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Recent work has shown that paper?»? or cellulose powder? treated with tri-nz-octyl-
amine are very effective for the chromatographic separation of many chemical elements.

The use of tri-n-octylphosphine oxide (TOPO) as a hlghly selective extractant
has of late increased considérably i in analytical chemistry and, particularly, in nuclear
chemlstry It was, therefore, our purpose to investigate the chromatogr aphlc be-
haviour-of _many metalions on paper treated with a solution of tri-z-octylphosphine
oxide. Chloride, nitrate and sulphate systems were investigated.

EXPERIMENTAL
Reagents and equipment

Paper was treated with a 0.025 M solution of TOPO in cyclohexane. TOPO (chemical

composition (CgH,;)3PO; mol. wt. 386.65; m.p. 54-55°), was supplied by Eastman
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Organlc Chemlcals, New ‘1.01‘1{ U.S.A. All the acids, salts and O1ganic. t.,uxupuuuu.a ‘

used in the experiments were analytical grade and were obtained from the following

suppliers: ‘Carlo Erba (Milan, Italy); Merck (Darmstadt, W.Germany); B.D.H."
(London, England) Fluka (Buchs SG, Switzerland); Light’s (Colnbrook, England)

and ‘Johnson; Matthey & Co. (London, England).
- The chromatographic paper Whatman No. 1, type CRL/1, was used for basic

experiments. Each paper sheet (21.3 X 11 cm) consisted of twelve pa1a11e1 strips,

1.5 cm wide, separated by gaps 3 mm in width. The apparatus shown in Fig. 1 was
deSJgned in such a way that, after the spots had been deposited, the chromatogram
folded in a cylindrical shape could be attached to the lid of the device. The eluting *

solutlon was iritroduced into the container by means of a pipette, and twelve as-

cending: chromatograms could be snnultaneously carried out in a closed ‘atmosphere. -
“An ordmary chromatographic column and 4 X 35cm Whatman No. 1 paper strips =
were used for the other ascendmg or descendmg chromatogramsmentioned in this paper.,

Treatment of the paper and chromatogmphzc procedm'e

The TOPO—cyclohexane solution was shaken for To min with twice the volume ofa -

1:1 solution of the acid that was to be used as the eluent. The organic phase was thenv
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Fig. 1. Apparatus : for. ascendmg chromatography (a) 'Chromatograpluo paper CRL/1 type;
(b) glass contamer (c) perspex lid; (d) internal plate of the lid; (e) central hole ) glass crystalhz-
o e ing dish; (g) eluent solution.. : , -

vcollected after percolatlon through cotton 11nt to ehmlnate any. trace of the 1norgan1c

solution. The equilibrated TOPO solution was transferred to a glass container with

;a rectangular cross-sectmn of 22 >< 14 cm. The level of the solution was. about I cm

‘.vll'OlTl Lﬂe lj(-)Ll(_)m. .I.I'le paper Sneets were 1mmersec1 101' IO to 15 sec ancx l:nen removeu
and allowed to drlp The organic solvent was eliminated by blowing warm air onto the
’ partlally drled strips. The spots, (0.01 to 0.05 ml) were dep051ted as aqueous or shghtly

acidic solutlons contammg 5-1076 equlv /ml of the metal 10n Larger quantltles were
used for alkali metals and alkaline earths. =

After the spots had been deposited, the’ paper sheet was fixed to the lid of the
apparatus shown in Fig. 1. By putting the paper into the hole in the lid and ﬁmng

. the lnLéTﬁal prate, 1,ne sheet 101‘me(1 a cyunaer WIIICH was lnbLTLEU IIILO the Sld.bb

Tt

contalner By means of a glass p1pette the eluent solutlon was added through the
central hole in the lid till the lower o. 5 cm of the paper was 1mmersed Then the
apparatus was. covered by an 1nverted crystalhzmg dish. The elutlon t1me for a
9 cm run ranged from 35 to 70 mm dependmg on the type and molarlty of the ac1d

used e R
The elutmg solut1ons used m all the empenments are glven 1n Table I

TABLI: I
' LIST OF rm: ELUEN’TS

deid " ... Molarities .

" HCl “oiT;oi5; 127 4: 61 8;10; 12
HNO; 0.5;:1;..2;6; 10; I4 - :
H,80, 0.I;0.5; I;2;4
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Solut1ons stronger than 4 M H, SO,, could not be used bcc'mse they attacked
the paper. -

When the elutlon was completed, the paper sheet was dried with warm air and
the spots were developed with the reagents specific for the 1netal ions examined. A

.
list of the ions examined, together with their developers is given in Table IL

The R values were evaluated from the barycentre of the spots. Some ions, such
as Tet+, Ru?+, Zr4+ and Hf%+, showed a tendency to form talls when eluted with HCI

_ TABLE II
LIST OF IONS EXAMINED AND THEIR DEVELOPERS

Ions - - . T ' . :“ Developers

Ag"‘ T1+, Cd2+, Co?+, Cu2+ IIg""‘ Nl o+, Pb""‘ Pd"*‘ Ass"' : (NH )aS
Audt, Bidt, Fed+, Shd+, Telt; Irtt, Pt“‘ Set+; Asb+, Sbé+.. aqueous solution

Be?+, Mg?+, Mn2+, Sn2+, Zn2+ ‘AI3+, Crd+, Ga‘“‘ In3+, ~ ° Quercetin
Sci+, Y3+ Nb5+ Sn‘“‘ Cr°+ Mof, VV“+ C . 0.1 % in alcohol
La.3+ Th‘”‘ Zri+, Hf‘“‘ U°+ o s Morin
: . :0.1 9%, in alcohol
~L1+,'Ix+, Cs+, Sr'-"+, C'a-+. ‘ o ' " Chloranilic acid 1% in
. o ‘ . ~ - ethyl ether
Tit+, Vo+, H,0,
o i . 3.5% aqueous solution
~Re?+, A : : . - 8-Hydroxyquinoline
. . 0.5 % in alcohol
- Rud+.’ ' ' Thiourca

19%'in 5 M HC1 -'f;w‘z;'

of low mola.nty, Zn2+ and Sb5+ beha.ved llkew1se with HCl and lol d1d Zr4+ I-If4+ and‘",»";
bb“* with H,50,. Other elements Such as Cr, V Sb, As wh1ch e\hlblt more than one o
valency state, Sometlmes formed double spots. '
RESULTS AND DISCUSSION :

In Flgs 2, 3 and 4, the 1esults obtalned by means of the procedure descrxbed above are 2
Shown The three ﬁgures refer to ‘elutions w1th HCl HNOS cll‘ld H.,SO, 1espect1vely
In conSequence of the Large number of aetermlnauons (about one thousand vnueS).'.'fff‘
the data have been presented as the curve of the Rp value vérsus the acid molarlty
Thus a general -and. complete picture of the behaviour of each 1on can be drawn. . :

" The “higher’ the extraction ‘coefficiént. E;’, the lower are the Rp values, ‘when
TOPO is used, under the same conditions of acidity. This was also shown in two -
previous papers!: 2 which dealt with the use of tri-n-octylamine. (TNOA). Therefore,
the present rapid chromatograpluc procedure can give very useful indications about "
the extraction behaviour of TOPO with respect to a large number of different ions, "
except for some partlcular cases which will be discussed below. For instance, the type:
and molanty of ‘the acid that is likely to- glve the best extractlon of an Jon, can be ,
qulckly denved from the lowest value of Rp. ' SR SR
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Fig. 2. Rp values as functions of HCl molarity for several metal ions. Paper treated with o.025 M.
TOPO . in cyclohexane; )

..On’ the other hand, the.general shape of the Rp curve for the different ions in
Various acids can be anticipated from the extraction data reported in theliteraturet-14;
-In order to deduce from the data reported in Figs. 2, 3 and 4, all the: chromato-
graphlc separations that are possible with this method, one must select the: type and
molarity-of the acid:in .which the Rg values of:the: elements to.be: separated dlffer.
. by at:least about 0.2o. This fact was- experlmentally confirmed by obtaining-the. chro-v
matogra.pluc separation of two, three or four elements. by either descendmg or-as-

cendlng elution-on 4 X 35 ‘cm paper sheets. : :
. The curves obtalned often showed good agreement Wlth the dlstrlbutlon curves
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Fig. 4. Rpvalues as functions of H,50, molarity for several metal ions. Paper treated with o.025 A7
b c %

reported by KrRaus AND NELSON1 for anionic resins. This was to be e\pccted because
TOPO, as well as TNOA, behave like anionic exchangers. - : '
“The exceptional behaviour of some of the ions examined depends on different
factors. In fact, besides the exchange property of TOPO, additional phenomena such
as ‘the precipitation of salts, ion.exchange on cellulose, complex formation®, and
adsorption of some metal ions by highly concentrated electrolytes!, play an im--
portant role. Thus the exceptionally low Rz values of Ag, Pb and Sr with H,SO, are
not caused by the extraction of these elements with TOPO, because no ehtractlon;
takes place, but by the formation of insoluble salts with- HoSO,1 Furthermore, the -
Ry values of Ca and Sr with concentrated HCI, which are appreciably lower than -
unity, can be explained, according to FOUARGE AND DUYKAERTSS, by the adsorption -
by cellulose of dehydrated cations with small ionic radii. In fact, the sarne authors -
report. Rp values of 0.65 and 0.45 respectively for Ca and Sr eluted with 12 M HCI.
A further exception is constituted by Y, which although not extracted by TOPO4
g1ves in a nltrate medmm of low molamty rather low Rp values SRR

Otker factors |

The 1nﬂuence of some addltlonal factors such as: t1eatment tlme of the paper, ex-
Deumental temne:ature elutlon sneed and the concenfl‘atmn of TOPO used for the -
treatment, was also 1nvest1ga.ted by usmg the. system U“+ Th4+ J“La3+ in. 2 M I-ICl
medlum The followmg conclusmns can be. drawn: ‘ TRy S
‘ The RF value of: each ion. is. practlcally unaffected when the tlme of 1mb1b1t1on of‘»
the paper varies between 5 sec and 5 min. The same is ’rhe case for ope1at1ng temper-» o
atures between 20 and 40°. : o ) R L T
The elut1on speed proved to have a gr
When chromatogranhv ‘was carri ,d out inan’

J. Chromatog., 7 (1962) 112119
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considerably decreased owing to the contmuous evaporatmn of some of the solvent

o and the Rg values correspondingly increased. P : : :
P, Gradually decreasing Rp . values for U+ and Th*t+ were obtalned by treatmg
the paper with TOPO solutions varying from zero to 0.4 M, as ehown in Fig. s.

Re

10 — —— — L
Q.8
O.BL
04—
°.2 : . P

U+ ,, ‘ e Th
: i i | S T T L
— -

00 008 Q.10 0.15 020 . - 028 Q.30 -0.38 0.40

Conc. TOPO M

1ﬂg 5 Rp values for I.a.=3+ ’l‘h‘“‘ and UM+ as functxons of mo]arxty of TOPO used for treatment
ox the paper e - , ;

Generally, the RF value can be su1tably vaued by treatmg the pape1 with TOPO
of the appropriate molarity, but the greatest effect is to be expected with partlally

‘retained elements (e:g. Th), an appreciably smaller effect with strongly retamec_l '

elements (e.g. U), and no effect with elements that are not-retained (e.g. La).

SOME EXAMPLES OF CHROMATOGRAPHIC SEPARATIONS

Some separatmns of two or moére eloments were carried out to check the practical

usefulness of the method. Whatman No I 4 X 35 cm paper strips, treated with

0.025 M TOPO were used. TOPO had been pre-equilibrated with the various acids.

The separa’uons obtamed by usmg HCl as the eluent are 1‘eported in Table IIT.

. CHROMATOGRAPHIC SE PARATIONS ON , PAPER TREATED WwITH 0.025 M TOPO IN' CYCLOHE).ANE

-Room temperature (22 = 1°). Eluent: HCl:

Elementsto " 'T‘;ii'pcef""" Elient Ruen” Time - .. - R T
beseparated ..chromatog. M HCL cm  pan .. . - - . OF
FoltCultCo?t_Ni#+  dscending 4 25 ' 270 Fe¥* = o  Cuf =028 Cot* —'oy3 Nit+ =
Ga3+—Th4+—Tl+—A13?*: = agcending 4 25.7 2790 Ga®t = o ' Thiti= 0.26  TI*+ = 0:57 . Al*+ =
Fed+—Cu*+-Ni#t. = . .descending . 5. 17.5 180 .Fe® = o  Cu?t = o0.19 Co’t = 0.37 Ni*f =
aealU0+—Tha+-Lad+" "~ ' ‘descending 5 19 195 US+ =0 Th+ = o.21 La¥+ = ¢ )3 L —
' ;.,Sn--‘*'—Sb‘“'—Bl"'*'—Asa+ descending’ 12 25.5 330 Sn¥t=.0.02  Sb¥%t = 0.:23  Bit = 067 .As?t -
CAudt-_Pti+_Pd2+_Agt  .descending. .12 20 270 Audt.=-o0 L Ptit = 0,18 Pd** = 0.59 Agh =
- Sn—In+—Ca+iMg?+  descending ' iz 28 360 Sn?t+ = o In3+ '.-= o..’I3' 'Ca.‘-‘- = O.{ =

0.59

0.98
0.93

='0.92

o.80

J. Chromatog., 7 (1962) 112-119
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these, except the separatlon Sr-Y which. was carried out on a 1.5

performed on 4 X 35 cm paper strips. ,
In Table V the separations obtained by elut1ng with I-I.,SO,l a1e presented

TABLE IV

- The ;separations obtained with HNO; as the eluent are shown in Table IV. CAll

X ITcm strlp, were

o

CHROMATOGRAPHIC SEPARATIONS ON PAPER TREATED WITH 0.025 M TOPO IN CYCLOHEXANE

Room temperature (22

-+ 1°)T Eluent.: I—INQ?

Elementsto Type of Eluent Run Time Rp

be separated chromatog. M HNO, cm  min
Sri+_Yi+ ascending 0.5 9 30 Y3 = 0.32 Sr¥t+ = 0.93 _— —_
Bid+_Hgt+-Pti+ descending o.5 25 160 Bi¥ = o.03 Hg't = o.20 Pt!*t = 0.67 — :
Ub+-Mo+-Y3+-TLas+ -descending 2 25 175 US+ = 0.02 Mot = 0.32 Y¥ = 0.63 ILad%t = 0.86
Thi+-Y3+_Lasd+-Ca2+ descending 0.5 26 175 Thit = o Yi+ = o0.20 La% = 0.65 Ca?t = 0.84
U+ T13+-Fei+-Gad+ descending 6 30 =240 U%+ = o T3+ = o.07 Fe?t = 0.80 Ga3t = 0.98.
W+ Ut+_Aud+-Ind+ -  descending 12 29 300 WO+ = o Ul+ = o.11 Audt = o045 Int = 0.81
Zrd+—Tha+-8c3+-Y3+  descending 12 29 + 300 Zrdt = o Th4+ = o0.17 Sc¥t = o0.30 Y3+ = 0.90

TABLE v

CHROMATOGRAPHIC SEPARATIONS ON PAPDR TRL‘A'I‘I:D WITH o. o°5 M loPO IN CYCLOHL\ANE
Room tempcerature (22 &+ I°). Eluent: H,SO,

,Eléménﬁ to ”Type of o El‘f.""‘ Run  Time R.
. beseparatai Lo 1. chromatog, - .50, ™ min F
&r“+—U“+—Th“+ descending . o.5 26 135 Zrit = o.11 UMt = 0.3'3 Th+ = 0.87, —
Wo+_Sci+_ya+ . descending o.5 26 135 WS+ = o0.03 Scit = 0.68 Y+ = 0.93 —
Hg?*+-In%-Bi%+-Ga%" descending 2 26 160 Hg%" = 0.08 Bi¥* = 0.67 In®" = 0.89 Ga®" = 0.99
CONCLUSIONS

-The select1v1ty of T OPO as an ehtractant for many. catlons can be transferred to
paper by 1mmers1ng itin a TOPO—cyclohexane solution. .. .- -~ - .

Generally, the higher the ‘extraction coefficients E; for a given amd and for
the majority of the elements examined, the lower are the Ry values. Some special
cases do-not follow this general rule. The nature and molarity of the acid suitable for
the separatlon of two or 'more: elements can be selected from the curves presented
in Flgs. 2, 3 and 4. The same curves can gwe all the basm 1nd1cat10ns for the separa-"
tion of apprec1able amounts of elements In fact, beds of cellulose powder treated .

. . with TOPO can be used for column chromatography Some prellmmary experlments
. have shown that TOPO hke TNOA3 can be strongly fixed on cellulose powder.‘
A large amount of chromatographlc data can eas1ly be obtamed ina short t1me
... by using: Whatman CRL/I paper Edch paper sheet permits, the SJmultaneous chro-
"f’matography of : welve elements whlch can be developed w1th ‘the approprmte

':"ﬁreagents on. the respectwe str1p

J. Chromatog., 7 (1962) 112119
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- The Rp value of an element can be influenced by the type of acid, its molarity,
the elution time and the concentration of the solution used for the treatment. Often,
the conditions giving optimal separation can be selected.
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SUMMARY

A systema‘uc study of clnomatography w1th paper treated with o.oz5 M tri-n-
octylphosphine oxide (TOPO) in cyclohexane has been described. Curves of the Rp
values as functions of the acidity of the cluent, are given for about fifty metal ions.
The acids used were HCI, HNO,; and H,SO,. .
Some parameters, such as temperature, 1mb1b1t1011 tlme of the paper, elutlon
time, and molarity of the TOPO solution have been considered. ‘
Examples of separations of two or more elements are glven to show the prac-,
t1ca1 apphcmtmn of the proposed ch1omatograph1c techmque '
. Generally, the hlgher the extraction coefficient £ of TOPO for a glven element
at the selected ac1d1ty, the lower the Rp value The p0551b111ty of treatmg chromato-
grapmc ceuulose powder with TOPO to ontam commn sepa1at1on 01 appxecmme
quant1t1es of substances, is suggested ' ‘
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