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by 
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Advi s o r: Dr. O. S . Ch , nd r ava ns hi 

N- Hyd r o xy- N- N'- rl l ph , ny l be nz , mi d ine , HOr~A , a 

b i de nt Dt o chq lotlng :')ge nt wa s fo und t o r o.,ct wi t h 
\ 

iro n( I II) in the n r e~bnce o f thi ocya nnt e t o g ive a n 

o r o n1e- r cd mi xe d lig ~ nd co mpl e x which i s quantit o tive ly 

c x tra ct ~h le in t o t o luene f ro m 0 . 1 - 0 . 6 M hyd r ochlo ric 

.,cid s0 1u tlo n a llo wing spc c trorh o t ome t r ic de te r min 1tl o n 

o f t he m c t ~ l I o n . Th e co l o r e d sys t em ha s a w~ ve l o ngth o f 

ma xi mu m CI ,')sn r f'l tio n a t 465 nm wi th a mo l:! r abso r r tio n 

coe ffici e nt o f 10 , 000 1 mo l - 1 cm- 1 • Th e c ompos it i o n o f 

t he Fe ( III) - SeN- HOPO/'. compl ex hfl s !Jeen de t e r mined by 

srect rorho t ome t r ic me thods a nd w~ s fo und t o he 1: 2 :2 

(F e 3+: SCN-:HOPOI\ ) . Th e e ff e c t s o f f o r e ig n i o ns '1 nd o f 

seve r ql o t he r cxpe riment~l v 1 ri 1bl e s h~ v e ,een stuoied 

t o os t ~b l i sh the op timum co nditio ns f o r cx t r~c tio n ~ nd 

d ctc rmin ~ tio n o f i r on{III) . Dn th e b,s i s o f th e se 

s tu d i e s , a s im pl e , p r ecise , s c nq i tive ~ n d v e r y s e l ec tive 

me t hod hos beo n p r opo sed for th e rlc t e rmin1 tio n , f iro n . 

This me thod hos been oprl.' i e d s uccess fully f (1 r t he 
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dc t ~ rm i no t io n o f iro n 1n b l ood Dnd stee l sD~pl e s . 

Co ba lt(I!) was f o und to r ene t wit h N- hydro xy- N, 

d i r he ny l be nz am l dino t o f e rm a yellow- brown c ompl ex . Th e 

co mp l e x WDS f o un d t u bo qua ntit , tiv e ly ex trDcta:'l.c in t o 

t o l.ue ne from th e a r, veo u s nhase a t pH 7 . 5 - ') . 5 . The 

sp ec tra o f th e cobol t(!I ) comr1 ex e xhibit e d a bso r pt i o n 

max i ma in th e v i s i b l o r eg i o n 

a b so r p tivity o f 7000 1 mo l - 1 

a t 405 nm wit h mo l a r 

-1 f em Tho comros ition a 

th e c omr1 ex h o s bee n f o un d to be 1 : 3 ( Co { II) :HD P3A) . 

Th e e ff ects o f f o r e i gn 10 ns ~ nd o f o t he r ex pe r im e ntal 

v ~ ri ~~ l e s ha s bee n e v al ua t e d a nd th e me tho d h3S bee n 

f o un d t o be r ap i d , p r ecise . s e l e c tive a nd mode r ately 

se ns itive . The me thod has bc~ n apn li e d f o r t he dcte r mi -

na t ion o f c obalt in Vit am in 8 12 • 
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1 . I NTROOUCTIO 

The lnc r cas ino, awa r e ness o f the lmro rt ~n t ro l e o f 

t r oce omo un t s of l no r qonic compo unds in chc~ic~ l, 

nhys i ca l , a nd b i o l oqi c ol syst ems h AS g rc a tl y s ti~ul a t e d 

the r e fin e me nt a nd ex t e ns i o n o f c hem ic ~ l ana lys i s in 

which the s ubs t a nce t o be de t e r mined 1s t r ea t e d ~ it h a n 

a uxil a r y s ub s t a nco be ing adde d (the r oaqe nt ) . Th e proro­

r t i e s a nd t he amo unt o f r eactio n r r oduct f o rm ed a r a th on 

co nsi do r ed in o r de r t o d r a w co nclusio ns as t o th o qual i ­

t a t ive a nd quantit a tive com pos itio n of the s ampl o be ing 

a n ~ lyzod . 

The a na lytic a l r e qui r eme nts i mnosed b{ t he complex 

co mro~itio n o f t h e o u~~ t D nc c~ h ~5 led t o r an i d adv a nc es 

in ~ n~ lytic ?l c he~ i s try ma inl y in th e fi eld o f ne w 

~ nA l yt ic a l me thods ba 3cd o n ins t r ume nt a l tcchn i ~uQ5 . 

Ho ~cve r, t he c~ am ic a l r ~ action o f a s uit a~lc rc~gcn t 

with the 5ubs ts nc e t o be det e rmin od s t ill r ema ins th e 

t rue bas i s o f num o r OUG me thods o f de t ection , s epa r a tio n 

a nd dete r minotion. In th i s r e sp ect o rg a n i c r cagn n t s 

p l aya predomin a n t r o le a nd fi nd wide on~ lic ~ tio n in 

srec tronho t ome tric metho ds , titrimc try, srot t C3 t s and 

l as t but no t l eas t in S8 pnr Dt i o n me t hods ( r r ec ir it a t i o n , 

mns king, so lve n t ox tractio n and io n- cx ch ~ n ; e r s) and p r c ­

co nc en t r a t i o n p roc edu r es . 

Th e t es t s f o r a nd de t ~ rm ina ti o n s o f s ub s t a nc e s with 

- 1 -
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o r ganic r eaoents ca n o f t e n be nc rf o rm e d ~ith high or se n­

sit i v ity a nd se l e c t ivi t y . The se pa r 3 tio ns a r c a l so morc 

e ff e ct ive i f o r gnn lc r eage n t s o r o e mp l oy~d . O r~p nlc r ea­

g e nt s a r c u tt rac t lv Q f o r t he s i mp l e r eose n th ~ t a l a rg o 

numbe r of them a r e known a nd th e re fo r e , a be tt o r choi c e 

ca n be mode . Th o r o f o r e th o SCOno and numb e r o f th e i r 

or ~ l l c ~ t ions in ~ nG l y t i ca l p r ~ ct ic e con t inues t o Inc r c3So . 

The r e· c tio ns o f o rg a ni c r eag e nt s wi t h i no rg~ n i c i o ns 

in s o l u t io n c a n yi e ld p r o d uc t s o f v'l r i ous ro ..... <: rti cs . fo r 

cXu mp l c t hey c on cx hi~ i t a ch n ngo i n color , lum i nes ce nc e , 

SOl ubil i t y , a nd vo l ~ t l1i t y . The rc~c t ion p r oducts may be 

comp l ex compou nd s , o r new o r ga nic s ubstanc e s (fo r med duo 

t o the oxida tion- r e duc t i on o r c n t a ly t ic nc ti o n o f ino r­

ga ni C io ns) , o r o t he r f o r ms of th o re~q o nt ( ~c i d- basc in­

dica t o r s) . Bes i des t hase r ea c t io n t yro s t ~e o r 'Ja nic r c­

a qe n t i n s o l utio n can bc adso r bed on a r r c ci ~i t ~tc o f an 

i no r ga ni c s uh3t n nc c , t ile adso r p tio n be ing Dccomra ni ed by 

o c olo r cho noc o f t hc r eEl,":en t. The f o r mc t io n o f a p r o­

duct whi c h i s inso l ubl e in a 1 i vc n s~lvc nt c on bo emrloyed 

fo r the grav ime t ric de t or lJi n, tio n , s cna r , tio n o r p r ccinit o­

ti o n t itra t i o n o f £In i o n . If t he r coctio n p r o duc t i s 

vo l nti l c , th e o rg ~ nlc r ecgrn t c a n be us~ d fo r ~ n ~ n ~ ly­

tic u l scrD r ~ tio n bnscd o n rl i s t i l1 3 t i o n, o r sub llm , tio n o r 

gas ch ro ma t og ra~ h y. If th e r e£lc t i o n ~ roduct i s less so lu­

ble in wat e r th a n in :- n o r gil nic solvnnt lmmi 5ci'Jlc wi t h 

wElt e r , t he r coctio n c 'J n be use d fo r ~o lven t ex tra ction 

t o be f ol l o\'cd by srcc tro"ho t ome t r ic dc t ~ r~ in D tio n . 

I n many re oct io ns of o r qa nic r C'1cn ts a c onsr iC uo us 
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colo r o r fl uo rc;c once i s deve l oped, o r conve r se l y . 8 

colo r e d compo ne nt 1n ""cl utio n 13 dcc o l o rt zcd du ri.nQ th o 

r eac t io n o r its flu o resc o nc e 1 s ~ucnc h cd . S uc h r e,c t i o ns 

can be a rr11ed f o r e nd "o in t ind i c a t io n 1n a Ci d- bosc , 

o xidation-reductio n o r c om~l cxom c tr ic t i tra t i o ns a nd 

5pcctro~ hot omct r lc o r fluo r o mc tric de t e r mina t io ns . 

1.1 S re c tropho t o mo trx 

Spectrophot omot ric me thods a r c based on t he 

me as u r eme nt of t ho nbso rbance fo r mo noch r oma tic I1 1M t 

p ass ln~ thro ugh th e s ol utio n c o nt ain ln~ the s ub s t a nco 

~c inn det e r mined . ~ rovl de d t ho t th e thicknes s o f th e 

a bso r b ing l a yer , i , a nd the abso r rtl on c oe ffici e nt , t 

( mensura of exten t o f int e r ac tio n be t ween th e molecul e 

o f a s ub s t a nc e a nd r a di a tio n) , of t he subs t a nce being 

de t e rm in~ d $ t a g ive n wpvclc ngth ~ re known and th e 

ab ~o rba nc e, A, i s meas u r e d it i s POSS i ble t o us c Be e r's 

l a w in o r de r t o de t e r mine t he unknown co nce ntra t io n, C. 

A 
c = ( 1) 

Spectro nho t ome t ric me thods a r c commonly used f o r 

the de t e r uina tion o f ino r ga nic subs t a nc es wi t h o rga nic 

r e a ge nts . The r e lia bility of t he me thod depe nds o n 

the n ~ ture of the o r Q3 nic r eag e nt used . O rg ~ nic r eag e nts 

used in s rectrorho t ome t ric me thod s ho ul d be s u ffiCi ently 

s t able a nd r e s i s t a n t t o oe ria l o x i da tio n o r t o nho t omc tric 

de comros ition. The s a me sho uld hold fo r th e r e oc tion 



1 

- . -
.... r oduc t s . r1o r oQ v o r. 1n th e Rb <;o r n t 1o n s ~(; c trum o f a 

product t he r e mus t be e c h1 r nctc r i s ti c int e nse ahso r_ 

p tio n ba nd , a t su f fici ent dist a nc e f r om t hat of t he 

reo~ o nt o r o f sub s t a nc e be ing d e t e r~l ne d : 
"" ( p r oduct) -

max /\ .> 
(real1c nt)max::" 100 nm. Th e r C=- fJen t s f o r which 

AC p r Od uc t) "-- A(reag ont) a r e l os s s uit e d f o r spcc t_ max max 

r opho t om e t r y Dnd ara arr l1c ab le onl y wh e n th e abso rp tion 

coef fiCi ent s diff e r by a f a c t o r o f a t l eas t 2 . 

1. 2 Srec tro phot o me tric Oe t c r~ ina tlon o f Me t a l I o ns (1- 6 ) 

Spc c trorhoto mc tric dete r minatio n o f m ~ t a l i o ns 1s 

usua ll y ba s ed on th e fo rmation o f me t a l comp l e xes . Th e 

fo rm ~ tion of a st a ble me tal c ompl e x r equi r e d th e rre se nc e 

o f Acidic o r bas tc ~n~ l y tlc o l functi o nal q r o u p in t he 

mo lecul e of t he r eage nt (ligand), p r efe rabl y i n t hose 

pOSitions wh ich allow the fo rmn tion o f a fiv e o r six 

me mbe r ed c he l nt e r 1. ng . Colo re d me t al compl e xes a r a fo rm ed 

only whe n the o r ga nic reage nt ha s Il-e l ectron ch romor ho r1c 

g r oups i n th e molecule, th e cyclo group sho uld a l ~o fo rm 

a pa rt o f t he Ii- e l ectron sys t e m and no insu l at ing l rouP 

is pe r mit t ed be t wee n th e ac i d a roun e nd th e co njuga t ed 

system o f t he mo l ecul e . 

Comp let e nes s of Complex a ti on Reaction . 90 t h th e accu racy 

a nd ~ r c ci s ion o f a nho t omc tr ic de t e r mination dcne nd on 

the comnlo t e nes s o f a g ive n reactio n. As the r eaction 

so lution us ua l ly co nt a ins comr o ne nt s co~pz tina in th e 
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r eac tto n, i t 1 9 n" c uos .:J ry t o c o ns i de r th\. c:) n c:H t i o na l 

stability co nst ~ n t f o r th e 10ne r a l com ~ l oxa t io n equili ­

b r ium 

f.I + nL 

1n whic h t hG det c rm in ~ t io n 1s base d 

( ML,;-J 

wh o r e S' i s th e c ond i tio na l stabil ity con s t a nt and 
IILn 

e M a nd CL a r e r e s pe ctively th e t o t a l co nce nt r a tio n o f 

th e me t a l ond t ho liga nd unco ns ume d in t he f o r ma tio n 

o f t he comolex MLn . 

If B r e ac t i o n is co ns id e r e d as compl e te wh on 99% 

o f th e me t e l be ing de t o r~ ine d i s tr a ns f o rm ed into t he 

pa r t i c ul a r comr 1ex MLn' i t fo llows th a t 

c · 
M 

> 10 2 
-

Th e l i n"1 n d i s uo ua lly a n a nio n ic speCi es o f a week 

a cid HfL a nd so it s co nc e n tra tio n i s pH depe nd e nt . 

( 2) 

( 3) 

Th e exp ress i o n i n oqu ~ t i o n 3 ca n be us ed fo r th e 

c . lCtJl ~ t ion of t he nec e ss ~ ry minimum nxc oss of th e r C8-

qe nt , o r f o r e s tim a tio n o f t he pH r Dn lc ove r which 

BML a t t o in s t ho r equire d va lue . 
n 

So l c c tiv ity . I f a dequ ~ t o s e l ectivi t y i n th e pho t omet r i c 

----..... ----------------......... 
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de t e rm in ~ tl~ n o f ~ g lve n s ubs t ~nc o i s t n be chiov od , it 

I s ne c e ssn r y t o ChO~ 9C ~ s ult ~h l e wov e l o ngth 1 t which t 

m, ke th o meos ure me n ts . The ~ ~90 rh~ t lo n c ~e fflcl o n t o f th e 

s u bs t a nc e ba i ng dete r mi ned s ho u ld be high .:3 nd rh f) s c o f tho 

o th e r s ubs t a nces p r e s e nt be ne g1 i nl hl c . Re l c c t i v ity c n 

he Incre~sA d ~y pH nd jus tm c nt o r by m ~ 9 k lng . Th e m ~5 k i ng 

re"~e nt ( nn I th o compl ex fo rmed) shoul d ~e c ' l o rl OBs , nd 

no t f o rm a ny c o mpl e xe s with th e me t ~l bO i n'] de t e r mined 

o r r e Ac t wit h t he co l o rime tri c re ~g c n t. 

Se l e c tiv ity c ~ n o f te n be I ncreqse d ~y Qx tr" c ti ,' n o f 

tho re ~ c t io n p r ryQ uc t. Th us i t i s po s 9 i ~ l e t o s opo r a t o 

th e co mpo ne nt t o {,0 de t e rm ined f r om o the r i n t o r f e r i ng 

SU')s t fl nc es . 

In t he rlc t c rm i nr t l ~ n o f 1 me t , l i o n ' i 9 pro~c nc o o f 

. ., no t he r me t "'1 N, i f ~Q t h fo r m co l o r ed CfJmpl c xc s I'll n 

( BNl ) wi t h s 1m ll ~ r 1,sn r p t i o n sncc tra , 
n 

co rrect rc ~ ul t q f o r Ml ~ r e o b t "' inc~ if t he c ~ n ~ i t i ~ n i n 
n 

c qu, tio n 3 15 fu lfi l l ed . At the s~ m a tima th e f o llow i ng 

e xp r es s i o n mus t ho l d f o r the r ~ t i o (I f q~so r b~ nc e v~l uc s 

o f th e t wo co mpl e xe s , p r ov i de d t hn t t he co l ~ rl m ct rlc 

reo~ e nt it self rloes no t 1~so rbcd 3 t th e w~ve l e ngth use d : 

" ML £ML MLn 
n n 

= = 

ANL 
n 

ENL NLn 
n 

whe r e eM "I nd e N o r e t he t o t ~ J. c" nc " ntr ·1tio ns o f H 1nd N, 

r ospe c t ivol y . If the c~ n cc nt r ' t lo n s o f tl 1nd N ~ rD t he 

( 4 ) 
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s am e J n ~ th e ~b3Q rr t1o n coc ffl~i c nt s o f t ho t~ c o . p l e xus 

a r e oqu ~ l , the co ncc ntr , tio n o f t ho cOQr t c x NLn mu s t bo 

neg l i gible i f on occur ~ t e r e9 ul t i s to be ob t ~ lnc d fo r 

M: 

( NL.,J _ _ _ 2 

C 0 

N 

S O (C O)n 
NL n L 

C a m b in~ t 10n o f e qu ... tlo n3 3 a nd 5 qiVC9 

Thus the v nl ues o f the c o nd itio na l st ~bility c o n­

s t Ant s o f t hc \ comr l e xc s MLn mu s t dif f e r a t l e a~ t by 

fo u r orde r s o f magnitude . 

I f th e " b30 r p tio n max im o o f th e t wo c ompl e xe s , 

( 5) 

( 6) 

MLn af'td NL n, a r e a t rl iffe r e nt w:w e l c ng th s , it is 

r oss i ble t o de t e r mine bo th me t o l 10 ns , M And N, s imul-

t '1 neous l y . 

Th e s imult a neo us s nc ct rorho t om e tric dct c r~ ina tion 

of two s o l ut es i n s o urion ca n be a c hi e ve d if t he r a is 

no r eactio n be t we e n t he t wo so l ut e s . S inc e SJsOr ba nc DS 

a r e a d d i ~ ive . we ca n wri t e 

( 7) 

( 8) 



- 8 -

wh e r o AJ.,. an d A J.. a r e t he measu r e d ebso r banccs a t 
1 /I 2 

th e two w:Jv a l c ngths A 1 a nd A 2 ' a nd th e s u::'sc r l p t 1 

o nd 2 r e f e r t o [ \"01( ' d i ffe r e nt subs t ances , a nd t he su b­

sc ri p t s). 1 and A 2 r efo r t o th t wo diffe r en t wav e ­

l e ng ths . Th o ~ovc l o ng th s o r e se l ect e d t o coincide with 

th e "l bso r n t1o n max i ma o f th e two sol ut es , i . e . t he 

a ry so r r t 1o n s r oct r s o f t he two so lutes sho uld no t ovor­

l ap arn rec 1 a ~ly , so t h ~ t s ubs t Ance 1 ab , or bs s t r ongly a t 

A 1 c:m d wea kl y a t wov Gl. e ngth /\ 2' a nd subst a nc e 2 abao r bs 

s tro ng l y e tA 2 a nd weak ly a t "1. Now a cco r d ing t o 

Be e r' s l aw Ac t CI, whe r e (" is th e mol e r ebs o r r t1o n 

coe f f ici e n t a t a ny ~) r ticul ~ r wave l o ng th. C i s t he 

mo l a r co nc e nt r a tio n, n nd 1 i s the thick ness ( l e ng t h) o f 

t he a bso r bing so lut10n cXr r essG d in cm. If 1 i s 1 em: 

( 9 ) 

( 10) 

th e sol utio ns o f th ese sim ult aneo us e~u 2 tio ns a r e 

( 11) 

( 12) 

Th e val ues o f t he ~o l ~ r ab ~o rrtion coeff ic i e nt s t 1 

a nd t c a n be ded uc ed f r om mC.:l SU r emc n t s o f th e abso-
2 
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r b, nc cs o f pu r e solutions o f s uhs t a nccs 1 nnd 2 . Tho r o­

f a r e , by measuring t he a bso r ba nce o f th e mi x t ure a t A 1 

a n d A 2 the c oncentrDtio ns o f th e t~o com~o nc nts c a n be 

c !J l c ul a ted • 

1 . 3 photom e tric Se ns itivity a nd Limit of Oe t e r mina tio n 

Th e s o nsi tivit y o f a qu a ntit ~ tlve Dho t o mc tri c 

me tho d i s now us ua lly da fin e d as th e s lo pe d/\fdC o f th o 

c nl i b r a ti on c urve C=f( A) a t t ho o rigin (7), whe r e C 1s 

t ho c o nc e ntr '1 tio n of t he substa nc e t o be je t c r mlnc d a nd 

A is the ob so rbanc e of the so lution . 

The initial 1. inear ro rtio n of t he cc lib r~ tio n c urve 

c a n b e exp r essed as 

~h e re A i s th e D b s o r b~ nc e o f th e bl a nk . The s t e epe r 
o 

t h e s l ope o f t he c Zl li 'J r :'! tio n line , th e hi ghe r i s th e 

se ns it ivi t y o f th e deto rmin a ti o n i t i ~ thu s p r opo r­

ti o na l t o th e abso r p t i on coe ffici e nt o f th e snacias 

which i s measured a nd t o th e pAt h- l eng th th rough t he 

cuwt t e . Th e s e ns itivity of a pho t om e t r ic de t e r mina tion 

c~ n th us be increa 3c d i f t he wove l e ng t h is cho so n in t he 

r e g i o n o f a h i gh n:)oo r ption ma xi mum Dnd if 0 l ong e nough 

cuve tt e i s t oke n f o r t he mea~ u reme nt . 

Th e l owest co nc e nt rat i on ( o r amount) o f D g ive n s ub­

s t Ance which c nn be det e rmine d by cmrloying a s r ecifiod 

n ro c edure is c ~ llcd t he limit of dete r mina t io n (ernin) . 
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This 1s u $u ~ lly cxr r ossed 9S t he l owes t we i gh t amo unt 

( e . g ~g ) o r 8S t he lo~es t mo l a r co nc e ntra t i o n , M, o r 1n 

nny o th e r co nve ni e n t way , e . g . ~s ~g ml - l, r~ rc o n t ege , 

ppm , wh ich shows a st a t i s tic al ly s i9 n lf l c ~ nt dif fe r onc e 

f r om z e ro o r t he nvc r a~e v31ue o f t he bl ank . K9i so r 

de f ine s ( 8) th e limit o f de t e r mina t ion by th e fo llowing 

equ ;Hio n : 

C =( /1 - /1 )( d/l) - 1 • 35 (~8)-1 mi n min a ~ a • 

whe r e So i s the st nnda r d dev i a t i o n o f t he bl p. nk Jo r c r _ 

mi n a tio n. 

So nde l l ctc f in eG ( 3) t he limit o f dc t ... rml na tlo n 

( c~ ll c d sens itiv ity) ~s th ~ ~c lg h t in ~g pe r 1 ml o f 

( 1 4 ) 

sol utio n , which c o rr e s no nd s t o a n Rbso r !Jn nc o 1\ • 0 . 00 1 

m0 3sured in a cuve tt e o f cross-sectio no! a re~ 1 cm2 and 

1 ~ 1 em. It s d i me ns i o ns a r e ~g. cm- 2 • Thi s de f inition 

of th e limit o f de t e r min f.l tion, e s ' i s g ive n by; 

~1 

E 
()Jg/m1) 

whe r e M is t ho mo l a r ma s s o f t he s ubs t Dnc e t o bo 

de t e rmined. 

The d i s~dva nt aJc o f thi s mode o f ex~ re ssi n9 th e 

l i mi t o f de t e rmina t io n i s t hn t t he sr re~d o f t he bl a nk 

de t e r min a t i o ns i s no t t 3ke n into ac count . 

1 . 4 p r eci s i o n o f ~ho t ome tric O e te rm1n ~ t io n 

( 15) 

In 1939 Ringbom (9) introduc e d a me t ho d o f r l o tt l ng 
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snec tror ho t omet ri c da t n 1n which pe rc ent trJ n sml tt ~ nce . 

T ( o r ~ rc e nt nb;o r o3nc o , A) i s pl o t t ed ogJ lnst the 

loga rit hm o f co ncent r a tio n, C . I'/h e n th ese functio ns a r c 

p l o t t e d D s ig~o i d o r S- s hapc d c urve i s ob t ained . Rlng­

bo rn ha s shown t ha t th e accu r acy i s g rc~testwh o n t ho 

v~l ue o f 

LlCjC • 2 . 303 

LI T Ll Tj Lllo gC 
( 16) 

r ecc hes 9 minimum , i . A. a t th e no int of the s t oepes t 

s l ope ( D C/C 

LIT 

is t he r e l a tive p. n ., lysis e rro r o nd Ll T 

1l1o gC 

i s th e s l op e of the cu rv e). 

A use fu l a nnl ic et i o n o f the Ring bom' s r Iot 1s f o r 

th e d e t e r mi nC'! tio n o f c o nc e nt r a tio n limit s within which 

th e , na l ys i s e rro r 1s minimum. Th e co nc entra tio n r ange 

CD n be c v nlu? t ed by constructing a t a nl ont t o t he 

s t eercs t Do rtio n o f t he curve . Th e slope is t he n t r an-

s l "l te d t o '''o in t s o f t :l n ~ cncy t o th e curve one on the 

lovle r a nd o ne on th e ur r e r limit s of t he cu rve . Th ose 

ro ints de fin e conc Dnt r a tion limits with in which the 

r e l 0 tivc 2 n~ l ys is c rro r is minimum. 

1 . 5 S re ct ro~ho t om a tric Mc thods fo r De t e rm in~ tio n o f . 
Com nosi tion o f Comr l exes 

Th e r e FI r e s evo r ,..,. l me thod s (6 ,10 , 11 ) fo r ueto r-

mininn the com r.osi tion of m p, t ~ l comr l e xes . Of th ese 

th e mos t co mmonl y use d me t hods f o r invos tiGa ting comp-
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l exc s 1n sol utions n r c t ho contin uous v ~ rl ~ t lonB (12) , 

the mo l e r a t i o (13) n nJ t he abso r r tl l)l'Ilo rric m\.! thC'd (6) . 

Continuous Vorl n ri ons Me thod . Ono o f th e mos t go ne r a lly 

arrl l cabl e a nd wi de ly us od me t hod fo r el u cld~t ln~ tho 

f o r mul D o f a compl ex 1s th e me t hod of co n t inuous vc r l o­

tio ns . S un~o se rh qt ~ me t Al i o n M nnd 0 11g ~ nd X r ecc r 

t o f o r m a compl c~ t. se r i e s o f s ol u t i o ns 19 ~ ro -

r~ re d in wh i ch the sum o f mo l ~ r co nc e ntra tions o f M a nd 

X i s t he 5:;!mc whi c th :J1 r mo l e fr ac t i o ns v ery be twoe n 0 

ond 1 . Ren r o s an t ing the mo l a r co nc e ntra tio ns o f th o 

me t Al i on a nd t he l i ga nd by eM a nd e x r os~cct lvc ly . ono 

'J o t s 

A qu a n tit y f i s de fin ed in s uch a way th ~ t, 1n a ny 

o f t he s e rios o f s olu t i o ns 

a nd 

C = fC x 

C = ( 1- f ) C 
M 

In a ny mi xt ur e of M a nd X, 

( 17 ) 

( 18) 

( 19) 

( 20) 

( 21) 

O~v io u s l y . th e conccnt r 1tion of th e com" lex wi ll c h a n~Q 

as f i s vil r i cd . It ni l l be ze ro wh tJ n f 1 "3 e itho r ze ro 

o r unit y a nd wi'.l h, vc mnxi mum v~lue ~ t some into rmc-
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d i ~ t o n01nt. I f tho ~b90 r bD nc e 1s mO~9u rcd , C 8 w~vo­

l e ng t h , wh e r e t he comr ,l a;( "lbgo r b e b u t 11 'Jn d X .10 no t 

abso r b t ho va uc o f f a t th o no lnt o f mox imum eb~o rb-

") nc c will corrcB :-'o n d t o ma x i mum c onc entra tio n o f ~\Xn ' 

This intu rn, will ba th o value o f f q t t he ro i nt ~h o re 

, 
= 0 , s i nc e 

, 1 
~ ( 1- I )C -CMX,,) 

( 2 2) 

K 

who r e K is t he di s s ocia t i o n co ns t " n! o f the com~l o x . 

It con be shown th ~ t 

( 2 3) 

o n !"l u t ting , 
= 0 , 

thi s Qqu ~ tlo n r educ es t o 

n = f ( 24) 
1- 1 

Acco r dingly , th e o ~~o rb~ nc e o f th e solutions 1s r l o tt od 

a g a i ns !. f , the ~lo l o f r a c t i o n o f tho 119'lnd 1n t "o 

so lu tion ~ nd t he n n i s calcula t ed from t he ,bsc i s se 

o f th e ma ximum of th o c urve . 

~10 1 c Ra t i O ~ 1 o t ho . I. no th r r co nvcnit' nt <"I n d nO ""'1Jl n r 

m ~ t hod fo r the invcst l g 'l tion o f t he comros l t io n o f th e 
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c omr l c xc s in 90 l ut10 n i s th e mole r ft Cio mo thod . Th o 

nrinci nl e o f t hi s me thod 1s th At a se ries o f solutio ns 

i s p r era r ed in wh i ch th e conc entra tion o f onc com no nont 

(usu a l ly eM) i s ke p t cons t a nt ~ nd t ha t o f th e o th or 

v~ rie d . Th e ~b6o rba nco o f th e so l uti on 1s mOQ 9urcd a t a 

s ui table w~ve l e n9th ~ nd pl o tt e d pgo in s t t he r a t i o o f th e 

va ri a b l e a nd co ns t ~ n t co nc e nt r a tio ns . If o nly o no 9 t D~ l e 

c omp l ~ x a bso r bs a t t he wavel e ng t h s t u it ed , th en tho 

abso r bonc c ' i nc r oa ,a a rr ro ximat c l y line ~ r ly wi t h t he mole 

r a tio a nd th e n be c o mes c o n s t ~ nt. Th o 3~s ci 5sa o f t ho 

ro int o f int o r ~ c ctio n o f th e two t ' " 90 nt 9 ~ lvas th e 

numbe r o f 11g3nd mol ecul es in th e comr 1ox . if i t w, s tho 

liqa nd conc e ntra tio n th a t WAS vn ri od . 

Abso r r tlom c trl c Me t ho d . The comr1cx f o rm ~ tio n e4ui1i ­

~ rium be t ween m e t ~ l H Dnd 'ia ~ nd L c a n ~e r e r r c9c n t c d by 

-~ 
M + nL .--

Th e fo rm a tio n co nst ~ nt i s q ive n by 

K = ( 2 5 ) 

eM} el}'" 

o r 

l o g • l og k • n l og (l) ( 26) 

S inc e 



- 15 -

e qu ~ tio n 26 c ~ n be writ t e n a9 

{!lLn1 
log --- ­

C~l- (MLnl 
• l o g k + n l o g (L) 

wh e r e C,.t i s th e t o t :3 1 c o nc e ntra tio n o f me t a l I o n . 

( 27 ) 

If o nl y o ne s t ~b l c comr1e x i s fo rmed , which h,s se l o­

ctive li<1 ht abso r p tio n , th e n f rom 900 ,-' 9 lew (MLn) - tl/€. 

Amax :.1 nd en = --r- (f o r 1 .. 1 em) wh e r e 1\ i s t he e quilib rium 

Dbso r b~ nce ~n d Am a x i s th e rn 1x i mum a bso r ba nc e wi t h an 

e xc es s o f th e li g a nd . E cu ~ tio n 27 c o n t hus ~c writ t e n 

as 

l o g 
1\ - f. mex 

• l o g k + n l o g (Ll 

Th us , th e s l o pe o f t h e cu r v e o b t :3 1ncd by 0 10 tt1n g 

l o g 
1\ 

1\ - f . mex 

,~ g t) ln s t l og (L) g i ve s th o num bo r o f 

l i g ~ nd s n , in th e comr 1e x . 

( 2 9) 

1 . 6 El e c tronic 5 ce tro o f Tr1ns it i o n Me t a l Co mn l e xG s I , 

14 ,15) 

Th e s r c c trDl cha r 1c t c re tlcS o f tr1n91tl0 n m c t ~ l 

co mpl e xos a r iso f rom s cve r~ l t yr es o f e l ec tronic 

t r n ns itio ns . The t ypo o f el e c tro nic t r , ns it io n in­

volve d de ro nds o n t he c h r omopho ri c gro ur" ,- r egont 1n 

th o comr l e x c om" nu nds . Ch romor"ho r ic g r IJ u-'s o f in­

t e r e s t in ~ n ' ly t1C '1 chem i s try ca n be c l oss i f i od i n t o 
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th o f ol l.n\'! i n1 th r ee !1 ro urs : 

B . d_,, ' ce tron c:, romorho r cs 

b . d- IT ch r omo ho r es 

c . IT - Ve t ro n ch r omor.ho r cs 

d .... r: l c c tro n Ch r omor ho r c s . Thi s tyro i s ch r "'c r c rlzo d 

by 3 MAt " l 10 n nl t h 1" unfill ed d- l c v t l ~ n~ com~ in od 

wi th r~r tic u l ",: r 'o n r :"' t OI05 . Th i s ch r or.lo;-ho r lc l r ("l ufl 

i s f ou n~ in comr l ex comnoun~ s of tr nn 31tio n m&t ol s - nd 

C'1 n 1-) 0 1c no r :l l ' l r!e no t ed os t1Xn whe r e t1 i s t he cen tr, l 

I l") n ~ nd X i s th~ do no r Dt am . Th e R~Jo rrtion 'J"'nds :J9R l-

qned t o th ese c !~ r ""lnc' ':u ric :J r o ur"s a r e 'uo t o t r ~ n 3 itio n 9 

~l,~q t "' n t i : ' ly t oe ' lized o n t he d- l cvc l i o n ; thay c ~ n be 

~~ scri be d os d- ~ t r n l t i ons . S inc e f o r t he d- l e c t r on 

ch r ornorho r cs t' -3~ t r ~ ns itlo ns occur b~ twco n 5 r ~ t p 9 'v lt~ 

t he same r~ rit y qu,ntum nUM be r , th ~se tr~nsiti~n9 ~ ro 

La ..... o l~t cfor:')i cl·lc n . Th ey a r c , 1.1o'Ne d I)y ~ vi ~ ro nic in t e r-

nct io n ~ nd tho mo l ~ r n~so r~ tio n coo f fici onts e r a 

- 1 - 1 1- 200 1 mo l cm • Th us th ey "I r e no t usofu l fo r 

d - n Ch ror.lonho r o! . Th i s t y.,e o f chronorho r o 19 r op r e ­

qc nt n d by 0 c\nfi~ u rat io n co nsis tin1 o f q ri - J l ~mo n t , nd 

th e n _ .... l r. c tr Cl n 6y~tom of th e lig1nd molecule . It ~ .., r e -

s r: ncc i s 3ho In y inte nsC' B',)90 r l"' t io n t,:lnJs vlhich "' r c 

nss:. 'l ned oi th e r t o tho e le ct ro n tr " ns itin n f r om lil)"nd 

t o mo t, l (L ---. t1 tr -.n11tio ns) o r vice vc r :)'] ( t1 -+ L 

trnn 'l1 t io ns ) . t.G i n theso t r nn31t1o ng the e l ec tr , n 1s 
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tra ns f e r r e d from one c omr onnn t o f t ~e c ~m~ ex t o the 

o th r- r , t he se t r a ns i t i o ns n r e c nll c d ch ::l r 'Jo - tr"' n'l f c r 

transi tio ns . 

a . ~1 ~ L Tr "' nn i tio ns . I\s t his t r :m s itio n 1 s c h " r a ­

ct e rized by t he t r ~ n s f e r o f 0 d- e lcc tro n f rom t ho 

ce ntra l fi e l d o f t Le me t a l i on , the m(> t :sl mu s t bo 

in the lo ~e r of t ho r na J ily Jv a ilab l e o xidat i o n 

s t ato . On t he ot h t: r ha nd , th e r e mus t ':>e p poss ibi­

l it y o f a cco r t i ng this o l ec tro n in Dn un fi ll e d 

o r b it a l o f t ~ e l i 'l ond . Such i q'J n Is , r e f r und :lmo ng 

o rg~ nic co;'l ~ o un cl s wi th n do ubl e bo nd o r , ch "' in o f 

c0 nju~a t e d ~o nds J tt a ch e d t o th e do no r 3 t om. If 

thi s ch r omo r ho r ic q r o ur has a c e n t r e o f sum~n try , 

the mola r abso r p tion coe ffi c i e nt is a bo u t 10
2

1 mol -
1 

c m- 1 , whe r e DS f o r ch romorho ric 

no cen tre of symm e try it 1s 10
3 

g ro ups wh ich ~o ssuss 

4 - 1 - 1 
- 10 1 mo l c ~ • 

tr~ n si tio n, l. e ., th e t r l)n-; itio n inv .· l.vin1 th e 

trn ns f o r o f nn el c c trnn fr om t ~e l i ~~ n ~ t o t he mo tnl . 

i s f o und wit h c omn lcxes wh e r e the d- she l l mc t~l c ~ n 

be r e du ced a ~s ily t o a l o wt' r o'( idntio n s t el te !:>y 

ncc e p ti ng o ne e l ect r o n . I\ t the s nme t i~~ , th o 111 nd 

mo l ecule mua t h El v e a n_ C' l c c tro n s/s t £n t o which an 

a cid ic ~ ro ur is fl tt a c hcd : this J r o un i nt o r ncts with 

t he r.l ~ t o l i o n ,nd r r ovide s n() n - ~o n d t nq ol e c t r o ns 

f r e e f o r tran~ f Q r t o the me t Dl i o n . 
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n-El c ct r o n Ch r o mo he. r c s . The ch r omo"ho r £;s H" O Sys t CIfIB 

wi th a singlo o r s o vc r ~ l do ubl e ~onQs . They can undergo 

IT -- n'" e nd n -- n-t tronsitlo ns . Com" ~x- tlo n with 

a met Al i on i s simil e r t o p ro t a na tion o f t he mol eculo 

a nd will result in a ch ong e in t he wl vGlc n)th a nd in­

t ens i t y o f s bsr r r tion bonds . Th e~c ch~n Jes r e s light 

in mo s t c a'3 Cs . 

Se nsitivit y is a na o f the obvio us rlo Monds 1n ~pp~i­

e ntian o f Anc ly t ic a l me th ods . In o r de r t o con~ ty wi t h 

this r oqui r eme nt f o r re~c tio n s which inv0 1vc a ch n ngc o f 

c o l o r, th e mo l oc ule o f t he comr lcx fo r med o r tho o r 91 n1c 

r eage nt it se lf must c o nt , 1" ch roMn ~ho r ic J r o uns which 

n r c ch ~ r ~ct e r iz ~d ~y t r~ns i tio n s ~ ith 

co e ffici e nts i n the r :ln Ie 10
3 - 10 5 1 

mo l ... r A~so rr tio n 

1
- 1 -1 

ma em Such 

ch romonho rlC g r c uns n r c f ound a~o ng d-rI ond 11 chromo ­

" he res . The comr l oxe s I'li t h d- n ch romof"lho r c s 1r e 

r es t ri c t ed i n us c t o trJ n ~ ltiv n e l cm~ n ts . in r, rt icul e r 

th ose \'~hich cnn ex i s t i n t wo o (id o tlon s t , tcs diff c rinq 

I1 Y one e l ectron . 

The r e;YJ c nt s v. i t h TI _c lec tron ,rours nr o mC's t f r e_ 

que ntly omr1 oyed in a n~ lYticA l anrl i cn t i ons . The m ~ in 

r ea so n c ~ n be f ound in the int e nsi t y o f tr~ n sl ti o n s 
'l __1 

( with mol ., r fl ~so rn tlo n coe ffici e nts ur t o 10' 1 mol em ) 

which eh a r B~ t e rizo t he s e ch romonho ri e ~ ro u~ s . A furth e r 

r C3so n i s th , t the co l o r chany CD n ~ 1 9o t ~~e rl~co ~hc n 

c omr,l cxo s ~ ith no n_ t r~n 9 itio n c ~ ene nt s , r o f J r~od . 
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1 . 7 So lve n t E': tr actlon (1 , 16_21) 

So lve nt ex tr ~ctio n is 3 ve r sa til e , us n f ul , ~ nd 

no ' ul o r SCro r i' tlo n t e c h nique . 1cc e us il o f it s 0390 , 

3im~ 1 i c it y , s rc ed , 3 nd wide s c one , solven t ex tr nc t i o n 

e nj o ys a f avo r ed nos itio n among th e 9ar~ r ~ tio n t och­

ni que s • 

So lvent ex tr~ctio n I s th e pa r t i t i o n o f one o r mo r e 

c o mno nc n t s 'lct we e n t wo l i quids o f limit ed ml s cl'Jtli t y . 

S uch l i qui d- l i qui d ra r tltlo n i s c a used by th e d tf fcf'Cn t 

s o lubilit i es o f a 11 iv~ n 9u l:>s t .!) nc e in t ho t wo rho s o s . 

Th i S me th od o f ~ ~ rt i t io n o f a give n su ~s t ~ nc c f r om ~ no 

r hose t o t he o th ur i s cA trC"o \ y use fu l fo r ve ry r a~ l rl 

gnd cl eD n sero r Rt lo ns o f trac e e nd ma j o r com~o n6 n ts o f 

~o th o r ga niC ~ nd ino r g )nic s u~q t ~ nc es . ~ fu rthe r advan-

t '~c o f ex t r cc tio n I s t h, t t he ex trac t, i. O. , t ho 901u-

tion o f the g ero r~ t od su~st lnc e 1n D given o r gan ic 

s olva nt u3 uDI ly h ~s 90mB r rone r t i es on "hicl, the date r-

m in ~ tio n o f t he i so1 1t ed cons titue nt c an be based : abao -

r ntion o f li~h t , flu 0r osc ence , r ad i oDctivity ~ n d vol D-

tility c an so rvo ~s cx~mrl c s . Thu s t he ex tr c t e qn ~o 

us e d :li r e ctly ~o r t he do t e r mi na t i on o f t he i so l :-ttcd 

comno nc nt by s pce trorho t ome try, flu o ri met r y , t"} os ch r om e-

t og r a nhy, ~ t om lC ob~o r~ tlo n . r ad i ochcm ieol . o r o th e r 

s uit a~ l c moth ods . 

Th e fun dqmc nto l r r:,mo t c r s inv('l vort in s" lve nt 

ex t r .o:l C t i on ~ r c lese rl '.') cd ') r i e fl y in t r e f ol l owing Goe t I ons 

n l s tri ~ u t lo n Cons t a nt. In nne lytic11 opn ' ica tio ns th o .. -
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l i qu i d- l i qui d r~ r tltlo n oqul1ib r l a , which ~ rc com~anly 

c a l l ed e xt r~ ct io n cqu l l ~ rla , u9 u ~11y tekes rl~cc be ­

t wee n a n nquoo us rh ~sc ( ~haso I. s ubsc rl~ t aq) 1nd a n 

o r qn nic $o l vo n t ( phase II , s ubsc ri p t a r g ) ~h lch i s 

i mm i s ci h l e wit h w~ to r . S uch li <, u l d- li \\ul d ox tra c t i on 

ct,ui l i 'J r i A OJcy t h e P- rns t ' s d i '1 trl bu t l o n l a w, , cc ') rdl ng 

t o wh i ch th o r ~1t i o o f the F" c t ivi t! es o r ( 8 1 c ('I nstnnt 

i o nic s tre na th ) th e co nc e ntra tio ns o f 0 s u ~s t ~ nco In t ho 

t wo n hascs , I-'Ihn n i t 19 li s tri bu t ed i s c n s t a nt a t c o n-

s t :m t t cmrc r e t u r o . Th i s c o nst n " t i s c a l. led the .Ii s t r i -

~ uti o n c o nst 'n t 1nJ it is g i v e n ~y : 

K = D , I. 
(I .) 0 rs 

( Al aq 

( 29) 

whe r e (A) Dnd (A) a q rcn r cscnt t he e quilib riu~ mo l ~ r e r g 
co nc e n t rations o f the 9u'Js t anc e A In the o rg~ nic ~ nd 

aqueo us r hase r cs nec tive ly. 

Dis tri buti o n Ra tio . I n l i qui d-l i ~ u i d pa rt ition , a 5 U~-

st ::mce A Cll n un de r '10 1n bo t h r" hascs va r i ous s:l lvDtio n , 

asso ci3 t i o n, r r o t o no t i o n , ~nd comr' l exQ tio n equilib r i a . 

Th e r e f o r e , f o r :In,ly t icnl ar"f"t l c f} t l o ns it 15 essc n t ial 

t o de fin e t ho '~ rti t io n o f rhe su~s t ~ ncc irre s poctivo o f 

t he ro rtic ulA r f a rm ~ wh ich nr o enc ou nt e r ed i n t ho sys t em. 

Th1s c on be do ne 'ly cx~ rcss ing the cquili ', rium r · t io o f 

th e t o t ~ l c n11yt i c ol c ncr n t r n tio ns o f t~e su~s t ~ ncc A 

in t he t wo r haS8s : 
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Thi s l,u .:'l n tity i s c a ll od t he d i s t r l ~ ut io n r a t i o . 

( 30) 

Dc :] r ee o f E x tr ..,c~. The c omnl l'3 t a ncs s o f t r .... nsf o r o f 

5 u ~s t D nc c A in a ny ex trac t ahl e fo r m in t o t he ~ r9n n ic 

r ha s e i s g i ve n ~y t he deq r cc o f ex t r action E. which i s 

us u311y c x ~ res sed i n ~ c rc e nt : 

loDe v A, o r g o r g 

( 31) 

Thi s is t he f r ac ti on o f t he S u ~ s t 9 nc e cx tr ~ c t c d f ro m 

th e aq ueo us phas e (Vo l umo V ) i nt o the o r ga nic so lve n t 
aq 

(Vo lum e V ) • o rg 

F:x t r ac tio n ca n be use d e ith or fo r so ~' ra tio n o r 

c o n c e n t r <'l t i o n. 

En r ichmqr t F ~ c t o r . Ex t r ac t i o n c an ~c us ed a s , co nc c n_ 

t r a t "jo n me tho d i n t wo ways , nam £'> l y , f o r :J , so l u t o rl n d r o­

l o ti ve c J nc e n t r 3 tlo n . In a ,so l ut e conc en tr~ t io n r r OCD-

rl ure s a ll e x t r Dc t ed 9 ~c c l e s r cmnin i n th e s ame conCOn-

tra tio n r a tiOS, but t he i r conce nt r a tio ns a r c inc r e a sed . 

A simi l a r r e su t co ul d be chi eved simr l y by ~o illn9 

-Io wn t h e o r i g in!) l sol utio n . In r e l'1 t i vc conc an tr:ltio n 

p r oc e du r e s t he c c nc cn t r e t io n r a tios o f tIl e i n' ivlduol 

Comr o nc n t s i n t he ex t r ac t di ff e r from t hose In the o r i -

q in ,l 60 1uti o n . The r ol o tive mo thod i s o 8~cc i~ 1 1 y i mpn -
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rt ant in tr~cc ' n ~\ ys i s whe re a r~ rt lcul a r com~o nn n t has 

t o ~ c sen~ r~tc d f r o@ the ma tri x ei the r ~ · rt l 'lly ~ r 

c o m ~ l c t c l y. The deg r ee o f e n r lch~nn t i s CXr r c890d by 

t he en ric hm e nt f ~ ct o r S 
• 11/1 

( M.\ ) o r g 

(Mo ) o rg 

= 

whe r e s ubseri r t o r g r e f o r s t o t he cx trnct a nd aq t o 

th e o rgi no l aqueo us 9 <: l uti o n. "'1,,, 'i nd r1 '3 r e f e r t o t wo 

me t o llic c o mno nc n t s . 

Sen~ rD tio~S!£!. Th e of fic iency o f Dn cx t r~ctive 

(32) 

g e"~ r ') tio n or t ViO com;'0 nc nt s ( 1\ and 13) CDn "0 c ,1nside r od 

in t e r ms o f the s ep.:! r e tlo n f a c t o r PC ie f incd a s 

(33) 

Ar bitra ril y , th e f nct n r c:.oc:: i s exr: r c s s cd s o th a t 0<. ) 1 . 

i . e . DA > o~ . Th e o r co t e r th e d iff e r e nce o f 0{. f r o m 

unit y, th e hi ghe r i s t he e f fici ency o f s ers r ~ tio n. 

1 . 8 So lve nt Ex tra ct i o n o f Me t al C h e l ~ tes (1 , 16 _21) 

Or ga nic r eage nt s r lay on emi ne nt ro le in ex t r a ­

ctio n s ena r at i o ns of mo t DI i o ns , be c a use t hey ca n 

r eact wi th me t a l i ons t o g i ve nr oduct s h)ving t he 

basic p r e r uf"]ui s it c fo r ox trac t nb i l it y . T' )osc a r c c e­

tri c a l l y ne utra l s rcc ies ~ nd t he r c f o r e t hey o r e mo r e 

so lu ~lo in s o lve nt s o f l ow r ~ l D tive nc r mi t ivity th ~ n in 
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w~te r • 

If a me t a l i on is e x tract ed from on a ~uco u s so lu tion 

into a n o r g8 nlc non- po l nr s o lve n t, th e me t a l i o n 1s t r a n_ 

sf e rrc d nc r o ss the 11 ~ Uid-ll ~ U ld bo unda r y a s o n unch a r ge d 

rA r tlcl e which c on be ei th e r on e ]cc tronc ut rol comp lex 

( o r ch<3 ! ;] t e ) f o rm ed with t he o r 1:'"1 nlc r C"'I gen t o r on i on 

a sso cia ti o n c omn lcx . 

Th e e x tr C'!ctin n o f a me t nl I o n !'-1 wi t :, th e cx tr o: c t i on 

re ,~ e n t Ill, fo r ming a c hcl:l t o t1L
n 

s o lu'11c in o r g-1nlc 

~o l v n nt i s oxnr csscd by th e equl l1 1 ~ rlum: 

which i s c h ~ ra ct c r izcd by th e ex tractio n co n s t ~ n t: 

• (34) 

As s ho~n in eQu ~ tio n 34 , th e vnl ue o f th e e xt r ac t i o n 

c ons t nnt der c nds on th e s t abi l ity c o n s t 1 nt Sn a nd th e 

t1 is tri'Ju tion cons t o nt KO, M o f the chel , t c ')0 In9 cx t r .:l ­

c t e d , , n rJ furth e r, ('I n t he r ro t one t i o n const ant SHL 

e nrl th e dis tributi on cons t , nt KO,L o f tho ex t r acting 

r e'v"!e nt :.i L . 

Th e e quilib rl s invo lved in t he ex traction o f mc t ~ l 

ch o l a t os c a n ~e ex nr essc d ~y th e f ~ l lnwing Sc heme : 
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( HL) o r go nlc p hasQ 
{MLn) o r g 

KO,L 1 o rg 
l --" 1l KO , .. 

HL ~ H+ +L- nL- +Mn + ~ : • '1L 
BH L Sn 

n 

aqueo us ph ase 

Th o ex,-. r ess i o n in cquDt i Cl n 3Jl can 'Je ·..,r i n Gn f n r t h o 

ex t r ac t i o n o f t ho c e l ~ t o ilL 8S 
n 

( HLJ o r Q 

D~l - Kex{ ( H+J ) n • 
aq 

{ ( HL) o r g ) n 

(HJ aq 

+ n l og ( HLJ + n pH o r g 

(35) 

( 36) 

I f a c e r t a in mc t ~ l 10 n has to be t r ,ns f c rrcd into 

the o rg~n i c rh ~sc . th o vn'uc o f th e dis tribu tion r tio 

OM fo r t ho t met 1 s hcl uld :,e as hi gh os P0 991') \ c . 

As sho~n in o~u~ t lo n 36 , th o v nl uc o f t he ex tra­

c t i o n co ns t nnt , 150 cane nds on t ho conc e n t r qt i o n o f the 

ex t r act i ng raq~e n t Dn i th e oM o f th o s ul ut i on . 

The d is t r i bu t i o n r~ t l0 D~ C1 n a lso bo influe nc ed ~y 

o t h e r f .... ct ·' r s s uch ao:l t c mre r otu r c . i o nic s tra ngth ~nd 

kine ti c s o f ex t r oc t l o n , ~hi ch ~ ro no t 0 ~ l ic l tty cx~ ro-

as e d , y the quan t i tie s i n cqu tlon 36 . 

'7e n e r :1 J l y ~ ch e n lc in the t cm,.,<.; r ., t lJrC ch .... n lOS tho 

va lue J f t he ct.,u i i'1r1um c \ns t nnt , ',u t it 8 no t " 9s 1,)10 

t o r r ed ic t how it ~111 e ffo ct tho v ~ l u o o f Kox ' 

Thor o ts n~ J~ n r ~l r ule fo r r r cdictln9 t ho e ff oc t 
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o f th e i o nic s tre ng t h when a Comm o n ol ect r o lyto is odd d . 

A ch a nge in the i oni c s trenq th ff oct s t~c v~lua o f t h~ 

r n l "t lve /.e r mlt lvi ty a nd 60 th o 1 f h va ue 0 t a oX tr1c t l o n 

c o nst Dnt Kex 1 s i nflue nc ed by th oso t wo ch:ln 'Jos . 

Fo r r ac t lc Cl l r e a so ns th El ac., uco us rhese s ho uld c ~"' n ­

t n i n a c e r t n!n c o nc ' ntr El tio n o f D 991t, th o f o rm , t i o n o f 

an emul s i o n i s t hus r r cvent ed , ~n d t he s cp1 r 1 tlo n o f t he 

t wo nhAs e s 1s rn A 10 easy_ 

Th e r e i s no kine t ic s e ff ect involved i n t ho va luo o f 

° t1 ' n r ovided th e d i ~ t r i bu tio n r a tio has ~e o n dGt u r mincd 

f o r o n eljui li :n ! um s t o t e . In p r actico , ho wav o r , k inOt ic 

m ~ sk ing c a n be ut ilized if th p r~ t o o f c~ t r 'c t ln n o f o no 

s racie s i s much f ost e r t h- n t h ~ t o f ~ no t he r. 

1. 9 Occ u r rc nc~~~noly t ic~ l Chemist r y o f Iron a nd 

Cobo l t (1, 2 , 15 , 22) 

~. Iron i s t he s e cond mo s t abunda nr mo rol I n 

th o En rt h ' s c ru st ~ fr e r a luminum. It Is r~ rol y f nund In 

its eleme nt a l fo rm but occu r s wide ly in ch e~ ic ~ l comr-

I') un:/ s : th e i mro rt "l nt o r c s ;a nd mine r :! l s :l r \l h"l cm"l t l r c 

( Fe 20 3) , mogonitit o (Fo 304), g. ' t hit o (F eOOH) , limonit e 

(hy d r~ t od i r on ox irio ) , s ide r i t e ( F9C0 3) ond ny r i t o (F eS
2

) , 

Nn t u r n l wa t er some time co nr oin co ns l rj o rn~1.o rtm(J unt o f 

iro n . It i s Dlso f ound in r l ~ nt s Dnd i s An im ro rt ~ nt 

cons tit ue n t o f b l ood ~ nd t is s ue o f the 8n 1m , 1 ~ody . In 

t he ~ody i t s compo unds ra rt ici n~ t G in o xyge n tr , nspo rt_ 

o ti o n o nd mc d i n tio n in e 1oct ron tronsfo r cha ins . n 
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e ve ry day li f o , in 0 J ltloo t o it s alloys , Iron f~ rms 

ma ny u 3~ ful comr nunds su ch ~~ f ~ rric ammo nium ci tr a t e 

us ed as ~r ~c tit e stimul ato r a nd f e rr ic ry ro~h0 9~h ~ t o 

us ed t o tre at onJamis. 

The ox i d~ t io n st q t c encount e r ed in comrOun" 9 o f 

iro n r ~ n l cs f r e m C t o +6; how~ve r. t he mos t commo n 

c o mpo un 'J s o r e t ho'i e o f Fc ( II) a nd FC( II I) • 

Iro n(11) solts a r c usually na l a ~ r ee n in D~UCO US 

'10 1u t loo ; wi t h olk a l i s p!! l e g r ee n (whit e wh on pure ) 

iro n(ll) hyd r ox i de i s r r ecinit ate d; thi S dn r ke ns u ~o n 

e xro surc t o t h e a ir owing t o ox i dn tion . " o t 1'l 991u:n 

hcx '1 cY1 nofa rr :l t c (III) J ive a deen blue colo r o r p r ccl­

r lt o t e wi tl, lro n(ll) sa l t s, but ro t ass lum thio cy",na t e 

give no colo r a tion. 

Iro n(! ! !) s ~ lts o r a no r ma ll y ye llow o r viol e t in 

aqueo us so lution , nd J i ve D r eddish b rown r r ccl n ito t e of 

hy d r o us iron(II) o xi de with a" kali s . ~o t ~ssiurn hcx3c ya­

nof e rr~te(II) J ives c ~l u e c"lo r o t l o n o r n r u ci ~ it ' t c 

(n russ l an ~l ue ) with iron( III) sal t s .,nd no t :'ls sium ho )O-: 

cy~ no f c rrDte( III) g ive s A b rown o r g r ,c n c~ \o r. Po t ~ ­

ssiurn thiocyon3tc Jive s bl ood r ed co o r t io n ~ nd t !: i s is 

fl n e xc eed i ng l Y ;c lic fl':O t es t fo r i r o n( III) ° 

Th e g r avim e t r iC es tim a tio n o f i r o n 19 usuDlly e o rri ed 

o ut by p r oe ir1 t '1 t i ng the iron with omno nin AS h'l" r o us 

i r o n( !IT.:) ox i .:!e , i ,nit ing th iS "'In:cipl t il t o to eo nat, nt 

wc i l ht :J nd wci'l hinn -::5 Fe203 0 II lt Cr n:H lva ly t o incroase 

th e bulk of t he f' r ceif" it ~1t C , th A iro n C Jn ':>0 p r cci"'l tot cd 
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wi t !' 8 - h'/1 r oxy t.{ulno l i nc o r <tJ& - nlt"oso- 8-~orhtho l and 

the s e i a nlt nd t o Fe 203 0 Volumo tric me t hods usu ~ l ly 

invo lve r orl uctio n o f 1ro n(111 ) t o 1ro n ( II) ... nd r e -

Qx l riJ'l tl o n I·r ith d lc h ro m3 t o , !"c rm onga no t e o r c o r-t urn(IV) . 

Alt e rno tively i r o n(1 1!) can be os tim~tcd iodo mc t ri c ~ l ly 

(F e 3
+ l i ~ ~ r8 t c s i o dino from i o di de i o ns) o r by titratio n 

with a st ~ nrlA r d r -:: du c ing ACJ c nt s uch 8 S ti t ::lnium(III) 

501ut l o ns . 

R~ ~ i d co l o r ime tric methorls fo r i ro n use c i th~ r 

lro n( I I I) wit h thiocy') nDt e i o ns o r iro n( II) wi t h 1 ,10 -

r hena nt h r o line . 

Co ba l t. Cob~ l t i s wido ly di s t r i but e d in na tura mDk lng 

abo ut O . OO l~~ o f the i g neo us r ocks o f th e c."'I rt h ' s c ru s t, 

It o ccu r s i n ma t ee r ir e s , s t o r s , sea a nd fr ash wa t o r, 

SOils, r l a nt s nnM r ni mols . Co~ol t ~ l w~ ys occu r s in 

na tur e in BS3r. c i n t i '· n with nickel ~ n d us u, l ly 0130 wi t h 

a rs e ni c. Th e most im po rt nnt cobol t mine r a ls .... r e smoltito , 

CoA S2 a nd coboltit a , CoAsS , but th e m i n t echnic , l 

s ourc e s o f cob"" I t or e r eS id ue s c ,rl1 cd .. s l' c i sS Gs " which 

arc ob t a ined in th e smelting o f a r sonical e r cs of nic kol , 

co r rc r a nd l end . The chie f outl e t fo r co~ ~ lt m c t ~ l is 8S 

on a lloying e l eme nt in t he p roduction o f high snaa d s t oo l s 

"ha r d a lloys " f o r cutting t oo l S , nd in m ~3 n~ ic ol l oys . 

Co 'Ja l t ~ lloys "" rc "'191"1 imro rt qnt 'J C C ""l U 0 o f t he ir ox i -

da tion ~ nd co rrosion r l J 19 t Dnc o ~ nd, ~h e re c l ov ~ t c d 

t cm ro r ~ t u re9 muot ~o use d , o . g. 1n gas t urbinos ~nd je t 

o n~ lne s , th ey e r e s ur c rl0 r t o ma ny o th o r alloys i n 

Q 
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st re 9S - to - rn~ tur~ st r e ng th ~ nd crcc~ nrO~ L r t l Cs . Vit , llium 

co n t a ini n~ 65~ Cn ; nd 25% Cr 1s used ~s a de n t ~ l , nd 9u r g i _ 

c ~ l allo y ~cln9 un~ tt 'ck e d by ~od y flui ds . 

Cob ol t is 0 vit ~ l t r oce o lem ont in a nlm ~ l nut rition. 

Sm .:l l l ,mo unts ( f c o b " l t ., r e inv a lu :Jblo 1n [" : trO.,1 tno n t 

o f ~ .. r niclo us ~ n ~am i a . Th e d i scove ry in 19 26 o f th o 

nnti r e rnicio us ~ nOu mln focto r in live r l e d t o th e discove r y 

in 1948 o f vlt ~min 9
12

, 

s hown t o c o nt , in c o b~l t . 

which ~os v u r y s oo n , ft e r 

Th o r rinc i~~ lly occu r in1 ox ida tio n s t a t e s o f c o ba lt 

in aqueo us sol utlc ns :l r e +2 Rnd +3 . 

5 ;: 1 ts co ntoinin ') ~ he '«-iu f"I c o -:'.., l t( I I) c,t i In Qlvc no 

r r e ci '" it a te with hyd r orle n s ulrh i dc in a cid '3") l u t10 n , ':lu t 

p r c ci p it o t c bl ~ck co~a lt( II) s ul rhl~c in oQmo n l~ c D I 

so lutio n , \"l it h '11knl i s , th e n i nk he x8aquoco balt(II ) 

ca tio n g ives a p31u lua ~ rcci r it atc o f the hyd rox i de ; 

wi t h a n ex ce ss o f a mm0nls t hi s n r ec i r it , te d issolves and 

s l o wly g i ves a b ro wn sl l utio n thr0 ugh ox i da tio n , Tho 

additio n o f ro t ossium nitrit e t o A ne utra l o r ~cl d ic 

so l utio n o f Co(II) s o tu r J)tc d wi t h .... ·o t '1 Ssium chlo r 1(Je 

qui ckl y results in the f ~ rm ~tio n o f D yellow ~ rccip it a t e 

o f nO t ass ium h ex~nitr0Co b'1 1t o te( I II) . C - nc a ntr~ t o d 

, mmo nium thio cy ~ n ~ t a qOl utio n gives a bluc so l utio n o f 

t he (C~ ( SCN) ~ )2- ' nio n~hich C1n ~e r r eCi~ it ' t ed by , 

ad,li ng ~!g 2+ i o ns . Vithioo xJm i de (ru~c~ nic 1cid) , in 

81coho lic s c lut i o n , o/JJed t o 8mmo nl oc~1 c ' ~~lt s~ lutio n s 

gives .') ~ ro1fm r~ r e ci " i t ~ tc; thi s r C1cti t;l n i s us ed 1n 
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n~nc r ch rom~ t og r~rhy t o d l s t in~ ui sh cob ~ t frem nickel 

( wh i ch 1 i v09 0 blu e viol e t co l o r ) . 

Cob~lt may be dete rmined Ir , vim e tricn lly by a v ~ rl ­

n ty o f me thous . Fo r th o de t e rmln~ tio n o f co~ol t In 

f e r r o u s a ll o ys , iro n is f1r 'l ! r emov rt hy I, r .:l ci"ita t i o n 

e ithe r ~ith zinc ox i de s us ~e n s lo n o r wi t h [r i sod l u~ 

f' ho s phat e . Th e c o ba lt 1 9 th o n us ua ll y p r eci f"l it :ltod ~i t h 

,~ - n i tr0 90 - R- narhtho l onrl t he p r ecipit a t e igni t ed to 

co net Ant we i~ ht a s Co 30 4 " Oth e r l r nvi mo tri c " r ocarlu r os 

inv o l v e r r eci f'l it o t i o n I) nd we ighing as Hg(C O (SCt l ) ~) . A 

r nr i d me thod · .... hlCh c o n he c om Jated i n 30 minut es i nvo ­

l ves t he p r oc! . it o t i o n o f CObA lt wi th nyridinc in thiO­

cY :Jn'l t o meul .... :ln d "1~l1'lh ing as (Co ( CSHSN) 4 ) (SCN)2 ° 

Cob~ lt c ~n a l so ~c atc r min ed g r nvim c t r icnlly by e l e c tro­

lys i s . Pl - ti num gua z ol ec trode s q r c used in on elcc tro­

ly t e o f co ~ , l t(II) s ul r hn t e ,nd ammonium sul r h ~ t a . The 

c e thod e is w,s~ed ~i t h eni d w~ t ~ r, ~ lcoho l t r ied o t 

be es tim a t ed by no t cn t i omCtr! c tit r ~ tio n wi th st~ n d, rd 

~o t Dss ium Il ex, cy~ no f G rra t c( II ) in t ho r res enc e o f high 

co nc e n tr~ t io n s o f om.,le nium ci tra t e "lnd ammonin s·11u t1 n . 

pol "rcJ1") r ar hlc mc thL,ds UGUI) lly use t ' e r orluc tl.d n o f 

co '),l t(I I I) ~mrrli n C!5 . Thi s ma thod n I Jv#s th e dc t ... r mine ­

t i on o f C0 ~ ' t in ~ one t h o u 9~ nd f , ld ~x cess o f nick e l . 

Colo rime triC ma tho 's fo r cs tim , tin g co~, lt usc tho 

blue c o l o r r.\ volorcd ',y chlo r ide i o ns o r t hiocy=t n, t e 

i ons . Vhe n onl y amn i i amnunt s o f cobalt 1r o p rcscnt , 
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nl t roso- R- s o l t I s o -l ium- l - ni t r o so - 2 - hy d r oxy m."v" h th ono- 3 , 

6 - d i s ul l" ho n .... t o Cl0H ,~OH . NO ( S0 3ND)2 ' mu s t ')e us ed t o 

g ive 0 r e d c o ~ ' l t com~ l e x hieh Is 9 t o~ l e in nitric 

~ ci d ( ~ us e ful d i s t inction f r om mnny o th e r a l cmonts) . 

1.10 Lit c r n tur e S u!",Yey 

A l o r~e numbe r o f o rgDnic reago nt s 1r o r ecommende d 

f o r th e s ero r~ tio n , do t e ction a nd de t c r~i n ~t io n o f i r o n 

(I nd coba l t. 

S omo o f th e CO"lmo n o r g1nic r e :lg c nt s t ha t hov e be e n 

comme nded r ec e ntl y f o r s rcct rorho t nmr t ric dc t o r~i na tio n 

o f irf) n Gl r e 2 . '-:' - d ihyd ro xY El c e to n · ~ c n o no sem i c D r"'ozo ne (2 3) . 

2 ,2'- !J i ry ridy l k ~ t o ne- 2- ry rim a~ylhy rl r ' zo nc ( 2~ ) . 2 , 2 ' _ 

'Ji py ri rlyl- 2- 'lc nzo t hi ozo lyh y.J razone ( 25) ~- ( ~-m 3 thyl - 2_ 

t hi azolyl czo ) r e snrcinol ( 26) , 1 . 2 . ~ . 6 - t ~ t r e' h ~ ny l ­

ry ri dinlum ~.' rchln r ' t e ( 27) . 2- ece t yl n y ri ~ i ne t h io9cm i c ~ r_ 

ba co ne ( 28) , 2 , 6- bi s [1- (2-mu tho xya th ylimi no ) o t hyl) -

r y ri dine nnd soi c' um pi c r a t e (29) . 2- ( 2- thte nYlm e_ 

thyl e ne:;!mi no ) - 'Jc nzohy "" roxomic C1 CiCl ( 30) . 2- hydroxy lmlno_ 

c yc lo h ex ~ no no t h io sc~ ic a rh~zo nc (31) , 2- ~c nzyl ldc nlmlnc 

~c nzo h yd ro x nrnl c ~c id (32), 2-( 5- oromo- 2- ny r i 11azo) 5_ 

rt i ma t hyl nminonh c: nul (33) , 3- ,l dchy rlos qlicyli r!a nocy , no_ 

"l ce t ylh yd r :Jzono ( 3t. ) . Ch ro szu ra l 5 (35) , 3- hydro xy_2_ 

mo th yl - 1, 4- na ~h th a ~uino no mo noxid e (36) , 2- ( ~h e no xy­

,cc t yl) r, c e t o.,henonc ( 37) . neo t o r flz e 1 1um chlo ri de (38 ) , 

s'l lcy1 31 d eh yde t hio sc ~ i c ~ rbozo n D (39) , - r henylclnnomo­

hy rf r ox ::I mic r:ci cl "l nr! .,z i ri e (I'-.O) • ... nd 3- ( 4 - s ul r ho ... he nY11zo) 
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chro mo t h ro~ic ~c i d ( 41) . 

Re ce nt ly r ccomma n led o r g9nl c r e agen t s f o r t he s~ac t ro ­

;"' h o t o me t r lc det c r min[l tlo n o f coba l t Ar e 2- ni trOs o-l - nonh _ 

t ho l ( 42). 3- ( o - ~c e t o~h c nyl)-1-m o thyl t ri Dz ~ ne N- oX i dc 

( 4 3). bi ~ C G tyl-mo nOx lm9 - 2- ry r idYlh yd ro zo n e ( 4 ~ ), 8- morc o_ 

p t o q uino l ine ( t,. 5) . i sonitro s o t h i o c £l mph o r ( 46 ) I ro t ~ss ium 

r ro nyl ~tLl n t h a t c ( 47), 2 , 2' - dln y r dy lk c t o ne - 2_ r i co l y l i min a 

( 4 8) , 2 " )- d i b r o mO- 5-( 5- ch l · .• r o _ 2_ r yri dy l a z o) t o l uo n o ( 49 ) , 

r i x 'J l in i1 mi dox im o ( 50) . S-m IJ rc Dr t oFl r o r a no ic ac i d n nil i da 

(51) . c ycl o hxy lthiO,! l y c o l a t e (52 ) I py rid i nc - 2 , 6 - d ico r bo _ 

h y rl r o x .')mic "Ici d ( 5 3 ) , t ri rhc nyl s ul r ho niumch l o ri de (54 ) . 

1 , 10_ he n9nt h ro l ine n nd eo s in (5 5), t h io c y ' n ~ t c ( 56), 

Qc nyl - 2- r y r i dy l kc t o ne - 2- n yri d ylh y rf r a zo n c (57 ) . r (] nt ~n a- 2 , 

~ - d io n e (58 ) , 4- f o rmy l- 3-m e thyl-l- ~h c ny l _ 2_ ry rozo l in_5_ 

o ne a nd o y rid in e (59 ) , EDT/ ... and t - b ut y l h yd ropo r o x i dc 

(60), i s onitros o ',e nzoyl a c e t one (61) . 

Th e Ll ~OVO l i t e r , ture s urv ey r eve a l s t h~ t, e t th e 

n r cs c nt ti mo c~ t e no iv e usc i s mnde in n~ 1 1t ic ~ 1 

ch e mi s try of o r gDni c ren~o nt ~ wh~ sc s 'c e lfi c ~ C t io n 

m~ k e s it ro s s i b l e t o de termine Ll gi ve n m . t ~ l I o n in 

c o m ~ l e x m ~ t e ri a l s ~ nd furth e r t o p r o v i de s i mpl e , r ar i d 

~ nd se n s it ive me thod s o f " e t Cr mi nlH i o n . 

In t he " r e sent i nves ti ga tio n N- hy Ir axy- I' , N' dirhc nyl _ 

~ c nzom i ~ ine ~h i ch hr s ')ccomc D nor ul a r ch e19 t l ng ~9cn t 

in r ec e nt y03 r s , ha s ? se n emr 10ycd f 0 r t he cx tr "lc t i J n ~n d 

s pect ropho t omet ric etc r mi nntinn o f i r o n , ,, (1 cc ~~ l t . 

H(! nc e it s q e na r r; l r r o:-, r t i os ."lnd a n 'lytic ~ l nr"liCJ1 tlo n s 

e r e b rie fl y r evi ewe d . 
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1.11 N- Hyd r o xY _N, N I - Ol e ryl ba nz nmi d ines os \ nn l y t ie !) l 

Re a..9 0 n t s 

N-~:yd ro xY-N , N ' - t! l n h c nylbenzaml d i ne , I , "' nd it s 

A n ' l o ~ u e s , r e tyr ic a l m~ n b,sic and b ida n t ~ t e c h l , t 1 n9 

a ge nts . The s e co m[''Io u nd s a r e r c r r e9c n t cd ~y t ho g o ne r "') l 

f o rmul a , II , h ~vlng e n ona l y tical functi onal ~ ro up ing III . 

C6H'5-C~-C5H 5 ~C-N_Ph' ... C_ N 
I f 

C
5

HS- N-OH ph"-N- OH - -N. OH 

I II III 

whe r e Ph , Ph ', Ph " n ro r h o nyl o r s u b s titut ,J"J r h nnyl 

'l r o up s . N- Hy d r o x y- tl , N' - c1 ! .Jry l b onz-:lmi rJ incs Vio r e f irs t 

synthe sized by Ley ( 62) I n 1901 And S0 mC f t h e i r r r o­

r c rties were s t ud i ed by Le y a nd f-I o lzwc i sseg ( 63) . Th e y 

e r e pal e yell o \'/ c r yst Dl l l ne s o lids . r :, c s c c omnn und s ~ rc 

s t a ~ l e t o wn r d hCAt, light a nd Ai r a nd c ~ n he sto red 

inde finit e l y vtitho u t de te r i o r a tion . Thoy a r e in sol ubl e 

in \'V, ter but s (J luhle in common Cl rg nnlc sc lvcn t s s uch os 

a lcohol , ocetone, chlo ro fo r m, benzene ond t o lueno •• Th e ir 

solutio ns in o r gAni c s olvent s ~ re light yellow 3nd s t Q ~ l e 

fo r seve r~ l da ys if r rore rl y s t o r ad . 

Hyd r o XY3fi1 i rl incs re :) c t with me t ;!) l i ons t o fo r m fiv o 

mR m ~e rad r ing comr l exe s . The me t Rl ch a l o t e s ma y be 

ns utre l Dr ch ~r l l od rio ne nding ur ~ n the co- o r din , tio n numbor 

~ nd ch a r ge o f t he i ndiVidua l m Q t ~ l i on. Th o comr, l cx,tio n 
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r so c t i o n o f hy rl r o xYllr.1 1 li ne s Crl n be rer rc9.~ nt cd "Iy th e 

~ c nc r ' l comnl exDti ' n c~uilibrl um 

- N- Of l 

~I +n(' ) 
-C= N-

, - N- O 

( . ) 
- CaN 

Th e ch ~ rg c o f th e met , l I on h1S bec n omitt ed f o r simpli_ 

ci t y . 

Th e c c mr l cx lng r r '1[10 rt l os o f th e hyd r o xY::lm i J in e C:l n 

be 1 r e9t l y morl ified by changing th e subs t t tuen t s i n t he 

r h e n y l r inq s !:l tt ncho d t o th e f unctio n31 ) ro uroi ng , Ho nce , 

th e de si r ed s e nsi tivit y a nd s e l e ctivity f o r A ~~ rtlcul a r 

me tho u o f de t e rmin 1tio n Cfl n he o tt a ined t o ~ ce r t n tn 

ex te nt . Th i s i s 0 spa c i a l f c~ ture o f t lli s g r~ u~ o f 

Some o f t he mc t :-- l ch c l <J t c s o f hy d r o xy ami .hne s .., r e 

wa t e r in s o luh l e , t hu rm ~ lly s t 9blc nnd d irec t ly wc i g h a~lo . 

Such me t , l ch e l ~te s con be use d fo r g r~vlm c t r ic de t o rmi _ 

na tion o f th e mc t ~ l i ons . Mos t o f t he mc t J l co~r l c x e~ o f 

hyd roxy an l dlnes a r e i nt e nsoly colo r ed a nd high ly 9t1~lo . 

Th e~e r e~c tio n r roduct s ca n be use d f o r simnl c s~cc tro _ 

!" ho t ome tric de t c rmln .:3 t l on In O( U OQ U S sys t em o r f o r t ho 

s imult ~ nco u s ex traction nnd sn ec tropho t omc t rlc dc t e r_ 

mina tio n o f mc t ' l I ons . 

N-Hycl ro xy- N , N ' - 1 1r h a nyl ~e nzaml dinc ( HDP9,f.I.) w, s in­

troduc ed ~s 3nol y t ic - l r CAry ent fo r th e f irs t time 1n 

197 4 by S, t ya n, r oY" no · nd Mi s hra (6 4) . fe r t ho cxt r ~ ctio n 

... nd Sfl ect rorho t Oril c tr ic Ije t o r mi no tio n o f von:J:d ium(V) . Tho y 
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fu rth e r ex t e n ded t :~e a na lytic "! l 9,.. l1co t i o n o f HD PB/\ f o r 

tha ,:leta r min ., !!') " o f o th e r mo t a l i o n s . Ll"l t \J r o n f11 s h r a 

a nd co- wo r ke r s synthes ized e I n rgc num ~e r o f su~s tl ­

tuted hyd ro xy~m i di ncs ~ n d Cx t p. ns i ve l y s t u d l c ~ th a i r 

Fl n<1 1y t !ca l ~o t c ntl,J. itlc s . S a ve r o l r cscJ rch p~ "'I. r s ha ve 

bee n nubl i s hed on the or ' lica t t ons o f h y~ rn x yaml I n0 9 . 

N-H ydroxy_ N, N' . d i p h e ny l ~e nz aml d inc a nd it s en 10ques a r c 

no w wi de ly usod os rc e ~J nt s f o r t he de t e c t i o n nnd ,jc t o r_ 

mina tio n o f S8 '10 r :1 1 me t a l iom in gr av emetric "anal ysi s s ol­

v e nt c x tr3ctio n e nd s !, uc trorho t oma try . 

N-Hydr oxy- N, N' - dl r hc nyl he nzam i d ine h ~ s buc n ~r " ' le d 

f o r th e e~ trac tio n 9 n ~ s nec tronho t o me t ri c Jo t c r minn tio n 

C' f i r o n(11I ) (65 ) f' nd ols(') f o r t he s'-,o c t r o~'h r t o met r ic de _ 

t e r min .... t i ' n o f ir ,"' n(!II) (66) in t he ectueous r hasa . I t 

wa s a lso e m~ l o yc d f o r t he g r avime tri c detc r mi nnt i o n o f 

n i ck e l ( 67 ) . 

Th ::: nnnl o9 ue s o f HOrB" h:we bee n used f o r th e 1 rovl­

me tric ~e t G rmlna t io n o f corr c r ( 60- 70) And mo ly~ de num 

(71 , 72) a nd 0 150 f o r t he s rec trorho t me t ri c det e r mina t i on 

o f m~ n0a ncse (7 3) 1n th e a queous r ha s e . Th ese r ea1 e n t s 

hnve ~ l so ~ee n used f o r t he so lve nt ex t ract i o n , nd spcc tro­

"'ho t omc t ric dc t a rl'l in '"l t i on o f va nadi um (V) (74) . Th e use 

o f the jn~ 1 01 UcS o f HDP 9A hove bee n ex t e nde d fo r sy no rgiC 

c xtr3c t i o n , nd s rcc trorho t omc tri c rle t e rmi n ~ tio n o f v a na­

dium( V) in t he r"l rc aonce o f rt he no l s (75 ,76) . c r ooxy11c 

oci ds ( 77,78) nn ! fl l dehydes ( 79) . 

HOP'8A W ,:"l S f oun j t o f o rm mi xed l i ::J'"' nd coml"') l ex "I i t h 
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.:lz i de in t h e de te rmina t i o n o f iro n(III ) ( 6 5) "nJ co", lt( I II) 

(80) 1nd it s JOl n ~ 109 uc5 i n th e dO [ .1 rm i n :Jtio n o f v :l n :ld lum 

(81 , 02) 'Jy s o lve n t ex tra ctio n .:md snc ctro~ho t ,..,mll t ry . Th e 

de r iv \'I t iv e3 o f HDP3f1. h "we D1so been Dr' - lied :19 r C'9cn t s 

f o r th e sy no r n ic cx tr ~c tlo n '"! nd s~e c trOI,hJt omc t rl c d. t a r­

mi n1ti o n o f iron(II I) (83- 87), va nad ium (88 ,89) ~ nd 

mo l ybde num ( 90 , 9 1) I)y th o f o rm Rtio n o f mi xed '1~ nd 

c o mr1c xcs w ~ t h t h io cy~ n 1 te . S tu d i es 0" th o orr l i C1b i -

lity o f t ho t,l- hyd r o xy- N, N'- d i a r yl be nz:'lmid ines h03 c o nt1 -

nued un t il ve r y r ec ent l y fo r t he g r Avime tri c , sp c tro­

r ho t oma tric nnd extrac tio n - pho t ome tr ic de tormi n ~ tlo n o f 

s o me mo t a l s i o ns. 

1 . 12 Aim o f t he Pr escnt Invc s tlg~ tio n 

It i s clc ~ r from th e f o r ego ing lito r otu r e s u r vey 

th ~ t hyd r o xY J rnidi ne5 h -ve no t Joa n used f o r the c x tr ~_ 

etia n e nd sr ~e t ronho tome trie cte t c r min0 t i a n o f CoCI I) as 

a b ina ry o r mi xed l in~ nd eom~ l e x Wit" o t her 3ddue t s . 

He nce t he f"~ r e nt eomr o un c1 , HDP'1J\ hos 'Jec n :!f"I"' lied 1n t he 

r r e s e nt invest1q~ ti o n f o r th e ex trnetio n ani s rcct rorho­

t o m ~ tric dete r mina ti o n o f coba lt{II ) . \ lthv ugh th o de r i_ 

vRtiva s o f !-!DPB/\ we r e o!"'n li cd fo r the e xt r actio n and 

s fle ct rorho t omo t r ic -I Ll t e rmin £l tio n o f ironCIlI ) . t he ro r on t 
" 

co mpoun d w~ s no t s tu J i ed . Thu s th e ex tr , ctio n ~ n d det c r _ 

min9 t i o n o f iron!III) l;i th HOP3i\ "'!nd thiocy ~ n .,te h =-ts ~ l 9o 

bee n stud i OS un de r diff Jr c nt co ndit i o ns t o imp ro ve th e 

se nsit ivity a nd se l ectivity of th e rLl~o rt ed m c tho~s . 
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2.1 Synth es i s 0 f N- Hy rJ r o xy_ N, N' Di f'\ h c nyl ',o nZ qm idi ne 

(HDP3t,) 

HO PSA "/6S r' r ar "' r ed !>y th e c ·ndcnsa tio n o f - n ho nyl .. 

he nziml do yl chl o ri tl c fl i t h N- r hc nylh yd ro xy l " r.linO a t oDe 

in absol ut e a th o r mod ium (6 4) . Thus th e p r c ~' ~ r~ tio n o f 

N-h yd ro xY- N , N '- cl l ~h c nylbo nz ~midin c r equired the synth e sis 

o f N- n he nyl be nz l mi do yl c h lo rt rlc a nd N- " ho ny lh y rl r o xyI J minc . 

ph - NI-IOH+ph-C.N_ ph 

Cl 
+ HCl 

Ph-C- N'- rh 

.E,rCD;> r n tin n o f N- rh c nyl~cnzim i do yl Ch l o ride , T1'\Q synth e . 

Sis o f ~~- f~ h c nyl:, c nzimi rlo yl ch lo ri d e 'r'i'1S m;:Hlc by chlo rl­

nO't in n o f :Jc nz i nili de u!l i ng thio nyl chlo r i de DS ~ chl c -

rin ~ t in g Rge nt ( 92 ) . 1\ 20~~ C XC C RS o f t r i o nyl chl o ri d e (1 -1 .,.s Illl 

0 . 20 ma l o ) wa s mi xed wit h be nz ~ nili de (33 . 0 9 . 0 .17 mo l e ) 

n nri he a t erl f o r 30 minut es .n t llOOe. Th e rl i x tu re wns 

f urth e r he a t e d unde r r e flux a t 150 .. l60 0C un t il the 

r eect i o n mixture t u r ned t o D c l e, r li ~ui d . Tho ex c oss 

th i o ny lchlo riclc W3S r emo ved b y d i s till a ti o n u nde r r, rtiol 

va cuum . Th e i mi doyl chlo ri rle was use d os s uch f p r t ho 

s y n t hes i s o f HDPBA . 

Ph-CO- NI-I - Ph +SOC l 2 ~ Ph-C-N- Ph+HC1+S0
2 , 

Cl 

- 36 -
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'1e nz 1 n ilida wh i c h w"s u ... cd fo r t he sy n t hosis o f N- ~ hQn_ 

yl bc nziRi do yl chlo r r.c W)S nr orn r cd ~y t he addition o f 

a s l ight e xcoss o f ~o nz~yl chl o ri de t o 1nl11no I n 10% 

(w/v) o f s od ium hy~ ro~ ida so l ut i o n wit h s tirring fo l l o_ 

wed by c r y ot 311iza t i o n i n bOiling ~c nzc ne ( 93) . 

phCOCl + r h NH 2 ---f. PhCONHr h + HCl 

P r e na r ,., t i on .., f ~!- rh e '2Y,1 hyd r oxyl tim i ne • N- r hc nyl h y d ,-o xyl-

1 min e W:1 S ro r cT'a r ed by th e r educti o n o f n i t r o 'J e nze n e wi t h 

zinc an d ommo nium ch l o r ide in Dquo o us s~ l u t io n Dt 

• ph - NHOH 

60 -

Nitrob e nze n e (509 , 4 1. 6 ml) WAS added \~ it h BOO ml o f 

wil t e r t o wh i ch 25 9 o f a mm o nium c ~ lo ri dc ~")s :I1rc .... oy 

o d d ed . To th e mixt ure W.:l S nrldod 60 9 o f Zi nc ri u o t 

g r 'J d u nlly ,rith st irring d uring t we nty fiv e minut e s , s o 

thot th e t c mrc r J t urc o f th e r e octio n mi x t u r e ~oo s no t 

ri s e beyo nd 60 - 65° C (:u c t o th e e xo th e r miCit y o f th e 

r enctio n. Th u r r oduct N aG ser, r 'l t cd f r o m the zinc nx ide 

n r oduc e d by suc tio n . 1 50 9 o f s o d ium chlo ri de was -,:!ddod 

t o the ~n lutio n t o crys t nl llza th e N- r h e ny lh yd r o x yl,mln c . 

Th e r r oduct wa s r oc r y s t a llizC'd f r o m be nze ne . Yi e l d 6 1% 

me ltin0 ~o int BoDe . Th e r e c r y s t a lliz ed ~ rod u c t wa s , 

imm ed i at e ly used fo r the p repa ra tio n o f HOP3A . 
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p r ere r- o ti o n o f N- :'x.r' r Cl xy_ , tI' - Ol l"' hc nyl '>anz:lm i dlno . N- nh o 

ny lhyd r oxyl lJm inO (7 . 52 9 , 0 . 07 mo l e ) in :J')901uto o the r 

\!I~S a d "';ed in am",l l ro r t l o ns with 9t1 rr1ng t o .J s o utio n 

o f N- ~ h enY l " e nz im i tlo Yl ch lo ri no (15 . 0 9 . O . O~9 mo l e ) in 

180 ml o f a'JsJ '.ut c e th e r r" l Ac od o n i cc - s nlt mlxturv . 

F lr~ t a li 'J h t b r own 011 scr~ r J t ed ; t hi s s o l i 'j i f t ed 

into 1 1 ~ht yello w c r ys t o l s o n c~ ntlnued s tir r in g . Tho 

cry9 t ~ l s we r e f ilt e r ed , nd w9she d with ot he r. Tho hyd r o _ 

c h l o ri de wns t r on t e d wit h 32 . 0 ml o f 1 . 0 N ommo ni D. Th e 

n re ci ~ it ato d f r ee bose wq8 f i lt e r ed o ff , rcc rY ' t ~l lizod 

t wi ce f r aq nc tro loum e th e r (60 _ 80°C) o c nz u no (1 : 2) t o 

g i ve po l e ye llO\'J c ry s t :J ls. Yi o l d 7 . 6 g , m. t" 160 _ 16 10C. 

r eno r t od 16 3° C ( 64) . 

Anr~ r o tu s . A 1ec km An mode l 2~ UV- Vl s 9no ct ro~ ho to _ 

me t e r oqui rred Ivith 1 cm m(l t ched qua r tz ce ll W,JS uso .1 

for abso rba nc e mc:)c; ur cmt1 nt s . A Jeckma n CI-I EMMATE pH me t e r 

was us ed fo r pH mcns urome nt s . 

A va r i a n Techtron AA6 ~ t omlc ab so rp tion s n~ctrom ~ t o r 

wi th Rir -C2H2 fl ame was ,lso used fo r t ho do t c rmln 9t 1o n 

o f iro n ~ n d cobal t In s amrle so l uti o ns . 

S t a nda r d I ron(II 1) S~ lutio n. ~ s t 'nda r G sol ution o f 

iro ner!!) W£lS r rcr ~ rcd by c1 isso lving 4 . 0'102 9 of iron( I II) 

ni tr ." te nc nr- hydra t e ( ' 01' , ",n:1 1I"' r) In 10n ml o f 1: 5 (V/'/) 

nitric acid J nd dilut ed t ~ 1. 0 litre wit h di s ti l l ed we t o r. 
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The sol utio n W3S st :ln~b rd izcd vo lumc tr1c ~ 11 y usin'J EOTI\ 

( 95 ) . ~'/o r k lng ad lut10 ns wa r e r r c"q r cd !>y "" ilu t1n~ s ult _ 

.,· )l c rt li quo t s o f the s t 'J n rh r d s .. l utL>n Cn k nCl rm v~ lun o9 
with d i s tilled wa t o r. 

TO s t ,nr:n r ' !ize t he iro n( III ) s l utt o n , 25 ml o f i t 

WAS me r:. ur od into 0 c onic a l fl .1s k , n 'J d l 1. , t cd t o 100 ml 

" ith d i s ti l l ed wc t o r . Th e nH o f th e s o l ut i o n \i~S ~~ju s t o d 
t o 2 . 5 . Five d rop s o f v~ rl ~mine J lu e in CiC Rt a r s o lutiu n 

was added , th e C0 nt c nt a o f th e fl osk we r e w" r mod t o 4QoC , 

a nd ti tra t od ' ~ i t h 0 . 0 1 M EOTI\ s o l utio n until tho initiol 

~l ue c o l o r o f th e s n l ut1 0 n turn ed yelto~ with th o f ln~l 
~ ror s o ~ th e r eoge nt . 

S t ~nd~ r j Co ~~l t( I I) S11utlo n . A s t 3ndo r d s ) l uti~ n o f 

cobalt(II) wos r r cro r ed by diS solving 2 . 8090 9 cobelt( r I) 

su1r h a t e h cr t ohyd r~ to (Har kin s 1n rl Wl11 i ~ms , An , l , r ) i n 

rlist ill od WAte r, OC! tJif i cd with SUl phuric ~ c i d . :m d d i_ 

luted t o 1.0 litre wi th d i s till ed w~ t e r . Th e s 01ut i o n 

WtlS st :l n cl o r d lzod vn lum e tricflily USing EOTf\ ( 9 5 ) . lJo rking 

SOlutio n s wo r e r rer ~ rc d b y di luting su it ~ ~ l o a li ~ uQ t s o f 

the st a nda r d s Hl u ti o n t o known vo l ume s wi t h dt ~ til l ad 
wat lZ r. 

To s t ~ ndo rdizc th e c oh.:l lt(I I ) so l.utio n , 2S ml o f i t 

wa s me 8 su r od into 0 c J nic11 fl as k a nd dilu t ~d t o 100 ml 

Wi th d i s till e d \"I t- t e r . The r H of th e Sl, 'ut l o n w~ s ad jus t ed 

t o 6 . Five d rops o f xyl e no l o ra n ~c ind ic o t o r s o lu tio n WBS 

added , t he c o nt ent o f t he fl :lsk were wetrm (;d t o llQoc , ~ n d 

tltrClte d !'lith 0.01 M EDT,''. s ('I l ut i o n un t il. th o initiol r ed 



co l o r o f th ~ s~ lu t1o n turnod ye llow with th e fin , l j ron 

o f the r ~ 'lg e nt . 

S t ~ nd, r d Thioc y' n ~t o SOlu tion . ~ 0 . 2 M s t ~ nd~ rd solution 

WAS pr epa r ed by di Ssol ving ~o t 1ss ium thincyon, t e (Hon kins 

i nd Willi 1ms , ~ n ' ler) in di s till od wa t e r ~ nd s t ~n d~ rd ize d 
by Volh or d mo thod ( 2 ) . 

S t , nd, r diza tio n o f th i0 c y~ n 1 t e sOl utio n WiS nu rfo r~ 

mad ~r, fOllows . S t ; ndnrd 0 .1 M Sil ve r nitr,t u ( 25 ml 

solu tion Wi S tr, ns f e rred into ~ conic , l f1 1sk , 5 ml o f 

nit r ic acid , nd 1 ml o f ira nCIII) inrl ic"lt o r solu t i .;) n W'lS 

,ddod t o I t . Po t as sium thiocya nAt e """'S r un in f r~m th e 

~urG tt o until ~ f l int brown co l o r was ornduc ad which no 

l a nqnr d is ~r -o -. rod o n s h ~ klng. 

R e 'g~.!....~r8~} So lution. 1\ 0 . 005 M s r l u[I') n o f th o 

r e'9 c nt ( HDPr:l/, ) in r e '1 i s till ed tol ue ne wos used f o r tho 

ex t r ~c tlo n o f i ron( !II} . , . 0 .003 '1 o f the r e'!J c n t ('IOr3l\ ) 

in r er1 i stilloci t " l uI1 n9 wns us ed fo r th e ex tr ' ction o f 

coh~ l t( II) • 

Hyd ro chl o ric~. C .. lnc e nt r -· t ed hydrochl l'\ r ic "" cid ('lOH, 

~ n ' 1 1 r) w-s used t~ ,rl just th e ~ cidi t y o f th e snl ution. 

Duff e r So lution . Amm~ niA- Ammo nium ch l ~ r i de ~uff ~ r s ' lu­

ti on o f pH 8 . S WDS us od t o ~ d j ua t th o oH n f th o cn ~ ~ lt(II) 
s o l ution . 

So lve nt s . To lue ne ( Ri ede l doH.,o n) w~s ~! is ti l l e c twice 

di s c1 r ding t he f irs t ~ nd th e l , s t f r ~c t1o ns . Th ~ f r ~ ct1~ n 
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with ? o l !lna ~o int o f 1l00C was us e d . All o th o r s o lve nt s 

we r e u 9~ d of t ~ r ~ 9 1n~ le dls tl11 ~ tio n . 

" ryinq I"-n e nt s . ' ,nh yd r o us sod i um s ul nh ~ t a (Rlcdc l - cc­

tlft en ) "l ncl anhy,.l r o un c o lcium chlo r i de ( 0'-1 , L 'l'"')o r l'! t o ry 

ReA l e nt) wa r e us e d f o r d rying th e co l o ro~ cx tr ~ ct s , nd 

th e d i st ~ llc d s o lve nt s . r csnCctivcly . 

So lutio n o f El e c t r o lyt e . A 2 . 0 M so l ut io n o f po t osslum 

n i tra t e ( 801' , An 'l l , r ) in list ill e d \"in t e r WFI S us e d t o 

ad just the 1 n1e a trc ng th o f t he solutio n . 

S o lutio n o f F ~ rc lg n I o ns . 3 " l utio n 3 o f f o r e ign 1 ns 

~c ro r r o r 1 r o d by rJi soo lving k nn wn qu- ntit18s o f r coJc nt 

q r 3 de s~l t s in rl lstill cd w~ t e r t o 9ivc 10 mg o f t Ile 10n 

in q ucqt i o n pe r mi~li~it re o f s '1 1u tio n . The so l utio ns 

we r e ~ ci ! 1if i e d \ ,h Q n~v ~ r nec essa r y t o -' r cv~ nt hy1 r o l ys is . 

2 .3 ~ re pa rD tio n o f 5rmnl e Solutio ns 

9loo d B ~m r l o . A 2 ml o f c l i quo t of b130d s'm~ le w~ s 

tr :ln s f c rred into a 250 ml Kj e l dh.:l l fl ,sk .:J nrl c1c c nm'os od 

with 10 rn l o f tho mi x t u r e o f nitric , SUl phu ric ~nd re r _ 

chlo ri c .'lc i cis In t~ l r a t i o o f 3: 1:1 ( 96) by heT" tlnC o v~ r 

th e buns e n burn ... r f o r "' ''Jout 2 hour s . Tho hea t i ng wns 

c on tin ue d a ft e r a dOition o f n~o ut 10 ml o f di lut o hy ro­

chlo ric ~ci d until t ho vo lume o f t he co n t e nt was r Oduced 

t o a bout 5 mi . It wns coo l ed a nd the r e si ,lue wns r obo il ed 

with 25 ml o f ~ i st l1 1 ed w, t e r. Th e so lutio n w"' s coo l e d 



- 42 _ 

o n t r f) nsf o rr ccJ l, u 'J n t1 t :'\ tiv c l y i nto a 100 ml v l umt.: trlc 

f l ASk An ' ' iJut lJd t J v ll i um c wi t h d l s t ill c'" wn t c r . 

S ui t Cl'1 l e :-ll c,uo t s o f the so lutio n v~ ... r c t ,ki: n f o r t ha 

' n , lys i s . 

Vit Amin 9 12 , A we i g h ad Lua ntity (0 . 1 5 9) o f th o 

v i t c min 0 12 wos t r ~ n $ fe r red int o a 250 ml Kj l31dhn l fl ns k 

e nd de c o mro s e d wi t h 20 ml o f ~~uo-reg ia . Tho mi xt u r e 

wa s h a~te'l f o r o ne ho u r a nd 15 ml o f 1 1" hyd r o chl l", r ic 

c c i d was ad~c d t n it . The '30 1utio n WD~ o vn·.a r~ t cd 

a lmos t t o d r y ness , c ooled , :l nu bOi led wi t h 50 ml o f 

r is tlil ed wil t e r , Th e u nl1isso lved ml1 tt a r was filt c r c d 

a nd 1/I.')she d s e vo r :! l tim es wi t h d i s ti ll er1 w., t o r . Th e 

f iltre t a n nd w')sh in~ s wo r e c oll e ct e d in t o '1 100 ml 

vol um e tric fl as k ~ n~ l ' ut ed t o v o l um o wi t h d i s till e d 

l'I"'l t e r. The s ('I lutia n was ex no sed t o UV- light t o r ed uc e 

co~olt(III} t o c obo l t (II} (97) . Suit n'1 1e o li4"0 '" o f 

th o s o l utio n wo r e t a ke n f o r Dn:, ly s i s . 

S t ee l Snmr l o s . A ~/oigh ed llU.,ntlt y ( Cll"n ro x im ... to l y 0 . 1 g) 

of th e s te e l s')mr 1e wos t r 1ns f o rred t o e 400 ml beoke r 

~ n d 1e c o mro sod wi t h 10 ml c o nc e nt r a t ed nit r ic cci d . Th e 

mi ~ ture w~ s hooted t o r e mo v e th o OX i ~6S o f nitro ge n Dnd 

aho ut 10 - 15 ml o f c r: nc e ntra t od hyd r o chl o ric (lcid wa s 

edcied t o It . Th o sol u ti o n WAS e v'ro r a t od t o - l mo Bt d ry-

nes s . A'>o ut 50 ml o f ~l i9 tl 11 c d V1at e :- was a dded and the s o lutio n 

\'ns "' , ll e o . TunCJs t e n W:)9 r r ec i f' i t a t cd os h y d r a t ed tung-

s tic Dci (i . Th 3 u nd i ss ') lved sil i cn Fl n I t ll n1stic :'lc i :! we r o 
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filt e r od o f f ~ nd w~9h od scvc r~ l times ~ith ho t d i s till ed 

wo t e r . The ftltr Cl t o :t n j w9sh lng we r e co ll e c t e d into a 

500 ml v r, l um c t r lc fl o3 k a nd d ilu t ed t o v t:'! lum c wi t h d i ­

s til l od wot e r . 5 ult o'· 10 a li q uo t s o f t he s l ut l o n Vlu r c 

t ~l: e n f o r th e s n ~ l YB l s . 

2 . ~ Co ne r nl p roce duro fo r t he Ext r action ~nd De t c rmi_ 

n~ tl (';ln o f Iro n( I I I) 

An ~l i quo t o f tllO s~ l utio n co nt J inlng 5 _ 160 ~g 

o f 1ro n(I!I ) wa~ tro nst e r-re d int o e 100 ml sep ~ r o to ry 

f unn el an d 5 ml o f 0 . 2 M r o t nssi um t h io cyo n ~ t e w' s ~dded 

t o it. Th e: Dci d it y Dnd v " lume o f th e EltjU00 US ,.. h tl'1c we r e 

nd just ed t o 0 . 3 - (1 . <1 ~1 '<lnd 10 ml wi t h co nc ~ ntr " t e d h yd r o ­

chlo r ic a ci d "J nt! f'is t ille d w~ t c r r espe ctively . /\ 10 ml 

Al i q uo t o f 0 . 005 t1 HDr' ?!\ 1n t o lue ne wo s o r! a d t o t ho 

funn e l a nJ t he mixt ur e W.:lS s h fl ke n v 1q l"l r o usly fo r t) mi nut e . 

The fu nne l vms a l1 owl~d t o st 'J nd t o s Cfln r n t c th o t wo r h ,scs . 

The nqueo us rhD~a w~ s sera r ntcd An I the o r g,n ic r h D3 e w~s 

col l e c t e d 1n D 51') m1 'leak e r c o n t , ining ' ~('I ut 2 . 5 9 o f 

Anhy ' Jr a us s aLl i um 8 ul r h n t e . Th e aque o us r hosc wa s <'I 9., 1n 

t r n n sfe rrcd 1nt l th e f unnel a nd was h ~ d wi t h 5 ml o f t o lue ne . 

Th e c o lo r ed ex tra c t a n ' t he wosh ingswe r e tro nsf o rrad into 

25 ml vol ume t r ic fl nsk . The be~ke r w~ s wa shed with 0 f ew 

ml o f t o l ue ne , t ho w~3hings we r e tr .:msf a rr ad in t o the 

v o 1 11 mo tric fl (l~ k " nd li l ut e rl t o v n l ume with t o u a ne . Th e 

:l 'Jso r~ ') nc e o f thB c o l o r ed so lutio n was rn eo5 u r Gd ., t .C6 5 nm 

~g~ in s t t he r ODlc nt ~l ~ nk . 



Fo r c a lib r a t i o n , 0 . 25 , . 50 , L Oa , 2 . 00 .. n "l 3 . 00 ml 

o f th e st'1 n 'o r d s '. utio n , 50 ).Ig ml- 1 Fe{III) , we r e used 

th r o u g h th o "'\ r r;cedu r e . 

2 . 5 r; c nu r ;'l l 12.!"o c ecll!!"e f o r t he Extra ct i o n a n d Dete r mi­

na t i o n o f Co~,' lt(..ill 

An a l i quo t o f th e s o lutio n c o nt n ininq 10 - 300 .'Jg 

o f c ob,l t (II) was t r EI n s f o rred in t o 100 ml so pn r '"! t o r y 

funnel o nll 5 ml o f qmmo n ia - ~mmo nium c ~ l o ri de ~uf f e r 

s o l utio n wns er! !cd t o it t o od just the pH t o 8 - 9 . 

Th e s o lutio n Vl:lS d ilut e d t o 10 ml with d i s t illod wn t e r. 

f\ 10 ml o f a li quo t o f 0 . 003 t1 HO PS!, 1n t o lu e no WI1 S 

a rldod t o t he funn e l 3n J th o mix ture was sh,k n fo r ~ 

~ i n u te . Tho fu nne l w~s a l lo wed t o s t o nd t o sepa r ~ t e th e 

t y~ r h oses . The cqueo u s nhase WRS s epa rat ed , nJ th e 

o r glnic I"' h ASC W"lS c oll e c t e d in a 50 ml beoke r c o nt"1nin9 

c h~ ut 2 . 5 of o nhyd r o u s s0di um s u lph " t e . Th o 1qu OQ US 

nh :'lSC \'Ins .9q0 1n tr ., ns fe rr cd int o th e funnel , ncl w1sh e d 

with 5 ml o f t 0 1 uc n e . Th e co l o r ed ex tr~ct Dnd t h e 

w')sh in'l s wo r e tr:'l nsf c rr e d int o t h e fl sk , :lnrl dilu t e d t o 

v o lum e with t n 1 u c n e . The obso r ba nc e o f th e c o l o r ed 

sol utio n was mCl'9 u r od t 405 nm agai nst th o r eo:Jo nt tJ l o nk . 

Fo r c Al i l> r ~ tio n , 0 . 25 , 0 . 50 , 1.0(' , 2 .00 :IO J 3 . 00 ml 

I - 1 o f t~ e st., n r :ln solutio n, co nt Dining 10C ml J.l9 ml 

Co (ll) I we r a u sed t h r o ug h the p r o c edu r e . 
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2 . 6 r ro c o~u rc fo r St l'dyinq t ho Eff e ct af V"rl ')"l l o8 

Th o o ff e ct o f a r~ rt icul 1 r v a r i n~10 w~s 9 u110d ~y 

rn o""l 1u r inq thn :,!
11 c.=o r" 'mce ':'If t he s ys t em f o ll...ning :hQ 

ge ne r ) r roce~ u res den c r ibo d a'1ov o f o r thJ ox t r 'c tion 

~ nd de t e rmln ~ t lo n of t ~o pa r t icul a r mo t , l i o n , k ooo~ lng 

al l cx nc r ino nt ~ l vD r i ~ ~ as co nSt~n t ox c art t ho a na unde r 

s t ud y . 

Tho qu o ntlt ~ t i vc c x tracti~ n o f i ro n( IJI) o r 

c ob::: lt{II) f ro m t he couoo us r hfne wos c:'( - mlno': '1 y cha ng i ng 

cach va r l~blc r~ rnmo t o r t o its op timum c ~ n litlo n ~ nd 

f o llo~41 nq th o ge ne r a l r r ocedur e . Th e cxt r ~ctl ' n Wqs 

c ()n3idc r oll t o ~o incnM~' l L t o wh e n i r3 n(I I) ~ r c~b~l t ( I I) 

wa s i c t e ct cd I n th e aqueo us ~ hasc . Th e ~ re3c nc c o f 

i r o nCI!I ) ~n ' : Co (II) in th e 84U80 U S p hase w r e e xominod 

by us inc 2 , 2 '_ b i -y ri ~y ~ n~ ammo niu m t hlocy ~ n ' t c r espe ­

ctive ly . 

Th e invcs t1 3~ tio n 0 f th e qu ' n tlt ~t lvo ox tr c tio n 

o f iro n( III) fr 'm th e ~l., ueQ U S hasc w~ s r"Io rf o rm od 8S 

f o llo ws . Tho 'Hlue ("l vs .... h ::l9(; WIlS r ed uc ed t o ab('\ ut 1 _ 2 r.'Il 

by e v a r o r a tio n ::md 1 ml o f 0 . 1 M h yd r o:>xy l 'lm ine chlo ri Ie 

was added t o it t o reduce i ro n( III} t o iro n{ I I ) . /\ 5 ml 

o l i qun t of 1~; 0l.jU C O U 9 2 . 2 '-!)iryr yl Wo;'lS cd 'ad t r) t ho 

s , l u tio n . Th e vo lume o f t he sl"I tutio n I0Il09 <1 d j u9 t Od hl 

10 ml .:-o n l1 th o I"~: t o t,. - 5 . Th e n ~ so rbonce W,)8 me:)su r o 

a t 522 nr.! ~9 ' inst r o.;:nc nt b l a nk li nd t :'e "'m '-' unt of 

iro ne III) ""OS c"'lcul t .. d a cco r d ino l y . 

FlJ r Co C II) , t he ')quco us . hos e "'a9 r oduc ed t o abo ut 1-2 ml 
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by ev aporation . The solut ion was transferred into 100 ml 

s eparatory fwmel and 5 ml of 4 M. ammonium thiocyanate was 
adju&tiBd t o 10 ml with distilled wate r and the acidity t o 0 . 5-

1 . 5 M by addition of concentrated hydrochl cric acid . A 10 
ml aliquot of ehtyl acetate was added to the funnel and the 
mi~'e was shaken for about a minute . The organic phase was 
collected in 16 ml volumetric fl ask after drying over anhydrous 

sodium sulphate . The absorbance of the solution was measured 

at 625 nm against the reagent blank and the amount of Co(II ) 

calculated accordiijgly. 

2 . 7 Procdure t or studying the Effect of Foreign Ions 

The effects of foreign i ons were studied by adding known 

quantit ie s of the desired i on t o solution cunt aining 50 us 
of iron(III) or 100 ug of Co(II) . The required amount of 

particular masking agent was added to the Co(ll ) solution 

wheneve r necessary .. Extraction and determination of the 

metal ions were made accoring to general pro cedures desc-

ribed e arlier . 

2 . 8 Procedures for the Determination of the Com osition 
o£ omp exes . . 

Continuous Vari ations Me thod . To determine the ratio 

of Fe(III) t o HDPBA a series of solutions was prepared 

in "hihh the mole fraction of Fe(III ) and HDP)"A were varied 

between 0 and 1 with a 
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CC'l n s t i nt t rJ t i l cn n c o ntr~ t1 o n ( t: . O x 10 - 4", ) . Th o c o nc c n­

tr~ tio n ~ f t hlocy ~ n~ t o (O. 2 M KSCN) ~nd ~c l d l t y 

(O . 4 M He1) na r c ka n t c o ns t 1 nt thro ugho ut th o s o r ies . 

To de t e r mine th e r~ tio o f FC(III) t o th i o cyo n i t o e 

s e r i es o f s n l ut l o n W~ 9 r r o r ~ rc d in which t he mo l e 

fr ~ ctio n s ~ f FO(II I ) ~ nu th i~ cy~ n ~ t e we re v,r1od be -

t we e n n , nd 1 with II c o ns t :, nt t o t "11 ec nc c: nt r~ t io n 

( 4 . 0 x 10- 4M) . Th o c o nc e nt r a tio n o f HOr'" (1. 2 x 10 - 3M) 

a nd the ~ cirlit y (O . ~ M HCl) we r e ke p t e n ns t , nt thro ugh_ 

o u t t he s .... r l e s . 

To dete r Ml n .: the. r ') tio o f Co ( II) t o HDP"l/\ PI so ri o s 

o f so lutio ns w~s r r op; r od in which the mo l o fr ctlo ns 

o f Co ( II) inrJ !lOr31\ wo re v ;l ri efl be t weo n 0 "l nd 1 wi th D 

- 4 c on s t ·' nt t o t " 1 c o nc ont r , t l o n (8 . 0 x 10 1'-1 ) . Th e nH 

(8 . 5) W!HJ ke p t eo n:; t , n t thr,"' ugho llt the se r l os . 

Tho c C' mr l oxc s \".Io r o o xt r :lct cd occ :l r rt ing t o th e 1o nc r .., 1 

n r o c e !u r c s i n" th o ~bso rbD nc c o f th o c o l o r od c x t r , ct w~s 

mo n~ ured a t 4G5 nm ; 9,lnst t he r o-g e n t bl~ nk f o r 

FO( I II ) - SCN- Hopn/\ sy ~ t c m nd a t ~~5 nm ~ g - 1n3 t t he 

b l a nk f o r Co ( II ) -HDP'JA s ys t e m. The .= 'l so r 'l, nc es we r e 

r l o tt od Ol~inst t he mo l o fr~ctio ns o f th o liga nd 1n oich 

sys t Gm r c s -.cctivoly . The r.nx imum o f t :,Q curve 9'v o tho 

m3 l v fr ~ct1o n of th o li q~ n d in th e c ~m~lux . 

• ~'lso rr t io m o t r 1c Ho thod . Te' lIotC' r mino t h e ,. ... t i o o f 

Fo (I II) t o "Or"V, '1 ao r 1cs o f s ~" u tio ns """1S r r Gp"' r o,i in 

u1": ic h tho cn nc o nt r "' ti ') n o f Fe'I II ) ( 'LO x 10 - 5r- l) . 
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'l c1 ti it y ( 0 . ·; f' HC I) ., m' thio cy "' n , t e ( 0 . 0 5 il) we r e ker t 

To rlc t c rm ine t h o r , tio of Fe (III) t o thio cy:tn .., t e 

n s c r i es o f s ::: ut1 0 ns \"I , S p r e pa r e d in \~n1ch th o c('I nce n-

t r ., t1 o n o f Fe(III) ( .!~ . O x 10 - 5,,) . acid ity ( 0 . 4 N Hel) 

" - 3 ., nlJ t IDP9A ( 2 . 0 x 10 M) we r e k e r t c o n s t ' n t 1 n t h o c o n-

contr.., tio n o f th io cy ~ n ~t e W'1 S v ~ r1 e d o v e r wi de r - n~ c . 

Th o c o mr l ex w~ s Q x tr ~ct cd ~Y th e g e n~ r "' l r r oc cri lJ r e l nd 

t h e ~~so r ~'nc e o f t h o c0 lo r c d c xt r~ ct w~ s me 'iur c d ~ t 

~,65 nm J I ., in~ t r eJ '~ nt ~l :lnk . 

Mo l e R., tio Me tho d . To d e t e r mine th e r , t 10 o f Co ( II) t o 

HDP3A a se rie s o f s o l utio n s wa s f' r opa r cd i n v~h1ch th e 

c o nc c nt r r'! tio n o f c O()'J lt{II) (8 . 0 x l a-Sri) '1 ncJ pH (8 . 5) 

wa r e ka r t c o n s t "': nt , n ' th e c o nc e ntra t i o n o f HDr'Y, W!l S 

v a ri e d . Th o c o mn l c x was e x tra c t e d ~y t h o ~ n nc r - l n r o -

c e tl u r c . Th e n' lI:lo r b a nc o o f th e c x tr::l ct V'J !lS m o') ~u re d l t 

11..0 5 nm flT''1 inst r o n'1{. nt " l a n k , nd r "o tt e d v e r sus t ho 

1nl) 1 0 r ,,: tio o f Co (I I ) t o HDr 31\ . Two s tr1 i J h t in0 5 

wo r e d r own f r o m th e t HO n "l rt s o f the curv o s which int e r-

s e c t e d e 1ch o th o r o t ') mo l e r " tio o f Co (I I) t o HOP] .... . 
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3 . r.:eSULTS ' 1" 0 OI SCUS3 I Of'1 

3 0 1 Com ~ l c x F o r~~t i o n ~n~~so rr tio n S~c c tr ~ 

Co mn l cxa s o f iro n a nd coh'11 t wi t h HDP3!\ ::l nd t h i o ­

cyo nrl t e we r e s t ud i ed by ext r ... ctio n a nd 5 e c tro!,ho t o me try . 

Iro n(! I I) f o r ms r e d c o mr l e x ~ 1 th th i o cyn n ... t c 1n 

acid ic med ium wh ic h 1 s rea d ily ex tr '1 ct ~ !) l c in t o .,o l "l r 

QXY3e n co n t ~ ining s o l ve nt s suc h 9S e thyl ac e t ~ t e "l n J 

? my l ~ l co ho l . Th e OJ ~o r~ t 1o n s re c t r um o f t he irn n ( I I I ) ­

th io c y~ n ' te cc m" l o~ w~ s f o u n ~ t o ~e nr t , f fo c t cd ~y 

HDP'!\. in t heso s r· lvo nt · in <1 i c :lt 1n9 th :l t t h: r a i s no 

mi xed lig :m d c " m .. ' \J x f o r m" t i o n . 

The 1 r . n(1 1 I) thio CY 3n'1tc cn mr l dx w~s f o unJ t o ~c 

no t c~ tr~ c t ,~lG i n t e no n- ~o l ~ r o rg~ nic s o l v J nt s s uc h ~ s 

t o l ue ne , ~enzcne '1 nd c hl o ro f o r m. It W'1 S "'l s~ f 0 und t h ~ t 

iro n( III ) in "lci.c1:·:: modt um w., s no t cx tr ~c t 3bl e in th G 

r r c s e nc c o f Hr? '3l\ in t e. t o l ue ne , ~ c nz c n c , chl() ro f -J r m, 

e th yl Dcc t :;l t c n nd or:'/ l ., lc o '~o l Itlhich sho lN!; th .... t th e r o is 

no c o mr 1ex f r m., t i o n 'Je twec n i ro n ( III) 1nd HDPJA . On t he 

, the r hc nd iro n(11I) w~ s fc und t o be re~d il y cxt r ~ c t 1 ~l c 

in t h e r r c s e n.::c o f HCP!)J\ into t " l ue ne , '1cn z c nc ., nd ch l o r o -

1(; r m f r o m thio cY 'l n.:l t c med ium indic1ti ng th e f o r m'l t il' " o f 

-'ffl i xed l ig '1 nd c omp l ex . 

Iio n(!I) \t/~ s no t f o und t o f o r m a c or: ..... l cx toIi t h HOr1l\ 

s o l utio n 1n benzeno • .: o :'ue ne , chl0 r o f o r m. e thy l OCGt ... t O n nd 

~m yl ~ l coho l in th e r r cse nc e o r ~~so nc c o f thi o cy~ n~ t e . 

Co~~: t{II) f o rm s - co m ~ l c x wi th thio cy ~ n~ t c in acid i c 
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~ cd iu m ~hich 1s ex tr ~ct ~ ~l e into J myl , lco ho l , nd e thyl 

nc a t , t c . The ~~so rr t i ~ n s re ctrum o f th e Co (II) - t h lo cY 'ln~ t e 

c o mrt l o x w'"'!s f Gun d t a 1-,0 nc t a ff e c t ed ~V th e )(j('i tio n f 

"Or g,\ i n the s e s _' lvc nt s wh ic h s"" o ws t ho t th e r e Is no 

mi xed c o mr 1e x f a rmo t t on o f Co~ I I) wi t h thlo cy ~ n to , nd 

HDr'311 • 

The Co (II ) - thlo c y' n~ t e comr l e x WR 9 f ~ u nd t o ~c no t 

ex t r ~c t ~ ~l e i n t o no n- ro l o r s n lve n t s s uch 0 9 t ~ lue n c . 

">c nzc ne ::l nd ch l o ro f o r m. Co ~:)') lt(I I ) in .... ei cH c med iu r.l WOS 

no t Dl so cx t r ;Jc t , lo in th e r r ese nc e o f HOr3/\ in t o 

t olue ne , ~c nzo nc . c h l o r o f o r m, e t hyl ~cc t 'tc ~ n d ~myl 

ol cohol . Ho"cvo r in h~ s l c med ium cob, lt ( II ) w, s found t o 

~e c xt r - c t n ') l e i n th e r r ese nc e o f HDr3l\ i nt n t o lue ne , 

be nz e ne ::: nd chlo ro f o r m with f o r m"'l t i (l n o f D yol 1.") w_ ~ ro wn 

c c mnl e x . The r r os a nc a o r ,~se nc e o f thio c y~ n · t c docs 

no t h ~v e n ny e ff ect o n th e :l'l SOr r tio n s ··cct rum o f Co(I I) ­

HDPn/\ c o mpl ex . .., s t hio cy .., n., t c doe G no t f c.' r m 0 stJ'll e CfJmr ­

l e x with co~~lt(I I) 1n bos ic m ~d i u m . 

I t WDS .,1 9 0 f o u nd t h "1 t co:)"lt( I II) 1(lCS no t f o rta 0 

c o mr l ex with I Dr9J\ in t (' l uo ne , ',onzano , c !11 l""'t r o f u r rrl , ~ t hyl 

~ c o t o t e ~ nd nmyl ~ lcoho l e th e r in th e ~ re sc nc o o r ~ ~se nc e 

o f thi(lcY 'l n ... t e . 

Thus th e c a mil l o): f u r m., t i o n r c ")c t i o n ., f i ro n(III) 

wi t h thi Cl c y C! n .... t o 'l nd HDr," in th e ocid ic med ium .... nd t h e 

c o mr l ex f o r rn ... t i~ n r e.,ctio n o f co?., l t (II) wi th HDr JA i n 

t he b~s lc mod ium f n r med t h e ~~S l s f o r th e dcva l ~nm c nt ~ f 

new o:( tr ., ct ~o n_ s l~c c tronhn t ~ mot r ic me thods f o r th e clo t o r -
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min ~1t i ' n r f iro n ( III) 'l nd c ,') ~ ") l t (II) r o ... .:ctiv c. ly . 

Se ve r ) l o r g-,n ic s ", lvc n t s s uch '19 ~cnzc n o , t o lu l.l nc , 

c h l o ro ~e nz c nc . chlo r ? f o r m, a myl nlc oho l - nJ ~ thyl ~c e t ' t o 

we r e t es t ed ~6 5 lvont for t ho ex tr1 c t i ) n o f t ho 

Fc (II I ) - SCN- HOr'/\ "' n d Co (II }-t·HO r3A c omnl ox c 9 f r "\ m t h o 

aqi leo u $ r h oss . I t w 9 f o und th 'l t e it h o r c l')mn l c xos w"'s 

no t c ' : t r ., c t ~ ~l c ln t o a myl ~lco ho l ~ n d e th y l ,c e t~tc . t ho 

c omr' lcxGs Vio r e 0, rt l.::l11y ox t r "l c t ,)')l e into chl o r ,- f o rm 1 nd 

chlo ro~c nzn n~ ~ nd c l') m r l ~ t c l y €x t r ,c t ~~ l c into ~c nzo n o 

a n d t ") lu c no . Th llS': r os ult9 in lc , t c thro t '')(I t ' FC ( I I I) ­

SCN- HDP'JI • .,nd Co ( II ) - HDr9!\ CO~lr 1 e x o s a r o e x t r oc t cd ~9 

c 1.oc tro no ut r "' l s recia s . Th e " ·' 5 .... ,... .... t ;.- n a '.Jetr, .... o f the 

i nd i v1 r! u , 1 c -) llIr l ..:xeti ¥tu r e f n u nd t C' ')e s~ ':1 11 -' r in :1 1 t 

s o l v e n t s i n h i c h th e c "'I mnlr; xes a r c e xtr"'ct ~ "lo . ~ l t ho u9h 

~~ t h ~e nze no n nd t o lu e n e we r e f o u nd t ~ ~e 9uit~ "lc f o r 

th e q u ~ ntit ' t iva cx tr.,c t1n n a f t he c Jm,.,lcxo s , t o luo ne 

was ~ r e f c rrcd s i nc a it i s l e99 toxic ,nd l oss vo l, t ilc 

th :-l n ')e nzone . It w~s , 19 ') r r c f v rr e d 'ue t th e hi lJ h c r 

s e n::; itivit y o f the e n ' , r r C"lc t i n n 1 n it th "' n i n I)c nz e nc . 

Th o ~bso r~ tio n s~cc tro o f ~or3A ~ n d o f th o FO(III) ­

SCt l- HOP'1I\ , nd Co (I I) - II Ir'1f\ ca Mr"l e xQs h "w 'Joen ' ... ~ cr' 11 1n c.<.I 

i n t he viSi'11 c r ag i o n unrlc r v~ r ir u s c o n ditio n s . Th e 

r ege nt s howed no n~30 r~ tio n m~xim ' in th a visi'>l o r eg i on . 

HO\lcvc r it showo n ~J1 11 1hl 0 :l:'s.:> r n tio n in th e r "'qi o n 

700 - 600 nm, s li ~ h t ine r o s ing "'~s ) rp tio n in t,e r a g i o n 

600- 400 nm, stro nq .':I'1SC'l r l" t l o n :Je l ow 1',('10 nm (Fi g . l) . 

Thu s 0 re~q c n t b l n nk w~ s n c e cB9~ ry f o r t' r l else me·s u r ma n t 
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r ~ co rd lng th e r "'lOr r' tl o n 8' cerro o f th e co mp l exes . 

Th e o r onlc - r ec! FO(III) - SCI '- HDP1/, c ·, mpl ox (Flg. l) 

s ho w .. ~d .:1 0 in t o nee o'no r .- tio n b:lnd o r '''6 5 nn with '1 

1 ~ 1 f 4 - 1 - 1 ma -:: r o Jso r r tlv t y a 1.0 X 10 1 mo l e m • Th c 

ab so r p tio n '.:md i s r robn ~ l y (1 u e t o ch 'J r g c t r .... nsf o r 

e lec t r o nic tr ti ns itlo ns f r om 11 g ~n d t ('l m e t ~ l ( L ~ t1) . 

Th e ob:.;o r r t 1o n s 0c c t r um o f t he Co ( II ) - HfJ f'1 ", c o mpl e x 

( F ig. 2 ) sho ~e d .0 sh 'l r r n 'Jso r F1 tlo n ry '1 nrJ "J t ".05 nm vti t h 

mo l o r , ') ::)tJ r p t i vi t y .o f 7 .0 x 10 3 1 mo l - 1 cm- 1 Th e 

c tro nic tr ~l nsitio ns f r om mo t " l t o ligand ( M ~ L) . 

Fo r c~ch s y5 t~m t h e 'os itio n o f t h e 9bs o r n t l o n b~ n d 

'ND S f o un t o ~o un .... ff c c t cd I-,y th e ch:J ngcs in th o c o nc on-

tr '1 tio n o f tho c onGt ituc nt s nnd th e ,cl ~ i t y ( o r pH ) ove r 

a wi rl o r J nJo ln~ lc ' tin t th e o xt r ~c tio n ~ f 0 si"1 10 

c c m ~ l ox 5 acias . 

3 . 2 Eff e c t o f Ve r1 ~"los 

Th e e ffact o f th e QXf)C rime nt "1 1 vnri o'l l os o n th E! 

ex tra c t i o n a nd lete rmin <J t i o n o f th e Fe (III) - SCN- HOP'3A 

and Co (II) -HD?~/I. c o mp l exe s into t o lu r no h") s 'loon 1nve s ti-

q ~ t e d in o r de r t o ~s t ~b li6h th e o~ tim ll m c an ' it1~ n s f o r 

th e ex t r 1c t i " n 1n' JA t a rmin '"! tio n o f i r o n ~ n' co' )'] l t . 

Eff ect o f ' c i itty ( o r pH ) . Th e cf f ~ c t o f tho co nc o ntra ti o n 

o f hy~ ro ch l o ri c , ci d in t h e quoo us nh0 9c o n t~o ax troc tio n 
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o f F e ( II I) - SC ~I-HD P'3l\ was s ru ~ l cd in tt': c r ::lngc 1.0 - a . ~ 1 

M. ~h c n the hy Jroclll n r 1c ~c i ~ c ncc nt r l ti o n i s ~ roD t c r 

t ho n 0 . 6 ~1 th o c "'!m" l . x f ., r m" t i o n w") s r .. t 1: r jcd lu e t o 

· · r o t o na ti '; n o f th o 1 1g '1 n cJ s . Fo r hyd ro c hlo ri c 1cl1 c o n-

c e nt r a tio n I t)He r t h "J n 0 . 1 H, the c o mr I e x ')O C ('I'10 5 l ess 

s t n ',l c d ue t o hy tl r n ly s l s l. f [ ' : 0 me t '"'l i o n r csul t ing in 

on in c omrLJt e e x tr :1 c t l o n o f i r o n (I!!) . 

3+ _ 2 + + 
Fe + H20 ..-- Fe (OH) + H 

He nc e th o o r tlmum :J c ll1i t y ran, e f o r t he comr 1ct c c xt r nct _ 

i o n o f F e (III)-SC ~J _Hu r'1.r. was f c und t o be 0 . 1 - 0 . 6 H 

HC l. 

T h e influe nce o f rH o f th e nquco us ~ hnse ~ n t he 

ex traction o f Co (II) -HO r'~ W~ 5 s t ud i ed in t he r 1nl0 

5 . 5 _ 11. 5 . lIh u n th o ~H i s 10 95 th " n 7 . 5, th e ox tr1:ctio n 

o f Co{II ) rle crc~sc s . ~e c o u sc th e f r ee lig 1: nd cu nc e nt ­

r a tio n mDy no t ~o su f fic i e nt t o giv e c Dmr l ~ t o c o mp l e x 

f o r m::H i o n . ~'lh c n th o rH i s g r ea t e r t ho n 9 .5, th e do creaso 

1n ex t r octio n w' s '} r r" l') ')ly due t o f o r m'1 t i o n o f a nio niC 

o r hyd r oxo coml l e xe s . He nc e th e or timum r " nqE:l W::l S fo und 

t o ':>a 7. 5_11 . 5 . 

Th e dec r a,sc in r r occnt cx tr ) ctio n o f ~o t h m 0 t ~ 1 

i o ns ~eyo nd tho o-. t im um c ondition 

qc i ditie s o r oH) w' s In dic , t ed by th e ~e cro~sc in ~ )90-

r ':>~ nc e v~ l uo s o f t he c" l o r ed ~ x tr ~ c t s . Th o ~ r eSd nc e ~ f 

me t a l i o ns in t 1,0 ~~uao u s n h ~s c hcya nd t he or t lmum 

ac i d i tiOs ( o r rll ) 
. 

wu r o 'e t e c t e d 3n I ojete rm inad "y ch ' " J ing 
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th e '1 c i d itiOS ( o r p~1) t o t '"l e or'l[ i mum ro n1D ''I n'i f o ll ow1n] 

t he f) '; nc r :J l r r "' ~ o,l u r os . The r rcs l! nc c of mo t "'l i ~ n5 In 

th o a que o us rh ~sQ we re olso de t e ct ed 9 n ~ do tormined ~y 

using o th e r reegnnt s , i . e . 2 , 2 '- ~ i ny rl dyl fo r iro n c nd 

t h iocy { n ~ to f 0 r cn ~ · 't . Th o result s Dro give n i n T ~~ l e9 

1 a nd 2 . Th r ~ f fa ct o f rH o n co nl t d~ t c rm ina t io n 1s 

sh n~n in Fia . 3 . 

To ~l c 1. Ef f ec t o f ( cidlty of th e\quen us rh DG~S o n th o 

S x trDctlo n o f Iro n(III) AS Fe (I II) - SCN- HorSA 

Sy t ern • 

Aci dit y c f th o A'lso rb:.o ncc a t 
%Ex troc tlo n 

aqueo us r h, so ~6 5 nm 

pll = 2 • 71 . 2 

rH = 1 0 . 400 Q9 . 9 

0 . 2 M 0 . '.03 99 . 9 

O . -1 M O . '.00 99 . Q 

(\ . 6 II 0 . ".02 99 . 9 

0 .7 " 0 . 378 9 4.5 

0 . 8 ~I O . 3f.o 85 . 0 

1.0 M 0 . 321 30 . 2 

·no o~so rr tio n max i mum . 
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Tn'li e 2 . Eff ect o f rH o f tho \quco us r hosa o n t ho 

~x t roc t 10 n o f Co ~a l t( II) '5 CO(II) - HDrJlI 

Gys t cm 

pH of t he ec, uoo us Abso rb.., ncc 
%E x t r') c t i o n 

r has G o t 40 5 nm 

6 . 0 0 . 130 2 3 . 1 

7 . 0 0 . 455 00 . 8 
7 . 5 0 . 561 99 . 9 
0 . 0 0 . 559 99 . 9 

9 . 0 0 . 563 99 . 9 
9 . 5 0 .557 99 . 9 

10 . 0 0 . 42 5 75 . 7 

11 . 0 0 . 20 5 36 . 4 

Effec t o f Th 1oc~'n't c Co nc c ntr~ t~ . The e ff e c t of 

th lo cyo n~ t c co nc e ntratio n o n t he f o rm ~ t lo n o f FO( I II) ­

SC ~ '-HDp3/\ c om"!ox VIDa s t udi ed i n t he r ., n')c 0 .005- 1. ('0 H. 

At l ow co nce nt ra tio ns o f thio c y~ n q t o t he f o rm., tio n o f 

t he mi xed l i g~ nd complex wns lnc omr l o t e . At high c o n­

c e nt r~ tio n s o f thiocy ' n ~ t c w~ t c r so lu~l c t hio cy onp [ c 

co mplex e s 'l~com o st o'lla resulti ng i n l nco mf' l o t c ox t ra _ 

e t i o n o f iro n( I II} . T~c or t imum c o nc o nt r ~ t io n (" nn 0 

o f thioc ynnnt o fo r thn ex tro c t 1~ n o f i ro n( II l) w-s fo und 

t o ~c 0 . 0 3 ~ 0 . 2 M. 

Th e Jee rcose 1n !l 0 rc o nt cx tr~cti(\ n o f i ro n(III ) f' t 

l owe r ~ r high e r C0 nc o n t r , ti o ns ~ f thio cy n ~ t c was i nd i ­

c a t Gd by a dO CrCDG O 1n nl} "c. r ~'l nc c o f th e c o l o rad o xt roc t 
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~ nrl 3150 ',y t ~c r, ros c nce o f iron(II I ) in t he D~UOO U9 

nhose . Tho ro aul ta Dr- a Cl ive n i n T~~' lc 

Th e e x tr:lc t i o n o f c""nlt(Il ) as Co (II ) - HOPJ/\ cl- mr 1cx 

was f o und una ff e ct od by th e r (" os anc e o r abse nc e o f 

thlc cyp n ~te 1n t he equoo us nhase . 

Tnh l e 3 . Eff ac t o f C nc e nt ro ti o n o f Thi ac y,nntc in t he 

I\I,uoou5 r h:",sc on t he Ex trac tio n o f Iro n(I! ! ) os 

F e (III) -SC N-~Dr9A Sy s t e m. 

(F o( I II)] =-I . o x lI) - 5M; ( HC1] =0 . 4 M ( HDr"V\}. 2 . OxlO-
3

M 

(SCN) J\"so r~A nc e a t 1.65 nm 

0 . 005 C . 2g 2 

0 . 0 1 D . 367 

0 . 0 2 O . 85 

0 . 0 3 0 . -10 1 

0 . 0 4 O . -10 

0 . 0 5 0 . 39S 

a . 1D O . t.o l 

O. ?O 0."..0 1 

0 . 30 . 38f. 

o . t,Q 0 . 351 

0 . 50 0 . 32 1 

1.0C' 0 . 275 

------
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HOP3!\ wa s reLJui red to ons ure t he c o mfl l c t o ex tractio n "' f 

iron(III) ~ nd mAx imum C l o r deve l opme nt fo r the FO( I II) ­

SCI..!- HDr1l\ c l"'I mr l a x . A 6 - f o ld lIIo l q r e xcess o f Hor")1\ W'J9 

required f o r t he c Jmr l r;t c ext rac tio n o f Co CII) nnd max i -

mum c o l o r el eval or-mo nt o f Co (II)-HO r'3A. Tho r I1gcn t 

~h50 r ~ 5 signif i c ant l y ~ t th e w~vele ng t h o f mox imum 

ob s o rr ti' n f o r th o Co (II)-HDr;J!\ ~ n d 1'1 l~ r ~ c oxce ss o f 

th e ra~no nt i s ro~ulrc d fo r the ox tr~c tio n o f i ron(I I I). 

He nc e ~ ll m O~9 u rcm c nt5 we re do no ~ga in st ron 1c nt hl ~ n ks . 

ur t o 0 l 00 - f o l d mol Dr excess o f HDP'A h ~d no e f fe ct o n 

th e ax trnctio n o f e ith e r iron(lII ) o r the co ~ ") lt( I I ) 

com~l e x o s . Th o resul t s nrc g i v e n In T~ ~l e s 4 end 5 . 

Tn~ l e 4 . Eff e c t o f th e t mo unt o f HOPJ/', c n t :'c Ex t r .... c t i o n 

o f r r o n(III) os F c ( III)- SC N- I ID~ '1t, Sys t e m 

[F e ( III)) . ... . OKlC' - 5~, . ( HC1).0 "",! . rsC ~'-] ,O . 05 t! 

- - ------- - ---------------~-------
(f a ( III)) ,[Hor :'lfJ Co nc e n t r l'l ti r'l n o f 

!-IDr'll" 10-
4

M 

N) so r~ f\ n r:e 

465 nm 
--- -------------

0 . 8 

1.2 

1.6 

2 . 11 

3 . 2 

4 . 0 

4 . 8 

6.0 

8.a 
12 

20 

40 

1 :2 

1:3 

1 : t. 

1 :6 

1 :8 

1:10 

1 : 2 

1,15 

1: 20 

1 : 30 

1 : 50 

1: 1(10 

0 . 024 

0 . 0 52 

0 . 0811 

r .lt!8 

0 . 207 

0 . 252 

0 . 2 6 1 

C . 320 

0 . 3 50 

0 . 39Q 

0 . 40 1 

O. "'() l 

, t 

----,--------------- -._-
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T ., ~ l o 5 . Eff act o f the ".mount of HOr'):". n the 'x tr ,c t ion 

of Cob, lt(!!) AS Col I)-HO" l ' Sy3 t .~ . 

[CO(IIJ) . B. O x 10 - 5 nH . B. 5 

------ -
Co nc e nt ra t i o n o f 
:-tor 'J/\ , 10 - 4M (e o( II )] : (}mr1 'iJ AI:>80 r~ ."l nco , t '.05 nm 

- - ---- ____ 4 __ • • __ 

0 . (1(1 1 :0 0 . 0('2 

0 . 8 1: 1 n . 1BO 

1 . 6 1:2 0 . 30 1 

2. 1', 1 : 3 0 . 4 .... .0 

3 . 2 1 : 4 0 . 5 1 5 

·Le- 1 : 5 0 . 55 1 

t! . 8 1:6 (\ . 56 3 

5 . 6 1 :7 C . 56 1 

6 J l:B 0 . 564 

B. C 1:10 (1 . 560 

2(1 1 : 25 (1 . 563 

40 1 : 5(\ 0 . 56 1 

BO 1 : 10(\ 0 . 562 

------_. 

E f f e e t 0 f Io.~i.s_S .!!.~ nJJ .t~ "!:£mre ,.. , t u.!:.t:1_2.n_ : Y,o l ~m_c . ..£.!.. .~ho 
Aqueo us phe sc . ThEl 'Jf~vele ng th o f th e n')9l r!lti"l n m ~x imum 

~nd th e D') GO r')''' nc o v f') luos o f Fc ( I I I ) - SCN- HlJr'1l\ ..,nc1 Co ( I I) ­

HDP')f. sys t em rom<'l in od unc h :l n ~(! d whe n t h o i o ni c 8 tr J n~ th 

o f th e flq ueo us pha s c wo s v 'vie d "'c twce n 0 .,nc1 1.5 ~1 lIf i t h 

r e s~e ct t o ro t ~ s s 1um n1 t rn t s . 

i nflu e nc ed 'lY v 1 ri ... t i o n in t c m r.~ r'tu rJ f '," tl1 oxt r ,c t 1:1 n 

o 
syst e ms 'lc t'4lQc n 21" "'n ~ 4C' C . 

Th o e ff ec t o f tho vo lum e o f t he 1 c., U Ct) U 5 h.,,\l rJ n t he 
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oc g r e e o f ex tr:)ctio n o f F e( IlJ) -SC ~:- YOr")f. 'n .... C:'l (I I ) ­

HO ro 1/', w,s s t ud i ed in tho r nn3c 1(1 _1n" ml • l t h ~ f1 ,·;d 

vo lume o f 10 ml of t olueno . 

I t h a s ~ca n f n un-:l t h,, [ t he vo l um e o f t ho ::lyuon us 

r h a s e o f Fe ( III) - SCI'- HD r ll\ s yst em c .,n ')0 v ,> riad fro m 

10 - 40 mJ. \~ lt h r e s act t o ,"l fix ed vo l.urno ':'} f 1(' ml o f tho 

o r n ;mic " h Ds e Witho ut ~ ny v '1 rl "1 tio n 1n a ') so r 'l"' nce o r 

ex troct i o n e ffici o ncy . Fo r l ~ rq C! r v cl umes ~ lo c r c'1sa in 

a ::' s o r '-lo nc c WD S o '}sc rv ad ~'lIhic h i nJ ic o tcs inC " n l e t e ox tro-

etio n o f i r o n(III); t h e r efo r a r c n t l tive cx tr "'lc t i l) ns w"" r e 

f ound n CCe S5 ::l r y f o r t h- comrlr t e c x tro c ti~ n of l r~ n(III ) 

f r 'lm l ... r g e r vo lumes o f t ho :l"ll 6Q US p h nse . 

Th e v olumo o f th e '1CWeo u s ~h flse of t he C1 (I I} - Hnr,II, 

s y s t e m C:'l n be v :1 ri ed f r nm 10 - 1(,,0 ml \·li t h r Osr-oct t o a 

fi x e d v o lume o f 10 ml o f th e l, r q, n1c h ')sc y 1tholl t any 

c x tr oc t i , n u ffici~ ncy o f the s y s t e m. 

Th e v C ! U ['I C e ff a ct 1 s cx r 1 ., ined '-Jy el;w" t 1o n 31. 

I\cco r d i na ly the 'icc r o')sc in the cx tr 1ct i o n o ff i c '\.cn c y o t 

h1q'~e r r n tio o f Va q:Vo r g in th e Fe ( III) - SCN- HOP1,\ s y s t em 

indic~tes th ~ t t h e d i s tri ~ utio n r ., t i o o f irOn e I II ) 1s 

r c l;tive ly sm,ll c r th nn th a t 0 f co ~' lt( It) . Th o r osu ts 

~ re sho wn in T n~ l e 6 . 
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Ta'"> l c 6 . Eff e ct o f 1. In 1c '. rn!n!) t h , T","'''Co r ''tu rc n I 

Vo l !mc o f tho I\q uc ('l u ~ f"'h ,sa on thd Ex tr c t i on 

o f Iro n( III ) ' n rt C1 (II) 

( FC( III») - " . Cx 1n -
5

M (C,, ( II)]'O . (' x 10 - 5M 

- -.------- ---
F C (III) -SC t -HDr3~ 

Abso r'l "1 nc :-: o r 1165 nm I\bso r')o nc c , t ".oS nm 
---- - ,- --- ----
[ l<t'O i! 

0 . 0 

Q . 1 

1 . 0 

1. 5 

TQ mnc r~ tu r e 

- - ----
v ·v oq ' 0 r 9 

1,1 

2 . 5 : 1 

.j : 1 

5 : 1 

10 : 1 

0 . "02 

O . ~ (1 C 

0 . 399 

o . t n2 

0';0 1 

0 . 398 

O . :0 1 

0 , ": 3 

0 . 3QQ 

r . 386 
0 . 2 12 

0 . 562 

O . SSg 

o . 55(' 

0 . 56 1 

0 . 560 

0 , 55 2 

. 563 

n . 562 

0 . 550 

0 . 560 

0 . 56 2 

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

o r de r o.~diti (' n o f RC "' "cnts . Fo r bo th sys t ems it W::9 

f o un I th~t the re 13 no ch 1ng e in th e ~~s ~ r~' nco o r in 

t he ec l o r in t o ns ity o f t ho comr l exc s ex t,. ct ed int o 

t " lu e nc if t hi:! :J r , lo r o f "tdrJ itto n o f re.:lJcn t s 15 r c v J r ood . 

Ti me o f Ex t r:~S"!'!.9~'lJ '3 t ~.·')illt y o f Con~·s.2<2..! · n cqul-

l i !1 rlum rc rioJ f 1 minu ta (with sh,king) W1S 8 u f f lcl ~ nt 
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fo r compl e t e Qxt r "'ct 1c n cd th e irl) n(III) mixod l1 tp nd 

c "' m,, "ox ;)nd tho Co(I I )-YOPJ/\ ccmr ox~ s . r r 1 n~ o ri 

cy. tr~ ctio n h"ci no h rmful o ffect nn th o ,tcte r ,'1in'"l t 1o n . 

The Fe(III) - SC N- HDP1!\ comr l cx was s t c" c f o r 6 ho u r s 

e nd th Co(II ) - "-tnf'J/\ ,( n r 12 hours . I\f t e r 6 hQurs t ho 

c o l o r ed ox t r~ct o f t ho F e( II I) -SCN -Hor,~ sys t e m nlowl y 

become t ll r 'li ,1 r r o bn" ly due t o th e d e CC'l fll r"lls itl"1 n o f the 

comrl cx • The c o lo ro~ o:( tr , ct o f the Co(II ) - Hnr 1'. sys t t m 

a ft e r 12 ho u r s cho n'led t o dHrk 'l r c wn ' n~~ fi.n '1 l1 / 'hl comus 

tur 'HrI : [' r o '1 ... '11y 1uc t ) o'< i d:-- tio n o f t he C ~ ( II) t o 

Co( I 1I ) ~y lisso lvo d ox ygon (98) . Th ~ r csult 3 ~ r o l ive n 

in TR''l l e 7 . 

Ta',Ie 7. E f ~o ct o f Time ~ n t he S t '~ ility o f Co m ~ l c xos 

Tim e 

30 min 

1 he 

2 h r s . 

4 hrs. 

6 hrs . 

7 hr s . 

10 h r s . 

12 hr s . 

16 hrs . 

20 hr s -

( FO( III1J-4 . 0X 10 -
5

M 

--------
F e (III1 - Sc " - HDr' ~ --

I\b"J" rh , nc c. , t 46 5 

0 . !',03 

(' • • ~('I 

r. . '1,0 2 

(\ . N'2 

" . • :..,,, 3 

0 . 411 

• 
• 
• 
• 

nm 

0 . 563 

0 . '":6 1 

0 . 561 

0 . 563 

0 . 561 
(, . 56..! 

0 . 561 

0 . 56 3 

0 . 596 

n . 606 

-_._---- -----------_. __ ._ --
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3 . 3 Co~ ~o q itio n o f t h ~ Com pl exe s 

Th e c ompo s it i o n o f t he c ompl e xes "~ S de t o r~ l no d ~y 

.. a vera l 9pcct r orho r omo t rlc me t hods . Th e cont i n uous 

vn ri a tio n s (1?) n th l"! ... ')so rptlomc trlc ( 6 ) me thods 'Ile r e 

us e d t o de t o r mine t he r a t i o o f Fe (III } t o HOP3A .. nd 

Fe(III) t o SC~I- i n Fe (I II) - SCN-H DPBA sys t e m. The M l e r o tio (13) 
e nd co n tinuo us v E! r! tio ns we r e opp li e d t o d e t e r mine th o r a tio 

0 f Co ( II ) t o HDrOIl . 

I n th e continuo us v, r i n tio ns me thod t he mAxi mum a~ ~o r 

nb so r' lo nc e wa s 0 :;c rvc d at th e mo 1. e fr O' c t i on o f 0 . 67 o f 

the thloc ya n~ t c nnd -190 a t th e m~ l e fr oc t i o n of 0 . 6 7 

o f th e I!DPl in t h e F C( III ) - SC N- HD P '3'\ sys t e m. Th e se 

r e s ults ind tc Dt c t he r a tio o f i ro n( I !) t o thio cya n3 t e i s 

1 :2 ~ nd t he r ·' t i n o f i r on(r l I) t o HDr~~ i s olso 1:2 In 

th e F e (III) - SCf '- HDPJJ\ comp l e x . Th e r e'i ult s t; r e :J ive n in 

Tables 8 n nd 9 . Th o c u r v es ~ re sho wn in Fi~ . 4 ~ nd 5 . 

I n the a l)Jo rpt i o mo t ric me tho d , f o r t he Fe (III) - SC N­
A 

was n l o tt e d a g a in s t t h e !- 'DPIJA th e qu an ti t y l o g - --
A -A max 

l o g ( HDP8A) o r (SCtt - ) whe r e A wa s t he ab s o r ba nc e f o r 

a ra rt i cu 'T.a r co nc c ntr .. t i o n o f HOP9A o r t h i ocy a na t e q nd 

Amax was the a~ so rba nc o in th e p r esenr. e of e x c ess HOP~~ 
A 

o r th iocyana t e . The cu r ve l o g v e r s us lo g 
A - A ma x 

( HDPd/\ ) gave a s l o pe of 2 . 0 4 wl ich ind ic o t ~ s t he r~ tio 
II 

o f Fe ( III) to HDP"V. i . 1 :2 . Th e c urve l o g - --
A - II ma x 

v e r s us lo g (SCI-' - ) '.lEv a e 310 r C o f 1. 85 which l nd ic Pl t es th e 

r~ ti o o f Fe (I I !) t o t hio c yn n ~ t c i s 1: 2 . Tho rc~u lt s Rr o 
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Ta~ l e 8 . R~5ul t s o f Co ntinuous Vn r1 ~ t ion9 Me t hod fo r 
Fe ( III) - SC N- PO PJ/\ Sy s t e m t o Dote r mi no F o ( II I ) : 

HO P"V\ R"I t io 

C
T

" (F e ( III )) • ( HOP'II) . 4 . Ox 10 -
II

M. (HC1) -0 . '.t' . 
(scr1 -o . 2M 

Mo l e f ract i o n Mol e f ractio n Ab eo r bc nc Q 

o f I r o n ( I II) o f HO r 8 ,6, a t 46 5 nm 

0 . 0 1 . 0 0 . 0 0 1 

0 . 1 0 . 9 0 .182 

0 . 2 0 . 8 0 . 29 1 

0 . 3 0 . 7 0 . 3 3 1 

0 . 3 3 0 . 6 7 0 . 34 3 

0 . 4 0 . 6 0 . 337 

0 . 5 0 . 5 0 . 298 

0 . 6 0 . 4 0 . 24 1 

0 . 7 0 . 3 0 . 19 6 

0 . 8 0 . 2 0 . 14 1 

o.g 0 . 1 O . 7 6 

1 . 0 0 . 0 0 . 000 

Tabl e 9 . Res ult s o f Co nt inuo uS Ve r 1- t i a ns Me thod f o r 
Fe ( I I I) _SCN_HO F"'A Co mn l c x t o De t e rmi ne Iro n( II I ) : 

SCN- R, tl0 

CT' [F e ( II I)) . [ s CN-l·40x 10 -
4

M 

Li-l Cl) - OA1. [ HDP 3A) .1. 2X l 0 -
3

1'" 

Mo l e f r '1 C t i o n rloi n f rac t i o n 

o f Iro n ( II I) o f SC N-

o.or 1.0 0 

o . 1l'\ 0 . 90 

0 . 20 0 . 80 

0 . 30 0 . 70 

0 . 33 0 . 67 

o . t.{l 0 . 60 

Ab~o rb , nc c 

a t 1.6 5 nm 

0 . 0 02 

0 . 0 9 5 

o . 1t.9 

0 . 195 

0 . 201 

0 . 19 1 
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T, bl o 9 co nt d . 

t10 1c f r actio n nole f r ,c t i o n Ab so rboncc 

o f Iro n(III) of SCN - a t 465 nm 

0 . 50 0 . 50 0 . 17 3 

o .or o . t~ 0 .14 4 

0 .70 0 . 30 0 . 113 

0 . 80 0 . 20 0 . 080 

0 . 90 0. 10 0 . 0 4 1 

1.00 0 . 00 0 . 001 

n iv en 1 n TablDs 10 a nd 11 . The cu rves a re s hown 1n 

F 19 . 6 a nd 7 . 

T:"Ible 10 . f~ c ult :') of ,\') ~or· p t iomc t ric Me t ho d f o r Fe ( II I) ­

S CN_HDPv-. COr.'ln l o x t o Determine Iron{ III) :HO P3A 

R., t i o . 

C 1 - 5 F e ( I II) =4 . 0x10 M, (SC~, -] =0 . 05 ~i (>1C 1] =0 . '- rl 

A max '"' O .. 1! '"' l 

(i-rDP3A) 
A l og 

A 10g ( HOP 3A) Abso rbanc e 

1O - 4 rl A - A A -A at 465 max max nm 

- --
D. B 0 . 06 - 1.19 - 4 . 0 9 0 . 024 

1. 2 0 . 1 5 - 0 . B2 - 3 . 9 2 0 . 052 

1 . 6 . 27 - 0 . 57 - 3 . 79 0 . 004 

2 . 4 0 . 59 _0 . 2 3 - 3 . 6 2 . 148 

3 . 2 1.07 0 .03 - 3 . 49 0 . 20 7 

"', . 0 1.70 0 . 23 - 3 . 39 0 . 252 

4 . 8 2 . 34 0 . 37 - 3 . 32 0 . 28 1 

6 .0 3 . 90 0 . 60 _ 3 . 2 2 o . ~20 
8 . 0 7 . 0 7 (' . 85 - 3 . 0 9 0 . 350 
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Table 11 . Results of Abso r r tiomet ric Me t hod fo r Fc( III) ­

SC N- Hnp1A Comr 1cx t o LJerc r minc Fe CIII ) :5C -

Ra t i o 

A A 109[SCN-] 
Abso rb nnc o 

( SC N-] A - /\ 
l og A - A 

8 t t,6 5 nm 
max ma x 

0 .00 1 0.117 - 0 . 9 3 - 3 0 .042 

0 .00 2 0 . 4 33 - 0 . 35 - 2 . 7 0 . 121 

0 . 00 3 1.07 0 .03 _2 . 52 0 . 207 

O . OOtl 1.7 0 . 23 - 2 . ~ 0 . 252 

0 . 005 2 . 7 0 . 1. 3 - 2 . 3 0 . 2')2 

0 . 007 5 6 . 4 0 . 80 _2 . 12 0 . 3 ' 7 

0 . 0 1 11 . 12 L ot, - 2 0 . 36 7 

0 .02 25 . 66 1. 4 1 -1. 7 0 , 385 

In t he c o ntinuo us va ri a tio ns me t hod f o r Co (II) - HDP~A 

sys t e m t he max i mum a'J90 r ba nc c was o bse r ved a t [ ' c mo l e 

fr a ct i o n of 0 . 7 5 of t h o HOPr)A I,hich in licn t o9 th o r .... t10 

o f th e me t .,l 10 n t o HOP"JA t o be 1: 3 in the Co( I I ) _' !DP3l\ 

c o mp l ex . 

I n the mo l e r nt i o motho-1 f o r Co (II) - t!DP3/\ sys t em t he 

two s tru igh t lines d ra~n f r on th e t WO p~ rt s o f t hn cu r ve 

int e r secte d a t a mo l o r a tiO o f 1: 3 (CoC II ) :!!OP')/\) . Thic 

re s ul t i n ciicatC9 th e r a tio o f c o bo l t( II) t o 1I0P"lA t o bo 

1: 3 , " The reG u l t ~ a r c give n 1n TJ~ l c9 12 Bnd 13 a nrl th e 

cu r ves ar c 9hown in Fig . 8 An 9. 
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T~~ l c 12 . Rooults of Cn ntlnuous ~nriJtio ns M~ tho I fo r 

Co ( I I) - !I! P1A CornS" 1 r. x 

C
T
= (Co ( II)] • [ HOP'lIij -0 .Ox 10- 4~, p"-O . 5 

Mol e fr ac t i o n Mo l e f roc tion "'.bso rb ancc 

01 Co (II) 0 1 HDPl3/\ a t 405 n~ 

0 . 0 1.0 0 .0(1 1 

0 . 1 0 . 9 (\ . 56<: 

0 . 2 0 . B 1 . 0 47 

0 . 25 (, .75 1.082 

0 . 3 0 . 7 1.020 

0 . 4 I 0 .6 0 . 840 

0 . 5 0 . 5 0 . 7 81 

0 . 6 O . .c C' . 640 

0 . 7 0 . 3 0 . 4 52 

O. B 0 . 2 0 . 301 

0 . 9 C . 1 0 . 160 

1 . 0 0 . 0 0 . (10 1 

T~b l e 13 . RC9ult s o f Molo Ra t i o Me thod fo r Co (I I ) - HD P3A 

Comp l ex 

( Co( II)) =8 . 0x 10 -
5

M 

(co( II)) : 0 :DPBA] bso r bf\ ncc a t 405 nm 

1:0 C' . OC 2 

1: 1 0 . 160 

1 : 2 0 . 301 

1 : 3 0 . 4 17 

1:4 0 . 49 7 

1 : 5 (1 . 535 

1 :6 C . 56~ 

1:7 C' . 561 

1:8 0 . 56 11 

1:" 0 . 560 

1 :10 0 . 563 

1 :25 (1 . 561 

1 :50 0 . 5M 
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Thus the Q,tl • • t FeCIIl ) t o HJP8" "a8 f eund ~ o be 

1:2 by both me t h. ds . The saMe r e sult nas al&c f ound t.r 

t he Fe( III) t. SCN- ratl • • Ther e fore t he o veral l cOlllpe­

.Hion ha. been found to b. 1:2:2 (Fo( III) :SCN- :HOPSA) • 

This re sult 1s lnconsl~ tent with t hat reported by Mllhrn 

a nd co_worke rs (84) 1n siMilar comple x . They suggested 

t ha t Fe(I I I) t SCN- rat 10 1. 1:2 a nd Fe(III) t o on 810gu.s 

of HOPSA 19 1:1. This 1s not convincing as Fe(III) hardly 

f o r~9 8 tetrshedral o r sqUAre pl sna r c o ~ p 18xe9 with blden­

t ate ligands; where a9 th e ros ul t btained 1n the presen t 

invest igat ion l ead o te the f urmation of octahedral complex 

~h!=h 1 s most com~ nlY encountered 1n th e cO Mplexea of 

~ron. The CQ lftpo olt le n of CObAl t(II) to HOPBA nas foun d to 

bo 1:3 (CoCI I) : HOPSA) by both continuous variat i ons an d 

the mol e ra tio ~ethod8. As both the co~plexes were extra_ 

ct e d as electro-neutral opeciee 1n t o to l ue ne 1t ~ay b~ 

9 ugges ted that one of t ne HOPBA mo lecules rem81ned proto­

na ted, hence the formula of t he com plexes ~3y be [Fe{L)(HL) 

{SCN)i1 and [CO L2HLJ. re spect ively . The possible 9t r uc tu r es 

of t h complexes are shown be lo" • 
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3 . 4 nhotome t r i c C.l:!.:::.!_c. t e r s tics of the Complaxes 

The mol ~ r abno r ptillitlcs , photolTl Cl trtc $nnlitill itie s 

(3) ~ nrl 1,lmit s of dc !"c rmi nnti on (8) , t he conc cn tr., tion 

r onge obeye d oy Beo r' s l aw e nd tho optimum concentra tion 

r a n0c fo r t he r ho tomet ric det e r mina tio n cvs lu ., ted f r om 

Ringbom ' s plo t a r e summ a r ized in Ta bl e 14 . Th e c ~l l­

b r~ tion cu rve data a r e g ille n in Table 15 ~ n d 16 ~ nd 

cu r v es a r e s hown in Fig . 10 - 13. Th ese r os ult 9 s how 

th a t bo th the F c( III) -SCN-HDP~A e nd Co ( II ) -HOP~~ or o 

'Se nSi tive and c on be a l.r i i ed f o r th e dete r r.lina tio n of 

tra oe qURntit i cs o f iro n Rnd cob ~ lt . 

The p r ncisio n of t ',o me tho ds WA S ev~l u ~ t e d by pe r -

fo r ming six l nde ~~ noo nt a na lys i S m ~ do o n s,mn e c ont a ining 

55 . 8 5 ug o f i r on( III) pe r 25 rn l ~ nd 118 Pg o f cobRl t pe r 

25 ml for Fa{II I )-SC f\' - " DP9!\ nnd r.o (II) - HDP'l/\ sy s t ems r e­

spe c tive ly . Tho ras u'ts qr c s unma r ized in T 1~ l c 17 . 

Those ro sult ~ i nJ icat c th ~ t t he me tho Js 3r e prec i se a nd 

g i ve r ep r oduci h l e r 9111 t 5 . 

T3bl e 14 . ~ hotom~ t ri c r.ha r , t e ris tic s of the Compl exe s 

Co l o r ed Sys t em 

"'max ' nm 

E - 1 -1 
• I mol cm 

aS a n 'oil se ns itill ity , 

Fe( III) - SCIJ- I-IOPM 

Jl.65 

4 1 .0xlO 

" 9 cm- 2 0.006 

bLim i t of de t ~ rm in .,tion , 
" 9 ml - 1 0 .014 

Co nc e ntra tion r a nge from 
1ec r' s I ~w , ~ g ml - 1 0 . 22- 6 . 60 

Co( II) -HDP 3~ 

<lOS 

7 .0xl0 3 

O. ~8 

O • • :7 - 11.80 
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\ 

• 
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• 

Tanl c 14 Con t d . 

Colo red Sys t om Fe( II) _SCt'_HO PJA Co( II) -~OPM 

Op t i mum conc c nt rnt i o n 

Ra ng e f r om Ri ngbo me 

pl o t ug ml - 1 0 . 55- 4 . 40 0 . 94- 4 . 72 

a - Conc e ntr:ltio n th a t co rresl"o nds to o n Ilbso rba nc e o f 0 .00 1. 

b- Conc e ntra tion t h~ t co rrespo nds to on abso rbAnco throe 

t ime s the s t nnda rd dcv i ~ t1on of th e bla nk . 

Tabl e 15 . C3 11b r~ tion Curve Da t a fo r Determi na tion of 
Iro n ( III) by th e F e ( III ) - SCt'- HOP1fI system 

Co nc c ntro t1o n of 1 ron( 111) 

M ug /25ml ppm 

8 . 0x 10 - 6 

-5 
2 . Ox 10 

- 5 I; . Ox10 

8 . 0)( 10 - 5 

- 4 
1 . 6x 10 

- 4 
2 . Ox 10 

11 . 8 0 , 47 

23 . 6 

20 . 5 1. 18 

5~ . C 2 , 36 

118 . 0 I~ . 72 

236 . 0 

2~5 . 0 11. 0<' 

.----

Abso rb onco a t "65 nm 

0 . 056 

0 . 110 

0 . 136 

0 . 276 

0 . 5:; 1 

1.112 

1.387 

- - ------- ------_. ---
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Tab l e 16 . C, l i bra tion Curve Da t a fo r De t c r~ i natlo n of 

Cobe l t ( I !) by th e CO( II) - HDP3, Sys t em 

Co nc e ntra tio n o f Coba l t(I I ) 

t1 

8 . 0XlO- 6 

1. 6 x l 0 - 5 

2 . 0 xl0 - 5 

- 5 4 . 0x lO 

8 . 0 XlO - 5 

- ,! 
1 . 6 xl0 

- 'I 2 . 0 x l 0 

11. 8 

23 . 6 

29 . 5 

59 . 0 

110 . 0 

236 . 0 

295 . 0 

ppm 

0 . 94 

1 . 18 

2 . 36 

1'. .72 

11 . 80 

Abso rbanc e a t 1~ 5 nm 

0 . 0 56 

0 . 110 

0 . 136 

0 . 276 

0 . 56 1 

1.112 

1 . 38 7 - - - - ---- --- ---_._-
Ta bl e 17. Eval uF' t l on o f f" rc c i s i o n o f t he r·e tho ds 

To t o l numbo r Moa n S t tl n tJ:-. r d Re l a tiv e 

Me tho d o f s ;lmpl os ab sa rb- dov i :1 tio n s [ an'l a r d 

9 nc a dcv l~ tio n 

----
F c ( III) - SCt '- HDP3J\ 6 0 . -1 1 O . O~l 

Co (II) - HDPJ.\ 6 0 . 56 1 0 _003 

3 . 5 Eff e c t o f Fo re i g n I o ns 

To cv~ lu~ t e th e s c l ec t ivl i 09 of t he newly devo l opo d 

me thods the e ff ec t f ore i gn i o ns o n t ho dcr e rmi netion o f 

irone r ! ) ~ n d cob, lt(I I ) h ~ve bee n ~ t , Jl od . RC 8 90 n~~l e 

~ rn o unts of ol kn li , ~ l knl l ne- cA r t h me ta le and mos t of tho 

(%) 

0 . 25 

0 . 60 
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nnie ns exc ep t EOTA , or-1 1 ~te And c i t r a t e wor o fou nd no t to 

i nt e r- a f o r o in the de te r mln , t i on of i ron . Cop~Q r(lI) 

mo l bcde num(IJI) :m r:t v :m l'ldium(V) wo r e found t o r o ct wi t h 

the rca Je nt i n ~he r r~ ge ncc o f t hlocYln ~ t o coext r 1c t od 

with iron nnd in ter-a f ore if r re3e nt in e xcess . Tung -

3te n( VI) i nhibit s co l o r deve l onm e nt i f p r esc n t 1n OXC C9S . 

r:h r o mium( III) I COnf"\o r( II). iro n( 11 1) ., nd EDTI'. wo r o 

fou ncl t o int e rf e r e Dt ~l l l ove ls in t he do to rmin, t ion o f 

cob. lt(II) by Co(II)-HDPM sys t em. Howevo r, 1ron(III) 

wes m ~~k ed by f l uo ri de (SOn ppm) . c oppe r w~s mn skc d by 

thio urc n ( 400 ppm ) ~ nd ch romium by , " e xce ss o f nrnmo ni o 

(pH 9 ) . The t o l c r , nc e l i mit of f o r e i g n i on t ~ k c n ~s 

co nc e ntr-o tio n (ppm) \"!h ic h c;,usc a n e rro r loss th ~ n ~ 

n r .:: l i ve n in Tn', l e s 19 ... nd 19 . 

The rC3 ul ~a l ive n i n Ta bl es 10 end 19 inrl icote tho t 

mo ?t of th e commo n i ons ~hieh a re no r-m ol l y ossocie t odwith 

iro n a nd cobal t in o res , a lloys nd bi o ogie r l s,mp l es do 

no t inte r f e r e ( o r th e i nt e rf e r enc e c ~n be o lim inAt ed by 

s uit alJlc m::l sking) in the dc t c rmln ., t ion o f 1ron(I11) nnd 

cob ' lt(II) by Fe(III) - SC -HuP1~ nrl Co (II) - PDPBA , r e ­

s roct ivc ly. He nc a the propose d me thod fo r iron c lJ n be 

apnlie d to the ' n ~ l y9is o f o r 09 , olloys , s t ools ~ nd 

b i~ l oq ic n l 9~Mrlcs . Exce ~ t in s t ee l s 1n ~hich iron 1s 

int e rf o rl ng , eoh~l t can 00 do t or mined in o r oB , biola ic~ l 

Gamol es lnd most olloys . 
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Tn~lo 18 . To l e rance Limi t o t Foro i Jn l on e 1n th o Do t r.1 -

n'J ti a n o f I ro n( I II) 

lf e { I IIiJ. 2 . 0 ppm ; (SC/, -) - O. OS H; IICIJ - O. '- ' 

• I o n To l e rance liMit , ppa 

NQ + 400 

K+ r.oO 

Ctl 2 + 400 

Mg2+ /.0' 

3e2 + ".00 

u+ roO" 

11 1 3+ 400 

5 n2 + ~UJO 

892 + !',Q(' 

zn2 + t'.cO 

n + :..('"C' 

Ti ll, . 80 

La 3 + /.00 

Hg2+ ·lOr 

R1 3+ <:00 

co2 + / .0(' 

cr 3 + /.00 

5n4+ 40(' 

Cd 2+ /.00 

• 
V0 2 10 

N12 + r.c~ 

cu2 + 10 



• 

, , 

Ion 

Mn2 + 

2_ 
h100 4 

wa 2_ 
4 

Nit re-H e 

Chlo ri de 

Ace t at e 

t: ltra t e 

Thiou rea 

EDTf. 

phos~h D t c 

Fluo ri de 

Oxnlote 

- 07 -

400 

4"0 

10 

10 

400 

60 

• ~~O ppm wos m ~x 1mum co nc c ntr~ t 1o n t03 t cd 

Ta~ l e 19 . To c r, nc c Limi t of Fo re ig" l a na in th o Oc t ~ rm1-

no t io n o f Cob, lt(II). 

[co( II»] -4.0 pom ; pH-8.S 

I on To l e rance 11m • t • ppm 
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I on To l c r~nc o 11. 1 t · . pp. 
-----------------------~~ 

::3 0 2 + 

L1+ 

1\13+ 

Sn2 + 

Ba2 + 

Z n2 + 

n + 
Ti4 + 

Ln 3+ 

Hg2 + 

9i 3+ 

F e 3+ 

Cr 3+ 

Sn t,+ 

Cd2 + 

VO + 
2 

Ni 2 + 

Cu 2+ 

Th 4+ 

Mn2 + 

ce4 + 
2_ 

MoO 01 

WO 2-
4 

Nitrn t O 

Chlo ri de 

II. c e t o t c 

S ul pha t e 

Cit ra t e 

Thio urea 

EDT" 

rhoepho t o 
Fluo r1 rl e 

"Jo r ,He 

oxa l a te 

foOt' 

400 

40~ 

'-~c 

40r 

<lOr 

40 0 

80 

40~ 

toO 
/.~o 

lob 

400 

.1QC 

20 

le" 
l a c 

t.De 

f .()(\ 

80 

400 

dOD 

· ".('10 ppm l~ 1S m , ~: 1m u P'l co nc c ntrn ti o n t os tod . 
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amas ked by Fluo ri de ( 80r p pm ) • 

bm Dsked ~y e y.cc~ s ' mmo nl0 ( pH 9) . 

cma sk ed by , hio ur., ( ~C ppm) . 

3 . 6 Ann lic ntlo n -
In orde r t o eSS9R t ho ~ n 'J l y tic al po t 'n t i - Il t y o f t he 

newly dev o l one d me t ' o d s , th e F e ( III ) - SC r·_HOP 1_~. sys t em has 

ha cn an" lie d t o th o ~ n 'l ys i s of blood ". nd s t oo l sJmpl c3 

r o r iro n c o nt e n t ~ nd Cn (II) - ' jOP3.<\ s yst em t o t h e ::lO "' l ya! s 

o f v it ~ mi ne 3 12 f o r cO ~A l t dc r c rmln , tio n. Th o I r o n ~ n d 

co ~- lt o f the s J mp l e s wo r e a l ~ o d e t e rm i ne d ~y ~ t om lc 

~ ~so rn tlc n spectros c opy ( V,S) t o c omp "' r ,' '10 r ['<Jt It, 

ob t ~ ine d by t he newl y dc vol oncd motho 's o 

'l t ee l Samp l e . S i nc e st'l nriq r d s .,mr l c s wo r e no t aVIJ i l ,bl c , 

synthe tic s nmp l os h "'vln ,l th e 9 1me co ns titue nt s with i do n­

tic ~ l p r opo rtio n OS th ·. t o f th e 9 r lt i s h S t 3nrlA rd 3 t oo l 
1 

No 6·-:' a :") n d 24 / 4 wo r o p r e pn r e d . -= x tr "'ct l Cl n " n d dct o_ 

rmin~ tio n o f iro n in s t aa l s a mn !os wo r c u nde rt ~k a n 

f o iloHing t ho ge no r ~ l p r o c edu r e de scribe d c ., rli o r . Th e 

i r o n c o nt o n ts o f s "mp l o9 we r e '1130 de ta r mi ned by "J.S . 

Th e e):"'l e rimc nt ~ l r os u 1 t s a r e 'J iv~ n 1 n Ta b l e 2('1 ; Which 

in dic ,to th e r c l l ... b l 11ty o f the n r oposa d mct 'od . It c ~ n 

q l so hc not ed tho t t h e p r opo s e d n o t hod q ivos " r eeiso ~ nd 

~ecurn t e r os u l t s in c o mpo r iso n t o t ha t o f A~S . 

. Co mnos ltio n o f st eel 

S a mple No 64 D . C , O .. OO ; Cr, 1, . 110 ; V, 1. 57; Mo , 4 . 11; 

W, 5 . 66 : Fe , 03 . '-Sr, . 
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Sample No 2 <1 1/1 . 

- 90 -

W. 19 . 61'. Cr 5 03 . , . o . 0 , 52 : I. 1. 57 : 

Co . 5 . 67 ; C, n . 85 , 51 , 0 . 33; i . 0 .033 ; 

P , 0 . 021 ; Mn , 0 . 295 ; ~ 1 . 0 .0 7 5; Cu , 

0 . 10 : Sn . 0 .025 .' Fa . '5 ~, .., . 0 ... . 

Tnb l e 20 . Do t e. rn ln "ti o n o f I ro n 1n Syntt':otic '[001 

S e mpl e 9 

Iro n • I ron RoI"'ltivc Rcl ... tlvo 
,.lc tho d S:'lmp l c Co nt on t Found :it1nd ",..d o"' ,..o r 

I~o ( !';) ( %) Oovi !Jt l on 

F e (III)-SCN_HOP8~ 64a 8 3 . 4 5 8 3 . 07 0 . 52 
M oS 6 ( ·a 83 . 4 5 84 . 58 2 . 02 
Fe ( III) - SCN_IIDP'll\ 201 1/ 1 6 5 . 87 65 . 29 0 . 75 
M S 2-1 1/ 1 65 . 87 6 4 . 92 2 . ~O 

"'"v e raae o f t r i plic a t e "' nolysos . 

9100d Samp) ,2 • Th rJ amount of 1ro n 1n bl oo J 9"lll'lpla . pre-

pa red by f o ll owi ng t ho proce ur . dos e rlbod on rl1 0 r , we. 

de t e rmin od by Fo C II I) - SCN- HDP1/\ nnd NoS mothods . Tho 

result s obt 31nod by bo t h mr t hods o re comp~ rDblo . r. nd fn 1 

Wi thin t he rnn10 o f c o nt o nt o f 1ro n 1n w' 0 10 bloo .. J ropo -

r t ed fo r an ndul t m ~ n , 1. 0 . GS - 145 M9/100 ml (QO) . 

Howeve r, it C1n bo no t e d t h ~ t t h~ p ro~osc d me [hod 1. mo re 

prcci90 thnn tJ\.S . Ho nce the proposo d muthod can bE: 

anrlie d f~ r th e do t c rm 1n 1 tl ~n of i ro n in bios~~nlo8 . 

Th e rc~ ul t9 nro gi ve n in T~~lo 21 . 

( %) 

0 . 4 5 

1 . 35 

0 . 88 

1. 44 
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Tab le 21 . Oo t o rm ln~ tl o n of Iron 1n Gl aod S~.p l o • 

• 
fife tho d 

I ro n fo und Qo l n tivo st~nde rd 

Fe ( I II) - SC N- HOP3I\ 

( ./IS 

mg/ 100 mi 

65 . 78 

67 .02 

~Ave ra1 C o f t riplica t e analysis 

0.55 

1.60 

Vi t amin 8 12 : The Co (I I) ··HOP B/\ a nd MS me thods wo re 

appl i ed t o the ~ nn lys1 9 of vi t ~ml n B12 , Th o co b~lt 

c o nt e nt o~ the s1 rn p le W19 de t e rmine d by th o g~ no r 1 1 

rrnce urc descr tbed .:- ,-1 10 r <1=0 '- tho CO(II) - HOPa.\ Sys t OM 

a nd :"l 1 10 by N .S mr tho d . Th e ex, e r ime nt., l resul t s o ro In 

good D~ roo mcnt with th e octua l valu e In rl lc 1tl no th o 

accurac y o f th o me thod s . The results Are qlv ' " In 

T~ble 22 . De t e rmin - t i o n o f Cob ~ lt In Vlt ~mln 8
12 

Cobol t ·Coba lt Rei tive 
t10 t hod co nt on t f ound st and" r d Rol ... tivo o rro r 

( %) (%) dovintio n ( :'.:) 

( ~ ) 

Co ( II) - HOPB!'. ~ . ;l5 ~ . 31 0 . 89 0 . 9 1 
fillS 4 . 35 ~ . ~ 1. 50 1.14 

... Av e r A!Jc 0 1 tripl1c e t o a nalysos 



3 . 7 Comp:lriso n ''11 th Othe r S oct ropho t omc ric Mo t hode 

A comr ~ r :l tivc s t udy of th e proposod me thoda fo r the 

determina t i o n o f iro n and cob~l t wit h th o r econtl y r epo ­

rt ed s~e ct ronhotomc tric me thods i n req~ rd to ,one it1vi ty . 

se l ect i vi t y . conc e nt r 1tion r ~ n 1 e fo r det o rMin ~ tlo n :l nd 

i nt e rf e r e nce i s mode in Tobles 23 - 26 . 

The co mpa ri so n r Gvcals th ~ t . of t he mcny o r9~nic 

r eage n t s usod f o r the de t e r mina t ion of i ro n (Ta bl o8 23 

a nd 2 "~) t he r ca!:lc nts 4- ( Ii- mc thyl - 2-thiazolylazo} r oso r ­

cino l (101) ~ nd N- phc nylcinnAmohyd rox ~m ic 1cid ~nd t hio ­

cy~ na t e (56) o r e mo r e s e ns itive th a n th e pro poso d r eage n t . 

Th ese r CAo en t s ~ ro hi~ hly se l ec tive 09 th o ~ ro ~o8o d rO :l­

~ e nt . Th e r eagen t s 2 , 6- b i S( 1- {2-met ho xye t hylinino} e t hyl)­

py ri d ine ~ nd sodium r i c r a t e ( 29) ,nd 3 . hyd ro xy- 2-m ~ thyl -

1, 4_ nophth e~uino ne monox i me (36) a r e , 19 se nsi tive t h ~ n 

t he r r opos cd r Cf' gc n t ; ')ut t he " r o!Jlom \1' ith thllse me hods 

in int e rf e r e nce from ma ny sp ecie s th ~ t ~ r u ~8so ci ' t od in 

r ea l s nmp1 c s . ~1o r co ve r , 2 . 6_hiS ( l_( 2_mc tho xyc th y limino ) _ 

~ thyl] pyrid ine me thod i nvolves th e use o f nitro be nzone a s 

so lven t which is highl y t oxic 'J nd n t th o 8"': "'0 tim O l o ng 

e (. u ili b r~ t ion pe riod i s r C4uired fo r tha cxt r ,c tio n . Tho 

r eag on t s s'1J.icyl odohydc (10('1) , 3-( 4- 9ulphooho nyl a zo ) ­

ch ro mo tropic Ac id ( 41) . 2_(nh c no xyoc o tyl} ~co t oph~ no nO (37) 

Rnd tJ_phe nylcinnnmo hydr ox.Jm lc !lcid ., nd azido ( ~) '"' r o fo r 

le s s sc ns i tivo a nd l es9 5e l ~ ctivO th~n t ho p roposod r on_ 

qe nt and th ~ ref o re they r o~u lro ~ r io r 8ep ~ r ti ~ n ~ nd ~oy 

no t be use d fo r t r ac o ~n ~ ly5 i 8 . 



Th e thio c y " n t>tc me t ho d (3) f o r i o n .-to t e r-at tn 'Uio n 1s 

11 6 + o , 

i nt e rf e rc~ , colo r in t e nSity i s high l y dependan t on tho 

c o ncen tra tio n of thlocyo n ~ t e a nd tCrn pe r 1turO. It 1 ~ 

<3 1 so un Gt:-!'llo ""' n J sl i Qhtly dev i ates from Bcor ' s l a w, 

HDP"3/\ (65) I s 0:.) 1,50 no t se n s itive (f ., 3600 ) ~ nd no t 

s e l e ctive (Cu
2

+, Ni
2

+, Co 2 + I ~l n 2 +. v S+. ~106+ n nd u6+ 

i nt e rf e r e ). ~lh e r eEl s the p r opose d me thod which i nvo lvos 

th o use of bo th thiocy~n a t e ~ nd HOP 3~ to fo rm ~ mix ed 

lig ~ nd comrl e x I s mo r c se nSiti ve ~ nd h igh l y SO l Oc tlvC 

tho n th e lnd ivi 'l ua r e egents . Th e me thod i s a l so f o und 

t o be f r ee f ro m rig i d c ontro l of exne r i mcn t .,l co nditio ns . 

Thu s the co mp rl :c n i no ie Rt e s th ~ t t he p ro~o90d 

me tho d f o r t he det c rmi no t i on o f i ro n i s mo r c gen~ l t lvo 

th ~ n ma ny o f the l i tc r~ t ur a r e ro rt ed me t hods ~hilo t ho 

n r oposed me t hod i s ma r c Rc l activo th ~n mos t o f t he 1lto-

r Dture r epo rt e d me t hods . 

Of the s pcc t ror ho t oma t ric r eaqe nt') r ecomm endod for 

co ba lt (Tab l es 25 "l nd 26) I the r eo3cn t i so nit r oso thio_ 

c ~mpho r ( 46) i s mo r e so nsi t i ve th an the n roposed rO~Jon t; 

while t he p roroso d r oage nt hos t he s~me s e l eC tivi t y ~s 

t h , t of i sonitrso t hioc ·'mpho r. C yclo h exyl t hiOOlyco l ~te 

(52) ~ nd i sophth a odlhyd rox~m ic ~cld (102) ~ re ~ore son­

s itive thon th o p r onoood r O'lqen t. hu t t hoy su ff a r fro/l'l 

se r i o us in t e r f e r enc es f rom ma ny ~pcC18s nd no~d l onq 

e quil i b r 0 ti on timc . Th e rc~)o nt s b i 'C Otylmonoxlmo_2_ 

py r dylhydr azonc ( 44) , 4- formyl - 3- mc t hyl - l _phonyl _2_ 

py razo l ln- 5- o nc ~ nd p~' rl dinc (59) , t - 'lutyl hyd r opc ro (ide 
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a nd r:OTA ( 60 ) , "'l mmonium thlo c y~ n , [ c (56) 1nd fI- hyo1 r o xy­

N . N !- d i nh c nyl ~e nz~mi d lna ~ nd Jztdo (00 ) 1ro 1088 se ns i ­

tive ~ n d l ess s e l e c t ive th a n th e o ro p~ sQ me t hod . 

Th us th e nowly propos od rC1~e nt s fo r th e S~Qc to­

f, ho t o me t r i c rj et c rmin~ t1o n o f c t:l bn lt i s f o und t o 'JQ 111010 -

r ~ t G l y s e nsi tive in co mpa ri so n t o the o tho r s ~u t t ho 

s e l ectiv it y i s muc h 'Je t t e r t h ~ n r h t o f tho o th o r mo tho~ 8 . 

Honc e the ne wly nropos ed mo tho~ s coul d be r r o forrod 

in s e l e cting t he mo t hor~ s f o r the de rc r mi n"'ltio n o f i ro n 

:"I nd co b, l t . 
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Tab le ? 3 . Se n s itivities of the Me thod. fo r 1 

Re :" ge nt t\ mox 
nm 

1 . 2 ,6 - b i 9(1- (2- mc tho_ 596 

xye th l i mi no) c thyl ) 

py r 1dinG and s o dium 

pic r e t e 

2 . S " licyl " l ~ehyde 

3 . 4- (4-Ma thy l - 2-thie _ 735 

z o l ylozo) reso r-

cinol 

4 . 2 - { r he no xyac e t yl) 

ac c t o,.. hc no ne 
39 3 

5 . 3-HytJro xy- 2- mc t hyl - 470 

1, ~- n nrhthoqu1no n e 

mo nox im c 

6. 3-( 4- S ul phop ho nyl- 580 
azo) ch ro mo t rep l .C 

ac id 

7. N- phenyl c i nn~mo ­

hyd ro xDmic .'3 c id 

and th i oc yana t e 

8 . N- ph e nylcinnomo­
hyd roxamic acid 'l nd 

a Zide 

9 . Thioc ya na te 
10 . N- hyc r ox y- N, N'-

di phe nylbenzomid1nc 

49 5 

447 

520 

11. t l- Hyd roxy- N- N'- ·165 

di phe nylbe nz omtdi ne 

a nd thioc yana t o 

Co nc cnt r!J tio n 

r El ng e f a r do­

te rmlnfl tio n , 

~g ml- 1 

0 .0-6 . 8 

0 . 1-10 

0.0- 2 .0 
5-80 

0 .0 - 5 . 58 

0 .02- 0 . 24 

0.2- 3 . 9 

0 . 5- 9 

1.8-16 

0 . 22- 6 . 60 

n I)Ot o "1I1n~ 10 n 

r10 1 ~ ,.. "bso r­
ptitJn cno ffi _ 

ci e n t 

1 1- 1 -1 m em 

12000 

51CJO 

24Q(){I 

6813 

12100 

4800 

18000 

7500 

700C 

3600 

10('(1e> 

Rc f o rcn 

29 

100 

101 

37 

36 

4 1 

56 

3 

65 
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'3c l CC f1vlti e s o f the Met hods for Iro n ,e tcr 1-

ne tio n 

Re l)rycnt pH • In torforence Rc f a r once 

1. 2,6- b 1s( 1-2- MCtho xy_ 3 . 2- 3.9 

e thy1 1m1no ) o thyl) 

pyridin e and sodium 
p ic r o t e 

2 . S olicyl 1l dc hyde 

3 . 4 _( ~-"e thyl- 2-th1"­

zo l ylozo) reso rc ino l 
2 _( c hc no xy" cetyl) 

a c e to pheno ne 

3-Hydro xy-2-meth yl-

" .. 
5. 

1, 4- no ohtho quino no 
mo nox l mc 

5 

B. 0 - 11 . 6 

5 . 5 

5 

6. 3- ( 4- Sul phorhc nl' l ozo ) 5.5-6.0 

c hromo trop ic acid 

7 . 

8 . 

9 . 

N- r hc nylc inn '": mo hyd ro - 0.5- 2 . Ot1 

xDm ic acid , nd t ht o-

cyo m'lte 

N_pheny lcinn1mohyd ro­
xa rn i c ~c id ~ n d aZ i de 

Thio cyana te 

0 . 1-0. 9t1 

HCl 

o . 05- lN 

HCI 

10 . N_hydroxy_ ~! , N '_ d iph _ 0 -11 

e nylbc nz "ni dlno 
11. N_Hyd ro xy .. N, N'_d i ph o_ O.1-0 . 6M 

ny l be nzomidinc ') nd I-!Cl 

thio cYElnc t e 

E~T" Co 2 .. C z. • • u • 

Cn 

(C U2 +,?d2 ' ) D. 
- 2 3-

o xo l ' te'~2 ' PO" 
EDT/. 

2 ... 2 . 
Cu • Nt . c ~tr "'l t o . 

t £1 c t ~ r D t o . I\SO~-
"- -P04 , F , :lo , 2 n , Cd , t. l 

( T1 4+ zr4 +)tl 

l CO 

101 

37 

36 

4 1 

3 

65 

· Thosc th ~ t canno t be to l e ra t ed mo re thnn 2- fo ld eXCI.e ~.oun t 

a re cons i de red 9 i nt orf e r1ng . 

0 In t a rfe re nc e C1n be 0 i m1na tod by mosking . 



, 

- 97-

Table 25. S ensi tivities o f the Methods for Co balt Det e r_ 
mini ticn 

Conce ntration Mo ler obso r-
Reagent. A max, 

nm 
rang e for de- p Uon coeffl _ Refe r_ 

1 . t·- 8utyl h yd ro ~e r_ 580 

oxi de and EDTA 

2 . I sophth a lodi-

hydro xam1c 

acid 

3 . Cyclohexyl.thio_ 

g lycolate 

33C 

soo 

4. 4-Formyl_3-meth _ 490 

yl-1-phenyl-'<_ 

py razolin-5-one 

and py ridine 

5. I s onitro sothio ­

campno r;-

5 . 81 acetylmono­

xime- -2.- pyrdyl­

hydrazone 

3SO 

43C 

7 . N- Hyd roxy- N, N'- 520 

diphenylbenzami_ 

dine and aZide 

8 . Ammonium th1ocya~ 625 

nat.e 

9. N- Hydro xy- N, N'­

d1phenylbe nza­

mi dine 

405 

t e rminat ion , 
-1 

"9 ml 

20-190 

1-3 

0.116-1 .16 

8- 19 

0 . 2.-1.5 

0 . 8 - 15 

1. 6- 11.2 

2_41 

0 . 47-11.80 

enee 

249 60 

13000 

52 

689 59 

17000 46 

3700 44 

1980 80 

1820 56 
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.Tabl e 26 . 
Selectiv itie s of the Ne t hod. ior Cob ... lt Dete r_ 
mi nation 

·Rea g e n t pH 

1 . t- bu t y l h ydr.o pe r _ 1 1 . 6 

oXide and ED TA 

2 . I s oph rh a lodihy_ ba c ic 

d r oxam i c ac id 

3. Cyc lohexyl t hio- 8 . 5- 10 . 5 

gl ycol a t e 

4 . 4-Fo r mYl- 3_me t h _ 3 . 5- 5 . 0 

yl - l- ph e nyl _ 2_ 

p y r azolin_ 5- o ne 

and py r idin e 

5 . I soni troso th i o_ 1M HCl 
campho r 

6 . Bi acet ylmonoxime_ 5 . 5- 60 

2- py r i dyl hydra -

zone 

7 . N- Hydroxy- N_N' _ 7 . 4-7 . 8 

di phe nyl be nza mi _ 

di ne an d aziee 

8 . Amm onium t hiocya - O . l -1. 5t-\ 

na te Hel 

9 . N- Hyd roxy- N- N'_ 

di phe nylben za­

mi dine 

7 . 5- 9 . 5 

+rnterfe r ence 

2+ _ 
Mn ,eN 
NH : . c r 3

+ , A1 3+ 

2+ 2+ Fe , cu tHn • 

M 2+ 8 2+ 9 ,e • 

EDTA , A1 3 +a 

as . p b, Zn , Cd . Hg , 

W, I n,Mo.A!I , Rh , 
Al , Mn , V, Fe 2. 

(A9+ , Pd2+ ) 8 

Au, EOTA 

F 
3+ • • 

~e ference 

60 

46 

... 

80 

56 

+Thas e th a t canno t be t ole r-o rad more than 2- fo d excess 

amo unt a rc con5ide r ed as lnrcrfe rlng. 

8rn t c rf c r ence can be elim1nared by masking . 



• 
Now m<.' t hocls h:lv Q bee n c1c v o l ol"\c d .o:o r t he deto r mina tio n 

o f i r on(111) .I lth N- Hydr oxY- N- N'- d1pha nylbcn z nmidine ~ nd 

t h io cy <) n ~ tc "'I nd CO ( I I) \\ l th N- Hyd "'o xy_tJ . : '-d1phonylbon_ 

Z "'l ml d inc !:>y so l.von t cx r r :'lctio n a nd Sr,£lc t r ~ !'I'"lo t olno try . The 

n ropo ~c d me thod s n r o Qor c so l oe ~ ivc thun mos t of t ho o th o r 

me th ods r epo rt e d In t he l ite r o tu r o , howev~ r . t h e me rha s 

a r c onl y mo de r-Dt e ly sensitive . Th e me t hods " r o p r acise , 

~CC ur~t 2 and f r ee f rom r ig i d co nt r o l o f cx~c r l~c nt n l ~rl_ 

a">1 es , The r r o no s cd r.lo thods fi r e npplic "lb l c to th o r nn l ya.11t 

o f di ve r so 9~lI'1 n lcs ro r j.ron An(f cobal t .. 



• 

p 

- Ion _ 

5 . IlEFERENCES 

1 . Z. Hol zbcche r , L. Divi s , M. Krnl , L. ~uchr ~nd 

F . V1 1cil . - Handbook of OrgAnic ReD90nt e in Ino r _ 

g a ni c ,\ no lYSis ," El lis Ho rwoo d : S ussex , 19 76 , 

2 . J . RasBe t, R.C De nney , G. H. H J e f fe r y and J . Mondhen , 

" V03 01' s Tex t Boo k of Qua ntit At iv e Ino r 9~ n1c An~_ 
lYS i s , " 4 t h Ed •• Lo ngma n t Lo ndo n , 19 78 , 

3. E. B. ~~ndo ll ~ ~ Co o rimet r ic DQ t c ~ml n ' tlo n o f Traces 

~ '. 
o f Met a ls ," 3r d Ed . , Int e r scienc e: Now Yo r k , 1959 • 

.... n .. S AQ] 1 . - Ph 'J t omG.trtc ,.. nd l=L;o rlo.c tl"ic MGtno cls o f 

l\ rl 3 1 ySls ( Ne t :)l) ." P ., rt I. :Jo.bfl,. V11ely ; NC III Yo r k . 

19 7 0 . 

ti o n o f T r L'cas o f Not ;> l s ," .'ah Ed. , John Ite ly: 

New Yo rk, 1')7 ') , 

6 . J . Inczedy , " I\ns l y tic a l ~,"' pl lc o t l 1 n so f Co mpl ex '::qui_ 

li b r i o , " Elli s Ho r woo d : S us sex , 11)76 . 

7, J . E . !3"' r nc y , T~ l o nta • .!:! . 1363 (1'167) . 

8 . H. K1 i ae r, Z . IIno1. Chem • • 209 . 1( 1~65) : 2 16 . 00 (1966 ) . 

9 . II . ~i n9bom , Z . IIn ' l . Che m., 115 , 332 (19 3~ ) . 

10 . N. T. 'eck , "C hc~is try o f Complex c i uillb r io , · V n 

Nos trand : Lo ndo n, 1970. 

11 . F. J .C . Rosse t ! , nd H. Rossot! , "The Ootormln,tio ns o f 

3 t ~ ility Co ns t ,nts a nd o th o r E ~uilibrium ~on9t ~ nts 

in 01utlon , - Mc 1r aw Hi ll . New Yo rk , 1" 61 . 

12 . W. C. Vosburgh (' nd G. R. Coon~ r. J . Al:lc r . Ch e" . Soc • • 

63 , 4 37 ( l ?o11 ) . 



- ' . 

.. 

13 . 

- 10 1 _ 

/'\ . 5 . ~1e ye r. J r . , e nd G.H . f. yrcs , J • . o\_c r . Ch _ . So c •• 

7 9 , 49 ( 19 57) . 

i ll . R. S , i. r .:-Uo , " r-> hysic n l Me thods in I no r lpnlc Cho. i a try." 

Vo n Nos t r a nd Ralnho ld: NeVI Yo r k , 1965 , p 16 1 . 

15 . F . 1\ . Co tto n ~nd G. V/ llklnso n "Adv ance d I nor')"n lc 

Chem i st r y" 3 r d Ed ., Int c r s ci e nco: No,., Yo r k , 197 2 , 

D 571. 

1 (; . G. O. \!I~l t o r . " p hy" ico l No thods o f Cho., ic , l ' n., l ysis , 

- Ac ademic NOI ' Yo r k , 1972 . 

17. D. Dy r o3 son , J . n . Lilj onzin, 1nu J . Rydcb~ r1 . 

"Solve nt Ex tr9c t i o n Chemls try,M lo rt h Po l ~nd : 

;,mstc r d:Jm , 1"67 . 

18 . t:; . }! . MPi r riso n "'I nri Y . F rei se r , "Solvan t Ex tr1c tlo n 1n 

I\ n 'l lytico l Chcr.1 i s try, " J o hn ~/ il o y ~~e' Yo r k , 1 't;7 . 

l c). G. H. Mo rri so n '1 nd p . Fre is e r, /\ 0 '" 1. C:· om ., 32 , 37R 

(1%0); ~, 5 t.R (1952); 35 , 9 R (1964) ; 3~ , 13 1R 

( 1%5); /,9 , 522R (lQ50 ) . 

20 . J . S t a r y . " Tho 301\1o nt Ex tractio n (I f 11[lt 'l 1 Cho leros , " 

Pc r gi'll'lo n : Lor,do n , 19 6 ,'1 , 

E : t r cc rion ," ,..Io rc ol De kk e r : New York , 1'J7 ~ . 

22 . J . C • .:lo i l .... r. H. J . Ern e l e u 5 , R. 'yho lm , f .. F . Tro r.on ­

Dick e nso n . "Comp r t) honsillo Ino r gnn ic Cha o, i 9 r r y . " per­

gamo n , Ox fo r d , 1973 . 

23 . K. f-I . Pe ddy , K. r; . 1eddy, K . M. rI . S . r r "kuh ."n d n . v . Ro ddy . 

I n J i a n J . Chern ., 2~ , 535 (198~ ) . 

24 . R. 1 . Singh , ' . S . r.o r g nd R. P . S Singh , Ind1 ~n' Ch o • . , 

~, 318 ( 1 . 7~ ) • 



, . 

. . 

, . 

- 10 2 _ 

25 . R. B. Si ngh , T.IC OdElsh l ma nd n . l ahti . n , 1 t y • 
lQQ, 1120 (1983) . 

26 . K . uedD, O . Yosh imu r a "' nd Y. Ye • • • • · t o . - I t 108 '-" ... n ·, ys , _ , 
12' '() (198 3) . 

27 . C . S 1nchez - fl c dre no , J . I\ . Ortu no i nd fI . C To rrccill 8 , 

~1ikro chim . Ac t a . II , 203 (198 5) . 

28 . S. O. v i. In di nn J . C, hom ., 2~" 205 (1986) . 

29 . y . Sos .:l k1 , Bull. lns t . Ch em. Res ., Re s . , 6 2 , 298 (1!J64) .. 

30 . F . S~ l inD s , A. Esp inosa nnd C.J . S nch ez , ~nn . Ch1m. 

<9 . 2 13 ( 1~86 ) ; Ana l . Abs tr., 49 . 1' ,() . 29 3 (19 87) . 

31. F. :;n i lne5 , S . J . C. Jim e ne z nnd R.M. tl . Lo z ,,\no , 1ul l. 

~. Chom. Qo lg ., 2§. . 73 (1987) ; li n'"' l . ~b:J r r .; 49 , VH , 

2q3 ( 1987) . 

32 . 

33 . 

F . 311 ina ." t1. C . Mfl hc dro "' nd M. J . P . G ~ rc 10 , Gull . So c . 

Ch am. 3a,!sU 2§" 7 5 (19 87); Anal . Abstr . 49 , 14 2 , 293 

( 1987) • 

X. 01v Dnd Y. Zhu , Int. J . Cnvi roo. ',Me .. Chom ., 26 , 

19 (1986) ; M ol. (,bs tr . 1Q . 144 ,293(1907) . 

34 . K. K. P"' ncle i nd J . V. Likh a r, J . I nd! ,, " Chem . So c . . 57 , 

10 9 (1980 ) . 

35 . N. Hiroshi , Bunsek i K~gok u . 19 . 22 1 (1970); I\no 1 . Aba tr . . 

21 , 202 , 10 9 0 (197 1 ) . 

36 . Kamin i , F . K1mi Dnd S . K. Slr i dhw1ni , J . Chin . Che • • $0 0. , 

29 , 209 (19 02) . 

37 . D. P. Ambho re , S . Q. R. Ilyes Dnd h . P. ~olhi . J . Ind i en 

Ch am. So c ., 59691 (laS2) . 

38 . M C Moh r . M. 5 " t 'ko nnd r . N:ll'Ishl ro . · c t: ., Cle ne . . . . - " 



. ' 

. ' 

, . ' 

. ' 

, . 
• 

.. 

. ' 

" 
• • 

• 

.. 

.' 

• 

• 

,,' '. ' 
. ' 

• 

. ' 

. ' 
• 

• • 

. ' 

, ' 

- 10 3 _ 

Indic a ( ,a r . ) ~ •• llC . 81 (1905) . 

39 . N ~ S . Roddy a nd D.V. Reddy . I\ct a Cl _nc . Jndie :') , ( 'jo r , ) 

Cham., 0 , 66 (10 82 ) • 

40 . S. \ fe \;o r kl ., nd . • 5 . Ch n ndra v 1nsh i, Dull ~ho So c • ~ m. • 

c thiop iij • .!U.l. , 1( 1987). 

~1. A. K. 3hn t t ~ ch , rj ce nnd M. K. Mahantlc, In dian J . Ch am . 

~, 427 (1901) • 

42 . H. S e kD" lo, An ',1. Chim. Act a . 2.!, 503 ( 19 70) , 

4 3. N. R. 91swas , 0 . 5 . Ray ~nd S. Lah irl, Indl ~ n ~ . Chem ., 

19A . 58 (19 80) • 

4/: .. A . G. I\sv e ro , D. ROS'1 1e s ') nd 11 , M, Rod ri g ue z , " nel y s t, 

107, 1065 (19 82) . 

29.. 39 (1985). 

4 6. P . K. P~ r l a e nd S . K. M1jumdar, Ind1~ n ~ . Chem ., 241. , 

989 (1905) • 

47 . P . K. Pa rto clnd S . K. f'lflj umd '1 r, Indi n" J . Cham .. 25/1, 

103 (1'186) . 

4 8 . T. K- t o ~ nd K. K'1no , 3un se ki K'1,] ') ku, 2:! . 36 (1'105) : 

Ana l. Abo t r •• ~. 190 , 23 (1" 86) • 

L'~9 . G. Zh "ng , Y. Wu , C. Lt, Y • .Jin '1 nd 'J . Li u . Fe nxl 

Huaxue , 13 , 610 (190 5); /,nal. Abstr ., 1\8 , 1'10 , 23 

(19 06) • 

so . ~ . Lo sandadol. A.E. Lo r~ nzo .,nd P.C. Vic e nt e , ~n Mul. ; 

( So r . ) l , 82 , 66 ( 19 06 ); ',n91. Abs tr .. 49 , 115 . 103 

" (1'187) . 

5 1. C. Ray o nd J . De •• J . Ind i " n Cho~ . 5 , c . , 63 , 236 (lq86 ) 



• 

• 

• 

.. 

• 

• 

, , 
\. 

- 1(\ ., _ 

52 ~ A. L. J . Rao , V. Gupto and J .S . Spndhu , J . In s t. Cho • . , 

58 . 171 (19 06) . 

5 3. F. S~linas , R. Forteza and J .M. Es t elo , An . OU1M , 

~. 9 . 83 , 109 (1987); AnEl lo r.bs tr . , 1!9 , 1119 , 607 

54 . D.T. Durns and S . Khc 8wpint ong , Anal . C~ i m . Ac t s , 

55 . 

162 , 4 37 (1984) • 

M. A. Ma tvee ts, S .D. Ak heme tova, D.P . Shche rbov . Zh , 

Ana l . Khim, 35 , 1640 (1980): Anal. Abs tr., 40. 19 1 , 

4 31 (19 0 1 ) . 

56 . S . Afe wo rki and a.s . Ch a nd rav anshi , M1kro Chim e Ac te ., 

in p r&ss . 

57 . F. G. Sa nch ez , 1\ . N;l Vas , ::1 • .J . l .IJ s e rma end A. '.rb,,1 za r , 

AnaJ. y s t, 107 , 35 (1982) • 

58. Bei nro hr , Ana l y s t , ~, 1317 (19 85) . 

5g e H. K. 50 ni, J . R. Shah, Acta Cl e nc Indica ( S e re) Chem ., 

liC, 122 (19 8 5 ) . 

60 . B. P. l3e rmCj o , G. J . F . Vazque z, M. F. Be rmojo , t.n ly s e, 

110 , B11 (1985) . 

6 1. J. K podo , Z. R. Turel, J . Radioa nal . Nuel . Chern . , 107, 

321 (1986) . 

62. H. Ley , Chern . 3e r, 3~ , 2620 (1901) . 

63 . H. Ley , E. Holz~o l ss ing. Chem . Be r , ~. lq (1903 ) . 

64 . K. S ., tyana r :J ya na 9nd R. K. Ml s hra , An!) l -. Ch am. , § , 

16009 (1974) . 

6 5. G. Hoges , D. t. s90 fo nnd 9 . S Chs ndr va nsh! , Bul l. Chea . 

~. ~pn ., 57, 866 (l Q84) . 

66 . K. S:l ty ,1 n ~ r a y(l n a "nd R. K. 11i !J hra , :J . Indi An Cham . OC ., 

53, 63(1976 ) . 



, ' 

67 . 

68 . 

- 105 _ 

K. SnYDnaraynn; ~ nd R K Hi h . ~ e rn , Indi--n J . Ch a • . 13 , 

29 5 (19 75) . 

K. S . P~ t c l ... nd R. K. Mish ra , J , Ind! ... " Cham . 

'.6 2 (1978 ) . 

c . , 55 

69 . A. V. Gh ~ dg e , P. K. Sha rma 3nd R. I< . Ml qh r~ , ~ . l ndl"'n 

Ch ern . Soc., 60 . 9 8 ( 19 83) . 

70 . R. S . Khc rsa n nnd R. K. Mi s hra , 11kro Chim e ~ct ~ , ! . 

37 (19 93 ) . 

71 . fl. .V . r; hFl dge , P. K. Sho rm 9 nnd R. K. "U.,hr ... . "- nn . Ch im ., 

73.. 30 1 (1982) . 

72 . R . ":tnnh nnd ~ . K. Mi shr:) , J. Indi , " Cheri . ~ . • ~ . 

2 7', (1 98/.). 

73 . K. S . p , t o l -· nd R. IC f'l1 sh r R. J. 10(" 1 - " Chcl"'l . Soc . . .?,2.. 

773 (1m3) . 

74 . A. V. Ghadg e , P . K. Sh ... rm ~ nnd R. K Mishr~ , Cu rr o Sc i . 

51. 338 (19 82) . 

7 5 . K. S , p ;'I t e l - nd R. K. t1i c; h r~ , 'lull . Chern . So c . Jpn ., 52 

592 (19 79 ) . 

76. K. S . pa t ol . K.K . De b nnd R.K. Mi s hro . J . Chin . Chom . 

2££ . • 20 . 107 (1982) . 

77. K.5 . P1 t c l, K. K. Oe b "nd R. K. Mi s h r ... , Sep . ~cl . Tcch . 

no l ol) Y. ~. 333 (19 79 ) . 

78 . H. Mohe bey , P . K. l h ~ rm a , nd R.K. tli~h r ~ , c t R Clonc . 

Indic' (Oc r . ) ~., I. 123 (1981) . 

70 . R.S . Kh 1 rs 1n, K.S . pa t o l 1nd R. K. ~1 o hr~ . T ~ l 'nt'. ~ . 

254 (1979 ) . 

80 . G. ~10gos '1 nd 1 . 5 . Chnnrl r -wp n9hi , t .nn . Chi.!!!. . Z:! . 627 

(1904) • 



8 1. 

82 . 

0 3 . 

_ 1"6 -

R . S . Kh l'l r s '1 n , K. S . P .. t e l "'I nd R . K. ~11 1 h r8 , r -. l "n t " , 26 , 

50 ( 1 ~7~) . 

P . K. :;; ha r i.li'l And R . K. Mi sh ra , Curr o :;c i. 52 , 1St) (11)Ol) . 

K.S . Pa t e l , K. IC . ~c b ,nd R K Hi hr . 3 1 Ch • •• ~ , u • CI!1 . JOC . 

~pn • • 52 . 592 (1~79). 

84 . K. S . Pa t e l, K. K. De b ~ nd R. K. Mi sh r~ , J . Chincso Chem . 

2££ . . ~. 79 ( 1~7~ ) . 

85 . H. Mo habey , P. K. Sha r ma J nd R . K. Mi s hr~ , Cu r r o ~c i ., 

50 . 1070 ( 190 1) . 

86 . /'. . R . Jh a ..... nd R . K. Ml s hr a , ;::I . Indi l' " Chern . Soc ., 59 . 

6 94 . (19C2) . 

8 7 . R . ~ inn h , L . P . Ch ~ nd rn k~ r and R. K. Mi 9h r~ . 1 ull . Chem . 

So c . Jpn : 56 , 157 1 ( 1('86 ) . 

88 . K. S . p "" t(: l , K. K. De b " nd R. K. Mi s hr;) , S c p o Sc i. Tochno-

1£gy. 1~ . C15 (1979 ) . 

§.,! , t..46 (1(")8-1) . 

')0 . R . K. Kh a r s .l n . , K. S . pnt e l "l nd R. K. Hl !lhro , Hik r o Chim . 

Ac t o . I. 35 3 (1970 ) . - . 
9 1 . K. S . pa t o l , R. M. Vc rml1 Dnd R. K. Mi s hro , ' n" 1. Cha in .. 

~. 52 (1982 ) . 

'1;> . O . Vla ll och . Ba r . d o. Ch e m. ~e . .. 2. 1212 (1076) . 

9 3. J .L. t~ rul a , " 'dv, nccd r r ac tlC .. l c r9 ... nic Ch em i s try,­

~ u lt on Chn nd n nd So ns, Ne w Delhi, 1970 . 

94 . H. n illmnn o nd~ . P . ~ l o tt , "o r ga nic Synthe9 19~ Vo l . I, 

2nd Ed . , J oh n Wiley ... nd S l nB Inc . , NcH York , l ').a . 

9 5. D.A. S koog ... nd D.r1. Wos t " Fu nd~mc nt · ' l s o f ~n~ l ytiC ~ l 

Ch em i 9 t ry ~ Zr d Ed •• Holt , Ri nehar t a nd Winston , No~ 



¢ 

- 1('7 -

Yo r k, 197 6 , 

96 . G. D. Chr i s t a i n ~ nd F . J . F c ldm ~ n · ~ to~ lc · ~~n rptlon 

Spe c t ros c opy" ;1o hn V!i ley I New Yo rk . l CJ 70 . 

97 . t .. H 'l i m ond H . T '1 ubc , J , ' r.'I e r. Ch ern . Soc. ~. 4"'15 

( D 63) , 

00 . p. r; ues nc t C1 nd D. lave r, I\na lus i s , 2 . 12'" (11")01 ) j 

I\ n o1. ~.bs t r. , ~, 173, 16 9 , (1982) , 

I')S . K . G . Thompso n ~1n ' 1 R . J . f-!cy nol ds , " At om ic "\:)so r ption , 

F l uo re sc e nce , nnr! Fl "lmc Em i ss i o n pcc t roscopy ," 2" 

Ed . , Griff i n: ' _~ n rlo n. 11")7 0 . 

100 . t-l . To nko vic '1 nd O. Hndzij a . 

( 10 85 ) • 

10 1. 1< . UOdD , O. Vo~ hi l'1 u r a fl nd J . "/ ::3rn"m ... t o , \n,ly s c, .!£!! . 

12/;() (19 03) . 

10 2. F. S 'l 1.1nes , !', . ri , :li.me nc z ... nd 1. [· u r(l n . i11c r:, chom . J . 

33, 1':'4 (1006 ); t .n 11. '. bo t r .. 48 . 207 , 911 (1906) . 


