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N""PHENYLCINNMiiOl!Y))H(j,~lI!!;IO ACID J\i3 lIN 

i.NALYTICAL HLJ,GENT l"Ol( CCLVENT EX'L'lUlC'L'ION 

J.ND 81 :tC'L'H01 RVCCMETllIC DE'I'EHlViINllTION OF 

VliNl,DIUM (V) 

by 

MulugetR Mlsefa 

Research advisor: B.G. Ohandravanshi 

N-phenylcinnamohydroxamic acid (PORA) has been 

found to form a convenient extraction system for 

uRnadium (V) in presence of p-chlorophenol and also in 

SON media. PORA reacts with vanadium (V) to give a 

1:2 complex (having a broad peak around 54-0 nm with 

6200 litres/mole/cm). In the presence of an adduct 

forming substance (p-chlorophenol) synergic extraction 

of the metal and marked absorbance enhancement into 

chloroform have been observed on the basis of formation 

and hyper and bathochromic shift of the hydrophobic 

species formed. Similar effect is seen in the mixed 

ligand complex system. The complexes are found to 

have the composition 1:2:1 or 1:2:2 (V: POUA: PhOR) 

depending upon the nmount of p-chlorollhenol available 

during the reaction; and 1:2;2 (V: PORA: bOn) mixed 
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cOPlplex. The effective lllolar absorbance anci the 

photometric sensitivity being 'l;,OOl/mole/cm and 

O.0068)lg of vanadium per cri reSI)ecti vely in both 

systems. Most of the COlllmon ions usually associated 

with vanadium in alloys and complex materials do not 

interfere. The influence of several experimental 

variables have been studied and the synergic extraction 

system has been successfully applied for the deter-

mination of vanadium in synthetic composite steel 

samples. On the basis of these studies new methods 

for the extraction and spectrophotometric determination 

of vanadium (V) have been developed. 

I' 
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I. INThODUGTION 

Organic reagents are nidely used in inoig<in{c·· .... 
, , , , , , , , 

analysis because of the inherent selectivity, sen;i~~~iij' 

and specificity of their reaction v/ith metal ions 

(1 - 9). Recent advances in chemical technology has 

shovm that the presence of traces of less familiar 

elements in alloys and complex materials modify the 

properties significantly. .tlld hence, there is an 

increasing awareness for developing methods of detection 

and estimation of various elements present in traces. 

New more selective and sensitive reagents are being 
I 

sought after and applied for such analyses. Wide 

potentialities for the discovery of highly sensitive 

and selective rea.gents are offered to analytical 

chemists by the large number,of available oompounds. 

There is a great possibility of modifying the sen-

sitivity and selectivity of the analytical methods by 

the introduction of auxilary reagents through the 

formation of adducts and mixed ligand complexes and to 

develop new methods. 

Organic reagents, on the basis of their reactions 

with metal ions have been broadly classified as: 

(i) normal salt forming type, 

(ii) reagent forming adsorption compounds, 

i 
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(iii) uncharged organic molecules fOl'rding n'8'Gcll 

chela,tes, 

(iv) reagents forming uncharged metalch81ates 

(inner complexes). 

The most important organic reagents Rre those forming 

chelate complexes (inner complexes) in vlhich the metal 

ions are bound to the ligand ViR nt least two donor 

atoms and the ligand must possess at least one acid 

group with a replaceable hydrogen atom and a basic, 

co-ordinating donor group. For analytical applicgtions, 

the most suitable reagents are usually those compounds 

in which the acid and basic groups are in such a 

position as to form five-or six-membered chelate rings 

which are most stable. 

The chemical and physical properties of a metal 

chelate depends upon the basic nature of chelating 

agent and the acidic nature of the metal as I'lell as on 

factors inherent in the complex itself. 

There are some striking properties of chelates 

which have proved to be most useful in the determination 

of metals. For example, some metal chelates are 

sufficiently insoluble in a given solvent and can be 

used for gravimetric determination of metal ions., 

Some of the complexes produce fluorescence in solution 

. ,. / .. -. 
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and find extensiv8 application in fl uorimetric analysj.s. 

Many of the inner complexes arc intensely coloured to 

enable t:_3 spectrophotometric determination of metal 

ions. Further, extraction of a coloured reaction 

products into an immisciblc organic solvents is very 

often used to increase the sensitivity and renders the 

reaction of the reagent more selective. The extraction 

of certain metal complexes which do not have all their 

co-ordination sites saturated by the chclating reagent, 

can be increased by the addition of secondary complexing 

agent either due to the formation of mixed complexes 

or due to synergic extraction, 

Frequently sufficient selectivity and sensitivity 

can be achieved for a particular purpose by controlling 

the reaction conditions and also by taking advantage of 

masking agents. 

1.1 SOLVENT EXTRilCTION 

Solvent extraction is probably the most 

versatile of all analytical techniques. It has 

corne to be recognized as a popular separation 

technique because of the elegance, simplicity, 

speed and applica-tion to both tracer and macro 

amounts of ntltal ions. It frequently appears to 

be the ideal method for separating trace constituent 

en / (> " 



- 4. -

from large amounts of other substances. The process 

is often very selective and the isolation of the metal 

in question cnn usually be made as complete as possible. 

it significant trend in solvent extraction is simul­

taneous extraction and determination of any species in 

the organic phase. In many cases the process has 

become a method of choice for 'determination' rather 

than merely of ':' cparation' • The extraction of the 

coloured metal complex from one solvent (usually water) 

into another (generally an organic solvent) often 

permit a considerable concentration of the complex to 

be achieved with a consequent increase in the sensitivity 

of the procedure involved. The most common methods of 

determination are the spectrophotometric methods. It 

is also possible to take advantage of the volatility 

of the substance isolated in the organic phase in gas 

chromatography or if thn extracted substance can be 

readily decomposed into a flame, it can be determined 

by flamephotometry or by atomic absorption spectroscopy. 

In some cases, the solute may be recovered quantitatively 

by evaporating the solvent or back extraction into an 

aqueous phase by the addition of an oxidizing, reducing 

or specific complexing substances or by change of pH. 

Solvent extraction is quite a universal 

method and is widely used in analytical chemistry, 

.. &/'0'(1 
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extraction procedures have been reported for the majority 

of elements in the literature (10 - 14). By using 

solvent extraction, important theoretical problems 

concerning the composition and stability of soluble as 

vlell as insoluble metal comple;~es can be solved. They 

are also being used in spot teBt analysis by accumu-

lation of a reaction product at the interface of two 

immiscible liquids. The extraction is generally 

ropresented in terms of distribution ration 'D' (or 

extraction coefficient 'E') defined as: 

D = Total c~ncentration in the organic phase 
Total concentration in the aqueous phase 

Generally compounds which are only slightly soluble in 

water but readily soluble in organic solvents can 

usefully be extracted because the partition coefficient 

of a compound is approximately equal to the ratio of 

its solubilities in the organic and aqueous phase. 

Organic rea[,;ents play an eminent role in solvent 

extraction, because they can react with metal ions to 

give products having the basic prerequisite for extract­

ability. These products are electrically neutral, 

eBsentially covalent chelate compounds vlhich are only 

slightly soluble in water bu',c-eadily soluble in organic 

solvents. 

I' 
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One of the most powerful group of organic reagents 

used for solvent extraction and spectrophotometric 

analysis in recent years is N-arylhydroxamic acids v/hich 

forms the basis of this thesis. The general properties 

and analytical applications of N-arylhydroxamic acids 

are reported (26 - 33). 

1.2. N-ARYLHYDROXJ,!Y,IO i,GIDo Ao HhJ,GENTL FOR BOJJVENT 

EXTHACTION llND S:PECTHOPHOTOMETHY 

N-j,rylhydroxamic acids are widely used for 

the solvent extraction and spectrophotometric 

determination of metal ions. The sensitivity 

and selectivity of an analytical reagent can be 

modified either by changing the substituent 

groups attached to the functional grouping or by 

changing the reaction medium and introducing an 

auxiliary complexing agent forming adduct or 

mixed complexes. Thus by changing the reaction 

medium of hydroxamic acids and introducing 

auxiliary reagents it has been possible to 

develop new methods with better sensitivity and 

selectivity for the extraction and spectro­

photometric determination of metal ions. Hence, 

the study of effects of phenols and thiocyanate 

ion on the extraction and spectrophotometric 

.. / .. 
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determination of vanadiul'l (V) vii th N-Phenylcinnmnohydro-

xal'lic acid Vias undertaken and their analytical appli­

cations were explored. 

N-Arylhydroxamic acids represented by the general 

formula, I, are monobasic and bidentale chelating 

agents having the reactive functional grouping, II, which 

is capable of forming a five-membered ring on chelation 

with metal ions. 'JJhey are stable towards heat, light 

and air and can be stored indefinitely. These are 

crystalline solids, slightly soluble in water but 

readily soluble in organic solvents. Their solutions in 

organic solvent are colourless and stable for several 

days which is a desirable characteristic for the spectro-

photometric reagents. 

-N-+-OH 
I 

-0-,- 0 -
I II 

The metal chelates of N-aryhydroxamic acids are 

Viater insoluble, thermally stable, of definite 

composition and directly weighable. These excellent 

properties of the metal comlllexes have led to 

development of gravimetric methods for the determination 

of metal ions. Most of the "metal chelates are readily 

.. / .. 
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extracted into various organic solvents from the 

aqueous phase thus forming the basis of solvent 

extraction procedure. The coloured chelates have been 

used for the spectrophotometric determination of 

several metal ions by solvent extraction. They also 

find extensive applications in spot tests, as indicators 

and as masking agents in analysis. 

I, 
I 
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II. LITElL,TUIm BUHVEY 

The literature of the last 30 years abounds in 

~any diverse studies and analytical applications of 

N-arylhydroxamic acids and their metal complexes. They 

are now so well recognized as reagents, that their 

analytical applications are described in considerable 

details in reviews, monographs, treaties and textbooks 

(3,4,10-12, 15-19). Most of the diverse applications 

of hydroxamic acids have been described in detail by 

Majumdar (18). 

One of the most important reagents in the family of 

hydroxamic acids is N-phenylcinnamohydroxamic acid, 

POHA, III, which is selected for the present studies. 

It vws first introduced as a chelating agent for the 

extraction and spectrophotometric determination of 

vanadium (V) by Tandon (20). Us use was later extended 

for the extraction and spectrophotometric deter~ination 

of iren (III), hafnium (IV), niobium (V), titanium (IV), 

uranium (VI) and zirconium (IV) (21 - 23). And for the 

gravimetric determination of niobium (V), tantalum (V) 

and zirconium (IV) (24,25). 

, .. / .. ,. 
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'the aboorbances ';Jere plotted againot Plole ratio 

of POBA to vanadium (:u'ig. 15), ~lhe intersoction of the 

tv;o tangents corresponds to the mole ratio of 1: 2 

(vanadium: POHA) • 

. OUHVE FITTING IvIETIl(;.;Q.L Both the concentrations of 

vanadium and POHA V18re l~ept const[lnt emd only the con-

centration of thiocY[lnate was varied. Then absorbance 

Vlere plotted against the molar concel"tration of thio­

cyanate in aqueous phase (Fig. 16). The slope of the 

curve indic~ltes the combininG ratio of 1:2 (vanadium to 

the thiocyanate). Hence tl:e stoichiometric composition 

of the ternary complex is 1:2:2 (vanadium: POHA: GON). 

~he probable partition Plechanism of the vanadium 

l'CHA complex Vii th and without the thiocyanate botv/een 

water and chloroform is expressed as follows (45;53,55; 

V,anadium (V) reacts with PGHA to form 1:2(V: POHA) 

complex extractable into chloroform 

VO~aq + 2HOAorg ~ VO(OA)20Horg + H:q 

and the equilibrium constant ·can be expressed as 

~1,2 '" 
[VO( 01\) 20H] org [H+] aq 

[VO~]aq [HOA];rg 
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The vanadiulll·-PCHA eomplex rD[lC1;r; vlith thiocyanate to 

give 1:2:2 (V: PCRA: SeN) ternnry eomplex 

which is defined by the equilibrium constant 

[VOCOA)(BGN)2 oHOA]org [OH-J ag 

[VO(OA)20HJorgo[BCN-J;q [H+J aq 

Thus the overall extraction mechanism may be expressed 

as 

VO~aq + 2S0N~q + 2HOAorf," '" VO(SON)20AoHOAorg 

+ OH~q 

and the extraction constnnt is given by 

Kex = 

The distribution ratio is given by 

.[VO(SON) 20A.HOA] org + [VOCOA) 20HJ org 
D1 ,2,2 = 

[VO~Jaq 

I' 
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PCHA is a highly sensitive and selective spectro­

photometric reagent for metals because of the presence 

of double bond in conjugation with carbonyl group in 

the molecule and hence it also finds extensive app-

lications in spot test for metal ions. Hence, 

N-phenylcinnamohydroxamic acid has been employed for 

exploring its analytical potentialities. 

A number of monobasic and bidentate chelating 

agents recommended for the spectrophotometric deter-' 

ruination of vanadium react with the metal to forru 1:2 

(metal: ligand) coloured complexes extractable into 

various organic solvents (39 - 49). These vanadium 

cOl'lplexes contain a basic Y = 0 group and an acidic 

V - OH group in the sal'le molecule (49 - 53). 

The basic V = 0 group of the vanadium complex 

reacts with acidic substances like carboxylic acids 

and phenols to give a hyper ruld bathochromic shift 

(52 - 55) and the acidic V - Oll group reacts with 

.. / .. 
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and mixed ligand eomp];ex seeonpaniecL by hyper and 

bathoehromic shift. These colour reactions are capable 

of forming the basis for the development of sensitive 

and selective· methods for the extraction and photometric 

determination of vanadium (V) • 

. . / .. 
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III. EXPEHIIIJENTAL 

3.1 SYNTHESIS OF 1'1-ARYLHYDHOXiliHC 1,CIDS 

Yale (15) has described the various methods of 

the synthesis of hydroxamic acids. Out of the 

methods described for the synthesis of 1'1-

arylhydroxamic acids, the most commonly followed 

method is a suitable application of a matliod called. 

Method B, which is Em application of' Schoten 

Baumann's reaction which involves the acylation of 

1'1-arylhydroxylamine with acid chloride in weakly 

basic medium. To improve the yield and purity of 

the reaction product several modifications have 

been made. In general, the 1'1-arylhydroxamic acids 

are prepared by the modified method of Priyadarshini 

and Tandon (33). According to' this modification 

1'1-arylhydroxamic acids are prepared by the 

condensation of 1'1-arylhydroxylamines with acid 

chlorides at low temperature in dietpylether 

medium made alkaline with aqueous suspension of 

sodium bicarbonate. The 1'1-arylhydroxamic acids 

are purified by recrystalliz.ation from a mixture 

of benzene and petroleum ether. The yield range 

from 50 - 90/. 

In the present study 1'1-phenylcinnamohydroxamic 

.. / .. 
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acid vms prepared by the modified method. of £'riy"d.a.L'8h:lni 

and Tandon (33), This required the preparation of 

cinnamoyl chloride and N-Phenylhydroxylamine. 

PHEPllHhTION OF CIJlil.iii,MOYLCHLOHIDE 

Cinnllmoyl chloride used for the synthesis of hydro­

xamic acid was prepared by the action of excess of 

thinoylchloride on cinnamic acid (37). 

Oinnamic acid and thionylchloride were mixed in 

1:1.5 molar ratio and refluxed over the boiling \'later 

bath for 2 hours. A clear solution of cinnamoyl­

chloride was obtained. The unreacted thionyl chloride 

and cinnamoyl chloride were separated by fractional 

distillation under reduced pressure. The yield of 

acid chloride was 90/. 

PHEPAHilTION OF N-PHENYLHYDROXYLAMINE 

N-"Phenylhydroxylamine Vias prepared by the reduction 

of nitrobenzene with zinc dust and ammonium chloride in 

aqueous solution at 60 - 650 0 (38). 

The nitrobenzene was mixed with hot Vlater and zinc 

dust was added gradually during the course of 30 minutes 

Vlith stirring. The temperature was kept at 60 - 650 0 

throughout the re2.ction. After the addition of zinc 

dust, vlhi te <finc oxide was filtered off and the filt-

.. / .. 
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rate Vias saturated vlith salt. The h;ydroxylnvti no:' cbtc;,.ined 

on cooling the solution ViaS filtered off and recrys't:"" 

alized from a mixture of benzene and petroleum ether. 

The hydroxylamine used for the synthesis of hydro­

xamic acid was freshly prepared. 

PHUUEDURE FOR 1'H:E BBYNTHEBIS OF N-PIlliNYLOINNAMO RYDROXldVlIO 

ltUID (PORA) 

A freshly crystallized N-phenylhydroxylamine (0;10 

mole) was dissolved in 100 ml of diethylether and talcen 

in a 500 ml conical flask. it fine suspension of 0:15 

mole sodium bicarbonate in 20 ml of water vmS added to 

it. The flask was kept in a freezing mixture and the 

contents Vlere stirred,to this, a solution of 0.10 mole 

of cinnamoylchloride in 100 ml of diethyelether waS 

added dropwise during the course of one hour. Stirring 

l'iIlS continued for additional 15 minutes and the 

teBperature was maintained throughout at 0 0
• A 

yellov/ish white precipitate of hydroxamic acid ViaS 

obtained. The ethereal mother liquor was separated and 

ether removed. < The combined solids were triturated v/ith 

an ice cold saturated solution of sodium bicarbonate 

in a mortar for about 15 minutes to remove acidic 

impurities. The solid hydroxamic acid vms filtered off 

under suction, washed vlith cold water and dried in 

.... / .. 
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air. ~l'he hydroxarnic acid was purified by crystallization 

from a mixture of benzene and petroleum ether (boiling 

range 60 - 80°C). The yield vms 70/ •. Mp 162°C 

[lit. 163°0 (33)J MS: M+ 239. The mass spectrum is 

given in Figure 1. 

In the spectrum peaks are observed at M/es of 

239 (mol. ion), 223, 168, 149, 131 (base peak), 

103, 77, etc. Possible ion fragments corresponding 

to each are given in Table 1 

Table 1 

ION FHAGNiENTS OF N-HllillYLCINNMIOHYDROXAMIC liCID 

M/e Fragments 

239 molecular ion 

223 loss of an oxygen atom 

168 (¢-NH-¢)+ 

149 ( ¢-~-OH) + 
-CH-C",O 

131 (¢-GH~CH-C=O)+ 

103 (¢-CH=CH)+ 

77 (¢)+ 

.. / .. 
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solution VIlJH stable for several days \'Ihen stored in 

amber bottles. 

Colour Reaction: PCRf, reacts Vii th vanadate ions to 

form a bluish-violet complex in strong hydrochloric 

acid medium. The complex extl'C1Cted into chloroform 

reacts with phenols giving rise to a hyper and batho-

chromic effect. The colour of chloroform extracts are 

different with different phenols. 

General Proceduret To a separatory funnel, transfer 

an aliquot of the sample solution containing 15 - 150,pg 

,of vanadium and add distilled water and then add strong 

hydrochloric acid until the volume is about 25 ml and 

the acidity between 1 and 3M. Add;; ml of 0.2/ reagent 

solution and 10 ml of 1M phenol solution in chloroform. 

Shake the mixture vigorously for about 2 minutes. 

Allow the phases to separate for two minutes. Collect 

the organic phase in a 50 ml beaker containing about 

2g of anhydrous sodium sulphate. Wash the aqueous 

phase twice with 2 to 3 ml portions of chloroform to 

remove any residual colour and add the washings to the 

contents of the beaker. Decant the coloured solution 

from the berucer into a 25 ml volumetric flask. Wash 

out the adhering colour from sodium sulphate cryst'als 

with small portion and chloroform. Mix the washings 

with main solution and dilute to the mark vlith chloroform • 

.. • / .. lj 
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Measure the absorbance at the wavelenBth of maximum 

absorption against reagent blank. Vlhenever tho reagent 

blank was colourless, it was replaced by chlor(.form. 

OOM1'OSITION OF THE COMFLn 

Composition of the vanadium -POHA~p-chlorophenol 

complex was studied follo\'1ing the methods below. 

METHOD OF CONTUmOU& VJiRIllTIONS 

P}WOEDURE: -3 X ml of 1.0 X 10 M solution of vanadium, 

(lO-x) ml of water and 5 ml of 6M hydrocloric acid were 

transfered into a separatory funnel. (lO-x) ml or 

1~0 X 10-3M solution of POHA, xml of chloroform and 

5 ml of 2M p-chlorophenol in chloroform I?el.'e added to 

it, thus the volumes of tho aqueous and organic phases 

were 15 ml. The contents of the funnel Vlere shaken 

vigorously for two minutes and the phasesvlere allowed 

to separate. Then proceeded as doscribed earlier. The 

absorbances of the solutions vlere measured at 565 nm 

and plotted against the mole fraction of the vanadium. 

MOLE RJl'I ro METHOD 

PHOOEDURE: 1 ml of L 963 X 10-3M sol'ution of v8.nadium 

9 ml of Vlater and 5 ml df 6M HOI were taken in a 

separatory funnel. Xml of 1.963 X 10-3 solution of PCHA, 

(lO-x)ml of chloroform and 5 ml of 2M .rhenol were added 
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to it, thus the volume of the aqueous Dnd organic 

phases were equal to 1;:' mL The contents of the funnel 

were shaken vigorously for tvlO minutes then proceeded 

as described earlier. 

CUWlE l!'ITTING MBTH0D 

PHOCEDURE: 1.5 ml of 1.77 X 10-3M solution of vanad:ium 

8.5 ml of water and 5 ml of 6M CHC13 were taken in a 

separatory funnel. 5 ml of 0.2/ solution of PCHA 9 }Jnl 

of 1M p-chlorophenol and (lO-x)ml of chloroform were 

odded to it, thms volumes of the oqueous and the organic 

phoses were equal to 15 ml. The contents of the funnel 

were shaken vigorously for tViO minutes and then proceeded 

as described earlier. 

APPLICATION OJ<' THE METHOD 

PRO()EDDRE: A weighed amounts of sample containing 

approximately 1 rug of vanadiT:tm vras transferred in a 

4-00 ml beaker and dissolved with nitric acid. Tungsten 

v/os precipitated as tungstic acid. It Vias filtered off 

and washed thoroughly. The filterate WaS evaporated to 

nearly dryness, dissolved in Vlater and finally trans_ 

ferrod to a 100 ml volumetric flask and diluted to the 

I!lnrk. A 10 ml aliquote of the solution was pipetted 

into a 100 m1 separatory funnel, fmd vanadium was 

determined according to the general procedure. 

I 
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for 2 minutes and the phases ~ere allo~ed to separate. 

Then proceeded as in 'I",e l'ecllL1mended procedure. 

MOLE llATIO METHOD 

!:lli22EDURE: 1 ml of l.0 X 10'-3M solution of vo.nadium, 9 ml 

of vlater and 5 ml 15M acetic acid vlere taken in a 

separatory funnel. Xml of 1.0 x 10-3M solution of POHA 

and (15 - X)ml chloroform v/ere added to it and the content 

contents of the funnel were shaken vigorously for one 

minute. Then 5 ml 1M thiocyanate solution was added to 

the funnel and the contents H.ere again shaken vigorously 

for two minutes and proceeded as in the recommended 

procedure. 

CURVE FITTING ~lliTHOD 

PHOOEDURE: 1 ml of 2.0 X 10-3M solution of vanadium, 

and 4 illl of 10M acetic acid were transfered to a 

separatory funnel. -3 10 ml of 2.,0 X 10 M solution of 

POlIA ViBS added to it and the contents of the funnel 

vlOre shaken vigorously for one minute. Then X ml of 

0.511 thiocyanate and (5 - X)ml of Vlater were added to 

funnel and the contents vlere again shaken vigorously 

for 2 minutes and then proceeded as in the recommended 

procedure. 



IV. HESUL'J'S MlD DISCUS,SIGN 

L~.l VlcNJ.VIDM (V) - PCHMp-CHL01WPHENOL COMl'LEX 

4.1.1 Abs~rption Spectra: The absorption spectra 

of the reagent and the vanadium (V)-PCHA 

complex in the absence and presence of 

phenols are shown in Figure 2 and 3. 

The reGgent shov!8d negligible absorption in 

the region 450 - 700 nm. The bluish-violet 

vanadium POHil complex in the, absence of 

phenols showed a broad maximum absorption 

around 540 nm with molar absorption 

-1 -1 coefficient of 6200 l.mole em • In the 

presence of phenols a strong hyperchromic 

and bathochromic effect of the adduct in 

chloroform solution is observed. As shown 

in figure 3 vlhen phenols are added to the 

chloroform solution of vanadium (V)-PCHil. 

complex the Vlavelengths of maximum absorption 

shi.i:ts to longer vmvelengths and absorbance 

increases vii th increasing concentration of 

phenols. lIt higher concentration of phenols 

more than 0.3M both the wavelengths of 

maximum absorption and absorbances remain 

constant. 
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The VI(lvelengtl1G of IllaximUl;J absorption fmd molar 

absorbtivities of the resu1tinr; complexes are different 

for different phenols as sh0\7I1 in Table 2. 

Of the various phenols used, the adduct formed 

Vlith p-chlorophenol has highest valte for the molar 

absorptivity. Hence, detailed studies Vlere carried out 

Vii th p-chlorophenol. 

Tld3LE 2 

SPEOTRAL Oill,RilOTERISTIOS OF Vl,Ni,DIUM (V) -POHll-PHOH 

OOMPLEXES IN CHLOROFORM 

Phenol [Phenol] A-max 
M nm 

None 

o-Dichlorophenol 0.2 555 

Benzonaphthol 0.2 550 

Benzylphenol 560 

p-Ohlorophenol 565 

IJ: 
-1 -1 I-mole em 

6200 

6300 

6200 

7350 

·7500 

Sensitivity 
~2 

ygVcm 

0.0082 

0.0080 

0.0082 

0.0069 

0.0068 
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Flg·3 AbSORPTION SPECT~A 

A. REAGENi( 2.0x 10- 3 flU 

Of 

e. VANADIUM (V)~ PCHA COMPLEX 
C. VANADIUM (\1)- PCHA COMPLEX 

I NO. 05M Po CHLOROPHENOL 
D. VAHADIUM- PCHA COMPLEX 

I NOi 1M P_CHLOfWPHENOI.. 

E. VANA!)IUM~ pettA CO~4PLEX 
INO.4N '_CHLOROPHENOL 
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LI.1. 2 EJf}[120rr_.yB·_Yt:B~~.£,]3L,E£:~ The effect of several 

experimental variablEs on the extraction of 

vanadium (V)·-POHA complex in presence of p-chloro-

phenol has been investigated, The effect of 

particular variable vms studied by determining 

vanadium folloVling the general procedure described 

earlier? keeping all the experimental parameters 

constant except the one under the study. 

OHOIOE OF SOLVENT FQ1.~XTllilO~ION: The vanadium 

complex can be extracted by several organic 

solvents such as chloroform, carbontetrachloride, 

1,2-dichlorobenzene, benzene, toluene? o-xylene 

and diethylether. Chloroform was found to be the 

most suitable solvent for extraction of the 

vanadium complex" It vms also preferred because 

of its low cost, easy to recover, relatively 

higher solubility of POW\. in it than in other 

solvents and its high extracting effect toward 

the adduct. 

Acidity: The extraction and determination of 

vanadium was studied in the absence and presence 

of p-chlorophenol and are given in Table 3 and 4 

and Figure 4. In the absence of p-chlorophenol 

the optimum acidity range? for the complete 

:, 
i 

I 
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extraction of vanadium, vms found to be 3.V07'5M. 

whereas in the presence of p·-chlorophenol it ViaS 

found to be 1 - 3M with respect to hydrochloric acid. 

It should be noted that extraction of vanadium in the 

presence of p-chlorophenol occurs nt a lov/Gr acidity 

thnn that in the absence of r;henol, i. e. synergic 

extraction of van8.dium is observed in the presence of 

p-chlorophenol. The synergic extraction cnn be explained 

by the formation of the ndduct which is described later 

in this chapter. 
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'rl\BLE 3 

EPFEGT OF HYDHOCHLORIC LGID GmWb'NTlu,TION OF THE Mi.UEOUS 

PHilGE ON THE BXTRi,GTION 011 VilllfilDIUM-PCH1, COMPLEX INTO 

GHLOHOFORMo 

Vanadium concentration ~ 90ygj25 ml 

Concentration of hydrochloric Absorbance 
acid in aqueous phase at 

M 565 nm 

0.0 0.118 

1.0 0.272 

200 0.381 

2.5 0.412 

3.0 0.430 

4.0 0.4·32 

5.0 0.430 

6.0 0.431 

7.0 0.429 

7.5 0.430 

8.0 0.Lf13 

9.0 0.365 

\1 

I 
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TJcJ3LB Ij. 

EFFEcrr OF HYDROCHLORIC ,.OID CONCENTRATION OF THE MiUEOUS 

PHilo}; ON THE EXTH"C'l'ION OF Vl,NllDIUM-PCHA-p-CHLOROl-HENOL 

COM1LEX INTO CHLOROFORM 

Vanadium concontration = 90yg/25 ml 

Concentration of hydrochloric 

acid in aqueous phase 
M 

0.0 

1.0 

2.0 

---------------------_. 

4.0 

11bsorbance 

ut 
565 nm 

0.433 

0.529 

0.531 

0.483 

0.430 
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Workers (76? '7'7) rellor-ted th(1 reduction of vanmlium 

(V) to vanadium (IV) in concentratecl hydrochloric 

acid solution, however, the reduction is negligible 

in lower concentration (78)0 Thus in the presence of 

phenol, there is no danger of the reduction of vana­

dium (V) in the lower acidity range. 

Ma()Ul~TOF PORA: it 1:6 molar ratio of the reRgent to 

vRnadium was adequate for complete extraction of 

vanadium. A large excess of the reagent upto 50 fold 

molar excess has no influence on the extraction and 

determination of vanadium. In practice, a 20 fold 

molar excess of the reagent vms employed for the 

extraction of vRnadium. The results are shown in 

Table 5. 

AMOUl'lT Ol!'. F-CHLOROPHENOL: As shown in Tnble 6, the 

nbsorbance increases with increasing amount of phenol 

from 1:94 to 1:943 and remains constant from 1:943 to 

.1 :188'7 molar ratios of vanndium to phenol. Absorbance 

agRin increases with further incrense in phenol from. 

1:1887 to 1:2830 and finally becomes constant at 

higher concentration of phenolo These results indicate 

the formation of two complexes depending on the 

concentration of phenol. 

I' 
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EI!,])'EGT OF AMOUNT OF m~'iGENT, PCH" 

Vanadium concentration ~ 100yg/25 ml 

concentration of hydrochloric acid 

in aqueous phase ~ 2.0M 

Mole ratio of reagent to 

vanadium 

Absorbance 

at 565 nm 

005:1 00142 

1.0:1 0.285 

1.5:1 0·380 

2.0:1 0.448 

205:1 00500 

300:1 0.530 

3.5:1 o. 5L~9 

400:1 0.562 

5.0:1 0.580 

600:1 0.588 

8.0:1 0.590 

10,0:1 00589 
----.. -----

20.0:1 00590 

50.0:1 0.592 

o • /0 .. 

I' 
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TJIBLE 6 

EFFECT (J:ti' p-crrGOlWl'llliNOL 
I, 
I 
i 

V:nnadiulll concontration ~ 135yg/25 ml 

Hydrochloric acid concentration of 

the aqueous phase ~ 2M 

"-.------_ .. 
Mol0 ratio of vanadium Molnr concentration j,bsorbance at 

to p-chloropheno1 of p-ehloropheno1 565 nm 

1:94 0001 0.640 

1:189 0002 0.649 
-------. 

1:283 0.03 0.660 

1:377 0.04 0.671 

1:472 0005 0.682 ---_. 
1:566 0.06 0.691 
~ _ ____ ._0._ •. ___ ._------

1:660 0.07 0.700 
.-.. ~.--.-

1:755 0.08 0·706 
1:943 

.. _-----
0.10 0.709 

--.---' 
1:H15 0.15 0.710 

1:1981 0.21 0.723 

1:2075 0.22 0·737 

1:2170 0023 0,750 

1: 2261• 0024 0.764 
--'-" 

1:2358 0.25 0.776 

1:2830 0·,30 0.795 

1:3773 0.40 0.795 

__ f.: 4717 
---~-

0,50 0.794 

1:5660 0.60 
.~~-------. 

0.796 

C< 0/. " 
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in no chango in tho al'sorbnnce or in colour intensity of 

the complex if tho order of Releli tion of reagents is 

changed. 

TIME: The complex is completely extracted into chloro­

form Vii thin tv/O minutes. Ohloroform extracts of the 

complex are stable for several days and hence the time 

of measurement of absorbance is not critical. The 

absorbance of the solution measured after seven days 

remains constant (Table 10)0 

VOLUME Rl,TIO: The volume of the aqueous and organic 

phase can vary from I: I to J,.: 5 without any adverse 

effect on absorbance value or extraction efficiency 

(Table 7). 
, 

IONIO STRENGTH l,ND TEMF1~W,TUHE: No significant effect 

vias noted on the absorbance of the coloured systems or 

the percent extraction of vanadium when the ionic 

strength of the aqueous phase Vias adjusted tetween I 

and 4M with hydrochloric acid and potassium chloride. 

Variation in temperature of the aqueous phase from 20 

to 360 Cdid not produce any measurable change in the 

absorbance of the chloroform extracts (Table 8 and 9). 

4.1. 3 BEER I S Ll,WJ. Ol'TIMUM COHCENTHliTION Ri_,UGE, 

SEill1!1'IVIT:f liND MOLlill hBSOHP~lIVITY: The coloured 
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cysteID obeys Deer 1 s 10';; frolJ ° 6 to 7.2 ppm of vrrnadium 

at ;;65 nlll. 

Volume of 

Vanadium concentration ~ 100yg/25 ml 

Volume 01' the organic phase ~ 15 m1 

the aqueous phase Absorbance at 

m1 565 nm 
-~ .. -~"-~. 

05 0,586 
.-------.~--" 

10 0.591 
--~---

20 0,590 

..---.-----~-- .. -,--
30 0.592 

______ ·r_~· 

40 0,588 

----------------------~,~---------------

50 0.590 

., 'l/ (\ (. 
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EJ!'FECT OF IONIC B'J~HENGTH OJ!' Tllli 1«;'UEOUI3 PHAbE 

Vanadium concentration = 100yg/25 rnl 

Hydrochloric acid concentration of the 

aqueous phase = l.OM 

Concentration of KC1 

in the aqueous phase 

M 

o 

1 

2 

3 

4 

... / .. 

Allsorbance 

at 

565 nrn 

0.591 

0.590 

0.587 

0.589 

I' 
I 
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TllBLb 9 

EFFECT OF TEMPBiu,'i'UTIE OF THl~ il~UhOUl:.) PRJ,SE 

Vanadium concentration ~ 100ug/25 ml 

Hydrochloric acid concentration = 2.0M 

Temperature of the 
aqueous phase 

0 0 

20 

25 

35 

.. / .. 

Absorbance 
at 

565 nm 

0.591 

0.590 

0.592 

0.·590 

I' 
I 
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S'rliBILITY 011 S'HE EXTR"CT 

Vanadium c r 'l1centratiol1 = 100yg/25 ml 

Hydrochloric acid concentration of 

the aqueous phase = 2.0M 

Time of measurement 

after extraction 
hour 

o 

3 

6 

12 

24 

48 

72 

96 

120 

144 

168 

.. / .. 

Abs orlwnce 

at 

565 nm 

0.592 

0.587 

0.509 

0.590 

0.586 

0·588 

0.590 

0·591 

I' 
I 
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(Table 11, Figure 5) Rnd the optimum concentration 

rrmge for the determination ns evaluated from the 

Hingbom I s plot (60) is 1. 5 to 5 ppm of vanadium 

CWig. 6), The photometric sensitivity (61) of the 

colour reaction and the molar absorbtivity are 0.0068yg 

-1 -1 of vanadium per square cro and 7500 + 70 liter mole cm 

at 565 nm respectively. 

4.1.4 PRECISION: Ten independent determinations on 

solutions eRch contRining a final vanadium 

concentration 2.72 ppm gave a mean absorbance of 

0.400 vlith a standarcl deviation of + 0.002. 'rhe 

value of relative standard deviation is ± 0.5/. 

These observations suggest that the method is 

fairly precise and gives reproduciblo results. 

4.1. 5 INFLUENCES OF DIVEnl3E IONIJ: For studying the 

effect of diverse ions on the coloured system, 

an aliquot of standnrd vanadium solution 

containing 90yg of vanndium (V) vms transferred 

to separatory funnel and to this VIas added a 

solution containing a ];nol'ln qunntity of the 

desired diverse ion. ~,he acidity of the s'olution 

vms adjusted between 2M and 3M hydrochloric 

acid. Vanadium vms oxtracted and determined 

.. / .. 
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I, 
fl'hBLE 11 I 

I 

CilLIBHHTluN CURVE DLTI. FOH 'J'lD~ DEfl'EHMINJlfnON OF Vi,NADIUM 

(V) 

Concentration of hydrochloric acid in aqueous 

phase = 2M. 

Vanadium (V)yg/27 ml in Absorbance 

chloroform at 565 nm 

15 0.088 

20 0.118 

40 0.235 

60 0·353 

80 0.471 

100 0.589 

120 Ci·707 

140 0.824 

160 0.942 --
180 1.060 
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followin~ tho procedure dOGcrilJed earlier. The tolerance 

limits for various diverse ionG arc given in Table 12. 

Most of the common ions normally associated with 

vnnndium do not interfere. PeeIII), Ti(IV), Zr(IV) and 

Mo(VI), whlch normally interfere in the determination 

of vanadium with other rengents do not interfere with 

FOHA in presence of p-chlorophenol. Tungsten (VI) 

inhibits colour development and extraction of vanadium 

when present in amounts greater thnn 5 ppm and thus 

should be removed prior to extraction and detemination 

of vanadium. The striking selectivity for vanadium (V) 

reaction with the reagent and especially the absence of 

interference of iron (III) is a fonture of this method. 

4.1.6 COMPOSITION OF THE COMPLEX 

An attempt has been made to determine the 

stoichiometric composition of the complex formed 

between vanadium (V), PGHA and p-chlorophenol 

in chloroform. Tho ratio of vanadium to POHA 

was determined by mole ratio (62), and 

continuous variation (63) methods. The ratio 

of vanadium to p-chlorophonol was evaluated by 

the curve fitting mothod (64). 



Ion 

I 

None 

Ag+ 

Al+3 

ltS+5 

-----'-

Ba+2 

Bet2 

Bi+3 

.----
Oa+2 

Cd+2 
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INFLUENCE OF }I'OHEIGN IONS 

Vanadiu]1] concentration ~ 90yg/25 ml 

~ 506 ppm 

Hydrochloric acid concentration of 

the aqueous phase ~ 3M 

Added as Amount of ion Absorbance 
II added ppm, III at 565 nm, 

0.530+ 

AgN0
3 

800 0.530 

Al(N03 )3 800 0.525 

Na
3
1ls04 600 0.530 

--~-.--~~ 

Ba012 600 0.535 
-~'--.--

BeS04 800 0.530 

Bi(N03 )3 600 0.530 

--
Oa(N03 )2 1000 0.530 

Od(N03)2 800 0.525 
.-

o • /0 • 

IV 
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Table 12 (cont'd) 

__ ~ ___ ~~=..o-o,...--==--~", ___ -~ 

I II III IV 

Co+4 (NH4 )2Ce (N03)6 600 0.530 

Co+2 CO(N03)2 eoo 0.530 

Cr+ 3 cr(N0
3

)3 600 0.525 

Cu+2 CU(N03)2 1000 0.530 

}I'e + 3 Fe(.N03)3 1000 0.530 

Ga+ 3 Ga(N03)3 600 0.535 

Hg+2 Hg(N03)2 600 0.530 

In+3 In(N03)j 600 0.525 

La+3 La(N03 )3 1000 0.530 

Mg+2 Mg(N03)~ 1000 0.530 

Mn+ 2 
~n~N03)2 1000 0.530 

Mo+6 (NH4~M004 200 0.525 

Ni+2 
N~~N03)2 1000 0.530 

NH + 
4 NH:tN02 1000 0.530 

Bn+4 BnC14 400 0.535 

Br+2 Br(N03)2 800 0.530 

'l'h+4 'l'h(N03) 4 1000 0.530 

. 0/. ~ 
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Table 12 (cont'cl) 

-------
I II III IV 

-------
Ti +L~ K2TiO(C204 )2 200 0.530 

Tl+l T12C0
3 800 0.525 

U+6 U02(N03 )2 800 0.530 

W+6 2 a2W04 10 0.525 

I'in+ 2 Zn(N03)2 800 0.535 

Zr+4 Zr(N03)4 200 0.530 

Acetate ~H3COONa 1000 0.530 

Borate Na2B407 600 0.535 

Citrate C6H807 800 0.530 

Fluoride NaF 600 0.530 

Oxalate H2C2O,+ 800 0.530 

Ferchlorate HCIOL~ 800 0.530 

Fhosphate Na2HF04 800 0.525 

Tartrate C4H606 800 0.530 

+lvlean of 3 repeatitive analysis of the same sample. 

.'. /. e 



- 44 -

The results obtained indicate the formation of 

tVIO complexes. depending upon the concentration of phenol. 

At lower concentration of phenol a 1:2:1 (Vanadium: PCHA: 

Phenol) complex is formed and at highor concentration 

of phenol a 1:2:2 (V: PCHA: PhOH) complex is formed. 

IV'JETHOl) OJ!' CONTINUOUS VlilUl,'rrONl::l: An equimolar solu·Gions 

of vanadium and PCRA were prepared. The molo fractions 

of vanadium and the reagent were varied with a constant 

total molarity in the presence of a constant excess 

of p-chlorophenol. 

'1./" • 
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'rhe maximum 1l1lf3orbance oeeured nt a [nole frnetion 

of 0,33 (LVJ/(Lv:] + [PORA]». This indicatea the 

stoichiometric ratio of 1:2 (vanadium to reagent) in 

the complex (Table 13. Fi~. 7). 

MOLE RJ,TIO lVlETROQ!, The concentration of vanadium waS 

kept constant and the mole ratios of vanadium to PORA 

wore incroased by increasing tho concentration of PORA 

in the presence of a constant excess of the phenol. 

The absorbances were plotted a~ainst the mols ratio 

of PORA to vanadium (Fig. 8). The two straight lines 

( the initial and final parts of the curve) vlOre extra-

polated which interesect each other at a mole ratio of 

1:2 (vanadium to FORA). This indicates the combining 

ratio of 1:2 (V: PORA) in tho complex. 

CUHVE FITTING METROD: The concentrations of vanadium 

and PORA nere kept constant and the concentration of 

p-chlorophenol wi).8 varied. 

To determine the ratio of vanadium (V) to phenol, 

tho absorbance was plotted agains the molar con-

centration of p-chlorophenol. 

11s evident from Fig. 9 the curve has two infloction 

points. The slope of both straight parts of the curve 

appr'oaches very closely to the integer 1. This 

I, 
I 

I 



Vanadium 
Xml 

1 
2 

3 
3.3 

4-

5 
6 

2 
8 

9 

Tid3LE 13 

JOB I S METHOD OF C()IlTINUOUS VMU,;TIONb 

Concentration of vnuadium 

solution = 1.0 X 10-3M 

Concen-tration of PCHl, 

solution = 1.0 X 10-3M 

Concentration of p-chlorophenol in the 

organic phase = O.4-M 

Hydrochloric acid concentration of the 

aqueous pl1Use = 2M 

Water Reagent Chloroform Abssorl)ance 
(lO-x)ml (lO-x)ml Xml at 565 nm 

2 9 1 0'200 
8 8 2 0.572 

7 7 3 0.803 

6·2 6.7 3.3 0.824-
6 6 4- 0.285 

5 5 5 0.200 
4- 4- 6 0.582 

3 3 7 0.4-35 
2 2 8 0.290 
1 1 9 0.14-6 

. '0 __ / ... 
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MOLPZ FRACTION OF VANADIUM. fV~~~l 
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suggests the ratio of vanadium to p-chlorophenol to ho 

1: 1 clOd 1: 2 dependine; on the concentration of 

p-chlorophenol. 

Thus, the results favour the formation of a 1:2:1 

and 1:2:2 (metal/PCHA/p-chlorophenol) ternary complexes. 

The extraction equilibria may thus be expressed as 

follow (45,65,53,55): 

In the absence of p~chlorophenol a 1:2 (metal: 

ligand) comples is extracted: 

and the equilibrium constant is given by 

131 ,2 = 
[VO(201\)OHJ org [H+J aq 

]n the presence of p-chlorophenol, the reaction takes 

place in two steps. At 10Vier concentration of 

p-chlorophenol a 1:2:1 adduct is formed 

and the formation constant is given by 

[VO(20A)OH.PhOHJ ore; 

[VO(20A)OHJ org [PhOHJ org 

.. / .. 
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At higher concentration of tho phenol, 1:2:2 adduct is 

formed 

VO(20A)OH.PhOHorg + PhOHOrg;;;'= VO(20A)OH.2PhOHorg 

and the formation is given by 

~ [VO(20ll)OH.2PhOHJ org 1,2,2 '" -

[VO ( 20 •• ) OH. PhOH] 0 rg [PhOH] org 

The overall reaction can be represented as 

VO~aq+ 2HOAorg + 2PhOHorg~ VO(20il.)OH.2PhOHorg 

+ 
+ Haq 

and the extraction constant can be expressed as 

Kex = 
[VO(20A)OH.2PhOH"1rg [H+]aq 

..... 

The distribution ratio is then given by 

D = 1,2,2 

[VO(20A)ORJ org + [VO(20A)OH,PhOhJorg+ [VO(20A)OH.2PhOHJ?1fi. 

[VO~]aq 

or D1 ,2,2 = i31 ,2[HOAJ;rg (1 + i31 ,2,1[PhOHJ org + 131 ,2,1 131 ,2,2 

The subscript aq, org, HOA and PhOH denote aqueous 

.. / .. 

L 
i 



phase, organic phase, hydroxmilic acid and phenol 

rospectively. 

The distribution ratio, Dl ') 2 is a function of , '- , 
the concentrations of reNjont, phenol and H+. Thus 

phenol may be co-ordinatecl to the VO(201t)OH complex 

through the basic V ~ 0 group and enhance the distribution 

coefficient of the metal in the chloroform phase.· 

4.1. 7 APPLICATION OF THE IJIETHOD: The validity of the 

present method vms tested by determining the 

vanadium content of steel samples; Since the 

standard steel samples were not available, a 

synthetic samples Vlere prepared by mixing the 

constituent metal salts in the same proportion 

as they are present in British Ohemical standard 

steel No. 64a, 64-b, 241/1 and 272. The results 

of the analysis are given in Table 14. 
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DETEHMINATION OJ:!' V"N1,DIUM IN BOSa STEELS 

BOS steel Vanadium foundb Vanadium added Standard 
No / / deviation 

64a 1.56 1.57 + 0.0030 

64b 1.97 1.99 + 0.0020 

241/1 1.55 1.57 + 0.0028 

252 0.45 0.46 + 0.0025 

aEri tish Chemical Standards, b Ilverage of 5 determinations. 

Composition of steel: 

64a V, 1.57, Cr, L~.40; Mo, 4.11; \If 5.66/. 

64b V, 1.99; Gr, 4.55; Mo; 4.95; W, 7.05/. 

241/1 V, 1.57; Cu; 0;1; Si 0.33; Sn, 0.025; P, 0.021; 

S, 0.033; Cr, 5.03; Mo, 0.52; Ii, 19.61; Mn, 0.295; 

Co, 5.67; Ni, 0.075/. 

252 V, 0.46; oi, 0.24; Mn, 0.016; Ni, 4.10; Cr, 0.20; 

Mo, 0.007; Cu, 0~11; Co, 0.04; Sn, 0.001~/. 

4.1.8 COMPhRISON '/11TH OTHER METHODS·: Several reagents 

have been recommended for the spectrophotometric 

determination of vanadium (V) (39 - 49, 66 - 78) • 

• • /0 • 

I' 
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Most of these methods lack selectivity and suffer from 

the interference by iron and one or more elements such 

as copper, nicel, cobalt, chromium and nwngonese which 

are commonly ossociated Vlith vanadium in alloys ond 

complex materials. The non-selectivity of a reagent 

seriously limits the usefulness of most of the methods. 

N-phenylbenzohydroxamic acid (46) and its 

analogues (17 - 20, 27 - 32) have been commonly used as 

selective reugents for the extroctive photometric 

determination of vanadium (V) in concentrated hydro­

chloric acid medio. However, Ti (IV), Zr (IV), Mo (VI) 

and vi (VI) interfere seriously. It has Rlso been shol'm 

by some workers (79,80) thRt extraction is not quanti­

totive because of the portiol reduction of vonodium (V) 

in concentrO-Ged hydrochloric ocid media. 

A number of drawbocks mentioned Rbove are successfully 

eliminoted in the proposed method. ' In the presence of 

p-chlorophenol, the extraction of vonadium (V) is 

quantitative in dilute hydrochloric acid medium and 

there is no partinl reduction of vanadium (V) (81). 

The proposed method is highly selective and most of 

the common ions including Fe(III), Ti (IV), Zr (IV) 

and Mo (vI) do not 'interfere. The sensitivity of the 

method is good and the net hod is free from the rigid 

control of experimental conditions. The comparison of 

I 
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the present method v/ith tlw common methods used for the 

determination of vanadium is summarised in Table 15 and 

16. 

SENSITIVITIhS v}i' THE IviliTHODIJ J<'OH VJ,NJdJIUM 

Reagent Colour of A-max lJensitivity Reference -2 

Hydrogen peroxide 

Phosphotungstic 
acid 

Tropolone 

3-Hydroxyl-l,3-
diphenyltriazine 

1-(2-Pyridylazo) 
2-naphthol 

8-Hydroxyquinoline 
(chloroform extn) 

8-Hydroxyquinoline 
in presence of p~ 
phenylphenol 

1,2,3-Phenyloxy-
amide 

complex 

Brown red 

Yellow 

Blue 

Yellol'l 
green 

Blue 

Magenta 
black 

Blue 

Blue 
violet 

. 0/' • 
, \" 

nm )lgVcm 

450 Varies with 66 
acidity 

400 0.027 67 

590 O.Oll 68 

410 0.0078 69 

615 0.003 72 

550 0.016 75 

620 0.008 52 

560 ,0.011 48 
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Table 15 Conlt 

Heagent Colour of il.-max Sensitivity Refer.ence -2 complex nm ugVcm 

N~liydroxy-N-(m- Greenish 620 0.007 55 
tolyl)-N-(5-chloro blue 
-2-methylphenyl)-
p-toluamidinehydro-
chloride in presence 
of I:J-naphthol 

Benzo-hYdroxamic Red 450 0.014 77,78 
ac·id 

N-Phenylbenzohydro- Violet 530 0.011 46 
::mmic -acid 

N-Phehylcinnamo- Bluish 540 0.008 20 
hydroxamic acid violet 

N-Phenylcinnamo- Bluish 
hydroxamic acid in violet 565 0.0068 
preSence of p-chloro 
phenol 

N-Phenylcinnamo- Green 590 0.0068 -
hydroxamic acid 
in presence of 
thiocyanate 

.. / .. 
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Tl,J3LE 16 

SEI,ECTIVITIES OF THE METHODS l<'OR VANADIUM 

Reagent 

Hydrogen peroxide 

Phosphotungstic acid 

,Tropolone 

3-Hydroxy-I,3-
diphenytriazine 

, 1-(2-Pyridylazol)-2-
naphthol 

8-Hydroxyquinoline 
'(Chloroform extn) 

B-Hydr:oxyquinoline in 
, 'presence of p­

phenyl-phenol 

'1;'2,3-Phenyloxyamic1ine 

i .. , 

, "'N_Hyd;poxy-N-(m-tolyl)­
, N' '(5-chloro-2-methyl 

phenyl) p-toluamidine­
hydrochloride in 
presence of \5-
na:ghthol 

Benzohydroxamic ~cid 

llcidity 

0.6-6N 
H2SO4 

0.5N 

5.5-7,OM 
HCI 

3.0-6.0 
PH 

3.5-4.5 
PH 

3.5-4.5 

2.5-5.0 
PH 

1.0-1OM 
CH3COOH 

0.OO-3.0M 
CH3COOH 

1.2-5.5 
PH 

N-Phenylbenzohydroxamic ).0-9.0M 
acid HCl 

. '- / .. 

Interference 

Fe,Cr,Mo,Ti,VI " 

Fe,Cr,Cu,Co, 
Mo,Sn,Sb,Ti 

Mu,Br,I 

Fe,Mo,Ti,Cr, 
0u 

Fe,Cr,Cu,Mli 
Og 

Fe,Cu,Ti 

+ 

Ti,W 

IV + 

Fe,Mn,AI 

Ti,Zr,Mo,W 

Reference 

66 

67 

68 

69 

72 

75 

52 

48 

55 

46 
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Q1"ble 16 cont I d 

Reagent ilcidity Interference Reference 

N-Phenylcinnarno­
hydroxarnic acid 

N-Phenylcinnarno­
hydroxamic acid in 
presence of p-chloro­
phenol 

N-Phenylcinnarno­
hydroxamic acid in 
presence of thio­
cyanate 

3.0-7.51(1 
HOI, 

1. 0'-3. OM 
HOI. 

Ti,Mo,W 

w 

Fe,\'{ 

+Interference of iron is eliminated by using 
masking agent • 

.. I·· . 

20 

j' 
I 
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4.2 VhNi,]JlUIvl (V)-- PGHlt .. f)CN MIXKIJ COMPLEX 

CHLICE OF SOLVENT FOR EXTHliCTION: Devernl non-

pOlar organic solvents such as chloroform, 

carbontetrachloride, 1,2-dichlorobenzene, benzene, 

toluene, xylene and diethylether were found to 

extract the ternary complex from the aqueous phase. 

Chloroform vms preferred because the reagent is 

more freely soulble in it than in other solvents 

and with it the quantitative extraction of the 

complex is readily accomplished. 

4.2.1 i,BBORF'I'ION SPBOTRlt: The absorption spectra of 

the reagent, vanadium (~)-POHA complex and 

vanadium (V)-POHA-SCN complex in chloroform 

are shovill in J!'ig. 10. The pink coloured 

vanadium (V)-POHA complex has maximum 

absorption at 510 nm vlith a molar absorptivity 

of 4300 l.mole-lcl'l-l, y,hen the vanadium (V)~ 

PCRA complex is extracted in presence of 

thiocyanate, the colour of the complex 

changes green and the wavelength of maximum 

absorption shifts to 590 nm with a consequent 

increase in molar a11sorptivity. Thus the 

formation of mixed ligand complex is 

accompanied with a hyper and bathochromic 



z 
o 
I", 

0-4 

(l. 0.3 
oc 
o 
(J) 

OCt 
« 

0'2 

0·1 -

" 

... ". .... , 
'k~_.~_A o 0 ______ ~-:-:'-:::..:-::...~::.-~~:=:.~-~:~.:::::...$~:~-~-'.~~.:~1~~·:=...::f~-4r--~.:.:.2t.::.::r 

. 450 490 !S30 510 610 6[:i0 

Fig.IO At3S0RPTI01~ SPECTRA OF: 
~3 

A.PCHA(C "2.(0)(10 M) 
R _0 

B. VAN.ADIUM(V)-PCKA COMPLEX(Cv~ 7.0"~IO"I,n 

C. VM·IADIUM(V) -l"CHA-SCN COMPLEX 

(Cv" -r-O"txI0
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shifts r; 

4.2.2 EFFECT OF VLRIABLES: The influence of various 

experimental parmneters on the extraction and 

determination of vanadium (V) as mixed complex 

has been studied. The effect of particular 

variable vms investigated by determining vanadium 

following the recoJllJllended procedure described 

earlier, keeping all the experimental conditions 

constant except tho ono under study. 

ACIDITY: The optimum acidity range for the 

extraction cmd maximum colour intensity Vias found 

to be 3.0 to 7. OM I'li th respect to acetic acid 

(Fig. 11 Table 17). Acetic acid was found to 

be tho best.a~ong the common acids employed for 

extraction of the vanadium complex. Hydrochloric 

and sulphuric acids are unsuitable for adjusting 

the acidity of the aqueous phase because the time 

required for complete oxtraction varies from 5 

to 10 minutes and tho complex is unstable • 

• e / •• 
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TJtl3LE I? 

EPPECT OP JlCETIO ACID CONOENTHl,TION ON TIlE EXTRIlOTION 

OP VANIlDIUM - POlIA - BON ~;IXED COMFLEX INTO CIlLOlWPORM 

Vanadium concentration = 90yg/25 m1 

Concentration of acetic acid Absorbance 
in the aqueous phase at 

M 590 "nm 

0 01177 

1 0.499 

2 0.519 

3 0.527 

4 0.531 

5 0.534 

6 0.525 

7 Q.528 

8 0.511 

9 turbid 

.. / .. 

I' 
I 
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FIO·II EFFECT OF ACIDITY OF THE AQUEOUS 
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Nitric acid is also unsuitable because it oxidizes the 

reagent; where as both the reae;ent and the complex 

extracted from acetic acid medium are stnble and the 

extraction is readily accomplished within 2 minutes. 

AMOUNT OF REJ,GENT (FORA): A 1:4 molar ratio of 

vanadium to reagent was found to give maximum colour 

intensity (Table 12)~ The reagent and the ternary 

complex of vanadium have well separated absorption 

peaks 80 that excess of the reae;ent does not inter-

fere in the photometric determination of vanadium. 

AMOUNT OF THIOOYJu'llcTE: A 300 fold molar excess of 

thiocyanate was found to be adequate extraction of 

vanadium (Table 13). it further excess of thiocyanate 

has no effect on the extraction of vanadium. 

OEUER OF ADDITION OF HEAGENT: The order of addition of 

thiocyanate is critical. There is no colour reaction 

if thiocyanate is added before the extraction of 

vanadium-PORA complex in chloroform. Hence, thiocyanate 

is added after the extraction of pink coloured 

vanadium-PORA complex in chloroform. 

TIME AND TEMPEHATUllli: A shaking time of 2 minutes is 

sufficient for the COmIJlete reaction of vanadium--PORA 

complex with thiocyanate to form the mixed ligand 

.. / .. 

" I 



- GO -

complex. The chloroform extracts are stable for at 

Tll13LE 18 

bTld3ILITY Q}1' 'Clm EXTHllCT 

Vanadium concentration = 90~g/25 m1 

Acetic acid concentration of the 

aqueous phase = 4.0M 

Time of measurement 

after extraction 

minute/hour 

Absorbance 

at 

;:'90 nm 

o 0.530 

0 •. 5 0.532 
1 0.529 , 

---~"---.----=..;,,,=-~,-,-, -:-----
1.~ 0.530 

__ ~ __ ~2~ _____________ ~0~.528~ ____ __ 

______ ~3 _____________ ~O~.~5~27~ ____ ___ 

4· 0.53Q 

12 0.527 

24 0.529 

48 0.533 

.. / .. 

j' 

I 
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Vanadium concentration ~ 90}lg/25 m1 
Acetic acid concentration ~ 4.0M 

Tempernture of the aqueous phase Absorbance 

°c 590 nm 

20 0.530 

25 0.532 

30 0.531 

35 0.530 

.. /. '. 

at 

/, 
I 
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EFFECT OF 1.MOUNT OJ!' REf,GENT (FOlIA) 

Mole 

-

Vanadium concentrntion in the orr;anic 

phase = 4.0 X 10-5M 

ilcetic acid concentration in the aqueous 

phase = 3.75M. 

ratio of rea[';ont to hbsorbance at 

vanadium 590 nm 

O.Ll~.:l 0.065 
0.6:1 0.094 
0.811 0.122 

1:1 0.153 
1.5:1 0.196 

2:1 0.235 

~11 ().225 

'±!.L.. 0.298 

6,:1 0.300 
8:1 0.302 

10:1 0.301 
20:1 0.300· 

~0:1 0.302 

I, 
i 
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EFFECT OF THIOCYJilMTE 

Vanadium concentration in the 
aqueous phase ~ 2.0 X 10-4M. 

Jlcetic acid concentration in the 
aqueouG phaGe ~ l~M 

ratio of thiocyanate' Molar concentration Absorbance 

to of thiocyanate (in at 

vanadium the aqueous phase) 5'10 nrn 
M 

00:1 0.00 0.34-5 
50:1 0.01 0.:290 

100:1 0.02 0.436 
150:1 0.03 0.481 

200:1 0.04 0.52Z 
250:1 0.05 0'266 

300:1 0.06 0.603 

35011 - 0.07 0.602 
400:1 - 0.08 0.602 .. 
500:1 0.10 0.600 

100Q:l 0.20 0.601 
2000:1 0.40 0.602 

.. -----
3000:1 0.60 0.604 

400011 0.80 0.600 

500011 1.00 0.600 

I' 
I 
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of the chloroform E!cltracts repwins unaltered by 

variotion in temperature of the aqueous phnse from 20 

IONIC IJTHJENGTH l,ND VOWIV,E Ub' lll,;mmOUI3 PHMJE: The 

nbsorption of the coloured cystem and the extraction of 

vanadium are not affected by the chan~e in ionic 

strength of the aqueous phase from 3.0 to 8.0 ~ram 

moles per litre wj;th potassiulQ chloride, sodium 

chloride, ammonium chloride and ammonium nitrate. The 

volume of the aqueous phaGe can vary between 10 to 50 ml 

'without affecting the mixed ligand complex formation 

and its subsequent extractio. (Table 22). 

4.2.3 BEEfrl~ Lilli 1 Ol'TIMUlVl CONCENTRATION t MOLAR 

AB130RlTIVITY AND SENSITIVITY: The coloured 

system obeys Beer's Law from 0.8 to 6.4 ppm of 

vanadium (Table e~, }i'ie;. 12). The optimum 

concentration on the basis of Hingbom's (60) 

plot (Fig. 13) is 1.5 - 5.0 ppm of vanadium. 

The molar ubsorptivity of the ternary complex in 

chloroform is 7500 litre mole-lcm-l with a 

photometric sensitivity (61) of 0.0068}.lg of 

vanadium per cm2 • 

4.2.4 PHECISION: The relative standard deviation of the 

I 
\ 
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method, culculn be([ from the absorb,lYlce valueB of B~lJJlples 

each containing Ie ppm of vanadiym is founel to be :t 0.55/. 

Tl\BLE 22 

EFF.LCT OF IONIC BTHENGTH eli' THE 11'<.UEOUi3 PHl,bE 

Vanadium concentration ~ 90ug/25 ml 
Acetic acid concentration of the aqueous 

phase ~ 3.0M 

Concentration of NaCl Absorbance at 
M 590 nm 

0.0 0.529 

1.0 0.530 

2.0 0.528 

3,0 0.529 

4.0 0.529 

5.0 0.530 

iii .• /. r-

I' 
I 
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El<'IfECT OF VOLUME OF 1.'IIE M;,ULOUS IHlibE 

Volume 

Vanadium concentration = 90)lg/25 ml 

Volume of the organic phase = 10 ml 

of the aqueous phase Absorbance at 

ml 590 nm 

05 0.533 

10 0.53L> 

20 0.531 

30 0.529 

40 0.530 

50 0.528 
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01lLIBH1ITION CUHVE Dl.Til 110H DETEHIIUNllTION OF VANADIUM eV) 

Concentration of acetic acid in the aqueous 
phase = 5M 

Vanadium llbs-orbance 

pg/25 m1 in chloroform at 590 nm 

15 0.088 
." . . 

25 0.147 

50 0.294 

75 0.442 

100 0.590 

125 0·736 

150 0.886 

160 0.942 

.. / .. 
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11-.2.5' EHHE(;~1 O1i',JU,YBRliE IUNS: In order to assess 

possible analytical aJ)plicat~ons of the reaction, 

the effect of diverse ions on the extraction and 

deteJ:mination of vanadium CV) was studied by 

adding a known amount of the ion in question to 

a solution containing 100yg of vanadium and 

proceeding as in recomr'wnded procedure. 

Al(III), AsCV),BaCII),BeCII),BiCIII),Ca(II), 

CdCn), CeOV), COCn),CrCIII),CuCn),GaCIII), 

HgCII) ,InCnI) ,LaC III) ,MgC II) ,MnCn) ,NiCII) ,Pb(II), 

SnCIV),SrCII),Sb(V),Th(IV),TICI),U(VI),~CII), 

ammonium,-. acetate, borate, citrate, oxalate, 

perchlorate, phosphate, sulphate, and tartarate 

do no'!; interfere with the determination of 

vanadium even when the neight ratio of each of 

these ions to vanadium is 200:1. TiCIV), ZrCIV) 

and MoCVI) also do not interfere when tho weight 

ratio of eFch of these ions to vanadium 50:1. 

FeCIII) and liCVI) interfere with the 

determination of vanadium. Interference due to 

Fe(III) is a serious drawback of the method, 

however, it may be eliminated by the use of 

suitable masking agent. 
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LI-.:>.6 COMJ:'ObI'L'ION OF ~'H1\ ()OlfllU;X 

The composition of the complex vms determined 

by different methods. The job'n (63) nnd mole 

ratio (62) methods vl8re employed to determine the 

ratio of PCB A to vanadium and curve fitting 

method (6Li.) ViaS employed to determine the ratio 

of thiocyanate to vanadium. The results obtained 

indicate the formation of 1:2:2 (V:PCRA: bON) 

ternary complex. The experimental details are 

dencr'ibed below. 

JOB'S METROD OF OU!"'IUUGUq VAlUATIONS: The mole 

fractions of vanadium and PORA vl8re continuously 

varied with a constant total molarity by mixing 

the different volume;; of equimolar solutions of -

vanadium and PORA. Thiocyanate concentration was 

kept constt'llt but in excess. 

The absorbance of the extracts were measured 

at 590 nrn (Table 27) and plotted against the 

mole fractions of vanadium (Figure 14). Maximum 

absorbance occured at a mole fraction of 0.33 

([V]/([V] + [PORA]» (Fig. 14). 'flhis suggests 

the combining ratio of 1:2 (metal: ligand). 
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J'on I S I,!UJ'HOlJ OF C(;HT.lNFQ<.JSVJ\lUWlONS 

Concentration of vanodium 
-3 solution a 1.0,X 10 M 

7-
Concentration of PCHA solution'" loG X 10-:'>M 

Concentration of thiocyanate in the 

aqueous phase '" 0.25M 
Concentrntion of (lcetic ncic! in 

nqueous phase", 3.75M 

Vnnadium 'i!,1ter Heap;ent Chloroform Absorbance at 
Xml (l0-x)m1 (lO-x)[~l Xml 590 nm 

1 2 2 1 0.300 
2 8 8 2 0.582 -
3 2 2 3 0.826 

3.3 6·2 6·2 3.3 0.820 
4 6 6 4 0.800 

5 5 5 5 0.218 

6 4 4 6 0.608 

2 3 3 7 0.4:24 

8 2 
.......... ----------- 2 8 00300 

9 1 1 9 0.155 

MOLE HllTlO METHOD: In this method the molar concentration of 

vanadium 'Ims ](ept constant and tho mole ratio of reagent 

to vanadium were varied. A~ain the thiocyanate con-

centration was kejYG constant but in excess thro~hout 

the experiment. 

• • / • 0 
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0:l1e subseript nq, org, and HOll denote aCJueous phase j 

orcrmie pllaf;fj and hydroxD.f1ie acid, 

Thus tho dif;-cribution ratio of vanadium is a funetion 

of the concentrations of reagent in or5anic phase and 

that of thiocyonate in the aqueous phase, 

The following structures are prol;osed: 

PeBA 
"'4 r ____ t-H 

(1 ! & 
I~ n SON SON I P., 

PeBll ;----r;:;7 8l.-'v+; 
"---/_--~-~CN " 

I~ SCNSON '_ 71-- " 0 

I sffiil 
POBll 

-1/ __ v:f 
'0 

1 
and structure, I, will have the following isomers. 

Jk- POHA 

~7~5Z ( 
U-I SON 

S(i)N 

"' 7 

o 

f1 
P., 

SUN 

V+ 5 ,,_~- ;;, 
/ --J CN o 

P Hit 

The IUPAC name for structure I is oxocUthiocyanatobis-

(PCl:lA)vanadium (V). 
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e 2 tJ 7 CCMJ?llH1SUN- /~ l~i:H OI.!~HEH I'.:J~~::IIODD: JdHong the f>evorDJ renge1}tifJ 

recommonded for the spectrophoto!)]etrlc determination of 

vanEtdium (39), hydrogen peroxide (66), phosphotungstic 

acid (67), 3-hydroJ;y-l, 3-diphnyl trialine (69,70,71), 

pyridylazophenols (72-74), tropolono (68) N-hydroxy 

N-o,N-diarylbenzamidines (48,83), benzohydroxamic acid 

(7';-,78), N-phenyl benzohydroxamic acid (46), and its 

anEtlogues (27-30, 39,46,91,92) are in general use. 

The comparative study of the proposed method with the 

other well Imol'lll method is summarised in Table 15 and 

16. 

The proposed method is simple, rapid and highly sen­

sitive-. Most of the common ions do not interfere, however, 

the method lacks the selectlvity due to the interference 

of iron which is almost always associated with vanadium 

in alloys and COml)lex materials. One of the distinct 

advantage of the present method over the v/idely used 

N-phenylbenzohydroxamic acid (46) is the extraction of 

vanadium from acetic acid medium insteRd of hydrochloric 

acid medium in which the eJctraction is not quantitative 

due to the partial reduction of vanEtdium (79,80). It 

should be noted that m€,gt of the common methods used 

for the determination of vanadium also suffer from the 

interference of iron and some other metals. 
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CONCLUGION 

New sensitive and selective methods for the extraction 

and photometric determination of vanadium (V) vlith N-

phenylcinnamohydroxamic acid have been developed on the 

basj_s of synergic extraction and mixed ligand complex 

fODmation with p-chlorophenol and thiocyanate. The method 8 

m-:e simple, rapid, precise, accurate and free from the 

rlgid control of experimer.tal conditions. Most of the 

common ions normaly associated with vanadium in complex 

materials do not interfere. Both methods are applicable 

to the analysis of complex nmterials for vanadium. 

I' 
I 
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