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ABSTRACT

St udi es on Extraction and Spectrophotoraetric

Det erni nation of Niobi um(V) Using
N- 4- Chl or ophenyl ci nnanohydroxarai ¢ Acid
and

Thi ocyanat e

by
Taddese Wondi mu
Resear chi&dvi sor -Dr.B,fA Unhandr avsnshi: =

Ni obi und TD" has been found to react with N-4-chloro-
phenyl ci nnanohydr oxami ¢ aci d CPCHA) and thi ocyanate to form
a gol den yel l ow nmixed |igand conplex which is quantitatively
extractable into chloroformfrom 5.5 6.5\ hydrochloric acid
solutions. The conplex exhibited a wavel ength of maxi num
absorption at 568 nmwith a nolar absorptivity of 47500NFi-
cni™! and the system obeyed Beer's lav in the concentration
range of 0«177-2.73 ppm of Nb, The conposition of the com
pl ex has been established spectrophotonetrically to be
1:1: 2 ( Nb: SCN: CFCHA)., The effects of diverse ions and of
several other experinmental variables have been studied to
establish the optimum conditions for extraction and determ n-
ation of niobium On the basis of these studies a sinple,
precise, sensitive, and a highly sel ective nethod has been
devel oped for the determnation of niobiunfV) by sol vent

extraction and spectrophotonetry, The nethod has been n

p o o
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successful |y applied to the determination of niobiumin

several synthetic sanples corresponding to niobium contain-

ing Ores, nminerals, and alloys.
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1,1, Terninol ogy, Qccurrence and Uses of Niobi um

The name ni obi niG symbol Nb), from Niobe, has been
recormended. to be used exclusively, by the Commission on
| norgani ¢ Nomencl ature and the Atonic Weights Commi ssion,
however. the name col unbi ur@ symbol Cb), in honour of the
country it was found in, is still used, particularly by
the American Industries(1). The Metal is frequently
referred to as a 'rare el enent' because it has cone to
common use relatively recently( since 1866) (2), and it
is of very rare occurrence inthe earth's crust, the cCrus
stal abundance of the el enent being only 24 ppm which is
largely in the state of dispersal( 3,4), However, it is
reported that in stars of the S-type, such as R-andronedae,

ni obiumis 'over=-abundant',

The netal does not exist inthe free state in nature
|t al most al ways occurs together with the elenent tantal um
Though estimates vary largely, recent reports showthat
ni obiumis approximtely ten to twelve tines nore abundA-
ant than tantalum(5), The nost inportant sources of the
el ement are the colunbite-tantalite series of minerals of
general fornul { Fe, M Nb,Ta)9(g, which are found in granite
pegmatites and in residual or alluvial deposits derived from
such rocks, Pyrochlore( Ca,Na, Ce)( Nb, Ta, Ti) { O, OH,F)y, and
euxeni te, (Y, Er,Ce La,U(Nb,Ta, Ti) A o$(]-)/\have gradual |y
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assuned industrial inportance as reserves of colunbite
are insufficient to support |arge scale production of
ni obi um, Qther nminerals of very rare occurrence from
pegmatites include: nicrolite( Caj Na/\CTaj Nb/\'CO, OH,F)o,
dysanal i te, ( Ca, Na, Ce) Ti ,Nb,Ta)OA}, stibiotantalite,
st( Ta, Nb)Op, fBrsni te(Ca, Ce,X Nb,Ti)£ O,F)g, hatchetto.
lite, ( Ca,Fe,U ( Nb,Ta,Ti)£ 0, OH F)r}, and samarskite, |
(Y, U, Fe, ThX No, Ta) ()6

There is no indication that the el ement has any parti-
cul ar biological significance. However, the netal is widely
used in industry(1,6,7), It is enployed in chroniumnickel
type stainless steels inthe formof ferroniobiumor ferron-
i obi umtantalumas a stabilizer to prevent carbide preci pi -
tation, thereby inhibiting intergranular corrosion and inp-
roves strength at high tenperature  Numerous high tenper-
ature all oys containing niobiumare used in conponents for
aircraft jet engines and turbine wheels. It is a potent-
i al constituent of nuclear fuels and fuel cladding mater-
ials | n welding technol ogy, niobiumbearing el ectrodes
are in use. The carbide of niobiumis very hard and resist-
ant to wear and is used in dies and cutting tools and as

abr assi ve
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1.2, General Properties and Chemigtry of Niobium(1,5,8)

The metal is located in Group VA of the periodic
table of the elements, having electronic structure
fK£]4d4551, which is different from 1ts group congeners,
vanadium and tantalum, It has a steel-grey colour and
a bright metallic lustre. It is sometimes identified as
refractory metal, because it has a very high melting point,

2468°C.,

It is strongly inert and resistant to acids except
hydrofiuoric and fuming sulphuric acids, however, it is
also attacked by mixtures of fuming nitric and hot concen-—
trated hydrochloric and sulphuric and phosphoric acids.

It can also be dissolved in fluoride in acid media, with
vigor in a mixture of nitrie¢ and hydrofluoric acid, and

very slowly in fused alkalis.

. The chemistry of niobium strongly resembles to that
of tantalum, but less so to vanadium., This similarity
arises from their identical atomic (1.474) and ionic
(O,69ﬁ for the +5 gtate) radil (consequences of the lanth-
anide contraction) which are appreciably larger than the
corresponding values for vanadium, 1.34ﬂ.and 0,59, respe-
ctively. One consequence of the size difference is that
the lower oxidation states of niobium (as well as tantalunm)
are of relatively minor importance. Thus, apart from the
halide chenistry, the vast majority of characterized niob-

ium compounds are pentavalent and although compounds with




formal oxidation states of +4,+3,+2,+1,0 and -1 have
been reported, these oxidation gtatés, in particular the

first three, are less well charstterized.

Though., there are gtrong similarities between the
chemigtries of niobium and tantalum, there are some diffe-
rences as well. Thus, it is well established that niobium
(V) is more readily reduced than tantalum(V) and is less

readily hydrolyzed in agueous hydrochloric acid solutions.

The metal reacts with oxygen at elevated temperatures
and gives white, relatively inert pentoxide, Nb205, The
pentoxide is hardly attacked by acids, except HF, which
forms fluoro;complexes. It can be dissolved by fusion
with an alkali hydrogen sulphate, pyrosulphate, carbonate

or hydroxide,

Niobates are obtained by fusing the oxides in an
excess of alkali hydroxide or carbonate and dissolving
the melts in water. The solution is stable ohly at higher
pii ;precipitation occurs below pH 7. The only species that
appear to be present in solubtion are the i}ko6oqé](8-x)"
ions, x=0,1 or 2.

The element forms compounds with the elements of
Groups IVB,VB and VIB, bubt relatively little is known.
Binary alloys are formed with many metals, exceptions
-~ being the alkali metals, alkaline earth metals, cadmium,

copper, lead, mercury,silver, yttrium, and the lanthan-

ides,.




The pentavalent niobmum forms various complex comp-
ounds with halogen, oxygen, selenium, sulphur, nitrogen,
etc,, donor ligands with coordination numbers 4 to 8.,
However, structural information is absent for most of
them, With the exception of a few insoluble lanthanide
niobates, e.g. ScNbO,, which contains discrete tetrahedral
Nboz" ions, the coordination number of niobium(V) with
oxygen is essentilly 6. The niobium(V) pentakisdialkylam-
ides, Nb(NRg)B, are known to have trigonal bipyramidal
geometry. The pentafluoride reacts with fluoride ions
forming octahedral, NbFg, complex. It can also form
complexes with higher coordination number, and with higher
concentrations of fluoride ion the complexes [NbOF;jEH
and lﬁbF?‘g“ are formed. The latter has a structure relat-
ed to a trigonal prism with one extra atom in a reotangular
face., Hydrated oxytris (oxalato) niobates(V) are also known
and structural studies have shown that niobium in (NH4)5 -
Nb0(0204)3.H20 is geven coordiﬁate,the oxygen atoms being
arranged as a pentagonal bipyramid, Pentavalent niobium
reacts with tropolone to give an eight coordinated complex
cogpound, [Nb(trop)4jj which is bicapped trigonal prism (9).
It is also known that certain ol-hydroxycarboxylic acids
(tartaric, citric, lactic,trihydroxy-glutaric) resct with

niobium(V) to form complex compounds (2,5).
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1.3+ Reagents Used for the Spectrophotometrie Determination

of Niobium

L large number of reagents have been reported in the
literature for the spectrophotometric determination of
niobium in various samples during the last five years., No
trial will be made here to provide the complete coverage
.of the reagents, However, some of the most sensitive and
selective reagents that may find wide analytical applicat-

ions are reviewed below,

A method for the detrmination of Nb(V) (up to 20 ug)
after its extraction as ethylene-bis-(tetraphenylphosphon-
ium) thiocyanatoniobate(V) into chloroform has been develop~

"qcqu at 393 nm.

ed (10). The molar absorptivity is 31,000 M
The complex remains stable for only 8 b .Hurthermore, the
technique requires prior extraction of Fe(III), Mo(VI), and

W(VI) to overcome their interference.

Niobium(V) forms a complex with promazine hydrochlor-
ide extractable into trichloroetylene from 3 M hydrochloric
acid medium which absorbs strongly at 400 nm ( = 25,000
M_ﬁcqu), Beer's law is obeyed for 0.2-3.2ug/ml of Nb(V)
and the Sandell sensitivity for the system is 4 Eg/cm?- On
the bagis of these studies, Nb(V) has been determined in

presence of several metal ions(11).

Aznarez et al,(12) have developed a method for the deter-
mination of niobium(V) with N-phenylbenzohydroxamic acid and

4.(2-pyridylamo) resorcinol in non-aqueous mediun (dimethyl-




formanide~pyridine, 9:1). The absorbance is measured atb
547 nm (€ =33%,500 M"qom"q). The method is claimed to enable
the deternination of traces of Nb(V) in presence of high

concentration of other ions,.

A simple, rapid, and selective method for extraction
and spectrophotometric determination of miecro-amounts of
niobium(V) has been described (13), It is based on exttr-
action of Nb(V) in the presence of thiocyanate with a ben-
zene gsolution of N,Nldiphenylbenzamidine(HA) as a yellow
coloured NbO(SCN)3 .2HA complex over a wide range of
acidity (1.5-4,0MHC1l), The molar absorptivity of the com-
plex is 34,000 lem™1 at 400 nm and the 1limit of debect-
ion is 0,04 mgNb/ml., Interference by molybdenum is removed

by prior extraction.

Diaz Garcia and Sanz-Medel (14) have studied the
analytical potentiality of complexation of Nb(V) with bro-
nopyrogallol red in nicellar media and showed that trace
amounts of Nb(V) can be determined by formation of a 1:2:2
complex(A yax=645 nm and g =40,000 M lon™?) of W with
bromopyrogallol and hexadecyl pyridinium bromide in 15 %
dimethylofrmanide solution in "M HC1, The colour reaction
of Wb(V) with pyrogaliol red is even enhanced when hexade-
cylpyridiniunm bromide is present in amounts above its criti-

ical micellar concentration (15).. The complex, atpH 6* has

absorption maxima at 615nm and £ =46,700 M"qcm"q, and obeys

Beer's law up to 2ug/ml of Nb,
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A method has been reported (16) for the determination
of Nb(V) based on the formation of 1714201 cdnplex between
W(V), pywrogallol, and 2,3,8~triphenyltebrazoliun chloride.
The complex is extractable into chloroforn orrdichloroethame
from 1 H,80, medium which enables the deterhination of
0.1 to 8.4 pg/ml Wb when absorbance of the extract is
neasured at 390 nm. Though, the determination éuffers
from the interference of lMo(VI) and W(VI), it is claimed

that this effect can be corrected,

Hiobiwm in alloy steel and superalloy has been deter-
mined spectrophotonetrically with 2~( 5~bromo-2-pyridylazo)
~5~diethylaminophenol in H3PO4 nedium (17), Citric acid
and LEDT.i are used to mask interference from foreign ions,
To obtain a blank, a reference solution is prepared by
decolourizing the complex with fluoride ions. The abso-
rbance 1s measured at 610 nm (& =51,000 M"qam"q) and the
system obeys Beer's law up to 0.6 pg/ml, The coefficient

of variation is less than 4.6°¢,,

Agrawal and John (18) have reported a sensitive
method for the determination of Nb(V) based on the react.-
ion of N-4-chlorophenyl-3,4, 5-trimethoxycinnanohydroxanic
acid (PICHA) with niobium(V) to form a yellow complex
extractable into chloroform from 8-10M HCl medium. The
conplex exhibits absorption maximum at 380 nn (€ =63,000 vl
63"1)1and is stable for 24h, The system obyes Beer's law
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in the concentration range 0.,1-1.25 pg/ml of Mb(V)., It
is claimed that the interference imposed by Ti(IV) and
Zr(IV) is nasked with EDTh. However, it is very unlikely
to mask the cited interferents with EDPi in such a highly

acidic nediun,

4 method has been reported (19) in which quinquevalent
Nb forns an intensely blue complex in presence of bronopy-~
rogallol red, hexadecylpyridinium bromide and emulsifier
polyoxyethylene glycol octylphenylether., The complex is
stable within the pH range 6.5 to 7.0 and exhibits an
absorption maximum at 635 nm (€ =141,0000 'én™1). Beer's
law is obeyed for upto 22pg Nb(V) in 50 ml.. EDTA is used

to nask the interference of several metal ions,

Niobium(V) has been determined based on the formation
of a coloured Nb(V)-salicylfluorone-hexadecyltrinethylanmo-
niun complex in O.1M*H2804(2O), The complex exhibits maxw-

1dm"q) and Beer's

inun absorption at 525 mam (€ =184,000M"
law is obeyed for 8 to 40pg/ml of Nb, when absorbance is
neasured 20 min after mixing of the reactants, Ta(V) in
greater than Sng interferes when determining 0.1 to 1 pg

of Nb,

Multiplication reactions between molybdoniobic hetero-
polyacid and di-or tri-methylthionine have been used for
the determination of niobium (21). . The precipitate obtain-
ed by the reaction of molybdoniobic acid and di-or trime-

thylthionine is dissolved in a mixture of acetone-nitric -
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acid, 9:1, The absorbance of this solution is measured
at 660 nn (E== 27O,OOOM"10m"q), Beer's law is obeyed for
5 to 140 ng/nl of Wb, However, Si, Ge, and Ta interfere

in the deternination,

Aforegoing discussion reveals that, a large number
of spectrophotonetrie reagents have been erployed for the
Quantification of niobiun in different samples. However,
it is evident that most of the reagents, though good in
onc aspect they are defficient in another., For exanple,.
a highly sensitive reagent nay not be availeble cormnerc-—
ially, or its synthesis nay not be sinple, or it may not

at all be selective enough.

4s a natter of fact, search for more sensitive,. select~
ive, and cheap reagents, and simple, rapid, and precise

methods of deternination is still going on.

1.4, Ain and Scope_of Present Investigation

l-Lrylhydroxanic acids have a number of desirable
properties as potential analytical reagents for the deter—
mination of metal iong: (i) they contain an acid group with
a replaceable hydrogen atonm and a basgie co~ordinating group
in such a position so as to form a five nenbered ring ‘on
reaction with metal ions, (ii) they are available cormer—
éially at cheap coast, or even simple to synthesize in
sinple laboratories, (iii) they are stable towards heat,
light, and air. As a result of these properties, these

reagents have been used ns analybtical reagents for several
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netal dons (22,27) as well as for the craviuetvie

.

v

(24,25} and srectroviotomeivie deter-inntion of niobe
(V) (25,28).  Jhen the nlovium(V) hydrowxanates are
comnlexed with elvher “Hilocyarate ‘or n chrowmcrenic
voament, the sengitivity of detarmination is Turther

frarorad, courled with bathochromic siiift (27,28) due

to riged lirand comnlex formoation,

Cne of analytical useful hydroxanic acid analopues
ia felechlorovhenyleinnanohydroxamic acid, I, which is

anhreviated ag OrCHA,

Cln@nﬁ»{?ﬁ

;EiimeFB“FanG
N ,

Trig petentially active reasent conld be suited to

I

solvent extraction and srectrovhotometric determinate

fon of medtal jlons because of “wo Tactorgie

(1) the pregence of chrowovhoric cinnemo=group in cone
Juzation to the carbonyl carbon can increase its sengi~
bivity, and (ii) gubstitution of chloro-group on the
Iara position of the Nephenyl ring of hydroxamic acid
¢an increase both the sensitivity and the selectivity

of the reagent,
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Inspite of all these desirable characteristics, the
reagent has not been widely applied to spectrophotometric
investigation of metal ions since its synthesis for the
first time in 1969 (29). CFCHA has been tested for the
determination of Vanadium (3%0) and vsed for the determin-
ation of-cerium (31)., IExcept these trials, no attempt
has been made to exploit the analytical potentiality of
CPCHA in general, and no report appeared in the literat-
ure on the use of this reagent for niobium, in particular.
Therefore, it is reasonable to study the reaction of CPCHA
with nicbium(V) and to apply it to the determination of

niobiun(V) by solvent extraction-spectrophotometry,

Hence, in the present investigation, the reaction of
niobium(V) withJCPCHA in presence of thiocyanate from con-
centrated hydrochloric acid medium has been studied, There-~
fore, the objectives of the present investigation are:

(1) to study the complex formation reaction between Nb(V),
CPCHA, and SCN™ and spectral properties of the reaction
products in the UV-Vigible region; (ii) to investigate
and establish the optimum experimental ¢onditions for

the solvent extraction of the reaction products; (iii) %o
determine the stoichiometric composition of the reaction
products; and (iv) to apply the system to the analysis of

diverse samples.

The investigation has led to the development of a new,
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‘gimple, precise, sensitive and highly selective method
for the determination of niobium(V) with CFCHA and thio-
cyanate from hydrochloriec acid solutions by solvent extr-

action~spectrophotometry.




2, THEORETICAL BACKGROUND

2,1. Fundamentals of Solvent Extraction (32-%9)

Solvent extraction (or liquid-ligquid extraction) is
a technique in whieh a solution (usually aqueoqs) is bro~
ught into contact with a second solvent (usually organic),
essentially immiscible with the first, inorder to bring
about a transfer of one or more solutes into the second
solvent, The separations that can be performed are simple,

clean, rapid, and convenient.

To understand the ‘rundamental principles of extract-~
ion, the varioug terms used for expressing the effective~

ness of a separvation must first be considered.

For a solute A distributed between two practically
immiscible phases a and b, the Nernst distribution law
states that, provided its molecular state is the same in

both liguids and that the temperature is constant:

concentration of solute in solvent a u,lﬂ}a SK

=

B, DA (D

concentration of solute in solvent b

where KD,A is knowm ag the distribution constant. In the
practical applications of solvent extraction interest lies
primarily in the fractién of the total solute in one or
other phase, quite regardless of its mode of dissocciation,
association, or interaction with other dissolved species,
It is, therefore, convenient to introduce the term digtri-
bution ratio, D: V
DA = ﬁl)&- (2)
(Cay,

LN
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where the gymbol CA denotes the concentration of 4 in

all its forms as determined analytically.,

I1f attention is confined to the distribution of a
solute A between aqueous and an organic solvent, the per-
centage extraction, E (or the degrece of extraction in per-

cent) can be written asg:

7 100 {4] orgvorg _ 000D, (3)
Iﬁgrgvbrg +{&!§&QVEQ D,* Vag
org

where Vong and Vaq repregent the volumes of the organic
and agueous phases, respcctively and the square brackets
represent the molar concentrations, Thus, the degree of
extraction varies with the volume ratio of the two phases

and the distribution ratio,

2.2. RQuantitative Treatment of Extraction Equilibria of

Metal Tons (32-37)

Tonic compounds would not be expected to extract into
organic solvents from aqueous solutions, because of the
large loss in electrostatic solvation energy which would
occur. The most obvious way to make an aqueous ionic
species extractable is to neutralize its charge. This
can be done by formation of a neutral metal chelate comp-’
lex or ion association; the larger and nore hydrophobic
the resulting molecular species, the bebtter will be its

extraction,
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Organic reagents play an eminent role in extraction
and separations of netal ions, because they can react with
netal ions to give products favouring solvent extraction;
laea, electroneutral chelate corplexes or lon-association
complexes. Here, attenpt will be made to derive quantitat-
ive relationships for chelate extraction systens from a
consideration of the combined equilibria involved. The
nain equilibria included in the extraction of a netal ion
with a weakly acidic chelating agent from an aqueous solut-

ion into an organic solvent are:

(i) distribution of the chelating anent, HL, between the

two phases,

HL-»
HL =2HL 0 Ky oy = E_r.g._ (4)
ad org JLIRY £HIJ
¢ Wag '

(ii) dissociation of the chelating agent in the aqueous

phases,

(5)

Mn-i-

(iii) reaction of L™ and the netal ion in the aqueous

phase (fornation of the extractable chelate, MLh)’
)

= T - -
e (6)
(iv) distribution of the chelate, ML, between the two

Iz, ]

—— o T org
M n'a‘q_.-,MLn‘ ores; KD,M fm 7

n+ —e .
MY 4 LML g By

phases.

Iyl ag

f
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Assuning that the netal chelate, ML , is the only wmetal-
containing speciet in the organic phase. and the netal ion,
Mn+, is essential y the only netal containing species in
the aqueous phasas‘the following equation can be obtained,
from the corbi ation of equations 4 to 7, for the distrib-

ution ratio, Dy
y, - ol | SomBy  ([aon

S , n ook
B &Ko, 1, B 1 _[aq

By introducing the extraction constant, Kex’ equation
8 can be reduced to,

Dy = K | {HL;-‘ZF-&

By taking the logarithn, equation 9 can be written as
log DM = logKex + nlogfiHIJorg +npH (10)

Thus, the distribution ratio, Dyy of the metal depends on
the pH of the solution and the concentration of the extra-

c¢ting reagent in the organic phase.

The distribution ratio, Dyy can also be influenced
by other factors such as, tenmperature, ionié strength of
the system, kinetics of extraction, and choice of solvent,
which are not explicitly expressed by the quantities in

equation 10,
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i change in the temperature changes the value of the
equilibrium constant, but it is not possible to predict

hew i¢ affecets the value of Ko

A change in the lonic strength affects the value of
the relative permitivity and so the value of Koxy which
in turm affects the value of Dy. For practical reasons
the aqueous phase should contain a certain concentration
of a salt, the formation of an emulsion is thus prevent-

ed, which makes the separation of the two phases easy.

Kinetic masking can be utilized if the rate of
extraction of one gpecies is much faster than that of

another, Otherwise, there id no kinetic effect involved
in the value of Dy, provided that Dy has been determined

for an equilibrium stete,

Solvents are chcsen on the basis of the following
considerations: (i) t e solvent should have negligible
solubility in the aqueous phase so that its effect on
the equilibria in the aqueous phase may be kept to the
minimun, (ii) it should provide a high distribution
ratio for the solute and a low digtribution ratio for
undesirable impurities, (iii) it must have a sufficient—
ly low viscosity and sufficient density difference from
the aqueous phase to avoid the formation of emulsions,

and (iv) it must be stable,

An additional advantage of solvent extraction is

that the solution of the separated species in a given
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organic solvent usuvally has some properties, e.g. change
in colour, volatility, luminescence, etc., on which the
determination of the isolated constituent can be based

on. Thus, the extract can be utilized directly for the
determination of isolated component by spectrophotonentry,
fluorimetry, gas chromatography, atomic abgorption, rad-

iochemical, or other suitable methods.

The fundamental principles governing onc of these
techniques, i.e., spectrophotometry, which has been used

in the present investigation, are briefly described below,

2.3+ Spectrophotometry (32,3%,36,40-43)

The absorption of radiant energy in the ultraviolet
and visible regions of the spectrum forms the basig for

spectrophotometric methods of trace analysisa

When a monochromatic beam of light passes through a
homogeneousg absorbing medium of tength,1, the radiant
power will diminish in proportion to the amount or con-
centration, C, of the absorbing substance in the light
path. Beer's law is the quantitative statement of this

phenomenon, which can be written nathematically as,

A =£Cl (11)
Where A is the absorbance and  is the proportionality
constant known as molar Absorptivity or molar absorption
coefficient, which is meésure of the extent of interact-

ion between the nolecule of a substance and radiation,
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When the values of and 1 are known, the concentration
of the unknown solution can be evaluated vsing equation

1.

Spectrophotonetric methods coupled with, solvent
extroction are commonly used for the determination of
inorganic substances with organic reagents, In parti-
cular they are applied for the determination of small
amounts of nearly all common and nost rare elements in
a great variety of natural materials and industrial pPro-

ducts,

2.%.10 Spectrophotometric Determination of Metal Lona

£32,33, 36,40, 41,44)

Spectrophotonetric determination of metal ions is
usually based on the formation of metal complexeéo The
formation of a stable metal complex requires the prese-
nce of acidic or basic analytical functional groups in
the molecule of the reagent, preferably in those posita-
ions which allow the formation of a five~ or six-membered
cheiate ring. Coloured metal complexes, with the reagent,
are forned only when the organic reagent has II-electron
chromophoric groups in the nolecule; the cyclo group shou-
1d also form a part of the II-electron system and no ingu~
leting group is permitted between the acid group and the
conjugated systen of the molecule. The quantification of
such complexes is accessible in the visible part of the

spectrun. Colourless species can also be investigated,




since the usable range of svectrophotonetric determinat—

ions extends to the UV region,

(32,42,45)

Accuracy and precision of photonetric determination. The

accuracy (the agreement between the result obtained in
photonetric analysis and the true amount of the substance
being determined) and the precision (reproducibility of
hieasurenents, e.g. expressible in terms of the standard
deviation) depend on the type of the instrument used and

on the chemical reaction chosen.

Deviations from Beer's law are caused by many factors,
namnely stray light, light reflected on the walls of the
cuvette, the changes in temperature during measurenent
(which may affect the molar absorption coefficients) and

the band-width of the radiation from the monochromator.,

The equilibrium concentration of the conplex is inf-
luenced by side~reactions with other conponents of the
solution, The presence of a large amount of electrolyte
(known as salt effect) causes the deformation of the com
plex species which results in the change of the absorpt-

ion spectrum,

A further source of photometric error is due to the
effect of a change in the concentration of the solution

on the value of the refractive index and thus, the amount
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of light scattered from the bean pagsing through the
cuvette, 4 useful method for the deternination of con-
centration limits within which the photenetric error is
ninirumn, was-introduced by Ringbom (46), iccording to
this technique, when percent transmittance, T, is plotted
against the logarithm of concentration, a signoid or S-
shaped curve is obtained. The concentration range within
which the relative photometric analysig error is ninimum
ig obtained by consbrueting tangents to the steepest port-

ion of the curve.

Sensitivity and the limit of determination. The sensiti-

vity of a quantitative photonetric method is defined as
the slepe d%ﬁc of the calibration curve ¢ = f(A) at the
origin (47), where C is the concentration of the substance
to be deternined, and A the absorbance of the solution,
The initial linear portion of the calibration curve can

be expressed as:

A1
C = (a-dg) ($ (12)

where AO is the absorbance of the blank, TQ@ steeper
the slope of the calibration line, the higher is the
sensitivity of the determination; it is thus proportion-
al to the absorption coefficient of the species which
is neasured and to the path length through the cuvette,
Thus, the sensitivity can be increaged if the wavelength
1s chosen in the region of a high absorption maximun

e o) D

"f-"l _. T
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(vhere  is maxirum) and if a long enough cuvette is

taken for the neasurement,

The limit of determination is defined as the low-
est concentration (Gmin) of a given substance which can
be determined by employing a specified procedure, Thisg
can be expressed as the lowest weight anount (e.g. pg)
or as the lowest molar concentration, M, or in any other
convenient way, e.g. as pg/ml, percentage, ppr, which
shows a statistically significant difference from Zero

or the average value of the blank,

Of the gseveral methods of evaluating the linit of

deternination, two of the most comionly used nethods are

described below. According to Kaiser (48)'0min is eval-
vated as:
L da - Qb1 738 1
“min® Bin=to) (@) = 38,(a) " &7 (12)

where S, is the standard deviation for the blank deter—
mination. Sandell(40) defines the linit of determinat-
ion (or "Sensitivity" according to him) as the weight in
ug per nl of solution which corresponds to an absorbance

A = 0,001 measured in a cuvette of cross sectional area

1 on® and 1 =1ec¢n, Its dimensions are pg,cm"gn In
accordance to this definition, the limit of determinat-

ion, Oy, is given by

¢, = é_f‘ ¥ (14)
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In this node of expressing the linmit of determinats
ion the spread of the blank determination is not token

into account.

2.3.3. Bpectrophotometric Methods for Determination of

Compostion of Metal Complexes (36, %43, 49)

Several methods are available for the spectrophotorie-
tric determination of the stoichiometry of metal complexes.
However, the nost comnonly used techniques include: the
nethod of continuous variations (50,51), the mole ratio

(52), and the extraction (%6) methods,

Method of continuous _variations. The principle of this
method is that the mole fraction of ligand, Xy ~ Cy/-
(Cy *C;), and that of the metal, Xy = Cy/(Cy + C1), arve
varied between O and 1 maintaining the tobtal concentrat-
ion constant,Cyp + Oy = Cp, in the whole series of solut=

ion. Considering a single defined equilibxrium:

m Mo+ nLe= MLy (15)

if the absorbance is measured at o wavelength where nei-
ther the metal ion nor the ligand but only the conplex
absorbs, the coordinates of the maximun of the plot

A = £(Xy or Xp) gives the stoichiometry of the complex

being formed in solution:

e I

. X -
1”XL(max) M(pax)
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The mole ratio method. The stoichilonetry of a single and
gtable corplex in solution can be simply deternined from
the break\on the absorbance versus conponent concentrats
ion plot, maintaining the concentration of one component
constant (usually the netal) and the other one vary succeg-—
sively (usually the ligand). The absorbance increases
approxinately linearly with the mole ratio and then becones
constant. The abscissa of the point of intersection, i.e.,
the break. of the two tangents gives the nunber of ligands
in the ¢~ »nlex, if it was the ligand concentration that

was varicd.

Extract: »n _nethod., Consider the formation of a nixed lig~

and complex ML, ¥n in an extraction system. The equilibria

inveolve 1 can be represented by

ﬂL

iqq : n-H]:'org1 ~ I\'1-['1’1 org + nHaq (47)
MLn, org + nXaq == 2 MLl org (18)
The extraction constant, Koy, for the conplex ML X
is given by
ML X‘]
Koy = o 0008 (19
ML | Or,*ilc} aq
Rearrangenent of equation 19 yields
ML X3 T
e L S SO D 4 8 (20)
IML nj omg




since

iMnh}org = Gy - 'MLDXF|OTE

equation 20 can be written as

ML :
L nXm]org - K [ij (21)

- ML X ex
G n 1 org dq

Where CM ig the total concentration of metal ion. ILf
only one stable complex, NLnXm: ig formed, which has sele-
ctive light absorption at the selected wavelength, then

it follows from Beer's law (equation 1) that
Ca _ AL _
(ML X b= Mo and Oy = by

(for 1 = 1¢cn), where A is the equilibriun absorbance and

ﬁqu is the maximun absorbance in the presence of excess
(&

concentration of auxiliary ligand, X. Rewriting equation
(21,

Ay M}
/L - - A —_— = Ke {X;'L

AU&X/" A/L Lmax” A

Equation (22) con be expressed in logarithnic form as

ad (22)

log (—f_—-ﬁ-—) = Llog Ky + nlog Xl 4 (2%)
max

Thus, the slope of the plot log (————

) againgt log
{X] gives the nﬂmberlof the agxiliary 11gand,X,1n the mixed

i sy
ligand conmplex, MLnﬂmn
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3.1, Synthesis of N-4-chlorophenyleinnanohydroxamic
Acld gg}’g}ﬂx)

CPCHA was prepared by the condensation of N-4-
chlorophenylhydroxylanine with cinnaroyl chloride at 0°c
in diethylether nade alkaline with an aqueous suspension

of sodiun bicarbonate (29).

C1-C 6}151—0}1

-0 H,-N-OH
. ether, 0°C C1-Cety $
¢ ..
1 agqueous ug€§5-CH=wGH—G==O
bicarbonate +

HCL
Thus the preparation of N-4-chlorophenyleinnamohydroxamic
acid required the synthesis of cinnanoyl chloride and

Nelf—.chlorophenylhydroxylanine,

Preparation of cinnanoyl chloride. It was prepaved by

chlorination of cinnanic acid with thionyl chloride (53).

OgH-CH==CH~COOH+80C1y, _LCLINX G H OH==CH~C0C1
100° ¢,2 h *

HCL + 805

A 40 % excess of thionyl chloride (10 ml, 0.714 nol) was
mixed with cimmanic acid (14.8g, 0.1 nol) in a 150 nl round
bottonm flask and refluxed over an oil bath at 100% for 21,
The excess thibnyl chloride was driven off by heating the |
reaction nixture over hot oil bath at 100° C for an addit-

jonal 2 he On cooling a golden orange pasty solid of the

o 27 &
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acid chloride was obiaincd. 14 was used as such for the

synthesis of CICHA. _
Preparation of N-4-chlorophenylhydroxylanine. N-4~Chloro-
phenylhydroxylanine was prepared by the reduction of 4-
chloronitrobenzene with zinc dust in agueous aleocholic

nediun buffered with amnonium chloride(54):

7n/NH, G1,60-65° ¢
C1~CH,,~NO,, po

3 01-C g, ~NHOH

. )
60 % ethanol

4-Chloronitrobenzene (25 g, 0.16 mol) was dissolved
in 60 nl of hot alcohol in a 250 nl conical flask. Vater
was addad dropwise until precipitation begun. The preci-
pitated conpound was dissolved by shaking, heating and if
necessery, by the addition of few nl of alcohol. Jmmonium
chloride (4 g, 0.075 mol) was added, the mixture was vigo-
rously shaken for a while. and temperature was kept atb
60—~ 65° ¢. Purified (55) zinc dust (32 g, 0.48 mol) was
added at the rate of about 1 g/min, so that the tenmperature
of the reaction nedium did not rise beyond 60—650 C due to
the exothernmicity of the reaction. ALfter the conpletion of
the reaction, which ﬁas indicated by the fact that the ten-
perature commenced to fall, zinc oxide and unreacted zinc
dust were filtered off by suction. The residue was washed
with 30.ml of 60 % ({@ﬂ}hoﬁ alcohol., The filtrate was
diluted to 150 nl with cold distilled water and placed'in

an ice bath for 1 h to ensure naximum crystallization.
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The yellow crystals of N-4-chlorophenylhydroxylanine wene
filtered through a buchner funnel under suction. The pro-
duct was recrystalized fron a nixture of petroleum cther
(60 ~ 80° C) and benzene (2:1)n The substance deteriorates
upon storége and was therefore used immediately for the

synthesis of CPCHA.

Preparation of N-4-chlorophenylcinnamohydroxanic acid.

A freshly crystallized N-4-chlorophenylhydroxylanine
(13.0 g, 0,091 10l) was dissolved in 100 ml of diethyl
ether and btransferred to a 500 ml conical flask., 4 fine
suspension of sodium bicarbonate (12.6 g, 0,15 mol) in
20 ml of water was added to it. The flask was kept in a
freezing mimbure and the contents were stirred with a
nagnetic stirrer. To this a solution of cinnanoyl chlo-
ride (15.08 g, 0.091 mol) in 100 nl of diethyl ether was
added dropwise during the course of 1 h. Stirring was
continued for an additional 15 nmin. The yellowish white
precipitate of hydroxanic acid was transferred to a mortar
containing cold saturated solution of sodium bicarbonate.
The nixture was-triturated with a pestle to renove acidic
impurities, which was signaled by disappearance of CO2
bubbles. The product was filtered under suction, washed
with cold water to remove sodiwa bicarbonate and dried in
air. The crude product was recrystallized fron ethanol,

The yicld wag.20 g, (71 %), .0~ 193° 0, cveported (31) .
. . L b Dol T - o y N . - g T ~ . N
4 -1 A

o _ 2 . -




reported (56) for W-phenylciananohydroxanic acid, A ...

- : . TR R
(othanol)E 292 1% € oy .. 2026x10M7 o™,

3.2~ Fguipment and Reagentsg

Bquipnent. 4 Becknan Model 24 UV-Visible spectrophotoneter
equipped with a Beckman recorder and 1-cm matched guartz
cells was used for recording the absorption spectra and

absorbance measurenents.

Standard niobiun(V) solution. 4 stock solution of niocbhau
iun(¥) ~wes preparcd by fusing 0.1439 g of niobium pentoxide
(Johnson & Mathy, 99 %) with 3.6312 g of potassiun pyrosul-
phate (Riedel~de Hean) in silica crucible (57). The cooled
relt was dissolved in 100 nl of 20 % (WA ) tartaric acid
(BPH, nalar) solution by heating over sand bath. The solut-
ion was cooled, transferred to a 1 litre volunetric flask,
and diluted to volune with water. The solution was standard-

ized gpectrophotonetrically (28).

Standard thiocyanate solution. 5 M standard solutions of

ammonium thiocyanate (Hopkin & Williams) and potassium
thiocyanate (Riedel-de Haen) were prepared by dissolving
the appropriate anounts of the salts in distilled water,
respectively. The solutions were standardized by the

Volhard method (58).

Stanmous chloride solution. 4 40 % (Y/v) stannous chloride

solution was prepared by dissclving 40 g of SnClngHéO
(BDH, 4nalar) in 75 nl of concentrated hydrochloric acid

by heating, After cooling, the solution was made to 100 nl




with concentrated hydrochloric acid. Fresh solutions
of stannous chloride were used every weeka.

Magnesiun chloride. Solid NgCl, -0H,0(BDH, f4nalar) was
used to adjust the concentration of chloride ions in the

aqueous phases

Hydrochloric acid. Concentrated hydrochloric acid (37 %

Y/w) (Riedel-de Haen) was used to adjust the acidity of
the solubtionsa

Solutions of diverse iong. Solution of Ta(V), 1 ng ml"q,

was prepared by fusing 0.12217 g Tago5 (Johnson & Mathey)
with 5 g K2820?9 leaching the cool nelt with 20 nl of
10 % (V/v) tartaric acid and diluting the solution to

100 nl with 15 N H2504ﬂ

Solution of Ti(IV), 2.4 ng mlﬂq¢ was prepared by
fusing 0.4 g Ti0, (BDH) with 4 g KH50, (BDH), leaching *
the cool melt with 10 % (V/v) sulphuric acid and diluting

the solution to 100 nl with 10 % (¥ /v) sulphuric acid.

Rheniun(VIL) solution was prepared by dissolving the
metal (SPEX) in cold concentrated nitric acid. The solut-
ion was evaporated almost to dryness and the residue was
disgolved in distilled water to yi€ld 1 nmg/ml Re(VII).

1 1

" Solution of Ga(III), 2.5 ng mi™ ', Zr(IV), 10 ng nl™,
and PA(II1),1 ng mlhﬂ, were prepared by dissolving Ga netal
(BDH), ZrCl, (BDH), and PdCl, (SPEX) in cold conc. HCL,

respectively: while solution of Er(III), 2.5 ng ml”,]i was




prepared by dissolving Er205 (May & Baker) in hot conc.

HCZ.

Solutions of Hg(II), 5 ug ml"q, cu(IIl), 5 ng m
and Mn(II), 10 ng ml“q, were prepared by dissolving the
respective chloride salts (Riedel-de Haen or BDH) in dig~
tilled water. Solution of PH(IV), { ng/ml, was prepared
by diluting 5 % (¥/w) solution of PtCl, (SPEX) with 3 M
HC1.

Solutions of Ca(TI), Ba(Ii), CA(II), Mg(I1), zn(II1d,
Fb(II), Ni(II), Co(II), Sr(Il), Y(III), UO,(II), La(III),
Pe(III), 4L(ITI), Bi(III), Cr(IIT), Th(IV), Be(IL), TL(I),
Ag(1), (1), Na(l), Ce(IV) and Rh(III) were prepared by
dissolving the respective nitrate salts (BDH or Riedel-de
Haen) in distilled wabter to give 5, 10, or 20 ng nl™ of

the ion in solution.

Tungstate, Vanadate, uolybdate, acetate, borate,
citrate, antinonytartrate, arsenate, nitrate, sulphate,
fluoride, EDT4, and dichronate solutions were prepared
by dissolving sodiun,potassiuwi or armoniun salts (BIH or
Riedel~de Haen) in distilled water to give 1, 5, 10 or 20 ng

=

1l of the ion in solubion.

Solutions of tartaric acid (BDH), 100 ng/nl, oxalic
acid (Riedel-de Haen), 10 ng/nl, ascorbic acid (BDH), 100
mg/ml, boric acid (May & Baker) 20 ng/nl and Thiourea (
(Hopkin and Willianms), 50 mg/nl, were prepared by dissolv-

ing the solid compounds in distilled water,
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Phosphoric acid, 85 % &) (BDH), and fluoroboric
acid, 42 % ("/w) (Hopkin & Willians) were used as recciv-

ed.

Sanple Solutions. Stock solutions of synthetic samples

of desired composition were prevared by nixing known quan-
tities of the solution of different ions. The solutions
were diluted to known volumes (50 nl each) with sufficient
quantities of 20 % (W/w) tartaric acid and concentrated
hydrochloric acid to give the final solutions that were
2% (M/w) with respect to tmrtaric acid and 1 M with res-

pect to hydrochloric acid/

distilled twilce before use., All other solvents were used

after a single distillation..

Reagent (CPCHA) solution. & 0,005 M stock solution of CPCHA
was prepared by dissolving a weighed gnount of CPCHA in
chloroforn by gentle heating and diluting to volume with

chloroform.

L 0,005 M solution of CECHA in ethanol. (Riedel-de

Haen) was used for studying the effects of other solvents.

Drying agents. ianhydrous sodiun sulphate (BDH) and anhyw-

drous calciun chloride (Riecdel-de Haen) where used for

drying the coloured extracts and chloroforn, respectivelys




5¢3. Irocedures

5.%.71s Btandardization of Nb(V) Solution A 0.5 ml aliquot
of the stock niobium(V) solution was transferred to a 100 ml
separatory funnel. To this were added 20 ml of concentrated
hydrochloric acid and 1 ml of 40 % (%/V) stannous chloride
solution and the contents were mixed thoroughly. The solu-
tion was mixed thoroughly after addition of 1 ml of 1 %

M) N-benzoyl-N-phenylhydroxylamine (BPHA) in ethanol and
allowed to stand for 1 min. The Nb-BPHA complex was extract-
ed into 10 ml of toluene by shaking for 1 min. After the
phases were geparated completely, the aqueous phase was drain-—
ed off and discarded. To the Nb-BPHa extract, 20 ml of 4 M
HC1 and 5 ml of 3.28 M ammonium thiocyanate were added and
the mixture was shaken vigorously for 1 min. The toluene
layer was transferred into a 25 ml volumetric flask after
drying over anhydrous sodium sulphate. The separatory funnel
and the sodium sulphate crystals were washed with fresh port-
ions of toluene and the washings were transferred into the
volumetric flask., The coloured extract was diluted to volume
with toluence and absorbance of the solution was measured
against reagent blank at 365 nm (&= 32000 M lem™ ) in a
1~cm cell. The concentration of the niobium(V) solution

was calculated from Beer's law and found to be ’1,05:»(]0_5 M,

3.3%.2. Btandardization of Thiocyanate Solution

A 25 ml aliquot of the standard 0.1 M silver nitrate

solution was transferred into a 250 ml conical flask and

——
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5 ml of 6 M nitric acid and 1 ml of 40 % ("/v) ferric
ammonium sulphate (BDH) were added to it. The solution
was titrated with ammonium thiocyanate sclution until a
faint brownish red colour was produced which no longern

disappeared on shaking-.
343.%. Purification of Chloroform

A litre of chloroform was treated with 200 ml of
concentrated sulphuric acid (BDH) and kept over night.,
A 500 ml portion of the treated chloroform was transferred
into a 1 litre separatory funnel and washed four times with
equal volume of distilled water. The chloroform was fur—
ther w.shed btwice with 200 ml of % % (¥/v) sodium hydro-
xide (EDH) solution and twice with 400 ml portions of
distil ed water (until clear chloroform layer was observed).
The washed chloroform was dried over fused anhydrous calc-
ium chloride and distilled twice discrding the low boils
ing and the high boiling fractions. The purified chloro-
form was stored in a coloured bottle and used within two

days .

%.%.4. Bxtraction and Determination of Niobium(V)

An aliquot of the solution containing 2 to 60 ug of
Nb(V) was transferred into a 100 ml separatory funnel.
Solutions of conc. HCL, 40 % (¥/v) SnCl,, and 5 M KSCN or
NI, SCN (5. 1 and 1.2 ml, respectively) were added and the
volume of the aqueous phase was made 12 ml with distilled

water. The aqueous phase was extracted with 10 ml of
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5 x 40"4 M chloroform solution of CFCHA for 4-5 min,

The furmel was allowed to stand to separate the two phas-
es. The chloroform layer was ceollected in a 50 nl beaker
containing about 2 g of anhydrous sodium sulphate and
stirred with a glass rod. The agueous layer was washed
twice with 5 ml portions of chloroform. The extracts

were dried and transferred into & 25 ml volumetric flask

and diluted to volume with chloroform. The absorbance of
the coloured solution was measured at 368 nm against the

reagent blank.,

For calibration 0.2, 0.4, 0.6, 0.8 and 1.0 ml samples
of the standard solution containing 50 ug Nb(V) 1~ yere

used,

3,55~ Selection of Solvents by Two Step Extraction

An aliquot of the solution containing 24.4 ng of
Nb(V) was transferred into a 100 ml separatory funnel,
Solutions of conc. HCL and 40 % (Y/v) SnCl, (5 and 1 ml,
respectivery) were added and the agueous phase was dilut-
ed to 11 ml with distilled water. A 10 ml aliguot of =z
particular solvent and 1 i+l of 0,005 M CFCHA in ethanol
were added to the funnel and the mixture was shaken vigo-
rously for 4-5 min. The funnel was allowed to stand to
separate the two phases. The aqueous phage was discarded
while keeping the organic phase in the funnel. BSolutions
of 12 M HCLl and 5 M ammonium thiocyanate and water (5,12,

and 5.8 ml, respectively) were added to the funnel and
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the mixture was shaken vigorously for 4-~5 min. The
funnel wasg allowed to stand to separate the two phases

and then proceeded ag in section3.3%.4.,
3.5+6. Examination of Fxperimental Variables

The effect of a particular variable was studied by
neasuring the absorbance of the system following the
general procedure described in section 3.3%.4 for the ex~
traction and determination of Wb(V), keeping all the expe-
rimental variables constant except the one under investi-

gation.

The effect of chloride ion concentration (added as
Mgclz) in the aqueous phase at constant concentration of
HCLl and vice versa were also studied by following the

procedure described in section 3.%.4.

The quantitative extraction of Nb(V) from the aqueous
phase was examined by changing each variable to its optie
mum condition and following the general procedure., The
extraction was considered incomplete when Nb(V) was dete-

cted in the agueous phase.

The aqueous phase left affter extraction was transferr-—
ed into a 100 ml separatory funnel and sufficient gquantit-
ies of 40 % (Y/v) 8nCl,, 51 K8CN, and distilled water were
added to it sb-that the final solution was at the optimunm
condition with respect to each parameter ( 5 M HCl, 0.5 M
KSCN, 0.15 M 5nCl,, aqueous volume of 24 ml)., The extract-

ion and determination of-Wb(V) was made according to the



s 58 .
procedure digeribed in section 3.3.4.

3.3.7. Xnvestipation of the Influence of Diverse Lons

The effects of diverse ions were studied by adding
known quantities of the desired ion to a solution contain-
ing 20 pg of Mb(V). The extraction and determination of
the metal ions were made according to the general proced-

ure described earlier in section 3%.3%.4.

3.%.8, Determination of the Stoichiometry of the Complex

Continuous variations method. To determine the ratio

of niobium(V) to CFCHA a series of solutlons was prepared
in which the mole fractions of MNb(V) and CPCHA were varied
between O and 1 with constant total concentration ( C, =
2.1 x 10™* M). The concentrations of HCl, KSCN, and SnCl,
(5 M, 0.5 M, and 0.15 M, respectively) and the volumes of
the agqueous and organic phases (10 ml each) were also kept
constant throughout the series. rThe'complex was extracted
by the procedure described in section 3.%.4. The absorb-
ance of the coloured extract was measurcd at 368 nm again-
st the reagent blank and plotted against the mole fraction
of the metal.

CPCHA a series of solutions was prepared in which the
concentrations of Nb(V) (2.1x10"5‘M), HCL (5 M), KSCN
(0.5 M) and SnCl, (0.15 M) were kept constant and the
concentration of CPCHA was varied over a wide range

(1:1 to 1:100,8b(V): CPCHA). The volumes of the aqueous
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phase and the organic phase (10 ml each) were also kept
constant. The complex was oxtracted and the absorbance
was measured by the procedure described in section %.3%.4.
The absorbance was plotted versus the mole ratio of Nb(V)
to CFCHA. Two straight lines were drawn from the two
parts of the curve which intersected each other at the

ratio of Nb(V) to CPCHA in the complex.

Extraction method. To determine the niobium(V) to thiocy-

anate ratio, a series of solutions was prepared in which
the concentrations of Nb(V), CPCHA, SnCl,, and HCL were

~4 M, 0,15 M and

kept constant at 2,1 x 10™2 M1, 5x 10
5 M respectively and the concentration of thiocyanate

wag varied over a wide range (up to 0.5 M). The volumes
of aqueous and organic phases (10 ml each) were also kept
constant. The conplex was extracted by the general pro-
cedure described in section 3.3%.4 and absorbance was meag-—
ured against the Nb{(V)-CPCHA complex as blank (because

Wb (V)-CPCHA complex absorbs #trongly at 368 nh, the reag-

ent blank was replaced by it). The quantity log

. A=A
was plotted against log{éCNf]_ nax




4o  RESULTS AND DISCUSSION

4.7. Colgue Reaction and Absorption Spectra

The absorption spectrum of the CPCHA in ehloroform
.exhibited pracfically no absorpbion between 700 and 400 nn
and strong absorption below 400 nm, The absorption spec-
trum of the CPCHA in ethanol has also been recorded in
the UV region. The spectrum showed an intense absorpt-
ion band at 297 nm with molar absorptivity of 2.44 x 104
v cm."’1 (Fig. 1) which is due to IT —— IT" electronic
trangition. Therefore every measurement has been made

against reagent blank.,

Niobium(V) was found to react with CPCHA %o give a
pale yellow complex extractable into chloroform, The
absorption spectrum of the Nb(V)-CPCHA corplex exhibited
an intense absorption band at 353 nm with molar extinct-

4 1

~ion coefficient of 3.67 x 10 M~ cn™] (Prig, 2).

When Wb(V) was extracted with the chloroform solut-
ion of CPCHA from thiocyanate solution in presence of
stannous chloride, a golden yellow complex was obtained
indicating the formation of a mixed ligand complex. The
absorpbion spectrum of the Nb(V)~SCN-CFCHA complex exhibi-
ted an intense absorption band at 368 nm with molar abso-
rption coefficient of 4,75 x 107 M~ om™ (Pig. 2). Thus,
the formation of mixed ligand complex is acconpanied by
red shift with increase in intenéity, This colour react-

ion formed the basis for the development of a new spectro-

photometPic method for the determination of niobium(V),
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‘Niobium(V) also rezcts with thiocyanate alone to form
a yellow complex in acetone-water system. The conplex is
also extractable into ether (60,61). However, it has been
found that the ﬁb(V)—SCN complex was not extractable into
chloroform from the acidic medium used for the extraction

 of the mixed ligand complex.

Stannous chloride, which is added to stabilize thio-
cyanic acid in hydrochloric acid solutions (2) has been
found to have no effect both on the position and intensity

of the absorption band (Fig. 3)a

The thiocyanic acid, HSCHN, formed in hydrochloric
acid solutions is known to undergo polymerization reaction
(60) to yield parathiocyanogen, (SCN)n,(62)¢ This polyme-~
rization reaction can be hindered, i.e., the thiocyanic
acid can be stabilized, by introducing a solution of stan-— .

nous chloride, containing Sn(}i5 species, to the HSCN solut-

ion.

The stannous chloride, in solutions containing an

excess of chloride ion, exists as pyramidal, I,

oo HSCN

cf/)Tk\bl + HOCON et éﬂ
AN
C1 01/ o1
. | c1

1T




due to the presence of a sterically active nonbonding
electrons. This electron pair makes the trichlorotin(II)
anion an excellent 1igand, both as a sigma-bonding donor
grovp and as a powerful pi-acceptor ligand (63). 4As a
result, the trichlorostamnate(II) anion, I, may act as
a stabilizer for the thiocyanic acid by means of a hydro-

gen bond, II.

The position of the absorption band of the Nb{(V)-SCN~
OPCHA complex was found to be unuffected by the changes in
the concentrations of the constituents, HCl, and SnCl,, in
a wide range indicating the extraction of a single complex

species under each conditiona

Several organic solvents such as ‘1-hexanol, amylalco-
hol, awylacetate, ethylacetate, chloroform, carbon tetra-
chloride, benzene, toluene, xylene, chlorobenzene, and 1,2~
dichlorobenzene were examined for the quantitative extract-
ion of Nb(V)-SCN-CPCHA complex by following a two step ext-
raction procedure. Esters and alcohols were found to be
not suitable in that they have been found miscible with the
strongly acidic aqueous phase, probably due to the hydro-
lysis and protonation of the solvents, respectively. Chlo~
robenzene was found to be not suitable solvent for extract-
ion because it exhibited slow phase separation, perhaps due
to its relatively similar density to the équeous phase.

The absorption spectra of the extracts, in the rest of the
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solvents, were recorded against reagent blank and the

results are given in Table 1,

Thble 1, Effect of solvents on the extraction of the

Nb(V)-SCN-CFPCHA compley

Solvent 7 ﬁmr‘mhbmf%max,zml €max, Y Qm-q
Carbon tetrachloride A4 329400
Benzene 370 39500
Toluene 570 39700
Xylene 370 432300
1,2-Dichlorobenzene 365 43700
Chloroform : 368 45000
Chloroform 368 45500
Chlorobenzene - -
amyl alcohol - -
An¥yl acetatidc R -
Ethyl acetate - -

B e

*From one step extraction,

Benzene, toluene, and carbon tetrachloride gave low abso-
rbance values. Chloroform, 1,2-dichlorobenzene, and xylene
vere found to be the most effective solvents for the extra-
ctionlof the complex. Of these solvents chloroform.was
chosen because it allowed complete extrasttihon with rapid
phagse separation in one step extraction due to the higher
solubility of the reagent in it than in the other solven-

to.




The purity of the solvent has been found to be very
erucial. Therefore, the golvents have been distilled
once before use. In the case of chloroform, satisfactory
results were obtained by treating the solvent with con-
centrated sulphuric acid for at least 12 h, washing with
dilute sodium hydroxide and finally with distilled water
as described in section 3.3.%. "The washed solvent was
dried over fused calcium chloride and distilled twice.
The purified chloroform was stored in a derk bottle for

not more than two days before use,

4.2, Examination of the Experimental Variables

The effect of various experimental variables on the
extraction and determination of Nb(V) with CPCHA in prese-
nce of an auxiliary ligand thiocyanate from the hydrochlo-
ric acid and stannous chloride medium, has been investig-

ated in order to establish optimum conditions.

Effect of acidity. The effect of common mineral acids

such asg, HNOa, Hs50,,, H5PO4, and HCl, on the extraction
of the complex has been studied. WNitric acid has result-
ed in the decomposition of the complex whereas sulphuric
acid and phosphoric acid were found to have bleaching
effect (60). Only HCl was found to be adequate for rapid
and couplete extraction of Nb(V) as the mixed ligand com~

plex.

The optimum acidity range of the agueous phase for
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the quantitative extraction of the complex has been found
to be 5.5 — 6,51 HCLl (Fig. 4). 4t lower acidities low
absorbance values were obtained due to incomplete extract-
ion, while at higher acidities, again low absorbance val-
ues werec observed as a result of precipitate formation,
The precipitate formation.is probably due to the limited
golubility of KC1 and/ or KSCN with high salt concenbrat-—
ion in the aqueouse phase. The incompletencecss of extract-
ion at lower and higher acidities was confirmed by detect-
ing the Nb(V) left in the aqueous phase which was recover-
ed by subsequent extraction of the metal after changing
the concentrtition of the acid to the optimum range (Tab-

le 2 ).

Effect of chloride jon concentration. The addition of HC1
increases both the acidity and the chloride concentration,
This necessitated to study the effect of chloride ion inde-
pendently of HCl., The investigation was carried out by
holding the HCl concentration constant while varying the
chloride ion concentration up to 8.0 M by thé addition of
MgCl2° The results are shown in Fig. 5. It was found that
in the absence of H€l in the aqueous phase, the degree of
extraction of the metal was incomplete even at 8 M chloride
while at 1.2 M HCL, a minimum of 2.5 M chloride was requ-
ired for the complete extraction of Nb(V). ZExcesg chloride
hag been found to have no effect on the extraction of Nb(V)

tp to 7,0 M total chloride; beyond this precipitation
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Table 2. Effect of hydrochloric acid concentration of
the aqueous phase on the extraction of MNb(V)-
SCN-CPCHA complex (Nb(V) taken = 24.4 pg,
fow) - 0.5 M, {Bno1,)= 0.15 1)

-

Lonro oo - 7w Recovery of Nb
- Extraction of Nb 73 agqueous phase

fiod (B )
0,0 4.50 93,72
1,0 69,46 28.70
2,0 88,22 11,07
3,0 93,81 5.62
3.5 99.87 0,00
4,0 99.98 0.00
L 5.0 100,00 0.00
6.0 99,99 0.00
6o 99.90 0,00
7.0 92.84 5.89
8.0 70,26 26,60

s e - ——

oceurred in the aqueous phase resulting in a decrease in
the degree of extraction of the metal. The precipitation
ig probably due to the limited solubility of KC1 and/ or

KSCN in the aqueous phase with high salt concentration. .

A gimilar study was carried oubt to determine the mini-
mun acid concentration at constant concentration of chloride
jons. Results obtained (Fig. 6) show that at 5.0 M chloride
level the minimum concentration of the acid, as HC1l, for the

quantitative extraction of niobium(V) was found to be 0.4 M.
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Thus, it appears that both the free acid and chloride
ion profoundly influence the degree of extraction of the
complex and their concentrations nust be controlled care-
fully. Hence hydrochloric acid was found to be the nost

effective reagent as source of both HY and C1~ ions.

Effect of thiocyanate. The effect of the concentration

of thiocyanate on the extraction and determination of

Nb(V) has been studied over a wide range. Both potassium
thiocyanate and ammonium thiocyanate have been found to
give similar results. However, the stability of the Nb(V)-
SCN-CPCHA complex with time was better with potassium thio-
cyannte (see under stability of the complex), The optimum
thiocyanate concentration for the quartitative extraction
of Nb(V)-SCN~CPCHA complex ranged from 0.1 ~ 1.5 M thiocy-
anate (Fig. 7). 4t lower thiqcyanate concentrations, the
absgorbance decreased due to the incomplete formation of

the mixed ligand conplex, while at bigher concentrations

of thiocyanate, formation of the mixed ligand complex was

retarded resulting in decreased absorbance values.

Iffect of the concentration of stannous chloride., Sbtannous

chloride required for stabilizing the thiocyanic acid in
HC1 medium was found to have no adverse effect up to 0,22 M,
higher concentrations resulted in low absorbance values

due to precipitation of salts in the aqueous phase (Table.

3)s
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Table 3. Effect of the concentration of stannous chloride
in the aqueous phase on the extraction of 24,4 ng

Mo (v) ([HC1) = 5 M, [8c¥] = 0.5 1)

Angsorbance at

D L..368m
0.0 0.498
0.015 0.500
0,0% 0.502
0.06 0.50%
0.09 04500
0.12 0. 504
0.15 0.499
0.22 0.494

0,30 0,462

Effect of the amount of CPCHA, A 1 to 8 molar ratio of

the netal to the ligand, CPCHA, was necegsary for the
complete extraction of Nb(V) as Nb(V)-3CN-CFCHA complex
(Table #4). A 100-fold molar excess of the ligand, CFCHA,
has been found to have no adverse effect on the extract-
ion of the complex, Nevertheless, a large excess of the
reagent resulted in an unwanted high absorbance value of
the blank which caused difficulties in zero adjustment
of the instrument, In practice a 20-30 fold molar excess

of the CPCHA was used.

Effect of the volume of the aqueous phasc. It has been

found that the volume of the aqueous phase can be varied

fron 10-50 ml with respect to a fixed volumne of 10 ml of
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Table 4, Effect of the amount of CPCHA on the extraction
of Wb(V) @p(v)]= 1.05 x 107 M, {mo1} = 5 m,

lsen™i = 0.5 M)

SR emcbimn e wimaem _micm % ded v e kmawe . P bt e am—

Absorbance at

el s lepenal  se8
1:0 0.000
1:1 0.199
1:2 0. %04
1:3 0419
94 0.469
1:5 0. 484
1:6 0,492
1:8 0,500
1:10 0. 501
1:42 0.50%
1:15 0.50%
1:20 0,502
1:50 0.502

1:100 0,496

the organic phase without any significant variation in the
abgorbance or extraction efficiency of Nb(V)-SCN-CECHA come—
plex (Table 5). However, more repetitive‘extractions were
found to be necessary for the complete extraction of Nb(V)

from larger volumes of the aqueous phase.
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Table 5. Effect of the volume of the aqueous phasc on the
extraction of 24,4 pg Nb(V)

",
(Vs = 10 11, fwe1} = s, lgow) - 0.5 M)

Volume ratio Absorbance

org :Vaq | :ii_?6§ nm
1:1 0.500
1:2.5 0. 501
1:5.0 0.496
1:6,0 0. 488
1:8,0 0.470
1:10 ‘0.456

Extraction time and the stability of the complex. The

coloured Nb(V)-SCN-CPCHA complex required 4~5 min for com-
plete extraction from the aqueous phase into chloroform
baged on the shaking intensity of three different people.
The stability of the complex was studied by storing the
solutions in a cool dark place. Exposure to laboratory
fluorescent light or diffuse day light at intervalsg of
measurenent has been found to have no effect. The Mh(V)-~
SCN-CPCHA complex extracted from KSCN medium was stable
for 52 h, while the one extracted from NH480N medium was
stable only for 24 h at room temperature. Tor both syst-
eng the absorbance values were found to decrease with time
after 52 and 24 h, respectively, which may be due to the
decomposition of the extracting solvent, chloroform (59),

or the complex or both. The regsults are given in Table 6,
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Table 6, Stability of the complex with time for the extre

action and deternination of 19,5 ug Nb(V)

i - —cr

Abgsorbance at 368 nm

Time KSCN NH,, 5ON
B (0.5 1) (0.5 M)
0 0,402 0,398
1 0.3%99 0.399
2 0,400 0,399
4 0,407 0,400
8 044071 0,%98
18 0.402 0399
o4 0,400 06400
28 0,400 0.394
32 0,402 0380
40 0.40% 0.288
48 - 0,402 -
50 0.400 _
52 04398 -
60 0.3%93% Al
72 | 0a 374 ~
82 0.350 -

The optimua experimental conditions for the extract-
ion and deternination of Nb(V) are summarized in Table 7.
These results show that the proposed method is free fron

the rigid control of experinmental variables.

4.%, Stoichiometry of the Couplex

The stoichionetry of the complex was deternined by

different spectrophotometric methods. The continuous
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Table 7. Optimum experimental conditions for the extract-

ion and determination of niobium(V)

Parameter Condition
Aqueous phase, HCl 3.5 -~ 6,51
Agueous phase, SCN~ 0.1 - 1,5 M
Agqueous phase, SnGl2 upto 40522 Mv
Organic Phase, CFCHA 2x10”" ~3x10°° N
Vaqzvorg 1:1 - 5:1
Extraction time 4 - 5 nin
Measurenent tine O ~-5h

(with KSCN)

Solvent for extraction Chloroform

variations (50, 51) and the mole ratio (52) methods were
ernployed to determine the ratio of Nb(V) to CPCHA; while
the ratio of Nb(V) to SCN was determined by the extract-
ion method (36). In the continuous variations method the
mnaxinun absorbance for the complex was observed at the mole
fraction of 0.%3% of W(V), which corresponds to a 1:2 ratio
of Mb(V) to CPCHA. The results of the continuocus variat-
ions method are given in Table 8 and the curve ig shown

in Fig. 8.

The result of the continuous variations method was
supported by the result of the mole ratio method which
also gave a “1:2 ratio of the Nb(V) to CPCHA (Table 4 and
Fig, 9)o
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Table 8. Results of the continuous variations method
for the determination of the ratio of Wb(V) to
CPCHL in the Nb(V)wSCNuCPCHA complex
_ o -5 el o
( Cy = Sy * Copoa 1005 x 1077 1, {c1} =
5, |sew] = 0.5M). |

L g

Mole fraction  Tole fraction iAbsorbance
of Mb(V) ___of CPCHA  at %68 mn
0.00 - 1,00 - 0,000
0.10 0,90 0.186
0.20 0,80 0. 346
0.25 0.75 0. 400
0. 30 0.70 0.428
032 0.67 0.440
0. 40 0.60 0.429
0.50 0.50 0.363%
0,60 0.40 0,291
0.70 0.30 0,212
0.80 0.20 0,112
0.90 | 0.10 0,062
.00 0.00 0,000

The ratio of niobium(V) to thiocyanate was determined

by the extraction method (36) in which the quantity L.z -—~
A - .
log . s plotted against log[éON) s where A is the
Amax\
absorbance for a particular concentration of thiocyanate,

and 4 is the nbsorbance at optimum concentration of thio-

cyanates The plot yielded a slope of 1.4 which indicates
the ratioc of Nb(V) to SCN +to be 1:1 in the Nb(V)-SCN-CPCHA
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system, The results are given in Table 9 and the curve

is shown in Pig. 10.

Table 9. Results of the extraction method for the deter-~
mination of the ratio of (V) to SCN™ in Nb(V)-
SCN-CFCHA complex ( (V)] = 1.05 x 1077 M, [HC1) =
5 1 (crcHa) = 4 % 107 1)

i

ESCN& A at 268 mm Ama X-—-I‘x 108—3-;”-‘1 Lag, [SCN‘:_'}
nax

0,01 0.167 0.333  ~0.300 ~2 .00
0.02 0.261 0.239 0,040 ~1.70
0.0% 0517 0.18% 0.240 e1.52
0.04 0.349 0,151 0.3%65 ~1 o 40
0.05 0.376 0,124 0.481 ~1 430
0,10 0.500 - - -

0.50 0.500 - -~ -

* Ny = 0.500.

Thus, the overall stoichiomentry of the Nb(V)~SCN-
CPCHA complex hag been established as 1: 1: 2 (Wb : SCN:
CPCHLA), This result is in agreement with the compogit-—
ions reported (18, 27) for the Nb(V) complexes with some
other hydroxamic acids.

Under conditions of alkali pyrosulphate or hydrogen
sulphate fusion of Nb205, followed by extraction of the
fused nelt with tartaric acid, niobium is known to contain
Nb=0  group and exists in solution as Noo2t (10, 18,27,

57). Fron the extractability of the complex into a non-




s 61 ,

polan solvent; congideration of the presence of Woel

grovp, end the stolchiometry, the following struature ia

Q“%cmrc\g? /Mw@%l |

proposed for the complex:

Bige(Helduchlorophenylel manchydroxanie soid) thioceye

snatoalobatel(V).,

Bofts  Mvaluation of Photomotris Perameters

The senventvabion range aﬁa&&é hysﬁgéffﬁ law hes ﬁaaaH 
detormined and the ephisus congentyation range in whiok phow |
' temobric antlysie srror Js minlmum has been svaluated from - _ |
-%h@*ﬁingbas*é plet (46}, ¥The results ave g£v$ﬁ in Table ﬁﬁ, ‘

&>

and the graphe ave shown in Flpures 11 and 43,

The molaz absorpticn ceefficient, the sensibivity @f
the pethed, l.e; the concentratlon that corresponds to sn
_ mbgorbanse of 0,007 {aﬁlg the linit ef dstevmination {the
"aancentra»ien that cort aaaands %@ an/abgorbanes thres ﬁimea
of the standard devimtfon of the }:s%ank;) {#8); and the ﬁreeiu
sion of the method as determined fyom the ralative‘gtaﬁéaré
deviation of six meapuremsnts Top 2be4 nx (V) ave éummarizwi
ed in Table 11,
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o wg{ﬁss(vﬂ | .
Eiga ‘3"‘ *‘ignhm*s gieé:: fct the wa:matim ax ép’lzim

am@smmﬁfm Tange fér.' tha am:er.f 88




. BB .

Table 10, Data for calibration curve and the Ringbom's
plot ({mc1)= 5.0 M, [SCN‘_"] = 0,5 M, {CPCHg:! =
4,2 « 10°% M)

L S S P A e PRS- T e m———

[ﬁb(‘f )] .10%1 log [ﬁb(V)] Lbsorbance Transmitt-
at 368 nm__ ance (%)

1,26 ~5.90 0,065 86.10

2,10 -5.68 0,101 79.25

4,20 ~5.%8 0.201 62,95

8440 ~5.08 0,402 39.6%

16,80 ~4,76 0,792 16,14 .
21,00 ~4,68 0.976 10,57
25,20 -l 60 1,166 6.82

29,40 -4 53 1.337. 4,60

P —— - TP U S,

As can be seen'clearly from the values of the relative
atandard deviation precise results are obtained in presence

of stannous chloride,

In general the data in Table 11 show that the method
1s bighly sensitive and reproducible and can be applied to

the analysis of niobium at trace levels.

8.5, FEffect of Diverse Ions

The effects of diverse ions on the extraction and det-
ermination of niobium(V) have been investigated to evaluate

the selectivity of the proposed method.

In general, it has been found that the ions that re-
act with Mb(V) (e.g, fluoride, oxalate, etc.), that form

precipitate by reacting with the constituents (e.g. Ag+,
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Table 11, FPnotometric characteristics of the complex

P B L epv— SRR Y

/\nmx, nm 368

¢ ma_x’m:%m*”‘ 4,75 x 107
Sensitivity, pg em™ 1.96 x 1077
Concentration range from Beer's

law, ng il 0,117 = 2.7%
Optimum concentration range from

Ringbom's plot, pg n1™ 0.1% = 1,76
Limit of determination, pg 01" 0,021
Relative standard deviation, % 0.95

(in presence of SnCl,), n = 6

Relative standard deviation, % 2,06

(in the absence of SnClg), n==6

T PN P g . ————

Ou2+, Hg2+, etc,), or that react with the reagent to dep-
rive the niobium(V) of sufficient reagent for complete
colour development (e.g. TalV), W(VI), etc.) affect the
determination by reducing the absorbance value (negative
interference); while those ions which react with the con-
stituents and whose absorption bands overlap with the
gpectrum of Nb(V)~SCN~CPCHA complex interfered by increas-
ing the absorbance value (e.g. Ti(IV), Zr(IV), etc.).

Therefore these ions usually have lower tolerance limits.

The tolerance limit of diverse ions taken as concent—
ration (mg) which cause an error less than 2 % are given
in Table 12, These results indicate that most of the comm-

on ions which are normally associated with niobium in mine-~
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. rals, ores, and alloys do not interfereup to 50 times to
the weight of niobium by the proposed method, Since the
amount of diverse ions that are associated with Wb(V)

does not exceed the tolerance limits, in most cases, the
proposed method'fér nipbium can be applied to the analysis

of minerals, ores, and alloys.

4.6, Application

Since standard or natural samples were not available,
the assesment of the analytical potentiality of the new
propogsed method has been made on synthetic samples with
compositions similar to minerals, ores, and alloys contain-
ing niobium. The composition of the samples, the amount
of niobium recovered, and the relative standard deviation
are given in Table 13. These results indicate that' the
proposed method igs precige and reliable for the determin-

ation of niobium at trace levels in diverse samples..

4,7. Comparigson with Other Spectrophotometric Methods

A comparative study of the proposed method for the
determination of niobium with other spectrophotometric
methods, in regard to sensitivity, selectivity, and stabi-

lity of the complexeg ig made in Table ‘14,

The proposed method is fairly sensitive as compared
to the reported methods, while the selectivity and stability

of the complex ig superior to most others..




Table 12. Tolarance limits of diverse ions in the deterni~

nation of Wb(V) (amount of Wb(V) = 19.5 ug,

[ceoual = 4.2 x 10", (1)
0.5 M, [Sn(nz] = 0,15 M)

_ 5.0, [sor]

PP y . - - ca et

1 -Tolerance.

o ST ol DL

Ion L Direction of
i . ‘o1init, mg’ - sinterferonce
reot 5 80 5o
Nat, kY, Ti¥, BeST, catV, Mgtt,
Ba2+, Sr2¥, G7{11.2+.’ an*,
NiEh’ Mn?*, Pb2+, CTBH’
Ceqﬁ, Tt 20 each *
Udzbr, La’t 16 each a
INEM 12 5
71" 10 a
Co=t 5 b
HgEﬁ 5 a
Ca2+, Y5+, pr 2t 5 each *
rRn>™ i b
ag™ 2.5 a
Bi oW 1.5 b
pa2* 1, b
Cu2+, pg Y 1 each a
Re’ ™ 0.5 b
Ta”™ Q. a
pif, et 0.01 each b
ByOpe-, L9032, Crecv
Sb004H4OE B ’ 20 each e

o~ ik 4

- . e
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Table 12. contd.

. —a A

Ion Tolerance limit Direction of

_ - mg interference
_1’10042- 10 b
VO% 2 a
w042- 1 b
Sulphate 20 *
Acetate 20 *
Nitrate 100 *
Perchlorate a00 *
EDTA | 200 -
Citrate 100 %
Oxalate 19 a
Fluoride 145 a
Ascorbiec acid 300 *
Tartaric acid 300 *
Phosphoric acid 200 &
Boric acid 60 *
Thiourea 200 *
Fluoroboric acid : 30 a

*
Not studied beyond the indicated level.

8fmount more than the tolerance limit resulbs in negat-
ive interference,

bhmount more than the tolerance limit results in positi-

ve interference,
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Table 12. contd.

[N A dnieee  LLTE A T T it

Ton Tolerance limit Direction of

e oo e e me interference
MoO 42-- 10 b
vo; 2 &
W0, 2 1 b
Sulphate 20 *
Acetate 20 *
Nitrate 100 *
Perchlorate © 400 *
EDTA 200 *
Citrate 100 *
Oxalate 10 a
Fluoride 1.5 | a
Ascorbic acid 300 *
Taprtaric acid 500 *
Phosphoric acid 200 a
Boric acid | 60 *
Thiourea 200 *
Fluoroboric acid 30 ' a

= e e e e

*
Not studied beyond the indicated level,

2amount more than the tolerance limi£ results in negat-
ive interference.

jmount more than the tolerance limit results in positi-

ve interference,
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Table 13, Deternmination of nioblum in various synthetic matrices by the
proposed method (with thiocyanate and CPECHA in chlorofornm at

5 M HC1 in presence of stannous chloride)

Sanple . Cormposition o wmm%agsm WWW

Matrix A 45 ng NbOF + 15 mg Feo' + 2 mp o2t +

2 ng zwm+ + 2 1ng wo#wl + 0.5 ng oom+ +

0.5 ng v7* . | 15.071 1,27
‘Matrix B 20 pg 26m+ + *ng Eﬁm+ + g crot +

ong T2t & 1mg &7 + 2ng P03~

O.hng Tadt + lmg PAT | | " 2000 1,27
Matrix C 250g 26m+ + Aoww m$w+ + 2ng 29m® +

1og OHw+ + Pog bmo#wt+ocﬂmwm zm+ +

0.25mg Re’® 25,02 1,04
Matrix D 30us W2 + 12ng 762t + org wie* 4

ing 410 + 4ng Gol* + 9.6ug TiTT +_o°:umlwmm¢ 29.96 0.84
Matrix B 19.5ng zwm+.+ Smg Omm+ + Q,756mg

Na© + 38pg Ta’T + 0.625mg BT 19,50 1,07



Table 13 contd.
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&+

+ bng Iaot +8ng UY + 48ug Ta

... Sauple .. Senposition
2trix ¥ 19.5ng 26m+ +Bm Mw+ +2,50g www+ +
5ng Om#+
Matriz G 24 4ng TSt +5ng YO© + 10mg UOY

Ly

150g w®m+ +100g Th = +48ng Hmm+

*

sverage of five determinatilons.

o v 4 ittt

S+

Nn found, ug -RSD
) (%)
19.46 1.718
24,38 0.78




Table 4. compariscn with other methods

e

Reagent Aok mUmMQﬁBH!AoBWA Acidity  Interference “”m&WWMW%ﬂM.wmhe
1. Benzohydroxamic acid %65 32000 9-12 M Ta(V), (H0,)° P4 24
HCL

%, Ethylene-bis—(triphenyl- 393 %1000 A4 M Pe(ITII), Mo(VI), \ P

phosphonium) ion and HC1 Ccu(II), Zn(I1),

thioccyanate Ww(vi), Zr(vI),Vv(V)/3 8 2
5. ,N'-Diphenylbenzamidine 400 34000 4.5-4.0 - Mo, Co, Cu°

and thiocyanate HC1 Ti, Re, W 10 9
4, N-4-Chlorophenyl—-3,4,5- 280 53000 8-10 M BwﬁdHVu Nanvaa 24 19

srimethoxycinnanohydro- HC1

xamic acid
5. Bromopyrogallol red,

hexadecyl: pyridinium

bronide and pelyoxy 035 141000

ethylene glycol octyi- momlm.o Several metal - 25

D

phenyl ether

ions
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Table 14.contd.

Reagent \/BmN mﬂéﬂxgb&z cim seidity HbdeﬁmHmBomewncwWdeww¢% Ref.
6., Salicylfluorone and

hexadecyltrimethyl- 0.1

anmoniur ion 525 181000 .Qmmmo# 5 ng Ta(V) - 26
7. Molybdoniobic hete-

ropoly acid di-or 660 270000 0.12-0.6 8i, Ge, Ta wa 27

trimethylthionine M mzow
8, Bisg(salicylohydra-— 495 19000 CONCe Ti(IV), (Zr(IV),

zone) HC1 za(v) ¢ oL &4
9. N-3-Tolyl—i-methoxy— 360 %1200 8.0 M Ti(IV), MoO mn...

berzohydroxamic acild HC1 io#ml v(V),

and thioccyanate $a(II), F 30 33
10. 1,2,4,6—- Tetraphenyl-

g 3+ € - 65
pyridinium perchlo— 395 28200 4o M Fe

rate and thiocyanate HC1
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Table Md.contd.

, -1 .= : ‘s
Reagent \meH mmEmH,E cm Acdity Interference Mdmdwwwﬂ% Ref.
1Mo N-d4-Chlorophe-
nylcinnanchydro= %68 47500 2.5=-6,5 M 10 ug ew#+mﬁ@
xanic acid and HC1 it 52 present
thiocyanate
a b
Destroyed by heating the solution Removed by prior extraction.
o | d
“Masked with thiourea Masked with EDTA,

e
Flininated by prier extraction and

a reducing agent.
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5 COCHNCLUSION

A new method has been developed for the Aeterminéfién
of niobium(V) with N-4-chlorophenylcinnamohydroxanic acid
and thiocyanate by solvent extraction and spectrophotometry,
Though the proposed nethod is fairly sensitive it is highly
selective. The stability of the coloured system is also
better than most of the other methods reported for the dete-
rmination of niobium. Furthermore the method is precise and
free from rigid control of experimental variables. It is
hoped that the method could be applicable to the analysis

of diverse samples containing niobiun.
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