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ABSTRACT,

Solutlons of the Flrst Row Transition Metal
salts oFf some sirong acids ( perchlorates, ivrlfiuoro-
acetates and tetrafluorchovaies ) have been prepared
in non-agueous solvents viz. ether, benzene and
nitromethane., Two methods of preparation have been
employeds
1. Dehydration of the hydrates.

Hydrated salts of the above aclds Wefe prepared
by adding excess translition metal oxide, hydroxide
or carbonate 0 an aquecus solution of the strong
acld. Reerystallisatlion was carried oui to ensure
purity.

Dehydration has besn attempted by thermal
decompesition uwsing & thermogravimetric Halance.

In many cases, woater was gompletely removed but

pomie decompogivlon of the anhydrous sirvong acld

salv accoﬁpanied the dehydration. The decomposition
produets e.ge fluorides and chlorides were insoluble
in the organic solvents - wsed and sgolutions could

be prepared from the mixtures produced after the

dehydration stage.



Removal of water using 2,2 dimethoxypropane
hag also heen attempied. Bxcess of the reagent
wag added to the bydrate and the mixture stirred
for varying periods of time. The reaction proceeded
aceordlng ©t0 the equation =

CH3C(OCHg )2CHy + Ha0 = 2 CHzOH + (CHs)200 .
~Anbydrous compounds again gave solutlons although
gome doubt exlists, due te the decomposition
producsts of the dimeithoxypropane, asg L0 the exact
nature of the solvent system.

2. Metathesis.

The anhydrous silver salé of the strong acld
was disgolyed in the organic solvent and excess
anhydrous metal halide or metal added. After somne
vine, ranging from one week to two months, the
- silver halide ov gllver metal was completely
'ppw@ipitatea producing a solution of the transition
‘metal salto

Por the dipositive metals, two dlstinct specles
have been identified in solution corrvesponding
to the formulae M(CL)X and MXa, where X iz the
strong acid anion. In the tripdéitive geries,

the evidence poinis 0 the Tormula Mz only.



Solutions prepared from the dehydration reactlions
were similar $o those obtained For the MEIx or MXs
types. Metals studied were :~ zine (11), copper (11),
titanivm (111), vanadiuvm (111), chromium (111),
iron (11), iron (311), mnickel (11) and cobalt (11).

The solutlons have been examined by means of
ulira~violet and neer infra-ved spsctroscopy,
nagnediec and conductivity measuremeﬁts and oy
analysis. Solid trifluoroascetates, both in ' chlero~'
and ' bis ' forms have been obtained in the divalent
series. Only the ' tris ' compound could be imolated
from the trivalent metal solutions. These soellds
resulted Trom the removal of solvent from nltro=
methane solution and were studled by similear
methods o thoge used for soluitions. Attempis to
prepare the anhydrous compoudid from perchlorate
and tetrafluoroborate solutlions always resulied
in considerable decomposition lan the latter sitages
of solvent removal.

The results have establighed that the compounds
formed in solution are weak-rield, octahedral

complexes in which the solvent occupies &t least



two of the coordination positions round the
gentral metal atom and in which there is
considersble anion-cation interaction.

Some attempts have been made to prepare solid,
strong acid salte of some Group VA trivalent
elements by metathesis involwving the anhydrous "
sllver salt and the halide as before.

Quantitative precipltation of gilver halide
resulted; but in some cases the solid compound |

could noet be isclated In a pure atate
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ABSTRACT,

Seclutions of the FMirsty Row Transiltion Metal
galts of some sitrong aclds ( perchlorates, srifiuoro-
acetates and tetrafluorcborates ) hawve been prepared
%n non-agqueous solvents vig. ether, benzene and
nitromethane. Two methods of preparation have been
employed.

1. Dehydration of the hydrates.

Hydrated salis of the above aclds weﬁe prepared
by adding excess transltion metal oxide, hydroxide
or carbonate o an aqueous solution of the strong
seld. Reerystallisatlion wes carried out to ensure
purlty.

Dehydration has been attempied by thermal
decompoaitlon using & thermogravimetrie balance.

In many cases, water wasg completely removed but

some decomposition of the anhydrous sivong acid

salt accqmpanied the dehydration. The decomposivilon
producits e.g. fluorides and chlorides were inscluble
in the organlec solvents used and soelutions could

e prepared from the mixtures produced after the

dehydration stage.

e




ii.

Removal of water using 2,2 dimethoxypropane
hos also been attempied. Excess of vthe reagent
wag added to the hydrate and the mixture silrred
for varying periods of time. The reacition proceeded
according o the eguation :¢=

CHzC{OCHy )aCHy + HaO = 8 CHzOH + (GHs)2C0 .
~Anhydrous compounds again gave golutions alithough
gone doubt exisig, due to the decompositlon
products of the dimethorypropane, ag 0 the exact
nature of the solvent systeil
2. Metathesis.

The anhydrous silver galt of the strong acild
was dissolved in the organic solvent and ezxcess
anhydrous meital halide or metal added. Alter pone
sime, ranging from one week ©to two months, the
_ silver hallde or silver metal was completely
“ppecipi%atea producing & solution of the irangitlon
‘metal salbo

For the dipositive metals, two distinct species
have been identiflied in solution eorresponding -

%0 the formulae M(CL)X and MXz, where X is the
strong acld enlon. In the tripdditive series,

the evidence points to the formula ¥z only.




iii.

Solutions prepared from the dehydration reactlons
were simlilar o those obitained for the Mia or MXy
types. Hetals studled were :~ zine (11), copper (11),
$itanivm (111), vanadiuvm (111), chromium (111),
iron (11), dwon (111), nickel (11) and cobalt (11).

The solutions have been examined by means of
ultra=violet and near infra-red spociroBcoDY.
magnetic and conductivity measurements and by
analysis. Solid trifluoroacetates, both in ' chloro~’
and * bis ' forme have been obtained in the divalent
series. Only the ' tris ' compound couvld be isolated
from the trivalent metal solutions. These solids
resulted from the removal of solvent from nitro-
nethane soluition and were studied by similer
methods to those used for solutions. Attempts to
prepere the anhydrous compound from perchlorate
and tetrafloorcborate solutions always resulited
in considerable decompositicn in the latter siages
of solvent removal.

The results have esteblished that the compounds
formed in solution are weak-field, octahedral

complexes in which the solvent occupies &t least




ive
two of the coordination positions round the
gentral metel atom and in which there 10
considerable anion~cation interaction.

Some attenpte have been made 0 prepare solid,
strong acid salts of some Group VA trivalent
elements by metathesis involving the anhydrous a
sllver salt and the helide as before.

Quantitative precipliation of silver halide
resulted, but In sone cases the solid compound -

could not be isolated in a pure state.
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Since the work of Franklin, EKraus and Walden up
Lo the present day, 1t hag begome incorcasingly
apparent that, although water ig an excellent selvent.
AP is nodt unigue. The iocreasing intervest i none

:_:j
agueous selvents has resvited in thelr applicavion to
g wide varisty of problems e.g. the study of seluiiouns
of compounds wWhich aﬁe readlily hydrolysed by watev,
the prepacation OF metal complexes wilith organle ligands
which are inscoluble in water and in nunerous inorganic

synthesas.

While sarly work In non-asqueous solvents wag

gulphur dloxide, liguid ammonls and sulphuric acld,
the chemical properitics of these solwvents made thew
somewhat wndesirable 1 view of the experimental

gidficulties sceompanying their use. The emphasis

i

shifted, therefore, to organic solvents cueh o

-

aleohoels, ether and amipes, and, although toxieity

&

repained something of & problem, they were, in

provy

rEneral, Bore easy o handle.

Clasgiflication of golvents is a J4ifficunlt task
since the wvast mulitiplicity of solvent properiies
mekes a dlvisloen, which wouwld be satisfactory to all

cheniats, altlmost impossible.
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Several attempis have been made 0 groug S0Lvanbie

2

in foup

One sweh clasgl Picantion »14.05 BOILVONnGS
clagpes as followsi-

1. Aeidic solvents having a sgtrong tendency o donaie

(22}

& PRoLoR 0 a proton Aceepmor. Examples are sulphwnis,

srifivoroacetic aclds and hydrogen filuvorides

2. Bapic solvenis which will readliy accepi & DIGLON.

o
i

hig group Tall solvents viiich gontain an electron

.
ot
*
i}
i

paiyr available for donatlon, c.K. aliphatic amlinen.

f,’f?

@thers, thiocethers. Arometic compounds may be
included here, acting ag donors through thelr

glectronsg. Hany basic solvenss acht as co-ordinsting

Be  Amehinrotic mpolwvenin act elther as acidic o busia

solvents depending on the navure of the solute dig-
solved. Water and the lower alcechols fall into vhis
clas

M
g .c.‘u.)(:m

de  Aproiic. solyendy behave nelther ag acldic noy

-, P

basic solvents, acting generslly ap inert reaction
media, @eg. halogenaited hydrocsrbons.

L% would be errcoeous to aasune that thig

slaggifleation covers all cases or indesd

G
I~
Serd
o
&)
Ligh

O
golvent would fall into the same class regardless

-

or the repcition involved.
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Since the Lacrganic chemist is often concerned
with long in solutlion, solvent-ion interaction 1is
important in classgilying a solvent. Division inte
poiar and non-polar types, with the arblirary lines
around a dielectric constant of 25-30, iz a common
grouping. Tals 1s Vased on a purely slectrositatic
consglderation which is an important, but net the
solae, Tactor. Thug, on the bhasis of golvent-solute
interaction, iv ig posslvle t0 arrange solvensvs into
the following four groupssi-

Lo Polar eleciron dovors. These are the nost

fnd

eXficlent solvents,combining high dielectric congtant
with the abillty to solvate. Tremples ave water,
acetonitrile, nitromethane.

2.  Homp-polar eleciron fonors. While these solvents

have comparatively low dielectrl e coustents, they are
capable of dissolving meny inorganic substances due

to thelr ability to form complexes with the metal ilon.
This 1s achieved by elther o or ¢ bonding. Fyridine,

benzene, aniline and ether belong o this group.




So

3o Polar non-doncrse These posséssg high dielecirie

constants yet are very weak electron donors, in many
ingvances acting as electron acceptors. The metal lon
1z largely unsolvated in such liouids since the
solvent has no co-ordinating properties. These
solvents sre acidic e.g formic acld, and neutral
€e8s nlirobenzenco

4o  Non=polar non=donors. This group includes many

solvente of low dielectiric congtant and many whiech do
not fall into the first three categories, e.g. chioro-
form, carbon tetrachloride.

The selection of sn appropriate scolvent is
governed by whether the interest of the investigaitow
lles In the solvent properties of a particular liguid
or in a chemlical reaction for which the most sultable
selvent must be founde The solublility of a sl t in a
glven solvent is governed by the extent to which the
total solvation energy of the ions cutwelghs the work
done in breaking the iomic Lattice. For many years
it was considered that a high dielectric consitant was
8 necessery property of a good solvent. The electro=
statle interaction of the iong will be greatly reduced

by a highly polasr solvent.
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On the basis of present-day knowledge, 1% iu
realised that this is only one aspect of the problems
Many solvents with low dielectric constant are known
to be good solvents for inorganic sglts. Remarkeble
golvent properties are shown by ligulds which contain
stoms having an wshared palr of electrons. Thus
ethers, ketones and amines arve good solvents while
saturated hydrocarbons show no comparable solventd
properties. It is therefore reasonable to infer thain
the possesgsion of lone pairs of slectrong is an
imp@rﬁéut Ffactor. The ideal reguirements for a sali
to he soluble in ethers, ketones or amines, are:-

(1) & very swmall cation {of high polarising power)
andjbﬁ (i1) a low lattice energy, which 1s evident® in
galts with large anions. Thus sodium iodide, 1ithium
perchlorate and tetrafivoroborate dissolve in organie
solvents.

It hasg been shown that many silver salts are
gsoluble in unsaturated or aromatic hydrocarbons (38, 4}
and these golvents possess w bonding Systemns . g
silver teitrafluoroborate is soluble in henzene and

toluene (5).




The correspondling sodium snd potassium salts are
insoluble in these solvents altﬁough they have similar
tonic radii (Ag® 1.0A, Na® 0.984, K' 1.38A).  Thus
the solubility of the silver selt must be mere complex
than a mere polarvising effect.

That 7 elecitrons can be uged in bonding is
sdequately established by the numbers of this type
of complex known. Silver and the Tlrst-row
trangition metals studled in this project all possess
d orbitails which are filled or partially occupleds
Although the sodium and potassium salts have vaeandg
d orbitals, these are of unsultable energy for
bonding. Thua %ﬁe solubllity of sllver and
trangition metal salts In aromatic solvenis can bhe

attributed, in parit, 0o the possession of d electroni.




Silver Salis of Sitrong Aclds

F-ray and infra-red studies of silver perchlorate
(6) have shown that the compound is ionic in the solid
state From conductivity and moleculsy weight
measureients in benzene (3) it has been comneluded
thoet the salt is monomeric at low concenitrations.
As the concentration increases, polymerisation takes
place to some extent. The conductivity of these
solutions indicates that aggregation of lon-palrs occurs
ag the solution ilncreases in strengthe. It is always

]

congelivable, however, that there may be covalent bond
formation vetween the silver lon and an onygen atom
of the perchlorate group, especlally at high
concentrations. Covalent bonds can also be formed
with the oxygen atom of the carboxyl group of
perfluorocarboxylic aclds such asg trifivorocacetic
acide

The silver salts of complexw fluorcaclds have
been shown to be jonic Dy K-ray and infra-red situdies
(4), Thus silver tetralfluorchorate is lsomorphous
wilith the potassium salt end has an identical infra-
red spectruie In order %o counsider silver tetra-
fluoroborate as a covalent compound, 1t would be
necessary to propose that bond formation invelves

either bpivelent Tluorine or bond formation beitwean




Do
the gilver lon and the central atom of the anioio

Sharpe (7)), however, has pointed ouv that the unknown

gcid, HBF:;, cannot be Formulated without postulating

fua

gulnguevalent boroen or bivalent flvorine. Wedther

of these poggibilities is likely since the boron does
not contain 4 levels of a suiltable energy. The

maximun co—ordination number of the borvon is therefore
four. Fluorine does not normally form & covelents
link betwen two atoms exmcept 1n condensed snions (7).
The Ffalilure of hydrogen Tluoride and boron trifluoride
o combine in eguimelecular proporilons is therefore
undergtandable. 1% is reasconable to suppose that
comhination will only occur when an electron donor,
which will solvate the proton, 1is present . . anponisa
to give NH! BE:, beﬁﬂene %o pive GeHY BFe.

Imf@rmatiaﬁ on the triflwroacetates is not 8o
compilete but it ds evident. from F-ray powder photo-
graphs, that the silver and potassium salis are
markedly difTevent. A complete structural determin-
ation has been cavried out on silver heptafliuvorobuty-
rate (8). This shows thai the compound exists By &

dimer, each silver astom being part of a chelate ring.




10,

T Ca=C = > G-CaFy
o
0 ~— -
Ag
Silver Heptafluorobuiyrate

It iz gquite posgsible that such a structure is
present in silver trifluorcacetate, but most uvnlikely
in’ the potassium salt, slnce the latter lon is unable
to utilise sultable orbitals. The infra-red
ppectrum of silver trifluoroacetate lends welight
t0o the suggestion that the salt is covalent since
it is very simllar to tﬁat of silver heptafluoro-
butyrate and noticeably different from that of
potassium triflucrcacetate (4).

In considering the perchlorate and tetrafluoro-
borate as lonic, 1t is necessary to assume that
bonding in sromatic hydrocarbon sclutlions involves
the silver lon and the aromatic system. The
nature of such a complex has been discussed by
Mulliken (9)s  This treatment considers the donstion
of T elecirons from the aromatic system %@ vacant
orbltals on the metval lon. Structurally, the possible

Positions of the silver ion are:-=



RN

(1) above the centere of the benzene ring,
{1i) s«bove one bound in the riung,

(111i) above one corner of the ring.

A fsandwilch'’ structure of the sllver ion between
vwo benzene rings was disregarded although this type
of structure is now well established.

Mulliken, congidering symmetry condlitions,
excludes the centrosyometric model (1) on $the grouvnds
that gueh an interaction would lnvolve consldersble
electronic excitation. Similar reasoning, togethewr
with geometrical problems, have caused structg?@
(111) to be discarded. The model Favoured by
Hulliken is thus the Form in which the siliver iomn is
sbove one of the C-C bonds, X-ray erystal
gtructural determinations of the AgClQa . CgHe complex
published in two papers (10, 11) have suppoerted this
theory. The conclusions reached by these authors
are that the silver lon is situated above one of the
G-C Donds but slightly to one side, and that the
henzene ring is distorted. The C-C bond assoclated
with the silver ion iz redueced in length from 10452

Q
YO 1. 8B4, Bach bensene ring is bonded to two silver

atoms and each silver atom %o two benzene PIingse



The Raman spectra of benzene sovlubtlionsg of silver
perchlorate have been studled (12)e It was
obgerved vhat Tor the totally symmetrical C=C
vibration a frequency shird of lsemml was obtailned.
This is sraller vhean the shift recorded for the
corresponding clefine complexes G“iﬁovacmﬁl) and

acetylene complexes (ﬁwlOQcmql)o

It may be deduwced
therefore thet the influence of the silver ion ism
divecgted towards more than one double bond. £ is
unfortunate that many of the anhydrous silver salis
of syvrong acids are not sulffliclently soluble in
aromatic hydrocarbonsg to give relisble Raman specirao
The Mulliken conecept of the bonding in the
AgCllq , Cells complex does not take dnto accouwnt the
bond energyo It 18 4o be expected that this world
be fairly small, in common with other similar types
o charge-transfer comnplex. The bhond energy in the
iodine~benzene complesr is given as«~ 2. cals. (18).
Rundie and Smith (10) estimate the bond energy of the
silver~bengene complex s 16,7 X cals. while’
Tildesley and Sharpe (15) give a value of ~o 50 Ko ¢alse
The predicted charge transfer bend at ESQOR (16)
for the complex has not beeﬁ observed sinee there is
100% sbsovrption for the aromatic hydrocarbon in that

region (17).
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Sterice facitors appear to play no important role

in such complexes. Mulliken (9) has iried to relate
the stability of the l:1 conplexes Tormed between
substituted sromatic hydrocarbons e.g. benzene,
megitylene and the Zylenes, and silver lons in
agquecus golution. He concludes that steric hindrance
of the methyl group is sn imporiant factor in the
stability of these couplexes. This has been eon-
sradicted by Tildesley end Sherpe (18) who demonstrated
the solubility of silver hepitafluorobutyrate in
solucions of durene and hezamethypl-bengzene in
cyelohexane, and by Shavp (4) who showed thet silwver
hezafiuworophosphate was soluble in mesitylene. Ig
is obvious that sterle hindrance is very large in sueh
cases thus some other Ffactor must be considered in the
bondinge.

From the evidence of Andrews and Keefer {19),
1% would appear that the 1:1 silver-benzene complexes
are falrly stableo The high bond strength may be
explained in terme of back-bonding from the metal ion
to the benzgene ring, donation occurring between 4
orbitals on the silver ion %o the antibonding 7

orbitals of the benzene molecule.
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This wounld allow a symmeitrical model LTor the
complex since exclted orbitals can now be invoived
in w bond donstion. Such back donation wag postulated
by Chatt {(20) to accownt for the Formation of
platinum - olefine complexes when trimethylborane -
viefine completes do not form.

The B8 orbital on the silver iomn is capable of
accepting elecirons from the wrorbitals of the benzenc
and the metal can donate electrons from the Tilled
4 d level into the w ovbitals of the benzene ring.

This would explain the insolvblility of sodlum and
potassiun perchlorate and lithium tetrafluorchborate

in aromatice hydrocarbons. On the other hand, 1%
could account fopr the solvbility of first-row

transition metal perchlorates and tetrafluoroberates



=
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in aromatvic Bolvents, since these long also have
d orblsals.

The bonding in ether and nitromethane sclutions
appears much less complicated to understande.

Donation of the lone pailr of electvong on the oxygen
atom to the metal would Form an approxilmately cowvalenw
link and thus stabllise the comnplexes.

Sharp (4) used solutions of sl lver tetrafiucro-
horate in arvomatic hydrocarbons in attenpits 0 prepare
tetrafluovoborates of other metals. When the silveyr
gsolution was shaken with copper powder, silver was
displaced from soluition. Bj this meang, & golution
of.cupfcua tetrafluoroborate was obtained. Uging
simila v reactions, cuprous flucrosulphate, hexalluoro-
phosphate, -argenate, -nivhate and =tantalate were
prezaed in snlutimn; .N@ s0llid samples canld be
isolated, decompogitvion oceurring as solvent was
removed. T™is work was extended to other metvals.

It was found that, although zine, lead, thallium,
mercury, aluminium (amelgers) and chromiuvm all
displeced gllver from silver tetrafluorvoboraise
solution, no metal ion entered solution . Yo
digplacement occurred using gold, aluminium,

maggnesium and nickel.
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Monnier (21) prepasred golutions of ivon (11)
cobalt (11), nickel (11), copper (11) and zine (11)
perchioraites in ether by me%a%hegis between the metsal
bromide and sllver perchlorate. On filtraticon %o
reanove pilver bromide, Honnier states that any excess
halide was renoved by additions of silver perchlorate
in ether. Thig is wvery significant in the light of
the resuvlits of this project.

In the present work, a asystenatic study of the
golutione of first-row t?anﬁiti@n metal sgis of
gtrong aclide has been nade. The solutlons were
prepared by the method of Monnier (21)  The solvents
uged were dlethyl ether, benzene and miﬁr@meﬁhan@o
These were chosen to give a range of solventd
properties. The Sdllowing teable shows some of the
properties previcusly desceribed as being imporitent

in this section.
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CHAPTER I

The Preparation of Solutions of FPirst-Row
Tranglilion Metal Salts of Strong Acids in
Some NWaon-dguecus Soilvenid.

It is becoming more apparvent, as modern research
expands, that the use of non-aqueocus soclvents in the
examination of inorganlce species in solution end in
the preparation of cotherwlse unobtsinaeble anhydrous
compounds, is of great importance.  Many new
compounds, which cannot exisgt in aguecus solution,
are readlly obtained in a2 stabillised form in the
absence of water. The properties of an enhydrous
compound and tvthose of the hydrated form can be
remerkabdy different e.go eupric nitrate (22) and
perchlorate (2%), both of which can be sublimed under
vacuunl,. Neither compounds cen be cbteined from the
hydrates by thermal dehydration, decomposition
accompanying the removal of water.

It must be stressed that inorganic comoounds
which are crystallised from crganic solvents very
Trequently contain solvent of crystallisation. In
some cases removal of such solvent molecules is
extremely difficult if decomposition of the
desolvated compound i3 to be avoided. One require-
nent of paramount imporiance in the use of non-
agueous golvents la that the solvent must be

scrupulously anhydrous.



The chemical veacvivity of many solvents Ls
remavkably altered by the presence of even smnall
amounts of water.

The solubiliity of inorganic compounds in nown-
ggueous solvents depends on a number of factorsg.
These sre discussed in the casés or the solvents
used in this section.

1o Aromstic Hydrocarbons

The low latilce energy of covalent moleculay
salts renders solubility in arometic hydrocarbons

a distinet possibility. The small solvatiocn energ

Tl

will adequately compensate for the weak Van dey
Waals fovcees which hold the lattice togethers. Both
mercurous trichloro - (24) and triflvorcacetates (25}
digegolve in benzene. Bramination of the dipole
moment of the former compound favours a slmple covalent
species in golution, the Cls;C.CO groups rotatling round
the O-Hg-Hg-0 axis.

A Lavge number of silver salts of sivong seids
have heen Tound to be scliuble in aromatic hydrocarbons.
The solubility of silver pervchlorate in benzene,

toluene and chlorcbenzene was studled by Hi1l (&),
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The degres of electrolytic dissocclation wae
Pound to e very small, of the same order ag that

P ]

of water, having a specilic conductance of 7.4

1077 ehm ™ en™ compared wo a value of 6 x 10§be1
good conductivity water. Silver perchlora te in
alse soluble in m=xylene but inscluble in chloro-
form and carbon tetrachloride. Spurgeon (26)
igolated a stable complex Lrom benzene {4 gO!OAoCnMQ)
and reports the Covmatlion of a simllsr complex
(AgCL04. Grla } in boluene. Feyronel et al. (27)
prepared a whole seriles of silver perchlorate -
hydrocarbon conpleres involving the xylenes and gome
polymualéar hydrocarbons. A1 of these compounds
are exiLremely hygroscopice

Silver trifluoroacsetate and heptafllnoro-
butyrate arve also scluble in aromatic hydrocarbons and
complexes between these salts and benzene, toluene,
nesitylenes and the xylenes have been characierised
(25, 18.) Silver triflucro-methyilsulphons
(29}, trifilvcoromethyl antimonste. histrifivoreomethyl-
phosphinate (30), and trichloroacetate (24} have been
reported scoluble in benzene although in the cases of
the itrichlorvacesnte, decomposition occurs rapldly in

solution with the precipltstion of silver chloride.
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Bvidence for the Tormatlion of complexes between
gillver salts and avomatic hydrocarbons has been found
by Andrews, HKeelfer et alo A grest deal of attentlion
has been directed towsrds the solubility of avomatlic
hydrocarbons and thelr alkyl derivatives in agusous
silver nitrate (31). The ionic species Aghr and
Agabr’ ave formed snd the order of stability of thess
complexes Tollows ithe ovder of the hydrocarboas wen
congidered as electron donors. This complex formation
has been used (82) %o separate the xylenes and ethyl
hengene, the complex with ethyl bensene being much
lesy gvable than the others.

Ward (83) has shown thet silver tetrafluoro-
borate monchydrate dissolves in benzene and toluene.

It ig not kuown if the hydrete dia@mlveé with the
water molecule still attached to the silver lon.

The same anthor prepared a sgolution of silv$r'ﬁetram
flvoroborate by passling horon trifluworide through

g sugpenslon of silver fluvorlde in toluene. A
similar preparation (54) using benzens, resulied in
the igolatlon of the complex AgBF..Ceslss Trom which
the pure tetrafluoroboraie was obtained by

decomposition at 80°C/1lmm.. Sharpe (6) had first



prepaved the pure compound by treating silver borate
with bromine trifiluvoride and demonstrated 1iis
golubility in ether, benzene and toluene, thus
establighing a marked similarity between this salt
and silver perchlorate. Rugsell and Sherp (35)
hbave shown that silver tetralfluoroborate and hexa-
Tiuwcrophosphate can be prepared by passing the
gppropriate gas through a suspension of silver
Fluoride in liguid sulphur dioxide.

The solubilities and general properiies of
perchlorvates and hexafluorophosphates are very
gimilar (56). Sharp and Sheype (57) have showsn
that this resemblance extends to the solubility of
the hexafluworophosphate in aromatic hydrocsrbons.
Mogs (38) showed that some silver salis containing
two slliver asatoms per molecule e.g. silver hexa-
fluorosillcate and hexafluorctitanate, dissolved 1o
a small extvent in ether, benzgene sand toluene. The
lattice energy of these salite with divalent aniong will
be much greater than for univalent anions and this

would lead ©o0 a reduction in solubility.
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It may be considered that complexes Torm
between gilver ionsg and aromatic hydrocarbonsg hecause
oY the ready avallabllity of w electrons on hydroe-
carbon. Thus 1t ig to be expected that silver ions
would f@?ﬁ olefine derivatives. These are well
known, although mainly in agueous sociutioi. Uging
partlition s%udi@sg Ehers et alo'<39) have shown the
existance of very stable complexes. Thus with
isobutene, C@Hgégﬁ is formed. Gﬁm?ms and Lucas (40)
prepared wthe cyclohexene derivatives of silver nitrate
and perchlorate. The latter salt algo reacts with
ﬁfanﬁjﬁjpimen@ glving compounds of the Tormula Agllle,
261®H16° Stable silver complexes With ole{ines have
been described by Guinn snd Glew (41). Working at
roow temperature and low pressure, derivatives of
silver tetrafluorcborate have been prepared. Per-
chliorate and hexaflucro-antimonate complexes with
propylens afe also described, the order of sgtability
being:=

@

€102 < PBRe < ShP

& |

The separatlon of ethylene from saturated hydro-
carbons (42) and sityrene from similer mixtures (45)
using silver tetralfluorcoborate, 1g the sublect of two

recent patenise.
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Recently the sbsorption of ethylene by silver tetra-
fluorchorste and silver nitrate has veen studied (44).

In general, cuprous olefine complexes are more
stable than the cerreséonding gllver compounds.
Addition compounde of cuprous chloride are formed
with ethylene, propylene and isocbutylene under
pressure (45).  Andrews and Keefer have prevared
water-soluble complexes of cuprous i@ms4with T
gaturated alcohols and carnoxyllce acldds, in which it
muet be agsumed that the metal interacts with the
double hond ratvheyr than ithe hydroxyl groubd.

It is suggested that the glagbility of the bhond is
dependent on the steric Influence of groups atitached
to the double bond, although such steric factors do
nov appear gignilicant with aromatics.

Warf (55) prepared a complex of a copper 8alt,
cuprous tetralfluorcborate, in benzene snd toluene by
refluxing avyldiaszgzonlium tvetralluorcborates in these
polvents with metallic copper. Thé game author
reported the preparatlion of silver and cuprous
tetraflucroborate solutions by passing boron tri-
Tlucride through Su@pensioﬂa of gilver fiuoride and

nixtures of cooper metal and cupric Lluoride
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regpectively, in toluene.

A molution of cﬁpr@u% nltrate was prepared by
shaking a solution of silver nitrate in acetoniitrils
with metallic copper (47). Sharp end Sharvpe (87)
adapted this method to prepare sclutions of cuprous
tetrafluoroborate, Tfluorosulphate, hexafluoro
phoagphate, = arsennse, - niobate and - vantalaie
in aromatic hydrccarbons. These sclutions are stable
in the absgence of melsture although no solid
complexes could e isolated. Comyns (48) ro orted
similar results when solutions of gilwver perchlorsate
in olelfines and digubsivlituted acetylenes were treated
with copper, the cuprous sdl s again being stabilised
in solution.

A review by Andrews (49) covers some of ths
evidence for complex formation beiween inorganic
compounds and aromatlc hydrocarbons. Much of the
work published concerns the halides of metals which
may be congldered ag Lewis acids l.s8. electron
aceeptors e.g. ferric and aluminlum halides. A
solutlon of aluminium bromide in benzene disso lves
potassium bromide to glve a conducting aolutioﬁ

(BO).



Si@ilar results were obtained by the samre
authors using toluene, e- and p-xylene (51). I%
seems likely that bonding to the anion takes place
in such oomplexes.

Aluminium perchlorate has been prepared by
reacting aluminium chloride and silver perchlorate
in benzene (52), the anhydrous salt being obtained
by removal of the solvent. Sales of gallium in
aromatic hydrocarbons have also been studied.
Gailium diéhloride merlited special attention because
of the ancmalous valency state. Magnetlc studies
ghowed the compound to be diamagnetié (53) and a
Ga=-Ga bond was postulated. X-ray structural
determinetion (54) and Raman spectroscopy (55, 56)
established the structure as [Ga’]* [eaf ler.]™,

This and other gallous salis, €. & GaAlBrég
GadlClsy are soluble in benzene. It has been
shown by Rundle and Corbett (67) that benzene
solutiong of gellium dichloride are very simllar
to those of silver perghlorate in the same golvento
Warf (33) showed that thallous perchlorate and
vetrafluorcborate,; however, were insoluble in toluene
and Sharp (4) obtsined similer results for hexa-

fluoro-phogphate, - arsenate and-=rluorcselenite.



On the other hand, thallous trifluocrvacetate is
soluble in benzene {25), m-xylene, toluene and
nesityicne (&), However it is almost certain that
thallous trifluorcacetate is a covalent compound,
‘mlmve 16 melts at 1R0°C and sublimes at 180°C/L. & mim.
{(25),

The mercury halldes also dissolve in arometic
hydrocarbhons. Other inorganice halides which form
complexes with aromatic hydrocarbons include arsenic
and antimony itrichlorides, stannic chloride,
phosphorus, tantalum, nioblum and antimony penta-
chlorides and tungsiten hexafiuvoride.

Separation technicues for the xylenes and o
the methyl benzenes using liguid hydrogen fluoride/
boron trifivoride mixtures (BB8) have been explained
by postulation of & protonsted aromatic nucleuz {(59).
Two Torms which srise, if this is the case, ares-
{(a) by attechrent of the proton to the benzene W

electron sysitem, and
(v) by the formation of a ¢ bond hetween the protom

and the ring system.
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OLah et al. (60) have isols ted complexes of the
type ArH BF.,

From partition studies, Winsteln snd Lucas (61)
congcluded thait there is ne complex Fformation between
aromatic hydrocarbons and some metal ions in agueous
solution. Tons listed include cobalt (11), copper
(11), zine (11}, nickel (11}, chromium (111) and
irenm (111}  The fact that carbonyls, cyclopenia-
dienyildes and complex acetylides of some of these
metals can e obiglned readily supports the srgument
that these ions are capsble of interaction with
w electron systems. This interaction of the d
orbitals of the metal with the 7 aystem contribuites
largely to the stgbility of the complexes. In
gguaous solutlon, however, there is competition for

the metal lon between the aromstic systen end waters
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Since water is repgarded as a good ligand, 1% i
hardly %urpﬁis ing that axwmnatic hydrocarbon compleires

are not formed under these condiitions

2. Bther

Ag weniloned previously. non-aqueous solvents
c@ntnvmimg.at@mﬁ having an unshared pair of elecirons
possess remarkavle zolvent properties in spite of
the fact that thely dlielecitrlic constants are 1ow.

The solubility of many salts 1ﬁ ether and the Tormation
of etherates is well-known.

The covalent compounds, mercuric chloride and
bronide, digesolve in sther and the corresponding
magneaiwn selts Torm etherates of the formula Hgﬁ@o
9Bta 0. swarts (25) demonstrated the selubility of
thallous, cupric and mereuric triflu@f@a@eta%ea in
ether and Sidgwick (86) listes many compounds which
fiissolve in ether and form etheratas. The donow
properties of this solvent have thus been well
eatablishedo |

Ato-ionlsation of ether was pr@pﬂsed by Jander
and Kraffesyl (62) to account for the conductivity
of & series of lonic and covalent compounds in ether.

e Pehaviour of lithium aluminium hydride in ether

has been explalned on this basis (62, 63),



Bvans and Lee (64) showed that ether solutions of
Grignard reagents conduct electvricity, thus
demonsirating the presence of ionsg even in solvents
of low dieleetric eons%ante' Whatever entities are
present in solution. 1t must be considered that the
golubkility of salts in ether ls due %@ golvation of
the ioms by the ether. This i effected by co-
crdination Trom one of the lone pair electrons on the
oxygen atom of the ether..

Silver salts are somewla v unlaue in that, apart
from chelates, few complexes, contalning a mesal-
oxygen bond, exist. Hoveble examples of this {type
of bonding sre the complexes of the fluorocscids and
the perchlorate. Sharpe (5) demonstirated the
golubility of silver tetrafluoroborate in ether, and
8 geries of Tluorcacid salts of gilver was shown to
be soluble in this solvent (4 ).  The salts include
silv er hexafluoro-phogphate, - avsgenate, -~ tantalate,
- antimonate and - nlcbate. By displacement of the
silver with copper powder, sclutlons of cuprous
tetrafluoroborate &nd hexafiuorophosphate were
obtained. Moss (38) prepasred silvePr hexafluoro-
gilicate and hexalluorotitanate and found that these

too were soluble in ether.



Rarve-sarth tetrafluorcborates have been
prepared by reacting the flucrides with boron
tpifiluoride etherate (65),

Schwargenbach has reported that a solution of
nickel perchlorate can be obtel ned by newtralising &
guspengion of nickel ammonium perd lorate in ether
with anﬁy&?@us perdnlbric aclid (66). Lead
perchlorate has been reprted (67) soluble in many
organlc solvents although ether 1s not specificelly

mensioned.

do  Nitromethane

The presence of an avom contalning unshared
palrs of electrong and co-ordinating ability,
desceribed for ether, are algo found in nitromethane.
This, coupled with its relstively high dlelectric

constant (~256) should make 1% a remarksbly good

gsolvent. Cnly a few suthors report iis use as a
medium for inorganic reactlong. Giah and Quinn (68)

report the preparaition of silver tetralfluorcborate
by passing beron triflucride through a suspension

of silver Tluoride in nitromethane.
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Oite of the most popular uses of thils solvent
is in the neasurement of the conductivitlies of
inorganic complexes. A number of suthors (69, 70,
PL) have veported the use of nitromethane in the
deternlnation of the number of lons present in
compounds coentainlng very large cgations €. g

trivhenyl methylarsonium, tetraethylammonium and

di-(O-~phenylencbisdinethylarsine) nickel (11),
s TER
[ (c? SP \11 P )}.\]}’ j 8

While much.uge of nitromethane has been made in
conduetlivity work as mentioned above, 1t hes alaso
been uged foy the measufement of electronile
absorpition spectra in sclution. Lititle has been
published, however, on the co-ordination properiies
of nitromethane.  Dunn and Buffagni (72), studied
the nature of the complex - solvent interacition in

the case of the tﬁipheﬂylmeﬁhylaﬁﬁmﬁum cation and

.3

some tetrahedral halogon@ anaonag Ge &o Nlb]Z 9
0@012“0 They found evidence for strong interacoion,
resulting in octshedral specles in solution.

Lt may he that the popularity of nlitromethasne

will dncreasc now thet it has becoms commercially

avallable in lerge guantities.
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In the present work, solutions of perchlorates,
triflu@rgaeetaées and tetrafluorcborates of the Tirst-
row transition metals have been prepared in ether.
benzene and nitromethane. These solutions were
prepared by r@actﬁng a sglution of the appropriate
anhydrous sillver salt with excess metal halide op
netal, or stoichiofmetric quantities of each salt
when the hallde was soluble. The following table
summerissg the resultsa. Feactions ocecurred in all
cagses. Where a metal entered into msolution, the
symbol (+) is used: solutions containling no metval

are indicated {«).
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Gu (C1) X and CuXe
(L) (11)

he strong acid enion. (I) may

P

where A represents

-

e converted to (%) by titrating the soludion, Firsi

obhdained, with silver salt dissolived in the
appropriaite solvente. The reactions may e
Tormulated ag:s

EXeess .
CuCls + Ag X Halide, Cu{Cily + &gC1

R e e

Prsan =
VLMD
GOS8 fat ]

AgH

U.{’%@;}fﬁ

Cu¥a + (2)AgCl

There are obvious combinations poassible Decaune of
these resctions. A solution of cupris chloro-
perchlorate was tilirated with silver trifiluvorosceitaie.
A precipitete of allver chloride was ohtained but the
solution obiained was very simlliar to that produced
wien Gthe apprepriaie siliver salt was usedo Thus
while 1t might be suggested that a compound of the
formuia Cul{Cl0s }0:C.CFs iy Fformed in solution, there
is abt present no analytical evidewnce to support ithe

proposal,.
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Feom the welghts of sllver chlorlde precipltated,

it was found that, within experimental evropr, only

o

the cehloro-compounds existed in the solutioms 8s
preapared. On tidtretion with silver salt, & coloup
shange was observed in all the solutions except the
tetrafivoroborate in ethers In this case, the
solution became colourless and a lighi-bluegreen

precipitate was formed together with the expecied

&
bt
<zl

lver chloride. Analysis of the mixture showed
that the blue-green compound wag cupric blstetra-
Pilvorchorate, CulBFa)a.

~

The benzene solution of this anlon was ceolour-

lesse However, no silvey was present in the
solution and therelore reactlon had @a@urr@ﬂo &,

sinllay reswlit was obitained when a large excess of

slliver teitrafiuorchorats was added to cuprice chloride,

the solutlion being colourliess. It must be coneluded
that neither form is solubles When the benzene was

reawed from the Cirgi-mentioned solution by
Tileration and the residue dried by pumping wnder
yvacuum, srezitment of thle residue with niltromethane
resulted in & yellow-green solution whioch was
ldenticsl speciroscoplceally to the c@rresﬁan&iﬁg

golution obitained directly from nitromethans.
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...u.!

ivticong although

)« EN

. Hilakel (

Grges

1)

whase

{exceps coloup

Sse thers

ilonn were

)

and are

s R n v Y oln
only after long
gimilar ip theip

dineusned

Mo colouration was obaerved in cobali oy nickel
solutlong in bensens. Onee again sllver was absent
1230, ., - [ S . ~ Lo ) ey 3 ) [T R P TR, TS, N
From solution and washiing the deled regldue wlih

nitroneihans produced regulis gimilar o those
chiained with ooppers.

Chloro-gpecies were found Ve Prasent,
not exclusively. in the Aiﬁ?@ﬁ athane and sther

selutions as Dirst prepared. Lt would appear ihaw
g g LN N ey = BE e aty T S
compounds of the FTormulae M GL I and ¥E: (where X is
the sirong acid anion) exlst as an egullibrivem sixiure.

bah
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he bis-compound, (Mfz), can be obtelned in solution
as for coppere. nly in the case of the tetra-
fluorcoborate in evher does the chlioro-compound exist
alone in solution. Addition of silver tetrafluoro-
bhorase gives results similar to those obiteained Lfor
COPPET. & pale Dlue solid is precipitated from the
cohalt selution and a light green solid from niclkel.
Again analysis showed these Lo correspond to the

formulae Co(BPy )a and Ni{BFs: )2 respectively.

A

Mapgpanese (11

Sranab A

Tt was found that anhydrous manganese (11)
ehloride prepared from the hydrats would not react

with silvs

saltie Reaction times of up to one

month did not produce mangsnese in soludlon.

=z

f:ﬁ,.

f
:

nganese metal wasg powdered 10 pass a 240 B. 8., Sieve
by using & percusslion MOrLAT. Reactlion sook plece
at 9 glow rate and two months' sheking was reguired
to remove all the silver Lrom solutlon. Unfortunaite-=
1y ﬁlm golutions obtained contained Little manganese
except ln the case of the trifiuvorcacetate in
nitromethaneg. This made U. Vs Bpectra difficult o

Neagure. From analysis of the sclutioneg, however,



it would appear that all three strong acld gdis were
s0luble tTo some extenty In evthers Benzene solutlons
were exitremely weak, oxidation to permanganate, during
analyalis, resulting in only a very pale pink colour.
By far the strongesy woelutions were obtalned in niltrce-

nethans.

%o Bine (13D

Zine seoluticns were prepared by reacting

stolchiometriec guasnitlties of anhydrouvs zine chloride
and silver salt. In no case was & chloro-compound

Formed. The precipitated silver chloride corresponded
to the caleuvlaved welght reguived for Tormation of
the bis-compound in all cases.

B, Chrowium (11)

Chromous selts react with ether (76) and no
avtenpis were made (o prepare solutions in this
SOLVent. Selutions could not be prepared in benzense

or nliromethane, silver precelipitating in eadh case.
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In order to aveld oxidaticn to the ferric sitave,

)
o

solutions of this lon wers mnade up in apn imosphere oF

oxygen-iree nlirvegen. | Metal enterved =wﬁu91@w in all

caaema PFror the ceolours of Tthe solutions obtalned, 13
would appear that oxidetion paken ploce on 9LaBAinG.
The tetrefluorobhorate in ether decolourised slowly with

"

the Tormation of a white p?€6¢p tate |gee ivem (2113,
Chloride wag Cfound prepent in ali golutione bet, beeause
of the presence of ivon (111), ne estimate of the species

in solution could be mnade.

o Teivaient metal lons

T Tram (111}

These spolutions were prepared fron stolehiconsirie
guantities as for zinc. The calculated welghts of
ailver chloride were obtalilmed for vperchlorates and

ifluoropcetates. "o tetrafluorohorate asolutic

o
g
,.e.

on
gould be prepared, immediate decomposition Ceeurring.
A dense whive precipiiete formed, much in sxcess of
the welght caleoulated for sllver chiorilide, snd white
fumes appeared in the reaction flask. IV seems likely
that Terric flueoride is formed as & result of the

deconposition
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the testraflivercborats.

gpe (8% Ja e PeaFe + 6 BPF: {golvated)o

a2, Chromium (31311}

Sl

It was found thet chromium (111) soiutions were

o

diPficult to prepare. Anhyarous chromium (11i1)
chloride appears to have swo forms, one ‘active’ and
the other ‘'insctive'®s  The latiter resulis from the
dehydration of the hydrate using thionyl chloride.
The 'acvive' form can be produced by heasing chromiunm
in a siream of dry chlorine at as low a temperaiure
as posgsible Tor peaction to coceur. The actividty
of this Torm ney be &u@ Lo traces of Cr° v which can
arige from the reagtlonsse
Eﬁﬁﬁlsmwbﬁcrﬁlg‘+ Cla
or O 4+ Clg == OrQls

All seolutions obtel ned foy chromium (111}

were coloured. No chloro-compounds were fowmd o
exisgto The tetralfluvoeroborate soiutions in ether
and benzene were weakly coloured greei. The

perchlorate decmposed after Filivebtlon.



Be Vanadium (112)

Y - - N

3

ALY selttions prepared Loy this ion were colouradc
Vanadium trichloride appears to be appreclably soluble
in ether and nitromethave and thus solutions in these
golvenits were made from stoichiometric guantities.
Vanadiur trifluoroacetate could not be ﬁrepa?eﬁ in s
pure state by removal of gelvent Trom nitromeithans

golution. ¥Wo chloro-compounds ave Lormed.

4 Titeniup (211)

ALl worl dnvolving this ion wag carried out in
8 4oy, oEygen-rreg atnospihere. Reaction ¢ccurred
in all cageg although atitempts 10 obusin pure
titanium {111) trifluoroacetate were unsuccessful.

Chioro~gpecies are sbgent from selution.

CG
g%»w-b

LGS

,~a,

&8

- ‘

No accurate determlimm tion of golubilities was carvisd
oute Th@lsﬁrengnu oFf the golutions prepared wes

of the orvder of B% W/Ve A gualitetive assessment

of rela tive solubility showed the 6?&@? BR. T <

CR0:™ < 02C.CFs ™ for the salts and benzene < ether <
witromethane rop whe solveints. AlL the solutions
cowld De consentrated to some extent by mfmﬁal of

g0lvent under Vacullie
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Binerinontal

AL the seolutions prepared were made up in a
dry-box usliung anhydrous solvents and salts. The
polutions were prepared in 100 ml., flasks and the

ground glass steppers sealed in the flasks using

Pl Fo 8o sBleeves. An an added preceution the
sboppers were wirved on to the flagk. shelking was

carried cut on & mechanical shaker, . reaction being
compleited in times wverying from a few days o two
MONsths. The seolutions were filtered ig the driy-box
using & sintered funnel (porosity 4) and a hend bulb
connected o a Buchmer flagk. In many cBBES,
repeated Til¢ravicon was regulred and in some Instancen
where separatlon was impossible by Piltration,
aclublons were onptalined by decantation. Starving
materials were gtored 1n the dry-box before use.

Preparation of Stariing Meierials

Solvents
Bther and benzene were dried over sodium wire and
stored over nelesular sieves. Titromethane was
dried over and then dlstilled onte moleculsy sleves.
All solvents were sitored in the dry-bos whieh wag

kept free from wmolsture by mesns of open trays of

phesphorus pentoxide.
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Anhvdrous Silver Salbs

Silver perchidrate

The anhyarous salt was purchased from B.D. Ho
and wag further dehydrated by continucus pumpilng at
5O°C, The silver perchiorate was then left under

vacuum over phosphorus pentoxide in the dry=-Lox.

Silver Tetrafiucrobhorate

The preperation of Sharpe (5) was used.  Dry
gliver borate was prepsored by pr@cipité%i@& Trom
silver nitrate and borle aecid.  The borate (1.58g)
rag placed in a silica Dottle fitted Wiﬁh—a gtandard
Bl4 cone. Bromine (8ml. ) was added o sct as a
moderator in the reaction. Bromine trifluoride was
added, drop by drop, through & copper funnel.

When excess Imd been added, the bromine and remain-
ing bromine trifivorilide were ranoved wnder vacuvul on
a normal vacuum line uslng a sllica trap. The last
braces of bromine trifiuvorlde were removed by heating
at 180° in vacue for two hours.

Caleoulated for AgBF.: Ag 585, &%

Tound : Ag B, 6%,



Silver Tritluorcsceiabs

Anhydrous trifluorsacetie acid wag added o an
sxcens of silver carbonate wetted by a lititle water in
a platinum dishe The solution was warmed on a steam-
bath %@ engure complete reactlion and then ©lliered.
The white sollid obtained on @vapara%ing the selution
on & atean-beth was dried In vacue over phe&phérng
pentoxlde. The sgilver éompauﬁﬁ was then extracied

with snhydrous ether and recrystal lised from anhydrous

ether.
Calenleted for Mg 00C.CF; Ag ¢ 48, 9%,
Found Ag ¢ 4B, 2%

Silver Hexaflucorosntimonate

Bilver hexalluorcantimonate was prepared by
treating caleculated guanitities of silver metal and
antimonious cxide with bromine triflucride (89, 74).
The product was hesated at 180°C for two houvs %o
remove the lagt traces of bromine trifluoride.

Galoulated for AgShFs : Ag  Bl.4%.

Found s Ag B1. 8%
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Anhydrous Hetal Helides
Chromium (111} Chileride

chvomivm{111) ehloride was prepared by heating
powdered chromium metal.in a etresm of dey chlorine.
Twe Lorms of this chloride existo In order to obtaln
the "active' form it was found necessary o
chilorinate at the lowest temperature possible. The
"active ' form gave chromium (111) solutions in the
organic solvents.

Dehydration of the hydrate using freshly
distilled thionyl echloride wos 8180 attempiad. (75)
This method, however, gave the “ina&tiV@V form.

Caloulated for CrClz ¢ Or 32 8%, 01 67, 2%

[-$:]

Found Gy B8, 0%,0L 67 6%,

Ghromium (11) Chloride

oSt s i

Chromium (11) chloride was prepare&‘by passing dry
hydrogen chloride over powdered thamium metal ad
1G00°¢C, A white product, very sensitive to melsture
was obtalined. .

Caleulated for CrCla @ CL B7.8%.

Found Cl 56, 9%

oa



Gobalt {11) Chlorids

Cobalt (11)chleride was prepared by partial de-—
hydration of the hexa-hydrate uwader vacuum at 100°C,
The product was then treaited with freshly distiiled
thionyl chlorlde. When reaction ceased, the thi@mﬁl
chloride was aistilled off under partisl vecuum using
a dry aitrogen bleed. | The product was washed sgeveral
ﬁﬁm@@ with dry @aﬁb@ﬁ éi@ulphiﬂ@ and finally heated
at 100°C unger vacuwum to remove the remaining carbon
disulphide. A pale blue powder was obiained.

| Caloulated for CoCla ¢ Co %594%961 B4 6%

Pound : s Go %509%961 B8e 0%

Copper (11) Chloride
Copper {(11) chloride was prepared from the
dihydrate as Lopr sobalt chloride. A yellow-brown
powder was obtel ned.
Caloulated for CuCla ¢ Cu 4%, 3% Cl 52 7%,

Pound

.73

Cu éacﬁ%?ﬁl 520 5%,

Manganese (31) Chloride

AT ST T S

It was found thet mangsnese (11) chloride
wepared from the hydrate wouvld not react with & lver
saltg to produce solutions contalining manganese.
¥Yanganese metal wam used, powdering belng effected by

a percussion movtar.



Hicked (11) chioride

Nickel (11) chloride was prepared from the
hexa-hydrate ag for cobalt chloride. A yellow
powder was produced.

Caleulated for WiCla @ NI 45.8%,C1 54. 7%,

20

Found Ni 48, 1% ,CL 54, 0%,

Pisanium (311) chlorife

CTitanium (111) Chloride wag donated by Laporte
Tiﬁaéium Ltd. and had been prepared by reduction of
the tetrachloride by hydrogen at 900°C. AL
manipulations invelving thiz compound were carried
oud under 4dry ailtrogen. The stoppers of all flasks
@0mtaiﬁing solution @xp@fimen%é of this chloride
were sealed with wex as an added safeguard in
preventing oxygen and moelgsture esntering the reaction

flaske

Vanadivm (111) cChilopide

Twe methods were used to prepare this chiloride.
(a)Vanadium metal (Bg) was placed in a pilice tube
tilted at an amgléo The b@ﬁﬁgm end was connected
by meang of a ground glass joint o & Flagk

containing sulphur monochloride. A gtream ol dry
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carbon tetraghloride and oxygen-free niitrogen was
passed over the metal at 660°C. Vanadium tetra-
chloride was formed rapldly anﬁ was carrvied over as
2 dark red vapour into the recegving flask which was
cooled in ‘igs -~water. At the end of the reasition,
tetrachloride 1@ft'@m the walls of the tube was
warned gently and the liguld resdily ran into the flask.
A refluxr condenser fitted with a guard tube was then
fitted and the miﬁture vefiuxed fopr 18 h@urgov Bxcess
gsulphww monochlovide and reactlion product, sulphur
dichloride were digtllled off under reduced DPregsure.
The purple solld remaining was washed P@paatedly‘_
with anhydrous carbon disuiphide in the dry-box and
then heated under vacuum for 2 hours. |

Galeulated for VOl : CL 67.60%,

Pound ¢ CL 6%, 34% .

(b) Vanadyl chloride renta-hydrate was prepared by
gently boelling vanadium pentoxide in concentrated
hydrochloric aclid for ome hour (36) then evaporsiting
0 small bwullk. After aﬁolingp‘methanﬁl was slowly
added %o the deep blue solution and evaporation to
small bullk repeatad. Fupriher treatment with methanel
followed by evaporation resulied in the separation

of a dark blue, non-crystdl line mass.
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Caleula ted for VOCla Sﬁgg : CL B0, 2%.

Found : C1 28 7%
The 1@# chloride content may be due to co-ordination
of some methanol t0 $he wvanadyl lon.

The blue materialwas refluged with excess of
freshly distilled thiomyl chloride for iwo hours.
The bulk of the thionyl chloride was then distilled
off, 20-30 ml. fresh thionyl chloride added and the
mixtoure refluxed for s further houre. .A purple
residue was obtelined. The thionyl chloride was
coloured orsnge-brown which may héve besn due to
disgolyved vanadium oxyitrichloridse. The thilonyl
chloride wes then digtililed off snd the residue
waghed repeatedly with dry ecarbon disulphides The
purple profuct was dried by continuvous pumping and
stored under vacuum over phosphorus pentoxide and

godium hydroxzlde.

o

Caleuls ted For VOlz : Cl 67.6%.

Found

il

CL 67, 8%

Zine (11) Chloride

Zine (11) chloride was prepsred From the
hydrate asg for the preparation of cobalt chloride.

Thig material was used immediately after preparation.



slenlated For ZnCls @ Gl 52.1%

o0

Found Gl 51, 8%,

Iron (311) Chioride

Iron (111) ehlééi&e was prepared by paassing a
stream of dry chlorine over heated iven wirve (77). The
volatlile product was collected in a trap and sublimed
twice in an atmogpbhere of chlorine. Bxcess chlorine
wag then removed under v&cuumo Dark ecrystals were
obtained. |

Galeulated for FeCly : Fe 34, 4%, C1 65.6%

Found Fe B4.7%, GL 68.0%.

B0

Ircn (11) Chloride

Thig compound wae prepared from anhydrous irvon {(1L1)
chloride by heating with chlorobenzene at 130°C (78),
The golid obitained was filtered, wasghed repeatedly with
behzeme and Timelly dried in vaeuwo.
Caloulated for FeCla,Fe : 44.1%, Gl 56.9%

Found Fe : 43.7%, Cl 55, 6%

The abhsence of hydroxyl peaks in the near infra~red
wes taken Yo mean that anhydrous starting materials

had heen obtained.



CHAPTER TE

Properilies of Solutiong and Solids

1o Abporption Svectra

One of ﬁhé most impertant meithods of examining
transition metal compounds is by means of their wltra-
violet end visible absorption epeetra. In recent years
the introduction of the vrefleciance ﬁpﬂctrophotemeﬁ@$
has added much infornation on solid materials, ithus
@upplementing the slready vest #nd still growing data
obiained for solutvions.

| Acconpanying and, in many ways promoting, the
surge of interest, has been the increage in under-
B%an&ing cxperimencal cbgervations as ® direc%'réeult
oY theoretical advances. The literature published
on the theory of d-4d transitions end the reeulﬁimg
gpectra is now vast. Eooka\by Jprgensen (79) and
Bollhousen (80) ond @ review by Dunn (81) cover most
BEPECLH.

Three main theoretical approaches to the prodblems
of structure and specira have been established up to the
pregent time. Bach method has 1te uwses ond slsgo iis

iLimlitationsg.
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(a) Valence bond theory

This theory was proposed by Pouling (82) and enjoyed
great popularity for many yesrs. It 18, wnfortunstely,
of little use in the interpretation of svecira. This
arises from the leck of provision for excited stetes and
the energy levels associated with them.

(b) Crystel Field theory (Elecirostatic)

This spproach was first used by Penney snd Schiepp (83)
to investigete apparent discrepancies in magnetlc
pr@p@rties of crystals, thought to be due to crystal
forces. The assignmén% of abgsorption bhands of low
extinction coefflclent arising in the vigible and
ultraviolet regions has been dealt with very efficlently
by means of thle method. Such bands have been related
to definite fransiti@ms in the csse of octahedrsl and
tetrahedral complexes snd their associsted distorited
forma.

(¢) Ligand Fleld theory

The ligand Tleld theory uses the basic electrostatic
approach but in sddition tekes into consideration the
moieeulér orblial concepi. As such'iﬁ is probsbly

the superior method for éealing'with transition metal
compleies. This ‘hybridisation' of the sbove theories
is most successiul fér complexeé where sirong Lnteprs

actlon between the lon snd ligend orbitals cccurs.



The trangitlions involwve eliher charvge transier (84}
0P oﬁéita&s whieh ave largely delocalilsed over the
central meﬁa;.iom and %hﬁ‘ligana&o

In opder %O ealou late atomic on@?gv levels in a
polyelectronis svstem, the forces acving within the
‘afom eve considered in order of magnitude. The final
levels are resched by @ series of apﬁfoximaﬁ10n$
start ?ﬁg with the largest Fforcesg. For @ polyeleciron
atom or ion, thﬁ@@ main dypes of Covee exists
(a) Central field Forces
(n) inter-glectronic repvlsion forces
(¢) spin-orbit coupling Forces.

Forco (a) is by far the largest sinceé this
condition is necessary for g suwable atoma . It 1s a
coulomble force, involving atitraction between a central
positive nucleus and the electrons. Forees (h) and
(c) are 9180 imvortant. If b »» ¢, the levels
resuliing sre said o belong to the Russell-Saunders
coupling schemne ep@LS,sch@me)o ifp on the other hand,
¢ >» b then the final levels ave aseribed to the J3
scheme. This latter gecheme is aoplied generally o

heavy stome where 2 & 30.



The Russelli-Baunders schene has Heen woll
@m%abligh@a'faﬁ atons with % & 80 and thils includes the
C flest row treunsltion elemenis. The one electron atom
3chem@‘ig prepored and the ilnterelestronic vepulslon
effect on this configuration faunao The previously
degenerate configuration is thercby splltv inte grouvps
OFf levels of lower degeneracy Lnown 88 ToriSe These
serms are specifled by the total atomic oﬁbiﬁa; angulay
monentum (L) end by the spin snguler momentum (S).

Le2lyg= 0 1 2 5 4 B 6
i* s P D F G H I

and S mi%gi where S has mulbtiplicity v = 8BS + 1o
Thus th@h%@rm is denoted vy

When Ir and S are non~gero, magnetlc Tields are
generated and hence orlentation occurs so that the
interaction energy beitween the two fields is at a
mininum. The coupling or latervagtvion glves rigse wo ihe
quentun number J which 1s 2 measuvre of the totel sngulaw
momentum of the atom including contribution from the
spin end orbltal momenta. . J has values

J =L+ 8 L+ 8 ~ Lycocecoe Lt = B
The term is therefore now &eno%edffLJg @o o O

chyomiom (111)¢
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Ground term is "W

The levelp argiging svres-—

4, 4 & &
1'39 /a ; Ty A Py /2, "By Jaeo

The term multiplet is applied to the values of J srising
ffqm the same bterm and each J value is known ap a
COMPONEN Lo

Applicetion of Hund'’s rules mokes 1t possible %o
dgetermine the ground energy level.
(1) Of the Russell-Saunders states srlsing from a
glven electronic counfiguration snd permitted by the
Paull excluslon principle, the mogt stsble state will
be the one with the grestest multivlieity.
(ii) OF o group of teovms with o given S value, the term
with the largest L value has the lowesti energye
(1i1) OFf the sitates with given L and 8 vslues in a
configuration consisting of less than half the electrons
In a sub=-group, the sitate with the smallest J value ‘
i nor@aliy the most stable. The converse holds for
a conflguration with more than half the electrons in
a suh«gfoupo

in the crystal fleld theory, the effect of elecirie
flelds of varl ous symmetries on the field free ailemie

werns and degenerate ovbitals is considered.
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Thvee types of onergy are pelevent 1P Rupcpelle
Saunders couplling lag assunedd

(1) ecrysirl Pield cnevgy

(i1) spin-orbli coupling cnevgy

(211) enervgy dia%ané@ botween terine of the

gamne configuratlon.

In 21l cases, (11) must be less than (111) and so
three orders may arise.

(a) (1) < (31) < (213)e

(p) (11) < (1) < (i22).

(e) (11) < (114) < (1)

cases (2) and (b) ave knovm a8 weak-field 1imits
and (¢) as the sﬁéang field 1imlé. Case (b) applies
for d electirensg of the Tirpt-vow transition sevies.
This means that the energy aiéﬁaﬁee betven tefm@ £rom
the a? conflmuration is lwrge enough so that crystal
Plield effects éa‘nﬂ% aaﬁ@e.inﬁ@faeﬁiano

The sluplest case is %h@'aé cONE Lguratlo no The
only term arising here 18 2D and this has the
COMPONents aDa/b and. gbs/éa Titonduvn (111) bhas
such a configuratlon. When the %wip@siﬁivé titanium
lon is surrounded by six ligends, e.g. water, cctaw
hedrally placed in relation to 1%, the previously five-

£fold degenerate D term splits into twe mew levels,
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one threefold degenervate, tggg and one douvbliy degenerate,
Bggo These levels are aepsrated by an energy difference
of & ov 10Dy, 1t ean be shown by caleulation that the
triply degeneramie level lies at 4Dg below the origimel
wmperiurbed d_level sﬁd what %he'&oﬁbly degenerate leveld
lies ot 6Dy above the originalc The effect is shown

in diagran:

LTI B

P
ey
g

Fleld-frea. TS
A
Five feld mﬁﬁmﬁﬁﬁ%%% Dg
degensrase S, g

It is obvious that the single 4 cleciron occuples a
tgg orblsal and algo that an electronic transition will
ocour when the 4 elsctron is transferred Lo an @g
aorbital. This will oceur'éﬁ a waveleng%h or Freguency
corresponding 40 the separation 10Dy (ord) between the
WO types of orbital. The band which resulis has a

maximum at 490 mu (20,300 cn™t) for the Ti(H20)e®* iom,
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(88) which glves a Dg value of %Oﬁ@emkia

The band described above ig ‘weak' in that the
extinction coefficient, & , is -mmall (& 8). Thie is a
feature of the so-called d=d transitions Cfor firat row
transition elements.

Th@éretieal explanavions of the low intensitics
of such translitions are besed on selection rules which
determine to what extent the transition is ‘allowed’s

In o free atom any transglitlon which vesvlis in
s change in the nurber of unpalred electvon spins is
sald $0 be wmulitiplicity Torbldden and, at best, can
avpeay only very‘ﬁeakly in absorpitlon. A seeond, and
more important rule is that trensitions which ianvolve
redistribution of eleciroms in the same quantum shell
are “f@ﬁbidden“o_ Thus transitim#é~between the different
stntes of a A ccnfigura%ian'@honlﬁ not he observedo
This ip & case éf thé Laporte selection Pﬁleé; However,
whe rule does not h@ld comple%ély when we cqnﬂid@? the
metal ion forms papﬁlof a compound.

Some wechanisme have been proposed o explain these
transitions (86). Whé%ever the true answer is, there
renaing the Fact bthat the transiitions arve weaskly
allowed W:?.‘i:h% values Pangin{g Of*"l(}go In spin-allowed
transltions, which occur atv much shorier wavelengihs,

S values are of the order 10% upwords.
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The mirong field iimit (cage C) imolies that the
cnergy gep between the ﬁag‘ana B levels way become
B0 large that interacition betwen states eriging Trom
eonfigurations involving both %gg'aﬁﬁ @g may be ignored.
This does not allow o Tull explanation of all the
features of a gpectrum in ﬁh@:gﬁroﬂgly'pértuﬁbing field
limlt.  Consideration must be given, by comparigon with
an intervmediate field, 1o soue tg@ " 8 intersctlon
In a field free atom or ion or in a weak Pleld case, the
mas imun multipli@iﬁy is six vwhereas in o givong Tleld
case the mawimum multiplielty is four.  Cobalys (111)
provides an example of thig effect. | Yo a weak field
the complexes have magnetlc moments~ S.4 B,
covresponding to four unpalired spins whereas in strong
flelds they become diamagnetic. Since the present werk

ig concerned with weak-fleld complexes, no further

discussion on the strong field caseée is necessary.
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The Spectra 0f Firgt-Row Trangitionsld
Hetal Salts of some Sirong Aclids.

Any assignments of the bHands obuerved and repovied
in this chapier ave made by comparison wlith published
gpectiyrie For -this comparison, full use has been nade
of the book by Jorgensen (79) and the review by Dunn
(81). A mathematical explanation ig outwith the seope
of this project. ~ The metal ions of &@ configuration
are considered in increasing magnitude of 1o
Extinctlon eéeffiﬁienté%*g'maxogfhave been caleulated
Tor the observed maximab" It is not possible to
caleulase extinetion.eoefficients‘faﬁ baﬁﬁa obtained
by measuremenﬁ"afPafie@tamee gpscitra.. Relatilve
intensities aré indicaited by the vsual abbreviatlons.
(vs = vé@y sirangg 8 = gitrong, m = medium, by = broad.
Note: In many spectra, it has been Pound that the

o
RN

charge-iransfer bands make cbservation of shori wave-

lengih d-d transitlions difficult or lmpossible to record.
4

Plgures ave quoted inm em — x 107Y,
dl

e

The metal ion studied was Titeniuwm (111).  The
publighed epectra on the Ti(Ha0)s®” ion is Palrly

extensive.
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Interest in the spectra isg obviously due to the Tact
what only one tranpition aeéuﬁag ) préviously dige
cussed. . However, the band i@ not symmevrlesl and a
shoulder has been cbeerved (87, 88). This is explained

88 heing due to a gplit exclied o, state, the split

g
being caused by a Jshp~Teller distortlon. In the
preéent vork no shoulder was observed. This omigsion
is preeﬁm&bly due to the large charge transfer bands
Whicﬁ appeared close to ﬁhe d-d %ransiﬁiomao Resulta
are shown in Table X.

é}values.have been éaleula%@& Tor the ligands end are
given‘in the fqllawing table. Unité used are kE =

em™t x 10'3,

Ligand £ield splitiing valuvea (& or 10Da)

Compound, Ether Benzene | Nitromethans
G104~ 20,5 20, 8 20, 9
02C. CF3 "~ 20, 5 21 2 2L. B
BF." 2.0 25. 8 31, 7

Thed value ouoted Por Ti(FM0)e®” is 20.3 (85). The
anions in ether and nitromethane show the order of

field strength 0 be CL0a™ < 020,CFs” < BF.>,
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TABLL I

L s Sestiag £

Mrendum (111)

golvent Behew Benzene Witvonethane

Semnle <, iy >\
Henple “"xm”‘co ga MR, kmﬁxa g MR > HER, EE MK,

4005 3303 o | 2404 -

3104m 20,3 Aol 208 7.8 20,9 8.5
4.1 “ 33.3 - 24,4 -

PO
fd
@

av]

10,2 | 21,3

i
kel
oh

GEGH CBtsm 20@5 ?al

L. = | 34,5 25,0
SF@Q 21.0 3af 25,8 12,4 8l 8,8




T™his order is aaintalned in bengene buv the large valuve
of & found Tor bensene solutions is wather @uﬁﬁﬁi@ingo
Since the iigand field girengths ave similar o that
of water, 1t would be reasonable to place the systens
deseribed near water in the specitrochemical seried.
Further evidence fromAvalues 1 glven later in this
chapter, |
&

For a ¢° complex, the following diagram (after
Tﬁmﬂbeg Sugano) shows the energy levels eriging in an
octahedral field. A

/ “beg(P)
ywwf””aTlg(?)

B
= Y e(P
A o s_:,,é%’( )
B
Both the bhydrate and oxalato~compleres of trlpositive

vanadivm show well defined transitlonsg aﬁn&l?gOOOcmml
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and4%°%@90600mm10 These have been aoasigned by a
nuEber of aunthors a$33T1gtF)=ﬁ%%ﬁhg {2} ena

%‘.ﬁ?lgﬁ‘) w 3{6‘;?1 g(}?)o TPy Low=1ying singlet states
gmg ang, 1@@@ aled exist bui no tPacsd of thesse has been
Peporitedo Results ave peported in Table IT.

The chavge transfer bends make 4ifficult the
task of deteciing the maximum sbsorption & Eﬁgﬁﬂacmmie
Conssguently, the ether golutions of the s gperchlorate
and srigirifluoroacetaie are the only examples showing
the twe expecied absocrpitions. The peaks vepovrted in
nigromethane @elutienganBQOOOQmml may be duve 0 6~4
trensltions but 1{ ls impossidble to be defimite om this
Point. A Teature of all spectra in niironethane is
an intense peek in this region. It would eppear thasd
the 4-d trensitlon STlg(F) -3 ﬁTlg(P) ond the charge
tranafer peak ~ 85,000cm " cannet be dlgtingulahed.
as
Ghromiva {(III) has been extensively studied and mony
speetra published. The gﬁ@ﬁnﬂ state in “Aog and mix

excited levels have been identificd.



Yegadien (111)

TABLE 1T

RSP TATASING R

Solvens Eihew Danzene WMirenethene
" @ , p\ <
Semple |\ max, & mas, ;\’\maxo Emasze N gag, < maz,
40,8  8T5 | 35.7 480 | 24,7 770
61.0,° 25,6 20D
34T 2.4, 20,8 55 8.2 120
9,8 48
40,0 1650 | 28.2 820 24,4 98D
0,0, OF” 25,8 190 .
16,1 13,0 20.8 125 | 20,3 157
12,8 28,0 | 15,6 4,0
40,0 1200 | 31,5 920 | 25.0 1130
xmh“ 12,5 12,5 20,4 150 17.5 24

&%



G8.

Y > PEg s 1.5, 000em (puby )
4 e o > W:l acva T oren
nl ﬁwig = 1.6, BO00cm , (yu@yﬁ
= 4T§g(F)ﬁf1?9@@D@mmi (hyarase)
-3 Papg o 83,000cm™ ( puby)
A -1
S ﬁng(F)ﬁﬁaég?QG@m - (hyarate)
=3 .
N ﬁle(P)ﬁﬂEWQOGOcm = (nydrate)
=]

It is inveresiting to note thav of these slx cbaerved
transitvlions, vhree are mulitiplicity Lorbidden and
ghould thue be weak or very wealk in intensiiy. Band

pogltions are guoted in Table IIIL,

(a) The solution of chromiwa (111) trisperchlorate in
benzene decompesged ag %h@‘speeﬁ@um was belng meanureds
The positions of wexima guoted are therefore in some
Ao b |

(b) Soluntions of.th@ sristetrarivoroborate in ether and
b@ﬁzeﬁe were coloured gp@éa but were 80 wealk as o make
specuroBeopic examinaﬁion‘impoagibleo Coneentration
of the solutlounsg by wvacuur disvillation cauvsed some
precipliation of sollid material.

The specira of the chromiwm (111) solvtions show
mazima which corvespond closely to the ﬁ?ansi%idna
theoretlenlly devived for the ionm in an oetahedral
envivonment. & values have been coleulated for the

llgands and ave reporited laver.



Capenivn {

3L,

AR ETY

L i 3 sl

Solvens Tohon Bonmene Witzomethene
Nample g , A I\ ¢
'}\ MRJE e é-mmam W\’IE; Lo .@% aK >\ Nk, gf‘ N .
40,0 3,1 33,35 11,5 26,7 0.25
23,5 Qo 14 1ﬁg?€ ) 3.6 23,8 0.33
a
¢10," 16,0 0.3 1.2 058 7.2 0,33
14.3 0,07 14,9 0,280 15,2 0,24
40.0 2.9 53.5 5.0 25,6 0. 74
23,5 0,860 22,2 1.8 23,5 DT
Q?Gaﬂﬁém 163 0700 15,9 L3 | 2Tl 0,67
14,9 0,258 1o 0,33 14,9 0631
26:3 1.2
. 22,2 0,84
16,7 0.26
147 0.22
Solid Teifluovoacetate 4l. 24.1(m),

(reflectance specivum)

¥

I7.4(m),

o i

(o
sh a

&3&3’{3
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a

]

Chromten (3X)

I% was 0ot possible o prepere any divalents ehwomium
solunbiong.  Chvonous ion weacis with ether (09) and
no mevashetleal prepavations were atiempited in what
B01vento In bensene snd nitrom@ﬁh&ﬁeg decomporlvicn
occureed rapidly and sgllver was deposlied.

Two @° ions have been aﬁudi@&; Tn voth Twon (221)

and Nengenese (11) the bands which appear are very weak
and in nany cases notv observed. The weakness of whe
bands cen be explalned by the fact thait, in the weak
field cape, the trensitions ave all multipliclsy - (ow
apin~) Fforbildden. In addition to this, lavge charge
transfer bands mnasgk vhese very weal tvansitions in sonse

Caged.

Yeooponaese (13.)

The spectra of complexes of this ion with many
iigends have been entensively covereds For the heza-

hydrate the following assignuents have Deen made (o0).



] h e "’_”‘::Q;s
G,{\,ji’&: ey 41‘1‘&;( G‘) sy &%}9‘5}@0@?&

, ),

w> e ) w2 82, 800ci

A% ﬂEgpﬁﬁﬁgiﬁé Rﬁ@EQQ@O@mwi

ey Pag (D) aagagﬁaﬂamml

wr “Re(D) ~ 89, 9006k "
o 4?1§(P) ~ BB ,000an">
=3 Chag () ﬁgéﬁg?Goemml
os 2ty (F) o 43, 9006mF,

Binee all trapsitioas invelved im a @° iem
are spln-rforbiddan, 1t would be expected that the
intenslty of the bends would be exiremcly 1ow. Resulen
ave llgted in Table IV
Solutions of mangenese (11) complexes in benzene
were extvemely weak.  Analysig of seluiions showed
that the sivengith was of ¢he order of 002%0 Agadn
e niltronethane solutions, while belng the nost
goncentratod, mh@wad eh&?g@ transrer peaks wihdch
nesked any d-4 troneltlon moxima. Eﬁhe@_éaln%iom@
gave maxima &%a@osggg@mﬂl of very low ewitincetion

coelfficient.



Yansawons (11)

Solvonh gher Bonzene Nitromethane
Sample @ :
’ ”//\ max, ~ mam. % B2 é‘ WO, || A WO é ma%,
45,5 >5000 | 34,7 4690 | 24.6 5000
GLO 4“'” 21,9 0.1
20&0 0002
45.8 >5000 | 35,1 3760 25,0 » 5000
25,9 0,01
0pC, CFy™ 2.9 0,02
20,0 0,09
46,5 > 5000] 35,8 4180 25,09 5000
24.5 0,09
" 21,8 0,03 :
3.9@8 QO@§ .
2

T8



Ieon, (333)

The gpectrum of Whe h@xahyﬂfat@ has been neapwred
by peveral anithors Hus characierisation has PROVARAQ
difficult and fthere ave discrepancices beitween the
pUblished maxgimg. The ©irst transition has been gilven
as 139539@mm (91) and 14;300@mwl (92,95), The speetrun

of ¥’

in beryl where the low is co-ordineted o siz
oxRygens, hag been investignied by Dvir dnd Low (94).
Tentatlve apslgnments have been nade ap follovsi-

189809cm i

[}
A =>
g 200em "

.&1&; M

=}
R Y 1“?' 500¢m "
2(3 0QQem

-> “hg i,
~ 25, 000em -

% '“&“l&g
> 4Ty e ~ 86 3 500~
The spectra of irom (A11) solutions ave given in
Table Vo
(&) The mpolution of iren (111) trisperchlorate in
benzene decomposed »apldly after Piltration and 1t vas

% found poseible 0 nasPre The SPecLiMo



TABUE V.
Solvent Boher Bonzens Hltzemotheng
Sample N o, € mexd N ez,  mes, | D oz, © masd
58,5 350¢ 24,7 1500
@1@4“ () 17.5 250
29,4 600 10,3 0.8
46.5) 35.1 1650 6 5
33533 5000 o0 1503 25.6 5000
37,0 o0 1392 1 40,5 0,97
0,8.67," | 18,5 g | (8L7) 125
27 . B
10.8 0.0 | (B2:1) 53
18,5 27
E}? 4 =3 € ca

Solid Trifluoroacetato

(Reflectance Spectrum) o000 (eh), 179 (sn)

5805 (oo )



¥ Do

Ghe spectra of ivon (111} solusions should conping
of a nunber oFf peals-of low intensiityo Explanation

,p; L=)

oF vhip effect hes already been given in the case of

o

menganese (11).  The faet that some of the maxima
obaerved, havagim&xw'valu@s which are falrly lovge con
be accounted for by the close proximity of these péaks
B0 éhe charge tranafer hands. In some cases, th@ Band.
appeared ag a ﬁh@glﬁeﬁ on the very intense chavge
wransfer Hand. Bineo 1% was QifPicull to subiract
the eow rabu&x@n of the charge transfer band to the
opvical d@ggi ty ab the ahwulaerg the Emax valuves For
the 4-4d bands ere tentaslve. The solid trifluoro-
acetate showed two shoulders on the side of a very sioong

charge tyansf@w-bandﬁwﬁﬁgﬁoﬁammlg

.
Izom (A1)

The elecironie ground state is Do The split 'iﬂ“
scheme Tor a d° ion in a weak octahedral Yield 1s shown

in the dlagram.
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Th the sbaorptlon spectra of the pale green ion

F@(H@0)63%9 a double peak has heen observed at lﬁgﬁﬁﬁgmmg

Thisg ig agsigned.aslﬁmmg =» 9BE(D) by several avithers

(95,96,97).  The splitting is due o a Jehn-Tellew
effect in the exclied state (eB)e. A number of very

| &mali peaks heve been reported but not fully assigned.

These oceur arcund QQQGOQem°1

and are presuvmably

ﬁmag =3 3T1gg SPag etc. Resulits are gquebed iﬁ Table Vi
AL the iron (11) solutions contained varying quanitliiles
of ivon (311). In view of this fact, it is felt thats
Emex.. values would have 1ittle significence as well ag
being alnest impossible to caleuvlate. The only
gignificant TFeaturs of the specira of the iren (11)
solutione ims that they all show iﬁcr@aaing abporption in

the region 11,000-8,500cn %
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The emact naximun for each peak was very difdiculd
0 measure since the bend was very broad. The
sronslilon STag ~» SEs(D) is found in this regilon.
No trace éf the quinteplet-triplet vransliions

a9 20,000 om™

was observed im the iven (11) polutions
svudlede

Thajaelutian& prepured by metethesis contained
chloride ion. This was vemoved by addition of the
,aﬁ@r@péiate gllver salt. The values owvobted in the
table corvespond o the chloride-free solutions.
The solutions conteining chloride ion differ Little
spectroscoplcally from the solutions for which specira
are repovried. Aoy distinctilon betwesn the twe
speoies in solution is rendered Gifficult by the
breadéh of the absorpiion bands resulting in Inderimite

NARIMNSo
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Gobals (A1)
The hexahydrate hap been pitudicd and the Inown
srenelcions ares-

‘ . )
Ry > TTag(P) o 839,000 em

¥ rh] bt
g
) B "ry
- 2pg ~s 11,000 -¢cm

ey hag(F) ™~ 16-38,000 em t
- QTRQ(P) e 2021, 000 Gmml

. . - eq e o
Taking a Dg value of @70 cm (99}30wgel han predicted
3

transitions at 8,100, 17,600 and 232,000 cm o
Experimentally a band has been obsevved a 19,600 e

and this has been explained by e@naideriﬁg this bend
o include both of the shorier wavelength quari¢et~
guaritets transitions as well ag some auvartet-douwbletd
conveibution. Cobal® (11) specira are pecovded in
Tables VIXI and VIIL.

Cobal® (11) chloro=perchiloraie, -trifluovoaceiate
and ~tetralfluoroboraie solutions veried in colour Lrom
blue or violet to red. The corresponding bis-solnitions
were all red in colour.  Gobalt (11) bistetrariuopro-
horate prgaipitated from ether solution on addivion oFf

silver teitralfluoroborate o the chloro-tetvatliuorchoraie.



e,

Cobalt (11) Chlovo serles (Col(GLXD).

Solvent EBthew Benzene Hiszomethane
Sample- | A wax, € max: | Doox. € max, | D max, ©ma,
43..0 259 25,0 .
40,0 208 21.3 4.6
30.3 47 19,6 5,0
18,2 12,9 7.692 1.0
o, " 14 12,9 - {(7.14) 2.0
4 161 11,0 5,26 0.5
14 q‘g‘ 738
7046 5.0 _
417 20 25.2 -
“19.6 8.0 20.4 10,8
17.5 2,5 17.4 20,1
02G° GFE:{“ 1601 ! 800 = 1690 2091
14.7 6.5 4.7  20.5
- T.34 1,0 T.41 . 6,0
41,3  TheB | 25, .
18,0 3.2 Fhod 642
. 17.4 13,2 Je2 6,5
BF4 _606? 103 - 7541 1¢'0
: 5.24 1,0

Solid Twifiunoroacetate 2
(Reflectance Spectzum)

596(m)? 20,0(sh), 18,2 (n),

80,



TADLG VIEL,

Uobeds (1) Bis sceion (Coka)

Solvonl Tther Hoxgene ISrenathene
Seviple A e £ % @ SN .
HREe — EaX., DR, = Maw, nmeR, TmeR,
41.0 279 25.3 509
@1q¢” 20,0 13,0 - R8.5 1605
8.2 16.9
41,6 140 25,0 437
RUTLEN Cﬁs v 20:2 1.7 o 8.5  17.0
17.8 7.9
25.2 503
pt @ 20,0 7.0

Soldd Twifinordacataio

(Refleotonce specismn)

(]

50.0(Fa80 ) 20.2(m),

18, 7(m),



By aompariaen»the spectra of the a@lutieng of
CoXa (where X is the strong scid onion) were much
more slwple than those of the corresponding ehloro-
specics, Co(C1)X. The maxima in the range 109000 -
5,000 en™t were not well defined. The specira of
cobalt (11) bigperchlorate, bistrifluoroaeetnﬁ@ and
bissetrafivoroberate in nitromeithane show only one pealk

2 IBQOOOGmmlo The disappearsince of the less Intense

minor pesk « 80,000cm™~ may be due to the cPPect of the
charge vtronsfer bands appearingavESQOOOemmlo Ligand
£leld strengths for the eobali (11) complexes have

been caleulated and ave reporited later in this chapter.

g&‘d
Nigkel (11)

Octahedral complexes of nlckel (11) arve Yery COmnon

and the specira of these have been extenslively examined.
For octahedral nickel (11), three triplet-triplet
tranéiﬁiomm should be cbserved. In addicion some
Atriplet@singleﬁ bands are possible, these being spin-
forhidden.

Asglgnments which have been made ares-



[

Ladle
Fhan ~> CTipp{r) ~ 8,600 cm

g
- N B ~d
> "B,(D) 7 1B,400 ewm’
3 ) Te =
ey Ry AG) e~ 18,800 om
)

o> Py (P) ™ 25,500 o™

Hand nosgisions arve given in PTables ITX and X

2

'The codours of polutions of salty of she Towmula

Wila were similay 0 those of the chlopo-compounds
mi(e)E  As in ke cese of cobali (11) bis-salis)the

reglon 10,000 - 5QO@Q@m@l gave peaks,the position of
wilch could notv be accurately determined.

The specire, in general, corrvespond o ocia~
:he@ﬁally complezes nickel (21). Ligand field values
heve besn caleulated and ave F@perted laver.

Wickel (11) bistetrafivoroborate precipliaied

from ether B@lutm@n Wnoa the selution of the chlioro-

oe@waxluowobmfaﬁe Was quancliat

’m

Lvely converved unlog

silver tevtrafluoroboraite in ether.



A LAY 2

Yy

Solvent Bther Bonzens Hitzonethene
Sampla A AT, € m 1%, N MAK . Emm&:e ’\mxo %7?.9.&250
3.5 2%.1 25.0 12,9
“ 4.1 3.9 4.9 3.3
6104 12.5 6,8 @ 13,7 3.4
7.46 3,8 .55 3.4
6@03 23? 6990 :;207
516 1.3 5,21 5.0

24.4 15, 250 KRN

14-:16 a = 1 © o

X

00, GF., 8,48
255 6,06

a

2.9
4.3
133 4.9
4:9
1.3

:-dua?a-s':» e
ED DY Gy 8n

R ]

-3

=3 @?@&U‘!
B (e AN

-3

24,1 13.3 25,6 34,0
B 15,2 5,9 18,4 8,0
Buwﬂ 805 25@ = 9&1? 53“0

Solid Tviflvozeacetate 25.6(s), 14.9(m), 13.7 (m),
(Reflectance specizum)



Miokel Bix Sovios

o

LABLT
AL

EARERIE SRR 4 e

o
Aoe
FACLT )

Holvens Byhes? SLeasene Nitwomethane
Sy &,
wuple 5 , %

AP N mox, © ma, | O e, € max. % ML, ém&azo

GL0,”

25«

14.2

5 175

6,0

24“@ N lsu@

4.8 4.7

4 o=y
12»4 8«0 3:5;7 '{!ﬂxrﬂ?
0,008 | 14.6  7o2 L 14.8 44
13.5 7.3 13,6 3.4
25,3 28,5
35’,‘_“" oY - 6.7

1.4

' Solid Peifluorcacetato 47.6{vs), 25.0(s), 14.9(n), 13.5(m).

(Refleatsiice Spectzum
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conner (33.)

the a2 ion in a perfecitly octahedral eavironmeis
should show only ome transition, J.e. ~UHg => 2Tag.
Thig, of course, means that the sgpeetral behaviowr of
cu{il) should be as Tound im Pi(111l) complexes, with
the level order inverited. However, the “Bg level is
highly suscepitible 10 J@hanelle?'ﬁerturha%i@ﬂo It
would therefore be expected that no perfectly ceta-
hefral copper (11) complex would exist, and this is in
agreement wlth expérimen%al evidenca. Both levels

split into two componenis as shown in diagrame

Thua three transitlong ave possibles In practice,
the spectra of copper (11) complexes consist of a bhroad
band. In the cese of Cu(Ha0)6®™, ¢his has a meximum
as 18,600 et and almost certainly contains more than

one transition.



Holmes and MeClure (96) analysed the polerised
abgorption spectruvm of Cubls.B8H:0 and Pound three
transleions in the reglon 109090m1%99903m“19 The
values found for copper (11) seluiions ave glven in.
Tables XI and XIL.

The @ﬁeétra of all copper (11) solutione congilmied
of broad bands exiending overcwﬁOOmelo The chloro-
tetrafluoroborate in ether gave a spectrum in which
sone separation occurred (ﬂflOOcmml)n The coOrrespond:
ing chlovp-hexafiluvoroantinonate in the same solveat
ghowed simllar splititing, marima occurring at llﬁmOemml
and 1298503mm10 Both solutions geve preciplvates
when converted to the bistetrafluoroborate and bige
haxaflueﬁoan%imeﬁat@ respectlvely using the epproveiate

sliver salt.

a0
Zine (11)

As would be expecied for a ﬂ&o

ion, sinme (21)

shows no d-d transitlons. The specibral data collecited
for thie lon in lts conmplexes is limlted to o recording
of the bands ﬁhieh aup@a? in the chorge transfer re@lovi.c

These bands ore listed in Table XIIL.



Copper, (np.—;e),.

St TSt FRLIIN NN S

TADTR AT,

A A R R T

Shieyo Series (Cu(GL)X)

Solvens Eshew Benzene Hitzomethone
Sample A AR g MK A DR, ém@,@g %mgﬁgg é,msmn
44.4 3410 38,2 70 26,3  49.9
620," 56,9 2710 | 36,0 135,5
12,6 42,1 2.4 %.5 13.7T 23,7
40,0 4000 35.8 1750 26,5 16,2
Qgcqcﬁ'ﬁ“ 2.5  135.4) 2.5 58,2 | 1%.8 70
40,2 2840
39.2 3040
- 38,3 2980 26,5 796
BT, 33.3 4810 -
- 11.6 495 14,3 139
10.6 525

(Refleetance

spastrom

Solia Trifluorssestate v 43.5(ves.), 12.7 (b=).



Coppex_(1L) Bis Series (Gul,)

IRIAST TR En Ty e

Solvent Ether Bengene Nitronethone
Sample N NAK, % AR A iTeh: e € MAK N iR S é nax,
44,5 1289 | 38,0 T8 26,35 189
c10,” 13,2 55,60 14.35 14,0 | 14,5 39,2
41.0 3510 | 37.0 1930 | 26.4 24
0p0.CF." | 13.0 7.9 | 15,2 50,8 | 15.5 65.0
26.4 648
BE,” Pyt e
' 156 6 81 a 0

Sollid Teiflvoroaceiote

(Reflectance spectzum),

41,5 (vso) 13.3 {br.)



PABLE XILE
IR

SEEITEN T

i
IRSIAR TRy

Solvens l?afish@:s? Dengens Wisvomathang
Sempla A maE, é’i AR, ;"\ MK € PRI %mam émaz:n
A5.4 25,6 | 36,0 17.4 26:6 3.0
40,3 3.2 25,6 1.4
33.04“ 39,8 2.6
58,5 1.3
) 4500 1900 3600 :!-5406 2?@3- 209
ol 36,2 22,8 26.4 36
chu@‘Fb’ .
2601 301
25,9 2.9
'4‘4 G 2 3.@9 370 Q ‘Q-go 3 ?60 4 3\1 b
39,2 22,8 | 36,0 103.6 | 24.4 3.0
B, 38.5  1led § 2%0 131
35.T Ha7

B0,



Do
Ligand Field Calevlatlons

Ligand Pield Calceulatlons

It in possible bto caleulate ceribain Tundamenital
propervies aggoaiat@@ with the ligands surrowading
the central metal atom in & comple.

(2) & _op 10Dg

This 1s the ovblial energy difference heiveen
the ground state and the Tlrat excised state.
Bessenvlally it is a measure of the extent 0 which the
degenerate 4 orbitals are splid by the inflvence of the
ligand.  Comparison of values of & leads %0 the
spectrochenical series.

A is a complex quaniity having coniributions from
vapious sources, Four of the ilmporiant factors ares

(1) TEBlectrosiatic perturbation

(1) EBffect of ligend € lone palrs

(1231) Metal > ligand dw - Pr bonding

(iv) Ligand ~> metal Pr - d7 bonding.
0f these, (1), (i1) and (11i) inerease A,vwhile (iv)
acte in the opposite direction. The Tirst factor is
less lmportant than the remalning three.

(b).B

B is the symbol used f@é one of the Racah

paraneters. These inter-clecitvonic repulsion

parameters (A,B and C) are a measure of wthe separation
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of terms end are related,in a delfinite mammer, %O W#he
gnergy differences of cértain LEPRSo

The metale for which values were calculated were
cobalt (11), a7, nickel (11), &®, and chromium (1131),
d®.  The velatlonship between B and the seporatlon of

the terms is glven in the Lollowlag table.

Ton Termns - Beparation
d:?)p G.? 49'}31 - v‘}P 15 &)
a8 S . Bp 16 B

The separation of the terms can be found
experinentally from electironlc absorption specira

and hence the value of B ealculateds

()
This is the ratio of the value of B Found
experimentally to the corresponding B valve calculaied

for the gassous ion (Bl)c
A= =
4 nd

Having found the B vdl ue from observed transltions,
iv is & simple task wo ﬁerivg%@ fiqures.  Inter-
electronic repulgion forces are reduced by varying

amounts when covalent bond Tormatlon ocours,
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“he expanslon which resulits may be correlated with the
extont to which covalent bonds sre formed in the complex.
The ratio,d , is used as a measure of the tondency of
a ligand o form covalent bondg.  Lrpangement of A
valvees, in order of magnitude, glves vise o ithe

. de ' :
Nephelaugetic series (100). As B ineweases, covalent
c@mpi@xing power aige increases.

The ® axis of the Tanabe~Sugano energy level
diagram is measured in wiis of %%3 &gaiﬂ by refereénce
to abgorpitlon bands, a value can ke found for this ratio.
Knawing By 1t is possible to calculate a volue of Dgo

An example of one such calculation is given belows

Nickel (11) ehloroteiratiuvorchorate in either

The transitions which occuy ares-
3%0ag(F) => *Tag(P) at 8,500 cm >+
w P BTlg(F) av 13,200 cm?l

=3 31’18(1’) atv %9100 (Bmmlo



Fhe_Tansbe. - Sugano dissean fop the &) confisumeailon
{noditied.)

=5 &
\\\\\\\\\:\
=2
: 33
: &
S~
o
Tt
AN \“
23] £
o =
js) 1
o]
P o,
& g
g Uy

2@910Ch»ww=w;f////

188

3 ]
s hog(F)

The diagrom above has been simplified to show omly the
triplet-triplet trensitions reguired Yor the saleulatlon.
The levels associated with the °F and *P siates
are Qrawn accvradtely. The 3T3g(P) level is placed
on & gilding scale and the three P levels on o fized
80ale. Meapurement is made alomng the QQ axio vngild

B
a £1t iz obiained for the (F) -» (P) transitions.
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At this stage the P level is adjussed o Fit the
third triplet-triplet tranglition. The @@p@fatibn
P - %P ip then Tfound using the same wilss.  This
valus (l&POOQQmml) ia'éqnal 30 15 B and hence B can be
found (988 on”t)s  The Aistance along the %@ aris ig
then found (. 636 unite) end the value of Dg eceleulased
(868, 0 em"l)o The velue of B fop theigaaeau@ Wit iom
is 1041 em™" apd hence the value of B i 1%% = 0o 906
The Tollowing vabler summarise the results oFf
this and simllar caleulations carrvied out for ether and
niwronethane. Since the data on bengene solutlons
are noet 60 complete becauwse of the low solubkility of
some of the solutes, a comparison study on this solvent

eonld not He wadeo

Ligend Field Valuwes.Gobals (31)

Compounnd - Hther Witromethone
: A B B A B ye)

| I - (kX ) (k) L (ex)  (®xd
Co(G1 )CLO. To 80 BOO 0.783 | 9.28 €00 0,88
Co c1§03000F3 .70 888 076 | 9.40 Q1% 0,88
Co(CL )BR. 7.8 B76 0,68 | 9.868 983 0,86
0050104)3 8.08 850 0,77 a
Go{Q0xCo CF5 )a 8,32 883 0,88 )
Co(BF4 )a - - o a

(K = emmlt, EE = 1000 Gmml)
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(e) The B and /B values calculated Por cobals (11) awe

L5)

bBaged on the posgivions of vthyee transitions.
o, o (F) => *Tag(P) B89, 000cn ™
-> “hag(F)  36-18,000em >
w> 40y (P)  20-21,000em™"
The last swo %Pansi%i@nﬁlfr@quenﬁly oecur in close
proximity 8o that the observed band consists of a maiﬁ
peak and a shoulder. The exact position of the
shoulder is somewhat difficult %0 assess and thus B
anq%g values for cobalt awe tentative in magnitude
but not in order of magnliude.
The shoulder was not cbserved in the spectra
of cobalt (11) bisperchlorate, bistrifluoroacetate or

bhistetrarluoroborate goluitiong in niliromethanc.

TLigend Pleld Values. Wickel (11)

Compound A Bther ' Ni%f@meﬁhaig
B B8 B 2
(xx) (%) é%ﬁ) (K)
Ni(C1L)C104 8,16 986 0,95 8,82 ©40 0.20
Ni?@l 0a2 ¢ CPs 8.85 967 0.935] 8.50 1000 0.96
Wi {GL)BP. B.68 933 0,90 8,80 935 0,90
Ni {6104 )a 7o B3l 943  0,90] 860 983 0,94
N1{02C, OF3 )a T.80 947 0,91 876 967 Q.95
Ni(BFa )a - o = 1 8.93 955 0,98
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Ligand ¥ield Values » Chrowiuwm (121)

Compouad Biher Niyronethane
H8 B S e

AN A B
(xx) (X) (x) ()

ce{GL0s )a 16,0 %iH 0,78 | W1  ¥4B 0. 81
Cr(030.CF3g)s | 16.8 780 0,80 | 1%.1 748 0.81
G B, );55 : o < a 16. 7 748 0, 83

Cr{0aC, CFz )3/ Benzene A = 16D
' ' B = 750
v/éB pe] Oo 82

For cobalt (11) and nickel (11) golutvions, there
i an incrsase in Dg valuweg in the ovder CLOL™ :
0p0. W3 « BFs o There i@ alpd a significant increase
in the splivving @n@r@y as the solvent changes from
ether o nitromeithane. This may be explained on the
baslis of ineﬁ@asing diclectric congtant on going £rom
ether 0 niltromethane, the more polar golvent having
8 greater periturbing influence on the métal Jon.

The corresponding valves for ocﬁahedrélly GO
oviiinated water molecules attached to the three lons

studied are given in the ¢table below.

AN B /S
W® e %;‘,mg@) 8o 5 ggg gq g?
. 6F 7o B « 91
Co% <= 6Ha0 9, 3 . -
CrY e BHa O 17, 4 7R85 Q. 79
(6r™) 180 2 820 0. 89

Unilts ag Hefors.
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Comparison of the & values oy the sysiems situdlied
in this ?r@jécﬁg places these systens 1in the samne region
of the spectrochemlcal series as water but above the
fluoride lone The & values caloulated in the present
work may contaln contribuitlonsg from both the solvent
and aniong. 1% 18 not possible 40 devernine accurately
the extent to which the total splitting is affecied by
eagh perturbing anﬁityg ginee it ls not known, with
abgoluite certalnty, the method or magnitude of snionic
co-ordinatlon.

Prom ﬁhe/g values, 1t may be déaue@d that the
gysitomns studied in the present work lie above Liuoride
lon and waver but below cyanlde lon in the nephelauxeiic

series of ligends (79).
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Spegurognopie €1

The changes in the absorphion spectra of copper
(11) soluisions (prepared by metathesis), accompanying
the addition of the appropriase silver salt, were
neagured. Malyais of the solution gave the weighis
of copper and chlorine present. A standard solution
of silver salt in the ssme solvent was then prepared.
Aliguoss of silver salt aélution were added and, after
ildration, the sbsorpilon spectrum measured. This
last step'wam repeaﬁed'unﬁil no further change oceurred.
Titration beyond this point resulted only in & reducilon
in optical densliy. The pési%i@n of the maximum
remalined unaltered. The final posltions of the bands
have heen reported vreviously in this chaptero

I3 was realised thet this mevhod has Pailings.
In effect, thls technlgue wmeasured the appearance of a
peak due to the bisg-perchlorate, -trifluoroacetate or
=tetrafluorcboraite as well a8 the simultancous dis-
appearance of the band due o the corresponding chlore-
SOMpounde When the wo bands were close vogether, the
nagimum observed contained contribuitions from boih

species.
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Sinee the & nax. values foy the bands were sgimilar,
the maximom would be expecited $0 shift In an approxi-
mately ilnear manner as the tliratlon proceeded. Whovre
the two hends were further apari, 1t was found vory
dirfieult o apgess the exact poslition of the masglimum.
.It may be vecalled that d-d traneisions in Cu(il)
soluvions appear as ﬁroad’banaﬁo An example of a

graph showing linear shift of the maximum ig shown belows

798 |k Nmnp) oo moles Ag salt
. for Cu(C1)0.0,CFs in other
TOH -
NETSR
T8 T
766 L N
fl n§ ] »
0 Qo B 1.0 1.5 .

Noles Ag0a20C.CF: added

Two reports (10L) claim the Pormation of complexn
perchlorate compounds, e.g. L1Zn(CL04)5, NHs A1(CL04 )s,
in liguid sulphur diogide and conseguent isolation of

¢he sollid by eveporation of the solvente
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The Formation of similar complexes in the pers
ehlo@até gsolutions described in this project should he
readily recogniged in the electronic sHsOCPLLON SPECHLR.
Sinco no further change 1ln the maxime takes place on
tliration of the perchlorate solublons with gllver
perchliovate after the equlvalence point is reached,
1t must be concluded that anionic perchlorate complen
FTormation does not occur in these soluwtions.

The following toble summariges the resulis Por
copper (11) solutions. The eguivalent of silver salt
required for compleite removal of chloride lon is
caleoulated at the polanv at which no further change in

the gpectrum isg observed.

Anion Molep Billver Salt to Bogulvalenee
Bther Benzene Nitromethane |
(c1)ci04™ 1. 03 {v) 1. 02
(C1)02C.CF5™ 1o O1 1. 04 Lo 06
(C1L)BE, = 1. 02 o Lo OB
(a)

(2) This velue was caloulated from the welght of silver
chlopide produced on addition of silver tetrafiuvoro-
borate in ether. It may be recalled thatb eopp@é (11)
bistetrarflvorobirate is insoluble in ether and hence
tltration with silver salt resulis in & cleay solution

contalilng no copper at equivalence.
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(b) I% was not found pomsible to measure the changes
in the specitrum of this solution since decomposition,
%0 give a dark precipliate and a clear solutlon, was

ecourring throughout ihe sitration.
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Conductivliiy Meapgureunenis

In order to investlgate the welationship betweon
the chloroperchlorvates, chleorotrifluorvacetates and
chloretevralluoroborates and the corregponding bBig-
@émp@mnaeg gonductivity cxperiments were carpied oul
in alitronethane solution. It is well<known that the
gonductivity of a scluie in & nonmaéueQQB golvent is
subject e varlation on sitanding (102). Since the
neasurenents carried out were subject o some time
delay between Blieps, 1¢ was not possible 0 measure
decurately the moler conduetivity of the soluties
used during the tests. The figures guoted are
therefore relative conductances.

It was belleved that titration of the solution of
8 o copper (11) ehloroirifluoroscetate in niltromethene,
uging a solution of gilver trifluorcacetate in the same
solvent, migh% show & change in conductance when all
the chloro-species was converted to bistrifluorcacetate.
Since the resulis from the gpeciroggoplic tiltrations
showed the absen@e of anlioniec perchloraso-complexn
formation, 1t is sssuued that an inerease in conductlvity
after the eguivalence point would be due $0 the pregence

of silver salt.



104,

Gonversion of copper (11) in seles of tvhe type
cu{C1)% o Culia in nitromethane resulted in conduct-
lyvity plous which were very slnllar 0 eac¢h other. The
solution of gilver salt added was made approximaiely
ten times the strengih of the transitlion mesal salt
golution in @fder %o minimige dllution effects. &

typical graph is shown below.

._ //
o8B Conducvange vo.moles Ag salt
For Cu(C1)C10s in Nitr@methagﬁ

Lod P
o e Lo 8 b ,//

1.2 | /

ol L -

7
- . ns_ fl
1.0 0. B 1.0 3.6

Moles AgCL0,. added

Results from the copper (11) golugions in nitromethanc
are summarised in the table. The graphs of conductance

8. added silver salt were similar in all three cases.
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Holes Silver Balb
G@mpaunﬁ_m N %Q“quivalence
Ccu(Ci)C10. 1. 08
GG )07 Co CF3 1. 08
cu(CL)Bry 3. 08

Attempie were made $0 repeat these conductivity
titrations veing ether as solvento The pattern ol
the plois was identical to those already described
although the valuves of conductance weves mﬁeh Jowers.
Similar experiments carried out on the nilckel (11)
and cobalt (11) chloro-perchlorates, —trifluorocacetates
and -gvetralluorchorates in nitromethane gave vesulis
vhich confirmed the bresence of an cguilibriuvm mixture

in golutlon. The repults arve svnnarised in the table:

Moles Silver Salt to Bgulvael ence

Anion Cobalt (11) Nickel (11)
(061.)(C10,) Qo 74 0. 62
1(21){(02C. GF3 )2 Q. 77 0. 85
(cr)(Br,) . Qe 72 0. 81

Conducbivity measurements in nitromethene have been
nged %0 establish the number of ilons vresent in soiuvion.

(7L, 69 ).
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Molayr conducitlvity values 0P~ 100, 170~200 and
~ QB0 Mho. ciP.mole™d ave teken to indlcate the presence
of Lel, 1:8 and 1:8 electrolytes respectlvely. The
cell used in the present work was designed to measure
velative conduceivitiens and would regquire sone
modification before 1¢ could be wssd Lor accu?ate.mala?
conductivisy determinations. It would bhe interesting
0 exawine solutions of trensition metal sglis of ptrong
acids in nitromethane as the regulits could Turnish
Important evidencs as %o the role of the anion in co-

OPrAination.
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Iofra-red Speciyroscopy

The infre~red spectra of the molid ﬁfifluorOW
acetates have been measured in the region 4000-4000m"*
in the hope that an investigation of the cavboxylate
group vibravlons would yield some information ag to tho
nasure of the honding of the metal to the trifluocrew
acetate group.

The presence of clhalogen atoms in an orgenie
a20ld causes the carbonyl gtresehing vibration o NoOve
0 higher freguencies, the magnistude of thé ghi e
increagl ng with increasing electroneogativity of the
halogen atom (108 )

When idonisation occurs in a carboxylic asld, the
characteristic carboxylate abporption ag & l?BOemml
di&appears‘and ig replaced by two bands arisging from
the symmetrical and asymmetreical siretches of the €00~
groups Theae bends normelly cccur in the regions
l@laﬂﬁsscgmml and 1400m1500cm51 corresponding wo the
anti-gymmetrical and symmetriced vibratione of the 600~
group respectively.

Mevals can co-ordinate 10 a carbogyl group in

geveral wayn:s



0 M e O 0 Mo O
‘\ '\ /\\\) e..\:\:\
H" ?,c - fc - M /c - VG -
:/ /4 N\ L o
0 0 6 M o O &
(a) {v) () (a)

The structure of socdium formate hap been shown by
zepay analysls o be form (&), Lithium ecetate @i-
hydrate contains Aifferent C-0 bond lengthe Indicating
structure (b)e Zinc acetate dihydrate has been rep orded
to be type (e)(106). T% i possible that some anhydrous
acstates e.g chromivm (1L11) acetate have this sirvcinre.
The arrvangement of the oxygen atoms of the carboxyl groups
round the chromnium ion in an octahedral configuratlion
éati@fies the normal co-ordination nuiber of the metal.
Structure (¢) has been Tound present (107) in the dlmers,
chromivn (11) acetate monohydrate and copper (11)
acesate monohydrates

In the copper {(11) compound, bHoth copper avomns
are in ‘octahedral’ environmentg. Bach copper atcm
occuples one of the axlal sites of the other octabedron,

the other axial sltes being filled by th@‘waﬁ@? Bole=

eulen.
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ad

- cuﬁ
=2 HaO
= ORygen

= Carboen

copper (11) acetate monohydraie.

The eguatorial pésitions arve fillled by oxygen avoms
from the carboxyl groups forming 0-C-0 bridges between
the two copper stomg. NMetal-metal bonding has been
described for the above dimers and this lsa supporied by
the nagnetic moments of the copper (11) complex (1,43
B.Mo ) and by the dismsgnetism of the chromiuwa (11)
compound (118). Silver hep%aflucr@buéyra@e has also
been shown to be type () (8) and 1% is possible thai

silver trifiuvoroacetate hag a similsr structure.
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Assuming Tree rotation of the itriflaoromneithyl group,

the aymmetey of the acstate and trifluoroaceiate lons is
Cave  The lack of gymmetry, together with the com~
plications avising Tfrom the nunber of atoma in wvhe
groups, makes dissinguishing beiveen the siructures,
by examination of the speeira, & Alffiewnlt taslke G
the other hond, the specirs o6 a gréup of compounis all
having the same sgitruvciure might be expected 0 show
frequency shifis, in the GO0 wvibrations, as the meval
iz changed.

The agymmetrical and symietrical C00™ vibrations

vecorded For the trifluoroscetates studied in the

present work arve given in the table below, Frequencles
are reported An cn 10
(GQO ) Vibrations of Transition Metal
Teifluorcacesntes.

Metal VY as(coo”™) \) a (Coo0™)
Mala1) 1696(s), 1685(s) 1456 (m)
Go(1l1) 1660(br) 1440 (m)
Ni(ax) 1710(s), 1670(s) 1443 (m)
cu(11) 1690(8), 1660(s) 1476 (m)

70 (1) 1680 (g) 1449 (m)
we(111) 1666(bp) 1466(m), 1430(m)
Ce{111) 16876(bw) 1486 (i)
el
| G = 1681(8), 1620(s) | 1468(n),1455(n)

(8 = strong, m = mediuvm, bP

= broad, sh = shoulder)




Vibpratviong of obhcv 1w1flu0v?aeetates
in_ the feqiau 2000 -~ 1400cm™ =
Compound Qg’as (co0™) WV s(c007) C = O Bivo
Ag(1) 1677(8), 1628{s 1480(m)
AgH 1.686(s) 14386(m)
Na 16758(s) 1448(m)
X 1676(e) 1445(m)
Kb 1.690(sn)1678(a)| 1428(m)
Cs 1678(br) | 1420(m) -
Free acid | 1886
Ethyl emter 1780 (108)
Anbydride 1804¢,1818

AgH = Silver hepiaflunorobuityratse.

The apymmetrical G000~ vibration in the gpectra of the

transition metal trifluorcacetaves gives vrise to very

broad bands almost all of which show considerable

gplitting.

In contrast, the corresponding bands

from ¢he alkalli metal salite are much NOYe NAPFOW.

only Indication of any splitting is found in the

presence of & shoulder at 10690em

=1

in vhe rubldium

The

salte WNakamoto et al (109) studied the carboxyl group

vibrations of a number of metal sl te of carboxylic

aclds. From thelr results, they conclude that the

pogitions of the vibrations of carboxyl group do not

follow an Irving-Willisms order of metalse

the splittings in the asymmetric vibration, it is

dlfficuls to draw any conpclusions on the metal tri-

Beecause of
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tPifluoroacevates studled.
The trifluorcenethyl grouwp glives rise H0 & serlos

of bands in the rogion 1200-1.000sm"Y, In additiom to

a c‘:‘,:ﬁq
these, three pirong peaks are ohserved below 1000cm
in the speetra of all the srifluoroacesates studliede
The popitions of these peaks are tebulated helow.

Infra-red specitra in the reglon 900-700en ">+

A B G
NMetal G=C strateh | aym. Clh dof. Gi?g dets
Mn(11) 847 796 786, 726
Co(11) 886 795 PEH0
M (i) 850 795 TS
cel11) 860 ‘ 792 PEQ
7n(21) 856 FO2 TR
cr(1i1) 8486 OB TFR4,
Fe(1il) 880 792 25
Agll) . BBO 7HO TRT
Ne 845 805 PRE
K - 88 802 720
B . | 838 805 720
cs -+, |  &8s8b 8053 TR
Agl 821 761 )
@uil?i o8B | 798 7R




o ep g
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The assigoments of these hands are tentative. rom
a study of triflucroacetic acid (110, 180), partiszl
assignment was made for bands in the region 85G--800pm
and these ave ligted below:

825 en ™t - symuetrical G=C sitreteh,

.4,'

. ._-,:1 .
YO8 em L e C” Aelormati oNe
~a

oy

The band appearing ~840 em — in the trifiluvovoscetates

studled is apslgned o the Tovuer vibrabioh. Bel Lawy
and Branch {1231} studied a number of compounds con-

taining the CFx-CF grouping and sssigned a band at
- "g

~ THQR am w0 a CF: symmetrical deformatione Loos and

Dord (137) studled the infra-ved specirum of pev-

fruorvacetyl Lluoride and found that this lagit-named

" . . . N :n:@.
vibvpration gave rige to o bBand av 760 cm o The spen

o'y ] 8 X, X, " 37 403 e .::.‘.g
o2 silver heptafivorcbutyrate shows & band at 761 com

which nust also be asslgned Yo the CFs deformaition.
By comparison of the spectra of the trifliuvoroaceraiesn
shown in the table, band (B)e790em™, is aesigned to
thie vibration snd band (0) & 725 em™t to the Gif

O
deformasl one

The above desceriprions ave approximate and serve
only to izbel the three bands whilch appear in this

PR On.

NS I
iy X ¢

=

Vi
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It is inmediately obvious ithat here iz a narked
sinilarley between the divelent transition meival tri-
Tluoroacsiates in all threes vibrations. A gomparable
grovping can e made whieh includes ¢he alkall meuval
IPILINOPORCCHATEB. There are, however, slgnificant
differeonces between the Two groups. These differeonces
may be based on the poslition of the CFz group vibration
(B)e The Yollowing teble showing separation of the
three bande serves o illustrate this point. Plguren

are in cm .

Hetal A =B B~ @
Mn(11) 48 61
Co(11) 80 66
wi{a1) 15 68
Cu(ii) 68 62
7n(31) 57 70
Na 40 B3
K 33 80
Kb 30 81
Cs 38 80
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A polynuelear siructure has been pugpested Tow
copper (3I1) bistrifiuwovoaceiate (111). ¥ this is the
case, it would be reasonadle to puppose that the other
div&lenﬁ vransision meval trifluoroaceitates have simllas
8 UXUE BUPE o These, in tuen, will differ Prom the
geructures of the alkali metal feifluoro-acatates
Which mey be comidered as purely Joniee

The infra-red specitra of copper (11) bistetra-
finorcborate and bisherafluoroenitinonate have Heen
mnaasured. Thege solids were unforiunately mized wish
silver chlorlde Decauvse of the method of preparation bus
the latter compound does not intepfere with the 8PGELTYS.

copner (11) bistetrafluoroborate

In the free vetrefluorcborste lonm which has Ty
sSymmevyy, two hands novmally sopear. The apymmetric
B-P streteh,Y s, resulis in a strong broad bend in the
region 1180~1000 @ﬁ“l and the asymmetric bemdg\»49 in a
wenler Dand ~550cn Y.  Both these bands may be slightly
spllit due o the pre@@n@@'af'the wWwo 180%0opes of bhorong
(112) or to site symmetry. A third band is often

1 Gue 0 the symmetric B-F @tre%ehp‘9lg

obperved ™~ 770 c¢m’
but this ls very weak, being normally infra-red inagtive
When the tesrafluvoroborate group i covalently bonded 0
g metal atom, the gymmetry of the group isg reduecd o

Cazy o¥ Cav depending on whether the group acts as a

-
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mono- op bildentate llgand respectively. The effect
of this change in symmetry is cbsevrved clearly on
exeninaiion of the infra-ved ppectrui.  The Vz band
splite inte a mumber of componenis, the V ¢ boand becomes
clearly infra-red active and the Y. band moves 40 Lower
feeguency (14 ).

The Vs bend observed in copper (11) bistetrafluoro-
borate is split ingo Hwoe components av 1080, 1080 @mmlo

KX

A Redivm band appears av 780cm — whieh can be assigned

to the\@l mode and & strong, broud band is observed &b
~BL0 on”Y.  This Lo band is uaresolved. While the
eplitting of the ¥, band ip not so evident as in tri-
methyltin tetrafluovoborate (14,89), it may be concluded
that some covalent bonding occurs between the veitras
Tluorchborate growp and the coppere.

TheVy vibration for the SbFs  jom ia observed
(122) at 860 — In trinethyltin hexaflucroantimonaie
(34) this bend 18 resolved lnte thréé components ati
675, 656 and 640 en™ Y. In the ppectrum of the copper
eampnﬁndg split%ing occurs %o give two ban@e atb 686
and 624 om™t. It was Aifficult to £ind any trace of
the band betweenr 480 - 440 em”™> assigned (14) o %he%)é
node. BSome lnteraction between the metal and the ﬁezaw
fluorocantinonate group is however indicated by the

splitting of theVs band.
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Magnetle Studies

Magnetlc measurenenis have been used in lnorganic
chemnigiry mainly  to investigate valency and 8UereOw
chemlcal problems in transition meival eomplexaga The
praeseonce of unpaired electvrons in the metal lon leads 6
paramggnetism which can be detected and measured by a
variety of methodes. The information which can he
cbtained from investigation of the magnetlic properiies
of transition metal compounds, is, of course, dependent
on the acewracy with which the ﬁea&ur@m@ntﬂ can be made.
This, however, must be éoupled with the interesiss ol
the investlgator who may be concerned only with a large
alteration in magnetlic moment on changing from one
svereochenistry to another.

SBeveral recent and excellent reviews cover the
subject of magnetochemistry (116,117).

In the present work, magnetic measuremnents have
been made both on the solid trifluoroacetstes which have
been isolated, and on some of fhe golutions described in
Chapter IL. This inveaﬁigation; %og@ther'with the data
from the elecironic absorpiion specira, would give, 1%
was hoped, a confirmation of the stereochemistry proposed.

for the compounds situdied.
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(a) Sointions

(a) Solntions

NMeasureilent of magnetic svsceptibilities of the
solutions of pavamagnetic ilons was made by the method
éf Frensg (118). The pogliion of a line in the provon
TEHoNanee spectrMum dep@n&s on the bulk susceptibllivy
of the mediuvm in which it 18 situated. For an inert
subgtance in golutlion, the shifis caused by paramagnetic
ilone are given by?

3

H Ki’

A dllute solution of a porvamagnetlc svbstance
convalning about % of an inert réferéne@ (@aﬁo.
setranethyl silane) is put inte a nuclear magnetlo
resonance tube together with & eﬁpillarv eontalning.
the solvenv and the same concentration of reference.

On spinning the tube, two proton résonanee Lines will be
obteined from the %eﬁrame%hyl silanéo These lines are
obtained beceuse of the difference ip VOlume GUBCEDL-
ibilivy between the sgoluition and the solvent with the
line from the former 1yipg at ﬁigher freguency. The

nasgs suacaptibiliﬁyn>< is then given Dys-

AT do~ds
X = Pﬂ P * Xg + >< " T

vhere:D Y is the peparation between the two lines in
=}
ayeles. BeGo g
£ is the frequency at which the proton resonances

are being studled, in cycles, a@emlg



m 18 the mass of suvbstance in 1 ml. of
golution,

\j%fo iz the mass suseoeptibility of the solvenis,

do is the densiliy of the solvent,
ds is the denailty of the so0lution.

From the value-efj{l whe magnitude of the mole=
cular susceptiblility can be caleculated by simply
nelitiplying by the moleculayr welght. AfSer corvecsvion
for diamagnevic &usc@ptibilityg the resuliing value
is ayﬂbalised}@lmo Thig in turn is related o the

magnetic moment,n effy by the formulasz-

Aerr ® 2084J)§1m x T Dohr Magneions,
where T is the vemperature in °K
The spinning side-bands which freguently avpear
tend Yo make the specitra overcompllicatsed. These side
bands can be recognised by altering the splmming rate.
This changes the Treguency at which these bands appeay
but leaves unaliered the signals £from the solution

and solvent.



Mapmetvic Momenss o Soluiions
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(L) gcopper (11) Solutions.

Anion Bohew Bengene |Mitronethane
(c1)(c104) 2. 06 Bo Mo - 1o 84 Bl
(G104 )2 1091 Bo - 1098 B, Mo
(621)(02C. Py ) 1o 76 Bo Mo €0.8 Bolo| 188 Bo Mo
(02C. CFy )2 1.62 Bolle | €0.5 BolMo'| - 1.78 B, Yo
(c1)(Br.) &0.5 Bo Mo . 0.8 Bollo

(BFs )2 = = &0,6 Bollo

The ether and nitromethone sclutions show magneivic
moments within the range experimentally found Pop Cu’ ',
The benzgene polutiong of the chl@r@«trifluufoaeeta%a
and bisgterlfluoroacetate gave virtvally no phift of the
solvent peale The solutions of ﬁheﬁe compounds in
benzone were of similap strengths to the corresponding
ether and nitromethons solutions. Thus the absence of
a ghift was notv due vto dilutlon. Bven when the scele
Pactor was reduced t0 0. 28 cop.s. per vnit (the maximum
oxponsion possible), 1t was exiremely difflculé o
Heasure agj geparation 6f vhe peaks. It must be con-
giluded that véry wealtly paramnagnetic (20.5 BoMo } o

diemagnetic species are present in solutlon.
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Thig ilg somewhat surpriging since the solid compound,
copper (11) bisﬁriflunymac@ﬁatephas-m nagnetic moment
OF 1o 8L Do Mo corresponding to one unpalred eleciron.

Low Eeéulﬁ@ obtained from the tetraflunovoboraiso
gpolutions in eﬁher.&nﬁ nigromethane aleo nay be due o
diamagnetic or wealtly paramagnetvic species aldhough the
magnetic moment of solid copper (11) bistetraflvoro-
borate ié nog kﬁowno

Recently the temperature-dependence of the magnetic
moment of copper (11) bistrifivoroacetate hep been
investigated (111).  The authors suggest that, vwalike
cOPPEr (11) mecetate momdhydﬁaﬁeg which has been shown
(107) to be dimeric, the bistriflucroacetate is more
polymeric. The iner@asea separation of the e@ppeﬁ (11)
jong resuliving from this polymerisation is regarded
ae expleanation of the *nepma&é magnetic noment of o B
Bo Mo compared with 1.43 B M, Lound in the aceitate mono-
hydratae. A vemarkable changé muaﬁ talke pluce on
Jdiesolving ﬁhe_ehlmr0w and bis-trifiuoroacetates of
copper (11) in Denzene.

In & recent review (119) on copper (11) compounds
with subnormal magnetic monenits, it has been suggested
thet there arve tﬁé“@osaible‘mecﬁaniamm by which magnetic

moments ¢on he decrcased.



(1) Four-aton bridges

(ii) Monoabemic bridges.
ype (1) is found mainl y in copper (31) carboxylates,
Ge Bo the acetate nopohydrase which is o dimer _
Gug (02 Co GHs )4 . 28200 The fea%u?o of thisg ﬁyp@ ef
gompound is carboxylete brldging benween the $wWo copper
atons, This alfrect brimgs the-ecppéﬁ atoms in close
pvoximity (20643) and the interaction of the two metel
atoms bring the magnetic moment dewn to a value of
.43 B.Me {2 similar mechanisgm renders the corresponding
or(11) compound virtu&lly diamagnetieo' This Low velue
is very suypriaing buﬁ th@ lnve@mﬂgators @ffer no
explanation (llb)»

Compounds 6f type (i1i) include the pyridine N-oxide
complex, Cutla. CaHsNO (0. 78 B;mo)ggepper (11) omide,
(0. 78 Bo Mo ), annd potasaium copper (11) fluoride, KCuFs,
(2088 Bolo )o In these cvmpoundag.éirecﬁ metal-netal
interacsion is absent 6? i1 lesp imporvant as a mechanisnm
for reducing the magnetic moment. Th@lin%er@eﬁiogg in
thig ca&ég oeéurﬁ beﬁween metal atoms geparated byiﬁne
avon which may be g2 monoatomic anion or the atom of an
attached ligend. Reduction in megnetle moment ie due o

an exchange mechanism working along the chain of atoms.
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The perovekite structure of KCulFs, containliog M-I~H-F

chalng, seems gpecially sulited o this type of
mechenian (119).

The formavicn of dimerlc or polymeric sirucitures
in solution is more Tavoured in ovganic solvenis than
in water. In <gueous solution, breslkdown o the
manemeric'hexahydrate ion ig certain 10 oceur. ™wo
factors appear impﬁrtanﬁ in the abllity of an opgenic
golvent to affect the formation of dimeric molecules
and algo magnetlc interaction. These arete

(1) dielectric censtant

(11) ceo-ordinatlng power.

The power of a solvent ©t0 increase dimerisatlon -
tendencles and magnetic inﬁeﬁaeti@n appears o ilncrease
with decressing dlelectric constent glving »ise to0 the
seriess-

watey, pyridine < methanol < ethanol, acevong,
(78,8 " (18.3) (32. 6) (24.8) (20, 7)

chlorodorm < bhenzene < dioxane, carbon
(4.8) (2.38) (2. 2) (2.2)

tetrachloride < diethT ether (219)

There are obvious enomalies 0 be ohserved in this

serles. It is surprising 0 £ind e.g. dioxane ligted
close to ether if co-ordinating power can be considered

50 have & major offect.



The magnetic moment of copper (11) bisirlifivoro~
acetate lg livile diYferent in ethef golution fvrom that
in the 01id state. On the other hand, copper (11)
Pormate has a magnetic moment of 1. B4 B Mo in the wolid
g 6e which aliers maékedly (1. 06 Eamq) when disgolved
in dloxanc. Sing@ the diele¢iric coustants of these
two polvents are sgimllae it isg o bhe expé@ted that they
will have sgirpilar effects on the magnetic moment of a
golid 1f the dielectivic constant only is econsidered.

The éomor&inating power of the solvent musts play
an lmporitant pavy in détermining the exteny ©0o which
the magﬁeﬁic moment is aff@ct@do Dioxane is much more
gtrongly co-ordinating than ether and this mey be the
dominent factor in reduciﬁg the magnetic moment in the
cases quoted. Benzene is listed in the series as being
compérable with dioxane in effeetive pover. Thisg la
acceptable on the haai@ of thelr dlelectric congtanis
(aiomane ~ 2.2, bengene~25).  The method of co-
ordinasion of these two solvenis is, however, markedly
differeﬁt end 1% would appeay that the # bonding mechan-
ism of benzene 15 comparable with the g=-ponding system of
dioxzane in the abilliy to induce & reduction in magnetic

MOmen to
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The pleture isg therefore somevwhat complicated atv
the moment and is further hindered by the lack of
structural evidence available on sollid compounds with
low nagnetle momenits.

I¢ 1w p@égible thet étrong metalwmetél interaction
occurs in benzene solutions of the copper (11)
carboxylates ptudied in this project. In the ether and
nltromethane solutions of the tetralluorchorates, whe
gxchange mechanism may bhe working. - Uniil nore worlk
is garpie& ovt on the whole subject 0f low magnetle
nonents, 1t will be difficult to apgeess exacily the

true cause of the asbunormality.

Mapneitle Meomense of other Bip-=Trifluorcoacetate Soluitions

Metal _ Ether Witromethone
co(i1l) . B0 96 Bolle 4,15 Bol,
or(211) 571 Bo Mo 3,98 Bl
wi(11) B, 24 Bo M %, 07 Bollo
Mn(31) 5.5 B M, 5.5 Bol,

As with the corrvesponding copper (11) examples, these
polutions conitein metel atoms whilch have magnetic moments
corresponding to high-spin octahedral conflgurations.
Thig confirms the interpretvation of the elecironic

abgorption specitra of the solutions.
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(0) Solid Prifiwvoroncebaeies - Gouy meithod

The magnetic momenits of the salid_tfiflmﬁvOm
acetates weregnetgured using this method. Bemples were
-pack@ﬁ ngo & tube Titted with a ground glass siopper
in order vo exclude MOLBLREG. The standard used was
mereuric cobaliilthlocyanaie, HglCo(ONS)al

Hagnetic Noments of Se0lid Trifluorogeetates

Gompound. M ef(Bs Mo ) Spin-only Range Found
' value (B.1, ) Bollo )
(04 Co GF3 Dy B, 85 3, 89 1 BT = Bo®
Pe{0aCo CF3 ) Bo T2 8, 92 Bo¥ = Go O
M0 02 Ca Gz ) 8. BO 5. 92 Bo BB ~ 6o 1.0
Co(02C. C¥3 )a 4, 65 8. 88 Ao o 5o 2
Wi (0, C. CFs )a 8. 11 2o 88 2.8 - 5.8
cu{02Co GFg Ja| ~ 1080 1o 75 Lo o 2.8
AL B :
cu. 1o 78 Yo 7B -
QQ (30 GFS

The magnetic MOBRER®s avre in good agreemant wish the
concept that the complexes ave high-~spin (weak £ieid)

octahedral, conpounds.
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The elecironic sbsgorpvion spectra oF the ether,
benzone and niitromethane solutiong of transition
metal perchlorates, itrifluorcacetoives ond tetralluoro-
boraies ore conslstent with the concept that whe
netold stoms in solutlion are in octahedral onviron-
nentso Because of Jehn-Teller digtortion, veriations
from strictly octahedral symmetry arvre 10 be oxpecited.
This is especlally marked in copper (11) and less
notlceable In eogo titanium (111) end ivon (11).

The effect of different solvenis on the
abgorpilion spectrsa of a glven metal ion has bheen
studied by many workersg. The values ofé&pwhieh can
be calculated from the posltion of d-d bands,place
the ligands relatively in the gpectrochemicel series.
The factors which contribuie to the magnitude of &
have already been mentcioned. Since the purely
elecerosvatlic periurbation contributes least.vto the
soval golitting, it would seem that an explanation
of the increase in velues of A on moving 'vrom ether
to nitromethane based on an increase in dieleciric
constant Q“”é for ether, ~ 36 for nitromethane)
would he s simplification alihough both possess O

lone palrs.
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The pogilition of bengene in this ‘gspecivochenical
series’ is rather vacertald, In some instences, 1%
nay be raunked with ether end this would bHe in accord
with 1%8 dlelectric constant (R 2). In other casos,
thed values ave vemarksbly different, @ g in T1(111).
It iz not roagonable, hovever, 0 cORpPATe WO Systems
having markedly difrferent bonding properties. I¢ is
well-lknown that w=bonding hes a drapitic effect ondryalues.
The bhalance of the two opposing contribusions from mesal-
ligand and ligand-metal wa-bonding will be a eritical
Pactor in the final value of & .

The spectra 2lso show anlon dependence and iv would
ﬁeém that some measure of covalent bonding betveen the
andpn and the metal ioa occurs in solution.

The volatility of anhydrous cupric nlirate was Lirst
shovm by Addison and MHathaway ,(28). T4 was shown leter
that mercurlc and feryric niitraies behaved similavly
(118) although nitrates of nickel, zine, eobalt, ebe. did
RO Ve Since cuwprlc and ferric perchlorates are volatile
(108), i¢ would be reasonable to suppose that they can
eristv, in the vapour phase, as moleculeos. I thio is
rae, then some degree of covalent bonding wust exlst
hevween the perchleovate group and the ﬁ@tai 10m. This
i nog normal for the perchiorate lon gince most PP

chlorates have been conpldoered purely ionic.



The perchiorate ion is tetrahedral and, if covalent
bonding s present, co-ovdinatlon could e expectod GO
occur through one (monndentaie)or twoe (bidentvate) oxygen
atomns of each pervchlowvate group. From g gtudy of the
infra-red spechva 0F hydrated and anhydrous pé?@hl@?m
ates (108), Hathoaway ond Underbill coneluded that the
perchlorate group acied ans a bldentate llgand. The
aame authers reporied the results of a svudy of
cu(CL0s ) and Crn(BF: )z in methyl cyanide and ethyl
a@@tate solueions(104), They suvggest that in methyl
eyanide solutions, the copper ions arvre solvaved by six
golvent moleculeso. In evhyl acesate, it 16 proposed
wheat solvation, by Lour molecules of solvent, ogccurs on
the equatorial plane and that the axlal positions are
cgeupled by weakly co-ordinated anions.

It seems reasonsgble 0 suppoese that, in soluvions
off anhydrous transition meital perchlorates and tevtras
fluoroborates in wegkly baslec organic solvenuvs, bonding
occours from the anions asg well as from the solvent
moleculas. From the infra-red spactra of the tri-
fluareacetétesg it would appear vhat the bonding in the
transition metal compounds differs from that in the
alkall meval salts. Since the Iatter salis are almosy
certainly lonie, it way be suggesited that sone degree

of covalent character exisits in the metal-carboxyl bonds.



The rveflesctance gpechtra of ohe s0lld i~
Tiuovoacetates indicate that the metal aivous in
these compounds ave ccuwanedrally coe-ordinesed. In
the big-gompovnds this may be achlieved by earbozyiosao
bridging.  The chilove-compounds may convain chlerine
and carboxrylate bridges.

Tne exigtence in soluvion of specles of whe
rormula M(CL)X, where X is the pirong acid enjon, has
been established. Pupther evidonce on this type of
gompound has been Fouwnd by Honry (114) who hes pre-
pared complexes of the tyve Gu(C1)BF4. (SbPhs )a,
cu(C1)BFse (AsPhg )e and Cu(CLl)CL0s. (CsHqgOsP)s whoeve
Csfg QP is 4+methyl - 8,6,7, twrioxa - L, -~ phosg-
phebicyelo [2,2,9, octane], by adding wealk 1igends
to copper (11) solutlons obtained by metathenis.

It is obvious that soluitions such as are described
in Chaepter L have & useful place in some branches OF
gynithetle chomnigtry especially vhere weakly basie
ligands are beilng used and also where anhydrous
condiitlons are mandasory 1 complex Yormagsion is 40

valke Dlace.
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Brperinentale

i, Absorpsion Snechra

Toe vulitra-violesr and visiblie specira of the
solutions were measured on an Opvica CFd. BPCE Lo~
photometor using 1 cm. ground-glass stoppered c¢ollb.
Por the Ti(111) and Pe(ll) solutions, cells VR |
designed so that the specira could be measured uvnder
0l trogeR. Filtration of the gbove mentioned geluvions
was carried out under dry nivtrogen. Diagrans o the
apparatus are given at whe end of thig seetvion (App@nﬁix
T)e Optical d@ﬂﬁiﬁiéa in the reglon 50,000 - 10,000
Cll = were checked uging 2 Hilger Uvispek H 730, 307
gpecitrophoitoneter. This procedure was néeesa&ry when
the 100% control of the Optilca intrument was aliered
é@ that charge transfer bends were reduced in intensiiy
and ¢ould be measured accurately along with fhe d=-d
transitions. Reflectance spectra were also measured
on the Hilger instrument..

. Infre-red gnecira

Specire in the region 49000m4003mm1

were mneasured
using a Perkin-Elmer 125 Grating Specirophotonever,
Mulls were prepared using Wujol or hexachlorobubadiens
and semple preparavion and mulling carried out in the

APy =boi.
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3. Mapspeblo measurementss

(a) Solutions
Measurenents were made on & Perkin Bimer Re 10

spectrometer at 40. 004 Me meeo“l

.. The spiming samplc
tubee had an external dlameter of 5.0 m&m;\(ioﬂaﬁoﬁ e )
and the cepillaries so congvructed et the volume of
liguid in the capillary was appr@ximatély equal o the
volume of solution in the amnulu@; The capilliary ves
filled with ether containing 2% tetremethylsilene op
pure drey benzene op nitr@metﬁ&n@o H¢her golutions for
magnetvic measureents were preparsd by nevathesis weing
solvent containing the internal reference 80 that the
proton lines from the golvent and solutlon were of eguel
intengld ty. The samnples were protested from molsture
by meang 0f a plastic capo
(b) selids

Preparation of the 80lld samples isg included in
Chapter LI, Magnetic neasurenents were earried outv by
the Gouy method. An Qeriling balance capable of welghe
ing to 0, 0l mg., was uaed. The sample was packed into
a pyrex capillery (8.5 mm. internal diemeter) fitted with
a ground glass stoDPEre. All packing operations were
carrled out in the afymboxo Thé”speeimen was suspended
by an aluminium ¢ollew hanging on & nylon thread.  ‘The
gerengih of ithe mégnetie fleld was found by calibration

with Hglco(ows)a e



frech
c.‘\
<R
5

4o  Conductlviiv. mesagurenanis

Changes in oconducilivity of the sclubions were
meagured using a Wayne-Rery Unlversal Bridge B. 82l.
A cell was designed 0 alleow measuremenis o be made in
NON-ROVEOVS sdlvenﬁea A diagraﬁ of the cell is shoun
in Appendix Il

All titrasions were carried out in the &ry-bhoi.
The cell was Tilled with soluvtion wnitil the cloecitrodes
were coverced. Allguots of sllver salt solution weve
added through the serum cap by means of a B ml. Bva
Ao~ Hicromatie syriﬁgeo The cell was then romoved Troem
the dry-box and the mixﬁﬁpe atirfed-fOﬁ oxne minuie
using a magnetic stirrer. The electrodes wefe gonnected
t0 the brlidge and the conduetivity meésuwe&o

Ba

Analyses of solids and solutions were sarrled ous
by normal analytical methods. Analyels of the solutlions
was eif'fected by pouring a measured aliqgo% on o B0 ml.
water and bolling gently to remove the organic solvent,
followed by determination of the metal present.

gopper (11) bistetrafiuvorcboraite and bis-hexa-
fluorcaniinonate were obtalned and analysed in the

Following manner.



The ether solutlon convaining the chlero-compound
was tP@atedgim'thé dry~hox, with the approprliaite silver
salt dispolved in ether unéll all the chlorlde i@n WS
converved.  The mixed p?e@ipitate of sllver chloyide
and copper compound was filtered off wsing a welghed
siﬁtered cruecible and washed several tlmes with dry
ather. The cerucible was then placed in a vacuum
~desicecator and the remaining solvent reanoved by punping.
The crucible wap rewelghed and the copper compound
washed into a Buchner flagk using several washeg of
distilled waterv. The crucible, now containing only
sllver chicoride, was drisd an&jreweigheao The copper
in the Tiltrate was egtlmated and the percensage copper
calevlated for the compound

The corresponding cohalt (11) end niekel (11)

bistetraflivoreborates were obtained 1dn & similar manney.

Gopper _{11) bisietrafinorgboraie
Caleulnted for Cu(BFs)z GCu : 26.6%
Found | Co 2 280 7%,

Gopper (11) bishexafluoroantlmonave

Galculated For Cu(Shfgle Cu 2 11.9

R

Found Cu ¢ 10.5% .
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gobals (13) bistetralinorcborase

AT 18I BT

Caleulated for Co(BFi)z Co

Qo0

at

26, 5%
“g:o 00

Fouand Co

L]

2

Nickel (11) Bisiteiratluoroboraie

Caleuinted fov Ni(BFala N2

25, 3%
Found. Nl ¢ 240 1%,

<0

Silver Hepisatlvorobutyrate

fhia was prepaved by adding & slight coxecss of

sil¥ver carbonaite o hexafluworcbutyric acid in a
platinum crueible.  After filtration, the solution
wag evaporated 4o low bulk and allowed $0 crysirlliise.
The sollid obtained was recrysitallised from water and
dried by continuons punping over phosphorus penitoxide
oy 24 hourg. The solld was then placed over phose
phorus pentoxlde under vacuum for several 4eys.

Caleulated for Ag02C.Cs¥y Ag ¢ B3, 6%

Found Ag 5 B8, 0%

Anhyvdeous trifluoroacetates of sodiun, Rotassgivm,
zubidivg and calclvie, -

All Tour anhydrous ol ts were prepared by the samne
method. A slight oxcess of trifluorcaceétic oold was
added to the metal carbonate in a platinum ervcible.

The anhydroﬁs galets were then obtalned as described for
silver heptefluorobutyrate. Absence of hydroxyl peaks
in the infra-ped spectra was taken ﬁé nean éh&&uaﬂhydﬁaﬁa

compounds had been obiained.
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APPENDIX A
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QHARTER ALL

The Prepavation of Aunhydeous Perchloraies,
Teirivoroacetatee Bnd Yetralluoroboraces
OF Pirgt-Row Tranginion, Blementis. .

(U SR emreseiTazis

-

in ovder 0 invest tigate the possibility of
altermmative methods Tor the propawmuaon of the solutions
deseribed in Chapver I, attemptsa were made o prepare
the anhyﬂvaus mnetal salts of the étfeng acida soudied.

oY

The anhydrous conpounds, i avallable, would allow a
mueh nore simple Powte o Bolution preparation and the
golutions =0 chiained could be compered with those
chitalned by metathesis with regard o spectriscopic

‘ and magnetic properivies, snd sclublllt Gye

In general the ashydrous salis ape little known

whereas the hydrated forms are well esteblished.

Lo Pﬁ“chloﬁnueﬂ

e perchlorate@ of most metals ave knaﬁn, the
majoerity in the fovm of the hydrate. The prepsration
oF such hydraites is & simple procedure but uvntil
recently Tew galis were known in the anhydrous BiLa1E.
One noitghle exception la sllver perehloraies Thig
galt is prepared by heaitlog silver nitrate or silver

oxide with 2 large excesid of 72% perchloric acld (128)o
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The salt Torms a manohydvat@.whieh eon e dehywdeaved a1
A8 °C, Anbydroug silver pewéﬁlmfate i extrencly
hygroscopic.  Lead perchioeate trihydrate wae coaversed
0 the anhydrous compound'by dﬁ?ing over pPhosphorus
pentoxide over a prolonged period (6%).

The hydrated perchlorates of eobalv (1L), copper
(11), nickel (11), mengemese (11), chromium (111) .
and iron (111) have been prepaf@ﬂ‘by reacting the
metal oxilde, hydyoxide or carbonate wilth perchloric
aclde. Affer recrystalliisation; the solid compounds
were dried over phosphorus pentoxide. The hydrates
weré then set over phosphorus penioxide in a vacuun
desiecator and the vscuum malnvained @#éf several days.
It wag Tound thatv it wéa N0t possible o remove all
the water of ceystallisation by thia\me%hodo " Hydwoxnyl
peaks still appeared in the inﬁra@r@d gpechrumn of the
salid gamples even after “wo weeks standing undey
Tactm.

' Addison and Hathawey (124) have prepared anhydwrous
copper (11) perchlorate by. the vepeated reaéﬁion of
nitrosyl pevchlorate on copper (11) perchlorate
dihydrateo' Purification by sublimation ot 200°C
vader vacuum was effecied beitween cach stage of the

reactiomn. Zine perchlorate has been prepared in a
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gimiler manner (18%. %ine oxide was treated with
pitrosyl perchlorate in vacue at 180 - 190°C. It is
claimed in the wveport that 99% pure aghydrous wine
perchlorase wos obiained.  Hoss (SG) prepared copper
(11) and iron (111) perchlerates by reacting silver
perchlorate with the appropriate metal chloride in
1iguid sulphur dloxide ag solvent. These cgompounds
were similar in properties (volatility, infra-red
spectrum) L0 the corresponding perchioraites prepared
by Hathawey snd Underhiil(1e6). One major dlfference
areaé in that the lstter authors imply that copper (11}
perchliorate did not dissolve in benzena. Removal of
finely divided silver halide remains a problem in
metavhetical preparations as described’by Moms (38).
The perchlorates mentioned, however, sublime failrly
readlly, thus providing 2 means of separation.

Removal of the orgesnic solvent from ¢ solution of
an anhydrous perchlovete is an extremely hazardous
operatvion althqugh salutiéns of transitlion netal
perchlorates in organic solvents such as nitromethane
are readily available. Perchlorates arve infanous For
explediﬁg when in convact with organic material.
Bxplosion oceurréﬁ during the preparation of a

saturated methanclle solution of lead perchlorate (67).



aswacts @8 ) prepared suhydrvouns copper (1L},
siiver (1), meveury (1), meveusy (21}, theliium (1),
bewrium (11), aluminiom (3 11} and niekel (11) tri-
Tluaoroacetates, and the hydrvated ilron (11) and iron
(111) salis. Of she anhydvous trifluoroacetates
mentloned above, i% is claimed that the copper (1),
mereury (1), siuvminiuva (111) and niekel (11) cowpounds
are volatile. Moes (B8 ) prepared anhydrons copper (11)

sathesis betwsen copper (i1)

m

bhigtrifliuoroacetaiae by e
gn@orlac and silver pafchiﬂvabe in ltouid sulphuy
dlioxide. the salb cau;d.neﬁ be sublimed even atv
18006/10m3mm0y although SBwarts reports suvblination at
180°C/Lam. withouts Gecomposition.

The trifluoﬁmaceﬁéﬁes of the mevals described
under perchlorates were prepared by methods sinilar o
those used by Swavis (88). Copper (11), chromiuvm (L1L)
and nickeld (11) triflucroacetates were obisined ss the
anbydrous salis. The remaindew cﬁystallisedgwith B OBE
aitficuliy as the hydrates. Tosal removal of the
watwer of cryGua&IASaﬁiGn conld not be effected by
pumping Over phosphorus pentoxide execept for the

cobals (11L) and mangenese (11) salts.
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D Tesrarinoroboraies

Wo anhydrovs Fizgt-row transistion metal tevra=-
Tluorcborate i Knowi. The silver salt has been
prepared ( 8) and has been meniiened previously. Moms
(88) failed %o prepare any anhydrous salis by metathesls
in 1iqﬁia gulphur dioxlde. The hexahydrates oFf Mmosv
off the dlvalent metals of the Plrgt-row tranglivion
series ace known and thelr siructueces defined(127)
These ave readily obvalined from agueous solution snd the
setrefivorohorates of copper (11), cobaili (1i),
nickel (11), manganese (11) have besn prepared
Chromium (111) tetrafluorchoraie has also been objained
in the hydrated form. Again, phosphoras pentorlide
would not remove all the water of crystallisation Trom
thése hydrates.

The ready availabilliy of the hydrates provoked
an lnvesiilgation inte possible methods of dehydratlon.
Bince 1t was not found possible o completely aeh§dﬁaﬁ@
by vecuum pumplng cver phogphorus pentoxide, attention
was direccbed towards (i) thermal decomposition and (ii)
the use of 2,2 dimethoxypropens, a dehydrating agent |

which bhas become gulte popular during the last fow yearge
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(1) Thernal Decomposliion

in view of the fact that silves perchlorave
nonohydrate can be dehydrated st 43°C, it wight be
gnppmséa that the thermal decompesition of othew
hydrated translition metal perchlorates would lead o
anhydréns Balis. Calciuvm perchiorate tetrabydraio,
however, Torms calcium chloride on heating thus showing
a resemblance 0 the alkali metal perchloraves{128),
Iron (312} perehloraie decahydrate has been stated &0
deaempﬂae o ferric onide, Fex0:{3189)e Other veporits
on the dehydration of perchlorates by ithermnel decor-
poglition serve only 0 indicate thet the cowmplete
removal of water is a most Aifflcult operation iF
destruction of the anhydroug salt is o be avoeoided.

A thermogravinetric vbalence wap used in order wo
investigate the decomposition of the hydrated per~
chlorates. Without excepiion, the removal of water
was accompanled by @itheé paptial or total dsconpositlon
of the perchlorate 10mn. Iven when the itempsrasure
wag held cOnsLany at whe imitial dehydrasion Poing,
continuons welght loss resulied.

Chromivm (111), copper (11) and nickel (11)

£ 3%

rifivoroacetates in the enhydrous state have Deen

C"‘

reported previously in this chapier.



Vﬂcgmm Aehydration over phosplhorus penboxlide of Hthe
ipon(131} covalt {11) and mengenese (11) hydrates
_r@@ulted in the complete dehydration of the laat twe
GORPOUNAB.

The shermal deconpogition of all the trifluoro-
acetate hydraten gave similay resuliés (o those obiained
foyr the p@rehﬂavqtegg decomposition of the 'anbydrovs’
form aceompanying ﬁOhJLP&ﬁ Lo, although partial
debydration without decomposltion could he effected in
some cased.

The thermal decomposliion of & pupber of hydratsed
webralluoroborates has been reviewed by Sharp (180).
Divalent compounds of caleliumm, zine, magneslum, barium,

tron tlum and gobalt glve the anhydrous et PQAEHQP@"
borates. The alkslld metel hydrates can be dehydraied
under vaguum &% room temperature and the cobaslt and
zine compounds by heating ab 70m80° and 60° respectlvely.

C&?eful repevition of the thermal dehydratlon of
cobalt tebrafluorchorate gave a product which eeritainly
gontainad the meisal tetrafivorcborate in the anhydvous
rTorm but which wag contaminaited with a decomposition
product. Thig latter s@batane@‘was almosgt cevrvaluly
the flUOPiﬂG'SiQGe*& rved residue was ehiained on shaking

bh@ miz curc with nitromethane.
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The mixthre gave a broad absorption in the weglow

1100-1000em ™" 1ndieating the presence of the tevra-
fuu@rdboyate ErOUD. Regults for th@\ﬁthe? hydrated
tetrafinovoboraives were similap alghough, in the )
erperinenits wiﬁh\the copper (1i) aﬁa nickel (11) solts,
only a very gmall proporiion of the mizture, obiained
after thermal tréatmentg wag Tound to be the aghydyeu@

tetravluorobhorate.

(11) Dehvdration by 2.2 DimeihoxybRronane

Briey (181) veported the use of this dehydrating
agens, in dvying sampleé for.inf?amre& anslyslis in 1857,
At $Q°Gg water reacte With 2,2 dimethoxypropane %o give
acetone and methanol aécor&ing 0 the eguatlioni-

(CHz0)s C.(CHa) a+ HeO <> 20Ma0H + {GHz)a CO
The dehydrating properties of this ﬁeagent were in-
vestigated by Sherke(182) who dehydrated imroa (111)
echlorife as & preliminavy sbep in the preparation of
ivon (111) altriloethoxide, Fe(0CzHq )sN.

Aluminiun perchlorate nonanydrate has hesn
dehydrated wsing 2,2, dimethoxypropane by Pranz(L53).
The anbhydrous sélﬁ was not isolated, complex f@rmaticn
with pynidine being used 40 geparate the conplew

AL{CLOA )50 4CaHg N,
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The same author reporis sinilay dchydrotvlons with
magnesium perchlorate hexahydraite and liﬁnium‘perw
chlorate dihydrate, agaln without separatlon of the
anhydrous compounde

The preparatlon of dimethyl sulphoxzide (C2¥gS0),
tetranetnylene sulphoxide (643530)»ané pyridine Ne-onide
(CsHsNO) complexes of cobalj (11), chromium (211) and
nickel (11) perchlorates off the general formula
Wi (€104 ), where x = 2 Cor cobalt (11) and nickeld (11)
and x = & For chvomium (2111), in which the firat stage
i dehydration by this reagenti,iag been rveporied by Heel
et a1{184), Seversl other reports on the use of 2,8
dimethoxypropane as o dehydrating agent (71, 186).
combine with these'already mentloned to illuminate one
exitrengly imporﬁaﬁﬁ poinﬁo A% no stage during the
. preparation of ithe complexes is the snhydeous material
isolated. The resction hy-products (acetone and
methyl alcohol) are well-known as golvating specles and
an obvious Aifficulty, in obtaining the pure aﬁhy&raus
cempound, is the removal of the atteched solvent
nolecules. Added v0 this ls the ﬁangé? of removing

organic solvent Trom perchlorates.
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An interesting arivicle was pubilished rocentiy {156)
in wvhieh the preparatics of anhydrous unlekel perchilorate
complexes with methanol and ethanel waé‘reparﬁ@dc
The metshod invelves ﬂehyﬂratipn wlith 2,2 dimethoiypro-
pane oy 2,2 ﬂiaﬁhaxypfopane ep the inltisl stage.
Precipitation of the alceholmmetal perchlorate complexn
is effected by adding the solution obtalned alfiter
dehydration, to a large excess of ary ether. Ho
mention is glven to the propertilies of the so0lid complezes
but it muet be esguned that they. are falrly hygroscopie
since the phyaieal‘measurementa (inf?amred, ultra-
viqiet speetra) were carrled oud under anhydrous
conditiong. -‘ |

N the pregsent work, ihe hydvatéd perchlorates,
t?iflﬁ@poacatateg and-tetrafluérdbora%ea'of copper (11),
cobalt (11), mapgenese (1L), nickel (11) echrowiuvm (111)
and irven (111) were treated with 2,2 AiNetRORYPropane.

The solveﬁt way remeved from the trifluovosceiate and

In,

tetrafluoroborate samples by vacuum dlstiilation.

all cases, the solid sample obtained showad an infro~red

ehsorption, Y{(0-H), at B3380-3380 em™t indleating the

pregence of solvaited methyl aleohol. (Solvated watey

shsorbs at B470cm™r in [Ni(H20)s 10¢10s 12 o



1480

thempts o remove this by heatling under vacuum aLways
resulted in some deccmposition of the paveni compounde
Tn the case o¥ the pervchlorates, it was Pelt that

the productlon oF cmncenﬁvaﬁ@d golutions was to be avelds
ed, 1¥ posagible. Ag attenpt was made O prepave
solutions In nitromeshans and'benéene by adding the
appropwiaté soelvent 40 the mixture obtained aftew
dehydration aﬁd then removing some of the mixture by
vacuunr distilliation. R@petiﬁion of thig procedure,

it was anticlpated, wounld give a solution in pure nliroe-
methane or bensenss The compaesition of the distillate

wag anslysed by vapour-phase chromatography.
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Preparavion of Solutlons fvom Debydvation
Frodueis

I s I Rt s 17T TR eaas naTL,

As previounly stated, thé‘@hjea%'of the work
deseribed in this éhepteﬁ was te investigate a more
simple roRte fo bu&lﬁlﬂg the SQTu‘lﬂﬁb deserived in
Chapter Io As a general atatemenﬁg the prepavation of

olﬁtions Of tren AOQ mesval perwhi@ranes and tetra-
fluorchorates was Found more diffieuls than by.metath@&i$a

nly in the case of the b@itlﬂ@ﬁ@oaatSueu was the wash
glmplified. Soelutions of copp@w (Wl)v cobals (11),
nickel (11), menganese (13) and chromimn (111) trifivorow
acevaves were readily availéblé gince the anhydrous
majerial W8S easily cobiainable from the hydrates

For manganese (li) tV1 fluoroacetate, this method
was undoubtedly superiar It'may be recalled that the
preperation of\aaluﬁioys of menganese (11) salés took
some two months to reach eémpletiono

The solutions obtained from the trifiuorosceiaies
described above wéfg speciroscopically idenﬁicai'wiﬁh
the big-trlf 1u0raageﬁate goluilions ﬁeporteﬂ i

chapter Xo
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Ia no cese did the solid, ¢biained Trom thermal
decomposition of the hydvate, aissolve.eomﬁleﬁely in the
arganic.solventa Byoea after repeated extraction, a
considerable resldue remained. This, in itgelr, was
n@ﬁ of\paramount importance ginee the undissoelved
material was readily memoved by filtrﬁtiono The
following teble summarises the resulvs obtalned. The
symbol (+} is used wo lndicate that vthe sollid nroduet
had dissolved 1n.ﬁhe solvent t@_give a solution which
Was speetfoscopically gimlilor to the corvresponding
golution 6btained by netathesis. Where no golution
was effected the syubol (o) 18 used.

golntions Crom Thermal Dehvdration Products

1l Pr : . ; et oo 3 4 VIO S
S01id Preduct | Solvent [Cr®® ©o% " Fe¥" M Wi®
: B o) + < -+ 4 &
¢GLOL B 0 o + 0 o ¢
N + 3 4 4 & +
- B + % + % & .
Oa CCFx B + ey + -+ v O
i & + + + o A
) B s} o4 o 4] 0 o
Bi¥a B O O 's) o O O
N <+ - - s} d <
B = Bther
B = Bengene
N = Nitromethane
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The ppeetra of the gsolutions oF sone of the
decomnpusition products in nitrmméthane are gonpared
in the CTollowing table with the values obvained Lrom
golutions prepared by metathesigﬁin the fegiom 25,000 -«

« ) m}. ’ < :j‘ o &
10,000k ~. Mexima ave guoted in cm — 3 10 Y

Conparisop of Svuectra of Nitcomeshane Soluiions

. N Route |
Compound Thernal
Degomposition Hetathesis
cu{C104 Ja 140 & 14, B |
Cu{BFs )2 150 6 - 18 6
Co{Ci0s ) 18. 6 18, 5
Go(02G. CF3 )a 18. B 18, B
Ni{02C. CFs Jn 14.9, 18.6 14:.8, 18.6
Ce (G104 )5 172, 153 17 d, %52

The remaining thermal decompogition producis, noG
mensioned in the table above, also gave solution specitra
which were vwirtually ldentical wilth those obtaineld Lrom
the corvesponding soluitlon Jdeseribed in Chepier Lo

(v) Soluntions from Dehydration Products
(2,2 Dimekhozyoropans Rethod )

LS

The solid trifivorcacetates and teirafluorcporates,
obiained by ovagoration of the solvent mixture afvewn

dehydration using 2.2 dimethonypropanse (2,2 D M. P,

appeared t@'r@tain solvated methanol.
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Tn meny ingtances, the solid produact dissolved in
@Bher, hensene and niltronsthane oonly afiter prolovged

shakinge ‘the celours of the solutlons were somewhatb

o

drrforent from these of the corvesponding solutions
obhtained by metathesis. Tole was reflected in thelr

vigible specta. A eomparvison of sgowe oFf the gpecura

e

in the region 856,000 -~ 10,000 Gm ig piven in the table

{""i

n . ml e
elow. Haxima are quoted in cm — x 107°%

Comparigon of Spectra of Bther and Nitromethane
Solutions,

Bethew Nitvonethana
CGompound ' ' Route |
Metathesig) 2,8 TP | Metathesis 3,9 DR

o (B, )a e e 20, 0, 20. 0,
Co(02C. CFa Ja | B0- 8,247 8 20. 8,19, 8. 185,270, 19 2,
Ni { BE{‘Q )2‘ = “*” . 1 60 .réc ’ 200 ao

Ni{0aGoCFs do | 26e 8,106, 35, 7,158,800 140 8,18, 80  15c 5o
1 ; . .

a
B

) 1Be B, 175,  BB.5,17.1, 188,
B

3592{ 0a Go OFa a 23,
' v o - - :}_}.4?0 QQ

Go(CL0, )2 () . - 18,5, 1.8, &,

Cu{GL04 Ja () o - o Bo 14 5,

(1) indicates than th@vaglvemt nixzture vas removed by

-

»

bl
2

vional evaporation as previously dQaseribed.

hJ

Avtennts 0 repeat vhis precedure usling benzene as vhe

Phoiler liguid weve less successful..



A precipliate Cormed in mogt ¢ases and iy colour which

appeared in the supevnatanht Liguld was very weale X4

nay be asgsumed that addition of bengene eaused pregipide
ation of the wethanolate compleis
Svamary

Alternavive methods for the preparasion of soluislons
of transition metal‘p@?chlarat@sp sRiTivoroanciates and
tevrafiuorohorates stovriing from gbc hydrated compounds
have been invepitligated. Thig method would be particular-
iy Buitahié for the iiﬁﬁ@?OdG@b&bOS ﬁln@a the anhydrouvs
compounds can be easlly obtained in Many coReS. Fowr
rerchliorate and tetrafliuvoronorate aeﬁubloﬂﬁp 1t hag been
established that metathesis is the svaﬁLO“ neuhca QL
PrEeparftlon. Repeated_pavtiml evaporation of the
perchlorate selutgens using nivromethane as solvent net
with some fuccesse Hethanol, acetone and eicess 2,2
dimethozypropane were reduced (0o negligible proporitions
in four opy five evaporatlions. The distillate at this
stage showed a single peak on vapour-phase chromato-
graphic analyasis. There 1s nO reason Why this method
could not e aprlisd to the preparatlon of other sirong

acid palt solutions in nitromevhand.



X3 wovld, however, Pe reasonable o SUOPOSe, Tha!

e grissance of ¢hlovoperchlorates, =brl

CLUOTOACERLRLES

and < sehpafiunoroborates would »ot have bHeen discovered,

had the original concept of golution preparation baen

via the hydrate.
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Praparation of Anbydrous Salts Lron
goluvnions in Organle Bolvenis

\

Avtenpes were made 0 obvaln anhydreuns componads
Lrom the solutiong obtalned by metathesis.  As
nentioned previovaly in thisg chepier, the removal
of orgenle solvent in ecomvact With perchloraies is
2 hazerdous operation. Eveporation of the solvent
from perchloraie 8olutiqns.was carried out undey
vacuul using a sulteble shield roumd the sanple

Flaosk. In general, the solids wnich remited were

nov pure although the infra-red specvra showed o
broad sbsorption in the reglon 1,100-1000em™r,
indicatving the presence of the perchlorate growie.
Attempts to sublime the solid samples uwnder vacuum

also met wilth 1ittle success. It is poseible that

the solld perchlorate ip solvated and removal of the
solvent desteblilises the compound with subseguens
deconposition.

With veifluoroacetates, evaporaivion of the solvoni
ig a simple task and the operation is without dangevr.
It has been Fouad possible to isolave both ehlovo-
and bisitrifivorcaceiates of copper (11) from nitro-
methane solution. Biswtriflu@roaeeﬁaﬁes were also
obtained for cobals (11), zime (11), mangenese (11),
and nickel (11), and sris-trifluoreaceiates Ffor

chromium (111) and iron (2111).
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dnelyais Digurens L0 ion (NN gidsoniua (133)
and venadiwm {111} trifiuvovcacetates were poOcH.

Avtenpts 0 purliy the solids by reerystallligation were
ungucecesslul.

No itetrarlucrsboraie eouid‘be dgolabed in & pure
steate from nitromethens. . Remowal of solveni preceeded
guite smoothly until uhe final mmagws WhOﬂ deconposision
ogceurreds Bolids Obiained gave poor snalysis ?@sﬂ}tg
indicating that conslderable decomposltion had taken

place.
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Metal glalyses were carvied out by normal analyiical
‘methodss
Analyses

Copper_ {(11) Chilororrifinorosceiate

This was preparé& by P@moving the golvent Trom
nitromethane solution prepared by meitatbhenis. A gmlé
blus-green so0iid wae obizined. Thig was washed wiith
Ary petroleum ether and dried at 50° uvander vacuume.

T-vay powder photograpny was used, to show thet whis
gs01id conteined no copper (11) chioride ang was thérefafe
not gimply a 1:1 mixtuve of copper (11) chleride and
copper (11) bisﬁriflumrﬁaﬁétateo |
Caleulated for Cu(CLl)02C,CFs Cu:B0.0% C1:16. 7%
Pound Cus 30, 6%, Cl:l6. 6%

CGooper (11) Bistrifinoroacesate

Addition of the caleuwlated welght of sliver
trifiuorocacetate dlagsolved in nitromethans, o the
solution first prepared by meﬁaﬁh@sieﬁpreeipi%ated"
aiive? chiloride. Romovel of the solwvent and washing

as before gove a blue-green compound.

L3

Calculated Tor Cu(0aC.CFz)a Cu-: 81.8%

Cu ¢ 21 %%,
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Analysis of the sgolid samples obtained Trom cobhaliy

(313) and nickel (11) solutions as Ffivst prepared showed
that complete conversion to the chloxv-triflucroscetate
had not vccurred. The cehloride analysis corresponded
%@‘WO% and 8%% cthFOmcémpound pfesént for @obalit and

nickel regpecitively.

gobaly (12) bistrifivorcaceiate
Thig was cbtained as Ffor copper (11) biptrifivoroaceiate.
Quantlitative convergion by silver wrifluorcaceiate Lo
the Pis-compound gave a mauve colouwred solids

Galculated for Go(0:C.CFs)a Cos 280, 7%

Found Cos 20, 5%

Niekel (11) bisdtrifluvorcaceiats

This was obtained as for the cobals (21) coﬁp@unde
A green selld wag obhvaineds
Calcula ted for Ni(0:C.CFs)e Wi: 20.6%

wound Ni: 200 3%

Manganeee (11) bistrifluorosceiase

The solutlion was slisghitly coleured brown when obitained
by mesathesis. The polid obtained on evaporation was
washed with Ary petroleum ether and the residue

recrystallised Trom petroleun ether/uitronethane MiTLLYe.
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The white crystals cbvained vere dried under vacuti
Calevlated for ¥o(02CG.CFs)z Mo ¢ 19, 6%
Pound , Min ¢ 280 7%,

zZine (11) bistrifivoroscetaie

This was prepared by removing nltromsthane and washling
with petroleun ether as previously described.
GCaleuwlated Tor Zn(02C.CFs)a %n : 22 4%

Found an ¢ JL\}O Oﬂm

Tron (111) wtristeifivoroscetate

On evaporstion of the red solution obitained in RILPO~

nethane, deep red crysgitals of thils compouwnd wera

@btaimedo
Caleuwlated for Pe(02C.0Fs )y Fe ¢ 14.1%
Found Pe  1de 5%

Chromium (131) iristeifivoroacetate

Dark green crysials were obiained by evaporation and
washing ag befora.
Galevlated Ffore Gp(02C.CFz)s Cpr @ 18.53%

Found Gy @ 1.8, 5%
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Freparvaition of hvdrated perchlorates,
srifiuoroacetates and perchlovates.
and aubhydrous LriLlRoroacetaies.

The general method of pfaparatioa of the bydraites
is well established. A glight excess of mewal oxiﬂég
hydﬁaxi&é o cavbonate was added o the appropriaie
aeid diluted with 2 1ittle water. (Availability
dicﬁaﬁed the Torm of the metal compouvnd used. ) - The
soluvions were reduced to'low'bulk and the crystalline
hydrates obtalned were regrystallised PPOm Water.

The hydrated pecchlorates, vetrafluorcboraites and
srifluorocacetates of cobali (11), eopper (11), nieckel (11),
mengemese (11), chromiua (111) and ivon (111) were pre-
pared in this way.

Vacuum treaiment over phosphorus penvoxlde Lo
Tour days convertved all of the trifluvorocacetates exeept
ivon (111) trifluoroscetate Trom the hydrate o the
anhydrous compouwnde All other hydrates were driled by
simllar methods.

Avalyses

(a) Perchlorates

The hydrated perchlorates, prepared Tron agueous

solution, analysed %O‘M(Hé0)8(01@4)39 where % = &



When x had a value of 3, e in the ivon (111) and

chromiwa (111) compounds, decahydrates were formed.

Gopper. (13) bisperchloraie hexahydraie

Blue crystals.

Caleulated for Cu(i20)s(Cl04)2 Cu @ 17, 8%
Found Cu ¢ 16o T
Cobals (11) hisperchlorate hexehvirase
Red cryesalse
Calculated Por Co(Hz0)e{CL0s): Co : 216.1%
Found Co : 15.8%
Niekel (11) bhisperchlorais bexahydrate
Green crystals. _
Caleula ted Por Wi(H20)s(Cl0e)a N1 @ 16.1%
Pound Ni ¢ 18c 7%

Honganese (11) bhisperchlorate hexalydrate

Light pink crystals.

Calculated for Mu(Ma0)s(Cl0s)a Hn 3 18.1%
Pound Mn s 16, 2%

Chromivm (111) trisperchiorate decahyvirate

Green crysitals.

o

galeuls ted for Or(CL04)3.10 H0 Cr @ 12.1%

Found Cr 2 11.4%.

-1-]
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sy s uy

Ttron (111) frisperchleraie decabviraie

Lenon crysitals.
¥

]

Calcula ted Por Fe(Cils)s.10 . H20 PFeo @ 12, 8%

1]

Found Fe 1.2 0%,

(v) Tetrafluoroboraies

The hydraeed vetrafivoroboraiten anwiyﬁcé Lo
M(H,0)a (S%Ga)w where X = 2 09 8

Gopper. (11) blstetrafluerdporaie hexanyérate

Blue &%?SL&@&
Calculaied Ffor Cu{la0)e (B, ). Cu ¢ 18. 4%

Found Ca ¢ 18, 0%

gobalt {(11) bigteitvafluoroborate hexahvarvaie

Red crystals.

oQ
=
{)
[+]
[
st

Galcula ved for Co (Ha0)e (BFs)a Co
Pound Co 3 17, 0%,

"
Nickel Q“bz bisteirarinorcborate Fexahydvaie

Green erystals.

Calculated for Wi(H,0)s (BFs)a M1

L1 ]

17 2%
Found . Ni ¢ 16, 6%,



Manmaneae (31) bistedrafiucroborate herxabvdrate

Qff-white crystais.

o

Caloulated Cor Mn(¥,0)s (BR.)a ¥a ¢ 16. 5%

dn 8 16, Diquo

S

Found

Cheomium (3111) ¢rister rafivoprovoraie hexal: 1‘aﬁ@

Green s0lid.
Galculated for Cr{HaQ)e (BFs)s Cp @ 12.4%

Tound Cr ¢ 1%, 0%,

Ivon (131) tweistetrafiveroborate hoxebyirate

Lemnon crystals.
Calcula ted for Fe(lia0)s (PFsds ¥e : 18.5%.

Pound e 2 19 7%,

(¢) Triflnorosceiates.

With the excepiion of the irom (111) compound,
all trifluoroscetases could be prepared in the anhydrous

LO¥Vmo

Gopper (11) bistrifiuvcroasgetate (fnhvarous)

Pale blue-green Bﬁliﬁo

[~}

Caleulated for Cu{0aC.CPz)a Cu ¢ 21.0%

Found Cu ¢ 20. 9%

aC



166

gobsiy (A1) bi&t?ifluﬁg@aamtatg_i@nhyﬁﬂ@gﬁj

$ia

Mavve solid.

[-3

Calecuvlated for Co(020.08; )z Co @ 20, 7%

Pouad Co ¢ 206 1%,

o

Nicked (11) bissrifiucroacesate (Anhyvdrous)

Light green powdser.

o

taleulated Por Ni{0aG.CFa)a Ni @ 20.6%

Found Ni 2 20.1%.
Hangsaness {(11) bisitrifivoeroncetate (Snhvdrovs)

White powdere

galculated for Mn(020.CPs )z Mm 2 19.6%
Pound Mo ¢ 18. 9%,

Chromivm (111) iristriflvoresceiate (Snhvdrous)
Dark green solid.

Galeulated for Cr(02C: CGFs)z O ¢ 18.5%

oe

St
»
L]

FPound 12, 8%,

Teen (311) $reistriflvorcacetate (hvdrated)
Brogn solid.

Mnalysed o Fe (020.0F3)s 5.8 HaO,

The hydrated Torms were prepared from the
anhydrous compounds by allowing %o stand in moisgth adve

n celeulating the mass of dimethomypropane o bhe uped



as a dehydrating agent, LIy was assumed tint hexa-

hydrates had been formed in all cases.

(2) Dehvdration Methods

(a) Thermal Decemposiiion

The thermal dehydration of the hydrates was
parried out on a Stanivon Thermogravimetrlie Balance
working at a chart speed of © 1x. /hr. Samnple welghts
varied from 0.1 = Qo ibg. and the temperature increase
rate was «~?2°C/ mine

Rach sample was first tested to destructlon. The
graph obtained was then-examined Yor inflections
related to paveial or toval removal of water. A
second sample wag then heated to the temperature
corrgsponding t@»the noint of infleetion and that
temperature held constant wntlil decomposlition was
conpletes The sanple was placed over phosphorus
pentoxlde in a deplccator which was then evacuaited.
fach sample 50 treated was examined fov residual

co-ordinated water bhy meansg of it8 infra-vred specitIUl.

(b) Debvdraticn by 2.2 Dimeihorypropans

Since the rveaction of this reagent with waver ig
slightly endothermic, 8ll dehydrations were carried out

at B80°C.
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H =

An excess (B8%) of the dehydrating sgent wos
afdded to the hydrate and the mixtmﬁe,ahaken f@r WO
heurs. At the end of this time, ithe solvent mizbture
wag removed uwnder vecuum From the ﬁﬁifluoﬁ@aee%ateg and
tetraftluoroborates.

Dry altronethane was added 4o the perchloraie
samnples. Approximately half of the total solvent
wae removed by vacuum distillation and more adry nlétro-:
methane added. This was repeaited until vapauﬁmphaéﬁ
chromatography showed & single peak gorresponding to

pure solvente
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GIAPTER YV

Regctions of some Group Vb tribalides
wivh Silver Salis of Sitronm Acids.

The chenistry of ¢he Group Vb clements, arsenic,
anvinony and bismuth is indicatlive of the increass in
mevallie characteyr with increcasing avomic weight. The
trihalilides of arsenle and, with the exception of the
Lluopride,of antimony, arve covalente This ip confirued
by the low conductivities of these compounds in the
liguid phase. 0f the bilgmuth tribalides, only the
wrifluoride 1s & salt, the remainder being of an
intermedinte natupre. The chemistry of Group Vb
halides has recently been reviewed (188 ).

The aguecus chenlstry of these elements 1 d@minw_
ated by bthe relatlve ease of hydrolysis of the lons and
by the stabilliy of ioms of the type MO' which resulé.
Some evidence for the existance of 7 can be dAvawm
from the fact that antimony and bismuth cen be pre-
cipliated from strong acid solution by hydrogen sulphide.
Wnile srsenic (111) sulphide can be precipitated in the
pame way, the clemens, in general, shows rigvle tendency
t0 exdlst as the trivalent cation.

Antimeny and bismuth form definite salts (86)
especially with sirong oxy-aclds, the tendency

inereasging from antimony ©o bDismuthe
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These oxy-salis are stable o hydrolysis in strong
acid solusion but comvert to the MO Form in weak acids
Or Watere

In anhydvous non-agueouns golvents, the problem of
hydrolysis 1ls overcomne and stable complexes can be
Formed. Schmi dt ( 1.89) prepared dilute soluitions of
antimony (3111) and bismuth (131) nitrates in aceto-
nitrile bHy electrolysie of silver nitrvate solutions
uging the appropriate metal as th@ anoda. By a simlilap
method, the same auvthor prepared solutions of the per-
chlovates of the dhove elements using silver perchloraie
as the electrolyte. No mention is made of any attemps
$0 obtain pure gollid gamples of these oxy-salis. A
complex bigmuth perchlorate with dioxane, corresponding
%0 the Formuls Bi(Cl0s)s B:5 CeHa0a, has been isolaied
from a solution of BiaCOs; in 55% perchlopic aéid and
dioxane (140).
| An interesting reaction takes place when bismuth
metal is heated with perchloric.scid (141)e A brown
coa%ing'appears on the surface of the metal. On
removing from the acld and heating further, an explosion
ceeuf@ leaving a8 clean but piﬁﬁ@d‘suvfaeea It ig
recognigsed that thisg is a suwreface phenomenon bus its

nature is PRRNOWD.
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The pentahydrate, B1(G104 )s . BH2 0 can be prepared ﬁy
treating BiaOs with 70% perchloric acid end is very
sensltive to moisture (148).

Cady and Fujioka (148) reported the preparaiion
of arsenylirifivoroscesate [As0(0aC.CFs)]; antimony
(111) and bilsmuith (111) triflucroscetates using ﬁh@
action of a mixture of vrifluoreoacetic acid and anhydride
on the oxide. The anhydride is uvsed to sbporb watep
progduced in the reactlons By removing the solvent,
the aphydvous trifluoroacetates could be preparedo
When these trifluoroacetates were dreated with perchioric
acld, pariial conversion $o the perchlorate was observed
in the antimony and bisputh compounds. The arsenyi
cbmp@umﬁg on reaction with perchloric acid, gave an
unidentified colloidal precipltate. |
. Very recently, the preparation of arsenic ¢rl-
Yiuoroacetate has been reported (i@é)a The method
uged wag gimilar to that described above. Avseniouns
oxide wap treated with excess trifiuoroacetic anbydride
in a sealed ﬁ@be ae Poom,tempefature for Tive days.
On breaking the seal and punping off excess anhydride,
8 whive hygrnseo@ic compound was @btaiﬁedq This

compound suvblimed readily.
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Litéle‘memtion ls made in ih@ Literature of
tetrafluoroborates OFf arsenic, antimony or bismuth
in the trivalent state. It night be expected thatb
bismuth (111) would be the wost likely %o form a
tet?afluapobérat@n The tetraphenyl “»@nium?_sait@
can be obtained for arsenie and antimony by reactlng
- diphenyliodoniun t@ﬁrafluorﬁba?ate with triphenyl ersine
or triphenyl stibine respectively (14B5).

Compleres in which arsenic, antimony and bismuth
aet as accepiors, electrons being donated by the
complexing agent, are wo ll<known. -Th@ trihalides
dissolve in ether, presumabiy ﬁith the Pormation of

coipounds of the formula
o 3 ‘M X.:g,s

Only o small number of compounds of this type are
kpown for arseple. Petzeld (146) obitained salis of
organic bages of the type RelHa (88C1e), (RelWHa ) (AgBrs ).
Arsenlc trichleride -pyridine complexes have been known
for some time (247).

Thege have composiitions corresponding to the
Tormulae BASCIz.CsHal, A8Clz.CslslN and B8CLls. 2CsHs,
similar stolchlometries are found in the corresponding

bromide and iodidse.
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In antinony, more numercuve extmples of accepior
ceﬁplexes are found. In addltion wo the ether and
pyridine complexes, addltion eam@@umda Witﬁ avoematic
nydrocarbons have been reported ( 36).  Thus benzene,
voluene and mesitylene form 1:2 or 1l:1 complexes
presunably by donation of thelr 7 electirons 0 the
antimonye. The structures of these complexes are nob
known.  Ammine (148), aniline and quinoline (149)
complexes of aniimony trihali&es’have also been reported.

Many bismuth complexes with &ona%iné gpecies are
ENOwWi. Pertiary eamines, sniline snd ether complexes
have been reported by various authors. In addicion,
bismuth {and antimony) form very stable chelate ‘ato’
cOmpleres. The chelation ie‘aemonsﬁrat@ﬂ by the
stability to hydreolysis of sush aomplexeé éompared~with
the simple sslts.  Compounds of the formulae M{Sb(0X)al,
M[BL(0X)al, M[SD(S0s)a] and M[Bi(S04)al ave largely
unaffected by molsiture or dilutions

in the present work, attempts hove been nade 0
pPrepare gnhydrous parchleréﬁ639 trlf luoroacesates and
tesprafluoroborates of trivalent arsenie, antimony and
bismuithe The method used was metatheslis invelving
s%oichiomé%ric grantities of the anhydrous bromide of
the Group Vb element and the anhydrous silves salt of

the sitrong acide



The anhydrous solvents used were ether and nitro-
nethana. Without exceptlon gusnititaitive ylelds of
gilver bromide were recovered.

Avtenmpis 0 prepare aahydrous tetrafluorcborates
corresponding to the formula Miz (where X is the strong
acid anilon) by removal of solvent were largely un-
guccessiulo Vacuum digtillation of ether or nipro-
methane from tetrafluoroborate a@lutieﬁa produced no
5011d mntil most of the solvent had besn removed. At
. this stage, the solution darkened in colour and furthewr
gvaporation yielded wmidentified solids. The dark
residue did, however, show & broad absorpiion in the
region 11.00-1000 em™ which mey be asttributed to the
B groug. ‘ |

Some succesp was encountered with the trifluoro-
Aacetates. The resldue on evaporation was heated In a
publimation apparatus and sublimates obtained im all
three cases. The sollids were extremely hygroscopie
and this made anglyses Alffieult. The infra-red spectra
of these golids in the region 1800-650 emml ave listed

in the tgble below:s



L

mfra-Red Specitra of Trifluworoaceisate

Suhlinaies, s
_bs ) Sb - B,
1748 (s) 1739 (a) 1661 (s)
12256 () 1220 (b) 1212 (b)
1165 (b) 1170 (p) | 1163 (s)
855 (s) 866 (g) 862 (s)
o7 (a) 800 (s) 800 (8)
735 (s) e (s) | 725 (8)

While ne analyitilcal data ls avalleble, it is
puggesited that these suwblimates are the trig«—-tpri-
fluoroacetates. The arsenic compound resembles
closely, in physical properiies, the white solid
described by Emeleus and Dunn (144).

Removal of organic solvenis Lrom pevchlorage
golutionas by dissvillation was not atitenpied. The
ethereal soluilon obtaived after fil%rafi@n TO remnove
‘gillver bromide wes added o a lavge volume of dvy
petroleum ether. White solids precipltated in all
three cases.  The mother liquﬁwwwas removed by
décantationp the resgidue washed several times with

petreleum ether and dried Hy pumping..
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Analysis Pigures were not satisfaciory and did nos
corrcepond o the formula M(G104)s. The white residuss
obtalned on precipitation did nov redissolve completely
in ether. The infrasred spectrs showed & sLrong

abaﬁﬁptimn in the region 1100-1000 emml

indicasving whe
presence of the C10s  group. T4 may be roasonaed

from the gbove chservations that, at some stage im the
igolation of the S@li&sg the relatlve stablility of the
0¥ lon resulits in partial decomposlition of the trige

perchlorate L formed. The rewoval of the solvating

molecule would destabllise the compound and could lead
t0 some decomposition.

Preparation and Infra-red Speetra of
Lyridine Conpl eren

In view @f’ﬁhe Tact that efforts o prepare the
simple sptrong acild salis of arsenice, anvimony auad bismuth
were uwnrewavding, it was reasoned’ that ptebilisation of
the molecules by the Cormation of scceptor conplexes
might lead 10 compounds which e@ula‘be lgolated.

Pyridine was chosen as the donor molecule sinee pyridine~
halide complexes of the above clements were well-kKnowns
Soluitions of the saltes were preparved in ether ap provionse
1y described. - Dy pypidine wag added aropﬁi@@ uwntil a

precipitate Tovmed.
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Pyridim@ conplexes of all three slements were obtalnebie
using the perchloraste and trifluoroacetate teﬁﬁam
flucroborate soluitions. Analyses Lor the pevcechlorate
and tetrafluorvcborate complexes conformed te the general
Pormula MXy. 8CgHsI ﬁh@r@ X is the strong acid anion.
Analytical values for the trifivoroaceiates were poors
It may be inferved that slallar gompounds to those
mentiloned sbove have 5een prepared hut analysis figures
do not confirm this.

The infra-red spectra of the pyridine~trihalide
- conplexes of avsenig, antinmony and biemuth have been
reporied by Watari end Kinumaki (1850). | Changes in the
positiong of some of the bands, when comparing the
spectrum of co-ordinated pyridine and the Pree base,
are lisgted. The results obtained éﬁ@ gimilar to
thoge of Gill et 21 (1B1), who recorded the spectra of
a number of pyrlidine complexes and concluded that the

mejor changes which occur on complexlng are:~

Pyridine (free) Pyridine (complex)
(1) 1578 cm” | 1600 o™t
(31) - 11280 en”t (w)
(i11) 801 cm™t 625 on™t

(ivw) 408 en”t 420 en” .



Lo
(1) A boand~ 1600 @mml appears in the pyridine-pev«
chlorates anﬁ-ﬁetrafluo@dbaréﬁea of all ithree glementvs
Because of the ¢00” agymmebrical sireteh in the Hri-
flueroacetates, 1¢ ie not possible to observe thie band.
(21) A1 the pyridine égmplaxe@ phow o weal bhand
~ 1260cm",

1

(434)(3v) The band~ 625 cn ~ 1 present in the @pecira

of all the pyridine complexes. The bend at ~ 480cn™>
is not well defined probebly hecémee it appears at the
extreme end of the freguency scale exemined (4000 -
éﬁﬂamwl)o

Bonds_Gue to snions

=S

(a) Trifluvorcacetaies
In all three trifluorocacetates, a band due o the
epymnretrical streteh 0f the cerboxyl grovp Ls observeds

The pesitlons of the Desks are given in the following

table:
| VYas (C00™)
As l 1666 om™ >
S 1675 om”
B1 1680 om™

Complexed pyrildine shows three absorpilong~ iB70, 1480

and 1440 Gmmlo The presence of these thres bandg nakes

1t difficult to select or assipn the band due 0 the
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gymmetrical CO0” giredtching vibration which should
ocaurmléﬁoem”lo The Yhree hands, described in Chapter
II, appesring in all trifluoroacetates, are positlicned

8% the Yollowing frequencies.

- 0
C=C sitwr. |Bym CPFs defs cl g Gof

As 857 . 801 729
b 832 800 720
BL 836 802 725

A1lL Pigures in cm

These bends are similar to the corrvesponding bends
obvained with the alkali metel triflucroncetates

desceribed in Chapter Ik

(b) Perchiorates snd Tetpatluorchoraies

The bands obgerved due to these anlons ave
gymmetrical. Some shoulders appear on the low
Trequency slde but these may be atiributed vo vibrations
of the pyridine. The Tollowing teble shows the bands

obvalned.
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Anion Perchlorate nuTetraflu@fdhoﬁat@
Blenent Vs Ve, Vg Va
As 1080 (br) | 625 (ms) | 1080 (br) 520 (m)
b 1080 (br) | 626 (ne)| 1066 (br) 520 (m)
BA 1086 (or) | 625 (ms) | 1100~ | 820 (m)
1080 (v, bwo )

ALl Pigures in em Yo

The shape of the peaks obtsined from the perchlorate

and vetrafluvoroborate groups indicate that these arve

lonic in natureo.
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EXPERIMENTAL,

Preparation of sclutions, filtrations asnd wmulling
£o» infra~-pred examingtion of sollds were carrled ouy in
the Ary-—-box. Tther and altrometvhane were dried as
previcuvsly described. Pyridine was dried over moleculaw
pleves and distilled on t0 molecular sieves. Aanhydrouns
silver perchlorate, trifluorocacetate and tetrafluoro-
borate were prepared as deseribed in Chapter L.

Avgenic, antimony and biswmuth tribromides were
prepared by stendard llterature wmethods (152) and further
purified by wacuum distiliation.

Analyses

Arsenic Tribromnide

Calculated for AsBrs : Be @ 786, 2%

Pound, By 2 7Bo Tho
Antinony Tribromide

Caleulated for SbBra ¢ Br ¢ 66.3%

Found | Br ¢ 660 T%o
Blemuih Teibromide

Calculated for BiBry ¢ Br @ BB. 4%

Found Br ¢ 5% 0%



Preparailon of Soluiions of Strong Acld Halis

The golutionsg of apsenic, antimony and bisnath
nerchlovate, trifluvercacetate and tetraflvoroboraie were
prepared by reasting caleuvlated gquantlties of gllvewy
salt with the tw»ibromide dissolved in etvher or niliro-
methane. The preeipita%@ of @i&?@ﬁ‘bramiﬂs wan
Piltered off and weighed in order 0 aetepmine the extent
$0 which reaction had ocsurred. I all cases the
Field was quantitative.

Preparation of Pyeidine Comoleres

Dry pyridine was added slowly to the ether solutions
aeacribedlabaveo The pyridine c@mplei which pf@eipim
tated out was weshed with dry p@trﬁléum ethey and dried
by pumping over phosphorus pentoxide.

Avalysen

Caleulated values are éa@eﬂ on a general Formula
MEg. 80sHeN (C= caleulated, F = found)o |
1. Arsenie |

Perchlorate Tetralfluoroborasce
ac - WH A %e BH N

C |28 2.6 G2 | C|3)eB B.E T3
Flese B 9 Gl | P BT 2.8 W0




B Aniimony
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Perchlorate _ Pebrafluoroborata
i % W %G GH il
Cle7.4 88 6.4 | Cf 2921 24 6.8
26,9 2o & B @ Pl 87.9 8.7 8. 9
o Blemubh
[ Perchlorate Tetrafluoroborate
e 35 A% %C %H e
Cl24. 2 2. 0 BB | G255 Bo L 86 9
$|26.© 29 4.8 | Fle5.5 27 6.2
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