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II1VEuTIG"TION OF TI,OIl- N- FJlliNYWINN,JlOllYDHOlL.I.!IC i.eID 

~YbTEHS •• NJ 'l'IlliIH HH .. LY~ICJ<L PO~EIl~L.LI~nti 

by 

Ji.berra FurA. 

R • . l.dvi.3or Dr . B. S . Chnndravans hi 

This work includes t he study of the reactions of 

N- phcnylcinnnm')hy roxnmi c ac id(PCJLi.) with both bival€int 

fmel trivaltmt i ron . The first part of th~ work deal s 

~/ith the complex equilibria of iron(llI) - PCHA system in 

U I!l1xdd aqueous- orgnnic solvt}nt , nnd thu second part 

(lORIs \"ith t he _cvelopmcnt of n new method for the de­

terminflt i on of iron(ll) Vlith PCH.th 

N- phenylc innamohydr oxnmic acid (PC}-Lt). 11 bidcntate 

cholating agent was found. to react with iron(lll) to 

foro complex sp~cie6 of differ ent colour depending 

upon the reaction environment . Ph~ reaction conditions 

for thd formAtion of tho cooplex sp~cies wer~ studio in 

aqueous- Alcoholic Dedi um. H mixed so lvent of ?~" (v/v) 

cthnnol by composition has been found to be n suitable 

I!1tldium for the Gtudy of hooogcnous eCjuilibrin of the coe ­

xisting compl~x srecics . Thtl Bonornl sptJ ctrol proper ties 

of the species \'fere invcl:itigat~cl . '2he nbsorpt i on curves 
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were f ound to h9.ve t\70 isosbestic points . The number ond 

composition of the complexes wore determined ana found to 

hnvu c omposition 1 : 1 , 1 : 2 , 1 : 3 (Fe : FelL.) . Tho wavelengths 

of the maximum ~1bsorbnnccs \lere 53.? , 49;' , fi nd 445 nm for 

the I , II , anu. III complex spec i es , reF:pectivo l y . I t HaS 

verified that the Beer- Uloburt Law holds for these complexes 

nt all wav~longths , and for thb mixtur&6 at the wave l on­

gths of the isoabestic pOints in R './i d.O pH rnDe;0 . The 

exis tence of t wo isosbcstic points which are e:qual in 

nu~ber to those of the complexes , exc~pt one , made iron­

(IIl) - FeIL, systom alL~n"ble to tho Verielle mothod f or the 

dutcr minntion of stepwise stability constants . These 

constants have b~en found to be log Kl ... 11 . ;L;.7 , l og 

1:2 = 10 . l OG RIld log K3 = 7 . 438 for the I , II , and III 

stepwise stability constants , rt!spective l y . Thd di str i ­

bution diaBrnms (nomograms) of the cocplex species as a 

function of pH \lere constructed. for somo cuncentrations 

of the mt1tal ion and vnrious conc~ntrRtion r atios of th~ 

liBHnd to metnl ion . By using the nomoe;rnm , ex t inction 

coefficidnts of thu three consecutive complexes have 

Also been d&t Dr minod . 

PCrul \'/8 9 also fou..'ld to rt:l8ct with iron(ll) to pr o­

duco an oranB8 colored , extractable ul ectroncut r al cocp­

lex having a composition of 1 : 3 (Fe : PCfu~) . The cocplex 

is stabl e and qUEntitatively extractod into tolu~nc from 

!1,!u(;Jous solution having fl pH rnngo of 4 . 5 to y . 0 al lowing 

• · • 
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reproduc :iblt: an", reliable spuctrophotometric detur mi ­

nation of iron. Tho conplcx hHS maximum absorpt i on at 

448 nm and a molar absorptivity of 8 . 4 x 103 1 mol- 1cm- 1 . 

130 t: r I 8 lu\'! is obL:yeJ. in the raDg~ of 1. 00 t o 9 . 00 Dpm of 

ironell) . Thv ovcr~ ll cgndltionH l stability constnnt 

of the compl ex h .1 S been £l I sa dtJtur I!lined . }~rom the study 

of tht.: effe ct of severnl v.: .ria111es , it \'1R5 fou nd thfl t 

thv rcothou. is l ar ely frclC from rigid contr ol of expe -

rir.lunt r l vCtri aolcs . Th£J effect of f oreign 10m on ",he 

method ha s also been studied nnd the mothod was found 

to b~ fnirly selective . The I!lcthod was found to bo 

effective by applying it for the doter mination of iron 

in blood and stee l sampl es . Thus a new r Rpi d , pr ecise , 

fH:!Ositlvc , nnJ. s.Jlective met 1.od for thE:: determination 

of Fe(II) with N-phenylcinnn~ohydroxaDic acid is deve­

loped. 
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1. llf".L'!<ODUCTIUII 

The application of orGanic reogents in analytical 

chemistry for the detection , separation and determination 

of trace quantities of neRrly all common and most raB9 

elements in a larse variety of naturRl mnteri al s and in­

dustrial products is becoming incrensinBly iml)Ortant 

(1- 7) . Oreanic reagents react with inorgvnic ions in 

solution to yield products of various properties which 

can exhibit a chance in color , luminescence , solubility 

And volatility. lJ.'hese properties led to t he development 

of various methoas that are sensitive , selective and ra-

pid for the analysis of a VAriety of materials . 

One of the powerful organic reagents that have been 

employed for the analysis of metal ions in recent years 

is N_phenylcinnamohydroxamic acid(PCllA) , which forms 

the basis of the present investigation . 

N_phenylcinnamobydroxamic acid(r) contai ns an acid 

Group with a r e!,le.ceable hydrogen atom and a basic co­

ordinating donor" group(II) in such a position so as to 

form five - membered chelate COIJl'lcxcB on reaction with 

met a l ions . 

C6H5-I~-OH 

C
6

H
5

CH=CH- C-O 

( I ) 

- N- OH , 
- CoO 

(II) 
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PCHA is a highly sensiti ve and selective spectro-

photometric rea5cnt for metals because of the presence 

of double bond in conjuBation with carbonyl grou in 

the molecule . It absorbs very weakly ill thu region 

\Iherc its colorimetric renction product \li th several 

metal ions exhibit characteristic intense absorption 

bfll1d ~ Thus spec"Grophotomctric method can particularly 

be used to advan"Lace for s t ud ing complexation equili-

briH, and for the determination of the metal ions with 

\1hich it forms compl exes . 

PCHA is a very weak acid nnd its di ssociation con­

stunt is 1 . 6 x 10- 9 (8) . It is a crystalline solid and 

pHl s green by colour and has a melting point of 159-

160°C . It is stable towards air , light nnd heat and 

can be s tored for a long time \'Iithout deterior ation . 

It is stable t011ilrds the nction of dilute alkalies and 

concentrated hydrochloric acid but deco l;lposes in con­

centrated sulfuric acid and nitric acid (> 5 N) ( 9) . 

It is therefor e found to be a suitabl e extr action re -

agcnt for use in acidic sol ution . Thus some metal 

ions such as vanadium(V) ( 10) , ziroonium(rv) ( 11 ) , 

niobium(V) and t itonium(rv) (12) can be extracted into 

chloroform from hydrochl oric acid so l ution gr~ater 

than 2M , and thus be separated from others which need 

marc dilute acidic condition for extr action . It is 

sliGhtly soluble in water but solubl e in common organic 
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solvents . Its solution in common organic solvents can 

be stored for a long tice \'/ithout deterioration and t his 

luality is very important f r om AD analytical st, d point . 

N- phenylcinnamohydroxumic acid was first synt hes i zed 

Hnd used as nnuJyticul reagent for the gravimet ric deter­

mination of niobium and tantalum in 1 0 ( 1,) . Its 

annlyt ical appliclItions rIBs f urther extended f or the 

extraction and nhot omet r ic deter minat ion of vAnadi um( V) 

(10) , zirconium(rv) and hafnium(rv) ( 11) , titanium(rv ) 

and niobium(V) ( 12) , and for tho successive ext raction 

Hod spectrophotOluctr ic deter mination of i r onellI) , van a­

(lium(V) , and uranium(VI) ( 14-) . It ",as al so used for "he 

erovimetric determination of niobi um ~Dd tAntal um (15) , 

uranium ( 16) , r41d zirconium ( 17) . Hecent reports show 

thnt PCHA has been used for the extraction and spect r o­

photumetric determinat i on of vHnadium(V) as a mixed 1i­

gond complex with thiocYRnnte ( 18) Dnd P- chloropheno1 

( 19) , for the successive extraction and spect rophoto­

roatric determination of i r on(III) Rnd vanadium(V) (20) 

Rnd simultaneous determination of i ron(lll) and vana­

dium(V) by solv~nt extraction and spec t rophotometric 

methods (21) . 

The foregoing discussion revol'ls that PCRh has been 

used ~s a rangent for the extraction and spectrophoto­

metric det .... rmination of iron( Ill) . Howover 1 no attempt 

hnR been modo to study its comrlexation 8Cluilibria with 
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tervnlent iron and its reaction with bivalent iron. 

Hence , the detailed stuuies of PCllA- iron system and 

their analytical potentiAlities have been the task of 

the present investigation . 

Iron is the most abundant metal in nature , apart 

from aluminum ( 22- 24) . It is very sel dom found as the 

free metal , but metallio , iron occurs with nickel and 

cobalt in some type of mclteorite , and in very finely 

distributed form in some basalt . Its most important 

ores and miner als are haemntite (Fe 20
3

) , magnetite 

(Fe304) . goethite (FeOOH) , limonite (hydrated iron 

oxide) , s iderite (FeC0
3

) and pyrites (Fes2) . Mixed 

oxides , silicatea and aluminates with a number of 

metals are al so encountered . Natural waters someti mes 

contain considerable amount of iron . Iron can also be 

found in a number of natur al substances , plants , and 

animals including , human organs . I ron was the first 

trace or minor element recognized as being necessary 

for bot h pl ants and Animals . Manufactured iron always 

contains carbi de , phosphide , silicide , mRD£anes~ nnd 

grnphite or amorphous carbon. ~amples to be analyze 

often contain iron as its sulphates , chlorides , and 

doubl e or complex s alte . The ferrous a lloys (e . g ferr o­

chrome , f errosilicon , ferromangnnese , etc . ) are a l so fre -

fluently encountered . 

The oxidation stat e encountered in compounds of 
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iron range from 0 to +6 j however , the most common compo-

unus are those of Fe(n) ana Fe( In) . In complex compo-

unds iron(n) may be tetra- coordinate ( a . g ., FeCl~- with 

B tetrahedral configuration) , though more often it bes 

coordination number six , e . g . , in the octahedral comp­

lexes Fe(H20)~+ , FeCCN)t , Fe(phen)~+ , amI aometimes 

even eight (oxyhaemoglob in , carbonyl haemoglobin) . The 

complexes of iron(lII } are al so more often octah dral , 

as exemplified by Fe(acuc)3 ' Fe(ClI)i-, "e(H20)~+ , 6Ild 

FeC14(H20)2 ; the tetrahedral complex FeG14 exists in 

the medium of conc~ntrated hydrochloric acid (25 , 26) . 

~he coordination number of iron(rlI) in the com~lex 

A number of orgonic reabents are recommended for 

the detection , separation , antI determination of iron . 

GOMe of the common organiC reagents thut are used parti-

cularly for spectrophotometric dGtermination of iron 

are ammonium thiocyenate (28) , 2 , 2 ' - bipyridyl (29) , 

cupeferron (4) , 4 , 7- diphenyl- l , 10- phenanthroline (30) , 

4 , 7-diphenyl- l , lO-~henantbroline disulphonic acid di­

sollium s elt (1) , 5_methoxy_2_nitrosophonol (4) , 1 , 10-

phenanthroline (32) , 2 , 4 ,6-tri- 2- pyridyl- s-triazine 

(4) , 2_( 2_pyridyl )_imillazoline (33) , acetylacetone (34) , 

isonitroBodimettyldihydroresorcinol (35) , 4- hydroxybi­

phenyl- 3- carboxylic acid (36) , etc . 

Of these r l,,;<lgents comparatively fe\l nre well 

suited for determination of traces of iror . Ther -
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2 . E;;}-ERIl.!EIITi.L 

2 . 1 Synthesis of N_Phenylcinnumohydroxamic Acid (POM) 

PCHA was prepared by follorling the Inuthod used by 

Priyndarshini and Tandon (37) . This involves the con­

densation of N- 9henylhydroxylamine with cinnamoylchloride 

at low temperature in diethylether medium made alkaline 

with an aqueous suspension of sodium bicarbonate . 

H 

+ 
Cl , 

C6H
5

- CH=CH- C=0 

The two r e actants , i . e . , cinnRIDoylchloride and N- phenyl-

hydroxylamine were first prepared to carry out the 

synthesis . 

Pr eparati on of cinnaIDoyl chloride : This was prepared by 

refl uxing c i nna:tlic acid ,:ith excess thionylchloride . 

ref lux ---- ---> 
100°C 

C
6

H
5

- CH=CH- COCl + 

HCl + S02 

Cinnamic acid (14 . 8 g , 0 . 1 mol) and thionychloride 

( 12 ml , 0 . 15 mol) wore mixed in a 100- ml round bottom 

f lask and refluxed over boiling wator bath for about two 
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hours . The excess thionylchloride was driven off from 

the clenr solut ion of cinnR~oT~chloride by fract i onal 

distillation under reduced pressure . The yield of acid 

chloride V/aS about 90;(. 

Prepar ati on of N-phcnylhydroxyl alllj.no : The preparation 

\Jas done by the ;"eduction of ni trobcnzcne Hi th zinc 

<.lust and ammonium chloride i n nque ous so lution at 

60- 65°C . 

Zn/HR4Cl 
------------> 

60- 650 C 

Commercial ainc powder is usually about 90 percent 

pur~ and requires ac id treatcent to re~ovo surface oxide 

\,'hich reduces its activity . Zi nc was nctivnt ed ther efore , 

by s tirring 40 g of powder with 15 ml of 10 percent hydro­

chloric acid f or 2 minut es . I t wns then filtered and 

washed with 30 ml of \;'ater follo\1od by 10 mi of acotone . 

To prepar e N-~henylhydroxylnmine 12 . 5 g of ammonium 

chloride , 400 ml of ~ater and 25 g (20 . 8 ml , 0 . 205 mol ) 

of nitr obenzene ~erc pl aced in a 2-litre beaker , equipped 

with a thermometer nnd mechnnical stirrer . The mixture 

lias s tirred vigorously and 29 . ~ g (0 . 415 mol) of zinc 

pouder of high purity '\"'las fl.ddod during about 15 minutes " 

The r ate of addition was such that the temperature r api ­

dly rises to 60-65°C and remains in this rang~ until all 
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, 
the zinc h -ls been added . ~he stirring was continued 

for further 1> minutes , by which tine the reduction was 

complete ns was shown by th8 fact that the temperuture 

commenced to fall . The \.'urm reAction cixture was 

filt ered by suction to r t:oove the zinc oxid~ , and uasht::d 

\\lith 50 ml of hot \Inter . 'I'h(; filtrote wns pIeced in a 

canienl flask , s :lturated wi th common SAlt (about 150 g) 

and cooled in an ice bath for about one hour to ensure 

maximum crystallization of the product . The pale yellow 

crystals of phemylhydroxyl mninc were fllt cred uith 

suction. It wes then r ecrystallized from benzene and 

petroleum ~ther . The substnnce deteriorates upon stor age 

nod \/a5 therclfore used imoediately for the synthesis of 

N-phenylci::mnmobydroxamic Rcid . 

Preparat i on of ~r-phenylcinnnmchydroxamic a.cid : A fre ­

shly crystallizod N-phenylhydroxylamine (10 . 9 g , 0 . 1 mol) 

wns dissolved in 100 ml of diethyl ether and transferred 

to a 500 - ml conical f l ask . J\ fine suspension of sodium­

bicnrbonat~ (12 . 6 g , O . l~ mol) in 20 ml of water "as 

added to it . The fla.sk was kept in n freezing mixture 

and the contents wer e stirred . To this , II solution of 

cinnamoylchloridc (16 . 65 B, 0.10 mol) in 100 ml of die­

thylether wa.s added drop\1ise during tho course of one 

hour . Stirring was continued for an additional 15 

minutes and the temperature 'flaS maintained throughout 

fit OoC . rrhlJ yellowish rJhite precipitnte of hydrox;' mic 
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acid t'JDS then ccpar Rtcd , from the saturated so lution 

of sodium bicnrhonate in a mortar for about l~ minutes 

to remove ncidic impurities . It wns then filtered 

lmder suction , _,ash6d nith cold \lUtcr and dried in air . 

':'he solid N- phc.qlcinnamohydroxamic Hcid we:.; then cry­

stallized fro~ ethanol . Yi~ld , 12 g (~O%) , m. p . 159-

160°C . 

2 . 2 Equipment ~nd Reagents 

Apparatus : JI. beckman CHEM Ul\TE pH meter \10.5 used for 

the me<.!uurement of pH and a Beckman Modol 24 UV- visibl e 

spectrophotometer was usud for absor bance meo.suremunts . 

The pH met i; r w.,s stf-lIldnrdizcd Hgainst n~ucous buffers 

prepared from rillS stG.minrd samples . 

Gtandard FcCIl!) Bvlution : A stock solution of iron(llI) 

\ws prepared by dissolving 4 . 0402 g of fe rric nitrate 

nonohydrate (BDH , ;,nnlaR) in 100 ml of 1 : 5 ( v/v) nitric 

acid FUld J.ilutcd to 1. 0 litre Hi th distilled wnter . The 

solution was standardized spectrophotometric ally using 

bipyridyl nnd PCIL. (20) . J1 h'orl~ing solution r;as prepared 

by diluting a suitable nliquot of the standard solut ion 

to a known volume with distilled water . 

btandard FeCII) solution : ,n stock solution of iron(ll) 

was prepared by ~issolving 3 . 9214 g ammonium iron(II) 

sulphate hoxahy:1ruto (lJDH , /,nalaR) IIi th distilled water , 

acidified with about 30 reI concentrated hydrochloric 
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Hcid and diluted to 1 litre ",li t h distilled wat e r . The 

!3tock so l ution riUS stflnunr di zcd Bpectrophotometric~lly 

by using b i pyri· . .i.yl AS analyticnl rencent . 

l:.lectr olyte solutions : ;l 1 . 0 M aqueous sol ut ion of 

potassium nitrate CEDI! , JtnnlRR) and potRssium chloride 

(BDH , J.nalnR) were used . 

TIeducing agent s : 1\ 0 . 1 M aqueous so l ution of hydro­

quinone and ascorb ic acid , nnd a 10 percont (w/v) solu­

tion of hydroxylamine hydrochloride wer e used for the 

r eduction of iron(III ) to iron(II) . 

Hydrochloric acid and amnonia : Dil ut e solutions of 

hyd.rochloric ,~_cij (BDH, JlnalaR) nnd ammonia (bpectro­

sol ) WE:;re used for adjusting the pH of the solution. 

lWHgent solution; : b 0 . 05 M solution of PCFLt was pre­

pared in ethanol . 'i'he ,..:orking so l utions wore prepar ed 

b y dil uting: a suitable aliquot of the stnmlard solution 

to n known volume with e thAnol . 

2 , 2 ' - Bipyridyl ~olution : . l. 0 . 01 M solution of the re­

agent was prepU'<:::d in distilled t'mter . 

Uolutions 0f foreign ions : They were pr epar ed by disso­

lving kno"m qunr..ti tics of r E:3gcnt gr l1de salts in dist i ­

lled water t o give 10 mg of th~ i on of interest per 

millilitre of solution f ollowing the procedure of wes t 

(38) . The !:;)ol utions werl: Rcidified wherevt:r necessary 

to prevent hydrolysis And to incrense tho solubilities 
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of ccrtuin salt:.:. . In general nitrate salts were uScld 

for thcl cations Ind sodiuc or nmmoni m salts were 

used for the anions . 

2. 3 rrepnrr- tion of [inmplc Solutions 

Steel Gnmple : A "cighed quantity (approximately 0 . 1 g) 

of the !:Jt ~a l suru:plo WIlS transferred into a 400- ml bea­

ker and decompocod with 10 ml concontr atod nitric atJ i d . 

'!Ihe mixture was heated to remove tho oxides of nitrogen 

and about 10- 15 1!l1 concentrated hydrochloric acid waD 

added to it . T~c solut i on was clvaporatod to almost 

dryness . Ji.bout 50 ml of distilled water was added and 

the solution wo.s boil ed . I£ungstfdn 'fIas precipitated ES 

tungstic s.cid. The undissolved silica and tungstic 

aciu were fi l tered off and woshed several times with 

hot distilled ..... ".tur . Thu fil trat e anu washings nere 

collocted into a 500- ml volumrltric fl nsk and llilutc:d to 

volume with distilled natel' . .h suitablo aliquot was 

token for the analysis . 

Blood snmple : Jl. 4 ml aliquot of blood sacple vas tran­

sferred to a Kj oldahl flask Rnd d composed with about 

20 ~l of conccntr~ ted sulfuric aciu by heRtine over the 

bW1sen burner for about tHO huurs . The heating was con­

tinued after Addition of nbout 20 ml of perchloric acid 

until th~ volume of the content wns r educod t o about 

5 rnl . It wus then cooled find th~ rusidue Y180 reboilt:d 
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\lith dilute bydl'ochloric Rei d for about one hour . 

~ lftcr cool Lng t:h~ residue !bas transferred quanti t nti vely 

to lOO .. ml vo l umetric fl ask nnd. uilutcd to volume with 

dist illed water . ~ . suitable uliquot vms taken for tho 

noalysis . 

2 . 4 Gener a l Procedure for th<.. Invc:.;ti£?ntion of Iron( III) ­

PCHH. Complex Equilibria 

11. suitflble " liquot of the standard iron(IIP solution 

(0 . 005 M) vms trmsferred into a , O"J!ll beaker to giVe a 

finnl concentration of 2 x 10- 5 - 4 x 10- 4 mol ar solution. 

Pot ns siwa nitrate solution was added to adjust the ionic 

strength of the solution t o 0 . 1 M. The r equired amount 

of POlL!. sol ution in ethanol ~7as uddcd and t h e sol ution 

"US d iluted to about 20 m1 with e thanol. The pH of the 

solu"tion was a . .:.justed to th~! r equi red value with di l ut e 

hydrochlor ic acid. and aI!llIlonia . The so lution was trans ­

fe rred quant itatively into n 2~ ~ ml volumetric flask . It 

wns then diluted to volume \lith ethanol nnJ distilled 

~Htur to give 75l of ~thanol in the final solution . The 

nbsorption spectrum wns rE:; cordod Rgainst ethanol . Th e 

pH of the so l ution \7aS measured onco again after the 

nbsorbc.nce measurement ~ The t emperature WllS kept a t 

2 + 0 0 . 0- 0 . 2 C. 
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2 . 5 General Procedure for Extr~ction nnd Spcctrophoto­

m~tric Determination of Fe(Il) . 

An aliquot of the solution contoining 2~200 pg of 

iron(ll) W3S tl' ,msferrcd int o n 50 ~ ml benker and 1 ml of 

0 . 1 H hydro quinone vlCS added to it . 11 S ml aliquot of 

0 . 005 M solution of thr: re ngcnt (PCRil ) in othuDo l WBS 

added to the solution anJ. 'tihe: solution was dilut od to 

25 ml \Ji th distilled water . Tho pH of thl:! solution was 

adjusted to 5- 6 using dilute solutions of hydrochloric 

Reid or ammonia. The sol ution rlns trnnsforrt..>dquantit tlti­

vely into :\ lOO .. ml sepnratory funnul . ~he olcctrode of 

the pH meter and the beaker \/ere wflshtld \:i th nbout 15 

ml of toluene . The vJ8shings \Jere lldded to thlJ funnel 

nod the mixture :ilBS shaken g igorously for two minutes . 

The :funne l \vas cllowetl to stand. to separate the two 

l)hnses . The Ol'l..1_rn ic phase tins collected into ) ()" rnl 

banker containing n f en gr nms of anhydrous soclium sUl ­

r hllt o . The coloured extrHct was t vonsidr red t o a 25-

ml volumetric fl ~sk and the beaker was washed several 

times with a £ 1)\·1 ml of toluunc . '£he 'Rushings wer e 

nddt:d to the fl nsk and the solution \IUS iluted to 

volume with t oluene . The absorbance wos mOAsured nt 

448 TIm A.g~inst the reagent b l ank . 
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3 . INVE:JTIG"TION OF IHOH(III) - PClIA SYSTEI.l TIl \/J.'rER-

3 . 1 Genert: l l1.S~Ct S of Complex Equilibria 

The formrtion of met el complexes by th~ re~ction of 

Ii octal ion ' central ion) nnd H r engent ( lis and ) calL be 

represented by the fo llmling gt:n~rnl equilibrium r e -

action (5:-7 . 39) : 

_ .... 
mM + nL 

wher~ M denotes the met al i Oll and L the ligand . The 

compl~x-formatioll equilibr ium is characte rized by the 

thermodynamic oquilibrium constant . 

= 

av' L 
' m n 

\Jhcr0 8
1 

deno t es the activity of the ith specit:s . 

For mononucl ear complexes (rlher e m :: 1) tho thermo­

dynamic cquilibri~ constRnts is Biven by : 

"liL n 

\iller!::: fi denotes the activity coefficient of ith 

opecies . 

(3 . 2) 
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To a first approxication the activity coefficiclnt 

in lliluto solution dcpenJ only on the ionic stroDBth . 

It mAy often bE. possible: to keel_ the activity coeffi­

cient of e ~ ch speci~s constnnt throughout a sf.;riez of 

mcn~urecents , e.e., by the use of n 8uitAhle ionic rue-

ilium. In such c~seG , the equi librium constant may be 

eXIJl'eSSeu in GCrlLS of thlJ corresponding conCt;;utration 

11uotients , or stoichiometric stobili ty constants , de­

fined by 

p = n 

\lh1ch holds for Cl g1 ven tecpt:!rfl ture , 601 vtmt compo-

nition nnd i onic strenBth of the solution. Beer-use 

the Hctivity of 10' SP~CiC6 is equnl to the product of 

its conc~ntrHtion and act ivity coefficient , there is 

H simple relntionship between tht.: stoichio'Cetric equi­

librium constants (invol ving concentrations) and the 

thermodynamic equilibrium constants (involving activi­

ties) as sho~n by Equ~tion , 3. 3 . 

The different experirnentnl o~thods provide info­

rmation on either concen~rRtions or Rc~ivitieB . In 

gen~ral it can bo said that vluctrochemicnl methods 

give nctivities , whil e optical methods give conccntra­

tions . 

Gcnerally , it is difficult to deturmine accurate 
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values of thermouynRcic stability constontG , eBp~cially 

for systems in .,hich sever;:! l COn:p!l;Xt:G COGxist . Since 

it i s seldom possible to menGuro th~ nctivitios or COD-

centrations of more thnn one or tHO of the species pr~­

hont , ~toichiometric stllt i!i ty constants C t'D usually bu 

uctcrminou. more conveniently thnn therLloctynllmic consta-

nts . The l otter requires the knowlE:ltiEje of the activity 

cooffici~nts of ~ll tho species under considoration , 

reliablo v olues of \thich is often diffi cult to obtain . 

Only se ldom does 3 cocpluxa tion rullction occur in 

solution as an isolnt~d process . bimultaneously with 

th~ main comple~ formation equilibrium , tho cODstit08 -

nts of the complex may al so tnke pA.rt in equilibrium 

re:nctionG wi th other species pr&stmt , including ions 

prod.uced by the sol vent . The complt:x itoolf ma.y under ­

go side - r baction . For thoSG conditions the stability 

constantG will be conditionol stubility constants and 

Hil l have the f ollowing gl.morAl form~ 

~ ' = n 

[MI. ' J n 

r/hera the conc.,mtr fl tion teres rof~r t o the Appar ent 

fr ee conccntr;ltion of the spl.!cius not invo1vud in the 

main reaction . 

One eM r el ate Eq . 3. 4 and Eq . 3. 5 by tho following 
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n 
"lh( X) "i(r ) 

Tho functicn "I.!(X) ' "L(Y) nnd "ML (Z) aN the 
n 

Hid.o- reaction cOJffici(;;nts of the metal 11 \lith the 

liE;Hnd X, of the. ligand. L \11th sidv- roJC1ction 

r(jllctant Y DnJ of the complex \lith aid(; ronction r0-

nctunt Z. By usc of tho overall stability constnnts , 
(X) (y) (Z) ~p ' ~q , Pg of thv products formud in th~ eidc-

reActions , tho t:iL e - reaction coeffichmts , aru given by : 

"l!(X) 
[!.I ' J 

0 _ 

D~] 

[ L ' J 
= -

[LJ 
(y) 2 

+ ~2 [YJ + •• + 1 + 

The equilibrium givon in Eq . 3 . 1 may not b~ atto-

ioud J.irectly , since the reaction between 1.\ and L may 

occur by stepwis\;; formation of cODsccutlvlJ complcxc:s 

ML _ ~. 'J.'he contribution of D particular complex 

tlupcnds on the concentration of th~' free liganu and 

on thtJ stopwise stability constants : 

0 . 8) 
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_ [MLJ .. 
[ I. j[L) 

The step\",isc s t ability constA.nt s ar c r e l ated t o 

the over all stabil i ty constants by t he f ol lotli ng expt'e-

55i on. 

(3 . 11 ) 

I n gtloeral , t he val ue of the f irs t stabil ity con­

stant i s the l argest and the vEllues of the successive 

Rt abili t y constants decreast! , i. e . Kl > K2 > K3 > •• Kn · 

Howeve r , t her e are except ions to thi s generali z.ati on . 

It may Rl so happen t hat one or more inter medi a t e species 

practically do not exi st, t he ir stability constants be­

i ng too smell to be deter mi ned . The fact that a stabi-

I i ty constant ~n has been found to be appr eciably gr eater 

than zero i 8 perhaps one of the most convincing pi eces of 

evidence for the existence of the complux MLn in sol ution . 

For a system of stepwise complexes of the type MLn 
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the mol e fraction eX ) 
0 

of the nth complex species in the 

solution , which g ives t he fraction of the total metal 

ion eM is given by : 

X 
[MLnl [MLnl ~n[LlD 

= = • n 
eM [Ml+[MLl+[!.iL2J+ · ..+ [MLol 1+ nEN ~ [Ll n 

r n 
D=l 

Thus , if all the stab ility constanta for a given 

system have b\:ten determined , it is possible t in prin­

cipl e , to calculate the equilibrium concentra tion or 

Hctivity of each of the species present under a known 

set of eA?c r imental condi tions . Such knowl edgo provide 

f undamental informati on necessary for theoretical con­

sidoration of th~ effici ency of nn analytical separa­

tion or deter mination based. on forrilution of complexes . 

Tho mcthodG availabl e f or determining stability 

constant s are moinly bas~d on the preparation of a 

series of so lutions containing known amounts of the 

complex- forming components , in which the concentration 

of one component; is gradually varied and the concen­

t ration of one of the r eactants or roducts is follo wed 

d.irectly or indirectly by a s'Jitable analytical method . 

?he most suitable analytical methods are those which 

do not distrub the equilibria existing in solution and 

by \Jhich l ow concentrA.tions c lin be selectively dete r mi­

ned ~ith high accuracy. 

0.14) 
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Some of the most ~Qnerally used methods are poten­

tiomotric ( 7 ,6 , ;9- 43) , spectrophotometric (5 ,6 , 39 , 44-51) 

nod pol ar ographic methods (5 ,6 , 39 , 52- >6) . 

In the present invcstiGntion stepwise stabil ity 

CODatA-nta of Fe (III) - PCJ-Ll system were doter mined in 

parti ally non- aqueous solvent by spectrophotometric 

method . The spectrophotometric investie ntion olso in­

cludes the study of the nature nnd r eaction Loondltion 

of the complex f ormation processos and determination of 

the number of the successively f ormed compl ex species 

in 75Z (v/v) ethanol . 

3 . 2 Results and Discussions 

3 .• 2 . 1 He action Condition 

It was observed that only in u high percentage of 

ethnnol in wat.ar , "woul d the homoge nous equilibria in 

solution be established betweQD the successive comple ­

xes of Fe C III) - PCliIl. .. At lO \lE:: r per centaGe of fllcoho l or 

pur e aqueous media , the complex with maximum coordin­

ation number and the reagent precipit fl te out . It WflS 

Rlso observed t hat there is a l imit as to the highest 

percontage of ethanol one can use , if nn e l ectrolyte 

is to be added to keep the ionic strength constant . 

~his is because most salts a r e insolubl e in pure e t ha­

nol or in a solution nith high perc entaf5~ of ethanol . 

It was found that the totAl concentr ntion of 
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iron(llI) , CFe , in the solution can be increased upto 

- 4 2 . 4 x 10 M '.vith the ul.wer limit of other variables , 

beyond \oIh1ch the r-recipi tation of tho highest complex 

nnd hydrolysis of the met?l ion occur . 

Tho upper limit of the total concentration of the 

li~und , G
L

, thnt elm be used depends upon the t~tal 

concentration of the metal in tho solution lmd extent 

of solubility of the r~nBont itself in 7,% (v/v) ethanol . 

A concentration os high as 4 . 8 x 10- 3 M can be used , be­

yond which the precipi tntion of the highest complex and 

the r cnaent take rlaee . 

Finally , the r anee of pH at which the consecutive 

cotlplex species co(;:xist dCIJends upon the tot nl conceo-

tration of iron , ligand and the ratio of the ligand 

concentration to that of the metal ion . 

, . 2 . 2 pH Meter MeBsure~cnts in 75~ (v/v) Ethanol 

The glass electrode has been found to respond re­

versibly to changes in hydroeen ion nctivity , in agree­

nent with the Ncrnst equation in ethMol-water mixtures 

contnining less than 90 percent (wi"') of e thanol (57- 79) · 

However , the moasurem~nt of hydrogen ion act ivity by 

meRns of a pH- meter which hns been stAndardized using an 

nqueous buffer is restricted to the n,~ueous solution , 

since any variation in tho compoRitlon of t hu solvent 

causes lnr ge changes in the junction )otontial . Thore-
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f oro the pH-meter ro ouings in the aqueous solution and 

pHrtially aqueous solution are not the SllJ!l~ . Fortuna­

tely , it hRS been possible to brinG these seals to the 

snnw common denomi nator , i . e ., to expr~ss them quantita­

tively on a single aqueous scp.lu o 

One uuch approach is intr oduced by Van Uitert ond 

Haas (42 , 60 , 6 1 ) . They mensured the ' pH I in dioxan­

wAter mixture with the e1ass electrode 1 assumine; that 

the scale- rending is s t rict l y pr oportional to the pH 

determined with the liydr oeen e l ectrode and established 

em capirieal r e lationshi p between the senle readill{5 

(B) and the pH , as given by the follolYinS equIltion : 

pH 0 B - lor, UH 

U
H 

i s a cOllversion f actor for obtaininG the hydro­

Een ion concentra t ion from the meter reading B and was 

found to be in 3cner al R f unction of the percent~Ge of 

the dioxan anu ionic strengt h of tho solution. This 

Bsme equation was plso found to be valid for eLhanol 

(62) • 

In the present investigAtion an empirical CAlibra­

tion by means of vhich the pH-m~ter r eading H could be 

converted to hy ogen ion concentration W3.S made as 

follows . Readings were mAdo on n series of 30lutions 

containing hydrochloric acid nnel 0 . 1 M potaSSium ni­

t r ate in 75% (v/v) ethflnol . From a known s toichiomv-

(3 . 15) 
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tric hydro en i on concentration [H+] , the value of 

log UH was calculated t o be 0 . 51 ± 0 . 05 . However , it 

is to be noted that the hydrogen ion concentration 

obtained from ml..Qsuroment \ J i th a BIRSS elwctrodo usinG 

this procedure from Eq . 3,. 15 i s tho stoichiometric 

concentrD.'tiion : th~ Actual fre e hydroGen ion concen­

tration will be less than this because of ion associa­

tion . 

3. 2 . 3 Spectral Prope r ties of Fe(III) - PCHA Gystem 

Hhen the absor ption curves of the system w~re r o­

corded by keeping the totnl ligand to iron conc~ntra­

tioll ratio constent but increp.sing the pH of the solu­

tion Bradually , the concomitant shift of thv maximum 

Absorption wavelenBths toward.s shorter Ivaveleogths 

HAS obr;orved . (Fig . 3 . 1) . .The same result was obse­

rveu by r ecoruing the ~bsorption curves of thu comp­

lexes nt definite pH but varying the rntio of the 

licnnd to metal ion concentration (Fig . 3 . 2) indica­

ting the existence of mor e than one complex species 

in the solution. Thus it '\las found thAt with an in- ~ 

crenae in the ratio of the lig8nd to metal ion concen­

trat ion and the pH of the solution mor e Bnd more of 

the strongl absorbing species is formed at the oxpe­

nse of the preceed ine ones . 

Moreover , the close inSl)Cc tion of th~ spectral 
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bflnds of the cOtlpl ex Sl)ecies in Fig . 3 . 1 nnd 3 . 2 r e ­

vonls the exist(;DCe of t wo COIl1I!lon crOSSiDf) oints A.t 

two chnr acterist i c wE\velen£;ths , 612 and ;10 nm . These 

are the isosbestic I Oints or tho oints of ~qunl abso­

rption for sol utions of tho s nme total concentra tions 

of the species under study . Because it is v~ry unli­

kely that a thiru species hRS the very Sflme mol ar 

absorptivity at this wavelenGth , the occurrence of 150-

suestic point ( 5 ) in tho for~ation of a serios of comp­

lexes gives strong evidence for tho simult aneouQ oxi­

stBnco of tHO absorbin~ s lJocies in the solution . 

In Figure 3. 3 , it can be s t;!eD that t he ligand and 

~ctal ion in 75% (v/v) ethanol do not Absor b ap r cc i o­

bly in the r egion Lrep,te r than 440 nm . It should bo 

pRrt icularly notvd that a t lower pH volues the metal 

ion docs not abE orb practically beyond I~ nm . This 

is pl1rticul arly important fr om the practical point of 

vim/ since it is in this rfln~e of pH villues tha t free 

uncompl cxed met .... 1 ion exist s . 

3. 2 . 4- Number .'lnu. Com osition of Com l ext::s of Fe 111) -

PC System 

Tho numb~r ~nd c om. osition of the com lex s ecies 

formed ~ere deter mined by the continuous vnr ations ~d 

no l e r atio mcthous . 
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J~pplicntio!2 of::':he continuous vnrintioDa method : Methou 

of continuous v;">,ri(lt.ions is siml)l e Rnd rapid for deter ­

nining th~ f or hlule. anJ also t he stability of the complex 

provillud there i s assurance that only 8 6~ngle complex 

is for mod f r om the components in question . HO\1ever , its 

use for the determination of the composition and stabi ­

lity valu08 is not nn simrle vJhen t wo or more complex 

species coexi st as \"h CD n s incle compound is formed 

(63- 64) . Katzin and Geber t (64) deri ved BenerAl r elati­

onships for the CDse of as man as three complexes pre­

sent simult8nuously and showed thnt eventhou~h only on~ 

cooplex species absorbs , the IJosition of tho maximum is 

dependent upon t hE::: foreation constants fi nd mRY or may 

not apl)oar pt the r-osition correslJon(,llng to its stoichi­

ometr ic comlosition . ,h discussion of the vari ous sbapes 

nnd positions thDt the maxi ma in a continuous variations 

l llot miGht a ttain , dependent upon the nur.lber of species 

f or med and the number Absorbine; , i 6 given in tho article 

of Katzin and Gco~rt . 

\'/i th this cnution in I:lind , continuous variations 

exp~riments for the F~(III) -PCfu~ were attempted under e 

variet of conuitions most f avourabl e f or nscert2ining 

the number pnd com .osition of individuAl com l exes in 

the pru80nt invest i Bction . This needs to tnkc measure­

ments at several d ifferent wavelenBtho . It \'JfiS also 

necessary to t dJ:O elJsorbnnce I!lcosurttmonts of solutions 
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Fig. 3.1. Absorption Sfectra of iron(!II).~HA system in 75t ( vi 
ettAnol as a fun~tion of pH; CFe • 2.0 x 10· ; CL/C • 10; for pH 
vnlues • 0.15(1), 0.65(2), 1.1>0) , 1.65(4) , 2 . 2>(5~~ 2.65(6), 2. 
2.65(8) , 3.15(9), ~.65(10), 5.15(11) , 6.65(12) . 
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~ " • 'iG"o 600 
lig. 3.2. Ab. WA~LENGTH IN nm 
ethanol as a £ :-pt1on spectra or 1ron(III)-PCIIA sys t em in 751 

lotion o£ C
Lie 

at pH • 2 .65. f or CLie • O. 

1.5(2). 2.60) . F. Po 
l.O(4). 20.0(5). 50.00(6 ) . 100. 00(7)· 

700 

.. 
r/ ~~~3~5O~~~==~~::;;~~~~--~------~I------ "~ , 

400 ,.' -.. 50 . 500 650 

Ug. ~.3. Aba ·0· . and ferric •• I t. at pH • 5.0(3) in 75' O(rp/ t1)on spec~ ~ or PCHA(l ) __ :11."'__ • v,. ethanol. . 
• 
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of differ(.ot aci'.li ty , s ince the COIill· l ~x f ormation rea­

ction ellsa cll;p.;!n5s on the pH of the solution . 

It W .... G founJ. that the complex species exis tine in 

Fe(III) - PCHA solution in wnter- ~thanol environment have 

the composi tion of 1 : 1 , 1 :2 , and 1 :3 , meta l to ligand 

r at io , r(J spectivoJ ly as can be infe r red. f r om }"ig . 3 . 4 . 

Illo l e r e tia met hcd : This method is also applic abl e fo r 

deducing the stoichiometry of cocplexes in solution , 

for situations in nhich several complexes exis t under 

R giv~n set of experimental cond iti fJDS (6;') . Por the 

ideal case , th0 ab sorbnnce of th~ solutions as a fun-

etian of concentr at ion of variabl e compon~nt is a COD­

tinuous curVP. maue up of strai eht line seBoents . Chan­

ges of slopt; may b e observed at Fl ny mol e ratio of one 

of the comrlbxos fo rmed '" except f or very unsual rela­

tions between abso rpti vi t i es , at r es t r icted wave l en­

gths , of ad j acent complexes . lihile this r e l ationship 

may be found at some wavelengths , it is unlikely t o 

hol u over a \+JiJ.e wav e l e ngth r ogion . The abs~nce of 

chonge of s lope ove r A. C;i ven v.avel t.ngth r eGi on indi­

c(!tes thnt the exi s tence of the compl ex cannot be esta­

bliGhed Jirectly by spec"tr ophotometric mensuremcnt in 

this region , and the absence of chAnce of slope over 

th t evidence t hat 
c entir e mcas~able spectrum is 5 rone 

n complex of such r atio does not exist . Consideration 

of the effects of dissociation of the complexes and 
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0.2 0.4 0 . 6 0.8 1. 0 

Mo le fruction of ligRnd 

Fig . ;.4. Gont:"nuous varip.tions curve for i ron (TJI )-PCHA 
sys tem in 7~Z ethanol-

curVe 1 at pH -1.25. A- 6,0 run I CL'. + CL • 8 x 10-4 N 

curve 2 at pH - ,.15. ),.. 5;0 run • Clo' . .. CL • 8 x 1C-
4 

\I 

curve 5 at pH - 4.65 . ).,.. 460 nm • C • CL 
• 8 x 10- ~ \I 

II 
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t ol crnnces in t he reli['.bility of the spec trophotometric 

meRsurem~nts 10&~ to seme conclusion thRt somu minimum 

ratio bet \/eo n successive step\iise dissQciation constants 

exi s t s t o permit ext r apol ation of linear portions of 

nbsorbanco versus mole ratio plots to t heir intGrsection 

point as rGpru 9t:.ating th~ c IJ.mposi tioD of A complex. 

In th t::: prescnt investiGation , measureme nt s \., ere 

token under different sets of experimental conditions , 

i . c ., at various wavelcnr;ths and l)H of solution to 

extrRct useful information as to thf.! composi tiOD and 

DWilb er of comple~ce s of Fe(III)-PCFL~ system. ilgain , t he 

exis t enc e of three complexes of 1 :1, 1 :2 , and 1: 3 cocpo­

sitions is confirmed in the solut i on containing Fe(III) -

FCllJ, sy s t em ns shown in F i g . 3 . 5 and 3. 6 . 

The foregoing discussion of t he numbdr , composition 

Rnd presence of two i sosbestic points of Fe(III) - PCHA 

system in 75~ (vlv) ethanol indicate the oxistenee of 

three e quilibri2 of the type : 

FeL (4- n)+ 
( n - l) +HL 

uht: r o L i r; dcproton~ted FCl-i...il . 

The variatiuD of maximum absorption wavelenGths 

\l ith pH , <.l e Ie h , n L Fe s ow Rlso the presence of three 

cOl!ll)l ex specie s , FeL2+ , FeL~ 

rption maximn at 53~ nm , 495 

, FeL
3 

exhibiting abso­

nm , And 1~45 nm , resp~cti-

0 . 16) 
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vo1y (Fig . 3 · 7 . j . 8) . The abso r ption spectra of the 

three c omploxeG nrc shown in Pig . 3. 9. 

3 . 2 . 5 Bear I s Law ond Cal culation of lJiolRr .. bsorpti vi ty 

at th0 Isosbestic Foint 

It w(,s possible t o verify that the Be~r-Lombcrt ' 6 

Im1 is obeyeu by the col ored c omplexe.G of Fe(III) - PCHJl 

system At all W' .vel (;ngths , nnd for the mixture at the 

isobestic I,oint wavel enl,i:ths in a wide pH r ange . The 

common maI er absorptivity of th<:: comFlexcs FeL~ and 

}'oL
3 

at the isobcstic point \-mvolcn~th , A ::::I 510 run and 

that of FeL2+ ~a FeL; at the second i sosbestic point 

wavelength , A = 6 12 no \Jer e calculated to be 4420 and 

1 - 1 - 1 ) 343 1 col em • respectively. (Table ; . 1 • 

TAble 3 . 1 . Molar ~.bsorptivities of Cr-mpl exes FeLn (n=1- 3) 

Ht the Isosbt.!stic Point have lengths 

a b 
E <2=3 

Cl'e (r.) 
1=2 

C - 1 -1 ) -1 - 1 ) L/CFe (1 mol em (1 mol em 

1.6 x 10- 5 125 1350 4437 

10- 5 4407 3 . 2 x 62 · 5 1338 

6 . 4 x 10- 5 31. 25 1343 4406 . 
9. 6 x 10- 5 20 . 83 1343 4458 

1. 28 x 10- 4 15 .625 1336 4411f 

1.6 x 10- 4 12 . 5 1346 4438 

3 . 2 x 10- 4 6 . 25 1345 4380 

mean "" 1343 meaD = 4420 

n 612 "t nm and pH = 1. 8 
b 

;'10 3· 6 "t nm and pH = 

/ 

7 
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Rig. 3.5. £Dsorbance of lron(III) -PCRA eystem aa a tuncti on 
at 11~and concentration at ccn!iant met.l ion concantrati on 
in 751 ethano.. c! • 2.0 x 10 II. pH • 2.65; )... 500 1l.II{t'l 
A. "70 ."",(2). ).. .e "50 nm( 3)' _ _ _ _ . -

-
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F' l~g. ,.6. Absorbance of i ron(III)-pCHA system as • f uncti on of e~~.nd concentr at ion at ~nstent met al ion concentraion in ?5Z (v/v) 
anal. C

Fe
• 2.0 x 10 Li , pH • , . O. ,A - 44.5 nm 
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° LlCFe 
t Rig. ,.8. Variation of wavelengths of maximum absorbance ot 
iron(III)-~HA s~st •• as a function of CLiC in 751 (v/v) 
ethanol . 0p •. 2.p x lO-"w. pH • 2. 65' F. 

600 _ 

400 -

2 4 6 
pH 

~111' }.75 Variation of wavelengths of mnximum abaorbence of 
ron(III -POBA 87atem as a f unction of pH in 751 ( v/v) ethanol. 

_....J.." ... __ ...:°1':..:8:..-· 2.0 x lO~ OLIO • 3 . • ~F~.~ ________ ...... " 
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'lg. } 9 Peat " Absorption spectr a of the .hree ~Pl.X species of 
8J'atell in '1:;1 ethl!D.ol. Cr "2.0 x 10 ; l .L - CT 'C • 5. 

~· l~· • ~~ • • l':eL2 - CL/c... " 5. pH ", 2.95; l eL} - CLlOr • • 20. plI • 
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3 . 2 . 6 lJutl. rmino.t i oD of Step.,ise :Jtnbility Constants 

of Fe(III) - FClL, Syst em in 75;t(vlv) Ethanol 

The f;-\rcgoing d i s cussions reveal the cxist!:nce of 

the succcscive coml lox equilibrin Fe(III) - PCHl. system 

in 75~ (v Iv) eth~nol , ",hieh e nn be writt en as 

FeL2 + HL 
- , + 
... - FeL

3 
+ H 

liher" L = C6H5 - ~-o­

C6H5-CH=CH- C=O 

t · one can write the For these equilibri um re ne ~ons 

follo\"lin~ compl ex equil ibrium constants . 

0 . 17) 

0 . 18) 

0 . 19 ) 

0 . 20) 

0 . 22 ) 
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\ ... heru thd concun~ration of t he uncOt!lIJl exed f ree iron is 

Hrittt..n as 

CC' -.ce 
[,'cL 1 n 

and the concentr~t ion of the uncoml lext:d ligand is 

given by 

n=3 
'2 n [FeLnl 
0=1 

Thcl~~ constants are cocpos i te onos K~ being the pro­

duct of tIl(;: sto.bi1it y constant of the type expressed by 

Eqns , . 10- 3 . 12 and t hu dissocintion constnnt (acidity 

constant) of the 1ignod , K : a 

K ' = K K n n · a 

If one could dut ermine the pH of tho solution 

(PH
n

_
1

=n) at which the tHO successive complexes FeLn_1 

" L t t ' os and all the metal 
anI.! .ce n have equal conc en ra ~o 

ion i s in tho form of the complex , the stability con-

stont s ' 0 E '21 ""d "q. , >. 22 woul d bo written as 
t ~ q . ..I . o..u ,1:.. ..I 

0 . 26) 



- 39 -

K' := 
3 

Eq . , . 27 ceo be wr i tt en in l og<1rithmic f orm as : 

log K2 = - (pHl =2 + l og [HLJ) 

Under thest: condj.tions : 

nml 

:"ubstituting E.J. . 3 . 30 into Eq . 3 · 31 we Bet : 

[HL] = eF 
( ·e 

- 1. 5) 

and combining Eqns . 3. 29 and 3 . 32 lie obtnin the rela­

t ionship : 

- 1. 5» 

0 . 29 ) 
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The SDo e nrguments hol d for Eq. 3 . 28 , I'/hich can 

Utl writt en as : 

log K' = 
3 

Under these conJitions : 

amI 

substituting Eq . 3 . 3~ into Eq . 3. 36 , we get : 

Introducing Eq. 3. 37 into Eq. 3. 34 we obtain the rel a­

t~onship : 

log 

It has been a l ready shown in Fig . 3·1 nnd Fig . 3· 2 , 

that at.so r ption spectra of j,'e(III) - PCH,l complex species 

contain tV/O i sobcstic points a.nd thut c;h~ existcDCoJ of 
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nn isosbcstic point is a strong evi tiencc for the simul­

tuneouS presence in sol uti an of two absorbing forms , 

Hnd of tVIO only, the sura of whose concuntrntion in coo­

stRnt . Under this condition , all of thE: Fc(I11) is in 

the f0rm of comj?lexes , uhich a r e in equilibrium vli tb 

each other . 

For such system there exists u method called 180-

bestie point method f or the deterrainution of s t cpwls(.. 

stabili ty constants . It was first introduced by Vare-

i11e in 1955 ( 49) . 

The Var~illc method is based upon gr aphi cal dete-

r tlinntion of P~-l=n (PHy2) \Jher e thtl t\JO successi V3 

complex species have equal concentrntions iroQ the 

curve of absorbl'nce versuS pH at th<: isosbestic points . 

The uetc r ruinat ion of t::J.c 6~cond stabil ity constant 

(Eq . 3 . 21 or 3 . 27) vms done a t the wavu 1en,;th of the 

'"0 b t· . t(ll) (' 5·10 ) s; nec visibl~ abso-"" s es ,c po,n O~· no · " 

rptions arc additive , the solution with the requirud pH 

\ .... i11 be that Wi'i.ih an absorpt ion e (lUnl to the nrith=etic 
2+ d 

ueAn of the absorptions of the two complexes , PeL nn 

FeL+ nnd this w=,s deter mined from the curve of absorba-
2 

nCe vursus pH of the solutions . 

Th~ calculction of the third stabi lity constant 

( 
t 

'n the 6bC~ fnshion , 
Eq . 3 . 22 or 3 . 28 ) vms carried OU " 

d to (le ter cine the solu­
nnd in this case the curve USC 
t. f complexes II (F.L2) and 
~on of equ al concentrations 0 
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III (i!'eL
3

) is thct obtained when absorLnnce valueo 'iluro 

oeasured at the m:'velengt h of thl: first isobeetic point 

( ). ::; 61? nm) wht;re ene knO\;lS the absor p tion of complex 

II (e;iven by a 3 'up or t angent i n the graph ) nnd that 

of com}lex III , ~ hich corresponds t o another Brn.ph step 

at higher pH ' 5 , ","iheru it is more stabl e . 

The generr-.l tl iagram used to find pH1 =2 and pH2=3 

in the cnlcul~tion of thci stepwise formation constant 

for l!'e(III) - PClL, system is s h own i n n g. 3 · 10 · 

Some vnl ucJ of pHI =2 and pH2=3 det~rmined at the 

\/avalcngths of L;he isobest ic pOints for a fe\! values of 

3.re shown in ?able , . 2 . The cp.lculltcd 
CFe and CL/C 

Fe 
stability constants correspondi ng t o these pH vnlues 

are also l~resuuted in t he salle Tnbl e . 



_> pH 

Fill· 3 10 or PII ;t th Absorbp..Ilce of iron(TII)-PCHA system sS • function 
.l... ,10(2) e wavelength of i60Gb.ati c points, )... 612(1) , 

in 7~Z ethanol (v/v) 
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~nble 3 . 2 . Va1u~s of PH,,- l=n and lor; K~ for " e (III) ­

PClli, oystem in 75% (v Iv) l:.thano1 

- 4- C C1t,o x 10 11 L/eFe 
pH1 =2 pH2 =3 l og K2 

0 . 8 5 2 . 20 4- . 25 1. 402 

10 1. 85 3 . 85 1. 3174 

20 1. 5 3 . 45 1. 3297 

1. 2 5 2 . 0 4- . 15 1. 3767 

10 1. 7 3 · 75 1. 290 

20 1. 35 3 · 3 1. 3036 

1. 6 5 1. 95 4- . 00 1. 300 

10 1. 55 3 . 65 1. 3164 

20 1. 25 3 · 3 1. 2787 

20 5 1. 9 3 . 95 1. 254-

10 1. 45 3 . 50 1. 3195 

20 1. 2 3 · 15 1. 2~2 

muun= 1. 310 maan .. 

l og K; 

-h397 

- 1. 328 

-1. 3202 

-1. 277 
- 1. 4-042 

- 1. 322 

- 1 . 302 

- h 429 

- 1. 397 

- 1. 349 

- 1. 3761 

- 1 . 3941 

- 1. 358 

The values of these stability constants when given in 

terms of the stoichiomet r ic stabi lity cons t~nts represented 

by Eqns . 3 . 10 _ 3 . 12 and 3 . 2;' I"uuld ecome : 

log K2 = 10 . 106 

nnd 

l og K3 = 7 . 4-38 

Since K a of the ligand is 1. 6 x 10- 9 (8) 
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The soluti,'ns nt !O\;,'er pH ' 5 contain uncooplexGd 

free i ron . The total iron for theso series of so l u-

tiona can be written a s 

C Fo = [Fc ] + [FeL] + [FeL2] 

Since the t.-;o complexes are the only abs orbing 

species llud€r tht:::st! c onditions , the concentration of 

i ron in t;h€.: coml~lexes p.nd in the free form cun be cal ­

culat ed at the ;l· vo lcngth of i sobestic poi nt (I) 

( ~= 612 run) , ,'ho1'e .'oL2+ Ilnd FeL~ have equal molar 

absorptivities (E 1 =2) . l l. t this isosbestic point 

wAvelength : 

where .il. denotes Elbsurbance valuGs . 

Introduc ing , Eq . 3. li-C into Eq . 3. 39 , the uncomp­

lexed metal ion is given as 

[Fe ] = c -Fe 

"eL2+ and FeL+2 The indivi dua l concentr Ations of ~ 

0 .40) 

were c21culat ed f r om the mole f r nctioD distribution curve 

This distribution 
or the type given in l' i f; . 3 · 11 . 

diagram gives the frnction of the complexed cetal i on 
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in the form of nth complex . From the composition of 

the solutions "tnt: their absorpt ion at the isobestic 

point w;"lvelcngth it was also possi bl e to calculate the 

concentration of uncooplexed PCRiI.: 

By c alcul~ting th0 values of the above variabl es 

ot low pH Vt: l U0:8 , i t was possibl e to c alcul at e the: 

first stability constant given by Eq . 3 . 20 r/hich can 

be rlri tt l)n in the [ ol l oning cODv f::n i ent fo r m: 

log Ki = log [FeL] - pH - l og [Fe] - l og [HL] 

Some vF.luas of l og Iii cal cul ated .for differoDt 

concen~ration of C
Fe 

and C
L

/
GFe 

= 5 are present ed in 

Table 3. 

The value of this coml;os i te stnbility constant 

uhcn given in t0rms of s t oichimetric stabili ty constant 

\"ould bE:: 

l og Kl = 11. 547 

(3 . 42) 
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~Ilblu 3 . 3. Valuos of l og Ki Calcul ated for Diffcr~nt 

conc~ntration ()f Iron and pH of the uol ution in 75%' 

(v Iv ) J::thnnol 

CFe 
x 10- 4 

pH l og Ki 
(M) 

0. 8 0 . 50 2 .68 

0 . 75 2 .68 

0 . 85 2 · 70 

1. 2 0 . 55 2 · 74 

0 . 65 2 . 73 

0 . 85 2 . 84 

1.6 0 . 45 2 . 71 

0 .65 2. 76 

0 . 85 2 . 84 

2 . 0 0 · 5 2 . 71 

0 . 65 2 . 72 

0 . 85 2 . 84 

mean= 2. 75 

The applicat ion of the isosbestic poi nt method to 

PC (III) - PCHA syst em required the se l ection of optimum 

rHnges of concunt ration of i ron (CFe ) and that of PCW~ 
(eL) f or t he c~lcul ation of stability constants . The 

oPticum r pnges "oed in the study Fe(III) - PClL. equilibria 

Aro p res t:! nt L: d 'in Table 3 . 4 . 
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'inbl u ; . 4 Optimum J;.{Hnge of GFc and CL/C uRod for the 
Fe 

CAlculation of K"eL of Fe(III) - PCHA Systems in 757. 
n 

(v/v) Ethanol. 

Kn C}'O (M) C L/CFe 

Kl (0 . 8 2 . 4) 10- 4 4 - 6 

K2 (0 . 8 2 . 4 ) 10- 4 5 20 

Kj (0 . 8 - 2 . 4) 10- 4 5 - 20 

}. 2. 7 Construction of l:\o l e - Fraction Distribution 

Di3gr am for the Consecutive Cooplcxils of 

Fe(III) -PCH~ Systems 

It was possible t o construct distribution dingram 

(nomogram) that can r E: ndc r the fra ction of iron( III ) 

1n tho 1 ., comp ex by using the knowledGe of pH1::::2 allu.. 

PH2_3" For thi s particular ca~e , the ool e fraction 

-qUAt · ~on VloulJ ~1!;SUP;C the follo wing foro: 

"0 .. solv(; for th f F L .C p~rc~ntngc distribution 0 0 n ' 

ona proceeds :\5 fol lows . Consider Eqns . } . 20 , 

3. 21 nnd 3. 22 r;hich can be Hri tten in the f ollowing 

torca 
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[ H+] [FeL 2 ] 

[ HL] K2 

K2 D' eL ] [ HL] 

[H+] 

K ' [FeL 2 ] [ HLJ 

[H+ ] 

Introl1ucing E .. '!. ,3 . 46 and 3 . 47 into Eq . e . 44 , we 

obt ai n, f or n - 1 

1 x 100 

1 x K2[HL] + K2K3 [HL] 2 

[H+ ] [H+1 2 

"hieh can be obt:lined by cons i dering Eqns . 3 . 27 and 

}. 28 r , espectively . 
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t,y combining Eqno . 3. 48 , 3 · £>9 ond 3 . , 0 we abtpin the 

rulntionshil 

For n- 2 , by combining Ellns ~ , . 44 , , w45 , nod , . 47 , we 

ot;tnin : 

(FuL
2

l ! • _ _ _ _ ""1 ____ _ 

K' 3[HL] 
[H+] + 

(HL]K ' 2 
1 + 

x 100 

which upon consi -.crf\tion of Eqns . , ,; 49 and , . 50 would 

1l88una thoJ fo110'1 i ng f or m: 

1 x 100 

&y the S:].t....(. nrG'lr.ent the mol e frAction of the third 

conplox would. c r; i ven by ; 

One examp)! c f a nomo(5r um t hfi t i s constructuJ by 

thu us" of nted in ~ t he fvrcgoing cnlculntions i5 pres e 

Pi g. 3 . 11. Fie; . ; . 11 s hons th?t the indivi ura l concerr 
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tr~tions uf two ;\ucc(:ssive co mpl exes \lould. add upto 

100% strictly fer the reliction envir oDrJent \lith pH· 

pH
l

_2 and pH '" pH
2

=3 ' For tho r eaction envir onment 

with pH
1

:a2 < pH < pH2 =3 ' a ll the t hre e c onsecutive 

conpluxus ~xist s imul t anu ously . 

Tho nomoBr"lil of t he t ype gi ven in l!' i g . 3 · 11 gives 

ua tho lmowllJdgc of t h e COOllositi oD Hnd he nce the in i -

rldu1\l cODcE::ntr"1tions of euch c omplexe s ' Jith r e f er ence 

to t ht. total co)!',pl .... x(;d octal i on cor r esrondinB to orti -

culnr H.. How-.;vcr , it d ne s no t g i va U lJ t he ool e: fr o.-

ct10n of thl. coml~lexGs \'li th r espect t o the t ot al conce­

ntratiun f iren , lJOl' t i cu l a rly a t 10\1 pH I 5 , where i r on 

Itlsu uxistp in .illcomplex;;;:d f or I:1. In this genar al case , 

thu total concL.!llt;rntion of iron , UFo ' will be writ t en .. 

Rnd t he mell: fr~ction is Bivon by 

x 100 

\thu r!.! n = 0 _ ,. 
For th~ r~ ction Qnvir onment hnviu6 pH < pHl _2 ' 

only tho f i r st three s pecies exist in 

th malo fraction oquat~on (Eq . 3· J6) 

solut i on and 

\loul d UBSUOO t h 
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x 100 

whuro n - 0 - 2 . 

dinc,~ thu c'Jnccntrations of FOL
2

+ and FuL2 con btJ 

Juturl'lint.!..!. from ·che Hbsorbtlnce vnluus nt the wovule-

"6th of tho firot isosbu6tic point ( • • 612) nnd tho 

nomogrnIT! uf tho typo givl.;n in Fig . j . ll corrl;sponding 

to i'Artlculor pH vulut: , tho concuntration of thu fru& 

iron cl.n 1130 bu lrno\tn . Thus the molo fraction of 

linch opllcics c r bo cRlculuteu by using 1:;q . ' . !>7 · 

For the r<.: et ion environment huving pH > pHl _2 , 

unly tho Inst thrE:O species (tho complexes) uxist in 

solution . Th~rcfcre the r.r Gumunt is cxrctly similar 

to hu one consiuered in Eq . 3. 44 • 

From the foregoing arguments , it \109 , tbE: r &f or e , 

1108s1L1e tu CCOf truct n ' c(Joplute ' not!lo(SrnLl of thtt 

type gi vrJn ~n E'ig . 3 .12 . These type: cf DcmogrR"C::8 arc 

very iq 01 t~nt to figure out epsily the pH of th6 

:301 tilJn pt V:hiC.l t:8ch in ividual complex rola ivtlly 

IlllB tt.nx~QUl!I cone ..:ntration . This is particularly useful 

() il..luDltify thu pH of th\J sulution Rt \,hich thu fil·!;t 

cOr:) lox would have mnxir.1UD concentrntion , as his is 

totally imrOS3ihlt;; from thtJ nomogrnma of tht:: 1.·11'''' 

(~ . 57) 
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~iven in Fi g . 3 . 11 . Feu of these pH val ue s f or t wo 

uifft rant c Ln ccntration of iron(rII ) \lith different 

CL/C
Fe 

v '11uvs nro pres ent ed in Tabl e 3 · 5 · pHn denotes 

the pH va.l ues at 'l.'h ich we have maximum concen"trat i on 

of FeL in tne solut ion . 
n 

Tnb l e , .;> . VR l ues of pHn Cn ::: 1 - 3 ) fo r some Val ues of 

GFu Rnd C
LIC 

:or tho Comp1exHs of FeLn (n = 1 - 3) in 
l·'u 

75'1, (v Iv) Et hanol 

UF/M) CL/C Fe 
?H1 pH2 pH

3 

1. 2 x 10- 4 ;, 1. 05 3· 05 6 .65 

10 0 . 85 2. 75 6.15 

20 0 . 55 2. 45 5 . 6~ 

2. 0 x 10- 4 
5 1. 15 2. 95 6.15 

10 0 . 75 2. 45 5. 65 

20 0 . 45 2. 15 5. 45 

2+ + 
Finally the rr.ol ar absorptivit i es of FeL , FcL2 , 

F~L3 complex es ,:1:~ the ir Hbsorpticn c(l.xi4!a wer e cal cul a­

ted to be 

£ = 2 . 06 x 103 1 mo1- 1cm- 1 
1 

£2 = 4 . 67 .< 103 1 mo1-1cm- 1 

and 

£ 6 . 67 103 - 1 - 1 respective ly . 
3 = y. 1 mol em , 
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These valuec ar e cnlculnt cd by consi dering tho 

perc~nt contribution of cBch spocies existing in solu­

tieD obtained from t he nonogrnm of the type e; iv~n in 

Fig . 3 . 12 • 
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3. 3 Concl usion 

The I,;Itjuilibrium r eact i on of iron(lll J \/ith N- phunyl­

cinnnmohylroxnmic ?cid hns been studi ed in 7;,~ (v Iv) 

ethnnol in water s()lv~nt systeo . The: compl ex form :1.tion 

equilibria we re found to depend IDain:'y on the solvent 

Ct ravositi0n , pH of the solution , the total concentration 

of the ligand , the metal i on a nd. t he concentration ratio 

of the lig~'nd tc the me tal ion . The spectrRl properties 

of the iron( III) - FClL. homogoneous system , observed under 

different (;xperimentnl c ond itions , indicate tho presence 

of mor~ tha n on~ c ompl c:r GJ)t;cies . The nctual number a nd 

compositions of t hE:: coexisting Gpe cies t:orc dc terl!lined 

by spectrophot om0tric method to be of 1 :1 , 1 :2 , and 1 :3 

(Fe :PCIL ) respectively . The IDA.XiI!lUI!! absorption wavel en­

gths of tbe three cOIDFlex speci~s were de termined gra­

phically froI!l the varia tion of muxiraum absor ption wave­

l ength as a f unction of pH and alsO from the v<1riat ion 

of the maximum £l_bs orption wavelength ver sus the concen­

trati on r atio of the liBand to the me t nl ion . ~hese 

FeL
2+, l!'eL+ , 

wnve~engths Rrc 535 , 495 , and 445 nm f or 

and b'eL
3 

species re spective ly- The f nct that Beer ' s 

l a\J i s obeyed by the: mixture of the conpl exes at th~ 

isosbestic point wavelengths is ver y importnnt for 

quantithtive de-Germination , s ince meDsurcment of abso­

r bance at the w:..vell:ngt h of isooestic point whtl r e the 

m 1 l over a wide pH o Ilr absor~tivity has a const nnt va ue 
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range gives mor~ rel i able result s than those obtained 

(I t anuther vuw c length at Hhich the molar absor ptivity 

is s~rongly Rffecteu by the pH value . 

The ctcp'.7ise stnbili ty constnnts 't,ere detelilined 

end f ound to b e log Kl = 11. ~47 . log K2 = 10 . 106 and 

log K, = 7 . 4,8 for the I . II . Hnd I II s t epllise stabi­

lity consG unts respec t ively by us i ng isosbestic point 

method. . The method involveD the determination of pH of 

the s olution at which t\70 conaecut i vu coml -lex species 

woul d h ave equ."\l Qolar concent r otions . To detcminc 

these const:-'l.nts t use of pr oper rA.nge of concontrntion 

of the metal iun and thnt of the ligand \las important . 

J.4' inal ly mole f r action distr ibution curves were 

constructed thct would gi ve iniorI!l8.tion regarding the 

range of pH in .. hich ono uf the complex s pecie.!;; is 

exist ing .... ne.:. the 1 nm.fleclgE.: of the per cent contribution 

of ench specie . ·;;0 the totHl metal ion in the so l ution 

at certAin pH . By tnking into account the percent 

contribution of eD ch species at certain pH , calculations 

of the molr.lr a.bsorptivity vnJ ues of the complexes at 

their maxinum c.bscrption \'lHvclcngths were done . 
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1+. EX';'H .• CTION .3D bl'EC'.IHOI HO':'OLJlTHI(; Dl;'Tl:.RMTII..TIOn OF 

I1WN( II ) " I TH 11- PlDlJIYL(;IInIJ.].iOllYDilOXdil IC J.CID 

4 . 1 Gt~ne r .... l HSP·~ cts o f Extr action <, nd Spectrophoto-

mct r i c role t hods of a lysis 

It 17:"1.8 d i scussed in section 1 that , of the orgenic 

re aGents uv rtilable for 1;ht-J ueterminat ion of iron , compa-

rati vely f e ..... fi r e \'.'e l1 sui t ed . Some rOClgents reaot \'/ ith 

ferri c i ron , others with ferrous . Tht: former gener al ly 

hns t he disDdvrntaee t hat they cannot be used i n t he 

presence of app r e ciRblc c oncentr ntions of such ions as 

fluorid e nnd py.co1-hosphnte \/hich form st abl e complexes 

nith tri vnJ (o nt iron in ncid medium, in which the col our 

rc nction is carried out . In such cases better r esults 

can fre.lucntly be obtai ned by resor tine to a rCAb\mt 

r eact ing ·;·i th f errous iron , I/hich does not f or m such 

complexes or at l e~st forcs less s tab l e ones . Thus 

conmonly , f or t he most accur,1te de t ermination of minute 

Hmounts of iron , the use of l , l o_phenanthroline Dnel 

2 , 2 ' - b i py r i dyl e re r ecommended . These reagents r eact 

wi t h ferrous iron . Howev~r , in their use nn account 

must be t nken 01 the :r:ossiblo interference of co IJer , 

nickel , and COb r" l t , WhlC h fire normC:l lly associated with 

iron in or es an~ alloy s . Both ru sgents f or m cationic 

COI!lplexes and t herl..fore , the use of the oxtrDction 

oethoJ. i s out of the Cluestion . Many de rivtl tes of 

both re ng e nts ( 30 , 31 ) hnve been prepnred , but mO Gt of 
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these p r 0 l ittl ~ superior t o the par ent compounus and 

ar e also expe nsive . Thus , t he deve l opment of a new 

method for the ~et crmi nnti on of iron that can overcome 

some of these shortcoc iDBS is necessnry. 

Chicf among the methods f or th~ deter mination of 

iron mRy be mentionea , e;r avimetric , vol ume tric rmd 

spectrophotometric methods . Prese ntly s poctrophotometric 

rrle thod.s ;'re \J i ch.. l y used . 

Spectrophc"i;ometry i s basud on t he measur oments of 

t he absorbc'nce for mon ochromatic liaht passin!! throueh 

the HolutioD cont ?i ninc t he s ubstAnce t o be deter mined. 

The basic eood i t ioD f or app l ication of Sl'Bctrophot ometric 

me t hod. , as i s true fo r a ll analyt ica l me thods based on 

t he mensur~ment of light absorpt i on is t ha t the Beer ­

Lnmbcrt 1m} is obf;;.ycu by tho cons tit uents t o be det er ­

mined . 

Spectroph ot ometric methods nre c omr:lOnly used for 

the det(. r Olinr: tion of inor c;o..nic subst ance w;.. th orGani c 

r CR[;ent s ( 1 - 7) . The r e liability of the method he avily 

dep(mds on the n nture of the orr;Anic r e nGcnt . 

Sensi ti v i t y i s ono of t h l:.! obvious demAnds i n 

" 1· d In order t o comply pp lcat ions of ~Dnlyticnl metho 5 . 

wi t h this requi r0ment tor r e nct i ons nhi ch i nvol ve a 

I h mrlex formed or 
c; laDSt in co l or , t h e mol ecul e of t e co 

the orgnnl c re.a!::,ent itself must cont ain chromopboric 

i ti oDa with 
Groul)S \~hich are Chflr l!cteri zed by trAns 
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mo l a r abS,J rJ t i oD coeffici (~nts in the r unge 103 _ 105 

- 1 - 1 1 mol e m • .3uch chroIJophoric groups are found among 

d- l[ and It-chroIJOlbores . The c OLlpl ex(:s \"/ith d- a;- chromo­

phares :tr~ restr i cted in use to the transition elements , 

in pn:;:-ticul- r thos(: which c an exist in two oxidation 

states differing by one elec tron . 

Ij;he rcpgents Vi i th n- e lectron group~ nre Illost f r e-

quently employ ed in <1.nnl~rtiCRl applications . The mai n 

reH50n enn be founc1. in tho intensity of the t r ansitions 

(Hi t h molar nbsorption coefficients up to 105 1 mol -
l

cm - 1) 

Hhich charrcterize the se chromophori c gr oups . By intr o-

clueing suitable s ubstituents into the mo l ecules of the 

organic r eHcent s one een incrcrs€ the sensitivit y and 

selvctivity of s: €! ctrophotOIlJetric tie teroinati ons . 

If a~~~uate selectivit y in the epectrophotometric 

d.eter mination of 2 givun subst~nce is to be nchieved 

Borne p r acticAl consi derations I!lUBt nl so be tuken int o 

HCCQunt . Fur eXi'ml)l e , it is n ecessary to choose n sui-

table n8v(;lcngth a t ,,",'hich to make the I!Iensurement . 
The 

absorption coefficient of the substnnce being detercined 

shoulu. be hiBh , and those of other substances present be 

ne~11' ~1' b 1 S 1 " " t 0180 be l' ncroaseti by pH W l..o e . O_ZC· ... l Vl Y cnD (0 

nujustment or by mnskine . Of course the casking r eagent 

(nnd the COml)lH::e s formed) s hould be co l orl ess And. 

Rh 1 'th th met al being ou •. 1 not f or m ::>ny COIDIJlexGs \H . e 
de-

terminod or react with the colorimetri C r e E1 c;cnt . 
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ThoJ sclccti vi ty of spectrophotoDetric dcturrnination 

can often bo incrE.nsed by extraction of thp. reAction pro­

duct; thus it i s }~ossible to stlpnrnte the component to 

be dot~rmin~d from other interfering substances . Usua­

lly a lO~Y'er l i mit of deter mination can a lso be obta ined , 

because tho mea:::ured compound C RD be concentrated in 

thf; orLanic l)has(; by usc o f (l Hui tabl e ph aso vol ume 

ratio . Thcrl;fore , extr a ction m~thode are ver y import ant 

in inor canic anal ysis , and are superior f or the most 

part to othLr methods of sU}laration . 

Sol vLot extr?ction (66- 75) involves the distri -

bution of <l so l ute between t wo immi scible l iqui d phases . 

It is t:;xtrcl!H.: l y useful for very rapid and cluAn separa­

tiOD 3 of trace <:'.nd ma j or cOlillJonents of both or B8nic and 

inor {janic subst ..uc e s . Extrnction I:1ethods a re used in 

t1AIlJ l cboratori ,':; s , and opened up many neu 81)plications , 

l!speciRlly in tile field of natural substances . Current ly 

the following fields of al>plicHtion are active j petro­

leuQ chemis try , the chcQistry of natura l substances , 

And the chemistry of inorgnnic compl exes . 

I" t 1 h th ',roj,er ty to dissolve ae H salts dc not nve e l ' 

l' f th"l'r l' onl' c ch;:! r acter n or ganic so l vcnts . In view a .... 

en I th to form sol ya tes they are , ( ~ tund& ncy of the ion 

in Uenernl , not cxtract8ble from aqueOUS solutions . In 
't is 

oruer to t(~ke up the ions in or gAnic sol vent s l. 

t by means of organiC 
necessary to subst itute thu salven 
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liganus or , at least , by inorr;anic lieands which ar e 

s olub l e in or e;::mi c so lvents . In thi s r~Bard , or gnnic 

reaG(~nts Dl~~y :\ v(J ry importan t ro l e , becAuse they can 

r eClc t ... i th me t al ions to ei V~ products havinG the 

bASi c !Jrl.:: - re <.iu i... i te for the extractability. They farc 

cor:rplexes \'Jhich ar e e:l ectrically neutrn.l , ess t1 0t i el ly 

cova l ent and. t hu refor e CHn be taken up r eadily by 

or~ (1nic sol v e n ts . Thi s is ac tually Achi eved 1'rinci-

pally by for mation of ion associAtion coml~lexes end by 

f or nntion of metel chelatcs . :Jinco the I!los t wide ly 

us ed rcc t hod of extrRcting tletal ion is the formation 

of che l atf... , dUG bml)hasis is Given to it here . 

In the extracti on of chclates formed from en 

or(5<!ni c sol ution of chelatin!3 agent , HIs , and the metal 

i on , r.1n+ , the fo llcwing oquilibr i A can be consider ed . 

(HL) (MLn)or g 
or g 

.j[ • I 

Kn, L ! l Ion 
KD, !,! 

~HL (HL) + L-, nL· + Mn+ ~ (MLA) aq --- --> H + ~ aq ~-

wher e K :: 1HL] org (distribution of tho chelating 
D,L 

[HLjaq aGent ) 

(di ssociat i on 

tinG agent ) 

of the chela-
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(stability of the chelate) (4. 4) 

[MLn1org 

[!.!Lnlo.q 

(dist ribution of the chel at e) (4 .5) 

On t he: a ssumption tha t thlJ concentr ation of the 

chelate in the aqueous phase (nq ) is very small , i . o., 

th i'lt Rny ch~lat l. fo r med in the aqueous phase i s at 

once t nkcn ur b;y the org nnic phose (org) a distribution 

r elation of th~ t otRl concentration of the ~etal in the 

tHO solvent lhuGC S is tiven by DM ! 

= CM(or~ ) = 
C 

M( aq) 

KD . J!~n 

(KD . L~HL)n 

?hese arguments ere true only if there are no side r e­

fi ctions in both phnses . 

On eX20 ining the t er ms in t he above equation , it 

can be seen the:c "'{; he distribut ion ratio ( ~) , i. ~ . , 

th(J extraction efficienc~r enD be nffected by changing 

t h pH . J. the r~aGent concentration or by chancinG C 

tenfold increase in the r eneent concentration will 

incr!::!Rse the extraction effici ency by t he saJ!lC amount 

" . ·t (t nfol d de-
< S an ~ncrep.se in the l-'H of one un~ e 

Each effect 
cr ease in th~ hyuroeen ion conccntr ntion) . 

is gre<ter as t he QxiJation state of the ~etal ion 

(". 6) 
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becoucs l aree r . The value of liM increases with H upto 

a certc:in maximUl!! vfllue beyond \ .. hich the elcctr oneutr al 

che l ate prevail.:'j in the equilibr ium system. By using 

11 hirrh r eagent con centrations t extrac t ion can be per ­

formod in morc acid solut ions , Its concentrat ion 

cannot be increo.sed a r b itrp.rily I h mwver , due t o limi -

t ed solubility i clld int e r fe r ence i n t he subset"uont 

determination as fo r i ns t .Jnce t he cause of undesi r ably 

hir;h r eae;ent bl anks by h1 £:;h concentrat i on of r eocont 

in spcctrophotom~tric deter minat ions . 

The mor e s ·i.; ~\ble the chl:lfl t e (the lar Ger the I>n> 

the Rreat ~r thu extr action effic iency , and t his rinci­

r Ia scrv~s as Ghc basis fo r t he tiupAration of moDJ' 

uct a l s . .an acidic rear,ent (small I'HL) thnt is rel ati­

vel~' soluble in \-la ter f avorB Good extr ac t ion , but 

chelate s t ability gener Hll y decr ensos as the rOIlCent 

nciuity incr{;:Rs<:':s and "T;he eff ec ts of "'HL and Pn must 

be considered togEthe r for A ser ies of differ ent chelo-

ting BL(mts • 

To incre.:->.sc extract i on eff icienc:, the value of 

le
D

, !1 s hould be as hieh as possible , and the valub of 

l:D , L should be low . 

t (82 , 8}) and 
Other factors such as temp~ra ure 

ionic strength of the t of solvent m solut ion , nn ure 

For the improvements in 
also affect th0 value of DMo 

followin~ considorations 
of extract ions the selectivity 
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may b tJ t al{,,m i n'iio account . 

1. The sepi:]. r ation efficiency dept.mds on the r elative 

formation const ants and on the r e lative solubi­

liti"" of " he chelates (76 , 77) . 

2. The s cle ct ivit~r of an extraction can oft en ba OOD-

trolled by J, roper pH ndjust r::ent . 

3. Th~ s e::par ation eff i ciency CDn be altered by chanc;c 

i n r eagent c oncentr Rtion . 

l~ . 'i'he s e lectivity of a sepllration can be i nc r eased 

by strippin~'. tecImi'lue (i . e by buck- extr ac t ion) . 

) 0 The e fficiency of sepur nt ion caD be i ncreased by 

th~ scrubbing techni~uo . 

6 . The 5.::1c.ctivity CRn be influenced by any masking 

r eRgent add~d to bind interfer ing oetal s . 

7. .1. se l ec t ive ~0}JHration can a l so be based on t ho 

diff'..;rence in the ki netics of ext r flc tion process 

8 1 l' ons the extr active 
• ~'or SOlLe c omb inations of [!leta 

ser a r a tion b u achieved by choosing 
of cOml)lcXQS enn ... 

n suitabl e so lvent (80 , Bl ) . 

" t of a laetal ion 
;J . ' l. chang e i n t;he oxi dation stu e 

fo r nchievi n8 6~lectivC 
offers ? J1o t hc r possibility .. 

sepfl r .:::.tion . 

10. n cons ide r able sl;!lcctivit~r of separation 
con be 
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obtained bJ means of displacement r eaotions . 

11. If the sep<U'ation efficiency recains poor even 

",hen a ll tlwse way s of i ncrcHs ing it have failed 

there Rl w, s reGlains the technique of successive 

batch extrnction . 

HS ind icated in the foreBoing discussions , the; 

flvRilabili ty of an organic reagent t hnt cnn be employed 

as a sui table f;j)cctrophotoDt:tric Hnd ext r action rea(;,ent 

is n very important s t ep in inoreanic anal ysis . It has 

Hlready been o).."]Jlained t ha t , one of the pocrerful gr oup 

of chcl?ting agents used fo r the so lvent extraction 

Hnd 5 ectrophotomet r ic deter oinat ion of metal i ons in 

r e cent YoJ,)rs is , i~_phenylcinmmohydroxflt1ic acid . This 

}Jopulnr rcC'gl.nt is used [or t he det~rItination of biva-

l ent iron in th~ Fr~sent invent i~ation . 

4 . 2 Results and Discussion 

4 . 2 . 1 Co1ourimc-Lric hcaction 

Ironell) c ombines rJith PCH..t giving an orange- r ed , 

stnb1<J coml-lex '\ihat is insolubl e in flyUOOUS BO ution 
This 

but rb~uily sol ubl e in Nost organic so lvent . 
. the basis for thE: 

s~nsitive colour r~acti on underl~es 

t oj}hotocetriC 
development of new extr action and sf.cc r 

Method for the uGter r ination of bivalent iron . 
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4 . 2 . 2 Choice.; of bolvent and Hbsorption Gpt:ctra 

Sevur31 orgcnic sol vent s were eX~J:linod for the 

choiC!;l of r r o er solvent for extrnction. Thl;t complox 

it; r ea llily soluble in all the solvents tried And exbi-

bits osso.,.;ntial l y simil ar spectral properties except 

the slight differences in int~nsities . Toluene and 

benz ene were f ound to be the I!lost sui t abl e ones sinet.! 

the complL'!x is r c(:d ily and qU[1ntitatively extroctvd 

into them . However , toluene wa s chosen RS n solvent 

for (~xtraction L:ue to its low toxicity . 

The absorpt ion spectra of the reoGont (PCHi.) and 

the iron(Il) - PCILL comp lex in toluene p.r e shoHn i n 

}I~ igB . 4 . 1 a nd 4- . 2 . The r eagent shows negligible abso­

r pt i on in the r CJion 700-500 nm , s lip:bt absor ption 

b~tm~en 500- 400 run , nnd strong absor ption beyond 1+00 

nm. Hence , a rc?sent blRnk is necessary for t he pre­

cise men3UrCIDl.;D'l;S of absorbRnce at wav~lenr;ths shorter 

than 500 nrn . 

The iron( II) -PCH~\ complex shOWt~d t wo strong 

absorption b and maximn a t 448 :md 375 OJ!! ass
oci8

t;ed 
. th . . th' metal t o the 

\I~ the electronic trans~t~ons from v 

li~and (the ch~r6"'; transfur M __ > L trans itions) and 

lC -_> It · tr<'insition of the ligand , rospectively . 
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~nble 4 . 1 . Effect of ~olvent on Extr ac t l'on 

PCIL. Complex; Iron(II) = 111 . 70 )lg/25 mJ. 

pH ef the aqueous phase = 5· 00 

of F_(n)-

J~bsorbunce ItJo l ar a.bsorbiti vi ty 
bolvent 

at ). 1 mol - l cm- l 
max 

Benzene 0.675 8437. , 

Toluene 0 .672 /3400 .0 

Xylene 0. 665 8312. ) 

a- dichlorobenzene 0.659 8237·5 

<..hlorobenzcne (; . 650 8125·0 

Ethylacetate 0.622 777,) ·0 

Carbontetrachloride 0. 611 7637· ' 

Chloroform 0. 598 7'+75.0 

amyla cetatc 0 . 515 6'+37 · ' 

,lmylnlcohol 0. '+95 6187·5 

( t) 

4 . 2 . 3 IAod(; of Introduction of the HCB.Bvnt i nto the He-

action Mixtur e 

ilhen an organi C solut ion (pcIln in extrflctinr; solv~nt , 
toluene) of the ex t ract ant WfiS used 1 complete cxtrFctio

n 

\
'nO bt batcll cxtr "ctl' ons ...... d thuS 
";;J 0 nined uftL.r severed ~.. ..... 
th ,,· .... s found to be ver'j 

e nmount of the r efigent needed .. ... 
h' h solution of thO t,; xtrc-
~B . hhen an 0.queous nlcohol i c 

ctant (PeIL) d complete extructio
n ".S 

I. WilD used instel.l , 

solv~nt in a sln~lc 
wi th pure essentially llos8ible 

uxt l"'Hction . Be:co.use 
h lAt;Cr code 

of this fldvIllltagc , t 0 



". 

; 

-- -.---

.. -

- 70 -

r-------------~." 

o.~ -

., 
" '" 0.2 o 

" " < 

0.1 

0.0 

480 520 560 600 

WAVEUNGTll I N nm 

Fig. 4.1. Absorption spectra of lron(II)-I'CHA cOIPplox in 

tOluene; c,e' 3.6 x 10-5M 
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400 ;CO 600 

'ig. " . 2 . Absorption spectra of iron( II)-KHA compluOl 

and that ot FCBA(2) in -tolune, tor "Fe· B x 10-~ aDd 

CL • 2 x l o-'M, respect1velY, 
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WIlS used for effe cti V ia r enovol f F C ) o 0 II quontitntivoly 

from the ugueous solution . 

4 . 2 . 4 Choice of Reducing .(.gent (l nd Its Hmount 

Most commonly used. reuucing ngcntH f or tho rudu­

ction of FeC III) to FeC II) er e hyliro quinone , ascorbic 

acid , an d hydroxyl<:lI!l inc hydrochloriue Anu nI l htl t.hr<.:u 

rengents hav~ been t est ed i n tho pr cst:nt inv~stigation . 

HS C:1n be seen from Tabl e 4 . 2 , all thtl throe a.r<J 

practicRlly c'lually wel l sui ted within th<: r Rngtt of 

concentrations mentioned . This was chockvd on both 

stanclllrd Fe CII) and FeCIII) so l utions . Most of the 

\lark hns been done by arbitrarily choosing hydro uinont) . 

In the study ofche eff ect of pH Rnd npplicability of 

Boer I 5 1 0.11.' a ll of them we re used <.Ind they all gave rrn­

ctica llv t he s ame r esult . Tho..: effec t of tim~ on tht:! 
• 

action of the r cJ.ucing aeent s \'10S Rlso stulli ed before 

the adjustment of the pH of the P.qUCOUS solution . It 

. effect on the r e-
waR obsurv~d t hat the re ""fiS no t~me 

dUCi nlS abilities of the reductnnts , i. e., all the 

three l ed to i~~cd i ate r eduction . 
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~able 4 . 2 . Choice of the Pr oper JLmount ond Kiml of 

Heducing .. ge nt 

Iron = 8 . 0 x lO- 5M 

heducing age nt !101ar conc ~ntration J,bsorbaDce Rema rk 

nydroquinone 0. 004 0. 6~1 

G. Ul 0.685 
0 . 05 0.690 pH • 5.0 
0 .10 0.690 
O .l~ 0. 689 

J,scorbic acid 0. 0(;" 0. b67 

0 . 01 0.692 

0 . 05 0.687 pH • 6. 0 

0 . 10 0.699 

0 . 1;' u.694 

Hydroxyl amine 0. 0144 0.665 

hYdrochloride 0 . 0288 0 .660 

0 . ()57G 0 .677 pH = 6. 0 

0 . 1152 0. 675 

0 . 2880 0. 675 

4. 2· 5 Effect of Variab l es 

The effect of the 

t i on nnu uetermination 

cxperimental variables on t he 

of iron( II) has been studied . 

oxtrA-

ThO 

. ng the 
eff W" s studi ed by measurl ect o f rarticular variabl e ~ 

ab procedure describdd 
sorbancc foll oldng the Gcner 11 1 

l!llrl . ~mcters cODstRLt I 
l.er , keeping all eXIH~ri l!le nt Fl l parr t 

e}(CHpt the: one wlder investi~ation . 
' s Vd..v iel ortBn 

~hiS ~ ." 
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Rinc~ both accur;1cy and precision of photometric dc­

teruina'tion du!}cnd on the completeness of 8 given r ee­

ct i on which in turn depenus on the prope r adjustment of 

~xperim0nta l variables . 

Eff ect of pH : The extent of extr Rct ion increasus with 

pH nnd for a pH range of 4 • .)- 9 -. 00 it b(: col!lcs inuopt.!ndunt 

of pH. For pH more than '1 . 00 phA.se Stlpnrlltion 1'1118 diffi-

cult . Thus th~ optimum pH r anee of the aqueous vhnstl 

for COml)hfte ex-i;rection of iron(II) waG f ound to be 4. 5-

9· 00 . It rJl)S alrjo found that the colour and tht..: wavel~-

neth of maximum absorption of t he extr Hct remain th 

Baron for al l pH examined. . It is the refore clear , that 

in the pH r f!nge rlher e nbsorbance does not depend on tho 

pH , th~ extract ;'b l e !::llectroneutral ch~lute prevails in 

the equilibrium system or practically the only species 

eXistinB· 

.• 5 ho,,;n in the Tab l e 4 . 3 , the pH vAlues at which 

onc cnn attain COIDI l E:: te extract"ion decrtlHSC wi th in-

ere ' f th" r eall"nt . Moreover, once ;,~nnG concentrE.:t ion 0 . ...... <; 

the coml)lex<!tion reaction is comrlete ( i. e once thtf 

cocpl ex is fo r med ) , it cannot easily be dissociated . 

"h . s the sece 
4 e extent of corol lete ex~raction rem8~n 

eVen when the decreased 
pH of the aqueous phAse was 

This stAbili ty of 
from hl'Lh"r 1 t b t pH 2 " , va ues 0 a ou • / . 

the iDtcr!C­
the complex is ve ry importnnt t o I!linimize 

re " the precipitation of 
nCe of hydro~~ide formation s ~nCC 
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iron as hydroxide is hiGhly uiscouruiStJd in thl; r CSlJncu 

of vHry stable coml)lcx . 

Tab1. 4 . 3 . Ef foct of pH 

I ron = 111 . 70 p g/25 m1 

pH ~.bsorbHnce 

2 . 0 0 . 106 

3 . 0 0 . 440 

4 . 0 0 . 639 

4., 0 . 681 

5 . 0 0 . 670 
6 . 0 

7 . 0 
8 . 0 

8. 5 

9 · 0 

0 . 688 

0 . 668 
0 . 674 

0 . 687 

0 . 685 

j . O 0 . 545 
3 . 6 

4 . 0 

2 . 0 

2 · 5 
3 . 0 

3· 5 

0 . 611 

0 . 650 

0 . 630 
0 . 664 

0 . 669 

0 . 669 

Remark 

0 . 00 5 u x , m1 PeW. in 

ethnnol was used 

0 . 01 M x , m1 PeIL. in 

e thanol was used 

0 . 00, M x ;; ml PGHJ\ in 

ethanol WRS used . First 
t he pH wns increased to 

hif~her (~ 7) and then bro-

th · '·~sired uBht down to c u.u 

pH values 

Ef - feet of amount of ethfmol: ;"ince the reagent was 

. . the effoct of the 
l ntroduc ed as an €thanolic solut~on , 
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nmount of ethanol on t he complex to be formed has been 

studi ed . It h ~s been found that upto >O~ (v/v) of 

ethanol i n the a<'l.ueous phase can be R<.hled with no 

adverse ~ffe ct in the amount Rnd bxtrHctability of 

the coml~l cx . Be yond this , phase sepAration. rms diffi-

cult . 

~nbl e 4 . 4 . Ef f e ct of .. nount of Ethanol 

Iron = 111 . 70 ~b/2> ml 

pH = 5. 0 

l:.thanul in the 

aque ous ph ase 

~ (V!v) 

10 
20 

30 
40 
;'0 

.. bsorbunce at 
448 nm 

0 .670 
0 .677 
0.672 
u.668 
0.668 

li.ffect of amount; of r~?gent : 1 r r atio ~he optimum mo R 

of Fe(rr) "as found to for comllete extraction 
b 

metAl ion r emains c 1 : 4 . Thtt e.;.C"ii r!lct abli ty of the 

!jssCntially COn S"GF nt upto ;,O- folu mol ar ~xcess of th' 

of absorption of 

the 

"nil 

Ne ve r t heles s , the extent 

r . . th ts l' ncren sinG' eOl3cnt ~nC l"'oases \rl ~ 

th , 'nt blanJe erafore one needs th e r eagu " 

concentr ation , 

[or th(;! mefl6urll-

• 
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IIIcnt of th(; absorbance of the compl ex. binco laru
o 

fJXC~SS of t h(· r eagent has no ll.dvcrse effect , ono c:n 

incr\~H.se tbe suloctivity of the method by uSing high 

concentrati on of the reaGent . 

',li ab l e.. 4- . S . Eff€::ct of .A.nOllllt of hcag~nt 

I r on : 8 x lO- 5M 

pH : 5.0 

Mole r at io of Absorbence 
iron to PCH;, at 448 nD 

1 :1 0. 210 

1: 2 0. 416 

1 :3 0 .621 

1 :4 0 .672 

1 :5 0 . 686 

1 :6 0. 670 

1 :8 0. 671 

1 :10 0. 676 

1 :50 0. 675 

lonie stren~th , 1 of BSueouS temperature , ann vo um~ 

£.hase : There ~''l.S no change in the spectrlll proper ies 

of the COQ l~x, ~ th Ilnd in the (.;xtcnt of extrRctablity 

f the aquOOUS Variati on of the ionic strength 0 
hese 

from 0. 10 to potassium chlori~u 
M to 1 . 00 ?.i rJi th respect 
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Hnu potassium nitrate . ..n lncreUBe of tl:cperoturu 

from 20° - 60°C has no effect in th~ extract abili 

nnt! srectral bch .... ·viour of "he c uml·lex . It has alao 

been found t hc:!t t ne vnrintion of valuee ratio of tho 

or t,;C{nic t o aquc'Jus phAse from 1 : 1 to 1 :4 hoa no cnnnge 

in the spectral behaviour nnd. ex'trnction efficiuncy 

of tho compl ex . 

Table 4 . 6 . Effect of Temperature of tho Aqueous J.hostt 

I r on = 8 x 10- \1 

pI! " 5 . 0 

TemperAture , °0 Ausorbnnce 

20 0.673 

30 0.672 

40 0.670 

50 0.673 

60 0 . 67~ 

-

~able 4. 7. 
to Aqueous 
Iron = 8 x 
PI! = 5. 0 

of VoluD" hntio of thl) Or(;BJJic Ph06U Effect .... 

l has c 
10- 51,l 

Vol ume ratio of orGani c phase to 

c.queous phase 

1 :1 

1 : 2 

1 : 3 

1 :4 

IIbsorbance 

0.676 
0.675 
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~nblv 4 . 8 . Effect of the onie StrenGt h of tb~ AqU~OUB 
Php'St~ 

Iron = 8 x lO-5M 

pH = 5 . 0 

hlectrolyte ConcentrHtion (14) Abtjorbancc 

KCl 0 . 1 0. 672 
0. 2 0.675 
0· 5 0.665 
1. 0 0.666 

KN03 0 . 1 0.660 

0· 5 0.671 
1. 0 0.668 

l.x-traction time .!'nd stRb i l ity of the compl ex : ~he comp­

l ete ex trr ction of iron(:':I) - l:>(;HA complex from the pqueous 

phase i nto to l uene was nchieveu \/ ithin about two minutes . 

?he tolu .. moJ tJxi;rcct of t ho cOJ[plex \UJ,S fOW1d to be stabl e 

for at I b'lst six months at 20°C == 2°C . 
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~nble 4. 9. St ~bility 

I ron = 8 . 0 x 10- 5 fu 

of the l.. omplcx r. i th ':lice 

pH = 5 . 0 

11ime of mensuramnnt l.b sorbance 
after Qxtraction at 448 nm 

5 . 0 min 0. 672 
30. 0 min 0 . 6'12 

2 . 0 h r s 0. 672 
6 . 0 hrs 0 . 671 
2 . 0 days 0 .673 
7 . 0 days 0 . 67'+ 

15 days 0.673 
1 month 0. 67'+ 

1'1'2 months 0. 673 
2 months 0 . 67~ 

3 months 0 . 67~ 

'I months 0 . 676 

5 months 0. 676 

6 months 0 . 677 

Bc.:; r I sLaw, ()ptirlUID Concentration Range , Se¥.!­

tivity and Molar llbsorptivity 

rhe "e(n)- FeR" complex obeys Beer ' s l aw in th' con-

centration range of 

"e(r ) I r anging from 

1. 00 to 9 . 00 ppc . Varying BcOunts of 

28 )lg to 223 . '1 )lB wer e extrBct"d 

fOlIo . W~ng the recommonded pro cedure . 
.n plot of absorbence 

IlURinst iron concentrat ion shows linearity in the NnG£I 
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mentioned above (Tnble 4 . 10 And F" 4 3) ,g . . . 

The molar absorptivity of }'e(II) -PCH.l 1. COIllIJlox in 

toluene W"~S found to be 5400 :!: 50 1 mol- 1cm- 1 Hod th~ 

corrcSlonding Sandell I S (3) photometric sensitivity 

WflS 0 . 00665 .ug l' f i ron per cm2 . Uor~ovCr , the opti-

JllUO concentration r nnce for the dctercinotion of iron 

as uvalunted from the Hingbom 's pl ot (THule 4 . 10 and 

FiB. 4 . 4) was found to be 1. ~-5 . 0 ppm of iron . 

~p.b1e 4 . 10 . Calibration Curve Jatn for the Jeterminotion 

of F"(II) with PCIL, 

pI! = 5. 0 

Molar conccntrrl"i:;:ion 

of iron M ([,'e ) ) 
10g[Jo'o) 

Absorbance Percent 

at 448 nIll trnnsmi t onco 

2 . 0 10- 5 - 4 . 69897 0 . 168 67 · 920 
x 

4 . 0 x 10- 5 - 4 . 39794 0 . 336 46 . 132 

8 . 0 10- 5 - 4 . 09691 0 . 671 21. 330 
x 

1. 2 x 10- 4 - 3· ,:)208 1 . 009 9· 795 

x 10- 4 - 3 · 79588 1. 344 0 . 6;6 
1. 6 
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o 8 10 12 16 

concentration or iron(II) 

curve for the determination ot irOD(ll) wi lllill 
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100r---------------~--______________________ ~ 

90 
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, 
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-4.8 -4.6 

Log [Fe) 

. lig. 4.4. Ringbom's plot tor the evaluation ot opt1mu..c 
. concentration range for the deter mination of iron(Il) . 

Wlth l'CHA . ' . 
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4 _2 . 7 Precision 

Ten independent det e rminr:.tions on solutions urlch 

containing 111 . 70 ~B of iron per 2~ ml gave Q mean 

absorbance of 0 . 672 with s"andArd devi ation of ! 1 . 42 x 

10-3 . The v~lue of relative standard deviation is 

~ O . 2~ . These observations depict that the method do­

vel oped is precise Rnd gives reproducible results . The 

r~sults are given in T~blc 4 .11 . 

lJ:la1.l1e 4 . 11 . Evaluat i on of l'r ecision of the Mt:. t hod 

Conc!mtration 0:£ iron(II) = 111. 70 }.lgj2, m1 

pH = 5 . 0 

Number of samples AbsorbAnce at 448 nm 

1 0.672 

2 0.672 

3 0. 669 

4 0.672 

5 0.673 

6 0. 670 

7 
0.672 

8 
0. 671 

9 
0.672 
0.674 

10 

Com osition and s tabilit Constant of Iron II) 

PCHA Comulex . 
':.:he composition 

d "t'onn1 stabi1i and con 1 ... 
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constrmt of iron( II ) - PCHJI. complex hava boun l.1uturmin(.ul 

by usinG sr.cc't r ophotomctric muthods i thu tll)lo rtltio Bnd 

Job' s continuouo vnrintiono mathodo . 

In the mole rHtio MU hod n serio8 of Liolutions woo 

prepart:d in uhi-:h tho conc(;ntrotion of iron , tht.: H, 

nnd tho i onic strenGth rlerc kopt constnn t. nnll t.ho con-

centrntion of PCRA \w8 vnricu undur nimilnr conuitlons . 

~hiJ compl ex wail cAtructod by tho Bt:ntlrnl j)rocuduro ~ nd , 

tho absorb ance of tho colored uxtruct s WOD measurod at 

A
mRx 

('.lnble 4 .. 12) . .Stor corructing for thu absor banco 

of the liga nd , the absorbanc~ of tht: cOIDrlox wAS }lotted 

aBninst the mole r atiO of tIle tl~tnl to :P(;H.h ( iig . 4 . 5) . 

'1wo s trai ght lines were drnrm from tho t\;O arts of the 

curve which intersect ench other at a tlol~ retia of 1: 3 

of the metol to the ligand rasp~ctively , showing the 

formntion a 1 : 3 re (II) - Pt-HA complex • 

~hc overAll conditional st nb ility const ant was 

»150 c a lculated f rom tho curve by usint: tho follo\ling 

"xpression ( 5) I 

J, C 
Acx 

• 

~n = A 11 CL n 
(ClI- • GlJ) ECL - • - ) 

j~ex J~ox n 

..... 'here i' = overa l l s'tability constant 
n 

n = numb (; r of l i gnnd 

11 = absorbance on t he curve 

(4. 7) 



- 86 -

J~ex .. oxtr:'lfolnted nbliorbADCu (on thu ntrA1cht 

lines) 

eM == totnl conc~ntr~tion of motnl 

CL == tot 1 concuntrntion of 1iennd 

';;:'heruf oro for n= 3 , II ,. 0 . 621 , ,h
tiX 

• (j . G?!> , (,;r" - 8 x 10-5 

Hnd G
L 

0 2 . 4 x 10- 414 

O. 21 x 8 x 10-5 

0 . 675 

8 x 10- 5 ( 1 ( 1 - 0 . 621 

6 . 675 x 

Table 4 . 12 . Hesult of 1101e l;ntio f.ethod for 1von(II)- Comp1ex 

Coocentr~tion Of iron(II) · 8 . 0 x 10- 51! 

Concentration of KGI ~ 0 . 1 M 

pI! • 5 . 0 

~!lo le r o.tio of llbsorbance at 

,·o (I1) to PCllJ, 448 om 

1 : 1 () . 210 

1 :2 0 . 416 

1 : 3 0 . 621 

1 :4 0 . 672 

1 : ;' 0 . 686 

1 :6 0 . 670 

1 :8 0 . 671 

1 :10 0 . 676 

1 :50 O. 75 
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In the con t inuous vur intion8 mothod n o~rieo of 

so lution WtlG propc:. r dd f or oneil nYBtt!m in which t.htt I!.olo 

f r nction of the met : 1 ion ! 1 . 0 . FeCII) , nn thti li tjC! ml , 

i . e . , pc.;H,,~ , wns vE' rie<i (I \II;:o n 0 Bnu 1 a t conctnnt 

tot al conc ontr,ti on under eXAct ly simil nr conJitionn . 

~he compl ex was extrnctou. by f oll owilltl.o tho Buner"l I ro­

ced ure anu the .. bsorbuncc of tho co l orod. uxt rnct take n 

nt A maX ( Table 11 . 13) . ~Stttr cor rectinc; fo r t ho RDSO ­

rbllnce of t he rt gent tho absorbanco wns pl ot teu agains t 

colc fraction of the met Hl ion . (FiB . 4 .6) . 

The maximum absorbmlc t! W~IS obs~ rvotl at tho mol e 

frnction of 0 . 25 of FO( 11) , i ndic , tinS the r atio of 

Fe(II ) to PC • • to be 1 :3 i n t he uxt r Hcted cOIJpl ox . 

From the CUI'VE:: it wns <~ l s o pos s i b l e to c Alculat e 

the over all con ..... i tional s t nblity cons t Hnt from t he sam~ 

t ype of expression mentioned above (J:.q • 4 . 7) . 

For ,. = 0 . 781 C l.! = 1 x 10- 4b 

J~ex 0. 840 CL = :; x 10- 4 , • pH = 5· 0 = 

~ . 
0 . 781 x 10- 4 

= 3 0 . 840 

( 1 - 0 . 781 ) 10- 4 ( 1 
0 . 781 )3 ( :; x 10- 4)3 

0 . 840 0. 840 x 3 

~ . = 4 . 5 x 1012 . log ~3 = 12. 65 
:; , 
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lIil'l' 4.5. Absorbance of iron(II)-PCHA comlllex in toluene 
88 a function ot FORA concen~;ation at constant i r on(II) 
concentration. O'e. 8 x 10 U. pH -: 5.0 t 
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~nble 4 . 13 . Hc sults of Continuous Varintions L!ethod 

Totnl conc£:ntration of I,:utnl (ef!.) aoil lignnd CeL ) , 

i e C C I 1
-4 

~ , L + t = ~ x 0 k 

pH • 5 . 0 

Mole [rnction J.osorbnncc 

iron(II) nt 448 run 

0. 00 0 . 000 
~. 10 0 · 33~ 

0 . 20 0 .650 
0 . 2;' 0 · 781 

0 · 30 0 · 740 

.. · 34 0 . 700 
0 . 40 0 . 620 
0 . ;'0 0 · 530 
0 .60 0 . 430 

0 · 70 0 . 320 
o.eo 0 . 220 

0 · 90 0 . 090 

1. 00 0 . 000 

4 . 2 . 9 Effect of Foreign Ions 

In order t o evalunte the selectivity of 1;he method , 

thu effect of severAl diverse ions on the extraction and 

deter mination of FeCII) with l'CHJ. has been investigated 

by adding a lmO'iffi amount of the for eiBn i on under question 

to n solution containi ng 111 . 70 pg of iron(rr) . Unless 

specificall y mentioned , the pH of the uorking solution was 

kept in the r ange of 4 . 5- 5 . 0 pH . ~he extractions and <le -
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termina'tions \lere done by followinB the genera l proce­

<lure described eurlier . 

AS i s shown in Table 4 . 14 , nlknlis nnd most of the 

alknlinE:! earth metals do not interfere with the determi­

nation of iron by the m(;thod. dt:lvuloped . The maximum 

permissible conc(:Dtrntion of ion such He uranium(VI) , 

cobnlt( II) , zinc( II) , bismuth( III) and tine II) Vias rela­

tively low . It WBS possible to increA.se the permissib l e 

limit of the ions , bcrylliurn(II) , lanthanum(III ) , mol y­

buenum(VI) , tungst on(VI) , chromiu~(III) , to the values 

mentioned in the Table , by using excess reng~nt , since 

they interfere by rencting with re<-1B(;nt forming color­

less complexes of their m.1ll . It hus been also studied 

that by varying t he pH of the aqueous solution , it was 

possible to diminish or avoi d the interference due to 

cerium(III) , z i r conium(IV) , titanium(IV) , vanadi um(V ) 

nnd filumini um(III ) . 'i'hus , the interferences dUB t o 

zirconium(IV) , v anadium(IV) , and titonium(IV) wer e eli­

ninnted by prior extr nction of the metnl ions with 

0 . 1% (w/v) r eagent sol ution in chlorofor m fro~ 2 M, 4 M 

Rnd 8 M hyarochloric acid solutions , respectively _ 

Iron(III) , which WRS taken for this purpose , remains 

unextr acted in ~h~ aqueous phase unde r these r elatively 

high acidic solutions . It \las then ext r acted and de­

termined after increas ing thB pH t o optimum volue and 

treatinG it with a suitabl e amou nt of hydroquinone . 
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The i ntt.:! r fe r ence due t o cerium(III ) ' ,aa icioi . hud or 
flvoiued by first increasinB t he pH of the solu 10n t o 

some'¥/hut gr ent e r t han pH 7 nnd then decr~a 81ng to 

"bout pH 3 . It .,a s thouGht that OOCO FO( II) - PCH" 

complex is formcu , it is diffi cult t o disGocis t e by 

de c r eas i ng t he pH , but this mAy not be true for 

oe riurnQ:rD - PCHA complex . 

nluminum f orms hyuroxitl.e ion below pH 8 , making 

the Jih ase sep a r 2.tion difficult during extraction . This 

undesi rabl e phe nomenon wns circumvented by lncrOL'81ng 

the pH of t he aoueous s ol ution to s O[!1ewhat crentor 

than pH 8 . 

'.rhe s hortcoming of thE;! met.l1od is t he interference 

of coppIJr( I I) t h a t forms extrllctable colored complex 

\a th the r e c.gont at fill levels in the pH r ange requir~d 

for c ompl e te eX';;r action of Fe (II) . However , it was 

possi b l e to d iminish grtlatly or eliminate the interfl;-

. m thiocvanntc solution renc ~ by em~loyin~ excess ammon~u v 

ns I!lHsk in2:, aBenOij for copperll:£) . 

I ce limit for ox -Ho[)arding t he anions , the to cran 
. 5 The 

l a"te was r e lative ly 10.,." compfireu. to other RDlon • 

° te tRrteratc , bor6~e 
interier en c e due to acetate , cltra , 

° reat extent 
and pht halat e w["s shown to diminlsh to 8 g 

(FCWI) ' For ins tance , 
in the presenc e of excess reagent 

be used 85 a buffer 
it has baen seen that ace t Ate can 

and by incre3sing 
in t ht:! p r esence of excess rCl\tjtmt 
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the extraction ""lme to About 10 cinutes .. ilut it was 

fl l so observed that , if lower concuntrntion of the re­

agent has to be us€:u o.S is the coso for oxocl'lu , during 

the study of tho composition n.n<.l tht.:rmodynacll.c IJrOpCr­

t ies of the carorlex) etc . , llce t ntu buffdr cnnnot b(J 

usucl , as it i n t<.:rfcres seriously und.er this condition . 

I nfact, ammonia buffer hns b<:en fOWld to be off&cti VEt 

for this newl y dc.vc!oped mot hod of lietorminntlon of 

i ron . 

Froe Table l~ . 14 , it enn bo obourvod that nll 

common ions that normally occur with iron in living and 

nonliving things do not interfere or thuir inturfur(!nco 

C Hn b& c liminatcll uy suit able trontmunt , shO\.'ing th~ 

Hul ectivity and versat i l ity of the mmly dov loped 

method. . 

Tabl e 4 . 14. Tol erance Limi t of Diverse Ions in the 

Dete r minat i on of Iron(II) with PCH,\ (llith nn ,.ccopt nb1e 

+ 2") Error Less Than - ~ 

Iron(II ) = 111 . 70 p g per 2~ m1 = 4 . 468 ppm 

len alded Tol er ance limit (ppm) 

Li+ 800 

Na+ 800 

K+ eoo 

Mg2+ 800 
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Table contd. 

Ion addad ~olurnncu l imi t (ppm) 

C,,2+ 600 

Sr2+ 800 

B,,2+ 800 

T1+ BOO 

NJj+ 
4 800 

Pb2+ 400 

Ca2+ 400 

H,.,.2+ 
w2 400 

B02+ 400 

Cr+3 400 

Ni 2+ 200 

• Zr4+ 100 

Til~+ 100 

VO+ 100 
2 

U02+ 80 
2 

• 
sn2+ 80 

C03+ 80 

La3+ 80 

2-1.1004 
80 

2-
1!° 4 

80 

Bi 3+ 60 

(,02+ 40 

1+3 40 
Jl 

d 
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Table eontd . 

Ion ~ddlld TollJrnnco limit (ppm) 

Zn2+ 30 

Chl oricle 2000 

Nitrc.tc: 2000 

:5ulfatc 2000 

Thiocyanato 2000 

THrt oxat 300 

Fl uorido 200 

llcctete 200 

Borate 200 

Citrate 120 

FhathGl at e 80 

l-hosphate 80 

Oxal ate 20 

EDT,\ 

4 .• 2 . 10 APplicat ion of the Method 

The newly ucvel oped mothou. Wus (:I!l.ployed for the 

determination of iron in blood sampl e Bnd t rio differ ent 

llr i tish Chemical f.. t andard stel;! l samlJles , to assess its 

nnAlytical potdnti ality . 

Bl ood zample : ~he amount of iron in blood sample , pre­

pp-red by following the l)roccdure described earlier was 

det or mined bot h by thE; ne\~ly tievelopcd me tho and by 
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2 , 2 '-bipyridyl wcthod . The lptt~r onu ~OUB not ofcoursu 

invc:l ve extr aotion proceuure . Thu results obtR1nuu "uru 

58 . 9 mg/100 ml 'nd ,8. 6 mil/lOU 01 for ILl nnd 2 , 2 ' -bi-

pyridyl method , resj::ectivcly . In both CUUttS tht.: rosults 

fire essentially t he sl1me , nnel fnll with t.ht: rnngo of con­

t ent of iron in ./bo l e blood rOl)orted for nn miul t erson 

(mnn) . Tho re~orted rl1n~c is from "5 mll/100 ml to 145 

ro[5/100 m1 (8") . 'Fhus iron(II)-PClI;, mothoJ. i" roli"blo 

find applicabl e Lor the dotormination of iron in b1omn-

t orinl . 

steel samples : Si nce the stnnd'U'd samples w~r~ not 

nVRi l abl e , synthst i c snnples h3ving thu snce constit ~nt8 

with i dent ical proportion as that of the British Cheaieal 

btFmuard Steel No. 64e and 241/1 r/ere prepared. Extrn-

cti an and det ermination of th ... 5801106 \1ere undE:. rtaken 

follmving the same procedure describ0d uarlie r . Tho expe­

riIllentA.l r esul t s given on Tull l e 4 . 1;' ar o nvernE;e of five 

(l.~ter!!linations fo r ~nch tinmpl th 

The result s given in the Tnbl~ indicatt: thnt the 

nowl y developed met Lod i s reli nb le . 

Table 4 . 15 . Determination of I r on in Uynthetic amples 

compositi on of Sampl es 

t;aop1es NO . 241/ 1: I " ~ 19.61 ; 0r , , . 03 ; 0, 0. 52 ; v , 1. 57 ; 

CO , 5. 67 ; c , u. 8, ; ~i , 0. 33 ; ~ , 0.033; 

P, 0. 021; Mo , 0 . 295 ; Ni , 0.075 ; Cu , 0.1; 

Sn , 0. u25 ; Fe , 65 . 67~· 
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C, 0 . 80 i Cr , 4 . 40 ; VI 1. '? i Mo , 4. 11j 

'" , 5. 66 ; ,'0 , 8j . 4!>". 

Iron cont unt Iron feunu Error 
( :<) (%) (~) 

6!> . 87 6!> · 32 0. 83 

83 . 45 83 . Y2 0. 56 

The coloricetric reaction of iron(ll) ",ith N- phen­

ylcinnumohydroxamic acid f ~rms the basis for the deve­

lopment of e neil siI!1ple , raphl , r oliA-b l e and versatil e 
. method for t he extract ion nnd spec t rophot omet ric deter-

minAt ion of iron(ll) . ~ht::: e~~trHct9blo , noutral comp­

l ex is insoluble in aqueous sol ution but solubl e in 

several or(Snnic .3C 1 vents . J.cong thcne toluene W~ B 

found. to b e a suit abl e cxtr (lctiDG so lv\jnt . The complex 

exhibits t wo mnximum absorption bRnus , out of which t he 

one at the tmv{,length of 448 nm \JOB used for the quanti-

tative det er mination , because tho contribution of the 

li~nnd t o the ~easured absorbAnce volues is l ess than 

\"/hn t it is at the other \/avelcn[.th . The effect of 

sever nl experimental vnri8ul es on ~hc ne~ly developed 

muthod was studiod and the method ,lOS found to be 

lnrce1y free f rom riL~d control of experimentnl variables . 
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Conoequently , it is possiblu to elicinntc lhe 1nturf~­

r~nc es JU0 to some ions , nnd thUG m~intnin ito Golocti­

vity by mnkill8 some slicht ChanljtJB in thl: (jenorul pro­

cedure . ThE. method .. ws nloo found to bu aunoit1vu und 

precis!.; . 

The re sult " obtained by applyinG tho m tho~ for 

the determination of iron in bl ood and. ntt;ol 80CJ,lClS 

art;! stronl3 evidence for thlJ Bune1t.1vi I GtJl~ct1v1ty , 

nnd \~i<.1(J (\!lplic~tion of tho newly devt;}lo l~tld f1othod • 
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