
Russian Chemical Bulletin, Vol. 43, No. 9, September, 1994 1469 

Study of the isotope effect in the isotope exchange reaction 
between Pu Iv and Pu III by extraction redox-chromatography 
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The equilibrium isotope effect in the isotope exchange reaction between Pu TM extracted 
with tributyl phosphate and Pu III in an aqueous nitric acid solution has been studied by 
extraction chromatography. For the 238/242pu isotope pair the isotope separation coefficient 
(c0 at 25 ~ has been found to be 1.0022+_0.0005. 
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Redox-chromatography has been previously used to 
study equil ibr ium isotope effects for reactions of both 
light atoms I and heavy elements,  in particular, ura- 
n ium z,3 and tin. 4 The purpose of the present work was 
to study the isotope effects in the puIV--pu m system. 
The isotope exchange was performed between Pu Iv ex- 
tracted with tributyl phosphate (TBP) and Pu m in an 
aqueous nitric acid solution. TBP was applied on the 
surface of modified (hydrophobic) silica gel. Hydro- 
quinone  was used as the reducing reagent for Pu Iv. 

Experimental 

Silica gel from which the traces of iron (fraction 0.4-- 
0.6 mm) had been washed off was hydrophobized by treating it 
with dimethyldichlorosilane according to the previously de- 
scribed procedure, s Dried hydrophobic silica gel was mixed 
with a defined amount of TBP dissolved in CCI 4 and then was 
dried in a weak flow of air with stirring. The concentration of 
TBP on the carrier was 10 %. 

An initial plutonium solution containing a mixture of 
a-active 242/238pu isotopes was purified by sorption on an 
anion-exchanger from 7 M HNO 3. ;,-Spectrometry showed no 
significant amounts of 241Am in the eluate. 

Isotope fractionation was performed in a glass column kept 
at constant temperature, 110 cm in length and with a diameter 
of 0.66 cm, filled with silica gel impregnated with TBP. Before 
the filling of the column, 0.62 mmoles of Pu rv containing a 
mixture of 242/238pu isotopes was extracted by the stationary 
phase from 3 M HNO 3 and 0.1 M N2H 4 under static condi- 
tions. A 0.014 M solution of hydroquinone containing HNO 3 
(3 mol L -1) and NzH 4 (0.1 tool L -1) was applied to the 
bottom part of the column using a peristaltic pump at a rate of 
0.3 mL min -1 cm -2. The temperature of the extraction-chro- 
matographic column was maintained at 25 ~ 

The concentration of plutonium in the eluate was deter- 
mined by radiometry. The isotope composition of plutonium 
was analyzed using an c~-spectrometer. Targets for the analysis 
were prepared by electrochemical application of a sample on 
disks of stainless steel according to the previously described 

procedure. 5 The <x-spectra of 242/238pu were measured on a 
Nokia LP 4900 B multichannel analyzer equipped with a semi- 
conducting detector with a resolution of 40--50 keV. The 
isotope ratios R = 242pu/238pu were determined from the ratio 
of the corresponding peak areas using a special program. 6 The 
statistical error for determination of R did not exceed 
0.5--1.0 % in each case. The initial ratio R 0 was 0.531+0.004. 

Results and Discussion 

Hydroquinone is an efficient reducing reagent for 
Pu TM (see Ref. 7). The Pu II! formed is virtually not 
extracted by TBP from 3 M H N O  3. Therefore, passing a 
hydroquinone solution through a pur r -conta in ing  extrac- 
t ion-chromatographic  co lumn results in the efficient 
reducing re-extraction of p lutonium.  The presence of 
Pu III in the eluate is confirmed by spectrophotometry by 
the appearance of the characteristic absorption bands in 
the 550--630 n m  range. The "tail" part of the p lu ton ium 
elution curve is presented in Fig. 1. The p lu ton ium 
concentrat ion in the eluate is almost equivalent  to that 
of  Pu III. 

The values of the isotope ratios of p lu ton ium in the 
samples collected from the "tail" part of  the elution 
curve and the values for the observed isotope effect S = 
Ro/R are listed in Table 1. 

It follows from these data that the p lu ton ium in the 
"tail" part of the elution curve is enriched with a light 
isotope. Taking into account  the procedure of the ex- 
periment,  one may conclude that the light isotope 238pu 
is primarily concentrated in the p lu ton ium that is in a 
higher oxidation state. 

The isotope separation coefficient (a) was calculated 
from the Spedding equation: 8 

c~ = 1 + Zq,{R i -- R0)/QR0(1 - R0) , 

where qi and Q are the content  of p lu ton ium in the i-th 
fraction of the eluate and the total amount  of the ex- 
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Fig. 1. "Tail" part of the elution curve for Pu N extracted with 
TBP on hydrophobic silica gel. HNO 3 (3 mol L -1) + N2H 4 
(0.1 mol L -1) + hydroquinone (0.014 mol L -1) as the eluent. 
The elution rate is 0.3 mL rain -1 cm -2. 

Table 1. Isotope ratios (R = 242pu/238pu) and the observed 
isotope effects (S = Ro/R) 

Volume of the eluate/mL R S 

35 0.526+__0.002 1.009 
39 0.528+0.002 1.006 
43 0.520__+0.003 1.021 
48 0.523+0.002 1.015 
51 0.517+-0.003 1.027 
55 0.514+0.003 1.033 
58 0.507+0.003 1.047 

tracted p lu ton ium,  respectively. The summat ion  was per-  
formed over all of  the fractions col lected in the "tail" 
part  of  the  elut ion curve. 

The known values of  a for the  isotope exchange 
react ions of  u ran ium and t in and the a value found in 
the present  work are listed in Table 2. As follows from 
these data, the  isotope separat ion coefficient in the 
purV- -pu  m system agrees well with the  a values for the  
u I V - - U  III and U v I - - U  TM systems. The  ct values are 
substantial ly higher  for the  l ighter  t in isotopes in the 
SnIV--Sn H isotope exchange reac t ion  than  for actinides. 

It can be assumed that  the  isotope exchange in the 
system studied is de te rmined  by the isotope exchange 

Table 2. Isotope separation coefficients 

System Isotope pair c~ 

pulV--pu III 23Spu/242pu 1.0022+0.0005 
u IV- -u  III 23Su/238U 1.0020+1.0030" 
UVI--U TM 235U/238U 1.0012+0.0004" 
SnIV--Sn II ll2Sn/ll6Sn 1.0058-t-0.0009"* 

112Sn/l19Sn 1.0190+0.0018 
112Sn/124Sn 1.0251+0.0030 

* Literature data. 1~ 
** Literature data. 4 

react ion between the Pu N extracted with TBP and the 
Pu III in an aqueous solution. The puIV--puII I  isotope 
exchange rate constant  in the  presence o f  TBP appl ied 
on silica gel 9 is 18--19 tool -1 L s -1 at 25 ~ Hence ,  
under  the exper imental  condi t ions,  the t ime of  the 
isotope half -exchange did not  exceed several seconds,  
and the rate of  the whole process is l ikely to be l imi ted  
by the diffusion of  p lu ton ium in the film of  the  extragent  
on the silica gel surface. 
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