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SEPARATION 1IND C O L U "  PERFO-%fATTC% OF CERTAIN 
RADIOTRACBRS USING A CIBON~TOGRAPHIC COLUMN 
OF CELITE LOADED WITH ADOGEM-381 AND SELECTED 

E LUENTS 

M.Raieh, S.M,Khalifa, M.El-Dessouky a n d  H.F.Aly 

Atomic Energy Establishment,  Cairo, Egypt. 
Nuclear Chemistry Department, Nuclear Research Centre,  

ABSTRACT 

The r a d i o t r a c e r s  Klo(V1) S c ( I I I ) ,  Ce(II.1) 
E u ( I l I ) ,  l'm(II1) 
C u ( 1 I )  a n d  Co(1If could be separa ted  f rom each o t h e r s  
using a hydrophobic c e l i t e  column coated wi th  
Bdogen-381 together  with the mobile phases hydrochlo- 
r i c  acid,  n i t r i c  ac id ,  potassium thiocyanate,  ammonium 
a c e t a t e  or water. The e lu t ion  behaviour was s a t i s f a c -  
t o r i l l y  in t e rp re t ed .  The e f f e c t  o f  the f low r a t e  
(50-300 ul/min) and temperature (26-7OOC) on the 
column performance of Co(I1) was also s t u d i e d .  

F e ( I I I ) ,  HgfII), Cd(I I ) ,  Zn(II!, 

INTRODUCTION 

Amines and quaternary ammonium salts found many 
app l i ca t ions  i n  column chromatography (1=6). 
c l a s s e s  of m i n e s  were u t i l i z e d  f o r  the separa t ion  of 
nany elements using a v a r i e t y  o f  supporting agents  and 
d i f f e r e n t  mobile phases. In t h i s  cont r ibu t ion ,  the 
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582 RAIEH ET AL. 

system comprising the commercially ava i l ab le  t e r t i a r y  
w i n e  Adogen-381 together  with s t a t i o n a r y  phase, 
hydrophobic c e l i t e  a n d  s e l ec t ed  mobile phases of HC1, 
HN03, KSCN, CH COOMH4 or H20 was employed to i s o l a t e  
e leven r ad io  t r a c e r s  from each o thers .  Considering the 
importance o f  the  f low r a t e  and  temperature on the  
column performance (7 ,  8) these  parameters were a l s o  
studied. 

3 

EXPER IM!3 NTAL 

Chemicals and r a d i o t r a c e r s  

Adogen-381 of average molecular weight 360 was 
del ivered  from Archer-Daniels Midland Company, USA. 
Commercial diatomaceous e a r t h  c e l i t e  No. 560 w a s  sup- 
p l i ed  from John  M a n v i l l e ,  USA. The r a d i c t r a o e r s  : 
Sc-46, Ce-141, Eu(152+154), Tm-170, Fe-59, co-60, 
CII-64, Zn-65, Cd-115, Hg-203, and Mo-99 were prepared 
by neutron a c t i v a t i o n ,  and t h e i r  radiochemical p u r i t y  
exceeded 99%. A l l  o the r  chemicals and reagents were 
of A.R. grade and obtained from B.D.B. or Merck. 

Chromatographic Procedure 

The s t a t i o n a r y  phase, c e l i t e ,  was dr ied  at 105OC 
over n ight  a n d  made hydrophobic by the addi t ion  of 50 
crn3 of 5% silTne-ethanol with thorough mixing. The 
mixture XLS l e f t  i n  a d e s s i c a t o r  under sLight Vacuum 
t o  remove excess silane and ethanol ,  The hydrophobic 
c e l i t e  was washed wi th  d i s t i l l e d  water t o  remove any 
ch lor ide  ions  followed by aven drying a t  105OC. The 
Adogen-381 was loaded on the hydrophobic c e l i t e  by 
mixing 5.0 g wi th  100 cm3 5% Adogen so lu t ion  i n  ace- 
tone. Excess acetone was removed by evapDr-tion wi th  
i n t e r r u p t e d  s t i r r i n g  a t  80°C. A 0.5 c m  i .d .  x 10 cm 
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PERFORMANCE OF RADIOTRACERS 583 

b o r o s i l i c a t e  g l a s s  column wi th  platinum c a l i b r a t e d  t i p  
t o  produce 25 u l  drop s i z e  was used. This column was 
loaded wi th  1.6 c e l i  t e  coated wi th  Adogen-381 according 
t o  the  procedure previously repor ted  (91 ,  t o  g ive  a bed 
he ight  of' 9 cm. I n  a l l  cases,  the column was precondi- 
t ioned with 5.0 cm of the f i r s t  e luent  eomployed a n d  
the r a d i o t r a c e r s  were loaded on the column f rom a 50 ul 
syr ing  . Unless otherwise s t a t e d ,  the e luent  s o l u t i o n s  
were allowed to  pe rco la t e  with a flow r a t e  of 75 ul/min. 
Known volume f r a c t i o n s  of the e luent  were c o l l e c t e d  f o r  
radiometr ic  assay  using an OHTEC-Scintillation counter.  

3 

The e f f e c t s  of the flow r a t e  and temperature on 
column performance were s tud ied  using Co-60 and 2M H C l  
s o l u t i o n  as eluent.  

From the e l u t i o n  curve, t he  d i s t r i b u t i o n  coe f f i -  
c i e n t ,  D, w a s  determined using the r e l a t i o n  (10) ; 

D = ( Vmax - V) / w 

where 
v i s  the f r e e  column and w i s  the  weight of the 
s t a t i o n a r y  phase. The number o f  t heo re t i ca l  p l a t e s ,  N,  
was ca lcu la ted  by means of  the  equation (11) : 

Vmax i s  the  eluent  volume t o  the e l u t i o n  maximum, 

N = 8 <Vma / PI2 
where )3 
of the m a x i m u m  e lu t ion  concen t r a t i  n. Dividing the 
he ight  of t he  column by N ,  the  he ight  equivalent  t o  
t h e o r e t i c a l  p l a t e ,  KETP, was obtained. 

i s  the  band width of the e lu t ion  peak a t  l / e  

RESULTS AHD DISCUSSION 

The radiochemical s epa ra t ion  procedures developed 
i n  t h i s  work a r e  based on the expected ex t r ac t ion  beha- 
v i o w  of Adogen-381 and the types of  the  spec ie s  3f the 
d i f f e r e n t  r a d i o t r a c e r s  i n  the d i f f e r e n t  so lu t ions  used 
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5 a4 RAIEH ET AL. 

as e lsen ts .  T h u s ,  a- the t e r t i a r y  amine Adogen-381 is 
expected to e x t r a c t  both n e u t r a l  and  anionic  s p e c i e s ( l 2 ) ,  
b- the l an than ide  elements a r e  hard ly  complexed from 
hydrochlor ic  o r  n i t r i c  acid s o l u t i o n s  up t o  8 molar (13), 
c- i n  aqueous H C 1  so lu t ion  of concentrat ions higher  than 
8M, i r o n ( I I 1 )  i s  present  i n  n e u t r a l  o r  anionic  ch lo r ide  
forms (14 )  and a t  lower H C 1  m o l a r i t i e s ,  ca t ion ic  i r o n  
ch lo r ide  complexes a r e  predominating, d- molybdate is 
ex t r ac t ed  by t e r t i a r y  amines f r o m  all hydrochlor ic  ac id  
concent ra t ions  and unextracted f rom all n i t r i c  acid 
concent ra t ions  (151, e- i n  H C 1  so lu t ions ,  copper is  
present  as the  ch lo r ide  complex, while  f r o m  thiocyanate  
so lu t ions  i t  i s  poorly extracked by the t e r t i a r y  amines 
due t o  the competi t ion of SCN- anion t o  the  amine solu-  
t i o n  (15,16), f-  z inc  forms s t rong  ch lor ide  and thio- 
cyanate complexes which are ex t r ac t ed  by t e r t i a r y  amines, 
When zinc i s  s l i g h t l y  complexed from hydrochloric a c i d  
so lu t ion ,  water  was found q u i t e  s u i t a b l e  t o  b r ing  i t  t o  
the f r e e  c a t i j n i c  s t a t e  and thus be eluted.  I n  presence 
of H C 1  and KSCN, water was found not  enough to  e l u t e  z inc 
i n  a s u i t a b l e  volume, 
z inc,  most probably as the s t rong  c a t i o n i c  ammino comp- 
l e x  (16), CZn(NH3)n]2+, g-cadmium i s  highly complexed by 
ch lo r ide  i o n s  and ex t rac ted  by t e r t i a r y  amine from H C 1  
so lu t ion  of d i f f e r e n t  concentrat ions.  Cadmium n i t r a t e  
complexes a r e h a r d l y  present  i n  n i t r i c  ac id  medium a n d  
t h e  elution of Cd(I1) using n i t r i c  acid was found conve- 
n i e n t ,  h- mercury forms ch lo r ide  a n d  thiocyanate  comp- 
l exes ,  therefore ,  i t s  uptake from these s o l u t i o n s  is 
expected (16). 
r e l a t e d  t o  the replacement of the  SCH- anion wi th  the 
mercury complex, 

Therefore,  188 NH4CH3CO0 e lu t ed  

E lu t ion  from high  SCN' so lu t ion  i s  mainly 

I n  f i g u r e s  1, and 2, the e l u t i o n  p r o f i l e s  of the 
e ight  radi-chemical  separa t ion  procedures developed a r e  
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PERFORMANCE OF RADIOTRACERS 587 

TABLE 1 

Effec t  of Flow Rate on the  Elu t ion  P ro f i l e (Co( I1 )  

D i s t r ibu t ion  Band width Number of P l a t e  
Flow r a t e  coeffi- theore ti- height  

3 c a1 rnTP 1 ul/min. ciert crn 
p l  a t  es . mm 

50 00 42 0.58 60.50 1.49 
75 0.42 0.89 26.60 3.38 
150 0.42 1.00 20.50 4.39 
225 0.42 1.30 12.51 7.19 
300 0.42 1.45 9.70 9.28 

gl:?cn. .:xi a l l  C ~ S C ~ ,  the invt:L,t.i;:,tions :;‘el e crirried 
o u t  at 2 6 ~ 1 O C .  The t o t a l  Concentration of the radio-  
tracers d i d  not  exceeded lo-% (equimolar amounts of 
each t racer ) .  The rad iocheuica l  pu r i ty  of each aepara- 
ted f r a c t i o n  was more than 98% 

I n  o r d e r  t o  evaluate  the column performance u t i l i -  
zed, the e f f e c t s  of eluent  flow rate and temperature on 
the e lu t ion  p r o f i l e  were inves t iga t ed  using Co(1 I ) .  It  
was fotmd tha t ,  the  d i s t r i b u t i o n  coe f f i c i en t  does not 
change with the flow r a t e  (50-300 
band width of the e lu t ed  cobal t  increased by increas ing  
the flow r a t e  (Table 1). 
When the theo re t i ca l  p l a t e  height  was ca lcu la ted  and 
p lo t t ed  aga ins t  the flotv rate, a l i n e <  r r e l a t i o n s h i p  
w a s  obtained (Fig. 3).  The e f f e c t  of temperature on 
’the d i s t r i b u t i o n  coef€ ic ien t ,  e lu t ion  p r o f i l e  and 
then re t i ca l  p l a t e  height  of Co(l1) is  g i v e n  i n .  Table 2. 

ul/min) whereby the 
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Figure  3 Effec t  of f low r a t e  on the plate  height f o r  
the elut ion of Co(I1) by HCZ a t  26klaC. 

?ABLE 2 

Effect of Temperature a t  75 u l / m i n .  

Distribu- Band width Number o f  P la te  
t heor e- height tion Tempera- 

t ure coe3f i- 3 t i c a l  (HETP) * C D  
*C cient. plate. mm 

26 0.42 0.89 26.6 3.38  
30 0.42 0.87 28.2 3.19 
44 0.42 0.75 37.7 2.39 
55 0.42 0.62 55.6 1.62 
70  0.42 0.37 155,3 O e 5 8  
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0 10 20 30 40 50 60 70 80 

Temperature d e g r e e ,  "C 

Figure  4 E f f e c t  o f  temperature on the  p l a t e  height  
f o r  the e lu t ion  of Co(I1) by 2M HC1 a t  
75 ul/min, 

I t  i s  c l e a r  t h a t  wi th in  the temperature range inves t iga-  
ted (26-70°C), the D value does not  change, however, the 
band width decreased by inc reas ing  temperature, Sub- 
sequently,  the  number of t h e o r e t i c a l  p l a t e s  of the  column 
increased. This is  i l l u s t r a t e d  i n  Fig. 4, where the  
t h e o r e t i c a l  p l a t e  height  decreased l i n e a r l y  by increas ing  
t emperat we.  
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