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Preparation of Am Iv and Am vI in bicarbonate and carbonate solutions 
using xenon compounds 
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Xe compounds, XeF2, Na4XeO6, and XeO3, were used to oxidize Am nI in carbonate and 
bicarbonate aqueous solutions. XeF 2 and XeO 3 may be used to obtain Am TM in solutions, 
whereas Na4XeO 6 oxidizes Am III into AmlV+AmV+Am vt or into Am vI if present in excess. 
XeO 3 reacts with Am Ill to give Am TM only under UV irradiation. 

Key words: americium(m); americium(iv); xenon difluoride, sodium perxenate, xenon 
trioxide as oxidants. 

The preparat ion of  higher valent states of  transpluto- 
nium elements in solutions is an important  problem. It is 
known that Am V and Am vI compounds  are formed rather 
easily; Am TM is much more difficult to obtain, requiring 
the use o f  strongly complex-forming media, e.g., car- 
bonate solutions. However,  the first at tempts to oxidize 
Am 11I in carbonate  solutions with ozone or persulfate 1,2 
afforded only Am v and Am vl. Only in the beginning of  
80 's  the condi t ions for the formation o f  Am TM by the 
electrochemical  oxidation of  Am III in carbonate solu- 
tions were found. It was shown that Am TM is stable at pH 
8 .4-10 .0  (see Ref. 3). Later, a chemical  oxidant was 
found (a A g + - - S 2 0 8 2 -  system). 4 This chemical  method 
of  the formation of  Am TM in carbonate solutions, unique 
up to recent times, has an evident drawback, viz., the 
contamina t ion  of  the solution with Ag ions. In our 
previous work, 5 a photochemical  method for forming of  
Am Iv, devoid o f  this drawback, was proposed. 

In the following investigations we tested xenon com-  
pounds  as oxidants.  The oxidat ion potentials  (E) of  
some Xe compounds  exceed those o f  the AmlV/Am III 
pair  in carbonate  solutions (E = 0.99+0.81 V depending 
on pH (8.9--11.2)) .  6 For  example,  in alkaline media  

EHXeO4-/X e = 1.24 V (cf Ref. 7) a n d  EHXeO63-/XeO4 - 
"=--0.9 V (cf Re['. 8), and the potentials  increase when pH 
decreases. The potent ia l  of  the XeF2/Xe pair  has been 
est imated only in acidic m e d i a :  EXeF2/X e = 2.3 V (cf 
Ref. 7). These data show that  xenon compounds  can 
oxidize Am HI in carbonate  solutions. 

The addi t ion  o f  XeF2 to a (1--4)  �9 10 -4 Mso lu t i on  of  
A m  llI in a 1.5 M aqueous solut ion o f  K H C O  3 or  1.5 M 
solut ion o f  (KHCO3 + K2CO 3) turns the colorless reac- 
t ion mixture yellow. In the UV absorpt ion spectrum the 
intensity o f  the A m  m band at 507--508 nm is decreased 
and a band with a max imum at 360--370 nm is ob-  
served. The shape o f  the profile attests to the four-valent  

state of  americium. This fact is conf i rmed by t i t ra t ion 
with a K4Fe(CN)6 solution, which results in a decrease 
in the intensity of  the band at 370 n m  and an increase 
in the absorpt ion at 507-508  nm. In a 1.5 M aqueous 
solution of  K2CO 3 without  the addi t ion  o f  K H C O  3 the 
oxidat ion o f  amer ic ium becomes  less effective, and in- 
creasing the K2CO 3 concent ra t ion  to 3 - 5 . 9  mol  L - l  
stops altogether.  

Sodium perxenate,  Na4XeO6, also oxidizes A m  III in 
aqueous K H C O  3 and ( K H C O  3 + K2CO3) solutions, but 
the oxidation proceeds in another  way. I f  for example 
solid Na4XeO 6 or its freshly prepared solution is added to 
a ( 1 - 2 ) -  10 - 4  M solution of  Am u1 up to 1.10 -4 mol L -~ 
concentrat ion,  the absorption in the range of)~ < 600 nm 
with the maximum at -360- -370  nm increases after ca. 
1 rain. However, the comparison o f  intensities o f  the 
bands at 370 nm, where Am W and Am w have almost  
equal extinction, and at 600 nm, where the ext inct ion of  
Am vI exceeds that of  Am TM threefold, shows that  Am TM 

and Am vI are accumulated in the solution. However,  
their sum is less than the decrease in the amount  of  
Am III, and, hence, Am v, which has no characterist ic 
absorption bands, is also present in solution. When  
the c o n c e n t r a t i o n  o f  Na4XeO 6 is i n c r e a s e d  to 
3 �9 10 -3 tool L -1, A m  III converts comple te ly  into Am vI. 
In a 5.9 M solution of  K2CO3, the perxenate anion 
decomposes,  but A m  III does not undergo oxidation.  

Xenon trioxide, XeO3, is pract ical ly  inert  with re- 
spec t  to Am III in aqueous  so lu t ions  o f  KHCO3,  
( K H C O  3 + K2CO3), and K2CO 3. UV i r radia t ion with a 
SVD-120A mercury  lamp or a DKsSh-500 xenon lamp 
was used for its activation. Unde r  LW ir radia t ion in a 
1.5 M aqueous solut ion of  ( K H C O  3 + K2CO3) in the 
presence o f X e O  3 (5 �9 1 0 - 5 - 2  �9 10 -3 tool L - l ) ,  A m  III is 
converted into Am TM, which is conf i rmed by changes in 
the  a b s o r p t i o n  s p e c t r u m  and  by  t i t r a t i o n  wi th  a 

Translated from Izvestiya Akademii Nauk. Seriya Khimieheskaya, No. 5, pp. 953--954, May, 1994. 

1066-5285/94/4305-0899 $12.50 �9 1995 Plenum Publishing Corporation 



900 Russian Chemical Bulletin, Vol. 43, No. 5, May, 1994 

K4Fe(CN)  6 solution: after the  t i t rat ion,  amer ic ium re- 
turns to the  init ial  th ree-va len t  state. The rate of  oxida- 
t ion increases with the  increase in XeO 3 concent ra t ion  
and depends  only slightly on the composi t ion  of  the  
solution. In  1 .5 -3  M solutions of  K2CO 3 containing 
XeO 3 the pho tochemica l  oxidat ion o f  Am H; to Am v1 
takes place.  

Thus, xenon compounds  are useful for oxidat ion of  
Am m in carbonate  solutions. A new reagent,  XeF2, 
useful for p repara t ion  of  Am rv by chemical  methods  in 
b ica rbona te - -ca rbona te  solutions has been found; the 
oxidant is decomposed  completely,  and the small amount  
of  F -  that  is in t roduced into the  solution,  has no 
significant effect on the  behavior  of  Am TM. The presence 
of  F -  ions in the  solut ion can be avoided if XeO 3 is 
used, but  the  format ion  of  Am TM in that  case proceeds 
only under  UV irradiation.  To obtain Am vI, Na4XeO 6 
may  be used, but  a large excess of  oxidant  must  be 
taken. 

The present  work was supported by the Russian 
Founda t ion  for Basic Research (Project  93--03--4510) .  

Experimental 

The quality of the reagents used, the procedures for the 
preparation of purified Am samples and carbonate solutions of 
americium, and the description of the spectrophotometrical 

investigations have been given elsewhere.5, 9 The procedure for 
the titration of Am Iv and Am Vl solutions has been described 
previously) XeF 2 and Na4XeO 6 were used without additional 
purification and were introduced into solutions in the crystal- 
line state or in the form of a solution in ice-cold water. XeO 3 
was obtained by hydrolysis of Na4XeO 6 in a 0.1 M HC104 
solution. 
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Secondary N-(2-bromo-3,3,3-trifluoropropyl)-N-alkylamines cyclize under the action of 
bases to yield aziridines. Tertiary N-(2-bromo-3,3,3-trifluoropropyl)amines react with 
S-nucleophiles to give products of bromine substitution. 

Key words: N-(2-bromo-3,3,3-trifluoropropyl)-N-alkylamines, nucleophilic substitution; 
2-trifluoromethylaziridines. 

Compounds  conta in ing the C F  3 group are of  signifi- 
cant  interest  as potent ia l ly  biological ly active substances. 

Deceased in 1993. 

However,  the methods  for the  synthesis of  these com-  
pounds  are rather l imited,  because the  nucleophi l ic  
substi tution in t r i f luoromethyla ted  alkyl hal ides is h in-  
dered. 1-3 The rate of  nucleophi l ic  subst i tut ion of  the 
halogen in a - f luor ina ted  ethyl hal ides is several orders 
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