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The admsoin cxiee conplaxes of vansdivm, molybdomas, and
sngeten have bean therswphly studied. An attenph to do the ssme with
by ths reagwt.

i (VE), MoOu{CeeMyaOM)ys For tungstem, it is
otungaten (VI), WOL(0, Ry 0s8) . Vanndiun

hap bess found to fors twe diffevent compilanes, s white pregipitate and

& darlt yullow pyecipitate, The white form has been detopmined o be

dum (V), VOu(0,5M,30.H). The yellow form,

Sainding one e-bongoin oxlmine moleenls per vansdiue, i the result

of complex formmtion with some highly polymerived vansdion speciss.

The formution of all these conplexos has been corvelated with literature

data concerning the speciew of these mebuls in sctd solution.

dnod. For molybdeunson, gantitetive raowcipitation cocours in S W
20% minsryal acid solution. Por bmgoben snd venadivm quantitative
wocipitation was found o be Lmpossible. Heximm precipitation of
tomgeton was foms to regatre not only minerael acid bub glso 8 mole
mitio of flueride to Wangsten don from 74l to 101, For vanadiun, the

ebaly at the iscelectyic point of pH 2.2.
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The wnite specios forus very siowly Crom soluticus ot the iscelectriec
point, or of greater seddity.

An o vosult of thewe studios, & mumber of fectove concerning the
use of ssbanscin axime 58 a0 analyticsl sesgeat for these clesnonts
e been determined.
any be dried and weighed and the molybdeuin caloulated aw 16.50% of the
corglaxe. It wes found impossible to cbitain quentitative precipitation
of tangsten in the same manuer, sven whon conditions were ripidly
adjusted. A qantliative precipitetion of vanndinm was adso found %o

m»mmwmmmmmmtmvm
for conplete precipitation of the white form results in yrecipitation
of sxcobs rengont.

(s the bemis of the stedies oconpleted, the newly yroposed extrection

devas (1) bas bedn revised. This revision has
romited in making the sethod specific for solybdemm. It oy now be
™he extreme insolubility of the tangsten cospler and the faet
that it does not extawet as a colloddel precipitats as does molybdermam
has mede the developsent of o now @axlraction procedure for tangsten
impogsible.




A® & fizal vosult of these studise, an extraction procadure for
the dotermineidon of vamdium hes boen developed. This method is
qurite apacifis and can be enployed for vepsdium solutions containing
from § to 50 plevogrems per i, It invelves exteaction of the vanadinn
complat dute ehlopofoom from an aguesus sclotien st pH 2.2. Neasureasent
18 ueds by developing the oolor of the Sequinolinel complex of vanadium
to o slight exbtent, the urenyl fon.

(1) ' _ 8. mﬁ‘ Be Loy tnd Menin, O., Avad. Choas. .
AR e e e o e



Ei I csnvrnavoonsenssserssvaonorressronsrarenvesrneene

‘w‘ m’{ﬂfmxwlv&;&&mlwﬂ";ﬁccoccwuucqn-qoaoooc-oocoaouo-
2. Brief survey of postulated vauadiam, molybdemum,

and tangsten apsoies 1n a¢id 2edfS.cecvcrnecrecns

Ko X”W m.wet!lcqcnnccqtaanowcoaoccunc;

be Hoteropoly 8018 .cecsssscscnsssssansenraves

B. Btatamunt oF Froblemeccssoscensonvrossrenssssvancssnsne
IX. mm; AMWH, AND BETAY, METHODBeovaseunenvevone
A m M Amm Uadevsessveusccnsncscennnvences

B& SRSV ED BTGV RERUECOITRIRYSNY
1. Precipitation procedireS... ecessvsscosscssnovase
2. Retraction procoduroS.ccecsacsvsasosasnsararsonses

g
T Y R Y Y R R R T P Y R Y PN Y R YRR RN N NN N

&o mt# M wmmWMwbo-ctb-'Qunoloaotccouionnctt

B. Wﬁm Hethods to Substantiate Mora-Bangoin Oxime
e 0 s U R LB B E SN NP E IS F OO E AN RS I NN ISR RNEPIRETEEPE W
1‘ mm w 55 mﬁ«dasodsunu;--oubcquyooc:.co
3' Wm 5’# ﬁ ziﬁdnnoocucvotc'cocoutvocoootcn-

C. Revision of Molybdemm Extrection Proecedur...ceveceess

Iv. gﬂaﬂa&nﬁ"Qﬁ‘..""'.D"..U.C'O'I..blﬂ.'.’.&ll.'.iﬁi"..Qt"-

A. samn&iﬂm P!nbl‘m"‘..“.".*.".'...‘l..‘.'....’...'...
Be mm Exmmunnu"u-.“.u...uunu".
T X Y

1. Establishing tungsten:owbensoin cxime ratio of

ﬁumglﬂ‘.‘l."“@.l...l"l"l.b.(l‘Qt....‘..""l.

2. Attempted gravimetric procedure

?. aﬁaﬂuxgn‘l..“.'.@...C..Q......t#."llbl..lb."&‘dt.'.lil"t'

A. Extynotion At0empblesccenvsrsenvssrscecascsncersonceses
B. m&ﬂ“ﬁm AWOIH&GOOO!.‘OCUGﬂdld.i.l.‘tiit. cen

QPP SNRSESRESEIPRERS

¥ 5K B%E P BREER B B BREER K Fﬁm@ RV g

Y



AL 00.6"Q..llﬁ.i'tiﬁ-lotc.cvua‘tnio!o.u&ccunat-Q.at-otl

. Mﬂ%ﬁm ALGRIPRBovecevcresnsessvonnressonsnconce
1e P affeots In MMMtnn&couuoatacouwuuo

3 42 plpe bl o} b

2, mm"muucotntttmﬂmowev-:goavmuou.o-ww-urou--
.*.\"Q..".“'...-‘...“.“‘.""

a. M&M of colorintide nothéd...ccnvccnane
VIXo BUMBARY s vovnoascavovccsonvnnerscanvonssscssaratsossrencnssne

me Gm. A X AR XIS ATl XS XA AR S ARSI AR RER R ]

m"..".G‘ii"’.l.C‘.I'ﬂ!‘l..“‘...-QCI.‘OCQC.OU‘....QO‘U.&C‘..

-
L™



LIST OF TARLES

1, Elimination of ITuterfermoe of Venadium and Pungsten in
Melybdetan

mﬁm m-.u.u..u..u-.u“..nu.

Fage

32

1x. mmwmmmﬁmwmwmﬁn

ﬁl.-ﬁi"ﬂ".*‘&“Q.C‘iﬁ."lﬁ..‘i SESUSH EBERSIVSDESUTEDRS

I R Y Y Y Y Y Y P PN Y R R PN SR NN Y

Iz, Wmammmmmm

mwm with mmm m mt ﬁrym Aeiatm:...m..

V. Effect of Various Tone on the Datermination of Vanedivm....

28 & &



FIRRE Fage

« Detormination of Molybderumea-Bemsoin Ozixe Betlo by
mm mm%‘ﬁQOtﬂcoocinttaitoot-ttlloonas_tunbocaioc

2. Absorption Spectron of Tungsten-lmercetin Complex Versus

wznbvdwﬁddUQI!CI!QQCOQ&!I!..w##»*.n.&tin.ptot.tl.tpio

+ Procivitation of Tungsten Cooplax with Varring Amcunts of

Wm m'..."*Q’QQ!U'lﬁ"li!'i'..'!.“'.’.Ii.lﬁ&.ll‘&

ks mtwmmmxm Co

CRAGHANFNSUCI GV LT AP I AN UB ORISR AQRITEN I E NGO O RGNS ED NS

S« Dotermination of VenadiumteeBansoin Qeime Ratio by

Pbrnotioneeencvsesssesasnccsscasosnssssosassnssnsessivseses

26

37



I. INTRODUCTION



oxine, has been used foy Wiﬁa‘btve datemﬁmtions gince 1923 when
FPalgl (6) first reported a @m&iﬁ%ﬁm procedure for the mecipitation
of copper from an ammoniacal selution. Later when Xnowles (17) was
Mmg the interforences in the copper detarminat
that molybdemmn could be quantitatively precipitated from a minersl acid
solvtion with a-bensoin oxime. Later work (30) rroved muceessful for
the similtanecus ywscipitation of tungsten and wolybdenmum using the
procedure deviged by Knowles.

The structurs of a-banzoin-oxime is ag followss

H
\_ /1 L\ /

CH

Its molecular weight is 227.3 and it melts at 19-51° C. It is soluble
in acetons, aleohel and ether, but insoluble in water.

Enoules (17) method for molybdenum involves yrecipitation of the
complax from an acid solution followsd by ignition to molybdenum
trioxide in s mffle furnace at 500-525° C. Hydroehloric, nitric, or
sulfuric acid may be used and the recommended acidity is S¥ by volume,
although up to 204 acid is permissible. A W to five times excess of
reagent, on the basis of a postulated complex of three c-bensoin cxime



molecules par molybdexum, 48 required in this methed. Also the
prosence of & slight excess of broming and precipitation from a cold
golntion are necessary to prevent reduetion of molybdemum by the reagent.
»mWammwwmmsmxmmma,
ineluding silver, lead, mercury, bimmth, copper, cadmium, arsenic,
antimony, tin, selenium, silicon, tungsten, tantalum, nicbinm, ceriunm,
uraniun, rheninm, nickel, cobalt, manganese, sine and the six ylatimn
metals. He found that of these only tungsten, relladium (II), chromium
(VI), vanadiam (V) and tantelum form precipitates with a~benzoin axime
in minersl acid solytions. Of these, only tungsten gnd palladium gave
precipitates which were "gsemingly quantitative." FPreeipitation of
chromium and venadium could be dliminated completely by reduction of
the elements bafore addition of the reagent. He reported the precipitate
of tantalum o be that of the hydrabed acid rather than a compound with
the reagent. Hiobiunm and sillcon were also found to conbtaminate the
molybdenun precipitate through formation of insoluble hydrated acids.
Yagoda and Fales (30) adopted the origingl method for the quanti-
tative precipitation of combined molybdenum and tungsten. They redis-
sclved the precipltete and soparated the molybdenum and tungsten by
means of hydrogen sulfide. Due to the fact that ignition to the
tricxide resalted in precipitates of small welght, especially for low

trionide and converted to thallous tungdatete and thallous molybdate
for weighing. It is interesting to note in thelr results that



detersdnations on pure sodium tungstete in all cases gave & negative
srror. However, this was not trie for stesl samples from which both
molybderanm and tungeten were precipitated.

Taylor-Austin (29) has shown that the molybderum precipitation is
incomplete in the presence of tartrate and that scetone may be
mocossfully substitated for ethanol as the a<bemsoin oxime selvent
proposed in Kncwlest mathod.

Cyavans sb al. (L) vsed the method for the determination of
nolybdenum in tungsten bearing stesls. Following the ecubined preciple
tetion, the molybdanum is determined by the formidan of thiocmolybdate
is alksline solution. This is decompossd to the salfide with dllute
acid and tgnited to the oxide.

In the method of Sterling snd Spuhr (27) the molybdenumeg~bansoin
oxime oomplex is dissolved in smmenium hydrexide and hydrogen peroxide.
The molybdermim ia then precipitated ss lead molybdate fyrom a lead
acotate buffer mixture.

Nichells and Rodgers (23) used Knowlen' precipitetion method for
the detowmination of melybdemum in plant materinls. They anslyzed
samgplea containing as litile ae 0.0005% molybdenum by precipitating
the e-benmoin oxime complex, dissolving the precipiiate and determining

A good review of these modifications as well as Mnowles' original
mothod may be found in Flagg's Organic Redgents (9). Also, soveral
mothoda for melybdenum and tunmgsten all invclving & separetion of




anlybdamis end tungsten from the bulk of the solutien aceording to the
matiod of Knowles may be found in Angdybics) Ghemistyy of the Manhattan
Prajeek (15).

Hoers recently, this suthor (12) has shown that, oontrery to
Knowles' originelly postulated 3tl a-bensoin exime to molybdemum complex,
the compound eontsing 15.51% molybdesum. On this besie the complex
Bao boen postulated 68 Mo0e(0yeHyq0M) s, Which contains 16.51% molybdemsm.
In addition 4o thie, if the precipitation is carried oud to svoid
precipitation of excess reagent with the complex, and 1% is washed free
of all excens reagmt, the complex csn be drisd st 105° C. and weighed.
mmmmmmm.mwmmmmmu
for & muber of ¥.5.5. steel samples. In this method acetons is em-
toyed as the solvent to give a greater sclubility of the reagent.
Also the excess resgend is held to & 308 excess on the basls of two
s-banzoin cxime molecules per molybdesum. This eliminates the
necessity of sdding bromine and kesping the solution cold; however,
ap in Xnceles' original work, amy chromivm (VI) or vansdium (V) ave
fivet reduced with suliur dicxide or ferrous ammonium sulfate. The
method cannot be applied to tangsten-bearing steals.

In addition to ite use as & precipitating reagent for molybdenun
and tungwten, o-bensodn oxime bas been uged more recently in extyaction
procedures for thass elaments. ho first was a procedurs devised by
Jetfrey (M) for the detewmimation of microgram quantities of
molybdeuis and tungsten in ore samples. The ore is fused with alkali
hydroxide and the silica precipitated and dehydreted with hydrochloric



scid, and finally wemoved by svaporstion with hydrefiucric acid. The
reaining residoe in then vefused, disecived and trenaferred to a
separetory funnal, where it is made 1.9N in ID1. aeBensoin oxims in
ethanol is then sadded to precipitate the molybdemum and tungsten com=
rlexes which are extiwcted with four 5 ml. portions of chlorofors.
ion involves & simultanecus photomstric method
smploying the conpleren formed with toluene-3tl-dithiol.

Goldstein, Mamning and Menis (10) developed a spectroph
mothod for molybdemum invelving the extrachion from seid sclution fmto
& 0.1% asbengoin cxime solution in chloroform. The shsorption messured
is that doveloped by an aliquot of extrast with & 0.1% guereabin solue
tion in ethancl. Good yesults wers cbtatned in the range of 0.5 to
5.0 mg. of molybdemun. The only interferwices reported were tungsten
(V1) and vanadinm (V) and the suthors mads no ebtempt to eliminabe
these intexferences as they are not commonly associated with the samples
which thay test.

Considering the few elements which are reported to form complexes
with esbengoin oxime in mineml acid mm, it is interesting bo
note that, with the exception of palladium (II), they all beleng to
groups VB and VIB of the pericdic table. These are the same slaments
vhose chemistry in aecid sclution is 8o poorly characterized due to the
formation of isopoly and heteropoly acida and salts.

On the basis of the postulated formula of MoOs(CyeHagOgN)s for
mmwmemmmm&amrmtmemwmom




group VB and VIR metals will sizo be ccmpounds of oxygenated eationic
spezdes. Palladium again is an exception and does not belong in this
group, the somposition of iie complex elready having been established
a8 P00, 00} (25).

The prebabdlity that these compous
cations of these metals is further indicated by the complexes which
these motals form with Beguinciinel. Wierioker and Treadwell (2L)
have debarmined the best mothod for yrecipitation of these olements as
S~guinolincistes asing controlled pif precipitations. They report the
compomition of these complaxes to be WOu{CoHON) s, MoOz(CoHaO0N) s, and
Tu0s(OpHelB) . While the acidity for these precipitatiens is much
less than for the formution of the o~bengoin cxime vomploxes, they arve
1431 all precipilated from acid media.

A8 are formed threugh cxygenated

Chamigtey o ordination Compeunds (1) poly-aeids are those which
mﬁaﬁnmbhmmwi&aﬂw&ddemlmhmmmmm. I thay
contain e kind of acid anhydride they are isopoly aclids, if more than
one, hetercpoly acids. The elements capable of this typs of condenw
satdcn ave vanadium, nicbium, tenbtalum, chromium, molybdemm, tungsten
and ureniun.

a. Isopoly acids. The above elementshave been shown to form &
saries of poly-acids in the crystalline state, the 6= and 12«poly acids.
4 great deal of work hes been done on them, and their structure and



composition havebeen fairly welleestablished. Kowever, the solid state
of these poly acide im of mo importance in the present work and can
therefors be ignored at this tims.

Of Zaportancs to this work is the aggregatica or degradation

Gne of the bewt collections of deie and theories conceming this
problem 3¢ fourd in Heokel's Structural Chemistry of s Qompounds
(13). Unfortunately, there hast bamn & great desl of work done sinee
the pablication of this book which bas not besm collecsted and evalusted
ct the basis of work done by othure. Because the majority of recent
pablications deals only with the phenomane observed with one element, it
will be of mere value to consider the datk for venadium, molybdemnm
and tungsten separately.

The results of studies of vanadium in acid solutions were swarised
eariier by Hackel (13) a8 fodlows. Several aggreogaticns cbeerved in
the allkaline pH reglon lead to the postulation of monow, die, axi tetra~
vanadic avld above pH 7. From pil 7 bo 2.2; & pantawwanadle acid 4s
postulated widch formm elowly from telmsw-vanadic acid upan acidification.
13 attaived at & pH 2.2. Purther acidifieation, however, does not lead
to further aggregetion, bub mather to a degredation to VO,' or VO™**,
Thase variations are acconmpariied by color changes, the pentsvanadic acid
being & deep orange, and the simple or lydrated cation being pale
yellow in color.

LROT AL




Later works by Hagel, MeNabb, snd Santini (11) gave evidence that
in the region halow pi 7, the speciss is really a decavanadic acid,
VioOz ™" rather than pmtevensdlc scid as previously postulated. They
algo believed that in the region of the lscelectric peint, pH 2.2,
there is o formation of a linear polymer which is in eguilidriwm with
low molacvlar welght decavansdic acid, This polymsr is in turn oonw
verted to V0," by cleavege caused by further acidification. This could
ba represented as

v,ﬁ,,s,,“ % (W;)@&H‘)y & Vou' ( where q »10).

The species postulated by Duoret (5) for this low acid reglon do
not correspond to tho by most other workers. However, it
18 interesting to note that he shows the conversion to Y0, at the
iscolectric point is nod eharp, but that an equilibrium yrogass is
invelved, and the acidity must be increased to a pi of 1.5 for the
majordty of the venadium to be ywesent as VO .

weki and Belyaeva (20) etate that the transitions which occur
upon acidifying a vavadate solution osour in & series of steps.
As [V} (') approsches 111 the following reactions take place,

HVO, mew H' + VO,” and HVO, e OH ¢ VO
to give  2HVO, s« HiD + VOV0,.

When the excess of H' over V is 100-fold:

VOgVl, + 2HCL =~ VO L1 + Hg0

iy



And at very high X' soncantrations
Vo1 » 2 BIL e VOO, + HO

These anthors contond that at the lscelectric polint the selt VOgV0,-
nilg0 19 fovmed, and that all polyvanadiumacids are association yeoducts
of thepe selt molecules. This theory was a reslt of a spectropbotoe
wetris stady of aguecus vansdium scluticns and was perhaps not thorough
encugh to estadlish the complexity of aquecuns, seld vanadium solutions.
Beasottd and Romsottd (26) mblished s paper dealing with equilibrium
reviow of pravicus work. mmmwwmmmmem
! ummmmmwwﬁwé.ﬁa

W0v0,%, aq. + 80 = H¥y02 s 8q. + WH'
L -t ‘. 8 |
sﬂvmaﬁa » 8. w vanmu s 0. * E’

wli B
HWicOzs + 89 2 Violpy 5 09. ¢ o

Thay Pound VO,*, ag. %o be the scls speciss in solntion from pH
«0.5 40 1435 n.wm%”‘mmwm mwmmmwm
z.sws,s. nﬁr,@%' muws.s,mvwa,. “fron 6 to 7. e
a,vwo,. memwwm‘ wixleh had been suggested by
Hagel, MeHabb, and Santini (1) a8 well as others reported in the
yoviaw.



For mslybdesmum end tangsten, although the situation does not seen
@ite ns complex, it 48 prodably mo better understoed. According to
Buckalts (13) ook, molybdemun exists as the siaple melybdate ion in
slialine solution. Batween pil 7 and 5, sggregstion ovoure which from

den wtudies sppears to yield & hexsnolybdate fon. No further
aggragation is sncountered unbil a pH of 1.75 is resched whan a speoicu
sorpespanding to dodssanclybdate is observed from pE 1.5 to 1. The
isoglectric point is reached gt pH 0.9 where the soluticn becomes
unsbable snd precipitetes wolybdemun tricxide. Beyond thim pi, theve
in & degradation of the pelymeriged spsciss as the soidification is
farthay inereased.

Lingaist (19) postulated the pressnce of polymuclesr complexes
sach a8 (o0 ) shests in more stwongly seid sclutions, that is, in
nere acid solutions than the pH 0.9 &t wideh the imoelsctrie point
oceurs. By applying resulis of spestes of compounds condaining MosCl
mation of 112, 13 and sk in ether, Rewmann and Cock (21) attempbed
to shew the species yressud in Iydrochlorie acid sclutions. Their

catod that the mows important species is that comteining
two chlorines poy molybdemus, The saxlsan for this spocies ocours at
6 M.H0L. At grewter seddities g wpeciss containing three chlorines
becomes more iwportamt. Chmivess (3) sise found avidence to indicate
wmwm;n,mwwmmm In sddition
%m,mmqetmm, eation had besn indicated in acid
modin woch esrlier when Nicholls, Saenger and Wardlsw (22) showed the
presance of MoUaS0, in sulfuric acid solutiona.




The situation with tungsten ia guite gimilar to that for molybdemum,
sucopding o Mucked (13). Nngsten existe in the form of the WO, ion
in the basle vegicn, and evidence of polymerizeticn begins arcund pH 8.
From pi 6 to 1.5, the hexatungstate ion exista in solution. The iso-
alectyic point octurw ab pH 1 for tungsten. However, theve 12 no
evidance given to indicate degradation of the polymsr beyand the iso-
¢lactric point as in the case of melybdmum. Avcther quite cbvicus
diffevance in acidification of tungstste solutions lies in the fast
that beyond the iscelectric point hydwated tungatic acid precipitates
from golution. Tungabic aeld, HJi0g is a yellow amorphous material
shioh i formed when & hot tumgstate sclution 18 acidified with hydro-
chlorio seid. Upon acidification of @ cold solution, the white
dibyduate, H0L H 0 is formed (15).

A more recent atudy of the species existing in acidified tungstate
solutions hes been omrrded out by Betidnger mnd Tyree (2). Thie work
mmmmwmmww&mum“mmmu
there i avidence of an intemmediate predumingt species occurring
with exieting thoories of the complex tungsten species.

h. Heberopoly seids. As stated befors, beyond the isoslsciric
podak m mwm. mw tungetio soid precipitates from solution.
However, if phosphate ion is present, this menon 18 not cheerved.
The reascn for this is that tungsten as well ae the other group V and
VI mebads form heteropoly as well a8 isopoly acids, as previcusly
mentioned.




A wide variety of slements such as phosyhorus, #ilieon, boren,
lodine, selonium, and arseis ave caysdls of assuming the role of
cantrel aten Dor hebaropdly soid fommablen. The phosphoshateropoly
avd lave been move extensively studied. Therafore, the following bried
disensnton will e confined to the vhosphoshesteropoly acids, although

Ag with the isepody acids, the gelid heterupoly aoids are mch
sation of salts from acld wedis. The acide ave not stable in alkeline
medin due to hydealyeis. Betevopely aclde having & wide variety of
molybdaram snd tungeten has bos found to be 12 per ons central atom.
that 4s, the liniting phosphostiagstic acid i Py, R0 6300 (13).
For tumgnten, salte haviag & tingsten to phosphorus ratio of 1221,
1l 232, 1003, $l, 1712, snd 8£) ave knowm (18).
stauoture for the limiting sacids for heterepoly compomde, tmt there is
St4ll a great deal to be donc o those eontaining fower MeO, or WO,
groups, and aven leas iu knows about the heteropely acids in solubion.
A wery Yoot peper by Kerkor, Lee, and Chou (16) desordbes the
dotersdoation of molemlar weights of {wo phosphotungsbic acide in s
sories of solvenis by light scatiering bevhalques. Their messurenents
in & muber of organdc sclvents show the molecular weight of 12-phogphow
tungetic sodd corresponds to the momowmer, HyW, 0.0, while that of




Sephoephotungstis sold correspords bo the dimer, HoPH,:0q..
Unforhumately, atéempts in agiecus solutians were futile since the
wethod depunds npon the solube being a nesyly idesl non-electrolyte,
» aclds ave actuslly strang slestrolybes in ageecus

Posmtion of hetevopoly acids of tungeten is not the only method
for preventing the precipitation of bungstic acid from an acidified
acluntian. Tho preswnce of finoride lom cansos formabion of a complex
Lom, (Wa¥e)” (1) vhich 18 quibe differsut from prhwsphotungstates,
bub as effecthire fov keeping W@m in acdd solatdon. Lybde

shosedng thst by the addisier

of the published worxk.
isousaion of the poly eclds of chromium has been ondtted here

becanas remmlbs obiained in the axperimsuial portion heve made such &




a~Benzoin oxime has been in use as an analytical reagent for a
mubor of years, in fact, since Feigl (6) first published his method
for the determingtion of copper. It has been employed very widely
since 1932 when Enowles (17) described its use in the
molybdesmus, and since 1938 when Tagods and Fales (3C) reported the

However, it wae only recently that this suthor (12) discovered
the origingl sugpestion by Enowlaes of & three to ong compilex was in
arver and thet the complex is actually two o-bengmoln ccime molecules
' It wag aloo shown at the same time that the reycrbed
resgent the complex eould be dried at 105° C. and weighed.

iring tids same perdod of time, no suggegtiom had been made as
30 the compowition of the tungEten-aebensoin cxime complex. In fach
1t had not even beun established whether a complex iz formed or if axcoss
rengent is sinply carrying down the hydwated tungstic acid. Since
precipitation conditions sre siteble for formation of hydrated tungstic
acld this eould oceur. |

In addition to this Knowles stated that complexes of chromium (VI)
and vanediun (V) were cbserved to form in mineral aeid solution, yet
no farther work had bean done on thesse complemes. In fact, exoept
for the use of a-bensoin oxime o extract molybdenum and tungsten for




determination by other colorimetric mekhods (14,10), nothing had been
done with this reagent enceph minor modifications of Knowles original
mothod .

Fyom the long list of elements which fail to form complexes with

wbonmoin ccine in mineral acid sclutiom it is spperent that with the

wpe VB and VIB metals. I6 appeared from a survey of the literuture
that & study of thepe metal complexes is non-existent, and tims, doe
to the specificity of thepe rwastiongs, that & valuabls reagent was
bedng fgnoved,

With thie in mind, 4t secumad desirable to conduet a atudy of the
congilaxes of a-benpoln cxime with the more common group V and VI metals,
thet is, vansdinm, chromium, molybdemim, and tungsten. One of the
major itens to be detandined was the composition of the complexes
formed, of at least the a-benzoin axime Yo metal ratic. In addition
%o thig 1t was desirved to determuine the senditions for complex formatiom,
and under what conditdons, if any, the formsbtions were quantitative.
Alge the effect of interfering iloms needed to be studied, if new snalyti-
okl methods, or modificetione of clder methods were to be dewveloped.
The main ypurpose of this work wes thus to gain ag complote a plebure
ampioyed for this purpess ware oecipiteation and extraction methods.




II. REAGENTS, APPARATUS, AND
EXPERTMENTAL METHODS



The following 45 & 118t of the vemgents used in this work,

Chloraform, HGly, Merck Reagent grede.
Perrous amscnium gulfute, Fe(BH,)s(504)5°6H,0, "Baker's Analysed®
Roegont.
Division of
olingl, Cgli,ON, Merek Resgent grade.
Potassiun clromabe, K0m,, Mallinclorodt Analytical Reagent.
Fotepmium Linoride, KF-28H 0, "Rakerts Annlyzed" Resgent.
* student preparation, M.p. 195° ¢.
molybdate, Negoly 2H.0, "Haker's Analysed” Reazenb.
Sodiun tumgstate, NaghU, 2Ug0, Hallinckrodt Aualybioal Reagent.

Sodium WM, HaVo, *LHg0, Faher Scisntific Oo., Eimer and Amend,
€. ¥. Gade.

Urantum acetate, T0z{0,H05) 5200, "Hakarts Analysed" Reagent.

In additdon to the abovs, distilled water and ¢. F. grede othanod
and acetons weve employed in meking all other solutdons.

Apparatus used in these experiments included the following:
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cmpetiy model B8 sutomstio shaker which was
& rigorous agltation for extrection work.
Mammmmmwwwmmaw to either end of
ane foot lengths of pipe which were in turn fastened perpendiouw
1srly to the rookér amm of the shehker.

Sevaral procedures ware used axtensively during the course of thia
invastigntdon, and therefore, in order to avoid repstition later, they
ave deseribed here in detail.

Precipitat _ The mrecipitation reactions were
studied for these slements uging the following procedure. Solution
comtaining the desived amount of tho element being studied was pdpsted,
by nsans of a calibrated pipet, inbo a 150250 ml. beaker. The scidity
MQQMMWW%WWMWMWMﬁM
maberials wore sdded. The desired ampunt of o-bensolin oxime dissolved
in %0% acctone, or in a few instances, S0% ethanol, wes then added
dropwwise from a buret. The solutions wers stirred during the addition
of resgent. After the precipltates had been allowed to stand for the
dosired length of time, they were filtered with suction on previcusly
woighed 30 ml., medium porosity scintered glass crucibles. The pre-
cipitatos wore washed with varying wash solutions, but in each case
axtvame cars was used in washing dowm the sides of the crucible. The
precipitates were then dried to constant weight at 105° C.




Por the determimation of the psr ¢ent by weight of the metals
in the complaxes the following procedure was uvsed. A portion of the
complax wns placed 41 a silics crveibls and dried to constant weight
in a 105° C. oven. It was then ignited to the eorresponding cxide in
s muffie farmace at 500-5%0° C. From the welght of the oxide 1% was
poandhle o caleulate the weight of metal and thus the per cent metal
in the a-bensoin cxime complex.

2. Extrachlon procedures. All of the extraction work done involved
the simplest type of extrection. The sciutions to be extracted were
pipeted into 60 ml. ssparatory fumnels. In most cases any edditicmal
materials were addsd in solntion directly to the contents of the
separatory funnel. In cases where strict aeldity control was not
roquired, the acidification was carried out by direct addition of the
acid to the separatory fumnel. Where conmbrolled pH was important,
the pi of the solution was adjusted using a pH meter before samples

Bxtractions were carried out using solutions of o=benzoin oxime
in chloroform having the desired reagent concentvations. In all cases,
the smount of ehloroform solubion used for extraction was carefully
controlled by adding the reagent from a buret. Extraction was carried
aut by shaking the separetory fumnels on the modified Burrell shalker
previcusly descwibsd. This allowed a wore caveful control of extraction

am&iﬁmmmﬂgbyw,'mmi;am'msmm. It
almmﬂaitpansihletomnmr‘mofmplnmam
period of time.



When the chloroform layer vas dewm off with extreme care, it
s fownd that the »dmite porbtions of sguecus sclution which escaped
from the separatory fummel sdhered to the glass stem of the femmel,
Tharefors, this caused no diffienlty in the precedure. Of courss it
WAl netostary to loave s wmll amount of the chloroform layer in the
separetory funnel with ench extraction until the final onw. X£ this
was not done, the aquecus solution trupped in the stopcotk orifice was
foroed cut with the following chloroform exdraction.

The extracts were dyaxn off and conbined i{n volumetrie flasks of
the desired volums, along with a final yure chlorvoform sxtract which
sas used in most axperiments. In all csses, a colorimetric procedurs
was used to determine the wmetel extrected. This was done elther by
diluting the combined extvacts to volume and messuring the color formed
with an aliquob, or by developing the color directly in the combined
extracts.

Difficulties, which will be mentioned later, made it impossible
to get any data to substantlate the cebanzoin oxime to metal ratios
by the method of condimmous variations. Therefore, the following
method was used with consldsrable success. A saries of solutions of
varying concentrations of the metal being studied was prepared.

A certain volume, for smmple, ben ml. of these solutions was extracted
with a certain volume of tebenscin oxime golution in chloroform of
known concentraticn. The w-bmo:m oxine solution was made up so that,
cen the basis of the postulated complex ratio, there would be an excess
of o~bensoin oxime for the lower metal ion concentrations and a




deficiency for those of higher soncantrations. That is, for a postus
lated one 4o ono vompilex the metal imn conpentrations could vary from
1 x 20", %0 3 x 107 M., and for extraction With an equal voluns of
e-benzoin oxime solution, 18 concemtamtion would be 2 x 0™ M.

By determining the smcunt of metal axbracted spectrophotometrically,
a plot of the absorbance versus metal:o-bamzoin oxime retic resulted in
& curve with a gharp break ab the metal-oe~bengoin wtime ratic of the
somposred

Other apecific precedures which were used, but not extemsively,
will be desoribad when aprlicable during the dscussion of the experie
mental work.







Since eariier work on molybdemam actually gave riseto thie study,
molybdenunm has been selvcted as the starting point for the discussion
of these compleaxes.

A brief veport of earlier work by this author (12) is included
hore as a starting point for a discussion of the experimental work
conducted more recently. Although the o-benzoin axime complex was
originally reported as unstable whan heated, it was found that when all
axcess resgent was removed, the complex conld be dried to constant
woight at 105° C. and weighed. Using the method earlier described in
the experimental procedure secticn, the complex was found to contain
16.51% molybdermm, This givee a mach more favorable gravimetric factor
than ignition to the trioxide which contains 65.65% molybdemim. On the
bagis of these resulis the complex of molybderam with a=benzoin cxime
wes postulated as bis(a-benmoinoximato)dioxomolybdenum (VI). This
postulated complex contains 16.51% molybdemum, the value determined
experimentally.

It was also shown that the large excess of reagent used in the
origingl method was not necessary. In faet a 10% excess of a=benzoin
otime vas all that was required for quantitative precipitation of
molybdenun from & solution § to 20% acid by volume. This made possible
the complete removal of excess reagent, which was necessary to obtain
the complex in a stable weighing form.



The quantitative precipitation was showm to be succesaful in the
yresumce of iron (III), chromium (VI), and vanadiom (V) when the
chromjwn (VI) and vansdium (V) were first reduced with sulfurcus acid
or fervrous ammonium salfate.

On this basis & method for the detemminaticn of molybderum in none
tngsten steels was developed. The samples were dissolved in 1:5
sulfuric nam; followed Wy the addition of sufficisnt nitric acid to
oxidize the carbon and molybdenum present. Sufficient sulfurcus acid
or ferrcus ammoniwr sulfate wasg added to reduce any chromium (VI) or
vanadian (V). The molybdemum was then precipitated by the drop-wise
addition of & 30 to LOZ excess of the a~bensoin oxime in SO% acetone.
The precipitates were immediately filtered on scintered glass crucibles,
washed with two 5 ml. portions of SC% acetone, and dried to constant
 weight in a 105° C. oven. The molybdemun was calculated as 16.51% of
the complex. A

The method was applied with cunsiderable success to seven none
tungsten ateels from the Hablonal Buresu of Standards.

In this original work, the complex was postulated as MoDg(C, Hyg0uN) o
on the basis of the per cent molybdonun determined. Howsver, additional
evidence %o support this postulation was demired.

Literature data indicabe: that the MoO, catlon is the major species
in solution only when the acidity is inoreased beyond the iscelectric
point at pH Q.9. On this basis it appesrs quite logical that in § to
20% acid molusion the MoOg' ‘lem will be the species involved in complex
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formaticn. To further substantiate this point, the following experi-
went was run.

A saries of soluticns conteining sn squivalent amcunt of molybdenum
wore sdjusted to varying aciditiss with hydrochloric acid using s pil
mater. Sufficient a-benzodn cxime in 50% acetone wes then added to each
drop-wise from 2 buret. )

In solutdons of P 2.5-7 there was no presipitate formed. At pH
2.5, & slight cloudiness wae obeerved in the solution and at 1.75 &
mich cloudier solution resulted. AL pH 1 a sonsiderable amount of
flocenlont white precipitate was formed. At pH walues below one a
large anount of heavy ubite floeoulent precipitate was formed. These
results indicate even more strongly that it is the MoOp' ‘cation which
enkers into complex formatian, since very little precipitate is formed
at pH values sbove the iscalectric point.

To further substentiate the proposed formila of the molybdemum
conmplex, additionsl evidence of the formation of a two to one ecomplax
was required. Although the complex iteelf is colorless, the posaibility
of determining the complex ratio by the method of contimuous vardations,
through absorption in the ultraeviclet was considered.

The solubility of both ae~banmoin oxime and the molybdenum complex
in water is almost negligible. In addition to this, sn acid solution
is raguired for the formation of the complax. A solvent gystem was
requived which could be made 5% in hydrochloric scid while still maine-
taining & sufficient solubility of molybdemum ion, g-benwoin axime,




and complex. A 11l acetome-water system mests the above requirements,
but, dus to the acotone cut off in the ultre~violet, cculd not be used.
Therefore a Lil ethanol-water systen was seleated in spite of the
decreased solubility of the aomple.

Using a 11l sthancl-water systen containing 5% hydroshlorie acid
&s the solvent, the following sclnticns ware made upt (1) 1 x 10™ M.

‘complex, (3) 0.5 x 10™ M. molybdste and 0.5 x 10 H. abensoin cxime.
Spectra of thess solutions were run on the Backman DE-2 Spectrophobometer
using the descoribed qﬁm&mursfm. In each case ons absorphtion
peak was cbssrved with a muxinum at 250-252 millimicrons. Antioipating
futurs work, a similar series were run for the tungsten-a-bensoin oxime
complex with the same results. Sines no noticeabls differences were
obuervad in the nltrs-riolst spectva for the raagent and the complexes,

a mathod of contimous variations experiment could not be devised.

At this peint, another method w ostablish the complex ratio was
carried out. This mothod was based upon the procedure involving
spectrophotonetric measurement of the quercetinemolybdenum complex
devised by Goldstein, Mamning and Henis (10). The general method usged
subsequently in thie vork has been described in the procedures section.

1. Extwmction from SX% acdd. A series of molybdemum solubions
varying in eencentration from 0.2 x 20™ M. to 1.3 x 20™ M. were made
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up by dilutions with 55 HOL from a 1 x 107 M. sodius molybdate in 5%
HC1 solntion. Ten rl. of each of these sclutions were pipeted into
&0 ml. separatory funnels., Twenmty ml. of a 1,0 x 20™ M. a-bensoin
acine in ohlovofors solution wes pipeted into each of the separatory
fumels. The seyaravory furmels ware then shaken on the autometie shaker
for 15 nlmtes and the layers allowed to seperate. The chloroform layer
m@mmwfmwm.vw@mﬁmmu@ama
layor was then axbracted with s ten ml. portion of chloroform. This
nod with the extracts in the 50 ml. volumetric flasks, which

were diluted to volume with chloroform. Two ml. aliquots of these
solutions were pipeted inmto 25 ml. volumstric flasks containing ten
sl. of 95% othanol snd three ml. of a 0.1% quercetin solutdion in ethanel.
The solutions were then diluted to volume and the abscrbancs measured
at 420 mi, absorpbion maximunm for the molybdermmeguersetin complax.
The sbacrbance was then plovied versus the molybdenmmsg-bengoin axims
ratic for ssch solution in Figie 1. The data ave recorded in the
Appendix. |

A definite bresk is cbserved in the curve wheve 0.95 x 10™ millie
mole of molybdemun has been extracted with 2 x 107 millimcle of
embengoin cxime. The fact thet the break comes at mlightly lese than
1.0 x 10~ millimcle is to be expested since extracticn of sclutions
in the sbommoe of axcess reagent is not complete.

Thds extraction procedure along with the per cent molybdemn
determination substantistes the postulated two to one complex. Also
the fact that this complex forms completely only in the acidity region
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MOLE RATIO MO:XX-BENZOIN OXIME

Figure 1. Determination of Molybdenum:a~Benzoin Oxime Ratio
by Extraction Procedure.



where MoO ' 'in the veported spseies in sclution, as well as the per
cent molybdermn in he complex, definitely indieate that the complex
18 Mo0,(0y4H130.N) 5+

; \ ot pd 2.0, The one other posaibility that it appesared
desirble to check weas the possible formation of a diffarent complex in
m»mm. Bven though the precipitate formed in loss acid media
appsared %o be the same floceuisnt white materisl. To do this, the
sxsct extmetion procodure as reported above was emgployed. The only
factor varied was the acidity of the molybdemim solutions which thie
time wers adjusted to & P of 2 with hydrochloric acid rether than using
5¢ K} sclutions. Thoms resnits are slsc plotted in Figwre 1, and the
In this case as Lefore, & sharp breai ccours showing the complex
pontadne two sebanuoin cxime moleewles per molybdomun. The fact that
the axtrectlon is much less at pi 2 se shown by & comparisen of the
two plots i aleo in accord with theoretical predietions. The conversion
£0 MoDy” "3on 1s not eemplete until the soidity has becn incressed well
beyond the isoelsetric point at ph 0.9. Therefore complete extraction
of molybdemim a8 ¥004(0yeH,40.N) s would not be expocted at pH 2 becanse
the equilibrdum precesses for the isopely acid cowersions appear %o
be slow. This is quite clsariy indioated by a comparison of the two
plots.
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ammemmmwmwmrwmémmtma
molybderm indicated that & better extrastion procedurs than that of
Joffray (1) for smll amounts of molybdemm cculd be worked out.
Jaffray's method involves the precipitation of the complexes of molybdenum
and tungsten followed by axtrestion into ehloroform. The solvent is
then evapmrated off and the compluxes dissclved with concentrated
milfaric acid to obtain solutions %o be extracted as complexes of
toluene~31li=-dithiocl. In additdion to the involved procedurs, only
miocrogran quantitios can be determined by this method.

Howaver, while the present investigation was being conducted the
extraction method of Goldatein, Manning snd Menis (10) was published.

od which has been referred to sarlier can be very successfully

applied to samples conmbaining 0.05 4o 5.0 mg. of molybdermm. Although
the method is good, the authors reported sericus interference was
cauged by the prosence of tamgsten and vanmadium. They mede no atitempt
%o correct for this since for their purposes this wes not important.
The greatly increasad appliesbllity of this method 1f these interferences
could be eliminated seamsd an appromdate part of the study which was
being conducted. Since a thorcugh investigation of these complexes was
baing conducted a large amount of data was available for this parpose,

Seversl factors which will be discussed in more detail in the
tungsten and vanadium seotions made the elimination of these interferences
appesar possible. These factors are the very small solubility of the




tungsten-s-bungoin oxime somplax in chlovoform, the apparent stability
 of phosphotungstic acid, snd the fact that vasadiws (IV) does not form
an d=-bmnzoin oxime compilex.

The method proposed by Goldstedn, Manning and Menis involves three
sxtrastions of the molybdemm comtaining solutions with 15 ml. portions
of 0.1% s~bemuoin oxime selution in ehloreform. This im followed by &
£inal extesetion with 20 ml. of chloreform.

The wrtracts are conmbined in & 100 mi. volumetric flask and diluted
to volume with chloraeform. A one wl. aliquot is then pipeted into a
25 ml. wolumetric flask conbadising ten ml. of ethanol snd three ml. of
2 Qu1f quercetin solution in othawel. This is diluted So volume with
ehloroforn and the sbsorbanse messared at 420 millimicrons ageinst a
@areatin blank. The amcunt of molybderun is then determined from a
poparad celibrmtion cuzve. For solwutions contalning less than 0.5 mg.
of molybdemim, 5.0 cm. galls ave used for absorbance measarenents on
the spsctrophobometsr. It is also of interest that for ssmples eontaine
ing mere than 0.5 mge of molybdemum, the combined chloroform extracts
have & cloudy appesrance. This is due to the fact that the molybdesum
complex has & vory limited solubility, but is still extracted into the
chloroform layer. If theme solutiens are allowed to stand, the precipi-
tates oax be ssen to coagulabe into & whide flocoulent precipitate.
For this reason it 1s very impertant that they be thoroughly shaken
before the one nl. aliguot is removed for color development.

Tha firet attempt to sliminats the interference of tungsten
involved & decresse in the volums of ohloroform used for the extrmetion




of molybdenun. Howsver, attempia 4o develop a calibration curve under
procedure was found 40 Do necessary.

A% this point & calibeetion curve was yrepaved for the range from
0.5 %o 1,50 mg. of molybdmmam. Only twe modifieations of the exact
wmmmvmmmmwuwmm.ummﬁmm
chloroform. This gave a mush grester solubility of the complex and tihus
move assurence of s homogensous system for removal of the sliguot.

In addition, since a lower molybderunm range was being studied, two ml.

aliguote of the sxtyncts were used for color development with guercetin.
Very goed measnlts were chasrved in the proparation of the calibzatlon

L5 o

The proposed method for the elimination of the interferences,
tungsten and vanadium, involwed the reduction of vanadium with ferrous
sommoniing sulfate, and complexing the Wm &8 phosphotungstate prioy

can be eliminated as an interfarsnce in the gravimetyic method by yprior
retuction. And, as will be dimcussed later, the formmbion of the
tungsten o~benzoin oxime complex is greatly hindered by the rwesence
of phosphate. Also the origizal method has shown phosphwte not 4o
interfere in the molybdenum wxtrmotion.

A series of samples containing ore mg. of molybdermm wars mn.
To these ware sdded either vansdizm (V) or tungsten (VI) or both as
interferaicea. 1o the samples sontaining vanadium (V), excess ferrous



ammonivm sulfete was sdded bef'ore axtrestion, +to thoss containing
tungsben, excess monobasic potsssium phosphate. For conbined intarw
xm,mrmﬁamwﬁuiium The molybdemm value
mmﬁwmmmmwmmwmmmm. The
resilis of these sxperiments ave listed in Tuble I.

The resulte listed in Teble I clearly show that ihe method of
mmm,mmmm»mmmmtnmmw
applied oven %0 samples containing e modermbe swount of venadinm and
fangsten. M&mmm&mﬁ}w rapid method for the determination
of molybdeoum in & wide variety of samples is avallable.

It‘isexmwmwmﬁaﬂatamﬁwmmeftmmm
regaived for the reduction of wanadium. This would tend do indisate
that heteropoly acid forsation in the presence of molybdemun or tung-
ston may make the vanadium (V) less accessible to reduction. Ib 4e
also inderesting that with phosphate W, where phosyho molybdates,
tungatates, and vansdates should be formed, the vensdium is easily
reotheed with a smaller axcess of ferrous ion. Also there axists a
slight negative error where phosphate snd vanadium but no tungsten are
present. This may involve a formation of a slight amaunt of vanddo-
phosphemolybdate in which either the veunsdium is not reduced or the
heteropoly acid is formed with venadinm (IV). The yresence of tungsten
which forms a more stable vemade yphosphotumgstate eliminates thils
effect. ”

It i therefore posaible to remove the intarference caused by
vanadium by the addition of forrous ammonium sulfate in oxcees.



TABLE I
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1.0

3.0
1.0
2.0

1.0
1.0
2.0

1.0

1.0
1.0
1.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0
2.0

2.5
2.5
2.5

2.5
2.5
2.5
2.5
5.0
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Tungerten intexforence oun be oliminated by the addition of axcess
phosphate. This can be ascomplished simglbaneously in the preasemce of
both elsments, or individuslly wien only one is present.



IV. TUNGSTEN



determination of tungsten using a«bengoin oxims, no difficulties in the
axperineial work were anticirated. Since no dissimilarities between
molybdemem and tungsten were reported, the possibilities of repsating
the molybdenunm work on tungsten with no mejor probleme seemed yossidle.
However, this was far from true. Dissinilarities were more mumercus
than sisdlerities.

The first troublasome factor, whlch had been anticipated, was the
problen 'of maintaining aoidified solutiens of sodium tungstate without
procipitation of hydrated tungstdo acid. As can be seen fyom spscies
studies on acidified tungstate solutions, no eridence has been presented
for the formation of & WO, 'cation beyund the iscelectric poinat.
Whether or not this oocours has not bean definitaly established, ss it
miy be this cationic species which unites with a hydrated tungsten
anionie species to form the hydrated tungetis acid whiech precipitates.
At any rate, precipitation ocuurs beyond the isoslsctric point, and Mae
boen observed in sciutions iess acid than pH 1 after long periods of
time,

Tungsten mey be maintained in acid solution by the addition of
phosphate or other lons which form heteropcly acide with tungsten,
gince ths hetaropcly scids ave vary goluble in aguecus nmedia.

Tungsten may also be cemplexed with tartrate, citrate or fluocride.
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The formation of the fluoride complex hes been quite extensively used
for prevanting precipitation of tungstic asid. In addition, the
finoride compllex i reported to be WOLF, ; which gives some evidence
for ths existence of the W0, 4o,

The acid used for acidifying tungsten solutions is also important.
1f, for aample, & 1 x 10™ M. sodiun tungstate solution is scidified
with 88.HC1, there ia sn immediate formation of hydrated tungstic acid.
Howevar, if G-H 50, is used, there is no evidence of precipitation for

With respect to the addition of phosphate or fluoride to keep
tungsbon in seld solutdion, the fellowing facts were chserved. With the
addition of s dlight exeoss of phosphats over the amount reguired for
the formation of the limiting 12-phosphotungstic seid, no aifficulty wae

hared with precipitation of tangstic acid for any of the sclutions
used in this axperimental work. When a solutdon 2 x 10° M. in tungstate
and 1 x 10" M. in fluoride vas mde 5% in sulfuric acid, no inmediate
precipitation ccourved. However, sfter standing for fifteen to twenty
mimites, the yellow Bebungetic acid, HMNO,, began to precipitate from
4he solntion. This solutlion condained s 208 sxeass of fiunoride on the
basis of a (Wg¥,)" complex. When the fiuoride ion concentration was
doubled, this was not chserved in the same time perdod, but standing
over-night gave the same remilis,

This is Just a brief demoriphion of sclubility problems and the
effoct of complexing resgants. Further discussion is included as the
factors apply to specific cases in the a-bensoin cxime procedures.
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fn the basis of the muccess achieved in establishing the ratio of
the molybdenim compleox by means of extruction into chloroform, similer
romlts wore predicted for tamgmten. Jeffrey (1L) had reported no
quntitios of molybdorum and hgsten =bengoin axime complexes into

Since the toluene-3th-dithicl method is rather involved, and also
used for very small quantities of tungsten, it was hoped that a dife
of tungsten, the possibility of using the same yrocedure for tungsten

With this parpose in mind the apectra of the tungsteneGeb:
oxine compilex | ed uging the Beokman DE-2, and is showm in
Figurs 2. For this purpose chloroform was employed as the solvent and
qrorcetin in chlorcform was used as the referemce. Comparing these
raslts with the reported spectrum for molybdermm it may be seen that
both axhibit the same sbsorption mexims, the only difference belng a
plight displacement. Por molybdemwm the pesk oscurs ab 420 m, for
tungsten at 425 mi. In addition, the absorbance shown by tungsten
with a bread peak ooourring fvom 370-380 mu 4is not reported for
molybderon.
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et tlots of the complex ratic using the same method as that
The second, a similtaneous, differential method for
molybdemm and tungsten Ly measuvement of the eclor developed by the
wareetin complex &% L20 and 375 mi.
and for melybdemun, was usad in an attempt o establish the tungsten-

sodn oxime complex watio. A serdes of sclutions having s tungsten
eancentvation from 0.2 X 107 40 2.0 x 107 H. were prepared, each
acidities were then adjusted to contain L% mulfuric eeid by addition
of the concentratod veagent. The phosphate was addad before acldifie-
cation to prevent precipitation of tungstic acid. Ten ml. portions of
thess scluticns wers extracted with 20 ml. portions of 1 x 10™ M.

godn axiee in ehloroform, followed by extrection with ten ml.
setric flasks and diluted %o volume with chlovoforn. Three ml. aliguots
s for molybdemm, When the absorbasce was measured at L25 mu it wes
found that for the extive series of soluiions the absorbance varied
only betwesn 010 and 012, This variation is within the variation
of the ingtrument, and thus insignifisant. In fact, the very elight
amount of absorbance showed the amount of tungsten present to be
simost negligitile.




Duping the extraction procodurs, there was no evidmee of a forme
atdon of clondy white precipitate In the chlaroform layer a8 in the

(1) that the tungeben compler 48 move scluble than thad of wolybdemus,
(2) that the tungsten coampilex is not very seluble in chloroform and

On the basis of the sbove remults with querestin on the extrects,
geater sclubility of the tungsten conplex 48 nob the axplanstion.
Tis meunt that elther the fungsten complex 48 not ectractable into

To check on the latber, the wmet prosedure was followed with the
ecepbien that no phosphate was sdded. It was found ut these low cone
sentrations thet 4f each sample wes acidifiod and extracted with
oXiovaborn immediately ne precipitation of tungstio seld comirred.

Tike allowed the omission of the yhosybato. In ¥his vass, the shoorbane
abs vardied from (063 te 073, heve, mda, witiin experimental

exvor. Thews results proved that vhile the extraction of tungsben is

sypears to be the very slight solvbility of the Yungsten-oek

dcine comilex. In faot, ignitim of 3 pertion of the whits material

which solleuted at the intevface of the two liguids showed the presence

of tungsten. Although sowe white saterisl is chserved to form st the




interface during a molybdenn sxtomchion, this is simply exvess reagent,
Thoas reslis indicated that & more svosessful rvocedure might be
a8 follows.
A weries of sulutions contalning 0.2 x 18™° to 2.0 x 16™'K. wme-
Slate were prepered. T wl. of esch of these solutions wers fivet
axctrostod with 20 dl. of 1.0 x 10™ . a-bensedn axime in shleroforn,
snd then with two ten nml. povbions of ohloroform. The extracts were
soabined $n 50 nid. volwsetric flasks comtaining three ml. of 0.1%
sercetin in ethencl silution, and dilubed o volums with ethanocl.
s wore then measured at L25 mi with a
meber. The valnes senged £remaoh3 o 6006 with some
weidemce of & bresk ocourring. lHowover, with such small absorbanse
valvos, very slight experissatal crvors give rise to large errorw in
the yesulbts. Therefore the pesulis had very little walue.
In epder %o obialn more intensely eclored soluticons, the above
wooedure wnp repsstod with the exception that the combined extracts
wore than diswolved snd trausferved 4o tem nl. volwmetric flasks with
several smmll portions of ethencl. The querestin sclution weo added,
thay were dilated so volwns, snd the sbsorbance measured at 425 mu.
The arratic resuits chiatned were of no value.




The alternative extzaction procedure seemed o be colar develop-
mant with tolusne-3th~dithicl as proposed by Jeffrey (1L). However,
-bafore this wae undartaken, it appeared desimble to determine, at
lenst appracimately, the maximm solubility of the tungsten eomplex in
eiiorafoem. For this purposs, a porbion of chloroform wves suturaded
with compllax by shaking 1% ovarnight on an sutemasic shaker in the
prosmse of excess tangeten complex. The sclation was Filtered, 150
nl. were yipsted inte m previously weighed platimunm dish, und eveporated
to deyness on & sbeam beth. The residue was found to wedgh 0.0080 gms,
and tims the sclubility of the tungsten-o-bemoin oxime complex to bs
0.12 mg./ul. of ehloroforam.

On the basis of a proposed complex having the formula WON(CyoHyz048) 5,
whish would be expected following the molybdenum work, this would make
the comoambeation of & swhurwbed chloroforn sclution 1.8 x 107 M,
Under the conditions smeountered in an extraction procedure, it wonld
be izposeible to ssturate the ehloroform layer, and thus the amouwnt
axtaneted would be loss than 10" nols in 50 ml. In order to saccess-
tungwbtensa-benacin dxims ratic the cxime ooncentrwtion would necessarily
be below 1 x 107, The possibility of successfully extracting the
Pogetes with an oxime solution of such low concemtvation seemed
- deprobatile. mm\ww,mwmmm,mm-
chlarids, sthyl ether, and ethyl scetate, showed even less yromise.
Thevefore, & gravimetyie procedure was devised for establishing the
s<benyoin oxinestungeten ratioc.




Lo Bl iahing tangstonta-bengoin coctme vobio of complox. The
gravinetric prosedure devaloped vas very sinilar to the attexpted
@ttrsction yrosedure. It Lmvelved the weeipitation of & constant sucunt
of tungeten with werying smounts of s=bamsoin oxime. Ib was postulated
oxing addition. This should coour until mufficient axime is added for
precipitation of the amount of tangsten chesen. Purther additdon of
roagend beyond this point should result in ne further incresss in the
welight of precipitete. Therefore, s plob of weight of precipitate
wersun nole mtio of tungsten to resgend will yield a break when

For this purposs s solubion of 1 x 10™ K. sodiun tungatate which
mmn.mm"“m in phowrhate and ¥ 4% mlfuric acld was msde up.
Trds provided just & slight excess of phosphate to yrevent preecipitation
of Wwﬁ. Ten ml. portims of this solution were precipitated
with warying, nessured portions of s-bemsoln arime. The precipitaiion
procedurs followed was the same en described in the section on procedures.
Mhe flosewlent white precipitate, which filters more easily than the
aclybdeman comglex, was filtered onto 30 ml., medium poromify, sintered
glaas orueibles. The resilts obtained are recorded in the first half
of Teble II. They show that either precipitation of tungsten with
o-bengodn cxime 38 for from complete, or the presence of phosplmbe
interferss in the complex formation.




TARLE IX

Wo.", mmle mmm m, mm mm w,{auwama

N

Wmmmm’% PO, soluticn

0300 o.0Lo 0.001L 0.0267
0.100 6.300 0.0042 0.0400
0.300 0.140 0.0026 0.0535
ﬁ‘W ﬁom ﬂc@ﬁﬂ? 9-1337
0.100 0.280 0.00L0 0.1337
0.100 - 0.340 0.00k7 0.1337
6.300 0400 ©.0038 0.1337
Precipitation from 0.1 M. ¥ solubion
0.300 o.0h0 0.0168 ©.0267
0300 0.060 0.0351 0.0kl
0,200 0.080 0.0ho9 0.0535
0.300 000 ©.0618 0.0699
04100 0.120 0.0736 0.0802
G300 O340 0.0883 0.0834
02300 0.160 03005 0.1070
0,100 0.180 0.3091 0.1303
0.300 0.260 0.1300 0.1337
G300 0300 O.d322 01337

0,400 0.340 0.1324 0.1337

i o M S




To chavk o the interforence by phosphate, the axact procedure
W8 repested with the axception that the phosphate wag elisdnated,
Mt the solution was mede O.1 M. in potessium Cluoride. This last was
nocossary to avold precipitation of tungstic acid. The resulte of this
oo of axpardaente are recondsd in the last half of Teble XX, snd the
romlte ave Wotted in Figure 3.
the cape of the molybdexmm. Prom the resylis in the last half of
Table IT 1% may alsc ba seen thab in the sbeanwe of excess reagwnt the
procipitation is not complete Jush as for molybdenam. However, even
with the additisn of exvess reagent, the resmlts remain slightly low.
Sueh is not the case with moiybdesm. I8 18 glsc obvions from 8 come
parison of the first snd last half of Tadble II that phosphate mast be

_MMM@ammﬁmeWWIMMW
compllen 88 WOZ{C044H20a0)n Without knowing the per cent tungsten in the
compound. This was acconplishnd using the method deseribed in the
saction on pawoednyes. The vesults ere ifated in Table IXX.
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Figure 3. Precipitation of Tungsten Complex with Varying

Amounts of ¢~Benzoin Oxime.




Complex, Gu. 01848 0.9k 0.2013 03987 0.1720

Wy, Gn. G088  0.0881 0.0715  0.0689 ©.0HL

Por Cont W in Oomplex 27,68 27,70 2742 27.50 27.59
Average 27.58

The por vt tungsten calewlsted for the postulated Wou(0..H,a0,8), 18
27.51%. The aversge of the experimental remalits is within two parts
The oosbined resuits of thess expardments 4» msough to estakiish the
foruula of the ccmplex a8 WOL{0 1 M, g0f) s

. 4 . imetrie prosedura. In order to assist in esbtablishe
maw&mmmm the solubility of the complex
by evaporating 150 ml. of & saturated solution in a platimm dish and

out with great pecision sinee ralative and not absolute values were

a1l that were regaired. A 50§ acetone solution saturated with tungster
gomplex was found to contadn ©.30 mg./ml. of the complex. For a 258
selution, the value dropped o 0.12 mg./sl. snd for 15% acatone it wes
found 4o bo only 0.02 mg./ml. This eclubility in 15% acetone is even
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Slightly less than thab sxhibited by the melybdemn complex, and sheuld
mmmmmwmammc

In the first attenpt st @ gravimetric precipitetion, s elight

Daoride wes added end the solutions were scidified with
Wydrochlorde acid. Due to famation of tungstie soid, selid potaseinm
facride was added untll the precipitate dissclved before addition of

banodn e soletion. The resulis obtained showed that less
axporimmts, sdforie scid wes vesd so that the ameunt of finwride
ocould be bhald dom.

Yor this stady, a 0.0272 M. tangetate scluticn was prepared so thah
one mwl. would conteie 5.00 mg. of tangeten. The reagemt soluticn was
nade up 0,0272 M. in oebomzsodn oxine snd 50X asetane. Ons ml. of this
solabdan was thume reguived for the mrecipitation of 2.50 mg. of tungsten.
volumes of 0.J36 Y. potassing finoride ware added. This provided a 20%
@xossy of fiueride don for Wouly  Eormetion.
resulde in al) cases being & fow milligvens low. However, when the
effect of the finoride was checked by omitting fiworide and cavrying
ot the precipitetion immediately upon asidifieation, the recovery of
tamgsbon Was less than helf. The resulis wers fomd to be low also

fichanay of Dinoride was added. The gune was Sound to be true




waan ferrie ion was sdded to » soluticon contaiming the slight excess
of flucride. In every cass of low vemults, ooulex as cbserved to
form in the filtrete after filtratien, the flceculent white precipitate
being saslly distinguished Crom the nsedle-shaped crystals of wxcess
roagent. This wos cbserved even when the precipitates were allowed to
otand for & half hour before filtration. Longer standing time cculd
out and cen ot bo removed with washing.

T apperent effset of Onoride Lon wpon the precipitation mede
it advisable 40 check the precipitation in solutions of varying fiuoride
fon concentrwbion.

e sets of samples were run, with 5 ml. of tungetate solutiom,
or 25.0 mg, of tungsten, and 10 mi. of tungstate scluticn, or 50.0 mg.
of tungetan. To each of thews solublons were added verying amcunts of
fuoride ton bafore precipitation. The precipitation yrocedure wes
carried out in the yaal manner, and the walght of dtungstan oklculated
mmmmwwmw. 8ince the results of these

parirants are sore significsnt graphicslly they have been plotted in

Figuve 4, and the data recorded in the Appandix. To make the ylot more
meaningfud, the welght of tungsten recoverad has beem plotted as a
Paoetion of the mole retio of fiuoride to tumgstats.

mmﬁsmmmmmmmimwmﬁ. Thay show
WOLF, the precipitation of the fungsten is far from cosplete.
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Figure L. Effect of Fluoride Ion Concentration on Tungsten
Precipitation.



Alwo a8 the fiuerids fon concentwation 18 greatly ineressad, the
fuoride complax 1 stabilised agein yielding far from somplets
rrecipitation.

Those Lactcrs make the quuntitative presipitation of tungsten
with & small wxcoss of e-bensoln cxtwme impossidle. In order o have
s precipitation is alnost guantitative 1% would be necessary to know

On tho basis of these ywsults it is Gifficult to unduretand how the
cosbined precipitation firet yroposed by Yegoeds snd Fales (30) has bews
saponaniul. However, 1f the pmucipitation conditions are considered
this too becomes wderstsndable. The coubined yresipitation is carried
oot from an aoid solubion to vhich no complexing agents have bems added.
hts is the sitestion in wikdeh inscluble hydwmted tungstde aeid is
resdily formed. In sddition to thim, the extremely luvrge excess of
rosgent added results not enly in the complete pwecipitation of the
molybdemmn complex, but alse in partisl precipitation of the tungsten
somplex, and excess resgent. Iue to the flosetulant nature of these
complexes, the formation of all this precipitate could quite easily
caryy down the hydwated tungstic seid, which 1s quite often colloidal.
Since the precipitate in this method is not weighed, the nature of the



preoipitate is not important. This could guite sesily explein why
these authors repurted s negative error ¢a all detexwinstions mun on
pure sodfun tungstate solutions and nobt on stesl ssmples. In the absance
of the large amount of molybdevunm complex, 1% would be quite logical for
& pordion of tungeten %o remain wnpresipitated.

from this atudy 1t can de readily explained wiy the axisting methods
ave suscessful. The gravimetwic method has Just been diseuaced. The
colorimetric nethod vorks becmise toluens=31l=dithicl s sach o sensitive
Thus with these extremely small quentities no selubility problem of the
complex in chloroferm is encountered. In addition to this, the formia
n oxime complex hes bean establighed, and some
interesting data on the tungston species in acid solution containing
fiucride has bees recordad.

Finslly on the besis of the insolubility of the tungwben complex,
and the great decvease of complex formation in the presence of phosphate,
the newer extraction method has been revized %c be specific for moly-
pdemm. This was desurihed in the molybdemum section.




V. CHROMINY



A dissussion of the resulte of the chromine sxparimnts ot be
done vary brisfly, as the work wap entirely unsuccessful.

Although no reported interference by chromium has besn reported
for extmiestion procedures employing a-bensoin cxime, 1t was necessary
to obheck the extraction over & renge of acidity values. Fer this
parposs, use was mede of the colorimetric wethod for chromium weing
the deep rad color developsd by diphsnylosrbaaide. This method is
A7 oty of the Nenhavtan Profest (35).

A sevies of solutions of varying scidity were prepared containing 0.05
ng. of chromium per mi. Tem ml. portions of these solutions ware
extracted with ten ml. of 0.1% ¢=benscin axime in ehloroform. The
extracte wore dmom off into 100 ml. velumetric flasks containing ten
M. of 0.1% diphenylearbazide in ethanol and ten wl. of water. Ous drop
of &4, W) was added to each, and they were dilnted to volume with
othancl. For an estimste of the ammnt of chromium axtrected, the
folleowing standard wag propared. Ten nl. of the chremium solution,
0.05 mg./wl., was pipeted into a 100 ml. volumetric flask. To this were
added 10 ml. of the 0.1% a-bengoin oxime in chloroform scintion, ten
ml. of the diphenylearbaside sclution, and ome drop of 6 N. HC1, and it
was diluted to volume with ethanol. This gave exactly the same
composition of solution 83 for the samples, and would correspond to 100%
actraction of the chruvmiun. The absorbsnos was then measured at 540




53

Ty the peak absorbence for the red-golored complex formed. The
redaita are recorded in Table XIV.

TABLE IV

ABSCRBANCE OF DIPHENYLOARBAZIDE COMPLEX OF CHROMIUM EXTRACTED WITH

L N AR e a1 A 72 o L 1 OB A\ NG b A 4 U T s I S0 ot A 5P i e > 501 Y

. . Jer Cent HC1
pH, or soidity .8 34 24 0.7 1.0 2.8 8.0
Absorbanoe C.00B 0.007 0.009 0.019 0.022 0.021 0.024

Abgorbance of standard dorresponding to W00f8 extraction » 1.80

o ‘ i i L i ks

From these remulis it mey be seen that even in higher aclid concenw
tration the amount of chyomium extracted is only aprroximately 1% of
that present. Whether this lack of extrastion 1z due to nun-formation
of complex, insolubility of the complex formed, or reduction of chvomium
by reagent could not be determined since it was impossible to cbtain
any pure complex for solubility measurements
the next seotion.

To check on the eomplex formed by precipitation of chromium (VI)
with o-benpoin axime, & solution of potasaium ahromate in 5% hydroe
ehloric acid was prepared. The chromium in a sample of thile solutien
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was precipitated by the drop-wise addidion of a sclusion of a~bensoin
exine in 50% acetone. At first, an orengs precipitats started to form,
ut s further reagent wes added, it turned to a greenishebrowm guney
residus which could not be filtered, as it wae absorbed intoc the filter
paper. It wus alse found that when the addition of reagent was halted
with the first appesrance of orange pwesipitate, the sans phenomena
wap observed. The reascn for these yesulis 13 because of the stronger
exidising power of chromium (VI) in acid solution. This remults in
reduction of the chremfwn by the oebanwein oxime. Therefore, G-bansoin
oxime is of no use and gives no cleanwoub reactions to yisld a stable
complex with chremium, I% 42 therefure fortunste that the interference
of chromium in other reackions cen be eliminated by the previous
reduction of the chromium (VI) to & lowsr valence state.



Vi. VANADIUM
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mmmmmwmuwmmmm
% be mch more difficult than for molybdenum and tungsten. The greater
complexity exhibited by acid sclutions of vanadium (V) accounts for the
increaued diffisuliy in cbiaining results which comld be correlated with
iterature data.

mw umwmaet m&mmmam sclutions,
that is, bayosd the iscelectric point at pH 2.2, the major species in
sclution is the VO," cation. This offered the possibility of formation
of VOu(0y4H320oN) 68 the complex. At least this would be expested on
the basis of the established formias for molybdemu and tungsten

To check this a portion of a-benzoin oxime was added to a meries
of vansdium solutions at varying pi values. The results were checked
by obssrving the sclutions. At pi values from § to 6, no presipitate
formed. A% pH L.O the formation of & elight amount of precipitate made
the solution clowdy. A% pH 2.8 a quantity of dark yellow precipitate
formed. A mch larger mass of this flocowlent yellow precipitate formed
at pi 2.0. When the acidity was Increased so the value of the pH fell
pelow 1.5, no couplex was cbserved to form with the addition of
debongoin oxime. This showed that precipitetion occours in the region
of the iscelectric point. It alao indicated that bayond the isoelectric
point wheve the major species is V0,’, no precipitation cocurred.
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remlte, an attespt to estadlish the par cent vansdfum in the yellow
precipitate was undertaien. A solution of sodium vanadate was adfusted
to pH 2, and lese than the theoretical amount of s-benzodn cxims was
sdded. The davk ysllow precipitate wes flltered and washed with 50%
was the method of drying the complex, & wmber of vhish were used.
It vas dried in ax oven at temperstures of 130°, 105°, and 75°% ¢., as
woll a8 at room tempereture in & wacuum deaicester for various ssnples.
he procipitates which were oven dried stiained constant weight only
afte munerous periods of drying, snd in most cases showed svidence of
decompoaition by twming geay it ecler. The results cbtained were
erratics, snd eonld not be veproduced. The valnes for per cant vanadium
varied from 22.2 4o 1h.1. Tho lower values were obtained for drying
in & vacuum desicoator and drying st 75°C. This ecould indioate water
baing driven off at the higher temperatuves. In addition to this
vhen the nelting yoint of the compound vas determined, the complex
turned from yellow 40 grey betwsen 115° and 130° 0. Thts eould also
{ndtcate the lose of water from the stmeture of the ocomplex.
Since it was also possible that the presence of exosss veagent
mm'mmwwwwmmummmhm
mm@mm-w out. The yellow complax precipiteted as
before wus thoroughly washed with several portions of acetons, then



with wuter, end finally with more asstone. The ccuplex was then dried
o sonstant wetlght in & vaowm desicoater for detamimation of the
per vens vanadium. Results detormined in this manney gave vsnadium
paresmtages between 1) snd 15%. Nesting these ssmples above 100%.
alse remlted in the evlor chanmge, tims indicating loss of watar.

Although the preceding experiment 414 not succesd in acouvately
entablishing the smount of wvangdiom in the yellow ccaplex 46 lsed %
digsulving & larpe portion of complex. When these filtrates were
Hoccalent white precipitate. This conld easily be differenticted
erident ¥hat vanadiuwm forme twe distinet complexes with a=bensofn exime,
a white form and & yellow Powm.

Bince Yittle suocess was snccustered in determining the exseh
vanadhum content of the yellew form, ttention was focused on the white
precipitete. It waa found that this could be quite essily rrepared by
precipitating the yellow conplox and sllowing the precipitste to stand
overnight. This reswltsd in & comversion to the white precipitate.
Mis could be explained whan 1t was found the solubility of the yellow
material in acebone soludtions wag mich greater than the white.

Tt therafors appears that the yeilow precipitate is formed much more
mrddly but dus %o ite greater solubllity is ccmwverted to the white
speciss which foyms more slowly, but hes & lower solubility.




Whan these yrecipitates which fmwed on overnisht steanding wave
$ikered, dvied, weighed, and ignited to the axide, the vansdinm
sontant wae found o vary fvam L.95% 40 35.57%. Hewever, it soon
bocans apparant that the erratic results were dus to the pressnce of
axporiaents gave values of vanadium of 16.43, 15.53; 16.40 and 16.56%.
MWNM%MWWMWMMMW&BW
aviglaelly postulated V05(0,47,.0.0) which would combatin 16.47% vanadium.
The yellow mrecivitabe maot shen be 2 precipitate of same polymerised
vassdime Corm whick is im emilibrium with YO, at the iscelectric point.
axpecbed to fors directly st lower i values, and at higher pi values
there should be no comversion of the yallow to white precipitete.

It wan found that when precipitation was carried out at values balow
P 1.5 no yellow precipitate wae Sormed. However, after stending for
sovsrel hours precipitetion of dhe vhite species took ylace. When the
precivitation was carried out at pH 3, the yeliow precipitate formed
jmmedistely. Allowing the solution to stand for seversl days resulted
in no conversion to the white species. This farther verifies the
maggewted explanation for the ghenomena cbserved.

3. Corvelation of pnlte wi iteratare data. Forammtion of the
white precipitate having a vanadinm comtend corresponding to



Wg(CagHya0nl) was expected on the basis of species studies in aeid

and the remlis of molybdemun and tungsten experiments. However, it
wae hoped that s quantitative procedure cculd be worked out fram this
in which the precipitate s drisd and weighed. This is impossible,

beomise dua 4o the lang pericd of standing reguirsd, excess cxime alwo
yprecipitates from solution. 7The amount of acetone regired to remove
the sxcens reaget will slsc dissolve a guantity of the precipitate.

The only possibility wowld be the leng involved prosedure firss worked
ut for molybdemun. That is, using fimal ignition of the precipiiate
0 Va0 4 & muffle furnace.

The srratis resits chialned in adttespts to detersine the vanedium
anbent of the yeliow spesiss ave now esally explained. The precipitate
Appears to eantsin structural wator whtch s driven off st nermal drying
teaparatures. In addition to thim, tho length of time before filtration
wikld have sn appeeciable affeet upon the amount converted to white
VOu(0yelaa0al) The greater sclubility of the yellow complex, in addition
to these other factors alec sade 1t impossible to develop a gwvimetric
yrocedire based oo precdpltation of the yellow fwrm.

The most important contributice of this portion of the wtudy i
the corvelation it provides aomseming the apeeiss studies at the
incedectric poind of p 2.2. Roasottl and Rossotti (26) have correlated
mmmmm.vmmmmmmmmntm
isoslectris point, the equilibriwm is

-l
10 V05", 83, + B H0 st HoVag0z” 5 aq. + 1 H'.



They reported their deta corresponded to the equilibrium proposed by
Hagel, MoNabd, wnd Swstind (11),
W," — (V0" (o) == VaoOae ™

{where ¢ > 10 and p « g).
fovuw cemplexen with sations enly, Moy ', W0g'", 0u*®, »d"™, there
mist Be two owtienic speoies invelved in the equilibrium. The Mghly

vimed species postulated by fasel, MoMabh and Santini would be
espahile of forming A hightly polymerized t-bemzoin oxime complec,
splitiing out of water. This in tum cculd result in degradation of

A% any rete, the results show that the simple VOp' ion is indesd
involved in the squilibriun at the iscelectric point, and exists st
groater seidity values. They also give good evidence of the presence
of snother cationis species existing in this acidity regim. Tius
strengthaning the results yublishad by Fesel, Melabd and Santind, the
enly ones to have yostulated sueh a tabienic species.




off the work was done before and ainultamecusly with the gravimetrie
‘poriments. Cnse the yreswnse of two distinet syeoles besams evident,

With weomdsuwm as wall as tungeten snd melybdenum, & determination
found 6 be tupossibls, With molybdemum and tungsten shssrpiion of
the cemplen In dhs wlibm-rioket cooursed at the same wave-lengths s
that of the oxime. With the vesadium complex, absorption cecurs inm
they visihls 4n the diwms wave-length reglon as that for vansdate ion in
acid solation.

Howavey, ths poasibility of developing an sxtmction procedure
o mossarensnt based i the yellow eolered complex
m&mmmmm The yollow eolered complex exhibited
un shgorption in the wisible below 500 mi. The abscrbance at LSO m
wan gmite satiafestory for messuremant. However, a great muber of
ewtraction procedures gave very little saccess. 7Ths reasone for this

e ressons for the failuve of this work are as follows. (1) The
extrastion of the vanadimm is dependent upon the pH, with the mscinam
extrastion oceurping at the iscelectrie point, pil 2.2. (2) Extraction
is time dependent, with the mmximim comuring with ten mimute shelking




on %o sutematic sheker. (3) The yellow eclored comgiler 38 not steble
MMWM&MMMM@W. Soth
of these Jatber diffionltins my bo atiributed to coxversion of the

mmwmwmwmw. The white speaies
whibiting wo viaible ahsorpbion and slso deovessed soludility in

clopedorm. (L) Lavger smvmrts of vasadium in the presance of exvess
by a eodor change from yellow to gremm. This otours if the ecluticms
are allomed o sib for any length of time, bud does wot coour repldly.

- Gns the basis of these dlffieultdas and with the knowledge of the
instaliility of the yellow species determined grwvimetrically, & new
procedure wne developed.

Sinoe 3% appeared that wanmdium ceuld be suovesafully extructed
by sshensoln oxine inde chlopeform, the mjor difficulty appeared to
be the dovelorments of 5 stable color. A solordmstric method (28)
prosense of ethanol has bewn @iite muccessful. Ascording to this
nothod tha absovrpbtion is measired &b 550 mz vhere the molybdemun ocmpllex
ton. Taking adwmntage of this coloved cemplex formatdom, whish was
axtraots upon sddition of Begminalinol and ethansl, the following proe
cadure was daveloped.




Wemmmmm.mmuﬁa.snmmmw
sulfuric acid, is pipeted into & 60 nl. sepuratory fummel. Tem nl. of
& 0.1% s-benuoin catime in ehlovoform sclution is added, snd the mixture
in shaken for one mimmte. The chloroform layer is Lrmediately drswm
of£ into a 100 mi. volumetris flusk containing 10 ml. of & 0.1% solution
of Beguinclingl in ethancl. The vamsdiun solubion is them extracted
ﬂ%hmmmtmmm.wmo:a.ummmmmm
in eblovoform. Bach of these sciubtions sxre shaken for ssveral mimmtes
before the opganic layer is oombined with the comtents of the volumetris
fagk. The final extraction is carried cut with & ten ml. portiom of
chlovoform. Twenty wi. of ebthanol are added to the comdined extracts,
and the sclution 1s diluted to 100 mi. with ehloroform. The abscrbance
of the solution i moasured &b 550 m against a dlank containing every-
thing Wt the vansdium.

Bxtywoticas carrisd cut in this mmmer were found to obey a Beart's
mmwswmmwmmsms“sommmwmm
yer ml. of solution. The S~quinelincl test for vanadium, as cutlined
by Feigh (1), mave nagtive results. Since the comcentmation limit
for the method 4 1:500,000, the evidence for quantitative extwmetion
is quite good.

This procedure was used to establish the c-dansoin oximetvanadium
ummmg%mmmmwmwmr
molybderom. The vanadinm extracted was dstermined colorimetrically
using the S-quinolincl method just described.



For this purpose a seriss of vansdinm soluticns st p¥ 2.2 and
of concemtrations from 1.0 x 107 %o 2.75 x 10™ M. were prepared.

Ten ml. portions of these solnticns were extracted with two 10 mi.
portians of 1.0 x 10™ M. a-bemsoin cxtme in chloroform and cne 10 ml.
pordion of ehloroform. The cclor was developed on the ocmbined
extructe by the mathod just deseribed.

A plot of the absorbance versus the mole ratic of vanadiun to
o-bengoin axime is shown in Figire 5, the date for which aze given in
the Appmadix. The sbeorbance valnes show less than complete extrection
dus %o extowction with nore dilute o-bensoin cxime solution. However,
the definite break ocourring at 2 x 10” millimdle of vansdiun by
extraction with 2 x 107 milifmole of c-basoin cxime definitaly
estallishen the o-bengoin cximervansdium rasio as 11l. This corres-
ponds to the remilss anticipabed.

The colorimetric method for vanadium had deen proposed originglly
as an attempt to detersine the vansdiumsda~benzoin crime ratio.
Howsver, due to the adhevence to Deer's Law plot in tha concentration
rangs stated, ib was desmed possible that it could be used for a
quantitative method. The major sdvantage of this method over the direct
extraction of the Bequinclinel complex as proposed by Talvitdd (28)
would be that no extraction of iron would oceur. 7This would eliminate
the necessity of remcving iron before the extraotion of vanadium.

For this purposs, a vansdium scluticn was made up at pH 2.2 which,
a8 the result of several determinaticns by this method, on the pure
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Figure 5. Determination of Vanadium:a~-Benzoin Oxime Ratio

by Extraction.




solution, was found to sontain 0.049 mg./il. of vensdinm. To ten ml.
porticns of this solution were added a wide variety of elements commonly
coqurring with veuadiun, and the vensdiws was determined ascording to
the procodave cutlined. The affects of these waricus ions are showm in
Table ¥,

The vemults show thet the only serious interference cocurred in the
cass of mrkimony. The major diffisulty in thin case was the weeipie
tation of hydreated antimeny oxide from acid medis. This precipitate
whieh wes 4% firet white soon appeared to have & yellow color. Thds
yallow oolor becems more intense as the solution aged. This indioated
that the antimony was removing the vanadizm from solution in some maxmer.
mmmmmmnmmﬂm@mmmmm
the presancs of antimony 1 almost twice as great. The same solution
wa# used in both cases, but the second sample was yun after the eclutiom
mMMmrwmmmm. Bismath and ursnyl ion
also show & certain awount of interference.

It iz almo imteresting to mote that emly negabtive ervors were
sncounteroed when interferences were present, and this only when joms
eagable of heteropoly acid formation with vansdiuw weve present. This
indicates that heteropoly acid formation mekes extyaction mlightly more
diffiealt.

The msin advantage of this method is shown by the resulis cbtained
fn the preswnce of fexric len. By this method a #imple extrastion
plogedure i all that 1s reguired with no previous removal of iren.




TARLE V
EFFECT OF VARICUS JONS O THE DETERMIMATION OF VANADIUM

M4t bbb 16 57 A DA A A T 5 AR A O S e R AN A A AT G et N it S A O ol S - . "

QWW'
Quantity, Mg. Ton Prosent Found Differance
2.50 Mo {VI) 0.9 0.8 «0.0)
C.h7 «0.02
W {vI) 0.7 (3,02
0.hé «0.03
er (V1) 0.L9 0 .00
¥a (V1) 0.9 0.00
ga (II) 0.9 G.00
84 (IM) 0.7 -0.08
o7 «0.02
B (IT1) C.lb (.03
| 048 «0.0}
{11+ P 0.6 -0.03
046 «0.03
8b {IXI1) 0.h3 «0.06
0.3% «0,14
1.28 POy 0.9 0.00
0.9 0.00
e (I1I) 0.k9 0.00
A% {IXL) 0.4 .00

1t L8 therefore a single, vapid method for emell amounts of veansdium
Mmmmmﬁ;mmwwmﬂma@mﬁ.



Vii. SUMMARY



The Mmau axime semrilexes of venadium, molybdemmm, and
tungoten have bemn thoroughly studied. An attampt to do the same with

sitims W found to be impossiblo due o the preferential reduetion
of shresdwm by the resgent. The methods employed for these studies
imrolved both precipitation and extraction technigues.

™he wolybderam compilex has been determined to bo bis{a-bemsoinoximato)-
dloxemolybdemn (VI), MoOg(Uygly 0.0, snd for tungsten, dis(e-banzoine
extmbo)dioxotungsten (VI), WOo(CygH15070),. Vanadium has bean found
to foom tae differest complexes, a white presipitate and a dark yellow
precivitate. The white form has bean established as a-banzoinoximuto=
dioxovanadium (V), VO5(0,,8,40.0). The yellow form, also containing one
a~baneoin oxime melesule per vanadium, s the resmlt of complex formation
botween a-bensoin osxine and some highly polymerized vansdivm species.
The formation of all thess comyplexes has heen correlated with literuture
data concerning the spocles of thess metals in acid solutions.

For molybdersim, the most compilete compllex formation ocoure in
selvticns comtaining from § S0 208 minewal acid. For tungstem the most
sompieote formation has been found not enly o reqire an seid solution,
bt slso & mole ratic of fluoride to tungsten lon between Tl and 10:1.
This has been explained on the basis of the availability of WO,' from

For wanadium, the yellow, or polymerised form, has been found to
form more readily and completely at the isoelectric point of pH 2.2.
Altheugh the white form also precipltetes in thie region, it wes
{mpossible to determine the best acidity for ite formation. This was




due to the fact that the rats of formution of V0,(C, M 20.8) 48 8o
flow that 1ts preeipitation also results in the yrecipitaticn of some
reagent from solution. Tharefore, it was imposaible to check for
conyilotenses of precipitation of the white preeipitate by gravimetrio
mthods.,

A3 & remlt of the study, o rumher of factors comcerning the use
of a-bermodn oxime as an aadytical reagent for these olaments have
boon determined,

Holybderam may, as determined sarlier, be quantitatively precipie
tated by o-bensoin arime fyom acid solution. When the precipitation
is dons yroperly, the complax may be dried and weighed and the
molybdenun debermined as 16.51% of the complex.

Tungster: can not be determined in this samwe mamar since the
precipitation is not grite complete evem when the fluoride ion cencene
tration has bean acourstely adjusted to give optimmm precipitation
conditions. The success of the earliier method for the cabined preeipi-
tation of molybdesum and tungsten probably results from carrying down
of hydrstad tungetic seid by the combined complexes and the excess

It has nlso been found impogelble to determine vanadium by the
same type of gravimetrie procedure employed for molybdenum. The reasmm
for thiz being the fact that the yellow precipitate is not a stable
form, and the length of tims required for complete precipltation of
the white form remults in precipitation of excess reagent. This excess
veagemt c¢an not be removed by waehing without the loss of complex.
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On the basis of the studias completed, the newly yroposed extrace
tion procedure for molybdemum (10) invalving final color development
with quercetin has bean revissd. Thim revision hes resulted in making
the method apecific for molybdemnm. Y4 may now be employed even in
the pressnce of moderate smcunts of tungsten.

Ko new extraction procedures for the determination of tangsten
heve heen posaible on the basis of 4he work completed. The major
diffioulty 1e the extrane insolubility of the tungsten complex, and
the fact that it does mot extract as a colloddsl precipitate into
chdoroform as the molybdemum complex does,

As a £1nal remult of the study completed, an extraction procedure
for the determineticn of vanadium has been developsd. This method
snvolves extraetion of the vansdiun complex into chloroform from a
solution at pH 2.2. The wanadinn complax of 8-gminolinol is developed
divectly in the yresence of the owbangzoin axime and the absorbance
peagured, The concemiration range for stacessful extraction is from
% to 80 mlerograms per ml. The cnly serions interference 13 cansed by
antimony where the formation of a precipitats of hydrated antimony axide
i found So earry down vanadivm. Bismth and wranyl lon also cause a
slight negative srror.
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AFFENDIX



3

DATA FOR FIGURE 1

Extraction of Molybderum with 2 x 10° Hillimcls of
a~Banzoin Oxine in Shloraefora
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DATA FOR FIOUEE L

Effect of Flnoride Ion on Tangsten Frecipitation
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DATA POR FXQUHE 5

Extraction of Vanadiwa with 2 x 107 Millimole of
d-Bapzmoin Oxtas in Chlorofornm

15

v, mole. 8~quinalinol Complex
2.75 x 10~ 0.540
245 x 10 6.53L
2.16 x 10~ 0.535
1.86 x 10° 0496
1.57 x 207 0.427
1.20 x 30~ 0.356
0.98 2 107 0.273
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