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

R a u l I. Cazot t i a n d A l c í d i o A b r ã o 

S U M M A R Y 

The intense f luorescence emit ted by Ce- l l l enables its determinat ion directly in thor i um solut ions 
with high sensivity a n d conf idence. The determinat ion of C e - l i ! was studied in hydroch lor ic , perchloric and 
sulfuric ac ids , cer ium exhib i t ing the same sensitivity in the three so lu t ions . A l t h o u g h still h igh f luorescence 
is s h o w n in sulfuric acid so lu t ions , the determinat ion of cer ium in thor ium sulfate so lu t ion is n o t 
recommended due to the low solubi l i ty of this salt . 

T h e direct determinat ion of cer ium in thor ium chloride and thor i um Perchlorate is accompl ished by 
exci tat ion at 257 mß a n d measurement of the intense emission f luorescence band at 350 m M The m e t h o d 
a l lows the determinat ion of c e n u m as low as 0,01 p p m C e / T h . T h e linearity of the determinat ion is obeyed 
f r o m 0.001 to 100 M9 C e / m l so lu t ion . 

The quenching effect o f t h o n u m was s tud ied . S o l u t i o n s as high as 200 g Th/l i t ter reduce to 2 0 % the 

f luorescence of ce r ium, but even so it is possible to determine 0 ,004 Mg C e / m ) m so lut ion of 2 0 0 g Th/ l i t ter 

(0.02 p p m C e / T h ) 

Cons ider ing that the separation of cer ium f r o m thor i um is not required and that on ly a few elements 

interfere, the m e t h o d is fast a n d accurate. 

T h e paper describes also the f luorimetr ic determinat ion of other lanthanides in thor ium chloride or 

thor ium Perchlorate, T e r b i u m , e u r o p i u m and g a d o l i n i u m exhibi ted intense fluorescence in dilute so lu t ions 

of inorganic acids, and can be determined directly in thor ium solut ions starting f r o m 50 ^Js T b / g T h , 80 fJQ 

E u / g Th and 2 0 0 M9 G d / g Th 

The paper gives details for the direct determinat ion of ce r ium, te rb ium, g a d o l i n i u m and e u r o p i u m in 

dilute inorganic acid and in th o r iu m solut ions. 

I N T R O D U C T I O N 

T h e increasing interest o f t h o r i u m use in nuc lear reactors fo r p r o d u c t i o n o f the 

f iss ionable u r a n i u m - 2 3 3 nuc l ide , as is the case of h igh temperature gas coo led reactors, 

requi red the p r o d u c t i o n of h igh ly pure t h o r i u m . Usua l l y the t h o r i u m concent ra tes are 

ob ta ined f r o m monaz i te a n d as a consequence the rare earth e lements are the m o s t ser ious 

a c c o m p a n y i n g e lements . T h e analyt ical chemis t has to face the s i tuat ion o f de te rm in ing 

ex t remely l ow concen t ra t ion of rare earths in pure t h o r i u m c o m p o u n d s , specia l ly those o f 

h igh c ross sect ion for thermal neu t ron . It is well k n o w n that the de te rmina t ion o f traces o f 

lanthanides in pure t h o r i u m is qui te labor ius and presents m a n y di f f icul t ies, even w h e n the 

analyt ical techn ique is the em iss ion spec t roghraph ic o n e . Bes ides that , in the great major i ty of 

ex is t ing p rocedures a p rev ious separat ion of lanthanides f r o m t h o r i u m , again o f d i f f icul t 

a c c o m p l i s h m e n t , is requ i red. 

A n analyt ical p rocedure for the de te rmina t ion o f at least s o m e o f the rare earth 

e lements direct ly in t h o r i u m so lu t i ons , w i th no chemica l separa t ion , and present ing h igh 



sensi t iv i ty and speci f ic i ty w o u l d be very m u c h des i red. S u c h a conven ien t p rocedure is 

pe r fo rmed b y direct spect ro f luor imet r ic de te rmina t ion as descr ibed in this paper . 

I n t h e s o l v e n t e x t r a c t i o n p u r i f i c a t i o n o f t h o r i u m using t r i bu ty lphospha te 

( T B P ) - Kerosene as ext ractant fo r t h o r i u m nitrate the next e lement extracted as impur i t y is 

ce r i um w h o s e d is t r ibu t ion ratio is the h ighest cons ider ing all the rare earth e lements . In th is 

w a y the de terminat ion o f ce r ium in pur i f ied t h o r i u m will g ive, w i th reasonable a p p r o x i m a t i o n , 

the h igh l imit fo r all rare earths co-extracted w i th t h o r i u m . T h e direct spect ro f luor imet r ic 

de te rmina t ion o f ce r ium in t h o n u m so lu t ions as p roposed here a l lowed this cont ro l in a 

conven ien t , fast, s imp le and sensible manner . 

O the r rare earth e lements that f luoresce w i th relative intensi ty in inorganic acid so lu t i on 

are g a d o l i n i u m , te rb ium a n d e u r o p i u m , but o n l y the last two can be determined direct ly in 

t h o r i u m so lu t i ons and wil l be descr ibed here. 

S P E C T R O F O T O M E T R I C A N D S P E C T R O F L U O R I M E T R I C T E C H N I Q U E S A P P L I E D T O 

T H E D E T E R M I N A T I O N O F R A R E E A R T H E L E M E N T S 

A s a techn ique for the de terminat ion o f traces in so lu t i ons the spec t ro f luor imet ry has 

the fundamenta l advantage o f a m u c h h igher sensi t iv i ty than the s p e c t r o p h o t o m e t r y ; th is h igh 

s e n s i t i v i t y c o u n t e r b a l a n c e s the greater n u m b e r of interferences f o u n d in s o m e 

spect roc luor imet r ic de te rmina t ions . 

D u e to their great chemical resemblance the de te rmina t ion of one rare earth in the 

g r o u p o f lanthanides b y the conven t iona l p rocedures is rather di f f icul t . T o o v e r c o m e th is 

d i f f icu l ty techn iques based o n the phys ica l character ist ics of the lanthanides have been used as 

is the well k n o w n absorp t ion spec t r opho tome t r y w h i c h uses the character ist ic e lectron spectra 

of s o m e rare earths in a q u e o u s so l u t i ons ' ^ Un fo r tuna te l l y th is techn ique is no t h igh l y 

sensib le . A m o n g the rare earths ce r ium is qui te un ique in present ing an absorp t ion b a n d very 

intense in the ul traviolet region w i th a m a x i m u m in 3 2 0 mti-^-^^ w h i c h a l lows its 

de te rmina t ion w i t h reasonable g o o d sensi t iv i ty . 

A s an analyt ical techn ique for traces de te rmina t ion the spec t ro f luor imet ry has being 

used more f requent ly in the last years . T h e f luorescence spectra o f s o m e rare earths in a q u e o u s 

so lu t i ons s u c h as for cer ium' ' ' * ' ^^ t e r b i u m ' ^ ' ^ ° ' , s a m a r i u m ' ^ ' ^ ^ - ^ ^ ^ , e u r o p i u m , g a d o l i n i u m , 

p r a s e o d i m i u m a n d d y s p r o s i u m ' ^ ^ - ^^^ were pub l i shed qui te recent ly . T h e interest fo r the 

spect ro f luor imet r ic techn ique increased no t o n l y in the search o f m e t h o d s for de te rmina t ion 

of van ish ing smal l a m o u n t o f lanthanides but a lso due to the improved new exc i ta t ion sources 

cover ing greater reg ion of the s p e c t r u m , ma in l y in the ul traviolet region ( lower than 3 0 0 m ^ ) , 

the best one for the rare earth e lements de te rm ina t ion . W i t h the comerc ia l iza t ion of new 

spect ro f luor imeters of h igher select iv i ty and sensi t iv i ty for exc i ta t ion and f luorescence wave 

length , the f luor imetr ic techn ique is reaching a un ique pos i t i on a m o n g the ins t rumenta l 

ana lys is , special ly fo r the rare earths de te rm ina t ion . These e lements are together w i t h t h o r i u m 

and u r a n i u m , the o n l y few ones that can f luoresce w i th relative h igh intensi ty in inorgan ic 

so lu t i ons w i thou t use o f chelat ing or c o m p l e x i n g l igands. 

Whi le the spec t ropho tomet r i c m e t h o d s are qui te w ide spread ou t , ma in ly fo r lan than ides 

w h o s e electronic spectra abso rbs in the v is ib le, bu t f requent ly used on l y fo r concen t ra t ions 



higher than 2 0 - 5 0 M g / m l , o n l y a few m e t h o d s based o n spect ro f luor imet r ic techn iques have 

been pub l i shed . O f these a fewer ones dealt w i th the f luorescence o f rare earths in ino rgan ic 

acid so lu t i ons . A lber t i and M a s s u c c i ' ^ ' ^ ° ' observed that certain ions like tungstate and oxalate 

increase the f luorescence o f s o m e lanthanides. It was observed that s o m e lanthanides s u c h as 

te rb ium presented reasonable h igh f luorescence in hyd roch lo r i c ac id s o l u t i o n s ' ' ' a n d the 

au thors have observed the f luorescence o f g a d o l i n i u m and e u r o p i u m in H C l so lu t i on . B u t the 

great major i ty o f spec t ro f luor imet r ic de te rmina t ion me thods for rare earths use the aid o f 

o rgan ic l igands for the f o rma t i on o f f luorescent chelates. 

O f the rare earths g r o u p , ce r i um is one that presents the s t rongest f luorescence in a q u e o u s 

inorgan ic so lu t i ons and th is p roper ty w a s used b y the au thors for its de te rmina t ions in t h o r i u m 

so lu t ion and in rare earths concent ra tes as wel l . O n l y abou t ten years ago was the Ce- l l l 

f l uo rescence ' ^ ' ' observed in ino rgan ic acid so lu t i ons such as H C l , HCIO4 and H2SO4. In one 

p a p e r ' ^ ' where the spect ro f luor imet r ic de terminat ion o f tha l l ium in H C l so lu t i ons w a s s tud ied , 

the f luorescence o f Ce- l l l was observed and men t i oned as one o f the few inter ferences. 

A r m s t r o n g et a l ' ^ ' obse rved the intense f luorescence o f Ce- l l l in H2SO4, w i t h an 

exci tat ion m a x i m u m at 2 6 0 mju (secondary peak at 2 9 5 m/i) and a f luorescence m a x i m u m at 

3 5 0 mid. It was observed also that the f luorescence of ce r ium was no t affected by the 

concen t ra t ion o f su l fu r ic acid in the 0 . 0 2 - I . O M range, a l low ing its de te rmina t ion in pure 

so lu t ions at level as low as 0 . 0 0 2 m g / l . The same au tho rs s tud ied the interference o f o ther rare 

earths and c o n c l u d e d that o n l y Ce- l l l f luoresces in pure H C l and H 2 S 0 4 so lu t i ons . H o w e v e r 

s t u d y n g systemat ica l ly the f luorescence of each one rare earth e lements in the present w o r k w e 

c o u l d note that T b - l l l , Eu - l l l and Gd- l l l exh ib i t quite intense f luorescence in su l fu r ic , 

perchlor ic and h y d r o c h l o r i c ac id so lu t i ons . 

K i r kb r i gh t et a l ' ' * ' used the p roper ty of o n l y Ce- l l l be ing f luorescent in su l fur ic m e d i u m 

wh i le C e — I V does no t f luoresce, fo r the indirect de terminat ion o f s o m e ions like A s - I l l , F e - l l l , 

O s - V I I I , oxalate and iod ide . T h e same au tho rs also used the f luorescence o f C e — I I I in 

perch lor ic ac id fo r its de te rm ina t ion in y t t r i um o x i d e . 

F L U O R E S C E N C E O F C e - l l l I N I N O R G A N I C A C I D S 

We s tud ied systemat ica l ly the f luorescence o f Ce- l l l in va r ious ino rgan ic so l u t i ons , 

inc lud ing h y d r o c h l o r i c , perch lor ic and su l fur ic acid and concluded that it f luoresces equa l ly w i th 

h igh intensi ty in the last three so lu t i ons . In these acids Ce- l l l exh ib i ts an exc i ta t ion m a x i m u m 

at 2 5 7 mM (with a s e c o n d a r y peak at 3 0 0 mM) and a f luorescence m a x i m u m at 3 5 0 mM (wi th a 

less intense b a n d at 2 8 0 m M ) . Wh i le the de te rmina t ion of ce r ium in pure so lu t i ons o f H C l , 

HCIO4 and H2SO4 does no t present any p r o b l e m , fo r the de te rmina t ion o f ce r ium in t h o r i u m 

so lu t ion o n l y the first t w o acids s h o u l d be cons ide red . A l t h o u g h still h igh f luorescence in 

s h o w n in su l fur ic acid so lu t i ons , the de terminat ion of cer ium in t h o r i u m sulfate so lu t i on is no t 

r e c o m m e n d e d due to the l ow so lub i l i t y of this salt. 

E X P E R I M E N T A L P A R T 

S P E C T R O F L U O R I M E T E R 

Al l in tensi ty f luorescence measurements and exci tat ion f luorescence spectra were 
recorded w i t h a Perk in E l m e r F luo rescence S p e c t r o p h o t o m e t e r mode l M P F - 2 A w i th 15 wat ts 



x e n o n lamp and a pho tomu l t ip l l e r tube, w i th a Hi tach i Reco rde r Q P D - 3 3 . A l l measurements 
were per fo rmed us ing 1 0 . 0 0 m m quar tz cell ( 1 0 1 - Q S ) . 

R E A G E N T S 

A l l so lu t i ons were prepared us ing spec t roghraph ic s tandards and deminera l ized water 
bidest i l led in quar tz appara tus . 

A 2 0 0 g T h / I so lu t ion was prepared by d isso lu t ion of a specpure ThO- j ( J o h n s o n 
Ma t t hey -Chem ica l s L t d . , E n g l a n d , S p e c p u r e T h O s , Cata logue J M C - 4 9 0 , L a b o r a t o r y n 9 
S - 5 0 2 8 - D ) w i th ho t H C I catal ized b y H F . A f te r comp le te so lub i l i za t ion the so lu t i on was 
evaporated three t imes unti l s i rup and d i lu ted to 0 . 5 M H C I . T h i s s tock so lu t i on was ana lyzed 
for ce r ium and it was f o u n d to be less than 0 .1 p p m C e / T h . 

Rare earth so lu t i ons were prepared by d isso lu t ion of S p e c p u r e ox i des w i t h H C I or HCIO4 
acid and d i lu ted to a conven ien t concen t ra t i on . 

C E R I U M E X C I T A T I O N A N D F L U O R E S C E N C E S P E C T R A 

F igure 1 depicts the exc i ta t ion and f luorescence spectra of a 2 mg/ l Ce- l l l so lu t i on in 
0 . 5 M H C I . These spectra were recorded w i t h exc i ta t ion at 2 5 7 mii (exci tat ion m a x i m u m for 
Ce- l l l in th is so lu t ion ) and the m a x i m u m of f luorescence w a s recorded at 3 5 0 m/i ( m a x i m u m 
f luorescence) . T h e m a x i m u m o f exc i ta t ion was recorded w i t h the measuremen t of f luorescence 
at 3 5 0 mju. 

© 

200 mp 300 280 m/J 480 

F ig . 1 - Exc i ta t i on ( A ) and f luorescence (B) spectra of a pure ce r ium so lu t i on (2 mg/ l ) in 

hyd roch lo r i c m e d i u m . 



Figure 2 depicts the em iss ion f luorescence spectra o f a 2 m g Ce /1 so lu t i on in a 1 0 0 g T h / I 
so l u t i on , that is , a 2 0 M g C e / g T h in 0 . 5 M H C l (F ig . 2 A ) and in 0 . 5 M HCIO4 ( F i g . 2 B ) , 
respect ively. B o t h spectra were recorded at the same exper imenta l cond i t i ons w i t h exc i ta t ion at 
2 5 7 m ^ . 

F i g . 2 - E m i s s i o n spec t rum o f a so lu t i on w i t h 2 mg Ce/1 and 1 0 0 g T h / 1 in the h y d r o c h l o r i c ( A ) 

and perch lor ic (B) med ia . 



I n the pur i f ica t ion processes t ho r i um is c o m m o n l y hand led as t h o r i u m nitrate. 
Un fo r tuna te l l y is th is m e d i u m is no t possib le to observe the exc i ta t ion and f luorescence spectra 
o f Ce- l l l s ince the nitrate ion is a h igh absorber of ul traviolet radiat ion even at very low 
concent ra t ion and causes q u e n c h i n g of the ce r ium f luorescence. 

C E R I U M C A L I B R A T I O N C U R V E S 

F igure 3 depic ts the cal ibrat ion curves for cer ium- I l l d i rect ly in t ho r i um ch lor ide and 
Perchlorate, respect ively, bo th being pratical ly co inc iden t . T h e f luorescence of cer ium w a s 
recorded in the 0 , 0 to 0 . 0 6 5 mg/ l range in a so lu t ion of cons tan t t h o r i u m concent ra t ion ( 5 0 g 
T h O j / l ) , that is, f r o m 0 . 0 to 1.3 p p m C e j O j / T h O - i . F o r the practical de terminat ion of ce r ium 
in t h o r i u m so lu t i ons the T h O j concent ra t ion can be main ta ined at f i xed concent ra t ion ranging 
f r o m 1 0 t o 4 0 0 g T h O j / l . 

0 0.1 0.3 0.6 0.7 0.9 1.1 1.3 
Pfiin C»g 

F i g . 3 - Ca l ibra t ion cu rve : p p m C e ^ G j / T h O ^ v x . Relat ive F luorescence In tens i ty , 

0 - HCIG4 A _ H C l 



Q U E N C H I N G E F F E C T O F T H O R I U M 

T h e de te rmina t ion o f very l o w a m o u n t s o f cer ium in t h o r i u m so lu t i ons requires a h igh 
content o f t h o r i u m . F o r th is reason the q u e n c h i n g effect of t h o r i u m in the ce r i um f luorescence 
was s tud ied for t h o r i u m concen t ra t ion ranging f r o m 10 to 2 0 0 g T h / I . F igu re 4 s h o w s th is 
effect. 

R.F.I. 

160 200 
@/! Th. 

F i g . 4 - Ef fect of the T h concen t ra t ion o n the C e emiss ion f luorescence. 
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Th i s curve w a s traced for cons tan t ce r i um concent ra t ion of 0 . 1 m g Ce/1 in 0.5IVI H C I and 

t h o r i u m concen t ra t ion ranging f r o m 0 to 2 0 0 g T h / I A s can be observed the q u e n c h i n g o f 

ce r ium f luorescence b y t h o r i u m is m a r k e d f r o m 0 to 4 0 g T h / I , w h e n the intensi ty o f the 

f luorescence decays a b o u t 7 0 % of its or iginal va lue. F r o m 4 0 to 2 0 0 g T h / I the q u e n c h i n g o f 

ce r ium f luorescence is m u c h less. Th is observa t ion a l lows us to conc lude that the sensi t iv i ty for 

the f luor imetr ic de te rmina t ion of ce r ium in t ho r i um is h igher fo r so lu t i ons o f h igher 

concent ra t ion o f t h o r i u m , 

I M T E R F E R E I M C E S 

K i r k b r i g h t et a l ' ^ ' had s h o w n that C u - I , Pb- l l and S n - l l ions exh ib i t s o m e f luorescence in 

H C I so lu t i ons , bu t their f luorescence c o u l d be an interference o n l y w h e n these metals are 

present at concen t ra t ion over 5 0 0 m g / l . T h e t h o r i u m so lu t i ons used in th is paper were 

comple te l ly free f r o m those metals, Tb - l l l presents relatively intense f luorescence in H C I 

so lu t i ons bu t its f luorescence peak is at 5 4 5 m/ i , that is, cons iderab ly far f r om the Ce- l l l 

( 3 5 0 mid), and does no t const i tu te interferance, 

C u k o r a n d W e b e r i i n g ' ^ ' s tud ied the interference of var ious cat ions inc lud ing the rare 

earths and C u l l , N i - l l , P b - l l , F e - l l l , and nitrate in the m ic rode te rm ina t ion o f ce r ium in y t t r i um 

perchlorate a n d f o u n d that the m o s t ser ious are Fe- l l l and NO^. These t w o ions w h e n present 

in concent ra t ion 5 0 t imes that o f ce r i um reduced drast ical ly the f luorescence o f cerium,. 

F o r the de terminat ion of ce r i um in H C I or HCIO4 med ia w e f o u n d that the m o s t ser ious 

interferences are F e - l l l , NO3 a n d U O j * * the t w o first absorb ing s t rong ly in the ultraviolet 

region (257 mid) and caus ing greater q u e n c h i n g . ISIitrate can be e l iminated b y several 

evapora t ions w i t h H C I or HCIO4 ac id . O the r ions that cou ld interfere are sul fate, phospha te and 

f luor ide that cause t h o r i u m precip i ta t ion a n d m u s t be avo ided . T h e interference o f Fe- l l l is 

easi ly m in im ized b y its reduct ion to Fe~l I w i t h h y d r o x y i a m i n e H y d r o c h l o r i d e , the fer rous ion 

no t interfer ing. Urany j i on interferes o n l y at concent ra t ion h igher than 2 0 m g / l , absorb ing in 

the ultraviolet reg ion. 

C e - I V that abso rbs s o m e radiat ion near to 2 5 7 m/i and absorbs also s o m e radiat ion f r o m 

the emit ted f luorescence of Ce- l l l at 3 5 0 m/i is an interference in the de te rmina t ion of Ce- l l l 

bu t does not const i tu te any p r o b l e m , being easi ly reduced w i th h y d r o x y i a m i n e . 

Tab le I s h o w s the interferences o f the m o s t p robab le ions encoun te red in the t h o r i u m 

so lu t i ons . 



T A B L E I 

Inter ferences in the de te rmina t ion of c e r i u m . 0 . 8 5 m g C e j O ^ / l in 0.5IV1 H C l . 

E x c i t a t i o n : 2 5 7 m/i and f luorescence : 3 5 0 m/i 

ion mg/ l Relat ive F luo rescence In tens i ty 

(%) var ia t ion (%) 

Ce - I I I 0 . 8 5 1 0 0 

L a - I I I 5 0 0 1 0 0 0 

Pr - I I I 5 0 0 1 0 0 0 

N d - I I I 5 0 0 1 0 0 0 

S m - I I I 5 0 0 1 0 0 0 

E u - I I I 5 0 0 1 0 0 0 

G d - I I I 5 0 0 1 0 1 + T 

D y - I I I 5 0 0 9 8 - 2 

T b - I I I 5 0 0 9 8 - 2 

E r - I I I 5 0 0 9 9 - 1 

T m - I I I 5 0 0 1 0 2 + 2 

Y b - I I I 5 0 0 1 0 2 + 2 

H o - I I I 5 0 0 1 0 0 0 

L u - I I I 5 0 0 1 0 2 + 2 

F e - I I I 2 0 9 0 - 1 0 

F e - I I I 2 9 8 - 2 

U - I V 2 0 9 5 - 5 

A P P L I C A T I O N T O T H E D E T E R M I N A T I O N O F C E R I U M I N S P E C P U R E T H O R I U M O X I D E 

S T A N D A R D S 

F i g . 5 A - d e p i c t s the spec t rum o f a 2 0 0 g T h / I in 0 . 5 M H C I and con ta in ing less than 

0 .1 /ig C e / g T h and used as s tandard for all exper imen ts in th is paper . 

F i g . 5 B - depicts the spec t rum of another 2 0 0 g T h O j / l so lu t i on in 0 . 5 M H C l and 

prepared b y the d isso lu t ion o f a second spec t rograph ic t h o r i u m ox ide s tandard ( J o h n s o n 
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F i g . 5 - E m i s s i o n spectra of T h so lu t ions 

(spect roghrsph ic s tandards) 

( A a n d B ) 

M a t h e y Chemica ls L t d . , E n g l a n d , S p e c p u r e , Cata logue J I \ / IC -490 , L a b o r a t o r y n 9 S - 5 1 5 4 8 - D ) 

w h o s e ce r ium concen t ra t ion was de te rmined by the procedure here descr ibed and f o u n d as 

1.1 Mg C e / g T h . T h o s e specpure t h o r i u m ox ide s tandards d o not include ce r ium in their ana lys is 

cert i f icate. T h e de te rmina t ion of ce r ium in var ious of those specpure t h o r i u m ox ide s tandards 

indicated di f ferent ce r i um con ten t , ranging f r o m less than 0 .1 to 2 MS C e / g T h . 
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F L U O R I M E T R I C D E T E R M I I M A T I O N O F O T H E R L A N T H A N I D E S I N T H O R I U M 

W e measured systemat ica l ly the f luorescence spectra of all rare earths e lements in H C l , 

HCIO4 and H i S 0 4 so lu t i ons . O n l y g a d o l i n i u m , te rb ium a n d e u r o p i u m s h o u l d be cons idered 

here as feasible fo r de terminat ion in t h o r i u m so lu t i ons . 

O f all o ther rare earths e lements bu t c e r i u m , o n l y te rb ium and e u r o p i u m have sensi t iv i ty 

h igh e n o u g h to be de te rmined di rect ly at l ow concen t ra t ion in t h o r i u m s o l u t i o n . T e r b i u m 

presents a h igh f luorescence b a n d at 5 4 5 m,ü'^ ^' in d i lute inorgan ic acids as can be seen in 

F igure 6 . 

3 4 5 2 2 6 

4SO 

I I I 1 . » „ J 

© 
272 

352 ST2 

I 1 I I , J 

F i g . 6 - T b : Exc i t a t i on ( A ) and E m i s s i o n (B) spectra in h y d r o c h l o r i c m e d i u m . 
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F ig 7 - Exc i t a t i on spect ra : 

A - T b ( 2 0 0 mg / l ) 

B - T b ( 2 0 0 mg/ l in l O O g T h / I ) 

C - T b ( 1 0 0 g/1) 

Af = 5 4 5 m/,; 

I n the presence o f t h o r i u m its em iss ion f luorescence sensit iv i ty is reduced since its m o s t 

intense exc i ta t ion peak is at 2 2 6 m,.. where t ho r i um absorbs s t rong ly . F igures 7 A , 7 B , 7 C 

depic ts the spectra of a 2 0 0 mg T b / I in 0.5IVI H C l , a 2 0 0 0 ^ 9 T b / g T h in 0 . 5 M H C l and a pure 

1 0 0 g T h / I in 0.5IVI H C l so lu t i ons , respect ively. 

T h e three spectra were recorded w i th exc i ta t ion at 3 5 2 m,u ( 3 7 2 m ^ can be used) and the 

f luorescence measured at 5 4 5 mju; the l ow detect ion l imit was f o u n d as 5 0 Mg T b / g in 2 0 0 g 

T h / I in 0 . 5 M H C l so lu t i on . 
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F i g . 8 - Exc i ta t i on ( A ) and emiss ion (B) spectra o f a pure E u so lu t i on (5 g/ i ) in h y d r o c h l o r i c 

m e d i u m . 

E u r o p i u m can be de termined in pure inorgan ic acid so lu t ions start ing w i t h 10 m g E u / I . 

T h e exc i ta t ion spec t rum w a s recorded measur ing the f luorescence at 5 9 5 m,u and the 

f luorescence spec t rum was recorded w i th exc i ta t ion at 3 9 4 m/i ( F i g . 8 ) , O n e b a n d located at 

3 9 5 m/i were observed in the exc i ta t ion spec t rum of E u . A w ide band at 4 5 S m/i w a s observed 

in the f luorescence s p e c t r u m , but it does no t be long to e u r o p i u m ; a character ist ic f luorescence 

b a n d Is exh ib i ted b y this e lement at 5 9 5 mjj.. 
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© 

595 

900 «90 

F i g . 9 - F luorescence spectra o f : 

A - 1 g/l E u in 2 5 0 g T h / i 

B - 1 g E u / I 

C - 2 5 0 g T h / I 

In table I I it can be seen the exper imenta l cond i t i ons for direct spec t ro f luor imet r ic 

de terminat ion o f R E in inorganic acids and t ho r i um so lu t i ons . 

F o r the direct de terminat ion o f e u r o p i u m in t h o r i u m so lu t ion the lower l imit w a s f o u n d 

as 1 0 0 .vg E u / g T h in O.SIVI H C I con ta in ing 2 0 0 g T h / I { F i g . 9 ) . 
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T A B L E I I 

Experimental Cond i t ions for Direct Spectrof luor imetr ic Determinat ion of R E 
in Inorganic A c i d s and T h o r i u m S o l u t i o n s 

Detec t i on L im i t i n : 
El Exc i t . F l uo resc . H C I T h C U 

( m ^ ) im) (M/ml ) (Mg E I / g T h ) 

Ce 2 5 7 3 5 0 0 , 0 0 1 0 , 0 1 
T b 226 , *352 (372 ) 5 4 5 0 , 5 5 0 
E u 3 9 4 5 9 5 10 8 0 
G d 2 7 5 3 1 2 10 2 0 0 
D y 3 5 2 4 8 0 1 0 0 d o e s no t 

f luoresce 

* Exc i ta t ion peak complete ly absorbed b y T h . 

C O N C L U S I O N 

T h e direct spec t ro f luor imet r i c de te rmina t ion of C e , E u a n d T b in h igh l y pure t h o r i u m 
ch lor ide or perch lor ide so lu t i ons w a s easi ly a c c o m p l i s h e d . Spec ia l l y the intense f luorescence 
emit ted b y Ce- l l l enables its de te rm ina t ion d i rect ly in t h o r i u m so lu t i ons w i t h h i gh a n d equal 
sensi t iv i ty in H C L and HCIO4 med ia . T h e m e t h o d a l lows the de te rm ina t ion o f 0 . 0 1 MO C e / g T h . 
A l t h o u g h the q u e n c h i n g effect of t h o r i u m itself is qui te cons iderab le in the 1-40 g T h / I range, 
the de te rmina t ion of ce r ium is still poss ib le at level as low as 0 . 0 0 2 Mg- C e / m l in 2 0 0 g T h / I 
( 0 . 0 1 p p m C e / T h ) . 

T h e f luorescence of lan than ide series in H C I , HCIO4 and H2SO4 w a s sys temat ica l l y 
measured in the au tho rs . V e r y intense f luorescence was exh ib i ted b y c e r i u m . I ts f luorescence is 
no t affected b y acid concen t ra t ion in the 0 . 0 2 - 1 O M range, w h i c h is o f great impor tance for the 
analys t . 

T h e ease de te rmina t ion of ce r i um di rect ly in t h o r i u m a l lows a reasonable a p p r o a c h fo r 
the indirect k n o w l e d g e o f total rare earths in t h o r i u m so lu t i ons p reced ing f r o m so lven t 
ex t rac t ion pur i f i ca t ion . T h i s a p p r o a c h is g iven b y the fact that C e is the m o s t ext ractable 
lanthanide in the T B P - H N O 3 ex t rac t ion s y s t e m . T h i s is of p a r a m o u n t impor tance in the cont ro l 
of great n u m b e r o f samples in an industr ial T B P - d i l u e n t t h o r i u m pur i f i ca t ion . 

T b , E u and G d f luoresce w i t h relative intensi ty in ino rgan ic acid med ia and can be 
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de te rmined direct ly in t h o r i u m so lu t i on . T h e lower detect ion l imits are 5 0 jug T b / g T h , 1 0 0 ^ g 

E u / g T h and 2 0 0 /Ug G d / g T h , in a 2 0 0 g/l T h so lu t ion in 0.5IV1 H C I . 

Cons ide r i ng that n o chelat ing agents are necessary or the separat ion of C e , T b , E u and G d 

f r o m t h o r i u m is no t requ i red, and that o n l y a very few ions interfere, the m e t h o d is fast, s imp le 

and accurate. 

T h e m o s t p robab le interferences f o u n d in t h o r i u m so lu t ions hand led in the pur i f ica t ion 

s y s t e m are F e - l l l , C e - I V , NO3 a n d UO-i^^, the three first being easi ly e l im inated. Usua l l y the 

t h o r i u m pur i f ied b y TBP-d i l uen t so lvent ex t rac t ion process has less than 2 0 Mg U / g T h and in 

this case the interference of u rany l ion is of less impor tance . (See Tab le I ) . 

C e , T b , E u and G d can be de termined in o ther rare earths concent ra tes as wel l . 

E x p e r i m e n t s ou t l ined for this demons t ra t i on is o n progress . 

R E S U M O 

A intensa t luoiescência emit ida pelo e lemento cério, em seu estado de ox idação H I , permite sua 
determinação diretamente e m soluções de tór io, c o m alta sensibi l idade e segurança. A determinação de Ce- l l l 
foi estudada em ácidos perc ló ' i co , c lor ídr ico e sul fúr ico, apresentando 3 mesma sensibil idade nas três 
so luções. 

M e s m o apresentando intensa f luorescencia em meio ácido sul fúr ico, a determinação d o cério em 

soluções de sulfato de tòr io não é recomendada dev ido á sua baixa solubi l idade. 

A determinação fluorimérrica de c é n o diretamente em soluções de cloreto ou perclorato de tór io é 
realizada mediante exci tação a 257 mM e a medida de emissão fluorescente a 350 mM, região de m á x i m a 
f luorescencia d o cério nestas so luções . Por este m é t o d o são possíveis determinações de cério em soluções de 
tório e m concentrações tão baixas c o m o 0.01 ¡JQ Ce/g T h , .A linearidade da determinação é obedecida de 
0,001 a 1 0 0 / . ^ C e / m l , 

F o i estudado o efeito de supressão da fluorescencia causada pelo tór io. Concent rações tão altas c o m o 
200 g/l de tório reduzem a 2 0 % a f luorescencia do cério, sendo ainda possíve l , a determinação de até 
0,004 Mg C e / m l nessas soluções (0,02 p p m C e / T h ) . 

Cons iderando-se que não é necessária a separação de cério d o tór io , e que são poucas as interferências, o 
m é t o d o é rápido e preciso, 

O trabalho descreve t a m b é m a determinação f luorimétrica de outras terras raras em soluções de tór io , 
Térbio, europio e g a d o l i n i o apresentam fluorescencia relativamente intensa em soluções d i lu ídas de ácidos 
inorgânicos e p o d e m ser determinados diretamente em soluções de tório, apresentando limites inferiores de 
detecção de 50 Mg T b / g T h , 8 0 ¡Jg E u / g Th e 2 0 0 Mg G d / g T h , 

O trabalho fornece detalhes para a determinação f luorimétrica direta de cério, térbio, g a d o l i n i o e 
europio em ácidos inorgânicos d i lu ídos e soluções de tór io . 

R É S U M É 

Ca fluorescence intense émise par le Ce- l l l permet son dosage direct dans des so lu t ions de sels de 
T h o r i u m avec une grande sensibilité et de fiabilité.. O n a étudié le dosage du Ce- l l l dans des so lu t ions dans les 
acides chlor idr îque, perchlorique et sul fur ique, la sensibil ité étant la même dans les deux permiers cas. 

D a n s le cas de la so lut ion sul fur ique, bien que la f luorescence soit forte, la méthode n'est pas 
recommendée en raison de la faible solubil i té de ce sel. 

Le dosage direct dans les chlorure et perchlorate de thor ium est effectué par exci tat ion à 257 m M et 

mesure de la bande de f luorescence intense émise à 350 m/X La méthode permet le dosage des teneurs de 

Torde de 0.01 p p m C e / T h . Pour les teneurs attant de 0.001 à 100/.!g C e / m l les résultats se présentent en 
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(onct ion liniaire 

O n a étudié re f le t absorbant du Ttioi ium,. D a n s des so lut ions de l'orde de 200 gr Th/l i tre la 

f luorescence du Ce esr d iminué de 20%, mais il est encore possible de doser une teneur de 0,004 Ug C e / m l 

oans une lelle so»ution (soit 0 ,02 o p m C e / T h ) 

Etant donné la séparat ion Ce Th n'est pas nécessaire et qu' ' l n'y a que très peu d 'é léments gênants , la 

méthode peut être considérée c o m m e rapide et précise. 

La c o m m u n i c a t i o n décnt également l 'analyse d'autres lanthanides dans des so lut ions de chlorure on 

perchlorate de Tho<ium Le Terbium et le G a d o l i n i u m présentent une f luorescence accusée en so lu t ion acide 

i n o ' g a n i q u e diluée et oeuveni être dosés directement en présence du T h o r i u m pour des teneurs à partir de 50 

à 100 p p m T b ' T h dans H C L 0 5 M t E u r o p i u m donee également des f luorescences en mil ieu acide 

inorganique dilué et peut être dosé aussi bien en présence du T h o r i u m 

La c o m m u n i c a t i o n donne des détails sur le dosage ment ionné ci -dessus. 
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