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Evaluntion of chain 
^len.gths 

oI polymeric p]rosphates is essential for tlre clraracterizat.jor.r ofpr.rlyPhosphat.e-Lased fertilizers. The titrinret.ir .r,.thod, rvhich is the most reliable and si,-,ple m.iansof. deteunining nunrber- average chain lengths (rr), cannot be applied to solutions containirrgnlicrontrtrient ions- in th-is investigation, rrei.liods have been p.upui",l for tlre elirnination of rnetaiion interi'erence prior to the titrimelric determination of the average cl.rain length oipol.yphosphatr,solutions' when C"'1,fg'*,-Mt12*, Nlg'*, or N{o6+ are present in'ine solution"s, sotr'e.rt extractiolof their complexes with 8-hydroxyqrrinoline at appropriate pH, prior lo titrat.ion, lvas very eflective.l'he interference due to Znz+ *'rs iunue.,rently'mcsiled b1jthe'a,rd;iion of poto..;.,rn fcrrcc;,.aniCeand l'hc iitraticn cai'r I out in Lhe presence of the insoluble complexes. 'Thes. .rreihods do notintroduce any perceptrure additionar error in the cletermination of ii.' The.y ca. arso be convenientrycotnhirred rvhcn nrore than one interfering ion is present in lhe potypirosftlri" ,ot.,tio.,. Theserllcthods, therefore, offer a rapid, simple, and reliabie means tor analyzing nricronutrient polyphos-phate lertilizers.

I{e1'ryords: Poiyphosplta.te ti.tration: chctirt length; analysi.s; irtterference; rnr1tal iorts

IN'I'IIUI)L](]'IION

.. \'arious prrl_r,rrrer.ic cornpounds of phospitates rar.rgirrg
ll'onr lhe lorr, rnoleiular rveight pyiophosphales to'the
vcn' lrigh ntolecrrlar u'eiglrt metaphosphates and glasses
lra's ils(';1 

.sLrggestecl frrr r.rse as iertilizers. f.l-rus,
condensed phosph<lric acid is often treated with selectej
rniclonut.t'ient calions to frrncticn bcth as phosphate and
nrrcrorrutrieur, sources (ir{ortvedt and Coi, tg.cS) Crys-
tallinc nrctaplrosyrhat,r:s such as potassiurrr metapltos-
piraLc a.nd phosplrale 

-glass ft-iis nra.l,sirnilariy be
:,^,1,^.h:q rvith I\Ig2+, Fc3., I\{n2+, Tn2,, etc. (Saucirclli,
19G9; Silver-t9.erg et al., 1g72: Volfkovich, 1g72; \Vilson,
1t138). Snraller chain poll'phosphates have also been
i. t .od r-r ced .s -sl o*' r.el e:rse r,i cr.or-rul.t.ie.t sorr.cts ( llav
r:t ir l., I f193, 1997 ). Iror. i.lrc clrnr.acterization and sl ucli.
of al., pol'.rr:ric phosphate fertilizcr, llre ticternrinat.ioir
of r lr;rirr lcrrgtlr is ;ur inrporLant aspcc[.'flre valious techniques currcnLlv in use lbr the
:rnalvsis of poll,plrosphates include titrirnetry (Varr
\\'a zer', 1 9GG ); Ia per clrrornatography anci ion-eichange
clrlonrirlogrrl;h.i. (Ranrsa.r,. 1966); XitD ancl NMR (Rie-
,tilttt itlrl P'.rrl<e,rrlianlp, i9t31); ald liquid c6rnmatogr.a_
Iirl coui-.lcd wi1.h prlasnra entissiorr, etc. (Bigss el al..
19,s4). Oi tlrr.sr:. ciu.onratoili-:,I-,iric nrellrods ar.e ilre nrost,
lrr,1rrrl;r' but, 

^r'e 
linriterl bl tlte fact.lhat irdivici.al

:lrt'cies of the longer chilin 1tol.r'nters carrrruL ire deter-
.riir.d. a,d Lher e[bre, tlre a\,erage cltain lc,.91]t can..t
all a.r's ire e stinrated. 13iggs et al. (tgS+) reporteci that
iirlrrid cltror.lralograpltic separation of' pol-,-ph+sphatcs
t'.rrIlc'd u itlr n rlir.ect crrr.rc.t ltlasrr^-at.oriric .rlrissin,

' tl.r'r'osIr,rrrlirrg ittrtltor. (c rniril lirr.aiGc.tr.tb.e r..,,:i irr i.'l'r','sr'rrt rrclrlross: NIISS & l.l-rT) (lCr\R). I,.() Slr;rrr,crrr
N;rl;rr.,,\rrrrrrr:rti Iio;rri, Nlrl:l.ur Il(i () 10, lnrli,rI l'rls,.ni lirirjrcss: ltlntil, ( r,ntr.r. [j,1.,,i|1rli1,1l :rrli irrir r ii,.
L i1rit11;;11 S(ir.r1,.(.rr. II (l:iltrtitIirl.i. ( .rlCull',i 7OO l)0,, i,,,ii..

spect,rometcr could detect poll'phosphates ranging fi.dr
P1 lo P12. Sinrilarl._v, Nishimura et al. (19g0),louolnp"
an ion-exclr anse chronta togr-a phic ntethod for separ.a,-ic
of condenscd pho-rplir_rtes as they observed tirat con
densed phosphate: lraving a lou, degr-ee of poll,rneriza
tion could be deternrined ncctirately. I\{ethoris sucl.r a
th ese usi ng ion exchange/cltronratographic separaliont
Ito'"vever, uite n require neulraiizeri sampies u.hich .yici
precipitates in the pl.esence of various micronr.rtrjcrr
cations, n'hicl., thus requires the removal of the cation
in order for tire method Lo rvork properly. The varirtu
cliromatographic separation tecirniques and their linri
I ations are discusse6 1,.r 6 l.svisrv b1, Rarnse.v ( I9g6). Gc
electrophoresis u,as aplllicd irv Ql61[ and \Vood (]9S7
for the fractionation of iricilogiclrlI.r'irnportant. long c]rnir
polyphoslthates. Lrnclers ei al. (1g85) developcd r

hybrid eiccLrorle fbr 'uhc dctur.lnination of phospirat.cs
All the aforesaicl ntethocls carr sive qrrnntil,atir.,

esti nrates ol individual pol.ypl;osphates, u,ithin a li rni t ct
size range; none of thenr provide a direct estirnatr: o
the average chairr lerrg{,h, rr (\ran \\r;17€r1-. 1g66). For lh,
evaluation of I frolri suclr tec]utiqucs, tlre rvlro]e rang,
cl pol.yphc;;;l;aic sptcies trr.escnt, has to bc cir,rt,r.rnirr,rii
n'hicir is cficir rrot, possibio. Crri-1, i.lrc liti.iirietiii inct,hr-rr
is best sr.riterl lor tlre anal.),sis ,rf poi.vpirosltltatc. nrixirrr.o
Iraving u,ide-ranging ntolecular. n'eights, since iL clir.cctl.
provides the valuc of thc a\.eragc cha.i n )cngLh, i)
Jlorvever, onc rna jor drarlbirr'k of llre til.r.inret.ric 1lr.o
co.sse-q rlhich seriorrsly linrits it.s a1;plicabilitl,i:^ t_lrr

inter'['crr:nce caused bv nrcl.a] iorrs. r\ll srrc]r iotrs rrr.r
rntcr'[<:rent.s. rvhich ci{lrcr. ('()]lsunrc aikali irr t.lre 1;l
t'artge 4- [] or'prcr.ilrilll.r' as pitr;s1tlurtr.. l\,licr.onrrlr.ir-rrrl
c()nl.in ng Polr'plto:r1rlrlt r,s. { lror.t,lirr-(,. clrrrnr,rt lrc nrur
Ir-zr.rl lrr, titrltion. 'l'r, ;r,i.,,,, rlrr, ti1r-irrrltr.ic lcr-.lrnitlrrr
f.tr sullt s.\'str.rtrs. it is rrr.cns,s;-,1- 111 1-1'1rrpl1.1. tltt,jntt,r.[it;-

SC,]:1 B5tll(9;iQr'r161.. rlr-tt-; ,it5 f0 ,i jg!B rrnrr:r;c2.r Ciren.ical Societyr rhliqlrel a,r \i,9h r..5,20, j99g
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ing ions from the soiution prior to titration; such
methods arc, however, not )'et availabie.

Tlre ol4ccti' of this studl' r,r,as the development of
nlethods for rr.r ,o\ral o[metal ions from poll'phosphate
solutions to enallle the titrimetric determination of their
average chain length. The methods should doubly
ensilre that loleign compounds are not introduced rvhich
mar. thenrselves be interferirrg ancl at the same tinre
aloid drast.ic ntea-sures such . as heating or strongly
acidic conditions $'hich cause l'apid depolytnerization of
the poll'phospl.rate chains. Here, studies have been done
to develop nlethods lor removal of some comrrlorl rrrlcro-
nrrtrient ions present. in poll'phosphate-based fertiIizers.
,12., f)u2+, Fe3*, tr{gz't-, N{n2r, IVIo6+, and Zn2u. Incli-
vidual 1;roces-scs hil\/e been described for the renroval
o[ each o[ Lhese ior.rs. Where nlore tharl one ion is
lrresent; t,he re spectivc procesises may be readill' corn-
hined.

i,iAT.L,.iilALS,\NIi Mi i'i tr)Di:

To stnrrdalrlizc tlrc nrctlrod," lor removal of ion intt'r'lorence.
irritinllr', all sl.rrdies n'clc inrricd out, trsing orthophosplrolic
ncirl to rvlrrch l.hc intcrleranL iorrs u'ere nddcd. The 3flr,nnlngi:
r,l s{nrtrlnrdizing u'il.lr t}re orl"ho acid is t.hat thele is no
phosplrat.c hydrollsis crlor cluc t.o change in t,lre ii rvhich is
alrtnl'" 1.0. Ilssr-.ntilll-1 . thc pror:css consisLs oI adrling a rrrntai
iort srrlr.rtion to n knorr'r'r anrount of plrosplroric acrd, rcnroving
lhe tuotal iorr floln thc pllosplraLc solutior-r by dificrelt nrcans
and tlrcrr cletclnrinirrg lhe chain length of the phosphate b.r'
the titr.irr.rctric nrcthod (Van Wirzer et al., 1954). If the value.
tlrus olrtaincd, corrosponds to 1.0, then the rr:ethod is accept.-
abie

SLrbseqr.rcrr!"lr'. tlresc nrcthods lor ion inLerlercnce renroval
rrc lrirplied t.o poir'1;)rosqrhoric ar:id, rvhich q'as prepa;'cd b..'
irciilirrrl ortlrophosl'rhoric lcid (anall,tical gradc) in l plalinrrnr
crrrcilrlr-.at ll00 "Cl (\raradacltari, 1992) lor 30 nrin arrti t.lrer-t
riilutirrg rr illr s,;rlcr to rrbt.ain n solrri.iorr contaiuing l8ir rng o['
I',irL. l'lrc polr'PhosPlrolic acitl lrarl nr-l averrl{c cirnin lcngtir
l{){)[ S.(i (tlttc l,r 15:,1!11;11 lr.1'<l1ol.','sis olliris sol,Li', orr kee,i.g,
tirc il rvas lt.rlucccl to 6.6 in t.he coulse o[ [he invcstigations).
'i 

he pol.r'phosphorir: acid rvas mixed rvitir var-iou-. nretal ions.
,.,:rd llre sojrrt.iorr rr as Ireat.orl lor irrterlerence t'cntor,al irnd rvas
tlren tilr atcd ns rrsi:al. T'ht tit.ration crlrves s'ere assessecl &tr
iire pr-t'scncr, ol thr in(crfcralrl,s; if a rnethod u'as successi',.r1.
llrr s;rnu'titcr r';rluos s'orr,.oirtained as lor thc llr.rre pol'r1;lros-
i,lrrrrir :rci,l solLrtiorr. r\ll rcagentr: llse(l tl)rougltorrt lltt st,rrlr'
,, ,'; t' r.l .iIlrl!licrrl {r'arit-.

ilrr,lrlrrnrllric Irr,,r't'rlrr1r.'lirr';rrrlllsis rlftrrrrllrt'r';i\(,r.ij],r'
.ir.rjrr l' trl1 Irs o{ ;,r,11 1-llrrsIltiiIc soltr{ions Ir't.t: {l orrr irrt,'r i'.r rrnir,
,,r. rlr'.r.1,,|r',1 l,r \';rn \\:rzcl r.t rrl. (1S15.1) 'l'itc sllil(.1)r'r)(.{,,

rr L 't iti, lr lr;rs lrr.r,rr ust rl lrerr,. is dr,scrilrorl as firll,,r. :
'l itr':rtiorr i. 1'lrr, srulltlt'solrrtiorr crrrt(nininq alrorrl 2 rrril

r'1" '... rts r,rliln in ;r l,r.'rki'r' ;rrrrl if nt.i:r'sslrr'. O.1 N Ii('1 ..:rs

direct titration after
addition of reagent

titration after solvent
extraction and
addition of reagent

added to lor+'er its pH to around 3.0. The solution rr,as lhen
titrated pH-metrically beyond its end point near pH 9.5, using
standardized tr 1 N i.laOH. The arrrtrunt of base requirr:d lo
trtrate from ti', :lrst end point (around pll 4.5) to tire second
end poilit (around pI{ 9.5) equals the [ota[ rvcahly acidic
[unctions.(end group P).

Titration 2. To the same sample, after complelion ol thc
titrrit.ion 1,0.1N HCI *'as added to lou,er its pH Lo around 3
and then titration n'as continued to just. beyond the firsL end
point (at pH 4.5; excess base added, beyond the first end point
at pH 4.5 sirould be considered in the final titer value). The
iitration u,as stopped mornentarily, and sulTicient (2 mL) 1 N
r\gNO3 solution was added to precipitate orthoplrosphatc as
the Ag- salt. Titration',';as then continued hreyond thC
moderatell' strong en.i pc,int at around pH 5. The final (.iter'
value is the amount of hase consumed lrorn the elld point:ll
pH 4.5 to thal around pII 5. This eqtrals Urc tolal w,eakl.r'
acidic lunctional groups tlrat are directly ti{.ratable plus l.lre
rreakly acidic functional groups oforlhoplrosphate that cannot
be titrated directly. Thus, the amounl of orthophosphale can
he obtained lrom the arnount of basc consumed in t.itral,ion 2
n-,:'ii:s il;e l:asc co;is'.:;;lcC in irt:",:tillr l.

For [hc lleterrnirration ol tota] P in the sanrple, it rvas first
lr.r'd:'olyzed h-v hcating an aliquol. containing 0.1 N tlCl at !)0
'C lor 200 h (a shorler period ofheating rcsrrlts in ii-,ct,nrpleLc
h1'drol1'sis, as observed in trial experinrenLs). Altcrnalively,
the sarlple mav be firsed rl'it.h NaOIi in a nickel cruciblcr arrrl
nerr[ralizcd rvith I{Cl. The soltrtiorr rvas rlacle rrp [,o volrrnrc
and lhe P anall'zed bv titration 1.

In tire absence o[ ring comporrnds. t,he valrrc of rrurrbcr'
ayerage nunrl,rer of P atoms per chain {;-:) is evalr-rlted ns ii -
Ii2 (tota] P - orthophosp.i:nte P)]/{end gloup P - orl.hophos-
phate P).1. This valrre of ii excltrdes tlre orthophosphate. lI
tlre ortho group is to I>e included in ihc value, tben rr'
tincluding ortlro): {ft/o(n - 1) + 1l (V3n \\rau;or, 1966), rvlrere
o = g,eight fration oI total P as orthophosphate.

IlIethotls for the Rcmoval of Cation Interferctrce. l')rc
loll,,.r'ing nrethods u'1,rc rlcvelopcd lor Lhe rernoval of intlrfr:r'-
ing rnctal ions from pn).y'phospha{.c solut.ions nflcl rturncror.rs
trials rvit]r r';rrious solvcrrt. er:t.racLirrn and nrccipit.lrlion {cclt-
nirlues (Lla-ssett. et al., 1986; (-jqopcr, If)(iill(:rnzcirnovcr'. ll)(il;
Sandcll, 1959; Sneil and Snell, 1959).

Copper. A copper{lI) pho,sphate solutiorl rtas preparr:rl ll'
rnixing CuSO.r'5H20 rvith orlho or pol-r'plrosphoric acid in the
n'eicht ratio Cu:P : 1:7.5. r\n aiiquot cont.aining about 7.5
nrg ol P and 1.0 rng o[ Crr rvas takcrt in a d11, srrparalinq furrncl
nrrd its PI{ arlirrstcd to 8.0 (or anvl'hcrc rvithirr 5 jl- 14.()tbr'
rridition oIa knos'n amritrnt of (). I N Na()]i. in tlris pll ran11c.
iirc extraction of the Crr?' cqlrPlcx is knorylr to lrc conrltlntc
rSlrcil ;rnd S:roll. lfll->l)) In frr:1. rrll llrc r.xllrelirrrrc 111'{;sil1'11
1,, 'r' I:;r' rnr'tirl- osilratc t-'trrtlpllrcs lrtve lrr'crt tlorrc ltt Iltr'
i.rrlirrLrrrr pll larrec shich r.illlcsrrlt in c,rlrrpletc rirranli(alivl
r,:lrrovrl ilto tlrc sr:lvont lalcr. 'l h,' r'olrurrt' rvas nr;trlo rrp 1,r

l(l rrrl, u'ith thc rt rltrisit,: anroirnL o{ rvittcr' 'l irLrn lr 0.l'..
srir:tiort r.I orirrc 13-]1l1j1o.rlrr1ttinr,lirtL,r in :i t]rlrrr,--iL,tnr.itrttr'l

i+
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I'igure 1. 'f itration curves ofpolyphosphoric acid; (a) titra[ion
1: (b) tilration 2.

Bay el al,

alcolrol (6:1, v:v) mixture was added. Evcry 1.0 m1g of Cu2,.
in a solulitrtr vuluure ul21 mL, required thrce ext.rnclions cach
rvith 10 mL o[ tlre oxirre solution. For solutions contBininq
larger amorrnts o[ Cu2", furthcr extract-ions $ere neceBsRr.v.
The separating funnel u,as l.hroughl),shakcn, tnd tlre sulr,,iit
layer s'as drained otrt aft.t.r allowing tinre lor sellling (nborrt
30 nrin). Complete extraction may be visually irrdgcrl lr.y

abscnce of the color (1.ello'*) o[the complex in"the solvr:rrL lirycr.
Subsequently,the solu tion u'as extracted on.e -*i th ch lorolorm.
amyl alcohol mixture and twice ,n'ith chloroform alone to
remove traces of oxine. An aliqrroi of the Cu-tree phosphate
solution rvas then used flor [itrimetric analysis b,y tlre rne l,hod
described earlier.

Iron. To a solution of ortho or polyphosphoric acid, rvas
added (NHr)Fe(SOr)z.12HzO to otrtain a (Fe:P) u.eight ratio of
1:7.5. An aliquot rvas taken in a separating iunnei and a
predetermined amount of 0.1 N NaOH was added to raisc tlre
pH of the solution to 6.0 (or an5..'here rvithin 2-10); the
solution volume was made up to 20 mL. A 0.196 solriLionof
oxine was prepard as described earlier and lhe iron phosphatc
solufion rvas repeatcdly extracted rvith it. Ext.ractior. r..as
continued abotrt seven tinres trntil the color (blacl<) ol l.hc ir on
cornplcx was no longer present,. (Every 0.2 *.rg of Fe rr.quircd
three extractions rvith the oxine solution.) The aqueorrs layer
g'as finall.y rvashed with chloroform-amyl alcohol and chloro-

ro
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'-ilptrori;;tate Titration,
t

i,rrn to rcrrrove nll h'ar:es o[ oxinc. An nliqrroL ol'tlrc Fe-l'ree
I,osl,haLc solution rvns thcn laken for chai'rr lcngLh.analysis.

li\lnnganose. A solution of ortho and polyphosphate rvas
lepnred hy nddirrg It4rrSOr.2HzO to-the respective acids such
irat the rveiclrt ratio I\{n:P = 1:7.5. I'his was extractcd as
l"lore, a{^ter-arlirrsting t.he solu{.iori piI to 8.0 (or arryu'here
irtlrirr 5,9- 10.0). Five r:xtractiorrs wcre nccessarl' for cach
frlligrarn oIIUn2t in solrrlion. 'lhc'aqueorrs laycl u'as washed
itc oI oxine arrd subscrluently taken for litraLiurr.
I iYLagncsiunr. i\'[agnesium ion u as also exLracLablc as the
}lirre cornplex alLlrough with sonrc difficulty. An aliquot of
}re :.iolution (containing ortho or polyphosphate and I\1192+ as

,irSoa'7lJ20, rveighL ratio It{g:P = 1:7.5) al pH 11.5 was
frtractcd as descrilred earlier. For 1 mg of M92t, seven

frractions s'itlr oxine solul;ion (10 mL each time) were
hquired. During thc exlraction, exce,ssive shaking of the
!nnel had tn be avoided since magnesium oxinate readily
|rdrates. and becnnres insoluble in Lhe organic phase. Fol-
fwirrg extraction rvith pure solvent, the aqueous layer rvas

' bkerr lor titration.
i jtl.,lybd"rr..*. The phosplraLe soltrtiorr corrtaining I\{o6* [as
i(ll,trl\'lo;O.,r.4H2OJ r,.'ri* ex+,racter' 't pI{ 5.6 rvil"h oxine
Llution as be[ore. Witlf each adtiit,ro' oi thc oxine solutiorr,
ihe, scparaLing ftrnrrcl u,as lhororrghly shal<en tor 10 min. If
lhr, pcriod o{'shaking rvas rlccreased, thc complex rvits incorn-
!I.:t.clv cxtrar:led.. Nine -such extraclions u'cre rcquired lor
lLnr'.v 0.5 rng of Irio6'. This s'as srrlrscqrrenLly ."a"lrccl'as usual,
jrrth purc solvelrLs arrd then tal<cn lor chain length analysis.
i Zirrc. Zinc cannot be extracted as the oxinate complex.

flr,rlever, irrterfereucc due to the Zn2' ion n-ray be readily
flinrirrated b.v conrplexation with lerrocyanide. An aliquot of
;'hc solrrtinn to be titratcd. contailring Zn2'lZrt metal, dissolved
rn II(ll) and ortlro nr pol.r'phosplroric acid (Zn:P = 1:7.5, u,eighl,
:,rtio). rvas lakerlin a l.reakcr, and t.o it, exce-ss oll{atFe(CN)e]
iiorrl tirrres the u'eight ol Zn2') \\,1-s added. I'he solution rvas
itilrotl and titratcd Rs usrrnl Untr:acted i(rIIre(CN)cJ thal u,a-s

irserrt in tirc solution did not in[erfere u'ith the liLrat.ion.
'ilorr,rrvt-r, drrring the AgNO: tiLration, care lvas taken so that
itr,,arrrntrnt ol AgNO. rriirs sulficicirl. Io colnpensal.c lor tlre Ag'
:hlI rvtrs Plecinit.at.rti ns 1hr. {'elrocvlrrridc slrlL.

i {1,,1,p.., Irorr, iInrr ganese, I\In gnesiunr, 111oIy,irtlenrr:-,r,
.Zirrcr. In n polt'1rhos1;lr:rto solu(.iorr r:orrtainirrg ortc or tnorc of
lhl irrtt'r'[clnrr(s. t.lrc rrrcl.lroris ii;r't.lrcir rern,rvirl rnrrv bc

,,nrnl,irre rl. 'l'lr,' nlocrtlrrlc adopt.orl [irr t,he retttovl] of irrtcrlcr-
'rrt,c frorl ;rrr ortlro or' polyplrosplral-c solutiort corrLaining all
i,ir ;tlor erttonl iorrc,tl iors \\,as as follos's. I'o att orl,ho or
ir',11'plrosplroric acid soltriion, Cu2, Fc3', A{n2', M92' ,l\,1o6*,
lrrrrl Zrr2' ucrc addcd in equal anroun{s so thaI thc nct.rvcight
lralio I\1:l) == 1:7 l--'. 'l'o this soiut.ion. in a sepalaling funnel, a
ipt c-csttrttateri qrrrrrrlii,.l oi0.i N N:r()lIs,as arlrlcd to t'nise its
iiril lo 11.5 arrd i.ltc Jrrocedulc tlesclitred [or rentoval o[ IUg2'
.r'as lollorvcrl. Sulrscrlrronrlv, lhc pii r-rf Lhc soluLiotr was
lrcdtrccd lo S.o lr.r'addirrg a knorvrr:rrrrotrrrt ol 0.1N HCI and
hrlract ion rvit.h oxino solut,ion u'ns rcpeated oricc again tc
il.n,nnve Crr?', Fe?', and I\{n2*. Finally. the solut.ion p}I was
'lorr cred to 5.6 rvit.lr hrrt.lrer ad(lition of a prcdetcrrnincd
lirrrr-,lrnt. ol 0.1 ii IJCt (3.9 rni,) arrri extracLion rvit.'lr oxine
]solrrtiorr s as dorte ns descrihcd ftrr I\{oc'. Arr aliquot oI t.he
..roltrtiorr l as takcrt irr a bciikcr, its pll s'as lor. cred to around
'1.{r:rnd.li,{Fr:lCN),;i rlrs addcd irr txcess to prr:,:ipitlrte Zitr'.
lliris srrirrtion s'as tittat.erl ior cltain length anall'sis b1'the
.u.rral lrroccdrrrt'.
I Aiong rrith each titration cnrried out after Lreatrncnt for
ironruval oI intcr[,:r:rnl,, t.itraLiorr o[t.hc purc pol,r,phosplroric acid
'solutrorr t'as also donc. Thtrs, the average chair-r Iengths
lr,iriaincrl fr,,'tlrc tu'o (pure and treatcd) soluliotrs \\'ore com-
l,lrr(l olrl,y in titr-ations cnlricrl otrt. on thc sanre cla\'.

l.ll:,sl'i, l's,\NIl I)ls('t rssl()N

r\ srrrtrnr;trl oI t]re rnctlroris iirr I.lre rcr)loval of'nret.trl
r,rrr iritcrict'(-.lr{-c ilr 1lol.r'ltltosplrtrtc til,ratiorr is givt'rr irr
l lrlr'lc l . [ilgrn'c 1 slros,s t lrr-, li r ral,ion crlrvcs li,r Ilurt:
yr,,lr'lr111,51.11r,r'ic lrcirl. -l'i{r';rtirrrr ctrrlves irr tltc l)l'(rs('n('c
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ol'interferarrts and afLer rerr)oval of tlre interlerarrts arc
repeftcd in Figure 2. The tlifference betv'een-the first
and second inflect,ions (end points) in ihe polyphosphatc
titration (Figure 1, curve a; titrai,ion 1) is a moasure of
the weakl.'1; acid end group P. Also, in the presence ol:
interferants, the first and/or second irr{lections change
in posilion and everr may not be obtained due lo
consunlption of alkali by the cations (Figure^2, curve c
in all pancls). This may, however, be noted that llre
nature of the titration curve of polyphosphate in the
presence of irtterfering cation varies with the amounl
of the cation; buffering zones become larger, end points
are less distinct ancl alkali consumption is higher when
larger amounts of ititerl'erants are preseni,. Huwei;€i-,
after the removal of interl-erants, titration cun es (Fig-
ure 2, curves a and b in all panels) are identical to those
of polyphosphoric acid (Figure 1, curves a and b). Thus,
cation interference is completely suppressed (Figure 2)
and the solution can be titrated as usual.

The tr"eatments for the remo' I of interferants intl'o-
duced no exbra error; tlre errc :xA.ZVo) is rvithin the
range of error inherent in the titrimetric mcthod itsell.
Thus, the'ii value obtained for polypirosphoric acid
solutions containing metal polyphosphates is the same
as in pure polyphosphoric acid (8.6 or 6.6).

The methods recommenrled in Table 1 were selerited.
after careful analysis of rrumerous trials. Thus, u'hetr
Cu2+ was complexed with Iir[Fe(CN)o], as lvas done wjLh
theZnz+ ion, the titration was unsuccessful since Cttz.
lFe(CN)el readily dissociates forming the h1'droxide.
Interference from Cuz+ or Fe3+ could be renloved by the
addition of carbamate (sodium diethyidithiocarbamate);
hcrvever, this nrethod cannot be used since excess
.u.666r:.t.e ibselFinterferes in the titr.ation. On the other
hand, the oxinaLe extracl.ion is vcry successful for the
removal of all micronturient ions studiecl here e-r:cept
t7.-21- .

Jror polypirosplrale soh.rt,ions cotr[a ining L'\\'o or nlore
oI suclr r]rct,al ions, the individual ntethods for t,heir'
removal ma-y bc combined. This is readil.y dorrc sitrce
there are essentially onl)' tlvo met.hoci-., viz.. solverrt.
extraction rvil"l-r oxine artd precipitaliuii as ferroci'anidc.
Hence, in a solution olpoll'phosphate containing Cu2+,
I\,Irr2+, ps3+,I\1[g2r-, N{o6'. , and.Zn2i, soiveDt extraction
$,it.h o):ine usi11g the chlrirofornr-isoam)'l alcolrol mixtrtrer
et tl're relevarll, pl{ and addition of ferrocyiuride prior
[r-r LiLratiorr car] sulll)r'ess aii inLerfercnce- Iitile soiuLiotr
contains I\Ig2 * ions, the oxine extraction for I\'Igz't needs
to be done first,. Tlris is necessary in order to avoid
hydration of tlre magnesium oxinate, rvhich makes it
insoluble in the orga,ric phase. The pH of tl-re solu'"ion
is then sequentiall-), lorvered to extract the ot.her meLal
oxinabes rvhich nray be present. For anv contbil.latiolt
cf ions in the soltrtion. {;he maxirrrum number of lreat-
ments neces-cnry consists of oniy three soivettt exirac-
tions and tl're acldifion of complexant. Average chailr
lengths of solution metal polyphospha[es can, therefore,
be deternrined rapidly, accurately and qr.rite simply.
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