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Summa ry

An apparatus suitable for very fast ion exchange group sepa-

rations in radiochemistry has been elaborated. The apparatus

which consists of a system of glass tubes -with pistons driven by

the same force, allows the exact adjustment of influent solutions

to a long series of ion-exchange columns.

The .practical application of the apparatus to the simultaneous

separation of six groups of trace elements in the neutron activation

analysis of biological material is described.
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1. Introduction

In the activation analysis of short-lived nuclides successful

results can often be attained only through the application of very

rapid radiochemical separations. Owing to the shortage of time

the concentration of only one or a very few trace elements can be

determined.

However, in the case of radioactive isotopes with half-lives

exceeding e. g. 30 min. , sufficient time should be available for

the analyst to perform radiochemical group separations, thus

making possible the simultaneous determination of a larger num-

ber of chemical elements.

But the extent to which group separations can be performed

within a restricted period of time is highly dependent on the choice

of methods and on the possibility of introducing automatic opera-

tions. In analytical chemistry ion exchange technique is a field

which often seems well-adapted'for automation.

Several automatically working systems for ion exchange sepa-

ration have been described in the literature. An arrangement for

stepwise elutions with several eluant solutions has been developed

by Hamilton and Anderson (1). In gradient-elution technique, de-

vices for various analytical purposes have been described (2, 3, 4,

5, 6). Vestergaard (7) has elaborated an apparatus for simultaneous

gradient-elution from several chromatographic columns, and Peter-

son and Sober (8) describe a variable gradient-device with a high

degree of flexibility as regards adjustment.

Mention may also be made of various other kinds of apparatus,

less directly connected with the chemical operations and widely

used for the automation of ion exchange technique. These are auto-

matic fraction collectors, instruments for the continuous analysis

of eluates and scanning devices used in nuclear chemistry.
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In the present paper an apparatus for the simultaneous, con-

tinuous mixing of influent solutions in several ion exchange sepa-̂

ration steps will be described. Also the practical application of

the apparatus to selective separations of six groups of metal

complexes formed in sulphuric and hydrochloric acid solutions

of neutron irradiated biological material will be treated in some

detail.

2. Constructional details

2. 1. The system of piston operation

The apparatus is schematically shown in Fig. 1. ABGD and

E are 300 mm long precision bored Pyrex glass tubes with the

following inner diameters: A and E = 20 mm, C and D = 7 mm

and B ~ 13 mm. Each tube is equipped with a teflon piston. A

good sliding fit between the pistons and the inner walls of the glass

tubes is ensured by means of neoprene rings. The pistons are firm-

ly connected to a 15 mm thick perspex plate, F, with 300 mm long

and 5 mm thick stainless steel piston rods. Details not shown in

Fig. 1 are the circular shape of plate F with the glass tubes ABCD

and E kept in a fixed position beneath the plate. Another detail not

shown is a system for the vertical lowering or raising of plate F

at constant, slow speeds. This system, which has been worked

out by L. Aaström at this institute, utilises compressed air as the

driving force instead of a servo-motor.

Before operation the glass tubes ABC and D are filled with

hydrochloric acid of different strengths, whereas E contains both

the sample solution and the subsequent washing solution. This is

done by equipping tube E with a second piston without a connection

rod to plate F, as indicated in Fig. 1 and shown in detail in Fig. 2.

The sample solution is sucked into E beneath this lower piston of

the tube. The washing solution is then sucked in via a polythene

tube through a hole in the upper piston, thus completely occupying
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the space between the two pistons. The lower piston has a central

hole with a small rubber stopper. During operation the two pistons

move downwards at the same speed, and the sample solution is

forced out of the barrel and delivered on the top of G, the first

column in the ion exchange column seriesiG, H, I, J, K, L. in Fig.

1. Finally, when the whole sample solution has. been delivered,

the lower piston in E reaches the bottom of the tube. A small glass

rod fixed in an upright position in the bottom will then automatical-

ly push out the rubber stopper in the hole of the piston, thus giving

free passage for the subsequent washing solution.

2. 2. The system of ion exchange columns

The lower ends of the glass tubes ABCD and E are connected

to the ion-exchange column series G, H, I, J, K, L with polythene

tubes ending with short 2 mm diam. glass tube capillaries. The

capillaries are equipped with stop cocks. The glass-tube capillary

belonging to E is fixed in a hole in a rubber stopper on the top of

the column G. The capillaries leading from B, C and D are put into

bored side-holes of rubber stoppers which are also used to connect

four of the ion exchange columns in the series. The connection be-

tween these columns is completed by means of 4 mm inner diam.

glass tubes leading from the lower end of a column and through a

hole in the rubber stopper on the top of the next one in the series.

The glass tube connections, being equipped with stopcocks, are

filled with 1 mm diam. glass balls to a length of about 200 mm.

The capillary tube belonging to barrel A delivers HC1 to a

small funnel between ion-exchange columns K and L. Also one half

of the effluent from the K column is continuously fed to the same

funnel, the other half being collected and stored as a reserve. The

mixed liquids in the funnel are transferred to the top of column L.

by means of suction. On the way to the column the mixture passes

a glass tube with glass balls similar to those described above.
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A simple device used for the automatic splitting into two

equal parts of the effluent from K has not yet been sufficiently

tried out and is not shown in Fig. 1. However, the system

hitherto used consists in principle of a small reservoir with

two identical vertical capillary tubes as outlet at the bottom.

During operation the reservoir is kept continuously filled with

effluent from the K column. The two similar capillaries, which

simultaneously supply liquid from the reservoir by free dropping,

have been calibrated to deliver the same amount, with a margin of

error not exceeding -f 2 per cent.

The columns G, H, 1, J, K and L have an inner diameter of

12 mm. G, H, I and J are 105 mm high, whereas the height of K

and L is 123 mm. G-l glass filter discs are used at the bottom

of the columns.

2. 3. The working principle of the apparatus

By forcing plate F vertically downwards at a constant, slow

speed the glass tubes A, B, C, D and E will simultaneously de-

liver to the system of ion-exchange columns solutions whose vo-

lumes always remain in exactly the same relation to each other.

With the exception of the sample solution, which is run on to the

top of the first ion-exchange column in the series, the HC1 solu-

tions from ABC and D are fed into the ion-exchange system be-

tween the columns. The effluent from a column and the injected

amount of HCl-solution are efficiently mixed while passing through

the 200 mm long glass-ball column leading to the top of the next

ion exchanger in the series. Thus the HC1 concentration of the

sample solution is automatically increased to the desired values

during the passage from one column to the next.
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3. Application to the separation of trace metals in neutron-

irradiated biological samples

An ani on-exchange method for the selective separation of six

different groups of metal complexes formed in sulphuric and hydro-

chloric acid solutions of neutron activated biological material has

been described earlier (9, 10, 11). In the following, the practical

application of the present apparatus to the separation of these

groups of elements in one single step will be discussed.

3. 1. Pretreatments

For the preparation of the ion-exchange columns G, H, I, J,

K and JL, Dowex 2 x 10, 200-400 mesh resin is used in different

amounts and forms as follows:

To column G is added 10 ml wet resin prepared in the sulphate

form, and to H the same amount of the^hydroxide form. A detailed

description of the preparation of these two resin forms has been

given elsewhere (9). The columns are then filled up with distilled

water and closed on top by means of the rubber stoppers and the

stopcocks belonging to the columns. To decrease the presence of

an excessive amount of liquid in a column, the stopper should be

forced in to a depth giving a distance of only 3-5 mm to the top of

the resin mass.

For column I, 10 ml wet resin prepared from and stored in

a mixture of 0. 2 n HLSO^ and 0. 1 n HC1 is used. The column is

then filled up with the same mixed solution and closed in the same

way as columns G and H.

The remaining columns J, K and L are prepared with the

chloride form of the resin in a way similar to that used for the

preceding ones. To J is added 10 ml of wet resin followed by

washing and filling with 0. 5 n HC1. For K and L, 12 ml wet resin

is used. K is washed and filled wth 3. 5 n HC1, whereas 8 n HC1 is

used in the case of L>.



Finally, the columns G, H, I, J and K are coupled together,

starting in the reverse order with K. The last column in the series,

L, is connected to a distillation flask not shown in Fig. 1.

The glass ttibes ABC and D are filled with hydrochloric acid

solutions by means of suction. Cone. HC1 is used for A and B. C

is filled with 4. 2 n HC1 and D with 0. 91 n HC1. Air bubbles are

removed by turning the tubes through 180 once during the filling

procedure. Finally, the glass tubes are connected to the ion-ex-

change column system, the stopcocks on the connecting tubes

being kept closed.

In order to save time, the preparation of the apparatus for a

separation as described above is conveniently performed before

the end of irradiation of the sample.

3. 2. Operation

The sample solution, which is obtained after a previous dis-

tillation procedure and filtering, has a volume of 10 ml and is

about 3.5 n in K7SO4, 0. 3 n in HC1 and contains 0. 3 per cent

H?O? (10). It is transferred to barrel E by means of suction, as

described above, care being taken that air bubbles do not remain

between the lower piston and the solution. This is best achieved

by unscrewing E from the system before the filling process. The

washing solution, consisting of 80 ml 0. 0Z5 n H^SO, and contain-

ing 0. 3 per cent H_O_, is then filled in between the two pistons

in E, followed by removal of air. Finally, the tube is again placed

in its fixed position in the apparatus and connected to ion-exchange

All the stopcocks in the system are now opened. Plate F is

forced downwards at a predetermined, constant speed correspond- -

ing to the delivery of the sample solution and the subsequent washing

solution to the ion-exchange column G at a rate of 2 rnl/min. Suction
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is applied to the free column L, and the effluent from the column

is continuously boiled down to a small volume and used for further

group separations.

After about'45 min, the sample and the washing solution have

passed through the system of ion-exchange columns. The vertical

movement of plate F will then automatically stop, owing to the

sudden resistance arising from the bottom in the barrel E.

The ion-exchange columns G, H, I, J and K are then washed

once more in the same way after refilling of the barrel E with 40 ml

of the washing solution and of the barrels B, C and D with corre-

sponding HC1 solutions. The whole effluent from the K column is in

this case discarded after control of Cu-64 activity.

The injected amounts of HC1 to the system automatically make

the influent solution about 0. 1 n in HC1 for column I, 0. 5 n for J,

3.' 5 n for K and 8 n for L.

After the separation the ion-exchange columns are removed

from the system and separately attached to small suction flasks

for an extra fast washing procedure. This is done in order to re-

move any excessive Na-24 activity which may have been left in the

columns. The columns I, J, K and L are washed with a few ml HC1

of different strengths, in each case corresponding to the HC1 con-,

centration of the influent solution of that column. Columns G a.nd H

are rinsed with 0. 025 n H?SO, containing 0. 3 per cent H?O?.

As described earlier (9, 10, 11), activities arising from the

following elements may be determined in the different ion exchange

resins as follows:

Column G: Mo, Ag, W, Ir and Th

Column H: Sc, Zr, Hf, Ta and U

Column I: Cd

Column J: Zn

Column K: Fe, Ga and In

Column L: Co and Cu
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4. Discussion

4. 1. Operation of the apparatus

The successful application of the present apparatus to fast,

chemical separations is highly dependent on careful preparation.

The most important preparative detail is the filling of the whole

system of barrels and ion-exchange columns in a way, which as

far as possible excludes air from the system. The reason for

this is the relatively high flow resistance in the long ion exchange

column series during operation. Any large air bubbles present in

the apparatus will accordingly be compressed at the beginning of

the separation, thus seriously delaying the attainment of equilibrium

in the system.

The division of the effluent from column K has been made for

various practical reasons. One of these consists in the advantage

of having one half of the sample solution in reserve in case of a

technical failure in the later parts of the group separation scheme.

Another is the fact that divalent copper ions are only moderately

strongly complexed in 8 n HC1. Thus, without division of the solu-

tion, the high flow-rate through the L, column, about 9 ml/min. ,

in combination with the large volume of the solution, should make

a quantitative adsorption of Cu-64 activity difficult, without

using a larger amount of resin mass. Additional advantages

obtained by dividing the effluent from the K column are that the

amount of concentrated HC1 used is kept at a reasonable level and

time is saved during evaporation of the effluent from the L column.

4. 2. Application to separations of As, Se5 Sb and Hg

In the activation analysis of biological material the same appa-

ratus, in principle as that described above may also be used for

anion-exchange separations into three different groups of As, Se,

Sb and Hg. These elements, being obtained in an acid distillate at

an early stage of the chemical processing (10), are split into three
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groups in the following way: Hg is first adsorbed on a small anion-

- exchange column in the sulphate form from a solution which is

3.5 n in H ŜO . and 0. 1 n in HC1. To the effluent from the column

is added HC1 to get a solution which is 4. 5 n in HC1 and about 1. 3

n in HySO.. This solution is passed through an anion-exchange

column in the chloride form for the adsorption of activities of Sb.

The 4. 5 n HC1 effluent from this second column in the series is

diluted to twice its original volume through the addition of 48 per

cent HBr. From this mixed solution activities of As and Se are

adsorbed on a small anion-exchange column in the chloride form.

The anion-exchange separation method for As and Se, in

which a mixture of HC1 and HBr is used, has been developed recent-

ly and replaces another method consisting in a combined reduction

and sulphide! precipitation procedure (10).

Further details of the present three-group separation method

will be published elsewhere (12).

4. 3. Neutron irradiation of biological samples

The very fast chemical separations obtained with the present

apparatus afford the possibility of determining radioactive isotopes

with a wide range of half lives in neutron-irradiated samples.

However, in the case of biological material chemical separa-

tions can not, for health hazard reasons, be easily started shortly

after long-term irradiation with a high thermal neutron flux. The

irradiation of biological material has therefore so far been carried

out twice for each sample.

The first irr3.diatxon lasts for at least 24 hours and is followed

by a decay period of about three days. Then the sample is put into

the reactor again for a second irradiation lasting for 10-30 minutess

according to the thermal neutron flux used. The chemical processing
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of the sample is started within 3 hours after the end of the second

irradiation. With this irradiation technique the analyst will not •

be excessively exposed to radiation from Cl-38 and Na-24. There

is still the possibility of determining relatively short-lived nucli-

des like Mn-56, Sr-87 etc. , besides the more long-lived ones.
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