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ABSTRACT 

The present thesis is based on uork done on the 

studies of electron-impact induced mass spectrometry of 

some transition metal compounds^ and the syntheses^ characte­

risations and structural assessment of fluoro and fluoroaquo 

complexes of chromium (III), oxyfluoro complexes of chro­

mium (VI) and trie (acetylacetonato)chromiura (III)» The uork 

embodied in the thesis has been divided into two parts* Part 

One of the thesis deals uith the mass spectrometric studies, 

while Part Tuo provides the synthesis, characterisation and 

structural assessment of the aforementioned types of chromium 

compounds. Chapters 1 - 3 constitute Part One of the thesis 

and Chapters 4 - 7 form Part Two. 

Chapter 1 presents a brief revieu of the basic aspects 

on instrumentation of mass spectrometry with special reference 

to the type of instrument used in the present studies and 

some general aspects regarding processing and presentation of 

mass spectra, 

In Chapter 2 the ELI induced mass spectrometric stu­

dies on chloropentacarbonylmanganese have been described. The 

EI induced mass spectrometry of Pln(CO)gCl shows the evidence 



of C-- 0 cleavage in and the effect of temperature on the 

mass spectra of the compound. The mass spectra of the com­

pound have been studied at 70 eV- electron energy and at 

varying inlet temperatures of 20 - 250°C:. Like the heavier 

metal carbonyl derivatives, mhCC0)_Cl exhibits signals due 

to carbido fragments. The spectrum run at 100°Cl shows the 

charact^eristic pattern of Pin-(CO)^- uhich originates from 

the formation and recombination of nn(Ca)_ radicals. The 

spectral pattern changes further at an elevated temperature 

of 250°C showing the formation of P!n2{C0)gCl2. The formation 

of Rn2(C0)gCl2 in the present case may be either (i) through 

the diroerisation of Pln(CQ)gCl with a simultaneous loss of two 

CO groups; or (ii) an lyon/molecule interaction between 

Mn(CO)gCl and 27^n(C0)„Cl]7" "*" with the simultaneous transfer 

of one CO group from one PTn to the other leading to the forma­

tion of i^ngCCO) JIl ]]^ , The mass spectrometric pyrolysis 

studies showed that very high temperature can change the EI 

induced fragmentation pattern. 

Chapter 3 of the thesis discusses the electron-impact 

induced mass spectra of /TCr^S^n(CD)^^ , ^T CFjSePlnCCO)^ ̂ T^, 

£l:r^^^&(^^)^2 * r^^z^^^^^^^^-Pl • CF3Sere(C0)2CgHg and 

cr SCr(N0)_C H_ • The compotinds exhibit weak molecular ion 

peaks and undergo preferential and sequential loss of CO or MO 

groups. The CO or NO free fragments undergo typical loss of 

ECF« (E « S,Se) with the simultaneous shift of F atom from 



carbon to metal, unlike the CH»S derivatives of roetal carfao-

nyl uhich showed loss of CH^ groups with cleavage of the S - C 

bonds from the CO free fragments* The ions Z^FeC-H_]]7 **" and 

£^ FCtC^B^^ in the spectra of cyclopentadienyl compounds 

prefer expulsion of 7C — cyclopentadienyls. The pyrolysis 

effects on the spectra of the compounds have been studied, ftn 

increase in temperature eases the expulsion of ECPj groups 

from all the compounds and favours the formation of jnreCCgHg)^ 

and C^tiC^B^}^ Z7 
in the cyclopentadienyl compounds. 

Chaper 4 , the first Chapter of Part Two, is based 

on the direct synthesis, characterisat^ion an^d structural 

assessment of alkali metal hexafluorochromates(Iir), A-CrFg, 

irhe reduction of an aqueous solution of CrO- with hydrazine 

hydrate in the presence of an excess of equimolar amounts of 

ft^ OH and 405̂ ' HF yields green, crystalline alkali hexafluoro-

chromates(iri), kJlv^c. (A*= KH^» Na, IC or Rb) in very high 

yields. The lithium analogue has been prepared by using LiJ^^^ 

instead of LiOMi. The compounds have been characterised by 

chemical analyses, room temperature magnetic moments, infrarei 

spectra and molar conductivity. Time - dependent molar conduc 

tivity studies of (WH^)„Crrg and K^CrFg suggest that the 

compounds do not undergo decomposition in water at ambient 

temperatures. The observation of two characteristic bands in 

the infrared spectra of the compounds at ~^535 and at '-'52/ 

cm" , assigned to the -̂  and -v)̂  modes of Cr - F stretchii 
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vibrations suggest that ft-CrFg compounds presumably have 

octahedral structuces. 

Chapter 5 of the thesis deals uith the synthesis 

and spBctrCoscopic studies of alkali pentafluoroaquochromates 

Cm);, A2£CrF5(H2Q)I7 («= NH^ , Na, K or Rb). It has been 

shoun that chroniiuni(\rr) oxide undergoes a very facile reduction 

with formaldehyde solution in the presence of 405̂  hydrofluoric 

acid and Ar(A - NH., Na, K or Rb) giving green crystalline 

ft-,£^.rFeCH20)]|]7 ̂ " very hi§h yields thereby providing a method 

for the direct synthesis of A'/jCrF-CH^O)^?^ Characterisation 

of the compounds uas made from the results of chemical analyses, 

molar conductance measurements, pyrolffsis, infrared and elec­

tronic spectroscopic studies. The structural assessment of the 

compounds uas made from magnetic moments, i*r. and electronic 

spectroscopic.data. The pyrolyais and infrared spectral studies 

confirmed the presence of coordinated water. The electronic 

spectra of Aji^rFcCHxC)]^^ in the solid state and in solution 

suggest no apparent change in its structure, 

Chapter 6 describes a novel synthesis of alkali 

metal trioxyfluorochromates(Vl), ACrO^F (A= NH^, K, Rb or Cs), 

The synthesis is based on the reaction betueen alkali metal 

bifluorides AHF«, and CrO_ in 1:1'molar ratio in a minimum 

amount of uater. The compounds are highly crystalline and hav 

been characterised by elemental analyses and infrared ^ectra 



studies. The synthesis does/involve the direct use of HP but 

utilises the concept of buffer action of AHFg. The concomi-

tant presence of fluoride ions, H and A ion in solution 

arising from the dissociation of AHF2 in water appears to be 

the driving force for the reaction. ACrO-F compounds react 

with aromonia uherein Cr(\Cl) is reduced to Cr(IIl)« Chapter 6 

also embodies the synthesis of pyridiniurn fluorochromate, 

CgHgNHCrO^F (PFC). PFC has been synthesised by the addition 

of pyridine to a solution of Ĉ rO, in 405̂  hydrofluoric acid 

(molar ratio of pyridine : CrQ- as 1:1) and warming the solu­

tion on a steam bath for a few minutes. The orange crystalline 

qompound PFC, C^H HHCra„F melts at 106 - 108°C and shows 

relatively less pronounced acidity than the corresponding 

chlorocompound CgH-NHCrQ^Cl (PQC, 'Corey^s Reagent»)• PfC 

has been synthesisedwith a view to developing a new and 

efficient oxidant for organic substrate^.The results of 

oxidations involving PFC, studied by some other workers of 

our laboratory, are very encouraging. However, the results of 

oxidation studies do not constitute any part of the present 

thesis, 

Chapter 7, the last Chapter of the thesis, presents 

the direct synthesis of trisCacetylacetonato)chromium(ni), 

Cr(C_H_Q-)_, In view of the growing interest on and versatile 
o 7 Z 3 

use of Cr(acac)_ a new and direct synthetic method of obtain­

ing Cr(acac)„ has been developed, Lt is reported in this 

Chapter that the reaction between chroraiuro(U-L) oxide, CrO^ 

and acetylacetone, in the absence of any buffer, readily give 
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nea r ly q u a n t i t a t i v e y i e ld of t r i s ( a c e t y l a c e t o n a t o ) c h r o m i u m ( I I l ) 

Cr(C H Q-)„ , C h a r a c t e r i s a t i o n of t h e compound has been made 

from chemical a n a l y s i s , i n f ra red and mass spec t rome t r i c 

s t u d i e s , Adwantages of t h e new s y n t h e t i c method have been 

d i s cus sed , E lec t ron • impact induced mass spec t romet ry of 

t h e compound, recorded using d i r e c t i n s e r t i o n technique^ 

showed t h e compound to be monomeric in accord udth the 

c r y s t a l s t r u c t u r e of Cr(C_H 0 ) • 

The uork descr ibed in Chapter/S 2 , 3 , 4,6 and 7 of the 

p r e s e n t t h e s i s have been pub l i shed / accep t ed for p u b l i c a t i o n 

while t h a t of Chapter 5 i s under communication. 

Chapter 2 

Org. mass Spectrom., V6 , 303 (1981) , 

Chapter 3 

Org, mass Spectrom,, 16_ , 534 (1981), 

Chapter 4 

Synth. React . Inorg . fte* - Org. Cham., 21 ,677(1981) 

Chapter 6 

(a) On ACrO^F 

Ind. 3 . Chem., 2 0 ^ , 1 2 2 7 (1981) . 

Cb) On CgHgNHCrQ^F (PFC) 

Syn thes i s ( S t u t t g a r t ) , in p ress (1982) . 

Chapter 7 

Synth. React. Inorg. Plet-Org. Che^^^i;^. 6th issue 
Orff<'ti^ '" ^ (1982) 
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iwtmmcnm 

I t ia n«» •^tf •Tt4]«at tiMt* in r*o«at y«ara, InorgsRle 
«lNNiiiitry IMS •»p«ri«iio«d en i*|ir«s«iv« renal»MIIO«. Aoedeale 
•lUI applied reeeerob in inorganic ohealatry ia flaurisbing, 
and the reaearoli outputa are growing exponentially. In laat 
t«re deeadea or ao manm apeetronetry baa imdergtme reaarkable 
gro«tb and hB9 beeooe an iaportant teohaique of great u t i l i t y 
in ebMiiatry* 1^ to the aid 1960a, aost of the applioationa 
ef aaaa apeetreaetry eere oono«rned «itb atudlea of organic 
eoapeaada* Sowerer, aince 1965 i ta lapaot baa been extended 
la te inorganic obeaiatry. The f lrat atudlea «ere aalnly 
eonoerned with vo la t i l e organeaetallle ooapenada, bat la ter , 
altb the advent of direct Inaertlon i n l e t eyeteaa, atudlea of 
varioaa typea of aetai ooapounda ooanenoed* 'Rie uaefulneaa ef 
thla teobnlqae in providing aoleoular neigbta and fomultto, la 
helping e l tb the elucidation of atroeture and bonding, and la 
deriving tberaodynaalo data, la ne» ve i l eatabllabed. PAHT ONE 
ef the theaia alaa to preaent an interpretative account of 
the electron Inpaet Indaeed aaae apectroaetrle behaviour ef 
aoae aetal ooapounda v i s . , Ilm(00)^01, ^P^S Ma<CO)̂  J^^ , 
^cfgSeiipCco)̂  J,^, fcr^B ra<co)jj J^, ^w^a^vico)^ J^ , 
Cr,SePlt(CO)^Cgl^ and OF̂ S er(NO)^Cgl^ and a aeai -er l t loa l 
account of the applleatltma of aaaa apeotroaetry in each 
ooapounda. 

file f i rat Chapter ef PART ONB previdea aeae baaie 
•apeeta «R Inatrusentatloa *itb epeclal refereacee to the 
type of inatriaient used for the preaent atudlea and a few 
general aapeota of iMoa spaetriMaetry. Chapter a glvea an 
aecoont of the EX induced fragaeatatlea behaviour of 1IB(C0)JJC1 

and atteapta to ahoii the evidence of C->0 cleavage in and alee 
atudlea the ef fect ef teaperatore on the aaaa apeetra ef 
•bloropentacarbonylaaaganeae. Chapter 3 £leacrib«a tbe EI 
Induced aaaa apectroaetrlo behaviour of ^CP^S MB(CO). J^^ 

ĉr̂ seHaCco)̂  J^ , rc'aS fK^^)^J^ .^fgSeFeCco), J^ , 
Cr^aeri(C0)2Cgl^ and CP3S Cr(l(0)2Cg^ ooupounda, etudied 
under different Inleta t«wperaturea, and aeeka to eoapare 
the behaviour of theae ooapoumla with thoae of tbe SCflL 



«ubsUtttt«d •« t« l #«rboayI a«rlvaiiv«» and «ipb4i(pi««« tbm 
a»«fttlB««» of ih« taobBl<i«« baeanaa thia typa of aoMpoanda 
raaaivad ratbar aeaiiiy attantlaa to a»t9, Cbaptar 3 alaa 
• t iaapta ta provida aiUi tba avidaaoaa of fluorlna abl f t 
fraa aarboa ta aatal and ralat iva aaaa af SOP̂  (B«3 or l a ) 
ao^aleioB with tba raiaa in taaparatara* I t la bopad that 
tba aaaa apaatronatrle raaalta daaarlbad in tba praaaat tbaala 
w i l l ba of aaa to rwm—r9hmrm aalof aaaa apaatromatry l a 
atudlaa af aatal eoapatuida abd tbat i t w i l l prorida aoaatbiaf 
af iataraat ta tba ayntbatio ob«alata by l l laa t ra t iBs aaaa 
iBtarralatiaaabip bataaan awaa apaotroaatry and ayatbaaia^ 

Aaanf tba varioaa f ia lda of earrant aet lTi ty in 
inarganie obMiiatry raaaatly tbara baa baas a eoaaidarabla 
iataraat in tba binatio b^b«viaar, pbatoabaaiatry* aincla«> 
aryatal palariaad alaatroaio apaatra, abaalata oanfigaratian 
and ayntbaaia and raaotivity of varioaa flaoro-eontalnlnc 
«a«pl«Kaa af abroalaa. In apita of tbia intaraat* bo«avart 
tbara baa baaa bardly any rapart ^» tba diraat* aaay and 
ganaral ayntbaaia of fluoro-eontalnlng abraaiaa aoaplaxaa in 
i t a variana axldatien atataa. fbia n i fb t ba ona af tba 
raaaana aby not naob of atruetural inforMitioB availabla far 
aaab typaao|eaipoandla* I t la tba prinalpal aln af FART T»t> 
af tha praaant tbaala, ableb la nainly baaad on tba ayntbabia 
and atriaotural aaaaaaiant of nana f laoro- and osyflaoro* 
•aaplaxaa of obroaiaa( I I l ) and obroalaa(Vl), ta f i l l , at laaat 
pHrtly, tbia aaa^l* 

flea f l r a t (Hiaptar of fAnt TVO proridaa tba nav 
Caaaral iqrntbaaia af a l k a l i aotal basafliiaroobroaataa(IIl), 
A^CrW^ and atraotural aoaaatmant af tba ooapounda by 
wriouB phyalaal taobal(paa« Cbaptar 5« tba aaoond Cbaptar 
af PART T1K0, daaoribaa tha dlraat gaaaral ayntbaaia of a lka l i 
aatal paatafloaroa^oahre«at«a(l I l ) , ^2^^^^5^^^^'-^ ' "^ ^* 
alao attanpta to aak« an aaaaamant af tba atrootura af tba 



eoaplttx apeol^t througfa nagn«tlo •usoept lbl l i ty ••••iir«Hi«nt»» 
infrared and eleotronlc ap«ctr«l atudiaa, Cbapler 6* tb« third 
CiMptar of f^AfiT T«0, givitm th« daaoriptlon of a noral aaibed . 
for tha fanaral ayntbaaia of a lkal i aatal trioxyfluoro-
obroaataaiVl), A^CrO^P./* nithout sakinR una of bydrofloorie 
aoid» and obaraotariaatioo of the ooapounda. In additiont thia 
Cbaptar alao providoa ultb tha datal la of th« ayntboaia 
and oharaotorlaation of i^ridiniu^ irloxyflaoroohroaata(Vl)» 
(CgHjNH)^CrOgP_7. Tho pyrldlnlim trloxyflttorochrwata(Vl), 
(OgBjjNH)^CrO^P_7t (PPC) bas baen aynthaalaad trttb tha apeolfio 
intention of developing an e f f i c i ent and new reai^ant for tba 
oxidation of organic aubatratea. Oxidation of Torioua organic 
avbatrataa involvlnic the naw raajient PPC batra alao been attidied 
in collaboration nitb other irorkora of oar laboratory bat tba 
raaalta of oxidationa will not eonatituta any part of tbia 
tbaaia. Chapter 7« the fourth Chapter of PART T«0 and indaatf 
tba laat Chapter of the theaia, «hiob deviatea froa the aain 
atraaai of PART TtO, providea the deaorlption of a na» diraot 
ayntbeaia and aaaaaanent of atracttare of trla(acetylaoetOBato)-
obrositM(IXl)» Cr(Cj|B^O.),. In view of tba axtrmaly iaportant 
nature of CriC^B^O^)^, tbia work baa been included in tba tbaaia* 
The now aynthatic aethoa ia baaed on tha alaotron-tranafer 
concept, does not require any buffer and giw very high yield 
of the compound in a re lat ive ly abort tiaM. Electron impact 
induced maaa apectrometry baa baen aaed to eatabliab tba 
monomario Bature of Cr<Cg8^0.).« 

iMh Chapter of the tbaaia baa baen ao deaignad •• to 
make i t aelf-contained more or leaa. Bvary Chapter cont«iina 
i t a introduction and tha relawont l i terature citatlonaireferancaa) 
thereby making arygeneral introduction ami a oomprehensiwe l i a t 
Of reference for tha whole tbaaia redundant* The work deaoribed 
in Chapter'62,a»4 and • part of Chapter 6 bawe been publiabed, 
while tboaa of Chapter 7 and another part of Chapter 6 have bmen 
aoceptoft for publication. The work included in Chapter S baa 
baen oommunicated. Detaila regarding publicationa bawe been 
given in the opening pagea of the oorraapomilttg Cbaptera* 



PART ONE 

Mass Spectrometric Studies Of Some Metal Compounds 



Caii'TKtt 

ItistruaeRtiitioot ^'rocanslitg and i'r«««ittatlon of Mats 
SpBotra 

l . l * Introduction 

In gmnerml terras, a « • • • 8p«etrometer 1« so instruaviit 
in wbioii iba9 are produoed fros « vaporiavd molc>cuI« in a 
blftb vacuum. Tite iona thua produced are then aeparated 
according to the ir a / s ( aaaa*to-cttarge r a t i o ) valuea and 
f i n a l l y recorded* 

Bagardl^aa of tb«>ir apeclal dealgn a l l aaaa apectro-
• e t e r a conaiat of three baaic ooaponenta. Theae are ( i ) the 
ion aouroe where the gaseous iona ar«> produced, ( i i ) the 
aaaa analyner in tshloh th*- ions are aeparated, and ( i i i ) the 
detffotor where the separated lona ari^ detected and their 
Intenalty aeaaured. All the three cOBponenta are bouaed 
within a high-vaoMua ayateai aaaooiated n i tb a var ie ty of 
aopbiaticate<i aataple introduct ion devioea . In addit ion tb« 
outj'iut of the detector ia connected to a reconUnjis ayatesi* 
Only a br ie f •leaoriptlon of the type of Inatrument la <?lven 
In t h i s Chapter, however, for sore de ta i l ed Inforaation 
referencea t -5 form a aui table biblioj^raphy, 



t«2* Ion "ioitrc^a 

U«ftt »as8 •pf 'ctrt^otric slu{}i<»s or neta l oospoundSt 
inolUiHog U\0 on^m d«iMcribml In the pr«S(»nt t h e s i s , h«%r« 
been carried oot u^ltig the (>l9otron Impiiet source (Fl(?ur# 
l . l ) . As evlilettt fro*' th« a««ie, ion production in basAd OD 
an sxcNinste of en9rg,y tiurinj? c o l l i si ona b«»tvee»n m(>l«cul«s 
and ft co1li<D«icd beajR of elpotr^^na. Hit* same ia ititroJucffd 
ih to th» source at pressures of the order of iO mm Hg 
( l msi % « i33 .32 Nm ) • Electrons emitted frow an e l e c t r i ­
c a l l y ht^ated iset^l ( tungsten or rhenium ) f i tasjent, f, are 
ooll istated oud aoc(»leriit«d as ihoy '̂ »asa tiirou^h s l i t s , S, 
and enter the iODi.Hation chatsher, C. The en»>ri;y of the 
e l e c t i o n beao can be varied by cban^lng the potent ia l 
d i f f erence beti^een the filassent and the l o u i s a t i o n chaaber* 
In the ionlitdtiOQ oba./:l>er a s o a l l fract ion ot the elcctr«>ns 
in t erac t t«lth the gaseous nsolecules am] produce i o n s , oarryiBf 
both potitltive and negat ive cliar/br<>s, the reaaltJder travel 
to and are c o l l e c t e d by the anode trap, T. By raaintair.inf 
the repe l l er p l a t e . A, a t a m a l l potent ia l po^iittve « i t b 
respect to B of the i o n i s a t i o n chamber, the p o s i t i v e ions 
are draien out of the Ionizat ion cbatstier throuflth a s l i t in 
plate n, « h i l s t neji;ative ions are a t tracted to the r e p e l l e r 
p la te A and disch^ir'^od. After past»init through the s l i t in 
p late 0 the p o s i t i v e ions are acce lerated by a lai-ĵ ** 
potent ia l d i f ference applied between s l i t s ami are projected 
i n t o the analyser rei^lMi* ,/ 

ttmyfixml of the po lar i ty of the i>otentlals applied 
to the rerteiVex plate and the e l e c t r o s t a t i c acce lerator 
r e s u l t s tn a c c e l e r a t i o n of the nes^ative ions and their entry 
into the Biass ana lyser . Our mass spectroafftrio studl«*» as 
well as of s o s t others are concerned n i th p o s i t i v e ions and 
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ib« •ttbii«qu0nt disotiflsioaii on atfisc •poetronctry wil l doal 
only ultb tfaeoo ions. 

Sinoo tb« ioniootion pot«»ntial8 of ««ot «O1OOU1«»(M) 

l U botneon 7 and 15 • ? ( 1 oV » 96.46 kj nol"^* 23.06 k ool 
•ol"^) ond tbo onorjgy of (h« elootrea booK gonorolly ttoo4 
for auioa apooti-oaotrio otudlco i s 30 * 80 oV, not only doos 
tbo ioiiiaation proooaa 

M • • ^ M* • ao ( t . l ) 

••car* btit alao tbo nolooular Ion poak (M ) oraeka do«n into 
• i ix turo of aotttral and poaliiv«ly ehargod fragoionta. Tbua 
tteia ttothoa of ioniaation ia oxtrowoly uaoful for struoturo 
dotorcinatiOA. yuriboriaero, i t ia tho only aothod by abiob 
9ipp0mr»ac9 potontialtt of fragaont lona ean bo diractly 
•aaaarod. Boaovor, oviBg to tbo bijî b oaiaaion tomporaturo 
• f tbo fi laaont <oa. aOOÔ Ĉ for tungaton ftlaaoata) tbo 
toaporataro of tbe ontiro ionlaatioa obambor riaoa to 

0 
too «> 100 0 aad thia aay eana« pyrolyaia of aoao eoapoanda. 

'niroo ethor typoa of ion aouroos bave boon aaod, to 
• wmrf l ia l tod «xtont» in atadiea of aotal oompounda, naaoly 
<i> f iold lOBiaatioo, < i i ) pbotoioniaatioa, or (111) oboaloal 
Ionlaatioa. 

Ia tbo fiold ioalaatloa aoaroo tbo ioaa aro prodoood 
by paaaiag tbo aanplo tbrougb a it^ry atroag #lootrio f ie ld 
<oa. iO^V a**). Sueb a fiold nay bo obtaiaod by applylaff a 
bifb potoatial to a tbin oiro or aharp odjiio. Ia tbo pboto* 
ionination aouroo tbo production of ioat> ia aeoospliabod 
by IrraJidiioti of tbo aaaplo with ul traviolet l i g b t . Tboao 
aotboda of ionioatloa produco aiainiy aolooular iona and aro 
tbua auitod to tbo dotoraiaation of aolooular voigbta of 

I pounda. 



1,3. Mass Analysers. Types of Mass Spectrometer 

The najorlty of modern mass spectrometers use mass 

analysers wtaich consists of some form of magnetic field* Of 

the two dozen or so other systems of mass analysis, only a 

few have been incorporated into comfflercial instruments. Mass 

spectrometers are usually classified according to the mass 

analyser employed* Only the instruments which have been 

used in the present studies and are generally in use in 

studies of metal compounds are considered briefly here* 

1.3«1« Single-FOcusing Instruments ^ 

An ion moving with uniform velocity in a magnetic 
field at right angles to the direction of its motion 
describes a circular path provided that the magnetic field 
is constant and uniform* This principle was exploited in 
an early design described by Dempster in 1918* The basis 
Of the principle is as follows : the positive ions are 
accelerated in a potential gradient V and enter a uniform 
magnetic field H which is perpendicular to the direction 
Of their motion* The ions of mass m and charge z acquire a 
velocity V and so have kinetic energy zV, which can be 
equated to the usual expression for kinetic energy. 

zV » i mr^ • (1,2) 

The radius r of the circular path which the ions describe 
is given by the equation 

HzV = mv^/r (i,3) 

By combining equations (1.2) and (l*3) the field and 
potential gradient requirements for an ion with mass to 
charge ratio m/z travelling in an orbit of radius r are 

given by Ji 2 
jn/z . E'^ (1.4) 

27- g 



1%« uoifora »asn«tie fKild ba« • foea«iB« aotioa 
eqaiv«i«Rk to that of a eylimtrioal lana ao tbat tha iona 
oOBlDî  out fron th« aourca a l i t and having Ut« as«a • / « 
valaa and tha aane valoolty mr^ hrounttt to aa appraxlaata 
focua aftar aufrarisii a da/laetioa of 180^. Iona of etber 
a/a valu«a wil l eona to a fooua at otiiar poiata* lliua tbia 
ayatan la aald to ba singlo foooaiag for dlraotioa. I t ia 
•vldaat froM eimatlen (1 .4) that by aeannittf M at eonatant 
V, ar by varying V at oonatant B, tb« ioaa of diffarant a/a 
valaaa eaa ha brtmgbt auooaaaivaly to a fooua at tba 
dataator ( oollaetar ) . 

Ia tba yaar 1940 i t «aa aboan tbat phanonenon of 
foouaiaK of ion baaaa by oaaalaiK daflootioa tbroagb tSO ia 
iafaoi a apaolal e^m* of tba focualng aotian of any 
«atfca«»abap«pd Magnetic ftald provido.] certain oonditioaa 
ara ful f i l lad* Tba ioa bean ahould enter and leave tba 
Mifaetlo f ield at ri^bt ani;1ea to tbe f ield bonndary, aad 
iaaide the field tbe ioa aeaorlhee a path tibiob ia a aeetor 
of a o i ro i e . fbe aai;le sut̂ /̂ *̂"̂ *̂ ' ^^ thin iteetor • aay be 
60^', 90^ or in tbe limiting; case above, 180^. Tba aeparatioo 
• f iona of different a/a valaea takea plaoa la a aanner 
exaetly aaalogott* to the lilO^ defl^ctioa* and baaaa of ioaa 
froa tba aouroe aitaated at aoae diatanee froa tbe field 
boundary are brought to a fooua at a eollnetor aya»«trioall|^ 
placed 08 tbe other aiJe of tbe aeetor aannetic f ie ld* 

Saetar iaatruaaata aith a reaolution la ezeeaa of 
1000 are avai lable . Lar«e experlaental inatraaeata aith 
r«3S00 ea have aebieved reaolatiima aa bifb aa 9000, 

l«3*a. Oouble«>PoouaiBi; Inatruaenta 

la praetioe, Iona haviBf the aaae a /s value have a 
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of tr«>locitl«» on leaving th« Ion soureo* As m rosult , 
flUign«tle sector inatrum'^nts oannot hring thoto tons to a 
foeua at tlio »«•• polet and this H a l t s tlislr rosolution* 
XaproTMisBts in resolution are possible by tbe introduetion 
of velocity analysis {»rlor to direction s n s l y s i s . Velooity 
•Bslyais i s scliieir^d by passiiaig tlw loos through traverse 
e leotrostat ie f i e l d s . Thus only ioas vith a narrow ran«« 
of ve loc i t i e s are allowed to pass through* Instruaeots 
incorporatim; both direction and veloci ty analysis are 
described as double*foeusing* Tso types ar« oowaenly 
avai lable , soaie of «hich even offer resolution in exoess 
«f 80000. 

The f i r s t type was described la 1908 by Craig and 
tarrock and «!«s based upcm the fpecnetry sai;gested by Nier 
•mi Johnson (Figure i * 2 ) . In this type of instrument tile 
ions of any one a/s value are brought to a focus s t the 
deteotor s l i t by varying the aagnetlc f ie ld and are reeorded 
e l e o t r l c a l l y . 

fbm ether type (FIjfttre 1.3) Is nsB«̂ d after Uattaoch 
•Bd Rersog, «ho fonsulated the theory of double-focusing. 
In this d«>sifn the deflections due to the e lec tros tat ic and 
•agnetio f ie lds respectively have opposite senses. Tbe result 
i s tliat e l l iofl» are brought to a focus in e«e plan** and thua 
a oos::lete mass speotrnw «ay be recorded sianltsneously by 
plaoiog a photographic plate in this plane. The speotrua 
aay also be scann'̂ d past a col lector s l i t as In other 
lastruaeats . 

1 .3 .3 . oouhle-liean Instruaents 

The Mer*Johnson geoaetry has been aodlfied by tl 
introduction of an e lectrostat ic deflection aystea so that 

10 



Bloctrootatic 

J l S ' f t ^ ' " • > " • • ' ' - " ^ 

Source 
;vV s l i t 

/nn^lyaor 

Detector 
Second field-free regl(m^^^ ,̂,.̂ ,::,̂ ,̂̂ ^„ .̂.,:̂ ;-̂ * -̂-̂ >- •.-.—— 

First field-free region 

P i g . 1 . 2 :Doabl9-fceasing masa spectrometer of the 

Nier-Johnson tjrpe ,. 'V - i ' 

11 ;: 

,.r;^.>->l; -i>'ri^<it>;'i|^^J---; V-'- r .?^^^: 



•.f^*!*S^'tJ mi^f 

Colioot.or 
nllt \ 

Elec-fcrostatic 
analyser 

r s t f i e ld - f r ee 
region 

'-'Oj'^raphlc 

Secona f i e ld - f r ee 
region 

Source 
s l i t 

3?ig. 1.3 Double-focuEi ii:,, 
of iihe Mattauch-Horzog type 

12 

^;•'^•'<:.!UVw•:.•.<:»jJ•^ 



tb* bmmmtt from t»o Mipdrat* iMi •o«roe« mmy b* <llr««t«d to 
|Mi«9 tbrottgb MMR* oAititftle •#etor» Aft«r « • • • •«l«etlon in 
th« •i«gii«tlo fi«1d th« b(Mi<̂ « arc; Again daflooted apart, aad 
f a l l on two aaparato eollaotora* Baeh len aouroo, oollaotor 
and analyaor Bymtvm ia pnaipad aoparatoly. Tbo output of hoth 
aro f«d to a aiaglo roeer^ior, tho apootra app»arlii|| aid* bjr 
aido upon tba timmf ohart* Tba advantasa of till a ayatoai la 
tbat aoaimliig of tho vai^setle f lold baa tba aaaa affoot on 
both i«m beesa. "Tbla Makoa i t poaalbla to lDtrodyo«* Into 
OQO aouroo a atandard ooaponnd vhoao aiaaa apaatruoi ia ksoim 
and into tbo otbor a aa«pla undor iBvoatlKatloii* Aa a roaalt, 
oboaioal ataaa aarklBg la obtaiaod by aiapla aoapariaMi of 
tbo tao apootra OB tba aaiio obart* 

1«4. Inlet %ataiiia 

fbora aro aavaral proeooaaa of latredaelai aaaiploa 
Into a aaaa apaetroaotor* Tbo aelaetlon of tbe aatbod 
aalaly doponds on tba v o l a t i l i t y and tboraal a tabl l l ty of 
tbo aaapla* tbo typo of tbo ion ooaroo aiMl tba ala of tba 
oxporlaoat* 

Oaaaa, blgbly vo la t l lo llfmlda and aollda Bf aftoa 
latrodUGOd by aeana of tbo gaa lnl«»t ayat«». TIM •ymtwm 
oonalata of a aarlea of atepaoeka and a raaarvolr lata abioh 
aaaplo 1» Introdacod. Tho aaapla la tboa adalttod lata tho 
Ion aourco via a laak» Tho aaapla eaa ba latrodaood into tbo 
roaarvolr la aovaral «f«ya* la tbo frooao-ont toobninua tbo 
aaapla la froaon and dlat l l lod Inta tbe roaarvolr. Introdaoo 
tloa of a«iplaa aay alao ba aoooapliobod through a aeptua 
ttaiRg a ayrlBgo or by ualag a alatared dlae oovared with 
•oroury• 

Boatod l a l o t mymtmmm aro noooaaary for loaa ra lat l la 
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ll<|ald« and so l tds . Such aystMS arc alnllar to that of goo 
ia lo t ajratMi hnt aro onoloa«(l In an oven vhioli oan bo hoatod 
apto 2B0%, taoiploo aro latroducftd in li««t<»(} tnloto aal«« 
ttio frooso*«at toehniquo or a aintorod dloo oorerod «ttii 
noltoa ga l l i aa . 

•Mploo eon bm introduced dirootly into iho ioa aonroo 
uoiBc dlroet in lot ayotooi* Uanally a diroot inaortioo ptotm 
ia aaod* Ttio aaaplo uador iavoatlgatlon lo loadod on ttMi t ip 
of tbo (irobo and Inaortod into tho aouroo vhioh eanaoa i t a 
vaporlaatiOB* froboo bavo alao boon dovolopod vbiob oan bo 
boatod or ooelod indopandentljr of tbo Ion oonroo* Tbo 
toaporaturo oan bo naintained botiM»«n *S0 to .180 C. Diroot 
iatrodootiwn ajratona aro aopooially ouitablo for eonponnda 
of loo tboraal o t a b i l l t y . fliKoellont apaotra oan ba obtalnad 
naiB( anob apotona trom a fan nierograaa of oanploa. 

t«5« Ion Ootootoro and Rooording of Maaa Spoetra 

TlMi dotoetiWD and aeaonroaont of tbo iona aoparatotf 
by tbo naaa analyiiar oan bo oarrlod out by elootrleal and 
pbotograpbio toebaiqooo. 

Tbo photograpbio t o o l n i ^ o boo boea oaod olneo 
•any year a, bot ia noa oaporaaded by olootrioal toobai<iao« 
Pbotoiiraphio dotooticm i s , bo««ror, a t i l l naod for proeioo 
•aaa noaauroaanta aa4 In eoajnnctlon i*itb inatrt»anta aiUi 
MattanobHternos gooMotry. 

fbo olootrioal tfatootoro aro prineipallyo/t«o typoat 
(a) tbo fnraday oup, abiob ia ooed in eonjanotion uttb a 
oonoitiTO anpllf ior Or an alootronator. and (b) tbo olootron 
aolt ipl tor* n o anpllfied outpot of tbo dotootor oan bo 
rooordod uoias on altrmriolat (mr) galraaanotor rooordor. a 
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p«ii r<Hidrd«r« oil o s o l l l o s e o p * or « Magnetic tapewpTn^ ._ 
l a t t « r ca»© th<» data are aubaffnuently f»d into a QOfcuiĴ ar̂ :̂,' 
for proo<!'a«ini$* Tho output of tb« a a p l l f l o r oan a l s o be fed 
in to a ooMputor ao that the data aoqulaltfton oecura in real 
tiflie* tialvanoaeters are the aaait n idely aaed reoordera. In 
th ia caae a beaa of UV l i g h t r e f l e c t e d on to a aovlni; a tr ip 
of UV - aena i t ive paper froa the a irror galranoaieter providea 
an inatatit ly uaable reooK>«l* 

tRien the e l e o t r i o a l de tec t ion ia uaed» the oooimon 
prac t i ce i a to acan the apectruA continuously and to bring 
ionci of d i f f e r e n t « /x valuea auooeal ively to a fooua a t the 
detector* The aianal produced for each aeriea ia knoiin aa 
the ion current , and i t a Intimaity ia proportional to the 
nuaber of iona reachini the detector* 

1*6« i'le»nluiion 

(kie of the very ie{>oriant parMieter of wmmtt 
apeolrCMetera ia the reaolut ion or reaolvlne pever ( « / ^ « ) * 
This expreaaea the a b i l i t y of the inatruaent to diatinKulali 
between iims of aiaaa • 'ind iona of o l o s o l y aimllar mamtt 
m •*'^m • iteaolution i a said to be achieved when there ia a 
va l l ey between a i jacent peaka in tbn aaaa apeotrua ( ut > 

. : , ) • Itie peaks should be of e iua l he ights and tba 
height of the v a l l e y i s chosen a r b i t r a r i l y a fraotion»u8ually 
0 . 1 , of the peak heijiht ( lO percent valit?y d e f i n i t i o n ) , but 
other valuea, though l e s a coassen, auoh as 0 * ^ and O.Oi have 
been uaml. There are a l t e r n a t i v e def ir i i t i»na for reaolut ion 
and therefore i t i s important to be aware of the d e f i n i t i o n 
uaed Hrhile ooaparing the perforaanoe of ooawiercial ins truaenta . 

Maaa apeotroaeters are uauaDy o laaa i f i ed on the 
boaia of their reaolut ion c a p a b i l i t i e s into lo%, aediua or • 
hiji;b reso lut ion inatruaenta* Lou reaolut ion inatruaents 
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( iiA)B'»^200) and • • d i m r«»oltttloii lB«triMi«Btft {m/Am -~^ 
800-5000) ar* suitabl* for the d«t«r«iBAtleii of ih« aait « / • 
v«Ia«« HHI d«i«niia«tldB of th« pr«oi«« • • • • «r BB loa 
r«ciBir*« • bigto r««olttUoB iBHtryaaBt («/&«> lOOOO). 

1*7. i'rooaBMiBg and Praaentatiott of Maaa Spaotra 

A aaaa apa«tra« ia aaaaatlally a raoord of aicsala 
of varylB^ latanalty. fliaaa aignala ara aaaauraa ^t IOB 
oarranta aad liava a diatx-ihatiOB 1B tUia or apaoa ahloh CBB 
ba ralstad to tiM Miaaesof tba iona, tbalr ehargaa aad 
valoal t laa . Speotra ara aaitalljr raeardad alaairlealljr. A 
apaatroB la aaaantlally a plot of loa oarrent iBtanaiif* 
traraaa a / s . Tba f irat atap In prooaaolnf tbla raeord la tba 
aaalfiMiaBt of a / s ••Inaa to aaeb paak. Ralatlra loa carraat 
latanslt iaa ar# than obtaiaad by ooaparla^ tba araaa of tba 
paalia« or la tba (waa of apaetra, irtttalaed by aa axponantialljr 
deoaylac aagaatle aoaa by ooapariaoe of tba balgbta %t tba 
paaka• 

fflHi wmmu aeala ( x eeordlaata ) af a apaatraa 
4lapaiida oa tba typo of aaaa apaotroaatar and oa tba aada af 
aeanalBK tta«d la raoordlag I t . Vban tha aeala la aot l laaari 
• •t* la apaetra obtained altb a aaRaatio daflactloa laatruaiaat 
by aoanalag tba aagaatlo f la ld , tba ooantlai; aay praainit 
problaaa, ma oouatlag oan ba faoillfi^^od la a rarlaty 9t 

nays auob aa ( l ) aaklas a«a of paaka dua to tba 'baok^rouad* 
la tba inatruaaat, (11) ualag a abealcal aaaa aarkar, or 
( i l l ) aaploylng an alaotronic aaaa aarkar. 

Za addition to aaapla paaka, a apaotrua aftan aboaa 
paaka arialag friMi aaall awounta of vatar and air Introduoad 
with tba aaapla l . a . paaka at a/a 18 (H^O*), a/« 28 (N^*), 
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•nd N/S 3 2 ( 0 ^ ) and al l«« ealibratlOB of tiM low • • • • 
f^ioa of tli« •p»otru»* In tlw blgli aaas r«glOB, eallbratioB 
ia aoblavad by ualnK «aaa aarkar, aaually a flnorioa 

ipound. 

ViMi aaat aaoal torm of preaantatlon of a apaatrua 
ia ilia l ino dt^i^raa alao raforrod ta aa a bar frapb or 
hiatograai* In aoob diai^raaa tbo a/a •alaea ara plottod 
borla^itally and the inteaalty Tert ioal ly . Tho intanalty 
ia uaually axproaaad aa ralativo abundanoa, wbiob 1« 
oonrontionally «KproaiH»d aa the paroantaga intanaity of • 
givan peak or l ino re lat ive to that of the baae pcMik 
( aeat intaaaa peak in tba apootraa). 

fho advent of dnta prooaaaiag ayataaa liaa lad to 
• Boa m»y of jiroaeating aaaa apeotra* The IOB curroBt aay 
be digit iaed and tba Inforaatiea atored* Tba data prooeaaor 
oan than oarry out a nuaber of prograaaea* In tba alaplaat 
9mB9 i t aay datarala» tbe lategral aaaa by peak ooapariaoa 
aad priBt oat a l i a t of aaa» noabara and ioa ottrraat valuaa 
ablob aay be n l t laate ly oonvarted to oraokiag or fragaantation 
pattern* Tba preoiae aaaa of eacb ion aay be deternined by 
oaaparing tbe rata of arrival of knovn and unknown iona at 
tbe deteotor. If tbe imtroaent baa aufftoient reaolutiOB 
I t ia then poaaible for th« data prooeaaor to oarry oat • 
prograaae for the deterainatioa of tbe ataxic omat i tut loa 
of tba ion froa i ta preoiae aaaa. 

Tba aoat aopbiatioated aethod of preaenting ataaa 
apeotra ia to ao<|uire a print out of tbe preoiae aaaa, 
• toaio ooaatitutioa and re lat ive abundanoe of tbe iona» 
tagatber aitb a aiapl i f ied biatagraa, i f required. 
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CHAPTilli 

Mats 3p«otrO!aetry of Metal Comnouni)*. Evidence of C •* 0 
Cleavage In anti Effect of l^aperature OB the Maes 3peotr# 
of Chloropentaoarhonylmanganese 

2 « 1 . Iittrofiuction 

Over tne past f i f t e e n yt^are or so I t hae beoorae iuorea til ugly 
apparent that taass apeotro»-tetry providea a aimple, quick 
•Bd r e l i a b l e weana of dtiternlnlng the prec i se ao lecular f o r ­
mulae aiid studying the structure and bonding of metal oarho* 
ny l s and tuetal car bony 1 d e r i v a t i v e s , ^ e convenience of 
t h i s technique rents on the ease by «hich spectra nay ba 
obtained and a l s o on the fact that yery etsall anounts of 
e<KapouMi8 are renuired. t l i i s i s an important oonsid(*ration 
s ince the c o s t of ne ta l carbonyl coajtounda i s hl«i;h* I t i a 
perhaps inportant to preface the d i scuss ion by out l in ing the 
type of infor»at ion that »e nish to derive fro« the present 
atudiea* 

A number of carbonyl-carbide d e r i v a t i v e s have been 

• n i i s Kork has been published in 'International Journal of 
Oricanio Maw Spectrotst»try'(London). 
Hef. M.K.Oitaudhuritii.'^.iJasgiipta,,N.Roy and U.T.Khatbinjz, Org. 
UaiS Spectroa . . 16. 303 ( l9 f^ i ) . 
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Bynthi«»l«o(i and oli«raot«ri»«d^ slnoft t ^ e s . Tbi^se molpoul** 
omiuilii an Iso latod carhlrlo-carhoti ato« and imw baen obaar-
red »atnly in oomplaxoa of Iron, Tuthanluv a»Kl oawiiM a l t h o -
a);h an anionic rhodium apaoiea /~W»0iCO)jgC^7 ''* »»•• raoont-
ly boan raported. Tba aouroa of Iha oarbldo-oarbon i a unca-
r ta in but ia i^nnral iy bei loved to ar i»# fro« a prooaaa of 
tha aort , 

M^(CO)y • CO ^ ̂ **X<<'^V-1-^ * ^^i ^***^ 

SKpariciental evidanee to aapport tbla atippaaition t»m baan 
protridod in the oaae of iiu^(CO)..C «biob ia produoad froa 

Ihi9 i d e n t i f i c a t i o n of saeh watarialB ia vary d i f f i » 
o u l t . Vban Hu^(cO) .C «aa f i r » t raportad i t a igbt bava baaat 
raaonably pradicted that attaeif^a nae the s i a p l e polyttucloar 
ear bony 1 Ai^<CO) • Imiaad tha a n a l y t i c a l data «ould raaao* 
nably aupport e i t h e r formulation. Bovavar, the «aaa apaetr-
vm e l o a r l y ahn«f*d that iba peak of h i fbeat « /x • a i a e oorrea* 
pooded to Ru^C<CO).^ and not Ibig(CO)^ . Other ioaa in th« 
apaotruffi aere due to the apooico Ita^C(CO) . ^ » i t b tha 
•tapwiaa Ioaa of CO afaa oocuring* Since in a l l other po ly -
nuclear oarhortyla the e j e c t i o n of O frofli tha • o l e e u l n r ioM 
had not ba<!*n obaarv(»d as a privary proeeaa I t iNia quite 
reaaonable to aappoae that the cor tact foraulat lon of tha 
ooapouQd Ma fiUg(cO) C. Tbia »aa l a t e r aubataotiated by 
X-ray ana lya ia . 

Brer aince earbonyl-oarhido eonpounda atarted 
beooaiin^ knonn or «ay be eren a l i g b t l y before that atudiaa 
badon on tha mass apeotrometrie behaviour of a e t a l oarbonyl 
dariTativaa « l t h apf^eial reference to the obaervatian of 
a e t a i oarbenyl-carbido or aatal-oarbiUo fragaenia . Snail 
abuBdancea of a fa» fragaaat ion foraed throufb cleavaca of 
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• C-0 boii{i,«.jS.» MC*, MCCCO* <ll-Co, Mn) ^mtm •IB9 de tMt«d 

trm «»o ( l t««ft«lUo earlfOByU^'^. Unm of tlw«« typ««, 

bo»«ver« wor* ob«erv«d i n the timotra of the oarbonyl* o f 

Dlokol otKl Iron'* olthoagii ohrwt tn i , •fly^^iloBiHi oiid tiiBgotoB 

boxooorbonyla ooeva. to IMVO prodoo«4 o«« l l <ittontitlos of 

thooo lona'^. rtiao i t boooaoo ovtdoBt tl iot oorbido frOiaoat 

Ion* H M ( € 0 ) C^ ore ooanonly eboorvod^*^ for tbo heivior 

• etol lOBO but Mich oorbido fraj|«««to oro sot rmrj aouol for 

l l f b t o r a o U l oarbonyl dor lvot iTeo. 

H M M b •9me rooalto of ««oo opootrosotric InreotlffO-

tlotto of MB(CO)gCl baro boon roported l a tbo l l t o r o t o r o ,* 

tblo eoMpoand ooo oboooo l a order to iBvoot l fote tb« rooalfto 

• f oloetroii«ia|»oot otttdieo* 1%«t proooat Cboptor deoorlbea 

tbo rooalto of UX otodioo or obloropoatooorbonyloanronooo, 

M B ( C 0 ) ^ € 1 , o t vary lag i n l e t to«f>oroturo% of opoolol 

• i i B i f l o o a e o regordiag both aotal^oorboa oad earbMi-oxygoa 

iHMKliaK, and also the of foot of ioaporatero oa tbo aodo of 

£1 indttood fragMvotat imi . 

a«2. Sxporia«»tal Section 

^Btbooio Of CbXoropoBtaearbonylatoaiaaoooi lln<CO)jjCl.—«— A 

a ix ta ro of 1.2 g (3«0a • a o l ) Mn2C<'®)|0 ^^ * a la iaaa rolaao 

• f oyolob«^ono aad 2*2 g (8*06 a a o l ) poreblornoyolopontadioao^ 

0 . 0 1 ^ , vaa i r r a d i a t e d for 12 b i n a o«?alod Pyrox tube kept 

a t a diataaoe of aboot 20 oa fron tb<* tTV-laap* Tbo tabo *aa 

tbOB eoolod i a l i q u i d n i t r o fo a and opened, and tbe evolved 

00 mei9 paapod o f f tbrongb a vaoaaa l i n e . Tbo tabo rmu tben 

mraod to o^C aad tbe a l x t a r o foo f i l t e r e d * Tbe roeidao 

•btaiaod fron tbo roaet ion tube voa »aabed o l t b a oaa l l 

aaoaat of •iiohloroaetbane» 1%o prodoet IN^O oablinod a t 

4 0 % ( 0,i mm Bfi ) ablob gave the palo»yol1o« e r y o t a l l l n o 
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•ub l laa te «f liii(CO)^ci. The eoapotmi IKI* r « o r y t t « l l i a e d 

before ane* 

TiM Matt apectrft were run on « Varlan MAT CH-» «aa» 
apeoirooKitera The oreratinK ceiKlttlona *ere 70 eV e leotron 
•QercXt 20<-2SO^C i n l e t ter^perature, rfftnlvition ]Ono aod 
aoce lerat ion vo l tage 8 kV« 

Hie nasa apectruoi la (i;iv<»n in Table 1 and tb« 
net^iatable* ion data are given in Table 2« Tbe obaervationa 
•ere ataae with tbe f i e l d of the ion iz ing current strong 
enough to trap prinarjr ioi ia. The e f f e c t of teaperature on 
tbe m Indttoed fragacoteitloD pattern naa atudied a t tetapera-
turea of aO^C, 50^C, 90*^C, lOO^C ond 250^c r e a p e e t i v e l y . 

Metaatable t r a n s i t i o n atadiea «ere nade by taking 
help of tbe fac t ttiat the ae taatab le peak eor re spend in î to a 
part icu lar t r a n s i t i o n « i l l appear in a maaa sp«>ctrtta taken 
with a Magnetic ias tr iwent a t a aasa m given by 

m* « {m.^f/im^) ( 3 , 2 ) 

each that m. repreaenta n/a value of the parent ion ( or 
preci^fior ion ) and «- repreaenta the m/z value of tbe 
daughter i o n , 

Table l . ltaae SpectruM of Mn<CO) Cl 
1 • 5 

Aaaiftinsenta I a / s f Intenaity (<) 
— ! ! 

Hn(CO)gCl* 230 24 .6 
Mn(CO)^CCl* 214 l . S 
Mn(CO>^Cl*̂  202 O 
MCO)^* 195 11 .2 
lin(CO>gCl* 174 14 .8 
Mn(CO)^* 167 4 .5 

MuCcOjgCl* 146 34.» 
Mn(CO)g* 139 6 .1 
MCO)Cl'^ 118 27 .6 
Mn(CO) * 111 16.8 
MnCCt* iOa - 2.7 



ftable 1 . oontd. 

\ 

|ln(CO)C* 95 a.» 

MnCl̂  90 47.1 

iinCO* tS 26 .3 

llnCg* T* 0,3 

Mn C* «T 12.6 

lia^ M 88.7 

CO^ 38 100 

Table 2* M«t«8table Transit ions in tbo Kaaa Spaotrm af 

llB(CO)gCl 

B / Z 

Obavrved 

1 6 S . 3 

1 4 3 . 1 

115 .6 

8 8 . 7 

« 2 . 1 

8 4 . 1 

3(>.5 

1 3 1 . 6 

1 3 2 . 5 

9 5 . 5 

: ^ » i i 
6 6 . 6 

111 .2 

8 4 . 6 

8 8 . 4 

3 3 . 6 

C a l c u l a t e d 

1 6 5 . n2 

143.(>2 

115 .69 

8 6 . 6 4 

6 2 . 0 6 

8 4 . 0 8 

3ti . 44 

131 .63 
1 2 2 . 5 0 

9 8 . 8 6 

88 .1 8 

6 8 . 6 4 

111 .04 

8 l . f t9 

8S.f)8 

3 3 . 6 1 

j 
1 Proe«a» 

I 
23a-~«> 195 

195 } 167 

16T \ 139 

139 >.lll 

111 i 83 

8 3 — 4 67 

83—-• 65 

230—-4 174 

174 ^ 146 

14« • 118 

118 » 102 

ll«t > 90 

174 > 139 
146 ^ 111 

118 > 63 

90 ) 55 

j 
\ Neutral fragment 
j lOf t 

el 
ee 
0 0 

0 0 

0 0 

0 

0 0 

2C0 

0 0 

0 0 

0 

0 0 

01 

01 

01 

01 
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a.ri. immilia ami UiMCutt̂ ioD 

7iii»l« 1 Asd Tliblff 3 present tbe •iis«ntl«l features of the naee 
mpeotrum of ohloropentacarbonyl»an/;aneee, liliiiCO)^^!• I t »«• 
ob«ervea in the present etudiee, in eocord with the report of 
liCAr e t « l l ( that the npt^irum aeneurerl e t lo« tevperaturo 
ehofie the aoleoular ion peak of moderate intenHity ( 24*6*^ ) 
at • / • 230, The moleoular Ion /"Mn(CO)_ci / umJergoea 
eleoiron-'i;r<paot induced frajgnentation by t«o different patbvaya, 
•a aho«tt in iScheme | . While one of the eraoking path involrea 
rupture of tbe Mn-Cl bond follottfrd by atep«i.'«e loseea of CO 
greapSt ^^^ otbtfr inwolve» the retention of tbe \IB«C1 bond 
iritb auoceaeive los8«>a of CO {̂ roupa* 

Path 2 

«ii(CO)* 

lln(CO)gCl^^ iniCOĵ Cl*^ 

Mtt(CO)̂ Cl* 

Patb II 

Mn(CO)g-» Mn(C0)2—^ Ifn(CO)^ 

ite 

Mn(C0)2Cl* ^ Mn(CO)Cl*—^ MnCl* 

itoiaatable transition studies mere «ade in order to aee if 
any one of the two patbvaya la preferred over tbe other. 
Observed aetastable i»eaks, hoitever, support both the craokipg 
j^tterna and augitest that both tbe patb«a]is ar9 er?ually 
probable and tbe f i ss ion of Itln'-Ol and tln->CO bonds ooapete 
e i tb (^eb other e f f e c t l r e l y . The nost notable feature of the 
apeotruM mma tbe appearance of f>eaka at m/m 67, T ,95, 102 and 
214* TOese peaks have be««n attributed to tbe metal earbido 
fragnenta MnC*, MnC^*, l{n(CO)ct MnCCl* and Mn(CO) CCl*, 
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T9*tpmo%ir0lf • Suob ob»«]*iratioa» i t« f iB l t« lx 8ia«««tt tha t , 

I l k * lie«¥l«r « « t « l oarbonyl ci«rlir&Uv«t?**^ tfao l i gh te r oa«« 

•ay a lao undersso sppraolabla C-^ bond f l a a l o a . I t appaar* 

tbat tfaara l a bardly anjp d a f l n l t a report in l l t a r a t u r * oa 

UMI loaa of 0 f rea tba l l g b t e r na ta l oarbonyl aa r iva t i vaa* 

V i t h a v la« to obtain further support for tboa* aaalgBaonta, 

• a tas tab la t raaa i t i ima ra in t i n t to thaao par t leu la r poaka 

mmf alao i a r a a t l g s t a d . Mowavort tba vaak natara of tha paaka 

for thaaa fragvoata praoludad tha obaar'ration of M i f f lo ian t 

• a t a a t a b l a a , bttt tha aa taa tab l * paaka a t 88*1 and 5 4 • ! auraljr 

anpport the t raaa l t iona lln(CO)Cl^ ^ MaGCl^ • 0 and 

Ita(CO)^ ^MnC* • 0 . 

An aasoaaaaat of tho varloaa ahlor lno ooatainlag f r a g -

aoata aaa aada bjr ehockiag tha ohlor laa iaotopio r a t l o a . 

Tbla l a ooaaldered of mxtrmm^ laportanoa la tho preaant oaaa» 

baoaa«a of tho mhffne» ot aay la tar foranee froa aaagaa^aa* 

ftkiai natural iaotopio abundaaoaa of ohiorlao Into eoaaidarattwit 

tba valaa of tho r a t i o /^U • 3^7/ C ^ J ' • ' ' • i *^«" fragaant 

oontalnlag ona ohlor laa ataa ahoold ba 0 . 3 2 . Tli« Talaaa of 

th ia r a t i o , for varloua ohlorine oonialniiMi! f ragaaata, l a tho 

proaoat oaaa appaarod to bo 0.,10 or O.. ! ! , landing add l t loaa l 

aapport to tiio auggaatad fragmaotation aobaaa. 

I n an a t t a s p t to atady tha a f fao t of pyralyaia l a tha 

aaaa apaotnaa of Ma(CO)gCl, tha apootroa of tho ooapounda «aa 

atadiatf a t taaporatnraa of 3 0 % , S 0 % , » 0 % , 100% and 250% 

roapactlToly , aa in ta in lng 70 oT aa tba alootroa anargy. I t 

m^9^mtm^ froa tha abova nantionad atudic^a that tha nana apootra 

ran a t 3 0 % , 5 0 % , and 9 0 % vara aa j iant ia l ly a U l l a r , but tha 

apaotral pa t ta ra ohanjead a t 100% ajchlbiting a now paak a t •^ 

tt/s 390. Thia poak baa baan aaalgnad to 1 ^ . ( 0 0 ) ^ on tho 

grooad that tba typ loa l pattf^rn conforais to that of Mn»(CO)_. 

•aaawhat I d a a t i o a l obaorvation traa aad« by Svac and Junk^^a faa 

yaara ago* I t l a balievad that under high anargy oooditlon 

liB(C0)g01 foraa Mn(C0)j^ radioalv cTan a t lo»«r tanporataraa* 
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•o«evert at 100 C the optinao concentration i s r«aoh«d aoob 
tliat ttia r«eofliblnatlon through radical coupling sivea r i se to 
th« foraatioa of Mn^Cco).,^. Soeb fonatioD and raoosbination 
of naaganaao pontaoarbonyl radicals has alao bean obMorved 
previously carrying out trio r«aotlona undar photoobMilcal 
oondltionii''. Pyrolyaia ttffaot on aono jipon oarbonyl d«rlvatlvf»a 
uodor ;«iaaa apactroaetrio oonditlona «aro raportod by other workora 
about four yaars ago, froa «hicb sone vary uaeful ooncluaioaa 
vara «ade by tb«a« f te observation of th« peak in tha 
apaotrun of ^ lin(CO)ĵ Cl run at iOÔ Ĉ atiaiulatad tha Interast 
to aaa tba affact of further raiaa of tavparatura* Accordingly 
• apectrua of Mn(CO)-Cl «aa run at 250 c» Thia ap«otru« 
ravaala aoaa wmty isportant diffarancea. Tha Most notable 
ia tfta diaappearanoa of tha peak due to the ion Mn(CO)-Cl 
in/a 230) and noat of the other peaka oninM: to Mn(CO)̂ Cl'*̂ <x<S) 
lona, and appearance of a paak at a/s 404* liM ratio 
^M+2^7 / ^ M J ^ for • / • 404 maa found to he 0,62, suKvaatlnj; 
the preaenoe of two CI atossa In tha fragnant* Acoordingly 
the paak «aa aaalgned the oonposltioD MB2(C0)gCl2* A 
00«pottnd of aucb ootpoaition baa h«en knontn and Ita naaa 
apeotriMi baa alao been rej^ort^ • It ia believed that the 
fonatiott of ^2^C'^)g0l^ In the prenont caae msf be 
either ( i ) through the dl»prlaatlon of Hn(CO)|̂ cl »ltb a 
alnultaoeous loaa of t»o CO iroupa giving riae to Mn»(C0)^Cl2t 
which on ionization givea riae to the peak at n/a 404; or 
(11) on ion/soleoule interaction betveen liln(CO)-Cl^ and 
lJn(CO)^Cl « : with alaultaneous transfer of a CO group 
fren one Un to the oth«>r leading to the foniation of 
lto2(C0)gCl^* • 

I t iiaa been obaerved tbat the intenaity of vartoua 
fra^ients Inoreaaea with deereaalng • / • valuea. Tbla 
oonstltutea one of the very iHportact observation and ia 
preauieably because of the increased aetal to CO SFT- bomiijOg 
between aanganaae having a low formal oxidation atate and 
m aoaller ouaiber of CO groupa* Since the carbon valenoy 
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IMS to b« saintalneil at fnur the inotesti^ TI*̂ >̂ok donation 
incr«««e« the ?.4n-C bond ortlwr ulth a alaultaneoua deeroaaa 
in that of C»0, thua aakioje; ttm C-0 bond mora auaeaptiblo 
to iBcr«aa«d tosuparaturo oomparad t»ith tbo MB<-C bona* 

I t muf oonola(J«*<i fro* tha proa»nt studiaa that l iko 
haariar metal carbonyl darlvatlvea, tha Itubter t^etal 
carbonyl derlvutlvea say a lso axhlblt earbon-oxygan bond 
f i s s ion , anti rury bigb taoiparcltiire can otaaiijie tba £1 lnd«oo4 
frascnantation pat tam. 
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Ummti 9{i0etrom«trlo Studies of C^^^^ *'"^^^^4-^2 • 
^CF, K PtKCO)^J^ { E - S,S«), Cr3S«P»(C0)2 Cg Hg AMI 
CPg^rCKO)^ CgOg . fsrid«nc« of riuorin* Shifts froa Carboa 
to Ikitttl in and Eff«ot of Twiperatyr* on tba Maaa Spaotra 
af SCP̂  and SaCf. Conpounda of llaBganaaa« Xr<Mi and 
Ohroaiini • 

9*1 • Introduction 

Maaa Spootra of a lar^e nimbar of tranaitlon satol eosipounda 
liava baan raportad in laat f i fteen yeara and a oonaidarabla 
aaouut of inforaation oonoarning tha babavtour of tbaai andar 
alaotron iapact (EI) eonditions haa be«n aeouaulatad. Attanpta 
bava boon sade to arrlva at aoMa Kaneraliaationa nith ragard 
to tba fragmentation pathvays of aany aetal oontalning ayatoMi 
auob aa «etal oarbonyla, natal -71 - oyolopentadianyla, 
•atal->TL * aranaa and aatal-flaoroearbon aarivative^ ato^. 

a TIM «ork di^uatted In tbia Ciiaptar haa baon publiabad In 
'International Journal of Organic Maaa Spaotronatry * (Lmuion). 
Uaf. M.K.Cbaudhuri, H.$. Oaagupta» N.Hoy sad D.T. Kbatbing, 

OriL. Maaa St>aotro«,. j[6, 534 (1^61). 
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The aiaas sp«»ctra of taetal carbonyl ooapouiida are oharaetarfsad 
k|l the aenuentlal loss of carbon aonoxlde froa the {^irent 
flioleoular Ion and only prooeaaea i^ith very lo« «oeri;y 
renulreaenta oan oonpete «itb tbia deoarbonylation* Altbougb 
a large voluiae of information baa been acotraulatedi aany t,-̂  
(Hieatlons reaalit ttnanavered and many typo» or oompounda are 
yat to ba atudieek. 

^inee aid i960a a apate of publicatlona on «aaa 
apeotroMOtrlc tnvestigationa of metul carbonyl ooapounda baa 
appeared* Although Vlleaov and KurbatOY*' reported in 1961 
the ionlaation potentials of Nl(CO)^, reioo)^, Cr(CO)g, lioCcO)^ 
Mkl Vicu). deternlned by laeans of a pbotoionlsation technique) 
tba f irat coaprebenulve atudy of tba nlokel and Iron ooapouoda 
w oade by t lntera and Klaer • Tbeyd«>terffiined Isotoplo 
abundanoea of the raetala^ ion abundanoe«i and appearance 
potentlala of'TOrloua lona« Tbe noat protif lo ions «ere the 
• • t a l ion I tae l f and the aonocarbonylaetal Ion but a l l poaaibla 
lona of the type M(CO)„ murv preaent to<;ether with aoae 
doubtly obargtNi apeoiea leading to the poatulate that the 
reapactlve ions urara formed by auooeaaiva loaaea of CO groupa 
(reaction i . i ) * 

CoQolualve evidence for the propo»«a fragnentation aobeMie 
Haa aoon obtaiu&d^. Seaulta of t«o independent atudiea * 
appeared in 19CS nhicb were in direct analogy vi tb tboae of 
t îe nickel and iron oarbonyls. Later on sooe acre atudiea 
Of tba arottp VI Bot^sl cnrbouyls have alao been reported *^. 

Studiea on metal carbonyla at»l subatituted natal J" 
carbonyla abovred that tbertaal decanpoaitiona in the ion 
aource mere appreciable even a t teaperaturea well belo« the 
•xpeoted thermal atabi l i ty or the Maplea. Studies on pyrolysia 
of facta are* bo«ever, not entirely in haraony* Pignataro 
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and Losaing ^^ reported that lb« Orotip VI hexaoarbonyls 
<l««OBpoaed very l i t t l e but Sveo anu Junk' reported that 
daodapoaition of these hexaearbonyla began at lovar 
iaMparaturea. 

loniaatlon prooeaa of ciatal oarbonj^l aoleoulea taaa 
9 

been dlaouasedl in ao»e d e t a i l . Tileeov and Kurbatov 
poatulatod thaf the electron roMOTeci fro* tbe «atal carbonyls 
durlag the loniaatlon procoaa origlnat<^ either fron a p-
orbital of the oxygen or e lse fr»m the netal-oarbon bond,tbaa 
indloatlBg ao«e oietal-oarbon double bead oharaoter* friMi 
their mtudiea, Winters and Klser auggeated that the eleotren 
rm»ov0d tr(m the carbonyla on loniaatlon waa ona laricely 
aaaociated aith the metal aton rather than «ith the earbonyl 
groupH. Poffani et a l . * eo«piir<*!l the loniaatlon potentiala 
of Group VI aetata aiKl their hexaoarbonyla, «lth tranda in 
force Gonatanta of th«* M-C and C-0 bonda and «ith the M-C 
bond lengtba« Tbay postulated that the degree of aietal-legand 
71- bonding la not a relevant factor in the loniaatlon 
potentiallfii« Thua, they too argued that the electron reaoved 
by electron iapact taunt belong to a molecular orbital very 
largely aaaooiuted »ith the metal at«ni* Thia «aa further 
aubatantiated by Klaer'" from ihe M.o. calculation on 
MiCO) ahoaing that the hlgheat occupied molecular orbital 
In lii(CO)^ ariaea fron the 3d nickel orbital* with re lat ive ly 
l i t t l e contribution froai the ligand orbitala* Calculationa 
by Gray anu Beaeb^^ on Group VI hoxaoarbonyls also liMJicated 
that the hlgbeat occttpi<?d nolecular orbitala ahould be the 
^'iA"^ ) • Tbeae ariae froa u coaibination of the d̂  metal 
atonic orbitaliB with 71 and 71 orbit^as of the CO ligand 
and arm aainly locall^'c'J <»n the ae ta l . 

Extenaiva atudioa have also been node on the binuclear***"* 
and polynuol(>ar *'*»*®*21 ^̂ ^̂ ĵ ©arbonyla and aaveral 
uaeful generallaationj!f have be<»n wade thereof. "nie wtamm 
apecira of fluorocarbon derivetivea of tranaitioii aatala 
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display •oa« unitruo fetttur«»« Vhlle any earboi^rl groupa 
preaant appear to ba oUatnatetl in the uaual atap«i*« 
faablon, fragetentation i«tha involving ibe fluoror>arbon 
a i i t i t l aa provide aharp oontraata n i th oorreaponding hydrocarbon 
d e r i v a t i v e s . Oecoffij^nsltion of n«ta l -oont« in in« iona ineluda 
tbe e l i a i n a t i o n of ( i ) neutral a e t a l f luor idea , ( i i ) HP, 
( i i i ) neutral fluorocarbon apaoic** auoh aa '^^gt CP^* *^^ 
on<l ( i v ) P atone^. Losa of ( i ) , ( i i ) and ( i i i ) uaually 
oocured a f ter any carbonyl groupa o r i g i n a l l y preaent ha# ba«l 
expellad nberaa loat* of ( i v ) oocured boib before and afteir* 
Tba rearrangeaent of one or aore P atoaia froa ligand to tba 
• e t a l a and aubaenuent el iealnation of the neutral metal 
flttoriile apecio» oocured in cfuite a fe« oaaea. Thla appeara 
to be favoured with iron ootnpounda^. Similar itoooapoaition 
atepe aere ;>oatula ted in fragnontatiou s)«ohaniaaa «bioh 
«ere not metastable aupported; these inoIttde<l extrusion 
of «»fj,^^. CgHgPaP^^*^^, CjjIigUuP*^, Cof^^'^'' and CgMgNiP^^, 

Pluorine a i g r a t i o n from carbon to oietfil has a lao baea 
24 raported to occur duri&e fraipteotatioo of tbe ooapouad 

r ^ - CgHgNiPiCFa)^^^ . 

l a the fragoientation of the oonpouada C^P.S-Ps^(CO). 
« 4 ^ « O 

and G^F^^S^FB^iCO)^ an unusual aode of deooaposit ion aas 
noted, oaaely extrus ion of Pep^ a f t er only three CO groupa 
had been laat* These sug^eated that in each case the f i r a t 
three CO groo^ts l o a t «ere a l l froa the amm0 iroa a toa; the 
reaaining oarbonyls in the reaul tant iona R^S2pe(C0)g** were 
than l o a t in the f a a i l i a r stepirise aanner. 

The a a s s spectra of tbe eoaplexea C-PgClMCCO). 
( II « Un, fie) provided no t»vldenoe for e l i a i n a t i o n of a e t a l 
f l oor ide e n t i t i e s in the fragmentation prooeas but the loaaea 
of .P , .CI and Un atoaa and the neutral fragnenta .CP* 
CP^ and aCP. frois carbonyl free iona «era ae tae tab le 

2R 
aapported . 

Although a ttUiRber of f loor inated orgmnoBultur and 
orgaBoaielenitta der ivot ivea of a e t a l oarbonyls an̂ J 



oyolop«nt«di«nyl netal carbonyla or nttrosyls hav« b«en 
•yntiMi»i»«d in recent yearn , the nats spectral studies 
of sttob oonpounds have received lens attention to date* I t 
»ay be noted that the aiass speotroaetrie stadies of CH»S 
derivatives of !s<etal carbonyls showed loss of Cti^ groop 
iiltb oleavsi^e of tbe 8-C bond froa the CO free fragwents* 

tRie aitt of th is chapter i s to disouss and to give the 
interpretative treatment of tbe most laportant types of 
fMipientatlon prooeszies tthioh ooour during the siass 
apeotronetrio deoo«po»ition of aoae oooipounds of aanganeaot 
Iron «iul ohroQtittM containing OPaS and CF»Se liiff̂ ands in 
ooablnatlon «lth several other ligands like CO,NO and CJBL, 

3.2« Qcperlaiental Section 

Synthesis of the Coai>OMnd» used for Mass St>eotro«etric Studies* 

All nanipulations %ere carried out under nitrojKon or argon* 
Solvents «ere d i s t i l l e d before u»e« 

Synthesis of ^CPgaMnCCO)^^^'^!), llngCCO)̂ ^ 
and N(!%P^)^ in l t2 »ole proportions were Irradiated in a 
Pyrex gl«as bomb for i3-15h at rooa temperature in presenoe 
of a Blnlaum aaiount of OtUCl^-n-hexane ( i t l ) solut ion. The 
Pyraz tube »as then oooleti at oiOG C and the generat^ad CO 
was puaped off through a vacuum l i n e . The tube «as nsraed 
to 0 C. Tbe orysta l l ioe compound obtained ««s f i l tered 
a»l purified by recrystal l i sat lon froM CUUClo / n»bexane 
or by aublisatlon. Tbe yield of the golden yellow 
^CP^S Ikis ( 0 0 ) ^ ^ (1) oompouad »as 1H%, 

m aiyntheaia of /"CP^S© Mn(CO)̂  7, (2) 
• ix iure of Mn^iCO).^ and (SeCP^)^ lo 1*2 «ol« proportions 
vera taken in a Pjrrex g lass baab already containing a anall 

32 



Mioant of C^Cl *if>hexan« ( i s l ) solution* ^ « Fyrex boab 
»«• irradiated for ca . 141) at rooM temperature* After tbe 
Irradiation vae over* the Fyrex tube ««« then cooled at "iQB G 
and the generated CO t̂ as punped off through a vacuum line* 
th» tube itaa then versed to 0 c and the golden-yelloir 
orystal l lne coapound vraa separated by f i l trat ion* The conpound 
naa purified by recryatal l iaatlon or by sublimation* Yield 
of /"CP„Se Mn(CO). 7o (2) iroa 6T«. 

Synthesis of ^CP^S Pa(CO)^^^ <3). raCCO)̂  
and N(SCPq|)» in l t2 so l e proportions irere irradiated in a 
Pyrex glass booib for ea* IBh* at room temperature in presence 
of a •ininisd volisse of CtLCln'-'n-hexane ( i t l ) solution* After 
tbe irradiation was over the Pyrex tube %n» then cooled at 
<-l96 C and the generated CO nas piwped off through a vaouias 
l i n e . Tbe tube vas warmed to 0 C* Tbe deep brovn-red 
crystal l ine ^CPj^S F«(CO)- Ĵ _ (3) thus obtained was f i l tered 
and purified by recrystal l i sat ion fron CfLCl^/n-hexane. 
Yield was 59j6* -

synthesis of ^CPgSe Ps(CO)^ J7^^^ ( i ) . Pe(CO)g 
and (SeCP„)..in l t 2 mole proportlona were irradiated in a 
Pyrex glass bomb for 14b at room temperature In presence of 
a •iniauGi amount of C£UClo-*n*bexane ( i t l ) solution* After 
the irradiation nas over, the Pyrex tube vma cooled at «>196 C 
and tbe generated CO vas pimped off through a vacuum line* 
fTic tube was warmed to 0 C* The deep hrown-rea crystal l ine 
compound /"cP,SePe(CO)^^72 *bus obtained nas f i l tered aod 
purified by recrystal l i sat ion from CELClo/n-bexane or by 
sttblifflatioo. Yield of ^CF^SoPs(00)^^/2 was 73%. 

synthesis of CP^SePs(C0)2C5Hg '̂* (B) . A quantity 
of 0*5 « ( 1*4 • mol ) o f ^ ( C g Hg)F*(<;o)jj_72 * • • disaolve* i 
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In SO a l cyolohexan« ana ih<» •e lat ion ««• bested to 46 C* 
To tho hot oolution 1.5 g (5.07 m aol ) biotrtfli^rOMetbyl 
dlselenldo. CP.3«~S«CP,, fiitb ot lrr ing. the reaction aixturo 
«• • tben kopt at 46-*50 o for a porlod of 72 b undor oontlnuous 
• t irr lBf . After the roaotlon «aa ornr, voat of tbe solvent 
naa roaoTOd fron tbo eool «lxtur« at 2R /20 MI flg. Tba 
oospoond «a« purified by reoryatall isntlon froa dlohloroaethane-
pentane nixture at -78 C and brown aalodorous crystals of 
Or^30rm(CO)^C^B^ »as ebtaioed* The y ie ld of tbe coapouBd tmm 
33K. 

Synthesia of CF Ŝ Cr(»0)j CgBg^^ ( 6 ) . A iiixt«r« 
of ClCr(M0)2Cgn^ end AgSCPg in 1»1 aole proportions vers 
taken in aoetone and isss stirred for 8h at rooa teaperatore* 
nie reaotiOB aixtore vaa f i l tered^ Pentane «aa added to tbe 
f i l t r a t e and solvent van reaoved at ^25^(40 na Hi)* Tbe 
reeidae wss pttrifisti by a soxblet extraotion «itb pentsne for 
1 day. proa tbe extract a bro«n-yello« 'Orystalline coapoond 
vaa obtained. Tield of 0P.9Cr(NO)̂ Cĵ Hĵ  was 70K. 

The aaas spectra were run on a Varian MAT CH-5 aass 
apeotreaeter. Hie operating oonditiona vera 70 e? electron 
mumxgf, reaolytioa of iOOO snd 8 kV aeoeleratlBg voltage* 

Ibe aass apeotra and tbe experiaentaiiy observed 
aetastable transitions are presented in Tables 1-6. fhm 
ebservstlona were aade with tbe f ie ld of the ionisini; ourrent 
atrong enough to trap prlaary ioaa. Tbe effeot of teaperature 
on tbe Rl indnoed fragaentattoB waa atudied with allowance 
being aade for pyrolyaia reactiona taking place in tbe Ion 
•oaroe* 

3 . 3 . Resulta and Olsoussion 

^CPjS Mn(C0)^.7a ( l ) and ^CPgSe IIn(CO)̂ ^72 (2) 
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TiM • « • • •p«etr« of tb« ooapounds 1 aad 2 •xlilblt weak aolaeular 
Ion p«ak« at a / s 5.16 and 6^2 (Table l ) . Tha aoleeular iona 
do not undergo senaential loss of CO llgandSt inatead the 
aioleoular iona loae three CO groapa in a aingle atep leading 
to (CP3E)2lln2(C0)g* ( K • S, Se) . The Ion (CP3E)j^nj(C0)5* 
aubae(|ttently losea one CO groMP followed by loes of an EOP̂  
unit* I t ia intereatlng to note tbat the expulaion of fiCF^ 
group takea place with the alnttltaneoua ahift of F atoa fres 
earbon to netal giving CP̂ E Mn2(C0)^P^. Thia fragnent loaea 
four CO groupe in atepe, however,folloved by the expulaion of 
the aecond £CP̂  unit to yield Ma2'̂ â  ^ '̂'* ^ * fragnent ion 
lin^F^ undergoea aueoeaslve loseea of P atone giving Mn. , 
abieb f inal ly fragpenta to Un , the bare netal ion. 

The eignela at n / i 161 and 200 in the epeotra of 
i and 2 mre weak in nature, fbeee eigne la ||«ye been 

•aaigned to Mn2SP and Jia»SeP lone* Appearance of theae 
aignala Indicate the leae of CP, through the rupture of S^or 
Se-C bonda. aofFever. thte oonld not be enpported by the 
aetaetable tranaitiona thua precluding any aignifioance of 
anoh a proeeea. Hie inference that nay be drawn ia that unlike 
the GU^a derivativea of netal oarbonyla «hich ahew preferential 
leaaea of 00 groupa followed by that of CB̂  through rupture 
of the JM! bond, the oorreepooding CP.S or CP.Se eonpounda 

3 3 

exhibit loaa of SCP̂  or SeCP. with the ainultaneoua ahift of 
P fran carbon to neta l . 7he P atoa ehift i e preanaably 
favoured hy the fornation of a new bond between an e lec tro-
poeitive Metal ato« and P tbron«h the interaction of non-bonding 
p-drbitale of p with the vecant orbital a en the netal ato«, 
enabling expnlelon of an SGP. or SeCP groupa* Xonisation of 
SCP̂  and SeCP. in the epeotra of the eonpounda i and 2 givea 
atrong aignala at m/z 82 and 130 (Table l ) reapectively. 

In order to atudy the effect of pyrolyele on the 
expulaion of GCP, ( B « S, Se) fron CP̂ E Mn̂ P'*', the epeotra 
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Wf run St lOo^c. Tliia mhom^d that th« intenalty of th« 
sigBiil at « / B 148 due to Un^W^* « • • iirter««M<l trm ^ 891( 
t« '̂ ^ 78< ani that thoaa algnals at m/% 2.10 (mlaf to tlia 
fragiiant ion CF^SMiuF In tb« apootrum of 1 and at • / « 378 
ovlnc to the ton CW^S%ytaJr* in tho apeetrna of 2 deoroaaad 
frasi '-^ A9% %9 ^ 231(» auggaating that pyroljraia playa an 
iaportant rolo in tha fomatlon of BCF ,̂ I t mmf ba raleraot 
to wontiOD at thla point that tho ooapMNid SoCF^ lias boon 

mm m 

prapare4 for the f lrat ti^« by aaaa at a l . by pyrolyaia of 
B(SaCF^)_ • Tbia oonatltutes a vmwy good oxaaplo to abo« 
tho Intorrolotionahip batvaoo a synthetlo atudy and a aaaa 
apoetroNotrlo stndy* fbo aoat probabla fragaentation i»attarB 
Of (^1^3^)2^2(00)^ < e • 8»aa) aay b« glroa aa ahom in 
Sohotto i* 

' Kcrjfi^nj(CO)^r* Aor^B)Ua^{QO)jr^*^ • (4-n)C0 (a«i -4) 

8oho«o 1 

Motaatablo trenoitlon atudloa i«oro nado wittk a iriov to 
gaining fnrthar infomation rog^rding tho propoa«d fragnoatation 
aeb«io« gnoagb notaatablea »oro obaarTOd irblob eorroapondod to 
•11 tranaitiona fron tbo aolooular len down to tho baro Mn̂  ion . 
Tbia givoa atrmg aapport to tbo abovo aontionod aoboao(Tnblo 3)« 
Aaaignaonta of varloua 8 and 8a oontainii^ frag««nta baire baon 
rsrif iod by uaini; tbo ratloa U^i/lt and U^2/ii roapootiTaly'^, 
abora li^2 raproaonta tbo intonaity of tbo poak tvo naaa unlta 
noro and M-2 ia that of t«o naaa unlta laaa than tho nost 

tbo aubatittttion of ^*» for ^ 8 and ^^80 for ^ S o . Tboao toato 
abundant Ion of a givon alonentai oonpoaition M, and •rimm fron 
tbo aubatittttion of ^*a for ^ 8 and 
givo very strong ore€l«noo to Seheno i . 
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Ccr^SV{CO)^J^ (3) and fOF^^MCO)^J^ (4) 

B«9«ntial f««tar«s of tli« • • • • spAotra of tlio eoapaoMo 9 and 4 
hMf boon praaontffd in fables 3 and 4* fh9 ooMpoanda ahov weak 
aifoala da« to vnleoular lona at a / s 4B2 and 578 raapaotivaly* 
An axanlnntlon of tb« apeetra of ttiaaa two oonponnda rev«Mila that 
tiBllka naaganaao ooapounda l and a, iha ooKpounda 3 and 4 undergo 
preforaiitlal leaaea of aix CO gronpa In atepa* The loea of 
00 ffonpsla followed by the auooeaaive losaea of 6CP„(E: « S,lo) 
ualta e l tb the aliiiiltaneoaa abitt of F atoaa froai oarbon to 
• e t a i * 1%e tone at n/a IBO in tbo spectra of 3 and 4 have 
been aaaigned to V ĝ'̂ â  ^^ Ulpoaitive Ion at a / s TB oving to 
f»„P»^^ and a algnal at n/a 112 dne to Fe„^oeour« The forvatlon 
•t ^2^2 **^ ^ a î>^^<'*̂ ** Iron-iron bonding in 3 and 4* 
Tbo general representation of the atruoture of the ooHpounds 
3 and 4 mtf be given as ahovn belov ( Flgnre l ) 

I ^ OC. g 00 

O C ^ ^ f ^ f* -—CO 

oc- ^ g / CO 

^^* ( B « S, i s ) 

nipr^ X 

In order to obtain further infonaatioa regarding 
fragnoBtation of the ooapounda 3 and 4»detailed aetaetable 
transition studies irere aade* 1%e aetaetable transition atudiea 
reveal that the speetra of 3 and 4 exhibit net only the 
aetaetable peaks at a/a * 7i«6 and S4.8, repreeeatini; the 
degradation iCr^B)^^^^-^-''^ ^2*^2^* ^"^ "^"^ enough aetsstablea 
to porait e luc i lat ion of the fragmentation aa depleted in 
Sohene 2 . 
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(cr3E)2i^a(co); ^ ioF^^)^r^^ico)l ^ (cr3K)2i^(co)*-

(cr3E)2i»Hi2 ^ (cr^e) r^gf* ^ ^a '^a * '^ Wg''^"^ 

schwf a 

FUrtber support for SoltofflO 3 »aa obtolned by aaklntg 
•B ••sooaawnt of tbo tttmber of FO and S atone io a glveo 

fragaont of {CF^&)2 *̂ 2̂ *̂ **̂ 6 ^̂ ^ ' ' " • ***® ratloa M-2/k 
and M^a/k roapootivoly. Itetural Iron oontalna S.̂ OK ^ f a 
in addition to 9l,Q% of the sajor iaotopo Fa and 2*20 and 
0*33^ respectively of the ainor isotopes Pa and Pa* 
Katural sulfur oontaina i .20^ ^^S in addition to 95.0^ of the 

32 •ajor laotope S and 0.75 and 0*on% respectively of the 
ainor isotopes S and H, Natural carbon, oxygen and 
fluorine contain 98,9^ *^C, >9<>,7^ *®0, and lOO"̂  ̂ ^p, 
roapeotively aakin^ other isotopes of these eleaents of ainor 
•ignificaiKje in this aass siteetrcni. As a result of the relat ive 

/an' . 
abuniianoes of the isotopes of these e l^ ients , the/ 2a/x units 
leaa then the aoat abuiMlant ion ot a ^iven eleaeatal cMipositieo 
• r i s e s aainly from the substitution of ^^f% tor '̂ ^Ps* 
Therefort^ the ratio M-2/W i s often an indication of the 
•mber of iron atoaa in a given fra^ent ion* Thua in ions 
»lth one or two iron ato^a, the value of Mo2>^ abould be > 
0.U045 or 0.i29t reapeotively on the basis of this treatuent. 
for a i a i l a r reasons the r a t i o U*ZAA aay be an approxiaate -;^ 

indicator of the nuaber of sulfur atoaa in a given ion ** . 
for ioaa vith one or two &>ttlfur atoaa, renpeolively, the value of 
M^a/k i s oxiHtcted to be 0.0442 or 0.U8K4 on tbe Imsis of 
th i s treataent* 

The valuea of tbe ratios U-^zM and li«2iAt were 
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checked for !h« oMipociBd 3 . Th« va la«s agr««d « e l l « i t h th« 
propo9f»d •••iffiMMnts* Similar ohtoks eould not be made In the 
ease of 4* bo«ever« beoatui« of hi ((her oriler Inter fcrence 
between Pe and Se I so topee . 

The a ignl f loanoe of pyrolyals waa atadled bjr aeaattriof 
the aaaa apeotra of 3 and 4 a t lOO^C. The apectra run a t lOO^C 
alio» an increase in the Intens i ty ef the aignal of the ff%„F-
ion from ^-^ 73'« to -^*J6% and auggeata that the high temperatura 
f a e i l i t a t e a the l o s s of ^ F ^ ( K» s , S e ) . 

CFgae g^(C0)3CgAig ( 5 ) and CF^S ^^^^^^^^aS'^ ^^^ 

Tiahlea S and 6 l i s t the e s s e n t i a l features of the masa apeotra 
e f the oompounda 8 and 6* The s a l i e n t aapecte of these spectra 
are the weak moleoule ion posks at a / s 326 and 278* The 
molecular ions are fo l lo«ed by losiiea of t«o CO or NO groupa 
i n atepa, g iv ing CF^E M C^ H^* ( E • Se, M»Fe and E^S, 
li*Cr)» The fragment l o o CF«EMC.fiL'*' aabaenuently loaea an 
COF» unit a i t h the aimultaneous transfer of F from carbon 
to Fa or Cr to y i e l d C.HgMF̂ C li» Fa, Cr) aa evidenced by 
metaatable peaks a t m/s* 72*7 and 94*'^ respec t ive ly* The further 
fragmentatimi of C-UJilF aeema to be very Interes t ing beeauae 
th ia appears to fragment in ti»e d i f f eren t »aya aa ahovtn in 
Sobeme 3 . 

Path I 

SV 

CgiigMF* > Ur*^ 

"B-S"* > "sV 
Path II 

SokeTne 5 

/1Q 
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Ii«t««tftbl0 transition studiss (Tibl»« R and 6) »ag««st 
that both the {«tb«<iya are probable. I t way ba noted that 
auoh F loaa la very rare In organofiiatalUea^*'^^. Hoirevar, 
tha loaa of Tt - eye1opentadlenyl appears to he more faoila 
than that of the F ato«, ainoe the Inteneit lea due to }ir* 
( Umpm,or) lona are !»any tines atronjier than those of C.HJI^* 
A ai^^llar obsanratlon «as aade by Klnn ami Veloaan*''̂  
previously In the otiae of CgUgTlP^- On the basis of tha 
above observations, tha fragaentatlon aay be depleted mn 
ahoiin In Sohaae 4 . 

t i • ' • 

i 
M ̂ —— MF 

( £ »9e , U»Fm aod X«CO| £«S, UmCw and X»IIO) 

Scbeae 4 
The slgnala at «/a 177,149 and 196 In the speotrun of 

Cr^S9r9{C0)^C^H^, n, and at m/a 177,147 anil 182 In that of 
CPgS Cr(N0)2C^|{j, fl, have been oaslgned to C-agMjx)*,C-ll_ll(X)* 
•»d <C5ag)2l« l oos . Tb« occnr/in<?e of (Cgflglg** 1«*9 ^«r the 
oiaas apeotrs appeara to be a typloal feature of the oyolopenta-
dlenyl c«rbonyl and nltrosyl derivatives of nd transition 
• e ta l s*^ . Anoth*>r Interesting feature of the apeetra of the 
ooaipounds 5 and 6 la the preaenoe of Cgl^(X)^ ( n"l,2) Ions. 
Tha preaenoe of such Ions auf«eata that the loaa of fX/f̂  
< Em S , ^ ) eogipetes with that of CO or NO. 

In an attenpt to atudy tha significance of pyrolysls , the 
apaetra of 5 and « «are run at a teaperature of lOO c Instead of 
20^C. The oosiparlson of the apeetra run at 20^0 and at lUO C 
reveals that the t*o sets of spectra are eaaentlally Identical 
except that (l> the intensity of the algnal due to CF̂ fî f Cĵ Ug 
baoaaie weaker, sug<4eatlng that thernal deooaposltlons of 5 and 6 
are the l lkaly origin of (CgHg)̂ *** ******* •***̂  ****** •" elevated 
tanperature fticilit^iites the expulsion of E CF̂  uni t s . 
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PART TWO 

Synthesis and Structural Assessment of Fiuoro, Oxyfluoro 

and Acetylacetonato Compounds of Chromium 



oiurTEa 

The r>ir«ot Synthesis, Char««oteri3Stlon ami Structural 
A«»esM9nt of Alkali M«tal BajuifluoroolurtMiataa < i n )t 

4«1. IntroiUtctioa 

iDtereat in the fluorln* oiiMlatjry of olaaoiita baa alMijra 
CKlaied for obenist^, ar»<! oertainly doea not appoar to ba 
dlainiabiag ^*^* Knovladga of tbe fluorina eofflî ounda of Uf 
iranaltlOB netola biia been iDoroaaing oonaiderftbly, aainly 
bacausta fluorine i t a e l f baa oaaaed to be a laboratory 
eurioslty aa a raault of alapliftootlon of i ta p7«paratioti 
and puricioatioD* Men aatarlala and lapreved teobni(Hiaa 
liava na«1«« older aynthetic utetboda wory e f f ec t ive , but I t i s 
certainly true tbat u aurprlalim aaouot of nen work in tbia 
f i e ld baa to bo dnn<»« 

Till a work baa bef>n publisbiKl. 
Bef. U%K, Cbaudburl and N, fioy, S^ntb. Beeot. Inor^, 
Metal~Or«. Chetu,, J l , 677(1981). 
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Xt i t iKill ••taMlaiMd that fluorine la etMiraot«ri«ed 
by i t « «Ktr4m« •l«otroii«g«tivlty and raall toale • ! » • and Ilka 
•sysan i t bringa aut high valanoiea of • • t a l a , a.^. Pt(iri) aad 
Ga(II l ) , thotmb sot naoaaaarily always th« bigbaat* Lover 
falaney fluorina eoaipounda of traaaition aatala ara of tan 
ttnatatala and d l f f ion l t to oynthesiao. 

Tbera baa baan a oonaiderabla oorrant Interaat in tba 
atttdiaa of vorioua aapaeta of flaorina*oontainin< eanpotiada of 
ebroniua(III).^*^*^® ^ynthaaoo of variono fluorina^oontaining 
ebroniiui(lll) oonpeanda aaaa to poaa probleva. Anbydrooa 
oeoditiono ara wM€tmm9mwy to obtain obronini<III) fluorida. 
I t nay ba praparad by traataant of obr(Miiua(IIl) oanpoanda nitb 
hydrogen fluorida at alavatad tonparatnra*' * or by prolongad 
traataant of tha notal with hydrogen f looride. Bren ao the 
lat ter reaotion doea not go to oeaiplation" • I t appeara that 
beating of CraL)gCrrg in racuo ia a ettoeeaefal aetbod of 
preparation of Cr9^ ^ • Oiw of the yrBty inportant flaoride* 
eaatainii^ complex of obroaiuaidll) ia bazaflnorocbrooiataiIII) 

[ 

.ai 
ion, ^CtW^J^". Althoogb alkal i netal bexaflaoroohronatea(IIl), 
A^CrP^ (A • a lkal i n e t a l ) , have been knoim for quite eeae tiae^ 
there baa been ao ainple and atraigbtforvpard aetbod for the 
ayntbeaia of thia olaaa of ooopounde reported to data* The 
aiettaada reconmended for their ayntbeaia inolttde(i) flaorination 
of the fnaed nixtare of a lkal i netal halide and obroaiiai( l l l ) 
balide,^^*^^ ( i i ) preparation froa a KW^ ne l t ' ' and ( f i i ) 
preparation of the eonpl«K fron an afmoae aeid aolntion of the 
ebroniuai l l l ) balide.^^*^^ Metbodd) baa been reoogniaed aa 
a general netbod. IVbile both aetbode ( i ) and ( i i ) aaffer 
frea d i f f i e a l t handling probleaa aad reqaire tbe aae of 
aneOMiea reaotion Banipulatlona, • e t b o d ( i i l ) reqnlrea tbe 
aae of obroaiua tr i f laer ide %• one of tbe etarting reagente 
vblob involvea an extra preparation. I t baa been reportedt 
bewevert that the third method ia eapeoially auitable for large 
precipitating cationa^^. I t ia tbe aia of thia Chapter ta 
deecribe a novel and general aetbi^ for the ayntbeaia of 
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A-CrF^ ( A « NH., 14 , KB, K or Rb ) froa ftiu«ou» m«dliiH, 
if u € 

th« i r cl}araot«rlsat lon and a t ruetura l a»*«»Mimit by aoaa 

pbyaiocH-chosioal aethoda. 

4»2* EKparlaiantal S«otloii 

A l l eheaicals used for t\m ayntbaala vara of raagaat 

Molar oonduotir l ty maaaoramants of aolutiiHia i n doubla 

d l a t i l l e d condactlvtty water ««re carr iad oat with a Toahnlwal 

oonduotanoa brldgo or a ^ h i l l p a oonduotir i ty bridga 

( No. PK 9500 ) using plnt in iaed p la t ln iM alaotrodaa aaalad 

i n a 9VG c a l l . 

Magnatic auscept ib i l i ty maanurananta %0r9 »ada a t 

roo« tenparatura by tha Ouoy aathod uaing HK/"CC)(NC'S)- J?' 

«a tha c a l i h r a n t . Vb0 dla«ai;netic corractiona ^mv aada 

ttaing tha dat« f i v a n in tha l l t a r a t u r a • 

Xnfrarad apactra of tba A Crf^ eompounda «ara 

raoorded on a ^arkin-Elaar Bodal 125 spectropbotaaatar• 

4«a«t* Matboda of Eatimation of tha Conatituanta 

l^atiaatioo of Cbroaiaa^^'* 

The oonpounda vsera oxidiaad to give dlcbroaataa by 

bo i l ing a i t b ^axcass of a paraulpbate solut ion in tba pr»»9DO» 

of a T<»ry a^al l ^aount of a l l ve r n i t r a t a . Af ter tba 

oxidat ion vaa oowplete, axceaa of ;>ersulpbate waa deatroyad 

by boi l ing tba solut ion for about 40 « i n . Tba diohrowata 

content of tba reaul tant aolut iou »as than dater«inad by tha 

addi t ion of a aaaaurad axoaaa of a atandard farroua amaoniua 

aulpbate aolut lon anJ t i t r a t i o n of the exoaaa of tba l a t t e r 

a i t b atandard 0« i (N ) potaaaiua dicbromate eo la t ion . 
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The atamtarisailoQ of ferroua aautoniuo aalpbate 
•olui ion mn» aoeoaipllsheil by t i trat ing with the atamlard 
0« | in) potassiua aiohrosata aoluiion using dipbanylaalne 
aulptM^o aa the indioator* 

Kattwation of Fluoride" " 

for tha detemiiifiition of fluoride content in the 
GOapounda, the ooncounda ««re f irat deeovpoaed* Pluorida 
iraa precipitated nuantit^itivaljr m» lead ohlorofluorlde* 
VllClPy itie obi or 1 no in PbClF «as then deterainod by 
?olbard*a i!!ethod fron whioh tha fluorine content ^a* calculated. 

•I 

Itte voluaietric prooedore waa carried out at p 3»6o5.6, ao 
that tha interference fre« obroaatea could be done anay «ith« 

Satiaation of Alkali Metala 

The alkal i aeta ls l ike Li, Ma, K e t c . were eatinated 
gravlnetrically aa their aulpbatea* ChroMlua »aa aaparated 
frOH the coat pound and removed aa hydroxide by treating «ltii 
•Mioniufli l^droxide aolution before proceding for tha 
graviaatrtc eat iaat iea of a lkal i metala* 

littoiBtion of Nitrogen 

Nitrogen ostissation t̂ es aceoupliahed by either 
KJaldabl*a aetbod or Micro analytical teobnlriue. 

4*2*3» Preparation of Alkali Metal Iiexafluorochroaatea(III), 

^3^'h 

baxafluoroohroaate ( I I T ) , (NH )̂̂ CrP^ 

A (niantity of 1.0 g (iO • «o l ) CrO naa diaaolved 
in £a 8 ttl Witter in a polythene conical flaak, and lO.O nl 

F^'A 



iB% aaBonia solution ««• added to I t . To tho oolutloa 
B.O ttl ( 100 • mol) Of 4<H hydroflaorlo acid was added, and 
the eolation »aa stirred for about 2 n ln . Fure taydraslne 
bjrdrate (i*2 a l ) ««a ad led very aloirly along the aide of tba 
reaction vesael »ith oonatant atirring* After the addition 
««a overt the oontent i«aa heated on a boiling water bath 
for £11 i li. A '2t dark green ooloured crystal l ine oompound 
appeared and the euperaatant liquid beciwe alaoat colourleaa. 
The dark gre^n orystalUne (NR )̂ ^ CrPg woe aeparated by 
oentrifugatim and waalied ts ioe vith a W9ty saall aaount of 
««ter and then two to three tinea with acetone. Tbe oonpound 
»aa f inally dried in »aouo. Yield 2.1 f ( 9B,5% ) . 

Aanlyaia 
roundi M, 19*36^ ; Cr, 23*81^ and F, 5i.725(. The foraula 
(li3i^)^CrPg requirea i M, 19.Od^ { Cr, 23.ea^ and P, 5t,7B%, 

Molar conductance ( A | | ) , 368 ohm"*̂  «• aol*^. 
Magnetic aoMent ( IXeff )• -^•^ ^ *t 302^K. 

•ite 

824a 

3042a 

3157a 

1402a 

^3 

^4 

^1 

•̂ 3 

<̂ 4 

^ ̂ Cr-F 

^ ̂  Cr-P 

^ ̂ N -H 

<^N.H 

<^II-H 

) 

) 

) 

) 

) 

Sodlua hexafluoroabrorinte <II t ) , Na-CrP^ 

A quantity of 1.0 g ( iO» ne l ) CrO^ vaa disaoltred in 
^m 10 al witter in a polythene beaker, nnd 4.(q| (100 • a o l ) 
aodiua hydroxide waa ad fed to i t . To the aolution 8.0 nl 
(iOO m ao l ) of 4 0 ; hydrofluoric acid «as added, and the 
eolation »aa atirred for about 5 a i n . fore hydrasina 
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bydrute ( i*3 «1) weft tn^n adtl«c! v«ry slonly alOBg ib« ««11 
of ttMt hMik«r iRltb consUint st lrriBf • fh« solution mmm 
tbon b«at9(] on « boiling water both for £« 46 nin «boreupon 
%bo aotbor liquor booMio colourleoo and a groen oryatalliiM 
oOBpouQd procipltateU* Tbo groon Na^Crf̂  «• • aoparatod 
by oontrifa,^iition ami purifioci by wasbing «itb a tMiall 
aaeunt of vtater at leaat t«ice rolloved by waabing «l tb 
iootoQo* Tbo oonpouoa »aa f inal ly driod in vacuo* YioKli 

Aoalyaia 

rounat Na, 29.48"^ I Cr, 22.2311 and P, AB,57% • Tlia 
foraiula NB̂ CrP̂  requiroo t Ka, 29.364 t Or^ 22.i3K and 
P, 48.5^5 . 

Molar Qonffuctance (•^yK S*" oha^^oa • o l " ' . 

Wgnotic Btoaopt ( jx^ff)* »-81 » •t 302^K. 

lU banda foa" ) and aaajgnianta 

Potaaslun hexafluoroohroMAto ( I I I ) , KJCrf^ 

fh9 coMpound ^^CrP,. vaa propared in a aanner analogoua 
to tbat daaoribed for Mâ CrP̂  • Tba ayntboaia «aa oarriad 
out ttaing tbo aolajr ratio of CrO t̂ KOHtUF aa lOt iOOt 100 and 
1.2 nl bydrasine hydrata p»r 1.0 g CrO. for tba r«duotlon« 
Tiald Of KgCvP̂  fron 1.0 g CrO^ «aa 2.1 g ( 74.2<). 

Aoalyaia 

Found t K, 44.43'^ { Cr, 16.404 and P, 40..'iail. TlM fomnia 
K^CrP̂  raquiraa t K, 44.414 | Cr, 18.364 •od P. 40.244. 

55 



ll(ol<r eonduetancg ( A y ) . 868 oba**©* aol"**, 

itegpetic Bowent ( U.,j^)t 3.83 W « t 30a°K, 

jlî  b«pd> (ow ) and a>«tgrai«nty 

•Hbidiim bcxftflnoroehroaat* (III)» n.CrP^ 

fib.CrPg « • • ayotbaala^d by follottlBf the pree^duve 
analOj^oua to that of Na^CrF .̂ Ilia aalar rat io of CrO t̂ 
BbM t HF vaa «aiiitaihad at 10 t lOO t iOO. Saduction of 
CrO^ «aa dona »i tb hydrastna hydrate uaii^ 1«2 nl of hydraalaa 
bydrata par 1*0 g CrO. • The yield of Rb^CrP ,̂ atartlni; 
froi 1*0 c CrO^ , ««a 3.4 g ( 80.6^ ) • 

Analyala 

Pound I Mb* 60,87^ { Cr, ia.38< and F, 27.17^ . Tba foranU 
iib^CrFg re qui real Rb, 60.7 (Hi Cr, 12.31^ and F, 26.9911. 

Molar oopdneta — ( A n )t 369 ahn*"* on^nol"*. 

Magnatio noaiaot ( U^^^)• 304 m at S02^K. 

lU bawia (oa ) aofi aaalj^tMianta 

834« -̂ 3 ( -^)cr-F ^ 

M4a ^4 < ^Cr-F > 

Lithiiw baxaflttoroobroaiate ( I I I ) nonohydratefLi^CrF^. flLO 

A quantity of 1.0 g ( iOai aol ) OrO^ «a8 dlaaolved in 
18 a l aater in a polytbeaa beaker, aad a f i l t e r paper bag 
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oonta ln ins 3«7 c ( 100 • n o l ) l l tb i tM ««rbonate «a« kept 
soAking in the a o l u t l o n . A Sal portion of 40^ hydroflnorio 
• o l d «a» added to the aolut ion followed by the »lo« addi t ion 
of 1.2 ml ot pure hydrazinu bydriite nltto oon«tant a t l rr lng* 
After the addi t ion vaa ov(t.r, the content VMH heated on a 
bo i l ing nater-batb for o«. 2 b and a green c r y a t a l l i n e 
coMpoiuHl *ia* obtained. The c r y s t a l l i n e product «aa aeparatad 
by oentr i fugat lon and purif ied by cashing v l t b vrator and 
f i n a l l y « i t b acetone* The eoapound waa dried in vacuo. 
Yield I i . i S g ( 7 1 ^ ) . 

AnalyMJa 

pound I L i , 10.24'«S Cr, 2S.S2< »̂ and P, 5S»7Sl(. tb« 
fomula Ll^CrPg.^0 re tu lrea i L i , 10,16 ^ ; Cr, 35.39 < 
and P, 85«d81( • 

Ifglar oonductanoe ^ ^ M »̂ ^^ ohB^^oa^ mol"*. 

i f g n e t i c iBOment ( yUoff^* ^'^^ »!at302**IC. 

IB bandfc (c!ii ) fcrirs ftat^tgnraenta 

533 • -^3 ( -Ocr-P > 

" » • -^4 ^-^Cr-P ^ 

i635« SaoH 

3450Hi,br ^O-B 

4*3* Ueaults and Oiacussion 

27 i t baa been reported that the principal obaraoter ia t io 
of obromiuaClll) coapl(?3cea i s tbe lr r e l a t i v e k i n e t i c 
inortnuaa in aqaeoua so lu t ion and i t i s ontng to thia that 
they peraiat for Ivnn perioda of time in solut ion and that 
mo mmny coaplex apeolea can be teol^ttf^d as a o l i d s . Vitfo tbla 
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in irle« I t '¥»» thouj^ht that the rertttotlon of CrO in the 
pre««noe of w" tonn in an a<ineott8 •ediun mlfcbt bo one of the 
f e a s i b l e route to the eyntheais of OrP̂ *̂  • Thua, a ooncentra* 
ted aolutiOB of CrO. mam re<Jue«Hl with hydrasine hydrate a t 
anblent temperature in the presence of A (A •• a l k a l i a e t a l ) 
and f" iona. The strategy of the react ion vas that 
ohrofBiuB (TI) being a atrong oxidlsin«; agent on being rednced 
would loae oxygen, and ooordinatiiroly unaaturated Cr '^ (n^6) 
would he formed* The c o o r i i n a t i v e l y unsaturated Or 
apeoiea would in turn react v i t h f ions to g ive r i s e to 
C^nf^J ?* The p o s s i b i l i t y of forntttion of the bexaaquo 
ion ^GT^VL^Q)^ J^* general ly ex la ta with ohrOMina ( I I I ) 
in aqueous so lu t ion but suoh a p o s s i b i l i t y was precluded tm 
the present case owning to the presence of an excess of 
f" ions in the s o l u t i o n . 

looa tanperature reduction of a concentrated 
s o l u t i o n of CrO^ with hyflrasine hydrate in the preaance of 
excess of AOU ( a l k a l i hydroxide) tind 40< HP, ataintainiag 
the r a t i o of Crt P t A a t i t 10 t 10, readi lv •cave a 
green c r y s t a l l i n e oonpound. Por the synthes i s of the 

l l t h l i m analogue, I'l2^^.') '̂** "**^ ^" HBU of Li OH. 
• l e a e n t a l analyses suggested the rat io of A i Cr i f aa 
3 t i } 6 . In view of the a n a l y t i c a l data the enp lr l ea l 

fonittla appeared to be A.CrP^ . 

m e a l k a l i aietal hexaflurochroaatea ( I I I ) , A.OrP^, 
thus synthesised are quite s tab le and can be stored for 
any length of t iaie. The a t a b i l i t y can be ascertained by 
periodic est imation of ohroaiua and f luor ine contents in the 
•ompounds* The compounds appear to be aoluble in wat«r 
and i n s o l i b l e in ccMnon organic so lvnnta . nie -molar 
c o n d u c t i v i t i e s of the Â ĈrPg ( A - NB^, L i , Ma, K or Rb) 
oempountla in water a t 27 C were found to l i e between 
365 and 374 oha'^em^mol*^ ( v ide Experimental aeotion ) • 
Theae values suggest a i i 3 type of e l e c t r o l y t i c nature of 
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the cfhapound* in aecord « i t b the augf^ested formula A CrPg • 
In order to study the s t a b i l i t y of the coHpounds in t^atert 
tiae-dapendant aolar oonduotivit ieH «ere made. Studiea of 
molar conduotlTlt iea of the ao lut lons of (MH.)» CrP^ and 
KJSrF^, choaen as represf^ntativea, at an Interval of 7, 15* 
30, 45 and 60 days ahoved no apparent change in the /\y^ 
valuea . Tbla aufgeata the s t a b i l i t y of the ocwpounda in 
«ater and anpporta the contention that the coapounds neither 
undergo hydrolysia nor deoooipose to any appreciable extent* 

The roon teaperature magnetic s u a o e p t i b i l i t y 
•eaaureaients gave e f f e c t i v e aagnet ic aoment values of A.CrP^ 
oocuring between 3 .80 and 3.84 BM« nieae are in conforaity 
with the aagnet ic moemnta of the octahedral chroaiua ( I I I ) 
( t ^ } ooaplex(*a • The magnetic moment valuea obtained 
in the preaent case ami the e l e c t r o n i c absorption spectra of 
CrX *̂" reported previously ^ are con»iatent v i t b a apiDofree 
d'^-configuration of chroaiiw in an octahedral f i e l d . I t i s 
expecteri, in such c a s e s , that the values for the magnetic 
•oaenta aus t be very near to the apin-only valuea s ince 

A. ground s t a t e derived froa the 4p free ioo tera has no 
angular aoaantuta. Further there are no high energy s t a t e s 
of the proper symmetry to a i x « i t h the ^A. and introduce 
orb i ta l angular aomentua in to the ground s t a t e . 

The Infrared spectra of the s e r i e s of f ive coapounda 
syntheaised by a general method resemble each other very 
c l o s e l y suggest ing that the compounds are i s o s t r u c t u r a l . The 
apectra general ly exh ib i t t«o c b a r a o t e r i s t i o bands(Experimental 
S e c t i o n ) , one a t 'v^BSS and the other a t -^ 524 om'^. 13ff 
analogy tbeae handa have bei*n assigned to the -C- and O^ 
modes of the Cr-F s tretching v i b r a t i o n s . These observations 
aaggeat that ^ e hexafluorochroaatea ( I I I ) , A CrF̂ . have 
octahedral s tructures because i t has been e s tab l i shed by 
Peacock and Sharp^^ that an octahedral ion of the Mp'̂ g 
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should iiave two ( 0 . . and <%).) lofrar«d active M-F 
trlbrationa. Three additional baoda at 3042a, aiSTa and 
1402s on'*^ raap«otlT«Iy In ttia oa«« of (Na^)grrg «QHpoiiiid 
bave baea attributed to tba N-H vibrations and haira bsan 
•aslgnad aa th« CL , -0^ and <\X aodaa of NĤ  • Tao 
extra banda at teasm and .1450 m, br cwT^, observed in tba 
oaaa of tha litbitas eOMpound* bare baan aaaii^fied to tba 
âOB "'^^ '^0-R "^^* ®̂  »atar praaant in tba oofflpouad aa 

irtitar of oryatal l laat loa . Tba loinirlnf of tba 'Og^g 

ralativo to tbat in tba fraa voter noleottla and broadeniax 
of tba band bave beon attributed to IntrMiOleenlar hydrogen 
bonding in Li^crP^. HgO. 
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TBU 

Synthesis and .s'pectrosoopic Stutitea of Alkali Ifatal 

Pentafluoroaquoohromates (ifX)t ^<iC^*^K^^'>^^ J 

6*1 • Introduction 

Chroaiitm ( I I I ) baa baen knovn to foro; t»o •ononnoloar 

fluoro ooaplaxea^ C^^^^J ^" •»* C ^^^fS\^^J ?* *^* 
•athoda currently used for tha ayntheaia of thas«» oo;!i>>laic«*a 
Involve ( i ) fusing of the alkal i metal fluorldea and 
ohroaitn ( I I I ) fluoride and ( i i ) preoipitatiim froM an aitieoaa 
aolution Of obroaiua ( I f l ) fluoride**^. Both the methoda 
require ohroaiiBB( I II ) fluoride aa one of the atartiaii aater ia la , 
«hioh net>rJa an extra prepiiration, and the laethoda alao 
•uffer fro« aooie ad^litional dlaadranta«|i*a aenti#neu in 
Chapter 4» lioreover, i t has been atated'*^ that hardly any 
structural data are available on these sononuolear apeoiea* 

* Tfee »ork deaorib<»d in th i s Chapter hA% been oOMatanloated• 
Aaft M.k. Cbaudhurl and N. ««v, Synth. React* Inorg. 
Hiatal-Org. Chem.. l'>82 ( ooanunioated ) . 
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IVltb this In view, t t wmm tbooght laportant to laprovis* • 
dlrMt general eynthesia of A^£'0rr^{a2^)J^ ( ^ " alkali 
• e ta l ) aod aake au aaweaeaent of the structure by epee-* 
troaoopio aethoda. The preaent Chapter describea the 
direot $$eneral aynthe«iie of A ^rF.ClljO) . 7 aiKl the 
atruetural aaaeaaHent aade by varloua pbyaloo-^heiaioal 
•etboda. 

8*2« fiKperiaentol Section 

All ohenioala uaed for the ayntheele *0r9 reageot 
grade produota ( B.O.il* , cacerck, Sarabliai M. ). 

Molar condnotanoea «ere ;«eaaured uaing a Pbllipa 
PB 9500 eonduotlvity bridge • Oonductlvlty grade «ater 
»aa uaed for aiakiBf aolutiona of the oeapouada. 

Magnatio auaeeptibil ity neaaiareaenta «ere aeconpllahed 
by the Oaoy aetbod uaing Bg ^Co (NCS)^^ aa the oalibrant. 
nie diasagnetie oor recti one itere made uaing tho data given 
in the l i terature^. The auieceptibility Meaaiureaenta eere 
•ade at roo« temperatiire. 

Infrared apeotra of the A^^CrP.(B»0)_7 oonponnda 
vera recorded on a Perkln-gUier model 125 epeotropliotoaieter* 

fileotronlo spectra in enneotta aedia 99xm recorded on 
a Beckaan nodel OV-26 epeotrophotoneter. 

Reflectance spectra %(ere recorded againat MgO using 
Carlselss Jena VSU a-4r inatruaent. 
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6«3*1. lf«tlioa» of Es t i sa t ion of tb« Conatitueuta 

Sine* ib« • • t b o d s of oatlaiatiott of tb» eonotltaoi i to 
«ero tlio • • • • as thoso doaerl^«<l in Chapter 4t tbey aro net 
d«aorib«d in thla Chapter. 

5*3<2* Syntbeala of Alkal i Metal Pantaf luoroaiaoohroaiaioai l l l ) , 

Ajj ^Crr^iJJgO)^/ 

Aaaonltw Pantafluoroaauocbroaato ( I l l ) t {Hfi )^^rf^iB2^ff 

Sol id CrO^ ( 1 , 0 ^t 10 .0 « a o l ) and Nil^r (0 .74 g , 
3 0 . 0 • a o l ) vera eiixeii by powdt^ring together in an agato 
Mortar. tlut mixture itaa diaaolved in 2 0 . 0 nl (400 • a o l ) 
of 4(K hydrofluoric aeld In a covered polythene beaker by 
a l i g h t l y warMing over a b o i l i n g eater bath* To the vara 
e o l a t i o n , iO.O n l of 37-404 foraaldehyde oolutton eaa added 
dropeiae « l t b constant s t i r r i n g * The orange oolour of the 
so lu t ion aaa ebanged to intense green with the aiaultaneoua 
appearance of a sna i l aaouat of green p r e c i p i t a t e . The ao la t iw i 
«aa f i l t e r e d warn and tbe dark green oolourcNl f i l t r a t e aaa 
oenoeuirated to nearly one-fourth of tbe or ig ina l volune by 
beating over a bo i l ing «st«r bath* Tbe react ion container 
»aa allowed to coo l a t roon temperature for £a 2 h. The 
green c r y a t a l l i n e (NH^)^ f^rf^^i^^^J^ thua obtained waa 
separated by eentr i fogat ion and «aahed four t inea with cold 
water and f i n a l l y twice with a lcohol ai»l then dried in waoue. 
Tle ld of (WH4)2 r^rF^i^^)J »«• i •«» « < 9T*0«t). 

Analyaia 

Pounds N, 13.98^, Or, 2 5 . 9 K , P, 47..')5< and B, S . l lK . The 
f e m u l a im^)^/^Crr^{il^O)J^ requlreai K, 13.01K , Cr,25.86llj 
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r , 47.2451 ana B, 9 .0a« . 

Molar ooiiquctance (/v^^ ) , 264 ohB**** mol**, 

lUignetlo Moaont ^yU«ff)>^*^ B M a t 2 9 9 ^ . 

•̂  cr-r 

"^o-a 

g leotroa ic spec tra l data 

16772 «••"* *A — ^ *Tai * * ^ • *'^^^ **""* • ' " ^^^ ""** 
(15G20) (16626) (766) 

23809 « - * • A « . ^ * T 4 . ( ' ) 
(23266) 

36080 *Aj^—^ ^Tj^ (P) 
(36087) 

valuea in pareiatltaaea »r9 ref laotanoa apaetral valuea* 

•Nliiaa Fantafluoroaquochroaata I I I ) , N » . , ^ C r P . ( l ^ 0 ) ^ 

Sodltai paiitaflaoroanuoobreMita(IIl) , Vtm^/^CrFAtL^O) J 
tMia ayntbaaiaed In a iMnnar analogeaa t o that deacribed for 
tba aynthaaia of tha oorreapandtng MManitai a a l t • The 
ayntheala ««a earrlad out with 1*0 g ( 1 0 . 0 « a o l ) CrO , 
0 .84s ( 3 0 . 0 • a o l ) Iter, 2 0 . 0 ml (400 • a o l ) 40< bydrofluorlo 
acid and 10 ,0 «1 37-40« foraaldebyde. Tlald of ^K^^iJ^tt^ZJi'^J 

1.7 g ( 81.85(). 
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Analyslis 

Pounds Ha, 21 .SS^ ; Cr, 24.TZ^ and P, 4B.22t • Tti« 
toraula Iteg ^ C r f g i l ^ o ) ^ requir«as li»,21.T9»4, Cr ,a4 .6S i 
and P, 45 .02^ . 

Molar oonductanc© ( / \ j ^ ) , 265 ©!»""*••* • o l " * . 

Maffnetlo aonent (jUaff^*^*^^ B 11 a t 2 9 0 ^ . 

Ifl bandaC ora'̂ *) an<J aaslgnragnts 

536 • <Oc , .p 

»*« • ^ C r - P 

3116 • •b« ^ 0 - B 

1038 « ,br Sa-o-H 

PotaasluM Peutanuoroanooehr(Mi;^tte ( i n ) , K^^CrP.(Ii20)J^ 

fba aatbod of aynthaaia of tba potaaaiua aalt ,K-^CrP.( i ]»027 
naa alMllar to tbosa of tbe analofoua anmonlua and aodlura 
aa l t of pantafluoroaquochrooato ( I I I ) . Starting t^ltb 
1.0 g ( 10 .0 • n o t ) CrO^ , 1.16 g ( 2 0 . 0 • n o l ) KP and 2 0 . 0 a l 
(400 • a o l ) 40<̂  hydrofluoric acid and perforalng the reduction 
aolng 10.0 Q1 .17-4<K formaldehyde, the green c r y s t a l l i n e 
potasaluq pentafluoroariuocriroiBate( I I I ) , K^^'CTFAB^O)^ aaa 
obUln(»d. Yle ldi 1.64 g ( 67 .SK). 

Analyela 

Founds K, 32.23$ } Cr, 21 .49^ , and P, 3r).33 <• Tbe fornnla 

Kg^^C'^'gi^t*)./ re iu ireat K, 32.15<$ ; Cr, 21.49'^ and P, 39.331(. 

Molar oonductMnco ( / \ ^ ) t 263 oha'^cai^ mol**. 

Mainetio woaent ( n ^f f )* ''•-2 B M a t 29ft^K. 

Ig banda ( ca" ) and aa.stjgtmonte 

838 a 0 c ,»F 

» " • ^ Cr-P 
3110 m, br _ , ^ a a a 6 8 



Elootrontc apectral data 

t5»(tt 0»** ^A_-—» *T_^ lOOq « 15902 ea** B -734 <»"* 

23705 c«~* *A^-—^ ^Tj^ ( r ) 

35010 ©»"* *A^- ^ *T <P) 

aabldltm P«ntafluoroanuochronat« ( I I I ) , Ittî  ^"CrfgilijO)^/ 

Synthetio procedur© for Kbo^CrP,(HLO)J^ tiaa th« aaae «a 
those of th« other s a l t s of pentafluoroanuochronate ( I I I ) 
daacriheu above• A quantity of 1.0 g (lO.O • MOI) CrO, 
»aa mtxad « i t h 2 .09 g ( 2 0 . 0 • a o l ) RbP and 2 0 . 0 • 1 ( 4 0 0 • a o l ) 
40% IIF and tha r«duetion «aa carried out n i th lO.O a l foraa l -
dehyda ( 37-40< a o l u t i o n ) . Tteld of the green rubidliM 
pentafluoroanuoohroaiato(IIl) , Mt^ ^C'^itC^O)^/ » • • 
2 .82 ff ( Q9,9%), 

Analyaia 

Foondt Rb, 80.95K ; Cr, 15.6TK and r, 28.381(. The foraula 
Ubg^CrFg(ajO)^7 remilrea « Sb, 50 .80^ ; Cr, 15.48 * and 
r , 28.27^^ • 

Molar oomluctance ^ / V w »̂ '̂ *'* ***"• ®" ""^ • 

Magnatlc moaent ( ju , f f ) • 3»8l » M a t 2d9^K. 

Ife bamta (em" ) nthi amfit^rmenta 

535 • 

515 a 

3120 « , br 

1620 » , br 

'Ocr-r 
D Cr-r 
-0 0-H 

S a-o-H 

69 



5*3* R«»ult« and DlscutHion 

Direct •yntbeslii '» ' Th« roduotion of CrO^ with 
forMil«i«ii|r(l« solution in the preoomio of 40< hydroflaorie 
acid and alkal i fluorldaa Ap laada to the aynthoala of 
pantaflaoroaqttoohroaintaadll) of alkal i aatala, A^^rPj^iHgO^^ 
Bufffloiant in nu»b«r and in ¥9xy high yi«lda leavlni l i t t l a 
doubt that auoh netboda can ba daveloped for tha aynthaaaa of 
aiai lar typaa oX ooMpouoda of other transition netala* Yary 
recently the rola of hydraalne hydrate In the ayntheala of 
/fCrP, 7 *** rr«» ohroalaM(Vl)^ an<j that of aoetalaeetone lo 
tha ayntheait* of MnFf. r" trim aaeganeee (VII) ' and also 
0O»e other Mn coapounda fron lin have been eaphaslsed* 
The advent of thla ooooept ban definitely aivpl l f led the 
ayntheala of fluoro compounds of tranaition aatala . Thia 
concept baa uo«t been extended for the synthesis of 
A^^CrPx^^^)./* '^^ haals of the prea<*nt select ion la tiMt 
foraaldehyde can act as a reduolnit agent f lvlng CÔ  and flUO 
and that obro«l«i<VI) la a very welt eatabllsbed oxldlaittf agent 
for organic aubstrates. Thus, i t mm* thought that the 
electron tranafer reaction beteeen foraaldebyde and CrO. 
in the presence of f" Uganda «oald give >iae to the 
foraiation of fluoro oonpottBda of chroislusi ( I I l )» The 
• e s t prabable course of the reaction nay be expreaaed by 
tha folloaiag aaqueace of chain procesaea aa that the 
formation and wmry high yielda of a lkal i aetal pentafluoro* 
anuochronatea ( I I I ) are eaMlly understood. 

4CrO 3 • 12 H**̂  • i 2e~ > 4Cr^^ • 61^0 • 6 0^~ < « . l ) 

. 2 -aacHO • 6 o**' » scOjj • nn^o • 12 e~ ( 5 . 2 ) 

•CrOg • 12H* • 3i«H0 > 4Cr^* • 300^ • » flgO ( 5 . 3 ) 
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Th« success of tb« present eynthesis depends on the key 
iroles playeJ by forwaldehjrdet hydrofluoric sold and alkal i 
aietal fluoride AP (A«MM ,̂ Ha, K or Rb) and the net 
reeetion can he written as (5•4)* 

4Cr0jj • t2HP • 3»CH0 • 8 AT > 4A^^CTr^{fi^0l7*^Q0^*5n^0 

( S.4) 

Cttaraoteriaation and A s s — ^ t of Structtire Wie alkali 
pentafluoroaquochronntes (III)* A^^rP^CiUO)^?! obtained by 
the present nethod arw a l l KT^^U and INIII crysta l l ine omtspounds, 
They are stable for leng periods without any dec<Miposition 
vliioh oan be ascertained fron their nnaltered appearance and 
periodic estlnation of obronius* The cosipounds are not very 
highly soluble in «ater and insoluble in eonnon organic 
so lvents . The eleeental analyses stt|ti{e8t the stolohioaietry 
of At Cri Pi M as 2t i t5ta* The nolecular «eigbta calculated 
on the basis of elenental analyses irere nade use of for the 
•olar conductance stucUes* The nolar conductances of the 
i s to ''(11) solutions of the nenrly synthesised ocapounds 
•ere found to l i e between 250 and 365 oh»*^c»'^aol''^ at 27 C 
(fiiperiaental Section) indicating l i a type of e lec tro ly t ic 
nature of the ocapounda. These results lead to the formula* 
tiOB of the conpounds as ^2^'^s^^^^* ^* nolar conductance 
•easureaents ma s function of t iae did not show any apparent 
change in t h e A | | values and confiras tbs s tab i l i ty of the 
ecapouads In water* 

The rooa temperature aagnetic aoaenta of the ocapounds 
are quite straightforward and occur between 9.SI and .^•84 
B M. The walnes are highly coaparable to each other and are 
very oloae to the apln-only valiM of 3,S8 B M for an 
octahedral chr<ialua(III) species and are in accord with the 
crystal f ie ld energy studies of Bi t f ie ld e t al^'' The reaults 
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also «(Cre« i^ l l «itb th« on* predioted trou theory. Sine« 
tb* '̂ Â  ground atat* d«>riv«<J trnm ^F fr«e ion tuna na 
•ngttlajr aoaanttm and also tbera la no bi«b enarny aiatea of 
proper aywaetry to uiu «ikb tha Â«̂  atata* tba aagnatio 
Monenta •oat ba very near to the spin-only values. That 
la praeisaly obaerved in the praaant eaaea* 

Tlie infrared spectra of the efMpoutula taken in both 
• a l l and KBr aedla exhibit t»o oh«raet«*rtatie bands ( vide 
i^perlaantal Section ) »t '^ 535 and at ^ 515 en*^ ahiob 
bava been aaaiKsaed to On^^p aodes. Tfieae valnea a^raa 
very ve i l with tba O ^ . . sodea obaerved in aoaa aiai lar 

5 14 Cr-r 
eaaea. * An iaportant feature of a l l the apaotra ia tba 
abaorptions at tga 3iiO< a»br) aiKi at ^ 1630 ( a,br) o« 
vbiob have been aasiiined to the N)^^- and § a-O-H 
•Odes Of ooor Una tad water. The ahiftinf of -v^^^ toaarda 
loaer frequeney an<l breadeninii; of tba band •• nail m» 
aeakeninc and broadmiinx of 5 ^mOmU *̂*>d* relative to 
tboae of free «at(>r are aaoribed to intraaolaoular hydrogen 
bonding.^^"^^ The two additional banda at 3041 and 1400 
an*^ in the apaetrua of (HU ) . ^OrP.ifl.O)^7 have been 
•aalgned to the 0 . snd 0 aodea of MB.^. Tba 0 . node of 
RH. ooald not* taoaever, be identif ied oalayi to Ita overlap 
«itb tba broad 'OQ.Q band at ££ ^^^^ «HI • 

Svldenoe aitb regard to the preaenc*^ of ooordlnatad 
water aas alao obtained fron the pyrolytlo atudies of 
(HH^)^ ^CrfgiHgO)^/. Tba faota» that the ao*pound doaa 
not loae any iraigbt even «»han i t la pyrolysed at 170»18II 0» 
ahova no altoratian in tba alewantal analyaea and Infrared 
apaetra before mna after beating, laiuf oredaaoe to tba 
contention that ttm water •olaaola la ooordinntad to 
obroalm* L̂ 

In order to get further Infonat lon and coapara 
the atractural behaviour in the aolld atate and in aalution, 

73 



%hm • i M t r a n i o siMtttra of (MB^)2^0rrg( I^Oj7 '^^ 

(Mi^)^^ 01*^1^(1^0)^ mmrm r*eord«d a t MiM«i i t tMip«ratar«s« 

fh« •p«etr« a i l * * |br«e tMods a t §§, 187S0, a t f a aaS<H> aad 

a t f a S5090 oa*^ . I t i a «Kp«ot»d tbat tba a laa t ron ie apaatra 

•t ootabadral a l i r o n l i a i ( I I I ) aaaplaxaa abould a z b i b i t tbraa 

baada avlag to tb« t raoa i t ioaa *h^—^ S - •*^^5l^ * * ! • ^'^ 

aad ^A^rr^ ^ i a ^ ' ^ * *^ '>** ^^^ ®̂® ^* abaarvad I n tba praaaat 

eaaaa I r raapaat lva of vhatbar tba apaatroa l a raoardatf aa a 

ao l id a ta ta or i a a a a l u t i a a , i t i a praaaaad tbat tba paata-

fltt03roa<|ttoobroaata(IIX) i o n , ^ O r F . C l L O ) ^ * paaaaaaaa a« 

aotabadral gaaaatry and tbat tbara i a aa ataraoobaaiaal 

aoB- r ig id i ty of ^ a oaaplax apaeiaa i a tba sa l id a tata aitfl i a 

aalat ioft* 

fba A^ i iOSq) valaea wara faaad ta aecar bataaaa 

IMOO and i8900 «B*^(vida Aiparlaantal Saotiaa) aad mgrmm 

a i t b tba diaoaaaiOB of oBargjr lave la by Paaak* a t a l « * Il ia 

valoaa obtalnad in tha praaaat oaaa ara a a a a n t i a l l f tba aaiM 

aa tbat aspar iaanta l ly foond for Orf^?* ^* aaggaatiat tbat 

tba ooardiaatiott anviroiaiaRta i n botb tba aaaaa mf aa ta vr 

laaa a i a i l a r . Aa tba t rana i t iona ara bataaaa atataa a f tba 

aMia ai^in a a l t i p l i o l t y t tba ooly Raeab paraaater • ' baa baaa 

aonaidarod of aigBif ioanca i a tba praaaat oaaaa* fha valaaa 

94 B^calottlatad 00 tbe baala of tba fOKpariaaatal data aara 

fouad to l i o batnaaa TSO aaci 770 aa*^ a a l l baloa 918 a a " ' , 

tba iralua typ ioa l for tbat a f fraa Qr '^ l o a . A radoatiaa a f 

B' paraaati^r f raa 9 l t to 770-730 e a * ' l a a t t r l b a t a d ta 

da local isat io i i of tbo abreaiaa alaatroaa ovor aolooalar 

^ b i t a l s tbat aaooapaaa botli ebraaiaa aad f l aor ina o r b i t a l a 

indieat lB« tba covaiaat aatara af Qr-F bonda i n tba aaapaaada* 

I t aay ba oeoeladad tbat tba a l k a l i a a t a l panta-

flttoroaqaoobroaataaCllX), A ^ O r F ^ d ^ O ) ^ aaa ba ayntbaaiaad 

diraot l j r bgr tba radoat ian a f erO. i a tba praaanoa af AF aad 

40)( or and tbat Or'*^ f lada i t a a l f i n tb ia aaaplas i n an 

aatahadral anrirotmant* 
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CBAPTKR 6 

3ynth0»l« ami Pliy»looch#»lcaI Studies of Alkal i Matal 
Trloxyfluoroohrowatas (VI)« ACrO^F and Pyridlntum 
Trlosyfluoroohriiwata ( V I ) , CgHjjNH CrOgP** 

6*i« Introduction 

Chroaim (VI) obealatry baa baan one of tlia araaa of intaraat 
to obemiaia for quite a long t l«a« Ona oonaon property of 
ehrOBiUB (VI) coapounda i a tbat tbay are potent ox idta lnf 
•ganta , although k i n e t i c a l l y they cover u very « ida ranga^* 
The haloi$en Qontainin;^ ohroaium (VI) cofflpounda o«n be 
divided in to tuo principal olasaett v i « * , ( i ) cfaroaiyl h a l i d a i ' 

• Synttiaaia of a l k a l i aa ta l trioxyflttorocbronataa (VI ) , 
ACrO^P baa been publiabed . 
8afi M.K.Chaudburi, i l .s .naacupta and K.{ioy.Ind«J»Chea«»2aA. 

1227 ( 1931) . 
** Syntheaia of pyridlnium trioxyflttoroehroaata ( V I ) , 

C.fL.MH CrO^F eonat i tu tea a part of a paper aoeepted for 
pnbl icat lon in ^ n t b e a l a ( S t u t t g a r t ) . 

Hafa Si.N.ObattacharJee, M.K.Cbaudhuri, n.S,Oaacapta,]f«ila]r 
and D.T. Kbatfalog, ^ n t h e a i a , in preaa. 
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S 4 B 

•nd baloohronatvu. * * Pour obroayl h«lldet • • « • • ^''^2'^2' 
OrO^FCl, OrO^Cl̂  and OrO^Br̂  hmr» b*«B kaoiiB* fhe aain 
lialootiroaiaU <VI) i s OrO^~ (X « r or CI). In tb« c«s« of 
fluoriDo t«o «oro oxjrfluoroohroaotoo(Vl) noaoljr, OrO r** 
•nd CrO^F. «r« aloo roported. ' 

fbo aotbodOt eurroQtly In soo, for tbo oyntboolA of 
a lkal i MOttil trloxyfluoroohroaiitea (VI), AGrQJT Involvo 
olttaor tbo roaoUOD botweon a lkal i aetal dlebro«atoa and 
hydrofluoric acid or tho roactloo aaong CrO , a lkal i aoial 
fluorldoa and bydrofluorle aold* Slnco an oaay gonoral and 
fast Bothod i s no« avallablo for tho oyntboaia of a lka l i 
• o t a l bifluorldea, ASP^ , I t appoara latoroatiag to aoo 
vbotbor a lkal i aetal trloacyflaorochr(Maatea(Vl), ACrO r 
ooald bo propared froa CrO^ aad AHP̂  vlthnot tbo aao of any 
bydrofluorle aoid* 

Tory roeontly a lo t of »orfc baa boon done on tbo 
oxidation of various typos of organic aubstratos InvolTlag 
tbo oxldloing agoBts basod on trloxyebloroobroaato (VI), 
CrO^Cl". "^^ I t appears oortaln tbat tboro IMO boon a 
eontlnood and growing ourront Intoroat In tbo dovolopaoat of 
BO« obroalaatVI) roagonta ^ for tbo oxidation of organic 
aabatratoa, part ioular lya loobols . Ilildnosa of oonditiena of 
oacidatiOBO, spoolf ioity and offoctironoss of a roagont appear 
to tw tbo proroquialtoa for auccoas* Altboagb a larga 
MMbor of *aild* oacidanta bavo boen avaiiablo, aany of tboa 
provo iBpraotioal, «ben scaling up oboiro subaolar lorol la 
doaired* In viov of tbia i t «aa tbongbt iaportant to dovolope 
m now roagont »bioh «ould bo an ef f io iont oxidant for organlo 
•iibatratoa* Tbo offeotlvonoas of a ebroaitta(VI) roagont can 
bo oBbaneod i f auob a roagont oontaino P bonded to ohronlaa(VI)i 

The alB of the preaent Chapter i s to desoribe a 
noirel BOtbod for the ayntbesis of a lkal i «etal trioxyfluoro» 
ohromatea(VI), ACrO p̂ and the aynthesis of a nen and 
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• f f lo i ent oxidant, pyridinlim trt<iKyfluor(»obr(«iAt«(Vl), 
OgB.NH CrO^r, alonx vltli tb«ir obaraeterlaation by chMioal 
•M phyclco-chenloal methods* 

6«2* EKperiaentBl Section 

All ohestioalo u««d «ore roagent iirado products* Alkali 
• • t a l biflaoridea wore syntbeslaod by tbo aatbod dovalopad 
bf Cbaudburl and Cbaadbury? 

ProparatiOB of alliall aotal biflttorides, AHP̂  

In an oxMipla typloal of tbe gonoral proooduro, 
p9m$9fA a lkal i aotal oarbonato* bydroxlde or fluorlAo vaa 
dlaaolvod in 4OK Iqrdrofluorie acid maintaining tbo rat io 
of A t HP at i t4* To tho olear aolutlon pyridino waa addod 
alevly «itb oonatant atirring o n t i l l tbo proolpitation Mia 
•oaplote and tbon allowed to sot t lo* Tbo «bito oryatall ino 
AHf. tbus tbtainod »as separatod by doeantation and «a»bod 
tJt— from bydrofluorio acid by pyridino and thon tbo adborotf 
pyridino «aa ro^ovod by iMiabinK iritb aootono and f inal ly 
4riod in vaono* 

Molar oonduotaneea voro aoastirod uainji a Fbilipa 
Pa 9B00 oottdaotivlty bridgo* 

Xnfrarod apootra of tbo eonpounda iioro rooorded on 
• forkin-filaor nodol laS apootropbotomoter. 

6*2AI* Motbods Of Catifflation of the Conatituonta 

Mothoda of oatination of obromiua and flaorido voro 
tbo oMio aa tboao doacribod in Cbapter 4 . C,B and N oatinatiena 
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^mf aade bjr Mloro-Analyt loal t«otaiil<Tue (analyais »«r« 

4oo« i n the Aoalyt loa l laboratory of Aaorgaoiaoba Cba«i« I I » 

iaiur mt ivara l tae t Boobim, Poatfaob 102148, «•»$ OamaBy). 

• • S . 2 . Synttmalf^ Of A l k a l i Metal TrloxyfluoroobroMataa ( v i ) , 

ACrO^r 

Slnoa th« aatboda of syntbeais of a l k a l i aat i t l 

t r loxyf luorocbro«ata» ( V I ) » ACioO p, ara a lml lar only a 

tjTpioal aatttod in (l#$sorib«d* 

I n a rapreaantat iva ssatbod, raapaotlve a l k a l i a a t a l 

b i f l u o r i d e JK»m d iaaolred in a ainiBiaa vol ina of vatar and 

tba aoitttiOB »aa baated on a b o i l i n f «atar batfa for about 

10 a i n . To tba hot aolut ioo powUered CrO. aaa added « i t b 

a t i r r i n ^ i , naiutaini i ig tba ao lar r a t i o of OrO t AHF* aa i l l . 

fba eolat ion »aa aaintainad bot for anetbar 16-30 a i n . and 

than allowed to eool in a freasar* On oooling oranga'-yellaa 

coloured ACrO^P (A« NH^» K,bb or Oa) «aa obtained i n very 

bigb y i e l d * IRie oonpotand »aft aaparated by f i l t r a t i o n and 

dr ied i n vacuo. 

AMioniua Trioxyflttoroohroiiiate (V l ) , (NU. )CrO r 

StartiBA froa i.Og(i 10 ,0 « a o l ) CrO^ and O.STg 

( lO.O a n o l ) Ma^iirgt 0,96ie ( 6^^) aaaoniai t r i o x y f l u o r a -

obraaata ( T l ) NH^CrO^p «aa obtained. 

Analvaia 

poond t », iO.S3< ; Cr, . I S . I K and P, IS.eaK* Tba foraula 

MU^CrO^P retiairea t M, 10,23< ; Or, ^7«94< and P, 13.86l(. 

S ignl f ioaot in f rared b«nd8 (ofw"^) and the i r ae^tgwuenfa. 

» " " ^ . o r - o 



«»* • ^ a . Cr~0 

F«to««ltn Trloxyflaoroohrnnat* (Yl ) , KOrÔ P 

Syiitb««i« Of KCrO F̂ m»m p«rfojr»ed «i th l.Og (lO.O m ao l ) 
CrO^ and 0.76« < lO.U • isol) KliP^. Yi«ld of KCrÔ F vros 
t.5< ( 9a$) . 

Anolyaio 

rottBd t K, 24.941( t Cr, 32.8ei& OBd P,ia.33« • Tbo foratilo 
KCrO r̂ roqalroot K, 34.73K ; Cr,32.69^ and P, 12.Q2K. 

JttMttifioant lpfrar*d b^ado Co» ) and tbotr aoalgnioBto. 

•0» • ^a Cr-0 

Itabiditai friOKyfluoroehrMiato (VI), RbCrO.P 
.. ____ . . <> 

All amount of l . q | (lO.O m «o l ) CrO^ and 1.25i (10.0 m ao l ) 
SMD̂ j i{avo tho yiold of BbOrO f̂ mm 1.43g (70<^). 

Analyalw 

Pottttdt Ub, 4a.08< { Cr, 2S.51^ and P, 9.4e< . Tho foranla 
IMrO^P roqaires t Rb; U,S(%^Or, 25.43^ and P, 9.3911; • 

Slanlfleant Infrared bamia (cm"^) and thoAr aaMlî nmonto 

®<* • ^a Cr-O 

W a 0 , , c,.o 
634 • 0 , Cr-P 
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C««ltttt TrloxyJtluoi'oehr<Miat« (VI) CsCrO f̂ 

Xa • tjrpleal r«««Hoii l.Og ( lO.o • s o l ) OfO^ « • • 
rvaoied ultli 1.72 g ( lO.o » s o l ) OsBF^. Tb* yl»ld af 
o«»iuai trlftxyniioroobroBat* (VI) OsCrO^r, « • • l»95c(77l()* 

round t 0», 53.91K I Cr, 20.7ail SBd r, 7.BSH. Tt)« foraula 

g|«alf ie«nt Infyared b»Bd» (— ) aod thatr ••»lMWi»af 

•*•'* • -v^M Cr-0 

638 • ^Qr^r 

6»a.3 . flyntli«(ilii of Pjrrldlniiwi TricagrflttorocbroMat* (Vl)* 

— ' « — ' ^ — — — ^ — * — * « — • — • I • - I I I I I — — — — — I * — I I I » • — » » 

A qiMiitlty Of tS.O s ( 180 • s o l ) of OrÔ  « • • 
dlMolvad In 25 • ! of v^tar followed by th« addition of 
11.26 « i (235 • nol ) of 40^ hydroflttorlo aold in a polythoao 
boakor at roon tonporaturo «ith oonatant •t lrriag* In 
aboat ft win a elcMur oranfo oolourad aoiution naa obtained• 
A quantity of 12.3 nl ( 150 • mol) of pyrldiao iMia alonly 
addad to tbia aoiution nith oonatant atirrinf* l^m nlxtura 
ma h«atad on a atoan hmtb for about 16 s in and ttton alloaod 
to oool at rooM toaporaturo for about 30-36 s in and 
bright orange ooloared oryetallino pyrldinlUB trloxyfluoro-
ohronato (VX), Cĵ Rĵ NBCrÔ r «aa obtained. Tbo o«ipound 
nna aaparated by f i l t ra t ion aiKl preaaed botvreon tbo folda 
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• f tilfr pmpmw •!»] f i n a l l y dri«Mi I n y o w for abmii 1 b. 

l b * jriold of pyridiniaat trl ikxyflaoroohraaoto ( • ! ) » 

O^HgMaDrO^r « • • 27.9 t ( 03 .6 f ( ) . Pyr ldinl tw t r i o x y f l n o r o -

Otaroaato (YX) , CgH^MRCrO^P (PPC) molts a t 100-108^0. 

Analyalo 

rottndl Or, ae. lTK l P,9.BS1g } O, 30.124 t K, 6 . 9 6 i anil H» 

a.OTjI. Tbo fon ia la C^H^MSCrO^P roquiroat Cr ,3e . iaK | 

r» 9.e49( I C.30.1S4 { M, 7.0411 and B, 3.04K . 

Molar ooodnctanea ( A | | ) , 128 obB''*o«^»ol''*. 

Charaotor iat ie In f rarod bandaCoa"*) and aaalgaaonta 

»©• -Oj 

• 4 0 ^ j 

240 ^ , 

982 N)^ 

3T3 Op 

aaa ^ . 

6 . 3 . fioaulta and Diaouaalon 

A l k a l i l i a ta l Tr lOKyf luoroohroMtoa(Vl ) . ACrO^p Tbo 

a l k a l i na ta l trloxyflaoroobroaiatoa^YI^ aro highly e ryo ta l l ino t 

orani{a*yallow aeloitred c(^pounds. Tboy aro not vory atablo 

i s MOiat a i r , but oan be atorod io aoalod polytbono baga. 

Tboy aro aolublo in «at«r but tbo disaolution i e alwiya 

aaaooiatad « i t b doeonpoottion. Tbe eoaiponndo aro net aolablo 

i n oonnon organio solventa. ACrO p ooaipoondo attack glaaa 

i n tbo proaaneo of no ia t a i r . 

Tbo oxidat ion atato of ebroaitai i n tba oonpoimda 

•aa dotorsinod iodcaiotrioal ly by roduotion of a known 

aaoont t»f tba oonpound « i t b a o i d i f l a d potaaaiuB iodido 



(9|D3S AjDJijqjD) aoNvadosav 
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•oltttl0n followed by t i trat ion of tb« liborotod iodilM 
nitb standard aodiua tbioaalpb«iNi aolntion. ObOMioal 
dotorainatiOD of tbo oxidation atato of obrcMioa in tbo 
ooapotiBda gavo •« in aeoord nitb tbo fomnia* Tbo Hi 
OKidatioa atate of ebroalm tmw fartbor aapportad by tlM 
roQH tanporaturo aagnatlo anaooptibllity noaattrononta. Tbo 
di«Mi«n«tio nataro of tbo oospouada eonforn to tbo •$ 
«tidation stato of ebroulm i « oaeb of tbo eaaponnda* 

Tbo attoBpta to atndy tbo solar omidnetanaoa of 
Alkali aotal trioxyflaoroebronatoa(Vl),ACr0^r Wf unanoooaafiil. 
Tbo valnoa obtainod m9r» alitaya bigbor tban tboao oxpootod 
for i l l typoa of olootrolytoa* Tbia abovs tbo unatablo 
naturo of tbo oo«pounda in aqooona oolntloB. 

, t 
Tbo infrarod apootra of tbo noirljr ayntboaiaod 

AGrO.f oonpottiida oonparo Tory «ol l v i tb oaob otbor,ahoirlaff 
tbat tboy aro idontloal botb atruoturalty and atoiohiovotri-
oally* Tbo apootra alao rcseiable tba apootron of KOrO r̂ 
roportod in tbo l i toratarot* Tbo tbroo abaerptiona at oa 
904 • , at £a 635 a and at ^ 9S4 a mT^ roapoetivoly, way 
bo quotod aa roproaoatativo of tbo typiaal apootron of tbo 
oonplox i<m QrO^v", Tboao abaorptiona baro boon aaaignod 

to tbo 0 , cr-O* ^ C r - r " * * "^aa Cr-0 "**^** 
roapootivoly. 

Tbo Bovol notbod, doooribod in tbo proaoat Obaptor* 
for tbo ttyntboala of a lkal i natal trlosyfluoroobronatoa (Tl)* 
ACrO r̂ baa an advaatago tbat I t dooa not ro<iairo tbo ume of 
bydrofluorle aold and fyrovidoa a vory good exaaplo of 
a lkal i Botal biflnoridoa AHT. • aotlng aa flnorinating 
agont* Tbo oyntboaia naa plannod baaod on tbo oonoopt of 
bnffor aotiOB of a lkal i natal biflnoridoa, AV„, and tbo 

«» • • * 

ooQoovitant prooonoo of f , H and A iana in a aolntion 
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owing to tho diBsooiatlon of AfflPL in «ater* Onder oaeb • 
condition tb« solution (i«finit«ly reacts •oldie^*^^*^^ 
isakinn tb« situation oondacivs to aobisire the goal* Tlis 
dlrsot roaction batvcen CrO and alkal i flaoridost AP did 
net appaar rmry faasibla, baoause of th« tondenoy of CrO^p 
to tindarso bydrolyais givinc CrO.(OB)* aeeordinf to tba 
aquations 

^%^" * V ^ crOg(onr • H* • F" (6a) 

rt»a a lkal i aatal triOiiii'fluordobraGMitaa (Vl), AGrOJP 
^••anposo »baQ hastad* fbay raaot «itb MMonian absrain 
cbronitM (VI) i s raduccd to obraalon ( I I I )* 

Fyridiniun Trioacyfluorochronato (Vl),C-»LKiiCrO F (FFCH-

Tbe oQsipound pyridiaiyn trioicyfluorocbronata (Vl) navda a 
spaelal aontion, baoanaa tbia «a» syntbesisad vitb a apaoifio 
intention* I t nay b« aapbatically aantioned that PFC ia 
aaaily and cheaply ayntbesis«d in wery bigb yield (93->045( ) 
by adding pyridine to a st irred aqueous aolution of OrO^ in 
40% bydrofluorio acid naintaining the nolar rat io of CrO t̂ 
Wr t pyridine at 111*0 t l * Tbe eomponnd i s oranjta in 
colour and very bigbly cryst« l l ine in nature. PFC can be 
stored in sealed polythene bag for prolonged periode and 
tbe atabi l i ty and purity of tbe eonpound can be obeeked by 
periodic eatinstion of cbroiiiuB(yi) content ainply by 
iedasietry. Pyridlniun trittiyfluoroohronate (Vl) ae l ta at 
i0g-t08°C. 

Oglĵ HHCrOgrCPFC) ia soluble in eater, dinethyl-
farMMsida, acetone and apuringly soluble in benaene, carbon 
tetrachloride( ehlorofora and bexane and al igbtly nere in 
aetl^lene chloride* Tbe solar conductance,Ay (25 C) of 
a lO"''̂ ! aolution of PFC in water eaa found to be 
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t2ft ohM ea MOl augge>ttiii£ th« anl-uni Talimt • l««trolyt l« 
Mature of tlie ooBpound in accord »lth the formula* fbm 
observed nolar ootumotanee valita alao aiit;,'C«t«* tha atabi l l ty 
of tlia oonpotind* 

nia Infrarad apaotrmi of the eoMpouiKl exhibits 
bands of 908( •^)J), 6 4 0 ( ^ j ) , 340(-Oj), »52( ^)^), 373(-0^), 
and 2i>2( Ô̂ ) om , Tbaae bands are regarded u» 
•baraeterist lca for the QrO v" ioti^^. ma infrared 
spectral atudiea adduce forthar sapport to tba identity 
of the ooapound* 

fi»o laportant properties mbich need mention are 
that ( i ) 9fC doea not rtmnot «ith aee ton i tr i l e , a suitable 
siaditH far studying kinetics and aechanisms of oatidation 
and that ( i i ) i t has re lat ively leaa pronounced acidity* 
Tbe pM of a i « 10*^(M) solution of Prc baa been found to 
ba 2*45 vrhilfit that of l x lO''^(M) solution of pyridinius 
triexyobleroohroBata(Vl), C.lLNtlCrO.Cl (t^C) has been 
ebaervad to be 1«T5. I t appears that a l e s s pronounoai 
acidity of an oxidlsini^ agent i s aometiwe prefered for 
•artain specif ic type of work in organic cbeaistry. ** 

The mcidatioa reactiona involring tbe na« reafent 
FfC, 4099 not constitute any part of the present t h e s i s . 
fiairaver, such studies have been done in collaboration with 
other workers and the de ta i l s of tbe results of oxidations 
wi l l be described elaewbere. The reaolta of cxidations, 
tlMa far* appear to ba extrewely satisfactory and lend 
•radanoa to the contention that PPC noat probably wil l 
qualify as a valuable addition to the e f f i c ient oxidants 
available to the ayntbetio organic aheaists and alao to 
the preaent aietbodology • 
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CSAFTSI T 

Tri«(M«tyUo«toii«to)«br«iiim(IIl) , MOgS^O^),* 

T«l* XDtrodiaoU«a 

flHi gyoittBi l a t « r * t t tad •xt«ti*l«'« o9« of tri«(ae«tyl<-
•««to«iBt«)Qhr«ilwi(XIl) tov« r*iMler«d I t a« an 4nitr9««ly 
lMp«rt«Bt •ynthotio eiMipound of obroMliaia Tbo ooMpoond 
er<e|.a^O.) boo boon tiood aa a oataljrat for peljraiorlaatioa;' 
oxidation, ^ aa a aoaieonduotorf at an addlt iTo' in rabbor« 
plaatlo and paiata and for obroniiai plat iof fron organto 
aolvwntaf and alae for oxtraetlon aoparatim of ebroBlm 
froM atbor aotala. Htaeloar mgnotio roaoaanoo 

apoetroaoopjr la another aroa wbora ^'(^K^^a^a '^"^* * " 

• HM iK9rk daaorlbod In tbla (^Mptar ha a boen 'OXc^pte^u '' 
for pablloatioB* 
•aft U.K. Cbaudhtirl* M. mf and O.T. Kbatbinc, 

mrmtk. ataat . laarg. I i»t .»0ra. Cboai.. il,^»^issaede^) 
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«xt«o«iv« »•• a* « 0-13 M.a.r* eh««i««l aliift r«iiii«at f«r 
nitrog^'ii eontainittg mrmmtio oonponBdii , ahlft rffag^nt for 

40 

Miin«s, ahlftl*** r«l«x«tion r«ag«iit for C'-ia lH»m»r» of 
Iron emtplmzmm , l in« ohapo aiMilyoio stttdle* In M«»«r* 
•poetroooopy^^ «Bd oloo «• a parasagnotio rolaxatioB roagoBt 
i a atrMittral •tiMlioat'' 

Tria(ao«tylao«toiiato)ebro«iiai(IIl) liaa baen knova 
far Bora thaa f i f ty yaara and a nuabar of aatboda of i ta 
aynibeaia bava boon raportad. Soaa of tiia rmry early aaliiada 
ara ••abaraoaa and glva lo« yiolda af tba product* * 
flia aatiiod dovalopad to olrauaiveBt tbaaa dlffl^sultiaa by tba 
baaaganaoua oontrOl of pl^ htf tba felleiriiiK diaadvaatagaa t 
<i) It la qui to tiaa eonaunlBg, ( l i ) tba and-prodoot obtalaad 
by tb« eitttbod nv ba eoataaiiMBtad by araa and i ta deoeapoaitioa 
prodttota, owing to tba aaa af a rary larga axoaaa of aroa 
in ordar to eontrol tba pM, and ( i i i ) tba yiald of 
CirCC^VfO )̂̂  obtaiaod by tbia watbod ia lo*arad i f tb«» 
i n i t i a l pH ranga ia not aaintainad proparly, parbapa baoauaa 
Of tba fomation of bydroxo«iminaahraaiini ( I I I ) apeolea. 
Kaaantly, in li»77 tba feraation of tria(aoatylaoatonato)-
abroaiiai ( l l l ) t CriC^MjQ^)^ t *»9 boon raportad^^ on tba 
baaia of a atudy aada aa a aabaolar lava l . I t alao appaara 
tbat a aaall inereaaa ia aoidity aay oontaainnta tba 
prodttot, aa iapliad by tba iae lat ion of tba intaraadiata 
product bia(aoatylaeatoaato)triebXoraatbanoatoaf|aoobroaiaB-
( I I I ) . Alao %im ooataaiaatiOR ot tba product by 
triobloroatbaaoata vbiob i» asad^^ to control tba pS, can 
not ba ruled oat* I t aay a lso ba aentionad tbat tba 
natbeda earraatly anplpyad for tba ayntbaaia of Cr(CgS^O )^*** 
require ehroniua(l l l ) apeoiaa aa a atarting aatarial abicb 
naeda aa extra praparatioa aad purif ioatioa. 

Ia tbia Cbapter a novel and rapid aatbad baa baaa 
daaeribad of tbe lyntbaaia of Cr(C.BLO.).. Tba aetbod ia 
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tMised on tiw concept of oleotron transfer roaotlon and 
doea not require aay buffer* 

7«a« li^cperlaental Section 

All obeHioala ««re reagent grade produota. 

Infrared speetrun of the coapoundl «||s recorded on 
a Parkin-eiaer model 125 apectrophotoaeter. 

The aaaa apcotra of the ooMipound «ero recorded on 
• Varlan UAT CH-S sasa speetroraeter. The aaaple maa 
intr(Mluoed Into the ionlsation ohaaber uainji a direct 
inaertion probe. The operation conditions «ere electron 
eoersy* 70 eV ; source teaperature, 50 Ct raaolution lOOO{ 
aiul accelerating voltage 8 kV* The aaaa apectrometric 
obaervationa iwre aada vitb the f ie ld of Ionising current 
anfflolently atrong to trap primary lona* 

7.2*1* l<ethod» of t'atiMatlon of the Conatituenta 

mr tiw aatiaatlon of obronlun In CrCO^O^O )̂̂ , the 
eoMpound »aa deeonpoaed by treating r l tb a anall aaeunt 
of vry concentrated aulphurlo acid* flie operation Mia 
repeated several tiai^s in order to ensure cosaplete 
r«MOiral of organic residue. The ohronluM »aa converted to 
ohroaiiuai aulphate. The rest of the procedure was the 

aa that descrih<;»(l in Chapter 4* 

C»B eatiaationa were aoooaipliahed by aloro 
analytical setbeda* 
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7 , 2 . 2 . 3ynth»?9l8 of Trts(8oetylaoetonato)ohroaiUH ( I H ) , 

A qaantlty of 2 .a « ( 20 .0 a mol) of pot(«red CrO^ 
«•» addel to 20.Of; (200 m n o l ) d i s t i l l e d aoc^tylacetone %lth 
constant stlrrinit; iriien an exottiermio reaction Ni»t in and tha 
oolour of the so lu t ion beoaue dnrk v i o l e t * Stirrinie; vns 
continued for anothnr iO mln nfter the addi t ion was complete. 
The so lut ion «as then concentrated by heating over a steam-
bath for about 4 h in an open beaker and subsequently cooled '. 
for about ih in a freezer* The dark pink'-violet shiny c r y s t a l s 
of CriC^UjO^^n Has f i l t e r e d off and washed several times with 
natter and f i n a l l y drle>l in vacuo. The y i e l d of CriCgH^Og). 
was 6.5g ( 93^) . The cmpountl thus obtaiucd was vory pure 
and gave extremely s a t i s f a c t o r y ana lys i s* The compound 
can be reorystal l i sodt it desired* by d i s so lv ing I t in 
•Iniattn volume of hot benzene followed by the addit ion of 
bot l ight-petroleum ( b . p . 40-*:o'^'c ) and then cool ing a t 
about 0 C. The y i e l d of r e c r y t t a l l i s e d t r i s ( a c e t y l a o e t o -
nato)ohromium ( I I I ) , Cr(Cjjii^U )^ was 6.8g ( 83%), The 
compound malts sharply a t 21f> ^C. The method may he 
sca led up to hi«[her q u a n t i t i e s . 

Analysis 

Found: C, 51.B2< { II, 6.1 ifC and Cr, 14.«7< • The 
formula CxiCf.iKrO^)^ requires^ C, 51.57« ; «, u,07< and 

Cr, 14."*8^. o 1 2 ^ 
TliC molecular weig^ht was found to be 349 ( mass 

speo trometr ioa l ly ) . 

Infraro 1 bomta ( 0 3 " ^ and their asHJgnments. 
3 0 6 0 » x;)^^ 
2996 at ) 
2966 ffl ) ^ 
2924 m ) *̂ "3 



i6T3 « 

isao • 

lt4T m 

1274 • 

limm, br 

d3i • 

TT4 • ) 
771 « ) 

681 • 

MO « 

8«9 « 

463 • 

4ia w 
S60 

TT rUm 

Mast %i«»etral nata for CHC.Q^O )̂̂  

(a) Major peoka 

AaalgaiMit 

«'<«5«T*'a>J 
CriCgH^O^g* 

crCc^ayO^Xc^a^Og)* 

Cr(c^«,op* 

Cr(C^li^Ojj)* 

Cr* 

• /a latvnsliy 

349 ao 

aso 100 

aae t 

151 4a 

136 a 

sa 4 
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b) li*t«»tabl 

Observed 

179.2 

330.9 

9T.1 

133.8 

.e Tri 

* 
• / a 

Briciitl^OQa 

Calculated 

iT9.08 

330.90 

9T.0S 

133.49 

Wr—mmm 

349 -^ 2B0 

350 -^ 235 

215 - • 151 

151 -4^ 136 

Vragniaat 
f t 

Cn«T^2 

C«3 

«4V2 
CB» 

7 . 3 . Besults «nd Oi»ou»«lon 

Cbelatlo^C abi l i ty of acetylecatone (acaoU) baa li 
b<ran rmsogniaed aod on the basis or sans v«ry raoant 
atudles^^ on the ayntbesia of Ma'*'' ooapounda ttm Ma^ ,̂ i ta 
ab i l i t y to aot m» m suitable reducing agent haa a l so bean 
daoionstrated beyond doubt. In vle« of ihla i t «aa tbought 
tbat i t alKlit be feasible to synthesise CriCĵ H^O )̂̂  
direct ly frcw ^̂ ^̂ 3 ^y ^^* action of ace ty lace tone. Mitorally 
an exoeaa of aoetylacetone (aoaoH) hsa to be uaed auch that 
after the red-oic reaction an appreciable aaouat of i t aaat 
be available in the mediua to act aa Uganda. In faet 
the reaction betvraen CrO and (C£LCO)-ClU<aeaoa) readily 
f lvea tria(acetylac«tonato)ohro«iua(III), ^^^^^^^2^Z' 

in astraaely high y i e l d . The aetbod does not require any 
buffer but the course of the reaction i s probably such tbat 
i t aaintains the required pH giving r ise to the aucoeasful 
foraatliMi of the deaired product. 7%e pR af the solution, 
recorded iaaediately after the forisatlon of Cr(CgIiyO )^ 
mmm found to be '^5» I t i s d i f f i cu l t to put forward the 
aecbanlaa of the reaction in the abaence of coai>lete 
infonaiitlon about the oocidised produota of ace ty lace tone. 



Tb© yield of er{C^ayO^)^t obt«ln#<l by thi» method 1* 
wmry bl^h and tho tt«« of reaction t» coBp/iratlvely lees .? 
then thof»e currently need for the eyntheels of t r i e ( e c e t y l -
ao«tonato)ohraniUM<tIl). The ooapound e e l t e at 216 C and 
highly eolable in sany or^enie aolvente giving dark 
piok-vlolet coloured solutlone* The eonpound baa bcMI 
cbaraoteriaed by analysing for C»ll and Cr, determination 
• f «e l t inc point end by studying i t s infrared and Base 
•pectra* 

The infrared spec trim of the oonpound (vide I^periamt'-
al iieotion) efaOKs the eharaoteristioe of ohelt^ted acety l -
acetonatee (acao~)* The li-0 atretohinj^ vibrations of 
ace ty lace tone to complexes of transition tBctals are raost 
iaportant since they provide direct information about the 
strength of the M-O bonds.^^'^* The Cr->0 stretchii^ 
frequency »as observed at 300 wT*^ in the present caae 
vbiob i s in conforaity «ith the earl ier obaervationa 
•ade by othnra in their infrared apectroscopio studies 
of such ooflipounds* The speotrun i s in ful l accord «ith 
those of Cr(aeae)^ and other M(acao). reported in the 
l iterature.^^ This gives support to the identity of the 
•oapoond « 

The nass spectrnsi of the coapouod eas recorded ueing 
a direct insertion probe tor introducing the saaple direct ly 
into the ion<-cbaatber without any prior beatii^* The 
• s sen t l s l features of the sass spectra have been given I s 
SKperisieotal section* The epeetros recorded at 60% shoea 
a peak of 20< intensity at a / s 349, and baa I'Ĥ en aesigned 
to CrCCgO^O )̂̂  ion ehiota is , inf«ct» the molecular ion 
peak. The fragnent <^'iC^^<^2K loses one Cf^&fO^ group t« 
give CHCjjiî O^)^ Ion as evidenced by the peak at • / * 250. 
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Th« pMk at • / • 8S0 i« «tt« da«tiMiBt pMk (tOO<) in tli« 
•peotroM of tlM» ooapound* Tb« ion cHCj^VLjO^)^, bo««r«r* 
do4»» not uBdorgo lo»» of • further C^^O^ group a« ouob, 
instead i t le»«« « CĤ  unit followed by ttio loss of 
Ĉ â Og to yiold tbo fragaont ion CriC^BjQ^)* • * • / » I5i« 
Tho iOB GriG^UjO^)^ loaaa Ca, unit f irat and th^n Ĝ Ĥ Ô  
ttltiMitaly giving tb« bara aatal ion Cr̂ « Bnougb 
•ataatabla paakt vara oboarvad to aupport tbe tranoitiona. 
In via« of tbia« tbe most probabla frafaaBtatioB patbitajr 
•ajr ba givaa aa in Seb«aa i« 

Tba aaaa apeatroaatrio raaulta adduoa furtbar support to 
tba identity and purity of tba ooapouad, efHifom to tba 
Misaaario netura of CriCĵ iî O )̂̂  and ooaiNsra r^ry «al l aitli 
tba raportad dota^I""^^ 

I t aay* tbarafora» ba oonaludad tbat trialacatyl-> 
aaatonata)ahraaiitta(III), CriC^H^O )̂̂  , oan ba ayntbaoisad 
diraotly froa CrO^ aitbout tha uaa or any buffer. I t ia 
boped tbat a ia i lar aatboda can ba aaad for the ayntbeaia of 
•aetylaeetenato ooapouada of etbor tranaition aetata aa ve i l* 
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Mass Spectrometry of Metal Compounds. 
Evidence of C—O Cleavage in and Effect of 
Temperature on the Mass Spectra of 
Chloropentacarbonylmanganese 

M. K. Chaudhuri,t H. S. Dasgupta and N. Roy 
Department of Chemistry, North-Eastern Hill University, Shillong - 793003, India 

D. T. Khathing 
Department of Physics, North-Eastern Hill University, Shillong-793003, India 

The mass spectrum of Mn(CO)5CI has been studied at 70 eV and at varying inlet temperatures of 20-250 °C. 
Like the heavier metal carbonyl derivatives, Mn(CO)5Cl exhibits peaks due to carbido fragments. The 
spectrum run at 100 °C shows the characteristic pattern of Mn2(CO)ia which originates from the formation 
and recombination of the Mn(CO)5 radical. The spectral pattern changes further at an elevated temperature 
(250 °C) showing the formation of Mn2(CO)gCl2. The effect of pyrolysis has been discussed. 

INTRODUCTION Table 1. Mass spectra of Mn(CO)5Cl 

Mass spectrometry has been well accepted as an im­
portant physical tool in the field of transition metal 
carbonyl and organometallic chemistry. In the course 
of an extended investigation into the behaviour of 
various substituted metal carbonyl derivatives under 
electron impact (EI),'-^ we studied the mass spectra of 
Mn(CO)5Cl. Some results of mass spectral investiga­
tions of this compound have been reported in the 
literature;^""^ two simultaneous and parallel fragmenta­
tion patterns, one involving rupture of the Mn—CI 
bond followed by stepwise losses of CO groups and 
the other involving retention of the Mn—CI bond with 
-stepwise losses of CO groups were observed. The 
present work reports the results of EI studies on 
chloropentacarbonylmanganese, Mn(CO)5Cl, at vary­
ing inlet temperatures, of special significance regarding 
both metal-carbon and carbon-oxygen bonding, and 
also the effect of temperature on the mode of EI 
induced fragmentation. 

EXPERIMENTAL 

Chloropentacarbonylmanganese, Mn(CO)5Cl, was 
prepared by the method described by Chaudhuri*' and 
recrystallized before use. The mass spectra were run 
on a Varian MAT CH-5 mass spectrometer. The 
operating conditions were 70 eV electron energy, 20-
250 °C inlet temperature, resolution of 1000 and 8 kV 
accelerating voltage. 

The mass spectrum is given in Table 1 together with 
metastable ion data. The observations were made with 

t Author to whom correspondence should be addressed. 

Assignments 

[Mn(C0)5CI]" 
[Mn(C0)4CCI]+ 
IMnlCOUCll" 
[MnlCOy* 
[MnlCOjCI]* 
[Mn(CO)J" 
IMnlCOjCn* 
[MnlCOlsl* 
[Mn(CO)CI]+ 
[Mn(C0)2]+ 
[MnCCI]* 
[Mn(CO)C]+ 
[MnCI]* 
[Mn(CO)]* 
[MnCzI* 
[MnCr 
[Mn]+ 
[C0]+ 

Metastable transitions in 

m/z* 

Observed Calculated 

165.3 165.32 
143.1 143.02 
115.6 115.69 
88.7 88.64 
62.1 62.06 
54.1 54.08 
36.5 36.44 

131.6 131.63 
122.5 122.50 
95.5 95.36 
88.1 88.16 
68.6 68.64 

111.2 111.04 
84.5 84.39 
58.4 58.38 
33.6 33.61 

m/z 

230 
214 
202 
195 
174 
167 
146 
139 
118 
111 
102 
95 
90 
83 
79 
67 
55 
28 

Intensity 

(%) 
24.6 

1.5 
0 

11.2 
14.8 
4.5 

34.9 
6.1 

27.6 
15.8 
2.7 
2.9 

47.1 
26.3 
0.8 

12.6 
88.7 
100 

the nnass spectrum of MnlCOlgCI 

Process 

230 
195 
167 
139 
111 
83 
83 

230 
174 
146 
118 
118 
174 
146 
118 
90 

-» 
-^ 
-> 
- • 

-» 
—* 
-^ 
-^ 
-* 
-> 
-» 
—> 
-> 
-^ 
—> 
-̂  

195 
167 
139 
111 
83 
67 
55 
174 
146 
118 
102 
90 
139 
111 
83 
55 

Neiitral fragment 
lost 

CI 
CO 
CO 
CO 
CO 
0 

CO 
2 CO 
CO 
CO 
0 

CO 
CI 
CI 
CI 
CI 

>Heyden & Son Ltd, 1981 
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the field of the ionizing electron current strong enough 
to trap primary ions. The effect of temperature on the 
EI induced fragmentation pattern was studied. 

RESULTS AND DISCUSSION 

Table 1 presents the essential features of the mass 
spectrum of Mn(CO)5Cl. It was observed in the pres­
ent studies, in accord with the report of Edgar et ai.,'* 
that the spectrum measured at low temperature shows 
the molecular ion peak at m/z 230. The molecular ion 
undergoes EI induced fragmentation by two different 
pathways as shown in Scheme 1. 
Metastable peaks supporting both the pathways from 
the molecular ion down to the bare metal ion [Mn]^ 
were observed in the spectrum of Mn(CO)5Cl, sug­
gesting that the fission of the Mn—CI and Mn—CO 
bonds compete effectively, making both paths equally 
probable. A notable feature of the spectrum was the 
appearance of peaks at m/z 67, 79, 95, 102 and 214. 
These peaks have been attributed to the carbido frag­
ments [MnC]^, [MnCJ^, [Mn(CO)Cr, [MnCCl]-" and 
[Mn(CO)4CCl]"^, respectively. Such observations 
definitely suggest that, like heavier metal carbonyl 
derivatives,^** the lighter ones may also undergo ap­
preciable C—O bond fission. So far as we are aware, 
there is no definite report in literature on the loss of O 
from the lighter metal carbonyl derivatives. To obtain 
further support for these assignments, metastable 
transitions relating to these particular peaks were also 
investigated. However, the weak nature of the peaks 
for these fragments precluded the observation of suffi­
cient metastables, but the metastable peaks at m/z 
88.1 and 54.1 support the transitions [Mn(CO)Cl]^ -^ 
[MnCCl]*-hO and [Mn(CO)]-' -^ [MnC]^+ O. 

An assessment of the various chlorine-containing 
fragments was made by checking the chlorine isotopic 
ratios in the absence of any interference from mangan­
ese. The ratio [M + 2]/[M] for a given fragment con­
taining one chlorine atom should be 0.32. The values 
of this ratio in the present case appeared to be 0.30 or 
0.31, lending additional support to the suggested frag­
mentation scheme. 

In an attempt to assess the significance of pyrolysis 
in the mass spectrum of Mn(CO)5Cl, the spectrum of 
the compound was studied at temperatures of 20 °C, 

SOX, 90°C, 100°C and 250°C respectively, main­
taining 70 eV as the electron energy. The mass spectra 
run at 20 °C, 50 °C and 90 °C were essentially similar, 
but the spectral pattern changed at 100 °C exhibiting a 
new peak at m/z 390 due to Mn2(CO)io- The typical 
spectral pattern conforms to that of Mn2(CO)io. An 
identical observation was also made by Svec and 
Junk.' It is generally believed that Mn(CO)5Cl forms 
Mn(CO)5 radicals even at lower temperatures. How­
ever, at 100 °C the optimum concentration is reached 
such that the recombination through radical coupling 
gives rise to Mn2(CO)io. Such formation and recombi­
nation of manganese pentacarbonyl radical has also 
been observed previously by us in a photoinduced 
reaction.** At 250 °C the spectrum revealed some very 
important differences. The most notable was the dis­
appearance of the ion [Mn(CO)5Cl]'^ {m/z 230) and 
most of the other [MniCOJxCiy ( X < 5 ) ions, and 
appearance of a peak at m/z 404. The ratio [M+ 
2]/[M] for m/z 404 was 0.62, suggesting the presence 
of two CI atoms in the fragment. Accordingly the peak 
was assigned the elemental composition Mn2(CO)8Cl2. 
A compound of such composition is known and its 
mass spectrum has also been reported." It is believed 
that the formation of Mn2(CO)8Cl2 in the present case 
may be either (i) through the dimerization of 
Mn(CO)5Cl with a simultaneous loss of two CO 
molecules giving rise to Mn2(CO)gCl2, which on ioni­
zation gives rise to peak at m/z 404; or (ii) an 
ion/molecule interaction between Mn(CO)sCl and 
[Mn(CO)3Cl]'^ with simultaneous transfer of a CO 
group from one Mn to the other leading to the forma­
tion of [Mn2(CO)8Cl2]^. 

It has been observed that the intensity of various 
carbido fragments increases with decreasing m/z val­
ues. This is presumably because of the increased metal 
to CO ir-bonding between a particular metal having a 
low formal oxidation state and a smaller number of 
CO groups. Since the carbon valency has to be main­
tained at four the increased TT back donation increases 
the M—C bond order with a simultaneous decrease in 
that of C—O, making the C—O bond relatively more 
susceptible to increased temperature compared with 
the M—C bond. Finally, it may be stated that like 
heavier metal carbonyl derivatives, the lighter metal 
carbonyl derivatives may also exhibit carbon-oxygen 
bond fission, and very high temperature can change 
the EI induced fragmentation pattern. 

Path I 

\ [MnfCO);]* ^ [Mn(CO)4]+ ^ [MnCCO),]* ̂  [Mn(CO)J* -^ [Mn(CO)]-' 
+ e ^ * / \ 
-2e / 

MnCCOsCl ^ [MnCCOsCl]* [Mn]* 

Path II 
[Mn(CO)3Cl]+ -^ [Mn(CO)2Cl]+ -^ [Mn(CO)Cl]+ -> [MnCl]* 

Scheme 1 
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Mass Spectrometry of Metal Compounds 
II—Mass Spectromeiric Studies of [CFjEMnCCO),^. 
[CF,EFe(CO)3], (E = S,Se), CF^SeFeCCO^C^H^ and 
CF,SCr(NO),C,H5 

M. K. Chaudhuri,t H. S. Das)!;upta and N. Roy 

Department of Chemistry, North-Fastern Hill LIniversity. Shilloiiji 7>)3l)0'<. India 

D. T. Khathing 

Department of Pliysie-s, North-I:astcrn Hill University, Shillonfi 7').M)03, India 

The electron impart induced mass spectra of [CFjSMnCCO),]!, [CF,SeMn(CO)4l2. |CF,SFe(CO),li, 
[CFjSeFeCCOjJi, CFjScFeCCOiCjH, and CF,SCr(NO)2C5H5 are reported. These compounds exhibit weak 
molecular ion peaks and undergo preferential loss of CO or NO groups. The CO or NO free fragments suffer 
typical loss of ECF2(E = S, Se) with the simultaneous shift of F from carbon to metal. The ions IFFeCtH.̂ r 
and [FCrCsH;]^ in the spectra of the cyclopentadienyl compounds prefer expulsion of ir-cyclopentadienyls. 
The pyrolysis effects on the spectra of the compounds have been studied. An increase in temperature eases 
the expulsion of ECF2 groups from all the compounds and favors the formation of |Fe(C5H,)2r ond 
[Cr(C,H,)2]^ in the cyclopentadienyl compounds. 

INTRODUCTION 

Although a number of fluorinated organosulfur and 
organoseknium derivatives of metal carbonyls and 
cyclopentadienyl metal carbonyls or nitrosyls have 
been sytithcsized in recent years,' " the mass spectral 
studies of such compounds have received less attention 
to dale. It may be noted that the mass spectra of CH,S 
derivatives of metal carbonyls'^ showed loss of the 
CH, group with cleavage of the S—C bond from the 
CO free fragments. In continuation of our studies on 
electron impact (EI) induced mass spectra of inorganic 
compounds'' ' ' ' ' it was though'important to investigate 
the mass spectra of CF^S and CF3Se derivatives of 
metal carbonyls and substituted metal carbonyls or 
nitrosyls. This paper describes the mass spectra of a 
series of CFiS and CF^Se compounds of manganese, 
iron and chromium. 

EXPERIMENTAL 

Compounds [CF,SMn(CO)J, (1), [CF,SeMn(CO)4], 
(2), [CF,SFe(CO),l. (3), f(T,ScFe(CO),I, (4), 
CI-\Selo((()|,C,,lK (51 and < F.SC.lNOIX',! I, ((i) 
were picpaicd by liU'ralinc inelhods" '" ' aiwl purified 
li\ ici ryslaMi/alioi) tx.lntc use, 'lite mass spritia were 
run on a V'aiiaii MAI ('fi-5 mass specfronielcr. The 
experimental conditions were the same as described 
pre\ii)uslv.'' 

riic mass spi'ilia and the expci imcnialiv observed 
m(iM'.(;ilt|<- ii;in'.i|ioii'. .lie iMiMiilcd III IMIIICS I I 

' Author to whom eorrcspondenee should be addressed. 

;•. . ;...•••.•,.•;-•: rCC-()0tt(M)0OO/81/(MHMM)(H)O$0O.tM) 

The observations were made with the field of the 
ionizing current strong enough to trap primary ions. 
The effect of temperature on (lie F.l induced fragmen­
tation was studied with allowance being matle for 
pyrolysis reactions taking place in the ion source, 

RESULTS AND DISCUSSION 

[CF3SlVln(CO)4]2 (1) and [CF3SeMn(CO)4]2 (2) 

The mass spectra of 1 and 2 exhibit weak molecular 
ion peaks at m/z 536 and 632 (Table V), F.ach of the 
molecular ions loses three CO groups in a single step 
leading to [(CF3E)2Mn2(CO),]* (E = S. Se). which sub­
sequently loses one CO group followed by loss of an 
ECF2 unit with the simultaneous shift of F from 
carbon to metal giving [CF3EMn;ICO)4F]". This frag­
ment loses four CO groups in steps, however, followed 
by the expulsion of the second ECF^ unit to yield 
[MujFj]' ion which undergoes successive losses of J' 
atoms giving [Mn;V, which hnally fragments to (Mn]' , 

The signals at miz 161 and 209 in the spectra of t 
and 2 due to [Mn;,SI-]' and [Mn_,SeI]' indicate the 
loss of ( 1', (hroiigli the rupture ol S (' or Se ( 
Ixintls. Ilowcver, this I'nild not be Mippoi !'•() Iiy the 
niclastalilc liansitions, ptccliidinc any signilicanC't; nl 
sucti a process. Thus, unlike the CHiS derivative-; of 
metal carbon vis which show preferential losses of CO 
gicMips followed by that of Cl l , through rupture of the 
S (' b<>iid. the lotiespi>ndiiu', CI ,.S 01 t I ySe I'om 
pnuiuls r\liil'it li'ss I'l SCI , ill SeCJ-. with the siimil 
taticovis slnft v>l I- [jpm carbon to metal, Vhis is 
presumably favoured by the formation of a new bond 

iii^<^>'' 
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Table 1. Mass spectra of [CF3ElMn(CO)4]2 (E = S, Se) complexes 

Assignments 

KCFaEl jMn^ lCOgl* 
[(CF3E)jMnj(CO)6] ' 

l(CF3E)jMn2(C0)4l* 
l(CF3E)Mn2F(C0)3l^ 
[ (CFaE jMr i jF ICOj l ' 

[ (CFjElMnjFICO)]* 
[(CFaEIMn^Fl* 

iMn^F j ) * 
( M H S F I ' 

IMn^l* 
( M n ) ' 
lECF^]^ 

iCOl' 

Metastable t ransi t ions 

mil '^1' 

(SI 

381.2 
397.8 
275.9 
288.3 
260.5 

( '323.8V 
205.0 '' 

95.2 

112.5 
93.8 

27.5 

(Sat 

475.2 

493.5 
292.5 
336.0 
308.2 
280.4 
252.6 

78.8 
112.5 

93.8 
27.5 

E S 

Intensity 
m/z 

536 
452 

424 
314 

286 
258 

230 
148 

129 
110 

55 
82 
28 

(%) 
4.5 

28.3 

31.5 
44.9 
35.6 

29.8 
49.8 
58.7 

53.2 
50.3 
65.8 

71.5 

100 

in the mass spectra 

M 1 2/M 

0.089 
0.093 

0.091 

0.046 
0.047 

0.045 

0.046 

— 
— 
— 
— 

0.045 

— 

m/i 

632 
548 

520 
362 
334 

306 

278 
148 
129 

110 

55 
130 

28 

1 of I C F j E M n l C O J 

Process 

[ ( C F j E l j M n j I C O a l ' 
[(CF3E)2Mn2(C0)5] • 

[{CF3E)2Mn,(C0)4)" 
KCFjE lM 
KCFjE lM 
KCFjEIM 

KCFjElM 
1(CF3E)M 
I M n j F ^ l ' 
( M H J F I ' 

[ M M J ] * 

n^FiCOU* 
n j F ( C O m ' 

n jF (CO) j I ' 
n^FICO)]' 
n j F l ' 

E = S« 

Intensity 

(%) 
5.1 

26.5 
33.8 

48.6 

33.2 
28.7 

48.2 

59.1 
52.3 

51.1 
66.9 
74.8 

100 

7 

^ [ (CFaElaMnj ICOl^r 
^ ( ( C F a E l z M n ^ l C O I J ' 
- ^ l ( C F 3 E ) M n j F ( C 0 ) J ' 

- [ (CF3E)Mn jF (CO)3 ) ' 
- • [ (CFsElMn jF ICOl j l ' 
- [ (CFaElMnjFICOir 
-> ( (CF3E)Mn,F l ' 

— IMn, 
^ I M n j 
^ [ M n j 
- . ( M n ) 

hV 
F j ' 

1' 
* 

M 2/M 

0.97 

0.98 

0,95 
0,49 

0.48 
0.47 

0.51 

— 
— 
— 
— 

0,48 

— 

Nolitral 

fraflmont 

lost 

3 C 0 
CO 

ECFj 

CO 

CO 
CO 
CO 

ECFj 

F 

F 
Mn 

Table 2. Mass spectra of |CF3p:Fe(CO),l2 (E = S,Se) complexes 

Assignments 

HCFaEljFesICO)^]' 

[(CF3E)jFe2(COy* 
((CFaEI^FejfCOIJ* 

[ (CF3E) ,Fe(C0)3 ] ' / 
|(CF3E)2Fe2(C0)j)' 
|(CF3E)2Fej(C0))* 

l iCF3E)jFe2r 
KCFjElFe^F] ' 
IFe^Fj) ' 

(FeJ' 
[Fe] ' 
(ECFj l ' 
[Fe jF jP* 

Metastabto t rans i t ions 

IM (.'.«) 

427.7 523.4 
399.7 495.4 

371.9 467.5 
;(43.i) 431>,6 

316,3 4I1,») 
2f)«.2 383.7 

171.4 191,3 

96.9 80.3 
83.6 83.6 

m/i 

482 
454 

426 

398 

370 
342 
314 

232 
150 
112 
56 

82 

75 

E -

Intensity 

(%) 
6.8 

15.6 

11.7 
8.6 

20.1 
14.8 
60.6 
12.7 
72.5 
41.2 
58.7 
61.2 
12.8 

s 

M ^/M 

0.13 
0.11 

0.13 
0.13 

0.12 
0.11 
0.12 
0.12 
0,12 
0.12 

0.06 

0.12 

M ! 2/M 

0.115 
0.118 
0.117 

0.114 

0.116 
0.115 
0.114 

0.046 

0.045 

in the mass spectra of ICF^EFe(CO),!? 

I ' M K 

( (CFaEl jFej ICOe) ' 

| (CF3E),Fe,(C0), r 

IICF.FV.F 
l(cr, i ) , i 
Kcr. i) , ! 

.'.u'0),r 

.t,.U:OM' 

.',(C0),1' 
((CF,E)jF«,(CO)) • 
[ (CFjEl^Fe^l ' 
l(CF3E)FejFl' 

IFe.F,)' 

... l(CF,,E)3Fe,(CO),| 
-• |(CF,E),Fo.,(CO)J 

. i ( C F , t ) , r . . , | C ( l ) , l 

•UCf.,1 

• KCf ,1 
l ) , f o , U " 0 ) , l 

i:-l,F.»,(c(>ii' 
- |(CF,E)2FG-,r 

- K C F j E l F e j F ) ' 
- I F e ^ F j ) ' 

- lFe,l 

E 

m / 7 

578 

550 
522 

494 

466 
438 

410 
280 

150 
112 
56 

130 
75 

' 

Se 

Intensity 
(%l 

5.8 

20.1 
10,7 

6,7 

25.6 
17.1 
12,6 

5,6 
73,3 
60,2 

52,6 
69,3 
11.2 

NniilfAl 

Irnu'iint.l 
I'.al 

CO 
CO 

CO 

CO 

CO 

CO 
ECFj 

ECF, 

F, 
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between an electropositive metal atom and F through 
the interaction of non-bonding p-orbitals of F with the 
vacant orbitals on the metal atom, expelling an SCFj 
or SeCFj group, ionization of which gives strong sign­
als at miz 82 or 130 (Table 1) respectively. 

In order to study the effect of pyrolysis on the 
explusion of ECFj {E = S.Se) from [(CF,E)Mn2F]% 

.vV\e spectra were run at 100 "C. This showed that the 
Intensity of the signal at m/z 148,due to [MnzFzJ* was 
increased from - 5 9 % to - 7 8 % and that those signals 
at mIz 230 in the spectrum of 1 and at mIz 278 in the 
spectrum of 2 decreased from - 4 9 % to - 2 3 % , sug-
(^esting that pyrolysis plays an important role in the 
formation of ECF2. It may be mentioned that ScCFa 
has been prepared for the first time by Haas el aV^ by 
pyrolysing B(SeCF3)3. The most probable fragmenta-

""tion pattern of (CF3E)2Mn2(CO)8 may be as shown in 
Scheme 1. 

[(CF3E)2Mn2(CO)«]^ 

[(CF.,E)2Mn2(CO)4]^ 

[Mn] '* - [Mn2r 

[(CF.,E)2Mn2(CO),]^ ^ 

[(CF3E)Mn2(CO)4F]^-

[Mn,F] ; , ^ [Mn2F^r - _ 
'dj 

••m 

f(CF3E)Mn2(CO)„F]* + ( 4 - n ) C O (n = 1-4)) 
Schema vv -

All transitions from the molecular ion down to the 
basic [Mn]' ion have been supported by the approp­
riate metastables (Table I). Assignments of various S 
and Se containing fragments have been verified using 
the ratios M + 2/M and M - 2 / M rspectively, where 
M + 2 is the intensity of the peak two mass units more 
and M - 2 is that of two mass units less than the most 
abundant ion of a given elemental composition M, and 
arise from the substitution of '""S for '^S and ^*Se for 
""Se. These tests give strong credence to Scheme 1. 

at m/z 482 and 578 respectively. Unlike 1 and 2, 
compounds 3 and 4 undergo preferential losses of six 
CO groups in steps, followed by the successive losses 
of ECF2 units with the simultaneous shift of F atoms 
from carbon to metal. The ions at m/z at 150 in the 
spectra of 3 and 4 have been assigned to fFcjFj]^ 
since the dipositive ion at mIz 75 due to [FejFj] ' ' and 
a signal at mIz 112 due to [Fej]' occur. The formation 
of [Fe2F2r*^ and [Fcz]*^ indicates iron-iron Iwnding in 
3 and 4. 

The spectra of 3 and 4 exhibit not only the metasta-
ble peaks at mIz 71.6 and 54.8. representing the d^-
iJradation [(CF.,E)2Fc;]*-^fFcjF.]*. but also enough 

•^metastables to permit elucidation of the fragmentation 
as depicted in Scheme 2. 

[(CF3E)2Fe2(CO)J" ^ [(CF3E)2Fe2(CO)„]^ • - • -
+ ( 6 - n ) C O ( r t = l-6) 

[Fe]^ ^ [Fe2]^ - [Fe^FY - [Fe2F2]^ - . 

[(CF3E)Fe2F]^*-^[(CF,E)2Fe2]^' 

Schema 2 

Further support for Scheme 2 was obtained by 
making an assessment of the number of Fe and S 
atoms in a given fragment of (CF3S)2Fc2(CO)ft (3) 
from the ratios M - 2 / M and M4-2/M respectively, in a 
manner analogous to those discussed above. Similar 
checks could not be made in the case of 4, however, 
because of higher order interference between Fe and 
Se isotopes. 

The fact that the spectra of the compounds 3 and 4 
run at 100 °C show an increase in the intensity of the 
signal of the [FczFj]* ion from - 7 3 % to - 9 6 % , 
suggests that the high temperature facilitates the loss 
of ECF; (E = S.Se).^ 

(CF,SFe(CO),]2 (3) and (CF,S€Fe(CO)3], (4) 

Table 2 presents the mass spectra of 3 and 4. The 
compounds show weak signals due to molecular ions 

CF3SeFe(CO)2C5H5 (S) and CF3SCr(NO),C,Hs (6) 

Tables 3 and 4 list the essential features of the mass 
spectra of 5 and 6. The salient aspects of these spectra 

TaWe 3. Mass spectra ol CF,SeFe(CO),C5H, 

^-

Anionm«nts 

[C^HBFefCOljSeCf^ar 
[CRH^FelCOlSeCF^r 
|C„H„FoSeCF,l' 
K;„MJ»,H' 
IC.HJfll' 
ICjHaFer 
IFel' 
icor 
l(C,H,),F6|' 
!(:„H„Fi,(:,IIJ' 
|C,H,»n(t;0),l ' 
IC^HsFfllCOir 
ISeCFj)' 
IFFeC^Hjr 
IFFer 
IFel* 

m/l 

326 
298 
270 
140 
121 
95 
56 
28 

186 
1f«) 
Mf 
14!> 
130 
114 
75 
56 

Intsnaitv 

(%) 
5.6 

42.1 
28.1 
92.7 

B.2 
20.3 
23.8 
100 
7.9 

387 
1B.2 
1?.1 
78.9 
63.2 
59.2 
23.8 

m/z* 

372.6 
244.6 

72.7 
104ft 
74.6 
33.0 

1W.2 

92.8 
49.3 
41.9 

MaUtUbla transitions 

Process 

[CgHsFelCOjSoCFjl' 
|CRH5F©(CO)SoCF,r 
/f:„»(„Fnn/>nF.,j' 
i<:„»V«il' 
ICgH^Fo)' 
ICaHjFer 

|C,H^fo(C01,S*<Cf;,r 

IFFeC^HJ' 
[FFeC3H3r 
IFFer 

-•ICBH^FelCOSeCFal' 
- . IC^H^FeSoCF,)' 
->|C,AF»f^l ' 

*K-«H,.F"r 
- I f o H s F o l ' 
- I F e r 

•V 

' >u:«iUf.(i:o),.r 

-» [FFeCiHjJ* 
- * IFFe]^ 
- • IFer 

NsutrsI 
frSQmsnt 

lost 

CO 
CO 

S«r;F, 
y 

C,Ha 
C3H3 

SoCt, 

L.2H2 

C3H3 
F 
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Table 4. Mass spectra of CF,SCr(NO)iC,H, 

Auignmants 

I C F a S C r l N O A H j ' 
ICFaSCrlNOC^Hgl' 
ICFaSCrCgHgl* 
IFCrC^H,]' 
IFCrl' 
ICrl' 
ISCFjl' 
INOl ' 
ICrCgH,)* 
ICsHgCriNOjl* 
fCgHgCrlNO))* 
ICrlC^H.M^ 

m/z 

278 
248 
218 . 
136 
71 
52 
82 
30 

117 
177 
147 
182 

Intsntitv 

(%) 
7.2 

52.5 
49.6 
35.8 
66.3 
68.2 
89.3 
100 
15.4 
28.9 
26.7 
35.8 

M«Utt8bl« trantit iont 

J t 
miz / Proc»i« 

221.2 [CFaSCrlNOjCBHsr 
191.6 ICFaSCrlNOlCgHBl' 
84.8 (CFaSCrCsHgr 
37.1 IFCrCsHs]^ 
38.1 IFCrl' 

100.6 IFCrCBHsl* 
112.7 [CFsSCrlNOAHs] ' 
87.1 ICFaSCrlNOICsHBl" 

-'[CF3SCr(NO)C5H5l* 
- • ICFiSCrC^HsV 
- [FCrCsH^l ' 
- * IFCrl' 
- • I C r ] ' 

• 

- ICrCsH^]^ 
-»IC^HsCHNOy 
-* KS^Cr(HO)Y 

Neutral 
frBg^ent 

lost 

NO 
NO 

SCFj 
C^H, 

F 

F 
SCF3 
SCF3 

Path I 

(^ [C,H,MF]- [MF]* 

| (M) ,MF] ' [Mr-

r \ / 

[C,H,M}* [ C , H , M ] ' 
Path II 

Scheme 3 

are the weak molecular ion peaks at mjz at̂  326 and 
278, followed by losses of two CO or NO groups in 
steps, giving [CFjEMQH,]' (E = Se.M = Fe and E = 
S, M = Cr) which subsequently loses an ECF2 unit with 
the simultaneous transfer of F from C to Fe or Cr to 
yield [CsH^MF]* (M = Fe, Cr) as evidenced by metast-
able peaks at m/z 72.7 and 84.8 respectively. The 
fragmcntat'on of [QH^MF]* is interesting because 
this seems to fragment in two different ways as shown 
in Scheme 3. 

/Metastable transition studies (Tables 3 and 4) suggest 
that both the pathways are probable. It may be noted 
tjfflt such F loss is very rare in organometallics,'*"*^ 
However, the loss of tr-cyclopentadienyl appears to be 

i:CF,EM(X),C,H,]* • [CF,EM{X)C.H,)* • f r F , E M C , H , ] ' 

', • ;:,/ (E = Se, M = JfclFe and X = CO; E = S, M •= i^Ci and X = NO) 

more facile than that of the F atom, since the inten­
sities of the signals due to [MF]"̂  (M = Fe, Cr) ions are 
many times stronger than those of [C5H5M]'. A simi­
lar observation was made previously^ in the case of 
CisHsTiFz. On the basis of the above observations, the 
fragmentation may be depicted as shown in Scheme 4. 

The signals at mjz 177, 149 and 186 in the spec­
trum of 5 and at mjz 177, 147 and 182 in that of 6 
have been assigned to rC,H,M(X);]', rC,H,M(X)]" 
and [(C5Hj)2M]' ions. The occurrence of [(CsH^lzM]* 
ions in the mass spectra appears to be a typical feature 
of the cyclopentadienyl carbonyl and nitrosyl deriva­
tives of 3d. transition metals."* The presence of 
[C5H5M(X)n]'' (M = 1, 2) ions suggests that the loss of 
ECFj competes with that of CO or NO. 

In an attempt to study the significance of pyrolysis, 
the spectra of S and 6 were run at a temperature of 
100°C instead of 20°C. The two -cts of spectra were 
essentially jdenticcl excey/t that (i) ttie iritensity of the 
signal of [(C'iH,),!^!]* became stronger and that (ii) 
the signal due to [CF^EMCsH,]*^ became weaker, 
suggesting that thermal decompositions of 5 and 6 are 
the likely origin of [(CsH5)2M]* ions and that an 
elevated temperature facilitates the expulsion of ECF2 
units. 

Scheme 4 [ M ] " 

[C,H,Mri 

1 
- [MF] ' 
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ABsgRAcg ' .:> "' v ; :̂ ,v;;;̂  
The reduction of an aqueous solution of CrO^ with 

bydrazlna hydrate in the presence of an excess of 

equimolar amounts of M OH and 40^ HP yields greeny 

oryetalliae alkali hesafluorochromatesCIII) rl'l 3CrPg 

(M^o M., la, £ or Eb), la very high ylold. She 

lithium analogue has been prepared by uoing IiloCO, 

instead of lithium hydroxide. The compoundB have been 

charaoterized by elemental analyses, room temperature 

magnetio moments, infrared spectra and molar conductivity. 

Sime dependent molar conductivity studies of {Wa..)jCtF^ 
and K~CrPg suggest that the compounds do not undergo 

decomposition in water at ambient temperatures. 

IITTRODUCglOIT 

Albeit alkali metal hexafluorochromatea^III), 

M -CrFg, have been known for quite some time , there has 

fi 

•f 



î" s, ij>;lili^ -? -Hte' 

^ -• 

been no siiaplo and straight forward mothcMi for the '",!/ 

synthQeis of this class of conpcunda reported to 

date, a?he recommended methods include ii.) fluorination 

of the fuaed mixture of alkali metal halide and 

ohromiumUII) halido,^'^ Ul) preparation from a KiIP2 

molt^ and Uii) precipitation of the complex from an 

aqueous acid solution of the chromiunvIII) halide. *^ 

Method CI) has hoon reoognlsod tie a gdneral method, 

While both methods U ) and <ii) suffer from difficult 

handling problems afid require the us© of uncommon 

reaction manipulations, method iiii) requires the use 

of chromium trifluorlde as on© of the starting reagents 

which involves an extra preparation; houever, it has 

been reported that the third method is especially 

suitable for large precipitating cations. In a 

continuation of otir studios of fluoro and oxyfluoro 

compounds of various transition metals'^* we now 

report a novel and general method for the synthesis 

of M^^CrPg vM^ » NH., I»i, Ha, E or Eb) from aqueous 

medium. 

R3 SULT3_J|ID DISCUSSION 

n-fv » 1. J?-

It has been reported' that the principal characteristic 

of Gr^III) complexes is their relative kinetic inertness 

in aqiieous solution and it is owing to this that they ,. • 

persist for long periods of time In solution and that so 

many complex species can be isolated as solids, With-i- , 

this in view, a concentrated solution of CrO~ was reduced / 

with hydraaine hydrate at ambient temperature in the .. 
I — "' •' • 

presence of an excess of M and ? ions. The strategy , 

of the reaction was that CrvVI) being a strong osidiasing 

agent on. being reduced would lose oxygen, and 

coordinatively unsaturated Cr'*"'̂ n̂<6) would be formed 



which would In turn Tjsact with P" ions to give rise to 

^""CrPg_7 • The possibility of formation of the hexaaquo 

ion /l^0v\.^2^)sJ/ ^^s precluded owins to the presence 

of an excess of F" ions in the solution. ;• .,jy--,-

Room temperature reduction of a concentrated 

solution of CrO, with hydrazine hydrate in the presence 

of excess Of M OH and 40^ HP» maintaining the ratio of 

Cr:P:M at 1:10:10, readily gave a green oryatalline 

compound. For the lithiiun analogue, LigCO* was used in 

lieu of LiOH. Elemental analyses suggosted the ratio of 

M :Cr:F as 3:1:6. In view of the analytical data the 

empirical formula appeared to be M-'*'CrFg, • ' :.•. 

The compounds are quite stable and can be stored 

for any length of time. Kiey appear to be soluble in 

water and insoluble in common organic solvents. The 

molar conductivities of the compounds in water at 

27® lie between 365 and 374 ohm 'cm mol suggesting a 

1;3 typo of electrolytic nature of the compounds in 

accord with the suggested formula M-*CrFg. Further / 

studies of molar conductivities of the solutions of 

iHH.)~CrFg and K-CrFg, chosen ae representatives, at 

an interval of 7, 15» 30, 45 and 60 days indicated no 

apparent change in the A g values. This shows the.,;̂ , 

stability of the compounds in water and supports the -

contention that the compounds neither undergo hydrolysis 

nor decompose to any appreciable erfeent,̂ ;̂ ^̂  ̂  v: ;;̂̂  

, • The room temperature xaagnetici susceptibility ,Vi 

measurements gave effective magnetic moment values 

occurring between 3.80 and 3.84BM isee TABLE I) which 

are in conformity with the nuagnetlS moments of th© 

octahedral Cr^III) vtg^) complexes* -

The IE spectra of the compounds are rather straight 

forward and generally exhibit two bands vTABLE I), one 

• . ' • - , • * - , : • ' ' • • , ' - I . ' • • - ' i ' • - ' ' -^ . . • ' • - - " • ' • * • • • 



at'~'535 and the other at--524 cm" , By analogy these 

bands have been assigned to the -v', and -tX modes of the 

Cr-F stretching vibrations. (Those observations suggest 

that the hexafluorochromateo^III)» M ,CrPg presiimably 

have octahedral structures bScause it has been 

©atRbliahod by Peacock and Sharp^ that an octahedral 

ion MF̂ '̂ "' should have two V '̂ ^ and '^.) Hi active M-B" ^^ 

vibrations. Two additional "bands at 1635vin) and 3450^s,br)°°* , 

obaervod in the case of the lithium oompdund, have been 

asQlgnad to the "̂ jjog and '^^QU modes of water present as ^ 

water of crystallization in the compound. The lowering -f-

of the V'QJJ relative to that in the free water molecule v 

and broadening of the band have been attributed to ']: I-

intramolecTilar hydrogen bonding in Iii^CrPg.HgO. : ;; Jo;; 

- • • • • - - : • , , \ ' - ; y;•[,•'•:^X ••••::: W'-': 

EXPERIMENTAL ^ ," i-^- ' ̂  " " •̂ #̂•:̂ '̂#"-"••̂ '̂ ''' 

All chemicals used wore of reagent grade. Infrared 

spectra were recorded on a Perkin-Elnor model 125 Spectro­

meter. Molar conductivities vrere measured at room ,, 

temperature using a Toshniwal conductance bridge. Magnetic 

susceptibility measurements were made at room temperature 

by the Guoy method using Hg /fCovNCS)^_7 ^° ^ calibrant. v 

,̂  . All experimental data are set out in the TABLE I. 

Preparation of Alkali Metal Hexafluorochromates^III), : . 

Aramnonium hexafluorochromate^III), (HH^)3CrFg :; . 

A quantity of 1.Og OO mmol) CrO, was dissolved in V 

£2. 8 ml water in a polythene conical flaskf and 10.0 ml 

25^ ammonia solution was added to it. To the solution 

5,0 ml UOO mmol) of 40^ hydrofluoric acid was added, and 

'•'•'i 



t he so lu t ion was s t i r r e d fo r c^ 2 min. Pure hydrazine 
hydr^ite U . 2 ml) waa added very alovfly along the s ide 
of the r eac t ion ve s se l with constant s t i r r i n g . After 
the addi t ion was over , the content was heated on a 
bo i l i ng water ba th for câ  1h, A dark green coloured 
oryettnlline compound app®*irod rand the impemntant l i q u i d 
beonme alraoot ooloixrloss. The dark green cryst ra l l ino 
<NH.),GrPg w^s separated by cen t i fuga t ion and washed 
twice with a very Binall amount of water and then two 
or thro© timoa with aootono. The compound was f i n a l l y 
d r ied in vacuo. Yield : 2.1g ^95.5?J), • . 

Sodium hexafluoroohrom'=tte(III), Na-^CrFg 

A quan t i ty of I.Og (10 mmol) CrO, was d issolved in 
£ a ^0 B^ water in a polythene beaker , and 4.0g UOO mmol) 
sodium hydroxide was added t o i t . To the so lu t ion 5.0 ml 
(100 mmol) of 40^ hydrof luor ic acid was added, and the 
so lu t ion was s t i r r e d for £a 5 rain. Pure hydrassine hydrate 
Vl.2 ml)waQ then added very slowly along the wal l of 
Ihe beaker with constant s t i r r i n g . The so lu t ion was then 
heated on a b o i l i n g water bath fo r £a 45 min whereby 
the mother l i q u o r became co lour l e s s and a green 
c r y s t a l l i n e compound p r e c i p i t a t e d . The green Na^CrPg 
was separated by cent r i f l iga t ion and pur i f i ed by 
washing with a small amount of water a t l e a s t twice 
followed by washing with ace tone . The compound was 
f i n a l l y dr ied in vacuo. Yield : 2.2g C93.6?S), 

« * 

Potassium he3:'^fluorochromate( III), K^CrFrt and rubidium 

hexafluorochromateCIII). Rb^CrF^ 
f 

K-CrPg and Rb~CrFg have been prepared in a manner 

analogous to that described for Efa^CrPg. In each case • 

the molar ratio of CrO,: M OH:HF was maintained at 



10:100:100, and 1.2 ml hydr?izine hydrate w^e used per 

1.Og of CrO^ for the reduction. Yield of E^CrFg from 

I.Og CrO, was 2.1g i7^,2'f«) and that of Rh^CrPg from .; ' 

I.Og OrO^ was 3.4g ^80.5?^). :-; ; :. /\;.; .. 

A qu??iitlty of I.Og vIO inmol) CrO^ was dissolved in 

15 «1 w(i.t«9r In n iJolythono banker, mnd it filter p?\por 

bfig contPiinlng 3«7g OOO miaol) lithlwm carbonate W:«IB 

kept soaking in the solution. A 5 ml vlOO mmol) portion 

of 40^ hydrofluoric acid was added to"the solution 

followed by the slow addition of 1.2 ml of pure hydrazine 

hydrg.te with const̂ n̂t stirring. After the addition was 

over, the content was heated on a boiling water bath for ĉ ^ 

2h and a green crystalline compound was obtained, 2ho 

crystalline product was separated by contrifugation 

and purified by washing with water and finally with 

acetone. The compound x̂ as dried in vacuo. Yield ; 1.45g 
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Reaction between alkali metal bifluoridcs M^HF, (M̂  = NH,, 
K, Rb or Cs) and CrO, in 1:1 molar ratio in a mlninjum amount 
of water gives alkali metal trioxyfluorochromatcs (VI), M'CIOSF 
in very high jields. The compounds have been characterised by 
elemental analyses and IR spectral studies. The advantages of 
the new method are discussed, 

JN the course of our investigation on the fiuoro 
and oxyfiuoro compounds of transition metals^"* 

and in continuation of our studies on the use of 
alkali metal bifluorides WHF-^ ( M ' =--- NH^, Na, 
K, Rb or Cs) as fluorinating agents-'"' it became 

TABLE 1 — 

Compound 

NHiCrOaF 

KCrOjF 

UbC'iO,!' 

I'm rO,,l 

CHARACTERISATION DATA OF ALKALI METAL TRICV 
XYFLUOROCHROMATES (VI) 

Yield 
% 

67-70 

89-92 

611-70 

7,'5-7!l 

Found (%) (calc^ 

M^ or N 

10.53 
(10.22) 
24.94 
(24.73) 
42,0H 
l4I.Hl>) 
^2M\ 

(.52.7f,) 

Cr 

38.11 
(37.94) 
32.88 
(32.K9) 
75M 

t3'i,4t! 
.'(>,'/;, 

(20,M) 

1 • • 

F 

13.62 •- .. 
(13.86) -:'• 
12.32 • 
(12,02) •• 

9.4)1 '• • 

(9?'») 
7,H» 

a-54) 

necessary to synthesisc various M'CrOjF (M' =» 
NH4, K, Rb or Cs). Such lrioxy(luoroclirbmalcs(VI) 
have been known for tiiiite Honie time*'"'. Tlic 
reported methods for their preparation involve 
either difficult reaction manipulation or are slow and 
require the direct use of hydrofluoric acid^''. In 
this note a novel and fast method is described for 
the preparation of the title compounds in very high 
yields. 

Reagent grade CrOg was used. Alkali metal 
bifluorides, M^HFj were prepared by the method 
developed in this laboratory^. 

In a typical preparation, respective alkali metal 
bifluoride was dissolved in a minimum volume of 
water and the solution heated on a boiling water 
bath for 10 min. To the hot solution stoichiometric 
amount of powdered CrOg was added with stirring, 
maintaining the ratio of CrOj : M'HFa as 1:1. The 
solution was maintained hot for another 15-20 rain 
and then allowed to cool in a freezer whereby orange-
yellow coloured M^ CrOgF (M^ = NH4, K, Rb and 
Cs) was obtained in very high yield. The compound 
was separated by filtration and dried in vacuo. 

The alkali metal trioxyfluorochromates (VI) ob­
tained are highly crystalline, orange-yellow coloured 
compounds (Table 1). The compounds are not 
very stable in moist air. They attack glass in the 
presence of moist air but can be stored in sealed 
polythene bags. The IR spectra of the newly syn-
thesised M'CrOaF recorded on a Perkin-Elmer model 
125 have been compared with the corresponding 
reported data*. The typical absorption at '-904(m), 
-^635(8) and -^954(3) cm-i have been attributed to 
VB Cr-O, vCr-F and vas Cr-0 respectively. 

The method used for the synthesis does not involve 
the direct use of HF and is based on the concept of 
buffer action of alkali metal bifluorides M^HFj and 
the concomitant presence of fluoride ions, H+ and 
M +̂ ions in a solution obtained by the dissociation 
of alkali metal bifluorides M^HFa in water. Under 
such a condition the solution definitely reacts 
acidic^'Wii. The direct reaction between CrOj and 
M^F did not appear feasible, because of the tendency 
of [CrOgF]- to undergo hydrolysis giving 
[Cr03(0H)l- according to the equation : 
' CrOaF- + H^O ^ CrOa(OH)- + H+ -f F" 

The alkali metal trioxyfluorochromates (VI) arc 
almost insoluble in common organic solvents and are 

^1227 
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There is continued interest in the development of new chrom-
ium(VI) reagents'"' for the effective and selective oxidation of 
organic substrates, in particular alcohols, under mild condi­
tions. Of the large number of "mild" oxidizing agents availa­
ble many prove impractical when the reactions are performed 
on a larger (mol) scale. In recent years, significant improve­
ments were achieved by the use of new oxidizing agents such 
as pyridinium chlorochromate' \ pyridinium dichromate^, 
and 2,2'-bipyridinium chlorochromate". We have now investi­
gated the synthetic potential of pyridinium fluorochromate, 
CsH^NHCrO.F. and we have found that this reagent has cer­
tain advantages over similar oxidizing agents in terms of 
amounts of oxidant and solvent required, short reaction times, 
and high yields. Further, pyridinium fluorochromate does not 
react with acetonitrile which is a suitable medium for studying 
oxidation kinetics and mechanism. TTie acidity of pyridinium 
fluorochromate (pH of a 0.01 molar solution: 2.45) is less pro­
nounced than that of pyridinium chlorochromate (pH of a 
O.Ol molar solution; l.TS). The results hitherto obtained with 
pyridinium lluorochromate are very satisfactory and suggest 
the new reagent as a valuable addition to the existing oxidiz­
ing agents. 

Pyridinium lluorochromate in dichloromethane oxidizes pri­
mary (la-d) and secondary alcohols (le) to the correspond­
ing aldehydes or ketones (2) in high yields; the reagent has 
also been successfully applied to the oxidation of benzoin 
(Ig) and a tricyclic allylic alcohol (10 to benzil (2g) and a tri­
cyclic enone (2f), respectively. 

,y 
CH-OH 

( ^ FCrO e/cHjCIj R^^ 

I 

.0=0 

I 

Pyridinium lluorochromate in dichloromethane also oxidizes 
-041 anthracene (3a) and phenanthrene (3b) to anthraquinone (4a) 
-042 and phenanthrene-9,10-quinone (4b) in 68% and 52% yields, 
043 respectively. To our knowledge, these yields are higher than 
-044 those obtained by other oxidizing agents under mild condi-
-043 t ions a n d they may even be raised to 98% a n d 72% by us ing 
-046 acetic acid as reaction medium. 

H 

®i] FCfOj^/cHjClj Of AcOH 

3a 

•̂ .• 4, 05. 32 
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TTie at tempied analogous oxidat ion of naphtha lene so far led 
•049 only to ~ 25% of oxidation product . 

Pyridinium f luorochromate is easily prepared in 93-94% yield 
-051 from pyridine, aqueous 40% hydrofluoric acid, and chrom-
•052 ium(VI) oxide in a molar ratio of 1 : 1.5 : 1 . The orange crystal-
.053 line reagent can be stored in sealed polythene bags for long 
-054 per iods without decomposi t ion. The chromium(Vl) content 
4)55 may be easily determined iodometrically. The molar conduc-
•056 lance of the reagent in waier (see procedure) suggests an uni-
o>? iini viilcni clciinilvdi. ' n inmc ii\ i uxo rda iuc wiili the forimilH 

(»s shown; ihis l a d may account lor the stability of the com-
js-> pound, l i t e l.R. spectrum is similar to that of potassium tluor-

•060 ochromate" . Pyridinium fluorochromate is soluble in water, 
%i dimethylformamide, and ace tone ; it is less soluble in dichlor-
mt omcthfinR -in'l only ^.ii;itiiiHly ".olublo in bcn/c t i r , ciirbon tr-
jrtj liachloridt:, ' . I IIUKJIKIUI, a!i<l lirH.aiic. 

Pyridinium Fluorachroniate(VI), C,H.NHCrO,F: 
•065 Chromium(VI) oxide (CrO,; 15.0 g, 0.15 mol) is dissolved in water (25 
•066 ml) in a polythene beaker and 40% hydrofluoric acid (11.25 ml, 0.225 
•067 mol) is added with stirring at room temperature. Within 5 min, a clear 
•068 orange solution results. To this solution, pyridine (12.3 ml, 0.15 mol) is 
-069 added slowly with stirring. The mixture is heated on a steam bath for 
•070 - 15 min, then cooled to room temperature, and allowed to stand for 
-071 30-35 min. The bright orange, crystalline pyridinium fluorochromate 
•072 is isolated by nitration, pressed between the folds of filter paper, and 
;g|5 dried in vacuo for - I h; yield: 27.9 g (93.5%); m.p. 106~I08°C. 

C<HXrFNO, calc. C 30.16 H 3.04 Cr 26.12 F 9.54 N 7.04 
•i^ll (199.1) - found 30.12 3.07 26.17 9.58 6.96 

l.R. (KBr): >'=-908 (V,), 640 (v-), 340 (v,), 952 (v^), 373 (y,), 262 (v̂ ) 

:8?1 '='""'• 
Molar conductance of a 0.001 molar solution of pyridinium fluoroch-

.g^i romate in water: A s , ( 2 5 ' ' C ) - 1 2 8 o h m ' ' cm- m o l ^ ' . 
The above procedure can be performed on a 200 g scale without any 

g^^ difficulty. 

Oxidation of Organic Substrates ( 1 , 3) with Pyridinium Fluorochro-
-097 mate ; General Procedure: 
•098 The reaction is carried out in a dry round-bot tom flask fitted with re-
-099 flux-condenser and efficient stirrer. To a vigorously stirred suspension 
• 100 of pyridinium fluorochromate (generally 10 g) in dichloromethane 
• 10! (generally 18 ml), a solut ion of the substrate in a small amount of dich-

-102 loromethane is added all at once , the molar ratio of substrate to oxi-

-loj dant being 1 :1.25-1.5 in the case of alcohols (1) and 1 :2.5 in the case 
-104 of polycyclic arenes (3) (see Table). The mixture is stirred for the time 
-105 indicated in the Table [The progress of the reaction may be followed 
-106 by T.L.C. on l l l l l using benzene/ethyl acetate (90/10) as eluentj. The 
-107 mixture is diluted with ether (1/1 vol/vol) and filtered through a short 
•108 c o l u m n of silica gel to give a clear so lu t ion . This so lu t ion is evapo-
• 109 rated and the residual product purified by distillation, recrystalliza-

-110 tion. or column chromatography. 

The above procedure may be carried out on 1 -100 g scales without any 

•\n problem. 

4-Oxotric\cN5.2.1.0-''!deca-3,8-diene (2f); Typical Procedure: 
- lu In a 250 ml round-bottom fiask fitted with reflux condenser and stirrer 
-115 is placed a suspension of pyridinium fluorochromate (16.15 g, 81.2 
• 116 mmol) in dichloromethane (30 ml). To this, a solution of 4-hydroxytri-
-117 cyclo[5.2.1.0-''ldeca-3,8-diene'' (If; 8.0 g, 54.05 mmol) in dichlorome-
-118 thane (40 ml) is added with vigorous stirring which is continued for 90 
-119 min. The reaction is monitored by T.L.C. on silica gel using benzene/ 
•i:o ethyl acetate (90/10) as eluent. To the resultant mixture, dry ether (100 
•121 ml) is a d d e d and the mixture is filtered th rough a short silica gel co-
-122 lumn (I cm X I cm"). The contents of the co lumn are thoroughly 
• 123 washed with ether (3 x 40 ml) and filtered. The combined filtrates are 
124 evaporated on a steam bath and the oily residue, which solidifies on 

•125 standing, is recrystallized from pen tane ; yield of colorless crystalline 
:]?§ 2f: 7.3 g (92%); m.p. 79-80"'C (Ref. '^ m.p. I l - U - C ) . 

Received: August 26, 1981 
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Synthesis Spalte S3 

Table. Oxidation of Alcohols (I) and Polycyclic Arencs (3) with Pyridinium r-luorochromate 

Substrate Substrate/ Solvent 
Oxidant 
[mol/mol] 

Reaction Product' 
time 

Yield 
(%1 found 

' m.p. or b.p.. tort TC] 
reported 

l a n-CiH,-OH 

CH:C1: 
CH,CN 
CH:Cl: 
CH:C1: 
CH:C1: 
CH:CI, 

CH:C1: 
CH:C!: 
AcOH 
CH;C1: 
AcOH 

. 2 a n-C3H,-CH0 
/ ^ 2 b n-CjHij-CHO 

2 d HjCO 

2 h y / = < ^ 

run / 
nin' 

3.5 h'^ 

^ 2 f A 

1 h 
45 min 

0 0 
/ = \ II II / = \ 2.5 2 9 ^ C - C - < Q 98 

68 
98 
,52 
72 

b.p. 74V760 
b.p. 152V760 
b.p. 63°/10 
b.p. 248°/760 
b.p. 153-154°/760 
m.p. 79-80° 

m.p. 95° 
m.p. 274° 

m.p. 205° 

b.p. -5°/760"' 
b.p. 153°/760'-
b.p. 62°/10" 
b.p. 249.5°/760'' 
b.p. 155.4°/760' 
m.p. SO"" 

m.p. 95°'" 
m.p. 275°'-

m.p. 206.5-207.5° 

The purity of the liquid products was found to be > U % by l l l l l analysis. 

0T7 0707XB627X.0S 
Aus: 3232 Hoho: 817 
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Synth. React, Inotf^. 1*?«tal-0rq. Ch»m,, l^ , 6th i»8U» (1982) 

P«l>ttrt.f^c*it 6f v:Jx;:;:5.ciry, ^^ortti-c.nEtfirn Villi -^-nivereit^y, 
^Jif,I,lj.aK; v./J 0:;3, JrffUn . •••-•••• 

i)<iii5ir'»':̂ €;2:it of •'njsicK, ..Oft h-1-astern . i i l l Univfcrfcit,;?, . 

* • - < f ' • _ 

. Cisro;SluMCV3) osilde, ^'rO,,, r e a c t s with scetyiacotcr.?;, 
In ti:»c acsfence of emy bul'fer, read i ly •';ivlfiif: a tiGori^ 
quant i ta t ive; j ' i e l d of t r l8Cacet i ' lacetc :nato)chrcmiim(in) , 
Crf C,-!;^Q-) „ Tht* comrKJKnd has bcon charactcri&od by 
ChetvicaX a n a l y s i s , infrsr«ti anci raaeo spectro::£«>tr1c ctuciie;S, 
11 imiude^ mass cpectraw^^^tr:/ ehoweci the compound to b€ 

in the cour^io of oiir ejctendt.d. Invcstl^'otitona of "• 
I P 

chrofiiura cliti&iistrjf » , i t became BecGGGai'*y for us to syn­
thes ize trltj(acet;;,-lacfitonato)chr'oaiuiri(III), Cr (ocac) , . 
Iho t^roivlr.g li i tercijt on and vereat:fic usu of Cr(ncnc) s.-^" 
ru^vo V'vvde i t ejfi extrei::ely important eynthotic coMpGuncI. 
Criacac) , i'la*? licen Ivnov̂ rj for oatl*; scu'C time ond a 
i;u.';?t'tir oi" ttethode of i t s Gjittlr;c-sls have bei;n rOi>ortc'd, 
L>Oî .e 'Ĵ f tiiG verw efirlv KGthcds a re cumbertsor.c on-i .-dve 



ver-j lo'& ylfcids • 'Ihe.* aothod dovelopod in o rde r to 
circumvent thefje d i , r . ' ' i c a l t i ea by the homo^ijeneouis c o n t r o l 
of p hais the follo%'.l>iji dleadvanta^neB: (1) I t i a elow, 
(;i„l) t.uAi end-product nia^ bo contaminated by ih« bwfff-r 
•i'Hich .U» um**! in a vor^ .Uirj-';*! exctjfiD, nud ( l . l l ) tVu? 
^ifc'1.1 DC " r f a c i t c ) , i s lowertsd i f t ne i n i t i a l pu ranijo ir, 
DiOt Mfttniniiiea propfi-rly, presumably a'A'ln»>j t o t)Ui forrss-
t l u n wf: hjdroxioer-.f.lnGChromlurfsC I I I ) tJsHJCiiĴ ji. » it njjiy b*.; 
jpitfjitlcwn! t h a t thu i.'.otho4£3 c u r r e n t l y employtjd for the 
Gvnt i t i s i s of Cr(acac),- '^ ' r e q u i r e chroreiufa( 11!) s p e c i c e 
an a . s t n r t i ng nateriBl whicJi neede a s e p a r a t e p repa­
r a t i o n and p u r l f i c o t i o K , In t h i s cofi'.v.mnicatlof. a novel 
and f a s t nethoti has been d e s c r i b e d , fo r t he s y n t h e s i s 
of ti.o t i t l e cospound, which n e i t h o r uses yny C r ( I I l ) 
opocic:5 aa a s t a r t i n i j tfiatrrrial nor r e q u i r e s any b u f f e r . 

iha c h e l a t i n s a b i l i t y of acc t^ l sce ton© hr>.& loriij 

been reco;^nised ar .c , based on some very r e c e n t ctudifts - ' • ^ 

on t r c e:^ntiieHlB of ?ln -̂  compounds from Hn , i t s po ten­

t i a l an a s u i t a b l e reduclnf^; oc^nt has a l s o been proved 

beyond doubt . In view of t h i s i t was thought feaclfeie 

. t o -Gvnttiesiee tm^ t i t l e coraoound d i r e c t l y frora CrO, by 
th€; a c t i o n of ac f t ty l ace tone . An cKcess of acetylaccitofie 
(acacH) should be- usfcci Buch t h a t a f t t . r trie red-ox ... 

r e a c t ;orj an apf.r<. c l a b l e amount of acacn w i l l be a v a i l a b l e 
i n thfc -lediun t o a c t so l i g a a i i s . In f a c t the rfcaction 
bntv.T.sn CrO, and {C,U^CQ)^::]l r e a d i l y g ivee t r i e C a c e t y l -
&c6tonato)chrQnii5f3(IT"I) i n extremely high y i e l d . Ihe 
method d o t s not r e q u i r e any buf fe r t u t t f e cuurec of tiic 
r e a c t i o n i s pre t a b Xy such t h a t i t siaintfiine the r e q u i r e d . 
pU by i t s e l f (:;itfii)g r i ^ e t o t h e succts f i fu l fo r sKt i an of 

"the- ifeBired p roduc t , '; h© pU of the s o l u t i o n , r ecorded 
ia^at^ilately af t - . r the fcWKation of <."r(scac), was found 
t o cc —13. I t i s d i f f i c i i l t for us t o put forward tlie 



oHcheuicin of the r e a c t i o n i n ts.e atscucfc of cornpK'te. ., 

:,- infor-natioii a t o u t the o x i d i s e d proriuctc of acet^^lacetorit", . 

4,v.. AtiH.lc\:otis p r o c i O a r t s have bt^cn uoed, wi th GUCCJBS i n our 

':.•-•..-•"" i^a ton^tary , for the H.vnth«s»«;3S of imCacac).. fro« '^^(Vli) *' 

^ .'•-. • fttuJ i(acac)._3(iL/0' . frwa NKlXi) ana i t ,ie. mmrd %mt 
:_ ; C C C . 

t?d.'; concept may bo oxttinde^d to the s y e t h c i i i s oi' a c t t y l -
jjcotiwatew of o t h e r t r n n c i t l o n mfctala a« » o l l , 

"ho, j i* i l« of !.;r(,:<c/jc) y obtalnt-d "ô  th.tcj uajthoti in 

very rj-gh awd t h t t i r ie of re&ct lo» i e co.iipafativei)^ le tu i , 
V:?.G coaiK>unci meltb- a t ai6°C end i s Mgijly eaXubie i n many 
orrionlc Goivc'ijts g;lvintC dark p i n k - v i o l e t eo loured ©alu-
t ior . i ; , •??!*}'CORfiound has been chaTfictoriced by a n a l y e l n s 
for C, H and Cr , t leter;Kination of melt i r .a po in t w.nci 

J; ©tudvipig i t s i r . f r a r t d and n a s s epec t r a^ "^he i n f r a r e d 
epe'ctrufA of ti-.t; corspour.d i s r a t t i e r £ : t ra ight forward and . 

7-M:; jihov. the ch • r a ^ t e r i c t l c E of c h e l a t e d a c e t ^ / l a c e t o n a t e s 
Cacpc") . The spectrum i s i n f u l l accord wi th those of 
:r(aGac)-j, avA o t h e r M(acac ) , reportcid i n the l i t<^ra tu re •^, 
The P.asc spectrutf. of t h e compound was recorded using a 
d i r e c t i n s e r t i o n probe for i f i t roduc lag tli» sir/;pie 
di r fect ly . to tho .iorj-chsrifcer wi thout an:^ p r i o r hentin|%-
rhc; spectrUK of t h e coc.pound eho^s a peak of 20": i n t e n -

/ a i t y « t s / a 349 enci has b^cn aooigned t o ^CrCiVH^jOgl^ •• 
•̂'> i on \il»ich i n f a c t i s the raolecuiar i on peak, U ê £io;oi-

s:ai5t penk (100 . ) i n t h e spectrum of t h e conpountl Kna a t 

s / z 250 due t o ^c;r(CcH„0p)2_7* ion wi th t h e raain f r a g -

.•^itsntntlon patbvmj' helti^ ^CrCCc^iUOp)^?'*' Cm/s 3̂ j9> 20--0 . 

;:.;; » r^^^^5'^7%^2-7* ^^/^ ^50, 100 .̂) — - » 

Kpectrosfetr ic r e s u l t s adduce fur t l iur suppor t to tnc-

i d e n t i t y an«^ f .uri ty of t h e compours<i| coiiforia to- thiD Konor--'' 

^ i n e r l c . laturo of C r ( a c s c ) , and coapars vt;ry wel l \i;lth the 

r e p o r t e d da t a '"^ *'• 



TntJ che:iic.:ils î Gca were reDgeat iU-ade ;.<ro£luctf;, 

It^frnrnd cpyctrr .1 taeaaurt-raentij vera nnda on a r e r k i n -

I i'-t.r •'̂ udc'l t^Ji' Hffct raphotoaot«x ' , fm vifMiB csitectricv 

/ " X a c a c ) , 7 . —— A quanti t ;^ of ^.0^^ (20 .0 n ;nol) of 
lK)v:dQred CrO~ Wî a adcitd t o 20.Og (200 ,0 in no l ) diBti l l t -ci 
act-fcirlacfctouc- '^ i th c o n s t a n t e t i r r l r . g Vjhereupon an oxo-
tiitrr-dc r e a c t i o r . &ct i n and t h e co lou r of the fcDlutlon 
tecaMtj «3ark v i o l e t . . t l r r i n g Wiis cof;il:mecl for ano ther 
^ 1 0 riin a f t e r tJjt; add i t io r . wuii c o n p i c t e . The s o l u t i o n 
wat; heotod cvi r a s t eam-ba th for ,c.a. /{h i n an open 
bcaktir ana ti.cii al lowed t o coo l for £a» 1̂ -̂ "̂̂  © f rGczcr . 
Trie ttork p i r . k - v i o l c t sh iny c r j c t n i s of /"(CrCacac).^. ? 
v/erfe f i l t e r t d off and wnnhtid s e v e r a l t i n c u v-tith vvcitv r 
aiiL f l n a l l : ; ar i t-d i n vacuo- The :^U.l<jn of j r 'Cr(&cac)-^7 
ŝ&i; 6,l>;-i (93" ) • '•'*•-** coKpaund thuG ob ta ined was vury 

puro and gave extrei!3€ly w a t i s f n c i o r y ana l j^s io . i f 
ch;:;ifcd, thu cojnpouftd can be- r e c r y s t a l l i t i c d hj ifiitifiol-
v ing i t In ti/o Mlnif-iun volune of hot 1-t.riKeriC followed 
by trm a d d i t i o n of hot l i g h t petrolcusrt Cbp. ifO-60°rO 
au'i t heu cool int ; o t c ^ . C^C. The-; 5 ' icld of the r t^crv-
s t - x l l l s e d / ' (•rCncflc)^ 7 was ^ .Sg (83.-)• ';'̂ »e corajioimd 
571CIts.-sharply a t 216 C, The rsctĵ ioci iwj be acijied up t o 
hi.'he::* qiu-intltl»iG (F'ouii«i (y ' ) : C, 5U5>a; K» 6* 11; 
Gr, l^f .a?. - a l e . (r.) fo r C^^iig^Crf)^ : C, S?l,^?; 
>:'-, 6 .07 ; Cr, 1/^,85). The a o l e c u l a r woi/dit «ae i'ouiid 
t o be >'i"J na3D cocc t roc jc t rSca l l i ? . 
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