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Lsbination of the intensity of the uranyl fluorescence

furnishes & method {or the determination of quamrbities of
uranium as low as one~half microgram of wranium in one-half
millilitor of pglassy phosphoric acide The tost has been used

to detect directly three parts of uraniwm in one million parts

of thorium.

The cheracteristic fluoresconce spectrum of uranyl ion furnishes
E a neens for the upnambiguous detection of small amounts of uranium. Although
the fine details of the structuro of the ure.myl flvoresccnce spectrum depend

P - on the enviromment of the ion, the main features are sufficiently constant
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i to leave no question as to the identification of uremium by means of the specw
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trme YVihenever uranyl ion 1s excited to fluorescence, the spectrum oxhibits
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the follewing features: a set of five or six narrow bands, with a constant

r frequency interval of about 800 wive numbers, bepginning at about 4900 A° and
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== extending towmrd the red, The second band at ebout 5100 A° is. the most intense,

the succeeding bands decreesing steadily in intensity. DBeceuse of its low ine

tensity, the farthermost red baud is not always observed.
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Because of the long half life (c. 0.5 x 10~3 sec.) of tho oxcited
state of uranyl ion, und because of the groat chemical ronctivity &8s an ox~

idizing agent of the ion in this stabe, the fluorcsconce is cusily quenched,
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and to onsure naximum sensltivity of tho tost, care mu.st be talen Lo proe
vont digsipotion of the omergsy ol the excited urauyl ion by paths other
than the onission of rrdiation.

5 PERIIEITTAL

Light for the exeitation of the fluorescence was furnished by a
General Eleciric A8 hirh pressure nmercury arg in a quartz jacket. Iadiation
{ronx this source was gathered by a "spherical” condensing mirror inprovised
fron a § inch wateh glass alininized on its concave surface, and vacsed through
a copper sulfate filter and a Corning Glass -'086 filter. This combination is
opaque to ost ol the lisht of wave longth greator than 4200 AC and fairly transe
parent at shortor viave lengths. The samplos under exanination were conteined
in small glass-stoppered pyrex tost tubes (1 or 2 cec volumetric {lesks), and
cooled in & dry lcceacebone bath in a trausparent pyrex dewar. The samples
wore elevated just ahove the level of the acetone bath, excitod through the
transparent walls of the dewar, and the flucroscence examined with & pocket
snochroscope.

DRTUCTION OF URANIW’ IT7 T L35.71CH OF THORIT!

A set of camples was prepared as follows: 887 [{zPOs, Spe fre 1e7
was hoated in a beakor until sufficiont water was evaporeted to give the re-
maining naterial sp. gre 1.9. 'To onc 10 ec portion of the phosphoric acid
was adced 1y U (as urenyl nitrato) in .2 ce of water; to a socond was added
10¥ VU in .2 cc of waber; to a third 1200 ¥ in +2 cc water and to a fourth
E00) in «2 cc water. Afvor one drop of concentrated nitric acic was added
Yo each ol tho samples, all viore heated on & hot plate for five ninutes, Two
cec sanplos vere bransferred to the pless-stonpered test tubes and exanined for
fluoroscence in the nanner described.

The sample containing 50 ¥ T per cc yielded a bright Cluorescence,
easily seen in a nomally lightoed room; 10 §¥ por ce geve a fluorescence less

bripht but still eu@/ visible in %the lighted room; 1§ per cc fluorescence
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was definitely visible in a darkened room, and tho urenyl spechrum vas umiise

takeble in the spoctroscopes. It was not possible to detect with certainty the
fluorescence f{rom the solution coutaining O.l ) U per cc. Since at most 0.5 ce
of solution was illuminabted in each case, the method will deteot 0.5 microgram
of uranium in the aebsence of large quantities of othor metals. With gquartz dewars
and tubes and quartz lenses it may be possible to extend the sensitivity further.

TRTECTION O URANTULY IUT T PRAESIVICT OF THORIUN

Into each ol three 30 cc beakers was weighod le5 gm of cspecially
purified Th(H0z)se4Hp0 (obbained fram Berkeley). To one sample no U was added,
to enother 5 ) of U (as uranyl nitrate), and to the third 15 § of U was added,
To each was added 2 cc of 857 HzPO4 and all were hoated for 12 hours on a hot
plate. AL the end of this time an additional 1 ce of the 85% phosphoric acid
was added 4o oach and the heabing continued for six hours. The s mples were
examined as has boen desoribed sbove. (The volume of each sample was slightly
over 2 cc.) The samples to which § § end 15 ) of T had been added (7 end 20
parts of uranium to one nmillion parts of thorium rospectively) yielded the test
for ureniwn, with the brightnesses of the fluorescence someulat less than in
sanplos of uranium in phosphoric acid alone of corresponding concentrations.
The test on the senple to which no uranium had been added was neprative. Since
it should have been possible to detect ono third the intensity of uranyl {luor-

esconce of the sample containing 7 prm U, the original materlal contained less

[~

thean 2 or 3 pm U,

The test was oxtended as follows. A water solution of Th(1703)4'41120,
containing 10 gm Th, was oxtracted with ethor according to the direction of
Fontana (CC-384). The ethor layer, conteining according to Fontana 757 of the
uranium and 4% of the thoriun in the oripginal sample, was evaporated to drymess.
The residue was dissolved in water and precipitated with ermonium hydroxids, in
order to free tho material from organic impurities. Tho zrecipiteted and washed
hrdroxides were then treated with nhosphoric acid ian the usual way. Elridently
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the precipitetion was ineffective since tho material jielded a bright greeaish
blue continuous fluorescence and a long lived yellowish phospnorcscence -
behavior charncteristic of many orpgenic matorials in plassy media ab low tome
peratures. lowvever, after the phosphoric acid solution was treated with 0.5
ce 307 hvdrogon peroxide and heated for soveral hours to remove the excess per-
oxide, the conbinuous fluorescence was sbsent and a faint uranyl fluorescence,
corresponding to about 1 ¥ U por cc was observed. Since tho volume of solution
was about 2 cc, the extract contained about 2 ¥ T. According to the date of
Yontane, aboubt 7T of the uraniwm should have been in the oxbtract. The concen-
tration of U in the originel mnterial is by this Yest about 0.3 pprna

Fontena's data on the ethor exbraction were confirmed as follows.
To 10 g"l Th as Th(li05)4°41g0 wore added 10 y U as uranyl nitrats. The golution
was wermed and allowed 40 chand for several hours to easure oxidation to the
uraryl state of 2ll the uranivn. Threc; successive ethor extractions with re-
distilled ethor were made. Dach extrect was eveporated and treated with phosgw
rherie eeid and hydrogen peroxide in the mammer described albove. (The hydroxide
procipitation was dispensed with). A sample of the finelly purified material

was also testede Tho resulis were:

First extract 7-10¢ U
Sccond ertract 2-4 ¢ U
Third extroct null E< 2 Ug
Purificd Th null (< 3 pma

Those results are in essential agrecment with Fontana's. Further=-
morg, from thenm ono mey deduee that the final naterial cornbaimed less than
0.04 ppn U,

The test porformed on “ho commercial '1‘21(1303)4’41120 (Bimer and Amend)

available in the lehoratory indicates a U cuntent of 8-10 ppm.

“
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