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o
a.ctbn I
lntroductlon

AC I, AG MP-l ..d AG 2 6irs e slontly D$i.
rnion .rchrrgcrs. Th.y tr. crp.blc of.rchlrtiot
|ni6 of 

-idic. 
trsic. .nd Eutrd i.ltr dd .npbolylcs

otr rhc b.!ic sidc of $.ir pl. Stront .nioo .rchut
|!siB e u$d tor 54pl. Flp|ntid, @ym .3..ys'
fttd s.pr.dons. and Fptid., Fn in, ad nuclcic 5,id

a.c||qr 2
l.c{inlcd O..crlptlon

strcntly baic rlion crhrngc r.sins .rc avliliblc
ri Ao.lyricd G.d. aG I rd AG 2 rcsi$. AG MP-l
nu.Fporour Esi4 .nd Biocchrology c d. AG I
r6in. Th. Ardytic.l Cnd. AG l. AG MP-l .!d AG 2
r!5iB b.\r bccn .rlqleiv.ly sit 4 Fnifid, |||d cm'
vcncd to |nrL tlEm suir.blc fo. !cc@L, rlFldEibl.
.ndtti.rl G.hniqG. Biocchmlosy Gn& AG I Esi.
ii .ndyricd 8rd. rcsin vhich is c.mficd to cont|,n 16
d||n l0 nic|wtrtrisG Ff gln of 6in.



t
AG I and AG 2 resins are strongly basic anion

erchangers v i th quatern.ry amDonium funcl io.al
8roups atached ro rhe styrene dilinylbenzene copo;
mcrlanice. Tlc anounr oflesin crosslinkagc delemines
the bead pore size. A esin wirh a k*er peredtaSe or
crosslinka8€ has a more open strucrure permeable ro
high€r molecular weight subslances than a highl l
crcslinked resin. It also hs a lo*e.phlsical resisrace
to shrinking and s*elling. so rhal it absorbs morc vater
dnd swel ls Lo a ldrser wel  d idmeter rhan a highl ]
crcslinked rcsin ofequivalcn( dry diameter For exam-
ple, the lower crcsslinl€d resins. paniculsly AG I-X2
2% croslinked resin, e useful for $e sorprion and
f@tionalion of relarively high molecular weight sub-
stances s! .b as pcpr ides.  r ibo'and deoxyr ibo
nucleotid€s, and umnium. The higher croslinked Esins,
paniculdly AC I'X8 8% crosslin*ed resin, de usd lor
sorption, exchan8e, and sepa.ariotr of low molecula.
wcighr inorganic anions. and in applications such as
cyclic nucl.orid€ a$ays and fhcuorarion ot organic
eids. Table I sho*s the approxinde mol$uld *cighl



.rclurioo liEits i! *.t r fo( |.3in! of v|ds ffislinl-
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kr..r Ap..nDdc Mw B.tdor Ud
Ct.o*l|!. ipr Cloburrr MoLqd-

AG 2 |!lir ir dnihr to AG I r.rnr txr is s[ddy
lcls b.6i. |!d sli8hdy Lrs rcsin.nr !o o d|.ion dtrc to
difttqrt! ir b. mr|cdr! of dE quLmuy tumddd
grsop. It ollcf8 &ut 8r3 in c.6in eplicnions. For
cr|lnplc, it ir c|pdb of !.Fniio8 $irE, sutu rl*
hok, l'd glyco6id.s !dn8 | t&p $.di.d |!d bonr.
hordr ritbqn i|ocidr! 3od t!!nt" ! AG | 6itr
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t
Edh AC I l.sin is suppli.d in rhc chlorid. fom.

S.letcd Bsins e avlilable in th€ 4erslc. fornarc. md
hydturidc |om. Th.s ioric foms mly be considcBd
Inore adivrtcd li'ms rh!tr thc chloride torm. as may be
deduc.d fron thc order of Elecrn it! infomarion given
in Tablcs 2 and :l AG I Esins plBha€d in tlle more
activc foms ntay tE conlcned ro any orh.r fom. Thc
chloride nn. b.calse of ns hiSher sl.crivny tor th.
r$in. i\ relatircl) diflicllr to replac. *irh formarr,
iccr! rd.  h)d 'o\ 'dc.  i r  nu.nd..  Thu\.  

' f  
\ rdou'  ionn

f.ms d. ro be u*d- lhe tomarr or ac.tat. ro.ms pro-
vidc flerihrlit) and con!€nicn$ kc Tabl. l). Formatc
and acerat. iorm\ hly h. lsed ro *p.ore mosr lo*
nolcculrr  wei thr  b io loEical  compo' inds,  such as
nucletid.r. hoftones, r,.prides. and cllbotrli. acid\.
AG MP-l E in n th. ltrrcFmus .quilal.dt of AG I
r.sin. lts cffecrilc surfac. da lpproximates 23 sque
n|cl.F Fr dry 8ram. 20% porc\ily.

The physic.l prop€nics of th. resii\ de listed rn
T$le 2. The eion crchatrte E{ins e lh€mally stable
and €sntam ro 3olvenc (alcohok. hydnEartons. elc.).
Educine aecnts. and oridizitrs at.nts.
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S.ctlon 3
Lchr .|n

In .r iol| clchln8. proc.durt, th. c@ntcrions on
th. Bin ua Epldrd b! !apl. ion3 dw hr!. $c ffi
ch.rtc. Wnh rnion cichrn8. rciirs sBh s AG | .rd
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AC MP-|, rEutrd 3poci.! .d crtidr do not id.frr
wirD 6. r6in. In lh. chldi& fdrl| of AG L AG MP-|,
.!d AG 2 r.sin. thc countc.ioo o! thc rcsin k CI. A
r6i. c|n b. cqrvdt d fim @c ioric fo|m to rndlE.
Us{dly tlE |tiin is !!.d in r|t ionic forih ti$ r bw.'
*hcrivity fo. dr turtiood gflp $.n tb. rrlplc is
to b. ctchrrF.r T|E |rI|P|. io |l! dEn crci.trlcd
otrto ln |6ir *hcn i rrduccd. rd c|D bG €lu.d by
i.Eodlcint |! ioo with hid.r fiinity fof dE r6h 6.
hid cotE ruio of.n ioo sith .quivrldlt a loec.
|fri ty. T.blc 3 sho$ dE rclrtivc s.l.clivit of vds
cqlDEirr. In tcMrl, ft. low.r lh. s.Lclivity of dE
cfl .riqr th. m.i! n dily it.rctdr6 fe.rodF id
of litc cht$. Tb dtu of Fhciiety clt| ,lio b. u!.d
b Gdirld. tt cff.ctiva.s fordiffd! ionl s.lu.tnl
?i||| dE d Dittly !.L.rivc b.ing th. riGr .fici.trt
Firdly, tlE ord.r of Elctivity cu bc ur.d to cttinu.!
rb difto ty of dvcrrint tD. r6in from oa fnm to
uo6.r. Corv€.sion ftom . hithly !.lcct d to I lc.t
hirhly slc.r.d fim 

'quir6 
|l .rc.$ of lh. ncv ion.



f-a 3. Hti S5!ty d Vrlos. Co||lfr,r
rddrE S.LdvltJ r&dvc li.Ldfiy

Cm|.r|o. lo. AG I .rd for AG 2 ItC!
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Tt. AG I rnd AC MP-l rsins arc .railabl. in r!
cr.l panicle siz. Bn8cs. Tt. flo* Er. in a chromalo
Iraphic column lncrcascs wnh incrcasing paniclc s,2..
Ho*cver.  rhe atr6inable resolur ion incrers.s s i tn
dccrcasinS panicl. \ize and naaow.r sid disfibltion
rantes Prnicl€ si.c is giv.n cithd in mesh siz. or
micrci si2e. Th.larg.r lhe Nsh siz. numb... th. stull-
d lhe panicl. siE, Table 4 rtosr *ct mcsb and cquiva-

TabL 4. W.t ..h .rd Equlv.l.nl
lllc?on Dit|naLra

30 rm r40 2m 270 32J 4{n

r,r30 350 .r5 Jtr r30 r5{ rrx 75 5l i5 l3

Large me\h tnal€rill (20-50 and 50'l0O mcsh) r
uscd primarily for prcpa.arivc applicatiotrs and balch
op.raiiotrs whcrc ih. rcsin aad slmplc a.e slur.i.d
b8.th.r. M.d'un nBh Rsir r l(p2m, ror b. us.d in



b.tch rs w.U a crlunm rptic:rions. M.dium nEsh is
an id.5l, 8.ncdl P{trIb.. FnicL sizc for w in d.llri-
cal .nd F!p&.ri!c scd! colmn chnmtogr.phy. Fi..
rcsh mltcrirl (20G400 sd mjrus 4@ msh, is (t d
for hi8h Hlution eallricd scpaEno...
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Rein conr(A,on ,\ mo\r effic,enrl) fmed out in rhe
column mode. Howeve., *hen choosins a colum..
rcrehtn rhd fte rcsin nay shrinl, or it mal swell as
much d 100%, dep€nding on the convcNior.

T.a rd
cmd.r6 Drwrb/
orconr6lon YoI r?'i.

tx  o{!

4 rd 50r({J d n6 cil 6in Fd ?050 ch rhr r d: nN .k

5 T6r far CI in.mu.nr: Acidifr inpr. *irh. f.* dnr. at com.
}triol',tddli^gNorslulio'$tjl.pptindic.l6c].F||otB.



Coov€rlions to ronic fo.tE noa lid.d ir T.blc 5 c.n
bc rhi.trd utiry rh info.rdion itppli.d in T.bL 3.
which lirG rlhtivc a.l€cliviti.r of vui@s .lotrGriff
fo. AG | , AC MP. | , !d AG 2 rcsin. To cqvcn I r!.ir
to !n lonic form w'th a hi8h.r s.l€crivit!, *ash d|. r! itr
with 2-5 b.d volurs of I I M slution of ih. .bir.d
@nt rioo. Fr qtsiar lo .n ionic forn wnn I be.r
rlhitr rL.rivry f(. 6. r!.i|L dlc icaq] voluc of
couotcriotr iolurid will dcDcnd on |h. ditrcrcnc. i!
scletivity. As . g.Ed ruL, osc I t d vohd of I M
counLrid elutim fd cr.h unit dififfi in rd.rli!.
sl.ctiviry. For.rampl., conv.nin8 AC l-X8 r.rin
ftom thc foflnnc foin (rcl.tivc rcl.clivity 4.6) !o th.
hydDri& f(m tcLdv. i.ldivny 1.0 wNld €quiE
r|-5 bcd volurEs or I M N.OH.

h tonE .|s, it is oon cco|Fmi(d rld llg! cf6-
cicrt to go rh|ough .n inHrFdi.tc countcrioD eh.!
.ltlv.nitr8 to r rut .ion of nuct lowd slEtivity.
OE.I|qlcof dis b tlE .olvcrsioo of AG l-Xt rsin
ftom ttE chldi& forn (rcl.tivc !.lcclivity 22) io LrE
fonmt form (rcl.tivc !.lccrivily 4.6). Tttc rcsin b fird
coovc'Ed lo lh. hydDri& forn (r!l]rtiv. sdelivity I O)

l,



using 20 bcd volume\ ot I N NaOH. The re\n hr\ 
"

v.ry low sledivny for hydrcxide. maknS the conver
sioi ro rhe fomare tom rclari\el) \imple 12 b€.1 !ol-
nmcs of I N fomic acid). Anothe. conveFion method s
lo fBr con\en ro e 

'onic 
fom of Inr.nrrdrat. \el(o,

irt. whcn conrcflrng lrcm lhe chloride lom rrclaUte
elefliviry 22' ro ote h)dm{dc lom ,rldr,rr rle(uur}
l). thc .esin catr firs1 be converted ro rhe bicdbonare
fom Gelatile selerivny 6.0).

The ediesr melhod lo lest for cohpleLness of con
ver\ ion depend\ on rhe paf l icul . r  con\e^ron
Conve6ion is complete *hen the first iotr is no lonefr
der$ted ir the€muenr.ln md) car\. rhr(an h< mnn!
locd b) pHd b) \imple qul'tali\c lesl\. When con\er
sion is complete. the resln should b€ dnscd with de'on-
ized watd. rhen $,|n \t.nrng bufter. unul a srrbte pH i\
obtained The E\in i\ Lhen equ,l'brdcd ro rh. denrcd



S.ctlon 5
ln.tructlonr for U..

AG I od AG MP'l rcsins may bc $cd in a brtch
mlhod or a colum mthod. Thr barch trthod coni$
or add'n8 fie Rsin d'R(ttr ro the samPlc dd stinint.
The column n.thod r€quires pscking a column vi$
Esi., and p6si.8 ihe $mple thrco8h.

5.1 Bltch llclhod
Th. batch m$od F p<rfortEd bt add,ns fc esin

diElly itrto th. soplc and stidng. The Esin shoold bG
ir th. cortrt ionic fom prior lo bcSrnoitrt.

L wcigh out rbout 5 snns of rcsitr for cvcry lm d
of s.mpl€- Fd la.8.r $ale aPplicatrms d whd .n
dd atlwnr ot cin is n..d.d. catoltG $c Esin
vdw b.6cd on th. cin c.Paity.

2. A& 6ir lo lh. suple and sdr o. shltc g.ntly fG

3. Filrr or dddt lhc snd. fion tn rcsin.



5.2 Column Method
' I l 'c  ( , fu n Derhd iDt{ ,1\e\  pour ins r  ro lun \  rh

rh. r.\rn rnd Irl\\in! rhe \r'rrtlc rhr)ugh lo &hrc\r rhe
. .pJrd, i ,n Prr .L lc .  /L * ' l l  Jcr<-n'rn.  rh.  n, ' \  ' . '
$hr(h qlllait.cr rh. *I'Jraoon ThL Fjn \hotrld h{ In
rhe .or.rl nnrr rird rnd cqurhbrnled pfutr r,' .rdJrn!

I ( Jlrulirc lhc amoun' ol r.nn fcquretl hJ\rLI on lhc
c\tr.rcd rc\in rrplrllt rnd \rmtle (on..nltnln,n

rhc \ !mpk ionic c. f r rnrr l r rnr  is  unlno$n. h! ! in
\rrh 5 enm\ ofr t \ rn,or l (xrnnof\anple.n i rhrn
dprimrzc lhc roluDe\ lhcr l(x'bnC rt rhc r.\uh\ 1,1
rhr ilr\r rPdixon

: ln\uR rhar rhc E\in r In rh. pnrprr rrnr( nrnr n,
rLloE rhr sadple iorr  r ,  he cxchi ie ld dnr, ,  rhc
rc\ in.  I i  con\eNi,)n ol  rhe Bsin im) !noth.r  (n ' r

lqm is ncces\ary, u\c rhc lDidclines de\.ritid lor
tc!n mn\ersion (sc. Tlhle 5).

I Preprrc rhc innlrl h!ll!. ro thar rhe pH rnd (mr.
(onecnrfur,on tr i l l  ! l l { ,s the srmplc,on\ r( '  bc



5.

exchoged onlo the colun.. For unknom solutions.

Slury and polr  the resin into lhe column
Equilib.ate the Esin in the initial buffer usine I lEd
lolrmes otbrrer. Poorly equilibEted resh will not
gile reprcducible rcsults. Allernrtively. equiliba
tion c be don. by the barch techniquc, pnor to
pouring rhe colum. Fi6r, conlen the resin to fte
.ppropriatc form. lhen suspcnd i1 in the slarting
bnff.r. Check De pH wilh a t'H mcler while stiring
continuously. Adjrn the pH by addinB acid or ba*
drop*ise lo the buffer unt i l  the desire. l  pH is
obtained. Then trdnsier fte resin to the collmn. ed
pas I bed volume of the stanin8 burer thrcu8h the

Sluny rhe resin in lhe inidal buffer od pou. fte col
unn. Allov .xccs buffer lo p6s through th. col-
um, leaving .nougb buricr to just coler fte rop of

Apply thc sdpl. drcpwxe to the top of the colunn
vithout distuding lhe rcsin bed. D.ain the sample
imo the rop of rhc bed and apply scre'il sfrall por-

t6



rn)n\ ot naning eluanr. bong vcry carctul b nnr
do$n the tidcs of fte colnmn and to aroid nrmn!
up thc brd. Drain each pon!)n ro rhe lerel of 

'h.resin bed bcfore the nert ponion rs ldded. \e\er
.Uov th. liquid le\el ro dBin tElow lhe rop of rh.

Tlt actual flow rate thar 
's 

used sill dep€nd upon
th€ 3ppli.ation. the esin. and rh. column crc$ $
hn To ohain flo{ 6r.\ ld an! eiren size column.
multiplt lhe suegened flo$ rater rn Tnble 6 b) rhe
column cro$ serional arc!. Trble 6 eires r)pi.rl
no* ral.s ofanallr'c.l grdd. rcsiN
lf an anion ris soluion n the 8oal. coll.ct the efn!.
enr. Ir rh. corcenriared anions arc of inreesr. allow
all of lhe saDpl€ to Dass lhrough lhe colunn. lh.n
elurc rh. anions off lhe rcsin trith a solurion conllin-
ing a counterion ofhrsher {l.criviry lhan the txDnd



Trble 6. Suggested Flow Rate3 for
lon Erchange Aesin Colum.ls

.\pplj.arnrn r(ntmin

rcPrnrk! \  \  
' .  

r . r \  r .s ronrB)n.n\

5.Frrrnrn i , r  nn' l { r  \ ! . \ r )nrnr \nrFl . .
l  \  n!  hL! l i  rLn, lut0n ro!h
$r1h \ i i r l l | rdrr l t  ! /e t l

Section 6
Sampla Protocols tor
Anion Erchange Resins

6.1 Separation ol Metal lons
ThN.\ l tnnrnr $J.  n ' l i "ened h\  Pnn.\ntr  Hinnr

$i l r ,  .  t  n \ .Arr \  r l  ( rn( t r , t rn, .  rnLl  l l , ' lc \ I t r \  Chlr lc\
Xr{h JnJ ( ierrg.  Pim.rr , r l .  I  n i \ .A11 Ln (  r | l i t r  , r  d
Berl.l('\ lr r\ r m(rlliurr!r nf E\lrtnar.Dr .rl. \'rnunr<



: .  Tr! i l  Edi t ion.  Lrborr t ( t r )  N{rnu! l  o l  rhc (  htnrrrJ l
Educrhon Mntenrl Srud\.

AC I  X8 rei in.  50 100 nresh. l i ref !n\

Clasr colunn appro\ inr l rc l r"  l l  nrm lD l0 r l r  rnr
l()ng. ntul re{stlnt to 9 N HCI

HCI appror imirel)  9 N. 5 \ . .nd 0 5 !

s-mple . . lnr .n n r ' . rq t  .  \ r  . '  d IL f , .
Fr.d r iom lr8 mg Cr{ l l  6 l l .Or l r8nrgNi( ' l  6 l i
md 17l  de F!Cl,6H.Orn l0 nr l ( ]  \  HCI

Cobltl re\r \olurion 10.'i NH.SCN in x.eroie

Nictel len \ohnion l'i KSCN or l'7. NHrSCl,r

Tc( ubc\ or v ia l \ -  l l

I Slur! rh€ rcsn rn drstilled sdler.

:  I  oL h!  r$r ,  inro i  (o lux-n rhJr |  , r ' ,  rJ r  !a\
llcl The re\in btd :hould be aplro\rnutel) lr) .nr



L Equilibratethc csir by pasing apprcximat l) 15ni
of9 N HCI over th€ rcsin bed

-t Adjun rhc flor rar. to no ra\ter $an I d.oy'*u!

5. when lhc ]c\cl of 9 N HCI ha\ €achcd th€ top o(
lhe esin bcd. enhg shur th. $ev cldp. d ldd :
nn ofs{nplc (0.1meq ofeach ion).
fro.ot allos air Inro thc Fsin bed b..aus. an D\
carse channelinS *irh uncven now of subs.qu.fl

?. {Icr rh. \rmpl€ ha \udlcd 
'n'o 

rh< F{n bcd rdr
lPprcximater) :0 mr oi9 N Hcl.

E B.8in (ollerinS J ml aliquols.
Tllc color of the eluant \hould incnsiS and th€n lr
eluanr should bccome nearly colorl.s in th. rhird d

10. Conrinuc .ludon usins 20 nl of 5 N HCl. and lnc.
20 ml of 0.5 N HCl. in th. mon.r d.srib.d abov..

Il In cach ca<.5 to l0 ml moE o[ th. cluanr Dy
added if rhe eluanr is still suongly coloGd afie.
ml of acid hd soat.d inlo the resin b.d.

20



l l  Obsene and rc.ord ihc colo^ in rhr r . \ in ht , l  JnJ L,

ll T.n.a.h aliquor Jir er.h .l rhFe utr

co'r re\r I drop eltrlnr plu! I drof cohlh rcn inl
rion. Srfong rcn i\ ! bri-qhr hlu. rolor

\ r '  r " '  I  Jr . t ruJ_f l r .  l , i r . t r .a\el .<,
uon Ndrmlne 

"irh 
con.elrrar.d \H. \ hnghr r.Li

ppr r\ d 0o\ r\c r.sr fnr nr.licl

Ic.cr '  
- r" t r l . r r tu 

lJ,r I r ' r .  l
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