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ILstimation of the inbtensity of the uranyl fluorescence

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

to detect directly three parts of uraniwm in one million paris

of thorium.

The cheracteristic fluoresconce spectrum of uranyl ion furnishss
E a neens Lor the upmambiguous detection of small amounts of uranium. Although
the fine detalls of the structure of the uranyl {lucresccace spectrum depend

e, OR the enviroment of the ion, the main featbures 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 exclited to fluorescence, the spectrum oxhibits
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tho folleowing femtures: a set of five or six narrow bands, with a constant

1 frequency interval of about 800 wive numbers, bepinning at about 4900 A° and
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extending toward the red. The second band at about 5100 A° is. the most intense,
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the succeeding bands decreasing 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 S6C.) of tho oxcited
state of uranyl ion, und because of the groat chemical ronetivity &8s an ox~

idizing agent of the ion in this sbtabe, the fluorcseconce is cusily quenched,
. Q._Q“&/M\A‘Ai_" ) — l/(j\/&/?{ﬁ’.‘/"“’?f’;\. gb 7//2 @rdcie ‘lC--- »é-w'“é‘/n
J UNCLASSIFIED

APPROVED FOR PUBLI C RELEASE



ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



-

APPROVED FOR PUBLI C RELEASE
and to onsure naximum sensltivity of tho tost, care mu.st be talen Lo proe
vont digsipotion of the onergsy of the excited uranyl ion by paths other
than the onigssion of rrndiadion.

1 PLRLIEITTAL

Light for the e:ieitation of the [luorescence vas furnished by a
Geneoral Electric AIS hirh pressure nercury art in a quartz jacket. Iadiation
{ronx this source was gathered by a "spherical® condensing mirror inprovised
fron a § inch wateh glass aluninized on its concave surface, and vassed through
a copper sulfate filter and a Corning Glass 686 filter. This combination is
opaque to :ost of the lisht of wave longth greator than 4200 AC and fairly transe
parent at shorter viave lengths. The samplos under exanination were conteined
in small glass-stoppered pyrex tost tubes (1 or 2 cec volumetric {leshks), and
cooled in & dry icceacebone bath in a traasparent pyrex dewar. The samples
wore elevated just ahove the level of the acetone bath, excitod through the
transparent walls of the dewar, and the fluorescence examined with e pocket
snoctroscope.

DRTLCTION OF URANIM’ I7 T [35.1CH OF THORIT!

A set of camples was prepared as follows: 887 [{zPOs, Spe fre 1e7
was hoated in a beakor until suff'iciont water was evaporeted to give the re-
maining naterial sp. gr. 1.9. 'To onc 10 ec portion of the phosphoric acid
vias added 1 ¥ U (as uranyl nitrato) in .2 ce of vmter; to a second was edded
10¥ VU in .2 cc of waber; to a third 100 ¥ in .2 cc water and to a fourth
E00y in <2 cc water. qaftor one drop of concentrated nitric acic was added
Yo each ol tho samples, all wore heated on a hot plate for five ninutes, Two
cc sanplos vere bransferred to the pless-stonpered test tubes and exanined for
fluoroscence in the nanner described.

The sariple containing 50 ¥ U per cc yielded a bright fluorescence,

easily seen in a nomally lightod room; 10 y¥ por cc geve a fluorescence less

hrlrht ‘Ju’c ""'111 eu&i‘/ vigible in the lighted room; 1 § per cc fluorescence
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vas definitely visible in a darkenmed room, and tho urenyl spechrum was umiise

takeble in the spoctroscops. It was not possible to detect with certainty the
fluorescence from the solution coutaining O.l ¥ U per cc. Since at most 0.5 ce
of solution was illuminated in each case, the ncthod will deteot 0.5 mierogram
of uranium in the ebsence of large quantities of othor metals. With gquartz dewars
and tubes and quartz lenses it may be possible to eoxtend the semsitivity further.

CTTLCTION OF U2rliTunl I T8 PIEsSICT OF THORIUM

Into each ol three 30 cc beakers was weighod l.5 gm of cspecially
purified Th(W0z)se4Hp0 (obbained fram Borkeley). To one sample no U was added,
%o enother 5§ of U (as uranyl nitrate), and to the third 16y of U was added.
To each was added 2 e¢¢ of 857 HzPO4 and all were hoated for 12 hours on a hot
plate. At the end of this time an additional 1 ce of the 85 phosphoric acid
was added to oach and the heabing continued for six hours. The s mples were
examined as has boen desoribed aboves (The volume of each sample was slightly
over 2 cc.) The samples to which § § and 15 yofd had been added (7 and 20
parts of uranium to one nmillion parts of thorium respectively) yielded the test
for ureniun, with the brightnesses of the fluorescence someviat less than in
sanplos of uranium in phosphoric acid alone of corresponding concentrations.
Tho test on the senmpide to which no uranium had been added was negative. 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 material contained less
than 2 or 3 pm U,

The test was cxtended as follows. A water solution of Th(1103)424H20,
containing 10 gm Th, was oxtracted with ethor according to the direction of
Fontana (CC~384)., The ethor layer, containing according to Fontena 757 of the
uranium and 4% of the thoriun in the oripginal sample, was evaporated to drymess.
The residue was dissolved in water and precipiteted with ermonium hydroxide, in
order to free tho material fron organic impurities. Tho rrecipiteted and washed
hdroxides were then treabted with nhosphorie acid in the usual vay. Elridently
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the precipitetion was ineffective since tho material yielded a bright greenish
blus con¥inuous fluorescence and a long lived yrellowish phosphorcscence -
behavior charncteristie of many orgenic mabtorials in gflassy media af low tome-
peratures. lowever, after the phosphoric acid solubion was treated with 0.5
ce 307 hvdrogon peroxide and heated for soveral hours to remove the excess per-
ozide, %he conbinuous fluorescence was sbsent and a faint uranyl fluorescence,
corresponding to about 1) U por cc was observed. Since tho velume of solution
was about 2 cc, the extract contained about 2 ¥ U. According to the date of
Fontase, abou® 751 of the uraniwm should have been in the oxbtract. The concen-
tration of U in the original mnterial is by this Yest about 0.3 proa

Pontena's deta on the ether exbraction were confimmed as follows.
To 10 g"l Th as Th(1i05)4°41g0 wore added 10 y U as uranyl nitrate. The golution
was wemed enc¢ allowed %0 cband for several hours to easure oxidation to the
uranyl state of 2ll the uraniuvm. Threc; successive ethor extractions with re-
distilled ethor were made. Dach extrect was eveporated and treated with phosw
rheric eeid and hrdrogen peroxide in the mammer described albove. (The hydroxide
procipitation was dispensed with). A sample of the finelly purilfied material

was also tostede The results were:

First extract 7-10¢ U
Sccond extract 2-4 ¢ U
Third extract null E< 2 Ug
Purified Th null (« 3 pma

Those results are in essential agrecment with Fontana's. Further=
norg, from then ono mey deduee that the final naterial contained lesz than
0.04 ppn U.

Tho test porformed on tho commercial Th{1i0z)q*4U20 (Bimer and Amend)

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