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ABSTRACT 

So lv Gnt Extract i on and S~zctr~~hotomctrjc Determ i nat i on o f 

Vanadium (V) with N- Pheny l cinnamohydroxam l c Acid and Az ide o r 

Tri ch l o r oacet ic Acid 

by 

Alemaychu Abcbaw 

R. Adv is o r Dr . B . S . ChandravC1nshi 

N-phcnylcinnamohydroxamic ~c'd. PCHA , was found to react 

with vanadiuM (V) in the presence of azide or trichlo r oacetic 

ac i d (or chloroacetic ac i d) to form wcter insoluble hluish -

violet and redd i sh - violet comp l qxes , respectively. Th e v ane -

dium (1) -PCHA- N
3 

complex was quantitatively extrac tabl e into 

ch l oro f o r m and other organic so lvonts at 0 . 03 - 1. 5 M acid it y 

with r espec t to Hel . Whi I e th, va nad ium (V) - PCHA- TCA,\ \~C'lS 

quant l tat ivc ly ext r actab l e at 2 - 5 M ac idity with respoct t o 

trich l o r oacet ic acid , TCAA. The vanadium (V) - PCHA-N 3 and 

vaniJdium (V) - PCH,A - TCAA comploxcs hav~ absorrtion max i ma in the 

visible region at 560 and 542 nm with mo l ar abso r ptiv ity o f 

6300 and 7750 
- I - 1 

I mole em t respect! vo Iy . The co lo r ed systems 

obeyed Boer 's law in the concontration range of 0 . 9-10 ["pm o f 

vanadium in the presence of az i je and 0 . 60 - 8 . 0 p~m o f vanadium 

In tho presence o f trichloro~cctic acid . The comDos i tion of 

the comp l exes h ave been det0rminod and found to bi) 1:2:1 (V :Pa-lA :N3 ) 
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and I :2: I (V ; PCHi\ : TCAA) . Tho e f fect o f fo r Qi gn i o n s an d ot he r 

exper i me nta l v~r i ab l cs on the oxt r acti0n and rleterm inat i nn of 

v anad i um (V) h ~ v c been st ud i od I n bn t h systems . On the b ns l s o f 

those s tu d i os t wo s i mp l e , p r oc i se , sens i tive and h i gh ly sc l cc ­

t i V0 methods ahvc been deve l oped f or determ i nat i on 0 f v anad i um 

(V) by solvon t ext r action anC srect r orhot0mot r y . Th e t wo new l y 

de v o l oped mo t hods ah v c: boon uflp l ied f o r the success f u l de t e rm i ­

n ati on of vanad i um i n stoo l and b l ood samp l es . 
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I . I NTRODUCT I ON 

Vanadi urn hC'ls an abundance in nature o f about 0.02% (I) . 

I t is widely spread but the r e ?ore fow concentrated do pos i ts . 

Its impo r tant mineral sou r ces a r e pat r onlte (a complex s ulfide) , 

vanadin i te r Pb5(V04'3Cl ] I and carnotite [ K(U02)V04,3/2HZO] . 

Very pure vanadium is r are, because , It is qu i te reactive towards 

oxygen, nitrogon , a nd carbon at the elevat ed t empe r atu r e used in 

co nvent i a na I thermomota II urgi ca I processes . 
S ince it s ch i ef 

commercia l usc i s in al l oy stoe t s and cas t iron , to which it 

l en ds duct; 11+y and shock r es i stance , comme r c i a l p r o du ctldl n is 

mainly as a n Iron al loy, f o rrov anad ium (2) . 

a catalyst both In nature and in i ndust ri es . 

It i s also used as 

Vanadium has beon shown to r eplace molybdenum in th e nitro­

gen - fixing function of Azotob~cter chrococc u~ but not of othe r 

species (3). 
The a lgae scendcsmus exnibits improved photosyn -

thesis in the presence of vanadium , which may thus be be neficial 

or rcqui red for th e process (1\) . 
The role o f van ad ium i n normal 

?-nima ! metabol ism Is not completo ly understood . Rather ex ten sive 

liter~ture exists on the tox i co l09Y o f compo unds o f this meta l 

and its distribution in p l ants and anima l s (4) . 
It is ubiqult -

ou s, but there Is no conclusivo evidence avai lable wh i ch suggests 

th at van adium is essent i a l in normal metabo li c p r ocesses in anima l s . 

I . I Analyt ical Chemistry of Va nadium 

The oxidat i on state of vanadium in compounds var i (:s from-I 

to 1' 5. In some r eact i ons vanadiuM i s s i mi tar to the other e l eme nts 
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(niob i um l t a nt a l uM) o f Group VB: somot i mes a l so to mo lybd e num 

and tung s t e n o f Gr oup VIS . 

In aqueous solut i on vanad ru m most frequent l y Occu r s as th e 

co l ou rl o ss v anadate (V) i o n wh i ch f o rm s y o ll ow po l y ac id s i n 

s t r ong ly ac i dIc med ium . Va nada t o can be re du ced consec ut i ve l y 

to th o blu e V(JV) or [V O( I I » compounds , t he g r eo n v a n ad ium ( II I) 

sa lts , and fin a lly to th e v i c l ot v an ad i um (II) s a lt s . 

QuInqu e v a l en t and qU"ld riv <'J l o nt vanad ium h a vo a p r e dominant 

affin ity fo r oxygon as donor a t oms . In comp lox compou nd s vanadium 

(V) has co-o r d i na ti on numbo r s i x ~nd r rob~bly f o r ms octahed r a l 

spec i es . Venadium (IV) comp lex has a squa ro py r am id con fi gu r a -

t i o n, which i s tr ans formod to a n octahed r on through co- o r dina tion 

of a fur t he r I i 9and . Van ad iuM (I I I) has afton a co- o r dination 

numb o r o f s ix in comp l exes wh i ch ma y be f o r med with ligands con -

tain i ng 0 , N o r S as donor atoms. B i va l e nt v anl)d i um i s usua ll y 

h c x<'l co-ord i nate , form i ng octahed r a l complexos with oxygen or 

nitro~e n containin g li gands. Th e compl oxes o f vanadium in the 

o th e r ox id ati on states are r a r e and have no t f o und zpp l ic ation 

in an <:l lyti cC! 1 chemistry ( 1, 5) . 

D t. j-j n 'r:.~ -:: "''' r ''t l ,~ 'f Vi'n:1f' i u'" (f): Th _ n;,n - brrwn 

co l o r p r oduced wh on an ac i d so l ut i on o f vanadium (V) i s t r eated 

with h y d r ogen peroxide is thought to be duo to tho forma t ion of a 

• compou nd o f t ho type 02 V X3 o r poss i b I Y [ 02 V X
5
] 

ll. I a r ge excess 

of hydrogen ['Je r oxlde changes the color o f the solution from r ed ­

b r o wn t o y e l l ow and reduc05 th(; colo r intens Ity , Supposed ly by a 

s hi ft i n t ho equ i Ilibrium. 

· -
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2V02 (OHl
3

<3H
2

S0
4 

yo I tow 

[ I ) 

Even tho ugh othe r metals Ilko titaniulTl and molybdenum <VI) give 

colces with hydrogen peroxide, tho above color reaction i s mostly 

employed for th e: detection o f vanadIum . fhis i s because the tita-

nlum co l or can be bleached by fluoride , which in mode r ato amounts 

docs not <:lf f cct the v?lnad lur."I color . Because of its fa i rly s trong 

ox i dizing po wer i n acid med i um , vanadium (V) transforms various 

organ i c cowpounds i nto cotarad p roducts which can be made to Servo 

as the b;:lsis for qUDlifativ.:.. t ests and determination of vanadium 

(V) by indi reef methods . Among reagents in this cntegory are 

dipheny l am ine and diphenyl?mino sulfon ic "Icid (tofu.::: co l or) , 

3, 3'-dimcfhy l naphthidinc (rad· violet color) , b9nzid i ne (yellow 

color) 8nd st rychnine (viol"t color rassing into oroI1ge). The 

interforenc0 of f0rric ion can usually be prevenh.d by addition 

of phosrhoric acid. 

Vnncd ium can be separated from other met~!s by different 

methods which includes , precip i tation methods , extr~ction methods , 

pape r chromatographic separat i on and by use of anion-exchange resin. 

A usefu l way of separating vanadium from iron , titen i um, etc ., is 

by fUSing the sample with sodium carbonate (together with a littl e 

potass i um nitrate if ne cessa ry) or sod ium peroxide and I cach ing 

th e me l t with wate r . Ammolli a p r ocipitation in the presence of 

f e rric i r on serves to separate vanadium (V) at high d i l utions . 

Ten mg. o f iron in a liter i s su ffi cie nt for complete precipitation 

of as much as 30pg. van ad ium. The fin a l pH of the so lu tion should 
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bo 6- 7. EI£mcnts such as chromium (III) fTlolybdonum (VI), t ita-

nium ( I V) and tin coprccip it ~to. 

Vanadium (V) cupfo rr at.J , lik e most othe r c upfe rrates , is 

solublo in chlo r oform and otho r brgan l c so l vents . S in ce vanadi um 

c up f er r ato can be qU?lnt l tativt. !y precipitated in a di lute mineral 

ac i d medium, i t may ba infe rred that it can be ex tracted by 

ch loro form from tho same medium. Vanl"ld i urn (V) can b,= o xtrBcted 

fr om a weakly acidic so luti on (opt i mum pH 3 . 5- A. 5) with a ch loro-

fo rm so l ut i on of 8- hydroxy qu i noline . This separation was fi rst 

appl i ed as a means of isol~ting , vanadium froM the fl litercd 

leach of sodium carbonato melt and separatinq it from chrom i um 

(V I ) • I\ ft e r evaporat i on of the chloroform , the residue can bo 

fus od wi th sodium carbonat~~ ~ncJ vanadium transformed i nto vanadat£! . 

1\ cons i dorab lo number of mct~ l s arc oxtracted in weak l y acid i c 

so l uti on, not('Jbly i ron (I II ), mo l ybdenum (Vll , CO~rGr , and , ra r tly , 

a l uminum . 

M9thods for Determination o f V~n~d i um: It has been reported 

that vanadiuM can be determinod by g r ~vimct ric (8,9) , Volumetric 

(9 ,1 0) , and atomic abso r ption spoctrosconic methods . Th o e lE:rment 

as vanadato can be dotorm in od grllvlmotr i ca l Iy rrac i p itating it as 

It has boon stated 

th~t tho results obt~ in cd by preCipitat i on of vanadate as Ag3VO~ 

ara not a l together satis f actory. Botter results a r c obt~ined by 

rrccipitatlon ~t rH 4 . 5 ~s AgV0 3 , tho rrecinitat~ boing weigh ed 

afta r drying at IOO- I05
0

C. 
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Th e volumotr i c d0term in ~ ti on of v~n~dium as van~da tos can 

be p~rformed by using Iodides in strong l y i"lc i d (hydo r ch l o ric) 

so l ut i on in an atmosphere of ca r bondioxido to r educe th e vanadate 

(V) to the quad ri va lcn t c on;Ji t i on . Th . ..: I ibcrated i od in e ~ n d the 

oxcees o f i odine is d~te rm i ned by titration with s t anda rd potassi-

um i oda t e so luti on . Both the grav lmo1 r i c and volumet ric methods 

fo r th G dete rmin at i on of vani"Jd i um a r G not sens i t iv a (concent r a ­

tions loss than 10- 3 M a r o not dotorminod) and se le ctive s ince 

seve r a l motal i ons i ntarfare in the dete rmin at i on . 

The USe of a t omic absorpt i on sreet r oscorY f o r tho detormina-

tion o f vanad iu m a l so su ffers fr om lack o f sens itiv ity and 

selectivity . Us in g the most sensitive r esonar.ce line , 318 . 4 nm , 

the min i muM concentrat i on that can be detected Is 1000 pp m, using 

ai r- ace tyl ene flame and , 2 ppm us i ng n i t r ous oxide - a ce tylone 

f I arne . Severa l netal i ons lik e Lit , N t Kt C t F 3t C 3t a , ,s, e ,r, 

Wendt and Fasse ! ( I I) re po rt ed a 

sens it i vity o f 3 ppm wi th t hu above r eso nance I in e , using an 

induct i on co up led r l asma . ~olvvnt extract i on - srect r or hotometric 

muthods , which a re f ound to bt1 mo r e select iv e 1:ln d sens itive , a r c 

used f o r the determ i nation o f vanad iu m. Ex tr ac ti on spect r ophoto-

IT'Il)tr ic methods a r e bC"s€'d on chum i cel reactions of the metal I on 

usually with sui t ab le o r ganic roapents . 

Tho o rg an i c reaoents con fo r s many advan t ages ove r in o rg anic 

r eagonts fo r ext r ~ct ive - spoct rorhotcMetr i c determinat i on o f met a l 

i cns. Th o detect i ons and dete r minat i ons o f subs t a nco s with 

o rg an i c reagents can o f ton be per f o rm eM with highe r sensit i v i t y 
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and se lec tivity. The seoa r ~ tl ons arc a l so morc e ffect ive when 

o r ga nic r eage nt s a r e ~mp l oyod. A largo nu~bcr o f o r ga nic r eagents 

arc known and thus, a bet t o r choice can bo mado . It i s a ls o 

ross i b 10 t o synthes i ze a ne w r oagen t possess i n9 More ad vantagoous 

r r opo rti os f o r a given ana lytica l p r ob lom . Th o study o f theso 

r eage nts st i II allow the dovelopmen t o f highly sl')nslti ve . seloc­

tiv e , a nd rapid me thods f o r th o ana lysis o f a va ri e ty o f mate ri als 

needing on ly s i mpl e instrumen t a t i on . Thore fo re , the scnpo and 

number o f th e ir app lic ati ons in a nalyt i cal practice cont inues t o 

incruesG. 

The r eac tions o f o r gan i c reagen t s with in o r ganic i ons in 

so l ut i on can y i eld produc t s o f v~rjous propert ies . Th e r eaction 

r r oducts may be comr1n x comrounds , or now o rganic substancos 

(f o rmed due t o oxi da ti on-reduct i o n or ca talyt i c action o f in o r gan i c 

i ons ) o r other f o rms o f the r ea gent (ac i d- bnse indicators) . 

Bes ides th o so reacti on ty pos th e (lrganic reagent in solution can 

be abso rb ed on a r rec i p it~t0 o f an inor ga nic s ubst a nce , th e 

abso r pt i on being ~cc om pan i cd by a co l o r c hange o f th e re aqen t 

( a bso r pti on indicators) . Th e f o r matIon o f a p r odu ct wh i ch is 

ins o lubl e i n a g iv en solvent (usual l y wa t e r) can be e mple-yed in 

the gr a vime tric dete rmin a ti on, sora r at i on o r p r ec ipitation titr a -

ti cn of an i on . t f thc react i on r ro duct is volati Ie , +r. c organ i c 

r eagent can be used fo r an a lyt i ca l sePflretion based on d isti Il a -

tion o r c;ubliMation. Or ga ni c r eagcn t s can ~Iso be used f o r mask -

ln g th e i nter fe rrin g i ons basad on tho f o rm C'! ti on o f stable and 

so lu ble comrlexes. 
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In m"'" y reac tiC'ns of orgal'1 i c r oagents " consp icuous co lor 

n r fluorescEnce Is do vclorcd, or convnrs~ ly, ~ Co l 0 r e d component 

i n so lution Is dcco lorizcd Ju ring the reaction , Of its flu o rcs -

ce ncc i s q uenched . 
Such rC?lctions c~ n bo :Irn ll od both f o r qU?l li-

t~tlvo tests end for spcc trorhotomctric o r flu o rimctric detcrmina -

tl ons. 
I f tho r e action product is 1055 so lubl o in water th;:o.n in 

an o r ganic so l~~ nt immi sc i b lo wi th wi'ltar , th e r ea ction cen be 

used fnr tho so lvont o xtr.,ction o f f'n y o f 1+5 pa r ent constituents. 

Of the se veral typos c f roactlons o f o rganic reagents with 

inorganic ions those produc in g co loured r roducts a nd we i I suited 

for sa lvont ext raction a rc widuly used fo r the ~ h ot omo tric dotor-

fI'I ination of the me tal Ions (51 12 - 16) . 
Tho p resent investigation 

is 3 150 base d on solvent ex tr~ction and spectrophotometry honce, 

a b rh.: f r ev i ew o f these t~chn i q uos is g iven in t he f o ll owi ng 

so cti0ns. 

1. 2 Spectrophotometric Dote rmin1Jtion o f Motal Ions: 

Srectrorhotometry i s bas0.d c n the measurements o f t~e abso r b­

~ nce for monochromatic I I ght ~~ss ing th rough the solution cont~in-
Tho sen sitivity , se lectiv i ty 

ing th8 s ubstance to be dotn rminod . 

a nd rc...t,abi lit y o f t he method huCl Vi Iy dope nds on the natura o f th e 

o rg an iC reagent used . 

Se nsit i vity and selectivity: 
Sensi tivity is one c· f the 

obviouS dJma nds in ~ rrlications o f a l'lalytical methods. 
In o r (14) r 

t o comr ly with this r eq uiremont for re~ctions wh i ch invo lve a 

chango i n co l o r, tho mo locu le o f t ho c0mr1 ex formed o r the o rganiC 

reagont itself mus t conta i n ch r0mo~horic gro ups whi c h e r e charac-
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tcrizcd by transitions with M~ Jar -,bsor:"tion c00fficion ts in the 

3 5 - I - I 
10 - 10 I me I e em . Such chromophorlc g r oups ?re found r ange 

among d-w and n chromorhc r cs. The com~lcxcs with d-n ch r omopho ros 

a r c restr i cted to the an<'!lysis of transition metal ions . in 

particular th ose which c<'In ex i st in two oxidation states diffor -

In g b y one elect r on . The roagents wl1h n- electron groups arc 

usofu l t o th e analysis of mosi mot?! I ons . The ma i n roes on can 

be found in the Intensity of tho tr-:lnsitlons (with molc-r absorp ­

tion coeffic i ents uf) to 10 5 1 mOle-I em-I) whi ch charClctc r izc 

tho se ch r omopho rlc groups . By introducing 5u it ab l o 5ubst itutonts 

into the molecules of the o rg anic reagonts ono can increase tho 

sens i tivity and select ivity o f spcctrorhctometr ic dete r mi nations . 

If adequate select ivity in srcctrophotometr ic detormination 

of a given substance is to: be achievod , some prac tic a l considora-

ti ons must also be taken i ntn nccount . For exan;d e, it is neces s -

a ry to choOse a su it able w~v~longth at whIch to make the mOflsuro -

mont. Th o absorrt l on cneff i c i ent of tho substa nce being dcter -

mlnod shou l d be h i gh, and those nf other substnnces p res en t be 

negligablo. Se lectivity can a l sn be incrnased by th e prcr e r 

ad ju stment of pH o r by mask in g. Of course the masking reagont 

(and th6 complexos formed) shl)uld be colorless an1 not form any 

complox~s with tho metal being rlvterm lnod o r r eact with tho 

color i met ri c reagent . Tho sol~ctlvity of the spectrop hot omotric 

dotorminatlcns can further be incfoasod by solvont extraction 

of th e re~c ti on prrduct . 
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Ac cur ~c y ~ n d P rec i s i ~ n ; 60th the Accu r ~c; y ~ n d p r ec isi o n ~ f 

a phot ome tri c de t e rminat ion dCPGnd o n t he comp l ~ tnvs5 o f a giv e n 

r eac ti on: ~'+nL ~ Ml 
n 

As t he re~ct r (' n Soo tuti o n u s u ~ lly c ('I ntains 

comp one nts c om pe tin g in t he r aoc ti o n ( b uff e rin g and masking 

a go nt s ) , it Is nocess a ry t o c u n s i do r th e conditi o n a l c o nstant 

f o r th e g C!1 () ral c omplex a ti on eq ui I ibri urn o n whIch tho de termlna-

tl o n i s b a s e d . Th o I i g an d i s u s u a lly an ?o nl o nic sre c i es c f a 

woa k ac id ~ nd s o its c o nce ntr a t i o n i s rH - dor end e nt. 

1 f z r~ac ti o n i s c ons i de r ed a s comp le t e when 9 9% o f the 

mota l be i ng de t e r min ed Is tr a ns f n r me d J nt o th e rarticu l a r c omnl c x 

Ml , it h(' l ds t h a t 
n 

fML ] 
n 

c' M 

[ 2 ] 

wh e r e e'M i s th e t ota l c o nco ntr 2ti o n o f th o me t a l unc o nsumed , 

e ll i s th o t o ta l c o nce n t r ati o n o f th G I Jgflnd unc o nsumed in th e 

f o rmati o n o f th e c ompl e x ML n 

a nt f o r g e ne ral c ompl e x ati ('l n 

~ li d e ! ~1L is the c ondit i ona l co nst ­
n 

e quilibrium . Th e ex p r e ssi on in 

e qu ~t i on 2 can b e us e d f o r th o ca l c ul ation o f th o nec e ssary 

min i mum e xces s 0 f th o r eage nt, or f o r os tim a ti o n o f th e rH range 

o v e r whi ch 6'Ml att a ins th e r eq ul r o d v a lue , p r o vid o d t h a t tt-.e 
n 

c o n cen t r a ti o n o f th e buff e r, th ~ d i ssoc i at i on c o nstants o f th e 

r ea ge nt, a nd th e st ab!! lty const ant s o f th e ra rticu l a r complexo s 

arc kn own . 

In de t e rmin a ti o n o f me t a l, M, In p r e s e n ce o f an o th e r me ta l , 

N, If b o th f o rm co l o r ed comr l Axc s , toiL , an d , NL, with s i mi l ar n n 
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absorrtion 5l1cctra , correct r es ults f o r ML are ob t a ined if th e 
n 

f o ll ow ing condition i s fulfi 11 .. :d: 

e':.tL (CL)n > 10
2 

n 
[ 3 J 

at tho same time th e following v xrressinn must ho l d f o r tne r atio 

of the absorbance values of tho 1wo comploxes , prov ided th ~t th e 

co l or ime tr i c reanont itso lf docs not absorb at the wave l ength 

used' 

EtlL [ML J 102 n n > [ , J 
ENL [NLn J 

n 

If th o concentrations of ~ and N ~re tho same and tho abso r pt ion 

coefficients o f the tw o com p l exos arc eq ual , tho concen tration 

o f th o c omrlex NL must b.:, nogli9ib1o if an c3c curate r es ult is 
n 

to b o obtained f o r , M: 

[N L J 
( CI Un 10- 2 n 

6';.,n C' < - [5J 
n n 

or 

6
1 

ML 
!04 n 

BINL 
> -

n 

[6 J 

Th e values o f the condition a l stabi I ity constants derend on th e 

pH o f the so l uti o n as wei I as on the presence o f a l I competing 

components . 

1. 3 Spec trophotomet ri c M6th ods f or the De t e r mina tion of the 

Composition o f Comp l oxes 

Tho op ti cal propert i e s cf solutions conta inin g complexes 

usually di ff er fro~ those of the constltuont ions (If mo l ecules . 



- 1·1 -

The cha nge in tho ort i cal behav i ou r I s c losely related to the 

fo rm a ti on of co- ordinate bonds . ~nalytical methods based 0n th £ 

~oasurem0nts o f li ght abso r rtirn cen be used to ad vantage f 0r 

s tu dyin g c omr lexat i on equ i l i b rl a ~ sinco they arc su it ed t o the 

selective determ in at i on o f very 5ma! 1 concent r a ti ons of ce rt a i n 

species wi thou t cha nging tIle compos iti on o f th e so l ut i on . Th e 

doterminat i on can usually be r undo red so lec tlve by an arp r op ri-

a t c c ho i cG o f th e wavel ength . The basic condit i nn f o r apr ! i ca -

tion of (ll l a na lyti cal meth0t1s based on the measu rc mon t o f l i ght 

abso rpt l o~ i s th(lt th e Brye r-l ambe rt law i s obeyed by th e 

cnnstituon t s to he detorninvd. I n th e r r osent invest j gp tion~th o 

mo l e r~ti o mothod (17) ~ th ~ cont i nuous va ri~ti n n s metho~ (18)~ 

a nd the simr l e spectrnrhotnmGtric method (19) havo been emp loyed 

for the de t e r minat i on of tho cnmrosition of tho comrlA XOs . 

Henc(: ~ a h ri e f r ev i ew on ~h0 ir theo rotlca l back ground is g i ven 

below . 

Tho f-1 o le Rat i o Method: Tho rr ln c l p le of tho method i s that 

a so ri es o f so l utions i s pre""e: r o::l in which the concentr ~ tion o f 

o r e componen t (usually totnl rr.·tbl il')n concentrC' tl on, eM ) is 

kert consta nt and that of th~ otho r varlod . The abso r ba nce of 

the solut i ons i s measu r ed ~t a suitablo wavelength and p l otted 

Vs ' the rat i o o f th o vari<'lblc, 2nd const,..nt crncent r at i ons . If 

only ono stable complex is forned , which h,Js <'I selective light 

abso rpt i on ~ thon the abso r b~nco increases arrr('\x i mat'3 ly l inezrly 

with tho molc - r atio and then beccnes cnnstant . Tho abscissa of 

tho po i nt o f intersec ti on 0 f the two t angents nivos the number 
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of li gand in the C0Mr l ex , if it Is tho ligand C0ncc ntrati o n th a t 

was var I cd. 

Method of Cnnt i nuous Vnr l "tlon : The p r incipl0 o f th e method 

i s that tho mole frrlc + i ons of th o Mct31 inn and li ga nd a re vari od 

tctwcon 0 ~ nd I at cons t ant t o t a l concon trai l on and tho a bso r b-

anc l3 o f th e so l uti ons o f rl i H C' r o nt c0mros iti 0 n I s me~sured . Th o 

abso rb ancos a r c thcn D l o tted ag~ jn st tho mole fracti on , Xl ' o f 

thc l i gand. If only r)na c0mrl~x srac las has bee n f ormed , with 

compos i t i on ~L , and th o abso r bance 15 me?sured at a wavel e ngth n 

wh o r e na ithe r thc metal i on nC'.r th e ligand but only th o complex 

abso r bs , th?n n can be ca l cu l a t ed fr oM thc absc issa o f the 

n • 
X 

Ma X 
T=X " 

maX 
[ 7 ] 

Simp le Spec trophoto mot ri c Me th od : Th e ccmr le x fo rm a ti on 

cq ui I ibrla i nvo l ved in th e do t o r mlnati on o f comrosit i o n o f a 

mi xed I i gand comp l e x can bo r er r osen ted by th e fol l o w ing 

o qu ati o ns: 

M"'nl 

ML + mX 
n 

ML 
n 

ML X 
n m 

[ 8] 

[9 ] 

Th e €Iq ui li b ri um ccnstan t f ("l r tho mi xed liqanlj COMr1ex f o r ma ti on 

eq J i I j b r j urn i 5 g i vo n by : 

K • 
rML X ~ 

n m" 

fI~l 1 [X]m 
n 

[ 10] 
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l og K + m loCj [ Xl [ I I J o r l og 
f ML X 1 n m 

fML 1 , n ' 

Th e conc&ntrflt i on c f th e Mixod Ilg<Jnd cC'mr1c)( . ML X'. is r ro"'o r-. n m 

ti ona ! t(' (A-i\n" i n ) cnd th oJ c nc 'nt r i) ti on o f tho simr l e ccmrlex, 

i s r r oro rti o na l t ..... (A -A l wh e r e A i s the 8qui li b r i um max 

abso r b~ncc . A . Is th e mini mum abso rh a nce In th e absence o f mIO 

<lU X! li a ry li nand , X, and A i s th o m(lx i mum Abso r hanCQ in th o 
:! max 

r r cso ncc o f e xc oss concentrat i on of aux i li ary liq(lnd. 

II ca n th on be wr itten as: 

l og 
A- A . 

m' n 
0: 109 K .. m l og rXl 

EQuation 

f I 2 J 

Thus tho S l 0 r C o f t he cu rve obta i ned by rlnt ti ng l og (A-A. )/ m, n 

(A -A) ageinst 10q X gives the numbe r, m, 0f the aux ili ary ma x 

ligand, X. 

1. 4 So lv en t Ext r act i on 

So lv e nt e xtracti on enjoys a fev ou r cd ['os ition amo ng th o 

ser.:) r nt i c. n t echniques heCrluse o f I ts case , s imr licity, sre ed , and 

wi d-:") scoro . Th e t ec hn i que is quite unive rsal ond used to get a n 

acc ur ~tc inf0rmati on o n th o conc~ntrations a nd dist r ibutions o f 

dissolved tra ce metals , f'")r i nsta n ce , i n ocean a nd s ea wa t ers 

wh i ch i s r eq uire d i n Cl rdcr tC' unde r sta nd th e geochemical nrocesses 

contr,'"' I I i ng thei r be havi or (20). It is also used f o r sa mple 

t r~3tmon t s rreced in g mcaSUrQm8nts h y at~mic ~bsorpt i on src ctros -

cory lJ it he r In orde r t o r emove 1hc mota l i o n s from inte rfering 
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mat r ix component or in o rder to p r econcentrate them( 9.1). As 

it is a versa+j I e technique that is wide l y used in analy t ica l 

chemistry, extraction procedures havo been reported f or a 

majority of elements in the lit e r atu r e <22-24) , By us in g 

solvent ext r action im porta nt t heoretical probloms conce rning 

the compos it Ion and stability o f so l ub l e as well as inso l ubl e 

meta I camp l oxes ca n be solved <25 - 271 . 

I n ex traction high se l ec ti v i ty can eas ily be ach i eved if 

tho cond i tions a r e pr ope rly ar r anged and , when eve r necessary . 

the separation yi e l d can be i ncrf::ased as r equi r ed by means of 

success i ve batch ext r actions . A fu rth e r advantage of ext r ac -

tion i s that the ext r act , i.e. the solut i on of the sepa r ated 

substance in a given organ i c so lvent , usua ll y has same p r oper -

ties on which the dete r minat i on o f the iso l ated co n s titu(:nt can 

be based: absorption o f light, fluorescence , and ra dio activity 

can sorve as examp l es . It is a l so possib l e to tak e ad vanta ge o f 

the volat i I i ty o f the subs t ances whi ch we r e transfer r ed into th e 

organic phase (e . g . in gas c hromatog r aphy) , or if the ex tract 

contains substances wh i ch can be r eadi I}' d~composed , it can be , 

fed into a fl aMe f o r flame photometry , a t OMic absorption or 

f I uoro scence . 

So l vent extrac t ion (28 -3 4) is based on tho distribution o f 

a so l ute bet ween tw o essen ti a l ly i mm i sc ibl e solvents . At equ i -

I I ibrju~ t he r at i o o f the co ncen tration of the so l ute i n t he two 

phases at a part i cular tempe r ature remains constant p r ov i ded th e 

so lu te has same mo l ecular f orm in tho two rhases . Gene r al ly 
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compounds wt-dch ar~ slight l y solublG In water bu t readily solub l e 

in the organic solvent can bp. usefully E.xtractod . In essentia lly 

all metal extraction system soma or al l of the water molecule co­

nrdinated to the metal ion must be removod to obta i n a species 

that can be extracted into an organic solvent . On tho other hand 

an uncharged species may bo ach i eved through tho neut r al iz at ion 

at charge ty th e associat i o n of ions on thQ basis o f purely 

eloctrostatic att ra ction . Ho nea, tho formatIon o f a n un cha r ged 

species is a probable pre-requislto for extract i on of me tal ions 

into the organic solvent. 

Organic reagents play an eminent role in extract ion seoara­

+'ons , bocause they can r~act with motal ions to give products 

having the bas i c pre - requisite for ext ra ctabi lity . Th ese a r c 

c l octrical ly neutral essent i ally covalent chlJlate compounds which 

arc on l y s lightly solublo in wator but readi Iy solub l e in oraanic 

so lvents . Most of the organic r eagents usod for sol ven t ox trac-

ti on and spe;;ct r ophotomet ri c determination of netal i ons arc a 

pJrticular p roup o f compounds known as chelating agents . A 

cholat l ng agent con t ains at least one acid aroup wi th a r eplac­

ab l e hydrogen atom and a basic co-o r dinat in g dono r g r oup in such 

a posi1ion so as to form closed r ino compounds on r eac tion with 

mota l Ions, called chelate complexes . Th e chemica l and physical 

prope rti es o f a metal che late dopends upon the nature of the 

denor atoms and tho basic strength of the cllelating agent , the 

nature o f the metal ion and the f actors inheront in the complex 

its o lf s u ch as ri nq sizo , resonance , and storic o ff ec t. In 
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goneral , tho most suitabl~ chc l ating 8gQnts are those compounds 

in which tho acid and basic groups ar· in ~uch a position as to 

form fi ve o r six-membered c~olatc cOmr l exes on r aac tion wit h 

matal ions which a r e the most stab l e . 

Bas i c Prin c ipl es o f Ex tr ac ti on of folate I Ions. The Qx trac -

t ion o f meta l , M, wit h th e ex tracti on r eaoent , HL, f o r mi ng a 

che l a t e , ML , so l uble in an organ i c so lven t , is exp r essed b y tho n 

equ illibrium: 

"I .. nH L, 
aq or') 

ML .. n~ 
n , o r q aq [ 1 3 J 

whictl is characterized by t~c ~xtract ion cons t ant: 

K • 
ex 

["ll [H,]n 
n org aq a 

[ 1 4 ] 

ft,, ] fllll n 
ao • org 

In liquid-liquid partitIon, a subs tan ce , ~,1 , can unde r go in 

both phases various so l vat i on , association , p r otonation , and, 

complt:xCltion oqui libria . For ana lytI cal application it is 

oss~ntia l 1 0 def in e th e partition o f the s~bs t encn ir rospect iv~ 

o f the particular forms wh i c l, arc encountered in the system . 

This can be done by exp r ess i r:g the oqui libriuM ratio o f th e total 

analytica l concen trations o f th". s ubstanco , f) , in the two pt,ases . 

D~ 
C',1 , o r q 

CM , ac: [ 15] 

The camp l etness of t r ansfer of substance , M, in any ext r actab I e 

form into the organic phas () Is given hy th e dOQ r oc o f ext racti on , 
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F, ';lhich is usually expressed i(\ pe r cont: 

100 C V 100 OM 
EtJ. 

M, arg M,org • r 16] 

C
A 

V • C V ° . Vaq 
, org A,orn A, aq A,aq M V-

org 

For tho metal , ~ 1 , extracted b y Hl dissolved in th o organic phase 

+ho di5t ribution rati o , Dt-p is related wIth tho 9 xt r ac tion con -

stant accord ing to Equation 17 and 18 . 

109 K .. n 109 
ex 

r H Ll - . org 

(H LJ 

" • n p 

ora . f I 7 ] 

r I 8 ] 

Acco r d in g to Equation 17 , the d i stribution ratio i s a f unction 

of pH , r~agant concent r ation , dissociatlop constant of tho r e -

8gent , stilbi lity constant of th0 extractab l e complex and the dls -

tribution constants of th e raegen1 and the metal . Th o d ist r ibut i on 

ratio i s ~ j so a function of tho volume ratio o f th e aqu00us to 

o r gan i c ph-3s0S accord i n9 to Eq uc) t ion 16 . 

Tho distrIbution r atio, 0,. , can also bo influenced by other 
1 

factors which are not exp li cit ly oxpressed by th e quantities in 

Equations 16 - 18 . This Includes t ompe r a ture , i on ic s trength , 

kinetics o f the extraction and solvent. Honce . th ese erc th e 

factors which effect extract i on of metal ion as cho lates and 

there for e one has to study those e ff ects inorder to devolop a 

method for ext raction of <'I metal i on . 
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One of the most powarfu l qroup of chelating agents us~d 

for tho solvent extraction and sp0c1rophotomotric ditermination 

of sC'veral motal ions i n tho p;:)st twenty fivo yoars is hydroxa -

mic acids. In the present inv~s1ig~tlon ~ - phony l cinnamoh ydroxa -

mi c ac i d has bee n employed as ~ chelating aqon t . Honca . i 15 

C")o nc r <"l l properties and analytical app li cat i o n s .:'I r a br i e fly des -

cribnd i n Sec ti on 1. 5. 

I.S GIJnc r al Properties and Anal yti cal Af'lnlicatio n s of N-Pheny l -

cinnamohyd r oxam i c Acid 

N-Phony l c innamohydroxamic ncid , I , is a typica l monob~sjc 

and bidcntate chelating agen t containing a r oactive fun ct ional 

group , II, which is capable of formin9 a fivo - membe r ed ring on 

rcoction with metal ions. 

- N - OH 

I 
- c • 0 

I I 

N- Phenytcinnamohydroxamic acid , PCHA , was fir s t synthes i zed 

in 1960 by t.lajumdar and r··ukherjcc: (35) , It is pale-greon c ry sta l -

lino solid , m. p . 160 - 161°C. It is stable towards heat, light 

i.1nd a i r , and can be stored for a l onq tiMO without doterloratlon . 

N- Pheny l c i r.namohydroxamic ac i d i s a very wo~k acid and i ts acid 

dissoc i a tion constant has been found to bo 
-9 

I . 6 x 10 ( 36 ) . It 

is stablo towards the act ion o f dl l uto a lk ~lies and concent rated 
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hydroch l or i c acid but decomposes in concentr~ted sulfuric acid 

Plnd nitric ecid (> 5 (37) . PCH A , Is 51 ight l y soluble in wate r . 

It is f ai r l y soluble in COrTIMOn orqanic so lvents and itc; solutions 

~re st~b l o for a long timo if stored prop0rly . This sto r age 

quali1y a nd its stab i lity tow:Jrds liqht , hoat and air a r e o f 

grcai impo r tance from analyt i cal stand point . 

N-Phenylcinna~ohydroxam i c acid w~s first i nt r oducod as an 

ana l ytic~ 1 r eagen t fo r t he gravimet ri c do te r mi nat i on o f n iob ium 

and tanta l um in 1960 (38). I ts an('llytlcal applications was f u r -

ther exte tlded for th e extract i on and photometric dot.)rm i nat i o n 

of vilnadiutn (V) (39) , zirconium ( V) and hafnium ( I V) ( ... 0) , 

titanium.(~I V) a nd niobium (V) (41) and fo r th e successive ext r ac ­

tion and spectrophotometr i c de t o r mination of iron (II I), vana -

dium,eV) , and uranium (VI) (42) . It was also us ed for the gravi -

met r ic determination of uri'lnlum (43) , and zirconium (44) . Recent 

r epo r ts show thct PCHA h~s been usod for tho ext r action an d 

spoct r ophotom0tr i c determ i nation of van ~d ium (V) as a mixed 

ligand comp l f'lx with thiocyanate (d5) <'Ind p - chlorop heno l (46) , 

for the successive extraction and sDect r ophotomotric determin<'l ­

tion o f i r on ( 'III) and vanadi um (V) (47) , ilnd for the s i multa­

noous dete r mination of i r on (III) and vanadiuM (V) by solvent 

ex t r ac t ion and spectrophotome t ry (48) . 

1. 6 A i m and Scope o f Present Investigati on 

Suvor~1 reagen t s heve been reCOMmended for th e sDctrophoto-

me tr i c determination of van.,dium (V) (49 - 63>' Of th .)se reago nts 

comp ~ rativ e l y f ow arc wei I suitod as most of th ose methods lack 

----
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sensiilvity a nd su ff e r from tho i nterforenco by iron and one or 

mo r~ ~ I e ments such ~s copper, nickol , cobalt , ch r omium an d man ­

ganose which a r e common ly ~S50clat(ld with vanadium in alloys and 

comp lex materia l s . The non-s~!ectiv ' ty of a roage nt se ri ous l y 

limits the us o fuln ess o f most of the me th ods . Somt roagents aro 

sonsltiv(> a nd selective but th ey n r t') not commo rcl a lly avai l ab l e 

and t he ir syn th es i s i s not 5 i mple , hence th ey a r c expens ive . 

In o rd e r t o f urt her i mp r ov~ th e sens i tivity c nd se lec tivity, 

tho r oact i on of van ad ium (V) with sevoral monobasic a nd bident-

'lte cho..: l a tin g agen t s have been st udi ed in dotal I . It has been 

found th at vanadium (V) roacts with a numbor o f monobasic ~nd 

bldon tcote chc l a ting agents to form 1:2 (meta l:l igand) co l o r od 

complexes cxtractab l ~ into var i ous o r~an i c solve nts. These 

vanad ium comp lexes cont u i n a b~s i c V • 0 g r oup and an 2ci di c V-OH 

group in t he same mol ecu l ~. The basic V • 0 qroup o f th e vana-

d ium compl ox molecule r eacts with ac i d i c su bst a nces I ike carbxy­

lic ac id s and phono l s to g iv e hyper and bathochromic shi ft s 

(64 - 66) and th e ~c i dic V- OH g ro up reac t s wi th ~ Ico h o l s giv in g 

ris e to hipsochromic s hi ft (~2-53) . N-Phonylbenzohydroxamic 

ac id (67) a nd its c: na l oguC's i~ c l uding PCHA (68- 76) havta been 

common Iy used as se lective r oagrn ts for tho ex tractivQ photo­

met ri c dote r minat i on o f va~~dium (V) in conce ntrat ~d hydrochlo­

ric ~c id modi2 . Ho;.tQver, 1ii"eniur.l ( IV ) , zirconium (IV), fTI01yb-

de num ( VI), a nd tungsten ( IV) interfere serious ly , IT hcS a l so 

bee n shown by some wo rke r s (77 , 76) th3t extraction is not 

q uantit a tive because o f th o pilrtial roduction o f vctnad i um (V) in 
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co ncen tra t ed hydrochloric ve l d mOdia; but this is absent in 

d i lutl..' h ydrochloric media (7('). 

PCHA, a monobasic ~nd bld0ntatc chor~tinq agQnt, roacts 

with vant'Jdium (V) to form 1 :2 ( mlOii<lI: li gandl comp l ex possessing 

both th e acid i c V-OH "'nd t he.: b:"sic V. 0 group in thc.: same molo -

cu Ie. Th us v1'Inadium (V) - PCHA complex molecule C~n f urthor 

r&~cts with baSic subst?nce such ~s azido and acid i c subs t a nces 

such as a l dehyd os and ca rb oxylic acids whi ch muy lod t o tho 

dovo l opmon+ o f new sens itivo and soloc tivo methods for th e 

de<t-'l rm inat i o n o f vanadium (V) . Henco , tho study o f these r eac-

tion hav~ boen th o task o f the prescnt invostigation. 

I n th e p r escnt in v~s t' gn ti on tho reaction of vanadium (V) 

- PCHA comp le x with ~ zid o , bonzaldehyde , ace ti c ~eid . chlo ro aco ­

tic ac id and tr i chloroacetic acid have been studied spec t r ophoto­

metrical ly i n detai I in a r do r to dove l op nn.w sons itive and 

se loct ive ~cthods for th~ d tormin~tion of v~nadium (V). Th eso 

s"'ud i os have result ed i n th ..... d'_ v. lopmont o f two new methods based 

on the format i on of vanadium (V)-PCHA - azidc ~nd v~n~dium (V)-PCHA 

-i richl o r oaco ti c ~cid mixed I igand complexes for tho dete r min a ­

tion of vanadium (V) by solvent ex trQctlon and spectrophotomet r y . 
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2 . EXPERIMENTAL 

2. 1 Appara tu s ~nd Roaqonts 

Appa r atus : A Beckman M0del 2,1 UV-visiblD spoct r ophotomotor 

oqu ip ped with I - em qua rt z co ! Is w('!s usod for absorbance measu r e­

ments. A Deckman Chom Mat~ pH mater w~s used for the measu r o­

monts o f pH . 

Standa rd Vflnedlum (V) So l ut i on : /I. stand" r d so l ution of 

vanFldiurn (V) was orepred by d i ssolv ln Q 1 . 1700 g . ammoniulT' meta­

vanad?to (SOH , AnalaRl in d i !:iti l ied wi'ltor , if nocessary ... cid i­

fi r:>d wIth n itric ac id , and d ilu tod to r .o Iitro with distil le d 

water. The solution was then stan d~rd j zod volumo trica ll y (14)' A 

working so luti on was prcpl'lrod by dl luting a sui t ab l ea l iquet of 

tho standil r d solution to il known volumo with d i sti lIed wa t e r. 

Reagent So lu tion : N-Ph~nyrcinnamohydroxamic ac id. PCHA . 

was p r e p a r ed b y condensatIon of N-Phenylhydroxy l am ina with 

c inn amoy l ch loride at l o\~ t'"Jmpcraturo in diethylether medium 

made a lka line with aqueous suspC'nsion of sodium bicarbonate. 

The yiold w~s 50% . m. p . 160-1 6 1o
C (35,39) . 

A 0 . 005 1>1 solution of tho r e,'H1An t , PCH.A , in othano l free 

chloro f o r m was used for the extraction . 

St an d a rd Azida Solut i on. A 1. 0 M stan derd solution was 

p r eparod by dissolving sod ium az i de (Hopiklns and Wi Ili oms) i n 

disti Ilod wa t er . 

Standa rd T ri ch toroacctic Acid SolutIon : A 5,0 M sta nd ard 

solut i on was prep r od by disso lvI ng trichloroacotic ac i d (SDH) 
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in disti lied water . 

Solutions of Fo r e i gn I ons: So luti ons of foreign i ons wo r G 

prope r- ad by dissolving known Qu~ntitrcs o f ro~~ent grado salts 

in dist i t l od wate r to give 10 mg. of tho i o n in question per 

mi III lite r o f so l ution . Th ~ solutions woro acidif i ed wh e r eve r 

nocess~ ry t o prevent the hy d r c l ysis . I n cenora l n it r~te sa lt s 

wo r o used f o r t he cat i ons and sod iu n o r ammon iu m sa lt s wo r o use d 

for t he an i ons . 

Solu ti ons of Elect;-o ly tt'S! A 2 . 0 M so luti on o f pot as sium 

nitrate (SOH . AnalaR> and pot<:!sslum chlor i de (SOH , Ana l iJR ) in 

disti li ed weter were used f o r adj usting the i o nic st r e n gt h of 

the so luti o ns . 

Ch l o r o f o rm : Chlorofo r m (Ar i sta r. AnalaR) wa s wa s hed sevo -

r a t t i mes with disti lied wate r to remove tho othanol. It was 

dist i I t ed a nd dr i ed over anhydrous calcium chlo ri de be f o r e b e ing 

us od ( SO). 

Hyd r och l or ic Acid Dnd ~mmoni e : Oi Jute solut i on s (1 .0 M) 

each o f hyd r och lori c acid (BOH , Ana l aR) and ammon i a (S pect r osol> 

were used f o r edjust ing the pH o f th l) so l ution s whonevo rnes!:>ary . 

Dry i n9 Agent : Anh ydrous c~ l c i um ch l o ride ~nd anhyd r ous 

sodiuM sulphato were used for d r yinfl the d i stl I l ed so lve nts and 

ex tracts o f th e co l o r ed comp l exes , r~spoctivoly . 

2 . 2 Pr~pa r a ti on o f S~~plc Solut i ons 

Stee l Sample : A weighed ;:,mount s o f an i"l rt if ici a J s t ee l 

having exact ly th ~ samo compos iti on as in tho British Che~ica l 



- 2~ -

Standard Stcg l No . 64a and ~41/1 ~~s tr~nsf e rrcd into ~ (OQ- ml 

beaker and docomposed wi th 10 ml o f concentrated nitric acid . 

Th 6 n!xturo was hcat~d to r emevo the oxldos of nitrogen and 

about 10- 15 ml concen t rated hyd r och loric ~cid was added to it . 

Th o so l ution was cv~porated to almost drynoss . Abou t 50 ml o f 

disti li ed water was added and t he so lut ion was bol l od . Tun 905 -

ton was prec ipit at ed as tungstrc acid . Th e undisso l ved si I l ea 

(lnd 1ungst i c ac id we r e filt e rod C'ff ",nd wP,lshod sevora l times wIth 

hot dist i l I ed water . Th e fi Itr e ic and ~I ash in gs we r o co ll octod 

into <l 500 ml vo l umetric flvsk ~nd di lut ed t o volume wit h dis -

ti Ilo d water . A suitable zl i quat was taknn for t he analysis . 

Bl ood Snmple : A 5 ml a l iquot o f blood Sar"'lple .... 'as trans -

fcrrca ta a Kjeldahl flask an d an ~I i quot of the stC!ndard solu ­

tion containing 0 , 10 mg of vAnadi um was addod to it. Th e samp l o 

was trG.J tcd .... · ith 10 ml of the <lcid rrixtu r o in a r a ti o o f 3:1:1 

(nitric'su if uri c:pc r chior ic ) and hOAted over tho bunsen burner 

unti I p~rchlc ric acid was evapo r a t ed and dense white fum os o f 

su i fur trioxide appea r , Th e i19<lting was continued for abou t 

two hours. It was coo l ed ~nd the r es i due was boiled with 50 ml 

o f 0.10 M hydrochlo ri c ecid fnr 30 minutes . The so luti on was 

coo l ed ~nd transferred qUnntita ti vely to a IOO - ml volumetric 

flask. A di lute solution of potassium permaganeto was added t o 

tho solution t o ensure th o oxidat i on of vanadium (IV) to vana -

dium (Vl and diluted t o v::lIumo . A suitablo aliquot o f the samp l o 

solution was taken f o r tho ana l ys i s . 
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2 . 3 Ge ne r al P r ocedu r e f o r Extraction o f Vanad i um (V) 

Vanadi um (V) - N3- PCHA System -
fIn a l i quo t of th o so luti on conta ini ng 25 - 175 \Jg o f v a nadium 

(V) was t r ans f e rre d into a IOO- mi sepa r atory funn e l and 10 ml o f 

1. 0 M so l ut i on o f azide was added t o It . The so l uti on was 

dilu t ed t o 25 ml with d i st ill e d wato r a nd <'lc i di t y was adj usted 

t o 0 .1 - 1 . 0 M wit h 10 M hydroch l o ric ac id . A 10 ml aliquo t o f 

0 . 005 M o f r eagen t solution In chlo r o f o rm was added t o th e f unnel 

and th e mixtu r e was shaken vigo r o usly fo r 3- 4 minut es . Th e 

tunn e I was al l owed t o s t and t o sepa r a t e th e two phases . Th e 

o rganic phas e was col l e c t ed in a 50- mt beake r containing a bout 

2 g . o f anhyd r ous sod i um su lph at e . Th e co l o ured e xtr ac t was 

t r ansfe rre d to a 25 - ml volumet ri c fl ask and th o b ea k e r was was he d 

'",ith a few ml o f ch l o r o f o r m. Th e washings wo r e ad de d t o th e 

fl ask and d i luted t o vo lumo with ch l o r o f o r m. The abs o r bance o f 

t ho co l o r ed so lution was meas ur ed ~ t 560 nm aga I nst chl o r o f o r m. 

Vanad iu m (V) - TCAA- PCHA Sy stgm: An a li quot o f the so l ut i o n 

conta i n ing 25 - 175)..1 9 o f vanad i um (V) was tr ans fer r e d into a 

100-m l sepa r a t o ry fun nel . Th e acidity o f th e solu ti o n was 

adjuste d t o 2- 3 M with trichl o r oacetIc ac i d , TCAA, and th e vo l ume 

o f the aq ueo us phas e to 10 ml with d I st ill ed wate r , A 10 ml o f 

at iquot o f 0 . 005 M PCHA so l ut i on In chlo r o f o r m was added to the 

f unne l and t hen proceeded as i n V(V)-N 3- PCHA system . Th e abso r b-

a nce was measured at 542 nm aga inst the r eagent b l ank. 

Fo r ca li brat i on , 0 . 1, 0 .2, 0 . 3 , O.tl, 0 . 5 ml o f standard 

so lu tion ( 0 . 0 1 M V(V» we r e us ed through th e p r oced u.r e . 
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2 . 4 Procedu r e fo r Stud yi ng th e Effect o f Va ri cb les 

The e ff ec t o f sev e r a l e xpe ri mental vari ab les o n t he extrac-

ti o n and de t e rmi nati o n o f va nad i um (V) with PC HA i n th e prese nce 

o f a zid e a nd tr ich l o r acetic acid was s tud i ed by f o ll o wing th e 

gene r a l p r oced ure . Th e e f fect o f 0 pa rt i c ul a r var i ab le was 

s tu d i ed by kee pi ng e l I th e va r i ables co nsta nt e xce pt t he o ne 

unde r st u dy. 

2 . 5 P r oced ure fo r Dete r min at i o n o f Com pos iti o n o f Com p lexes 

Mo l e Ratio Me th od 

A se ries o f so luti o ns was pr epa r ed f o r cac h sys t om i n whi ch 

the conce ntration o f v a n ad i um (V) a nd auxili a r y liga nds , th e 

acid ity, a nd i on ic strength we r e kept const~nt and th e co nce n-

traticn o f PCHA was va ri ed unde r e x act ly s i mi tar co n dition s . 

Th e comp le xes we r e e xtr ac t ed by th e gene r a l pr ocedur e . Th e 

a bso rbanc os o f the coto r ed e xtr ac ts we re measu r ed a t th e re s -

pcc tlv ~ A aga inst t he r eagen t bl a nk a nd pl ott ed aga i ns t th e ma x -

mo to r a ti o o f metal Ion t'J PCHA. Tw o s traig h t I i nes we r e d r ~ w n 

f r om th o tw o pa rt s o f the c ur ve whi ch inte r sec ts e ach oth e r a t 

a mo l e r a ti o o f vanad iu m t o PCHA. 

Co nt i nuous Va ri at i o n Me t hod: In t ho co nt i nuous va ri a ti ons 

me t hod a sa r ies o f soluti o ns was pr epa r od fo r eac h syste m in 

which th e mo l e fracti o ns o f th e motal i on a nd PCHA we r e va ri ed 

be tw ee n 0 and I at constant t o t a l concent r at i on und e r exac tly 

s i mi Ja r c o nd iti o ns . The c o nce nt r a t i o n o f a z i de o r t ri chl o r o -

acot l c ac i d was a l so kept cons t a nt excess thr oug ho ut th e se ri es . 
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• 
The complexes wore e xt r acted by th o go ne r a l p r ocedu r e and the 

absorbances of t he colored ext r ac ts we r e moasu red at t he r es pcc -

five Amax f o r the two systems aga i nst the reagent blank. The 

~b50rba nces arc then P lottGd a gainst the mo l o fract i on o f t he 

metal ion. 

S i mpl e Spectrophotomet ri c Method : To dete r mi ne the r a t i o 

of vanad ium (V) t o azide o r tri ch l o r oC'lco+ l c ac i d i n the mixod 

legand comp lexes , by absorptiomc trlc method a se ri es o f so luti ons 

was prepa r ed fo r 9C'1ch system in which the concent r a tions o f 

vAnadium (V) and PCHA were kept constant and the concen trat i on 

of azide or trichloroacetic ac i d was va r lod undor exact l y 

~irri Jar condit l on~ . Tho cQrnp lexes wero o xtr~ctcd by th e geno r al 

procedure and the absorbances o f t he co l o red ex tracts were 

m~ a sured at the r espect i ve Amax against the reagen t blank . 

2.6 Procedu r e f o r Stud yi ng th o Effect o f Fo r eign I ons 

The e ff ec t of f o re ign i o ns wa s studied by add in g kn own 

amou nt o f a desired ion t ~ so lu t i ons containing 100 ~g o f vana-

d I um (V). The concent r ati on of PCHA and auxll i ary ligands were 

kept constant excess and the acid ity of the so luti ons wore 

a~justcd in the optimum concent r at i on r ange . Th e n, vanadium (V) 

was oxtrac t 6d and dete r mi ned by th e genora l pr ocedu r e. 
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3 . RESULTS AND DI SC USSION 

3 . 1 Rep,c ti on Con d iti o ns a nd Abso rpti o n Spec tr a 

The r e acti on o f v a n~ d ium (V) with PCHA i n th e absence a nd 

orcsence o f a uxi I ia ry I i g and: azi de , be nz a l dehyde , aceti c acid , 

ch l o r oa ce tic ac i d and trich lo r oaceti c a ci d ha ve bee n s tudi e d by 

so lve nt o xtraction and sp~ ct roph ot ome try . 

Va nad iu m (V) reacts with PCHA to f o rm a b in a ry co~p l e x which 

i s re~d j Iy extractab l e Into c o mmo n o r ga nic so lvents . Howeve r th e 

comp lex i s no t ve ry stabl e a nd decomp os e s up o n s ta nd ing . Th e 

redd i sh b r own c o l o r e d c o mp le x e xt r act ed into c h lo r o f o r m axhibt s 

t wo abso r pti o n ba nds in th e vi s i b le regi o n . An inte nse a nd 

sharp a bso rpti o n ba nd a t a r o un d 37 0 nm a nd a r e l a ti ve ly we ak and 

broad a bso rptI o n ba nd at a r o und 505 om wh i ch ca n bo as si gne d t o 

the ~ - n* tr a ns iti on i n t he li ga nd a nd th e ch a r ge tr a ns fe r tr a nsl -

tl on fr om the li gand t o t he me t a l , r es po ct l ve ly (5). I t has bee n 

fo un d th a t va nad ium (V) , a s b i na ry vCl na d i um (V) - PUI A c omp lo x , i s 

co mp le tely e xtr acted Int o ch lo r o f o r m fr om t ho aq ueo us ph a s e in 

th e ac i d ity renge o f 0 . 03- 0.5 M HCI . 

At hi ghe r pH e xtr ac t i o n o f va nnd i um ( V) from th e aqu eo us 

phase wa S f o und t o be i ncompl e t e indic a tin g t he i ncomp l e tnes s o f 

comp lex f o rma ti o n with PCHA. Th e poss ibl e rea s on f o r t he 

i ncomp l e t e c omp le x f o r mati o n I s t ha t th o na tu re a nd compos iti on 

o f va n?d ium (V) in aq ueo us s? luti o n de pe nds o n th e pH o f th o 

med i um ( I) . Ve nad i um (V ) e xist s as co l o r less o rth o va nada t e , 

V0
4
3- , i n s tr o ng ly alk a line so luti o n , i . o . a t pH 13. Lowe rin g 
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the pP. o f tho solution lnitl~tes th e po ly condens2tlon pr ocesses 

()nd the f o rmetlon o f th e so-called Isopolytlni o ns . Thus , in tho 

pH rango 13- 8 the yel l o w d ivanadate, .-V
2

0
7 

' Is encounte r ed . 

Between pH 8 and 6 the b ri ght yal l ow t e tr"lvanadate , a nd, 

in acidic medium o f pH 6- 4 th e o r a ngo decavtlnadato , are 

f o rmed. At a round pH 2 o r a nge r ed V20 S is procip itated. In 

strongly acid ic med i um the ox i de d i ssolves aga in y i o l d ing th e 

• yel l ow van2dyl CiJtion , V0
2

. Th e chem i cal r eaction have been 

s tu d i ed by a variety o f physica l methods Including Ramen 

spect r oscop y (81) , but th e na t ure of the specins f ormed has boon , 

<.lnd to some ex t ent st ill i s , controvers i a l . Tho availab l e data 

soem most cons is ten t with tho f o ll owing ma in chomica l rS2ctlons : 

2VO 3-
4 

• 2H ' ~~ _l .?:~ ,-- ----

4 - • ~~-§:§ 2V 20 7 • 4H ----""" 
4- • pH 6-4 

5V
il

O
l2 

• 8H "" -- ------ --,. 

6- • e ~-~:! V1OO28 • 6H - - ---,-

• ~~ -<..L V20 5 • 2H -----7 

4-
V.O I2 

, H ° 2 

• 2H 2O 

6- 4H 2O 2V 1OO28 
, 

5V
2

0
5

(aq l • 3H
2

O 

, 
H2O 2V02 • 

r 19 J 

[ 2 ° J 

[2 I J 

[22 J 

[23 J 

[ 24J 

Equat i o ns 19- 2'-1 suggest that v anadium (V) ex ists i n aqueous SOI1,J-

tion as d i ff e r en t species a t di ff e r ont pH . Consoquent ly tho nature 

and comroslt i o n of the comp l ex sp ecios fo r med with PCHA a r e also 
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expected to bG d i ffe rent as i nd i eatcd f r om the diffe r ences i n 

;")bsorpt i on spect r a at different pH (Fig . I) , 

At h i gher acidity (2.5-7.5 M) a hyper and b~thochromic 

shift of thc absorption band (l..-tJl) has b~en obse r ved. The 

band at 505 nm (L -+ ~1) was shifted to 5110 nm with increased 

i ntor'lsity wh i Ie the band at 370 nm pract i ca lly r ema inod unchanged . 

This i s duo to the f o r ma ti on o f 2 stab l e mixed ligand ccmplex 

with Her (61:) . At very high c onco ntration o f Hel , j . 0. > 7 . 51'-1 , 

tho position o f both the absorption bands r emained th e same whi 10 

the intensity began to decrease due to tho protana t ion o f the 

lig;,nd (Fig . 2) . 

Tho spect rum o f V(V) ·PCH A comp l ox has been found to be 

further ~ffected by the presence o f alcohol . Tho abso r pt i on 

band at 505 \" as shift<=:ld t o shorte r wavelength with an inc r ease 

in tho I ntansity whi Ie th e absorpt i on band r:l t 370 nm r emained 

unaffncted. Th e change i n th e abso r ption band assoc i ated with 

cha r go transfer elect r on i c tr a nsiti on o f the V(V)-PCHA comp le x 

in the presence of e thanol i s due to th e es t e rificat i on of th e 

comp lex con t a ining an - OH group in th e vanadium (V) - PCHA comp lex 

molecu l e (52) , 

The simp le V(V) - PCH~ ccmp le x was f ound to r eact with azide , 

benza l dehyde acetic ac i d c h l o r oace tlc ac id and tri ch l o r oacetic , ' 
ac id to fo rm mixed ligand comp le xos . Th e formation of a mixed 

ligand complex in each sys t em was ovident fr om : 
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2.5 M HCI (1), 7.5 M HCI (2), 1.0 M BCI (5) , g M HCI (I), 

(3) , [V( Y) J 
-4 

• 2 X 10 M. 
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I) tho changes in the wavelength of max I mum absorption ; 

ii) the va ri a tions In the mo l ar abso r ptiv i ty ('It the r espec -

t i VI::! >-max ; 

iii 1 the d i fference i n th e ac i dity ranges o f the aqueous phase 

for the complete e xt r act i on o f V(Vl , 

The results are s umma rized in Tab lQ I and tho spoc tr a are shown 

in Fig. 3 - 9 . 

Table I . Spect r al P r opert i e s o f MIxed Li qand Comp loxes o f 

Vanadium (V) . 

Auxi I iary Ligand 

None 

HCI 

Benzaldehyde 

Azide 

*Acet i c Acid 

Ch l o roi'lceti c 

Ac i d 

Tr i chlo r oacetic 

Acid 

Color o f 
COr.lplex 

Redd i sh 

b r own 

Blu i sh 

vio l e t 

B lu i sh 

v i olet 

Bluish 

vi 0 I et 

Redd r sh 

vio l e t 

Reddish 

v i olet 

" and e:.rnax va r i es w i th 
max 

'ma. 
- I - I 

I mo l e em 

505 3800 

540 6200 

550 6000 

560 6300 

530 6680 

542 7750 

Opt i mum Aci­
d j ty Range 

0.03- 05 nOli 

2.5- 7.5 M Hel 

3 - 4 M HC I 

0 . 01 - I .5 " HCI 

3 - 10 M CM 

2 - 5 M TCCI, 

concent r ation ( 1- 10 HI. 
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The vanadi um (Vl - PCHA- N
3 

and the vanadi urn (V) - PCHA-TCP.A 

(or CAA) ternary complex systems have been found to be the nost 

sens itive and stable among the mixed I l qand complexes studied , 

At the same time V(Vl-PCHA- N
3 

complex is completely extractab l e 

at the towe r acidit y r ange wi t h respect to He l and V(V) - PCHA-TCAA 

(or CAA) i s comple t ely ext r actable I n the absence o f Hel into 

common organic so l vents . Th i s i s the advan ~ age o f both the 

systems for the p r ec i se determinat i on of vanad i um (V) since, 

there is no dange r of r educt i on of vanadium (V) to vanadium (IV) 

in the di lute He! o r in its absence (77 , 78) , Hence, these t wo 

syste ms underl ie the basi 5 for the development of two new solvent 

extraction and spect r ophotomet ri c methods fo r the deterMination 

of vanadium (V) . Therefore , the two systems have been studied 

in detail. 

The absorption spectrum of vanadiu~ (V) - PCHA binary complex 

was found to be a f fected in the pr esence o f az i de. The absorption 

band at 505 nm was sh i fted to 560 nm and the one at 370 n~ 

p r act i cally r em ained unchanged. The optimum acidity ran ge of 

the aqueous phase for the complete ex traction of vanadium (V) 

in the presence of azide was found to be 0 . 01 - 1. 5 ~ with r espect 

to Hel. At [owe r ac i dity different absorption spectra have been 

found as already expected since vanadium (V) exists in aqueous 

so lution as dif ferent spec! .S lead ino to the forMation of diffor­

ent comp lex spec ies . At highe r acid i ty th ere 'lI'as a sh i ft in 

~ max from 560 to 540 nm because of th e protonation of azide and 

the formation of V(V} - PCHA- HC I comp lex r eta rding th e formation 

- --------------
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0-8 

0- 6 

o " ~--~3~C'~-----"~O~O -----5·Q~r------6-00----~~7~OO~ 

W'A VI; LENGTH. n. 

PH t (1), PH 1.~ (2) . PH 2 (3), rH 2.~ (4), ~H 3 (5), PH 

• (6). r V(o ] -. • 2 X 10 M. 
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1.2 

,. 

o Ei 

WAVE UNGTH, .. 

O.~ M Hel (1), 1 H HCI (2), 1.5" RCI (3), 2 M Hel (5) , 

2.~ " Bel (4), 4 M HCI (6), • " Hel (7), [ V(V) ] .2 X 10-4". 
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- 4 
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of thp vanadium (V) - PCHA- N 3 mixed li gand complex . The r esu lts 

a r e g i v~n I n Tabl e 2 . 

Ta b l e 2 . Ef f ect o f Acidity 'o f th e Aaueous Phase on th e Absorp-

tion Spect ru m and Ext racti on of Vanadium ( V) 1 n th o 

Presen c e o f Azid e. [V(V ) l . 2 xI O - 4;~ J rN; J' 0 . 5 M. 

Ac i d ity of the ) o f th e Absorban ce 

Aqueo us Phase 
ma x 
Comple x , nm at 560 nm 

pH 8 . 0 487 0 . 56 

pH 6 . 0 527 0 . 75 

pH 4 . 0 545 1. 0 1 

pH 3 . 0 55 2 1.1 8 

pH 2.5 558 1.24 

pH 2 . 0 560 1.26 

pH I . 5 560 1. 26 

pH 1 . 0 560 1. 25 

0 . 5 ~ Hel 560 1.26 

1.0 ~, Hel 560 1.26 

I • 5 M HC I 560 1.26 

2.0 ~, He l 560 1.23 

2.5 ~., Hel 560 
1. 20 

3.0 n HCI 55 2 
I • I 3 

4. 0 " Hel 540 
1.20 

6 . 0 M Hel 540 
1. 20 

Tho ab so r r
t ion 

spect r a o f V(Vl-PCHA- N3 mixed 1 igand complox 

at tho opt imum acidity r ange ha s been f oun d to be simi l a r both 

in th e absence and pr esence of e thano l . Theserc5utts i ndicate the 

absence of an - OH group In th e mixed li gand complex mo la cule . 

Thus i t seems tha t t he - OH g r oup is r ep la ced by azide du ri ng tho 

mixa d I i gand complex fo rmatIon . 



- 43 -

Th e r Baction and ext r ac ti o n of vanadium (V) wi th PCHA has been 

stu d i ed in ac e tic acid , chloroacctic ac i d and t ri chloroacetic 

ac i d me di a in the absence of He l. It has be e n found that tho 

extr ac ti o n of vanadium (V) is incomplete from 1- 10 M acetic 

aci d med ium . The comp l e x exhib ited d i f f e r en t abso r ption spec t ra 

at diff e r e nt concent r a t ions o f t he ac i d and it was no t stab l e . 

Tho e xtrac t ion o f van2di um ( V) - PCHA comp l ex was f ound to 

be c ompl e t e in tho concent r at i on ranp€ 3- 10 M and 2-5 M of 

chl o r oa c e tic acid and t ri ch l o r oacet i c ac i d , respec t ivo l Y, in the 

aq ue ou s phas e . The charge transfer abso r p t ion band o f the simplo 

V(V)- P CHA complex was great l y i ntensified and shifted to 530 and 

542 nm in thc chloroacetic acid and trichlo r oacct i c acid systoms , 

r espect ive ly , whi Ie the TI - n'" trans i tion band was only sl i ght l y 

affec t e d. 

Be low th e optimum ac i dity r ange d lffor€nt absorpt i on spectra 

we r e found at diffe r ent ac i d i ti e s of the aqueous pha se i n both 

th e syst e ms; whi Ie above tho opt i mum ac i dity range phas o separa-

tion was difficult in both th e systems duo to Incre asing ~isclbi­

I ity of th e o r ganiC (e . g . ch l o r ofo r m) and aqueous phascs . 
The 

results are given In Table 3 and 4 . 
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Effect o f Concent ration of Ch loroacetic Ac i d i n the 

Aaueous Phase on th e Abso r ption Spectrum and Extrac ­

tion of Vanadium ( V) .. r V(Vl ] . IxI0-
4

• , [PCH A] • 

2 x 10- 3 ~1. 

A o f th o Abso rb ance 
[CAA ] max 

Complex , nm at 530 nm 

1.0 525 0 . 625 

2.0 527 0 . 640 

3 . 0 5 30 0 . 664 

« . 0 530 0 . 668 

5 . 0 530 0 . 668 

6.0 5 30 0 . 678 

7.0 530 0 . 675 

8 . 0 530 0 . 670 

10 . 0 530 0 . 672 

The abso rpt i on spec tru m o f th e reage nt {PCHA1 , has been 

studied i n th e v i s ibl e reg i on. The re agen t showad neg li gible 

abso r ption in the r €lgion 700- 500 om , slightly inc r easi ng absorr ­

tion between 500- 400 nm , and strong absorption beyond 400 nm . 

Hence , a reagent b l ank was necessa ry fo r the measu rements of 

abso r bance at wavel eng t hs sho r te r than 500 nr:l ; wh i I e It was not 

necessa ry at larger w ~ve[en9ths . 
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Tabl e 4 · Effoct of Concentration o f Trichl o r oace tic Ac i d in 

tho Aqueo us Phase on the Abso rpti on Spoct r um and 

Ext r ac t i on of Vanadium (V) . (V ( V)] " ,Ix 10 -
4 

~, , 

fPCH I.] • 2x 10- 3 M. 

A ma x of "tine ' Abso r bance 

[ TCA~] Comp lex , nm at 542 nm 

O. I 527 0 . 523 

1.0 537 0 . 71 4 

I • 5 53 7 0 . 747 

2 .0 542 0 . 769 

3.0 5 42 0 . 769 

4.0 § 42 0 . 764 

5 . 0 542 0 . 770 

*6 . 0 

*8 . 0 

~ No phase sera rat i on . 

As already mentioned , a l l the mixed lig end comp l exes o f 

V(V) with PCHA and the auxiliary l i gandS i n tho forego i ng dis ­

cussions exh ibited two abso r ption bands . Although, the absorp ­

tion band associated with th o ~_~ ~ transition was ro lat ively 

intense than the band associate d wi th th e c h a r ~o transf e r in 

ea ch syst em , the later ..... as se l ec t ed f o r abso rb ance measu r ements 

duo to the fact that t he r ea gen t, PCHA , abso r bs s trong ly 1n th o 

shorter wav~ l en9 th region . 
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Sevoral organic solve nts s uch as chl o ro for m, ca r bon t etra­

chlorid(;, benzene , to luene , chlo r obenzane Gd l ddoI"Jo be nzene 

and xylene wore found to e xt r ac t a ll the comp l o xes from t he 

aquoouS l)hase . The ab so r p t i on spectra of t he In di v i dua l comple xes 

w en~ found to bo s i mi tar in a ll tho nonpo l ar o rg aniC so l ven t s . 

Howeve r , v8riat ions i n abso r ban ce v a l ues we r o not Ice d . Chl o r a-

form was found to be the mos t sui t ab l e so l ven t f o r ext r ac t ion o f 

the vanadi urn (V)-PCHA- N
3 

and t h o vanad ! urn ( V) - PCHA T ~A A (o r CAA) 

cOMplex, 5 , because t he q uant i t a t i ve e x t r ac t ion o f bo t h t ho 

comp l exes i s rend ! Iy accomp li shed In it . It was a l so p r e f e r r ed 

because o f its highe r dens i ty and r elative l y h i ghe r so l ubil i t y 

of PCHf; in it than in othe r so l ven t s . 

3. 2 Composit ion o f Co mp loxes 

Tho compos ition of vanadi um (V ) - PCHA- N3 an d van ad ium (V) ­

PCHA-TCAA comp lexe s have bee n dete r mlnod by d iffe r e n t spect r o-

photometric methods . The mo l e r ati O (1 7) and co nt i nu ouS var I a-

tions (18) mothods we r e us e d to do t e r nlne t he r ati o o f vaoa-

d
" ( srcctronhot omet r ic method (19) 
I un V) to P CH A w h I I cas i mp Ie· I ' 

was used to de:te rmine th e ratio o f vanadium ( Vl to azida or 

trlchl o r o~cet ic acid . 

mol. 
r a t iO moth od indicate d 

The results obta i ned by the 

to be 
I : 2 1 n th e two camp l exes . 

tho rati 0 of vani3dJ urn (V) to PCHA 

.nd 
6 and the curvo s are shown 

The r es ults a r e g i ven i n T ab l as 5 

in Fig. 10 end I I . 
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Tab I .:> 5 . Result- o f Mo l e Ratio Me th od fo r V(V) - PCHA- N S ~'If")~ - 4 3 ysten 

Tab I 6 . 

! .... '" I x 10 rl, (N
3
- 1= 0 . 5~ , fHCr} : C. 1 t.-l 

fV{ V ) } : fP CH A] 
Absorbance 
at 560 nl"l 

1 : 1 0 . 332 

1 : 2 0 . 410 

1: 3 0 . 569 

1 : 4 0 . 593 

1: 5 0 . 6 13 

1 : 6 0 . 629 

1: 8 0 . 630 

1 : 10 0 . 6 30 

1: 20 0 . 628 

1: 50 
0 . 629 

Res ul t s of Mole 
Rat i o role.th od f or V(V) - PCHA- TCM . 

• 8x 1 0- 5 t'. [reM] • 3 M 
S,ys t em . f V (V 1] 

Abso rb ance 

[V ( V] : [PCH A] at 542 om 

O. 290 
1 : 1 

0 . 481 
1 : 2 

0 . 56 1 
1: 3 

0 . 595 
1 : 11 

0 . 6 18 
1: 6 

0 . 620 
1 : 10 

0 . 619 
1 : 20 

0 . 618 
1 : 50 

I ' h th d th max i mum absorbance 
n ) e continuous vari at i ons me 0 e 

was obs e rve d at the mole f ract i on of 0 . 33 of the metal ion In 
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both th e. 5ys"!'er:'ls . r"" e s e r E>s u lt s indicate the rati o o f vana d ium 

(V) to PCHI' to bo:) 1 : 2 in tt- ,,? p re sence of az i de or trichloroace-

ti c ac id. HI(' r esu lt s a r t gi\' \? r, in Tables 7 ?nd 8 and the cur ves 

are shown i r'l 1="1 9 . 12 a nd 13. 

Tab l e 7 . Resu lt s o f Co nt i nu ous Variations Method 
- 4 

r~3 - PCHA Sy ste m. [ V(V )l ... fPCHA] '" 4 x 10 

0 . 5 ~,1 , [ He! ] '" n .1 ~( . 

for Vell) ­

" . [N;J • 

[ VIV) ] [ PCHA ] Abso r bance 

['IIV) 1 • [P CH .A] rV(V) ] • [PCHAJ at 560 nm 

O! I 0 . 9 0.241 

0 . 2 O. B 0 . 430 

0 . 25 0 .7 5 0.532 

0 . 3 0 . 7 0 .581 

0 . 33 0 . 6 7 0.6 05 

O . . ~. 0 . 6 0.563 

O. S 0 . 5 0.47 1 

0 . 6 0 . 4 0 . 408 

C. 7 0 . 3 0 .289 

0 . 8 0 . 2 O. 189 

O. S O. 1 O. 156 
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Tabl e e. Results o f Con tinu o us Va r iations Method f or V(V)­

PCH A- TCAA S yste~. ( V(Vl]"PCHA] ' .1xI0- 4 M, [lCAA] -3 M 

[ PCHA ] 

rVCYl] • IPCHP. ] rV ('ll] • [PCHA] 

Absorbance 
at 542 n'1 

0 . 2 

0.25 

0 . 3 

0. 33 

O. t, 

0 . 5 

0 . 1\ 

0 . 7 

0 . 8 

8 . 9 

0 . 9 

0.8 

O. 75 

0. 7 

0 . 67 

0 . 6 

0 . 5 

0 .4 

0 . 3 

0 . 2 

O. I 

0 . 302 

0 . 573 

0 .7 02 

0 . 78 1 

0 .814 

0.778 

0 .685 

0 . 555 

0.43 7 

0.298 

0. 15 0 

T h l~ r ati o o f vanadiu m ( V) t o az ide o r tri ch l o roaceti c acid 

det e r mi ned by s i r~ pr e sp e ct r ophotoMetric I"'\ethod. Th e quant i ty 
( A- A . 1 

1'1'. 1 n l A -A ) we r e calcu l at 3 d and plot t ed as a fun ct i on o f log 
max 

Or l o g [ TCAA l i n th e tw o systems , respective l y . The sl ope 

of th e c urves 

indi cate th 
• • 

we r o f o und to be nea r unity in bot h c ase s which 

reti o o f vanad i um (V) to azide and vanad i um (V) t o 

trich l T b l oroace tic a c id to be 1: 1. The r esu lts a r e giV 03 n in a €I S 

9~r 7 and t he 5 c urve s are shown 'n F I g . 14 an d 1 . 

\ 
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Table 9: n_,.,ults of S i np l c Spec trophotometr i c t<le t hod f or 

Sc+.;>rri"latior: o f COfl'lpos i+ion o f VanadIum Ccrnp lex 

i n V(V) - PCH,A - rJ ~ Sys t em. [1/(V)1""9 . 5x 10-
5 

M, 
_ 

Concen trat i on Abso r bance 

of Az i dF , ~i at 560 nm 

0 . 00 0 . 295 

0 . 005 0 . 313 

0.0 1 0 . 328 

0 . 03 0 . 368 

0 . 04 0 . 383 

C. 05 0 . 395 

0 . 075 0 • .075 

O. 10 0 . 501 

0 . 2 0 0 . 600 

0 . 50 O. 59B 

! . OO 0 . 601 

1.5 0 
0 . 59 1 

2 . 00 
0 . 562 
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Tabl e 10 . Results of Si:npl.} Spt':c trop ho t of!!et ric Method fer 

Oc.trr"ina+ion 0 + Cct.'lpo sltion o f Vanad i um (V) CO"'lplex 

In V(V) - PCHA -T CAA System . [V(Vl}:: 1 x 10- 4 ~l , 
- 3 

rpO"!A 1 :: 2x I 0 .. M 

(.'oncen trat i on Ab sorbance 
M Tr i ch l orQ-
aCtO t i c Ac i d , " at 542 nm 

O. GC 0 . 311 

~ . Ol 0 . 383 

1J . 02 0.420 

o. r..~ 0.459 

0 . 06 0 . 48 5 

O. 10 0.523 

2 .00 0 . 618 

Tab Ie II . Datr-; for Dctc:> rfT1 1 nat Ion o f Comp os i t i on of Van adium 

('V) Comr lex by S implo Spec tr op hotometric Me thod In 

~ (V ) - PC"A - N Sys t em . A • 0. 295 . A . 0.60 
_ 3 min max 

A- A 

log f (J
3
- ] A A- A A -A If, i n 

min max log A - A 
max 

- 2 . 30 0 . 313 0 . 018 0 . 287 
_ 1.20 

- 2 . 0 0 . 328 0 . 0 33 0 . 272 - 0.92 

- I . 52 I) . 368 0 . 073 0 . 232 -0 . 50 

- I . (: 0 . 38 3 0 . 088 0 . 217 -0 . 39 

- 1. 3 0 . 39 5 O. I 0 . 205 -0 . 31 

- I . J 2 0 . 1) 7 5 O. 16 O. 125 O. 156 
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1~~ Ie 12 . Data for [.eTcr"',l.,at i on o f Composit i on 0 1 Van adiuM 

( V ) (or'",p ! ... x ':;'{ S i np l ~ Spec trophotome t r i c ~~ethod in 

V (J.j) - PC'~h·TC;';' systurn . A • 0 . 31 1 , A 0 . 618 ml n max 

A- A 
mi n 

l og [T et, A 1 " A- A A - A lo g 
min ma x A -A 

max 

- 2 0 . 383 0.0 72 0 . 2 J5 -0 .51 

- I . 7 n . i! 20 O. 109 O. 19 8 - 0 . 26 

- I . <1 O. ·';59 O. 143 O. 159 - 0 . OJ I 

- I .22 o '''I: . ... ~, ..... O. 17 4 O. I JJ 0 .12 

- 1. 0 0 . 523 0 .212 0 . 095 0 .J5 

A r ati o of 1:1 :vanadi url (V) to azide) I n th e mixed ligand 

COMp lex was furth('r supco rted by th o abso r pt i on spect r a s tu d i es . 

An I de nti ca l spectra of the mexcd ligand cOMp l ex we r o found in th e 

~bsence and p r es(> n ce of etha !10 1 whi Ie di ff e r en t sp e ctra we r e foun d 

f~~o h I !:> I mpl c camp lox in the ab se nce and p r ese n ce of et ano • 

Thesl. r eS ul ts Ind ,' cat-_ 1 ,~ the p r es" nce 0 
an - OH gr oup in the simple 

vanad iuM (V) -P CHA COMplex ~c l ocu l3 and t he ab se nce 
of t he - OH 

~ roup in the m,' X -, d ie u I e Th i sis , ! igand V(Vl .-PCH A- N
3 

comp l e x ma c . 

~os slb 10 th - N On ly whel1 th.: - Oh groufl i s be ing r ep l ace d by .e 3 

group dur in g S ', nce there is 
th e mixed ligan1 co mplex fo r mat ion . 

On ly One - OH 
g r oup in the _' I " c omplex molecul e on l y onc - NJ 

::- Im p '" 

gro up Can !) 17 
Co - o r dinated with 

th e '!le t a I wh i ch con firms th e 

',n th e mixe d ligand 
to be I :! 

ratio of 
vanad' I urn (V) to a z i de 

COl'lp lox Su h ,' n th e cas e of 
- c sp'~c tra I s tu dy was no t poss i b Ie 
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tri ch lo r oace tic ac id since th o r o was es t e r f l cat l on reac ti on 

b ~ tw E;e n t h(> ca rb o x yl i c ac i d a nd th e a l coho l. 

Th us the r at i o of v a na dium ( V) t o PCHA was f o und t o be 

1: 2 by both th e mol e ra ti o and cont I nuous va r iat i ons me th ods 

i n both s y stems and th e rati o of v anadium (V) t o az i de and 

vanad i um ( V ) t o t ri ch l o r o ace ti c ac id to be 1:1 by s i mp l e 

s pec tr oph o t omet ri c me t ho d a nd abso rpt i o n sp e ct ra s tu1i os . 

He nce th e ove ra ll c ompos ition o f vana d i um (V ) - PCHA- azi do and 

vana d i um (V) - PCHA- t r ich l o r o ac et l c ac id mi xe d li gan d compl exes 

ha ve bee n found t o be 1 : 2 : 1 (V' ( V) : PCHA : auxl l ia r y Il gandl. 

3. 3 Eff 0C t o f Variab l e s 

Eff ec t o f Amo un t of PCt-iA : A 6 - f o l d mol ar excesS of t he 

reag~ nt , PCH A, wa s fou nd t o be ne cess ary fo r the comp l et e ox trac· 

t ion o f va na d i um (V) from th e aque OUS phas A i n th e prese nce of 

az i de o r tr i c h loroacet i c ac i d un der op tim um e xp e ri me nta l condi -

t i on s . A 1 t h re age nt up t o 50- fold mo la r ex c05
5 

l a r ge e xcesS 0 e 
0 1 th e me ta l i on f rom 

has no advo r s€ e ff e ct on the e xtr act io n 
I t has a l sO bee n found 

t ho aqu e ous pha s e i n bot h th e sys t eMs . 

In t he wa ve l e ngth 
o f max i mum abs or pt ion 

t hat th o r e i s no sh i f t 
The resu l ts a re give n I n Tabl a 

with va r y i n9 amo unt o f re age nt. 

Sa nd 6 . 

o f Conce nt r at ion o f Azi de and 
Tr ich lo roace ti C Acid : 

Eff e c t 
and t r i chl o roace ti c 

The op t i mum concentr a ti on r a nges of azide 
e xtra ct io n o f va nadiuM 

aC i d I n th e aqueous phase fo r comp le t e 

(y ) 

, 

\ 
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wo r e f ound to bn 0 . 7 - 1.0 '·1 and 2-5 tA respectivoly. At l owo r 

concontration of azide or trich loroace t i c acid tho f ormatIon of 

th a rrixcd I i gand complexes Wil r c incomplete . At higher concentrl) ­

ti on of az i de wate r solub l e az i de - metal complex become s mor e 

stabl e rc'5ultin9 in an I ncomp l ete ex traction of vanadium t V)' 

At high e r conce ntration of trichloroacetIc acid th e r e wa s no 

phase separa tio n . 
The r es ults a r e given I n Tabl e 9 and 10 . 

Order of Addition o f Reage nts: It has been found that 

there i s no change in the abso rbance or In the co l o r I nt ensit y 

o f both the mixed 11 0and comp l s xes ext r acted In t o ch l oroform 

if the o r de r of additIon o f r eage nt Is chan ged . 

Ioni c Str on th Tern £ r at ure and Vo lume of A ueo u
s 

Phase: 

Tha wavc kngth o f maximum abso rption and absorbance value of 
tho 

.nd 
co l o r ed ext r acts o f both th a comp l e xes were not affected by 

change in i on i c stre ngth o f th o aqueO US phase bot,.o n 0 . 5 M 
o r potassium nitrate . 

o 
systems betwoe n 10 C 

1. 5 M with r e sp e ct to po t ass ium ch l o rid e 

Variati on in the t cl mpe r atur€ o f both th e 
a t change in th e abso

rb
-

and 40 C did not produce any sign l flcan I t 

ance valu e s of th e co lo r ed e xtracts 
of 

both the compl exlJ S, 

th o vo I urne of t
ho aqueOUS phase can be 

has also bee n f ound that 

var ied fr om 10 to 100 ml 

system and f rom 5 to 
i n 1j<¥1-PCHA- N3 fixed lIolul"l. 

25 rn I • 
in the V(Vl _PCHA - TC AA systom wi th r espect to a vlIrilltlon 

any signi fi cant 

fbthth9 
efflcloncy 0 0 

o f 10 ml of th e o r ganiC pha se without 

i n th e ab sorbance value o r ex traction 

comp l e x es . Further 

aqueOUS phllS9 In 
. I me of th o 

1 ncrea s e 111 I{O U 
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V(V) -PCHA- TCAA s y stem r es ulte d in an incomplete ext r action of 

va nad iu r; (V) due t o Inc r easing miscib ility of the tw o phase s . 

The r esults a r e g i ve n i n Tabl es 13- 15 . 

Tabl e 13. E ff ec t o f Ion ic Strength in the Aqueous Pha se on 

Ext rac ti o n of Va na diu m (Vl 

V( Vl -PCHA- N
3 

[ V ( Vl ] • 1 . 06 

Sy s tem 

x 10- 4 M 

[ N; ] - 0.5 M, [ He l l· 0.5 M 

Co ncentra ti o n 

o f KCI in aq u- Abso r ba nce 

eo us phase , M a t 560 nm 

0.5 0 . 6 75 

1 . 0 0 . 6 72 

I • 5 0 . 6 76 

V(Vl - PCHA-T CAA System 

[ V(Vl ] _ I x 10-
4 

" 

[ TCAA ] - 3 M 

Concent rati on 

of KN 0 3 
in aQu- Abso rb ance 

c oUS ~h as e I M at 5·~ 2 nm 

0 . 5 
0 . 778 

1. 0 
0 . 770 

1.5 
0 . 71' 

\ 
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Tabl e 14. E ffect o f Tompe r atur e on Ex t r act; on of Vanad l um (V) 

V(V)-P CHA-N 3 
Sys tern V(V)-PCHA- TCAA System 

[V(V) ] " 1 . 0 6 x 10- 4 
~1 [V (V) J . I x 10" 4 ~1 

fN;1 " 0.5 ". [H C I J " 0 . 5 M f TCAA) . 3 ~1 

of Abs o r barcG Tempera ture of Absor banca 
Temperature 

th e System, °c at 560 nm the System , °c at 5112 nm 

10 0 .678 10 O. 765 

20 0 . 672 20 O . " fo.~ 

30 0 . 6 74 30 0 . 764 

40 0 . 6 71 60 0.767 

Extraction Time and Stabi lity o f Comp le xes: Th e vanadlul"l 

(Vl-PCH A- N
3 

complex was c omp l o t e ly extr<!ctod into ch l oroform 

wi thin 3- 4 minutes whi 10 th e vanadium (V) _PCHA- TCAA complex was 

completely ex t r acted into chlo rof o rm within two minutes . It 

has also bee n found that the maximum color intensity , i . e . tho 

constant absorbance of th e ch l o r ofo r m extract o f thG V(Vl - PCHA- N, 

comp l ex wa s atta ined within 2 hou r s of standing ti m.J and th(l e 

ab so rb a ro ma l ne d constant at l ees
t 

f o r 
nee value o f th e comp l e x 

2 days at 20:20C . The ch l o r ofo r m ex tract o f t he v, n,dl
um 

(V) -

PCHA- TCAA 3 dayS at 2 0 ~ 2°C f r om tho tl~o 
was s t ab Ie fo r at l east 

of its ext r act ion . These r es u l ts ar e a lsO truO If one usos 

ch loroacctic acid instead of t r i chlo r oa ceti C acid . 

ar e give n in Tab l e 16 . 

The r esults 
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Tabl e 15. Effect o f Volumo o f Aqueou s P h ~s G on Extracti on of 

Vanadium eV) 

veVl - PCHA - N3 System 

- 4 I V I V ) J • I . 06 x 10 M, 

IN- ' '" 0 5 M 3 ' . 

[ HCI ] • 0 . 5 1'1 , V o r g 
= 10 m I 

Aq ucous Phase Abso r bance 

Volu me , ml at 560 nm 

10 0 . 6 70 

25 0 . 67 3 

50 0 . 669 

100 0 . 67 4 

V(V l - PCHA- TCA A Sys te m 

IV IV)] 

[TCAA ] = 10 ml 

.Aq uoous Phase Absor ba nco 

Volume , " I 
at 542 nm 

5 
0 . 768 

10 0 . 77 0 

25 0 . 765 



t 

Tabl e 16. 

CO:""lP I x 

$yst m 

Ti me 

mi n/hrl 
day 

o 
30 mi n 

hr 

2 h r s 

3 h rs 

12 h rs 

2 /~ h r s 

32 h rs 

36 h rs 

2 days 

3 days 

- 64 -

Ef f ec t o f Time on Ab sorbance of V~nad l um (V) 

Conplc xes 

v (V) - PCHA- N3 

[V(V) ] • 
- I. 

1 . 23x 10 M 

[N
3
1 • 0 . 5 ~' , 

[H CI I • 0 . 5 M 

Absorbanco of 
Chloro form 
Extrac t at 
51)0 nm 

0 . 728 

0 . 744 

0 . 750 

0 . 768 

0 .7 66 

0 . 766 

0 .770 

0 . 768 

0 . 767 

0 . 769 

docomposed 

V(V) - PCH A- TCAA V(V)-PCHA- CAA 

[Vl V)] • 1 x 10- 4 M [ VCV)]· 1 x 10-
4 

M 

[TCAA] • 3 M [ CAA J • 5 " 

Abso r bance of 
Ch l oro f orm 
Ex tr ac t at 
542 nm 

0 . 715 

0 . 715 

0 . 714 

0 . 715 

0 . 713 

0 . 714 

0 . 715 

0 . 714 

0 . 715 

0 . 714 

0 . 710 

AbsorbanCQ of 
Ch lo ro f o rm 
Ext rac t at 
530 nm 

0.665 

0 .668 

0.662 

0.664 

0 . 665 

0 . 663 

0 . 667 

0 . 662 

0 . 66 1 

0.662 

0.660 

3 . 4 S ectra l and Photometr i c Cha ractcfstlC S of Com l e xe S 

The mo lar absor ptivity and photometriC sensitivity (6) of 

th been dete rml ne d at the long 
e mi xed 1 igand comp lexe s haVO t PCHA , h&5 

wave l e ngths of max i mum abso rpt i on wh ere tho reagan . 

n091i9blo absorba nce . 
Th e r esu l ts a r e summarized I n Tabla 17. 
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Tab l e, 17 . Mol~ r ~ b s o r pti v l t y d S a n cnsit i vlty of t he Co lored 

Sy s t e ms 

Compl Gx A , Phot omc t t i c 
max ma~ I 

Sy st t;) m nm 
-I S e n s j t i v it ~ 

mo l e em 1I9 II cm-

V- PCH il- N 560 6300 
3 

0 . 0080 

V- PCH A- TCAA 5 ~ 2 77 50 0 . 0066 

V- PCHA- rAA 5 30 6680 0 . 0016 

T h'J co l o r e d s y st ems obe y ed Beer ' s l aw in t he concent r ati on 

ran g.] o f 0. 9 _ 10 ppm , 0 . 6 - 8 ppm , and 0 . 8 - 10 ppm of vanad iu l"I 

i n th e V{VI - PCHA- N
3

, V(V )- PCHA- TCAA , V(V) - PCH A- CAA co lorod 

sy ste ms r e spoc tive ly . The r es u l ts aro gi ve n I n Tab l a 18- 20 and 

th e cu r ves a r e s hown i n Fi g . 16- 18 . Th e op t imum concentrat i on 

r ange s f o r the de t e r minat i on o f van adium (1/) as ev a l uat ed fr om 

Ringb omis p l ot (13 2 ) ( Fi g . 12- 2 1) we r e f ou nd t o be 1. 8 - 8 . 5 ppl'l , 

0 . 8- 5 . 0 ppm and 1. 2 - 7 . 0 ppm of v anadi uM f or th e V(V) - PCH A- N3 , 

veVI- PCHA- TCA A, and V( V)- PCHA- CAA co l o r e d sys ~e~S , r e sp ec tl vo ly . 

The se r esul t s i n dicate th a t th e me ~h od s ar e hi gh l y se ns it ive and 

he nc e app l icab le t o the de t e r mination o f tr aces of vanadium . 
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Tab l a lB. Calib r at i o n Cur ve Data for Determination of V(V) 

by V(V) - PCHA-N 3 Sys t em 

Conccnt ratlon o f Va nadium (V) Abso rb ance 

M "9 /25 ml ppm at 560 nm 

-
I . 8x 1 0 

, 22 . 73 0 . 92 0. 116 
, 

2x Ie - 5 25 ~ ~ 8 1. 02 0.129 

- 5 
4xl0 50 . 95 2 . o ~ 0 . 260 

8x10- 5 10 1. 90 ' . OB 0 . 5 19 

12x10- 5 152 . 85 6 . 12 0 . 771 

16x10- 5 203 . 8 B.1 6 1. 046 

20x 10- 5 254 . 75 10 . 2 1.270 

Tabl e !9 . Ca libration Curv e Da t a f or Ood;l)rmlnation of V(V) 

by V (V} -P CHA- TCAA Sys t em 

Concent r a tion of Vanad ium (V) Abso r banco 
at 542 nm 

M "9/25 ml ppm 

1. 2x 10- 5 15 . 28 
0 . 61 

0.09 2 

2xlO-' 5 1. 02 
0 .1 50 

25 . 48 

·1x IO- 5 2 . 04 
o . 110 

50 . 95 

8x I 0- 5 4 . 0B 
0. 622 

101.90 
- , 5. 10 

0.7 75 

10xi 0 
, 127 . 4 

12, 10- 5 6 . 12 
0 . 923 

152 . 85 

16x 1O- S 
8 . 16 

1. 20 

203 . 8 
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Tabl e 2e. Ca I i b r a ti on Cu rve Da t a f or Dete rmination of V(V) 

by V(V) - PCHA- CAA Sys tem 

Co ncent r at i on o f Vanad i urn (V) Absorbance 

'1 "9125 ml ppm at 530 nm 

1.6xI0- 5 20 . 38 0 . 82 O. 108 

2x 10 - 5 25 . 48 1. 02 0.135 

4x1 0- 5 50 . 95 2 . 04 0 . 286 

IOx1 0- 5 127 . 4 5 . I 0.6 70 

20x10- 5 2 54 . 75 10 . 2 1.32 

3 . 5 Pr o c i s ion 

The precisions o f th o n'3 w l y dcvo l opod methods we r e evalu ated 

by pcrformi n~ t en . f i ve , and t on ind epe ndent ana lyseS on samp les 

each conta inin g 5 . 4 , 4 . 08 , and 5 . 10 pp m of vanadiun in t he V(V) ­

PCHA- N V (V) - PCHA- TCAA and V (Vl - PCH A- CAA systems , r espectively . 

3 ' 
The r esul ts obta i ned (Tab le 21) c l ea rly indicate tha t th e methods 

are high ly precise and g ive re producible resu lt s . 
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Tabl o 21. Evalua ti on of P recision of Methods 

Par clTlc t cr 

of 5 "Ir.'.p I i.e':; 

V(V) conc~ ntra -

Ave rage de y i a-

t i on fr orr, mean , 

ppm 

RelAtive s t an -

dar d deviat ion 

Me t hod base d 
on V (V ) - PCHA· 

N3 system 

10 

5 . 40 

0 . 67% 

3 . 6 Eff ec t o f For e i gn I ons 

Mathod base d 
on V(V) - PCH fI ­
TCAA s ys t em 

5 

4 . 08 

4 . 08 -0 . 01 

0 . 58% 

Method based 
on V{V) - PCHA-
CAA s y stem 

10 

5. 10 

0.50$ 

I n orde r to ev aluate the selectivity of th e two newly 

deve l oped methods tho e ff ect o f several diverse IonS on th e 

oxt r actlon and de te r mina t i on o f vanadium IV) with PCH A In the 

prose nce o f azide o r trich l o r oace tic acid haS bee n Invos tlg .ted . 

Th e tol e r anc e limit taken as th o concentration Ippm) o f IonS 

whi ch c aus e an e rror 1055 t han 2% a re given In Tab l e 22. 
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Tab Ie 22. Influence o f Fo re ign I ans in the Dete rmi nation o f 

Vi\nadium ( V J iii V (V J-PCHA- N
2 

and (V(VI-PCHA- TCAA 

Syste~5 , V ( V } ~ 4 ppm , N3 " 0 . 5 Pl , rCM • 3 M 

Hel ~ 0 . 5 M ( f o r V(V) - PCH A- fI 3 System) 

I I III 

aTo le ranco l imit , ppm aTo lerance li mit , ppm 
Ion V (V I- PCHA-N3 Syst em V( V) -PCHA- TCAA System 

• 400 ',00 Na 
• 400 '.00 

K 
• 400 400 

Li 
cl+ 400 400 

2' 400 400 
Sr 

2' 400 400 
Be 

2· 400 400 
Mg 
8c2+ 400 

400 

A1 3+ 400 
400 

La3+ 400 
400 

TI ' 
400 

400 

Zn 2+ 
400 

400 

Cd2+ 
400 

400 
H 2+ 

400 
400 9 400 

S .1+ 400 . n 400 
Pb2+ 400 400 
S,3+ 400 • I 200 
eo':+ 400 400 
Th4+ 200 100 
UO~' 200 400 
Cu2+ 100 300

b 

Fe 3+ 400
b 

400 
Ni 2+ 400 400 
Co2 + 400 400 
Cr3+ 300 

J 
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I I I II 

r~n 
2 + 

400 400 
2-Mo04 80 40 

W0 2-
4 

100 60 

Ti t! + 40 60
b 

l r 
4 + 

400 360 

• 
NH 4 400 400 

f\ceta t o 400 400 

Ch lori de 400 400 

ti l tr ate 400 400 

Sulphate 400 400 

Citrate 400 400 

Ta rtarato 400 400 

Phosphate 400 400 

Bo rate 400 400 

Fluoride 2400 3600 

Ox a l ate 400 400 

EDTA 150 400 

a For most of t he ion s th e t o l e rance li mit migh t bo wel l above 

400 ppm. Howeve r , th e exact li mits were not detormined since 

they d i d not j nter t er up to 400 ppm . 

bMaSked wi th Fluoride . 

I ron (I II ) react wi th t he roage nts t o f o rm co l o red com p le x 

e xtractabl e into ch l oro f o rm and inte rf o r e in th o doterminatl on 

o f vanadlum"{Vl in V(Vl - PCHA-N
3 

syste m. Th e inte rfe r ence of 

Iron ( I l l ) was elimina ted by maskin g it wit h f lu o rid e . A solu ­

tion containing 10 mg/ml o f f l uo ride wa s add ed po rti on- wis e and 

shaked vigorously until th o co l o r e d iron (111 1 a zid e comp l e x 
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turn, J co I o r less . The lowe r to l e r ance li mit o f ti t an ium« 'f V) 

C~~ "' Iso be improved using fl uo ri de "'S k " u a ma s Ing age nt . In 

V{V)·PCHf _ TCAA system iron ( I I I ) a nd t ,"t an ," um ( t V) in t e rfe r e i n 

th~ de termination of vanad i um (V ) , Aga in t he in t e r f e r e nce o f 

iron (rll) and ti tanium. ( I V) was c l i mlna t ed by mas ki ng th ese 

i onE wi th fluo rid e . A so l utIo n con t a inin g 0 . 2 gm /25 mt o f 

NaF was added , to t he so l ut i on conta i n in g iron ( I II ) <7. 5 mg ) 

and tit anium ( I V) ( 2 mg ) and shake d v i go r o us ly . Th e n V(V) was 

ex tracted and dete r min ed by th e ge ne r a l proce dure. 

Th o r e s u l t s g i ve n in Tab l e 22 c l earl y Ind i c a t e that a l mos t 

a ll common ions which are n o r ma l ly assoc i a ted with va n ad ium (V ) 

in o rcs, a l loys , stee ls , a nd comp le x ma t o rl a l s do not inte rfe re 

in th c dete r mi na ti on o f va nad i um ( V) with PC HA an d az i de o r 

trich l o r oace ti c ac i d . Hen ca , t he t wo ne wly do ve l oped me th ods 

are h i gh l y s e lecti ve and ca n be app l i e d fo r th e de t e r mi nati on 

of vanad i um (V) in an y t ype o f s amp les . 

3 . 7 Com pa ris on o f Common Spec t r ophotomet ric Met hod s f o r 

De t e rmin a tion o f Van ad i um . (Y) 

The compa rison of th e pr esen t me th ods wi th t he common 

s pec t ro photome tric me thods wi t h common spectrophot omet ri c me th ods 

us e d f o r the de t e r mi na ti on o f vanadium is summa riz ed in Tab le 23 . 

Th e ne wl y de ve loped me t ho ds a r e seloc ti ve since most of t he common 

Ion s i n c l ud i ng Fe ( f fl), Ti (I V) , Zr ( I V) , and f~o (V I ) do no t 

int e r f e r . The se nsi t ivi t y o f the mothods is good and the methods 

a re free fr om t ho ri gid cont r ol of expe r imental conditions . 

, 
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i s go d ~nd ~ h e me t ho ds e re fre e from the rigid cont ro l o f 

cxpurimentz l condit i ons . 

Tab l e 23 . Com pa r is o n o f Common Spect ro photomet ri c Methods 

I I II I IV V VI 

Amax 
Sens itivity Opt lrrum r nte r- Re fe r-

-2 .Ac i dity 
Reagent nm ]..19 V em Range f e roncu once 

Hyd rogenpe roxide 450 var ies with 0. 6- 6 N Fo , Gr, 83 
acidity Mo, TI , \~ 

Phosphof ungsti c 

<.'lei d 400 0 . 027 0 . 5 ~1 Fa , e r , Cu, 
co , Mo ,Sn , 84 
Sb , Ti 

Tropo I one 590 0 . 0\ \ 5. 5- 7 M r.~n , Sr , \ 85 
HG r 

3- Hyd roxy 1- I, 

3-d! phony I tra-

zine 4 tO 0. 0078 3 . C}-6.0 Fe ,Cr,Cu, 86 
pH Mn , Go 

1- (2- pyr i dycazo) -

2- napthol 615 0.003 3 . 5- ~ . ' Fe ,Cr,Cu , 87 
pH Mn , Co 

8- Hydroxyqu l- 88 
550 0 . 0\6 3 . 5- 45 Fe , Cu,Mn 

no l i ne pH 

8-Hydroxyqu i -

no l i ns in pre-

sence o f p-phenyl 
2 . 5-5 . 0 • 84 

phenol 620 0 . 008 pH 

Ben zo-hyd roxa- 89 ,90 

mic ac i d 450 0 . 0 \4 \. 2- 5. 5 Fe ,MIl , AI 

pH 
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II III IV V VI 

N-phGny Ibenzo-

hydr0X"ll"'lic :'!c i d 530 0 .0 11 5. 0-9.0 M Ti ,Zr, 
HC I Mo , W 

53 

N- phr-ny I c in nemo--

hydroxurric acid 5!IO 0 . 008 3 . (}-7. 5 ~ Tl ,Zr , 
HCI Mo, W 

39 

N- phcny I ci nnamo-

hydrox~i C <'ci d 

in prc:sonc..::: of 

P- ch I.::rophenol 565 0.0068 J.(}- l . O M W 46 

N- phenylC innamo-

hydroxamic acid in 

in p rt'~r:nc·: of 

th i ncy iJn ate 590 0 . 0058 l . (}-7 . 0 M Fe , ,,1 45 

HAC 

N- phcnylcinnamo-

hyd roxam l c cc ld 

In prc'50nce of 
0.0080 0 . Ol- I . 5 ~, 

, 
azide 560 HC I 

N- phvnyl c i nnamo-

hydroxcmic ec i d 

in prosonce of 

trichloroacetic 2.(}-5 . 0 
, 

acid 542 0 . 0066 
TCM 

*Int e rferenco of iron is el iminat ed by masking. 
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3. 8 I\?p Ii cati CVls o f the r·1ethods 

T n~ ne wly deve lcped methods we r e appl i ed f o r t he de t e r mina-

ti o n "If va n a d i um in b l ood an d s t eel samp l es t o asse s t he ir ana-

Iyt ica l po t e ntia lity . 

Stoe l Samples : S i nce the s t anda r d samp l es we r e not 8"" 8 11 -

abl '2 , s yn th e tic samp l es hav i ng t he same compos iti on as t ha t of 

th e British Chemica l Standard Stee l No . 6 4 21 and 24 1/1 we r e 

prupoJ r ed . Ext r action and dotermlnl'l ti on o f t he s.::mp l es we r e 

un d: rt ;~ ken fo!lowing the g3ne r C! J p r ocedu r e desc r ibed ea r l i er . 

T,",o r os ul+ s arc given In r eb l e 24 . 

T ab I e 2'~. 
Dete r minati on o f Vanadium (V) i n Syn th eti c Stee l 

Samp l es 

Va nad i um * Van ad i um R. S. D. 
S amp I e conten t Fo un d (1. ) ( %) 

Ma ih o d No . ( %) 

V-PCHA-N I .5 7 1. 54 0 . 8 1 
64a 

3 1. 55 0 . 74 
241/ 1 I • 57 

!. 57 1. 55 0 . 76 

V-PCHA- TCA A 6403 

1. 57 1. 56 0 . 68 
24 1/1 

-Average o f 3 de te r mi na t i ons . 

) 

c 
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Comp s it ic n o f Samples 

Sam ;, I r~o . 61, a : 

S a mr l G ~ ,) . 241/ 1 : 

C , 0 . 80; Cr , 4 . 40 -, V, 157 M . ; 0 , 4 . I I ; 

W 5 . 6 6; Fe , 83 . 451 

W, 19.6 1; Cr, 5.03; Mo , 0 . 52 ; V, 1. 57; 

Co , 5.6 7 ; 

C , 0 . 85; 5 i. 0 . 33 ; 5 , 0 . 03 3 ; P , 0 . 02; 

Mn , 0.295; 

Ni , 0 . 075; Cu , 0 . 1; Sn , 0 . 025; Fe , 65 . 87% . 

B l o(" d Samp l o : It has be en found f rom the ana ly s i s th at 

th e bl oo d samp l e fro m an lldul t perso n did not contain any 

dotectab I e amo unt of vanad i um . This has be e n sh own by addIng 

a kn e wn amount o f vanad i um to the bl ood befo r e th e samp t G 

p r c p t'l r a t ion as desc ri be d ea rli e r . Th e vonadium con t ent o f tho 

samp le s o lut i o n was determined by th e V(Vl - PCHA- TCAA (or CAA) 

met h od . Th o r e sults a r e g i ven i n Table 25 . 

Tab le 25 . 

M0 t hod 

De t e rminati on o f Vanadium a ft er s tand ard 

Addit i on to Blood Sample 

Vanadium Added 
Ii" Vanadi um Found 

0 , 0995 
V- PCHA- TCAA 0 . 10 m9 

V- PCH A- CA A 0 , 10 
0 . 0990 

m9 

*Av e rage o f 3 de t erm ln a tl c ns . 

R. S . D. <%) 

0 . 58 

0 . 60 
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Th~ resu lts given in Tab les 24 and 25 i ndica t e th at the 

newly dovc l op e d methods ara r e li ab l e and can be app li ed t o th e 

a0 2 1ys i S o f vanadium (V) in a variety of samp l es . 
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4 . CONCLUS I ON 

Two ne w s i mp le , rapi d , and re liabl e methods for th e 

.~1-rac ti on a nd sp e ctrophotometr i c dete rmin at i on o f vanadium 

(V) with N_phenylcinnamohyd r oxamic ac i d and az id e or t ri ­

chl~r0acetic acid have been do vel oped . Bo th thc new l y deve loped 

method s are sens it ive , se lec tiv e , and g i ve r eproducib le 

r=su lts. Mo r eover , as tho methods are la r gely frco fr om th e 

rig i d control o f th~ ex~er lmen t al variabl es they can have wide 

i'ln ~' y tic a l applicab i Ilty f o r t he s uccess ful dete r mi netion o f 

va n ad ium in bie- samples , a ll oys, r oc ks , so i lS , 9 t e . Tn e dis ­

a dvantage o f the methods is th e add Iti onal steps taken f o r 

mask in g o f inte rf e ring i ons . 
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