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ABSTRACT

The present thesis is based on work done on the
studies of electron-impact induced mass spectromstry 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-
mivm (VI) and tris (acetylacetonato)chromium (III). The work
embodied in the thesis has been divided inte tuwo parts. Part
One of the thesis deals with the mass spectrometric studies,
while Part Two 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 review of the basic aspects
on instrumentation of mass spectromekry 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 EI induced mass spectrometric stu-

dies on chloropsentacarbonylmangansse have besn described. The

£I induced mass spectrometry of Nn(CU)SCI shous the evidence



of C - 0 cleavage in and @ha_effecﬁ‘gf igmperature on the

mass spectra of the qompaund. Thaimass spectra of the com=
pound have been studied at 70 eﬂ electron energy and at
varying inlst temperatures of 20 - 250°C. Like the hsavier
metal carhonyl derivativas, Nh(CU)SCI exhibits signals dus

to carbido fragments, The spectrum run at 100°C shous the
characteristic pattern of an(tu)1a‘uhich originates from

the formation and recombination of Nn(Cﬂ)s radicals, The
spectral pattern changes further at an elevated temperature

of 256°C showing the formation of mnz(CU)SCIZ. The Pormation
of an(CD)8612 in the present case may be either (i) through
the dimerisation of mn(CO)SCI with a simultaneous loss of two
CO groups; or (ii) an %fon/molecu;a interaction batween
Mn(c0)551 and [?ﬁn(CD)3EL:7"+ with the simultaneous transfer
of one CO group from one fMin to the other leading to the forma=-
tion Of'£:ﬁn2(50)a§1i:7"+. The mass spectrometric pyrolysis
studies shoved that very high temperature can change the EI

induced fragmentation pattern.

Chapter 3 of the thesis discusses the electron-impact
induced mass spectra of [ CF,SMn(c0),7, , [T"CFSSaNn(CU)4 ey

LtF SFe(c0) . 7 7o s L CF,SeFe(C0), 7, 4 CF,SeFe(C0),CcH,  and
CF SCr(NG)2 He The compounds exhibit weak molecular ion
peaks and undergo pre?arantigl and sequential loss of CO or NO

groups. The CO or NO free fragments uhdergo typical lusé of

ECF, (E = 5,Se) with the simultaneous shift of F atom from



carbon.to:metal, unlike the CH%S derivatives of metal carbo-

nyl which showed loss of CH3 groups with clsavage of the S -~ C
bonds from the CO free fragments, The ions [??FQCSHE_““+ and
[ThFCrCSH5:7'+ in the spectra of cyclopantadianyl compounds
prefer expulsion of JU - 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 favours the formation of [Tte(csﬂs)af

and [:tr(csﬂglz 7 % in the cyclopentadienyl compounds.

Chaper 4 , the first Chapter of Part Tuwo, is based
on the direct synthesis, characterisation an’d structural
assessmgnt»of alkali metal hexafluorochromates(ILI), ASCrFE.
The reduction of an agueous solution of C;03 with hydrazine
hydrate in the presence of an excess of equimolar amounts of
ﬁ;ﬁﬂ and 4b%=HF yields green, crystalline alkali hexaflucro-
chromates(II1}, A3CrEG (Aazﬂﬂz, Na, K or Rb) in very high
yields. The lithium analojue has been prepared by using Lizcoe
instead of LiOH. The compounds have been characterised by
chemical analyses, room temperature magnetic moments, infrare
spectra and molar conductivity., Time - deﬁandént molar conduc
tivity studies of (NHA)SchG and Ksl'.'.rF5 suggest that the
_ compounds- do not undergo de;omposition in water at ambient
temperatures. The observation of two chéracteristic bands in

the infrared spectra of the compounds at ~~535 and at ~52¢

cm-1, assigned to the Zé and 'C% modes of Cr = F stretchi

e m e e e T

At ST

3



vibrations suggest that 33C1F6 bompounds bresumably have

octahedral structures.

Chapter 5 of the thesis deals with the synthesis
and spectrCoscopic studies of a;kaliﬂpepta?lucroaquochromatas
(111), A‘zfcrr-s(_‘azu)j‘ (A= NH, , Na, K or Rb). It has been
shoun that chromium(YI) oxide undergoes a very facile reduction
with formaldsehyde sqlution in the presence of 46% hydrofluoric
acid and AF(A =«NH4; Na, K or Rb) giving green crystalline
Azﬁ.rrs(ﬁza)j in very high yields thereby providing a method
for the direct synthesis of ﬁzzrtrFs(Hzﬂ):7; Characterisation
of the compounds was made From_tha results of chemical analyses,
molar conductance measurements, pyrolgsis, infrared and elec-~
tronic spectroscopic studiag. The structural assessment of the
compounds was madé_?rom magnetic moments, i.r. and electronic
spectroscopic.data. The pyrolysis and infrared spectral studies
éonfirmed the presence of coordinated water. The slectronic
spectra of AZZTErFs(ﬁzﬂ)ZZ‘ in the solid state and in solution

suggest no apparent change in its structurse,

Chapter é_ describes a novel synthesis of alkali
metal trioxyfluorochromates(VI), ACr0,F (Az»ﬂﬁa, K, Rb or Cs).
The synthesis is based on the reaction betueen alkali metal
bifluorides EHF?, and Ctﬁsﬂin 131" molar ratioc in a minimum
amount of water. The‘campounds_are_highly_crystalline and hav

besn characterised by elemental analyses and infrared spectra



studies. The synthasis doag/invclve the direct use of HF but
utilises the concept of buffer action of AHFZ. The concami=-
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. AtrﬂaF compounds react
with ammonia wherein Cr(V¥I) is reduced to Cr(iII), Chspter 6
also embodies the synthesis of pyridinium fluorochromate,
CSHSNHCrU3F (PFC). PFC has been synthesised by the addition

of pyridine to a solution of Cr0, in 40% hydrofluoric acid

3
(molar ratic of pyridine : Crﬁ3 as 1:1) and warming the solu-
tion on a steam bath for a2 few minutes., The arange crystalline
compound PFC, CSHSNHCrGSF melts at 106 - 108°C and shous
relatively less pronounced acidity than the corresponding
chlorocompound CSHSNHCr03C1 (rcc, 'Corey's Reagent'). PFC

has been synthesiseduith a view to developing a nevw and
efficient oxidant for organic substrated.The results of
oxidations involwing PFC, studied by some other workers of

our laboratory, sre very encouraging. Housver, 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 tris(acetylacetonato)chromium(III),
Cr(CSH7&2)5. In vieuw of the growing interest on and versatile
use of Cr('acac)3 a nev and direct synthetic method of obtain-
ing Er(acac)3 has been developed. It is reported in this
Chapter thst the reaction between chromium(V1) oxide, Cr03

and acetylacetone, in the absence of any buffer, readily give

n



nearly quantitative yield of tris(acetylacetonato)chromium(III)
Cr(C5H702)3. Characterisation of ths compound has been made
from chemical analysis, infrared and mass spectromstric
studies., Advantages of the new synthetic method have been
discussed, Elsctron - impact induced mass spectrometry of

the compound, recorded using direct insertion techniqus,

shouwed the compound to be monomeric in accord uwith the

crystal structure of Cr(85H702)3~

The work described in Chapters 2,3,4,6 and 7 of the
present thesis have bsen published/accepted for publication

while that of Chapter 5 is under communication.

Chapter 2
Org. mass Spectrom., 16 , 303 (1981),

Chapter 3

Org. mass Spectrom., 1

534 (1981).

Chapter 4
Synth, React. Inorg. Me& -~ Org. Chem., 11 ,677(1981)

Chagter 6
(a) On ACrD3F

Ind. J. Chem., 208 ,1227 (1981),

() an C NHCrGSF (PFC)

ss
Synthesis (Stuttgart), in press (1982).

— - . g

Chapter 7 , )
Synth. React. Inorg. Net-Urg.‘Ch?Eiﬁggg, 6th issue

aﬁw<%§”ﬁ?; (1982)
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INTRODUCTION

It is now self evident that, in recent years, inorganie
chemistry has experienced on impressive renaissance. Academic
and applied resecarch in inorganic chemistry is flourishing,
and the research outputs are growing exponemtially. In last
two decades or 80 mass spectrometry has undergone remarkable
growth and has become an important techanique of great utility
in chemistry. Up to the mid 19608, most of the applications
of mass spectrometry were concerned with studies of organie
compounds. However, since 1965 its impact has been extended
into inorganie chemistry. The first studies were mainly
concerned with volatile organometallic compounds, but later,
with the advent of direct insertion inlet systems, studies of
various types of metal compounds commenced. The usefulness of
this technique in providing molecular weights and formulae, in
helping with the elucidation of structure and dbonding, and in
deriving thermodynamic data, is now well established. PART ONE
of the thesis gims to present en interpretative account of
the electron impact induced mass spectrometric behaviour of
some metal compounds viz., Mm(C0).C1, [Gr,8 un(co)‘ _7' 2
{Tor Sein(c0), 7,, [CF S Pe(co), 7,, [OF Sere(c0), 7, ,
CFPgySePe(C0),C H, and CP,S Cr(N0),C H, and a semi-oritical
account of the applications of wass spectrometry in such
compounds,

The first Chapter of PART ONE provides some basic
aspects on instrumentation with special references to the
type of instrument used for the present studies and a few
general aspects of mass spectrometry. Chapter 2 gives an
account of the EI induced fragmentation behaviour of l-(co).cx
and attempts to show the evidence of C=-0 cleavage in and alse
studies the effect of temperature on the mass spectra of
chloropentacarbonylmangancse. Chapter 3 deseribes the EI
induced mass spectrometric bebaviour of /™ CcF,$ Mn(CO), Ta
[Ter seMn(co), 7, , [CFyS Pe(CO), 7, ,/OF,Sere(cO), 7, ,
CPgSeFe(C0),C H, and CF,S Cr(N0),C Hy compounds, studied
under different inlets temperatures, and seeks to compare
the behaviour of these compounds with those of the lcl'



substituted metal earbonyl derivatives and emphasises the
usefulness of the teohnique because this type of compounds
received rather scanty atiention to date. Chapter 3 alse
attenpis to provide with the evidemces of fluorine shift

frem carbon to metal and relative ease of ECF, (E=S or )
expulsion with the rafise in temperature, It is hoped that
the mass spestrometric resulss desoribed in the present thesis
will be of use to researchers using mass spectrometry in
studies of metal compounds and that it will provide something
of intereost to the synthetio chemists by illustrating some
interrelationship between mass speotrosetry and synthesis,

Among the various fields of current activity in
fnorganic chemistry recently there has been a gonsiderabdle
intereat in the kinetic bebaviour, photochenistry, single~
erystal polarised electronic spectra, absoclute configuratien
and sasynthesis and reeotivity of various fluoro-containing
gomplexes of chromium. 1In spite of this interest, howsver,
there has been herdly any report en the direot, essy and
general synthesis of fluoro-containing ohremium oomplexes in
ites variocus oxidation states. This might be one of the
reasons why net much of struotural information availadle fer
such types; compounds. It is the prineipal aim of PART TWO
of the present thesis, whioh is mainly based on the synthesfs
and atructural assessment 0f some fluoro- and oxyfluoro-
oomplexes of chromium(I11) amd chroaimm(VI), to f£ill, st least
pirsly, this need.

The first Chapter of PAHNT TVYO provides the new
general synthesis of alksli metsl hexefluorochromates(I1I),
Aaé'crrh_7 and structural assessment of the ocompounds by
various physical techunigues. Chapter §, the second Chapter
of PART Tv0, descridbes the direet general synthesis of alkali
metal pentafluoroaquochreomates(III), ‘24-0"3(320)-7 and 1t
also attempis t0 make an sssessment of the stiruoture of the



complex species through magnetic susceptibility measurements,
infrared and electronic spectral studies. Chapter 6, the third
Chapter of PART Tv0, gives the description of a novel method
for the genmeral synthesis of alkali metal trioxyfluoro-
chromates(VI), A/7Cro,F 7, without making use of hydrofluorie
ascid, and characterisation of the compounds. In addition, this
Chapter also provides with the details of the synthesis

and characterisation of pyridinius trioxyfluorochromate(Vi),
(csl'll)['GIO,t;7. The pyridinium trioxyfluorochromate(Vl),
(CyH NH)/"Cro,F_7, (PFC) bas been synthesised with the specific
intention of developing an efficient and new reagent for the
oxidation of organiec substrates. Oxidation of various organic
substrates involving the new reagent PFC have also bheen studied
in collaboration with other workers of our laboratory but the
results of oxidations will not constitute any part of this
thesis. Chapter 7, the fourth Chapter of PART TV0 and indeed
the last Chapter of the thesis, which deviates from the main
stream of PART TVv0, provides the description of a new direct
synthesis and assessment of structure of tris{(acetylacetonato)-
chromium{1IX), 01(0,!,08)3. In view of the extremely important
nature of cr(csl,oa)’. this work has been included in the thesis.
The new synthetic method is based on the electron-transfer
concept, does not require any buffer and gives very high yield
of the compound in a relatively short time. Electron impact
induced mass spectrometry has been used to establish the
wonoseric nature of cr(csn7oz)3.

Each Chapter of the thesis has been so designed as to
make it self-contained more or less. Every Chapter contains
its introduction and the relevant literature citations(references)
thereby making i$?g§%ral introduetion and a comprehensive list
of reference for the whole thesis redundant. The work described
in Chapters2,3,4 and a part of Chapter 6 have bheen published,
while those of Chapter 7 and another part of Chapter 6 have been
accepted for publication., The work included in Chapter 5 has
been communicated. Details regording publications have been

‘given in the opening pages of the corresponding Chapters.

o



PART ONE

Mass Spectrometric Studies Of Some Metal Compounds




CHAPTER 1

Instrumentation, "rocessing and Presentation of Mass
Spectra

1.1, Introduction

In general teraus, a mass spectrometer is an instrument
in which ions are produced from a vaporised molegoule in a
high vacuum. The ions thus produced are then separated
according to their a/z ( mass-to-gharge ratio ) values and
finally recorded.

Regardless of their special design all mass spectro-
meters consist of three basic components. These are (i) the
ion source where the gaseous ions are produced, (ii) the
mass _analyser in which the lons are separated, and (1ii) the
detector where the separated ions are detected and thelr
intensity measured. All the three components are housed
within & high-vaouum system associsted with a variety of
sophisticated sample introduction devices. In addition the
output of the deteotor is comnected to a recording systeu,

Only @ brief descoription of the type of instrument is given
in this Chapter, however, for more detailed information

references {~5 form & suitable bibliography,



1.2, Ion Seources

Most mass spectrometric studies of metal compounds,
including the ones described in the present thesis, have
been carried out using the elecotron impaet source (Pigure
1.1), As evident fromn the newe, ion preduction is based on
an exchange of energy during collisions betveen molecules
and a ¢ollimated beanm of electrons, The same is introduced
into the source at pressures of the order of 10rﬁnn Hg
(1 um Hg = 133.32 Nu?aj. Electrons emitted from an electri-
cally heated metal ( tungsten or rhenium ) filawent, P, are
eollimated and accelerated as they pass through slits, 8,
and enter the fonisation chamber, C. The energy of the
electron beam c¢a@n be varied by changing the potential
difference between the filament and the ionisation chamber.
In the ionisation chaasber o small fraction of the electrons
interact with the gaseous molecules and produce ions, carrying
both positive and negative charges, the resainder travel
to and are collected by the anode trap, T. By maintaining
the repeller plate, A, at a8 small potential positive with
respect to B of the ionisation chamher, the positive ions
are drawn out of the fonisation chamber through a siit in
plate B, whilst negative ions are attracted to the repeller
plate A and discharged. After passing through the slit in
plate B the positive ions are accelerated by a large
potential difference applied betveen slits and are projected
into the analyser region. %

Reversal of the polarity of the potentials applied
to the repeller plate and the electrostatic accelerator
results in acceleration of the negative ions and their entry
into the muss analyser., Our mass spectrometric studies as
well as of most others are concerned with positive ions end
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the subsequent discussions on 3ass spectrometry will deal
only with these ions.

Since the ionisation potentials of west molecules(M)
110 between 7 and 16 oV ( 1 eV = 96,48 kJ mol = 23.06 k osl
lol-i) and the energy of the electron beam generally used
for mass spectrometric studics is 30 - 80 eV, not only does
the iolisation preocess ’

Meeo > u* + 20 (1.1)

secur, but aleso the moleoular ion peak (M’) oracks down into
@ wixture of neutral and positively charged fragments. Thus
this method of ionisation is extremely useful for structure
determination., PFurtheruore, it is the only method by which
appearance potentials of fragment ions can be directly
measured. However, oxing to the high emission temperature
of the filament (gg. ZOOOGC for tungsten filaments) the
tewperature of the entire ionisation chamber rises to

100 - 15000 and this may cesuse pyrolysis of some compounds.

Three other types of ion sources have bheen used, to
8 very limited extent, in studies of metal compounds, namely
(1) rield tonfestion, (1i) phototonisation, or (111) chemical
ionisation.

In the rield fonisastion socurce the ions are produced
by passing the sample through a very stromg electric fiold
(8. 10°v ™). Such & field may be obtaimed by applying &
high potential to & thin wire or sharp edge. In the photo~
fonisation source the production of fons (s acooaplished
by drradiation of the saample with ultraviclet light. These
asthods of ionisation produce uainly molecular fons and are
thus suited to the determination ef wolecular weights of
compounds.



1.3, Mass Analysers. Types of Mass Spectrometer

The majority of modern mass specirometers use mass
analysers which consists of some form of magnetic field. Of
the two dezen or so other systems of mass analysis, only a
few have been incorporated into commercial instruments. Mass
spectrometers are usually classified sccording 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 a

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 uniformes This principle was exploited in
an early doiigns described by Dempster in 1918, The basis
of the principle is as follows : the positive ions are
accelerated in a potential gradient V and enker a uniform
magnetic field H which is perpendicular to the direction
0f 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.

=V = § mé> (1.2)

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

HzV = mv2/r (1.3)

By combining equations (1.2) and (1.3) 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 ngz
2

m/z E—T'—' 8 (104)



The uniform magnetiec field has a foecusing ection
equivalent to that of a eylindrical lens so that the lons
coming out from the scurce slit and having the ssme u/z
value and the same veloeity are brought to an approximete
focus after suffering & deflection of 1000. Ions of other
'-/i values will come to a focus at other points. Thus this
system is said to be single focusing for direction. It is
evident from enuation (1.4) that by scanning M at constant
¥, or by varying V at constant H, the ions of different m/z
values can be brought successively to a foecus at the
detector ( collector ).

In the year 1040 it was shown that phenomenon of
focusing of ion heanms by causing deflection through aaoo is
infact a apecial cease of the focusing aotien of any
wodge-shaped magnetic field provided certain conditions
are fulfilled. The ion beam should enter and leave the
mégnotic fleld at right angles to the field boundary, and
inside the field the ion deseribes a path vhich is a sector
of & circle. The angle sub tended by this sector . may be
60", 90" or in the limiting case above, 150°, The separation
of ions of different m/3 values takes place in & maunner
exactly analogous to the 180" deflection, and beams of ions
from the source situated at some distance from the field
boundary are brought to a focus at a collogtor symsetrically
placed on the other side of the sector magnetic field.

Sector instruments with & resolution in excess of
1000 are available. Large experimental instruments with
r=2500 cm have achieved resclutions as high as 9000,

1.3.2. Double=~Focusing Inestruments .

In practice, fons heving the seme m/z value have &
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range of velocities on leaving the ion source. As a result,
magnetic sector instrusents cannot bring these ions to a
focus at the same point and this limits their resolution.
Iaprovements in resolution are possible by the introduction
of velocity analysis prior to direction analysis. Veloeity
analysis is achieved by passing the fons through traverse
electrostatic rields. Thus only ions with @ narrow range
of velogities are alloved to pass through, Instruments
incorporating hoth direction and veloeity analysis are
described as double-focusing. Two types are commonly
available, some of which even offer rescolution in excess
of 80000,

The first type was described in 1058 by Craig and
Errock and was based upon the geometry suggested by Nier
and Johnson (Figure 1.2). In this type of instrument the
ions of any one u/z value are brought to a focus at the
detector slit by varying the magnetic field and are recorded
electrically.

The other type (Firure 1.3) is nemed after Mattauch
and Herzog, who formulated the theory of double-focusing.
In this design the deflections due to the electrostatic and
magnetic fields respectively have opposite senses. The result
is that all ions are brought to a focus in one plane and thus
a complete mass speetrum way bhe recorded simul taneously by
placing o photographic plate in this plane, The spectrum
may also be scanned past a collector slit as in other
instruments. ‘

1.3.3. pouh le-feam Instruments

The Nier~Jolnson geometry has been modified by the
introduction of an electrostatic deflection system so that

10
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the beams from two separate ion sources say be directed to
pass through seme nmagnetic sector, After mass selection in
the magnetic field the beans are again deflected apart, and
fall on two separate collectors. Each ion source, collector
and analyser system is pumped separately. The output of hoth
are fed to a single recorder, the spectra appearing side by
side upon the same chart. The advantage of this system is
that scanning of the megnetic field has the same effect on
both fon beams, This makes it possible to introduce inteo

one source & standard compound whose mass spectrum is known
and inte the other a sample under investigation. As a result,
chemica]l mass marking is obtained by simuple eomparison eof

the two spectra on the same chart,

1.4. Inlet Systems

There are several processes of introducing sam;ples
into & nmass specirometer, The seclection of the methed
mainly depends on the volatility and thermal stability of
the sample, the type of the ion source and the aim of the
experiment.

Gases, highly volatile liaquids and solids are often
introduced by means of the gas inlet system. The system
consists of a series of stopecocks and & reservoir inte which
sample is introduced. The sample is then admitted into the
ion source via & leak, The ssmple can be introduced into the
reservoir in several ways., In the freeze-out technicue the
sample is frozen and distilled into the reserveir. Introduc~
tion of samples may 8180 be accomplished through & septum
using a syringe or by using a sintered dise covered with
meroury.

Heated inlet systeas are necessary for less volatile
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liquids and solids. Such systems are similar to that of gas
inlet system but are enclosed in an oven which esn be heated
upte 85000. Sawples are introduced in heated inlets using
the freeze-out technique or a sintered disc covered with
molten gallium,

Sauples can be introduced directly inteo the iom souree
using direet inlet system. Usually a direet insertion probe
is used, The sample under investigation is loaded on the tip
of the probe and inserted inte the source which causes its
vaporisation. Probes have also bheen developed which can be
heated or cooled independently of the ion source. The
teaperature can be mainteined between -850 to ssooc. Direct
introduction systems are especially suitable for compounds
of low thermal stability. BExcellent spectra can be obtained
using such systems from a few micrograms of samples.

1.5, Ion Detectors and Recording of Mass Spectira

The detection and nmeasurement of the ions separsted
by the mass analyser can he carried out by electrical and
photographic techniques.

The photographiec technicue bas been used since
many years, but is now superseded by electrical techanique.
Photographic detection is, however, still used for precise
mass measuresents and in conjunction with instrumsents with
Mattauch~Herzog geometry.

The electrical detectors are prineipallyctwo types:
(a) the Paraday cup, which is used in conjunction with &
sensitive amplifier or an electrometer, and (b) the electron

sultiplier, The amplified output of the detector can be
recorded using an ultreviolet (UY) galvanometer recorder, a

14
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pen recorder, an oscilloscope or a magnetie tape
latter case the data are subsequently fed into a ¢ r
for progessing. The output of the amplifier can ll-o bo fed
into a camputor so that the data ascquisition cecurs in real
time. Galvanometers are the most widely used recorders. In
this case a beam of UV light reflected on to a moving strip
of UV - sensitive paper from the mirror galvanometer provides
an instantly usable record.

¥hen the electrical detection is used, the coamon
practice is to scan the spectrum continuously and te brimg
ions of different m/z values successively to a focus at the
detector., The siznal produced for each series is known as
the ion current, and its intensity is proportional to the
number of ions reaching the detector,

1.6, llesolution

One of the very isportant parameter of mass
spectrometers is the resolution or resolving pover (u/lm).
This expresses the ability of the instrument to distinguish
betveen ions of mass m and ions of closely similar mass
®m *Am o Resolution is said to be achieved when there is a
valley between adjacent pesks in the mass spectrua (

' :)e The peaks should be of equal heights and the
beight of the valley is chosen arbitrarily a fraction,usually
0.1, of the peak height (10 percent valley definitiomn), but
other values, though less common, such as 0,08 and 0,01 bhave
been used., There are alternative definitions for resolution
and therefore it is important to be aware of the definition
used while comparing the performance of commercial instruments.

Mass spectrometers are usually classified on the
basis of their resclution capabilfities into low, medium or

high resolution instruments, Low resolution instruments
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¢ u/om~200) and medium resolution instruments (n/m ~
500-5000) are suitable for the determimation of the unit w/s
value, The determination of the precise mass of an ion
requires @ high resolution instrument (m/am) 10000),

1.7, Processing and Presentation of Mass Spectra

A mass spectrum is essentially a record of signals
of varying intensity. These signals are measures of ion
currents and héve @& distribution in time or space which can
be related to the massecsof the ions, their charges and
velocities, Speetra are usually recorded electrically. A
spectrum is essentially a plot of ifon current intensity,
versus m/z. The first step in processing this record is the
assignaent of m/z values to easch peak. Relative fon current
intensities are then obtained by ocomparing the areas of the
peaks, or in the case of spectra, obtained by an exponentially
decaying magnetic scan by comparison of the heights of the
peaks .

The mass scale { x coordinate ) of a spectrum
depends on the type of mass spectrometer and on the mode of
scauning used in recording it. ¥hen the scale is not linesr,
@.g. in spectira obtained with a magnetic deflection instrument
by scanning the magnetic field, the counting may present
problems. The counting can be facilitoted in a variety of
vays such as (i) making use of peaks due to the "background'
in the instrument, (i1i) using & chemical mass marker, or
(1i1) employing an eleotronic mass marker.

In addition to sample petks, & spectrus often shows

peaks arising from swall amounts of water and air introduced
with the sample i.e. peaks at m/z 18 (lhO’). n/z 28 (xa’).
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snd n/s 32(05’) and allow cslibration of the low mass

resion of the speotrum. In the high mass region, calibration -
is achieved by using mass =z&rker, usually & fluorine

oompound.

The most usual form of presentation of a spectrum
is the line diagram also referred to as & bar graph or
histegram. In such diagrams the m/z values are plotted
horizontally and the intensity vertically., The intensity
is usually expressed as relative adundance, which is
oonventionally expressed as the percentige intensity of &
given peak or line relative to that of the base peak
( most intense peak in the spectrum).

The advent of data provessing systems hass led to

8 new way of ;resenting mass spectra., Tho ion current may
be digitised and the information stored, The data processor
oan then carry out a pusber of programmes, In the simplest
odse it nay determine the integral mass by pesk comparison
and print out & list of mas» nuambere 8nd ion current values
whioch may be ultimately oonverted to crackimg or fragsentatien
pattern. The precise mass of each ion may he determined by
conparing the rate of arrival »nf known and unknown ions as
the detector, If the imstrument has sufficient resolution
. 1t is then poesible for the data processor to carry omt &
programse for the detersination of the ato=ic constitution
of the ion from its preaise mass,

The most sophisticated method of presenting mass
spectra is to soquire & print out of the preecise muss,
atomio comstitution and relative abundance ef the ions,
togother with & simplified histogram, 1f required. '
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CHAPTER 2

Mass Spectrometry of Metal Compounds. Evidence of C - 0
Cleavage in and Effect of Temperature on the Mass Spectra
of 6hloropontlcarbonyl-anganooc'

P Introduction

Uver the past fifteen years or so it has become increasingly
apparent that amass spectrometry provides & simple, quick

and reliable means of deotermining the precise molecular for-
mulae and studying the structure and Bondlng of metal carbo-
nyls and metal carbonyl derivatives. The couvenience of
this technique rests on the ease by which spectra may he
obtained and also on the fact that very small amounts of
conpounds are required. This is an important consideration
since the cost of metal carbonyl compounds is high. It is
perhaps important to preféace the discussion by outlining the
type of information that we wish to derive from the present
studies. '

A number of carbonyl-garbido derivetives have been

* This work has been published in *International Journal of

Organic Mass Spectrometry '(London).
Hef. M.K Chaudhuri ,li.S.Dasgupta, N.floy and D,.T.Khathing, 0"0

Mags Spectrom., 16, 303 (1981).
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synthesised and oharaotorlued‘ since 1268, These wolecules

contain an isolated carbido-carhon atom and have been obser-
ved mainly in complexes of iron, Tuthenium and osmium altho-
ugh an anionic rhodium species ['ahﬁ(co)‘sc_7 2= hes recent-
ly been reported, The source of the carbido-garbon is unce-
rtain but is generally believed to arise from a progess of
the sort

M (co), + co — [M (cO) .07 + CO, (2.1)

Experimental evidence to support this supposition has been
provided in the case of uuﬁ(co)‘rc which is produced from
R"a(co)na'

The identification of such materials is very diffi-
cult. When ms(co)"c was first reported it might have been
resonably predicted that species was the simple polynuclear
carbonyl ..6‘00)13' Indeed the analytical data would reaso-
nably support either formulation, However, the mass specir-
um cleerly showed that the pesk of highest m/z value corres-
ponded to msc(co)‘.‘,’ and not na(co)‘; . Other ionms in the
spectrum were due to the species ansc(co)t,_.’ with the
stepwise loss of CO was occuring. Since in all other poly-
nuclear carbonyls the ejection of 0 from the wmolecular fon
had not been observed as a primary process it was quite
reasonable to suppose that the correct formulation of the
compound vas Ru,(CO) .C. This was later substantiated by
X-ray analysis.

Ever since carbonyl-ceérbido compounds started
becoming known or may be even slightly before that studies
began on the mass spectirometric behaviour of metal carbonyl
derivatives with special reference to the ohservation of
metal carbonyl-carbido or metal-carbido fragments. Ssall
8bundances of & few fragwent ion formed through cleavage of
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a C-0 bond,e.g., no’. lOCOO’fgl-Oo. Mn) were also deteeted
from two dimetallic carbonyls='>. Ions of these types,
however, were observed im the spectra of the ecarbonyls of
nickel and lron‘ although ohromium, mplybdenum and tungsten
hexascarbonyls seems. to have produced ssall quantities of
these ions®, Thus it becomes evident that carbido fregment
iens n(co)‘o’ are cosmonly observed-*> for the ' :havier
wetal ions but such carbide fragments are net very usual for
lighter metal carbonyl derivatives.

Though some results of waas spectrometiric investiga-
tions of Mn(C0),C1 bave been reported im the 11 teratare’,’
this compound was chosen in order to investigate the results
of eleotron-impact studies. The present Chapter describes
the results of EI studies of chloropentasarbonylsanranese,
ua(co)scl. at varying inlet temperatures of special
significance regarding both metal-carbon and carbon-oxygen
bonding, and also the effect of temperature on the wode of

EX induced fragmentation.

2.2. Experimental Section

Synthesis of Chloropentacarbonylsanganese, ua(eo)501?-- A
wixture of 1.2 g (3.08 » wol) ua'(eo)‘o in & sininus volame
of cyeclohexane and 2.2 g (8.06 m mol) perchlorocyclopentadiens,
08016' vas irradipted for 12 h in a sealed Pyrex tube kept
at a distance of about 20 em from the UV-lamp. The tube was
then cooled in liquid nitrogen and opened, and the eveolved
CO was pumped off through & vacuus line. The tube was then
warmed to 07C and the mixture vas filtered. The residue
obtained from the reaction tube was washed with a small
amount of dichloromethane., The product vas sublimed at
40% ( 0.1 we Hg ) which gave the pale-yellow crystalline
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sublimate of Mn(C0),Cl. The compound was recrystallised
before use.

The mass spectra were run on a Varian MAT CH-5 mass
spectrometer, The operating conditions were 70 eV electron
energy, 30-28000 inlet temperature, resolution 1000 and
acceleration voltaze 8 kV.

The wmass spectrum is given in Table 1 and the
netastable ion data are given in Table 2, The observations
were made with the rield of the ionizing current strong
enough to trap primary iomns. The efrect of temperature on
the El induced fregmentation pattern was studied at tempera-
tures of 20, 80%, 90%, 100% anda 250% respectively.

Metastable transition studies were made by taking
help of the fact that the metastahle peak corresponding to a
particular transition will appear in a mass spectrum taken
with & magnetic instrument at & mass -’ given by

a" = (nz)a/lut) ' (2.2)
such that m, represents n/z value of the parent ion ( or

precdsor ion ) and m, reprooentu the m/z value of the
daughter ion,

Table {.Mass Spectrum of ua(co)scx

Assignments ‘B w/z § Intensity (%)
Mn(co)gc1” 230 24.6
ua(co) 001 214 1.5
Mn(OO) cl 202 0
un(co) 195 11.2
Mn( 001301 174 14.8
un(co) 167 4.5
lu(ce) cx 146 34.9
un(co) 139 61
un(co)m 118 27.6
Mn(co),” 111 15.8

Mn CCL* 102 ’ 2.%



Table 1. contd.

Mn(co)c* 95 2.9
snc1* 90 4T.1
snco* 83 26.3
Mng, 79 0.8
Mn c* 67 12.6
Mn"* 55 88.7
co* 28 100

Table 2., Metastable Transitions in the Mass Spectrum of

Mn(c0) C1
w/z' A; ;
Observed Calculated § Process ;Nontral fragment
. lost
165.3 165.32 230 195 c1
143.1 143.02 195wy 167 co
115.6 115.69 16T 139 co
88.7 88.64 130—iil co
62.1 62 .06 11t~ 83 co
54.1 54.08 83— 6T 0
36.5 3¢ .44 83~ 68 co
131.6 131 .63 230— 174 2C0
122.5 122.50 174— 146 co
95.5 95.36 146 118 co
581 88.16 118—= 102 0
68,6 68,64 118~ 90 co
111.2 111.04 174~ 139 ¢l
84.5 84.39 146— 111 c1
8.4 58.138 118— 83 cl
33.6 33,61 90— 55 c1
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2e30 Hesul is and Discussion

Table 1 and Table 2 present the essential features of the mass
spectrum of chloropentacarbonylmanganese, un(co)scl. It was
observed in the present studies, in accord with the report of
Edgar et al!. that the spectrum measured at low temperasture
shows the moleculor ion peak of moderate intensity ( 24.6% )
‘at m/z 230, The molecular iom ['Nn(00)501_7‘ undergoes
eloetron-inpact induced fragmentation by two different pathways,
a8 shown in Scheme 1. While one of the cracking path involves
rupture of the Mn~Cl bond fellowed by stepwise losses of CO
groups, the other involves the retention of the Yn-Cl bond
with successive losses of CO groups,

Path 1
Wco);-——) ua(co);——-a un(co);-é Mn{CO );-—; Mn(co)*
‘e \I
un(co)sclﬂ-'-> sn(co) 01* ¥n*
| /
Mi(C0),01°—> un(co)acx’---> Mn(co)c1*—> unc1*
Path II

Scheme |

Metastable transition studies were made in order to see i
any one of the two pathways is preferred over the other,
Observed metastable peaks, however, support both the cracking
patterns and suggest thot both the pathwaps are enually
probable and the fission of Mn-Cl and Mn-CO bonds compete
with each other effectively, The most notable feature of the
spectrum was the appearance of peaks at m/z 67, 70,95, 102 and
214+ These peaks have heen attributed to the wmetal carhideo
fraguents Mnc®, MnC,*, Mn(c0)c] Mncc1? and Mn(co) K
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respectively. Such observations definitely suggest thes,
like heavier metal carbonyl dortvntlvoo?'a the lighter ones
say also undergo appreciable C-0 hond fission. It appears
that there is hardly any definite report in literature on
the 1loss of O from the lighter metal carbonyl derivatives.
With a view 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 fragwents precluded the observation of sufficient
msetastables, but the metastable peaks at 88.1 and 54.1 surely
'-nppoxt the transitions un(co)cxf——-a Mnccl® + 0 and

Mn( C0) "y MnC™* + 0.

An assessmont of the various chlorine containing frag-
ments was mpde by checking the chlorine isotopic ratios,
This is considered of extreme (Importance in the present case,
because of the absence of any interference from manganese.
Taking natural isotopic abundances of chlorine into comsideration,
the velue of the ratio /M + 2 7/ /" M _7 tor a given fragment
containing one ¢hlorine atom should de 0.32. The values of
this ratio, for various chlorine containing fragments, in the
present case appeared to be 0.30 or 0.31, lending additional
support to the suggested fragmentation scheme.

In an atteupt to study the effect of pyrolysis in the
mass spectrum of un(co),cx, tho spectrus of the compounds was
studied at temperatures of 20°¢, 50%, 90%, 100% ana 250%
respectively , waintaining 70 eV as the electron energy. It
appeared from the above mentioned studies that the mass spectira
run at ao“b. 8090. and oopo were essentially similar, but the
speciral patiern changed at 1oo°c exhibiting & new peak at .
o/z 390, This peak has been assigned to Rna(co) * on the
ground that the typical pattern conforms to that of Mn, (00)
Somewhat identical observation vas made by Svec and Jnnk‘ a tow
years ago. It is believed that under high energy condition
In(cﬁ)acl forms lla(OO)8 radiesls even at lower temperatures.
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However, at 10000 the optimum concentration is reached sueh
that the recombination through radieal coupling gives rise to
the formation of “"3(00)10- Sach formation and recombination
of manganese pentacarbonyl radicals has also been observed
previously carrying out the reactions under photochemical
oondlttonng. Pyrolysis effect on some ion carbonyl derivatives
under mass spectrometric conditions were reported by other vorkers"
about four years ago, from wvhich some very useful conclusions
were made by them, The observation of the peak in the

spectrum of - ln(co)scx run at 1oo°c stinulated the interest

to see the effect of further raise of temperature. Accordingly
a spectirum of ﬂn(c0)561 was run at 25000. This spectrum
reveals some very important differences., The most notcblo

is the disappearance of the peak due to the ion uu(OO) cl

(m/2 230) ond most of the other peaks owing to Mn(CO) cl *(x¢s5)
ions, and appearance of & peak at m/z 404. The ratto

(luz]' / {™_] tor m/z 404 was found to be 0.62, sugxesting
the presence of two Cl atoms in the fragment, Accordingly

the peak was assigned the composition lnz(co)scla. A

compound of such conposition bas been known and {ts mass
spectrum has also been reported7. It is believed that the
formation of an(co)acla in the present case may bhe

either (i) through the dimerization of ma(co)scl with &
simultaneous loss of tyo CO groups giving rise to unz(co)gcxz.
which on ionization gives rise to the peak at m/z 404} or

{ii) an fon/molecule interaction between nn(co)acl and
33(00)301 ' with simultoneous transfer of a CO group

from one Mn to the other leading te the formation of

Mn,(co)01," .

It has beon observed that the intensity of various
fragments increases with deereasing m/z velues, This
constitutes one of the very important observation and is
presumably because of the increased metal to CO - bonding
between manganese having @ low formal oxidation state and
a sualler number of CO groups., Since the carbhon valency
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has to be maintained at four the increased Ti-hack donation
increases the Mn-C bond order with a simul taneous decrease
in that of C~0, thus making the C-0 bond more suseeptible

to increased temperature compared with the Mn-C bond,

It may concluded from the present studies that like
heavier metal carbonyl derivatives, the lighter uwetal
carbonyl derivatives may also exhibit carbon-oxygen bond
fission, and very high temperdture can change the EI induced
fragmentation pattern.
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CHAPTER 3

Mass Spectrometric Studies of /[ CF,E Mn(c0) 7, ,

[or, & Felco), 7, ( E = s,8¢), CFSePe(C0), Cy-H, anma
crbacr(no)a Cyli; . GEvidence of Pluorine Shifts from Carbon
to Metal in and Effect of Temperature on the Mass Spectra
of scrs and SQBIh Compounds of Manganese, Iron and

Chromium *

3.i. Introduction

Mass Spectra of & large number of transition metal compounds
have been reported in last rfifteen years and a considerable
amount of information ooadoruln; the behaviour of them under
electron impact (El) conditions has been accumulated, Atteupts
have been made to arrive at some generalisations with regard
to the fragmentation pathways of many metal containing systems
such as metal carbonyls, metal -7l - eyclopentadienyls,
metal= Tl « arenes and metal-fluorocarhon derivatives etel.

* The work discussed in this Chapter has been published in
‘Internstional Journal of Organic Mass Spectrometry' (London).
Hef. M.K.Chaudhuri, H.S. Dasgupta, N.ioy and D.T. Khathing,

Org. Mass Spectrom., 16, 534 (19861).

28



The mass spectra of netal carbonyl compounds are characterised

. by the senuential loss of cerbon monoxide from the jarent
molecular ion and only processes with very low energy

requirements can compete with this decarbonylation. Although B
8 large voluie of information haa been accumulated, many v, ﬁ
tuestions remain unanswere: and many types of compounis are ‘

" yet to be studied.

§ince mid 1960s a spate of publicationa on mass -
spectrometric investigations of metul carbhonyl compounds has K
appeared. Althou:h Vilesov and Kurbatov2 reported in 1961
tue fonisation potentials of m(co)‘. n(c:a)s. cr(co)ﬁ, m(co)6
and U(cu)e determined by meuns of a photoionisation technique,
the first comprehensive study of the nickel and iron compounds
was wade by ¥inters and Kisara. They determined isotoplo
abundances of the metals, 1on abundances and ap,earance
potentials of various ions, The most profific tons were the
metal ion itself and the monocarbonylaetsl ion but all possible
fons of the type H(CO); were present tozether with some '
doublly charged speclies leading to the postulate that the
respective ions were formed by successive losses of CO groups
(reaction 3.1).

u(co):’a—-—) u(co)::r—-a - M{CO)M s ™" ( 3.1)

Conclusive oevidence for the proposed fragmemtation scheme
was soon obtained®. Results of two independent studlous's
appeared in 1965 which were in direct analogy with those of
the nickel and ilron carbonyls. Later on some more studies
of the Group VI metal carbonyls have also been roported"a.

Studles on metal carbonyls and substituted metal »
carbonyls ahowedg that thermal decompositions in the ion
source rere¢ appreciable even at temperatures well below the
oxpected thermal stability of the samples., Studies on pyrolysis
ef{ects are, houvever, not entirely in harmony, Pignataro
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and Lositng 10 reported that the OGroup VI hexacarbdonyls

deoomponed very little but Svee and Jnnkg reported that
deoomposition of these hexacarbonyls began at lower
temperatures. B .

Ionisation process of metal carbonyl molecules bas
been discussed in soze detail, Vilesov anmnd Kurhatovz
postulated thag the electren yremovea trom the msetal cerbonyls
during the {fonisation process orfginated etther from a p-
orbital of the oxygen or else from the metal=carbon bond,thus
indicating some metal-garbon double hond character, from
their studies, Winters and Kller5 suggested that the electron
removed from the carbonyla on ionisation was one largely
assocliated with the wetsal atom rather tham with the carbdonyl
groups. Foffani et al.ﬁ'11 compare:! the fonisation potentiale
of Group VI metals and their hexacarbonyls, with trends in
force constants of the M=C and C=0 bonds and with the M=C
bond lengths. They ponstulated that the degree of netal-l;gand
Tl - bonding iv not a relevant factor in the ionisation
potentiuls, Thus, they too argued that the electron reaoved
by electron impact muat belong to a molecular orbital very
largely asmociated vith the wetal atom. This wes further |
substantiated by naor12 from the M,0. calculation on
)«Mco)4 showing that the highest occupied molecular orbital
in m(c&))4 arises from the 3d nickel orbitals with relatively
little contribution from the ligand orbitals., Calculations
by Gray and Beachla on Group VI hexacarbonyls also fudiceted
that the highest occupied molecular orbitals should be the
t,,(70 ). These arise from cgabination of the d. metel
atOmlc orbitals with JU and TE orhitols of the CO ligand
and are mainly localt?ed on the metal,

Extensive studics have also heen made on the binuclear!$~?
and polynuclear 1801921 _ . a1 carbonyls and several
usefrul generalisations have heen made thereof. The mass

spectra of fluorocarbon dorivatives of transition metals
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display some unique features, W¥hile any carbonyl groups
present appear to be eliminated in the usual stepwnise
fashion, fragmentation jaths invelving the fluorocarbon
entities provide sharp contrasts with corresponding hydrocarbon
derivatives. Decompesition of metal-gontaining ions inelude
the elimination of (1) neutral metal fluorides, (ii) HP,
(1ii) neutral flueorocarbon species such as CF,, CF,, «CF
and (iv) F atoms!, Loss of (1), (i1) and (iii) usually
occured after any carbonyl groups originally present had bheen
expelled wheras loss of (iv) occured both before and after.
The rearrangement of one or more F atoms from ligand to the
metals and subsenuent elimination of the neutiral metal
fluoride species occured in quite a few cases. This appears
to be favoured with irom oomponndu‘. Similar decomposition
steps were postulated in fragmentation mechanisms which

were not metastable supported; these ineluded extrusion

of “"j's“' Cgligher 033 ¢ momar®?, cor®?'?? ana c g MmP*d,
Fluorine migration from carbon to metal has also been
reported to occur-® dquring fragmentation of the compound

"7 - G uNIP(CR,), 7, -

In the fragmentation of the compounds czvkshvbz(co)o
and °4'%’h"a‘°°’6 an unusual mode of decomposition was
noted, namely extrusion ot'rbtb after only three CO groups
had been lost, These suggested that in each case the first
three CO groups lost were all from the same iron atom; the
remaining carbonyls in the resultant ions qu’lb(co)a’ were

then lost in the familiar stepwise manner.

The mass spectra of the complexes C P CIM(CO),
( M = Mn, Re) provided no evidence for elimination of metal
fluoride entities in the fragmentation process but the losses
of .F, +Cl and Mn atoms and the neutral fragments oLP,
c!b and .cr, from carbonyl free ions vere metastable

supported- s

Although a nusber of fluorinated organosul fur and
organoselenium derivatives of wetal carbonyls and
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cyclopentadienyl metal carbonyls or nitrosyls have been
synthesised in recent yaarca? =35 1ne mass spectrasl studies
of such compounds have received less attention to date., It
may be noted that the mass apactronctrlo studies of °"3’
derivatives orf netal earhonyl- showed loss of 083 group

with cleavage of the S~C bond from the CO free fragments.

The aim of this chapter is to discuss and to give the
int.rpxet-ttve treatuent of the most important types of
fragmentation processes which occur during the mass
spectrometric decomposition of some compounds of manganese,
iron and chromium containing crss and CF_ Se ligends in

3
combination with several other ligands like CO,NO and csﬂs.

3.2, Experimental Section

#is o s used for Maas S trome 8.

All manipulations vere carried out under nitrogen or argon.
Solvents vere distilled before use.

Synthesis of [/ CPysun(co0),_7°°(1). Mn, (C0), 4
and u(scrs)a in 1:2 mole proportions were irradiated in a
Pyrex glass bomb for 12=15h at room temperature in presence
of a minimum amount of Cil,C1,=n-hexane (1:4) solution., The
Pyrex tube was then cooled at -19600 and the generat_ed CO
was pumped off through & vacuum line, The tube was warmed
to oY e The orystalline compound obtained was filtered
and purified by recrystaliisation from CH,Cl, / n-hexane
or by sublimation, The yleld of the golden yellow
[cras Mn (00)‘_2 (1) compound was 78%.

Synthesis of /CF Se kn(c0), 720 (2). A
mixture of Mn (co)‘o and (socr ) u 152 mole proportions
were taken in & Pyrex glass bc-b slready containing a ssall
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amount of cqacl ~n=~hexane (1:1) solution. The Pyrex bomd

was irradiated for ga. 14h at room temperature. After the
irradiation was over, the Pyrex tube was then coocled at ~196 c
and the generated CO was pumped off through a vacuum line.

The tube was then warmed to 000 and the golden-yellow
erystalline compound was separated by filtration., The compound
was purified by recrystallisation or by sublimation. Yield

of /["CFP,Se Mn(cO), 7, (2) was 67%.

Synthesis of /7CF,S Pe(C0), 73° (3).~— Pe(C0),
and N(Scra)a in 1:2 mole proportions were irradiated in a
Pyrex glass bomb for ga. 15h. at room temperature in presence
of a minimum volume of CH,Cl,-n-hexane (1:1) solution., After
the irradiation was over the Pyrex tube was then cooled at
-19600 and the generated CO was pumped off through & vacuum
line. The tube vwas warmed to o°c. The deep brown-red
erystalline ["CF,S Fe(C0), 7, (3) thus obtained was filtered
and purified by recrystallisation from cqzcla/h-hoxano.
Yield vas 59%.

Synthesis of /"CF,Se Fe(C0), 7,7 (4).—— re(c0),
and (800!5)2,1a 132 mole proportions were irradiated in a
Pyrex glass bomb for 14h at room temperature in presence of
8 winimun amount of CH,Cl,~n-hexane (1:1) solution. After
the irradiation was over, the Pyrex tube was cooled at ~196 c
and the generated CO was pumped off through a vacuum line,
7hC tube was warmed to Ooc. The deep brown-red crystalline
compound [crsson(co)s_]z thus obtained was filtered and
purified by recrystallisation from claclz/h-hexano or by
sublimation. Yield of [/TCFP,Sere(c0), 7, was T3%.

Synthesis of CF,SeFe(C0), 053534 (8)+ A quantity
o2 0.5 g ( 1.4 m mol ) or /(c; "5’“‘“"’3-73 was disedved |
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in 50 ml eyclohexene and the solution was heated to 45 G.

To the hot solution 1.5 g (5.07 m mol ) blltrttléko-othyl
diselenide, °'h""'°'g' with stirring. The reaction mixture
was then kept at 45-50 C for a peried of 72 h under continuous
stirring. After the reaction was over, wost of the solvent

was removed from the cool mixture at 25 /20 mm Hg. The

compound was purified by recrystallisation from dichloromethane-
pentane mixture at -1800 and brown malodorous crystals of

cP, lo!b(OO)’c'lh was obtained. The yield of the coupound vas

3
33%.

Synthesis of CF,S Cr(N0); Cg,*® (6).—— A mixture
of ClCr(NO),C H, and AgSCF, in 111 mole proportions were
taken in acetone and was stirred for 6h at room temperature.
The reaction mixture was filteredv Pentane was added to the
filtrate and solvent was removed at ~25°(40 um Hg). The
residue wa® purified by a soxhlet extraction with pentane for
1 day. PFrom the extract & brown-yellow orystalline compound
was obtained., Yield of 0',”:()!0).0‘!‘ vas T0%.

The mass spectra were run on a Varian MAT CH-5 mass
spectrometer, The operating conditions were 70 eV electron
energy, resolution of 1000 and 8 kV aecelerating voltage.

The mass spectra and the experimentally observed
metastable transitions are presented in Tables 1-6. The
observations were made with the field of the ionizing current
strong enough to trap primary ioms. The effect of temperature
on the EI induced fragmentation was studied with allowance
being made for pyrolysis reactions taking place in the ion
source,

3.3, Results and Discussion

[7Cry8 Mu(co), 7, (1) anda [CFySe Mn(cCO), 7, (2)

34



The mass spectra of the compounds 1 and 2 exhibit weak moleculsr
ion peaks at m/z 536 and 632 (Table 1). The molecular ions

do not undergo semuential loss of CO ligands, instead the
molecular ions lose three CO groups in a single step leading
to (CPyE),Mn,(00),* ( B = 5, Se). e ton (CF,E)Mn,(c0);"
subsequently loses one CO group followed by loss of an lclh
unit, It is interesting to note that the expulsion of lc!h
group takes place with the simultaneous shift of F aton from
carben to metal giving CF,E u-z(co)‘r‘. This fragment loses
four CO groups in steps, howtvor.rollo-od by the expulsion of
the -ooeal lc!i unit to yield "2'5 ifon, The fragment 10-
u-‘r undergoes successive lo-so- of F atons giving In‘

which finally fragments to Mn* s the bare metal ion.

The signals at m/2 164 and 209 in the spectra of
1 and 2 were weak in nature. These signals jp,ve bheen

assigned to lnalr’ and la’!or’ ions., Appearance of these
signals indicate the loss of c!b through the rupture of S-Cor
Se~C bonds. However, this could not be supported by the
metastable transitions thus precluding any significance of

such a process. The inference that may be drawn is that unlike
the cnbs derivatives of metal carbonyls which show preferential
losses of CO groups followed by that of cla through rupture

of the S~C bond, the corresponding crbs or cfslo eompounds
exhibit loss of scrz or 3‘3'3 with the simultaneous shift of

F from carbon to metal. The F atom shift is presunably
favoured by the formation of a new bond between an electro-
positive metal atom and F through the interaction of non-bonding
p=orbitals of F with the vacant orbitals on the metal atom,
enabling expulsion of an scrh or socr groups. Jonization of
sclh and locr in the spectra of the ec-poundo 1 apnd 2 gives

strong -1¢u-l- at w/z 82 and 130 (Teble 1) respectively.

In order to study the effect of pyrolysis on the -

expulsion of ECF, ( E = S, Se) trom CP,E uaar’. the spectra
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were run at 1000 « This showed that the intensity of the
signal at m/z 148 due to Mn,F," was increased from ~ 59%
to ~ 78% and that those signals at m/z 230 owing to the
fragment ion crsmnar’ u: the spectrus of 1 and at m/z 278
owing to the ion cramar in the spectrum of 2 decreased
froa -~ 49% to ~ 23%, suggesting that pyrolysis plays an
important role in the formation of ECF,, It may be relevant
to mention at this point that the compound So(:!'a bas been
prepared for the first time by Haas et 81.7° by pyrelysis of
l(a-cr,)' + This constitutes a very good example to show
the interrelationship between a synthetiec study and a mass
spectrometric study. The most probable fragmentation pattern
of (cr,x),ln,(co)s ( E= 8,8) nay be givem as shown in
Scheae 1.

(CPyE) Mn, (C0) ;> (cr,x),unz(co);:————-i-(cr,x)zln,(oo):
-'———)(craz)un,(oo)‘r’—-—a-ecras)nn,(co)nr’ + (4=n)CO (n=1-4)
———-)(crss)nar’ — m,r,’-—-—) ln’l"--—) n," - ¥n®*

Scheme 1§

Metastable transition studies were made with a view to
gaining further information regarding the proposed fragmentation
scheme, Enough metastables were ohserved which corresponded to
all transitions from the moleculer ion down to the bare Mn' ien.
This gives streng support to the above mentioned scheme(Tadble 2).
Assignuents of various S and Se containing fragments have been
verified by using the ratios M+2/M and M-2/M respectively>’,
where M+2 represents the intensity of the peak two mass units
more and M-2 is that of tvo mass units less than the most
abundant ion of & given elemental composition M, and arise from
the substitution of °*S  rfor 723 and "°se for *°Se. These tests
give very strong credence to Scheme 1.
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é.c'iﬁib(00)1_7; (3) and ['crignvb(co)l Zé (4)

Essential features of the mass spectra of the compounds 3 and 4
bave been presented in Tables 3 and 4. The compounds show weak
signals due to molecular ions at m/z 482 and 578 respectively.

An examination of the spectra of these two compounds reveals that
unlike manganese compounds 1 and 2, the compounds 3 and 4 undergo
preferential losses of six CO groups in steps, The loss of

CO groupsis followed by the successive losses of ECF,(E = S,S¢)
units with the simultaneous shift of ¥ atoms from carbon to
metal. The ioms at m/z 150 in the spectra of 3 and 4 have
been sssigned to Pe,p,’ the dipositive ion at m/z 75 owing to
"3'3” and a signal at m/z 112 due to !b"ooonr. The formation
of Pe,P,”* and Fe, indicates iron-irem bonding in 3 end 4.

The general representation of the structure of the compounds

3 and 4 may be given as shown below ( Pigure 1)

i’
oc co
S
00— P <o Pg——CO
o Ng Deo
|
CFy (E=S, Se )
figure 1

In erder to obtain further information regarding
fragmentation of the compounds 3 and 4,detalled metastable
transition studies were made. The metastable transition studies
reveal that the spectra of 3 and 4 exhibhit not only the
metastable peaks at m/3 " 71.6 and 54.8, representing the
degradation (c!bt)slhaf—-—é llzih'. but also enough metastables
to permit elucidation of the fragmentation as depicted in
Scheme 2,
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(CP4E),Fe,(CO)———3 (CF ), Fe,(C0) 3 (CF,E),Pl,(CO) (-
(crf),Fe,(C0); — (crgz)zrbz(co)g-———» (CFyE), Fe, (CO)—>
. + N + +* +
(CPyE),Fe, —3 (CP,E) Fe,F ———> Po,F, —> Po,FP—>

“20 — pe’

Scheme

Further support for Scheme 2 was obtained by making
an assessment of the number of Fe and S atoms in a given
fragment of ((:»'3:&:)a Fe,(CO), (3) from the ratios M-2/M
and M+2/M respectively. Natural iron contains 5.90% 54Fb
in addition to 91.6% of the major isotope 56Fb and 2.20 and
0.33%, respectively of the minor isotopes 57Fb and 58?!.
Natural sulfur contains 4.20% g in addition to 95.0% of the
major isotope 325 ana 0.756 and 0.017% respectively of the
minor isotopes 338 and 3“3. Natural carbon, oxygen and
fluorine contain 98.94 12¢, Yoo,7¢ %0, ana 1004 *%p,
respectively making other isotopes of these elements of minror
significance in this mass spectrum. As a result of the relative
abundances of the isotopes of these elements, thq/WZl/i units
less then the most abundant ion of a given elemental composition
arises mainly from the substitution of S%pe for "Cre.
Therefore the ratio M-2/M is often an indication of the
number of iron atoms in a given fragmwent ifon, Thus in ions
with one or two iron atoms, the value of M-2/M should be:

00,0045 or 0,129, respectively on the basis of this treatment.

Por similar reasons the ratio M+2/M may be an approximate
indicator of the number of sulfur atoms in a given fend0i41,

For ions with one or two sulfur atoms, respectively, the value of
M+2/M is expected to be 0.0442 or 0.0854 on the basis of

this treatment,

The values of the ratios M-2/M and Me2/M vere

42



checked for the compound 3. The values agreed well with the
proposed assigneents. Similar cheécks could not be made in the
case of 4, however, because of higher order interference
between Fe and Se isotopes.

The significance of pyrolysis was studied by measuring
the mass spectra of 3 and ¢4 at 100°C. The spectra run at 10000
show an increase in the intensity ef the signal of the !baﬂb’
ion from ~_ 73% to ~06% and suggests that the high temperature

facilitates the loss of ECF, ( E= 3, Se).

E:hﬁo F'(CO) HB (5) and 0238 Cr(NO)i QE! (6)

Tables 3 and 6 list the essential features of the mass specotra
of the compounds 5 and 6. The salient aspects of these spectra
are the weak molecule ion peaks at m/z 326 and 278. The
molecular ions are followed by losses of two CO or NO groups
in steps, giving CP.E M Cy Hs ( E = Se, M=Fe and BE=S,

M=Cr). The trugnent ion CF mcsﬂa subsequently loses an

scrh unit with the simultaneous transfer of F from carbon

to Fe or Cr to yield cunnw’( M= Pe, Cr) as evidenced by
wmetastable peaks at m/z* 72,7 and 84.% respectively. The further
fragmentation of cuusur’ seems to be very interesting because
this appears to fragment in tvwo different ways as shown in
Scheme 3.

Path I

\ HMP = NP
T K \\ .
/\‘ €M " °a':|"/

Path I1I

Scheme 3
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Metastable tramsition studies (Tables 5 and 6) suggzest
that both the pathways are probable. It may be noted that
such F loss is very rere in orgnnomota)ltcal'43. However,
the lpoa of Tl = gyclopentadienyl appears to he more facile
than that of the F atom, since the intensities due to MF'

( M=Fe,Cr) ions are many times stronger than those of C HBI’.
A siailar od ‘ 32 ’

g servation was made by King and velcman®
previously in the case of cauafiih. On the basis of the
above observations, the fragmentation may he depicted as
shown in Scheme 4.

CFBM(X ), C, iy "= CPyiM(X )y Hy " cramcsas’

¥ +
‘ M
( £ =8Se, M=Fe and X=C0; E=S, M=Cr and X=NO) i

Scheme 4
The signals at w/z 177,149 and 186 in the spectrum of

CFySeFe(C0),C H,, 5, and at m/z 177,147 and 182 1n that of
CFyS Cr(NO),C.H., 6, have been assigned to C uingx) C HM(x)*
and (csnn)zu ions, The oocnrﬁmve Y 4 (0 l) btbo
mass spectra appears to be a typlcal feature of the eyclopenta~
dienyl carbonyl and nitrosyl derivatives of 9d transition
metals®’. Another interesting feature of the spectra of the
compounds 5 and 6 is the presence of csnsn(x); ( n=1,2) ions.
The presence of such ions sugzests that the loss of Ecrs

( B= $,8e) competes with that of CO or NO,

In an attempt to study the significance of pyrolysis, the
-pootrl of 5 and 6 were run at a temperature cf 10000 1nstond of
20 C. The comparison of the spectra run at 20 c and at 100 c
reveals that the two sets of spectra are essentially identical
except that (i) the intensity of the signal due to CF, &M csus’
became webker, suguesting that thermal decompositions of 5 and 6
are the likely origin of (0585)2M’ ions and that an elevated
temperature fucilitates the expulsion of E ctz units.
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PART TWO

Synthesis and Structural Assessment of Fiuoro, Oxyfluoro
and Acetylacetonato Compounds of Chromium




CHAPTER 4

The Direet Synthesis, Charsecterization and Structural
Assessment of Alkali Metal Hexafluorochromates { 1il ),

kS
A, Loz, 7

' roguetion

Interest in the fluorine chemistry of elements bas always
existed for chemistS, and certeinly does noi appear te be
aiminishing "7, Knowledge of the fluorine compounds of the
transition metuls hés heen increasing considerably, mainly
because fluorine itself has ceased to bhe & laboratory
curbsity as a result of simplification of its preparation
abd purification. New materisls and impreved techninues
have made older synthetic methods very effective, but it is
certainly true that ¢ surprising amount of new work in this
field has to be done,

.lhlo work has been published.

Ref. M,K. Chaudburi and !i.' foy, ﬂnt!o m!o ln.!‘o
Metal-Org. Ghew., 11, 677(1981).
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It is well established that fluorine is charscterised
by its extreme electronegativity and small ionic size and like
oxygen it brings out high valencies of metals, e.g. Pt(VI) and
Cu(1Il), though not necessarily always the highest. Lower
valency fluorine compounds of transition metals are often
unstable and difficult to synthesise.

There has been a considerable current interest in the
studies of various aspects of fluorine-containing compounds of
ohro-tun(lll).""‘“ Syntheses of various fluerine-gontaining
ehromium{I11I) compounds seem to pose problems. Anhydrous
conditions are necessary to obtain chromium(III) flueride.
1t may be prepared by treataent of chromium(III) compounds with
hydrogen fluoride at elevated to-poraturo""g or by prolonged
treatuent of the metal with hydrogen fluoride. Even so the
latter reaction does not go to eonplotton?o. It appears that
heating of (Nl‘),cr!h,*ﬁ_ggggg is a successful method of
preparation of crrh . One of the very important fluoride-~
containing complex of chromium(III) is hexafluorochromate(III)
ton, /crF, 7", Although alksli metal hexafluorochrometes(III),
A.CrF, (A = slkali metal), have been known for quite some time-1!,
there has been no simple and straightforvard method for the
synthesis of this class of compounds reported to date. The
methods recommended for their synthesis include(i) fluorination
of the fused mixture of alkali metal halide and chromium(III)
nadsde,?*+*2 (11) preparation from a kup, welt ** ana (111)
preparation of the complex from an aquous acid solution of the
ehromium(11I) halide.21*24 yethoa(1) has been recognised as
a general method. While bhoth methods (1) and (i1). suffer
from difficult handling problems and require the use of
uncosmon reaction manipulations, method(iii) requires the
use of chromium trifluoride as one of the -tartl‘; reagents
which involves an extra preparation, It has been reported,
however, that the third method is especially suitable for large
precipitating oatlonlal. It is the aim of this Chapter to

describe a novel and general method for the synthesis of
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‘80"3 (A= NH , Li, Na, K or B ) from a‘ueous mediuam,
their characterization and structural assessment by some
physico-chemical methods,

—

4.2, Experimental Section

All chemicals used for the synthesis were of reagent
grade, i

Molar conductivity measurements of sclutions in double
distilled conductivity water were carried cut with a Toshniwal
conduc tance bridge or a Philips conductivity bridge

( No. PR 9500 ) using platinised platinum electrodes sealed
in & PVC cell.

Magnetic susceptibility messurements vere made at
room temperature by the Guoy method using nt('co(ncs)‘ I 4
as the calibrant. The diamagnetic corrections were made
using the data given in the 1iterature®>,

Infrared spectra of the ‘30"6 compounds were
recorded on 8 Perkin-Elwer model 125 spectrophotometer.

de2.1, Methods of Estimation of the Constituents

Estimation of Chromi llﬁl

The compounds were oxidised to give dichromates by
boiling with @Xcess of a persulpbate solution in the presence
of @ very small Gmount of silver nitrate. After the
oxidation was complete, excess of persulphate was destroyed
by boiling the solution for about 40 min. The dichromate
content of the resultant solution was then determined by the
addition of & measured excess of a standard ferrous aszmonium
sulphate selution and titration of the excess of the latter
with stendord 0,1(N) potassium dichromate solution.

0?3



The standarisation of ferrous ammonius sulphate
solution was accomplished by titrating with the standard
0.1 (N) potassium dichromate solution using diphenylamine
aulph&?b as the indicator.

Esti ion of uorldozﬁb

For the determination of fluoride content in the
compounds, the compounds vere first decomposed. Fluoride
was precipitated aquantitatively as lead chlorofluoride,

PhC1F, The ehlorine in PHCLIF was then determined by
Volhard's nethod from which the fluorine content was calculated.

The volumetric procedure was carried out at po 3.6-5.6, 80
that the interference from chromates could he done away with.

Estimation of Alkali Metals

The alkall metals like Li, Na, K ete. were estimated
gravimetrically as theilr sulphates. Chromium was separated
from the compound and removed as hydroxide by treating with
ammonium hydroxide solution before proceding for the
gravimetric estimation of alkali metals.,

stimation of Nitrogen

Nitrogen estimation was accomplished by either
Kjeldahl's method or micro analytical technique.

4.2.2. Preparation of Alkali Metal Hexafluorochromates(III),

agcr!b

Ammonius hexafluorochromate (IIT7), (xn4)scrr5

A quantity of 1.0 g (10 m mol) Cro, was dissolved
in ca 8 ml water in a polythene conical flask, and 10.0 ml



254 ammonia solution was added to it, To the solution

5.0 ml ( 100 m mol) of 40% hydrofluoric acid was added, and
the solution was stirred for about 2 min. Pure hydrazine
hydrate (1.2 m]) was adied very slowly along the side of the
reaction veseel with constant stirring. After the addition
was over, the content was headted on & boiling water bath

for ga 1 h. A & dark green goloured crystalline compound
appeared and the supernatant liquid beceme almost colourless,
The dark green erystalline (Rﬂ‘)3 Crf; was separated by
centrifugation and washed twice with & very small amount of
water and then two to three times with acetone. The compound
was finally dried in Vague. Yield 2.1 g ( 95.5% ).

Anal 5
Pound: K, 19.30% $ Cr, 23.81% and F, 51.72%. The formula
(NB‘)act!% requires 3 N, 19.00% ; Cr, 23.62% and ¥, 51.78%.

Molar conductance (A, ), 368 oha~! em? mo1”t,
Magnetic moment (}Lott)' 3.8 IM at SOQOK.

15 bands (es™') am assignments

pae Vs (dgpap !
5248 Ve Veopep !
30428 Vy (g g )
3157a Vg Oy g )
1402s \')‘ (- N -3 )

Sodium hexafluoroghrougte: (IIl), Ne ,CrF,

A quantity of 1.0 g ( 10% mol) Cr0, was dissolved in
ge 10 ml water in a polythene beaker, and 4.0 (100 m mol)
sodium hydroxide was adied to it. To the solution 5.0 ml
(100 m mol) of 40< hydrofluoric acid was added, and the
solution was stirred for about 5 min., Pure hydrazine
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hydrute (1.2 m1) was then added very slowly along the wall
of the heaker uwith constant stirring. The solution was
then heated on & boiling water both for ga 45 min whereupon
the mother liquor became colourless and & green crystalline
compound precipitated. The green "'30"6 was separated
by centrifugation and purified by washing with a small
amount of vwater at least twice followed by washing with
fcetone., The compound was finally dried in vacuo. Yield:
2.3 g ( 93.6% ).

Analysis

Founds Na, 29.48% 3§ Cr, 22.23% anad F, 48.57T% « The
forsula Na,CrFg; requires : Na, 29,36% ; Cr, 22.13% and
P, 48.51% ,

Molar eonductance (/\u). 365 oh-'icuz -ol".

Megnetic moment (o ep)s 3.81 B at 202%.
in band-(oa")and assignments

535 Vg ( Vopap ?
. Qi ('QCr-P )
Potassium hexafluorochromate (1II), ‘gc"b

The compound K'crrb was prepared in @ manner analogous
to that described for “'ac"b . The synthesis was carried
out using the molar ratio of croaz KOHsHF as 103 100s 100 and
1.2 m1 hydrazine hydrate per 1.0 g cro3 for the reduction.

Yield of K.CrF, from 1.0 g Cro, was 2.1 g { 74.2%).

Analysis

Found 3 K, 44.48% } Cr, 18.40% end P, 40,3249, The formula

Kacrpb requires $ K, 44.41% ; Cr, 18.36% and P, 40.24%.

Do



1on® mo1™1,

Molar gonductance (/X“). 3G8 oha
Magnetic moment  ( [opp)s 352 I at 302K,

IR bands “1) and assignments
haw V3 Vopp)
5258 Vg ( Vgrp)

Rubidium hexafluorochromate (III), nbacrrg

mn'.‘cr!"3 was synthesised by following the procedupe
analogous to that of NlSCrlb. The molar ratio of crost
HbOH : HPF was maintained at 10 3 100 s 100, Reduction of
croa was done with hydrazine hydrate using 1.2 ml of hydrazine
hydrate per 1.0 g cr03 . The yield of ﬂhac"h' starting
from 1.0 g Cr0, , was 3.4 g ( 80.5% )e

A sis

Found : Rb, 60.87% 3 Cr, 12.38% and P, 27.17% . The formula
RbachB requirest Rb, 60.70%; Cr, 12.31% and P, 26.99%.

Molar conductance (A' ), 369 obm™} en’mo1”t,

some (Uoge)s 3.8 M at s02%k.
1k bands ~1) and assignments
534m Vg { Vopep )
5248 Vo ¢ Vopep )

Lithius hexafluorochromate (III) naonyarau.uécrrﬂ. 520

A quantity of 1.0 g ( 10m mol ) Cro, was dissolved in
15 al water in a peolytheme beaker, and a filter paper bag

ab



containing 3.7 g ( 100 m mol) lithium carbonate was kept
soaking in the solution. A Bml portion of 40% hydrofluorie
acid was added to the solution followed by the slow addition
of 1.2 ml of pure hydrazine hydrate with constant stirring.
After the addition was over, the content vas heated on a
boiling water-bath for ¢a 2 h and a green crystalline

compound was obtained. The erystalline product was separated
by centrifugation and purified by washing vith water and
finally with acetone, The compound was dried in vacuo.

Yield s 1.45 g ( 714 ).

Anslysis

FPound : L1, 10,24%; Cr, 25.524 and F, BE.768%., The

formala ldsor!h.nbo renuires: Li, 10,16 € ; Cr, 25.39 %
and P, 85.68% .

Molar conductance  (/\, ), 374 ohm~len? mo1”l,
n ome ( fhorg)s 3480 Mot 302%.

IR bands (en~1) end assignuents

533 a Vg (Vogap !
5258 Ve (Vepep )
1635n S mom
3450m,br V oul

4.3, HResults and Discussion

it has been reported b that the prineipal characteristic

of chromiwm(IIl) complexes is their relative kinetic
inertness in agqueous solution and it is owing to this that
they persist for long periods of time in solution and that
80 many complex species can be isolated as soiids. With this



in view it vas thought that the reduction of cro3 in the
presence of F ions in an aqueous wedium might be one of the
feasible route to the synthesis of crrgs'. Thus, a concentra-
ted solution of o:o was reduced with hydraaiuo hydrate at
ambient to-poraturo in the presence of A* (A = alkali metal)
and F~ ions. The strategy of the reaction was that
chromium (VI) heing a strong oxidising agent on being reduced
would lose oxygen, and coordinatively unsaturated Cr*"(m (6)
would be formed. The coordinatively unsaturated Or”
species would in turn reaet with l"e ions to give rise to
£errg 7 % 3= The possibility of formation of the hexaaque
ion ['cr(HEO) _73 generally exists with chromium (III)
in aqueous solution but such a possibility was precluded in
the present case owning to the presence of an excess of

F ions in the solution.

Room temperature reduction of a concentrated
solution of crba with hydrazine hydrate in the presence of
excess of AOH ( alkali hydroxide) amd 40% HF, maintaining
the ratio of Cr3 F ¢t A at 1 3 10 3 10, readilv zave a
green crystalline compound. For the synthesis of the
lithium analogue, 512003 was used in lieu of LiOH,

Elemental analyses suggested the ratio of A 31 Cr s F as
3:1136. In view of the analytical data the empirical
formula appeared to be Aacrr .

The alkali metal hexaflurochromates (III), A CrF,,
thus synthesised are quite stable and can be stored for
any length of time. The stability can be ascertained by
periodic estimation of chromium and fluorine contents in the
ceompounds. The compounds appear to bhe soluble in water
~and insoléble in commnon organic solvents. The wolar
conductivities of the A cr!% ( A=Nn 4» Li, Na, K or &b)
compounds in water at 27 c vere ronad to lie between
365 and 374 ohm~lem®wol”™! ( vide Experimental section ).
These values suggest a 133 type of electrolytic nature of

03



ooz 00% 008

2i329ds 31 ‘U7 614
r.ucuvmmeDZ JAVM

008 000l 002l uO%

009t 000¢
T T

005t 0007

¥ i i !

) 30N vgd0osav

(9)1eos Aieijiqie

09



the coupounds in accord with the suggested formula *3“"% .
In order to study the stability of the compounds in water,
time-dependant molar conductivities were made. Studies of
molar conductivities of the solutions of (ll‘)a CrF, and
lscrrh. chosen as representatives, at an interval of 7, 15,
30, 45 and 60 days showed no apparent change im the /\,
values, This suggests the stability of the compounds in
vater and supports the contention that the compounds neither
undergo hydrolysis nor decompose to any appreciable extent.

The room temperature magnetic susceptibility
measurements gave effective magnetic moment values of Aacr!h
occuring between 3.80 and 3,84 BM, These are in conformity
with the magnetic moemnts of the octahedral chromium (I1I)
(tg. ) conploxe-29°3° The magnetic moment values obtained
in the present case and the electronic absorption spectra of
crxg’ reported previously 31 are consistent vith a spin-free
d3-oonflguruti0a of chromium in an octahedral field. It is
expected, in such cases, that the values for the magnetic
moments must be very near to the spin-only values since
‘Az' ground state derived from the ip free ion term has no
angular momentum. Purther there are no high energy states
of the proper symmetry to mix with the 4, and introduce

22
orbital angular momentum into the ground state.

The infrared spectra of the series of five compounds
synthesised by & general method resemble each other very
closely suggesting that the compounds are isostructural. The
spectra generally exhibit two characteristie bands(Experimental
Section), ome at ~ 535 and the other at ~ 524 on ', By
analogy these hands have been assigned to the -03 and .{)‘
modes of the Cr~F stretching vihrations. These observations
suggest that the hexafluorochromates (III), ACrF, have
octahedral structures because it has been established by

Peacock and Sharp>® ghat an ootahedral ion of the MP"T
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should have two ( {)3 and QQ‘) infrared active M-pP
vibrations, Three additional bands et 3042s, 3187= and
1402s cm" respectively in the case of (NH4)grrb compound
bave been attributod to the N=H vibrations amdi have heen
sssigned as the < , -, andw), amodes of Nﬂ: . Two
extra bands at 1635m and 3450 m, br om !, observed in the
case of the lithium compound, have been assigned to the
SBOB and JDO-H sodes of water present in the compound &s

wvater Of orystallisation, The lowering of the ~Ch_s

relative to that in the free water molecule and hroadening
of the bhand have beon attributed to intramolecular hydrogen
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OQBAP TER 8

Synthesis and Spectroscopic Studies of Alkali Metal
Pentafluoroatuochromates (IfI), Azz'Crrb(Bzo) 7 *

5.4 Introduction

Chrosiun (I1Y) has been known to form two mononuclear
fluoro complexes! 4’0:F¢_7 ™ and T Crﬁﬁ(ﬂgﬂ)_7 ?’ The
methods currently used for the aynthesis of these gom)lexes
involve (i) fusing of the alkali metal fluorides and
ohromium (III) fluoride and (i11) precipitation from an anueous
solution of chromium (IT1) fluoriael+Z, Both the methods
renuire ohromium(III) fluoride as one of the starting materials,
shich ne«ds &an extira preparation, and the nethods also
suffer from eoase sdditional disadvantagses mentiéned in
Chapter 4. Moreover, it has been statod3 that haraly‘any
structural data are available on these mononuolear species.

®* The work described in this Chapter has heen oommunicated.
Rt M.h. Chaudhuri and N. Koy, Synth. React. Inorg.
Metal-Org. Chem., 19682 ( communicated ).
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With this in view, 1t was thought important to improvise &
direct general synthesis of A,(‘crrb(q,o)_7 ( A= alkali
metal ) and make an assessment of the structure by spec~
troscopic methods. The present Chapter describes the
direct gemeral synthesis of Azzarwb(ﬂ’o) J/ and the
structural assessment made by various physico-chemical
methods.

B2 Experimental Section

All chemicals used for the synthesis were reagent
grade products ( B.D.il. , E.Merck, Sarabbai M. ),

Molar oonductances were measured using a Philips
PR 9500 econductivity bridge . Conductivity grode vater
was used for naking solutions of the compounds.

Magnetic susceptibility measurements were accomplished
by the Guoy method using Hg /~Co (Nes), 7 as the calibrant.
The dismagnetie corrections were made using the date given
in the literature?. The susceptibility measurements were
made at room temperature.

Infrared spectra of the Az['crlh(qao)_7 compounds
were recorded on 8 Perkin-Elmer model 125 spectrophotometer.

Electronic spectira in aqueous media were recorded on
& Beckman model UV-26 spectrophotometer.

Reflectance spectra were recorded against Mg0 using
Carlzeiss Jena VSU 2-P instrument.
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. 9% IS I Methods of Lstimation of the Constituents

Since the sethods of estimation or the constituents
were the seme as those descorihed in Chapter 4, they are not
desoribed in this Chapter.

8.3.2, Synthesis of Alkali Metal Pentafluoroanucchromates(IIl),
Ay [err (1,0) 7

Amsonius Pentafluoroanuochromate (III), (Nn&)2[5r73(82027

Solida Cro, (1.0 2, 10.0 = mol) and N ¥ (0.74 &,
20,0 » 301) were mixed by powdering together in an agate
mortar. The mixture was dissolved in 20.0 ml (400 m mol)
of 40% hydrofluoric scid in a covered polythene beaker by
slightly varming over a boiling water bath, To the warm
solution, 10.0 ml of 37~4049 formaldehyde solution was added
dropwise with constagnt stirring. The orange colour of the
solution was changed to intense green with the simultaneous '
appesrance of a ssall amount of green preefpitate. The solution
was filtered warm and the dark green coloured filtrate was
concenirated to nearly one-fourth of the origival volume by
beating over a bhoiling water buth. The reaction container
was sllowed to cool at room temperature for 08 2 h., The
green crystaliine (NH ), /["Crry(i,0)_7 thus obtained was
separated by centrifugation and mashed four times with cold
satey and finally twice with alocohol and then dried in vacue.
Yield of (tn;l‘)3 [crrs(uzo)J was 1.95 g ( 97.0%).

Analysis

Founds N. ‘30'38%. Cr, 2509“. " 47 .35% and H. 5.11%. The
formula (Nﬂ‘)a(-Cch(HQO)_7 requireas N, 13.91% , Cr,25.86%;
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'. 4102“ and '. 5.02‘0

Molar gonductance (AII ), 264 ohn~len?mo1”1,

Magnetic moment (/M'“).a.sc B M at 290K,

IR bands So-"z and assigoments

535 Dc,_,
516 s Q Cr=F
3105 w,br :Do -H
1620 m,br d -
3041 s 'Du_n
1400 s N) 3
Electronic spectral data
15772 om 4\3.—-) 'z; 10Dq = 15772 cm © B = 772 o=
(15625) . {(18625) (768)
23800 ea™!  fa, — Y1, (P)
(23288)
35089 Yay ‘1'“ (»)
(35087)

values in parentheses are reflectance spectral values.

Sodium Pentafluoroaquochromate III), n-i[ °"'§‘5°) - 7

Sodium pentafluorocacuochromate(11I), uuzfcrrs(aao) 4
was synthesised in a manner analogous to that described for
the synthesis of the corresponding ammonium salt . The
synthesis was carried out with 1.0 g (10.0 m mol) cro,,
0.84g (20.0 m mol) NaF, 20.0 ml (400 m mol) 404 hydrofluerie
acid and 10.0 w1 37-40% formaldehyde. Yield of Na,/Crp (i,0)7
was 1.7 g ( 81.5%).

67



Analysis

Found: N.. ’1083‘ H c'. 8‘013‘ and '. 45.22% . The

forsula Na, [o:-rs(uzo)_? requires: Na,21.79%, Cr,24.65%
ﬂld F, 45.02% .

Molar conductance (/\,), 265 otm~ton® me1”l,
Magnetic moment (P,").a.m B M at 200°K.

1R _bands( m"! and sssignments

. 'Dcr-r
516 s Cr=F
3115 m,br ~oum
1635 w,br Su-o-n

Potassium Pentafluorcaquoehromate (I1I), ia[""g.‘_‘;'a"’ 7

The method of synthesis of the potassium -alt.:,('crrb(nzo)7
was similar to those of the analogous amuonium and sodium

salt of pentafluoroanuochromate (III). Starting with

1.0 g ( 10.0 m mol) Cro, , 1.16 g ( 20,0 m mol) KP and 20.0 ml
(400 w mol ) 40% hydrofluoric acid and performing the reduction
using 10,0 ml 37-404 formaldehyde, the green crystalline
potassium pentafluoroanuochromate(III), lzz'cr!%(ﬂao)_7 vas
obtained. Yield: 1.64 g ( 67.5%).

Analysis

Pound: K, 32.23% ; Cr, 21.49% , and F, 39,33 %. The formula
K,[crPy(H,0) 7 requires: K, 32.15% ; Cr, 21.49% and P, 30.33%.

Molar conductance ( A\, ) , 263 ohn " tem® mo1™t,
0

Magnetio moment ( M'")' 3.82 B M at 209 K.
ba em™}) and sssignments
535 = ~ gyt
512 » Ocr-l
3110 m, br 3 68

1635w br 0 =-H 8u-o-H



Elegtronic spectral data

- ! -
15902 ea™! ‘Az-‘--—) ‘Tas 10Dq = 15902 om 1 p'=734 om 1
5 -1 4 4
23708 c= Az-i-—) TIQ (F)

35010 em™1 ‘Aﬁ"-" ‘T‘B (p)

fubidiun Pentaflucroaquochromate (II1), kb, [crﬁo)]

Synthe$ic procedure for rmz[crrs(nzo)j’ was the same as
those of the other salts of pentafluoroafquochromate (III)
described aboves A quantity of 1.0 g (10.0 m mol) ero,

was mixed with 2.09 g ( 20.0 m mwol) WP and 20.0 m1(400 m wol)
404 1P and the reduction was carried out with 10,0 ml formal- -
dehyde ( 37-40% solution). Yield of the green rubidium
pentafluoroaquochromate((II), b, l °"s('n°’-7 vas
2.82 g ( 83.9%).

Analysis

Pound: &. 50.,95% : Cr, 15.57% amd F, 28,38%. The formula
kb, /[ CrFg(H,0) 7 reauires : Wb, 50.80% ; Cr, 15.48 % and
P, 28.,27% .

Molar conductance (./\ , ), 283 oha~! en® mo1”l,
Magnetic moment (U ,op)s 3.81 B M at 299°K.

o |

] ass t
% = D Cr-p
515 s D Cr-F
3120 m, by Q Ol
1620 w, br 8 B-0-H
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5.3. Results and Discussion

Direct synthesis The reduction of crO3 with
formaldehyde solution in the presence of 40%¥ hydrofluorie
acid and alkali fluorides AF leads to the synthesis of
pentafluorcaquochremates(I11) of alkali metals, A,/CrF (H,0)7
sufficient in number and in very high yields loavlng 1ittle
doubt that such wmethods can be developed for the syntheses of
similar types of compounds of other trensitionh metals. Very
recently the role of hydmaltuo hydrate in the synthesis of
[ore, 7 * trom chromius(vI)® and that of scetalacetone in
the synthesis of Zﬁhlb 72~ trom manganese (VII) and also
sose other un” compounds  from In' have been emphasised.
The advent of this concept has definitely simplified the
synthesis of fluoro compounds of transition metals, This
concept has noew been extended for the synthesis of
A,[7CrFy(H,0) 7. The basis of the present selection is that
formaldehyde can act as a reducing agent giving coa and n,o
and that chromium(VI) is a very well established oxidising agent
for organic substrates. 8-13 Thus, it was thought that the
electron transfer reaction between formaldehyde and crc3
in the presence of F ligands would give rise to the
forsation of fluoro compounds of chrosium (III). The
most prabable gourse of the reaction may bhe expressed by
the following sequence of chain progesses so that the
formation and very high yields of alkall metal pentafluoro-
aquochromates (III) are easily understood,

4cro, + 12 g ¢+ 12" — g0r®* « 6H,0 + 6 02~ (5.1)
SHCHO + 6 0°~ ——> 300, + 3W,0 + 12 o~ (5.2)
4ro, + 128 + 3ECHO —> sors’ o 360, + 9 H,0 (5.3)
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The success of the present synthesis depends on the key
yoles played by formaldehyde, hydrofluoric acid and alkali
metal fluoride AF (m-xu‘. Na, K or Eb) and the net
reagtion can be written as (5.4).

4Cro, + 120F + 3HCHO + 8 AF ——> 44,/ CrFy(1,0)7+3C0, +5H,0
( 5.4)
Characterisation and Assessment of Structure—— The alkali

pentatluorcsquochromates (I11), 52@"5(530)-7' obtained by
the present method are all green and well erystalline compounds.
They are stable for long periods without any decomposition
which can be ascertained from their unaltered appearance and
periodic estimation of ebromims. The compounds are not very
bighly soluble in water and insoluble in common organic
solvents. The elemental analyses suggest the stoichiometry
of At Cr: Fi H as 23111512, The molecular weights calculated
on the basis of elemental analyses were made use of for the
molar conductance studies, The wmolar conductances of the

1 x 10’3(11) solutions of the newly synthesised compounds
were found to lie between 250 and 265 ohu lem°mol™! at 27%

( ixperimental Section) indicating 132 type of electrolytic
nature of the compounds. These results lead to the formula-~
tion of the compounds as A,/CrF (11,0)7. The molar conductance
measurements as a funetion of time did not show any apparent
change in theAu values and confirms the stability of the
compounds in water.

The room temperature magnetic moments of the compounds
are quite straightforward and occur between 3.81 and 3.84
B M. The values are highly comparable te each other and are
very close to the spin-only value of 3.88 B M for ap
octahedral chromium(II¥) species and are in accord with the
erystal field energy studies of Hatfield et all? the results
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also afree woll with the one predicted from theory. Since
the ‘Aa‘ ground state derived from ‘! free ion has neo
angular mosentum and also there is no high energy states of
proper symmetry to mix with the ‘Aa : state, the magnetic
noments must be very near to the spin-only values, That
is precisely observed in the present cases,

The infrared spectra of the compounds taken in both
mull and KBr media exhibit two characteristie bands ( vide
Experimental Section ) at ~ 535 and at ~ 515 o ' which
bave been assigned to ch-!' modes, These values agree
very well with the ch_’ modes observed in some similar
““..5,14 An important feature of all the spectra is the
absorptions at ga 83110( m,br) and at ea 1630 ( wybr) on"‘
which have been assigned to the Dy . and  §, o o
modes of cooriinatedwater. The shifting of J, . towards
lower frequency and broadening of the band as well as
weakening and broadening of & p o . bands relative to
those of free water are aseribed to intramolecular hydrogen
bonding 1517 ghe two additional bands at 3041 and 1400
en~! in the spectrum of (ltﬂ“')2 [ 0175(50)_7 have been
assigned to the D, and D), w=odes of nn". The D, mode of

IH" could not, however, be identified owing to its overlap

vith the broad D, . band at ga 3110 ca” .

Evidence with regard to the presence of coordinated
water was also obtained from the pyrolytic studies of
(M), [ctls(lzo)]. The facts, that the compound doo;
not lose any weight even when it is pyrolysed at 170-185 C,
shows no alteration in the elemental analyses and infrared
spectra before and after heating, lend credence to the
cotitention that the water molecule is coordinated to
chromium.

In order ito get further information and compare
the structural behaviour in the solid state and in selution,
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the eleotrenie spectra of (NH )a[' cr"(l‘ﬁy and

crp (l,o)J in solutions and the reflectance spectrum of
(nm ) (I.O) J were recorded at ambient temperatures.
'!bc spectra show three bands at ga 15750, at ga 23500 and
at ga 35050 on™l,. It is expected that the eleetronic spectra
of ootahedral chromium(III) complexes should exhibit three
bands "“f, to the transitions ‘Aﬁ—e "u."‘li'" ‘r“ (r)

1.(l'). Since that too is observed in the present

cases irrespective of vhether the spectrum 1s recorded on &
solid state or in a solution, it is presumed that the penta~
flueroaquochronate(111) ton, [ 0rpy(R,0) 7%~ possesses an
octahedral geometry and that there is no stereoccheaiecal
non-rigidity of the complex species in the solid state and in
solution.

The A (10D9) values were found to occur between
15600 and 15900 om '(vide Experimental Section) and sgree
with the discussion of energy levels by Penske et al .“ The
values obtained in the present case are essentially the same
as that experimentally found for cr"?' 19 suggesting that
the coordination enviromments in both the ¢cases are more or
less similar, As the transitions are between states of the
same spin multiplicity, the only Racah parasmeter B’ has been
considered of significance in the present cases, The values
of B'caloulated on the basis of the experimental data were
found to lie between 730 and 770 on”! well below 918 em™?,
the value typicel for that of free cr®* ton. A reduction of
B' paremeter from 918 to T70-730 cm ! is attributed to
delocalizasion of the chromium electrons over molecular
opbitals that encompass both chromium and fluorine orbitals
indicating the covalent mature of Cr-F bonds in the eompounds.

It may be concluded that the alkali metal penta-
fluoroaquochromates(111), A /7CrF (H,0)_ 7 ean be synthesised
directly by the reduction eof crb in the presence of AF and
40% HP and thet Cr®® finds itself in this complex in an
octahedral enviroment.
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CBAPTER 6

Synthesis and Physicochemical Studlnl of Alkali Metal
Trioxyfluorochromates (V1), ACro, P and Pyridinluw

Trioxyfluorochromate (VI), C‘ESNR CroaP

6.1, Introduetion

Chromium (VI) chemistry has been one of the areas of interest
to chemists for quite a long time. One common property of
chromium (VI) compounds is that they are potent oxidising
agents, although kinetically they cover & very wide rango1.
The halogen containing chromium (V1) compounds can be

divided into two principal classes viz., (i) chromyl halldoa'a

* Synthesis of alkali metal trioxyfiuorochromates (VI),

Aczoar has been published .

Ref: M.{.Chaudhuri, H.S.Desgupta and N.loy,Ind.J.C s020A,
1227 ( 1951).

*®  Synthesis of pyridinius trioxyfluoroechromate (VI),
cﬁnsun croaw constitutes a part of a paper accepted for
publication in Synthesis ( Stuttgart).

Hef: M,N.Dhattacharjee, M.K.Chaudhuri, {l.S.Dasgupta, N.Roy
and D.T. Kbathing, Synthesis, in press.
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and halochroutu.""5 Four chromyl halides e.g., °’°z'b'

crozfcx. crozcl2 and crozlr3 have bheen known, The main
halochromate (VI) is croax‘ (X = Por C1)c In the case of
fluorine two more oxyfluoroochromates(Vi) namely, cro413’
and crﬂhl;z' are also reported.’*?

The methods, currently in use, for the aynthesis of
slkali wmetsl trioxyfluorochromiates (VI), ACro ¥ involve
either the reaction between alkali metal dichromates and
hydrofluoric scid or the reaction smong cr03, alkall metal
. fluorides and hydrofluoric acid. Since an easy general amd
fast methed is now availshle for the synthesis of alksli
metal bifluorides, Anfaa, it appears interesting to see
whether alkali metal trioxyfluorochromstes(VI), ACro.r
could be prepared from cro3 and Aﬂrz without the use of any
hydrofluorie scid.

VYery recently a 1ot of work has deen done on the
oxidation of various types of organic substrates involving
the oxidising agents based on trioxyechlorochromate (VI),
croscl'. 9-11 4, appears certain that there has been &
continued and growing current interest in the development of
new chromiue{Vvi) roagontng'ta for the oxidation of organic
substrates, particularly slgoholes, Mildness of conditions of
oxidations, specifioity snd effectiveness of a reagent appear
t0 be the prerequisites for sucocss. Although a large
smmber of 'mild' oxidants have becn available, mény of thea
prove impractical, when scaling up above submolar level ie
desired., In vieé of this it was thought important to develope
8 new reagent which would be an efficient oxidant for organie
substrates. The effeoctiveneas of a chromiua(VI) reagent can
be enhanced if such & resgent contains P bonded to chromiumm{Vi).

The aim of the present Chapter is to describe a
novel moethod for the synthesis of alkali metal trioxyfluoro-
ohromates(VvI), Acroar and the synthesis of a new and
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efficient oxidant, pyridinium trioxyfluorochroemate(VI),
ﬂaliln crosr. along with their characterisation by chemical
and physico-chemical methods.

6.3, Experimental Section

All chemicals used were reagent grade products. Alkali
metal bifluorides were synthesised by the method developed
by Cheudhuri and Chaudhury'

Preparation of alkali metal bifluorides, Aﬂﬁl

In an example typical of the general procedure,
powéered alkali metal carbonate, hydroxide or fluoride was
dissolved in 40% hydrofluoric acid maintaining the ratio
of At HF at 13:4. To the clear solution pyridine was added
slowly with constant stirring untill the precipitation was
complete and then allowed to settle., The white crystalline
Alrh thus obtained was separated by decantation and washed
free from hydrofluorie acid by pyridine and then the adhered
pyridine was resoved by washing with acetone and finally

dried in vaguo.

Molar conductances were measured using a Philips
PR 9500 eonduetivity bridge.

Infrared spectra of the ecompounds were recorded on
a Perkin~Elmer model 125 spectrophotometer,

Ge241. Methods of Estimation of the Constituents

Methods of estimation of chromium and fluoride were
the same as those described in Chapter 4. C,H and N estimations
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were made by Micro-Analytical technique (analysis were
done in the Analytical! laboratory of Anorganische Chemie II,
Rubr Universitaset Bochum, Postfach 102148, West Germany).

6.2.2., Synthesis of Alkali Metal Trioxyfluorochromgtes (VI),
ACro F

Since the methods of synthesis of alkali metsl
trioxyfluorochrosates (VI), ACH0,F, are sinilar only a
typical method is desoribed.

In &8 representative =ethod, respective alkali metal
biflucride was dissolved in a sinimus volume of water and
the solution vas heated on a boiling water bath for about
10 min. To the hot solution powdered croa was added with
stirring, maintaining the molar ratio of 0103 L3 Aurh as 1:1.
The solution was maintained hot for another 15-20 min. and
then allowed to co6l in & freezer. On cooling orange-yellow
coloured ACro F (A= NH,, K,ib or Cs) was obtained in very
high yield. The compound vas separated by filtration and

dried in vacue.

Asmonium Trioxyfluorochromate (vr),(uaL)c:oi

Starting from 1.0g( 10.0 » mel) Cro, and 0.57g

(10.0 = mol) NH HF,, 0.98g ( 694¢) ammonium trioxyfluoro-
chromate (VI) m‘crosr was ohtained.

Analysis

Pound ¢ N, 10.53% ; Cr, 38.11% and F, 13.62%. The formula
N CrO,F requires : N, 10.22% ; Cr, 37.94% and P, 13.86%.

Sign red bands “1) and their assignments.

904 = ‘o- Cr-0
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954 » 'On Cr-0
634 » ch-r

Potassium Trioxyfluorochromate (VI), KCro,F

Syntbesis of KCr0,P was performed with 1.0g (10.0 @ mol)
Cr0, and 0.78g ( 10,0 m wol) KiilFy. Yield of KCrO,F vas

Analysis

Found $ K, 24.94% ; Cr, 32.58% and F,12.32% . The foraula
mtoaf requiress ‘. 24.73% H 01'.38.895 and F, ‘30@‘0

nificant infrare s “1) and t a .
908 = 0. Cr=-0
954 » an Cr-0
634 s Verep

Rubidium Trioxyfluorochromate (VI), m”g_'_'

An amount of 1.0p (10.0 m mol) Cr0, and 1.25g (10.0 » mol)
ROHF, gave the yield of RbCro,F as 1.43g {r10%).

Analysis

Pound: b, 42.08% ; Cr, 25.51% and P, 9.48% . The formula
ucroar requires : Rb; 41.80f, Cr, 25.43% and F, 9.20% .

s t infrared bands (em~!) and their ass o
908 » O. Cr-0
988 » On Cr-0
634 » Ocr_'
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Cesiua Trioxyfluoroehromate (VI) c-cro!:

In & typical reaetion 1.0g ( 10.0 m mol) Cro, was
reacted with 1.72 g ( 10.0 = meol) CsHF,. The yield of
cesium trioxyfluorcechromate (VI) CaCro F, was 1.98g(77%).

Analysis

Found : Os, 52.91% ; Cr, 20.72% and P, 7.83%. The formula
°.ma' requiress Cs, B2 J6% H 0'.'00“’ and '.' «54%.

s intrare -4 a
e Vo gr-o
el 4>a- Cr-0
6as » " gy

6.2.3. Synthesis of Pyridinius Trioxyfluorochromste (V1),
Oy Hy NHCTO, P

A quantity of 15.0 g ( 150 m wol) of Cr0, was
dissolved in 25 wl of water followed by the addition of
11.25 ml (225 = mol) of 40% hydrofluoric acid in & polythene
beaker at room temperature with constant stirring. In
about 5 =in a clear orange coloured solution was obtained.
A quantity of 12.3 ml ( 150 m mol) of pyridine was slowly
added to this solution with constant stirring. The mixture
was heated on a steam bath for about 18 min and then allowed
to cool at room tesperature for about 30-35 min and
bright orange coloured crystalline pyridinium trioxyfluoro~
chromate (VI), C H NHCYO,F was obtained. The compound
was separated by filtration and pressed between the folds
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of filter paper and finally dried in vacuo for about 1 h.
the yield of pyridinius trioxyfluorochromate (VI),

C4H NHCIXO F vas 27.9 g ( 93.8%8). Pyridinium trtclytluoro-
chromate (VI), CgHy NICKO P (PPC) melts at 106-108 %.

Analysis

Pound: Cr, 26.17% ; P,9.58% ; €, 30.12%9 ; N, 6.96% and H,
3.074. The formula c,l.llcro,r requiress Cr,26.12% ;
'. 90“" ' c.ao."‘ ‘ .. 'Oo" ." .’ s.o" .

Moler conductance (/),), 128 ohm™*ea’we1™.
ha ra ba -1 s ts
208 0‘
640 SN
340 Ds
982 D‘
373 Vg
262 D.

6.3, Results and Discussion

Alkali Metal Trioxyfluorochromates(Vi), ACr0 P The
alkel i eTeT TrToxy TTaorochrous Tes(VI) sve BIZRTy oFystalline,
orange-yellow gwoloured compounds. They are not very stable
in moist air, but can be stored in sealed polytheme bags.
They are soluble in water but the disolution is always
assogiated with decomposition. The compounds are not soluble
in common organic solvents, AcrO,r compounds attack glass
in the presence of moist air.

The oxidation state of chromium in the compounds
vas determined iodometrically by reduction of a known
amount of the compound with acidified potassium iodide
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solution followed by titration of the liberated iodime
with standard sodius thiosulphgte solution. Chemical
determination of the oxidation state of chromium in the
compounds gave +6 in accord with the formula. The +6
oxidation state of chromius was further supported by the
room temperature wagnetic susceptibility measurements. The
dismagnetic nature of the compounds conform to the +6
oxidation state of chromium in each of the compounds.

The attempts to study the molar conductances of
alkali metal tﬂmﬂnnclr-luc(u).m.r were unsuccessful.
The values obtained were always higher than these expected
for 131 types of electrolytes. This shows the unstable
nature of the compounds in aqueous solution.

The infrared spectra of the newly synthesised
Acro" compounds compare very well with each other,showing
that they are identiocal both structurally and stoichiowetri-
cally. The spectra also resemble the spectrum of uro,r
reported in the 1iteraturel? The three absorptions at g8
904 m , at ga 635 s and at ga 954 5 en~! respectively, may
be quoted as representative of the typieal spectrus of the
complex ion cro,r'. These absorptions have been assigned

to the O_ o o /Qc'_' and Q.. Cr-0 Wodes
respectively.

The novel method, deseribed in the present Chapter,
for the synthesis of alkali metal trioxyfluorochromates (VI),
Acrﬁ,l‘ has an advantage that it does not require the use of
hydrofluoriec acid and provides & very good example of
alkall metal bifluorides nr, y 8cting as fluorinating
agent. The synthesis wmas planned based on the concept of
butfer action of alkali wetal bifluorides, ANF,, end the
concomitant presemce of F, H' and A* fons in & solution

80



owing to the dissociation of Aﬂ!& in vater. Under such a
condition the solution definitely reacts acidie®’15+16
waking the situation conducive to achieve the goal. The
direet reaction between croa and alkali fluorides, AP did _
not appear very feasible, because of the tendency of croar
to undergo hydrolysis giving cro,(oa)° according to the
equation:

Cro F” + H,0 ————> Cro. (om)~ + M (6.1)
The alkali metal trioxyfluorochromates (VI1), ACro,r

decompose when heated. They react vith smmonium wherein
chromium (V1) is reduced to chromium (III).

Pyridinium Trioxyfluorochromate (n).c&m&rﬁ(rm)—
The compound pyridinium trioxyfluorochromate (VI) needs a
special mention, because this was synthesised with a specifie
intention. It may be emphatically mentioned that PFC is
easily and cheaply synthesised in very high yield (93-904% )
by adding pyridine to a stirred agueous solution of 0108 in
40% bydrofluoric acid maintaining the molar ratio of Croat
HF 3 pyridine at 131.58 81 « The compound is orange in
eolour and very highly erystaliine in nature. PFC can be
stored in sealed polythene bag for prolonged periods and
the stability and purity of the compound can be chegked by
periodic estimption of chromium(VI) content simply by
iodometry. Pyridinium trioxyrluocrochromate (VI) melts at
106-108°C.

cananmro,r(nc) is soluble in water, dimethyl-
formamide, acetone and sparingly soluble in benzene, carbon
tetrachloride, chloroform and hexane and slightly more in
sethylene chloride. The molar conductance, A, (25°C) of
a 10" solution of PFC in water was found to be
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128 ahu"onznol" suggesting the uni-uni valent electrolytie
nature of the compound in accord with the formula. The
observed molar conductance value also sugrests the stability
of the compound.

The infrared spectrum of the compound exhibits
bands of 905(_%1). uo(Q,). 340( J,), 952( ), 373( V)
and 263(‘06) es . These bands are rogarded as
eharacteristics for the c:o,r’ toni‘. The infrared
spegtral studies adduce further support to the identity

of the goapound.

Two important properties which need anention are
that (1) PPC does not react with acetonitrile, a suitable
medium for studying kinetics and mechanisms of oxidation
and that (ii) it has relatively less pronounced acidity.
The pi of a 1 x 1072(1) solution of PFC has been found %0
be 2.45 whilst that of 1 x 10" (%) solution of pyridinius
trioxychlorochromate(Vvi), Gyt NiCY 0, C1 (PCC) has been
observed to be 1.75. It appears that a less pronounced
acidity of an oxidising agent is sometime prefered for
certain specific type of work in organic ohn-l-try."‘o

The oxidation reactions involving the new reagent
PFC, does not constitute any part of the present thesis.
However, such studies have heen done in gollahoration with
other workers and the details of the results of oxidations
will be described elsewhere. The results of oxidations,
thus far, appear to he extremely satisfactory and lend
eredence to the contention that PFC most probably will
qualify as a valuable addition to the efficient oxidants
available to the synthetic organie chemists and also teo
the present methodology.
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CHAPTER 7

A Novel Synthesis and Mass Spectrometric Investigation of
tris(scetylacetonato)ebronium(I11), Cr(C H,0,),"

Tele Introduction

The growing interest and extensive use of tris{acetyl-
acetonato)ohromiun(III) have rendered it 8s an extremely
important synthetic compound of chromium. The compound
cr(e,n,o‘). has been used as & catalyst for nlnorluttu}"
oxidation, ° as a semiconductor: as an additive®in rubber,
plastic and paints and for chromium plating from organie
solvents, and alse for extraction separation of chromium

from other nuh."’ Nuclear magnetic resonance

spectroscopy is anocther area where c:'(%ltt),)a finds an

* The work described in this Chapter has been accebteq 7
for publication.
Refs M.K. Chaudhuri, N. Roy and D.T. Khathing,

Synth, hesct. Inorg. Met.-Org, Ches., (2,&%Lssue(Agy)
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extensive use as a C-13 Num.r. chemical shift reagent for
nitrogen eontaining aromatic oo-pondag, shift reagent for
alnu%o shiftless relaxation reagent for C-13 N.wm.r. of
iron ce-plcno-“. line shape analysis studies in Na.r.
oputronm“ and also as a pagramagnetio relaxation reagent

in struetural uuu-%’

Tris(acetylacetonato)chromium( IXI) has been known
for more tham fifty years and a number of methods of its
synthesis have been reported. Some of the very early sethods
are cumbersose and give low yields of the pro‘ut.“’“
The method developed to circumvent these difficulties by the
homogeneous control of pl“ has the following disagdvantages 3
(1) 1t is quite time consuming, (ii) the end-product obtainmed
by the method may be contaminated by urea and its decomposition
produots, owing to the use of a very large excess of urea
in order to control the pH, and (1i1) the yield of
er(cslgoh)’ obtained by this - wethod is lowered if the
initiel pH range is not maintained properly, perhaps because
of the formation of hydroxcamminechromium (III) spootol."-ao
Recently, im 1977 the formation of tris(acetylacetonste)-
ehromius (1I1), cr(e,l.,o,)’ , has been reported®! on the
basis of a study wmade on & submolar level. It also appears
that & small increase in acidity may contaminate the
product, as implied by the isolation of the intermediate
product bis{acetylacetonato)srichloroethancatogquochromium-
(111)22  Also the contemination of the product by
trichloroethancate which is used®! to control the pH, can
not be ruled out. It may also be mentioned thﬁt the
methods currently emplpyed for the synthesis of cr(c.l,O’
require chromium(III) species as a starting moterial which
needs an extra preparation and purification.

):ol‘

In this Chapter a novel and rapid method has been
described of the synthesis of cr(csugoz),. The method is
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based on the concept of electron transfer reaction and
does not require any buffer.

T2 Experimental Section

All chemicals were reagent grade products.

Infrared speetrum of the compound wss recorded on
a Perkip-FElmer model 125 spectrophotometer.

The mass spectra of the compound were recorded on
a Varian MAT CH-5 wass spectrometer, The sample vas
introduced into the ionisation chamber using a direct
insertion probe. The operation conditions were electron
energy, 70 eV ; source temperature, so°c; resolution 1000;
and accelerating voltage 8 kV. The mass spectrometric
observations were made with the field of ionizing current
sufficiently strong to trap primary ions.

Te2.1. Methods of Estimation of the Constituents

For the estimation of chromium in cr(c,n,oz)s. the
compound was decomposed by treating with & small amount
ot’ury concentrated sulphuric acid. The operation was
repeated several times in order to ensure complete
removal of organic residue, The chromium was converted to
chromium sulphate, The rest of the procedure was the
same as that described in Chapter 4.

C,H estimations were accomplished by micoro
analytical wmethods.
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7.2.2. Synthesis of Tris{acetylacetonpto)ehromium (1I1),

cr(05850!)3

A quantity of 2,6 g ( 20.0 m mol) of powered cm3
was added to 20,0g (200 m mol) distilled acetylacetone with
constant stirring when an exothermic reaction set in and the
colour of the solution becawe dark violet., Stirring was
continued for another 10 min after the addition was complete.
The solution was 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 crystals
of cr(058703)3 was filtered off ond washed several times with
water and finally dried in vacuo. The yield of cr(csa703)3
was 6.5g ( 934). The compound thus obtained was very pure
and gave extremely satisfactory analysis, The compound
can be recrystaliised, if desired, by dissolving it in
winimun volume of hot benzene followed by the addition of
hot light-petroleum ( b.p. 40-10"g ) and then cooling at
aboat 0°C. The yvield of recrystallised tris(acetylaceto-
nato)etromium (I1I), cr(csa7oa)3 vas 5.8g ( 83%). The
compound melts sharply at 216 'C. The method may be
scaled up to bhigher quantities.

Analysis

Found: C, 51.52% ; H, 6.11% and Cr, 14.87% . The

6
J,?,"f},‘sg?{f%“-z"z’s requirest C, 5;.571 s B, 6,07% and

The molecular weight was found to be 349 ( mass

spectrometrically).

Infrared bands (em™!) and their assignments.

3060 m ;)OH
2968 o ) D
2066 m

2024 w g °"3
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(b) Metastable Transitions
» *

Observed Calculated 'rooo--_ Pragment
lost

179.2 179,08 349 -» 250 051703

220,9 220,90 250 - 235 cﬂ3

97 .1 097.03 235 - 151 c‘a‘oz

122.5 122 .49 151 ) 196 cﬂ3

———

Te3. Resulis and Discussion

Chelating ability of acetylacetone (acacH) has long
been recognised and on the basis of some very recent
-tndtclza on the synthesis of ﬁnfs compounds from Ia”. its
ability to act as & suitable reducing agent has also been
demonstrated beyond doubt, In view of this it was thought
that it might be feasible to synthesise °"°a"1°a’a
directly from croa by the action of acetylacetone, Naturally
an excess of acetylacetone (ecacH) has to be used such that
after the red-ox reaction an appreciable amount of it must
be availeble in the medium to act as ligands., In faect
the reaction between Cr0, and (CH,CO0),CH,(acacH) readily
gives tris(acetylacetonato)ehromium(111), 61(081102)3.

in extremely high yield. The method does not require any
buffer but the course of the reaction is probably such thot
it maintains the required pH giving rise to the successful
formation of the desired produet. The pH of the solution,
recorded immediately after the formation of cr(csﬂ702)3

was found te be ~5, It is difricult to put forward the
mechanism of the reaction in the absence of complete
information about the oxidised produots of acetylacetone,



The yield of °"°5“r°z)3‘ obtained by this method is
very high and the tiae of reaction is cosparatively less:
than those currently used for the synthesis of tris(ascetyl-
acetonato)ohromium(IiII), The compound melts at 21600 and
highly soluble in many organic solvents giving dark
pink=violet coloured solutions, The cmpound has been
obarsoterised by analysing for C,H and Cr, determination
of melting point and by studying its infrared and mass
spectra, '

The infrared spectrum of the compound (vide ixperimant-
al Section) shows the charscteristics of chelated acetyl-
acetonates (mcac” ). The M=U stretching vibrations of
agetylacetonato conmplexes of transition wetals are most
important since they provide direot information about the
strength of the M-0 bonas .24~28 The Cr-0 stretohing
frequency was observed at 360 em™ ) in the present case
which {8 in conformity with the earlier observations
msade by other524'36 in their tnfrared spectroscopic studies
of such compounds., The spectrum is in full acoord with
those of cr(ocle)3 and other l(aoao)a reported in the
literaturc.ze This gives support to the identity of the
eompound .

The mass spectrum of the compound was recorded using
& direat insertion pronhe for introducing the sample directly
into the ion-chamber without any prior heating. The
essential features of the mass spectra have heen giveu im
Experisental section. The speetrum recorded at 5000 shows
® peak of 207 intensity at m/s 349, and has heen assigned
to Cr(CgH,0,)7 1on which is,infect, the molecular ion

peak. The fragment Cr(cau702); loses one CyH,04 group to
give Cr(058702); ion as evidenced by the peak ag n/x 250,
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The peak at m/z 250 is the dominant peak (100%) in the
spectrum of the compound, The fon Cr(Cgi0,);, however,
does not undergo loss of a further G .0, group as such,
instead it loses a csa unit followed by the loss of

C, B0, to yield the fragment lon Cr(Cgil,0,)" at n/z 151,
The iom Cr(Cgi,0,)" loses CHy unit tirst and then G H 0,
ultimately giving the bare metal ion Cr . Enough
metastable peaks were observed to support the transitions.
In view of this, the wmost probable fragmentation pathway
may be given as in Scheme 1.

Or(Cyiy0,)5 —— Gr(Cyi0,); — (Cgit,0,) Cr(c,H,0,)°

_— cr(c,l,oa)’-—wr(c"u‘o')‘ — cr*
Scheme 1

The mass spectrometric results adduce further support to

the identity and purity of the compound, conform to the

monomeric nature of Cr(C,H.0,), and compare very well with
g7-g0 O ' 2°3

the reported data™,

It may, therefore, be concluded that tris(acetyl-
acetonato)ehromiun(III), Cr(C H,0,), , can be synthesised
directly from M’ without the use of any buffer. It is
hoped that similar methods can be used for the synthesis of
acetylacetonato compounds of other transition metals as well,
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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,i 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);Cl has been studied at 70 eV and at varying inlet temperatures of 20-250 °C,
Like the heavier metal carbonyl derivatives, Mn(CO)sCl exhibits peaks due to carbido fragments. The
spectrum run at 100 °C shows the characteristic pattern of Mn,(CO),, which originates from the formation
and recombination of the Mn(CQO); radical. The spectral pattern changes further at an elevated temperature
(250 °C) showing the formation of Mn,(CO);Cl,. The effect of pyrolysis has been discussed.

INTRODUCTION

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)sCl. 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—Cl
bond followed by stepwise losses of CO groups and
the other involving retention of the Mn—Cl bond with
-stepwise losses of CO groups were observed. The
present work reports the results of EI studies on
chloropentacarbonylmanganese, Mn(CO);Cl, 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);Cl, 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.

Table 1. Mass spectra of Mn(CO)sCl

Metastable transitions in the mass spectrum of Mn{CO)Cl

Observed

165.3
143.1
115.6

88.7

Assignments

[Mn(CO)Ci]*
[Mn(CO),CCI)*
[Mn{CO),Cl}*
[Mn(CO)¢]*
[Mn(CO),CI]"
[Mn(CO),]"
[Mn{CO),Ci1*
[Mn({CO),]*
[Mn(CO)CI)*
[Mn(CO),1*
[MnCCI]™
[Mn{CO)C]*
[MnCi]*™
[Mn{CO)]*
{MnC,}*
[MnC]*+
[Mn]*

[COl*

m/z*

Calculated

165.32
143.02
115.69
88.64
62.06
54.08
36.44
131.63
122.50
95.36
88.16
68.64
111.04
84.39
58.38
33.61

miz

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

Process

230 — 195
195 — 167
167 — 139
139 - 11
111 — 83
83 — 67
83 — 55
230 —» 174
174 — 146
146 — 118
118 — 102
118 —» 80
174 - 139
146 — 111
118 —» 83
90 — 55

Intensity
(%)

246
1.5
0
1.2
14.8
45
349
6.1
27.6
15.8
2.7
29
47.1
26.3
0.8
12.6
88.7
100

Neutral fragment
lost

Cl
co
co
co
co

0
co

2CO
co
co
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the field of the ionizing electron current strong enough
to trap primary ions. The effect of temperature on the
El induced fragmentation pattern was studied.

RESULTS AND DISCUSSION

Table 1 presents the essential features of the mass
spectrum of Mn(CO)sCl. It was observed in the pres-
ent studies, in accord with the report of Edgar et al.,*
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(CQO)sCl, sug-
gesting that the fission of the Mn—Cl 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]*, [MnGC,]", IMn(CO)C]*, [MnCCl]* and
[Mn(CO),CCl1]*, 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 mjz
88.1 and 54.1 support the transitions [Mn(CO)CI]" —
[MnCCI]*+ O 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);Cl, the spectrum of
the compound was studied at temperatures of 20°C,

Path I

\\an<c0)5]+ — [Mn(CO),]*
+e
—2e /

Mn(CO)<Cl — [Mn(CO);CIT*

50°C, 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 Mn,(CO),,. The typical
spectral pattern conforms to that of Mn,(CO),,. An
identical observation was also made by Svec and
Junk.® It is generally believed that Mn(CO)sCl forms
Mn(CO)s 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 Mn,(CO),o. 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)sCIJ" (m/z 230) and
most of the other [Mn(CO)xCl]* (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 Cl atoms in the fragment. Accordingly the peak
was assigned the elemental composition Mn,(CO)gCl,.
A compound of such composition is known and its
mass spectrum has also been reported.* It is believed
that the formation of Mn,(CO)sCl, in the present case
may be either (i) through the dimerization of
Mn(CO)sCl! with a simultaneous loss of two CO
molecules giving rise to Mn;{(CO),Cl,, 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),CII" with simultaneous transfer of a CO
group from one Mn to the other leading to the forma-
tion of [Mn,(CO),CL]".

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 w-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 7 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 t0 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.

— [Mn(CO);1* — [Mn(CO),]* - [Mn(CO)I*

N\

{(Mn]*

/‘4 [Mn(CO);CI]* ~ [Mn(CO),Cl]* = [Mn(CO)CI]" — [MnCI]*

Path II

Scheme 1
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1I—Mass Spectrometric Studies of [CF,EMn(CO),],,
[CF,EFe(CO),l, (E =S8, Se), CF,SeFe(CO),C,H; and

CF,SCr(NO),C.H,

M. K. Chaudhuri,7 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, Tndia

The electron impact induced mass spectra of [CF;SMn(CO),l., [CF:SeMn(CO)4l;, [CF;iSFe(CO)al,,
[CF;SeFe(CO);),, CF;SeFe(CO),CsHs and CF,SCr(NO),C<H; 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 ECF,(E =S§;, Se) with the simultaneous shift of F from carbon to metal. The ions [FFeCsH(]"
and [FCrCsH:]" in the spectra of the cyclopentadienyl compounds prefer expulsion of w-cyclopentadienyls.
The pyrolysis effects on the spectra of the compounds have been studied. An increase in temperature eases
the expulsion of ECF, groups from all the compounds and favors the formation of [Fe(C.H,),1" and

[Cr(CsHq)2]" in the cyclopentadienyl compounds.

INTRODUCTION

Although a number of fluorinated organosulfur and
organoselenium derivatives of metal carbonyls and
cyclopentadienyl metal carbonyls or nitrosyls have
been synthesized in recent years,'™"! the mass spectral
studies of such compounds have received less attention
to date. 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 (ED) induced mass spectra of inorganic
compounds'*'* it was though’/important to investigate
the mass spectra of CF,S dnd CF;Se derivatives of
metal carbonyls and substituted metal carbonyls or
nitrosyls. This paper describes the mass spectra of a
series of CF,S and CF;Se compounds of manganese,
iron and chromium.

EXPERIMENTAL

Compounds [CFaSMn(CO), ], (1), [CF:8eMn(CO),],
(2), [CF,SFe(COLL  (3), [CF,SeFe(CO)],  (4),
CESele(COYCH, (5) and CEF,SGINO)Y,CUHL (6)
“were prepared by literature methods""™" and purificd
by recrystallization before use, "The mass spectra were
run on a Varian MAT CH-5 mass spectrometer. The
experimental conditions were the same as described
previously. '™

he mass spectie and the experimentally observed
mettable transtbons e presented e Tables |

¥ Author to whom correspondence should be addressed.

The observations were made with the ficld of the
ionizing current strong enough to trap primary tons.
The effect of temperature on the EI induced fragmen-
tation was studied with allowance being made for
pyrolysis reactions taking place in the ion source.

RESULTS AND DISCUSSION

[CF,SMn(CO),], (1) and [CF,SeMn(CO).], (2)

The mass spectra of 1 and 2 exhibit weak molecular
ion peaks at m/z 536 and 632 (Table 1). Each of the
molecular ions loses three CO groups in a single step
leading to [(CF:E),Mn,(CO).]" (E=S. Se). which sub-
sequently loses one CO group followed by loss of an
ECF, unit with the simultaneous shift of F from
carbon to metal giving [CF;EMn,(CO),F]". This frag-
ment loses four CO groups in steps, however. followed
by the expulsion of the second ECF, unit to yield
[Mn,F,]" ion which undergoes successive losses of |
atoms giving [Mn,]", which finally fragments to [Mn]".
The signals at m/z 161 and 209 in the spectra of 1
and 2 duc to [Mn,SF]" and [Mn,Sel]" indicate the
loss of CEy through the rupture of S C or Se (
bonds, However, this could naot be sapparted by the
metastable transitions, precluding any signmficance of
such a process. Thus, unfike the CHLS derivatives of
metal carbonyls which show preferential losses of CO
groups followed by that of CH, through rupture of the
S C bond, the cotrespondime CHS o CESe com
pounds extubat Toss ot SCUCor SeChowith the simul
tancous shift of F from carbon o metal, This is
presumably favoured by the formation of a new bond

CCC-0060-0000/81/0000-0000$00.00
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Table 1. Mass spectra of [CF;:EMn(CO)4]; (E=S§, Se) complexes

E-S E-Se
tntansity intensity
Assignments miz (%) Mi2/IM m/z (%) M -2/M
[{CF4E),Mn,{CO)g]* 536 45 0.089 632 5.1 0.97
{(CF,E),Mn,{CO)g]" 452 28.3 0.093 548 26.5 0.98
[{CF3E),Mn,{CO),}* 424 315 0.091 520 338 0.95
[{CF3E)Mn,F(CO),1* 314 449 0.046 362 48.6 0.49
[{CF;E)Mn,F{CO),]" 286 35.6 0.047 334 33.2 0.48
[(CF,E)Mn,F(CO)]" 258 29.8 0.045 306 28.7 0.47
[{CF5E)Mn,F]" 230 49.8 0.046 278 48.2 0.51
tMn,F,)* 148 58.7 — 148 59.1 —
{Mn,F]* 129 53.2 — 129 52.3 —
{Mn,]’ 110 50.3 — 110 51.1 —
[Mn]* 55 65.8 — 55 66.9 —
|ECF,)’ 82 71.5 0.045 130 748 0.48
icol 28 100 — 28 100 —
Metastable transitions in the mass spectra of [CF;EMn{CO),},
Neutral
«/ . fragment
miz g Process lost
(St (Se}
381.2 475.2  [(CF,E),Mn,(CO)g]l' — [{CF3E),Mn,(CO)]* 3Co
397.8 4935 [(CF;E)L,Mn,(CO)c]' — [{CFLE),Mn,(CO),]" co
275.9 2925 [{CF;E),Mn,{CO),]" — [{CF,E)Mn,F(CO), )’ ECF,
288.3 336.0 [{CF,E)Mn,F(CO),)" — [{CFEMN,F(CO),)" CcO
. 260.5 308.2 [{CF,E)Mn,F(CO),4]" — [{CF;E)Mn,F(CO), I cO
2.,‘}2 RN (‘3.23'-85[ 280.4 [{CF,EMN,F{CO),}" — HCFE)Mn,FCOY cO
w 205.0 252.6 [(CF,EIMn,F(CO)]' — [(CF,E)Mn,F]’ co
95.2 78.8 [{CF,E)Mn,F]' — [Mn,F,}" ECF,
112.% 1125 [Mn,F,) — [Mn,F}! - F
93.8 938 [Mn,Fl' — [Mn,]" F
27.5 275 [Mn,]* -~ [Mn}! Mn
Table 2. Mass spectra of [CF,EFe(CO),]; (E =8, Se) complexes
-5 Se
Intensity Intensity
Asgsignments m/z (%} M2/ Me2/M miz (%}
HCF,E),Fe,[CO)g)" 482 6.8 0.13  0.115 578 5.8
} e [(CFLE),Fe,{CO)]" 454 15.6 0.11  0.118 550 20.1
s [(CF4E),Fe,(CO), 1" 426 1.7 0.13  0.117 522 10.7
2 & T ICRENFelCOL) . 338 86 013 0114 494 6.7
- - ' [{CF;E),Fe,{CO) ) 370 20.1 0.12  0.116 466 25.6
~ [{CF4E),Fe,lCO))" 342 14.8 011 0.115 438 171
[{CF4E),Fe,]* 314 60.6 012 0.114 410 12,6
[(CF,E)Fe,F]* 232 12.7 0.12  0.046 280 5.6
[Fe,F,]' 150 72.5 0.12 150 73.3
[Fe,]’ 112 41.2 0.12 112 60.2
[Fel" 56 58.7 0.06 56 52.8
[ECF,] 82 61.2 0.045 130 69.3
' [Fe,F,}?* 75 12.8 0.12 75 1.2
Metastable transitions in the mass spectra of [CF.EFe{CO),},
Neuteal '
Fragrnand
) mir? (e} rocems TN
42717 523.4 [(CF4E),Fe,(CO)gl' -+ [{CF,E),Fe,(CO)g} co
399.7 495.4 [(CF4E),Fe,(CO),]' — [{CF.E),Fa,(CO)T’ co
3719 4675 |{CFELFa COLD > IICFE),Fo e, co
34349 4306 {CF D), Fe (G0N - HEEEY Fo feO) L co
3N63 411y {CF L be (O > UCF B Fa (el CQ
288.2 383.7 [ICE,E),Fe,(CO)" -+ l(CFELFe,) co
1714 191.3  [(CF4E),Fe,]' — [(CF,E)Fe,F]" ECF,
96.9 80.3 [ICF;E)Fe,F]" — |Fe,F,)" ECF,
83.6 83.6 |[Fe,f,]' — (Fe,}’ F,
2 ORGANIC MASS SPECTROMETRY, VOL. 00, NO. 00, 1981 © Hevden & Son Ld
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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 SCF,
or SeCF, group, ionization of which gives strong sign-
als at m/z 82 or 130 (Table 1) respectively.
In order to study the effect of pyrolysis on the
explusion of ECF, (E=S,Se) from [(CF,E)Mn,F]",
_ihe spectra were run at 100 °C. This showed that the
intensity of the signal at m/z 148, due to [Mn,F,]" was
increased from ~59% to ~78% and that those signals
at m/z 230 in the spectrum of 1 and at m/z 278 in the
spectrum of 2 decreased from ~49% to ~23%, sug-
gesting that pyrolysis plays an important role in the
formation of ECF,. It may be mentioned that SeCF,
has been prepared for the first time by Haas et al.”* by
pyrolysing B(SeCF;);. The most probable fragmenta-
“tion pattern of (CF,E),Mn,(CO)g may be as shown in
Scheme 1.

[(CF5E);Mn,y(CO)s]* ~ [(CFAE),Mn,(CO)]* —
[(CF,E),Mn,(CO),]" — [(CF3;E)Mn,(CO),F]*-

[Mn]* *—[an]*«-[anF] é—[anFz]J"* '“wi
il «[(CF,E)MnZFﬁ

P[(CF,E)an(CO) F]* +(4— nCO (n=1-4)"

> Scheme 1° )

All transitions from the molecular ion down to the
basic [Mn]" ion have been supported by the approp-
riate metastables (Table 1). 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.

[ CF,5Fe(CO);], (3) and [CF5SeFe(CO)s]; (4)

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

Table 3. Mass spectra of CF,SeFe(C0),CsH,

(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 ECF, 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 {Feze]

since the dipositive ion at m/z 75 due to [Fe,F, J** and
a signal at m/z 112 due to [Fe;]" occur. The formation
of [Fe,F,J** and [Fe,]" indicates iron—iron bonding in
3 and 4.

The spectra of 3 and 4 exhibit not only the metasta-
ble peaks at m/z 71.6 and 54.8, representing the de-
dradation [(CF,E),Fe;]' —[Fe,F,]', but also enough
metastables to permit elucidation of the fragmentation
as depicted in Scheme 2.

[(CF;E),Fe,(CO)¢]" — [(CF3E)Fe,(CO), ]
+(6-n)CO (n=1-6)
[Fe]" «[Fe,]" « [Fe,F]" « [Fe,F,]" « - ‘
[(CF,E)Fe,F]" « [(CF;E), Fe,]'
Scheme 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 (CF,S),Fe,(CO), ()
from the ratios M—2/M and M +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 [Fe,F,]" ion from ~73% to ~96%.
suggests that the high temperature facilitates the loss
of ECF, (E=S. Se).

CF;SeFe(CO),C.H; (5) and CF;SCr(NO),CH; (6)

Tables 3 and 4 list the essential features of the mass

~spectra of § and 6. The salient aspects of these spectra

Metastable transitions

Neutral

Intensity fragment
Assignments m/z (%) m/z* Process lost
: [CsHgFe(CO),SeCF,]* 326 5.6
[CeHgFelCO)SeCF,]* 298 421 372.6 [C4H4Fo(CO),SeCF,]' — [CsHsFe(CO)SeCF,]* co
[CeHyFeSaCF,]" 270 28 244.6 [C,H Fe(CO)SeCF,]' — [C4H FeSeCF,]’ co
. 1CHeFok)" 140 92.7 72.7 IC M FRSoCE,)" - |C H FoF) © SeCF,
1CeH Fal m 6.2 104.06 [CH FaF)! G HFe) ]
[CyHyFel 95  20.3 74.6 [(C4H Fe]' ~» [CyH Fe)" C,H,
[Fo]' 56 238 33.0 [C,H,Fe)! — [Fe)* C4H,
[coyj’ 28 100
- [(CgH,),Fal' 186 79
[CHFBC M) 160 307
|CeHFo(CO), )" 1 14.2 93.2 [CuHFalCOLSaCE, ]! -+ [CHEa(CO),) SeCt,
[CHgFa(CO)! 149 121
[SeCF,]* 130 78.9
[FFeC,H,I* 114 632 92.8 [FFeCgHql' — [FFeC4H,]* C,H,
[FFe]* 75  59.2 49.3 [FFeC,H,]* — [FFe]* C.H,
[Fe] 56 23.8 41.9 [FFe]’ — [Fe]* F

© Hevden & Son Ltd, 1981
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Table 4. Mass spectra of CF,SCr(NO);CsHs

Metastable transitions

Neutral
Intensity "y fragmaent
Assignmants m/z (%) miz Procsss tost
[CF,SCr{NO),CeH 51* 278 7.2
- [CF,SCr(NO)CgHgl' 248 52.5 221.2 [CF,SCr(NO),CHgl' — [CF3SCr(NO)CgHs]' NO
. [CF,SCrCgHg)" 218 . 496 191.6 [CF,SCr(NOICgHs)" — [CF,SCrC Ml NO
[FCrC,Hg)' 136 358 84.8 [CF,SCrCeHgl" — [FCrCgH, ' SCF,
[FCr]* 71 663 37.1 [FCrCHg' — [FCr]' CoHe
[Cr)! 52 68.2 38.1 [FCr}' — [Cr]" F
[SCF,}* 82 89.3 :
[NOJ* 30 100
[CrCeHg)* 117 154 100.6 [FCrC4H,l* — [CrCgH,)" O F
X [CsHsCriNO),J* 177 289 1127 [CF,SCrINO),CsHs)* — [CeHsCrINO),)* SCF,
[CgHsCr(NO))* 147 26.7 87.1 [CFSCriNO)CgHsl"  — [CgHCriNO)})* SCF,
! CHC.Hy)) 182 358
’ Path I - more facile than that of the F atom, since the inten-

( [C;H,MF]* —— [MF}*

/ Y

[CHMF]* ' (M]"
. ( [CHMY —— [CH MY
- Path I1
Scheme 3

¥

are the weak molecular ion peaks at m/z ab 326 and
278, followed by losses of two CO or NO groups in
steps, giving [CFREMCsH;]' (E=Se,M=Fe and E=
S, M = Cr) which subsequently Joses an ECF, unit with
the simultaneous transfer of F from C to Fe or Cr to
vield [CsHMF]" (M =Fe, Cr) as evidenced by metast-
able peaks at m/z 72.7 and 84.8 respectively. The
fragmentation of [CHsMF]' 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
z?m such F loss is very rare in organometallics.'®!’
However, the loss of mw-cyclopentadienyl appears to be

[CFAEM(X),CH,)' ——

[CF,EM(X)CH.)"

sities of the signals due to [MF]" (M = Fe, Cr) ions are
many times stronger than those of [C;HM]'. A simi-
lar observation was made previously’ in the case of
CH;TiF,. On the basis of the above observations. the
fragmentation may be depicted as shown in Scheme 4.

The signals at m/z 177, 149 and 186 in the spec-
trum of 5§ and at m/z 177, 147 and 182 in that of 6
have been assigned to [CsHsM(X),]", [C:H:M(X)]*
and [(CsHs),M]" ions. ‘The occurrence of [(CsH),M]"
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
[CH M(X)n]“ (n=1,2) ions suggests that the loss of
ECF, competes with that of CO or NO.

In an attempt to study the significance of pyrolysis,
the spectra of § and 6 were run at a temperature of
100 °C instead of 20°C. The two «ets of spectra were
essentially identical except that (i) the intensity of the
signal of [(CsHs),M]* became stronger and that (ii)
the signal due to [CF;EMCsH(]" became weaker,
suggesting that thermal decompositions of § and 6 are
the likely origin of [(CsHs):M]" ions and that an
elevated temperature fae:hta‘es the expulsion of ECF,
uuits.

—— [CF,EMCH,]* —— [CHsMF]*

" (E=Se, M= MTe and X=CO; E=S, M= MCrandX NO) l
Scheme 4 [M]" «— [MF]*
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THE_DIRECT SYNTHESIS AND CHARACTERIZATION OF ALEATI
METAL, HEXAFLUOROCHROMATES(ITI), M,0rF_

Mihir'K. Chaudhuri* and Nirmalendu Roy

Departmoent of Chemintry. North—Laﬁtorn Hill Univeraity.
Shillong 793003. INDIA

ABSTRACT |

The reduction of an aqueous solution of Cro3 with
hydrazine hydrate in the presence of an excess of
equimolar amounts of MYOH end 40% HP yields green,
crystalline alkali hexafluorochromates(III), MIschG
(M - NH# a, K or Rb), in very high yield. The
1ithium analogue has been prepared by using LiZCOB'
instead of lithium hydroxide. The compoundam have been
characterized by elemental snalyses, room temperature
magnetic noments, infrared spectra and_molar‘conductivity.
Time dependent molar conductivity studies of \NH, ) 5CrF
and K3CrF6 suggeat that the compounds do not tndergo
decomposition in water at amblent temperatures,

INTRODUCTION

Albeit alkali metal hexzafluorochromates{III),

IBGrFs, have been known for quite gome time‘; there has

M
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been no simple and straight forward mothod for the
syntheeis of this class of compounds reported to
date. The recommended methods include (i) fluorination
of the funed mixture of alkali metal hAalide and
ohromium\ ITI) halide."a \i1) preparation from a KiIF,
melt’ and {111) precipitation of the complex from an
aquoous mcid solution of the chromium(III) halide.'r4
Mathod (1) has been recognimed am a géneral method.
While béth methods (1) and (i1) suffer from difricult
handling problems aid require the use of uncommon
reagction manipulations, method (iii) requires the use
of chromium trifluoride as one Of the starting reagents
which involves an extra preparation; howvever, it has
been reported that the third method is especially
suitable for large precipitating cations.1 In a
continuation of our studies of fluoro and oxyfluoro
conpounds of various transition metalss's we now

report a novel and general method for the synthesis

of 241301'11‘6 \MI = NH,, Li, Fa, K or Eb) from aqueous

medium,

RIOULT3 AUD DISCUSSION

It haa been reported7 that the principal characteristic
of Cr{III) complexes is their relstive kinetic inertness .
in aqiecus solution and it is owing to this that they
persigt for long periods of $ime in solution and that so
many complex species can be isolated as solids. With.
this in view, a concentrated solution of Cro3 wag reduced .’
with hydrazine hydrate at ambient tenperature in the -
presence of an excess of n* and ¥~ ions. The strategy
of the reaction was that CriVI) being a strong oxidizing
egent on being reduced would lose oxygen, and

coordinatively unsaturated Cr*®\n <6) would be formed
> 7 * ! ?‘b

1yt e}
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N
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which would in turn react with F~ lons to give rise to
L CrF6_73 . The possibility of formation of the hexasaquo
ion / Cr\H20)6_73+ was precluded owlng to the preasence
of an exgéess of F ions in the solution. ..

- Roonm temperature reduction of a conoentrated
solution of CrOy with hydrazine hydrate in the presance ;ﬁ
of exceas of MIOH and 40% HF, maintaining the rntio of
Cr:F:MI at 1:10:10, readily gave a groen cryastalline
compound. For the lithium anslogue, L12003 was uged in
lieu of LiQH. Elemental. annlysmes spuggested the ratio of

. MLli0riP as 3:1:6. In view of the analytical data the

empirical formula appeared to be M3ICrF6.-t :'»ff‘-f

, The compounds are quite stable and can be atored
tor any length of time. They appesar to be soluble in
water and ingoluble in common organic eolventa. The
molar conductivities of the compounds in water at .
27° lie between 365 and 374 ohm"cﬁazmol'1 suggestiﬁéhé
133 type of electrolytic nature of the compourds in |

accord with the suggested formula M3ICrF5- Purther. ' .

gtudies of molar conductivities of the solutione‘of. i
\NH4)3CrF6 and KSCrFG’ chosen asg representatives, at

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

- apparent change in the Z\M valueas. This ehcws the Kk%a-~;
atability of the compounda in water and -upporte the ﬂ',, o
contention that the compounde neither undergo hydralysis

"~ nor decompose to any appreciable extent.,:. .-

The roonm temperature negnetio suscaptibility
neagurements gave effective magnetic moment valuea
occurring between 3.80 and 3.84BM (moe TABLE I) whioch
are in conformity with the magnetid moments of the V.37

,ﬁi ;.octahedra1 Cr\I1I) \tzg ) Oomplexeg,s_‘O  fF";

The IR spectra of the compounds are rather straight ”ﬁTQ

: f&f&ard_and generally exhibit two banda (TABLE I),,one

B R Ay
i T :



at~535 and the other at—~524 em™ 1, By analogy11 these
bands have been assigned to the -93 and 1% modes of the
Cr-FP gtretching vibrations. These obgervations suggest

that the hexafluorochromates(III), MI3CrF6 presumably

?{ have octahedral structures bécause it has been

- eatnbliahed by Pencock and Bhnrp11 that an ootnhedral

ion MF6 should have two \ 1)3 and 19) IR nctive M-F
vibrations. Two additional "bands at 1635\m) and 3450\e,br)°m
observed in the cane of tho lithium compdund, have béen o
assigned to the Sy . and . modes of water present as ..
water of crystallization in the compound. The lowering =~ . .’
of the oy relative to that in the free water molecule . .
- and broadening of the band have been attributed to . T
_ intramolecular hydrogen bonding in L1CrFe.H,0. o

’

EXPERIMENTAL

A1l chemicals used were of reagent grade. Infrared = =+ .
gpectra vwere recorded on a Perkin-Elmer mcdel 125 Spectro- };?fg
meter. Molar conductivities were measured at room PR
temperature using a Toshniwal conductance bridge. Magnetic f
susceptibility measurements were made at room temperature Sy
- by the Guoy method using Hg L CO\NCS) _7 as a calibrant. P;"}hf

— e

.‘All experimental data are get out in the TABLE I. - -

Preparation of Alks)i Motsl stafluorochromatea\III), FR

P
ik SR I S SR S BT
1 ‘aé'v_ug'me et geni P n

JORLTERV NS O SN S R
BRERES? S i o RS
> ELIEN o

" Ammonium hexafluorochromate\III), tNH,l3CrF6 o ':?{“

A quantity of 1.0g (10 mmol) CrO3 vas dissolved in :‘:n
¢a 8 ml water in a polythéne conical flask, and 10.0 ml
25% ammonia solution was added to it. To the solution
5.0 ml \100 mmol) of 40% hydrofluoric acid was added, and




the solution was stirred for ca 2 min. Pure hydrazine
hydrate (1.2 ml) was added very slowly along the side
of the réaction vessel with constant stirring. After
the addition was over, the content was heated on a
boiling water bath for c¢ca 1h. A dark green coloured
oryatalline compound appenred and the supernatant liquid
bacnme nlmost colourlesa, The dark green crysinlline
\NH4)3CrF6 wae separated by centifugation and washed
twice with n very small namount of wnter nnd then two
or three times with ncotone. The compound was finally
dried in vacuo. Yield : 2.1g \95.5%).

9‘

Sodium hexafluorochromate(III), Na,CrF,

A quantity of 1.0g (10 mmol) Cr0; was dissolved in
cg 10 nl water in a polythene beaker, and 4.0g (100 mmol)
sodium hydroxide was added to it. To the eolution 5.0 ml
(100 mmol) of 40% hydrofluoric acid was added, and the
golution was stirred for ca 5 min. Pure hydrazine hydrate
(1.2 ml)was then added very slowly aslong the wall of
the beaker with constant stirring. The solution was then
heated on a boiling water bath for ga 45 min whereby
the mother liguor became colourless and a green
crystalline compound precipitated. The green Na3CrF6
was separated by centrifugation and purified by
washing with a emall amount of water at least twice
followed by washing with acetone. The compound was
£inally dried in vacuo. Yield : 2.2g (93.6%).

Potassium hex~fluorochromate(III), K.CrF., and rubidium
» Q
hexafluorochromate(Ill Rb30rF5_

i
K3ch6 and RbBCrFs have been prepared in a manner

anaslogous to that described for NaBOrFG. In each case .

the molar ratio of Cro: MLOH:HF was maintained at

51 t .



Efdﬁ100:100. and 1.2 ml hydrazine.hydiaté waé'uééd per |
1.0g of CrO3 for the reduction. Yield of K3CrF6 from
1.0g Cr0z was 2.15 \74. 2%) and that of RbschG from
1. Og C:c'o3 vas 3.4g (80 5%) SR :

Myklthium hexnflugroghromate\Iil) monohydrnte, Li,0rk.,u,0

" A quontity of 1.0g 10 mmol) Cr03'was dissolved in
15 ml watar in a polythens hanker, and n filter paper .
bng containing 3.7 \100 mmol) lithium onrbonate wam =~ i
kept soaking in the Solution, A 5 ml (100 mmol) portion o
of 40% hydrofluoric acid was added to”the solution = - -
followed by the slovw addition of 1.2 ml of pure hydrazine
hydrate with constant stirring. After the addition was
over, the content was heated on a boiling water bath for ca
2h and a green crystalline compound was obtained. The
crystalline product was separated by centrifugation |
and purified by washing with water and finslly with
qcetone. The compound uas dried in vacuo. Xield 3 1 45g
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A Novel Synthesis of Alkali Metal
. Trioxyfluorochromates(VI)

M. K. Cnaupnure®, H. S, Dasgurta & N. Roy

University,
Shillong 793 003

= " "Received 22 January 1981; revised and accepted 4 May 1931

* " Reaction between alkali metal bifluorides MIHF, (M! = NH,,
= K, Rb or Cs) and CrO; in 3:1 molar ratio in 2 minjmum amount
* of water gives alkali metal trioxyfluorochromates (VI), M'CrO,F

in very high yields. The compounds have been characterised by

" clemental analyses and IR spectral studies. The advantages of

st

: . the new mgthod are discussed,

|N the course of our investigation on the fluoro

and oxyfluoro compounds of transition metalsi-4
and in continuation of our studies on the use of
alkali metal bifluorides MIHF, (M* NH,, Na,

, K, Rb or Cs) as fluorinating agents™* it became

{.
Inds 3. Chem., 204,
S LA

g
I
i
-9
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TABLE 1 — CHARACTERISATION DATA OF ALKALI METAL TRiD-
XYFLUOROCHROMATES (VD)

Found (%)) (cak)

Compound  Yield »

% M or N Cr F
NH,CrO,F 67-70 10.53 38.11 13.62 °. ..
(10.22) (37.4) (13.86) v
KCrO:F 89-92 24,94 32.88 1232 -,
(24473) (32.89) (12.02) o
“l)(‘i‘(')gr" Hl-T1) 42,08 25.5) 948 0 -
1AM (2R414) )
OOl 7514 Y 20002 TH
(52.70) (20,04 (7.54)

neeessary 0 synthesise various M/CrQ,I' (M! =
NHyg, K, Rb or Cs). Such trioxyfluorochromites(VI)
have bcen known for quite some time™?, ‘The
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 CrO; was used. Alkali metal
bifluorides, M*HF, were prepared by the method
developed in this laboratorys,

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 CrO, was added with stirring,
maintaining the ratio of CrO, : M'HF, as 1:1. The
solution was maintained hot for another 15-20 min
and then allowed to cool in a freezer whereby orange-

« yellow coloured M! CrO;F (M! = NH,, 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.
presence of moist air but can be stored in scaled
polythene bags. The IR spectra of the newly syn:
thesised M'CrO,F recorded on a Perkin-Elmer model
125 have been compared with the corresponding
reported data®. The typical absorption at ~904(m),
~635(s) and ~954(s) em~ have been attributed to
vs Cr-O, vCr-F and vas Cr-O 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*HF, and
the concomitant presence of fluoride ions, H* and
M** jons in a solution obtained by the dissociation

of alkali metal bifluorides M'HF, in water. Under -

such a condition the solution definitely reacts
acidic®1®1l,  The direct reaction between CrO, and
MF did not appear feasible, because of the tendency
of [CrO,FI- to wundergo hydrolysis
[CrO4(OH)|- according to the equation :

| CrOF~ + H,0 —> CrO,(OH)- + H+ + F~ . %

. PRI

They attack glass in the .

giving -

1227*“981)*;‘7-_

il

The alkali metal trioxyfluorochromates (V1) are
almost insoluble in common organic solvents and are :
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Pyridinium Fluorochromate; A New and Efficient
Oxidant for Organic Substrates

Manabendia NOBravacaive, Miho K ("xmmn(nuf‘llhnm.ln
SODASGUEUY, Nuvmadewdy Ron

Department of Chemistry, North-Eastern Hill University, Shillong,
793003, India

Darlando T. KHATHING

Department of Physics, Morth-Eastern Hill Umiversity, Shillong,
793003, [ndia

There is continued interest in the development of new chrom-
ium(V1) 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 svnthetic potential of pyridinium fluorochromate,
C;H.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. The 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
0.01 molar solution: 1.75). The results hitherto obtained with
pyridinium fluorochromate are very satisfactory and suggest
the new reagent as a valuable addition to the existing oxidiz-
ing agents.

Pyridinium fluorochromate in dichloromethane oxidizes pri-
mary (1a-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
(1g) and a tricyclic allylic alcohol (1f) to benzil (2g) and a tri-
cyclic enone (2f), respectively.

H
N
R2 @ FCro e/cn a R?
SereoH L o =g
kg e
1 2

Pyridinium fluorochromate in dichloromethane also oxidizes
anthracene (3a) and phenanthrene (3b) to anthraquinone (4a)
and phenanthrene-9,10-quinone (4b) in 68% and 52% vyields,
respectively. To our knowledge, these yields are higher than
those obtained by other oxidizing agents under mild condi-
tions and thev may even be raised to 98% and 72% by using
acetic acid as reaction medium.

H 0
N
@ FCro,e/CHzcx, or AcOM
Z X -
488
0

3a 4 a

Spalte 54

S_’ﬁ%h”is’ in press (1982)
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The attempted analogous oxidation of naphthalene so far led
only to ~25% of oxidation product.

Pyridinium fluorochromate is easily prepared in 93-94% yield
from pyridine, aqueous 40% hydrofluoric acid, and chrom-
ium(VI) oxide in a molar ratio of 1:1.5:1. The orange crystal-
line reagent can be stored in sealed polythene bags for long
periods without decomposition. The chromium(VI) content
may be easily determined iodometrically. The molar conduc-
tance of the reagent in water (see procedure) suggests an uni-
uni valent electrolvie nature i accordance with the formula
shown; this fact may account for the stability of the com-
pound. The LR, spectrum is similar to that of potassium fluor-
ochromate” . Pyridinium fluorochromate is soluble in water,
dimethylformamide, and acetone; it is less soluble in dichlor-
omethane and only sparingly soluble in benzene, carbon te-
tachtoride, chlorofotm, and hexiane.

Pyridinium Fluorochromate(VI), C<H:NHCrO;F:

Chromium(VI) oxide (CrOs; 15.0 g, 0.15 mol) is dissolved in water (25
ml) in a polythene beaker and 40% hydrofluoric acid (11.25 ml, 0.225
mol) is added with stirring at room temperature. Within 5 min, a clear
orange solution results. To this solution, pyridine (12.3 ml, 0.15 mol) is
added slowly with stirring. The mixture is heated on a steam bath for
~ 15 min, then cooled to room temperature, and allowed to stand for
30-35 min. The bright orange, crystalline pyridinium fluorochromate
is isolated by filtration, pressed between the folds of filter paper, and
dried in vacuo for ~ 1| h:yield: 27.9 g (93.5%); m.p. 106-~108°C.
C:H.CrFNO, calc. C30.16 H3.04 Cr26.12 F9.54 N 7.04
(199.1y - found 30.12 3.07 26.17 9.58 6.96
LLR. (KBr): v=908 (v,), 640 (v,), 340 (v1), 952 (vy4), 373 (vs), 262 (Vs)
cm ™! '

Molar conductance of a 0.001 molar solution of pyridinium fluoroch-
romate in water: A(25°C)= 128 ohm ™' cm* mol~".

The above procedure can be performed on a 200 g scale without any
difficulty.

Oxidation of Organic Substrates (1, 3) with Pyridinium Fluorochro-
mate; General Procedure:

The reaction is carried out in a dry round-bottom flask fitted with re-
flux-condenser and efficient stirrer. To a vigorously stirred suspension
of pyridinium fluorochromate (generally 10 g) in dichloromethane
(generally 18 mi), a solution of the substrate in a small amount of dich-
loromethane is added all at once, the molar ratio of substrate to oxi-
dant being 1:1.25-1.5 in the case of alcohols (1) and 1:2.5 in the case
of polycyclic arenes (3) (see Table). The mixture is stirred for the time
indicated in the Table [The progress of the reaction may be followed
by T.L.C. on 108080 using benzene/ethyl acetate (90/10) as eluent]. The
mixture is diluted with ether (8/1 vol/vol) and filtered through a short
column of silica gel to give a clear solution. This solution is evapo-
rated and the residual product purified by distillation, recrystalliza-
tion, or column chromatography.

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

4-Oxotricyclo(5.2.1.0*°|deca-3,8-diene (2f); Typical Procedure:

In a 250 ml round-bottom flask fitted with reflux condenser and stirrer
is placed a suspension of pyridinium fluorochromate (16.15 g, 81.2
mmol) in dichloromethane (30 ml). To this, a solution of 4-hydroxytri-
cyclo[5.2.1.0°")deca-3,8-diene'” (1f; 8.0 g, 54.05 mmol) in dichlorome-
thane (40 ml) is added with vigorous stirring which is continued for 90
min, The reaction is monitored by T.L.C. on silica gel using benzene/
ethyl acetate (90/10) as eluent. To the resultant mixture, dry ether (100
ml) is added and the mixture is filtered through a short silica gel co-

lumn (I cmx @ cm?®). The contents of the column are thoroughly

washed with ether (3 x 40 ml) and filtered. The combined filtrates are
evaporated on a steam bath and the oily residue, which solidifies on
standing, is recrystallized from pentane; yield of colorless crystalline
2f: 7.3 g (92%); m.p. 79-80°C (Ref.", m.p. 11-18°C).

Received: August 26, 1981
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Synthesis B -6

Table. Oxidation of Alcohols (1) and Polycyclic Arenes (3) with Pyridinium Fluorochromate

Spalte & 3

Substrate

Substrate/ Solvent Reaction Product® Yield }=— m.p. or b.p./torr {°C}
Oxidant time [%] found reported
[mol/mol]
1a n-C‘Hg‘OH—N—-\ 2a n-C,H,—CHO
1b n-CyHyg=OH /2b n-C,H,,-CHO\
< }—cn —OH \ . } ,
te ! /1.5 CH.Cl, h/ Te Q_CHO""A% b.p.  74°/760 bp. 75°/760"
a1d H,CO—@-CHz—OH /1.5 CH.Cl, lh /2:1 HyCO — \84 b.p. 152°/760 b.p. 153°/760'°
o 1/1.25 CH.CL, 45 min . b.p. 63°/10 b.p. 62°/10°
1e — 1/1.25 CH.Cl, 50 min 90 b.p. 248°/760 b.p. 249.5°/760"
H SSe——/1.5 CH.Cl. 3.5 h/ ‘\--—89 b.p. 153-154°/760  b.p. 155.4°/760""
L 1/1.5 CH-.Cl, LS 92-93 m.p. 79-80° m.p. 80°"
1 - 2
1z w7 \2f%/
8 5 N
H on é
R
19 (en-c-) ~~i/1s CH:Cl,  2.5=2g @— —-—98 mp. 95° mp. 95°"
_~1/2.5 CH.Cl, 4 h"\ 0 m.p. 274° m.p. 275°'
N 1/2.5 AcOH
Ja / 1/2.5 CH.Cl, m.p. 205° m.p. 206.5-207.5°'°

o. \«*
1725 AcOH 72
J 4 P \
3B A 4b
\Y

* The purity of the liquid products was found to be >10% by 18008 analysis.

DT7-0707XB627X.0S
Aus: 8232 Héhe: 617

AAAA
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FRS-LHCH,

A »
_ Hrumlu"{ (1) oxide, ﬁrﬁg, reacis with’écétylaéetuas,
in the atsence of any buffer, readily zivis: a noorly
qudnt#tativc yicld of tris(acetylacetunatojehrontun(iil)
urfu.‘”da)*. “he compound has hoon charactorised by .
cnan1Ca1 ﬂralyaio, infrarad and mass spectrozetric Gthbibu.
BT induced mase oyecctronetry shoved the compound to e
souonerice ‘ s

H RS ) I
3 "li .

i
4t
2up

!

s

in the courso of cur extendud inves tpaticns of
erruﬂiuw Cikﬁiut””"g, it become necassary for ug to syne
tiesice tris(acetylacetonatedehronius{Ifil), Cr{ncac)..
She groulrg dntercst on and versatile use of qr{urnc}zg"
nave oade it en extrenely inportant eynthetic conpsund
uxx“uau), nas teea snown for qulic sowe time and a
RUNBET uz methods of its goynthesis have Le'n IPHOPtUﬂ

-

Cagie o Lhe very early .c%nuds are cunbersome and ;ive



very law'yieldstu. “he method developed in order (o
gircumvent these diiriculties iy the homogeneous control
of px" hag the following disadventeses: (4) 1t is slow,
(i1} tro endmproduct nay be contaslinated by the buf fer
which L uewd du a very larce oxcess, one (131) the
yield af_ﬁr(acac)B ig lowered 1f tre 1altial pii pange 1o
pot mnintadned properly, presumably owing to the formae-
tivn ot hydroxosr:ldnechroniun(ITD) soecies '2 {t nay be
m&uLxand that the nethods currently employud for the
Synthhmlw of Cr(acac)sj"‘ require chrowlum(Iii) specics
as a starting naterial which needs o soparate nrepoa- B
) r&tiun and gurificoticn. In this comounication a novel
: and fast method has been descriued, for the synthesis

of tre title compound, which nelther uses sny Cr(Ill)

spceics an a starting material nor rcqu1vas any buffwr.

%hﬁii" ARD BIACUSCIOH

- ‘he chelating ability of aéétylacetéﬁe'hés long

“been recosnised and, tesed on Bome very recest ctudies!ovid
on t:= YﬂthUviﬂ of ¥n *3 compounds from ¥n ?, its poten=-
‘tial o8 a suitable reducing agent has also been urovad'

© beyond coubt. Tn view of this it wes thought feasible

to synthesise the title comoound directly from mrwﬁ;ﬁy_h
Lie setion of aceiylacetone. An excess oF acetyl&cetane‘

- {acact) should be used such thsat after tne redeox .
~reaction an agiroclabvle amsount of acacH will be availeble
C4n the medium to 2ot as ligands. in fact the recction
betweon 5r03 and (Qﬂﬁcﬁ)aﬁne readily givcs tris(acetyl-
seetonato)ehronium(1i7T) in extreaely high yield, ‘he L
method does not require any bufier but the course of tie
reaction is probakly such that it gpeinteine the required
BE Ly itself giving rise to the successful forsation of
“the cesiced product. “he pil of the solution, recorded
imseailately aft.or the foomation Qi tr(acac) way found
to b ~Y. it ds difficult for us to put mr ard the



pechand of the reaction in tie atseuce of cﬁw%late

_inxu.,wtxon aktout tie oxidised products of acctdiacutanu

sunalogous IPOC(ddTvS have buen used, with gyecuss. in our

T daveratory, for the myntheses of fnlacac) , fros eyt
Ca3idd l(aC&Q)?(H?ﬁ)? froo MOV and At 19 nopad Ltuat

iki' cancept way be extended te the synthesis of acetyl-
aee ?;n&ttﬁ of othor tranuition metals as well. .

“he, ylele of ,r(ucac)3 obtoalned oy thig mcthud iu

wvery rdeh aund the tire of resction is comparatively less,

Yhe conpounc melis at 216°C and is highly soluble in many
orsanic colvents piving dark pinkeviolet eoloured solue
tiorz. e compound has been charactorised by analyaing_
fur T4 K and Cry, deterzinatisn of me 1ting point and
studying its infrered ond mass spectra. 7The infrarcd
spevtrun of tiv cumpound ls rathcr straight forvard oand
ghow the Chrradterictics of chelated acetylaocetonates
{acec” Yo The spectrun is in full accord with those of -
?r(acac)%_and other H(acaq)3 reported in the literaturs‘b.

The mase spectrurn of the compound was recorded using a

direct inscriicon probe for introducing the sanzle.

d¢ircetly to tho ion-chanber without any prior hestinge

;p.?he spectrun of the compound showe a pesk of 200 inten-

A

-

A

,,,,,,,,

regorted data

ety st o/ 349 and has been ascignod to 4’Cr(” Hir }7

ion shich in foct is the molecular ion peak. he.domin
nant peak (1007) in the spectrim of the conpound was at
afz 850 due to ['ﬁr(?s{?@? 7 son witn the main frage-
mentntion pathway bedng é’brirﬁg?u?) 7 xw/v iy 200)
— [ r(”55?3?) 7 (n/2 250, 10U ) —cnamaesy

/.{.,,tc"a)uf"(C‘,‘i“f‘}?) 7 (/2 a_§§./? () —

[f‘r(u._‘ )7 (nfz 151, 42)) —— £ oete, 500 7"

{n/z 15&, 5,) > /[ Cr 7 (/2 52, hide ‘ihc BaBS

't.

spectrometric results adduce furthvr support to tne

lgentity aunw gurity of the compound, conform to- the ¢ *onOo«”Zi;;

neric nature of ;r(acac), and conpare very well nith the
: ‘*‘—‘h

s
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‘ne chenlesls usco were reagent grace products,

ral measureucnts vevre nade on

o

[nfrared sgpec 8 CETRAN-
Plowe madel 12% apectrophotometer, The macs gosctrus

]

wat recbrded on oa Varian MAY Ciab mapa gpectyrosetar,

14 nl 8 5

; © ki b g agn G344 o~ Py T 3 I PP Ty T AA i v
ne . eperdtinzg conditions wers 70 eV electron ehnerples

T EMRECe 1,(,-v:.4¢':r'.t.i7.rﬁ, rocolutioe 10D and B %Y nccelaw
rating voitaie.

i
.

wnthesis of Tris(acetylacetunato)enronius(iil),
e "(a»ao)z_7. —— 3 quantity of 2,0z (20.0 n mol) of
povdered ~-r{}3 wos added to 20.,0g (200.0 m mol) distilled
accibylacetone with constant stirring wherenpon an eXoe-
thernic reaction set in and the colour ¢f the sxlution
cecnne dark violet.e Otirring was continued for anothep
510 =in after the addition was eomplete. The solution
wag heated over a steam-bath for ga. Hh in an open
veaker snd tten allowed to cooi for gge. Th in a {reczor.
oo dark pivk-violet shiny crystals of / (Crlacuc), 7
were filtered off and washed several tiuce witk water
ane finadly dricd ip yacup. The yicles of [ Ur{acae). P7
wnn 6o (93 ). iie compound thus obtaired was very
pura and gave extremcly satisfactory analysis. If
dasiraﬂ, thu conpound can be recrystalliscd by dlogole
ving it in the ainloum volume of hot vonzenc fallowed
by tue additisn of hot lthf petroleun {(bpe 40=-6692)
aund then cooling at cag. © G. “he ylelad of the recry-
stnllised [ Cr{acac), 7 was 5.8¢ (83{)s The conpound
'nc;ud»shnrply at 216gp The nmcetnod uay be scaibd'up tao
ki her quantities (Found (#): C, 5i.§2;_%5 He11;
Cr, 14637« Calce (:) for ";121(33?{36 s ©, 5'05?;
1y 6073 Cry 14.88)¢ The molecular weight was found
to be ) nase spcctrometrically, ‘
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