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Comp1,ex f o r m a t i o n  o f  s , a m a r i u m ( 1 1 1 )  and  

e u r o p i u m ( I I 1 )  w i t h  t h e n o y l t r i f l u r o a c e t o n e ( T T A )  and  

t r i  o c t y p h o s h i  ne  o x i d e ( T O P 0 )  i n  m i c e l  1 a r  s o l u t i o n  h a s  

been  s t u d i e d  b y  f l o w  i n j e c t i o n  a n a l y s i s / s t o p p e d  f l o w  

m e t h o d .  The p r e s e n c e  o f  TOPO was f o u n d  t o  a c c e s s  t h e  

c o m p l e x  f o r m a t i o n .  A f l o w  i n j e c t i o n  s p e c t r o f l u o r i m e t r i c  

m e t h o d  has  been  d e v e l o p e d  f o r  t h e  d e t e r m i n a t i o n  o f  

s a m a r i u m ( I I 1 )  a s  i t s  t e r n a r y  c o m p l e x  w i t h  T T A  a n d  TOPO 

i n  a  m i c e l  l a r  s o l u t i o n  o f  n o n a o x y e t h y l e n e d o d e c y l  e , t h e r  

B E - 9 E X ) .  



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

T a k e t a t s u  e t  a1. f o u n d  t h a t  e u r o p i u m ( 1 1 1 ) ,  

s a m a r i u m ( I I 1 )  and t e r b i u m ( 1 1 1 )  t e r n a r y  c o m p l e x e s  w i t h  

0 - d i  k e t o n e  i n  t h e  p r e s e n c e  o f  TOP0 a r e  r e a d i l y  s o l u b l e  

i n  an aqueous s o l u t i o n .  c o n t a i n i n g  n o n - i o n i c  s u r f a c t a n t  

and t h a t  t h e  s t r o n g  f l u o r e s c e n c e  o r i g i n a t i n g  f r o m  t h e  

t e r n a r y  comp lexes  c a n  be 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  " l a n t h a n i d e  i o n s .  We have  r e p o r t e d  f l o w  i n j e c t i o n  

s p e c t r o f l u o r i m e t r i c  d e t e r m i n a t i o n  o f  e u r o p i u m ( 1 1 1 )  and 

t e r b i u m ( 1 1 1 )  based on s o l u b i l i z i n g  t h e  t e r n a r y  

comp lexes  i n  m i c e 1  l a r  s o l u t i o n .  4,5 

I n  t h i s  p a p e r ,  t h e  f o r m a t i o n  o f  s a m a r i u m ( 1 1 1 )  and 

e u r o p i u m ( I I 1 )  comp lexes  w i t h  t h e n o y l t r i f 1 u o r o a c e t o n e  

and t r i o c t y l p h o - s p h t n - e  ox-Ide i n  a  m i c e l  l a r  s o l u t i o n  o f  

B L - 9 E X  was i n v e s t i g a t e d  b y  t h e  f l o w  i n j e c t i o n  a n a l y s i s /  

s t o p p e d - f l o w  method and t h e  d e t e r m i n a t i o n  o f  samar ium 

( 1 1 1 )  was s t u d i e d  b y  t h e  f l o w  i n j e c t i o n  a n a l y s i s .  

EXPERIMENTAL . . 

S t o c k  s o l u t i o n s  o f  m i x e d  l i g a n d s ( T T A  a n d T O P O )  

were  p r e p a r e d  by  d i s s o l v i n g  t h e  r e a g e n t s ( D o j i n d 0  

L a b o r a t r d e s )  i n  an aqueous s o l u t i o n  o f  n o n - i o n i c  

s u r f a c t a n t ,  Tne s u r f a c t a n t s  used  were  B L - 9 E X ( N i k k o  



Chemical Co. L T D . ) ,  Emulgen 120 (Kao-At l a s  Co. L T D . )  

and T r i t o n  X100(Wako Pure  Chemical I nd .  L T D . ) .  

The f l ow  i n j e c t i o n  sy s t em i s  shown i n  F i g .  1 .  

D e t e c t o r  was a  spectrof1uorimeter(UVIDIC-610, 

J a p a n s p e c t r o s c o p i c  Co.)  w i t h  a  f l o w  c e 1 1 ( 3 2  p 1 )  

Sample c o n t a i n i n g  s a m a r i u m ( I I 1 )  a t  c o n c e n t r a t i o n s  

i n  r ange  1 0 ' ~  - 1 0 ' ~  M(0.15 - 1 . 5  pg /ml )  were i n j e c t e d  

i n t o  t h e  sys tem a t  r a t e  o f  60  samples  p e r  h o u r .  The 

f l u o r e s c e n c e  was measured a t  a p p a r e n t  e x c i t a t i o n  and 

e m i s s i o n  wave l e n g t h s  of  355 and 596 n m ,  r e s p e c t i v e l y .  

P 

F i g .  1 .  Flow m a n i f o l d .  C ,  0 .5  % BL-9EX and a c e t a t e  

b u f f e r  s o l u t i o n ;  R ,  T T A - T O P O ,  0 . 5  % BL-9EX and b u f f e r  

s o l u t i o n ;  S ,  sample  i n j e c t i o n ( 1 O O p l ) ;  M ,  mixing j o i n t  

; R C ,  r e a c t i o n  c o i l ;  T ,  s t o p p e d - f l o w  v a l v e ;  1 T 2 ,  t h r e e  

way j o i n t ;  D ,  d e t e c t o r ;  B C ,  back p r e s s u r e  c o i l ( 1 m ) ;  P, 

p u m p  and W ,  w a s t e .  

For t h e  s t o p p e d - f l o w  method,  t h e  s w i t c h i n g  v a l v e  

was s w i t c h e d  t o  l e a d  t h e  c a r r i e r  s o l u t i o n  t o  waste(W1 

and t o  s t o p  t h e  sample  zone i n  t h e  f l ow  c e l l .  



RESULTS A N D  DISCUSSION 

The f o l l o w i n g  e q u i l i b r i u m  f o r  l a n t h a n i d e ( 1 1 1 ) - T T A -  

1 - 3  TOPO s y s t e m  was p o s t u l a t e d  i n  a  m i c e l l a r  s o l u t i o n  . 

where  L n  i s  l a n t h a n i d e ( 1 1 1 )  i o n  and  t h e  s u b s c r i p t s ( b )  

and { m )  r e f e r  t o  m u t u a l l y  e q u i l i b r a t e d  b u l k  - a n d  - - 

m i c e 1  l a r  phases ,  r e s p e c t i v e l y .  , , 

The e f f e c t  o f  d i f f e r e n t  s u r f a c t a n t s  o n  t h e  s t o p p e d  

f l o w  p a t t e r n  o f  t h e s e s y s t e m s  was i n v e s t i g a t e d  and 

p e r i o d s  r e q u i r e d  f o r  c o m p l e x  f o r m a t i o n  w e r e  d e t e r m i n e d .  

The k i n d  o f  n o n - i o n i c  s u r f a c t a n t s  e s s e n t i a l l y  does  n o t  

i n f l u e n c e  t h e  comp lex  f o r m a t i o n .  F i g . 2  and F i g . 3  show 

t y p i c a l  examp les  o f  r e a c t i o n  c u r v e s  f o r  Sm(111 ) -TTA 

,TTA-TOP0 and E u ( J I 1 ) - T T A  ,TTA-TOP0 s y s t e m s  a t  v a r i o u s  

pH. The p e r i o d s  r e q u i r e d  f o r  t h e  f o r m a t i o n  o f  t h e  

comp lexes  a r e  g i v e n  i n  T a b l e  1 .  The p r e s e n c e  o f  TOPO 

was f o u n d  t o  a c c e s s  t h e  f o r m a t i o n  o f  c o m p l e x .  The 

i n t e n s i t y  f o r  b o t h  s y s t e m s  gave  c o n s t a n t  o v e r  t h e  .. pH . 

r a n g e  o f  3  - 5 .  The pH o f  3 .5  was s e l e c t e d  b e c a u s e  o f  

t h e  p r e v e n t  o f  h y d r o l y s i s  o f  l a n t h a n i d e ( 1 1 1 )  i o n .  



Scan - 
F i g .  2.  S t o p p e d - f l o w  s i g n a l s  o b t a i n e d  w i t h  t h e  flow 

sys tem.  [ S m l I I I ) ]  = 2 x M. A ,  [ T T A ]  =[TOPOI = 

T a b l e  1 .  P e r i o d s  r e q u i r e d  f o r  f o r m a t i o n  o f  

s a m a r i u r n ( I I 1 )  a n d  e u r o p i u m ( I I 1 )  c o m p l e x e s  

P H S m ( I I 1 )  c o m p l e x e s  E u ( I I 1 )  c o m p l e x e s  

TTA TTA-TOP0 TTA TTA-TOP0 

s e c  s e c  s e c  s e c  



F i g .  3 .  S t o p p e d - f l o w  s i g n a l s  o b t a i n e d  w i t h  t h e  f l o w  

sys tem.  [ E u ( I I I ) ]  = 2 x 1 0 ' ~  M. 

Chemica l  and F l o w  I n j e c t i o n  V a r i a b l e  

E f f e c t  o f  BL-9EX c o n c e n t r a t i o n  

The e f f e c t  o f  BL-9EX c o n c e n t r a t i o n  on 

s a m a r i u m ( I I 1 )  t e r n a r y  c o m p l e x  f o r m a t i o n  w i t h  T T A  and 

T O P 0  were  s t u d i e d .  The p e a k  h e i g h t  d e c r e a s e d  as t h e  B L -  

9EX c o n c e n t r a t i o n  i n c r e a s e d .  A c o n c e n t r a t i o n  o f  0 .5% 

was chosen  f o r  s u b s e q u e n t  w o r k .  

E f f e c t  o f  f l o w  r a t e ,  c o i l  l e n g t h  and r e a g e n t  

c o n c e n t r a t i o n  

The f l o w  r a t e s  o f  t h e  r e a g e n t  and t h e  c a r r i e r  

- 133 - 



s o l u t i o n s  were  s t u d i e d .  The peak  h e i g h t  i n c r e a s e d  w i t h  

i n c r e a s i n g  f l o w  r a t e  and peak  b r o a d i n g  was o b s e r v e d  

f r o m  0 .8  t o  1 .0  m l / m i n .  The f l o w  r a t e  o f  1.0 m l / m i n .  

was c h o s e n  f o r  s u b s e q u e n t  w o r k .  

The e f f e c t  o f  r e a c t i o n  c o i l  l e n g t h  was t e s t e d  b y  

use  o f  0 . 5  - 3 m l e n g t h  w h i l e  t h e  f l o w  r a t e  was 

m a i n t a i n e d  a t  1 . 0  m l / m i n .  The peak  h e i g h t s  d e c r e a s e d  

w i t h  i n c r e a s i n g  c o i l  l e n g t h .  A 1  m c o i l  l e n g t h  was 

c h o s e n  b e c a u s e  o f  t h e  s e n s i t i v i t y  and t h e  r a p i d  

a n a l y s i s .  

The e f f e c t  o f  r e a g e n t  c o n c e n t r a t i o n  on  samar ium 

( I l l )  e m i s s i o n  as i t s  t e r n a r y  c o m p l e x  w i t h  T T A  and  TOPO 

was s t u d i e d .  The peak  h e i g h t  i n c r e a s e d  as t h e  m i x e d  

r e a g e n t  c o n c e n t r a t i o n  i n c r e a s e d .  The c o n s t a n t  

peak  h e i g h t  was o b t a i n e d  a t  3 - 4 X M.  A m i x e d  

r e a g e n t  c o n c e n t r a t i o n  o f  4 X 1 0 ' ~  M f o r  T T A  and TOPO 

was c h o s e n  f o r  s u b s e q u e n t  w o r k .  

D e t e r m i n a t i o n  o f  s a m a r i u m ( 1 1 1 )  i o n  

Samples c o n t a i n i n g  1 0 "  - 1 0 "  M s a m a r i u m ( 0 . 1 5  

- 1 . 5  p g / m l )  we re  i n j e c t e d  i n t o  t h e  c a r r i e r  s t r e a m  u n d e r  

t h e  f l o w i n g  o p t i m u m  c o n d i t i o n ;  C o n c e n t r a t i o n  o f  TTA and 

TOPO 4  X 1 0 ' ~  M; c o n c e n t r a t i o n  o f  B L - 9 E X  0.5 w/v %, pH 

3 . 5  ; f l o w  r a t e  1  m l / m i n . ,  c o i l  l e n g t h ,  lm(0.5mm i d . ) .  

T y p i c a l  c a l i b r a t i o n  p e a k s  are shown i n  F i g  4.. The 



c a l i b r a t i o n  graphs o b t a i n e d  were l i n e a r  i n  t h e  range  

1 0 0  - 1 0 "  M. The p r e c i s i o n  o f  t h e  method was checked 
- 6 

o n  t e n  samp'les c o n t a i n i n g  4 X 1 0  M samar ium(111) .  

The r e l a t i v e  s t a n d a r d  d e v i a t i o n  was l e s s  than  4 . 0  %. , 

I n t e r f e r e n c e s  

The i n f l u e n c e  o f  o t h e r  r a r e  e a r t h  i o n s  on t h e  

d e t e r m i n a t i o n  1.20 pglml was s t u d i e d .  The r e s u l t s  a r e  

given i n  T a b l e  2 .  I t  was found t h a t  equi amount of La 

e t c .  h a d  n-o s i  g n i f i  c a n t - e f - f e c t .  

P 
10 min 

Scan- 
F i g .  4:Peaks o b t a i n e d  f o r  t r i p 1  i c a t e  i n j e c t i o n s  o f  

s t anda rd  S m ( I I 1 )  s o l u t i o n .  [ s ~ ( I I I ) ]  : A ,  2 x ;  B, 4 x ;  



T a b l e  2 .  E f f e c t  o f  o t h e r  i o n s  o n  d e t e r m i n a t i o n  o f  

s a m a r i u m ( I I 1 ) .  S m ( I I 1 )  t a k e n ,  1 . 2 0  l ~ g / r n l  

I o n  S m ( I I 1 )  R e c o v e r y  I o n  S m ( I I 1 )  R e c o v e r y  

a d d e d  f o u n d  a d d e d  f o u n d  

u !3 /m l  % vg / rn l  % 
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