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ABSTRACT 

Simultaneous Determination of Iron(III) and Cobalt(II) with 

N-Phenyleinnamohydroxamie Acid (PCllA) and Thiocyanate and 

De-termination of Iron(III) I'lith PCHA o.nd Azide by Solvent 

Extraction and Spectrophotometry 

by 

Selezion Afeworki 

R.Advisor Dr. B.S.Chandravanshi 

Iron(III) and cobalt(II) have been found to react 

Ivith thiocyana-te in the presence of N-phenyleinnamohydroxamic 

acid to form pinkish red and blue colored compl(exes, respec-

tively. Both the complexes I-lere found to be quantitativfely 

extractable into ethylacetate from 0.5-1.5 M hydrochloric 

acid solutions. The spectra of iron(III) and cobalt(II) 

complexes exhibited absorption maxima in the visible region 

at 495 and 625 nm Hith molar absorptivitles of 1800.0 and 

-1 -1 
1820 1 mol ern , respectively. The coloured systems obeyed 

Beer! s laH in the concentration loange of 0.2- 3.9 ppm of iron 

and 2-41 ppm of cobalt. The composition of the complexes 

have been found to be 1:2:2 (Fe:SCN-:PCHA) and 1:4 (Co:SCN-). 

The effect of foreign ions and other experimental variables 

in the extraction and determination of iron(III) and cobalt 

(II) have been studied. On the basis of these studies 

simple, precise, sensitive, and highly selective methods 

have been developed for the determination of iron(III) and 
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cobal t (II) and for the simultaneous determination of both 

metal ions by solvent extraction and spectrophotometry. 

The methods have been applied successfully for the determina-

tion of iron and cobalt in steel and biosamples. 

Iron(III) was also found to react with azide in the 

presence of PCHA to produce an orange coloured complex 

having a composition of 1:2:2 (Fe:N;:PCHA). The complex 

was found to be stable and quantitatively extractable into 

ethylacetate from 0.1-0.9 11 Hel solutions allol-ling repro·· 

ducible and reliable spectrophotometric determination of 

iron. The complex has maximum absorption at 447 nm I-lith 

-J -1 
molar absorptivity of 7500 1 mol 'cm and obeyed Beer's 

law in the range of 0.5-9 ppm of iron(III). From the study 

of the effect of foreign ions and several variables, the 

method I-Ias found to be highly selective and largely free 

from rigid control of experimental variablcs. The method 

vias found to be effective by applying for the determination 

of iron in blood and s"teel samples. Thus, a new rapid, 

precise, sensitive and highly selective method for determina-

tion of iron(llI) with PCHA and azide has bean developed. 



~ 1 .. 

1. INTRODUCTION 

Iron is the most useful of the metallic eleraents and 

the second most abundant in the earth's crust, after aluminum 

(1-3). In its elemental form or as steel iron has supplied 

civilization \-lith most of its tools and machinery,many of 

its products and the bulk of its structural element in large 

scale construction. Except in meteorites, it is rarely found 

1n its elemental form but occurs widely in chemical compounds 

in the earth's crust. Its important ores and minerals are 

haematite (Fe
2

0
3
), magnetite (Fe

3
0

I
,), geothite (FeOOH), 

limoni-te (hydrated iron oxide), siderite (reC0
3
), and pyri-te 

(FeS 2 ). Natural \Vater's sometime contain considerable amount 

of iron. Iron is also found in a number-of natural substances, 

plants, and animals and human organs. Iron \Vas the first 

trace or minor element recocnized as being necessary for 

both plants and animals. danufactured iron all'lays contian 

carbide, phosphate, manganese, silicide, and graphite. In 

addition to its alloys, iron forms many useful compounds 

such as ferric a)'lmoniurn citrate used as appetite stimulator 

and ferric pyrophosphate used to treat anemia. 

The oxidation state encountered in compounds of iron 

ranges from ° to + G. however, the most conunon compounds 

are those of iron (III) and iron (II). In complex compounds 

-2 iron (II) may be tetracoordinate (e.g FeC1
4 

\-lith tetra-

hedral configuration), though more often it has coordination 

+2 number six, e.g. in the octahedral complexes Fe(H 20)6 ' 
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-4 +2 Fe(CN)S ,Fe(Phen)3 and sometimes even eight (oxyhemoglobin 

and carbonyl hemof,lobin). The complexes of iron (III) are 

also more often octahedral as exemplified by Fe(acac)3' 

Fe(CN)~3, Fe(H20)~3 and FeC1 4 (H 20);. The tetrahedral complex 

FeCl~ exists in the medium of concentrated hydrochloric 

acid (4,5). The coordination number of iron (III) in the 

complex Fe(EDTA) (H
2
0) is seven (6). 

Cobalt in widely distributed in nature making up about 

0.001% of the igneous rocks of the earth's crust. It occurs 

in meteorites, stars, sea and fresh waters,soils, plants 

and animals. Traces of cobalt are found in many ores of 

iron, nickel and zinc, but the most important cobalt ores 

are cobal-tite (CoAsS), El.altite (CoAs 2 ), erythrite [Co(As0 4 )2' 

8H 20], and wad (C0
3

S,+). Th most important commercial appli­

cation of cobalt is in making of alloys. Cobalt and its 

alloys are wear and corrosion resistan-t even aOc higher 

temperature. 

The oxidation state of cobalt in its compounds is most 

frequently +2 and +3. The octahedral complex 

I-Ihich is the form of cobalt (II) encountered in solution, 

has a pink color. The blue tetrahedral complexes, e.g. 

- -2 -2 Co(H 20)C1 3 ,CoC14 and Co(SCN)4 which are considerably 

dissociated in aqueous mediulll, begin -to predomina-te a-t 

about [Cl-] > 9 11 and [SCN-] > 3~1, respectively, or Hhen 

the relative permittivity lS decreased by the addition of 

organic solvents, such as acetone. The octahedral complexes 

or those Vlith planar configuration are less common. 
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The most commonly used methoos for determination of 

iron and cobalt are gravimetric (2,7,8), volumetric (7,8), 

spectrophotometric (7,9-12) and atomic absorption spectro­

scopy 03,1 11). Of these methods, spectrophotometry coupled 

with solvent extraction are "the most widely used, which 

have also been employed in the present investigation. Hence, 

the basic features of spectrophotometry and solvent extra­

ction are briefly discussed. 

1.1 Spectrophotometry 

Spectrophotometric me"thods are based on the measurement 

of the absorbance for monochromatic light passing through 

the solution containing the substance to be determined. 

Provided that the thickness of the absorbing layer, 1, and 

the absorption coefficients, sA' of the substance being 

determined at a given Ivavelength are knovll1 and "the absorbance, 

A, is measured, it is possible to use Beer-Lambert law in 

order to determine the unknov1l1 concen"tration, C. 

Spectrophotometric methods are commonly used for the 

determination of inorganic substance \<lith organic reagents 

(7,8,12,15,16). The realiability of the method depends on 

the nature of the organic reagent used. Organic reagents 

used in spectrophotome"tric method should be sufficiently 

stable and resistant to aerial oxidation or to photometric 

decomposition. The same should hold for the reaction pro­

ducts. Moreover, in the absorption spectrum of a product 

there must be a characteristic intense absorption band, at 

sufficient distance from that of the reagent or of substance 



being determined:A( d~) - A( l) - 100 nm. - pro uc '. max PEagen- - max ;, 

The reagent for Hhich A A are (ppoc!uct)max" (l'eagent)Jnax 

less suited for spectrophotometry and are applicable only 

Hhen the absorption coefficients differ by a factor of at 

least 2. 

Sensitivity is one of the obvious demands in appli-

cation of analytical methods. In order to comply \-1ith this 

requirement for reactions Hhich involve a change in color, 

the molecule of the complex formed or -the organic reagent 

itself must contain chl"omophoric gl'OUpS \oIhich are chara-

ceterized by transitions \-1i th molar absorption coefficients 

3 5 -1-1 
in the range 10 -10 1 mol em . Such chromophoric groups 

are found among d-1I and 1I-chromophores. The complexes Hith 

d-1I chromophores are restricted in use to the transition 

elements, in particular those \'Ihich can exist in tHO oxidation 

states differing by an electron. 

The reagent Hith 1I-electron groups are most frequently 

employed In analytical applications. The main reason can 

be found In -the intensity of the transitions (\'lith molar 

5 -1-1 absorption coefficients up to 10 1 mol em ) which cha-

racterize these chromophoric groups. The selectivity and 

sensitivity of spectrophotometric method can be increased 

by introducing suitable substituents into the molecules of 

the organic reagents. 

1. 2 Spectrophotometric Determination of Hetal Ions 

Complexation Reactions: Spectrophotometric determination 

of metal ions is- based Oil the formation of metal complexes. 
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The formation of a stable Inetal complex l"equil"es the presence, 

of acidic or basic analytical functional r;r'oup in the molecule 

of the reagent, preferably in those positions which allow 

the formation of a five or' six membered chelatc ring. Coloured 

metal complexes are formed only \'Ihen the organic rcagent has 

w-e1ectron chromophoric groups in the molecule, the cyc10 

group should also form a part of the w-electron system and 

no insulating group is penni tted bet\oJeen the acid group 

and the conjugated system of the molecule. 

The complex forming properties of organic reagents can 

be influenced by introducing suitable substituents into their 

molecules. The stability of the complex is usually increas-

ed by higher' basicity of the ligand. \oIhen a bulky substi-

tuent is close to the functional grouping, the reactivity 

of the reagent mdY be decreased or even lost, owing to the 

sterlc effect. In this manner ~t is ~ometimes possible to 

increase the selectivity of the reagent. For example, 1-10-

phenanthroline forms coloured complex \>lith iron (II) but 

I,hen me-thy1 groups are in-troduced in the pos i tions 2 and 9 
no 

a reagent is obtained \'Ihich /longer forms -the iron (II) -tris 

complex. y,'hen phenyl groups are introduced in the positions 

il and 7 the absorption maxima is shifted to longer \-lave length 

(533 nm) 1n comparison \-lith analogous complex of the parent 

compound having absorption maxima at 510 nm. At the same 

time, the molar absorption coefficient of the 

bqthophenanthroline complex is tYlice that of -the phenanthroline 

complex. 



A similar example is given by thc complex of N-

ph"nylcinnamohydroxamic a~cid Hith iron (III). Here the 

absorption maxima remains the same as that of the parent 

compound (N-phenylbenzohydroxamic acid) but the molar 

absorption coefficient is highly increased. 

Completeness of Complexation Reaction: Both the accuracy 

and precision of a photometric determination depends on the 

completeness of a given reaction. As the reaction solution 

usually contains components competing In the reaction (buffer-

ing and masking agents), it is necessary to consider the 

conditional constant for the general complexation equilibrium. 

M + nL + ML 
+ n 

on Vlhich the determination lS based: 

[1] 

['2J 

Hhere C' 11 is -total concentration of the metal ion unconsumed 

in the for'mation of the complex I1Ln' C' is total concentra­
L 

tion of the ligand unconsumed in the formation of the complex 

MLn' at{ and a L are side I'eaction coefficients of the meta.l 

ion and the ligand, I'espectively. 

If a rea.ction is considered as complete ,,'hen 99% of 

the metal being determined is transformed into the particular 

complex ML , it holds that: 
n 

C' M 

13't1L (c' ) n > 10 2 
n L ", [ 3J 
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This expreSSlon can be used for the calculation of the 

necessary minimum excess of the reagent required for the 

completenes(; of the reac-tion. 

The Selectivity of Photometric Determinatio!2: If adequate 

selecti vi ty in -the photometric determination of a given 

substance is to be achieved, it is necessary to choose a 

sui table I"avelength at Io/hich to make the measurements. The 

absorption coefficient of the substance being determined 

should be high and those of other' substances present be 

negligible. Selectivity can be increased by pH adjustment 

or by masking. The masking reagent (and the complex formed) 

should be colorless and not form any complexes Io/i 1:h the metal 

bei.ng determined or react I-/i-th the colorimetric reagent. 

In the determination of a metal M in the presence of 

another metal N, if both form colored complexes MLn(B'HLn) 

and NL (B'NI ) with similar absorption spectra, correct 
n ..In 

results for ML are obtained if the condition in Equation 3 
n 

is fulfilled. At the same time the foUoHing expression 

must hold for the ratio of the absorbance values of the tHO 

complexes, provided that thE- colorimetric reagent itself 

does not absorb at the I'lavelength used: 

AHLn = ANL~ 
[4J 

If the concentrations of M and N are the same and the 

absorption coefficien-ts of -the -tylO complexes are equal, the 

concentration of the complex NL must be negligible if an 
n 

accurate result is to be obtained for M: 
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[ NL J 
. n = 01 (CI)n < .10- 2 
C I P NLn L ... 

N 
r 5] 

Combinations of }~C]uiltions 3 and 5 gives: 

[6J 

If the absorption maxima of the tIVO complex(es are at 

different IVavelengths, it is possible to determine both M 

and N by measuring the absorbance at the l'iavelengths l'ihere 

the diffepences in absorbance for the tIVO complexes are 

maximal, and by solving the appropl'iate simultaneous equations. 

Selectivity can oft2n be incl'eased by extl'action of 

the reaction product. Thus it is possible to separate the 

components to be detel'mined fl'om other interfel'ing substances. 

Usually a lOvleY' limit of determination Ci.ln be obtained, 

beeause the measul'ed compound can be concentrated in the 

ol'ganic phase by use of a suitable volume-ratio. Thus, 

extY'action methods are veY'y vital in inoY'ganic analysis and 

arc supel'iol' foY' the most pal't to other methods of sepaY'ations. 

1.3 PY'ecision of Photometric Determination 

In 1939 Rillgbom intY'oduced a method of plotting spectY'o-

photometric da·ta in IVhich % tY'Cl:lsmi ttance (or % absol'bance) 

is plotted against the 10~arithsm of concentration. When 

these functions are plotted a ~igmoid or S-shaped curve is 

obtained. Ringbom has sholVed that the accuracy is greatest 

"'hen the relation: 

I1CIC 2.303 
-~~ - I1T/1110gC [7J 
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reacll a minimum ie. at the point of the steepest slope 

(6C/C is the relative analysis error and 6T/61ogC is the 
61' -

slope of the curve). 

A useful application of the Ringbom's plot is for the 

determination of concentration limits within which the 

analysis error is minimum. The concentration ranee can be 

evaluated by constructing a tangent to the steepest portion 

of the curve. The slope is then translated to points of 

trangency to the curve one on the lower and one on the upper 

limits of the curve. These points define concentration 

limi ts within l'ihich the relative analysis error is minimum. 

1.4 Spectrophotometric Hethods for Determination of 

Composition of Complexes 

11ethod of Continuous Variations: The principle of the method 

is that the mole fraction of the m~'tal ion and ligand is 

varied between 0 and I at constant total concentration, 

C=C L+ CN' and the absorbance of the solutions of different 

composition is measured. The absorbance are then plotted 

agains·t the mole fraction, XL' of the ligand. If only one 

complex species has been formed, with composition MLn' and 

the absorbance is measured at a wc'lvelength I'There neither 

the metal ion nor the ligand but rather only the complex 

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

maximum of the curve (X ): 
max 

IF number of ligand = 
Xmax 

l-X max 
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The Mole Ratio Method: The principle of the method is that 

a series of solutions is prepared in I-1hich thc concentration 

of one component (usually eN) is ]crept constant and that of 

the other varied. The absorbance of the solutions is measured 

at a suitable wavelength and plotted against the ratio of 

the variable and constant concentrations. If only one stable 

complex is formed, Hhich has selective ligh-t absopption, 

-then the absopbance incpeases apppoximately lineaply Hith 

the mole ratio and then becomes constant. The abscissa of 

the point of intersection of the two tangents gives the 

number of ligand in the complex, if it Has the ligand con-

centration that Has varied. 

Jhe Simple Spectrophotometpic Method: The mixed ligand 

complex formation equilibpium Cim be pepresented by the 

folloHing Equation: 

~! + nX +mHL .;. MX L 
<- n m [8J 

The equilibrium constant for the mixed ligand complex formation 

equilibpium is given by: 

[HX L J[H+Jm 

or log 

K _ n m . 

D'IJ[X]n[HL]m 

[M!n Lm]" log K+nlog[X] +m log [HLJ +mpH 
ENJ 

[9J 

DO] 

The concentration of the mixcd liF.~nd comillex, MX L is 
n m' 

proportional to (A-A . ) and the conc<mtration of the simple 
nnn 

complex, HI. is proportional to (A -A) \~here A is the 
n, max 

equilibpium absorbance, A. is the minimum absorbance in 
nnn 

the absence of auxiliary ligand, X, and A is the maximum max 
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absorbance in ·the presence of 8xcess conccmtrat;ion of 

a~xiliary ligand. Equation 10 can be written as: 

log 
A··A . 

mln 
A -A 

max 
_. log K+n log [X] + m 10g[HL]im'pH 

Thus, the slope of the cur've obtained by plotting log 

against log [X] gJ.ve the number) n, of the auxiliary 

ligand, X. 

1.5 Solvent Extraction 

rll] 

A-A . 
nu.n 

p;- ··A 
max 

Solvent extraction is ·the partition of one or more 

components behveen tHO liquids of limited miscibility (17-

23). Such liquid-liquid partition is caused by the different 

solubilities of a given substance in tho two phases. This 

method of partition of a given subs·tanco from one phase to 

the other is ex·tremely useful for Vel"y rapid and clean 

separations of trace and major components of both organic 

and inopganic substance. Inor'ganic constituents are often 

separated from an aqueous solution to 'IJatep immiscible organic 

solvents thpough the fopma·tion of complexes Ivhich may be 

applied to dipect analysis by spectrophotometry, gas chro·· 

matogpaphy, atomic absorption, radiochemical, or other 

suitable methods. 

The thermodynamic condition for a heter<llgenous equilibria 

which takes place in partitioning of a substance M between 

t\>/O phases is that the chemical potential Ill'! of the substance 

is equal for the ·two phases: 
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The quantities (jl~l) I and (jl~~) II aN' the standard chemical 

potentiale; and (aN)1 and(al'l)II the activities of substance 

M in phases 1 and II, respectively. 

In analytical applications tIle liquid-J.iquid partition 

equilibria, which ape eonunonly callecl extraction equilibria, 

usually takes place betlveen an aqueous solution (phase I, 

subscript aq) and an organic solvent (phase II, subscript 

opg) which is immiscible with I"a-tel'. Equation 12 can then 

be pearpanged to !jive: 

(a ) 
( 0) (0) - 'G ,_ RTnn--1:L org"RTnll(K ) 
P~l aq- PM org - -U D,'! h ) h'D V ~ "(aM aq , 1 a [1.3J 

Hence such a partition equilibrium can be characterized by 

the thermodynamic equilibrium constant (KD,M) a. 

Fop ppactical applications it is necessary to covept 

the thermodynamic constant (kD,l'l)a into the concentration 

partition constant kD M (called the distl'ibution constant) , 

[M] 
~,l-I -

org 

where TM] org and O'!] aq l'epresen t the equilibrium molar 

concentrations of the substanCE H in i:he pal'ticular phase. 

Because of its ease, simplicity, speed and wide scope, 

solvent extraction enjoys a favour-ed position amonG the 

separation techniques. 

Extraction systems are classified according to di-

fferent criteria (8): 
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a. the type of extraction process or reaction in Hhich the 

extractable species is formed (physical partition, 

solvation, formation of chelates, or ion pairs, etc.); 

b. the kind of extractable species (simple covalent 

compounds, chelates, ion-association complexes, etc.); 

c. the type of extracting agent (neutral, acidic or basic); 

d. the kinetics of extraction. 

None of these criteria alloHS an equivocal classification 

of all known extraction systems under the given headings. 

If the use of organic reagents is considered for extra-

ctions applied in inorganic analysis, the most reasonable 

classification is that given under' (b), in \~hich the extra-

ction systems of chelate compounds and ion-associated are 

distinguished. The present investigation is based on the 

extraction of ion-association complexes;hence, the funda-

mentals of ion-association complexes and their extraction 

are briefly described in the following section. 

1.6 Solvent Extraction of Metal Chelates 

If a metal is ext1'acted from an aqueous solution into 

an organic solvent, the metal ion is transferred across the 

liquid-liquid boundary as an uncharged particle which can 

be eithe1' an elect1'oneutral complex formed Hith the organic 

1'eagent or an ion-association complex. The extraction of 

a metal 11 with the extraction reagent HL, fo1'ming a chelate 

ML soluble in an organic solvent, is exp1'essed by the 
n 

equilib1'ium: 

M + nHL + ML 
aq org <- n ,org 

+ + nH 
aq 

[IS] 
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which is characterized by the extraction 

K ex 

[NL J [HIJn 
= " n org" ..1!.9. .. 

[M] [HL]n 
aq" org 

constant: 

[l6] 

As sholo]O in Equation 16, the value of the extraction constant 

depends on the stability constant S and the distribution 
n 

constant kD M of the chelate being extracted, and further, , 
on the protonation constant SHL and the dis"tribution constant 

KD,L of the extracting reagent IlL. 

In liquid-liquid partition, a substance N can undergo 

in both phases various solvation, association, protonation, 

and complexation equilibria. For analytical applications 

it is essential to define the partition of the substance 

irrespecti ve of the particular forms '''hich are encountered 

in the system. This can be done by expressing the equilibrium 

ratio of the total analytical concentrations of the substance 

N in "the tHO phases: 

[l1J
org 

.. U1J
aq 

This quantity is called the distribution ratio. 

[I'lJ 

The completeness of transfer of substance N in any 

extractable form into the organic phase is given by the 

degree of extraction E, Hhich is usually expressed in percent: 

EH = 
IOO[H] V " org 01'11, 

[IO] 
[H] org V org +[}l] aq V aq 

which is the fraction of the substance extracted from the 

aqueous phase into the organic solvent. 



- 15 .-

The expression in Equation 16 can, thus be written for 

the extrac"tion of the chelate ML as: 
n 

[HLJ org n 
Db - kex 

(---- ) 
[H+Jaq 

or 

log .) 

LM = log kex + n 10g[HLJorg + npH [20J 

As shown 1n Equation 20, the value of the extraction 

constant also depends on the concentration of the extracting 

reagent and "the ph of the solution. 

The distribution ratio DM can also be influenced by 

other factors such as temperature, ionic strength, and 

kinetics of extraction, \'1hich arc not explicitly expressed 

by the quantities in Equation 19. Generally, a change in 

"the temperature changes the value of all equilibrium constant, 

but it is not possible to predict h01l1 it \'1ill effect the 

value of K ex 

There is no general rule for predicting the effect of 

the ionic strength when a COWDon electrolyte is added. A 

change in the ionic strength affec"ts the value of the relative 

permittivity and so the value of the extraction constant 

Kex is influenced by these tHO changes. 

There is no kineti~s effect involved in the value of 

DM, provided the distribution ratio has been determined for 

an equilibrium state. 

1.7 Ion-Association Complexes 

A decrease in the relative permittivity of the medium 

usually brings about an increase in the forces of inter-
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ionic attractions and consequently, various ionic aggregates 

are formed. The formation or ion-·association complexes 

can be interpreted \vi th the aid of Bjerrum r s theory as modi-

fied by Fuoss (24). The forces acting between two spherical 

non-polarizable ions of opposite charge are assumed to be 

purely coulombic In nature, depending on the relative 

permittivity, E, of the medium. If these ions approach 

at least to the distance, d, as given by the following expre-

ssio);\: 
IZ+2-'e

2 

d = 2cKT [21J 

iihere K is Boltzmann I s constant, an ion-association complex 

can be formed, e.g. by the reaction 

[22J 

The equilibrium constant of this association equilibrium 

is given by: 

(K ) 
assoc a 

y + -II B 
2 

y+ 
[23J 

The forma"tion of ion-association complexes can thus be 

treated in the same manner as complexation equilibria. The 

same analogy 110lds for the association constant (K ) ., 
assoc a 

which can be calculated according to 

2 
(K ) = lInN ( /Z+Z-/e 

Bjerrum as follows: 

assoc a 1000 cKT [24J 

where Q(b) is a function of the shortest distance, a, to 

I-Ihich the ions forming the complex 

/Z + Z~/e2/ acKT. If a since b ~ 

can approach each other, 

~ d, then b = 2 and 

QCb) = 0, so that no ion-pair is formed, because the ions 

have not reached the distance apart required by Equation 21. 
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The formation of ion-association complexes is applied 

in extraction separation based on liquid·"liquid partition. 

The application of thcoretical values cf (K ) " in assoc a 

analytical chemistry is rather difficult, because the value 

of the activity coefficients arc usually not known for the 

fairly concentrated solutions of elec"trolytes in which the 

ion-association complexes are formed. In these solu"tions 

the activity coefficients are considerably influenced by 

the concentration and the kind of ions. 

1.8 Extraction of Ion-Association Complexes 

The extraction of chelates is based on the consideration 

of a very simple model extraction system for \o1hich the depen-

dence of DM on the extraction constant, the concentration 

of the reagent, and the pH value is given by: 

D = K ([HL]org)n [25J 
M ex [H+J 

For similar treatment of the ex-traction of ion-"asso-

ciation complexes perrhenate and tetraphenylarsonium chloride 

may be used as model substances. It is thus necessary to 

assume that only the following equilibria are involved: 

Organic 

Aqueous 

+ -
(R

4
As, Cl ) t I org 

I \ KD, L 
I I 

! ! J( 

(R
4

AS+ , Cl-) 
aq 

ReO-
4

) 
org 

'" 

I 

Re0
4
-) 

aq 
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If the reagen"c were comple-tely associated in the organic 

phase and partially dissociated ill water, and if the extra-

cted metal \>Iere present in the oq>;anic phase only in the 

form of a monomeric association complex and in the aqueous 

phase as the anion ReO~, the expression for DRe would take 

the form: 

D = Re 

+ [(R4As, Cl )J
or8 

[Cl-J 
[26J 

HO\>lever, no real association system behaves in acco-

rdance \>lith this simple expression, because it usually 

involves many other complicated equilibria. The reagent 

may be dissociated in the organic phase to some extent or 

may polymerize at higher concentrations, or even be more 

soluble in \>later than in the organic solvent. The ion-

association complex can undergo dissociation or polymeri-

zation in Hhich large ap;gregates can be formed. The forma-

tion of higher aggregates can occur -to a considerable extent 

in the aqueous phase. The association constant can be 

expressed not only by the laYI of mass action as: 

"" [R4As , Re04'J 

[R4As""J[ReOdJ 
[27J 

l'ihich reflects the chemical nature of this process, but 

also by the expression in Equation 21, characterizing the 

electrostatic nature of the interaction. According to this 

expression the stability of the complex is increased by 

decrease in the size of the ions forming the ion-pair. In 
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practice, it is large ions that usually form ion-association 

complexes. 

The expression in Equation21 also indicates that the 

stabili ty of 'the complex, and hence the value of Dr.! increases 

when the relative permittivity of the medium is low. In 

other cases, the ion-association complex, after transfer 

across ,the phase boundary dissociates again. It is then , 

more advantageous to use sol vents vli'th high relative 

permittivity. 

1,.9 Literature Survey 

A large number of organic reagents are recommended 

fOl' the separation, detection, and determination of iron. 

Just to men'tion a fevl of the common organic reagents that 

aloe used for spectrophotometric de'termination of iron are 

2,2'-bipyridyl (25), cupferron, 5-methoxy-2-nitrosophenol, 

and 2,4,G-tri-2-pyridyl-s-triazine (7), 4,7-diphenyl-l,lO­

phenanthroline (26), 4,7-diphenyl-l,10-phenanthroline 

disulphonic acid, disodium salt (27), 1,10-phenanthroline 

(28), isoni trosodimethyldihydlooresorcinol (29), 2- (2-pyri­

dyl)-imidazoline (30), 2,2'-dipyridyl ketone-2-pyrimidyl­

hydrazone (31), 2-(p-sulphophenylazo)-1,8-dihydroxynaphtha-

lene 3, 6-disulphonic acid (32), 4- (4-methyl'-2-thiazolylazo) 

resorcinol (33), 2,2'-dipyridyl-2-benzothiazolylhydrazone 

(34), 2-4-dihydroxyacetophenonesemicarbazone (35), as mixed 

ligand complex 1'lith chromeazurols and cetyltl:,irne'thylammo-

nium (36), 1,lO-phenanthroline and picrate (37), etc. 
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Thiocyanate used to be, owing to its availability at 

cheap cost, ~the most fpequently employed l'eagent for the 

spectrophotometpic determination of iron (38-44). However, 

the results obtained by the thiocyanate method depend 

considerably on the exact adjustment of the experimental 

conditions. 

The organic reagents commonly used for the spectro­

photometric determination of cobalt are chromazurol S(45), 

dithizone (46), l-nitroso-2-naphthol (47), 2-nitroso-1-

naphthol (48), nitroso-R-salt (49), 2,2';6,2" terpyri-

dine (50), 3-(o-acetopheny1)-I-methyltriazene N-oxide (51), 

2-(p-sulphopheny1azo)-1,8-dihydroxynaphthalene 3,6-di­

sulphonic acid (32), benzyl-2-pyridyl ketone-2-pyridy1-

hydroxy-2-acetonaphthoneoxime (54), etc. Thiocynate is 

also commonly used as a spectrophotometric reagent for 

cobalt (9-11). It may also be extracted into ketones, 

alchols, and esters. 

Of the several spectrophotometric reagents recommended 

comparatively few are well suited for the simple, precise, 

sens it i ve, and selec~t i ve determination of iron and cobalt. 

Hence, search for the better reagent for iron and cobalt 

still continues. 

The introduction of a third component into a binary 

complex leads to the formation of a ternary system with 

advantageous ppoperties (55,56). Generally, the formation 

of these ternary systems cause a change in ppopepties such 

as solubility in w~ter and organic solvents and extraction 



rate, and variation in position and height of the absorption 

maXlrna. This allows higher sensitivity and selectivity of 

determination to be achieved. Recently spectrophotometric 

methods for the deterrnination of iron based on ternary 

complex formation has been reported (57-59). The tetrathio-

cyanatocobaltate (II) can also be extracted as an ion-pair 

with neotetrazolium chloride (60), propylene carbonate (61) 

triphenylsulphonium chlor'ide (52). 

In the present investigation N-phenylcinnamohydroxamic 

acid, which has become a popular chelating agent in recent 

years, has been selected as the main reagent for the extra-

ction and spectrophotometric determination of iron and 

cobalt. Hence, its general properties and analytical appli-

cations are briefly reviewed. 

1.10. !?eneral Properties and Analytical Applica'tions of 

.!'i,·Phenylc}nnamohydroxamic Acid 

N-phenylcinnamohydroxamic acid, I, contains an acid 

group with replaceablc hydrogen atom and a basic coordi-

nating group in such a position so as to form a five 

membered ring, II, on reaction Hith metal ions. 

C6H" •• N - CH 
" i r 

C H -CH-CH-C = 0 
6 5 

I 

.• N •. 0 
,'. 

I J1 
C = 0» 

II 

N-Phenylcinnarnohydroxamic acid was first synthesized 

by Majumdar and l1ukherjee in 1950 (63), It is a pale green 

crystalline solid, Hith melting point 159 - 1600
C, It is 

stable towards heat, light and air, and can be stored in-
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definitely without deterioration. It is a weak acid and 

its acid dissociation constant l1ds beerl found to be 

1.6 x 10-9 (64). It is stable towards the action of dilute 

solutions of mineral acids and alkalies, and decomposes In 

concentrated nitric and sulphuric acid solutions (65). It 

is slightly soluble in vlater and fairly soluble in common 

organic solvents such as alcohol, ethylacetate, chloroform 

and benzene. Its solution in organic solvents is light 

yellow and stable for several days if properly stored. 

N-Phenylcinnamohydroxamic acid, PCBA, \-las introduced 

as an analytical reagent for the first time in 1960 by 

Maj umdar and Hukherj ee (66) fOl' the grav imetric determi­

nation of niobium (V) and tantalum (V). Its analytical 

application I-las further extended for the extr'action and 

spectrophotometric de-termina-tion of vanadium (V) (67), 

titanium (IV) and niobium (V) (68), zirconium (IV) and 

hafnium (IV) (G9), and the successive extraction and 

spectrophotometric determination of iron (III), vanadium (V) 

and uranium (VI) (70). It has also been used for the 

gravimetric determination of uranium (71) and zirconium 

(72). Recently rCBA has been used for the successive 

extraction and spectrophotometric determination of iron (III) 

and vanadium (V) (73), for the extraction and spectrophoto­

metric determination of vanadium (V) as a mixed ligand 

complex with thiocyanate (7'+) and p-chlorophenol (75), and 

for the simultaneous determination of iron (III) and Vana­

dium (V) by solvent extrac-tion and spectrophotome-try (76). 
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1.11 Aim and Scope._of P~,:,sent Invest.ir;.,:,--t.ion 

The fOl'cgoing discussions l'cveal tflat PCHA has been 

used for the extraction and spectrophotometric determination 

of iron (III) as a binary complex (70,73). It has also been 

reported that lron (III) is extracted into nonpolar organic 

sol vent only as a binary complex I~i th PCHA even in the pre­

sence of thiocyanate (76). HO',vever, no attempt has been 

made to study the mixed complex formation of iron (III) 

Hith PCHA and thiocyanate in relatively polar solvents. 

Also no attempt has been made to study the reaction of 

cobal t (II) Ivi th PCBA both in the absence and presence of 

thiocyanate anel the extraction of iron (III) ~li th PCHA from 

the aziele medium. 

Thiocyana~ce is commonly used as a. spectrophotometric 

~eagent for the determination of iron(III) (38-44) and cobalt 

(II) (9-11). HOIoJever, booth !11ethoels suffer from the serious 

interferences of many metal ions I-lhich are commonly asso·­

ciated Hith iron and cobalt in alloys and complex materials. 

FurthePlllore, heon (III) -thiocyanate coloured system is not 

very stable ana requires strict control of experimental 

parame-ters Hhile the cobalt (II) -thiocyanate coloured system 

is not sensitive and cannot be used for the determination 

of traces of cobalt. Although iron (III) and cobalt (II) 

form different coloureel complexes with thiocyanate, no 

attempt has been made for the simultaneous determination 

of the tl-10 metal ions by spectrophotome-try. 
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Therefore, from the point of vie~) of occurance, abun­

dance and impoFtance, the development of a ne\, method for 

the simultaneous determination of iron (III) dnd cobalt (II) 

needs no COIT@ent. It is also worthwhile to study the extra-

ction of iron (III) ~Iith rCHA from the azide medium due 

to its similarity with thiocyanate. 

Hence, in the present investigation, the extraction of 

iron (III) and cobalt (II) Hith rCHA from thiocyanate medium 

has been studied in detail in different experimental con-

di tion to develop a ne~1 method for the simultaneous determi­

nation of the two metal ions by spectrophotometry. The 

extraction of iron (III) Vii th reBA from azide medium has 

also been studied in detail to develop a neH spectrophoto­

metric me-thod for determination of iron (III). 

The present investigation has led to the development 

of a simple, precise, and selective method for the simul~ 

taneous determination of iron (III) and cobalt (II) with 

rCHA in the presence of thiocyanate by solvent extraction 

and sl'ectrophotoTfletry. It has also been resulted in the 

development of a simple, precise, and selective method 

for the extract ion and spectrophotome-tric determination of 

iron (III). Both the methods are applicable to the analysis 

of iron and cobalt in alloys, steels, and biological samples. 
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'2. EXPI:RlhI:NTAL 

'2. I Appar'atus and Eeagents 

Apparatus: A Beckman Model 24 UV-Via spectrophotometer 

equipped with I-em matched quartz cell was used for abso­

rbance measurements. A Beckman CHEt1"'11ATE pH meter 'lias used 

for pH measurements. 

Standard Iron (III) Solution: A standard solution of iron 

(III) was prepared by dissolving 4.0402 g iron (III) nitrate 

nonahydrate (BDH, AnalaR) in 100-ml of 1:5 (v/v) nitric acid 

and diluted to 1.0 litre with distilled water. The solution 

Has standardized volumetrically (7). A \'lOrking solution 

was prepared by diluting a suitable aliquot of the standard 

solution to a known volume with distilled water. 

Standardization of Fe (III) Solution: 25-ml of iron (III) 

solution was taken into a conical flask and diluted to 100 rnl 

\'lith distilled \-later. The pH of the solution 'vas adjusted 

to 2.5. Five drops of Variaminc Blue indicator solution 

\'las added, the content of the flask \'las Harmed to 40o C, and 

titrated \'lith (O.OlM) EDTA solution until the initial blue 

colour of the solution turned yelloH with the final drop 

of the reagent. 

Standard Cobalt (II) Solution: A standard solution of cobalt 

(II) was prepared by dissolving 2.8090 g cobalt (II) sulphate 

heptahydrate (Hopkins and Williams, AnalaR) in distilled 

\'later, acidified with sulphuric acid, and diluted to 1.0 

litre with distilled \'later. The solution \'las standardized 

volumetrically (7). 
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Standardization of Co(ll) Solution: 25 ml of cobalt (II) 

solution was taken into a conical flask and diluted to 100 ml 

wit II distilled wate~. TIle pH of the solution was adjusted 

to 6. Five drops of Xylenol Orange indicator solution was 

o added, ·the content of the flask Has Narmed to 40 C, and 

titrated vii th (0. aIM) EDTA solution until the initial red 

color of the solution turned ye110H with the final drop of 

the reagent. 

Reagent Solution :N-Pheny1c~nnamohydroxamic acid, PCHA, vIas 

prepared by the condensation of N-Pheny1hydroxylamine HitI', 

cinnamoyl chloride at low temperature in diethylether medi-

urn made alkaline with aqueous suspension of sodium carbonate. 

A 0.005 N solution of PCHA in "t\vice distilled ethy1a-

cetate Nas used for the extraction of the metal ions. 

Standard Thiocyanate Solution: II 4.0 M standard solution 

Has prepared by di~ssolving ammonium thiocyanate (Hopkins 

and vli11iams, Ana1aR) in distilled water and standardized 

by Vo1hard method (77). 

Standardization of Thiocyanate Solution: 25 m1 of the 

standard O.lM silver nitrate solution was transferred into 

a conical flask, 5 m1 of SM nitric acid and 1 m1 of iron 

(III) indicatol' \vas added to it. Aimflonium thiocyanate \Vas 

run in from the burette until a faint brown colour was 

produced ~lich no longer disappeared on shaking. 

Standard Azide Solution: II 2.0 M standard solution Has pre-

pared by dissolving sodium azide (Hopkins and Williams, 

AnalaR) in distilled Hater. 
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Solution of Foreign Ions: Solutions of foreign ions were 

prepared by dissolving known quantities of reagent grade 

salts in distilled water to glve 10 mg of the ion in question 

per millilitre of solution. The solutions were acidified 

wherever neccssary to prevent hydrolysis. In general nitrate 

salts were used for the cations and sodium or ammonium salts 

were used for the anions. 

§olution of Electrolyte: A 4.0 M standard solution of pota­

ssium nitrate (BDH, AnalaR) in distilled water was used for 

adjusting the ionic strength of the solutions. 

Solvents: Ethylacetate (Riedel-deHaen) was purified by di­

stillation discarding the first and the last fractions. It 

was used only after distilling twice. Once used, it was re­

covered by distillation and used again. All other solvents 

were used after a single distillation. 

Drying Agents: Anhydrous sodium sulphate and calcium chlo­

ride were used for drying the colored extracts and the di­

stilled solvents, respectively. 

Hydrochloric Acid: Concen'trated hydrochloric acid (BDH, 

AnalaR) was used for adjusting the acidity of the solutions. 

2.2 Preparation of Sample Solutions 

Blood _ Sample: A 2 ml aliquot of blood sample vias transferred 

into a 250-ml Kjeldhal flask and decomposed with 10 ml of 

nitric, sulphuric, and perchloric acids in the ratio of 

3:1 :1 by heating over the bunsen burner for about 2 hours. 

The heating was continued after addition of about 10 ml of 

dilute hydrochloric acid until the volume of the content 
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was reduced tc about 5 mI. It was cooled and the residue 

was reboiled with 25 ml of dis~il.led water. The solution 

was cooled and transferred quantitatively into a 50-ml 

volumetric flask and diluted to volume \~ith distilled water 

(13). A suitable aliquot \<las taken for the analysis. 

Vitamin £12: A weighed quantity (0.2g) of the vitamin B12 

vms transfei'red in·to a 250-ml Kj eldhal flask and decomposed 

wi th 20 rnl of aqua--regia. The mixture \<las heated for one 

hour and 15 ml of 1 N hydrochloric acid \Vas added to it. 

The solution \<las evaporated t~ almost dryness, cooled, and 

boiled with 50 ml of distilled water. The undissolved 

matter was filtered off and \<lashed several times with di-

stilled water. The filtrate and washings were collected 

into a 100-ml volumetric flask and diluted to volume with 

distilled \<later. The solution \<las exposed to uv-light to 

reduce cobalt (III) to cobalt (II) (78). A suitable aliquot 

was taken for the analysis. 

Steel Samples: A 'Ileighed quant i ty (approxirna·tely 0.1 g) 

of the Bte~L sample \Vas transfe~r-ed int6 a 400-ml beaker 

and decomposed I-lith 10-Tn! concelrtrated nitric acid. The 

mixture Has heated to remove the oxides of nitrogen and 

about 10-15 ml of concentrated hydrochloric acid l'las added 

to it. The solution \oIas evaporated to almost dryness. 
water 

About 50 ml of distilled/Has added and the solution \oIas 

boiled. Tungsten was precipitated as tungstic acid. The 

undissolved silica and tungstic acid were filtered off and 

\<lashed several times \oIith hot distilled water. The filtrate 
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and washings were collected into a SOO-ml volumetric flask 

and diluted to volume with djstilled water. A suitable 

aliquot was taken for the analysis. 

2.3 General Procedure for Extraction of Iron (III) and 

Cobalt (II) from Thiocyanate Medium 

An aliquot of the solution containing 10-90 ~g of 

iron (III) or 100-600~g of cobalt (II) or both metal ions 

was transferred into a 100-ml separatory funnel and 5 ml of 

4 N ammonium thiocyanate vias added to it. The acidity and 

volume of the aqueous phase were adjusted to 0.5 -J..5H and 10 

ml with concentrated hydrochloric acid and distilled water, 

respectively. A 10 ml aliquot of 0.005 M PCHA in ethylace­

tate I'las added ,to the funnel and the mixture Ivas shaken 

vigorously for about one minute. The funnel I'las allovJed 

to stand to separate the two phases. The organic phase was 

collected in a SO-ml beaker containing about 3 g of anhydrous 

sodium SUlphate. The aqueous phase was washed with 5 ml 

of the reagent followed by 5 ml of ethylacetate. The coloured 

extract was transferred into a 2S-ml volumetric flask and 

the beaker 'das washed Vli,th a fel'l ml of ethylacetate. The 

Vldshings were added to the flask and diluted to v~lume 'dith 

ethylacetate. The absorbance of the colored solution was 

measured at 495 nm for the determina'tion of iron (III), at 

625 nm for the determination of cobalt (II), and at both 

I'lavelengths for thc simUltaneous determination of bo,th metal 

ions against the reagent blank. 
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For cQlibration, 0.25, 0.50,1.0,1.50 and 2.00 ml of 

-1 -] 
the standard solution (50 ~g ml Fc(III) or 0.6 mg ml . 

Co(II) were used through the procedure. 

2.4 General Procedure for Extraction of Iron (III) from 

Azide Medium 

An aliquot of the solution containing 25-175 ~g of 

iron (III) was" transferred into a 100-ml separatory funnel 

and 5 ml of 2 M sodium azide was added to it. The acidity 

and volume of the aqueous phase were adjusted to 0.4-0.6 M 

and 10 ml Vlith concentrated hydroch10J'ic acid and distilled 

water, respectively. A 10 ml aliquot of 0.005 M of PCHA in 

ethylace"tate vias added "to the funnel and then proceeded as 

the extraction of il'on (III) from thiocyanate medium. The 

absorbance of the colored solution \'las measured at 44'1 nm 

against the reagent blank. 

F6r calibration 0.50, 0.75, 1.00 and 1.50 ml of the 

standard solution (100 ~g ml- l Fe(III) were used through 

the procedure. 

2 '" • Q Procedure for Studying Effect of Variables 

The effect of a particular variable vias studied by 

measuring "the absorbance of the system fo110\'ling the general 

procedures of extraction described, keeping all experimental 

variables constant, except the one under study. 

The quanti·tai:ive extrQction of iron (III) from the 

aqueous phase Vla.S examined by cha.nging the variable para· .. 

meter to its optimum condition and follOl-ling' the genera.l 

procedure. The extraction \Vas considered to be incomplete 

\Vhen iron(I11) was found in the aqueous phase. 
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The quantitative extraction of iron (III) from the 

aqueous phase 0as also examined by using 2,2" Dipyridyl. 

The aqueous phase was reduced to about 1-2 ml by evaporation 

and Iml of 0, 1M hydroxylamine hydrochloride \-IaS added to 

it to reduce iron (III) to iron (II). A 5 ml aliquot of 

1% aqueous 2,2'-bipyridyl was added to the solution. The 

volume and pH of the solution \oJac; adjusted to 10 ml and to 

It--5, respectively. The absorbance Ivas measured at 522 nm 

against reagent blank and the amount of iron (III) was 

calculated accordingly. 

2. 6 !,~-:..()ce·3.Ul~.~J'52!~ ..p..<:.i:_ermin.ii.! iOQ._.<:'.1'_S:,?.J!lP2..si t.~.,?~ 

In the continuous variations method a series of 

solutions I-las ploepared fOlO each system (Fe (III) "SCN·· PCBA 

and Fe (IIIl··N3·· PCBA) in 1'lhich the mole frac·t ions of iron 

(III) and peHA Ivere varied betloleen 0 and 1 at constant 

total concentration. The concentration of thiocyanate or 

azide, the ionic strength, and the acidity were kept 

constant under optimum conditions throughout the series. 

The complexes vlere extracted by the geneloal procedures and 

the absorbance of the coloured extracts vlere measured at 

ltlf7 and 495 nm against reagent blank and Fe(III)-SCN as 

blank (because Fe(III)··SCN complex absorbs strongly at 

495 run, the reagent blank \>las replaced by it) for Fe(III) .. 

N3 ··PCHA and Fe(III)"SCN-PCHA complexes, respectively. 

The absorbances were plotted against ·the mole fractions 

of rCBA in the two systems. 
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In the mole rati.o method for Fe(III)'-SCN~PCHi\ system a 

series of soluti.ons was prepared in whicl' the concentra­

tions of iron (III) and thiocyanate, the acidity, and the 

ionic strength were kept constant and the concentration of 

PCBA was varied. The complex I'Jas extracted by -the general 

procedure, the absorbance of the coloured extract was 

measured at lJ.95 nm against FeOII)" SCN as a blank, and 

plotted against the mole ratio of the metal to PCHA. TvIO 

straight lines were dralm from the t\olO parts of the curves 

which intersect each other at a mole ratio of Fe:PCBA. 

In the simple spectrophotometric me-thod a series of 

solutions was prepared in which the concentrations of 

iron (III) and azide, the ionic strength and tIle acidity 

were kept constant and the concentration of PCBA was varied. 

The complex was extracted by the gener'al procedure and the 

absorbance of the coloured ex-tract Has measured at 447 nm 

against the reagent blank (since Fe(III)~N3 complex Has 

not extractable I • 

2.7 !,ros~ed~£~.Jor.S'!~(jZ~12f,~~l!ect _ of_}·0:t:::,:,~gn--..!ons 

The effect of foreign ions was studied by adding known 

quantities of desired ion to solutions containing 50~g of 

iron(III), lOO~g of iron (III) and 500~g of cobalt (II) in 

Fe(III)-SCN--PCHA, Fe(III)-N3"PCI-lA, and Co(II)-SCN systems, 

respectively. Extraction and determination of the metal ions 

were made according to the general procedures. 
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3. RESULTS AUD DISCUSSIONS 

3.1 Colour Reaction 

PCllA was found to react I·.'i th iron (III) In the presence 

of thiocyanate or azide to form pinkish red and oranr,e red 

coloured complexes, respectively. Both the complexes are 

l'eadily extractable in·to ethylaceta·te from the HCl solutions. 

These sensitive color reactions formed the basis for the 

development of tl-m neloi spectropho'tometric methods for the 

determination of iron (III). 

Cobalt (II) was found to react I~i th thiocyanate both 

in the absence and pre[;ence of PCllA to form a blue colored 

complex which is readily extractable into ethyl acetate from 

the HCI solution. The identical reaction condition 6f iron 

(III) and cobalt (II) r,.,i·th thiocyanate and PCBA and Hide 

differences in the absorption spectra of the resulting 

complexes form the basis for the development of a nel", 

method for the simultaneous determination of the two metal 

ions by solvent extraction and spectrophotometry. 

3.2 Choice of Solvent for Extractiun 

Several organic solvents such as benzene, toluene, 

chlorobenzene, chloroform, ethylacetate, amylacetate and 

amylalcohol were examined for the choice of proper solvent 

for extraction of the three complexes. It was found that 

both the FeOII)-SCN"PCHA and Co(II)-SCN complexes Here 

quantitatively extractable only into ethylacctate, amyla-

cetate, and amylacohol 1'lhile the FdIII)-N3 "PCHA complex 
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was extractable into all the solvents. These results indicate 

that the Fe(III)·-SCN-PCHA and Co(II)-SCN complexes are re-

latively more polar than the Fe(III)-N3-PCtfA complex. The 

absorption spectra of the individual complexes Here found 

to be similar in all thc solvents in which the particular 

complex was extractable. HOHever, slight variations in the .0 

intensity of the absorption bands were observed. Ethylacetate 

l'las found to be the most sui tahle sol ven-t fop the extl'action 

of both the thiocyanato-complcxes because the quantitative 

extraction of the complexes wel'e l'eadily accomplished in it. 

It Has also pl'efel'l'ed due to the highel' sensitivity of the 

coloul' l'eactions in it than in othel' solvents. Although 

benzene, toluene, chlol'obenzene and ethylace-tate wel'e found 

to be the suitable solvents fop the extl'action of azido-

complex, ethylacetate was selected because of th'2 cal'cinogenic 

natul'e of al'omatic hydl'ocarbons and highel' solubility of -the 

l'eagent, PCRA, in it than in othel' solvents. The l'esults 

ape ~.;iven in Table 1. 

Table 1. Effect of Solvents on Extraction of the Comolexes. 

Benzeno 

Toluene 

Chlorobenzene 

Chloroform 

Ethylacetate 

Amylacetate 

Amylalcohol 

Co (II)-SCN 

1(320 

1760 

1530 

£ -1 
max, 1 mol 

Fe (III) --SCN-·pellA 

18000 

16900 

!l,SOO 

-1 A 
em ~at max 

Fe (III)--N
3

PCllA 

complex . __ ._ 

7650 

7690 

7450 

7050 

7500 

7290 

6350 
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3.3 ~bsorption Spectr~ 

The absorption spectra of the reagent. peHA, and Co(II)­

SeN, FeOII)'SCN~PCHA, and Fe(Un-·N3"'PCHA complexes have 

been determined in the visible region under different con­

ditions. The reagent showcd ncglir;ible absorption in the 

region 700-500 nm, slight increasing absorption in 500-400 

nm region and strong absorption beyond 400 nm. Hence, a 

reagent blank was necessary for the pl'ecise measurements 

of absorbance at loJavelengths shorter than 500 nm. 

The Co (1) ~SCN complex. showed an absorption band at 

625 nm \>lith a shoulder at around 587 run. The main absor­

ption band can be assigned to charge transfer electronic 

transi tion from me-t;al to the ligand while the loJeak shoulder 

is probably due to d-d electronic transition within the 

metal atom. The absorption spectra have been found to be 

identical both in the absence and presence of PCHA indica­

ting the formation of a simple binary Co(II)-SCN complex 

under both conditions. Hence, PCHA \'las not involved in the 

complex formation IVith cobalt(II) in the presence of thio~ 

cyanate. 

The simple Fe( III) --SCN complex shoHed a strong absor~ 

ption band at around 490 nm. The absorption band VIas found 

to be affected by the presence of PCHA indicating the forma~ 

tion of a mixed ligand complex. The absorption band I-las 

intensified and shifted to 495 nm. Hence, the absorption 

spectrum of the Fe(III)-SCN-PCHA mixed ligand complex sholVed 

an intense absorption band at 495 nm vlhich is due to charge 

transfer electronic transition from ligand to metal . 
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The red coloured Fe(III)-N
3 

complex in aqueous solu-

t ion shOI'lee) an absDrpt ion band at '160 nm. 1l0Hever, the 

binary complex l'laS found to be not extractable into organic 

solvents. It Has only the ternary Fe(III)-N 3"PCIlA that Has 

found to be completely extractable into organic solvents. 

The absorption spectrum of the ternary complex show~d'an 

intense and sharp absorption band at 375 nm and a relatively 

weak and broad band at 447 nm which are due to 1T-1T" and charge 

transfer (L --> M) electronic transitiDns, respectively. 

Although the absorption band at 3'15 nm is more intense the 

less intense absorptiDn band at 1147 nm vias selected for the 

absorbance measurements because of the strong absorption 

of the reagent at shorter wavelength. Selected spectra are 

shown in Figure 1-3. 

It has also been found that the absorption spectrum of 

species extracted into ethylacetate from aqueous solution 

of Fe(III) in the absence of thiocyanate Dr azide to be iden­

tical to that of PCIlA solution itself. This result clearly 

indicates that there \'ias no complex formation between Fe (III) 

and PCIlA and FeCIII) cannot be extrac·ted with ?CHA into 

ethylacetate from acidic solutions in the absence of thiocyanate 

or azide. 

The position Df the absorption band of a particular 

complex Has found to be not affected by the changes in the 

concentrations of the constituents and hydrochloric acid in 

a Hide range indicating the extraction of a single complex 

species under each condition. 
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3.4 Effect of Variables 

The effect of the experimental variables on the extra-

etion and detcrmina"tion of iron (I II) and cobalt (II) Hith 

PCHA In presence of an a.uxiliary ligand has been studied. 

This lS very important since both the accuracy and precision 

of photometric determination depend on the completeness of 

a given reaction Hhich in tern depends on the proper adjust-

ment of experimental variables. 

Effec:t oL6-cidi ty: The optimum acidity l'ange of the aqueous 

phase for the complete extraction of iron (III) \>lith PCHA in 

presence of thiocyanate or azide was found to be 0.5-2.0 M 

and 0.1-0.9 M Hel, respectively. The optimum acidity range 

for the complete extraction of cobalt (II) \'Ii th PCHA in pre-

sence of thiocyanate lyaS found to be 0.1·~1.5 M H'Cl. At 

higher acidity the extraction of the metal ions decreases 

due to the protona.tion of the ligands resulting in incomplete 

formation of the respec·tive complexes \Vhile at 10lyer acidity 

the thiocyanato - or azido-complexes are less stable due to 

hydrolysis of ·the metal ions resulting in incomplete extra·· 

ction of the metal ions. The decrease in percent extraction 

of the metal ions under both conditions (at higher and 10\>ler 

acidities of the aqueous phase) \Vere indicated by the de-

crease in the absorbance value of the coloured extracts in 

the organic phase. The presence of metal ions in the aqueous 

phase at higher and lower acidities can easily be detected 

by changing the acidity to the optimum range. The results 

are given in Table 2 and 3. 
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Table 2. Effect of Acidity of the Aqueous Phase on the Extraction 

of Iron(III) and Cobalt(lI) from thiocyanate lIedium 
'~5 -' .·/f [Fe(III)J- 4.0 x 10' M, ICo(II)J n 4.0 x 10 M. 

~---.----~------------

Acidity of the !!."i!.:II) ..:::.SCN-PC.I:!A Sys tem_._.~? (II) -SCN System 

agueous phase Absorbance at 495 nm Absorbance at 625 nm 

pH=4 0.665 

pH=3 0.694 

pH=2 0.416 0.701 

pH=l 0.676 0.717 

0.5H IICI O.72/f 0.715 

1.0 H HCl 0.723 0.719 

1. SH HCl 0.722 0.719 

2.0H HCI 0.722 0.679 

2.SH HCl 0.668 0.582 

3.0H HCl 0.611 0.476 

4.0H HCl 0.591 0.303 

Table 3. Effect of Acidity of the Aqueous Phase on the Extraction 

of Iron(III) from Adde Medium rFe(III)l = 8.0 x lO"5H 

-----.-. 
Acidity of the Aqueous Absorbance at 
phase, [H~lJ 447 nm 

pH~2 0,510 

0.1 0.602 

0.2 0.603 

0.3 0.601 

0.4 0.605 

0.5 0.602 

0.6 0.603 

0.7 0.602 

0.8 0.604 

0.9 0.602 

1.0 0.483 
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Effect of Amount of Auxiliary Ligand~, The optimum concent­

ration range of 't:hiocyanate or azide in the aqueous phase 

for the complete extraction of iron(III) Has found to be 

1.25-2.50M and O.50-2.0M, respectively. The optimum concen­

tration range of the thiocyanate for the complete extraction 

of cobalt(II) Has found to be 1.50-3.0M. At 10Her concentra­

tions of thiocyanate or azide the formation of iron(III) 

mixed ligand complex \<las incomplete. At higher concentra·­

tions of thiocyanate or azide, \-later soluble thiocyanato-

or azido - complexes becomes stable resulting in an incomp­

lete extraction of the metal. Similarly, at 10Her concen­

tration of thiocyanate the formation of cobal tOT) simple 

complex \<las incomplete \<Ihile at higher concentrations of 

thiocyanate, \<later soluble cobalt OI) ·-thiocyana te complex 

becomes stable resulting in an incomplete extrac,tion of the 

metal ion. The decrease In percent extractions of the 

metal ions at lower or higher concentrations of 'thiocyanate 

or azide Has indicated by the decrease in the absorbance 

values of respective systems. The results are given in 

Table 4 and 5. 



Table I,. Effect of Concentration of Thiocyanate in the Aqueous Phase 

on the Extraction of Iron(III) and Cobalt(II). 
- --5 ,-I, 
fFe.{III)] ~ 1,.0 x 10 't-l, rCa(H)] ~ 1,.0 x 10 H, rHCU ~LOM 

--------------------------------------

0.10 

0.20 

0.30 

0.40 

0.50 

0.75 

1.00 

1.2,5 

1.50 

2.00 

2.S0 

3.00 

Absorbance at 495 nll1 ---------
0.094 

0.Z60 

0.403 

0./,97 

0.582 

0.655 

0.703 

0.72/, 

0.722 

0.726 

0.723 

0.687 

Absorbance at 625 nrn 

0.052 

0.118 

0.16,5 

0.423 

0.561 

0.656 

O. 72/, 

0.723 

0.719 

0.721 

Table 5. Effect of Azide Concentration in the Aqueous Phase on 

the Extraction of Iron(lII) 
-S [Fe (III)] • 8.0 x 10 H, rHC1] - O.SM 

Concentration of 

Azide, H 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

0.40 

0.50 

1.00 

1.50 

2.00 

2.50 

3.00 

:8 (I II) -N 3"' PCHASys,_t_8_rn __ 

Absorbance at l,47 nm --- ----
0.110 

0.201 

0.282 

0.351 

0.423 

0.504 

0.577 

0.605 

0.605 

0.608 

0.603 

0.569 

0.517 
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Effect of Amount of reBA: A 5 '. and 25·-fold molar excess of 

the reagent, reBA, was found to be necessary for the complete 

extraction of iron(111) from thiocyanate and azide medium, 

respectively, Hher'eas it I'ias found to have no effect on the 

extraction of cobalt(1I) from the thiocyanate medium under 

optimum experimental conditions. The necessity of the higher 

concentration of reHA for the complete extraction of Fe(111) 

from azide medium indicate's the greater stability of Fe(11)­

azide complex than that of Fe01I)~thiocyanate in the aqueous 

phase. A large excess of the reagent up to 50-fold molar 

excess had no adverse effect on the extraction of bo·th 

metal ions from the aqueous phase. Nevertheless, the extent 

of absorption of the reagent increases \'lith its increasing 

concentration and therefore one needs -the reagent blank for 

the measurement of the absorbance of the respective complexes. 

The result~ are give~ in Table 6. 

Table 6. Effect of Amount of PCllA on the Extraction of Iron(III). 

Thiocyanate-system 

[Fe(III)J =4.0xlO·-SH . _______ .......!c.: 

---------,----
Azide-system 

-5 [Fe (III) J=8 .Ox10 H 

rFe(III] :l~PC~I~IA~J~ __ ~A~bsorbance at 49.~S~nn=1 _______ ~A~bsorbance at 447 nm 

1 :0 
1:05 
1:1 
1:2 
1:3 
1:4 
1:5 
1:6 
1:8 
1:10 
1: 15 
1 :20 
1:25 
1:30 
1:50 

0.1,41 
0.508 
0.572 
0.673 
0.694 
0.716 
0.722 
0.720 
0.721 
0.723 
0.725 
0.724 
0.721 
0.723 
0.721, 

0.027 
0.068 
0.110 
0.171 
0.205 
0.260 
0.368 
0.1,24 
0.522 
0.578 
0.603 
0.607 
0.608 
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Phase: The wavelength of maximum absorption and absorbance 

values of the colored extract of the three complexes were 

not affected by the change in ionic strength of the aqueous 

phase between 0.1 and 1.0 M with respect to potassium 

nitrate. Variation in the temperature of the aqueous phase 

between 200 and 400 C did not produce any change in the 

absorbance value of the colored extract of the three complexes. 

It has also been found that the volume of the aqueous phase 

can be varied from 10-50 ml with respect to a fixed volume 

of 10 ml of the organic phase I-li thout any varia.tion in the 

absorbance or extraction efficiency of cobalt(II)-complex. 

In the case of iron(III) complexes the volume of the aqueous 

phase can be varied from 10-25 ml I-lith respect to a fixed 

volume of 10 ml of the organic phase I-lithout any variation 

in the absorbance or extraction efficiency. HOl-lever, more 

repeti tive extractions \>Jere found to be necessary for the 

complete extraction of Fe(III) from larger volumes of the 

aqueous phase. The results are given in Table 7. 

Order of Additio~~f Reagents: It has been found that there 

is no change in the absorbance or in the color intensity of 

the three complexes extracted into ethylacetate if the order 

of addition of reagents is changed. 

Extraction Time and Stability of C?mplexes: The iron (III) 

mixed ligand complexes and cobal·t(II) simple complex ~}ere 

completely extracted into ethylacetate I-lithin tl-lO minutes. 

The absorbance values of the ethylaceta·te extracts of 
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Fe(III)-SCN-PCHA, Fe(III)-N3-PCHA, and Co(II)-SCN complexes 

remained constant for abollt six hours, for at least seven 

days, and for at lcast t\-10 days at room temperature, respect-

ively. The results are given in Table 8. 

Table 7. Effect 'of Ionic Strength, Temperature, and Volume of 

Aqueous Phase on Extraction of Iron(III) and Cobalt(II). 

_____ -'f....:·C"'o:..>(""II.) J~4.!OxlO·-/JI1 fFe (III) J~/"OXlO··5!.! fFe (III~ ~8 .Ox10··~H 

Co(II)-SCN system 

variah1e Absorbance at 
625 nm 

[KN0
3
] 

O.Ui 0.722 

1.0H O.72t, 

Temperature 

20°C 0.72/, 

1,00C 0.721 

*V :V 
org aq 

1: 1.0 '0.723 

1:2.5 0.721 

1 :5.0 0.722 

*V = 10 tn1. 
org 

Fe (III)-SCN-PCHA 

Sys tc!."_. __ .. _._ 

Absorbance at 
495 nm 

0.721 

0.723 

0.723 

0.722 

0.723 

0.724 

0.589 

3.5 Composition of the Complexes 

Fe (III) ··N 3-PCHA 

System~ _____ __ 

Absorbance at 
l,l,7 nm 

0.604 

0.603 

0.600 

0.601 

0.601 

0.600 

0.566 

The composition of the complexes \'Ias determined by 

different spectrophotometric methods. The continuous vari-

at ions (79) and mole ratio (80) methods IVere used to deter-

mine the ratio of fe(III) to PCHA in f~(III)-SCN-PCHA 

complex IVhile the ratio of fe(III) to PCHA in fe(III)-N
3

-PCHA. 
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Table 8. St~bi1ity of the Complexes ",ith Time. 

_______ J~o (n)J':".'!.;.Cl2'lO~_f·!£. ____ LF_e_r( In}~,!±_~g.~}2~:~1:!. __ XE~i E! .I.Ll,,-8_~g_xJ 0 ~:£: 
Co(II)"SCN system Fe(III)--SCN~PCHA Fe (III)-N

3
-PCHA 

____________ . _____ ~~s_!:.~,!';~. ___ .. _____ ~ys tern 

Ahsorbance at Absorbance at Absorbance at 

625 nm 495 nm 447 nm 
.-~-------.--------

0 min 0.723 0.720 0.603 

30 min 0.724 0.721 0.60ff 

60 min 0.723 0.721 0.603 

2 hrs 0.725 0.720 0.602 

'. hrs 0.723 0.721 0.602 

6 hrs 0.722 0.721 0.604 

8 hrs 0.723 0.701 0.603 

1 day 0.724 0.638 0.604 

2 days 0.723 0.602 

7 days 0.603 
---_. -------.. -~.---------

complex Vias determined by continuous variations and simple 

spectrophotometric method(12). The ratio of metal to auxi-

liary ligand (thiocyanate or azide) in all the three complexes 

was determined by the simple spectrophotometric method. 

In the continuous variations method the maximum absorbance 

Vias observed at the mole fraction of 0.33 of the metal ion 

in both systems. These results indiC!ate the ratio of Fe(III) 

to PCHA to be 1:2 in both the complexes. The results are 

given in Table 9 and the curves are shoVin in Figure 4 and 5. 

The results obtained by the mole ratio method indicated 

the ratiO of FeOII) to PCBA to be 1: 2. The reBul ts are 

given in Table 10 and the curve is shown in Figure 6. 
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The mole ratio me-thod could not be applied to deter.mine 

the r.atio of Fe(lIl) to PCHA in the fe(III)--N 3-PCHA system 

because of the 8r.adual attainment of mixed ligand complex 

for.mation equilibr.ium I-lith incr.easing concentration of PCHA. 

Hence, a simple spectrophotometric method \-las used to deter-

mine the ratio of FeCIII) to PCHA in the FeCIII)-N3-PCHA 

system. 

Table 9. Resulto of ContintPuo Variations NBthod for lle(III)--SCN-PCHA 

and Fe (III)--N
3

-PCHA Complexes, 

Fe(III)-SCN-l'CJlA Fe (III)-Nf-PCHA 

system system 
C oc.') 

tota1=2.0xlO -'H C ···3 
total=5.0xlO H 

rSCN-] 2.0}! rN- l= 3 .. l.OM 

rHC1] - 1.0[.1 rHClJ = 0.5H 

Nole fraction Hole fraction Absorbanee at Absorbance at 
of iron (III) of PCllA 1,95 nm 447 nm 

1.00 0.00 0.000 0.000 

0.90 0.10 0.025 0.0/,6 

0.80 0.20 0.048 0,095 

0.70 0.30 0.072 0.150 

0.60 0'/,0 0.093 0.183 

0.50 0.50 0.108 0.231 

0.40 0.60 0.122 0.266 

0.33 0.67 0.133 0.283 

0.30 0.70 0.125 0.271 

0.25 0.75 0.109 0.262 

0.20 0.80 0.092 0.216 

0.10 0.90 0.048 0.103 

0.00 1.00 0.000 0.000 
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Table 10. Results of Hole Rati.o l·fethod for Fe (uI)'-SeN-PClIA Compl.ex. 

[Fe(III)], [PClIA] Absorbance at t,95 nm 
-.. ----.---, .. -------------~-------

1:0.0 0.000 

1:0.5 0.061 

1:1.0 0.131 

1: 2.0 0.232 

1: 3.0 0.253 

1:4.0 0.278 

1:5.0 0.281 

1:10 0.282 

1: 15 0.2.84 

1:50 0.285 

------_. 
The quantity log A'--P:._A , Has calculated and plotted against 

max 
log [PCHA] (where A \Vas the absorbance at equilibrium concentra-

tion of PCHA and A \Vas the absorbance at maximum concentration max 

of PCHA). The curve gave a slope of 2.1 Hhich indicate the 

ratio of Fe(III) to PCHA to be 1: 2 in the FeOII)-N 3-PCHA 

complex. The results are given in Table 11 and the curve is 

sho\Vn in Figure 7. 

The absorptiometric method was used to detel'mine the 

ratio of metal to auxiliary ligand (thiocyanate or azide) 

in all the three systems. A series of solutions was pre-

pared for each system in which the concentrations of metal 

and PCHA, the ionic strength, and the acidity \,ere kept 

constan·t and the concentration of thiocyanate or azide Has 

varied. The complexes Here extracted by the general pro-

cedures and ·the absorbanccs \,ere measured at their x max 
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figure 7. Curv~ tor dll't€'rmination of !.ron (1I1) to PC HA 



Table 11. Resul.ts of Simple Spectrophotometric Hothod for Fe(III)-· 

N
3
"PCHA System. 

rHC1] .. 0.5H 

----------~----~--------.-------~--~--~ 

Absorbance A log _.~._._._ logipCHA] 
-'----' 

,PCHA] at 447 nm A ··A A '~A 
max max 

0.00 0.000 

1.6x10 
-·4 

0.068 O.ln ·'0.90 -,3.80 

2.4x10 
'-4 

0.110 0.223 ··,0.65 -3.62 

3.2x10 
-4 

0.171 0.400 -0.40 -3.50 

4.8xlO 
··4 

0.260 0.758 -0.12 -3.32 

6.4x10 
-4 

0.3613 1..566 +0.20 - 3.19 

8.0xlO 
-4 o .l,24 2.369 +0.38 -3.10 

1.2xlO 
.. 3 

0.52?" (, ,1,/,4 +0.81 -2.92 

2.0xlO 
--3 

0.603 

against the corresponding reagent blank. The quantity 

A log ----
A ··A max 

against log 

(vas calculated for each system and plotted 

[SCN-] or log [N-3J (when, A (vas the maximum 
max 

absorbance in presence of excess of thiocyanate or azide). 

A straight line was obtained in each system, the slope of 

which gave the number of auxiliary ligand (thiocyanate or 

azide) in the ternary complexes. Slopes of 1.98, 2.2 and 

3.8 were found which indicated the ratio of 1:2 (Fe:N;), 
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1:2 (Fe:SCN-), and 1:4 (Co:SCN-) in the Fe(III)-N
3

-PCHA, 

Fe(III)-SCN-PCHA, and Co(II)-SCN complexes, pespectively. 

The pesults ape given in Table 12-14 and the cupves ape 

shown in Figure 8-10. 

Table 12. Results of Absorptiometric Hethod for fe(III)-N 3-

pellA Comp lex 

0.00 

0.10 

0.15 

0.20 

0.25 

0 .• 30 

0.35 

0. 1,0 

0.50 

-5 3 
[Fe(III)] ~ 3.0xlO N, [HC1]=0.5H, [PCllA]=4.0xlO- H 

Absorbance 
at l,47 nm 

0.110 

0.200 

0.282 

0.351 

0.423 

0.50" 

0.572 

0.603 

1 A 
og ---

A -A 
max 

0.22 

0.50 

0.77 

1.39 

2.31 

5.03 

17.30 

A 

A -A 
max 

-0.65 -1.00 

-0.30 -0.82 

-·0.0(, -0.70 

+0.11, -0.60 

+0.36 -0.52 

+0.70 -0.46 

+1.25 -0.40 
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Table 13. Results of Absorptiometric Hethod for Fe(III)-SCN-PCHA 

0.00 

0.10 

0.20 

0.30 

0.40 

0.50 

0.75 

1.00 

1. 25 

Table 

[SCNJ 

0.00 

0.25 

0.50 

0.75 

1.00 

1.25 

1.50 

14. 

Complex. 
-5 -3 

E'e(III) =4.0xlO H, BCl ~l.OH, PellA =2.0xlO N 

1 .11;.:..,_ or;--
log [SCN-] Absorbance 

at 495 nm A ,·A A -A 
max max 

0.000 

0.091, 0.11,9 -0.83 -1.00 

0.260 0.56 -0.25 -0.70 

0.403 1.26 +0.10 -0.52 

0.1,97 2.19 +0.34 -0.40 

0.582 4.10 +0.61 -0.30 

0.655 9.4'1 +0.98 -0.13 

0.704 35.20 +1.55 0.00 

0.724 -0.097 

Results of Absorptiomctric Hethod for Co(Il)-SCN Complex. 

[Co (II)] ~ 
-4 

[BC1] 4.0x10 , = 1. OM 

Absorbance 
A 11 

log rSC~(] ---- log ---
at 625 nm A -A A -A 

max max 

0.018 0.025 -1.59 -0.602 

0.165 0.295 -0.530 "0.300 

0.423 1.41 +0.148 -0.125 

0.561 3.1,4 +0.53'1 0.000 

0.656 9.65 +0.981} +0.097 

0.724 +0.176 



o I, 

CFt 

0·0 

I 
I 

O '} • J. L 

.. 0. 1, 

, .. j ·07 



1· 2 
-----.-~--~·-~-----·~--~·I 

j·o I 
0·8 

<{ 
I 

<{ ~ 
E 
<{ 0·6 

0'1 
.9 

0·1, 

<' 0·2 

0·0 

0·6 -05 o , 

Fimm,· 9, CUfV~ tor d"t<lirmin<:1tio(l 01 lm,n (HI) to sor 
" 

ratio in ;1;;;", (l!n~::it: N ,- )"C HA syst"m. 



1 ' • 
'I ' 

." j ,'i'i "~-~""'"""'~-'1"'~~,-~."-w'r-~" .. ·-'~·",~",·" .. ,--~v"-..... ~~w.r--~-d. 
. 0·1 G.O 0·1 

Curvl;: fm d"tennini'ltionutCol:>atU (II) 
to so,r r«~io in Cu(llj-SCNsystem. 

, 



- 60 -

Thus tIle ratio of Fe(III) to PCHA was found to be 1=2 

by both the continuous variation and mole ratio methods, 

and by continuous variations and absorptiometric methods 1n 

the thiocyanato-and azido-complex, respectively. \'lhile the 

ratio of Fe(III) to SCN or N3 was also found to be 1:2 by 

absorptiometric method in both -the systems. Hence the over­

all composition has been found to be 1:2:2 (Fe:PCHA:N; or 

SCN-) in both the Fe(III)-N
3

-PCHA and Fe(III)-SCN~PCHA 

complexes, respectively. 

The composition of CoCII) --SCN complex in the presence 

of PCHA has been found to be 1:4 (Co:SCN) byabsorptiometric 

method. The same composition has also been reported in the' 

literature (61). Thus, the composition of CoCII)--SCN complex 

did not change in the presence of PCHA. It was also indicated 

by the identical spectra of the complex in the absence and 

presence of PCHA. Hence, there is no mixed ligand complex 

formation of cobalt (II) with thiocyanate in the presence of 

PCHA. 

According to the composition and nature of extration 

into different solvents the follOl-ling structures are pro-

posed for the Co(II)-SCN, Fe(III)-SCN-PCHA, and Fe(III) 

N3-PCHA complexes, respectively. 

. 2-- + 
Co(SCN)4 :2NH 4 

Tetrathiocyanatocobatate(II). 
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. Bis- (N-phenylcinnamohydroxa,ilic acid )di th; ocyanato ferra te (III) • 

3.6 -Photometric Characteristics of the COIf,plexes 

The molar absorptivities and phoTomet~ic sensitivities 

(9), -the concentrat ion range obeyed by Beer IS la'd, and the 

optimum concentration range for the photometric determina--

tion evaluated from Ringborn's plot (81) are summarized in 

Table 15. The calibration curves data are given in Tables 

16-18 and the curves are sho~m in Figures 11--16. ·These re-

sults shoH that the Fe (III) -SCN-PCHA method is highly 

sensitive and can be applied for the determination of trace 

quantities of iron. Although Co(II)-SCN method is not very 

sensitive, it is more sensitive than some of recently re-

ported methods (62,82) \'lhich are also based on the formation 

of cobalt(II)- thiocyanate complexes. 
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Table 15. Photometric Characteristics of the Complexes 

Coloured 

System 

Fe (III)-SCN-PCHA 

1'" (III) -I; 3 -PCHA 

Co(II)-SCN 

;, 

Amax 

nIll 

495 

1,47 

625 

-1 -1 
1 mol cm 

lBOOO 

7$00 

1820 

~valuated from Ringbom plot. 

Sensitivity 

/ 
2 

)lg cm 

0.0031 

0.0074 

0.0324 

Conccntra" Optimum 

tion range concen­

for Beer's tration 

1al-l(ppm) range * 
(l'Em) 

0.2-3.9 0.35-3.0 

0.5-9.0 0.75-il.0 

2,-41 3.7-36 

Table 16. Calibration Curve Daca for Determination of Iron (III) by 

Fe (IIl)-SeN-pellA System 

Concentration of iron(III) 

1-1 ,lg/25 ppm Absorbance at 495 nm 

0.33xlO -5 
4.65 0.186 0.060 ,. 

1x10 -.) 13.96 0.559 0.180 
2xlO -5 27.92 1.118 0.362 

3x10-5 41.80 1.677 0.542 
4xlO'-5 55.85 2.236 0.721 

5xlO-5 
69.80 2.795 0.904 

6xlO-5 83.76 3.35i, 1.075 

7xl.O -5 
97.12 3.913 1.259 
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Table 17. Calibration Curve Data for Determinati.on of Iron (III) by 

Fe(Ill)-N
3

-PCHII System 

Concentration of i1'on(111) 

H )18/25 ml ppm Absorbance at 447 nm 

1xlO -5 
13.96 0.559 0.075 

2x10 -5 
27.93 1.117 0.150 

4x10 "5 55.85 2.231, 0.301 

8xlO-5 1J.1. 70 1,.468 0.603 

12xlO -5 167.58 6.702 0.902 

16x10-5 
223.44 8.932 1.200 

Table 18. Calibration Curve Data for Determination of Coba1t(II) 

by Co(II)-SCN system 

Concentration of coba1t(II) 

H )1g/25 m1 ppm Absorbance at 625 nm 

0.33xlO 
-4 49,08 1. 96 0.061 

1xlO 
-I, 

11,'/.25 5.89 0.182 

2xlO-4 294.50 ~1.78 0.362 

4x10 
-.!'. 

589.00 23.56 0.72/, 

6x10-4 883.50 35.3/, 1.086 

7xlO"4 1030.75 1,1. 23 1. 264 

3.7 Precision 

The precision of the methods Has evaluated by performing 

six independent analyses made on samples each containing 

55.85 )lg of iron(III) per 25 ml, 111.7 )1g of iron(III) per 

25 ml, and 589 )1g of cobalt(II) per 25 ml for Fe(IIl)-SeN-
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PCHA, Fe(III)-N
3

-PCHA, and Co(II)-SCN systems, respectively. 

The results are summarized in Table 19. Th"se results clear·-

ly indicate ·that ·the methods are highly precise and give 

reproducible results. 

3.8 Effect of Foreign Ions 

In order to evaluate the selectivities of the newly 

cleve loped methods the effect of foreign ions on the determi-

nation of iron(lll) and cobalt(II) have been studied. 

Table 19. Evaluation of Precision of the Nethods 

Total. numbel' Hean Standard Relative 

Hethod of samples absorbance devi.ation Standard 

deviation 
(%) 

Fe(III)-SCN-PCHA 6 0.721 0.0027 0.37 

Fe (III)-N
3
-PCHA 6 0.603 0.0018 0.30 

Co(Il)-SCN 6 0.723 0.0015 0.21 

The tolerance limit of foreign ions taken as concentration 

(ppm) Hhich cause an error less-than 2% are given in Table 

20 and 21. 

1'i tanium CIV) and zirconiurnCIV) Vlere found to interfer 

at all levels in the Fe(III)-SCN-PCHA method. HOHever, both 

metal ions Here masked by fluoride. I-Ihile ti taniumCIV) and 

vanaclium(V) l-lere found to interfer at all levels in the 

FeCIIIl-N
3

-PCHA method. But these interferences vlere over­

comecl by masking titanium I·li th fluoride and vanadium( V) \·li th 

hydrogen peroxide. There Vias no interference in the Co(II)-

SCN method. 
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The results given in Table 20 and 21 clearly indicate 

·that almost all common ions vlhich are normally associated 

with iron and cobalt in ores, alloys, steels, and biological 

samples do not interfer in the simultaneous determination 

of iron(III) and cobalt(II) with PCf~ and thiocyanate and 

also in the Fe<IIU-N
3

-PCHA method. Hence, the methods al'e 

highly selective and can be applied for the determination 

of iron and cobalt in any type of sample. 

Table 20. Tolerance Limit of Foreien Ions 1n the Determination of 

Iron(III) and Cobalt(II). 

Ion 

• Na 
+ 

K 

Li+ 
2+ Ca 

Sr2+ 

Ba2+ 
2+ He 
2+ Be 

A1 3+ 

I 
3+ ,a 

Tl+ 

Zn2+ 

Cd2+ 

Hg2+ 

Sn2+ 

Concentration of Iron(III) ~ 2' ppm 

Concentration of Cobalt(II) = 20 ppm 

[SCN-] = 2.0H, [HCl] = l.OH 

Tolerance limit, ppm 

Iron Cobalt Simultaneous 

determination determination determination 

400 400 L,OO 

400 L,OO 400 

1,00 1,00 400 

1,00 1,00 400 

400 1,00 400 

400 400 400 

400 400 400 

400 400 400 

400 L,OO 400 

400 400 400 

400 400 400 

L,OO 400 400 

400 400 1,00 

L,OO 400 400 

400 400 1,00 
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Table 20 Continued 

_____ ~ _____ ... 1_'_(Ll.£E~.<:_"_ lirniJ:~m 

Ion Iron Cobalt Simultaneous 

deterutination dHtermination determination 

Sn 
4+ 

400 400 400 

Pb 2+ 400 [,00 400 
.3+ 

B1 400 400 400 
VO., 80 20 20 

~+ Ce 200 300 200 
Th/,+ 400 200 200 

U02+ 
2 

400 400 1,00 

Cu2+ 10 40 10 

Ni 2+ 
400 1,00 400 

Cr 3+ 400 1,00 400 
Hn2+ [,00 400 400 

2-No0
4 

12 40 12 

\0102-
4 

200 200 200 

.1,+ 
T1 80* 120 BOi, 

Zr 
4+ 

80" 160 80* 

Acetate 400 I{OO 400 

Chloride 400 400 [,00 

Nitrate 400 [,00 400 

Sulphate 400 400 1,00 

Citrate 200 400 200 

Tertarate 400 1,00 400 

Phosphate 400 400 400 

Fluoride 400 {,OO 400 

Oxalate 200 400 200 

EDTA 1,00 400 1,00 

Borate 200 400 200 

* Hasked by Fluoride (l,OO ppm). 
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Table 21. Toler.ance Li.mit of Foreign Ions in the Determination 

of Iron (III) • 

Concentration of Iron (Ill) _. 4 ppm 
. -'l 

LN3 .- ~ 1.0 11, [HeI] ~~ 0.5 H 

--. 
Ion Tolerance limit, ppm 

Na 
+ 

400 

K " 400 

Li" 400 

ea 
2+ 

1,00 

S"r 
2+ 

400 

Ila 
2+ 

400 

Hg 
2+ 

400 

Ile 
2+ 

400 

A1 3+ 1,00 

La 
3+ 

400 
+ 

Tl 400 

Zn 
2+ {,OO 

Cd2+ 400 
Hg2+ 1,00 

Sn 
2+ 

120 

Sn 
l~+ 

120 
Bi 3+ 400 

*VO+ 
2 

40 

Cc 
4+ 

400 
Th4+ 160 
Uo2+ 

2 
400 

Cu 
2+ 

60 
Ni 2+ 400 

Co 
2+ 

400 

Cr 
3+ 

400 
Hn2+ 400 

Ho02-
4 

400 

HO~- 40 



- 71 -

Table 21 Continued 

Ion TolerHHce. limit, ppIll. 

" 

Zr 4+ 

Acetate 

Chloride 

Nitrate 

Sulphate 

Citrate 

Tartaratc 

Borate 

Phosphate 

Fluoride 

Hasked by H
2

0
2 

C2 lill of 30;'). 

** Nasked by Fl uoride (3000 ppm). 

320 

400 

400 

400 

400 

/,0 

320 

/,00 

1,00 

3000 

3.9 Simultaneous Determination of IronCIII) and eobaltCII) 

The simultaneous spectrophotometric determination of 

tlvO solutes in solu-tion can be done if there is no reaction 

betl-Ieen the tvlO solutes because absorbances are addi ti ve 

pl'operty C 7) • Hence, i-t can be written as: 

AU = Al (A 1) + A2 C AI) f28] 

A)) - Al (A 2) + A 2 (X2) [29J 

l'lhere AXI and AA2 are the measured absorbances at the tIVO 

wavelengths Al and A2 , and the subscrip-ts 1 and 2 refer 

to the two different substances, and the subscripts Al and 

A2 refer to the tlvO different wavelengths. The IVavelengths 

are selected to coincide with the absorption maxima of the 
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two solutes, i.e. the absorption spectra of the two solutes 

should not overlap appreciably, so that substance 1 absorbs 

strongly at Al and vleakly at I-Javelengtb >2' and substance 

2 absorbs strongly at A;> and Heakly at '\. Now according 

·to Beer's law A " £ Cl, vlhere £ is U1e molar absorption co·· 

efficient at any particular Havelength, C is the molar 

concentration, and 1 is ·the thickness (length) of the absorb·· 

ing solution expressed in cm. If 1 is 1 cm: 

r31J 

Solution of these simultaneous equations vives: 

r32J 

[33J 

Therefore by measuring the absorbance of the mixture at 

wavelengths Al and A2 , the concentrations of the two compo­

nents can be calculated, if £1 and E2 are knovm. The values 

of the molar absorption coeffibients El and £2 can be deduced 

from measurements of the absorbances of pure solutions of 

substances 1 and 2. 

In the present investigation iron (III) and cobalt(II) 

are completely ex·tracted together into ethyl acetate from 

the aqueous phase under identical conditions and the abso" 

rption spectra of the two metal complexes don't overlap. 
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Iron(III)··SCN~PCHA compl.ex absorbE strongly at 495 nm and 

weakly at 625 nlD, and cobalt(II)-SCN complex absorbs strongly 

at 625 nm and weakly at 495 nm (Figure 2). Thus by measu·· 

ring the absorbance of the ethylacetate extract at 495 and 

625 nm the concentration of the tv]O metal ions can be deter·· 

mined in the original solutions. 

Hence, in order to verify the proposed method, a series 

of solutions was prepared by mixing varying amounts of 

iron(lll) and cobalt(II) solutions and the two metal ions 

were extracted by the general procedure described earlier. 

The absorbance of the extracts was measured at 495 and 625 

nm against reagent blank and the concen·tration of the two 

metal ions in the original sample solutions were calculated 

by solving the simultaneous equations. The results are 

given in Table 22. These results indicate that the two 

metals can be determined precisely and accurately in a given 

sample by the proposed method. 

!~!-"--l2--,-~e..s~1 t.s_~.§_imu1_tan~o~...p~!~E_minH ti~~~L!-ro!!. (n!t~nd _Q9pa1 t (~!:2--,-_ 

[Fa(IH)] reo(H)] Ho1ar ratio Absorbance AbsoLbance r'Fe(IUY, rCo(II~ 
Added Added [Ji'e(III)~: at 1,95 nm at 625 nm found found 

..... _______ ..... _ .. ___ . .r.c:£(IQL ______ . __ . _._. ____ .. ____ _ .. 
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In order to aSBes the analytical potentiality of the 

newly developed methods, the methods have been applied to 

the analysis of blood, steel, and vitamin B12 samples for 

iron and cobalt, respectively. 

!3_lood __ ~51.!l~p'_l_<::; The amount of iron in blood sample, prepared 

by follOlving the procedure described earlier, was determined 

by FeOII)-SOJ--PCHA method and FeOIn--N3-PCHA method. The 

iron content of the blood sample was also determined by 

2,2'-bipyridyl as standard method to compare the results 

obtained by newly developed methods. In all the methods the 

results obtained were essentially the same, and fall within 

the range of content of iron in whole blood reported for an 

adult man. The reported range is from 45-145 mg/IOO ml (14). 

Hence, both Fe(III)-SCN-PCHA and FeOII)--N
3

-PCHA methods are 

reliable and applicable for the determination of iron in 

biosamples. The results are given in Table 23. 

Table 23. Determin"tion of hon in Blood Sample 

*FoFound 

lolethod mg/lOO ml 

Relative standard 

deviation (%) 
_ .. _---------_ .. _---------------------
Fe (III) -SCN--PCHA 

Fe(III)-N
3

--PCHA 

2,2' --bipyridyl 

77 .18 

77 .111 

77 ./11 

-------------------

'* . Average of three dcterm1nations. 

0.25 

0.76 

0.30 
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Steel Sample: Since standard samples Here not available, 

synthetic samples having the same constituents Hith identkal 

proportion as that of i.:he British Chemical Standard Steel 

No. 6 1+a and 2lfl/l Here prepared. Extraction and determina-

tion of iron in s-teel samples Here undertaken follovling the 

procedures described earlier. The experimental results are 

given in Table 24. 

Composition of Steel: 

Sample No. S4a C,O.BOiCr, 4.40;V, 1.57;Mo, 4.11; 

W, 5.66;Fe, 83.45%. 

Sample No. 241/1: W, 19.51;Cr, 5.03;Mo, 0.52;V, 1.57; 

Co, 5.67;C, 0.85;Si, 0.33;S, 0.033; 

P, 0.021;Mn, 0.295;Ni, 0.075;Cu, 0.10; 

Sn, 0.025;Fe, 65.87%. 

Table 21,. Determination of Iron in Synthetic Steel Samples 

Sample Iron *Iron Relative Relative 

Hethod No. Content Found Standard Error 

(%) (%) deviation (%) 

(%) 

Fe (III)-SCN-PCI1A 64a 33.45 82.83 0.28 0.75 

Fe (III)-N
3

-PCHA 64a 83.1,5 82.89 0.22 0.67 

Fe (III)-N
3

-PCHA 2t,l/1 65.87 65.2:; 0.43 0.91 

* Average of triplicate analyses. 
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In order to ascertain the reliability of the newly 

developed method for the simultaneous determination of 

iron (III) and cobalt (1,1), the method l'IilS applied to the 

analysis of British Chemical Standard Steel No. 241/1. The 

iron(III) and cobalt(II) were extracted from the sample 

solution by the general procedure and the concentration of 

the tHO me·tal ions were calculated by solving the simultaneous 

equations. The results of the analysis are given in Table 25. 

Table 25. Simultaneous Determination of Iron(II1) and Cobalt(II) 

in Steel [;ample No. BCS 241/1 

----
Iron *lron Relad ve Relative Cobalt "'Cobalt Relative 
Content found standard error content found standard 
(%) (Z) deviation (%) (%) (%) deviation 

(%) (%) 

65.87 6S.33 0.12f, 0.82 5.6'1 5.64 0.72 

*Averaee of triplicate analyses. 

Relative 
error 
(%) 

O • .53 

The experimental results indicate that the neHly deve­

loped methods are reliable. 

Vi tamin B12 : The cobalt (II) -thiocyanate method \Vas applied to 

the analysis of vitamin B12 . The cobalt content of the sample 

I'/as determined by the general procedure described earlier. The 

experimental result (Table 26) is in good agreement \Vith the 

actual value indica.ting the accuracy of the method. 

Table 26. Determination of Cobalt in Vitamin B12 

Cobalt *Cobalt Relative Relative 
Content (%) found (%) standard error (%) 

deviation (%) 

f,.35 f,.323 0.16 0.62 

k 
Avel'age of triplicate analyses. 



3.11. Comparison lVith Other Nethods 

The comparative study of the proposed methods for cobalt 

and iron, in regard to selectivity and sensitivity lVith other 

spectrophotometric methods are summarized in Table 27 and 28. 

The selectivity of the present method for cobalt is 

rela"tively higher than most of the methods Vlhile the sensi­

tivity of the present is relatively 101V in comparison to 

the most of the methods. 

The sensitivity and selectivity of the present methods 

for iron have been compared lVith other methods. The 

selectivity of the present methods is comparable to most 

of the other methods Vlhile the sensitivity of Fe(III)-SCN­

PCHA method is relatively higher than mos"t of the other 

methods and that of Fe(III)-N3-PCHA method is comparable 

to most of the other methods. 



Tecle 27. Comparison with Other Methods for Iron 

Am= Optim.um 

?.eagent nm acidity range 

1,lO-phenanthroline 508 pn=2-9 

AmrnoniU1:l thiocyanate L,,80 0.5-1.0H 

HC1 

Ox~1~t2 with purpurin 600 pH=8-10 

N-hydro"-J N ,N-diphenyl 
benzamidine' 'i.:'ith azide 530 ph=2-5 

N-hydrcxy N~N-diphenyl 
benz?~ldine with thiocyanate 460 o . 5 -1. ON OC,], 

PCHr\./thiocyan3te 440 pH=1.1-2.5 

PCRA 440 pH=1-4 

peat. .. wi th azid~ 447 0.1-0.9M HCI 

PCHA with thiocyanate 495 O.5-2.0H HC1 

Sensitivity 

118 Fel C':i.l 
2 

0.0047 

0.0080 

0.009S 

0.0120 

0.0047 

0.0068 

0.0070 

0.0074 

0.0031 
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Inferference 

2+ 
Cu , 

+ 2+ 2+ 2+ 
Hg, Ni ,Cd ,Co , 

3-
P04 

+ 
" ry "'~5, 

F , 

+ 4:;:-6+ 2+ 
Rg, V ,Mo,Cd , 

4- . 3-
P04 ' As04 

---,i- 5+ 
'~' ,As , 

l,+ 
Zr 

v5+ . 

5+ 6+ 
V "l~o 

. .'3+ - -2+ 4+ 
Bl. , Be , 'Ih , 

Z 4+ ".,.4+ w6+ r , J.1. , 

5+ .4+ 4+ g+ 6+ V , 11 , Zr ,M ,W 

4.+ 5+ 
T 1., V 

Tt-Zr4+ 

Ref. 

28 

44 

o~ 

0-> 

59 

58 

76 

73 

Present 
l1ethod 

Present 
Method 



.Tab1e 28. Comparison with Other Methods for Cobalt 

Reagent 

l~onium thiocyan2te 

I-Nitroso-2-naphthol 

Neotetrazoliuc chloride with 

thiocyaunte 

Triphenylsulphoni~ chloride 

with thiocyanate 

Propylene carbonate with 

thiocyanate 

1,5bis(di-2-pyridylmethylene) 

thiocarbonohydr~zide 

~oniutl thiocyanat.e 

A 
max 

= 
620 

550 

620 

625 

625 

48 

625 

OptilO!UIrl Sensitivity 

acidi ty ra!lge \l$ Col err? 

pH=4-5 0.0550 

ph=4.5-5 0.0075 

pH=3.5-5 0.0196 

pH=6-8 0.1447 

pH=2.5-6.2 0.0327 

ph=10.4-11 0.0011 

0.1-105M HCI 0.0324 

- 79-

Interference Ref. 

.2+ ~ 3+ 5+ 2+ 
Nl. , • G! , V , Cu , 
C 3+ 6+ r , cr 8 

2+ 2+ 2+ 
eu ~ Fe ,. }1n 47 

3+ 
Fe , EDT~, all metal 10ns 

which form color2d complexes 
with thiocyan~te 60 

3+ 6+ 2+ 2+ 3+ 
Cr , U , fig , Zn , Bi , 
~ 2+ 
.ce , eN, EDTA 52 

.,..., 2+ 2+.1 2+ 3+ 

.~ e , Cu , b.g , Cr 61 

c_3+ 2+ .2+ 2+ _ 3+ .... , ~m , N~ ) Zn , ~ e , 
2+ 1)+ 2' ..... + ,,:,., H '" "d T B':.J 84 I,;;u., g,..... , .>.. 

Present 

r-fethod 
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'f. CONCLUSION 

New methods have been developed for the determination 

of ironCIII) and cobaltCII) and for the simultaneous determi­

nation of iron(III) and cobalt(II) with thiocyanate and 

N-phenylcinnamohydroxamic acid by solvent extraction and 

spectrophotometry. The methods are highly selective, and 

the method fop ipon is highly sensitive Hhile the method fop 

cobalt is faiply sensitive. The methods ape also simple, 

ppecise, accurate, and free from the rigid control of the 

experimental variables. Therefore, the methods are applicable 

for the successful dctcpmination of iron and cobalt in opes, 

alloys, pocks, soils, and biological samples. Hence, the 

methods will have wide analytical potentialities. 

Anothep neH simple, rapid, precise, and reliable method 

has been developed fop the extpaction and spectpophotometric 

determination of iron CIII) wi-th PCHA and azide. The ne\<lly 

developed method is sensitive and highly selective, and fpee 

from the rigid control of experimental variables. The pro­

posed method can be applied for determination of iron in 

diverse samples. 
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