
SUMMARY 

Forced-flow chromatography on a cation-exchange resin has been used to 
obtain rapid separations of metal ions, such as Cd(H), Zn(II), Fe(III), Pb(U), Cu(ff). 
Co(U) and LMII(U). The macroreticular resin used provides rapid separations in 
hydrochIGric acid-acetane media covering acid and acetone concentration ranges of 
0. i-I.88 M and 7O-%7/,. respectively. On-stream addition of a colour-forming 
reagent provides continuous detection and quantitatiorr of the efuted metals. 

mere have been many attempts to improve the cation-exchange separation of 
me&[ iGnS by the additian Gf a water-miscibIe organic solvc~~nt with the aim of pro- 
motin,a chforide complex formation sefectiveIy in the external phase. Systematic 
surveys of cation-exchange distribution coeffcients for many elements in hydrochloric 
acid-Grganic soIvent1-3 (dimethylformamide~. acetone5-‘f, ethanoP’, tetrahydro- 
furan” and dimethyt sulphoxide- “*“)--water mixtures have been reponed. and many 
schemes for t$e separariGn of metal iGns have been su, =ested. FavGurable distribution 
c0efEcients do nat atways guarantee a good separation because they carrnot predict 
r”;Iztures of the column behaviour such as peak broadening. The intention of this work 
F 4s to investi@e these aspects in de&I by preparing elution curves and carrying Gut 
c Iumn experiments with a synthetic mixture including many metal ions. 

Good ~avitv-ffGw cation-exchange separations of metal ions’*6*Lo have been 
C taGed in acetonelwater-hvdrochloric acid media. The eluted metal ions exhibited 
s me tailing, w&h coutd be- eliminated by decreasing the flow-rate of the eluent Or 
t using a finer me& fraction of resin beads. In addition, new macroreticular cation- 
e :hange resins have been shown to provide rapid separations in forced-ffw chro- 
r, ltosaphy with sorutions Gf acetone:“, 2-pr~panoI’~ and acetGnitri~e’* in dilute 
h drochforic acid as eluent. The present work has demonstrated the advantages in 
sc ‘ne instances Gf separatiorrs usin, c tie macroreticuiar cation-exchange resin _4mber- 
I!. E f 5 with a solution of hydro&[oric acid in acetone-water as eiuent. fn a previous 
p perI we des&ked the r@d separation of transition metaf ions op. Z ITEXCrGretiC~~~~ 



resin by varying the acetone concentrsrticn v&Se keeping tie hydrochioric acid con- 
centra~on constant f&S A$) in the efaent. This paper describes separations with 
hydrochloric acid and acetone concentr2tiozxs 61 t&e eluent ratiag from 0. I ta I .88 % 
anti fFOiE 70 to 96”/0, kspeztively, and discusses tn, - = eMion conditions for the sepa- 

ration 

ft lzas that the oz-stream addition of 2 coIour-forming 
reageer;t provides continuous detection and qrranfitatlon ofefuted meta ions. The same 
~methad W;LS applied to the c~mromatographic separation of metals with acetone- 
hydrochlorfc acid eluents in &is work. 

EXPERIMENTAL 

Mete&g pumps from Japan Electron Optics Lab. Co. (JEOL, Tokyo, Japan) 
were used for forcin_g the eirtent through a chromatographic colirrrrn and the coiour- 
forming reagent solution &rough 2 mixing chamber- 

A sample-injection valve ~2s obtaked from JEOL. A sample loop was made 
of l-mm I.D. PTFE tub& 21x3 the volume (0.2 mif of 2 Ioap was c&ibraied by 
collecting the efkent solution from the loop filled with hydtochforic acid sohtion 
and titrating it with st2;rr,dard sodium hydroxide sofution. 

A &et-way TTFE tap oh&e0 from SEUL was x1-4 as a mixing chamber. 
PTFE tubing (1.0 mm I-D_) was used for the pipeline of tire chromatographic 

system. En order to ezxze the reaction of 2 colow-forming reagent with a m%aI ion, 
2 15@cm PTFE tube was used between the mixing chamber and the fiow-throrrgh ceil. 

Tfre chromato_mphic column (8 MM I.D.) was equipped with an outlet 
phmger for decreasing the bed height. 

A Sita& Modei 207 atomic-absorption specfrophotometer ~2s used for the 
determinatioc of metals in the eEuted fractions. An acetylene-air flame was used for 
the atomization of metat ions. 

A Shlmadzu kfodet M_AF iiame spectrol;hotometei ~2s firteci with a pre-mixed 
atomizer (Hitachi Model 2074lWO) for the determination of afrrminium in :he elrrtsd 
frzctions. The emission of ahminium in a hydrogen-oxygeefi game w2s measured at a 
wweten_mh of 3961.5 A. 

p6 Hitachi &lode1 03HKHI spectrophofoneter with 2 &xv-kough celf wss 
used for the continuous determinaiion of meta ions in the elate from the coEum~_ 
The iight path of the ce!l was 4 mm Ion g. The materials contactkg the solution weI f 
made of quartz and stainless steel and the izteraaf volirme of the cell was 2pprox.- 
mate& 90 ,uI. Optical fikers (520 arrd 540 rzm wavelengths) and photoceEIs were use i 
for measurement of the absorbance. 

&sin. ne m2mO~ticdat stroo& a&k cation-exchange resin Amberlyst 5 
was received as be2ds from Rob.m 2nd ‘rfaas (Philadelphia, Pa., U.S.A.). The dri; 3 
beads of the resin were ground in 2 milf and sieved EO obtaio the IX!-200-mesh fra - 
tion. This was skrried repeatedly in water and zhe exkeme fines were removed t V’ 
acetone fiotation_ 

This fr2&011 of the ieSi_? W&G packed in a large chromatogaphic &be ar i 



washed with N,X-dimethyLformgmide, 2-propane!, acetone, 3 34 hydrochlaric acid 
and deionized water. A portion of the purified resin was washed with aetone and 
lried and the air-dried resin was used for the measurement of the ion-exchange 
zapacity. The dried resin had a capacie of4.2 meqGv./g. 

The stock sobion and synthetic sample of metal ions were prepared according 
IO the procedure described previouslyl”. 

Eluenfs. The eluents were salt&ions of hpdrochforic acid in water-acetone. 
&ch eIuerzt was prepared so that the concentrations of acetone and hydrochloric acid 

were expressed as a percentage by volume and as a molarity, respectively. 
Colour-forKprg reagenr. A E-g amount of e(2-pyridyIazo)~sorcinol (Do&e 

PAR, Dogin Pharmachemical Lb., Kumamoto, Japan) was mixed with 40 ml of 0.6 N 
ammonia solution, crushing the lumps with a stirring rod. The solution was transferred 
IQ a I-I beaker and diluted to voIume with deionized water. After agitation for half an 
hour, this solution was CItered on rapid filter-paper. A colour-forming reagent solution 
<or continuous determination of metals xas prepared by mixing an aliquot of this stock 
solution and ammonia solution of an appropriate coxentration. 

The PAR stock so!ution showed a Earge decrease in its colour-forming capa- 
birity after 2 weeks. A PAR stock solution in ammonia solution of concentratio;z 
&her than 0.3 N might maintain a high sensitivity of detection for a longer period, 
but this alternative has not been checked. 

The distribution coefficients were determined by the batch eqtilibrlum method 
and by column chromatoga!)hy. In the batch experiment, 25 ml of soIution con- 
taining 0. I mequiv. of each metal was equilibrated with I .OO g of the air-dried resin 
in the hydrogen form. After equiribratlon for 16 h in a mechanical shaker at ambient 
temperature, the resin was filtered off. The metal ions fn the filtrate were determined 



HCI cancer;trcti,?? (.W 

by atomic-absorpdon spec trophotomctry or &me photometry. Tire conceentrations 
0fhydrochIox-k 2cid 2nd 0-p7ic sobznt inthe soktion phase were expressed as the 

values berbre eqtEiiIb+clm. The rrptake of solvents (axto~e and water) on the resin 
phase were disregarded. 

Some dfsctibutian coefEcients were obtained by c&ulatio~, from the retention 
volumes meagxxd by the cokmrr method. The X-mm I.D. chromatogra&ic t&e wx. 
iWed with resirr sfuried in acetone. The skried resin was aspirated by 2 sytige 

mow&xl at tie bottom of the tube so rhat all ofrhe resin settkd rapid!y. _&fore thar 
80 ml of each eluent wzs passed thforrgh the column in order to equilibrate tfre resir 
with f&e eluent. ?-he method of continuous detection by flow spectrophotometry wa 
adopted in order to obtain the e!ution cakes of metal &IS_ The Boxv-Fate @_tr.: 
m&-~in) sod the 2~m1onf2c~n- b4*2tiOE Of the coiour-forming rezsent solution weii 

chosen so that the e&em stream from the ifow-through C.&E woufd have a pH in th- 
rznse 8.5f0. 



i $l8zkLm nl&od- They an be used ta predict the elution behaviour of metals on 
; 11 ion-excfimge c~~~~~~ The effects of the hydrochloric acid concentration on the 
t &rib&ion coefhclents m 7% 80 and 90 *A acetone can be SEE ii~ Figs. I, 2 znd 3, 
: q~~ti'JeIy- The dktr~bUk.l~ Codkknfs of many of the metal ions studied decreased 
: ith incre&ng concentration of hydrochroric acid. Ni(If), Cr(fl& Al(I$I), Cam> and 

@IQ did not exhibit such 2 decrease, the d&rib&on coeacients remaZn&g hiaJl 
i > 100) in these me&t. The separation factors for the pairs C@)-co(rI) a& 

t ‘o(Ift_Mn@I) were sufficiently kr& in these acetone-hydrochloric acid media. HOW- 

c :er. the use Of 90% acetone is recommended because it provided favourable sepa- 
I hx~ conditions 2t a CUmp2Fative!y Ictw concentration of hydrochloric acid. 

The distribution coefkient of an eIuted metal ion should be very law (near 

L:lity or less) so that the metal ion may be efuted with 2 smart volume of efuting agent. 
&tribution coefficients ranging from 0.5 to 6 were determined by column chromata- 
g:aphy. The effect of the hydrochloric acid COW-~ bWntratian on the distribution coed- 
ficients in 90% acetone media can be seen in Fi g. 4. The separation factor for the 
Fe((EIf)-Pb(LI) pair was smaif in 70 and 80 ‘A acetone media, as shown in Figs. 1 and 2. 
However, a large separation factor was obtained in 90% acetone medium, as shown 
in Fig. 4. The effect of the hydrochloric acid concentration and the column temper- 
ature the distribution caefiicients of Cd@) and ZnfrI) in 80% acetone media czn 
be seen in Fig. 5. The separation factor for Erie Cd(E)-Zn(lf) pair was very smalI in 
70 ard 90% acetone media, but 2 favaurabfe separation factor was obtained in 80% 
acetone sol&on containing 0. IS-O.22 ,K hydrochloric acid at ambient temperature. 

The separation of Cd(H) and ZnflI) was achieved with 80% acetone-O.19 Itf 
hydrochloric acid as eUing agent at a flow-rate of I.8 mljmin at ambient temperature. 
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Fig. 8. Efutian cums of Fe(EW, PbW and CuOI!. C‘ohrnn, 195 mm x 8 mm I.D.; temperature, 
zlnbient. Curve E : &ii-rate, I.8 mUmin; eluent 90% ac&one-O_2U itf hydrcchloric acid; amounts 

ofmctais, (a) 3-O- 10s7 mofe, (b) 1-f - IW7 mole. Curve 2: ficw-rate, L A m~,knin; eluent. 90% zcetone- 
0.30 iK hydm&Ioric acid; amounts of metals, (c) 2.0 - f@-’ mole, (d) 4.I- IO-’ mok. 

Trvu typic& elirtion curves are shown in Fig. 6, the ratio of the amounts of met& 

(Cd:Zn) being 4O:l or I : 100. AkDough the separation of these metals was not com- 
piete, the use of the peak heights permitted the quantitation of each meta! at levek 
up to those covered in the calibr&ion graphs (Fig. 7), Y~z., up to 4.3 - 1Omi mole for 
Cd$_I) and up to 8.6- 10m7 moie for Zn(EI). 

:.Or 



OS(X) and Co(E) were separated with 90 % acetone-O.69 M hydrochloric a&. 
as eiuent at z flow-rate of 1.8 mI/min, Tke elutior, curves of tkese metafs are shown ii. 
Fig. 9 (I). Tke cafibratlon graphs for tkese metals were obtzitloed bs; -x&g tke pea!: 
heigkt at 520 or 540 run, as skowvm in Fig. LO. A hi_&er sensitivity of detection was 
given by measuring tke absorbance at 520 nm. 

The separation of Co@J and ME(E) was achieved with 90 aA acetone-1 .O _W 
kydrockloric acid as ei,ient at a fIow-rate of I.8 mI/min; Tke efution curves of these 
meta& xe shown in Fig. 9 (2). The afibmtion grapks for t&se elements were dh 
tained by using tke peak heigkt or the peak area; as shown in Fig. L1_ The peak area 
gave a better finearit~ with the amount of metal than did the peak heigkt. 

From the distribution co&Cents and the actual separations, the fohfowing 
GeTwise eEuEion scheme was applied to tke chromatog_rapky of metaf ions. Before the 
e&ion, the resin of tke Cohen was equilibrated witk 0.06 M hydrochloric acid while 
tke metal ions were t&en up by the resin. Successive elution corx%tions were chosen 
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Fig. f2. EIutiOn Curve of muIticomponent mixture. Cotumn, 195 mm x 8 mm I.D.; temperature, 
ambient; ffow-rate, L.8 mI/min; sampk, Fe 9.8. 1W6 mole, Ca(fi) L.9- IW mole, Mg(II) 8.9. LW 
mole, other metals 1.9-ICI-’ moIe. 

Ihydrcch!arc acid J 



50 that tsvo met31 ions were eEnt.33 by each efutirg ageot. In this WOF~, ‘Jre ccxxe~ 
t~ations of zetona and hydmchfodc a% ZFIZ the variables that determifie the corn. 


