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SOMMARY

Thin work 1is an attempt Lo test a stersochemical theory based
on interatomice-core repuision az applied to molybdeaun and cungsten ia
oxidetion states 2, 2.5, 3 and 4. The thusory is wost powerful as a
pradictive tool vhon applied to binary and ternary staphylosuclear
compowadn, hencc an exhaustive preparative survey was umndertaken to
find new compounds of these types with nevel structures, YThe results
of this suwvey follow,

feveral nev bhalogesomplyhdate (II) and halogenomolyhdate (2.5)
coupounds wure prapared. dnalvticsl evidence, as well as physical
proparties of these complexes (magnetic susceptibility, aspectroscopy,
X-rav povder diffraction and wolecular weight determination), shows
that the praviously assigued structure for the halogesomolybdates (1Y),
based on the trimeric nosczla’“ unit, Is in agresment with chiz present
work. For chlovomolybdates (2.5) a structure of the ¥zC§g3“ type neews
wore likely than the origioelly propased %o, Cl, " uatt in tve lighe of
spectral and I~ray data., Thias is in agreement with theorstical
pradiction,

Attempis to prepare nsw staphylonuclear complexes of tungsten
in low oxidation states wers unsuccesaful. It was hoped that & study
of compounds contaianing the %5“1;‘* an. wéﬁtaa* unics =fight lead to

such x discovery.



The chemistyy and styucture of compounds containing the g§6134+

unit wvan found to be closaly analogous ©o that of the !béC1$‘+

unit
except for the former®c lesser stability wunder xil conditions. fouwe
adducts of "tungstan dibromide™ were prepaved snd Formulated aw

%ﬁﬁfg
Wity vatios 2 wars prepared, Thiz {+ rationaliised % prosoaing

Fr, 2L, but with aany coordinating lipands tried, compounds vith

substitution of the paeriphers! LHromines bv lipand, Is this sgudy ne

conpounds vere found containin; anything dSug Cthe 5@5&&“

asuit,

The 2odides wﬁxxz and ¥ 1, are reported,

Disproportionstion of molybdenus and tungsten tetraheildes
has heen investigated as a nev preparstive zathed for ternary
staphylonuclear comploxes, The properties and structures of ﬂBﬂcza "
ﬁgﬂozﬁg. ﬂgﬁixg and ﬁz€1§(0ﬁ39)4(cﬂsﬁﬁ}z ate, preparad in this study
have been investigated snd the results agree with theoretical predicttfon,
Froposed structures for the tetraialides are also dlscussed,

The theory predicts that the compound ﬁnﬁl‘iftsﬁs)aésﬂlk
cannot sxist, The report of this has been axamined and it was found
that omier thi aane experimental conditions the product is not of
reproducibie composition snd, indeed, is not a wolybdemum (IV) adduct
st all, Attempts £o prapars this complex by other methcds have falled,
¢he only product that apresrs is the bia adduct.

sn secount of the developmest of the theory and nomenclature

for staphvionucleay compounds nov In uez i{s givan by way ef intreduction,
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CHAPTER 1. IHIRODUCTION

The vrincipal aim of this ressarch ia to test a theory shose
nodel is baged on intercore repulsion., Since 1t was first develovad
for use »i¢h complexes containing seotale-nets] bonda, the testing of Lhe
theory =as been carvied out in thia ares with one exception (ses
Chapter 1),

The novel bomiing characteriasties and properties of compounds
containing divect netalonetal Londs han stirmlnted sreat interest {o
ghesr conpounds over the last decade and several cxcellent revimwal’z’g’é
which diacwss i detall these types of complexesg have appeared recently.
o attempt will be made in this theasis to elaboragte on these, other
than by short istroduction teo the imdividual chapRers,

At this time the terms “staphylonmclear® and “metal cluster”
are poth used to deseribe these compoumds. In tiis vork “stapiwylonuclear”
#1ill e used, and a staphylonuclear compound is defined as one containfag
& finite proup of metal atoms which nave significaut interaction between
gach sther,

Conventional stersochenical theories are unable to predick
and gxplain the oxistence of staphvioauclesy compounds. They rely om
tnn classification of compounds into groups depending on bond type,
{i.2. covalent, lonic or wmetallic) to make any stereochenical
prediction, Therefore the existence of compounds containimg bLoth
“{onic” metal-halogen and "matallic”™ metal-metal bonds is iacompatible

accovding te these theories,



It seams veasonable that a theory of sterecchenistry could
be formulated by consideration of atouic vucled without xefsrence to
bond type. Cuch s theory would be applicabls to all chemistry,
rather than for awall areas as do conventional theories, Such a
theory has teaen developesd by Sﬁuidon,ﬁ hut ls, as vet, unpgtlished,

& gaort suseary of its derivation follows.

& THROMY OF COORDINATION NIMBER JASED ON

?aulingﬁ has stated that eash element®s phvsaical and
chenical properties can be correlated by a parameter, X, which la

related to the bhond enargies (D) for elemenutm A snd B by

2

4

i :
iﬁa‘g; b 2 (1)% W Q‘EE} w A e (xﬁ - xg} .“"{1)

1
Sines D is in clackron voles x has the dimensiona of (sner;yf!

The usual physical interpretation of X iz the abllity of an
azem to aterasct honding 2lectromz (1.e, negative charge). 24n equally
plausible interpretation in the ability »f an atom to repel positive
ciarge L.0. aeighbourlng stomie cores., The second interpretation

18 chosen Hecause it accounts for the origin of squation (1) {(the
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first interpretation does not), the properties of x, and allous

atarvaochemical sredictions o he nade,

{ii) Evaluation of x

To saable wide use of thiz concep? to be made 1z 1s easantlal
to Lhe abla tou calculste y for thous alemsents whoss slngle bend
dissocistion enarglies arae not knowa,

Uning Cottrell and §uztcn‘s7 relationanip, {CAE - % (!:M +
C = glectronic bWinding 2uergy} It say he derived that

i

3t$ -tnoa(z}

i

3*
ni

»

Xy,

wBere Z:& is the effective positive charge exparienced by snothey
positive charpe at distance r..

it has been found that this squation, when sodified to

xX = -4 ﬁﬁ on-'a{3)

i
k]
wheze n” is the Slater affective quantum numier, k =« 1.48e¥” sad

Z* is the affective nuclear charge

sives y valoues in good agreement with mpirical valuez and can be
used o determine y valuss for alemants whose single boad diasoclation

snerglies axa not knoun,



14543 ugiear Rapulsion and

Loordination Humber §Eﬁ)

Becguse all slsmants do not adoot a close packed srray
(.. high CH) in the slemental state, thers mast axist a reatralnt
that permits only low (N in some cases (e.n. ﬁzé. 1t ia propoaed
that this restyraint is internuclear vapulsion and therefors is a
function of x.

The theorr has deweloped by assuming that 2xaxg s o
wessure of the effective juternuclesy repulsion eunergy (EIR) for
Al, provided thast the &3 distance is nmormal., 1If & disglays a stakle
LY of n towsrds & and towards itself of m, then the total EIE of the
coordination sphere of & in Aﬁx or clemental A i ﬁnx&xs or Imxﬁz
respectively, It was found that this value {8 approxisately constant
foy all =lenments with Enxiga ~ Alie¥ an¢ this therefore beacomes a

useful equation for predicting CN

THE HODEL,

The wmolecule will be viewed as = continuum of valence sleckrons
surrounding the atomlc cores, with EIE providing che rastraint to
complate coalescence of the atoms. The model assumes that the
coordisation sphare EIE is constant for most atoms, but aince it 4s
not measurable, values must be choses on an ad hoc basis, however

only & few choices need be made to corrclate = large field of cimistry.



The model ssesumesn

{i) 3IE for am AR contact is zah whera &, corrects for the

AD
disparity of the bonding radfl of 4 and & - this can he caleculated,

r¥a X3

but 4t bas been found that ite inclusion does not significantly affect

tha results, thus ic¢ la nazlected,

{i1) Tha squation for au actual compound i=

2 2 .
33'5{& * egﬁxﬁ}{; + Qﬂxgxﬁ A e 6o s = HA DU £

where m, n, p etc., ave the CK of A with respect to 4 atomz, B atoms,

¢ atoms, etc,

{(114) x values are either celculated (equatioa 1} or rbtained

sxperiventally -~ the actual walues, of course, depend on valenct stats,

{iv} y is a function of interatomic distance because of it dependenca
on 2%, Thun v wnluss are onlr appropriate to the contact radii

displaved in the acasured svatems,

PREDYCTIVE ABILITY

€1} Binary lalides

It is found ghak ﬁ* {equation 4) is a characteristic coastant
for a particular class of compounds. The following values chosen for

talides are examples of the ad hoc choleun for U,.



Compound Lype E-IA
transition #atal chlorides %ﬁ*

- ®  browides 60,5

bl ¥  iodides 52

Equation & for binary halides becones Zaxxz + 3“1@3 = N '

and on aubstituting U A

considexation, and fixing eithcor » or n, waiues for the unknowa C¥

values for the clasg of compounds undey

can be computed., Tt becomes immadiately ghwious tihat saveral
conbinations of CX may be possible for any one chesical constitutien,
Asx an axmmplisz Tabhle 1.1 shews tie O5 predicted for the molybdeanm
chilorideas, 48 can be seen the theory accounts for a nusber of

solybdenu~chlorine structures.

Obgservations and Fredietiona

{1} Tha saletence on :ioirlﬁ is weavginal - Lf pravared 1t slould he
wnatabla. A shors gnd onsuthanticated note on {ts exiscemce haa
heoan pu%:l:inhtd.ﬁ

(1) .;-?:wi‘:ls containeg no metal-metal interaction -~ cryscal astructurs

deternination has verifled this.m

{3 E'ﬁoﬂlﬁ consists of chaing of ?xﬂc&ﬁ actabedra with some interaction

N The value chosen hore 4s not the same su that mparte&& in &

roceal publication hecawss the theory has since bean modifiad,



b

IABLE 1.1

COORDINATION NUMBKRS TN MOLYBDENUM CHLORIDES

PRZDICTED AV THRORY

Ehloride Mo valence %o Ho-2o N Clsio CH
state = {a} (n)
ﬂaﬂlﬁ 0 1.7% - .1 {6)
-;g;og;15 5 1.7 3 {6)
#aC1, ~ 4,5 ~1.67 ~ .5 (6)
HoCl, 6 1.7 (5)
%%oclz ¢ 1.63 5 ] {6)
¥oCl, $ 2.7 (5)
;ﬁoﬂlz 6 150 2.0 {6)
#oCl, G fed {3}

thals vaiue is chiosen hecause some d electrons are used in
netai-metal bonding {lower magaetic susceptibility than

expectaed for 2 anpaired alectrons)



between molybdenusn atoms (see Chapter 7) - this iz consistent with
one possibility of the theory.

{43 Mccj.3 hae a layer atyuscture with n = § and m » no_ as

pradieted.

{5) Yolybdenur (I1) chloride has n = 5 and m » & which correaponds
to {{Ho ¢1,]c1 } as the theory predicts,
) 678" Tatx
Alternative structurss are predicted for some oxidation ntates
and whether or not these can be prepsred will be an interesting test

of the theory,

(11} Yexmary isiides

Fox A aﬁxxi-a squation & becomes

2 2
adugx,” +oalnaoxe voImax ¢ ImexXy *oaingx,

a8

s T By

For the ternary staphrylonuclesr halides of potassium,
rubidium and cassium the following sssumptions aust be mede,

{a) @ AX " ﬁ; S

(k) no 44 or &M contacts

{c) ny * 1z

2
B & 4 D !
Thus dxaxx % Inm‘xaxﬁ & z;;ﬂxg w {a Imﬁx mist be solved

as for biunary halides.
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Using this equation quits remarkabla agreement between
pradicted snd observed alkali metal halocouplexes of the Rt3X;:¥
type has been chtained, but oving to the difficulty in iwplementing
tiids equation (x veives for cations sre unrsliable) & move favoured
approach now seems to bz an axtension of the predictious for hinary

conpouads Lo Cemmary compounds,

CONCLUSIOHS

Thiz theory can, and does, prediet 3 in transition metal
(aud other) compounds, but st the present time 43 lémited to "normal™
bond lengths at room temperatuses, becsuse of our lack of knowledgas of
tie variation of y with distance sad temparature.

it suat be stressed that the theory pradicis only CR and
nes$ structure, Dnowing the i3 che structure sust be asaipned from the
geonsstrical possibilitioes which £fit the C% « usually this is

unaublguous ,

SOMERCLATURE FOR STAPVLONMUCLEAR COMPOURDS

dince sany stsphylonuclear compounds nay have one type of
itgand {a.z. chloride) iu several different agructural situstions
iee. tersinal, doubly bridgin: or griply bridging some means vhereby

these can bg distinguished is vecessary. Such 2 system has hewn
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SYOPOS! A and although 1t cam bz rather fedious it seems the Lest

way of dealing with these coupounds,

Triply brideing aroups are prefixed by a3 doubly bridging
2TOUPS BY Baj sud tarminal groups are referved to without prefix.
The axidation state of thz petal iz placad in brackets after the
wetal .

As sxsuples of the use of this system the following {all

encouniered in this thesis) are named,

az&:zﬁlﬁ ~ PYotassimm osctacklorodirhenate (II1)

Rb3w2§sr9 = Pubidium im&brmtris-szabrmnditm;aut@ {111)

Cs 3%3@2@3 ~ Caegium pentac?hxorotti—uz-c‘aiarmumlyiséate {(2.5)

(m_z‘}fmfnu - smmonium mnachluru—ua”ch},amtri-uz-
ehiorotrimolybdate (IT)

t(czasp ‘21}2{&?&&:15}015 « Tetraetiyvlawsonium hexacfdamcu—nj—-

chlorohexatungstate (1)

Since this is such s cumbersome systen 2o use, these names
were ablreviated at g1l times when nu confusion was possihle, The

following ara examples of tha sbbreviatious used,

2

E&ez&iaq- - cghlororhenate (13I) or chlorodirhenats {(II1)
‘:t’os{:ilf" = caloromolyhdate (1I) or chlorotrimolyiviate (II)
TR T - bromotunpsten (I1)

L
(%#6(218}1‘ - chlorotungsten (11} fodide

Ho,C1 83. ~ chloromolyi:date (1.5)

;a-&azi:lfs - echloromolyhdate (IXIY1} ~ with the apescification that



it f{a diueric £{ nocessary.

(330)2§w53:833r6.51110 - bromotungetenr {II) bromocacid or simply

bromoacid if no confusion arises,

BREVIATIONS USED

on = pthylensdiamine
dian = diethvienetriznine
txian =~ trietaylunetaetranine

tetrasn - tetrasethylenepentanine

¥ or {:sﬁs -  pheayl

dipvr - 2,2%dipyridyl

vhen =  I.10=-phenanthroline
Pr - propyl

it - athyl

pyr « pyridine
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ﬁﬁﬁ??ﬁﬁ 2. ON THE HOHEXISTENCE OF %ﬁﬁlii{ﬁﬁﬁs}sﬂgﬁl&

INTROGUCTION

The <lain of Yormer and Tyres (HY) of having sreparved
xecléitcﬁa5)33s31$ {I) has been investigated in order to tast the
theory {(Chap. 1}, as it predicts shat molybdepusn IV canmei be

| within & aestral complex
surrounded by aipht wigaly slectyomezaiive zvo

KT 52;;&13 that @ res cazuon tatrachlovide solutiosn of
"molybdenus tatraciloride® {tsrmed thiz for tihe present) was
decolourised whow poured into a siu- to eight-fold excess of
trizheunylersine oxide in carbon tetrachloerida, . Zlocculent white
pracipitate ifvmediately formed, but on addition of further
“molvbdenus fetrachloride” solution, the precipitate bocane tinged
with green, Since the procipitete was dissagnetic ond resistant to
oxidacion no golybdenus oxidation state was reported. In spite of
their alarmingly erratic snalytical figurean whici shov that the
(céﬁszsﬁsél&a ratic is nearer 3.¢ thes 4.0 as requived by I, UT
aeill foreulated their product as I,

it is of interest o note that in snother war: HY taundlé
that excess tripheayiphosphine oxide, triphenylaraine oxide and
diwscayisulpiwside all oxtdise molysdenus ¥V chloride {tha First
givaa an adduct of ﬁn@ztlz and the othars give conplexes of ﬁQOCLS)@

-

Aiso in thelr paper in which they report ! fhay found that exceas
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griphenylphogsphine oxide and dimethuyl sulphoxide oxidise their
"nolybdevum tetrachloride®, Ther veport no attempt Zo show that
triphanylarsine oxide does mot oxidise Sthe “tetvachlovide™, even
thoug: they observed thx iformation of green colours {usually
indicative of molybdenum ¥ halo-oxo compounds) on addition of
“egp nuch” “molybdenus terrachlovide™ solutian,

Avcordingly this present study har taken the fore ofs
{1} detereining the nature of tie “molybdenum tetrachloride™ (used
iy UT) -~ triphenylarsine oxide reaction, (2} eatsblishimz the
composition of the “molybdenum tetrachloride™ used by T, (3)

atteapting the synthesis of I by wore vreliable nesus.

RESULTS AND DISCUSSTON

The abowe reaction vas cearrised out sleven times using
different sampies of “tetrachloride™ (prepared as described by WT)
using Che sawe conditions as HY,

& variety of products -was obiasined, = few of which resemble
the patarials reported by B7. These experimental resuits are sumserised
together with the published results of IT fn Table 2.1, Iwen
discounting the coloured or fuitially aily products,the sclute

usterials from veactions 5-11 do not have veproduciblie analysis,



Reaction

g 31
11

'y o
hT

T

REACTION PRODUCTS OF "MOLYEDINUM TETRACHLORIDE® & ) adly 88

Nature of fnitiel
products
{a) ¥hite fioely die
vided ppt, plus

celoriess coystals
on standing

(b} Green oil

¥ale greean oil

Pale gresn oil
Red-brown oil
Bed-brows oil

Very pale zrees solid
Very pale green solid
Gray-whits solid

Srsv-vhilte solid

Whita solid

¥aite solid

White solid

Caleulated for {céas)gaa(ea)cl

Caleulated for noﬁﬁ*.f(ﬁcﬁs}jasal‘

Trestunent hefore

analvais

Ly X

Raepptd from

acatone with

ather

Vacmm drying
L X2 )

Vacuun drying

LE X 2

Hone

Hone
Hone

Hone

TABLE 2.1

Mp, *°C

171

in

130

148

138

150
120-150
161-16%

i7
Qie.)

lusrared absorstion

warag, B00-900 om

823

LA A
LA &

8438

828

LR R

848

858

873
843
868
863
867
876

87

523 858

8%a

L AR ]
aee
L X

LR 2 4

894
894
831
8923

sEs

1

inslynes, Z
£ # An %8 1
58,9 4,5 20,4 3,7
*e »e [ X L X ]
47.4 3.4 14,2 15.4
54.3 A.3 18.8 4.1
54.% 4,1 17.7 8,2
52.2 4,13 1.7 1.9
55.5 4.2  19.2 9,45
49,7 3.9 16.0 15.0
52,5 4.2 18.3 9.9
os .o . 8.0
53'5 3. al -h 90‘*1
9.93
.45
.18
60,3 4,5 21,0 9.8
56.7 4,0 1%.7 9.3

0.3

LA g

2.7
A3
5.4
X

7.2

6,24
6.81
6.58

0.0

6.3



#oreover reaction 1 provides evidence that (€ﬁﬁs)3ﬁn(ﬁﬁ}61 may be a
prominent constitusnt of 2ll thes: products. Fraction {a) had a very
sinilar unelting point and iafra-red sbasorption spectrum o an
suthentcic asnple of (cﬁaszaaaiuﬁ}cx prepaved by the reaction of
triphenylarsine oxtide and hvdzogen chleoride,

The sxact nature of the srecipitated products cannot be
eluctidated from the smalytical :ata but they sre probably mixtures
of ﬂaﬂzﬁlzi(ﬁsas)sésajz and/ox %a&Claicﬁﬁ5}3Asa together with
(G&§5)355(05)61. Hevertheless it can ba stated thet these resuits ars
similar o thoss of ¥Y ino 211 importaunt particulars.

Tyree has saidlS

that cthey attewmpted the veaction ningteen
timez and succeaded in obtaining = white s0lld oniy four times.
In the other preparations green oils were ohiained and BY sttributesd
these failures to the fnpurity of tie molybdenum tetrachloride,

At this stage the fmportant comclusion to be drawn i{s that
tive molybdenus halide wsed in this work was ths same as the “molybdenun

terrachloride™ used Ly HY, since tihe results obzained are suificiently

aimilay o theirs,

Attempts to determine the oxidation stats of molybdenum inm the
products failed duz to interference by the tripienylarsine oxida,
Thus & deasastration of the oxidation of the “tetrachlorida® Lv

triphenylarsine oxide was actempted. During this work it was found
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that {i) the “"tetrachloride™ used by ¥Y contains molybdenum’ in
oxidation scete 5.5, despite a resemblance to ﬁoﬁlé in compoeition,
(11} carbon tetrachloride solutions of the "tatrachloride® displayed
{nfra~red absorption bands st 909, 961, 988 snd 1008 ew b -
characteristic of He-0 linkages, {11i) authentic molybdenum (IV)

1% - this

ciiloride was completely insolubls in carbon tetrachloride
was confirmed by repeating the praparation of Larses and Hoore,
slthough the product obviously containad some of the carbonacesus
inpurity fouad Hr these workers.

It 1s noteworthy that Hoﬁlﬁ, aoOCl&, and ﬁu&zclz sre all
soluble in carbom tetrachloride, the first twe giving red solutions,
Alsc it is unpracedented that a tetrahalida of a lower transition
slement would be zolublsz in nonpolayr solvents,

Tyree and his associates nhave yeported two original metiods

17,18 L4 used both

for tue preparation of nolybdenum tetrachloride
sources of the tetrachloride in the synthesis of I, These wethods

ares

(1) the chlorination of molybdenum {1V} oxida in rafluxing
. hexachlorobutadiene
{11) ¢the action of carbon tetrachloride on molybdenus (1¥) oxide in

senled ampoulses at 250-300°C,

it sesns veparkabla that these methods could pgéive pure
nolybdenun (IV)chloride, free from peatachloride and oxyehlorides,
since the entbalpies of formstion of HoCl {154), #o0,C1, {173) and

auCXS (126) are all greater thsn that of ﬁgﬁi& {114 kecal. un&gml;qlg
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Method (1) 12 not now considered velilable by Tvraa13

as Lt sppears to vield a mixture of "retrachloride™ and pentachloride,
The product from methed ({1) contsins unchenged aoiykﬁsnﬁu {1v)

13,1% z

oxide nd so & variation of the metind - passing carbewn

tetrachloride wapour at JOO°C over molvhdenwm (IV) oxide - has been

geenuuendud.lg

The product then is a mistura of chlorides snd
oxychlorides, and only by sublining these off can a reaidue #f pure
molybidenue (I¥) chloride bz obtained.

It 8 significant that Tyrae snd his associates reported no
molyhdenum oxidation sumbers for chiorides prepaved by methods (1)
or {11). Tor selected samples, f.e. "for a good prapurntion”$14
ghe total nolvhdenum plus chloride content was slways significantly

less Than that vequired for molybhdenus (IV) chloride - see Table 2.2,
TAMLE 2,2

ANALYYICHS, DAYA FOR "SOLYBOENTM TEYRACRLOREIDE™

tatio Deficiency

Praparative sethnd a4 5 § X Zo Ao3Cl from 1007 BRef,
1:3.%8

ﬁoﬁz—ﬁcl‘ 58.31,58,73 39,67,40,17 1.56 14
1:3.94

it bas been ohaerved by HT and in fhis study that some

molybdenus {IV) oxide remained anaffected after its reaction with



carbon tetrachloride, thus, if ratios of Mo:ll of 114 are obtained by
2naiysis of tha resction groducts, them the rvatio of MHo:ll in the
chlorine-containing products wust be greater thap 1:14 (since soms of
tie molybdomm Zs in the oxide)., EHven 1f all of the molybdenum (IV)
oxide fs consumed, somne oxygen wust be prasent. It s sugpested taat
the “tetrachloride™ prepared by ¥T and in this study is largely &
mixture of ﬁnCls and a@$2CI3 {or %oaﬂlﬁi. For sxsonie a 70302
nixture of the first two would have au snalytical compoaition of
ﬁQCIQ.lﬂﬁ.ﬁ givine an appavently satisfactory Cli¥e ratte for
polybdenus (IV) chloride, hut being 4% deficient in molybdenum end
chlorine and havinz a nolybdenum oxidation number of 5.3,

The possibility of thers heins sone molybdenum (IV) chloride
prasent in some of the preparations by methed (i1) is not rulad out,
but 1f forsed it in wery uniikely te he soluble in carbon tatrnchloride.lg
Thus the carhon tatrachloride extracts of such preparations, uaed by
HT to syathesise I, contained only molyhdenum pentachloride and

oxychlorides. The distinctive yed colour of such solutiona was

princivally due to molybdenun (V) chlortide.

The heaction of Nolybdemun (V) Chiortide with Exeass Triphenviarsine

Uxdde

The reaction was carried out im the same manner as the HY
synthesis of I, save for the repiacement of the “tetrachloride™ by

authentic wolyvdenun (¥} chiorida, The red carbon tetrachloride
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solution was decolourised and & purs white, flocculent precipitate

2a: {rmadiataly formed, Tue appearsnce of the reactfon d{ffared in

no way from that reaparted Bv 9T {{acluding the preen colour if too
much uolvbdenu: peatachloride was added), or frem veactionn 10 and 11
{Tabls 2,1}, sxcept that the srecipitate had a much cleaner appearaunce.
These sbaervitions lead to tie relecticn of the explanazion given by

a113,15

for the nuzerous fatlures of their synthesis of I to give
pure white molids, They suggested that the purity of the tetrachloride
iz critical and that thz vield of pure wirite precipitate with the
sraine oxide was indicstive that the raguisitely pure molshdenum (IV)
ghloride was beinaz used,

The reaction products from molvhdemum (V) chloride using
HT's experimental procadure are shown in Table 2.3, and it can be
seen that these differ very lfttle from tha materials reported hy
them (by comparing Tables 2.3 and 2.,1). Purthermore a similar reaction
using excess triphenvlphoaphine oxide sroceeds with alow decolourisation
and the eventual formation of z vellow pracipicate of Haﬂzclzficbﬁs)zPﬂ)za
These results sre identical with those of HT uweing their “tetrachloride™

and =xcess triphenylphosphine cxida.£3

The Eeaetion of jfuthentie Holvhdenum (IV) Chloride with Tripbenvlarsine

ixide -« an Attempt o Synathesiss

Powies, &2 al have reporgad?a & mumbey of sutheatic

molyibdenus {IV) adducta Zogether with appropriats oxidation numbers



HEACYION PRODUCTS OF MOLYBDEMUM (V) CHLORIDE AND BXCKSS

(RIPUENYLARSIRE OXIDE

Reaction listure of Hp, Infrared abeorption Analyses, 3
i product  °C bands, cu‘l ¢ B As (1 Ho
i Walte s0lid 120  .es ses  ees é.8
2 Wnite solfid 120 B4D B0 3597 54,2 A6 17,3 7.5 6,55
3 thite soltd 142 348 866 543 54.40 3.96 21.5 9.1 8.45

TABLE 2.4

QUANTITATIVE ISFRARED SPECTROSCOPY OF MOLYBDEHUM (IV) ARSINK

OXIDE SOLUTIONS 1IN CULOROPORN

Camey Optizal dennity fonen of aralue
Holax # % 107 (588 exY) exide, B
ratin
{R) Hol{Iv) Arsine Ohad Correc~ Fras Con~ T
{A} oxids tion® bined (2]

Lo 6,75 13.0 .A2 0,22 s 3,0 1.2
3"3 ﬁll 13.5 ‘Jgﬁ? "’{fcﬁs i&.ﬁ 11.9 1195
‘03 50 s 2303 ﬁ-?i -fi.Z& %0? 13.@ 2. 5
5.2 2,75 14,2 g.41  oF 8.6  S.6 2.0
2.2 2.5 0.2 0.65 o 14,7 5.5 2.2
10.6 1.8 18,5 0.67 0" 15.3 3.2 1.8

o

Contrisution Ffrom adduct to Hz deducted,

» Small snd difficult to astimate,



- 21 -

and wagnetic mowmenta. Tuey are of the form Hoﬁlﬁlz. nrepared by a

replacement resction 1u chlovoform solution:

Hoil + W' o Hofl,L.' + 2L

a2 ak2

(. = wa-propylevanide).

Thia method of adduwct sreparastion overcounas the insolubility of
molybdenun (IV)} caloride in non-polar soivents, s have attampted to
prapare I by Towise® method in order to confira the prediction that I
does wot exist.

It is recognisad thnt nerelv wsuccessful efforta to
precipitate T froa scolution ave not cooclusive ewidence as to its
nonexistence ~ it sust ha shown that iz caapol pnssibily appear from
puch soelutions.

o thia study ne wolvhdenuy retrachloride-triphenvlarsine oxide
adduct st all could bz prevared using £he setihod of Fowleds. Soth
d1lure and concantrated soluzfons of Haﬂlé,zn-csﬁycﬁ gawa 1o precipitate
whasns & silgut ﬁioﬁchiamatric excess of tripuenylarsine oxide was added,
o addition of axcess triphenylarsing oxtde 2o thess solutions nothing
vieibly occurred in tie dilute gystem, but in the concentrated one
tihe solutions turned zreen amd wislded srcen vrecipitates contalning
solvhdenus (V) (identified by vieibla spectroscopy). On the other hand,
triphenylphosphine oxide produces no simnificant oxidation of the

uoivhdenus (IV) and gave a verv low vield of a vellow precipizate ~ too
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small for proper identification ~ hut 4t is presumably the 2:1 adduct
ﬁoCiéz(cﬁﬁs)s,.. sreviously tupot&edzs by Fouwles eotal, It seems
significant that aithough 211 adducts of molybdenum (IV) with
triphanyiphosphine, triptesylarsine and triphenylphosphine oxide
wers: reported, no aenticngﬁ was uzade of a triphenylarsine oxide
adduct.

bilute ﬁoczazna$3&7CK - (Céﬁﬁ)sﬁuﬂ chlorofor= solutions
have been exanined over a range of triphenylarsine oxfdey molybdenum
ratioa (K} by quantitative infra-ved speccroscopy.

Tripheuylarsine oxide displavs douhlet (see Pigura 2.1) at
876 and ¥88 en " which obeye Laer’s Lav, £, (888 cw 1) = 300, iixtures

of low & Jdisplaved a broad band which had a maximus az 860 ea'l

» which
ia sssigned to triphanyiarsise oxide coordinated to molvidenwm. In
the experimental rums ¢he doublet and broad hands appeared together, with
relative intensities dependent on B (Figure 2,1). It iz possible to
sntinate the molarities of free and combined triphenylarsine oxide
from these specira if some judgement 12 emercised in vesolving the two
overlapping bandas, Nowvever, it was found that the final conclusions
weres not affected by indepandent resolutionms, The results resais at
811 times approximate since slow oxidation of the moiybdenum (IV) and
consumption of triphenyiarsine oxide occurrad, sven im dilute zolution.
The results of tuls inveatigation are shown in Table 2.4,

The ratic of coordinated tripheuylarsine oxide o moiybdenum (B/A)

never exceaded 2,0 Ly a signfificant smownt, even with larpe excessen

E



FIGURE 2-1

Optical density.

0.1

] ] ]
800 900

Frequency, cm 1.

Infrared absorption spectra of triphenylarsine oxide and mixtures
with bis(propyl cyanide)molybdenum (IV) chloride: 1, triphenylarsine
oxide; 2, molybdenum (IV)-arsine oxide mixture, 0.0075 M-0.0068 M;
3, molybdenum (IV)-arsine oxide mixture 0.0068 M~-0.0130 M; 4,
molybdenum (IV)-arsine oxide mixture, 0.0054 M-0.023 M,



of triphenylaraine oxide, These results show avidenca for the formation
of the aﬁdﬂct_ﬂhﬁi‘.?(cﬁﬁSBE&aﬂ wiieh is entiraly plauvsible in view of
the extszence of aiailar.ﬂaﬂl4bg conpluxes sreviously vesortad,

If a vetrakim (triphenvlarsine oxtde} adducz was prement in
thess chloroform solutions, it must now be zupposed that {t ia present
in 4 low concentration snd {n aquilibirium with the obmervad
bis(triphenylaraine oxide) adduet, This is egquivalent te savieg that
the tetrakis sdduct is dissociated hy chloroform, which in all normal
clrcumstances is certafoly never coordinating, and thevefore the
tetralis adduct is quitz unatable. The nossibilitv of a stable
tetrahis adduct st %igh concentrations of triphenviarsine oxide
is also ruled ouk by the rapid oxidation occurring which would, just
concaivably, reauwit from 3 specles of high coordination mumber bhreaking

down to yield trishenvylarsine sad ozidised molyhdenum (IVY,

CONCLUSTONS

He wust conclude from the overvhelning weight of avidence that
a stuble retrakia (triphenylarsins oxide) addust of moiybdenum (IV)
does not exist i.e, the oonexiatencs of I has bHeen proved,

Ags must be roasonsabhly cbvious the monexistence of Y is not
in itself an foportant chemical fsct, but dewoustrates the Inabilizy
of conventional valence theories to detect curioms and hence possibly

mintaken, structures in chemfsmgry. It ie to this end that the



stereochemical thaory proposed by ﬁheldons {see Chapter 1) assumes
inportance as it first predicted that such an adduct as proposed by
BT could net exist in tha Zollowing manver,

The total internuclear snergr of a nolybdenum stom (ﬁﬁok
surrounded by shloride and oxyrnen ligands camnot be specifled
exactly; hut i3 probadly in che range 66-72 eV, yhich ia annropriste
for most trxaasition notal chiorides and oxidas, On solwing squation
4, Chapter 1 it is found o be imrosaible that molytdenwm could be
surrouniied for eight such highly electronegative lizands, unless soma
of the Ho~-{1 or How) bands are vausually lonr, hut 1f these bonds
414 become auch longer the term "night coordinate molvhdenum (IV)™
weuld not have such aignificance, 211 of the wolvbdenum (IV) tetrachloride
adducts with oxyzen dovors zeporiead so far appear to be uix coordipats

as fits the theory.

EXPERIMENT AL

Fraparation and Purification of Leagents

Analytical Heament grade carbon tutrachloride was used after
20% of itz volume was distilled of¢ to remove moisture,
Trivhenylarsine oxide was prepayed from trishenylarsine

a and recrystalliaed from bhenzens,

by bydroxen peroxide sxidation
The molvbdenun penzachloride used was Climax HMolybdenum

Corp, naterial, carefullr zesublimed in a2 working vacuum hefova use,
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Holvbdenurs (1Y) oxlide was prepared by the method of
3:3&:«@!:.22

Fre—srodusi—esd Fhe reactlon of molybdenum (IV) axide and
carhbon tesrachloride was carried out ss described in reference (18),
The pomd csed was a nodified iutoclave Hagineers, Inc. J0O ml
stirred autociave, The "solvhdenunm tatrachloride™ was cbtained as
red-hlach needles, soluble in narbon tetrachlorids, The ampoulen
ware opvenad carafully, the produce vashed well with dry degassed
earbon--tetrachlorida, and immediately disselvad {n drv dagassed
garbon tetrachlorids ready for reaction - sxcent when tha sample
wan baing analysed, Jnalysez for four independent preparations
{4y €1, 62.0%: M, 38.9%3 (2) €1, 36.5%; ‘o oxidation no., 3.6
{asauvainy 3%% Ho); (3} #o oxidation no,, S.43 (4) o oxidation
n0., 3.6 (The last two results are from asaavs on cachon tetrachloride
solutions of the produet.)

Holybdanus (1Y) ahloride was nravared by the reduction of

16 As found by the

molyhdenun (V) chloride by reflusing benzenn,
previous workers the yroduct contained a considerable quantity of
sarbonsceons by-product. The black pouder was eommietely fasoluble

in carihom tetrachloride. snalusisy Calc, for €1} G0t Tl, 5%.53

Mo, 40.33 Yo oxidation no, 4.8, Found: €1, S4.4; Mo, 37.4; ClfMo =

%.093 Ho osatdation no, » 4.1,
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54a (a=propyl cyanidelmolybdemam (IV) ehloride appeared as
red-vrown needles Ifrom a soiution of malybdenwn pentachloride in
oy
n=prapyl cyanids after standine in & sealed tube for 24 ﬁ:a.“ﬂ
Analystaz <alec. for x;:gﬁum gigior €1, 37.8; Ho, 23.3; Mo
oxidation No., .0, Fousd: <1, 37.3; Ho, 24.62 Mo exidation

Bite gy Jea

freperation of qsgggexaa

#heve aeceasary all oxygen and moisture vere sxcluded by use
of a dry~hox.

Yhen preparing triphenyliarsine sxide products with
*molybdemm tetrachloride™ snd molybhdenim (V} chloride 1t was found
more convenisont to nake up the ™tetrachloride” solution in the storsze
fimsk of mn automatic filling hurette, fitted so that the seolution
was kept under oxvgen Ifree dyy nitrogen st all times. The sequired
smount was Lhen zun Iinte iriphenylarsine oxids soiutiow, Hhen
deternining oxidation aumberas snd molybdenum content of tils soiution,
ailquots ware ren into acldified ferric sulphate or tared crucibles
respactivaly {(the crucibies were then heated to 520°C and the nolybdemuw
weighed a3 the erioxide).

Tue triphenylphosphine oxide adduet with molybdenum (V)
ciloride was prepaved by alow addition of the chleride in cavhon
tetrachloride e the phouphine oxide, in csrbon tetrvachloride, The

vellow complex which formed slowly was filtered off, waabad with



carbon tetrachloride, and dried in vacuum, Analyeds: Cale, for

M o RN
“nazﬁlzlﬁheu5;3 01,3

S, WA3: M, 8.3; ©1, 1803 P, 0.3,

Gy 3B H, %73 £}, Y43 P, 8.2, Found:

The preparation of the meliybdenvm (IV) chlove adiuwet of
triphenylphospidine oxide {and the stisepted preparation of che
corresponding trinhanylavsine axids adduct) was carried out as

sugpested by fouwles ot al.gﬂ

Incuniquad

The infra-red apectrowcopy was carried sut in a Perkiv-Elner
model 21 double Lesw spectrophotowater, using WaCl optics, sith watched
¥asl windew cella of §,13 en path length,

When arseunic was presant the molybdenwm was snalysed hy
A~ray emissfon techniques, 57 the Australian Mineral havelovment laks.,
2, ‘ustralia.

Gther avaliysas were carrisd out by ataudard teclmiques ~ see

‘ppﬂd“ 1.



CHAPTER 3. PREPARATION AND SROPERTIES OF CULORNTRIMOLYBDAYES (Y13

INTRODUCTION

The theory (Chapter I) for bhinary halidez predicts that if
a2 wolybdenum (II) atom iz coordinated to siz chloride ligends, fwo
molvbdenve-aolybdenun Londs should veselt, If this is extended to a
ternary volybdenum (I1) complexz, a structure which accommodatas these
coordination nuwsber requivements is the 59361137“ apecies, This
is hased en the %h_ﬁla %ﬁ!ﬂttﬁfﬁzz (see Pigure 3,17, It has been
9:0905:@24’25 zhat this is the atructurs adoptew Ly compounds
precipitated from solutions of molybdenws (II) scetste in bydrocnloric
geid by a2lkalli setal cationz.

Gecause molybdenum diacetate i dimeric this formuiation
potnes a conceptual difficulity. iow do th: Jdimers bHecome trimers in
soiution? %Yo detarmiae viether or not the cauplezia are trimars,
single crvatal X-ray {1ffraction studies seem to e the ideal method.
Howvever the complexes 45 not cxyetallise freos the remction mixtures
in sufficient nige, and cannot be recrystalilised due te thelr
inscauility in solution, thus chemical and phyaical nroperties of
the compounds, &8 wall as analytical data, sust e relied apon for
atruckural assignment,

It was to this end that the preparation of a large number

of similar wolvidenus (1I) compounds was ¢mbarked upon. It was hoped

that thelr compositions aad properties nmight help werify the structure,



? Large circles Mo
Small circles Cl



Grganic cationg ware used in aa sttempt to pravare compounds that
would be znolutle im sclvents suitable for molacular weight and
condustivity smeasurencacs,

it was 2380 hoped to test the theory Ly the prepsratios
of nev types of compounds, Sosa rather nowel compounds prapared to

pids 20 are discussud at ctue sad of tha chapter,

EESULTS AND DISCUSSION

1. COXPOLELS WITH MOLYEDENUMsCHIORINE ZATIOR OF APPROXIMATELY 13é

Tha catioas which were found to yleld precipitates of
chlorotrinolybdenum (11} aprefes from wolysdenum-diacetate~hrdrochloric
scid aolutions werz sthylenedismsonium, bisethyleneiriasmonium,
trigsethyvisnetetrammonivn, tetraethylenepentamsonimm, pyvidinium,
anfliniwn, hexaminechrosion (VY1) trisethvienedfamminechronium (YII}
and thallfus (I). In addition a guinelinium complex can be formed at
hisk nuinoliniue hydirochloride concentrations by additiom of the
aAydrochlorids te comcentratesd solutions of smenniuw chloretrimclybdate
{11} in dilute hydrochloric asecid., FPrecipitation of the conplexes over
as larze u vange of {cation]:{molybdenum (11} acetats] ratios as
sogsible waz attempted, hecsuse 1r has often hesn ohserved that the

23

praduct obtained s a function of cthis vaiis, in thias wori the

renge was lfuited in the case of the smine bydrochlorides and
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thalliom (7} chleride due b thelr fnzolubility in hydrochleric acid,
For the aa&lgxum zalt bighk concentratione of e hydrochleride
produced such rapid procipitation fhat acetsie particles were
occluded in the complex.

rurification of these chlovorolybhdates (1Y} iz 31f€icule
dus to ipability to recrystallise themy thus the criterion adopted
for sampis homogensity and purity is the reproducible analiyses of
HBVEXal Preparations.

The asslytical resulzs (displayed fn Taple 3.1} show that
thin cacion survey kas produced stapiylsguclear snions waryiag Iin
constituiion Letwesn ﬁc3$ill5” and ﬁnsﬁllsﬁn. Tuite often analyses
ware irrational or errscic indicating compounds containing mixiures
of the above species. For saxesple the snilinlum complex appearz te
he a mixgurse of {w;é;a:m;a;; 5.%—::&3{1112 and (Cﬁks';s‘ﬁj} 5%&%@?}2&93&7&13. Haoy
argsnic cations other thas those reported in Table J.1 produced
redeviolet precipitates Srow molybdenus: (11} solutions, bul these
ware vot inwestigated furthoer,

The wisible speccra of all the compounds listed in Tavle 3,1
and of (gﬁ‘}rﬁogﬁklaﬁzazk ave sssentially identical im ¢ aydrocaloric
acid solutionn, having a peak at 19,1 kK {which obeys Beer's Lau};
Conz 000

Tur compounds are unstabls im bydrochloric zeid, the rate of
deconponition belng pruporticnal te the acid concentratiom; thws all

spectra musti e extrapolsted Lo zere time,
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In zeperal the complexes vere insoluble in arganic anivents,
with the sxcepzion of the anilinium complex which s solubls im, snd
relatively stabia in aniline, but aince the compouns could not be
prapared s an anslyticsily purs form, aud aniline meot bhaling a good
soivent for cwlecelar waight Jeternination, it was thonght to ha
saprofitahle to pursue this attempt te find the desroe of polymerisation
in tht solutien phase,

Tha wagnetic suaceptibilities of all the compounds preparsd,
measurad st roow temperaturs, showed small positive or nepative values

shick wield B, walues of 1,0=1.9 B nez zrimer,

£f
Pevder diffraction dats Yor all the compounds raperted in
» and

Tabia 3.1 are uniscue with the excencion of the sf:r&’!%!ﬁ%J) g

tziea‘:vj " palts whieh zy: isomorpious, The scrdking blue ehalliiee (X)
somplnx {contrasting with fhe wsdal red and violei colours) whose
conatitution approximates te ¥1, (?%31‘3}?‘?{:3*33.12‘2@ & has a powder vattera
wegr aimilar co that fouwnd for rubidiuvm and caesium ¢hlorotrimelivbdates
&,II).BS their formulation also approxim:ies te Chat suggested for
the thallium compiex.

Yhure the farmulacion iz ga = hvdvate the infra-red sractrvum

shows absorption anpronriaste for the prasence of water (L.e, at

o1, 1600 en © and 3400 mﬁl?.
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{113 Chloromolyvdesmum (I1) Species in Urganic Seivenis,

Tha use of none-agquecus solvants saturaced vith dry
hydrochlorie aeld gas an zmdis for thes syndhasis of aolybidenum {IX)
conpounds from molivhdenum (Y1) acetate wan investizatad, Same
brizhtly coloured (rad-siolet) complexes ware formad, hut all coapounds
found were sxiremely sensitive te osxidstion, thus an smalyrtical survey
was not atteanted,

The solvants {saturated with hwdrochloric seid) which gave
radeviolar procipitates wilth ceesiun snd potsssiun wers acezis aeld,
athannl and aeetone (chioreform smnd athoer selutions peave dary colowmred
precinitates with Zhe stetate aioned,

Te deteraine winther wolybdaaus (Y11} har any etabilicy 12
thess asclutions, the rate o exliation of the Jdacetsie in 1,501
bvdrachliorie aeid Iin peotic acid wan followsmd, and was found te be

% .
2 in asueous hwwdroehloriz seid.

nuch soys rapid than that observad
Also, alwmost inaignificant statilisation of cae +2,5 oxidation atata
vas nbaerved (se2 Flzurce 3.2} compared with tihe quite parked effect
in the aqueocus systen.

Tt was notable that in all non—agueous snivents the
hydroehlorie acid congcentration raquired Te hrin: about relatively
rapld solution of the scetate wasn markedly lees than for water, The

only explanation for 2his is the zilghtly enhanced selubilisy of

the diacetate im suek anivente,
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(115L) Ewidencs for tie Trimeric Formulation

{a) Znsliytical

Several of the products have analvseas unequivocaily
asupporcing the trimeric formulation.w (enﬁzljiﬂ obﬁasﬁllazazﬂ

(triaenﬁk3 s &llés (gvr&)sig &111(f3% a)z and ?lﬁ(ﬂ a)ﬂu &4 0

12 B
The compositions of the others weve equivocal - supporting 2qually
well & dimeric or trimeric formulacion, The appearsnce »f lizand
deficient anions in somc cesen is not unexpected sincs this chenomsnon
is wall sstablished in the Eeaﬁgzn series of cnmponaé‘oZ&

Iz is necessarv to postulets that the crystal lattice can
acconodate extra chlorids vhen Chese must be present to fulfil

stolchionetric requiremeuts,

(b) Zpesctrs and Hagnetic Suscsptibilities

Ia hydrochleriz acid zhs specers of the chlorvomolyidates {(11)
sve identical 2t any particuler hydrochloric seid somceuntracion {(bui
u&tﬁ €y TAFYINE fror BOU-2400 with concentration), asugzesting that
if any of the stapihvionuclasr anions srs formulated as trimers then
all oust be (in solution). The specira obtaiuned are alss idenvical
with those fownd for tie aliali metal chlovomolvbdates {II},
suggestiag that all ciloromeclybdates {11} orepared by the dissolution
of zolybdenvm diacezste I hydvochlioric scid sre grisars.

dddicional evidancs thaz ghe anions are trismers, gsome of

than being ligaod deficien: comes from the work of van Brnaswyk,g?
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who studied the zffect of potauslium chloride disc formation

sressuve on extinction coefficiens, waen investigating quantizative
solid state spectroscopy of the ﬁa3Cl12E~ and ﬁ93£1137‘ anions,

in iﬁ% ?033&‘13 it & for the peal 2t 18,4 ¥, waz 2600 snd indepewient
of disc formatien pressurs, whils for ﬁﬁdoacllz the extinction
coeificient at 15,4 &%, rvose Svom 100U at low discing pressures o

2300 ity lucreasing presaurs. Sinee there 18 & 2isilar tampe of

sztinction coeificient in both melid and selution the squilibriup

- o1, e

Hogtlyy T Moglly,

is suggested in both cawes. In very dilute acid {< 0.1M) it sppears
ta ¥ 29 6“' 5"’ 4 g 2 7
that Aazallz ey ﬁ°38111 + %1 oveurs.
The low magnetic susceptibilities ancountered are consistent
with extensive sozaleneial interaction, as implied by tha trimeric

formulation.

{c) Halide Zxchange

The proposed scructure (Figere 3.1) of the %@33113?" spaclies
has one b, thres v, ang aine terainmal ehlorides. It appears to be

s peneral wuic is 2iaphylonuclear chomiabzy thak erwinal sroups ex-
change =much wore vapidly than bridging groups (with zﬁi ¥ baeing
the exception = here all the chlorides sre kineticalls uquivaleat).za

ks ]
Van %ransayk*? has found that nine of the thirtesen chiorides sxchange

rapidly withn 3”6& - thiz 1in the expectad rasult for the %936113?” umit,.
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11, LMPOUHDS OF LOB! MOLYRDEMIMICHLORIDE RATINS

{1}

lexes and thelr Propertiaes

4 novel zeries of molybdenmum (1Y) compounde has heen
srepared using the licands i,10-phenanchroline and 2, 2%df{pyridrl.
Tablas 3.2, 3.3 and 3.4 shew the results of an anslytical survey,

The rreparation of these complexus can ha effected 1z either of
two ways.

(1) From 1M hydvechlorie meld solstions uasaturated »ith
polvhdonus {11} =rucies {ex. molytdemm diacetate), coaplexen zould
be precipitated out by the additiom of ethauol, Tf no cthanol vas
added only molyhdenum (2.3} apecies caue our of solution (sen
Chapter 4).

{2} %ron 44 hvdrochloric acid solutions sazurated with
moivhdenum {11} specims, {solution saturated with {Hﬁ&)’ﬁ@BCXIJﬂ:ﬂ)
comnlaxes cana out on addition of ligamd,

The complexes thus prapared ars axtramsely sensictive to
atmosnheric oxidation, some beina svrophoric on groosure to alr,

Tuis proverty, conpled with thelr imsolubility Ln all solwents

exeent wvars dimethyvisulphoxids and dimethyiformemide, {and wven vhan
srepared solutions were axtvemely unstable) hampered any investigation
of their properties.

Bue to their moda of prenaration and inability to recrvstallise

these comounds, the analytical figures from praparation to pravaration
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TASLE 3,2

ANALYTICAL DAYA 7OR PRODUCTS OSTATSED FROM THE REACTION OF MOLV-—

BRENUM (I1) ACETATE WITK 13lG-PHUNANTURULINE I 12 MIDROCSLORIC
t

ACLD, USING STHANOL A PRECIPITAST

Praparacive Hatio Oxtdation Oxidation

;:i:; ;;::?c" Mo £1 ¢ H b equlve. - L1l
138 26,0 22,2 10,3 2.2° 2431
124 26,5 22,0 10,9 2.2* 7,24
132 30,1 21,8 1.26
117 1.0 22.9 2,00
1:1 3.3 2.9 1.97
132 23,3 37.5 2.8 1l.4 11,3
T3 26,2 21.5 1l.0 z.2" 206
12,5 26,5 23,5 10.4 2.2 2,132
1:.2 1.0 13.3
Lhed N0 2.0 1,52
1.3 3105 22.9 30.% 2.8 5.6 13.3 2,0 R
1342 29,0 21,0 32.4 3.04 5,32 1L 2.3 1,96

Zeauires] for
Mo 'zgrp;m}ggg?a 35,8 22,8 30,8 2.8 8,8 2.0 2,40
A3 2 A

a ~ These oxidation numbers are high due to incomplets soluticm of

the toaplex in acidified ferric sulphste solutiom,



TABLE 3.3

ASALYTICAL DATA 7OR PROTUCTS OBYAINED BY ADDITION OF 1310-CEENANTHROLINE TO ANMONIUM

CHLOROMOLYBDAYTE (I1) IN & EYDBOCNLORIC ACID

Praparative istio Omidacion Uxidation
Mo 15 N H H Cl/ve Cfte </N Wide
soley {Kné}},mjmwmohs phen 2aulve. ne,

1224 25,8 21,2 ¥1.7 2.8& 7,43 0.7 2,02 2,29 11,7 5.3 1.8
1318 28,7 22,8 15,6 2.89 46,83 11,4 2,18 2,15 3.4 6,1 1.63
1110 2i,8 36,3 Z.47 8,76 ;:,‘.
1% 28,5 3.4 36,5 2,82 8,76 11,3 2,1 Z,22 10,2 5,3 1,63 !
131.5 3.9 29,1 WD 2.85 3,27 13.5% 2,06 2,08 7.3 %.8 3,1
13.5 32,8 2h.,98 6.4 .40 3,74 13.8 1,90 2,04 B.4 B2 L8

Hequired for
(Egﬂ};‘h‘axﬁz?{??mac 2&-‘?3“'} 3&7.5 31.&? ;38..;" 2. !‘ ?. ’E’gf::’ -E.a 112'33

Baquived Jor
{maﬂ'lglﬂﬁg?fmmx‘ 1333{? 32,2 84,2 .60 2,7 4.8 2.9 1/%.2
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THSLE 3.4

SRR

ASALYTYCAL BATA POR PROUUCTS ONYAINZD 3Y ADOYTION OF 2,2%°-01-

EFXRIDYL 10 AMMONIUM CHLOROMOLYBDATE (XI% IH 4M HYD2OCELORIC

ACID
Yraparative Ratio Sxddarion Oxldation
solse (W,) Moot .5 @ ¢ B E o tes. wo. e
’ 4713713 R
soles dipyr.
Laze 29.3 23.1 2,15
122 32,7 25,1 36,7 3.83 5.45 13,2 i 2,08
i 32,0 23,7 25,7 D%k D96 12,7 .5 2,00
1:1 35.1 3042 .0 2,59 3.32 i3, 1 1.9 2,02
Fequizad jor
B 3,
&»934, ‘!ﬁsfdz;ayr}r p
8,0 38,3 26.1 22.1 B.k8 5.15 $.0 B.00
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vary appreciably, but leor Lotk ligands the following features are
recoznisable,

{1) Eather surprisingly the two metiods of preparaticn appear
to yvield similavr type: of products,

{2) From high {ligzaud]:[nolybdenum (IX)] ratfos the
polybdenuntchloride ratio approaches 3:2,33 and in the phenanthreline
casa {the one most fully investigated}, tha grey~bluec soiid approximates
te {ﬁgﬁ)ﬂnaﬁizﬁwhan}zéﬁzﬁ {or {pheuﬁ)ﬂa3€1?{phan}2382@}a

{3} Zrom lov [1ligaud]zi{molyidenus (1X)] ratfos the deer 2lue
2014ds oitaimed aiwsys have molybdanumichloride ratios mear 1:21.80,
Hownver anslyses are variable aud the only definite compounds Thag
seen tO aPPRLT are ﬂ§3€i§{p§an)zﬁﬁzﬁ and (ﬁ53§}6§ziligan@§nzzﬁ@

{4) The nusly:iical data shov s continuous variation of
amount of ligand coordinated Lo the Ho, anit. This variation is hetween
1.5 and 3.9,

The infra-red apectza of all the g&cniatﬁraliae adducts vere
found to be easentially the same with bands at 1520 (s), 1435 {s),

1348 (w), 1227 (v}, 1132 {m}, 1113 {v), 1040 (w,br), 850 (s}, 723 (s)
ci-l. A1l the dipyridyl adducts alzo bad similar spectra with ands

at 1607 (a3, 1300 (v}, 143& (s), 1322 (w), 1252 {¢), 1178 (n}, 1165 (=),
1080 {w,bx), 1030 (m,or), 876 (w,br), 776 (s}, T3L (s} ew ', Om

careful exposurs to alr the spactra remained unchanged with the exception

1 due to He- stretch. These band positionz

29

of & nev bSend at 97%cm

agres wita those reported  for phenanthroiine ani dipyridyl adducts.
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Seroug bamds at 1508 cu"l {for phenanthroline)} and 1537 c-“l {for
29

pipyridvl} ware sissiag - Scehiit and Tarier  have found bands in
thane nonitions for the protonated ligand, These results suggest
that a proten is the cation wien wolvhdenmmschlorviaoe ratios c¢reater
than 132,00 gre encouniered. Lands appropriate for ¢he presence of
wvatex sre alse found im fhe iunfra-red,

In the vieible region, mulls shov a single peas vhich varies
in position from i7.7~18.,i xik. Solucion spectra camnet he recorded
dne te the inmoiubility of the compounda, Thils neak nosition asrees
wall with zhat found for previously sncountered cnioromolybdaves (11},
ut many other staniyvionuclear snions alizo absorb in thils reglon,
{including momn dimers),

The adducts are sll dignagnetic and aliow a small residusl

paramagnetism,

(11} Formuiation

The fact that all of the »iyalcal and chemical propaerties of
thane adduckis are z2inmdlor sugzests @ hesic structural unit, commen for
ail of those compounds,

4n isemeric form of ghe well keovn hexmeric (Mo l1..Cl.) ,
first prerared by Stephenson, Tannister aud Vilkinson,30 has been

3
rainvastigated Ly Auderson 1

and 42 now thought Lo have & £E€12~typ¢
layver structure, This atructuara allows %03 sroups o fors while atill

rezaining cetuhiadral coordlantion of chlovids about molybdemm,



This structure has the coordination nusher requiremsnts of one
theoretical pousibility for aolyvdenum (IX) ehlovide (ses Table 1.1).

it 18 now auggested that the unstable addusks prapaved hove
are addition compounds of this new fors of moivbdemue (1Y) chloride
fle2, thay contain triangles of netalesatsl Honded melybdenun atowms,
The resson for the varishle amount of ligand coordinaced rezains
ahscura, Uhersz 2 low ﬁ@ssligxna ratio is encouatered edyadsbariag
of 2ham %@z wits must occur via chlorine sad/or itgand bridging. Jozh
phengatiroline and dipyeidyl are w21l abla ts dridse hetwosno units
since the M-i distances ave 3,2 ¥ snd 3.3 % respeciivaly {(caleculate:f
from knoun CeL and C-N bond lengths mmpaxta&32 for sintlar svetens),

The maguetic sescoptibility 4n consistent with ewtensivs
zetal=aetal interaction as lapifed bv the forsulationm,

The experinental datz doer not veally praclude the possibhility
of thase compounds heilnp dMumerie agala with brideing licandn smd 2
vary short Mot bomd, & brideed struckure asimilar to ghe one that
night cccur has baesn found for molrtidenu: (Y1) acecuta,gz where the
Ho-to distance is 2,11 ﬁ, compared with the *normal” o-Yo diatance

of 2.7 £,

CONCLUBIONRS

for the compounds reported in Table 3,1 the oaly structura
sbin o accommodats sll three iines of evidesce is thae trimeric

formulation, with Zhe structure hased on the H53C18 Type, as firat



praposed by Andersen and ﬁﬁoidnﬂ.zé Tomatiner the specleg 4m halogen
daficient and sometimes halogen "rich™. Imfortunately the »osg
soverful svidence comes from selution studies, and although noltd
state spectroscony aupports this formulation, Thr #tructure in the
actual ervetal will bhe vaeguivocally known only when and £2 fevay
diffraction studien LHecome posaible, Ax was polnted sut in the
intreduction the formulatien of thesy compounds ax triwmers is
aunported Ly theory,

¥rom peaction mixtures ueins lilfephenanthreline sod 2,3~
dipyridyl the solids obeained appase to aleoxt slways be mizturas, Lut
gomg gompounds apresy te he zemine, Although it spewms wost iikelr
chat theae =uyt be trimevrie zwith Ilpandn hrideed symsstrically about
& triangle of molyhdenmes atoms, the poasthility of 2ham being disevic,
ggain with bYridging lisandx and n wery short metalemetal bond, sannot
be ruled out,

The fact that mamy of the molyddonum {11} somplexes gonsiscently
appear o sdont 2 grimervic structure neant that In sclution some
nolvhdenns discetats wust Hraak ur ints shioremolvhdenum (1I) moronars,
Thegafaore ia gselution thers must he an aquilibriuws betrean aononars,

dimers snd trimers.



EXPERIMENTAL

The smines were used as supplied from Rech-Light.
Holyhdenws diacetate vas prepared waing the modificasfons

34

of the wmethod of Bsonister and ﬁilkinaan‘ as suggested Ly Anderson

and Saﬁiﬁoﬁ.gﬁ

To prapare ths awine, chromlium, asd thallium complexes
nolvbdenua diacetate (I gm) was shaken with 50 nl of 2 saturated
golution of the cation im 1 Lydrochiorie acid for 1 ke at roon
temperaturs, The brightly coloured complexes were filtered off,
wasned witi I3 hydrochlovie aeid and scetone and then dried in
vacuum,.

The thallice complex could only be prepured im very lov yield
Hecause of Che extreasly low solubility of thallfum chleride la
hydrochloric acid, Attempts to prepars the complex by mixzing thallfus
ghlovide =and {sﬁé}jﬁa3c113ﬁza solutions in LY bydrochloric acid were
not szuccessful,

fue anilinium complex was prepared by shakimg eniline (2 gm),
molybdentun scagate {1 gu) and hydrochloric acid (53 mi}. The preduct
was worked wp ¢ avove.

Using the sbove magthod ns product was obtained when pyridine
was used, therefora the following procedura was adopted, Pyridine
{18} gm) was dissolved in 12M hyirochloric ascid (30 wl)., This wesi.
shaken with finely pround molyhdenum {1I) acetata (1 gm) i =

stopperad filter fute for 30 seconds, This solution was guichkly {iltered

into 1350 nl of acetons and the ved complex collacied as sbove.
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Quinelinium chloromelyhdenum (11) complexes could not be
propared by siabing cstion selutfions with diacezats, as only higher
oxidation states of apiybdenus appearsd; thus the complex was prepaved
by mixing 2 hydrechloric acid selutiona of ghe hydroehloride and:
iﬂﬁ‘}?ﬁaaﬂlaaaaﬁa The wiolet precinitate so formed was worked wup
a8 above,

For the detersination of zhange of oxidation anusher of
solutione «f molyvbdesun (11} acetais iu 1.3 hrdreenlorie acid im
ageric asid, flsely crushed acetuabe {(Bpprox. L.Z gr) wvas veacted {or
different bimes with 2 =l of the ecld. Tag veaction was quenched by
the sddition of U,kH seidified fervic sulphate golution, and the
exidotion number of the molyphdeney deleruinegd by titratios of this
selubion with stesdard eatic splohale usimg Hepbgoviaathvan lic acid
&s iudicator,

L1it-Phanastheoline and 2,2%=dipyridyl complexes:

Using welybdenwe (II) scetnte as the gource of molybdemun (11} ther

ware prajared Lo on ceslagous mannetr £o Lhe syridindun complex, but

care wav taken Lo fuciude oxvgen, The finely diwiied nlus complexus
ware gellivcied v vaotrifugalion.

Uslug {§ﬁ£}7ﬁ”3ﬁi13£‘§ as the source of molybdenem {11} this
conpies (1 gm) was dismolwed in ¥ hydroesleoric seid anc tow ligand
io 3 acid adied, ke complen, which precipitated lusedietely, was
collecied bv centrifugation aml <ashed with 2 aydrocileric seid and

tuer ethanol, and dries in vacuun,



For all operations {(anaivses, «te.) invoiving the
phenantliroline and dipyridyl complexes, oxysen was rigorousiy
axciudaed by use of a glowe box, which was coneinually flushed
withk dry oxygen—-free nitrogen,

Thy precedurs used for all roubine sperstions and

analytical sstiods in cutlined in Appendix I.
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CHAPTER §, PHAEPARATION, PROPERYIES AND STRUCTURE OF SOMY COMPLRAES
SONTALNING THL CMLORCMOLYBDINUM (2.3) AND (IXI) SNIONS

INTRODUCTION

gther workers in this laboratory hawve ahown24 that

dissolution of molybdenum (1I) acetate o 1M bydrechloric acid
#ields, after prelimioary oxidation, 3 stable molyidenun oxidation
ntate of +2.5. Proa such solutfons a cassium zalt, formulsted a:
Gsﬁﬁo‘C11§ uRs pwacipitated.zé
Taia present work is g estension of the atudy of molybdenum

{2.5) chioro ceuplexes = the proparation of new solybdenwn (2.3)

complexen heliny wndertekan in the hope Lhat -

{i) sipilay compounds, hut of differing stotchiometry mizht he

prepaxad, and that these wight bhelp in structiural sssignment

{11) compounds could ha prepared that would Le solubie in solvents
suitaple for tie Jdeterninstion of condwtiwity and molecular wmight,
thus prowiding & basis for teating fhe ebove forsulation,

Tor convemience this Chapter iz divided inze two azections,
The first being a study of &he ashove mentioned wolybdenun (2.5)
complexns, and the second z study of a rather uwnususl zolybdenus
{111} complex preapared under conditions that ususlly yleld

wolybdenun {2.3) species,



PART I, BESULTS AND DISCUSSION

ounds prepatad

table £,1 lists the results of zhis cation surwey. Iz was
found that two methodn of preparazion for thoga complexass are
available. If oo molvihdenum {IX) complex forme thay can be drepared
hy the rasctien of a2 i21 hydrochlerie acid solution of the zation
with molybdenum (1Y) acetate: or taey ean he praparued by the addition,
ef cation to an alraadr aged molrlidenum discetate-~hydrochloric acid
solution,

In eddivion to the compluxaez 1iated several othar compounds
of siailar colour, aad reaction with slhkall, were prepared using
tetraphenylarsonive, dipyridylinum, and similar iarge organic cations.

Intil it becase known that these zompiexes could he
reaeryatallised, the criterion sdopted for sawpie homogeneity smd
purity was the reproducible analysis of sewearal sreparations.
Eventually recrystallisation of {(tﬁﬁsgSPQ}ziﬁasiaozﬁlazﬁze was
succensful, the prodecis ziving analyses as good, or LHatter, tisn
thie original products, thus showing that the compound iz mot 2
mizture, and that the conplex i{s uschanged oo recrystallisation,

Table 4.1 zhows That oxidation numberz for unrecrystallised
sanples of this complex were aigh. Tals was not dua to oxldation of
tha solid, dut to the coprecipitation of sxidavlon producis during
tiss preparation, as ihe oxidaiion ammber of the complex, wndried,
in a hydrochloric acid slurry, was alse found o be high, Tuis

phenosencn accounts for some of the poor anziyses ohtained,



TASLE 4,1

ANALYTICAL DATA FUR CHLOROMOLYSDATES (2.5)

Qatiauséioﬁsz Ol dn
Conpound ' e €1 C B L |
tatio YNeo.
{%3?%32(&30)3!92%32%;20 Sauimolar 16,4 27.1 43,1 3.80 4.0 2.7
13.2 26,7 2.7
muatard-yollow 18.1 25.7 2.4
gleld 250% 19.3 26,9 2.8
18,) 26.4 42,00 4,3 3.9 2.7
Becrystallised 15,3 26.7 Bad 2.5
" 17.9 26.% 41,1 3.% &.0 2.5
= lz;.:g 26.8 élcl g!’.?} ES’.Z 2.{:‘?
Hequired 18,8 26,2 40.8 3.7 8.1 2.8
£%3¥3)3§ﬁ2ﬁ13
Lighz-vellow 1011 13.2 22.7 EP)
*leid 992
Required 16.5 22,4 2.5
{phoniiy)) Ho,CL 00,0 24.1 35,3 2.6%
chocolate browa 111 28,6 36,4 27.9 2.8 5.5 2.7°
yiald 80T 15.3
Required Sd.d 30.2 37,5 2.4 Sod &,8

A8 - poor and point
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FProvartias

Gf the chloronolyidenum (2.5) complexes chtained
E(cﬁﬁS)sriz(ﬂjﬁgaazﬁlgzﬁzﬂ wan chosen for further study,

Tals compound, in common with the other chloromolybdates (2.53,
was atable indefinitely im wacuws, but in air, over a paricd of n feu
weuks decomposed to a davi~sresn oil,

in sikali, fn common with chloromolybdenum (I1) compounda
it decomposed rapidly te s Liasck precipitate {presumably =
bydroxymolybdenun (2.5) species) snd a colourlass solution containing
2ll of the chlorids,

Thw complex iz zelatively stable in boilimg 128 hydrochlorie
ncid, and can be recrystalitsed frow this, but with sppreciable
initial decomposition. It s also solubie ia polar orpanic selvents,
but in all of these tried 1t decomposed siowly in noiution, thus
wakiung conductivity and solecular weigat dete d1fficult 2o obtain,

in vacuun the conplex stavts o lose welght and darken ag
A00°C, and meits to & black tar at 185°C with a weimit loss of 5,33,

Yor tha resction
. B s e , ) - =1 S £ B3 2

the welgat loss is 3,24,

Fligures 4.1 and 4.2 show weight and oxidation numsber
changes witi: time, under varying conditions, for the cowplex. These
shov that increase in bhoth oxidation nunber and weight, oecurs nuch

wore rapldly in tie atmosphere (mofst) thas fe dry oxygen. Although



°/ Weight increase

6

FIGURE 4-1. Weight Changes on Storage Under Varying Conditions
-~ for ( D3PH),(H30)2 Mo,Clig.4H0.

A atmospheric conditions
O dry oxygen
O vacuum

3 4 5 6 7
Time ( x 100 hrs)
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FIGURE 4-2. Change of Oxidation Number on
Storage Under Varying Conditions for
[(CeHs)3 PH], (H30) Mo,Clg 2H,0
A atmospheric
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O dry oxygen
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this was not a complete study, these vesults supgest that the first
step in the hreakdown of the »=etal cluster iz nucleophilic attack
by water, followed by breakdown of fho meCal cluster, and oxygen
sptake {(oxidation) of the fragments. The above reactioms are ot
gbt stiswlated, as they waye carried out both fa dayllshe amd inm
dark conditfons withowt significant change in rate. & siailarx,

bid
sithough lighs stimulated, decnaposition has Leen observed 3

tor
the selld ztate decomposition #f the wolybdonus {1I) complex
{ﬁoenszsﬁaaﬁilsﬁkzﬁ. & quanzitacive egplasation, ziving a reaction
appropriate for fhe weight shange (8.01) canuuvt be amda.

The Infra~red spectrum possesses as sell sz the hands
expuctad for Crinhenvinhoschoniuz, seaks 48 approximately 400,

i

1585 and 1515 ¢ -~ - {ndieating the pressuca of warer.

Seructurs
ia) Spectrusecopic, Solution and Saguetic Evidence

Tables 4.2 and 4.3 = & comwarison of the mull and solutiom
spectyra respectively, of the chiovomolvhdate (1.5) ecompoundiz =~
providas goond avidance thal the staphylosuclear aniomn hon the name
structure as tha srevieusly rayottedal aikali setal culovemolvbdates
{2.3), 2ince the wull spectra sr: werr asiamtlay, and the spectra in
hydrochloric acid ars identical,

The variation of the spectra with hydrochloric actd
concentration has bhean iuxes:&gsta@zg in the rasge §.,05-123, In this

sydrochloric 2¢id concentration rauge the following are observed -



ZABLE 4.3

ML SPECTRA OF CHLOROMOLYBUERIM {2,3) SPECIES

{CP PE }zgk @}‘e cl 2}12 23,1 ¥ 18,4 RE {ah) 13,3 xX

(%m)}rﬁn.,m& 23,3 kK 18,6 k¥ 13.2 xX
<*’%“““"7‘z)1,ﬁg"’amam‘z@ 24,4 kK 18.7 kX (v.>road)
TARLE 4,3

SOLUTION SPECTRA OF CHLORCHOLYADERUM (2,5) SFRCIES IN

12M AYPROCELORIC ACID

cayioycty ¥ R P P
w{4E} £ oax w(L) €rax
£7 .4 A.m"* triphenviphospaine obacures
&8 ..,‘0 spectrun
23.6 3.8.10° 23,6 3.6,00°
19,4 279 19,3 240

13.2 220 3.1 2716



(£} 1In 12¥ hydrochloric acid the zpectrus is very similar to that

repoxtesd for ﬁaﬁzﬂlqgs {.2. thiz suggzeste That the solid conteina

op &= % .

61y with tiw reaction Me,C1~ + £ Hoglly

oecurring on solution.

ifgand deficient o

(11} v §.04-B¢ scid the imivially vellow solutions evolve a pas

(prasumably Lydrogen) and take on a pink hus 2t 8 rase inversely

proportional tu acid comcentration., It has heen snggastadZ? that thia
corresponds tn the reactlon Zﬁaﬁ* L ZHoZCLQ&“ _""3ﬁ°2€1u3' %
Zﬁzs + B,, but the spectrus found is not in agreement with thas

B

found in this work (see Chapter 7} for %@zCkg o It i not unreasonable
that oxidstion i tha cluster shouid secur, sinee this iz 2 well kuown
vhenomenca In other nekal clusters. v this work ¢his reaction was
inveatigated to deternminme vhethey ov netf%92€1§3“ oan predueced, Addition
of caesium chlovide te dilute chloromelybdenun (2.3} wolutfons did,
indeed, result in ihe precinitation qf E53ﬁ9261§ {identified hr powder
photogesphy}, but sinee the specirus foupd sbove doer not correspond

to that of ¥e,nl 3= some ronomaric wmolvedemtm (ITY3 and poleldenun (V)

¥
gpecies nust be oredueed simulianeously, This 2 the fires example in
aolybdenus chemisfry whevre 2 staphvivnuclear comvriex has heen oxidisad
with retention of the siaphylonucleus,

In an acte=mpt to correlais the obaerved spectra with oxidation

number changes iu solutfon, 1 and ¥ Lvdrochileric a¢id solutions were

investizated oxidizetrically by van Erannwyk.27 {infortunatelr the



caesium chloromolybdate used waz aot sufficientiy solubie in

1 nyarocisloric acfd for a atuldy at iy concenivation Lo be made,)

B¢ found that solugtions of chlovomelvbdates {2.3) uearly slwuys gave
oxidzzion nunlers of 3.0 excepr in ice cold seoluciong, vwhere iuitial
vaiuas of 3.7, increasing vapidly to 3.0, vers cbaerved., These

reaults saen paradesical wheu an attownt lu made £o correlate the speciral
rasulets with thew, but fhe parsdox iz seived 1f the following Lypotheses
are made,

Dxidation numbers are deatermined by gquenching with acueous
ferric sviution, fellewed by ceriec tisration 4L.s. In low chloride
concentration, and it is keows {see speciral rosults) that toue vate
of oxidation of chlovomalybiazes (1.5) is fairly rvapid in low ohloride
covcentration, Jincs the iafitial spectrs in I~ bwdvechlorvic acid
are considerably differeat to that in 12 Lvdrochloric aeld, it is
nov sugzested That i{u 1= acid, the atrweture of the chlovemolybdates
{2.3) tw moch that the anit 45 oxidised to molyvbdenum (Y1), iv watey,
vafers the farric csvn veacr with f:, It i alse suggesced that could
the oxidation nunber be deterainad in 12¥ scid 1t would be 2.3, an is
tihee oxidation numbar of the aciid chloromolyidateas (2.5) determined
Wy dissoluticn of the solid in lervic solutions 1.2, this secomt type
of chloremnlybdenum {2.%) species dous not rsact sc rapidly with water,
ailowine Time for the ferric te rvesct,

T tha hypothesie ia correct, it provides rather elegant
counfirmation rhmt The structors of chloresolyvidates (2,3) is similiar

in solid spd 124 acid, but differsnt from thoge im J,1=-8H seid, 7Tt
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geens rthat the iﬁzﬁlgé. apecies musi become aguated in low
{hrdrozhloriec scid] for it o become unstable, It has been
noticedzﬁ that %9661g&$ becomes less stable when oxvgen donor ligands
replace chlorides,

fithey explanations may ke poszidble, dut the above seems
to have most appeal,

#olecular weisht and comductivity dats were, as expecimdi,
d1fficult fo obtaln veproducibly, iltrobenzene was cuosen as the
solvent, To sss 1! decowposition of the complexw occurred on solutiom,
attenpts were made $o vecovey ths complex wchsuged from solution,
but oils alveys resulted. lowever the spactrum of the couplex showmd
1ictle changs up to 3 mins after dissolution.

Holecular weiphts in the range 290-33 were obisined by
depression of the freeziunz point., For s tetramoeric formulation of
the complex {7 ions) the molecular weight expected is 302; for a
dineric formulation (4 ions) molecular welght expected is 264,

The wolar conductance st fafinits dilution iz approximately

X 1, assuning aither a dimer or regramer and ia

195 ohos™ ' cu’® moles”
tivrefors wadlaaa in determining the degree of roivwerisation of tae
staphylonuclear anion,

I(csﬁsza?}2(§3§)a§zc;atﬁz$ is diamagnetic at voom temperaturse,
X, = 3.§E.Rﬁ_‘ C.2.%, units, Thils corresponds Zo @ Bage value of 0.4
M per wolybdenun atox, vhieh le consigtent with considerabie setal-metal

interaciion.
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{b) Powdar MYfraction Uata

tabls 4.4 shows a comparisen of the despscings of ﬁ:ﬁzﬁla
- “ 5, o P % x - . . + -
{as raporzed Ly Srosse: ?}. ézhzblﬂ (prepavad in this workj, ah3w2a£93
Bapin,lla, and s 0,01« Frem the zable i say be raadily zieanesd
372778 yT2s
tuac the despaciugs of csasiue awd vubldiea ehlovomolvbdazes (.37,
espacialiy the Lafter, are very aisilar to thiosa lowad fov Liu.‘;izi;iq,
suggesting that tae sbove complaxes are iscostructural. simce it
‘ . e gey 3 - .

seasad posulbie Lhat gae ﬁ@zggg struckure ailgak He siniier o thag

oy e g oy A B O . T v
reported for dm,il, and fe 0ig" p°  che dedusciags lor hgﬁﬂ “&ﬂzbg“

and (ﬁﬁﬁkafezslazﬁ,a\uern caleuiatad usiny tha megoxae&xs°3q

woit <all
daca., To Tasie 4.4 an attempt as been mads £o mateh CThese values with
those of rubidium and eaesium chleromolyhdstes (2.5). 48 can o seun
there 1 verv littie sinilarity for d-spacings greater than 3.0 (some
fit for values less than this is obaarved, becaus:z of the iarge nusber
of powsibie despaciags in Chis noea to chvose from).

fince Sazxozczﬁ is isonmorpaous with Eb,gzalﬁ g{Chapter 73,
the oxidation »f melyhdenus (2.3) specles o give diseric molviudeanun

species {see carlier} occurs with retentiou of arrueturs, as weil ads

of stacaylonuciaus,

CORCLUS [QuS

Jevarsl new ehilorveolvbdarea {2.3) aave hHaen prepared, bub
all vere of gimiler stolchiomatyy, thus the analvtical flourna sbowe

do not aid structural szasignment,



TABLE 4.4

COMPARYSCH OF POVDER DIFFRACTION DATA OF SCME CHLOROMOLYSDATES (2.5) WITH THAT OF SOME POSSIALY

ISOSTRUCTURAL COMPLEXES

01 Kwc1? w0l fagie,0l,t Ru Mo CL. (M, ).Te,C1 i o8 ¢ recrzu 0t
e e T o o e o e S e M it I L o M ki S i o 300
d fne 4 int & ing 4 iat 4 int d
5,29 & 8,35 £ 8.5 m %.26 i .40 7.18
,naq 3 bl 537& 6.&2
6.17 2 6.28 2 6.40 @ 8,10 2 6.32 3,97
5,79 10 5.89 3 6,02 & 3.73 8 5,64
4,91 1 - 5.2 = z:gg 4,31
5,06 w 4,00 2 406 3 6,24 s 4,08 6 3,94 3496
3,39 wwe 2.36 1 3.46 3 3,56 w 31.42 1 3,33 3,60
3028w 3.26 & 3,32 4 341 ws 2,27 2 1,37 3,43
3,11 we 3,09 % 3,0% 1 3,04 2,9¢
2.9 w 2.96 2
2.9(} %3 -
2,87 we 2.85 B8 2,93 10 3,02 ws 2,91 18 2,93 2,91
2-5& o 2.?5’ 3 2.59 2033
2,88 = 2,08 7 LA T 499 45 2,69 10 2.67 2,70
2,68 m 2.46 7 251 7 2.37 ws 2.48 8 2,51 2,85
2. 4% 1 -
213’5 v -
202%‘ v -
2.2“ n 2023 6 2‘23 S 233& ] 3.26 6
217 wm 2.6 8 2,21 6 7,21 &

cont’d



2,27 w 2,47 2 209 1 2,12 n 2,12 1
2.01 Wi 2,40 2 2,00 3
1‘9& -

1,92 w 1.92 s 1,97 6 2,03 m 1,96 ]
1.9& n 1;&9 3 1.92 3 1098 " 1v91 .1
138&‘ n 1g85 7 1.89 G 1.% m 1.&3 6

2 » orepsred br tin radmation‘é

b « prepared by disproporzionstion of ¥Ci, (see Chapter R)
¢ « powdler photogravhe takss and measured by IR, Anﬁetaoﬁ33
d = despacings chosen from 81l thoss possible (calculated from esll constants),

in @n agtemrt Eo metah theam with the others

&
™
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The three most likely poasibilities for the struecture are shown

in Pigurs 4.3. These sra -

A

{L) The %ﬂ‘ﬁiiﬁ siructure proposed Ly inderson and ﬁheléﬁn.z“
_ _ e oy g B . -

{14) The Hatly structura - face ahared iCl, octahedra, with a

ligand deficieney,

- o]
{144 The ﬁazﬂlaz I8 and Teﬁﬁlagu 77 rype structures {thess are

ensentially the same),

The svidencs presentsd by tie different phvesico-chemical

results for the Jdiffarent structures, Is as follows,

{a} The obmerved maguetic susceptihility supports, if¥ anything, the
tetraseric formulation since the dimer would bHa swpected Lo have one
anpaired slectron, {c.f. {Eh&}afazclsZEzﬁ vhose magnatic soment is
conzistent with one gmpaived nlectrun392, while a zetramer with

considurable metal-setal interaction should show suall oositive or

negative suwaceptibility since {t has no unpairec electrons,
{b} Speczral svidence is 20f conclueive but points to a dinmer,
{c} Holecular weipght evidence supports tha tetrameric formulation,

{dy Conductivity is nol scusitive enougd to distinpulsh: between thae
possibilitias,

i@} 4 preliminavy crystallographic study carried out by ﬁheldon“i

on {(c&5533?512(aaugﬂozaiazazgs zegmst to Tule out the pomsibilicty of

the structural wvnilt heing a tetramer,



FIGURE 4.3 Structural Possibilities for
the Chloromolybdate(2:5) Anion.

2-
ReZCl8

@ Metal
O c



{f) Powder diffraction data leans Leavily imn favour of the wzalgg'

type structure,

From the abovs, the indirect evidance ((a) and (e)) mupports
the tetrameric formulation, but the sove direet evidence {(b), {e) and
(f)}, thus the nere sowerful, strougly supports a ligaud deficient
wzclggm seructurs,

The theory pradicts that 1f the structurs s dimeric thoze will
be an extreasly shoert solybdenuwe-solvbdenum distance (2,i=2,2 .

Complets slucidation of the structure will thersfore prove a usaful

teat of the theor:,

FART 11, INTRODECTION

In alwost all caoser shabing of solvbdenum (1T} ascetate with
12y Lydreehloric acdd anmi caticn slelds citber solybdenum (I} oz
2.5} species < as in expected from the puldetior panber changes
@haarVE§2§ for the sgatate in 19 hwdvochlorie geld, Howewer with

suinoliinine g2 cation an unusual coenvnlex is formed.

BESULTS AND DISCUSSION

The products obtainable from molybdenus {I1} solutions using

quinoliniur as catiee ave of at least ghrea tvpes.
3C113?' type, prepared by addition of guineliniun hydrochieride

to a high concentracicn of wolybdenun {11} chlors species in solutien

{13 %ow Ho

(ace Chaptar 2},
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(11) 7Pary unstable, yellow-brown coeplexas preparad by shaking

£

2guinelay gummiistivs o

: v o 3 "
solybdeauan (1I) acetaZe azd guineline in

iy

I3 hydvoohlovie actd,

(111} A wmolybdenum {I1Y) complex wiich separates out whem using
niph jquinoliniuws]s{acecate! ratios., This 1s formulated as
egq:aa)swgo;afmsszlumz 5

It ¢n inZevestins to nota that auinoliniws har a quite
warked cffect on thz rats of sxidation of molvbdenum {IY) - Laydrochleric
aecid ackutfons, since precipizarion of this nolvhdawme {IYI) comniex
conmences almoat {-medintely fyom vhat axidation susher ﬁtuﬂitﬁgﬂ
shiow normally to be a molvhdenem (IX) solutien, It sesma that
polvbdanye (1Y) ehlere 2nacias nuat bha sracursors for the formation
of this complex, asz 1t cannot he vrepaved hv additiom of cation te

a molyhdenun (2.5) aolution,

4a Tuvestigation of {(n}) 'Hjﬁ)?ﬂoacllﬁﬂa1ﬂ

X

A sicranconic invastisation of the ecomnlex shiorad that 1¢
wan dafinitalv not a mixvura of twe ervatal tvrea - the gyvatals ail)

aing drickevred naxasnual plates,

xauﬁRSS has found that the “easnound™ K§w3ﬂ11% ie » mixtura

of agﬁaﬁlﬁ and &,%{aﬂ}ﬂls, and durine a stuly of this aystam, two

distinet cryntal tvoas ware found on nicroscanic Investigation,

2

Houvever Cotton and L!nwnrd% have {molaced comnounds with che seneral
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foraula ﬁzﬁaaﬁrxsg and subsequent structural analysis has shown
that the erystals wers all of the same type, with the wnli cell
coutaining fauy'&zﬂasxﬁ and fouyr ﬂeaﬁrg species d.,e. this is an
intyacryatalline effect,

it iz ougpested heva that 2 zinilar situation exists im the
sbove compound 1.8, erystals have withia them, equal mixtures of the
dineric (Qns}g{’kiaﬂ)?;nzﬁlg and monomerisc {Cn#) (’653*:})?@%‘:15.&2@:}.
tnforzunately the wagnetic susceptibility dons not Fit well with this

hypothesis as assuming one parsasgnetic melvhdonun per Tormuis unit )&»euu&

Vogr ™ 1.6 B, whilch is well helow the valve of 3,78 2 fowmi %or
(aﬁ&}zﬁccls.ﬁz@.m Tauw: one can saly aspume thet thers iz considerable

wagnetic intersction Letween uonomsr and dimer, Uafortunstely Cotton
and &i?pnrd% 4o not report any magnetic data for comparison with this
result,

The visihle sclution amd null apectra of the complex are
comparad =itk the specira of sisaﬂazﬁlg.’ﬁga and ﬂsfm&’ii&.ﬁzﬂ. Pipurs
4.4 shows that the spectrux of the quinolinium complex 1s, indaed,

s superiusposition of the speciva of ﬁozt‘:lfm and !‘zm:&ﬁ,&zze;;:” a9
is rvequired Ly the proposed formulation.

This barypothesis ile sise supported br the fae? thar disgolution
of the quissliniun chloromolybdonum (X1Y) eomplex im ¥ hydrochleric
acid, followed by addition of caesium chloride resuits in the complex

cafm z‘.‘l9 {1sentified by powder photographyj. The powder &éiffractien

2



FIGURE 4-4 . Comparison of the Visible Spectra of Some Chloromolybdenum (III)
Compounds.

O Rb3zMo,Clg.Hy0 in 8M HClL
A (QnH)3(H30)2 Mo3Cly, . 4H,0
in 8M HCl
— (QnH)3(H30)2 Mo3Cly4.4H20
nujol mull
--- CsyMoClg H20 in 0.1M HCl
—-— Rb3Mo,Clg.H20
nujol mull

750

500+

250




datn of the complex when compared with that of {Qnﬁﬁgﬁﬁzﬂia,
ahowes pe corrvelation with that of {Qﬁﬁ}siﬁaﬂ}ﬁﬂaﬁllé%ﬂzﬁ, thus
preciuvdiag tie posslbility that this complex 1is & mixture of two
ervstal types, as was found for ngaﬂlxb‘

CORCLUSTIONS

inalytical, wisual, i-rarv and spectroscopnic data all provide

: W ¥ : T {DnE) 8 _0) e 0 ataining

avidence for ke formulation of {?”">3£33*’2§“3£*3&‘ﬁz“ as containing
an intracryatalline mixture of the Iwn different molvbdenws (1II)

2

e
chiorcanions ¥0,C1,” and MeCl.%,2" 1n equal propertiens.

572
EXPERIMENTAL

The melybdenum (2.3} chloro complexes were prepared by
shaking approzimataly squinolar guantities of cation and molybdemus {1I)
acetats in 1ZM aydrochloric scid for 1.5 hrs., followed by Filtration,
washing =ith 128 hydrochiorie acid and vacuum drying,

The complex {(ﬂﬁﬁszs?ﬂlaﬁozﬁég was preparsd in ths abovs
napner, Hut by uzing a ten-fold excess of cation,

i%aﬁ;3{E39§z; xfll‘éﬁzﬁ'vas prepared az above using a 10=-20

fold excess of quinoline,

Analysis: Calculated for C ﬂll‘Hbsﬁaeﬁs C, 23.2; H, 1,23 {1,

27738
3883 e, 22.4; H, 3.3; =olybdenunm oxidation nuaber 3.0, Found:
Co 25463 kK, 3.1; CY, 38.5; e, 22.3; %X, 1.3; melvidenum oxidation

number, 2.95. {(Yalues very near thess werz found for three separate

sreparations,)
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Molecular weight was found hy the depression of freexing
point in redistilled nitrohsmveons,

For analytical and ether teciniques zes fopeadir I,
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CHAPTEE 3. STAPHMYLONUCLEAR YUMGSTEN CHLOR® COMPLEXES

IRTRODUCTTION

in important theoretical and practical isewe Is the existence
aud structure of tungsten {II} compounds other than Those derived from
tungsten ®ithalices™. An sxtensive presarative survey was undertaken
in an asttempt Lo find such low 7alent zungsaten compounds,

& study of ztungasten (I71) compounds derived fron tungsten
*dichloride™ wvas undertaken in order to fully investigate its proparties,

Some previous workers hawve rnpot&-dés’“ﬁﬁ&?

2 fov properties of these
compounds, ¢t these repovts were vagher sketeciyy and wadz forty vesra
2go. After this vork zad been completed, 2 wapnrtﬁs appeared on the

g&*"nnia, 2% part

of a zpectroscopic survey. Durinz the gariy work beth molvidenun and

preparation of a few complexesz concatning the wsﬁl

rungaten “dichloride™ derivatives weve formulated ss frisers, hHut since

Lt

that time Erosset's” ecrystallographfc work has stwown thst the

aslybdenun coupounds contain the ﬁa6c13é% wnit, and 5heldou51 has

prepared many derivatives of thals uni
&g@%&ﬂ&'ﬁ%iﬁ wori astablishtes a sinmilarity between the

structural snif ia tunzaten (11} and molybdenum {II) ehlorides, Ii

might oceuy

74
with rutﬁntiun of atructuyre, ane in this way new cample:nakprcpstadq

was) hopad that oxidation of whe fungsten

Qr that %k,h:enkéoun of the wetal clusterycomplexes containing a new

staphyiounclaony anit might arisa. Oxidetion of zetal clusters with
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4 %
retention of struciure has bheem nbservadﬁz'sa’ﬁé"s in staphylonuclear

niobiws and tantalum (2.33) balo complexes, as well as i{n this work
{Chaprez A).

RESULTS ARD DISCUSSION

itapnyionucisar Complexes of Tungsten in Low

Dxidation Staces

The nrecursor for the sreparacion of the new molivhbdenun {IT)
staphylionuciear halo complexes, is the reailly obzainable molvbdomes
(11} acetace, {preparsd Ly the vraction of muivbdenum hexscaribonvl,
éigxyaa? and acetic acié3%§ but using a wide range of conditionn and
substituted scétic acids, the syuthemis of Lhe corresponding tunpsten
acetats could not be effaectedi 14in sach case the snd product was a
tunzaten bHlus,

In ¢he hopa that low wvalent tumpsten ehlovo—acetates (useful
as precursors; might form, tiures asethods of preparacion of these wers

tf’iaii -

{1} Reflux of tungsten Lexscarbouyl, diglves, acetic acid and

tetraethvlameoniun chioride or dry hydrechloriz aeid,

{14} HReflux of {Czﬁsiéﬁ.%{CG)scl with diglvme and acetic acid,

diethvlenaglyeol diuetiivl sther
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{144) The reaction {usually in a pealed tube) of acetic acid with

tungaten {IX) chloride,

#ethod {111) et first seemed to show 208t premisme, The producta
ohzained were drwp browm, but of variable analyses and {pseluble i{n
wydrochloxie scfd, ané therefore of no wse am a starting material
for chlorotungsten compounds., Hethods (1) and {11) gave only tungsten
blue,

Tha methods wilch proved successful in the preparation of

tha xazciaz" 3 nd ?cziilg}- 37

mizs  f.e. reduction with hvpow
phosphorous acid, hydrogen under high pressursz, or hvdvoxylamine,
of high valent hydrechloric acid sclutions, alse proved unsucceasful
in the sreparation of lov valent tusesten apacies,

It waz found that the sreviously tcpnrteéis (agﬁsjav’(ﬂﬂ}ﬁﬁl
was insoluble in agueous hydrochloric acid, tnt on oxidation of this
Lo the tungsten (Y1) statn? by ehlorine in chlorofors, followed by
inmmdiate extraction witih bvdrochloric rscid, vielded hrigitiv-zoloured

asolutions, but vnly higher valeant tungsgen chloro complexes ecould be

precipitated cut vith caesiun chileride,

i A.repor&§9 that {Czﬁgiﬁﬁ.@{ﬁﬂ}&£11 sould not be isolated has been

sade, this was confivmed, but there did sot appasr to be any marked
axldation of the chloroforn zolution beforz additicon of the hydro-

enlorie seid,



Properties of Tunssten (II) Chloride

The tungscen {I1} shloride ia soluble in, and can be
nrystallised from, avdreciloric aecid to viald the ®chloroscid™
{{z ﬁ}3{§ﬁ61g}ﬁlé.ﬁﬁzé), of nimilar constitution te thalr r&pur&eész
for the molehdenun syaten, Linﬁant‘é hag rreviously reported a
compound of this conztiturion, rut formslated it as a trimer,

4 that on crvatailization of tie

Lindaer also rsported
chloroacid from hydvehromic scid, he obtained a compound vhose
aaxlvees {4t the formula (aaﬂ)gﬁéﬁxﬁﬁrg.ﬁngﬁ {he formulated it sz a
trimer). Since this in a rather unexvected result in the light of
the known chemistry of chloremolvbdenwm (I1), Linduer’s work vas
repanted, The results of dizestion of tungstan chlovoaecid with
B, 54 hedrobromic seid at #0°C, are displaved in Table 5.1,

fi{nce the wost highly hrominated compound obtained in ghiw
work {after digastion for 18 hours)} was (Kaa)g*5617.2532§.75.§ﬁ2ﬁ,
it sesws difficelt te belfeve that Lindner could hawve obisined the
cosvaund he vevortad hy stuple crevatailisation., wvan Bruncvyk37 has
found Zhat whan the chloroseid iz aubjected to bigk tesperature
hydrobromic acid entil squilibiriex is reached, complete Lromo-
substitution occurs -~ hut this taken thyes days st 130°C in 2 zealed
tubel

Crystallisation of the ehlovoacid from hydroiedic zeid vields
the sxpecied coaplex {Kgﬁjzgﬁéﬁlallﬁ.éﬁzﬁ. 1o this cuse longer

digestion Joes act give vise Lo warked sspstizuzion by fodide In the
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TanlE 5.1

ARSULY OF SIGLSTIOH oF (?33*33 2{‘1{6{2163’51 é’g@éﬂé& I¥ 8, 5M ZYDROBROMIC

ACLH FOR VARYING TIHES

Yime {hre} % % By ot B s 4
14,1 24,3 1:,76%

" 14,0 28,7 l:.7®
1 13.5 25,3 1:.83
7.5 13,0  2A.4 12,33
18,9 3.5 26,8  1:.93°

a =~ corresponds teo (&.3%}) giﬁéﬁlﬁi-ﬁrﬁ.ﬁéz@
feale, 01 = 18,1%: Br e 23,903

- §: . g SR LA i} ] By, <G8 1
H cerresponds o €Lgx}2(u6€x?.25ﬁr'7slniﬁ ¥,

{cale, Ci» 12.53; Br = 26,3%)
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ugciggﬂicore, but avpreciatle decorvositien oecurs, {(van étnnswyk;?
gaports that under extremz conditionz the @ﬁﬁﬁlglgg‘% wnit iz At&ain&é.)
In order to test that the chlovoacid has th= formulation
{ﬁ}ﬁ)z{*ﬁ’ﬁ{&a}m_%.6552:3 ratiser than ¢hat of an oxidised davivattive
8,0, (ﬁ30§£mﬁﬁlg}CI&.nﬁ2ﬁ daterasination of the free acld was attempted,
Since thz chloveacid is unstahle in nentral or hasic squacus
solutliona, the free acld centen: wvas determined v titration with hase
into an cthanolic seiution of the aclkdé, In all caser a Littie too
muach alkall was consumed, ani, al the same time, o dari-coloured
precipitate wae formed rather Chan the sxnecied yellow §w6C1§]clﬁ.u§2ﬁ
Pelle Citralion of $,1967 zw of calorcacid in athanol with atandard
(0,100 aguscus csuntic neda gave an end point of 2,22 nl (ecaleulatzed
for (& Q? {w ?l §C§ w“ s 2435 mi) which iz in ressonablie agreement
with that expscted. The high titre value susi be duwn Ro sowe alkali
being consumed by the reaction of alkaifl with the U c&a unit, since
compounds formed by hydroxyl srtaeck are Jark soloured.
Comparison of the powder phntopraphs of Qﬁﬁubziﬁaécls}c1ﬁ.ﬁﬂzﬁ,
D ahow that Che fivst two

(ﬁ3ﬁbziw§£33261 ﬁH & and (N a@gw (%% 1 }nrﬁ.éﬁ

k4 2
are lsomorphous, hut, surprisingiy, zhe broso acid hmn a differeni
48

povder pattern. Tiazk et al  report that all ¢three are ilsosospbhous,.
The anbhwdrous chlovotungsies (I} aalides cam be prepared

by heatimg the corvespending acids ag 200°C in vacuum. ‘The solids

obtained in Chis mannar are asorphous, 4% can ho =aen from Tabkle 3.1,

che colour giausws on exrosura te alr and heating ars very sizilar

37

to thuose witnessad for thelr molvhdesus analeaues., &t higher



TABLE 5.2

VARIATION OF COLOUE WITH TENPESATURE FOR CHLOROTUNGSTES (1I)

BALIDES
In vacuue After aexposurse in vacwm at
at 25°C to alr woe
ﬁﬁaig.aiﬁ yallow | ifght vaellow sranga
géﬂls‘ﬁr@ vellow vellow nedium brovm
wsﬂzg.ié checolate wrown light Heoun doep hrowvn

temperatures (33E0*C) the novmallr thermnelroic wﬁcxgacz& hecones
irreversibly darhened, and the ehleride content and weleht drops
{calcelieisd welght lost for £B3Q}z$é$1%.€iﬁ¢§§2# T wgclg.ﬁ $
tn 1l.74, feund 13,0%), Compsrison of tals tenperature with the
temperazure at which Mo CigCl, starts to decompese, {>€00°CY veflects
thn gensral trend Chat chlorotumysten compoMads are iess stable Chan
their wolyidenun aunlopues uancer =ost condéicions,

Slace there appeared o be s ¢hopical change In moist edz,

{(Trblie 3.2} thue weight change (assuned to b due te the untaks of

&

#ater) of the aphydrows halides in moict air was fawveatipated.
fairly rapid weligit increasz vas observed at firvst, followed by a
slow loss in weight, which, presumably, corvasponds fo tha loss of

aydrooalic acid in accordance with the partial hwirolyais.
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0
. , 2 | o
HGElCLBED  mefommme 3 C1.CL, (OH)uH,0 + HCL

as was abstrvudsz

in the molybdenun systewm. The hydration aunmbers
of the walides wers obtained froa the welight 4ncresse with tima

graphs  {Flgure 5.1) and were found o be

%sﬁlsﬂl‘ - §¢5H2@
ﬁ5613§r@ - 532%
EQC1QXA - Sﬁgﬂ

fiace the reaction took place in the asolid state these mav not

corrospond to maxisum hyirstion numbars.

Complaxes Containlog the ¥§C134* fpacien

o

Tue complaxes {{c2£5)*§}2wsﬁls.clﬁ, f(3335)4§13(ﬂ3@3-

l%&¢13§2€1123§23, Csj{ﬁjﬁ){ﬂsc1slz€1123£2@ and ﬁ$61361‘29uﬁn'«3r0

@rapared.z the Xeray gowder pattarns of the firvst twe being identical

3

wits their moly:denums anzlagnna.éﬁ Clark et al“ havi: reported the

preparation of t(w6e18)312(n—p§cn}33012 and ({wéﬁlalﬂlzidiars}ziﬁlz

£

wiaile Lindner 4 has yeporEed the praparation of some vather unexpectedly

formulated pyridinium saits snd pyridine sdducts, It is noteworthy
that in both chlorotungstes (1Y} and chloromolybdesus (1I) chemistey

the Méﬁlaﬁ* species prefers octahedral coordimation abouwt it, and

many of these conplexes can ba regerded as relatively simple octasedral
conplexes, axé. vhers H‘dHSCIG‘*, this provides a vather almple basis

for the seuvmingly complex hahaviour of chese staphylonuclear complexes,



FIGURE 5-1. Weight Changes for the Anhydrous Halides When
Exposed to the Atmosphere.
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Propertins of the QSCIS £4 0% § 3

Complexes containing this wuit are quite stablz in actd
solutions bovever some substitution of the spscies may eceour, bat
there iz veteation of structurs. Howaver, in nsutral or hasic
polutions, this species is wery unstable, snd in water tungsten (IX)

43

compounds have hoen Teported = to yield dark coloursd precipitates.

in the 1light of the imown chemistry of the ﬁaﬁﬂis** specles if is

possible that the product is ene ei two types,

(1) oxidation preducts ~ possibly hydrated tungeten (Y1X) and (IV)
onfdas

{11) compounds of the type {ﬁﬁcls.n(an}“}CIx(OH)‘ﬁiyﬁzﬂ forned by
nucleophilic sttack by water em the wnit. In the wolybdenum systom

36,60

these compounds ars brown-black, and aye formed by alkeline

‘ . &t
attachk on ﬂw§£1a .

Since tas oxtdation number of the product fa (ii) fs 2.4,

detoarnination of the oxidacion numher of tungsten after varyiag exposures

of wécza‘* to water will determine which path the resction takes, The

rasult of such a study fs shown in Piguve 3,2, It can be seen that
the oxidation aumber rises quits rapidly suggesting that resction (1)
is the predominant one,

Beaction of compounds containing H&Claf* oceurs sxtremely
rapidly with dilute alkall, iydroges is evolvad and complete hreaidoun
of tim unir occurs, with thevre never being any sign of the yellow complex,

gwﬁcza){aﬁ)ﬁa', uhone nolybdenus analogue in resdily atnparn&.sz



Oxidation number

FIGURE 5:2. Variation of Oxidation Number of Tungsten
in (H30); [WgClg] Clg.6H,0 Reacted With Water

br— at 23°C.
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The ahove roactions agnin euphasise the lesser stability of

the wsﬂlﬁé‘ specias as couparnd with ﬁﬂsclaé* under moat conditions.

An stcempt tu Substitute Chloxida in Hﬁﬂlaé@

¥hen compounds containing the ¥‘6E18&¢ unit are dissolved in
alkali and allowed te stand, the initially clear yellsw aselotions
precipitate a dark brown solid of the composition {N@§€1ﬁ”n(ﬁﬁbnl
iﬁﬁ)ixﬁzﬂ, ﬂoagnande coataining & species of the composition
iﬂeﬁﬁlﬁmm.aIOH)'§ra)‘* gan thon be grcpara@gﬂ be addition of hvdrobromie
acid to bhe alkaline reaction =ixture,

Attanpts to carry out fhis reactionm scheme weing aqueous cmustic
soda or ssmonin as the adliali proved abortive, as complete break wp
snd oxidation of the staphvlonuciear wanit accurred dmstantaseonsly,
with substantial evolution of Lydvogen,

Eowover when the chilors acid 1x dissolved in athane?! and a
anall amount of agueous smwonis sdded, a deep hrown precipitate is
formed, with caly sifght swolution of hydrogen. Hoxkmp af thiz vields
tetraeciylanmonium saits waich are not significaatly Lrome {or
nviroxyl) substitetad, isttempts Go briog shout substitution %y longer
exposures fo aliali, result wuly im 2 son suusticuted product, but
witih 2 merked drop inm vield (Pigure 5.3). Thess results suggest that
subatitution of one hydroxyl into Mﬁﬂla‘*’%tings about complets

areakdownn of fhe zirvelare.

o {i&‘ P 2‘”’ }32 *fﬁ‘kém i COR—
£ ! } e = L E [ Seatoad mecidi LSRR Sy M 1 7 -:‘!

ate,
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FIGURE 5-3 Variation of Yield of [W5Clg]Cl52' on Exposure to Base
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Spectroscopy

Ths spectrum of tiue cblore acid im hydrechloric acid was
found (as expscted) o b independent of acid concantration (0.1~
8,014), Beer's lav was obeyad over a 20-fold concentration range up
to 40 kK., The peak observed at #7.8-49.1 kK waries im both poaition
and extinccion cosfficlent with chaunge in complex comcemtration. In
sthanol Zeer's lav was obayed over a I0-fold concentration range over
the antire spectral range investigated. Figure 5.4 shows that the
spectrum 1z virtuslly independent of solvent, and ir quits similar
5%

for compounds containing the mscxs“' spucias,

tn long standing, D.LH &3&3&1&*“ acid and athanoiic

to that zeported

solutions of the chlore actd ﬂtpo%[‘ycllw solids -~ thess sre possibly
the compounds (iﬁﬁﬁla}ﬂlgﬁﬁz@ and/or waﬁ.is!as@ﬁ)nﬁzﬂ resulting from
partial hydrolyals of [ Gl e3> .

The shape of the spectrum of the %ééma.ﬁlf' ioa 1o solution
suggests that a suwsber of bande aro hidden, thus the spectrum was
resolvad into the mintaux nuwber of psussisn psaks, tn order to
detect these bands. Using satrapolated resulis of the molescular

orbital energy calculations of Cotton and ﬁmﬂ

togather with a

p valus of 6.0, it can be seen (Table 5.3} that there is rather striking
sgresmant between the experimentally detarmined, aud the ealeulated
peak positions sssuming s valence state lonisation potential of 30,0

for tungsten {I1)}. It &s ressonable to suppose that the band obsarved
at 3.4 ki is dus to metal-chloride charge traosfar since 1t hax o

2- 28

high extinction coefficient (a similar band is found 4in Iﬁoaﬂ‘}i:16 Ya



FIGURE 5-4 Ultra-violet Spectrum of

o it (H30), [WgClg]Clg.6H,0
10— —— (H30); [WgClg]Clg. 6H20
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TABLE 5.3

COMPARISOH OF PREDICTED ASD EXPERYTMENTAL PEAR POSITIONE POR

S | L N 2“
fu5513}u1é

v observed (kK) v caleulaced (kK) Avnigmment

P p r?yfgin
G 22 or .
Iu 2%
£8,9 34 E » 73
[ 1u
435  eharge ¢xansier”

W3 36 ‘;iu a sz
2 1 #
32,5 1 ‘!1“ -~ f.g

2% x‘zn o ng

& = g8z text

The spectrum below 30 kK is sesmingly featuralems and resoiutien
proved unastisfactory.

7t 1s concluded thet the ataphvlionuclear modals chosen by

- & . o 27
Cotton and Yaas sra astrikisgly success{ul for %szﬁc‘,l;s 3 e@aﬁ{,i; o
; 2
and fﬂ?éﬁi.‘.’llzz* - specias, a8 in 21l cases they provide an intelligible

basis for the wmusual structure, and account Yor the rather compiex

ultravicler and visible aspactra.

o
Attempis to Uxidise the E&Ci; Epecies

Attempts were mads to producs, by oxiiation, species such as

uﬁr’?:l,%%a e following were tried -



{4} Bubbling oxypen through an athanolic solution of the chloro
zeld for several veaks, sfter tils tise the Tungsten species was
precipitaced out with tetraethivlmmsoniws, Hut suly the unoxidised
I{exﬂs)%%}zwﬁfls.slﬂ'resul:&d {(snalygsa: Calculated, 41, 28.5;
Found, CI, 28.7).

(113 ldarion of hvdrochloric scid sclutions «f the ghlove acld
uaing forric and ceric, UYith these sxidants, it sppeared that once

oxidatton of the cluster cezmenced, only tupgsten (V) and tungeten

biwe resulted,.

COSCLUSTORS

fio nev staphylonuslear cosmpounds of tungsten im low oxidation
astates could be prapared, .

in investigation of the chemistry of the previcusly reported
tuagsten {11} chloride, showsl thae it also contsins snAﬁﬁzkéﬁ wnit,
ns does its wolvbdenus analogus, and that ecomplexes obtainad way e
regsvdad sz octabedrsl ﬂgﬁ. where % = %5is$$” Tae chenisiyry of the
g§c1§§* spocien is werv ainmtilar te that found for %osélsé* axcapt for
its preater instabiliey under zlmost all conditions.

No oxldised %6513&* apecias enuld be prepared.

EXPERIMENTAL

Tuagzsten hexachlorids used way supplied by &11;& Inorganics,

he waterial nsed was resublimed in a dynamic vacuum before use. ALl
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operations involving this substance wers carried out under dry
nitrogesn,
_ ox
Several methods wvere triad for the praparation of ds.»?onuim
huxh&omtu—ufchhmhuutmmtm {11) {1.2. calorotungstern
chloroacid).

{1) Reaction of tungeten hexachloride with sodium amalgem with aubsequent

extraction with ozhmol,‘s

but tais method gawve low vields and was
often dangerous,

(11) Reaction of tungeten hexachloride with asluvmintum pwdnr,&"’ silicon
dioxide being present 3o a woderater. This was carrfed out in an open
tuba suder nitrogen. Yields uware of the ovdsr of 10X, OCrestly lmproved
vields wers obtained by carrying out tha rasction ia a sealad tube.,

In a typical run tungsten hexeci:loride {10 ax), silicom diexide, dried
at 300°C, (10 zn) end siuvainium powder (1.1 gn) wers sealed in apyrex
tube under vacuvum, The sud of the tule containing the reactante vas
anated to the noftening point of glass for 5 winutes, snd cooled,

The product was mxtracted with 6% hydrochloric ascid., TYield 30-401,
£151) High pressure and temperastura vaduction of tungsten hexachloride

wizh hydregen in sn autoclawe, hut the npnrtud&3

high vialde could
not be reproduced.

{fv) The heating of tuugsten bexschloride nnd aluminiws foil in o
sealed fube in o contrelled tempersture zradient, follewed by dis-
proportionstion of the tuugsten (IV) chiorids so formed at @m-m@c.“
The chloroacid was obtsfined by erystsllisation of the “dichloride”

from & mmnlatic scid, Vield 33X,



From all preparations tha chleroe acid was ohtained as
iight veliow nesdles, after alr dryinsz, JContimued exposure to air

resuliad in loss of bydrochlorie actd aud water,

aralyeis:  Caleulated for ﬂ&lﬁﬂla%sxgz £1, 38.4%3 rungeten oxldazien
auper, J,0. Found: L3, 28.3%; exidation mmber, J.U.
{ﬁzﬁﬁ}iﬁ’ #(an}SCi was preparad by the mezhod of Abel st mﬁ.sa
& solution of this in chloroferm was oxidiesd o the +2 state,
Ly addition of the required smount of chloriss in ghilorefors,
Attenpted iscolation of {Czﬁs}&ﬁ.ﬁiﬁﬂ)gﬁls uslur the method of
Ganorkar and $tiédard§g was wnsuccesafol,
The veductions aztempted to prepare low vaient tungsten

56,37

aolutions were earried out as previously raporied on tumssten (V1i},

dissolved in saturatad ncucous hLvdrochloeric acid,

Chlorotwngaten (II} Complames

4y, RY i 1, ~y E b
l{nztﬁ)&ﬂlz&aﬁlg.Flé was syepared by the addition of tetra-
gtuyiasnonius chloride 2o a rolutsion of the chlors acid in ethanol,

followad hy warhing and drying in vacoum, Yield 30X,

Analyata: Caleuwlated fov glébﬁﬂﬁl}ﬁﬁzﬁﬁi £, 0.3y K, 2.K; €1, 26.83

Hy ka5, vouwnds: &, 10,33 &, L.43Lk, 2WSE3 F, 1.5,
{{czﬁsjﬁﬂﬁsgxlﬁ)zvﬁfzgjzrliz 3“2‘ and ess 3ﬂ){w5¢1$}2C112 3“23

ware prepared by the zddfvion of excess caesive ehloride ar tetra~

sthrlesmovium chloride iIn 9% hvdrochloric szefd, to a molution of



chloro acid in 6M hydroesloric ceid, folloved Ly collection and
zeeryatallisation from 64 hydrochloric scid., Tields 933 sed 83X

respactively,

Amalyetes <Calculated for ﬁaaﬁlzaa 3.4

AT i, 27.13 w, 40,4,

Younds €1, 27.43 w, 60,4,

ﬂalcninfe& for ﬂz‘ﬁﬁgﬁlzsﬁaa“ﬁzzs 1, 27.1; u, 60,4, Pound: C},

2?.‘: g’ &Qtﬁ’
ugﬁla.ﬂﬁ

4IBM'SG vas prepared by the slov addition of dimethyl

sulphoxide to an ethanoliz solution of chloro scid.

$ ri8s ¢ & L 8 11,34 o] o ¥ o3
dnalyeis: Calculated for U,f, ,CLy,0.8,d1 €l, 23.3; ¥, 65 5
Youmds €, 23.033 ¥, &3.3.

€E3§}21ﬁ§€1a13&6.6§zﬂ amd {ajg}z!gtelgixg*‘ﬁz* weye prepared
by reerymtallisatiom of the chlore scid from the appropriate hvdrobslic

acid, with a aivninum of bofliap.

8.8
smaiyeis; Caleslated for 3r,Cl %, 0% 3 Br, 8&s¥:; Cl, li.1. Found:
6781886
Eﬂt’ 235.{3; ‘.:1, ‘Eg&i.?;s
Calemlated for Clgh, J . 0.¥c: ©1, 12.4; 3, 33.1. Yownd: €1, 12.5;
i, 32.7.
The anhydrous halides ware prepared bwv hesting the parent

scids at 200°C in vacuus,

Analysia: Caleulated for Cly,W e €1, 27.8., PYound: C1, 27.5.
Calculated for st‘slgwsg Er, 18,73 C}, 16,6, Pound: Br, 19.0;
€1, 1&.4.
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Calculated for lelﬁiﬁﬁ: €1, 15.08 I, 26,5, Poundt Cl, 14.3;

I, 28,7,

Heaotion of Chlore aoid with seonia.

4 waished guantity of the chloro acid (0.2 gw) wan dissolved
in oxygen f{rez absolute ethanol in a centrifuge tube, Concentrated
ammonia (d = 6,88, I ul) vas added, snd the tube Fiushed with wnitrvogen,
This was stoppered and ahakan for varving times, Excess 3,54
hydrobromic acid was added rapldly and the reaction sixturs ceacrifuged,
Tetrastaylesponius chlovide was added, end the precipiisie collected
and reacxystailised Fresm &M hydrochloric sefd. The yvieid was Jdetermined
by weighins Ciw crude tetrsetiivliaswonivm walt,

The apectrum of i%stlglﬂzﬁg“ in sthanol was resolwed by the
nathed of Chact ez ul.§$

inalytical snd othexr tachniguas used in this Chapter ave

discunsed in Appendix I,
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CHAPTER 6, PREPARATION AND PROPERATIES OF TUNGSYEM (Y1)

IHTROBUCTION

Toe studcy of these two halidas 1n part of a study of tungaten
in low walence states in solution, commenced im the previous Chaster,
Tnin work wan carvied out te study tie chemietry and
propereies of the stsphyionuclel 1in each case, to ascertain whether
or wot tihe banic structure Is ainilasr te tiat found for the othay
solybdenum (11) and tungeten (1X) balides fL.e. the ¥ X' unit; and
to look for new staphviosuciesr species which might be formed dering
thi Teactions of these "dihelides™.

4 few veports on the preparation of tunpsten (II) bremids

have appasved in Cha iiturutur¢,§§'6§‘6?

but wvery few properties
have been reported. Mclarley has !nun&“& that it is resistsn: to
attack by albali. Euncleus snd Cutuann rngettﬁ? that it is uveattacked
wy kot scids except uitric, snd is sgable Iin vacuum te €00%C, and
sccording to ﬁurragss anhydrous tungsten (II} bromide fncrsuses ir
veight on axposure to the atmosphere, the waipght incrasse gorreaponding
to the uwptake of two water molecules, Tie addition covpound
§ﬁs§rslnra.2€285ﬂﬁ is zlse reported.

Studias ¢m the tunpsten~-iodide systex bave bean linited to

56

tungaten (II) iodida ~ reported im 123721, aund the trifodids, Precared

by the caaction of tungaten hexscarbouyl with iadﬁnﬁ.69



RESULYS A DYISCUSEION

Tungstes (11} bromide wvas cbtained az a dewp zreen solid.

A study of 1%s chowielyy was Lawparsd by its extremely levw solubllizy
in 21l solveats, sxcept bot dAfmeth-l formanide snd HHuathvl sulphoxtide,
The bromide is wvary aligitly solmble in veafluxing 8%

hvdrobromic acld, sad from hot solutions 2 wary few ovanges anedles
cane sut, Lromide only figuras showed thia 2o be m:‘i})zt’&?ﬁs%}ﬁr&.mz«: .
The powday diffrvaction pattern waz werv siniler teo that fownd for the
corrasponding chlore acld, xuggesting that the bromide coatains the

now Taniliax b ‘15 a - unit, Soxhlez axtraction, using hycvehronic or
hydrochloric acld, cannot bhe employed te prepare saeful guanticies
of &Bt‘s%wummg compeunds hecanse the wromide Lo xlowlv dacomposasd
br the bolling acids,

Tha stasdard zechnique for obRfaiuiug & convenieng source of

Mo ;rg”’”, 15 to dingsolwe the crude molyhdenve {I1) bromidle in Lot
dijote alkell snd srevipitats !Hﬂ !r F{w) n!!zﬂ hy sligheiy aciéifyinngﬂ
The byowide used in this work is :1i{ghtly moluble in hot 2,1M csvatic
soda aciution, forming a desp vellow solution, Urange-yeilow compounds
could be prucipitated out on acidificeclon, but Che compounds prapaved
alvways bad Cungscentbromide Tetios lesa than that zeguived for
iw rgl {on) 5,0 sugpesting that attack of ﬁ‘*tg“ oceurs, with ghe

fornation of {%éénra _“(aa}“}{em PLPE

Fgeparation of Adducta Usim: Foxblet ixtynction

Because of the 44fficulty fiu preparing compounds contaiming

the wéﬁr:* npacies in ressonable guaniities by the sbove uethods,
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ot soxhlet extraction using coovdinating zolvants was attespted,

Acetenitrile, ethsnol, ether, pyridine and acetona were uned,
411 gave yellow-celourwid solutions after long axtraction tive, hut
in ¢enly two cases gould compounds of the swpaered constitution he
{solatad ~ ghess buing iﬁsﬁrnlsr‘nzzizd and the previcusly reported
Iasﬁrs]&:‘.iﬁgﬁsﬂ& -~ soth ebtained Ly extraccion of the dromide with
ethanol. In 21l ofher cases (and, isdead, in xome of tac eckanel
runs) the tungstenibroside zatic was less than the raguired 1312 fer
& bis~adduct. Taz results of axtvsction wits warying sclveats ars
displayed fn Table 8.1, It sppears thag with pyridine, even though
& vellow solutics ia {ormad, conelderable Lreshdown of the aéﬁrgit
unit occors. All of tie adducts cbtained were srsuge-vellow with spectra
sinilar to tist found for ﬁ968r85*~eeatuialug compounds,

Since racrystallisstion of the adducts is difficult tetra-
sthylammonicon salts of the adducts were preparsd froe tie extraction
wothor liguors. Rescrystallisetion of thesn was possible, bui their
conntitution @az atill veriahia (ses Table 6,1), sud the omly way in
wiaich tihe acslyses cau be rationalised is to postuiate subatitution
of cvanida or ethoxide for s periferal byomide in {m&ﬁtglﬁt&.zl. Tods
is supporied by the following resction acheme. & tetrsethyiammonium
sal? with the conscicwtion gl&.lﬁilﬁl.iﬁégrll.ﬁ uas hcaced o J0°C 4n
vacuws sl yielded gigo‘ﬁilglsl%6§£12.5. These products correspond to

the raaction schene

L o e e | BOMG . . , s
Q{":lﬁs}iﬁ““Gﬁ"%m"k.sm"zﬁs’a.s'm"‘"‘* s (czx!) ‘ﬁmﬁgra;w&';gmz&s%' s

czaina



TARLE 6,1

AMALYTICAL DATA FOR TUNCSTEN (II) BROMIDE COMPLEXES PREPARED
AY SOXRLEY EXTRACTION

Persulation 1f all of

Solvent 2¥W X Br I Rest
% Rost 1is Solwent (»$)
5 ¥ ¥ ; ®
acatonitrile 5.5 A2.0 7.5 463'11.55&
48.% 42.6 8.5 u;axiaﬁ&.?
3“.’ 37.8 ?‘3 U£§r9‘433.6
50.1 431.1 &.8 asﬁrlz‘sﬁ‘.z
pyridine 40.2 lé.éa 23.2 'g&s'lz.is&.l
41,8 &0.9 17.3 ﬁﬁarls'sss.g
etianol 51.3 88,0 4.7 wﬁ%xlﬁ. ﬁg‘z
52.8 44,1 3.1 gﬁyrll.ﬁgx.é
1.0 44,2 4.8 Hbﬁrlgsz‘z

Caleulated for

[ Brglar, .2C,U0H 51.2 44.4

Wateyr 52,5 45,2
53.2 44.%
$1.7 43,2

Caleculated for

a = These can e formulated approximately ss ﬂﬁk&ra).!rz(Cﬁsc!)Q}sz.
an wall ae %‘ﬁrs,Bt;IGNSCﬁ plus excess solvent in the lattice, The
1nst is the formulation preferved, hecause of the wimilarity of
their powder photopraphs with those of wﬁkra.ﬁr‘zcgﬁﬁaﬁ.



ANALYZICAL DATA PoR YETRAEYHYLAMMONIID! BROMOTUNGSIEN

BROMIDE OOMPLEZRS

Solvant

o

= 4 o W e Brfe

Fehanol & S.8 .7 o7 &6.5 42.4 2.08 hested to £0°C

8,73 2.4 1.2 41.1 heated te LB°C

44,0 42,1 2,20

senteniteile £5,7 ‘255 2. 5%

3.3 .3 1.6 464 42,1 2,00

Acetoag &4 48 - R Eoi@
Pyxidine 7.7 1.6 1.2 S5.6 30.7 1,26

for: forsulation of some of thesa see Text



Recrystallisation of these salts from concentravted lithium
chloride or bromide in ethmnel ddd ot alter tie analysis 1.0, the
periferal groups =ust be bound much more tizhtly tham $a Mo, O a}cx
as in fhiz zrpe of complen ske periferal chiovines ell exchampe
within twe vinutes ag 25‘5.?1

The iufre-red spectrum of Lhe scetonitzile~tungsten {II)

bromide adduccs shows sbsorption mexima st 2352 amt 1287 Qﬂ~la

72

Larnichael and Sdwards™ ™ bavs fouwud ghst the sestonityile complex

{¥o ﬂld}CI ICEL01 shows C3R streteh ot 2278 owm 1. it 4s suggested
hers that the penh xt 2387 enrﬁ carvespmmda Lo coaventionally
coordinated scetonixrile, while the peak st 2332 en”i corrasponis Co

tix streteh sbsorption peak of the evanide whiieh hau veplsced 2 perifecal
dronide,.

The powder diffraction data of the adducts abow tual Luasy
ara igosorphous {(as sre Che tvivaethylawsonium saits from acetonitrile,
ethanol zud accione exsracesd soluticms), Table 6,21 gives a couparieoy
of tue d spacings of the aghannl snd neatonitrilie sddocts,

Fron analveical, spectral and structural evidence it sust be
concluded that bromide in [V «2Ta }3: 21. 4a veplacad bv a aclvent fragmenst
Ly pucleophilic aztack, szad it ssens more likely that periferal Lromide,
rather than & brideing one of WQBtsﬁ*, in raplaced, slioce it im well

known that the halogens £a~§@6gs‘* are S,acrt.?g
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TABLYE 6.3
CF ¢ SVACIRGS OF UTHAROL AND ACETORITRILE COMPLEKKS

R, Coaplex ﬂzﬁzﬂﬁ Lonplex
d-npacing Intensity d~apacing Intensity

3}:.-:!5 "
9,04 o .
.69 = Diffuse
?539 m
6.59 w(br} 5,53 n(br)
2.9‘ e 23?6 W
2.51 L ] Z. 52 =
2.14 o 2.11 m
2.11 ™
2.31 w
1.98 L J
1.?5 L4
1.9 8 1.9 wvs
1.86 s 1.86 ®
1.65 mlbe) 1.65 ni{br)

1.20 ulbr) 1.18% uldr)
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DMfficulty with the alove hypothesis arises wien low
zunnstenthromide ratfos nre sncounterad iz dimethvl sulphoxide and
dimetliivl formucide complexes, Table &.4 displays the analytical
data for many nsuch adducts, hut again substituiion of bromide must
oceur.

The folloving are preasented as evidance for tie occurrance

of this phencmena.

{1) The uitraviolet spectrs of ail of the different typez of sdducts
prapared, iunclvding the tetracthylmwmonion salte, {n dimethyl sulphoxide
and dimectrl formamide, show ldentical profile and extinciion coefficient
{varyin; between 10,7 and 11.?.163 with the sajerity of valuas at
&l.&.lﬂs at 290«295 mu}. YThe aspectra of these complaxes in O,.1M caustic
soda have extinction coafficlent «f 3».1'!.3.(3:"g at 295-300 su, It is
istermsting to wote trut after relatively abort times of standing

{lesa than three hours at voom tempersture), the apsctra chauge
markedly, with a new peak appsaring ot 312 mu, and slow disappearance

of the pesk at ~323 up, Tais behmwiouy s mavkedly similar to that
ohsarved for gunaxa}(aa)ézw in 2,14 cavatic soda, vhere it has heen

re that & uav band appears on long standing of This compiex

shaereed
in alkali, The asov pesk was zeatatively zzsigned 25 belus dwe to the
, : s , o —_—

{ﬂﬁﬁxa*n(ﬂh)n](OM}ﬁ spacies, If in this work the peak &% 312 ep isa
assignad to the Ewﬁzzaﬂn{ﬂ%)“}(Oﬁ)éz‘ spacies Cthis now expleins why
attenmpis Lo prepars aénrs&¢;@@atniniag conpounds from alkall always

rvesult in compounds having hHromide content too low for the expected

{@éﬁts}(ﬁﬂ)‘aﬁzﬁ,



IABLE 6.4

ANALYTICAL DATA POR DIMEYHVL SULPHOXTDE AND DIMEVH{L FORMAMIDE COMPLEXRS OF TUNCSTES (11} BROMIDE

Bolvang

Dlmathyl
Formamide a
i)

¢

Bimathyl

Sulphoxide

4%.3
30,2
5.6
e d
3.0
33,3
8.0

48.‘;

T Br

41,7
L 1% ]
41.1
8.7
35.0
32.4
18,9
39.1

33.2
39.0
3.8

£ Gest

8.8
2.3
8.3
11.9
13.0
14.1
20.1

-

15,3

Formulation if
all of % Hast
43 solvent (»%)

Ve%y1,6%2,7

“6%11,1%2.5

YeBryy.2%2.5

¥eBryn 653.3"

Hénrﬂgzdj,a

WgBry 3%4.0

Uy 375.0

“6*10.1%.4""

Caloulated for
RPLR LGV PP I
4 By
50,4 42,2
0.6  40.8
50.6 41,1 ,
53,2 £,4.9 U,1,05 ¥,2.2 :§
52,3  35.2
$3.2  31.9
5.1 17.8
Caloulated for

WgBE (SCU.) o By WoBe (SCH,)., S

W X Er i W % By

49.4 36,2



48,6 38,2 134 usr, o8, 48,0 38.5
0.9 370 A2l W e, o8, 49,3 35,8 Sl 3N
Bimethyl 49,8 39.3 107 webr 5. . 48,8 38,9
Sulphoxtds @ 49,3 33,7 14,8 W.Br, .5, 3.2 34,0
£ 53,0 280 19,0 WBr, 8. ) $1.6 27,2 53,4 26.3
g 5403 2006 253 wBr, .8 53.4 20,1 55.4 20,9

b 8,d « were sempies takeu from a vefluxing solution of th: adduct in DMF at
incraasing timea

e,f,8 = pimilarly cellectad, but frvom DJIEO golvem?

Pound: £, 503‘ H, 1;5; N, 1.8

*%
Founds €, 3.93 8, D93 3, 6.2
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These apectys compare favoeurably with those of complexes

&

containing the 35%31:&“ @pacxmn,m and ¥,C1," wpecien (Chapter 57
aoF 4 o

# comparicon of thess apectra i siwwm craphically (Pigure 6.1},

{i1) Thers is no sipgniffcent chonge £n the room Lenperatute magnetic
sunceptibility of ine dimethyl suiphoxide adduct wien thoe tungatentbromids
zatio dropa from 1,82 o 1,70, 7The L valus for the iéé wait changex
from oJ% to 70 3. This suggests that thsre iz no hreskdown and

oxidation of Ewﬁ?ﬁrg!“

{111} The number of oxidation syuivalenis covsumed by Jimethyl
formanide sdducts zemalins umchauged alter loug times of Jdigestion with

dimetiayi formamide i.6. incveased vepliscement of bromide,

{1y} As time of digestiou of the brumide with these solvents fncreased,
the yield of conplex, chtaloed by prescipitatlien with ethamel, droppsd
awvay narkedly, aatil, at composition wﬁ?ﬁﬁwsl’x” it was neglizgidble,
Therafors, either decomposition of the 'i;‘; usit cormenced at this

point, or the degrae of substitution by ovganic material resched such

a level, that the complex becans soluile in zhe wthenol.

The compounds with lowest tuagstentbromide ratios when
fornulated &s W r L . {vhere ¥ represents the number of sowplete
solvent molecules if oniv tuugston, hromide sod solvent comprise the

complex), show xiv < p (p » 14 foxr DMF, and wauslly 13 for DMS0) whils
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FIGURE 6-1 Comparison of Mf,Xgl°+ Spectra.

A "WBr3" complexes in DMF.

O “WBr," complexes in 0.1M
NaOH.

O (H30)3WsClg.6H,0 in
ethanol.
—"MoBr; in 0.IM NaOH.

250 300 350 400

Wavelength (mpu)
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compounds early in ghe runs (f,e, Y:dr A1) shos Xty ~ p. These
results suggest that substitution by a molvent fragmeat occurs,
Yoxr exawple, with diseghyl sulphoxide, either the solvent
or dipatihyl sulphids »oy gttach {v&ﬁrsﬁﬁ)n, to leave wﬁ"i-’mﬁz ) o
&+

mscn.ﬁ coordinated with ’Efi*&%?r‘:s s vith the losa of methyl bromide,

The second of these fs feamibin since diwerhyl mulphide ia progent
in bot dimethyl ﬁulpbaxtﬁa.73

Since methyl bromide is a product =f bach of these veaction
schanes, these possidbilities wevre tested by remning the sass
spectrogravh of the volatile producte from the reflux of dimethyl
sulphonida and tungstes (1Y) bromide, Pesks wvere found at 54 and
36 pass bushers ~ indicative of the presence of mathvl hromide.

Tabla 6,4 shown that there iz reasonable agprecssnthetween
obaarved and caleulated composition, if it is asswmed that -‘3(&,}_2
is suzstituted for bromide, when the solveni is diwethyl formamide.
With diwethyl sulphoxide as solveat, the aituvation iz not quite aw
clear cut. It sppsars, in somz cases, thg; axtza solvent may he
incorporated in the srystal lattiee, and S only vemoved on lowz vacuus
drying. The analyiical data obtained cannot distingulah betwesn c&,&-
and ¢3339" ae tho icconing proups.

Although the sbowve possibfilities seem rather bizarre, the
replacument of evanide amd hydroxyl for bromide is well kmown in

orzanic systoss,
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It is rather intevesting te note that for the previously

z@purﬁtd7‘

adducts (Mo Tl JCl, (MF), and o L1101, (50),, the

suthors do neot repor? anv chiorids analyses. Iu Chiz wvork It wan

found that dissolution of molvbdenue (IY) chloxide in dinethyl sulphoxids
and subsequent precipitation of the adduect sith alcohol vieldnd compounds
pignifiemntiv low iu chloxide. Yowevey che alternative netcho teparted’é
{i.¢. dimsolntion of thr echloride in cthanoel Followed by precinlitazion
with dimethyl sulploxfde} rave correc: chloride snalywses., It nov ptess
reasonsile Lo suppose that o similar resction t2 that ohserves adovs

iz seccurriung here., alse in the fungszen (11} chioride work {Chaptew
%), it was foumd that the only successful mwethod for preparing dissttyl
sulphoxide adducts was o add ligaud Lo an sthanolic seolution of the
chloxida,

Except in the zase of the acetonitrile sdducts infrared spectra
were of no walue in detorwining the actual group fakimg part in the
substitatlow,

Bacause ieus violent conditfons are neesdad to dimsolve the
adducts fn 0.1 csustic sode solution than are regnivrad for the crude
bromide, it was hoped thal {whgrgjtﬁ&)énﬁzﬂ could pe ohtained, Uowever,
dissolutien of Vastlaiaﬂﬁﬂ}ﬁ.& in kot 0,1Y countis sodr, followesd hy
precipitarion, viclded s compound with n tunpetenibromide ratie of 636
{rather than 6318 as iz required for !H6§r31fﬁﬁjanﬁzﬂ), thus with a
strong mucleaphile 1fks hydroxrl, moms attack of ?ﬁzré@* £#241) spcurs

{ef, earliar},
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Iodidas

During & high temperadure decomposition study of tunguten
{I1Y? jodide it was found that st Isasl twe Cungsten~iodine phases
sxist, d.e, %gxxﬁ and ﬁtz. Yhe formey was prepared at &00°C, but
ou raising the temperaturs to S00%C docomposition te WL, oeeurs.

At temperatures higher than 800°C, lighter brown compownds with
tungstonsiodide rvation less than 1.0 were fouad, »ut rthesa wvere not
invepiinated further,

Attespes Lo prapswe sdducko of Rhese by axtractiag with
athannl proved unsuccnssful, rielding amarphous oranze compounds,
shviously zresxtly decomposed and oxidiscd, 7The lodides weye alightiy
soleble in veilliag U,1M caustic seds solution, hut with appreeiashle
attendant decomposition, Hrigit yellov cowpounds fa extremely low
vield and of varisble composition sould be precipitated eur, The
iodides are voluble in bhot Jdimethyl sulphoxide sud Gimethyl forzamide,
but lirele ceuls be precipitated out on sddition of aleohol,

On heating molybhdenun (IT11) iodide 1n & simijar mauney wo
ﬁ@ﬁ11Q {or asy other 9%;3&)'v:s chserved. AL Cemperstures shove 400°C
all that zould be obtained was wolybdeuum (XX) ilodide.

The powier diffraction data for tiw tungsten iodides is showm
in Tasliae 6.5, oince there is ne correiation becwsen the d-spacinygs
for tne tue dodides it oust Le concluded thab Ctassa are discretes

CORPOULGS L l.8e %ai‘aim is unet 516;513 piug crappesd rolecular Lodine].



FABLY 6.3

POUDER SLFFRACTION OAYA™ FOR éﬁﬁ&g— AN 3;65‘3 "
L5 S e #

4 spacing Intensity d spaciay Tazensicy
6.55 8 L0548 k2
3.5%0 W 5.83 ww
346 " 3.8 i
Je23 z(br) 3.0 we
3.06 W 3.63 e
2.93 vs 3.53 =
2.82 W 3.43 ™
2.66 m 3.23 @
2.53 w 3.31 D]
2.52 w 3.17 )
2,48 " 3.12 v
2,40 we 3-{}‘ i
2,346 W 2,64 o
2.30 vs 2.6% ©
2.24 m 2,58 »
2.16‘ " 2.&3 "
201& " 2.“ mn
2.01 Wi 2,38 -]
2.6 (] 2,30 ”
1‘9? L 2.’& w
1.82 vs 2.20 v
1.79 mibe) 2.15 ™

2113 W
2,008 v
206 ]
2,03 =
1.97 mlbr)
1.93 EL 9
3;“2 w
1.88 wihg}

-~ d spacings obtalned from Lulnler photegrasiis



The powder diffwvaction data for ﬁézlﬁ

faportcdys for Tagtlag thus 12 seeas unlikely that “azxa as the
w61122+ wnit an the basia for its siructuze., It seems wove feasible
B

shows no similarity with that

that this lodide contalns an oxtdises MU, '" strueture t.e. VI,
uith octahedral coordimatien of the nther lodides about this erourn,
Iu support of thls formulstion Sisvmann aod Schafer have fﬁp¢r£¢d?6
# tungsten~browine phass corrvespondiag to ﬁsnmg‘, which has » different
epectrun in ethanol snd powder photograph from that of %sirxz. i
standin: an sthanolic solution of Hﬁt§1‘ gave the same apectyum as
@iﬁrxz, suggesting chat reduction had occurred. infortunately thev

d1d not pive any powder difiraction data for comparison.

COBCLUSIONS

Although addects ohtained from tuagsten (Y1) bromida ave
rarels the axpectsed {ﬂsﬁraiar‘QZL@ it wan found that for sli ligardis
gried, the sdducts, sithough of unusual comstitution, xl1l contain the
3638§+ species, in common with the other molybdenvs (I} and tungsten
{I1) halo complexes,

in this survey ne low wvalent tungsten coapounds contalning
ather then thaz 363:3%* species were obfained,

The ﬁ&s:&** species is more susceptible to nueieophilie

e
8

sttack than zhe Hosﬂl and Hoﬁgrg&* specien, hut oa attack by

hydroxyl, although some substitution takes place, zomplete breaidown

doas not occur as in the wﬁﬁlséﬁ species.,
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The fodide wﬁxz,‘. probably contaiaing tha uﬁxf” species,

wag preparmsd.

EXPERTMENTAL

Tongeten (V) bromide wvas prepared by subliminz tungsten (V1)
bromide in vacuun., The higher bromide being prepaved by the reaction
of bromine on tungsten hexacarbeonyl,

Tuugsten (1I) browid« was prepavad from the pontabromide by

aloaniniun roduction end ﬁisprmﬁimtim.@

Malysia: Calculatsd for Br,it  Bx, 6.5, Younds By, 46,3, 44.%,
1t was necessary to fume the complex with emuatic soda bhafore bromide
analysis,

Solvents used were of analytical reasgent gquality and used
as supplied,

Atrempts to proepare gwsa%} (o) &nﬁza wvers made using finely
srushnd bromide and 0.1 cauntie sods selutiom, contaioning 2 few
drops of hydrogen peroxide (to supprass autocstalysed alksline
decomposition) at 20°C, followed by precipitaticn of the veliow
zomplexes with somoniur nitrate selution,

The btromcacid was prepasred in minute yield bv smolution ef

the crude bromide in refluxing 8.5 HBr followad by repid cooling

to prevént decomposition.

Analyeis: Calculated for (?23{33 2{%&:5}8:'&.!& ,% b, £7.3. Found:
Bry, §7.3.



- 302 -

Adducts #xcept those of dimethyl sulphloxide and dimethyl
fornanide wars prepared Ly hot soxhle: extraction of fimely crushed
bromide.

The 7ellow solids which collected in the solvent flask vare
collected. The cotrastiiylmmmoniun salts wers orepared from the
extraction wother liquors by addition of tetraetayiasmonius chlorids,
felioved by recrystallisation fron ths seme solvan:,

The aquo complex was prepared by the addition of wataer to
an ethanol extraet wother liguer.

211 of the adducts wers obtained ia wary lov vieid {(<10%).

DS -mthylsulphoxide and disetuyl forsmamide sdducts ware
prapared by solution of tungstes {IY) browide fn hot solven:, foilowed
by filcration znd precipitatiom with alcohel. Yield 60X, but drops
o increased dizestion tine,

Oxidazion numbers were detersined by dissolution of the
gonplex iu 2 kwown ampunt of alialine dichiomate, Ixcesn ferrous
wes added and this was cicrated agsinst standard eeric aulphate solution
using Hephenylanthranilic acid as ind{cator. Valuss obraloed gave
oxidation neabers comnistently 2.3 (also on {mﬁma}a‘ (W}z - uses
a8 & standsrd),

for the wmass spectyrum, nitrogen was slowly bubbled through
& vefluxing solution of tungston (II) bromide in dimetiyl sulphoxids,
and the products coming off were colilected in & U-=tube cooled with
IHoutd air. The spectryum was recorded gsing an Hizschi-Ferkin Elmer

doubie fucus nachine, wnodel HU=-5D,
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Tungsten {IXY) lodide uas prepared by tle resction of

69 Holvhdanum

tumgsten hexacarbonyl itk icdine in 2 sealed tube,
(I1X1} lodide was prepared iz a similar manner. TYhese were sealed
in pyrex tubes under vacuun and heatsd For twe days at wvarylap

tanperatures.

éinalyate: Calculated for I;ﬁg’ r ':%1.‘; W, 8.4, Youmd: I,
61.9; ¥, 31.9.
Calculated for Euz%;ssg I, 38,0, Found: I, 5B.4, 38.5.

Soxhlet extraction of khis wax carvisd out as abowe, but
greatly decomposed products were abtained, For exsmple from &ﬁsxu.
on orsage solid of the composition €, 3.0; ¥, 1.2; I, 1.3 W,
2., was obtained,

- Suinier ghotopraphs of ta‘élu and 5363“ were kindly vecorded
by Wy, P, imith of the University of Tasmania., Porzassium chloride

was ussd as the intevsal standard.
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CHAPYRZ 7, OISPROPORTIONATION OF MRTAL TETRABALIDES I8 SOLUTION

A A TREPARATIVE METHOU POR STAPHYLOMUGCLUAR COMPLEXES, I,

in the search for new staphyionuvcleer eownlexes useful in
testing the stereochemical theory, it became shvious thet & new
praparative route vas nesded to sllow the praparstion of different
types of complexes,

Excluding all carbonyle, the uost widely esed methods for

the preparation of halostapbylonuciear compounds are -

€1) leduction  of highest ialides, e.,g. by vaing sodimm
Iﬂﬁlglﬂi§ oy ky&rogam.ﬁg
{11} The dispropertionation of hizher halidas dy heatins
fusually tetra- or trihaiidel. The higher halide bYeimy prcpared from
the Gighest halide by reduction {(usually wich aicminiuvs in a

tuampearature pradieat)

Bl P . mm@ k44 - ; A

5 &

" 4, 74 r L 3 £ 6

(b} Zernaxy Haltdss
(1) Zolution of a2 bhinary staphylonuclear halide n

hyérohalie acid, followsd by precipitation with z catien

‘ ) 3 26
R, i—';' xﬂaczg B, E@:ﬁlz
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{11} The reduction of solucions containing kigher valanmt

metal with poverful reducing asgemts. e.g4. hypophosphoreus acid,
. i ¥
anslpan, hydrogen uwader pressurs cte. In this canper ‘.52*3193“,7
Ra,Cl 2‘,“55 sad Te,63.7" *7 hava been prepared,
2778 278
{11} The reactlion of a conmpound alveady containing 2

gatai=zatal dond with hydrohalic seld.

5eL P T 7
Tonip acid. Uepfiy,

| 861 . 7~  {Chaprer 2)
[Ho(CH,C00),], — s  NoyCl ,

{iv) Oxidation {or vossihly reduction) of knowm staphvlonuciear
compounds o form naw, but wswallr skrusturally relsted onss,

3]

W % 2 , 3+ 54
. J- 599 1 WP
Aozﬁl 3 Waegum ‘2021319 {Chapter 3}

fhortly altor tae conmencesent of thils work Cotton et al
puﬁiiamdm the results of a stwiy ou tha disvroportionation of
swpineadun (IV) ciloride, in oxygen donor solvents., They foumd in all
casss, that sitiws of the staphylonuclesr entons %e,Cl,”" or ne,c1,’”
ware formed, togeibar with vheulum (V) specles, Thelir resulcs, and
toe resuiis of this wark, stow that the selution disproportionation
of some metal (IV} halides appears to e & good general methed for

toa praparation of ataphylonuclear ssions,
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SCLUTION STUDIES O MOLYBDENUM (IV) CHLORIDE

INTRODUCTION

To tihin tive the chamistry of molyddenum (IIXI} Lalogen systems

o
2¥

waich cas be prepared relatively casily by reduction of wolvhdenus

uas been douninated by the monowuclear npocies Mo ﬁ&. and ﬂo;'?f‘}%z

{¥I) seluclioun, Muexic species Eigaz;;ﬁ(bipyr)g Lavae alse been
tuvﬂxtnﬁ.?ﬂ 41l of these speeliez ashve nogmal magnetie behaviour
conaistent with s ci:‘ configuration {n ags P97 Mo = 3,5-3.% M),
sugresting oo meial-metal interastien, Some thiclo-bridging
wolybdenun (111} compoumds witi: low magnstic susceaptibilicies,
thereloTs with some metal-metal iatoractiot, aave beek veported,

2 and bmide’u contain

Althougi solybdenus (XI1) chloxide
mnolvbdenum-rolybdenus bowis, thefr inselupility in both polar aud
noupolar solwencs renders then useless a3 starting amaterials for the
preparation of staphvlonuciesr nolybdenun (II1} compounds.

In the literatura within the pact Tew vesrs thare have been
aaveral nantions nade of cospounds containia; the ’!ioz‘.{ﬁ” anit,
hut with the sxcaption of ons pa;mt,gz no preparative neriods have
raan reaported. In this cass the mﬁfm unit was nrepsred By the
rasction of é&zﬁoxﬁ with liquid somonia, but no studies were made

on the complexas, aad analvses wera pwr.éz

An 3 result of a mechaniszic atudy, it hae heen xuggmtudaa
ghat molrbdenwe (1Y) in solutien dispreportionates inte =molvhdenunm
(X1Y) mnd (¥}, byt as no molybdepun {IV) uas cver fsalated, the

evidence %z cirewmsgantial,
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, 7
“everal adducts of the type Haﬁl‘hz have baen repor%eélﬁ'EJ

as having been prepared from moivbdenva (IV) ahlorids. Thevy were
all prepared uvaing suspensions, o non oxygen dovor solveats, Ho
studies iaave been reported on the solution properties of wolybdenun
(IV} chloride in oxygen donor solventa,

The siructuras of molvbdenun (IV) ehloride is {wpertant in
that it mav have an influence on the structure of the complexen that
can bo prepared from ft. Colton and Martis, uwsing smaguetic avidence,

Fi 3

anve proposed  that the structure iz Lased on trispgles of molybhdenum

atoms, hut they do not guote thelr soures of tetrachloride., Larson

16

and Moore have prepsred a form of molybdenum (IV) chloride Lavimg

2 sagnatic susceptihility of 0,93 24 per molybdanum, but wmake tittie
comaant asz to its structure. Schafer et al have recently faportn&§5
a forn of molyhdenus (IV) chlovide whiech shows sormal paramagnetic
behaviouz for fwe unpaired electrons (n’ff pev o = 2,12 M), It
consists of edge-shaved ﬁoﬁl§ octahedra together with isolated @nclé
octahedra, As the magnetic wounent suggests there is very little
intaraction hetweesn rhe zolvbdenunm atoms (Mo~ distance = 3,50 H.
Schafer®s tetrachloride shows an {nteresting comparison with
the tezracihlorides of the neflghbouriny elemsnts. MeCariey and ia
arous have found that alebiun (xv).&ﬁ‘:axtxlum; {1?382 and tunasien
ilv)ﬁg chlorides are all disnngnetic and isostructural, while techanetium

{IV) chloride is yarasagetic’ and shows wo metal-setal honding,>
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RESULTS AN DISCUSSION

A portion of this work way overlap with that of other
workers. This is becauss I waz vnavare of the oxigtence of thelr
work,. Thers have hewn no gapers in the copen literaturs on the

suyirleet,

(1) Properties of Molvhdenwm (IV) Chloride

The very different megnetic properties of the stetrachlorides,
preparad by Larson sud }mr,e%ﬁ ansd Schafer ot ﬁi,ﬁs" combined with
their differing powvder diffraction lines (sse ister), muggest that
thens tetrschlovides have differen: structures, the former havian
considerable solybdomumnolyidenum tnteraction, Thus for convenianes
the fermer will be designated e~ and the latter {-molybdemus (IV}
chloride,

1 has bLeen fownd that s~wolvbdenus (I¥) chloride is, in

%
16 ingoluble In all non-oxygen donor

sgreceent with Larson amd Hoorse,
soelvents fxied, with the szception of pyridine und, to some axtent,
acetonicrils, It is solublie, with reaction, i snhydrous acetic aucid,

#11 squeows solvents, pethsnol, sthanol, scetons, disethyl formawmide
sndddinetivl sulphoxide, These soiution properties werfify that it

is aot @ mixture of wolybdenwn (V) and {I1Y) chloriden, ss molyl:denum
pentachloride is soluble in son-polar sclvents; also Che tetraciloride

iz completely noluble in oxyzen donor solvents (with tie exceptioa of

a small smount of carbomsceows macerisl - a byproduct of the prepsraciom),

wiile molvbdenun (TIY) chloride is not.



This work has shown that a~aolybdeaus {1¥) chloride is anatable
in oxygen donor solvents and undergoas the disporportienation

resction
Zio{IY) e Ho{III) 2+ HolV)

Fo vvidance was observed for the stakilisstion of the +4 state at any
tinme,

To tesi whethexr or not disproportionastisn takes place before
the sddition of eations, the spectrum of a-molybdenum (IV) ehléride in
43 nydrochloric seid, scetone and methanol were recorded (see Figure
7.1). hen thess are conpared witi: the spactrx of wolybdenu= (I1II)
dimara, (Figure 7,2}, it can be sesn that Zhe charactaristic reaks
of molybdeswn (IXI} (dimeric) are presant. The peak at 513 my
shows the expected sxtinction coefficient in hydrochlozie acid,
3=

since £60C) ‘..

éiozﬁgzm) but the pesk at 41% mu has 2 greater extinction coafficient

(L.2. ana quarier of that observed for 2502519

rhan expacted for wolybdenum (1II), due e the contribution of
molybdenum (¥), These resuits show that o-molyvbdenumm {I¥) chloride
disproportionazes ismoediately on solution.
Thin observed disproportionation is of ioterest because
dimeric molvbdenun (T11) specien are formad in solution f.e. this
{s a preparsiive route for the formation of staphylonuclear complexes.
Laxrson and Hoore ”wﬂ‘d;&é tie complex Mo Cl‘.iiﬂs%iﬁ!%, clained
te b 7-goorxdimate., snalysis obtained in this work Is conaistent with
the usususl formulation., To determine if disproportionation is

dapendent on the form of molybdenus (IV), hoth the sbove complex ani



FIGURE 7-1. Visible Spectra of (X-MoCl, in Varying

Solvents.
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FIGURE 7-2. Visible Spectra of Chloromolybdate (1II)

Compounds.
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and .mczgmigcs were reacted with nmethanol and dilute Lydvoehlorwie
acid. In both ceses yellow-grees solutions vers foywed and & gas
evolved, lo solybdenvm (YII} nopecifes could be precipitaied out of
these salutions, This siowp that, indead, the forz of molybdenum
(I¥) in iwporzant, mnd the resction of fezolvhdenmm {(IV) chloride
with oxygen donor molvente will Le interesting, as chim will decermine

the importance of the metal-uetai Lond iu tie disproportionation,

{11) Campounds

Ohtained snd their Foymulation

Using aqueous hwdrechioriec acid sas solvent, complexas sontaining
the »5-%@2,{:1%3“ species vere prauparsd, using the cations ssmoniuve, vuhidius
and czenfun, These werz all isonorphous, Only creen molybdenum (%)
cormplexes eould hHe obfained froe agqueousr solutions when usinc orpanie
ecations i.e. retral{n~butyl)assmonium, tetraethylamconiom and
terravhenyiarsacine - these wera nor Iinvestigated further., 5Hoth the
rubfdime and caestium chloromolybdates {(IIY) shoved » waall positive

‘Cﬁﬁ

room temperaturs sasnetic smsceptibility fx‘ {corr) = 9,10,10
units in hoth canes - this corrasponds to Voie ™ 1.5 BM per melybdenun).
This implien consideraiie molybhdenum-mplvhdenus interaction., 1Ia a
recent review, m:in,z quoting wnpublished vzeuits, reperts tuat the
;.i*‘mzﬁl;!— spacias , (preparstive sethod net gquoted), was dlsmagnetic,

& wary significan: proverty of the c-molvbdenum (IV) chioride
is its ahility to aluave vield &mzﬁlga'g irrespeetive of nolvenr, with
rabidiun and caenium ar cattons,

Table 7.1 displays thea resulte of digestiom of e-molybdenuwn

{1V} ehloride with widely varving solvents, Tsmadiately after digestion
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JARLL 7.1

DIGESTION OF a-HOLYBUENUM (iV) CHLORIDE WITH AQUEOUS SOLVENTS.-

SOLYBhEm {111) BEING PRECTPITATED OUT VITR BUBTLINM OB CAROTUM

tation Solvent LHe zCL  OLher
halogen
Mo 12 uc 24,7 49,4 -
a4 Hel 24,0 AR2 -
Hiell HUY 24,0 50,.% - Pemaday
¥atur 28,4 30,7 - photogyaphs
B.54 dbw .6 37,4 irgls idantical
L R0, .2 18,0 -

3
CO0H 5.4 38,7 .

ay {n

3
74 HI At i Ze%

Lalouiated for Rb o L1 10 384 46,7

a ¥ - ;

n A Bl 21.2 38,2 - Povder
&4 ar 33.5 2.0 phntosranise
2 HI 32.4 4.9 ldenrical

,«
%
$i
L]
E2FY
%‘:‘
g
e
| 2

fateulctad for ou ST,
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the complexes were pracipitated out wich cation,

From methanolic soluttons of c-molybdenwsm (IV) ehloride,
conplexes of the type th@2ﬁ15.2¥ 2 {whers 9 = gtetraphenvlaraonive
or tetrasthylssmonium) snd Ajﬁ@261§ A » pyridintum oz caesium),
wers preparad, Yor the pyridinium complex the haad positions
ohtained in the infra-red were 3220 w, 3160 w, 3080 n, 1638 =, 1612 =,
1535 », 1412 a, 1370 w, X325 w, 1240 w, 1202 &, 11635 m, 1050 w,
1532 w, 985 », 384 2, 742 9, 672 4, which are fn agreement with Chowe

@btaiundﬁa

for pyridiniuw calts.

It che wethanol coatained greater thas 20% of agueous 12M
sydrochloriec acid, only molybdeaus (V) apecies (e.g. {csﬁs}‘a:.ﬂaaclg.
zazn) could be precipitated out,

| These molybdenum (III} zalts again showed small positive
suscaptibility, indicetiwvw of considerable metal-mutal imteraction,
Although these complexes weare found te He rather enstable in oost
solvents, sone stai:ility of {(ﬂ s}‘ﬁaﬁ x»z B.Z? 2 was shearvad e
dimetizyl fornamide, thus allowing conductivity weassurements to ke
racorded, at 25°C ¢he wolar conductance of the complex was approximately

30 ohms tem Zmolea™l, This compares fawourably witk the value of

400 oims tenmoles™t

ohtained for the 2i1 electroly:is ({c6§53&ﬁsizar2ﬂ?,
in the same solvent.

Harhanolic solutions of ¢he tetrachloride, as well as
sniybdenus (TIY) specias, slso vielded the yellow-green molvbdenws

{¥) complex (eﬁk5¥4Aa.ﬁe$C1‘.2ﬁza.
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From aseotone solutions of e-moviyhdesun (IV) chloride, a
compoung with the ragher surprising constiiution, (dipryridyl #) %ozc}‘ Ty
could be sbtoined. Since it could only ba prapared in very lov vieid,
insufficient suantity was obiained for magnetic susceptibility
asssyrenent, Thua this formsalation iz nade only on the bastis of
analytical data and the null zpectrum (Pigure 7.2}, which iz very
sinilar to spectzra of other asclyidenus {11} dimeric =vecles. Oxidation
sumber and solution epoctra could not L= ochtained, bacause of the
uxtreme insoluhility ef the complex in sll solvents, The fnfra-red
showad a ponk st 966 cﬁ'l ~ oresumably duz te Ho=3 streteh,

All sttempts to prepare adducts of the vpe ﬁazﬂlhaﬂ wers
unguceesaful using acatone or methanol az solvent, and the lizands
urea, thioures, tripheavlphosphine {and oxide), triphenvlarsine (and
oxide), I,2%bipwridyl, snd syridine, althoush In several runs
addition of pyridine te wethanol solntisns =7 g-molvidenus (1Y)
chloride, yieldsd producets of variable composition but cragaining
aolybdenun in oxidetion state 3.0 and having molvbdenumichlorine ratios
betusen 123.0 and 114.5, supgesting that sewme adduct way bz formed,
together witi (C/H aﬁ)3 4Clge From acecome gha products slvays had

oxidation number zreater than 1.0 and shoved molybdemp—oxvgen acreteh

in the infra-red,

The slkaii metal chloromolyhdates (II1) sppear te be

indefinitely stable fa air. 7Yhe complexes with orgamic eations
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deteriorate slovly in air, but are fuodefinitely stable im vacuum.

Isin: the ﬁe,ﬂlgz' apecies oy dervhonium (IV) shloride

78

savaral acetato rhenium (TII) complexes hove beem prepared, o

reflux of glacial mcetic acid with the chioro compounds, Attemnts

to prepars similar acetato complexan from ﬂ@zqua', szﬁlag' and

gemolvbdenus (IV) chloride, vesulted only in green mmlyhdems (V)
solutions,

Hhen a-molvbdemm {I¥) chloride wan dissolived in dilute nitric
acid and the released chloride tiftrated rapidly, 45-63% (3 ti;tnn?

of the total chleride race 6ff, Yor the reaction

™ ¥

dkiot) a1, + Bo 4 TC17

4

2

443 of the chlorides vould e rsleasad, hut zince the end roint wvas
vory difficuiz to determine, {even when the pesction nixture was
freexing ammoniim nitrate selution), the value abtained wvae vizhin
axperimmutal error, Unfortunatelv the titention of lahile ehlorine
in wazﬁlﬁan could not be performed succossfalily.

The lack of gubstirution by sther halides (see section (11)),
and Incomplete chloride reieame fyor the tetrachloride shows thag

ﬁczﬂlgs" has at lesst one of the propertiss of Qﬁﬂl?S" f.¢, siew

subssitution of the chlcri&uﬁ.zg

Theys are two feanible posstiilities for the structure of

the anion wiz, 2 lizamd deficient ﬂ2119$‘ speeios (two edpe-shaved
3"sttuctarc, as her been :epﬁrted‘a for the
27

occtabedra), or the M X

3
B

§2£1§ unit. van Bronswrk haz shown™ ghat sevarai ligand Jeficient
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conplexes hssed on the %@B 137' uniz, wlien investigated using
quantitastive dise soectroscopy, shov extinction coelficient depandewcs
on the potassium ehloride dise foraation pressure., Thisz tecimique
vhan applied here showed that there was a0 pressure davandence om the
peak at 1%.0 %3, when tafs {3 coupled with the faet that the solution
apectyun of the Wo2£1§3” snecian is chlovids indevendent, 4C saens
that the nosclex is not lisand defficient.

2("1,;:»8 ,ﬂ in
aquaonus hydroechloric acid for tha acid concentration ranga O-8M,

Ziguve 7.2 showun tha visibhlz spscirun of &h,ﬁo

Sogh peaks obey Seer's lav svar the shole actd concentration range,

In addicion to the peakes shown in Plguve 7.2, fwe pasks occur in the

ultraviolet ragfon at 40.% and 34.9 WK (¢ 1.54.10% and 1.02.10%

respestively In i¥ hvdroclhloric acidd.

The compounds containing the ﬁozclaz‘ aninn sre formulated

3~

as ligand deficisnt Xe,L1,” ,rather than heinp isoatructural with
2%

Ba 6132‘.3$ The spectyw 1in dinethyl formawmide shouws nesks at A2 mp
and 524 mp of lover sxtinction coefficient than Wuz Q (Bﬁguzn 7.2),
wut on addition of agueous 12¥ hvdrachloric acid to the solwvent, tha

3- in hvdrochloric

apactrun hecones wsarkedly similar to that »f %ezclq
seid, L for the og 520 wy peak in zolwant comtaining 102 agusous

12% hwdrochlorie acid t2 790 (ef, #HOO for ﬁa§c1?3‘) - supgesting the

equilibriu
+C1”
- ; :— e ———— o 3—
““ICla — %ozalg

in solution.
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* In order to test the ligand deficiency in the solid etate,
attempts wera made to tast the dependence of sxutinection coefficient
on potasaium chlorida disc formation prassurse, hut aeither aof tue
R@zﬁisﬁn salts syeparsd in this vork vould disparse properly is the
dimen,

Since the compounds are unszable in solution, (especially
in hydirochloric acig), all of the spsctrn were extrapolated co zers
tine, when calculating sxtimetion coefficients. This inetability iu
nolution wvar exonplified whew recrystallisation of 3%,%@1619ﬁ2ﬂ wag
attempted from S hydrechliorie aeid in the zbuence of oxygen, ss all

that could »o obtained was the monoweriec specles ib ﬂaﬁ&sazﬁg {identifies

-4
by pquﬁar'phstagraga}@

Tabie 7.2 zives a zompariason 5i the powder #iifraction data

i iy = 7 3 : ;
for K H,Clg, ﬁbjﬁzﬂag and ?baﬂbzﬁﬁg i, The extzesely good correlatios

v o

of the 4 spacings of the complexes stresgly sugpests that QQICEQ'
is isostructursl with the W,Cl,"" unit wad not » ligand deficient
ﬂz‘z& SLXNCEuUYs,

The rubidium 2ail is formulated as a zonohydrate as thaove is
& rvevarsible waight loas, correspondinmg zo the loss of one watey
nolacule, on heating to 8U°C in vacuwm, It is cuggested here, thaz

tie water molecules occupy Yacsnt octabedral holes In the close-pached

lattice (molybdemm: atoms only £411 two thirde of the avaiisble sites).

{iv) ¢m the Structure of a-Yolybdepum (IV) Chloride

It would seen resconable that the c-nolybdenum (IVY chloride

structure should contain as ﬁ02019 ynit, {(or one that easily gzives rise
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CRIPARISOU OF Z-DAY POUDRE DIFFSACTION DA% FOR HOLYEDYRTY (I7Y)

AND TUMCSTEN (IIY) TERMARY HALIDE:

Kl EgCL”  mgfe,cldn  Eegw,o1,C
4 int d fat ~ d ist “d  iat
B.73 m
.22 m 8.3 m B34
7,85 - - -
.17 w 8,27 w £.28 w
- .1 w =
Se7% wn 5.8 = .82 »
o1 ww 73 0m -
O6 w 4,00 w £J38 w 4,36 w
3.5%2 s 3,57 = J.60 363 s
3.3 ww 3,36 ww .36 8 346 w
3.28 = 336 = 2R 0w 3.32 =
311 we 3.9 ww - -
3.9 w 42 9w - =
2.9 w 298 w 2.2 = -
EeFD w - = -
24837 wo 2.85 s 2.8% s 2,93 ws
2,52
2e73
Fa5% Z B8 @ 2.70 wva 94 @
2.8 m P 2,51 ww 2.51 s
2,48 = - 2.49 wvm -
2.3 ww - ZW = 2,33 =
232 = 2,3 wm .28 3 i.A8 =
2.5 ww - 2.2% wy -
2.2 = 3,23 = -
2,17 = del® - 2,21 =

cont®d
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.15 @ 2.15 s 2,15 w 3.1 w
2.97 w 2,07 % 2 v 208 ww
238 w o933 w 2.3 = FARLY SR
2,92 wa 2.5} w - 2. ey
2.0 ww 2.5 w 2,08 = .
1.94 = -

1,32 w 1.2 = 1.2 @ 1,87 m
1.5 = 1.82 = 1.3 » 1.92 m
1.8 = 1.85 » 1.8 = 1.8% =
1,79 w @ 1.78 wvs 1,88 =

& ~ data frow referseces 37,

b = oprepared by The sethod of ﬁli!t‘e?y

¢ -~ srepared by the disproportionation of tumgsten

{IV) ahlovide {Thapter %),
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to thin), since the %@25133' unit is retained intact vepardlesas of

91

solvent (section {£1)), Such a structure has heen veported’ ~ for

s~rhenlmm (IV) shlorids {pairs oF facs—shared "f!'iﬁ actahadra

joined v chloriame bridges). Totton and his group finé’s

2

that in

sowe clrcumatance: zhis, on solvelysis, rields ﬁa,ﬁlq {therr asmion

2= "
te ft, bul it seeme mors vuozonahls to

& structunys hagel on ﬂazﬂlg
asnign nkgzﬁlggm-tvpa atrnetars Lo (b, sy this sunlaing ite ariqglnd.,
fimiar the cell constanta z&partadgl oy Swrieaiwm (YY)
eikloride, tha J spacings were calewlated and comparad with those
abserved for semolvhdenmes chloride, Table 7.3 showe that thers ia
fittic sinllarity hetween the wo., mfortunately s comnarisen of
actual sowder photonrashs was net sosaible, as one has nevar heen

recordad for tho rhenlum chleriée.gz

Hovever, comparison nf the
powder d4ffraction dats far tuagatcnéi TV) and niobiun®® (T¥Y ehlorides,
togethsr oith that »f g-molrbdermam {YV) chloride (Tabie 7.3), shows ghat
all chree are igomorshous, Therefor: a-mwmlvbdonwn [17) ghloride, supw
srisinsiy, has the atracture rapartﬂéga for niohium (IV) chloride
i.2. %atié setahedea Jofinad By edees, with setirs of molvbdenum atoma
dfaplaced rowasrds cach other,

It is fntereating %o note that an isomer of rhentum {I¥)
ehlorids whleh is igemorphous with s-molrbienun {I¥Y ehloride has
heen ﬁrarnra&,gﬁ ard it was found that tnis gives che sane solwvalysein

products as the f-form, The mechanisn wheveby oeMoll, - ﬂn,,f:i,f"

Zm

and @ or =RaCl, + 2a 1 " yvonsing a meatery.
f{ .

2
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IAALE  Fek

COAPATIION UP X-RAY SIFFRACTION CATS FOR METAL TETHACHLORIDES

a6 » opvy OB 1) ez 91

ﬁbﬁlé MoCL, ECA‘ ﬁ~%ﬁ¢1‘ ﬁ-ﬁcﬁlg
& int d int 4 a4 int 4

6402 10 6,00 A 5,97 wws 5.4 wa 6 58
2e75 8 5.57
3.30 w 5.27 v 500
Do 3 del 8 4,453 wea 4,36 a Aah
4,09 8 4,04 n A3,81 wes 5,39 n 4434
343 2 3.40
3.28 m  3.23 ve 3,21 ww 3.33
2482 3 343 wew 3,04
2,50 W %5 v 1,82 ww R 1!
278 $ 2.7 w277 w 2,75
1.81 vs 2,62 ve 1.5 w= 2.68
2.57 5 s A58 B 2,53 ws .33
2.5 m  Z.54 W 632
2.22 7 2.2 B 2,13 s Z2.38 n 2.23
2,17 2 2.8 www 2,18
Zedh 3 2.4 w2413 £ 2.14%
E AL L T P £1 v 2,08 n ledis

2,03 7 N 8 2,02 s 1.%® "

8 = The data showe heve is choses frosw all the possible
caleaiatad 4 spacings, in sn stteupt to odeain 2
correlation, %Zines a larec mumbar of d spacines less
than 3.0 sre obiained, a £12 for 4 < 1.0 is Joevitable,
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Table 7.4 pives a comparisen of the powder diffraction data
for the molyhdenum (IV) chloride, used im this work, and the chiorides
prepared by ﬁcb&i’ex.” end by Couch and kmnmr? 3 & wmarked correlatios
is observed Letween the 4 zpacings of the last two, sugegeatine the aot

surprising result that the similar reactioos

fsxacxs » ?MIE e 23!0214 - 95

éﬂoﬂli + Mo m————t 5HoC1 4 - 835

both give f~molyhdenus (1V) chloride, while the very differsnt mathod,
pig. refluxiag the pestachloride with benzepe, yialds a differsnt

{the o~) form.

{v) Theory

The theory for &fzfnz*:l% {A = %b or Ca}), predicts cthat for s
wolybdenum~chlorine coordinstion aumber of six, thers will de 1.5
metal-zetal contacts {.#, there should he two longer thawn “normal®™
patal-netal bonds or onu ahorter tium "normal” (l.e. 2.5% rather
than 2.6-2,8 8). Determination of the Ho-Ho dfstance in zhese
compounds will ke a useful test of thn theory, as it also predicts

that tus Howio distence will wayy uwith alkeli =metal.

Two forms {(a and 3) of molybdesum (IV) ehloride axist, sus

having conslderahle metal-metal interaction, the sther mot. Tha
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TABLE 7.4

X-BAY OGIFFRACTION DATA 7OR ISOMERS OF MOLYEBDEHUM (1V) CHLORIDE

a=HoCl, gtroct, > nocy,*
d int 4 int 4 ing
5.83 u
54,00 8 6,52 w
$.73 5 5.83 " S.85 ws
30 W 3.3 v
5.2% w 3.26 w
S.18 v
.78 W &, 7% w
4.41 # b A2 v
A,04 " h.14 R
3.28 m 3.13 w 3.14 ww
.1 ¥
.04 ww
2.48% W 252 @ 2.2% w
2,72 ww 268 ws 2.0 8
2,53 ws 2.65 W
2.59 s .56 w 2.5 ww
.54 " dhh  ww
2,20 n Z.17
2442 o 2.14 @
b 3% T4 T 2.10 " 2.5 u
2,01 = .93 w i:gz :
175 » 1.75 n
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existencs of the e-form is compatible with theory, but the theory
cannot sxplain the axistence of the f«form. Ths a~fore undergoes
dispraportionation in oxygen donor solvante to yield species having
3=
9

stpuctures hasad on £hat of the ¥261

unit,

EXPERTHENTAL

s-Molvhdenum (IV) chloride was prepared by the wethod of

Lexson aud ﬁoo:ulﬁ {see Chapter 2).

Reaction of @auealé with hydrochloric acid

Zgo omtioll, (2.4 gn) was dissolved inm 12¢ hydrechloric actd
{28 wl), snd the carbomsceous byproducts contrifuged off. Ixcens
rebidion ehloride (1.2 mm) in hydrochleric scid was added vith stirring.
Brick red cxystals cane out of solutiom, 7Theose wers filtered off and
washed with 12¥ bydrochlorie acid, scetone and éridd in vescuum.

Yield = 55 g ~(423). (Theoretical yield, 50%).

Analyaiae:

Found I €1 i Yo i Eb Uxidazion Ho, Eatio HaiCl
40.2 23.8 3.4 14,55
a0,2 26,1 3.06 114,351
£0.4 38,2 33.2 3.03 124,51
K045

Calauiated for E&sﬂagﬁigﬁx&
0,7 4.3 3.7 3,06 i:4,.80
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On heating 0.0768 gm of the compiax in vacuwm te 100°C for
48 hr,, the welght dropped te 2.0751 gm. On exposure to =zoist sir
the walight Increased - slowly to the oviginsl. The waight loss
corranponds o the loss of one moleculs of uager,

The smmonium (vield 14%) and cavsiwm (viald 4377 cosplaxes

ware prepared iz an analasous wanner.

Analgsia: Caleulated for ﬁ12§3€zgna2: Hy 2,123 #H, T.433 o1, 56.4;
Hey 33073 osidation meaber 3.0, Pound: B, 2,333 ¥, 7.09; o1,

56.5; %o, 33.3; oxidation number 3.60.

imalusis: Calculated for CaqaClMo,e €8, 43.8; C1, 35.4; He, 2103
oxidation nusber, 2,00, PFoumis s, 41,73 71, 35.2; s, 21.2;
oxidation sumber 3,05. Slowly increases in weight on exrosure to aly -~

ponsii:ly dum to uptake of watar,

Fesction of aﬁﬂsQL% wich Hethanol

ﬂwﬁbCZQ {(~1 zm) was dissolived in mathamol (27 =l1) and the
solution cestrifuged. iixcess cetraphenviarsoniums chloride in methanol
vas added. A eixture of rad and yallowv=grisn naadles came out of
solution. These ware tollected aund washed well with 2cetone since
the yellow-graen crystals were soluble and the red snes not., The

rick-red needles were Jdrisd in vacuum, Yield ~£0X,
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Analyats:
c H Aw 144 1 e Oxidation %o, 4meCl
Found 44,7 3.8 1.6 21.7 113.33
44,8 4.1 11.6 21,7 15,0 2.8 123,95

21.6
Caloulated for {fi’_’gﬂ 5) ‘g.ia}g!afﬂg(,’l o o

#8.1 e 12.€ 22,2  la.@ 3.8 1:4.08

a = poor end poiat nince determined by prior selution
of ths eompiex in dimethyl fornamide hefore oxidation

numbey Jatermiantion,

The yellow-green crystala ware collected by swaporatios of

the acetone Lo a spall volume,

dnalyate: Calculatsd for az:%ﬁwumgma (1.a, {cszzs} 4 H800C1 Qﬁiz{:‘s)s
Co 4,03 4, 3363 s, 11.4; <3, 21.7. Pounds &, &é.h3 i, 1.74;
ss, 1l.83 €1, 2%.3.

Ton teirastuviemmonium {rield +252) znd pyridiniem {yield »10%)
salts vere prupared is the sase manner as tie shove molybdemus (ITX)
salt =~ the coprecipitated molybdensm (V) species beinz vemovad by
acatone vashinz, These weru obtained as pale pink microcrystailine

soliids,
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Analyaia:
c B | Ho L 4§ Oxidation No, Moll
?ﬂm 2?;‘4’ égi 3&'? 25.1 E?Iﬁ 3.1 1:3‘?3
£ o0 33.5 3.2 134,00
22,8 3.4 el 1:4,.04
2,7 8,2 2.7 2.a 5.0 114,04
Calouiated for [(C 0 ) A]Fo0 0T . S8 DI
Analueie; Calculated for i \;1 5&&2?#"&3& i {i.e, (LSR Hits ¥ 9 21:%&3 0y

€Y, #1.83 Ho, 24,.9; oxidetion nunber, 3,080, Pound: Ci, 42,23
Ho, 24.7; oxnidation number, 3.033,

Attempts wers made Lo prepsrs molybdenws {IXIX) adducts by
addition of lipands in vetihanwl to a methanolic solutizn of a-molytuienun
{19} chilorids, Iz moat cases vothing cane out, bur with pyridime »iak
solids cane.out, These verae spaivsed many Cimes, bhut composition was
zot repreducible, Thev appeared to be intermediaotes Latwesn the
pyridinium 2alt (abeva) snd adducts, az MotCl vative varled bLetwees
313.Y and 124,23, even tiough the molybdonum oxidation number was 3,034,

With some other lisands 4.e. 2,27=-dipvridyl and ethylene
disning sollds cave out that were sbhviously wmixtures of wolvbdenum
{111} and molybdenum (V) species, These could not be separsted thus

the L{ovestigstion went no furiner,
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teaction of mdﬁgﬁl‘ with Acetone

2,2%«0ipyridyl in acetone wvaa added dropwise to a solutiom
of tetrachloride in scetose, 4 red-purple oil vesulted. This was
wanhed ¢ich dimethyl formamide unzil the vashings were colouriess.
The violer molid (in very low yield) was then washed with ncetens

and dried in vacuous,

inalyeisr Calculated for §2§§2Q€1&g“2§&@2 (i.a. (b&pyrﬁ)I%QICRﬁaz)g
Ly 33.43 H, 2343 C1, 20.93 Yo, 28.3; B#, #.25. Veund {1} o,
4,5 ¥, 2.815 <, 50,55 Mo, 20013 W, F.00. {41 &, 35.4; H,

2ol 1y A%eG3 ¥, 7.80, It vas 2ot posaible to deternine ozidation

The inirsercod spectyum of the couplex shows Mol sirveteh
at 966 cu *,
sttemnts to prepare other adducts wsing mcetone selutionz

resulted in molybdenue {(11Y)-molvbdems: (V) wixturss, or asthing at all,

i%
Preparation of ﬁoﬁl‘.3€5ﬁ5&

Pyridine {(dried over calcius hwiride) (25 21) van devassed
and distilled intp 3 vossel containing 1.233 g= of c-wolvhdensn (IV)
ghlovide, This was ahalen for 24 hrs. During this tine the solution
bacane golden bSrown, snd cryvstals began to deposit. The awcess
syridine vas yrewoved ander vacwua, Welght = 2,412 om  {calculated

welighit for Sio(flgﬂcsﬁsﬁ = .ﬁ.éé% ) .
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Preparation of Haﬁli.zcﬂaﬁﬂ

oo,

Prepared im v siniiar manver to the wepropyl cyaanide adduct
reported by Allen ot ai.zs fe22o 2 solutien of m=olvidemun
pentaciloride {Algha - usad se supplied) in redistilled acetoniirile,
was allovad te sgtand for two days befora the collection of the

brown orystals formed.

inalyais: Calewlagad for ﬁéﬁﬁcléﬂnﬁ,x €1, %4.4; molyhdenun oxidation
e, 4. Pound: €1, 43,93 smolybdenum oxidation no., 3.96

{anguming .00 MHo).

doth Hnﬁlkscsﬁﬁﬁ and §06162C21$§ vere dizsolved in hydrochleric
acid and methanol, bui preeu swluijiens rasulted, aud ouly wmalvbhdenum
(V) spacies could be precipltaimi our,

For analytical metheds and other techniques uwsed ases Appendix I,

Brovn and MeCann® have just published & note on & new
praparation of a-wmolybdemus (IV) chlovride. Thay used reduction of
molybdenys (V) chloride with tetrachlovoathylens, vather than benzene,
and obtatned a cleaner product. They slso found that their product,
iaruon and ﬁnntn'c:& and tungete:n tetrachloride were isomorphous, and

S
of different structure to that reported by ﬁhnftr.s

* Srown, T.h, and HeGann, E.L., Inorg.Chem,, 7, 1227, {1968).
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AS A PREPARAYIVE WETHOU FOR SYAPHYLOBUCLEAR COMPLEXES, 11,

INTRODUCTION

The methed developsd in the pravious Charier 1ia nov extendad
to other tetrahalides. Each of the tetrahslides faveatigated i
éiscussed separately., This wcrk wakes no claims to be a thorough
javestigation of tha tetraislides, but merely a sieletal survey of
:kx_eef type, and few properties, of some of 2ha cowplexes produced.

Becaues the phenomenon of disproportionation is, in itself,
an iatereating ens {if 42 confined to & very small aresa of the
pertodic tabla), this atedy has alap bheen divected towsrds the
devalopuwant of 3 modal explaining tha occurrence of disproportionation,

Tiis s discussed near the end of the chapter.

fa) Compowis Prepared

This halide undergnez sinilar dispronortionation, in oxygen
donor solvents, Lo that obseyved for molvbdenmws {(I¥) chloride. The
coaplexes 22;3&%2%%.&23 and Qﬂjﬁwz%rg
acid solvent, Comparisen of their powder diffraction photographs with

wara {solazed fros hydrobromic

thone of ather f*fzxnxg spaciea rrepared in this wsork, sbhowsd then to

be fuonorphous with %:‘2:;193”7 coutaininx compounds,
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The room temperature specific cusceptibilicy of &b o,br, .Hy0
1s 11.8.167" €08 mntes, which yields a y_,, value of 1.2 3 par
solybdenun, This Jlov nosent, now 2 common vceurrénce in thepe
conplexes, in indicative of ceasiderable metal-netal fateraction,

Agate marked independence of complex formed on selvent was
ohsarved, Tsble 8.1 dispiays the vesults of digestion of the bromide

with hydrokalic acids, prior to precipitation withk rubidium or cassium,

TABLE 5.3

AUALYTICAL BATA POY BUSIDIUM AMG CAESIUDM COMPLEXES PREVARED WROH

HULIBDENUN {YV) BROMIDL TR ACUROUS ACIDE

£eld Rubidium Complexes fansium Complexes

£ Br % other halogen % #r % other halogen

174 Bl 53.0 1.7 $3.5 1.0
;N MRy 5.6 - 54.8 -
81 81 54,7 7.1 42 .5 14 .4
tocad fop 75 voBr. B0 : 1 fam g e
Caloulatad jor b glofr R L Caloulated for s fto By,

Jatng athanol or nethanol as aelvenr, tajethay wivh warving
cations, 3 ranme of eomplexes was sreparad, with fatlz ratisa varvioa
sntvaen 114.3 (far a cassius complax} and 1:1,5 {for anome tetraphenyl-

sraonive cosplexas).
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The analyiical data for the complexes prepared ave shoun in
Table 8,3, The sowpounds camz rapidly out ef solution and, 22 before,
could sot he reerystallised. Thus the variability of saslvses ohserved
ia not uwaexpected., The lizand deficient conplexes {<Czﬁs)¢3’x.7sﬁ°z“‘7.7s
and [(cas)&nlsaazar8.2Cﬁ3@u sagw to Heat it the susalyticel figures. Ue
reasonz:le Formulation ecan e zivan fov the tetvraphenylarsonium sait,
mieay the palybdenus 18 in a fractioual oxidation state. Unfortunataly
the couplex is too iascluble to allov oxidation awmber determinatios,
bug the complex is free from contasination by molyddenum (V) {no Mowl
in the infrs-ved).

in common ¥ith o-wolvidenum (IV) chlovide, no adducts of the
type ﬁ02$r6h3 conid be prepared, even though s wide variety of ligands
was: tried, aAdditiomn of pyridine to the Lromide in methiancl vielded

{ﬁsﬁ g"e B 2’?%(;2.&31' 5&2%&33 .

(i} Specivescop;

L3

The apectrun of ﬁazﬁxg”w {Pigure B.1) was siniler to that of
ﬁpgﬁlgﬁ" and independent of nydrobremic scid concentration.

soth the tetrmetisyl= and tebramethylammonium compiexds show
dependence on Lhe conesiratienm ol bydrobrcmic aeid In dimethyd
fornamide, sugpusting that ther are Algend deficient sz? speciss.
The specirus o Kie tefrapheuylarsonium complex chaages little oa
fucraasing the conceuirskion of squeous avdrobronic ceid in divethyl
formamide [Figuxa $.1). This awy be evidence thet the wolybhdenum

has & fractional oxidacion state, and the structure is aot based on

that of nzx;'.



FIGURE 8:1. Comparison of the Spectra of Some Bromomolybdate (1II)
Complexes in Solution.

— Rb3Mo,Brg in 1M HBr.
O [(CH3),N],Mo;Brg in 1M HBr
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JNALYYICAL DATA FOR COMPLEXES PRECIPYTATER FPRON METHAXOL-

foLysnenm: (IV) JRMIoE SCLUTIONS

]

Catica Tirtde U5 2T %5 Refas PeMMe 0xtd® vo.
Tetrapnenvliarseniun o
S1.8 14,6 8.5  32.7 2.9 4.8 1,82 -
41,3 13.4 3.43 -
41.1
40,5
£1.%
41,7 Bul 324 2.5 A 8
4,5 13.9 6.8 34.2 2.9 A2 1.%0 -
9.4 Je2 348 3.0 4.5
Tetracthrlamsonivg 38,7 18.2 A8
57.8 18,7 1.0 18,7 3.3
38,4 16,2 1.4 16,3 3.5 2,8
58.3 18.% 2.1 18,1 4.0 3.9
8.8 2.5 165 3.6
Required for
I((:‘gHSJ 43}“_ g5 yﬂ?’. 25 58.7 18.8 3.4 18.5 3.4 2.9
Tat ranathylasmont w: 63.0 1%,1 3.0 11,5 3.2 3.0
62.6 1%.3 2.9 11.2 3.0 3.0
e ot 1.4 G0
LR
Requimd for
{{C‘Hs) éy,v;g fﬁﬂgéiaﬁ’:éi?ﬁr?ﬁ ddes 0.0 2.8 Ji.8 &.8 8.0

2 = desermivation unl scasibla
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{11) Tungaten (IV) Chloride

{n) doucous Jolvents

uging hycrohalis scide az 3 solvent for the calordds and
precipizating with rubldios or cawvelw:, couplexes containinzg Lhe wejl

S 5 s i :
koown H'C&y urif wers vblgined., These wgre isomprphous with

-»

e oy 37 ) N
ﬁ3wlﬁi¢ {powdey photogrepiy).

th) Alecholie Solventa

A wery diffarent reaction occurred hetween alcohols snd the
tetrachloride thon was obgerved in anv of the other tetralinliden
invastigated. The following products wers obtained on refluxing
tungeten (IV) chloride with the pareat aleshols,.- wéﬁlé{£E3ﬁ}6£§u3ﬁ%32,
Qzﬁ14(52ﬂ§”3¢(c2§5”“32’ Ezclifcaﬁ?ﬂ}‘ﬁc3ﬁ?ﬂﬁ)z {with doth g~ and Lan-
propyl alcckols), and gzﬁlk{nuﬁaﬁgﬁ)&(nncqﬁ‘ﬂﬁ}z.

These are foraulated as tingsetan (V) adge-shared spuciles on
ghe basie of the following ovidence,

{1y snaiveical - scalvtical data shows that in all csses thero ave five
groups per tuagsten,

(11} On heacing the nethanol derivative in vacaun at 100°C, ao welght
ehange wan observed, suggestiae that none of the muthanol iz present as

loosely bound solwent.

{441} Tu Lenzene the nolecular weight of the nepropanel adduct is

860 {calculated for a dimexr, 16€8),
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{iv) The zreem solide are diamagnetic (1963 ~ @ CG%) suggesiiog at.

least dimeyn, with considerabis interaction hetween the metal stoms,

(v} $Since these compounds are completely unaffectsd by squeous media,
their oxidation nwmbers could not be obtained to check the formulation
as tungsten (IV) complexes., However {n meny cases the vields wars >S0%,
thas tuling out the possibility of disproportionation zo tuagstea {II1X)

and ('93 »

{vi} The N.if.K. specirs of the {sapropamol (Figura %.2) and nepropanol
couplaxes show twe setz of proton peaks in the yatio 231, indicating
four and twe zlcoholic groups in two diffevent snvivonments, finfag a
sinilar srgesent to Kisjnot's,” o timrs are four posaible struccural

rossibilities, with the folloving beiny the most Liikelw,

n-PrO n.PrO
/ /n-PrOH

l

n- PrO n- PrO

In 131Y & rupét:§7 gave the prepavation af a jrcen comnlex,
fornulated as i c1 zn )6’ prepared by the alectrolysis of tungsten

e has since feound a red

hexachioride - othanol selutionn. Zleimet
compound of the shove comstitobion, and guggests theat the greem complex
coutains tungsien {I¥), This work sprees with his conclusions, snd the
sresn complex in now Formulated as ﬁzc1‘(czasa)‘{c2ﬁsaﬁ)z i.e, the

sxne as prepaved in this study.



FIGURE 8.2
NMR SPECTRUM OF W2C|4(|SO'C3H7O)4(|SO"C3H70H)2 IN CDC|3
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Yhese groen coupowuda are all soluble to sowe extent ia polar
prganic solvents, (solubility incressing with sleohol chain length},
but are complietely insoluble in squeous selvenis.

Attenpts to crystallise u261‘(cn30§*(cﬁ3au)z from w-propanol,
yielded only ths a-propancl derivative, and not ﬁzc&&(CKsﬂ)‘inwﬁsﬁyoﬁ)z
as hoped, Gintlariy ervstallisation of the a-propanol decivative from

sethanol, vielded onliy the methanol derivative,

Propersiss of 93514(“’33375)ﬁi“‘?;ﬁ7°”}g

Aftempts were asde Co prepars adducts of the typa wzﬁl‘(w»
E3K1QE‘L2 uning pyzidine, bvirvasine, 2,2%-dipyridyl amd triphenylphospiine.
with the latter two, vellowegraen, air-sensitive oils were prodveed;
and with aydraztne, yellowebrown polids of son reproducibie analyais,

s coutaining no chloride, wers formed., Howewver, with pyridioe, as

Table 8.3 sthous, azdducts of the abowve type may s formed.

ZABLE B.3
ARALYTICAL DATA ¥FOR Bzcl‘(u*ﬁ}ﬁ;ﬂ)‘(u-cgﬁzéﬁ??f?fﬁlﬁtﬂl COMPLEXES

¥ %€l 3C 2w ZE ®WC

15.7 24,1 A2 2.6
40,7 16,0 28,8 3.2 1.3 10.8
Found $2.0 16,2 28,0 5.2 1.2 16,2
42.1 13.1 2.9 4,7 1.2 8.8
.8 14.9 23,6 4,5 - 9.6

taloulatad for
d}ﬂl‘ﬁn~ckﬁfdl‘f?yrﬁz 46.6 35,7 3.2 4.3 3.1 11.¢0



- 135 -

g3 addition of chlorine te a solution of rthe complex in
chloveforn, the initially zresr solution heceme deen red, Red platelata
came oot of solution - wresumsbly the complex WECJA(ﬁwﬁgﬂ?D)ﬁ {e.f.
the sreviousiy repartaﬁgﬁ rad ﬁ2€1£{czﬁﬁﬁ)6}.

This complex, in common with: the other z2icohol derivatives,
on reaction with siedad acetic mcid, gava hrisht red colours, XNotatnmp
gould be precipitated from thesz solutions.

Tie wisibla and ultra~-violet spoctrum of the cowplex is
engantially the sams in carboa tetrachloride, hensena, cyclobexane,
scatone andacetone/:yirechloric ascid, Peaks (all cheying Jeer's Law)
wers observed at 13.3 X (¢ = 200), 23.2 % (5 = 3460), 39.9 ¥5 (a0
c ™ 19,000), 43.8 ¥R (¢ = 27,000), The »isible spectrum of the pryridine
adduer i3 nok significantly differemt from the abhows, thus ruling out
viathle spectroscopy as a mathod for dutermining the nuwber of
ayridinaa coordimated,

The mase spectrum of the complex, and the fragmentation pattern
ave shown 4n Figure 8,3, However, using this evidence, the highly
probable sysmetricsl diver seems lwpossible, unlesy rearrangsssat sceurs
after fragmantation, sinca tha two major fragments cannot srise from
auch & structure, These twe fragments are (naﬁgﬁaﬁE‘ﬁci* and
(nw£3ayﬂélﬂﬁlé*. The peak fogensity patterns ehssyved for these agree
with those calculated for HCL and Hclz sroups, usinz the salemental

isotopes and their shuandance.
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{¢14) Tuugsten (IV) Bromide

{a) Agweows Soivents

Bydrebromic amd hydroechloric seide resct exothermically with
the bromide, produwcing red-orsage soluczions, together with considerable
quantities of tungeten bhiuz. from these solutions g(m,) ‘&33552!!&#
and Kb:‘ﬁzﬁrg were prepared, the latter complex bBeing feomorpheus with
its cihloro egquivalent,

Thoss are both rad-grange solids, which om wermfing with dilute
aGydrobromic acid, decoupose to 8 biack precipitate, vith comsideraible

avolucion =f aydvogen.

(&) Roneaquaouws Solventa

dith beth mathanol and ethanol green nolutions were siiained,
From (hess, waing cetramethvi~ snd Zeteaeihy lomonive, yellow-praen
soliids were precipitaced. These were uot of reproductible conponition,
snd the tungeten oxidation number was approximstely 4.7. This indicates
that the solids were almost certainly mixtures of ¥ (I1I) and ¥ &)
complexes. Unfortunatelv thase could not b= separated as could theiy

molvbdenun snalogues.

LORCLUSIORS

Holybdenom and tungsten (IV) bromides dispropertionate in both
squeous and aleoholic wedis to yield, on pracipitazion, compiexss

containing wnite viose structure is based on that of the ?~£2123.93° anit,
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Tungsten {1V) chaloride vields the expracted complexes in
aqueous nedia, bHut {z aleohols yields Tymemater (IV) complexesz i.e,

diaproportiongtion doon mot occur,

A MODEL FOK THE PREDICTION OF MYDROLYTIC DISPROPORTIONATION

Table 8,4 1linzs the binary chlorides aud bromides whoae
satalenatal Ci (a) ites Letwsen zero and one &n some bonding clrcumstances,
Thess walues aré celeulsted using egquation 4 (page 6), using Che
sppropriate ¥ value, and a meial-halogen {3 of sig (l.e., = = 6),

A range of m values 12 obtained zfimce mon bonding 4 electrons
aileld the nuclays, affecting y, and the nusbary of these may wary for
a particular oxidation atcate, depending uwpon tha nwwber of 4 slectrons
involved in »etal-petsl interaction,

The halidma in YTable 2.4 are listed in 1 elannes -

A = m canuof be lens than 0.5 (1o aatter how many 4 electrous are
wsad ln bonding)
B < = wvaluas ancempans .4 or §.3

£ « = wvalues are slways lower than 0.4

iz 42 oow proposed that hydrolytic dispreoportionation will
occur if a compound helougs to class I, provided thai therc age
oxidation states avallaitle {i.e. Enow} for the products of
disproportionstion,. 1abie B.4 displave «hather or ast this plhanemenon
is koowu to occur, 2w iia result. tmite zood agrsemoent Luetween

pradicted and observed behaviour is obtained,
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IASLE B.4

B,8-2,5 Ho ¥ir, Ou-l.4 7
G.2=1.8 Mo HuBr, G.4=0.8 7
6.7-0.1 17 By, 0.1 Yas
0.5-2.0 7 RaCl, 0.2-0.9 Yae
G.5=1.3 7Tes" GCly =B.d=2.1 2
Hotl, ~0.1-0.7  tes
xns:& =i, Il b Tas

ReBr, ~0.4-0,6 ta®

Tetl, 0. 7=, 3 No

a =~ Joerderline case sisce Lt disproporticnstes in aqueous solvents,

but oot in alcobols.

KbClgy piven bright blus soluticas with hydroghloric seid. In
this work 3 prelicinary study shoved thaz Hlue complaxee can be
precipitated fron these solutivas with rubidium and ssesium, hut
thelr axtrame resctivity with aic makes handlin: and snalveis
difficult.

The proparstiom of Kabr, uweing agquecuws hydrobromic seid and
per-rheuie acld, has hesr rveported (98), “ut only cone rhenium
snalysis, (and no other data) was cited, rmakisg this reselt
extreualy doustful, *oreocver it is wunprecedevtaed that a lower
broaide could be prapared by such a method,
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For single metal-metal contacts, thers 1is a correlation
betwean tha calculated » valuve ("bond order™) and bond lemgths, in
cases vhers these have heen measured. Thus m = 1.0 corvesponds te
a natal-zotal aspavatios of 2,7 3.,, sod a2 value of 4.5 corresponds
to 3.0 £ ste. Therafore it appears that vhen the setal-setal bound
lougel im 3.0 R 4ue to internuclear repulsion regquirements, tLiis
corrsaponds to an unstable situation, and will resadily give rise to
two oxidation ztates . where the i{nternuclasr repulaios rquirsments
allow complets separation (higher oxtdation state), or complate hend

forunstion (laver oxidstion state) i.s. Jisproporticnation will oecur,

EXPERIMENTAL

Holrbdenum (1Y) bhromide was prapared by the reactionm of

molybdenum hexscarbonyl with axceas kam-iut.%

Amalyeis: Calcuiated for Br oy e, 76,31 ¥e, 23.1, Pound: Fw,

75.8; Ho, 24.2,
Tungsten {IV) chloride and bromide were preparved by the
aluminium reduction of resublimed haxschloride an: pentabromids

nsp«e@luly.“

inaglyeis: Calculated for f.:l_‘%i: Ci, 43.5; TYound: C1, 43.1, 43.7.

¥rom aqueous snd methanolie solutfons, wolyhdenve {II1)
bromo complexws were prepared fron the tetrabromide in an identical
uwanner to that uasd in the previous chapter for the preparation eof

wolvhdenus (YI1) chioro complexes. Yialda 35-40X,
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Analyesis: Calculated for Ebjzmz’arg..uzus e, 80,65 Yo, 16,33 oxidation
Bitey 3.8, Founds Br, Hl.05 Mo, 16.6; eoxtideticon no., 1.%.

Analyeta: Calculated for CagMo,br,:  Br, $4.9; oxidation vu., 3.0,

Founds By, 58.5; S4.4; oxidation mo. 2.9,

Although the complexer preparsd using organic cations were
air sensitive, oxidation had little effect if the opsvations ware
carriod out gquickly i{nm the atmoaphere. Yields 430X,

The pyridine complex was praparaed Ly the slow addition of
pyridine to the tetrabromfdis in methanol. The plok complex was
collactad, and washizd with scetone entil the weshings were colourieas,

and thean drisd in vacuum,

Analyaie: <Caleulazed for {esaiun)faozﬁzg.cﬂ‘,ms €, 12.3; 5, 1.63
He 2473 Ex, 62.3; Ho, 13.8; oxidation as., 3.0. Found: €, 13.5;

gy .83 H, 35{:&: iﬁr, 32.’; Mﬂ’ 1‘5&8,‘. axidation Bl 3.0,

Complexes eonzaining ths W Clgm unit were preparsd from

2
agusous tungsten (IV) chleride solutionm in the zame mapner as the

correspomiing molvidenwn cospounds.

gl, :33'*‘ ?ﬁﬂn&h Cl. 33.5.

inalyster Ualculated for %3§§ch9£
walculated for i’.‘aaﬁzmg: €1, 29,4, Fommiz (1, 29.6,

fiote: Tields were cslcalazad from tetal Ha(IV) thus, if disproporticuation
occurs, the theoretical vield is 50X,
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The aleoholie comploxes were nreparved bv refluxing
tunguten (IV) chloride (50,3 sm) with the alcohel (M2 nl) for
Five ninutes, This deep greon selution wee €iltared heot, and then
alloved to cool, The areen cryvstals weve filtered off, washed
with the aleohel, ard then dried in vacuus, The analvtical dats
are dlsplayed in Table 8.5,

IABLE 8,5

ANALYTICAL, DATA POR_TUNGSTER (IV) CHLORIDE - ALCONOL COMPLEXES

Adechal ¢ H &3 W €1/w Yield
Hethanol 10,6 3.1 20,6 53.5 2,00 &3%
1.3 3.9 206.3 52,3 2,01 702
Caloulated for
UL [MCH ) (CHR), 16,3 3.1 20,4 62.8 2,00
n-Propanol 16,7 43.% 1.98
25.0 5.2 16.5 44,2 1,95 ~50%
25.5 5.2 16,5 -
Caloulated for
Ezﬂigfnuﬁkﬁfﬁ)‘fﬂaﬂssyﬂﬁi3 Z8.0 8.1 16,4 43,6 8,00
iso~Fropancl 24,9 5.3 16,6 43,8 1.97 452
faioulated for
H&ﬁfﬁfieowﬁkﬁgﬂigfiao~€35?ﬂﬂ}z 2.6 5.1 18,4 42,8 3,00
n-tutanol 35.1 5.9 15.1 40,3 1,94 302
Calonlated for
30.3 8.9 15,0 38.8 2,00

¥ B # OF
,ﬁl,(u—ﬂi 4 }‘fn~C; e )2
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The pyridine - wzcxagn-caﬁyo)gxc3ﬁ7ﬁ&)z adducts were

vrepaved in sither of 2 wave,

{1) Slow additiom of s stoichiometric amount of pyridine to a
aplution of the complex in chloroform, followsed by pracipitation

of the complex with petrolieun ether,.

{11) Coareful addition of the reguired auantity of pyridine, to a
zaturated solution of the cowplex in carbon tetrachloride, =
cooling, fine vellovegresn needles separated out, These wvere
collacted and dried in wvacumm,

Compounds conzalning the gzﬁrsj' wnit were prepared, in low
vield, in sun snslogous method to that used in preparing %3283?3-

cowpounds, bet using tungsten (IV) bromide.

Analyate: Calculates for E(E§3)‘ﬂjngﬁr9: Br, 35.0; 1, 28.%;
oxfdation vo., 3.0, Toundt Er, 53,13 ¥, 27.%. PBr, S54&,5; ¥, 28,5;
oxidation noe, 2.9

Caleculated for FhoW,Bbrg:  Ix, 53.%. Tound: &x, 32.8,

Tungsten {IV) broumide, in aethancl, cave green solucions,
Yellowesyeon 2o0lide were precipitated out of theve on addition of
srganic cations, ueturmimation of Sutgsten content, fogethey with
the wmumbey of oxldavion squivalents consuncd, yielded onidation wmmi:ers
varying Letwean 8,3 and 4.7, Lo all casas. itiempts Lo separate
ghe tungsten (101} and tungeten (V) compluies by washisg with scefone
wan ot aifective fov separation, bhecause both W{III) and W(V)

complexes were solubie iwm it.
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The moleculsr weight of the s—propsnel conmplax was
dotarniced fn bunsenc, uniug vapour phase osmometyy with a
Hacrols: instrument,

#ME speckra were recorded In devcero-chlorofora wity
tetrameihylsiisme a2 the internal calibrant, using a Yarian DP-&0
instyument,

The mass spectrum of 32c3‘{¢33?93é(c33?93}2 war kiondly
recordad Ly Dy. £, Sterunell of Zvdney niversity on an ¥5-9
rachine, The author also wishes to thank Ur, J.%, Sewle for his
belp with the fnterpreiativs of the spectrum,

For aualytical umd other techainues, ses Appendix I,
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APPENDIY I

AHALYTICAL HETRODS

For nost ansiyses the coupounds vere decomposed by het
slkaline geroxide, and the resulting clear solutions simmered to
Teaove axcess peroxide., For some tungstem (II) hromide compounds,
fusfon with ceustic sods was vequired to bring about completa
decomposirion,

Using such solutics (acidified) halogens were determine:
potentionetrically with standard silver sitrate, When two halogens
were present harium nitrate (MW).2 gm) was addad to iumprove the end
point,

Holybdenum was daterained by the lesd molvbdate n&thoﬂ,igaa

or, 1f some elemenia prasent interfered, using aw%au:oiaoximu.lgog
However, 1if only halogsn snd organic material wers presens, the
complex was haated io a waighed crucible te 525°C with altric and
sulphuric acida, and weighed as the trioxide.

1061

Thailiuws was determined 2 thallous chromate, and

100¢

Tungeten was determined by heatinz the complex in a stream
of hydrogen at 600°C, snd weighing as the antul.ﬁ"or by Leating
the complex at 700°C with sulphuric and nitvic acids, and weighins

as he trioxide,
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Dxidation numberz vare daterwised bv Jdissolving the
compound In excens acldifiad farric asmonliwm sulphate solucion
{hot, undaxr attyogon, L1 necessary), followed Ly titration with
standard patassiun pearmanganate, Sroaide interferad 1¥ preseuns,
therefors, 1t was precipitated out by addition »f n alight axceus
of giiwer zarhonate, Lefore tirrationm,

Lavesn, hydrogen, nitrogen, sulpuur, and arsenic wers
doternined by sicrosnalvais {(Ausrralisn Micro-analryiical Sexvico,

sinlbourne).

air reactive compounds were hafidled in 2 glove hox, contineally
flushes witi oxygen-free wuxy (silica gel) nitvrogem,

Infra~red spectrs (usually of nujoi oxr hexachlerosutadiene
mulle) were recovded using a Perkin Zimer modal 21 douile bean
instrument.

¥isibles and ultravicliet spectrs wers recorded om either
a Golean SP700 or SPH3Y spectrophiotomster. The solvents used wers
degasned and/or redistilled 1f necessary. The axtinction coefficients
for unatabic compomds wvere found v extrapolatinz measured valuoass
to saero tins,

“agnatic susceptibilities were deternined using a conventional

Golly balsnce, enploving an electromagust., 7Tuhes wers cslibrated usine
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nercury tetratiilocvanatoenhbaltare (1Y), Tha amall sugnatic forees
obsarved in w08t casaz, tendar Che suscantidilivy walues approxinate,
Powder photograpis were ohtained using Cuiu radiation
with & Philins camars (PU1N24, 114,83 sm radius). Samsles were
wounted on giass fibres or in 0.5 rn wuavres capillaries,
d=Spaecings were calculated from cell daca usinz a zonputer

progran deweloped by Sr. M.R. Snow of ghis Devartwant,



- 143 ~

APPINOIY TY

PURLTCATIONS

The work in Chapters 2 and I has bean published sa follows.,

Mllizon, G.0. and Ghaldon, J.C., Smmeg,Them,, &, 3491, {1967).
Adligon, J,i., Andarson, L.4., aad Shelden, J.C., Awed,t.Chem,,

26, 369, {1867),

The results diseunsed in Chaster 4 ave iu preparation for
print, and it iz intended that Che work in Chapters % and § will
ba conbinad in cne pager,

A short nota and a paper sucompassing the resulte obtainad

in Chaptars 7 and 5, are to prepsration for prine,
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4 COMPARISON OF STERECCHEMICAL THECRIES

To be useful e theory must do more Lthan rationalise

anown phencmens = it must have some predictive velue.

As previously mentioned, {(pagei) conventional
stereochemical theories relying on classification of
bond type are rendered uselese in slaphylonuclesr
conpounds where ionic and metsllic bonding supposedly
coexist.

The gdjusted Crystal Iield theory can make no
predictions because of the presence of non polar m - m
bonds in these structures.

The Valesnce tond apnroach (i.e. slectrons are
considered as localised in two-centre bonde) is still
a widely accepted basis for the description of stereo=-
chemistry ip transition metal complexes. It asserts
that the various steregchemisiries encountered result
from the interaction, and hybrid formation, of the (n-1Jd,
ne end np metal orbitals. However this theory is devoid
of any predictive sbility.

Although this model cen explain the structures of
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some staphylonuclear compounds ‘e.g. for e, Ll&
b Ly 10 % e )

and Re, £, 7" (x = Cl,Br)' " &p"d and d3ap3 hybrid-

isation can explain the observed structures), real
difficulty is encountered when non integral valence
occurs, {€.z. Wo Clﬂaa+) ag canonicel forms have now
to be postulated.

Gf the traditional theories, the Molecular Orbital(MO)
avproach is probably the best predictive tool; its main
drawback is the complexity of computation in all but the
simnlest cases. However, using very approximate methods,
Cotton and Haa561 have been able to calculate energy lesvel
diagrame for some staphylonuclesr units. Although these
diagrams can be used to explain the specira ressonably
well (see page 79), few predictions as to the existence
snd structure of new compounds cen be made, and when made

they are at the best z well informed guess, based on a

Fo

i

variable such as the overall charge on the ion61. Kettle
has suggested that seversl new octahedrsl stephylonuclear
compounds might exist on the basis of a forty electron model,
but as yet non of these have been authenticated.

Jery gualitative predictions as Lo whether a
particular element might form staphylonuclear compounds
can be made by consideration of ite position in the periodic
table, =znd oxidation nuumber, but no stereochemistry can be

predicted in this manner.
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Sheldon's theory {(Chapter 1) relies on an entirely
new approach to stereochemistry. He postulates that the
position of atoms in a structure is controlled by inter-
nuclear repulsion. Since this can be cealculated, roughly
quantitive predictions can be made.

Stereochemical predictions made by this theory have
previously been outlined {pp. -9,23-24,28,63,121,123,
1%8-140), In each case a comparison of predicted and

observed nhenomena is mentioned.

CONCLUSIONS

Comparison of 'old' and new theories is aifficult
because few predictions made by them lie on common ground.
The older theories being mainly concerned with prediction
and explanation of electronic properties, and in its present
form Sheldon's theory can mexe no spectral or magnetlc
predictions,

Une of the few common predictions pertains to the

c1, b_. The Sheldon theory supports the

Y

existence cf Ho3
hi

existence of this, while, using a MU arguement, Cotlon

and ﬁaa&b1 claim that it would not exist. vork described

in this thesie supports the existence of thie unit.
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