ), have been prep'3.red by 

met::J.theses between N
2
H

5 
/voF3_; ann an excess :Jf AF 



( ii) 

in an ~que~us me~ium. Ch3r~ctcriz:1ti~n ~f the c~mp~un~s 

w,s m3dc fr~m the results ~f chcmicJl an3lyscs~ chemic~l 

c~ncuctl.nce 1.nr m~gnetic susceptibility mc::J.surciTtents, 

infr=J.rec:'!, elEJctr~nic :=:tnc:'! esr spectr~sc ~pic stuc, ics. The 

alloli=mct:J.l 3.nc'! amm~nium S:J.lts ~f £voF 3_7 ~ i.)n suggest 

3. 1:1 electr~lytic n.'3ture ~f c:1ch ~f them, -:~nc" thcrr 

i .. r. spectra sh~w the multiple nature ~f the v~o b:::>nc-'1 

:=:mel the .::1bsence ~f W:J.ter. The m-:.1gnctic m~mcnts :J:E the 

c:Jmp:Junc'!s lie between 1.51 '3n~ 1.53 B.M. The s~luti:Jn 

clcctr~nic spectrum ~f N
2

H
5 

!_-VOF 
3
J sh~ws ::3bs~rpti:Jns l.t 

11,950 .:=tnf1 16,000 cm~ 1 , with:Jut exhibiting ,-=:Jny n~t:1ble 

ch--=tnge with the 3.rY'iti::m ~f an excess :>f F= i~ns 1 ~wing t:> 

ths tw~ n=r"l transiti:>ns ch :rractcrist ic :Jf an :>x:>vanaflium( IV) 

spuciss. The c=sr spectra :Jf N
2
H

5 
;-voF

3
_7 in an a.qu<::Jus 

s~lut i~n at lOOK inn ic3.te that the c~mplex spc:cics, 

L-VOF
3
_7 ~, h3.S a clist:Jrtecl :>ctaheflral structure in 

s:Jluti:>ns, thr:Jugh the c:J~rdin::tti~n ~f tw:> H2o m:Jlecules 

t:J the ~x~v:=:tn::trlium(IV) centre in .Jr'1<1 iti~n t~ the thn:e 

c:>:>rr'1in3.tef1 flu:>ri~e i:>ns. In the s~lic'! st~te, the c:>mplex 

',-JCak V=O ••• v and v~F ••. v interJ.ct i:Jns. 



(iii) 

Chapter 3 ~escribes the results ~f stu~ies ~n 

A2 rvo(o2)2F_/ U\ = Na.~ K, Rb, cs ~r NH4). It has been 

sh~wn that the re=Jcti~n ~f vanadium pent~xic"1e 1 v 2o
5

, with 

hy<lr~gen per~xirle in an alkaline me~ium in the presence ~f 

alkali-metal and amm~nium flu~rides, AF (A= Na, K, Rb, cs 

~r NH4 ) gives alkali~met.3.l anCl amm~nium ~x~per:Jx~flu~r~~ 

van3Clates(v), A
2 

/:vo(o
2

)
2
FJ, in very high yielcls. 

ch.-=.Jr.-'1ctcriz'3.ti~n ~f the c ::mp~unc'ls 'itBS m:v1E: fr~m the results 

~f chemic·"ll an21lyses, m3 gnetic suscept ibili t::z rre asureme nt s 

anc ~nfrarec spectr~sc~pic stur1ies. IR spectr~metry sh~wed 

the per~x~ liganns t~ be b~ndec'l t~ the vanadium(V) centre 

in a triangul::1r bidentate(c
2
v) m=tnner. The c:lmplex species 

I 

~vo(o2 ) 2 F_7 =m::1y be a hexac~~rClinated m~n~mer, ~r it m::1y 

h21ve a p~lymeric structure thr~ugh a weak V=O ••• v ~r a 

weak V-F~ •• v bridging. 

'J'he stuc'lies inv~l ving alkali-metal an:-: u.mm:Jnium 

triper:>JX:Jflu:Jr:Jvanar"!ates(v), .\
2 

;:vco2 ) 3F_7 (A= N.:i, K :Jr 

NHL1 ) f~rm the subject matter ~f Chapter 4. Blue alkali-
"' I 

metal anr'l amm:Jnium triper:JX:Jflu~r~va.nadates(v), 

reacting v 2o5 vvi tp flu :Jr ide \F ::1nc'l hycJr:Jgen pc:r:Jxirle in a 

highly a+k21line medium (much higher than that usen f~r the 

synthesis ~f L~~(~~) 2F_72 - c~mplex). The c:Jmp:Junds have 



( iv) 

been characterised by elemental an,~ysesr magnetic 

susceptibility me3.surements 1 anc'l IR s:p2ctr:Jsc:Jpic studies. 

The c:Jmp:Junds d:J n:Jt permit m:Jlar c:Jnductance measurements. 

The IR spectra :Jf the c:Jmp:Junc'ls suggest the presence :Jf 

triangularly b:Jnc'led chel,3.ted per:JX:J ligane1 s. The c :Jmpl ex: 

species /-V( o
2

) 
3
F_72- m3y be a seven-c:J:Jrcin::tt c:r~ m:Jn:Jmer, 

:Jr it may have a p:Jlymeric structure thr:Jugh a weak V-F ••• v 

bridging. The b:::1sicity :Jf per:JX:J ligands increases 'lrvith the 

incrG3.Se in the number :Jf per:Jx:J gr:Jups c:J:Jrc:inatc:;d t:J the 

vanadium(v) centre. 

Synthesis, and assessmc:;nt :Jf structures :Jf the first 

cbl:Jr:Jper:JX:Jva radate(V) c:Jmp:Junds, anr~ evic:encc f:Jr 

ciper:JX:JVanadate(V) - triper:J!&":Jv.amclate(V) intcrc:Jnversi:Jn 

c:Jnstitute the basis :Jf Chapter 5. 2\lkali~metal and 

amm:Jnium salts :Jf yell:Jw :JX:Jdiper:Jx:Jchl:Jr:Jvan'3.du.tes (v), 

A
2

/-VO( o2 ) 
2
c1_7, and blue triper:J:X:Jchl:Jr:Jvanadatc$(V), 

A2 £v<o
2

)
3
cl_7 ( ?\ = Na, K :Jr NH4 ), have been synthesisec'l, 

f:Jr the first time~ by reacting v 2o5 with alkali chl:Jrider 

ACl, and hydr:Jgen per:Jxide in varying c:Jncentrati:Jns :Jf 

r· 72-alkaline media. The three salts :Jf the ani:Jn L vo(o2 ) 2cl_ 

arc c:Jmparatively m:Jre st1ble than th:Jse :Jf the c:Jmplex 

- -2-ani::m f. v(o
2

)
3
cl_/ • Characterizati:Jn :Jf the c:Jmp:Junds 

have been mode fr:Jm the results :Jf elemental analysesr 



( v) 

m01gnetic susceptibility measurements and infrared 

spectr::Jsc::Jpic studies. The IR spectra suggest that the 

per::JX'J gr8ups are b8nded t8 vanadium(V) in a triangular 

bidentate m:=tnner, and that the o-o b8nd 8rder 8£ per::JX8 

ligands decreases with the increase in the number 8f per8X8 

gr8ups C88rdinated t::J the metal centre. The C8n \Rrsi8n 8f 

~vo(o2 ) 2cl_72 - t::J L-v(o2 ) 3cl_72~, and the reverse 

pr8vide g88d evidence f8r the f<:Jcile diperox::Jvanadate(V) 

=~ triper::Jx::Jv~nadate (V) interc::Jnversi8n. Tbe C8mplex 

species L-vo(o
2

) 2cl_72- may be a hexac8::Jrdina.ted m::Jn::Jmer 

::Jr it m.:ty as well be a p::Jlymer thr8ugh a weal;: V~O=V ::Jr a 

vvGak v-cl~v bridging. Similarly the c::Jmplex sp<?cies 

r -2~ _ v(o2 )
3
cl_/ may be 3 heptac::J'Jrdinated m::Jn::Jmer 8r it may 

hu ve a p::Jlymeric structure thr::Jugh a v.Jeak v~l=V interact i::m. 

Chapter 6 ::Jf the thesis rep::Jrts the synthesis, 

char3cterizati::Jn and structur~l assessment ::Jf 3lk1li-metal 

2\ rvo(o
2

)F(H
2
o)

2
_7 ( \ = K, Rb, Cs 'Jr NH4 ). These c::Jmp'Junds 

arG the first per'Jx'Jvan.3date(JV) c :::mp8unds t'J be 'Jbtained 

in the s'Jlid st3te. orange~red alkali-metal and amm"Jnium 

d iaqu'Jflu'Jr::J'JX'Jper'JX'JV3n.3d3.tes( I'V) I ?\. r VO( 02) F(H20) 2-7, 

have been synthesised by the re:J.Cti::Jn 8f a.lkali=mct.'Jl 

r:tncl 2mm'Jnium tetraflu'Jr'J::JX'Jvanadate(V), A /-VOFtJ, __ / 



(vi) 

(A= K,. Rb, cs ~r NH
4

) with H
2

o
2 

in the m~L:tr rl'lti~ 1:12 

f~ll~wed by precipitati~n with ethan~l. Ch3r<l.cterizati:::m 

~f the c~mp~unds w:1s m3de fr:)m the results :)f chemica 1 

an.J.lyses, chemic :11 determin 1.ti~n ~f ~xidat i~n state :>f 

vanadium, i. r. and electr~nic s:pectr~sc:>pic studies :1nd 

m:J,gnctic susceptibility measurements. I.r. spectra suggest 

th'""lt the per:>x~~lig3.nd is b~nded t :> the v 4+ centre in a 

triangular bident:1te f-3shi~n. The c~mplex species 

/-VO(o
2

)F(H
2

o)
2
_7 ~ m3.y h:1ve -3. p:>lymeric structure thr:::mgh 

V~F~V bridging; h~'VIJever, the p~ssibility :£ J. "i:JC<l.k V-O=V 

intcracti:>n c:tn n:>t be ruled :)Ut C:)mpletely. 

Chapter 1 describes the synthesis and assessment :>f 

structure :)f bis(acetylacet:>nat~) flu:>r:>vanadate(III), 

VF(ac3c) 2 , 3. n:>vel neutral C:)mp:)uno :>f vana<lium(III). It has 

been sh:>wn th3.t vanadium pent:>xide, v
2

o5 , underg:>es a 

ready rc3cti~n with an excess :>f hydrazine hydrate in the 

presence :>f 4~/o HF t:> give N
2
H5 ~VoF3_7, which :>n being 

treated with 3cetylacet:>ne aff:>rds blue=green crystalline 

bis(acetyl3cet~nat:>) flu:>r~vanadate(III), VF(C5H7 o 2 ) 2 , 

in a very high yield. The c:>mp~und VF(C5H7 o 2 ) 2 has been 

ch~ractcrized :>n the b1.sis :>f the results :>f chemical 

analyses, chemic~l determ~nati~n :>f :>xidati:>n state :>f 

v:madium, m.J.gnetic susceptibility me1.surement 1 infrared 
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and mass spectr8metric studies. RI induced mass spectr':lmetry 

sh8wed the c8mp':lund t':l be m8n8meric in the vap8ur state; 

h8\"lever, the C8mp8und m :J.Y have a heX=.:l.C88rdin,3.ted p8lymeric 

structure, thr'Jugh a weak v-F ••• v interacti'Jn, in the 

S8lid state. 

A n8vel synthesis 8f tris(acctylacet'Jnat':l) ir8n(III), 

Fe( a_cac) 
3

, and its m3.ss spectr'Jmetric studies c8nstitute 

the subject matter 8f Chapter 8. The reacti8n ':lr ir8n(III) 

hydr'Jxide with acetylacet'Jne, in the absence 8f any buffer, 

rc-:=Jclily gives highly crystalline tris( acetylacct8n3t8) 

ir8n(KII), Fe(ac3c)
3

, in a very high yield. The pH 8f the 

S8luti8n rec':lrded immedi "Jtely after the f8rm.:::Jti8n 8f the 

c8mp8und was f8und t8 be ca. 5. Its mass spectrum pr8vides 

evidence f8r rearrangerrent t':l give Fe=CH
3 

S'?2Cies. 

The W'Jrk described in Ch3.pters 1_, 3, 4 ancl ;J h::we 

been published, while th8Se 8f chapters 5, 6 ancJ 7 are 

in press. 

S::hapter 1 

Synth. Re3ct. In':lrg. Met.=Org. Chern., 63, 12, 1~828 

chapter 3 

P8lyhedr8n, 553, l, 1982. 
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summ'lrx 

Chapter 1 ~f the thesis describes the synthesis, 

ch.J.r::~cter iz =:tt i ::>n 3.nd structur:1l assessment of alkali .... 

metal and amm~nium oxotetr3.fluorovan:3d.=:~tes(v), A £voF 4_7 
19 (A= K, Rb~. cs or NH4 ). I.R. and F N.m.r. spectr.Jscopy, 

m~l.~ conduct3nce, m~gnetic moments 3nd chemical analyses 

shoH tl'nt i\ /-VOF 
4
_7 are the principal products of tho 

rc"'tcti:Jns of v
2

o5 wit~ 40% HF ."lnd :J.lkali=IJIEtal anc: 

3.mm::mium biflu or ides llliF 
2 

in presence :>f a sm.l.ll 

::m1 ::mnt :Jf cth.:J.n :Jl at ste.3.m.,.h=:1th temper"'lture. r,.,rhilc the L r. 

spectra suggC?st square pyramic'lal c4 v structures f'Jr the 

1 . ~ r 7 19 h s:J J.e: A_ VOF
4

_ c:Jmp:mnds~ the F N.m.r. s:pE:ctru;-rt s 'Jv\/S 

st,-.:rc:::>chemic':l.l n:Jn=rigidity owing t:J r.3.pid fluorin0 

rc:.l.rr."J.ggoment bebveen c4v =md the trig:JD-'3.1 bipyr'J.michl 

c
2

v ste~:-eochcmistry :Jf the ;-vOF 4_; = i:Jn in S:Jluti:.m. 

Synthesis =:1nd spectr:Jsc:Jpic studies :Jf '1 nevJ 

oxofluorovan3.d3.te(IV) complex, £voF3_7 =, constitute 

the subject rn3tter of Chapter 2. Blue crystalline 

hydraZ.Jnium :>x:Jtriflu orovan:'l.d 'lt e (IV), N
2
H

5 
;-VOF 3~/~ h,J.s 

be<'.m synthesi sao by the re=:1ct i:m of v 
2
o

5 
with 3.n C:XC(:;SS 

of 09;·~. hyc"lr."lzine hydr"lte in the presence of 40:,{, HF. The 

-=JlkaJ. i=mct:'ll 3nd 3.mmonium salts, of the C:)mplc:x ani::m,. 

...... 
. £1. ~·;:~ 



( ii) 

vns m:Jcc fr:Jm the results :Jf chcmicJl .:lnJ.lysr.:;s, chcmic"11 

c:mcuct"lnce "lnr" m1gnetic susceptibility mc-"lsurciilcnts, 

infr=Jrec:, elE::ctr:mic :=tnr:: esr spectr:Jsc:Jpic stu('ic:s, The 

m:)l::lr c XJr'1uct"Jncc values :Jf the hyr'!raz:Jnium, l.tl'.: 

alk::Jli=mct3.1 J.nc! .3mm:Jnium s:tlts :Jf £voF3_7 ~ i.)n suggest 

3. 1:1 cle?ctr:Jlytic nature :Jf·e."lch :Jf them, ::lnfl therr 

i. r. spectr.:J. sh:Jw the multiple nature :Jf the v-o b:mc4 

.::tnn .the .::J.bsencG :Jf wJ.ter. The m.-=J.gnctic m:Jmcnts :Jf the 

c:Jmp:Junfls lie between 1.51 ~nrl 1.53 B.M. The s~luti:Jn 

clcctr:Jnic spectrum :Jf N
2

H
5 

rvoF 3J Sh:JWS :::JbS :)rpt i :JnS 'lt 

11,950 anc" 16,000 cm~ 1 , with:Jut exhibiting any n:Jt~ble 

chJ.nge with the arlfliti:Jn :Jf an excess :Jf F= i:Jns, :Jwing t:J 

th<:: tw:J Cl=r'l transit i:Jn s ch ~actcrist ic :Jf an :JX:Jvana•~ium (IV) 

Species. The GSr spectra :Jf N
2
H

5 
rvoF3_7 in an aquc:JUS 

s:Jlut i:Jn at lOOK iml icate that the c:Jmplc;x species, 

/-VOF3_7 ~, has a Clist:Jrtec'l :Jctahe<1ral structure: in 

s:Jluti:Jns, thr:Jugh the c:J:Jrdin3ti:Jn :Jf tw:J H2o m:Jlccules 

t:J the :JX:JV3n3.nium(Iv) centre in .=Jrriti:::m t:J the thn::e 

C:J:Jrrlin3tef1 flu:Jrirle i:Jns. In the s:Jlir'1 st')te, the c:Jmplex 

i:JGak V=O ••• v anc'l v~F ••• v intcr.3.cti:Jns. 



(iii) 

chapter 3 ~escribes the results ~f stu~ies ~n 

alkal i~met31 ann amm~n ium ~x~c'liper~x~f lu~r~v.J.nac'l"lt es (V) 1 

A
2 

rvo(o
2

)
2
F_7 (,\ = Na, K, Rb 1 Cs ~r NH 4_). It has been 

sh~wn that the re;wti~n ~f vanadium pent~xic:e, v
2

o 51 with 

hynr~gen per~xioe in an alkaline mec'lium in th2 presence ~f 

alkali~met-al ::me.: amm~nium flu~riC\es 1 AF (A = Na, K, Rb, cs 

:>r NH4 ) gives alkali~metal anrJ amm~nium ~x~per~x~flu:>r~~ 

van3rJates(V) 1 A
2 

LVO(o
2

)
2
FJ1 in very high yielcls. 

Ch.:Jr"lcteriz'3.ti~n ~f the c :mp~unos was m:1dE: fr~m the results 

:>f chcmic-:11 analyses, rm gnetic susceptibility rrc asurements 

anc infrared spectr~sc~pic stur1ies. IR spectr~metry sh~wed 

the per~x~ liganns t~ be b:>ndeo t~ the vanadium(V) centre 

in a triangul3r bidentate(c
2
v) m"l.nner. The c::lmplex species 

~vo(o2 ) 2F_7 ~may be a hexac~~roinated m~n~mer, ~r it m3y 

have a p:)lymeric structure thr~ugh a Wc3.k V=O ••. v ~r a 

weak V-F •.• v bridging. 

1'he stunies inv~l ving alk3li-mctal an:"' u.mm~nium 

triper~<;~oflu~r~vanacates( v), .\
2 

;:vc o
2

) 
3

F_7 (A = N.=:i, K ~r 

l\lHL1 ) f~rm the subject matter ~f chapter 4. Blue alkali-
"' I 

metal and amm:>nium triper~x:>flu:>r~vanadates(v), 

reacting v
2

o5 with flu:>riCle \F ancl hyc'lr~gGn pcr~xicle in a 

highly alkaline mec'lium (much higher than th."lt usee! f:>r the 

synthesis ~f L-vo(o
2

)
2
F_72- c~mplex). The C'Jmp~unCls have 
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been characterised by element-::~.1 analyses., m"J.gnGtic 

susceptibility me3surements, ann IR sp:;ctr:>sc:>pic stu0ies. 

The c:Jmp:>unds d:> n:>t permit m:Jlar c:Jnductance measurements. 

The IR spectra :Jf the c:Jmp:>Unns suggest the _presence :Jf 

tri.:wgularly b::mncd chel.:J.ted per:>x:J l·iganC's_ .• The c:)mplex 

Species rv(02 )
3
F_72- m:w be a Seven .... c:>:Jrc:in.'1tC?r~ m:Jn:Jmer, 

:>r it may have a p:>lymeric structure thr:>ugh a wcak·v-F ••• v 

bridging. The b::t.sicity :>f per:>x:> ligands increases with the 

incrcn.se in the number :Jf per:JX:J gr:>ups c:>:Jrc~ina:cec: t:J the 

vanac'lium(v) centre. 

Synthesis, and assessment :>f structures :;f the first 

chl:Jr:>pGr:>x:>varadate(V) c:Jmp:>unds, an~ evi~enca f:>r 

c iper:>x:>vanac'h.t e ( V) -- triper:>;z:>va m date (V) intcrc:Jnversi :Jn 

c:.:>nstitute the basis :Jf Chapter 5 .. Alk.=tli-metal anc1 

amm:::mium S3lts 'Jf yell:>w :JX:Jdiper::>x:>chl:>r:>van3.c·3tos(v), 

:;.2/-VO( o 2 ) 2c 1_7, and blue triper::~x:>chl:>r:>v.anaclatcs ( V), 

A2 £vco
2

)
3
cl_7 (:'\ = Na, K :Jr NH4 ), have been synthesisoc~, 

f:Jr the first time, by reacting v 2o5 with alkali chl::~ride, 

ACl, .3nd hydr:::>:;Jen per::~xide in varying c:>ncentrati:>ns :>f 

alkaline media. The three salts ::~f the ani::~n L""vo(o2 ) 2cl_72~ 
arc compsr~tivel9 more st3ble than those of the c:>mplex 

union ,[""vco 2 ) 3cl_/2 ~. Char3cterizati:>n :Jf the c:>mp:>unds 

h :~ve been m -:de from the results :J f elemental anaLyses, 
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magnetic susceptibility measurements and infrared 

spectroscopic studies. The IR spectra suggest that the 

peroxo groups are bonded to vanadium(V) in a triangular 

bidentate ITBnner, and that the o-o bond order of peroxo 

ligQnds decreases with the increase in the number of peroxo 

groups coordinated to the metal centre. The con v:;rsion of 

rvo(o2 )
2
cl_72- to !_-V(02 ) 3cl_72 ~, and the reverse 

pr:wide good evidence for the f,:tcile diperox.ova.nadate(V) 

=·~= triperoxov~n~date (V) interconversion. Tbe c~plex 

species !_-vo(o 2 ) 2cl_/2~ m3y be a hexacoordin3ted monomer 

or it may as well be ·3. polymer through a weak v~O=V or 3 

vreak V"'-Cl-v bridging. Simil:::1rly the complex species 

rv( o2 ) 3c1_12~ may be 3. heptaco.ordinated monomer or it may 

have a polymeric structure through a weak v~l=V interact ion. 

Chapter 6 of the thesis reports the synthesis, 

char3.cterizat ion r:1n d structurJ.l assessment of 311<:-:tli-metal 

and ·'lmmonium diaquofluoro-oxoperoxovanad.l.te( IV) complexes, 

A Cvo(o2 )F(H2o) 2_7 (\ = K 1 Rb, cs or NH 4). These compounds 

are the first peroxovanadateCJ)J) c ::mp:mnds to be obtained 

in the solid st:1te. orange-red alkali~metal and ammonium 

diaquoflu'Jrooxoperoxovan.3.cb.tes( IV),, A rvo(o2 )F(H20) 2_7, 

have been synthesised byt the re3.ction of alkali=met.J.l 

anc: C!mmonium tetr3fluoro:;,xovanadate(V) I. A rvoF!J. __ I 
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(A= K,. Rb, cs ::>r NH
4

) with H
2
o

2 
in the m:Jl:::tr r<1ti::> 1:12 

f:Jll:lwed by precipitati::m with eth3.n:ll .. Ch::lracter.iz3.ti::Jn 

:Jf ·the: comp::Junds w:1s m"Jde fr:lm the results ::Jf c'hemic.':l.l 

anJ.lyses,. chemic':l.l determin1.ti::>n ::Jf :>xid3ti:Jn state :>f 

vanadium,. i.r. and electronic S:p2ctrosc:>piQ studies :1nd 

m:.1gnct ic su scept ibilit y me3surements. I .. r.. spectra suggest 

th"J.t the .tJer:>x::J-lig::md is bonded t :J the v 4+ centre in a 

triangular bident3.te f,1 shi ::m. The c::Jmplex species 

/-vo(o
2

)F(H
2

o)
2
J- m:1y h:1ve a p:>lymeric structure through 

V-F~V bridging, h::>.,Jever, the p::>ssibility ::lE J. 1vc:1.J<:: v-o~v 

intcracti::>n C"ln n::>t be ruled ::>ut c::>mplc:tely. 

Chapter 1 describes the synthesis and assessment ::>f 

structure of bis(acetyl3Cet::>nat::J) flu::>r::>vanad:Jte(III), 

VF(acac) 2 , ::J. n::>vel neutral c::>mp::>und ::>f yanC'l.dium(IJT)_ .• It has 

been sh::>wn th3.t van:1dium pent:>xide, v
2
o5 , underg::Jcs a 

ready re1.cti::>n with an excess ::Jf hydrazine hydr~te in the 

presenc·e :::>£ 40'/o HF t::J give N2H5 rvoF3_7 I which ::Jt1 being 

tre;ltGd with :l.cetylacet::>ne aff:>rds blue~~green crystalline 

1Jis(acetyl3cetonat::>) flu::>r::>v~nadate(III), VF(C5H7o2 >2 , 

in a very high yield. The c::>mp:Jund VF(C5H7o 2 ) 2 has been 

characterized on the b1.sis :>f the results :Jf chemical 

analyses, chemic3l determin3.ti:>n ::>f ::>xidati:Jn st~te of 

vanadium, mJ.gnetic susceptibility meJ.surement, infr,J.red 
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and mass spectr8metric studies. EI induced mass spcctr8metry 

sh"Jv.Jed the c"Jmp"Jund t8 be m8n8meric in the vap8ur st·"lte; 

h8\'1Tever, the c ::mp8und m=:J.y h:1ve a hexac88rdin.""3.ted p8lymeric 

structure, thr8ugh a weak v~F •.. v interacti8n, in the 

s"Jlid state. 

A n8vel synthesis 8f tris(acetylacct8nat8) ir8n(III), 

FE( acac) 
3

, and its mass spectr"Jmetric studies c8nstitute 

the subject matter 8f Chapter 8. The re3cti"Jn 8f ir8n(III) 

hydr"Jxide with acetylacet8ne, in the absence 8f any buffer, 

rGadily gives highly crystalline tris(acetyl'3.cct"Jn'3.t8) 

ir8n(III), Fe(acac)
3

, in a very high yield. The pH 8f the 

s"Jluti8n rec8rded immediately .3.fter the f8rmati8n 8f the 

c8mpound was f"Jund ~8 be ca. 5. Its mass spectrum pr8vides 

evidence f8r rearrangement t8 give Fe=CH
3 

species. 

The W"Jrk described in Chapters 1,3,4 and 8 have 

been published, while th8se 8f chapters 5,6 and 7 are 

in press. 

. ...... . 
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Introduction 

The highest oxidation state of vanadium is + (V). 

( .. 3+ + 
vanadi~m v) forms two oxo-specie~, the vo and vo2 

ions, and none of these disproportionates because of 
3 ,: 

their being better oxidants. The vo + unit occurs in the 

oxyhalides vax3 (X = FJ cl or Br) in which the v-o 

-1 
stretchi~g_frequencies are at 1058, 1035 and 1025 em 

respectively. In addition, however; a number of complexes 

of the types voc13 .L and voc13.2L, in which L can be an 

oxyg~n-donar or a nitrogen-donar ligand, have been 

characterized~' 2 The complexes appear to be either five ~ 

or six coordinate monomers. 

vanadium -oxychloridejo voc13 , has been shown to react 1 

with ligands containing replaceable hydrogen atoms to 

give rise to substitutioh products of the type VO(OMe} 3, 

VOC12 (oMe), VOC12 (oE~), VOCl(OE~) 2 , VOC12 (acac}, 

VOCl(acac) 2 (Hacac = acetylacetone). Very little 

structural information is available for these complexes. 

The structure of the alkoxide·vo(oMe) 3 has, however, 

been determined, and it has been shown that the molecu·le 

is a linear polymer, with a dimeric repeat unit and 

alko:x:ide bridging. 3 



The secJnd JXJVanadium(v) species, the vo2+ iJn, 

is nJt very much characterized, but it is believed tJ 

Jccur discretely in the cJrnplexes vo2 (N0
3

>1 vo
2

F and 

vo2 (sbF6 ), and as 

K3 ;-vo2(c2o4)2_7 

a cis-vo2 unit in 

and K3 ;-vo2F4_7. 

4 the C::)mplexes 

The Jther example 

2 

Jf CJmplex CJffipJunds fJrmed under nJn-aqueJus cJnditiJns 

include the salts Jf voc1
4

- and VOF
4

- (Ref 5)~· 

The C·Jmplex species, VOF 4-, is particularly 

interesting because this exhibits fluxiJnal behaviJur5 

in s JlutiJn. HJwever 1 OJ simple methJd is available fJr 

the synthesis Jf JXJtetrafluJrJvanadate(v) CJmplexes. 

The Jnly cJrnpJund csvoF4 was prepared by HJwell and MJss5 

under n::)n-aqueJus cJnditiJns and carrying ::)Ut the 

reactiJn at -30°C. 

Chapter 1 ::)£ the present thesis describes a new 

and simple general meth::)d f::)r the synthesis, and isJlatiJn 

in the S::)lid state, Jf AVOF4 (A= K, Rb1 CS Jr NH4 ) 

CJmpJunds frJm aque::)US media., t::)gether with the 

characterizat iJn J£ these C::)mpJund s. 

The chemistry ::)£ vanadium(IV) is largely dJminated 

by the fJrmatiJn ::)£ JXJ species~ and a wide range J£ 

C::)ffip::)unds with vo2+ gr::)ups is knJwn. AlthJugh many 

::)X8metal Species nave been characterized t::) date, the 



3 

diat:)mic i:)n vo2+ is th:)ught t:) be the m:)st stable i:)n 

kn:)wn. The i:)n vo2+ f:)rms a wide variety :)f C:)mplexcs 

h . h b ' . 1 . . 6,7 w lc may e catlOMlc, neutra :)r anl:)nlC· 

The ox:)vanadium(IV) C:)mplexes are generally :)f 

the type 3 ' 8 .L-voL5~;n±, /-VOL4_7n.!., L-VOLxLS~~n± 

or £ VOLxL 4-:x:--;n:t: e .. g. A3 /-VOF 5_/, A2 /-VOF 4_7, 
VOC1 2 , 3DMSO (DMSO = Dimethylsulph:)xide) and VOC12 .2C5H5N. 

The vo2+ entity b:)nds most effectively t:) the m:)st 

electronegative at:)ms, e.g. F, cl, o, :)r N, alth:)ugh b:)nds 

t:) s and P are also kn:)wn. 

The structures :)f several :)XOVanadium(IV) species 

have been determined by x-ray crystallography. The 

characteristic C:)ordinati:)n p:)lyhedron is the tetragonal 

pyramid, in which the axial V=O bond has a length :)f 

1.57- 1.68 A0
1 the equat:)rial v-o bonds are ~0.41\0 

longer, the O=V-0 angles are ~ 106°, and the vanadium 

at om lies ..-v o. 55 A 0 above the plcn e f:)rmed by the 

four singly~b:)nded oxygen at:)ms. In some complexes, 

octahedral C:):)rdinat i:)n is completed by the f:)rmat ioh 

of a further relatively l:)ng bond trans t:) the V=O 

b:)nd. S:)me :)f the structures are of particular interest. 

The complex VO(H2o) 5so4 occurs in three f:)rms, one 

mon:)clinic and two :)rthorhombic. The structure of the 

monoclinic form indicates that the vo2+ group is bound 



t8 f8Ur water m8lecules and _t8 8ne 8£ the 8Xygen at8ms 

9 
8£ the sulphate gr8up. The latter is in the cis=p8siti8n 

2+ t :> the vo gr :mp, and n 8t the trans-p8si t i 8n .. 

The m:>st characteristic feature 8f the infrared 

spectra 8£ .~:>vanadium( IV) C8mpl exes is the very 

+ -1 str8ng, sharp band at 985 - 50 em • This band is 

6 assigned tj the v~o stretching frequency 1 and , as 

expected lies near the upper frequency limit £8r th8se 

c:>mplexes which are kn:>wn fr:>m x-ray W8rk t8 have the 

sh:>rtest v=o b8nds. C8:>rdinati8n :>f ligand t:> the 

sixth 8Ctahedral p8siti8n, i.e. the p:>siti8n trans 
~1 

t:> the V-=0 b:>nd, brings ab:>ut a dr8p :>f ~50 em 

in the V=O stretching frequency 8f the parent c8mplex. 

The magnetic m:>ments 8f 8X:>vanadium(IV) C8mplexes 

lie alm:>st invariably in the range 1.70 - 1.73 B.M. 

This result is t:> be expected since· the ligand field 

ar:>und the vanadium(IV) i8n (d1 c:nfigurati8n) is 

str:>ngly axial, and hence all the :>rbital c:>ntributi8n 

tJ thG m:>ment is quenched. 3 The magnetic m8ments :>£ 

discrete :>X:>vanadium(IV) c:>mplexes sh:>uld thus be, 

and indeed are,-independent :>f temperature. 

The e.s.r, g values f8r :>x:>vanadium(IV) c:>mplexes av 

8ccur in the range 1.95 - 2.00, i.e. cl:>se t8 the 
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spin~::mly value of 2 .. oo. Both these results and the 

fact that the anisotropy of the g-values is small in 

comparis::n with that for the magnetically similar d
9 

complexes~ indicates that the 3Xial component to the 

ligand £ield is high. The unpaired electron lies in an 

8 orbital of b
2 

symmetry. 

The optical spECtra6 of oxovanadium(IV) complexes 

are char'3.cterized by three d-d tr3.ns it ions ( 5 ( E <100) 

-1 
in the range 8000-32 1 000 em • The first band lies in 

-1 the range 11,00 - 14,700 em , the second in the range 

14 1 800- 20,400 cm-1 , and the third in the range 

21,000- 31 1 250 cm- 1 and are assigned to -e<!f- b
2

, 

5 

b 1 +-- b 2 and a 1 ~b2 transitions respectively. The third 

band is frequently obscured by strong charge transfer 

transitions, and the first band in the spectra of some 

-1 complexes shows vibrational structure ( ~ 700 em 

sp~cings, corresponding to the V=O stretching frequency 

in the excited st3te). 

A number of attempts have been made at detailed 

interpretations of the lig:=wd field spectra of oxo-

vanadium(IV) complexes. The most successful of these 

is the molecular orbit21l treatment of the VO(H
2
o) 

5
2 + 

ion by B21llhausen and Gray~0 The bonding scheme in the 

•t . •v. ":' _1 •• 
... , . ... ·. 



Ballhausen-Gray treatment is described as foll~ws: 

a str~ng 6 -b:lnd ~f a
1 

symmetry between-the 

sp oxygen hybrid ~rbital and the (4s + 3dz 2 ) 
(J 

hybrid ~rbital :ln the vanadium at~m; 

tw~ 1( b~nds :>f e symmetry between the 2px and 

2py oxygen ~rbitals and the 3dxz and 3dyz 

vanadium ~rbitals; 

four 0 -b~nds between the f~ur equivalent 

sp Q' (w3ter) ~xygen hybrid arbitals and the 

(4s- 3dz
2

) (a1 ), 4px~ 4py(e) and 3dx2=y2 (b1 ) 

vanadium ~rbitals; 

the fifth w~ter m~lecule is b~und t~ the 4p
2

(a 1 ) 

wmadium ~rbital, le3.ving the 3d (b
2

) arbital xy 

6 

n~n-b:Jnding and free t~ h~ld the single d-electr~n 

:Jf vanadium( IV). 

* * * The :Jrder ~f the energy levels is thus b 2 ( e')t ( b 1 ( a 1., 

Thus~ the ~L -bonding in the i~n vo(H2o) 5
2+ ~s 

essentially axial, giving rise to a triple bond between 

the vanadium and the unique e>xygen at:Jm. 

our interest in the field ~f flu~rometalate 

chemistry led us t:J synthesise the hithert:J unrep~rted 

:JX:Jtrifluor::>v:madate(III) c:Jmplexes, VOF3 •. 'Ne were 

particularly interested an the VOF3- species because 
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' 

such a species has n~ rep~rted evidence in the 
~ 

literature, alth~ugh the c~~resp~nding voc13 i8n has 

been known~ 1 
Further we were interested in the structure 

and chemistry of ox8triflu~r~vanadate(IV) c:mplexes. 

Chapter 2 ~f the thesis p;esents the synthesis 

of the voF3 i8n and its is~1ation in the s~lid state 

a.s hydraz~nium and alk=:ili..-met:tl salts. The Chapter 2 als~ 

rep~rts the results ~f st~·..Jctural assessment ~f the 

newly synthesised c~mp~unds. 

12 It h:ts been kn~wn f~r ~ver a century that 

characteristic C818ur reactions may take pl~cc when 

hydr~gen per:>xide is added t8 S8luti8ns 8f tra.nsiti8n 

met::tl derivJ.tives, and many per8xy tr:msiti~n mct.J.l 

c:>mp:>unds have been is8lated in the S8lid state. 

Per8XY derivatives ~f metals, besides having an 

intrinsic interest 8f their :>wn, are :>f c8nside~able 

and gr8wi ng imp~rtance particularly in rela.t i8n t8 the 

catalysis ~f ~xidati8ns inv8lving·hydr~gen per~xide 

or oxygen gas, the catalytie c'lcc~mp8Si t i8n of H2o2 

itself, and the st8r~ge and transp8rt 8f 8Xygen in 

13 14 
bi8logical systems~ ' 

Although the term molecular oxygen refers only t~ 

the free uncombined o
2 

molecule v.Ji th the ground stc:tte 
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3 y-- ~ the term dioxygen has been used as a generic 
-g 

design~ti~n for the o
2 
m~iety in any ~f its several 

forms, ~nd can refer t~_o2 in either a free ~r c~mbined 

state~5 For use ~f ~his term it is essential that a 

c~valent b~nd has to exist between the ~xygen at~ms. 

Thus, a metal-di~xygen c~mplex refers t~ a metal 

c~ntaining o
2 

group c~ordinated to the metal centre, 

and no distincti~n is ma.de between neutral dioxygen 

or dioxygen in .~ny ~f its reduced f~rms. Accordingly, 

a metal-peroxide c~mplex is ~ne in which the • 

d . t d d . mbl . d ( 2-) . 13 coor 1n~ e 1oxygen rese es a perox1 e o
2 

an1on. 

The incorporation of o
2 

into a metal c~mplex to form 

a metal-dioxygen comp~und is called oxygenation, and 

the reverse is known as deoxygenation. 

Simple per~xo comp~unds of transition metals are 

the ones which contain peroxides, hydr~peroxides and 

water molecules, whereas heterolig3nd per~x~ complexes 

are mixed ligand metal complexes containing one to 

three coordin~ted per~xo gr~ups, and one or more 

monodentate or polydentate ligands. Hcteroligands range 

from mon~dentate halide ions to bulky porphyrin
14 

( F, Cl, NH
3

, c
2
o

4
, NTA, EDTA, dipy, O~phen, ~xine, 

porphyrin, pyridine-2,6-dicarboxylate etc.) The 

stability of peroxo complexes is generally enhanced by 
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specific heter~ligand c~mbinati~ns. Thus, mmy simple 

trans it i~n metal per~xides ~ften:• expl~de sp~nt=cme~usly; 

s~me are sensitive t~ sh~ck ~r dec~mp~se ab~ve 0°G ::J.nd 

12 
sevEral d~ n~t exist at all as st~ichi~metric c~mpounos. 

Many heter~lig~nd per~x~ c~mplexes, ~n the ~ther hand, 

survive recrystallisati~n fr~m b~iling aque~us s~luti~ns, 

he3.t ing in :vacu~, .::tnd remain unch:n ged f ~r pr~l~ngec'l 

peri~os in cl~sed containers. 16 

The bi~chemical signific::tnce ~f per~x~~meta.l 

c~mplexes h::ts been emphasized recently in the 

l 't t 17-20 \.. t' . 'd '1 h 1 era ure. TLle reac 1v1ty of per~x1.cs ana t e 

lability ~f met"1l-~xygen b~nds in special heter~lig::1nd 

envir~nments in s~luti~ns are of particul~r interest 

t~ bi~chemistry, but are n~t easy to measure directly • 

.i\ comparis:.Jn between the per~x~ -and unreduced 

dioxygen heter~ligand c~mplexcs reveals that the 

chemistry ~f the two is very different ~wing t~ the 

presence ~f tw~ extra electrons in the .3.ntib~nding 

* O=pJt ~rbit::tls ~f the per~xide i~n. The olectr~n 

2-rich o2 i~n theref~re preferably f~rms complexes 

with metal i~ns ~f l~v-1 dn electr~n c::mfigur:1ti~n, while 

the lll\eutr::tl dioxygen m~lecule fa.v~ur higher dn metal 

accept ~rs. H~wevcr, there are a.t loast t'ii'J~ things that 

these tw~ ~xygen species havo in c~mm~n: b~th are 
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stabilised by specific heter8ligand spheres, and b8th 

are 8f importance in biochemistry. 

The im~8rtance 8f neutral di8xygen complexes in 

bi8chemistry is well known, but the biochemical 

connection of the metal peroxo complexes with bi8logical 

processes is not very well understood. The transition 

metals, sc, Ti 1 v, cr, Y1 Zr, Nb, Mo, La, Hf, Ta, 1il, 

form stable heteroligand perox8 complexes, and there is 

increasing evidence tha~ vanadium has a significant 

biological role~ 1 It it?, reasonable to assume that the 

p~rticipation of vanadi,um will depend upon parameters 

such as pH, and the avail~bility of inorganic or organic 

m8lecules that can act as heteroligands. 

Molecular oxygen is a paramagnetic molecule, 

having a triplet 3L_- ground state. A m::Jlecular orbital 
g 

description 8f 3£_- level is 
g 

2 2 2 4 1 *1 o2 KK(2s og) (2s ou*) (2p 6'g) (2p1fu) (2.P"ng*) (2p'51:g) 

where the KK term indicates that the K sholls of the 

tw8 8Xygen atoms are fil~ed. The two unp~~red elect+on 

in the 3~- ground state are f::Jund in the two dcgene+ate 

g * 
ant ibonding 2p Jtg orbitals (Fig .1), leaving o2 with 

a formal bond order ~f two. 



Fig. 1~ 

The MO de script i :::>n :>f o2 ( 3 z.,-:-) sh:>vlS a vacancy 
g 

11 

f:>r the additi:>n :>f a si. ngle electr:>n in b:>th :>f 

2p orbitals. The additi:>n :>f :>ne :>r tw:> electr:>n t:> 
g 
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a neutral o
2 

results in f~rmati~n ~f the super~xide (o2-) 

and per~xide (o
2

2-) species, respectively, leaving o2 

with a b~nd ~rder ~f 1.5, and the perJxide o~o link with 

a nJrmal b~nd Jrder Jf ~ne. SJme Jf the salient features 

- 2-fJr o
2

, o2 and o2 are summarized in TablG 1. 

I 
I 

: B~nd 
:~rder 

2 

1.5 

0 2- 1 
2 

I I 
I I 

I ' o-o : 
!cJmp~und: distance(A 0 ): 

1. 28 

B~nd 1 

energy(Kcal/ : 
m~l) 

117.2 

48.8 

o-o 
-1 

em 

1554.7
24 

1145 25 

The way in which a perJX~ grJup is expected t~ 

CJJrdinate tJ metals (Figo 2) can range frJm a symmetrical 

bidentate t~ a terminal mJnJdentate pJsitiJn, including 

all the pJssible an~les in between. 



Fig. 2. 

/0"" 
M 0 

M 

""o I 
0~ 

M 

0-0 
/ 

M 

M"' 
0 
I 

0"' 
M 

The bridging p -per':lX:) C:)Uld vary fr':lm cis-planar 

and trans-planar t:) trans-n:)nplanar C:)nfigurati:)ns~· 

13 

An unusual symmetrical d:)uble bridging was als:) f~und~ 7 

Deviati':lns fr:)m the ideal symmetry are c:)mm:)n. In the 

cases ':lf heter:)ligand fields they are due t:) the 

inherent symmetry :)£ different d:)nar at:)ms. Additi:)nal 

* p 11_ electr':ln del:)calizati:)n t:) the metal i:)n is 
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:> n 
anticipated, which w:>uld theref:>re fav:>ur d :>r l:>w d 

metal i:>n c:>nfigurati:>ns. 

The stere:>chemical p:>lyhedra in heter:>ligand per:>x:> 

c~plexes are fairly predictable. F:>r the sec:>nd r~ 

elements Nb and M:>, c:>:>rdinati:>n number 8 with 

d:>decahedral (D 2d) symmetry has invariably been :>bserved 

in the absence :>f :>X:> gr:>ups. In :>x:>per:>x:> heter:>-

ligand surr:>undings~ the pentag:>nal bipyramidal 

arrangement is the m:>st c:>mm:>n, usually with tw:> 

c:>:>rdinated per:>x:>gr:>ups in the ci~ p:>siti:>ns and :>ne 

:>x:> gr:>up in an axial p:>siti:>n. There is an interesting 

n:>n•:>ctahedral example :>f c:>:>rdinati:>n number 6 f:>r a 

28 vanadium c:>mplex. 

Infrared spectra are essential f:>r the characte-

risati:>n :>f c:>mplexes c:>ntaining c:>:>rdinated per:>x:> 

gr:>ups·. F:>r a bide·ntate per:>xide, regarded as a c 2v 

29 unit, three i.r. active m:>des are expected: the 

per:>x:> stretching (A
1
), and symmetric assymmetric M-o

2 

stretchings ( A1 and B2). The :0 ( o~o~) band is the 

m:>st sensitive and intense :>ne and characteristrically 

-1 :>cctirs between 800 and 900 em .. The frequency :>f this 

band remains fairly independent :>f the heter:>ligand 

envir:>nment, but is affected by the mass :>f the metal 



iot1; incli<2:1ting c:::>upling ~£ the ,) (:.o-o~) with M-o
2 

vibr'3.ti >jhs.fl. This most familiar way of b:>nding _:>f o2
2 -

gf'j\lpsi in a ·triangular biaentate lT\'3. nner-, is s .imilar 

t j that pr·op":)sed by Grl:ffith 
30 

f:::>r thG b::>ncing ::>f o 2 

in :J.Xyhem:::>globln:, and ·the .:J ( -o-o-)' values, which are 
2- . 

similar t::> th3se ;;,bse:rvea f~r free o2 i::>n. 

The dimt:aric pe-r:lx::> a't)tiYple-X is :Jften m::>re stable than 

·the tirotr:>meric ·e:Jnrple~ and will gener~lly f::>rm unless its 
.. ·4+ 

f::>rrna·t·t~t:l is i'hhibi ted.. t e.·g~ C<NH3 } 5 =C':)""'o2=C:> (NH3 ) 5J ) . 
The:se ·<2·:)rrrpleKes are cliamagne'tia w-ith the ::>xygen being 

v1ewed a:s , .. 1 per~l>C.ide·--JJ .. k:e'i1 w-lth a t~::;mc-:;,mitant :JXidati·::;;n 

.:Jf "the ·me'tal e·er.l't:re:s t::J l:JW=spi:n n6 {c~34). The )) (-o-o-) 

of'jf" ~such C! 3triP:le~es spa:ti a :t'a:t:Ige of '790..;844 em -l w'ith an 

ll .. 11.. -1 ( .. 13 a vara'ge va-.i.L'b1e 2cf B-JL·G <G:i'm ,. Q. .• :f .. }1---per: ::>X':J~ .. 

·<t:brnplexe:s "Sb~ itha1t t'he ·c8·~rd.'tnat.ii..::>n .r--::>l}ihedr::)n is 

d-~cleeahedt'aJ.~1 :Va,:nacli\illt\11 :lil'~wever~, pre:serrt's a ·clifferent 

·~'t3:t·y... 'sever·aJ. pe;t-'3x:?> art:ld ~-x~pe:r.:;,x:?.> "vanadium(v·) :spec·ies 

x·eu.rP~ 'btft :-;';0.1:1 .-£e~ tl'e~_e:r:?.>1iSc:ind c"Jmpl·exe:s are kn·:>w:n:~·s:i 3:2 

Un-1 ]Jke Nb ·and ·rra./, -va\hd:cLtt.Itn ~ha:s a .st·r-:!.).ng :te-ndency t :> f :Drm 
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The reaction of concentrated alk3li hydroxide with 

concentrated solutions of v
2

o 5 in H2o 2 at )0°C gives blue 

solutions which contain the i::m V(o2 ) ~:; The salts of , 

3-V(02)4 can also be obtained by addition of alcohol to such 

solutions~ The salts are stable only at low temperatures, 

the stability decreasing with increasing cati~n size~ 2 

The potassium salt which is isomorphous with K3~-cr(o 2 ) 4_7~ 
has a magnetic moment of 0.6B.M., consistent with the 

presence of vanadium(v). The i.r. spectra of the 

(NH4 ) 3~-v(o2 ) 4_7 and K3i~v(o2 ) 4_7 contains bands in the 

. -1 -' ( reg1on 800-900 em that have been assigned to v -o-o-) 

33 modes of peroxy gr~ups. 

It is suggested that slight excess of a base causes 

the destruction of the tetraperoxy species and the formation 

of the yellow triperoxy anion 

+ OH ....---:: 

3-
V0(02)3 : 

3-
V(0)(02)3 

which is stable at room temperature. 

+ 

The yellow colour produced by addition of H2o2 to a 

dilute solution of a metavanadate has been shown to be 

due to be a diperoxy anion by cryoscopy and Sfectro~ 

h t 34 11 b h . 1 t d' 35 
p o ometry as we as y thermae em1ca s u 1es. 

There is, however, some controversy as to how the anion 

should be formulated, although the results of cryoscopic 
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and spectrophotometric studies have been interpretated 

in terms of the monobasic anion ;-vo(o2 >2_7: 

36 
The addition of H2o2 to v2o5 , to an acid solution 

37 of a metavanadate, to a vanadium (V) salt in weakly 

acid solution, 38 and to a decavanadate
39 

produces a red 

colour due to the monomeric monoperoxyvanadate cation 

vo(o2 )+~ The red colour is stable in moderately acid media. 

In excess H2o2 the red cation is converted to the yellow 

peroxy anion vo(o
2

)
2

- (Ref. 38,39). It has been 

concluded
12 

that, 

(i). the number of peroxy groups per vanadium 

atom incrEases with alkalinity~ 

(ii)e increasing acidity increases polymerisation 

and decreases the number of peroxy groups per vanadium 

atom~ 

(iii). increasing the concentration of H2o2 decreases 

the degreeoof polymerization. 

Vanadium peroxo complexes are of spe9ial interest 

40 
because of the function of v in living cell is unknown, 

and is selectively toxic in mammals. From biochemical 

point of view, the most interesting aspect of peroxo-

vanadium chemistry remains the experimental approach 

to measuring the reactivity of the coordinated peroxo 

group in an environment of various heteroligand fields. 



The reactivity 8f co8rdinated peroxo groups means 

essentially the ease 8f elec"tron;..transfer to and fr9m 

the Elioxygen anion (o2~-). Thu~,.litudiesinvolving 
heteroligand peroxo complexes of vanadium requires an 

immediate attention. The chemistry 8f these compounds 

embraces a fascinating_,_ rewarding and worthwhile area 

of investigatioD. 

18 

Chapters 3-6 of the present thesis describe syntheses.~ 

.characterization structural assessment and some chemistry 

8f a number of heter8ligand (viz., fluoro and chloro) 

perox8 complexes 8£ vanadium(V) and (IV). 

Complexes 8f vanadium (III) are asually prepared by 

direct reaction between the vanadium trihalide and the 

ligand, all operations being carried 8Ut nn a vacuum 

line. 8 The complexes are unstable towards air and moisture. 

All thnee types 8f c8mplexes viz., cati8nic, ani8n and 

neutral have been known. The magnetic moments of 

octahedral vanadium (III) complexes ( 3T
19 

ground term) 

are expected to be rv 2.8 B.M. at room temperature and 

t8 fall appreciably with a l8wering of- temperature-. 41 

In practice, however·, the temperature dependence of 

these magnetic moments is less pronounced than·is 

expected for an orbital triplet ground term; indeed, it is 
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cJnsistent with a splitting ::>f the gr::>und triplet by 

s:Jme 500 ~ 2000 cm-1 • The splitting is m::>st ::>bvi::>usly 

brJught ab::>ut by a n:Jn-equiv~lence ::>fall sipligands. 

3 
TetrJ.hedral v~n~dium(III) c::>mplexes~ with a A2 

gr:)und termj are expected t::> sh:)W a temperature 

inr'Jependent magnetic m:)ment Jf N 2.7 B.M. ana C::> S::> 

. t" 8 J.n prac J.ce.,_ 

The electr:)nic structure and spectra :)f ::>ctaheclrally 

c:::nrdinatad vanadium( III) ( a2 ) c::>m:plexes h3.ve bGen 

intGrpreted satisfact::>rily in terms :)£ the ligand~field 
.. 

m:Jdel, alth::>ugh in general it has been f::>und necessary 

t::> take acc::>unt ::>£ the effects ::>£ a trig::>nal dist::>rti::>n 
. . 42 

(t::> D20 ) ::>f th~ oct3hedral fJ.eld. 

vanadium trihaJ.ides f::>rm vari:ms neutral c::>mplexes~ 

anci the kn::>wn examples can ?e classified int::> vL3x 3 ann 

8 VL2x3 ty:a;:es. N::> example ::>f neutral c::>mplex ::>£ the type 

V(L~L') 2x (where L~L' is ·'=l bidentate uninegative ligand 

and ex is a halide} is kn::>wn. t-l::>re::>ver, n::> rep::>rt has been 

available ::>n the synthesis ::>f -:1. neutral c::>mplex ::>f 

vanadium(III) fr::>m a higher valent vanadium species 

thr::>ugh electr::>n-transfer reacti::>ns. 

Chapter 7 presents an acc::>unt ::>f the synthesis ::>f 

bis(acetylacet::>nat::>} flur::>vanadate(III) c::>mplex 

::tchieved by an electr::>n-transfer react i::>n · betv.;reen a 
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vanadium(IV) compound and acetylacetone (Hacac)- This 

Chapter also rep~rts the results of various physico-

chemical studies .. including mass spectrometry,. of the 

newly synthesised neutral complex of vanadium(III) .. 

As part of a programme of the laboratory .. in which 

the whole work was done .. a new method of synt~esis of 
.. 

tris (acetylacetonato) iron(III), Fe(C5H7o2 ) 3 , has been 

developed. This compound has been known for quite some-

time.~ but the methods used for its synthesis suffer from 

many difficulties. For example, the reaction between 

43 
metallic iron and Hacac in the presence of oxygen is 

extremely slow. The reaction between iron(III) chloride 

and Hacac in the presence of a large amount of sodium 

44 45 
acetate as buffer 1 may contaminate the product. 

The reaction between Fe(co) 5 and Hacac
46 

requires the 

preparation and handling of the toxic air-sensitive 

metal carbonyl. 

Chapter 8 1 indeed the last Chapter of this thesis 1 

reports a novel synthesis and mass spectrometric studies 

of tris(acetylacetonato) iron(III), Fe(c5H7 o2 ) 3 • 

Advantages of the new synthesis have been discussed. 
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Attempts have been made t8 make each Chapter 

a self-c8ntained 8ne. Thus, every Chapter has been 

pr8vided with a brief intr8ducti8n, experimental secti8n, 

results and discussi8n secti8n 1 and the relevant 

bibli8graphy. 
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Chapter 1 

Synthesis. Characterizati8n and Structural Assessment 

8f Alkali-metal and :\mm:)nium Ox8tetraflu8r8vanadates(v), 

A f..-VOF 4_7 ( l\ = K, Rb, C s or t\TH 
4 

) * 

Although there is 19F N.m.r. spectroscopic evidence 

for the existence of the :)Xotetraflu8rovanadate (V) i8·n, 

- -- 1 !... voF4_/ in aqueous hydr:)flu:)ric acid 1 the species has 

n:)t been prepared fr:)m an aque:)us s :)luti:m. It has been 

believed that vanadium(V) sh:)uld n:)t be stable in aque:)US 

S:)luti:)n in the presence :)f halides like Cl~ :)r Br-, and, 

in :)rder t:) prevent reducti:)n :)f vanadium(v), anhydrous 

solvent should be used ::me the temperature maintained 

thr:)ughout the reaction at 0°C. 2 This, however, may n:)t 

be true in the case of fluoride (F~) because vanadium(V) 

should n:)t be able to oxidise flu:)ride i:)ns. In 1951 

analysis of a product resulting from the reacti8n :>f 

s:>dium vanadate and bromine triflu8ride suggested that 

* The w8rk described in this Chapter has been published: 

Synth. React. In8rg. Met.-org. Chern., 63, 12, 1982. 
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it W3S an impure sample ~f NavoF4 •
3 H~wever, little was 

kn~wn ab~ut any pure A ;-voF4-74 in the s~lid state 

until 1970. In 1971 the first and ~nly pure s~lid salt 

r - 4 cs _ voF4_/ was prepar~d by H~well and M~ss fr~m the 

reacti~n ~f v
2

o
5

, anhydr~us HF and CsF at ~ 30.0 c.In view 

~f this it appeared w~rthwhile t~ devel~pe a meth~d 

f ~r the synthesis ~f A rvoF 4_/ c~mp~und fr~m aque~us 

media. 

Chapter 1 ~f the thesis dP.scribe a n~vel and simple 

alkali-metal and amm~nium ~x~tetraflu~r~vandates(v), 

A ~VOF4_7 (A= K, Rb~ cs ~r NH 4 ) fr~m aque~us media, 

t~gether with the characterizati~n and assossmcnt ~f 

structure ~f these c~mp~unds. 

Experimental 

All chemicals used were ~f reagent gr.3.dG (B .D .H., 

E. Merck, IDPL, sarabhai M. Chemicals). 

Infrared spectra ~f the 1\ CvoF 4_7 c~mp~unds were 

rec~rded ~n a Perkin-Elmer m~del 125 spectr~ph~t~meter. 

M~lar c~nductivity studies were made at r~~m 

temperature using a Philips PR9500 c~nductivity bridge. 
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Magnetic susceptibility measurements were made at 

r::l::lrrt temper3ture by the G:JUy meth:id using Hg LC::l(NCS) 4 ... .7 
as the oalibrant. 

19 . , .... ' . ' ' 
~ N.m.r. spectra were rec:irded :in a BrUcker 

HX~60/5 instrument. 

Alkali-metal and Amm:inium Biflu~rides, AHF2 e 
, .. -----· --· ·····- ~ ------ ---· ---·~·----··--'·----- ---. ····-----~ ~ 

The AMF 2 c:imp::lUnds were prepared by the meth~ds devel::lped 

by dh~udhuri and Chaudhury. 5 !n an example representative 

::lf the general pr~cedure, p~wdered alkali~metal ~r 

amm::lnium f1U:iride was diss51Ved in 4ry/o hyd:t::lflujric acid 

mait':it.=:d.rd.ng the m~lar r::i.ti:i :if i\FtHF at 1t4. T::l the ciear 

s>_utisn pyridine was added sl:::n.Jly with a::lnstant stirring 

until the precipit~ti::ih was c:Jmpiete; atid then allswed 

t::l settie. The white crystalline Cjmp:iund was separated 

pyridine and then the adhered pyridine was remJved by 

\r.f3.shing with aaet ::ltie and f ina11y dried in. vaclij. 

Ell;_E!_il)_e!\t§J_ Aflglypes,li 'tanadiurrt6 : Vanadium was 

estim3.ted v51urnetridally by titrati::ln w:Ltn a standard 

s:iluti::ln jf an aecurate1y weighed amjunt 8f the 

Vanadium(V) c~mp:iUnd was treated with a stream ::lf 

sulfur di:Jxide £:?ir da 16 min and tlieri with a rapid 
~ 



stregm 8f carb8n di8xide t8 expel any excess 8f sulfur 

dioxide• The vanadium (IV) soluti8n was then C88led to 

ca 80°C and titrated with a stand~rd p8tassium 

permangan~te soluti8n.
6 

Flu8ride7 : The determination of flu8ride was made 

by precipitating flu8ride fr8m a S8luti8n, of the kn8wn 

amount of a compound, as lead chl8ride fluoride, PbelF, 

and estimating chloride by V8lhard' s meth8d, from wh~.ch 

the fluoride content was calculated. 7 
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Fr8m ::1 solution 8f an accur:=ttely weighed am8unt 8f 

the c8mp8und 1 flu8ride was quantitatively precipitated as 

lead chl8ride flu8ride 1 PbclF, by f8ll8wing the usual 

procedure. 
7 

The precipilated PbclF w~s W3Shed 8nce with W3ter 

and then 4 - 5 times with a satur~ted solution 8f PbclF. 

The pure PbelF was treated with a 5% nitric acid solution. 

An accurCJ.tely known ·3.mount of a 0.1 (N) silver nitrate 

solution (excess) w3s added to the CJ.bove solution and the 

whole was heated on a steam-bath for .£2_ 15 min under 

stirring. The solution was then filtered, and the cleCJ.r 

filtrCJ.te (contCJ.ining silver nitrate) w:=ts titruted with a 

standard 0.1 (N) potassium thiocyanate solution using 

Fe3+ (ferric ammonium sulphate) as the indicCJ.tor. The 



·, 
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am::)Unt ::Jf silver nitrate utilised in the pr:::>cess is 

equivalent t:::> the am::Junt :::>f flu:::>ride present in the 

am:::>unt :::>f the sample taken. 

1 ml (N) AgNo3 : 0.0190 g F 

Potassium : Potassium c:::>ntent was determined by 

flaiTe ph:::>t:::>metry after the salt was diss::Jlved in water and 

acidified with hydr:::>chloric acid. 

Rubidium and cesium8 : Rubidium and Cesium were 

estimated gravimetrically as their perchl::Jrates RbClo4 

and csclo
4

J fr:::>m the soluti:::>ns :::>f accurately weighed 

am:::>unts :::>f the rubidium and cesium salts.· 

l'I.!!E2gen: Nitrogen was estimated by a microanalytical 

meth:::>d. 

Synthesis :::>f Alkal·i-metal and Amm::Jnium Ox::Jtetra-

flu:::>rovanadates(v)~ A ;-voF4_7 (~ = K~ Rb cs ::Jr NH4 ). 

Since the methods of syntheses :::>f alkali=metal and 

arrrnonium oxotetrafluoravanadates(V) are similar,only 

a general meth:::>d is describ9d. 

Stoichi::Jmetric quantities of v2 o5 ~ 4alo HF and 

AHF2 (A= K, Rb, cs :::>r NH4 ) (1 : 4 : 2 m:::>lar rati::J) 

maintaining v : F at 1 : 4 were heated f::Jr a few 

minutes at ca l00°C in a p::J~yethylene beaker. Ethan::Jl 



Table 1. i\rn:>unts :>f Re"tgents used 1 Yields and Analytical 

Data :>f A ;-voF4_7 c:>mp:>unds 

C:>mp:>und 

I I 

~Am:>unt ::bf ' 
:Yield :reagent used , f 

• • Am:>unt ' :l 

% F:lund 
(% Calcd.) 

1 I 1 .. ;::: _ 

:Reagent: in g :~~VOF 41 :-------;------:-----
1 :(in m:>l)~n g(%) v F A :>r N 

40'/cHF 

KHF2 

40%HF 

RbHF 2 

40%HF 

2.0 
( 11) 

2 .. 2 
(44) 

1.26 
(22) 

2.0 
( 11) 

2.2 
(44) 

1.72 
(22) 

2,0 
( 11) 

2.2 
(44) 

2.74 
( 22) 

1.,0 
(5.5) 

1 ... 1 
(22) 

1~·9." 
( 11) 

1.83 
(52) 

2.14 
( 61) 

2.52 
f50) 

1.76 
(58) 

31.8 47.28 
(31.64) (47.21) 

28.1 42 .• 1 
( 27 e 98) ( L11. 75) 

22.1 33.61 
(22.30) (33.26) 

18,83 27 ,.61 
(18,.47} (27'.55) 

8o21 
( 8. 70) 

21.54 
(21.48) 

37.88 
(37.42) 

48.65 
(48.18) 



was added dr~pwise t~ the h~t s~luti~n until the br~wn 

c~lour of the s~luti~n changed t~ light green. A few 

more dr~ps of alc~h~l were added/ and the soluti~n was 

then c~ncentrated to nearly three-fourth ~f its ~riginal 

volume. The c~ncentrated s~luti~n was all~wed t~ c~ol 

in a freezer and crystalline A ;-voF4_7 was obtained. 

Details of the gram am~unts of reagents used, 

yields of various A ;-voF4_7 c~mpound and analytical 

data are given in Table 1, and the i.r. band p~sitions 

and their assignments have been set ~ut in Table 2. 

Results and Discussion 

It has been shown~ by Hatton and his cow~rkers 1 / 

from the results of N.m.r. spectroscopic studies that the 

complex species oxotetrafluorovanadate(V), f:voF4_77 

may exist in an aqueous hydroflu~ric acid. In view of 

this it was expected that the c~mplex ~voF4_7~ i~n 
could be isolated from such solutions by proper 

adjustment of the experimental conditions. Since 

vanadium pentoxide is soluble in 4alo hydrofluoric acid 

without any difficulty, it was thought that dissolving 

v
2
o

5 
in an aqueous HF solution, made rich with respect 

to F= ions by the addition of alkali-metal 21r ammonium 



bifluoride, AHF
2

, to a 4W/o HF solution, may give rise to 

a condition conducive to the formation of ;-voF4_7-

species. The role of AHF21 as envisaged, was not only to 

increase the F ion concentration in the reaction medium, 

but also to provide with counter cation A+. Accordingly, 

the reacti'on of v 2o5 with alkali-metal or ammonium 

bifluoride, AHF
2

, and 4ry1o HF gave rise to the formation 

of A ;-voF4_7 in solution. 

The success in isolation of alkali-metal and ammonium 

oxotetrafluorovanadates(v) from the reaction media 

depends upon the roles played by ethanol. It is believed. 

that the solvent effect brought about by the addition 

of ale ohol significantly helps the syntheses of the 
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A ;-voF4_7 compounds. It must be noted that a light-green 

or greenish-yellow colour that is obtained on addition of 

a small amount of ethanol has to be maintained throughout 

unti~ the isolation of the alkali-metal and ammonium ' . 

oxotetrafluorovanadat~s(V) is completed. The scope of 

the method is justif~ed by the syntheses of a number 

of A .t;voF 4_7 compounds. 



The A rvoF 4_7 (A = K, Rb, Cs :>r NH4 ) c:>mp:>unds 

thus :>btained are highly crystalline, in the shape :>f 

l:>ng needles, except f:>r Cs rvoF 4"""_7 which is generally 

hexag:>nal. The c:>mp:>unds are greenish-yell:>w in c:>l:>ur~ 

The c:>mp:>unds 1 :>nee is:>lated fr:>m the reaction media, 

seem t:> be very sensitive t:> air and m:>isture_. They are 

3 1. ·.t 

highly s:>luble in water and the diss:>luti:>n is acc:>mpained 

by dec:>mp:>siti:>n. The A rvoF
4
_7 c:>mp:>unds are insoluble 

in c:>mm:>~ :>rganic s:>lvents, except acet:>nitrile in which 

the :>xotetraflu:>r:>vanadates(\T) are very slightly s:>luble. 

Chemical analysis, i.r., m:>lar c:>nductance measurement, 

"- . t CJ 19F ",T d t l t • Z ma.gne:l.l.C m:>men an 1 .... m.r. were use ::> c:1arac er1. e 

and make structural assessment :>f the compounds A ~voF4_/. 

The m:>lar conductance of cesium :>xotetraflu:>ro= 

vanadat2(v) was f:>und to be 132 :>hm~ 1cm2m~l~l at 27°C 

in purified acet:>nitrile suggesting an uni=uni valent 

electr:>lytic nature :>f the c:>mpounds in c:>mplete accord 

with the formula cs z-voF4_7. The r:>:>m temper·a.ture 

magnetiq susceptibility measurements sh:>w that the 

compounds are all diamagnetic which extends further 

supp:>rt to the formulati:>n :>f the c:>mp:>unds, 

The infrared spectra :>f alkali-metal and amm:>nium 

s~lts of the :>xotetrafluorovanadates(v) anion resemble 
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each other very closely, showing that c~mp~unds are 

similar b~th structurally and st~ichiometrically 

(Table 2). The str~ng absorptions in the region 980-1030 
-1 

·~ 
Table 2. Infrared Bands of A ;-voF4-7 comp~unds 

I I I I 
I I I I 4 NH4/VoF47: K CjoF4J ! Rb /VOF 4_7 : c s £voF 4--7 ; Assignments 
I I I 

~\ 
.t./4 

262m 261m 262m 260m 1)7. ~ 
3 

05 

308m 307m 311m 310m ;:;9 

332s 334s 330s 334s " ';1.)3 

\ 

v6 

480m 482m 4R3m 48lm ;) 
8 

595s 594s 595s 594s ?) 
7 

625s 625s 623s 624s ~2 
710w 712w 712w 712w ;J 1 - ))9 

990vs 980vs 995vs HH5vs 
\ 

).)1 

1015 1025 

970w 972w 972w 973w 2 -02 
or 
' + ~3 ).)2 
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have been assigned t:> the .;) v-o m::>de. The 0v-o positi::>nsJ' 

and the v-o f::>rce c::>nstants, lying between 7.07 and 7.43 

md/A, are c:>nsidered as characteristics :::>£ the presence 

::>f v~o multiple b::>nds. This als:> supp:>rts the ::>ccurence 

::>f O(P'.Jc...) ~ (d 'Jt) v b::mding in the c:>mp:>unds. M::>re::>ver, 
-1 

the absence ::>f the broad intense band in the 650-900 em 

regi::>n suggest that the p::>ssibility ::>f a p::>lymeric 

structure of the c::>mplex i ::>n rvoF 4_T thr::>ugh a v-o •.. v 

. t t' 9 ~' 10 . . 11 1 d h 1 1.n erac 1.on ~s pract~ca y ru e ::>ut. T e c::>mp ex 

i::>n rvoF4_7- may have either a c4v symmetry with the 

f::>ur F at::>ms ::>ccupying the f::>ur c::>rners ::>f a square, and 

the v and 0 atoms lying ::>n the 4-fold axis normal to the 

plane ::>f the square, ::>r a c 2v symmetry ( trig::>nal bipyramid) 

with tw::> apical flu::>rine at::>ms n::>rmal t::> the two equat::>rial 

flu::>rine at::>ms and the equat:nrial ::>xygen at::>m. The c 2-axis 

tbus c::>ntains the oxygen and the vanadium at::>ms and 

bisects the angle between the equat::>rial f lu::>rine and 

vanadium at::>ms. It has been sh::>wn earlier4 that sh::>uld 

~VOF4_7- have a c
4

v symmetry, there must be 6 i.r. active 

vibrati::>ns. whereas f:>r .rvoF4_~ having a c2v symmetry, 

11 i.r. active bands must be present. It is evident from 

the i.r. ·spectral pattern (T::tble 2) :>f the c::>mp::>unds 

synthesised n::>w that the £voF4_7~ in each ::>f the c::>mp::>unds 
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has a c4v symmetry. This correlates very well'with those 
--: . --4 

previjusly reported f~r Cs ~voF4~; and is also in 

agreement with the reported crystal structure of 

. r . ·711 h. h r 7 -CS L VOF4~ ~ W ~C sh:::>~s that the~ VOF4~ is 

essentially c 4v with a weak F ... bridging making £voF4_7 -
pseudooctahedral. 

19F ~~m.r~ spectrum ~f a 1.42 (M) sQluti~n of the 

newly synthesised Cs £voF 4, ... } in 48% hydr:)fluoric acid 

recoroed at • 85 6C sh::Jws a bro<J.d doublet occuring at 

258.4 ppm down field relative to HF with a value of 

TN'~ = 1003 Hz o These agree with the values previously 

rep:=>rted4 for cs .['"voF 4....,/ and conform to the contention 

that a rapid flu:::>rine rearrangement between c 4v and c 2v 

stcre:::>chemistry .. of-.LVOF 4_,.7 - occurs in solution .. 

Thus, it may be conclUded that alkali-mEtal and 

amm:::>nium oxjtetrafluorovanad:::ttes(v); A /-VOF 4_/, can be 

synthesi·sed from aqueous solutions by suitably adjusting 

the experimental c:::mditions. The complex ion /-VOF 4_7 -
has a square pyramidal c4\7 structure in the solid state, 

while it shows sterejchemical non-rigidity o-vling t:::> 

rapid fluorine rearrangement between c4\r and the 

c
2 

(tbp) stere·jchemistry of ;-voF'
4 

7 ~ in solution.· 
v - -
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Chapter 2 

Hydraz::mium, Alkali-metal and Amm::mium oxotriflu:Jr:J-

vanadates(IV). synthesis and spectr:Jscopic studies of 

a New Oxoflu:Jrovanadate(IV) C:Jmplex, rvoF3_7-

The extraordin~ry st~bility of vo2+ unit has been 

emphasised in the literature~' 2 The vo2+ unit has been 
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~ 1 2 
shown t:J c:Jmbine with F species t:J f:Jrm stable c:Jmplexes' 

/-VOF
5
_73- and L-voF4_72-. There is, however, n:J reported 

evidence f:Jr the format i :in of oxotriflu:Jr:Jvanad-:tte( IV), 

/-voF3_7,- t:J date •. The corresp:Jnding :JX:Jtrichlor:Jvanadate(IV)J 

/-vac1
3
_/ -, has been known: The salts :Jf the c:Jmplex i:Jn 

~voc1 3_7 - were synthesised by precipitating from an 

3 r - ~ aqueous alc:Jholic medium. The b~sis :Jf _ vocl3_/ 

synthesi.s was the facile el ectr:Jn-transfer reaction 

between v 5+ ··and cl-. This phil-:JSrfhy cannot, however,. 

be applied t:J the synthesis :Jf ~VOF3-/ c:Jmplex 

- 5+ because flu:Jride (F ) cannot reduce v (vide Chapter 1), · 

rather it stabilises pentavalent vanadium. 4 It '\NB.S 

expected that the reducti:Jn :Jf v 5+ in the presence of 

F i:Jns w:Juld probably be a g:J:Jd strategy f:Jr the 
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synthesis J£ ;-voF
3
_;.-

Chapter 2 Jf the thesis presents the synthesis 

Jf hydrazJnium, alkali-metal and ammJnium salts Jf the 

CJmplex iJn ;-voF3_7 -, and the results Jf spectrJSCJpic 

studies invJlving the newly synthesised CJmpJunds. 

Experimental 

The chemicals used were all reagent grade prJducts 

(B.D.H., E. Merck, IDPL, Sarabhai M. Chemicals). 

MJlar CJnductance measurements were dJne with a 

Philips PR9500 cJnductivity bridge. 

Magnetic susceptibility measurements were m~de by 

the GJuy methJd. Hg ;-cJ(NCS) 4_7 W3S the calibrant. 

Infrared spectra were recJrded Jn a Perldn~Elmer 

mJdel 125 spectrJphJtJmeter. 

ElectrJnic spectra were recJrded Jn a BECKMAN 

UV-26 spectrJphJtJmeter. 

Esr spectra Jf aqueJus SJlutiJns Jf N2H5 ;-voF3_7 

were recJrded Jn a varian E109, X-band Esr spectrJmeter 

with 100 Kc field mJdulatJr. 
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Elemental Analyses. vanadium, fluorido, sodium 

(flame photometry)~ potassium and nitrogen were est im::1ted 

by the meth::>ds described in Chapter 1. 

Chemical Determination of the oxidation States 

of vanadium in A ;-voF
3
_7 (~ = Na, K or NH4 ) compounds. 

The oxidation state of vanadium in each ::>f the A £voF3_7 

compounds was estimated chemically by dissolving a known 

amount of it followed by the direct titration with a 

standard potassium permanganate solution. 

Synthesis of Hydra~onium Ox::>trifluorovanadate(IV)r 

N2H5 ~VOF3_7. An am::>unt of 2.0g (11 mmol) vanadium 

pentox.ide (.in ab::mt: 10 ml of water) was dissolved by the 

addition of 2.2 ml (44 mmol) ::>f 4ry1o hydrofluoric acid 

by slightly warming over a steam-bath and the solution was 

filtered, after cooling to room temperature, to remove 

any undiss::>lved impurity. Hydrazine hydrate (99% solution) 

was added dropwise to the solution under cooling, with 

slow stirring. The solutian first turned blue and 

further addition of hydrazine hydrate afforded the blue 

crystalline hydrazonium oxotrifluorovanadate(IV), 

N2Hs ;-voF3-7. Addition of hydrazine hydrate was 

continued until N2Hs ;-voF3_7 ceased to appear with the 

mother ~iquor becoming very faint in c::>lour. The compound 



was separated by filtrati~n, dried by placing between 

the f~lds ~f £ilter papers and finally in vacuo ~ver 

diphosphorous pentoxide. The yield of N2H5 ;-voF3-7 

was 1.6g (92%). 

£Eeparation ~f Alkali-metal and Ammonium 

ox~triflu~r~vanadate(IV), A ~voF3_7(A = Na, K or NH4 ). 

since the methods of preparation of A ;-voF3_7 compounds 

are similar ~nly a representative meth~d is described. 
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T~ a saturated soluti~n ~ffreshly prepared hydraz~nium 

oxotriflu~rovanadate(IV), N
2
H

5 
;-voF

3
_7, a very concentrated 

soluti~n ~f alkali- metal fluoride, AF, maintaining the 

molar ratio of between N
2
H

5 
;-voF

3
_7 and AF at 1:3, was 

added directly with slow stirring. A blue crystalline 

product was obtained almost immediately, and isolated 

in a manner anal~gous to that described above. Specific 

gram am~unts ~f reactants used and the yields of various 

A ~VOF3_/ (A= Na, K or NH
4

) compounds are reported in 

Table 1. Analytical data, chemically estimated oxidation 

state of vanadium, magnetic moment values, structurally 

important i.r. bands, and electronic spectral band 

positi~ns and their assignments are summarized in 

Table 2. 



Table 1. Am::::lllrits of Reactants used and Yields of 

C:>mpound 

NH4 rvoF3_7 

Na /VOF:r7 

K /-VOF
3
_7 

Yield 

in g 

(%) 

o.s 
(89) 

o.s 
(53) 

0,9 
(90) 

Results and Discussion 

I 
I 

: Amount of 
I 
I 

: N2H5 rvoF3_7 
in g (m mol) 

1.0 
(6.4) 

1.0 
(6.4) 

1.0 
(6.4) 

Amount of 

AF in g 

( m mol) 

0.71 
(19.2) 

o.s1 
(19.2) 

1.12 
(19.2) 

Since fluoride (F-) is not capable of reducing v5+, 

unlike Cl- or Br-, it was thought that the reduction of 

v5+ in the presence of fluoride, F- 1 with an additional 

reducing agent might help in reaching the goal. 

Accordingly, the reduction of vanadium pentoxide, in 

4rylo HF, with hydrazine hydrate was performed. It was 

observed that v2o5 underwent a very facile reaction 
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with an excess ~f hydrazine hydrate in the pr~sence ~f 

aque8US hydr8fluoric acid t8 aff8rd hydraz~nium ~xotri-

flu~r8vanadate(IV), N2H5 ~voF3_7, directly in a very 

high yield. The r8le of hydrazine hydrate, in the present 

case, was n~t ~nly t8 reduce vanadium(v), but als8 t8 

'd + pr8V~ e N2H5 cati8n which facilitated precipitati~n of 

the rvoF3_/ - species f8rmed in the reacti8n medium. 

In 8rder to understand the course of the reacti8n 

an additional experiment was perf~rmed. In the experiment, 

starting fr8m relatively higher am~unts 8f the reagents, 

and after purging the reacti~n vessel with arg8n, the 

ev8lved gas was first passed thr8ugh a dry sodium 

hydroxide t8wer and then ~ver heated ( f".J 450°C) magnes:ium. 

The magnesium nitride thus formed was treated '"'ith 

water and tested f8r the liberati~n ~f ammonia. This, 

therefore 1 provides evidence for the f8rmation 8f 

dinitr8gen in the reacti8n and lends support t8 the 

above equa t i :::m • 

The c xresp~nding alkal:L-metal and ammonium 



\oJere prepared by simple metathesis between N2H5 ·z-voF3_7 

and AF in an aqueous medium. The yield of the sodium 

salt, Na ;-voF3_7, was c~nsiderably low, in comparison to 

any other salt described in this Chapter, owing to the 

comparatively high dilution of the reaction solution 

maintained in order·to avoid contamination of uhe 

end-product by the relatively less soluble NaF. It is 

evident from the above reactions that the complex species 

exotrifluorovanadate(IV), ~voF3~ -, once formed, is very 

stable4 In order to study the effect of relatively larger 

amounts of F ions on the reaction product, we carried 

out similar hydrazine hydrate reducti::m of v
2

o
5 

in the 

presence of higher amounts of F ions, e._g. ,, v : F ratio 
.. · 

at 1 : 5 or 1 _: 6. Here again, however, the product 

obtained '.-vas nothing other than hydrazonium oxotrifluoro-

vanadate(IV), N2H5 ;-voF3_7, suggesting thereby that a 

higher quantity of F-ions does not have any net effect 

on the end-product, at least within the limi:ts specified. 

Ch~terization and Assessment of Structure. 

Hydrazonium oxotrifluorovanadate(IV), N2H5 ~voF3_7, and 

alkali-metal and ammonium oxotrifluorovanadates(IV), 

A ~VOF3~ (A= Na, K or NH4 ) are all blue crystalline 

compounds, and stable for prolonged periods. The compounds 

46 
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·xable ~.Analytical J.!ata., !'lagnetic !•1oments, iistima.ted Oxidation·j;tatas of Vanaciium and l:)tructurally 

· Hignifica.nt Iif. and .i!>lec-tronic opectral jjands of .1.'J
2

H
5 

fvuF .:;J and. j_-VOi'y.J (A = Na, K or J.~B.4 ) 

.-- ~---- --- -T- ----.--
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1't'H4 .["vo~·~ 1e53• 3.9 9.52 35~68 
( 9.87) (35.89) 
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.(15.65 ( 34 .. 68) 
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can be st~red in sealed p:::>lyethylene c:::>ntainers. The 

N2H5 ;-voF3_/ and A ;-voF3_7 c:::>mp:::>unds are s:::>luble 

in water. 

The m:::>lar c Jnductance :::>f the c:::>mp:::>unds, measured 
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-1 2 -1 in water·1 was f:::>und t:::> lie between 130 and 135 :::>hm em mol 

suggesting an 1·: 1 electr:::>lytic nature :::>f each :::>t them 

in:c:::>nf::>rmity with the f::>rmula assigned t:::> them. The r:::>:::>m 

temperature m~netic m:::>ments :::>f the c:::>mp:::>unds were 

::>bserved t:::> fall between 1.51 and 1.53 B.M~ . 

-23 2 ( 1 B .M. !:::;;!.. o .. 927 x 10 Am ) lending credence t :::> the 

c:::>ntenti:::>n that the vanadium iD each :::>f the c0mp:::>unds has 

an :::>xidati:::>n state ::>f. +4. This was further supp:::>rted by 

the chemic .3lly estimated :::>xidat i:::>n states :::>f vanadium in 

the alkali-metal and amm:::>nium· salts :::>f the c:::>mplex ani:::>n. 

The estim::~ted oxidati:::>n states :::>f vanadium in A{.=voF3J 
(A= Na 1 K :::>r NH

4
) c:::>mpounds were f::>und t:::> :::>ccur between 

3.9 and 4.1 (Table 2). The relatively l:::>w magnetic 

m:::>ments indicate the existence of a weak antiferr:::>magnetic 

exchange interacti:::>n in the solid state presumably thr:::>ugh 

a weak v-F ••• v :::>r a weak v-o •... v interacti:::>n. 

The infrared spectra :::>f the series :::>f f::>ur c:::>mpounds 

were f:::>und t:::> be similar to each :::>ther~ except for the 

addit.ional cation bands for hydrazonium and ammonium i:::>ns 



in the cases of the N2H5 ~voF3_7 and NH4 ~VOF3_7 
respectively, suggesting the structural and stoichiometric 

similarities of ~he compounds. The strong and sharp band 

at 970-980 cm- 1 has been assigned to the -DV=O mode arising 

5 
from the presence of terminally bonded V=O group. The 

observance of this band in the appropriate position enables 

us to infer that the compounds contain v~-o multiple bonds. 

The appearance of a weak but broad band centered around 

730 -l . d' 'b'l' em ~n ~cates a strong poss~ ~ ~ty of a v~o ••• v=o 

interaction in the compounds and suggest that in the 

solid state the compounds may have a polymeric structure 

through a v-o-v-o chan. A comparison of the ~v~o frequencies 

for rvocl3~7 ·• (Ref .• 3) and rvoF3_7 -(present work) 

reveals no appreciahle shift in the band positions suggesting 

thereby that the increased electronegativity of the 

coordinated halide ligands in going from rvocl3_7 ~ to 

L-VOF3_/ - does not alter the v-o bonding to any 

appreciable extent. The strong absorption at N 500 cm~l 

has been assigned to a v-F stretching mode, its position 

and a slightly broad nature indicate the existence of 

a v-Fo •• v~F interaction in the compounds. In order to 

_confirm the absence of any H
2
o, coordinated or otherwise, 

a careful examination was made of the i.r. spectra of the 
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Na ~voF 3_7 and K ~voF3_7 c~mpounds, ~nee in these 

two cases there is no interference from the cation m~des, 

by recording their spectra in both KBr and nuj~l mull 

media. N~ indicati~n with regard t~ the presence ~f 

\~-later was ~bserved. These results and th~se ~f chemical 

analyses render it certain that there is n~ water present 

in the c~mp~unds. The infrared spectra ~f N2H5 ~voF3_7 
sh~ws the bands typical f~r N

2
H5+ i~n6 , and that ~f 

NH4 .!:voF3_7 shows the bands characteristic for NH4+ f~n7.r 8 

The electr~nic spectra ~f oxotriflu~rovanadate(IV) 
-

complexes consist three absorption bands between 10,000 

and 28,000 cm~ 1 , the region in which vanadyl complexes 

-1 generally absorb. The frequencies fall at f'..J 11,950 em , 

-1 ~1 
at AJ 16,000 em and rv 22,000 em with the third one 

being obscured by strong charge-transfer transiti~ns •. 

The first and the second absorptions are assigned to 

e +-- b 2 and b 1r-- b 2 transition rGspectively in 

conformity with the reported spectra of oxovanadium(IV) 

complexes. 5 A comparison of the optical spectra of 

anhydrous oxotrichlorovanadates(Iv) 3 with those of the 

oxotriflu~rovanadatGs(rv) reveals that though the 

spectral pattern is generally similar, there is a 
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difference in the band positions. The e+-b2 and b1~ b 2 

transitions in the latter case have been found to shift 

to comparatively lower frequencies. This result lead us 

to believe that the complex species !_-voF
3
_7 ~ may have 

a pseudo-octahedral ~tructure in solutions. 

The solution ESR spe•trum of hydrazonium oxotri-

fluorovanadate( IV), N2H,s f:voF 3_7, was found to be, similar 

9 
to that of various tetravalent vanadium complexes.. The 

experimentally obtained magnetic parameters of the 

complex ;-voF3~ - are as follows: 

gfl = 1.937, g...l. = 1. 978, 

Ar-~ ( 
51 

V) = 530.,8 MHZ aoo 

A_L ( 
51 

V) 205.1 MHZ = 

The values of spin hamiltonian parameters agree very.well 

with those reported for v4+(d 1 ) complexes.
9 

The appearance 

of an ESR spectrum at -150°C and the normal line 'i1vidths 

indicate that the unpaired electron is in an orbitally 

n::m-degenerate ground state. The observed g values and 

51v hyperfine couplings further indicate that the ligand 

field is axially symmetric and the complex species may 

have an axially distorted octahedral structure in 

solutions •. Based on these observations we propsse that 
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three flu8ride i8ns and tw8 water m8lecules (c8ming from 

the S8lution) constitute the ligand field around vo2
+ 

group. In an attempt to study the effect of an excess 8f 

F= ions on the ESR spectrum~ we rec8rded the spectrum in 

the presence of an 100 fold excess of F i8n concentrations. 

However, n8 significant shifts in the g values and 

hyperfine tensors were obs~rved. Th~ optical spectrum 8f 

a similar s8luti8n also did n8t show any notable ehange 

suggesting thereby that the c8ordinated water molecules, 

in solutions, are n8t replaced by F ions. Moreover, the 

absence of any fluorine hyperfine coupling indicates that 

orbitals of the unpaired electron is not involved in the 

bond f8rmation. The unpaired electron can be considered 

to be in the d orbital by selecting a coordinate system xy 

wit!-). V=O be:Lng in the z axisJ' and the V=F b8nd directions 

as X and Y axes. Accordingly the appro~imate ordering of 

the energy level may be written as 

d 7 d <· d < d 2 2<d 2 xy' xz yz x -y z • The g values, to first 8rder, 

. b 10 are glven y 

g\1 = ge 2~ kl 
& 

... ( 1) 

and 

g_i = ge 8 ~k2 •. ·• . (2) 

6 



where ge is the free-electr~n g value, k 1 and k 2 

are the ~rbital reducti~n fact~rs and 'is the 

spin-orbit c~upling c~nstant ~f the free i~n. 

and 

6 = I E } fExy - yz 

vv-here Exy etc. are the one-electr~n ~rbital energies. 

The d-d bands ~bserved in the electr~nic spectra 
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at 16,000 cm- 1 ( £ == 3.6) and at 11,976 cm- 1 ( £ == 0.85) 

can be correlated t~ the transition (xy)~ (x2=y2 ), (~), 

and t~ (xy) ~ (xz) ~r (yz), ( ~ ), respectively. In 

order to get an idea regarding the extent ~f covalency 

involved in different planes, we calculated the ratio 

~ ~~~ k 2 by making use ~f the experimentally observed 

values f~r b and·· S. The value ~f the ratio was :E~und t"J 

be 0.89 indicating that the covalency involved in the 

xy plane is comparatively more than that in the xz plane. 

Thus it is evident that under the suitable:' 

c~nditions oxotrifluor~vanadate(rv) c:Jmplexes can be 

synthesised from aque~us media. The complex species 

/-VOF3-/ - may have a polymeric structure, in thG 

solid state, through weak v-F ••• v ~r v-o •. v interacti~ns. 



In soluti:>ns, however, the complex species f:voF3_7-

seams to have a pseudo-octahedral structure with twj 
.,.r_ • -

water molecules occupying two vacant coordination 

positions. 
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Chapter 3 

Synthesis and Assessment of structure of Alkali~metal 

and Amm::>nium oxodiperoxoflu::>r::>vanadates(v) 1 

- - * A2 L vo(o2 ) 2F_/ (A ~ Na, K, Rb, Cs or NH4 ) 

Although there has been a continued interest in 

1~7 
the study of peroxovanadium(V) chemistry, the 

synthesis,. characterisation and structural assessment 
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of peroxo and heteroligand peroxovanadium(v) c:::>mpounds 

have received much less attention. This is pr2sumably 

awing to the uncertain nature of peroxovanadium(V) 

in solutions of varying pH. In view ::>f this and as a 

sequel of studies involving f~uoro compounds of 

vanadium (Chapters 1 and 2)~ the synthesis of peroxo= 

fluorovanadium(v) compounds was undertaken. 

The present Chapter (Chapter 3) reports first 

general synthesis of alkali-metal and ammonium 

* This work has been published: 

Polyhedron, 553, 1, 1982. 



::>x:>diper::>x::>f luor:>vanadates{ v), A2 L vo( o 2 ) 2F _7 

(A= Na, K, Rb, cs :>r NH4 ) al:>ng with their characte~ 

rizati::>n and structural assessment. 

Experimental 

vanadium pent:>xide 1 alkali-metal and amm:>nium 

flu::>rides ~nd hydr:>gen per::>xide were all reagent gr~de 

pr::>ducts (B.D.H., E. Merck1 $.D., IDPL and Sarabhai 

Chemicals). 

Infrared spectra were rec:>rded :>n a Perkin~ 

Elmer m:>del 125 spectr:>ph::>t:>meter. 

Magnetic susceptibility measurements were carried 

Elemental Analyses. vanadium, Flu':lrid.e 1 s::>dium1 

potassium, rubidium, cesium and nitrogen estimati~ns 

were accomplished by the meth::>ds described in Chapter 1. 

t . (P ) (1') P t B Ac 1ve oxygen er::>xo-::>xygen : ermanganome .ry 

An accurately weighed .::1.mount of the perox::>vanadium(V) 

compound was diss::>lved in 7(N) sulphuric acid 

containing .3b:>ut 5 g of boric acid ( t::> prevc:nt loss of 

active oxygen through the formation of per::>xoboric acid). 

The s:>lution was then titrated with a stand~rd potassium 

5C 



permanganate s~luti~n 

This meth~d is suitable f~r per~x~vanadium(V) c:Jmp:Junds. 

The presence :Jf flu:Jride d:Jes n:Jt effect the result. 

(l.'i) d t 9 
I'J :Jme ry In this meth:Jd an a.ccurately 

weighed am"Junt :Jf the c"Jmp:Jund is added t:J a freshly 

prepared 2(N) sulphuric acid S:Jluti:Jn c:Jntaining 

an appr"Jpriate am:Junt :Jf p:Jtassium i:Jdide. The S:Jluti:Jn 

is maint::J.ined under a co2-atm"Jsphere, and the liberated 

i:Jdine is then titrated with a stand3rd s:Jdium 

thi:Jsulphate s:Jluti:Jn. 

The am:Junt :Jf i:Jdine liberated in this pr:Jcess is 

equivalent t:J the am"Junt :Jf active "Jxygen (per:Jxide) 

plus the am:Junt :Jf vanadium(v) present in the c:Jmp:Jund. 

on substracti"Jn "Jf the c:Jntributi:Jn fr"Jm vanadium(v)~ the 

c:Jntributi:Jn :Jf active :Jxygen is f:Jund :Jut. 

(iii) eerie (Ce+4 ) sulphate Meth:Jd.
10 

Per:Jxide 

c:Jntent :Jf a c:Jmp:Jund is determined directly by titrati:Jn 

"Jf an acidified s:Jluti:Jn :Jf the per:Jx:Jvanadium c:Jmp:Jund 

with a standard eerie sulphate S:Jluti:Jn. vanadium(v), 

F :Jr Cl d:J n:Jt inte~ere. 



synthesis ~f Alkali-metal and Amm~nium ox~diper~xJ-

flu:lr:lvanadates(V)r A2 ~vo(o2 ) 2F_7 (A= Na, K, Jr NH4 ). 

A finely mixed p:lw~er :lf vanadium pentJxide, v2o5 , 

(5 .5 m m:ll)and C\lkali-met-3.1 :lr amm8nium flu:lrick, AF' 1 

( 11 m m~J_) was dis s :ll ved in ~/o hydr:lgen per:lxicle ( 79. 4 m m:ll) 

oy slightly warming :lver a steam~b~th 1 and a red s~lutiJn 

was :lbtained. ~ c:lncentrateo S:lluti:ln :lf the C:lrresp:lnding 

-':llkali Jr amm:mium hydr:lxic1e (50 m mJl) W.::'l.S sl:)wly acklec1 

with c:lnstant stirring whereupJn the s:llutiJn became 

yellJvJ ... i\n excess :lf ethyJ!alcJhJl \~~Jas ackled tJ' tho 
..) 

S:ll~tiJn with stirring until an y~ll:lw c:llJured 

micrJcryst,::J.lline prJouct w1.s Jbtained. The rG:J.ctiJn 

C:)ntainer was then CJJled in an ice-bath f:lr ca 40 min. 

The C:)ffip:)und was separated by centrifugatiJn anc 

purified by washing with alc:lhJl and finally dried 

in vacuJ :)Ver diphJsphJrJus pentJxide. The yields Jf 

(NH4 ) 2 L-Vo(o2 )
2
F_/, Na

2 
{-vo(o2 ) 2F~ and K

2 
;-vo(o2 ) 2F_/ 

vJere 1.6 g (78%), 1.8 g(84%) and 2.1 g (84%) respectively. 

The Rb2 f:vo(o 2)
2
F_7 and cs2 LVO(o2 ) 2F_7 CJmp:buncls 

were prep3.red in a manner an3.1Jg:lUS t:l that described 

abJve, hJ\vever, the SJlutiJn Jf v
2
o5 (5.5 m mJl) and 

AF (A= Rb 8r cs) (11m mJl) in 9% hydrJgen perJxide 

(79.4 m ffiJl) wqs made alk3.line by the additi:ln :lf 25% 

SJlutiJn 8£ amm:lnium hydr:lxide ( 50 m m:)l). The yield:)£ 



Rb
2 
~vo(o2 ) 2F_7 was 2~6 g (74%) and that :Jf cs2 /VoCo2 ) 2F_7 

was 3.5 g (77%). 

The analytical d3ta, and the structurally 

significant .i.r. bands :Jf A ~va.co2 ) 2F_7 (A= Na~ K) Rb~ 

cs ~r NH 4 ) c:Jmp:Junds are set :JUt in Table 1. 

Results and Discussi:Jn 

It has l~ng been Eec"Jgnised that vanadium fJrms 

yellJw diperJ:x:"Jvanad.3te(v) in an alkaline medium
11

, 

and is c"Jnverted tJ a red mJn"Jper"J:x:~vanadium species in 

acidic SJlutiJns .. 6 we Jbserved that ::1 similar yell:)w 

c:JlJur c:Juld be devE.:l:Jped by perf:Jrming a reacti~n :Jf 

vanaflium pent:J:x:ide, v2o5 and H2o2 in the pruscnce :Jf 

alka:;_i=m..;tal :Jr amm:miurr·flu:Jric'le, AF, in an alkaline 

medium, and thJught that a hc:ter:Jligand flu:Jr:Jper:J:X::J= 

van.::tdate(v) c"Jmple:x: species must be resp::msible f:)r this 

c"Jl"Jur. Acc:Jrdingly in line with "Jur cJntenti:Jn Jf 

synthesising heterJligand per:JxJ~vanadium :~(I"Jmp"Junds, we 

carried :JUt the reactiJns am:Jng v
2
o

5
, alkali~mctal :Jr 

amm:Jnium flu:Jrioe.-1 AF, and hydr:Jgen per:Jxicle in the 

presence :Jf an alkaline mec'lium. The c:Jmplex i:Jn 

resp:Jnsible f:Jr the yell:Jw CJl:Jur wa.S is:Jlated fr:Jm the 

re.:J.cti:Jn medium as its alki'l.li-metal :Jr amm"Jnium salt in 



a very high yield• A rop::>~t ::>n the synthesis ::>f 
._ 12 

K 2 Cvo( o2 ) 2F.._7 appeared; while ::>ur w::>rk was in 

pr::>gross.; H::>wever 1 the re.'3.cti::>h conditi::>n ::>f thG 

present synthesis is different fr::>m the ::>ne previ:>usly 

i2 rep::>rted. we f::>und that alkaline d:>nditi::>n was rn::>re 

c::>nduci ve t·::>. the synth?sis ::>f ·the A2 ['" VO ( o2 ) 2F _/ 

c::>mp::>unds *· 

Alk-3li-metal anc3 amm::>nium :>x::>oiper~:.e:;,flu::>r::>vana­
~ 

date(V) c::>mp::>unds are all yell::>w c::>l::>ured micr::>~~ystallins 
~ . {y 

pr::>c.lucts. They are s::>luble in \v3ter i in which they 

Gec::>mp:>so sl::>wly, thereby precluding their m::>lar 

c::>nductance measurements~ The c::>mp::>unds can be st:>rcd 

undec:>mp::>sed in sealed c::>ntainers, and their stability 

can be ascertained by the peri::>dic estimati::>n ::>f 

per::>xide c::>ntent :>f the pr::>ducts. Estimati::>n ::>f ?er:>xide 

c::>ntent, in such c::>mp::>unds, is c:>nsidered t::> be :>£ 

extreme imp::>rtance in ::>rder t::> fix the number::>£ o2
2~ 

gr::>ups b::>und t:> the metal centre. The estimati::>n Jf 

per::>xide in the present case sh::>wed the presence ::>f 

tw::> per::>x::> gr::>ups per vanacHum at ::>m in e.:1ch :)f the 

newly synthesised c:Jmp::mnds. This result and thr:.; 

diam::1gnetic nature ::>f the c::>mp:::mnc'1s, as evioencecl by 

their magnetic susceptibility me:1surements.~ suggest th~t 

the c::>mplex .i:Jn c::>ntains tw:J per::>X;) gr::>ups per va.n-'l(1ium 
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at'Jm, :J.nd that the vanadium in each c'Jmp"Jund has 'Jxichti'Jn 

state 'Jf +5. 

The infrared spectra 'Jf the c"Jmp"Junds are similar 

t'J each 'Jther, and sh'Jw abs"Jrpti'Jns in the three 

charGcteristic regi"Jns, viz., at ~ 880, ~ 950 and 

ca 475 cm-1
• The 'Jccurrence 'Jf sharp vibrati"Jns ar"Jund 

880 cm~ 1 (Table 1) imply the presence 'Jf triangularly 

b"Jnded per"Jxy ligands (c 2v) and in keeping this there 

are tw:> readily identifiable 0 bands at ca 895 and -o-o-
-1 -at ca 870 em I cf. the analysis 'Jf v in transiti'Jn 

-o~o~ 

7 13 metal c"Jmplcxes_ • \n'Jther char::tcteristic fe:::tture :>f 

. . -1 the spectra 1s the abs'Jrptl'Jn at 935=970 em • This has 

' been assigned t'J the 2) m:>~e 'Jf terminal v-o multiple . v-o 
b:>nds~4 , 15 The str"Jng abs'Jrpti'Jn at 470~480 cm~l in each 

spectrum, has been assigned as the ~ m'Jde :>wing t:> 
V-F 

the presence :>f a F- ligand b:>nned t'J the vanadium(V) 

centre, anc c'Jmpare very well with th'Jse 'Jbserved f'Jr 

many flu'Jr"Jvanadate species. 16 ~ 17 

Thus, it is evident that heter'Jligand flu'Jr:>~ 

per'JX'J=VanadiUJ;n(V) C'Jmple:?C 'Jf the type rvo(02) 2F_7 = 

can be synthesised fr'Jrn the reacti"Jn 'Jf v 2o5 with H2o2 

in an alkaline mec:Uum in the presence 'Jf alk'lli=metal 

'Jr amm"Jnium flu"Jride, AF. The pcr:>x:> gr:>ups are b"Jnded 

t:> the vanadium(v) centre in a triangular bi('Jentate manner. 



The cJmplex species ;-vo(o2) 2F_7 - may be a hexa-c~Jrdinated 

mJnJmer Jr it may have a p~lym~ic structure thrJugh 

a weaJ~ V-fJ-V Jr a weak v-F~V briclging. 
: ~ ' 

References 

1 M. OrhanJvic' .ann R.G. Wilkins, J. Am~ Chern. SJc., 

278, 89, 1967. 
F. 

2 N. vuletic and c. DjJrdjevic,. J. Chem. SJc., 1973, li37. 

3 s. Yamada, Y. Ukei and H. Tanaka, InJrg. Chern., 

964, 15' 1976. -
4 ' s. Funahashi 1 K. Harraguchi and M. Tanaka, InJrg. Chern., 

1349, 1.§_, 1977. 

5 K. EWieghardt, InJrg. Chern., 57, 17, 1978. 

6 u. Quilitzsch and K. Wieghardt, InJrg. Chern. 869~ 

181 1979. -
7 

s~ Funahashi, K. Ishihara and M. Tanaka, InJrg. Chern., 

51, l.Qt 1981. 

>. 

8 A.I. VJgel, 'A Text BJJk J£ Quantitative-InJrganic 

Analysis,' L:mgmans, GrEen anc'l CJ., 1961, p. 2~5 .. 



9 Ref. 8, p. 363. 

10 Ref. 8, p. 325. 

11 
J.A. CJnnJr ann E.~.v. EbswJrth, 'Advances in 

InJrganic and RadiJchemistryr, VJ1.6, Ed. H.J. 

Erneleus and A.G. Sharpe, ,\c.:~.demic Press, New YJrk, 

1964, p.279. 

12 G.V. Jere and S.M. Kaushik, Synth. React. InJrg. 

Met.~org. Chem. 1 255, lS?r 1980 • ......,__ 

13 (a) W.P. Griffith, J. Chern. SJC•r 1963, 5345. 

(b) W.P. Griffith, J. Chern. SJC., 1964, 5248_. 

14 - i 

J. Selbin, L.H. HJlmes, Jr.# and s 4p. .McGynn, 

J. InJrg. Nucl. Chern., 1359, 25, 1963. 

15 J. Selbin, Chern. Rev., 153, §2_, 1965. 

16 M. GJldstein, R.J. Hughes and W.D. UnswJrth, 

SpectrJchim. Acta, 621, 31A, 1975. 

17 H. Reiskamp and R. Mattes, z. NaturfJrsch., 

5371 31b 1 1976 • 



Chapter 4 

Q ·. 
o··:i: 

Alkali-metal and .zwrn:::mium Triperoxofluorovanada.tes(v) 1 

A2 /-v(o2 ) 3F_7 (A= Na, K or NH4 ). Synthesis and 

* Structural Assessment 

There has b~en a good deal of current interest in the 

l=D 
study of peroxovanadium(V) chemistry. It a~:>l:><::ars from 

the recent literature that studies of the kinetic behaviour 

of peroxovanadium(V) engage the attention of most of the 

1 3~8 
research groups, 1 though information on the synthesis 

and structural assessment of pcroxovanadium(V) and 

hc:teroligand pcroxovanaoium(v) is rath.c:r scanty.r probably 

owing t·o the uncertain n'3.ture 3f per3xovan.:J.dium(V) in 

solutlons of varying pH.. .A short study on the synthesis 

and structural assessment of alkali-metal and ammonium 

oxodipc:roxoflu::>rovan3datcs(v), ,'\
2 

;-vo(o
2

)
2
F_/ has be::cn 

reported in chapter 3. The compounds ~2 /-vo(o2 ) 2F_7 

were synthesised by perfo-rming the reactions over a limittd 

range of conccntr1tion of alk3.linc medium~ 'rbis 'llvork has 

------------------------~-----------

* The w::>rk described in this c·hapter h::J.s been published·: 

Inorg~ Chern .• ,, 4020,· 21, 1982 .• 



been extended t~ an alkaline medium c~ncentrati~n 

regi~n higher than that of the previously examined one 1 

thus enabling us to synthesize a series of novel 

comp~unds, alkali..;..metal and amm~nium triperoxofluoro~ 

vanadates(v), A
2 
~vo(o2 ) 2F_7 (A = Na, K or NH 4 ), and 

t~ make s~me reasonable conclusions about the formation 

of various perox~ compounds of fluorovanadium(v). Also 

investigated are the IR spectra of these solid compounds 

in order to obtain a set of internally consistent data 

regarding the effect on the basicity of peroxo ligands 

by the increase in the number of peroxo groups 

coordinated to fluorovanadium(v). 

Experimental 

A.ll chemicals were of reagent grade. 

Infrared spectra were recorded ~n a Perkin=Elmer 

model 125 spectrophotometer. 

Experiments on molar conductance measurements 

were made by using a Philips PR9500 conductivity bridge. 

Magnetic susceptibility measurements were made by 

the Gouy method using Hg ;-co(NCS) 4_7 as the calibrant. 

Elemental Analyses. vanadium1 fluoride, peroxide.r 

sodium, potassium and nitrogen were estimated by the 

methods already de$cribed in the previous Chapters. 



synthesis 8£ Alkali-metal and Amm8nium Triper8X:J­

flu:Jr:Jvanadates(v) 1 A2 L v( o2 ) 3F J (A. == Na, K. :Jr :t\TH4). 
'. 

As the meth:Jds 8£ syntheses 8£ the amm8nium, S8dium and 

p:Jtassium triper8X8flu8r8vanadates(v) are similar, 8nly 

a representative meth:Jd is described. 

Pure v 2o5 and dry flu :Jride lW ( 7\ = Na, K :Jr l'JH4 ) 

were taken with maintenance :Jf the m:Jlar rati:J :Jf 

v2o
5 

and AF at 1:2, and mixed th:Jr8ughly by p8wdering 

tJgether in an agate m:Jrtar. The finely mixed p:Jwder 

was diss:Jlved in 6% hydr:Jgen per:Jxide, with use :Jf 

60.0 ml :Jf hydr:Jgen per:Jxide per gram :Jf v2o5 , by 

stirring the s:Jluti:Jn rragnetically. After diss:Jluti:Jn 

was c:Jmplete, the s:Jluti:Jn became transparent red. 

The s:Jluti:Jn was filtered t:J rem:Jve ~ny undiss:Jlvcd 

impurity. T:J the filtrate was sl:Jwly added~ with 

c:Jntinu:Jus stirring, an excess Jf hydr:Jxiue, 

AOH (A = Na, K :Jr NB
4
), with maintenance :Jf the m:Jlar 

rati:J :Jf v 2o5 : Aoa at 1 ~ 1~. While the stipulated 

am:Junt :Jf amm:Jnium hydr:Jxide was added in the f:Jrm 

:Jf its 25% s:Jluti:Jn, s:Jdium and p:Jtassium hydr:Jxides 

were added in their S:Jlid f:Jrm. The C:Jl:Jur :J£ the 

solutio~ changed from red to yellow and ultimately 

tD blue with the prog;eess :Jf add i ti ::m :Jf the alkaline 

medium. ~fter the additi:Jn :Jf alkali-metal :Jr amm:Jnium 



hydr:>xide was :>ver, the deep blue s:>luti:>n was c:>:>led 

at ice-bath temperature f:>r ca. 15 min. An excess :>f 

ethan:>l was then added t:> the c:>ld s:>luti:>n with 

stirring whereup:>n the deep blue micr:>crystalline 

A2 ;-v(o2 ) 3F_7 was :>btained in a very high yield. The 

reacti:>n c:>ntainer was all:>wed t:> c:>:>l f8r ca. 30 min, 

and the c:>mp:>und was then separated by centrifugati:>n, 

washed several times with ethan:>l 1 and finally dried 

in vacu:> :>ver diph:>sph:>r:>us pent:>xide. 

The specific gram am:>unts :>f the reagents used and 

the yields :>f vari:>us alkali-metal and amm:>nium 

triper::>xyflu::>r::>vanadates(v) are rep:>rted in Table 1, 

while all an3l ytical data and IR band p:>siti::ms are 

set :>ut in Table 2. 

Results and Discussi:>n 

General Synthesis. It has been kn:>wn f:>r quite s:>me 

time that vanadium(V) f:>rms yell:>w diper:>x:>vanada.te(V) 

in an alkaline medium;o,ll which iw generally st~ble in 

s:>luti:>ns :>f high pH ( > 7). The yell:>w species is 

c:>nverted t:> red m:>n:>per:>x:>vanadate with increasing H+ 

i:>n c:>ncentra.ti::m6 ... 10, 11 :>f the s:>luti::m. H:>wever" n:>ne 

:>f these rep:>rts menti:>ned the f:>rmati:>n :>£ a blue 

c:>l:>urati:>n :>f the '1iltndium(V) - hydr:>gcn per:>xide 



system, th:mgh the s:::>lid blue tetr·::tper:>x:>vanacJate(v) 1 

- 12 viz., K
3 
;-v(o2 ) 4_/~ has been kn:>wn, presumably 

having a d:>decahedral structure anal:>g:>us t:::> that :>f 

13 the c:>rresp:>nding per:::>x:::>chr:>mium c:>mp:::>und. 

In the c:::>ursc :>f :::>ur studies9 (Chapter 3) mainly 

aimed '3.t the synthesis ~nd structural a.ssessment :::>f 

hcter:::>ligand per:::>x:>V3n.:::l.dium c:::>mp:::>unds, it was 

:>bserved that the .:::J.c9diti:::>n "Jf a larger am:>unt "Jf 

alkaline medium ch3nged the yell"Jw c:>l"Jur :::>f the 

S:::>luti'Jn 'JWing t'J the diper'JX'JVanadium(V) t'J ceep blue. 

It was als"J "Jbserved that a relatively l:>wcr am:>unt 'Jf 

alkaline medium assisted by a c:::>mparatively higher 

temperature gave rise t:> the same c:::>l"Jur. In line with 

the c:::>ncentrati:::>n :::>f synthesizing heter:::>ligand 

per:::>x:::>van.3.dium c:>mp:::>unds, it w::ts expected that the 

higher temperature might n:>t be a very c:>nducive 

c:::>nditi:>n f:::>r achieving tPeg:::>al. Thus, we preferred the 

enhanced alkalinity :::>f the medium rather than a higher 

temperature f:>r the re.:::l.cti:::>n. In :::>rder t:::> ascertain 

the minimum number :>f per:::>x:::> lig~nds resp:>nsible f:>r 

the f:::>rmati:::>n :>f blue c:>l:>urdti~n~ the reacti:>ns were 

carried :::>ut in the presence :::>f a restrictec number :>f 

flu:::>ride i:::>ns (v : Fat 1 : 1), str:::>ngly stabilizing 

ligands f:::>r quinque valent vanadium, 14 such that at least 



Jne CJJrdinatiJn pJsitiJn was blJcked by F~ ligands 

priJr tJ the reactiJn Jf hydrJgen perJxide. AccJrdingly, 

the reacti:::m amJng v
2
o

5
.r AF,r and 6% H

2
o2 in tho 

presence Jf a large excess Jf alkaline medium gave 

rise tJ the fJrmatiJn Jf ;-v(o2 )
3
F_7- species in the 

SJlutiJn. The CJmplex iJn was isJlated as its ~lk~li-

metal Jr ammJnium salt by the additiJn Jf alcJhJl, which 

facilitated precipitatiJn Jf the sJlid CJmpJunds. A 

plausible interpretatiJn J£ this result is that a very 

high alkalinity prJbably helps tJ remJve the last 

Jxygen frJm ;-vo( o
2

) 
2
F_72 - such th-'it the fJrmatiJn J£ 

- -2-/ vCo2 ) 3F_7 is favJured, Jr it cJuld alsJ be pJssible 

that the JXJ Jxygen Jf the yellJw diperJXJ species is 

cJnverted tJ the third perJXJ ligand by abstracting an 

Jxygen Jf hydrJgen perJxide. AlthJugh there is nJ 

direct evidence fJr either J£ the twJ prJbablc 

mechanisms~ CJnsidering the strength Jf the v~o multiple 

bJnd frJm IR spectral studies
9

l
14 

and frJm the fact 

that the Jxygen exchange Jn vanadium(V) iJn is very 

slJw1 it is believed that the latter mechanism may be 

mJre likelyz which is alsJ in accJrd with very recent 

~netic stucties.
7 

The rea.ctiJn, leading tJ the fJrmiJ.tiJn Jf the 

cJmplex /~v(o2 ) 3F_~ iJnz is best mJnitJred by IR 



spectrJSCJpy. This was accJmplishGd by isJlating a 

small amJunt Jf the cJmpJund fJllJwed by recJrding its 

IR spectrum. The disappe~rancG Jf the sharp banr. at 

95 ~l . \ ca 0 em JWJ.ng t J 2Jv-o indica. ted the c Jmplot iJn Jf 

the reactiJn. It is evident thatJ at least under the 

present cJnditiJn, the minimum number Jf perJXJ ligands 

respJnsible fJr the fJrm~tiJn Jf blue perJxJ cJmpJun8s 

is 3. 

CharacterizatiJn and Assessment Jf Structure. 

The alkali-metal ~nd ammJnium triperJxJfluJrJvanadates(V) 

are all deep blue micrJcrystalline prJductso They are 

generally hygrJSCJpic, and this tendency seems tJ .be 

+ + ~ ) 7 ~ mJre prJnJunced with the Na and K salts Jf Lv(o 2 3F_ • 

HJwever, they are capable Jf being stJred in scaled 

cJntainers fJr prJlJnged periJns and the stability can 

be checked by periJdic estimatiJn Jf the perJXiQe 

CJntent. The estim.3.ti::m Jf perJxide cJntent is CJnsidered 

tJ be Jf extreme impJrtance in such CJmpJunds in Jrder 

tJ decide ~bJut the number Jf such ligands attached tJ 

vanadium(v). The estimatiJn Jf perJxide was dJne by 

redJx titratiJns (vice Chapter 3), in the presence Jf 

bJric acid tJ preven~ any unwanted lJss Jf active 

Jxygen, which cJnclus·!.vely suggested the presence Jf 

three perJXJ gr JUioS f. E.r VS+ i:m in the c :xn;_)JUO•'s·. Th lt the 



Table 1. Am::>unts ::>£Reagents used and Yields ::>£ A2 ~v(o2 ) 3F~ (A=Na1 K ::>r NH 4) 

C::>mp::>und 

(NH4 )
2 

Cvco
2

) 3F 

Na2Cv(o2 ) 3F_7 

K2 ['"vco2 ) 3FJ 

~--

l 
I 
I Yield I 
I in g (%) I 
I 
I 
I 

1.9 
( 86) 

2',.0 
(87) 

2.3 
(85) 

I 

' I 
I 

I 
I 
I 
I 
I 
I 
I 

~----~ 

Am::>unt ::>f 

v 2oriunin g 
( ::>1) 

1.0 
(5.5) 

1,.0 
(5.5) 

1.o 
(5~5.) 

Am::>unt ::>£ 

AF in g 
(rnm:Jl) 

0.4 
(l0,.9) 

0.46 
(11) 

0.64 
. :·( ~).). 

I 
I 
I 

Am::>unt ::>£ : Am::>unt ::>£ 
I 

6% Ht02 : AOH (mm::>l) 
in m (mm:JJ) 

60.0 
( 105 .. 8) 

60.0 
(105.,8) 

. 60.0 

(105.8) 

....L... 

~.2 ml 
( 25% s::>ln.) 

(65.7) 

2.6 
(65) 

3.7 
(65.9) 



vanadium is in its +5 6~idation state has been 

ascertained from the diamagnetic nature of the compounds, 

as evidenced by their magnetic susceptibility 

measurements. 

The attempts to measure the molar conductance of 

A2 ~v(o2 ) 3F_/ in water was unsuccessful. The values 

obtained were higher than that expected for a 2:2 type 

9 12 electrolyte. It has been generally observed ' that 

owing to their instability the molar conductances 

of many peroxovanadium(v) compounds can not be 

measured. Thus, the higher conductance values in the 

present case are not too surprising. 

The IR spectra of the series of three salts 

resemble each other very closely (Table 2), indicating 

that the compounds are similar both structurally and 

stoichiometrically. The spectra of the compounds 

showed absorptions in two characteristic regions, 

-1 -1 
at 850-855 em and at 470~475 em • Each spectrum 

shows only one strong absorption in the 850 ~ 855 cm~l 

region, which has been unambiguously assignea
15 

as the 

U~o-o~mode of coordinated peroxy groups. A single 

absorption in this region suggests that all three 

per~~o ligands in the complexes are bonded to the 

vanadium(v) centre in an analogous fashion. Since the 



-II' 
~ 
C) 
11,1 

~ ... 
·.~ 
. ·1"1 

.D ... 
QJ --~ 
a 
~ 
-~ 

l'ia.~ ,_V(O ) F 7 --------------~~ ~~ 2 3 ... -------------------. .......,..,-
1-- - .---· 

\ ' 

\'\1 
•J 

i:£V,u2)J_} 

(NH4)~V(02)~_] 
< ,.. 

------------~. '\ 
.I 

\ 

\ 
l 

------'-----~---<. <- ----1. ___ _ 

3500 3Qy0 2500 20uo 1800 1600 1400 1200 

W'£V.i!i . ..NU.ifu.&<;R ( cm:-1) 

"'._ 

\ 

... 

1000 

------~ 

V\· 

·----~----- .--l.--1 

800 600 400 



Table 2. Analytic~l Data and structurally Significant IR Bands of 

A
2 
~v(o2 ) 3F_7 (A= Na, K or NH4 ) 

C:>mpound 

(NH4)2 ~V(02)3F_7 

Na2 C"v<o2 ) 3F_7 

K2 /:v(o2 ) 3FJ 

I o/ ' I r 
l 'lo Found (% Calcd. ) 1!3 ~ 
I I I 
I I I IR t 

J I I I I I I I I • ' A orN I v I a • I Bands ' Assl.gn-
1 I t 0 I I I 

1 

1 

1 

A 1 F 1 ~1 , ments 
__,!__- I : em ' 

·-· I 

13.81 
(13.;87) 

21.56 
(21.70) 

32.11 
(32.03) 

25.22 
(25.23) 

24 .. 12 
( 24· .. 04) 

20.81 
(20.87) 

46.97 
(47.54) 

44.87 
(45.30) 

38.93 
(39.32) 

9.-5 2 
(9.41) 

8~89 
(8.97) 

7.85 
(7.78) 

850s 

475s 

3158m 
3040s 
1400s 

855s 
479s 

855s 
470s 

v -0-0-

':l)V-F 

2)3 NH+ 
i)i m::>~es v4 
-
i) 
~0-0-

-F 

i) 
.~-0-0-
""'V-F 



v~o~o- absorptions occur exactly in the region 

stipulated f:::>r the triangularly b:::>nded per:::>xo groups, 

it may be inferred that all three peroxo ligands in 

the complexes are b:::>nded in a c 2v i.e."· triangular 

bidentate manner. The absorpti:::>ns in the c:::>mparatively 

-1 
lower regi:m, i.e., 470~475 em 1 are straightforward 

and h3.Ve been assigned as the 0V-F m:::>des arising from 

the presence of fluoride ion coordinated to the 

vanadium(v) centre. This compares very well with the 

Vv=F values observed in the cases of vu.rious fluor::>~ 

d t , 91 16-18 ·h h • b t' t vana a e specles. T e t ree extra Vl ra lons a 

3158m, 30408 ~nd 1400s cm~l in the spectrum of 

(NH4 ) 2 rv(o2 ) 3F_7 have been assigned t:::> the ~3 , ?) 1 

" -!· and v 4 modes of NH
4

• 

In an attempt to study effect on the basicity 

of peroxo ligands as a function of the number of peroxo 

groups coordinated to the vanadium(v) centre, the IR 

spectra of A
2 

rv(o
2

)
3
F_7with those of A2 ~V0(02 ) 2F_/ 

compounds, recorded under identical conditions. It is 

interesting to note that, while -i) -o-o~ absorpti:::ms 

for A
2 

L-vo(o
2

)
2

F_7 compounds lie in the region 

870 ~ 895 cm- 1 , those of A
2 

rv(o
2

)
3
F_7 compounds lie 

between 850 and 855 cm-1 • The lowering of the values 

must be attributed to the lowering of -o~o~ bond order 
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~f the c~~rdinated per~x~ gr~ups in the latter case. 

In ~ther w~rds, rem~val ~f further )L
2

P density fr~m 

2~ 
o 2 t~ the vanadium appear t~ have taken place in 

the case ~f A
2 
~v(o2 ) 3F_/ which h~s been f~cilitated 

by the attachment ~f a flu~ride ligand t~ v 5+. It is 

thus p~ssible t~ infer fr~m this ~bservati~n that the 

basicity ~f c~~rdinated per~xy lig::mds increu.se with 

the increase in the number ~f such ligands c~:::Jrdinated 

t~ vanadium(v) and lend supp~rt t~ the pr~p:::Jsiti~n made 

by Quilitzsch and Wieghardt 6 fr~m their studies in 

s:Jluti:::Jn. 

Thus.~ it appears fr:::Jm ~ur present w~rk that the 

pcr:::Jx~ ligands are triangularly b:::Jnded t S+ " th :::J v ano e 

- 7?-c~mplex species I v(o
2

) 3F_·- may have a hcptac:::J:::Jrdinated 

m:::Jn~mcric structure but the pr:::Jbability :::Jf a p:::Jlymeric 

structure thr~ugh a weak v-F-V bridging can n~t 

als:::J be t:::Jtally ruled :Jut. 
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Chapter 5 

Cvo(o2 ) 2cl_72-- z-vco2 ) 3cl_7 2- Pair in 

Perox~vanadium(V) Chemistry: synthesis of the First 

Chloroperoxovanadate(V) Compounds and Evidence for 

Diperoxovanadate(V) ---- Triperoxovanadate(V) 

* Interconversion 

The studies of peroxovanadium chemistry has 

. 1~7 
generated a considerable current lntercst probably 

owing to the special biochemical significance8 ' 9 of 

peroxo-transition metal complexes. Whereas most of 

the recent reports on peroxovanadium chemistry deal 

. h . i . 2- 7 . d Wlth t e studles n solutlons, the synthesls an 

structural assessment of such compounds have received 

only a scant attention. Moreover, only a few hetero-

ligand peroxo complexes of vanadium are known in 

contrast to many such reported examples for the other 

t 't. 1 9-11 . . h' ransl lon meta s. our lnterest ln t lS area 

involving the synthesis, characterisation~ structural 

* The work described in this chapter has been accepted 

for publication: 

Inorg. Chem.L. in press (Paper No. IC 830275T) 



assessment and study 8f chemistry ::Jf p~r::JX::Jvanadium 

. . 12; 13 ( . . ) '1 h C::Jmp::Junds Chapters 3 and 4 has ed t::J t e 

synthesis ::J£ chl::Jro-per~xo c::Jmpounds ::Jf vanadium(v). 

Chapt~r_S :Jf the present thesis rep::Jrts the 

synthesis :Jf tw::J series ~f chloro-perox::Jvanadium(V) 

c::Jmp::n.tnds, viz~_,_ the yel.low alkali-metal and 

ammonium oxodiperoxochl::Jrovanadates(V), A2 L-V0(02 ) 2cl_/. 

and the blue alkali-metal and ammonium saits ::Jf 

triper::Jx::JChl::Jr::Jvanadates(v), A2 £vco2 ) 3cl_7 

(A = :Na, K ::Jr NH4,) the first ch1::Jr::Jper3X::J c::Jmp::Junc1s. 

::Jf vanadium; Als::J rep::Jrtea in this Chapter are.a set 

::Jf internally c::Jnsistent data regarding the effect ::Jn 

the ;~o~o- m~de of o2
2- ligands with the increase in 

the number ~£ Stich ligands in g::Jing from /-vo(o2 ) 2cl_72-

':::J £v< o2) 3clJ2; and the facile interconvcrsi::Jn 

;-vo(O ) cl 72--....._... 1_· .. -v(o
2

)
3
cl_)2 .... evidencing the - 2 2 - -~-- L 

ability o£ such C::Jmpounds t::J t.ihdr:rgo a basic f::Jrmation 

reaction and an 3cidic dissociati::Jn reaction. 

Experimental 

The chemicals used in the present w:>rk were all 

reagent grade products (B.D.H.., E· Merck ancl sarabhai 

M. Chemic::tls) .. 



Infrared spectra were rec~rded :::>n a Perkin-Elmer 

m:::>del 125 spectr:::>ph:::>t:::>meter separately in KBr and in 

nuj:::>l media. 

M::>lar d:Jnductance me.:J.surements were made tising 

a Philips PR 9500 c:::>nductivity brid~e~ 

Magnetic susceptibility measurements were made 

by G:::>uy meth:::>d .• The C:::>mp:::>unC\ :Hg £c:::>(NCS) 4_7 was 

the calibrant. 

7~ . ' 

~l~meotal Analyses. v~nadium was d:::>ne v~lumetrically, 

after expelling the per:::>x~-:::>xygen ~nd separating 

chloride, by titrating with a standard p:::>tassium 

permanganate s:::>lutijn as t4escribeC1 in Chaptc;r 1. 

The per::>xide c~ntents ::>f the c:::>mp5Unds were 

determined by red-::>x titrati::>n with a standard ce4+ 
1Ll 

s::>lUti::>n-- (vide chapter 3). 

15 C:nl=>ricie was estimated by \blhard •s meth::>d 

Chapter 1). 

S~dium, p::>tassium and nitr:Jgen were determined 

by the meth:Jds already described in earlier Chapters. 

Syntheses ::>f Alkali-metal "l.rld. ~m::>n.iutn Ox::>dip~.:r":::>x:::>~ 

chl::>r::>vanadates(V~ 1 11.2 /vo(o2 ) 2c1_7 (A:== Na, K :::>r NH4 ). 

-,a.nadium pent::>xide, v 2o5 , and dry alkali-metal ::>r 

amm:::>nium chl:>ride 1 A.cl, t.3.ken in the rati:::> 1!2, were 



intimately mixed b'y p::>wderiAg t::>gether in an agate 

m::>rtar. A c::>ncentr'lted s::>luti::>n ::>f the c.Yrro'sp::>nding 

alkali hydr::>xide~ AOH~ was then ad~ed t::> the mixod 

p::>wder maintaining ·the trblar rati::> ::>f v2·o
5 

:: :AOH at 

1 : 10, and the resulting mixture was stirred at r::nm 

temper~ture f::>r ~ 10 min•. Hydr::>gen per::>xide ( 9% s::>lut i:m) 

wa:s added t::> the s::>luti::>n sl::>Wl·Y with c:mstaht stirring 

with the m::>lar r:iti::> ::>t v
2
6

5 
:·H

2
o

2 
r:i.sing ultimately 

t::> 1 : 14. stirring W3.9 c::>ntinued." 3:t- r:nm temperature 

f::>r an::>ther 15 min t::>il::>wed by f.iltrati::>n t::> rem::>ve 

any undiss::>lved re'sidue~ 'Th~ clear "s:Jlqti::m was c::>::>led 

at ice-bath temperature f:ir ca 20 min-•. An excess :Jf -- . - ~· 

ethyl alc::>h::>l was t~eh atf1'd EY1. t ::>· the C<)ld s ::>luti ::m with 

stirring until a yell::>w c::Jl.::>ured micr::>crystalline 

A2 rvo{o2 ) 2clJ was -:Jbt:ained. The reacti::>n c::>ntalner 

was all::>wed t::> c::>·::>·l. at iCe-bath temperature f::>r ca 

10 min. The c::>mp:::mnd was separated by centrifugati::>n and 

washed several. times with ethyl a-lc:Jh.:Yl. until. it was 

free fr-::>rn. alkali .3!nc finally dried in vac'UJ<:l' :::wer 

chl::>i!r":ivanad'ates(v)\r 7\
2 
.rvco2J 3pl~ .. .7 (A.= Na, ·:& :l•r· NH4 )· .. 

Tltre: blue ifv[o·~1~ 3c-I;._./ :c.:Jmp::>unds were: synthes:il.sed' 

in a. me:rnier ao.:alt::>:g.::>us: t:::>· that: describ-ed ab::>ve· .. Tne· ::>'nl.y 



difference was that the molar ratio of v 2o5 :Ael:AOH:H2o2 

was maintained at 1:2:15~14. The reaction was 

m~nitored by infrared spectroscopy. The disappearance 

of the sharp band at ca 950 em -
1 

owing to iJV==O in the 

compound isolate~ from the reaction medium indicated 

completion of the reacti~n. 

The specific gram amounts of the reagents used and 

the yi.lds of the various salts of the anion 

L-VO(o2 )
2
cl_72- and /-v(o2 ) 3cl_72~ are reported in 

Table 1. The analytical data and the IR band positions 

are summarized in Table 2. 

Conversion of the oxodiperoxochlorovanadate(V), 

f:vo(o2 ) 2cl_7
2~ 1 to Triperoxo~rovanadate(V), 

~v(o2 ) 3cl_72 ~ and vice-versa. 

The interconversion reacti~ns were studied with the 

Na2;-vo(o
2

) 2cl_7 and Na 2 ~v(o2 ) 3cl_7 compounds. 

conversion of Na2;-vo(o2 )
2
cl_7 to Na2;-v(o2 ) 3cl_7. 

The sodium oxodiperoxxhlorovanadate,(v) (0.5g, 2.4 m mol) 

was dissolved in a concentrated solution of sodium 

hydroxide (2.2 g, 5.5 m mol) followed by an immediate 

addition of 9% hydrogen peroxide (30.0 ml, 79.4 m mol) 

and a blue solution was obtained. The solution 1J'las cooled 

at ice~bath temperature for ca 15 min and then an 

excess of ethyl alcohol was added to precipitate the 

oc 0. ' 
~ • • l 



T,:lble T. A.m::mrlts :>f Reagents Used an'd Yielc'ls :>f A2CJo(o2 ) 2cl_7 

and A2~v(o2 ) 3cl_7 (A = Na, K :>r NH4 ) 

C:>mp:>und 

(NH4 ) 2~V0(02 ) 2cl_7 

Na2~vo(o2 ) 2Cl_7 

K2!:voco2 ) 2clJ 

(NH4)zLv< 0 2) 3clJ 

Na
2
[""v(o

2
) 3cl)_7 

K2rv(o2 >3clJ 

Yield 
in g(%) 

1.7 
(7 7) 

1.9 
(83) 

2.1 
(77) 

1.8 
( 85) 

2.0 
(80) 

2.2 
(77) 

I I I I 
I . I I I 
: Ml:>unt :>£ : AJ:n:>unt :>f : A.m:>unt :::>f ; A.m:::>unt :>f 
I . I I I 
1 O • 1 • I • 1 go/ H 0 i 
1 v

2
. 

5 
J.n g I AOH J.n g 1 AOH J.n . g I to 2 2 n 

I I I I 

: (mm:>l) : (mm:>l) : (mm:>l) ~ ml (mm:::>l) 

1.0 
(5.5) 

1.,0 
(5.5) 

1.0 
( 5.5) 

1.0 
(5 .5) 

1.0 
(5.5) 

1.0 
(5.5) 

0.59 
(11) 

0.65 
(11) 

0.82 
( 11) 

0.59 
( 11) 

0.65 
(11) 

0.82 
( 11) 

7 .'77ml 
(55) 

(25% ?:>luti:>n) 

2.2 
(55) 

3.1 
(55) 

11.6ml 
( 25% s :>lut i :::>n) 

(83) 

3.3 
(83) 

4.7 
(83) 

30.0 
(79. 4) 

30.0 
(79.4) 

30.0 
(79.4) 

30.0 
(79.,4) 

30 ... 0 
( 79~4) 

30.0 
(79.4) 
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Table 2 .• Analytical Data and Structurally significant 

IR Bands :>£ A2 rvo(o2 ) 2c1J and Az/_VCo
2

)
3
c1_7 

(A = NaT K ~r NH4 ) 

.... ~ . . . 

I I 

~ % F:>und (% Calcd.) i IR 
.~'----~.~~----~--a~.----~ •• Bands 
1 r 0 · r 

:ll- ::>r N: v A: Cl : (cm-1) 

(NH4 )
2
;-vo(o

2
)
2
cl_/ 13.21 24.82 32.13 17.92 970s 

(13 .• 84} (25.16)(31.61X17-.51) 870s 
885s 

I<2£vo(o2>2clJ 

(NH4 >2;-vco2>3cl_7 

Na2/V( o2 ) 3c1J 

K2 rv(o
2

) 3cl_7 

al?er::>x:> oxygen. 

6l0s 
. 415s 

3160m 
3045s 
1400s 

22.21 24~34 31.33 16.28 955s 
( 21.65) ( 23. 99)(30.l4X 16. 69) 875s 

885s 
610s 
410s 

31.57 20.21 26.88 14.78 970s 
(31~97) { 20.83 )(26.17)( 14.79) 875s 

890s 
61§s 
415s 

12.43 .• 22.79 44.66 16.72 855s 
(12.82.) (23.52X43.94) (1.6.23) 620s 

410s 
3155m 
1400s 

20.92 22.85 42.93 15.22 860s 
(20.13) ( 22.31 )(42 .. 04) (15.52) 615s 

420s 

30.83 20.31 36.13 13.25 855s 
(30.06) (19.SBX36.9}(13.63} 620s 

415s 

I 
I 
: Assign-
: mcnts 
r 

v 
v-o 

v-o-o­
i!v-o2 
~-cl 

i) 
v-o 

V-o-o-
~ 
~v-o 
v-cf 

-0-a-o-
-iJ.v-o 
:i) 2 
iJv-cl + 

3 NH4 v4 m::>des 

i> -o-o-

~~f 
2,) -o-o-
~-of v-c 



blue s::>dium triperox:>chl::>rovanadate(V), Na2rv(o
2

) 3cl_/. 

The compound was separated by centrifugation, washed 

several times with ethyl alc::>h::>l and finally dried 

in vacuo .. 

Reconversi::>n of Na2;-vco2 ) 3c~7 t::> Na2~vo(o2 ) 2cl_7. 
A blue solution was obtained by dissolving an am:>unt ::>f 

0.3g (1.3 m mol) of sodium triperoxychlorovanadate(V) 

in 30 ml (79.4 m mol) of 9% hydrogen peroxide containing 

3.3g (83 m mol) ::>f sodium hydroxide. Dilute hydrochloric 

acid (lN) was added dropwise until the solution became 

permanent yellow. The solution was cooled at ice-bath 

temperature for ~ 20 min followed by the addition of 

an excess of ethyl alcohol to produce the yellow sodium 

8xodiper::>xochlorovahadate(V)J Na
2 

rvo(o2 ) 2Cl_7. 

The compound was isolated and purified in a similar 

manner as described above~ 

The interconversi::>n -~a2rvo(o2 ) 2cl_7 
~ Na 2rvc o2 ) 3cl_7 was als::> studied in the follo\ving 

manner. The yellow solution was first prepared by tho 

reaction ::>f v
2
o

5 
with Nacl, NaOH and 9% H2o2 maintaining 

the molar ratio 1:2:10:14. Add it ion of an excccss of 

ethyl alcohol t::> a part of the solution afforded the 

yellow sodium oxodiperoxochlorovanadate(V), Na 2rvoco2 ) 2cl_7. 



T:> the remaining s:>luti~n w3s added m:>re s~dium 

hydr~xide in the f:>rm :>f its c:>ncentrated s:>luti::m 

(t:>t.al m:>l3r rati:> 'jf v
2
o

5 
: .ZV:l : AOH : H

2
o

2 
as 

1 : 2 s 15 : 14) and a blue s:>luti:>n was :>bt~ined. 

Th~ blue s:>luti:>n was dividec'l int:> tw:::> parts and an 

excess :>f alc:>h:::>l was ac1ded t:> :>ne p3.rt :>f it t:J 

pr:>duce the s:>dium triper:>x::;~chl:>r:>van::Id3.te(V), 

Na2~v(o2 ) 3cl_7. Dr:>pwise sdditi:>n :>f dilute hycr:>chl:>ric 

acid ( lN) t :> the :>ther p'Jrt :>f the s:>lut i ::m until it 

turned permanent, yell~w f::;~ll:>wed by the 3nc3 iti:m ::>f 

ethyl alc::;~h::>~ gave the ye~l:>w s:>dium :>x:>diper:>x:>chl:>r:>~ 

V.Jn,:tc1ate(V), Na
2 

rvo(o
2

)
2
cl_7. B::>th the basic f::;~rmati::>n 

2-(per:>xide, o
2 

upt3ke) an~ the acidic c1iss:>ciati:>n 

, (deper:>xygenati:>n) re~cti:>ns were perf:>rmed at 

ice-bath temperatures. 

Results and Discussi:>n 

~nthesis. It has been c=mphasisec in the 

literaturell very recently that ::;~nly a few hcter:>ligand 

per::;~x:>vanadium c:>mp:>unds have been kn:>wn alth:>ugh there 

have been many such ex~mples f:>r ::;~ther transiti:>n met.als. 

It is p:>ssj.ble that .v3n3dium presents a different st':)ry 

::>wing t:> the uncertain nature :>f perox:>vanadium spocies 

I ~· -' 



consideration in the course of studies described in 

Chapters 3 and 4 mainly involving the synthesis and 

structural assessment of peroxovanadium compounds 

sugc;:rusted theit the hitherto unknown chloroperoxo= 

vanadium compounds could be synthesised under the 

suitable conditions. Moreoveri we were interested to 

ascertain the minimum number of peroxo groups 

responsible for the formation of blue peroxovanadatcs 

about which no mention was made in any of the studies 

c1 • 1 . 5 ... 16,17 rna e 1n so ut1ons. · 

Because of the very f1cile oxidation of chloride 

to chlorine by hydrogen peroxide in the presence of 

an acidic medium... it was thought that an alkaline 

medium should be conducive to the synthesis of 

chloroperoxovanadium comp~unds. In accord with the 

sythetic strategy, the reactions of v2o
5 

with ACl, AOH 

and ~lo H
2
o

2 
in the molar ratios of v2o5 :ACl:AQH:H2o2 

at 1·: 2': 10:14, and at 1: 2-; 15:: 14 g2ve rise to tho 

r -2-
formation of the yellow_ vo(o

2
)

2
cl_/ and the 

blue ~v(o2 ) 3cl_72 ~ species respectively. The complex 

ions were isolated in the solid state as their 

alkali~metal and ammonium salts by the addition of 

ethyl alcohoL. The role of alcohol was to f'lcilit:ate 

8 C:, 
,<L; . ' 



precipitation ~£ tqe compounds. In the course of this 

work it was observed that the blue c~lour of the 

vanadium - hydrogen peroxide system, in the presence 

of Cl . ., ions, was obt3.ined with a rel::itively lower 
r ,;,· 

concer1trC'l.tion ~f the alkaline medium ::~.t '3. comparatively 

higher temper'lture_. However, higher temperature was 

not considered f3vourable for the synthesis of such 

com~~unds over an enhanced concentration of alkaline 

medium. Th-e f-:1ct that very high concentration of the 

al1(aline medium leads to the formation of the 

triperoxy species, rv(o2 )3cl_727 while the relatively 

lower concentrati:m of the alkaline medium produces the 

rvo(o2)2c1_72; suggest that a very high alkaline 

medium probably helps replacement of the last oxygen 

from the [vo(o
2

)
2
clJ2- by a o

2
2- gr.oup thereby 

fav:::>uring the f~rmation of rv(o2 )
3
Cl_72""', :::>r that the 

oxo oxygen of the /~ vo( o
2
,} 2clJ2- spec'ies is converted 

to the third pe_roxo ligand by abstr::J.cting an oxygen 

of hydrogen peroxide .• It is difficult to say, in the 

absence of any direct evidence, which one of the two 

mechanisms is more probable. However, the f~ct that 

6 oxygen exchange on v~nadium(v) is very slowr and the 

strength·of the v-o multip~e bond is high, as evident 

fr:Jm the IR spectr:JSc:Jpic studies :Jf ':lXovanadium(V) 
. 12 18 . 

complexes, 1 ~t appears that the latter mechanism may 



be more likely. It is, therefore 1 evident that under the 

appropriate conditions, the hetero-pcroxovanadium(v) 

c::>mpounds of the types A2 £voco2 ) 2cl ..... 7 and 

A2 /:v<o2) 3cl_l aan be synthesised,. and that a minimum 

number ::>f three per·::>:x:':l gr':lups are required for the 

expected that a similar synthetic strategy can be 

applied for. the syntheSis o:t 8ther hctcro-perox:::>vanadiurn(v) 

compoUnds. 
1 

• C.haracte:;;-izati':ln g,nd Struqtur.al As~es.sment. ~he 

alkali~met~i ahd amm':)niu~ ~X':)diper:::>X:::>chlor~vanadates(v), 

A2 ;-vo(o2 ) 2Gl~, are yeiljw microcrystalline comp8Unds~ 

and the similar salts jf triperoxochlorovanadates(V); 

A2 !_-v(o2)
3
cl __ 7, are blue. The salts ~£ the aflijn 

f:vo(o 2) 2cl_72- are"generally m:')re stable than th?se of 

the anion ~V(o2 ) 3cl_72: A comparison of the properties 

of chloroperoxovanadates{v) with those ':lf the 

corrosp::>nd.ing £luor:::>per::>x::>vanadates(v) 12 , 13 (Chapters 3 

and 4) reveals that the most notable difference that 

results fr:::>m changing the heter:::> ligand from F to Cl~ 

is the fall in stability1 with the difference being 

more pronounced ih the cases of hetero-triperox:::>vanad3te(V) 

compounds. While the alkali-metal and ammonium salts of 

fluorotriper::Jxovanadate(V) are stable f;:,r prolonged 



peri::x)s13 (Ch':lptor 4) 1 th::>se ::>f the chl:::>r:::>per::>x::>va.nadute(V) 

are unstable. The A
2 

;-v(o
2

)
3
cl_7 (A = NH4 :::>r K) 

dec::>mp:::>sed t::> yell:::>w c:::>l::>ured micr::>crystalline pr:::>ducts. 

The dec:::>mp:::>siti:::>n pr:::>ducts have n::>t yet been clearly 

identified, h::>wever~ they have been f:::>und t:::> c:::>ntain 

per:::>x:::> gr:::>ups, as evidenced by the results :::>£ chemical 

determinati:::>n and IR spectr:::>sc::>py, but definitely .n::>t 

t:::> the extent :::>f three per:::>x:::> ligands per vanadium. Th8 

stability :::>f the c:::>mp"Junds was ascertained by the.peri:::>dic 

est:imati:::>n :::>f their per:::>xide c::>ntents and rec:::>rding their 

IR spectra. The determinati:::>n ::>f per:::>xide c:::>ntent :::>f such 

c:::>mp:)Unds is c:msidered t:::> be crucial in :::>rder ·t:::> C1ecic1e 

the number ::>f such gr::>ups c::>:::>rdinated t::> the metal centre. 

The per:::>xide estimati"Jn was acc:::>mplished by red:::>x 

14 
titrati:::>n with a stand3rd cerium(IV) s:::>luti::>n, tho 

results :::>f which c::>nclusively suggested the presence ::>f 

tw:::> por:::>x::> ligands per v5+ i::>n in the yell:::>w c::>mp::>unds 

and three per::>x::> gr:::>ups per v5+ i:::>n in the blue c:::>mp::>unds. 

The diamagnetic nature ::>£ the c:::>mp::>unds, as evidenced 

by their m~netic susceptibility measurementsJ ensures 

that the vanadium ::>ccurs in its +5 ::>xidatiJn state in 

e~ch :::>£ the newly synthesized c::>mp::>unds. 

The IR spectra :::>f the three salts ::>f the yell::>w 

~vo(o2 ) 2 cl_72- i:::>n resemble each ::>ther very cl:::>sely 



(Table 2), indicating thereby that the compounds are 

similar both structurally and stoichiometrically. 

The absorptions occuring in the four characteristic 

. . . -1 -1 reg1ons VlZ;~ at 955 - 970 em ~ 870 - 890 em 1 

-1 -1 610 - 615 em 1 and 410 • 415 em ars well precedent~d 

in the literature and have been assigned respectively 

to 0v-o owing to the presence of terminally bonded 

V:;:O groups/' 12 ~" 18 ~ 19 to 0 mode of coordinated -o-o-
peroxo ligands, 12 .,. 20 to ::J 20 and to v-o ., 

-"' 21 
Y v...cl· The 

2 
three extra vibrations at 3160m.,. 3045s and 1400s cm=1 

in the case of the ammonium salt h~ve been attributed 

t:;) the .;) 
3

.,. 

The spectra of the three salts of the 

r -2-- v(o2) 3cl_/ anion also resemble each :Jther very 

strongly showing absorptions in the regions 855 ~ 860 cm-1, 

615-620 cm- 1, and 410-420 cm-l respectively "Jwing t·:, 

the presence of coordinated per"Jxide and chloride ligands 

and are assigned t'J the ,.."- , _...., 0 and ·" 1 V-0-0- YV- ~V-G 

modes. The three extra modes for the NH4~ i"Jn in the 

case "Jf the amm"Jnium salt were also :Jbserved in their 

usual positions. The spectral pattern ana the band 

positions resemble those of the analogous A2 ;-v(o2 ) 3F_7 
13" compounds suggesting that both the tripcrox:Jchl':lr:J-

vanadates(v) and triperoxoflu:Jrovanadates(V) probably 

have structural similarity. 

8 
.. :; 



The -0 abs':)rpti:::>ns in the spectrum :::>f each -o..-o-
:::>f the comp:::>unds :::>ccur in the regi:::>n stipulated f:::>r 

the presence :::>£ triangularly (c
2
v) b:::>nded o

2 
2- ligana~2 .. 131 20 

leading U.'S tj_ C:::>OC!lude that in each :::>f them the per:::>X:':l 

·gr::,up is b':)nded t:::> the vanadium(V} centre in a 

trlanqular hidentate manner. A perusal :lf the spectra 

:::>f tho t\\o series :::>£ c:>mp::n.mds n:)vealer1 thQP"t th:JSG :>f· 

~ . 

abs":n:·pt"J.-:>n at ca 950 cm-1 3wing t J ;) o• This C':)Df':)rms v-
·t :> t"ne f:)rmu-la A2L_v( o

2
·L3c1_/• The :>'ther difference 

was the shift,;, th:>ugh small,1 in the :p3sit i:>n.s :::lf ..,;) =o~o­

ffi;)des t:> a re.la'tively 1-;:;wer rc:gl:>n in the qa:ses ;)f tho 

bl\J.e pe~r-::>'x':) ·c;)rt\pounds _cCT~ble 2,) .. 't>Jhereas the .) ~O=O= · · 

abs':)t:.ptl:>hs r:)r A
2 

,TV'o'(o2 ) 2c.1 .. ~7 c:>m~::JU.l'ild's lie in the 

·regi;)n ·870~890 ·-em -:l7 :fh':)se f:Jr 'fhe A.zf:v< o2 ')_]Cl_/ 

. ·-1 
c::5mp:>unds ll.e in <the ·rogi:)n .855 ·- !860 em .. _ T.he fall in 

··fhe .)) .... 
0 

.... 
0 

... frequency :s~,fggest·s a decrease in the -o-o­

:b:::rhd ·.order ·-:Jf 'the (C':J:>rclltnct"t·eo .pe:r:>x:> llgat::Jds wl~th the 

increase ~in -the :namber o£ pe·r:J)(3 •.gr:Jups ··o:Jund 't:::> the 

--va nadium'(lv.,) cent·re ... 

. _ ....... 

q;_pd :ilh~ ~Reve:r:-se<_! .. ·Evic2nce f:Jr ·Fac-tlU..e 'O'lper:J'~ovana.oate("V')­

Tt(i.pei;:)X':?V-::l._na(ji;'it-s"(V') ~jti~erc :>tr:v:e·r:'Si:)n .. Ha:v.ing ::ibd:a:i"'t!lecl ·t'he 

ye:l'lj\o] ::>:xJ6iper:Jx3dhl~r2lvan-aaa:tes:Cv'')/, P..~Vo.(.o2» .. 2C~~? ana 



the b2:...!c ·::~ipcr:::>x:::>chl:::>r:::>vanadates(v), A2rvco2 ) 3clJ~ 
it was th:::>ught that it w:::>ul.d be quite interesting t:::> 

study the c:::>nversi:::>n :::>£ /-vo(o
2

)
2
cl_72- t:::> ~v(o2 ) 3cl_/2 ~ 

and vice-versa. The s:::>~ium salts :::>£ the ani:::>ns wore 

ch:::>sen f:::>r such studies because 8f their slightly 

higher stabilities. It was :Jbscrved that under the 

suitalbe c:J~diti:Jns (vide Experimental Secti8n) the 

Na2 rvo(o2 ) 2cl~ can be easily c:Jnverted t:::> the 

Na2/-v(o2 ) 3cl_7f which again can be rec8nverted t8 the 

Na2 Z""vo(o2 ) 2cl_7. The :::>x:Xliper:::>x:Jchl:::>r:::>vanac'late(V) -­

t~ipor:::>x:::>chl:::>r:::>vanadate(V) interc:Jnversi:::>n reacti:::>ns 

v.rere f=>und t:::> be quite fu.cile thereby aff:::>rding a very 

reactinn 1 and an acidic diss8ciati:::>n reacti:::>n. Alth:::>ugh 

b•th the c:::>mp:::>unds are f:::>rmed in the presence :::>£ 

alkaline media and excess :::>£ hydr:::>gen per:::>xide, it is 

the large excess :::>f alkaline medium that fav:::>urs the 

f:::>rmati:::>n :::>£ the triper:::>x:::>vanadium(V) spscies. The 

per:::>xide uptake and deper:::>xygenati:::>n reacti:::>ns can be 

best m:::>nit:::>red by IR spectr:::>sc:::>py. The c:::>mplete c:::>nversi:::>n 

8f !_-vo(o2 )
2
cl_72- spec-ies t:::> the ;-v(o2 ) 3cl_/2- is 

ascertained by :::>bserving t·he c:Jmplete disappearance :Jf 

the ~ band at ca 950' cm-l in a small am:::>unt :::>£ the v-o 
c:::>mp:::>und is:::>la ted fr:::>m the s:::>lut i:::>n .. The reverse react i:::>n 



- 72- r 72~ i.e., the processi v(o
2

)
3

_ ~ ~ VO(o
2

)
2
cl _ was 

c:)nfirmed n:)t :::>nly by n::>ting the colour change ::>f the 

S:)luti::m fr::>m blue t::> yell::>w but :J.ls::> by ::>bserving the 

;:lJ!pe=:!rance ::>f the new h:mc:l at ·3.b::>ut 950 cm- 1 ::>wing t:) -D r 
v-o 

and the shift of 0 abs::>rpti::>n t:)warc:ls a relativGly 
-o-o-

higher frequency. 

It may be c::>ncluded that under the 9~nc:liti::>ns dcsc~ibed 

abJve, the c::>mplex species resp::>nsible f::>r the yell::>w and 

- -2- r 72-blue c::>l::>urs ,:J.re !_ vo ( o 2 ) 
2
c1 _7 ancl '- v( o 2 ) ;3Cl _ 

respectively. In e::1ch 'Jf the newly synt·h9sisecl C:)mp:mnds 

the per:)X:) ligands are b::>nded in a triangulaz bidcntate 

5+ manner t::> the v centre. 

m::ty be hex::tc::>:)rdin:"l.ted m'JO::-Jmer 'Jr it m~y rJS well. be a p::>lymer 

thr:)ugh a weak v-o-v ::>r a we-3.k v-cl-v bridging. Similarly, 

the c::>mplex species Cv(o
2

) 3cl_72- may be a heptac::>::>rdin3.ted 

m::m':)mer: :Jr tt mJ.y h::.tve a p::>lymeric structure thr::>ugh a 

-vmak V=Cl-v inter~cti::>n. The i ... VO( o
2

) 2cl_72 ~~.::. .['v( o 2 ) §~1.,.72 -; 

interc::>nversi::m pr::>v~des a g::>::>d exam·::le ::>f a pr::>cess v,rhich 

inv::>lves a ba.sic f"Jrmati::>n reacti::>n and an acedic diss::>ciati::>n 

· --- :teaeti::>n ::>f per::>x:)v3.nac'lium(v) c::>mr:ounds. 

-----------------------------~ 
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Chapter 6 

Synthesis and Assessment ::>f Structure ::>f Al1<>3li-

mct:=:tl and zunm:>nium Di::J.qu :>flu ::>r::>-::>x::>pcr::>x::>v::tnada.tc (IV) 

Studies ::>n vari::>us aspects af p2r::>x::>vanadium 

chemistry has g:J.incd c::>nsidcr3blc current intcrcst
1

-
6 

prabJ.bly bcc::Juse ::>f the bi::>chc;mical significance ::>f 

pcrax::>V·3n"3dium c::>mp::>unds. 7 1tfhilc: m::>st ::>f th,~ n:cc:nt 

pJ.pcrs ::>n the: t::>pic de~l with the s::>luti::>n ch~mistry 

::>f pcr::>xav3.nJ.dium c::>mpl .. 'xc:s, synthesis J.nd structural 

a~ u.{.. 
' ., ' 

J.sscssmcnt ::>f per::>x::>- 3nd hctcr::>-ligJ.nd pcr::>xa camp::>unds 

::>f VJ.nJ.dium h,vc received much l~ss J.ttcnti::>n. In J. 

cantinuJ.ti::>n .::>f studies ::>n the synthesis J.nd structural 

J.sscssmcnt ::>f hc;tcr::>-ligJ.nd pcr::>x::>-c::>mp::>unds ::>f 

v,n :J.dium(v) 8 ' 9 (Ch:J.pters 3 t ::> 5) it wJ.s th::>ught 'V'l8rth\vhile 

* The w::>rk dc:scribod in this ChJ.pt2r h,.s b--en "Jccoptcd 

f::>r public1ti::m: 

J. Chern. S::>c. DJ.ltan Tr".lns., in press (P"lp:---r P::>. Dl\.L-3/376) 



Acc8rdingly the reaction of alkali-metal and 

amm8nium tetrafluoro-~xJvanadates (V), A /-VOF4_7 
(A= KJ Rb, cs or NH

4
), with 6% hydrogen per8xide 

under a weak acidic conditi~ns (pH £3 4) was performed 

which enabled the synthesis of a series of alkaJi-

metal and ammonium diaquoflu8ro-~~~per8xovanadates(IV), 

A L-vo(o2 )F(H
2
o)

2
_7; these peroxovanadate(IV) compounds 

were obtained, for the first time, in the solid state. 

The present Chapter describes the synthesis and 

structural assessment of alkali-met3l and ammonium 

d iaquofluoro-oxoperoxovanadate (IV) c 8mplexes, 

Experimental 

The chemicals used were all reagent grade products 

(.E. Merck, B.D.H., IDPL and Sarabhai M. Chemic,us). 

Infrared spectra were recorded on a Perkin-Elmer 

model 125 spectr8photometer. 

Electr8nic spectral me3surements were made on 

a BECKMAN model uv~26 spectrophotometer. 

Magnetic susceptibility measurements were made by 

the Gouy Method!Hg ;-co(NCS) 4_7 was the calibrant. 



Molar conductance me~surements were m~de using 

a Philips PR9500 conductivity bridge, 

The pH of the re~ction solutions was measured 

with a Systronic Type 335 digital pH meter and also 

with J;:H, indicator (B\"D.H.) paper. 

Preparation of Alkali-metal and Ammonium 
. 10 

Difluorides, llliF
2 

(A= K, Rb, cs or NH4 } •. These 

compounds were prepared by the methods developed 

in this laboratory (described in Ch~pter 1). 

Prepar::1t ion of ,~lkali-metal and ,W!monl:um Tetrafluoro­

oxovanadates(v), A ;-voF4_7 compounds were prepared 

by the methods already described in Ch~pter 1. 

§.Xnthesis of Alka li-mct.~l and Ammonium Diaquo~ 

fll'OPO- ox:>peroxovanadate(IV) complexes, A rvo(o
2

)F(H2 o) 2_7 

(A= K,. Rb, Cs or NH4 ). As the methods of synthesis 

of these complexes are simil=:Jr, only a representative 

method is described~ 

Freshly prepared alkali~mctal or ammonium 

tetrafluoro~oxov,:tn:Id::ite(V), l~ L_-VOF 
4
_7 was dissolved 

in 6% hydrogen peroxide, maintaining the molar rutio 

A/_-VOF
4
_7: H

2
o

2 
·:'lt .1: 12 (pH £2. 4), with gentle 

stirring. The red Se>luti:m thus e>btained ,,ras cooled 

in an ice~bath for ~ 20 min. Ethyl alcohol was added, 



in excess, with c~nstant stirring and ~range=red 

micr~crystalline alkali-metal ~r amm~nium diaqu~flu~r~-

8XJper~xavanadate(IV), A L-vo(o2 )F(H
2
o)

2
J was abtained. 

The campaund was separated by centrifugatian and washed 

several times with ethan8l, and finally dried 8Ver 

diphaspharus pentaxide. 

The am~unts af reagents used and the yields af the 

Table 1. Amaunts af Reagents Used and Yields of 

A L-vo(o2 )F(H2o) 2_7 (A= K, Rb, cs ar NH4 ) 

C:>mp~unds 

Campaund 

Yield 

in g (%) 

0.4 
(75) 

0.,3 
(57) 

o.s 
(68) 

0 .. 5 
(69) 

I 
I 

Am~unt of :Am:>unt :>f 

Af:voF4~7 
in g(mm:>l) 

0.5 
(2.8) 

0.7 
(3.1) 

0.7 
(2.5) 

6% H2o 
in ml(mmal) 

22.0 
( 38.5) 

19 .. 0 
(33.5) 

22.0 
(38.5) 

17 .. o 
( 30) 



Elemental Analyses. vanadium estimation \i>J'as done 

volumetrically. A solution of the peroxovanadate(IV) 

compounds~ made slightly alkaline with a dilute sodium 

hydroxide solution, was boiled in order to completely 

expel the peroxo oxygen and to convert vanadium(T'Il) 

to vanadium(V). The solution was qooled and neutralized 

with dilute sulphuric acid .. A. near-roiling c:)~uti..>n 

of vanadium(V) was treated vdtn ~· stre~m of sul)hUr flijxide 

for 10~15 min, and then with a rapid stream of carbon 

dioxide to expel any excess of sulphur dioxide_ The 

vanadium(IV) solution thus obtained was then cooled to 

ca 80°C, and titrated with a standard potassium 

t 1 t
. 12 permangana e so u 1on. 

The peroxide content in each :>f the compounds ,.,ras 

determined by iodometry,
13

and also by titration with 

a standard ce4+ soluti:>n14 (vide chapter 3). 

Fluoride, potassium and nitrogen were estimated 

by the meth:>ds already described in Chapter 1. 

Th~ anqlytic~l data, magnetic moment values, 

IR band positions and electr:>nic spectral data are 

set out in the Table 2. 



Results and Discussion 

In the c~urse ~f the earlier studies(Chapters 3 and 

4) involving the synthesis ~f peroxofluoro~compounds of 

vanadium(V) 1 a red solution was obtained containing 

v5 +, alkali-metal or ammonium fluoride, AF, and H2o2 

at a pH ~ 4, and presumbed that the species 

responsible for such a colour must be different from 

those isolated previously (Chapters 3 and 4). Further, 

it was expected that the number of per::>xo~gr::>ups 

bonded to vanadium in acidic medium5 ' 12 would be less 

than that in alkaline medium, and that H2o2 would 

5+ 4+ probably be able to reduce cv to v in an acidic 

medium. In view of the above considerations the 

reaction between A ~voF4_7 and 6% hydr::>gen per::>xide 

was carried out and a red solution was obtained. The 

pH ::>f the s~luti::>n measured immediately after the 

formation of the red colouration was found to be ca 4. 

The complex species responsible for the red colouration 

was isol.ated in the solid state as its alkali=metal and 

ammonium salts, A ~vo(o2 )F(H2o) 2_/, by addition of 

alc::>h::>l which p::>ssibly facilitated the reduction of 

v5+ to v4~ and precipitation of the complex. The 

occurrence of reaction between alkali=metal ::>r ammonium 



tetrafluoro-oxova.nadate(v)., A ;-voF
4
_7 and H

2
o

2 
was 

ascertained by the appe3rance of a new band ca 890 cm- 1 , 

~ 2-duc to· the ··LJ-0-o- mode C)f a c';)ordinated per';)xido, o 2 1 

fr';)m a small .::J.mount of the sample is::>l::J.ted fr';)m the 

15 soluti::>n. It W3.S previ::>usly re~orted that 

K2 f_-v 2o3 (o2) 2F2_/ wn.s is'Jl.3.ted fr'Jm the roacti'Jn 'Jf 

v 2o5 , 4% hydroflu::>ric acid, and H
2

o
2 

at high acidity 

and K2 ;-vo(o2 ) 2F_7 was is::>lated at pH 4. In the present 

case, however, the reaction of A /-VOF4_7 with H2o 2 

at pH 4 followed by ::1ddition of ethanol aff:>rded 

Ch3racteriZ'3.tion ,3.nd Assessment of Structure. The 

alkali~metal 3.nd ammonium diaquoflu::>ro=oxodiperoxo-

vana.dates(IV), A LVO(o2 )F(H2o) 2J, 3.re all or<:mgc=red, 

microcryst::J.lline products. The compounds are insoluble 

in organic solvents. They decompose in water thus 

precluding their molar conductance measurements. In fact~ 

owing to their instJ.bility 1 most of the peroxovanadium 

. 8 9 16 compounds d';) not perm1.t mol:'lr conduct-3nce me3suroments. 1 
' 

The comp::>unds Arvo(o2 )F(H 2o)
2
_7 c:'ln, h::>wevcrJ' be st::>red 

in sealed containers and their st1bility c3.n be 

ascertained by periodic estimation of the peroxide 

content~ The estim3tion of peroxide is crucial in order 

to determine the number of o
2

2- ligands bonded to the 



metal cehtre. The peroxide d8nteht was estimated by 

ccrimetry (Ce4+), and alsg by i8dometry, the rcsu~ts 

8f which conclusiveiy suggest the presence 8f one 

o2 
2

- gr~)Up co8rdinated t8 vanadit.lm(Iv). The direct 

titrati8n with a stand1.rd i<Mn0
4 

soluti:ms showGd the? 

involvement 8£ three electron equival'ents, tw8 8£ 

which 8rigihated fr8m o2 
2

- "l.hd the third v.ras due t8 

th """"' . . 4+ 5+ h e pr~ess v ~ v + G• T e r8:»tn temperature 

m.3.gnetic susceptibility measur~ments gave the m3gnc:ti.c 

m::>ment values of the c 8mpouhd ( 295K:)., lying beh.;een 

- - -24 .-1 
1.70 and 1.75 B•M. (1 B .. M,o.!:::!.. 9~27 x 10 JT ) 

are consistent with the presence ::>f vanadium(IV) 

and are in exceiient agreement ~vith those rep:Jrted 

. 1 .. ; .. . 4+ .. . . . .. 17 ln the -l.terature for v systems .. 

Th.a optical spectra 8f p8tassium and amm8nium 

lOt 

dL:tqu8fluor:J~ox8peroxo:v:maaates( IV), A £vo( o
2 

)F(H
2
o) 

2
_7 

(A = K :>r NH:
4

) .,. recbrdBd immediat.ely aftcr prep.J.ring 

soluti:>ns in C8td dilu·te H
2

o.
2

; sh8wed three c:>;bs8rpti:ms 

... 1 
) 21~ 400 em .; 

with the las·t being o·bs·cured by str::mg ·charge .... transfer 

transi ti6ns. The first tw3 Bands h-=ive been ;3.ssigned 

t::> e ~ b.
2 

·~nd b ~ b trahsi·tions respectively and 1 2 

agree very ·well ·with the reported ·spectra :Jf :>:X8VQnadium( lv) 

ta . . . 
c8mplexes~ giVing strong evidence f:.)r· the presence 8f 



lrO!J. . . ) 

!O]i/Jq · 
vanadium(IV) in the orange-red perox:wanadium compounds. 

6 These observ3tions also support the very recent report , 

concerning the existence of peroxov~n~dium(IV) in 

The infrared spectra (Table 2) of the series of 

four salts are similar, showing absorptions at ca 3160m,br, 

ca. 1,630 w, br, E2· 960s, ca. 890s, ~· 615s, and 

ca. -1 -1 
475s em • The band at ca 960 em h~s boen ~ssigned 

t :::> the 0v.:.o rn:::>de of the termin.~lly b:::>nded v = o 
. 18 -1 

gr:::>up, while th:::>se at ca890 ::1nd ca 615 em havs 

boen assigned to 0 and ~ 2 respectively of 
-0-0- V=O 

the c:::>:::>rdinated per:::>xide~' 9 ' 19 ' 20 The absorpti:::>ns at 

-1 £Q 3,160 m,br and~· 1,630w, br em have been 

attributed t:::> i> O-H and SH-O-H modes of co:::>rdinated 

water. The l:::>wering of the ~ frequencies and o-H 
broadening of S. H-O-H b::wds relative to those of 

·free water suggest the possibility of intramolecular 

hydrogen bonding~ 1 ' 22 The b~nd at ca 475 cm=
1 

is 

attributed to :'1 v-F stretching mode; its position 

suggests the presence of bridging r'lther than tcrmin~l 

F. since the .;)_0_ 0_ and the c:::>mplemenatry ,;;)V=O:, 

fall in the regions expected f:::>r the triangularly 

2= 
bonded o2 (c

2
v symmetry) 1 . d 8,9,19,20 't . 1gan s, 1 1s 

inferred that the per:::>xide gr:::>up is bonded t:::> the v4+ 



r-. 
I 

t---. N 

~ 0 ........ N_. 
0 ·:t: 

N -P:: ~ 
._; ......... 
~ N 
....... 0 

N _.; 

0 0 -- > 
0 I 
,> ........... ,, 

~~~ ............ 
!:t:l z 

\ 
\ 

0 
0 
-.:r ..... 

---.. 
,.-

0 
0 
\0 
..-

0 
0 
00 ..... 

0 
0 
0 
N 

0 
0 
lt"' 
l'\l 

o· 
0 
It"\ 

I 
s 
0 

--..? 

p:: 
~ 

~ 
.:::> 
:-z; 

"'1 

~ 
'"" 

L---------------~------~----------------~-------------------~ 

--· 



Table 2. analyiical M~ta, Magnetic Mom~nts, Structurally Significant I~ and Electronic 
:'ii>!" 

Spectra\; _J3a.~~s of A L-V0\0
2

)1!'(H
2
0) g.} (.A= 1C, Rb 1 Cs or NH4 ). 

[jr.t ffajB· l % li'ound (% Calcd.) ~-----~-1~f- .A • --~~~~~~~---: 
" e l'.l" r i" '!' ""'ss1.gn- 1 • r 

C d .,. "' f-· d r t ,. ron1 c ".n . t. ompoun !(. 295. ) ., :, . ., "'.tlan- s .,. men s .,. '·b -~ .1. rn.ns1 1 on 
olo J.l.. 1" - I f "" 1 .,. -1 ,. -1 r ~ so r p- r 
~ A t or N ~ V 1. 0 1 ~ F H CQ ) ~ (em ) ~ tion 1 ~ 
'" 11> .,_ 1' .110. 1' 'I' I' t ( - ) t 
't t f' ·!' I' I'> · • ~ t CQ t 
,.. t\ · X K ~- ~ .... . _ £ ~-

NH Jvo l!J 
2

) li'( H2U) ~';. 
~ ..... ,.. .... .., 2,) 

1 • 7 3 "' ·8 • 3 "' 30. 2 " 1 9. 3 ~ 1 o. 8 -· 9 55 s ~ v -o 
(8.15) ~(29.6) (18.6) (11.05) 890s ~-:0-0-

11 '628 

.6:. L-V0(02)l!'.~H.2U) cJ 1.75 
,... 

~b £vo(u)~'ti12u)~ 1.-7~ 
,. 

c s/:vo( o 2)1!'( H
2
o) cJ 1.73 

.",_ .. 
, •.. :'::··:· , 

20.8 
(:.20.25) 

25.9 
( 26.4) 

~1. 7 
. ( 21. 25) 

18.3 
(17 .. 75)'" 

a .i?eroxo~oxygen 

17 .• 1 
(16.55) 

13.9 
(13.35) 

10.4 
( 9.84) 

7.6 
( 7. 95) 

11.8 6.3 
(11.15) (6.6) 

610s -v-0
2 

~ 475s 
3150m, br 
1625w, br 
3040s 

1440s 

950s 
S80s 
620s 

470s 
3165m,br 
1620w, br 

970s 
880s 
61 Os 
475s 

3160m,br 
1635w, br 

.:v_V-F_ • .. V 
0-11 

8 ri-0-H ,.;) 

~-~~· ;i 
... 1\l-.':1 ... ~ 

-})V-U 
,;)-0-0-
))l[-02 
i> ..... , v V-.., • • • 
-i)O-J:i 

81-i-0-H 

·0v-o 
· i)-o-o­
-i!v-o2 €,V-F .... V 
':) 0-ti 
grl-0-H 

965s Vv-o 
89 5s -l)-0-0-
61 Os £v-o 2 480s V-~· ••• V 

3150m 1 br --:Vo~H 
1620w, br. 8 H-0-11 

17,699 

11,905 

17,699 

e ~ b
1 

b ~ b2 1 

e +-- b 1 

b1~ b2 



centre in a triangular bidentate manner. TW:J extra 

-1 vibrati:::>ns at 3,140 and 1,440 ern in the case :Jf the 

, ·v amm:Jnium salt have been assigned t:J the ~1 and 4 

m:::>des :Jf NH
4
+. The ~3 m:Jde :Jf NH4+ c:::>uld n:::>t be 

identified due t:J its :::>verlap with the br:Jad ~ rn:Jde 
O'""H 

:Jf water.· 

It thus ·appeqrs that the c:Jmplex i:Jn has f'Jrmul3 

/-vo(o2 )F(H2o)
2
_/; c'Jnt~ining a triangul~rly b'Jnded 

per'Jxide lig~nd. The c~mplex species m~y have a 

p8lymeric structure thr:Jugh v-·F--V' bridging; 

h'Jwever, the p8ssibility 'Jf a weak v-o~v intGr::J.cti:>n 

can n'Jt be ruled :Jut C:Jmpletely. 
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Chapter 7 

Bis(acetylacetanato) flurovanadate(III), VF(acac) 2 • 

Synthesis and Assessment of Structure o£ a Novel 

* Neutral c ompaund of vanadium( III) 

Tripositive state af vanadium is one af its 

unusual oxidation states, mainly owing to the 

instability of vanadium(III) compounds. Predominant among 

the known compounds of vanadium(III) are those 

derived fram vanadium(III) trihalides. 1 Trivalent 

vanadium also forms some neutral mixed ligand complexes 

of the types VL3x
3 

and vL
2
x

3 
with L being a unidentate 

ligand and X is a halide~ particularly chloride. Neutral 

camplex of v 3+ of the type V(L-L')
2
x with L-L' being 

a bidentate mononegative ligand does net appear to have 

any reported example in the lTterature. Moreover, reports 

on the synthesis of trivalent vanadium compound from 

5+ 4+ 
v or v through chemica.l reduction is rather scanty. 

As a sequel of studies on synthesis and structural 

2 assessment .of flu-oro (chapters 1 and 2) and a mixed 

3 ... s 
fluoro compaunds (Chapters 3,4 and 6) of vanadium, 

'* T.his work has been accepted for publication: 

Inorg. Chern., in press (Paper No. IC 8307676) 



a method has been developed for the synthesis of a 

new neutral complex of vanadium(III) 1- VF(acac)
2

, 

achieved by a two-steps electron""transfer process 

starting from vanadium pentoxide. 

Chapter 7 of the thesis presents an account of 

the synthesis, characterisation and structural 

assessment of?bis(acetylacetonato) fluorovanadate(III), 

Experimental 

All chemicals used were of reagent grade (B.DoH., 

E~ Merck, s .D. 's ana Sarabhai M. Chemicals). 

Infrared spectra were recorded on a Perkin=Elmcr 

model 125 spectrophotometer. 

Magnetic susceptibility measurements were made 

by the Gouy method. Hg ~co(NCS) 4_; was the calibrant. 

The mass spectra were recorded on a Varian 

MAT CH-5 spectrometer using a direct insertion probe: 

to introduce the sample directly into the ion source 

without any prior heating. The operation conditions 

-19 
were electron energy 70eV (1 ev ~ 1.6 x 10 J)r source 

--
temperature of so, 100 and 150°C; resolution 10,000 

and the accelerating voltage Bkv. The mass spectrometric 



:Jbserv-::1ti:ms were made with the field :Jf i:Jnising field '.)f 

ionising current being maint~ined suffici€ntly str:Jng t'.) 

tr::1p primary i:Jns. 

Elcmcnt3l 3D~lyses. c~rb:Jn, hydr:Jgcn, nitr:Jgcn and 

flu :Jride an -::1lyse s were :Jbt'3.ined fr:Jm Nndel l\ustr3.li:'ln 

Micr'.)3.nalytical Service, P:Jrt Melbourne, Vict'.)ria 32071 

A.ustr :1lia. 

Vanadium was estimated v:Jlumetrically by titr~ti:Jn 

vJith a st:md:~rd pot'Clssium perm-:tngan:1tc S'.)luti:Jn. 
6 

The 

c:Jmp:Jund was first dec:Jmp:Jsed and then the cstima.ti::Jn ::Jf 

vanadium w3s made f:Jll:Jwing the pr::Jcedure described in 

Chapter 1. 

Flu::Jride was also determined by precipit3ting as 

lead chl:Jride flu::Jrider PbclF, and chl::Jridc was 

estimated by V:Jlhard's method, fr:Jm which the fluoride 

7 c:Jntent was calculated (Chapter 1). 

Synthesis ::Jf Bis(acetyl-:tcet:Jn3.t::J} fluor:Jvanadate(III), 

VF(acac) 2• A suspensi:Jn ::Jf 2.0 g (11 mmol) v2o5 in 

10 ml water was tre3ted with 2.2 ml (44 m m:Jl) 4~/o 

hydr:Jflu'.)ric ·3Cid. The mixture w:::J.S 'itvarrJied '.)0 a 

stcam=bath with stirring f'Jr 10-15 min and then C:J::Jled 

f:Jll01.><1od by filtr3ti:Jn t'J rem:Jve any undiss'Jlved impurity., 

The clear s:Jlution was cooled in an ice-bath and 99% 

hydr:'lzine hydr"lte s:Jlution w.3s added dr:Jpwise vli th 



occassional stirring. The solution first turned blue. 

The addition of hydrszine hydrate was continued until 

a blue crystalline compound ceased to appear with the 

mother liquor becoming very f3.int in colour-. The blue 

compound w3s separ~ted by centrifugation, dried on a 

filter paper, and finally in vacuo. The compound was 

identified as N2H5voF3 (vide Chapter 2) with an 

yield of 1.6 g (92%). ;-Found: Nc 17.91: H, 3.14, 

V, 32 .. 5, and F, 36.31%. Mol.:~.r conductance (water): 

130 n -1cm2mol-1 • Magnetic moment (302K) :1.51 B.M .. 
-1 _, -1 ~ IR : 970 em ( ·.vv-o) and 500 em ( · V-F). Electronic: 

-1 -1 spectrum: 12,000 em and 16 1 000 em attributed to 

e ~ b 2 and b 1.._ b 2 transiti-:m. 8_7 

The blue hydrazonium oxotrifluorovanadate(IV), 

N2H5voF3, (1.6 g, 10.2 mmol), dissolved in -'lbout 

8 ml water, acetyl~cetone (10 g 1 100 mmol) were placed 

in a small polyethylene conical flask, the neck of 

which was plugged with cotton wool; and the whole 

was heated on a steam-bath for ca 1h and a dark 

blue-green S:Jlution W"3.S :Jbtained. on co:Jli_ng, 

blue-green crystals of bis(acetylacetonato) fluoro~ 

vanad.:JtG( III), VF( 3.C:J.c) 2, were formed which were 

removed from the flask and dried on a filter paper. 

The compound was recrystallised by dissolving in hot 

benzene followed by addition of petroleum ether 



; Jo 
~~ ::::::, 

c_ I 
! ~-~ -j~ 
{ ' I 

lg 
l 
I ~ 

I c "' 

J: 
l 

l -·~ 

I 

I 0 ..-

I 
i~ 

c....::::: 
~ 

~ 10 :=: : .... 0 
'<t c: .....,. 

J. :::5 
:!* . -? 

.0 
0 

l \0· 
I ...... 

..-.. -0 
J 

0 -~ 
co 
r' "*"' 

~ 
0 I 0 
-~ tlJii 

~ 
~ 

.g 
~------~~~~--------~------~------~~--~~--~----~~ 



(b.p. 40 - 60°C) until the s::>lution was cloudy. Yield 

::>f VF Cc
5

H
7

o
2

)
2 

W"lS 2.5 g (84.7% on the basis of 

v
2
o

5
), and m.p. 246-248°C. ;-Found : M (mass spectrum), 

268; c~ 44.32; H1 5.6; v, 18.4 and F~ 6.~/o. calc. for 

c 1 OH 14 vo 4 F : M I 2 6 8; c I 4 4 • 7 8 i HI 5 • 2 7 ; vI 18. 9 9 3. nd 

F, 7.1%. M3gnetic moment (302K) : 2;77 B.I-1._/. 

work up of the mother liquor, obtained after 

isolation of VF(ac:'lc)
2

, aff:>rcled a small am~mnt ::>f 

c<: .l oC ~ (J ~" (.2 -tetraJ.cetylcthanc, (cH3co) 2cH-cH(CH3co) 2 .~ 

being the oxid"l.tion product of acetylacetonE: (Hacac). 

Results and Discussi::>n 

vanadium pent oxide rcndily rc.:Jcts with 40% 

hydr::>fluoric :1cid and an excess :>f hydrazinc hydrate 

to yield a blue crystalline comp:>und, The compound 

is soluble in water, and the results of elemental 

analyses suggest the atom r3tio N : H : V : F as 

2 : 5 : 1 : 3. The inferred spectrum of the compound 

h d b d 9 - 1 . d. t. h s owe a strong an at 70 em J.n J.ca J.ng t e presence 

of v-Q multiple bond, and w=ts accordingly assigned
8 

to 

-1 :0 v-o· The band :it 500 em has been assigned as the 

~V-F mode ~J.sJ.ng due t::> the presence of fluoride 

co::>rdinated9 ~o the v~adium center. The infrared 



spectrum also exhibited bands char~cterist~c f~ 
' ' 

N2H5+ (Ref 10). The electronic spectrum of the 

-1 
compound showed two d-d transition bands at 12,000 em 

-1 and 16,000 em which have been attributed to e -~ b 2 
8 .. 

and b 1-f-- b 2 transiti-on respectively. Thus, on the 

b~sis of the results of chemical .analyses, IR and 

electronic spectral studies~ the formula N2H5 ;-voF3_7 

has been assigned to the compound (for further evidence 

reference has to be made t 8 Chapter 2). 

The blue hydraz8nium 8X:>tr ifluorovanadate (IV) .r 

N2H5 rvoF3-71 re3.cts further with an excess 8f 

acetylacetone (Hacac) under mild conditions to give 

ultim:3.tely the blue-green crystalline bis ( acetylacetonat8) 

flu":Jr8vanadate(III), VF(acac) 2 • Tho reQcti:m was 

rather f"'lcile and~ve a very high yield of the 

pr:>duct.. It is interesting t 8 note that al through 

acetylacet8ne (Hacac) is capable of reducing Mn 7+ ~:> 
3+ ( ) 6+ . 3+ ( ) 3+ 2+ Mn Ref. 11 ~ cr to cr Ref. 12 or Ni to Ni · 

(Ref. 13) with Hacac being oxidised t8 0(,_ oc 1 (6" ~ 

(2, - tetraacetylethane, (cH3co) 2cH~CH(CH3co) 2 , 13 
it 

4+ al8ne can n8t reduce V (Ref. 14). In the present 

case" isolat i8n 8£ o<: j oe 1 (?; t fo -tetraacetylethane, 

after separation of VF(~cac) 2 from the reaction solution 1 

suggest the possibility of Hacac being acted as a 



reducing agents. H.:rwever, the imp8rtance 8f N2H5+ can n8t 

be underestimated th:)ugh we a:) n:)t have any direct 

evidence :)£ its JXidqti:)n. 

The blue-green bis( acetylacet Jnat:)) flu:)r:::;¥anat'late(III), 

VF(C5H7o2 ) 2z is stable f:)r prJlJnged periJds, and caQ be 

stJred in a sealed pJlyethylene capsule. The C:)mpared 

melts at 246 - 248°Cz and is S:)luble in many Jrganic 

S:)lvents. The 8Xidimetric titratiJn with standard 

p8tassium permanganate sh8WS that vanadium in the 

cJmpJund has an 8Xidati:)n state 8~ +3z which was 

further c8nfirmed by magnetic susceptibility measurements. 

The rJJm temperature magnetic mmment was f:)und tJ be 

2.77 B.M. wmch C:)tlf:)rms t:) th:)SC rep:)rted in the 

literature f:)r triv~lent vanadium C:)mp:)unds. 15 The infrared 

spectrum :)f the C:)ffip:)unn gives q patterns typical f8r the 

presence :)£ C:):)rdin.=Jted acetylacetJ03.tes (acac-) bJnded 

tJ the v3+ centre in a binentate chelated manner. 11- 13
z

16 

Besides this there is a strJng bancl at 470 em ""'1 which 

has been attributed tJ the -0 F9 m8de arising fr:)m the v-
presence :)f fluJride C:)8rdinated tJ the vanacium(III) 

centre. S:)mewhat br8ad nature 8f the band indicates the 

p:)ssibility :)fa weak v-F ••• v interactiJn and this leads 

tJ believe that in the S:)lid state VF(acac) 2 may have a 

hexaCJJrdinated structure thr:)ugh a weaJk V-F •••• v bridging. 



In oroer to obtain further information, the mass 

spectra of the c:mpound was recorded using the direct 

insertion technique. The sample was introduced directly 

into tbe ionisation chamber without any pr~or heating. 

This prevents 'the c ::mpound from being decomposed before 

electron-impact induced ionisation has taken place. 

'The spectra were rec~rded at 50°L 100° and 150°C 

respectively, and found ~hat the one recorded at 150°C 

was very well developed. The spectrum run at 150°C 

shows the highest m/z signal at 268 owing to the 

molecular ion ;-yF(c
5

H
7

o
2

)
2
_; +, suggesting thereby 

that in the vapour state the c~pound is only monomeric. 

The mast dominant peak was observed at m/z 169 and 

attributed to the fragment ion L-VF(C
5

H
7

o2 )_/!" The 

molecular ion was found to suffer a loss of CH3 unit 

first, followed by the loss of c4H4o 2 to give rise to 

- -+ the formation of /VF(c5H7 o2 )_/. The fragment ion 

~VF(C5H7o2 )_~ lost cH3 aMd c 4H
4

o2 units respectively 

to ultimately give the ion ;-VF_/.+ In view of the 

observed signalsL the rna jor fragment at ion p-3.thway 

of the c:mpound VF(c
5

H
7

o
2

)
2 

may be represented as 

follows:· 

' ' 



Table 1. Infrared Spectral Banfl P::>sit i:>ns, :)£ 

IR Bancls cm-1 

3070 

29901 

2970 t 
J 

2920-" 

1575} 
1550 

1530 

1465 

1410 

135U 

1270 

11JO 

1015 

~4.0 

780 

685 

6:o 

615 

450 

470 

Assignments 

vee~ c) + 7..:{ ·c -=-=-::....~ 0) 
c:)mbin:'.lt i:)n. 

~c..-:..:..- o) + -0( c :.=.=c ) 

& (cH) + ~)cc~.-=-.c) 

~ (CH3 ) 

b:;,(CH3 ) 

'))(c-cH ) + -l>cc:-_::_-:c) 
3 . 

S (CH) + 'l) (C-GH
3

) 

pr (CH3) 

~( c ::..::_: c ) + '1) ( c ::..::.:..o ) 

'X_(CH) 

~(M-0) + .f;(c ~ CH3 ) 

ring dcf:)rmati:)n 

....... t. if 



Maj:JrPeaks ..._,_ 

AssiQnments 
I 
t m/z / I 
t 

;-VF(C5H7o2 ) 2~ 269 

;-VF(C5H7o 2 ) (C4H4o2)~ 253 

;-VF(C5H7o2 )(C 3H50)~ + 226 

' + 
;-vF(C5H7o2 )oH~ 186 

rvF(C5J11o2 )f 169 

;-VF(c4H4o 2)J + 154 

rVF(C 3H5o)J + 127 

r· 7+ 70 VF - -

I 

(m/z) * 'i 
~ , Pr:Jcess 

Observed Calcula-teq 

238.8 238~84 268 ~ 253 

190.7 '190~58 268 --? 226 

129.2 129 .. n9 268-~186 

112.8 112 .. 89 253 ~ 169 

140.4 140.;33 169---+ 154 

31.9 31.82 154-----+ 70 

Intensity- (%) 

95 

84 

32 

90 

100 

26 

22 

25 

Fragment 
l:Jst 

CH3 

CH
2
co 

C5HQO 

C4H502 

CH 3 

C4H402 



• I ...rJ (~ 

l.1L· 

* The met~stable peaks (Table 2) 3t (m/Z) 238.8 1 140.4~ 

112 •. 8 :Jno 3.t 31.9 support the ab::rve-mc:nti::mu~ fr::~gmcnt-=Jti::m 

Thus, it is evid~nt fr:>m the presc:nt w:>rk th3.t ·:l 

tr i vJ.lent V3nJoium c:>mpjunn, VF'( 1.c 1c) 
2

,. cnn be: synthesisc:r-1 

fr:>m pantav~lent ~an3~ium un~er the suit3blc c~n~itiJns, 

the c:>m?:>unrl m:Jy iive .3 hexac:>:>rc'1in3tcd p:>lymcric structure/ 

·;:;hr:>Ugh 3. WG3k v-F •• ~.v interJ.cti:>n in the s:>lid st-:Jte, 

h:>WCVGI: 1 in the 'V3.p:>lir st.'3.te VF(3.C'lc)
2 

r!cfinitcly exists 

in its m~n:>meric f:>rm. 
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Chapter 8 

Novel synthesis ~nd Electron-Impact Induced Mass 

Spectrometric studies· of Tris( acetyl:wet::mato)-

* 

The chemistry of metal-acetylacet ::mates is a 

text book story,.. and tris(3cetylacetona.to) iron(III) 

is one of· the clas~dc examples of this type of 

compounds. Tris(acetylacetonato) iron(III) has been 

known for quite some time, but the known methods of 

synthesis of Fe( acac) 
3 

have some limilations in scope~ 

The reaction between metallic iron and acetylacet:me 

(Hacac) in te presence of oxygen 1 is extremely slow. 

,llC 

The .3.queous reaction between iron( III) chloride and 

acetylacetone in the presence of a 1 'Jrge amount of 

sodium acet.J.te as buffer21 3 may contaminate the product ... 

The synthesis due to Dunne and cotton4 involving the 

re-::1ction ·between Fe(co)
5 

and :wetyl.:1cetone requires the 

preparation and handling of the toxic-air-sensitive 

* This work has been published: 

J .• Chern. Soc. Dalt~:m Trans., 1983, 839. 



metal carb::myl.~ 

The present chapter, indeed the l~st Chapter 

of the thesis, describes a novel synthesis of 

tris ( acet ylacetonato) ir:>n (III), Fe( acac) 3, directly 

from iron (III) hydroxide and acet ylacet one.~ without 

the use of any buffer ;-equation (1)_7~ characterization 

and mass spectrometric studies of the compound. 

3+ Fe(OH) 2 + 3Ha.c.3.c ~ Fe + 3acac + 3H2o (1) 

Experiment:~l 

Re::J.gent gr3.de (B .. D.H., E. Merck, S·.D. rs and 

Sarabhai M. Chemicals) iron(III) chloride and 

acetylacetone (H3.cac) were used. 

Infrared spectra were recorded on a Perkin=Elmer 

model 125 spectrophotometer. 

Magnetic susceptibility me::1surements were m::Jdc by 

Molar conductance measurements were made using 

a Philips PR 9500 conductivity bridge •. 

The mass spectra were recorded on a varian MAT CH-5 

mass spectrometer using a direct insertion probe. The 

operation conditions were electron energyJ 70ev 



(lev ~:::..1.6 x 1o-19J).; s':)urce temperatures of 50, 100 

Bkv. The mass spectrometric observations were made 

with the field Gf ionising current suf,ficiently strong 

to tr3p primary ions. 

Elemental Arn.lyses. C-3rbon and hydrogen were 

estimated by a microan~lytic31 technique. 

Chemic '31 Determination '::>f the oxidation St3.te 

of Ir::m. The chemic:3l determination of the oxidation 

st.::J.te '::>r iron in the comp::mrid w.::ts d'::>ne by trc.Jting 

1 
i ,­

.. ...l iL 

a known amount '::>f the c'::>mp::mnd \-lit7hr":tn.- .:to1-dified (H 2so4 ) 

p'::>tassium iodide S'::>lution, followed by titration :::Jf 

the liber.::tted iodine with a standard sodium 

thiosulph'1te s::Ylut ion .. 

Synthesis -;,f Tris (acetyla.ceton::rto) ir~t]__Lgi) J 

Fe Cc5.H7o 
2

) 
3

• 

An:hydrous, iron(III) chloride (4.0 g, 24.7 m m':)l) w:J.s 

dissDlved :in 8 ml Df 1Ac=tter v-rith gentle warming. 1\rnm:::Jni:J. 

s::>·lut ion ( specifiG:! gravity:·.-: 0 .. 880, 9rnl) w=:1s add12d in 

exces,s s·lowly with c::msta:nt stirring .. The mixture was 

heated :m a: s-team-ba.th' for 15' ~ 20 min,. a.nd the 

prec::ipit.a-te '::>£ ir'::>n(III} hydroxide was then filtered off, 



JJ_£ 

The mdi.Pt iron(III) hydroxide and acetyl~ct::me 

(12.0 gr 120m mol) were placed in a small conical 

flask, the neck of which was plugged with cotton 

wool, and the whole was heated on a steam-bath for 

about 35 min. on cooling, large red crystals of Fe(acac) 3 

were obtained which were dried on filter paper and 

recrystallised from ethanol. Yield of Fe(acac) 3 was 

7. 8 g ( 90%) • Melting point of the compound was found 

Analysis 

Molecul-ar weight (M) was found to be 353, mass 

spectrometrically. 

Foand: C, 51~2%; Hr 5.95%. Calcd. for c 15H21Fe06 : 

c, 51 .. 05% and H.,.. .5 .96%. 

Magnetic moment (295K):: 5.92 B.M. (1 B.M. = 0.927 x 

-23 2 3 . 
10 Am). (lit. 1 5.90 B.M. ). 

Chemically determined oxidation state of Fe:+ 3. 

-1 2 ... i 
Molar conductance (H

2
o) -: 8 D. em mol. 

Results and Discussion 

In view 6f the difficulties involved in the 

synthesis of metal acetyl3.cetonates, attempts have been 

made to improvise newer methods for the synthesis of such 



12[ 
... 

compounds .. Recently tris ( ?:lcet yl::weton-:1to) m:mgancse( lli)'" 

Mn(acac) 3 w~s synthesised by the reaction of Mno4- w~th 

acetylacetone5 by exploiting the electron-transfer 

6 re?iction between them. Subsequently, it has been shown 

that, in such electron-transfer reactions, acctylacetone 

is oxidised to o-C, oe, (3 1 fJ -tetra::J.cctylcthane 

(CH3co) 2CH-CH(CH3co) 2• 

The weak acidity of acetylacetone (Hacac) in a 

polar medium, and the absence of any re-:tcti:::m CJf 

W::J.ter with tris (acetylaceton'3.t'J) iron(III), Fc(acac) 3 , 

constitute the basis of the present synthesis. The 

method described leads to the rqpid synthesis of 

Fe(acac) 3 in a very high yield~ Analogous mEthods have 

been used with success for the synthesis of Co(acac) 3 

from CoO(OH) and Mn(acac) 3 from MnO(OH). This justifies 

the scope of the methyj. The pH of the solution recorded 

immediately after the f:Jrmation :Jf the c:Jmp:Junc:l \vas 

f:Jund t:> be ca 5 which concurs with that maintained 

by using a large qmount :Jf s:Jdium acetate2 '
3 

in the 

synthesis CJf Fe(acac) 3 from Fecl 3 ~ 

The tris(acetylaceton::J.t:J) iron(III), Fe(c 5H7o2 > 3~· 

:Jbtained by the present meth:Jd is highly crystalline 

and dark red in col:Jur. The c:Jmpound is stable for 

prolonged peri:Jds. Fe(ac.::J.c) 3 is s:Jluble in vvutcr and als:J 



in many c::>mm::>n ::>rganic s::>lvents. The m::>l3r c::>nductance 

::>f the c::>mp::>und, in water, w:l.S f::>und t ::> be 8 i'"2.- 1cm2m::>l-l 

supp:>rting the n::>n-electr::>lytic n3ture ::>f the c::>mp::mnd 

in agreement with its f::>rmula. The chemical determin3ti::>n 

::>f the ::>xidati::>n state ::>f ir::>n sh::>wed that ir::>n ::>ccurs 

in :its +3 st3te in this c::>mp::>und. The r::>::>m temperature 

magnetic m::>ment ::>f the c :::mp::>und was f ::>und t ::> be 5. 92 B .M < 
which agrees very well with the liter~turc3 value an~ is 

in c::>nf::>rmity with the +3 :Jxidati::>n ::>f state ::>f ir::>n in 

the c::>mp::>und. 

The infrared spectrum ::>f the c::>mp::>und is un~bigu:)Qp 

and exhibits the typical pattern ::>f chelated acetyl­

acet::>nates ( a.cac -) in agreement with th::>se ::>f vari::>us 

M(acac) 3
5 ' 7c::>mp::>unds (Table 1). The mass sp2ctra ::>~ 

Fe(acac)
3 

were ::>btained using a direct inserti::>n pr::>be 

t::> intr::>duce the sample int::> the i::>nisati::>n .chamber 

with::>ut pri::>r heating. The imp::>rtance ::>f direct inserti::>n 

technique f::>r the mass spectr::>metry ::>f metal c::>mp::>unds 

has been emphasised in the literature. 518 The m::>st 

imp::>rtant a~vantage ::>f this technique is that it prevents 

dec::>mp::>siti::>n ::>f a c::>mp::>uno bef::>re it underg::>es 

electr::>n-impact induced fragmentati::>n. 

The spectrum run at 150°C sh::>wed the m::>lecule..:•i::>n 

signal at m/z 353 (intensity 16%) and the m::>st d::>minant 
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Table 1. Infrar£~ spectral Banns ~nd Their 

Assignments for Fe(acac) 3 

-·· . 
. -1 

IR Bands (qm ) 

3060 

2995} 
2960 . 

2925 

1575 

1520 

1450 

1420 

1380} 
1360 

1270 

1190 

1020 

950 

8001 
780 
770 

675} 
~65 . 

"55 

565} 
545 

1130 

415 

I 

' r. 
I 

' 
AssignmC?nts 

.. ''i) . 
(C - H) 

comb ina t i :m •. 

v(c.;:.::-o) + i>cc.:..::..:.c) 

~ ( CH) + ;) ( c:.::._:c) 

$cl(CH
3

) 

~:;(CH 3 ) 

· V(c::...:..:.cH
3

) + 0(c:..::c) 

S(cH) + . ...l>(c--eH
3

) 

~(CH3 ) 

-l>c c ::.;.·_-: c ) + -l>< c .:..::.:o) 

'3[ (CH) 

-il(c - cH
3

) + ring deform,3.t ion 

+ .,)(M - Q) 

,...., 'tCH- _: C.:/. ) + 
;f... 3 . "-o 

ring deformation + ~(M - O) 

--i)(M - 0) + 0(c - CH3 ) 

ring defonn:Ition 



Major Peaks 

Assignments 

/-Fe(C5H7o
2

)3-7 + 

- -+ I Fe(C 5H7o2 ) 2J 

I 
I 
I 
I 
r 

~Fe(c5H7o2 )(C 4H4o2 )_j* 
~Fe(C 5H7 o2 )~ + 

LFe(C
4
H4o

2
)_r 

Fe+ 

~Fe(CH3 )(C5H7o2 )_7 + 

/-Fe(CH
3
)J 

m/z 

353 

254 

239 

155 

140 

56 

170 

71 

Meta.st~ble TransitiJns 

* I 

m/z r 
I 

~ 
I Prxess I 

Observed calculated~ 

182.7 182~76 353--. -)>254 

224 .. 9 224.89 254 '!1!239 

100.8 100.52 239 ---~155 

126.5 126.45 155 140 

113.6 113.78 251 -~170 

32.5 32.52 155 --~ 71 

rntens ity 
(%) 

17 

100 

45 

75 

10 

5 

32 

15 

Fragment 
lost 

C5H702 

CH3 

C L1H4o2 

CH3 

C4H402 

C4H402 



peak at m/Z :!54 assigned t:::> rFc(c
5

H
7

o
2

)
2
_r. Unlike the 

m:::>lecular i:::>n ~Fe(c 5H7o 2 ) 3_~ thG fr~gment i:::>n 

rFc(C
5

H
7

o
2

) 
2
_7+ 1 :::>SGS a CH

3 
unit f:::>ll:::>·v.;cd by the l:::>ss 

:::>£ C,::,H4o
2 

t:::> pr:::>ducc the !:FG(C 5H7 o 2 )_7 +i:::>n. The 

r -; + _ Fc(C5H7 o 2 )_ fr1gmcnt then loses CH3 anc"l C-1H·~,o 2 
in steps t:::> ultim~tely produce the b~re met~l i:::>n + Fe • 

1
'),; 
·~.(... 

9 10 
The spectral p3ttern p1rallels those prcvi::msly rcp::>rted ' 

with the maj::>r fr3.gmenti:::>n pJ.thway being 

.:C"Fe(c 5H7 o2 ) 2_7 +---)­

----~~ L-Fc(c5H7o2 )_7 
;-Fe(C5H7o2 ) 3_7+ 

;-Fe(c5H7o2 ) (C 4H4o2 )_~ 
fFc(C

1
±H£i.o

2 
)_r ~ Fe+. 

+ 
~ 

In orner to obt:J.in supp:::>rt f::>r the 'lb:w-.:: frugmcnt,:J.ti::>n 

pJ.ttern, met,:J.stJ.ble transitions were stuclies. The 

* met.ast.J.ble P23.ks a.t ·Qm/z) 182.7, 224.9, 100.8 .:J.n(~ 126.5 

support the fragment1tion path. The two 3a~iti:::>nal 

mct.=tstable supported signals at m/z 170 and 71 have: been 

.3.ssignod t:::> the fr:1gment ions /-Fe(CH
3

)(c
5

H
7

o
2
)J i:lnd 

rFe(CH
3
)_j+ respectively, pr:::>viding evidence f:::>r each 

m<=.thyl migr~ti:::>n fr:::>m c:1rb:::>n t:::> metal presumably fav:::>urefl 

by the f:::>rm"l.ti:::>n :::>£ a new bono between the:: ir:::>n at:::>m 

anr.~ CH
3

• 

It is evi~ent from the present studies that 

tris(acetylacet:::>nat:::>) ir:::>n(III), Fc(ac3.c) 3 , can be 

synthesised directly by the re1cti:::>n :::>£ ir:::>n(III) hynr:::>xide 



with acetylacet :me in the '3.bsence :>f any buffer. 'l'hc mass 

spectrum :>f Fe ( 3C'3.c) 3 pr:>vides evidence f:>r re:arr.3ngement 

tJ give Fe ---- CH3 species. 
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dates(V) ion L-VoF4_7- in aqueous hydrofluoric acid1, 

the species has not been prepared from an aqueous 

solution to date. It has been believed that vanadium(V) 

should not be stable in aqueous solution in the presence 

of halides like Cl- or Br-, and, in order to prevent 

reduction of vanadium(V), anhydrous solvent should be 

used and the temperature maintained throughout the 

reaction at 0°. 2 This, however, may not be true in the 

case of F- because vanadium(V) should not be able to 

oxidise fluoride ions. In 1951 analysis of a product 

resulting from the reaction of sodium vanadate and bromine 

trifluoride suggested that it was an impure sample of 
NaVOF43. However, little was known about any pure 

A1voF
4 

in the solid state until 1970. In 1971 the 

first and only pure solid salt CsVOF
4 

was prepared by 
Howell and Moss4 from the reaction of v2o5 , anhydrous HF 

and CsF at -30°. We now describe a novel and simple 

general method for the synthesis and isolation of 

A1VoF4 (AI = NH
4

, K, Rb or Cs) from aqueous medium, 

together with the characterization of these salts. 

RESULTS AND DISCUSSION 

In view of the fact that the oxytetrafluorov.ana~ 

date(V) ion L-VoF4_7- exists in an aqueous hydrofluoric 
acid ·solution1, it was felt that the species can be 

isolated from such solutions by proper adjustment of 
the experimental conditions. The method of synthesis 

described herein (vide Experimental section) involves 

the reaction of v2o5 , alkali bifluorides A1HF2 and 
40% HF leading to the formation of AIVOF4 in solution. 

V 2o
5 

+ 2 A IHF 2 + 4 HF ---41- 2 A IV OF 
4 

+ 3 H20 

The success in isolation of alkali oxytetrafluoro­
v.anadates(V) from the reaction media depends upon the 
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dates(V) ion L-VoF
4
_7- in aqueous hydrofluoric acid1, 

the species has not been prepared from an aqueous 
solution to date. It has been believed that vanadium(V) 

should not be stable in aqueous solution in the presence 
of halides like Cl- or Br-, and, in order to prevent 

reduction of vanadium(V), anhydrous solvent should be 

used and the temperature maintained throughout the 
reaction at 0°. 2 This, however, may not be true in the 

~ase of F- because vanadium(V) should not be able to 
oxidise fluoride ions. In 1951 analysis of a product 
resulting from the reactioB of sodium vanadate and bromine 
trifluoride suggested that it was an impure sample of 
NaVOF

4
3. However, little was known about any pure 

A1VoF
4 

in the solid state until 1970. In 1971 the 
first and only pure solid salt CsVOF

4 
was prepared by 

Howell and Moss4 from the reaction of v2o5, anhydrous HF 
and CsF at -30°. We now describe a novel and simple 
general method for the synthesis and isolation of 
AIVoF

4 
(A1 = NH

4
, K, Rb or Cs) from aqueous medium, 

together with the characterization of these salts. 

RESULTS AND DISCUSSION 

In view of the fact that the oxytetrafluorovana~ 

date(V) ion L-VoF4_7- exists in an aqueous hydrofluoric 
acid ·solution1 , it was felt that the species can be 
isolated from such solutions by proper adjustment of 
the experimental conditions. The method of synthesis 
described herein (vide Experimental section) involves 
the reaction of v2o5 , alkali bifluorLdes A1HF2 and 
40% HF leading to the formation of AIVOF

4 
in solution. 

V 2o
5 

+ 2 A IHF 2 + 4 HF ~ 2 A IVOF 
4 

+ 3 H20 

The success in isolation of alkali oxytetrafluoro­
vanadates(V) from the reaction media depends upon the 



role played by alcohol. It is believed that the solvent 

effect brought about by the addition of alcohol signi­

ficantly helps the syntheses of the A1VoF
4 

compounds. 
A light green or greenish-yellow color that is obtained 
on addition of a small amount of alcohol has to be 
maintained throughout until the isolation of the A1VoF

4 
compounds is completed. 

in 
is 

The compounds thus obtained are highly crystalline, 
the shape of long needles, except for CsVOF

4 
which 

generally small hexagonal, greenish-yellow in colour. 
The compounds, once isolated from the reaction media, 
seem to be very sensitive to air and moisture, highly 
soluble in water with decomposition and insoluble in 
common organic solvents except acetonitrile in which 
oxytetrafluorovanadates(V) are very slightly soluble. 
Elemental analysis, i.r., molar conductance measure­
ment, magnetic moment and 19F N.m.r. were used to 
characterize the compounds A1VoF

4
• 

The molar conductance of cesium oxytetrafluorovana­
dates(V) gave a value of·132 ohm- 1cm2mol- 1 at 27° in 
purified acetonitrile suggesting an uni-uni valent 
electrolytic nature of the compound in accord with the 
formula CsVoF

4
• This was further supported by the 

diamagnetic nature of the compounds evidenced from 
magnetic susceptibility measurements. 

The i.r. spectra of alkali oxytetrafluorovana­
dates(V), A1VoF

4
, do not support the possibility of 

polymeric formulations because of the absence of the 
broad intense band in the 650-900 cm- 1 region, which is 
generally diagnostic of the presence of the 0-V-0 group 
in fluorovanadates5' 6 • The strong bands 980-1030 cm- 1 

(Vide Table I) with the V-0 force constants lying 
between 7.07 and 7.43 md/A are considered as characte­
ristics of the presence of V-0 multiple bonds supporting 
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TABLE I 

I.r. Bands of A1VoF
4 

Compounds 

Compounds NH
4
VoF

4 
KVOF

4 
RbVOF

4 
CsVOF

4 

262m 261m 262m 260m 
308m 307m 311m 310m 
332s 334s 330s 334s 
480m 482m 483m 481m 
595s 594s 595s 594s 

I.r. bands 625s 625s 623s 624s 
cm- 1 710w 712w 712w. 712w 

970w 972w 972w 973w 

990vs 980vs 995v.s 1015vs 
1015 1025 

the occurence of O(p~)__.(~)V bonding. I.r. spectra 
of the various A1VoF

4 
compounds are identical and cor­

relate very well with those previously reported for 
CsVoF

4
4 and are also in agreement with the reported 

crystal structure of CsVOF 
4

7, which shows ["VOF 
4
J­

to be essentially c
4 

with weak F-bridging making v 
['"VOF 4J- :pseudooctahedral. 

19F N.m.r. spectrum of a 1.42(N) solution of the 
newly synthesised CsVOF 

4 
in 48% HF measured at -85°C. 

Shows a broad doublet occuring at 258.4 ppm down field 
relative to HF with a value of w, = 1003 Hz. These 
agree with the values previously~reported4 for CsVbF

4 
conforming to the suggestion that a rap~d fluorine 
rearrangement between c

4
v and c2v stereochemistry of 

[.-VOF 
4
_7 - o~curs in solution. 
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We, therefore, conclude that alkali oxytetrafluoro­

vanadates(V) can be prepared from aqueous solutions by 
suitably adjusting the experimental conditions. 

EXPERIMENTAL 

All chemicals used were of reagent grade. Alkali 

bifluorides, A1HF2 , were prepared by the method deve­
loped in trds laboratory8 • Infrared spectra were 

recorded on a Perkin-Elmer Model 125 instrument. Nolar 
conductivity studies were made at room temperature using 
a Toshniwal Conductivity bridge. liJagnetic susceptibility 
measurements were made at room temperature by the Guoy 

method using Co£-Hg(SCN)
4
_7 as calibrant. 19F N.m.r. 

Spectra were recorded on a Bruker HX-60/5 instrument. 

Pr~paration of Alkali Oxytetrafluorovanadates(V),A1VoF
4

, 
(A = NH4. K. Rb or Cs) 

Since the methods of syntheses of alkali oxytetra­

fluorovanadates(V) are similar only a general method 
is described, 

Stoichiometric quantities of v2o5, 40% HF and A1HF2 
(1:4:2 molar ratio) maintaining V:F at 1!4 were heated 
for a few minutes at boiling water bath temperature in 
a polythene beaker. Ethanol was added dropwise to the 
hot solution until the brown colour of the solu~ion 
changed to light green. A few more drops of alcohol 
were added; the solution was ~:oncentrated to nearly 
three-fourth of its original ¥olume and allowed to cool 

- I 
in a freezer whereby crystalline A VOF

4 
was obtained. 

Details of the gram amounts of reagents used, yields o~ 

various A1VoF
4 

compounds and analytic-al data are given 
in the Table II and i.r. have been set out in the 

Table I. 
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TABLE II 

Amounts of Reagents Used, Yields and Analytical 
Data o~ A1 VoF

4 
Compounds 

I . I 
Found% 1 Amounts of reagents 1 Yield of: 

Compound i Used 
I 

A1VOF 
I 

I I (Calc d.%) I 
gm(961 

I 
I I 

I I :Ar or ~ I Reagent 1 Amount I v F I ' I I I I 

V205 2.00g 
(11mmol) 

40%HF 2.2ml 1.83 31.80 47.28 8. 21 
NH

4
VoF4 ( 44mmol) (52) (31. 64) (47.21) (8. 70) 

NH4HF2 1. 26g 
(22mmol) 

V205 2.00g 
(11mmol) 

40%HF 2.2ml 2.44 28.08 42.05 21.54 
KVOF

4 (44mmol) ( 61) (27.98) ( 4 1 • 75 ) ( 21 • 48 ) 
KHF2 1. 72g 

(22mmol) 

V205 2.00g 
(11mmol) 

40%HF 2.2ml 2.52 22.02 33.61 37.88 
RbVOF 

4 (44llilllOl) (50) (22.30) (33.26) (37.42) 
RbHF2 2.74g 

(22mmol) 

V205 l.OOg 
(5.5mmol) 

40%HF 1. 1ml 1. 76 18.83 27.61 48.65 
CsVOF

4 
(22mmol) (58) (18.47) (27.55) (48.18). 

CsHF2 1.9g 
(11mmol) 



ACKNOWLEDGEMENT 

One of us (S.K.G.) is thankful to C.S.I.R.(India) 
for award of a junior researeh fellowship. 

REFERENCES 

1. J.V. Hatton, Y. Saito and W.G. Schneider, 
Canad. J. Chern., 1J3,, 47(1965). 

2. D. Nicholls and D.N. Wilkinson, 
J. Chern. Soc.(A), 1103(1970). 

3. A. G. Sharpe and A.A. Woolf, 
J. Chern. Soc., 798(1951). 

4. J.A.S. Howell and K. C. Moss, 
J. Chern. Soc. (A)' 270( 1971). 

5. J. Selbin, L.H. Holmes,Jr, s.P. McGynn, 

J. Inorg. Nucl. Chern., Q, 1359(1963). 

6. J. Selbin, Chern. Rev. , ~. 153(1965). 

?. G.W. Bushnell and K.C. Moss, 
Canad. J. Chern., 2Q, 3700(1972). 

8. H.K. Chaudhuri and P.K. Choudhury, 
Chern. and Ind.(London), 88(1979). 

69 

Received: 21 April 1981 
Accepted: 5 October 1981 

Referee I: V. Gutmann 
Referee II: W. W. Wilson 



Polyhedron Vol. I, No.6, pp. 553-555, 1982 
Printed in Great Britain. 

SYNTHESIS CIT!' ALKALI OXYDIP~ROXYFLUOROVANADAT~S(V) 

* i'l.K. CHAUDHURI and S.K. GHOSH 

0277-5387/82/060553-03$03.00/0 
Pergamon Press Ltd. 

Department of Chemistry, North-Eastern Hill University, 
Shillong T33003, India 

Abstract- The reaction of vanadium pent oxide with hydrogen peroxide 
in an alkaline medium in the presence of alkali fluorides AF (A·= NH

4
, Na, 

K, Rb orCs) gives alkali oxydiperoxyfluorovanadates(V), A2 L-V0(02 )2FJ 
in very high yields. Characterisation of the compounds was made from the 
results of chemical analyses, magnetic susceptibility measurements and 
i.r. spectral studies. IR spectrometry showed the peroxy ligands to 
be triangular bidentate. 

INTRODUCTION 

Although there has been a continued interest in the study of 
peroxyvanadium(V) chemistry, 1- 6 the synthesis, charac~erisation. and 
structural assessment of peroxy and mixed peroxyv9Jladium( V) compounds 
have received relatively less attention to date. Thi~ is presumably 
owing to the uncertain nature of peroxyvanadium(V) in solution of 

H . 
varying p • As a sequel of our studies mainly aimed at the synthesis 
of fluoro compounds of transition metals, 7- 9 we undertook the synthesis 
of peroxyfluorovanadium{V) compounds. The present paper reports the 

~ . 
• first general synthesis of the title compounds along with their 
• characterisation. 

EXPERH!ENTAL 

Vanadium pentoxide, alkali metal fluorides and hydrogen peroxide 
were reagent grade products. Infrared spectra were recorded on a 
Perkin-Elmer model 125 spectrophotometer. Magnetic measurements were 
carried out by Gouy method using Hg L-Co(NCS) 4_7 as the calibrant. 

Synthesis of alkali oxydiperoxyfluorovanadates{V) 

A2L-vo(o2)2F_7 (A= NH4 , Na or K)-- A finely mixed powder of 
vanadium pentoxide (5.5 mmol) and alkali metal fluoride, AF (11 mmol) 
was dissolved in 9~ hydrogen peroxide (79.4 mmol) by slightly 
~arming over a steam-bath and a red solution was obtained. A concentrated 
solution of the corresponding alkali hydroxide (50 mmol) was slowly 
added with constant stirring whereupon the solution became yellow. 
An excess of alcohol was added to the solution with stirring until 
an yellow coloured microscrystalline product was obtained. The 
reaction container was then cooled in an ice-bath for ~ 40 min. 
The compound was separated by centrifugation and purified by washing 
with alcohol and finally dried in vacuo over phosphorous pentoxide. 
The yields of (NH4 )2 L-vo(o2 ) 2F_7, Na2 L-Vo(o2 )2F_7 and K2L-vo(o2)2F_7 
were 1.6g (78%), 1.8g (84%) and 2.1g (84%) respectively. 
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554 Notes 

The Rb 2L-Vo(o2 ) 2F_7 and Cs2 L-Vo(o2 )2F_7 compounds were prepared 
in a manner similar to that described above, however, the solution of 
v2o5 (5.5 mmol) and AF {A= Rb orCs) (11 mmol) in 9% hydrogen peroxide 

.{79.4 rril1!ol) was made alkaline by the addition of 25% solution of -~~ 

·ammonium h~droxide (50 mmol). The yield of Rb 2L-vo{o2 ) 2F_7 was 
2.6g {74%? and that.of cs2L-vo{o2)2F_l was 3.5g (77%). 

·Table 1. Analytical data and structurally significant 
i..r~ 'bands o'f A2L-vo(o2 ) 2FJ (A= NH

4
,Na,K,Rb or Ce) 

I 

; · Analysisa ( %) ,I I 
Compound·. ·· 

, I · I"\ I 

·: .·,..----r-
1 
-----;------.-----~ v/cm-1 !AssignmentE 

.. .... A" ·. ~~. . v. ob F I I 
I .. . A I I 

< NH4 > 2 L-:-v~(o;S2~j·{1:4:.~.9c. : . 
. . . ' . . .· : { 1 5 .,Q,6 ) -

,•, 

. ' 

·.~-' ' 

.._,.,' 

23.·.:6 . 
{23;47). 

53.5 
{53.28) 

27 ~7> 
( 27.40) ' 

22.6 
( 22.33) 

1 6.1 
(15.88) 

12.4 
{ 12.25) 

34-.2 
( 34 j 41 ) 

32.3 
( 32. 66) 

27.5 
{ 28.04) 

19.7 
(.19 .94) 

1 5 .1 
(15.39) 

1 o· .1 
(10.22) 

9.5 
(9.70) 

8.2 
(8.33) 

5.7 
(5.92) 

4.6 
(4.57) 

970s 
870s} 
885a 

472s 

935s 
880s} 
895s 
474s 

965s 
870s} 
890s 
470s 

970s 
885s} 
895e 
472e 

945s 
870s} 
885s 

476s 

.)) 
V-0 

~0-0-
:j)V-F 

:;:> 
';)v-o 
~o-o-

v-F 
;5 
';JJV-0 

~o-o-

v-F 
~ 
V-0 

~o-o-
v-F 

a:C.aicuir.tted values in parentheses, bPeroxy oxygen, c Analysis for N. 

HESULTS AND DISCURSION 

It has long been recognised that vanadium forms yellow diperoxy­
vanadate{ V) in alkaline medium 10 and is converted to red monoperoxy 
species in acidic eolution.5 The reaction of v2o

5 
with alkali fluoride, 

AF and hydrogen peroxide in an alkaline medium gave alkali oxydiperoxy­
fluorovanadates(V), ~ L-vo(o2 )2F_7 in very high yields, A report on the 
synthesis of K2L-VO(u 2) 2F_7 appeared 11 while our work was in progress. 
However, the reaction condition of the present synthesis is different from 
the one previously reported. 11 An alkaline condition is found to be more 
conducive to the synthesis. 



Notes 

The A2L-VU(02 ) 2F_7 compounds are all yellow coloured micro­

crystalline products. They are soluble in water with slO'IT decomp•Jsition. 

~stimation of peroxide content12 showed the presence of two peroxy 

groups in each of the compounds. This result '3Xld the diamagnetic nature 

of the compounds suggest that the complex ion contains two peroxy groups 

per van>1dium atom and that the vanadium has an oxidation state of +5. 

The occurrence of sharp vibrations around 880cm- 1 (Table 1) in the 
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IR spectra of the compounds imply the presence of triangul'lrly bonded 

peroxy ligands, and in keeping with this there are two readily identifiable 

D(-o-o-) bands at.~ 895 and 1t g,g 870 cm-1 f:"ci'. the a.n:llysis of ;)(-0-0-·l 
13 . 

in transition metal- complexes_?. Another characteristic feature·of the 

spectra is the absorption at 935-970 cm- 1 , which h'3.s_ been aRsigned as the 

iJ(v-o) mode of terminal V-0 multiple bonds,9• 14 •15 The's.trong absorption. 
1 . . 

at 470-480 em- , in ea_ch spectrum, has b~en assigned -as the ii:l(V-...:P) mode 

owing to the presence of·F- ligand bonded to vanadium(V) centre"8nd compare 
'. g' 16 17 

very well with those observed for many fluorqv'l!ladate .species. ' ' 
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Alkali-Metal and Ammonium Triperoxyfluorovanadates(V), A2[V ( 0 2hF] 
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Blue alkali-metal and ammonium triperoxyfluorovanadates(V), A2[V(02hFJ (A = NH4, Na, and K) have been synthesized 
by reacting V 20 5 with fluorides AF and hydrogen peroxide in a highly alkaline medium. The compounds have been 
characterized by elemental analyses, magnetic susceptibility measurements, and IR spectroscopic studies. The compounds 
do not permit molar conductance measurements. The IR spectra of the compounds suggest the presence of triangularly 
bonded peroxy ligands. The complex species [V(02hFF- may be a seven-coordinated monomer or it may have a polymeric 
structure through a weak V-F-V bridging. The basicity of peroxy ligands increases with the increase in the number of 
peroxy groups coordinated to the vanadium(V) center. 

~ There has been a good deal of current interest in the study 
of peroxyvanadium(V) chemistry.1-6 It appears from the 

•recent literature that studies of the kinetic behavior of per­
oxyvanadium(V) engage the attention of most of the research 
groups,2-6 though information on the synthesis and structural 
assessment of peroxyvanadium(V) is rather scanty, probably 
owing to the uncertain nature of peroxyvanadium(V) in so­
lutions of varying pH. We have reported recently a short study 
on the synthesis and structural assessment of alkali-metal and 
ammonium oxydiperoxyfluorovanadates(V), A2[V0(02hF]. 
The compounds A2[V0(02hF] were synthesized by perform­
ing the reactions over a limited range of concentration of 
alkaline medium.7 We have now extended this work to an 
alkaline medium concentration region higher than that of the 
previously examined one, thus enabling us to synthesize a series 
of novel compounds, alkali-metal and ammonium triperoxy­
fluorovanadates(V), A2[V(02hF] (A= NH4, Na, and K), and 
to make some reasonable conclusions about the formation of 
various peroxy compounds of fluorovanadium(V). We have 
also investigated the IR spectra of these solid compounds in 
order to obtain a set of internally consistent data regarding 
the effect on the basicity of peroxy ligands by the increase in 
the number of peroxy groups coordinated to fluorovanadium­
(V). 

Experimental Section 
All chemicals were of reagent grade. Infrared spectra were recorded 

on a Perkin-Elmer Model125 spectrophotometer separately in KBr 
and in Nujol media. Experiments on molar conductance measurements 
were made by using a Philips PR 9500 conductivity bridge. Magnetic 

(1) N. Vuletic and C. Djordgevic, J. Chern. Soc., 1137 (1973). 
(2) S. Yamada, Y. Ukei, and H. Tanaka, Inorg. Chern., 15, 964 (1976). 
(3) S. Funahashi, K. Harraguchi, and M. Tanaka, lnorg. Chern., 16, 1349 

(1977). 
(4) K. Wieghardt, lnorg. Chern., 17, 57 (1978). 
(5) U. Quilitzsch and K. Wieghardt, Inorg. Chern., 18, 869 (1979). 
(6) S. Funahashi, K. Ishihara, and M. Tanaka, lnorg. Chern., 20, 51 (1981). 
(7) M. K. Chaudhuri and S. K. Ghosh, Polyhedron, in press. 
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susceptibility measurements were made by the Gouy method using 
Hg[Co(NCS)4] as the calibrant. 

Synthesis of Alkali-Metal and Ammonium Triperoxyfluoro­
vanadates(V), A~(02hF] (A = ~. Na, and K). As the methods 
of syntheses of the ammonium, sodium, and potassium triperoxy­
fluorovanadates(V) are similar, only a representative method is de­
scribed. 

Pure V 20 5 and dry fluoride AF (A = NH4, Na, or K) were taken 
with maintenance of the molar ratio of V 20 5 and AF at 1:2 and mixed 
thoroughly by powdering together in an agate mortar. The finely 
mixed powder was dissolved in 6% hydrogen peroxide, with use of 
60.0 mL of hydrogen peroxidejg of V20 5, by stirring the solution 
magnetically. After dissolution was complete, the solution became 
transparent red. The solution was filtered to remove any undissolved 
impurity. To the filtrate was slowly added with continuous stirring 
an excess of hydroxide AOH (A= NH4, Na, or K), with maintenance 
of the molar ratio of V20 5 and AOH at 1:12. While the stipulated 
amount of ammonium hydroxide was added in the form of its 25% 
solution, sodium and potassium hydroxides were added in their solid 
form. The color of the solution changed from red to yellow and 
ultimately to blue with the progress of addition of the alkaline medium. 
After the addition of alkali-metal or ammonium hydroxide was over, 
the deep blue solution was cooled at ice-bath temperature for ca. 15 
min. An excess of alcohol was then added to the cold solution with 
stirring whereupon the deep blue microcrystalline A2[V(02hF] was 
obtained in a very high yield. The reaction container was allowed 
to cool for ca. 30 min, and the compound was then separated by 
centrifugation, washed several times with alcohol, and finally dried 
in vacuo over phosphorus pentoxide. The specific gram amounts of 
the reagents used and the yields of various alkali-metal and ammonium 
triperoxyfluorovanadates(V) are reported in Table I. 

Elemental Analyses. Vanadium was estimated volumetrically, after 
the peroxy oxygen was expelled, by titration with standard potassium 
permanganate solution. A near-boiling vanadium(V) solution was 
treated with a stream of sulfur dioxide for ca. 10 min and then with 
a rapid stream of carbon dioxide to expel any excess of sulfur dioxide. 
The vanadium(IV) solution was then cooled to ca. 80 °C and titrated 
with standard potassium permanganate.8 The peroxide content of 

(8) M. C. Steele and F. M. Hall, Anal. Chirn. Acta, 9, 384 (1953). 
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Table I. Amounts of Reagents Used and Yields of A2 [V(02 ) 3 F] (A ~ NH4 , Na, or K) 

compd 

(NH4 ) 2 [V(0 2 ) 3 F] 
Na2 [V(02 ) 3 F] 
K 2 [V(02 ) 3 F] 

yield, g (%) 

1.9 (86) 
2.0 (87) 
2.3 (85) 

amt orv.o., 
g (mmol) 

1.0 (5.5) 
1.0 (5.5) 
1.0 (5.5) 

amt of AF, 
g (mmol) 

0.4 (10.9) 
0.46 (11.0) 
0.64 (11.0) 

amt of 6% H 2 0 2 , 

mL (mmol) 

60.0 (105.8) 
60.0 (105.8) 
60.0 (105.8) 

Table II. Analytical Data and Structurally Significant IR Band§ of A2 (V(0 2 ) 3 F] (A= NH4 , Na, or K) 

amt of AOH (mmol) 

9.2 mL (25% soln) (65.7) 
2.6 g (65.0) 
3. 7 g (65.9) 

% found (% calcd) 

compd 

Na2 [V(02 ) 3 F] 

K2 [V(0 2 ) 3 F] 

a Peroxy oxygen. 

A orN 

13.81 (13.87) 

21.56 (21.70) 

32.11 (32.03) 

v 
25.22 (25.23) 

24.12 (24.04) 

20.81 (20.87) 

these compounds was determined by redox titration with standard 
potassium permanganate solution9 in the presence of boric acid. 
Fluoride was precipitated as lead chloride fluoride, PbClF, and chloride 
was estimated by Volhard's method, from which the fluoride content 
was calculated.10 The volumetric procedure was carried out at pH 
3.6-5.6. Sodium and potassium were determined by flame photometry 
after the salts were dissolved in water and the solution was acidified 
with hydrochloric acid. Nitrogen was estimated by a microanalytical 
method, and all analytical data and the IR band positions are set out 
in Table II. 

Results and Discussion 
General Synthesis. It has been known for quite some time 

that vanadium(V) forms yellow diperoxyvanadate(V) in al­
kaline medium, u· 12 which is generally stable in solutions of 
high pH (>7). The yellow species is converted to red mono­
peroxyvanadate with increasing H+ ion concentration5·11•12 of 
the solution. However, none of these reports mentioned the 
formation of a blue coloration of the vanadium(V)-hydrogen 
peroxide system, though the solid blue tetraperoxyvanadate(V), 
viz., K3[V(02)4], has been known,13 presumably having a 
dodecahedral structure analogous to that of the corresponding 
peroxychromium compound. 14 

In the course of our studies7 mainly aimed at the synthesis 
and structural assessment of peroxyvanadium compounds, we 
observed that the addition of a larger amount of alkaline 
medium changed the yellow color of the solution owing to the 
diperoxyvanadium(V) to deep blue. We also observed that 
a relatively lower amount of alkaline medium assisted by 
comparatively higher temperature gave rise to the same color. 
In line with our contention of synthsizing peroxyvanadium 
compounds, we thought that the higher temperature might not 
be a very conducive condition for achieving the goal. Thus, 
we preferred the enhanced alkalinity of the medium rather 
than a higher temperature for the reaction. In order to as­
certain the minimum number of peroxy ligands responsible 
for the formation of the blue coloration, we carried out our 
studies in the presence of a restricted number of fluoride ions 
(V:F at 1:1), strongly stabilizing ligands for quinquevalent 

(9) A. I. Vogel, "A Text Book of Quantitative Inorganic Analysis", Long­
mans, Green and Co., New York, 1962, p 295. 

(10) A. I. Vogel, "A Text Book of Quantitative Inorganic Analysis", Long­
mans, Green and Co., New York, 1962, p 269. 

(11) G. A. Dean, Can. J. Chern., 39, 1174 (1961). 
(12) J. A. Connor and E. A. V. Ebsworth, Adv. Inorg. Chern. Radiochern., 

6, 279 (1964). 
(13) R. J. H. Clark and D. Brown, "The Chemistry of Vanadium, Niobium 

and Tantalum", Pergamon Texts in Inorganic Chemistry, Vol. 20, 
Pergamon Press, Elmsford, NY, 1975, p 519. 

(14) J.D. Swalen and J. A. Ibers, J. Chern. Phys., 37, 17 (1962). 

46.97 (47.54) 

44.87 ( 45.30) 

38.93 (39.32) 

F 

9.52 (9.41) 

8.89 (8.97) 

7.85 (7.78) 

IR, cm- 1 

850 (s) 
4 75 (s) 

3158 (m) 
3040 (s) 
1400 (s) 

855 (s) 
470 (s) 
855 (s) 
4 70 (s) 

assignts 

v-o-o-
VV-F 
v. 
v, 
v. 
v-o-o-
vv-F 
V-0-0-

VV-F 

vanadium, 15 such that at least one coordination position was 
blocked by r ligands prior to the reaction of hydrogen per­
oxide. Accordingly, the reaction among V20 5, AF, and 6% 
H 20 2 in the presence of a large excess of alkaline medium gave 
rise to the formation of [V(02hFF- 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 compounds. A plausible interpretation of this result 
is that a very high alkalinity probably helps to remove the last 
oxygen from [V0(02)zF]2- such that the formation of [V­
(02hFF- is favored, or it could also be possible that the oxo" 
oxygen of the yellow diperoxy species is converted to the third 
peroxy ligand by abstracting an oxygen of hydrogen peroxide.~ 
Although there is no direct evidence for either of the two 
probable mechanisms, considering the strength of the V-0 
multiple bond from IR spectral studies7•15 and from the fact 
that the oxygen exchange on vanadium(V) ion is very slow, 
we feel that the latter mechanism may be more likely, which 
is also in accord with very recent kinetic studies.6 · 

The reaction is best monitored by IR spectroscopy. This 
was accomplished by isolating a small amount of the compound 
followed by recording its IR spectrum. The disappearance of 
the sharp band at ca. 950 cm-1 owing to vv-o indicated the 
completion of the reaction. It is evident thaf, at least under 
the present condition, the minimum number of peroxy ligands 
responsible for the formation of blue peroxy compounds is 3. 

Characterization and Assessment of Structure. The alka­
li-metal and ammonium triperoxyfluorovanadates(V) are all 
deep blue microcrystalline products. They are generally hy­
groscopic, and this tendency seems to be more pronounced with 
the Na+ .and K+ salts of [V(02hFF-. However, they are 
capable of being stored in a sealed container for prolonged 
periods and the stability can be checked by periodic estimation 
of the peroxide content. The estimation of peroxide content 
is considered to be of extreme importance in such compounds 
in order to decide about the number of such ligands attached 
to vanadium(V). We estimated peroxide by redox titration 
with standard potassium permanganate solution,9 in the 
presence of boric acid to prevent any unwanted loss of active 
oxygen, which conclusively suggested the presence of three 
peroxy groups per ys+ ion in the compounds. That the va­
nadium is in its +5 oxidation state has been ascertained from 
the diamagnetic nature of the Compounds as evidenced by their 

(15) M. K. Chaudhuri, H. S. Dasgupta, S. K. Ghosh, and D. T. Khathing, 
Synth. React. Inorg. Met.-Org. Chern., 12, 63 (1982). 
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magnetic susceptibility measurements. 
Our attempts to measure the molar conductance of A2[V­

(02)3F] in water were unsuccessful. The values obtained were 
higher than that expected for a 2:2 type electrolyte. It has 
been generally observed by us7 and also by others13 that owing 
to their instability the molar conductances of many peroxy­
vanadium(V) compounds cannot be measured. Thus, the 
higher conductance values in the present case are not too 
surprising. 

The IR spectra of the series of three salts resemble each 
other very closely (Table II), indicating that the compounds 
are similar both structurally and stoichiometrically. The 
spectra of the compounds showed absorptions in two charac­
teristic regions, viz., at 850-855 cm-1 and at 470-475 cm-1• 

Each spectrum shows only one strong absorption in the 850-
855-cm-1 region, which has been unambiguously assigned 16 

as the v-o-o- mode of coordinated peroxy groups. A single 
absorption in this region suggests that all three peroxy ligands 
are bonded to the vanadium(V) center in an analogous fashion. 
Since the v-o-o- absorptions occur exactly in the region sti­
pulated for the triangularly bonded peroxy groups, we infer 
that all three peroxy ligands in the complexes are bonded in 
a triangular bidentate manner. The absorptions in the com­
paratively lower region, i.e., 47o-475 cm-1, are straightforward 
and have been assigned as the vv-F modes arising from the 
presence of fluoride ion coordinated to the vanadium(V) center. 
This compares very well with the vv-F values observed in the 
cases of various fluorovanadate species.7·17 The three extra 

(16) W. P. Griffith, J. Chern. Soc., 5345 (1963); 5248 (1964). 
(17) (a) J. R. Ferraro, "Low Frequency Vibrations of Inorganic and Coor­

dination Compounds", Plenum Press, New York, 1971, p 147. (b) M. 
Goldstein, R. J. Hughes, and W. D. Unsworth, Spectrochirn. Acta, Part 
A, 31A, 621 {1975); (c) H. Reiskamp and R. Mattes, Z. Naturforsch., 
B: Anorg. Chern., Org. Chern., 318, 537 (1976). 

vibrations at 3158 (m), 3040 (s), and 1400 (s) cm-1 in the 
spectrum of (NH4h[V(02hF] have been assigned to the v3, 
VJ> and v4 modes of NH4+. 

In an attempt to study the effect on the basicity of peroxy 
ligands as a function of the number of peroxy groups coor­
dinated to the vanadium(V) center, we compared the IR 
spectra of A2[V(02hF] with those of A2[V0(02hF] com­
pounds, recorded under identical conditions. It is interesting 
to note that, while v_o--o- absorptions for A2[V0(02hF] 
compounds lie in the region 87Q-895 cm-1, those of A2[V­
(02hF] compounds lie between 850 and 855 cm-1. The low­
ering of the values must be attributed to the lowering of -Q­
Q- bond order of the coordinated peroxy groups in the latter 
case. In other words, removal of further 11'2p density from o,?­
to the vanadium appears to have taken place in the case of 
A2[V(02)3F] which has been facilitated by the attachment of 
a fluoride ligand to V5+. This observation enables us to infer 
that the basicity of coordinated peroxy ligands increases with 
the increase in the number of such ligands coordinated to 
vanadium(V) and lend support to the proposition made by 
Quilitzsch and Wieghardt5 from their studies in solution. 

Thus, it appears from our present work that the peroxy 
ligands are triangularly bonded to y5+ and the complex species 
[V(02hFF- may have a heptacoordinated monomeric struc­
ture but the probability of a polymeric structure through a 
weak V-F-V bridging can not also be totally ruled out. 
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Sy•-rHt<3si~ of Alkali Diaquafluoro-oxoperoxovonadate(tv) Comp!oxe$ 
[VO{O.,)F{H20h]-

Mihir K. Chaudhuri • and Sollmitra K. Ghofth 
Department of Chmni.5lry, North £astem l-It// UnivefS/fy, Shillong 793 003, lndltl 

Cmi""''i':·red 11lknli metal diAQua11uom-oxoperoxrwmadates{•v}. AfVO(O:~)F(H 20h] (A = NH4. K. Rlrl. 
orCs} havo bDen synth~sised by the renction ol A[VOF4J with H,0 2 in the mo!ar ratio t: 12 fo!iowod 
by pr~>cipitfllion with ethanol. Characterisation of tho compounds was made from the results ol chemiccl 
analyses. chemical cleterminotion of o"ida:ion $tate of vanadium. i.r. and o!ectronic spectroscopic 
studies and magnetic susceotibility mellsuremvnts. l.r. spec~ra suggest that the peroxo-ligand i~; 
bonded to the V"' · centra in a triangular bidonta!e ~ashion. 

Studies on variou!' a~pe.:t~ of )!t'roxovKnadium chemi'l!ry has 
wuned C(lasirlcrable currenl in:cre~! 1 • !'f'~'Oilhly because of 
the hiochemicu! significance of !)ermnvanauiUm compound!;.' 
While mo~l of the recenl parer~ llr! ~ltc Wp.t~ llc:nl with til't 
~olu:iNl chcmisny of per!>'r.ovana<lium c!•mricncs, ~ynthc~ts 
and ~tru;;wra1 ;csst'~smcul of ~Wrll~('· and ltrtcm-li!l.<lf1J 
peroxn-(omp<>unds of v<trtadn.tm howe received mm:h lCS\ 

auen:bn. In a c~mt!nuution \•f our studies an lhe svnthcsts 
am.! ~truc!UPll as!;C~~menlnf hctrro-hgwu' ('l:fO>.n-compounG~ 
of vanadium(vl 1 ·• we thO\If!hl i! wnu!d l:>c W!•~tl wht!c IO 
!iynthcsl~e hctero-lipwd rerol!ovanadat~{tv} compoun•1~. 
fo.ccordingly, we hav..- rw•~ l'l'rfMmed the reaclion of a.Hwli 
telrailuom-oxovanadales(v), A{VOF,l {A - Nli,, !<. Rh, or 
Cs). with f,"~ hvc:rogcn reroxidc under a wea!( acidic CC'ndi­
wms !pH ca. 4) w!u,.;h enabled u~ to synrhesisc a ~cries d 
alkali diaqualiuoro-::oxoperoxm>;madater.ltv), A[ V(}(O,)F. 
(«--1,0}1]; these f'leroxova<Ja<iatc(tv) compounds were o~lilme..i, 
for the !in;t time, in the solid Male:. 

~o:v,veriowntal 

'fhe chemici\IS used wc:·c HI! n:u~cnt gr<1de rn>duct~. AH1ah 
metai cl!!l>Jor:Je,., A!H-'1.'c r-:quircd fur the prcparallnn nf &he 
~\kal< meta.! te:ro~fhwro-OMlvan::d_atc~lv,, A[VOf",J, 11 wen: 
5ynthc~•sed by the mcthoJ• ucvc!opcd in tim 1.1hnmtory. ~.r. 
fipcr.tra were recorded em a Perkin-Elmer nH>dCl 125 hj)CCIW­

~ho:ometcr. f.le,·•.nmic ~P'.:CI!dl mc .. ~uremc-nl~ were made en 
~ ('fled.n,aJ~ moJc:l UV-2f. !;flt'•;!ropholllmeler. Mar,nelic 
~~~~ceptil:>ihty mea~wement~ were ma<k by !he Cluoy met!lnd, 
<.1smg llg{CotNcs;,] ilS 1he culibr~.nt. M,):ar cm,cJw.:tanet: 
measurements were made u~ing a Philips PR 9500 con<luc­
!ivity ~ridge. The pH of tne·r.:arti()n so~wicm~ wa~ ntca~ur.:d 
with a Systro>HC~ ·~yp·~ 3]5 l!igitill pf! meter ilnd als(> with !lf I 
indKator (BDH} pap<~r. 

S)•rlll:•·.lir n/ Adkali {)ifJOUa/luom-o '"i"t'W \Ot•muulnt('(!V) 
Comp/.:•xe.l·, A[V0(01)! ~H,011 J (A Nil,. K, Rb. lit Cs).--­
As lhe method~ of syn!hcw; of lhcr.c romp!!!x(:~ arc simi!ar, 
only il rcrm.:>cntRiive rne'hod IS t!escribcd. 

Fre~h!y rn:p;ued A[VOf ,J wa' tk>\nlvcd 111 6"~ llvdrogen 
peroxide, marntaimng the molar ratio A\ YO!',]: H 10 1 i.U 
E : l2 (pH ra. 4), with t:entlc SI!Hing. Th~: r~d solution thlls 
obtaineo was cno!cd m iHl i.:l·-n:llh :·nr , 11. 20 min. Alcohol wns 
lilt!c.:d, m c~cc~s. wtth cnn~t;1n1 ''!rrint-~ and omngc-rctl mkro­
cry~tal!me A!VOtO,H:·(I! 10l 1 ) wa;; oht;;incu. "!he compotmd 
was ~epat.a!cd "Y o~ntnfugallott 1.10d washcu se~erullimcs wilh 
Clhanol i.l!10 ftnul!.y tirie~ -IN l'iiC/111 over ciphosp!\nrus j'!ieO!a­
,JXfdc. 

The: am•'tlll!~ of rcat:tcnl~ and 1 ht:' yidc.ls ;lf the comfloUHds 
A!VO(OtJl-(U~O),~ are !:tven ll\ Table !. 

: ) 

!'n!JI!' ~. AmouM• of n:a~t~nt~ u~d 
diaquilflUI•f<l·ll\lli'CW~O\Iill11!daiC:$(1V} 

Yrcl<ll~ 

('••mrt•lmd l".l 

(NI!,l(\OcO,r5 III,Ol1l f) ·1 
(7~) 

!<: (VC}(O,ll'l ~1 1011 ! II ~ 
(~1\ 

RhfVO(O,H H!,())1( ~~~ 
(till) 

C'(VOH>,I~·III,Ol,l u•, 
161#1 

snd yie;d, cJ! a~kali meta!_,/" 
I 

AnMH!t11 of i\ mr•un! of 
A(VOh!ll h" • t~ 101/cm' 

{tllm"ll (meru•ll 
IU ll.O 
(.\I) O!U) 
H.' 19.1! 
(!!\) OJ~~ 

Cl.7 llO 
01) (.i!!.SI 
en 17 0 

(2 ~~ !30) 

- -- -------- ---·---- -----------

!-/l•twnrui Analy•i~. Vunadium c~!tmalinn was !!one 
v,,lumctnn!!!y. A so!tllion of !!le r>eroxova•ladate(!v) com· 
rmunds, made stir,htly l!fkHhnc wi!h a dilurc wdium hydro:~~:!de 
solution, wa.~ boikd in order to comp!etely expellhe p!!!'OliO·"" 

o>~ygen and ln convert vaflacium{tv) 10 v.tnadium(v). The 
~nlvtwn wu~ conlt'd anJ neu:ral!~cd \o,.ith dthlle ~Ulflhl.!ric acid. 
A n~ar-lltlillnfl. so!l!tlo•l of van:h.!JUm(v) was lrel!!ed with 1!1 

Mrclll!l of ~ulphur Glll>.lt!C for 1(}. -15 01111 lind rht~n wilh I 
rapid 51 ream of ..:arb<>n dt0\ide IO C:X!"Ciiln)' l!.'l(t".,~ of •ulrhur 
dioxide. The o;anwJnmr11v) ~t>httion thus obtnined Wl!.s then 
cooled HJ m. !\0 "C. and &;t•·atcd wu!l a sl!tndard polass1um 
~rrnanganote solution 11 ·rnc pe1oxidc con&ent in each of the 
compount!~ wus dc\c!lnintt: by lml{,mctry ,•.1 and ahm ':ly 
tilratill!l with:! ~hmdard cc·•. !!\\IU!ton.1• FJuomlc. potassium. 
llllU nitr•lgcn were estuwttc<! by th~ methods de;cribed in our 
eat !lcr paper.' 

The ana:ytu:al da!a, <.r. hano;i !l<)SIIions ;\•t\l the electronic 
srectrc.! l1a'a Pre~~~ out in !he Tahlc 2. 

r.~e,lu!l~ r•ml Oi~cuo;'iion 

ln !he umrsc of i.•ur swd:e-o mvo!vin~ !l1e synlhcM> nf per­
oxo!lmn·o-cmnpound\ of vanadium(v),• • we obtaineJ " red 
~olulion contaimn~ V'•. A f.. and 1-1 10 1 a.! tt pH m. I,, and 
presumed that 1he spc.:ic~ te>ronsihl<' fn• sud1 11 r.:oh;ur mu~l 
be dr!'l'crcnt from !hose pr.cvtously isolate~ h~ us•·• hlrthel, 
it w&s cxpe.:tcd tim! the number of rero•w·groups honued to 
vana<lllllll 111 •eddie mcdtllm '· 11 wnuiJ he le•s th11n !hilt m 
il!lmlinc ll11:l!nun, an•l lllltl 1!10 1 would p~<;buhly he shit: tc• 
reduce V' J lo v• I ill iiCldlc mcJium. !n w:w uf lhe aho\IC 
con$ider!)tions the rcactHHl helWCCIJ A!VOF.) ltnd l'i':~ 1!,01 
W<AS C£\rrietl utH and a red solution w11.s obtuinett Th<: I'H (lf 

!he solution was found to he en. 4. The permuwann<.!ium 
com!"le;t spr.:ies was i~n!atcd in the sCll!d ~late as its nlka!i 
meta! salts, A[V0(01W(~~,O),}, by additwn or etcor.1o! wh!ch 
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Table:. Analytical dat&, ma$1ll:lic moments, structurally sisnifi~:ant i.r. and electfoni.: SP«Iral band~ o1' A[VO(O,)FH!,Ohl (A -, NH,,K, 

Rb, orCs) Electror.!c 
Analys!!! ~ (%) ab'lm·prion 

Compound ~~•"· "/B.M. A v o· F l.!f (cm-i) A!;ip:nmen~ (em··') Trer"ithm 
~ V(V-o: II 5ll'l e-6, (NH 0JIVO(O,)f{H,O)a) 1.73 !!.3 ~ 30.2 19.3 ,0,!1 ( 955~ 

(II, IS}~ (~9.6) {18.6) 0 1.0"} " soo~ V(o-m 
\tit~ ' •/V-ol} 
47~~ v(V-F · • • V) 17 Ci99 b,~b, 

3 \~ 1~m.hr \'{0-~t} 

I 62~w.br 1'101-n--H} 
:iCWJ5 V.N-H) v, 
\44-1.."1 ·AN-!-() Vo 

K{VO(O,}F(HaO),j us 20.1\ 2~.9 !7. ~ 10.4 9~()§ vfV -m f. I ro~ t ~l,~ 

120.25} ~1.6.4} (IIU5) (9.85) !{P,t~ v(O-O} 
61f'!l v:V-O;) 
470!1 o,~V--f • • • \'} 17(!,19 hl""-·"' 

3 IMm,::,r V,O-H) 
: 620w,br I'){K-o-H~ 

llb[VO(O,)~(H.Ol,f !.70 21.7 q,c; 7.fl 9711'1 v(V-0) 

(21.25~ (D,JS) ~7.9!1) 1!8~ v(O·O) 

'•lfh viY -o~l 
47~§ II( V-I-'··· V) 

3 l60m,br v(O ·H} 
! 63Sw,bi' IH}I ·o··Hf 

~.a(VO(O,}f(H,0)1) 1.73 H1.3 11.1~ 6.8 %5s y(V-0) 

(17.15) (i !.15) (6.6} 8955 v!O-O) 
610s >J(V-O,) 
_,RO!l vP!-F • · • V) 

! I:Wm,br ll(o-m 
I fl21lw,br tl(Ji o-~u 

• Meuul'Od 11t 295 K. • C&lcu1a1ed v11!ue~ arn in parenlh~.' ?croxu·nliJI!!!Cn. 'A.nr.iysis l"or N. 

possibly facilitated the reduction of V!+ to vu and pre· 
cipitation of the complex. The occurrence of real·lion bel ween 
A[VOF4] and H10 2 WI!S ascertained by the appeara!'ce of a 
new bancl at ca. 890 em-•, due to the v(0-0) mode of a co· 
ordinated ol•-, from a small amount of the sample isolatecl 
from the solution. h was previously reported u thai K1• 

(V 10l{OJ)~FI) was isolated from the reaction of V ,o;, 40°:0 
HF, and Ha01 at high acidity and K1[VO(O:hf) was isolated 
at pH 4. Jn the !)re:~ent case, however, the ree~tion of AIVOFc] 
with H10 1 at pH 4 followed by addition of alcohol afforded 
comp~Junds of the type A{V0(01}F(Hz0h]. 

ClttvtM'terisat{ll,'f and Asst'SS/1/t'l'll of Stmcture.-1'he com· 
pounds A{VO(OzH"(HJOh) arc aH orange-red, micrpcrystel· 
line and insoluble in common organic solvent~. Tiley decom· 
pose in water thus precluL!i11g tlteir mo!ar conductance 
111"'..4\urements. !n fact. owing to !heir instabi!i~y. most of the 
pr:rm1.1.wanadiurn compounds do not permit molar conduct­
ance mea.~urcmtnls.•·•·•• The compounds A(V0(01)F(H 10J:l 
can, however, be Mored in seated containers and their stability 
can be ucerlained by periodic estimation of the peroxide 
content. The e~;timation of 1:;eroxHie is cru~:1al in order to 
determine the number of 0 1i- ligands bo11deG· to the me!al 
centro. The peroxide content was estimated by cerimetry 
(Cc .. ) and also by iodometry, the resul!s of w!t!ch con­
clusively suggest the presen~ of one 0 1

1 - group co-ordinated 
to vanadium( tv). The direct titrRtion with a standard K[Mno.~ 
aolution showed the involvement of 1hree electron eouiva!ents, 
l\1.'0 of which origin11.1ed from 0,' .. and the third was due to 
&he rrOCC!.s V .. -l'»- Vh + e. The magnetic moment values 
of the compounds (:!9.5 K). lying hetwoen ! . 70 and I. ?S B. M. 
(I S.M.~ 9.27 X ao-!IJ 7 ~'llrecon<.is!cnt with the !)r.::sence 
of vana.dium(IV) and are in cllccllcnl agreement with t1wS~: 
reporttd in the li!crature for V"' Aystems. 11 ,,,_, 

!l~e o,ticala~ra of A(V0(01)F(H~] (A ..c~ ~~r K), 

recorded immediately af•c~ 11re:'"'rin~ ooluti<m& in C<'ld di!ut.~ 
H10z, shov.'C!d three absorr•ions a! ca. f 1 700~ ca. U 7 6~~. and 
> 2\ 400 em 1

, with the Ia."'' being obscure<A by ~:.\rone dla':'~e­
lransfcr transitions. T!le ~irst two bat1Cs have ~!ln al;signcd 
to !' - h1 and b, - h2 tramition~ respoectiveiy 1ml!i 11,3re'!: 
very well with !he reported spectra of 01\0VImadium{IV) c!lm­
p!exes." giving strong evtdence for 111e p:-cst,:"'~~:<: ('l vanadium· 
(IV) in the orange-red perowvanadiu;n ce!mpnunds. DsJ" 
o~rva!10I\S also support the very rece'l! reoorl. ~ conCJ:;;;in~ 
the existence of p:ro~ovanaditJm(tv) in solu!if'ns. 

The i.r. spectra (Table 2) of r.he series of f1.1ur :r;al!s IU~ 
simHar, showing ahsorp'ions a! ca.. 3 160m, br, ca. l 6."\0w, 
br, ca. 9(JIR, ca, R9<>s, ca. 6l5s, and ca. ~7Ss r.m ·•. The bar1d at 
ca. 960 em ·• has been a~~:g·'lcd to t~e v(V-O) mode of ~~~e 
terminal!y bonded V"O group, 18 whi!c those at c~. P,Q() anG. ra 
615 em· 1 have been assigned t0 v(O- 0) an C. v(V-G1) rcsl"<'ct­
ive!y of the co-ordinoted oeroxil',e.A·'·'q· 10 The i'lbsorrtions a! 
ca. 3 !Wm, hr and ca. I n30w, br em ' !)ave bc'!n nttributcd 
to \'(0 ·HJ 111~d ii(H -o-·H) modes of co-ordinated walcr. TtH! 
lowering of the \'(0-H) frequencies a!'d b•oact<::nlng of 
o(H -O-H) bands relative l.o thor,e of f:-ee water suggc~: 1!1'! 
possibility of intrnmolecu:ar hydrogen honding.1'·u The band 
at ca. 475 em 1 is aWibtlted to .!.1 V-F stretching moce: iP.s 
positio'1 suj_lgests the preser.cc of bridging rather 1han ler­
mina1 F. Since !he v(0-:0) a~d the compl!!mtmtary v(V·-01) 

fall in the regions expcc\cd for the !d~infoiular!y bonde<J olz­
lif,Jand~.····••.:o we infer that the peroxide r.rcnJp ia honG'.:d lo 
!he v~ • centre in n triangular hidenlu\~ r:mnnr.r. Two extra 
vihrutinns at .l ! 4ll nnd I 440 em 1 in the <.:tlS~ uf I he ~~1'1'· 
w.oniwn sail huve heen attributed !o t:1e v1 and "• modes o,.. 
NH~ +. 'TtJe VJ mode ofNH, • cnuk! not be idc,..li~ic~ J'.!c to its. 
over!ap w.eh th: hruilC v(O ·H) morle l>f wr~tl:'r. 

!t lhu~ appears ehw the conw:c)l, ron hus P.'le :o~nHJ!a 
[VO(Oz)f'(HzOh!./ontuining n lriangu!ady bondc<' f'l!rnxide 
l.igand. The com~~¢x spe<;ies may hllve e. ?o.J!yon~ri:; striJI;:(~Ire 
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thmugt! V-F-V bridsins: however, the po~sibility of a we~k 
V ·-O-V interaction can not be ruled out complete!,, 

ArknowJtdgNuenls 
w~~ th,tnk th•: C.S.J.R. (New Ddhi) for award of a fellowship 
(to ~t K. 0.}. 

Rd~rcnces 
I S. Yamada, Y. Uktl, and H. Twtaka, ll!fJrc. Clm.,., 1976, 1~. 

964. . 
2 S. Funahashi, K. Hnrraau~hl, and M. Tanaka, {fWI'8. Cllem., 

1977, J6, IJ49. 
J k. Wirahardt, /nor~- Clft!m .• 1978, f7. n 
4 U. QLiilht.~lt and K. Wie~hanll. lfforg. r~rt-m., l979, It, 869. 
S S. Funahashi, K. Ishihara, and M. Tanaka, llllNJ, C!ltm .. 1981, 

20, ~I. 
6 R. Mitra, T. 1'. McAndt<'W, and (i. Mitra, J. IIWtJ. f'lud. Cht>m., 

198!,43,•t21. 
7 C. DjordJCVic, C1rmr. llr., 19112, 18 • .'iS4. 
~ M. K. 01audhur; ruict S. K: Ghosh, Polylwdro11, 1981, f, .S5l. 

OOOJ 

~-\f. K. ("flaudhuri ~lld S. K. Ohosh, lfft1'~. C~m .• !982. Jl, 40.20 
lfl M. K. Chaudhurl arul P. K. Chuudhory, Clttm. Ind. (l..tlttda~). 

1979.68. . 
11 M. ~ C.haudhuri, H. S. Daqupta, S. I<. Ohosh, Md D. T. 

Kha .. Ill• !iJ'l!lh. Rtlh't. lnnrt. M~t -Or! CIK-m., ~91!2, 12, 6J. 
12 M. .. Steele am) F. M. Hall, AIUll. Ch··m. Acta, 1!13J. t. ll4. 
13 A. I. Vor;l, 'A Te~l Hook of Quantilative lnorsanio: Analysh,' 

lonsman-Grcen, l..uodon, 1962, (1, 363. 
14 Ref. ll, p. j2S. 
ts \ .. Surendra. S.M. Kausltik, aru\ G. V. Jttre, Synt!t. lfr<l(t IIIOt'f. 

Mt'l ·OrJt ('Item., !9111, tl, 45S .. 
16 R. J H. ctark and n. Rm"'n· • T~ Chcml~l'J nf VaruLdium, 

Niobium and Tantalum, Perpmon i e'{fJ In lt'l\lt(!anic Chl'm· 
i5tty,' Perpmon ~~. Chfur-1, l'iH. vol. lU, ~1. Sl9. 

I? Ref. 16. p. St7. 
1!1 J. Se!hm. Chl'm. Rtll., l%~. 641, 15). 
19 W. l'. Griffith. J Clrnu. Snr., I1J6). 5}.Jj; 1%4, !124-. 
2tl W. P. Onfiilh anfl f. n. Wtcldn.,,J. C'hrm. Sor. A,l%8, 397. 
21 J. R. Thllmbllck anti G Wilkm~on,J. Clmn. SM., D.Jtnn Trun.t., 

1978, I 10. . .. 
22 A. K. Cltakravorty and A. C'h<~~raoorty, (lfMit. Cltr;n., t98i, ze, 

. 27.'i. 

Rrreiwl9tlt Marclt 19iU; Paper J/376 



J. CHEM. SOC. DALTON TRANS. 1983 839 

Notes 

Novel Synthesis of Tris(acetylacetonato)iron(m) 

Mihir K. Chaudhuri * and Soumitra K. Ghosh 
Department of Chemistry, North-Eastern Hill University, Shi//ong-793003, India 

The reaction of iron(111) hydroxide with acetylacetone, in the absence of any buffer, readily gives highly 
crystalline tris(acetylacetonato)iron(111), [Fe(acac)J], in very high yield. Its mass spectrum provides 
evidence for rearrangement to give Fe-CH3 species. 

Known methods of the synthesis of tris(acetylacetonato)­
iron(m), [Fe(acac)3], have some limitations in scope. The 
reaction between metallic iron and acetylacetone (Hacac) in 
the presence of oxygen 1 is extremely slow. The aqueous 
reaction between iron(m) chloride and acetylacetone in the 
presence of a large amount of sodium acetate as buffer 2•3 may 
contaminate the product. The synthesis due to Dunne and 
Cotton 4 involving the reaction between [Fe(C0)5]. and 
acetylacetone requires the preparation and handling of the 
toxic air-sensitive metal carbonyl. The present report describes 
a novel synthesis of [Fe(acac)3] directly from iron(m) hy­
droxide and acetylacetone, without the use of any buffer, 

~and characterization of the compound [equation (1)]. 

' Fe(OH)3 + 3 Hacac-+- FeH + 3 acac- + 3H20 (1) 

Experimental 
Reagent-grade iron(m) chloride and acetylacetone were used. 
Infrared spectra were recorded on a Perkin-Elmer model125 
spectrophotometer. Magnetic susceptibility measurements 
were made by the Gouy method using Hg[Co(NCS)4] as the 
calibrant. Molar conductance measurements were made 
using a Philips PR 9500 conductivity bridge. 

The mass spectra were recorded on a Varian MAT CH-5 
mass spectrometer using a direct insertion probe. The oper­
ation conditions were electron energy, 70 eV (1 eV ~ 1.6 x 
10-19 J); source temperatures of 50, 100, and 150 ac; resolu­
tion, 1 000; and accelerating voltage, 8 kV. The mass spectro­
metric observations were made with the field of ionising 
current sufficiently strong to trap primary ions. 

Synthesis of Tris(acetylacetonato)iron(m), [Fe(CsH7-
02)3].-Anhydrous iron(m) chloride (4.0 g, 24.7 mmol) was 
dissolved in water (6 cm3) with gentle warming. Ammonia 
solution (specific gravity 0.880, 9 cm3

, excess) was added 
slowly with constant stirring. The mixture was heated on a 
steam-bath for 15-20 min, and the precipitate of iron(m) 
hydroxide was then filtered off and washed with water until 
free from chloride. 

The moist iron(m) hydroxide and acetylacetone (12.0 g, 
120 mmol) were placed in a small conical flask, the neck of 
which was plugged with cotton wool, and the whole was heated 
on a steam-bath for 35 min. On cooling, large red crystals of 
[Fe(acac)3J were obtained which were dried on filter paper and 
recrystallised from ethanol. Yield, 7.8 g (90%), m.p. 175 ac 
Wound: M (mass spectrum), 353; C, 51.2. Calc. for.CtsH2t-
7e06: M, 353; C, 51.05%]. Molar conductance (H20): 
\ n-1 cm2 mol-1• Magnetic moment (295 K): 5.92 B.M. 
l.M. = 0.927 x 10-23 A m2) (lit.,3 5.90 B.M.). 

Results and Discussion 
Recently [Mn(acac)3] was synthesised by the reaction of 
[Mn04]- with acetylacetone 5 by exploiting the electron­
transfer reaction between them. The weak acidity of Hacac in 
a polar medium and the absence of any reaction of water with 
[Fe(acac)3] constitute the basis of the present synthesis. The 
method described leads to the rapid synthesis of [Fe(acac)3] 

in a very high yield. Analogous methods have been used with 
success for the synthesis of [Co(acac)3] from CoO(OH) and 
[Mn(acac)3] from MnO(OH). The pH of the solution recorded 
immediately after the formation of the compound was found 
to be ca. 5 which concurs with that maintained by using a large 
amount of sodium acetate 2 '

3 in the synthesis of [Fe(acac)a] 
from FeCh. 

The i.r. spectrum of the compound is unambiguous and 
exhibits the typical pattern of chelated acetylacetonates 
(acac-) in agreement with those of various [M(acac)3] 5 •6 

compounds. The mass spectra were obtained using a direct 
insertion probe to introduce the sample into the ionisation 
chamber without prior heating. The other conditions, except 
the source temperatures, were similar to those maintained in 
our earlier experiments.7 

The spectrum run at 150 ac parallels those pr~viously 
reported 8•9 showing the molecular ion at mfz 353 (intensity 
16%) and the most dominant peak at mfz 254 assigned to 
[Fe(acac)2]+ with the major fragmentation pathway being 
[Fe(CsH702)3]+ -+- [Fe(CsH102)2]+ -+- [Fe(CsH702)­
(C4H402)]+ ~ [Fe(CsH702)]+ -+- [Fe(C4H402)]+ ~ 
Fe+. The metastable peaks at mfz 182.7, 224.9, 100.8, and 
126.5 support the fragmentation path. The two additional, 
metastable-supported signals at m/z 170 and 71 have been 
assigned to the fragment ions [Fe(CH3)(C5H70 2)]+ and 
[Fe(CH3)]+ respectively, providing evidence for easy methyl 
migration from carbon to metal presumably favoured by the 
formation of a new bond between the metal atom and CH3. 

Acknowledgements 
Our thanks are due to C.S.I.R. (New Delhi) for the award 
of a fellowship (to S. K. G.). 

References 
1 R. G. Charles and S. Barnartt, J. Phys. Chern., 1958, 62, 315. 
2 A. Hantzsch and C. H. Desch, Liebigs Ann. Chern., 1902, 323, 1. 
3 D. Nicholls, ' The Chemistry of Iron, Cobalt, and Nickel ' in 

• Pergamon Texts in Inorganic Chemistry,' Pergamon Press, 
Oxford, 1975, vol. 24, p. 1045. 

4 T. G. Dunne and F. A. Cotton, Inorg. Chern., 1963, 2, 263. 



840 

S M. N. Bhattacharjee, M. K. Chaudhuri, and D. T. Khathing, 
J. Chern. Soc., Dalton Trans., 1982, 669. 

6 K. Nakamoto, ' Infrared Spectra of Inorganic and Coordination 
Compounds,' 2nd edn., Wiley-Interscience, New York, 1970, 
p. 248. 

7 M. K. Chaudhuri, H. S. Dasgupta, N. Roy, and D. T. Khathing, 
Org. Mass Spectrom., 1981, 1~, 303, 534. 

J. CHEM. SOC. DALTON TRANS. U,:~1 

8 C. G. McDonald-and J. S. Shannon, Aust. J. Chern., 1966, ;.:;, 
1545. . 

9 G. M. Bancroft, C. Reichert, and J. B. Westmore, lnorg. Ch~··. 
1968, 7, 870. 

Received 29th April 1982; Paper 2/708 



.rrw 

II 

11 
o~tl 
... \!TO) 
IIIXlfJ 
MCVDI 
AIISfJ 
SeNoJ I 

IJ 
S!NIM U 
SRNot f 
~~Nil I , 

II 
StiNI! I 

nTtJ 
I'ARI3 
SENOl 

,, 

" seN~ 10 
10 
It 

S6N~ l7 

• 
SSNil II 

l 
II 
19 

~FNU ll 

1 

u 
~~ 
21 

IJ 

StNII 42 

rXT06 
SENOl 
PAJI06 
SENOl 
SEN06 

S~NM 

SI\NI2 
Sf.N!1 
PAROf 
SFNOJ 
SEN06 

SF.N~ 

;sNn 

~ENI!o 

~I· Nil 
~~N11 

St!NH 
,,.'Ill 

~n<IO 

1141111 
·~I·N•n 

' 16 
18 

II 

d 
ll 
62 

ll 
) 

11 

l 

t5 

II 
ll 
ll 

7 

II 
5 

16 

• 
II 
J 

ll 

II 
6 

14 

UNI f NO 2~3 
Gal. I 28!tts-t · IC~l(l2?S1 V02J IOO.J · .. INORtrmm. 

ContribuiiPI\ from the Dtpa1_tmtnl ul Cb~mi>lt)', 
Norllt-llastern Uill UniVersity, Shillo11a 79l01P. India 
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Dlperoxyv1nadate( V)-Trlperoxyvanadate( V) lnterconversloh 
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I' 

Alkali-metal and ~mmonium >all& uf }'eiiOI> o•rdipcrm)chlorovanadutes(V), A1(V0(01hCij, and flluo lripelu~ychloro• 
vanadat"'l V), A2(V(01) 1Cif (,\ • Na, K, or NH4) have been ~>ynllletited, for the lluttime. by reacting V10 5 with alhU 
chloride, ACI, nnd hydrogen rcroxide in varymg CO!!<:¢ntmtions of alkaline media. Tbo three utll of the anillJi (VO(Ov1CW· 
•re rornparatively more !table than thOSl' or the complex ani011 [V(0))1CI)I ... ~haracteriza!ion of tho tllmpound.• b!J been 
ni»dc from tho rtauhs of elementAl analyses, masnetic susceptibility measuremenll, and \R s~troscoplc ~tmHes. Tho 
IR spectra sugge<l that the peruly groups are bonded to vanadlum(V) in a lrianaular bidentate mftnnet ~11d thnt tho (}-0 
bond 11rdcr of pero•y ligands decreases with tire increase in the number of peroly li&ands coordinated to tho metal center. 
The cunvetaiqn of (V0(01) 1CIJ'· to (V(01)sCI]'· And the revene prOvide good evidence for the racile diperoxy• 
vanadatel V )-l ri pero~yva nad ale( V) i nterconversion. 

Studies of pero•yvanadium chemistry have generated con· 
slderable current interest 1•7 probably owing to the special 
biochemical signilicanc<J' • of pero~y-transirion-metal com· 
ple~es. Whereas moot of the recent report!t on ~roxyvanadium 
chemistry deal with the studie.1 in solutions, .. 7 !he synthesis 
1nd &tructural assessment of such compounds have received 
only scant attemion. 1\ foreover, only a few heteroligand perolly 
complexes of vanadium are known, in contrast to ma11y such 
repottcd e~amples for the other tr: osition metals.~>- 11 Our 
interest in thi~ nrn involving the synthesis, characterization, 
structural assessment, and study of the chemistry of peroxy­
vanadium compounds 11·13 has led !o the synthesis of chloro· 
peroxy compounds of vanadium(V). In !his paper we wish 
lo report !be synthesis of two series of chloropcrolly· 
vanadium(V) compounds, viz., !he yellow alkali-metal and 
ammonium oJtydiperoJtychlorovanadates(V), A1[V0(01) 1C1), 
and the blue alkali-metal and ammonium salts of tripero~y­
chlorovanadatc(V), A2[V(02hCI] (A = Na, K, or NH4), the 
llrst chloropcro'y compounds of vanadium. Also reported in 
this paper are a set of internally consistent data regarding the 
effect on the ~0 0 mode of O/- ligands with the increase in 
the number of such ligands in going from {V0(02hCijl· to 
(V(01hCIP· and the facile imerconversion {V0(01),CI] 2' <=t 
(V(01)]Cijl·, evidencing the ability of such compounds to 
undergo a basic formation r<'action and an acidic dissociation 
reaction. 

Experimental Section 

The chemicals used in the present work were all reagent grade 
products (B.D H .. Merck, or Snrabhai M. Chemicals). Infrared 
spectra were recorded oo a Perkin-Elmer Model 125 spectrophotometer 
sepJrately in KBr and in Nuiol media. Molar conductance mea­
surement• were made by using a Philips PR 9500 conducti,ity bridge. 
Matmetic susa:p1ibility measurements were rru~de by the Gouy method. 
The compound Hg{Cor "JCS)41 was the calibranl. 

Synl~ of Azl\'0(01),0] (A "' N•. K, or rm.). Vanadium 
pento<ide and dry alkali chloride, ACI, taken in I be molar ratio I :2. 
were intimately rnhed b,· powdering them together in an agate monar 
1\ concentrated solution of the corresponding alkali l!ydrollide. 1\0H, 
was then added to the mi•ed powder while the molar ratio V20,:.\0H 
was maintained at t.IO. and the re<ulting mixture was stirred at room 
temperature for ca. 10 min. Hydrogen peroxide (9% solution) was 
slowly added ro tbe solution witb constant stirring, with the molar 
ratio of V,O(H,o, ri•ing ultimately to 1:14. Stirring was continued 
at room tempernture for another IS min followed b} filtration to 
rem<we any undissolved residue. The clear solution ~<as cooled at 
ic..-bath t<lllf"'ratures for ca. 20 min. /\n e~ccss of ethyl alcohol was 
then added to I he cold solution ,. ith stirring until yellow-colored 
microcrystalline A1{V0(01),CIJ was obtainNI. The reaction C\lntniner 
W;" nll<>wed lu <'OtJird at ke·bnth temperature.< for ca I 0 min. The 
conJpo•!!nd ""' «r•nated by rti!lrifii,\!JIIion. wa.d1td se>·rral limes wllh 
ethyl alcnholuntil it wng free from alkali. and finnlly dried in vacuo 
over pho,rhmu> pentuxrde. The yield• nf (NII,l 1(\'0(1)1hCII, 
No,(V0t01l 1t'IJ, iwd K1!V0/01),CIJ werr 77'lo, R.l'l•, nnd 77'l., 
re•pecuvety 

S}nth.,... or A~V(01 ) 11'lJ (A "Na, K or NIJ,), The hlue alh-

FNTH 
t:NT 8,9 

FNT 9-1 i 

FN'r 12,1J 
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li-metal and ammoruum tripewxychlonwonadates(\'J, A1(V(01),Cl!. 
were Jynthesiled in a manner analuguus to that d·--cribed at-<••• The 
only difTerenct "'"" thut th~- molar ratio \'10 1:ACI·I\Oil 11,0, ""' 
maintained dt I Z·l5:14 T'te reaction was n•onit,·•rd b' ittfrared 
spectros('(lpy. The dis.appearance of the slmq• band at c:i: 950 ~m- 1 

o,.ing tO •v-Q in tnc i:amPQUnd isolated from the reaction medium 
Indicated cmnpleticn of the reaction. The }'ield.; of (NH,),(V\01J,CI]. 
Na 1(V(01\ 1CI)'. and K11\'(01),CI} "ere ~S"f. BO'l. and 17'1!'. r.­
spectivdy. 

Coo•enlml of OxydiJl"ftlll) cbloto•anadfttt( V) ,(\'0(011,0]'-. !o 
Tri!'"oxydiloro10ruodAtr(V), (V(01) 1Cll', ond Vice \'ets11. The in­
terconvcMion reacti<ms "ere ~tudied "ith •ltr Na1(V0(02))CIJ and 
Na1 (V(01),CI] cnmp<lnnds 

ll 
12 

5P.NO' H 
I 

11 
SF.Nil 11 

Commlon of Na,j\'0{01)ll]lo NaJV(01),0~ Sodium o'ydi­
~rowchlorovanadatc(V) 10.5 g, 2 4 rnmol) wns dissolved in a c m­
ccnlrated solulinn of sodium hydro•.idc (l.lg. 55 mm'.ll) fnllo"ed 
by irnnt«..iate additioo of Q% hydrogen pem•ide (30 0 mL, 7q 4 mmol); 
a blue s<>lution "as obtained. The .nlution was cooled at ice-bath 
temperature!\ for ca. IS min, and then an e•ces• of ethyl alcohol was 
added to pre<:ipltate the blue sodium tripero•ychlorovanad•tel V), 
Nn2[V(O,),CIJ. 1hr. compound was separated by centrifugation, 
washed stveral tim"' with ethyl ~lcohol, am! fln~lly dried in vacuo. 

rAIItl 
SllNOl Ateoo>tr'ilon of N~,!V{01),rJJto No:l\'0(01),0~ A blue solution 
SEN06 was obtnincd by d;ssolving 0._3 g rt.J mmol) of sodium tripero<y· 

IS chlorovanadnte( V) in JO mi. (79·.4 mmol) of 9% hydrogen pero•ide 
~PNIJ't ll ronl<!lning J.Jg (R.1 mmol) of sodium hydro•ido Dil~tc hydrochloric 

4 atid (I N) was added dropwise until the rolution t.ecame pennan<ntly 
~eNtl 1$ yellow. The solution wa< cooled at ic<-bath temperature< for ca 20 
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The compound was isol•led and purified in a similar manner to that 
described above. 

lnt•r<onttrsion of Na,]V0(01),CIJ :-• Na,!V{O,),ClJ was also 
stilrliod in the following manner. The yellow solution was first prep;~ red 
by the reaction of V 10, with NaCI. NaOII. and 9% 1110 1 with the 
mol at ratio rnaintainet! a! I :2· 10: I 4. Addition of an c>ccss of eth} f 
alcohol to o part of the solution afforded the yellow •odium O'}di· 
pero~ychlnrovanadate(V). Na 1{V0(01l)Cij: To !he remaining so­
lution w;~s added more sodium hydro•id~ in the fum\ of its concen· 
truted solution (total molar ratio of V20 5:ACI:AOH:IIP1 as 
1:2·15.141, and a blue solution was obtained .. The blue solution was 
divided into two parts, and an c'cess of alcohol was added !o one pad 
of it to produce the -sodium trlperoxychlorol'anadate(V), Nal(V­
(Ol),Cil. Oropwise addition of dilute hydrochloric acid (I N) to the 
other part or the solution until it turned permanently yellow, followed 
by the addition of ethyl alcohol. ga•·e the yellow sodium oxydiper­
o<ychlorm·anudata(V). Na 1[V0(01),ctj. Both the basic formation 
(peroxide. o,l- uptake) and the acidic dissociation (depero•ygenation) 
reactions were performed at ice-bath temperatures. · 

Elemental A~t~lyses. Vanadium analysis was done volumetrically, 
'after c'pelling the peroxy o•ygcn and separating chloride, by titration 
with a standard potassium permanganate solution was described in 
our previous paper." The peroxide content of the compounds was 
determined by redox titration "ith a standard Ce"' solution" and 
chloride by Vol hard's method." Sodium. potassium, and nitrogen 
were dct<rmincd by the methods de<cribed in our earlier paper. 13 The 
analytical data and the 1R band positim>s are summarind in I a hie 
I 

Results and Discussion 

SENOJ Synthesis. It has oeen emphasized in the literature 11 very 
SFN05 to 1euenlly that only a few hcteroligand pero.\!'Vanadium corn­

t7 pounds have been known although there have been many su~h 
'Ei"OO 21 examples fo• other transition metals. It is possible that va-

6 nadium presents a different slory owing to the uncertain namre 
t6 of peroxyvnnadiurn species in solutions of varying pl-1.5•16·11 

~F.Nil 1 An elemcntuy consideration in the course of.our studies 12·1l 

t't mainly inYo!ving the synthesis and structural assessment of 
19 pcroxyvanadium rom pounds suggested that hitherto unknown 
21 chlororeroxyvnnadium compounds could be syntl•csized under 

>F"'tl Jt suitable conditions. Moreover, we were interested in ascer-
taining the mimi mum number of peroxy groups responsible 

11 for the formatinn of blue pero~yvanadates about which no 
H ; mention was made in any of the studies made in solutinns.'- 1.•·:' 

1'4RJJ 
,., NQ< IIcea us~ uf the very facile nxidation of chloride tn chlorine 

11 by hydrogen pcro,idc in the presence of an acidic medium. 
ll _we thm:ght th.11 un alkultne medium ~hould be conducive to 

FNTI4 
FNT IS 

~-1 (015,14-15) 

!'NT 16.17 
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sr;tl(l6 11 · the synlhc!h of chloropcroxyvanadium com~nds.:.ln ai.'COOI 
with th'< synthetic s.iratesyl.the reactions ar'v;o;\>ith ACI,. 

14. AOII.~and :9"'·: U10 1 ~in·tb~ mo!nr. r.atios;·ori.V19,j;CI: 
u AOt~:Hp; of h2:.tq·l4 nnd 1':2:1 ~''" 1~-.;e rjs~.to'tb'= for­
» · !lllllioo oLthe yellow. [ V0~02) 1CIJ::·. nnd ,blue (V(Ql),Ctjl·. 

~~ ~ · •Pici~.ir~~tively:': Tb~;,Comp}e.x ipn~ were;isolaied in' the 
JOiid s)ale'as'.t!tei(aJkalrmel,al an_d fill)lllo_nium,_salt(by~tbe 

I&Nll " atlditioo of'ethylalcoltol:; 1 he role of a!cohQI.wl!ll to faci!it!l.tfl 
<e.t~U . preiipiiation of the cornpour:rk In .the' CO\ltse'of (_~If work we 

, obien:~d.'iha( th~ b'ti.ie c(llor: o~.the;v~nadiliin\hyt!rogen,~r-
11" Ol!ide;sy)tem,'ln the pres_enc'e·of,('l' ion, "'::a(obtaine_d with 
U. I re.fstively !ower COflCelllTatiOJl 'of the aJkllfine'mediU"l nl' ll 

!'f'.N•t ,. • cou1PI!r4~!vcly" hither~ t~njr:ratir~e.> Ho\yever; rh~ b·iaher 
1 temperature was not comillered f1n•orable for-the synthesL< of 

14 : auch borriPounds cn'ir nrf enhance!! concentration of alkaline 
sf.rm u medi.um>'rhe faci'Tilial'a:vcry higli concentration of the al- . 

It b.liru:.'me<lium lead! 'ti!the formation of the·tripeni~y !pccles ,· 
11 . [V(Oi)1ClJl' ""hile rh·c~rclatively•lower cori~cntr'atioli of the 
n _: allqllirie.~!"~iuT pr0d!'.cesj[~f9(0ihetl'' ~~~sges~:tha(ll very 
i7. l&islt. alhline:me~itir!l pro~ably helps· replacement of the last 
._ ·. · u~n;en' (rom t~ [VO(Oih<:JJl:- by;a 0~1 •. !lroup,,tbereby 
i1 &-ruri,rrg.(r'fi roomr(rorr af W<0JJC?/'-;_ar/oa( che oJto;oxy11en 
u of_tb~~~Y~(02}jqlj 1:;sp~_¢.ies'is. conve_rted ~l?'ihe third pero~y. 

~fNtc lJ llssn~·by a~trac~ing nu oJty!leri; of hydr~a~o pero~idec It is 
· c dlf~c-~lt for,. us to say;,in, t_he -~~sence o(any._ditect evidence, 

SP.ttll " whtc:h ·of the two meclutmsms ts mor~ P~!JI!nb!e.· However,· the 
4 ' faet'.thni'ox.yp.eri. e£ehange.cni \·anaqi"ufl!(Yfis .. very ilow~ and 

14 tbf; sireitgt,lu-!f tlie. v ·o _rmd!ip!c: bond is.~if!b; as_ evil!,e,nt from 
rt ., Ute IR,s~r~opi" st_ud_ies ~ o~o-..;anadiu~{V)_ ~ple~cs,'~''. 

samo 11 . in~k'at~s'i:hat IIi~ }atte~~mec_ha'n_isiii_t:~~Y.lle,more !ikeJy; _It 
J Is, therefor.e, evident tltat}under.the apprOpriate conditions, 

11 ' the ltetiroper~o:~.ivaf!adit1·~~<,Vl~c~mpourid(of.tli<:·. typ<;s-A)- , 
17: (·V0(02hCit and A;{Y(Oi)JC!j can be SY._I\thesiz.ed and ~hat' . 
2s' · 1111linin1um n'lunlx:~-o(rhree rer~,ltY. gr_ouJls nr~ t'equi,red for 

~Rl'lll ll :'the fonnatioo of blue- peruxyvanadmm comJlound~'<, We expect 
4 tlu\i'a'similar 'ynthtl[c stnllegy ean be appli~ for the synthcs~ 

IS : of other. fieteroperO.IIyYll!lndiumfV) -~omp{lunds. · ·, . 

::!7 I . Chn~~lir;zati~.; ~-~d·Struc;~r~i ~~~lite~; .. Th~ al~~ii-
~eNo!s I: mct'l!! und·ammouitlllf<l:t:ydiper-o~ych.loro~·anadates(V),:Ar 

1 •• IY0(()1hCJI •. nrc, )'ellow:mic!ocr.y~talli1e'C()mroonds, and the 
~~ .:· simiiJri~alts~~f'triperoxychlo,ro~nnad~t~(V), A2[V (92h91J, · · 

seNO'I If are. blue\ Th.e·sul~ ?f the. amo~ I"(?(OihC:,Ijl~ __ are generally 
S!!NU 111 m!J~e,st~bte.thnn_those.of tbe·an~n fV(..01))9Jl:.

1 
A com-

! pari~o~~-~f th_e P~<:perti~.of_~htor_o~ro~yvanadat~(Y) with· 
··,o; those.\1( the corre~ponding !luorope~o,;yvnf\ad~.tes(V)!l•,JJ rc" 
1( vcals'(!mt the.inO;il_.n?tnbte difference that.r~ultfnJm changing 
15.' the hctcr·o li~aml from F', to,q·':i~ tlteJalt in stability, witH 
!1 the difference lieiiig;inore pronounced in tl)e cas~ of hetero-

SU!-11! c1; .·.triiJ.i~;:i/aitadat~(Y)JoinP<;iun~i<,.While,ihe~a)J?iii-mel.al lind 
' nm,mpniu'!!:~rts·~9f fluorutnperollyv~nadnt~(V)_are stali_le:for 

u PI'Uionged penods,!~ those. of I he chlo,opero);yvanadate(V) are 
&!!till .10 unstable:: ,A;[v(pi) 3~1] (;\.'=; NH4',\>~' K)' decompoSed to a 
SEmt· 11 • ye!J?~ t,nieri!Cr~~~~lliiii;lpi'~uc~~nlie'd~o_ihiJ?Sition' pioouc~. 

! j b~,:~.nory~t been~Ciearly tden!Jfled;_ltowev~r,.rhey have been 
H • found:to cqntsin pero.\f.sroup~.)ls .evi_de'!t.cd by· the r-esults 

. 13 , of chemical rktermination'nnd.fR '~peetros_copy, ooi ddiniaely 
s~Nl' n n~t to the.e~tent_ofthree pefo:oty li~nndSpeJ, v:mndium.· The 

) ~labQity of the cornPotinds:~4s ascertained by P,eriodically 
11 cstimatin& their.' peroJtide content and recofdins their IR 

5EN2? If !peCtrn. The deierminaiion of re.ioxitle Col\tent of such.cmn~ 
t pounds' is considered to be'· crucial:in or(Jer to decide the 

seNJo .,10 nun1t>er .o(~u~h· grtJups coo!!l1ils1e~__th the rnetal'center. The 
J perol!ide ~timation was acco!nrtiShed by r~o~ titration with 

11 1 standard ci:rium(IV) solution," the. res1111s of wb(ch con· 
It elusively .Sttgsested the presence Of tWO pero~y liga•ndS:pcr v~+ 
2t. ion in the yellow compounds nnd three perolly lir.oups·pcr VH 

SPNIJ ~o l<~n·in the blue corripgiinds .. 'The"diam~tgnetic nalilre>of the 
1 compound.!,-. ~s e'vid~nced :by their iri~·n~tic. susceplibility 
t~ meawrements: ensure! that the,vanadrurQ occurs in iu,.+-5 
21 oxidation st·at~in et~ch iJf the m:wly·synthesized 'compound!. 

1'4Rlt ·- -. . , 1 \, \ 

~~Nol·'t· TheIR §pectm of the three s:llta of the yellow•.'fVO·. 
12 (01) 1CJF· inn resemble each other very tlosely (l•ble.l.), 
ll lndicatina !here!>~· tl!al th~ i:ompc:!unds nre,_~irnilnr bot;h 

<ifNI>6 1' Jtructurally nnd stmdnomolncnlly., ~he nhlufplittn~ •JCC\!Trins 
ir. the four charactenstic iegilll!s, vil. al 9~S-970; 87•l 1!90, 
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LNJI NO. ~46 
fial 4 Hll~\t II.R\()27H 

f\11)-..J)I~. n~·l 4111 415 em 1• ate well ptrl·roenlecl ;,, the lit· 
~rature an•l have hr.en lls~i11ned respet:ti>ely to •·v ,1 of !ht 
terminal!} bonded V=O gtoup, 111

' 1" lo the''')'' m{l<le of 
('(lordinaletl J'!''"'Y ligarul•," ~to •·v ,,,.!"arm"' Py 0" 1 he 
Uuec ·~tru vit•Jations ~• 3160 tm), JO·IS (s). ~nd 1400 ($) t·rn 1 

in th<" cas~ of the arrunorJillm ~;tit hav~ heen a!lribut.-d lO the 
~,. 1·,, nnd ,., modes of Nil,' The 'rc'L'trol (l31letn is in mll~r 
811<1 conf•>nn§ v.ell with the fmnnrh A,(V0(0111Cif 

'I he SJ"'CCra uf I he throe ,;all~ of I he (V(0 1)/:tl' anio11 also 
r~•r.rnbfe earh vthe1 vrry slro'lgh·, showin!! ab<lorpliPnS in lht' 
region~ RS~ ·!160. (,fS 620, nnd 410--410 em'. re<J•cctively, 
owing to the pr~s~nce <~f :uordin~te<l pero<icfc and chlnride 
ligand.•. ami the pe~h MC ""igned to the, . ., 'J· ''v-<l, and ''v.a 
mo<Jes. !'he lhrec e~tra mPrles for the Nil.' ion In the case 
<Jf the ~rnmuniurn •~h \\ere al~o ob<en·ed in their nsuai110S· 
itions. The ~reclr~l pMtrrn amlthr. band po<itinn~ rt!'emhle 
tllfl'le or the an~logous A1{VC02),FJ rompound<." ~uggeMing 
that both lite lri11e1o.'(ychlorovan"d31cs(V) And tripero~y 
Ouornv~nadatr~•!V) prob~bly havr ~lrncturnl simil•uily. 

1 he ''o-o ab<orption~ in the SJ't'Cirum or each of the com· 
pound~ oc<:ur in tf•e region stipulated for lhe presence of 
triangularly bomhltJt ligands, 11·11·10 lending us 10 conclude 
ti>at in e~ch of them the pemx)' !liOUp is oonded to the V!l· 

nadium( VJ center in a tria•tgulat bir.kntatc manner. A perusal 
of thr speclra Qf I he l\"O seri~s of compounds ren•aled that 
tho~e nf t. 1{V(01) 3CIJ compounds comple!dy lac!<. the ab· 
!orplion at ca. <J'iOcrn 1 of r·v-n· This copforms to the for-mula 
A1[V(0 1l.C-II J'he oth~r difference was the •hilt, though 
small. in th~ p<>'1ilions of v0 0 nmdes loa r~latively lower region 
in I he ('3S<'S of the h!uc pero~y compound< (Table I) Whereas 
the •·o 0 a~lllptions fm A1!V0(01J1CI] ,·o·npounds lie in !he 
region 87G·S90 em 1, tht><e f<Jt the A1[V(01) 3CI) compound• 
lie in the region 855 -R60 rrn·•. The fall ;n the v0 0 fre<JUency 
sn!!ge<>ls n derrea<e in the 0 0 bond l'rrlcr !Jf the C<'Ordinated 
pero'y ligands with the increase in the number of peroxy 
fiOUps bound In the van~dium(Vl center. 

Ctm•mlon l!f I \'0(01) 10)' to (Y(01h0)1 and the Re•erse. 
F.•ldrnr~ fnr facile Diper6l'y•anotlllte(\'l· 'hlperoxy­
•nmulnre(\') lnlrrcnm·ersion. Having obl~int'd the ye-llow 
OJI)'dipeH>,)chloromnarlai~(V), ,\ 1IV0f01)/'l), a~nllh~ blue 
triper(>:O.)Chlonwanadate~(VI, A1{V(02)JCIJ, we thought it 
would be intere~ting lo study the conversion of I V0(01),Cljl· 
to !Y(01))CqJ and .-ice vers~. We chose the sodi11111 ~~Its 
of the anions for such studies because .,f !heir stabilities. II 
"as observed that under suitable cowliriouo; (1•ide Fxperirnenlal 
Seclionl Na 1(V0(01)zCI) can be easily converled to Na 1[V­
(011.Cil. which a!!~ in <:an be reconverted to Na1fV0(02hCI). 
The •uydipero~ rchlorova nada!e( V)- tripero:o:~ chlor o· 
''an~cbte( \') intcrcor1version reactions were found to be quite 
facile. !hereby affordin~ a l'er y gorJd e~ample of a process 
invol• ing a hasic fo11nation reaction and an acidic di•stiCialion 
react inn J\l!hnngh t>\>th ~ompounds 3re formed in the pres­
em:e Qf ~~~~lin~ n•cdiu111 t>nd on e~ce<s nf hydru11en perol\ide, 
ir i< I he large e<c<'l< of' alkaline mediurn !hal fa \'Or< the for· 
mati<Jn d tht 111pel"')''"r•nrliu01(\') ~pcci•<. The pero~ide 
uplnke >Hld tilt depe"")gr.nati<"l rea•:ti•liiS can be b~st mon· 
itorerl b1 IR lpe<:/rn<rnpl. 1 h~ conJp!ote cnnver~ion of the 
(VO\' 111/.IJ' •r~cic< tc• {\'(O,l,CIJ' is ~sce•tnined b) ob­
servinglhe cno•rkr• <lklf'(!<'arance of the,,, "h;ond Rt ca. '150 
en•·' in" sm~ll arnnunl nf lhe compound i<nl:ued from 1he 
sohJtl"ll 1 he 'C'\Cr<e JP:JC\Jqn, i.e., the rtorc« {\'(0,))Clj 1-

... [\'0!01l,CW. "'tl< ,.,,.firmed nnt nnlv by ob~ening the 
•;dror r.han~r ,,J the <!llUtiiJII fr-Jm blue'" Hllo" l>ul ol<n hy 
nming the nrpc:\r.lnc• of tht: II~" (lqrul .11 arnu\ 950 Clil 1 

""ing l<t ''\ 0 ••ml tht •!tift (l( 1he <'o" 31WHptioro toward o 
1rlntill'ly hil(hn l~t••Ju:·JJcy 

11 mu1· !•e ronc!uolod that under lhr wnd1tions 1l~s~ribcd 
nbn• c·. tit~ conn pier ••pc~ics ·respon~ihle fm 1ellnw nnd hlue 
coin" are {VllrO:l/'1] 1 nmi]Vtfl1 \ 1f 1] 1 •e<p<'rlil'd}' In 
('a~h nl 1hr • ""'""'"'<!< lhr pc11n~ lil)iiH,Il< are hnmkd inn 
Jrinn~ul:u b11h'n!ate manner In the \'" ~enler ., he mrnplt', 
~pe.:w< (VIlf0 1) 1C'I]' rnay he il he•nu>unlirmtcd rnnnmner 
"'II rnny '""ell br" pnl;rner tlnnu11h a w~a~. V·-0-V ur 11 
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weak V-CI·V bridging. Similarly the comple~ spede!i (V· 
(01)JCI)'' nmy be a ~placoordinated monomer 01 it ntlly have 
1 polymeric slruclure !hrouJ!h a weak V-CI-V interaction. 
The l V0(011PJI '"' (V(01J,CIJ'· intercon\'ertion flro\'ldes 
I llOOd e~ampJe of n JIT0Ce5f I hi I Jnvoh ~S I basic formation 
rea~tioll and an acidic tliss<'dation reaction of rerO~\'· 
van3dium( \'; compound« 
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compd A or N 

13,ll 
03.84) 

22.21 
(21.65) 

31.57 
(3 1.97) 

12.43 
(12.82) 

20.92 
!20. 13) 

30 B3 
(30.06) 

% found (% clllcd) 

v ----~---_9_--~----~~-----
24.8l 32.13 17.92 970(5) "\r•O 
(2$.1~) (31.61) 07.Sl) 870121 
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0 

24.34 
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(20.R3l 

22.19 
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(22.31) 

10,31 
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36.13 
(36 90) 

16.28 
(16.69) 

14.18 
(14.49) 

16.72 
(16.13) 
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3tH (ml 
3040 (I) 
1400 (s) 

860 (S) 
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420 (s) 

8$5 (s) 
620 (1) 
4tS <•I 
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SYNTHESIS OF ALKALI OXYTETRAFLUOROVANADATES(V) 
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Darlando T. Khathing 
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ABSTRACT 

I.R. and l9F N.m.r. spectroscopy, molar conductance, 
magnetic moments and chemi.cal analyses show that alkali 
oxytetrafluorovanadates(V), AIL-VOF4_7, are the principal 
products of the reactions of v2o5 with 40% HF and alkali 
bifluorides AIHF 2 in presence of a small amount of alcoho-l 
at steam bath temperature. While the i.r. spectra sugg.est 
square pyramidal c4v structures for solid AI{-voF4_7, the 
l9F N.m.r. spectrum shows stereochemical non-rigidity 
owing to rapid fluorine rearrangement between c

4
v and the 

trigonal bipyramidal c2v stereochemistry of L-voF4_7-
in solution. 

INTRODUCTION 

Although there is l9p N.m.r. spectroscopic 
evidence for the existence of t~e oxytetrafluorovana-
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