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ABSTRACT

Solvent Extraction and Spectrophotometric Determination of
Vanadium (V) with N-Phenylcinnamohydroxamlic Acid and Azide or

Trichloroacetic Acid

by

Atemayehu Abebaw

R. Advisor Dr, B,S, Chandravanshi

N-phenylcinnamohydroxamic acld, PCHA, was found to react
with vanadium (V) In the presence of azide or trichloroacetic
acid (or chloroacetic acid) to form water insoluble bluish-
viclet and reddish-violet complexes, respectlvely. The vana-

dium (¥)-PCHA~N, complex was quantitatively extractable Into

3
chloroform and other organic solvents at 0.03-1.5 M acidlity
with respect to HCI. While The vanadium (V)-PCHA-TCAA was
quantitatively extractablse at 2-5 M ascidity with respect to
Trichloroacetic acid, TCAA. The vanadium (V)-—F’CHA=N3 and
vanadium {( V)-PCHA-TCAA complexes have absorptlon maxima In the
visible reglon at 560 and 542 nm with molar absorptivity of
6300 and 7750 | mole"i cmfl, respectively. The colored systems
obeyed Beer's law in the concentration range of 0,9-10 ppm of
vanadium In the presence of azide and 0.60-8;0 ppm of vanadium

in the prosence of trichloroacetic acid, The composition of

the complexes have been determined and found to be l:2:l(V:PGﬂhN3)




= oxiio

and 1:2:1 (V:PCHA:TCAA), The effect of foreign ions and other
experimental variables on the exftraction and deftermination of
vanadium (¥) have been studied In both systems. On the basis of
these studies two simple, precise, sensitive and highly selec-
tive methods ahve been developed for determination of vanadium
(V) by solvent extraction and spectrophotometry, The two newly
developed methods ahve been applied for the successful determi-

nation of vanadium in steel and blood samples.




f. INTRODUCTION

Vanadium has an abundance Iin nature of about 0.02% (1),
I+ is widely spread but there are fow concentrated deposits.
I+s important mineral sources are patronite {a complex suifide),
vanadinlte [PbS(VO4)BC!], and Carnofffe [K(U023VO4.3/2H20];
Very pure vanadlum is rare, because, It Is qulte reactive towards
oxygen, nitrogen, and carbon at the elevated temperature used in
conventional thermometaliurgical processes. Slince its chief
commer¢ial use Is In alloy‘5+ee!s and cast iron, to which It
lends ductitlty and shock resistance, commercial productidn is

mainjy as an iron alloy, ferrovanadlum (2}, |+ is also used as

a catalyst both in nature and in iIndustries.

Vanadium has been shown fo replace molybdenum In the nitfro-

gen~-fixing function of Azotobacter chrococcum but not of other

species (3), The algae scendesmus oxhibits improved photosyn-
thesis in the presence of vanadium, which may thus be beneficlial
or required for the process (4). The role of vanadium in normal
animal metabolism Is not completely understood, Rather extensive
literature exists on the toxicoleogy of compounds of this metail

and its distribution in plants and animals (4):, 11 Is ub?qui+~

“. ous, but there is no conclusive evidence availablie which suggests

that vanadium 1s essential In normal metabolic processes in animals;

.} Anatytical Chemistry of Vanadium

The oxidation state of vanadium In compounds varles from =|

fo +5. In some reactions vanadium {s similar to the other clements




(niobium, tantalum) of Group VB; sometimes also to motybdenum

and tungsten of Group VIB,

In agucous soiufion-vanaGMm most frequently occurs as the
colourless vanadate (V) fon which forms yellow poly acids In
strongly acidic medlum, Vanadate can be reduced consecutively
to the blue Y(IV) or [VO(I1)] compounds, the green vanadium (111

salts, and flnally to the violet vanadium (11} salts.

Quinguevalent and quadrivalent vanadlum have a predominant
affinity for oxygen as donor atoms. In complex compounds vanadium
(V) has co~ordinatlon number six and probably forms octahedral
species. Vanadium {1V} complex has a square pyratid configura-

tion, which is fransformed to an octahedron through co-ordination

of a further ligand. Vanadium (111} has often a co-ordination
number of six in complexes which may be formed with Iigands con-
taining 0, N.or S as donor atoms. Blvalent vanadium is usually

hexa co-ordinate, forming octahedral complexes with oxygen or
nitrogen contalining ltigands. The complexes of vanadium in the
other oxidatlon states are rare and have not found application
in analytical chemlstry (I,é).

Detecilon and Soraration of Vanadium (6): Thoe rod-brown

color produced when an acid solution of vanadium (V) is treated
with hydrogen peroxlde Is thought to be due 1o the formation of a
compound of the type 02V Xy or possibly [ozv X5]=. A targe excess
of hydrogen peroxide changes the color of the solution from red-

brown tfo yéllow and reduces +the color intenslty, supposedly by a

shift In the equitiibrium,




H,O
272
(V02)2(804)3+ 6H20 w;mggJ ZVOZ(OH)3+3H2804 1]
red-brown 274 vellow
Even +though other metals like titanium and molybdenum (VI} give

cologs with hydrogen peroxide, the above color reactlon is mostly
emp loyed® for the detection of vanadium. This Is hecause the tita-
nium color can be bleached by fluoride, which in moderate amounts
does not affect the vanadium color. Because of ifs fairly strong
oxidizing power In acld medium, vanadium (V) transforms various
organic compounds Into colored products which can be made to sorve
as the basis for qualltative tests and determination of vanadium
(V) by indirect methods. Among reagents in this category are
diphenylamine and diphenylamine sulfonic acid (blue color},

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

of phosphoric acid.

Vanadium can be separated from other metsls 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 iron, Titanium, efc., is
by fusing the sample with sodium carbonate (fogether with a 1ittle
potassium nitrate 1f necessary) or sodlum peroxide and feaching
the melt with water. Ammonia preclpitation in the prescence of
ferric iron serves to scparate vanadium (V) at high dilutlions.

Ten mg. of tron in a liter is sufficlent for compliete precipitation

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




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

nium (1Y) and tin coprecipitate.

Vanadium (V) cupferrate, like most other cupferrates, is
soluble in chloroform and other organic solvents. Since vanadlium
cupferrate can be quantlitatively preciplitated in a dilute mineral
acid medium, It may be tnferred that it can be extracted by
chloroform from the same medium., Vanadium (V) can be extracted
from a weakly acidic solution (optimum pH 3,5-4,5) with a chloro-
form solution of 8-hydroxy quinotine. This separation was first
applled as a means of isolating, vanadium from the fllitered
iecach of sodlum carbonete melt and separating I+ from chromium
(V1). After evaporation of the chloroform, the residus can be
fusad with sodium carbonate and vanadium +ransformed Into vanadate.
A considerable number of metals are extracted in weakly acidlc
solution, notably lron (111), moiybdenum (Vi), copper, and, partily,

aluminum,

Methods for DeférminaTion of Vanadium: I+ has been reported
that vanadium can beo determined by gravimetric (8,93, Qolume+ric
(9,10), and atomic absorption spectroscopic methods., The element
as vanadate can be determined gravimetrically precipitating it as
AgBVQ4 and drylng the precipitate at 110°c., It has been stated
that +he results obtained by precipltation of vanadate as A93V04
are nof altogether satisfactory. Better results are obtalined by
precipitation at pH 4.5 as AgVOB, the precipifate being welghed

after drying at 100-105°C.




The volumetric determination of vanadium as vanadates can
be performed by using lodides in strongly acld (hydorchlaric)
solution in an atmosphere of carbondioxide to reduce the vanadate
(V) to the quadrivalent condition., The fiberated iodine and the
oxcaas of iodine 1s determined by titration with standard potassi-~
um iodate solution. Both the gravimetric and volumetric methods
for the determination of vanadium are nét sensitive (concentra-
tions less than IO_3 M are not dotermined) and selective sinée

several metal lons Interfere in the determination.

The use of atomlc absorption spectroscopy for the defermine-
tion of vanadium also suffers from lack of sensitivity and
seloctivity., Using the most sensitlve resonance fine, 318.4 nm,
the minimum concentratlon that can be detected is 1000 ppm, using
air-acetylene flame and, 2 ppm using nitrous oxide- acetylene

flame, Several metal lons like LiT, NaT, K+, Cs+, F93+ err

Ot 3%
i” o, Al

; C

2

B A

, etc. interfere., MWendt and Fassel (l1) reported a
sensitivity of 3 ppm with the above resonance line, using an
induction coupied plasma, Solvent extraction=spoctrophotometric
methods, which are found to be more selectlive and sensitlve, are
used for the determination of vanadium, Extraction spectrophcto-

metric methods are based on chemical reactions of the metal lon

usually with sultable organic reagents.

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

organic reagents can offen be performed with higher sensitivity



and selectivity. The separatfions are also more effoctive when
organic reagents are employed. A large number of. organic reagents
are known and thus, a better choice can be made. I+ is aiso
possibie to synthesize a new recagent pessessing more advantageous
properiies for a glven analytical problem, The study of these
reagents still allow the development of highly sensitive, selec-
tive, and rapid methods for the analysis of a variety of haferials
needing only simple instrumentation. Thercfore, The scope and

humber of their applications in analytical practice continues fo

increase.
The reactlons of organic reagents with linorganic fons in
solution can 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
ions) or other forms of the reagent (acid-bass indicators).
Besides these reaction types the organic reagent in solution can
be absorbed on a precipltate of an Inorganic substance, tThe
absorption belng accompanied by a color change of the reagent
(absorption indicators). The formation of a productl which Is
insoiuble In a given solvent {usually water) can be emplicyed in
the gravimetric determination, separation or precipitation titra-
tion of an ion. 1f the reaction product is volatile, the organic
reagent can be uscd for analytical separation based on distilia~
+ion or sublimation. Organic reagents can also be used for mask-

Ing the Interferring lons based on the formation of stable and

soluble complexes.




In many reactlons of organic reagents a conspicuous color
or fluorescence Is develoPGd; or conversely, @ colored compnron®
in solution is decolorized during the reaction, or its fluores-
cence 1s quenched. Such reactions can be appltled both for quali-
+tative tests and for SpecfrophofomeTric or fluorimsetric determina-
tions. |f the reaction product Is less soluble In water than in
sn organic solvent Iimmiscible with water, t+he reaction can be
used for the solvent extraction of any of tts parent constituentc
0f the several Types of reactions of organic reagents with
“tnorganic lons those producing coloured products and wel! suited
for solvent extraction are widely used for the nhotometric deter-
mination of the metal lons (5, 12-16). The present investigation
is also based on solvent extractlon and specfrophoTomeTry hence,
4 brief review of fThese tachniques 1s glven in the following

sactions.

1.2 Spec%rophofomé+ric betermination of Metal fons:

Specfropho%ome%ry is hased on *the measurements of the absorb-
ance for monochromatic tight npassing through fthe solution contain-
ing the substance to be determined., The sensltivity, selectivity
and reihability of The method heavily depends on +he nature of fthe

organic rcagent used.

Sensitivity and solectivity: Sensltivity 1s one of the

obvious demands In applications of analytical methods. |In order
to comply with +his requirement for reactlions which Involve a
change in color, the molecute of the compliex formed or ‘the organic

reagenT i+self must contaln chromophoric groups which are charac-




terized by transitions with molar absorptlon coefficients in the
range !03“105 | moie—l cmaI¢ Such chromophorlc groups are found
among d-m and = chromophores. The complexes with d=-=% chromophores
are restricted To the analysis of transition mefal ions, in
particular +hose which can exlst in two oxidation states di ffer-
tng by one efectron. The reagents whth y~electron groups are
useful to the analysis of most metal ions. The main reason can

be found in the Intensity of the +ransitlons f(with molar absorp-
tion cosfficlents up to 105 I molov] cm“l) whlch characterize
these chromophoric groups. By intreductng sultable substitutents

inte the molecuies of fhe organic reagents one can increase The

sensitivity and selectivity of SpeCTrophc+omeTrlc determinations.

|+ adequate selectivity in specfropho#omeTric determination
of a given substance is tTo be achteved, some practical conslidera-
+ions must 2l1so0 be faken Into account. For example, iT is necess-
ary to chooOse @ sul table wavalength at which to make the. measure=-
ment. The absorption cocfficient of the substance belng deter-
mined should be high, and those of other substances present be
negligable. Selectivity can also be }ncreaged bv the proper
adjustment of pH or by masking. Of course t+the masking reagent
{and the complexes tormed) should be colorless and not form any
comp leXes wiTh‘The metal being determined or react with the
colorimetric reagent. The selectivity of the specfrophofomefric
determinaticns can further be increased by solvent extraction

of the reaction product.




Accuracy and Precislon: Both the accuracy and prectsion of

a photometric determination depend on The completness of a glven
resction: M+anﬁ’MLn. As the reaction solution usually contfalns
components competing in The reaction (buffering and masking
agents), It is necessary to consider fthe conditlonal constant

for the general complexatlon equilibrium on which the determina-
+lon is based. The ligand Is usually an anionlc species of 2

weak aclid and so Its concentration is pH-dependent.

if a reaction Is considered as complete when 999 of the
metal being determined is transformed Into the particular comp fex

MLn, I+ holds that

v TR AR A [2]

where C’M is the tota! concentration of the metal unconsumed,
C'L is +he total concentration of the ligand unconsumed In the
formation of the complex MLn and B'ML is the conditional const-
ant for general comptexatlon equilibr?um. The expression In
equation 2 can be used for the calcutation of the necessary
minimum excess of the reagent, or for estimation of the pH range
over which{?ML attains the required value, provided that the
concentration gf the buffer, the dissociatlion constants of the
reagent, and the stablll+y constants of the particular complexes
are known.

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

N, If both form colored complexes, MLn, and, NLn, with simllar




absorption spectra, correct results for MLn are obtained If the

following conditlon Is fulfilled:

(cH" s 10 [3]

at the same time the following expression must hotd for the ratflo
of the absorbance values of the two complexes, provided that the
colorimetric reagent ltself does not absorb at The wave length
used:

A £,
ML, _ ML, (ML ] > 10° [4]

INC 1™

Ay ENL
n n

| f +he 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 be negliglible if an accurate result Ps

to be obtained for , M:

[NL ]

n 4
--E-T—— = B‘NL (C' L) < 10 [5]
n I
or

t

B ML ;

w7 > 10 (6]
NLn

The values of the condltlonal stabliity constants depend on the
pH of the solutlon as well as on the presence of all competing

components.,

1.3 Spectrophotometric Methods fer the Determination of the

Compositlon of Complexes

The optical properties cf solutions containing comp loxes

usually differ from those of the constituent fons or molecules,




The change in the optical behaviour is closely related fto the
formation of co-ordinate bonds. Analytical methods based on the
measurements of llght absorpticon can be used to advantage for
studying complexatlion 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 selectlive by an appropri-
ate choice of The anelengTh. The basic condition for applica-
tion of all analytlcal méfhods based on the measurement of 1light
absorption is that the Beer-Lambert law Is cbeyed by the
constituents to be determined. In the present investigation, the
mofe ratio method (17}, the continuous variations method (18},
and ‘the simple spectrophotometric method (19) have been employed
for the determination of the composition of the complexes,
Hence, a brief review on their theoretlical back ground Is gliven

below.

The Mole Ratio Method: The principie of the method is that

-8 series of solutions is prerared in which the concentration of
one component (usually total metatl ifon concentration, CM} ls

kept constant and that of the other varied., The absorbance of
the solutions is measured at a suitable waveleégfh and plotted

the ratio of the variahle and constant concentrations. [ f

VS,
only one stable complex Is formed, which has a selective light
absorption, then the absorbance increases approximately linearlty

with +the mole-ratlio and then becomes constant. The abscissa of

the point of intersection of the two tangents gives the number



of ligand in the complex, 1§ 1+ is vhe figand concentration that

was varted.

Method of Gontinuous Varlation: The principle of the method
is that fthe mole fractlons of the metal ion and !igand are varied

between O and | at constant total concentration and the absorb-
ance of the solutions of di ffercn¥ composition is measured, The
absorbances are then plotted against The mole fraction, XL’ of
the ligand. £ only one comp leX species has been formed, vii th
composiftion MLn’ and fthe absorbance {s measured at 2 wave length
where nelther +he metal lon nor +he !igand but only the comp feX
absorbs, then n can be calculated from the abscissa of the

max imum of +the curve (X b

max
X
L -t
max
Simple SpecTrophoTomefric Method: The complex formation
equllibria invoived in the determination of composition of a
mixed ligand comp lex c¢an be represen?ed by the following
equations:
M+nl — MLn [8]
ML+ mX = ML X 9]
n n-m
The equilibrium constant for the mixed ligand complex formation
equl bibrium is glven by:
| [M"-L'%")’("’"}"
K = SR {101}

[MLn][X]m



— [35

[ML Xm}
or log R = jog KO ¥ mlog [X] IRRE
ML 1
N>
The concentration of the mixed 11gand compleXx, MLHXH, ls propor-

t+ional fo (A-Amln) and the cancentration of the simple complex,

MLn’ is pr0por+Ionai to (Amay~A) where A is the squillbrium

absorhance; Amln is the minimun absorbance tn The absence of
auxiliary figend, X, and Amax is the maximum absorbance in The
presence of excess concentration of auxillary llgand. Equation

11 can Then be written as:

log mlt - jog K+ m 109 X3 [i2]

Thus the slope of the curve obtained by plotting 109 (AﬂAmin}/i

(AmaygA) against 1og X glves the number, m, of the quxillary

tigand, X.

| .4 §olven+ Extraction

Solvent extraction enjoys a favoured positlon among the
separation techniques because of Vts ease, simpltcity, speed, and
wide scope. The technique is quite universal and used to get an
accurate information on the concentrations and distributions of
dissolved trace metals, for ins#aﬁce, in ocean and sea gwaters
which is required in order to understand The geochemical processes
contralling their behavior (20). i+ is also used for sample
treatments preceding measurements by atomlc absorption spectros-

copy elither in order fo remove the metal ions from interfering



- 4=

matrix component ©F in order To preconcen#ra+e them( 21Y. AS
it is a versatile technique that s widely used in anatytical
chemistry, extraction procedures have been reported for a
majority of elements in the iterature (22-24). By using
solvent extraction important theoretical problems concerning
the composition and stability of soluble as well as insoluble

metal compliexes can be solved (25-271.

In extraction high selectivity can easlly be achieved if
the conditions are properity arranged and, whenever necessary,
t+he separation yield can be Increased as required by means of
successive batch extractions. A further advantage of extrac-
tion is that the extract, i.¢. t+he sofution of the separated
substance in 8 given organic solvent, ysually has samne proper-
ties on which the deTerm!naT]on of the 1solated constituent can
be based: absorption of tight, fjuorescence, and radio activity
can serve as aexamples. i+ is also possible to take advantage of
the volatitity gf +the substances which were transferred into the
organic phase {(e.g. in 9a8s chromaTography), or if The extract
contains substances whlch can be readily decomposed, i+ can be,

ted into a flame tor flame photometry, atomic absorption or

fjuorescence.

Solvent extraction (28-34) is based on The distribution of
a solute between +uo essentially imniscibie solvents. AT equl-
| librium The ratio of the concentration of the solute in the two
phases at a particular temperature remains constant provided the

sojute has same molecular form in the two phases. Generally



compounds which are siightly soluble In water buf readily soluble
in the organic solvent can be usefully extracted. In cssentially
all metal exfraction system some OF all of the water moiecule co-
ordinated to the metal fon must be removed fo obtain 2 species
that can be extracted into an organic solvent. On the other hand
an uncharged species may be achleved Through the neutralization
of charge by fThe association of ions on the basls of purcly
olectrostatic attraction, Hence, the formation of an uncharged
species s @ probable preﬂrequisi+e for extraction of metal ions

intfo the organic solvent.

Organic reagents play an eminent role in extraction separa-
tions, because Tthey can react with metal fons to give products
having the basic pre—requisi+e tor extractability. These are
electrically neutral cssentially covalent chelate compounds which
are only s!iaghtly sotuble in water but readily soluble in organic
colvents. MosT of Tho organic reagents used for soivent exitrac-
tion and specfropho+omefric determination of metal ions are 38
particular oroup of compounds Known as chetating agents, A
chelating agent contains at least one acid group with a replac-
able hydrogen atom and a basic co-ordinating donor group in such
a positlon so as to form closed ring compounds on reaction with
metal ions, called chelate complexes. The chemical and physical
properties of a metal chelate depends upon +he 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 comp tex

i+self such as ring size, resonance, and steric effect., In
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general, the mosT sui table chetating agents are those compounds
in which fThe acid and basic groups are in such @& position as 1o
form five or six-membered chelate complexes o0 reaction with

metal ions which are the mos Tt stable.

Basic Principles of Extraction of Mctal lons: The extrac-

tion of metal, M, with the extraction reagent, HL, forming a
chelate, MLn’ soluble in an organlc solvent, Is expressed by the
equitlibrlum:

+

M +nHL, — ML + nH [13]
aq org -~ h,org aq :

which s characterized by the axtraction constant:

.0
L 1 (H] K 8
Key = n OI"q aq = DJM N 0 [‘4]
‘ g a" (K. ,BHL
{h]aq;HL] org D,L

in liquid»liquid partition, @ substance, M, can undergo In
both phases various solvation, assoclation, protonation, and,
comp texation equilibria. For analytlcal application it is
assential 10 define The partition of the substance irrespective
of the particular forms which arc encountered in the system,
This can be done by expressing the equiiibrﬁum ratio of the total

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

D = CM,org (151
Mo Cy»2d ‘

The completness of transfer of substance, M, In any extractablie
form into the organic phase is given by the dearee of extraction,

~
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y eXpFGSSGd in percehf:

E, which 1is ysuall
!
_ ‘OOCM,org\M,org ~ 100 By
Ey 100 Gy org M08 o = TV g [16]

a

Cﬂ,orgvﬂ,org*ACA;aqVA,a1 Oy* v 3
org

ic phase

ed by HL dissolved in the orgah

For the metal, M, extract
the disTribuTion ratio, DM’ is related with The axtraction con-
stant according +o Equation 17 and 16,
[ K B (Ll
DM - Keﬁ( _“T'Org)n - D H5 n ¢ +0‘“9 )n [‘7]
1
M Jaq (KD,LBHL) H Y aq
tog Oy ~ tog K + nlog fHLd + an j18l
M ex org -
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onc of the mosT powerful group of chelating agents used
for the solvent extraction and 5pec+ropho+ome+ric dlfermination
of several metal lons 1R the past twenty five yo6ars is hydroxa-
mic acids. in The present investigation N—phenylcinnamohydroxaﬂ
mic acid has beencempioyed as a chelating agent. Hepce, LTS

general properfies and analytical applications are briefly des-

cribed in Section 1.5,
1,5 General Proger?ies and Analy+ical Applications oT MwPhenzl—

oinnamohxdroxamic Acid

N=Phenyicinnamohydroxamic acid, }, s 3 typical monobasic
and bidentate chelating agent containing a reactive functional
group, 11, which is capabte of forming @ $ive-membered ring on

reaction with metal tons.

n
=

i L

NvPhenylcinnamohydroxamic acid, PCRA, was first synfhesized
in 1960 by Majumdar and Mukherjee (35), It is pale—~green crystal-
line sofld, m.p. 160-’}6100 . It ts stable towards heat, {ight
and air, and can he stored for a long time without deterioration.
N—Phenylcinnamohydroxamic acid is a very weak acid and 1t+s acid
dissociation constant has been found to be |‘6><EO“9 (36)., It

is stable towards +he action of dilute alkalles and concen#ra+ad



hydrochloric acld but decomposes in concentrated sulfuric acid
and nifric acld (> 85N) (37). PCHA, 15 slightly soluble 1n water.
I+ is falrly soluble in common organic solvents and its solutions
are stable for a long Time 17 stored property. This storage
quality and its stability towards tight, heat and air are of

greaft importance from analytical stand point.

NwPhenylcinnamohydroxamic acid was first introduced as an
analytical reagent for the gravimefric determination of nloblum
and tantalum in 1960 (38). Its analytical applications was fur-
ther extended for the extraction and phofome?ric determination
of vanadium (V) (39, 4irconlum. (:V) and nafnium (1V) (B0),
titaniumi V) and nioblum (V) (41) and for the successive extracs
tion and specTrophoTomefric determination of iron (tI1), vana-
diumiy), and uranium (V1) (42). I+ was also used for the gravi-
metric determination of uranium (437, and zirconium (441, Recent
reports show that PCHA has been used for the extraction and
spec+rophofomefric determination of vanadium (V) as a mixed
|igand complex with *hiocyénafe (45) and p~ch|or0phenol (46},
for the successive extraction and Spectropho+ome+ric determina-
t+ion of iron( d11) and vanadium (V) (47), and for the simulta=
neous determination of iron (111) @and vanadium (V) by solvent

extraction and specfropho*omeTry (48).

1.6 Alm and Scope_of Present 1pvestigation

5everal reagents have been recommended for the sectrophoto-
metric determination of vanadium (V) (49-63). Of these reagents

comparatively fow are well suited as most of these methods lack
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sensitivity and suffer from the interference by fron and one or
mors elements such as copper, nickel, cobalt, chromium and man-
ganese which, are common 1y assoclated with vanadium in alloys and
comp tex matertals. The non~selectivity of a reagent seriously
jimits the usefuiness of most of The methods., Some recagents are
sensitive and selective but they are not commercially available

and thelr synthesis is not simple, hence they are oxpensive.

in order to further improve the sensitivity and setectivity,
the reaction of vanadium (V) with several monobasic and bident-
ate chelating agents have been studied 1n detail, T has been
found that vanadium (V) reacts with a number of monobasic and
bidentate chelating agents to form {:2 (metal:ligand) colored
comp texes extractable into various organic solvents. These
vanadium complexes contain a basic Vv = 0 group and an acidic V-OH
group in the same molecule. The basic V = 0 group of THe vana-
dium complex molecule reacts with acidic substances like carbxy~
{ic acids and phenols to give hyper and bathochromic shifts
(64=66) and the acidic V=0OH group reacts with alcohols giving
rise to hipsochromic shift (52-53). N"Phenyibenzohydroxamic
acid (67) and its analogues including PCHA (68-76) have been
common [y used as solective reagents tor the extractive photo-
metric determination of vanadium (V) in concentrated hydrochto-
ric acltd media. However, titanium (tv), zirconium (1v), molyb-
denum (Vi) and tungsten (1v) interfere seriously., It hés also
been shown by some workers (77,78) that extraction is not

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

dilute hydrochloric media (79).

PCHA, a monobasic and bidentate chelating agent, reacts
with vanadium (V) to form 1:2 (metal:iigand) complex possessing
both the acidlc V-0H and the basic V=0 group in the same mole-
cule. Thus vanadium (V) - PCHA complex moliecule can furiher
reacts with basic substance such as azide and acidic substances
such as aldehydes and carboxylic acids which may led to the
development of new sensitive and selectlve methods for fhe
determination of vanadium (V). Hence, the study of these reac-

+ion have been the task of the present Investigation,

in the present Investigation the reaction of vanadium (V)
-PCHA complex with azide, benzatdehyde, acetic acid, chloroace-
tic acid and trichloroacetic acid have been studied spectrophoto-
metrically in detall In order tTo develop new sensitive and
selective methods for the determination of vanadium (V}, These
studies have resulted in the doevelopment of two new methods based
on the formation of vanadium (V)-PCHA-azide and vanadium (V)-PCHA
~+richloroacetic acid mixed ligand complexes for the detcermina-

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

2.1 Apparatus and Reagents

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

ments of pi.

Standard Vanadium (V) Solution: A'standard solution of

vanadium (V) was prepred by dissolving 1.1700 g, ammonium meta-
vanadate (BOH, AnataR) in distilled water, i f necessary acidi-
fled with nitric acid, and di luted to .0 litre with distitled
water. The sofution was then st+andardized volumetrically (14). A
working solution was preparcd by diluting a suitable a liguot of

the standard solution to a known volume with distilled water,

BeagenT Sotution: N“Phenylcinnamohydroxamic acid, PCHA,

was prepared by condensation of M-Pheny thydroxy lamine with
cinnamoyl 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 reagent, PCHA, in ethanol free

chlorcform was used for the extraction.

Standard Azide Solufion: A 1.0 M stendard solution was

prepared by dissolving sodium azide (Hopiklns and Williams) 1in

distilted water.

st+andard Trichloroacetic Acid Solution: A 5.0 M standard

solution was prepred by dissolving trichloroacetic acid (BDH)
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Standard Steel No. 64a and 241/1 was transferrved into 2 AQQ=mi
beaker and decomposed with 10 mi of concentrated nitric acid.

The mixture was heated to remove the oxldes of nitrogen and

about 10-15 ml concentrated hydrochloric acid was added to {8
The solution wWas evaporated to almosT dryness, About 50 ml of
distiited water was added and The sofution was bot led. Tunges-
fen wWas precipifafed as tungstic acid, The undissolved sillca
and tungstic acld were filtered off and washed several times with
hot distilled water, The tiltrefe and Wwashings were cotlected
into a 500 mi volumetric flask and diluted to volume with dis-

titled water. A sultable aliquot was taken for the analysis.

Blood Sample: A5 ml aliquot of blood Sample was trans-
ferred to a Kjeldahl flask and an aliquot of fThe standard solu-
tion containing 0.10 mg of vanadium Was added to 1. The sample
was treated with i0 m! of the acid mixture In a ratio of 3:1:}
(niTric:sulfuric:perchloric) and heated over the bunsen bdrner
until perchloric acid was cvaporated and dense white fumes of
sul fur trioxide appear. The heating was continued for about
fwo hours. 1 was cooled and the residue was bolled with 50 mi
of 0.10 M hydrochloric acid for 30 minutes. The solution was
cooled and transferred quan+i+a+iveiy to a 10C-ml volumetric
flask, A dilute solution of pofassium pormaganate was added to
the solufion to ensure the oxidation of vanadium (1V) to vana=
dium (V) and diluted to volume. A suitable allquot of the sample

solution was taken for the analysis.
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2.3 General Procedure forﬂgﬁfracfiondof yanadium [il

s

Vanadtum (V)"NBﬂPCHA System

———M-—k—-m

An alliquot of the solution containling 25-175 ug of vanadium
(V) was transferred into a 100-ml separatory funnet and 10 mi of
i.0 M golutlon of azide was added to 1. The solution wWas
dituted to 25 ml with disfiiled water and acidity was adjusted
to 0.1 - 1.0 M with 10 M hydrochlorlc acid. A 10 ml aliquot of
0.005 M of reagent solutton in chloroform was added to the funnel
and the mixture vas shaken vigorously for 3-4 minutes, The
funne! was aliowed TO stand to separate +he two phases. The
organic phase was collected {n a 50-ml beaker contalning about
2 g. of anhydrous sodlum sulphate. The coloured extract was
rrancforrsed v © 25-ml vpiumefric flask and the beaker was washed
wlth a few ml of chforoform. The washings Were added to The
flask and di luted to volume with chloroform, The absorbance of

+he colored solufion was measurod af 560 nm against chloroform.

Vanadium (V)-TCAA=PCHA System: An allquot of the solufion

containling 25 - 175 wg of vanadium (V) was vrans ferred Info 2
1O0-mi separafory fynnel, The ascldlty of the solution was
adjusted to 2-3 M with trichioroacetic acld, TCAA, and the volume
nf the aqueous phase 1O 10 ml with distilled water. A 10 ml of
aliquot of 0.005 M PCHA solution In chloroform vwas added to the
funnel and then proceeded as in V(V)nNB—PCHA system. The absorb-

ance was measured at 547 nm against the reagent biank.

For calibratfon, 0.1, 0.2, 0.3, 0.4, 0.5 mi of standard

solution (0.0l MoVIV)) ﬁere used through the procedure.
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2.4 Procedure for Studying the Effect of Variables

The effect of several experimental variabtles on the extrac-
=Jrion and determination of vanadium (V) with PCHA In the presence
of azide and Trichioracefic acid was studied by following the
general procedure. The effect of a particular variable was
studied by keeplng all the variables constant except the one

under study.

2.5 Procedure for Determinafion of Composition of Complexes

Mole Ratlo Method

A series of solutions was prepared for each system in which
t+he concentration of vanadium (V} and auxiliary ligands, the
acidity, and ifonic strength were kept constant and the concen-
t+raticn of PCHA was varied under exactly simitar conditions.

The complexes were extracted by the general procedure, The
absorbances of the colored extracts were measured at the res-
pective Anax agalnst 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 whlch intersects each other af

a mole ratio of vanadium to PCHA,

Continuous Varltation Method: In the contlnuous variations

method a series of solutions was prepared for each system in
which the mole fractions of- the metal ion and PCHA were varied
‘between O and 1 at constant tofal concentration under exactly
simitar conditions. The concentration of azide or trichloro-

acetlic acid was also kept constant excess throughout the series,
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The complexes were oxtracted by the general procedure and tho
absorbances of the colored extracts were moasured at the respec”
tive Mgax for the TwWO systems agalnst the reagent blank. 1he
absorbances are then plotted against the mole fraction of the

metal fon.

Simple Spectro hotometric Mothod: T0O dotermine The ratlo
of vanadium (V) to azlde or +r1ch|oroace?lc acid in The mixed
jegand comp 18%es, by absorp+iomefrlc method 8 series of solutions
was prepared for each system 1N which the concentrations of
yvanadlum (y) and PCHA weore kept constant and the concentration
of azlde or Trich\oroaceTic acld was varled undor exactly
gimllar condltions. The complaexes were oxtracted by the general
procedure énd the absorbances of the coloredrexfracfs were

measured at the respective A aax agalns? the reagen¥ blank.

2.6 Procedurec for Studylng the Effect of Foreign fons

The effect of toraelgn tons was studled by adding known
amount of 2 desired ton +5 solutions containing {00 pg of vena~
dium (V). The concentration of PCHA and auxlitary {igands were
kept constant excess and the acldity of +he solutions wore
adjustcd in the optimum concentration range, 1hen, vanadlum (V)

Was extracted and determined LY the general procedure.
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expected to be differenT as indicated from the 41 fferences in
{ fferent ph (Flg. 1)+
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i) the changes in the wavelength of max!mum absorption;

11y the yariations In the molar absorptivity at the respec~
tive doayd
ii1) the difference In the acidity ranges of The aqueous phase

for the complete extraction of VIV,

The results are summartzed 1n vable | and the spoctra are shown

in Figo 3’—'9.

Table |. Specfral Proparties of Mixed Ligand Comp lexes of

Vanadium (V).

MM‘MM'-—'/”-—_’——'

Cotor of A .y max Optimum Aci-
Auxitiary Ligand Complex nm | mole cm dity Range
“w__,ﬂm”ﬂWﬁ_mM_wﬂﬂﬂﬂ,_ﬁ“”‘w‘_ﬂﬂﬂ_ﬂ e
None Reddish
brown 505 3800 0.03-05 M CH |
HC Bluish
. . 540 200 2.5-7.,5 M HCI
violet
Benzaldehyde Blutsh
violet 550 6000 3 -~ 4 M HCI
Azl de Rluish
£ & 3 .
violet 560 6300 0.01~1.5 M HC |
*pcetic Acid - - - -
Chloroace%ic Raddlsh
Acid violet 530 6680 3 - |0 M CAM
Trlchtoroace?ic Reddlish
542 7750 2 - 5 M TCCA
Aclid. violet ’
__ﬂﬂ_ﬂ_nuw_w,_____#Mw,"mﬁ__ﬂ__,__ﬂ_““ﬂ_____
*x and e varies with concentration (1-10 M),

max max
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of the vanadium (V)wPCHAHN3 nixed ligand complex. The resulfts

are given In Table 2.

Tabte 2. Effect of Acidlty of tThe Aqueous Phase On the Absorp~
+ion Spectrum and Extraction of Vanadium (V) in the
orosence of Azlde. V(1 = 2x10” M, NG 1= 0.5 M.

e S

Acidity of the A of the Absorbance
Aqueous Phase 222 fex, nm at 560 nm
P : . n
pH 8.0 487 0.56
pH 6.0 527 0.75
pH 4.0 545 1.0l
pH 3.0 552 | .18
pH 2.9 558 i .24
pH 2.0 560 b, 26
pH 1.5 560 i .26
pH 1.0 560 1.25
0.5 M HCI 560 .26
1.0 M HCH 560 1.26
{.5 M HCI 560 {.26
2.0 M HCI 560 1.23
2.5 M HCI 560 1,20
3,0 M HCI 552 P13
4,0 M HCI 540 i.20
6.0 M HCI : 540 1.20

The absorption spectra of V(V)-PCHA-N, mixed tigand complex
at the optimum acidity range has been found to be similar both
in the absence and presence of ethanol. These results Indicate the
absence of an ~QH group in +he mixed | T'gand comp lex molecule.
Thus it seems that +he ~OH group Is replaced by azide during the

mixed tigand complex formation.
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The reaction and extraction of vanadium (V) with PCHA has beaen
studled in acetlc acid, chiorcacetic acid and trichloroacetic
acid media in the absence of HC1, It has been found that the
extraction of vanadium (V) is incomplete from I-10 M acetic
acld medium, The complex exhiblted di fferent absorption spectra

at different concentrations of the acid and it was not stable.

The extraction of vanadium (V)-PCHA complex was found fo
be complete in the concentration range 3-10 M and 2--5 M of
chloroacetic acid and trichloroacetic acld, respectivoly,;in the
aqueous phase, The charge transfer absorption band of the simple
V({VY)=PCHA complex was greatiy intensified and shifted to 530 and
542 nm in the chloroacetic acid and frichloroacetic acid systems,
respectively, while the m-n% transitlon band was only slightly
affected. f;

felow the optimum acidity range dlfferent absorption spectra
were found at dlfferent aciditles of the aqueous phase in both
t+he systems; while above the optimum acldity range phass separa-
tion was difficult In both the systems due fo increasing misclbi-
li+y of the organlc (e.q. chioroform) and agueous phases. The

results are given In Table 3 and 4,
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Table 3. Effect of Conceniration of Chloroacetic Acid in The
Aqueous Phase on +he Absorption Spectrum and Extrac-
tlon of Vanadium (V). [V} = 1 10”4 M, [PCHAT =

2 % 1077 M,

: A of the Absorbance
[CAA] ngzliff 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 0,670
10.0 530 0,672

The absorption spectrum of the reagent (PCHA), has been
studled in the visibie region. The reagent showad negligible
absorption in the region 700~-500 nm, slightly increasing absorp-
+tion between 500-400 nm, and strong absorption beyond 400 nm.
Hence, @ reagent blank was necessary for the measurements of
absorbance at wavelengths shorter than 500 nm; while i+ was nof¥

necessary at larger wave lengths,
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Table 4. Effect of Concentration of Trichloroacetic Acid in
the Aqueous Phase on the Absorption Spectrum and
Extraction of Vanedium (V). [VEV)] sax 1074w,

[PCHAT = 2 X 07 M,

- et et b

e

A pax of thex Absorbance
“"_Fh[TCAﬂl Complex, nm at 542 nm
0.1 527 0.5253
b.0 537 0,714
1.5 537 . 0.747
2.0 542 0.769
3.0 542 0,769
4.0 542 0.764
5.0 542 0.770
¥6.0 - -
%8,0 - -
*No phase separation.
As already mentioned, all the mixed ligand comp lexes of

y(Vv) with PCHA and the auxiltiary ligands in the foregoling dis~
cussions exhibited two absorption baﬁds. Although, the absorp=
+ion band assoclated with the q-x* transition was relatively
intense than the band associated with the charge transfer In
each system, the later was selected for absorbance measurements
due to the fact that the reagent, PCHA, absorbs strongly in the

shorter wavelength region.
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Several organic solvents such as chioroform, carbontetra-
chloride, henzene, toluene, chiorobenzene odlchiono benzene
and xylene were found To extract all t+the complexes from the
agqueous phase. The absorption spectra of the lndividﬁa! comp | eXxXes
were found %o pe similar in atl tnhe nonpolar organic solvents.
However, variations 1In absorbance values were noticed. Chloro-
form was found to be the most suitable solvent for oxtraction of
the vanadlium (V)=PCHA-N4 and the vanadium (V) ~PCHA XEAA‘(or CAAY
complexes, pecause the quanTiTaTiVe extraction of both the |
comp lexes is readily accomplished-in it., 1T was also preferred

because of i+s higher density and relatively hlgher solubi ti¥y

of PCHA in it than in other solvents.

3.2 Com9051+1on of Complexes

The composition of vanadium (‘.’)—-PCHA-—N3 and vanadium (V)-
pPCHA=TCAA comp lexes have been determined Dy di fferent spectro-
pho#omeTric methods, The mole ratio (17) and continuous varia-
tions (18) methods were used tTo determine the ratio of vana~
gtum (V) Fo PCHA whllo a simple Spec+r0phofome+ric method (19)
was used to determine the ratio of vanadium (y) to azide oOr

%richloroacef!c actd.

The resulfs obtained by The mole ratlo method indicated
the ratio of vanadium (y) to PCHA To be 1:2 in the two complexes.
The resulfs are given in Tables 5 and 6 and the curves are shown

in Flg. 10 and 1.
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of Mole Rati
L 107d

Results
[V(V)}

Table

M,

e T

(viv)] s fPonAl

I

sults of Mole Rati
T gx10™°

Table 6. Re

System.

gt

M,,—-u—'—"‘-——-—-w--;-

(V(v] :[PCHA]

Pl 0. 290
1172 0.481
P:3 0.561
.4 0.59%
{16 0.618
{:10 0.620
1420 0,619
1150 0.618
._ﬂ_F—w*f_“ﬁp_w_ﬂ_Mf,a_fﬂdw,mﬂ,,wﬂ_ﬂ”_ﬂf__ﬂ_w*_
In the confinuous variations method tThe maximum absorbance

was ohsarved at the mole fractio

o Method for V(V)“PCHP\FN3
(g 1= 0.5 ¥

—._.,—wf______....-—:_-wf"“""._,._.———..,_—

e

o Method for yiy)y-pP
M,

__,,,__-——-—r—-",____._--—"..‘-

n of 0.3%3 of the me

Systemn
{HCtl =0,1 ™

S

Absorbance

at 560 nm
0.352
0.470
0.56%
0,593
0.6153
0.629
0.630
0,630
0.628
0.629

e

CHA-TCAA
[TCARY = 3 M

Absorbance

at 542 nnm

+al ion in
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both fthe systems. These results indicate the ratio of vanadlium
(V) Yo PCHA to be 1:2 in the presence of azlde oOF +richloroace-

t+1c acld, The resulfs are glven in Tables 7 and 8 and The curves

are shown 1in Fig., 12 and 13.

Table 7. rResults of Continuous variations Method for Y(V)~-
! -
N3~PCHA System. SECRR I [PCHAY = 4 x 10 T
0.5 M, Hetl = 0.1 M.

R

VEG' D1 [PCHA] Absorbance
NAS RN {PCH_ﬂﬂ_EV(V)] + [PCHA] at 560 nn
ol 0.9 0.241
0.2 0,8 0.430
0.2% 0.75 0.532
0.3 0.7 0,581
0.33 0.67 0,605
0.4 0.6 0.5653
0.5 0.5 0,471
0.6 0.4 0,408
c.7 0.3 0,289
0.8 0.2 0. 189
0.9 0,1 0,156



Table 6. Results of Continuous variations MeThod for VIVI-

pCHA-TCAA System. [V(V)]+[PCHAY = Axl 1o~ w, [TCAA]=3M
M_Mw,‘-www-_.ww

ué‘jiifll__w“_ wiffifilnﬁ,ﬂ Ahsorbance
VT e van) « PO at 542 o

0.1 | 0.9 0.3502

0.2 6.8 0.57%

0.25 0.75 0.702

0.3 0.7 0.781

0.33% 0.67 D.814

0.4 0.6 0.778

0.5 0.5 0.685

0.6 0.4 0.555

0.7 0.3 0,437

0.8 0.2 0.298

0.1 0.150

The ratio of vanadium (V) to azide or ?rlch1oroace+ic acid

Was defermined by simple spec#roPhOTome?ric method. The gquantity

)
log Tﬂmﬂpli) were calculated and pio++ed as o functlon of log

[NB] or log [TCAA] in the Two systems, respecfiveiy. The slope
of the curves vere found to be near untty in both cases which
indicate, The ratlio of vanadium (V) to azide and vanadium (V) to
Trichloroacefic actd to bs Izl The resulis are glvaen In Tablies

g-12 and the curves are shown In Fig., 14 and 15,



ABSORBANCE

s O AP

0.6

0-4

0-3

0-2

0-1

0-0

Fige 1

e - 4

R W S A
04 02 03 06 05 06 01 0% 09 -0

o W e

rv(vil ¥ [ pCHAL

Cent inuous variations curve Loy ?(V)wFCHA-HS gysteno

el



ABSORBANCE

GI‘O e £ B A g e e g e ety - A ST AT Lo S e T e e

5

09

0.0 _mm“Lum_i | .1 A AL J !
04 0.2 03 04 05 0.6 07 08 04 10

(RALA N—

TR SR =

[w(v)l =<1 PCHA |

Fig. 18 Continbeus yarintiens curve fer (V) -ECHA-TCAA aypiend



Table 9

Rosults of Stmple SpecTrOpho*omefric Method for
pDetermination of gcomposition of Vanadium Comp tex

Ly (v)-POHA-t g System: (eY)) = 9.5 % o0,

(HC1] = 0. M, [PCHAY = 2X L

Mwﬁﬂwmwmoww“fﬂ-w#w‘—-w e e

ConcentraTlon Absorhance
_of pzide, M e at 560 nm__
0. 00 0.295
0.005 0,313
0.0} 0,328
0.03 0,368
0.04 0,385
0.05 0.399%
0.075 0,475
0.10 | 0.50!
0,20 0,600
0.50 0.598
j.00 0.601
(.50 0.591



Tabtle 10 Results of Simple Specfropho*ome#r\c Method for

Determination of Composition of Vanadium (V) Complex

(v (V)-PCHA-TCAA System. TR 0% m,

[PCHA] = 231077 M

I

et e A AR T

concent Tl

. acatic Actd, M at 542 nm

0.00 0,311

0,01 0.383

0.02 ' 0.420

0.04 0.459

0.06 0.485

0.10 0.523

2.00 0,618
_aﬂﬂ__m_ﬂmm_ﬂﬂqﬂmw_p._mywa_#ﬂ_m__fﬂﬂ—ﬂﬂ_,_“_.ﬂ_mﬂﬁ_nﬂ.
Table Hl¢ Data for Determination of Composition of Vapnadium

() Complex by Simple SpecfrophofomeTrlc Mothod 1n

- - ey = 5 =

V(Y )=PCHA N3 S!ii:T;PwAm‘n 0.29%, Amax ‘P.GO

- A=\
log [N 1 A = A i -\ #inﬂ

N 3 min max tog % A

mgx

~2.30 0.313 0.018 0.287 1,20
-2.0 0,328 0.035 n.272 -0,92
-i.,52 0,368 0,073 0,252 ~0.50
-1.4 0.383 0.088 o.217 -0, 39
~-1.5 0.395 0,1 0,205 0. 31

-1, 12 0.47% 0.18 0,125 0,158

ﬂﬂw‘.ﬂwwud-ﬂﬂw
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Table 12+ pata for DeTermina%ion of Composif%on of Vanadium

(vy complex by Simple SpecTrophoTomeTric wethod 10

V(M)"PCHA‘TCAA system. A = 0.311, A = 0.618
mln max
.ﬂwﬂ——f—"—ﬂﬂ—ﬂﬂm—ﬁ—ﬁwﬂ
ANin
log [TCAM A ARt Amay"A tog F7-R
) maX

-2 0.383 0.072 0.235 0.9\
-1.7 0,420 0,109 0.198 ~Q. 28
~1:4 0.459 0,148 0,159 ~G. 0351
-1.22 0. 48% 0. 174 0,133 0.12
-1.0 0.523 0,212 0,095 0.3%5

T

p ratto of 131 (yanadium (v) 1o azide) In the mixed 1igand
comp leX was further supporfed by the absorption gpectra studies.
An tdentical spectra of the mexed ligand comp lex were found In the
absence and presence of ethanol wnite g1 fferent spectra were found
for the simple comp teX in the absence and presence of sthanol.
These results {ndicate the pressnce of an -OH group in the simple
yanadium (v )~-PCHA comp 1eX molecul?d and the absence of the - OH
group in the mixed 1igand V(V)“PCHA N3 conmp leX molecule. This 1
possible onty when the ~-OH group is being replaced py The -—N3
qroup guring the mixed {igand comp lex formation. 5ince ¥There is
only one -OH group in the simple comp 1eX molecule only one —N3
group canb be co~oﬁd§na+ed wifh the metal which confirms the
ratio of yanadlum (v) to azide 1O be 1:l D the mixed {igand

*

comp lex. such specfrai study. was not possible in the case of
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*rlchloroaceTic acld slince there was es+erfica?ion reaction

between the carboxylic acid and the atcohol.

Thus the ratlo of vanadium (V) to PCHA was found to be
1:2 by both the moie ratio and continuous variations me#hoés
in both systems and the ratio of vanadium (V) to azide and
vanadium (V) 1o trichioroacetic acid to be 131 bY simple
specTrOphoTome+rIC method and absorption spectra studies.
Hence the overall composition of vanadium (V)-PCHA-azide and
vanadium (V)*PCHAﬂ+richioroace+ic acid mixed | {gand comp texes

have been found to be j:2:1 N(V):PCHA:auxiliary {igand) .

3.5 Effecf of vartables

?ffecf of Amount of PCHA: A 6~fold molar excess of the
reagent, PCHA, was found fo be necessary for the complete extrac-
tion of vanadium (V) from the aqueous phase in the presence of

azide OF +richloroace+ic acld under optimum experimen%ai condl-

t+iops. A large excess of the reagent Uup to 50~-folid molar excess
has nho adverse effect on The extraction of the metal ion from
+he agueous phase in both the systems. |+ has also been fqund

that there 1s no shift in The wavelength of max I mum absorption
with varying amount of reagent. The resulis are given in Table

5 and 6.
£ffect of Concen+ra*ion of Azlde and Trichquoacefic Aclid:

The optimum concentration rangos of azlde and trichloroacetlc

acid in fthe aqueous phase for comptete axtraction of vanadium
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were found to be 0,2 -1.0 M and 2-95 M resPec+ivoiy. At lower
concentration of azlde or +richloroacetic actd the formation of
tha mlxed Iigand complexes wWere incomplote, At higher concentra-
tion of azide water soluble azide-metal complex beéomes-mone
stable resulting In an lncomplete extraction of vanadium - (V).

At higher concentration of trichloroacetic acld there was no

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

order of Addition of Reagents: 1+ has been found thaft

st et

there is no change in the absorbance OF in the color intensity
of both the mixed ltaand comp lexes extracted Into chloroform

{f the order of addit+ion of reagent 19 changed.

lonic Strength, Temperature and Yolume of Aqueous Phase:

The wavelength of maximum absorption and absorbance value of
colored extracts of both fthe comp lexes were not affected by the
change in tontc strength of The agueous phase between 0.5 M and
1.5 M with respect to potassium chlorlde or poTassium nitrate.
yariation in fthe temperature of both the systems between 10°c
and QOOC did not produce any signlflcant change In the absorb-
ance values of the colorad extracts of both the compiexes. It
has also been found that The yolume of the agueous phase can he
varied from 10 to 100 mi In Y (V)-PCHA=N; system and from 5 to
25 mi. in the y(V)~PCHA-TCAA system wiih respect to a fixed volume
of !d mi of the organlc phase without any significant variation
in the absorbance value or extraction effictency of both fthe

complekes. Further increase in volume of The aqueous phase in



V(V)mPCHA~TCAA system resulted in an incomplete extraction of
vanadtum (V) due 1o Incraasing miscibl ity of the two phases.

The results are glven in Tables 1315,

Table 13. £ffect of lonic Strength in the Agueous Phase on

Extraction of Vanadium (V3

ﬁ"mﬂ_ﬂ___ﬁi_”ﬁdﬂwﬁ#w*”__w*“Pﬂpm_,#____d,____“ﬂ_,_*__m,d__ﬁ_d

y(V)=PCHA~N- System V(V)~PCHA—TCAA System
vt = 1,06 X 0”4 o (V] = 1 x 1o~ M
[N; 1= 0.5 MW, [HC11 = 0.5 M [TCAR] = 3 M

mrer

Concentration concentration
of KCV In aqu- Absorbance of KNO3 in agu- Absorbance
_eous phase, M at 560 nm cous phase, M at 542 _nm
0.9 0.675 0.5 0.778
1.0 0,672 1.0 | 0.770

1.5 0.676 1.5 0.774

e

_F—ﬂﬂ__ﬂ_‘,,_*_m_ﬂﬂ___ﬂ__ﬁ_____,*__#a_,ﬂ__.__,ﬂ_,w_.
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Table 14, Effect of Temperature on Extraction of Vanadium (V)

V(V)~PCHA-N; System V(V)«PCHA-TCAA System
[v(v)y] = 1,06 X !Od4 M [V(Vi] = | X lO“4 M
[N3}:=0.5 M, [HCI] = 0.5 t [ TCAA] = 3 M
Temperature of Absorbance Temperature of Absorbance
the System, °C at 560 nm the System, °C  at 542 nm”

e 0.678 1O 0.765

20 0.672 20 0.7&¢

30 0.674 50 0.764

40 0.671 40 0.767

Extraction Time and Stabitity of Complexes: The vanadium
(V)~PCHA-N, complex was comp lately extracted Into chloroform
within 34 minutes while the vanadium (V)wPCHAQTCAA comp lex was
completely extracted into chloroform within two minutes. |17
has also been found fhat the maximum color infensity, i.e. the
constant absorbance of The chloroform extract of the V(V)-—PCHA—N5
comp lex was attained within 2 hours of standing time and the a
‘absorbance value of the comp lex remalned constant at least for
2 days at 2022°c, The chloroform extract of the vanadium (V)~
PCHA-TCAA was stabie for at least 3 days at 2022°¢ from the time
of its extraction. These results are also true 1f one uses
chioroacetic acid lInstead of 4richloroacetic acid. The results

are given In Table 16,
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Effect of Volume of Aqueous Phase on Extraction of

Tabie 3.

yanadium (V)

e e e ket T

V(V)~PCHA-N

[V(V)] = 1.06 X
. o

(N;] = 0.5 M

[HC1] = 0.5 M,

System

ot m,

org

Aquoous Phase

Volume, m!

Absorbance

at 560 nui

10
25
50

100

0.670

0.673

v (V)-PCHA-TCAA System
-4
NAS R | x 10 M,

[TCAAY = 3 M, org = 10 mli
Aqucous Phase Absorbance
Volume, m | at 95472 nm
5 0.768
10 0.770
25 0.765

00669

0.674




Table 6. Effcct of Time on Absorbance of Vanadium (V)
Comp lexes
Comp lex V(V)--PCHA—N3 V{V)Y=-PCHA-TCAA V(V)Y-PCHA-CAA
3 -4
System V(V)] = V)] = 1 x 1o~ M VIV =1 x10 "M
-
023 3 10 M rean] = 3 om [CAA] = 5 M
[Ng] = 0.5 M,
[HCIT] = 0,5 M
Time Absorbance of Absorbance of Absorbance of
Chloroform Chioroform Chloroform
min/hr/ Extract at Extract at Extract at
day 560 nm 542 nm 530 nm
O 0.728 0.775 0.665
30 min 0.744 0.775 0.668
I hr 0.750 0.774 0.662
2 hrs 0.768 0,775 D.664
3 hrs 0.766 0.773 0.665
12 hrs 0.766 0.774 0.663
24 hrs 0.770 0,775 0.667
32 hrs 0,768 G.774 0.662
36 hrs 0,767 0.775 0.661
2 days 0,769 0.774 0.662
3 days decomposed 0.770 0.660
3.4 Spectral and Photometric Characterstlics of Complexes

the

The molar absorptivity and photometric sensitivity (6) of

mixed

Iigand complexaes have been determined at the

long

wavelengths of maxImum absorption where the reagent, PCHA, has

negligble absorbance,

The results are summarized

In Table 17,
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Table 7. Molar absorptivity and Sensitivity of the Colored

Systems

Comp leX Anax € nax Photomettic

= -1 sensitividy
System nim | mole cm N, -

__ﬂwﬁwmﬂ_ﬂ_ﬂﬁ"__,,__ﬁ_ﬂmﬂ_ﬂ___r__p_,ﬂ_,__F._“Bﬁﬁ_mﬁﬂ_ﬂﬂ“,“_,w

V-PCHA~N 560 6300 0.0080
y-PCHA-TCAA 542 7150 0.0066
y-PCHA=CAA 530 6680 0.0070%

_,._ﬂ_Jnﬂ_#_a~—_,__g*,_wu_aﬁ—ﬁ_uﬂ__ﬂﬁ_qw,_ﬁ_r“_"__,_‘__d___.
The colored systems obeyed Reer's law in the concen+ra+ion
range of 0.9 - 10 ppm, 0.6 -~ 8 ppm, and 0.8 ~ 10 ppm of vanadium
in the v (V)~-PCHA-N4, V(V)ﬂPCHA—TCAA, v (V) ~PCHA-CAA colored
systems respectively. The rosults are glven in Table 18-20 and
the curves are shown In Fig. 1618, The optimum concentration
ranges for the determinafion of vanadium (¥) as ovaluated from

Rl ngbom's plot (82) (Fig. |2~21) werc found tTo be 1.8~-8.5 ppM,
0.8~5.0 ppm and 1.2-7.0 ppm of vanadium tor the y(Y)=PCHA-Ng,

V(V)ﬂPCHAnTCAA; and V(V)FPCHA“CAﬁ colored systems, respecf!veiy.
These results indicate that the methods are highly sensitive an

hence,appiicab1e to the determination of traces of vanadium.



- 66 -

Tabie 18. Calibration Curve Data for Determination of VIV)

by V(V)--PCHI‘\«*N3 System

< s

Concgnfrafion of Vanadium (V) Absorbance

M ua/25 mi ppm at 560 nm
{.8x10 5 22.73 0.92 0,116
2%107° 25 .18 1,02 0.129
A% 1077 50.95 2,04 0.260
8x 107 101,90 4.08 0.519
1 2x107° 152. 85 6.12 0,771
16x 1077 203.8 8.16 |.046
20x107° 254,75 10,2 1.270

Tabie 19. callbration Curve Data for Dedermination of V(V)
by V (¥)-PCHA-TCAA System

Concentration of Vanadiun (V)

— e Absorbance
M ug/25 ! ppm at 547 nm
|2x107° 15,28 0.61 0.092
2%10™° 25,48 1,02 0.150
4% 10”7 50,95 2,04 0.310
x 10" 101.90 4.08 0.622
10X 107 127.4 5,10 0.775
12x107° 152,85 6.12 0.923

1610 > 203.,8 8,16 .20
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!ibrafion curve Data for De#erminafion of VIV

Table 20. €@
by V(V)—PCHAﬂCAA Systerm
Absorbance

n of yanadium (V)

Concenfrafio
M wg/ 25 ml ppm at 530 nm
e _,_.,._,,_.._._,__,__,____ﬂ__.__,_m,,__.—-——

{ox107 20,38 0.872 6. 108
2><|0"5 2%, 48 Y 0. 139
4xt0"5 50,95 2.04 0.286
10x10”5 127 .4 5,1 0.670
20x10"5 254,75 10.2 1.3%2

e

cislon
ate

3.5 Pre
ions of the newly deve loped methods were evalu
on samples

The precis
endent analyses

and ten indep
in the VIVY

five,

rming ten,
nadium

by perfo
each containing 5,4, £.08, and 5.10 ppm of vao
respec+ive!y

V(V)—PCHAPTC

A-CAR sysTemsS,

PCHA=N AA and Yy (v)-PCH
1y clearly indicate that the methc

obTained {(Table 2

The resutts
nd give reprodu

cible results.

are highly precise @
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Yable 21. Evatuation of Precision of Methods

Method based & Method based Method based
on Y (¥V)~PCHA- on Y{(V)-PCHA~ onh V{V)=-PCHA-

Parametor Nz system TCAA system CAA system
Total number

of samples 10 5 10

V(V) concentra-

tion, ppm 5,40 4,08 5.10
Average devia-

tion from meahn, -

ppm 5.40+0,01 4,08+0.01 5.10+0.01
Relative stan-

dard deviation 0.67% 0.58% 0.50%

3.6 Effect of Foreign lons

In order fo evaluate the selectlivity of the two newly
developed methods the cffect of several diverse fons on the
extraction and determination of Vanadiumx(V) with PCHA in the
presence of azide or trichloroacetic acid has been investligated.,
The tolerance timit taken as the concenfration (ppm) of fons

which cause an error less than 2% are given In Table 22.
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Table 22. tinfluence of Foralgn lons In the Determination of
Vanadium (V) in V(V)=-PCHA-Ng and (V(V)=PCHA=TCAA
Systems. y(y) = 4 ppm, N; -0.5 M, TCAA = 3 M

Hetl = 0.5 M (for V(V)-PCHA-Ng System)
l i X
lon Molerance timit, ppm olerance limit, ppm
VAV )-PCHA-H System v (V)~PCHA=TCAA System
+
Na 400 400
K" 400 400
N 400 400
2+
Ca 400 A00
7+
Sr 400 400
2+
Ba 400 400
Mg2 " 400 400
2" 400 400
At 400 400
Lot 400 400
T 400 400
2% '
Zn 400 400
cd”" 400 400
o' 400 400
s5n* 400 400
pp2 400 400
3+ .
Bi 200 400
4+
Ce 400 200
T 200 400
o3 200 100
2+ .
Cu 100 400
Foo 400" 500
7t
NI 400 400
7+
Co 400 400
3 '

or 300 . 400



a2 400 400
Mooi“ 80 40
woi“ ) )00 80
T4 40 80"
2t 400 360
NH 400 400
Acetate 400 400
chloride A00 400
Mitrate 400 AQO
suliphate 400 400
citrate 400 400
Tartarato 400 400
Phosphate 400 400
Borate 400 400
Fiuorlde 2400 3600
Oxalate 400 400
EDTA 150 400

% or most of the tons the tolerance timl+ might be well above

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

they did not ‘nterfer up o 400 ppm.
bMasked with Fluoride.

lron (L1t} react wl+h +he reagents to form colored comp lex

extractable into chloroform and interfers in the determination
of vanadium (V) 1n V(V)~PCHA~Ng system. The interference of

iron (111} was eliminated by masking i+ with fluoride. A solu-
t+ion containing {0 mg/mi of fluoride was added por+10n~wlse and

'‘shaked vigorously until the colored iron (L11) azide comp jeXx




turned colortess., The lower folerance limit of ftitanium((HV)
can also be Improved using fluoride as » masking agent. In
V(V)=PCHA-TCAA system fron (11l) and titanium (¥V) interfere in
the determination of vanadlum (V). Again the inferference of
iron {(111) and tl+antum. (V) was elliminated by masking these
ione with fluoride. A solution containing 0.2 gn/25 m! of

NafF was added, to the solution containing iron (Hi1) (7.5 mg)
and titanium (1V) (2 mg) and shaked vigorously. Then V{(V) was

extracted and determined by the general procedure.

The resulits given in Table 22 clearly indicate that almost
all common ions which are normalty associated wlth vanadium (V)
In ores, alloys, steels, and complex materlals do not interfere
in the determination of vanadium (V) with PCHA and azide or
trichloroacetic acid., Hence, the two newly developed methods
are highly selective and can be applied for the determinatlon

of vanadlum (V) In any type of samples,

3,7 Comparison of Common Spectrophotometric Methods for

Defermina?ion_of Vanadium . (¥)

The comparison of the presant methods with the common
spectrophotometric methods with common spectrophotometric methods
used for the determination of vanadlium is summarized In Table 23,
The newly developed methods arc selective since most of the common

ions Including Fe C1I11), Ti (tv), Zr (1V), and Mo (V!) do not
interfer. The sensitivity of the methods is good and the methods

are free from the rigid control of experimental conditions,




is good and the methods are free fro

experimental conditions.

Table 23. Comparison of Common Spec

m the rigid control of

trophotometric Mothods

| L Pl v v Vi
M SOnSi?HXéfy OPTLTﬁm Inter- Refer-
Reagent nm ug vV crm ActdlTy
L Range ferencs ance
Hydrogenperoxide A50 vartes with 0.6-6 N Fe, Cr, 83
acldity Mo, T1, W
Phosphofungstic
acid 400 0.027 0.5 M Fe,Cr,Cu,
Co,Mo,Sn, 84
Sb, T!
Tropotone 590 0,011 5.5-7 M Mn, Br, | 85
HC!
Z-Hydroxy i-1,
3-dipheny | fra- .
zlhe . 410 0.0078 3,0-6,0 Fe,Cr,Cu, 86
pH Mn, Co
J-- (2~pyridycazol-
2-napthol 615 0. 003 3.5-4,5%  Fe,Cr,Cu, 87
pH Mn, Co
8-Hydroxyqui-
noline 550 0.016 3,5-45 Fe,Cu,Mn 88
pH
8-Hydroxyqui-
nolline in pre-
sence of p-pheny!
phenol 620 0,008 2,5~5,0 * 84
pH
Banzo-hydroxa-
mic acid 450 0.014 1.2-5.5 Fe,Mn,Al 89,90




N-pheny 1benzo”

hydroxamic acld 530

N-pheny ltinnamo-

hydroxami ¢ acld 540

N--pheny cinnamo™
hydroxamic acid
in presence of

p-ch lorophenol 565

N-pheny fcinnamo™
hydroxamic acid in
in presence of

thiocyanate 590

N—phenylcinnamo—
hydroxamic acld

in presence of

azlde 560

N-pheny | clnnamo~
hydroxamic acid

in presence of
+richloroacetic

acid 542

e e

#|nterferaence of lron is eli
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0.0t}

0.008

0,0058

0.0058

0. 0080

0. 00606

5.0-6.0 t  TI,Zr,
HCI Mo, W

3.0-7.5 M T1,Zr,
HC 1 Mo, W

1.0-3.0 M W

3.0-7.0 & Fe, ¥
HAC

0.03-1,5 M *
Hel

2.0-5.0 *

TCAA

minated by masking.

46




3.8 Applications of the Methods

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

lytical potentiality,

Stee! Samples: Since the standard samples weore not avai |-

able, synthetic samples having the same composition as that of
the British Chemical Standard Steel No. 64a and 241/1 were
prepared. Extraction and determination of fhe samples were
undertaken following the general procedure described earlier,

The results are glven In Table 24.

Table 24. Determination of Vanadium (V) in Synthetic Steel

Samples
» * .
Sample ggg?g'im Vanadium R,S.D. -
Method Mo, (g)“ Found (%) (%)
V-PCHA-N 64a 1,57 .54 0.8]
241/ .57 .55 0.74
V-PCHA-TCAA 64a 1,57 1,55 0.76
241/ 1 .57 1.56 0.68

¥pAverage of 3 determinations.




Composition of Sampias

Sample No. 64s: C, 0.80; Cr, 4,405V, 1.57: Mo, 4.11;

W, 5.66; Fe, 83,45%

Sample No. 241/1: W, 19.61; Cr, 5.03; Mo, 0.52; V, 1.57;
Ca, 5.67;
¢, 0.85; Si, 0.33; S, 0.033; P, 0.02;
Mn, 0.295;

NT, 0.075; Cu, 0,1; Sn, 0.025; Fe, 65.87%,

Biood Sample: |1 has been found from the analyslis that

the blood sample from an adult person did not contain any
detectabie amount of vanadium. This has been shown by adding
a known amount of vénadium t+o the blood before the sampic
preparation as described eartier, The vanadium content of the
sample solution was determined by the V(V)-PCHA-TCAA (or CAA)

method. The resultfs are given In Table 25,

Table 25. Determination of Vanadium after standard
Addition to Blood Sampie

Method Vanad!um‘Added *Yanadium Found R,S.D. (%)
V~-PCHA-TCAA 0.10 myg 0,0995 0.58
y-PCHA~CAA - 0.10 mg 0,0990 0. 60

¥*pAverage of 3 determinations.
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The results given in Tables 24 and 25 indicate That The
newly developed methods are reliable and can be applied to the
analysis of vanadium (V) tn 2 variety of samp les.



4, CONCLUSION

Two new simple, rapid, and rellable methods for the
extraction and specfrophofome?ric determination of vanadium
(V)Y with N"phenylcinnamohydroxamic acid and azlde or ¥ri-
chloroacetic acid have been developed. Both the newly developed
methods are sensltive, selective, and give reproduclibie
results. Moreover, as the methods are largely free from tThe
rigid control of the experimental variables they can have wide
analytical applicabliitfy for the successful determination of
vanadium in blo~-samples, alloys, rocks, solls, atc. The dis-
advan¥age of the methods Is the additional steps taken for

masking of Interfering [ons,
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