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METALLIC NITRATES IN PAPER CHROMATOGRAPHY

1I. THE SYSTEM METHYL ISOBUTYL KETONE—-NiTRIC
| ACID-LITHIUM NITRATE-WATER

A.S. KERTES AnD A. H. I. BEN-BASSAT

Department of Inovganic and Analytical Chemistry,
‘ The Hebrew University of Jerusalem (Israel)

In continuation of a recent report! on the chromatographic behaviour of metallic

nitrates in the system methyl 1sobuty1 ketone(MIBK)-nitric acid—water, we have now
studied the distribution of nitric acid and lithium nitrate between water and MIBK,
and have measured the Rp values of 55 ions in the above mixtures. :
A chroma.tographlc study of a large number of ions in one given solvent system
may yield numerous useful separations. The Rp values obtained for cations may to
a certain extent be related to the distribution coefficients for the same cations obtain-
able by the extraction technique in the same solvent system. This relationship is
rather imperfect, amongst other things, because of the influence of the solvent itself,
and of its water and acid content, upon the cellulose and because of the changes in
solvent composition that occur during the development of the chromatograms. Thus,
a chromatographic study can serve only as a preliminary, but it may provide a basis
for possible separations of macro quantities by the extraction technique. With this

~aim in mind, it appeared necessary and important to carry out a systematic and

detailed study of the solvent system itself. Up to the present no attention has been
paid to the exact composition of the eluants used in paper chromatography: the

| distribution of acids, salting-out agents and complexing agents between the aqueous

and organic layers has never been determined. A study of this problem should permit
a more fundamental interpretation of the Ry values obtained, and in certain cases is

- likely to serve as a basis for some theoretical considerations.

In radiochemical processes where the dissolution of the fuel is generally carried
out with nitric acid, inorganic nitrates are often added to the nitric acid to increase
the dissolution rate of the uranium?. Sometimes nitrates appear more promising than
nitric acid as aqueous salting-out agents in the solution from which the extraction is

tobe made. Experiments have often shown?:4 that a much higher partition coefficient

‘is obtained when part of the nitric acid in the aqueous phase is replaced by neutral

inorganic nitrates, which themselves are practically insoluble in the organic phaseS.

- In the case of extraction with MIBK, the partition coefficient of the extractable

" species is dependent both on the concentration of nitric acid and of the nitrates in the

aqueous pha.se6 The same was found for Rp values in paper chromatography?. It is
‘often sufficient to a.dd nitrates to obta.m the necessary salting-out strength w1thout.
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making the aqueous phase highly‘ acidic. Nitrates with low équivalent weight of the
cation, like lithium and magnesium nitrates, were found to be especially useful as
salting-out agents4 : ‘
' The effects of salts have also been examined in 1norgamc pa.per chromatography

The technique employed was impregnation, 7.e. dipping the paper in salt solution and
drying before chromatography. The salting-out effect on uranyl nitrate was found to
be identical with that observed in solvent extraction’. LEDERER® made a comparison
of Rp values for several cations on both ummpregnated and sodium chloride-impreg-
 nated paper in butanol saturated with N hydrochloric acid. Nitric acid is rarely

employed as an eluant in paper chromatography, since the nitrate-complexing of

- metals is usually small. MIBK does not belong to the organic solvents widely used in.
paper chromatography and only isolated reports of its use were found in the liter-
ature?, ‘ |

EXPERIMENTAL

Methyl isobutyl ketone was a “‘Shell” pure commercial product and was distilled
“before use from an all-glass Pyrex still; only the middle fraction (114-117°) was
retained. ‘“Baker’s Analyzed’ nitric acid and lithium nitrate were employed.

_Initial aqueous solutions, containing varying amounts of nitric acid and lithium
nitrate, were prepared by taking aliquots of concentrated non-fuming nitric acid and -
aliquots of a 6 M lithium nitrate stock solution. Equal volumes of these aqueous
solutions and the MIBK were equilibrated at room temperature using the procedure
described previouslyl. The changes in volume after equilibration were followed using.
graduated (0.5 ml) glass-stoppered cylinders; the readings were made with an accuracy
of &+ 0.25 ml, the relative error being 4 0.5%. The distribution of nitric acid between:

. TABLE I

THE DISTRIBU I‘IO\I OF NITRIC ACID AND LITHIUM NITRATE BETWEEN WATER
AND MET HYL ISOBUTYL KETONE

No. of Moles/l in initial solution HNO, LiNO,

| solution T lNO, LiNO, VoV . a 1" a ’
PR 2 2 4 5 6 7 8
1 1.006 o.212 1.00 0.135 0.135 0.0037 0.0037
2 1.011 " 0.558 1.00 0.185 0.185 o.co18 0.0018 .
3 0.996 1.078 I1.00 0.281 . 0.281 0.0015 0.0015
4 1.011 2.260 1.04 0.548 0.571 0.0022 0.0023
5 1.001I 3.261 1.06 0.953 1.008 0.0037 "’ 0.0039 .
6 1.006 . 4.314 1.08 - 1.574 1.700 0.0053 0.0057
7 0.996 6.300 1.10 3.381 | 3.719 0.0085 0.0093
8 0.506 1.075 1.00 0.216 0.216 " 0.0012 0.0012
\ 9 0.996 1.078 1.00 0.281 0.281. 0.0015 '0.0015
10 . 2.017%7 1.076 1.04 0.402 . 0,418 0.0040 " 0.0042 .
31 3.006 1.095 1.09 0.458 10.499 o0.0103’ 0.0I1I2"
12 - 4.001I 1.061 1.17 ' o.512 0.599 . - -0,0288 0.0337
13 6.001 1.065 " 1.33 '~ 0.562 0.747 0.0491 0.0652
14 8.002 1 ‘ o

.087 : 1.53 0.585 _0.895 0.0585 .0895
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. water and MIBK was determined potentmmetncally usmg -a Beckman Model H2
"‘»pH-meter The aquedus phases were. t1trated with aqueous sodium hydroxide, and
- the organic phases with ethanolic sodium hydro‘{lde the latter being standardized

‘ aga.lnst ethanolic benzoic acid solution. The lithium nitrate content of the phases was

measured using an EEL flameé photometer The total amounts of both nitric acid and

‘lithium nitrate found differed from the amounts in the initial aqueous solution by a
- maximum of + 1%. In Expts. 5, 6 and 7 in Table I, the lithium mtra.te total was

outside this limit of; error, apparently because the hlgh concentratlon of the salt

~ required a dilution of 1:10,000, which was bound to involve considerable error.

The technique and procedure for the chromatographic experiments, the reagents |
and methods for detection of the spots have been descrlbed in prevmus pape1sm
The working temperature was 23—25

RESULTS

Two sets of experiments were carried out. In the first set, Nos. 1 to 7, the original

aqueous solution contained a constant amount of nitric a¢id ‘and the lithium nitrate

concentration was varied. In the second set, Nos. 8 to 14, the lithium nitrate concen-

tration in the initial aqueous solution was kept constant and the nitric acid concen-

‘tration varied. The e*cact composition of the initial aqueous solution is given in Ta.ble I,
- columns 2 and 3, for nitric acid and lithium nitrate respectively.

The distribution of the salting-out agents, nitric acid and lithium nitrate between
the aqueous and orgamc layers is presented as the concentra.tlon distribution coefﬁ-

[ i
- cient a ‘

__concentration of salting agent in the organic layer (moles‘/l) ‘
" concentration of salting agent in the aqueous layer (moles/l)

and as the mass distribution coefficient yu, defined as

total amount of salting agent in the organic layer
total amount of salting agent in the aqueous layer

The relation between these two units is given by u = (V,/Vyp)a where »Vo and Vi
represent the volumes (after equilibration) of the organic and of the aqueous layers

L =

respectively. The values for the ratio V,/Vy are given in column 4 of Table I.

The calculated coefficients for both nitric acid and lithium nitrate are presented
in Table I. As can be seen from the values in columns 5 and 6, the solubility of nitric
acid in the MIBK layer is greatly influenced by the concentration of lithium nitrate
present in the initial aqueous solution. The inorganic nitrate is an excellent salting-out
agent for nitric acid!’: the distribution coefficient of nitric acid increases on increasing
the amount of lithium nitratein the initial aqueous solution. About 129, of the total
nitric acid is extracted into the orga.mc layer when the molar ratio of nitric acid to

: 11th1um nitrate is approximately 5:1; when this ratio is about 1:5 the amount of
- nitric amd extracted reaches 75%. On increasing the molarity of the nitric acid in the

*initial solution from 0.5 to 8 M (Expts. 8-—14) the nitric acid extracted increases

‘roughly from 20% to 40%
- Refevences f) 495.. '
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As is known, lithium nitrate is only very sparmgly soluble in the organic layer.
By increasing the molarity of the salt in the initial aqueous solution from 0.2 to 6.5 M
(Expts. 1—7), the solubility of the lithium nitrate increased from about 0.3% (w/v) to
.some O. 8% This uncommon phenomenon is most probably connected with the de-
~creasing pH values of the respective initial aqueous solution. On the other hand, an
increased amount of nitric acid in experiments 8-14 leads to an increase of the 11th1um
nitrate solubility in the orgamc layer from 0.1% to about 7%

Pa{wr—ohromatoamphw exybemments

‘The Ry values obtained for ions which moved on the paper are presented in Table II.

In addition to these, potassium and thallium(I) nitrates and rubidium and cesium
chlorides showed an Ry value of 0.01 and 0.02 in solvents 13 and 14 respectively. Zero
Ry values in all solvents were found for the following ions spotted on paper as:

Ba(NOy), CA(NO,), Ce(NO,), PdCl,
Sr(NOy), Pb(NOy) Cr(NOy), PtH,Cl,
Ca(NOy), AgNO GAd(NOy), RhCl,
Mg(NOy), AI(NO3), La(NOg), RuCl,
Cu(NOy), Fe(NOy)q Nd(NOy)s TiCl,
Mn(NOy), In(NQg)s Sm(NOg), - VClg
Ni(NOgy), Ga(NOy), Pr(NOg)y

Zn(NOy), Y(NOy)s GeF, Na,TeO,
Co(NOy)s . TI(NOR)y NbI Na,WO,
Be(NOg), Ce(NOy)y TaF, - (NT1,),MoO,

As expected, no qualitative difference was observed between a system containing both
lithium nitrate and nitric acid, and the system containing only the latter: the same
cations moved in both systems, the only exception being the selenite ion, which only
moved in the presence of lithium nitrate. ‘

The observations concerning the stability of the MIBK saturated with high
concentrations of nitric acid, and its behaviour as a chromatographic eluant presented
in a previous paper?, hold for the present system too.

DISCUSSION

The formation of nitrato-complexes is limited to uranium and elements resembling it,
‘gold, cerium(IV) and thorium standing out in this respect!?. The presence of high
concentrations of nitrate ions, either as nitric acid and/or as other nitrates, promotes
* the formation of species more soluble in the organic layer. This is achieved through
two actions: first, the nitrate promotes the formation of more soluble di- and trini-
trato-complexes, and second, the common ion shifts the equilibrium of the dissociation
toward the undissociated mono-nitrato-form, soluble in organic solvents. In the case
of gold (I1I), the above-mentioned influence of the nitrates present in the solution
‘need not necessarily prevall Since: gold nitrate cannot be purchased and its prepara,-‘
- tion is difficult4, the gold was. spotted as AuCl,., The influence of nitrates in this case .
-is not. necessarlly attributable to”the formation of 'gold mtra.to-complexes Tm,
- ant1mony and’ arsenlc of. Wthh nelther nitrates nor. n1trato-comple*<es are known, '

‘Rcferem:es p. 495+ o ‘
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moved on paper as their chlorides. The changes in the Rp valuesvcould be ascribed to |
the differences of acidity in the eluant. :

As pointed out, the same qualitative results were obtained when the mtra.te m‘
the initial aqueous phase derived .either from nitric acid or from lithium nitrate.
Quantitatively, there were differences; different Rp values were obtained for the same
cation under different conditions. For comparison, curves of the Rp values for a glven
ion, obtained in the three following systems: ‘

1. varying amounts of nitric acid (in the absence of 11thlurn nitrate),

2. T M nitric acid and varying amounts of lithium nitrate, and

3. I M lithium nitrate and varying amounts of nitric acid
were plotted against the total NOz- concentration in the correspondmg initial
aqueous solution, The curves for UO,, Th, Sb, Sn, Au and Hg are shown in Fig. 1. It
appears that at relatively low NO,;~ concentration (up to 2-3 M), the Ry values for a
given ion do not differ, or differ only slightly, with the source of the nitrate. At higher
- NO,~ concentrations, smaller or larger differences are observed. The highest Rp

values are obtained when the nitrate ions are derived from nitric acid; lower values
are obtained when the nitric acid is partly replaced by lithium nitrate and the lowest
values are observed when the source of the nitrate is almost entirely lithium nitrate,
‘with only 1 M nitric acid. Thorium behaves somewhat differently, and with bivalent
tin the sequence is reversed. It is interesting to compare curves 1 and 2 (Fig. 1) for

1.0 ‘ ces e = - L
of , |

o8} -
Q.6 -
'0.4F -
Au
1
R": ___________ r
Hg
1 | ) L { e

10 2 4 (<] 8 10 2 4 S 8 10 -
[NOSJ mol/l in the initiol aqueous solution ‘

Fig. 1. Rp values of i ions plotted against nitrate ion concentratxon in the initial aqueous solutxons

The nitrate ions were derived from: — varying concentrations of lithium nitrate in the presence
of 1 x‘Vl n1tr1c ac1d — — varying concentrations of nitric acid in the presence of 1 JVI ]1thlum\ '
nitrate ; — — varying concentratlons of nitric acid only. ‘

‘ Re/erences b. 495,
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- the cases of uranyl, mercury and gold. It appears that the 1 A4 lithium nitrate present
in the initial aqueous phase has no influence on the Rp values. By deducting nitrate -
correspondmg to a 1 M concentration of lithium from curves z, almost overlappmg
curves for curves 1 and 2 are obtained. This can be explained on the basis of the
results shown in Fig. 2, where the Rp values for the above three ions are plotted

1.0} o
RF“ / /!

/
0.8 < p

o6

Fig. 2. The Ry values of uranyl, ‘mercury and gold
nitrates as a function of nitrate ion concentration
in the organic phase. The nitrate ions were derived
from: @ varying concentrations of lithium nitrate 0-2‘{
in the presence of 1 M nitric acid; X varying con-
centrations of nitric acid in the presence of 1 M
llthxum nitrate; O varying concentrations of nitric 0.0 L 1 L

acid only. , o é ? 2 U0z 3 Au

o
0.4 ° *',{
4

L

o

- 1 2 3 Hg
[N03] mol/L in the organic phase

versus the total NO4— concentration in the organic layer only. It can be seen that the
Ry values depend roughly upon the total nitrate concentration in the organic layer.
Since lithium nitrate is practically absent from the organic phase, its presence in the
initial aqueous solution does not influence the Rp values of the above cations.

SUMMARY ‘

The distribution coefficients of nitric acid and lithium nitrate, each in the presence of varying
concentrations of the other, between water and methyl isobutyl ketone were determined. The
chromatographic behaviour of a number of ions in the above mixtures was studied. It was found

that the Ry valucs of uranyl, thorium and gold nitrates are a function of the nitrate ion concen-
tration in the organic layer.
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