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DIRECT SPECTROPHOTOMETRIC DETERMINATION OF URANIUM IN 
CYCLOHEXANE SOLUTIONS OF TRI-n-OCTYLPHOSPHINE OXIDE 

W. J. Ross 

WJR-150 

Tl;te adducts of tri-n-octy~phosphine oxide (TOPO) and !Js2Cr.207 ,(1) 
FeCls,~ 2 ) ZrC~,(3J and SnC14~ J have been observed to absorb energy in the 
ultrav+olet region. Such absorption indicates a possible means for the 
direct determination of chromium(VI), iron(III), zirconium, and tin(IV) by 
spectrophotometric measurement of the organic phase. A cursory study of' 
the visible and near-ultraviolet spectral characteristics of' the 
U02C~·2TOPO species bas also been made previously.l5J The intense ab­
sor.ptiqn band that was initially observed at 320 liJI.I. could not be reproduced 
in sUbsequent spectral studies and is now recognized as being caused, at 
least partially, by the presence of microgram amounts of' iron in the U02Cl.2 
solution that was used in these earlier tests. The U02 Cl.2 •2TOPO adduct 
absorbr:f -at wavelengths greater than 300 lDJ.lj however, no absorption maximum 
is present in the near-ultraviolet region. 

Banerjee and Heyn ( 6) observed that the complex that was formed when 
uranium was extracted from nitrate solutions by tris(2-ethylhexyl) phos­
phine oxi.de (T2EHPO) absorbed ultraviolet light. They made this absorbance 
the basis of' a spectrophotometric method for the determination of 0.0025 to 
0.1 mg of' uranium. 

Horton and White(7) have determined uranium in TOPO extracts calori­
metrically with dibenzoylmethane. The range of' uranium in this method is 
0 • 015 to 2. 5 mg •. 

A f'luorometric procedure for tb.e determination of uranium in TOPO 
extracts bas also been published.(5J 

Th1s report is a summary of the investigations on the spectra of 
U02C~·2TOPO that were performed with a Cary 1 Model 14-M, recording 
spectrophotometer. This species of uranium is extracted into the organic 
phase when bydr9cbloric acid solutions of uranium are equilibrated with 
the extra~tant.\9) A similar a<id~ct, U02 (N03 ) 2 ·2TOPO is extracted from 
HNOs systems • Previous studies l.' J have revealed that nitrate, in the 
TOPO-cyclohexane phase, absorbs ultraviolet light strongly below 300 lDJ.1 
whereas chloride exhibits very little absorbance at wavelengths higher than 
230 ~; consequently, hydrochloric acid was selected for these spectral 
studies. 
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EXPERIMENTAL 

Reagents 
.•.,.. 

Uranyl Sulfate Stock Solution, 1.8 mg of' uranium per ml. This solution 
was a dilution of a more concentrated uranyl sulfate solution, 19 mg of 
uranium per ml, that was originally prepared by dissolving 2.6 g of UsOa in 
HNOs, removing the HN03 by fuming with ~04 , and diluting the residual 
H2S04 solution to 100 ml with ~0. The diluted stock solution was stand­
ardized calorimetrically. 

Thorium Chloride Stock Solutions, 10.8 and 1.13 mg of thorium per ml. 
These solutions were prepared by diluting a more concentrated solution ·or 
ThC4 with 1 M HCl and standardizing the solutions by the Thor on colori­
metric method:- The original stock solution had been prepared by repeatedly 
evaporating 100 ml of 0.5 M Th(N03 ) 4 solution to dryness in the presence of 
12 ~ HCl until all nitrate-bad been expelled. 

Hydrochloric Acid, ~12 M. Reagent-grade acid was equilibrated with TOPO­
·cyclohexane in order to remove iron(III) from the acid prior to its use. 

- -. -•. 
Tri-n-OctylphosEhine Oxide, 0.1 ~ solution in cyclohexa.ne. Commerical 

grade, Eastman No. 7 4o, TOPO was purified further to remove traces of 
phosphinous and phosphinic acids and other impurities that absorb light at 
wavelengths greater than 200 lDI-l· The diluent was Eastman "Spectra Grade" 
cyclohexane (No. S70?). A petroleum ether solution of TOPO is washed with 1 ! 
KMn04 to oxidize phosphinous acid to phosphinic acid; the excess KMn04 is de­
stroyed by oxalic acid, then the phosphinic acid is removed either by an ex­
traction into NaOH solution or by contact with Al203 • The purified TOPO is 
recrystallized from the ether. 

Ultraviolet Spectrum of U02Cl2·2TOPO 

A cyclohexane solution of' this adduct that contained 36 ~g of uranium 
per ml was prepared as follows. Five m1 of a 3 M HCl solution tb.a.t con­
tained 1.8 mg of uranium was extracted with 5 ml-of' 0.1 M TOPO for 10 
minutes. The aqueous phase was analyzed fluorometrically and found to 
contain 6 Jlg of uranium. A:. 1-illl .aliquot·· of th~ · ot.~ic:.;phase was. transferred 
to a 10-ml volumetric flask and diluted to volume with cyclohexane. 

The amount of' hydrochloric acid that is extracted by 0 .1 M TOPO is a 
function of the initial concentration of' acid present. This acid adduct has 
been obser.ved to absorb energy in the ultraviolet region. (10) A reference 
solution was prepared, accordingly, that contained the same concentration of 
the acid adduct as was present in the uranium solution; i.e. 5 m1 of' 3 M HCl 
was extracted with 5 ml of 0.1 M TOPO, following which a one-ml aliquot-of 
the organic phase was diluted to 10 m1 with cyclohexane. 

The spectrum of the uranium adduct was measured versus the reference 
solution ( ,...JQ .01 M HCl•TOPO) between 350 and 210 lDI-l· The major portion of 
this spectrum is .presented in Figure 1; the remainder of the ultraviolet 
spectrum (310 to 350 mJ.t) consists merely of a continuation of the decreas­
ing absorbance as the wavelength is increased. 
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The spectrum of UOaC12 •2TOPO exhibits only one absorbance maximum in the 
ultraviolet region, 230 JJq.L, at which the molar"' absorbance ind~;x: -!s 5500. 

Calibration Curve for the Direct Determination of Uranium as UOgC!2·2TOPO 

The precision with which the absorbance of U02C~·2TOPO follows Beer's 
law was determined with aliquots of a stock solution that contained 43 ~g of 
uranium per m1 and was 0.001. M with respect to HCl·TOPO. This stock solution 
was prepared by repeating the-extraction described above and then diluting a 
3-ml aliquot of the organic phase to 25 ml with cyclobe.xane. One to 7-ml 
aliquots of this stock solution were diluted to 10 ml with cyclobexa.ne, fol­
lowing which the absorbance of each solution was measured at 230 li1J.1. versus a 
reference sol~tion of 0.001 M HCl•TOPO (Figure 2, Curve A)o 

The absorbance~. ~ues. ·.shOwn.. in .. Curve A:vere· ,.obtailled.~iiith a...s1ngle~ref'er­
ence solution, i.-<e. 0.001·M HCl·TOPO, although the concentration of the acid 
adduct in the U02Ci2•2TOPO solutions varied from 0.001 M to 0.007 M. As 
mentioned above, the absorbance of HCl•TOPO in the ultraviolet region in­
creases with the concentration of this acid adduct. The contribution to the 
absorbance of the U02Ci2•2TOPO adduct produced by the acid adduct was de­
termined· as follows. The absorbance of 0.010 M HCl·TOPO was.found to be 
o.o4o •. The absorbance: of 0.002 !!; 0.003 M, o7oo4 ~ 0.005 M, and 0.007 !:! 
HCl·Toro versus 0.001 M HCl·TOPO was calculated by int~olation. These 
prorated errors were.tben subtracted from the absorbances presented· in 
Curv A. The corrected curve, Curve B, bas a reciprocal slope, 
· llg ml .. , Cf' 42.5 as ·compared to 40.8 for Curve A. 

a sor ce-· 

These tests reveal that significant errors are incurred in the measure­
ment of the absorbance of U02Cl.2 ·2TOPO when the sample and reference solu­
tion contain different amounts of HCl·TOPO. These errors have been minimized 
(Curve C) by duplicating exactly the dilutions and size of aliquots of both 
sample and reference solutions. When the acid adduct concentrations in the 
sample and reference solutions are identical, the calibration curve inter­
sects the origin with a reciprocal slope of 45·5 and varies from linearity 
by 3 per cent over the uranium: concentration range of 0 to 30 ~J.g per ml.. 

Interferences from Extraneous Elements 

In general, any element that is extracted from HCl solutions by TOPO 
and which absorbs light in the ultraviolet region will interfere with this 
direct method for the determination of uranium. Previous studies have shown 
that cbromium(VI), iron( III), zirconium, molybdenum(VI), tin( Dr)~ and:tharium, 
can be':extracted frQm.-:_HCl by. 0.1 )f.TOPO ... · AlJ:·these elem.ents,e.XCept molybdenum 
and. thoriiJ.m,-- have been..: inv~stigated previ.ously and ;:observed.... :to absorb .a.ta t 
wavelengths in the ultraviolet region. 

A series of extractions was performed to determine the extent to which 
the absorbance of the TOPO adducts of FeCls, ZrC4, SnC4, and ~Cr207 would 
interfere with the measurement of U02Cl2 •2TOPO at 230 ~· Five-ml solutions 
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