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:\ 1) C T 

8t udi c G on fl. ;1 ~:nes c-N1 -Hyc:.roxY- N 1 , ~-c iphenyl bcnzo:n i d i ­

n e "" olJlple~:es by .,:, 01 v ent I:xtrc.ction ..J.nd Bpectrop~o tometry . 

9 found to 

r eoct ',Iith rln(II) i:lnd Mn(VII) f ormin ',~ eth,mol solub le 

d~ep-green compl e;:cs in the pH r -:mge 7 . 5 - 8 . 5 .::.nd 

3 . rj _ 9 . 5 r espective l y . "' he cO''lplex formed in thE: 

Mn04- HDl-lB.'I.. s ysti e:::l b -t s been '0'-1,1<1 to be (",u3.nt i~ G.tive ly 

0xt r.lc ~.J.ble into a myl alcohol over .. ' '.-.'icl e pil r ::.n r e . The 

spectr'1 of t he c01"1pl cxe~ {Of' JeG i n t ;1C 11n( II ) - I-DPIJA , .... nd 

fm04 - IiDPll'\ §ystems cx:~ibit~d ')sort?t" on m<l:~iiiw. in the 

visible r egion at 625 nm <1.D(1 6~1+ nm './iGh ''101J.r ~,bsorptiv-

1
- 1 1 i ti es of 46 00 ~11d 5350 1 L~O cm- respectl ..... e l ;y . COIllPO -

sition of t>e c o ·:ap J.C):cs lO!,"I cd i n t he=; 1:r. lO s},stem!3 bc..ve 

been f ound ~:to be 1::; 111:1 1:4 (iin:; _J: .. ) , respective l y . 

~-:n the "9~' otoI!lctric ch-..r ..... cc':'rist ic h;).v e hee:1 eV'. luCl.ted 

f or 0.11 t he three s "" stell!=': . 

fd irly s ensitive , ,:,uld hi[!:hly se l ec tive method ha s be en 

clcvviO~} cd for t he d.et; Jrmin~tion of rin(VII) by solvent 

extr"ction <.'\m~_ spectro::.)ho tometry . 'i'hc met hod hoJ- s been 

<.: p ) lied sLlc cc:>r:""ully for t'-.e dete!'min .... ,tio~l of mungc:mcse 

i.)o\1der s o.r.lp l '~s . 

- 'i -

• 
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1. 1. Occuroncc _~n cl lc pp1 i co.tio'15 0'" q~n"""J.nC5~ ( 1 - 4 ) 

n~n::,,,.ne~(; LO ,S 110t occ ur in n; tu.c(; i- t'~<;) fre; 

s t.lt e , but i t is '. /ic1.eJ.y di s~vribl.lt.:::d i n t:1e c omb ined 

st.?tE: . I t i s t '1e (;:,:clv cth ''lo st ,"'.bum:: nt ele:ncnt ..... nd 

con:stit ut~s ...... bout .1 . 085 9~ ;:;' ~ C'Jrtr.rl c rust . "hu mos t 

c'J.!'00n ~tCG. M .. ,n ·1ndlC is ,j. ... .:,::-;·.mt in '!jost i :-n...:ous rock to 

t h o c:xt,mt o · .·.b'J ut 0 . -1 ~'S . The L:.ver'r;c river "'nt'}r i s 

,::st ir:1~·tcd to COi."~t.J. in olbout 1 ppm 0'" "':! .... n ·:··1C'::(:; 013 :: resu l t 

t;bc.:.'":'i.n r .; 0'" ·~OC'~f.j , ~.nd '!I.".n .~n .se cont:J)t o f 

oc,,"'"! I/.::.tcr v<..:r ios J".c0r1 0 . 7 to 10 ppb . r'l:tnrymes c h .s been 

est . ...,ol i s h cd "tJY spcc trogcopic obsurv..:t i on . It h,ts -:- 150 

beC:il found in ever y k i nd o ~ p I 'nt 

conccntr tions E. n. ~.n[:' II''':n ~ . .!"' .... ! p,":cts p0r "l-)ill i on t o 

12 _ 20 mg 'me! t'lC nO!''1n1 ~ ..... qUL~~:nCl":t of t:1C hU'll.:-.n o i ct 

h 3 b een <3.3t"in,lt .... d to be :-b'Jut 4 m;:o., pCI' '-I.~.y . 'llhc consul!l-

me;; 1 . 3ecdo , nuts ... "'.11rl c\..-..:'· ... 15 .1S'J ~ vo tli;,,;h r;:"n r .mes e 

- 1-
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,. '. ~ .5"; i'i~ p I nts -. .... 11«.,0 fr·J1'J 2J to 

C' <.'i" ic icncy 0' t'l:" 1 ; "nIJ;') i ;) 11 ot' ·-~.:li "; 3 stnd -

i:d , r ..... i1 ginZ, r'tr1 b Ci.. ~r; .. ti ';-li' u:;h 1>1 ........ co .. "' .. to tl .. '.;'F:· ~Is 

i nh i 'Jit c gro .lth , ' i 1'!lin i shes lif c Cxpccti.!1CY .'":.nc CCl US CS 

r; k E:Ieto.l .:'.bnor::t.J.li-ci cm . j OGIC typi c;1l eX".nples of \-lo.n~<l­

nese Jefic i cnc:' in .. ni.'1.:1c , .. ,'e ti ,l",: ;)' :~ 1(~tJ.l disorc1er 

pl)r03is or lIs1ip-pcu i;'~'1(~ol1 dis c :3<:;" in ch ickens ,':ad the 

duv~lo~mt.;nt of <'. ::,cnc~ ic rJut n1; in ~iicc l~no '.m 0.8 tbe 

diSd lEe" 8.:Y .,:::11 be .'\ i'1.-!1~,.n.:::;(~ ocfici,;mcy . Th·::! liver 

.J.p~)e'-'rs to )0 ,1 k<:y tis .. uc in r,} '.n ..... ,~vsc met bolis1i , ",·,here 

it ,1ctS <:'.S the co- f lctO'" or '; ~.)y liver enzY1es :Juc h 0.8 

yl".se. i1 Llcr...: se in se um T'I.:n' ,) CSU R.S foum t dur inr: 

liv~ : De "..1S·C. S~.s ,".:'10 h .... p ,:'. tol)i..li<.:.ry .l is ;.: 'GO such a s :cuto 

hopo.titis, chr nic hc"[):,tii:;js, ,L)ost h...::p, .. titis cir"-'bosis , 

c irrhosis , ,".nt e:ctr..::. - h~? ·.tic ,.,ili 'L :/ obst .... ~uction . .. 

CJnc.mt .. : ·tions i n .G ute, c:' ''''onic ,:;r.! ? ost necrotic cirr-

t .' 150 0' 1" ". ". pos" u-ser um '111n6., n ecc cone ~ -,;;-'.on .. 5 '" "', " .. 

lJ!1U 10'1 ... 1::; copld be uSed 

... 15 iJ.·.1 i:nde~~ o f" liv r c.Jl1 ' .r: " c • . ~.n:·,. n~s~ ,~c i ,;i~"c y in 



-~- . 

hi",h8r p l .:It ::; C' US CS .,ot";; l ed c hloro !;~ s ( LJ.c 'o;: o f chloroph­

yll) in './1ich t h.:- l :::o.ves b .;cor.lO '0ul e or yo llo '" \;bi l c t h e 

ve ins rem_, i n Green • 

. lt t1 ou0h l e:=> 3 cornUlon th~.n ',lith otb::i' o l e lOn GS , 

..;.n ... ~e . .::.rc l:no .m . Chr ) nic '7!:~; : _ n ~\: 9 0iS ')', in 's ~l;-.S chi er l y 

qcen f oul1d i n -l1 ine j,.~ ::; or i n a r c -c rus hing IJil l s . Th e m:mg-

,mC80 en~ .. c s t ~1 e 1)0 \ y Vi. .l t l1. 0 l unu ::3 ~')y inh ,~. lntion of ., h e 

a US "\:i , ,mel cb ro :1ic ;;1 ·n ... , .n os ~ -poiso n in~' usu ."1.11y l.:~sult s 

aft .:::r on e t o th :r."' t,;e YC ... -..i., I ;:; ,JXPN:> U""C to l .r I.: .mo uni.:;~ of 

d us t . !·I3..n g·.::;.n r:se i'i 'll t 3 ;:; ~:: .::n i,1 tt'"l i:;h0 botl..1 either by 

in j cct ion or. o r . ] \f .. : ~o not 'n .. "). .L" OUS S i nee ~ost is 

:Ja.t2St inC:: us triv l 

i rr,:lortc..nce .r.e "PYJ.>J luFit c (t1n02) , n .... n .:- n i t e ( HTI203 oH20) , 

bL' un i t e: ( ~r'in203 . NnS io3) : h:lUm:1 nil i t c cr-ln304 ~ ' r hoaoc h­

r os ite ( HnC07. ) , r nau on i t e ( Nn3 L ) 7.) ::md b ement ,i co 

" " 
(2r-ln'c i 0 3 • H20 • 

2. l mos t us 'J l d J.S t :1cJ.t urt i" s e l .:' . d t i tian qf 5 "10.1 1 

t he ;7e ,m or yell o'./ t i nt (J u;} to iro n cOl!lpaund s i n the 

:.> i l i c .l; r;r e<.lt e r ;;i.ffiOunGS a .!. t he n in Ui".:'. l nra~ ue c c .., l or s 

in l~ l . s S 3.nu i n ce r .mi c ~ . .l ... zcs r ·.n r·~ in . from p i nk t hra ugh 



to cont r.J l th::: , " ~"J.-' c.on J(:"'; Of " 
, -':),: tb::; n.J,. j or 

" •• • 

i nllus'i;r i .. 1 use :lr .n .n .r:: .~ is s n 'l l o~ in,_ 0:)( .... ol e n-

::: i :J.'~ 2.gan +': for s~·.;~l_s , iron . '0. non-rl~rrous -Hh; .. l s . 

Us es of" d' I.3S~. -;;~. ~ (.: ;.11 -;o r fro ""l t he st.::md -

point of ::_uo.ni,; ity cvnS U t~i}ti.on , but i:.lpo ::".:;~-.nt nevel"'the l <z s~ , 

include i t:-; r o l l..: i n th:: n ... ' n uf ~.ctll:·C of' opt i c .. :l ';12.5 ") .1. nd 

t ion c h0.r uc i.; 
. -,- ' , 

.cUi ulCS ;"lnU 

improve e~:l is i o l') encr "' i n c~rt; -in S l~Ct":' ". r~'~ions; its 

po l ymer i z tion; .... nd L;" /'·~C::;i·/CI1<.:f'S in ~p hLl.nc i:n ,,: t\:'l J 

l .Jth·...::. l ~frcct Of ul t~· vio l t irt'~.di ticn t.) r~t rd the 

gro t h of "Jo l ds , YC<"I.S"f1 o.n c.~ 1').J.r.",-,.cL . 

.Fro m the ... 1n" .j-i,;i(.;['.1 s :,ipo l nt; the i nport '!1t oxid-

ation sto. \i co of " : l1,j.:m ose ,:-!.re +2 , +l.! Clne! +7 . 'l he other 

vJ. lcnce sto,tes, ': 1 , +3 , +5 (".nti +6 .1,('e posc i blc lJ ut in 

g onc:ro.l. th~y are >:;()~~O or l ~ s ....: uns G2.b l c . The c heo istry of 

Q,'.!1j""!.'l cse i n i t s C0 l1iJ1 0n ox i clo. i;ion st."tes is br i ef ly 

':'evi c .i e:d be l oYl . 

1 . 2 . 1 . MDn;~nes. ( II) . 

M2.l1..;,.:.nLse ( I I) is tho most i cport,;.nt , ~nd unde:: 

norD .1 c ond i tions, the most s ... 1)1 0 o;: i d ~ti :J n s ~: te o 

M:-'.l1Sc..ilOUS s c.lts ."!:i:'C nost ly: '.r-tor sol uble . I n ';c i d or 

ne utr .. 1, 1 v.c.. uoo us so l utio.1 th; o··nzr..nese (I I ) ion exis t s a s 
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'-b. .. p:l.:. p L l1;: ~i..,. uc ion , ~·I:l(:T20)~·: .:hich is ",uite , 
n~~bl'} to m:i ·~ .. tio~l . Ih1 over , i -. b:',.s ic solut)ot1 t h e 

hyurr):dd.\,... , f"tl ( nr.f)2 ' i <.' precipi:,,-tcc. , -.nd ~'- is r 3.-, iC1.y 

d :rk ns i n . i r due tn ox-: (1.~.tiOll , ;:' S "1r O m bOt "th e h s e 

pot':;i1t i .lls 

-o.w - 0 . 2V , 
i1n02 --- ------~. i m20

3
---------> tlne o;!) " , . 

usc:::u [,:: r ]. n n eBe ... n .. ~.lys is .1S i t can b~ obta ined on 

f U':1 inL do D !Jul f u.' ic .;.cid sclu1; io -,s to dryn c".;_s . 'f hv com­

p I ~XI.;S .)f rLl1 .n .. r;c.: (II ) "_:.'e th (..L'nodyn ~r.l ic ,lly l \o!s s c.:.ble 

i n cO'lp .:::rison '.1 i th Cln ... l.lo~ous coql')lc'~ cp.Jci.,;:s 0 " 'G'- J o ther 

b iv .... ~l ; i1t tro.nsi tioll J"lct·,. ls (ic . Fe , Co , t-:' i ) "l hich f~ l lo Vl 

c omple::e s i Rol -I::; .f':: ", ., .. l~eous s l utions . 

Ma ne .... nese(II) is o}cidio:; .• d t o Iln(VII) usin f5 ox id i :~ -

a te , l co.d ui cxiclc or pcro l":o (l;.sul
r 

t", accor6.in~ to tt"lc 

, ollo!(/i ng rec.ction'3 . 

2+ + 
2f1n 5IO~+ 3H20 -----~ 2i1n04 + 51°3 + 6H + ;:- - ---

2+ 
4H+ 5 2+ 2rln + 5pb02+ ..: --- ~':::. 2~jn04 + pb + 2H2O <:,.- - ---

2I1n2+ + c 02- 8H2O 
___ _ _ 1Ir. 

2MnO~ + 1""02- 16H+ 
7 J2 8+ , ----- lJ 4 + 
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2t12+ + 5ITa lJ io3 + 14H+ ----_~ 2MnO;; + 51]i 3+ + 

5Na+ + 7H20 

~he periodate reactlon is ~uite rapid in n nitric - phosp­

horic ac i d solution at 100°c . The peroxodisulphate oxi­

dation is effected in t be presence of a c.ltalyst , ,l.g+ 

ion a In t be absence of Ag+ , or if an excess of Mn2+ ions 

is present , bro~m Mn(OH)2 is precipitated . 

-- ---~ 5MnO ( OH )2 + 4H+ 

In contrast to t he other renctions mentioned the 

bi sm uthate reuction procee1s in the cold , qnd excess o f 

Mn2 + salts do not interfe~e . 

StepHise ox i dation of Mn(II) by peroxodisulobcte in 

phosphoric ac i d medium (7- 9) . The o:oio_,tion of i-In(II ) by 

3~O~- t o Hn (VII) in phosphoric acid medium proceeds via 

a stable t1n(III) and Mn(IV) species . '.rhe react ion is on 

catalyzed by ~g+ ahd exhibits first order dependence 

is obs erved t ~at 

and is i ndependent of [ Mn(II)] • 

s i gnificant effect on the react ion, It 

th e poR- ion stabilises the t r ansient 

Mn(III) and Nn(IV) speci"s by forming a stable and s olub le 

phosphato complexes . 

For the form~tion of :In(IV) f rom Mn( II) the Sto-

ichiometry is found to correspo nd one cole of pero;-~odis ­

ulphate (PDS) per mo l e o f Mn(II) oxidis ed . ~his result 

• 
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i;o t '1e r or!"J::.tion 04' j-ln(IV) . Ihcn the ki netic me 'sur~.'1~nt s 

.!C:-~ de! ,ii;h v lryinr; 110llntS or tln(II) ... t -fixed [ pm ] 

, the ;sc~nd inf, p0."'tions 0 th~ ~bsorb 'nce- v -

f urther conf irmi ng the i nae!")encll.!nc0 of the r C1.ccion rJ,t~ 

of ( Mn( II 3 • 

It i s n l ::;o intc:r •. 'stinL, to note that there is ~ 

Om.lll but def i n i te t imJ l,:g b(.forc t ~~o ~ln ( IV) ; ormed in 

the f irs t st;2..e;e of t he r act.l.on is "u.ctbcr ox it is ec'l to 
z 

f'!n(VII) . l'his is p .... e-nul!l,.'11y b cc::usc the ",,;;.J+ foroc(~ in 

the r ,ltc- UlJ t crl..l i n i nt, stop .~_tt eks only t he 10 I~r ovid­

ation :::;t.'!tes , I"':n( II) o.n-:l NneIlI) , in pt'_f'crencc to Mn(IV) 

,J.S Ion;, 2.9 t hey , ..... r.e !>r sent :mil furth~r OX i (l.J.t i.on of 

r.l .J.ngan:;::;c(IV) to fIn(VII) is possiblE: ol' ly af t er tbsse 

.:lre cO;.1ple t cly conv.::.rtocl into Mn(IV) . 

oath the rorn~t ion of Mn(IV ) ~nd its 'urther oxid-

at i on t o ~1n(VII) fo l lo 1'3 ,.. z c:r 0 orG~r kinetic l a.1 ,l i th 

rC fJ)"c t t o:) iln( TI) , "bile.: t:;hc or'd.Jrs :/ i th respect t':> 

[ PDS ] nnd [ .rt] IIcrl. Ikch found t-:- he unity . 

Ki netic e~~)e!'iJcnts cJ.rried out to :)st.).':>lisb the 

ro l e ) l ayed by po3- ion in th is _,t..~.ction J.t const:l.nt 
lj. 

[ Jl+J huve sho .. n that it h'· . , :m elL-ce l .:-r tin ~ ef f ect on 

<he f irst stalF 0- o .. id. ,ion , tln(II) - -~ Mn(IV) , ·,hile it 

b.:lS .In inh ib ito.L~J eff~ct on the s <.:c:.~nd s ... .Jp:e o~ t~,{: 

oxi'"dtion , 11n ( I V) .. _-+ Mn(VII) • 
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, 

, 

oxiti.'.ti.:m p o';cn',i 1 0:- Nn(Iil)/Nn(II) c'Ju)lE:: i::, I e '~red 

,1:1i1 -3 ;;h,:.t o f Mn(VII)/i1n(IV) cOl-,) lc is 1:" is:yL 'fbis 

tHO s ~.).:se s o f" oxid .... tion in pl"c:;;nce of T'O~- • ~ O 'lccount 

for the d00V':; ot:J3erv .... ~~:l.on :.. , i;b.: ~ollo ':Ii-.lg schcm J h.J.s been 

p:ccposed . 

Scb(;!me • 

y, 
---- -:-.. "'._----

slo.l ------) 
K 

(1 ) 

( 2) 

r3+ 
'" 

i'3St _._- _._-> prod uc:;8 

.r:hc r .:'!.te 0 :1"; ,-'C: ction is ~iven 't)y the En\.-pr es-

~ion - d f :;20~-] Idt " !< [ "o+J [ aiJ . ,ro"! tho e uili'?rium 

(1) , che 8"uil i briliD con%"t ,(" LsoD2 /@20~-:J . 'rhe 

r ..... G...: e;qE>JssLm t '"n .:~r.1t:c '3 GO "G;',:: f olIo linr, e,~uLtion 

- d [ S2082-] l ot" kK [ '20~:-] r IT'] =Kobs [J20g-] [Aet] 
',Jhere Kob:3 -=kIC . 

'.' he .J.ctiva tion 'PJ.rl!nctel"S r roD t :,c i.rrhenius p lots 

.. er e c.3.1cul~t,;d to ""c S 5 ..... 0 n : 

and 

- 1 
Qct = 2± l~ KJ !:o l c , 

• - 57 ± 2JIC
1 !:101e -, = 

56 + 5KJ 
- 1 

£Oct = r.lo le , 

• • 2JK- ": S = -~,4 mole 

- 1 

- 1 

-;-or Mn( II ) --~i1n( IV) 

, or Mn(IV)---~ Mn(VII) 

. ~. ,~-. 
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suI ' ,:ltc o"'~id;-,tion or tln(:LI) r.;olution3 or by ',:,~duction of 

r1n04 . It c n not ~ ... obt, in\.': 'in hi'?,h conc~nG_J:'iJ.tions ~s 

it i s duc"~'d by . ·.;cr . It '.1130 h s " strong t,;.,ndency 

to byd ro lyze .::.nd ~o (i3pr-o,)O tion :t; in ICc.. 1{ly .).c i dic 

solutions : 

(;!SE:(III) 1"10.3 ·h t~) . T 1 5 lU vion::; t- iIi ,,"'_tion '1 y be 

ution o' b s ic solutions v 

m :m-,:..l.n::1st: -,- io~:id , 

..:s pyro l u::;it~ . It: is in..?c; t) ,ost,; \c i s exc''''pt ./hen hc..:- -

ted , but i ;; (iorJs not ~_i.!J 'Jlv~ to ive tln(IV) i n soluGion ; 

inst ..: .. · ..... : , it -timctio(}s as .... n o::iui~in ... ~-'.:nt , the ex~ct 

m.:!.!1ncr of t ilis I 'p·m:)in on·h ·cid . i cb H"'l , chlo'"'in' 

is evo l vo.=;d: 

f1n02( s) + "1I+ + 1!(J1 - - ----') Mnci,. + 2H20 

MnC1" .- - -~ MnC12 + C12 



I, 

I 

?'f'ln02 + 2H2~;04 -.-- --.~. ~J In {\ ... 2U20 :. 02 

M n r.) ~:1 ;;'':'i;; ( V ) is l it ~ l ,- \ ..• 0 1 )"( )t i !l -r1. ht ':> l u ~ 

n hYtJo '=, "' n:::, ..::. n,J,t:; -, u t b t .J r -; O l."C '-"Y r 'rJUC '; i. Oll O f per-

m n .... ,- n ,~ i; :} .I i t h ~n c~~c ~s s o{ s L' l " i .... A P3!' ';!1 , n ",,1n i ~ e 

I(Mn0 3 ' is k no In OYJl y. ... :S : CJ lid orOtl uc t of t h e :' 11<;" Ii 

r us ion of Mn02 -

I·l~n '.; .:. ~n cs o(VI) i s kno n only ~;s .., h..: do ,-, p f',,'c:m 

r,:!<l D , .. ".:.n .:lc.;; i on , ~lno~-. rehis i s for ""l "'cI 01 ox i J i z i ng Mn02 

i n ; us d i ;QH .ii Gh *\. :103 ' Qr .i.e . 'h -.: mJ.. ll ?; n '1 t o i.on i s 

GG b l on l y i. t! [;ry ') .ls i c s J l u i; i on<:.> . I n c i d , nc ut r 1 or 

s liu ht;ly b~ s i c ' s'l l u vions i t ~ l ly d i pr ':>pJr t '.on 'tt -.!$ 

-._-_ .::. ..... . _--

ueo:.ts s '.l lutions of rjnn~ ~i".y 

i;J c p re:par ..... d b y OXi tl .:.' t ion 0 '" s v l tJ e iomJ 0 NnelI ) i on ;'3 

descr ib ;.:d i n 3cc i..ion 1 . 1 . 1 . Th e peJ.~"2: n ~ n,1te i on h,~ r; 1n 

in ~0ns ;; y: ur r,> l c co l ):"" , .11(1 Cl'y-;t ,11ine s' l ts ' p pe r .~l-:lost 

, 0 ( g ) .,. ?H ° + 4~ln02( s ) . 
2 2 
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~evcrD.l v t:w .. n i c -'::,~.gcn~ !3 have boen ,~c-'cmended in 

Ii ce ':' ·.tur c for ttl e ')xtr cti In ,~.nd/or .'S.;,ct";:'Ol1hot;olJlotric 

determina t ion of mo,ngoncs~ . Of thcr-e cC<J.,7'Jn t s s')!'Ie of 

thE: cC'(.. cntly us ed rc.;,gonts Hbich ffiny f ind ',ide 1.nJ.lytic .· l 

lp '.> li (..~·.tionS ,Ire '>r i of1.y ('.)v i uI/cv bo lo' , . 

!~ number of N1 _hytr Oy.Y_N1 , N2 _ c1inr ) lsui)stitut cd-

p_tolu.;.midines h.1ve ')cen OM,!! ' Oyl!r ff)r the 3 ') ~ c tr Jphoto­

net,cie u')"i; :'IJ1.n 'i,; i 'Jn of ~icro qu;.ntii::i~s of 8 n~. ncse(10) . 

The cO'i!'1ounds dC'fa1 .. ,)p 3tl, -'n'i l s·, l uble deep "Teen mc.n~ "nese 

comp l e" (t\::l,'X 620- 635 nn 'ith ~ 5?20- 7550 1 '101-
1

c",- 1) 

1 b • Ox"L t e , EllTA , Cll( H) , Ni(II) , Co(H ) , Pe( H) , and 

;~ e(III) sel'iou::ly in \;crt'ei.'c. ./i th :.hl: (l.:i;e1:'~in~ticn . 

for ~ .... n cy:tr"'ction-sT)uet;ro~')hotoT:1etrie n~t~ "~in- Gion of 

~-neoe(II) "'s e on the cor-,~' io~ of l1o..n '-Ol'A ,-, -J" , .. 

1 , 2 co~) lex ( ~~ ) . 

The mGn €;::-.nesc cO"lplcy. is exi;r eted i nto is,) ::'1yl .leobol 

in t:1 c pH r~l.nge 5 . 3 - 9 .4 nd d·'! C r!:l ined by me)s u C'ing 

the <!bsorb..;.nc e o f th e:d c.. t t t :,..:- 'AV~ 1 n2:th Of CLJ(-

, 3 1- 1 - 1) m 
i'1ur:l i.'.bscrb- IlC~ , 625 nn ( ~ = 7 . 3x10 1 r:JO em . ... he 

c1et~rmi nL'.t ion proe{,.(lu... in'Jo l vt,;S 5 ) 'ise o~31:in8 o f 



-, 

Pe( rI ) , Cu(II) , Ni (Il) , l'oeIl) , ar.o. ".(III ) ';i "h cy nid e 

C-,ttcX' rec ucG i on ',lith i.l:Jcor'1ic ".cie) , :i' i(IV) .lith fl uoride , 

".l(Il I ) , C."( III ) , CeCIl ) , -n(II ) , nd Pb (II) lith citro,c 

0r c;, .,n i de iom. . VO j}:).) , ':~o(II) nd 'leV) s til l C,:'lU~C 

t he r e ..:.<:,en t ( 0. l1 inin ut:l of l O- i"o ld) e nd a r ol ,J.":;ively 

lonc;er s h.J.k i n(l'; tioe ( about 10 mi n) is req ui red fo r COM­

plete 2xiJ .:.'J.c t i on of mGn' '::-. "1 0.'3 e . The c o l or in t cn.c; i t y oC 

t h r: c 0~p 1 2x is co n3 t;i~.n t 011J.y f o r 2 h . 

An e:-:: ,· r ct i o!1-s cctro!>t1ot~i'lctr ic cleterain.lt i on 

of pero ::.ng<.~n<:.i; c .:i "li h €: \.; hylcnc- bis ( ;;riphcnyl phosp honiu ) 

c :!tion h.J.s 'of: n r 10rGJ(I (12) • fj,' bo fI1cthod i s '1 .... s od on 

the ext~"'J.ctiol'l of' ..;r hylcnl.:;l - bi.s(tri) h':myl pb:>Rpboniuo) ­

perI!l:.n ~.cm(lt; e ion p :.i r into chlo.l."o f orn Co t pH 6 . Tho c bs o-

rbance of t h~ 0010I·,..;'"1 e~:tI',"'ct i s ~'p. ~s u!'cd , .. t ')48 nm 

( E = 2 330 1 mol-1cm- 1 ) . IJ! he ion- p iI' {o\"l"'I~d i s st b le 

for 1 ,!!l i n only , ho H~V 3J: , 'dd it; i on of' pot ds si um pcri odnte 

t o t he a .ueou!J p erm ~:n 3J.n;::.t c ;Io l u~ ion ;-;i ve'. colored ext r c.lc t 

~lhich is s t :.ol c fo r 30 o i n . 

Thiot h cnoy ltri1 1 uoro~c et\.)ne , t03et her tl i t b 1 , 10 - ph­

cn~l1 Ghrc l i ne b ~ s be ~n llS CL. ~ or (:~~;;r <,:c t i on_spectr ophotometr i c 

det;i...;rm i na tion or OnC I l) ("3) • 'fhe method i s b'sed on 

ex-::;r cti.:m of l',nCII ) 3.t pH ?3 f rom "' , 10- ph..Jn .:tn t hrolinc 

so l u'i:;i::m 'iGh thiot hcnoyl t r i .fl uoro ::c n-i;one i nto xylene . 

~' nc extr::'c t i s ,'. she' 'lith bar to ')uffer ilt pH 11 . 5 
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I C2 i. n r~ mDt .1 i ons sL~ch (\S 

t ;;~rj nm «(= .3t; , JVJ~ 1 

:t cti0n t p"I 7. 1 , o ~ int~r-

n f ... .,.. ' rod(II ' • \ ..I.' ) , '-' , Cu(II) o~ Co(II) 

~ l it h t hiothcnoyltj:'i ~ l uorJ .: cet· no (in t'1 ...: '. bs cnes Of 1 , 

10 _p hano.n ch..:.- .• ,'l i nc ) i s t .;'. ui ',':Jd . 

K- b utyl x:1."'ltb.: ... ;';c h "5 'r)een us ed for t h (. cxt r ..... c t ion- sp­

ect (':)pbot om atr i c d(;;tcl.'t!lin,~ tion Q ';- fIne l r) . r:: he rno';:;hocl i s 

b:' 8Cd. on the e:: ';rnct i on of (1n(II ) a t pH 6 . 5 i nt o chloro­

:or o ~J itb n excess of K- b utyl x .:.nth ..... tc ::'end mc:::.s u ·cl!l.Jnt 

of 'obe c.osorb no" .:t ': 57 nrn ( E = 5500 1 "'01-
1 

e m - 1) ( 1" ) . 

rr-~ !lY tr nsU;ion De;; 1 ions i 7'Icl udi n :~ FcC III) nne V( V) , 

i nterfcr . , .-:'.nd need ,(>rior ertl'''',c tion .J.t pH 5 . 8 into 

eHC l
3 

c ~ter ldd ition of rr. - ctt'ylx nn ;;h ~te i n sl i "Tbt .JxceS3 . 

J:nt;el"'~ cr r~ nc c: by ,1(111 ) i s p ... cvcn'- .... 1 by J.e.Qi tion of 

f:l u0c i (~ -: , .J.nd t h ·..l t Of Cu(II ) by c_--tl',lction -.5 th..:. b ut y­

h::ant h,l.t e ;.It .)H 5 . 8 . 

" sp ect.L"o ~)hot o l'1,;:o t r i c m-2 t;hod has '1e cn d evelopod 

(or t he d eter mina t ion of Mn(II) ~ns ~a on th e for~~tion 

of c ::> l ored Ttl i:: ;;d - l i grmd c omplexes of Mn( II ) ~lith 2 , 2 ' ­

b i ) }Ti dyl ::. nd ( 2_n i t;ropbeny l ozo) - , ( l~_nitrophenylazo ) ­

oX' ( ~ , 4_di ni tr l')p h enyl "1zo) c o.!;cc hol ( 15 ) • ("he eO"' Jl~x i s 

o~' \; r ' ct t::'~_ in "G o CI-ICl
3 

f" r ')!J ~ .... n c \,ucous phcJ.s C ~"".t pH 10 .. 

'f hc cOl'l1p l ex .::: ~~h i?its l1::..x i'!lU:.I .l')sorption .''It S2~ nm «( >= 58 ,-

000 )'. Zn (II ) , Go (II ) , Ni( II) , '. (II ) , Evrp. , ::nd P207 
i ons i n t 3 -f'eY.'e in the det rm i nut ion . 

- 1 - 1 • 1 mo l em 
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::L:'.. l i cyL1 ld;:,xirtC h:<) J e (; i1 usc.d '~o r ;;h,-:: s iOlllt neous 

S,? ct.co.lhotome:tiric (.1eteroin Cion of "" .... n ~;~~ nes.; (II) nd 

iron(llI) in l::lor,:\t0 bUlr :'~C(1 rlcO:.U:n nt pH 9 . 2 by m03 '.sur-

ing the :bso,,""c1nce ,t " 10 and roo n", (t he -'I of the 
'Gl.D:: 

rc~:p0cti ve CJr:l'plc;):~z )( 16 ) . Oecr ' s L; ' i 3 ol)eyed in tho 

conc;::;:ntr J. tion ran,;;c 1 to ? ug ml - 1 of e i ther m;~t " l ion . 

Th e r.1 e thod is not v ery s .) l (;!ctive . In tho dct~rm in .)tion 

of 2 . 2 u~ ,,1- 1 e r,ch of. I1n(II) and ~e (Il) , the t o l er~oce 

li",it fo r Cu(Il) , Co(Il) , Ni (Il) , ',n(Il) , Cr( IlI) , V(IV) 

or Ti(IV) is on l y 0 . 6 u G ~ 1-1 • 

• ~ spec t"rophot ornctric nctl10d or the detcr min--:.tion 

of man 3c1n~se \iith 2- ( 5-bro~o-2-pyrinyll~o ) - 5- di cthyl arni­

n09h cmol h _tS been r e ol,tc;.rl (17) . The;. r:1cthod is 'rsed on 

the ; orr.J. J.t ion of:. 1: 2 eM : L) colored complex in ~q uco us 

e thanol medium ::It pH 0 . 5 ,1 TId LO:ls'..!rin0 .:;h <-~ c.bsorbc.ncc at 

• ~75 nm (f. = 127 , 000) v s ., r0".::.:;ent bl;::ml{ . :he m~Ghod is 

not ve 'y selective in th ,t ',g( I ) , Pb(II) , Cd(Il) , i(Il) , 

CoCII) , Gr(lII) , ,'.nd v CV) in tcr fc.e in the ueter'llin :lt ion . 

o_Hydroxyhydro~. uinone"p bt h llcin hns he.:n used for 

the spectrophot0r.Jetric dc.~ .emin .tion o f m'n3.::ncs cCII ) in 

a.queo uS e t bnno l o 0dium itt pH 9 C "i 8) . The <.~.bsorbancc i s 

1:lE.).lS Ured c.t 535 no ufter l~ecping the so l ution . or ~5 ra i n 

.J.t 20 to 25°C . The f) ..... nc1 c l l scnsi;;ivity of' the method is 

0 . 38 ng co- 2 nnd i;hiJ coci'icient of v"""'.L' i .... tion is 1 . 22 %. 

M.,M~,:'nes(~CII) bas ~C.n s-:--tp.ctrophoto.,etrica l ly 

dctc.:rmincd u'3in 3 4- C2- thi. zoyl c.zo) rc~orcino l in a queous 

* 1 mo l - 1cm- 1 
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solution a t n,l! 8 . 8 (19 ) . h ' e :0 ;sorbo.nce is Ti1e~sured 'It 

549 nrn. 'l.'he sy~tet:l. obeys J e er ' s l .J.H cpt o 1 . 6 PC; ml-
1 

• 

• (III) , Go( II) , • .• n(II) , Cd(II) , P!> (II) , ,lnd ,, '<c. i nter­

fere seriously i n t'le cl E: ter min.·t ion. 

Bi v,:;.leni:i f'ln ha s I)e ; n de :; Jrmined \'lith N
1

_hydr oxy­

N 1 _m_tolyl_~ - ( 2, 3- xyly l )ben z., mi d i ne hyd.rochlori de " t 

pH 9 . 6 in o. 70 % ethanolie medi um b } me Etsurin r
; the .::!.bs o'C'b­

• .:m ce a t 610 nm ( € = 4400)(20) . Color deve lopment is com-

p let e in 1 h and !,l i th 2·i- f old e~~ce s ':.i of the r e.l."':ent . 

Oxa l o.te , Su(II) , Pd(II) , Ni (II), Co(II ) , l' e(III) , V(V) , 

.:.nd EDI A ini:i ~ r i er s eriously in t he deter min.- tion . 

The f orr;nt ion of: to 1:2 (me ';:tl ti o li:o:.:1Dd ) co l ored 

cOU1plc;.r at pH g.7 to 1(' . 0 :) f r'in(II) ,lith C:" - chloro - ? ' , 

4 _d i hyr.:cox yprop i op henoncoxi me h ;:>.s be en usee1 
' or t he 

de Germi nJ.tion 0 .... m ~ n ,,:m ese ( II) ( 21) . 'fhe a '")sor1-'3nce is 

mc~suI'ed c1t 405 nm :md th e "Jo.nclcll sensi Jc ivity is 13 . 8 nB 

cm- 2 , Cu(II) , Pd ( II ) , Ni(II) , Fe(II) , a no. U(H) ions 

interfere in Ghe dc t ermin~tion of m~n ' anese using thi s 

1_ (2_\l.uinOlylc.zO)- 2 ,4 , 5 ,-t r Yhydroxybenzene h '. q been 

applied for tbe spcctrophotooetric det !r minztion o~ m ~n~a­

n ese usin;;. d i fferent ' lc."(;er "llisc il)lc s olvents (22) in 

such"::' ·>l0Y that tbe f in2: 1 so l u i:; ion i s 50 '1, (v/v ) aqueous . 

The maxi mum :~ )sorption 12 el enr~t;h v.lries bet ' le ~ n 560 - 590 

nm <1nd the llo1 .... r e:..: tinct ion coe.,.. .. icients l:>et , een 

4 - 1 - 1 4 - 1 - 1 1 2 . ~~10 1 mol co __ 6 . ?x10 1 mo l em • Full co or 

- 1 - 1 
• 1 Mo l em 
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(l.)ve l op'Ilent is ... :tt i/.1e, ;".~)' l i n ! t 2:: 0c , ~.n(' the 

.:; bsor ';o nce r' ~m :.ins cons';'; nt up.;o 12 h . r.:.' empc-r'"tt:£'''' con troll 

( + , 0C) ' . - -=. ~s Ul.)Ort.lnt in obt ::. inine consistent res ul ts . The 

cf ' cct :yf' f o:'ci:n i ons is not u33cr ilJecJ J. t c.ll . 

I'lln:';" n ;se CII) h(!s been d e t e rmined sp (~ctrophotoroc­

tr i cally by using i .s ophth,::>lohydr oxJ.Illic Reid in .1 ueo us 

<1fi1mOn i o.CDJ. mcrl i um ( 23) . The flosor n ncc o f the Mn- isoph­

tha lohydr o:r::nmic -~cid ( 1 : 2 ) c.:vmp l ex i s me).sur ed :· t 490 nm 

( E = 3760 1 mo l-1 cm- 1 ) " fter 30 mi n . I'e ( IlI) , Sn (Il) , 

Sb (IlI) , Bi(Il!) , ,W(IlI ) , J.nd Clh(III ) ions i n, ,,r f ere i n 

the de~er~in~tion . 

I n the present inveB ~ i 3~ t ion N1 _ hydroXY_N1 , ~_ 
diphenj' l ')_ nz .J.mir..!ine , Ihieh hJ.B ::>ecomc .1. pop ul J.r cb l..:·. ~in 

i.lgeni:; in :cee "nt Yf' .J.r q , h '.::: lJ een ci'lployed f or the cxt r 2ct­

ion- r; ectr0photo;'lvtric d e :; e r min tion of IDang::mese . Hence 

it~ gen ':" l"' .-, l properties nd ,:ma lytica l c.p . lic a tion'3 nr c 

br i ef ly revi e \/ed belo .. ' . 

1 . 4 . N1_HyclrOxy- N1 , ~_Di ;:!.rylb cnZ ..:' -::licin eS .;.8 ·" n~. lyt ic J. l 

Reagent::> 

N1 _HydrOxY_N1 ,~-diph enylb ~nzawidine , I , ilnd i ts 

a nD. loe;ues , II , a:e t"opi cc l !:'Iono'b.:1.sic c~ nd bi dent:1 t e cb c 1.­

~tin8 age~ts having f unctiona l zroupi ng , III , 

1 -c ll-
C6H5- C = N- C6H

5 
R- C = N- R = 

IN I I 
C6H5- N - Oll 

- OR -N - OR 
II III 

I 

.. 



= 
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Hh0:L'0 1 , l l, 'lnd HI! nr e p'-;cnyl or SU f]G i ii uted phenyl 

grouP::'; .. 

N1_HydrlXY_N1 , ~-di~r l)(:mzi1mid.i. ,,:;~s :U' _ p.lle yel loil 

c ryst3.11ine solids und st \;l I e to. IJ.rd be:tc , l i ght emd cJ.n 

be s tor ed i ndefinetc ly .. i ';;bout detcr ior tion . These comp­

ounds ore inso l ub1 8 i n .Jolt er but so luble in commo n ore;c.nic 

s olvents Huc h as .:tleo "lol, :lceton e , c bolrof or;"\ , b enzene , 

Hnu to luene. Their solutions in org<.'.nic s ? J.v ents ur . 

l i ght y e llol l ;lnd si; .,.ble r oZ' !le ' or,J,1 cl ~ys ot room tC!:1per-

a ture .. 

HydroX~/..ll!lidine£ .·~,lC t .l i th :let ...... l i ons to f orm five 

I.:lc!llbe.ccd ring c !)opl exes .. Th e met 1 Gh....; l ~tes r.11·Y 'oe neut r •. l 

or charged dcp..:nding U~OD the coordin,-cion number .: nd 

chGrJG of mec~l i on . ~bc c ) ~p l cx~tion r~~ction of. hydro­

x yamidines c an be rop!'0'":ontod ';J"., the (2; ener ~ l cO'1Jp l c:xo.t ion 

cq uilibriutl , 

M + 

O~ M 
1/7 
1 n 

the charG.3 of t ',e '!let -..1 l.on h '8 '.)et.:n o" i ttec1 :or s i n"') 1-

icity . 

The hydroxy .. 1"li dincs h,"we . i (..:.r SCOT,lc J,S ~~_n<l 1 ytic n1 

t 
'"1 the senSI) t~1.::o.C b v c;u '')si.; j:cution of ;'. p.~.rt i­

r~ .-.:, cn s ~l 

c ul,:'-r grOUP i n the th:"c l.;; ph en ,1 rin"s att;:::.c hccJ to tbc 
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functi .;no.l group ing , their cO:;1)l 7.: i n .... p.:'opcrt ics c n !:Ie 

'J.odi f' i c: .• Ihmcc) ttl, O:)n ·it ivity lnd !lc l ectivi t;y ;or ... 

p ' rticulc.U' hletbod of dct;Jrm in~t ion c,'n ~0 i :n:>rov0d . Sone 

of t h e o etc.l Ch..::.l :tt@o. o f hydr.JJ~Y,l.il idi !"le$ , ..... rc '"':tcr insol­

ub l e , therr,),J. l ly stobIe .,lild cl ir-cct ly Ic i g h .lbl c . -; uch met ..::. l 

chclatcs C .::. n t)e used for sr:' vimetric cl.'t C!'fl in 'ltion Of t he 

met ... l 1 ions. f'! os t of the rnei.;,~ l complexJs of hydroxY".midincs 

,l.l ... '" intcnsily colored ,md high ly st·--:b le . These t'C.1ction 

"lJ in.:.t ion in t'.: ucous s l ste)1S or for the si'Jlult ."'11 00113 

c:,~ t:L' ~ct;ion a nd sP0ct!'ophot;onetric det rmin.:ttion of 1etal 

ions . 

parent C O'J1pO und. , ~ l s i nt','oil ue l. 

f:l I' the f i rst ti tle ill 1974 by rJ.J.tY·~<l~r0.f,J,n ... .:l.:"ld li i s hr ... , 

( 2l ', ) f or the ']xtr...'..ct ion '-~.n (~ Si)Cctrop'·,oto'1etric detcr mi n­

..l tion of Y·."' n,J.diurrI ( V) . Lo.i;cr on rd s:t(',.' ~.nd cOVlorkcrs 

s ynt;:1€a ized ..... I J.L"' e l1L!':1bcr of :Ju'\Rti'i::;l1tc~ J.:ty0.r)x.~r- ':"!. "irl in cs 

o.nd studied their ,mo.lyt ic ..::.l potontia l itic':l . N1- IIydro::y_ 

N
1 , ~-dipbinylbenzamidin(; a nd it s .:tn;11.o,'j:ues he.vc 'Jean 

:liclely us ed ~s ,I n,.:17tic~ 1 ..... e " nts, .1,1 (1 sttld i ec on tbe 

applic2.bility of t"l'se rc c;ents h -:.vo c'iDti'1ued until Y~ry 

re:ccnt ly -f or tho d etection ,::md det .rmin:::.t ion of saver' l 

metl. l ions in 3r ... v iae i.iric n~.lys is , .301 1iE:nt ext!' 'ction 

~nd sp~ctrJphoto~ccry . 
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)o311'f,".' id 'nc!3 h .,~ been usc 

Lor t:10 ·sr 'Vi1J1ctric rlctcr" i n'tic.., of Tlicl{,Jl (25) ,~nv 

co~,por ( ?6 - 28) , .r,~·ri..,~tric ( ?9 I 30) ~ncl c tr eti.on ·sp-

'0) I )t:.. I 

s -..;ct r o'Phoi,;:ne" ... ric d et(=t'c i n;;.t i l)n of tun',stJn (33) I R )cct­

ro)bot:;om8cric dctct'-:nin,.~:"' iol1 in ,~ U .. ,:QUC solu;';ion (")/1.) "' nd 

C-;,:ti" ct ion - s c ct; !,0,~:'otor,tett' i c ( I ~rr. in ltion ':)f ir)[1 ( 3' , 

:;6-:-40) , spectrol:'ho ~~()l'."!ct;ric deter 'in .tion 0" m ':'1 "weIl) 

i 11 :>- UeOUS et h;.oo l ic solution (41) I aXGr ctii.on- s cctrophoto-

!':lCtric C.e-cerlTJi n t ien o' v n~'.diun(V) (L!2 - 50) , cpectJ.~ophOl;O­

mt:tr i c ( 51) .nd c:<tr ction- spl:c L ~()phot')'w 'i. e ,Jt.t(;.I.~I';ILl 'ticn 

of c ob,: l t (52) , ,J.nel c:,>,.Gt"_Gtion- ~~)cct:COP'loto;il~t ie do l, cr'1-

In co~oon ',/ i t!) :.nst o~ :;hc pOBi,tivc r-:ci; 1 ions , 

\/ i th r.l,:ny of t:;!1C chel, ..... tin,.,.. ,.'''';nt- , '30"10 01 ( ich t' ,t 

b .... ve boen us ed for the sp ,ctro)bot ,"1ct :--i.c .-:m:;:er .... in~:ti~n 

cO:lp I ::x- f or"1 i n3 j' n;,:;1i:;::; i s 

i n t3J.'f .,:l:..iTIC J.'3 . F o:r-t un tely , ho ,ev..!r , i:;',c;ce "re '30 '!It.ny 

, '1 b l e 'nd so 1['ny possi')l(; conb i nc:t -
chc I ~ting c: bn~c v 1 ~ 1 

i ons of conditions (pH , o:':sldng .J.',C~1t , oA i n, ~~i'.)n st,t':l , 

etc . ) th.:t there is ". [?;ocd ch ~nce to find the 'i<),ht 

.ctcr,in. tion of 1_ .... iven 



J-- ., 
" 

~, ... • 

\ ~ I 
\1 

- 21-

~et ,"", l in 'tbe p :\.Jscnce of 

t L'(!.~.r.:cnt ,lit h botter sCl'"Ct,·V,' ty 1 ... ..:. ~ -:1' 3.n8·,.1'/1 ... .IC'.'1' 1 1..,. 

be "bti., inc(\ b:-l (;;~3. lin in~ t!"" • ..: v.··.cLous ,)os-;i:)l.' re,)[- .ml;s 

for <J. p.;:rc i cul .:r '10i; 

The litcrntu .. 'c l;I urv~y !'\.:v cnl :: th.'t there i s Ii.d e 

v o.r i o.tion ;:'..T.lOn C; t :1 C '€'Jor ticd np~ctrophotonctr ic rh/cborlo 

; 01.' the dcteru in ' tio!: of nnn().':1~~3-': 'iJi th NY' ' .. c'd to so...;l ... ct -

ivity , sensitiv i ty , pr t.;ci9ion , s pucd "'..nr'! conv",ni ' '1c t' . 

c;u ic '.)10 ro.;cnt 'l~d/or 

pCvpcr c ondit ion::;; or t:1\.:' '3cnsii; ivv , cclcctivc , 

Al t hou[ h GO I!}(; N1 _ hyerC'~~y_N1 , N2_di '.r Ibvi.!",t,idi,,::S 

h l.v~ been used for t he .;l'..::c t T'cphoto"I~t 'ie rlutcr;-.i 1 ti.on 

of n n( II) in G.. ueous t:~rliu~ , tbe pr· ,nt (; 1 Ol'~<1 ( II :PBA) 

h...;.S net 1)e~m us ec1• ICs i c.E:!7 i:;;;.is ·~hc n ;;""'0 0 "\··0 "'J;::.et -

i on nnd the r. t .. oi ch8011.;lt!'y 0 tr.J..} r. 1 'lpl~x h"'v ~ not he(.m 

e s t 'l.b lish0cL Fur t ih;r i:ioru , SvV(;;. 1 ions h-'vc ~lcr.n ~ lun1 

to i ntcrfc ::" e seriously in th1 18liernin "Gie n . 

Hence ·i;hJ co·:)1..;;.( 0..1,' :c:"Gien ct ic~r J~ :i'· c ~nt 

mo.ngc:n asc s p;"]c i c:3 . it h hDPB.'1 11.~ v (: OL; ... n 3!:;ud i 0d w:octro ­

') hoto~nc t ric t1 1 ]. y in d ..:t o i l under di ~. err:>r.t l.X'1er i ""Junta l 

condit ions in t~;,) pr')s_nt invcstig:ltion i n or".cr (i) to 

find out t he no.n~ancoc sp,cios (Mn(II) , Mn(III) , f1n(IV) , 

~]n(VI) , or Mn(VII) i ,wolv i n th0 co~p l cx for~ ,tion , 

(ii) to deturmi ne V1C sto iehC!ooetric c'r:position<> or 
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ivi~y , pr JciGi on , a.nd spc C":" 0 t:to 'J/I 1y' is . 

. ' 

__ R 



". 

2 . 1 . Solvent 2xtr~ction (55 - 60) 

on...: or '10 3: 

CO";1pone nts betwe en t .:0 Ii ,; uids or 1i':li tr.:U Ilise ibi lit! . 

Such l i qu i d - liq uid p C1.rti t i on is c.:':.u3ed by the d i f'fer{;nt 

s olub ili t ies of 2. Q;i 'len :;ll::.~t;::.nce in the": t ,0 p:'1. s e~J . "his 

l:Je t hod of p ~.rtition 0;' 0. g i ven 8ub:Jt~ncc fro;:] one ph.:tsc 

to th e other is exti'...:m.:::ly uS";"l~ l :or v0ry r ':'.pid ~nd cl(nn 

sep.J.I'"ttion of tr~c..: ~~1(' ''"'.jor CQr rf'Oncnt3 of bot~ oJ"(.I,'.lnic 

is that t he cX"t;":-,,·.ct usu,111y h .... s SI)T,lG 1)rOpcrti0!,) , Le . 

,i,bs orpt i on of li -:/Jt , fluorenocncc , Z'.'.dio ..... ctivi ty , ,~nd 

vo l a.t ility , on .r' ich tbc 10t..;:.~.,in 'ti.')TI 0'- t!1tJ i801 1t,,;J 

cons :; ituent c .:'.n oe b'SCKi . 30ClC ",dd i tion ,1 :e'tuct;'· of' 

solvent e:-trcction l'!l~k(; th0 "lOt",cd ttr<.lctiv. ,hen p·)l i cd 

(i) severa l succcssive cxtr :cti i ons C ':n ')e r,m,de inoi'dcr to 

dirJ inish t he unc',{trn.c ted 80 1ut0 to ~ n)'l i :;i':llc ;'ll'1ount , 

\1V cn Then the di s i:;ribution co ns ent ooP th! <,'o l uGt! i':i not 

l a r ge ; 

( ii) The proces"> i s 'pp lic.=!l)le in t .'0 I'ys ; i:lte .... "crinl3 

subst nces o. .. ' c e;:tr.::.ct;e' .... , 1,! vint'. t~:~ desir:::d conctitucnt 

in i.;~G f i r',t solvonli; or "t; {; cle--: i rcC'. c:)nst i tuenl; 1'3 c~:t .. ~1.­

cted , l e..1vi ng t!l\J i,!!uritics in t c fir"st solven-;; ; 

( iii) extr .. : ction n(;t1lods roLl o":'.:t..t i oes:)3 usc t'J .lvoid 

c oprec ip i t ~":(; ion nd/or pas I;p>..~cC t':""li "t.'"'tion phonoD ..:n:"1. thJ.t 
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lLlulc1 00 PI :":3ent in P:('ccipitot ion :;CPlJ.' tion oj L:,c 

S '"'.!Je co nGt;ltuen~s ; 

~i. v ) so l utes 

gathered by 

IH'e ;cr.:~ i n vc I 8 "lu ll conccntr ti.on ,.1,.Y be 

Gxtr_ction in co 8 1..111 vJ l umc 0, .1 3 -cond 
'3 01vcnt '.}~: en the d,' RI-" ,', ut ,' on -,.... con.'1tn' t lS l "'i'f~c ~ 

? . 1 . 1 . S olvent ~ .. 'xtr lotion 0'" net", l Chelf'te!; 

I f ,1 Clet,1l i on is OJ Gl','cted f':'of"] · ..... n o. qU OQ US solu­

tion i nt.l .ln ol'r.;'1nic sohent t'11;) 'le t .'.1 i ')n :-l ust c;-i s t \~ 

:-m unch 'l.rged p.:'rticlc IIb _ch c,m 1>e c i.t'l (!r n cluct"'('In'.!I ut r :.t l 

c o,.,lplex ( ch ...: l o.tc ) or [m ion- ;"l.ssoc i 1.t ion 3;,eci~s t h, .... t enn 

~e ~rcns ~ered across the l iquid- l i quid boundary . 

',lI he ext r nction of El met a l ion N 'lith the extr act ion 

re:1gent RL , formi ng .:\ chelo. ;;e I-ILn ;:;oluble in em or."pn ic 

solvent , i s exp:ressed by tile equilibr ium 

' J + nliL -----~ ML + nH+ 
r a q ... erg ~---__ n , e r g c.q (1 ) 

l-/hich is charncter i zeu. by the ~~ctrC'.ct ion constant: 

The e qu i l i bri um i nvo lved in the extraction of met . ." l cbc l ::'ttes 

can be expres'3 eci by t he f ollo :l inf; SCh~r.1C : 
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o r 8.:.nic p h,lSt:: 

AqucOU::i ph~s e 

:,q ua;; ion 2 c un be "lr itten ·:;.5 

(,·t ) , n org 

l' 
NL n ,oq 

o g.:1r :!..t~ rns I ~quntlon ?i c Oon ~) C writ t en as T .l.kin ~"', "GJ C 1 . ~ h . 

(3) 

l og DM :: 103 Kex + n l og [ HLJ org + npH 
(4 ) 

I f c. cert:li n met a l ion has to be tr~na "' crcd i nto the 

org:~.nic ph.ls e , the v a l ue of th o..: distribution r.l~ io DM 

f or t hct metal s houl d be ~s hi gh as poss i~ le . 

:t;qu('. t; ion 3 indic~tcs tl..,at t he distribut i on r a tio 

Dt1 of t h e me t a l t1 sho ul d be directly proport i onc l to t he 

stab i li t y c onstant J3 n a t t he complex [1ln und the nth 

pO\,lcr of the d i ssoc i at ion cons t ant J3 Hi of t he 'C:xtr a ct ing 

r~ngcnt HL. The val ue of the dis tribut ion constant Kn M , 
o f t he o e t a l chele:tc H~ should be f\S hi ;;b 3 S pos !.i i b l e , 

c.nd the v<J. l ue Of the d i s t r i b ut i on constant Ku L of the , 
ext ract ing r eJ.gent EL s bould be l ou i f hi gh va lue of DM 
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is t o be rrtt 3i ncd . 

Chc exp _~ casion in Dr;u .t ion 4 indtc.'lte:; ~h:1t tho 

d i s i;ri0 u·c ion r...!.t io DM is inc !'~.~.B ed i~ <l hi her conCui1\;r­

r ..ltr 'l.t ion o f the m:tr~tine aGent TlL io GlJ.int:.J.inet' tn th .. 

orgonic ph\.1se . lim1ev ::r the concentr<lGion o J" the C·~ ... r .cting 

.::tC'Gn t CQn not be incr0 J.~ ~Q. 'r 'bitrt'r i1y bec.:luse of the 

limi ted .<]o luQility ann :t180 bec a use of the poasi.bi1 i ty Of 

d isturbing e f focts on the subseOLlcnt <1eter mi n"ltion o f the 

constit uent be ing cxtr ,:cted . ~quD.tion 4 '\lso sbo:ls th:lt , 

'Hith i ncrens in rr, pH the v,l luc of DM becomes hip;hlJr .lnd 

·i;he incrensc d,/'')cna s on t he oxi'!o.tion stCl.tt.:! 0 -~"e met"l 

ion be i ng e;~tI' .'. cted. The v~ luc of DM increQ'-:cs l lith pH 

up to ~ c ert c: in rn.~i11l um v.'. luc ,b i ch corre'";pond~ , fo r t he 

simple C C\.3e oein::; c onsidurc· , to the v""!.luc of ... ·'e distri-

but ion const ,:l.nt Kn , M of th e chcl~tc HLn . 

Other f ac tors , s uch "'.3 ter.lpE:r,--~turc , i onic strength , 

cmd ki net ics of t~lc cx-~ro.cti.on c Oon ,1190 i nJ" lucnce DM! i n 

add i t i on to the :"'c.c ~or 'J cxplici~ly L!Xp't'E:'sscd by the qua nt ­

i t i es in e quation 4 . 

A cho.n3e i n temper ~ture ) eventboush i t i s not 

possib l e to predict he:1 it 03ffect s , genera l l y ch.:lnp;e the 

r equ l' l i brium cO n."l t .::nt . Ionic s trcn~h inf luences vCt lue 0 .::' n 

t ' 1 t ' \"" pcrml"t l'vity .::.nd the v"1 1ue oJ" DN by ,J.·:'"f ecting .~ e r.3 .. '" -..., 

Jlih e extraction ccnstnni; Kex There is no kinet i c effect 

involv,xl in the vo. luc of Dr1 , provi ded th,"lt the t'.istr i but­

ion r c.tio h olS been cl ·t cr T:l in ecl f or ,~_n eQuili'briuc 3t:tte . 
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In pr~.ctice , he 1':",,_ , .~ l· n _l·-ie l' • . b ,~- A. ~v... 'l..n'" c"'n c ,·tilizcL1 i 

the r 1.Ce of e~:~ t' 1ct ion of' ono 'J!.)LJcif!" is (l1Ucb f '3t(~t' th n 

th ,J. t o f flno thcr . 

The comp leteness O j~ tr ..... D!3feL· of , l!letn.l M in ,'lny 

extrc.ct<lble f orm int o the orG"'n i c ph'lsC is n' iven by the 

degree of cxtr",ction E , uhich is usually expressed in 

percent : 

100::; V 
:: _ M , or~ ore; 

C + C M, org org H, :l.q 

= 

I"hich is the f l~,".ction of th e !Jubstance extractod from th e 

J.q ueous pl:las ~ (volume Vaq ) into the organ ic a olvent 

(volume V
org

) " As sho'~m i n ec..u ,~, tion 'j the de'76o o~ extra ­

ction depends both on th e distribution r atio .... nd tOle r at io 

of the volumes of the t"" phasca . 

From the a no.lytic nl point of vic':l the extr ction co.n be 

cunsidcr0d us ~uant it ctiv e i f 99 .. 9 % of the meta l ion is 

tr ',r,1'} , . .L':C' CcL into t he orcpni c ph.zo,sc .. I f volumes of t he two 

phases are equal md only one G~~tr1·.ction is performed , 

t hen 
that 

f or the extraction 
3 Dr! :::,10 • 

to be qU1.ntit o. ti.vc it. i s necoss 'll'Y 

2 . 2. Spectrophot ometry (55 - 59 , 61 - 66) 

I n spectrophotometry , {\ monochroma.t ic li~ht is 

t d t " s o ~ple ,~.ld t he intcnsi~y Of t he r."".oi"t ion d irec e au . --'" .. 

h · b ' t r clns:1 it'i;ed is mec,surcd . 'T'he L·,:ldie. tion a b'3orbed 
'.f . 1C 1 5 
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by the s ~"ple in c~ :J"(; crmined by comp.:>, 'ine toe in ';cn dty 

tr~uqmi i:;~" li :.:, ht \fu.'Cm no' fla 'jt or"" i~::. {~,~a.c ies 

is present GO the Gr .:'.n8rni t~ rJ. in ,e:nO:; i ty ;I.}(,:n ut~l)r i~ 

c.bso.cbinf1 S~·)0 C i (:8 . Provl' "cd t- ·.t t'".·, . ,..... u. ~ opiac,.,l I'~t" l un()th 

1 nne. the :\'11 <1-:>;:"'0. tion cOC< rOC 1' ··nt ' of th .... 0;. , e su'!:>st;--nco ')(; im~ 

u..:L criJ.ined nt ~ '~ i'/ en /,1 (elen ', th .' . .::0 kno.m ,~nd trc bso ,:'b-

c.nce .A is I7lco. .surcd it is p03siblc to use Beer ' s 1 : .' in 

order to d eteT.'nine t '1e un1(l101:m concent r ntion . 

A C : --- (6) 

E 1 

ThE: exp ression sho!s th ~t there i 8 ... line.:tr 1."'01 ~tionship 

'oc t './een the :'bsorb.:1nce A 'nd concentr,~i;;i. on C of (riven 

so lution i f the optic , ..... l pnth lengt h ""'nd the ·,,"·'e1ength 

of the rndi C\tion ..... ee leept cone '~nnt . 

I n ord6r t o develop ... reli '.b l e ,c;pec tropho tv1i1et ric 

Qethod for dct cr a inot i on o~ \ des i~cQ constitucn~ of ~ 

colorod system , sever"'1 f · ... c tOL'S '10'::) t o ')e invc'3ti~.:'.ted . 

'rho o.n:-. l ytic ..? l w~welen~th s ... le:c tcd is usu:1.11y t ho ono ." t 

\/hich the difference in .~bsorb·mc(: oet!ICCn t :l(~ colored 

reo.et ion proc.uct .... nd the colorimetr ic re , .~..:;e nt i s ,,;r~.~tcst : 

fi (product)""" _ _ .'\ ( reo.~ont\,,,-,, :;:" 100 no 

n..'he ..... mount of .'c J3cnt ehos <.; n [01" t he st-nd rdi7.e~1 

procedure should be 90 l .::.re;e tl1:'.t sli;~ht fifro enc_s in 

the ~mount of un us ed ::.~ cc.3ent c:"t use diffc!'cnccc:; in '\bsot'b ­

.:mee th .... ~t 'U'e no --;r 0." ter th .... n t he p .ccci9ion of !'!l,"'Ikine; the 

qlc nsu::::-cmcnt . 
Ideally , t he colored 5,? ~ ci cs s houlc l)c ~ t l) l o \l ith 
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timc , so th ~t ['. r i 3 id time sc"cdulc n ed not l)e u<i(;d in 

perforiJin ~ tbe nn,~.lysis , ;1nd thof' lo: "':hould be 

:1b l c rc:.n ",c or pH ovc ·~ ', T"" ch the 1 .Dsorb:1ncc does not V1.Z'V . 
" 

'.1h l.m pH con'cro l i s ver~ cri tic:"'.' t ~.'P''''ropr i :''.~e buf"l"c:l's 

of hiSh c~p~city ~re u9U 111y re~uircd . 

Confo):mity t o Beer ts I J. \I 3imp1if i eB the c o.librC' tion 

procedure a s :/ell ..... 8 the c. : lcul o.tions in mul t i - cl)mponent 

~..,.nJ.lysis . Ho lev er i t i s not essent; ;1 f or !3nt i. s .i" .... ctory 

8:n 'J. lysis . 

f oreign s llbst::!nces should neither prevent the 

des i red c olor rcnction nor ',J;iv e " clos 1y sin il'r co lor 

( c.bsorpt ion S!.H~ctrUfTI) . 'rest,r; s:'ou1d .J. l'./C'.Y9 be M.".de for 

o ther c,)jrrponents likc l yt;o b e prt3s ent in chJ s ",opl ul'; to 

be p l c~ent in the s;,T:tpl es to be o.nl.lyz cd . 

In 1.d<.lit i on tio 'i;he ['.bov e mentioned f ' ctors , the 

reli.:lbi1ity of ... 1 method a l so de t"lcnd s on th", n "'ture of 

t he or ga.n ic rea.;~ent us ecJ. .. Orgrmi c r...: ~g~n ~s used in s?ec t -

r ophotomotric T:1et hod should be sufficiently s t c b l c nnd 

resistnnt to .'1eri0.1 oxidct ion or to photol:1ctric decoopos -

ition . 

2 . 2 . 1 . Accur~cy ~nd Prec i sion of Photometric Determin~tion 

'r ho a ccur . ..".cy ::md precil3ion of ~. photometric detor­

min 1"t ion d epends on the type 0 '" i nstrument used .Jnd Coln 

be evn lucted froo the Ri ngbc"1 ' S p lot in Ihich percent 

transrn i tt.::.nc e 11' i s p lotted :log ~ inst tho log'lr it bm o f concen­

tr.:1.t i on C resulting in .;. J i Gt:loid or &- sb.J.ped c urve . Tbe 
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(!.in:.. bo.., I s plot h.: .. .; 10 VtJ£y use 1)1" ... :1'" ~ ; ( ) 'J.'hc "cc ­
ur -',c'! of i:;lw .In.:.lJ~:;1·s ,-~ 

" .11J concwn~r ~ ion ;'1(.:1 C n l)Q 

cv .:-. lu ted by m:lin .. tho folLJ~lin,~ L"ol ~tione"'ip . 

~e/e 
"T 

= 2. 303 
l~ T7 l:. l oriC (7) 

., he re Dele i s t he r e l ,'., t1·vo l ' f . - n " Y815 er ror or" .~ 1 ven 

photometri c error ~T . Rd:.n"bom h ',s sho IC\.. th .... t t he ,'1.c cu 'C" cY 

is c,re.'" cost; Ihen the r e l Clt ion in e,", tI ,'"'t i on 7 r c:'cb ." mi n i mum I 

(b) ~~ he conccnt l."' "'l. ti0n .::'.- nn;c ~/i1,;hin t:'·!ich t be .-:n . IJ.:::: is error 

is oinimum c an be ~v :lu:::tod bo, construct inB t. t " (;nt to 

the ste P0St portion of t~e cuC'V'o . 'l'hc RIepe is then 

tr.:1n.3 L.~ted. to po in tf; of t "'.n'~cncy to t'1 ... c u.!.', 'hich def ine 

/.:; 11 .:: concentr·' ti on liBitc ',it l1 in ·':lich tb...: ral..:-tivc: ·n. ... .l ysis 

crr cr is [linin ul!l . 

2 . 2 . 2 . Scnsitivi~y cnd LiI!lit e' )etcrl'!lin ,t ion 

The sinsitivity of ~ phu\;or.wt .... i.c n:11ysis i s "' 

hle.'"\Su.c e of t he :Jbility ~o d~tcct :; s r"\~ ll est c~mcontr ,'ltion 

d . s d "' 1' ncd os t he sl ope dA Ide of tho differ enc e 2.n ~ ,-' 

e = f ( ) :ct the o-r:-igin '''h i ch c-n l)e c ~libr-tio n cu.cve . 

expres s ed ,J S 

(8) 

t C ,. s tbe conc ent!'1.ti .)n , U1er 2 i s t',e .:b90rb:"nce of 

s o lution of the substt.ncc bcin:t detcrl"l in~d , "nl! \0 i s the 

ohnk • 
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The stec~Gr t~c s10 e 0 ~ c 1i'1 '\.oion li:1 , tt-c 

h i ",her i;j the SI.;·llsitivity 0, 

proportioni'. l to tile: .... bsorpt i on c.:.cr ic icnt of "0 S")OCtC3 

T,{~) icb is t1c:!surc(l '-lnt'!. to ~bc ·,)'t1 - t.n'"'i,;'· thrJu"'h tho cuv-

ette. T~c ~cnsiGivity 0\ 

t hus be i nc r e.:1Scr1, ."";,3 f0 1101/5 '~ r"Jlll th e Dcnr ' s l ::'tw , if the 

'.I ... v elenr;t h i s chosen i n t.ol1,; re~ion 0.(" ~1 i ~h ''fsorp ~ion 

. ~ . r 1 f:lr-t:a r:1Um, ".n. 1. 1 on) cno uc;h cuv et te is t."\kcn "or till) 

MI3 ... :S ur emcnt . 

'llhe l O.-fes t c Ollcentr~tion Of ~ [ ivan subst"'ncc ~hic h 

c:.n be d(: t e rminecl by , nr:: thod i3 r'cmcr'111y , uot d in .er!l1S 

of li:lit of detection , r1e iined '3 th1t qu~ntity ( or concen­

cr' tion) o f <-l sU0::;t :-- ncc c.ppro..:'.chos ztJro . 

';' i-l0 of tbe COf:mon Dcthods us (.d to C 1. l eul ~.t c tb(; 

limit of dc t er min '.tion '.re d iscussccl. belo .l . 

(1) K.liser considers th:lt t '"'e J.tt '.in l.b!:... lir:l i t oi: detcr ­

mi n..:.t ion shoul d be d i s tinr, uish .. b l c frot!J the luctu ... tio n 

Of tb..:! ~ ign.::. l obtnin eo. i or "I. b1.",nk dct;cr"in ... t ion "', nd on :l 

st ~tis t ic nl h~s i8 h~ h3S cerived the expressiJn 

( dA) - 1 3S .3S "", = 0 
o Uv {T" (9) 

' S t he st .:' nd _'.cd C.evi tion for t~e b l nk cJcterm­~/hcre So J.. 

. • . (2) S .. mde l l def ines t '"::c Ii!'!lit of rictert!J in"!t i on +no. v10n • 

the "sensitivity") .... ,s th~ le i ht in ).lg per (he c .:11s i t 
.'onds to "'.n J.bs orb:lnce 1 n1 of solution , ,-Ih i ch correBt' 
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'\ = 0 . 001 me ". sL2ri..:d. i:J. .... cuvette r o c~oS8-s~ction"1 crc~ 

2 
of 1 em ~nd 1 = 1 CD . Its dimensions - 2 r .: .w" c., 

uhere f1 is tbe mo l ~r nr'p-" Of th -' . . ~ c SUJS~~Dce to )(3 detorQ-

ined . :rh e disa dv o.n t1. ,e of t' llS m0thod i s t hc:. t t he sprend 

of the b l mk det Ji.'oin 1tiiolls i5 not t ,1~en into o}.cc oun t . 

2 . 2 . 3 . Bpcctrophot nmetric t1o thods r':> r DetIJrni n -,ti ion of 

Amon3 the 9~vero l rr:et '10ds used for t he dei;crP.]ln .... ,t ion 

of' met"'.l c')lTlpl exes (56 , 58 , 60 , 62) , the most c om"'Jonly used 

..... r...: the continuous vori ·t i~ns (64, 65 ) , the :>!o l c r '1 tio 

(58 ,66) , a nd the .xtnction :1Ct hOUS (56) . 

2 . 2.3 . 1 . f1ct bod 0'" Continuous V1ri:' ti ons 

Th e Job I s !':'ctho(..1. of continuous v.ri tions is one 

o f the nost C0r:1111on ly used 'ilet"od fo r. detcrmininB the 

cor:rpo s it ion o f 'I!l0tnl cOMp l e~~ cs in solution . 

The f oroJ.tion or. ." mct :1 l conpl ex MLn cr.n be =,cpr­

esented by t he c OL1plexo.tion cq uilibriur!} 

11 + nL ; : =::: r1~ 
(11) 

in u hich M is ... met:lllic ion e nd L oay be either ,\ no l e -

cule or .:'.n ion . The 

K = l !1j[ Lj n 

( !1Ln] 

d i ssoci tion const .nt is Biven "1y 

( '2 ) 
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Suppose that s eci l:s 11 .... n(l I r "'~':lct cc ,'" pI to 

cc: u,-:t ion 1 1 :md tb "t sol ution ot ,-} 

n rlo l cs p e r l iter o'I'C "lixod in vr'ryin '~ )ro?orti,')nc:: . Let; 

the mi xtuI' €S 0e -: ·de by ene 'd",' tl' 0 'v l' r _ u. no . 1"e[' 0 L to 

(1 - ~n liter of N (X < 1 ) , Hitb no ~ ppreci ...... 'b l e voluTlc 

c h In .. ,C on mixing_ For ~ ny wixture the fo lIo int', equ \tions 

'pp ly 

[ r1J = m(1 - X) - [ Mq 

f;r,] = mX -n [ r1LnJ 
[ r1 ) [LJD = rcf MLnJ 

(13) 

( 14 ) 

(15) 

Th e c ond i t i on fo r .::. r1"'~~i"1l'm in the curv~ of MLn plotted 

,;';[linst X is t tnt 

= 0 (16) 

different i -- t ion Of er ,ll:cio'!1s 13 , 14 '. nd 15 :1.nd cOt.1bin'.ltion 

of the three result i n3 di)~ crenei"l c(lu-:.tions lith C""'Ul -

t ions 13 to 16 ~ives : 

n = x 
1- X 

DCG erC1in ~:t ion of t:,e v .:'. l uc of ;~ "[ or l!"Iich [ MLn ] is 

Mum 0.110''''8 the cAl cul o.t; ion of n by e"· u ~.tio n 17 . 

( 17) 

1'T1~xi -

f.rh us J. s eries of solutions is p,:oel'o'lrcd in ',/':licb 

the S U!!l of t,e :-Jo l :J r conc en~.I."r.i;ion s of l'1 -:.nd L is t',e 

s .:\ljje ,lh il e t he ir mo le r r ..... ctions ver:y bet·. le en 0 'ld' 1 . 

I f the s bsorbc.nc c i s i!lC~~:)Uref t ~ '~I ve len ,,;th , Ihe .l."c the 
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of . '- t ';';l"'e ',Jo int of ,.., 'Xl"~, U' b " 
' L •• , j~!" 'nee ',Iill corr,~B "'onc to 

n.1.xiCJum 

of t,e 

conCC'l1t.c,'tion of f1Ln • ',ccof"din 1:' t"c 

sol uti :>n is ) lotte 2.?;' i n3t .~ , t'~c tlole 

bso ....... o nec 

OJ t oe li ~<lnd in the s olu-~ion 'nd t~en n is cJ.lcul ,ted 

f ron the '1JSC1SSo. of th0 m~:imut'l of t',e Cl.rve ~y " .... u~an:, 

2 . 2 , 3 . 2 . ~lo1e-:l·"tio Ncthod 

'l'h i s nctho(l i s .,. ".ie(; upon co nsi(ler . tion ::Ir ., COr.Jp-

lex,.J.tion equilibrium in er::u ... ~ ion 11 . If the cO'lplcx MLn 

is very little dis SQci L.c(} , "', T)lot c~ "'''<;0 ,),-'no ~ .:l(pinst 

:Jole- r ~t io of COJ-[)onent TJ to cOJponcnt 11 , \"ith t'~u cone cn­

tr ... ,t ion of M he ld conscJ.nt .... nd ch.,t of L VLl. .C1.C 1 rises 

st e.;!p l y f r of.l iih3. ori --; in l.G 0:': 3tro.i ;ht line for '101(; r~t ios 

be l o \J tb L~ t corrcs'Pondin ~, to i....le COtlpl03X forCled , then brc:\ks 

shCcrply t o ... const'::llt .;.bs orb~.l1c e ~ '(;',e no le r "tic Of 

LIM in the cO f>lQ l ex_ If the conc'..!1t,;[, ,ti('ln of t1 i8 bold 

consG :::mt D.nd L i s v -:.r i ed , the 'bre~l( in t; ~1,; curve in"ic'1t-

es the mole r atio NIL in the cOr::lp lcx MLn " 

2 . 2 . 3 . 3 , Extr".c tion Method 

Consider the ex;;-,~ction e~ni '.ib .. :'iulJ in equation 1 

fo r .:h ieh the Df"] is given by C ucJ.tion 1'3 
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S inc e [ f1 } C n q = 11 - [ !-iLn ] org 

G~ ut~t ion 18 c :::.n ~) e Ir i tten os 

= I.o~ 'kox + n log r HL ] . or g + . .' \ " ~ 

." ." 'f" 
~ I, 

J II ' I, 'j" 

' I 
, 

I 

'.I 
, npB ( 19) 

!-1 h e l:' e Cr1 i s t be tota l concen ~l' t ,_ 'In " 
" , m0t:;,~ 1 i on .. If 

\,\ •. 'j , 
\, ' " 

., 

., 

t he COT:1p l ex MLn i s th<, only s )eci c .. t " t is c/..t:;.:"~.c t ed 

i nt o t he ort;<1nic ph ,so ti1 ;".t -,bq or l:'ls -,t t>e se l cc cc(1 

Am '.lx/ E ( f or 1 = 1 cn),he L' c is ':;he cqui li1:>r i urn 'bsorb-

onc e ilnu. Au ..... x i s the P11: i nurn ..... bsorb:mcc 'litt m exc e s s o f 

the ligand in t h 3 o r",~.nic pr- ., c , c'u~.tion 1.Q o',n thus be 

V/!' i t t en < .. :3 

= l og Kox + n 103 [ BLJ + n PH ( 20 ) 

'l' hus the s lope of t he cur v e o}J t 1in~d by pl ott ing 

aga inst log [ HL ] gives tbe n umber 
org 

of lige.nds , n t i n the c,oraplex . 
. .<.- -
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A Bec':cnn Tiou.c l 21.J. lJV- Vi'3 R)ectro Jho.;omo..; 5r '''''ui ­

ppecl itJith 1'!lJ.tched I - co (,u:u-tz CUV'.:ttC'3 'nd~"" Boc':-"'.r. 

" . hccorC!. 0r Jere us eti 'or !"Qcur c'i_nfl; the '1,1)30cption s,,!cctr:'" 

::.nd .~bsorb.:mcc meo.s llJ"C'l10nGD . 'fhe pH v. lues of cbe solut ions 

.fere measured .I ith D. B0c\~r.1~~n Chem-~l :"'..to pH moter • . V,'lr i ,\ll 

Tcctron f10del 575 3~r i e.s ".t':"li ic ~b80r)tio n (1 ,ecli[,OT1E~tcr 

.. ." u.. .n,;~1.n ,~C • ,1.'].5 used f o r o.t )mic J.bDor ti':'ln (llj:~c'm l'n .{';on of '1" C" 

3 . 2 . l{(: J.~cnt s ... md '301utions 

3 t = .. n~ ;·.rd ... olu·;;ion of' M'ln·,;.:ne<J-.:(II) • .• st·:"ck so l ution of 

m:J. n32-ne3e(II) ./0.'3 Dr,;p~"=,(K~ 'Jy ti.iss,.) l vin r: 0 .. 845 Q) of m~.n­

(5<U1cse( II) sul fJ.te fjonohyu~"' .. i;~ (n.,~. , n,11w) in t,"sti.l l ed 

'of.:ft;er , l.c idLti ...:t' Hith (iluto sul"'uric .lc id , 'nd '~i ll1 tcd 

the so l ution iJ.S d"!termin(::d cO;:'lp l cxo '~tr ic lly llsinfA, 

LDTA (67 ) . 

St D.oclc.rd p ..::rm .n;::J.n:-: te Solution . stOC1( so l ution of '1~n~-

nese(VII) .. 4<:'.S prcp~,r~c1 by d issolving 1 . 5794 "; of po t,"",ss i um 

perm2.nc ... :.n-:te ( BDH, l~n'l.:'.J) in 500 ml of d istill cc1 r t !)l"' , 

bc il i ll 2; the sol ution .... ently for 1 h , coolin' , "i lt cr)n~ 

thr o ll ,::b 1. s inter-eel gl .... ss fi It')r to r~lIlove .ny r:I n ~nc!'oJ 

(IV) oxide -:" orMed , ~ nd '. i lut iru ~xJ.ctly t o 1 litre '.lith 

d istilled .JO\te.' (1 2) . 

- 36-
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:.....I. .. ":~ So l ution • . ~ stock SOlucl'on f 005 o • 11 ctt /1 ,n:~d i ',., in-

.:"tet::.";.).cctic ~c id ( ~';"I'; ) I 3 ' .v..... '.. I .... P '.!'ce 'oy ui';solvin t lO 

disoclium s.,:>,lt in di:;t illt.l(" I .e;-..: • L'bt:: fiolu lO'l '.S 3 t '.n(l -

:J.rd.i z.;u t ' inst 1'I1~'...nes ium c:11ori· c ( :3DTI , hn ~l .,) u9in' 

NH3/NHlj.Cl buffci' ~t pI! 10 cC1d I'~ iochro'lc "'1.1ck , (BlJr) 

i ndic ..J.Go.c • 

q~Jcl~zing"1ents . A 5~ (.!/v) KI04 1"5 p rcp-=:t'c l)y Cissolv­

ine; 25 G KI04 in .. 1 mixture: of 301 I'l l tmteC' '1nd 100 ml 

,):".t er .nd 100 ml concent r '.~ ~d IllI03 .... nu he tinr; to c')cl'p l cte 

disso lut ion . J he solution s coo l ed ' nd dil utlc to 500 

ral .lith d i s i:;i l led -J. Gtr md us ed f.Jr o:d ' ~ tion ()'" Mn(II) 

(63 ) " 

.~ 1 % ( 1Iv) so l ution ().'" K2~208 ( BDII , .I~n 1 a) 'nd 

s olid p b02 (Hopi"Jkins :l. : il1i. 't!l~ ) -- ni N3Bi 0 3(BDH , .n" l J.: ) 

.Jere <:>. 1 50 USed for oxid '.tion of !'J,:--n .... 'nc:;,c (I I ) (69) • 

',c;ents . ~\ 6 . 01 M so l ution of .l.sco:c) i c acid 

(Hopk ins ~ l'ld Wi11i 2-ms) :.nd NII20H. IIC l, rcs'9cctivcly , in 

d i '3t ille:1 /'::'(;:":' ./ero us cll for tb; reduction OA hi h<:'r 

oxic'i..;.t i on s t a tes of fll'"tngancs c to m:mgOonesc( I I) . 

'..l o l ution of ,l octr J lytc . ,'I.. 2 . 0 H so lut ion o f pot ssium 

nitr 'J. te ( BOIl , .n " l .l:.~) in elia ilL:.'!('!. ·,t ,.. I-:'S used t" l.d­

j ust t he ionic st "ongth of t"') 50 l ·tiion 0_ ~.~tr .ct ion . 

S o lutions of roreiGn I OilS . ';')olu .;io'.1S 0 r )rci-n ions ,lcrc 

pre:! I. red. by d is '·wIv ing kno~m ::-;)ount of re " E::~'l L ,r .de 57-Its 

in dis t; il l e~ .nto ... to ,ive 1) T!l?; of u 
ion I.!r ' llilit~r 

o f so l ution . The sol utiona '.:ore "'ciu i ic 1 ,'j t1C V
f
.; r 

• 
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nc.:c ,,:;ss":.r G(J pr:::ove -n t hy"rolf,"l' s . ..... '" In .;<mer'l l'lit ,tc 9 .Its 

used tee t,',ons ' d' ~m:' S"I lU'.1 or ~:t\J.m' s ts 

!cra uscd. f or tl~c lni ons . 

Nitric !~cid dna. n<Yloni,"'. . Dilu cc nitric cid (hcco- 1c Haem) 

:.t"c1 .1.::'lrrlonin (Rmedel- Ll.e Hllcn) so lutions ~03re us .r! : or 'd j ­

ustinS the pH of the solutions • 

ne<l~sent Sol ut i ons • N 1 - HydroxY- N 1 , t? - diphenylben z. :or,lidine , 

HDPDA , U 8.S sJn thefi i z (~d by th _ conden:J ;'tion of N- nhenylb­

e nzi:nicloyl chloride Hith N- 9hcnylhydroxyl .'line t oOe in 

ether (52) , o . p 160- 162oC , reportea 153°C (24) , 

.... 0 . 005 i'1 solution of t!"l>J r ;""7ent , HDP1'. , in r)6 ~ 

(v/v) ethanol ./...15 use(l "'or the spccl;ropHoto~e(;I'ic detort!l -

in ,"cion of m ~ng~:!.!lese(II) ... ",-nd mcng:md3c(VII) in ___ quet"lu.:J 

cth,J.no l medium . 

~ 0 .01 n so1uticn oj i;~l "t: .... ~,:mi; in '1yl " l coho l 

'ins used f or the cxtr :'.ction of Mn(VII) . 

S o l vent s . Et honol 096 %,v/v) ( Ri edel- de H'\en) nd other 

so lvents ', :ere: used ,: 8 0c,; ived ii; no u t; fl.lrthcr puri f ic -

cttion . :~Qy 1 Gl coho l ( lHodel - de II \cn) ./"',5 distillcd once 

beJcrc use . Once used , it Y1S recov ered "Jy dou':>le d iotill-

2.t ion <'.nd used ~B~ .... in . 

Dryin . gent . ~~nhydrous sodim1 sul"1;;~ (hedel- dc "'en) '.10.5 

use for dr: ing t:H1 (. clor A cxl:;f.'·' ct . 

3 . 3 . PL"Cpdr1t i on 0._ ";""'1P 1 0 iolutions 

3 . :; . 1 . 'r eo. p01,lder 
~ccu:r:ltcly l:.no:n ei ht or te: po (der , 
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, (~{ed l eo.:)1 , 1 a I :no c:, CoCK) Ltu.' ) .~., '.5S .... , I _ T'1 

.. .3 r03c,l1iJ."ed , -:11'1 iil tOl'u:i th eu !oJ. .. ',uch!1",!,' ~nn, L r,'h,:, 

clc Ar cxti.' ct .1..;.5 trans; ",'I,)n :;.1 "J. 250 ''11 ,\j.;olr"" '. "'1. ']', 

''.nd eV.:1:/or ~ tje i;? Crynesr.; . 'fhe "':'C3 i rluc 1:\8 cl.o ''1')OSCt! lith 

10 ml o .~ __ -: !'!l i;:cuc'...; of ni tric , 9Ul fl'J' ic :nd perchloric 

"c i ds i n the r otio of 3: 1 : 1 ( 70 ) by ho ,tin~ over the 

b unsen bu.:'ncr f or nOl')ut 2 h. The h u.ltin;, 1:'\3 cont ~nl1~;~ 

l.ft 0r , ..... dd i tiio n 0: .:1bout V) rnl of dilu~c cjUlful.ic cid 

unti l the v ol ume ',/ J.S rCll'eetl co '1bout ? 0 1 . 1'hc ras idue 

W 15 cooled ~ncl t hen .c(;;boiled ri "b "~,, 1 of disti lIe ... 

Hater. tf a "t,i1is solu!.Iion 10 ~I l 0'" r; ~J ( w/ v ) KI04 I.:;!.S 

,"I.d<lcd 

species (;( !ll.".n "n,]'H) (VIr) . 'l'hc 901u...;10n :5 coo l ed , 

rn .::.r!:;: .ii t h ! .~t;~ .. :, .. uii:; b1e .1ir;uoGs of tJi3 solut i..on 

\lere tnk en for t ..., ·'.nD.lysis. 

( 52 , 7 1) 

J\.rt i fic i :.:. l 3..:'.1;1·) 1 ':'$ of ste~l , b··:,~nze , ~:m(· .. nin , ..... nC' 

':"0rr om.:o..np., ... , n(:;so \fort! prep'::'l.~e.' by ... i i I).g tbu a~uJous 901u­

t i 0ns of t;he respective 11l0tr1 ions in suit ':>Ie pr·.:>portions . 

The ~ olutions .:.:. rc t r _ .,;od \lit h .~I04 to oxidize m .. '.n~ nl;.se 

( II) to :1., n~:nc3e(VII) ..::.nc1 '1 ilu ~~cl to Imown voltj'"'les 

lIst;:u for tJ.o An"'lys is . r esp3c t i'll~ly . '2he'3c l;.olu-Cions .1~ 'e 
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.... li~uot of t ~(; r.l::tn'-,.--:.nese(II) ( ) oc ':l ... n )~.nese VII ::o lution 

'.1 ' 5 t ... ·.J..llSf cI' od int o 

of .:.scorbic .J.cid .1m.i 5 :'il l of l,n , / NH C1 m~ 4 bufCer of pH 10 

fere o..dc1cQ. c..nd. t il::; solution Tl.S c1ilut ,d to 50 '1'!1 !lith 

d i8i:;illcr) ~'1 .... tcr. Ithe :JolLltion U['11 ti t r atti<ll r.; \l it! ..... 1. 05 M 

:~~}}l l~ s.Jlution .::tr t ~;c .... (lO in~ 5 d r ops of 0 . 5 ~' .;811\ indic ... t or 

$olution unti l thv i niti .1 -". ~du i sh co l or o . t·, .. solution 

turne6 :)1 ue ;ith th e fi n..:'. l drop of .c1/f ••• 

3 . 4 . 2 . U3, l it .:-.::;iv·c 'res.; (0).' Oxid.:-tion t~te 'If Tl"'.n .mece . 

:.lit uots o f' !.l.J.nt,.:::..n;;;s~(II) s r') 1ution (2 r.1l of 0 . 002 M e 1 ch) 

were tr:'.ns{'e.ced into r; different b -:'-'~:0rs (50 ,.1 e .... ch) . 

'ro e~cb ')f tl1is ',1'\5 ".dC-.ed , n011e , 1 .,1 of 0 , 1 r1 so lution 

0 ' :'s co.!'bic ...:.cid , 1 n l of' 0 . 1 M solution Of mI2oH . ITC l , 1 ·":'I ~ 

,,11 of 30 ;:: ( v /v)l!202 ' ,onu 1 m1 of 0 . 05 M lI: 2 )2CJe' respoct ­

ively. ; .. '10 nl .:'t li~uol; of 0 . 005 M 1',~.1[~cnt s ) lution in 

0tb:mo l \1 0.5 add 0(~ to cc.ch 'J~ ker . Thf' pH o f e .... ch solution 

'. 1.).5 v o..ried ~t:n:;./ce!l ;, .:lnd 10 , C'.Ild the solution .'l~ dilli d 

to 27 0 1 .... ith suit~ll) le r 10un ts of ", tb'lDO l '1.nd ,.;ter to 

give 60 % (v/v) cth1~ol in t he fin~l solution . ~hc co l or 

c"b"nge of e :~c h solution rs Nonitorac"l. visu l Ily 'lnd 

s, .ec;;r.:)"~hot .::ll'!etriC..lI IY :",;-:; dif~crent tir'le i nt .... "":'v~ ls . 

3 . 4 . 3 . Dct 3r'.lil];~'1 of l1n,(II) 1" r ?~"l .quc'J us .tb_.nol Me j.~ 

'.n • .".l iQuot 01 the solution cont.:l i nin. ? - 250 ).J , 01" 
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"TI n 'm:-s c: (II) ':10.'3 tr xls- u 'cd into 

.,1 0 ' 0 . 005 M solution 01 I!01);)!. in , .5 

1C so u i.; ion ,I ~ . ~.c.1 .lus",e( ' t o ? - "! u!l in it. The .'}H o~ t ' 1 

o. iluti c 301utionG of -;"10 d 1.1 3 1n m~3 -.nd the s ;:, lu t i on .: ,"'S 

'.n h oc cJ." i onnl oh l<in n; . ' 11o .10d tc stand. ~ or S b . t 

.L .... ... r e ns 'J.;"ed to ... 21; .,1 The so l ution .~s ·.u~nt ~ t't' v e ly t r 

I:C , r'( ..,it~ suf f icient volu~-'2tric i l o.s lt .-\TId ai lut (;d to t ' 

:" 'lQ unt o f: eth'\no l .1nd .!~tc r i. a :3 ivc 60 % (v/v ) cth.1nol 

sCJ lution in th IS' fi n,_.l lJ ol ution , The a bsorb .. nee of t ~IC 

eolarce: so l ut i.on .1 1.8 '1 0 ::wret{, at 625 nm :'.r; , inst t he ro­

a gent bLmk . 

For c l i~)r,-:.t ion , 0 . 05 , 0 . 10 , 0 . 20 , 0 . 30 , 0 . 40 , 

0 . 5001 of the s<:mo.e ru s o lution (500 ~g '111-
1 

Mn(II)) 

.IG ,c e used t hro ugh t he procedure . 

] . 4 . ~ . Dctcrmin '~tio:d of Nnell) fro,,!!l~ueous I!'ti h nO .. t f1ed iun 

.in rrcs 'cnc c of K;f3208 " ,n .... li':!uot of i;he s o lu 'G i on 

c o ni:; ,- in in8, 2 ~ _ ~50 }l3 of n~'!.n -:::,.ne'3e(II) 109 t-r"'nRf r~cl 

into .:-. 50 ::1 1 b ~!. ki':r '.n " 1 0 1 of 1 ~~ Ki>20S so l ut ion \1 .1.9 

.::.ddecl to i t . 'i.. 10 ml :tl i ~ lIot of 0 . 005 M s o l uGion Of the 

reD.3ent in eth0.no l .J~"'S .l dded to tlle s --, lut i on ,me the pH 

':1,'\5 ""Idj us ted to 7 _ 8 us i ng dilut e s ~., lutions of ni ~-ric 

..1c id J.nd :.'1noni ,1 . 'llhc solution .:;'. 5 u~nt 1 t~ t ivcJ.y cr ns -

fcred i n t o 0. 2 j m1 vol un ei;;ric f l.~sl;: ..... nJ ..... llo ./cd t o s c, .... nd 

for 30 r:J. i n Hit h occ "'s ioni"l. l s b ::.~: i n;:, . The so lut ion ,' , .... 9 d iluted 

t h : no1 , nd ,.\i.t illed 
to volune .lith suf i iciQnt -r;lOunt 0 

'; . .ltcr ~ o give 6 0 ~~ (v /v) et h.'lDOl in tt-e ('in" l solut i on .. 

T ho;:: .J.bsorbc.nce of t be c o l~ r ac. s olut ion ', /'"'.8 n. ':l ured ... t 

625 no J;-:-:. inst the r~ J. ;5cnt bl "';1k 
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For c2.1ibr.1tion 0 . 05 , 0 . 10 , 0 . 20 , .. 30 , 0 . 40 , 

0 . 50 , ml of tbe standard solution (500Ullg ml- 1 f1n(II» 

,},J.s used through the pr ocedure . 

3.4. 5. Determination of Mn (VII) From Agueous ~~ honol 

!1edium 

An al i~' ua,t of the solution contc ining 2 1~ - 250 

ug of Mn(VII) lias transfer ed into a 50 ml beaker . ~ 

10 wI aliquot of 0 . 005 M reap,cnt solution in ethano l 

was added to the solution a.nd the pH Has ad justed to 

7 - 8 using dilut e $olu"Cions of m~03 and NII, . The 

so lution ~taS quantitat ively tr..: nsfc ..... ed into a 2'1 ml 

v olumatr ic flask and diluted to the mark 'I/ith the required 

amount of ethanol and \'rater to 3ive 1)0 ~ (v/V ) cthRnol 

in t he f inal solution . '?he .'lbsorbanc c of the colored 

s o l ution was meas ured at 6 14 nm against the reagent 

blank . 

For calibration 0 . 05 , 0 .. 10 , 0 . 20 , 0 . 30 , 0 . 40 , 

0 . 50 ml of the sta nclard so l ution (500 ug ml-
1 

Mn(VII) 

i'las used through the procedure . 
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D~t erm inet ion of f1n ( ViI ) b,v Sol vent J~tt''\cti..2!! 

.~.n a l i q ui t of the s olution contain i ng 25 - 250 

ur; of manganese (V' I I ) uas trans f er cd i nt o .1. 50 - ml 

beaker a nd di l uted to 10 ml t.l it h vl at er . The pH of the 

s olution \/<:18 ad jus t; ed to 6 - 8 using dilute oolut i ona 

of HN0
3 

a nd NH3 and the solution was q uantitativo l y 

trans f e ''''' ~(l ~n~ o u 100- ml t ' " 1 .. ... v sc)c.ra ~ng J unnel. A 0 ml 

a l i q uot of 0 . 0 1 H IIDPD. i n <::'!Dyl alc ohol I . .'US ldd ed 

t o the f unne l a nd the r'l i xture ',1,1.5 shaken vigor ous l y 

for tl.-l0 minut e3 . The f unned '. 10:'.8 alIa ied 1;; 0 ntcmd 

( f or about 2 - 3 minut es) unt il t he two phas e anparated 

comp l ete ly . 'l'he aqucou '3 ph !) C \-/ 3,'3 s e ,1 c t ed o.nd t he org­

~nic pbuse was co llcct; ~d i n ~ 50 - ml boakcr containing 

abo ut 2 g of .:.n'lYdro us s odium s l.l l j,"'te . The O"'UP. O US 

phase \las again tro.nsf crod i nt o the ·~ unnc l and ·,/.1sb ed 

\lith c.bout 5 ml of amyl a l cohol. The ./o,s bi ng · .... 0 .9 mixed 

with t he co l ored extract nnd transf er ed i nto c. 25 ml 

volumetr ic f l a sk . The bea ker 'laS ',/J.sbcd cont inuous l y 

i'iit h amyl a l cohol unti l no green co l or >1,:>.9 l eft \l i t h 

t be sod ium sul f ate . The !,'/ashings .I Gr e ~dded t o t he f l ­

a sk ::lnd the extr act HUS dilut ed to the ma rk uith 3.myl ­

a l coho l . Th e abs orba nce of the colored solut ion wa s 

mG.:.tsur ed at 61 4 nm a gainst t~e reaGent blank . 
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For c~ l.~ h::'~:t ion , ~.()" , ' 10 0 ' 29 0 v / '-. . '" , . 3;) , 0 . '10 , 

0 . 50 ml of toe s 'c'.n" , rd so l ucien (500 PI; ml - 1 lin(VII» 

\](,.: .. '6 us 'd thr ~' u-:h the [)J.'ocedure . 

S t;uc. ying t::e l~frBct,,--,o,,-f,--V .... r.! -,hIes 

'1'be effect of .:'. p .J.rtie ul;'r \' .ri ,"..')l c 11.S 0 uc!icd 

by nensurinc the "bsorb mee of tll ..: so lution of c cb s s ­

vern fc l lo.4i ng the c;~nero. l ~')roceclut'lJs dco;;cril)cd l l)OV I.: , 

Ite ep in!!. <:!. ll cxp criocnt 'll v tri.lbl es c··nsta t l except the 

one under study • 

1n/ ,'1Q ueous ct:l .. nol s 'ste"'l s th o C ,11;l t11. t,£:J1.JS3 or 

the co!~p lc .. : f~r,.,".ti.1n ' .. s ex."' in ccl lJy ~(;."' sur i.ng t!'c' .':thsorb-

L', nc cs o f" t ~1 e solu t ions "'t ,1?nrt i.c ul l'" cond i tion of n 

yc.l' i ~b l.:.: Pil'{' , '."'"i -2Ge ::- ~ 1Jd 1: it.:; opLinum condition fo lIo in ,,: 

the ::; en~r2.1 p r'Jc ed uJ.'e . The "'e"ct ion 1,"0.5 considered to 

be inc '".:' 'Jl t)le;e '.lben t 1'e "' bso .. :b".nce 1 5 .fo und to ~J l ess 

th '.n mo.xiuu"J ,m(~ c ,-,ns\:; ' nl:i v -:.. l ue o~t~incd .'I t tIle optimum 

conditions o,f' 6-ch s y s lie!!}. 

The (: u .::,ntit ~ tivc axe!' ' ction f 'i.1nH;f'l.nese ir"'Ll the 

aQuC'ous perCl'"'n-:o.l1:t...: sol ution ,: '.S y' ,v;'lin~d b cb~c'(inr: 

tbe presence or 0.bsence of "J.n .~,;ne3c in the '1'1 ueO U3 pb "se 

lef t l.'f' tcr ext r ac t i on ;J.t .:-..ny p:"rticul r c ..... ndition . 'rbo 

cxtl".tction 1;:'.5 considcced to be c O '!1~ll:te Ihen .,.~n'i;.'lnesc 

\lilS not detect ed i n t he aq ueous ~) h .J.se . 

3.lJ. A. Tests f or COn'Jplet:: ~~:tr "..ctio~ h!l_n3~nesc 

The nc:ueous p b ",-se let t c ter er.i:;r ction 'IlS re'luccd 
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t o ___ ~Jut 1- 2 ::1. 1 h:? ,,-v:.por ti"ln .... nd ? drops o ~ '.), 1 r1 

NH2 0ti . Ee l \'T'J.S "nO. eeL to i t tJ Yi uce 1111 m ' n ,1m:'C n )ccies 

t J ~1n( II) . f he 301u i:;j.on i'/:lS t r DS G·'c.; in-i; .... ". t ~ t tul) e 

.nd 2 drops e. \ch 0 '" i.ffi
3

! NH4Cl bu;f cr of pH 10 .nd 0 . ) ,; 

EB':r .1.1.5 r- dded to i t . ry~ he 8.p.>e't'.lnce of li ~ ht b lue color 

ind i c }!;t:u t~le absence of m:\ng-:.nes e i n the 0: lIeo us ph -ls e , 

'tlhC3rens t he upp\:! r .-.nce Of 'dine red c l) l or indic " t cd the 

presence of r:w.ng J.nese in tb e ' !,;ucous ph :l.s ~ . 

'The Vr " ,€ llCC ;)J ,.i ,ln g.J.'O_3t. in t he 0 >:- ; n1.o p h.' se , 

i . C. i n the e lored (;xtract , ,-',S t1 1~o t ested . The res idue 

l eft 2.f t or t be d i otil l l.tion of "111 ~ l e oho, f r , ;lI tho co l o­

red. [;x t r 0.ct ,1<.' 5 t:1ee omposed b )' hC('.tin ;<; \'lit !'! .:! o i xt ur c o r 

1 ml o f HE0
3

, H2G04 :lnd HCI04 i n the r J.tios Of 3 : 1 : 1 . The 

residu(; , ·~ s cool _d r.zl t1l,9S 01v (;d. i n 1 ml of 3 ~, Ht;Q4 · 

'i'h8 p .cesdnc of ·J .::.n .. :.,1'-'5C: i n t he <;;::;, lu t; ion ;-;9 can' L('rn t.:'d 

so l ution . 

3 4 9 D ' ' t' n 0f t '- e COl"lposition of the CO'1p l exes • •• C Grm~n2. 10 _ 

111he Me t:-tod o f Con i:; inuouS V.-.r i ~ t ions . ~ .... seric<J of solutiolls 

pr~p .: r~<1 f {lr e -:.ch SystCO:i i n i'ihich t'-.e ~o le "r ,ctions i'1 0.5 

to H '-,)8~ . I':er e v "'ri ed beti'/een 0 :-- nd 1 to j ive of r:l<":np,J.n2se l.I 

, of 8 . 0 x 10- 4 M. The pH 
2. const8nt tot .::. l con3 cntr ... t l on 

of th E:;: solution in the ;)c:'.ueous eth "l, no l systems 'o.s '1djus -

H f th ' .on .• ,ueous D, bnse in the 
t ed. to 8 ~ 0 . 2 c.nd the po '" " 

d
' S , r to 6 + 9 . 2 . Then proceed ed 

extrL',ct i on system ,,J.B c. J U 11'-" 

c~ des cribed i n sect i ons 3.4 . ' ., , .4.5, a nd 3. 4.6 , 



[,t,~poc"ively . ',i'be 1')so·b nc ,e plott"e ~ in1t the 

mole "r ctions I)f tho lig nd , nd ... t- n xi"uo 1)[' t t cu-

rve va the En 10 1 r .ccion 1f '-~t.: 11 nd in th.., co )1 :"t . 

"::xt r ct ion f'1cthod . A series of solutions PS prop~r 1n 

Ih ich tho c oncentrltion of 11n(VII ) (1 .6 x 10- M) [111'1 

tho p H(6 ~ 0 . 1 ) uere Kept canst nt Il nd conccntro.tion 0'­

HDPBA ,1.'5 V" i ed ovor 1. wide r Jngo (1 : 1 to 1 : 50 j M : L) . 

'l'hc: con )It;x w,~ s extr'.:..,c.ted by the proceduro describod 1n 

Gccticn 3 . 4 .. 6 , ,nd tl'c .. sorb'''.neo of t)O colorud xt.r ct 

.1 ~~ ''''tL'.3ur cd at 614 no l.(t .. j n~t ttl a r nt blank . 'he 

A (u .nt ity 1013: ___ _ ,I. 3 p lot ted 'g ioot tho log 'i rnp~) 
Amax- A 

'l'he lope of tho curve (~t've t 10 nurtbor 0" 1 i ""S in tho 

coqplox . 

3 . 4 . 10 Jtudy or the J~foct of ForciB" Tons 

rhl: E: "cct o r "oreisn i ons on th~ d\ltcI'l'Jin tion 

ot n nGJ.nese(VII) 'oy the C I'tr .etion 9y"tcl'!1 ''ins at udi d 

My '":0(: in l3" .'. lc,1o In Inount of c. porticul r ion t., " 1.IJUOO Ua 

!:lo lu ~ion cont"tinin:; 100 ucr of Mn( VII) . Then extr otion 

.nd d~te.c:J in jt ion of the 0 nganest.: lere ? -de :leco[' i,:,u' to 

th<.: proced ur~ deacribed in section 3 . 4 .6 . 

'fhe effect 01 iron(III) W.1.S ,.tud i n~ by d1 inr' known 

.t1ounts Of fl uoricl~ to 11 s~':: it . 

3 . 'L11. Oxi~, 'ticn of 11n(II) "i'" KIO" 

,. 5 01 li~uot If 0 . 01 M soluticn 0' n(II) A 8 
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t r rl.s:..;(,,0d into , 250 ::11 conic '1 .ro l lS;\: "",nd 10 ,1 0' 5 
, 

, , 

("I/V ) KI04 ".~S 'ldded to the so lut ioI'! • The solution ' ~, 3 • 

(\' iluted to 25 rn l l i th N ' t l)r ',:1(1 lH.:.~tod to bailin- . The 

pu.cple pcr"!'!1.D ~.:ln.)tc 3Jlution o;.)t "' inerl. I~S cooled ,nd dil­

ut ed t o 100 ml i/ith di till ed ... tcr . Suit ,bl€;: ~1.1i( uats 

of thi s so lution I -lS t '.ken for .;!, t c ction 'nn doterI!l i n-

o:t i 0n of Iln ( VII) . 

, . 4 . 'i 2 . Det ernino.tion of Nn( VI I) i n .3~nple by ~olvent 

Extraction 

An -l i q uot of the C ~".T1IJ J e nnl ution c:::lnt nin ing 

25 _ 250 ur; 0" T1n (VII) 1:1.8 tr ..... Ds i cred into a 50- ml bc~ker 

.lond 5 n l of 5 % ('vI/V) soc.1.i UC1 f l uoride W.:J.B .::.ddcd t o it . 

so lution ,J . .,!.S dilut ed to 10 0 1 ·md them proc.)cdcd .18 -:\esc -

ribed in scct i on 3 . 4 ~ 6 ~ 

3 . 4 . 13 . Deter rn in ' tion of Nn(VII) by !.AS 

Tbe.. man(~<:!.nc9c content of' the so.'TIple so l ution 

cont ni n i n3 5- 25 'j.Ig ,.,r- 1 c>i 11~:''1'n ) " as :1180 cr~'e't'mned by 

!Aa. ,It its e79~5 nm res once line with oir- ocetylene f l ame ststem ~ 

For c 'J..IP>ro.tion , 5 , 10 , 15 , 20 , :lnd 25 Up" ml-
1 

Mn (VII) 

':Jere used thr ough the procedure . 
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4 . rl.L.:JU.i..r~ .J:. D DlbCUbbIOt-- ---
Nn(II) - HJJPBA syste:n and 11nO;; - HDPBA(Nn(VII )- D?BA) 

syste;:} mentiobed throughout the r esul t and discussion 

r efers to the complex species form ed by the reaction of 
Iln( II) witr_ HDPBJ. and Mn<:- ;; with HDPBA, respe ctive ly . 

4 . 1. Reac~~o~ Conditions and bS9£p t ion bpectra 

~ln(IU-HDPBA Aque ous Lthan.s>l byst em. Nn(ll) was f ound 

to react with HDJ.?BA in aqueous ethanol medium to give 

a deep gr een complex in t he 1:;.11 range 6.5- 8 . 5 on exposure 

to atmosph~ric air for about 6 h . 

Uhen the reaction 'lIas conduct~d in the pre s ence of 

Nh
2
0li . HCl or ascorbic ac i d the I1n(II) - HDPBA aque ous e thanol 

system wa s found to give no color f or:na tion . \.Jhe reas in 

tho l're sence of ~ 'cii"8 or Hl-'2 the green rIn(ll) - HBPBJ, com­

p l ex \'ias obt ained rapidly. 

The se r e sults , i ~:: . , abs~nc<:: of complex f crmation in 

t he pr0SLDCv ) f r~duc ing agents and the rapid color doveop­
ment in the pr e sence of oxidizing agents , indica t e tha t 
the mangane se sp~cics involved in the complex f ormation 
is not Ho(ll) but some higher oxidation state manganese 

spcci~s r e sul t ing f~om a ir , n202 or K2S20S oxidat i on. 

It wa s a lso f ound that t1n(II) ~~ Nas not ~xtrlactable 
\,lith the HDPB1 ~ solution in organic so lvents such as amyl 

alcohol and I - hexanol. 

The absor p tion spectra of ~ln (ll) -HD?BA c omplex ha s 

b ocn recorded both in the presenc~ and absence of K2b20S 
in aqueous 0thanol medium. Th~ absorption spvctra wer e 
found to be similar under both conditions with wavel ength 

of absorption maxim~ invar i ably at 625 nm(Fig .1 ). How-
6ver there was a signif~cant d iffer~nce in the band inten­

sit i es . (l'he mol ar absorptivity \V'as f ound to be 4600 1 
mol- 1 cm- 1 in the pre sence of K2S20S whereas in th~ absence 

of K L 0 the absor bance i ncr cClse s with time . 
228 
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Thi.,;s",: 1'0 sults indicate tho. t th(; compl t;x spe ci~ B f ormed 

both in tht.! o.bs!".)n c u a nd prcs<Jnc l! of K"2S208 o. r 0 id\,,!ntico l 

involving manganc s0 sp~ ciu s with somu highur oxida t ion state 

othe r thun +2 in t he compl ex formation , ruld the ox i dation 

of Mn( II ) is not compl E:::t0 in tht: abs .... nco.:: of K20 20a (i . e . 

with o.ir ). 

1.'he results obtained o. lso indicattJ tha.t t he mangon .::: se 

species involvtid in thG compl~x form ation is most likuly 
t o b e [-inC III) a s evidenced by tho oxidat ion of Mn( II) t o 

Mn ( III) by K
2

b
2

0 B (70). bimilarly the form ntion of 

t1n( ac~c)3 by oxidation of basic so lution of Mo(II ) by 02 

or C1
2 

in the pre sence of ucotylacutone has bvun r 0ported 

(5) . 

Hn(VII ) - HDPBA 1..guc ous hthHnol o.nd Extra ction i:iY!3~· 

11n(VII) wa s found to r e:lct 'o'li th llDJ?Bb. in aque ouS 0 thanol 

med i um in tlH.: pH ro.nge 3 . 5- 9 . 5 to g ive :l de op g r eon complo:x 

im.r:J.ed i a.t<..: ly. Th t.l sp~ctrum. of th~ compl ex ha s b t:en r e corded 

::md showed ':l.D intonsd absorption b and a t 614 nm with mol ar 

absorpt i on coe ffici ent 5350 1 mol-
1 

cm-
1 

(Fig . 2) . 

bevcr nl wnt er ~~isciblc solvents such as n- but unol , 

I-hex~nol , amyl Qlcohol, chloroform, bonzene , tolucnu , 

d 1 1 t for -'xtr --ct' on . ~'h . 
Qfl x y enG Wdr c tried ~s so v~n s ~ ~ ~ 

green complex w:\ s fOWld to be not extractable into b0nz cno , 

tolu0n e , and xylen e . 1he com ~lex wa s f ound to be r eadily 

extractable into n- butonol, I _hexanol , amyl ~lcohol , and 

chloroform. 

'l 'be absorption spe ctrum of tho deep gr c(;..n cx t r :lct in 

each solvent ha s been r0corded and f ound to be simi l ar in 

~ ll the solvent with minor varia tion in intens ity of the 

~b sorption b~nd. Of the solvents, ~yl ~lcohol and I - hex­
nnol gav e a bett l:r s cnsitivify !'-lith a lmost identi c~1 absor ­

ption spcctr ~l , and hence the det a iled study h,:\ s bO<il n con-

ducted with amy l ulcohol~ 
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Thu mo.ximum of the .:J.bsorption b "-lnd wa.s f ound to 

coincid..:: with th9.t of Mn(VI I ) -HDPB1~ aqul.:ous t: th ~\llo l syst..,;m 

both in int unsity nnd position ( max = 614 nm ~ 5350 1 
mol - 1 cm- 1 ) (l!~ig . 2) . 'f h Gse r l.:sults indicat~ ' the f onm'l tion 

of idont i ca l c ompl ..... x sp ... cies i n th ..: two r-ln(VII) - HD Ba 

aqu .,,; ous ethanol ~nd Mn( Vl1) -HDl?B.~ oJx tru€tion) sys t t..:'l'Js wi 

which i s diff0r t:nt f r om the c Or:J.plex forlD lJd in the l'ln(11 ) ­

BDPBh sys t em . 

'rhe sp~ ctru.m fo r th~ r eagent bl~ (HlJPBJ'~ in 60 % 
( v i v ) ~ thu.no l or i n umyl nlcohol has b ... an r <J c ordcd and it 

wa s found th:lt t h<J r ..:'\gunt did not show significunt absor­

ption abOVe 450 Dill upto 700 nm (Fig . 1 & 2) . However ull 
absorbiUlcc men s uremunts hnv~ bu~n :n:..tdc ~gain Dt r~[\go".'! nt 

b:hank to <:msure maxi.--num :"ccur.:lcy . 

4 .. 2 . 1:.ffo c ts of .Lxp,Jrimcn t r.l V'1ri:lbllJs 

bf f c: c t of pH. 'rh0 op t imum pH r ungu f or thoJ m:lXL'!1 ~md 
const ant absor b o.ncl.l in tb", 11n( I I) - HDilBll aqu t.;ou s 0thnnol 

system ha s buon f ound to be 7. 5-8.5 (TobIe 1 >nJ Fig . 3) . 
Hbsor ban C0 of the complex wa S f ound t o d~ cr(,.a5t..: wi th dc c­

ro o.sin g o. nd i n cr u'l sing pH b ",hind thu optimum r angtl . The 

d c cr €:a s0 in absorbance a t l O\v0r pH vo lul.: s may b ...: duu t o 

the inc OJlpL:: t~ oxid a ticn of Mn(I1) to Nn(Il1) which r e­

t a rds t h t: f orma t i on of thl. comp l ex . 'l'b<J d<-crcasu in 

Dbsor bancc :It high 0r pH v:l l ucs could b<- due to th :.. f or!la ­

tiOD of th0 whit8 mango.n~ous hydrox id ~ prucipitatd wbich 

r u sult s i n an i n c cmpl l.:to compl ex form ation of th~ ma t a l .. 

rfhc op t imum pH r ange for th oJ ma.x i.c.UI:l col or dcv e lopovnt 

1.n t h e t1n( VIII-HDPBl~ aqueou s ..::thanol syst ... m wa s f ound t o be 
H H 

3.5- 9. 5 (Tab l o 2 & Fi g. 4). Below p , . 5 >nd abOVe p 9. 5 
t ho so lut ion b~ com c s brown and ~xhibitcd ~ diffe r ent absor ­

ption splJctr a , pr ob3b l y due to proton3tion of th~ liqand 

nnd s ome r edox r ... 3c t i on of Nn(VII) , r l: sp ... ctiv~ ly. 
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'J.'h·.) optimu:;:). pH runB~ of th(". aqueous phn.~G for t h t.' 

c O:lpl u t t..: :lXtra cticn cf l'm(VII) - HDPBl\ ':1 0.5 f uund t o b ..:! 3 . 5-

9.5(Tablc 2 & F i g . 4). :.t l owor pH va lues extra ction of 

{"lneVII) dIJcrt:D.st;s dut:: tu th .... inc<..m pl .J h : c O::lp l vx a tic...n 

b0 caus~ of protonation of the ligand . t higb~r pH 
v o.. lu(; s 0xtra ction of {1n(VII ) dc:crl.: :ls ";- s, pr ob:.1b ly due to 

the form ation of manganese dicxid~ or somw othwr oid~ 

r oactions . 

.eff e ct () f Amount of HD.2Bl. . h_ mini.'ilu,"'.3 o f 9- f o l d ool a r (:XCC S f. 

of th~ r l.!D.g<..nt, HDPBh , \W S f Lund t c b l.: n~cc ssary f or c om­

pl~tE: c ol o r d?velppm~nt in th(; Mn(II) - HDPBh :lqu \,..o us ..;o thun ol 

sys t um . i. l::lrg0 CX('; CSS of thu r voglJnt (upt o 100- fold mol a r 

~XC0SS) wa s f ound t o h ~vo no odv~r s0 ~ ff~ ct (Table 3) . 

F or c OlJpl c;te: c o l or d ~veloJm t.mt in tb .... Mn(VII ) - HDPBJ', 

aqu eou s 0 thanol systoo a nd f or thw c0mpl~tv cxtr c t tion c f 

the me t a l fr om tho a qu l,;ous phas ..:! in th l: Nn(VI I) - HDPBI, 

cxtra c ation ~yst(J:;t a mini:nUll of 8- f old "Jl, l :lr C: XC IJSS vi 

tho..) r e'lg0nt 'tl 3 5 f cund to bo nucL.ssnry - .1. larg~ cxc~ss up­

to 1 00- f o ld J:lo l a r ..;xccss of th -.: lig::.nd bas bVL.D f ound to 

hav..: no :1dV0rSO c ff .:ct on the: co lur d cvc l oprlwnt and extr­

a cticn J ffici oncy c f thu two SYSt Jffi S , r~ sp0 ctivv ly (Tab l e 

4) • 

Th ough the r C"lgont bh~nk d o n o t Qxhibit ltd s i gn ificant 

a bsorpti cn a t tho w ~ve lunghh s c f m~iouo nbsor pation a ll 

a'.zlsor buDco iD IJ USUrCt:lCDts h i::.V -.l bIJIJD .nad 0 J.gninst thlJ r w­

:lgcnt bla nk to ensure J!l axL:J. u.'u accura cy . 

., 
" . ~) ' .:> 1: .... :- .~. 

. • ..• - "I:.~.:': ' 
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400 450 550 600 650 

Fig. 1 Ab s orption spect r a of (A) 1 . 6 x 10~ Ym(II) - HDPBA 

c ompl ex i n presence of K2S20a (3 ) 1. 6 x 10-4 11 

Mn (II )- HDFBA COMpl ex without K2S209 (e) 2 x 10- 3 M 

!I DPBA, a ll in 6Cf!i, (v Iv ) ethanol. 

700 
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OL-~--~====~==~============~ 
400 550 600 650 700 

Fig.2 Absorpt i on spectra of ( A) 1.6 x 10-"11 !'.n(VIl ) - Hill in 

60% (v I v ) ethanol (B) 1 . 6 x 10-"1-, f"J1(V:I) - HDPBA e:!<traction 

(e) 1 . 6 x 10ry Mn(VIl) - HDFil A extrac ti on in pre.ence of 

K~O (D) 2 10- .... ' "DF"A ~ . ,. 4 x '1., ~ e' , rac·"On . 
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T3bl o;; 1. t.ffc ct pf pH Gn f'in ( II) - HDi' B .. <.'!.qUtH. US ... thtillc l sy ste.J 

,l}ln(lI 21= 1 .6 X 10- 4;.1, [ ilD<,rl.J = 2 . 8 X 10- 3r1 

l~bsorbanc c ·tt 
625 ,".,(t = 6 h) 

---------~~~ 
6.0 0.083 
6.5 0 . 255 
7 . 0 0.454 
7 . 5 0 . 544 
8 . 0 0 . 548 
8 . 5 0 . 550 
9 . 0 0.510 
9 . 5 0 .424 

10 . 0 0 . 264 

Bubl u 2 . Eff oct of pH on tln( VIl) - HDPBJ. :.lquoous e thanol 

und cxtr~ct icn systv~s 

LMn (VIl )j = 1 .6 X 10- 4 M, tRDPB.", = 2 .8 lI. 10- 3r1 

_.b sorb:.ulcc a t 625 run 
------

pI! tln( 'fIl) - HDPB" l'm(VIl ) - llDPB,. 
o.qu...:ous i..tho.nol ...: xtr~ct ion syst om 

SystcCl 

2 0.428 0.759 

3 0 .631 0 . 792 

3 . 5 0 .814 0 .819 

4 0 .811 0 .825 

5 0 .821 0 .821 

6 0 . 828 0 .828 

7 0 .814 0.829 

8 0 .815 0 .828 

e · 5 0 .814 0.824 

9 0 .816 9.821 

9 . 5 0 .812 0.820 

10 0.754 0 . 782 

11 0 , 733 0 . 769 
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7 !l 10 

pH ef f ect on tln(II)- HDl'BJ. 

aqueeus et hanol syst ea 

pH e!feet on (A) ","(' U ) _KIlPBA 

a que oUS oIhanol and (BJ Mn( 'fn )-!IlII'B.I. 
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Effect of Ti~e ~ Under opt imum experimental condition , it 
has been found that the l'1n(II)-HDPBA aqueous ethanol system 
r equires at l east 6 h exposure to atmospheric air for max­
inurn color development and the absorbance pract ical ly re­
mains consta nt upto 24 h (Tabl e 5) . 

The time required f or maximum color development was 
found to be r educed by adding K2S208 to accel erate exid -
at ion of l'1n(II) to 11n(III) . In the presence of K2S208 
maximum color development was achieved in 30 minutes and 
the ab sorbance of the col ored system remained oonstant 

for 24 h. 

Table 3. Effect of fHDPB41 on Mn(II) - HDPBA aqueous ethanol 
system fBn(II)] • 1 . 6 x 10~ , pH = 8 

fHllPB~ x 10'11 Lf1n(I II)] : f\! DPBtJ' 
Absorbance 
at 625 nm --

1.6 1 :1 0 . 093 

3. 2 1 :2 0 . 104 

4. 8 1 : 3 0 . 157 

6 . 4 1 :4 0 . 276 

8 . 0 1: 5 0 . 351 

9 . 6 1 :6 0 . 496 

11 . 2 1,7 0. 549 

12.8 1 , 8 0 . 558 

14. 4 1 , 9 0 . 564 

16 . 0 1 :10 0 . 565 

32 . 0 1: 20 0 . 567 

80 . 0 1 : 50 0 . 565 

160.0 1. 100 0 . 562 
---

The optimum mol ar ratio range of Mn: K~208 f or the 

rapid color deve lopment was found to be 1 :4 - 1 : 15· At 
t npl ete where as at lower mol ar ratios oxidation was no co 

hi gher mol ar ratios precipitation occurs . 
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l'lax!::-'''' color development in the tln(VII )- HDPB A aque­
ous ethanol syst em Has aChieved instantaneoualy urder opt~ 

i mum conditions and the MneVII) - HIlP!M compl ex was c ompl etel y 
extracted i nto amyl alcohol within 2 miDutes ~ The absor­
bance values of the col ored comnl ex in aqueous ethanol 
medium and t he col ored extract rema i ned constant f or 4 days 
at r oom temperature and then started decl ining gradually 
due to the decompos i tion of the complex6G (Tabl e 6 ) . 

Tab l e 4 . Effect of HDPBA on 1'1n( VlI) - HDPBA aqueous ethanol 

and extraction systems 
~n(VII 17 " 1. S x 10- 4 1'1 , pH " 8 

LBDPBi!7 x 104n L!-in(VlI)J : LBDPB.;.1 

Absorbance at 614 nm 
Aqueous ethanol Extr-

syst em act ion 
sy stem 

--,- --_._ - ----- -----_ .. _--
1.6 1 :1 0 . 124 0 . 110 

3.2 1 :2 0 .166 0.1 73 

4. 8 1:3 0. 2988 0 . 268 

6 . 4 1 :4 0 . 499 0 . 411 

8 . 0 1 : 5 0 . 586 0 . 565 

9 . 6 1 :6 0 . 764 0 . 767 

11 . 2 1 : 7 0 . 802 0 . 798 

12 . 8 1 :8 0 . 827 0 . 828 

16. 0 1 ,10 0 . 821 0 . 825 

32. 0 1, 20 0 . 831 0 . 824 

80. 0 1 , 50 0 . 824 0 . 831 

160. 0 1, 100 0 . 832 0 . 835 
-' -- - ---- - -_._--,--- _._- -------- -_. - ' - -
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V01 u.:l t; R ~\ti () 1 ~i::!~, p\.!r :-. ~url.. ~~n j I t-nic :....t rdn~th . l! I r t h\. 

c .;op l ld t t) dissc luti(..o uf tht.l Cv;J plux :md t c,.. h rJ.vu t clC! :lI' 

s oluticn in th, Mn(II) - l!uPJl" ~nd ,n(VII) - HD? n., nqu" , s 

oth a.ot.l syste!!ls :l t:l ini..."lULI t. f 6(1,16 (v/v) !:: tha n t l 'fl an f uund 

tc bt: n(,; c l.::..so.ry. :a ...: low 60% e,.,f c t h!l.Il ol th tl so l ti (..o bto ­
e C2CS turbid, whrlr~o. s abcvu 60% , upt v 90% , t f ~ th~ol 

in t h e s o l ution has no adv ...: r se offe ct on th~ ab sorb:lDc~ 

of the c c.,pl cXds (T~b l~ 7). 

In th~ Hn ( VII) - HDPB ..... I..x tr Cl. ctiLin syst ul:'I it h il S b..Juh 

f c und tha t t h.:.: v ulUI!1.e ~f thr: t\qu0CUS phase C'""ln b ,J v Cl. rilld 

f r (.r:l 10 t o 50 ::11 with r t:spc ct t v a fix...:d volu,1': , 10 01 , ' J' 

of t h l"! org~ic phasd (i . o . V : V "'" CIlD bu v.J.I'iud fr <AII dq ()r~ 

1 : 1 t c 5 : 1) without any variution in ba D.bsorb~~nce 

Toble 5. Lff~ ct vf t~~ cn th.:.: co l er dCVcllOp~ e n t 3nd 

stab ility cf t he c C'-:I pl ox io tho ~ln(II ) -HD Bh 

a.quu0US e than ol system in t oe pr~sunc~ ond 

ab s~nc~ Lf K2~208 
L!'ln(II)] = 1 . 6 X 10- 4N, /liDPB,J - 2X10- 3r1 

fK i;20r! = 2 X 10- 311 , pH • 8 

J~bsorbanc0 ..... b s or b.:mcc 
Time , h , , t 625 r>~a ut 625 rwb 

* 
0 . 382 0 . 730 

1 0 .463 0 . 734 

2 0 .487 0 . 739 

3 0 . 546 0 . 735 

4 0 . 554 0 . 735 

5 
0 . 580 0 .733 

6 0 . 585 0 . 736 

8 0 . 587 0 . 732 

24 0 . 592 0 · 729 

3 ::; \Jith uut K2b208 • 
b • Ilith K25 20 8 · 
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.t:.':f"ct "f t i:JL. .n the stabili t y "f the Ct -nplex 
in th e I-1n(VII) - HDPB" u q U QC US e tho..n e; l · .. nd I.!x tr~ c­

tie n Syst OCl S L1'ln( VII )] • 1 . 6 X 10- 4 M, (II OJ'lliJ -

2 A 10- 3 N 

... bsorbanct a t 614 n;:l 

Ti:Je I-in ( VII ) - HDPllJ. Mn( VII ) -HDPB~ 
h aqu!;:< us ethan c... l systui:l cxtr t.l cti <...n eys t l:!il 

--- - --
0 0 . 818 0 . 821 

1> O,815 0 ,824 

2 0 .824 0 . 8~2 

4 0.826 0 .819 

6 0 .820 0 .819 

12 0.817 0 .822 

24 0 .813 0 . 820 

48 0 .814 0 . 819 

72 0 .819 0 .815 

96 0 .804 0 .802 

120 0 . 790 0 . 785 
- '-- " - -

.B r~~ ct c f the Ui:J.l"unt c. f IJ thclnl. l in tho sulution ! 

( .1 Mn( II) - tlDJ'BH and lin( VII) - HJ ' lln qquocus e tha n e l 

systems [Mn(II)] cr Ll-in(VIlll - 1 . 6 II 10-
4

11 , 

fl!DPB •• l - 2.8 A 10-3r't 

Eth:mol h n(II)-IWPB .. sys t e.l Mn(VII) - HD"'B •• 

% (v/v) hbsor bonce a£ 625 nw systcw t:.bsorb cc 
a t 614 = 

40 • 
• .. 

50 
60 0 . 578 0 .831 

80 0.575 0 .832 

90 0 . 576 0 .830 

• Turb id s cl uti vn. 
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(..1' <;:x t1'actiL n ..: ffici .... n cy (T;',b l0 8 . } . .. t highlJr v olu.JU r~ tio 5 

there ~'i D. 5 gr adu :1 l de Cr~ Cl.S0 in th<.. dogr .;e o f dxtra c t i on t.- f 

th cl cu~p10X. Hence r cpv titivG IJxtr~ct i~~s wur~ f vund t o 

bL: n c: c cEsar y f (..r th~ c ('!:J.p l<..tv cxtr:J.ct ic..n c,f ~ln(VII ) fr on 

l ::rg ... r VC. lU!:h:-; S c f thcl o.qu~ QUS ph :'J.sc . 

No s i gn ificant change s i n the ab s orbanc\.. vulu~ s :-md 

th~ r eaction t i:::1c of the f'ln(II )- Hllr'Bh systo:'!iJ wa s ob sl!rvcd 

when thu r~acti( n wa s carribd out a t high~r t U;lp..: rature 

up t o 60°C. 'V aria t ion in te!!l.pc r a tUl'e b.; twoen 20 and 40°C 

did n CJ t produc e 3I1y oeasur:1ble chang.;) i n th (:! ::..tbs crbuncc 

(j f the Nn(VII) - HD.1.' BJ. aquE:eJus eth anol col or e;d 5yst~m or 

on the e xtrc.ctic.. n e ffic~ency of t he I"ID(VII) - HDPJ,L c vl or ed 

system (Table 9;.: 

Th ~ wnv~ lungth ~f the ab s0r pt i on ~axi~wn and the 

abscrbunc b of tho Mn(VII) - HDPBh ~xtrnct icn systen d i d not 

change ''ihun thL: i caie s trength ll f the aquecus ph :'J.se wa s 

vnrL:d betw l::~n 0 t c 2 rt with r eslJoJ ct t v KN0 3 ( Table 10 ) . 

The .... ptirilu:J. c ;:,nditions f er the ceoplux f or::lO.tion in 

th~ I1n( II ) - HDPB,. and ~in( VII ) - IIDl'Bn uqueous e thanol system 

and f t.- I" the c o~ple td extractiLll of Mn(VII) into acyl alc­

ohul wi til n.!JpBH ar~ su.m ariz ed i n T~blc 11 . 

Tab l ~ 8 . l!.ff..:ct elf aqu eou s t o organic pha s e vol ume r a tio 

on the t1n( VII) - IIDPB:. GxtroctiOD 
1I'1D(VII)] • 1,16 X 10- 4 ~i , /i!DPB;J " 2 X 10- ~l , 
Vo1UIJC of aque cus phase = 10 01 

Vo ltnc of Vaq/V ur c; 
t~bsorbancc 

a queous ph~ st: ot 61 4 D!U 

(m l ) 

10 1:1 0 . 826 

25 
2 .5 : 1 0 . 820 

90 5 : 1 0.817 

100 
10 : 1 0 . 765 
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4 .3 . Tdst f l.;. r C0 lple t e J:..xtr"1ct i en t.f h a ngLaluse 

Tc c onf ir::l the c O"!l. pl..:-tcne s s c.. f ~xtracti t. n uf :l :lDg l.D ~ S ... 

spec i e s int t. the or ganic ph .~ s u unia r optim c c. n'i itic DS 

t e sts havo b een p~ rfo~eu f ur the presclDed cr ~b8encc of 

~<J.ng~ne sd in the aqu~ ous Ilh :ls e l e f t 3. ft~r <.! xtr 1cticD .'lnd i 

i n the or ganic ph a s e c onta. ining the c ()l (Jr~d cxtr ::J.ct by thu p 

prcc oiur~ lescrib ~1 in s ectiLD 3.4 . 8 . 

Under opti..:I1Jr.l. c cnditi ':'DS the pr esence c f aang l+D0s(: 

c ("'uld n e t b e de t ected in th oJ nqu0c us pha s e l ef t aft~r t:!xtr­

a cticn , i . e ., the extr3.c t i on of ,:l 'U1g oncsd fr t :!! th!: o.quc cus 

ph a s e i n t 0 the 0r gan ic ph~sc WaS f cund t J be c~opl~ tc . 

This ~i .... S furth.;r c cnfiriJdl by thE; proscnc~ of Jlo.ngaDusu 

in th~ cL l ur ed extr3.ct . Tbe prdsencd of iluoganos6 wa s 

de t ect L:d in the aqueou s pht:sc l e ft c.ft~r ~xtr3.cticn when 

I t.:! ss tha.D 89f("11 nc1ar ~xccss of th..: re3.g~n t W;,l S used f l,; r t:xt r a 

(:xtra cti(';D , i'lhen tho pH of th,; 3.qu~ vus ph ase "./ :1 5 b \.. 1 cw 

3 c r when the v ol uu0 vf th~ uquuous ph~s~ wa s l a r Ger thdn 50 

50 0 1. 

4.4 0c1Il pusiti( n of t h E:: C ompl~xes 

'..L'hi::: CO\!}pc)sition ')1' t!l~ c C:'1.pl ux e s in the hn(II )- HDJ?HH 

a nd M.n(VII ) -HD1)BJ~ J.quecus ethane l syst eDs wa s dvter :Jin .... d 

by th~ ~eth(.;d c f continucus v~i3ticns ! and th~ t vf Mn(VII ) ­

HDP.o;. c ClD.plex ~xtracted 
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b.ff. .. ct .... f tC.Jp ... r o. tw't. cn c C'j pl~x f c. r.J" ti c..n in 
Nn( Il ) - HDPBL. :md tln(VIl) - IID "B .. U h 1 r a ~q ... ... S ~ t ane 
systa~s ~nd on the jegre~ of 
1'ln(VIl) - lllJ!-;L system 

c..xtractivo c.. f 

L!'In(II)) ortf1n(VIl)) • 1 . 6 'j. 10- 4 1 
2 , 8 X 10- 3 l'1 ' 

(nDi'B.J. 

!lbsorbancc 
c. t 625 = J.bsorbance t 61 4 n::l 

Ter:lpo;:;ruture 
On Mn( II ) - HDl!Bh 

aqueuus othant,l 
syst orJ 

rln( VII ) - HDi'Bi. 
o.qUULUS tl thancl 

systea 

Mn(VIl) - IIDPB •• 
t... xtro.ction 

syste:"'! 
" 

20 
40 
60 

0.629 

0 .632 
0 .630 

0 . 824 
0 .826 

0 . 831 
0 .828 

T:lblc 10 . Eff~ ct of i c.. nic strengt h c.. f th ;) oQuo cus phase 

LIn thl.l Hn(YII) - HDi'rl ... o.:!xtro.ctic n syst<.;;':). 

;'fln (VII)) • 8 X 10- 5 M, flllll'B.J • 2 X 10- 3r-t 

LNN°i Hbscr bo.ncu :I t 614 run 

0 , 0 0 .429 

0 . 1 0.436 

0 . 5 0 .433 

1 . 0 0 . 425 

2.0 0 . 429 

in t o a:nyl ::t lcoho l W;l S determined by tho c c.ntir:u ... us vario.­

ti ons anl cxtroctivn :tuthc.ds . 

fhe r:lax i:nn abs or banc lJ in th~ c cntinuLu5 v :lri3.ticns 

..1.; thcj li a s cbservcd :It the e e l ,:) f ract i cn c. f 0 . 75 c f tb& 

ligand in th~ 11n(II) - liDPB.. aque c.us ~th'lD :. l systeo . "'baro ­

a s the GlIlXi.o.u.J o.bs()r bunce W.S f c. und. u. t tho ;:J,v l t:l fraction 

o f 0 . 80 of tho ligond in bC'th the 
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Table 11 . Optimum conditions for complex for~~t ion 

extraction of manganos e with HDPBA 

and/or 

-------------------------Mn(II) - HDPBt. Mn(VII) - HDPBt Mn(VII)-

Pe.r ameter aqueous a queous HDPBA 
ethanol e thanol extraction 

___________ ____ ~st~ ________ ~~s~t~em~ _____ 5syst~_~m ______ _ 

pH 7. 5- 8. 5 3. 5- 9. 5 3. 5-9. 5 
Amount of 9- fold mol ar B-fol d mol a r HDPBA B-fol d mol ar 

excess excess excess 

llmount of 
K2S20S 

1 :4-1 :15 

Reac t ion 
extraction 
t i me 
Stability of 
the compl ex 
Sol vent 
ratio 

Reaction/ 
extraction 
temper ature 

Ion ic streng;" ~ 
tli of' aque ous 
phase 

• 
30 min 

24 h 

60- 90% 
(V / v )ethanol 

2O_40°C 

inuaediate 

96h 
60- 90% 

(V/v) ethanol 

2()-4()°C 

2 min 

96h 
1 :1- 5 : 1 
(Vaq :Vorg) 

20-4Q°C 

0- 2 M 
KN0

3 
--~.-~------.--. ---- .--. '-' - - -_ .. - --- --- ---

• 6 h in t he abs ence of K2S208 
Mn(VII) - HDPBA aqueous ethanol and extract i on systems . 

These results indicated that the ratio of fm to HDPBA 
is 1 : 3 in the Mn( II) - HDPBA aqueous et hanol systen and the 

r at io of I'In to HDPBA is 1 : 4 in both the I1n(VII) - HDPB 
aqueous ethanol and extraction syst ems . The result s are 

gi v en in Tabl e 12 and 13 and the curves ar e shown on 

Figures 5 to 7 . 
To determine the r at io of tin 0 HD l by the extra­

ction method , the quant i t y l og A was pl otted against 

the ~bs'orbante for n Tpa;t·oicui ar ~Slfc~ntra't 'ion of HDPBA ~d 
Anax 1.'(, t 'h1l ~bso~b~ni,!> i.-n 1:'he prese';ce ;r 'co';;t.-;rt and " '-
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exc c::s of :l DPBA, The curve gave a slope of 3 . 9 !/hich 

indicated that the r atio of the lIn to HD~ ' 'th 1 ro.!>. In e camp ex 

is 1 : 4 ~ The resul t s are given in TobIe 14 a d the curve is 
shown i n Fig~ 8n 

Thus the cooposition of the complexes has been found 
to be 1: 3 ( r1n : I!DPBA) in the l'1n(II)-HDPBL aqueous ethanol 

system and 1:4 (l'1n : I!DPBil) in both the Mn(VII) - HDPB aqueous 

ethanol and extraction systems . 

The resul ts obtained from the three syst ems indicate 
that the r eaction products of the 11n(VII) - HDPB/, aqueous 

ethanol and extraction cyst em are exact ly identical and 
are different fr on the reaction pr oduc'. of the Mn(II) - HDPBA 

a queous ethanol system as reve~lcd from their differences 
in the spcc.tral propert i e s and compositions . However the 

oxidation state of manganese species in the compl ex formed 
. i n the I"ln(VII) - HDPBl->- oqueouB et hanol flnd extro.ction systeoB 

has not been establ ished.-

The lJ;_ ~~(.,oetric ~!,aracterist ics: The mol ar absor p­
tivities , photomt ric sensitivities , the limits of deteroin­
at i on, the concentration r anges ooeyed by Beer ' s l aw, and 
the optimum concentr ation ranges for the phot ometriC deter ­
mination obtaineo. from Ringbor:l ' s plot have been evaluted 
for the three methods i nvolving Mn(II) - HDPBA 3queous ethanol 

system in pr esence of K
2

S
2

0
S 

and l'In(VII ) - HDPBA aqueous eth­

anol and extraction systems ~ The data are suncarized i n 
Tabl e 15. The d~ta for the calibration curves are given 
in Tabl e 16 and the curves ar e shown in f igures 9 and~10. 

"10 . The resul t s obtained show that the sensit ivity of t he 

met hod based on Mn(VII) - HDPB 

of the l'1n(II) - HDPBA syst em. 

systems ar e better than thnt 
In gener al the proposed methods 

have good sensitivities and can be applied 
~t ion of trace amounts of mang~ese~ 

for the determin-
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The pr...:cision vf tll~ 'It,;t oJ 6 W.S I...vnlu:lf... by pdr­

f vr'IJing six i ndcpt::nJoJnt lln 'l lys~s !!]::d1.O cn s '\.'::lp l,-,s v ch 

c onta ining 110 Ile of tm(II) C~' Mn(Vll) per 25 ::11 in v\cb 

of th0 thr 0e sy5tL~ S. Thu rusults inlicJtl... th'lt hI... pro­

cisien vf thl: hn(II)-liDP.tlH ,1dthoJ is 5orJ.lJwh~t p O(..l', whL.r..: 

as , the fin ( VII) -HD.P.8.<~ :.w thods aru pro;;:ciscl an:! g iv l.! r IJ pro­

J.uc ibl .a r esults. The r osults :J.rC su'):,u.:ri 3!d in T~bl<.: 17 · 

Tubla 12. R~sul ts t.f c C'ntinous v().!'iati cns meth".! f or 

Mn( II )- HDPB .. aquoous oth,,",ol systc 

C
T 

= Ll'in( II)] , Ll! DPB,J = 8 .0 X 10- 4r1 , pH - 8 

Hole fraction f10lc frac t icn : .. bsorbo.ncv 
of tm(II) () f HDPBh 625 Illl 

0 . 0 1 . 00 0 . 003 

0 . 1 0 . 90 0 . 199 

0 . 2 0 . 80 0 . 379 

0 . 25 0 . 75 0 · 503 

0 . 30 0 · 70 0 . 476 

0 . 33 0 . 67 0 .458 

0.40 0 . 60 0 .418 

0 . 50 0 . 50 0 . 358 

0 . 60 0 .40 0 . 285 

0 .70 0 . 30 0 . 222 

0 . 80 0 . 20 0 . 112 

0 . 90 0 . 10 0.069 

1 . 00 0 . 0 0 . 002 

a t 

f Table 15 the Mn(VII ) - HDi'B. , systU::lS 
hS can boJ seen r un 

hav oJ bet t er s ensl tivi ty as c owp.:l ir o;;:d tt. the Mo( I I ) - HDPBI: 

t Of tb t WO tln (VII )- HDPD,. systen s furtber stu11es 
sys e:Js . C . 

'i t l'tb tn(VII) -rlDPB~ extr , etlon SYEten 
h'1v o.) b een C3rrl U' ou W . . 

d t h f t tlla t 'xtr<lct i <..o o[[(;rs bl:ttor so l ..::ctl.v a: ty 
Uv \J t ~ nc \,: 

cv.;r the one .. phtl s c hom og~ncouS r d'1cti ("D systca s . 
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TClbJe 17, . q" C!u lts f . ./ v~ G cnnilnuc.us v :!ri .:ltivDS .J(. t he.:! f~r 

r-I n(VII) -HiJP.d~ . nquoJous cth'Ulvl fDi \Jxtr~(,;ti(.n 

syst e:J 

I'1 ul e f r ac tion 
of tln(VII ) 

0 .0 
0. 1 
0 . 2 
0 . 25 
0.30 
0. 33 
0.40 
0.50 
0 . 60 
0.70 
O.SO 

0.90 
1 . 0 

Nol u 
f racticn 

cf HD?B" 

1 . 0 
0 . 9 
0.8 
0 . 75 
0 . 70 
0 .67 
0 .60 
0 . 50 
OA O 

0 . 30 
0 . 20 
0 .10 
0 . 0 

1 ~b50rb~nc l.l at 61<> ll::l 

aqueous vxtrqction 
..;othanol sy s t uo 
systCiJ 

0 . 004 0 . 026 
0 . 409 0 . 405 

0 . 592 0 . 525 
0 . 525 0 .4 2 

0 .430 0 . 404 

0 · 380 0 . 364 

0 . 300 0 . 321 

0 . 207 0 . 224 

0 . 145 0 .167 
0 .102 0 . 121 

0.065 0 . 084 

0 . 020 0 . 052 

0 .001 0 . 002 

~' nble 1 L~ . Resul ts of extr !J. cti on Ou t h r)J f or thd .h:tor .lin:l­
tion cf Mn t c !iJlPB,. r atio in t he I1 n( VII ) - HD?B" 

co.l pl c.:x 
. 7 - 4 . H 6 L!'ln ( VII)J = 1 .6 X 10 fl , P = 

LliDrB!.J X 104t] l cgfliDPBIJ 
.~bsorbanc~ .. 10 Jl 

:It 614 D l .n. -H SH.:19.X -~~ 
"'''''' 

- ' -
.. 3 49 0 . 105 

0 . 145 - 0 . 
3 . 2 0 . 549 - 0 . 26 
4.8 - 3 .32 0.292 

- 3 . 19 0 . 534 
1 .819 0 . 26 

6 .4 
, ' 9 o 675 

4 A67 0 .65 
8 . 0 - /-" 8 . 511 0 . 93 
9 .6 - 3 . 02 0 . 7~,) 

- 3. 95 0.774 
14 .791 1 . 17 

11 . 2 
0 . 790 

21 .878 1 . 40 

12 .8 -3 .89 
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~iOLF. rs,\C'l'IC;! OF IiDJ BA 

7ig . 5 Curve for the ri eterJ:lina tio!' of 11n(II) 

ilDlll;\ 'l'atio ir. t he Mn(Il) - HDlilA cOllpl 

the ccntinuous variatioDs me: hod . 
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110LE FR?C'rrO!l 07 HDFIlA 

Fl g . 6 Curve for t he deter Mination of Mn('111 

:!DFllA ratio in be ' In(V-I)- HIJPB A compl( 

the cont inuous variotionn ir.c t'lod in nq\ 
e t hanol systet:t. 

1.0 0 . 9 o. . • 

MOJ.:E FRA~IO~ OF ~DI1lA 

Fig.? Curv P for the de t ermination 0 Mn 
P.DFBh ratio ~n tOle r.n(~I) -HDFB '" C Ol!! 

continuous ,raria t ione Ul et:'lod in extr 
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1 

0. 6 

/ 
0. 2 

• 

. .. Log [ HDFBA] 

Fig* 8 Curve f or the det e~mination of the Mn 
to HDFB A r at io in I1n (V!i) - Hm-llA comple 

by t he extraction method. 



- 70-

:ll1('· r f1l1e trj C chJr~\ctl;.r iGtics <..[ tt!.. 

cC:lpl ~xt.!f' 

n- HDt'.o .. 

- .. -.-.-.-~::-;-:::~----­

~.n( II )- liD!' B .. Mo( VII ) - dDJ'Il .• Mn(VIl) -
Ch:J.ro. ct~r:Lct;ic '5 

r,\ raD.X. n-a 

1 
. - 1 - 1 

, :J.cl Cr!l 

.s.::mdc l~ s un s i t ivi ty 1 

)'g C.'-
Li l7t i t of dcter ::l inCl­
tieD p ') .a 1- 1 

~ 

Concentration range 
fron Beer ' 5 l a ..... 1 

I'g ",1 .. 1 

Gptim~~ (cnc~n trat ic~ 
r :mgc frc;:) Ringbo:n I 5 

pl ot • rg n l - 1 

o.qU6c..US -
eth'm c l 

sys tac 

625 
4600 
0 . 012 

0 . 02 

1 . 1- 13.2 

2- 10 

aqU<.. GUS HD Bh 
(.. thancl t!xtract i cn 

E>ystcn syste;l 

614 61 

5350 5350 
0 . 010 0 .010 

0 . 02 0 . 03 

0 . 5-1 1 0 . 5-11 

1 . 4- 8 .8 1 .4- 8 .8 

- - _._----_._ -----------
I.i'~b le 16. Calibro.ti cn curv~ data f or th~ d~tc~innticn t f 

",o'!S""use by ~ln( II ) -HD,.lh a quoous oth:mol :ml 

h n( VI I) - HDJJoJ ... aqu..:vus \3 t huno l anl ~xtr :lcti on 

S YS t 8Ul S . 

rln( II ) - HDPll" f1 n ( VII ) - HDPB,. ~In( VII) -
oqucous uthanol HDPIl,. 

Ccn<:entr o.tion 
aqu~ouS eth:.m ol 

~y st C!.1 sy 5 tum extraction 
cf m3.ngan~sc Systl,,;c 

).lg/ 2-, ,,1 
:;bs crbance J.bsLrbance hbsorbJ:lD,co 

~t 625 no a t 614 n:l a t 614 0.. 

13 . 74 
0 . 052 0 . 053 

27.47 0.089 0 . 104 0 . 107 

54.94 0. 178 0.213 0 . 214 

109.88 0.361 0 . 424 0 .427 

16" . 82 0 . 533 0 .637 0 .642 

219 . 76 0 . 714 0 .847 0 .856 

2';4 . 70 0 . 902 1.065 1 . 070 

329 .64 1 .051 
---~ -.--
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Concentrati on of Mn(ll) or Mn(Vl ) , ?SI25ml 

Fig . 9 Cal i 6rat i on cu-~e for t he determinat i on ot 
manganose (A) 11n(VII) - HDPB A . raction (B) Mn(Vl 

HDPB A aque.ouB ethanol and (C) Mn(II ) - HDPH A aque, 

etHknol systems . 
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0 

·7~ 

l 
./ 50 

./' 
• 

100 L-____________ -+--------------~ 
-5 --4 - 3 

Log [ tln(II)] (Lo Mn~IIj) 
. .. 

Fig.10 Ring; om l s plot for the de ~ e i nat i on 

of ( A) tln(VlI) and ( 8 ) IIn(H) 
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.i:..Tllu:.ltion (; f pr~c i s icn <.,f thu :Iv 

,jIn(IIl.lor fi~n(VIl)] = 8 X 10- 5 ~I 
LHDl'B.V = 2 X 10- 3 N . pH = 8 

--_ . -

bci s 

'fa tal nc h !;.o.n bt ·m.1~· 

Nc thcd of SD.!nplcs absorbo.n c,) d clv i a tion 

Iln( II) HDPhh 6 0 . 269 0 .01 
aque ou s tJ thanol 

Nn( VII ) - HDPBJ, 6 a que ous ethanol 0."2" 0 . 006 

l'ln ( VII ) - HDPBj, 6 ..:;x tracticn 
0 ."15 0 . 001' 

" .6 . :r..ffect of Fcre!K.n-±'~ 

"." 
1 . 6 

0 . 9 

To evalU'lt~ thl.l st)lcctivity of the newly :iuvul opod 

extructicn ~cthod , th~ uff~cts of sL:v cr ~l f~re ign i~nG vo 

the deter::lination of iJangunf.:sa ( VII) with HDPrlh b'lv e buon 

stu~ i~d . In the dctcr3 inuti~n uf 4 pp~ ofln(VII ) in the 

pH range 7.-8 ~ the ion t hat cause an er r or l~ ss th:m 2% arc 

giv en in (l'able 18 . 'l'hosc results c1(. [(.r1y in ico. t u hlt :Jost 

of the C QU"'J ~I:. ";' 00::> nssc ci'l ted with iJong :m.J su in or \J 5 , a lloys , 

und. biol ogi ·, .:11 SD.!:lplcs rio nc t intcrfc:r~ in th e l cl t<.:rcina tion 

c f ;nangan~ su by tb o Mn( VII ) -·HQPBh vxtraction- sp,-ctropht t o:ne­
tric G1ethod cxcopt V(V) and Co(H). whicb c c,uld still b o 

to l~rateu upto equal ac uunt s . ~he inturfer0nc~ cf F~(IIl) 
uptc 15-fQ) (~. QXCcss with rcspl:ct t o :l. angan~ si,.. W'lS UVi,.. rcu::1a 

by ~asking i t with fluoride. 

".7. !!ppli.",o.ti~ 
To investigat e t he analytical ~pplicab ili ty of tho 

nowly deve l op~j ~xtract ion_ spectrophot~~tric ::1o thcd f or 
the Je t erwination I..f oangxncsc, it ha s b~~D applicJ t ~ tho 
:.malysis of st6"el, br cnz e , f crrc:.l:l.Og.:m.:: s e 1 .JOJlg min o.o j t uo.­
powier saoples. bince ~anganc SU exists in l~wdr xilati~n 
sta t e s in ~cs t of itS c~~pounls tho 3pplic ~tion ha s b een 

pr eceedcd by selecting ~ suitable oxidizing agont f or the 

quantita tivd cxiiution of tln(IJ) t o Mn(VII) . 
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T['.b l c 18 . ~ol c; r 3.nc lJ li. lit c f f cr .... i - hns i n thu l utl,.l r ­

" ina tion of Hn(Vn) by f,n( VlI) - HDP"., ex traction 

syste!J 

C"ncentr,,'- , cn of In(Vn) • 4ppM , P' H ' 7- 8 

I on 

a V03 , Ce4 +( oa ch) 

C02+ 

Cu2~ , Hg2+ , Ni2+ (e a ch) 

a 2-
Cr20

7 

Th4+, Z/+<- , UO~+, Cr3 '( eo ch) 

bn4 + , Ba2+ ( euch) 

3-hsC4 

La3+ 

:i\DTi"Be2+ pb 2 '(cach) 

Cd~-· · 

2'" 2" 13+ 
No + K+ C . or ' , H 

~" ,:1' 
Zn2+, NH~ , N0'3 , Mo04, 
~02- \<10- . 2- IO-
u 4 , 4, 0208 ' 4 , 

a c etate, tart ar ate , 

phtha l n. te , citrat o ( e .:l ":!1) 

C104, fO~ , C1- , Li+ 

1 f b or ate (e"ch) cx a 9. d , 

T~lcrance l L~it , pp~ 

4 

30 

40 

60 

160 

180 

260 

270 

320 

600 

700 

eeoC 
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a . Causes pos ... tive intl,..rfc r cnc" h .. \( ~n r- r~s~nt in o.;J <.un ts 

gre~~er th~ th ~ t vl~ ranc l,.. lL, it. 
b. t'b sk .. .d by 4000 pp!l of Iluc..riJ(j l (;ns . 

c - S t'," . ' - 1 '..lpt o the indic'ittJj :W I unt c,nly . 

Oxidat ion of ) 1'.'(II) t c_ fh (VII) _ Differ en t oxidizing agcnts 

such 38 Pb0 2 , K2b208~ NaBi 0
3

, and K~04 ' wcr~ ox~in~d 

the quanti t a tive oxida tion of i10(II) t<I Mn(VII ) . 

f ur 

POV2 and K
2

0
2
0a Wclr " f uund t CJ be unsui tablo f c..r t he 

quantitative ()x i da tic·n \... £ l'1 n( 11) t o Mn( VI I) becousCI t hese 

Lxidiz i ng agents lead t o inco~plotc vxidution of MnClI) . 
O"onsequent l y the (;lxcess Nn(ll ) r t!d.uccB th (;l MnO~ f vr ,ilud tc. 

Mn(VI), a nd MnO (OH)2 ppt is f cr m"d during the ddjUBto~unt 

0 f pH t o 7- 8 prior t o extractic.n . 

NbBi0 3 
wa s f l.)und t o b e cffuctive f Clr thu (..xidatic.o ( f 

1'1.0(11) t c 110( V11) in strongly a cidic mcd i How t)v~r ' .... hun 

pH \'13 5 ai ju5ted t o 7- 8, t he 0xe css UaBi0 3 , u.nd Bi(OH)3 

were pre cipita ted . rrhus NaBi0
3 

wa s f .... md t t be unsuitabltt 

f e r the Qxida ti or cf IIn( II) to ::,: (VII) and its subsuquunt 

d e tl£::'tJ ina'.; i. - 'by t!1u p:: cpt.st::d .J <;! .:;h t.'<i . 

KI 04 V "1S f l..o und. t o be th tJ :-:1C ; .. t cffi c i t:nt f or tb ll 

quan titut i v u ox i d a tion of Nn(II) to ~In(VII) and t hurofor o 

it w a S se l e ct ed f or fur t her studie s I..oD tho applicat i~n of 

th~ pr opused method . 

Eff ect of the JL.rD. Cunt of KIOJ 1• The e ffe ct r f the 3!l ount of 

KI04 on the cx i dation of an(II) and its substaqu >.l nt extr-

act i Gn h~ s baUD studi~d. 

Th0 oxidation \WS pdrfo:r;:lcd \,/ ith v ru'ying (lIJ ' unt of 

il: I0
4 

while k"' ping t he c oncentra tion of Mn(II ) c nstmt . , 

It h a s been f ound that ~ iniaUll of 1 :15 (Mn :KI04 ) ~olar r.t >o 

wa s n eeded f er c c;.rplete oxid.a ti c..D ~f Mn(II) t c MnO~~ o.nd 

~x c ess KI04 upto 6C- f o l d m~lxr eEcess gave a s~ilar r~sult . 
l~b (;vc 60- f c.. ld mc l l1r ex c t3S S , pr ecipitat e f ( r :lO.t l c.n CJccure 

during pH adjustenent and bo l ow 15- f c l d ~ 013X dXCBa8 cxiJQ-

fi vn was n ot c (,mplc t o (Tab l e 19). 
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It wns 0. 15(' f cund that 'Iliwn cxtr.:tcti c.D wo.s pc:rf <,; r:lt. 

the o.ei1lie . .lei i UlJ (pH 4- 7) using th~ c..p t " U'l D.;;lc unt of KI04 ' 

cc l Lr of the cL~plex changed frJ ~ gru~n t c br ~wn ~nj rC8ult~d 

in ~ shift I ,f !'!lax of the c c::tp l~x . Hcwl;lvcr WhuD th '" ~In( II) 

r 85ulting fr ora oxidation tl f 11n(11 ) with KIO Wl.1 5 extra ctui 

" a t pH 7- 8 ::-esul ts cbt~lincd Itl ~ re i d entico.l with tha t c f stand 

ard ~lU04 (Fig . 2) . Ther ef or t'l the extract i on of "004 fr v:n 

s~~ple solutions was carri~d out in the pH r~ngo 7- 8 . 

To v 0rify the 4Uo.ntit:-ttive oxida t ion of Nn(ll) with 

KI04 a nd its subs~quant ~xtr~cticn thrv~ s~pl~B of puruan­

g ",oa t e : (i) standard p~ru :mg.:mo.te s olutivD 1 (i1) stnn::l. o.rd 

perr.l:mg;,illo.t~ s olution !:l ixa l with pcriu<.lo.tc s olut i on , end 

( i i i) pe r .J..:mgonatc s olution ('bto. inl;!d fr (...:."l th l) oxiJation c f 

Mn ( II) with K10
4

, \-Ier e analyzod and thd r dsul ts ob t a ined 

\"mra f <.-uni t o be i denticul (T:lblc.: 20) . These r e sults 
in:l ica t e thu t cxc~ss p{:rioJ c. t~ nnd i ts r educ tioo prc luc"; 

(iodc.t e) hnvu nv o.lvarse ~ ff~ct t o the ~xtractivn o.nl 

d0ttJrnina tion vf per iDaI"'.gunnte with fillPB.h .. . 

T ~blti 19. hffoct of .J..nount of KIa" on oxidation , f Nn(ll) 
"~ .' 110(V11 ) and its Jotdr :J i nath;n iwtb HDPBH 

1.
11n

(II)] • 1.5 X 10- '11 , illDPBhj - 2 X 10-~ , pH-8 

.KI04 " s01 Ll'!n( II l.7 /KIO,J nbsc r bnncc 

f er c..xi.i3.tion ot 61" n.:l 

X '104 M 

18.8 
1 :12 : 5 0 .61" 

22.5 
1 : 15 0 . 812 

1 :20 0 .818 
30.0 

1:"0 0 .810 
60.0 

1 : 55 0 . 822 
82 .5 1 :65 
97 .5 

• Cculi n ot be extrac t~l b J ca usd vi pr~ cipit&te 
f0r~o.t ion in t he aque OUS pha5~ . 
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nD2. 1y sis cf ... l l cys ::., O' ... Jpl~s . 

iev~ l opej hus bean eV lluat ~j 

nvpliccb i lity L f thd ~~th 
by J~tL.r.:.ining th l.. L:1 c.unt vf 

fJang.:.m ese pr~scnt in '\ rtifici ~\lly prt.lparl:l SCl:lpl\.5 wh( Su 

c C:Jpu s i ticns ar l;! ~ iv,m blJl ow. 

( 0 ) /I an ,;;anose : 85% Cu , 3% Ni , 1% Fe , 0111 n % Mn . 

(b) tlang:lll" se bronze : ". 5% Mn , 0 . 005% p , 68% Cu , 0 . 05% on , 
0 . 10'4 Pb , 1 . 00'4 Ni , ,,% Fe , 7 . 5% ,,1 , 

O . 1a;~ 5i and 14 . 7%n . 

(c) FerroOlongancse : 70'4 Nn , 7 . 25% C, 1 . 25% bi , 0 . 35% E , 

ani 21 . 15% Fo. 

Table 20. Verificaticn .f th~ quantitntivc cx i letitn of 
Mn(II) with KI04 ~ni its subscqent cxt racticn 

vii th HDPBiL 

( d) 

(0) 

1 . 89 

3.78 

7 . 56 
11 . 34 

15.12 

18 . 90 

IHDEB,,!," X 10- 3 11 , LhIll: LkIC"J - 1 : 20 , pH-8 

hbsor banCd o. t 614 nc 

Mn(II) I'J nO~ with MnO~ 

oxidizol with a:Mod KI " wi t bvut 
,10" KIC" 

0.9,3 0 . 091 0 . 092 

0 . 197 0.191 0 . 199 

0 ."05 0 ."00 0 .401 

0 . 606 0 . 599 0 . 60Lf 

0 . 813 0 . 803 0 . 807 

1 . 011 1 . 0Lf1 1 . 011 

1 1 -.1 Mn ""J 88't> Fe . MJnganese Stoe : c~ 
.. n ays b t ee l Sa:nple No . 2"1/1 : 19 . 61% W, 5 · 03% Cr , 

0.52%Mo , 1 . 57%v, 5 . 67% v , 
5 . 67% c o , 0 .85% c , 0 . 33% 5i , 

0 . 075% v~, 0 . 10% Cu , 
65 . 8 Fe , and 0 . 295% Mn . 
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Of the s ;;: s :.mpld s tht: o.l l oys stee l 63..'lpl v Ue . 241/1 

W 1S o.nal yzt;:!j by th~ sto.nj Jr l o.l litic.n t0chn i quu sinco 

tlll. r 'ltic (, f F~ t c t1n(226 : 1) wa s ab ove th e: casking li..!:it 

(15 : 1) . Th~ r~ sults of the analysis ar c s~~~r izdl in T 

T::..ble 21 . 

i1llalysis uf Tea E.xtra cts . '.i'h ~ proptlsc1 m..: t hvl ha B also b 

been a pplieJ t c the a.n "! lysis of wa. t er extr ac t of 0 coo:ner ­

ciol t ea sa~pl~ f or its mangane s e con t ent . The oang eso 
c cntent u f the t ea extrnct wus o. lso j etero in..::!J by • .J.~ 0. 8 

a st ::llldard ID.8thc.d t o cCri:lp'lr B the r e sul ts cbtuindJ by the 
new ly ·-lev e l oped. :ne t hod . The r osul ts n e sU:.J.:lCru \,;.1 in 

rr ob le 22 . 

The s e r e sul ts i nd ica t e tha t ab out 90% of ~ang1nd Sa fr eo 

teu powd.er i s bding extractc1 int u w )t~r within 5 ':l inut tJ S 

and pD0long~1 and succo ssiv~ boil ing increases tho ~xtrn­

ctien of nangan c s e vnly slightly . The r esult s obt.:t inuJ a 

a lsc., ind ica t e t hat ever y cup of t on , i. ~ . prc par .... i by 

b e iling :3 g o f tea pc wier in 300 IJ l of ' .... <.l t er c c.:ntuins 

ubc. ut 0 . 96 ::!lg l) f ::tangan~ 5e. 

I n g~r~r al, the eXPQriJcnta l r 05ults o.r e in gcoi n~roc­
~ent with th~ a ctuul v~lue s ani / or with the r e sults obtain­

ed by j ..., . l.:j :le t hei . Hence , the newly ievc l opu:i :le the.l is 

pre cis\} an :i r e liable anl can be appli~J f (,r t c Jctur:.c, ina­

tion ~ f ~anganese in diverse sunpl~s . 

4 
°th ~ th r ooIne£trcphc t G:.Je tric M~ th (; s .8. Cooparis()n W~ v a D~ __ -

..:. c G::lp ar a tive stu:!y of th l3 propc s ed wo tbc..d, s f er the,; 

dc t e r :l ino..tion of manganese with th~ r e cen t l y rcport~.1 
spe ctroph o t ooe tric c~ thG.1s i n rCe~ri to s~nsitivi ty and 

s e l dctivity i ntdr::lS vf .n ... l ~lr absorpt i Crn c Gcffichnt -m:l 

i nterfe r ence , ar e sUDn drizc in ~blc 23 · 
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Tab l o 21 . Det~~in3t ion Lf ~~nganc sc i n 
alleys 53!:lpl dS 

C:1l'l t hc tic 

11n nli . d 
• Rul .tivc. 

No. tlruople Mn f l unl R~D 
(%) (%) 's' ) error 

( ~~ ) 

1 MangfUl i n 11 .00 10 . 94 0 .90 0 · 58 

2 ~18..ngane se 4.50 4.49 0 .62 0 . 24 
br onz e 

3 Fcrro;n::mganc sa 70 .00 70 . 45 0 .65 0 .64 

4 H ::mganesG 
Steel 12 .00 11 .94 0 .70 0 . 50 

5 ;"lloys stet:l 
s~ ~le No. 0. 295 0 . 29 0 . 55 1. 7 
241/1 

. ..... v erqge cf triplicut u rulnlyse s . 

Tab le 22 . Do t eroinuticn c. f OJ 'lOgane se i n t t3:l extr act 
( 3% of t ell pcwd~r ext~uct Q l wi th 300 ~l 

boiling woter) 

Extr::l.e t i on 
con1ition 

Single extraction 
f er 5 ,!l inutc s 

Fi r st extraction 
f or 20 "J inute s 
Seccnd extractiun 
f or 20 minut~s 

Proposcld 
::J.ethcl 

320 

340 

19 

~'L.;.s 
o etbci 

325 

346 

19 

Third ex tr~cti~n 9 9 
f er 20 minutes 
Precisicn, ~S~~~(~%~) ______ ~0~.~7 ________ --------_3-----

.. ~.vero.ge of triplicate fl. nll ly5~6. 
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Tuble 23 sh~ws that th~ proposa1 oxtructicn- sp~ctro­

phot o:".l<.!tric :ldthuJ. f (".r the lct ... r::lination of amc:'ull;SC is 

f a irly sensitiv~ :mi highly sclectivd as c!"'opar",j t c ':lc st 

cd th e ::I.c tht.::d s. Thus the pr opos c.i ;.) ..; th c.d. can bd s ul ucted 

a s Co :J. e thoi f or thd ie t l:r!Jinaticn c;.. r :;l e.ngunCS~ in JivllrstJ 

s a-:lp 10s . 

Tuble 23 . The s ensitivities and sel c ctiv iti~ 8 of rocently 
reco:rrl~1Emded spt::ctrcph<..tomctric !!lc thc:is f l.i r 

:lwngancse detor o. ination 

Reagent 
i\ (lax , ru:l : 

- 1 - 1 1 f,'l o l CD 

2- 05- br l,,"o- 2 
575 pyridyl a z o) - 5-

ii0 thy l~ inophenol 127 , 000 

Thioth"n cyltri- 375 
fluor cn cc t onc 35 ,800 

4- ( 2- thia z uyl uze) 540 
r v sc..rcinul 2_12u 

1 1 N - Hydrcxy- N - 0 -
t c lyl- l/2_ ( 23- xylyl ) 610 
benZ 3!.1ii ine hyir o- 4400 
chl oride 

2 , 21_Bi pyri.iyl 525 
with nitro phenyl- 58 ,000 

<l z oC'lt e chc ls 

490 Isophtha l uhyir ox-
o ie a cid. 3,760 

pH 

8 , 5 

7 · 3 

8 . 8 

In terfering 
i CD S 

cu~IIl , c o( II l ' 
Ni II ,Zn(II , 
Cr?II ,V(IV) , 
Ti IV) 

zn~lll ,Cd(II ) , 
Cu II ,C eCIl ) 

"LDT.h , 
Co(II) ,Zn(lI ) 
Cd(Ir) ,Pb 

Rc f~rcnco 

17 

13 

19 

EDT .. , oxnl .:ltc 
20 9 .4" 10.1 Cu(II),Pd(II ) 

Ni(II) ,V(V) ,Co 
(II) , Fo(IlI ) 

10 Zn(II) ,c e(II l ' 
15 N i~II) ,q~II , 

hD1H , 207 

Fe(III l ,bn(II) b 
bb(III , B i~III )' 23 
Ru( III ,Rh III) 
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Tabla 23 c cntd. 

Am"1X , n.!J , Intorfur ing Ru f l. r -
Rep.gent ,1 Il c l - 1 c,,- 1 pH i ons ODClJ 

1 - (2-~uinolylaz o ) 575 9 . 2 b 22 
- 2 , 4 ,5- t rihyiroxy- 67 , 000 
benxend 

" :!Hydr Cxy_N1 ,1I2_d i aryl 620- 635 
xnl at l3 ,LDT .. , 

subst itut ed- p- t c lu- 5220-7550 8.5- 10 cU~IIl , Ni~II l ' 10 
n.:..t icines Cu II ,IlJ II , 

, ',, (II) 

.4. , • 
•• J ~ 

Ethylene - bis 6 
CY:J.oidc ,!:.oDT .. 

(triphenyl- 548 thic.sulpbnt o 12 
phcsphvr;). i u:J) 2380 an:i r eiucing 
cation agcm ta 

~ .... . ... ~. o-,l l icylal dcx i lJe 410 9 . 2 CU(IIl ,CO( II l ' 
1- 7' Ni(II , ZDIII , 16 GrIIII ) ,v IV , 

Ti : V) . 

K- butyl x antha t o 457 6 . 5-9 b 14 
2_100. 

112 614 , 'e(III )e , II - Hydr oxy- II , 11- 3.5- 9 . 5 Propus-
.i i phenylb <;)nz a a idine 5350 V(V) &d od 
extra c t i on :Je thcd Co(IV) [Jethro 

- 1 bHat given . "I-lasked by fluoride . 
0. Lintlar range , lJ g;:11 , 

dean be t ol er atci upto ao cunts ~qu~l t c ~angane s~ . 
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N 1- Hydr cxy- N 1 ,112 - diph. nylb"nzw.1Uine (HDJ'B.,) h UB boun 

fcun~ t t r eo.ct with b oth ~ln(II) un:! l1n(VII) un:!.r diffur ent 

c 0nditions f or~ ing .liff t.: rent c omploJx species . 

.I. ~ new !'Je tbod b~sl:d L'n the c (..!n pl~x f ormation of Mn( JII) 
with h.oPrl.l. .. have buen developc i f or the deter,aination of 

~n:mg :..ll1 e se by s olvent ;)xtrd.cticn ani spc ctroph (" t c::l~ try . 

Th~ l!le thud i s s impl e , pr ec ise , accurate , and frtlo fr l.o"1 f ho 

rig i d c untrol of 3xper inental v :U' i ablus . '.rhe r.ltr th Vd. is "lso 

f a irly s e nsitive an:!. hiehly selective anJ cuuld bE:t uppl i ud. 
f c r the determ inatic.n vf trace 1J.."'.1Ount of I:Ian~.mcso in :iivorse 

s ai',:rp l e s . 

• 
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