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                        PAPER VIII 

     A Study on Analysis of Carrier Free Radioisotopes 

               by Paper Chromatography 

       Masayoshi  ISHIBASHI, Tsunenobu SHIGEMATSU, and Takanobu ISHIDA. 

                 (Institute for Chemical Research, Kyoto University) 

                       INTRODUCTION 

   The methods used for the chemical analysis of the ashes fallen on the No. 5 

Fukuryu Maru are classified roughly, 1) the carrier free method by the use of ion-

exchanger, and 2) the general chemical procedures by the use of carriers. The 

former method takes long time, while the latter is generally attended by radioactive 

contaminations. The procedure of ion-exchange separation is distinguished by 

that simplicity and nearly complete separability. And paper chromatography is 

similar to ion-exchange method both in the simplicity of the procedure and the 

principle of separation, and excels in that it takes shorter time. Further, one will 
be able to test the purity of a radioisotope easily but roughly. But. it should be 

studied if a single operation of chromatography could separate ultramicro-quantities 

of elements with similar degree to ion-exchange method. Also, it will be useful 

to determine Rf-values of each elements in a tracer scale for a suitable developer 

both to the test of purity of element and to analytical purpose. For these pur-

pose, we attempted the first dimensional paper chromatography in ascending 
method with radioisotopes which were produced as fission products of U or Pu 

and were assumed to survive comparatively long, on the basis of the fission yields 

and the half-lives : Ru-Rh, Zr-Nb, Y, Ce-Pr, I, Ca and Sr systems were examined. 

                 PREPARATION OF SAMPLES 

   Ru-Rh : The dust which was gathered from a deck of the No. 5 Fukuryu Maru 

was treated with aqua regia. To the solution, NH.,OH was added to be slightly 

alkaline, obtained reddish-brown precipitate (which contained ferric hydroxide) 

was filtered, and dissolved in a little amount of conc. HC1, and then iron was 

removed by continuous extraction with ether. After the aqueous solution was 

treated with HC1O H2O; to remove ether and its decomposition products, evapora-

ted to nearly dryness several times with conc. HCl. The residue was taken up 

with HCI, added NH4OH to just alkaline, and the precipitated hydroxides were dis-
solved in HC1 and pH was adjusted to 1.0 with conc. NH{OH. The solution was 

poured onto a ion-exchanger bed (Amberite IR-120, 80—]20 mesh, 0.5cm= x 15cm.) 
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to adsorb the fission fragments of U (or Pu) on the upper layer of the bed. The 

bed was washed with 100 ml of 0.1N-HC1 with a flow-rate of 3  ml/cm2•min. and 

the effluent solution was evaporated to a small volume, which was used as a sample 

of Ru-Rh. Because I'3' had been removed before the ion-exchange process, radio-

active elements in the anion group obtained by the ion-exchange separation was 

assumed actually to be only Ru and Rh. An aliquot of the sample solution thus 

obtained was taken in a glass dish (3 cm by diameter), dried up on a water bath 

and the 8-ray absorption curve was measured. The result is shown in Fig. 1. 
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                       Fig. 1 : 8-ray Absorption curve, Ru-Rh 
                     (original sample) : Applied potential ; 

                      1350 V, Geometry ; sample 3rd shelf, 
                       absorber 2nd shelf. 

Ru1°6, whose half life is one year, ought to survive in a considerable amount 

at the time when Fig. 1 was measured. But owing to the weak g-rays (max. en-

ergy : 0.04 Mev.), this could not be detected with the counter used. Rh"' (T116 
=30 sec .) which is produced as a daughter product of Ru10U and radiates two kinds 

of 1-rays -- 3.5 Mev and 2. 3 Mev. -- was detected accompaning with Ru103. 

But Rh10° will not be able to be detected when the radioactivity of a sample is 

weak. 

   Because of a better discovery of Ru with the above method than that with the 

distillation method with KMnO4-H,SO4, this sample was used for chromatography, 

in spite of a partial evaporation of Ru at the treatment with HC1O H0O• and 

some contamination which was distinguished from Ru-Rh activity after a chromato-

gram was developed. 
   Zr-Nb : The dust which was gathered on a deck of the No. 5 Fukuryu Maru 

was put in a porcelain crucible, moistened with few drops of dil. NaOH, ashed, 
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treated with HF three times in a platinum crucible, fused with Na.,CO,- K2CO3 

and the fused mass was dissolved in HC1. The insoluble residue was treated 

again with HF, dissolved in HC1 and the residue was discarded, for radioactivity 

was scarcely detected in the residue. Ammonium hydroxide was added to the solu-

tion to precipitate hydroxides, which was dissolved as little amount of HC1 as 

possible, and the insoluble part was discarded after washed 3 times with 3N-HC1. 
The filtrate and the washing solution was put together, pH was adjusted to 1.0 

with NH.,OH and adsorbed on a bed of Amberite IR--120 (80-.-120 mesh, 0.5 cm' X 

15 cm). After anion group was eluated with 100 ml of 0.1 N-HC1 with a flow-

rate of 3 ml/cm0. min., Zr-.Nb was eluated with 0.5% oxalic acid with the same 

flow-rate. The effluent was treated with HC1O.,-H.,O2, and after evaporated up 

several times with conc. HCI, the solution was made to 6 N-HC1 acidic. From 

this solution, Zr and Nb was extracted to chloroform by shaking with chloro-

form, 6 9o-cupferron solution and saturated Na2SO;, solution.° The same ex-

traction procedure was repeated two times and each chloroform layer was put 

together, which was washed with HC1 and 6 (V-cupferron solution. From the 

chloroform layer, Zr and Nb was re-extracted by shaking with 10 ml of 6 N-HC1 

and few drops of bromine water for one minute in a interval of ten minutes, re- 
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                       Fig. 2 : s-ray Absorption Curve, Zr-Nb 

                       (original sample) : Applied potential ; 
                        1350 V, Geometry ; sample 3rd shelf, 

                         absorber 2nd shelf. 

• peating ten times. Organic compounds were removed from acid layer by shaking 

with three portions of 1 ml of CHC13. After destroying organic materials remain-

                          ( 02 )
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ing in the acid solution by shaking with few drops of bromine water, the solu-

tion was concentrated to a suitable volume and was used as a sample of Zr and 

Nb for chromatography. Toyo Filter Paper-No. 52 was wet with a part of this 

sample solution, dried and cut in 1  c  m width, which was used for the measure-

ment of /3-ray absorption curve which is presented in Fig. 2. 

   The purity of the sample thus obtained which was discussed in Paper VII 

of this book seemed to be sufficient. 

Y : After eluating Zr and Nb as oxalate as mentioned above, Y was eluated 

with 5 % citrate (pH 3. 2) with a flow-rate of 3 ml/cm2. min. After the effluent 

was treated with HC1O4-H_O_, perchlorate was expelled by evaporating up three 

times with conc. HNO3, and the nitric acid solution was concentrated to a suit-

able volume and used as a sample of Y for chromatography. Fig. 3 shows (3-

ray absorption curve of this sample measured on a filter paper in the same way 

as in the case of Zr-Nb. 
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                    Fig. 3 : 0-ray Absorption Curve, Y (original 
                     sample) : Applied potential ; 1350 V,Geo-
                      metry ; sample 3rd shelf, absorber 2nd shelf. 

Ce-Pr : After eluating Y as citrate as mentioned above, Ce group was eluated 

with 5 9 citrate (pH 3.4) with a flow rate of 3 mi./cm'. min. The effluent was 

treated in the same way as in the case of Y and the nitric acid solution was used 

as a sample of Ce-group for chromatography. Fig. 4 shows (3-ray absorption 

curve of the sample measured on a mica film. It is assumed that main component 

of Ce-group at the time of the measurement was Ce'' and its daughter Pr"4, 

on the basis of fission yield and half life. 
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                             Fig. 4 : a-ray Absorption Curve, Ce-Pr 
                            (original sample) : Applied potential ; 1350 V, 

                             Geometry ; sample 3rd shelf, absorber 2nd shelf. 
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         Fig. 5 : g-ray Absorption Curve, IFig. 6 : 13-ray Absorption Curve, Ca 
          (original sample) : Applied potential ; 1350(original sample) : Applied potential ; 

          V, Geometry ; sample 3rd shelf, absorber1350 V, Geometry ; sample 3rd shelf, 
      2nd shelf.absorber 2nd shelf. 
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     I, Ca and Sr from the ash of the No.5 Fukuryu Maru, we used  113', Ca", Sr" im-

     ported from U. S. A. for chromatography. Ca'' which existed as a induced activity 
     in the Bikini Ashes and was not a main component of them, was selected because 

      of its biological importance. Fig. 5, 6 and 7 show (3-ray absorption curves of I13' 

Ca'', and Sr", respectively, measured on filter paper. 
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                           Fig. 7 : 13-ray Absorption Curve 
                          Sr (original sample) : Applied potential ; 1350 V, 

                            Geometry ; sample 3rd shelf, absorber 2nd shelf. 

CHROMATOGRAM 

Oxine-chloroform, oxine-butanol, acetylacetone-butanol, mandelate, cupferron-

      chloroform cupferron-carbon tetrachloride, tartrate, citrate and oxalate were tested 

     for developer of the samples obtained by the above mentioned procedures. About 

     0.03 ml of each sample solution was attached on a Toyo Filter Paper-No. 52 at the 

     height of 6 cm from a lower end, stood to dryness, and developed with ascending 

     method by dipping 1 cm of the lower end of filter paper. After development, the 

     strip was stood to dryness, cut by 1 cm bands and each piece of paper was 

     measured for radioactivity with a G-M counter. Specially the measurement 

     was done with a piece of paper cut into 0. 5 cm band in the neighbourhood of a 

     maximum of activity. Thus a maximum point of activity was determined and the 

     result was plotted. Each peak was assigned by measurement of 13-ray absorption 

       curve. 

        1) Oxine-CIIC1, : Oxine (8-hydroxyquinoline) purified by steam distillation 

     was dissolved in CHC1, to be 2% solution. Each sample was developed with the 
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developer at 22.0-22.3°C for 4-5 hrs. 

   Y, I, Ca and Sr did not move from the original point and Zr-Nb was not 

separated from one another forming a wide band at Rf value of about 0.88. Ru-Rh 

was separated into three peaks, two of which (Rf =O. 24 and Rf = 0. 39) was both 

assigned to be Ru103 from the f3-ray absorption curves. Beta-ray absorption curve 

of a peak of Rf=0.24 was presented in Fig. 8 in which a strong 19-rays of Rh'°° 

could not be measured owing to the weak activity of the sample. Two peaks of 

Ru-Rh were assumed to be occured by a effect of iron presented. Ce-Pr forms two 

peaks, both of which are equilibrium mixtures of Ce'''-Pr"4 as are shown in 
Fig. 9. A soft component of Fig. 9 gives a similar absorption curve to Fig. 12 

and is assumed to be Ce'-" (Feather range = 76mg/cm2; 0.3 Mev.). 
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  Fig. 8 : p-ray Absorption Curve, RU103 :Fig. 9 : 0-ray absorption Curve, Ce'-l-1-Prl4t : 
   Applied potential ; 1350 V, Geometry ;Applied potential ; 1350 V, Geometry ; 
    sample 3rd shelf, absorber 2nd shelf.sample 3rd shelf, absorber 2nd shelf. 

   2) Oxine-Butanol : Oxine was dissolved in butanol saturated with water to 

be i% solution. The chromatogram was developed with this solvent at 22.0-22.3°C 

for 4.5-5 hrs. 

   Two peaks on the chromatogram of Ru-Rh is both Ru'°3 as in the case of 1). 

The Q-ray absorption curve of Y11' remained at the original point is shown in 

Fig. 10. Ce-Pr remained also at the original position, fl-ray absorption curve of 

which is shown in Fig. 11, and the soft component is Ce" as is shown in Fig. 12. 

   Iodine was separated into two peaks (Rf=0 and Rf=O. 16), both of them are 

I's' as are obvious from Fig. 13 and Fig. 14. Calcium remained at the original point, 
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 g-ray absorption curve of which is shown in Fig. 15. Strontium was separated into 

two peaks (Rf =0 and Rf =0.70) and it is assumed that, as in the case of 3) unmoved 
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 Fig. 10 : n-ray Absorption Curve, Y91 : Fig. 11 : n-ray Absorption Curve, Ce114-

  Applied potential 1350 V, GeometryPrla4 : Applied potential ; 1350 V, Geo-

  ; sample 3rd shelf, absorber 2ndmetry ; sample 3rd shelf,absorber 2nd 
shelfshelf 
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 Fig. 12 : s-ray Absorption Curve, Cent :Fig. 13 : 5-ray Absorption Curve, I131 
  soft component of Fig. 11 Applied Applied potential ;1350 V, Geometry; 

  potential ; 1350 V, Geometry ; samplesample 3rd shelf, absorber 2nd shelf 
  3rd shelf, absorber 2nd shelf 
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one is YJ0 and elevated one to Rf value of 0.70 is Sr9° which contained Y'0 pro-

duced as a daughter of Sr" after Sr" was separated. A relatively shallow valley 

between the two peaks is perhaps occured by YJ0 activity produced from Sr" 

which ascended to Rfvalue of 0.70. 
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  Fig. 14 : s-ray Absorption Curve, 1131 :Fig. 15 : 8-ray Absorption Curve, Ca'5 : 
   Applied potential ; 1350 V, Geometry ;Applied potential ; 1350 V, Geometry ; 
    sample 3rd shelf, absorber 2nd shelf.sample 3rd shelf, absorber 2nd shelf. 

   3) Acetylacetone-I3utanol: The developer is consisted of 100 ml of butanol, 

103E10•------------------------------------------------------------------------- 

s5• 
_F~zv m.,yv ®n0oAn= (23Me,.) 

                                                                           y40 '.Feefiat ,mne-.m/0602V/oaFeo6fat, M.xPyerb 2-2~Z+aoo     .(22Nev)/ 

Y90is 000_ ,0'-'d' o 
Profit ofmtp- 

VS-i5•Follu . ArtaPPZI 

+ -~\ ~`Fcp#1.04..4raP'J5'-'e-~'~e.,~ .2 -p,2000Qryry$I50 12~066100 10 
¢F  R`~/5t70/0'Ilarilan .of 12                1

0X 10 _IG90• 
                        0.4 O.µ as Q /.0 

QF acVoJLQf mate.5 • 
5- 
 -2 _Foo1/oo-oo g — /80 "Y~ ' . 

(ash' Mr) 2
S~ 90                                                                              /0 

1  1 I I I I 1 I I I I I I I I 1 II I II II I I I I) I I 1_1_ 1. 1    0 100 200 300 400 500 600 700 500 l00 200 300 400500 600 000 000 
          mtge 46 A6aor6en, "?/0aTo1oe Ae. A6a w, 0 

Fig. 16 : s-rayAbsorption Curve, Y9) : Fig. 17 : s-ray Absorption Curve, Sr90-Y91 : 
 Applied potential ; 1350 V, Geometry ;Applied potential ; 1350 V, Geometry ; 
 sample 3rd shelf, absorber 2nd shelf.sample 3rd shelf, absorber 2nd shelf. 
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30 ml of acetylacetone, 6 ml of HAc and 65 ml of  H2O.') The sample was developed 

at 60--65°C. 

   Ce-Pr formed one sharp peak (Rf =0.08) and a broad band (from R=0. 70 to 

R=0. 87). The former was identified to be Cet44 which contained Pr' 14 as a 

daughter, but the latter could not be identified owing to a little activity. 

   Activities remaining at the original point and ascended to Rf =O. 13 on the 

chromatogram of Sr were identified to be YO0 and Sr", respectively (Fig. 16 and 

Fig. 17). It seems that equilibrium had been reached between Sr" and Y30 when 

the absorption curve was measured. 

   4) Mandelic acid: Five percent aqueous solution of mandelic acid was 

prepared and pH was adjusted with conc. NH4OH. The developement was perform-

ed at 22.0-22.2°C within 4--.4.5 hrs. 

   (a) pH 2. 0: All the sample formed each one peak. A peak of Sr (Rf= 

0.81) is Sr" in equilibrium with YOO (Fig. 18). In this case, Y is not separated 

from Sr because Rf values of them are alike. 
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                          Fig. 18 ; 0-ray Absorption Curve, 
SiA-Y°) : Applied potential ; 1350 

                         V, Geometry ; sample 3rd shelf, 
                           absorber 2nd shelf. 

   (b) pH 2.9: This case is similar to the case of pH 2.0. Iodine formed 

two peaks, both of which are I131 as in the case of 2). 

   (c) pH 5.2: Zr-Nb formed a wide band about Rf value of 0. 5 and a sharp 

peak at Rf =0.79. It may be assumed that the band is Nb9' and the peak is Zr'O 

                            ( 69 )
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(and Nb95 as a daughter) in the similarity with the case of 4) (d). Of three 
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Fig. 19 : 8-ray Absorption Curve, YJ0 (Rf=Fig. 20 : n-ray Absorption Curve, ye0 (Rf= 
 0.20): Applied potential ; 1350 V, Geometry; 0.20): Applied potential; 1350 V, Geometry; 
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peaks of Sr two peaks at Rf =0.05 and 0.20 are mainly Y90 and one at Rf =0.85 is 

                            ( 70 )



       A Study on Analysis of Carrier Free Radioisotopes by Paper Chromatography 

 Sr°0 which contains Y°0 produced as a daughter after Sr" was separated. (Fig. 19, 

Fig. 2' g. 21). 

   (d) pH 7.9: Of three peaks of Sr, two peaks at Rf=0.34 and 0.53 are Nb55 

and one at Rf =0.82 is Zr". Fig. 22 shows a (3-ray absorption curve of the first 

peak. This energy is large for Nb°5, owing to a little activity and a "lens effect" 
which occurs by a small distance between a sample and absorber : in this case, a 

special geometry was taken and a distance between sample and absorber was 0.3 

cm. Another kind of (3-rays of the sample could not be identified because there 

was no standard of F ather Analysis for this geometry. Fig. 23 shows (3-ray 

absorption curve of e peak at Rf =0.82. 
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Fig. 22 : p-ray Absorption Curve, NbJ5 :Fig. 23 : s-ray Absorption Curve , Zr-.°5
Applied potential ; 1450 V, Geometry ;Nb`'> : Applied potential ; 1350 V, Geo-

 sample 1st shelf, absorber 1st shelf.metry ; sample 3rd shelf, absorber 2nd 
                                               shelf. 

Three peaks of Sr will be similar to those on the chromatogram developed by pH 

5.2. 

   Besides the developers mentioned above, cupferron-chloroform, cupferron-

carbon tetrachloride, tartrate, citrate and oxalate was used to develope Zr--Nb. 

These reagents are considered to form salts or inner complex salts with niobium 

and zirconium. And the fact that, when Zr and Nb is developed with cupferron-

CHCl3 or cupferron-CC1.,, Rf value is the largest of all the developer attempted, 

                             ( 71 )



 M.IST-IIBASHI, T. SHIGEMATSU, and T.ISHIDA 

illustrates that cupferron-CHC13 is suitable to extracting reagent for a carrier free 

separation of Zr and Nb. And because carbon tetrachloride is superior to chloro-

form at unvolatility and easiness of separation from aqueous layer, cupferron-CCI ., 

will be more suitable than cupferron-CHC13 for a carrier free extraction of Zr and Nb, 

at least concerning these properties. 

   5) Cupferron-CHCI3 : Cupferron was dissolved to saturation in chloroform, 

and the saturated solution was diluted two and four times with chloroform. These 

solutions were used as developers. 

6)Cupferron--CC1, : A saturated cupferron solution in carbon tetrachloride 

was used for a developer. 

   7) Tartaric acid : The 59 aqueous solution of tartaric acid was adjusted to 

each pH with conc. NH2OH. The 13-ray absorption curve of the peak (pH 2.20) is 

shown in Fig. 24. 
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                   Fig. 24 : 8-ray Absorption Curve, 
Zr95-NbJ5 : Applied potential ; 1350 V, Geometry ; 

                     sample 3rd shelf, absorber 2nd shelf. 

8) Citric acid : The 5% aqueous solution of citric acid was adjusted to each 

pH with conc. NH4OH, and was used to develope chromatogram. 

   9) Oxalic acid : The 0.5% aqueous solution of oxalic acid was adjusted to 

each pH with NH2OH, and was used to develope chromatogram. 

                  RESULTS AND DSICUSSION 

   Rf values on the chromatograms were listed in Table 1. 

   As is shown in Table 1, Zr and Nb were separable from one another only when 

develped with mandelic acid of pH 5.2 and pH 7.9. Elements of Ce-group seemed 
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       to be separated mutually when developed with  acetylacetone-butano13). The separab-

      ility between Ru and Rh could not be confirmed owing to a short life of Rh06. 

                               Table 1 Rf Values of the Peaks 

                     Ru-Rh Zr, NbY Ce-Pr ICa Sr (Y) 

           0.390.92 Oxine-CHCI30
.240.8800.83 000 

O. 16       Oxine-Butanol0
.470.5600000.70(0) 

        Acetylacetone-Butanol000 0.08 0.36 0.07 0.13(0) 

pH 2.0 0.880.950.90 0.86 0.99 0.92 0.81 
                                                                   0.54 

                     2.9 0.850.810.92 0.88 00.92 0.83 

                                                                        (0.20) 
          Mandelic acid5.2 0.78 0.79 0.50 0.67 0.82 0.91 0.88 0.85(0.05) 

             0.53(0.25) 
                             7.9 0.82 0.82 0.34 0.58 0.88 0.80 0.88 0.86(0.07) 

                                                                        (0.36)                       9
.6 000.02 0.03 0.80 0.90 0.24(0.03) 

                  sat. /20.96           Cupf -CHC13 sat. /4 0.97  
             sat.0.96 Cupf. . -CCI sat .  /20.99  

                 pH 1.6510.86 
2.200.88         Tartaric acid4 .5010.82 

     6.160.85  
                pH 1.750.81 
                2.800.78       Citric acid
4.200.82 
5.500.80 

pI1 1.600.87 
2.300.81 Oxalic acid 
3.200.81 
                4.200.81 

                                                                                                     - -- 

       The sample of Sr9° formed at least two peaks when Sr and Y had different Rf 

       values, and one peak when these values were similar. In Table 1, Rf values of Y in 

       the former case were shown in parentheses. Rf values of -1790 and Y91 differed 

       especially when samples were developed with mandelic acid of pH 5.2 and pH 7.9. 

       The original samples of them are both nitrate and temperature at which the chromato-

       gram was developed is not so varied. Of other reason, effects of trace amount of 

       iron and radioactive strontium is conceivable. 

           A study on chromatogram when several elements are co-existing is not re-

       ported. It will be possible to separate radioisotopes with a suitable combination 

       of the developer described above when elements are limited. But for the sample 

       containing many kinds of elements, a single operation of chromatography will not 

       be able to perform separation, unless some extent of separation is conducted with 

       other method. 
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   Besides, at a solvent extraction of carrier free radioisotopes, following reagents 

are assumed to be effective : 

   1) Rare earths (Y, Ce-.Pr) : Oxine-CHC13 

   2) Ca, Sr : Oxine-Butanol 

   3) I, Ru-.Rh : Mandelic acid and suitable organic solvent (from ammoniacal 

      solution of pH 10). 
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