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THE EXTRACTION OF NIOBIUM- AWD TITANIUM-THIOCYANATE

COMPLEXES WITH TETRAPHENYLARSONIUM CHLORIDE
CHAPTER I
INTRODECTION

Arylarsonium salts have been the subject of extensive
investigation because of their wide applicability as amalytical
reagents. These salts have been found to be useful in
volumetric, gravimetric, electrochemical, and spectrophotometric
methods and are of interest in particular as cations of ion-
pairs which may be extracted from aqueous solutions into
non-aqueous solvents. Bock and Beilstein1 have studied the
distribution of ion-pairs of tetraphenylarsonium ion, TPA, with
a number of inorganic anions between water and chloroform.

Analytical procedures based on the extraction of complex
wadama AL
A Lo AR -

wia
7
ridium into chlorcform as TPA ion-pairs have been described.

.1}
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Arylarsenium salis have been showa to be excellent for the

- - L . - . - s e
analysis of certais cc:zplez metal long, and when fone

combined wiith a solvent extraction senaratlon scheme, a high



selectivity of analysis is frequently possible. The extractability
of an anionic metal complex, as an arsonium ion-pair, is a

function of the nature of the arsonium cation, polarity and
dielectric of the solvent, the acid stremgth and ionic strength

of the aqueous medium, and the stability of the anionic complex.

By varying these parameters it is possible to achieve separation

of one metal or a group of metals from another group prior to a
final measurement on the extracted species.

Other desirable properties of extraction methods of
analysis which utilize arylarsonium salts is their simplicity,
and the rapidity of the experimental procedure used. In many
cases, metals which are difficult to separate by precipitationm,
by extraction procedures alone, or even ion-exchange
procedures, are easily separated by precipitation and subsequent
extraction of an onium salt. The application of iom-pair
extraction schemes to the analysis of complex material (steels,
alloys, etc.) has been quite successful in shortening the time
required for a complete analysis since lengthy separation
procedures are no longer required. An advantage of ion-pair
extractions over chelate extraction systems is that the
equilibrium reaction for the formation of the ion-pair usually
proceeds at a much faster rate than for the formation of a

chelate. Several chelate systems have been reported in which the



order to extract an appreciable quantity of the metal complexs.
When the desired constituent is separated from the
sample, the final analysis can be achieved by many methods. It
appears that absorption spectropkotometry is the simplest
technique for those complexes which have absorbance bands im
the visible or near-ultraviolet spectral regions. With the
recent discovery of atomic absorption spectroscopy, and
application of gas chromatography to inorgasnic analysis, it
appears that onium extraction methods of separation will be of
even greater use in the analysis of metals,
The behavior of tetraphenylarsonium chloride, TPACI,
in aqueous and non aqueous media has recently been reportzd upon
by Fok and Sande117. The solubility of TPACl and TPAC1°HCl im
chloroform is 0.703 and 0.0391 M, respectively, whereas the
solubility of TPAC1'ZH,0 in water is 0.990 M. The iomization
constant of TPACL in water is 7.1 x 1a-2u’ and the association
constanis in chioroform for the formation of éiners and tetramers

1.

£
cmr o - s .5 -3 L. 520 "
are iUo M ~ and 3.4 x 10° M 7, respectively, at 25 €. The

partition coefficient between water and chlorofom,ErPACﬂ org/

fxE'EPACIJaq , where log ¥ = 0.6 u for sodium chloride, at

LR INLLE LALLMk ™ -

infinite dilution 12 given as 3.2 + 0,1, Additional empirical
equations ars given which describe the chloroform extractiom

§ystem of TPACL im aquecus solutioms < 2 ¥ RaCl and £ 0.1 H

HCL and TPAC1 up to 0.2 M in chloroform. Polymerization of



TPACL must be comsidered when the comcentration of TPACL im
chloroform is greater than 1 x 16-3 ¥M; and in hydrochloric acid
solutions, additional reactions which lead to the formation of
TPAC1'HCl must be considered. It is reported by Fok that
further work is necessary to elucidate the TPAC1'HCl formatiom
in solutions of high hydrochloric acid comcentratioms.

Data from vapor pressure lowering measurements with a
thermoelectric osmometer made on TPACl solutions in anhydrous

chloroform at 2500 are also used to calculate dimer and

1 3

5 x>,

tetramer constants having values of 72 M ~ and 4.0 x 10
respectively. The difference between vapor pressure and
extraction results is attributed to the presence of water in
the chloroform in the extraction studies.

The TPA salts of several anions have been studled with

. .. .. 5 _ . N . L .
characteristics . (ole and Pilaum &i80 measured the molar

- ”~ - P

-~ - —~— A Tasmm =& ABIN
abgorptiviey, © , of TPACL in agquecus scluticas. Values of 3230
and 1740 u'l .....‘1 b BLL mmA BT mn mmna Vol n Voo AN o
Snd SISV H Cim GC 404 and £/L MG 8re & iitile rLower Lpan tne

value of 3400 M™1 cm™! at 264 mu which is reported by Fok. In
addition to the above studies, Forster and Goodgame recently
prepared the TPA isothiocyanato-complexes of Ni(II) and Cu(II),
after which the electronic and infrared spectra wer

10
investigated .

The develcpment of amalytical methods for the amalysis



of nichivm was hindersd for zany years due to the similarity of
the chemistry of niobium and tantalum. The similar behavior
of these elements as well as their natural occurrence as
mixtures in ores led to much confusion with respect to their
discovery, and in their characterization. The development of
gseparation schemes for these "twin" elements was alsc hampered
by the complexity of the ores in which they occurred.

In 1925 Schoelierl1 introduced tannin, tannic acid,
as a valuable tool in earth-acid analysis. Tannin acts as a
colloidal precipitant and permits the separation of niobium and
tantalum from titanium in dilute sulfuric acid. More recent
advances have resulted in the use of cupferron as a precipitant
for the precipitation of niobium, tantalum, titanium, vanadium,

iron (III), uranium (VI), tungsten, molybdenum, and a few other

....... e excellent for the separation of
niobium, and its only disadvantage is that it is time consuming.
The ion-exchange methods were very significant in contributing

to recent developments and simplifications in earth-acid anmalysis.
Fundamental studies of the ion-exchange behavior of nickium and
tantalum havebeen of major importamce inm elucidating the subtle

differences in the behayior and sgolution chemistry of nichium



and tantalum.

The titrimetric determination of niobium, in principle,
can be accomplished by reduction of ¥b(V) to Mb(IXII) in 2 Jomes
Reductor followed by indirect titratiom procedures using irom
(II) and potassium per:anganate.13 The interferences im this

thod are severe, and of course require a prior separatiom of
the niobium.

Solvent extraction metheds for the separation and
subsequent spectrophotometric detqrmination of the niobium are
increasing in popularity. These methods are rapid, require only
a minimum number of preliminiry separations‘fro-.associatcd
elements, and are capableiof differentiating between the two
earth acids. One of the more promising solvent extraction methods
for niobium is the 8-quinolinol (oxine) nethod,l4 which involves
the chloroform extraction of the niobium oxinate chelate from
an ammonical citrate solution. Since the chelate is colored,
Stomeitic measurements Gan ve made on ihe organic
hase. The »athod has zome disadvantages in that many aismants
form colored oxinates, and consequently = prior separation of
niobium must frequently be made before extraction with oxine.

Hydrcquinonels has been introduced zg s chromeshoric
reggeat for the spectrophotomstric estimation of miobium;

however, the reagent cannot be used as an extracting agemt.

Consequently the niobium must be separated by other means prior



to forming the chelate. Even though the chelate iz umstable,
temperature sensitive, and is subject to the usual
interferences, the reagent has been of use in determinations
of niobium.

Other chelating reagents used for the analysis of
niobium are pyrogalloll6, sulfosalicylic acid17, disodium,
2-dihydroxybenzene-3, 5-disulfonate (tiron)lg, and ascorbic
acidlg. These reagents have been found to be iimited in
applicability and unfortunately are plagued by interferences.

Other chelating reagents recently introduced for the

determination of niobium are xylenol orangezo’ZI,

l+-(2-pyridyla.'zo)r:esorc:l.m'alzz-25 and 1-(2-pyridylazo) -
rescorcinolza. In the case of xylenol orange, titanium,

tantalum, and aluminum are masked with ascorbic acid. It is

"y

nartad
eporiec

above mentioned azo derivatives of regorcinel ghow nromise as
acceptable reasgents for niohium. Ali=:r1227 has racently

reviewed the gphotometric determination of miobium with azo-
dyestuffs and concludes that this class of reagents have
considerable promise as specific reagemts for niobium.
Chromogenic reagents which form complex ions with
niohium are the peroxide and thiccyamate ions. The percxide

method, Like all other colorimetric methods for niobium, ig



to analyze for miobium in the presence of titanium by
developing the color of the complex in a mixture of concenmtrated
sulfuric and phosphoric acid.

The reaction between niobium and thiocyanate ion, which
was first described in 189628, was developed into a quentitative
colorimetric procedure29 for niobium im 1946, and is probably
the most widely used method for the determination of niobium.

In one thiocyanate procedure, the yellow color of the niobium
thiocyanate complex is developed in a homogeneous water-acetomne
ﬁediunBO. The homogeneous method 5&8 many interferences from
metals which are difficult to reduce or mask under the conditions

necessary for the determination, and consequently requires a time

consuming prior separation of the niobium. An interfenence with

3 -
the determimation of nichium hsg alse been reportad to cccur from
—o—— - - Ldmcosmed o =t P
the polymerization of thiscyamic acid. Horeover the

changes in reagent concentration.
Another thiocyanate method for niobium involves the
solvent extraction of the niobium thiocyanate complex into

29,31 or ethyl acetate32. Thig

organic solvants such as ether
method hag the disadvantage that the nickium sample must be

repeatedly evaporated down to the occurrence of sulfuric acid



ﬁuass pricr t¢ amalysis in order to comvert the niobium imto a
"reactive” ion, which is a nonhydrolyzed species. The methed
is also subject to interferemce by hydrolysis of the niobium
and tantalum which results in an incomplete extraction of the
niobium. Again, the procedure must be modified by using
preliminary separation steps in order to analyze for niobium
in the preseunce. of more than small quantities of tungsten,
rhenium, platinum, vanadium, Qnd molybdenum. The concentration
of reageats must also be controlled since the complex is semsitive
to any changes, and the usual interferemnce from polymerizatiom of
thiocyanic acid is noted. Recently, a thorough study of the
variables for development of the color of the complex and its
subsequent extraction was reported33.

Many modifications of the basic thiocyanate methods for

e

niobium have appeared in the literature in recent years. Hume

34,35

and co-workers pointed out that tartaric acid could be usged

to dissolve fused niobium samples that were insoluble or

6,37
metastable in hydrochloric acid. Vamossi™

teported that
the extraction of the thiocyanate compiex of niobium with ethyl
acetate, EtQAc, helps avoid the problem of hydroxyl complex
formation that previoug workers hed mnoted, Tungsten, tantalus,
and nicbice were extracted with Et0Ac; nicbium and tantalum were
subscquently separated from tumgsiem by precipitation. Hastings

and HcClarit739 analyzed for nicbium im pure tantalum or Tazes
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by extraction of the thiocyanate complex of niobium using ethyl
ether. It was mecessary to construct calibration curves
corresponding to several ratios of tantalum to niobium.

Moreover, nolyﬁdenum interfer ed seriously. Milner and S-aleaao
separated niobium from ores by means of a cinchonine precipii;tion
prior to using the aqueous acetone procedure. Harzyziz(’1 used both
the ether extraction and aqueous acetone method to analyze for
niobium in ores. The careful control of experimental conditions
was emphasized.

Crouthomel and co-workersaz investigated the color
development step of titanium, vanadium, and niobium in aqueous
acetone. Hioblum was separated from interferences by
extraction of a niobium fluoride complex with methyl ethyl
ketone prior to developing the thiocyanate complex. The effects
of hydrolysis and hydration in hindering the reaction of
thiocyanate with niobium were fourd te be real, and were
dependent on the nature and concentration of the acid in which
the niobium sample was dissolved. Furthermore, the yellow comnlex
which is formed in the aqueous acetone medium was shown to be
anionic in nature. Crouthomel concluded that Nb(V) complexes

v e at3 it aon F(5-%)
and §bO ~ or EB(0H) -

were the “reactive” forms of niobium
and that “nonreactive forms” were probably niobates and
polymeric forms of nicbium, which require & very lomg time te

reach 2n eoquilibriem with thiccyanate.
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Bacon and Milner43 have made a thorough study of the
conditions for formation of niobium thiocyanate complexes and
of the decomposition of thiocyanate ion in acidic aqueous

Ziegler44

has shown that niobium and tantalum may be
separated by precipitation or extraction of thiocyanate complexes
glycol esters, or polypropylenme glycol esters;
also, amines45 such as tributyl amine permit the separation of
niobium and tantalum. A single stage extraction gives 95%
Nb205, and the purity may be increased through multistage
extraction, |
Grimaldi46 extracted niobium thiocyanate into EtOAc
after separating the niobium from tungsten, vanadium,
molybdenym, and rhenium with a sodium hydroxide fusion and
leaching step. A detailed study
of various cations and anions.
The use of nitron, (4,5-dihydro-1, émdiphényi=
3,5-phenylimino-1, 2, 4-triazole), in dioxane as an extracting agent
Afor niobium thiocyanate complexes has been investigated by

47

Babenko. Yoshimura has recently studied the extraction of

48 {49

niobium with several amines in chloroform. Mar made a detailed

study of the extraction of niobium, titanium, and tantalum

chloroform, carbon tetrachloride, and benzene. Using radiotracer
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techniques he found that 1.0% niobium is extracted from a I M
sulfuric acid-2 M thiocyanate medium with chloroform.

'J.'alipov50 extracted a niobium thiocyanate complex with
1,4-bis(3,4-dihydroxyphenylazo) benzene in chloroform. Tungsten,
vanadium, thorium, and manganese d¢ not interfere, nor does
a three-fold excess of titanium or a five-fold excess of
tantalum.

Other investigations and modifications of the
thiocyanate procedures for niobium have been reported by Pilipenko,s1
HcCown,52 Ward,53 White,s4 and Shrimal.55

C. M. Ni and S. C. Liang reported the extraction of
niobium from hydrochloric acid or sulfuric acid into chloroform

using l-benzoyl-N-phenylhydroxylamine,~BfEA.56

Molybdenus,
tungsten, vanadium, and zirconium are not serious interferences;
however, titaniam is. Using the method of continuous variationms
and the method of Bent and French, Ni found the composition of
the extracted species to be: Nb/BPHA/SCN = 1/2/1, which
indicates a monothiccyanato complex of nichium.

A novel separation for nicbium has been suggested by
Harchenko.57 Hiocbium, thiocyanate, &nd methylene blue farm.
&n aqueous insoluble triple comajaw which {s quantitatively
gsenarated by flotstion from an egmao:
After sepgration amd washing of the precipitate, it is

digssoived ané niobium is derermimed by the ether extractionm



13

method. Maskimg agents are added to eliminate the interferences
of titanism and molybdenum. Yoshidasa has analyzed for niobium
in tantalum and Tazos by masking niobium with fluoride,

extraction of tamtalum with methyl isobutyl ketone, demasking

niobium with boric acid; and oxtracting the thiccyanste complex
of niobium with ethyl acetate.
Another extensive investigation of the niobium

59-62
thiocyanate extraction system has been made by Minczewski .

The addition of carbon tetrachloride, benzenme, chloroform, and

1,1,1-trichloroethane to ether extracts of the complex caused

dissociation of the thiocyanate complex. It was further noted

that the addition of carbon tetrachloride to the extract changed

the absorbance amd shifted the wavelength of maximum absorbance,
gmaz,, to longer wavelengths whersas acetone causeQXmax. te

shift to shorter wavelengths. Mimczewski also studied the

extraction of nickbium with tributyl phosphate in chloroferm

and recommends elimination of the molybdenum and titanium

interferences by using hydrogen percxide to mask niobium

while Mo(VI) is extracted with ether. Titanium and niobium

are extracted as thiocyanate complexes with tributyl phosphate

aud titanilum is subsequently removed from the extract by

backwashing with 1.8 M hydrochloric acid.

The composition of the thiccyamate complexes of

nicbium hag net been investigated as thoroughly a

n
T
iz
®
(14
®
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and analysis oi this element; however, the nature of niobium
ions in aqueous media, and its halide, oxalate, and oxo
complexes have been the subject of several investigatioas im
recent years.
83

Wermer studied the distribution of radiocactive
Nb-95 beitween aqueous hydrochloric acid and methyl isobutyl
ketone as a function of hydrogen, chloride, and thiocyanate
ion concentrations at an ionic stremgth of 7, and assigned to
the species extracted, the formula Hb(SCK); associated with
oxonium ions of the type (R20E)+ vhere R is an alkyl group. The
species NbCI; was also reported to ocecur. Troitskii64 studied
the mechanism of the extraction im butyl alcohol, and concluded
that the extracted species is nub@(scu)a, Also reported is a
compound with the formula H[Ebo {?(szsféj(SCN);]which occurs
in diethyl ether; howaver, no evidence is presented to affirm
its presemce. BREvidence is presented for both a colorless

.

Of niovium &id & coiored compiex. The former

T -
&

]

PLeR OCCUrs &t very low thiocysmmte comcentrations and ecan
be extracted immediately after mixing niobium and thiocyanate
gsolutions.

Golub and Sychﬁs made 2 thorongh investigation of the
thiocyanate complexes in methanol, batansl, and dimethylformamide
(D¥F) using comductance techniques, spectrophotometry and

preparation of the niobium salis by forcing their precipitatien
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through evaporation of the solvent. Spectrophoiomeiric results,
analyzed by plotting log [:}:—:_—E] versus log EKSCN] s
indicated complexes having thiocyanate/miocbium ratios of 1/1,
2/1, and 3/1 in methanol; 1/1, 2/1, and 4/1 in butanol; and
1/1 and 7/1 in DMF. Precipitated niobium salis were isolated
with a ratio of 4/1 and 7/1 in the methanol and DMF systems,
reSpectiveiy; the reported compositions were KEb(OHe)z(ClS)a‘HQOH
and KJE?(CIS)E}BD!F. The same authors report that "Alimarin
and Podval'naya studied the mechanism of formation of the yellow
complex in acid media, determined the composition of addition
products of the thiocyanato-complex of niobium with alkaloids
(Quinine, cinchonine, etc.), and concluded that the complex
H[EBO(SCNi;]wns present in solution.” After reviewing the work
of Alimarin and Podval'naya, and Troitskii, Golub and Sych
conciude that “all available information on the thiccyanato-
complexes of niobium is pureiy qualitative.” Ni has recently

Tepoitad thé exiractionm of & monoiniocyanato compiex of niobium
with BPHA, in which the No/BEPHA/SCHE ratic is 172/1. (see
page 12).

The most recent publication on the niobium thiocyanate
cemplexes, by Pilipenko and Savrangkiil, presents evidence for
a complex of niobium with acetylacetome and thiocyanate im

which the niebiu:/acetyiacatona/thiocyanate ratio is 2/1/1,

indicating a dinuclear complex involving niobium atoms bonded



together by am oxygenm bridge. Host of the evidence for the
oxygen bridge is based on an infrsred band at 800-850 em !
that 1s attributed to a Nb-0 stretching absorption66.

In the case of thiocyanate complexes, the mode of
bonding of the thiocyanate ion to the central atom or metal ica
may occur through a metal-sulfur bond (M-SCN ) or through a
metal nitrogenm bond (M-NCS™), which is aa isothiocyanate
complex. Mitchell and Willianséy, made 2 study of the imfrared
spectra of a number of inorganic thiocyanates and isothiocyanates.
and concluded that the isothiocyanstes have a C-N stre;ching

1 and 2060 cnwl while the corresponding

1

vibration between 2105 cm

thiocyanate frequency occurs at 2145 cm . Eanéeiinfrared

spectra are vzlusble in distinguishing between the two structures.
Other investigations comcerming the mode of bondinmg in

were miade by Funk and Bohland |,

: &9
were isothiocyanates. Colthup
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weak), 750 ent (symmetric stretch, weak), and 470 ca!

70

(bending frequemcy, weak). Pecile'™ reported that the MHNCS

configuration is characterized by a band at 860-780 en! and
MSCN at 720-690 cm .

Witk complexes of the tramsiticm metal ioms, the

guestion fraguently arises concermimg the presence of oxo or
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hydroxy ligands inm the complex. For those cases in which the
isclaticm and purification of the complex 1s difficult or
impossible, imfrared spectra are frequeantly valuable in
establishing the presence of oxc ligands.

The M=0 gtretching vibratiem in vanadivm chelates of
acetylacetone are reported to occur at 995 cm-171, whereas
more comprehensive studies list a ramge of 1050-950 cnfl for
the V=0 vibratien. The stretching vibrations of other wmetal

71,74
7173 and ru=o’ '

oxygen double bonds such as U=0 amd Mo=0

appear in a similer frequency ranmge.
xeller75 recently investigated the cesium and potassium

salts of the !bOFS" ion (KQNbOFS'HZO) as solids and solutions

by means of Raman and I.R. methods. Absorption bands at 932

and 935 cn-l (I.R. and Raman, respectively) were assigned to a

metal-oxygen stretching vibratiom. Sabatini and Bertini76

reported Nb-0 bands at 930 cm & (v.s.), 928 cm * (v.s.), 927

em”L (s.), and-977 em! (v.s.) for the salts Rb, I§b0c15j],

csy [ m:oc15‘[ , Bby [Wb0Bz, |, and Cs, [Wb0Br_] , respectively.

Ve et o el L o)
Analogous tungsten saits showed tumgstem-oxygen bands at
957-968 cm-l. The above author does not distinguish between @

77
-0 or M=0 stretching vibration. Selbim  has recently reviewsd

a

L

the oxocaticms of the tramsition mscals, im which he gives the

Ho=0 Iregquemcy for a variety of compounds, all falling within

1

the range 923-942 cm ~, The Ti=0 band for twe different Ti
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saits is given at 1078, and 1026-1035 cu ~, and Ti-0 stretching
vibration is listed at 836 and 840 cn-l.

Considerskie work has beem dome in developing amd
modifying methods for the analysis of niob:lum !n complex
material. Yet im spiite of the large volume of work, a rapid amd
sensitive universal method for the analysis of niobium hag not
been reported. It appears that the best method to date for the
analysis of miobium involves an anion-exciange separation in
hydrochloric-hydrofluoric acid media, followved by colorimetric
estimation of niobium as the thiecyanste complox.

The composition of the thiocyamate complers of niobium
has been studied, and several complexes have been reported. In
spite of several imdicationms in the literature that the complex
in non-aqueous media might actually involve equilibria between
one or more complexes, no quantitative investigations of the
equilibria have beer reported. This study reports on a new
ior nioviem and e investigation of the
composition avd natwre of niobium thiccyamate complexes ia

aqueous and nom-agueous media.



CHAPTER IX

STATEMENT OF TEE PROBLEM

The investigation reported upon had three principle
goals. The primary aim was to study the extraction of the
arsonium salts of titamium- and niobium-thiocyanate complexes,
and evaluate their extraction behavior with respect to
analytical applicationms.

The second objective was to perfect an analytical
procedure for niobium, utilizing the chloroform extractiom of
the niobium-thiocyanate complex ion as an ion-pair with the
tetraphemylarsonium ion.

The fipal objective was to elucidate the stoichiometry

of the extraction process, determine the composition of the

e maitere of niobium

w
cr
[y
)
a
cr
[i{]
cr
B
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CHAPTER III

EXPERTMENTAL PROCEDURE

1. Apparatus and Materials

Beckmen Model DU, DB, DK-1, and IR-§ spectrophotometers
were used for absorption spectra measurements. The DU was
operated at a mechanical slit width of 0.06 mm; 1 cm ground
glass stoppered silica cells were used for all measurements
in the visible and ultraviolet regioas.

A buret fumnel and 2.5 cm filter paper were used for
filtering tke nom-aqueous extracts. @round glass graduates,
and separatory fummels, 75 and 300 ml, eguipped with Teflon
stopcocks were used for extractionmsz.

Tetraphenylarsonium Chloride, obtained from K and K
Laboratories, Jamaica, New York, amd €. F. Smith, Columbus,
Chio, was recrystalized from ethenol-ether solutioms if
discolored or if it gave a colorsd solutiom. 0.05 M solutioms
wére prepared.
assivm fluoride solutioms, 5%, were prepared from
Hallinkrodt Amalytical Reagent potassiuvm fluoride dihydrate,
filtered, aud stored in a polyethylene bottle.

Mercaptoacetic acid. 807 im water (ansiyvtical grade),

3

20
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was obtained from Eastmen Organic Chemicals, Rochester, New
York.

A 9/2, by volume, chloroform-acetone solution was

prepared by mixing 810 ml of commercisl chloroform with 180 ml
of acetome.

Niobium pentoxide, purportedly 99.87 pure, was obtained
from K and K Laboratories, Jamaica, New York.

All other solutions were prepared from salts of

analytical reagent quality.

2. Analysis of Niobium Pentoxide

Duplicate samples of the niobium oxide were analyzed
gravimetrically after separating the nicbium from other
elements by mears of an ion-exchenge procedur§78. The
niobium was precipitated with cupfarron and then ignited to

£
P

pure, with an analysis precisice of 2.19% relative deviatics.

3. Preparation of a Stock Scluticr of Niocbium

0.095 g of niobium oxide were dissolved by fusing the
gsample with 3 g of potassium hydrogen suifate in a 100 mi
pyrex beaker umtil the melt was clesr. The melt was cooled,

then redisselved im 1Z M HCl and the minimum quantity of water

a gsulfate galts in golutiom. The

necessary to keep the notassiu
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soluticn was diluted to a final veolume of 250 ml with 1Z H ECI.
Standard niobium solutions were prepared by diluting aliquots

of the stock solution with HCl.

4. Extraction of Niobium into Various Solvents

A two ml aliquot of 2.27 x 1074

M solution of Nb im

12 M HCl was added to a 60 ml separatory fumnel equipped with

a Teflon stopcock. Four ml of cold water, 6 ml of cold 6 M HCI,
and 2 ml of cold 3 M KSCN solution were added to the

separatory funnel. Upon additiom of KSCN a wellow color appeared
and upon addition of 1 ml of 0.02 M TPACl, a yellow

precipitate formed, as well as a white precipitate of TPASCN.
The aquecus phase was then extracted with 15 ﬁl of chloroform
solution by shaking vigorously for 2 mimutes. The two phases
separatedquickly and well, the orgamic layer having the

bright yellow color of the niocbium complex.

The extraction procedure was repeated with a 9/2
chloroform-acetone mixture. Agaim the yellow complex was
easily extracted into the organic solvent.

The extraction process was repeated 2 third time with
153 =1 of ethamol-free chloroform amd 1 ml of 0.05 M TPACL.

The ethanol had been previously removed from the chloroform
By shakimg with two portions of L:& EyS0, ard 4 pertions of

distilled water. Ethancl-free chloroform appearad to extract
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the yeliow complex quite well.

5. Absorption Spectrgﬁgg Niobium in Various Solvents

Hiobium extracts of various solvents were prepared as
described im Section 4-Experimentsl amd then the absorbance
was obtaimed from 500 to 320 mu using the DB spectrophotometer.
The spectrs which were recorded as percent transmittance versus
wavelength ara shown Iu Figures 1 and 2, page 5p. The specira

were obtained with chloroform as the reference.

6. Varistion of Extraction Efficiency With Acid

Concentration in the Aqueous Layer,

Chloroform System.

Tvo ml of 4.36 x 107" M ¥b 1a 12.0 M HCL vere added to
a 60 ml separatory funnel. Anm aligwot of cold water, x ml, amd
(15-x) ml of ceid HC1 of varying comcentration were added.
after miximg, 3 mi of 1.5 H KSCH were added. Upon additiom of
ESCH a2 yellew color sppesred in tke aguecus solutiomn. Ome =l
of 0.025 M TPACl and 25 ml of chlore¢form were added and the
extraction was performed by shaking for 1-8 minutes. The
extract was filtered inte 2 25 =l welsmmatriec flask and the
absorbamee of the exztract was ==asured at 3%0 =u vs.
chioroform en the B.¥. The extracts ware slightly uamstable ia

that the absorbamce decreased by 1-4 % over a period of 15-25
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minutes them remained comstant. The absorbance, plotted as a
function of the HCl concentratiom, is shown in Figure 3, page
53. The data show that within the range 3-6 M HCl the

extraction has the greatest efficiency.

7. Variation of Extraction Efficiency With

Equilibration Time,

Two ml of 4.36 x 10 ¥ Wb in 12 ¥ WClwere added to a
separatory fumnel along with 6.0 ml of 6 M HC1, 3 ml of 1.5 M
ESCN, 9 ml cold water, 1 ml of 0.025 M TPACl and 25 ml of
chloroform. The organic and aqueous phases were equilibrated
for a given period of time by shakimg vigorously. The
absorbance of a filtered extract was measured at 390 mu. A
graph of absorbance versus equilibration time is shown im Figure
4, page 54, illustrating that an equilibration time of 4

minutes or longer is desirabie.

8. Variation of Extraction Efficiency WHith Potassium

Thiocyanate Conceniration, Ckloroform System

4 H Kb in 12 ¥ HCl were added

Five ml of 1.14 x 10~
to a 100 ml volumatric fiask in additiom to 7 ml of 6.5 M HCI,
x ml of Eze, (8 - x) ml of 1.5 H KSCH, 1 ml of 0.025 M TPAC1,

and 25 ml of chloroform. The flasks were shakem for 4 mimutes;
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A graph of absorbance versus molar concentration of
KSCH was comstructed and is showm in Figure 4, page 5¢g,

The experiment was repeated using two ml of 2.27 x 1674
M Nb solution, 6 ml1 6 M HC1, 1 ml of 0.02 M TPACl, x ml of
vater amd (6 - x) ml of 0.3 H, 0.12 H, or 0.03 ¥ KSCN, amnd 15
ml of chioroform. The equilibration time was 3 minutes. The
results are skown in Table II, page 59.

The experiment was repeated a third time using the same

quantity of reagents as in the previous experiment. These

results are also shown in Table II, page 59.

9. Yariation of Extraction Efficiency With
Tetraphenylarsonium Chloride Comcentration

Chloroform System.

-4
Two ml of 2.27 x 10 M ¥b ip 12 M HCl, 6 ml of 6 M HCL

and two mi of 3 M KSCN were added to a separatory fummel, after

€.00025 ®

PACL vere added. The agueocus soluticr was extraeted

]

with 15 ml of chloroform by shaking vigorously for 3 minutes.

The absorbamce of the filtered extract was measured at 390 mu.

O o e
=200 nee vl ——— ot wad ConsiTul

A graph of sbserbance vergus millimelec TP

and is shewm im Figure 4, page 56.
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10. Exhaustive Extraction of Hiebium Solutions

Chloroform System

Several experiments were performed in which the
aquecus phase was extracted repeatedly with TPACL and
chloroform. These experiments indicated that a minimum of four
extractions were required to remove the niobium when one ml
of 0.025 M TPAC1 and 7 to 10 ml of chloroform were used. The
use of 2 ml of 0.025 M TPACl1 and 7 to 10 ml of chloroform
required three extractions for complete removal of the Nb, estimated by
meaguring the absorbance of each extract and continuing the
repetitive extractions until the absorbance of an extract was

equal to the blank absorbance.

11. Calibration Curves for Niobium, 390 mu

2. Chloroform System

Aliquots of x ml of standard Nb solution in 12 M HCl
end {5-x) al of 12 H HCl were added to a separatory funmel
prior to adding 5 ml of cold water and 7 ml of cold 6.5 M HCI.
After mixing, 2 ml of 1.5 M KSCN and 1% ml of 0.025 M TPAC1
wers added. The squeocus phase was extracted with 9 mi of
chloroform for 2 to 3 minutes. The organic phase was filtered

into a 25 ml volumeiric flask and two additional extractioms were
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made with 1% ml of TPACL and 9 ml of chloroform. After allowing
the combimed extracts to stand for % to 1 hour the absorbance
was measured at 390 mu versus chloreform im the reference cell
of the D¥, which was operated at a slit width of 0.06 mm. The
calibration curve of absorbance versus concentration of Wb was
calculated assuming complete extraction of the niobium. The

data are given in Table IV, page 77.

b. 9/2 Chloroform~Acetone System

An aliquot, x ml, of a standard Nb solution in 12 M
HC1 and (3911) ml of 12 M HC1 were added to a separatory funmmel
in addition to 4 ml of cold 6 M HCl ard 2 ml of 0.05 M TPACL.
After mixing the contents 2 ml of 3 M KSCHR were added. A 15
ml aliquot of 9/2 chloroform-acetone solution was pipetted in
and the mixture éas extracted by shaking vigorously for two
minutes.. The etéanic phase was filtered into a volumetric
flask and the gbsorbance of a portiem of the extract was
measured at 350 wm versus chioroform. The aqueous phase was
extracted agaim with 2 ml of TPACL amd 15 ml of 9/2
chloroform-acetone gelution., The met sbscrbance of the secemd
extract was 0.005, vhich indicated that essentially all the Eb
was removed [riem ihe aq'ueoné paase after the first extractiem.
The data shewm im Table VIIb, page 75, were used to calemlate

the absorptivity of Hb in 9/2 chleroform-acetone solution.
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12. Preliminary Investigation of Interferenmces

A. Holybdenum

One-half ml of 1072 M Mo (VI) was added to the standard
resgent mixture amd the Mo (VI) was extracted according to the
procedure outlined in Section 10, except that 1/4 ml of 10%
Su(:l2 was added to reduce the Mo. The spectrum of the extract
indicated an absorbance baug at 450 mm whereas the absorbamce
at 390 om, A390’ was 0.096.

The above experiment was repeated using % ml of
Sn(:l2 apd % ml of 807 mercaptoacetic acid, MAA. The oramge color
that appeared upon mixing the reagents, characteristic of
molybdenum thiocysmate complexes, faded after a few minutes.

A390, was 0.010.

Five ml of 10"* M ¥ (VI) in 12 X HCl were treated with

1/4 =l of 16% §aCl, and extracted as previcusly ontlimed.

—fE e A0 . oma L _ .. .
tEat 3531.2 wodia aol o5& Svitamie
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for reducing Mo and Fe to eliminate their interference if W was
present since some of the W would be reduced to an interfering
oxidation state.

A two ml ailguot of 10-3 H W{(¥Vi) in 1Z ¥ HCl was added
to a separatory funmnel containing 6 ml of cold 6 M HC1l, 2 ml
water. and 3 ml of 1.5 ml of 0.05 M TBACl. The mixture was
extracted with 15 =l of 05013 for two miautes. Aqq, was 0.080.
A390 for a blank was 0.011. Hence both W (V) and W (VI)

interfered by abso:bing in the same region as Nb.

13. Simultaneous Extraction of Niobium and Tungsten

With Stripping of Extract to Separate

Niobium and Tungsten

Two ml of 1.14 x 10°%

M Nb, 2 ml of 12 M HC1, % ml
of 10% SnCl,, 1 ml of 6 M HC1, 3.5 ml of water and 3 ml of 1.5
M KSCN were added to a separatory funnel. The aqueous phase
was extracted three times with 1 ml of 0.025 M TPACl and 9 ml
of chlorcform. The absorbance of the third extract was 0.013
vhereas the absorbance of the combined extracts was 0.232. A
fourth extract had an sbsorbance of 0.005.

The combined extracts of the first three extractioms

wara a acad o wnuwmha
eae o e & RuU=RLT

ond

4]
3]
Hh
(53
i

consisting of ¥ ml of 0.1 H KF in 5 ml of 6 H HCl. The

absorbance of the organic phase atter cach stripping extraction
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was 0.078, 0.042, 0.012, 0.006, and 0.006. After stripping the
organic phase three times, all Nb was removed.

The aguecus fimoride solutfoms were combinad and
treated with 2 ml of 0.2 M H,B0, and 3 ml of 1.5 M XSCN. Three
extractions with 1 ml of TPACL and 9 ml chloroform, when
combined gave an absorbance of 0.195. The expected absorbaamce
was 0.284, as inferred from the calibration curve prepared as

described in Sectiom 1l1.

14. Comparison af Various Elements for Demasking

Niobium Floride Complexes

v

Two ml of 1.14 x 107 MEb 1= 12 ¥ ECl, 1 al of §.1
M KF, 1 =l of 0.1 H solution of appropriate element, 3 ml of
1.5 M KSCN, 7 ml of 6 M HCl and 1 ml of H,0 were all added to
a separatory fummel. The aqueous solution was extracted with 1
ml of 0.025 M TPACLl and 15 ml of chloroform by shaking fer 3
minutes.

The results are shown ia Tabie ¥, page 65.

15. Amalytical Procedure For Sepsratiom of Holybdenum

and Tungsien From Niobium, Chloroform System.

Part 1
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2 ml of 10% SnCl2 to a beaker, and heat on a hot plate for 2
to 3 minutes. Cool and rinse the solution into a separatory
funnel using 6 ml of cold 6 M HCl. Add 2 ml of 1 ¥ KF and 2
ml of 3 M KSCH. Extract the aqueous phase with 1 ml of 0.05
M TPACl and 9 ml of chloroform by shaking for 2 minutes.

Repeat the extraction once or twice in order to rewmove all the

W (V).
Part II

Saturate the aqueous phase with 13303\ add 2 ml of 3 M
KSCK and 2 ml of 6 M HC1l. Perform three extractions on the
aquecus solution using 1% ml of 0.025 M TPACL and S ml

chloroform per extraction.

16. Extractiom Efficiency of Miecbium im 9/2 Chloroform

Aceteme Solutioms &s Functien gg Beagent Concentration

in the Agueous Fhase.

é. Variatiom of HEl Coemcentration

-4
A cne ml aliquot of 1.43 x 10 ¥ Wb solution in
iz H HCl was added to a separatory fummel im addition to (10-x)
ml of cold 6 H HC1, x ml of cold water, and 2 ml of 3 M KSCH.

After the additiocm of 1 =1 of 0.05 H TPACL, the aqueocus mixture

wag extracted with 15 =l of chloveform-scatons by shakizg for
M,
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one minute. A smeil portion of the extract was filtered into
a cell for measursment of the ahsorbamce at 390 mu. The

results are shewm im Figure 5, page 5 7.
b. Variation of KSCH¥ and TPAC1 Concentration

The procedures used are identical to those outlined
in Sectiom 24, page 39. The results are shown in Figure 5,

page 57as well as in Tables IX-XI, pages 34 and 85,

17. Extraction Efficiency of Niobium as a Function of

Concentration of Acetone in Chloroform.

Two ml of 1.14 x 10°° M ¥h in 12 M HC! 2nd 6 ml of

6 M HCl were added to 2 25 ml graduate 2long with 4 ml of cold
water, 2 ml of 3 M KSCN and 1 ml of 0.05 H TPAC1. The mixturae
was extracted with 15 ml of chloroform-acetone solution. for
3 minutes. The absorbance of the filtered extract was
measured versus cnioroform at 390 ma on the D.U. and the
spectrum was cbtaimed on the PE-1. A grepk of gbsorbance
versus ratio ofi chloroform-acetone, (vel:vol), was constimcted, and
is showm im Figure 6, page c2.

The experiment was vepeated using less than the cptimsm
quantity of TPACl. These vesults are alse shownm im Figure 6,

P88 62,
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18. [Eifect of Diverse Elements in the Extraction of

¥iobium with 9/2 Chloroform-Acetone Solutions.

A one ml aliquot of the diverse element (in the highest
oxidation state) amd two ml of 1.14 x 10-4 M Eb in 12 M EHC1
were added to a separatory funnel. Tﬁe remainder of the
procedure is idemtical to that described for the amalytical
procedure im Section 20, page 3L; however, SuCl, was not added
in these stwdies, as is directed im the amalytical procedure
for those cases in which Fe (III) is coextracted with the Nb.

The results are summarized in Table VI, page 69.

19. Calibration Curve for Niebium, 9/2 Chloroform,

Acetone Systam.

A series of standard solutions were prepared by
dilution of aliquots of the stock solution with concentrated

HCl. Aliquots were analyzed by the Apalytical Procedure,

Section 20. The separation and masking steps were included,
but the additiom of Sn612 after the second extractiom of Wb
was omitted. The absorbance was measured at 390 mu versus
chloroform im the reference cell, The shscrbance was
plotted versus cemcentration of Kb im the extract, and the

sultisg grepn is suown in Figure 7, page 72 , (Table VII,
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20. Amalyticai Frocedure for Extraction of Hicbium with

9/2 - Acetome Soluticm.

Sawmlas are dissolved by heating in comcentrated HCI,
to which ene ml portions of concentrated IIO3 are added
occasionally to assure complete solutiom and oxidation. When
dissolution is complete, the solution is boiled for 10 to 20
minutes to remove most of the nitrogen oxides. It is not
necessary to remove comple;ek¥~theulxa3. After beoiling, the
solution is tramsferned and diluted to volume with concemtrated
HCl. The solutiom should be tested for the presence of oxides
of nitrogen by makimg an extraction on a portion of the sample
with chloroform. If the extract has a yellow-hrosm color, the
aliquot of sample should be repeatedly extracted ;ﬁtil the
chloroform layer is colorless.

A suitable aliquot of the sample, usually 2 =l, is
placed im a 60 wl separatory fummel for amalysis. Dilute witi
3 ml of cold water, add 1 ml of cold 3 M KSCH, followed by 1
ml of 80% wercaptoacetic acid; éwirl and let stamd for 1 to 3
mioutes, or u;til the red color of the ferric thiocyanate
complex ig bieaeh-_n Add % ml of 4 ¥ XF solutiocm and ¥ ml of
0.05 K TPACl. Extract with $-10 =l of chlorcform-acetome by
sRaxing ifer 1 =imdie. Discare the exiract amd rimse the agueous

phase with 4~5 ml of sclvent in order to remove remaining
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droplets of the fivst extract. Add 2-3 grsms of 53303 to demask
the b, 5 ml of cold 6 M HC1l and 2 =l of cold 3 M KSCK solutiom.
Sﬁirl frequently and let sit for 2-3 minutes so that the !3!93
may have time to dissolve. Add 1 ml of 0.05 M TPACl and swirl
to mix. RExtract with 13 ml of chleroform-acetome by shaking
for 2 mimwtes. Filter the extract imto a 25 ml volumetric
flask. Repeat the extraction by addimg both TPACL and
chloroform-acetone solution. Two extractioms are sufficient to
remove all of the Wb. If necessary, add 1-2 drops of 10%

SlClz to the volumetric flask in order to reduce any irom (III)

that is preseat.

21. Analysis of Bureau of Stamdards Standard Spmples.
A. NBS Steel #123b

1. Dissolutiom of Sample. The sample, 0.1283 gms. was

weighed into a 100 ml beaker, treated with approximately
20 ml of 12 M NCl, and heated or a het plate.

acentrated WO, was added periedically in i/4 ml
increments iz order to oxidize the carbom and other
elements. After dissolution, the golutdon was boilaed
for 20 minutes teo remove mest of the exides ef nitreogen.
The scisticm was trassferzed te a 106 ml volumetric

flask snd diluted to the mark with 12 M HCI1.
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Amnalysis oi Ssmpie. A portiom of the sampie was tested for

the presemce of nitrogem oxides by shakimg with 10 wml
of chlereferm. The chleroferm layer was colorless,
indicating the absence of oxides of mitrogen in the
gsamsle.

A two ml aliquot of the sample was then pipetted imto

a éeparatory funnel and analyzed according to the

. analytical procedure described im Section 20. The

absorbance of the chloroform extract was used to calculate
the percemtage of Nb present. The results are showm in

Table VIII, page 79.

B. NBS Steel #10le

Dissolution of Sample. The sample, 5.5858 gms, was

dissolved in 100 ml of 1Z M HCI a8 described above for

L6 of imé sample were tamxen for
analysis wsimg the procednve described in Sectionm Z8.

The results are shown in Table VIII, page 7T9.

C. HEBS Steal £345

Disssletion of Sazple. The sasple, $.8729 gms, was

-dissslved as described abewe. After the sample wsz.

“dilsted to voleme, a chloroferm axiraction made on an
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aligmot, i:-ﬁi#atéd the presemce of mitrogen oxides.
Hence, 2 25 ml aligquot of the sample was fumed down to
a volume of approximately 10 ml, and then trangfarred
into 2 25 ml volumetric flask amd diluted to the mark.
Analysis. Two ml aliquots of the fuwed sample were
analyzed as degeribed in Sectiem 20, and the results are

shown in Table VIII, page 79,
B. KBS Heat-Resistimg Alloy #167

Dissolution of Sample. The sample, 0.0457 gms, was heated

in a beaker containing 50 ml of 12 M ECl1 for ome hour,
after which 5 ml of concentrated HNO, was added every 20
to 30 minmtes until the sample was dissolved. The sample

was diluted to 75 ml and then fumed down to & volume of

ammmawema i-m -

P ¥ I PRy |
(R TR

-—— . - . . . - -~
Two ml alidnobs were tskem for an

E. MBS Heat-BResistimg Alloy #168

The ssmple, 0.0908 gms, was dissolved in 200 =l of

12 ¥ BCl and was subsequently amalyzed as described abeve.
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22Z. Freliminary Evaiuatiom of Tetraphenylstibonium

Sulfate for Extractiom of Niobium.

A Wb solution was extracted accerding to the precedure

in Section 4 except that 2 ml of 0.0l M tetraphenylstibemfum

sulfate were added to precipitate the ¥b complex. The

spectrum of the extruct showed that the absorption maxjmwm was

at 400 mm rather than 390 as for TPACl. The absorbance was

0.112, considerably less thar obtaimed whem TPACl was used for

the extraction procedure under idemtical comditionms.

23. Prelimisary Evaluation of Ascerbic Acid and Sodiwm

Thiosulfate as Reductants

The usefulmess of ascorbic acid and

reductants for Mo (VI), Fe (III), and W (Vﬁ) was evaluated by

first determining if the reductsmt was strong enough to reduce

K (VI) to W (V).

Hu28203 as

A blank was prepared by axtracting a solution comtaiming

N

3ml 6 M BC1, and X ml 0.05 ¥ TPACL, with 10
chioroform-acetone solution. The abserbuncs

0.017.

T _

im ths ca@se of ¥, a 3 mi mliguot of

mL 12 H BCi, 3 =l H,0, 0.5 g ascorbic acid,

1!13““@,

ml of 9/2

10 " B W (Vi)

was extracted by the foregoing procedure. The absorbance was 0.085,

......

which indicated that some of .the W wus evidently reduced to W (V).
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24, Composition of the Extracted Species, Variational

Method to Determine TPA/Eb and Nb/SCR Ratiocs

A, 9/2 Chloroform-Acetone System

In order to determine the TPA/Nb ratio, two ml of 1.l4xz
164 ¥ Wb in concentrated HC1 were transferred to a 25 ml ground
glass stoppered graduated cylinder which contained 4 ml of cold 6
M HCl. An aliquot (X ml) varying in volume from 0.;5‘ to 5.0 ml
of 0.05 X, 0.0025 M, or 0.00025 M TPAC1 was added. Two ml of
3.0 M KSCN and (7-x) ml of cold, distilled water were added, and
the mixture was swirled to mix. Fifteen ml of chloroform-acetone
solution were pipetted in, the mixture was shaken for two minutes,
the layers were allowed to settle, and the absorbance of the
extract wag measured a2t 390 =u. The absorbance, A,, cbtaiaed
upon compisie extraction of Nb was 0.646. All absorbance
{neasuremnts were corrected for the absorbance of the blank.
vulated in Table X, page &5,

The experiment was repeated using two mi of 2.27 = 1(;!"
M Kb, for which the value of A, was 1.295. The data are shown
in Tgble IX, page 84,

The datermination of the SCN/¥b ratio was carrisd ount as

wn

follows: Five ml of 2.27 = 10°° ¥ Hb in concentrated HCl were

pipetted into a graduate. . One.ml of 0.C5 M TPACL, x ml of cold

water, and (5-x) ml of standard 3 M or 0.3 ¥ KSCN were added.
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(x was 0.5, , 3, 4 for the 3 M solution and 0.5, 0.7, 1, 1.5,
2, and 3 for the 0.3 M solution). Fifteen ml of chloroform-
scatone solution were used to extract the complex. A, was

0.328 (Takle YT  =mac
The experiment was repeated using two ml of 1.14 x 10.4
M Kb as well as 6 ml of 6 M HCL, (6-x) ml of water and x ml of

0.3 or 0.06 M ESCN. 1In this experiment A_ wag 0.647.

o

The TPA/Wb ratio is deduced from the experimental data
by plotting log (A/ A, - A) versus log (total millimoles
TPAC1l). See Chapter IV, page 81. The slope of the graph is
determined as n, the stoichiometric molar ratio of TPA to Nb in
the extracted species. The data in Table IX, page 34, was
plotted to yield Figure 8, page 8.

The SCN/Kb ratio is obtained by plotting log ( A/ A, - A)
versus log VKSCK' The slope of the graph is rounded off to the
nearest integer to give the molar ratio of thiocyanate to
niobium. The data in Table X was plotted to give Figure 9,

page 90D. i

B. Chloroform System

In order to determine the TPA/Hb ratioc of the complex
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2 ml of 3 H KSCN were added. An gliquot (x ml) varying in volume
from 0.5 to 5.0 ml of 0.05 M. 0.0025 M, or 0.00025 M TPACl was

added in addition to (5-x) ml of water. Fifteen ml of chioroform

vara pinetted in 2nd the miwzturs wms sheken for three minut

The absorbance of a portion of the filterad extract was measured at
390 mu versus chloroform. A, for this experiment was calculated

to be 0.936, i.e., the concentration of Wb in tha chlorofor= is
3.03 x 1()'5 H assuming complete extwaction, and € is 30900 H'l
— (from Section 11). The data sre tabulated in Table XII,
page 7.

The data needed for determining the SCN/Nb ratio were
obtained by the procedure described above, excegt that a constant
amount of TPACl was added (1 ml of 0.02M) for each extraction.
Aliquots (x ml) of 0.3 M, 0.12 M, 0.03 X RKSCN and (6-x) ml of
water wers added. A, was 0.936,‘and the data ave in Table XTII.

The TPA/Nb end SCN/Nb ratios wers later obtained by
treating the data as described previocusly, after which the

appropriate graphs were constructed, Figure X and XI,

respectively.

LAY

described in Sectiorn I, Tha awtreast waa Filtewad awd tha ~oloant
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was evaporated under & stream of air im order to crystalize the
arsonium salt. The crystals were washed with water or butanol,
and then dried for at least 24 hours in a vacuum desiccator

over Hg(ClOa)z. A KBr disc of the salt was prepared by mixing
approximately 0.5 mg of the salt with 100 mg of dry KBr and
pressing in a pellet press. The infrared spectra were obtained
with a Beckman IR-8 Infrared Spectrophotometer. The spectra of
Nb and Ti are shown in Figures 14 and 15. In order to assign
the I.R. bands, spectra were obtained of TPACl, TPASCN, and KSCN.
Pertinent I.R. bands are listed in Table XIV.

26. Dilution of Chloroform Extracts of the Niobium

Thiocyanate Compiex

A chlorofora extract of niobium was prepared by adding

2 ml of 2.27 x 1074

M Nb in 12 M ECl, 4 ml cold water, 6 ml cold
6 M HCl, 2 ml1 0.3 M KSCN and 1 ml of 0.05 M TPACl to a
separatory furnel. Fifteen ml of commercial chloroform were
added and the mixture was extracted for 3 minutes. A 4 ml
aliquot of the extract was diluted to 5 ml with chloroferm,

and the absorbamce, 390 mu, was recorded as & functiom of time.
The date ghown in Table XVI were treated assuming that the

dissociation of the niobium complex obeyed first order kimetics,

-3 Al . e eeent e _ YV _ a2 _ _
&me ine approprisie pioil 13 8
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27. Preliminary Investigations on Role of Dissolved

Water in Chloroform Extracts of Niobium

A Nb extract was prepared by adding 1 ml of 1.14 x 10-h

M Nb in 1Z M HC1, 2 ml of 12 M HCL, 8 ml water, 7 ml of 6 M
HC1, 1 m1 3 M KSCN, and 1 ml of 0.05 M TPACl tc s separatory
funnel, and extracting three :imes with 9 ml of chloroform.
Aliquots of TPACl were added prior to each extractionm.

A portion of the extract was dried by equilibrating with
Mg (0104)2 for twelve hours. After measuring the absorbance
of the partially dried extract, water was added to the extract
by equilibrating with a solution of CaCly of a water activity,
Ay, of 0.680 for a period of approximately twelve hours. The

results are summarized in Chapter li, page 112,

28. Equilibration of Hiocbium Extracts in Chloroform

With Solutions of Constant Water Activity

& 5 =l eliguot of 4.26 x 16”* H Eb solution iam 12 M HCI
was added to a 300 ml separatory funnel in addition to 30 ml
of 12 M HC1 and 61 ml of cold water. After mixing, 9 ml of
1.5 B ESCK and 5 =1 of 0.05 X TPACL were added. The mixiuve
was extracted for 3 minutes éith 110 m1 of chloreform, after

which the orgamic phase was filtered into a volumeiric fiask.

Ten ml aliguots of the extract were added to 25 ml
4
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volumetric flasks. The volumetric flasks were placed in a water
bath which was thermostated at 2§i1°c, and were equilibrated

for 72 howrs., After equilibration the sclutions were removed,
and the sbsorbance of each sclution wag mes2snred at 300 ==
versus chloroform on the Beckman D. §. spectrophotometer (slit
width = (.06 ==). Spectra were obtained on the Beckman DK-1.
The data and spectra are shown in Table XIX, and Figure 19,
respectively.

The experiment was repeated three times with different
concentrations of Nb. The following quantities of reagents
were used for the second repetition: 5 ml of 4.265 x 1074 u
Nb inl2 M HCl1l, 6.7 ml of cold 6 M HC1, 10.3 ml cold water, and
3 ml of 1.5 H XSCN. The aqueous mixture was extracted four
times using 1 ml of 0.05 M TPACl and 25 ml of CHC13 for each
extraction. Portions of the combined extract were egquilibrated.
as described previously, for 96 hours.

A third Kb solution in CHCly was prepared by extracting
a solution consisting of 10 ml of 2.27 x 10°% M Nb in 12 M
HC1l, 55 mi cold 6 M HC1, 26 ml cold water, & ml cold 3 M KSCY
and 5 ml of 0.05 ¥ TPACL. The mixture was extracted with 100
ml of CECI3 for 4 winutes. The aqueous phase was later analyzed
by the procedurs described in Section 11 to determime the
quantity of Eb remaining unextracted. Portiomg of the CHCl.

— - -nv-.a

solution were equilibrated for 70-72 hours.
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A fourth ¥% solution in CHCI3 was prepared by extracting
a solution congisting of 12 il of 2.27 x 10'4 M Nb in 12 M HC1,
51 ml cold 6 ¥ HCl, 28 ml water, 4 ml 3 M KSCN, and 5 ml of
G.031 M TPACi. One hundred mi of GECI3 were used to extract
the Nb, and the eguilibration time was 72 hours. The datas for
the four experiments are shown in Tables XVIII , and the

results are discussed in the following section.

29. Extraction and Behavior of Cobalt-Thiocyanate Complexes;

Model for Comparison with Niobium .

A. Preparafion of a Chloroform Solution of the Cobalt-
Thiocyanate Complex.

A two ml aliquot of a Co solution, 0.260 mg Co/ml as
CoCl,-6Hy0, was sdded to a separatory funnel in addition to
5 ml of cold water, S ml of 1.5 M KSCH, and 1 ml of 0.05 M
TPAC1. The bplue mixture was extracted with 12% ml of
chloroform by sheking for three minutes. After removal of the
organic phaga, the sgquecus phase was extracted again with 123
ml of chloroform after adding 1 =l of TPACL, and the two

extracts ware cosbipmed. The spectzum of the Co golution was

obtained over the region 720-260 m=u.

R. Biluntien of Caholt Qanlutinme wish Ohlarasfs

WO
F e m Tt eTie VA Sweremaw W aMLAWALL WA AL WVALAWAWVALVAIRG

Four mi and 1.0 ml aliquots of the original extract

were dilaied to 5.0 mil with chieroform. Spectra were obtained
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g2s well as measmremsnts at 625 mu on the B.T.
C. Removal of Water From Cobalt Extracts.

A 5 ml pertion of the original extract and a 5 ml portion
of the dilnted ewtract (2 =1 dilunted tc 10 =1) wars placed ia
volumetric flasks, to which equilibrator caps containing CaSOy
(Drierite) were affixed. The extracts, as well as two control
samples, were placed in a drawer in order to remove them from
the sunlight, and were allowed to equilibrate for 78 hours.
Spectra of the dried extracts and controls were obtained as

well as single wave-length meagsurements at 625, 320, and 317 mm.

The results are shown in Table XVII .



CHAPTER IV

BESULTS ARD DISCESSION

1. Freliiminary work

The possible extraction of niobium as a thiocyanate
complex ion-pair of TPACl was first realized during a previous
investigation of the extraction of tungsten with.TPACl.79
?ha fact that nicbium interferred strongly with the spectro-
photometric determination. of tungstem, in that the niobium was
co~extracted with tungsten,. suggested that the extraction of
nlobium might be worthy of investigation. Initial studies with
golutions containing only niobium revealed that TPACl could
indeed be used to precipitate a thiocyanate complex of niobium
and that the aqueous insoluble ion-peir could be extracted into
chloroform; however, the extracted spacies did not obey Beer's
Law.

The work described here was undertsken with the surpose
of studying the extraction of the TPAC1 ion-pair with
chloroform in order to develop a duantitative analytical
procedure for niobimm, to establish the composition of the
extracted complex, and to study the extraction eguilibris,

The initial extracts of the niobiwm thiccyamate complex

2are nnetabhia 4n th

Gceé &l the avsorpiion maximmm
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increased as a function of time, and the sbsorbance from 360 to
330 mu also increased.

In order to diecover the scurce of the problem, blamk
solutions were prepared as previously describad. Tt was found
that the potassium thiocyanate decomposed quite readily at the
high acid concentrations used, and some of the decomposition
product was evidently extracted into the chloroform. The
decomposition products interfered with the absorbance of niobium
since the thiocyanate products absorb in the same spectral
region as niobium, i.e. from 390 mu into the ultraviolet. The
specific source of trouble was pin-pointed to be the mixing
step in which potsssium thiocyanate solution was mixed with 6
to 10 M hydrochloric acid. Sufficient heat was generated upor
mixing to initiate the decomposition reaction. In order to
eliminate the decomposition of KSCH, the solutiocns were chilled
to 3 to 5°C prior to mixing, and furthermore, the addition of
potassium thiccyanate to acid more concentrated than 5 to 6 ¥

was avoided.

2. Yyisible Spectra of Niobium in Organic Solvents

Sgectra of the niobium thiocyanate complexes in commercial
chlorofoim, ethanoi-free chioroform, snd 9/2 chloroform acetone
mixtures are shown in Figures 1 and 2, pages 50 -5;.

(The term, commercisl chloroform, is used to designate commercially
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available resgent grade chloroform which comtains 5% ethamol
added as a preservative). It is observed that the absorbance
band in the chloroform-acatone mixture or ethanal-free
chloroform is sharper and more symmatrical than in commercisl
chloroform, especially in the region 260-330 mu. The
absorption band in any of the above named solvents is wide enough
that the wavelength of maximum absorbance is easily reproduced
and Beer's law is followed quite well even at high concentrations
of niobium, At the ultraviolet edge of the visible bands, the
abso;bance atirtn.tising rapidly and continues to rise into the
TPA peaks which occur at 270, 266, and 260 su. However, in
9/2 chloroform-acetone mixtures the sharp increase in absorbance
is also attributed to acetone, which sbsorbs at 330-320 =m.

When the spectra are compared more closely it is obvious
that the absorbance at 390 mu ir ethsnol-frae chloroform
(or 9/2 chloroform-acetone) is grester than in commercial
chloroform, but is less at 340-360 =m than in Eie latter solvent.
The lower absorbance in the region 340-360 mu is attributed to
a lower concentration (or negligible amount) of a second niobium
complex in ethamol-free chloroform (er $/2 chloroform-acetona).
Additional evidemce for the existemce of the second niobium
complex 'in commercizl chloroform is prasented and discussed im

Sections 29 and 30,
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ABSORPTION SPECTRA OF THE THIOCYANATE COMPLEX

OF N10BIUM IN VARIOUS SOLVENTS
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3. Exﬁraction Variables

Since preliminary investigations had shown that nicbizz
extracts failed to obey Beer's law, a thorough investigation of
the extraction variables was made in order to establish the
optimum conditions for the extraction of niobium from aqueons
solutions into chloroform and chloroform-acetone mixtures.

The extraction varisbles were studied by determining
the influence of the various reagents on the efficiency of
extraction of niobium. The effects of hydrochleric acid,"
potassium thiocyanate, TPACl, and aguilibration time were studied
individually by varying the concentration of the reagents, onme
at a time, and noting the absorbance of the extract.

In Figure 3, page 53, and Curve B of Figure 5, it 13'
apparent that the concentration of hydrochloric acid in the
aqueous phase is not critical; bewewer, it was kept within the
range 3-5 H in the analytical procednre a8 the hydrolysis of
tantalum and tmngsten iz likely to oceur at low acid
concentrations; whereas at concentistions above 5 M a partisl
decomposition of potassivm thiocysnate iz likaly.. At lower acid
concentrations the fraction of nichium extracted decrecases,

probably bacsuse of hydrolysis of the miobium species to forms

of niobic acid. At the higher acid concentrations (above 5 H)

& perceniagms niobium extracted again decreases. This behavior
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of niobium can be explained by considering the distributiom curve
.of niobium on the anion exchange resin, Bowex-2, as a function
of hydrechloric acid connantratinn.so The distribution
coefficient, Ky, defined as the ratio of concentrations of
nicbium on the resim amd In solutien, is & minimmm in 2 to 6 K
hydrochloric acid, and increases sharply at both extremes of
the stated concentration range. This behavior toward the resin
suggests that nemtral, cationic, or less stable anionic species
are present in 2 to 6 M hydrochloric acid at greater
concentrations than at the extremes of the acid range. It has
been suggestnd81 that niobium exists in hydrochloric acid in
the form of one or more of the following ions: NbOCl, ,
NbOCI, Wb(0H),Cl; , and Nb(0H),C15. The complex ion,
Nb(on)201; has been independently established and its an;onic

nature proven.8 Additional evidence for more than one chloride
complex of niobium was obtained from the elution curve of

niobium. The Lhree separate peaks wihich were observed by

Buffman 53131.83 when a 10 ¥ hydrochloric zcid soluticn of nichicm
was passed onto Dowex-2, followed by elution with 7 M hydrochloric
acid, suggests that when aquilibrium is reached several species
can exist at the game time, Kr==384 has concluded that im the

case of tamtalum emd niobium, the spacies are adsorbed om the

resin as chlorc complaxas at high acidities, but at low acidities
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they are retained as hydrolyzed species.
In correlating the extraction behavior of niobium which

is reported in this work with its anion exchange behavior, it

complexes present in 2 to 6 M hydrochloric acid ave more readily
substituted by thiocyanate and subsequently extracted as the
arsonium ion-pair; alternately, the increase in chloride
concentration, 6 M or greater, may be quite effective {n increasing
the distribution ratios of TPACl and TPASCN over that of the
niobium comeplex.

It is interesting to note that very little niobium is
extracted from 10-12 M hydrochloric acid. This behavior of
nicbium may be of value in devising a mew scheme for the
separation of niobium from tungsten, molybdenum, and iron.
Molybdenum and irom could be extracted as the chloride complexes.
and tungsten is raduced and extracted az the thiocyanate complex
or chloride complex, during which nichiwm is masked as a
chloride (or fluoride) complex; afterwsrds the niobium is demasked
and is extracted as the thiocyanate complex species.

The extraction efficiency of miobium as a function of
TPACl concentration is indicated in Curve A, Figures 4 and 5.

It 1s epparent that for 2 minimum number of extractions 0.15 te
0.2 millimcles of

ACYl sre required with commarcisl chleref

and 0.025 to 0.05 millimoles are required with 9/2 chloroform-
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EXTRACTION EFFICIENCY AS A FUNCTION OF REAGENT CONCENTRATION
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TABLE I

EXTRACTICN EFFICIENCY OF Wb VERSUS EQUILIBRATION TIME

Time, min. Absorbance, .%0 mu Acidity, M
0.5 0.610, 0.580 2.83
1.0 0.630 3.84
2.0 0.660, 0.721 2.83
4.0 0.706, 0.722, 0.693 2.83, 2.83,
3.84
8.0 0.689 2.83
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TABLE II

EXTRACTION EFFICIENCY OF NIOBIUM VERSUS THIOCYARATE

CONCERTRATION, CHLORCFORM SYSTEM

KSCN., ¥ A390 RSCN, M A390 ESCN, M A390

0.000 0.010 0.010 0.090 0.008 0.047
0.036 0.260 0.016 0.228 0.012 0.129
0.072 0.432 0.020 0.303 0.020 0.261
0.143 0.480 0.024 0.395 0.024 0.341
0.214 0.492 0.030 0.518 0.0312 0.446
0.285 0.485 0.040 0.550 0.040 0.535
0.357 0.491 0.040 0.508 0.060 0.629
0.428 0.509 0.040 0.535 0.080 0.702
0.428 0.440 0.060 0.627 0.100 0.709
0.120 0.714
5 wmin. equilibration 3 min. eguilibration 3 min. equilibration
time time time
5.7 x 107% mmole 4.56 x 107 mmole 4.56 x 10 mmole

Fb taken ¥b taken Nb taken
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TABLE IIX

EXTRACTION EFFICIENCY OF Kb AS FUNCTION OF TPACL

CORCENTRATION, CHLOROFORM SYSTEM

Millimoles TPACL Abgorbance, 390 mu
0.2000 0.963
0.1500 0.928
0.1000 0.879
0.0500 0.757, 0.790
0.0250 0.676
0.0200 0.631, 0.627
0.0125 0.580
0.0075 0.475
0.0050 0.390
$.00635 0.333
0.0025 0.252
0.00125 0.149

0.6000 0.001
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acetone solutions. It is interesting to note that the chloroform
system requires considerably more TPACL for maximum efficiency
of the extraction of niobium,

The role of potassium thiocyanate in influencing the
extraction of niobium is indicated in Curve C of Figures 4 and 5.
The optimum concentration of thiocyanate is 0.2 M oI greater;
however, if the concentration ig much greater than 0.6 M there
is a problem from the decomposition of thiocyanate, especially
in the chloroform system. In the analytical procedure, which was
based on the use of chloroform-acetone mixtures, the thiocyanate
concentration was 0.6 M.

The influence of hydrochloric acid on the extraction of
niobium was the first varisble to be investigated in the
chloroform system. As can be seen (Figure 3) there was
considerable scattering of the data points. The source of this
problem was discovered to be due to an insufficient equilibration
time. The results of extraction efficiency as a function of
equilibration time (Curve R, Figure 4) indicate that the aquecus
and nonaqueous phases should be ghaken for at least & ain;tes.
Other studies on the chloroform-acetone system showed that a 1 to
2 minute equilibration time was satisfactery.

A congiderable portion of the early inve

carried out using chloroform as the extraction solvent. It was
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not untii the investigation of diverse ions wag under way that the
advantage of a chloroform-acetone mixture was discovered,
Preliminary investigations with stannous chloride as a reductant
in a H3B03-KF - thiocyanate-hydrochloric acid medium containing
niobiur: revealed that niobium was poorly extracted from the
medium, but upon the addition of small quantities of acetone, the
fraction removed per extraction was increased significantly,

The results of extraction efficiency as a function of
chloroform-acetone ratio, shown in Figure 6, page 62, indicate
that a 9/2 mixture is the optimum ratio, p:ovided the niobium/TPAC1
ratio is approximately 0.005 or lesg. Curve B, which is for a
ratio of 0.093 indicates that the optimum conditions for extraction
of niobium are complex functions of all the parameters. At low
ratios of chloroform to acetone 9:4, 9:5, etc., the aqueous and
nonaqueous phases separate very slowly after equilibration.

The advantages of going from a relatively inert solvent,
chloroform, to a reaction solvent in the case of niobium are:
the molar absorptivity of the complex ion is increased by
approximately 17%Z, the gquantity of TPAC] required for optimum
extraction is reduced by a factor of four, the equilibration
time is decreased from four minutes to ome to two minutes,
and the distribution ratie of niobium is increased from 707 to

greater than 90%. and as 2 consequence, the number



extractions reguired for complete exiractionm of the niobium
is reduced from 3 or 4 to two.

Preliminary investigations of diverse ions were conducted
as outlined in Section 12, page 28, of the experimental section.
Iron(III), molybdenum(V, VI), and tumngsten(V, VI) iaterfered
strongly, forming thiccyanate complexes that were extracted with
the niobium complex. At this point several hypothetical gchemes
were outlined for eliminating the interferences of molybdenum,
iron, and tungsten. The separation scheme that looked most
promising involved the reduction of iron(III) to iron(II),
molybdenum(VI) to molybdenum(V), and tungsten(VI) to tungsten(V),
after which niobium was masked as a fluoride complex, and
molybdenum(V) and tungsten(V) were separated from the niobium by
extracting the former ions as their thiocyanate complexes. It
appearad that the wmost important part of this scheme was the

masking and demasking of the niobium.

The reswits of investigaticns made on the masking and
demagking step ars shown in Table ¥, and they indicate that three

ml of 0.1 M potassium fluoride will prevent the extraction of
niobium, wheresas three ml of 1.0 H potassium fluoride completely
prevent the extraction of 2.28 x 10™* mmole of niobium. OF the
three demagking agents studied, alaminsm(III), berylliu=m(II},

and boric acld, it appears that saturation of the aguecus nicbium

containing gelution with boric acid is wmost effective in destroying
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TARLE ¥

EFFECT CF VARIOUS REACENTS OF EXTRACTION OF NIOBIUM

Abgorbance Brplanation

0.340 Control

0.397 Control

0.365 Control

0.368 Saltimg-out Agent; 3 ml of 1 M n4c1
0.363 Salting-out Agent; 3 ml of 1 M HE,Cl
0.367 : Salting-out _Agent;.3 ml of 0.1 X 33303
0.127 Masking Agent; 1 ml of 0.1 ¥ XF

0.025 : Masking Agent; 3 ml of 0.1 ¥ KF

0.004 Masking Agent; 3 ml of 1.0 M KF

0.111 Efficiency of AlCl3 in Demasking Nb
0.150 Efficiency of BeCl2 in Demasking Nb
0.233 Efficiency of HqB0; in Demasking Nb
0.255 Demasking with 33303; took 0.3 amole EF

0.197 Demasking with E4B03; took 3.0 mmole KF
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the niobium flmoride complex. The reactiocas for formatiom of
the tetrafluoroborate ion from boric acid and fluoride have been
described by Coursier et 51.85 in their paper which reports the
extraction of tetrafluoroborate with TPACI.

Another separation scheme investigated (Section 15-Expt.)
involved the reduction of iron(III), molybdenum(VI), and
tungsten(VI) with hot stannous chloride, followed by the
simultaneous extraction of niobium and tungsten as the thiocyanate
complexes. Niobiwm was subsequently stripped from the chloroform
extract by backwashing with an aqueous hydrochloric acid-ammonium
fluoride solution. The niobium fluoride complex was then
destroyed using boric acid, after which the niobium was extracted
as the thiocyanate complex. When this scheme was actually
applied to a niobium mixture, a chloroform insoluble green-yellow
precipitate was found to be present in the tungsten-free soclutiom
of niobium which also was saturated with boric acid. The
absorbance of the extract was much lower than expected for the
amount of niobium taken. Further investigations revealed that
pure niobium solutions, when heated with stannous chloride and
gubgequently traated with potassium fluoride, boric acld, TPRATIL,
and potassium thioccyanate would aiways produce a green-yellow
precipitate that was insoluble in chioroform. However, when the
heating step only was ommitted the green-yellow precipitate was

soluble in chleroform. It was fimally discovered that mixtures
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of stannous chloride and stennic chloride in the presence of
potassium fluoride form precipitates with TPACl that are insoluble

in chioroform, and in some manner the stannous and stannic ionms

insoluble in chloroform.

At this point of the investigations it was discovered that
the ingoluble argonium salts mentioned sbove were scluble im
chloroform-acetone mixtures, and the decision was made to
investigate the use of such a mixture as the extracting solveat.
The results of using 2 chloroform-acetone mixture have been
compared with chloroform earlier in the discussion, and it is
apparent that the mixture is clearly superior as an extracting
sclvent in the case of niobium. It i3 suggested that the mixture
is a better solvent primarily because of its higher dielectric
and polarity, which in turn more readily dissolves the zrsenium
salt of niobium; however, more complex factors which cannot be
ruled out are: (1) a different complex species may be formed
in the presence of acetone which contains acstonate ligands,
presumably in the outer sphere &3 adducts, and (2) acetone

partitions imto the aqueous phase to exert a salting-out effect.

Interferences
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variables, a detailed investigation of interferences was made
using the procedure in Section 2G-Experimental. The results
are summarized in Table VI.
¢ iaterfsrence sin ¢t many cof th
that commonly occur with niobium in steels and alloys do not

interfere in the slightest with the new method. Furthermore, it

is significant that tantalum can be present in

118-f0ld

excess without interfering. The amalytical procedure is adequate
to prevent the interference of molybdenum, tungsten, and iron
when they are present in ratios of 45/1, 4/1, and 107/1,
respectively, compared to niobium on a gram/gram basis. When
larger quantities of tungsten ara present it will be necessary
to use a stromg reductant to completely reduce the tungstea(VI)
to tungsten(V) prior to its remowal in the separation step.
When titanium is present, 8 precipitete of a thiocyanate
complex forms with the TPA ion. Prolonged shaking will cause
the precipitate to decompose due to praferential extraction of
TPASCH, tetrapkenylarsonium thiocyamate, from the aqueous phase.
Oxidizing agents such as ocxides of nitrogen interfere
with the determination of niobium by causing the oxidation of
thiocyanate ion. In such cases the absorbance of the extract
increases as a fumction of time, especially im the spectral regieom

£ 350-360 =

LA LN —

which 1g characteristiec of the thiscyanate

decomposition products. For this reason it i3 mandatory to remove
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TABLE VI

INTERFERENCES TN THE EXTRACTICK AMND DETERMIRATICR OF

NIOBIUM WITH TPACL

(Nb taken: 21.3 ug; Absorbance = 0.336 + 0.002)
( Percentage error in absorbance is + 0.5967 )
: L
Diverse Quantity Ratio of Diverse Abgocrbance Pexcent
Element (ug) element to Hb ‘(i 0.002) Error
Co 479 22.4 0.336 0.000
Mn 400 18.8 0.333 -0.892
Cr 400 18.8 0.336 0.000
Ni 482 22.6 0.334 ~0.596
Cu 1000 47.0 0.335 -0.296
Ti 79.3 3.7 0.336 0.000
Ti 396 18.8 0.414 +23.2
v 204 5.9 0.334 -0.596
Sn HEHY 46.9 0.179 -53.0
Ta 2520 118 G.341 +1.45
o 998 45.8 0.3386 0.000
w 18.4 0.9 : 0.337 +0.298
W 92 4.3 0.337 +0.298
Fe 2280 107 0.336 0.000

Two extractions, each consisting of % ml of TPACl and

7 ml. o

f chloroform-acetone, were rejuired to remove the Mo.
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all nitrogen oxides from the solutioms prior to making am snalysis.
It i3 not mecessary to remove nitric acid, &s no interference
from small quantities has been observed.

The natnrs of this new mathod feor nichium is such that
the methed can be modified easily for the analysis of niobium
in special material, since the use of alternate reducing agents
and masking agents for eliminating the interference.of diverse
ions will perwmit mamy modifications. For example, the
determination of niobium as traces in tungsten can be made using
a zinc amalgam to reduce the tungstem prior to its extraction
from the masked niobium. Also, niobium can be determined in
wolybdenum alloys by making successive extractions on the
aqueous solution containing the masked nicbium until the
molybdenum concentration is reduced below the level of interference,
It is further smgzgested that the determimation of niobilum im large
quantities of titanium should be feasible by extracting the
niocbium and traces of the titanism, which has a much smgllet
distribution ratio, the traces of titanium being later removed from
the organic extract by backwashing with fresh 3-4 M hydrochloric

acid.
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Calibration Curves

A. 9/2 Chloroform-Acetone Solution, with
Hasking and Separation Steps.

cbance as a function of niobium
concentration was prepared (Results in Figure 7, Table VII) using
the analytical procedure of Section 20-Experimental.

The concentraticn of nicbism in the organic extiract was
calculated assuming complete extraction of the niobium from the
aqueous phase. Beer's law was followed over the entire
concentraticn range ianvestigated, 0.17 to 3.2 mg niobium/liter.
The specific absorptivity of 388 + 2 (g l!b/l)”l cn-l was
determined by a least squares fit of 35 data points on the
calibration curve. (The specific absorptivity of 388 corresponds
to a molar absorptivity of 36000 + 200 H-l ch'l), The intercept
of the 1ine at zaro niohis
absorbance of 0.005, The absorbance of the blank iz camsad by the

excegss TPASCN pregsent in the extract.

B. 9/2 Chloroform-Acetona Solution Without
Hasking and Separaticn Steps

The calibration curve was comstructed during prelimimary

was plotted and a molar absorptivity of 41600 Ml oem ! was
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BEER'S LAW CURVE FOR NIOBIUM EXTRACT IN

9:2 CHLOROFORM~AGCETONE AT 390 mu
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FIGURE 7




3
[#%)

obtained.

C. Commercial Chloroform, without Masking and
Separation Steps

A least squares znalysis of the dats in Table IV gave
& line of slope 30,900 H-l cm'l, with an intercept of 0.004.

The procedure used is outlined in Section ll-Experimental.

P. Commercial Chloroform, with Masking and
Separation Steps

The data in Table VIIcwere plotted and the slope of the

1 eal. the experimental

line was determined to be 28100 M~
procedure is given in Section 15-Experimental.
The concentration of niobium in the organic phase im
all four procedures was calculsated assuming that all the
niobium was extracted into the solvent after making the number
of extractions indicated for each procedure. In each of the
above cases the completeness of extraction of niobium was checked
by making an additional extraction of the aqueous phase after
the required number had been made, and the absorbance of the
extra extract was compared with that expected for a blank solution.
In all cases the extraction of niobium was complete prior to the

extra extraction. Hence. the difference between the molar

absorptivities in the varicus solvemts camnot be due to imcomplete
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BEER'S LAW DATA FOR Nb, 9/2 CHLOROFORM-ACETONE SYSTEM

WITH MASKING AND SEPARATION STEPS

{Concentration, g Nb/mD:clOl Absorbance, 350 mu

00.000 0.013, 0.011, 0.008, 0.006
1.691 0.076, 0.075

3.381 0.139, 0.137, 0.135

4.226 0.175

5.917 0.232

8.452 0.337, 0,337, 0.337, 0.337, 0.336

0.335, 0.335

10.57 0.412, 0.405, 0.395

12.68 0.514, 0.505, 0.489

15.85 0.630, 0.618, 0.608, 0.600
16.91 0.675, 0.675
21.14 0.818, 0.818
25.35 1.000

31.69 1.250, 1.240
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TABLE VII b

DATA FOR BEER'S LAW PLOT OF NIOBIUM IN 9/2 CHLOROFORM-
ACETORE SOLUTION WITHOUT MASKING AND

QRPADAMTAY OMEDO
g2 R A ZO R VY .

. +5
(Molar Conc., Nb) x 10 A, 390 mu
0.000 0.010, 2.011
0.774 0.332, 0.330
1.547 0.665, 0.661
2.320 0.971, 0.975

Volume of organic phase after extraction was 14.7 ml.
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TABLE VIT ¢

BEER'S LAW DATA FOR NIOBISM ; CHLOROFORM

SYSTRM WITH MASKINC AND SEPARATION STEPS

[:Holar Conc. o{] X 105 Absorbance, 390 mu
Niobium
0 0.012, 2.011
0.2274 0.075
0.4548 0.138, 0.136
0.6367 0.195
0.9096 0.265, 0.275, 0.279, 0.273
1.137 0.3e8
1.364 0.392, 0.393

1.705 0.488




77

TABLE IV

DATA FOR BEER'S LAW CURVE, CHLOROFORM

SYSTEM, 390 mu

(Molar Corc., Nb) X 105 Absorbance
0.00 0.004, 0.006, 0.012
0.910 0.283, 0.284, 0.284
1.37 0.428, 0.424, 0.424
1.82 0.572, 0.568
2.27 0.706, 0.704, 0.702, 0.709

A least squares analysis msde on the .abowe points gave a

slope of 30,900 ¥l cm ! with an intercept value of 0.004.
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extraction of the niobium, but on the contrary the differances

can be attributed to changes in the relative concentrations of

the extracted species. Any variatiom of the conditions will shift
the position of equilibrium between the niobium complexes in
solution, and consequently the ratio of the concentratioms of

the two complexes will be differemnt.

In designing the experimental procedure used to obtain
the data for a given calibration curve, a constant quantity of
all reagents (except niobium) was sdded, and the same number
of extractions was made for each amalysis of the standard
solution.

reful control of the experimental conditions showed
that Beer's law was obeyed in each solvent, and the precision
as indicated by the standard deviation of the absorptivity

was quite good.

Alloy Analvsis

The new analytical method for niobium was tested for
accuracy, precision, and interferencesby application to the
analysis of several steels and alloys. The results of the
analysis of five steals and heat-resisting aliloys, all of which
were obtained from the National Bureau of Standards, KBS, are

shown in Tabie VIIT. The analytical precedure deseribed ia



TABLE VIII

ANALYSIS OF NBS STANDARD STEEL AND ALLOY SAMPLES

% Nb
NBS Reported Found Difference Standard Number Sample description and
Deviation of % Composition
Samples
10le 0.013 0.017 +0.004 +0.001 7 Steel: W(0.06), Mo(0.43),
Sn(0.02), V(0.04), Mn(1l.8),
Ni(9.5), Cx(18)
123b 0.75 0.753 +0.003 +0.007 11 Steel: W(0.18), Ta(0.2),
Mo (0.2), V(0.05), T1(0.006)
345 0.231 0.225 ~0.006 +0.003 6 Steel: Mo(0.12), Ta(0.002), -
V(0.04), Mn(0.22), Cu(3.4) e
Ni(4.2), Cx(16)
167 3.15 3.12 ~-0.03 +0.01 8 Heat~resisiing alloy:
Ni(20), Co(43), Cr(20)
Mo(3.9), W(4.5), Fe(2.1),
Ta(0.08), V(0.03), Cu(0.04)
168 2.95 2.91 -0.04 +0.04 9 Heat-resisting alloy:

Mn(l.5), Fe(3.4), Cu(0.04),
Ni(20), Co(41l), Cr(20),
v(0.03), Mo(4.0), W(4.0),
Ta(0.95), T1(0.06), Fe(3.4)
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Section 20-Experimental was used to analyze the five samples.

The alloys contained some or all of the metals, cobalt,
copper, titanium, mickel, chromium, molybdenum, tungsten,
tantalum, vanadium, manganese, and iron, in addition to niobium.
The results of the analyses are listed in Table VIII as well as
the elemental composition of the alloys. A comparison of the
results reported by NBS, and those found with the new method show
that the method is as accurate as any of the procedures reported
upon by the Bureau of Standards, and the precision as found from
the standard deviation of the samples is quite good.

The major time factor in alloy analysis is sample dissolutionm.
In all the above cases the samples were dissolved by heating in
concentrated hydrochloric acid, to which oane ml portioms of
concantrated nitric acid were added occasionally to assure complete
solution and oxidation. In order to prevent the interference
of ;itrogen oxides, as mentioned previously, it is desirable to
keep the additionm of nitric acid to a minimum. Furthermore, a
high ratic of nitric acid to hydrechloric acid is quite likely to
cause precipitatiom of tungstic, tamtalic, and niobic acids,
especlally if their concentration is high. Therefore, as much of
the gteel ag pessible is dissclved in hot concesntrated hydrochisric
acid. when dissclution of the sample is complete, the solutiom is

boiled for 10-20 mimutes to remove most of the nitrogen oxides. it
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is not necessary to remove the nitric acid completely. After boiling,
the hot soluticn 18 cooled for just a few minutes, then is
transferred to a volumetric flask and partially diluted to volume with
concentrated hydrochloric acid. After cooling,the solution is
diluted to the mark, after which the solution should be tested for

the presence of oxides of nitrogen by making an extraction on a
portion of the sample with chloroform. If the extract has a yellow-
brown color, the aliquot of the sample should be repeatedly

extracted until the chloroform layer is colorless.

Composition of the Extracted Niobium Salt

A, Variational Analysis

The investigations described in Sections 8, 9, and 16-

Experimental not only furnish data which cam be interpreted to

TDLEDLI2L LRET D=t/ LLORC St AT ERs AT e SRS LASSsaYVAL Ve mavm amwmy v

the extracted complex with respact tc thiccyanate end TPA can be
deduced. The data for the chloroform and 9/2 chloroform-acetone
systems are shown in Tables IX to XIII.

The composition of the complex species in the various
solvents was deduced by means of a method previously described by
Murphy and Affsprung.86 The defining egquations which relate the

PN A - T . SO S T R R — R, L 7 e 1 . -
&anceé, A, L0 tue TrA/nuloviuem r&atio, o, O tne SCH/miopiem, T,
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are based on the reaction:

r SCN” + nTPA + Nbx;n = {(TPA)n[Hsz_r(SCN)!]} aq

AV

S ey, Dz __(semy 1]
(T 2 1o

where X is the hydroxy or chloride ligand which can be neglected
in the equilibrium since their concentration will be relatively
large and constaat, and the subscript, o, indicates the orgamic
layer and, aq., the aqueous phase. The equilibrium expression

corresponding to the above reaction is:

(8b)o
(scu):q. (rm):q. (WX;") aq.

Ko =

vhere (Wb), = {(rm)n [wbx, (scn)r]} o

Congideration of the distribution ratios and ionization
constants of TPACl, TPASCN, and KSCR make it possible to write 5
in terms of the formal thiocyanate and TPA concentrations and

the sbsorbance, after which the following expression is obtained:

log (A AA) = log Kg + rlog [(SCN)t- rA/a] + nlog [(TPA)t-nA/a (D

Ag 1s the expected absorbance for complete extraction of the nicbium

taken,and "a"is 41600 H'l em

"l for the 9/2 chlorcform-scetone
system, and 30900 ¥ -1 cm ~ for the chloroform system. If the

thiocyanate concentiaiion, (5CNj., is large compared to the nicbium
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concentration, and i8 held constant for a series of extractions

in which the TPA concentration, (TPA)t, is varied, then

A -
log [;X-#] = log Kg + nlog L(TPA): - nA/E] (2)
ot
As & first approXimaiion, a plot of iog (A versus
as a i N
PP P kAo_A)

log (TPA)t or log (total millimoles TPA) produces 2 straight lime
of slope n.
When the TPACl concentration is held constant and the

thiocyanate concentration is varied, then

log ( A ) = log Ky + rlog [_(KSCH)t - rA/aj (3)
o

Since rA/a << (scu)t, log (K_é_-) = log Kg + rlog Vggcy (4)
o

The data were plotted according to equations (4) and (2),
and are shown in Figure 8, 10, and 9, 11, respectively. 1In the
9/2 chloroform-acetone system, the data from the experiments for
higher concentrations of niobium were adjusted in the log
concentration velues by adding -0.250 and -0.925 respectively to
each value for the TPA/niobium and thiocyanate/niobium ratios
in order to reduce all the valués to 2 single plot.

Ia Figure 9, the points &re experimental and the line is
drawn through the points with a siope of two, which indicates a
thiocyanate/niobium ratio of two. The TPA graph, Figure 8, is

more complicated to intarsret since a positive devwiation occurs
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ARLE

LS

DATA FOR VARIATIONAL ANALYSIS OF TPA/Nb RATIO
9/2 CHLOROFORM-ACETONE

bt gy o] e () s
1.320 0.025 - -- 0.2000 - --
1.292 0.019 57.9 1.76 0.1000 -1.00 -1.25
1.292 0.015 71.0 1.85 0.1000 -1.00 ~-1.25
1.277 0.017 36.0 1.56 0.0500 -1.30 -1.55
1.277 0.015 38.2 1.58 0.0500 -1.30 -1.55
1.249 0.015 20.2 1.31 0.0250 -1.60 -1.85
1.231 0.015 15.4 1.19 0.0200 -1.70 -1.95
1.166 0.015 7.99 0.90 0.0100 -2.00 <2.25
1.078 Q.OIA 4.61 0.66 0.0050 -2.30 -2.55
1.013 0.014 3.38 0.53 0.0040 -2.40 -2.65
0.947 0.014 2.58 0.41 0.003G -2.52 -2.77
0.860 0.014 1,88 0.27 0.0020 -2.70 -2.95
0.700 0.014 1.13 0.05 0.0010 -3.00 -3.25
0.662 0.014 1.00 0.00 0.0008 -3.10 -3.35
0.600 0.014 6.62 -G.05 $.0606 -3.22 -3.47
6.552 0.014 .71 -0.15 0.0002 -3.70 -3.95
0.497 0.014 0.59 -0.23 0.06002 -3.70 -3.95
0.440 0.014 - -- .09 -- -

The symbol, (®) , represents above set of data in Figure 8.
Kb taken: 2 ml of 2.27 x 1074 u lb; Collected 14.7 ml of extract.
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TABLE X

DATA FOR VARIATIONAL ANALYSIS OF TPA/Nb RATIO
9/2 CHLOROFORM-ACETONE

A Pyrank Ai~A tog Z;éZ' ﬁé;ié?°1es w08 ?rZZies
0.656 0,011  -- -- -- --
0.650  0.011 91.3 1.96 0.1000 -1.00
0.646  0.011 57.6 1.76 0.1000 -1.00
0.642  0.011 39.3 1.59 0.1000 -1.00
0.644  0.008 63.6 1.80 0.0500 -1.30
0.634  0.006 34.8 1.54 0.0250 -1.60
0.623  0.005 22.0 1.34 0.0125 -1.90
0.591  0.005 9.78 0.990 0.0075 -2.13
0.595  0.005 10.5 1.02 0.0075 -2.13
0.494  0.005  3.11 0.49 0.0025 -2.60
0.499  0.005  3.24 0.51 0.0025 -2.60
0.416  0.004  1.76 0.25 0.00125 -2.90
.61 0.604  1.80 0.26 €.00125 -2.90
.361  0.004  1.24 0.09 0.00075 -3.13
0.329  £.006  1.01 0.00 £.00025 -3.60
0.302  06.684  0.855  -0.068 0.00015 -3.82
£.286  §.004  G.745  -0.128 0.00005 -4.36

ha gwvwmhal € §o
The gymaoal, &, 12

v
above data. Rb taken: 2 ml of 1.14 % 10™% M Nb.

regent the
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TABLE XX

DATA FOR VARTATIONAL ANALYSIS OF SCN/Nb RATIO
9/2 CHLOROFORM-ACETONE

Acorr=l 4 i M a™ =ml. of . log W__

& [s-.008 {5 E | B lsgeat]o.5 u wsaw | *°8 YRsaw | + (-0-925)
6.655| 0.647 |~---- “eoe -——— -——- -————
0.618) 0.610 }16.45 1.22 5 ---- -0.23
0.618] 0.610 |15.52 1.19 5 0.699 -0.23
0.592] 0.584 | 5.26 6.97 &4 0.602 -0.32
0.545]| 0.537 | 4.89 0.69 3 0.477 -0.45
0.459] 0.451 | 2.30 0.36 2 0.301 -0.62
0.285}0.277 | 0.75 -0.13 1.2 0.079 -0.85
0.22510.217 | 0.51 -0.30 1 0.000 -0.93

Kb taken: 2ml of 1.14 x 10"4 M Nb ; Least gquares slope = 2.13

3.0 M KSCN
0.336 0.328 --- --- 4 -—- ---
0.331 0.323 64.6 1.81 3 0.48 -n-
0.331 0.323 64.6 1.81 2 0.30 .-
0.334 0.336 161.0 2.21 2 0.30 .-
0.326 0.318 31.8 1.50 1 0.00 ---
0.30% 0.296 5.25 G.566 6.3 -3.30 -———
0.274 0.266 4.25 0.633 0.3 -0.52 ---
0,221 0.1%% 1.54 6.183 8.2 -3 70 S
0.175 0.167 1.04 0.017 0.15 -0.82 .-
.18 0.172 1.07 06.029 6.15 -G.82 -—-
0.103 0.095 0.408.  -0.389 0.10 -1.00 ---
0.059 0.051 0.184 -0.735 0.p7 -1.16 ——
0.033 0.025 6.083 -1.080 0.05 -1.30 -—
Kb taken: 5ml of 2.27 = 10 b ¥ ¥b ; Least squaressglope = 1.98
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TABLE XII

DATA FOR VARIATIORAL ANALYSIS OF TPA/Nb RATIO
CHLOROFORM SYSTEM

A Acorr 1og[Ao‘}A] mi%ll)r;iles log Er :Alzi le xmﬂ
0.963 0.955 -- -- --

-- 0.936 -- -- --
0.928 0.920 1.76 0.150 2.18
0.879 0.871 1.13 - 0.100 2.00 |
0.790 0.782 0.71 0.050 1.70
0.769 0.761 0.64 0.050 1.70
0.576 0.669 0.40 0.0205 1.40
0.636 0.628 0.32 0.020 1.30
0.631 0,623 0.30 0.020 1.30
5.580 G.572 U.20 §.01Z5 i.1¢
G. 541 G6.533 0.12 06,0100 1,00
6.475 0.467 -0.002 6.0075 o.88
0.390 0.382 -0.161 0.0050 0.70
0.336 0.328 -0.268 (¢.0035 0.54
0.252 0.244 -0.453 0.0025 0.40
0.149 0.141 -0.752 0.00125 0.10
0.008 - == 0.00125
0.014 - - 0.150
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FTRATUY ¥ NP Ay

TabLE X111

DATA FOR VARTATIONAL ANALYSIS TO DETERMINE MOLAR RATIO

OF THIOCYAMATE TO NIOBIEM , CHLOROFORM SYSTEM

A

A (A-0.006) Ag-A T %

—

Vol. KSCN Log V

(0.12¥)

RSCH

-- 0.936 0 --
0.714 0.728 0.228 3.1¢
0.709 0.703 0.233 3.01
0.702 0.696 0.240 2.90
0.629 0.623 0.313 1.99
0.536 0.530 0.406 1.30

0.446 0.440 0.

496 0.885

0.341 0.335 0.601 0.556
0.261 0.255 0.681 0.374

0.202 0.196

0.047 0.041
0.006 --

C.004 --

0.627 0.621
0.550 0.544
0.535 0.529
0.518 0.512
0.395 0.389
0.303 0.297
0.228 6.222
0.090 0.084

DO

OO ODOOOO
s © o © o o

0.740 0.265
0.129 0.123 0.
0.895 0.046

813 0.151

.97
-39

.30
21

.71

470
310
099

wvi
S
~
OO QO O 1= b (et

.29
J14
A1
.08
.15
23

.51
.00
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TPACI taken ;1
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PLOT FOR DETERMINING STOICHIOMETIRIC MOLAR
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PLOT TO DETERMINE MOLAR RATIO OF THIOCYANATE
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PLOT FOR DETERMINING MOLAR RATIO OF TPA TO NIOBIUM
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at very low TPA concentrations. HNeglecting the lower portion of
the curvs, a line of slope unity is drawn through the data points.
The agreement between the experimental points and the line of
slope unity indicate a TPA/niobium ratio of one. The results then
indicate that the formula for the extracted species is

{fﬁmAs)+ [?b(SCH)zx:]u} , where X may be chloride, oxo, or
hydroxy ligands, and niobium is present as niobium(V).

The positive deviation of the TPA graph at very low TPA
concentrations is caused by coextraction of niobium as the free
thiocyanatoniobic acid along with the arsonium ion-pair. The
presence of the free thiocyanatoniobic acid has been verified by
performing an extraction on a niobium solution in the absence of
TPACl. The absorbance of the extract was 0.440 at 390 mu, and
the shape of the spectrum was identical to that of the TPACl
extract. At higher TPAC1 concentrations the extraction of the
thiocyanatonicbic‘acid is negligible since the partitiom
coefficient of the TPA complex is much greater, as inferred from
the solubilities of the two species in water and the organic
solvent. Corrections for simultaneous extraction of the free acid
were not applied since quantitative values for the partitiom
coefficients of the two complexzes ave not available. Since the
extraction of free thiocyanatoniobic acid does not occur when

commerciasl chloroform is used as the extraction solvent, the
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TPA/niobium and thiocyanate/niobium ratios were determined in
chloroform.

The TPA/niobium graph, Figuwe 10, has a slope of 0.95,
indicating a stoichiometry of 1 to 1 for TPA and niocbium. The
line im the thiocyamate/niobium graph, Figure 11, has a slope of
two. The negative deviation of high thiocyanate concentrations
is explained as follows: In general, the variational method of
determining stoichiometry in complexes is applicable in those

-regions of a curve of absorbance as a function of reagent
concentration, A = f(c), where the absorbance changes rapidly as
the concentration of reagent is varied. The highest three points
of Figure 11 ara on or very near the plateau of the A = f(c)
curve, and consequently would be expected to deviate from the
straight line drawn in Figure 11. To further illustrate the
point that the plateau of the curve of A = f(c) is not applicable,
one can consider those points for which there is no change in

b50ivance L[of variation of the reagent coancentration; in this
case the siope of the variational plot would be zero.

In constructing the TPA/niobium graphs, Figure 8 and 10,
a preliminary graph of log (A/A,-4) versus log (millimoles

TPACL) is ugnally msde to determine a value for the integer n,

and then log (A/Ag-4) is plotted versus log {:(TPA)t - né/aj] .

The latter value for the concentration of free TPA, i.e., TPA

not bound in the metal ion-pair usually gives a better fit of the
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data points. 1In Figure 8 the symbol,(] , shows that the values

of the free TPA differ from the total TPA values only at very

low TPA concenirations (0.003 millimoles of TPACl). At higher
concentrations of TPACl the log values of free or total TPA
concentration are superimposed, thus making corrections umnnecessary

for several of the data points.

Infrared Spectra

The infrared spectra of TPASCN, TPACl, KSCN, the arsonium
thiocyanate salts of niobium(V), tungsten(V), titanium(IV),
cobalt(II), and chromium(III) were obtained in KBr discs on the
Beckman IR-8 infraved spectrophotometer. The spectra are shown
in Figures 12-15, and the importamt absorption bands are tabulated
in Table XIV. Upon comparing the salts, it is apparent that the
band at 2056+2 cnal is due to the C3N stretching frequency. The
transition metal salts are all probably contaminated with TPASCN,
hence the CsN band 6f TPASCN is presemt in the niobium, tungsten,
and chromium spectre as a distimct pesk. The nicbium salt differs
from &1l the cthers in that it shows three distinct bands inm the
2000-2100 cm"l region, whereas the others show only two bands.

-1 4

The 2090

A
A a8 kit

- .
and of nicbium is assigned as an iscthiccyamate

stretching frequency, H<=RCS, since both chromium and cobalt saits

have bands near 2090 cm - which are known to be isothiocyanate

bands. The niobium band at 2016 cmml as well as the titanium band
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TABLE- X1V

INFRARED ABSORPTION BANDS OF SEVERAL ARSONIUM SALTS

Salt (1’2)Have aumber, o Assignment
TPASCN 2056+2 (Vv.S.) C=N Stretching frequency
C=N Stretching frequency;

Nb Thiocyanate

Ti Thiocyanate
Salt

W Thiocyanate
Salt

Co Thiocyanate
Salt
Cr Salt (Pink)

Cr Salt (Violet)
ft‘ﬁoe (‘ncs)5]=

HoOCl4

209042 (m
205742 (V
2016%4 (V
920

888 (%)
800 (V.¥.)
2040+2 (S)

1990+2 (V.V.S.)
885 (m)
\309833 (s)

2050+ (V.V.S.)
952 (W)
207745

208742 (V.S.)
205412 (5)
20802090 (V.S.)
945

997

2020 cm”! (a)
Nb«#-NCS Vibration*
C=N Stretching frequency

Nb=0 Vibration

M&NCS
C=N Stretching frequency

Ti==0 Vibration
W& NCS Vibration®

C=N Stretching frequency
W=0 Vibration
Co«- RCS Vibration*

Cr < NCS Vibration*

C=N stretch in TPASCN
Cr<— NCS Vibratioo¥

Mo=0 Vibration (a)

Mo=0 range for several
colpounds is 050-1000 em—+
Mo=0 Vibration (a)

1. The indicated uncertainties are attributed to reading error
which is dependent on the gharpness of the peak.

2. Bank intepsities are denmoted as:
@, = medium; w. = weak; b.

a. P.C.H. Mitchell,

= .
. = very; s

= broad.

OQugrterle Revisws

L]

]
(4]
L4ad
vy
o

'
“w

)44
P

79

*Defined a8 a C=N stretching vibration in which the K atow 18 bonded

to the metal atom.
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MADT B YT
LaaDlagy £V

ISOTRIOCYAWATE VIBRATIONS OF ARSONIUM COMPLEX SALTS

MYLHCS
Element Vibration, cm Examples
11 2040 (Tea), 110 (nes), |
Mo (V) 2066, 2037-2049 (WH,);Mo(NCS) ¢ ; (PyH)jMo(NCS),"
Co(11) 2077 + 5, 20582079 (TPA),Co(NCS), ; x2E3 (Ncs)é}
Cr(III) 2087 +2 eaferesan), s [Crcamy), (ues)y] ’
(Cxtm;) s xes)] (woy),,
trans- [Pr(en)z(NCS)é] CL. Hp0
Nb (V) 2090 + 2 1e4 [ Wb0(NCS) X |
W(V) 2098 + 3 ; 2058 TPA[?(ncs)zg] ; (Py),W(OR)5(HCS),"
Co(III) 2114, 2122 trams - [?o(NCS)Z(en)E] C1°R,0 b

[E&(Nﬂq)q(ﬁés).](nog)o
(U -~ -

(a) P.C.H. Mitchall and R.J.P. Willirms, J. Chem. Soc.

1912 (1960).

(b) J. Fujita, K. Nakamoto and M. Kobayashi, J. Am. Chem.

£n
0

cc. 78

— m—

, 3295 (1956).

PyH

i

Pyridiniuvm ion en = ethylenedismmine

g

pyiidine
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at 1350 cmml are very strong, and their origin remains a mystery.
The wetels, niobiuvm, titanium, and tungstenm, alse

exhibited bands in the region 950-800 cm !

, which sre likely teo

be metal-oxygen bapnds. The bands are assigned as indicated in
Table XIV. Hence the infraved specira indicate that the niobium
salt has mixed ligands consisting of isothiocyanato and oxe groums,

where the oxo grouwp is double bonded (according to Selbin, ref. 77).

Thus the formula of the arsonium salt can be written as:
(9,As) +[m» = 05 (NCS),X]|
4 E 2 ’

The iomic character of the Nb<-NCS bonds can be established
on a relative basis by comparing tha isothiocyanate stretching
frequencies of the various salts shown in Table XIV. Fujitajet.
al. have compared the spectra of Co(III) and CrtIII) thiocyanate
saits with HSCN and deduced that a trend toward higher frequencies
for the H+HNCS vibrations in the salts corresponds to an increase
in 1onic characier of the bond, and 210 an increase in ease of
sebstitution of iigands into the complex. The data in Teble X¥,
which is arranged in the order of imcressing frequency, indicate

a correlation betwsen higher frequency and a smaller number of

covalent character ia the metal-ligené bonds. Thus fer the four
glements of imterest, Ti, Co, Wb, and W, it is suggested that the

order of decreasimg covalent character as well as pumber of
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Dilution of Nb Solutions

Additional information about the niobium equilibria was
obtained by means of the dilution experiments described imn
Section 27-Experimental. Figure 16, whichk shows the visible
spectra of the Wb extract before and after dilution, presents
additional evidence for two complexes in the chloroform solutiom.
It is8 clear that upon dilution, the concentration of one complex
decreases (deduced from the decrease in absorbance at 390 mm) and
the concentration of a lower complex increases, as inferred from
the increase in absorbance at 320 mu. Furthermore, the
absorbance at 390 mu before dilution, 0.928, when multiplied by

the dilution factor, 0.80, indicates an expected absorbance of

N 2.9 L2
VeiTeo gyt

. e . X -
X rad £ s £ X

and is sngoecied to be lowar thanm expscted bscauss of a shift in

y B £ b wm TN SLTaotd o PR TN

the equilibria, ¥For the case cf & 4 to 10 dilution, the

discrepancy between the expected and observed absorbances, 0.371
versus 0.098, is even greater.
Upon dilution of a niobimm extract the absotrbance at 390

m: quickly decreases, and then decreases at z =uch slower rate for

a2 pericd of 5 to 20 minutes, dependimg on the conditions of

extraction, The rate of decrsass in absorbance canm be used to



A, Spectrum of Niobium Complex Prior to Dilution
B. Spectrum of Niobium Complex after Dilution ( 4 ml dil, to 5 ml)

C. Spectrum of Niobium Complex after Dilution ( L4 ml dil. to 10 ml)
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Logrithmic Scale
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FIRST ORDER RATE LAW PLOT FOR DISSOCIATION OF THE NIOBIUM

COMPLEX UPON DILUTION, 390 mu
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TABLE XVI

CHARGE IN ABSORBAWCE AS A FUNCTION OF TIME

UPON DILUTION OF CHLOROFORM EXTRACIS

time A39O A-A_ time A390 A-Abo
(Prior to
dilution) 0.928 -- 0.00 0.190 0.092
0.00 0.717 0.167 0.25 0.164 0.066
1.0 0.663 0.113 0.75 0.134 0.036
1.5 0.644 0.094 1.00 0.123 0.025
2.0 0.631 0.081 1.50 0.111 0.013
2.5 0.616 0.066 2.00 0.105 0.007
3.0 0.604 0.054 3.60 0.100 0.002
4.0 0.585 0.035 4.00 0.098 0.000
5.0 0.572 0.022 8.00 0.098 0.000
6.0 0.567 0.017
7.0 0.561 0.011
8.0 0.556 0.006
9.0 0.553 0.003
10.0 0.550 0.000
ii.0 0.550 0.G00
14.0 0.550 0.000
A expected = 0.928 S = 0.742; A expected = 0.528 x 0.4 = 0.
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obtain information about the kinetics of the disscciation reaction
of the higher piobium complex.
The data in Table XVI, were treated by assuming that the

dissociation reaction was first order. For such a situation the

-~

rate law :%%. = ke, can be integrated to give ln —O_ =
kt =1n _a_ = 1n 208w | uhere all terms have their usual
a-x A-Ag

definition. In particular Ao is the absorbance at time zero, or
in this case the absorbance immediately after dilution. The term
A, 1s the absorbance after an infinite reaction time, or
absorbance when the reaction has gone to completion. Plots of log
(A-Ap ) versus time should be linear if the reaction under
investigation is first ovrder. The experimental data were plotted
a8 indicated above, and the linear graphs, Figure 17, indicate
that the decomposition of the thiocyarate complex of niobium,
which absorbs at 390 mu, is first order with rate constants of
0.380 and 1.28 min.'1 The half-lives, tk, of the resctions are
1.80 and 1.30 minutes, respectively. The different t% values
obtained upon dilution of & given uniobium solution indicate that
the extent of dissociation depends upon the extent of dilutienm,
vhich would be in agreement with the pravious evidence for an
equilibria betwsem two niobium complexes. The dissociatiomn of the
complex absorbing at 390 mu can be interpreted to be due to weduction

of the concantration of free water im tha sclution, as wall as a
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reduction of the concentrations of the other reagents.

The experiment was repeated several times with niobium
solutions obtained under differemt extraction comditioms, and
these results differed considerably from the original results.
Pirst order rate comstsats of 0.352, 0.589, 0.582, and 1.01 min "
were obtained. The half-life varied from 0.541 min to 1.84
min. In all the experiments the scatter in the data was small.
Furthermore, no satisfactory conclusions could be drawn concerning
the influence of different extraction conditioms upon the
dissociation of the complex when diluted. More intensive
investigations on this aspect of the problem should be worthwhile
in elucidating the nature of arsonium complex ion-pairs in

nonaqueous media.

In order to compare the behavior of the arsonium ion-
pair of niobium with another metal, a cobalt extract in chloroform
was prepared, Section 29-Experimental, and themn was treated as
indicated, Table XVII shows that cobalt extracts can be diluted,
and the sbferbaace of the diluted extract agrees quite well with
the expected absorbance. Furthermere there is only a slight change
in the absorbance of a cobalt extract upon Arying. Hence the ideal
or model, cobalt, when compared with nicbium indicates that the
behavior of niobium upon dilution and drying is unexpected and

that the nlobilum system must be more complicated thanm the cobalt
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TABLE XVII

RESULTS OF DILUTING AND DRYING COBALT THIOCYANATE

EXTRACTS
A A A
625 mu 320 mu 317 mu Explanation
0.656 _ - Original Co Solution
0.530 _ _ Diluted Extract; (4 ml to 5)
expected absorbance = 0,526
0.133 _ _ Diluted Extract (1 ml to 5)
expected absorbance = 0,132
0.134 0.852 0.865 Control after 78 hours
0.139 0.881 0,900 Dried extract (1 to 5 dilution)
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system. The evidence presented can be interpreted only as an
equilibria between two niobium complexes, one of which has the

+ -
cheaical formula (9,Ae) Nhoz(NCS)Z(BZO)l:I :

Role of Water in Chloroform Solutions of the

TIPA Salt of Niobium

Chloroforam solutions of the TPA salt of niobium were
prepared by distribution of the complex salt between an aqueous
and nonaqueous phase, and consequently small quantities of water
wvere extracted into the nonaqueous phase in addition to the
niobium salt, hydrochloric acid, thiocyanic acid, TPASCN, and
perhaps TPACl. The water which was extracted into the nonaqueous
medium may be present as water of hydration in the various ion-—

peirs, and/or may be involved to some extent in the complex of

In the experiments described in Sectiom 27 and 28 -
Experimental, chloroform solutions of the niobium salt were
equilibrated with desiccants and aquecus solutions of known water
activities, a. The chloroform and constant humidity solutions

were enclosed in an air-tight system and were permitted to reach

equilibrium by transfer of water through a commonly ghared vapor
phase. The equilibration process was facilitated by use of
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equilibrater caps,

3~4 ml ciosed bottom,
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open-top cylinder with a side arm attached to a 10-30 inner
taper joint. After the appropriate a, solution is placed in
the container, the top is stoppered with a rubber serum stopper,
and the filled cap is attached to a volumetric flask or
spectrophotometer cell.

The results of a preliminary experiment in which a niobium
extract was dried and subsequently equilibrated with amn a,
solution indicated that water was iﬁportant in stabilizing the
niobium complex which absorbed at 390 mu. The removal of water
from the system caused the absorbance at 390 mu to decr;ase by
17% from the original value, whereas the addition of water to
the dried extract caused the absorbance to increase to slightly more
than the original value. The half-life of the drying process was
approximately nine hours. A control sample held for the same
period as the dried sample showed negligible change in absorbance.
After 90 hours a swall amount of decompositionr occurs im the
solution. For this reason equilibrations were limited to
approximately 8 half-lives, about 72 hours. The fact that the
complex of niobium could be reformed by equilibrating with water
showed that the reaction involving the removal and addition of water

eh

tc the nicbium complex was reversible, Furthermore, spectra

-~
-
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taken at different stages of the drying period showed a decrease
in absorbance at 390 mu, an increase in the region 360-330 mu,
and an isosbestic point at 364 mu. Hence, it is possible to
conclude from the spectral information that two niobium complexes
are involved in an equilibrium that is dependent on the activity
of water in the medium,

In order to deduce the stoichiometry of water in the
niobium complexes, niobium solutions in chloroform were prepared
at four different formal concentrations of niobium, be’ and the
absorbance of each solution was obtained as a function of water
act;vity. The spectra of one of the niobium solutions, shown
in Pigure 19, contains an isosbestic point at 364 mu. The data
for the experiment are shown in Table XVIII.

In order to establish a relationship between the two

niobium compiexes and water, an equilibrium is formulated:
NbX + n Hy0 = NbX(H,0), (1)

where an anhydroug nicbium species, NbX, reacts with water to
form a hydrated complex, NbX(H20),, both of which absorb at 390
mu, and X represents the other ligands present in the complex

species, The formstion constant

e (X (820, ] ) Ca

(o] fa0) ° ¢ [20] "
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ABSORBANCE OF NIOBIUM SOLUTIONS AT VARIOUS WATER ACTIVITIES

8, A A A A
0.000 0.271 0.174 0.222 0.248
0.000 0.273 0.187 0.241 0.260
0.000 - - - 0.286
0.000 - - - 0.286
0.156 0.375 0.252 0.402 0.426
0.250 0.419 0.288 0.452 0.534
0.400 0.480 0.340 0.547 0.644
0.447 - 0.398 0.584 -
0.498 0.51¢ - 0.601 -
0.548 . 0.440 0.614 -
0.599 - 0.463 0.623 0.764
0.658 0.549 0.470 0.681 -
0.706 - 0.479 0.659 0.814
0.776 - 0.501 0.706 0.830
0.832 0.569 0.522 0.691 -
0.885 - 0.542 0.732 0.870
0.934 0.618 0.570 0,748 0.909
0.953 - 0.530 - -
1.00 0.640 0.560 0.754 0.926
(1) (2) (3) (4)
fp = 2:22 % 10”7 M for control solution (2)

used to establish £ values.

The concentrations of solutions (1),
(3), (4) ere not accurately known but
permit an evaluatio; of n and X in
equation {&) page 1l7.

All sbsorbances were corrected for the reagent blank.
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All of the error was forced into A., and the calculated root mean
gquare deviation im A, BMSD, was subsequently used as a criteriom
for the choice of n a8 well as the best val;xe of K. The methods
used to cbtain the best values of K, eo, and & n &re described
elsevhere. 88

When the exponent n was assigned a value of one, the best

fitted values obtained for K, €& ,, and 61’ were 14.1 H-l

wl cm™l, and 42800 ik w1, respectively, for the minimum MSD,

, 8200

0.024. A choice of two for the exponent n resulted in K,£,, and

€ 1> values of 1.4 x 10° N2, 8650 W™ cu?, and 27000 W'l
respectively, for a minimum RMSD of 0.031. The above formétion
constants, K, were converted 'from activity to molar units using a2
Henry's law constant for water in chloroform which was based on

an assumed monomer-trimer equilibrium for the solute, water.89

The experimental A = f (a,) data were further compared with the
theoretical curves corresponding to n values of 1 and Z by
superimposing the calculated curve on 2 plot of the experimestsal date,
Figure 20, which is a plot for n = 1, indicated a reasonably gocecd

fit for Equation 4. A similar plot for m = 2 showed considerable
deviation in the s, vange below 0.400. HMere data points in the

&, region below 0.400 would be desirable as this region is important
in establighing the stoichicometry of water ian the aniocbium complexes.
However, using the KHSD as a criterion far choosing the most probable

chemical species, it was conciuded that in the niobium-water system,
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the two most probable compiexes are an anhydrous niobium complex
TPA+LNb02 (SCN)ZJ " and a monomer monohydrate, TPt ENbOz(SCN)z(HZO)-? .
Qualitative analyses, which were made on solid samples of the

niobium salt, indicated the absence of chloride ion in the salt.

Hence, a stoichiometry of two was assigned to the oxygen group in

the complex anion in order to make the ion-pair electrochemically
neutral. The infrared spectra, previously discussed, have indicated

the presence of at least one oxygen group in the salt. Moreover,

several transition metal salts have been reported in which the
stoichiometry of oxygen is two in the complex anion (90,91).

Several experiments might be proposed for extending the
present study of niobium thiocyanate complexes in nonaqueous
solutions., As previously i.dicated, the formal concentration of
niobium was calculated from the absorbance of control aliquots and
the molar absorptivity of niobium in chloroform. As there is the
possibility of systematic errors in the formal concentration,
additional computations would be desirable in which the parameter
€, is expressed as the quotient of the lower limiting absorbance
and the formal concentration of niohium, Thig would permit the
formal concentration to be used as a parameter in addition to K and
81, and the RMSD could be calculated with respect te each formal
concentration of niobiuwm. An alternate experiment would be to
determine the formal comcentration of nisbium by exhsustive extraction

of standard aqueous solutions,
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1t would also be interesting to study the effect of acetone,
ether, and other bases on the niobium thiocyanate complexes. Such
studies would be of value in comparing the bases in terms of their
relative strengths and would be of help in further elucidating the

nonaqueous chemistry of the niobium thiocyanate complexes,



The analytical procedure which has been developed for
niobium fulfills the basic requireménts for a good 2nalytical
method; its major advantages, in addition to being rapid and
sengitive, are that nigcbium can be determined in large amounts
of molybdenum, tantalum, iron, and several other elements,and
without modification niobium can be determined in the presence of a
five-fold excess of tungsten and titanium. The use of an alternate
reducing agent for tungsten and a backwashing step for titanium
will permit ready modification of the method for analyzing traces
of niobium in tungsten and titanium.

A variational scheme and infrared spectra were employed

to determine that one tetraphenylarsonium ion, two isothiocyanato-

ligands, and at lesst one oxo-ligand are associated with each
atom of micbium in the extracted species

Preliminacy investigations unging a new approach have
revealed that water digsolved in the ncnagquecus sclutions comtaining

the extracted niobium complex play an important role in stabilizing
the niobium complex which absorbs at 390 mu. Visible specira at
various water activities reveal that two niobium complexes are in

equilibrium with water.

i21
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THE EXTRACTIOR OF TITANIUM THIOCYARATE COMPLEXES

WITH “RTRAPHREYLARSORTIM CHLORIDE
Intrcduction

The reaction of titanium(I¥) in aquecus hydrochloric
acid soletion with potassium thiocyanate and TPACl gives rise
to an aqueous insoluble salt with a bright oramge color.

The thiocyanate complexes of titanium have been
previously utilized for its separation and determination. Young
and White [m Chenm,, 31, 393 (1959)J have reported the
extraction of Ti(IV) as a thiocyanate complex from sulfuric or
4hy-rcchlc:ic acid sclutiocns by means of a cyclohexane solution
of tri-n-octylphosphine oxide, TGPO. There is no interference
from other quadrivalent metal ioms or from anions such as
fluoride, phosphate, or oxalate. Beer's law is obeyed up to 1.7

pg Ti/ml, and at 432 mu, the molar sbsorptivity is 41,000 wl

cﬁ-l. Crouthomel, et al. [;C. E. Crouthomei, B. E. Hjelte, and
C. E. Johnsoa; Anal. Chem., 27, 508 (1955):] have investigated
the titaniuvm thiocyanate cemplexes in aquecus actecne media and
have found that the development of the complex requires an exacting

piocedure as itne thiocyanate complezes of titaplum are relatively

weak and umnstable.
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The =olar absorptivity 6f the titanium complex is 78040 H

cm'l at 417 =mu, the wavelength of maximum absorbance. Also it was
reported that the absorbance is markedly temperature sensitive, ard
varies with temperature in a reversible menner. No recommendations
were made concerning the analytical usefulness of the titanimm

thiccyanate complex in aqueous acetome.

Delafosse |D. Delafosse, Compt. remd., 236, 2313 (1953),

240, 1991 (1955) | has studied the extraction of the complex
Ti(scu)4 with methyl isobutyl ketone and isoamyl alcohol. The

1 at 278 mu, in the alcohol.

molar absorptivity is 7000 Wl
A monothiocyanate complex of titanium has been verified by
Tribalat [S. Tribalat, et. al. J. Electrospal. Chem., 1, 443
(1959)] in a polarographic study of the Ti(IV)/Ti(III) couple.

The thiocyanate complexes of titanium are reported to be more

ore easily reduced at the Hg drop) than the simple

-7 ~~N

. _ o o B
titanium ioms lﬂéaax. Chim. Acta, 19, 74 (1958).1 .

Summary of Experimental Investigations

A, Chloroform System

Preliminary investigations revealed that = solution of
2 x 107° & T1(I¥) im 6 M HCl and 0.75 M KSCK would preddce an

Py W NP | . .. —
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precipitate was qualitatively analyzed and was found to contain Ti,
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SCN, and TPA ions., The precipitate was virtually insoluble im
chloroform, and upon vigorous agitation of the solid and chloroform
phases the precipitate disappeared due to decomposition and
preferential extraction of TPASCN into the chloroform.

More thorough investigations to find an optimum get of
conditions for the extraction of the arscnium salt of titanium
into chlorciorm were carried cut om & test tubs scale. The
reagent concentrations (HC1, KSCN, TPACl) were varied over a wide
range, ore at & time. The HCl concentration was varied from 0.2
to 6 M, KSCK from 0.4 to 5 M, and TPACl up to 0.006 M. Further
experiments were conducted in which chloride ion was excluded
from the system. A titanium solution in sulfuric acid was

prepared as well as a solution of TBAESOA. It was eventually

concluded that the complex of titanium could not be changed or

madifiad go that the TPA s2lt would be soluble im chloroform.
Other solveants for extracting titanium were imvestigated

arsonium thiocyanate salts of titanium and niobium were determined
by placing % te 1 mg of the salt in a small test tube containing

1 te 2 ml of solvent. The mixture was agitated by shaking
vigorously at random intervals. Secme of the miztures were allowss

to equilibrate for 12 hours. The results are summsrized in Table

=}
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TABLE I

Qualitative Solubility of TPA Salts in Various Solvents

Solvent TPAC1 TPASCK Nb Salt Ti Salt
Hy0 sel, imsol. insol. insol.
Ccl, insol. insol insol. irsol.
C}lcl3 sol. sol sol. insol.
C,H,C1, sol. sol, sol. sol,
CoHCly, sol. sol sol. sol.
C4H5C13 sol. sol. sol. sol.
Ethyl Ether insol. insol insol. insol.
Dioxane insol. insol - insol.
Methanol sol. sol sl. sol. sl. sol.
Ethanol sol. sol sl, sol. sl. sol.
n-propyl alcohol r.s. sol sl. sol,k hr. -
iso-propyl alcohol r.s. sol insel. -
n-butyl alcohol sol, sol insol. -
sec-butyl alcohol sol. sol insol. -
tert-butyl alcohol sl. sol. sl. sol. insol. -
iso amyl alcohol sol. sl. sol. v.81.801.12 hr insol.
acetons gol, sol scl 561,
Methyl isobutyl sol. sol. ingol. insol.

AT Lyne
Cyelohexanone sol. sol. v. sol. v. sol
Acetophenon & sol. eol. scl. sol.

n-buttyl bromide insol. insol - -

p-bromotoluene insoi. inscl - -
Renzene iusol. insol insol insol
Hexan~ insol. insol - -
Cyclohexane insol. insol - -
Ethr™ Acetate - - - insol
Heptare - - - insol

r.8, = readily soluble



B. (yclohexzamcne Systsm

Cyclohexanone was chosen as the secornd solvent for
extracting titanium since the arsonfum salt was very soluble in
this solvent, and furthermore did not appear to decompcse upon
standing. The spectrum of the thiocyanate complex of titanium
in cyclohexanone showed maximum absorbance at 430 mu which is close
to the value of 418 mu reported for titanium in acetone. An
unfortunate characteristic of cyclohexanone was that relatively
large qusntities of thiocyanic acid were extracted. High
concentrations of thiocyanic acid, especially in cyclohexanone,
decompose and polymerize to give rise to preducts which absorb
in the visible and near ultraviolet regions. These products
interfared with the absorbance of titanium in that the observed
absorbance was not stable, but increased as a function of time.

An investigation of reagent blanks, prepared by extracting am
aqueous solution ccataining all components except titanium,
revealed that it would be necessary to make absorbance measurements
at a predeterminad tims after the extraction was completed if
cyclohexenene was te be used as the extracting solvemt. Back-
washing the blamk extracts with reducing agents and maskimg agents
such as stammeus chloride or ammonium bifluoride did mot elimimate

£ sl P R 2
or veduce the Interference from ths reagents. Am intszestiag

observation was msde concerning the back-washing of the blamks with
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ammonium bifiuoride. When the extracts were back-washed with an
‘aqueous golution containing fluoride, the ketone phase would take
on a dark pink coloration which was definitely not due to the
formation of a ferric thiocyanate complex ion as no ferric ion was
present. Further investigations revealed that the pink color
could also be produced by mixing fluoride with dilute aqueous
solutions of sulfuric acid and potassium thiocyanate; the pink
colored spscies could then be extracted with cyclohexanone. It

is possible that the pink complex was a thiocyanate polymer,
possibly containing fluoride ions. The problem of interference
from reagent blanks and decompositiom of thiocyanic acid in
cyclohexanone eliminated any further consideration of this solvent

for the extraction of titanium.
C. Tetrachloroethane System

The third soivent to be investigated was 1,1,2,2-

tetraculoroethane, ICE. Tetrachiorethane was chosen over 1,2-

dichioro-ethane siuce its demsity, 1.6 g/ml, is greater than that
of dichloro-ethane whose density is 1.26 g/ml which results in a

much better phase separation. The initial investigations of the

Lz —

TCE gvstem wore mede u
blanks which were stable for % hour could be obtained from the

ztraction of am aqueous solution that was 0.75 M im ®CL, ©.38 H im



HSCH, 2nd 0,006 ¥ in TPACl. Howover, it was necessary o use

a 5% ethanol-TCE sclution as the extracting colvent. The athanol
was added to stabilize the solvemt. A preliminary Beer's law
curve was obtained by extracting standard titanium solutions

with TPACL and TCE. The Beer's law curve had a positive
1

- -1
deviation and a limiting molar absorptivity of 17,800 M " cm .

The effect of the reagents upon the extraction
efficiency of titanium were investigated by a procedure similjar
to that described previously for niobium. The HCl, KSCN, and
TPACl concentrations were investigated over the ranges 0.25 to
7.5 M, 0.2 to 0.75 ¥, and 0.002 to 0.02 M, respectively. The
extraction of titanium was most efficient for HCl concentrations

of 3.5 to 4.5 M, KSCH concentrations of 0.5 to 0.75 M, and 0.35

millimoles of TPACl (of 5 ml of 0.07 M TPACl). The above

resulits wers chtained from ths extractiom of 6.6 x 10 =~ moles of
titanive with S ml of TCE. The extractiom of titanium with

unfavorable and several extractions (4-5) were required to remove
all the titanium from the aqueous phase.

One set of investigations revealed that the titamium
pracipitate could be readily ccagulated by shaking the aguecus
sclution vigcrously prior to addimg TCE, and subsequent drop-wise

addition of TCE was quite effective in dissclving and extractimg
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the preciplitate as it passed through the aqueous phase. However,
i1f the TCE and agueous phases were then mixed by wvigorous
agitation some of the titanium complex dissociated and was back
extracted into the aqueous phase. A fading of the yellow color,
characteristic of titanium in TCE, was clearly evident upen
agitation. The pessible extraction of titanium by drop wise
addition of TCE was further investigated and a Beer's law plot was
constructed. However, the precision was poor, indicating poor
reproducibility for the extraction of titanium. This type of
extraction was not considered to be worthy of further
investigation.

A study of the number of successive extractions reiuiged
for the complete extraction of titanium shed some light upon the
problem of extracting titanium with TCE. It was learned that
the extracticn was highly dependent upon the quantity of TP
used for sach extractiom. Previous investigatioms oi the cobalt,
gaten systemec had wvawvazaled th
was aiways more tham
of these elements; however, titanium was found to require a 500
to 1000 fold excess of TPACl. An interesting observation made
on the extraction of titanium is that when the concentration
of TPL is increased considarsbly thers iz a2 shift im the weve-
length of maximum ebsorbance from the 395-406 mu region to 428-

430 ma, This shift is prasumably due to the formation of a
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different titaniem complex. When more than 0.35 millimoles of
TPACl are used in the extraction procedufe the maximum wavelength
remains constant. 1In the procedure described below for the
extraction of titanium, the TPACl was dissolved in the 5% ethanol-
TCE solution in order to avoid addition of TPACl to the aqueous
phase prior to each extraction, which would dilute the aqueous

phase and bring about changes in the reagent concentrations.

Procedure for the Extraction of Titanium Thiocyanate Complexes

With TCE

A one ml aliquot of standard 10“5 M titanium solution in
12 M hydrochloric acid was added to a 10 ml ground glass stoppered
graduate cylinder. After adding 1 ml of 6 M HCl and 1 ml
water, the graduate and its contents were chilled in an ice bath,
after which one ml of 1.5 M KSCN were added. The aqueous sclution
was extracted with two ml of 0.1 M TPACL in 5% ethanol-TCE
solution by shaking vigorously for 1% minutes. The organic phase
was then removed with a pipette and filtered into a 5 ml
volumetric flask. The aqueous phase was extracted twice more with
2 and 13 wl portions of the organic solvent, The combined
extracts were mixed and the absorbance was measured at 428 mu
vergus TCE with a D. U. spectrophotomer. The titanium complex

obeyed Beer's law, and the molar sbsorptivity was 64 100 Hal el

—
> -~



Freliminary -investigations of diverse elements revealed
that iroa(I1I), niobium(V), vanadium(V), tungsten(V), and
molybdenum(V) were readily extractedby TCE under the conditions
employed for the extraction of titanium. The use of stannous
chloride as a reductant for iron and molybdenum was prohibited
since it was experimentally established that preferential
extraction of stannous chloride complexes greatly reduced the
extraction of titanium, and thereby interfered with the extraction
of titanium,

In view of the poor extractibility of titanium with
TPACl and TCE, the numerous interferences, and the high
reagent blanks, it is concluded that the extraction of titanium
as an jon-pair with TPA is not an analytically feasible-
procedure. However, it should be worthwhile to investigate other
organic cations such as triphenylsulfonium, methyl triphenylarsonium
ion, and related phosphonium ioms as extracting ions for the
thiocyanate complexes of titanium. Amother possibility would be
to study mixed solvents such as acetone-TCE solutions. Alternate
cations or modified solvents may increase the distribution ratie
of titanium to a more favorable value.

Titanium thoicyanate complexes in aqueous acetone are
quite temperature semsitive, and the change in waveleagth of

maximum abscrbance with the concentratien of the extracting ieom,

=)

P4, indicates that the compositionm of the thlocyanate complexes .
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=27 be 2 fuoctiom of water activity 1o ¢ manner similar to the
niobium thiocyanate complexes amd an investigation of this

effect could lead to important and interesting findings.



