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QUANTI-l’ATIVE AND RAPID SEFRRATION 01: Zr(IV) AND Hf(IV) BY 

THIN-LAYER CHROivlATOGRRPI-IY 

SPECTROPMO%OMETI~IC DETERhrlINATION 017 Hf (IV) WITH 

CHLOI~NILIC ACID 

By using a thin-layer chromatograpllic technique on Silica Gel G, %r(IV) and 
Hf(IV) at different concentrations can be separated quantitatively in 45 min. 

An HCl-H,PO,,-El,0 (IO: I :g) mixture was used to develop the plates, 
Forty-three ions were chromatogra~lied. Only Ag(l), Tl(1) and W(VIj remained 

in the spot area with Zr(IV). The &P values of the other individual ions were higher 
than 0.6 

Zr(IV) and I-If (IV) were determined spectropllotometricnlly with chloranilic 
acid. The results were confirmed by a radiometric technique. 

A spectropllotometric method was developed for the determination of I-If(W) 
with chloranilic acid. ,. 

INTROI>UCTION 

Several methods for the separation of %r(IV) from Hf(IV) by paper chromato- 
graphy have been reported, but little is known about the separation of these ions by 
thin-layer chromatography. The best results were obtained on paper pre-treated 
with trioctylaminel by clution with I-ICI-HNO, in circular or llorizontal chromato- 
graphy. The differences in the Rp values were in both cases of the same order, Similar 
results were obtained %y using butyl phospllate-butanol and xylene or benzene 
saturated with HNO, at various concentration@. 

Separations performed with butanol-hydrochloric acids, butanol-hydrochloric 
acid-hydrofluoric acid-waterd, butanol-sulplmric acid-hydrofluoric acid-water4, 
acetone-hydrochloric acid-hydrofluoric acid-water 4, dichloroetl~yleneglycoI-nitric 
acids and cliethyl ether-nitric acid on paper soaked with sodium nitrate”, were not 
as good as was desirable. Some results and operating conditions are sunnnarized 
in Table I. ,a . 

An I-Xl-H,PO,-water mixture (IO:I :g, v/v/v), was used by QURESHI AND 

KHAN: to separate Zr(IV) + Hf(IV) from other ions by ascending chromatography 
on paper. Zr and Hf were reported to be inseparable by this technique, 
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‘I’ABLI: I 
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‘l’his wo: 

A thin-layer chromatographic teclmiquc on Silica Gel G-I-UC for the quantita- 
tive separation of Zr(IV) : and I-If( IV), with HCl-H,PO,-water (IO: I : 0, v/v/v), as 
developer, is described in this paper. The process takes about 45 min. 

IZSI’RRIMIESTAL AND RESULTS 

All the reagents used were of analytical grade, Precautions were taken to 
avoid anomalous results due to eventual changes in the ions in solution, as both 
Zr(IV) and I-If(IV) form polymerized species, Before spotting the sample, it was kept 
in concentrated sulplmric acid and heated until fuming. With this treatment, both 
Zr and I-If ions from aged solutions behaved chromatographically in the same manner 
as those in fresh solutions. 

For qualitative separation tests from other ions, x0 ~1 of 6.1 dd samples, 
prepared according to Table II, were spotted. A Desaga applicator was used to coat 
the 20 x 20 cm plates with a 5 :I (v/w) misture of water and cellulose powder 
(Wliatman CC 41 of mean particle size (wet) x0-25 ym), or with a 2 : I (v/w) mixture 
of water and Silica Gel G-FIR (Macherey, Nagel & Co,). The height of the exit gate 
was set at O,I mm. After air-drying the plates, they were activated at 100-105~ for 
z 11, spotted with the standard and clried again with air under pressure, Special care 
was taken in drying the sample, because exceedingly hot air can immobilize some 
ions, particularly those of I-If(IV). The spot diameter was about 7 mm. The plates 
were placed vertically, developed in 20 x 15 x 3S-cm tightly covered glass jars 
and maintained at 25-30”. A conditioning time of IO ruin was used throughout. 
After 45 min, the solvent front reached a height of &out 13 cm; in some instances 
on paper, the same height was reached only after go min. 

The developed plates were dried,,with moderately hot air and sprayed, when 
necessary, with the appropriate chromogenic reagent (Table II), and Anally dried 
again. 
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Ul3~lhVIOUR OP VARIOUS INORGANE IONS IN THIN-LAYER CI~IROXlATOCiRAPHY 

Elucnt EICI-I-I&O,-I-I,0 (10:x :g) ; clcvclopinfi tin10 45 min. 
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b I-Icatccl in air rit Izoo 

Spectrophotometric readings were made with a Beckman DU unit, and radio- 
metric measurements using Zro6 and Hf131 as tracers, with a Radiochromatograph 
Scanner Model 7,200. 
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(22mctitntivc stm?ics 
Chromntographic separations for quantitative studies were performed by using 

Silica Gel G-I-113 plates. Spectrophotomctric determinations of both I-If (IV) and 
%r(IV) were made with chloranilic acid. As it is a strong acid, chloranilic acid retains 
its complesing properties even in the highly acidic solutions that are necessary in 
order to keep easily hydrolyzable ions in solution. 

Zr(IV) was determined by 'I~\~IER AND VOIGT'S method”, while the method of 
JOHXSON AND FREUND" for Hf(IV) was tested and moclifiecl so as to give a higher 
sensitivity. 

Strips of the adsorbent on the developed plates containitig the ions under 
investigation were removed. Each fraction was then ground in a small agate mort;.r 
and fused with 3 g of Na,CO, in a platinum crucible, When cool, the melt was dissolved 
in hot water, kept in a steam-bath for 20 min, cooled again and then centrifuged. 
The bulk of the Zr(IV) and Hf(IV) remained in the precipitate, retaining an appreci- 
able amount of phosphate; most of it was then separatecl by a seconcl fusion and 
subsequent leaching and centrifugntion. 

In order to recover most of the %r(IV) and I-lf(IV), the supernntant liquid 
from the first ccntrifugation was re-evaporated. The rcsiduc was fusecl with Na,CO,, 
ancl the hot water and centrifugation process was repeated. Both precipitates were 
dissolved in perchloric acid and the colour developed as clescribed in Table III. 
Spectrophotomctric readings were mndc by previous adjustment of the null point, 
by using a blank solution. This was obtained according to the method described 
abo*le by using a portion of a parallel strip of the plate developed without sample, 
and obtainccl at the same level of the chromatogram. 

To determine the location of the separated ions after development, samples 
containing 123 cog of Zr(IV) and 421 ~16 of HI(N) were individually chromatographcd 
on two different plate runs, simultaneously. The adsorbent on the plates was divided 
in horizontal strips I cm wide, and each was used for the spectrophotmmetric cleter- 
mination of Zr(IV) and Hf(IV). 

The results (Fig* I) proved that Zr(IV) did not move appreciably, while Hf(IV) 
is spread over a portion of the plate, 4 cm from the solvent front, Thus, over 
the 13 cm traveled by the solvent, the separation distance between Zr(IV) and 
Hf( IV) was G cm, 

The resolution remained equally satisfnctory wllen %r(IV) and I-lf(IV) ions 
were present in the sample in proportions ranging from 1 :I00 to Ioo:I, within the 
absolute amounts given in Table IV. 
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zrw, Hftlv) 

Fig, I. Distribution of Zr(IV) and I-If(N) on Siljcn Gel G-I-II< chromatographic plate, olutcd 
with I-ICI-I-I,P04-I-I,0 (x0: I : 9). Spotting : %r(IV) = I-If(IV) = I00 /!molcs. Developing time, 
.I5 min: tc~llpclXttIlrc, zg-30~. Sl~cctroplaotonictric cvnluation. 

I~BCOVERY OF %r(IV) AND I-If(IV) BllOBI MISTURES IN VARIOUS I’ROPORTIONS , AFTER SEPARATION 

l3Y THIN-LhYER CHROMATOGRAPI1Y 

2.5 2.5 2,45 2.45 
X00 2 gs,a I.SO 

1:50 2 100 I,92 97.0 

100: I 100 I 97.2 0.92 

I : 100 I IO0 0.95 g&0 

In the confirmatory tests with radioactive tracers, the samples under study 
were prepared in the same way as used in spectrophotometry, using ZrQo or Hflal. 

After developing the chromatograms, the dry chromatographic plates were 
sprayed with Neo-Natan, dried again and finally protected with glued cellophane. 

When ZrOfi was used, an aluminium foil 18 mm thick was placed between the 
plate and detector to eliminate the Nb radiation from Zr06 decay, 

The results (Fig. 2) confirmed those obtained when the effectiveness of the 
separation was spectrophotometrically evaluated. 

S~jectvo~ltotolltetric detetwtimtion of Hf(IV) 
By a spectrophotometric method, VARGA AND VEATCH~O found two complex 

species with I : I and 3: I molar ratios of chloranilic acid to Hf(lV). The reagent was 
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Fig:. 2, Distribution of %+(IV) iwl I-KP1(I1~) 011 Silica Gel G-I-II< chrolllatoyral~llic plntc clutcd 
with I-ICI-I-I,PO,-I-1,(3 (IO: I :rj), Curve 1. %r:I-If ratio loo: I : curve 2, %r:I-If ratio I: rot). Dcvcl. 
aping tinic, .ts mill ; tcnipcmturc, 35-30~. l~acliom2tric CViLlll:LtiCfl. 

previously applied to the spectrophotometric dctcrtnination Of Hf(IV) in a method 
having the same sensitivity as that attained by TUAMER AND VOIGTH for the %r(IV)- 
chlornnilic acid system. The present authors stuclicd the method, as indicated below, 
in a search for higher sensitivity. 

Absorption spectra of a series of solutions containing a fixecl amount of Hf(lV) 
and a large escess of ligand, at cliffcrent concentrations of perchloric acid between 
0.1 and 3 hJ, were recorded in comparison with the corresponding blank. The curves 
showed an absorption maximum at 332-337 mn regardless of acidity: the highest 
absorptivity corresponds to I M HCIO,, 

&pA of lltc mlgc~1.t: Iif wolnr rntio mrd mtc 

The absorbance of the chloranilic acid-Hf(IV) system increased with the 
concentration of the reagent, reaching a stable value at a molar ratio of So: I. 

The absorptivity, under the described conditions, increased for I h and then 
remained unaltered for at least 4s h. 

Cosforrwity to Beds Inrv, masitivii?y cwd nccumcy 
A straight-line calibration curve showed agreement with Beer’s law within 

the concentration range considered, i.e. 0.21-4.55 p.lxm. of Hf(TV). 
The molar absorptivity calculated was 38,000 and the mean sensitivity (Sandell’s 

method) was 0,004C kig/cm2. The optimum concentration range, as obtained from the 
curves drawn according to RINGBOM~~, was 1.0-3.80 p.p.m, 

The relative error for I y0 alxolute photometric error was 2.80. 
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