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AJdSTRACT

Solvent Extraction nand Spectrophntometric Determiantion
of Iron(III) with N-Hydroxy=-N,N'-dinhenylhenzamidine and
Thiocyanate and Cobalt(II) with N-Hydroxy-N,N'-diphenyl-

benzamidine

by
Gebray Asgedom
Advisor: Dr, 8,5. Chandravanshi

N-Hydroxy-N-N*-iphanylbenzamidine, HDP3A, a
bidentate chalating agent was found to react with
iron(III) in the nregﬁnce of thiocyan~te to give an
oranje-red mixed ligand complex which is quantitatively
extractnble into toluene from 0,1 - 0,6 M hydrochloric
ncid snlution allowing spectrophotometric determination
of the metal ion, The colored system has a waovelength of
maximum absorntion at 465 nm with a molar absorption
coefficient of 10,000 1 mol"1 cm'i. The composition of
the Fe(III)-SCN-HNPOA complex has bYeen determined by
spectrophotometric mcthods and was found to bYe 1:2.:2
(Fe3+:SCN_:HDPDA). The effects of foreign ions and of
several other experiment~l variables have Seen studied
to establish the optimum conditions for extraction and
determin-~tion of iron{(III). On the basis of these
sturdies, a simple, preocise, sensitive =nd very selective
method has been proposed for the determination of iron,

This method has been applied successfully for the



determination of iron in blood and steel samnles,

Cobalt(II) was found to react with N-hydroxy-N,N'-
diphenylbenzamidine to form a yellow-brown complex, The
complex was found to be quantitatively extractable into
toluene from the aqueous phase at pH 7.5 - 92,5, The
spectra of the cobalt(II) comnlex exhibited absorption
maxima in the visible reqgion at 405 nm with molar
absorptivity of 7000 1 mo1~1 en~1. The composition of
the complex has becen found to be 1:3 (Co(II) :HDPBA),
The effects of foreign ions and of othar experimental
variables has been evaluated and the mcthod has becen
found to be rapid, precise, selective and modcrately

sensitive, The method has been apnlied for the determi-

nation of cobalt in Vitamin 812.



1, INTRODUCTION

The increasing awareness of the important role of
trace amounts of inorganic compounds in chenmicnl,
rhysical, and biological systems has greatly stimulated
the refinement and extension of chemicol analysis in
which the substance to be determined is treated with an
auxilary substance being added (the reagent). The propo=-
rties and the amount of reaction product formed aroc then
censidered in order to draw conclusions as to the quali-
tative and qguantitative composition of the sample being

analyzed,

The analytical requirements imposed by the complex
composition of the substances has led to rapid advances
in Bnalytical chenistry mainly in thc field of ncw
analytical methods based on instrumental techniques,
However, the chemical rcaction of a suitable reagent
with the substance to be determined still remains the
true basis of numerous methods of detection, separation
and determination, 1In this respcct organic rcagants
play a predominant role and find wide apnlication in
spectrophotometric methods, titrimetry, spot tests and
last bHut not least in separation methods (nrecipitation,
masking, solvent extraction and ion-exchaners) and pre-

concentration nrocedures,

The tests for and detorminations of substances with



organic rcagents can often be performed with higher sen-
sitivity and sclectivity, The separations are also more
effective if organic reagents are employed, Organic reca-
gents are attractive for the simple reoscn that a large
number of them are known and thcrcfore, a better choice
can be made, Thercfore the scone and number of their

applications in analytical practice continues to increasc,

The reactions of organic reagents with inorganic ions
in solution can yield products of various -ronerties, for
example they can exhibit a change in color, luminescence,
solubility, and volatility. The reaction ﬁroducts may be
complex compounds, or ncw organic substances (formed due
to the oxidation-rcduction or catalytic action of inor-
ganic ions), or other forms of the reagent (2cid-basec in-
dicators)., Besides these reaction types the oraqanic re-
agent in solution can be adscrbed con a precipitate of an
inorganic substance, the¢ adsorption being accompanied by
a color change of thc reagent, The formation of a pro-
duct which is insoluble in a given snlvent can be employed
for the gravimetric determination, separation or precipita-
tion titration of an ion. If the reaction product is
volatile, the organic reagent can be uscd for an ~2n2ly-
ticel separation bnscd on distillation, or sublimation or
gas chromatograpnhy, If the reaction nroduct is less solu-
ble in water than in <n organic solvent immiscible with
water, the recaction can be used for solvent extraction
to be followed by sprectrorhotometric detzrnimation.

In many reactions of organic reanents a conspicuous



color or fluorescence is developed, or conversely, a
colored component in solution is decolorized Jduring the
reaction or its fluorescence is quenched, Such reactions
can be applied for end roint indication in acid-base,
oxidation-reduction or comnlexometric titrations and

spectronhotometric or fluorometric determinations,

1.1 Spectrophotomectry

Spectrophotometric methods are based on the
measurement of the absorbance for monochromatic liqht
passing through the solution centaining the substance
Scing determined, rfrovided that the thickness of the
absorbing layer, 4, and the absorption coefficient, ¢
(measure of extent of intcrection between the molecule
of a substance and radiation), of the substance being
determinnd at a given wevelength are known and the
absorbance, A, is measured it is possible to usc Becr's

law in order to determine the unknown concentration, C,

B gimies (1)
1

Spectrophotometric methods are commonly used for
the determination of inorganic substances with organic
reagents, The reliability of the method depends on
the nature of the organic reagent used, Organic reagents
used in spectrophotometric method should be sufficiently
stable and resistant to aerial oxidation or to nhotometric

decomposition, The same should hold for the reaction



™ .

nroducts, Moreover, in the absorntion srcctrum of a
product there must be a characteristic intense absora-
ption band, at sufficient distence from that of the

reaqent or of substance being determined: A -
(product)max

2 100 nm, The recagents for which

“*(reancnt) 2
max

A\

(product)m;;; }\(reagant) are less suited for spect-

max
rophotometry and are aprlicable only when the absorption

coafficients differ by a factor of at least 2.

1.2 Spectrophotometric Determination of Mctal Ions (1-6)

Spectrophotometric determination of mcotal ions is
usually based on the formation of metal complexes. The
formation of a stable mctal complex required the presence
of acidic or basic ansalytical functional group in the
molecule of the reagent (ligand), preferably in those
nositions which allow the formation of a five or six
membered chelate ring. Colored metal complexes are formed
only when the organic reagent has T¥I-clectron chromonhoric
groups in the molecule, the cyclo group should also form
a part of the IT-electron system and no insulating 7jroup
is permitted between the acid qroup 2nd the conjugated

system of the molecule,

Completeness of Complexation Reaction. 3Soth the accuracy

and nrecision of a nhotomectric determination denend on
the comnlcteness of a given reaction, As the recaction

solution usually contains components compating in the



reaction, it is nacussary to consider the conditional
stability constant for the jeneral com~lexation oguili-

brium
M+nL::-‘MLn

in which the determination is based

L)
L]
BMLn - (2)
L] L
CM(CL)
whecre BﬁLn is the conditional stability constant and
Cﬁ and CL are respectively the total concentration of
the metal and the ligand unconsumed in the formation
of the comnlex ML e
If a rcaction is considered as complete when 999
of the metal being determined is transformed into the
particular complex ML_, it follows that
(G
n n > 2
= 8y (e))" Z 10 (3)

'
CM

The lig-nd is usually an anionic species of a weak

acid M L and so its concentration is pH dependent,

The expressicn in equation 3 can be uscd for the
calculation of the necessary minimum oxcess of the rea-
gent, or for estimation of the pH ranje over which

By 2atteins the required value,

n

Sclectivity, If adequote selectivity in the photometric




determin~tion of = given substance is to be achioved, it
is necessary to chocse 2 suitable wavelength nt which t
mnke the measurements, The ahsorbation coefficient of the
substance being determined should be high and thosc of the
other substances present be negligible, Selectivity can
be increasad Yy pH ndjustment or by masking. The masking
rennent (nn! the complex formed) should be cilorless and
not form any complexcs with the metal beiny determined

or react with the colcrimetric rengent,

Selectivity can often be increassed Dy extroctin of
the reaction product, Thus it is possible to separate
the component to be determined from other intarfaring

suhstances.

In the determination of » metal ion ' is prescnce of
another met~l N, if bHoth form colored complexes ML
(B'MLn) and NL (BﬁLn) with simil~r absorption spectra,
correct results for ML ~re ohtnined if the con'lition in
enuntion 3 is fulfilled, At the snme time the following
expressicn must hold for the ratio of absorbance v~lues
of the two complexes, provided that the colorimetric

reaqent itself does not ahsorbed at the wavelength used:

" [~ L n
M S Meq EML B O L+ Br (G0 } "
n n - 10

ANLn ENl_"""-n ENL NL Cy [1 + BI‘:IL (c) ]

where Cy and Cy ore the total crncontrations of M and N,

respectivaly, If the concentrations of M and N ore the

(4)



same anc the absorption coefficients of the two complexes
are equal, the concentration of the comnleox NL ~ must be

negligible if an accurste result is to be obtained for

M:
{nL ;
= 0 L -2
i —= BNLn(CL) = 20 (5)
CN'

- =8 (6)

Bl
NL

Thus the values of the conditional stability con-
stants of the complexes ML must differ at least by

four arders of magnitude,

If the absorption maxima of the two complexecs,

ML, and NL ., are at different wovelengths, it is

n
nossible to determinc both metal ions, M and N, simul-

taneously,

The simultancous snectrophotometric detcrmination
of two solutes in solution can be achieved if there is
no reaction between the two solutes, Since absaorbances

are additive, we cen write
= A A 7
A, = NEeARY TPREA) (7)

AAznAi(/\z) +A2(/\2) (8)



where AA and A/\ are the measured absorbances at
\ 2

the two ‘«‘:ivel\;nqths /\1 and /\,2, and the subscript 1
and 2 refer to two diffeorent substances, and the sub-
scripts > 1 2nd A\ , refer to the two diffcrent wave-
lengths, The wavelengths are selected to coincide with
the ahsorntion maxima of the two solutes, i,e, the
absarption spectra of the two solutes should not over-
lap apnreciably, so that substance 1 absorbs strongly at
/\ 1 and weakly at wnvnTengthI\z, and substance 2 absorbs
stronqly at;\z and weakly at A 1+ Now according to
Beer's law A = ¢ Cl, whare ¢ is the molar absorption
coefficient at any narticular wavelength, C is the

molar concentration, and 1 is the thickncss (length) of

the absorbing solution expressed in cm, If 1 is 1 cm:

Al\i = (1(,-'\1) 'Cl - Ez(f\l) .C, (9)

the solutions of these simultaneous equations are
E r\ o/\‘- o~ E
il Ul B B o

C. = (11)
61(’\1)' Ez(»\ 2)‘ 61()2)- tz(’\ 1)

HAg) 'A"‘z-éi((\ 2)'ny (12)
ti(,‘ 1) 062( A 2)"('1(/\2) . t‘2( A 1)

Co

The values of the nmolar absorption coefficlents El

and 52 can be deduced from measuremcnts of the abso-

B




rbances of pure solutions of substances 1 and 2. There-
fore, by measuring the absorbance of the mixture at A ,
and A > the concentrations of the two commonents can be

calculated,

1.3 Photometric Sensitivity and Limit of Determination

The sensitivity of a quantitative photometric
method is now usually defined as the slope dA/dC of the
calibration curve C=f(A) at the origin (7), where C is
the concentration of the substance to be Jetermined and

A is the absorbance of the solution.

The initial linear portion of the celibration curve

can be expressed as

dA, -1
C = (A-A,) (gE (13)
where A is the ahsorbance of the blank, The steepcr

the slope of the calibration line, the higher is the
sensitivity of the detcrmination it is thus proper-
tional to the absorption coefficient of the spccies
which is measured and to the path-laength through the
cuvette, The sensitivity of a photometric detcrmination
can thus be increased if the wavelength is chosan in the
region of a high absorption maximum and if 2 long enough
cuvcotte is taken for the measurement,

The lowest concentration (or amount) of a given sub-

stance which con be detcrmined by cmploying 2 srecified

nrocedure is called the limit of determination (Cmin).

B— B




This is usually expressaed as the lowost weight amount
(e.g Mg) or as the lowest molar concentration, M, or in
any other convenient way, e.g. as ugml'l, percentage,
ppm, which shows a statistically significant difference
from zero or the average value of the blank, Kaiser
defines (8) the limit of determination by the following

equation:

25
& d/‘\ -1 dA -1 [ o ]
Cmin-(/\min-.".o) (Bﬁ') = 3SO(BE-) = o (14)
whare SO is the standard deviation of the blank Jdetor-

mination,

Sandell defines (3) the limit of detcrmination
(called sensitivity) =s the weight in ug per 1 ml of
sclution, which corresmnonds to an absorbance A = 0,001

. and

measurad in a cuvette of cross-sectional area 1 cm
i -2 ; : -
1 = 1Cm, 1Its dimensions are pg. cm -, This definition

of the limit of determination, Cs' is given by:

M
Cg= E (ug/nl) (15)

where M is the molar mass of the substance to be

determined.,

The disadvantage of this mode of exnressing the
limit of determination is that the spread of the blank

determinations is not taken into account,

1.4 Precision of "hotometric Determination

In 1939 Ringbom (9) introduced a method of plotting

e
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snectrophotometric data in which percent tronsmittance,
T (or percent abiorbance, A) is plotted against the
logorithm of concentration, C. %hen these functions are
plotted a sigmoid or S-shaped curve is obtained, Ring-
bom has shown that the accuracy is greates: when the

value of

AC/C _ 2.303

16
FAR AT/ AlogC G
reaches = minimum, i.e. at the noint of thc steepest
slope(¢}C£C is the relative analysis error and 47T
AT AlogC

is the slope of the curve),

A uscful anplication of the Ringbom's plot is for
the determination of concentration limits within which
the ~nalysis error is minimum. The concentration range
can be cvaluated by constructing a tanqcnt to the
steepcst portion of the curve. The slope is then tran-
slated to ~oints of tanjency to the curve cne on the
lovier and one on the upper limits of the curve, These
roints define concentration limits within which the

relative ~nsalysis errcor is minimum.

1.5 Spectrophotometric Methods for Determination of

Comnosition of Complexes

There are several methods (6,10,11) for deter-
mining the comnosition of matal complexes, Of these

the most commonly used methods for investigating comp=

e —
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lexes in solutions are the continuous variations (12),

the mole ratio (13) anJd the absorptiometric methed (6).

Continuous Variations Method, One of the most genecrally

applicable and widely used method for elucidating the
formula of a complex is the method of continuous varin-
tions. Surnose that 2 metal ion M and a ligand X react
to form a complex HKn. A series of solutions is nre-
pared in which the sum of molar concentrations of M and
X is the same while thair mole fractions very between O
and 1, Renrasenting the molar concentrations of the

metal ion and the ligand by C, and C, resnectively, one

M
nets

= 7

CM + Cx c &8

A quantity f is defined in such a way that, in any

of the series of solutions
= 18
Cx fc (18)
and CM = (1-f)C (19)
In any mixture of M and X,
() = (1-f)C - (MX)) (20)

(x) = fC - n(X ) (21)

Ohviously, the concentration of the complex will channge

as f is vaoried. It will be zaro when f is either zero

or unity and will have mexXimum value nt some intorme-




diate noint, If the absorbance is measured at a weve-
length, whaore the complex absorbs but M and X do not
absorb the value of f at the point of maximum absorb-
ance will correspond to maximum concentration of MX e

This inturn, will be the value of f at the point where
d(hx )

df

= 0, since

o

t( 1-f)c-(uxrp" ifc-n(nxnj 0

[x]

n (22)

K

where K is the dissociation constant of the complex.

It can be shown that

d(MX ) ~ .
dimx 3 ¢ \ f n } l (
T= | T s G -f)c-(Mx )|
K = | fC-n(MX ¢ v Cun + /(1-f)c-( o
af fo-nCo) | { at )¢ )
d{mMx
{ C-n --(:—-"-’:J-1 n {fC-N(MX ']} ol (23)
t n
df ) {
on putting, d{MX ) this equntion raduces to
= 0,
df
ns= —-f—-— (24)
1-f

Accordingly, the absorbance of the solutions is rlotted
against, f, the mole fraction of the lignnd in the

snlution and then n is calculated from the abscissa

of the maximum of the curve,

Mole Ratio Method, /nother convenient and popular

mathod for the investigation of the composition of the
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comnlexes in solution is the mole ratio method, The
nrincinle of this mcthod is that a series nf solutions
is prepared in which the concentration of one comnonant
(usually CM) is kent constant and that of the othor
varied, The absorbance of the solution is mecssured at a
suitable wavelength and plotted against the ratic of the
variable and constant concentrations, If only onec stable
complex absorbs at the wavelength stuldicd, then the
absorbance: increase aprrroximately linearly with the mole
ratio and then becomes constant, The abscissa of the
noint of interscction of the two tangents aivas the
number of ligand molecules in the complex, if it was the

liaand concentration that was varied,

Absorntiomctric Method, The complex formation equili-

brium between met2l M and Yiqgand L can be renresented by
M+ AL v— ML_

The formation const-nt is given by

(ﬁLﬁ]

K = (25)
(M "
or
()
log = log k + n log (U) (26)
)
Since

(MJ 5 CM i (MLn)




equation 26 can be written as
(ML)

Cyym (ML n]

log = log k + n log (L) (27)

where C,, is the tot2l concentration of metal ion,
If only one stable complex is formed, which has scle-

ctive light absorption, then from Sear's lew (MLn)-n/e

A
and C,, = —%?5 (for 4 = 1 cm) where A is the equilibrium
absorbance and ﬁmax is the maximum absorbance with an
excess of the ligand, Ecunrtion 27 can thus he written

as

= log k + n log (L) (28)

Thus, the slope of the curve obtained by nlotting

against log (L) gives the numbar of

ligands n, in the complex,

1.6 Electronic Spectra of Transition Mctal Comnlexcs (1,

14,15)

The spectral characterstics of transition metnl
complexcs arise from several types of electronic
transitions, The type of electronic transition in-
volved depands on the chromophoric groun rresent in

tha complex comnounds, Chromonhoric grouns of in-

terest in onalytical chemistry can be clossified into



the following three grours;

a, d=alectron chromonhores
b, d-=IT chromorhores

c. II-clecctron chromorihores

d-Clectron Chromophores, This type is ch-racterized

by 2 met~l inn with an unfilled d-level and comhined
with particular lonor ~toms. This chromophoric jroup
is found in comnlex comnrounds of transition mctals =nd
can be ncnerally denoted as MX where M is the central
ion and X is the donor atom, The absorption Sands assie
gned to thesc chromorhinric jrours are due to transitions
suhstantially loc-lized on the d-level ion; they con be
Aaseribed as d-¢ traonsitions., Since for the d-olectron
chromonhores thinsa transitions occur botween stotes with
the same parity quantum number, thase tronsitions are
Larorteforbidden, They are allowed by 2 vibronic inter-
action and the molar absorntion coefficients are

1

1-200 1 mol~tem™2. Thus they are not useful for

quantit-tive 2analysis,

d-II Chromonhores. This tyne of chromophore is repre=-

sented by a configuration consisting of o d-zlement nd
the TT-cloctron system of the ligand molacule. Its nre-
sonce is shon by intense ahsarntion honds which are
nssiqned either to the alcctron transition from lignand
to metal (L — M trensitions) or vice versa (M — L

tranaitions). As in these transitions the electron 1is
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transferrcd from one componcnt of the comeolex to the
other, these transitions are called charje-transfer

transitions,

8. M —» L Tr-nsitions, As this transition is chara-

cterized by the transfer of a d-electron from the
central field of tle metal ion, the metal must be

in the lower of the reandily available oxidation
state, On the othur hand, there must Ye » possibi-
lity of accenting this electron in an unfilled
orbital of tte ligond. Such liganis are fcund 2mong
organic comrounds with a double bYond or a chein of
conjunated bonds attached to the donor atom, If

this chromorhoric groupn has a centre of summotry,

the molar absorption coefficient is about 102 1 rm'Jl"1

cm"i, where as for chromorhoric groups which nossess

A - =
no centre of symmetry it is 103 - 10”7 1 mo1™? ¢cm 1.

b L — M Transitions. This type of chorje-transfer

transition, i.e¢., the transition inv.lvinj the
transfer of an electron from the ligan”’ to the matal,
is found with comnlexes where the d-shell metal con
be reduced a@asily to a lownr oxidation state Dy
accepting one electron, At the samc time, the lijand
molecule must have a TI-electron system to which an
acidic qgroup is attached: this jroup intorncts with
the motal ion and provides non-bonding ulcctrons

free for transfor to the metal ion,
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I1-Electron Chromo hores. The chromo~hores ire systoms

with a single or sover:l double Sonds. They can undergo

TT =i TX" s0AdrReeiT3E transitions, Comnlcxation with
a metal ion is similar to protonation of the moleocule
and will result in a cheange in the wavelenjth and in-
tensity of abscrption bands., These chanjes are slight

in most cascs,

Sensitivity is onc of the obvious demands in épnii-
cation of analytical methods, In order to comnly with
this requirement for reactions which involve a change of
color, the molecu'e of the comrlex formed or the organic
reagent itself must contain chromorhoric jroups which
are characterizod by transitions with molar absorption
cocfficients in the rane 103 - 10° 1 mol"1 cm'l. Such
chromonhoric grouns are found among d-ITI and I1 chromo-
nheres., The complexes with d-IT chromonhores are
restricted in usc to troansition elements, in particuler

those which can exist in twn oc¢idation stotes Jiffering

"y one electron,

The reajents with IT-alectron troups arc most fre-
quently employed in annlytical apnlications., The main

reason can be found in the intensity of tronsitions

4

[ =
(with molar absorption coefficicnts up to 1C° 1 mol cm
which characterize thesc chramophoric grouns. A further
rcason is that the color change can nlso take rlaca when

comnlexes with non-transition elements arc formed,




1.7 Sglvent Extraction (1,16-21)

Solvent extr-ction is a versatile, uscful, and
noular separation technique, 3ecauss of its ease,
simn’icity, speed, and wide scone, solvent extraction
enjoys a favored nosition among the saparation tech-

niques,

Solvent extraction is the partition of one or more
components “Yetween two liquids of limited miscibility,
Such liquid-liquid partition is causcd by the different
snolubilities of a qgiven substance in the two phases.
This method of rartition of a given subst=nce from one
rhase to the othor is extremcly useful for very rarid
and clean separations of trace and major comnonents of
Yoth organic 2nd inorgonic substances, A furthar advan-
tane of extraction is that the extract, i.e,, the sclu-
tion of thc separated subst ince in a given organic
solvent usually has some properties on which the deter-
mination of the isolnted constituent can be based: abso-
rntion of liaght, flucroscence, radioactivity and vola=-
tility can serve as exasmprles., Thus the extract can ba
used directly “or the determination of the isolatcd
comnonent by spectrophotometry, fluorimotry, ncs chroma-
toqranhy, atomic absorntion, radiochemical, or othar

suitahle mathods.

The fundamental poraometers invrlved in solvent

oxtraction are described briefly in the following scctions

Nistribution Constant. 1IN analytic2l apnlications the
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liquid=liquid partition €quilibria, which =arc commonly
called extraction esquilibria, usually takes place be-
tween an aqueous phase (Phase I, subscrint ag) and an
organic solvent (Phase II, subscript org) which is
immiscible with water, Such liquid-liquid extraction
equilidria ovdey the Nornst's distribution law, accarding
to which the ratio of the activities or (at constant
ionic strength) the concentrations of » substance in the
two nhascs, when it is Jdistributed is ¢ nstant at con-
stant temperature, This constant is called the Jdistri-

Qution caonstant and it is given by:

()
Ky , = o 5 (29)
sl
whecre (A)er and (ﬁ)aq represent the equilibrium molar

concaontrations of the substance A in the organic and

aqueous phase resnectively.

Nistribution Ratio, In liquid-liquid partition, a subd-

stance A can underjo in both phases various solvation,
association, protonation, and complexation equilioria,
Therefore, for annlyticel arnlications it is essential

to define the 'oartition of the substance irrespective of
the particular forms which are cncountered in the systenm,
This can be done “Hy exnressing the cguilirium ratio of
the total analytical concentrations of the substance A

in the two rhases:



c

s
p Solbr (%)
A,org

This cuantity is callod the distribution ratio,

Degree of Extraction, The comnleteness of tronsfer of

substance A in any extractable form into the Jrganic

nhase is given by the degree of extractinn E, which is
usually exnressed in rarcent:
1OOCA,org vorg IOODA
EA= —_— = (31)
CA,org vorg + cA,aqvaq DA & vaq/vorg

This is the fraction of the substance extrocted from
the aqueous phase (Volume qu) into the organic snlvent
C
(Volume Vorg)'

Extraction can be used cither for separation or

concentration.

Enrichment Factor, Extraction can be¢ used as a concen-

tration method in two ways, namcly, for absolute and re-
lative concentration, 1In aYsolute concentration proce-
dures all extrocted snccies remnin in the same concen-
tration ratiocs, bdut thcir concentrations are increased,
A similar result could be achieved simply by bHoiling
lnwn the original solution. 1In relative concentration
procedurcs the concentration ratios of the individual

comronents in the extract differ from those in the ori-

9inal solution. The relative method is esnecinlly impo=-
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rtant in trace analysis where a particular componant has

to h¢ sepz2rated from the matrix cithor nertially or

comrletely, The degree of enrichment is expressed by

the enrichment factor, SA/?
Ma)or (Ma) aq
) SA/% —_— (32)
(Mm)org (MB)BQ

where subscrint org refers to the extract and aq to
the orginoal aqueous sclution, My ond My refer to two |

metallic comronents,

Senaration Factor. The efficiency of an cxtractive

senaration of two compenents (A and 3) can “¢ considercd

in terms of the separation factor & A4cfined as

(33)
Arbitrarily, the factor o¢ is exrressed so that o< > -
i.e. D, > Dge The greater the difference of o< from

unity, the higher is the c¢fficicncy of separation,

1.8 Solvent Extraction of Metal Chelates (1,16-21)

Organic reagents play on eminent role in extra-
Ction separations of metal ions, because they can ‘
react with metal ions to give nroducts having the
hasic prercquisite for extractability, T'iese are ecle-
trically neutral spccies and therefore they are more

s0lu%le in solvents of low relative rpermitivity than in ]

%—___J
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water,

If a2 metal ion is extracted from an aqueous solution

into an organic non-polar solvent, the met2l ion is tran-
sferred across the liquid-liquid boundary as an uncharged
particle which can bYe either an @lectroneutral complex
(or chelate) formed with the orianic reagent or an ion

association comnlex,

The extraction of a metal ion M with the extr=action
reajgent L, forming a chelate ML soluble in organic

solvent is expressed by the equillibrium:

— ML + nH;

Maq + n”Lorg n org

q

which is ch=racterized by the extraction constant:

n
- CMLn]org_(Hjaq i KD,MBn

) PR TR 3,-9 (Ko, B )"

eX (34}

As shown in equ~tion 34, the value of the extraction
constant depends on the stability constant B, and the
distribution constant Ko m of the chelatc “eing extra-
’
cted, and further, on the protonation constant BHL
and the distribution constant Ko L of the extracting
¥

renqent HL.

The equilibria involved in the extraction of motal

chelates can he exnresscd by the following Scheme:
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organic ph
Ke ({;.L)org . £ (HLn)ol"O
), L I
HL == H* 4L" ; o™ o™ — -}._l N
BHL Bn n

aqueous phase

The exnression in equation 34 can Se written for the

extraction of the chelate HLn as

[HL]orq)n Kp Msn [ﬁQ)
= L (

D = K NS or‘gn
M ex((Hfjaq ) (35)

Ko, 8" (g

or log D, = log K + n log (H] + n pH ( 36)

org

If a certain mctal ion has to be traonsferred into
the crganic phasc, the value of the distribution ratio

DM for that metal should bYe as high as rossible,

As shown in eyuation 36, the valuc of the extra-
ction constant also denends on the concentration of the

extracting reajent and the pH of the solution,

The distribution ratio D, can also bé influenced by
othar factors such as temperature, ionic strongth =and
kinetics of extraction, which nre not exp'icitly exnre-
ssed Yy the quantities in cguation 36,

senerally 2 chanje in the temncrature chanjes the
volue »f the equilibrium constant, “Sut it 8 not nossidle

to nredict how it will effect the valuc of K __.

There is ne gener~l rule for nredicting the effect
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of the ionic strength when a common clectrolyte is added,
A change in the ionic strength affects tc valug of tha
ralative nermitivity and so the value of the oxtraction

constant K,  is influenced by these two changes,

For rractical reassns the agueous phase should cone
t2in a certoin concntration of a salt, the formation of
an emulsion is thus prevented, and the scparation of the

two phases is male easy,

There is no kinctics effect involved in the value of
DH, nrovided the distribution ratio has Yeen determined
for an equilibdrium state. In practice, however, kinetic
masking can be utilized if the rate of extraoction of one

spacies is much faster thon that of another,

1.8 Occurrence and Analytical Chemistry of Iron and

Cobhalt (1,2,15,22)

Iron. Iron is the second most abundant metal in
the Earth's crust after aluminum. It is rarely found in
its elemental form but occurs widely in chemic~l comp-
ounils: the imrortant orcs and minerals are haematite
(Fe203), magenitite (F9304), ge~thite (FeOOM), limonite
(hydrated iron oxide), siderite (Fecoz) and nyrite (Fasz).
Natural water sometime contoin considerable amount of
iron, It is also found in plants and is an importont
constituent of blood 2nd tissue of the animal Yody, 1In
the Sody its comnounds particip~te in oxygen transport-

ation and mediation in electron transfer chaoins., In
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every day life, in aldition to its alloys, iron forms
many uscful compounds such as ferric ommonium citrate
used as apretite stimulator and ferric pyrophosnhote

usad to treat ancaemie,

The oxid~tion state encountered in compouni s of
iron ranjes from C to +6; however, the most common

compoun<s are those of Fe(II) and Fe(III).

Iron(II) salts are usually nale green in acueous
solution; with alkalis p=2le green (white when pure)
iron(I1I) hydroxide is precinitated; this darkens unon
exrosure to the air owing to oxidation, "otassium
hexacyanoferrate(III) jive a deep hlue color or preci- |
nitate with iron(II) salts, but protassium thiccyanate

give no coloration,

|
|
|
Iron(III) salts are normally yellow or viclet in J
aqueous soluticn and give a reddish brown precinitate of ,
hydrous iron(II) oxide with a"kalis. Potassium hexacyo- H
noferrate(II) jives a blue coloration or nrecinitate ;
(nrussian blue) with iron(I1T) salts and notnssium hexas

cyanoferrate(I1I) gives a brown or grcen color, Pota- #

ssium thiocyanate gives blood red coloration and this 1is

an excecdingly delicate test for iron(IIl).

The gravimetric ostimation of iron is ususnlly carried
out by rrecipitating the iren with ammonin as hy/rous
iron(TIT) oxide, igniting this nrecinitate to constant
weitht and weighina 2s Fe,04. r1ternatively to increase

the bulk of the precinitate, the iron can be precinitated

— E— —
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with 8-hydroxyyuinoline or e« -nitroso-B-rephthol and
these ignitad to F2203. Volumetric methods usually
involve reduction of iron(III) to iron(II) ~nd re-
oxidation with dichromate, permanganate or cerium(1IV).
Alternatively iron(III) can be estimnted iodometricnlly
(Fe3+ lib=rates iodine from iodide ions) or by titration
with a standard raoducing agent such as titanium(IXII)

snlutions,

Rapid colorimetric methods for iron use cithaer
iron(III) with thiocyaonate ions or iron(II) with 1,10-

rhenanthroline,

Cobalt, Cobalt is widely distributed in nature making
about 0,001% of the igneous rocks of the zarth's crust,

It occurs in motecorites, stars, sea and fresh water,
snils, plants ancd animals, Cobalt always occurs in

nature in a2sscciation with nickel and usunlly also with
arsenic, The most imnportant cabalt minerals ~re smaltite,
CoAs, and cobaltite, CoAsS, hut the m2in technicnl

sources of cob~lt are residues called "sneissaes”™ which

are obtained in the smelting of arsenical ores of nickel,
copper and lead., The chief outlet for cobalt mectal is as
an alloying e¢lement in the production of high spaed stoels
"hard alloys" for cutting tools and in magnatic =2lloys,
Cobalt alloys ~re nlso important bSecausc of their oxi-
dation =»nd corrosion reaistance and, where elevoted
temporatures must hHe used, ©.9. in gas turbines =nd jat

enqines, they sre superior to many other alloys in



stress-to-rapture strength and creen nroncrtics, vitallium
containing 657 Co =nd 25% Cr is uscd 2s a dantsl and SUrgie

cal alloy being unattacked by 2ody fluids,

Codalt is o vital trace element in animal nutrition,
Small amounts ¢« f cob~lt are invaluable in thc treatmant
of naornicious ansemia. The discovery in 1926 of the
antipernicious anoemin factor in liver led to the discovery
in 1948 of vitamin 345, Which was very soon after
shown to contain cobnlt,

The rrincipally occuring oxidation states of cobalt

in aqueous soluticns are +2 and +3.

Salts containing the acuccobalt(II) cati:n give no
preciritate with hydronen sulphide in acid snlution, but
precipitote black cohalt(II) sulphide in ammonincal
soluticn, With alkalis, the pink hexasquocobalt(IT)
cation gives a pale blue precipitate of the hydroxide;
with an excess of ammonia this nrecipitnte dissolves and
slowly gives a brown sclution through oxidation, The
addition of potassium nitrite to a neutral or acidic
solution of Co(IXI) soturated with potassium chloride
quickly results in the formation of 2 yellow nrocipitate
of potassium hexonitrocobaltate(IXI). Concentrotad
ammonium thiocy=nntao sclution gives a bHlue soluticn of
the (Cn(SCN)d)Z" anionwhich can bYe precinitated by
acdding H92+ ions, Oithiooxamide (rubcanic acid), in
alcoholic sclution, adided to ammoniacal cabalt solutions

gives a brown preci~itate; this rcaction is used in
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naper chromatography to distinquish cobolt from nickel

(which gives a blue violet color),

Cobalt may be determined jravimetrically by 2 vari-
aty of methods, For the determination of cobalt in
ferrous alloys, iron is first removed by praecirnitation
either with zinc oxide susrension or with trisodium
nhosphate, The cobalt is then usually rrecinitated with

X =nitroso-R-naphthol and the precipitate ignited to
constant weinht as 00394. Other jravimectric procerures
involve preciritation and weighing as Hg(Co(SCM).). A
ranid method which can be com leted in 30 minutes invo-
lves the preci-itation of cobalt with nyridine in thio-
cyannte medin and weighing as (CO(CSHEN)A) (SCN) 5.
Cobalt c~n also he determined gravimetrically Dy clectro-
lysis, Pl~atinum guaz @lectrodes are used in an electro-
lyte of cohnolt(II) sulphate and ammonium sulnhate., The
cathode is wnshed with cold water, alcohol dried ot
100°C and wainhad., Volumetrically cobalt(IX) salts may
he estimated by notentiomotric titration with stondard
~otassium hexacysnoferrate(II) in the presence of high

concentrations of amacnium citrate and ammonis solution,

polareqrarhic methods usunlly use t'e reductidn of
cobalt(III) ammines. This method allows the determina-

tion of cohnlt in a2 one thousand fald excess of nickel,

Colorimctric methods for estimating cobalt use the
blue color dovelored by chloride ions or thiocyanate

ions. ¥hen only small amounts nf cobalt are pnresent,




nitrosc-R-salt, soﬂium-l-nitroao-z-hydrsxynﬁ-hthﬂlono-S,
H='isulrhonate CioH OM. NO (SO3Na),, must be used to
give a red cobnlt complex ‘hich is stable in nitric

acid (a2 uscful distinction from many other aelements),

1.10 Literanture Survey

A large number of organic reagents are recommended
for the separation, detection and detcrmination of iron

and cobalt,

Some of the common organic reagents that have been
commended recently for spoctrophotometric determination
of iran are 2,4-dihydroxyaceton:enonesemicarazone (23),
2,2'-dipyridylkatone-2-pyrimecdylhydrazone (24), 2,2'-
dipyridyl-2-hYenzothinzolyhyirazone (25) 4-(4-mecthyl-2-
thiaznlylazo) resarcinol (26), 1,2,4,6-tatrachenyl-
pyridinium porchlorate (27), 2-acetylnyridinethiosemicoar-
ba-one (28), 2,6-biaCi-(2-mcthoxyethylimino) cthyt)_
nyridine and soicdum picrate (29), 2-(2-thienylme-
thyleneamino)=-benzohydroxamic acid (30), 2-hydroxyimino-
cyclohex=none thiosemicarbazone (31), 2-henzylideniminc
henzohydroxamic acid (32), 2-(5-brome-2-pyridlazo)S-
dimethylaminonhenol (33), 3-aldehydosalicylidenccyano-
acetylhydrazone (34). Chro azural S (35), 3-hydroxy-2-
methyl-1,4-naphthacuinone monmoxide (36), 2-(rhenoxy-
acetyl) ncetonhenone (27), neotarazelium chloride (38),
salicyla'dehydethinsemicarbazone (39), N-phenylcinnomo-

hydroxamic acid and azide (40), and 3-(4-sulpho~henylazo)



chromothropic acid (41),

Recently recommen 'ed organic rcagents for the sractro-
~hotometric determination of cobalt are 2-nitroso-i-nanh-
thol (42), 3-(0-3cet0vheny1}-1-mcthyltriazene N-oxide
(43), bi3cetyl-monoxime-Z-pyridylhydrczone (42), B-morca-
ptoguinoline (45), isonitrosothiocamphor (46), notassium
propylxanthate (47), 2,2'~dipyrdylketone-2-picolylimine
(48), Q,A-dihromo-s—(5-ch1uro—2-nyr1dylazo)toluene (49),
pixolinamidoxime (50), R-mercantopropancic acid anilide
(51), cyclohxylthioqlycolate (52), pyridine-2,6-dicarbo=-
hydroxamic acid (53), triphenylsulphoniumchloride (54),
1,10-:henanthroline and eosin (55), thiocy-nate (56),
2enyl-2-pyridylketone-2-pyridylhydrazone (57), rentane=2,
4-dione (58), 4-formyl-3-methyl-1-rhenyl-2-pyrazolin-5S-
one and pyridine (59), EDTA and t-butyl hydroperoxide

(60), iscnitrosohenzoylacetone (61), |

The a%ove liternture survey reveals that, at the
present time extensive use is made in ~n-~lyticnl
chemistry of orgonic reanents whese s-ecific 2ction
makes it possible to determine n given motnl ion in
comnlex materials and further to provide simple, rapid

and sensitive methods of Jetermination,

In the nresent investigation N-hydroxy-!', N*diphenyl-
benzami-ine which hns hecome a2 nonular chelating 2gent
in recent years, hae bYeen employed for the extraction and
spectrophotomctric determination of iron and cchelt,

Hence its general proporties and analytical anrlications

are bricfly reviewcd,
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1:11 N—Hydroxy-N,N'-Diarylbcnzamidines as _ Annlytical
Rengcnts

N-ttydroxy-i,N*~diphenylbenzamidine, I, ~nd its

an~loques are tyrical mon basic and bidantate chalnating
agents, These compounds are rerrescntod by the general

formula, II, having ~n analytical functionsl ¢rouning III,

e 6H5-('3=N—CBH5 Ph-t}:-N-Ph ' ~CalN
CgHg-N-OH Ph*-N-OH ==N=OH
I II III

where Ph, Ph', Ph" are rhenyl or substituted phanyl
qroups. N=Hydroxy-pM,N'-diarylbenzamidines were first
synthesized by Ley (62) in 1901 and some of their pro-
perties were studied by Ley and Holzweisseg (63), They
are pale yellow crystalline snlids, Thcse comnounds are
stable toward heat, light and air and can be stored
indefinitely without deterioration. They are insoluble
in water but scluble in common organic sclvents such as
alcohol, acetone, chloroform, benzene and toluene,. Their
solutions in organic solvents are light yellow and stable

for several days if properly stored,

Hydroxyamicdines react with metal ions to form five
membered ring complexes, The metal chelates may he
neutral or choarged derending up~n the co-ordination numbor

and charge of the individual metal ion, The complexation



reaction of hydroxyamidines can he reprcsanted Yy the

general complexation cquilibrium

=N=Q}! =N=0
% 5 e e e o il s i

The charge of the metal ion has Deen omitted for simpli-

city,

The complexing propertics of the hydroxyomidine can
be greatly modified by changing the substituents in the
rhenyl rings attached to the functional rouning, Hence,
the desired sensitivity and selectivity for a particular
method of determination can be attaincd to a certain
extent, This is o spocial fenture of this group of

organic reasgents,

Some of the matol chelates of hydroxyamilines nre
water insoluble, thurmally stable and directly weighable,
Such metnl chelates can be used for gravimetric determi-
nation of the mctal ions. Most of the metal complexes of
hydroxyanidines are intensely colored and highly stable,
These reacticn products can be used for simnle spectro-
nhotometric determination in acucous system or for the
simultaneous extraction and snectronhotometric deter-

mination of mct:l ions.

N-Hydroxy-N,N*'="1irhenylbenzamidine (HDPBA) wnhs in-
troduced as analytic-l reagent for the first time in
1974 by Satyanaray~na ~nd Mishra (64), for the extraction

and spectrophotomctric determination of vanadium(V). They
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further extended the analytical ari lication of HOPBA for
the detormination of other metal ions, Later on Mishra
and co-workers synthesized a large number of substi-
tuted hydroxysmidines and extensively studied their
analytical potentialitics, Several research pancrs have
been nublished on the ap-lications of hydroxyamidines.
M-Hydroxy-N,N'.diphenylbenzamidine and its analoques are
now widely used as reagants for the detection and deter-
mination of several metsl iom in gravemetric analysis sol-

vent extraction and spectrophotometry,

M-Hydroxy-MN,N'~diphenylbenzamidine has been apnlied
for the extraction and snrectronhotometric determination
of iron(III) (65) and also for the snectrorhc tometric de-
termination of iron(III) (66) in the aguecus phase, It
was also emnloyed for the gravimetric determination of

nickel (67),

The analojgues of HDPBA have been used for the qrovi-
metric determination of copper (68-70) and molyhdenum
(71,72) and also for thec spectrophot metric determination
of mangancse (73) in the aqueous phase. These reanents
have also been used for the solvent extraction and spectro-
~hotometric determination of vanadium (V) (74). The use
of the an-lojues of HDPBA have been extended for synergic
extraction nand snrectrophotemetric determination of vana-
dium(V) in the rrescnce of nhenols (75,76), cnrboxylic

acids (77,78) 2nt alcdehydes (79).

HOPBA was found to form mixed lig=snd comnlex with



azide in the determination of iron(III) (65) 2nd cobalt(III)
(80) 2nd its analogues in the detarmination of vanadium
(81,82) Yy solvent extraction and spectrorhotometry, The
derivatives of HDP3A have also been an lied as reagonts
for the syncragic extraction and snectrophstonctric doter-
mination of iron(IXT) (83-87), vanadium (88,89) and
molybdenum (90,91) by the formation of mixed 'igand
complexes with thiocy~nate, Studies on the aprlicabi-
lity of the M-hydroxy-n,N'-diarylbenzamidines has conti-
nued until very recently for the qravimetric, spectro-
photometric and extraction - photometric determination of

some metals ions,

1.12 Aim of the Preseat Investigntion

It is cleor from the foregoing litorature survey
that hydroxyamidines h-ve not bYeen used for the extra-
ction ancd spectronhotometric determination of Co(II) as
a binary or mixed ligand comnlex wit" other adducts,
Hence the narent compound, HDPBA has been an-lied in the
nresant investigation for thec extraction and spectropho-
tometric determination of cobalt(II), Although the deri-
vatives of HDPBA were arnliced for the extracticn and
spectrophotomotric detarmination of iron(IXII), the parent
compound was not studied, Thus the extraction and deter-
mination of iron{IXXI) with HDP3A and thiocyanate has also
heen studicd under diffurent conditions to improve the

sensitivity and 5;:1ectivity of the renorted me thords,



2, EXPERIMENTAL

2,1 Synthesis of N-Hydroxy-N,N'Dinhenylhenzanidine
( HDP3A)

HDPBA was prepared by the c¢.ndensation of Nephenyl.

benzimidoyl chloride with N-rhenylhydroxylamine at 0°¢
in absolute cther madium (64). Thus the preparation of
N-hydroxy-N,N'~dinhenylbenzamidine required the synthesis

of N-nhenylbenzimicdoyl chloride and N-rhenylhydroxylamine,

Ph-NHOH+Ph-C=p-ph Sther, Ph<N-OH
g 0% ' + HC1
Ccl Ph-C=N"'-pPh

Preparation of N-pPhenylbenzimidoyl Chloride, Thg synthce

sis of N-phcnylbenzimidoyl chloride was made by chlori-

nation of bYenzanilide using thionyl chloride as 2 chlo-
rinating agent (92), A 207 excess of thionyl chloride (14,5 ml
0.20 mole) was mixed with benzanilide (33.0 g, 0.17 mole)

and heated for 30 minutes ot 110°c. The mixture was

further heated under roflux at 150 - 160°C until the

reaction mixture turnecd to a clear liquid, The excess
thionylchloride was removed by distillation under nartial
vacuum. The imidoyl chloride was used ss such for the

synthesis of HDPBA,

Ph—CO—NH-Ph+SOClP ~3 Ph-C=N-ph+4C1 +302
Cl



Fenzanilida which wns used for the synthesis of Nenhena
ylbenzimidoyl chloride was nrepared by the addition of
a slight excess of benzoyl chloride to aniline in 109
(w/v) of sodium hydroxide solution with stirring follo-

wed by crystallization in boiling benzecne (93),
PhCOC1 + PhNHz ~———3 PhCONHPh + MC1

Preparation -f H-Phenylhydroxylnmine. N-phenylhydroxyl-

amine was nrepared by the reduction of nitrobhenzene with
zinc and ammonium chloride in aqueous solution ot
60 - 65°C (94),

Zn/NH ,C1

Ph-N02 —_— Ph-NHOH
0
60 - 65°C

Nitrobenzene (50 g, 41.6 ml) was added with 800 ml of
water to which 25 g of ammonium chloride was already
added, To thc mixture was added 60 g of zinc rust
gradually vith stirring during twenty five minutes, so
that the temperature of the reaction mixture Joecs not
rise beyond 60 - 65°C due to the exothermicity of the
reaction, The rroduct was separated from the zinc oxide
nroduced by suction. 150 g of sodium chloride was added
to the solution to crystallize the N-rhenylhydroxylamine,
The product was recrystallized from benzene., Yield 61%
melting noint BOOC. The recrystallized nroduct was

immediately used for the preparation of HDP3A,



Preraration of N-Hyﬂrr§xgw,ﬂ'-Dinhcnyl%cnzamidinc. N=nhe

nylhydroxylamine (7.52 g, 0.07 mole) in a%ysolute cther
was added in small portions with stirring to a salution
of N-rhenylbenzimidoyl chloride (15.0 g, 0.062 mole) in

180 ml of ahsolute ather placed on ice-salt mixture,

First a 1iiht brown 01l separated; this solidified
into 1light yellow crystals on continued stirring, The
crystals were filtered and washed with ethar, Tha hydro-
chloride was treated with 32,0 ml of 1,0 N ammonia, The
nrecipitated free base was filtared off, recrystallized
twice from notroloum cther (60 - BOGC) benzene (1:2) to
give pale yellow cryst=ls, Yield 7.6 g, m.n 160 - 161°c,
renorted 163°C (64),

2,2 Appar-tus and Reasents

Apparatus. A SBeckman model 24 UV-Vis snactronhoto-
meter equipped with 1 cm matched quartz cell was usel
for absorbance messurements. A 3eckman CHEMMATE pit mator

was used for pH measurements.

A varian Techtron AA6 atomic absorption sncctromater
with air -C2H2 flame was nalso used for the determination

of iron and cobalt in samrle snlutions,

Standard Iron(III) Solution, A standarc solution of

iron(III) wes prepared by dissolving 4.0402 g of iron(III)
nitrate nonshydrate (201, Analar) in 100 ml of 1:5 (v/v)

nitric ocid ancd diluted to 1,0 litre with distilled water,



The solution was standardized volumctrically using EDTA
(95). Viorking soluticns were prenared by 4iluting suit-
ahle aliquots of the standard solution to known volumes

with distilled water,

To standardize the iron(III) salution, 25 ml of it
was mensured into o ¢onical flask and dilited to 100 m]
with distilled vinter, The pH of the solution was ndjusted
to 2,5 , Five drops of variamine 3lue indicator solution

was added, the contents of the flask were wearmed to 4000.

Slue color of the solutinn turned yellow with the final

drops of the reagent,

Standard Cobnlt(11) Solution, A standard solutinn of

cobalt(II) was rrenared by dissolving 2,8090 g cobalt(1r)
sulphate heptohydrate (Hopkins and Williams, Analar) in
distilled water, acidified with sulphuric acid, and di-
luted to 1,0 litre with distilled water, The snlution
was standardizad v~1umetrica11y using EDTA (95), Ylorking
solutions were nrepared by diluting suit=hle aliquots of
the standard solution to known volumes with distilled

water,

To standardize the cohalt(I1) solution, 25 ml of it
was measured into - conicnl flask and diluted to 100 ml
with distilled wnter, The pH of the solution waos adjusted
to 6. Five drops of xylenol oranye indicotor solution was
addéd, the contentes of the flask were warmed to 40°c, and

titrated with 0,01 M EDTA solution until the initial red

e R R —




color of the snlutisn turned yellow with the fin~1 drop

of the rengent,

Standard Thiocyannte Solution, A 0.2 M st ndard solution

was prepared by dissolving notassium thincyanate (Hopkins
and Willisms, Annler) in distilled water and st ndardized

by Volhard method (2,

Standardization of thiocyannte solution wns parfore
med as follows, Standard 0.1 M silver nitrate (25 ml
solution was transferred into = conicnl fl-sk, 5 ml of
nitric acid nd 1 ml of iron(III) indicator solution was
ndded to it. rotassium thiocyonate w~s run in from the
surette until 2 faint Srown color was produced which no

longer disap-c-red on shaking,

Reagent (HDPBA) Solution., A 0.005 M snlutinn of the

reagent (HDPDA) in redistilled toluene was used for the
éxtraction of iron(III). A 0,003 M o the reagoent ("1DP3A)
in redistilled tolucne was used for the extraction of

cobalt(II1),

Hydrochloric Acid, Concentr-ted hydrochlrric acid (7304,

Annlar) w-s used tn 2?just the acidity of the snlution,

Buffer Solution, Ammonis-ammonium chloride Suffor s ]ly-

tion of pH 8,5 was uscd to adjust the pH ~f the coh-1t(11)

solution,

Solvents, Tolucne (RiedeldeH~en) w-s Jistilled twice

discarding the first and the last fractions, The fraction

I
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with boiling roint of 110°C was used., All othor solvents

were used after 2 sinnle distillation,

'rying Agents, ‘“nhydrous sodium sulphate (Riedol-de-

Haen) and anhydrous calcium chloride (204, Lahoratory
Reajent) were uscd for drying the calored axtracts and

the distilled solvants, resncctively,

Sclution of Electrolyte. A 2,0 M solution of potassium

nitrate (8D, Anoalar) in listilled water was uscd to

adjust the i nic strenath of the solution,
g

Solution of Foreign Ions., 3-lutions of foreign i:ns

wore prepared by dissolving known gu-ntities of reajent
qgrade snolts in distilled water to give 10 mg of the ion
in question per millilitre of salution. The solutions

were acidified whenavir necessary to nravent hydrolysis,

2,3 rreparation of Semnle Solutions

Blood Sample, A 2 ml of aliquot of blood samnle was
transferred into a 250 ml Kjeldhal flask 2nd decomnosed
with 10 ml of the mixture of nitric, sulphuric ~nd rer-
chloric acids in the ratio of 3:1:1 (96) by heatino over
the bunsen burnur for sYout 2 hours, The heating was
continued after addition of about 10 ml of dilute hydro-
chloric ncid until the volume of the content was reduced
to about 5 ml, It was cooled and the resi'fue was reboiled

with 25 ml of distilled wnter, The soclutinn wns coolad
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ond transforrcd quantitatively into a 100 ml volumetrie
flask and diluted to volume with distilled wator,
Suitahble nliquots of the solution were taken for tha

"nalysis,

Vitamin 812. A weighed cuantity (0.15 g) of the

vitamin B,, was transferred into a 250 ml Kjeldhal flask
and decomposed with 20 ml of aquo-regia., The mixture
was heated for one hour and 15 ml of 1 N hydrochloric
acid wos added to it, The sclution was eva-orated
almost to dryness, cooled, and boiled with 50 ml of
distillecd water, The undissolved matter was filtered
and washed several times with distilled water, Tha
filtrate and washings were collected into a 100 ml
volumetric flask 2nd diluted to volumc with distilled
water, The sclution was exposed to UV-light to reduce
cobalt(III) to cobalt(IX) (97). Suitable aliqucts of

the solution were taken for analysis,

Steel Samples. A weighed quantity (annroxim~toly 0,1 g)

of the steel sample was transferred to a2 400 ml beaker

and decomnosed with 10 ml concentrated nitric acid. The
mixture was heated to remove the oxides of nitrogen and
about 10 - 15 ml of concentrated hydrochloric acid was

added to it, The sclution was evaporated to almost dry-
ness, About 50 ml of distilled water was added and the solution
was hoiled, Tungsten was preciritated as hydrated tung-

atic acid, The undissolved silica and tungstic acid were




filtered off and washed several times with hot distilled
water, The filtrate 2ani washing were collected into a
SC0 ml volumetric flask and diluted to volume with di-
stilled water, Guita'le aliquots of the s.lution were

taken for the an2lysis,

2,4 Genernl Procedure for the Extraction and Detormi-

naticn of Iron(III)

An aliquot of the snlution containing 5 - 160 ug
of iron(III) was transferred into a 100 ml separatory
funnel and 5 ml of 0,2 M potassium thiocyanate wns added
to it. The ocidity and volume of the aguecus rhase were
adjusted to 0,3 = 0,4 M and 10 ml with concontrated hydro-
chloric acid and distilled water respectively, A 10 ml
aliquot of 0,005 i1 HDP3A in toluene was acdded to the
funnel and the mixture was shaken vigorously for a minute.
The funnel was allowed to stand to scparate the two nhascs,
The agueous rhase was separated and the orgnanic rhase was
collected in a 50 ml “eaker containing a%out 2,5 g of
anhydrous sodium sulphate. The aqueous rhase was again
transferrcd into the funnel and washod with 5 ml of toluene.
The colored extract and the washings were transferred intos
25 ml volumetric flask, The beaker was washed with 2 few
ml of toluene, the washings were transforred into the
volumatric flask and diluted to volume with toluene. The
absorbance of the colored solution was measured At 465 nm

against the reajent blank,



For calibration, 0,25, 0,50, 1.00, 2,00 and 3,00 ml
of the standard solution, 50 ug ™ i Fe(III), were used

through the nrocedure,

2,5 A"enural procedure for the Extraction and Determi-

nation of Cobalt(IX)

An aliquot of the solution contrining 10 - 200 ug
of cobalt(II) was transferred into 100 ml separatory
funnel and 5 ml of ammonia-ammonium chloride “uffer
sclution was arled to it to adjust the pH to 8 - O,

The solution was diluted to 10 ml with distilled water,
A 10 ml of aliquot of 0,003 M HDPBA in tcluene was

added to the funnel and the mixture was shaken for a
minute, The funnel wns allowed to stand to separate the
two phases. The nqueous rhase was separated and the
organic phase wns collected in a 50 ml beaker containing
ahout 2,5 of anhydrous sodium sulphate, The agucous
nhase was 2qgain transferred into the funnel and washed
with 5 ml of tolucne. The colored extract and the
washings were transfcrred into the flask, and diluted to
volume with tecluene, The absorbance of the colored

soluticn was mensurad at 405 nm against the reagent blank,

For calibration, 0.25, 0.50, 1,00, 2.00 2and 3.00 ml
of the standard solution, containing 100 ml ug ml'1

Co(IX), were uscd through the nrocedure,
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2,6 rrocedure for Studying tho Effect of variables

The effect of a particular varinhle wos studiad by
measuring the aYsorhance of the system following the
general procedures described aYowve for the extraction
and determination of the particular metal ion, keeening
all exnerimentnl variables constant except the one under

study,

The quantit-tive cxtraction of iron(ITI) or
cobalt(IT) from the aqueous nhase was excmined by changing
each variable parameter to its optimum conlition and
folloving the general rrocedure. The extractisn was
conaidered to bYe incomnlcte when iron(IIX) or cabalt(II)
was dotected in the aqucous nhase, The nresence of
iron(IIXI) ant Co(IXI) in the ayueous phase were examined
by using 2,2'-bi-yridyl and ammonium thiocy=nate respe-

ctively.

The investig~tion of the quantitative extraction
of iron(IIX) from the aqueous phase was nerformed as
follows, The aquenus nhase was reduced to about 1 - 2 ml
by evaporation and 1 ml of 0,1 M hydroxylamine chloride
was added to it to reduce iron(III) to iron(IXI). A S5 ml
aliqunt of 17 aqueous 2,2'-bipyrdyl was nd'ed tn the
solution. The volume of the solution was adjusted to
10 m1 and tho pH to & = 5, The absorbance was measured
at 522 nm nq2inst reaqgent blank and the amount of

iron(I1I) was crlcul tad accordingly,

For Co(IX), the nquenus ~hase was reduced to about 1-2 ml
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by evaporation. The solution was transferred into 100 ml
separabory funnel and 5 ml of 4 M ammonium thiocyanate was
adjusted to 10 ml with distilled water and the acidity to O«3-
1.5 M by addition of concentrated hydrochlcric acid. A 10

ml aliguot of ehtyl acetate was added to the funnel and the
mixgure was shaken for about a minute. The organic phase was
collected in 16 ml volumetric flask after drying over anhydrous

gsodium sulphate. The absorbance of the solution was measured
at 625 nm against the reagent blank and the amount of Co(II)
calculated accordijgly.

2.7 Procdure for Studying the Effect of Foreign lIons

The effects of foreign ions were studied by adding known
quantities of the desired ion to solution containing 50 ug
of iron(III) or 100 ug of Co(II). The required amount of
particular masking agent was added to the Co(II) solution
whenever necessary. Extraction and determination of the
metal ions were made accoring to general procedures desc-

ribed earlier.

2.8 Frocedures for the Determination of the Composition
of Coumplexes..

6ontinuous Variations Method. To determine the ratio

of Fe(TII) to HDFBA a series of solutions was prepared
in whibh the mole fraction of Fe(III) and HDPTA were varied

between O and 1 with a



constant total concentration (4.0 x lo'dM). The concen-
tration of thiocy2nate (0.2 M KSCN) 2nd acidity

(0.4 M HC1) were kent constant throughout the saries,

To determine the ratio of Fe(III) to thiocyanate 2
sories of snlution wns prerared in which the mole
froctions of Fe(III) an! thiocyan~te were varied be-
tween 0 and 1 with o constant total concentration
(4.0 x 10'4M). The concentration of HOPIA (1.2 x 10'3H)
and the ncidity (0.4 M HCl) were kept constant through-

out the sé¢ries,

To determina thc ratio of Co(II) to HDP3A a scries
of solutions was prepared in which the mole frictions
of Co(II) and UDP3A were varied betwecn 0 2nd 1 with 2
constnt tot-l concentration (8.0 x 10'4M). The pH

(8.5) was kept constant throughout the series,

The comrnlexes were extracted according to the general
nrocelures anrl the absorbance of the colored cxtract wns
mea~ured at 465 nm ngainst the re-~gqgent blank for
Fe(III)=-SCN-HOPAA system and at 405 nm ~g-inst the
hlank for Co(II)-HDP3A system, The 2hsorbancos were
nlotted 212inst the mole fractions of thae ligand in each
system resncctively. The maximum of tlie curve gove the

mole fraction of the ligond in the comrlex,

AHsorﬂtiomatric Mathod, To determine the rrtio of

Fe(IIX) to “OP3A = series of solutions was prepsared in

wirich the concentr-tion of Fe’IIX) (4.0 x 10"5N),
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Aacidity (0.4 ! HC1) an! thiccy nate (0.05 1) were kept
const~nt and the concentration of HDrIA was varied over

a wide range,

To determine the ratio of Fe(III) to thiocynnate
a scries of sclutions was prepared in which the concen-
tration of Fe(III) (4.0 x 107°M), acidity (0.4 M HC1)
and HDP3A (2.0 x 10-3M} were kept constant an' the con-
centr-tion of thiocyon~te was varied over wide r-nge,
Tha complex wos extracted by the genernl rrocedure and
the nbsorbance of the colored extract was measurcd -t

A65 nm Agoinst ren ant Slank.,

Mole Ratio Method., To determine the ratic of Co(II) to

HDP3A a series of solutions was nprepared in which the
concentration of cobalt(II) (8.0 x lc'sn) and pH (8.5)
were kept constant an' the concentration of HDP3A wos
varied, The complex was extracted by the gener-l pro-
cedure, The ahsorbance of the oxtract was maasured at
405 nm a‘ninst rennsunt Hlank and ntotted veorsus the

mole ratio of Co(IX) to HDP3A. Two straijht lincs

wore drawn from the two parts of the curves which inter-

sacted ench othar at 2 mole ratio of Co(II) to HDP3A,.



3. NESULTS "MD DISCUSSION

3,1 Comnlex Formation and Ahsorption Snectra

Comnlexcs of ircn 2and cobalt with HDP3A and thio-

cyanate were studied by extraction and srectrophotemetry.

Iron(III) forms red complex with thiocyan~te in
~cidic medium which is readily extractable into nolar
oxyjen containing solvents such as ethyl acetate and
amyl alcchol, The absorption spectrum of the iron(III)=-
thiocyannte comrlex was found to he not affected by
HDP3A in these solvent: indicating that tharc is no

mixes ligand com-lex formation,

The iron(IXI) thiocyanate complex wes found to be
not extractable intc non-rolz2r organic solvants such as
toluene, henzene and chloroform, It was also found that
iron(III) in ncidis medium wns not extractable in the
nresence of HIPBA into toluene, henzene, chloraofarm,
ethyl acetate and amyl nlco-ol which shows th-~t therc is
no complex f rmation between iron(III) ond HDPBA, On the
~ther hand iron(III) was found to be readily extractable
in the presence of HOPSA into toluene, benzene and chloro-
acrm from thiocyanate medium indicating the form~tion of

~mixed ligand complex.

Iron(II) wns not found to form 2 comnlex with HDP3A
solution in benzene, <oivene, chloroform cthyl acstnte and

amyl alcohol in the prasence or absance of thiocyanate,

Cobalt(11) forms = comnlex with thiocyannte in ncidic



medium which is extrnctable into amyl nlcohol snd z2thyl
acetrte., The absorption spectrum of the Co(II)-thiocynnnte
comnlex was found to bhe not affected by the addition f
''DP3A in these solvents which shows that there is no

mixed comnlex formation of Co/II) with thiocy=n-te and

HDP3A,

The Co(II)-thiocyanate comnlex was found to Se not
extractable into non-rolar snlvents such as tcluene,
Yenzene 2nd chloraform., CobYalt(II) in ~cidic medium was
not also cxtractable in the presence of HDP3A into
toluene, benzene, chloroform, ethyl =cctate and amyl
alcohol., Howiever in basic medium cobnlt(II) was found to
He extractahle in the presence of HDP3A intn toluene,
henzene and chloroform with formation of a yellow=brown
comrlex, The presence or absence of thiocyanste does
not have any effect on the a%sorption srcctrum of Co(II)-
HDP3A complex as thiocy~onnte does not form 2 stadle comp-

lex with cobalt(II) in basic medium,

It was also founr! that CDTJ‘ﬂ.t(III) does not form 2
comnlex with HDP3A in tcluene, henzene, chloroform, cthyl
scetate and nmyl alcohol ether in the presence or ahsence

of thiccyannte,

Thus the complex formation reaction »f iron(III)
with thinscyan~te and HDPF3A in the acidic medium ~nd the
comrlex formation renction of cob»lt(II) with HDP3A in
the hasic medium formed the basis for the development of

new extraction-spectrorhntemetric methods for the deter-



- 8] -

mination of iron(III) ond cobalt(II) respectivaly,

Several organic solvents such as benzene, toluane,
chlorabenzene, chloraform, amyl alcohol =nd cthyl scetate
were tested as solvent for the extraction of the
Fe(III)=SCN-HDPI ~nd Co(IT)«HDP3A comnlexes from the
aqueous phase, It was found that either comnloxes wos
not extractable into amyl alecohol and ethyl acetate, the
complexas were partially extractable ints chloroform and
chlorsbenzene and completely extractable into “enzene
and toluene, Theso results indicate that Sat! Fe(IlI)-
SCN-HDP3A nnd Co(II)-HDPBA complcxes are extracted as
electroncutral species, The a“sorntion socctra of the
individual complexes were found to be simil-r in all
solvents in hich the comploxes are extract:ble. Although
both Yenzene and toluene were found to Se suitahle for
the quantitative extraction of the complexes, toluene
was prefarred since it is less toxic and less volatile
than benzene, It wns nlso prefarred due to the higher

segnsitivity of the color reactinn in it thon in benzenc,

The absorption spectra of HDPBA and of the Fe(III)-
SCN-HDP3A and Co(II)=-HIP3A complexas have bheen Jetermined
in the visible region under v~riocus conditions, The
regent showed no abhsorntion moxima in the visible reqion.
However it showed noqlipgible absorntion in the rogion
700-600 nm, slight increasing ~hsorntion in the region
600-400 nm, strong nhsorntion bYelow 400 nm (Fig,1).

Thus a2 reagent blank was necessary for procisc messurment
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of absnrbance at wavelengths shorter than 600 nm in

recording the absorption svectra of the complexes,

The oranje-red Fe(II1)-S5CH-HDP3A complex (Fig.1)
showad an intense a“sor-~tion band at 465 nm with 2
mol=sr absorptivity of 1,0 X 10% 1 mo1~? en~1, The
absorption bYand is probably due to charge trensfer

clectronic transitions from ligand to metal (L —a M),

The abscrption spectrum of the Co(II)-HDP3A complex
(Fig. 2) showed a shnrp aYserntion hand at 405 nm with
molar absorptivity of 7.0 x 10° 1 mo1~? en™t,  The
absorntion Hand can he assijned to charge transfer ele-

ctronic transitions from metal tc ligend (M —> L),

For each systom the rosition of the absorption band
was foun' to be unaffected hy the changes in the concen-
tration of the constituents and the ncidity (or pH) ovar
a wile range incdicatin; the extraction of a2 sinqgle

cemnlex s-ecies,

3.2 Effect of Variahles

The effect of the experimentnl varinhles on the
extraction and ‘letermination of the Fe(III)-SCN-HDP3A
and Co(II)-HDP2A complexes into toluene has Yeen investi-
gated in order to establish the optimum conlitions for

the extractinn an! determination of iron 2nd cobnlrt,

Effect of “cidiity (or pH). The effact of the concentration

of hycdrochloric ncid in the aqueous phase on the extraction
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of Fe(IXI)-SCM-HDP3A was stucdied in the range 1,0 - 0.01
M. When the hylrochloric 2cid concentration is greater
than 0.6 M the chanlaox formation was rctarded due to
nrotonaticn of the ligands, For hydrochleric acid con-
centration lower than 0,1 M, the complex "econes less
atable due to hydrolysis ¢f the met:l ion resulting in

an incomplute extraction of iron(IXX).

3+ +

Fe™" 4+ H 07— Fe(oH)2* + o

Hence the optimum 2cidity ranje for the complete extract-
ion of Fe(IIX)-SCH-HUP?A was fcund to be 0.1 - 0.6 M

HC1,

The influence of pi of the agucous rhase on the
extraction of Co(II)-HOP3A was studied in the ranqe
5.5 - 11,5, When the pH is less than 7.5, the extraction
of Co(II) recreases, becausc the free lig-nd cuncent-
ration may not be sufficient to give complate complex
formation, Vhen the pH is greater than 9,5, the decrease
in extraction wos probably due to formation of anionic
or hydroxo comrlexes, Honce the optimum range was found

tO 'JG 7.5-“-‘.5-

The decrease in rrecent extraction of HYoth metal
ions bYeyond the ontimum condition (At highcr and lower
acidities or pH) was indicated by the decrease in aYso-
rhance values of the colored extracts, Tha nresence of
metal ions in the aquaous nhase beyond the ortimum

acidities (or p!1) were Jetected and Jetermined by changing
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the aciditics (or pH) to the optimum ronge =and following
the guneral preecodlures, The presence °f met2l ions in
the aqueous phase were also detected and determined by
using other resqonts, i,e, 2,2'<-b%ipyridyl for iron and
thiocyznate for cob-lt, The results are given in TnYles
1 and 2, The ¢ffect of pH on cobnlt determination is

shovin in Fig, 3,

Table 1, Effect of /cidity of the Aquenus rhases on tho
Extraction of Iron(III) as Fe(IXII)=-SCN-HDPBA
Sy~:tem,

(Fe(111)] = 4.nx1o'5M;(SCN'}=0.05";[hDP3AJ-2.0x10‘3ﬂ1

Acidity of the A'vsorbance at
YExtraction
aqueous rhnse 465 nm
pH = 2 * -
pH = 1 0.400 99,9
0.2 M 0.403 99,9
0.4 M 0.400 99,9
0.6 M 0.402 99.9
0.7 M 0.378 94,5
0.8 M 0.340 85.0
1.0 M 0.321 80,2

*no ahsorntion maximum,
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Tahle 2, Effoct of pH of the Agqueous "hase on the
Cxtraction of Cobalt(II) as Co(II)=HDP3A
System

(Co(11))=8.0x10"2M; (HOPAA)=1.2x10" M

pH of the acgueous Absorbance ¥Extroction

nhase at 405 nm

6.0 0.130 23,1
7.0 0,455 80,8
7.5 0.561 99,9
8,0 0.559 99,9
9.0 0.563 99.9
9.5 0.557 99.9
10,0 0.425 DT
11,0 0.205 36.4

Effect of Thiocyanate Concentration, The e¢ffoct of

thiccyonate concentration on the formation of Fe(III)-
SCi'=HDP3A comnlaex was studied in the range 0.005-1.00 M,
At low concentraticns of thiocyanate the formation of
the mixed ligoand complex wns incomplate, At high cona-
centrations cf thiocyanate water soludle thiocyannte
complexes hecome stable resulting in incomplete extra-
ction of iron(III}., The optimum concoentration ran @

of thiocyonante for tho extraction of iron(IXI) wns found

to be 0,03 -~ 0.2 M,

The decrease in paercent extraction of ircn(III) ot
lower nr higher concentrations nf thiccysnate was indi-

cated hy a decrease in abscrbance of the colored extract

S ERRRREERREEERRRRREREESSRHGHHODhYw W W W




and also hy the nresence of iron(IIX) in the aguecus

1 -

nhase, The results are aiven in Tahle 3,

The extraction of cobalt(1I) as Co(II)-HDP3A complex

was found unaffectad by the presence or absence of

thiccyanate in the aqgueous nhase,

Table 3, Effoct of C ncentration of Thiocynnate in the
Aqueous Phrsce on the Extraction of Iron(III) os
Fe(III)-SCN-YDPBA System,

[F(J(I.T.I)):'.“le'E‘M;[HCGﬂ‘.‘ M (Hor ".f.'_]=2.0x10'3r4

- —— i . ———— —

(SCNY Absorbance at 465 nm

0,005 0,292
0.01 0.367
0.02 0.385
0.07 0.401
0.0 0.400
0.05 0.398
0.10 0.401
0.70 0.401
0,30 0,386
0.40 0351
0.50 0.321
1,0C 0.275

Effect of tie Auount of HDPIA, A 30-fold molar excess of
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HDP3A was required to ensure the comnlcte extrnction of
iron(III) and maximum ¢ lor development for the Fe(IIX)-
SCN=HDP3A complex, A 6-fold molar excess of HDP3A wns
required for the comnplote extraction of Co(II) and maxi-
mum color developmant of Co(II)-HDP3A, The raagont
ahsorhs significantly ot the wavelength of moximum
absorpti-n for the Co(II)-HDPB3A nand a lar e excess of
the reanent is required for the extraction of iron(IXI).
Honce 2ll measurements were done against rengent blanks,
Up to a2 100-fold molar excess of HDPIA had no effect on
the extraction of either iron(IXII) or the cob2lt(II)

comnlexes, The results are given in Tables 4 end 5.

TaYle 4, Effect of the Amount of HDPOA on the Extracticn
of Iron(III) ns Fe(III)-SCHN-HD"IA System

[Fa(:l:)j=4.0x1n'sn, (Hc1y=0.2M, [scnT}=0.05 1

Concentraticn of [?c(III[}:[HUPSf] Absorbance at

HDP3A, 10™M 465 nm
Cc.8 " 1.2 0.024
1.2 1:3 0.052
1.6 1:4 0.084
2.4 1:6 n,148
3.2 1:8 0.207
4.0 1:10 0.252
4,8 1:2 0.281
6.0 &¢39 C.320
8.0 1:20 0.250
12 1:30 0.399
20 1:50 0.401
40 1:100 0,401

i e




hle “ffo ~E i : e
Tahle 5. Efu-_.ct r the mount of HDC3A n the Extraction

of Cobalt(1II) as Co(XI)=HDP3A Systaen

‘._C"'(II))=U.'- x 10-5 nH=8,5
Einfetieramsaa o L e
HDP3A, 10_4M G:‘(IIL):C4F‘7€) Absorbance at 405 nm

0.00 1:0 0,002
0.8 i 0,180
1.6 1:2 0.301
2.7 1:3 0.440
e 1:4 0.515
450 1:5 0.551

-8 1:6 0.563
28 1:7 0.561
6.4 1:8 0.564
8.0 1:10 0.560
20 1:25 0.563
40 1:50 0.561
80 1:100 0,562

EffCCt_pfﬁ}Qﬁ}p_ﬁﬁrcﬁgthilj}ﬂpgiltqrc_7n?_fﬁlumu of the

————m

f\(.LUG-’.“:US__[‘hT‘.SE. The wrovelength of the aYsorstisn maximum

and the aYsorbance volues of Fe(III)-SCH-HOPIA and Co(II)-
HDP3/A system remained vunchanjed when the ionic straenqgth
nf the agueous phase was varied Setween 0 and 1,5 M with

resnact to notassium nitrate,

The ahsorhance of the colered extracts wore not
influenced by varintion in temparatur £ Sath axEraction
systems hetweon 20 an! 40°C,

Thf.; k,'ff‘.’_:ct of the V.\]uml, nf the acuenus has yn tho
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degree of extracticn of Fe(III)-SCH-HDPIL nnd Co(II)-
HDP3A was studied in the ronge 10-10" ml with a fi:2d

volume of 10 ml of toluene,

It has been found that the volume of the agueous
nhase of Fe(III)-SCl-HDPIA system can be variced from
10-40 m). with res ect to a fixed volume of 10 ml of the
organic rhase without any variation in abscrbance or
extraction efficicency. For larger vclumes o decrease in
absorhance was ohserved which indicates incomnlote extra-
ction of iron(III); therefore reptitive extractions wore
found necessary for the complete extractinn of iron(I1I)

from l-rger volumes of the aqueous phase.

The volume of the aqueous phase of the Co(II)-HOPIA
system con be varied from 10-100 ml with resnect to 2
fixed volume of 10 ml of the vrganic rhase vithout any
variation in the ahscrhance value of tha comnlex or the

extractisn cfficiency of the system,

The velume effoct is explained Yy cyu~tion 31,
Accordinaly the decranse in the extraction efficiency ot
higer ratio of Vaq=vorg in the Fe(III)-SCN-HDP3IA system
jndicates th~t the distribution ratio of iron(III) is

rel~tively smaller than that of cohalt(IT). The results

are shown in Tnble 6.
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Tahle 6, Effcet of Ionic “trenqth, Tenaparature -nd
Volume of the Aqueous Phase on thd Extr-ction
of Iron(XIX) nnd Co(II)

; -5 ) e
[FC(III)J:H.Cxiﬂ M [pﬁ(lli}gg_pgio “M
Fa(TIIT)=-SCH=HDr3A Co(IT)-HDr3A
Variable il S
Absorbance at 465 nm Absorbaonce at 405 nm
[|<r'o3‘_]
Q.0 0.402 0.562
0.1 0.0 0.559
1.0 0.399 0.560
15 0,402 0,561
Temporature
20°¢c 0,401 0.560
40°¢ 0.398 0.562
VagVorg
fi=2 0.401 C,563
2,5:1 0,403 n,.562
A:1 0,399 0.558
5.1 N,.386 0,560
10 :1 n.212 0.562

e b ——— b

order of Addition of Renjents. For both systems it wos

-

found that there is no change in the 2bscrbance or in

the celor intensity of the complexes extr-cted into
tnluenc if tha order of sddition of reagcnts is revarsed,

Time of Extraction and Stability of Complexes. An equi-

-———

librium period f 1 minute (with shking) wns sufficicnt




for comnlete extraction of the iron(III) mixed ligand

ex and the Co(IX)-MDP3A complexes. I'r longe

axtraction had no hormful cffect on thc el rmination,

The Fe(IIl)-SCN=HDP3A complex was stahle for 6 hours
and th: Co(II)-HNN3A fnr 12 hours. After 6 hours the
colared extract of the Fe(III)-SCN-HDPIA systaom 3lowly
boeame turhi! rrobahly duc to the decomposition of the
complox, The colored axtract of the Co(II)-HNP34 systom
after 12 hours channed to dark brown anc finally “Jecomes
turbid; nrohobly duc to oxidation nf the Co(II) to
Co(ITII) hHy lissolved oxygen (98). The rcsults are given

in TaYle 7.

Table 7. Effect of Time on the Stability of Comnlexes
5 -

(Fe(111)j=4.0x10""M (Co(11))=8.0x10""M
Fe(III)=-SCH=HDPIA Co(TI)=-MDM3A
Time e e e -
Ahsorbance ot 465 nm Ahsorhance 2t 405 nm
30 min 0,403 €.563
1 hr 0,400 n,561
2 hrs. 0.402 0.561
4 hrs. 0.402 0.563
6 hrs. 0,403 0,561
7 hrs, 0,411 0,564
10 _hrss. * 0.561
12 hrs, + 0.563
16 hrs, + 0.596
20 hrs- ¢ n,606
-

chanted turbid,
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3.3 Comnosition of the Complexes

The composition of the complexes was determined Dy
saveral spoctronhotometric methods, The continuous
variations (12) =n’ the absorptiometric (6) methods were
used to determine the ratio of Fe(III) to HDP3A ~nd

Fe(III) to SCM™ in Fe(XII)-SCN-HDPBA system, The mole ratio (13)
and continuous varintions were applied to determine the ratio

of Co(II) to HDPBA,

In the continuous vnriations method the maximum abdsor
absorance was observed at the mole fraction of 0,67 of
the thiocyanate and ~lso at the mole fraction of 0,67
of the IDP3A in the Fe(III)-SCN-HDP3A systcm, These
results indicate the ratio of iron(II) to thiocyanate 1is
1:2 and the rotio of iron(IXI) to HOPTA is =2lso 1:2 in
the Fe(III)-SCM-HDP3A complex. The results =re given in

Tables 8 »nd 9, The curves are shown in Fig. 4 and 5,

In the abhsorptiomatric method, for the Fe(III)-SCN-
A

was nlotted against the

“DP3A the quantity log
A=A
max

£

log (HDBP3A) or (SCNT); where A was the absorbance for

a particu’ar concentration of HDP3A or thiocysnate and

Amax was the absorbance in the presence of excess HOPSA
A

or thiocyanate, The curve log ———  VErsus log

Amax"A

(HDP3n) gave a slope of 2.04 which indicates the ratio
A

of Fe(III) to HDP3A is 1:2. The curve log

versus log (SCM”) geve a 3lope of 1.85 which indicates the

ratio of Fe(III) to thiocyannte is 1:2, The results are

R
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Table 8, Results of Continuous Varinations Method for
Fe(I11)-SCN-MDP3A System to Determine Fe(III):
HDP3A Rnatio

CT=(ra(111)}+(P091§]=4,9x10"‘ﬂ, (Hc1y=0.4M,

(scn)=0,2M

Mole frection Mole fraction Absorbance

of Iron(IXII) of HDPBA at 465 nm
0.0 1.0 0.001
0.1 0.9 0.182
0.2 0.8 0,291
0.3 0.7 0,331
0,33 0.67 0.343
0.4 0.6 0.337
0.5 0.5 0.298
D.6 0.4 0.241
D7 0.3 0.196
0.8 0.2 0.141
0.9 0.1 0.076
1,0 0.0 0,000

s e —

Table 9., Results of Continuous Vari-tions Method for
Fe(IIT)-SCN-HDPIA Compnlex to Determine Iron(III):
SCN~ Ratio

CT=(Fc(IJI)j+(SCN’]=d0x1o“’M

{iic1j=0.2M, (HOP3A)=1.2x107>M

Mole fraction Mole fraction Absorbance

of Iron(III) of SCN™ at 465 nm
0.00 1.00 0.002
0.10 0.90 0.095
0.20 0 .80 0.149
0.30 0.70 0,195
N.33 0.67 0,201
0,40 0.60 0,191
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Table G contd,

-—

Mole fraction Mole fraction Absorbance

of Iron(III) of SCN™ at 465 nm
0.%0 0.50 0.173
0,60 0.40 0.144
0.70 0.30 0.113
0.80 0.20 0.080
0.90 0.10 0.041
1.00 0.0C 0.001

aiven in Tables 10 and 11, The curves are shown in

Fig, 6 and 7,

Table 10, 0fe:ulta of Absorptiometric Method for Fe(IITI)-
SCM-HOP3A Comnlex to Determine Iron(IIX) :HDP3A
Ratio.
(Fe(I111)}=2.0x10""M, [scr"§=0.05 » (HC1]=0.4 M

Amax = 0,471

. - -

(HoP3A) A log 2 1og(HDP3A}] Absorbance
10~ Anax~" Anax~A at 465 nm
0.8 0.06 -1,19 -4,09 0.024
1.2 0,15 -0.82 -3,92 0.052
1.6 0.27 -0,57 -3.79 0.084
2.4 0.59 -0,23 -3,62 N0.148
% 1.0F 0,03 -3.49 0.207
4.0 1.70 0.23 -3.39 0.252
4,8 2,34 0.37 -3,.32 0,201
6.0 3,98 0,60 -3,22 0.320

8.0 7.97 r‘OBS "-"onq 0.350
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Table 11. Results of Absorptiometric Method for Fe(I1l)-

SCN-HDPOBA Complex to Determine Fe(III) :SCN™

Ratio

(Fe(ni)]m:.ouc‘sm, l:HCI]=f.‘-.".r:,l:‘-iur‘:.‘\]=2.oxm'3t~’-
: =04

A ox=0 401

Absorbance

[SCNﬁ] K—ﬁ":K log v i) —p 109(SCN_3 at 465 nm
max max
0.001 0117 -0.93 -3 0.042
0.002 0.433 -0.36 -2,7 0.121
0.003 1.07 0.03 =2 H2 0,207
G.004 % 0.23 2,4 0,252
0.005 AN § 0.43 -2,3 0.292
0.0075 6.4 0.80 o 0.3457
0.01 11,12 1.04 -2 0.367
0.02 25,66 1.41 -1.7 0.385

In the continuous variations method for Co(XII)-HDP3A
system the maximum a9sorbance was chsarved at te mole
fraction of 0,75 of the HDP3A shich inlicates the ratio
of the metal ion to MDP3A to be 1:3 in thc Co{II)="DP3A

complex,

In the mole ratio method for Co(II)-1DP2A system the
two straight lines drawn from the two parts of the curve
intersected at a m le ratio of 1:3 (Co(1X) :MDP3A). This
result indicates the ratio of cobalt(II) to HDP3A to Dbe
1:2,° The results are given in Tahles 12 and 13 and the

curves are shown in Fig. 8 and 9,
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12. Results of Continuous Variations Meti for
Co(II)=-1'UP3A Complax
'T=(pr(11)]+G=Dp1n)=8.ox1n""r» oHeB .5
Mole fractiug ) Mole frwctig; -?;f:Qijﬁlf_h
of Co(1I) of HDP3A at 40% nm
0.0 1.0 0,001
0,1 0.9 0,56
(s 5 0.8 1.047
0,25 ¢.75 1.082
0.3 0.7 1.020
0.4 0.6 0,840
0.5 0.5 0.781
0.6 0.4 ¢.640
2 15 4 5 R 0.452
0.8 0.2 0,301
s C.1 0.160
1.0 0.0 0.001

— e

13, Results of Mole Ratio Method for Co(II)-HDP3A

i

Complex

(Co(11))=8.0%x10"

e A el e

[Co(11)] :[1DPBA]

— e ———— e e e el

1
1
1
1
1
1
1
1
1
i

N

S I

LA

.
N

5

M

Absorbance at

0.002
0.160
0.301
0.417

405 nm
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Thus the ratie ef Fe(Ill) te HOPBA was feund "o be
1:2 by both metheds, The sams ressult was alsc found fer
the Fe(III) te SCN™~ ratie, Thersfore the everall compe-
eition has been found to be 1:2:2 (Fe(IXI):SCN :HOPBA).
This result is inconsistent with that reported by Mishra
and co-werkers (84) in similar comfllex, They suggested
that Fe(III) te SCN™ ratio is 1:2 and Fe(III) te analegues
of HDPBA is 1:1. This is not convincing as Fe(III) hardly
forms 8 tetrahedral or square plenar complexse with biden-
tate ligands; where as the result ebtained in the present
investigation leade te the formation of octahedral complex
which is most commen{y encountered in the complexes of
iron, The compositien of cobalt(II) to HOPBA was found to
be 1:3 (Co(IT): HOPBA) by both continuous variations and
the mole ratio methods, As both the complexes were extra-
cted as electro-neutral species into tolusne it may be
suggested that one of the HDPBA moleculas remained proto-
nated, hence the formula of the complexes may be [?a{L)(HL)
(SCN)é] and [boLaﬂgl. respectively. The possible structures

of the complexes are shown below,
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(li=hydreg=lisb -diphenylicuzamidine)cocallill)

Tiis
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The molar absorptivities, photometric sansitivities
(3) and limits of determination (8), the concentration
range obeyed by Becr's law ond the optimum concentration
ranae for the nhotometric determination evazlunted from
Ringbom's plot are summarized in Table 14, The cali-
bration curve data are given in Table 15 and 16 and
curves are shown in Fig., 10 - 13, These results show
that both the Fe(III)-SCN-HDP3A and Co(II)-MHDP3A are
sensitive and can be apnlied for the determination of

traoce quantities of iron and cobalt,

The pracision of th2 methods was evaluated by per-
forming six indapendent analysis made on sampleée containing
55,85 ug of iron(III) per 25 ml and 118 ug of cobalt per
25 ml for Fe(IIT)-SCN-I'DPBA and (.o(II)-HDPOA systems re-
spectively, The resu’ts are suynmarized in Tabhle 17,

Thaac results indicate thnt the methols are precise and

give reproducible r-sults,

Table 14. rhotometric Chara teristics of the Complexes

e — —

——

Colorad System Fe(III)-SCN=-HDP3A Co(II)=-HOP2A
465 405

Amax' nm , :

£ mol“cm'1 1,0x10" 7 .0x10

85ani'ell sensitivity,
ug c:m-2 0,006 0.008

bLimir of detarminntion,

ug mi= 0.014 0.042

Concentration range from
Beer's law, ug m~t 0.22-6.60 0.47-11.80
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Table 14 Contd,

Colored System Fe(I11)-SCN-HDP3A Co(11)-HDP3A

Optimum concentration
Rangae from Ringboms
slet iig el 0.55-4,40 0.94-4,72

a- Concentration that corresronds to an absorbance of 0,001,
b- Concentration that corresponds to an absorbsnce three

times the standard devi=ation of the blank.

Tahle 15, Calibration Curve Data for Determination of
Iron(III) by the Fe(III)-SCH-HDP3A System

e ———

Concentration of Iron(III)

M 48 s25m1 ppm Absorbance at 465 nm
8.0x10~° 11.8 0.47 0.056
1.6x10"° 23.6 0.94 0.110
2.0x10™°> 20,5 1.18 0.136
4.,0x10™° 50,0 2.36 0.276
8.0x10"° 118.0 4,72 0.561
1.6x10~% 236.0 - 9,44 1,112

2.0x10~" 205 .0 11.680 1,387




Table 16, Calibration Curve Data for Determination of
Cobalt(II) by the Co(II)-HDP3~ System

. eE B ———

Concentration of Cobalt(II)

M ug/25m1 ppm Absorbance at 405 nm
8.0x10"%  11.8 0.47 0.056
1.6x107°  23.6 0.94 0.110
2,0x10™° 29,5 1.18 0.136
4.0x10"° 59,0 2,36 0.276
8.0x10"° 118,.0 4.72 0.561
1.6x10"°  236.0 9,44 1.112
2.0x10~% 295.0 11,80 1.387

- —— . — A ——— -

Table 17. Evalustion of Precision of the rMethods

e

Total number Me2N standard Relative
Method of sampl'cs absorb- doviation standard
ance deviation
(%
Fe(IIXI)-SCM=-HDP3A 5] 0.4 0.021 0.25
Co(II)-HDP3A 6 0.561 0.003 0.60

- ——— — e —— e ——

3.5 Effect of Foreign Ions

To ev-luate the selectivities of the newly developed
methods the effect foreign ions on the determination of
iron(II) and cobalt(II) hnve been st:dicd, Reassonadble

amounts of alkali, alkaline-earth metals and most of the
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anions except EDTA, oxalate and citrate were found not to
intercfere in the determination of iron, Copper(1I)
molbedenum(VI) 2ncd Vanndium(V) were found to react with
the rcajent in the prosence of thiocyn-te coextracted
with iron and intercfere if present in excess, Tung-

sten(VI) inhibits color development if present in excess,

Chromium(III), coprer(II), iron(IXI) and EDTA were
found to interfere at 21l levels in the determination of
cobalt(II) by Co(II)-HDPBA system, However, iron(IXI)
was mnaked by fluoride (800 ppm), coppor was masked by
thiouroa (400 ppm) and chromium by an excess of ammonia
(pH 9). The tolerance limit of foreign ion token ns
concentration (ppm) vhich cause an error less than 2%

arec jiven in Tahles 18 and 19,

The resulis 1iven in Tables 18 and 19 indicate that
most of the common ions which are normzlly associatedwith
iron and cohalt in ores, alloys and biologicnl samples do
not interfere (or the interference cnn be e'iminated by
suitable masking) in the determination of iron(IIX) nnd
cobalt(II) by Fe(III)-SCN-HDP3A and Co(II)-HDPBA, re-
srectively, Hence the proposed method for iron can be
applied to thc annlysis of ores, alloys, steols and
bYinlonical samples, FExcept in steels in which iron is
interfaring, cobalt can be determined in ores, bio'ogical

samplecs and most alloys.,




Table 18, Tolerance Limit of Foreign Ions in the Detormi-

nation of Iron(III)

(Fe(111)l2.0 ppm;: {SCN")=0.05 M; (iiC1}=0.4 M

Ion Tolerance 1imit®, ppm
Na* 400
K* 100
Caa+ 00
M92+ A
3e>* 400
Xy 400
ALt 00
snZ* 400
BB2-1- 400
S 00
¢ o 00
ey 80
La>* 400
ng+ 40C
a1t <00
co%* 400
crot 400
sn“* 400
cd?* 400
Vo, 10
ng2* 400
cu?* 10




- 87 -

ion Tolarance 11mit', ppm
Th* 400
Mn2* 400
Ccc+ 200
M0042- 10
w042“ 10
Nitrate 400
Chloride 400
Acetate a00
Sulohate 400
Citrate 200
Thioureoa 400
EDTA 60
Phosnhate 400
Fluoride 400
Oxalate 40

*
400 ppm was mnxXimum concentration tusted

Table 19. Tolerance Limit of Foreign Ions in the Determi-
nation of Cobalt(II).

CCO(II) )jz-‘..o ppm ; pH=8,5
Ion Tolerance limit®, ppm
na* 400
K+ 40N
ca* 400
M92+ 400
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Ion Tolaraonce Ilmit', ppm
8e%* 100
Li* 400
A13+ 400
Sn2+ o0
"382+ Ane
zn>? 400
T 400
Ti%* 400
L33+ 80
ng+ 400
51> 40
Feot 40~
crot 10
sn”* 400
cd?* 10
vo3 20
ni2* 100
cu* 10°
Th* 400
Mn2* 400
et 80
Moozz 400
wn‘f" o
Nitrate 400
Chloride 400
Acetate 400
Sulphate 400
citrate 400
Thiourea 4a0c
EDTA -
rhosphate 400
Fluoride 400

Jorate 400
ODxalato 400

".:t\o D!')m was maximum concentration t{.’“ted.

B
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®nasked by Fluoride (800 ppm) .

bmasked by excess ammonia (pH 9).

®masked by thiourea (400 ppm) .

3.6 Anplication

In order to asses the analytical potontinlity of the
newly develoned met' ods, the Fe(III)-SCN-HDP3A system has
been aprlied to the mnnlysis of blood snd stecl samples
for iron content =nd Co(IX@)=!1DP3A system to the analysis
of vitmine 340 for cobalt determination. The iron and
cob~1lt of the samples were also determined Yy atomic
absorpticn spectroscopy (AAS) to compar: the results

obtained by the newly developed metho s,

Steel Sample, Since standard samples were not avnilable,

synthetic samp’es h~vinj the same constituants with iden-
tical proportion as that of the 3ritish Standard Steel

No 84 a and 24 1/4 were prepared, Extraction ~nd dete-
rmination of iron in steel samnles were undert-kan
folloviing the general procedure described e~rlier. The
iron contents of somplas were nlso determined by AZS,

The exneriment=l results are g9iven in Table 20; which
indicate the relinbility of the proposed method, It can
also he noted that the proposed method gives nrecise and

accurate results in comparisnn to that of AAS.

Lomposition of steel
Sample No 64 a, C,0.,80; Cr, 4,40; Vv, 1.57; Mo, 4.11;

W, 5,66; Fa, 83,455,
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Sample No 24 /1, W, 19.61; cr, 5.03, Mo, 0.52; V

"

1,57;

Co, 5.67; Cc, n,.85, Si, 0.33; 5, 0,033;

P, 0-021= Mn, 002953 Ni, 0,075; Cu,

0.10= Snp 0.025: FU' 5508'-“:.

Table 20, Deteimin~tion of Tron in Synthetic Steel

Samples
Iron ®* Iron Relative Rolative

Method Sample Content Found S5tand-rd grror

No (% (% Devintion (%)
Fe(III)-SCN-HDPBA 64a 83,45 83,07 0.52 0.45
AAS 640 83,45 84.58 2.02 1,35
Fe(IIT)-SCN-HDPa 241/14 65,87 65.29 0.75 0.88
AAS 2411 65.97 64,92 2,50 1,44

*Averaqe of triplicate =analyses,

Blood Sample. The amount of iron in blood sample, pre-

pared by following the procedure described earlicr,

determined by Fe(III)=-SCN=HDP3A nand A/S mothods,

The

results obtained by both methods are comparable,and fanll

within the roange of content of iron in w'ole bloosd roeno-

rted for an adult man, i,e, 45 - 145 mg/100 ml (99).

However, it can be noted that the pronoscd method is more

precise than AAS, Hence the proposed method can be

anplied for the detorminntinn of iron in biosamnles,

The results are given in Table 21,



Table 21, Determinntion of Iron in Blood Samples

*Iron found Relative standard

Method
mg/100 ml deviaticn (%)
Fe(III)-SChN-HDP3A 65,78 0.55
I\AS 67,02 1,60

*Averazge of triplicate analysis

Vitamin 312: The Co(II)-HDPBA and AAS mcothods were

applied to the onnlysis of vitamin By0+ The cobalt
content of the sample was determined by tho genaral
proce ure described u~rlier for the Co(II)-H0OP3A systen
and also by AAS method, The exierimental results are in
good agreement with the actual value indicating the
accuracy of the mcthods, The results are givan in

Tahle 22,

Table 22, Determin~tion of Cobelt in Vitamin 312

Cobalt *Cobalt Relative

Method content found standord Relative error
(%) (% deviation (%
(%)
Co(II)-HDPBA 4,35 4,31 0.89 0.91
AAS 4,35 4,40 1.50 1.14

*Average of triplicate analyses




3.7 Comparison with Other 5rectrophotomctric Mathods

A comparative study of the proposed methods for the
determination of iron and cobalt with the recently repo-
rted snectronhotometric methods in reqard to sensitivity,
selectivity, concentration ronge for determination and

intcrference is made in Tables 23 - 26,

The comparison rcveals th-~t, of the meny organic
reagents used for the determination of iron (Tables 23
and 24) the reagents 4-(/4-methyl-2-thiazolylazo)resor-
cinol (101) »nd N-phenylcinnamohydroxamic acid nnd thio-
cyanate (56) are more sensitive than the proposed reagent,
These reagents are highly selective as thae proposed reon-
qent. The rengents 2,6-bis(1-(2-methoxyethylinino)ethyl)-
pyridine ond sodium picrate (29) and 3,hydroxy-2-mcothyl-
1,4=-naphthaquinone monoxime (36) are also sensitive than
the proposed reagent; but the problem with these methods
in interference from many species that arc associnted in
real samples., Moreovar, 2,6-hiﬁ(1-(2-m:rh:xycthyliminc)_
ﬂthyljpyridinc method involves the use of nitrobenzene as
solvent which is highly toxic and at the s=me time long
ecuilibration period is required for the extraction, The
reagents salicyladehyde (100), 3-(4-sulphophenylazo) -
chromotropic acid (41), 2-(phenoxyacetyl)acetophznone (37)
and MN=phenylcinnnmohydroxamic acid and azide (40) ~re far
less sensitive and less sclective than the proposed ron-
gent and therefore they require nrior separstion nd may

not be used for trace analysis,
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The thiocysnate mothod (3) for ion “eterminntion is

not selective (Cu2+, 313+, Ti4+ H06+' U6+ and F~

’
interfere), color intensity is highly dependent on the
concentration of thiocyan-te and temperature, It is
also unst~le ~nd slightly deviates from Beer's law,
HDPBA (65) is also not sensitive (€ = 3600) and not

2 2
+, Co +, Mn2+, V5+, N06+ and U5+

selective (Cu2+, Ni
interfere), Vhereas the proposed method which involves
the use of both thiocyanate and HDp3~A to form 2 mixed
ligand complex is more sénsitive and highly selective
than the indivicual rcegents, The method is also found

to be free from rigid control of éxperimental conditions,

Thus the comp riicn indicates that the pronosed
method for the determination of iron is more sensitive
than many of the litorature remorted methods while the
nroposed method is more selective than most of the lite-

rature reported methods,

Of the spectrophotometric reagents recommended for
cobalt (Tables 25 ~nd 26), the reagent isonitrosothio-
camphor (46) is more sensitive than the nroposed reajent;
while the proposed reagent has the same selectivity as
th~t of isonitrsothiocamphor, Cyclohexylthioglycolate
(52) and isophthalodihydroxamic ~cid (102) »re more sen-
sitive than the proposed reagent, hut thay suffer from
serious interferences from many species nd need long

equilibration time. The reajents biacetylmonoxime-2-

pyrdylhydrazone (44), 4=formyl-3-methyl-1-phenyl-2-

pyrazolin-5-cne ~nd pyridine (59), t-butyl hydroperoxide

R R ————S




and EDTA (60), ~mmonium thiocyanate (56) and N-hydroxy-
M Nt-diphenylbenz-~nidine »nd azide (80) are less sensi-

tive nnd less sclective than the nropose method,

Thus the newly proposcd reagents for the specto-
nhotometric Jetermination of cobalt is found to Ye mole-
rately sensitive in comparison to the others but the

salcectivity is much bYetter th~n that of the other methods,

Hence the newly nroposed methods could be nrefarred
in sclecting the mcthods for the determination of iron

and cobnlt,
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Table 23, Scnsitivities of the Methods for Iran Netermination
Concentration Molar absor-
Re~gent A SR range for de- ptinn cocffi- X tarne
nm termination, ciont
ug m1~1 1 1" ten~?
1. 2,6-bis(1-(2-metho- 596 0.0-6.8 12000 29
xyethlimino)ethyl)
pyridine and sodium
picrate
2, Salicylaldehyde 440 0.1-10 5190 100
3. 4-(4-Methyl-2-thie- 735
zolylazo) resor-
cinol 0.0-2.¢C 24900 101
4. 2-(rhenoxyacatyl) 393 5-80 6813 37
aceto~henone
5. 3-Hydroxy=2-methyl- 470 0.0-5,58 12100 36
1,%4<naphthaquinone
monoxime
6+ 3-(4-5ulphophenyl- 580 0.02-0.24 4800 41
azo) chromotropic
acid
7. N-Phenylcinnamo- 195 0.2-3.9 18000 56
hydroxamic acid
and thiocyanate
8. N-Phenylcinnamo- 447 0.5-9 7500 40
hydroxamic acid and
azide
9, Thiocyanate 480 - 7000 3
10, N-hydroxy-N,N'- 520 1.8-16 3600 65
diphenylbenzamidine
11, 165 0.22-6,60 10000

MaMydroxy=N-N"'-
diphenylbenzamidine
and thiocyanate




Table 24, “4clectivities of the Methods for Iron Doterasi-
nation
Reagent i pH *Interforence Reference
1. 2,6-bis(1-2-Methoxy- 3,2-3.9 E'!T.-'\,c:oz‘,(:u“, 55
ethylimino)cthyl) Cn
pyridine 2and sodium
picrate
2. Salicylaldechyde 5 T1“*,Ag,5b°*, 100
Cr3+,Cd,PO%'
citrate, oéwlfte,
wof'
3, 4=(4=Methyl-2-thin- 8.0-11.6 - 101
zolylozo) resorcinol
4. 2=("henoxyacetyl) B S A13+.EHTﬁ 37
acetophenone
5. 3-Hydroxy-2-mathyl- 5 (cu?*,pd®*)®, 36
1,4-naphthaguinone 0x71“tc,mpé?p0§_
monoxime EDTA =
6. 3-(4-Sulphophenylazo) 5,5-6.0 Cu2+, Hi‘*,ritr*t:' 41
chromotropic 2cid tartarste, ASO?'
Pr*_”;jF",';c,zn,cd,hl
7. N=Phenylcinnamohydro- 0.5-2.0M (T14+ Zr4+)a
xamic ocid »nd thio=-
cyanate
8. N-phenylcinnamohydro- 0,1-0.9M (ra*t vty e 40
xamic acid and azide HC1 5. ~ ' Ly
9. Thiocyanate 0.05-1M ©Cu ,81" ,T1 Mo U 3
HC1
10. N-hydroxy-t/,N'=diph- 0-11 CUQ*-Viz*-Cﬂzﬁ-”"g‘- 65
enylbenznidine V5+, 6+,U6‘
11, N-HydroxysN,N'=-diphe- 0,1-0,6M
nyl benzamidine and HC1
thiocyancte
*Thosec that cannot be tolerated more than 2-fold excess ~mount
are considered as intarfering.
®1nterference con be eliminated by masking.

——
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Table 25, Sensitivities of the Methods for Cobalt Deter.
minition
Concentration Molar absor-
Reagent Amax, range for de- ption coeffi- Refer-
nm termination, cient, ence
ug m1~} 1 mol~dca~?
1. t-Butylhydroper- 580 20~ 190 249 60
oxide and EDTA
2. Isophthalodi- 330 1-3 13000
hydroxamic
acid
3. Cyclohexylthio=- 500 0.116-1.16 200 30 52
glycolate
4. 4-Formyl-3-meth- 490 8-19 689 59
yl-1-phenyl-2-
pyrazolin-5-one
and pyridine
5. Isonitrosothio- 350 0.2-1.5 17000 46
campnor
6. Biacetylmono- 430 0.8-15 3700 44
xime-2-pyrdyl-
hydrazone
7. N-Hydroxy=N,N'= 520 1.6-11,2 1980 80
diphenylbenzami-
dine and azide
8. Ammonium thiocya- 625 2-41 1820 56
nate
9. N-Hydroxy-N,N'=- 405 0.47-11.80 7000

diphenylbenza-
midine




-Table 26,
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Selectivities of the Methods for Cobalt Deter-
mination
‘Reagent pH *Interfarence Reference
1. t-butylhydroper- 11,6 Mn2+,CN" 60
oxide and EDTA NH;.Cr3+.A13'
9 Isophthalodihy- basic Fe,0u2+,Mn2+, 1092
droxamic acid . Mgz‘,eez’.
EDTA, A1>*2
3. Cyclohexylthio- 8.5-10.5 0S,Pb,Zn,Cd,Hg,
glycolate W,In,M0,AS,Rh,
Al.Mn,V.Fe2+
4., 4-Formyl-3-meth- 3.5-5.0 - 59
yl-1-phenyl-2-
pyrazolin-5-one
and pyridine
S. Isonitrosothio- 1M HC1 (Cu2+,Pd2‘)a 45
camphor
6. Biacetylmonoxime- 5,5-60 (Agnsz*)a 44
2-pyridylhydra- Au, EDTA
zone
7. N-Hydroxy-N-N'- 7.4-7.8 an*,CN‘.CuE’, 80
diphenylbenzami- Fe3+
dine and azice
8. Ammonium thiocya- 0.,1-1.5M Fe3+, VOZ+ 56

nate HC1
N-Hydroxy-N-N"*=- 7.5-9,5
diphenylbenza-

midine

"Thase that cannot be tclerated more than 2-fold excess

amocunt are considered as interfering,

Interference can be eliminated by masking.




4, LONCLUSIONM

New mothods have been develored “ar the determination
of iron(III) with N-Hys"roxy-N-N'-diphanylbcnzamidina and
thiocyanate and Co(II) with N-Hydroxy-pM,N* adiphenylben.
zamidine by salvent extraction and Spectronbotometry, The
proposed methods are mare selective than most of the othor
methods reported in the literature, however, the methods
are only moderately sensitive, The motho'ds are procisec,
accurate and free fronm rigid control of experimcntal vari-
ebles, The pronosed mathods are applicable to the nmalysis

of diversa somplas fer iron and cobalt.
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