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Tributyl phosphate fTBP) is an excehent solvent for the extraction of heavy 
metals from aqueous phase.s1g2 and has particular signitkance at present for the 
regeneration of fuel elements in the nuclear ener_q industry3y4. The extraction yield 
is, however, reduced by hydrolytic’ or radiolyti& degradation of TBP into dibutyt 
phosphate @BP), monobutyl phosphate (MBP), orthophosphate (P) and butanol. 
DBP and MBP form with the extracted metals complex compounds that remain 
dis.soIved in the aqueous phase or form precipitates and thus decrease the extraction 
yieId6a substantially. 

Analysis of the degradation products is not easy. Ali of the acidic components 
present interfere in potentiometric alhahmetry. Paper9 and thin-iayer1o chromato- 
graphy provide poor sensitivity of detection. The determination of the degradation 
products by gas chromatography is very laborious, as it requires preliminary prepa- 
ration of methylrr or trimethylsilyl’2 derivatives. The above circumstances on the OP.~ 
hand and the successful results of using high-speed analytical isotachophoresis in the 
analysis of mixtures of different types of phosphate.G3 on the other kd us to apply 
this method to the determination of the degradation products of TBP. 

EXPERIMENTAL 

@-Alanine 2nd bistidine were obtained from Loba Chemie (Vienna, Austria), 
imidaxo!e from Koch-Light (CoInbrook, Great Britain), Mowiol S-S& [poly(vinyl 
alcohol)] from Hoechst @anIcfurt, G.F.R.) and morpholinoethanesuZphonic acid 
(MES) from Sigma (St. Louis, MO, U.S.A.). MBP and DBP were obtained as a 
53:47 (w/w) mixture from the Institute for Ore Research (Prague, Czechoslovakia). 
All offier chemicals were supplied by Lachema (Brno Czechoslovakia). 

Experiments were carried out at room temperature in the equipment-for bigh- 
speed anaQticaI isotachophoresis (dimensions of the capillary, 0.2 x 1 x 200 mm)_ 
Zones were detected by measuring the potential by means of two platinum contacts 
0.05 mm distant from one another in the longitudina3 direction; a power supp!y with 
a stabilised current up to 400 @ and with a maximal voltage of 16 kV was used. 
A detailed description can be found ekewherep4~15. A Perkin-Elmer Model 1% line 
recorder was used. 

Standard aqueous soh&ions of DBP, MBP and P were prepared by the 
dk%SOfUfiOn of the 53~47 (W/W) ~XQZR of MBP and DBP in O.QoS M NEif4H2FQ4. 
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Extraction yields of the degradation products were investigated as follows. 
A Xl-ml vohune of TBP wns enriched with 20~1 of the MBP-DBP nrixhue, the 
mixture thus obtained was agitated vigorously for 5 min, then 10 ml of 0.5 I%’ tris- 
(b@roxymethyl)aminoethane (Tris) solution were added and the mixture was stirred 
on an electromagnetic stirrer for a certain period in order to extract DBP and MBP 
into the aqueous phase. After phase separation, 3-~1 samples of the apxms phase 
were analyss for the contents of DBP and MBP. DBP and MBP contents were also 
dekrmined in unenriched TBP with 6~1 samples taken from the aqueous phase_ 
Quantitation of the extraction was followed by comparing the preceding results with 
the analyses of a standard prepared by disso!ving 20 pl of the of MBP-DBP mixture 
direct.Iy in 13 ml of 0.5 M Tris solution. 

RESULTS AND DISCUSSION 

SuzcessfuZ anaIq_sis of DBP, MBP and P by isotachophoresis requires that a 
suitable leading anion is used and that the pE of the leading electrolyte should be 
selected such that there are sufEcient diEerences between the effective mobilities of the 
comporrents under analysis. As the components under investigation are medium- 
strength acids, the most suitable pH for the separation will probably lie in the range 
from slightly acidic to neutral. Five electrolyte systems were tested in this range, and 
their characteristics and the values of the driving electric current are presented in 
Table I_ In al! instances 0.01 JJ Cl- served as the leading anion. 

TABLE I 

CHARACKERIXICS OF OPERATIONAL ELECXROLYTE SYSTEMS AND V_ALUES OF 
THE DRIVING CuFaENT USED 

- 
Par bcczahg dectroryle Termkdtg eleciroiyte Mving 

wrmt 
1dI 

3-8 0.010 Af HCI i /k&mine 0.010 Af gIutamic acid 160 
5.1 0.10 M HCI j hexamethyknc- O.OiO M morpholinocthane- 80 

tetramix sdphonic acid 
6.0 0.010 M Ha t ifei&zok 0.010 M &ethyl ixarbituratr, 190 

Na salt 
?A 0.010 _%f HCI i Tris 0.010 M gl>zisle + B2(OH)r 50 

The dependence of the relative e&ctive mobilities of MBP: DBP and P on the 
pH of the leading electrolyte, determined from the heights of the steps in the record 
obtained on de:ection with a gradient detector (cf. ref. 16), is shown in Fig- 1. 

The components under investigation obviously differ in their mobilities over 
the entire range studied and can be separated with success. 

The most rapid separation was obtained at pH 6 in the system with bistidine + 
HCI as the leading and morpholinoethanesulphonic acid as the terminating electrolyte; 
the record of this separation is presented in Fig. 2 For quantitation, the dependence 
of the step length m the record on the amount injected in the range ca. 8 - 10-10-33 - 
10-lo mole was measured. The volume of the standard so&ions injected was l-6 & 
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Fig. 1. Depe&xe of the relative effh xobiIitks on pH of the leading ekctdyte. ChIoiide 
semzdasareference substance, its kl = 1.0. 

Fi 2. Is~tachophoregmm or’ a xodel mix$zse of DBP, MBP and P. A 3+l volume of a mixture of 
5.0 m&f P, 8.1 m&f MBP znd 5.4 m&f DBP ~2s an&s&. The leading electrolyte was 20 mM 
bistiti + 10 mM IICl. pH 6.0, and the tersnimtiq ekc&oIyre was 10 m&f morphokmethme 
sulphonic aaid (h%ES)_ Tbe driving cumzt was19O~mandthechztspeed4Omm/min. 

The dependences were linear, with linear correJ.ation coefficients of 0.9996, 0.9987 
and 0.9999 and standard deviations of the regression line of2.8- lo-lo, 3.2. lo-lo and 
2.3. IO-lo mole for P, MBP and DBP, respectively. The relative standard deviations 
for the mean of the calibration range were l-7, 19 and 1.4 %, respectively. 

In order to establish the possibilities of deteminiug the degradation products 
in technical TBP, experiments were carried out in which TBP enriched with standard 
additions of &ZBP and DBP was extracted with a known volume of 0.5 M sodium 
hydroxide, 1 M sodium carbonate or 0.5 M Tris sob&ion aud ffie aqueous phase was 
subjected to analysis. On the basis of these experiments, 0.5 M Tris solution was 
sekcted as a suitable extractant_ It was found that MBP and DBP in the concentration 
range fkom s- 1o-z0 to 350- IO-l0 mole dissolved in 10 ml of TBP are extm%ed 
quantitatively (more than 99Oh into the aqueous phase by LO ml of OS M Tsis 
solutiuIl in 5 x&n_ 
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