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ABSTRACT 

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

N- Phenylcinnamohydroxamic Acid (PCBA) and Tniocyanate and 

Determination of Iron(III) with ?CHA .J.nd Azid..:: by Solvent 

extraction Clnd Spectrophotometry 

by 

Scle7.ion Aft:~lorki 

R.Advisor Dr . O. S. Chandravanshi 

Iron(III) dnd coLalt(II) have been found to react 

with thiocyanate.. in the. presence of !!- phenylcinnamohydroxamic 

acid to form pinkish red and blue colored complexes , respec-

tiv~ly . Both the compl~xes wer~ found to he quantitatively 

extractable into ~thylac~tdte froM O. S- l . S M hydrochloric 

acid solutions . The sp..::t:tra of iron(III) and coba l t (I I) 

comp1,zxes exhibited absorption m.3.xima in thE:: vis i ble reg~on 

at 495 and 625 nm with molar absorptivit~es of 18000 and 

- 1 - 1 1820 1 mol cm ,respectiv~ly . The coloured syste~s ohoyed 

Be~r's law in th~ conc~ntration range of 0 . 2- 3 . 9 ppm of i ron 

and 2- 41 pp:n of cobalt . ThE: composition of the complexes 

h~v~ been found to be 1 : 2 ; 2 (F.: : SCN-:PCHA) and 1 : 4 (Co : SCN - ) , 

The cffC.:ct of foreign ions .:!na other (!xperiP.l.ental variables 

in the t!xtraction and dctermin.ltion of iron<III) and cobalt 

(II) hclvc been studi~J . L'n the basis of these studies 

simple , precise , sensitive , and highly selective methods 

have been developed for the dctcrminat~on of iron( III) and 



- xii -

cobalt CIl) and for the sirr:ultaneous determinat i on o f both 

metal ions by solvent CXLI'dction and spectrophotometry . 

The methods have been applied successfully for the determina -

tion of iron and cobalt in steel dnd bio$a.mples . 

lron ( lll) was <:!. l so f ound to react with azide In the 

presence of PCHA to produce an or a nge coloured complex 

havin['; a composition of 1 : 2: 2 Cfe : N; : PCHA). The comp l ex 

\-las f ound to be stable and quantitat ively extrrJctable into 

ethylacetate from 0 . 1-0 . 9 M HCl solut i ons allowing repro -

eucible and reliable spectrophotometri c determination of 

iron . The complex has maximum absorption at 447 nm l-1ith 

- 1 - 1 molar absorptivity of 75QC I mol em and obe yed Beer ' s 

law in the range of 0 . 5- 9 ppm of i ron C!ll) . From the study 

of the e ffect of fOPcign ions and se veral variables , the 

method wa s found to b~ highly se l ective and largely free 

from rigid control of e xpl!rime nta l va riables . The me thod 

was found to be eff ective by applying f or the determi nation 

of iron in blood and steel sdmpl~s . Thus , a new rapid, 

precise, sensitive ,:md highly sch!c'ti ve m..:'! t hod f or determina -

tion of iron(lII) wi'th ?CHA and a~ ide has bee n developed . 
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1. Ii~TRODUCTIall 

Iron is the ~ost useful of the metallic ele~ents dnd 

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

(1- 3) . In its elernentul form or as st~el iron has supplied 

civilization with most of its tools and machiner y ,many of 

its products and the bulk of its structural element in large 

SCdle construction . Lxcept in meteorites , it is rarely found 

~n its elemental form but occurs widely in chemical compounds 

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

hdematite (Fe
2

0
3

) , r.1dcnctite (Fe 30
I
,) , eeothite (FeOOH) , 

limonite (hydrated iron oxide) , siderite (feC0 3>, and py rite 

<feS 2 ) . Natural waters sor.:.etine contain considerable amount: 

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

plants , and animals and human organs . Iron was the first 

trace or minor element reCOGnized as beinb necessary for 

both plants and animals . i'lanufoctured iron always contian 

carbide , pnosphate ) manganese , silicide , and graphite . In 

addition to its alloys, iron forms many useful compounds 

such as ferric ar,lmonium ci tI'ate used as appetite stimulator 

and ferric pyrophosphate used to treat anemia . 

The oxidation state encountt:red in con:pounds of iron 

ranges fron 0 to + 6 . however , the most common compounds 

are those of iron (III) and iron (II) . In co~plex co~pounds 

- 2 iron (II) may be tetracoordinate (e . g feC1 4 with tetra-

hedral configuration), thou£h more often it has coordination 

number six , e . g . in the octahedral complexes 
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+2 
Fc(Phen)3 und so~etimes even eight (oxyhemoglobin 

and carbonyl hemoglobin) . The complexes of iron OrI) are 

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

re ( CN ) ~3 , fe(H 20);3 and reC1 4 (H 20); . The tet:rahedral complex 

feC1 4 exists in "the medium of concentrated hydrochloric 

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

complex Fe(EDTA) (lI
2
0) is s~ven (6) . 

Cabal t in \olidely distriLuted in nature making up about 

0 . 001% of the igneous rocks of the earth ' s crust . It occurs 

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

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

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

?ore cobalti1:e (CoAsS) , s altitc (CoAs 2) , erythrite [Co(As04 )2 ' 

8H 20J , and wad (Co 3S4 ) . Th most impor"tant cOlIunercial appli­

ca"tion of cobalt is in making of alloys . Cobal"t and its 

alloys dre wear and corrosion resistant even at higher 

temperature . 

The oxidation state of cobalt in its compounds is most 

requently + an +3 . e octa e ra comp ex I . f 2 d Th h d 1 1 CO( ~20) +6 2 

which is the form of cobalt (II) encountered in solution , 

has a pink color . The blue tetrahedral complexes , e . g . 
- 2 - 2 

CoCl 4 and Co( SCN) 4 t ... hich are cons iderably 

dissoc iated in aqueous medium , egin to predominate at 

about [ CI - J > 9 11 and [SCN - ] > 3M , respectively , or when 

the relative permittivity J.S decreased by the addit i on of 

organic solvents , such as acetone . The octahedral comp l exes 

Or those with planar configuration are less co~on . 
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'rho; most commonly used methods [or determination of 

~ron dnd cobalt are gravimetric ( 2 , 7,8) , volumetric (7,8), 

spectropho t ometl'ic (7 , 9- 12) and d~omic ah&orption spectro­

scopy (1 3 ,1 4 ) . Of these methods, spectrophotometry coupled 

with solven t e xtraction arc the f.-lost widely uSed ) which 

have also been employed in the present investigation . Hence , 

the basic features of spectropho1.ometry and solvent extra ­

ctior. are brie fl y d i scussed . 

1 . 1 Spectrophotometry 

Spectrophotometric methods are based on the measurement 

of the absorbance for monochromatic light passing througr. 

the solution containing the substance to be determined . 

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

the absorption coeff i c i ents , £'A ' of the substance being 

determin~d at a given wave1~ngth dre known and the absorbance , 

A, is measured , i t is possible to use beer- Lambert law in 

order to determine the unknown concentrat ion , C. 

Spectrophotometric methods ere commonly us(:!d for the 

determination of inorganic substance with organic reagents 

(7 , 8 , 12 , 15 , 16 ) . The realiab i 1ity of the method depends on 

the nature o f the organic redgept used . Organic I'cagents 

used in spectrophotometric me -t hoe shoula be sufficiently 

stable and re sistant to aerial oxidation or to photometri c 

decomposition . The same should hold for the reaction pro­

ducts . Horeover , i n 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 
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being oetermined : )' - A 100 nm (product)max (reagent)max ~ . 

The reao~nt for which A ( d) A df'e D pro UC~ max ~ (r~ag~nt)max 

less suited for spectrophotometry and arc applicable only 

when the absorption co~fficients differ by a factor of at 

least: 2 . 

Sensitivity is ant?; of thE: obvious demands in appli-

cat ion of analytical ffi02thods . In order to comply Hi th this 

rE:quirement for reactions which involve a chanr.~ in color , 

the molecule of the complex form~d or the organic reagent 

itself must contain chromophoric groupS which ar~ chara-

ceterized by transitions with molar absorption coefficit.:nts 

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

are found among d-n and n - chromophores . The complexes with 

d - n chromophor es are restric~ed in use to the transition 

eh:ments , in particular those which can exist in two oxidat i on 

states differing by an electron . 

The reagent with n- electron groups are rrost frequently 

employed in analytical applications . The mair. reason can 

be found 1.n the int.~nsity of the transitions (with molar 

absorption coeffici~nts up to lOS 1 mol-
1 

cm- l) which cha-

racterize thes e chromophoric ~roups . The s~lectivity and 

sensitivity of spectrophotometric method can be incr~ased 

by introduc ing suitable substituents into the molecules of 

the organic reagents . 

1 . 2 Spectrophotometric Determin~tion of Metal Ions 

Complexation Reactions: Spec tI'opho'tometric deterlllination 

of metal ions i s based on the formation of w.etal complexes . 
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The formation of a stable metal complex requires the presence 

of acidic or basic analytical functional Croup in the molecule 

of th~ reagent , pr~ferably in those positions whi ch allow 

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

metal complexes are formed only when the organic reagent: has 

n - electron chromophoric groups in the wolecule , the cycla 

group should also form a part of the n- elcctron system and 

no insulating group i s permitted between the acid group 

and the conj ugated system of t!le molecule . 

The complex forming properties of organic reagents can 

be influenced by introducine suitable substituents int o their 

molecules . The stability of the cOlflplcx is usually increas -

ed by higher basiciLY of the ligand . \-Ihen u. bulky subs ti -

tuent is close ~o the functional grouping , th~ reac~ivity 

of the reagent mdY be dec.reased or even lost, owing to the 

stlO!r l c effect . In th i s Ir,anner it is sometimes possible to 

incre~se the selectivity of th~ r~agent . For exa~p18 , 1 - 10-

phenc'm~hrolinc forms coloured cor-,?lcx with iron (II) but 

;..'hcr. methyl groups arL im:rcduccd in thE posit"ions 2 and 9 
no 

a reagen t is obtained whicl./lunger forms the iron (II) - tris 

complex . v.hen phenyl troups are in~roduced in the positions 

If and 7 the absorptior. ffi,;;xirna is shifted "to longc:r wave length 

(533 nm) ~n comparison with analogous cOD.plex of ~he parent 

compound having absorpLion maxima at 510 nm . A~ the same 

"time , the molar absof'?tioTi coefficient of the 

b q.thophenanthroline cOf .. plex is t\'lice th.::t of e:e phenanthrolin'3 

complex . 
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A siIililar eXdmp2e is gj v('n ~y the COr.lp] ex of N-

ph€nylcinnamohydroxa~ic acid with iron (III) . Here th~ 

absorption maxima rl::!mains the surne .1S that of the parent 

compound (N- ph(~nylbcnzohydroxamic .... cid) tut th(:: molar 

absor~tion coefficient is hithly increa~ed . 

Complet~ness of Compl~xation R(.actior. : Both the accuracy 

dnd precision of a photometric det£rmination depends on thE; 

completeness of <.! given I'(::acticn . As the reaction solut ion 

usually contains components competing in the reaction ( buffer-

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

conditional canSl.ant for th£ general complexation equilibrium . 

M + nL ~ ML 
+ n 

on which t he dct~rmination is hased : 

rlJ 

r2J 

where C' is total concentration of the metal ion unconsumed M 

in th~ fo r mation of the comph .. x 11Ln' C I L is total concentra-

tion of the lieand unconsun.ed in the formation of the complex 

MLn , aM and a L are side reaction coefficients of the metal 

10n and the ligand , respectively . 

If a reaction is considered as complete when 99% of 

the met.)l being determined is transfcrmLd into the particular 

complex NL , it holds that ; 
n 

B'11L (C ' )n > 10 2 
n L ' [3J 
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This expression can be used for the calculation ct the 

necessary minim m excess of tht. reagent required for the 

completeness of the rC3ction . 

The Selectivity of Photorr,t:."tric Detcrmi.nation : If adequate 

sclt:!ctivity i;-, the photometric dctcrmin,3.tion of a gi ven 

substance is to be achiev~d, it i& nec~ssury to choose a 

suitable wavelength at which to make the measurern~nts . The 

absorption co..::.fficient of t"h<.:: [iubstancc being dC::!termi ned 

should be high and those of oth~r' ~ubstances present be 

negli&ihlc . Selectivity can be inCrE:dSed by pH adjustment 

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

should be colorless Clnd not fonn any complexes with the me t al 

being det(;;rrnined or rt:act t-Jith the colorimetric l"QagQnt . 

In the determination of d metal M in the presence of 

another metal H, if both form r:olored complexes MLn(B 'MLn ) 

und NL (p I NL ) with sir.lildl"' absorption spectra, correct n n 

res1,.;lts for ML are obtained if the r'.ondition in ~quation 3 
n 

is fulfilled . At the same tim", the followine cxprE:!ssion 

r.lUst hold for the ratio of the dbsorhance values of the two 

complexes , provided that th(. coloril'lt.-tric reagent itself 

ooes not absorb at the wavelength used : 

[0] 

If the concentra lions of M and ~! are the same and the 

absorption coefficients of the two complexes are equal , the 

concentration of the complex NLn must be negligible if an 

accurate result is to be obtain~d for N: 



-
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rNLnJ 
~ Ci 

N 

rs] 

Combinat i ons of Equ.ltions ) and :., giv8S : 

[6J 

If th..:! a.Dsorption mdxirr,a of the two complcx~5 arc at 

different wave l engths , it is possible to dctel~mine both H 

und r~ by measuring th~ absorb,3.ncE' at the wavf;..leneth~ where 

the differ~ nces J.n absorDclnce [or tho:! t\.JO compl~x~s are 

maximal , and by solving the appropriate: simultaneous equations . 

Select ivity can often be increased by extraction of 

t he rCdc~ion product. Thus it is possible to separat~ t he 

components to be det..:!rmint.!d from other intcrflJring subs tances . 

Usually u lower limit of determinat i on C<:t.n be obtained , 

because th(; lreasul'C'd compound can be cvnct::ntrated in the 

organic phase by usc of a suitable volumLc - ratio . Thus, 

e xt raction methods aI'l.:; very vital in inorgar.ic analys i s and 

arc superior for t he nost part to other methods of separations . 

1 . 3 Pr(;c ision of Photorr,etric Determination 

I~ 1939 Rir.6bom introduced a m~thod of plotting spectro-

photometric data in which % trc1:1smittance (or ~ absorbance ) 

is plotted against the logarithsrn of concentration . When 

th~se functions are plotted a sigmoi G or S- shaped curve is 

obt a ined . Ringbo~ has showed that the accuracy is g~eatest 

when the relation: 

6C/C 
oT 

2 . 303 r7] 
6T/ t.loge 

7 
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r~ach a minirn~~ ie . dt th~ poin~ of Lhe st~~pest slope 

(t:.C/C is the relative analysis ~rror and 6T/l!.logC is the 
W-

slope of the curve ) . 

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

determination of conccntratio~ li~its within which the 

analysis error is mir.imurn . The conccntr~tion ranpe can be 

~valuatLd by constructing a tangent to the st~~pcst portion 

of the curve . The slope is then translated to poin~~ of 

trangency to the curv~ one on the lower and one on the upper 

limits of the curvt! . These points dcrint. conc~ntration 

limits within which tho! rL!lative analysis error is r.linimum . 

1. 4 Spectrophotome1:ric Methods for Det.;.rnLinatior. of 

Composition of Complexes 

Methoa of Continuous Variations: The principle of the meLhod 

is that l:h(; mole fraction of the mctdl ion and ligand is 

v.1r i ed bctw(:!en 0 <lnd 1 .:1t constdnt total concentration , 

C=C
L

+ eN ' and 1.:he absorbance of the solut i ons of different 

composit i on is measured . Th~ absorb.J.ncl.: are then plo"ttcd 

against the mole fraction , XL ' of the ligand . If only one 

complex species has bet:.r. formed , with compoGiticn HL n , and 

the absorbance is m(,;<J.sured at u v;'lvelenr;th wht;rc nE!i ther 

the metdl ion nor the ligand but rather only the complex 

absorbs, then n can be calculated froJil the aLscisso of the 

maXlffium of tht:; curvE;. (X ): max 

n= nur.ber of ligand = 
Xmax 

l - X max 
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Clbsorbance in the presc..ncc of exco,;ss concentration vf 

4.lxiliary ligClnd . I:qu:n:icn 10 can b·~ writt<,-,n as: 

A-A . 
log m1n 

A -A max 

Thus , thli. slope of thE; curv~ obtairled by plotting 10£ 

&gainst log eX] giv~ the:. numbc.I') 11 , of tht: auxiliary 

ligand, X. 

1 . 5 Solvent Extraction 

rllJ 

A- A . 
m1n 

A - A max 

Solvent extraction ~s the partition of one or morc 

compon~nts between two liquids of limited mi3cibility (17 -

23) , Such liquid- liquid ~artition is caused by the different 

solubilities of a given substance in the two phases . This 

rrethod of partition of a given substance from one phase to 

the other is extrem~ly useful for very rapid and clean 

s,=parat:ions of trace and major compon<:!nts of both organic 

and inorganic substance . Inorganic constituenLs are often 

separated from an aqueous solution LO water immiscible organic 

solvents through tho:;: formation of comph.xes v..'hich may be 

applied to direcL analysis by spc..ctrophotometry , gas chro-

matography, atomic absorption, radiochemical , or other 

suitable methods . 

The thermodynamic conditivn fer c.. heterllgenous equilibria 

which takes place in partitioning of a substance M between 

tW<J phases is thaL the chemical potentia} ~M of the substance 

~s equal for the two phases : 
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The qUcJ.ntities (~k)I and (~~)II dr~ the standard chemical 

( aM ) r and(dH)II tht.; activities of sL.:.bstanc€ 

M in phases I and II , resp";)cl:ivt::ly . 

potentials and 

I n analytical applications th~ liquid - liquid partition 

equili bria , which are commonly CdJ.lt:d extraction equilibria , 

usuclily take!; place between an d']U<-'ous rwlution (phase I, 

subscript aq) J.nd an orgdnic sOlvent (ptkl.SC II , subscript 

~rg) which is immiscible with water . Lqudtion 12 can then 

be rearranged to e~ve : 

P3) 

Hence such a partition equilibrium Can be characterized by 

the thermodyn~mic equilibriu1I. constant (Kn,N) a. 

For practical applications it is necessary ~o Covert 

the thermodynamic constant ( kL , N)a into the concentrati.on 

partition constant kD M (called the distribution const"i.rt ) , 

[M ) 
org 

[ Ml - aq 

where TN] org and 0: ] aq r~present the equilibrium rr.olar 

concentrations of the 5ubstancl:.. M in thp particular phase . 

Because of its ease , sir.;r.1ie;ity , ::.pced anc wide scope , 

solvent extraction enjoys d favoured position amon~ the 

separat i on techniques . 

Extraction systems are clas~ified dccording to di -

fferent criteria (8): 
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d . the type of extraction process or reaction in which the 

extractable species is formed (physical partition, 

solvation , formation of chelates , or i on pairs , etc . ) ; 

b . the kind of extractable species (simple covalent 

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

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

d . the kinetics of extraction . 

None of these criteria allows 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 undel' (b), in which the extra -

ction systems of chelate compounds and ion-associated are 

distinguished . The present invest:igat:ion is based on the 

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

rnentals of ion - association complexes and t:heir extraction 

are bri efl y described in the following section . 

1 . 6 Solvent Extraction of Netal Chelatcs 

If a metal is extracted from an aqueous solution into 

an organic solvent, the metal ion is transferred across the 

liquid- l i quid boundary as an uncharged part:icle which can 

be either an electroneutral complex formed with the organic 

reagent or an ion - association complex . The ~xtraction o f 

a metal M with the extraction reagent fiL , forming a chelate 

MLn soluble in an organic solvent, is expressed by the 

equilibrium: 

+ 
+ nll aq [15) 
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whi ch ~s characterized by the extraction constant : 
[ML J rH+,n 

Kex = - n org ~ aq = 
[MJ fHLJ n 

aq· org 

As shot-m in Equation 16, the value of the extraction constant 

depends on the stJ.bility constant an and the distribution 

constant kD, H of the chelate being extracted, and fur ther , 

on the protonation constant BHL and the distribution constant 

KD ,L of the extractine reaeent HL . 

In l iquid - liquid partition , a substance M can undergo 

in both phases various solvation, association , protonation , 

and complexation equilibria . For analytical dpplications 

it is e ssential to define the partition of the substance 

irrespective of the particul.:tr forms which are encountered 

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

rat io of the total analytical concl::ntrations of the substance 

M in the two phases : 

o [I1J org 
Ofl [11.1 aq 

This quantiTY is called the distribution ratio . 

The compl eteness of transfer of substance t1 l.n any 

e xtractable form into the organic phase is given by The 

degree of extraction E, which is u6 ually expreSSed in percent: 

o 100rMJorg Vorg 

.[MJorg Vorg+fMJaqVaq 
[18J 

tvhich is the fraction of the substance extracted from the 

aqueous phase into the organic solvent . 

, 
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The expression in Lquation 16 can , thus be written for 

the extraction of the chelate Hi.. as: 
n 

/HLJorg n 
D - \'x ) M -

[H+]aq 
or 

lOG L'N 0 l og k
cx 

+ n log[HLJ • org 

r19J 

npH [20J 

As shown in Equation 20 , the value of the extrdc'tion 

cons t ant also depends on the concentration of the ex'tracting 

reClgent and the ph of the solution . 

The distribution ra1:io DM can ,llso be influenced by 

other facto r s such as tempcl'4l.l:ul"e , ionic strengt:h , and 

kinet i cs of extraction , which ar~ not explicitly expr~ssed 

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

the temperature changes the value of cl.n equilibrium constant , 

but it is not possible to predict hOvl it will effect the 

val ue of K . e x 

There i s no general rule for predicting the effect of 

the ionic stren[,th when d common electrolyte is added . A 

change i n t he ionic strength affects the value of the relative 

permitt ivity and so the vdlue of the extraction constant 

K i s influenced by these two changes . ex 

There is no kinetics effect involved in the value of 

DM, provided t~le distribution ratio ha.S been deLe ined for 

an equi librium state . 

1 . 7 Ion - Association Compl~xes 

A decrease in the relative permittivity of the medium 

us ually brines about an increase in the forces of inter-
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ionic attractions and consequently , vdrious ionic aggregates 

are formed . The forma.tion of ion-·association complexes 

can be i nterpreted with the aia of Bjerrum ' s ~heory 36 modi­

fied by fuoss (24) . Th~ forces acting between two spherical 

non - polari zable ions of opposite charge are assumed to be 

purely coulombic ).n naturc, depcncinr; or. the relative 

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

at l east to the distance , d , as giv~n by the following expre -

SS iOD : 

d" 20KT 
r21J 

w'here K i s Boltzmann ' 5 constant , an ion- association complex 

can be formed , e . g . by the reaction 

. -
T [A , 8 J 
~ 

The equil i brium constant of this "lSSOcLltion equilibrium 

is given by: 

( K ) 
asSOC a 

~ aA+B- ~[A" B -L 
d +J. -A B 

[A+J[B - J 

The formation of ion- associ.3.tion complexes can thus be 

[23J 

treated in the same manner as complexdtion equilibria . The 

same analogy holds for thL association constant (K ) . , 
~ assoc a 

which can be calculated accordin~ to Bjerrum as follows: 

(K ) as soc a 

1 /Z +Z- /< 
cKT 

~o1here Q(b) is a function of the shortest distance , a , to 

which the ions forming the complex can approach each other, 
/Z + Z ;:/e2 , acKT . If a;: el , then b ;: 2 and 

since b ;: 
Q(b) ;: 0 , so that no ion- pair is formed , bec~use the ions 

have not reached the distance ctpart required by Equation 21 . 
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The formation of ion- association con!plexes ~s applied 

~n ~xtraction separation bas~d on liquid - liqui d partit i on . 

The appl i cation of theoretical values cf (Kassoc)a in 

analytical chemistry is rather difficult , because the value 

of the activity coefficients ~rL usually not known for the 

fairly concentrated solutions of electrolyt~B in which the 

ion- assoc iation complexes d!'C formed . In these solutions 

the act ivi ty coeffici~ nt s a r e considerably influenced by 

the conc entration and t he kind of ions . 

1 . B Extraction of I on - Associution Compl~xes 

The extraction of chelatcs is based on the consider ation 

of a v~ry s imple model extraction system for \o,hich "the depen-

denee of DM on the extrac1.ion COJ:stdnt, the conct.ntrdtion 

of the r eagent, and th~ pH value is given by: 

D ~ K ( [HL)org)n r 25 ) 
M ox [H+) 

For similar treatment of the extract i on of ion-a5so-

ciation complexes perrhenatc dnd tetraphenylarsonium chloride 

may be used a s model substances . It is thus necessary t o 

ass ume that on ly the following equilibrid a r e involv~d : 

Organic 
org 

Aqueous 

( R4 AS+ , Cl- )aq 1 KD , I-I 

KM , • ReO~) dq ~ 

Re04 + Rt,As ~ (R . As 
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If 'the reagent were completely associated in the organic 

phase and partially dissociated in wdter , a.nd if the extra-

eted metal were present: in the or"gdnic phase only in the 

fol'w of a monom0l'ic association complex dnd in the aqueous 

phasE as the anion ReO~ , the expression for D
Re 

would take 

the form : 

D " Re 

+ r(H 4As , C1 )J
oro 

[C1- J 

Howe ver , no real association sys t em behaves in acco-

rddnce wi t h this simple expression , because it usua lly 

involves many o1:her complicated equil ibria . The reagent 

may be dissoc iated ir. the organic phase to some extent or 

may polymerize at high~r concentrations, or even be more 

soluble in water than in the or~anic solvent . The ion-

association complex can undergo dissociation or polymeri-

zation in which large aegregaces 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 law of mass action as: 

[R4AS +, ReO~J 

[R4As+J[ReOdJ 
[27J . 

which reflects the chemical nature of this process , but 

also by the expression in tquation21, ch~racterizing the 

electrostat i c nature of the interaction . According to this 

expression the stability o f the complex is increased by 

decrease in the size of the ions for~ing the ion- pair . I n 
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practice , it is large ions that usually form ion-association 

complexes . 

The expression in Equation 21 also indica~es that the 

stability of the complex , and hence the value of Dr1 increases 

when the: relative permittivity of the Inedium is low . In 

other cases , the ion-dssocia'tio!1 complex, dfter transfer 

across the phase boundary dissociat~s deain . It is then 

more advantageous to use solv~nts wjth high relativE: 

permitt ivity . 

1 . 9 Literature Survey 

A large number of organ i c reagents are recommended 

fa!' the separation, detection , and determination of iron . 

Just to mention a few of the common organic reagents that 

are used for spectrophotometric determination of iron are 

2,2 1 - bipyridyl (25) , cupferron, 5-m~thoxy- 2 - nitrosophenol , 

and 2 , 4 , 6- tri - 2- pyridyl - s - triazine (7) , 4,7 - diphenyl - l , lO ­

phenanthrolin(;: (26), 4 , 7- diphenyl - l,lO- phenanthroline 

disulphonic acid, disodium salt (27) , l,lO- phenanthroline 

( 28 ), isonitrosodimel:hyldihydroresorcinol (29) , 2-(2 - pyri ­

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

hyd~azone (31), 2- (p- sulphophenylazo)-1,8 - dihydroxynaphtha ­

lene 3 , 6- disulphonic acid (32), 4- (4 - mel:hyl-2 - thiazolyl azo ) 

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

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

ligand complex \.,.ith chromeazurols and cetyltrimethylammo­

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

cheap cos t , The most frequently employ~d reagent for the 

spectrophoto~etric aetErmination of iron (38 - 44) . However , 

the results obtained by the thiocyana.t~ mLthod depend 

considerably on the exact adjustment of the £::xperimental 

conditions . 

The organ i c reagents commonly used for the spectro ­

photometric determination of cobalt are chromazurol S( 45) , 

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

naphthol (4 8) , nitroso- R- salt (49),2 , 2 ': 6 , 2 " terpyri-

dine (50) , 3- (o- acetophenyl) - l - mcthyltriazene N- axide (51) , 

2- {p - sulphopheny l azo) - 1 , 8- dihydroxynaphthalene 3 , 6- di­

sulphonic acid (32), benzyl-2-pyridyl k etone- 2- pyridyl­

hydroxy- 2- acet onaphthoneoxime ( 54 ) , etc . Thiocynat e is 

also corr~only used as a spectrophotometric reagent for 

cobalt (9 - 11 ) . It may a l so be extrdcted into k e t ones , 

alchols , and esters . 

Of the several spectrophotometric reag~nts reco~end ed 

comparatively few are well suited for the simple , precise , 

sensit ive , and se l ective deterrr.ination of iron and cobalt . 

Hence, sear-cn for the better reagent for iron and cobalt 

s till continue& . 

The introduction of a third component into a binary 

complex leads to the formation of a ternary system with 

advantagEOUS properties (55 , 56) . G£nerally, the f ormation 

of these ternary systems cause a changE! in properties such 

as solubil ity i n watel~ and organic solvents and extraction 
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rate, and variation in position and heigh~ of the absorption 

maxima . This allows higher sl:nsitivity ~nd selectivity of 

d~termination to be achieved . Recently spectrophotonetric 

methodS for the deterl.lina'tion of iron based on ternary 

complex formation has b~~n l'l!ported (57 - 59 ) , Th~ tetrathio­

cyanatocobaltate (II) Cdn also bt.: extracted as an ion-pair 

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

triphenylsulphonium ch loride (6 2) , 

In the present investigation N-phenylcinnamohydroxamic 

acid , which has become a vopular chclatin~ agt.:nt in recent 

years , has been sel~cted as the main reagent for the ~xtra-

etian and spectrophotometric determination of iron and 

cobalt . Hence, its general properties and analytical appli­

cat ions arc br iefly reviewed . 

1.10 . Gene ral Prop€:l'ti(;s and Analytical Applications of 

N- Phe ny lcinnamohydroxamic Acid 

N- phenylcinnamohydroxamic acid , I, contains an acid 

group with replac~ablc hydrogen atom and a basic coordi -

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

ffi,;mbered ring , II , on reaction t.lith me'tdl ions . 

C, H,. - N - CH 
u' . . r 

C H - CH - CH - C • 0 
b 5 

I 

- N - 0 , 
I! 

- C'O '" 

II 

N_Phenylcinnemohydroxamic acid was first synthesiLec 

by Hajumdar and Mukherjee in 19CO (b3) . It is a pale green 

crystalline solid , with melting point 159 - 160oC . It is 

stab l e towards heat, light dnd dir, and can be stored in-
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definitE:ly without deterior'dl.ion . I .... is a 'N'eak acid and 

its <-"!c id dissociation con:;tam: hds been found 'to be 

1 . 6 x 10- 9 ( 64 ) . It l.S stable t owards the action of dilute 

solutions of fi'ineral ac i ds and alkalies , an:! decomposes l.n 

concentra ted nitric and sulphuric ucid solutions ( 65 ) . It 

is s liGht ly soluble in wat er and f airly soluble l.11 common 

organic solvent s such as a l cohol , i! thylacctate , ch l orofor m 

and benzene . Its solution in organ i~ solv~nts is l ilht 

yel low and stable for se veral days if properly stored . 

N- Phenylcinnamohydroxarr,i c acid , PCHA , was i ntroduc~d 

as an a nalytical reagent for the first time in 1960 by 

Majumdar and }1ukhe rjce (6(;) for the gravimetric determi -

nat jon of niobium (V) and tant·:t lum (V) . It s analytical 

a.pplica. tion was furthe r c.<t<:!ndcd for the extraction a.nd 

spect rophotometric determindtion of vanddium (V) (67) , 

titaniw:l. (IV ) and niobium (V) (6 8) , .drconium (IV) and 

hafnium (IV) (69) , and the successive extraction and 

spect rophotometri c de t e rmi nation of iron (III) , vanadium (V) 

and uraniuf.1 ( VI) (70) . It has also bc~n used for the 

gravimetric determination of ~ranium (71) and zircon ium 

(7 2). RecEntly PCHA has been us~d for the success ive 

extraction and spectrophotometric determinat i on of iron (III) 

and vanadium ( V) ( 73 ) , for the extraction and spectrophot o­

m~tric determination of vanad ium (V ) as a mixed ligand 

comple x wi t h thiocyanat e ( 7U ) and p- chlorophcnol ( 75) , a nd 

for tht:! simultaneous determination of iron (III) and Vand -

dium (V) by solvent extrdction and spectrophotometry (76 ) . 
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1 . 11 Aim and Scope of Prescnt Investigation 

The fopegoing discussions reveal that peM has bE;en 

used for the extract ion and spect:rophotoi!letric determinat:ion 

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

reported 'that ~ron (III) is extracted into nonpol<lI' organi c 

solvent only as a binary complex with PCHA even in the pre­

sence of thiocyanate (76) . However, no attempt has been 

made to s tudy the nixed complex formation of iron (III) 

with PCHA and thiocyanate in rel~tively polar solvents . 

Also no attempt has been made to study the reaction of 

cobalt (II) with PCHA both in the absence and presence of 

thiocyanate and the extraction of iron (III) with PCHA from 

the azide medium . 

Thiocyanate is commonly used as a spectrophotometric 

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

(II) (9 - 11) . However, both lJlethods suffer from the serious 

interferences of many me·tal ions which dre corrunonly asso­

cidt:ed Hi th irofl and cobalt in alloys and comp l ex materials . 

Furthermore, ira:" (III ) - thiocyal,ate coloured system i s not 

very stable and requires st:rict control of experimental 

parameters while the cobalt (II) - thiocyanate coloured system 

~s not sensitive and cannot be used for the determination 

of traces of cobalt . Althou h iron (III) and cobalt: (II) 

form different coloured cor.tplexes with thiocyanate, no 

at t empt has~been made for the simultaneous determination 

of the tt.;oo metal ions by spectrophotometry . 
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Therefore, from the point of vie\-I of ace ranee , abun­

dance and importance , the development of a new method for 

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

needs no comment . It i s also worthwhile to study the extra­

ction of iron (III) with PCHA from the azide medium due 

to its similarity with thiocyanate . 

Hence , in the present investieation, the extraction of 

iron (III) and cobalt (II> with PCfiA from thiocyan.J.te medium 

has been stud ied in detail in different experimental con­

dition to develop a ne\-I method for the simultan~ous df:!termi ­

nation of the two metal ions by spectrophotometry . The 

extraction of iron (III) with PCHA from azide medium has 

also been studied in detail to develop a nCt-1 spec..tl'ophoto­

metric method for det"ermination of iron (III) . 

The present investigation has led to the development 

oJ. d simple, precise , and selective method fop the: simul -

1:ilneous determination of iron (III) and cobalt <II) with 

PCHA in the presence of tniocyanate by solvent extraction 

and Sfectrophotometry . It has also been rcsult~d in the 

developmem: of a s imple , pr€.cis~, and selective method 

for the extraction and spectrophotometric deter~ination of 

iron (III) . Both the ncthods arc applicable to the analysis 

of iron and cobalt" in allOYS, steels , and biological samples . 
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2 . EXPI:RI!1ENTAL 

2 . 1 Apparatus and ReaGents 

Apparatus : A Beckman Xodcl 24 UV - Vis sp~ctrophotometer 

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

rbance m;':dsuremen t s . A Beckman lHEH-HATE pH meter was used 

for pH meas urements . 

Standard Iron (III) Solution: fJ. standard solut i on of iron 

(III) t.JdS prepared by dissol ving 4 . 0402 6 iron (III) nitrate 

nonahydrate (BDH, AnalaR) in loO -mi of 1;5 (v/v) nitric acid 

and diluted to 1 . 0 litre with distilled water . The solution 

was standardiz~d volumetrically (7) . A working solution 

was prepdred by dilutinG a suitable aliquot o f the standard 

solution to a i<nown volume wit:"! distilled water . 

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

solu~ion was taken into a conical flask and diluted to 100 nl 

wi~h distilled water . The pH of the solution was adjusted 

to 2 . 5 . Five drops of Variamin~ Bluc indicator solution 

was added , the content of -rhe flask \·,as warmed to 40°C, and 

titraTed with (O . DIM) EDTA solution until the initial blue 

colour of the solution turned yellolo.' Io.'i~h t.he final drop 

of the reagent . 

Standard Cobalt (II) Solution: A standard solu-rion of cobalt 

(II) was prepared by dissolving 2 . 6090 g cobalt <II) sulphate 

heptahydrate (Hopkins and l'lilliams , AnalaR) in distilled 

water , acidified with SUlphuric acid, and diluted to 1 . 0 

litre with distilled I-o'atcr . The solution was standardized 

volumetrically (7) . 
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Standardization of CoCII) Solution : 2S ml of cobalt (II) 

solution Has tdken into a coni cal flask and diluted t o 100 ml 

with c!is"Lilled water . The pH of the solution was adjusted 

to 6 . FivE drops of Xylenol Orange indica~or solution was 

added. , the content of the flask was wal"'rr,ed to 40°C , and 

titratec with (O.OIH) EDTA solution until the initia l red 

color of "'the solu t ioll turned yellow with the final drop of 

the reagent . 

keagent Solution:N- Phenylc~nnamohydroxamic acid , PCHA , was 

prepared by the condensation of N- Phcnylhydroxylamlnc with 

cinnamoyl ch loride at low tempera ture in d i ethylether med i-

Ur.l. made alkaline \"ith aqueous suspension of sod i um carbonate . 

A 0.005 N solution o f PCHA in twice dist i lled E;thyla -

cetate \..,.as used for the extract ion of 'the metal ions . 

St<!ndurd Thiocya:ld te Solut i on: A 4 . 0 M standard solution 

was pr~pared by dissolving ammonium thiocyanate (Hopkins 

and vJill i ams , AnalaR) in d i stilled water and standardized 

by Volhard method (7'1) . 

S'tcindardization of Thiocyanate Solution : 2S ml of the 

s'tandard O. IN sil· .... cr ni tra te solution was transferred into 

a conical flask , S ml of 6M nitric acid and 1 ml of iron 

(III ) indicator was added to i t . Aanonium 'thiocyanate \..,.as 

run in f r om tht: burette until co_ faint bro· .. m colour was 

produced Iv!l i ch no longE::r disappeareel on shaking . 

Stancard Az i de Solut i on: A 2. 0 K stdndard solution was pre ­

pal~ed by dissolvi ng sodium azide (Hopkins and Williams I 

AnalaR) in d i stilled water . 

, 
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Solution of Foreign Ions : Solutions of foreign ions were 

prepared by dissolvinc known quantities elf reagent grade 

salts in distilled water to g~ve 10 Inf; of the ion in questior: 

{.IeI' millilitre of solution . The solutionf: \.Jcre acidified 

Vlherever necessary to prevent: hydrolysis. In general nitrate 

salts were used for the cations and sodium or ammonium salts 

were used for the an i ons . 

Solution of Electrolyte : A 4 . 0 M stdndar~ solution of pota-

ssium nitrate (BDH , AnalaR) in distillca w.J.ter was used for 

adjusting the ionic strength of the solutions . 

Solvents: Ethylacetate (Ried~l-deHaen) was purified by di -

s tillation discarding the first and the last fractions . It 

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

covered by distill~tion dnd used again . All other solvents 

tlerc used after a single dis"tillation . 

Drying Agents: Anhydrous sodium sulphate and calcium chlo­

rid('.. "lere used for drying thE: colored extracts and the di -

stilled solvents , respC!ctively . 

Hydrochloric Acid : Concentrated hydrochloric acid (BDH, 

AndlaR) ' ...... as used for adjusting the acidity of the solutions . 

2 . 2 Preparation of Sample Solutions 

Blood Sample: A 2 ml aliquot of blood sample was transferred 

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

nitric , sulphuric , and perchloric acids in tr.e ratio of 

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

The heating was continued after ada it ion of about 10 ml of 

dilute hydrochloric acid until the volume of the cont~nt 
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was reduced tc about" 5 mI . It was cooled and "the residue 

was reboiled '""ith 25 ~nl of di5ti1lt:d wate.r . The solution 

was cooled and transf~rrEd quantit~tively into a 50- ml 
. 

volumetric flask and dilut ed to volume witb distilled water 

(1 3 ) . A suitable aliquot was taken for the analysis . 

Vitamin 212 : A weighed quantity ( O. 2g) of the vitamin B12 

wa s tra nsfer red into a 2S0-ml Kjcldhal flask. and decomposed 

with 20 ml of aqua - regia . Thc mixt"ure was heated for on~ 

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

The solution was evaporated to alr.lost: drynE:ss , cooled , and 

boiled Vlit:h 50 ml of di5ti11(.d .. later . The undissolved 

matter \"'dS filtered off and wash£::d several times with di -

stilled water . The filtrate and washings were collected 

into a 100- ml volumeLric flask and diluted to volume ~",ith 

distilled water . The solut i on W,J.S exposed to uv-light to 

r educe cobalt (III) to co~alt (II) (78) . A suitable clliquot 

'was taken for the analysis . 

Steel Samples : A wei ghed quantity (approximatel y 0 . 1 g ) 

of the s teel sampl e was trans f e r-I 'ed i nto a J+oO - ml beaker 

and decomposed with IO- rnl concentrated nitric ac id . The 

mixture was heated t o remove the oxides of nitroE<;n and 

about 10- 15 ml of concentrated hydrochloric acid was added 

to it . The solution was (:vaporat~d to almost dryness . 
water 

About 50 ml of distillt:d/was added and the solution was 

boiled . Tungst en was precipitated as tungstic acid , The 

undissolved silica and tur.g~tic acid were filter€.d off and 

washed several times with hot distilled water . The filtrate 
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a nd washings were. coll~cte.G into a 500-ml volumetric flask 

and diluted to volume with distilled water . A suitable 

al iquot was t aken for the analysis . 

2 . 3 Gerleral Procedur~ fer Ex traction 01' Iron (III) and 

CODa l t (II) from Thiocyanate Nedium 

An al i quo t of the solution containing le - 90 ~g of 

iron (III) or lOO- 600 l1 g of cabal t (I I ) or both metal ions 

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

4 H ammon ium thiocYdnat e was added to it . The acidity and 

volume of the aqueous phase were adjusted to 0 . 5 - 1 . 5M and 10 

;nl Hi th concentra,ted hydroch l oric acid and distilled water, 

!~espectively. A 10 ml aliquot of 0 . 005 M PCHA in ethylacc: -

tate vl ac added to the funnel and the mixture was :;:.lidkcn 

vigorously for about one minute . The funnel was allowed 

to stand 1:0 separate the two phases . The organic phdse was 

collected in a 50- ml beaker containing about 3 g of anhydrous 

sodium sulphate . The aqueous phase \.Jas washed with 5 ml 

of the reagent foll owed by 5 ml of ethylacetate . The coloured 

cxtracL was transferred into a 2~ -ml volumetric flask and 

the b~aker was washed with a few ml of ethylacetate . The 

waShings were added to the flask and diluted to volu~e with 

ethy l acetate . The absorbance of the colored solution was 

m~asured at 495 nm for the de1:ermination of iron (III) , at 

625 nm for the d~terminat ion of cobalt (II), lnd at both 

wavGlengths for the simultaneous dettrmindtion of both metal 

ions a~ainst the reagent bl~nk . 
Q 
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For calibration , O. 2S, 0 . 50 , 1. 0 , 1. 50 and L . 00 1:11 of 

the sTandard soluTion ( 50 ~£ ml- 1 Fe(II!) or 0 . 6 mg ml - 1 

Ca(II) were used through the procedure . 

2 . !~ General Procedure for £xt:raction of Iron (III) from 

Azide Medium 

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

~ron (Ill ) \.-Jas transferred into a IOO-ml separatory funnel 

and 5 rol 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 with concentraLed hydrochloric acid and distilled 

\.;ater , respectiv~ly . l\ 10 ml ali'1.uot o f 0 . 005 N of PCHA in 

ethylacetate .. :a5 added to the funne l and t:h en proceeded 35 

the ext:ract ion of iron (Ill) from thiocyanate medium . The 

absorbance of the colored solution was mea5ured at 447 nm 

aga inst the reagent blank . 

For cal ibratio~ 0 . 50 , 0 . 75, 1 . 00 and 1 . 50 ml of the 

s1:andard solution (100 ~g ml- l FC(III) were used through 

the procedure . 

2 . 5 Procedure for Studying Effec1: of Variabl~s 

The effect of a particular variable was studied by 

measurin& the absorbance of the system follo~ .. ing the general 

procedures of cxtrac~ion d~scribcd, keeping all experimental 

variables constant , except the one under' study . 

The quan1: i tative extraction of iron (III) from the 

aqueous pha&~ was examined by changing the variable para­

meter to its optimum condition and follOtving the gt!neral 

procedure . The extracti on was cQnsider~d t o be incomplete 

when ironCIII} was found in the aquzouS phase . 



I 

I 

I 

I 

- II -

The quantitative extraction of iron (III) from the 

aqueou s phase wa s alsc examined by u6ing 2, II '- \. ipyridyl . 

The <.l<..!ueouG pha se wa s reduced to about 1-2 ml t.y evapor ation 

and 1ml of O. l H hydroxylamine hydrochloride was added to 

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

1% aqueous 2,2 1 -bipyridyl was added t o the solutio n. The 

voLllne Fl.nd pH of the solution Hd::i adjusted to 10 ml and t o 

4-5 , re spe~tively. The flbsorbance was measured at 522 nm 

against reagent bl ank and the a~ount of i ron (I II ) was 

calcula ted accordingly . 

2 . £ !:!,_,?ce':'dures .J"or..'peterlilin~tj on _ of Composi tic,!! 

In the continuous variations method a series of 

solut i ons was prepared for each siste~ (fe ( III )-SCN - PCHA 

and Fe (III) - N3 ' PCHA ) in Hhich the TIlolt' fractions of iron 

(III) a nd PCHA were varied betloJeen 0 and 1 at constant 

total concentration . 7he concentration of thiocY 3nate o r 

a zide, the ionic strength , and the acidity were kept 

constant under optimui.l conditions throughout the series . 

The CO:llp lexes were extracted by the general procedures and 

the absorbance of the coloured extractF: were measure-d at 

447 and 4 95 nm against rea~ent blank ·3.nd fe CIII)-SC as 

blank (because Fe (III) ··scr' comp l ex 3bsOl'b.;; stron£ly at 

4.95 run, t he reaeent blan}. \oI'a5 replacpd by it) for Fe(III) 

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

The absorbances were plotted again·it the mole fractions 

of PCHA in the two s ystems. 



• 

I 

I 

- 3, -

I n the mole ratio method for Fe(III)~SCH-PCHfo. system a 

series of solutioD3 was prepared in which the concentra-

tions of i.ron (III) a.nd thiocya:1ar.e, the acidity> and the 

ionic strength Here kept constant and the concentration of 

PCHA was var ied. The co:nplex t..;'dS extracted by the general 

procedure, the absorbance of the coloured extract was 

measu!"'ed at l. 9 5 nm against Fe (III)" SeN as a blank , and 

plotted aga inst the molp. ratio of the mC"tal to PCHJ\. Two 

str~lieht lines I.,.ere drawn from the two pa!'ts of the curves 

which intersect each other at a mole rat i o of Fe: PCP.A . 

In the simple spectrophotometric method a series of 

solut i ons \o1a5 prepared in which the concentrations of 

~ron ( III ) and azide, the ionic str€;rigth and the acidity 

were kept cons tant and the concentration of PCHP. was varied . 

Th2 complex \Ioms extracted by the genel'al procedurE! and thl:! 

absorbance of the coloured l!xtract was mt:.asure:d at 447 nm 

against the reagent blank (sjnce Fe(I!!)-N3 complex was 

not extractable J . 

2 . 7 fro.£f:2EFe for _ St~~}.!!E .. Effect 9i Fo~i.&.n Ions 

The effect of f orcir;n jons was studied by ad;in~ known 

quantities of desired ion to solutions containing SOilS of 

iron(I:!:I), lOOilg of iron (III) and 500lJg o f cobalt (II) in 

Fe(I II)-SCN-PCHA, Fe(III)-N3 -PCHA, d"d Co(II) - SCN sys,e~<, 

respectively. Extraction and deterl'j'lination of the metal lone 

were made according t o the general procedure s . 
i 
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3. RESULTS AtlD DISCUSSIOliS 

3 . 1 Colour' Reaction -----,-------
petiA was found to react .,:i th iron ( III) in th~ presence 

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

coloured complE'xes , respecti vel ,!_ Both the complexes ar>c 

readily e xtractabl e into ethylacetate trom the }Jel solutions. 

Th0se s>2ns i tive color react i ons formed the basis for the 

d!::!velopment o f t v.'O ne .1 spectrophotometric methods for the 

determ_i.nat i on of i ron ( III). 

Ccbal t ( II) tV'ilS found to react ~'i th thiocyanate both 

In the absE:nce and presence of PCHA to form a blue colored 

cor.lplcx which is readi l y extractable ::i nto cthyl acetate from 

the He l solution . The identical I'E;action condition of iJ"ol1 

(III ) d nd cobal t ( I I) with thiocyanate dnd PCHA and wide 

differences i n the absorpt ion spectra of the resulting 

complexes form the bAsis f or the dLvelopmcnt of a new 

method for the simultaneous determination of the two metal 

.ions by solvent extract i on and spectrophotometry . 

3 . 2 Choi~ of So l vent for Extracti_,:!! 

Several organic solvents such as benzene, toluene, 

chlorobi2!!1zene) chloroform, ethylacetatc) arnylacetate ilnd 

amylalcohol werE: examined for the choice of proper solvent 

for extraction of the three complexes. It was found that 

both the Fe ( III ) -SCN-PCHA .J nd Co<II)~SCtJ complexes wer.: 

quant i t atively e xt r acta!"-le only i:1to ethylac.::tato::: , ai:lyla­

cetate, and amy l acohOl "Ihil(;; the F<' (III)-N3-PCHA cOr.lplex 
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was ex t r acta11e into a ll tte solvents . These r esul t s indicat e 

that the re (III) -'SC;~- F CHA and Co (I I) SeN complexc..s are T't:: 

l atively "lor e po l ar than the r e: CI I I ) " !\ a - FCHA compl e x . Thp. 

ab s orp t ioll s pectrcJ. of the individual cOlT' plexes WE.re fo und 

to be simi lar in all t he solve nts i n wh i ch the par ticul ar 

comple x was Ex trac t abl e . hO lo/ e ver . s ligh t variations in t he 

intel1.si t y o f "the a bsorpt ion bands were observed . Ethyl-lcctat e 

was f ound t o be the mos t su itahl~ sol vent f or th~ ext r act i un 

of both t he thiocyanato-compl~xes becau se the quan'!: i t a tive 

Bxt!'d c t :lO n o f t he comple xes Here r't'ad i ly a cc or.ipli shed in i t. 

It wa s a l so pref erred due to the higher sensi tivity o f the 

colo ur react i ons i n it than i n oth~r solvents . Although 

benz(;ne, t o lue ne , chl or obe nzcne and e thylacet a t c wer E! fou nd 

t o Le the suit abl e s olve nts for the extrac tion o f azido -

compl e x, ethyla cetatc wa s se l ec t ed bec"use o f the ca rc i noge nic 

natur~ o f aromatic hydrocarbons and hi ght-: r solubili ty o f t he 

r earrent
l 

peBA ) in it than i n other solvent s . The rcsults 

a r E: ,'.~ .i ven i n Ta ble 1 . 

Table 1. l:.ife':t of ':;o l ven t s on Ext r ac t i on o f. the CO!!!lJ l exes . 

- ----- ------
< 1 m 1- l '-1 ). 

max, em , a t Uk'lX 

Co {lI ) -SCN }'e{III)-SCN PCBA Fd I II )-N3PChA 

-- - cot:!p l c ~ complex _ _ _ corm lex 

Benzene 7650 

To l uen", 
'7690 

Chlor oJ,enze ne 
71.50 

Chloroform 
7050 

Et hylecet.1 t e B20 l etlOO 7500 

Amylace t ate 1760 16900 7290 

Ar:ty13 l cohol 1530 14500 ~ 350 
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3 . 3 ~bsorption Spectra 

T~e absorption spectra of the reagent, PCHA, and Co(I!) 

SeN, Fe(III)·"SCN-PCB'.A , and FeUll) N
3

-PCHA complexes have 

been determined in the visible region under different con­

ditions. The reagent showed nc~ligible absorption in the 

rerion 700-500 nm~ slight increasing absorption in 500-400 

nm region and str ong absorption beyond 400 nm . Hence, a 

reagent blank was necessary for the precise measurements 

of absorbance at wa veleneths shorter than 500 nm . 

The Co (II) - SCN complex showed an absorptio n band at 

625 nm with a shoulder at around 587 J~. The oain absor­

ption band can be assigned to charge transfer electronic 

transition from metal to the Ii and while the weak shoulder 

is probably due to d- d electronic transition within the 

metal atom . The absorption spectra have been found to be 

identicul both in the absence and pre5ence of PCHA indica­

ting the formation of a simple binury Co CI!)-SCN complex 

und er both conditions. lienee, PCHA was not involved in the 

complex formation \.Jith cobalt(!! ) in the presence of thio-

cyanate . 

The simple re(!!n-SeN complex sho\;ed a strong absor­

ption band at around 49 0 nm . The absorption band .. IdS found 

to be affected by the presence of PCHA indicatiny the forma­

tion of a mixed ligand complex . The absorption band was 

intensified and shifted to 495 nm. Hence, the absorption 

spectrum of the Fe C!II)-SCN-PCf~ mixLd ligand complex showed 

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

transfer electronic transition from ligand to me tal . 
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The r ed colou r'E:!d Fe<II_T ) -J'3 1 . , camp ex ~n aqueous solu-

1: 1.on showed an absor ption band <It 460 nm. f.!m ... evcr , the 

binary complex Vias fo und t o be not extractable into organic 

solvents. It was o nly the ternar y FeOln-U
3

"PCHA that' was 

fou nd to be comp l e t l: ly e xtractable into organic solvents. 

Thf:i! a bso r p tion spectrum of t he ternary comp l ex showed an 

intense and s ha:>p absorption beme!: at 375 nm and a relatively 

weak a nd broad band: at: 447 nm wh ich are due to n-'Il' fl ar:d charg(; 

t ransfer (L .. -> 11) e l ec t ronic transitions, respectively. 

Although the a bsorpt ion band a 375 nm is more intense the 

less int~n se absorption band at 447 run ~las sel~cted for th~ 

absorbance metlSUl'ements because of the strone absorption 

of the reagent at s horter wavelengt h. Selected spect~a ar~ 

shown i n Figure 1-· 3 . 

I t has a l so been fo und t ha t the absorption spectrum of 

spec i es extracted into e t hylacetate from aqueous solution 

of l'e (III) i n the ~bsence of t hiocyanate or azide to b.,; iden" 

tical to th":!t of PCHA solu tion itself. This result clearly 

indicates t hat there t ... as no cOr.lpl~x for;nation between reO!!) 

and PCf~ and Fe (!I I ) cannot be e xtract~d with ?CHA into 

ethy l a cet ate from acid i c so l ut ions 1n the absence of thiocyanate 

or azide. 

The posit i on of t he absorption band of a particular 

compl ex was f o und t o be not a f fected by the changes in the 

concentrations of t he constituents and hydrochloric acid in 

e. wide range indicat ing the ext raction of a single complex 

spec i es und~r ea c h condition. 
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3. 4 Effect of Variables 

The e ffec t of the e xper ime nta l variabl es on the extra­

ction and determinat ion of i1"on(11) and cobalt (II) with 

PCI-lA in presence of an auxil iary ligand has been studied. 

Thi s is ver y i mportant since both the accuracy and pr ecision 

of photom~tric determination depend on the completeness of 

a f.iv~n reaction which in tern depends on the proper adjust ­

ment of e xperimental vari .'lbles . 

Effect of Acidity : The optimum acidity range of the aqueous 

phase for the complete extr action of iron (llI) with rCHA in 

presence of thi.ocyanate or a zide was found to be 0 . 5- 2 . 0 M 

and 0 . 1-0 . 9 M He!, r espective ly. Th~ opti~um acidity range 

for thE complete extraction of cobalt(II) with PCHA in pre­

senCE of thiocyanate was found to be 0.1-1 . 5 M HCl . At 

higher acidity th~ extraction of the me t a l ions decreases 

due to t he protona tion of the liBand s r e::;ul ting i n incompl e t e 

formation of the respec tive complexes whj Ie at lower acid ity 

the thiocyanat o _ or azido-complexes are les s stable due t o 

hydrolysis o f the metal ions resulting in incompl ete: extra­

ction of the metal ions . The decrease in percent extraction 

of the metal ions under both conditions (at hirhcr dnd lower 

acidities of the aqueous phase ) were indicated by the de­

crease in the absorbance value of the coloured extracts in 

the organ ic phase. The presence o f meta l ions in the aqueous 

phas e at higher and l ower ac idities can easily be detected 

by Chang ing the ac idity to the optimum r~nfe . 
The results 

are given in Table 2 and 3 . 
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Tab l e 2. Effect of Acidity of t he Aqueous Phas~ on the Extract ion 

of hor:.(III) :!nd Cob~lt(lI) f rom Thiocyanate ttedi um 

rFe(III ) ~= 4.0 x lO- SM , rCo(II) J .. 11.0 x 1O-4~1. 

Acidity of the Fe(Ill )-SCN- ?CHA S ~sten Co (I I)-SCN Srstern 
aQueous ph3~ __ Absorbance a t 495 nm Abso rbance! a t 62 5 nm . 
pHz:4 0 . 665 
pH-3 0 . 694 
pH-2 0.416 0 . 70 1 
pli;ol 0 . fl6 0 . 717 
0 .5M HCI 0 .721, 0 . 715 
1.0 M Hel 0 . 72 3 0 .71 9 

1. 5H HCl 0 . 722 0 . 719 

2 . 0M HCI 0 . 722 0 . 679 

2.5M HCI 0 . 668 0 . 582 

3. 0M HC I 0 . 6 11 0 .476 

...i!~HCl 0 . 591 0 . 303 

Tab l e 3 . Effect of Acidity of the AqueQus Phase on t he! Extrac tion 

of I r on(III) f rom Ad de Me.diu!'!'! rpe (III)l - 8 .0 x 10- 5;1 

Acidity of the Aqueous Absorbance a t 

....Eb3se ~ rHCl] 447 nrn 

pH-2 C.51O 

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 

O.S 0 . 004 

0 . 9 0 . 602 

1.0 0.483 
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Effect of Amount of Auxili~ry Lip,ands. The optimum concent­

ration range of thiocyanate or azide in the aqueous phase 

for the complet e extr action of iron{II I) wa s found t o be 

1.2S-2.S0H a nd C. SO-·2.0H, r espec t i ve ly . The optimum co nc en­

tration range of th t; thiocyanate for the complete extraction 

of ccbal t (II) .. las found to be 1. 50-3. OM. At lower concentra­

tions of thiocyanate or azide the formation of iranCI!!) 

mixed ligand c ompl ex t ... as incomple t e. At higher concentra­

tions of t hiocyanate or a zide , water soluble thi ocyanato-

or azido - complexes becomes stable result ing in an incomp­

lete extraction o f t he metal. Si milarly, at l ower concen­

tration of t hiocyanate the formation of coba lt(!I) simple 

complex was incomplete whil e at higher concentrations of 

thiocyanate, water soluble cobalt CII) -thiocyanate complex 

becomes stable r esulting in an incomplete ext r act i on of the 

metal ~cn . The decrease in percent extractions of the 

metal ions at lower or higher concentrations of thiocyana.te 

or azide was indicated by the decrease in the absorbance 

values of respect ive systems. The resul ts are given in 

T1ble 4 and S. 
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Tabl e 4 . Effec t of Concentrat ion of Th i ocyana te i n the Aqueous Phase 

on the Extrac t i on of l ron(UI) and Cobal t(II) . 

' SCN- l 

0.10 

0 . 20 

0 . 30 

0 . 40 

0 . 50 

0.75 

1.00 

I. 25 

1. 50 

2.00 

2.50 

3.00 

IFe(IlI)] = 1.. 0 x 1O-5M, fCo (lI)] • 4 .0 x 10-1.", fHC I] -1.0M 

Fe(III) - SCN-PCHA Sys te~ 

Absorbance a t 495 nm 

0. 091. 

0.260 

0 . 403 

0.49 7 

0 . 582 

0 . 655 

0. 70 3 

0 . 724 

0 .722 

0. 726 

0 .723 

0 . 687 

Co(II)-SCN Sys tem 

Ab sorbance at 625 rum 

0 . 052 

0 .118 

0 ,165 

0.423 

0.561 

0 . 656 

0 .724 

0 . 723 

0 . 71 9 

0 .721 

. . the Aqueous Phase on Table 5 . Effect of Azide Concentratlon 1.0 

the Extraction of Iron(111) 

IFe (IlI)] = 8.0 x 10-5M, ' HCI ] - 0 . 5H 

Concentration of Fe(II1) - N
3

-PCHA System 

Azide . M Absorbance at 447 n~ 

0. 10 
0 . 110 

0. 15 
0.201 

0.20 
0 .282 

0 . 25 
0 . 351 

0 . 30 
0 . 1. 23 

0.35 
0.504 

0.40 
0.5 77 

0 .50 
0.605 

1. 00 
0.605 

1.50 
0 . 608 

2 . 00 
0 .603 

0.569 
2.50 

3.00 
0.5 17 
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Effect of A.l'J.oun t of peHA: A 5 - and 25· fold molar e xcess of 

the reagent, peHA, was fou nd to be necessary f or the compl et e 

extraction of ironCllI) from thiocyanate and a zide medium, 

rcsp8ctively, t.Jhe r ea s it was found t o have no ef fect on the 

extraction of cabal t( II) from the thiocyanate med ium unde r 

optimum Lxperimental conditions . The necess ity of the higl)er 

conct:ntr.J.tion of peHA f or the compl et e extraction of FeOI!) 

from azide medium ind i cat es the greater stability of Fe CIII) ­

azide complex than that of Fe(III) - thiocyanate in the aqueous 

phase . A large ~xceS5 of the reag~ nt up t o 50-fold mol ar 

e xcess had no adverse effect on t he extraction of both 

metal ions from the aqueous phase . nevertheless , the extent 

of absorption of the reagent increases with its increas ing 

concentrat i on and therefore one needs the r eagent blank for 

the me ~ surement of the ahsorbanc e of the respe ctive complexes. 

The results are given in Table G. 

Tablt:! 6 . Effect of Amount of pellA on the Extraction of Iron(III) . 

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

l~iocyana te-system 
-5 

rFe(I II )] _4 .0x10 M 

Ab sorbance at 495 om 

0 . 44 1 
0 .508 
0 . 572 
0 . 673 
0 . 694 
0 . 716 
0 .722 
0 . 720 
0 . 721 
0 .72 3 
0 .725 
0.724 
0 . 721 
0 . 723 
0.724 

Az idc- systec 
- 5 

fFe (III) J-S .OxIO ~ 

Absorbance at 447 nm 

0.027 
0 .063 
0 .110 
0 .1 71 
0. 205 
0 . 260 
0 . 368 
0.424 
0 . 522 
0 .578 
0 .603 
0.607 
0 . 608 
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Ionic Strength , Temperature, and Volume. of the Aqueous 

Phas;;::: The wave l e ngth of m<'lximum absorption and absorbance 

values of th~ colored extract of the three complexes were 

not affected by the chang~ in ionic strength o f the aqueous 

phase b<.:!twecn 0.1 a nd 1 . 0 H ~-Ji th respect t o potassium 

nitrate. Variation in the temperature of the aqueous phase 

bettveE:n 20° and 40°C did not produce any c ha nge in the 

absorbance val ue of the colored extract of the thre e compl exes . 

It has Jiso been found that the volume of t he aqueous phase 

can b~ varied from 10-50 ml with r~spect to a fixed volume 

of 10 ml of the organic phase without any variation in the 

absorbJnce or e xtraction ~fficiency of coba lt(II ) - complex. 

I n the case of ironCIll) complexes the volume of t he aqueous 

phas~ can be varied from 10- 25 ml with r espect to a fixed 

VOlUmE! of 10 ml of the organic phase ",dthout any vari at i on 

in th~ absorbance or extruction efficiency . However , mor~ 

repetitive e xtractions were found to be necessary for the 

complete extract ion of Fe CIII) from l ar ger volumes of the 

aqueous phase. The result s are given in Table 7 . 

O d It has been f ound that there 
r er of Addit i on of Reage nts : 

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

th e xtracted 
'ntO et hyl acetat e if the ord~r 

e three complexes ~ 

of ·:lddi tioD of reagents is changed . 

1 The iron (III) 
Extraction Time and Stability of Camp ex

e
..! : 

mix~d ligand complexes and cabal tUJ} simple complex were 

complete ly ex tracted into e thylacetatc within two minutes. 

The absorbance va lues of the e thylacetatc extracts of 
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Fe(lIl)-SCN-PCllA, FeCIII ) - N3-PCHA, and Co(lI)-SCN complexes 

remuin 02: d consta;}t for about six hours, for at least seven 

days , dnd f o r J.t l east two duys c"I.t room temper ature , r es pect ·· 

ivcl y . The results arc given in Table 8 . 

Table 7. EfFe ct ·of Ionic Strc> ngth , Temperature , nnd Vo l~ of 

ll.queou :1 ::?hase o n Extract i on of l ran(llI ) and Cobnlt(ll) . 

rCo(Il)].4 .0xlO··I,,, rFe (III) ].I,.OxlO··SM rFe(IlI~ _S . OxIO- SM 

Co(II)-SCN sys t em Fe (III) ·· SCN-PCHfI "'e (IIl)-rl
3 

- PCHA 

S,ls tem Sys tem 

Variah l e Absorbance a t Ab sorbance at Absorbance "' 
625 ne 495 nm 447 nm 

[KN0
3
J 

o . Il! 0 . 722 0 . 711 0 .604 

1. OM 0.724 0 . 723 0 .603 

Temperature 

20
0 e 0 .72/, 0.723 0.600 

40°C 0.721 0.722 0 .601 

*V 'V 
or B aq 0 .601 

1: 1. 0 0.723 0 . 723 

1: 2 . 5 0.721 0 . 724 
0 .600 

1 :5 .0 0.722 0 . 589 
0 .566 

*v '" 10 :Ill. 
ore 

3 . 5 Compos ition of the Comple xe~ 

f the complexe s Nas determined by 
The composition 0 

The continuous vari-
different spectrophotom.ctric methods. 

t
" OS were used t o de t cr ­

a t i ons (7 9 ) a nd ~ole ratio (80) me no 

mine t he r a tio of Fe(III ) to PCHA i n Fe(III) - SCN-PCHA 

f . (
III) t o PCHA i n Fe( IIIl- tl 3- PCHA. 

complex while the ratio of 
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Tabl e S. St <:.b ility of the Compl ey£s wi th Time . 

r Co (11) J:{, .Oxl0-4~1 rFe(llI)la4.qxlO-
5
M rFC (!!ll l.s.OXl0-

5
¥. 

Co (lll - SCN system Fe (111) -SCN-pelL'" :;~~!~)-N3-PChA 
system 

Ab sorbance a t Absorbance ot Ab sorbance a t 

625 nm 495 n.1l. 
447 om 

---
o min 0. 723 

0.720 
0 .603 

J(l min 0. 724 
0. 721 

0 .604 

60 min 0.723 
0. 721 

0 .603 

2 hrs 0. 725 
0.720 

0 . 602 

4 hr' 
0. 723 

0 .721 
0 . 602 

6 hr s 0 .722 
0.721 

0 .604 

8 hn 0.723 
0. 701 

0 .603 

1 nay 0.724 
0.633 

0 .604 

0 . (,02 

2 d3yS 0 . 723 0 . 603 

7 days 

complex was determined by continuous vnriations and simple 

spectrophotometric method ( 12 l . The ratio of metal to auxi­

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

w~s determined by the simple 5P~ctrophotomctric m~thod . 
In the continuous variations method the maximum absorbanco 

was observed at the mole fraction of 0.33 of the met"l ion 

in both systems. These rosults indisate the r,tio of Fe(III) 

to PCHA to be 1:2 in both the comple x. S. The results are 

gi von in Table 9 and the curves are shown in fipure " and 5. 

The results obtained by the mole ratio method indiColted 

the r.,tio of Fe(III l to PCHA to be 1: 2. The resuHs are 

given in Tab le 10 and the c urve is shown in fif
ure 

6. 
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The mo l e ratio method CQuld not be applied to d~t~rminc 

th~ ratio of Fe(ItI) t o PCHA in the Fc(III ) -N 3-PCHA sys t em 

b~Cuu5e of t he Gradual atta inment of mixed ligand complex 

formation e quilibrium with increasing concentration of PCHA . 

H~nce , a si~plc spectrophoto~etric method was used to deter-

minG th~ ratio of Fe(II! ) to PCHA in the Fe ( III) - N3- PCHA 

system . 

Tab l e 9 . Results 0: Contin uPuB Variations Me t hod for Fe(IIl) - SCN-PCHA 

and Fe (III) - N
3

-PCRA Complexes. 

Hol~ f rc.ct i on 
of iron (III) 

1.00 

O. gO 

0 .30 

0 . 70 

0 . 60 

0 .50 

0 . 40 

0 .3 3 

0.30 

0 . 25 

0 .20 

0 .10 

0 , 00 

Mol e f rac tion 
of PCHA 

0 . 00 

O. lD 

0.20 

0.30 

0. 40 

0.50 

0.60 

0 . 67 

0 . 70 

0.75 

0.80 

0.90 

1.00 

Fe (III)-SCN-l'CHll. 

systeo 

C -3 
totll l "'2. 0xlO 11 

rscN-l • 2. ,,)~ 

[HCl ] • loOM 

Absorbance e t 
495 um 

0 .000 

0 . 025 

0.048 

0 .072 

0 .093 

0 .108 

0 .1 22 

0 . 133 

0 . 125 

Q. IOC; 

0.092 

0 . 048 

0 . 000 

system 

C -3 
tot31-~ .OxIO M 

rN- 1. loOM 
3 

rHCll • 0 . 5H 

AbsorbAnce Ilt 
447 tun 

0.000 

0 ,046 

0.095 

0 . 150 

0 .183 

0 .231 

0 . 26~ 

0 .283 

0.271 

0 . 262 

0 . 216 

0 . 103 

0.000 

-----
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Tab l e 10 . Results of Mol e Ra tio Me thod f or Fe(III ) -SCN-PCHA Comnlex . 

The 

log 

[Fe(IIl)]=4.0 -5 -
x 10 M, r SCN ] • 2.0M, rHC I J - l.0H 

rFe( I I!)] : rpcHA] 

1:0.0 

1 : 0.5 

1 :1.0 

1: 2.0 

1 : 3.0 

1 :4.0 

1.5.0 

1.10 

1: 15 

1 : 50 

. A 
quant~ty log A -A 

max 
rpCHA] (where A ,,,as 

Absorbance at 495 nrn 

0,000 

0.057 

0. 131 

0.232 

0.253 

0.278 

0 . 281 

0. 282 

0.284 

0.285 

was calculated and plotted against 

the absorbance at equilibrium concentra-

tion of PCHA and A was the absorbance at maximum concentration 
max 

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

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

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

shown in Figure 7 . 

The absorptiometric method was used to determine the 

ratio of metal to auxiliary l igand ( 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 were kept 

constant and the concentration of thiocyanate or azide was 

varied. The complexes Here extracted by the general pro ­

cedures and the absorbances Her e measured at their Amax 
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Figur .. 7. Cur ... tor d .. termination of Iron (III) to PC HA 
r atio in F" (III )-Na-PCHA syst .. ", 
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Tabl@ 11 . Resul ts of Si ...... lc S I ~ pectrop lotometric Method for Fe(lII)-

----------- -----------------
Ab sorbancl;! A l og __ A__ logrpCllA..l 

a t 447 nm A -A l;'A 
IIlllX max 

rpCHA] 

0 .00 0, 000 

1 . 6xlO-4 

2.4xl O-4 

3 .2xlO-4 

4 . 8xlO- 4 

-4 
6.4xlO 

8 .0x lO-4 

1. 2xiO-3 

2 .0xlO-3 

0.068 

0 . 110 

0. 171 

0. 260 

0.363 

0 . 424 

0.522 

0 . 603 

0 . 127 -0.90 

0.223 -0 .65 

0 . 400 -0 . 40 

0 .75B -0 .12 

1. 566 +0 . 20 

2. 369 .0. 38 

6 . 444 .81 

- 3. 60 

- 3. 62 

-3 . 50 

-3. 32 

- 3 . 1? 

- 3.10 

-2 . 92 

against the c orres pondi ng reagent blank. The quantity 

l og A was cal culated f or e 3ch sys t em and pl otted 
A -A 

ma x 
against l og naximum 

absorbance in pr esence o f e xce s s o f thiocyanate or azide) . 

A s t ra i ght l i ne was obtai ne. d in each s yste m, the sl0ge o f 

which gave th~ number of auxiliary ligand ( thiocyanat~ or 

a zide ) in t he ternary compl exes . Sl opes of 1 .98, 2 . 2 and 

3 . 8 \ ... e r e f ound wh i ch i ndicated t h~ rat io of 1 : '2 ( Fe:NJ> , 
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1 : 2 ( Fe : SCN- ) , and 1 : 4 (Co :SCN- ) in the Fe(III) - N
3
- PCHA , 

fe(I II) - SCN- PCHA , and Co (Il)-SCN complexes , respectively . 

The results are give n in Table 12 - 14 and the curves are 

shown in Figure 8- 10 . 

Tab le 12 . Results of Absorpt i omet ric Method fo r re(1I I)-N
3
-

0 . 00 

0 . 10 

0 . 15 

0 . 10 

0 . 25 

0 . 30 

D. 35 

0 . 40 

0 . 50 

peliA Complex 

~ - 3 
[Fe (Ill)] .. 3 . 0x10- N, [ HCIJ .. O. 5M . [PCItA] - 4 .0x l O M 

Absorbance 
at 447 nm 

0 .110 

0 . 200 

0 . 282 

0 . 351 

0 . 423 

0 . 504 

0 . 572 

0 . 603 

'" lO R -~-
A - A 

max 

0 . 22 

0 . 50 

0 . 77 

I. 39 

2 . 31 

5 . G3 

17 . 80 

A - A-
max 

-0 . 65 -1. 00 

- 0 . 30 -0 . 82 

-0,06 - 0 . 70 

+0 . 14 -0 . 60 

+0 . 3f. - 0 . 52 

+0 . 70 - 0 , 46 

+1. 25 - 0 , 40 
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Table 13 . Res ul ts of Absorptiomc tri c Me thod fo r Fe( l I I) - ~CN-PCHA 

Complex . 

Fe (II1) - 5 
'" 4 .0xlO II, Hel "1. 0H , - 3 

peltil ·2 . OdD M 

[SCN- ] Absorbanc~ 1. 
10[': 

A l og rSCN - ] 

at 495 nm A -A • - 1 • .. max max 

0 . 00 0 . 000 

0 . 10 0 . 094 0 . 149 -0 . 83 -l. oo 

0 . 20 0 . 260 0 . 56 - 0 . 25 - 0 . 70 

0 . 30 0 . 403 1. 26 +0 . 10 - 0 . 52 

0 . 40 0 . 497 2. 19 +0 . 34 - 0 . 40 

0 . 50 0 . 5d2 4 . 10 +0 . 61 - 0 . 30 

0 . 75 0 . 655 9 . 49 +0 . 98 - 0 . 13 

1.00 0 . 704 35 . 20 +1. 55 0 . 00 

1. 25 0 . 724 - 0 . 097 

Tab l e 14 . Results of Absorptior,£ t ric tokthod fo r Co( l I) - SCN Comp lex . 

[Co (II) ] • 
- 4 

4. 0x LO , [HC 1] • l. OM 

[SCN-] A A l og rSCN - ] Absorbance l og 

a t 625 nm A -A A -,\ 
max max 

0 . 00 

0 . 25 0 . 0 10 0 . 025 -l. 5S -0 . 602 

-- . _. _. 0 . 50 0 . 165 0 . 295 -0 . 530 -0 . 300 

0 . 75 0 . 423 l. 41 +0 . 148 -0 . 125 

1. 00 0 . 56 1 3 . 44 +0 . 537 0 . 000 

1. 25 0 . 656 9. 65 +0 . 984 +0 . 097 

+0 . 176 
1. 50 0 . 724 
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Thus the ratio of Fe(II!) to PCHA was found to be 1 ~ 2 

by both the continuous variatl· on d 1 . an mo e ratlo methods , 

and by cont inuous variations and absorptiometric methods in 

the thiocyanato- and azido - complex , respectively . Hhile "the 

ratio of fe (III ) to SeN or N; was also found to be 1 : 2 by 

absorpt iometric method in both the sys terns . Hence the over­

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

SC;;- l in both the FeOII l - N
3

- PCHA and Fe(IIIl - SCN- PCHA 

complexes , respectively . 

The composit ion of Co(II) - SCN complex in the presence 

of PCHf-. has been found to be 1 : 4 (Co : SeN) by absorptiometric 

method . The salfie composi tioo haG also been reported in the 

literature (61 ) . Thus , the composition of Co(IU-SeN 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 . 

Accordi~g to the composition and nature of extration 

into different solvents the following structures are pro­

posed for Lhe Co(II) - SCN , FeCIII) - SCN- PCHA , and FeCII!) 

U 3 - PCHA comple xe s , respectively . 

2- + 
Co(SClil 4 : 2NH4 

Tetrathiocyanatocobatate( II) . 
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- ) 

B1 6 - { i'l - }>henylc innamohy d roxa~1i c a ci d. }lJi th 1 oeyana l ofe n a t c ( I II ) . 

H 
_ -- 3 I 

tJ--CH=CH_C1=O'-,; i/ O---",-{J 
/-, / S"'" r-, 
/ '}-- N- O , 0= C--CI::=-CH-// • 
\c.- ' I \.- I 

-- N3 
8 i s - ( N _ ])henylcinn;unohyd r o:<a. ~i c acid )d1 .n i doiron O I I) . 

Photometric Characteristics of the COI!.p lcxes 

The mola. r abscrptivit i es and pho'tomc.tric sensitivities 

(9) , the concent r ation range ob(;:yed by Beer ' 5 law , and the 

optimum concent ration range for the photometric determina­

tion e valuated from Ringbom ' s plot (Bl) are summarized in 

Table 15 . The ca l ibration curves data arc given in Tables 

Ib - 18 and the curves are shown in Fi[,ures 11- 16 . Th~s~ t't -

suIts show that the Fe(1!I) - SCN- PCHA rr.cthod is highly 

s~nsitive and can be applied fo~ the determination 0 trace 

quant iti~5 of iron . Although Co(11) - 5C method is not v~ry 

sensit ive , it is mor~ ~en5itivc than some of recently rc -

ported methods (62 , 82 ) which are also based on the forrr.ation 

of cobalt (I I) - thi ocyanate complexes . 



• 

, 

I 

) 

-

- 6 2 -

T~blc 15 . Pho t ometri c Charactt!risc i cs of the Co~ lexes 

Coloured e: Sensi tivi ty Conccntra- Opt i mum 

Sys tern ttl'.! 
-1 - 1 2 

1 mol cr.l )..Lg/cm cion r&ngt! concen-

for Bee r 's tration 

l aw (ppm) rnngc ' 
(p pm) 

Fe (Ill) - SCi;-PCHA 495 l iiOOO 0 .0031 0 . 2- 3. 9 0 . 35- 3.0 

F ~ (III) - H .... - peru, 447 7$00 0 .0074 0 . 5- 9 .0 0 . 75-8 .0 
0 

Co(II)-SCN 625 l C20 0 .0324 2-41 J . 7- 36 

• t valuated f rom Ringbom plo t . 

Table 16 . Ca libration Curve Da ca [or Determinat i on of 1ron(111) by 

Fe (!ll) - SCN - PCHII System 

Concentration of i ron(llI ) 

" ~g!25 ppm Absorbance a t 495 om 

O. 33xlO 
- 5 

4 . 65 0 . 1136 0 . 060 

lxlO - 5 13 . 96 O . 55 ~ 0 . 180 

-, 
2xlO - 27. 91- I. n o 0 . 362 

3xlO- 5 41. 86 1. 677 0. 542 

4x1O 
-5 55 . 85 2. 236 0 . 72 1 

- , 2. 795 0 . 904 
5x lO ...i 69 . 80 

6xlO - 5 83 . 76 3. 354 1. 075 

- 5 97 . i2 3. 913 1. 259 
7xlO 
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Table 17 . Calibration Curve Data f or De t c r mi nnt i.on of I ron (In) by 

Fe (I II) - N
3
- PCHA System 

Concentr.:!t ion of iron(III) 

H ~g/25 ml ppm Absorbancc a t 447 nm 

_ 0 

1xlO -' 13 . 96 0 . 559 0 . 075 

2x10- 5 
27 . 93 1.117 0 . 150 

4xlO -5 55 . 85 2. 23/. 0 . J0 1 

8xlO-5 
11 1. 70 4 . 4b8 0 . 603 

12:1..10- 5 
167 . 58 6 . 702 0 . 902 

16xlO - 5 223 . 44 8 . 932 1 . 200 

Ta.ble; 18 _ Ca libration Curvc [:ata for Dctcrclin.J. tion of Cobalt(Il) 

by Co(II) - SCJ s)'st~m 

Concentration of cobalt(ll) 

M ~g/ 2.5 ml ppm Absorban ce at 625 nm 

O. 33xlO- 4 
49 . 08 1. 96 0 . 06 1 

lx10-4 
147 . 25 5 . 89 0 . 182 

2x10-4 
294 . 50 a .n 0 . 362 

4y.1O -'. 589 . 00 23 . 56 0 . 724 

6xlO - 4 883 . 50 35 . 34 1. 086 

7>:10-4 
1030 . 75 41. 23 1. 264 

3 . 7 Prec i s i on 

The p r ec i s ion o f th li! m~thods • .... as evaluat~d by perform ins: 

s i x ind€pendent ana ly ses made on samples ~ach containing 

55 . aS ~ g o f iron (III) per 25 m1, 111 . 7 ~g of i n(III) per 

2~ ml , and 589 ~ g of coba l t (I ! ) per 25 ml for Fe(III )-SCfl-
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PCHl., Fe(III) - N3- PCHA, and C (II) SeN o - syst ems , respect i vely . 

The results are. summa.ri zed in Table 19 . These results clt.ar-

ly indicate that t he methods h ' are 19h1y prec i se and give 

reproducib l e results . 

3 . 8 Effect of For eign I ons 

In order t o evaluat e the selectivit i es of the newly 

d.;veloped ffif:thods the effect of f or e i gn i ons on the determi -

nation of i r on (l!!) and cobalt(II) have been studied . 

Table 19 . Evaluation of Precis i on of t he Hct hods 

To tal number Mean Stand ard Relative 

Ne thod of samples absorbance devia t ion Standa rd 

deviation 
(I ) 

Fe( lII) -SCN-PC~\ 6 0 . 72 1 0 .0027 0. 37 

Fe(Ill ) - N
3
- PCilli 6 0.603 0 , 0018 0 . 30 

Co(Il )-SCN 6 0 . 723 0. 0015 0 . 21 

The tolerance limit of foreign i ons taken as concentrat i on 

(ppm) which cause an error less than 2% are giv~n in Table 

20 a.nd 21. 

Ti tanium (I V) a nd zi l'conium ( IV) were found "to interfer 

at all levels in t he F~ (III)- SCN- PCHA method . However, both 

metal i ons were masked by f l uoride . \o/hile titanium(IV) and 

vanadium(V ) w~re found t o interfer at all levels in "th~ 

f e ( II I) - N 3 - PCHA method . But these intE.rfcrences were over­

corned by ma sking titanium with fluoride and vanadium(V) with 

hydrogen peroxide . There was no i nterference in the Co(II} ­

SCN method . 
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The results given ~n Tabl e 20 and 21 ~learly indicate 

that almos~ all common i ons which are normally associated 

with iron e nd cobalt in orcs , alloys , steels , and biological 

samples do not i nte:rfer in t he simultaneous dutcnninat"ion 

of ironC!I!) and cobalt <Il) with PCHA and thiocyunate and 

also in the Fe( III)-N 3- PCHA method . Hence , the methods are 

high ly selective and can be applied for the deter-mi na ion 

of iron and cobalt in any type o f sample . 

Tab l'=! 20 . To l e rance Li mit of Forc i r.n Ions i n the Dctet:mination o( 

Iron(llI) and Cohalt {ll ) . 

Ion 

+ 
Na 

K+ 

u+ 
C", 2+ 

Sr 2+ 

Ba2+ 

1-1 .... 2+ 
o 

2+ Be 
A13+ 

La3+ 

Tl+ 
2+ Zn 

Gd2+ 

ng2+ 

Sn 2+ 

Concentra t i on of Iron{llI) • 2 ppm 

Concent ration of CohaIt(ll ) • 20 ppm 

[SCN-] = 2 . 0M, [He l ] = lo OM 

To le rance l i mit, 

I ron Cobalt 

de t e rmi nati on d(Jt~r.JD i no. tion 

400 400 

400 400 

400 • 400 

400 400 

400 400 

400 400 

400 400 

400 400 

400 400 

400 400 

400 400 

400 400 

400 400 

400 

ppm 

Simultaneous 

dc termin.:ttion 

400 

400 

400 

400 

400 

400 

400 

400 

400 

400 

400 

400 

400 

400 
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Tabl~ 20 Cont i nued 

Ion 

Acetate 

Chloride 

toinatc 

Sulph.:tto:: 

Citr .... tc 

Tcrtnrate 

Phospha te 

Fluc r i dc 

Oxalate 

EDTI'. 

Borate 

Iron 

detcrr.u.n::l tion 

400 

400 

400 

80 

200 

400 

400 

10 

400 

400 

1;00 

12 

200 

80' 

SO* 

400 

400 

400 

400 

200 

400 

400 

400 

200 

400 

200 
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Tole rance limit, ppm 

Cobalt 

determination 

400 

400 

400 

20 

) 00 

200 

400 

40 

400 

400 

400 

40 

200 

120 

160 

400 

400 

400 

400 

400 

400 

1.00 

400 

400 

400 

* Hasked by Fl uoride (400 pPfJ) . 

Simultaneous 

determination 

400 

400 

400 

20 

200 

200 

1,00 

10 

400 

400 

400 

12 

200 

80' 

80' 

400 

400 

400 

400 

200 

400 

400 

400 

200 

400 

200 
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To l erance Limi t of Foreign Ions In the DeteTullnation 

of I ron(III) . 

Concentration of 1ron(111) = 4 ppm 

[N)-] " 1.0 II , [HC1] • 0 . 5 " 

Lon Toler:mce limit , 

• 400 
~a 

K' 400 

Li+ 400 

2. 
Ca 

400 

S/+ 400 

Ba2+ 400 

2' 400 
"g 

2' 400 
Be 

At3+ 
400 

La)+ 400 

• 400 
Tl 

2+ 1,00 
Zn 
Cd2+ 

400 

2' 400 
Hg 

2+ 120 
So 
5n4+ 

120 

Bi3+ 
400 

+ 40 
-VO 

2 
4· 400 

Cc 
Th4+ 

160 

' + 400 
UO~ 

• 
2+ 60 

CU 
Ni 2+ 

400 

2+ 400 
Co 

' + 400 
Cr' 

}1n2+ 
400 

2-
400 

M004 
40 

? -wo-
4 

ppm 

• 



T a t-l e 21 Con t i nued 

• 

Ion 

** 4+ Ti 

l r l, + 

Ace ta t e 

Chloride_ 

Nitra t e 

Sulphate 

Ci trate 

T<! rt 3.ta t l! 

Bora t e 

Phosphate 

Fl uor ide 

}tasked by " 20 2 (2 :a1 

•• 
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Tole r ance lill'lit 

of )O~ ) . 

40 

320 

400 

400 

400 

400 

40 

320 

400 

400 

3000 

to-:asked by Fl uoride (3000 ppm) . 

, ppm 

3. 9 Simultaneou s De ter mination of I ron( III ) and Cobal t ( !I) 

The 5 imul ti;ineOU 5 s pe c t rophot omet ri c de termina t i on of 

two solutus in sol ut i on can be done i f the r e is no r eaction 

bett..:ticn th(:.: tHO solut es becaus~ absorbances are additive 

prop.-.;rty ( 7 l. Hence , it Cdn be wr itten as : 

A >'1 0 A1 (>' l ) + A2 (U) 
r 28) 

A.},.2 0 Al (>.2) + A2 (X 2 ) 
[29) 

wherE;. AXl and A. >.2 the m~asured a bsorbances a t the two 
a r e 

t-oavelc.ngths A and ). and the 5ut'ls cripts 1 and 2 r efer 
1 2 ' 

t o the two d if fe r ent subs t ance s , and t h8 subscr ipt s Al and 

>. rof t wavele ng'hs . The wave l engths 2 "'" cr .0 thf~ t wo d ifferent ~ 

a r e s01ected to coi nc i de wi th t he absorpt i on max ir.la o f the 

• 
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hw solutes, 1. e. the absorption spectra of the two solutes 

should not overlap apprec iably, so that subs tance 1 absol"bs 

strongly at \ and to1eakly at wavel e ngth )2' and substance 

2 absorbs strongly at >t and weakly at \. Now accoI'din~ 

to Beer I slav..' A :: (; Cl, where e: is the mola r absorption co-

efficient at a ny particular vldvel eng th J C is the molar 

concentration, and 1 is the th i ckness (length) of the absol'b~ 

lng solution expressed in em . If 1 is 1 em: 

r31) 

Solution of these simultaneous equat ions gives : 

rn] 

(33) 

Therefore by measuring the absorbanc e of the mixture at 

t · of the t\ .... o compo-wavelengths Al and A
2

, the concentr a 10ns 

The values 
nents can be calculated , if £1 and (;2 are known. 

be deduced and £2 can of the molar absorption coefficients £1 

from measurements of 

SUbstances land 2. 

In the present 

of solutions of the absorbances pure 

( I I I) and cobalt(I!) 
investiga tion iron 

are completely extracted together 
into ethylacetate fI'O!!" 

d the abso~ 
conditions an the aqueous phase under identical 

't ove",lap . 
rption spec tra of t he two metal complexes don ~ 

• 
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_ s trongly at ij9S nm and Iron(III)-SCN-PCliA complex abs orb" 

weakly at 625 

at 625 nm and 

nm~ and cabal t (II) SeN complex absorbs strongly 

weakly at 495 nm (Figure 2). Thus by neasu 

ring the absorbance of the ethylacetate e xtract at 495 and 

62 5 run the concentration of the two metal ions can be deter­

mined in the or iginal solutions . 

Hence, in order t o ver ify the proposed method, a series 

o f solutions was prepared by mixing varyin~ amounts of 

iro nOI I ) and .;:obalt(l I) s olutions and the two meta l ions 

Here extracted by the general procedure described earlier. 

The absorbance of the extracts was measured at 495 and 625 

nm against reagent bl a nk and t he concentration of the two 

metal ions in the ori~ inal sampl e solutions were calculated 

by so lving the simultaneous equations. The results are 

given in Tab l e 22 . These re sult s .indicate tha the tWO 

metals can be de t ermined prec i sely and accurately in a given 

sample by the proposed method , 

Table 22. Re sul ts of 
Si mul taneous Determination o f_I rEn(IllL2~bal t(II}. 

[Fe(IU) ] r Co(II) ] ]>I.olar rat i o Absor bance bb so'O:'bance rFe (I Ill rCo(ll~ 

Added Added rFe(IlIl c: at A~ 5 nlll at 625 no found found 

[Co( I1l ) 8,08d O 
·5 

---- 6 . 02X10-
5 

· 5 1.092 0.268 -5 -4 
1. 98xlO ·· 5 3:4 

6 . 0::<.10 a . Od O 

4 . OxlO-5 - 4 1: 5 O. 72B o.4liO 
3. QS xlO 

2. 0xl O 
-5 I, 

-5 - 4 1: 20 0 . 399 0.774 2 .03x lO 4.0/.,:10 

2 . 0 xlO 4 . 0xlO 
-6 -4 

- 6 - 4 0.195 1. 106 8 . 12x lO 6 .00xl O 

8 .0xlO 6 .0xlC 1: 75 _.-- ---- -

\ 

\ 

\ 

I. 
\ 

\ 
_ -.l.oI\ 
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3 . 10 Applicat ion 

e ana yt i cal potentiality of the In order to asse s th 1 

newly developed methods , the met hods have been applied to 

the analysis of blood, steel , and vitamin B 12 

iron and coba lt , respectively . 

samples foT' 

Blood Samp~.~: The amount of iron in blood sample , prepared 

by follot-ling the orocedure described earlier, was determined 

by Fe(III 1-SCN,· PCHA method and Fe(III1 -N 3- PCHA method . The 

iron content o f the blood sample was also determined by 

2 ,2' -bipyridyl as s t andard method t o cOr.lpare the results 

obtained by newly devel oped Iilethods. 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 r eported range is from 45-145 mg/
lOO 

ml (141. 

Hence , both Fe(III1 - SCN-PCHA and Fe (III1 N3- PCHA methods are 

reliable and a pplicable for the determination of iron in 

biosarnp l es. The results are given i n Table 23 . 

Tabl e 23 . Determineti on of i ron in Blood Saop l e 

- ---------------------~Pe Found ~e l ativc standord 

Me tbod 

~~/ 1OO ml devio t ion (%) 

- --
77 . 18 

77 . 14 

77 . 41 

* f t 'nr ee de termina t ions . 
Average 0 

0 .25 

o. i6 

0 . 30 

\ 

-
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Steel Sample : Since standard samples were not available , 

synthetic samples having the same constituents with idp.ntical 

proportion as that of the British Chemi cal Standard Steel 

No . 64a and 24 1/ 1 were prepared . Ext r ac t ion and determina-

"tion of iron in steel samples were undertaken foll owing t he 

procedures described earlier . The e xperimental results are 

given in Table 24 . 

Compos ition o f Steel: 
C, o . 80 jCr , 4 . 40 j V, 1. 57 ;110 , 4 . 11 ; 

\<1, 5 . 66 jFe , 83 . 45% . 
Sample '0 . 64a 

Sample No . 24 1/1 : 
W, 19 . 61 jCr , 5.03 jMo , 0 . 52 jV, 1. 57 ; 

Co , 5. 67 ;C, 0 . 85 ;5i , 0 . 33 ;5 , 0 . 033 ; 

P , O. 02 ljMn, O. 29 5 ;Ni , 0 . 075 jCU , 0 . 10 ; 

Sn , O. 025 ; Fe , 65 . 87% . 

Tab Le 24 . 
De termina tion of Iron iu synthet i c Stee l Samp les 

*lron Re lative Re l ative 

Sample Irotl 
Found Standa rd Error 

Me thod No . Content 

(7,) (X) deviat i on (X) 

(X) 

82 . 83 0 . 28 0 . 7S 

Fc (lI,) -SC~-PChA 64. B3. 4S 0 .67 
83 . 4S 82 . 89 0 . 22 

Fe (III ) - N 3 - PCHA 64. 
65 . 25 0 .43 0 . 91 

Fe (lII) - N3 - I'CWl 
241/1 6S. B7 

*Average of tripl i cate analyses . 

\ 

---
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In order t o ascertain the reliability of the newly 

deV€dop ed me thod f or the simultaneous determination of 

iron (II I ) a nd cobal t( II) I t:he method was applied t o t he 

analysis of BritiSh Chemical Standard St eel No. 241/1 . The 

iron (III) a nd cobal t ( II) were extracted from the sample 

solution by the general procedure and the concentr ation of 

the t wo metal i ons were calculated by solving the s i multaneous 

equat:ions . The r esults of the analysis are given in Table 25 . 

Tab l e 25 . Simultaneous Dete r mina tion of Iron(ll!) and Cobalt(ll) 

in Stee 1 San:pl e No . BCS 241 / 1 

1 ["00 *lron Re lative P.ela tivc Cobalt *Cobalt Re l at i ve Relative 
Conten t f ouud s t a nda rd e rro r content foulld s tanda rd error 
U. ) m deviation (X) (X) (Xi deviation (%) 

( 7, i (X) 

6; . 87 65 . 33 0 . 124 0. 82 5. 67 5. 64 0 . 72 0 . 53 

*Averaf~ of t r ip lica t e analyses . 

1 indicate that the newly de ve" The e xperimental re5U t 5 

loped methods are reliable . 

Vi tanin B
1 2

: t method was appl i ed to The cobalt (II ) - thiocyana e 

the dnalysi s o f vitamin 812 , The cobal t: cont ent of t he sample 

was det~rmined by t:he general procedure described earl ier . 

. good agreement with the experiment a l r esult (Table 26 ) is ~n 

of t he method . 
dc~ual val ue i ndica ting the accuracy 

Table 26 . 

Cob '-l l t 

of Cobalt in Vitamin B12 De tenr.ination 

*Coba lt Re l a tive 
s t anda rd Content (%) found (% ) 
devi a tion (%) 

4 . 35 4 . 323 0 . 16 

Av~rage of tr ,'pl i ca t e ana l yses . 

Re l a ti ve 
e rror (X) 

0 .62 

The 

• 
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3. 11 . Comparison wiLh Other Methods 

The cor.tpar a tive study of the proposed me thods f or coba l t 

and iron , in rega r d t o se lectivity and sensitivity with othe r 

spe c tropho t ome tric methods are summari zed in Table 27 and 28 . 

Th~ s e lect ivity of the pr esent method for cob~lt i s 

relativ~ ly h i gh e r than most of the methods while t he sensi ­

tivity of t he pre sent is r elative ly low in c omparison to 

the most of the methods . 

The sensitivity and select ivity of t he present me thods 

for iron have been c ompared with other me thods . The 

selectivi t y o f the present methods i s comparable to mos t 

of the othe r me thods while the sensit ivity of Fe (III) - SCN­

PCHA method i s re l ative ly higher than most o f the othe r 

methods and tha t of Fe CIII) - N
3

- PCHA method i s compara ble 

to most o f the o ther methods . 

• 
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T~ble 27 . Cocpnr ison with Other Me thods fo r I r on 

~c.:.x 

Re:agent nQ 

l,lO- phenanthroiine 508 

t~ni~ thiocyanate 480 

OX.:1 1 a t~ with purpurin 600 

N-hydruxy N, N-diphenyl 
beozami di n e ~ith a zide 5 )0 

N- hydroxy N,N- di phenyl 
benzamidine vith t hiocyafio t e 460 

FCH..\./ thiocyan.::l te 440 

pellA 4/.0 

FCHA .... i th add!;:: 447 

PCHl~ with th i o cyanate (f95 

Op t i tlUI'"_ 

.:1cidity r3n ge 

pH-2- 9 

D. S- l.OH 

He i 

pH"' 8-10 

ph-2- 5 

O. 5- l.Cu oca 

pH'" 1. 1- 2 . 5 

pH"1- 4 

D. I-O . 9H Hel 

O. 5-2 . 0N IiCl 

Stonsitivity 

~e l.e /c,," 
2 

0 . 0047 

0 . 0080 

0 . 0098 

0 . 0 120 

0 . 0047 

0 . 0068 

0 .0070 

0 . 0074 

a.con 

• 
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inferference 

~-+-- .2+ 2+ 2+ 
Cu • RS . N ~ , Cd . Co 
-0)-
e 4 

• At. 

F • 

+ 4~-2+ 
Hg . V .~o.Cd 

4- . ) ­
P0

4 
• As0

4 
5+ 5+ 3+ 2+ 4+ 

V , As . Bi • Re • Lh • 
4+ Z, 

v5+ 

v 5+ v.6+ 
• <_0 

4+ . 4+ 6+ 
Zr, Tl. , W 

VS! Ti 4: Zr 4 : H~+. w6+ 

4.+ 5+ r .. V 

It Zr4+ 

-

Re f. 

28 

44 

S) 

59 

58 

76 

73 

Pr esent 
Ue thod 

Fr csent 
He thod 
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T~b l e 28 . Cor~a rison wi t h Other ~~ lhods fo r Coba lt 

A Op ti~uQ Sensi tivity 
:!~ y. A 

Rell.fl!'.!"I_t_ _ o ra a.cid i t y ran ge )Jg Co l ce ' In t e r fe n ::nce R.a L 

; U::oDOniUl:! chi ocj'ao l! t e 

I-Nitr os o- 2- naphthol 

Neo t et r~zo liuc chloride with 

th i ocya.n.:ltc 

Triphenylsu lphoniu~ chloride 

with t:hiocyan<:. t e 

Pr opy l e ne c a r bonlltc with 

thiocyane te 

l, 5bi s(di-2-pyridylmcthylcne) 

thi ocBrbonohydr~z ici e 

AmL~onium thiocyana t e 

6 20 

550 

620 

625 

625 

1, 8 

625 

pH-4- 5 0 . 0550 

ph .. 4 . 5- S 0 . 0075 

pH"' 3 . S- S 0 . 0 196 

pH= 5- B 0.1447 

pH" 2 . 5-6. 2 0 . 0327 

ph"'10 . 4-11 0 . 0011 

0 .1-1. 511 HCl 0 . 0 )24 

. 2+ "0 3+ 5+ Cu 
2+ 

~l. • •• • V • • 
J+ 6+ 

Cr • Cr 

Cu 
2+ 2+ 2+ 
• Fe • tm 

3+ 
Fe • £DT~. all me t a l i ons 
whi ch fo r m co l or ed comp l exes 
with th i t1cY.:l.n c. tc 

3+ 6 + 2+ 2+ . 3+ 
Cr • U • fig • Zn • BI. • 

2+ -
"Fe • eN , EDTA 

2+ 2+ . 2+ 3,.· 
Fe , Cu J H8 J Cr 

3+ 2+ . 2+ 2+ 3+ 
Cr • tin J N l. • Zn J Fe , 

2+ " + 2+ 3+ Cu . HgL , Cd • Bi 

8 

47 

~o 

; 2 

61 

84 
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4 . CONCLUSION 

NeVJ met hods have b d een eve lop~d for the de t erminat i on 

of iron eI I!) and cobtllt(II) and for the . s lmultancous de t ermi-

nation of iro n(!!!) and cObaltO!) with t hiocyanate and 

N- phenylc i nnamohydroxd1i1ic acid by solvent extraction a nd 

s~ e ctrophot ometry. The methods arc highly se l ective , and 

the me thod f or iron is highly sensitive while the met hod f or 

cobalt i s fairly sensitive . The: methods are a lso simpl e , 

prec i se, accurcte, and free froo the rieid control of the 

e xperimenta l variables . Therefore, the methods a r e appl i cable 

f or th~ succe ssful determination of iron and cobalt i n ores , 

alloys , rocks, soils, and biological sample s . Hence , the 

me thods will have wide analytical potentialities . 

AnOTh e r new simple , rapid , precise , and r e liabl e me t hod 

ha s been de velop~d for the extraction and spec trophotomet ric 

de terminatio n of iron (I II) with PCHA and az ide . The ne wly 

de ve l o pe d me thod is sensitive a nd highly se l ective , and f ret;! 

from t he rigid control o f expe rimental variables . The pro­

po sed me thod can be applied for det ermina tion o f i ron i n 

d iverse samples . 

• 
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