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DIRECT SPECTROFLUORIMETRIC DETERMINATION OF CERIUM ANO
OTHER RARE EARTH ELEMENTS IN THORIUM SOLUTION

Raul ). Cazotti and Alcidio Abrao

SUMMARY

The mtense Humegcense emined oy Ce-|1l enables e deeavminancn giregely in thorium galutions
with hegh sensmyity o genliderce, The oeterrramaron of Ca-I wsg sigdied in iy drochlong, peechlorne and
sudfudie &cios, ceilm exfibnieg the 2ame sensiTivity 0 me theee colationa. Alvhough siill fgh fluorescemca
ia shown i splfuric apid soloisons, the determiation of caowm in thonom sulfate soluton is nok
recamrended due 1o the [nw gsolubcdity of 1hig salr.

The giraer derarmnanor of cerium v rhoriuen ertaride and thoiom percklorete s accompheinad by
excitation ar 257 m/l and measurerment of the sniense emnission flugrescence band ad 350 myl The method
allows tre daterminatian of cerum as low a2 0.01 ppm CedTh Tha lipaarity o the determination is obeyed
L 0007 ey 100 w2y e lml selmion,

The queaching effect af thonwm was strdrea, Sofvtions as high as 2068 g Thslier reduce 1o 20% the
Tlmoirseence af ceriam Ul @ven $00T 8 pogsible 10 detesmine 0 004 L Calmlin solaean ot 200 g Thiltter
10.02 ppm CafTh)

Conewdaring that the separanion of cerium from thoricm 15 not sequirad and that only a few glements
interfere, the metnod 1s fast and sccurate

The paper describes also the fluoemetric detecronation af athes lanchamioes in theriom chloride or
thorum perchtarate Terbium, eurepiur and gadohnivm exicb ted incensa Fluarescence in dilute solutions
ot 'morganic acids, and can be derermencd directly i thorfom savwtians starting from 50 LG Teig Th, S0y
Eurg Th amd 200 12g Gd/g Th

The paper gives deta-lz far ghe direce devarmunancon of ceeium, termiom, gadalinwom and eurcpium o n
diluie inorgamic aced and in tharnpm solutions.

INTRODUCTION

The incressing interest of thorium use in noclear reactors for production of the
fissionable wranium-233 nuelide, 53 i the ¢age of high termperature gas cooled reactors,
vequired the production of mghly pore thorium, Usually the thoriom concentrates are
obtained fram monazite and az a consequence the rare earth elements are the most serious
accompanying elements, The analytical chemist hag ro face the situation of determining
extremely low concentration of rarg garthg in pure thorium compounds, specially thoss of
high cross section for thermal neutron, [t s well known that the determination af traces of
lanthanides in pure tharium is quite laborius and presents many difficulties, aven when the
analytical technique is the emission spectroghraphic one. Besides that, in the great majority of
existing procedures a previgus separation of lanthanides From tharium, agan of difficult
acenmplishment, 18 reguired,

An analytical procedure for the determination of at least some of the rare earth
elements directly in thorium solutions, with no chemical separation, and presentirg high
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sensitivity and specificity womld be wery much desired. Such 0 corwenient procedure is
pettormed by direct spectrofluorimetric determination as desoribed in this paper,

In the solvent saAtraction porificairon of thoriom  wsing  tbutylphosphate
[TBPY - Kerssene as extractant for thoriom nitrate the next element extracted as impurity is
cerium whose distribution ratio i the highest considering all the rare earth elements, In this
way the determination of cerium in purified thorivm wil! give, with reasonable approximation,
the high timit for all rare earths cowextracted with thorium. The direct spactrofiuorimetric
determination of cerium in thorfum solutions as proposed here 3llowed this control in a
convenient, fast, simple and sensible manner.

Orther rarc earth elements that fluoresce with relative intensity in inorganic acid solution
are gadalinium, terbium and europium, but only the last two ¢an be determined directly in
therivm safurions and will be described nera,

SPECTROGFOTOMETHIC AND SPECTROFLUORIMETRIC TECHNIOQUES APPLIEC TO
THE DETERMINATION OF RARE EARTH ELEMENTS

&5 a technique for the determination of traces in solufions the spectrofluarimetry has
the tundamental advantage of a much higher sensitivity than tfe spectrophotometry; this high
sensitivity counterbalances the greater number ot interferences found in some
spectroclucrimetric determinatioms.

Due to their great chemical resembtance the determination of one rare earth in (h#
group of [anthamdes by the conventional procedures is rather difficut. To overcome this
difficulty Iechnigues based on the physical characteristics of the lanthanides have been used as
is the well known absorption spectraphotamatry which uses the characigristic electran spectra
of soMmE raTe eaMINS 1R AQUBOUE solutions' 17, Unfortunatelly thic technigque 5 not highly
sensible. Among the rare garths cerium 15 quite wunique tn presenting an absorption band very
intemse in the wultraviclet region with a maximum in 320 mpf2-3 which allows its
determination with reasonable good sensitvity,

As an gnabytical technigue for traces determination the spectraffuorimetny has being
uvsed more frequently intbe last yvears, The flugrescenee specire of some rare earths in agueous
solutions such as for cerium’® 7! terbium'®: 104, samariom2. 10127 ey vopium, gadalinium,
praseadimium and dysprasiom’ ' 114 were published guite recently, The interest for the
spectrofluerimetrie echrique increased nol anly in the search of methods for deterrmination
of wanishing small amount of lanthanides but also due to the improved new BACitathon soUrces
covETING greater tegion of the speetrurn, mainly in the ultraviolet region [Tower than 3000 mey,
the bext one for the rare earth elements determination. Viih the comercialization of new
spectrafluorirmeters of higher seloctivity and tensiiivity for excitation and fluorescence Wwave
length, the fluorimetric technique is reaching 4 unigue position among the instrumental
analysis, specially for the rare garths determination, These elaments are together with thorium
and wraniurn, the only few ones that can fluoresce with melative high infensity in norganie
solutions without use of chelating or complexing ligands.

While the spectrophotomabeic methods are guite wide spread aut, mainly for lanthanides
whose electronic spectra absorbs in the visible, but frequently used only for concentrations
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higher than 20-50 sa/ml, only 3 few mothods based on spectrofluorimetric technigues have
bean poblished Of these o tewwer ones dealt with the fluorescence of rare earths in inGrganic
acid solutions. Alberti and Massueci'8. 1 ppserved that cortain ions like tungstate and oxalate
incregse the fluorescence of some lanthanides. |t was obzerved that some fanthanides such as
torbium preserted reasonable high flugrcscence in hydrochlonic acid solutions' 127 and the
authors have observed the fluorescence of gadelinium and europium in HEL solution, But rhe
great majority of spectrofluonmetric determination methods for rare earths wse the aid of
orgaric ligands for the formation of fluorescent chelates.

Of the rare earths group, cerium is one that presents the strongest fluorescence in agquean s
inorganit solutions ond this property was used by the sutbors for it determianations in thoriom
splution and in rare @arths concentrates as weM, Only about ten years ago was the Ce-l11
fluurescence 8/ observed in inarganic acid solutions such as HGI, HCIO, and Ha50,. 1n gne
p-aper’?r where the spectroflugrimetric determiration of thallium in HCL solatians was studied,
the fluorescence of Ce 1l was chsened and mentioned & one of the few interferences.

Armstrong et al'B' observed the imiense Huorescence of Ce-lH in H, 50z, with an
gxcitation maximum at 260 my (secondary pesk at 295 mu) 4nd 8 flugrescence maximum at
o0 mu, It was observed also that the flugrescence of cerium was not affecied by Lhe
congentration of sulfuric aeid 0 the GU0Z - 1.0M range, allowing its determination in pure
stlutions at level as low as 0.002 mg!l. The same authors studied the interferencs of other rap
garths & concluded that enly Ce-llI fluaresces in pure HG and H; SO, solutions, However
studyng systematically the flucrescence of each ene rare earth elements in the present work we
coald nate that To-H, Eo-l1l and Gd-11l exhibit guite intense fluorescence in sulfuric,
perchioric and hydrochloric aoid solutions,

kirkbrighr et a'* ugad the properey of only Ce- |1 being flucrescent in sulfuric medium
while Ce—I1V does not fluprescs, for the indirect determination of some jons Nke As-H1 Fe-bll,
Os-WHI, oxalate and iodide. The szame authors also used the fluorescence of Ce—Il] in
peschicric acid for i getermiration In ytieem oxide,

FLUQRESCENCE OF Ce-113 IN INDRGANIC ACIDS

We studied systematically the fluorescence of Ce-lll in varicus inbrganic solutions,
inzluding hydrochioric, perchioric and solfuric acid and concluded that it flucresces equal ly with
high intensity in the last three solutions. In these acids Ce-l 1L exhibits an excitation maximum
at 25% myu (with a secondary peak at 300 mul and a fluorescence maximum at 350 my (with a
Iess intense band au 280 mud. While the determination of cerium in pure solutions of HCI,
HCIQ, and H,50y, does not prasent ary prablem, for the getermination of cerium in thorium
salution only the first two acids should be considered, &lthough still high fluorescence in
shown in sulfuric acid selutions, the determination of cerium in thorium sulfate solution is not
recommended due to the (ow solebility of this salt.

EXPERIMENTAL PART
SPECTROFLUORIMETER

Al intensity  fluorescence medsurernents and excitetion fluorescence Spoctra wens
recorded with a Perkin Elmar Fluorescenes Spectrophotometer model MPF 248 with 15 watts
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sencn lamp and a photomultiplier tube, with 3 Hitachi Becorder OPD-33. All measuraments
were performed using 10,00 mm quarz cell [107T-25],

REAGENTS

All solutions were prepared using spectroghraphic standard: and dermireralized warer
bidestilled i guartz apparaius,

A 200g Tnfl solution was prepared by dissolution of a specpure ThO, {Johnson
Matthey-Chemicals Ltd., England, Specpure ThQ;, Catalogue JMC-480, Laboratory n@
S-E02B.0) with hot HC| catalized by HF . After complete solubilization the solution was
evaporated three ticnes vatil sivup and diluted o .50 HCI, This stock salution was analyred
far ¢erium and it was found to be {ess than 0.1 ppm CefTh.

Rare earth soluvions were prepared by dissolution of Specpore oxides with HCI or HCIG,
acid and dilyter to a convenient concentration.

CERIUM EXCITATION AND FLUCRESCENCE SFECTRA

Figure 1 depicts the excitation and fluorescence spectra of a 2 madl Ce-111 solution in
LM HEOY, These specira were recorded with excitalion al 287 mu {exeitation maxiinum far
Ce-l1l in this solution] and the maximum of fluorescence was recorded at 390 mu {maximum
tluorescencel. The maximum of gx¢itation was recorded wath the messorerent of fluorescance
at 360 my.

F mnu 284 L 4840
Fig. 1 - Excitatien (A] and Ffoorescence (HE spectra of 2 pore cenium sofution {2 mod) in
hydrochioric medium.

|
|
1
L
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Figure 2 depicts the emission flugrescence spectra of a 2 mg Ge/l splution in a 100 g Th/
sofution, that is, & 20 09 Cedg Th in O.8M HCI (Fig. 2A) and in 0.5M HCIG, {Fig. 284,
respectively. Both spectra were recorded at the same experimental conditions with axcitation at

25F mji.
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Fig, 2 - Ermussion spectrum of a solution with 2 myg Ce/Vand 100 g Thl in the hydrochloric (Al

and perchigric (B} media,




In the purification processes thorium s commonly  handled a3 thonium nitrate,
Unfortonatelly is this medium is not pozaible 1o observe the axcitaoon and fuorescencs spectra
of Ce-Ill since the nitrate ion is a high absorber of ultraviofet radiation even at very low
gompeEntration and cawses gquenching of the cerium flugresconce,

CERIUM CALIERATION CURVES

Figure 3 depicts the calibration curves for cecum-l directly in thoreom chloride and
patchlorate, respectvely, both being pratically coincident, The fluareseence of carrum svag
recordad in the 0.0 to 0,065 mgfl rangs @ a salution of constant thorium congentration (5 g
ThO, /b, that is, from 0.0 to 1.3 ppm Ce, O4/ThD; . For the practical determination of cerium
In Wotiain galutions the ThCH coneentration can be maintained at fixed concentration ranging
from 1010 4009 ThO 4.

. \ T ¥ T _IF_ ) i Il
qﬁ'

8o} -

S50 - ' ._..__i___

B

o i 1 i l j
a o! a3 o5 or 0.9 i! 13
ppm Coy 03/ThO,
Fig. 3 - Calibration curve: ppm Ce; 05/ Thiy v Relative Fluarescance Intensity.
0 — HCIO, & - HC




QUENCHING EFFECT OF THORILIM

The determination of very low amounts of cerium in thorium solutions requires a high
content of thorium. For this reason the quonching cffect of thariem in the cerfom fluorescence
was studied for thorium concentration ranging from 10 w 2009 Thel, Figure 4 shows this
effect.

RFl
30 I T T 7 T ]
@D.-. N

=

40 -
2ok o0
(8] e i i A L
o 40 80 120 S0 200

g/l Th,

Fig 4 - Effect of the Th concentration on the Ce ermission Fuorescenge,



Thes curve yeas troced for constant cenum concentration of 0.1 mg Cedl in 05K HEL and
thorum concentration ranging from O to 2000 Thyl As can be observed the guenching of
cenum fluotescencd by thorwm 3s marked froms O fo 404 Thl, when the intensity of the
fluorescence decays abowt T0% of ks ariginal value. Frem 40 to 200 g Th!l the quenching of
cerium lNuerescence o3 much less, This gbservation allows us 1o conglude that the sensitivity for
the fiucrimetric determination of cenum 0 thoriem 15 higher for solutions of higher
concentration of thorm

INTERFERENCES

Kirkbright et al’** had shown that ©u-1, Pb-11 and %n-1 | wons exhibit some Hluorescence in
HCI solutions, bBut therr fluorcscence coald be an interference only when thesc metals are
present at concentration owver S00 mgfi. The thoriorr solutions used In thie paper were
completelly free from those metats Th-lH presents relatively intenge Thuomscence i HEI
solutions but its fluorescence peak 15 at 545 my, thot is, considerably far from the Ce-l|
1360 my), and does ot counstitute inlerferance

Cukor and Weberling'® " studied the interference of various cations including the rarc
carths amd Cu-1E, k-1, PRl Fe- 11, and matrate in the microdetermination of corium in yttrion
parchlorare and found that the most seriows are Fedll and MNCH. Thase twea 1ons when prescnt
in concentration 90 times that of cerium reduced deastically the fluorescence of cerum.

For the determination of ceriurm in HCt or HCIO 4 medid we found that the most serious
enterferences are Felll, W5 and UDE” tha two firsl absorbing strongly in the oftraviolet
region {257 mu) and causing greater gquenching. bitrate can be eliminated by sewveral
gvaporations with HC1 or HCIQ g acid. Othor wons that could interfere are sulfate, phosphate and
fluorde that cause thorium precipitation and must be avoided. The interference of Fe-[11 s
gagily mmimized by i reduction to Fe-1l with bydrexylamine Hydrochloride, the feerous ion
not interfering. Uranyl 1on interferes only at concentration higher than 20 mgfl, absorbing in
the ultravioiet region.

Ce-1% that absorbs sarme radiaten hegr o 257 my and absors a¥s0 seme radigtion from
the emitted fluorescenee of Ce-LII at 380 myu is an mterference in the deterrunation of Cea-ik
but does not constitute any problem, being easily reduced with bydroxeylamine.

Table | shows the interferences of the most prebable 1ons encountered in the thoram
solurions.



TABLE |

laterferences in the determination of cerium. 9.BE myg Ce, 0 3/ in D5 HCL.
Excitation: 257 my and fluorescence: 350 mp.

Relztive Fluomscence Intensi1y

on mal
(%) variation (%}
Ce - il (.85 100 —
La - 1 500 100 0
Pr - 1l a00 100 b
Md - 1l a0 100 0
&m - 11 a00 100 0
Eu - 1H &0 100 O
Gd - Ul 200 1 Hl
Dy - I 500 a3 -2
Te - I 00 98 —2
Er - 1l 500 93 -1
Tm - I S00 102 +2
¥Yb - I 00 102 +2
Ho - i H00 100 0
Lu - 11 200 102 +2
Fe - 1 20 ad —10
Fe - 1 2 o3 —2
I I 20 95 -5

A ———— U —— i L —— e B ke S e e e B kel B e e R e Lk S e A e e e e e

APPLICATION TG THE DETERMINATION OF CERIUM [N SPECPURE THORIUM OXIDE
STANDARDS

Fig. 54 . depicts the spectruom of 3 200 g Thel i O B HCI and containing less than
0.1 ;g Ca/g Th and used as standard for 2l experiments in this paper.

Fig. 58 . depicts the spectrum of another 20049 Thiy /| solution in 0.5M HCl and
prepared by the dissolution of a second spectrographic thorium oxide standard [Johnson
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Mathey Chemicals Ltd., England, Specpure, Catalogue JMG-490, Labaoratory n® 5-51943-D)
whose cerium ¢oncentration was determined by the procedurs here described and found as
1.1 g Ceég Th. Those specpure thorium oxide standards do not include cerium in their analysis
certificate. The determination of cerium in various of those specpure thorium oxide standards
indicated differemt cerium content, ranging from [ess than 0.1 10 2 1 Cefg Th.

Lo J . 1L o

g ™ g

Fig. 5 - Emission spectra of Th solutions
[spectroghrsphi¢ starndards)
(& and B
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FLUCRIMETRIC DETEAMINATIOM OF OTHER LANTHANIDES IN THORIUM

We messured systematically the fluorescence spectra of all rare sarths elements in HEY,
HCHOy and H,50, sofutions. Only gadolinium, terbhum and eurgpiom showeld be considered
here a5 feasible for determination in thotium solutions,

Of &l other rare garths eferments but cerium, only terkium and europium heve sensitivity
high encugh to be determined directly at low conéentration 16 thorium solution. Terbium
presents a high fluorescence band at 545 ez 24 i dilute ingrganic acids as can be seen i
Figure 8.

a5 FAR

age

—————

278

W2 872

e e e — i — -

Fig. & - Th: Excitation (&) and Emission (B) spectra in hydrochloric rredium .




In e presence of thariom its emissicn fluorescence sensitivity is reduced since its miost
nrense excitation peak is at 226 m. where thoriom sBsorbs strongly. Figures 74, JB, 76
depicts the spectra of a 2000ma ThA i 080 BG, o 2000 20 Thég Thin 050 HCand a pure
100 g Th in 0.80 HCI solutions, respectively.

The three specira were recorded with exeitation a1 392 md. (372 ma cen be used] ang {he
flugreseence measured at 545 mp; the low detection mit was “ound 25 50 0y Theg in 200 g
Th{ in 0.5 HCI salution,

IIn

iy

r\@

Ry

| f ,@H
Ilf |I MO
Vo

Fig 7 - Excitation spectra:
A - Tb (200 mgfll
B - Tb (200 mg!l in 10040 Th'l}
C - Tk {100 gM)
Af = 545 mu
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Furopism ran be detetmined in pure inorganic acid sofutions starting with 10 mg Eu/i
The exgiretion jpectruom was recordad measuring the fluorescence at 595 mo and the
fluarescence speoieum wad tenorded with ceeitation ot 394 ma Fig. 8) One band lecated at
395 mu were observed o the excitation spectiem of Eul A wide band at 453 m, was observed
in the fluorescence spectrum, bt i1 does nod elong 1o curapidm: a characteristic fluorescence
band s exhibited by this elerment at 595 m..

| ST N VO T T N TR I | .
R - ) ‘MJ#

Fig. 8 - Excitatron (A} and emission [B] spectra of a puie Eu solution {5 g/) v teydrochlong
medium.
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For the direct drtermination of europium in thorwm alution the Tower fimit was found
as 00 g Eu/y Th in QLB HCI eontaining 200 g Thil {Fig. 9.

E1- L}

L [ L A J
S0 -a L

Fig. @ - Fluorescence specira of:
A - 19/l Euin 2509 Thil
B - 1g Eufd
G- 25048 Thi

In table | ¥t can be seen the experimental conditions for direct spectrofluorimerin
determination of BE in inorganie acids and thoriom solutions.
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TABLE 11

Experimental Gonditions for Direct Speetrafluorimetric Detarmination of RE
in norganic Acids and Tharium Sqlutions

Detection Lirmit in:

El Excit. Fluoresc. HE| Thel,
fmal (s} tifmdd g EVgTHh
Ce 2B7 360 0,001 001
Th 226752 (372 545 (.5 a0
Eu J54 545 1 [9] 80
Gd 275 312 10 200
Dy KLY 480 10g does not
fluoresce

* Exrcitation peak compeately dosoreed by Th.

CONCLLUSION

The direct spectrofluorimetric determination of Ce, Eu and Th in highly gure tharium
chloride or perchloride solutions was easily accomplished. Specially the interse fluorescence
emitted by Ce-IH enables its determination directly in thorium sclutions with high and equal
sensitivity in HCL and HC'3y media. The method albows the determination of 0.01 g Cefg The.
Although the quenching effect of thorium iteelf iz quite considarable in the 140 g ThY! range,
the determination of cerium is still possible at Jevel as low ag 0.002 pg. Cefml in 200 g Thi
{0.01 ppm CelThi,

The flucrescence of lanthanide series in HCL, HCIO, and H; 50, was systematically
measured in the authors. Very intense flugrescence was exhibited by cerium. It fluorescence is
not affected by acid concentration in the QUO2-1 OM range, which is of great importance for the
analyst.

The ease determination of cerium directly in thoriem allows a reasonable approach for
the indirect Knowledge of totsl rare earths in thorium solutions proceding from solvent
fxtraction purification. This approach is given by the fact that Ce is the most extractable
lanthanide in the TBP-HMOs extraction system, This 5 of paramount importance in the contral
of great number of samgles in an industrial TEP-diluent thoriom purification,

Tk, Eu and Gd fluoresce with relative intensity in inerganic acid media and can be
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determined directly i thorium solution, The [ower detection lirits are 50 g Thig Th, 104 g
Eurg Thand 200 g Gdfg Th, in a 200 g¢1 Th solution in O.BM HCI.

Considering that no chelating agents arg necessary of the separation of Ce, To, Eu and Gd
from tharium is not required, and that anly a very fewr ions intertere, the methad s fact, simple
and accurate.

The most probable interferences found in thoriom solutions handled in the purification
system are Fe-ll1, Ce-lV, MOy and U0, *7 the three First being easily elimmated, Usually the
thorium purified by TBPdiluent solvent extraction process has less than 20 pg Udg Th and in
this case the interference of uranyl ion is of less importance. [5ee Table ().

Ce, Th, Eu amd Gd can be deretmined i other rare earths concentrates as wall
Experimants outlined far this dermonsteation 5 on progress.

RESUMO

A imaensa {luorescéncie EMuTica pelo elemenia c84ia, em ew B303do de asedacdo 11, peimine sud
dates manecdc Ciretamante 8m solkpdes de 1000, com afta sensioid dade @ seguranca. A deteroninacio da Co- Al
Il estudada em aCidos parclonco, clo fdrico @ sulfdrco, apresemiando 8 mesma2 eansibilidade nas rrés
sorlug O,

MWesmo zpreseniandc iniensa flucrescénoe em mero acdo sualfurkco, a deterrinacdo da cdénc em
gnldees de sulfare g2 1000 NAQ & recomendace mevclo 3 fue baka solubnlidade.

b detdominagac fluonmernca e cen dretamente pmosolupdes o cloreto oo gereldarata de torin @
spalizada mediande excitapio 2 257 mi a2 merda de erooessdo Huoresconte a 350 mgl, seqido de o macomia
Hugrescincia A0 ofno nestas solugHes. Por este metodo s30 possiveis determrapdes de céoo em solugins de
tor-g Bm Conoentracies (30 baxas como D01 g Ceig The A rearfdacde di delerminacio r obedecida de
331 3 100 g Cerme

Foi estudads o whaid g sumwssdc da fluoescénoia causaca pelo tano, Concentractes &0 altas comao
200 g e Exic redueem a 20 4 fluprescencia do cérin, sende ainca possivel, 8 detcrrminacio de ard
G Ly Cedmnl nessas sulug ties (002 pom CefTh),

Cansilesaneky sr que N0 € NoCessdia 4 sena apdo e ofrio do fdiio, ¢ pue s30 poucas as nterterdnoias, @
meTado & 1 §Pido 8 grecisa

D trabalho deseiave tamiodm a deteominagao fluoriméroca oe outras e Es racas Bmosalugdes de torio.
Terbio, eurdipio B gadolinio ageesentam fluovescéncla ralativamenie in1ensa m solupces di'uidas de acidos
imorganieos B godem qed detarminados doaamanoe am snlugSes e oo, apiesentandc hmites inferiores de
wlieccdo de 90 g To'g Th, 80 .ig Euwlg The 200 b Gaq Th

F rabalho fornece detalnes para a dol@rminagde Pludrimétrica direta de cérie, trbio, gadolimg &
AUrbEIG erh Adodas nor ganicas diuides g salugdes de 1bric,

RESUME

La flugriéscunce indense Emice par ke Ce-11| parmet san dosage direcs dans des solutions de =els de
Thoridm avee unk drarde sengibeb e o1 de Dabiofte, Gnoa ttudié le cosage du O 10 dans oes solutions dans ies
acidaz chlondrigue, perchlpngue el suifurique, @ seasifolitgd &tant ly meEme dang & By Permikrs cas.

Dans & w25 oo lz stlulicn sulfurigué, bicn gue la Huorascence sait Forre, la méthode n'est pas
eeommgndds en raizon ok 1o daible solubilitd di oo sel

Le deaagh direct dard [es chlorure o1 prrchlorate de fhosium esd effeciud par excitation § 257 my ot
s urs Ot [a bande die Nooresoente iclense dotse o 350 M Lo méthade germnt e dosags dits tereurs e
Verde die D01 pome CofTh, Pour s teneurs aitant de 0001 4 100 .9 Cedml lus rdsoltats se prosentent en
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lanAcTon hfuarre

O g duomne vallgl apgaant au Thooum, Dans dez sownvons de U'ocde oe 200 g0 TRfatre fa
Nporesceree oy Ge est drmenug g2 20%, mas o 251 pRcare pogsvole de doser ane teneur ohe O 004 g Celdm!
dars une 1oihe sofubam Tsaet O D2 it Cel TRl

Erant donné 'a sapanatian G Th a'est pas ndcessare g1 gu's n'y a que ey peo d'éléments génants, la
mMEThOME CEUl E1re COMGade! 88 COmMAID apa e af pricisge.

L3 comMurecaleon d8ci s ggalement 'analyse d'auures lanihanodes dans des selUluons o@ chidige an
percntarate de Troswan e Terhaim e ip Caachmum mesanant ane fiuarescencs aocuste oo 5@ linn aoihe
«MOFQENrGUe Souge Bl OEuvens Srra dozfn v eCtEmERT B orasence du THOO M Gour s Tenewes 3 paath e b
A WG ppm To'Th dang HCOL OBM L Ewropium doree agalement des Muoresoences onoomiiea aoue
Ahnr QAT e Aiug Bl pEdl ANe Jose U bien Bn presEnce du Tngaum

L3 commurecat.on gonne des dé1ails sue fe dosage menuanng o dessus.
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