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ABSTRACT ,

A seviesn of counplexes has been prepered in squeouns
solution between sodiwm molyhdate (&ﬁ& sodiwn bungsitate)
aud the ewrganic ligande:s D{+) tarvtarie, h-)uandelie, oxal-
e, tranw-agconltic and ltaconle aclids, the disodium salt of
1,2 dihydroxy-benzene « %,%- dlesulphonic seid {$ivon),

D{+) mannose, D(-) ribose ond L{«j sorbose, Demannitol ond
D-sorbitol, and hydroxyl&min@ﬂ'Twé'ﬁiffar@mﬁ types of
somplex were obitained, one with one ligand snd the othew
@i%h two ligends coovdinated to the wmolybdate or vungstate
ilon.

ALY the complexes are strongly pH dependent lu thelr
forﬁatiﬂnp the pH vange Lfor complexing generelly belng
hetween pH = 4.5 and 7,0, butb with.%h@.pclyhy&roxy ai@@hglw
cowplexing ecan be obtained down to P = 2,0, For pH values
greatey then 7.9 decomposition of the complexes into their
conatituents takes place, while for velues of pH below 4.5
the molybdate and tungstate low tend vo polymerime., This
latter fset suggests that the 2:1 metel: ligand ratic of
polybydroxy elceohol complexes méy evise Lrom the molybdate
and tungetabte ion being dinerized, since these complexes,
ag indicated above, &% formed at a pH of 2.0. The methods

used to determine the stolehiometry of the complexes were




_— — -

ogﬁi@ai density and optleal rotation wmessuremenis.

The effeets of light awnd heat on the couplewes weve
observed by fivatly ivradiating the compounds wlith wltra.-
violet light and secondly vefluxing thewm for several daya.
Although some of the complexes weve uraffected (e.g. those
of glyeoliie mmd-eitrie @eiﬁa)‘or weye redueead to wmolybden-
wn blue (D-mannitel and D-gorbitol), othem FLformed deep red
coloured solutions which contained wolybdenun (V)

() sarvarie acld, B{~) meadelic meid, D{+) menncss,

(=) vibose snd L{-)} sorbose), a2 vedox mechenieom operating
between molybdate and the ligend., Tn the case of the mend-
elie seld complex en orange solid of composiition
WaMoO%.2820 was obtained, with benzaldehyde as the oxidat-
ion produes of the mandelle acld,

The effectn of various lons such as sulphate, cerbon-
ate, phogphate, nlirate and nitrite apon the refluxing vol-
utlons was also examined. It was found thet sulphate, phose
phate and carbonete lonsg inhiblted the reduetlon in dlifer.-
ent ways., The effeet of nitrate and nitrite loms depended
on the nature of the ligend - sugar complexes were wnaffeot-
afd, the redustion of molybdate by wmandeliec acld was decreas-
ed and the tertreto complex wes stablllized as the colourless

molybdenum (VI) compound,
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Molwvhdatean and Tunggtotes in Acunegus salubtion

In order to understand the egquilidbria operating in.
the systoems studied it i necessary Lirst of all %o
examine the chemistry of sodium molybdate and sodium
tungstate in agueous solutlon.

1. Sodium Molvbdeie

Ly ivatityss

The state of the molybdate ilon in agueous solutlon
ig found to depend upon three fuetors ¢ {(a) +the cuncentratioc
(b) +%he aecidity and (e¢) the age of the solution, all thres
f&@ﬁor@ tending to lead to anlonle sgegregation. Despite
the fact, however, thut a wide range of methods, including
dialyais and diffusion®, conductiomstric titration®, pH
titration®, light scattering®, cryoscopy®, ion exchange®
and Y.Vo spectra?, huve been used to study this polymerizmetic
effect there is stlll considereble disagreement as to the
individual steps in the process.

Very broadly speaking there are three main apecies
praseont in esqueous solubion 3

(23  the normal molybdate lon Mo®,2~

{b) the paremolybdate ion, initially formulated ag

[Mog0ael®™ %,

{c) +the octamolybdate ion formuloted ne [Moplzel®™ ©.

All investigators are agreed that the normal 00,2 don e

present in &1l solutions of pH » 7o



Cooper and Salmon?® using ion-exchange techniques
suggest® that the first stage of condensation takes place
at pH = 6, there being three possible mechanisms of
Lormations

(1) BMo0®” + 6H =2 M0s010%" + 3HaO

(11)  6Mo0,™” + 9H' =2 HaMogOgs®~ + 3Hp011712

(434) BMo0,%~ + 12H =2 Moelpe®™ + 6Ha02®

Mechanisms(ii) and (1ii) they reject on the grounds
that euch structures require 5= go=ordinate oxygen atomns
which is unlikely in solution whereas (i) does not. Theiw
experiuents show the ratio of netal loms to units of
charge in the first polymer species to be equeal to two,
which led them to0 suggest +that the par&molybdate lon
can be vepresented as a flexible chain of four linked
Mo042" tetrmhedra of formuls MO@Oiaﬁmg thus conflrming
the work of Doucet®® and Carpeni?®, Britton'® and Cannon®?,

With regard to the second stage of pplymerization
Cooper and Salmon®® suggest that with the metal ion/unit
charge vatio of five there is formed the protonated
Bpecien HaMosoOse™ o This resction is sald 40 commence
at pH = .5 but becomes faster bhelow vH = 2.5, Addition

of strong acid results in the degcomposition of the second
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polymerisation stage to form either molybdenyl cations*®
or molybdenum anions containing chloride as a ligana®,
They foum@ no evidence o support the existence of a
heptamolybdute don [Mos0sal® .

Aveston, Anacker and Jommston®®, suggest that the
graphi@al_methoés used to substantiate the tetrameric
nasture of the paramolybdate could esqually well apply to
any multiple of this unit e.go. Moao%@ﬁma Purthermoye
they polnt out that accurate informetion cannot be
obtalned from such methods regarding the possible proton-
ation of the species because of the fact that the voints
of inflection on pH and conductiometric titrabtion curves
yend o broaden dug to the co-existence of several molydate
specien at a given pH and total molydate eone&ntration?
Their own work using the ultracentzrifuge indicates that
the heptamer Mo0z¢® 18 the initial product of polymer—
igation and thet this on further acidification yields the
ootaner Moalns® o

The existence of these two specles, as opposed Ho
the tetramer is supported by the molecular weight
determinations of Glemser®® et al. However, he suggests
that it is the octamer which is the first polymerigation

produet, accowding to the éequations



BMo042" + 12H' ==  MogUng? ™ + 6Hz0

and thet from 1t there is possibly formed the heptamer as g
result of the hydrolysiss
SN : . o o
TMopOas® 4 LO0Hz0 =2 BMo4024® + 22U

It would appear therefore that the equilibria present

in solutions of molybdate are by no means established as
Jet, although the bulk of the evidence suggests that the
M00o3" , Moglze® and Moq0g.® dons ave the specles mos

commonily obbtained.
2. Sodiwp Tungatate

A greater diversity of polymers is proposed for
gsodiuvm tuagotate in agusous molution ~ at least elghteen
different species being mentioned im the litersture®?o28°24
However, there would appear, once more, ta be three maln
ép@ci@s present in ﬁo;uﬁiong depending upon pH:
foxr pH » 9 the nosmal tungstate Lon waa represented as

W@®@m BIORGIBY - |

pH 9= the parvatungstate ion was represented as
{HW0520% 29,

i <. 5 the Y~ -metatungstate lon wes ropresented as

&HEASW@O%‘%,}@@ c'g‘@n



Phe exlsbence of the nowenl tungstabe ion WGP din
solutiona above pH = L0 is well egtabhliished, although
some workers do meintain that it is present at pH = § %9,

-Ppe siiuation for the para and metabtungstates ‘is by
no meansso eimple, since in both cases 1% has been claimed
thet there avre in practice two pare- and two meta-ilong.

Jander and his co=workerp®®9RO°82 oonetuded from
diffusion studies that the dominant specles in eolution
between pH = 8§ and 6 is [EWs0s31% as formed in the
reachions

=

6W0 T + 7H &% (s 02413 + 3HgO
However, Souchay®® claimed from his cryoscopic,
potentiometric and polarographic experiments that there
avre Hwe paratungstetes (A and B) which posses the seme

Tormule but diffeving characteristicse. Thus, for example,

paratungebate A according to Souchay yilelds on seidiflicatlion

U‘@"wm@t&%mng@taﬁﬁﬂ [ByWa0r:1® whereas paratungstate
o . wt N .
B doea not resct with § . Further work by Jander and

Fenerke®® confirmed the syistence of the two mpecies and

resulted in the additlonel suggestion that there were also

two ¥ ~matatungstates (A and B) both of formule [HeWglas ™

Sasaki®? from equilibrium studies im I sodium perchlorat«
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was able to confiyrm Janderis original surmise a8 to
the formule of the paratungstates as [AWg02:1% .

Aveston®®, however, using ultracentrifugation,
acidity neasurements and Raman ﬁp@@%f& and Cralg and
Pyree®® uwsing light scattering btechniques ﬂdggeat that
in feeshly prepared solutions of sodium paratungstate,
(NegoWialan)28Ha0, the main species iS‘th@ ilon
{W9204321%®" and that this hydrolyses slowly to a mixbure
of [Wia0s23®*? and [HWg02:]% o They £ind no evidence
in support of the ion [HaWelz11? proposed by Souchay®s
and Sepakl®®; but in accordance with the work of Jander®®
suggest that at higher acldity the [W12050)% don ie
Formad.

The wmost recent suggestions regerding the para=
tungstate ion come from Glemser and Holtee ®% who
meintalin on the basie of moleculay weight studies that
the paratungstate A should be formulated as [(Walyo(0H) 015
according to the equaetionsd

q:»

TH 4+ 6W0,% =& [We0s4(OR) 1%

and that thig in turn gives rise to the peratungstate B
[WanOas (OH) 35120 s

2iWe0y2(0H) 2)% w2 (Wa2055(0H) 101%%,



This latter formula is in accord with the Xray work of
Schwarzmenn®®, Glemser and Holtze®® indicate that it is
possible $o distinguish between Lreshly prepared solutions
of paratungetate A and B by means of @ characteristie
shoulder in the U.V. spectrum. They polnt out that the
spectre of the solutions change with time, showing an
increasing simllarity until fineily they become the specira
of metatungstates.

An alternative suggestion is ovut forward by
Tipscomb®”, on the basis of Xwvay work, that the para-
tungetate B should be represented &5 [WaaOao(OH)a]®®"

wheranpon the eguilibriuvm bebween A and B would becomes

2iWe0pn (OH) J% z2  [W3aOuof0M)z)™0"

With wegerd to metetungstates Glemser und Holitze
express  doubte regayding the velisbility of Souchsyts
methods of aryiving at the formula [HgWg0psl® which has
considered to be formeds

9H" 4 6W0e2 s (HaWe0z21®™ ¢+ 3Ha0.

Using the wltracentrifuge method, wi%h‘pgﬁa5®ium =l2=gllico=
tungstato as a control, the molecular welght measurements
tend to indicete the formule [WaaOsz{(0H).21%*®  for the

metatungetate don - this being the highest aggregation yei
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puggested Lox & polymerized wmolybdate ion.
The above raactlons indicate the nature of the
polymerigation equilibria operatlng in @olutions of

molybdate and tungstate 1lon.

Gompleres of Molyvbdate and Tungstate Containine One Tvps
of Orgonlc h¢ﬁanﬂa

ﬁormﬂl molybdate and tungstete lons form complexes
in aguveous meolutlon with a2 wide wrange of organic molecules
conbaining hydroxy groups e.g. (a) hydwoxy-carboxylic
acide®®” 55 (b) phenols®* % and aubstituted phenols®r 6%
(¢) polyhydroxy compoundsS® 79 (d) sugars®° 8¢,
{e) sulphonic acide®%08 (f) gJioximes 7 , and
O=dihydroxy-counarina®®; the bulk of the work having besn

done on the first four classes of ligand.

(a) Compleres with Hydroxzy=Carboxyliec Acids. Complexes

FAATSIT r

have been claimed with tarteric®® ®% oxalic®® ¢¢ mandelic
gluconict®S% . laetic®®, malonie®®, eitric®?, mwalice?®,
glyeollie®” and suceinle acids®®, Ome of the earliest
giudies of tartaric acld was made by Theoderesco®® who,

from & comparigon of the Remzn spectrs of tartaric acid,

faad)

sodiom tungetate and sodium tartratotungsitate concludsed

that the complex probably existed as NaglCeHgls.-Wisl.

&Y e aE
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Viscoslity end f.p. depression messursments by Prasad and
Erishnaiah®® end equilibrium consiant studies by
Yateiniveki®® confirmed the 1:l ratio of metal to ligand.
More @ommOﬁlyp however, polarimetric, conductiometric
and potentiometric measurements are employed®®?edres,
Baillie and Brown®® heve suggested that as the pH of the
tartrato-aystenm is increassed the following sequence of
operations ls obtained:
WOo® ™ + Collgls w5  [W040CeHe0s1%"
41
(W04 CaHs0s12" + HY
J4f |
-4‘*.

WOe®™ + CaHoOg® o [W0,a.CoHa0s1%" + H
At pH = he? the [W0e.CalHg0sl® form eximts alwmost exclusively:
at pi = 7 the [W06.CeHs05]® form and at pH = 8.2 the
&WG@QGQHﬁﬁgj%m lon. The tetrabaslc complex is stable up
$0 & pH = 11, aﬁove which d@eompo&i%ion into sodium tartrate
and sodium tungetate occurs. The tendency for the tungstats
lon to polymerize 1s inhibited down to pH = L.2, bubt below
this value there avrises lncreaging competition bebween the
tendency to csomplex formation and polymerizetion.

1% h&ﬁybﬁﬂn suggested®® that the oxygens of the

carboxylic group are ianvolved inm the bonding with the
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central tungstate or molybdate lom. When therefore there
is only ome such group present in the molecule 2:1 ligand-
metal complexes are formed.2:1 complexes ave also obtained
with aromatie a=hydroxy cerboxylie acide such as mandelic
acild.

In one oy two instances it has been found that the
ratio of ligand to metal alters with differing envirommental
glroumstances. Thus Spence and Kallos®? have found that
at pH = 2 the ratio of molybdenum(VI) %o gluconic acid
lg 251 but thut this alters with lncreasing pH uotil a
1zl ratlo is obtained. Thig alteration, they suggest,
may be due to changes in the etate of polymerimation of
the molybdate with pH.

Finally, in the case of the oxaleto complex =
although the 131 complex is the most stuble the suggesiion
has been made®® that the tungstate forus a W0,? 102047
complex with the ratio 1:6 while the corresponding molybdate
has & lsh watlo. At low values of »H Vorontsova and
Tanansaev®® eglaim, on the basis of conductiometrie and
potentiometric neasuremenis, the existence of the complex

e W05 (Cz04) g0




(b). Complexes witb FPhenols and Substitubed Yhenola: A
with mandelie acid so it is possible to form a series

of 132 meval-ligand comﬁléﬁeé with phenol=type molecules
such ng catechol® %9 pyrogellol®®°%° pnd %iron®Y, all
of the complexes being strongly eolouved (red).

in the case of catechol 1% is claimed®® that althowgh
the 132 complex is the ﬁqat stable in goluilon between
pH b and 7 there alsc exist 1:), 123 ond 1:l 3° complexes,
the lsh ecomplex being formed in the presence of concenbrated
sulpburle acid. FProm infrered studles®® earried out on
the 1zl complex precipitated from solution by the addition
of lead or barium salts Brown has shown that the complexing
agant ds probably the complete eatechol, molecule and thatb
there ig no elliwmination of water ox of hydroxyl lons as
a rasult of‘@omplﬁx formation,

With pyvogallol three ratios are obtained,depending
upon pHs & 152 molybdenum:ligand complex between pH = &
and 8, a 13k at pH = 3,5%° and a 283 complex undex
gtrongly acid conditions®?. Piron, on the obther hand,
only foxms two complexessa L:l et pH = 2.8 and 1:2 at
at pH 2> 6. ' :

Buchwald and Rlicherdson®® have nuggested that at low



pH values She composition of the complex is o function
of the substituent groups othey than the hydroxyl groups
invelved in the bonding to th@ molybdenum or tungsten.:
This stutement, however, would appear to require some
qualification = for the following reampns. Firstly,
their suggestion is based on studies ofigallic acid

and of 3,b dihyéroxymb@nzbic acid = but in both these cases
the oxygens of the carboxylic groups could be envilved
in the bonding - thus altering the netal:lipund ratio.
Secondly work performed dn‘aeetopyﬁo%@@p h=chloro®® and
h=nethyl catechol®® indicates that a 123 metal ligand
complex is obtuined in each case aﬂﬁ that only a small
anounsd of the 151 h=éhloroﬁeateéh01 complex is obbained
at low pH values. It is much more probable that the
inerease in the ratio of molybdénm to ligand is due Ho
the polymerization of the molyhdate or tungstate ilon.
Such & suggestion wonld appear Lo bhe confirmed by
Buchwald and Richardson's own postulation of the Fformation
of a 182 catechol=molybdate complex at pHE= 2 and by
Schnaiderman and Khrustalev's® l:ly complex present in
concentrated sulphurice acid solution.

(¢) Complewswith Polvhydroxy Mq&emuig@% Although it

has long been known®® 7% ghat complexes ean be formed




between molybdate and tungstate and polyhydroxy compounds

it is only in very wvecent years that this field ha@'%@gwn
to bé developed. By using paper -~ e¢lectrophoretic methods
in addition to polerimetric measureménts Boupne , Hudson

and W@ig@l%w and Angus?®?7° have Bhown that complexes ecan
he obtain@d with tetritols, pentitols end thelr derivatives,
and hexitols and their derivatives. The fact that,
although meximum complex formﬁti@ﬁ tokes place at about

pH = 2, thers ia some complexing over the whole range

pH = 1=8 means that measurements may be nade at about

i

pH = B,0 i.e. at a pi whizh allows both immediate complex
formation and a fair degree of ilonization to take place.
The length of the carbon chain is one of the
factors governlng the ratio of componerts. Thus, with
tetritols such as erythritol & 1s)l ratio is obtained, With
more than four carbons in the chain the ratio determining
factors becoms the proximity of the hydroxyl groups to
each other and thelr steric arrangement on the carbon
chain. From a comparative study of polyhydric slcohols
ond their corresponding deoxy derivatives Bourne et al7??
and Anguz ®°%? have found that it is necessary for the
gomplexing molecule to possess e ratio of three adjacent

hydroxyl groups per molybdenum invelved in the bending.
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They molke the additional suggestion that the complexing

L=—4
)

species is mot the simple Molg {or W@@Sm} ion but the
dimeric form Mch?ac {or Wg0s® )e The main Ffuctor inm
suppord of this polymerization ie the low value of pH
(2.0) 2% which meximum compleéxing 18 $aid o take placd.

A y@% no structural studies heve been pevformed
o uphold these suggestions énd the struetures proposed
by Angus ave bused solely on the comparatlve study of a
lafg@ number ol deoxy @ompoﬁﬁds and their pafent polyhydric
gleohola.
(@) GQomplex with Sugara: Once more it is only in recent
yearn®® 8% that o eritical study has been mede of the
ability of sugars to complex with molybdate and tungstate.
Bourna, Hudsom and Welgel®®, using paper ionophoréesis
méthods found that pyranocse sugars (in the chair-forn)
' possessing three hydroxyl groups in & cis-cis-Ll(ax), 2 (eqal,
3(ax) &rr&ng&ﬁanﬁ formed 131l complexes with molybdaie.
Spence and Ki&néw%erifi@d these wesults,; finding Lrom
polarimetric studies thdt at pH about 5.0 there was a large
change in the valu@\df optical rotation of sugars
dissolved in molybdate sblution = thia change being
indicatlive of Qompl@x formation. Both Bourne and Spence

suggest that all three hydroxyl groups are necessary for

e 3
s
O
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complexing to take place since the veplacesnent of &

hydroxyl group by & hydrogen atom destroys the abllity to
complex. However, in view of %he faet that Angus, Bourns,
Searle und Welgel®® have shown that at least one of the
hydroxyl giroups can be wepleaced by & pm@m&ry anino group

1t would appeer that the oxygen of the ﬁhifd hydroxyl group
camnot be dirvectly bonded to the molybdenum ox tungsten atom.
Indesd foxr 1t o be so bonded woulﬂ ragquire the meballle
aton B0 b@ seven=coordinate, since 80 farg there has been no
avidenee %o suggeet that the coordination number is reduced
by the dimerization of the molybdate oy §Ungﬁ%&t@ specled,
Likewise the fact that maximun @qmp%@%igg ogcurs in the reglon
of pH = 5.0 militates againet any such polymerization.
Perhaps the explanation lies in the fagt thet the hydroxyl
group or smine group ere involved in aéme form of hydrogen

bonding neceseary to the stebilization of the complex.

(6) Comnlexes With Other @a@m@mnmmfa@%%@g@mg podss  The

(M= f i

existonce has been claimed of l&l.QQmél§K®B between sulphonic
aoidn %986, qioximess®? and dihydroxy coumsrins®® and
mclybdate in which once more the oxygens of  the molecules are

involved im the bonding to th@ia@ﬁ%wal metallliec dlon. In the
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case of amino seid complexes Spence and Chang®® record s
cysteine ocomplex in which the cysteine:metal ratio varies from
381 to il depending upon the concentretion of the reagents.
They suggent, on the hasis of spectrophotometric studies that
the bonding invelves both the iomiszed mercapto and carboxyl

ErouPH o

The Posslbility of the EBxistence of Copplex .Contelning Two
Different Ligounde Sirultansously Altached to the Centyal
Molybdate ox Tungstate Jono

Prom the above it has been shown thet the metal s ligand

ratio can vary Lrom 231 to 1:l to 1s2 ete., This {tends to
suggest that & ligend mey be introduced into a complex o
Lorm 2 L:lel complex in which the two llgands attached to the
gentral molybdate oxr tungstate ion are diffevent. Siwmllerly
the 2:1 metal—=alcohol ratio of certelm of the polyhydroxy
complexen sugiEests that it may be possible for further
complex formation to take place with a gecond ligand.

The Reagtions of Molvbdate and Tunestate Complexes.

The reactions of both tungstates and molybdates and of
their complexes are of profound interest because of the many
applications in the fields of biology and anel ysis.

Applications in snalysis involve ¢the use of the physical
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properéies of the complexes such as solour. Thus Buchwald®®
has used the polyhydric alcohol eomplexes Ffor the colorometyric
determination of molybdenum, while H@lmékbakigﬁ uses the
catachol eomplex in the ape@tropMOtométfi@ determinetion of
mizbtures of molybdenun and bungstein.

In the field of organic chemistry chromic ecid is widely
used Lor the oxidative cleavage of double bonds iwm highly
pubstituted ethylenic compounds. Although the exact naiture
of the mechanism of the process ie not known 1t has been
suggentod®® that there must exlst sgueous equilibrie which
involve species such 88 HapCrlq, Haleple and (HOxO4) o The
simllerity of these species o those of molybdenum ralses the
question of whether molybdic a.cid con be used to these ends.

It im, however, in the Field of Bhology that molybdenun
comes inko it@ owne' Both plants and baecteria are found Ho
reguire & cartain level of molybd@num present in the soil or
in the nutrient substrate before they are eble to Lix
atmospheric mnitrogen. Soils deficient in this necessary trace
slement can be rendered producilve by thé carefully controlled
&ddiﬂi@@ of sodium or ammonium molybdete. It was found, fox
oxample, that the inhibition of nitrogen fization in

Glostridivwn pasteurianun®® caused by the presence of

S
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trlchloroensthyl sulphenyl bhenzoate can be overcome by the
addition of sodium molybdate. Again, when fumaric or maliec
acld in uwsed to wveactivate the engymes which ecatslyse the

disappearanca of hydroxylamine in Epcherichie ¢oli®® the

T

process was found to be stimulated by the presence of
molyhdatess

For some time there was uncorsalnty ag to whether the
molyhdenum specles merely acted as catalysts and only formed
8 trapsient complex inm sone imte@méﬁiaﬁe state in the reaciliony
0 whether th@’molybdenum wag & constituent of the enzymes
themselven. Then it was discovered that sodium tungsitate®”
compated with wmolybdenum in the formatlion of nlirate
veduetase Lo Neuwrospors ¢rasgs . When the concentration of
sodium tungptute was 10° times grester then the molybdate
present the result was inhibition of TO0% of the effect of
molybdenum on the ensyme. The weason for this inhibition mey
well lie in the prefeventiel formation of a tungstate complex
specien in place of molybdbdate, and that the molybdenum is8
in faet pazrts of the enzyme molecule. This was indeed found
40 be the case. Redert and Wester?ield®® on studying the
deposition end meluntenance of normal levels of xanthine

oxidase in the investines of rats found thuat all of the



biologlcald activity depended on the presence of.molybdénumm'
Machler, Mahler and Green®? produced the edditionel informatilon
that xeénthine oxidame require the presence of molybdenum for
enzymis é@%ivity with cytochrome €, although it was not
n@@@S@ary'EQE gotivity with dyés or oxygen. Inorganiec
phogphaten also appear to be esséntial for activity. Similap
work with hydwogenase®® reveanled that the activity of the
purified ensyme could only be restored by the addition of both
FAD (flavinedenine @inu@@bﬁié@) and molybﬂ@num; |

The most olgnificant advance was mede by Nicholas and
 Wason®® who clained, on the basis of-dialysis experinents
that molybdenum is the metal constituent of nitrate reductase ir

Neurosnorn orpasss. They found that molybdenum deficient

nutFlent media resulted in o descresse in nltrate reductase
produced, which was quite different Lrom the loss of

enzymic activity produced by the rewmoval by cyenide dialysie of
- the molybdenum Lrom the iﬁﬁa@t enzyme. - In the Lirst case the
addition. of molybdenum to cell=free extracts produced from
molybdenum deficient substrates did not wesult in the
é@V@l@pm@nﬁ of enzymic acitivity. Bug in the second instance
the inactivated enzyme could be almost completely res tored by

the diwect addition of the metal to the protein. TFurthermors,
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of all the mieronutrient deflcisencies omly molybdenum
deficiency xesulted in a decrease in nitrete reductase
agtivity. Those facts indicate thet molybdenum is & consbituen
of the onzyme itself. As yet nothing 48 known of the exect
function of the wmolybdenum in the ensyme but presumably it is
involved 4im sonme form of complex formutionm analogous %o the
anionle complexes degeribed above.

One further, rather curlous fast is that vats®®® are able
to develop the ablility to detect the presence of molybdenum
in thely diet and make use of this in wejecting dlete
containing toxie levels of molybd@num (the toxleity being due
to attack of the long bone structures) the suggestion being
that thi@ @ensbry factor is due to the interaction of the
molyhﬁa%@ @ith the dietary conéti%m@nﬁ@o

Since 1% has been’ shown thét the reactlions of molybdate
complexes are important in nature it was decided to examine
@om®'of vhess reactions with simple Aigends in some of the

comploxon pirepared.




EXPERINENTAL: SECTION ONE:-
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Slvele Digend end Hetero Complaexes With Molvhdate
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and Spneatate. Jons Invelving Hydroxy-carboryiic

Aglds _and Dinydroxyv-phenolsa



The mothods used to investigate the nature of the
corplexes formed, made use of tha variation of the physical
propersies of & ligand on forming a complex = in particuler,
the varistions in optical denslity and optical rotation.
These varlations were sgxamined over & limited pil renge
(pH = 2 %o 10) since below pH = 2 polymerisation of the

molybdeate and tungstate long ovecurred whiles above pH = 10

”':\n
e
-
Car

slkaline hydwvolysls occurred. AL%er the adjusiment of pH

o

dilution the aamples were ledt to eguilibrate for aboub

> hougn end the piH agaln messured. The stolichiometry of
the corplexres was investigoted by meane of Joble
tSontinnous Variations Method !, the yplots beling consitrueted
2t vhe pH where maximum complexing ocsurved. The swistence
of the hetero cgmﬁlexea (Loe. complexzes heving two diffeving
ligends ottached to the metallic ilon oy iong) was conflirmed
Ty measurements of different physieal propertles, each
charasteristic of one of the ligands.

"

Annaraiug The instrupents used to nmeasurs pH

e e A DN e e a_.,-_—.

Hotas on

values were the Pye !Dynscap® pH Meter, and the Marconl btyps
d 3 P

TF 1093 end TP 511D models, all of which employed s dip=type

calonel elestrode = gless electwoede gell. Conduetlvities were

obtained waing the Wayne-Kerr Universal Bridge (B 221} o Either




the Unicam Bpectrophobometer 5,.P. 600 or the Hilger

Uvisnek Photoolegtric Spectrophotometer H YOUL 307 wers uped
to  measuee optical densities while opticel rotation valucs
were obbained Tfrom the Hilger Standard Polarimeter (Maxk I1I1)
gmploying & sodium lanpo

glolo Gomplexes with D) Tarterie Aeid snd with the Di-

godinm Salt of l.2-Dihvdroxy = Benzene=3,5= Disulnhonic

Lo o S e s 2 ST rvwe i e s B ey G SR g R A

Aedd . (grﬂkfﬁﬁkg)@

(a) Yariastion of Cptical Density ~ith pil: Hemsurements here

were coacarned with the sffects of the presence of taxibaris

seld on the optlcal denalty of the tivom-molybdate complen.

.
2

cordingly 100 ml. of 0.002M sodlum wolybdats~tiron complex

N

were prepared by mixing 20 ml. of G.01M sodium molybdate with

s

b mle of 0.0LY tiron and meking the »esulbtant solubtion up ta
100 wle 20 wl. samples were diluted to approxinmetely 50 mi.

@,

aach, the

pH of the samples adjusted over the range 2 to 10
by the addition of dilute hydrochloric seld snd sodium hydrowif
end Linelly the solubtions made un to 50 ml. each. Afier
allowing the solutlons to equilibeate for two hours the pH

)

the camples was agalin measured. Spsatroscople eéxamination

™

Q

=y
e

of the wamples wae carvied out abt 425 mp and the vesuliant valn:

of opbical denslty plotted sgeinst pH {(gesph la).



Y.

Baual volumes of sodium moiybdate and D(+) tartaric
agid (20 wml. 0.00%) were mized with B0 ml. 0.014 tizron and
the whole diluted o 100 ml. %The pH and concentyation of L0 ml.
semples were adjusted az sbove and agailm the optical density
measuve®@ at 435 mu end plotted agedwst pE (graph 1b).

In the case of the tungatate anslogue the less intense
acolonration of the solutions (vellow ms compared with orangoe
224) snnbled higher concentrations to be used. Hewre B ml.
ganples of OG.04 M scdium tungesbate~tivon and sodium tungsitate-
tivon=twtartaric acid complex 303M'1nww were diluted to 50 wmi.
with the appropriate vH odjustuments and their optical density
M“”ﬁu‘vf gt 128 mp and plotbed against pH (grepha le and 14
respestively) .o

Phe s8tebility of the hetero complex was sxesmined by
treating samples contalining squimolay gueantvitics (10 ml. 0.2}
of wodium tungatate and D{+) tarterie mcld with saturated (81
tiron molinticn in increasing quantitien wntil & L - fold
BACOHS tirvon was present in the finel sample. Afber pi
sdjustment to L.§ coch saumple was diluted to 5O ml. and the
optioal wrotations measuvred. Poy opticel density values ab
@ﬁkayx fene-fold dilubted samples were used. It was found that

afbter the addition of one equivelent of tivon & sveady value of

o



P S ST S, v A1 e oy O hé ¢ SR . T . doalon oy o p
opblead rotatlon and of opblcal denslty was avttoined.,

% 3 R T e desi gy T Wl =t vy e eyl ke TR, S
(v} ¥azisiden.of Oviilesd.Botetlisn.wiih. el By obearving

. - e , el oclilins G o
poesible vardations din the velue of sartaric acid the effecs

of ﬁntﬁoémcing tiron into the tavtrato ceomplex could be nobed.
Uaing e similar method o thah desgribed For the opiical
density measurements the pH  of & number of samples of

0,005 tawbrato-molybdate and of tavrtrato-molybdate plus tiyon
were verled between pH = & and 10 mnd the resultant values @f

opbical rotation measured (neing & 20 ow. tube and sod:

light) and plotted agalnat pH {(grephs 29 and b). PThe mebsl

lon concentretion in the btuagstete systems wag 0.0LY (graphs

£

20  and 4)  Gwreph 2e indleaten thet the optieal wotation

S TR s gy ermids omy el q g { R N - 2 . iy o R 7 -
of Bi+) tarstarie acld (0.04M ) alome is weercely affected by

alvering pl

(e)  The_Stslehiometry of ithe Comples. = The dobig Plot: A

LS
ROIRIREE DR

e
Fa

method for determining the stolehiometyry of complenes formed
in soiutlon by the intém&@%iwm of two componente wae devised
by Jok*%d,  In this method the varlation produced in asome
phyaiend characteristic of one of the resebunts ie obseyved o

the wole Lfracedtlon of this reastent g increesed. Foyr the

purpeses of this work the physlcel charaeterisgtic chopen wasg



opbical denwsity messured at a set value of pH and wavelength
(h2t @u)a Agcordingly portions of 0.001M tartrato-molybdate
were mixed with 0.001lM tiron in the propoxtions 1 ml.
tartreto=molybdate: 9 ml. tiron, proceeding by 1 ml., stages

to the proportion 9 ml. tavtrato-molybdate: L wl. tiron. The
somples were each made up o 50 ml. after pH adjustment to

ho5, and the values of optical density measured at 125 wu.
(graph 3ad. 0.0l reagents were used fov the btungstate complex
(graph 3%)., Both maxima occur ab 0.5, L.2. 1l:l:l: complexes

were foxmed.

gl.2. Gomplexes wiith L(=) Mendeliec Acid and with Tirom

(2) YVariahion of Ouvtical Density wikh pHs Unless otherwise

G

stated the techuigue used in these and in gll otheyr experiments
wag the same as that fowv the tartrato system described above, all

samples being made up to 50 ml. each after the appropriate pH

adjustwent and the values of optical density measured.

The guantities of materials mixed in nine 50 ml. samples
of pl 2=10 were 0.5M sodium molybdate, 1 ml. 0.2M L(~) mandelie
acld ﬁm@n&@lie acid forming & 1:2 molybdate: acid complex) and
L mle Qo.M tivom. Nine samples were prepared contalning 5 ml,
0.2M modivm tungstate mixed with equimolar quantities of (=)
mendelic asld eaxnd tiron (10 ml. 0.2M) eseh sample being made up
to 50 ml. {4), after pH adjustument. 5ml. samples were each

diluted with 10 ml, of water and the optlcal denslities neasured
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(v}  Faviablom . of Ontical Rotsbion witb.pHs Unforduoately the

AT Ve v BNCA oo PN IR a5 e

S

deep wed colour of the solutions did net permilt optieal woboihiu:
measuremonts to he mnade on the instrumont available. Welbhaw
by &l%@fing the wavelengih of the polawimeter lamp (Lrom
Bodiuﬁ.n 4o mewcury) nor by dilutiocn of semples could this
daifficulyy be overcome, since in the. latier case the optilcal
rotation had weached gero value by'fh@.ﬁim@ 1t was posslible

to observe thae split-lmage of the polarimeter. PThe orengs
colouy of the h@ﬁ@womtung&tat@,@oluﬁigns anpbled optical
votation messurements to be taken, uedng the semples diluted %o

atrength (A) mentioned gbove snd the wesuliés ave plodtted on

graphs ha, % and co o

o

() Shelichionetsy of the Cowpler. = The Job Plot: Since, in

&

thig inetenee, both ligands form 1iZ complexes there will
aetually be excess mandelic acild present in the sauples. This
in ne wise aiffects the W&lidiﬁy of the wesuwlita since neither
mendelic acid nor the mandelo complex Ao absorbing at the
wavelength used. 0.01LM $iron was introduced into samples

conbaiplng the 2:1 wmandele-molybdate cowmplex {samplen being

teken from 100 ml. of golubtion the complex prepared by




mixing & ml 0.28 scdive polybdate with L0 ml 0.2M L{~) mande

ie acld madeo up to volume). The powilons taken were I to 9 nl

mandelo conplez mixed with 9 to 1 ml respectively of tivon

aaiw%“om? all semples being made vp to 50 ml after pH adjust-

ment e D.5. The seme strength of svliutione was veed for the
‘?umgumn o2 complex {(graphs e apd 4). Ageiln the maxinn were

found &% 0.5 where the rat

‘\-fa

Lo of sonponents fo lilsl.

’]‘k

g Lo3 Complesas. with Both ﬁx&lig_ﬂ@i& and i) Tartaric Anid.
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Plobt of Ovhical Rotation Assinst Mols Bavivalent of

Mdad Oxelic Aelds Hewve the changes in opblcal rotation

%h@ oﬂrﬁmﬁﬁﬁ aclid provided the most convenlent method of

fol ;@,Nﬁg the iunteraction of oxelic meld with the tartreto-

complen, %h@ sase concentrations Belng uweped fow both molyhdéoiso
gnd tungstatbe a@mplmﬁ@uo Wine samples wewe preperved conbaloling

eguimolar - J@*“ﬁ% wolyvhdate (or tungstate) and D{+) tartaric

e

aeid éﬂ @l 0.2% and vo them was added molar oxelic acid in

x

ih@ ou antitiess 0o
O

,
kS %]
7

i

10 ml, snd 18 wl, the solutions ezeh being made up to 50 ml
: P &

and the pd adjusted to L.2. The values of optileal robation
were messured and »lots vrepered of optieal wobatlon agains

apuivelents of moleyr oxsliz scld sdded {greaphs 5S¢ and b).

mi, L wl, 1.8 mi, & sy, 3 ml, bk ml, 5 wi,
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() Stoichlowmebyry = %The Covroctad dob Plobt: fpence end

-5
3

Kiang®® adepted the oyiginal. Jobts “HMethed of Continuwous

Variations for those systens in which the excess of the

- .
reaching ligeand possessed e signlficant opbtleal wrotetion of
its owne By subtradting the values of optlical wotablon que o

sxcess Ligand (in this case farteric awvid) frowm the values Loy

the %glmﬁiéx@ contalning the hetero @@gﬁlﬂx plus this execesns
acid, the optiecal wotatlon for the netero complexr alone iy
obtained and plotited ageinst wole fﬁ&@@i@m in the noroal wmenn
or. To semples conteluning 2 to 10 al of 0.1 tungetate {or
m@lyké&%@) won added 0.1M D{+) tertoric scid in the quentitlss
19wl %0 2 wml, The samples were made mp'%@ 50 ml each alter

pH adjvetment o .0 snd the values of optlesl robation obisin-
ed. Pour sdditional samples wers ngpaf@% containing 16, 12,

8 end I w031 D(+)tartaric acid &mﬂ‘ﬁh@ pH valuves, fina
volumes éﬁgmﬁﬁ@@ end Getermined as bofore. By subtraction of
vhe values of opbical rotation of ﬁh@m@ gompensating sclutions
£yrom %hé initinl samples @@ﬁﬁ@imimg the tartrato-oxalato= bung=
atabe {amd'm@lybdat@} complex and excess uncomplexed tavrtaric

acld the veluwes of opiicel rotation for the hetero complex

alone was obdtained. The results wowe plotted on greph 32, sims



ileor fﬁ&wlﬁa haing obtained Tor the wmolyvbdete complez, tthe
at

maving veenErli the molar »atic of 0.5,

Z.hob Copnlexes With, Trensosconitic Andd snd The Gop

it d £

Hate ,ﬁw Q%Mﬁ@lﬁﬁﬁ With Tivon,

u—m.._.:n uu XGtAaE D

Lot fox The Gomplex With Traus-seon:

Aglds Use was nede of this nedldd because of the fact

etwesn the UT.V¥. gpectrs of tae

E:»‘J

is no differencs

complexesn and the lisand. & 100 ml @mﬁ@ka af 0.000% sodium

PR
» ]

ma&wm&mﬁw;w&@ titrated sgainet 0.0UM trans-aconitic acid
(graph bo} to obbein & wirimm 8% 2,00 m) of adied aeld. For
g L:l gompleX ths sguivalence polnt for the addition of the
ascid {(tri-basie) ie 2,50 ml.

(11} Eoderpo Cewplexes With Prave-geonitle aeild and Wisn

e T B SIS LT R Ba ’"--

Pdrane

k\s S

{a) ¥Yaxriedtion of Opticel Density Wish_ wHs 100 m)l of the

ey i LAy S A R A RPN

hetere solution was prapared by mixing L wml esch of Q.2
godivie nolybdate and bfrang-snconitic asgid with 2 ol of .24
tivon. 40 ml samples were Jiluted five~-fold alter pH adiusi-
mont and the resultant opticel dengitise plobtted agoinst pH

{mraph 7o) and compared with those for the tiron complex alone

{graph Th)o

For the tungstate complex 20 ml 0.2M tiron was mized with
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eguimolar guenitities of sodium tungetate and trans-aconitic
acdd (10 ml 0,2M) end the wholé made up o 50ml. Pen-fold dil-
ugion of samples after pH adjustment produced the sclubions
ﬁ@@ﬂ Lo the 0pﬁi@a1 dém&i%y neasurements at hag@u {graphs Te
and 4). |

(v) Stoichiometry = The Job PL

el Lo Tt

gt 9ml to 1 ml samples of

e
Ammummauw}gm—

0,018 %iron were reapectively mixed wimh_@&mpl@ﬂ gonbaining

L oml go 9 ml of 0.0lM trans-sconitic acid-molybdate complex
{propared by mizing 5 ml of eash of 0.2M sgodium malyb@&t@ wnd
trenp=—aconitic gciﬂ and making up o 100 ml) and each sample
mede up 0 50 ml after pH adjustment to 1.5, Values of the res-
uitant optleal densities at LB ) wWere pl@ttéd againat mole
fragtions of trans-sconitic scid complex (graph 8a). 0.1H
resgents ware used in the case of the tungstete complex (with
the meme r8%lo L ml ceoo 9 MLy, 9 BL s.00 1 ml) (graph 8u).
However, whereas the maximum for the molybdate complez is at
0.5 that for the tungstate i at 033,

g 1.5 Gomplexes With Itaconie Aeid snd the Corremponding

Hetere. Complexes With Tizom,.

-

(1) Conduetivity Plet fLfor the Complex With Jbaconle Apid: Aw

[ erehitear s

with sconitic acid so with itaconlie acid the conductlivity plot
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wEd vaed fo exemine the pessibility of cowmvlex foxmablon.
0.0l meld wes (itrated against a 100 w1 sample of 0.00LH
sodium mol ynﬁ&%@ t0 ghive the resultunt graph (6b), the min-
mnm h@ﬁm@ found to occur 8% 3.50 wl edded acid. Agoin, the
th@@r@%i<a1 equivalence poimé fow @ i1 complex 18 2,50 wi.

Lol

{11) Hekere Complexen With Thacomle Acld 1.and With Tiran.

(n} Yoriahion of Oniicel Dopsliy. ﬁ“ﬁ?

I Sreali g T me <!

o e T
shEb onls 2 ml of esch of

Dol modivww molybdate and iteconle awld w@w& mized, b wl Q.2M

Bivon added, snd the whele mede up te 200 ml., 20 wl samples
worg Aidvted to B0 ml afber the sppropriste pH adjustment oand

the opbleedl densitles weasured snd compaved with those fow
the Siron eowplern alone {(graphs %2e ownd b wespecvively) .

100 =l of tungstate couplex was prepaved by mixming b0 mi
0.2 tizan with equimclar quantities of sodiuvm bungsitate and
itaconie weld (20 wl C.2M). Pollowing pH adjustment, five-

food dilution of sumples provided the solubtions for opiical

dengity meoswreomento. (Zraphs 9¢ ond d4j

(b) Shoiekiometry. = Tpe dob Plois Fauol guantities of sode

ivm molybdate and itaconic aeild (5 wl 0.2M) were mixed and the
whole made up o 100 wl., %o somples centalning respectively

7 omk %o 9 ml of this solubion were adicd samples centelning



9 ml %o 4 mil of Q.01 tirvom. The wresulbeant solutlons ware
made up tvw 50 ml emch aiter pH adjustment 4o .Y and the
opticul densitlies weasured and plotted ageinet mole Lraction
of the itaconic melé cowmplex (graph 8¢}, Where the tungstes e
compleﬁ wae eoncsrned 0.1 reagents were used in the ssns
propowvions bo obbaln granh 8d. Agein 1% was found that the
pesk Lo the molyhdate counplexr lay at 0.5 while that for the

tungstate Lay at 0,33
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fraction of zeid-molyhiate complex at pH - 4,5

{(a) 1 x 10" 7n p{+) %arirato-molybdate and 1L = 10 7 Tiron
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(BY 1 % 107°H D(+) tartvato-tungotate and )} z 3L0”°H Tizon

{(¢) 1 x 107 %H L{~) mandelo-molybdnte and 1 x 107 °M Tiron

(p) 1 x 107% 1.{~) mandelo-tungstate and 1 x 107°M Tiron

(E) 1 x 107ty oxalato-tungatate and 1 x 10”Hy D{¥) tarter-
te acid. (oericar Barario~)
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£2.3 Gomplex with D(+) Mopnease and the Covresponding Hekero

Llzeate

Comoleses. with Tiron.

ERLEN

(1) Gomduetivity Plot for the Comviex with D(+) Mpnnosg: The
sxlstence of uh@ 13l molybdate: sugayr complex claimed by
Spence and Kiang®® on the basie of optical rotation experimenty
was confirmed by means of copductivity measurementa.
Heanurement of the changes in conduchividy produced by the
additlion of O.0hH D(+) msnnose to a 100 ml. sawole of

0,001 sodivm wmolyhdate showed that & bresk occurred in the
plot after the addition of 2.5 mle of sugar i.e. at the point
where the amount of D(+) mannose added was corvect for the

formation of a 1:1 complex (graph 68).

L30Ty TR

(i1) Gapeleses with both D(+) Mannese apd Tirom.

() Yeriefion of Oviical Deweityv wiih pH: 1L ml. each of
0.2M sodium molybdate end D(+) menmose were mixed with 2 ml o,
0.2M tirom and made up to 100 ml. 10 ml. semples were
adjusted Ho pH values varying from £ to 10 and diluted five-
foid9 the pH being checked after dllution. The values of
optical density measured ot kaS mr were plotted against pH

and compered with those for the Sivon complex alone (graphs
102 and b weapeetively). The solutions used for the tungstate

analogue and tiron complex were more concentreted by & factor




five (graphs 10c and 4 respectively).

{b) Veoristion of Opticul Rotation with pH: Results eculd be

bty e Felarfeindyaeniticiab

obtained fér both molybdate and tungestavte complexes by uvsing
a 10 em. tubs for the sample (8n opposed to 20 em.) =nd o
mereury lamp as the source of 1llumination. The solublons
used were 0,002M with respect o the metaillic ions, and the
variation of optical robation with pl for the hetero
molybdate complex, the molybdate-mannose and the correspondins
tungatate complexes plobtted on graphs lila to 4 respestively.
Graph @ shows the optical wrotation of DP(+) mannose ab
different pH values.
(e) Stolehiometyy —.The dob Plog: Bgual quantities of
0,28 sodima molybdate and D(+) mannose were mized (2.5ml.)
nd wede up o 50 ml. To lml. to 9@l. portioms of this
complez were added respectively 9 ml. to L ml. portions of
Q.01 %iron, the samples made up t0 50 ml, at pH = h.0 ang
th@'valuﬁﬁ of optiecal density measured ad 425 mp. The
results were plotted againet mole ff&@tinﬂ of the msnnose
complesn to give & graph with mawimum at 00§0 Fox the
tungptate complex 5 ml. of each of 0.8 sodium tungstate
and D{+) mannose were mixed and diluted fo 50 wl. 0,02

tirvon was added to portione of the mannose cowplex in the
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aame provorisions as for the molybdete complex, each mempls

o

being made up o 50 mi. ab pH = 5.5 and the values of opbilaes?

danaity measured., On plothing the esults sgainst wole

fraotion of mannose complex the mexwimum was Lound %o be ab
t

wikh () Meonose 2 DLe) ﬂﬂvharﬁﬁ Acid

$e ) P PR e e Y

(1) Frneriments_with D) Darharic. Asid.

(2)  ¥erishion of Onhleel Resatlop with PH: Nive samples

were prapared econtalning 2.5 ml. of emeh of the reagentss
sodime molybdate, 0(+) wennose and D(+) ari avic meid mimed
and made up o 50 ml. at pH values in th&Qr&ngﬁ pH = 2 o
10, On measuring the values of optical wotation, plotting 1
againet pHigraph 128} and compaving them with those for ithe

bartreto complex el one {graph 12b) 41t was Ffound that within

the Limita of experimental error the gravhs weve colueideni.

Using the same concentration of ?eﬁwonﬁﬂ the gams was Tound

be txue for the tungstate complew (graphs 12¢ and d4).

(b} Steichiomebry = The Corrected Job.
tartaxrlie acld in the proportions 4.% ml.: O, 5mi..... 0.5 m
4.5 ml. was mized with 0,08 sodiuvm molybdate-D (+) mannoss
compler and esch sample made up to 25 ml. alfter piH adjustne:

$0 heSe Componsating solutions containing l,3,2 and 1 nd.

‘.
. ‘.
shan

foos

N l
A

nin
(39
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e aéiﬁ werae prepared, diluvted and sdjusted %o pH = b.5
as before, whence the peak of the corrvectesd plot of opbical
ro%a@imm agalingt mole fractlon of the sugar complexn was
found %o lie at 0.5, The é&m@ coneentration of resgents

for the btungetate comples, alao produced & pesk at 0.5,

(13) Ixperiments with Meso-Tartaric Acid.

LA R ey STIRLEArc ol 44

(a) Veriation of Opiical Robtetion with pHs Bgual

10

gquantities of sodium molybdate, D{+) mannose and mose-Sartaric
aeld {7.5 ml. 0.24) were mixed aund nine samples bthus
prepared each made up o 50 wml. after pH aﬂjustm@mxo
Comparison of the plot of thelx optical rotation values
against pl {(greph L3a) with that for the D(+) manncse
compler revealed that the presence of the meso~taritaric acld
reduced the opbvicsl activity of theM¥)msnnose to the walue
it hes when uncomplexed (graph 13b}. The seame effent wae
observad with the tungetate solutions the quantiities of
neterials dissolved in ench of the 50 wml. semples belng 5 mi.
of 0.2H reagents (grephs 13 e and ).

()  Stolechiometry -~ The Corrasted Job Plose 10 ml. 0.2

sodium molybdate and the same smount of meso=tertvaris acid
were nmixed and wade up %o 25 ml. 20 mle Go.2M D(+) miannose
was aloo mede up o 25 ml. and the two solubionsy mimed in the

proportione 0.5 mlc: NS mle cowvos Hoabmlas 0.5ml., cach
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gampie baing mede up to 8% wl. afser pH adjustment so h.%.
Pour compensating solutlong siwilerly treated, combalning
3,8 and 1 @l. of the sugar wers prepaved. The corrected
plot of optlceal robation against mole fraction of the
bartreto complex showed a steadlly decreasing welue, A siteady
&@@?@&@@ was also obitained for the tungestate enalogue,
neingshe same concenitvation of veagents,

g2.3 Gosploxes with D(=) Ribose snd with Tiron

¥ior it TR i

(8) VUnriatiown of Ovtical Dewsitv with pifs To 1 nl. of

i

sach of C.7¥ sodium molybdate and D(=) ribose mixed, waw

added 2 wl. 0.2M tiron and the whole made up to 100 wl., Kine
10 wl., semples were each made up %o ﬁ& mi. after pH adjustrent
The wesultans vaia@m of optical density were measured at W25 uu
vlotted sgrpinst pH and compared with those fox the tivoen
complex alons {(graphs ils and b respeetively).

(%) Variation of Opticel Hokabion with pH: Because of the

AR

intensidy of colour of the solutions 1% was not possible to
obtain sny velues from opticel rotation experiments.

(e} Stoichlometry = The Joble Plek: Ssmples of 0.0LM sodlum

molybdate-D{=)ribose complex were mized in the proporilons
L mhes 9 mloce.%ml.2dmi. with 0.0 tirom and each sample mads

up o 50 ml. at pH = h.0. The velues of optical density at



7

o

25 mu; were plotied agéimat mole Lxaetlion of the sugsar
complex %o produce 2 gireph which possesses & maximum at 0.5-
Using solutions of twice the concentration at pH = 5.5 1t was
found that ﬁhe peak of opticel density for the tungstate
complex lay at 0.33.

g2.l.  Compiemes.with D(=) Riboge sad with D(+) Terseric Acid.

==l oz sl

(1) Experiments with D(r) Tarterie Acid

(a) Veristiov of Opsvical Rotetion with pH:s Nine samples were

i gl A i Ze Tt

prepared containing equal quantities of the three reagents:
sodium molybdate, D(~) ribose and D(+) tartaric acid (2.5 wl.
0.2M), the semples being adjusted to pH values from 2 to 10 and
made up 4o 50 ml. each. On compering the valuss of optiecal
rotation {graph 15a) with those for the Sartrato complex (15b)
it was found that within the limits of experimental error the
two graphs were colincident. Using the same concentration of
reagents the spame was found to be true for the tungstate complex
(grapba 15¢ and @)o

(b) Steichliomesry ~ The Corrected Job Plot: For both

T R N O e A ST AT

molybdate and tungstate complexes 10 mls of 0.2 sodium
molybéate (or tungsiate)was mixed with the same quantity of
D(=) zibose and made up o 25 ml: Te nine portions of this

solution was added 0,088 D(+) tarteric acid in the proportions:




0.5ml . molybdate {or tungstate)/D{=) ribose: B.5 wml. 0.008¥
Di+) torbario 8Cld ceo... .5 mle sugar eomplexn: 0.5 wlh.
sartorie acid, each semple being mude up to 50 wl., after
pH a@émwﬁm@mﬁ'to boh in the cuse of the molybdaie and pls=h
for the tungstate. Compensating solutlions were sipllarly
prepaved contalining &939& and 1 mho gf the acid. The
repuliant corrected plots possessed mexims at 0.5 for both

molybdate and tungstate solutions,

(11) Brperiments with Neso-Parbtaric Acio.
rensalamarmin s ritaedian st rean T i e

C..JLX.. wina ae. “"Ll—\:l

2 T i Segm L

(a) Yaxintion of Ovticel Rotatlon with pHs 7.5 ml, of
each of 0.2M sodivm molybkdate(or tungstate), meso=tartarlc
acld and D{=) wibose wewe mixed in nine samples, cach balng
wade up Bo &% ml. after pH sdjustmens from 2 to 10. Om
plotting the values of optical votation of these specimens
mgainet pH it was found that in both cases the introduction
of the mese=tariaric acld veducsd the optical acbivity

of the D) ribose to the velue it hag when uncomplexed
(greph 16e vefera Yo the hebero molybdate soluiions 16b the
molyhdate=0(~) wribose, 1Lbéc and @ the corresponding tungsiate
solutions)

(b) Ssolehiometry ~ Phe Coryveshted Jobh Plot: With 25 ml. of

e e e R oY S i e e

0.2l sodium molybdate there wap mined the same quantity of



Y

weso~bartardd acld. o porbions of the hartrsasto complexn
wes added 0.8 D(-) ribope im the proporéions 1 ml. complex:s
9 mle SULERR ssse.. 9 mle complex: L mi, pugser, the pH values
adjuateld %0 5.5 and the sanples mede up o 25 mi. each.

The graph of opticel wrotation gainst pH shows o shellow
minimum at 0.5 wheveas the corresvonding greph for the

sungstate anslogue is sinply 8 smooth curve., The samvles
3 &

used Loy the plot, which were mizmed in the some proportions

ag fox the molybdete systen and diluted o the same degree,
wers teken from & solution conbalning 20 ml. of 0.2M sodium
tungosate nixed with the same amount of meso=turteric acld
and made up to 50 ml. The obher weagent was CG.08M D{-)
ribosee

82,5 CGowplexes with L(=) Sorboss

On the basis of psper-lonophoreais experiments Bourne,FHuts:s

and Welged®® glaimed the existénce of a 1:1 molybdate:
1:(=) soxrbose complex. The followling oxperiments confirm this.

(e) Yawistion.of Ophicel Rotebiop. with.nl: Nine 50 mlo

Fvarn ]

parples of pH form 2 to 10 were yprepsawved containing squal
gquantities of sodium molybdate (or tungstate) and L{-)
gorbome (10 ml. 0.8M). On plotting the values of optlcal

rotetion againsgt pl it was Lound that the presepce of elthew




22 goy
s h

molylfate or tungssate strougly influenced the activity of

the pugay in the weglon of pH = 5.5 fowr the molybdsie and
PR = 7.0 for the tungestate. Foyr the segar alone the valne
of op%i@a& rotatlion was -2.37 engular degirees hut in the
precence of the nmolybdate 1t was <h.6% angular degreea {(ab
pH @ §,5) and - 3. 75 angular degrees at pH = T7,% in the
presence of tungﬁ%&t@ (graphs 178 = 0).

(b} ggggghjum@tfy = The Jobls Piots Por both molybdata

G tungetate complexes quantitlies of 0.2¥ spodium molybdat
(or tungetete) and L{-) sorbose were mizmed in the proportilons
b omle. molybdate: 36 ml. SUBRY cceecwes 36 ml. molybdates

o ml. sugay and cach sanple made up to B0 wl. after pd

.».
i
by
il

edjustuent to .5 in the case of the wolyhdate and 7.0

the tungatate. In both ceges & pronounced minimam wae

obtained at 0.% in the plote of owdieal wrotation sgninsd

o

mole fraction of metal lon indicating 1) complexses.

g2.6  Hekerxo Complexes with D{=)_ Sorbose snd with Tiron

S RLEF R I AL

(2) Teristion of Ouvbicsl Nengity with pH: Comparison of %the
plot of optlesld density agalnet pH fom the hetexre complex of

sodiuvm nolybdate with tiron and with L{-) surbose with tha?

for the $ivon complex alone (graphe e and d respectively)

indiecaten that the two curves, within the limite of




5

expverimenstal error, are identical. PFovy bthese grapha a 100 wmli.
sampple was prepered conbtaining 10 ml. each of 0.2M sodium
molybdete and L(=) sorbose and 20 ml. 0.2 tiron. & wl.
sapples were dlluted ten=fold after the vequisite pH

ad Jugtments had been made,

(v) Steichiometwy = The Job's Plogs 10 ml. of 0.2M sodium
molybdate was mixed with 10 ml. Q.2H L{~) sorbose and mede
Be $0 L00 ml.. To sanples containing 1 mi. to 9 ml. of the
conplex wowe added respectively portions of 0,02¥ tiron in
the quantities ¢ rl. to 1 ml. sach sample being made up o
50 mle &t pH = k.S, On plotting optical demsity against
mole raction of the L{~) sorbome complex the peak wus Found
to be at 0.5,

Por the tungstate complex 50 ml. 0.2M sodium tungstate
wag mized with 50 ml. of 0.2 L{(~) sorbose. 0.1M tiron was
prepared and the two solubtlone mized in the proportions 2ml.:
18 ®Mlo cewncoedd ml.: 2ml. each sample being made wp to 50 mi.
after pH adjuestment to 7.0. The peak was found to be at

00336
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&

~£3

LA

(8%



200

LoS

,,,««

/ (a)

44
et waw::::‘.gh T ,.;') +
3 P il *1‘:%
o ‘%Qﬁ
o >
-

uﬂ"‘""’"’"%\
e, h_},,,mg

fm) .

3

FIG,

(&)

(B) 4 x
{¢) 2 %
(p) 2 =

4.

i)

- Optical ﬂemaiby at 42% wmu plotted against pH fexs
mn&l ; . « v i
107N dodium molybdate and D(=) ®ibose, and 8 x 10
HAPOR,
e - . =
30 'H godium molybdate and 8 x L0 ‘M E TOR o
107 H zodinn molybdate and L{ <) @thameo end 4 x 10
‘Lﬂ. 0N, .
p "
1077 sodiunm molybdate and 4 x 107 "H $iron.

&

&,
ke R’Z

e 2 i“"
"




(BeoRTD( LVWTRIUY)
woT4u30y {eo13do

G"‘a

(£ 6]

u,

Loy

FIG. 153

{A) 2

(n) 1
(e)

facd

{(p) 2

x

=

g

Y] © Qf
@ i) [49] ' [} Q
&1 =) 0 ] <

Colh

~ Optical Rotation ploitted agsinst pi Fowrs

107 %K Boding molybdate, D{=) ribose and D{+) tariamie

107%H sodium molybdate and D(¥) sartarie aeid.
Y ' i -
107K sodium tungsitate, D{-) ribode and D(+) tarterie
achd,o ‘

107N sodium tungstate and D(¥) tartarie seid.
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£3.0  Single Jigand, and He H’“m Gomplexes Involving Polvhvdrony.

HQ}@@uLLMa

z3.4  Complex with D = Mannitol and with Tiron

P St

(a) gholehiowetzy-The dob Plot: 10 ml. 0.24 sodlum molybdate

angd 5 mle 0.2 D ~ manmitol were mixed and mede up to 100 wl.
100 mi. of 0.02M tiron waee also prepsred sand the solutiong
mixed in the proportiocns L ml.e: 9 Mmlceoccoso 9 mlos lIml., osah
samnple belng made up to 50 wl. end the pH adjusted to .. The
pealt of the graph of optical density against mole fraction o

A

the mennitol complex was found to lle bebtween Ool and 0.5,

lo8, & gomplex was formed with the matlio Mols3 wamnitol:Tivow
4:1;’» ‘a:\(l,'gﬁl)«
O.2hM tiron was added in portions to Q.2LM sodium

4

tungatate-mannitol complex, the ratio of components beaing
18 mlos? Wlo oeoceos 2mios L8 mls Bach semple was asgein meds uyp

pH = 1.5 and the values of optical density From

v

0 50 ml. &
them used to produce & Job Plot with & pesak at 0.33 i.€. ths
tivon was complexed at the axpenze of the mannlitol.

(b) Yerisntion of Opticnl Demsibyv with pH: With a hetero

complex containing both mennltol and tixon there asrises The
difficulty vhat it is not possible to obtaln comparstive pldis

of opbical density against pH fovr e tlron molybdate o




tungﬂ%@ ta gomplex possessing a 13l zmastlo of eompanentac
Accordingly me&&ur@meatﬁ could only be taken for tho aygc@m
(M00:2 ) /(D = m&nnxtol&jwvlron)g {(graph 18a). 10 mle 002l
@odium molybdate and 5 ml, ©.2U D = mennitol war@ - mixed
withll@ le 0.2M tiron, %he resultant @olutiona being nade
up €0 100 ml, Smio @éﬁbleﬂ Were @iluteﬁ‘tenafoid éfﬁ@r the
appropriate pH aﬁju&%m@nt@ had been made and the v&iu&& of
optieal deonsity plétt@d‘againat PHe
. Due %o the wealness of the optical rotatlon of the
m&mmi@bl ne infdrmation could bo obteined @dn@@fnjng possible
gifects upon the opti@él activity of the mannitol.
2.2 Gomplex with D-Sorbitol
(2) Gopduetivity Plot: Against a 100 ml. sample of 0,001
godium molybdate was titreted 0.0LM D = sorbitol and the
resultent values of conductivity motéd. I was found that the
break in the. graph of conductivity against ml. of sorbitol
added oceurred afier the sddition of J ml. of D = gorbitol,
indiceting that the ratio of components is 2(Mo0g2 ) :1D(-)
sorbitol. These results confirm the work of Angusg.??

(b) Sholchiometry ~ The Corresied Job Plots Quentities off

0.2¥ modiwa molybdate and D - sorbitol wewe mixzed in the

propordions i ml. molybdate: 36 mle D = SOTDITOL oceeoo.ooIbmuls
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™

%

molybdates: lmi. D - sorbitol, each semple belng made up to
50 mi, with pH adjustment so L.5. Compensating semples
containing M, 28, 22, 16, 10 end b ml. of sorbitol each
adjusted to pH = b.5 and made up t0 5O ml. were used to
determine the values of optical rotation due o the complex
alone. The graph showed a peak at 0.66 indicative of &
complex possesping the ratio of components 2(Mo0,% ):D -
sorbivol.

For the tungstate analogue samplesn of wmolar réag@nt@
were ddluted up to 50 ml. at pH = bhob, the propoxrtiocns being
2 mlo tungsiate 10 wl. D = s80¥bitod oceoce.. L& ml. tungshabes
2 mle D = sorbitol. Compensating solutiong diluted to the
same final pH and volume contained respestively 17, 1, 11, &
and 5 ml. of the D = sorbitel. Again the peak at 0.66
indiented at 231 complex.

(e) ¥apistion. of Ophical Boiatlop witb.vH: Wine 50 ml.
saaples at pil values Lrom 2 to 10 were prepared containing

20 mle Q.hM sodium molybdute mixed with 20 ml. 0.2M D -
sorbitol. The optieal rotation v&lu@@ were messured and
compared with those for D = sorbitol alene (graphs 19a and b).

Where the tungstate cowplex 1s goncerned the curve

appears t0 be somewhat better dofined, @ minimum being
observad &t about pH = 7.5 (graph 19¢), when moler reagents

are used. Yhe samples, £inally made up S0 50 ml. swpch at the |




reguired wH vealues contalned 10 ml.M sodium bungsteabe mined
A )

with & wl. M D - sorbitol.

82.3 Sompieresn with D =  Sorhibel spd with Tiron

[ pmiss yol X

Pl Al AR A

(a) gholehlomehry.= The deb Pleks 9 ml. = 1 ml. quentities of
0.02M $ivon were respectively added to 1 ml. - 9 ml. samples

ubion of aodium molybdate <« D = sgovrbitol complesw,

Lo

of &

&

o]

reparad by wixing 10 ml. 0.2 sodlum molybdete with 5§ ml. of

i

0.2 aloohol and meking up the volume to 100 wl. ALL

samples were made up o 50 ml. at ¥ = L.5, the optical

densitlien measured, and the results pletted against mole

fraction, to produce & graph with magimum 8t 0.5 dle. the

ratio of components is wmolybdate: D < sgorbivolstirom = 23132.
50 ml. M sodium tungstate wag mized with 2% ml, M D

porbitol mnd the whole mede up 40 200 mi. This solution was

mized with 0.85M tiron in the proportions & wl.:18ml.... LOmi.:

2 wlo and the samples mede up to 50 mi. each at pH = 1.5,

Phe resuditont graph did not show a mexgimum indicative of

hetere complex formation.

Ligernal v

(v}  Yerinsion_of Ontical Dewsiiv wiith.oM: - As with the
memnleol eomplex 1t is not posaible $o obtein a éompar&tiva
molybdate~tirvon plos of opvicel density sgeinst pH. PFor the
hetero eompilex the solution used contained L0 wl., of each of

0.8 modium molybdete end tirvonm mixed with & mi. 0.2¥ D -

'’
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&4

sorbitol. & ml. samples were diluted ten—fold after the
sorbitol. & ml. samples were dlluted ten-fold aiterw th%

a

reguisite adiustiment had besn made to the values of pi, 3i)
LILS VAL MTOH UL U'LJI.).LU(}’L.L U'&*;.KAEJ.LUJ CHE MWW WIAR WL LAL AR (L 0

g2.4 Complemes with _both D = Sorbitel and D(+) Tarteric Acld.

(1) Exveriments with D(+) Tertaris pcid.

(a) Stoichiometry = The Corrsected Joh Plot: Portions of

a solution containing L0 ml. 0.LM sodium molybdate mixed with
20 mko Ol D = wsorbitol were mixed with sewples of 0.268
D(+) tarterie acid, the proportions msspectively being 1 ml.s
9 mho socenos. 9 Mlod 1 ml. 8cid, ALl samples were mede up

to 50 ml. a% pH = h.5. Compensating solutions containing
8,6, and 2 ml. of D(+) tarteric acid were similarly treated
and by subtraction of thelr values of éptic&l rotation from
those foxr the hetere solutlions the optieal rotation values
for the hetero complex alone wes ascertained. The results
show & peak at 0.5 in the graph of opiical rotation againgt
mole fragtion of the alecohol complex, indicating the ratio

of componente: molybdates D - @ﬁfbitola D{+) tartaric acld =
22138,

(v)  Yaristion of Opticel Rotetion with pHs Nine 50 ml.
semples at the requisite pH values were prepered @ontainin@

5 ml. each of 0.h¥ sodium molybdate amd D(+) tertarie acid
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mized with 2.5 ml. QoM T » soxrblteol and the values of
optieal rotation measured for comparison with the tavtrats

aomplex alone {(graphs 10c und 4 respeetively).

@ﬂ

(11) Ezmperiments with Meso-Tarsaric Acid-The Correchted Jo
Plats

AR T

1O ml. M sodium molybdats and meso—tartaric acid
were mixed end to portlone of solution was added portions of
0o5M D~ borbitol in the proportions 2 ml. tartrato comple
18 mlo D~ 80rbitol oco... L8 ml. complexs 2 ml., D .- sorbitol,
Th@ moiu@&@n@ were each mwade up to 50 wl. at = h.5 and by
mesns of compensating solutions similerly prepared conbeining
respectively 26, 12, 8 and b mi. D - sorbitol the velues of
optical wotation plotied &gainsb mole fraction of taritrato
compler. This plot possessed & meximum &t 0.5 indicative of
the watico of components 2(H00,?): 1D - wmorbitol: 2(tarterie
acid) o

Where the tungstate analogue was concerned the resulis wers
extremely umcertain. In the Job Plet for both D(+) tartarie
acid and meso-~tavtaric acid experiments the optical rotation
values of the Job Plot rose to values which rempined constans
over the mole-fractlion range 0.3 ~ 0.5 inelusive. Accordingly

no hetero tungstate complex is formedo
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ghol  OCewplex with Hydroxyiamine

() Yexiesien of Oniical Density.wikh. pH: Nine samples were
prepared cowtaining 10 ml. each of 0.2M sodium molybdate and
hydroxylemine hydrochloride and each sample made up o 50 ml.
after mﬁgu@%ﬁent of pH from 2 %@ 10 and thely optical densities
measured at 25 mp. The resultent plot of opilcel density
against pH possessed 2 naximum at pH = 5.5. It was found,
however, that the time taken for the sclutloms to finally

reach equillbrium was three d&yag&inc@ over this period the
solutions despened in colour from orange to red untlil the
maximum of optical density had veached Hwice the intemsity of
that m@@aur@&-fwom the solutions exemined immediately on
preparation. Thereafter the vaiu@$ of optical density

vemained constant (graphs 20 a, b and @),

(b) Stoighiometry = The Job Plot: Again, 1t wes found thet
the definitlon of the peak at 0,5 corresponding %o & lsl comple:x
was considerable improved after three daya. For these
exporiments O.1M reagents were used, the solutions belng

mized in the proportions 2 ml. sofivm molybdates 16 ml.
hydroxylaminc.... 18 ml. molybémtes 2 ml. hydroxylemine and

each sample wade up to 50 ml. after pH adjustment to 5.5. Afbes




()
L
)

atanding for three days the pH walues were again checked and

i

the optical deunsities measured at LE5 mu.
gho2 Gomplex with D{+) Taviarie Aecid sad wiith Fydroxviamine..

(a) Yoriation of Ophiend Deneliv with pH: Desplie the fact
that the opbical density values fox the hetero smolutlions are
sbout 3 of those for the single ligend complex st comparable
PH velues the curves sgeln show that o steady value of opbtieal
density was reached after vhree days. Here 90 wml. of sach

of  0.2M sodium molybdate, hydroxylamine hydrochloride and
D{+) b&ytawi@ acid were mixed togethewr, the resgents being
added to eaech other im that order. Nlme 30 ml, soemples of
the resultant solution were meds up to 50 ml. each after pH
adjustment to pH & to 10, After three days the pH values wers
ehecked and the optical density neasured at Les mu. and plotbed

ageinst pH (graph 21a, b and alo

(v)  Yapietion of Owpiicel Rotation wiih pHs VUsing the same
samples ag for the optical density messurements it was found
that the veluea of ophical rotatiom dld wnot change with time,
the eurves for measurenents talen after oune hour, three daye
and sif deys being colnceldent not omly with one another
(graphs 228, b, ¢ rospectively) budt with that for the

tartretoe-molybdate complen alone(graph 22 d).
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() Bloiehlometry — The Joh Flots Heve, too, time affec

the definition of the »neak, although not to the same exiewnt

a8 for the single ligand complex. The graphs of optical

density agelnst mole fraction of tertvato-molybdate possessod

a mexiaoum at 0.5 indicative of a 1ilil watlo of componente.
The golutions used Lor the measuremnsnts were prepared by
mixing O3l wreagents in the ratio 1 ml, tartrato-coaplex: ©
hydroxyleming oeeecaoe 9 mle Hartirato=molybdate:l ml.
hydvernylamine sand maling up each sample %o 50 ml. at

pH = G.5, The pH of the sanples was veshesked at the end

of the three days belore mzasurement of optical density.

i -
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ghol Ieyediation.gnd Refluwgiee.of Bingle ldgend Gomolexes

of. Motuhinta.

Rrremniter s bl Dz

When aolutlions of vartrato and mendelato molybdate wara
ivrvadieted with UW.V. light for two hours they turned & deep
red eolour, which faded on allowing the solutions to shend
overnight. That there was some form of reaction resulting
in the weducitlion of the molybd@num by the organic ligand
became evident when & smellmomewhat akin to that of burnt
sugsr was observed to come from the tartrato complex and the

smell of bitvter alwonds from. the mandelic acid complex

solubiona.
Sinee the YoV, lamp evolved & consliderable amount of

hegt 46 could not be sald that these reactions were the
congeguense of irradiation alone, and in facht when semples of
the complexes were refluxed 1t was found that the reactions
proceeded much more wopldly and effeetively. HBoth compliex
golutions turned an inbtense red eolounwr, and within three

hours 2 wreddish-orange aélié began to settle out Tirom the
mandelic acld complex scolution, After refluxing for twensy-
Lour houxs the solutions were wore o less stabillized in thelr

coloured formo and.detalled exsmination of them was therefore
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caxryigd owd.

With regerds to the taritrato cowmplex very lilttle
information eould be obtalned since it proved diffieult to
identify che organi@ product of the xeacvion. Nor could the
oxidetion state of the molybdenum be ascertained slinee
interference of the organic speclieg present in solutlon with
the oxidizing agents employed {permangenate and ceric
pmmoniwm pulphate Gitvations) resulted in the end point in
whe %i%wm%ipna heing very uncevtalin. Attention was therefore
directed to the mandelic acid complex,

A1l pamples were prepared in the manner descyribed for the
mandelato complex. 90 ml. 0.2M sodium molybdate were mixed
with 180 wl., 0.2U mendelic &cid and the wheole made up Ho
300 mil. &t pH = 6.5, Within one hour of commencing refluxing
the solution turned deep wed and within three hours had hegun
o depomit & weddish-orange solid, refluxing being continuved
for five days. The ovenge molid, which foxmed 23.hl Ly welght
of the stavrting npterisl , was filtered from the red liquiég
washed with acetone and ether and dried under vaccuum., Solid
and liquid were then separately exemined.

50 ml. ganples. of the red liguid wes oxtracted with cthewr,

the extraet washed with water and dried with enhydrous sodium




gsulphote. Phe ianfrared spectrum of the extroel, teaken in
ghlowreform, vrevealed an aromatic pezk at anﬁuv a - OHO peek z’
thﬁ = .70 and C=C piretching vibrations at 6.2% and H.55u.
In addition there were peaks st 9.030, 9,30 = 9.83 m, 1L.45u
and 11.85 all of which sre present in the epsctrum of
benzaldehyde, thus confiruing that the smell of bitter slmonds
evolved from the wed licuid was that of b@ﬁﬁald@hydeo As with
the tartrato solublon interference of the organlc matiter presen’
in solution with the oxidising agents prevented the oxidation
stats of the molybdsnum species in scoliution from being
deternined.
Lgnition of the orangse solid to ¥olsy revealed that tha
nercentage of molybdenum was L9.81% while the pesrcentage of
hydroger was found to be 2.09% S¥andard permangenste

A
and ceric amponivm sulphate titratl ms lndicated a valency of
¥ These faets are in sccord wlth the formuwlation of the
compound as WaMoOz.2HgO (%o = LT.27%, ¥H = 1.98%).

Other acid complexes refluxed under simllar conditions
were thome of lactic, citric and glycoliic acids. Of the
three only the first was partially reduced to molybdenum blue
(2 mixsure of Mo{VI) and Mo(V)), the other two showing nc
apparens reactlono

ALYl three sugar complexes refluxed turned sn lnvense
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ved colour which on heati ing for three to four days became
cloudy due %o charving, the D{+) maniose and D-wibose complexe:
belng Fefluxed at pH = 5.0 and the LS orbose complex atb

pH = 5.5, Mannitol snd sorbitol complexes were redused to
molybdenum blue. The ownly conssquence of refluxing the
hydroxylamine complex of godium molyhdatée was Tthe destrucihion
of the hydroxylemineg itsell as evidencad by the evolution

of mmmonia and the disappesrances after three days of the
orange colour of the complex., When repeated under an atmospheor:
of misrogen the hydroxylamine reduced the sodium molybdate %o

molybdenum blue.

£5.2 Tha Effests of the Pressnce of Various lons on Beflewxing

b TS P oA e A R

Somplex Solutions.

The presonce of different ions was found to influence the
redox syaten ope?atihg between the molybdate and ligand.
Sulphate ion (present as sodium sulphate) produces very Little
effect on the redox process, the tartvato complex still turning
deep red aftey rafluxing for three days. However, with sodium

arbonate (pxobably in the form of & mixture of carbonnte and

blecarbonate) present, only & 1light brown colouratlion was

oheserved after the seme length of dime while the addltlon
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86,1 JIntroduetion

The complexes of melybdenum and tuungster appear Lo
fall imnto two classes. (o) <those which are Forwed between
w 4,5 and 7.0 and (b} these formed betwoen pH = 2 and 4,
‘Th@s@ in class (&) posgess a molybdenuwn {or tungsiten):
1igand ratio of 1:l or Ll:2 and those in class {(b) o
ratio of 23, Breamples of clasa (a) are the comploxes of
tiron, tartaric, mendellc, oxaliec, trans-acoenitlc aod
dtaconlic aclds, and of sugars such ag D{+) mannose,
'ﬂ(w) ribose and L) sorbose aund exauples of class (b)
the complexes of Demanndtol and Desorbl el
Apgus and Welgel 7® nave puggesved that the faetoy
governing the ﬂ&ture of the molybdenum eor tungsten spocies
..r@&@tiﬁgg ie the availability of bhydvexyl groups on the
Ligand, They maintain that in ordeyr o keop vhe coordination
nunber of the metal atem low x&bant gix) the metallic flous
polynerise to MogOze™ add Waﬂw o H@W@V@T& the agtual species
gomploexing is probably more profoundly influenced by the
pH of the selution than by the nature of the ligand,

Aocordingly, the complexed specles in cless (&) are more

-

Likely to be the simple Me0,2 and Wo,? ions, than the

A2

dimeric forma which tend to regquire lower pid values for




Lavs

thelyr fovmnation,
Where class (D) is concerned,the metals ligand vatio
18 231 and heve, becsuse of the lLow pH of formaition

(pH = 2 to 4) there is the possibility that it is the
dimerie sp@ei@abmwﬂmpu,znmiwgegm which are complexed.

The only struetural wovk carvied out on these cowplexes
of malyb@aﬁe'amd tungstate has been upon the omalic meid
conplex Kol Mea0s(€204 Vo (Ha0)a) which was formerly considered
0 be the molybdenum (V) @@mpl@xsE@[MﬂgQg(Cz@aﬁzﬁﬁzﬂ)zl o

foR

Cobiton o on the basis of Xeray studies, svggested that

the molybdenum gpeates was the centrosymmetric Mogls anion
possessing & pigorously linear and symmatrienl Mo-O-Mo
bridge,; the coowvdination arrangemoent of the molybdenum bheing

wade e to osetehedral by the oxalate ions as gbowns

B v [ B T Pecs
o \
//) O ‘/p
H,0 j\Mm 0 Q\MﬂéOHL
/\ [\ +
3 |
o 0

Yn all other cases, however, the complexes have proved o bu

» oA
v

too seluble in water to be isolated and accordingly 1t wenm
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geahions oo

e mads aoncerning the cgordinstien to molybdenum

of the variows ldgends.

<
i
s
-
5

In solution theve 1o, a8 yet., no methed of wreselving the

abructures of these twypes of complexen, There are two
dlgtinet wechanisne whiech could be dnvelved in Tha Termation
of these complerwes - each of would give rise to dlffsvent

<X

soordination pumbers. They may be written in the

b
o
£
bl
f=
he)
2
=
[
9]
]

- "y -r'}- Ty ¥ 3 i)
FeReTRy LeTmese

Mo0, 4 (0H),nL =% [mMeo,(omi.nl "
25 MoD, 0 (O] L TT™ MeDg 0,5 4 2Hg0,

¢
f.2. either & mechaoniswm Invelving straight addition of the
Tigend or one imvolving elimination of water from the

molybdate - Ligand complex. FProm the cousidevation of pH

- . - SRR NP 23
cshanges assoeeiated with the reacvigns aund frew the egirons

golubility of the coaplezes in water Lt seems Likely th

LY

3

the firat of the two wechanisms wowld be the dominant
reaction, In the subsegusnt discussion the adaition

meehanism ic assuned to be operating., 1

s nowever, bhisg is

1,

not the cags the coordination nunbers will be lower but ths

W0 LY

sholchionagtry of the complexes will mot be affeeted,

2]




56,2 Sinele Ldgend and Hetevo~Uomplexes Tuvelvivg Hydreogy.

AT IR e T e N Gl iie

carboxylie Aeldg and Dihwdroxy-phenols.

romtl NS/ P s

(1) Hetero compleres with B(+) Tavieric Aeld and Tivoens

Since the valuwes of opbtleal rotation of the I{+) tartrato-
nolybdate and tungstate gelutions depend upon the concendraiic:r
of the complexes, the Tfect thet the addition of wiromn did
ot greatly affeet the warsd atéﬁw of thelr epbical rotations
with pH (graphs 2) meant that the tiron had not complazed
preferentially with the meolybdate and tungstate al ths
expense ol the D(+§ﬁ'*ari&fic acid, The introduetion of
tartaric acid into the tlron-cemplexes, on the other hand,
bad 14ttle effect upon the veristion wiith pH of the eptlcal
denaity of the molybdate-viven compisxzr but produced a
considereble decrease (To aboul one hell of the original

1)
of

fromi

value) in thet of the tusgstate«btivon couplex (graphg
¥o savisfactory ewplanation can be given for thie bubt 1%
presumably reflecta a wather weasker interacition of the
wartratotungsvate with tiron due to Tthe lnereasged elovtron
dewelty on the tuvngsten ag discussed below.

The Job Plote (graph 3) confirmed the stolchiomstry

of the complex as 1l:1:l molybdate (or tungstaiels D(+)

tertaric aclds dirvon, L.e. the D{+) tertaric seld had

=
tg
C.r

splaoced one of the tlron wnelecules in the original Lsz




3
W2

melybdate (or tuvgsda

L

seds biven complezes, possibly sceowding
e the eguaticne
6(-‘:)
P4004[06%12(05§§3 {5"“303 ) & :E?/' * ﬁ/&_ﬁ@@@ R ms—

. . T &7
o0, LosH, (08) 4 (804) s JC, 1,0, ] ¢ CaMa(OH) (8504 ),
Toat this hetero - complex was & gtable entiby could be
seon froun thae Faet that the equilibrium couwld not be

reversed, even in the preseonce of a L@f“vwl@i@ excens of

1ran, both opbtical density and optical rotation reaching

C‘?

. 7 £l

mtea&y valuos after the addlitlion of one egulivelent of tivan,

Since the eptleal retation of D{+) tarterie acld altews
congsiderably with complex formation (end only wery slighitiy

with pH) and zince thies difference 18 greater on couplexing

23

with melybdate {the stronger owidising agent) than with

tungstate the effect iz apperently due, at least in pard,

&

ba eleatron transfer L:@m the ligend to the metal len,

EN el
5

The additicn of another ngﬁﬂﬁ 8.8, oxalic acid, resulits im

a decrease in opbieal roitation, presunsably besause the
electropositive charaster oi the metal len hag been deorsased,

due o electran donstion from this segend ligand. On the

ather hand, 2dditlon to the tarirate-melyddate (or tungsibaic

Pid
'Irsf:
“teram?

of exceges cation, in the Yorm of sodium chioride, inoressen
the opticel roltation, thereby suggesting that los-palr
formatlon reasulting in further eleetron withdrawael frowm the

tartaric acid had cccurred. The Qecrease in optical density




of the tirvon complexes on the introduction of D(+) tartarie
peld mey sinilarly be ascribed to 2 degresse in elegtrg.
posdtive ehavuacter of the wolybdate or tungstate lon caused

by the presencee of the acid,

=

1E, o scemy most p?@b@bl@; the simple M@®4aw’@r H@¢%
don awve the opseilesn which form complexss with tartarie aeid,
then, assuning that beth the carboxylic aclid groups and the
hydronyl groups cowld be invelved in cooerdination {and

madels suggest - that thig is possibld 422 coordinetion wing of

Goox

D) Tavvarie
Aeid,

gdx or eleht onyeens aveind the molybdenum (or tungsten)
wowdd be obteined:; That such s scheme would be feazible i
shown by the foet that other olght-goordinete eompounds sgush
sa KoMo(C)s' " ave kuows.,

In tha ecase of the vtiven eomplemesn the metel low would
appear to bHe iunvolved with the 7 boading systen of the

benzone wing through oxygen bridges dnvolving the two.

ola nlls
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hydroxyl groups, This way be dedueed as Ffollows, The
dutroduction of substlituenitz inte the bengene ring of yhenols
produced a lerge alteration in ithe intensity of absorption,
without there being axny greatv chonge in wavelength

of the sbsorption peak.

i

I8 ?°
o ('\Q‘Q !
/ﬁ ‘NB o 5{}{;\\}/653

Xy V505 Na &EQJ/J

Cavechold .,

Since the bonding of the molybdenum or tungsien sesmns
0 talke plsce throuvugh the two bydroxyl groups of the tirvon
and the two carboexzyl groups ant o -kRydroxy groups of the
D(+) tarterie scld the metal atom in thé@@ hetero complex
gonld be up o vten ceoordinate,

(12) Hevero-complexes with IL(-) mandelic acid and Tirens

With L(-) mandelic acid in plaece of B(+) tarteric acld a
gimilar set of resulis was obbained. Por ihe g tate
hotero-complex the veviation of opiical vosation %ith DH

of the mendelato complex was not affected Vo auy great extent
by the addition of tiwon. Nor dild the introduction of

mandelic asid into the tungsitatewtivon greatly affect the




&6
veristion of optlcal deansity with pd of the complex.
Chs dndlcated previowsly (p, 26)the intensity of absorpbics
af the hetevo-melybdate complex mesnt that 1t was not
pogsgible to follow the effect of the additlon of tiron
on the varintion of optical votation wiith pH of the
mondelato-conplex, However, the sbhape of the graph of
optical demsity against pi for the molybdato-tiven complex
did not alter on the addltion of nendelie acld, thus
indlesting that tivon vemeined bonded to melybdate in the
presenee of mendelisc acld. The mawimum of the Job Plot
of optienl density agalnst mole fraction of the mandelate
sempler (groph %e) seeurvimg at the melar raitio of 0.5
neant thot one of the wilrvon melecules had been veplaecsd
by a2 molecule of wandelle seld %o form a 13lsl hetere-
.mmlyhd&%@ complex. A similar result was oblteined Jor the
tangstate complex,

ook
]

bt s

2 Ty
T

|

é;:};ﬁﬁ/

L5, w‘,’"

L(=) Mendelic Acid.

fhe mendelote complex, Ltself la a 1l:2 melybdabe

(o tungstate): scld complex in which the two wolecules ol
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geld probably are coovrdinated to the metal atom through
the oxygens of the'earbé%ylic groups and those ol the
o «hydroxyl groups i.e. the molybdenum(or tungsten) is
 @igh%w@@@ydina%@o Aeccordingly when one of the mandelic acid
molecules is replaced by a molecule of tiron there is ne
change in the coordination number, the tiron complexes

themselves being eighit-coordinated.

(413) Hetero-Complexes with Oxalic and with D(+) Tartaric

Acldss It was somewhet more difficult to follow complex
formation invelving oxalic, trans-sconitic or itaconic acids
since none of these aclds are optically aé%iﬁ@g nor was there
pny significant alteration in their uiﬁf&viﬁlet spéatf& on,
eomplex formation, However, for oxalic aclid, the steady
value of optical rotation reached after the addition of one
%quivaianﬁ of oxalic aecld to D(+) taﬁ%fat@mmélybdate and
tungatate solutions (graphs %) suggested that l:lsl complexes
conld be formed, involving both btartaric and oxalic aeids,
This stoichiometry was confirmed from the results for the
eorrected Job Plot of opitical rétation zgeinst mole frastion
T of the 131 o%alato complex (graph 3e), the possivle r:cetion
heings

wrin e

) a 2
MoO0, (CaHa0, ) +  CuHe0e === MoO,(CaHa0y)(CH06)

Since oxalic scid is a bidemtate - ligand the molybdesicm




c
{or tungsten) in the hetero complex whielh 4t forms with

B+ ‘awmnﬁle acid will posgibly be bten-coowrdiaat

(17) %{me h¢ﬁ&ﬂd Camplexes with Trans-sconltic a and

(b Bvddn e e

Iimoonic delds and the Correspondine Heteve Complex wlih
Tirons Conductivily messurenenits on the addition of oxalie
108%

acid solutien to molybdate and tungsvate -sgolutions

showed tha% two diffevent processes wWere opevating - nod

only was the 0%913@ acld complexing with molybdate and
tungstate but ales 1% was causing these lons to polymerize,
reguliting in equivalence poinits which divergesd Lrom thé
theerevica i values, Thig polymerizetlion effeet could,
therefore, aceount for the poor agreement between theorstical
end experimental egulivalonce points for the addition of
golubtions of trons-aconitic acld and itaconic acld to wol-
utions of molybdate and tungstaic,

It was posslble, however, to reason baek to the exligt.-
enee oL & ?2?-m01yh&ates acld comples from the fact that
the dob Plobts of opticel density against mole fraetion of
molybdate~trons—aconitic acid and wolybdate-itaconlic acld-
tiron solutions had thelr mexime of optleal density av the
point corresponding to the addlition of one eguivelent of
tivon and notv two, which would bave been the case had there

been uo hetoro complex formed.(graphs BA and C), Again,




neither of the two aside sffected the variation of opt«
teal density with pH for the molivbdate~tliron eompler (graphs
7 and 9).

The complexing abllity of the two aclds proved bo be
rather weal since addition of Piren to the 131 acld: tung-
state complexes resulted in displaecement of the acld by
the tiren to form the 132 %ungataﬁ@s tlron conplex, This
Process was @vi&ent.frqm the JFob Plots of eptical denglty
sgaingt mole fraetion of the sconitic and itasconic soid:
tungatate conplexes. These showed peaks at 0,33 (grapha
8B snd D), indicating the presence of only the i:2 tung-
states tiron complex.

' 2 :

Baillie snd Brewn in suggesting possible strueturesn
for the bartrato-molybdate end tungstate complexes proposed
that, by analogy with the hetero-poly acids it might be
deslirable for the oxygen-oxygen distence in these somplexes
0 be of the order of 3.0 A, Assuning that this susgestion
iz correct then examnination of molecular models showed that
certaln of the oxygens in tha two acids were this distance
apart, Yor tfanamaagnitie acid the ouygens ecnceﬁméé would
be these of the carbonyl or hydroxyl groups on G(1) and C(4),
while in the cage of liacowle weld the oxygens are those of

the earbonyl or hydrexyl groups on C(2) and C(4). Because




only two of the oxygens in ecach adld are thus eo-ordinated
the gingle lLigand complexes could be six coordinate and the

hetero ccomplexes with tivon elght coorvdinate.

%&ﬁg %>M
G
E@QQOH H\ﬁf/(ﬁ@
‘égg ﬁf@
C@ow C.
@ Q\‘g\ e G‘}\\ Lo
e G
Itaconic c%ks =
2alid.

Trong--agonltic agld

6.5, Single Ligand snd Hefevo-Uomplexes Involviug Sugars

(Y

and Tiron,

(1) Hetere-Gonplewes With D(+) Mannose and Tiron and

D(-) Ribose and Tirons: Wexperiments With D{+) Taviaric

GFenETe

» - 3 ¥ . R B 4 .
Acids The work of Speviece snd Kiang concerning the
variation with pH of the optical votation of molybdate ol

wbiong containing D(+)mannese and D{-) ribose was wvepeaited

Y

and thelr resulits confivmed, In all Tour cases the ratio of

metel ion to sugar wag found to be T1si.
Te
For these sugar conplexes Angus and Weigel suggested
thot the metallic iocwn would be in the diherle form Mo,0y™

an

o WeOs® , but in view of the faet that the upper limit of




complexing ia avound pH = 7.5 aund that optimun complexling
takes place at pH = 5.5 4% would enwpear thet the simple
Mo0? eor WO, ? don 48 the complexing ageatb,

The foramation of & hetere-moelybdate complex Lluvolving
both tivoo and D(+) mannese could be conlirmed by vthe fast
that the variation of opbieal rotation with pH ¢f the moly-
bdate-D(+) mannose complex was not affected by the intro-
duetion of tirom (gravhs 1), Ll.e. the tirvom did net pref-
erentially complex with the molybdate, Wor wee the variate
ion of optical &ensguv with »H of the tircvo-nolybdate eom-
plex affected by the addition of D{(+) manncse or of D(-}ribe
ose (graphs 10 and 14 respectively), This latter fact mesns
that only one of the tiren molecules in the 132 molybdatew
tiron complex wes replaced by D(+) mannese or D) ribose
This stolcbionetry could indeed be confirmed from the pose
Ation of the maxine of the Job Plots of opbtlcal density

againgt wnole Lraction of the sugay complexes, i.e, o 1:7g7
nolybdate: mannose (or ribose): Virvon werve Formed,

- The epvioal density of the hetevo-molybdate complex
with D(-) ribose and tiron, however, wae too initemse 1o
peynlt optical rotation measurements to be taken, In the
cane of the tungstate snalogues, the tirvon complexed prefe

.QF&RQﬁélgjg maxima of Job Plote of opivicel denslty againgt




mole Ifracti of sugar counplexes lylag at 0,%%, showing that
only the 1:2 tungstate complex 1o fornedl, The reagon forv
this wmust 1ie dn the fact that the heterc-nolybdate complex

is relatively more stable than the melybdate-tiron complexn

whersas the same 1s not vrue f@r the btungstate snalopues.
Introduetion of D(+) mannose and (=) ribose into
either D(+) tartrasto-molybdate or tingstate solutiouns dld
not result in hetero-complex formatlion., The mazims at 0.5
in the Job Plove of optltical rotation egainst nole fractlion
of the molybdate and wungstate~(+) mavncse (or D(-) ribose)
complexes merely indicsted the preferentisl formatlion of
the 1:1 tartrate conplexes., The colneident plots showing
aristlion of optical rotation with p¥ (graphs 12 and 15)
suggest the seme thing. That the tartaric acid had prefere
entially ¢Qmplexea with the molybdate and tungstate could
aloo be seen From the fact that the addition of meso-tavrt-
aric acld to solutions of D(+) mannose and D(-) ribose come.
plexes vegulted in the veduction of the cpitliecal rotaticn
of. the D(+) mannose and D{-) ribose to the values they
possens when unconplexed (graphs 15 and 16), The corrected
Job Plots consdsted of a smnoth decreasing curve for the
tungstate ion, while that for the molybdate showed a slight

mininun, these results dludicoting that no sinple hetero-




9%,

eomglex was being formed,

With 4he suger complexes the steric effect becnmes
move significent and mey provide the explenation as to why
heﬁ@raméomplexea are formed with tivronm but not with I(+)tar-
. tarie acld, Th@ hydraxy1 groups in tirom are attacthed %o
adjacent ¢ :rbon atoms whense it would be possible to accom-
odate the molecule into & metelliec lon which waes alveady
coordinated to the ring structure of & sugaer, In the case
of tertaric ascid, it béﬁh the e&fbonyl-gf@ups and the bydrox-
y1 groups ere involved in the bonding, the tariaric acld
molecunle would requife tp envelope %he noelybdate ion o
some extent and this would not be p@sgible.wh@re the moly-

bdalte ion was already coordinated to & sugar ring strueture,

Where sugar eomplexes are comcerned, 1% is not yet
clear how many of the oxygens of the hydroxyl groups are
involved in the bonding to the molybdate or tungstote Lom.,
Spence and Kisng °° originally suggested that three adjac—
ent hyéf@xyl groups in the 1(axiel), 2(equatorial), %(axial)
configuration were essentiel for complex formation.between
o suger and woelybdate or tungsiate lons, the suger Tuneb-
joning as a trideniate ligand. | |

i ) 8 .
Angua, Bourne, Searle and Weigel * eAth experiments




(S
=

involving an amine substitunted sugar: 2- gwino - 2,6 -

dideony « D = talo = hexose:

found this to be inecorreet, sinece this sugar slso cowmpl-
exed with wmolybdate and tungmiate., What can be gald ig the
following. Pirstly, the optical rotation of D(+) mannose o
changes sign from positive 1o negavive on complexn f@rma%iﬁn
bacause of the alpbs isomer (which is predominent lu sol-
ution) being converted into the beta-ferm in oprder %o ¢om-
plex witk the wolybdete and tungstate, This suggests that
the firet of the three hydroxyl groups ( on earbon number
1 in this instonce) must be axial snd is eszsential Ho o
plox formation,

Secondly, sinte®-D(-) erabinose, which is ildentical
1o B <D(+) mennosd except 2% c(3) where the hydroxyl group
in arabinose is equetorlial, doesg net complex it follows

that the third hydroxyl group must alsoc be axial, Thirdly

from - the fact thatSD{+) glucose and B ~D(+) galactesa



/& =D(+) Mannose B =D(~) Arabinose,

regpectively have the sswme configurstion at C(1) and €{(3)

as A-D(+) navnose end L ~D(=) lyxose and that

B=D(+) glueose

O
i) ﬁ\ H
. ﬁ @K Q”/ﬂ (Y =4l
e %{!.&gi 7 5~ o i B YE | ;r oa OO
4 T mf’/ R /,ﬂ"’{i’s - 2
" el
= D) Lyxose,

A= D(+) gelactose




96.

a-D(+) glucose andAD(-) mylose have the same configuration
2t 0(2) and ¢(4) asp-D(-) ribose and yet do not complex i+
followeg that 2 third substitwent at the intervening carbon

atom ie appervently necessary for complex fovmation to take

place.
oH
H
,,L Mﬁﬂoﬂ ZIaNY
b it 1
Hope™™ WP Sl
hh'%\/ ES //3 w:_‘@a
e L N 5;{\: i
e
oH OM
of = D(+) glucose A=D(=) Lylome

O
b ' ﬂ_\
4 Py A
i H

7
5
OH

ﬁga])(m) Ribose,

Thig third group need not wecessarily be 2 hydrouyl group -
1t.can be a primary amino group - but it must occupy an
gquatorial position since an axial hydrozyl group appears

to be completely ineffective (o or@B-D(+) glucosme).
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The sotwal function of this third bydronyl group is

<
fadda

atill not clear. Angus and Weigel "7 suggest that it is
eliminated os water to eneble twe molecules of sugar Ho
compler with the dimeric species Mog0,2 , but in view of

the walue of pH (5.5) at which optimum complexing talkes
place, this nechaniem is wnlikely. A possible alternative
explanation may be that both hydrozyl end amino subst-
itaents in th@ intermediate equastorial positlon gilve rise

to intvrawmolecular hydrogen bamim@z with the two sxisl hydro-
xyl groups, this bonding being essenvial o the stabilizate
ion of the eomplex. |

(11) Single Ligend Complexes With L(~) Sorbose and the

Correnponding  Hetero Complex With Thron: There iz & ¢on-

giderable diffevence bhetween the variation of optical
rovation with pd for L{+) sovbose alone and that for

L{«) sorbose dissolved in sodium wmolybdate and tungstate,
Hudzon pes ghowed that the species present alwost exelugive-
ly in agqueous selution lg the alphe-iscmers L(-) sorbose.,
The large decrease in the negative walue of optiecal roitat-
ion (towards sero rotation) et pH = 5,% will be due o the
mutarotation of the sugar iunto the h@%amf@rmo Bince, howevew,
it is epparvently the alpha-form which is required for ithe

sugar to be able to couplex thig mutarotation was counter-
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acted by the addition of sodiuwm molybdate or tungsiate

{graph 17).

W On_ ool
x/; N

&M S

\H

H

H@H§J

oy

OH

A = L(~) Sorbose,
The occurrence of the oeak at 0.5 in the Job Plots of Opt-

ical rotaticn against mole fraction of molybdate or tung-

@
<r
o)
o

te indleated that both molybdate and tuungstate reacted
with one moleeule of L{~) sorbosa,

Due vo the difference in strengiths of the single ligand
complexes, betero complex formation was obtained with woly-
ag could be seen Lfrom the fact that there was 1ittle atff-olexn,
ag could be seewn frem the fact that there was 1ittle alff-
erence between the plots of opbical density agelunst pH Lov

the hetero complex sgolutlious end the 1:2 molybdates tiron
complex, the introduetion of L{-) sorbose into the molybdate-
tliron complex anlf resulted in the replecement of one mol-
ecule of tiwvon, This 121¢1 wolybdates ﬁ(m) sorboses: tiron
ptolehiometry was confirmed by the position of the maximum

of the Job Plet of optlical density ageinst mole fraetion of
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go 6od Single Tdegand Gomplex With D-Sorbiltol and Hatero-

Complexes Iunvolving Polyhydroxy Slechols, Tiron snd Tarier-

Bt

(1) Introduction: Two factors reguire to be considered where

D mamnitol and D sovbitol conplexes sre concerned, Flirsite
1y the values of optical rotation of these substavnces ave
very low, and secondly the pH at which wmaxlmum complexing

i obtained de in the vange of pH = 2 to 4, The consequence
of the first factor wes that the optical density of the
hetero complexes involving both wmannitol or sorbltol, and
tiron could not be deereased in intensity by dllutlon %o

& uulfi@i@u% exbent to allow epitical rotation wessurements
f@ be made. With the second factor there would be a tendency
for the wolybdate and tungstate Yo polymerize and for the
complexed agent to be the dimolybdate owv ditungaﬁat@ 1o,
The resulits obitained wewre of guch & nature that they could
glmsst @Gu&ily woll be interpreted in support of this
p@iyﬂ&rima sion mechenlsm or in agreement with the accomodaie
low of two discrete wmolybdate or %ungataﬁ@ lons per wolee
cule of nsnniltol or sorbitol.

(11) Single Tigand Complex With Degowrbitol: The addition of

V-gorbitol to sodium molybdaite (or tungstate) in the course

£

of conductivity titratione seemed to wesuvlt in complex
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L5

formavion, elther with the dimeric specles (Mo.0,° oo WaDu ),
pr with swo equivalantﬂ of the simple molybdate (or tung-
state lon MOOgEm( owr W©&mm) ag was shows by the bresh i
the conductivity curve (graph 6¢) st the point corrvespond-
ing th the wetal atom: slechol ratio = 2:1. This confirm
ed the findings of Aangus, Bourne and W@ig@va o Lurther
suppert being given to this ateiehiametry by the occurrence
of the maxivum at 0,66 in the corrected Job Plot of opte
i@al‘rotation against mole frae%idn of molybdate and tung-
state., By observing the variation of @pﬁi@&l rovation with
pH {graphs ﬁ@) vhe rangé af pd Lor optimum complexing was
found to he pH = 2,0 %o 4.0,

{1i1) Hetero-Complex With D-Mamnitol sod Tirvens With Demann.

1tol and tivon, evidence could only be obtained for the fore
mation of the heterv-wmolybdate couplexr Lrom sz Job Plot of
optlcal density against mole fractlion ef.mannital compler.
As indicated (p, 60 ) the concentration of the reagenis were
go adjusted that the Tmotb that the maxiwvum cccurrved alt 0.5
meant thet two molecules of tiron were sccomodated in the
mohybdate-D- mannitol complex giving the ratio of

molybdates Demonnltols tiron = 231¢2. The plot of eptiecal
density asgainst pd for this ratio of componenis (graph T8A)
wag slnllar to that for the tiron complezes alome, thus con-

Lirming the presence of the bhetero-complex in solution,
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(1¢) Heteoro Complexes With D-Sorbitol and Tiron and Depores

bitol end D(+) Tartariec Acid . Both Job Plot sud variation

of optical densilty with pH ocurves (graph 18B) reveasled the
exigtence not only of the 2:1:2 wolybdate: D-sorbitol: tliron
complex but also of o wmelybdate~D-sorblicl complex containe
ing two molecules of D(+) sartarie scid. In the case of the
hetero complex with tarteric acid , Job Ploite wlith both
D(+) tartaric acid added to the D-gorbitol complex and
D=gorbitol added to ‘the mego-tartaric acld complex possess-
el peaks &%'Oeﬁlwhichg for the concentrations used, iundicat.-
ed the zbove retlo of componentg. Likewise the varietlion of
optieal votation with pH for the D{+) tartreto complex was
not alffeeted by the intwoduction of the D-morbiicl, i.s.
the two molecules of tartarie aeld remained bonded to the
molybdate ions (grephs 18C and D}, Nor did weso-tariarie
aeld alter tha plot Lor the D-gorblitel complex, thus show
ing that the tartrric acld did not preferentlially cowplex
with the molybdate. Wo tungstate swnalogues were formed,
presunably because the taritrato~-tungstate complex was rel-
atively move stable that the twgstate-D-gorbitol comples.,
As previously mentioned, the low value of pH (approx-
imately 2.0) at which paximum complexing occurs with D-mann-

itol axnd D-gorbitol means that there ia a reasonable posge
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1hility ﬁh&% the conplexed agent is the dlwueric gpecles
Mﬂg@7ﬂj If 1% cen be essumed that the molybdemuan - oxygei
molyhdenum digtamce‘in the Mogﬂwgmion will be of the same
order am that for the solld oxalato complex exeamined by

aB

, . q : . . . .

Cotbon then the molybdenum stoma in the dimolybdate iom
should be approximately 3.76 A apart, If then, it lg consid-
ered thet the hydroxyl groups coordinsted to ths molybdenun

oty

atoms aré Tthise om CG(1) and €(3), C(4) and ¢(6) of Demannitol

?HQQH A %ﬂaﬂﬁ
H@?WQH : . HO“%“H
HO@?MH ‘H@m?MH ,
I‘ﬁ*? QO H'm@uj““@}ﬁ
H“?“OH H“?mﬁm

O, 0 Ckl, OH
Degorbitol | Deemanal ol .

and Deporbitol wessurements fron molecular models indlcate
that the molybdenum - molybdenum distence ie approximately
3.7 As That these are the'hyﬂrakyl groups involved iu the
coordination tends %o be confirmed by Bourne, Huison and

ey { v ) "x . ) . ;
Velkel's claim that substitution of the hydroxyle of G{2)

and C(%) does not afféect coupled fovmetion whereas subsiite




o

ution of the oxygen of the hydroxzyvl group oxn C{3) com.

tely inhibite the reaction, On the other hand, they

auggest that S-substituited gorbitol could still form o com.
plex with & 2¢1 metael: aleohol ratio and the 4 -~ substituicd

a 1:7 complex. This i8, in effeci, suggesiting that the

oxygen of the hydroxyl groupy on G(6) is not involwved in

the bounding, but this suggestion, tsken in conjunction with
thelr conclusions concerning the hydroxyl groups on the

other carbon atoms being unnecessary Lor honding is open
to Qoubt since under thelr scheme the ownly hydroxyl groups

hose on C(1), C(3) and C(4). The only mechan-

&

essential ave
ism which could support the use of only three hydroxyl

groupds in a complex possessing o metval: alcchol Tatio of
231 would inwvolve the $wo molybdenum sitoms being differ.

1,

ently coordinated - one to one hydroxyl group and the ovher

o wo. For the mannitol complex, Angus, Bourne and Ve

r«e
\; :‘

suggest that the bonding is froa the nydroxyl groups on

c{1y, ¢(2), €{3) ana C{4}, but in view of the length of

Ui:s

he metal-oxygen bridge bond this seems unlikely,

o

To summerise: 1% isg suggested that coordination

between molybdate and Demannitol (and Desorbitol) takes
place via the oxygens of the hydroxyl groups on (1) and

C(3), C(4) and CG(6). No definete gtalement can be made
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regarding the nature of the molybdenum species complaexed,
but in view of the iuter-atomic distances involved and the
Llow pH of couplex formation it way well be that the complex-
ed sgent 18 the dimolybdate Lon Me,0,° o With thie as the
metallic loun each of the molybdenuw atoms in ithe single
ligand complexes would ke flve coordinate, seven coord-
inate in the hetero-gomplexes with vtivon and possibly nine
coordinate in the hetero complexr with tartaric asecid.

o 6.5, Single Ligend Complex with Hydvexylamine and the

Corresponding Hetero-Complex With Tartarie Acid,

By observing the shape of the plot of opiticel densisy
against pH (graph 20A) and the shape of the peak in the Joh
Prlov of ouptical density sgailnst wmole frastion of the
sodiun molybhdate it was found thet three days weve reguired
For molutvions of the molybdate-hydroxylemine complem bo
come to eguilibriuvm. The Job Plot indicated that the ratio
of components was 1si.

The considerable decwsase in the waristion of optival
density with pH caused by the addition of D(+) tartaric acid
o the molybdate-hydroxylamine complex showed that although
vhe tarivaric acid had affected the Loord* tion of the
hydrozxylamine to the molybdate i+ did not complex preferent-

1ally with the molybdate (graphs 21), On the other hand, the
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"

addition of hydroxylamine to the tartrate @omplex A4d not
affect the nature of the curve of opiviecal rotation againsi
pH; il.e. the tartaric acid and hydroxylanline were courdlinat-
ed simultaveously to the molybdate lon., The Job Plet showed
that the ratio of components was 1:7:71 molybdate: B(+} %arw
taric aﬁidz hrdeczylanine .

The reason why a ceriain time elapsed before th@ Syl
utiong of both single ligend and ketero ﬁomplaxea reached
eq&ilibrium pay be due to the formation of a polymerized
gpecles of mélybdat@n Until 1% is known wh&% the asctual
compleﬁed agent ig.n0 suggestions can be made vegavding the

1

coordination number of the molybdenunm.

£o 6,5, Summary of GComplexes,

'Tartarie aclid forme heterv-complexes with tirvon ané
with oxalle aﬁiﬂg in which there is one wmolecule ol each of
the two ligands coowxdinated to a single]m@@i¢= and woizm
Lon, the metal atom in each compiex possibly belng ten-coord-

inate. Tiron forms similar types of boith hetero-nolybdate

¢

and tungetate cowmplexes {(but contalging e}ght coordinate
molvbdenum or tungeten) in which the seccond ligand is
mandelic ag%do H@%erommulybdaté complexes alone (also
eight coordinate)} ave formed with trans-zconitic and

itaconie acids and tivon. The hvi-oxylamine complexes,
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as indicated, mey involve & polymerized specles,

D(+) m&nnoaeﬁ'ﬁ(m)‘ribose and L(-) sorbose all form
he%efommciybdat@ camplexeﬁﬂwi%h’tirwn in ﬁhieh ous molecule
of & sugar and oﬁg of tiron is @oordinaﬁéﬂ 0 one simple
molybdate Zon (Mooﬁém)? Baeh het@ro;@ampléx 18 possibly
eight coordinate. D-mannitol and D-sorbitol, on the other
hand, * form h@t@rcmeomplexe@ with tivon, énd the latver also
with D(+) tartariec acld which contain one moleeule of the
alechol end two molecules of the other ligend coordinsted,

re far as eau be seen, 40 o single dimolybdate ion (Mey0," 3,

thus giving each nolybdenum atom a posaible coordination

of sevén. Only the single ligend tungs%até complexes of

' dugars (@ixmaoar&in&ﬁej and ﬁalyhyéroxy alcohols (poseibly
five coardinaﬁe) are formed - Vthe co¥responding heltero-
@@mplexeaiaﬁa not obivained,

£.6.6, Reactions of Complexes

Both irradiation and refluwing of solutions of moly-

bdate complexes of tartaric acid and wandelic acld and pf

D+ maﬁnoseg D(-) vibose and L(-) sorbese wesulted iu the
reduction of thé wmolybdenum (VI) %o molybdenum (V) by the
organle ligand. The reactlon fbr the mendelic acid solutlons

eould possibly be of the Lorms



Na@M®@$‘¢L‘ 7@ o WEMOO g o 2,0 % ﬁ%”“ﬁ 5 orgalce
, U} complexsn
of ?i’uf””

geolntd :.ﬁ. OFE o

LAs dindicated, the unature of the ovgenic complexes of
molybdenwn (V) present in sclution could not be determined
Por sll other ligands ueed, thls vedox wechanlism elther did
not opevete {am Waavthe cage wlth the complexes ol cityie
and glyeollie seids) or wes only partially operative, the
product being molybdenum blue -« a mixture of molybdewu
(V1) and wolybdemm (V) (=28 with lacetic scid, D- mannitol
and D~ sorbitol).

The results of the addition of veriocus ions wo thase

refluxed compleges varied with the nature of the ligend
the general tendency belng towerds the stabliizatlon of

molybdenum {(VI). Again, with eny one llgand the effect var.
ied with the lons used., Thus, sulphate had no effact on the
refiuwing of tartratammélybdat@ - the red solution of
molybdenun (V) still being produced. The addition of

4 ]

phosphate decreased the reduction to the stage of molybdenuwm
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blue, but caerbonate enabled a small degree of reduction
e =

to molybdenua (V) to. take place. Nitrate and nitrite
inhlbilted the reactlon completely, btraces of nitrogen

vad

b

dioxide (or nitrie oxide) and ammonis baing detec
With the mandelato- gomplex the solutlion turned wved
in the presence of nitrate and nitrite, but no orange solld
was deposited, while the sugar complexes were unaflected
hy the presence of these ioug.,
There are two possible explenations Tor the results
of the introduction of nitrate and nityrite into the refliuxed
conplexes, Plretly Coope and Thigtlethwaite'®’ have
suzgeated that the nitrate ion ecan complex with nelybdate
in acld solution, whence it way be that the redox process
waa completely inbibited because the unitvate ion had fora-
ofd 2 complewx with molybdate which could not be reduced by
the organic ligand. If thls 1s so then this cowmplex is not

go stable, elther in the presence of sugars or of wmandelias

acld, sinee in these solutlions molybdenum (V) was still
produced

The alternative explanation ls that molybdenum (V) iw
produced, but that the nitrate veacts very rapidly wlith it
to produce melybdenum (VI) 2nd nitrite. This nitrite, in

turn, reacts with further molybdenum (V) %o give nitric



oxide and wmolybdenum (VI),

The Tact thet traces
oxide) were formed in the
and nitrite tends to lend

Phosphate, however, forns

$10.

of nitrogen dloxide (or nitric
golutlons containing niveats
support to this second mechanlen,

g comnplex with melybdate and

accordingly the first sxplanation s the more likely heve.

The carbonate likewise perhaps forwms e complex whiech will

atabilizne the colourless molybdenum (VI}, Sulphate, as

J07 )
phown by Coope and Thistlethwaite, does not complex with

molybdote,
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