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SlJMr\.IARY 

The adsorption bchaviour of some 40 inorganic ions on layers of DEAE- 
cellulose (HCOO --) has been esamined in aqueous formic acid media. The RI: v:~lucs 
are measured as :t function of formic acid concentration ( 1 .O-6.0 3f) and are com- 
pared xvith those obtained similarly on the microcr_v.stalline cellulose Avicel SF. Of 
the species tested. selenium(lV) sl~o~~s ;t usetill cllrc~matogrnphic distribution_ which 
has allo\ved tlic da-clopmcnt ot‘3 very scIccti\~e thin-layer clirom3to~rttpiiic method 
f-or the separation of selenium( IV) from other species_ Results are pr&sented for the 
separation of seienium(lV) tiom 43 other inorganic species_ including selenium(V1) 
and teliurium( VI)_ The use of Avice SF layers also permits efkctive separation of 
tellurium( IV) from srlcnium( IV). sclcniurn( VI) and tellurium( V I j by development 
with 1.0 AI formic acid. 

ISTRODUCTION 

Several studies on the adsorption characteristics and separation ot‘ inorpnic 
ions on cation-exchange resins in aq~~eous lh-mic acid’-” and mised aqueous tkmic 
acid-orgnic solvenW media have been reported_ Ho\\-ever_ there is little information 
about the adsorption and separation of inorganic ions on anion-escliun~e resins in 
formate nieditt7*“. 

This work, part 01-a comprehensive study on the adsorption characteristics of 
a number of inorsnic ions on a celiulosic anion exchanger (DEAE-cellulose) in 
aqueous formic acid media. has resulted in the development ofa very selective method 
!-or the separation of selenium(lV) by thin-layer chromatography (TLC). With re- 
spect to the TLC separation of selenium. some intiwmation is available. but i-c\\- 
selective separation methods have hitherto been developed!‘-l”_ 

EXPERIMENTAL 

Metal solutions (0.1 :\I) were prepnred as stock solutions that were 3 Jf in 
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hydrochloric acid. Stock solutions of selenium(IV). selenium(Vl), tellurium( IV). 
molybdenum(VI)_ tungsten(W). rhenium(V11). fluoride, chloride, bromide and iodide 
were prepared by dissolving the sodium or ammonium salts in distilled water to yield 
the respective 0.1 ill solutions: fo r tellurium(Vi), sodium tellurate was dissolved in 
distilled water to give a 0.01 :I2 solution because of the limited solubility of this salt. 
Solutions O-1 M in silver(I), thallium(I) and lead(II) were prepared by dissolvin_g the 
respective nitrates in 3 dl nitric acid. and a stock solution of-niobium(V) was prepared 
as described previously’“. 

About 6 g of DEAE-cellulose (Cl-) (Serva, Heidelberp. G-F-R-: for TLC use) 
was made into a slurry with water_ placed in a conventional column and treated \vith 
225 ml of 1 M formic acid: another 6-g portion of the DEAE-cellulose was treated 
similarly_ The combined portions of DEAE-cellulose were washed with distilled water 
by centrifugation until the supernatant liquid was of pH 2.5, then the DEAE-cellulose 
(HCOO-) ~~\-a~ made into a slurry with 34 ml of distilled water and spread as a 250- 
Etrn layer on five 20 _’ 20 cm glass plates_ The plates were air-dried for 1 h and then 
at 40’ for 3 h. and \vere stored in z1 desiccator over saturated potassium bromide 
solution_ Plates coated with DEAE-cellulose (Cl -) or microcrystalline cellulose Avicel 
SF (F.M.C., Marcus Hook, Pa._ U_S.A_). all with la_\:ers 250yn thick. xvcrc similarly 

prepared and stored. 
The inorganic ions (0.5 pi of solution) were applied to the layers and developed 

for 15 cm in rectangtlar glass tanks with sround-glass lids after equilibration for 
1 h_ The solvents used \vere aqueous formic acid ( 1.0. 3.0 or 6.0 U) and mixed solu- 
tions 1-O M in formic acid and 0.0010-1.0 ,\I in hydrochloric acid. 

The metals were detected as described previousl) *s- fluoride ws detcctcd by _ 
means of an alizarin-zirconium lake, and chloride. bromide and iodide \vere detected 
with silver nitrate solution”_ 

RESULTS AKD DISCUSSlOX 

In Fig_ 1. the RI-_ values Pf 40 inorganic ions on DEAE-crllu!osc (HCOO ) 
are plotted as a function of fort&c acid concentrxion; the Rp- values on Avicel SF 

are also given for purposes of comparison_ It can be seen from Fig 1 that vana- 
dium(IV), chromium(III)_ manganese. iron(I11). cobalt(II)_ nickel(lI)_ copper(I1). 
zinc(II)* _eallium(ill)_ tellurium(VI)_ cadmium( II). indium(II1). antimony( 111). thal- 
hum(I). lead(II), scandium(IlI), lanthanum(lll)_ thorium(lV) and uraniutn[VI) nerc 
not adsorbed on the DEAE-cellulose (HCOO ,) to any sreat extent from the formic 
acid solutions tested_ Although not illustrated, beryllium( I I ). magnesium( 1 IL cal- 
cium(II), strontium(l1). aluminium(lI1), samarium(II1) and ytterbiurn(lI1) also v.ere 
not adsorbed under the conditions used. However, selenium(IV), selenium(Vl!_ 
mol_vbdenum(VI), tungsten(W), rhenium(VIl), palladium(II), tin(IV). iridium(lV). 
platinum(IV), gold(III), mercury(II). chloride, bromide and iodide \berc strongly 
retained on DEAE-cellulose (HCOO -) layers probably by ion eschange: selenium 
(IV) showed a chromatographic distribution particularly suitable for separations. 

The adsorption behaviour of the inorganic ions was also esamined on DEAE- 
cellulose (Cl -) in the aqueous formic acid solutions_ The results lvere almost the same 
as those illustrated in Fig. I_ but the RF values of zinc(II), cadmium(l1). indium(lll). 
thallium(I) and lead(II) were lower, decreasing slightly with increasing concentration 
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of formic acid_ The RF values for zinc(l1) on DEAE-cellulose (Cl-) in l-O_ 3-O and 
6.0 22 formic acid ranged from O_S7-O_%_ 0.7%OS9 and 0.77-OS4 respecti~el_vr the 

corresponding values for cadmium( I I) \vere 0_7S-O_S3.0.70-0.77 and 0.6 I-O.69 I riiosr 
for indiuni( I II) tvere O-W-OX_ 0_77-0.53 3nd O-73-OS1 f those ti3r ~h3lliLlIli{l) v.eTe 

0.66-0.8 1. 0.69-030 and 0.30-0.77; and those for lead( I I) vxre 0.76-OS7, O-69-0.76 
and 0.69-0.76. For arsenic(ll1). the streaks from rhe sum (see Fig. I) disappeared. 
and single-spot distribution resulted, the RI.- vt~lues rangins from O_S5-O-90_ OSO-OS5 
and O-71-0.77 for l-O_ 3.0 and 6.0 JI formic acid. respectively_ The &!I.- ALies for se- 
lenium(IV) increased fo some extent. ranging I-rom 0_5S-O-76_ 0_67-0.75 rmd 0_70- 
OS9 for 1.0. 3.0 and 6.0 32 formic acid, respecrively. Silver(l) was rcrained strongl_v a 
the start. with no streaking over the range of formic acid concenvations tesred. The 
metals that \vere retained strongly on DEAE-cellulose (J-iCOO -) xere rtlso adsorbed 
more strongly on DEAE-cellulose (Cl-). remaining at the start as small spars. The 
noble merals and mercury(l1) appear to be retained on DEAE-cellulose (Cl--) by ion 
exchange of theirchloro-complexes stabilized by formicacid”‘.“_ Ledererand OssicinP 
have shown that palladium(Il), osmium(lV). iridium(iV), plarinum( IV). mercury( II). 
chloroaurate. etc _,are retained on DEAE-cellulose paper in dilute hydrochloric acid 
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solution_ Both formation and adsorption ofchloro-complexes are facilitated by formic 
acid, and it is immaterial whether the comples-forming chloride anions are introduced 
by the DEAE-celIuIose (Cl-), by the stock solution or by the solvent. 

Halide ions are adsorbed rather strongly on DEAE-cellulose (HCOO -) as is 
shown in Fig. I, the sequence of adsorption decreasing in the order iodide, bromide. 
chloride: this is in accordance with their sequence of adsorption on strong--base res- 
inP_ 

TABLE I 

Rr VALUES OF SOME INORGAXIC SPECIES ON DEXE-CELLULOSE (HCOO-) 

DrveIoping solvent, 1.0 Al formic acid-hydrochtoric acid. 

SpLW-t-.S HCI CU,~II_ (Al) 

u_IluIo 0.11111 0.10 0.5tJ I.(1 

0.9s0.9-1 
0.79-0.9 1 
o.s6-&9-t 

o_sI-o.s6 

o_s-o.s7 . 

O-76-0.Y6 
0.00 
os-o.s9 
o.oo-0.05 
0.66-0.75 

The intluence of hydrochloric acid concentration on the Rt.- values of scvcral 
species is shown in Table 1. in which the RF values on DEAE-cellulose (HCOO ) in 
hydrochIoric acid (of various concentrations) mised with 1 .O 41 formic acid are listed 
as a function of hydrochloric acid concentration_ With increasing concentration of 
hydrochloric acid. tailing is greatly reduced for titanium(IV). tellurium(lV), silver( 1) 
and tin(IV)_ For selenium(!V) and selenium(V1). the RF- values increase with in- 
creasing concentration of hydrochloric acid, owing to competition between chloride 
ions and the ions of selenium for the ion-exchange sites. 

It is interesting to note that streakins of arsenic(llI) from the start disappears 
to leave single spots at the higher concentration range of hydrochloric acid (0_5- 
1.0 M)r this is in accord with observations on adsorption on DEAE-cellulose (Cl ) 
in pure formic acid media_ 

Selenium(IV) shows a chromatographic distribution on layers of DEAE- 
cellulose (HCOO-) in formic acid media that is suitable for its separation from many 
other species_ The Rt= values of selenium(IV) on DEAE-cellulose (Cl -) were somc- 
what higher than those on DEAE-cellulose (HCOO -) over the range of formic acid 
concentrations tested- However, the behaviour of selenium( IV) on DEAE-cellulose 
(Cl-) did not fwour the separation of selenium(lV) from such ions as those of zinc 
(II), telIurium(VI), and cadmium(l1). Thus. DEAE-celluiose (HCOO-) was used 
throughout for the separations. 
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in Table II. Development took about 2.3 h, and the TLC system allowed effective 
separation of selenium( IV)-selenium(V1) and of selenium( IV)-tellurium(V1). 

However. this system could not be used to separate selenium(IV) from tellu- 
rium(IV) because of the strong tailing of the teliurium_ Use of DEAE-cellulose (Cl--) 
resulted in appreciabIe reduction of the tailing, but separation was still not feasible. 
Chromatography on Avicel SF layers. however. z oave effective separation of selenium 

(IV)-tellurium(IV) and of selenium(IV)-selenium(VI), tellurium(IV)-tellurium(V1). 

etc., in formic acid media. The following separations were accomplished on Avicel 

SF layers by development for 2 h with 1 AI formic acid: tellurium(iV) (0.60-0.72) 
from selenium(IV) (O-76-O_S2) and selenium(VI) (0.92-0.95): teiiurium(IV) (0_58- 
O-71) from teIlurium(V1) (O_OO. O-750235) and selenium(V1) (0_910_9S)r and molyb- 

denum(W) (0.20-0.42) from rhenium(VI1) (0.79~O_S5)_ (The numerals in parentheses 
indicate the RF range). 
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