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sufficient amine to benzene to obtain the required molarity, and then shaking for 
5 min with three times the volume of nitric acid or nitrate of a given concentration 
in water. In this way the amine is converted into the nitrate salt; this makes the 
elution more regular and, the solvent front well-defined. Then the organic phase was 
separated and freed from residual droplets of the aqueous phase by passing it through 
cotton lint. After soaking the paper, it was allowed to drip and then dried with warm 
air to remove the excess of benzene. The amount of amine tied on the paper was 
determined by weighing a 15 x 15 cm sheet of paper before and after treatment_ 
When using a 0.1 M solution of amine in benzene the amount G.sed proved to be 0.33 
mg/cmz. Obviously, by using more concentrated solutions; this amount can be con- 
siderably increased. After the paper was ready for use it was cut partly into IO cm 
diameter discs for circular chromatography, and partly irk-5 x 30 cm strips for de- 

scending chromatography. 

SoWions of the eZeme&s 

The solutions of the elements were prepared from Th(NO,J.-6H,O (ELD_H-), 
La(NOs),*6H,0, Ce(NO,),*6H,O and UO,(NO,),-GH,O(~erc~~, Since in the kst 
experiments, cerium (III) and lanthanum behaved in the same fashion, only lanthanum 
was used subsequently. 

Circular chromatogra$hy 

-4 drop of about IO ~1, containing ~5-50 pg of each element, was deposited at the 
center of the disc and immediately dried. The spot was then developed at room tem- 
perature (20 “) by slowly dropping 2 or 3 ml of the appropriate eluent at the center 
of the disc with a micropipette, till the diameter of the wet surface was about 7 cm. 

The elution time ranged from IO to 20 min according to the viscosity +nd density 
of the eluent solution and the permeability of the paper. The permeability of_+e paper 
in turn depends on the molarity of the amine solution used for the treatment_ 

After the elution was completed, the paper was dried and the zones developed 
by means of a o. I y0 solution of morin in alcohol ; uranium &d thorium are.rewaled 
at once, whereas lanthanum (or Ce (III)) appear only after the paper has been exzsed 
to ammonia vapour. 

Elution with HNO, 

The RF values for uranium, thorium and lanthanum were meakred as functions of the 
molarity of the nitric acid used as eluent. In this experiment the paper was treated 
with anamine solution which had been pre-equilibrated-with 10 M HNO,, and the 
elution was performed with HN03 in the range from r-M to zo M-The ezspximental 
results reported in Fig. I show that in the whole range of HNOs molar&k, thorium 
is retained more strongly than uranium, while lanthanum always moves with the 
solvent front. When the HNOs molarity of the’eluent increases from I to 6, b&b 
thorium and uranium. become progressively more complexed and hence their RF 

values become lower and lower. From 6 M to IO M, however, the Rp values rise again- 
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This fact is probably due to anion exchange,between the nitric acid and the anionic 
complex fked by the aminated paper. Analogous behaviour was found during the 
adsorption of thorium and uranium from nitric acid solutions on anionic resin.+0 or 

by estraction with tri-moctyhnine7 and tri-iso-octylamines. 

;:: 

3 

Fii_ I. RF traloes on paper treated tith 0.1 kf TNOA in benzene us. molarity of HNO, in the 
eluent. 

The RF values of the three elements (U, Th and La) were compared with the 
values of the extraction coefficient E& by shaking IO ml of 0.2 M tri-+z-octylamine 
{TNOA) for IO min with IO ml of a o.or M solution of each element, containing 
cl5fferer.k amounts of HNoa. 

Thorium and lautbanum were determined by complexometry, and uranium by 
colorimetry.The results are shown in Fig. 2; in Fig. 2a the values of I/RF-I are given 
and in Fig- zb the extraction coefficients E& From the plots it is clear that lanthanum 
is always very poorly extracted (Eg = 0.01 and Rp = o-96) and that both uranium 
and thorium show the highest extraction between 6 M and r M HNO,. 

The shape of the curves is very similar for the quantities I/RFI and, E& and 
under the above conditions the extraction coefficients of uranium are quite close to 
those of thorium. This fact does not account for the considerable difference in the Rp 

values that was found in our experiments, but the effect of the amine concentration 
must also be considered- In fact, as shown in Fig. 3, the extraction of thorium is 
Increased much more than that of uranium when the amine concentration is raised. 
These experiments were carried out by shaking 10 ml of a 3 M HNO, solution 0.01 M 
in uranium or thorium, with 2 mmoles of TNOA diluted with varying amounts of 
benzene. By changing the amine concentration from o.r M to 2.3 M, the extraction 
coeffkient of thorium is increased about 1,000 times, whereas that of uranium is 
increased only 80 times. 

It can be inferred that the amine fixed on the paper behaves as if it were in’ a 
concentrated solution, since the solvent is completely removed’during the preparation ; 

this wouId enhance the difference between the RF of uraniuin and that of thorium. 
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Moreover, by treating the paper with solutions of TNOA in benzene, of molarities 
ranging from 0.01 M to 0.6 M, the RF values were considerably lowered for uranium 
and thorium, the decrease being greatest for the latter. These results are shown in 
Fig.+ 

Fig.. -I;_ Effect on RF of the molarity of the TNOA used for treatment of .$he paper; clucnt 3 A!! I-INO,. 

Therefore the difference in behaviour of the two.elements can be influenced both 
by the molarity of the eluting acid and by that of the amine used to treat the paper. 

Elsewhere*, it has been pointed out that the adsorption of uranium on anionic resins 
can be enhanced by using NH,NO, instead of HNO,, at the same molarity. In this 
case thorium behaves approximately as in a ‘HNO, solution, whilst the rare earths, 
which are not adsorbed from HNO, solutions, show sufficient adsorption from ammo- 
nium nitrate and lithium nitrate solutions O. Furthermore, no re-extraction takes 
pl!aee at higher NO,- molarities. Therefore, the possibility of using solutions of a nitrate 
salt as the chromatographic eluent was considered. 

Lithium nitrate was investigated first.’ The 0.1 M TNOA was pre-equilibrated 
with three times its volume of a solution 6 1M in LiNOa and 0.005 M in HNO,. The 
free acid,. which was also present in the eluent, was added in order to prevent hydrol- 
ysis of the salts of the elements being investigated. The paper was then prepared in 
the usual way and chromatography was carried out by eluting with lithium nitrate 
solution,. the molarity of which ranged from I M to 6 M. The results given in Fig. 5 
show that: (a)# the-BP values of uranium are lower than those obtained with HNO, at 
i&e same molarity (see Fig. I) ; (b) the 23~ values diminish continuously as the molarity 
of nitrateis increased up to 6 M; (c) for thorium there is no marked difference between 
HNO, and LiNO,; (d) the RF values ,of lanthanum are slightly. lowered. Generally, 
the picture o,f this, type of ion exchange chromatography is very similar to that of 
ion exchange on, anionic resins. :. .; 

Fig. 6, sho,ws the experimental results’ obtained with 3 h LiNOs and HNO, 

-. ” : ‘2 , ;_ . .: ,_. 
,;,,.. . 
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from 0.025 M to I M. These zesdhs ~?tmw that llnnamiuMml~d~~unmm~~ 
SiVdy 1eSS retained:; in fact, their & %zak~es ~~,, nnlllliiMttun~0iIltnnoriilmm~ 
unaffected. In this case, however, &he ~annninne sdunit&n Bnaudl noit w miira~eull 

0.B 

Fig. 5. RF values on paper tieated w%t% IQ, II 
M TNOA in benzene ,vs.. molarkty of L?iNQ, 

in the eluent. 

with the nitrate solution. The cetiecrt of ?kitium rrt&raike iis &EZUAJ~ B &a Rig_ pn BX%I&& 
shows ,that by varying the LiNO&EINOs rz&o ((tie ItoM NOc m&a+ be&g 6 M)), 
the RF, values of uranium :are greatly afiec&ed. IFor tiuzs+e azxrezn& &~e auumk~e 
solution had been pre-equilibrated Sikh three 6inrnes its V&URU~ off tie ~speu~+e ellun~tt 
solution. 

Similar experiments were carried out ~4th NH&NQ, of ~MMI&U%~ flkrrn p: .M ho 
IO M (HNO, 0.005 M). The paper was treated with armairme pme~~@E%rzn~ea3 tit&~ ao.M 
NH4N03 + 0.005 M HN0,3. As shown iin Fig- gj9 &ltne RP me off &lln&unnnn its V~!IQ- 
similar to that obtained with the lot&r a&a?li n&ra&s,, w&i&e &k 23~~ VP&U= sff m 
are lower th’an those with nitric a&d, bu& Rn&her aaaatlra ti& E&Gnnrn a&t so&unmm 
nitrate. This ‘can be due to the higher aci&w zurkkng lEpvslrnn f&e EZN09, ticltn d&s 
f rom the hydrolysis of N&NO, solutions. The lb&a~G~unr UD~ Iarn&amnrnn tit& ?NX&M& 
was rather’ inteksting because in this case tie 32’ dunes area oz~tid4I~~ Ilo- ttEnaum 
in all the experiments ~discussed above, 

With NH,NO,, as with LiNQ, and BTaNQa, rno ~UXUZGX! sff I&E Ra,xmlhws witiith- 
increasing concentration of nitrate ions was k9un01d unjp ito 10 A[_ 

The effect ,of Ca(NO,& and AQ[NO& was akzo ka~azs@gn&eaL TBne M&s &~tttt~ 
in Fig. IO .show that the Ieffect of &l&km r&r&e iis V~EYVJ daaanlllea ti UEE& off so&mmnn 
and lithium nitrate., provided that the oonoemntiadk~~~ a~ff xnitka& km k itk ~YZBEEE As 
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shown in Fig_ ~1, tie belxwio~ of thorimn was mmrnd with aluminium nitrate, 

whi!le tie Rp dues of urtmhn were r&tiveRy h.igIker at lower molarities of nitrate, 

but rapidly rea&&l tie normal vallue~ as the molaAy &creased. Similar results were 
obtains also for lanltplanmum. \whk.h, at bigher mokxrities, has lower Rr;, values than 
~4th 23mmotium titrate. 

For l&e exq&menti wiiith the calkium and aI xm6n.i~~~~ salts the paper was treated 

xtiti an amiue soPution previous&y equiE%rated witb the eluting solution containing 
&he Kghst conxentratiou of the eve salt (6 M and o-005 M HNO,). 

To ffaditate cmnmn of the experim~td d&a, aU the results have been 
cokcted in Table I. 

T-AE3LE II 

I 8 IO 

027 

O-pi 

o-95 

O-HP 

026 

Q-go 

0-I P 

O-32 
O-go 

0-Q 

o-59 
o.glt 

O-PO 
0;29 
o-97 

an3 
s_6;; 
O_S‘B 

0.11 P 

CD,@ 
Q-N 

O-Of 
0.P 8 

aLEi 

0.22 0.3r 
0.62 0.65 
0.95 0.96 

O.OJ 

0.12 

0.86 

0.05 0.05 

0.17 0.13 

0.56 0.53 
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(c) The R& value is unaffected why ;the distance Rlhart tie &XEITL muq, ~DEDW%M t&&t 
the other conditions are kept constant. 

,I Some ‘chromatqgrams were also made iby ~1sZng (0.~ nzqg zu~~dl II: nmg coff CCB&I &~BIDEI&. 
The solution was deposited -along :a ~hotizontaIl lbad at it&e .&asrt;; d&r dhndbm wiftlln 

. 
7 DESCENDING C~ROMXl.‘OGRA!PHF 

Amount of element deposited:: 2:~ :pg:; fe’luent .s M IEZNQ,. 

Frotrt run 
cm 

Mokarity of 
pre-etptilibrated 

amble 

5 A4 HNO, and development, .thotium, imtim :azCl k&3h~~ ~IWVGXA U~MEE 
distinct bands, which differed ‘in +idth. 

Two experiments were .perZormed w&h NEI,NQ, :as &e ~&WE& 4 iirm t&i& CXXE 
also latithanum formed a distinct :spot. ‘The exp&imenMl &&a ;ame g%wzn %m +IlM&e IOIL. 

DESCENDING *CHROMd~GGRAFZIV 

Amount of element !depodted : 25 :,ug:; paper tieated W&h CQ.Q. M lCZ&TO~%&e~~. 
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s&z&kg both the appropriate substance for the treatment and a suitable eluent. 
F&W ikstiae,, the separation of uranium, thorium and lanthanum can be carried out 
a&~ &~ns l$&~&ilo15c solutions by using a paper treated with tri-n-octyl-phosphine 
(D+ (irro,aOgi.. AIB experiment. was made, with a solution of 3 N HCl and paper treated 
~o~.~~~~~l~~)~cycIohes~e..In this case,. as expected from the extraction curves 
wiitrh~ JDX?OP,, u~anikm~ is, most strongly retained and presents the smallest RF (0.06)) 
ffdhmed l@ tioti~ @iv = 0~38) and lanthanum (RF = o-97). 

-4 mmw seoi;es 08 esperhnents is now being performed, in which cellulose powder 
lt~~a~ttedl va%t&~ ?fNO)A ik used to, carry out column chromatography. Good results have 
Baen~ olbtiakedl VEX& wiU be. described in a subsequent paper. 

SUMMARY 

a: &J.RDXIIXUI~~PS~~~~ separation of uranium, thorium and rare earths was carried out 
l@ uslmg: ar pqer -eated! with tri-n-octylamine .(TNOA) . 

Sg7JMms; a(TJm&-jj-Jg m.o$, LiNOS, NH4F09, NaN03, Ca(NO,), and Al(NO,),, 
wexfe user& a~ eltients.. This. type of chromatographic separation is analogous to ion 
~clhmnge arm an&tic resins or with liquid amines. 

Tll~ &i&z&~ 05 the various parameters on the RF values are examined. 
?we sepam~tion~ OS thorium, uranium and lanthanum with hydrochloric solutions, 

01111 lpwoo tmeakedl wiklk trikz-octyl-phosphine oxide was investigated. 
T&z possWl&y 06 using, cohunns filled with cellulose powder treated with TNOA, 

a~ ~JI%IUJ.& nesijnt cohmms. is, a&o’ anticipated. 
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