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RAPID AND CONTINUOUS DI?=TISRhiINATION 01: METAL IONS BY 
CATION-EXCHANGE CHROMATOGRAPHY 

Metal ions can be rapidly separated from each other using forced-flow cation- 
exchange chromatography with solutions of hydrochloric acid in z-propanol-water 
or acetone-water as the eluent, The elutcd peaks are detected and recorded after 
adcling a color-forming reagent and mixing it with the effluent stream. A mixture 
containing seven different metal ions was separated in approximately 25 min. 

INTRODUCTION 

Virtually all chemical and electrochemical methods for determining small 
amounts of a metal ion are at times subject to intcrfcrences that necessitate a chemical 
separation. Ion-exchange methods for separating metal ions from one another are 
quantitative and selective, but most of the published methods are slow and often 
require 15 min or more to elutc each element from the column. This paper describes 
a method that combines separation and spectrophotometric dctcction using a liquicl 
chromatograph. Application to the rapicl continuous determination of transition 
metal ions is described. 

Many transition metal ions have been separated from one another with acctone- 
hydrochloric acicl by stepwise clution from a cation-exchange column**s. The eluted 
metal ions exhibited some tailing which coulcl be eliminatecl by decreasing the flow- 
rate of the eluent, New macroreticular ion-exchange resins are available which provide 
rapid exchange rates in organic solvents ‘lJ. In addition, rapid separations may be 
obtained with fine mesh beads of resin with a narrow range of particle sizes. Macro- 
reticular cation-exchange resins, Amberlite-zoo and Amberlyst 15 (250-325 mesh) 
are used in the present stuclies, Excellent separations of two-component mixtures 
are obtainecl very quickly using a forcecl-flow cllromatograph. The eluted metal ions 
are detected automatically after formation of a colored complex with a chromogenic 

l Prcscnt atlclrcsv: Govcrnmcnt lnclustrial 1’2cscnrch Institute, ICyushu Shulcu-mnchi, 
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reagent which is mixed with the column stream. Measurement of peak height is Usccl 
to cluantitatc the separation. 

lE.SPItRlMENTAL 

r?lstvurrtl?lr Is 
A schematic diagram of the liquid chroniatograpli is shown in l’ig. I, 
Tlic Clieminert metering pump of Cliromatronix Inc. (CMP-2) was used for 

forcing the elu’ent through an analytical column at a flow-rate of 0,4, I.0 or 2.0 ml/ 
min. Tlic flow-rate of 2.0 ml/n-hi was used in most of the separation studies. 

A SV-8031 sample-injection valve was obtained from Chromatronix, Inc. The 
sample loops of small size (3S,o and 56.3 ,ul) were made and calibrated using a standard 
curve plot of absorbance 7,s. microlit.er pipet: volume of an indicator diluted to 50 ml. 

WASTE 

RESERVOIR 

ITig, I. Sclicmatic diagram of liquid Cll~Ollli~tO~lX~~ll~ 

The volume of a large sample loop (5 ml) was calibrated by collecthg the effluent 
solution from a loop filled with primary hydrochloric acid solution and titrating it 
with standard sodium lydroside solution, 

The 0.03x-h. I.D. Teflon tube of Chromatronis Inc. was used for the pipe line 
of the clironiatogral~li. To ensure the reaction of color-forming reagent yilh a metal 
ion, a zoo-cm long tube was used between the mixing chamber and flovAhrough cell. 

A Chromatronix Model LC-GM-13 analytical column, 6.3 mm I.D., was mounted 
with two outlet plungers for decreasing bed height.. A Robertshaw Acragage was usecl 
for monitoring the pressure of tlic analytical column, 

Air pressure (less than G psi.) was applied to the rcscrvoir of color-forming 
reagent solution to flow through the mixing chamber. A Johnson Service Co., R-130 
pressure regulator was used for the control of air supply. 

.4 Roger Gilmont Instruments Inc., Catalog No. F-1100, size No. I, flow-meter 
was used for monitoring the flow-rate of color-forming reagent solution. 

A Beckman Model B spectropllotometer was fitted with a flow-through cell. 
The light-path is IO mm, A blue sensitive (400-625 nm) phototube was usecl. 

A. E. l-1, Sargent and Co. recorder, Catalog No, S-72150 has linear outpul for 
the measurement of transmittance, 
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Reagen Is 
Resin. The macroreticular strong-acid cation-exchange resins, Amberlite zoo 

and Amberlyst 15 were received as beads from Rohm and I-Iaas Co, Each resin was 
ground in a Model 4-E Quaker City mill and sieved dry to obtain the 250-325 mesh 
fraction. This was slurried repeatedly in water, and the extreme fines were decanted. 
This fraction of resin was packed in a large column and washed with N,N-dimethyl- 
formamide, 2-propanol, acetone, 3 M hydrochloric acid and deionized water. A 
portion of the purified resin was washed with acetone and dried, This air-dried resin 
was used for the measurement of the ion-exchange capacity. Each resin has the 
capacity of 4.2 mequiv./g dried resin. 

Stock sohthn. The rcagent grade chloride of metal ion was used and diluted to 
a final hydrochloric acid concentration of 0.01 N aqueous solution. 

Salra#k pvcpamtion. Synthetic sample mixtures for the column separation 
studies were prepared by mixing given volumes of metal ion solution and deionized 
water. 

Elucnts. Tlie eluent used for the column separation was the mixture of hydro- 
chloric acid and organic solvent. z-Propanol and acetone were used as organic solvents 
The eluent was prepared so that the amount of organic solvent is expressed as per cent 
by volume and the hydrochloric acid concentration as molarity. 

Colov forl?zing reageut, A r-g sample of Eastman No, 7714, q-(2-pyridylazo)- 
resorcinol (PAR) was mixed with 50 ml of 6 N ammonium hydroxide solution crushing 
lumps with a stirring rod, This was transferred to a 1-1 volume beaker and diluted 
to volume with deionizecl water. After agitation for 0.5 II, this solution was filtered 
on rapid filter-paper, A PAR solution for the continuous determination was prepared 
by mixing a given volume of this stock solution and ammonium hydroxide aqueous 
solution of proper concentration. 3 

A 2-g sample of Baker Analyzed Reagent, No. 5891, I-(2-pyridylazo)+ 
naphthol (PAN) was mixed with 400 ml of 2-propanol, crushing lumps with a stirring 
rod. This solution was agitated for 0.5 h and filtered to eliminate insoluble particles. 
Then Goo ml of deionized water was added to this solution A PAN solution for the 
continuous determination was prepared by mixing a given volume of this stock solution 
and a mixture of water-2-propanol (3 :2) containing ammonia. 

Procc&lre. The 6.3 mm 1,D. analytical column was filled with 250-325 mesh 
cation-exchange resin slurred in water. The slurried resin was sucked by a syringe 
mounted at the bottom of the column, so that the whole amoirfit of resin was allowed 
to settle down rapidly. More than 80 ml of each eluent was passed through the column 
at a. flow-rate of 2 ml/r&n to equilibrate resin with the eluent. The detector was set 
at the wavelengths shown in Table I. The compositions of the eluent and color- 
forming reagent are shown in Table I. 

iW&TS AND DISCUSSION 

Cadnziwrt and zinc 
Cadmium(I1) and zinc(I1) are separated rapidly with 90% 2-propanol contain- 

ing 0.25-0.35 M hydrochloric acid on the column of Amberlyst 15. The effect of the 
hydrochloric acid concentration upon the distribution coefficient may be seen in 
Fig. 2. The eluent containing 0~25 iU hydrochloric acicl separates cadmium(I1) and 
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SRPARATION AND DETRRMINATION OV METAL IONS 

Solvent of color-forming rengcnt solution: clcionizccl wutcr for PAR; Mixture of water-z-propanol 
(3:2) Length ofcolumn: A-r5 (hmbcrlyst IS), 175 mm; A-200 (Ambcrlitczoo), IGG mm or 138 mm, 

Metal ion Blrrcnt Color>-furwing vcag~nl Resin 1 l’ave- 
solttlio71 Icngtlr 

(nwr) 
Solvcnl i~ydroclrlovic ArnJrloairrrrl IZeugcrrl 

mid (M) Jryhoxirle (W 
(IIf) 

.--- ._--_- .-.__.- -._.-_-._----- __-___._-.--____ _-. 

eda+, %na+ 90% 0.255 0.30” 0.5 PAN 0.20 A-15 552 
2-propunol 0.35”, 0.511’ 1.0 PAN 0.015 

57-Go% 0.04 IJAR 0.02 A-200 520 
wctonc 0.64C 

Go-70 % 0.G PAR 0.0125 
acctonc 

I?,$+, I’b”t 00% 
2-propunol 0.59-1, rqC 0.6 PAli 0.01 r\-15 

80% A-15, 
acctono o,Gr-0,71@ 0.6 PAR 0.0125 A-200 525 

cua+, coo+ 9o-91% 
ncctonc O,G4C 0.0 PAR 0,125 A-200 520 

Cog+, &In*+ 92.5-9G.5% 
ncctonc O&4-0.77C 000 PAR 0.125 A-200 520 

a Volunic of ssmplc loop, 5,r3 ml. 
b Volume of snmple loop, 38 j&l. 
c Volume of snmplc loop, 56.3 111. 
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Izig, 2. Distribution cocfficicnts as n function of hydrochloric acid conccntrntion in go% 2-pro- 
panol. 

Fig. 3, Elution curve using go% 2.propnnol-o.jo M hydrochloric acid as the clucnt. I = 3,42 
/lmolcs Ccl ancl 0,3S rtmolc Zn; 2 = 0.38 Icmolc Ccl nnd 3.42 Icmolc Zn. 
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zinc(H) completely, with a resolution of I,s# However, the eluent containing 0.3 M 
l~ydrocl~loric acid is more useful for the rapid separation. as shown in Fig. 3 where 
the resolution is 1.2. The flow-rate of Jhe eluent affects tile height equivalent to a 
tlleorctical plate (HISTP) of the column as shown in Fig, 4, wllere 7.6 x IO-’ M 

caclmium(II) and zinc(I1) are separated with 90% z-propanol-0.3 iVI hydrochloric 

0.4 
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‘2 0.2 
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k w 0, 1 
I 

i 

OOV 2.0 
FLOW-RATE (mthin) 

Izig. .I. HErP vs. flow-rntc. 

METAL AMOUNT ( /.LM) 

Fig. 5, Cnlibration curve of cntlmium(I1) nnd zinc(Il). 0 und 0, cadmium; A and A, zinc, 
-, pcnlc arcs; - - -, pcalc hciyht. 

acid. The I-IISTP plate increases slightly with the increase of the flow-rate. This 
indicates that macroreticular resin is useful for the separation of metal ions, partially 
in non-aqueous solution. A calibration plot is obtained by using the peak lleight in 
absorbance or the peak area of the elution curve. Tile peak area gives greater linearity 
against the metal amount than the peak height does, as shown in Fig, 5. 

Cadmium(I1) and zinc(I1) arc separated with 5o-G0% acetone-o.64 Ad hydro- 

PERCENT ACETONE 

Fig, G, IXstribution cocflicicnts as a fLmction of ncctonc conccntmtion in o.G4 M hydrochloric 
ncicl * 
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SEPARATION 01’ CADMIUM AND ZISC WITI-I 57% ACETOXI<-0.64 iM HYDROCI~LORIC ACID 

Mclnl .iolr Metal rcrr~ourlC NB%‘P Ii?esolirliorr No. of ciwve 
(x0-~ M) (011) irl Fig. 7 

-.-._-- _____.____-- ._.... _._.... - .__. _ ._. -.. _ . . .- .__. _- ._... -. . .._. 

CM’+ 
Zn’ + 
CCla+ 

ma+ 
ma+ 
ma+ 
Cd”+ 
%na+ 

. 

56300 0.127 I .og I 
IX.3 - 

56.3 0.031 I *Or 2 

50.3 0.135 
1 I ,3 - t *34 3 

SG3rO 0,254 
II.3 0.02 I 1.q 

11.3 O+OiB 

chloric acid on a column of Amberlite zoo. The effect of acetone upon the distribution 
coefficient may be seen in Fig. G. The separation factor increases when the acetone 
concentration of the cluent becomes less than Go%. The results of the cl~romatogral~l~ic 
separations are shown in Table II where 57% acetone containing 0.64 113 hydro- 
chloric acid is used as the eluent. Fig. 7 shows the curve of cadmium(I1) and zinc(I1) 
eluted with 57% acetone-o,64 A4 hydrochloric acid. The number in the elution curve 
corresponds to that in Table II, where the metal amount of the sample is shown. 
Linear calibration plots are obtained for the determination of cadmium(I1) up to 
G ,ug (absorbance, 0.63) and zinc(I1) up to 3 pg (absorbance, o.4j). 

TIME (minutes) 

Fig. 7, Elution curves using 570/u ncctonc-o,G+ 111 hyctrochloric witl. 

Small amounts of iron(II1) and lead(I1) are separated with go”/” z-propanol 
containing o.gI-I.2 hf l~yclrochloric acid on a column of Amberlyst 15~ The effect of 
the hydrochloric acid concentration upon the distribution coefficients may be seen 
in Fig, 2. 90% z-propanol-1.08 M hydrochloric acid is the most useful eluent for the 
rapid separation of iron(II1) and lead(I1). The separation requires 12 min and a 
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Amberlitc 200 from 80% ncctonc containing l~yclrocliloric acid. Fig. g shows the 
elution curve of iron(II1) and leacl(I1) which arc scparatcd with 80% ncctonc-0.64 ill 
hydrochloric acid on a column of Ambcrlitc 200. Linear calibration plots are obtained 
for the dctcrniination of iron(II1) up to I.1 x I0 -7 M (absorbance, 042) and’lcad(I1) 
up to 2.3 x IO-’ M (absorbance, 1.0). Ambcrlitc 200 gives more (5-30°/0) peak Iicight 
in absorbnncc for the same amount of the metal ion than Ambcrlyst 15. The HISTP 
of each column is plottccl against tlic nictal amount as shown in Fig. 10. The smaller 
height cquivnlcnt is obtained on tiic column of Anibcrlitc 200. 

Colq~(I1), col~alt(II) and niangancsc(I1) arc clutccl with goU/U-gG.50/0 acctonc 
containing o&4-0.77 n9 liyclrocliloric acid on a column of Amberlite 200. The cffcct 
of acetone upon the distribution coefficient may be seen in Fig. G. The peak of copper 
(II) has shoulders and the pcalc of mangnnese(I1) is split in the chromatographic 
separation, so the major peak (which cshibits masimum absorption) of cnch metal 
ion is used for the calculation of the dhtribution coefficient. 

These m&al ions are clutecl moTe rapidly by gx% acetone-o.G4 M hyclrochloric 
acicl. The elution curve is sl~own in Fig. II. The HETP is 0.05 cm for the separation 
of cobalt(I1) ancl 0.3-0.G cm for the separation of copper( Linear calibration plots 
are obtained for the dctcrmination of coppcr(I1) up to 5.4 x IO-~ A3 (absorbance, 
0.41) ancl cohlt(II) up to 2.5 x 10'~ M (alxorbance, 0.42)~ 

TIME (minu?as) 

Cobalt(I1) and manganese(I1) arc rnpiclly separntccl with 95% acctonc including 
0.64-0.77 M hydrochloric acid or gG,5°/o ncctone containing 0.64 M l~ydrochloric acicl 
on a column of Amberlitc 200 (set Fig. G). Fig, 12 shows the elution curve of these 
metal ions elutecl with 95% acetone-064 M hyclrochloric acicl, which gives the best 
resolution for tlic separation, lLInnganesc(I1) always gives tlic two pcnlts in the 
cliromatogral~liic separation. As the first pcalc fails to give a linear calibration plot 
against the metal amount, the sccox~cl peak (which exhibits the higher absorbance) is 
usecl for the calibration. Linear calibration plots are obtained for the determination 
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of cobalt (II) up to G x IO --8 M (absorbance, o.G) and manganesc(I1) up to 3 x 10’~ M 
(absorbance, 0~3). 

Seven metal ions were separatccl rapidly from each other by the stepwise elution 
chromatography, as shown in Fig. 13, Successive elution conditions were chosen so 
that two metal ions are eluted by each eluent, In this separation, the percentage of 
acetone in the eluent is varied, while the concentration of hydrochloric acid in the 
eluent is kept constant at 0.64 n/r. Before the elution, Amberlitc 200 resin of the 
column is equilibrated with 0.06 M hydrochloric acid aqueous solution while the 
metal ions arc taken up by the column. Each metal amount of the sample is as 
follows: Cadniium(I1) and zinc(II), cacll 2.25 x I0 -8 M; iron(I1) and copper( each 
282 x 10-8 iV; lead(II), G.7G x 10’ fl M; cobalt(II) and manganese(II), each 1.41 x 
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curve for a scvcn-component mixture. r\ll clucnts 0.Q AI in 

IO-~ A1. Constant air pressure is applied to the reservoir of color-forming reagent solu- 
tion, causing it to flow through the mixing chamber. As the concentration of acetone 
in the eluent is changed, the baseline on the chromatogram shifts as shown in Fig. 13. 

Transformation from a partially non-aqueous elution medium to an aqueous medium 
and then back to a partially non-aqueous medium does not hinder the performance 
of the column. The present chromatographic method may be used also for the analysis 
of water containing the metal ions. 


