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ABSTRACT

Salvent Extraction and Spectronhotometric Determination of
Vanadium (V) with N-Phenylcinnamohydroxamic Acid and Azide or

Trichloroacetic Acid

by

Alemayechu Abebaw

R. Adviser Dr. B.S. Chandravanshi

N=pheny lcinnamohydroxamic acld, PCHA, was found tc react
with vanadium (V) in the presence of azide or trichlorcacetic
acid (or chloroacetic acid) to form water insoluble bluish=
viclet and reddish-violet complexes, respectively. The vana-

dium (V)-PCHA-N, complex was quantitatively extractable into

3
chloroform and other oroanic solvents at 0.03-1.5 M acidity
with respect to HCI. While the vanadium (V)-PCHA=-TCAA was
quantitatively extractable at 2-5 M acidity with respect to
trichloroacetic acid, TCAA. The vanadium €V)-PCHA—N3 and
vanadium ( V)-PCHA-TCAA complexes have absorption maxima In the
visible reaion at 560 and 542 nm with molar absorptivity of
6300 and 7750 | mole” cm"l, respectively. The colored systems
oboyed Beer's law in the concentration range of 0.9~-10 ppm of
vanadium in the presence of azlde and 0.60-8.0 ppm of vanadium

in the presence of trichloroacetic acid. The composition of

the complexes have been determined and found to bo 1:2:|(V:PGﬁMN33
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and 1:2:1 (V:PCHA:TCAA). The cffect of foreign ions and other
experimental variables on the extraction and determination of
vanadium (V) have been studied In both systems. On the baslis of
those studies two simple, precise, sensitive and highly selec=-
tive methods ahve been devecloped for determination of vanadium
(V) by solvent extraction and spectrophotometry. The two newly
developed metheods ahve been applied for the successful determi-

nation of vanadium in steel and blood samples.



I. INTRODUCTION

Vanadium has an abundance in nature of about 0.02% (1),
|+ is widely spread but there are few concentrated deposifs.
|+s important mineral sources are patronite (a complex sulfide),
vanadinite [PbB(VOA)BCl], and carnotite [K(U021V04.3f2H20].
Very pure vanadlum is rare, because, It is quite reactive towards
oxygen, nitrogen, and carbon at the olovated temperature used in
conventional +hermometal lurgical processes. Since its chief
commeréial use is in alloy steels and cast iron, to which 1t
lends ductillty and shock resistance, commercial producttén is
mainly as an iron alloy, forrovanadium (2), It is also used Bas

a catalyst both In nature and in industries.

Vanadium has been shown 1o replace molybdenum in The nitro-

gen-fixing function of Azotobacter chrococcum but not of other

species (3). The algae scendesmus exnibits Improved photosyn-
+hesis in the presence of vanadium, which may thus be beneficial
or required for the process (4). The role of vanadium in normal
animal metabolism Is not completely understood, Rather extensive
|iterature exists on the toxicoloay of compounds of this metal
and 1+s distribution in plants and animals (4), |t Is ubiquit-
ous, but there is no conclusive evidence available which suggests

+hat+ vanadium is essential in normal metabolic processes in animals.

.1 Analytical Chemistry of Vanadium

The oxidation state of vanadium in compounds varies from -1

6 5. In some reactions vanadium 1s similar to the other elements




{niobium, tantalum) of Group VB: sometimes also to molybdenum

and tungsten of Group VIB.

In aqueous solution vanadium most frequently occurs as the
colourless vanadate (V) ion which forms yellow poly acids in
'sfrongly acidlic medium, Vanadate can be reduced consecutively
to the blue V(IV) or [VOCI1)] compounds, the green vanadium ([]])

salts, and finally to +he violot vanadium (11) sal+ts.

Quinquevalent and quadrivalent vanadlum have a predominant
affinity for oxyaen as donor atoms. In complex compounds vanadium
(V) has co-ordination numbar six and probably forms octahedral
species, Vanadium (V) complex has a square pyramid configura-
tion, which Is transformed +o an cctahedron through co-ordination
of a further ligand. Vanadium (11'l) has often a co-ordination
number of six in complexes which may be formed wi+th ligands con=-
taining 0, N or S as donor atoms. Bivalent vanadium is usually
hexa co-ordinate, forming octahedral complexes with oxygen or
nitrogen containing ligands. The complexes of vanadium in the
other oxidation states are rare and have not found application
in analytical chemistry (§ .57,

Detectlon nnd Sararstlon of Venndlum (6): Ths red=brown

color produced when an acid solution of vanadium (V) is treated
with hydrogen peroxide is thought to be due to the formation of a
compound of the type 0,V X3 or possibly [qzvxsl'. A large excess
of hydrogen perox!de changes the color of +he solution from red-

brown +o yellow and reduces +he color intensity, supposedly by a

shift in +the equillibrium.
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Even though other metals like +itanium and molybdenum (VI) qive
colees with hydrogen reroxide, the above color resaction is mest |y
employed for the detection of vanadium. This is because the tita-
nium color can be bleached by fluoride, which in moderatec amounts
does not affect the vanadlum color. Because of its falrly strong
oxidizing power in acid medium, vanadium (V) transforms various
organic compounds into cclorad products which can be made to serve
as the basis for qualitative tests and determination of vanadium
(V) by indirect methods. Among reagents in +this category are
diphenylamine and diphenylamine sulfonic acid (blue color),

3, 3'-dimethylnaphthidine (red-violet color), benzidine (yellow
color) and strychnine (violat color passing into orange). The
interfaerence of ferric ion can usually be prevented by addition

of phospheric acid.

Vanadium can be separated from other methls by different
methods which includes, precipitation methods, extraction methods,
paper chromatographic separation and by use of anion-exchange resin,
A useful way of separating vanadium from fron, titanium, etc., is
by fusing the sample with sodium carbonate (together with a |little
potassium nitrate if necessary) or sodium peroxide and leaching
the melt with water. Ammonia pracipitation in the presence of
ferric iron serves to secparate vanadium (V) at high dilutions,

Ten mg. of iron in a liter is sufficient for complete precipitation

of as much as 30 pg. vanadium. The final pH of the solution should



be 6-7. Elements such as chromlium (111) molybdenum (Vi), tita-

nium (1V) and tin coprecipitate.

Vanadium (V) cupferrats, like most other cupferrates, is
soluble in chloroform and other brganic solvents. Since vanadium
cupferratz can be quantitatively precipltated in a dilute mineral
acid medium, it may be inferred that it can be extracted by
chloroform from the same medium. Vanadlum (V) can be extracted
from a weakly acidic solution (optimum pH 3.5-4,5) with 2 chloro-
form solution of 8-hydroxy quinoline. This separation was tivrsk
applied as a means of Isolating, vanadium from the fillitered
leach of sodium carbonzte melt and scparating it from chromium
(VI). After cvaporation of the chloroform, the residue can be
fusod with sodium carbonate and vanadium transformed into vanadate.
A considerable number of metals are extracted in weakly acidic
solution, notably Tron (I11), molybdenum (Vl), copper, and, partly,

aluminum.,

Mathods for Determination of Vanadium: |t has been reported

that vanadium can be determined by gravimetric (8,9), Volumetric
(9,10), and atomic absorption spectrosconic methods. The element
as vanadate can be determined gravimetrically pracipitating it 2s
AQ3VQd and drying the precipitate at 110°C. 1t has been stated
that the results obtained by precipitation of vanadate as A93U0a
are not altogether satisfactory. Botter results are obtalined by
precipitation at pH 4.5 as AgVOS, the precipitaete being weighed

after drying at 100-105°C.



The volumetric determinaticn of vanadium as vanadates can
be performed by using lodides in strongly acid (hydorchloric)
solution in an atmosphere cf carbondioxide to reduce the vanadate
(V) to the quadrivalent cendition., The Iiberated iodine and the
excees of lodine is datermined by titration with standard potassi-
um iodate sclution. Both the gravimetric and volumetric methods
for the determination of vanadium are nét sensitive (concentra-
tions less than IO”3 M are not datermined) and selective since

sevaeral metal ions interferea in the determination.

The use of atomic absorpticn spectroscopy for the determina-
tion of vanadium also suffers from lack of sensitivity and
selectivity. Using the most sensitive resonance line, 318.4 nm,
the minimum concentration that can be detected is 1000 ppm, using
air-acetylene flame and, 2 ppm using nitrous oxide~ acetylene

3
flame. Secveral metal lTons Illike Ll*, Na*, K*, Cs+, Fej*, Cr T,

Bisf, A|3+, etc. interfere. Wendt and Fassel (l1) reported a
sensitivity of 3 ppm with the above resonance line, using an
inductlon coupled plasma, Solvent extraction-spectrophotometric
methods, which are found to be more selective and sensitive, are
used for the determination of vanadium. Extraction spectropheoto-

matric methods are based on chemical reactions of the metal ion

usually with suitable organic reagents.

The organic reagents confers many advantages over inorganic
reagents for extractive-spectrophotcmetric determination of metal
jons. The detections and determinations of substances with

organic reagents can often be performed with higher sensitivity



and selectivity. The separations are also more effective when
organic reagents are employed. A large number of organic reagents
arec known and thus, a befter choice can be made, It is also
possible to synthesize a new reagent possessing more advantageous
properties for a glven analytical problem. The study of these
recagents still allow the development cf highly sensitive, selec-
tive, and rapid methods for the analysls of a variety of materials
needing only simpie instrumentation. Therefore, the scepe and
number of thelr applications in analytical practice continues fo

increase.

The reactions of organic reagents with inorganic fons in
solution cen yield products of various properties. The reaction
products may be complex compounds, or new organic substances
(formed due to oxidation-reduction or catalytic action of inorganic
lons) or other forms of the reagent (acid-base indicators).
Besides these reaction types the organic reagent in solution can
be absorbed on & preciplitate of an Inorganic substance, the
absorption being accompanied by a color change of the reagent
(absorption indicators). The formation of 2 product which is
insoluble in a given solvent (usually water) can be empleoyed in
the gravimetric determination, separation or precipitation titra-
tion of an ion. |f the reaction product Is volatile, the organic
reagent can be used for analytical separation bassd on distilla-
tion or sublimation. Organic reagents can alsc be used for mask-
ing the Interferring Tons based on the formation of stable and

soluble complexes.



In many reactions of organic reagents 2 consplicuous color
or fluorescence is daveloped, or conversaly, a colored component
in solution is decolorized during the reaction, or its fluores-
cence is quenched. Such reactions can be applied both for quali-
tative tests and for specfrophcfome+ric or fluorimetric determina=-
tions. |f the reaction product 1s less soluble in water then in
an organic solvent gmmlscibie with water, the reaction can be
used for the solvent axtraction of any of Its narent constituents.
0f the several types of reactions cof organic reagents with
inorganic ifons those producing coloured products and well suited
for solvent extraction are widely used for the nhotometric deter-
mination of the metal fons (5, 12=16). The present investigation
is also based on solvent extractlon and Specfronhﬂfomefry hence,
a brief review of these tschniques is glven in the fcllowing

sections.

| o2 Spocfrophofomofric Determination of Mctal lons:

Spoc+ropho*nme+ry is based on the measurements of the absorb-
ance for monochromatic |1ght passing +hrough the solution contain-
ing the substance to be datermined., The sensitivity, selectivity
and recitability of the mothod heavily depends on +he nature of the

organic reagent used.

§9nsifivl+y and sclectivity: Sensitivity is one of the

obvious demands in applications of analytical methods. In crder
to comply with this requl rement for reactions which invelve a
change in ceclor, the molecule of the comp lex formed or the organic

reagent i+se1f must contain chromophoric groups which are charac-



terized by transitions with mular absorption coaefficients in the
range I03— 105 I mole_l em™ ', Such chromophoric groups are found
among d-7 and wm chromephores. The comn lexes with d-n chromophores
are restricted to the analysis of transition metal ions, In
particular those which can axist in two oxidation states differ-
ing by one electron. The reagents with n-alectron groups ara
uscful to the analysis of most metal Tons. The main rcason can

be found in the Intensity of the transitlons (with molar absorp=

I cm-l) which characterize

tion coefficients up to IO5 I mole
these chromophoric groups. By introducing suitable substitutents
intc tho molecules of the organic roagents one can increase the

sensitivity and selectivity of spectrophctometric determinations.

| ¥ adequate selectivity in spectrophotometric determination
of a given substance is to be achieved, some practical considera-
tions mus+ also be taken into account. For example, it is necess-
ary to choose a sultable wavalength at which to make the measure-
ment. The absorption coefficient of the substance being deter-
minod should be hlgh, and those of other substances present be
‘negligable. Selectivity can alsc be increased by the proper
adjustment of pH or by masking. Of course +he masking reagent
(and the complexes formed) should be colorless and nct form any
complexes with the metal being determined or react with tThe
colorimetric reagent. The selectivity of the spectrophotometric
determinaticns can further be increased by solvent extraction

of the reaction preduct.
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Accuracy and Precision: Both The accuracy and precision of

a photometric determination depend on the complatness of 2 given
reaction: M+nL=n»MLn. As the reacticn solution usu2lly contains
components competing in the recaction (bufferinag and masking
agents), It is necessary to consider the conditional constant

for the general complexation equilibrium on which the determina-
+lon is based. The ligand is usually an anionic species of a

woak acid and so Its concentration is pH=-dependent.

|¥ a rcaction is considered as completc when 99% of the
metal being determined Is transformed into the particular complex

ML, it holds that

fMLn] n 2

_ET;_ = B'MLn(C'L} > 107, [z}
where C'M is the total concentration of the metal unconsumed,
C'L is the tota! concentration of the Iiqand unconsumed in the
formation of the complex MLn and ﬁlML is the conditional const-
ant for general complexation oqulllbr?um. The expression in
equation 2 can be used for the calculation of the necessary
minimum excess of the reagent, or for gstimation of the rH range
over which EML attains the required value, provided that the
concentration Zf the buffer, the dissociation constants of the
reagent, and the stabl ity constants cf the particular cemplexes
are known.

In determination of metal, M, in presence of another metal,

N, If both form cclored complexes, MLn, and, NL_, with similar



absorption spectra, correct results for MLn are obtained if the

following condition is fulfilled:

(ML, ]
e ooy n 2
< e ML”(CL) > 10 (3]
at the same time the following expression must hold for the ratio
of the absorbance values of the two complexes, provided that the

colorimetric reagent Itself does not absorb at the wave length

used:

A €
MLn lJLn{MLn] . '02 (2]

AhL ey INL,]
n n

| ¥ the concentrations of M and N are the same and the absorption
coefficients of the two complexes are equal, the concentration
of the complex NLn must b2 negligible 1f an accurate result is

to be obtained for , M:

[NLn] n =2
- - B'NL (C'L) < 10 [5]
n f
or

B!
MLn 4

B > 10 (61
NLn

The values of the conditlional stability constants depend on the
pH of the solution as well as on the presence of all competing

components,

1.3 Spectrophotometric Methods for the Determination of the

Composition of Complexes

The optical properties cf solutions containing complexes

usually differ from those of the constituent fons or molecules.



The change in the optical bahaviour Is closely related to the
formation of co-ordinate bonds. Analytical methods based on the
moasurements of light absorption cen be used to advantage for
studying complexation equilibria, since they are suited to the
selective determination of very small concentrations of certain
species without changing the composition of the solution., The
determination can usually be rendered selective by an appropri=
ate choice of the wavelength. The basic conditinn for applica-
tion of all analytical methods based on the measurcment of light
absorption is that the Beer-Lambert law is obeyed by the
constituents to be determined. |In the present investigation, the
mole ratic method (17), the continuous variations method (18),
and the simple spectrophotemetric method (19) have been employed
for the determination of the composition of the complexes.
Hence, a brief review on their theoretical back qround is given

balow,

The Mole Ratio Methoad: The princlple of the method is that

a series of solutions is prepared In which the concentration of
ore component (usually tofal metal fon concentration, CM} is
kept constant and Thaflgf the other varled, The abscrbance of
the solutions is measured at a suitable wavelength aud plotted
VS, the ratio of the variable and constant concentrations, |If
only one stable complex is formed, which has a selective light
absorption, then the absorbance increases approximately linearly

with the mole-ratio and then beccmes constant. The abscissa of

the point of intersection of the two tangents aives the number



of ligand in the complex, 1f it Is the ligand concentration that

was varied,

Method of Continuous Variation: The principle of the method

Is that the mole fractions of the metal ion and ligand are varied
tetwaen O and | at constant total concentratlion and the absorb-
ance of the solutions of di fferent composition Is measured., The
absorbances are then plotted against the mole fraction, XL, of
the ligand. |If only one complex species has been formed, with
componsition MLn, and the absorbance is measured at a wave lenqgth
where neither the metal fon nor the ligand but only the complex

absorbs, then n can be calculated from the abscissa of the

maximum of the curve (X ) 3
maX
6= xmax l-?]
I= maX

Simple Spectrophotometric Method: The cemplex formation

equilibria involved in the determination of composition of a
mixed ligand complex can be represented by the following

cquations:
M+nlL - MLI‘] [8]

ML +mX = ML_X [91]
n n'm
The equilibrium censtant for the mixed ligand complex formation
equilibrium is given by:

ML X 1
nm

K = [10]

ML 1rx3"



- 3=

[MLnxm]
or log ————— = Jog K + mlog [X] 3 |
(ML 1

The concentration of the mixed ligand complex, MLnX%, is propor-
tional to (A=Amin) and the concantration of the simple cemplex,

ML is proportional to (ALax~ M) where A is the equilibrium

n}
absorbance, Amln Is the minimum absorhance In the absence of

auxiliary ligand, X, and Amax is the maximum absorbance in the
presence of excess concentration of auxiliary ligand., Equation

Il can then be written as:

A=A
min

max-"

log = log K + m log X} rz)

Thus the slope of the curve obtained by plotting log (A=A )/

min
(A ix~A) against log X gives the number, m, of the auxiliary

I fgand, X.

.4 Solvent Extraction

Solvent extraction enjoys a favoured position among the
separaticn techniques because of I'ts ease, simplicity, speed, and
wide scope. The technique is quite universal and used tc get an
accurate information on the concentrations and distributions of
dissolved trace metals, for instance, in ocean and sea waters
which is required in order tc understand the geochemical processes
controlling their behavior (20). It is also used for sample
treatments preceding measurements by atomic absorption spectros-

copy e¢lther In order to remove the metal fons from interfering



matrix component or in order to preconcentrate them( 21}, As
it is a versatile technique that is widely used in analytical
chemistry, extraction procedures have been reported for a
majority of elements in the literature (22-24), By using
solvent extraction important theoretical problems concerning
the composition and stabllity of soluble as well as insoluble

metal complexes can be solved (25-27).

In extraction high selectivity can easily be achieved if
the conditions are properly arranged and, whenever necessary,
the separation yield can be increased as required by means of
successive batch extractions. A further advantage of extrac-
tion is that the extract, i.e., the solution of the separated
substance in a given organic solvent, usually has same proper=-
ties on which the determination of the isolated constituent can
be based: absorption of light, flucrescence, and radio activity
can serve as examples. |t is also possible to take advantage of
the volatility of the substances which were transferred into the
organic phase (e.g. in gas chromatography), or if the extract
contains substances which can be readily decomposed, it can be,
fed into a flame for flame photometry, atomic abserption or

fluorascence.

Solvent extraction (28-34) is based on the distribution of
a solute between two essentially immiscible solvents. At equi-
liibrium the ratio of the concentration of the solute in the two
phases at a particular temperature remains constant provided the

s0lute has same molecular form in the two phases. Generally

&
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compounds which ara slightly soluble In water but readily soluble
in the organic solvent can be usefully extracted. In essentially
all metal extraction system some or all of the water molecule co-
ordinated to the metal fon must be removed to obtain a species
that can be extracted into an organic solvent. On the other hand
an uncharged species may be achieved through the neutralization
of charge by the association of ions on the basls of purely
olectrostatic attraction. Henca, the formation of an uncharged
species is a probable pre-requisite for extraction of metal ions

into the organic solvent,

Organic reagents play an eminent role in extraction separa-
tions, because they can recact with metal ions to give products
having the basic pre-requisite for extractability. These are
electrically neutral essentially covalent chelate compounds which
are only slightly soluble in water but readily soluble in organic
solvents. Most of the organic reagents used for solvent extrac-
tion and spectrophotometric determination of metal ions are a
particular group of compounds known as chelating agents. A
chelating agent contains at least one acid aroup with a replac-
able hydrogen atom and a basic co-ordinating donor group in such
a position so as to form closed rina compounds on reaction with
metal fons, called chelate complexes. The chemical and physical
properties of a metal chelate depends upon the nature of the
donor atoms and the basic strength of the chelating agent, the
nature of the metal ion and the factors inherent in the complex

itself such as ring size, resonance, and steric effect, |In



general, the most suitable chelating agents are those compounds
in which the acid and basic groups are in such a position as to
form five or six-membered chelate complexes on reaction with

metal fons which are the most stablo,

Basic Principles of Extraction of Metal lons: The extrac-

tion of metal, M, with the extraction reacent, HL, forming a
chelate, MLn' soluble in an organic solvent, is expressed by the

equillibrium;

+

nH f13])

M_ _+nHl| — ML +
— n,orq aq

aq “?org

which is characterized by the extraction constant:

ML H' " R
kK @ "]ocg[ I ag = 0M 0 [14)
5 My rHLy" (K, (BHL)"
aqg ‘ org A

In liquid-liquid partition, a substance, M, can undergo in
both phases various solvation, association, protonation, and,
comp lexation equilibria. For analytical application it is
essential o define the partition of the substance irrespective
of the particular forms which arc encountered in the system,

This can be done by expressing the equilibrium ratio of the total

analytical concentrations of the substance, M, in the two phases.

M,orq
- ST R R 151
DM CM,ac (151

The completness of transfer of substance, M, In any extractable

form into the organic phase is given by the deareec of extraction,



E, which is usually expressed In percent:

-
i 'OO“M,orgvM,org 1006 Dy,
Ep ~ = 7 f16]
Cﬂ,org VA,org"CA,aq VA,aq Dy* Tﬁﬁl
orq

For the metal, M, extracted by HL dissolved in the organic phase
t+he distribution ratio, DM’ is related with the extraction con-

stant according to Equation 17 and 18,

D, = Keif_[fﬂ_e:&," | f_D_,.E_B"_._n ( [_H_fi_om 3" (171
I "’1

H 1o TR (W aq

- r H
log D), = log Ko * N log ‘HL]orq + np 18]

According to Equation 17, the distribution ratio is a function

of pH, reagent concentration, dissociation constant of the re-
acent, stability constant of thso extractable complex and the dis-
tribution constants of the reagent and the metal. The distribution
ratio is also a function of the volume ratio of the aqucous to

organic phases according to Equation I6.

The distribution ratio, D can also be influenced by other

M?
factors which are not explicitly axpressed by the quantities in
Equations 16-18, This Includes temperature, ionic strength,
kinetlcs of the extraction and solvent, Hence, these are the
factors which affect extraction of metalion as chelates and

therefore one has to study these effects inorder to develop a

method for extraction of a metal ion.



Onc of the most poworful group of chelating agents uscd
for the solvent extraction and spectrophotometric ditermination
of several metal ions in the past twenty five years s hydroxa-
miec aclds. |In the present Investigation N=phonylcinnamohydroxa=-
mic acid has been employed as a chelating aqgent, Hence, its
qeneral properties and analytical applications are briefly des-

cribad in Section [.5.

.5 General Properties and Analytical Applications of N=-Phenyl-

cinnamohydroxamic Acid

N-Phenylcinnamchydroxamic acid, |, is a typical monobasic
and bidentate chelating agent containing a reactive functional
group, ll, which is capable of forming a five-membered ring on

rcaction with metal ions.

N-Pheny lcinnamohydroxamic acid, PCHA, was first syntheslzed
in 1960 by Majumdar and Mukherjee (35), It is pale-agreen crystal-
line solid, m.p. 160-161°C. It is stable towards heat, light
and air, and can be stored for a long time without deterioration,

N=-Phenylcinnamohydroxamic acid is a very weak acid and its acid

9

dissociation constant has been found to be .6 x 10°° (36). 1t

is stable towards the action of dilute alkalies and concentrated



hydrochloric acid but decomposes in concentrated sulfuric acid
and nitric a2cid (>3 N) (37). PCHA, is slightly soluble in water,
It is fairly soluble in common organic solvents and i+s solutions
are stable for a long time if stored properly. This storage
quality and its stability towards light, heat and air are of

great Importance from analytical stand point,

N-Pheny lcinnamohydroxamic acid was first introduced as an
analytical reagent for the gravimetric determination of niobium
and tantalum in 1960 (38)., |Its analytical applications was fur-
ther extended for the extraction and photometric determination
of vanadium (V) (39), zirconium ( V) and hafnium (IV) (40),
titanium.(4V) and niobium (V) (4]) and for the successive extrac-
tion and spectrophotometric determination of iron (I1l), vana-
dium«(V), and uranium (VI) (42)., |t was also used for the gravi-
metric determination of uranium (43), and zirconium (44), Recent
reports show that PCHA has been uscd for the extraction and
spectrophotometric determination of vanadium (V) as a mixed
ligand complex with thiocyanate (45) and p-chlorophenol (46),
for the successive extraction and spectrophotometric determina=-
tion of fron( :11) and vanadium (V) (47), and for the simulta-
neous determination of iron (11l) and vanadium (V) by solvent

extraction and spectrophotometry (48),

.6 Aim and Scope of Present Investigation

Several reagents have been recommended for the sectrophoto-
metric determination of vanadium (V) (49-63), Of these reagents

comparatively few are well suited as most of these methods lack
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sensitivity and suffer from the interference by iron and one or
mors elements such as copper, nickel, cobalt, chromium and man-
ganese which are commonly associated with vanadium in alloys and
comp lex materials, The non-selectivity of a reagent seriously
limits the usefulness of most of the methods. Some reagents are
sensitive and selective but they are not commercially available

and thelr synthesis is not simple, hence they are expensive,

In order to further improve the sensitivity and selectivity,
the reaction of venadium (V) with several monobasic and bident-
ate chelating agents have been studied in detall, It has been
found that vanadium (V) rcacts with a number of moncbasic and
bidentate chelating agents to form (:2 (metal:ligand) colcred
comp lexcs extractable inte various organic solvents. These
vanadium complexes contain a basic V = 0 group and an acidic V-0H
group In the same molecule. The basic V = 0 gqroup of the vana-
dium complex molecule reacts with acldic substances like carbxy-
lic acids and phenols to give hyper and bathochromic shifts
(64-66) and the acidic V-OH group rcacts with alcohols giving
rise to hipsochromic shift ($2-53), N=Phenylbenzohydroxamic
acid (67) and its analogues including PCHA (68-76) have been
commonly used as selective reagents for the extractive photo-
metric determination of vanadium (V) in concentrated hydrochlo-
ric acid media. However, titenium (IV), zirconium (I1V), molyb-
denum (V1), and tungsten (1V) interfere seriously, |7 has also
bzen shown by some workers (77,78) that extraction Is not

quantitative because of the partial reduction of vanadium (V) in
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concentrated hydrochloric acid media; but this Is absent in

di lute hydrochloric media (79).

PCHA, a monobasic and bidentate chelating agant, reacts
with vanadium (V) to form 1:2 (metal:ligand) complex possessing
both the acidic V-0H and the basic V=0 group in the same mole-
cule. Thus vanadium (V) -~ PCHA complex molecule can further
reacts with basic substance such as azide and acidic substances
such as aldechydes and carboxylic acids which may led to the
development of new sensitive and selective methods for the
determination of vanadium (V), Hence, the study of these reac-

tion have been the task of the present Investigation,

In the present investigation the reaction of vanadium (V)
-PCHA complex with azide, benzaldehyde, acetic acid, chloroace=-
tic acid and trichloroacetic acid have becn studicd spectrophoto-
metrically in detail in order to develop new sensitive and
selective methods for the determination of vanadium (V). These
studics have resulted in the davelopment of two new methods based
on the formation of vanadium (V)~PCHA-azide and vanadium (V)=PCHA
-trichloroacetic acid mixed ligand complexes for the determina-

tion of vanadium (V) by solvent extraction and spcctrophotometry,
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2. EXPERIMENTAL

2.1 Apparatus and Reagents

Apparatus: A Beckman Model 24 UV-visible spectrophotometer
equipped with l-cm quaertz colls was used for absorbance measure-
ments. A Beckman Chem Mate pH meter was used for the measure-

ments of pH.

Standard Vanadium (V) Solution: A standard sclution of

vanadium (V) was prepred by dissolving 1.1700 g. ammonium meta-
vanadate (BDH, AnalaR) in distilled water, if necessary acidi=-
fied with nitric acid, and diluted to 1.0 litre with distilled
water, The solution was then standardized volumetrically (14), A
working solution was prepared by diluting a suitable a liquot of

the standard solution to a known volume with distilled water.

Reagent Solution: N-Phenylcinnamohydroxamic acid, PCHA,

was prepared by condensation of N=Phenylhydroxylamina with
cinnamoy!l chloride at low temperature in diethylether medium
made alkaline with aqueous suspension of sodium bicarbonate.

The yield was 50%, m.p. 160-161°C (35,39),

A 0.005 M solution of the reaaent, PCHA, in ethancl free

chloroform was used for the extraction,

Standard Azide Solution: A 1.0 M standard sclutiocn was

prepared by dissolving sodium azide (Hopikins and Williams) in

distilled water,

Standard Trichloroacaetic Acid Solutlon: A 5.0 M standard

solution was prepred by dissclvina trichloroacetic acid (BDH)



in distilled water.

Solutions of Foreign lons: Sclutions of foreign ions were

prepared by dissolving known quantities of reacent gradec salts
in distilled water to give 10 mg. of the ifon in question per
milliliter of solution. The solutions were acidified wherever
necessary to prevent the hydrolysis. |In general nitrate salts
were used for the cations and sodium or ammonium salts were used

for the anions.

Solutions of Electirolytés: A 2.C M solution of potassium

nitrate (BDH, AnalaR) and potassium chloride (BDH, AnalaR) in
distilled water were used for adjusting the ionic strength of

the sclutions.

Chloroform: Chloroform (Aristar, AnalaR) was washed seve-

ral times with distilled water to remove the ethanol. 1t was

distilled and dried over anhydrous calcium chloride before being

usad (380).

Hydrochloric Acid and Ammoniz: Dilute solutions (1,0 M)

each of hydrochloric acid (BDH, AnalaR) and ammonia (Spectroscl)

were used for adjusting the pH of the solutions whenaver nessary.

Drying Agent: Anhydrous calcium chloride and anhydrous

sodium sulphate were used for drying the distilled solvents and

extracts of the colored complexes, respectively.

2.2 Preparation of Sample Solutions

Steel Sample: A weighed amounts of an artificial steel

having exactly the same composition as in the British Chemical
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Standard Steel No. 64a and 241/| was transferred into 2 400-m|
beaker and decomposed with 10 ml of concentrated nitric acid.

The mixture was heated to remove the oxldes of nitregen and

about 10-15 ml concentrated hydrechloric acld was added to i1t.
The solution was evaporated to almost dryness. About 50 m! of
distilled water was added and the solution was boiled. Tunges=
ten was precipitated as tungstlic acid, The undissolved sillca
and tungstic aclid were flltared off and washed several +imes wlth
hot distilled water. The filtrate and washings were collected
into 2 500 ml vclumetric flask and diluted to volume with dis-

tilled water. A suitable 2liquot was taken for the analysis,

Blood Sample: A 5 ml aliquot of blood Sample was trans-

ferred to a Kjeldah!| flask and an allquot of the standard solu-
tion containing 0.10 mg of vanadium was added to it. The sample
was treated with 10 ml cf the acid mixture in a ratio of 3:1:!
(nitric:sulfuric:perchloric) and heated over the bunsen burner
until perchleric acid was ovaporated and dense white fumes of
sulfur trioxide appear. The heating was continued for about

two hours. |+ was cooled 2nd the residue was bolled with 50 mi
of 0.10 M hydrochloric acid for 30 minutes. The solution was
cooled and transferred quantitatively to a 100-ml volumetric
flask. A dilute solution of potassium permaganatc was added to
the solution to ensure the oxidation of vanadium (IV) to vana-
dium (V) and diluted to volume. A suitable aliquot of the sample

solution was taken for the analysis.
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2.3 General Procedure for Extraction of Vanadium (V)

Vanadium (V)=N,-PCHA System

3

An aliquot of the solution contalning 25-175 pg of vanadium
(V) was transferred into a 100-ml separatory funnel and 10 ml of
1.0 M solution of azide was added to I+, The solution was
diluted to 25 ml with distilled water and acidity was adjusted
to 0.1 =1.0 M with 10 M hydrochloric acid. A 10 mi aliquot of
0.005 M of reagent solutlion In chloroform was added to the funnel
and the mixture was shaken vigorously for 3-4 minutes. The
funne| was 2llowed to stand to separate the two phases. The
organic phase was collected in a 50-ml beaker containing a2bout
2 g. of anhydrous sodium sulphate. The coloured extract was
transferred to a 25-ml volumetric flask and the beazker was washed
with a few ml of chlorcform. The washings were added to the
flask and diluted to volume with chloroform, The absorbance of

t+he colored solution was measured at 560 nm agalnst chloroform,

Vanadium (V)-TCAA-PCHA System: An alliquot of the solution

containing 25~ 175 pg of vanadium (V) was transferred into a
100-m| separatery funnel. The acidity of the solution was
adjusted to 2-3 M with trichloroacetlic acid, TCAA, and the volume
of the aqueous phase to 10 ml with distilled water. A 10 ml of
aliquot of 0,005 M PCHA sclution in chloroform was added to the

funnel and then proceeded as in V(VJan-PCHA system., The absorb-

ance was measured at 542 nm against the reagent blank.

For calibration, 0.1, 0.2, 0.3, 0.4, 0.5 ml of standard

solution (0.01 M V(V)) were used through the procedure.
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2.4 Procedure for Studying the Effect of Variables

The effect of several experimental variables on the extrac-
tion and determination of vanadium (V) with PCHA in the presence
of azide and trichloracetic acid was studied by following the
general procedure. The effect of a particular variable was
studied by keeping all the variables constant except the one

under study.

2.5 Procedure for Determination of Composition of Complexes

Mole Ratio Method

A series of solutions was prepared for each system in which
the concentration of vanadium (V) and auxiliary ligands, the
acidity, and Tonlic strength were kept constant and the concen-
traticn of PCHA was varied under coxactly similar conditions.

The complexes were extracted by the general procedure. The
absorbances of the colored extracts were measured at the res-
pective A iisg agalinst the reagent blank and plotted against the
mole ratio of metal fon to PCHA. Two straight lines were drawn

from the two parts of the curve which Intersects each other at

2 mole ratio of vanadium to PCHA,

Continucus Variation Method: In the continuous variations

method a series of solutions was prepared for each system in
which the mele fractions of the metal ifon and PCHA were varied
between 0 and | at constant total concentration under exactly

similar conditions. The concentration of azide or trichloro-

acetlic acid was also kept constant excess throughout the series,
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,
The complexes were extracted by the general procedure and the
absorbances of the colored extracts were measured at the respec=-

tive Kina for the ftwo systems against the reagent blank. The

X
absorbances are then Plotted against the mole fraction of the

metal ion.

Simple Spectrophotometric Method: To determine the ratlo

of vanadium (V) to azide or trichloroacetlic acld in the mixed
legand complexes, by absorptiometric method a scries of sclutions
was prepared for each system in which the cencentrations of
vanadium (V) and PCHA were kept constant and the concentration

of azide or trichloroacetic acid was varled under exactly

similar conditions. The complexes were extracted by the general
procedure and the absorbances of the colored extracts were

measured at the respective Amax agalnst the reagent blank,

2.6 Procedure for Studylng the Effect of Foreign lons

The effect of foreign ions was studled by adding known
amount of a desired lon to solutions contalning 100 ug of vana-
dium (V). The concentration of PCHA and auxiliary ligands were
kept constant excess and the acldity of the scluticns were
adjusted in the optimum concentration range. Then, vanadium (V)

was extracted and determined by the genaral procedure.
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3. RESULTS AND DISCUSSION

3.1 Reaction Conditions and Absorption Spectra

The reaction of vanadium (V) with PCHA in the absence and
presence of auxiliary l|igand: azide, benzaldehyde, acetic acid,
chloroacetic acid and trichloroacetic acid have been studied by

solvent extraction and spectrophotometry.

Vanadium (V) reacts with PCHA to form a binary complex which
is readily extractable into common crganic solvents. However the
complex is not very stable and decomposes upon standing. The
reddish brown colored complex extracted into chloroferm exhibts
two absorption bands in the visible reglon. An intense and
sharp absorption band at arcund 370 nm and a2 relatively weak and
broad abscrption band at around 505 am which can be assigned to
the m-n* +ransition in the ligand and the charge transfer transi-
tion from the ligand to the metal, respectively (5). It has been
found that vanadlum (V), as binary vanadium (V)-PCHA complex, is

completely extracted Into chloroform from the aqueous phase in

the acidity range of 0.03-0.5 M HCI,

At higher pH extraction of vanadium (V) from the aqucous

phase was found to be incomplete indicating the incompletness of

complex formetion with PCHA., The possible reason for the

incomplete complex formation Is that the nature and composition

of vanadium (V) in aqueous solution depends on the pH of the

medium (1). Vanadium (V) exists as colorless ortho vanadate,

Vo2 7, in strongly alkallne solution, i.e. at pH I3. Lowering

4
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the pH cf the solution initiates the poly condensation processes
and the formation of the so-called isopolyanions, Thus, in the
pH range i3-8 the yellow divanadate, Vzof_ , Is encountered.

Between pH 8 and 6 the bright yellow tetravanadate, vﬁof{ , and,

in acidic medium of pH 6-4 the orange decavanadate, vloog; , are
formed, At around pH 2 orange red VZOS is preciplitated. In
strongly acidic medium the oxide dissolves again yielding the
ye | low vanady! cation, VO} . The chemical reaction have been
studied by a variety of physical methods including Raman
spectroscopy (81), but the nature cof the species formed has been,

and to some extent still is, controversial, The available data

seem most consistent with tha following main chemical reactions:

V0. + 60H" Eﬁléy“zvo3“-3H 0 [19)
275 4 2 -
e + pH_1328 fi=
240, « 2" Foaessr V,0, 7 + H,0 [20]
4= + pH_8-6 4=
2v,0, + 4H RI-222 v,0,5 + 2H,0 [21]
o + pH_ 624 6- , .
5V,0,, + 8H BE-222 2V 50,4 + 4Hy0 [22]
v. 087+ en* BH-22Z 5y 0 (ag) + 3H,0 (23]
ToT TR s 725 2
+ H <_Z_ + 2
V,0, + 2H RE-SZ. 2v0, v HRO [24]

Equations 19-24 suggest that vanadium (V) exists in aqueous so'y-

tion as different species at different pH. Cecnsequently the nature

and composition of the complex species formed with PCHA are also



expected to be different as indicated from the differencesin

absorption spectra at different pH (Fig. I).

AT higher acidity (2.5-7.5 M) a hyper and bathochromic
shift of the absorption band (L+ M) has been observed. The
band at 505 nm (L > M) was shifted to 540 nm with incrcased
intensity whille the band at 370 nm practically remained unchanged.
This is due to the formation of 2 stable mixed ligand ccmplex
with HCI (84). At very high concentration of HCI, T.e.>7.5 M,
the position of both the absorption bands remained the same while
the intensity began to decrease due to the protonation of fthe

iigand (Fig. 2).

The spectrum of V(V)-PCHA complex has been found to be
further affected by the presence of alcohol. The absorption
band at 505 was shifted to shorter wavelength with an increase
in the intensity while the absorption band at 370 nm remained
unaffected. The change In the absorption band associated with
charge transfer clectronlic t+ransition of the V(V)-PCHA complex
in the presence of ethanol is due 40 the esterification of the
adlum (V)-PCHA complex

complex containing an -OH group in the van

molecule (52),

The simple V(V)=-PCHA complex was found to react with azide,

benzaldehyde, acetic acid, chloroacetic acid and trichloroacetic

acld to form mixed ligand complexes. The formation of a2 mixed

ligand complex In each system was evident from:
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the changes in the wavelength of maximum absorption;

+he variations in the molar absorptivity at the respec=-

tive lmax;
the difference in the acidity ranges of the aqueous phase

for the complete extraction of V(V),

The results are summarized in Table | and the spectra are shown
In Fig. 3~9.
Table I, Spectral Properties of Mixed Liqgand Complexes of
Vanadium (V).
Golor BhaSe) Em9§ 5] Optimum Aci-
Auxiliary Ligand Comp lex nm | mole 'cm dity Range
Nene Reddish
et 505 3800 0.03-05 M CHI
HC | Blulsh
3 540 6200 2.5-7.5 M HCI
violet
Benzaldehyde Bluish
4 550 6000 3 - 4 M HCI
violet
Azide Bluish
560 6300 0.01=1.5 M HCI
violet
¥Acetic Acid “ " T 7
Chloroacetic Reddish A 3 6" W Eh
530 6680 - \
Aci d violet &
Trich i Reddish
loroacetic 542 2750 2 - 5 M TCCA
Acid violet
* 7 i tration (1=10 M).
Xnayx and e varies with concentra
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The vanadium (V}-PCI-;A-N3 and the vanadium (V)=PCHA-TCAA
(or CAA) ternary complex systems have been found to be the most
sensitive and stable among the mixed ligand complexes studied.
At the same time V(V)-—PCHA-N3 complex is completely extractable
at the lower acidity range with respect to HCl and V(V)-PCHA-TCAA
(or CAA) is completely extractable In the absence of HCI into
common organic solvents. This is the advantage of both the
systems for the precise determination of vanadium (V) since,
there is no danger of reduction of vanadium (V) to vanadium (IV)
in the dilute HCI or in its absence (77,78), Hence, these two
systems underlie the basls for the development of two new solvent
extraction and spectrophotometric methods for the determination

of vanadium (V). Therefore, the two systems have been studied

in detail.

The absorption spectrum of vanadium (V)-PCHA binary complex
was found to be affected In the presence of azide. The absorption

band a+ 505 nm was shifted to 560 nm and the one at 370 nm

practically remained unchanged. The optimum acidity range of

the aqueous phase for the complete extraction of vanadium (V)

in the presence of azide was found fo be 0,01=-1.5 M with respect

to HCI. At lower acidity different absorption spectra have been

found as already expected since vanadium (V) exists in aqueous

solution as different speci .s leadina to t+he formation of differ-

ent complex species. At higher acidity there was a shift in

A from 560 to 540 nm because of the protonation of azide and
max

the formation of V(V)-PCHA-HCI comp lex retarding the formation
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(v (v)] = 1 X 10™%n.
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i =0 &0 o
YAVE LENGTH, nm
Complexes ef Vanadium

Fig. 9 Abserptien Spectira of Mixed Ligand
for V(V) ~PCHA-TCAA (1),

(V) Against Reagent blank,
s 1.0 X 10

V(V) ] = 1.16 X 107N v(v)-PCRA-NS(2), [ V(V)]
] -4

(v(v)]-PCHA in 0.5 M HC1 (3) (v(v)] = 2 X 107 M3 V(V)-K

““u; V{U}~PCHA-Henzaldehydo (58),

(4), [V(V)] =1 X 10

[v(v)] =1X 10 M,
o Acidity is within opt imum experimental ramge,




of the vanadium (V}—PCHA-N3 mixed ligand complex, The results

are gi\fl_".ﬂ in Tabiﬁ 2-

Table 2. Effect of Acldity of the Aqueous Phase on the Absorp-
tion Spectrum and Extractlon of Vanadium (V) in the
Presence of Azlde. [V(V)] = 2x107°M, N3 ]= 0.5 M,

Acidity of the , S of the Absorbance
Aquecus Phase Compliexs b A e
pH 8.0 487 0.56
pH 6.0 527 0.75
pH 4.0 545 1.0l
pH 3.0 552 |.18
pH 2.5 558 1.24
pH 2.0 560 .26
pH 1.5 560 | .26
pH 1.0 560 .25
0.5 M HCI 560 |.26
l.0 M HCH 560 .26
|.5 M HCI 560 .26
2.0 M HCI 560 {23
2.5 M HCI 560 |.20
3.0 M HCI 552 Pt i)
4.0 M HC! 540 1.20
€.0 M HCI : 540 1.20

mixed |igand complex

The absorption spectra of V(V)-PCHA=Ng

ange has been found fto b
These results indicate the

e similar both
at the optimum acidity r

in the absence and presence of ethanol.

p in the mixed llgand C
is replaced by azide

omplex molecule.
absence of an -0OH grou

Thus i+ seems that the -OH group

mixaed ligand complex formation.

during the
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The reaction and extraction of vanadium (V) with PCHA has been
studied in acetic acid, chlorcacetic acid and trichloroacetic
acid media in the absence of HCI. I+ has been found that the
extraction of vanadium (V) is iIncomplete from I-10 M acetic
acld medium. The complex exhibited different absorption spectra

at di fferent concentrations of the acid and it was not stable.

The extraction of vanadium (V)-PCHA complex was found to
be complete in the concentration range 3-10 M and 2-5 M of
chloroacetic acid and trichloroacetic acid, respectively,in the
aqueous nhase, The charge transfer absorption band of the simple

V(V)-PCHA complex was greatly Intensified and shifted to 530 and

542 nm in the chloroacetic acid and trichloroacetic acid systoms,

respectively, while the n-n* +ransition band was only slightly

affected,

Below +he optimum acidity range dl fferent absorption spectra

were found at different acidities of the aqueous phase in both

the systems; whlle above the optimum acldity range piasy’ Separar

tion was difficult in both the systems due to Increasing miscibi=

13z e
Tty of the organic (e.q. chloroform) and aqueous phases. Th

40

=

results are given In Table 3 and




Table 3. Effect of Concentration of Chloroacetic Acid in the

Agueous Phase on the Absorption Spectrum and Extrac-
4

tion of Vanadium (V). [V(V)] = I x10 "M, [PCHA] =
2 x 107° M.

A of the Absorbance

(GRS Cg;:Iex, nm at 530 nm
1.0 525 0.625
2.0 527 0.640
3.0 530 0,664
4.0 530 0.668
5.0 530 0,668
6.0 530 0.678
7.0 530 0.675
8.0 530 Dt
10.0 530 Sl

The absorption spectrum of the reagent (PCHA), has been

studied in the visible region. The reagent showaed negligible

E i absorp-
absorption in the region 700-500 nm, slightly Increasing

+ion between 500-400 nm, and strong absorption b ycnds 10 nN,

n rements of
Hence, a reagent blank was necessary for the measu

" hile i"' was not
absorbance at wavelengths shorter than 500 nm; while

necessary at larger wavelengths.




“ A8

Table 4. Effect of Concentration of Trichloroacetic Acid in
+he Agueous Phase on the Absorption Spectrum and
Extraction of Vanadium (V), [V(V)] =4x|0-4 M,

[PCHAT = 2x 107> M,

Amax of 'theo Absorbance
. [1cAn] Comp lex, nm at 542 nm
0. | 527 QL5235
1.0 537 0.714
1.5 537 0.747
2.0 542 0.769
3.0 542 0.769
4.0 542 0.764
2.0 542 0.770
X6 .0 & -
*8.0 4 -

¥No phase separation.

As already mentioned, all the nixed |igend complexes of

VIV) with PCHA and the auxiliary ligands in the foregoing dis=

o -
cussions exhibited two absorption bands. Although, the absorp
n was relatively

tion band associated with the a-n* transitio

tens roe transfer in
Intensa than the band associated with the charge ns
gasurements

bance m
each system, the later was selected for absor

absorbs strongly in the

due to the fact that the reagent, PCHA,

shorter wavelenqth region.




Several organic solvents such as chloroform, carbontetra-
chloride, benzene, toluene, chlorobenzene edlchloro benzene
and xylenc were found o extract all the complexes from the
aqueous phase. The absorption spectra of the individual complexes
were found to be similar in all the nonpolar organic solvents.
However, variations in absorbance values were noticed. Chloro-
form was found to be the most sultable solvent for extraction of
the vanadium (V)-PCHA-N; and t+he vanadlium (V)-PCHA T-EAA (or CAA)
complexes, because the quantitative extraction of both the

comploxes is readily accomplished in I+, It was also preferred

because of its higher density and relatively higher solubility

of PCHA in 1+ than in other solvents.

3.2 Composition of Complexes

The composition of vanadium (\1')-F'CHF«—N3 and vanadium (V)=

PCHA=-TCAA complexes have been determined by d1 fferent spectro=

photometric methods. The mole ratio (17) and continuous varia-

tions (18) methods were used +o determine +he rafio of vana-

dium (V) +o PCHA while a simple spectrophotometric o 13

i r
was used to determine the ratio of yanadium (V) to azide ©

trichloroacetic acid.

yd i ted
The resufs obfained byelee MOIRNAES method indica
.2 in the two comp lexes.

the ratio of vanadium (V) to PCHA to be |

. curves are shown
The results are given in Table

in Flg. 10 and !V




o
o |

rable 5 Saciul®e 6f Mole :
able 5. : ,:‘? :\n ) :éfﬁRiT;?Vﬁ?;ZOZ ;0: V;V{-?CHA~N3 Systen
» Ny 5 M, [HCI] =C.1 M
fv(v)l : [PCHA] Absorbance
= at 560 nm
Izl 0.332
1:2 0.470
{23 0.567
114 03593
{5 0.613
1 :6 0.629
|:8 0.630
T L0 0.630
1:20 0.628
{35 0.629
Table 6. Results of Mole Ratio Method for V(V)=-PCHA=-TCAA
System., [V(V)] = Sx|0-5 M, [TCAA] = 3 M
[V(V] :[PCHA] gzsgzga:ie .
" 0. 290
. 0.481
% 0.56!
|:4 0.595
il 0.618
1:10 0.620
|:20 0.619
1:50 0.618 |

me thod +he maximum absorbance

In +he continuous variations
e metal jon In

Was observed at the mole fraction of 0.33 of th

I
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Fig. 11 Mele ratie methed curve for v(V) -PCRA-TCAA ayntem
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both the systems. These results indicate the ratioc of vanadium
(v) to PCHA to be 1:2 in +he presence of azlde or trichloroace-
t1c acid. The results are qgiven in Tables 7 and 8 and +he curves

are shown in Fig. 12 and 13,

Table 7. Results of Continuous Variations Method for V(V)-
N,~PCHA System. [V(V)] + [PCHA] =4x 107% m, [N3) -

0.5 M, [HCI] = 0.1 M,

vVl [PCHA] Absorbance

[V(V)1 + fPCHA] [V{(V)] + [PCHA] at 560 nm
oll 0.9 0.241
0.2 0.8 0.430
D25 0.75 0.532
0.3 0.7 0.581
0.33 0.67 0,605
0.2 0.6 0.563
0.5 0.5 0.471
0.6 0.4 0=:408
0.7 0.3 0.289
0.2 0.2 0. 189
0.9 0.1 0. 156




Table B. Rasults of Continuous Variations Method for V(V)-
q

BCHA-TCAA System. [V(V)]+fPCHA] = 4x10” " M, [TCAA]=3M
Vv (v)] [ PCHA ]
) - Absorbance
fV(v)] + [PCHA] V(V)] + [PCHA] at 542 nm
e ] 0.9 0.302
0.2 6.8 05173
0.25 0.75 0.702
0.3 0.7 0.781
0.33 0.67 0,814
0.4 0.6 0.778
0.5 0.5 0.685
0.5 0.4 0.555
0.7 0.3 0.437
5. 8 0.2 0.298
0.9 B 0.150

The ratio of vanadium (V) to azide or +richloroacetic acid

oy diferminQd by simple spectrophotometric method. The quantity
A=A | ) ;

log min

“: Ti;:ztﬁT were calculatsd and plotted as a function of log

, A

[%] or log [TCAA] in the two systems, respectively. The slope

? Curves were found to be near unity in both cases which

‘Ndicate, the ratio of vanadium (V) to azide and vanadium (V) To

1. = .
”Ch'OrOace+Ic acid to be l:l. The results are givafl in Tabies

312 and +he 15.

curves are shown In Fig. 14 and
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Flg. 13 Continieus variatiens curve fer V(V)-PCHA-TCAA sy8



ul¥s of Simple Spectrophotometric Method for

rminaticn of Composi+ion of Vanadium Complex
V(V)-PCHA=N, System. [V(V)] 9.5 x 4070 W,

1 = 0.1 M, [PCHAl =2x10 ~ M
Concentration Absorbance
of Azide, M at 560 nm

0.00 0.295
0.005 0313
0.0! 0.328
0,03 0.368

0,383

]

0.05 0.395
0.075 0.475
5.10 0.501
0.20 0,600
a 0.598
1. 00 0.601
0.591

2.00 0.562




i
\n
n

]

Tabla 10 ResulTs f imp Spectrophotometric Method for
Determinatiaon ¥ Composition of Vanadium (V) Complex
in V(V 'i-p"__‘r‘w‘--T.'_““i‘,-’\ System. [V(V)] =1 x l(}‘-{l M,
[PCHA] = 2x10 ~ M

~oncentration
% Trich [ofo= Absorbance
acetic Acid, M at 542 nm
0.CC 0.311
.01 0.383
0.2 0.420
0.0 0,456
. 06 0.485
10 0.52%
. 00 0.618
Table 11. Datas for Dotermination of Composition of Yanadium
() Complex by Simple Spectrophotometric Method in

__“(V)'FJCF-*!‘*-F\‘E System. ﬂ'min = 0,295, Amax = 0.60
A=A

fN. . \ e / : - min

I.1OQ | ‘43. ] A A .-\min Amax A !ogm
max
=230 0.313 0.018 .0.287 -1.20
-2.0 0.328 0.033 0.272 -0.92
={.52 0.368 0.073 0.232 -0.50
~4 0.383 0,088 0,217 -0.39
ol 5 0.395 0.1 0,205 ~0.31

={ .12 0.475 0.18 0. 125 0.158




56 =

rable 12 Data for Determination of Composition of Vanadium
(V) Complex by Simple Spectrophotometric Method in
V(¥ )-PCHA-TCAA system. A, = 0.311, Amax= 0.618
A=A,
CAART A=A A -A | Rig
log [TCAA] T lmin "max °9 T -k
max
-2 0,383 0.072 0.235 -0.51
-1.7 0.420 0. 109 0.198 =-0.26
-lfis 4 0.459 0.148 0,159 -0.031
-1.22 0. 485 0. 174 0.133 0.12
“|.0 0.523 0,212 0.095 0.35
A ratlo of 1:{ {(vanadium (V) to azide) in the mixed ligand

omplex was further supported by the absorption spectra studies.

I ldentical spectra of the mexed ligand complex were found in the

sence and presence of ethanol while different spectra were Foung

f .
or the simple comp lex in the absence and presence of ethanol.

These
°e results |ndicate the presence of an =OH group la The simple

¥
Madlum (V)-PcHA comp lex melecula and the absence of the - OH

roup i
“in the mixed |iagand NVL-PCHA-N3 comp lex molecule. This is

Possih i
slble only when the -0H group is being rep laced by The %5

royp ‘ is
P Aduring the mixed ligand comp lex formation. Since there

on| =
Yione - ecule only one N

OH group in the simple complex mo |

Iro.
ifoyup can ba the

co-ordinated with the metal which confirms
rat
0 of Vanadium (V) | in the mixed |igand

chD Ff:x <

to azide to be I:

of
Such spectral study was noft possible 1n tha. cas@



- 57 -

0-0

J

(-
i

min

<1< -06F

1
L]
bl
0%
-10 k
12 ke : 1 |
=23 L s

Leg [Ny]
curve feor 1(7)-!‘5&»-!1:

c methsd
Fig.14 Simple lpcctriplutolitﬂ

aysten.



05

0.5 K

-2
=15
Leg [ TCAA]

Fig. 15 Simple spectrephetemetric me thed

V(V)-PCHA-TCAA system.

-10

curve fer



= DYk

trichlorocacetic acid
=F since there
was esterficati
on reaction

botween the carboxylic acid and the alcohol

Thus the ratlio of vanadium (V) to PCHA was found fo be
|:2 by both the mole ratio and continuous variations methods
in both systems and the ratio of vanadium (V) to azide and
vanadium (V) to trichloroacetic acld to be |:1 by simple
spectrophotometric method and absorption spectra studies.
Hence the overall composition of vanadium (V)-PCHA-azide and
vanadium (V)-PCHA-trichloroacetic acid mixed |igand comp lexes

have ¢
been found to be 1:2:1 (V(V):PCHA:auxiliary ligand).

3.3 Effect of Varliables

Effzct of A
fect of Amount of PCHA: A 6-fold molar excess of the

rcaqe el
gent, PCHA, was found to be necessary for fhe complete extracs

ous phase in the presence of

tion of vanadium (V) from the aque

acid under optimum experimenfal condi=

p to 50-fold molar excess

azide or trichloroacetic

- il S
ons. A large excess of the reagent U
has

no adverse effect on the oxtraction of the metal ion from
tha a

aquesous phase in both the systems. I+ has also been founo

gth of maximum absorption

th g o
at there is no shift in the wavelen

wi .
ith varying amount of reagent. The results are given In Table

5 and 6.
cld:

n of Azide and Trichloroacefic A

richloroacofic

Effoct of Concentratio

The
optimum concentration ranges of azide and L
acid in the aqueous phase for completé extraction of vanadium (v)
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were found To D 0.2 -1.0 M and 2-5 M respectively. At lower

Concgm*rr;--_".'ior of azlde or trichloroacetic acid the formation of

the mixed ligand complexes ware incomplete, At higher concentra-
tlon of azide water soluble azide-metal complex becomes more
stable resulting in an Incomplete extraction of vanadium LN

At higher concentration of +richloroacetic acid there was no

phase separation. The results are given In Table 9 and 10.

Order of Addition of Reagents: |1 has been found that

there is no change in the absorbance or in the color Intensity
of both the mixed l|laand comp lexes extracted Into chloroform

if +he order of addition of reagent Is changed.

lonic Strength, Temperature and Volume of Aqueous Phase:

The wave lcngth of maximum absorption and absorbance value of

colored extracts of both gl COMPUBEES vore not affected by the

change in ionic strength of ¥he aqueous phase potwsen 0.5 M and
1.5 M with respect 1o potassium chloride or Po'raSSIum nitrate.

0
h the systems petween 10 C

Variation in the temperature of bot
gc In the absorb-

and 40°C did not produce any significant chan

oth the comploxess 1 ®

ance values of the colored oxtracts of b

e of the aqueous phase ¢an be

has also been found that the volum
VEFI68 Friom F0 t6 16 wi BGIMSE GRS

25 mi. in the V(V)-PCHA-TCAA system U

of 10 ml of the organic phase@ without any sig

In the absorbance value or oxtraction ef

comp lexes. Further Increase in vol




V(V)~-PCHA-TCAA system resulted in an incomplete extraction of
vanadium (V) due to Incrasasing miscibility of the fwo phases.

The results are given In Tables 13=15,

Table 13. Effect of lonic Strength in the Aqueous Phase on

Extractlon of Vanadium (V)

V(Vv) —PC:—-.I\-NS System V(V)-PCHA-TCAA System

-

| x 10 M

n

[V(V)] = 1.06 x 10 M vl

[N 1= 0.5 M, [HCI] = 0.5 M [TCAA] = 3 M

Concentration Concentration

of KCI in agu- Absorbance of KNO5 in aqus Absorbance
gous phase, M at 560 nm cous phase' M at 542 _nm
0.5 0.675 0.5 0.778
1.0 0.672 1.0 0.770
1.5 0,774

| 0.676
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Table 4. Effe
ffect of Temperature on Extractl
on of Vanadium (V)
V(V)-PCHA=N Sys
3 ystem V(V)-PCHA-TCAA System
[V(V)] = 1.06 x 10”4 M [v 4
B - | (V)] = 1 x 10" M
NZ1:=0.5 M, [HC
(N3] M, [HCI] = 0.5 M [ TCAA]l = 3 M
Temperature
Fenper: - 2{ Absorbance Temperature of  Absorbance
¢ System, C at 560 nm 0
n the System, C at 542 nm
N
10 0.678 10 0.765
0 z
0.672 20 0363
30 0.674 30 0.8
4
0 0.671 40 0051

Extracti ime
xtraction Time and Stability of Complexes: The vanadium

cted Info chtoroform

(V)~PCHA=N C
CHA=N, complex was complotely extra

3
within 3-4 mi 4
4 minutes while the vanadium (V)-PCHA=TCAA comp [ex was
complete | a
pletely extracted into chloroform within w0 minutes., It

has al o
so been found that the maximum color intensity, 1€« the

oxtract of the V(V)-PCHA-N4

constz .
tant absorbance of the chloroform

0 +ime and the 2

complex we '
plex was attained within 2 hours of standin

ed cons+an+ at least for

absorb
ance value of the complex remain

+he vanadium (vi-

2 da +_0
ys at 20-2°C. The chloroform extract of

ys at ZO:ZOC ¢from the time

PCHA-T
CAA was stable for at |cast 3 d2
ruo 1f one uses

of its e .
extraction. These results are also t
oacetic acid instead of frlchloroacetic acid, The resul®s

are H
given in Table 16,




Table |5. Fffect of Volun ~f
ct of Volume of Aqueous Phase ‘on Exiractisn of

anadium (V)
I'v‘ (l\'J . ’_ 2] A= S o
) I3 System V(V)=PCHA-TCAA System
V(v . V. T 4 o 4, i
[VIV)] = 1.06 x 107" M, (V] = | ox 1000 M,
[N3] = 0.5 M
L3 TCAA] = 3 M s
[ ] = 3 M, Vorg IC ml
[l.{ | - [ \ = 1
. - 10 ml
Aaucotli= Phacse A
qucous Phase Absorbance Aqueous FPhase Rbsotbance
Volume, ml at 560 nm Volume, Ml gt 542 I
10 0.670 5 0gi68
25 0.673 10 el
50 0.5669 25 0.765
100 0.674 £ §
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Tab | £ Fffec
ccet of Time o
ne on Absor
. | bance of Vanadium (V)
3XES
Comp | ax V (V)=PCHA-N
p CHA=N;  V(V)-PCHA-
Sys tof i - PCHA-TCAA  V(V)-PCHA-CAA
vV =
(V] =1x 1078 (V(V)] =1 x 107"
1.23 x 10 M : Lol e
_ [TCAA}] = 3 M [CAA] = 5 M
f"i::] = 0,5 M ‘
[HC1] = 0.5 M
Timi Absorbance of
Fi Chlcrofor; Absorbance of Absorbance of
min/hr/ Exdra T- Chloroform Chloroform
Ay St ;2 at Extract at Extract at
: 542 nm 530 nm .
0 o g
T 0.728 0.775 0.665
] 0.744 0.775 0.668
nr O 50 .
5 e :}-7-JC 0.774 0.662
= 0.76
ke ; 168 0.775 0.664
J u?\
e 66 0,773 0.665
o5 0.766 0.774 0.663
r y
5 0.770 0.775 0.667
—_—— 0.768 0.774 0.662
, qﬂ' 0.767 0,775 0.661
i days 0.769 0.774 0.662
2 days
i decomposed 0.770 0.660

3.4 Spec

tral and Photometric Characte

rstics of Comp lexes

The

The I xe i
mixed |igand complex

Wa\”‘,| . e
engths of maximum absorption ¥

negligble

molar absorptivity and

absorbance, The

re

os have been det

sults are gumma

phofomefric sens

(tivity (6) of

ormined at the long
here the reagents PCHA, has
rized In Table 17,

B



Tab I« | s Molar A
bsorptivity and Sensitivity of the Colored
Systems
Comp lex A
G max Emag Photomettic
stem nm W Sensitivit
ug V cm”
V=PCHA=N
| 3 7569 6300 0.0080
V=PCHA=- A -
ChiA=TCA 542 7750 0.0066
V=-PCHA- =
530 6680 0.0076
The colore
he colored systems obeyed Beer's law in the concentration

ranaa o
noe of 0.9 - |0 ppm, 0.6 ~ 8 ppm, and 0.8 - 10 ppm of vanadium

v (V)=PCHA=CAA colored

In the V(V)-PCHA-N;, V(V)-PCHA-TCAA,
18-20 and

systems respectively. The results are glven in Table
the curves are shown In Fig. 16-18. The optimum concentration
ranges for the determination of vanadium (¥) as evaluated from
|2=21) were tound to be 1.8< 8.5 ppm,

o
hlnghcm'g p{of (82) (Fig.
0.8-5.( .

3-5.0 ppm and 1.2-7.0 ppm of vanadium for the y(V)=PCHA=N 4,
V( -PrHA ~ A A

V)-PCHA-TCAA, and V (V)=PCHA-CAA colored systems, respectively.

+e that the me+hods are highly sensitive and

on of traces of van

The
hese result+s indica

adium,

hence = .
ce applicable to the determinati




Table |8.

calibration Curve Data for Determination of V(V)

by V(V)=-PCHA-N

Absorbance
M va/25 ml ppm at 560 nm
|.8x10 5 22.73 0.92 0,116
2x 10~ 25,48 ].02 0.129
x10 ° 50.95 2.04 0.260
8x 10" " 101,90 4,08 0.51%
12x10 152,85 6.12 0.771
16x10 203.8 8.16 1.046
20%10 254.75 10.2 1.270
Table ! Calibration Curve Data for Degermination of vv)
by V(¥)-PCHA-TCAA System
Concentration of Vanadium 5 Absorbance
at 542 nm
M ug/25 ml ppm e
1.2x1077 15,28 0.61 0.092
% 10> 50.95 2,04 0.310
s 0.622
Bx10" 7 101.90 4,08
=& 0. 715
1ox10 ~ 127.4 5.10
- 0.923
12x10” 7 152,85 6.12 120
16x10° 203.8 8,16 :

i
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Table 2C. Calibration Curve Data for Determination of V(V)

by V(V)-PCHA-CAA System

Concentration of Vanadium (V)

Absorbance

M ug/25 ml ppm at 530 nm
1. 6% 10" 20.38 0.82 0. 108
2x10™> 25.48 .02 0.135
%1077 50.95 2,04 0.286
10x10™° 127.4 5, | 0.670
20x10°° 254,75 10.2 )32

3.5 Precision

The precisions of the newly developed methods were evaluated

by perferminag ten, five, and ten i ndependent analyses on samp les

4 08. and 5.10 ppm of vanadium in the V(V)=
2,08,

each containing 5.4,
A-CAA systems, respectively.

PCHA=N, V(V)-PCHA-TCAA and V(V)-PCH
thods
The results obtained (Table 21) clearly indicate that the W9

ts.
are highly precise and give reproduclb[e resul



Table 21.
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Evaluation of Precision of Methods

Method based

" Method based

Method based

Parameter on V(V)=PCHA- on V(V)-PCHA- on V(V)-PCHA-
B e N3 system TCAA system CAA system
Total number
of samples 10 5 |10
V(V) concaentra-
ticn, ppn 5.40 4,08 5.10
Averaqe dsvia-
+ion from mean,
bpm 5.40+0,0] 4,08+0.01 5.:1040.01
Relative stan-

0.50%
dard deviation 0.67% 0.58%
3.6 Effect of Foreign lons

in order to evaluate the selectivity of the Two newly

deve loped methods the e ffect of several diverse jons on fhihe
oxtraction and determination of canadiumgy) with PCHA 1:. o
presence of azide or +rlchloroacefic acid has been anOs.lg ’
limit+ taken as the concen+ra+ion (ppm) of ions

The tolerance

in Table 22.

o e glven
which cause an error less thaf 2% are 3
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Table 22. Influence of Foreign lons in the Determination of
Vanadium (V) in V{V)—PCH;‘\-NB and (V(V)-PCHA=TCAA
Systems. V(V) = 4 ppm, N; =0.5 M, TCAA = 3M

HCI = 0.5 M (for V(V)-PCHA-N System)
I &l 11
“Tolerance limit, ppm *Tolerance limit, ppm
Hon V(V)-PCHA-N System V(V)-PCHA-TCAA System
Na 400 400
K* 400 400
Li 400 400
ca?’ 400 e
(;,.?’ 400 400
= '\2-. ("m '100
h’gz' 400 400
B2’ 400 4
£\ I 3 ) "‘rOO ’;m
: 4
L:}5+ 400 422
" 400 o
7 y /
Zn’ 400
400
cd“’ 400 s
Ho* 400 j
= d 50 400
Ch” A
. n?4 ’ 400
D &
h-a 400
gi~" 100
e 200
Co 400
i+ 400
Th 200 100
uos' 200 o
oyl zoob 300°
=z
Fe=" 400 b
NT 2 400 450
ce”* 400
._.03 . 400
+

Cr 300




- 76 -

' I 11

Mn*" 400

Dia 400
MoZa g0 40
""”':‘4 100 80
Tf:‘ a0 60b
£ r;+ 400 . 380
NH 4 400 400
Acetate 400 400
Chloride 400 400
Nitrate 400 400
Sulphate 400 400
Citrate 400 400
Tartarate 400 400
Phosphate 400 400
Borate 400 400
Fluoride 2400 3600
Oxalate 400 400
EDTA 150 400

3or most of the fons the tolerance limi+ might be well above

400 ppm. However, the oxact limits were not determined since

they did not interfer up to 400 ppm.

bMasked with Fluoride.

(111) react with the reagents to form colored complex

|l ron
interfere in the determination

extractable into chloroform and

of vanadium (V) in V(V)-PCHA=N system.
i+ with fluoride. A solu-

The Interference of

(111) was eliminated by maskina

iron
of fluorlide was added portion-wise and

t+ion containing 10 mg/ml

the colored iron (111) azide comp | ex

shaked vigorously until



turncd colorless, The lower tolerance limit of titanium((1V)
can =lso be improved using fluoride as a masking agent. In
VIV)=-PCHA=-TCAA system iron (ll11) and titanium (¥V) interfere in
the determination of vanadium (V). Again the interference of
iron (111) and titanium.(lV) was eliminated by masking these
ione with fluoride. A solution containing 0.2 gm/25 ml of

NaF was added, to the solution contalning iron (l11) (7.5 mq)

and titanium (1V) (2 mg) and shaked vigorously. Then V(V) was

extracted and determined by the general procedure.

The results given in Table 22 clearly indicate that almost

|| common ions which are normally associated with vanadium (V)

a

in ores, alloys, steels, and complex materials do not interfere

in +he determination of vanadium (V) with PCHA and azide or

trichloroacetic acid. Hencec, the Two newly developed methods

are highly selective and can be applied for the determination

of vanadium (V) in any type of samp les.

3.7 Comparison of Common Specfrophofomefric Methods for

Determination of Vanadium . (¥)

The comparison of the present methods with fthe common

spectrophotometric methods wlth common specfrOpho+omefric methods

used for the determination of vanadium is summarized in Table 23.

The newly developed methods are selective since most of the common

tons Including Fe (111), Ti (1v), Zr (1V), and Mo (VI) do not
e methods

interfer. The sensitivity of the methods is good and Th

are free from the rigid control of experimental conditions.,

4__—#
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4 the methods are free from the rigid control of

is q ]
experimental conditions.
Table 23. Comparison of Common Spcctrophotometric Methods
| 3 o v v Vi
Amax Sensitivity Optimum \ 4or fofiape
Reagent nm ug vV cm"Z Acldity
' Range ference ance
Hydrogenperoxide 450  varlies with 0.6-6 N Fe, Cr, 83
acidity Mo, Ti, W
Phosphofungstic
acid 400 0.027 0.5 M Fe,Cr,Cu,
Co,Mo,5n, 84
Sb, Ti
Tropolone 590  0.011 5,57 M Mn, Br, | 85
HCI
3=Hydroxy I=1,
3-dipheny | tra-
zine 410 0.0078 3,0-6.0 Fe,Cr,Cu, 86
pH Mn, Co

|- (2=pyridycazo)-

- 615 0. 003 3,5-4,5 Fe,Cr,Cu, 87
Z=napthol H g
8-Hydroxyqui=
noline 550  0.016 3.5;45 Fe,Cu,Mn 88

P

8-Hydroxyqui-

noline in pre-
sence of p-phenyl ;
*

phenol 620 0.008 2.5-5.0 B4

pH

Benzo-hydroxa=
mic acid 450  0.014 |.2;5.5 Fe,Mn,Al 89,90

p
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| I i v v Vi
N-pheny |benzo
droxamic acid 530 0.011 5.0-6,0 M  Ti,Zr, 53
hydroxami o et Mo, W
N=-pheny lcinname-
oxamic acid 540 0.008 3,0-7.5 M Ti,Zr, 39
hydroxamic ac i i Mo, H
N-pheny | clnnamo~
hydroxamic acid
in presence of
W 46
P-ch |crophenol 565 0.0068 1.0-3.0 M
N-phany | ci nnamo=
hydroxamic acid in
in presenca of
r 45
3.0-7.0M Fe, W
thiocyanate 590 0.0068 e
N-pheny | ci nnamo=
hydroxamic acid
in presence of * 2
0.03=1.5 M
azide 560 0. 0080 Hel
N=pheny I ci nnamo=
hydroxamic acid
in presence of
trichloroacetic " 2.0-5.0 * -
acid 542 0.
TCAA
masking.
*|nterforence of iron Is oliminated by
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Aoplications of the Methods

The newly developed methods were applied for the datermina-
tion of vanadium in blood and steel samples to asses thelr ana-

lytical potentiality.

Stoe | Samples: Since the standard samples were not avai |-

ablz, synthetic samples having the same composition as that of
the British Chemical Standard Steel No. 64a and 241/1 were

nrenared. Extraction and determination of the samples were

r

und=rtaken fo!lowing the general procedure described earlier,

The resul+s are glven In Table 24,

Table 24. Determination of Vanadium (V) in Synthetic Steel
Samples
S | Vanadium *Vanadium R.S.D.
amp ke ontent , (%)
Method No. C ?g) Found (1)
V-PCHA-N 6da .57 .54 0.81
241/1 1.57 .
0.76
V-PCHA-TCAA 648 1.57 1,55 T
241/1 R 1.56 i

¥Average of 3 determinations.
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C, 0.80; Cr, 4.40; V, 1.57; Mo, 4.1};

W
]
"5
- |
-
N
b

W, 5.66; Fe, 83,45%

Sample No. 241/1: W, 19.61; Cr, 5.03; Mo, 0.52; V, 1.57;
€o, 5.67;

c, 0.85; Si, 0.33; S, 0,033; P, 0.02;

Mn, 0.295;
Ni, 0.075; Cu, O.l; Sn, 0.025; Fe, 65.87%.

Blond Sample: |t has been found from the analysis that

the blood sample from an adult person did not contain any

detectable amount of vanadium. This has been shown by adding

a known amount of vanadium to the blood before the samp lé

f the
preparation as described carlier. The vanadium content ©

= - r CAA)
sample solution was determined by the V(V)-PCHA-TCAA %0

method. The results are glven in Table 25.

Table 25. Determination of Vanadium after standard

Addition to Blood Sample

* i F R.SuD.(i}
V—pl" T 99 8
HA 5 0.5
e llu’:‘A 0- 'O mq 0'0
U ";-I C " Ou |0 fl'lg

*¥Average of 3 determinations.
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The results given in Tables 24 and 25 indicate that tThe

newly developed methods are reliable and can be applied to the

anzlysis of vanadium (V) in a variety of samples.
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4, CONCLUSION

Two new simple, raplid, and reliable methods for the

extraction and Spccfropho+omc+ric determination of vanadium

(V) with N=phenylcinnamohydroxamic acld and azlde or tri-

chlercacetic acid have been deve loped. Both the newly develope

methods are sensitive, selective, and give reproducible

results. Moreover, as the methods are largely free from the

rigid contrel of the experimental variables they can have wide

analytical applicability for the successful determination of
alloys, rocks, solls, satc. The dis-

vanadium in bio-samples,

advantage of the methods is the additional steps taken for

masking of interfering fons.
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