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ABSTRACT 

Tracer methods for La f i n d  l imi ted  usage because of the short half l i f e  (40-hr) 
of 'the radioisotope La140 A continual supply of carr ier-free La140 can be ob- 
tained by "milking" it a t  intervals of a few days from its parent Balm 
(12 8-day half l i f e ) .  Balm is precipitated w i t h  barium n i t r a t e  carr ier  from 
80% nitric acid, and La140 is  recovered from the f i l t r a t e  A yield of about 9@& 
w a s  obtained, and high p u r i t y  was indicated by the fact  that  the La140 decayed 
w i t h  a 40-hr half l i f e  for about 15 days By use of t h i s  method, a tracer supply 
of La140 is available for  several weeks from an i n i t i a l  source of a few m i l l i -  
cur.Les of Ba140.. A modified fi l ter-beaker,  specially adapted for radiochemical 
work is described 

INTRODUCTION 

T 
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The determinat ion of lanthanum i n  rare e a r t h  mixtures is complicated by t h e  d i f f i c u l t y  
of d i s t i n g u i s h i n g  its p r o p e r t i e s  from those of o the r  cerium e a r t h s ,  I n  f a c t  lanthanum is 
usua l ly  determined by d i f f e r e n c e  a f t e r  t h e  mixture has been analyzed f o r  o the r  r a r e  e a r t h  
e 1 e men t s Analyt ical  methods based on oxidimetry, such as is used f o r  cerium praseodym- 
ium, and e u r o p i y ,  cannot be appl ied s i n c e  an oxidat ion state o t h e r  than t h r e e  is unknown 
f o r  lanthanum Lanthanum sal ts  have no c h a r a c t e r i s t i c  absorpt ion bands i n  the  v i s i b l e  
spectrum" t h e r e f o r e .  spectrophotometric methods such a s  Moeller and Brantley* and Rodden* ' 
used f o r  many of t h e  rare e a r t h s  are not possible ,  
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6 ,  

Radioactive tracer methods" can be used f o r  t h e  determinat ion of lanthanum 
Lanthanum-140 a be t a  emitter which decays t o  s t a b l e  cerium-140 seems t o  be t h e  most 
P r a c t i c a l  isotope f o r  tracer experiments but because of its r e l a t i v e l y  s h o r t  ha l f  l i f e  
of 40 hours, its use is l imited i n  most l a b o r a t o r i e s  However a con t inua l  supply 
of c a r r i e r - f r e e  lanthanum-140 can be obtained by I1milkingf1 it a t  i n t e r v a l s  of a few days 

which has a considerably longer ha l f  l i f e  12 8 from its parent  isobar ,  barium-140 
days than  lanthanum- 140. Schweitzer and Jackson ' 7  separated carr ier-free lanthanum- 140 
from barium-140 by the  formation of a r ad ioco l lo id  of lanthanum i n  basic  s o l u t i o n  The r ad io -  
c o l l o i d  w a s  f i l t e r e d  on a f i n e  f r i t t e d - g l a s s  f i l t e r  However, some barium-140 w a s  c a r r i e d  
by t h e  c o l l o j d a l  lanthanum-140, and the  method had t o  be repeated s e v e r a l  times t o  ob ta in  
t h e  des i r ed  p u r i t y  High y i e l d s  were obtained only i f  s p e c i a l  p recau t ions  were taken aga ins t  
t h e  in t roduc t ion  of carbonate and t h e  absorpt ion of carbon dioxide Carrier-free lanthanum- 140 
a l s o  has been separated by p r e c i p i t a t i o n  on fe r r ic  hydroxide wi th  barium holdback carrier 
used t o  retain the  barium-140 i n  s o l u t i o n  This method r equ i r e s  a t  least a double p rec ip i -  
t a t i o n  of t h e  ferric hydroxide, and t h e  s l i g h t l y  high ha l f  l i f e  value which was reported f o r  
t h e  lanthanum-140 (40 9 hours) i n d i c a t e s  t h a t  a r ad ioac t ive  impurity was still present ,  Ion- 
exchange has been used t o  prepare c a r r i e r - f r e e  lanthanum-140~ 
too  time-consuming t o  be p r a c t i c a l ,  
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however the  method is 18. 19 

I n  t h i s  paper, a method is given for  obtaining carrier-free lanthanum-140 which is 
2 0 , 2 1  based on the  low s o l u b i l i t y  of barium nitrate i n  80 per c e n t  n i t r i c  ac id  as compared 

t o  t h e  r e l a t i v e l y  high s o l u b i l i t y  of lanthanum n i t r a t e ,  Barium-140 is p r e c i p i t a t e d  with 
barium nitrate carrier from 80 per cent nitr ic ac id ,  and c a r r i e r - f r e e  lanthanum-140 is  re- 
covered from t h e  f i l t r a t e  The barium n i t r a t e  p r e c i p i t a t e  is set  a s ide  f o r  a few days t o  
allow lanthanum-140 t o  grow i n  When add i t iona l  lanthanum-140 is needed t h e  barium nitrate 
is dissolved and r e p r e c i p i t a t e d  from 80 per  cen t  n i t r ic  acid 
of lanthanum-140 is a v a i l a b l e  f o r  several weeks from an i n i t i a l  source of a few millicuries 
of barium-140, 

22  

I n  t h i s  way a tracer supply 
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REAGENTS 

Barium-I,anthanum-140 

-. 
? 

Ten m i l l i c u r i e s  of barium-lanthanum-140 equi l ibr ium mixture as t h e  ch lo r ides  i n  
10 m i l l i l i t e r s  of d i l u t e  hydrochlor ic  acid so lu t ion  was obtained from the  Radioisotopes 
Divis ion of t h e  Oak Ridge National Laboratory, The i so topes  were reported t o  be carrier- 
free The only rad ioac t ive  impurity reported was strontium-89, which was present  i n  t h e  
amount of 1 -44  x m i l l i c u r i e  per mi l l i l i t e r  

Nitric Acid 

The concentrated (70%) n i t r i c  acid w a s  a n a l y t i c a l  reagent  grade The red fuming 
n i t r i c  acid was Baker and Adamson reagent  grade and assayed 93.1% "0, and 7,05% N,O, 

Barium Nitrate 

Reagent grade barium chlor ide  w a s  d i sso lved  i n  water and barium n i t r a t e  was pre- 
c i p i t a t e d  by adding concentrated n i t r i c  acid.  Impur i t ies  which were so luble  i n  concentrated 
n i t r i c  acid were thus  removed. The barium n i t r a t e  was f i l t e r e d  i n  a s i n t e r e d - g l a s s  funnel ,  
washed w i t h  a small quan t i ty  of water, and d r i ed  a t  110OC. 

RECOMMENDED PROCEDURE 

Add two mill i l i ters of water t o  0 5 gram of barium n i t r a t e ,  Spike t h e  mixture wi th  
barium-lanthanum-140 Heat and st ir  u n t i l  a l l  the barium n i t r a t e  has dissolved.  ( I f  neces- 
sary add a few add i t iona l  drops of water ) Reprec ip i ta te  t he  barium n i t r a t e  by t h e  dropwise 
add i t ion  of two mil l l i l i ters  of concentrated n i t r i c  acid Evaporate wi th  s t i r r i n g  u n t i l  t h e  
volume of t h e  mixture is approximately two mil l i l i ters  Cool i n  an  ice ba th  and add three 
milliliters of red fuming n i t r i c  acid, Digest i n  an ice bath f o r  15 minutes wi th  s t i r r i n g  
F i l t e r  t h e  barium n i t r a t e  and discard t h e  f i l t r a t e  Set t h e  barium n i t r a t e  a s ide  f o r  s eve ra l  
days 

After fresh lanthanum-140 h a s  grown i n ,  d i s so lve  t h e  barium n i t r a t e  i n  two milliliters 
of water 
F i l t e r  t h e  barium n i t r a t e ,  but do not wash it. Evaporate t h e  f i l t r a t e  t o  dryness i n  a small 
beaker (20 o r  30 m l ) .  Dissolve t h e  s l i g h t  residue i n  d i l u t e  n i t r i c  acid and d i l u t e  t o  t h e  
des i red  volunie Save t h e  barium n i t r a t e  f o r  f u t u r e  "milkings" 

Reprecipitate t h e  barium n i t r a t e  from 80 per cen t  n i t r i c  ac id  as descr ibed above 

One m i l l i c u r i e  o r  less is a convenient quant i ty  of barium-lanthanum-140 t o  use Larger 
q u a n t i t i e s  can be used with personnel sh i e ld ing ,  The first llmilking' l  of lanthanum-140 was 
discarded si.nce t h i s  f r a c t i o n  contained any impur i t i e s  i n  the  o r i g i n a l  barium- 140 which 
were so luble  i n  80 per cen t  n i t r i c  acid, The lanthanum-140 which then  grew i n  was free of 
these impurit;ies. It is recommended t h a t  a t  least fou r  o r  f i v e  days be allowed between suc-  
ces s ive  l lmilkingsrl ,  It is suggested a l s o  t h a t  f resh  barium nitrate be used w i t h  each new 
shipment of barium-140* 

APPARATUS 

The recommended procedure can be carried out  i n  small beakers, w i t h  small s in t e red -  
g l a s s  funnels  used f o r  t h e  f i l t r a t i o n s  
i n  a modified f i l t e r - b e a k e r  (Fig 

However, t h e  sepa ra t ion  is more convenient ly  made 
l ) ,  which w i l l ' h e r e a f t e r  be referred t o  as an lfanimalll. 

5 



5 5 0 3  rev. 
C 

TWO LEGS TO BALANCE 



MLM-889 

The ope ra t ion  of an animal during a p r e c i p i t a t i o n  is shown i n  Figure 2. Reagents are 
added through the  mouth of t h e  animal w i t h  a medicine dropper, S t i r r i n g  is effected with a 
magnetic stirrer, A piece of i ron  n a i l  sealed i n  glass makes a convenient s t i r r i n g  bar, 
Heat is suppl ied by an i n f r a r e d  lamp, Evaporation is somewhat slow but can be speeded up by 
placing the  animal on an asbestos  pad, by pa in t ing  t h e  bottom of t h e  animal black with a sus-  
pension of c o l l o i d a l  graphi te  i n  water, o r  by passing a stream of dry,  w a r m  air through t h e  
t a i l  of t h e  animal For f i l t r a t i o n s ,  t h e  animal is r o t a t e d  120° and inserted i n t o  a small 
b e l l  jar  f i t t e d  with a s tandard taper j o i n t  (Fig,  3) or ,  i f  needed, i n t o  another animal. 

The barium n i t r a t e  which is never removed from t h e  animal, may be redissolved by back- 
washing t h e  frit with water 
animal and adding water through t h e  t a i l  by means of a t r a n s f e r  p ipe t te  (a medicine dropper 
wi th  the  dropping end drawn down t o  a c a p i l l a r y  tube ) ,  

This is accomplished by applying s u c t i o n  t o  t h e  mouth of t h e  

The animals are e x c e l l e n t  radiochemical equipment because they keep t h e  r ad ioac t ive  
mater ia l  confined, thereby reducing Contamination, They are equipped with interchangeable 
s tandard taper j o i n t s  s o  t h a t  t hey  may be used i n  series, 

DISCUSSION 

The p u r i t y  of t h e  carrier-free lanthanum-140 prepared by t h e  recommended procedure is 
indicated by its decay curve (Fig 4 )  Samples of t h e  lanthanum-140 were mounted on two- 
inch s t a i n l e s s  s t e e l  d i sks ,  and the  beta a c t i v i t y  w a s  counted periodically i n  a Nuclear 
Measurements Corporation Model PC-1 Proport ional  Counter, No appreciable  dev ia t ion  from t h e  
decay curve was observed f o r  a per iod of about 15 days After t h i s  l eng th  of time, only 0 , 2  
per cen t  of t h e  o r i g i n a l  lanthanum-140 remained The ha l f  l i f e  value of 40 5 hours, d e t e r -  
mined by t h e  method of least squares ,  is within one per cen t  of t h e  accepted ha l f  l i f e  vqlue 
of 40 0 (k 0 . 1  t o  0 , 5 )  hours 11 12 13 

An average y i e l d  of 75 per c e n t  was obtained when the s e p a r a t i o n  was carried out  i n  
beakers Higher y i e l d s  can be obtained i f  
t h e  barium n i t r a t e  precipitates are washed wi th  80 per c e n t  n i t r i c  acid, but  t h i s  a l s o  
inc reases  s l i g h t l y  the  amount of barium-140 impurity As high p u r i t y  is thought t o  be the  
more important f ac to r .  t h e  recommendation is made t h a t  t he  precipitates not be washed The 
remainder of  t h e  lanthanum-140 is not l o s t  but stays w i t h  t h e  barium-140 

whereas i n  an animal t he  y i e l d  was 88 per c e n t  

The quan t i t a t iveness  of p r e c i p i t a t i o n  of barium n i t r a t e  i n  80 per c e n t  n i t r i c  acid 
was determined by analyzing t h e  f i l trates f o r  barium-140 by t h e  method of d i f f e r e n t i a l  de- 
cay The average barium concen t r a t ion  i n  t h e  80 per c e n t  n i t r i c  acid f i l t r a t e s  was 0 013 
milligram of barium per mill i l i ter  Since the  t o t a l  volume was five milliliters and about 
250 milligrams of barium carrier was used, t h e  amount of barium-140 remaining i n  the  f i l -  
trate as a rad ioac t ive  impurity i n  t h e  lanthanum-140 w a s  found t o  be approximately 0 03 
per cen t ,  

23 

The recommended procedure is p a r t i c u l a r l y  e f f e c t i v e  f o r  preparing c a r r i e r - f r e e  
lanthanum-140 because only s t ront ium, barium, radium and lead form inso lub le  n i t r a t e s  i n  
80 per cen t  n i t r i c  acid,  
need be separated only from these elements and t he i r  daughter a c t i v i t i e s ,  Radium and lead 
were both found t o  be absent ,  s i n c e  t h e  a lpha  a c t i v i t y  i n  t h e  lanthanum-140 mounts d i d  no t  
differ s i g n i f i c a n t l y  from background, ( A l l  r ad ioac t ive  i so topes  o f  lead and radium have 
alpha emitters i n  t h e i r  decay cha ins  ) The q ; y t i t y  of barium has been shown t o  be very low 
and the same is probably t r u e  for s t ront ium 

21 
Hence, t h e  lanthanum-140 which grows i n  after t h e  f i r s t  "milking" 
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A more highly p u r i f i e d  lanthanum-140 has been prepared by using a double barium chromate 
p r e c i p i t a t i o n  from homogeneous s o l u t i o n  t o  sepa ra t e  any s t ront ium, followed, a f t e r  t h e  
lanthanum-140 has grown i n ,  by a double n i t r a t e  p r e c i p i t a t i o n  t o  remove the  barium I n  t h e  
chromate p r e c i p i t a t i o n s ,  s t ront ium holdback carrier is used and p r e c i p i t a t i o n  of barium chro-  
mate is e f f e c t e d  homogeneously by n e u t r a l i z i n g  n i t r i c  ac id  s o l u t i o n s  of t h e  chromates with 
potassium cyanate The second n i t r a t e  p r e c i p i t a t i o n  is  made by adding 0 . 5  gram of barium 
n i t r a t e  t o  t h e  lanthanum-140 prepared by the  recommended procedure and r epea t ing  t h e  pro- 
cedure,  This h igh ly  p u r i f i e d  lanthanum-140 was used t o  determine a p rec i se  ha l f  l i f e  value,  
and the  r e s u l t s  of t h i s  experiment w i l l  be reported elsewhere, 
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