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N~'Hydroxy-N ,N' -diphenylbenzamidine (HDPBA)" a 

bidentate chelating agent, reacts with cobalt(III) and 

ironeIII) in the p,resence of azide to give a pinkish 

red and red-violet coloured mixed ligand complexes, 

which are quantitatively extractable into chloroform 

from the aqueous ]lhase at pH 7.4-7.8 and 2-5 respectively,. 

allowing spectropJiotometric determinations of the metal 

ions. The cobalt(III) and iron(III) mixed ligand 

complexes have wavelengths of maximum absorption at 

520 and 520-540 run with their respective molar absorp­

tivities of 1980 lit. mole-l cm-l and 4895 lit. mole-I 

cm-l • Beer's Law obeys from 3.6 to 24 ppm for cobalt(III) 

and from 1.6 to 11.2 ppm for iron(III). The effect of 

foreign ions and several other experimental variables 

have been studied., The composition of the cobalt(III) 

and iron(rII) mixed ligand complexes have been determined 

by spectrophotometric methods- and ilre found to be 1:1:2 

(Co: HDPBA:N:3) and 1:2:2 (Fe:HDPBA:l{'3) respectively. 

On the basis of the differences in the pH of the 

react'ion media for irone III) and cobal t( III), a separation 

procedure for the two metals in a solution has been 

established folloHed by spectrophotometric determinations. 

The method has allowed the separntion and determination 

of varied proportions of ironeIII) and cobalt(III) in a 

solution of the two metal ions. ,Moreover, the methods 

have been applied successfully for the separation and 

determination of cobalt and iron in synthetic samples. 
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1. lllTHODUCTIOH 

Analytical Chemistry has been characterized by 

recent advances of powerful methods of sep8ration and 

quantitative determinations. The udVclllces made in this 

field have been a requirement to the development of 

modern science and technology. Many elements, therefore, 

which were considered unimportant previously have 

obtained a high industrial significance at the present moment. 

For example, the use of germanium and silicon in semi-

conductor technology; uranium, thorium, the lanthanides 

and the actindes in nuclear energy programs are to 

mention some. These developments have necessitated the 

progress being made in the field of analytical chemistry. 
c 

Hence', the analytical chemist is forced to include these 

elements in his analytical schemes which almost always 

involved the basic problems of the field, separation and 

quuntitative determina.tion. Although rapid advances 

are being made in the field of new analytical methods 

based· on instrumental techniques, the chemical reaction 

of a suitable reagent with the substance to be determined 

still remains the -(;rue basis of numerous methods of 

detection, separation and determination. Organic re­

agents playa predominant role and find wide applicationl - 7 

in spectrophotometry, titrimetry (as titrants and indi­

cators), spot testis, and last but not least in separation 
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that is, preconcentration methods like precipitation, 

masking, extraction, and ion-exchange procedures. 

Every year, hundreds o~ papers on the reactions and - - . 
possible applications of new and previously known 

organic reagents for inorganic analysis are published. 

'l'he study of these reagents results in the development 

of highly sensitive, selectlve, and rapid methods for 

the analysis of variety of materials, requiring only 

simple instrument8.tion. 

The reaction of organic reagents with inorganic 

" ions7 in solutions can yield products of various pro-

perties which can exhibit a change in colour, 

luminescence, solubility ana volatility. The reaction 

products may be complex compounds or new organic com­

pounds formed due to oxidation-reduction or catalytic 

actions of inorganic ions. Besides the~e reaction 

types, the formation of the products which is insoluble 

in aqueous solution can be employed for gravimetric 

determination, separation or precepitation titration of 

an ion. If the ruaction product is-less soluble in 

water than in an organic solvent immiscible with water, 

it may be extracted into the organic solvent~ 

In many reac-tions of organic reagents a conspicious 

colour'or fluorescence is developed, or conversely, a 

coloured component in solution is decolourized during 

the reHction, or its fluorescense is quenched. Such 
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reactions can be apr1ied for both qualitHtive tests and 

quantitative determinations. Furthermore, these types 

of reHction are also employed for end-point detection 

in acid-base, oxidation-reuuction or· complexmetic tj,t-

rations. 

One of the 'main applications of or(~anic reagents 

in the inorganic analysis is the separation and deter­

mination of metal ions by solvent extraction and spectro-

phometry. 

1.1 SOLVENT EXTRACTION 

Solvent extraction is ~he partition of one or 

more components between two liquids of limited 

miscibility. Buch a liquid-liquid partition is 

caused by the different solubilities of a given 

substance in the two phases. ~his method of 

partition of a given SUbstance from one phase to 

the other is a rapid and non-instrumental method 

of separation technique provided the SUbstance is 

practically soluble only in 011e of the two phases. 

It is usually effected in a few minutes using a 

pear-shaped or cylinderical separatory funnel and 

is applicable both to trace level impurities and 

· t'~' t 8-11 maJor cons 1. "u'cen s. vurthermore, inorganic 

constituents are often separated from an aqueous 

solution to Vlater-iulmiscible organic solvents 
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viC! the formation of inner complexes which may be 

applied to direct analysis by spectrophotometry,_ e;as 

chromatography, atomic absorption, radiochemical or 

other suitable methods, 

Solvent extraction, therefore, has so far enjoyed 

a favored position among the separation techniques 

because of its eaGe, simplicity Dnd wide scope. 

1.2 CLASSIFICATION OJ!' BX'i'HAUl'ION LY8TBMS 

Extractioraare categorized according to 

different criteria~;2 Borne of the common basis of 

classification are: 

a. the type of efCtraction process or reaction 

in which the extractable species is formed 

(physical partition, solvation, formation 

of chelates or ion pairs etc); 

b. the Idnd of extractable species (simple 

covnlent compounds, chelates, ion­

association complexes etc); 

c. the type of extracting agent (neutral, 

acidic or basic); 

d. the kinetics of the extraction. 

None of these criteria, however, allows an 

unequivocal classification of all knovm extraction 
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systems under the given headings. 

If the use of organic l'f,agents is considered for 

extractions applied in inorganic analysis, the most 

reasonable classification is the one based on the kind 

of extractable species. 

1.3 TYPE OF EXTRACTABLE !3FE(;IEb 

On the basis of reactions with metal ions, 

complexing agents (organic and inorganic) used in 

1" solvent extraction may be classified :; as follows. 

i.' simple mondentate coordination alone as 

ii~ heteropoly acidfjr' a class of coordination 

complexes in which the central ion is a 

complex rathE:r than monoatomic as with 

phosphomolybdic acid, H3P03M003• 

iii. chelation (polydentate coordination) alone 

as v!ith Al(8-quinolinate)" 
:; 

iVa ion association alone as with Cs~'(C6HB)4B'"' 

. v. Simple coordination and ion association as 

with ( Onium ), 'J!'e~~4'" "Onium" stands for 

cations like (H 0) ' H+ RnNH+ (where 
. 2 .:I' 4-n 

R = alkyl or aralkyl group and n ranges 

from I tp 3, and substituted phosphonium 
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vi. chelation and ion association with either 

positively or negatively char'ged netal chelates 

such as Ou(2,9-dimethyl-l,lO-phenanthrOline)2+. 

0104" 
vii. simple coordination and chelation as in Zn(8-

quinolinate, p'yridine). This category is of 

significance for coordinately unsaturated metal 

chelates, that is, those with monoprotic 

bidentate, ligands in which the coordination 

number of the metal is greHter than twice its 

valence. 

Extraction methods based on the formation of 

extractable chelates, types iii and Vii, are of great 

importance in analytical chemistry, since they give 

extremely selective separations. Uncharged metal 

chelates are usual,ly more soluble in organic solvents 

than in water with greater efficiency under suitable 

c~nditions, pH, concentration and solvent. 

1.4 EXTRAUTION EQ,UILIBHIA OJ!' METAL UHELATES3 ,14 

The equilibrium processes on the extraction of 

a metal ion by an organic reagent in the organic 

solvent from the aqueous phase can be represented 

by the following schemes: 
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a. 

b. + -Mn ( ) + nL ( ) -----~ ML· ----~ ML aq aq ~----- n~aq) ,---- n(org) 

When the tVIO phases are in contact, the equilibrium 

processes taking place are as follows: 

i. distribution of the chelating agent between 

the two 'phases given by the distribution 

constant 

[HLUCorg) 

[HL] (aq) 

ii. the deporotonation of the chelating agent in 

the aqueous phase is represented by 

= 

[HL] 

iii. formation of the chelate whose position of 

equilibrium is determined by the overall 

stability constant 

f! = n 

iv. finally the distribution of complex between 

the two phases, which is represented by 

distribution constant 
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[MLn] (org) 

[NLnJ(aq) 

The overall extraction process is represented as 

follows: 

where 

n+ 
M (aq) + nHLCorg) 

Hex --.----------

[MLn]org [H+]aq 

[Mn+J(aq) [HL](org) 

+ 
Nilin(org + nH (aq) 

The distribution coefficient of the metal ion is 

defined, assuming no side reactions, ay 

Hence, 

[MLn](org) 

[Mn+](aq) 

[HL]n(org) 

[H+](aq) 

or log ~ ~ log Kex n log [HLJ org + npH 

In the case of mixed ligand complex formations the 

equilibrium may be represented as follov7s: 
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Where Y- is a monodentate ligand. The distribution 

coefficient of the metal ion is given by 

= 

Hence, 

= 

[MLnYm] (org) 

[M(m+n)+] 
(aq) 

Kex [HLJ(org) [Y-](aq) 

[H+J(aq) 

or log DM = log Kex + n log [HL)(org) + m log [Y-J(aq) + npH 

If a certain metal ion has to be transfered into 

the organic phase, the value of the distribution ratio, 

DM for that metal should be as high as possible. Organic 

ligands, therefore, play an eminent role in extraction 

separations because they can react with metal ions to 

give products having the basic requirements for extract-

ability that is, solubility in water immiscible organic 

solvents due to their marked non-polar nature and 

electrical neutrality. 

The organic ligands vlhich form Vlater insoluble 

chelates (inner complexes) with metal ions a.re those 
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which have acidic functional groups, such as -OR, -SH, 

-GOOH, at one coordination cire and neutral donor groups 

such as =0, =N-, =S, at another. 

In reaction with metal ions, the acidic functional 

groups lose their protons and replace them by metal­

anionic donor atoms bonds. l:iuch re8gents can form 

neutral water insoluble metal che1ates or if charged 

further reac'bions with monodeutate charged ligands take 

place forming mixed ligand comp1exes1 The metal che1ates 

so formed in either way are essentially insoluble in an 

aqueous phase and transfer into an organic phase in a 

solvent extraction system. Furthermore, the metal 

che1ates extracted into organic solvents are usually 

intensely coloured or exhibit f1uoresence. Hence, the 

extracted complex is not only used for separation but 

also for quantitat'ive determination by spectrophotometry 

or fluorimetry. 

One of the important group of organic reagents 

recently employed in analytical chemistry for solvent 

extraction and spectrophotometric determination of metal 

ions are the N-Hydroxy-N,N'-diary1benzamidines which also 

form the basis of the present investigation. Hence, the 

general properties and analytical applications of these 

compounds are briefly described in the next section. 
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2. N-HYDHOXY-N,NI-DIAHYLBBNZAMIDINED At) ANALYTICAL 

HBAGENTS 

N-Hydroxy-N,N1diphenylbenzamidine, I, and its 

analogues are typical monobasic and bidentate chelating 

agents. These compounds are represented by'the general 

formula, II, having an analytical functional grouping, 111.-

C6H5-C-~ N-C6H5 1 

C6H5-N.,-OH 

I 

Ph-O = N-Ph 
I 

Ph"-N-OH 

II 

-0. = N­
I 

-N-OH 

III 

Ilhere Ph, Ph' and Phil are phenyl or substituted phenyl 

groups. 
The hydroxyamidines are pale yellow coloured 

crystalline solids. These compounds are stable toward 

heat, light and air and can be stored indefinitely. They 

are insoluble in water but readily soluble in common 

or[janic solvents such as alcohol, acetone, chloroform 

and benzene. Their solutions in organic solvents are 

light yellow colou.red and stable for several days if 

properly stored. 

N-HydroXY-N,N'-diarylbenzamidines were first 

synthesized by Ley15 in 1901 and some of their properties 

were studied by Ley and Holzweisseg16 , Their studies were 

confined to isomerism and reduction of these compounds. 
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They showed that l-p-tolyl-2, 3--diphenyloxyamidine and 

1,,2-phenyl-3-p-tolyloxamidine are isomeric and melt at 

different tempratures. In alcoholic medium, the 

hydroxyl group of these compounds could be reduced by 

sulphur dioxide to the corresponding amidine form. They 

also studied the kinetics of hydrolysis of the hydro-

chloride salts of ,hydroxyamidine free bases. However, 

the analytical potentialities of these compounds remained 

unexplored until 1974. 

N-Hydroxy-N,N'-diphenylbenzamidine (HDPBA) was 

introduced as an analytical repgent for the first time 

in 1974 by satyanarayana and Mishra17 for the extraction 

and spectrophotometric determination of vanadium(V). 

They further extended the analytical application of 

HD:PBA for the determination of other metal ions. Later 

on Mishra and co-workers have synthesized a large number 

of substituted hydroxyamidines and extensively studied 

their analytical'potentialities. Several research 

pal)erS have been published on the applications of 

hydroxyamidines~8-33N-HydroxY-N,NI-diphenylbenzamidine 

and its analogues are now 'widely used as reagents for 

the detection and determination of several metal ions in 

gravimetric analysis, solvent extraction and spectro-

photometry. 

Hydroxyamidines reBct ~Iith metal ions to form 

five-me:obered ring complexus. The metal chelates may 
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N-Hydroxy-N,N'-diphenylbenzClmidine and its analogues 

have been applied for the grevimetric determination of 

copper(II)19 and nickel(n)2? They have been used for 

the spectrophotometric determination of iron(I1I) and 

manganese(11)22 in aqueoUs solutions. These reagents 

have also been employed for the solvent extraction and 

spectrophotometric determination of vanadium(V)~7i30 

The use of hyd1'oxyamidines have been extended for the 

synergic extraction and specj;rophotometric determination 

of vanadium(V)30,3,2 in presence of various adduct forming 

substances like cc',rboxylic acids, 27,28 phenols29 , 31 and 

aldehydes~3,25 

N-Hydroxy-N,N'-diarylbenzamidines have been applied 

as reagents for the synergic extraction 

metric determination of iron(I11)24,26, 

and molybdenum(V)33 by the formation of 

Clnd spectrophoto­

vanadium( V) 23,2'+,32 

mixed ligend 

complexes with thiocyanate. They have also been used for 
., 

the simultaneous determination of i1'on(I1I), vanadium(V) 
21 and molybdinum(V). 

The formation of mixed ligand complexes of iron(III)26 

and vanadium(V)23 with hydroxyamidines and azide have 

also been studied and applied for the extraction and 

spectrophotometric determination of these metal ions~ 

studies on the applicability of the N-hydroxy-N,N'-

diarylbenzamidines has continued until very recently 

for the gravimetric, spectrophotometric and extraction-
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photometric determihation of some metal ions. 

It is clear from the foregoing literf1ture survey 

that the use of hydroxyalllidines for the determination 

and ssparation of cobalt from cOJllJllonly associated metals 

such as iron in complex materials have not been repoI'ted 

so far, Hence, N-hydroxy-N,N'-diphenylbenzamidine (HDPBA), 

the parent compound, has been applied in the present 

investigation for the determination of cobalt(III) and 

simultaneous separstion and determination of cobalt(III) 

and iron(III) in the presence of azide by solvent 
, 

extraction and spectrophotometry in the same solution. 

The extraction and determination of iron(III) has also 

been studied in a different condition to improve the 

sensitivity and selectivity of the reported method. The 

outcome of the present investigation Vlill further extend 

the analytical application of the reagent. 

201 GBNEliAL METHOD CF SYNTHBIJIS OF N-HYDEOXY-N.N'­

DIAHYLBENZAMIDINES 

Since, N-hydroxy-N,N'-diphenylbenzamidine is 

not available commercially, it was necessary to 

synthesize the reagent in the laboratory by the 

method reported in literature. Although, some of 

the N-hydroxy-N,N'-diarylbenzamidines were synthe-

sized in 1901, the detailed procedures of the 
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syntheses of these compounds were not described!'? A 

general methoc of syntheses of these compounds VlIlS 

described by Satyanarayana and Mishra17 in 1974. The 

method involves the condensation reaction of N-aryl-

hydroxylamine '!lith N-arylbenzimidoylchloride in absolute 

ether medium at 10Vi temperature. 

Ar-NHOH + Ar'-G;N-AH" 
1 

01 

Ether ..,-------> 
OOC 

Ar-N-OH 
. t + 

Ar'-C~N-Ar' 

The hydrochloride salts of hydroxyamidines obtained 

give the corresponding free base on treatment with 

HCl 

ammonia. Two to three crystallizations from benzene and 

petroleum ether or from alcohol gives the pure products. 

'rhe yield rangEl3 from 40 to 70 percent • 

The preparation of a large number of N-hydroxy~N,N'-

diarylbenzamidines 

synthesized by the 

reported in the litrature have been 

·18 33 same method. - Hence, the synthesis 

of..these compounds require the preparation of the re-

spective N-arylbenzimidoyl chloride and N-arylhydroxylamine. 

2.11 ME'lHODS OF lREl'lll<A'J'ION OF N-AHYLl3ENZIMIDOYL 

OHLORID};;S:' .Ii number of methods are reported in 

the literature34- 36 for the preparation of 

. N-arylbenzimidoyl chlorides. However, the most 

commonly used method of the·synthesis of imidoyl 

chlorides involves chlorination o:t' benzanilide or 
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substituted anilidus of aromatic carboxylic acids vlith 

thion:yl chloride under reflux~6 The imidoyl chloride 

can easily be separated from excess thionyl chloride by 

fractional distillation under reduced pressure. 

Ar-OO-NH-'Ar' + 80012 
reflux 
~--------> Ar-C;N-Ar" 

150-160°0 \ 
01 + S02 + HOl 

Anilides of the corresponding aromatic carboxylic 

acids can be obtained by addition of slight excess of 

aromatic ac;)~ chloride to aniline or substituted aromatic 

amines in aqueous solution of sodium hydroxide with 

stirring followed 'by crystallization from boiling benzene~7 

2.12 METHODS m' PHEPAHA'I'ION l-F N..,ARYLHYDROXYLAMIlillo: 

8everal methods aTe available for the preparation 
. 38 48 of N-aryl-hydroxylamines. - However, the simple 

and most widely used methodl~2,43 of preparation is 

based on the reduction of aromatic nitro compounds 

with z;inc du.st and ammonium chloride in aqueous 

solution at 60-65°0. 

Zn/NH401 
Ar-N02 -----------> Ar-NHoH 

60-650 0 

The pure products can be obtained by re­

crystalliz;ation of the crude hydroxylamines from 
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benzene and petroleum ether. N-arylhydroxylamines are 

highly unstable and therefore, they should be used 

immediately for further synthesis. 
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3. EXPEHIliiliWrAL 

3.1 I:JYNTHESIS OF N-HYDROXY-N, N' -DIPJlliHYLBBNiJAMIDIN1~ 

, 
The preparation of N-hydroxy-N,N'-dipheny1-

benzamidine required the synthesis of N-phenyl-

benzimidoyl chloride and N-phenylhydroxylamine. 

Hence, these compounds were to be prepared for the 

synthesis of the parent compound(r) according to 

1'7 the literature cited. 

3.11 PilliPARATION OJ!' N-PHBNYLBEN~IMIDOYL UHLOIUlJE: The 

synthesis of N-phenylbenzimidoyl chloride was made 

by chlorination of benzanilide using thionyl 

chloride as a chlorinating agent{6 

A 20 excess of thionyl chloride was mixed with 

33.0g (0.17 mole) of benzanilide ami heated for 

thirty minutes at 1100C, and further heated under 

reflux at 150-1600 C until the reaction mixture 

turned liquid. The excess thionyl chloride was 

removed by distillation under partial vacuum. The 

imidoyl chloride was used as such for the synthesis 

of the reagent. 

Ph-CO-NHPh + 80C12 ~------> Ph-Q=N-Ph + HCl + 802 
I 
Cl 
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Benzanilide which vms used for the synthesis of 

H-phenylbenzimidoyl chloride \'las prepared by addition ofo 

slight excess of benzoyl chloride to aniline ill 10% (w/v) 

of sodium hydroxide solution with stirring followed by 

crystallization in boiling benzene{7 

3.12 PHEPARA'rI0N OF H-l'HENYLHYDHOXYLAMINE: N-phenyl-

hydroxylamine was synthesized by the reduction of' 

nitrobenzene with zinc dust and an aqueous solution 

of ammonium chloride at 60_650C~2,43 

Zn/NH,+Cl 
-----.-~-------> Ph-NUOH 

60-650 C 

5015 of nitrobenzene (41.6 ml, 0.41 mole) was mixed 

with 800 ml of water to which 2515 of ammonium 

chloride VlSS already added. '1.'0 the mixture was 

added 6015 of zinc dust gradually with stirring in 

a course of twenty five minutes, so that the 

temprature of the reaction mixture does not rise 

beyond 60-650C due to the exothermicity of the 

reaction. '1.'he product was separated from the zinc 

oxide produced by suction. 5015 of salt was added 

to the solution to crystallize the N-phenyl-

hydroxylamine. The product was recrystallized 

from benzene. Yield 551., melting point 80-8loC 

(r.eported ve.lue 8l0 C). 
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3.13 PHEPAlli1'i'ION 'OF N-HYJJl/0XY-N,N I-JJIPHENYJ~BliJ:rZA!'1lIDIl\'b: 

N-phen~lhydroxylaL1ine (7.525g, 0.07 mole) in 

absolute ether was fldded in small IJOrtlons I'li th 

stirring to a solution of N-phenylbenzimidoyl 

chloride,(15.0g, O.OU) mole) in 180.0 ml of absolute 

ether placed on an ice-salt mixture. 

First a light brown oilly subst£mce sepElrated 

I"lhich solidified into light yellow cl'ystals on 

continued stirring. The crystals \'Iere filtered and 

washed \1i th ether. r-"he hydrochloride sAlt vms 

tree ted Vii th 5210 ml of 1. ON ammonia. The pre­

cipitated free base \'IHS filtered off, recrystallized 

tuice from peti'oieum ether (60-800
) and benzene 

(1:2) to give pale yellow crystA.ls. Yield 7.5g, 

m.p. 161-16jo, reported17·16jOC. The compound was 

characterized by its melting point and infra red 

spectrum.' rOhe compound is insoluble in water but 

soluble in chloroform, ethAnol, acetone, benzene 

Hnd acetic. acid. 

r1'he infra red spectrum of the reae;ent 

synthesized indicate (Figure 1) the presence of 

-OH stretching band at 3080 . ern-I. The shift from 

the normal ":OH'band, which is lOVier in the case 

of the reagdnt under study,' ill found to be .'c}ue to 

the partial hydrogen bonding of the system'OH ••• N=C. 

"'he s'bretching frequencies assigned to -OH, C-N, 
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C=H are in [';ood eOJ'relut ion I!ith the literature values, 17 

30BO, lLj.25, 1600 cm-l respectively •. A sharp band at 

3040 cm -1 is also observed Ilhich is chBJ.'acterstic of 

aromatic C-H stretching vibrations. 

3.2 APPilhATUb AND hLAGEWf'S 

Apparatus: Beckman (n) Model 24 uv-vrs spectro-

photometer equipped with I em matched quartz cells 

vms used. Beckman CHEM MATE pH meter was used for 

pH measurements~ 

SCl'ANDARD COBALT ( II) bOLD'rIOn: A stock solution V13S 

prepared by dissolving 4.9412g of anal;ytical grade 

cobalt(II) nitrate hexahydrate in distilled water 

followed by dilution to make a litre solution. This 

solution contains Img cobalt per milliliter. 

SCl'ANDARD IRON(III) SOLUTION: . A stock solution was 

prepared by dissolving 3.5108g of ironCII) ammonium 

sulphate hexahydrate in 15ml of nitric acid (1:3) 

followed by dilution with distilled water to make a 

;;OOml of solution. This solution contains Img ironCIII) 

per milliliter. : 

SOLUTION (;F l!'OhLIGN IONS:· The solutions of foreign 

ions Vlere prepared from salts following the procedure 
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11-9 of \mst, so thn-G the conc0utJ:ation of the BDlutions 

were acljusted to lSi ve 10mg per ml of the ion in questiou~ 

SOLUs:'ION OJ!' HDPBA: The organic reagent was dissolved in 

distilled chloroform to give 0.2~-O.71. (w/v) solutions. 

AZIDE SOLUTION: A 1. OM azide solution was prepared by 

dissolving 65g of sodium azide to make a litere solution. 

303 HIOCEDURE l' OR LXTIIACTIOH JIND DEs:'bHrI1INATION OJ!' GOBJ,LT(III) 

Transfm:' an aliquot of cobalt(II) solution con­

taining 0.1 "l;o 0.6mg of the metal into a 100ml 

separatory funnel. Add 4ml of 30/ hydrogen peroxide 

followed 3ml of 1. OM sodium azide. Adjust the volume 

of the aqueous phase to 10ml by addition of distilled 

water. To the. solution add a mixture of 4ml of 

pyridine and 6ml of 0.7/. reagent solution, shake 

the mixture for tv/o minutes and. allovi the two phases 
• 

to separate. Dry tlw organic phase Vii th sttfficient 

anhydrous sodium sulphate after separating the 

extract from the aqueous phase. Wash the aqueous 

phase with 2 x 5ml protions of chlor;)form. Dry the 

washings after separation. 't'ranster the chloroform 

solution into a 25ml volumetric flask. Dilute to 

volume Viith chloroform. Measure the absorbance Cit 

720nm against chloroform as blank. 
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Transfer an nliquot of iron(rrr) solution con-

taining 0.03 to O~30mg of the metal into (l >Oml 

beaker add I+ml of 1. OM sodium azide solution follo\'/ed 

by 3.0ml of distilled water. iidjuBt the pH to 4 using 

15':"16 drops' of 2.0M hydrochloric acid. ~ransfer the 

Bolution into a lOOml sepnrCltory funnel. Wash the 

beaker with small amount of water and transfer the 

washings to 'che separ,·:tory funnel. To the solution 
• add 10ml of 0.2>/. of HDPBi\ solution in chloroform 

followed by DIlaking of the mixture for tv/o minutes. 

AlloVi the tvro l,hases to serlJ.rate. Iwsh the aqueous 

phase '.Ii th 2 x ;Jml portions of chloroform followed by 

drying of tlle washings. Transfer the chloroform 

extract and '[;he washingB into a 27ml volumetric flask. 

Dilute to volume \lith chloroform. Measure the 

absorbance at 530nm against chloroform as blank. 



4-. 'RtSULTS AND DWc.:m3GION 

For the sake of convenience, the results and 

discussion for the extraction and spectrophotometric 

determination of dobalt(rII) and iroh(III) are given 

sepHr/ltely~ 

4-.1 EX~%1CTION AND DETBHMIHJI~ION OF COBALT( III) 

4-.11 COLOUR llEAGTION: Uobalt(III) forms a pink-

red coloured complex on the reaction with 

the reagent solution in presence of azide 

and pyridine, which is readily extractable 

into chloroform. 

4.12 ABSOHP~~ION l:>FlECTHA: A dilute solution of the 

reagent in chloroform showed negligible 

absorption in the region 4-50-700nm. The red 

coloured cobalt(III)-HDPBA~azide complex 

showed .a maximum absorption at 520nm with 

molar extinction coefficient of 1980 lit. 

mole-lcm-l • At high concentration of reagent 

and azide, well beyond the optimum limits, 

the wavelength of maximum 'absorption did not 

change although a blank solution was necessary 

for absorbanoe raeasurements.. The absorption 

spectra of the reagent and complex are shown 
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in Figure 2. 

4.13 EFFECT OF VARIABLES: The effect of the experimental 

variables o~ the extraction of cobalt(III)-HDPBA-

azide complex ihto chloroform has been ihvesti~ 

gated. The effect of a particular variable was 

fltudied by d,etermining the absorbance following the 

general procedure described earlier, keeping all 

experimental parameters constant except the one 

under study. 

• Ohoise of Solvents for }<'xtrnc1;iO!l: The cobalt(III) 

complex can be extracted by chloroform and benzene. 

Chlorofo;rm Vias found to be the most suitable since 

the complex is readily extracted into it. It was 

also preferred because of its loVi cost, easy to 

recover, very high'solubility of HDPBA in it than 

in benzene and its higher density than the aqueous 

phase making an easy separation of the two phases 

from the separatory funnel. 

Effe<it of Hydrogen Peroxide: The effect of hydrogen 

peroxide on the formRtion of cobalt(III) complex 

from the cobalt(n) solution wns studied using 

different volumes of approximately 301: of hydrogen 

peroxide and the results indicate a range of 4-5.5i, 
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of hydrogen peroxide for cQropl~te extraction. Higher 

amounts of hydrogen peroxide decreases the absorbance of 

the extract indicating an incomplete extraction of the 

metal. The result,s are given in Table 1 and J!'igure 3. 

TABLE 1 

El!'FEC'£ OJ!' HYDROGEN PEROXIDE ON Till~ EXTBAOU'ION AN]) 

DE'CEmIliNATICH Olr GOBAIfJ'(III) 

GobaL't(III) concentration = 3.06 x 10-41'11 

Volume of 301. Absorbance 
of H202 (m1) at 520 nm 

0.0 0.349 

1.0 0.'386 

1.75 0.525 

2.0 0.570 

3.5 0.590 

4.0 0.595 

4.5 0.596 

5.5 O. ;588 

6.0 0.560 

Effect of Jmoun1i of Pyridine': The extraction of cobalt 

(III) was studied in the presence of different con-

centrations of pyridine. The results show an optimum 
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range of 0..15 to o..3M of pyridine with respect to the 

aqueous phase, corresponding to the pH of 714-7.8 for 

complete 'extraction (Table 2 Rnd Figure 4)1 

Other bases Vlere found to be unsuitable for adjusting 

the pH of the aqueous phase, due to cOmpGt1tl~ complex 

. fbrmatioh reactions of the metal with bases like ammonia. 

TABLE 2 

BI"FBCT OF AMOUN1' OF }'YRIDINE ON 'L'HE BX1'RACTION MiD 

DET1!:RMINATION 01<' COBlI-LT( III) 

Cobalt(III) concentration = 3.06 x 10-4M 

c.oncentration of Jibsorbance 
Pyridine in Aqueous at 52o.nm 
Phase (M) 

0..0.0.0. 0..363 

0..0.75 0..531 

0..150. 0.593 
0.225 0.593 
0..300 0.594 
0.L~50 0.486 

0.50.0 0.410 

Effect of Amounts ,of Azide:· The optimum concentration 

of azide for the extraction of cobalt(III) as a mixed 

ligand complex wa.s found to be in the range of 0.2o.M to 
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0.25M.. Higher concentrations above 0.25M upto 0.5M 

did not have any adverse effect. The results are given 

in 'table 3 ~ 

TllBLE 3 

EFl!'ECTvF AZIDE CONCENTRATION on rdlli EXTHACTION 

AND DE:L'LRMINA'l'IOH Ol!' COB,ILT( III) 

Oon'centration of cabal t( In) to 51. 06 x 10-4M 

Concentration of Miide (M) 

01000 

0.005 

0.010 

0.020 

0.040 

0.050 

0.060 

0.080 

0.100 

0.15q 
0.200 

0.250 

0.500 

, 

,I 

Effect of Amount of HDPBA: A 1:6 molar ratio of the 

cobalt(III)-:-to-:-reagent was found to be adequate for 

the complete extraction of cabal t( III). it large excess 
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of the reagent upt'o fifty-fold has no influence on the 

extraction of cobalt(rrr). However, a blank solution of 

the reagent was necessary' for more than fifteen fold 

excess of the re&~ent-to-metal for measurement of absor-
• 

bance. The results are sho\Jn in Table 4-. 

Order of Addition of Reagents: The best order of 

addition of reagents was found to be the addition of the 

H))PB,[ solution in chloroform and pyridine to the cobal t­

(rrr) and az.ide solution. Addition of azide or pyridine 

after the addition of the other reagent's require 1-2 

hours for the formation of the complex to produce the 

sarae result. Addition of hydrogen peroxide after the 

addi tion of the azide and imPBJl solution did not have 

any effect giving the readily extractable coloured 

complex. 

Time of Extraction and Stability of Complex: Following 

the recommended procedure, the complex Vlasextracted 

into the choloroform phase within two minutes. The 

chloroform solution of the complex Vias found to be stable 

for at least two hours. 
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TABLE L~ 

ElI}I'EOT OF AMOUNT Ole HDPBJI ON THE E.X.THiICTION liND 

DETE.RMINiITIOH OF COBi,W(rII) 

Concentration of cobalt(rrI) ~ 1.72 x 10-4M 

~etall HDP~A mole' rntio Absorbance 

1;0 O~OO 

1,1/2 0.15 
1:1 0.273 
1:2 0.326 
1:3 0.328 
1 ;LJ· 0.330 
1:5 00332 
1:6 0 •. 337 
1:8 0.337 
1:10 0,338 
1:15 0.338 
1:20 0.338 
1:40 0.338 

Volume of the Aqueous Phase: The volume of the aqueous 

phase can be varie'd from one to two times relative to 

the volume of the organic phase without affecting the 

mixed ligand complex formation and its subsequent ex-

traction. 



4.14 BE1':R'S LAW: The cobalt(IU) mixed ligand complex 

obeys Beer's law in the concentration range of 

3.6 to 24· ppm of cobalt. Varying amo:mts of 

cobalt(UI) ranging from 0.09 to 0.6mg were 

extracted following the recommended procedure. A 

plot of'absorbance against cobalt concentration 

ShOVlS linearity in the range mentioned above. The 

resul ts are shown in Table '::> and l<'igure 5. 

Ci,LIBRbTION CUHVE Dlt~A FOll 'rHE 

DETERMINJ,TION OF COBj,W( III) 

Cobal t( III) Absorbance 

A(g/25ml Chloroform at 520nm 

90 0.120 

100 0.135 
200 0.270 

300 0.404 
400 0.541 

500 0.675 
600 0.811 

4.15 SENSITIVITY: The molar absorptivity of the red 

complex in chloroform is found to be 1980 lit. 

mole-lcm-l corresponding to Sandell's50 
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sensitivity of 0.0297 ug of cobalt per cm2 at 520nm. 

4.16. PRECISION: Ten independent determinations Vlere 

made on solutions each containing a cobalt(III) 

concentration of 10 ppm. The measurements give a 

mean absorbance of 0.542 with a standard deviation 

of 0.004 corresponding to relative standard 

deviation of 0.741.0 These observations suggest 

that the method is fairly precise and gives re­

producible results. 

4.17 EFl!'ECT 01<' DIVbW3E IONB: To study the effect of 

diverse ions on the coloured system, an aliquot 

of standard solution containing 200 ug of cobalt­

(II) was transferred to a separatory funnel and 

to this was added a solution containing a known 

<J.uantity of the diverse ion. The cobalt(II), 

oxidized by hydrogen peroxide, to cobalt(III) was 

extracted and determined following the recommended 

procedure. 

Chloride, bromide, nitrate, sulphate, 

ammonium, all,ali metal and alkaline earth metal 

ions did not interfere. The tolerance limits for 

the various diverse ions studied are given in 

Table 6. Iron(II & III), nickel(II), lanthanum~ 

(III), copper(II) are found to have low tolerance 
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liruits.· Manganese'Crr) interferes at all levels. Con­

sequently, these ions deserve separation. Masking of 

ironerlr) with fluoride or phosphate Vias not successful. 

Froru the anions,cyanide. interferes at all levels. 

Fluoride, oXi1.1ate, thiocyanate have relatively low 

tolerance limits as indicated in ~able 6. 



TABu.; 6 

IHFLUENCE OJ<' DIV:E;iiBE IOHS ON rpHE DBTJ<,liiViINN1'JON 

Gobalt(III) 'concentration =200 g/25ml = 8.0 ppm 

Ion 

7-Cr+::> 

Cu+2 

Hg+2 

La+ 3 

Mo+6 

Ni+2 

Th+4 
U+6 

V+5 
W+6 

Zn+2 

Zr+4 

CH
3

COO­
ils04

3-
2-

B407 
Citrate 
F-
PO 3-
sb6 3"-

4 
Tartrate .. 
SON 

.. " .. " " 

Added as 

AgH0
3 

Al(H0
3
2 

Cd(N0312 
(HH4 )2Ce (N03 )6 

Cr(N03 )3 

CUS04 
Hg(N03)2 

La(N03)3 

(HH4 )2MO 04 

Ni(H0
3

)2 

Th(N03)4 
U02 (N03)2 

HlI4 V03 
Ha2W04 
Zn(N03)2 

Zr(H03)4 
CH

3
COONa 

Ha3AsOLj, 
Na2B40 7 
C6He07 
NaF 

Na2HP04 
HR

3
Sb04 

CI~%06 
KSCH 

Tolerance limit ppm 'Absorbence) 

at 520nm 

400 
,120 

400 
400 

32 

4 

eoo 

40 

400 

40 
400 

400 
200 
400 
400 

400 
800 
800 
800 
200 

40 

800 
400 

135 
40 

0.270 

0.273 
0.268 

0.273 
0.260 

0.276 

0.274 

0.274 

0.269 

0.274 

0.268 
0.26e 

0.273 

0.273 
0.271 
0.275 
0'.268 

0.272 

0.277 
0.273 
0~265 

0.260 

0.277 
0.274 
0.267 
0.266 
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11-,:18 COMFOl:>I'l'ION OF 'i'HE COB1,LT( III) COMPLEX: The 

coba1t-to-HDPBA ratio in the complex was determined 

by Job ,'s51 and mole-ratio methods52 and the cobal t--

to-azide ratio Vias determined by the simple form 

of absorptiometric method53 as described in the 

foJ.lowing sections. 

Job's Method of Continuous Variation: To study the 

cobalt(III)-to'-HDPBA ratio" 1 •• 244 x lO-3M cobalt­

(II) in water and 8'.5 x lO-3M HDPB'1 in chloroform 

were prepared. The mo~ fractions of cobalt(III) 

and tho ree,gent <7ere vClried with constant molarity 

(1 •. 7 x 1()~3M in a 10 ml aqueous phase) in the 

presence of 0.5M of azide and extraction was made 

according to the general procedure~ The absorbance 

was measured and given in Table 7. T.he absorbance 

plotted against the molo fraction of the metal 

indicated that the metal-to-reacent ratio in the 

complex is 1:1 as shown in l"igure 6. 



:,1(! 

JOB I S METHOD HOH ')'lill DE'l.'EHliiHhTION 

OF GOB:J1L'i'( III): HDPBA 

Concentration of cobalt(III) ~ 6.8 x 10-411i 
'l.md HDPBJi. .... ,. 

Concen"iJration of azide =" 0.50M 

in the aqueous phase 

Mole Ratio of CoCrII) to HDPBA 

10:0 

9:1 
8:2 

7:3 
6:4 

5:5 
4:6 

3:7 
2:8 

1:9 
0:10 

,,-

l,bsorbance 
at 520 nm 

0.180 
0.310 
0.362 
0.454 

0.532 
- 0.595 
-0.522 
0.420 

Od5 
0~202 

0:000 

Mole Hatio Method: "4.244 x 10-3M of cobalt(II) and 

1.06 x lO-2M of HDPBi! solutions Vlere prepared in 

distilled water and chloroform respectively. l!.xtractions 

were made taking 1 ml of 4.244 x 10-3M of the cobalt(II) 

solution and varying the amount of the reagent in the 
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rutio of 1:1/2 to 1:40 ,us depicted in Table 4. The plot 

of absorbances against the mole rat'io of metal-to-reagent 

is sJiovm in Figure, 7. Extrapolations of the tangents of 

the curve to a point of intersection indicute that 

cobalt(III)-to-HDPBil in the mixed ligand complex is 1:1. 

Absorptior~etric 'Method: To determine the ratio of cobalt 

to azide in the ternury complex, a series of extractions 

were made. The concentration of cobalt(Irr) and HDPBJi 

in eJtcess were'kept constant and the concentration of 

azide was 'varied. j,bsorbance memmrements Viere made 

ufter each extraction both in the absence and in the 

presence of azide (Table 8). The absorptiometric plot 

of iog (A - Ami.n) 
Climax -A) 

against log [N3-], (where Amin is 

absorbance without azide and J,max is the maximum absor-

bance in presence of azide), shown in Ji'igure 8, indicates 

slopes of 1.3 and 1.0. These results suggest that the 

formation of mixed ligand complex takes place in two 

successive steps and the total number of azide in the 

mixed ligand complex ,to be 2. 
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TABLE 8 

ilBSOUP'nOMETRIC METHO]) FOH ri'HJ~ DE'J'EmHN'iTION 

OF eOB,'.LT ( III) TO ,,:CI Dh Hi,TIO IN THl'; COM1'LEX 

Cobalt(III) concentration = 3.06 x 1O"'4M 

' .. " • 
[N

3
-] Log [N

3
-] Ji.bsorbance A-Jimin li.max-A Log (A-Amin) 

(520 nm) 
(Amax-i,) 

\ .. 

0.000 0.125 

0.005 -2,3 00358 0.233 0.237 -0.007 

0.010 -2.0 0.378 0.253 0.217 0.0066 

0.015 -1.83 0.433 0.308 0.162 0.27 

0.0180 -1.75 0.460 0.335 0.135 0.40 

0.020 ~1.69 0.485 0.360 O.llO 0.53 

0~040 -1.39 0.514 0.389 0.081 0.68 

0.050 -1.30 0.514 0,389 0.081 0.68 

0.060 -1.22 0.515 0.390 0.080 0.69 

0.080 -1.10 0.517 0.392. 0.078 0'.70 

0~100 -1.0 0.534 0.409. 0.061 0.83 

0.125 -0.9 0.543. 0.419. 0.051 0.89 

0.150 -824 0.550 0.425. 0.044 0·98 

0.20 ~0.69 0.594 0.469 0.001 2.67 

0.25 0.595 

.~-

4.19 BXTHACTION E",UI1IBHIUM OJ!' THB COBALT(In) COMPLEX: The 

extraction of cobalt(III) may be represented,according 

to the 1:112 (co(rn): H])PBA: N~,) composition, as 

follows: 
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Hhere HL = HDPBA, org = Organic phase and aq = aqueous phase 

lwcording to 'Ghe extraction equilibrium eCluation 

given Sbove; the extraction constant for the system may be 

represented by 

[~OL(N:) 2J (org) [H+] (aq) 

[Co+3J(aq)[HLJ(org)[N~J~aq) 

i,ssuming no side reactions, the distribution ratio 

of the metal, DC may be given by 0, 

= 
.[HLJ (ore;) [N~] ~ aq) 

[H+J(aq) 

• 

From the equation expressing the distribution ratio, 

it csn be observed that extraction of the cobalt complex 

is a function of the reagent concentration in the organic 

phase, and azide concentration and pH of the aqueous phase. 

The structure, of the complex that may be suggested 

according to the 1: 1: 2 (G 0: 

be :, 

HDPBil.: N:;) composition would 
? 
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4.2 EX':rHl>GTION AND DETbHMINATION OF IHOU(III) 

4.21 COLOUR REiiCTION: Iron(III) forms a redisl1-

violet coloured complex on reaction with the 

reagent solution in l)resence of azide in 

acidic medium; at pH 2-5. The mixed ligand 

complex is readily soluble in' chloroform. 

4.22 liBSORPTION bPEGTRll: it dilute solution 
. -4 

1.73'x 10 M of the reagent in chloroform 

showed negligible absorption in the region 

450-700nm •. The red-violet coloured iron(III)-

HDPBA-azide complex showed a broad maximum 

absorption at 520-540nm with molar extinction 

coefficient of 4895 lit. mo1e-1 cm-1 • At 

high concentrations of the reagent and azide, 
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well beyond the optimum limits, there is no Ghift of the 

absorption peak. ,Howe'l"erj a blank solution is necessary 

for the absorbance measurements vlhen excess of the reagent 

is used. The absorption spectra are shown in Figure 9. 

,+.23 EFFBCT OF VARIABLES I The effect of the experimental 

variables on the extraction of the iron(rrr)-HDPBA­

azide complex into chloroform has been investigated. 

The effect oJ' a particular variable ViaS studied by 

determining 'the absorbance following the general 

procedure described earlier, keeping all experi·~ 

mental parameters constant, except the one under 

study. 

Choice of Solvent for Extraction: The iron(rrr) 

complex can be extracted by chloroform and benzene. 

chloroform was preferred for the simple reason 

that it has higher density than the aqueous phase 

allowing easy separation from the separatory funnel 

in addition to its low cost, easy to recover and 

high solubility of HDPBA in it than in benzene. 

Effect of pH: The complete extraction of the mixed 

ligand complex was effective in the range of pH 

2-5. The desired pH was maintained by 8-18 drops 

of 2M hydrochloric acid using a pH meter. The 
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absorbance of the complex extracted into chloroform 

under the desired pH is sho\'m in Table 9. The effect 

of pH on the extraction of iron is shown in l!'igure 10. 

pH 10\ler than 2 an,d higher than 5 dUring the extractions 

showed decrease in the absorbances measured suggesting 

incomplete extraction of the complex. 

TllBLE 9 

E}l'}l'BCT OF pH ON '['HE EXTH,WTION l\lW DWI'ERMINNl'ION 

OF IRON· (III) 

'Concentration of iron = 1. 07' x 10-4-M 

----~-----------------------
pH iCbsorbance (530 nm) 

1.0 
1.5 
2.0 

2.5 
3.0 
4-.0 

LJ·.58 

5.0 
5.5 
8.0 
6.5 

0.161 
0.4-46 

b.5~3 

b·524-
0.524-
0.524-
0.525 
0.525 
0.4-24-
0.092 

0.036 

.. ----.--------~~------------
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Effect of Amount of Azide: The optimum concentration 

range of azide fOl' complete extraction of iron( III) as 

a mixed ligand coniplex was found to be 0.25 to 0.50NI 

(~able 10). Higher concentrations above 0.50M did not 

have any adverse effect. It was also found that the 

extraction of the metal ion is dependent on the,con­

centration of azide and not on the metal-to-azide molar 

ratio, the limiting lower concentration of azide being 

0.25M. 

TABLE 10 

EFFECT OJ? AL;IDE ()ONCENTRlITION 

ON 'i'HE EXTRi,O'l'ION AND DETERMINATION OF IRON( III) 

ConcGntration of iron ~ 1.073 x 10-4M 

Concentration of Absorbance 
Azide (M) at 530 nm 

0.00 ,0.054 
0.02 0.085 
0.03 0.120 
0.04 0.lL~3 

0.05 0.170 
0.06 0'.220 
0~D8 0.340 
0.10 0.360 
0~1.5 O~470 

0.20 0.480 
Q~'25 0~520 
0.30 0.525 
0.40 0.526 
0 • .50 0.525 
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Effect of Amount of HDPBA:. A 1:5 molar ratio of the 

iron(IlI) to reagent VlSS found adequate for the complete 

extracti~n of iron(lII) as a mixed ligand complex 

(TabH, 11). 11 large excess of the reagent upto fifty-

fold has no influence. However, a blank solution of the 

reagent Vias nece8sary for more than fiften-fold excess 

of the reagent-to-metal for mea8uring the absorbance at 

530 nm. The results are indicated in the table v7hich is 

a180 used for studying comp08ition by mole ratio ~ethod. 

EFFECT OF S'1ill AM0UNT OF llDPBJi ON THE EXTHACTION 

AN)) mETEHMINATION OF IHON(III) 

. -5 Concentration of· ~ron(IlI) = 8.6 x 10 M 

Iron: HDPBA 
(mole ratio) 

1:0 
1:1 
1:2 
1:2.4 

1:3 
1:4 

1:5 
1:6 
1:8 
1:10 
1:20 
1:40 

Absorbance 

at 530 nm 

0.00 

0.175 
0.286 

0.330 
0.362 
0.406 

0.420 

0.421 
0.420 
0.421 
0.420 
0.421 
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Order of Addition of Reagents: 'rho best order of 

adcli tion of reagen-t;s ViaS found to be adding the chloro-

form solution of HDPBA to the iron-a !ide solution whose 
· " 

pH is adjusted to the desired value. The complex does 

not form readily if the azide solution is added to the 

iron-HDPBA mixture. Moreover, adjustment of a desired 

pH is obviously difficult in the latter case, 

Time of Extraction and Stability of Complexl l!'olloVling 

the recommended procedure, the complex was extracted 

into chloroform phase \'/ithin one minute. The complex 

in chloroform VISS found to be stable for at least 48 

hours. 

Volume of Aqueous Phase: The volume of the aqueous phase 

does not have any ,effect on the formation and extrllction 

of the complex provided the pH and the azide concentration 

are vii thin the optimum range. A five fold increase in 

the aqueous volume relative to the volume of the organic 

phase did not have any effect on the extraction. 

4.24 BEER'S LAli MOLilH ABbOR¥.rIVITY 111m 8ENBITIVITY: 

The coloured system obeys Beer's law from 1.6 to 

11.2 ppm.' of ·iron(III) as shown in Table 12 and 

Figure 11. The, molar absorptivity of the mixed 

ligand complex in chloroform is found to be 

4895 lit. mole-l em-I with Sandell's50 sensitivity 



of 0.0114 j-tg of iron per cm~ 

TllBLE 12 

Cj.LIBERltTION CUHVE Ii'OH THE 

V";')':8HMINATION OF IHON( III) 

Concentration of Iron 

~g!25 ml in chloroform 

4-0.0 

50.0 
100.0 
120.0 

150.0 
200.0 
250.0 

.280.0 

Absorbance 

at 530 nm 

O.lLW 

0.174 
0.3.)0 
0.420 

0.524 

0.700 
0.87Le 
0.978 

4.25 PllliCISION: Ten independent determinations were 

made on solutions of iron(rII) each containing 

6 ppm. Absorbance measurement for each extraction 

gave a mean 'of 0.525 with a standard deviation of 

0.00164 which corresponds to relative standard 

deviation of 0.3/.. These results suggest that 

the method is fairly precise and gives reproducible 
, 

results for the determination of iron(III). 



t...lJ 

~ 
."", 

.• ~ 
VI 

~ 

0.6 

0.4 

02 

a,<I "'-----.~. -----;:;:,;----~-___;;:;~-~-~~ 
00 4f) %0 120 1 200 2 0 

(ONCENTRAHPN IN /!V25rf4. 

Fiil.1I CALIBRATION CURVEFo'R THE DETERMINATION 
OF IRON WI) 



- 4Q -. 

4.26 InFLUENCE OF DIVERSE IONS: To study the effect of 

dive:r:se ions on th'e coloured system, an aliquot 

of standard solution containing O.15mg of iron(III) 

was transferred to a 50ml beaker follol1ed by 

addition of -a solution containing a known quantity 

of the diverse ion. Determination of iron(III) 

was made after each extraction according to the 

general procedure described earlier. 

Chloride, bromide, nitrate sulphate, ammonium, 

alkali metal and alkaline earth metal ions did not 

interfere. The tolerance limits for various ions 

were 'studied (Table 13). Vanadium(V) interferes 

at all levels vThile tungsten(VI), molybdenum(VI) 

and uranium(VI) were found to have low tolerance 

limits. From the anions, cyanide and thiocyanate 

\'lere found to have low tolerance limits. 
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TABLE 13 

EFFECT OF DIVERSE IONS ON 'eHE DE'i'EHMIH"'eION OF IRON( III) 

Concentration of iro.n(III) ~ 6 ppm 

Ion .. Added 8.S Amount Absorbance at 
added ppm 5?/:J nm 

111+3 ill(N03)3 400 0.520 
Cd+2 

Cd(N03)2 800 0~523 
" Or+7 Cr(N03)3 800 0.529 

co+2 Oo(N03)2 400 0.529 
Ou+2 OU(N03)2 200 0.530 
Hg2+ Hg(N03)2 200 0.522 
La+3 La(N03)2 400 0.520 
Ifm+2 Mn012 600 0.524 
Mo+S 

(NH4 )2Mo04 50 0.520 
Ni+2 Ni(N03)2 400 0.527 
u+6 U02(N03)2 50 0~521 
\,[+6 Na2(W04 ) 50 0.520 
Zn+2 Zn(N03)2 800 0.524 
Zr+4 Zr014 800 0.527 
ASO 3- Na3AsOl } 400 0.524 

4_2 
B4-~7 Na2B4-°7 4-00 0.526 
CN NaON 40 0.528 

-3 P04 (NH4-)2HP04- 400 0.526 
-SCN KBON 4-0 0.530 

Citrate °SH807 100 0.521 
Tartrate 04-HS06 100 0'-519 
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4.27 GONlPOSITrON OF Tflli mONCIn) GONii'LEX: The 

composition of the mixed ligand complex 'lias 

determined by diffe:eeht methods-~ The ratio of the 

iron(III)~to~HD:PBA in the ternary complex was 

determined by Job'B method of continuous variation51 

52 and mole-ratio method • In the case of the metal-
. 51~ 

to-azide ratio a plot of log D against log [N3J 

was made and the slope of the curve gave the 

approximate number of azide ions in the ternary 

complex. 

Method of Continuous Variation I 5d610-3M 

solutions of iron(rrr) and HDPBA were ppepared in 

distilled water and chloroform respectively. In 

the extractions, the mole fractions of ironeIIr) 

and HDPBA Vlere varied with total constant molarity 

of 5.36 x lO-4M with respect to the aqueous phase 

in the presence of 0.5M s09-ium azide, the results 

of which are shown in ':J:able 14. The absorbance 

measured is plotted against the inole fraction of 

the metal. ~ '1'he result suggests that the metal-to­

HDPBA is 1:2 as sho~m in Figure 12 •. 

Mole Ratio Method:: 2.68 x 10-3M of iron(III) and 

1.072 x lO-2M HDPBA solutions were prepared and 

extractions were made according to the recommended 
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procedure, taking 1.Oml of the 2.6 x 10-3M iron(III) 

solution and varying the amounts of HDPBA from 1:1 

to 1:40 molal' ratio ofiron(III)-to~HDPBA. The results 

are shown in Table 11 on page 45. 1\ plot of the absor­

bance against the metal-to-ligand ratio is shol'm in 

J?igure 13. Extrapolation of the tangents of the curve 

to a point of intersection indicate that the metal-to-

reagent ratio is 1:2 which is also supported by Job's 

method of continuous variation. 

TABLE 14 

METHOD OJ? CCNTlNUOUb VARIATION FOR ~'HE DETbRMINATION 

OF mONCIn) '1'0 HDPBA HliTIO 

Ooncentration of reflCtants ; 5.36 x 10-4~n 

Iron( III)-!:lDPBA Hatio Absorbance at 520 nm 

10:0 0.044 

9:1 0.094 
8:2 0·:1;.78 
7:3 0.25~ 
6:4 0.422 

5:5 0.480 
4:6 0·530 

3:5:6 15 0.512 

3:7 0.52 

2.5.:7.5 0.504 
2:8 0.460 

1:9 0.244 

0:10 0.005 

';"~ 
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Extraction Method: To determine the ratio of ironerrI) 

to azide in the ternary complex, a constant excess 9f 

HlJPBA and constant amount of iron(III) !,Jere taken and 

the concentration 'of azide VItlS varied. The absorbance 

vJas measured 1Jfter each extraction following the general 

procedure for iron(III). The results are shown in 

Table 15 810ng with the calculated distirbution ratio, 

D:Fe , for each azide concentration. 

TABLE 15 

DJI'i'A FuR Dl!:'rEl:(]'jjINA'J:IGN OJ!' mON( III)': AZIDE BY EXTRAC'nON 

IIiETHOD 

Concentration of iron -4 
~ 1.073 x 10 I'll 

Concentration of Log [N3J Absorbance 

azide (I'll) (530nm) 

0.05 -1.30 0.180 
0.06 -1.22 0.223 

0.075 -1.13 0.33 
0.08 -1.20 00345 
0.10 -1.0 0.365 
0.15 -0.82 0.469 
0.2 -0.7 0.487 

Log l~Fe 

-0.288 

-0.132 
+0.152 

+0.198 

+0.350 
+0.920 
+1.100 

A plot of log lpe against log [N3J shown in Figure 

14 gives a slq>e of 2.2 Which £uggests the number of azide 
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ions in the mixed ligand complex to be 2. 

'L'he cODlposition of the compJ,ex is, therefore 1:2: 2 

4.28 EX'I%,C'nON E;'UILIBHlmli OJ!' THB IHON(III) COMPLEX: 

ll.ccording to the composition 1:2:2 (FE: UDPBA: N;) 

the extraction equilibrium may be represented by 

the following equation: 

where HL = HDPBA, org = organic phase and aq = aqueous 

phase. The extraction constant~Kex~ may be represented 

by 

,cssuming no side reactions, the distribution ratio, 

~e' can be expressed a 

[ 2 - 2 
HL](or~)[N3](aq) 

or 
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From the equation expressing the distribution ratio 

it can be conclude,d that extraction of the metal is a 

function of reagent concentration in the organic phase 

and the azide concentration and pH of the aqueous phase. 

The coroposi tion of the complex being 1: 2:2 : (Fe: HDPBJi: 

N"3) and extractability as neutral complex into chloro­

form, it may be suggested that only one HDPBA molecule is 

depl1otonated, hence the formula of the complex would be 

[l!'e (L) (HL) (N
3

)2] which may possibily have the following 

structure. 

The cOlUplex may thus have the name diazido-bis. (N-hydroxy­

N,N'-diphenylbenzamidine) ferrate(III). 
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4-.3 SEPARATION leND DE'rERMIN1{nON Ol!' IHON(HI) lIND OOBi,LT 

FHOM EliCH OTHEH 

By virtue of the difference in the pH of re­

actions of ir,on(III) and cobalt(IlI), an effective 

separation of the two metals from a mixture was 

made, followed by spectrophotometric determinations 

at their respective 1;7I)ve lengths of maximum absorption. 

The procedure is essentially the same for the 

separations. " Iron(lll) Vias extracted at pH 5 

following the recommended procedure from a mixture 

of the two metals. The remaining aqueous phase 

containing cobalt(Il) was extracted by HDPBA in 

chloroform-pyridine solution after oxidation to 

cobalt(lll) with-hydrogen peroxide. The volume of 

the aqueous phase for the extraction of cobalt(lll) 

should not exceed 15ml. 

The method enables the separation of widely 

varied amounts of the two metals. The results 

shovmin Table 16 indicate sample containing 10: 1 

to 1;5 (Fe:Oo) by weight could be separated and 

determined accurately using the method. 
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SEPliRi,TIuN AND DETEl:lIviIHilTIGN OF IHON liND 

Iron content Iron }i'ound a Cobalt Content Cobalt Founda 

(mg) (mg) (mg) (mg) 

0.10 0.101 0.50 0.496 

0.15 ,0.152 0.50 0.494 

0.20 0.203 0.40 0.397 

0.25 0.252 0,30 0.297 

0.40 0.405 0.30 0.302 

0.60 0.607 0030 0.302 

0.80 0.805 0.20 0.197 

1.0 1.007 0.10 0.099 

aAverage of three determinations. 

The results in the table above indicate the relative 

error is generclly less than Ii.' for. the determination of 

each metal and may be applied to samples containing iron 

and cobalt in the range 10;1 to 5 (}I'e:Co) by v/eight.·· The 

method may be suggested for the analysis of materials 

I-Ihich do not have constituents that interfere with. the 

determination of both iron and cobalt in tlie present 

methods. Therefore samples containing vanadium, mar.ganese 

"nd copper required prior separation or masking of these 
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4.4 APPLIC,ilTIONS 0]' THB METHODS 

The appticability of new methods of analysis 

require the tests of validity by determining the 

constituents in question in standard samples. Due 

to unavailability of standard samples, hOvlever, the 

present method for cobalt(III) and iron(III) were 

tested for their validity by determining the 

contents of synthetetic samples, that correspond to 

the composition of the minerals-erythrite,55 
. . 56 

2 [(003(I,s04)2 • 8H20], scorodlte, Fe(il.SOlj.)2H20~ 

and daubereelite,57 ]'eS. Gr2S3' 

4.41 Determination of Cobalt in Synthetic Erythrite 

Sample: il. synthetic erythrite sample was 

prepared by mixine; 0.873e; (0.003 mole) of 

cobalt(II) nitrate hexahydrate and 0.848e; 

(0.002 mole) of sodium arsenate, Na
3

11s0Lj12H20. 

The mixture was dissolved in dilute hydro-

chloric acid and diluted with distilled 

water to 100ml. 

The cobalt content of an aliquot of the 

solution of the synthetic erythrite sample 

vws extracted and determined folloViine; the 

general procedure for cobalt(III) described 

earlier. The results are shown in Table 17. 
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'I'JiBLE 17 

D]<;'.rERMINATION OF COB,ILT IN THE BYNTHETIC 

Measurement Cobalt Content Go 1)al t Found 
(g) (g) 

1 0;1767 0.1759 
2 0;1767 0.1741 

3 O~1767 0.1759 
4 0.1767 0.1756 

5 0~1767 0.1741 

Mean 0.1767 0.1751 

The results in the table indicate that the method 

for the synthetic sample, erythrite, is precise and 

accurate corresponding to a standard deviation of 0.002 

and relative error of 0.9~. The results obtained indi-
• 

cate that method can be applied for the determination of 

cobalt in diverse samples. 

4.42 Determination of Iron in Synthetic Scorodite and 

Daubereelite'bamples: The method for iron(III) 

was tested by determining the amount of iron in 

the synthetic mixtures which correspond to the 

minerals scorodite and dauberee1ite. 
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~. To prepare a synthetic mixture in the composition 

of scorodite, 0.4033g (0.001 mole) or iron(III) 

nitrate ll;0na-hydrate Fe(N0
3

)3 • 9H20, was mixed 

vfith 0.424g (0.001 mole) of sodium arsenate, 

Na
3
J,s04 • 12H20, and the mixture was dissolved 

in distilled water, followed by addition of 

5ml of nitric acid ClU). 'l'he solution lVas 

finally diluted Ilith distilled water to 100ml 

after boiling off and cooling. 

ih .t{ mixture of 0.784g (0.002 mole) of ammonium 
• 

iron(II) sulphate, 1.600g (0.001+ mole) of 

chromium(III) nitrate hona-hydrate ilnd 0.624g 

(0.008 mole) of sodium sulphide, in the ratio 

of 1:2:4 '[Fe(II):Cr(III):S(II)J that correspond 

to the composition of daubereelite, \'las de­

composed by 10ml of nit:f.1c acid (1 :3) folloffed 

by addition of about 50ml distilled \later.. The 

solution Vias boiled off to remove the oxides of 

ni trogen and diluted \';i th distilled water to 

100ml afJGor cooling. 

An aliquot ot: each synthetic mineral sample 

solution was transferred to a separatory funnel and 

iron( III) V7ClS extracted and determined following the 

general procedure for iron( III),. The results are given 

in Table 18. 
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TllBLE 18 

DE'l'BRMINATION OF IHONCIII) IN BYN'i.'Hl!l'IC S"MPLES 

Bample 

Scorodite 

Daubereelite 

Iron Content 
(g) 

0.'0558 

0.1116 

Iron Found 
Cg) 

0.054-9 

0.1097 

aAverage of five determinations. 

stcmdard 
devitl.tion 

0.006 

0.-008 

The results in the table indicate that the method 

for dete~mination of iron in the synthetic samples of 

scorodite and daubereelite is fairly precise. The 

method can, therefore, be applicable for diverse samples. 

The results obtained by the application of the 

present methods for the separation and determination of 

iron lmd cobalt in the synthet ic sample s have been 

subjected to the statistical treatments. It has been 

found that mean values and actual values do not have 

significant difference at 951. and above probability 

levels. 
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4.5 COl\frj.1U:::;ON \YITH 01'HBH MB'l:HODB FOR COBALT 

Among the several reagents recommended for the 

spectrophotometric determiniltion of cobalt, ammonium 

tl1iocyanate,58-'59 tetraphenylarsonium salt and thi.o­

cyanate~Oni troso-Ii sal t~l 2-ni troso-l-naphthol, 62.,6
1
j. 

I-nitroso-2-nEJphthol~5 2-nitroso-l-naphthol-4-

shlphonic acid66 and o-nitrosoresorcino167 are in 

general use. 

The comparative study of the proposed method 

for cobalt, in regard to selectivity and sensitivity, 

Hith other "ell Imo,1ll spectrophotometric methods 

are summarized in Table 19 and 20 

The selectivity of the present method for 

cobalt is comparable to most of the other methods 

",hile the sensitivity of the present method is 

relatively low in comparison to most of the methods. 



Reagent 

iil!lmoni um thiocyanE\te 

'L'etraphenylarsonium 
\'lith thiocyanate 

(1-2-Pyridylazo)"::2-
naphthol (PAN) 

o-Nitrosores~rcinol 

2~Nitroso-l~Naphtol~4~ 

SuI phonic acid 

.l-Hi troso-2-naphthol 

2-Nitroso-l-naphthol 

N-Hydroxy-N,Nt­
diphenylbenzamidine in 
presence of azide 

Colour of 
Complex 

Blue 

Blue 

Hed-violet 

Yellow-green 

. Pink 

lWd-yiolet 

Red-violet 

Pinkish-red 

~Max Sensitivity Reference 
-2 run }lB Co em 

620 0.055 58-59 

--
620 0.034 60 

590 0.0022 68 

4"0 :.> • 0.0025 67 

525 0.0042 66 

550 0.0075 65 
-. -~,., - ~-'-

530 0.0042 62-64 

520 0.028 



bELECTIVl']'IES m' "-'HE ME'J'HOJ)B FOIt COB,\LT 

Reagent pH Interference Heference 
-----"------~ ,-_ ........ _------
AWllloniulll thiocyamd;e Lj· ... 5 

Tetraphenylarsonium 
chloride with thio­
cyanate 

1-(2-pyridylazo)-2-
naphthol (PAN) 

2-Hi troso-.l-naphtol-
4-sulphonic acid 

I-Nitroso-2-navhtho1 

. 2-Hi troso-lnaptho1 

Nitroso-R sa.lt 

N-Hydroxy-N,N'­
dipheny1benzamidine 
with azide 

2.5-5 

4.5-5 

2-2.5 

5.0-6.0 

t; . 
"-'~ . 

Ni(II) ,Fe(III) ,V(V), 
Cu(II) ,Cr(III) ,Or(VI) 58, 59 

Fe(III),Mo(VI),U(VI) 
, Ou(H) , V(V) 

Qu(H) ,Ni(n) 

Cu(II),Fe(II),Ni(II) 

Ou(II)~Fe(n) ,Mn(rr) 

Qu(Il) ,1<e(I1) 

Gu(n) ,Ge(IV) Fe(III), 
Ni(II) 

Mn(rr),Gu(n). ,J.~" 

FebII) 

60 

68 

66 

65 

62, 64 

61 



I 

4.6 COlVJPj,RISON '.lITH OTllliH MW,:HO])S jI'OR IRON 

There are several reae;ents in general use for 

the spectrophotometric cletermination of iron. These 

include thiocyanate,69-7l tributyl ammonium salt 

I'lith thiocyanate '(2 1,lO-phenanthroline and its 

derivatives, 73-75 2,2-bibyridine.~6 2,2', 2"­

terpyridine ,2 ferron,77 ni troso--R salt '(8 mercapto­

acetic acid79 and salicylic acid~O 

The sensitivity and selectivity of the present 

method has been compared vlith other well known 

m(,thods. Table 21 and 22 clearly indicates that 

the present method is comparable to most of the 

commonly used methods in regard to both selectivity 

and sensitivity. 
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'l'llBLE 21 

ISENbIT IVI~nEb OJ!' 'L'HE ME'l'LODL FOH IRON 

, ~ .! , . '-, 

Reagent Colour of A Max Sensitivity Reference 

Complex nm ,;ug Fe cm2 

lLillillonim thiocyanate Red 480 04008 69~71 

Tributyl ammonium 
salt with thio-
cyanate Red 480 0.0025 72 

1,10-Phenanthro-
one Orange-red 508 0.005 73-75 

4,7-Biphenyl-l, 

10-phenanthroline Hed-violet , 533 0.0025 75 

2,2'."Bipyridine Pink 522 0.007 76 

2,2' ,2"-Ter_ 

pyridine Violet 552 0.005 72 

Ferron Blue 610 0.015 77 

Nitroso-R salt 720 0.0023 78 

Mercaptoacetic 

acid Hed-violet 540 0.014 79 

Balicylic acid 520 0.030 80 

N-Hydroxy-N,N'-
diphenylbenzamidine 
with azide Hed-violet 520-540 0.012 
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't'l,BI,E 22 

SELECTIVI'I'IES OF. ~ltlli IVlli'l'HODI3 FOl{ IRON 

Roagent pH or Interference Reference 
itcidity 

i,mmonium Thiocyanate 0.05-2M HCL Ag( I) ,Ng( I)., V( IV), 
Mo(YX),Cd(II),F-, 

3-
1'04 ' ASoR- 69-71 

1,lO-Phenanthroline 2-9 Gu(II),Hg(I),Ni(II), 
OdOr) ;Co(II) ,PO~':' 73-75 

4,7-l?iphenyl-1,-1O-
phenanthroline 11·.6 Hg(I),Ni(II),Cd(II), 

Oo(II) 75 

2,2'-Bipyridine 3-9 Co(II),Ou(II) 76 

Mercapto-acetic acid 7-12 Co(II),Ni(II),V(V) 
Pb(II) ,Bi(III) ,Hg(I) 79 

---
.. 

Salicylic acid 2.5-2:7 Mn(n) ,Ou(II) 80 

N-Hydroxy-N,N'-
diphenylbenzamidine 
with azide 2-5 V(V) 

~ 
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5. CONCLUbION 
• 

Simple, rapid and hi~hly selective methods for the 

extraction and spectrophotometric determination of 

cobalt and iron have been described. The sensitivity of 

the present method for iron is comparable to most of the 

other vlbll known methods, while the method for cobalt is 

less sensitive than most of the common methods. The 

methods can be applied for the det(~rmination of cobalt 

and iron in di verS,e samples, accurately and precisely. 

Separation and determination of iron and cobalt from 

each other can be made in a wide ran~e of proportions 

within less than I/. error. 
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