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EFFECT OP RESIN CROSSLINKING ON THE CATION-EXCHANGE 
SEPARATION OF ALKALI AND ALKALINE EARTH METALS ON 
SULPHONIC CATION’ EXCHANGERS 
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Dcfiavtment of Analytical Chentistry, Institute of Nuclear Rcseaucl~, Wavsaro gr (Poland) 

(Rcccivod April ~gtlz, Igp) . . 

SUMMARY 

The cation-exchange separation of alkali and alkaline earth metal cations was 
investigated with resins of 2%, 8% and 16% nominal cross-linking at various tem- 
peratures. Selectivity coefficients, separation factors, plate heights and resolutions of 
adjacent peaks were calculated from column experiments with loads at the trace level. 
The best separations of alkali metals and of the Ca-Sr pair. were achieved at the 
highest cross-linking (x60/), while the medium cross-linked resin (8%) was the best 
for the separation of the Sr-Ba pair. It was shown that longitudinal diffusion in the 
stationary phase contributes significantly to the total plate height. 

The possibility of predicting the cross-linking at which the minimum value of 
plate height occurs was demonstrated on the basis of diffusion coefficients, and good 
agreement with experimental results was obtained. 

INTRODUCTION 

It has been showri in previous papers that resin cross-linking can have a pro- 
found influence on the quality of ion-exchange separation, especially when large com- 
plex ions are involvedl-3. ‘, 

“’ These,earlier ‘studies also led,to. some important. generalizations concerning the 
dynamics of the column, process and; the mechanism, of zone spreading. . 

It seemed interesting; therefore, to study the effect of resin, cross-linking on the 
cation-exchange separation of simple inorganic ions, such as those of alkali and alkaline 
earth metals; Only.limited data ‘of a rather qualitative character can be found in .the 
literature4-0. .Preliminary’ results on the influence of cross-linking on. the ,cation-ex- 
change ,separationof alkaline earth metals have already been reported’. , 

‘>( I ,,,., ,::,,“~;,<~c,,, ,:‘;’ ; .:, ,‘; 4) ,, ~ ‘,, I I ‘.,’ : : ,, ;.:, ,: “( .‘.. , , 
.i ,, .’ ; 
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EXPERLMENTAL 

R&m 
Dowex SOW resins of 2,4,8 and 16% nominal cross-linking containing sulphonic 

acid functional groups were used in this work. 
Methods of grinding, fractionating and microscopic determination of particle 

size have been described earlier-l. The exchange capacity of strongly acidic groups 
(&) and the total exchange capacity (2,) were determined as described previouslyl*e. 

‘The resins were conditioned by successively passing an excess of I N HCl and I N 
NaCl solutions through the column filled with the particular resin. After several such 
cycles, the cation exchanger was completely transformed into the H+ form by passing 
a large excess of I N HCl solution through it and then washing it with deionized water. 
The resin was then air-dried and stored in a closed bottle, and its water cpntent was 
determined by drying it in an oven at 105~ to constant weight. 

The water contents of swollen, resins were determined by the centrifugation 
method with a specially designed centrifuge tubes. A correction for the residual liquid 
retained at the interface of the beads was taken into account2. 

The density of the dry resin (d,) was determined picnometrically using the resin 
dried at ~~05”~and~~z-heptane as the picnometric fluid. The density of the water-swollen 
resin (dj) was determined in a similar manner with the fully swollen resin and water, 
and,introducing, a’correction for the’water held at the ,resin bed,interfacer 

; I ,.,,,: The,bed,density, (di) (grams of,the dry,resin per millilitre of the,bed) was deter- 
‘mined by introducing a known amount of the resin in deionized water into a graduated 
cylinder and measuring the volume occupied by the resin bed after settling; The 
properties of the resin used in this study are summarized in Table I. 

:. 

‘Radioactive. trap&s +ndmagertts J : I 
.‘,ZI. ” . :The ,following radioactive ‘tracers were used,: 24Na (Tzi2 = 15ro h), a2I< (T,/, = 

12~4 h),‘ssRb (T,/, = 19.5 days), 13%. (Ti/, = 2.3 years), FSr (T1i2 = 65 days) -t_ %r 
G%/a = 51 days), 131Ba (T1/, = 12 days) + 13Fl3a (T,/, = 39 h) + IsGM3a (T1j2 = 
29 h) and 46Ca ( T,i2 = 153 days). 

. . ;’ ?sCa’with an unknown content of inactive carrier and carrier-free *‘Jns%r were 
obtained’, from The Centre for Production and Distribution of Isotopes, Swierk, 
Poland. ,’ 

‘. ,. The other, tracers were prepared by neutron irradiation of the appropriate 
spectrally.. pure grade of. the chlorides, or..nitrates ,in the Polish EWA reactor.’ When 
irradiating .chlorides; radioactive sulphur, and phosphorus were also .formed as a result 
of’interfering ,reactions’ with fast neutrons : 3G Cl(n,p)3% and 3!C1(n;a)3?P;~ These: acctivi- 
ties were, present in anions and as such were found to,be,useful in,determiningthe free 

‘, volume of :the, resin : bed and the dead volume; of ,the column. : I I ,’ ‘; 

“, ‘. I :’ : : ( 

,‘,,, < .;. ” ‘. ‘,,“.. : (, 
,:., 

._ :, .’ .,’ : I 
, 

; ,, , ; ‘, : ; : : ‘. : ‘,, ‘,( !‘, .: 

ofi’ca.,:2TnimL I.D.,:were used.. A..constant temperature 
,,wwiter :from a ,Heppler: ultrathermostatthrough.. 

solution was supplied to the colu’mn from j 
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burette under a mercury column pressure that was regulated so as to obtain the 
desired flow-rate (0.5-1.0 cm/min), 

The eflluent was collected in drops on a moving paper band. The drops were 
then automatically dried when they passed under IR lamps. This apparatus was de- 
scribed in detail earlierl. 

A mixture of tracers was evaporated to dryness in a quartz or glass crucible, 
dissolved in a small volume (ca. 25 ,ul) of the eluant solution and transferred on to the 
top of the resin bed. After the “load” soaked into the resin, the mixture was elutcd 
with a hydrochloric acid solution of known molarity at a constant flow-rate. 

The dried drops were then counted with an end-window Geiger-Mti!ier counter 
and elution curves were plotted. The overlapping of the elution curves of particular 
elements in the K-Rll and Rb-Cs regions was resolved by a second measurement of 
the 8aRb activity, after 42K had decayed, and y-spectrometric determination of 134Cs, 
respectively, as reported earherD. 

The overlapping Ca and Sr curves were resolved by counting the drops with 
and without an aluminium absorber (52.6 mg/cms). The count rate with the absorber 
multiplied by a factor of 4.2 gave the true count rete,for a5~8DSr, The contribution of 
4bCa *.iras found by difference. 

In most experiments, the total content of alkali metals in the “load” was very 
small (less than o.o10/~ of the total exchange capacity of the resin in a column). 

With alkaline earth elements this method was impossible, however, because of 
difficulties in obtaining the longer-lived barium isotopes of sufficiently high specific 
activity and because the amount of carrier in the calcium.tracer solution was unknown. 
It was noted during the experiments that when separating alkaline earth elements, the 
amount of carrier in the sample had a marked influence on the quality of the separation. 
The conditions were therefore standardized, i.e., the same volume of the stock 4GCa so- 
lution was always taken and the amount of barium tracer put on to the column corre- 
sponded in each instance to 0105 mg of Ba. In the experiments with Dowex 5oW-X4, 
another %a tracer solution had to be used because the former one was exhaustdd. 
Therefore, only the values of selectivity coefficients were in principle directly com.para- 
ble with the other results. 

The concentrations of the eluant solution for the resins of different degrees of 
cross-linking were chosen so as to obtain approximately equal bed distribution coeffi- 
cients for rubidium (alkali metals) and strontium (alkaline earth elements), respec- 
tively. . . 

RESULTS 

As can be seen from Table I, in which the results for Amberlite IR-120 used in 
earlier workEgo are also included; all the resins were almost monofunctional. A greater 
difference between the’total exchange ‘capacity and that due to strongly acidic groups 
was observed only in. tlliz case, of Dowex SOW-X2. The experimentally determined Zs 
values were always a ‘little lower, than the theoretical ca,pacities (2,) calculated by 
assuming that each aromatic ring ,originating from styrene carries one functional 
group. ,,The differences; ,,however,’ were much smaller than lthose noted for anion-: 

.exch,angeresinsa: , : ,.. :.;. ‘, ,, ” 

Similarly, as with anion$excbange resins%, the watt+ content, (W~so) and. specific 
'. 

,>' .,'I 
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/ 

A 

. I.3 

* 1.2 

al.0 ? 

- Dowev sow 
.z 
¶ 
z l Amberlite IR-120 -0.9 E 

B 
-0.6 $ 

I 1 
0.1 0.2 03 0.4 OS 0.6 0.7 0.6 -K 

161OB 4 a x I -/a DVB 
c 

Fig. I, Water content ( WS~O) and specific water content (WI+&&) of Dowcx goW rosins as a 
function of the reciprocal of tho nominal clivinylbcnzcnc content. 

water content (Wr~o/&) were linear functions of the reciprocal of the nominal 
divinylbenzene content (I?&. I), 

.The specific water content was therefore used as a measure of the extent of 
resin cross-linking, Typical examples of the elution curves obtained at a given tem- 
perature with resins of various degrees of’cross-linking are presented in Figs. 2-4. 

The weight distribution coefficients of metal ions (amount per gram of dry resin 
(El+ form)/amount per millilitre of solution) were calculated from the elution curves 
by the equation: 

: 
:’ ‘.a, , ,( : ,‘,,:: ‘. 

: 

,’ ,. 

*here, ‘, U&,: (~4 1’ and’: U mbx. (p) are the retention volumes ,(ml) of the, metal ion, and 
p,hosphorus, respectively;” U,,is the ,dead.volunie of the colunin~, V is the free .voluine 
of the resin bed andb,mj ,is. the weight (g) of dry ion-exchange resin in the’ column; ) ‘. 

:, 
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I Dowex SOW - XIC 

Rl’-’ I 2,65 

K-Rb 
R3 I 0.60 

R3 Rb-CS s 0.75 

t+.~, I 0.17Omm 

NK P 0.135mm 

/fRb s 0.144mm 

t/c, e 0.145mm 

t 
Dowex SOW-~6 Rb 75oc 

3000 t 

P 
2600 

2200 

K 
QNa”1.78 

I+, 1.27 
Rb 

NO-K 

R3 - 1.56 

K-Rb 
R3 * 0.44 

Rb-Cs 
49 o 0.66 

0,221 mm 

0,282 mm 

0,2kl mm 

0.257mm 

3400 Dowex SOW-X2 ,’ 7s”c 

3000 

2600 

2200 

1800 

1400 

1000 

HNa= 0.321 mm 

HK rt%25?lmm 
,+,a 0.360mm 

/fcoO 0.922 mm 

Fig.,.3, Effect of resin cross-l&king on thd: separation of;z$Lli .m?tsls ,at 75’.’ Flay-rsFo: (a) 0~67 
yzrn/rnie,;,.(b) 0.66 cm/min; .(c) 0.58 cm/min; Other’conchtlons as m Fig. r. I’ 

‘, ._ ” ; s,,‘, ., .i . ‘/ , ‘. ,; .: .Ii ~:,I I. ,.. 
;;; ,, 1 :! : ,‘s.’ : ,. . . ,’ ; ‘; ., ,, .,; 

..,. 
‘, 2 : :;,’ ,‘,I I ; ,’ ) , .‘., ,, ‘.” L 9, ‘,, ./ 

:, ;’ . 
,, ,.‘,. ,. .’ ,, 

;,, ,. $0 ,Citro?natqgr;, 71 (x972) 507+fj22 
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I Dowex 5Oih - Xl6 50 OC 

3000 

26’00 

2290 

1800 

14oc 

1000 

600 

200 

Ca 

4200 1 

g 3000 ’ 

$2609 a 
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., ,JcCa I ly38 R’Ca-5r p 0891 

3 

Ba 
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4&‘3 0.192mm 
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I 
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160. 200, 240. “. 280 : ‘. 320 1. 360 
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400 

,. 
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CATION-EXCHANGE SEPARATION OF ALKALI AND ALKALINE EARTH METALS 

From these data, selectivity coefficients for the ion-exchange reactions 

RH+Me+++RMe+H” 
and 

RH + +Me2+ + $R2Me + H-f- 

:,:,, were calculated by the equations1 

lzF$ = AMO’ 

and 

!a5 

(4 

(3) 

(4) 

(5) 

where m and C denote molality and molarity, respectively, d is the density (close to 
unity for dilute eluant solutions), and Z8 is the concentration of the resin phase (ex- 
change capacity of strongly acidic groups). 

“Corrected” selectivity coefficients, 12’gz2’, were calculated from the relation- 
ship : 

10’ 

i 

25% 

L 
L-J-& 

-r 

,.‘., 

+Ja, 0.1 0.2 0.6 WI& 2s 
1 g H~O/mequiv. 

!. “, :, :. “,;‘_i’ ,. :‘o’,,‘..,, .’ 

.’ 
F&b$~oi&~ed seledtivity%ooffi&eiits fbr’the hydrogen ion-oxchange’J&ction for alkali and;alka- 
line ear& metal ions as a’ function ‘of the’ specific water content of the resin. 

J. ChroPnatogr:, 71 

: 

(1972) ,5’?7-52+ 
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where y. denotes the mean activity coefficient that can’ be derived’ from the tables 
published by LIETZICIP. 

Corrected selectivity coefficients of alkali and alkaline earth metal’ ions are 
shown in Fig. 5. 

Separation factors of adjacent elements are given by 
ii 

a &IQ (2) 
a1 = - 

AMo (1) 
(7) 4 

and are shown in Fig. 6. 

1 A4 
A- -A 

2SY a6a 
75*c Sr 

.I 

o-o 25T #K 

o--o 75~ No 

1 
16 0 4 2 Xm%,DVB - 

Fi& ‘6. Separation factors of sllltnli and alkaline earth. metal ions as a function of the specific water 
content of the resin. 

,, ; Plate heights were calculated from the relationship11 

‘) fl= 
L ’ wa L * 02 

,. ,, .’ 8(Gm~ - Wa = (hiax. - G>* 
(8) 

.where ,’ ;’ , 

.& = length of the resin bed 
;,, 

,,: * 
= width of ,the peak for the M ,= 

ikl 
emax* ‘= 0.368 iWmax. ordinate 

‘W” 
: .+.A--_= standard deviation of ohromatographic peak, ’ ‘_ 

0 
.,,, ,. 

‘, :,, )’ ‘, ,.2da ,, ;. ” ” : ‘,. ‘. ,’ ,, ,, ,; 
,,‘.,,. ‘I 

,,:, I’ i’ .; 
d. ./~ , ,._,. $&-+igh& nqrnial&d for ‘the ‘valce ‘of’ the’ bed distribution, coemcient, 2’; of’ ‘:. ..‘;., (’ ‘,’ 
,,~~l’;(;tlr:‘=3!.~~!~~)~~are’,piotte;d:$s ,a.;funct@n;-,.of the specific ,wate,r, content, ofa’ the resinin ,, , :,gig;_:i;‘ “, .) ‘,;, ” “: jl: ,t ,,,. 1 ‘“., I ,, . 

,_ ,,,. ‘_’ : :, 
, :‘,:: ‘l”“:‘:!‘.:‘::i;:: ,,: :.,‘:, 

8, :.:; ..‘, : 
“..-.‘i; ,, , I,‘) ‘:’ 7 .,; ,; I) I,,., ,,. :; : ,,,, ;., ,” , :Ir ::, ,,:{ 

:, : 
:.!r? ,~A~~P+<!~~: jr’. (&$) ‘.‘++$z’2 

.$’ . .Vr(‘,,: ‘.. 1 

: .., 
‘,, .’ /’ . ,. ,, .; ‘I, 
I ,y .,,. :.“.,“‘,;, ;.:. 

,, ‘. 
,’ ;, 

.,,,.I ,. .’ I, ‘, ‘,;.. .,. 
I ,:. ,I 

,;_*.:;,: y’,; ‘: :, .,..: I. I’:. .,: ~‘, ,,, _,., .,, 
I!, i /(.., ,.,.,. 

. :;. 
.,: ,‘_ .’ . . ., :. ‘, : . . . 

~:p:‘:.,. “(,,:. ;.,,,. I,‘,,.,.: ,.;,. ‘,, ,_(‘, ,, ;,, _ , .; “. ..’ .’ . .’ .‘, ? : “., .,,, !‘. 
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25% Alkali 

75T Metals 

,o_,; e 
r - 2S.C Alkaline earth 

t - 7.5.C Metals 

t 

t 
10-z 001 0.2 0,3 0.4 0.5 c 

0.6 wHzO/zs 
g H%O/mequiv. 

16 0 4 2-m- 

Fig. 7. Plate height, normalizccl for a bocl distribution coefficient vnluc of A.’ = 20, ns a function 
of the spccilic water content of tllc resin. 

Resolutions of adjacent pairs of elements as calculated from11 

Gnax.(a) - R,=-- Gll,x. (1) 

3(o, + %?I 
(9) 

are shown in Fig. 8; 
.’ 

DISCkSION ; . 

’ 1. ’ As can be seen in Fig. 5,’ the selectivity coefficients generally decrease with ‘the 
increase in the specific water content of the resin, i.~., ‘they increase with the, increase 
in the resin cross-linking. 

Only with sodium was a slight minimum at medium cross-linking observed. 
Separation factors for adjacent alkali metals increase or remain constant with the in- 
crease in cross-linking, For’alkaline earth elements, the situation is more complex. A 
distinct maximum occurs on the czgt vc~syszcs ‘CYnzo/Zs plot at 25O, which disappears at 
higher temperatures. a?$ on the other hand, -generally increases with the increase in 
the’resin cross-linking. The minimum visible in Fig. 6 is not definite, as the experi- 
ments with Dowex sow-X4 were performed at different loadings than those for other 
resi,ns: ,It is, interesting,to inote, that (the greatest effect .of cross-linking. on, the’ separa- 
tion factor was observed with elements for which the difference ‘in’hydration is most 
pronounced;e.g., the Na-K:,.pair. For divaient: ions; not only do hydration-dehydra- 
tion phenomena and specific interactions’ between”ions and ,functional. groups. occur, 

1/.4Jtioqatcigi;i, .71 (1972) 1.5op-522 
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R co-s!- 
3 

o-o 25Y Na-K 
e--.0 7J.C R3 

A-A 25Y @K-Rb 
A---A 75.C 3 

o-o 25’C Rb-Co 
W--a 75.C R3 

10" 
0.1 0.2 a3 0,4 0.5 Zs c . 

16 8 4 2 Xl%DVB 

,Fig. 8.’ Resolution for alkali and alkdino earth elements as a, function of the specific water content 
of the resin. 

but steric requirements are also probably operative, as the alkaline earth cation’must 
be simultaneously attached to two sulphonic acid groups. At 25O, the resin of medium 

cross-hnking evidently offers the best spatial requirements to discriminate ‘between 
strontium and barium, and hence the maximum value of separation factor is achieved. 

The plate heights, which decrease uniformly with the increase in the resin cross- 
linking when separating alkali metals, show distinct minima for alkaline earth ele- 
ments (CA Fig., 7). As has been pointed out earlieraJ, such a shape of the H ‘VW& 
VEQ@~ p@t can beexplained only if an additional term accounting for longitudinal 
‘diffusion in’the resin’phase is added to the classical Glueckauf ecjuation. The theoretical 
e~&%ssio’n Ifor’ the :$ate height can then be’ written as 

. ,. 
,.. :, ,: , 

‘)I *.;. 
‘, : /’ ,~,?J.~4.~ ,-t- 

,+,D46. - 
$6” 

: ; !.,, , .Y. ‘....” ,- ,(’ : ,. ‘I +,&at ” ‘. ,, 
! ” ” : ,:, : -: : : : : 

” ,d-. 
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H .’ 
(mm) 

0,7 ’ 

0.7 ’ 

0.6 * 
I 

08, 

0.4.’ 

0.3 * 

0.2. 

0.1 . 

Alkaline earth metals 
w-0 oowcv SOW-X2 25% 
4-T% Dow64l SOW-X8 25’C 
0-a oowow SOW-Xl6 25.C . . 

l * Dowex SOW-Xl6 75% 

Alkali metals 
o--o Dowex BOW-X:! 25% 
C. Dowex SOW -X2 5O.C 

&d Dowox SOW-X8 25.C 
M Dowew SOW -X6 75.C 
o-9 Dowew !%W - X16 25OC 

c 
OC)b Od 1s ‘/xt 

Fig. g. Plate height as & function of tl!c’reciprocal of the bed distribution cpofficiont for resins With 
various’degrcos of, cross-linking. : 

” 

When the diffusional mass transfer in. tlie resin phase (the second term in eqn. io) 
is the main factor determining the plate height, ‘5,s is often ‘the case, then: one can e& 
$zct that' U wili be a linear function of.r/(n -t_ i’) w x/a’ and will decrease with increase 
in temperature (b is in the denominator). ‘. 

:. 

However, as can be seen from Pigs. 7 and 9, in the separation of alkali metals H 
increases with increase in temperature. This indicates that longitudin’al diffusjon in the 
mobile and stationary phases (the fourth and fifth terms in eqn. 16; in which diffusion 
coefficients. are in the numerator),’ must be operative. I. : 

! ,: .I ;. .@or,Dowex,5oW-Xz resin, IY decreases sharply with the increase in’ x/il’,,which 

,’ 

again shows. the signi&auce of longitudinal diffusion in, the resin phase here ,(the, only 
term in which the distribution, coefficient,. is, inthe numerator).. For Dowex 50.WrX8, . 

‘only! a; slight,;decreas,e,of, U with %he, increase in x/J’: js observed;.,: A slight contribution 
of.‘diffusional:mass: transfer in$he resin phase to,, the plate height occurs with Dowe% 

I ; ‘goW-Xx@,!r,esin .but only at; higher, x/a’. values (low, distribution, coeflticient ,values).:, ,,. 
? .’ 

(. ,I.X ?;.,,:’ JYhes,e~:.;results ,: therefore show goqd ,+igr~epieiit I with ,the.. theoret@~ prediction 
,“,, .,\ .’ ,- 

,( :,: ‘, ,,: 
J- :wvy+yY*~ ?f ,,(fqw) ‘. 5?,775$~ II 

:,.,, ,” ,’ ,, .( (. ,’ 
<;, .y:.,.. ,I 
‘;C.,, .,: ‘,I, ” : “, .I,’ ,_ ,, ” 

.I, ‘,,, 
,!/V.‘.. : ,. .,,,,,, ’ : ,, .’ ‘. ._ ,.I, : 
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that the,.contribution of longitudinal diffusion m the resin phase to the total plate 
height, should be the greatest for resins of low. cross-linking (high D), at elevated tem- 
peratures and for the higher distribution coefficients of the eluted species. 

With alkaline earth elements, the contribution of the mass transfer in the resin 
phase is much more .pronounced because of the considerably lower values of the diffu- 
sion coefficients of divalent cations. For example, for Dowex SOW-X4 (tVn,o/& = 
o.ssg), values of the diffusion coefficient in the resin phase at 25” of Dxa = 1.41 l 10-0 

X 

cmg/sec and Dsr = 2.28 9 x0-7 cms/sec were reported l2. However, here also the contri- 
bution of longitudinal diffusion can be easily detected (l?ig. g), especially at lower r/a’ 
values. 

Comparison of the H vc~sszcs r/d’ curves for alkaline earth elementson Dowex 
SOW-X16 at two temperatures (25 and 75”) clearly shows that at low distribution 
coefficient values, where mass transfer in the resin phase (the second term in eqn. IO) 
is predominant, the increase in temperature results in a favourable decrease of plate 
height. On the other hand, at high distribution coefficient values where longitudinal 
diffusion in the resinphase (the fifth term in eqn. IO) becomes more important, the 
plate height increases with increase in temperature, as could have been predicted 
from, eqn. 10. 

As has been pointed out in the previous paper 2, if the experiments with resins 
of various degrees of cross-linking are, performed in such a manner that the diffusion 
coefficient in the resin phase, D, can be considered to be the only variable, then eqn. IO 
can be rewritten in the form 

where’ A, B, C, 13 and F are constants under these circumstances. 
” ‘+$ice ,one cari expect a minimum on, the IT tievszcs’~ curve if resins of sufficiently 

‘.differe+e,jctents ;of cross-linkingaare included in, the investigation, 
I’/ 

y 

I:’ Diffusion coefficients in the resin decrease rather uniformly with: the decrease*in 
the specific water cdntent 1sJs. A similar minimum on the IY ve~stis W~,o/2, curve is 
therefore~to be ‘expected. As can be seen from Fig. 7, this does occur for the elution of, 
alk~~~~e’;eartfi,c~~~ons.~EoS the elution:of:alkali.metals,no minimum was observed, but 
tliis~~~~~lcl:i~rob~~~y, occur, at even: higher extents of cross-Jinking. 
:, : ,,,“, 

1 : ;,. ,; 

, ,.;i ~.-;.~,~13f:fon64vs,~,from e,qn., 1.1 that a ,minimum, on an fl vers+;D plot should occur at ‘1 ..:1 ,. 
b’ :I ‘,.’ min,. ii’,,q~[F;, c om arison ,of eqns. 10 and 11, leads to the relation p , I “, [ :. 

,; . 
Accor’ding to GIDDINGS’~, obstructive factor values are not known exactlyebut it 
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increase in the order D cs > J?K > &a. Thus, the D min. value could not be achieved 
with the resins used in this study, and the view that the minimum on’the H VCYSUS 
W~so/& curve should occur at still higher cross-linking is further supported. 

Of the alkaline earth metals, the diffusion coeffients of strontium recorded in 
the literature12 are’ 2.28 * IO-~ cm2/sec for the resin with Wr5,o/Z, = 0.359 g II,O/ 

cz: mequiv. and 3.38 l x0-8 cm2/sec for the resin with Wu,o/Z,=:o.143. These data indi- 
cate that for alkaline earth cations the minimum on the W versus Pvrx20/Z, curve 
should occur somewhere in the vicinity of 8% cross-linking, which was in fact ob- 
served experimentally (cf. Fig. 7). 

In general, however, the variations of plate height with cross-linking when 
separating simple inorganic ions were much smaller than those noted when large com- 
plex ions were involved2m3. 

liesolution, which, as is known, is a quantitative measure of the quality of 
separation, depends both on the separation factor and the plate heightll: 

(13) 

where 

n = an arbitrary number greater than zero 

: 
= length of the resin bed 
= mean plate height. 

For alkali metals, the resolution increases monotonically with the increase in 
cross-linking in the range of cross-linking studied and at all temperatures (cJ Fig. 8). 
This is, a consequence of the fact that both the plate height ,and separation factors 
change in a favourable direction (case VII of the general classification suggested 
previouslyll) . 

The best separations of alkali metals can therefore be achieved with strongly 
cross-linking resins and at low temperatures. The same is true for the separation of the 
Ca-Sr pair, 

The best separation of the Sr-Ba pair can be obtained with a resin of medium 
cross-linking (Dowex SOW-X8) at low temperatures, as a result of the simultaneous 
occurrence of a maximum value of the separation factor and a minimum value of the 
plate height. 
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