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SORPTION AND SEPARATION OF PALLADIUM,
PLATINUM AND GOLD CHLOROCOMPLEXES BY MEANS

OF A DIPICOLINIC ACID POLYSTYRENE-BASED
CHELATING RESIN

Dipù"?Ùh ú .ùùro, ú,tu{ltà d, vI.aa cdh b.sa s ítrb t t. lqea tot)

A thzlatiy ion.ù.hdhgè t?in .ohldinine dipi.alitit d.id .x fun ti.hal Btarp aaì bed
Òn h,ittopùa6 thtòròn e1bta12à îòsrihk?d po\,irp"? dirihrh2h41e cti)úporhù
h6 be?n pepar2rt rtt tòrrtùù.hd dnùption etntadÙi:titî kr Pa(rr), P4n). P(rr)
ahd A\(III) Aaù. heen tudìèd jh a|reol. .hlonde ralri.n\ un4eî a hhb.t oI èrperinen.
tot ta"ttitkn, both,r bat.h dnt rn.o|ù'n,.t nani Èht2torúe arll m:bnt únie
1t4tq1h lt!: t hat/t, Kct/ECt) tn.olunn apùaiÒn\ 4t pE ó. P.!tI) ean be
ep0tl1è.1 lîah P4II) Òt P4Iy) ÒúinE rÒ the àill,ft nb al lanndi.ì ol th? mmabiti2ed
th.tutet! tp.cie:. F.M a nt,tu.è Òf Pttl ), P4Iv) dhlt aù(Ítl) .t pE 6, P(Iy) Ia$
malJak.l vhùu6 At( )and Pd(II) are hoth retatnètt ù.d su.î{si|eb \Erarated br
yl4tire eluran Fran the tune nùrÌ. ut pE <0 ùlt AulIlI) ^ 'atbzd hf dnhni.

Seìednr compìexliion ror separanon and
recover] of neEl iois. evsiall) lFm dilut
ùqùeous soìuriotrsi n .he oàin objei or
cheìalne .esins For rhn pùrlore a ìarge
nunber .t dirrerent cheìalng lisands have
been incorporared intopolymer matices. rirh
prererence lor the polyr)rene b$ed po\-
me6 lt,2l, as rhese aie chenicalìy sabìe ùn-
der rhe condi!1ons or use. fte hydrophob,c
chlràcler or rhe polyryene backbone which

alfeca u.lavoùral'ly rhe acc6s of nclat ions
ró rho chelarins sroùps in rhe rsln h6 been
parìaly Òv€none by inrodùcing in.o úe
polyner neiso hydrophllic ligands. One ol

rudied ion-exchanEe
chclaring ftsins is rhar conraúing injro.
diacetc acid (ÌDA) groups. Tbrs r6in. con-
merciaììy available ùnder dirfcrcnr r.dc
names. has bccn loundsùnable lor sspararìon
and preconccrùa ùon or meral ions f3l ed, ìr
paricular n is clleciive ìn sequereringFe{III)
[,1] FoìrowinB rh3 succe$ of rhìs Ési. r side



varièty ùl ion_cxchrngem .ortainirg lig'nds
lifrlìar (o ininodircehc acid havc been pfe-

Re.enrLy  i  he '  ben foúrd  rh : r  :6
Dlridinedicarborvlic acid (L). an rnàroeùs or
ióA, Gr6 in aqEous rclùrion dt verr dir
rèrent ntes qnh Prcl: rnd Pdcl; anons
rÒ eNe noDo anionìc [Me{L_2È)cl] (Mc =

Pi lO rnd neúraì tMè{L H)rl(Mè= Pr. Pd)
saùaf planaf tÈÙacoofdinate compounds
siúch harc been separared ìr rhe slid sa'e

and characrcrized 15 ?l In addn'on, lasi co'
hd. been Òb er(o

sDedrophoromern!!l\ bl rtJcnon of aucl;

;nh L. dc! il no solid Produci has bèen

nolxred On úe orher hand, no reatúon nas

been obsen.d qirh Prcli Brsed d rhes

trùrurès. ir e.s thcn *plctd rhàt I rern

o.rainirg dipiolinic acid 3toÙps wourd bd

sufable ro sepàfais ùe above nenùoneo

mrul !s ln Lhe Prfnt paper Ùre prepra

lon  3nd  r l e  so ln r  on  behNour  u r  :  d  p (o

lmú Jdd poll{}rco.brtJ 'helJrirrs re!n

L lward .  P ; ( l l )  P ( l l )  P ' l l ! r  J rd  a ! l ì l l l

chìorcanions, borh i! barch condiiions and

in coluùn, rs seu as thù recovery ol ihc

sorbed nìeial ions, afe €poned

E](Pf,RIMENTAL

Unlc$ specilied. .lì solvmt and redCent

raldicb and Fluka) *ere used *nhoÙ! rùF

ihcr DùnncÀion crvrallìre KIAùclal
7H.o Kr tPrL l " l  r - r lPrc l " l  a id  KrL l 'dc lJ
$eÈ Prepdred kom higì Punlv metaF

hv stànda methods. Microporous cbrÒro

;eihylpotyiyrene crosli.ked snh 2g DvB
(200 400 hcsh, 23 neq C1l9, surlace area
,14.25 +0.01 n:/e) *ar purchascd fion

LR lDc!1ru *ùe raorded on I Pe rn

Flmù 6dl or on , Bio_Rsd D'grlJb Fls 4o

spectophoronerer. uv spech *cfe uken

Òn a Pcrkin Elner Lambda 5 \petÙ.pho_
roneier úsing natchèd ì cn qurz drs'
Meht ion concenùadons \_ere seaùrcd Mú
a Pe&jn-EÌmer 2330 atomic absorp!Òr sp*
toDhoromerer. Elemenral anrrvrs qerc per
Lormed bv rhe MrrodnJllu.Jl Ldboturcr) ur
úe  Lrn  \ù r t \  Òf  PrdúJ  Súr fJ tcarer lBEl l
was delearinèd \'ùh a Ca Ò Erba SorpiÒ_

2.6 Dùethar,útbon!| t h)d.o\tprúine lI)
dnd tl2,ó .ltùtho\l,Elhrl 4 Dtidll)o\t-deth
ltlpÒtlayenè (r)

comDoùnds {l) and (2) sere piepareo
r'ord,;s ro Lhe oubhsht,l frccadtrre [31
AnJ l r ! \  o r  t  .ak  rq r  fo r  CmH' , ) .o
(arHr )0r (C rH, rNO! ìo : r '  C  ?r r2  H ó4
N.  z  l .  Found C 730 H 6  2 iN z :J

P ot o s i un [ | 2, 6.1 i.arh a rrlot e 1'p! n dr t )o\r'
nah)rpùle)Pn? (r)

a , u r P e n r u r  o t  L 2 ) 1 ì r 5  s  l 0 r 4 ' n e q o i
Nhug!ù 'n 4s0 ml of I z dichlorc4hsnt wa\

ùeated*iih150 nl olan rqueoÙs sorutur or
509 KOH conrainjng Adqcn 1ó4 (5 s), and
rhe tusulting mixturc sas alìo$ed ro reacr ror
43 h .r ro"C ù.der snring and an aho*
phere of n'togco qÍrúmol'ne Lhc sol'drs
rltered otr sdshed "^laurncv 

s'ùt Hru
N{eOH.  H,O.  IHFIH]O ( l  1  \  \ r  fHF
retonr, dìhluromethane Jnd fnill) $ 'h

H.O to nÈuúal pH Ths re\in ràs rhen dried
ùrder vacùum {or 24 h at 50"C Ì'R (KBr

De l lec r  16 :0 .m I  L r  h  L  (aoo I  \ . :  i
i 5  @1.  1 l )  Òr  (Cr , ,Hrc ) i t lCsHrr . rLLC 6
H, ,NO5Ki )or ì  C .  69 .0 :  H,  50r  N 21 '
Foun '1 ,  C.635 i  t l .5 .5 r  N,  z  l

In order !o estiràre the rabiúv or ihc
Èsin in dcid sÒlùtions, Iour por'ons 'r me
r6ìn (lo0 mc) *here shaken *irh 10 mì ol
Hc ì  0 Ì  M.1  M.2  MaÍ j12  M, respcc lvery ,



Ior? dà)s lhe únrent ol relca*d chelidamLc
aciJ was deternined spc.foDhoroúcùicaìlv
b] ccrparkion {nh the spùùa oI sólulions
.l ch.lidrmmio acld under the same rcrdnv

Atonic absorption specúophotomerv *.s

used ror .ùalysis ÒI nierà1 ions Ln soìùúÒ.
The exrenr or soDrion
calculaled fronì ihe dilference ol 'ìèur con'
.entrdions r ihe subrrat befÒrc ànd anÙ
so.prion by rhe resh and/of in Ùtc toìÙtons
alier nippins.r dulioo with ? M HCl or I

A batch rcchniqùe sàs trsed to íudt nerùr
'ons uptakc as i runction ol pH. sorpùor rrre
behrviour ùn'l s.rprion norher s Mcasù'ed
anìoùnr oI rhÈ resin. rquilLbnred ir 25 ml
rqueoùs sÒlutions ar rhc dcsidefed pIì vàlÙer'
ùere vigoroudy shakc. with l5 ùl qÙeou!
\oìùrionr or knosn
KtaùcrrÌ 2Hro. KJPTCLI. K:lP'cló1. and
K)lrdclrl. ùr rhe srmc pH valucs in lsh Y
soppered flàsks lor 43 h ar 25'C. usine an
o*iììrtory shaker wiih 3 cm rrcLe !i 30
clcìines mir ì Theeqùilibriun sorpton qas

caìcùìrtd fton rhe residuaì netrl cÒncenúa
rion or rhe sorbare in ùe cquiì'brared soiu
lion or arkr $Pti'ìg ol rhc meial ion Aìì
rhe cxpc'imen[ stre made ar conranr rÒrrc
rrensih (p: I mol/|. Kcl/Hcì), which rlso
preknc the fofm.lon ol solvolyTed specres
ol Pd(Il) 'nd Au(lII). separarions or m'r_
rures oI nìèul iors werè perlÙrùÈd in sn.ll

slas colùn$ (25 cm lensih, 06 cm inide
diamdc4 l{esin (1 s) * packed ,nro 'he
colunn rnd e.ìuilibrakd sith aqle.ùs solu_
rìons (p: I mol/Ì, Kcl/Hcl) at nxed lork
ins pH vdùes Mùr!! solùrions (10 or 20 rÌ)
*eE pcr.oiared ùfoueh rìt column rt a raic
ol 3 nl h r. Both effluent a.d clurtes vrh

RESUL S AND DISCUSSION

SJtth?* ard.hdniÈn.ttbn al the rc,'

Thc svntheris !l rlìe resn n sumànzed in
Sch.ne I The .àdiotr ol 2,6 dindhorv
cúbon)|.4 hydrÒryp)ridLiè (r) *nh chl.ro
rcrlì)ìpo1]ryEnc. i. dìe presen.c ofCsrCOl
provided Fsin (2) rrom vìrich resin (3) qrs

obrained by basè hldrolysis urder phasc_
tùnsisr criallzed cordúions snh 1009; con
veAion, corespondinB b a lording or ì 49
núoì liBand per gtun of 'iry rein rn dìe
poià$'un form The i.lnr.d specúùn oì (l)
shoss No baDds ri 1610 .nd 1405 cm lor

rnd :rmfrúfc ffelcnlrg
vLbrarions ol dìè crrboryl.rc anions, rtspe-
lvely. whcras ú d.er not crú,bn ùy brnd
àr r?25 cm I lor tlìe erer prccuso' (2) 'rhc

resin in ù! poras,ùn fom can beconvenèd
b the acid form by equilibnúon riú HC1 2
,V: in rhis form rhe 'nftared sptcùum \ho*s
. broad band ccnrerèd at 17,10 cn 

j 
due io

rhè rretching \ib'ation.f thc carbo\yìrc

3roùps Rhile rh. carbo\!ìat bmds ar Ìó20
.nd l40i cm L have dtràpleaftJ. Tlìe resin
pîoved b be e.ble in 2 tr Hcl, lhereas I
rclerse ol chelidl'ric rcid corespond'ng io
2* ol ihai iheórcricaìly boùn'l rÒ rhe resn
*as det{td aftèr s.\e. dr!_: ol contàcr qùh

r" l "J -:-)
ì  , l

" . / , " . ' / .  
-

! .  ;  a r  l s
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r <iúbd 4 nfor/r NG" n
crù& r& À(qd)/lr.hpsrúe o l-"

e\pcflmen'al únd'tion5 rd rfÙ\ mrY be

s{nbed ro .odpeLition of rhe chrondè on

si'h rhe ftr n lgand Thse È$16 r8ree qÌn

D.e\lous f 'rdrns! on.hlorc cuún e\s'r Bo d

;ntl p|a"num meral. sh'.h !lerìv indi!!k

rha. .he *rength or elecúor.Ùc ntcrlcÙon B

higlrry dependhr .n the charge ol ihe om_

nlei Ànd rhe DLfertn.c 'n rtuon e(ù3nle Ì'r

lnse s ngD tharsed ùnN ll Pdc : -i\
hrel! ro b! .nócd r! rhe re\ú 3t Ph ò Òr

úfÒùeh chchiion, aeording to ùe Îaììosúg

E èú al tH Òn etptian
The io;prior behaviÒur ol rhe resin loNad

aucl ;  P ic t l  Prc l ì  Jnd Pdc! i  qr  n
\e$,eaL.d 'n rqÚeou\ solurLon 'r se pn

- . " i  o  z  r ,=  t  mo l / l  KL I  HCI )  ' f d  ' i  ' :

x itct The pH Drorr es or th! equ'Ùhnun

\omùon dre .howi 'n Frs l P(llì lnd P(l!l

àenot sorbed at anv exaniied pH. {heÍas

soDrior capaciiics ror Au(!II) md Pd(lr) are

ml imÀ l : '  PH ò  anJ  P t t  ó5  r c ' ] l edNdv

dd darcdr .on"iú!ur! ro pH I r' òorp'

ùon e^oemen6 àr higler pH r' ior posF

hk du;Òrhcr r^ Edr"o' to mekìln soE ur

orecptrarLon nf hldolo sper6 ol p-dL
j i d ,um( l l )  r ó r  PH s !u6  Jbo \e  6  rd  6 r '

kspeúe ) lhe aúCl; ùorprLon unr(().or

thcrenn.h^s.!er in(rede'dSaLn Jr !rlf L L

ln HCI nedia and ùis nav bt arnbùtc'l tÒ

ire anion exchange rÈàctio!

=>iu. .r 'ct; + ct
on rhe o.her hand, Ptcì1-. ?tcìà and

Pdcl: arc not sorbed rt aI under the s'ne

as deduced by .ompanng rhe I R spe'rrun
. r  ' he  re jn  e rud  ed  { i h  Pdc ì :  a  Ph  ò

*iib rhàr ÒI a sanpìe Òr Klrd(L 2H)C1l prÈ
oared independemly ITl The lormer thosed

i*. band. ("kRd r 1Ò65 rnd 103 'm

where1s Lhe larter 'úo bdd\ :r 16r0 aid 103

cm-r, qhich cÀn be asigned to ihè cooror

nard COO and Pd Cl stretcllng vLbú_

tiÒns, respetveLy
The t.R. $4úum or thc resin sùratd

sLh aúCla rL pH ò eÙih 'cd 'hÉe rgtÙr
(rr re shfl) broad bxnds (nLercd €t | /rr

iòri ,nd 155 .m . nor Pre\nr 'n the sP{

L rum o r  t he rhe ì r rLng rc !n  f l c  bdds  s r  l ?15

end 355 cm I cd reaÒnablv be asrgnsd to

coord,nared COO and aÙ-Cl rr€tcxmg

vibrarions, Ìespecrivelv. on rhe bais ot s

siennèùt nade on thc corclsred coúprex

lÀ(p")cl,l lol lrtr = z ptndindarbor!

! o )  ' n  rh !h  cJs ! .oùd i fnc ' r  t ou  am

au cl rfeLchLne qbrrtions .(ufed 3r L/ur

.n'l 330 cm r. The lhnd bànd in rhe spcc-

trùm ÒI dre r.sin at 16Ì5 cn I ìs ìikElv io be

due tÒ the as]tueÙic súerchrne ol lrce

carboxll.re anion CoO . Th6e lealÙrcs

suesi rha' 3r pÈ ò rhe dip'mlinàre behr"s

rs J b'd.nFfe l'9and ro{:dr aulIIIl gr" og
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^dùJ) Írùn K:Prcrr ùd uùcr! rciutroN 1A-|
Fd/r. KcL. pH ó. uúúr@^aíE ú4 nDd/r) (h)

r {e 8(vn)/r: Gúeffu. 5 " c

fte ro iiìnobilized rÈk coonìin.rlJ Jìchìoro
species lhe I R lpecúum of rhe resin loadcd
wirh AùOÌl) 'n 2 ,r, HClshos.d in rhù s.ne
reeion.nry rhÈ band ar 1740 cn rchdàctrr-

kric of rreecarborylic groups nor úvolvcd in

The kùìÈlic bchaviour ol rhe rsìn b$úds
PdCl: .nd Aucl; $as rudied ai pH 6
undù yigorÒus àlnadon at roon rnìpera
nrc. ln ùilcr b obkin rhe Ére ol lrùdioral
.(ainmem ol equilibium sorprion as a lunc-
rìon oI rine, ùe dara qere dni,led by rhe

vaìùes reasurcd rl
lquilibdum. The resùhs pìoned r Fig 2 sho*
rh.r rhc rcsì. brs relarively slo$ sorprion
lincrics cirhù lor Pdcli or Aucta, rhc 50f
oI rhc equilibriunr sorption (rrl,) being rcach.
cd in rboùr 60 mnìuies. Tbis s conNcn!
ùnh ihe tow sùrrace irea (14.25 + 0 01 r/g)
rnd the ryrenicchàricrr ol rhc rèsin, due io

the farhcr lÒy lunctionalizaiion level giver
rh a. r hc ori8inzl chlo f. merhyr capacny is orùy
23 mmùl e I The abiìny ot rhc rcsin ro
Iuncriùn in io. exchange is lheÈtoÍ duc ró
rh. prcssnce ol ìonìud groups f11.121 which
allos rhè swelline in rqùeous solurions Ìn rhe
po!a$n'h tom the resin has a walor regrin
[13] ÒI 0.5Ì s g I, consisrenr wirh the nú
sufcd ?r/. md comfarabtc qnh valùer E
pored in ùe lirerarùre lor orhcr polr(yÈne

sorptian hÒ1t'e.n.Iùr P.!L)dnà aul r)
The $rpii.n càpaciry oI rhc Ésin iof Pd(Il)

rnd AU(III) chlo.ide atuons.s r fùncrion.î
metrl ,on concentralon tr.s exanined sr pH
6. The eqùiribriun soDrion drra ar ptored
in Fis L Dara ùcrhent reverled rhùr sorp-
tion conlofficd 1ù Lrnsmuir isodìerm cqua-

where x n rhe equilibriuù sorprìÒn (mnol
Me/B dry rcsin). .ì is ùe equillbriur sorb.o
concenùaùón (mmor Me/ì). ,4j n rhc s.(ura.
tion c?prciry (mmol Me/g,iry rcsin). ànd n:l
is rhè binding comanr (r/mor). Thc yrtucs ÒI
Langmuir isoùem pa.aner.^ (,1, rnd tJ
rîre der.mined b\ lear-squarcs lir (Fig. 4)

t :  r0  r rb ,4 ,ca l (1 r  r0  r / (hq) ( r l

Fi& r Eq!ùibnum !p.oo d pdor) :nd adrD ÍÍoE
(rrdcLr ![d cucrr $ù1nìi! (ts=r od/r Kcr.
ps =6 ùrùL .oe4rarior Pd(!) ud ^uor) I 4ú
nnd/r) eid f!i. Rsú d{4 , s 8(Ed)/ rìnrf
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plonlng C^/x vc6us Ca The r.suns are gven
in Table l. The vaìuet ot the bindins cÒnranr
,th in eqn O) lor P{i(II) (s43 l/nol) aDd
Au(lll) (245 l/nol) àaoùnt lor ihe *caker
dependence of lor!úon crpasily of Pd(ll)
ùar au(III) on the solurion cÒncennaton

Ca lunn sepdn, ah ?x pù meht
Tìe posìbiliry io ù!t rhe resin tor seleclive

oìunn sEparation ol rhe meul rons er_
.nined was inverisrred by colùún resis. ln
Òrdcr b detsmine the oìunn crpacnles at
pH 6 drd rippine condìrions lor Pd(ll) ànd
au(lIl), break.hroùgn and elùiion rudies
weÈ caried oùt on a I q.sin column (2 nn

bed voìune) A 40 ùnol/l soìurion ol neiar
ion was p.sed througìi the tolumn resin ar r
tlow ol 16 nl h ùnril breàkthrough oc
cùred Fisures 5 and 6 sho* the breakthrough
and clu.ion cùds. respecliveìY, for Pd(lI)
and Aù(lll) ùnder rhe opda.ine condnions
Tne brcaklhrcùgl capàcnies {cre roùnd !o be

a(fr) ud Pd(!) loruùe drúbld r Ni: I qdo
rèri rÈ 6: .om d sù,iùs 4 nnd Me/Lr !-r
md/r KCri io! Er 16 nr I

0.756 and 0.764 mnùl nerd/e drY ftsn,
fespccu!èìy similxf values *erù obtrined
lron cquillbrium $rplion ù*sùremcn6 This
sùsgers a hieh uriìiz.hotr oI th. coìÙmn

The Ésul6 sumnrized ìn Table 2 indicare
lhar wbcn Pd(rD P(n) or Pd0I) P(Iv)
mirrùres oI varyins mol.r rarios seÈ pa$ed
rhroùsh a coìumn ot rheresin ar pH ó. Pd(ll)
can be su.ccluìly seprrièd fÍon P(II) or
P(Ivl ln èvery separriion Pd(ll) $rr con'
plerely sorbed ùhiìe P(ll) or P(lvl sere no!
rer.ined at an. A 100!ú r{ove.y ol die Pd(Il)
É!.1ned on ibe column muld be .clleved bv

badd ùrì .d(!) !!d A(rì) (016 lid 0761
'ud/g rc'È'iEL!) Fb Ì!t of ndpP4 sùNN



sFùrh d nixNE @Í{nirs Pd(tDlP(n)dd PdrLr) P(r9br ù. É!h i Pts6

scr) tu ìos r{oldY or Pd(It) =r, d

elùii4 ùnh 12 rìl (6 bed voluúes) ol 2 M
HCÌ.

as shovn i. Table 3, sepúaiion ol Aù(III)
îron ?d(II) and P(n) h also posible To
rdonphish rhìs sèpara.io! a solutian at pH 0
coniainì.g a nixture ol lhe rhreè neial obìÒ_
ride rnions *d passed ihroug! I e tsìn
úlùnn eqùilibraìèd ar ihe saúè pH O.lv
AùCl; *as relaìned Òn the resin by ion d_
chúee. h us paniaìly cìured with saler (5
mD ùd finally sirh lM KCN (12 tù,6 bed
volùDet. Th. etfùflt solulio. úntànrng
Pd(II) ùd P(r9, arier &utrariation to pH
6, {s perolared into a sdnd olun lheir
separalion beirg @nPlisbed r@.dirC ro
th. condniÒN in the Pdagraph above

An altematìvc sepratiór pledùre, rar

rKc r r ' r u rn  \o ru r ^Nr  dK i r  rÒr !nc ( ,  M

ing lrom a niiùre ol rhe thre metal chloridó
dìons al pH 6. w.s also develóped In this
cae, Au{III) a.d ?d(Il) sere quantitatively
rerained on rhe colum rhile Pr(I9 *as toi
Then Pd(II) sd scl*liveì] eluted wilh 2 M
Hcl whlle aù(III) was compleiely É..ìned on
rhe resi. by anion exchange. FinaÌy, Au(lll)
{as elured wirh warer and r M KCN

CONCLUSIONS

The ftsìn allos a seleciìvc separaiior or
Pd(Il) rrÒn h(II) or Pr(I9 ìn aqueoùs óhlo_
.ide solùiións at pH 6 bdaùsc oI very diflèÈ
en1 kinetics oî ohplexarion. h hydrehbnc
acìd media (pH < 0) Aù(III) cm be sepdaied

Pd l r t /P r r v ) /A ( r  rb l  ù .  Bù  i  p t s0ú r6

rowry d Pd0D o! Àu@t) - D nr {2 I ncl ù



ùom Pd(Il) andlor P(I9 by ùion ex-
change Tîe elùiion co.litio.s (2 ,1 HCl, I
M KCN) 'lo nor comp.omise the rabiliiy of
the resin. The sarulaùon sorplion capeities
a. pH 6 (0.39 mnol Aù and 0.34 mmol Pdlg
dry rsin) co!respond !o abour 60S ol úe
rhúÌeúsl capacìry (1.49 moyg based on
elenenral analysis); rhis 6ay indìca.e that
sÒne cheldì4 groùps ùc no. alailable lor
chelatiÒn beause rhey dè pl.ccd in a les
Iavourahlè úicenyirómút Iór úeral ion
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