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INTRODUCTION

Ina prev1ous paper1 in this series we have shown that the mechanism of adsorption
- on 1on-exchange resins can:be studied by chroma‘cography with resin loaded papers,
and in particular the comparison of several resins is rendered very simple by chro-
m’ltographmg on several papers simultaneously with the same solvent. The present
‘communication utilises this snnple technique for the 1nvest1gat10n of several problems.
Firstly no work with organic solvents on the inorganic ion exchangers (except ref.2)
such as zirconium phosphate has been reported as far as we know. Secondly the claim
was made? that evidence for an anionic chloro-complex of thorium was obtained by ad- -
sorption studies on anion exchangers although neither solvent extraction nor par-
‘tition chromatography have given evidence for such a complex. Preliminary results
on this question have already been reported in the preceding communication! and
have 1ndlcated that the mechanism of the retention of thorium on anion exchangers
seems to be rather a kind of partition chromatography where the resin supports
the stationary phase. This work was extended and confirmed with numerous solvents.
Finally we believe that with the comparative method used we can present a better
picture of the processes involved in the adsorption of inorganic substances on ion
exchangers from organic solvents, than has been obtained so far from equilibrium and
column experiments. - : |
- Ion exchange with organic solvents has already been the topic of numerous"
publications over the last fifteen yearst. More detailed studies of analytical interest"
were recently made by FRITz AND PIETRzZYK® who examined the anion exchange
behaviour of numerous metal ions in a number of solvents containing hydrochloric
- acid and by KoORrKIscH et al.® who studied the behaviour of thorium and uranium in -
numerous solvents containing varicus mineral acids at various concentrations.

EXPERIMENTAL AND RESULTS

In all experiments the following four papers were developed in the same solvent at a -
temperature of 20 + 1°in tightly closed small volume jars (26 cm X 15 cm diam.)
Ly the ascending method:
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/(1) -Amberlite SA-z paper contammg 4,5 % of Amberllte IR-IZO (a sulphomc
;resm)

. (2) Amberlite SB -2 paper: contalmng 45 % of Amberllte IRA~4oo ('L quaternary
ammonium.resin). . el

(3) Zirconium phosphate paper prepued accordmg to ALBERTI AND' GRASSINI7
by precipitating zirconium oxychloride inside the ﬁlter paper w1th phosphonc a.c1d -

(4) Whatman No. 1 cellulose paper.: *: -

The solvents examined all contain r N or 2 N a.mds since mtermedla.te RF
‘values are obtained on zirconium phosphate paper in this region of acidity. The fol-
lowing organic solvents (of chemlcally pure grade) were studied: methanol, ethanol,
isopropanol and acetone. The main interest of this investigation was centred around
the behawour of thorium and uranium, So as to observe also the behaviour of typical
transition’ and non-transmon elements, copper and’ la.nthanum were chromato-
graphed’ with thorium ‘and uranium. A wider range of ions was studJed in a.cetone
mvd:ures and ethanol since these seemed to yield the most promising results.

The solutions of the ions to be studied were usually made by dissolving the salt
(chlorlde -nitrate or sulphate respectively) in“1-N or 2 N acid. Thorium nitrate was
evaporated 3 times with conc. HCIl and then dissolved in z N HCI as recommended
by KorkiscH AND TERA® to prevent hydrolysis. Nitrate and sulphate solutions of
thorium were also made by evaporating with the concentrated acid and subanuent
dilution in the cold. :

Uranium and copper could be detected on all papers with potassmm ferrocya,nlde
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wFig. 1. Rp va]ues of some metal ions in metha.nol—z N HCI1 mlxtures Ordmates. Rp values;

"abscissae : vol. % of methanol in mixtures of methanol-water—HCI all being 2 N with respect to

"HCL O = Wi1: Whatman No. 1 paper; @ = Z.P.: zirconium phosphate paper; O = SA-2:

Amberlite SA-2 paper (strong acid sulphonic type resin ca. 45%); M = SB-2: Amberlite SB-2
paper (strong base quaternary ammonium type resin ca. 459%).
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Thorium and-lanthanum were detected with thoron and in absence of 7irconium‘
phospha.te also with alcoholic ammoniacal 8-hydroxyquinoline.

- Anion ex change papers usually gaverather elongated spots for Th(IV) andLa (III)f
for 1ntcrmed1ate Rp values. However, only the values of the centres of the spots wereﬂ
recorded in the results. o )

Figs. 1—~7 .show the varla.tlon of the Rp value when the water in 1 N orz N acids
is gradu'tlly replaccd with orgaruc solvents from o % to 80 %. '
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Fxngz a]ucs of some metal jons in a) eth'mol— N HCl and (b) cthanol-z N I-ICI mv{tures.
B o .ov e 0 Symbols ete. as in Fig. 1. :
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Fig. 5. Rp v'u.lues of some metal ions in (a.) cthanol-1 N H, SO,, and (b) cthanol-2 N H SO4
Symbols ctc. as in Fig. 1.

DISCUSSION
Lanﬂmnum

La (III) in HCI is strongly adsorbed on the sulphonlc resin paper from all concen-
trations of methanol, ethanol, isopropanol and acetone. The small decrease of the
Ry values may be attributed to a small ‘‘partition effect” superimposed on the
cation e\change adsorption. From HCI the Ry values on cellulose paper (Whatman
No. 1), anion exchange paper and zirconium phosphate paper are almost identical
and decrease regularly with the increase in the concentration of the organic solvent.

It must therefore be concluded that anion e*ccha,nge pla.ys a negligible role in the
retention of- ‘La(III) and that. the adsorptlon on zirconium phosphate is also very.
small in 1~z N acid. . :

From nitric acid there is some evidence for adsorption on ‘anion e\changers in
higher concentrations of alcohols and acetone (Figs. 4a, 4b, 7a). This may be due to
v physmal adsorptlon on the resm network by a neutra.l complet or to actual 'uuon.
ewccha.nge :

In sulphumc acid there are small d1ffe1ences between anion resin papers and
cellulose’ papers. However they seem to be negligible as are also those for the zirco-
nium phosphate paper. Thus with the e*ccephon of nitric acid there seems to be no
anion exchange of La(III) from organic solvents and little retention by 71rcon1urnv

phosphate, the main phenomena belng cation exchange with sulphonic groupe a,nd*'
partltlon ‘ ‘ '
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Fig. 7. Rr values of some metal ions in (a) acetone-2 N HNO; and (b) acetone~z N HjySO,.
Symbols etc. as in TFig. 1. ‘ :

T horivum

Thorium (IV) is strongly adsorbed on zirconium phosphate and sulphonic resin
papers from all acids and all solvents. From hydrochloric acid the adsorption on
anion e*cchange paper and on cellulose paper is identical except in low concentrations
of organic solvents where. cellulose adsorbs more than the resin paper. From nitric
acid the tendency to adsorption on anion exchangers is very marked and the.Rp
value curves: of the cellulose paper and the anion exchange paper d1verge consxder-'
ably above 40 % of organic solvent. : ‘
From sulphunc acid there is an 1ncre'tsed adsorptxon on the anion. exchange

paper. already in the aqueous solution. Both cation and anion. e*cchange papers have
lower Rp values with an increase in the organic solvent concentration which suggests’
a partition effect in addition to the ion excha.nge effect.

~ From these results’it is evident that anion exchange does not contrlbute to the
adsorption. of Th(IV) on. the various papers from HCI, while it does from HNO,,‘
and H,SO,.

In. sulphunc acid (Flgs 5b, 7b) another interesting effect may- be observed

‘Th (IV) is more strongly adsorbed on zirconium phosphate than on the sulphomc
resin.In2 N H2504 a sulphonic resin must be much more ionised than- the phosphoric
.groups. -of zirconium phosphate. It thus seems that the retention of Th(IV) on the
- zirconium phosphate is due to complex formation between Th (IV) and the phosphorlc,'
:a.01d groups rather than to an electrostatic attraction. ‘

J. Chiromatog., 10 (1963) 82—9#]
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| Uranium (VI ).

-U(VI) is' only’ sllghtly adsorbed from 2 N HCl—rnethanol on- cellulose paper but
quite strongly on both’ catlon and anion resin paper. There seems to ‘be- -an increased
adsorptlon which’ does ‘not ‘depend on a partition effect. Since there is an ‘increase
on ‘both resin pa.pers we ‘would ' like to suggest that a neutral species which " ad-
sorbs on the orgamc network of the resin is responsible for this adsorpt1on This
neutral spe01es is' formed as the water of: hydration is removed from'the’ uranyl ion. .
‘ ‘A 'similar effect is'shown in ethanol with T N or 2 N HCI and 1sopropanol al- _
though there is also a slight partition’ effect as well.: : S
' Zirconium phosphate adsorbs U(VI) from aqueous solutlon but less from. orgamc
solvents; in fact acetone—z N ‘HCl'may be used to desorb it completely while this is
not so easy with high concentrations of aqueous or alcoholic HC1 (see’ Fig:"8). This
-~ effect does not seem. to have been recorded previously and may have importance in
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F1g '8, Rp values of’ U022+ and Cu?* ions‘'on Whatman No. 1 (open circles) ‘and zirconium phos-
phate (black dots) with mixtures of ethanol-conc. HCI as solvents. Ordinates: 2y values; ab-
scissae: vol. % of conc. HCl in ethanol,

‘ the treatment of uranium solut1ons The only organic solvent rnent1onecl for such a
desorption in the literature is tmbutyl phosphate2
| From nitric acid (—ethanol or acetone) there is little retention on cellulose paper, ‘
a gradual increase of adsorptlon on anijon resin paper and a much greater adsorption on
cation resin and zirconium phosphate papers. This' seems to be in agreement with:
solvent extraction .studies which - 'suggest an equ111br1um of cationic and neutral
species. The increase of adsorp‘aon on the anionic paper seems to be due to the ex- -
istence of a neutral species which, however, is not adsorbed on the much more polax
‘cellulose. The fact that the adsorption on zirconium. phosphate decreases slightly with
increasing acetone concentration seems to confirm this. From sulphuric acid U (VI)
_is only little retained by cellulose paper and quite strongly on all three exchangers. .
- The existence of anionic sulphato complexes is well known, and hence the adsorptmn
| on the anion resm may be accounted for. . ,

wCoj)j)er o

There is little a.dsorpt1on on cellulose or zirconium phosphate frorn alcoholic or acetone
. -HC1 ‘mixtures. The adsorption. on the. anion resin increases cons1derably with. in-
crease 1in. the.organic solvent concentratmn, more neutral andanionic, chloro-com—

j. Chromatog., 10 (1963) 82—92



Qo : ‘M. LEDERER, V. MOSCATELLI, C. PADIGLIONE

~ plexes being formed, as has been observed in numerous other systems previously.
There is also an adsorption on the cationic resin which varies little with the solvent
concentration. It is stronger. from ¥ N than from 2z N HCI and seems to be due to
the cationic cldoro-complexes as well as the neutral ones. Thus as the amount of
cations decreases with increasing solvent concentration the physwal adsorption of
neutral complexes increases accordmgly

In nitric_acid the curves for anionic resin, cellulose and zirconium phospha.te
coincide, thus retention on these three seems to be solely due to partition. On cationic
resin paper there is strong adsorption which increases in higher solvent concentration
due to an additional partition effect. In sulphuric acid the picture is essentially as in
nitric acid with a possible slight anion exchange effect which seems to be independent
of the organic solvent. :

The behamour of anionic ckloro complexes and some anions

Figures r, 2b, 6 show also the adsorption of chloroauric acid and chloromercurlc acid
from acetone, methanol and ethanol containing 2 N HCI. As has been shown previ-
ously® adsorption on the cation resin paper and cellulose paper must be considered
as physical adsorption akin to inversed phase chromatography. The effect of organic
solvents is studied here for the first time and shows clearly that there is a competition
between the tendency to adsorb on one non-polar surface and the tendency to dis-
solve in a non-polar solvent. The adsorption on the anion exchanger clearly shows
that the adsorption is due to anion exchange plus physical adsorptlon and is always
greater than on the cationic resin. No adsorption on zirconium phosphate can be .
observed from any of the solutions examined.

Fig. 9 shows the adsorption of chloride, bromide, iodide and thiocyanate from
ethanol-o.5 N LiNOg on anion resin paper and cellulose paper. As was previously

sz
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Fxg 9. Rp values of chloride, brormde, iodide and thmcya.nate thh ethanol—o 5 N Lx\IO:, as
solvent. Ordinates: Rp values; abscissae: vol. 9 etha.nol in ethanol-water-LiNO,; mixtures .
whichareo.5 N with respect to LlNO., O=Cl";® =Br—,; O=CNS—; H =1-.5B-2 —Amberhte
SB-2 pa.per Wi = Wha.tman No 1 paper. ‘

shown9 w1th equlhbnum stud;es thlocya.nate desorbs with increasing ethanol concen-
tration and chlorlde adsorbs more strongly This effect seems to be maJnly due to the

J- Chromalog., 10 (1963) 329:
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~ change in the hydra.tlon of the ions on tlie one ha.nd and their 1ncreased solubllltv )
in the’ orgamc pha.se on the other

CONCLUSIONS .

The retention of ions on 1on-e'cchange papers from solutlons of a.01ds in organlc sol-
vents can be due to a vanety of mechanisms: ' : :
1. Ion e\cchange, that is, actual electrosta.tlc attraction between 1omsed groups“
of the ion exchanger and jonised species in solution. Cu ‘
2. Complex’ formation w1th groups such as sulphonlc or phosphonc acxd groups '
of the ion exchanger.

. 3. Partition between the water retamed on a polar support, which may be cel-
lulose or also a resm equlpped with polar groups. :

4. Adsorption on the organic network (elther paper or resin) of species whlch
~ extract readily into organic solvents.

* 8. Complex formation due to the presence of the organic solvent which changes
the water concentration in complexmg equ111br1a as well as changes of hydration
of non-complexed ions. :

The 1ollow1ng effects were observed ‘ '

“@) U(VI) can be desorbed from zirconium phosphate with acetone ‘while 1t is
only possible to desorb it with aqueous acids in high’ concentrations. Fast desorptlon
~of U(VI) from organic resins with organic solvents proved equally 1mpos=1b1e

- (ii) Chloroauric acid’ and similar strongly adsorbed halo-complexes may be
desorbed from orgamc resins with organic solvents, the effect depenchng on the nature
of the solvent.
, (iii) No evidence for an anionic Th(IV) chloro-complex could be obtained,
although complexing with nitric acid and sulphuric acid may be observed readily.
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SUMMARY

The adsorption of a number of metal ions from organic solvents (such as methanol,

‘ethanol, isopropanol, acetone) mixed with acids (such as HCI, HNOj;3 or I-IzSO.,) was.
- studied on cellulose paper, zirconium phosphate impregnated paper, sulphonic resin
‘paper and quaternary ammonium resin paper. As the mechanisms responsible for the

adsorptlon the following were suggested ion exchange, complex formation with the
groups of the exchangers, partition with the water held on the paper, adsorptlon on
- the organic network of the paper or resin and change of the complex equilibria due
. to the presence of the organic solvent.
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