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Abstract- I n  the absence of oxidizing o r  mducing agents the chr3nas3graphic 

and ~ o p ~ e c i p i t a t i o n  behavior of element 102 i s  s imi la r  t o  t h a t  of the  alkill.ine 

e a r t h  elements. After oxidation with c e r i c  ions, the behavior i s  t h a t  expected 

of a t r i v a l e n t  act inide.  Our conclusion is  t h a t  nobelium i s  the f i rs t  ac t in id .?  

f o r  which the +2 oxidation s t a t e  i s  the? most s t ab l e  species i n  aqueous 531iiii31. 



Resul ts  of t h e  f i r s t  a t tempts  (3) and o t h e r  m3re recent  e f f 3 r t s  (11.) t=, 

study t h e  chemistry of element 1.02 sugges.Led t h e  chemical behavior af n~be l iu rn  

t o  be t h a t  of a +3 a c t i n i d e  elenlent. On the  o t h e r  hand, new r e s u l t s  indica ted  

an  inc reas ing  tendency toward formation of t 2  s t a t e s  wi th  inc reas ing  Z by t h e  

heavy 

These 

s t a t e  

+ 2 
a c t i n i d e s  (5) and t h i s  was confirmed by t h e  discovery of t h e  Md ion (6 ,7) .  

r e s u l t s  suggested t h a t  nobeXium might e x h i b i t  a f a i r l y  s t a b l e  d i v a l e n t  

i n  a d d i t i o n  t o  t h e  expected t h v a l e n t  s t a t e .  

The recen t  d i scovery  of 2 5 5 ~ o ,  wi th  a n  'alpha h a l f - l i f e  and decay energy 

of approximately 3 minutes and 8.1 MeV (8,9,10), has made.i t  pxis2ble  t o  c a r r y  

out  t r a c e r  chemistry on element 102 (11). The s h o r t  h a l f - l i f e  and law y ie ld  of 

2 5 5 ~ o  atoms per  experiinent compelled us t o  modify and develop f a s t  chemical 

procedures s o  t h a t  t h e  t o t a l  time necessary f o r  separa t ion,  chemical s tudy and 

prepara t ion of a source s u i t a b l e  f o r  a lpha  energy a n a l y s i s  would be l e s s  than 

10 minutes. These procedures included chromatographic methods f o r  t h e  stGdy 

of sin&-atom behavior and m e - s t e p  c o p r e c i p i t a t i o n  react ions .  A s  on ly  a few 
- 

25 '~o decays were observed per experiment, it was necessary t o  repeat  each s e t  

af exgerlments 10-20 tlrnes i n  order t o  ob ta in  s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s .  

Experimental Procedures and Resul ts  

a ,  Production and I d e n t i f  i c a t i m  

Th; 2 5 5 ~ o  was produced by i r r a d i a t i n g  a 0.8 mg/cz - th ick  plutonium 

16 
t a r g e t  s'lpporte? by a 1-mil  t h i c k  Be f o i l  with 0 ions from the  Berkeley SILK. 

244 The i s o t o p i c  composition 33 the t a r g e t  i n  atom percent  was Pu - 71k.21, 

2 1 1 2 ~ ~  - 25.32, 2 4 1 ~ u  - 0.094, - 0.312, 2 3 9 ~ u  - 0.064 and.238~11 - 0.002. 
2sopu 

2 The bean: c u r r s n t  was 2-1: parnps over  a n  a r e a  of 9.2 cm . The n ~ b e l i w  a t a m  



r e c o i l i n g  from t h e  t a r g e t  were stopped i n  IIc gas ulld t rbans fc rwd  t o  u p1at;inum 

c a t c h e r  f o i l  by gas j e t  as descr ibed elsewhere ( 9912). '!he maximum y ie ld  was 

abta ined a t  a n  oxygen-ion energy of approxinmtely 97 MeV a s  expected f o r  the 

244 15 PU( 0 , 5 n ) ~ ~ ~ ~ o  reac t ion .  The average number of  m u n t a b l e  atoms a t  50;b 
* 

geometry on the  c a t c h e r  f o i l  a t  the  beginning of the  chemical opera t ions  was 

determined, from 36 measurements, t o  be 6.020.5 a c t ~ / ~ a m ~  of beam. 

The 2 5 5 ~ o  was i d e n t i f i e d  by i t s  a lpha  decay energy. The a lpha  spectrum 

i s  known t o  be coxplex and t h e r e '  is 'good i n d i c a t i o n  of more than one alpha 

group spread over  ene rg ies  of 7.7 t o  8.25 MeV. A composite decay curve of 

t h i s  energy range was const ructed  from 36 measurements and gave a h a l f  - l i f e  of 

3.620.5 minutes. Subport ions of the  rmin alpha spectrum gave ha l f  - l i v ? s  i n  

genera l  agreement wi th  t h e  corrposite v a l ~ ~ e  s o  a l l  a lphas  from y e r (  t o  8.25 MeV 

i n  energy vere  a s s u e d  t o  come from 2 5 5 ~ o .  

b. E lec t rodepos i t ion  

The f i r s t  evidence of unexpected behavior  f o r  No was f o ~ m d  dur ing  

c a t h a d i c  e l e c  t m d e p o s i  t i o n  e x p e r i m n t s  us ing  s tandard  procedures (13). I n  

t h e s e  experiments t h e  No atoms were washed from t h e  c a t c h e r  f o i l  wr th  a 

s a t u r a t e d  NH4C1 p l a t i n g  s o l u t i o n  con ta in ing  t r a c e r  q u a n t i t i e s  of t h e  radio-  

a c t i v e  e l e n r n t s  t o  be compared wi th  the  No. During p l a t i n g  the  pH i s  very 

hi2h near  the  c a t h ~ d e  and t r a c e r s  a r e  known t o  be deposi ted i n  approximately - 
inverse  proporcl3n t o  the  s o l u b i l i t y  of t h e i r  hydroxides, I n  Table 1 is 

shgwn the  p c r c e ~ l t  of t r a c e r s  and nobelium t h a t  vere  y la ted  (14) .  Also s h m n  

is  the  n u ~ 5 e r  of 2 5 5 ~ o  e l p h a  decays observzd pe r  number of  decays -.xge;trd. 

The l a t t e r  was compi~tec! Por each e x p e r i m n t  P r ~ m  the average nlmber af co~intabl-t. 



ak2.11 1.3 the f a m e r  r a t h e r  than the  l a t t e r  e l e m n t s .  

c . 'Chloride -- V o l a t i l i t y  

I n  these  experlnients the v o l a t i l i t y  of nobelium chlor ide  was cmpered 

t o  the v a l a t i l i t y  of t r a c e r  q u a x t i t i e s  of Pa, Am, Th, Pb ocd Iia by heat ing 

0 
thc plat inum c a t c h e r  f o i l  t o  - 1039 C with a. Bunsen fl-art. a l t e r  conwrsiot i  t s  

the c h l o r i d e s  by evaporat ion t o  dryness wi th  HC1. ?'he r e s u l t s  i n    able 1 

i n d i c a t e  t h a t  na'oelium does not  e x h i b i t  an unusually v o l a t i l e  ch lo r ide  as  does 

d ,  Cat ioc  Exchange Column 

o  
Our a t t e i n p t . ~  t o  e l u t e  No from 2 heatec? (83 c), &vex 50x12 i o n  exchztigs 

resir, col~unn u i  tk: amrzmium alpha-hydr~xyisobutyrate i n  the  predic ted  

p r e e i n s t e i n i u x  e l u t i o n  p o s i t i o n  (1 5 )  we E unsuccessful .  The procedure was t o  

f irst  e l u &  t h e  t r a c e r  +3 a c t i n i d e  ions  wi th  Z higher  than A-n with 8 drops of 

d i l u t e  e l u t i n g  s o l u t i o n  (0.3?4, - pH 4.0) and then t o  e l u t e  Am and se-fera l  lawer 

Z elements ( ~ b ,  Sr, Ra, Ac and ~ e )  with  8 drops of concentrated e l u t i n g  s o l u t i o n  

(1.9~) pH 4.8). The r e s u l t s  given i n  Table 2 . c l e a i l y  show t h a t  No was not 

e lu ted  bef m e  Am. 

An e l u t i o n  p o s i t i o n  f o r  No r e l a t i v e  t o  t r a c e r  q u a n t i t i e s  of Y, Sr,  3a  

3 and R& B ~ S  j b t a i n e d  f o r  a  heated (80 c) ,  0.2 cm diameter  by 2 cm long c a + n n  

using the cancentra ted  e l u t i n g  so lu t ion .  The c a ~ p o s i t e  r e s u l t  f o r  l j  e x p e r i x n 5 ~  

i s  presented i n  Fig. 1. The r e s ~ l t s  shaw t h a t  under these  c ~ n d i t i o c s  n~h?I.iu;:i 

docs n3t e x h i b i t  tine s l i g h t e s t  resc:fiblence t o  the  +3 ac t in ides ,  f ~ r  i n  slr:!',lar. 

t r a c e r  experir,!ents, Es, Cm, Am and P.c were e l ~ t z d  ir! tile Y p~sitian xhich  is 



Pb end Ce. The e lu t ion .of  No near the  SI* p ~ s i t i o n  strengthened Q u r  growing 

suspicion t h a t  No was ex1ilbiti.ng a +2 valence. 

Unsuccessful at tempts were made t o  oxidize the suspected ~ 6 ~ '  t o  i\lot3 
I .  

and e l u t e  it from the  ion exchange column i n  the predicted +3 posi t ion,  but 

when rapid oxidizing agents such a s  Ce+4 were present  i n  suf f ic ien t ly l 'd i lu te  
s o  

c m c e n t r a t i o n d a s  not  t o  e f f e c t  the  column operation, they were inmediately 

r e d ~ c e d  by the hot butyrate solution'. 

e .  Fluoride Behavior 

For the s tudy of the  c ~ p r e c i p i t a t b n  behavior of No f luor ide,  we used 

the residue adsorption technique (16,17). A drop of O.lM - H C 1  containing the  

t r a c e r s  ts which No was t o  be compared plus - 5pg each of the  various charge- 

s t a t e  c a r r i e r s  Ba, La and Z r  was used t o  dissolve the  No a t o m  f r ~ m  the 

catcher  f o i l .  Two drops of 40$ HI? were added t~ convert t o  the f l uo r ides  and 

taken t o  dryness. The p l a t e  was then washed with H 0 severa l  t i n i s  and both 
2 

residue p l a t e  and Ii 0 washes were alpha energy analyzed. The r e s u l t s  a r e  
2 

given i n  Table 2 and suggest t h a t  the  s o l u b i l i t y  of No f luor ide  is  more l i k e  

BaFZ than LaF 
3 

Assuming t h a t  the  nobelium was exhib i t ing  a +2 valence under the above 

candit ions,  at tempts were made t o  oxidize the  t o  which should form - 
a l e s s  soluble f luor ide .  The procedure was the same as described above except 

the oxidant, c e r i c  n i t r a t e ,  was subs t i tu ted  f o r  t he  Z r .  A s  seen i n  Table 2, 

a f t e r  oxidation u i  t h  Get" the  d i s t r i b u t i o n  was i n  f a m r  of the Lol. phase. 
3 

The behavior of No f luo r ide  a f t e r  oxidation appears t o  be be t t e r  

ex2laine-i 57 the f o r m t i o n  32 pIoF r a t h e r  than  i:3Fq. Under these d i l u t e  3 



N:,F~+ mj-ght be expected t o  be as s o l u b l e  as CcP and ZrE' 4 4' 

Reccnt w r k  has shown t h a t  9 0 ~  can be separa ted  from 9 0 ~ r  a t  room 

t e n p e r a t u e  b y . e l u t i o n  from a SrSO column us ing 0.5N H SO (18). I n  genera l  4 - 2 4  

i t  appears t h a t  t h e  mare s o l u b l e  s u l f a t e s  a r e  e l u t e d  before t h e  l e s s  so lub le  

ones. We used a s i m i l a r  col~unn f o r  t h e  s tudy  of the  behavior of nobelium 

s u l f a t e .  I n  each experiment the  No; t r a c e r  a c t i v i t i e s  t o  which Ko was t o  be 

compared, and - 5111; each of Z r  and La were converted t o  the  s u l f a t e  farm on 

t h e  plat inum c a t c h e r  f o i l  by evaporat ion t o  dryness wi th  1 N  H2S04. The mess - 

a f  Z r  and La added was t h e  saw a s  t h e  mass of Ce+4 m d  used i n  l a t e r  

ox ida t i an  experiments i n  o r d e r  t o  d u p l i c a t e  the  nlass e f f e c t s  on the  c o l ~ m .  

Th? Na and o t h e r  e l e m n t s  were washed from the  f o i l  wi th  6~ H SO and 
- 2 4  

t r a n s f e r r e d  t o  the  0.2 cm d i a .  x 1 cm long SrSO column and the  e l u t i o n  4 

c a r r i e d  3 u t  with 6~ H2S04. T i m  and coimter  l i n l l t a t i o n s  made t h e  e l u t i o n  
m 

i n  f r a c t i o n s  r a t h e r  than dropwise necessary.  The r e s u l t s  a r e  given i n  Table 2 

and show No t o  be more s t r o n g l y  adsarbed on the column than Es and Am. 

S i m i l a r  experiments were c a r r i e d  ou t  under ox id iz ing  c o n d i t i m s  

using ~ e + "  and t h e  r e s u l t s  given i n  Tabla 2. I n  these  expcrinnnls,  the  N'o W a s  

e l u t e d  with-ES and before Am. This apparent  change i n  s a l u b i l i t y  of nobelium 

s u l f a t e  i s  c o n s i s t e n t  with a change i n  valence s t a t e  from t 2  t o  -13. 

D i s c u s s i m  

The r e s u l t s  presented i n  t h i s  work i n d i c a t e  a very i n t e r e s t i c g  

b e h a v i ~ r  by nobelium when conpared t o  otht-?r e l e m n t s  of the a c t i n i d e  fa1:31:. 



Urlcler t he  condit ions of $our expcrinlents, nobelium exhibited thc  following 

proper t ies  r e l a t i v e  t o  the o t h e r  heavy ac t in ides  i n  t h e i r  -1-3 s t a t e :  

1 )  ' Its hydroxide o r  hydrous oxide has a high so lub i l i t y .  

2)  Its  f l uo r ide  has a high so lub i l i t y .  

3 )  Its s u l f a t e  has a low s o l u b i l i t y .  

4) Nobelium d id  not  e l u t e  from a  Dowex 50x12 ion exchange column 

with anmonium (2-hydroxisobutyrate i n  the posi t ion predicted f o r  

-1-2 
the +3 ion,  In  f ac t ,  yo was eluted near  S r  and about the same 

pos i t i on  as  ~ a + ~  under conditions where a l l  other  ac t in ides  were 

e lu ted  immediately. This behavior shows t h a t  previous claims 

t h a t  No is  e lu ted  i n  the pre-Es pos i t ion  m u s t  be i n  e r r o r  (3) .  

5 )  Though No ch lor ide  exh ib i t s  a low v o l a t i l i t y ,  probably i n  the  

range of the  +3 ac t in ides ,  we do na t  agree with the general izat ion 

made i n  R s f .  19 t h a t  t h e  chemical behavior of nobelium i s  s inl i lar  

t o  +3 ac t in ides .  

6) I n  two types of experiments, f luor ide  coprec ip i ta t ion  and su l f a t e  

column, there  were s t rong  indicat ions  t h a t  nobelium was oxidized 

t4 - by Ce t o  a forrr. where i t  behaved l i k e  a  t r i v a l e n t  heavjr ac t in ide  

( ~ e ' ~  - Ce'4 coogle .- -1.5 m l t s ) .  

W6 f e e l  that the  best  i n t e rp re t a t i on  of our r e s u l t s  i s  tha t  the  d i m l e n t  

ion i s  the  most s t a b l e  s_oecies f o r  nobeli~un i n  aqueaus solut ion ar.d thus i t  

exh ib i t s  a subs t an t i a l l y  d i f f e r e n t  chemical behavior from the o ther  ac t in ides .  

This w3uld appear t o  confirm the predict ion made by Seaborg i n  1949 (20) 3r' 

a .possible. s t ab l e  +2 s t a t e  f o r  e l e m n t  102 due t:, the  spec i a l  s t a b i l i t y  af 

14 
the jf- e l e c t r o n i c  configuration.  
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T s b l e  2. R e s u l t s  of E l u t i o n  fnm C a t i o n  ~ x c h a ~ i ~ e  Column wi th  ammonium ~ ~ - h ~ d r o x i s o b u l ~ r a . t e  (A) ,  

F l u o r i d c  C o p r e c i p i t a t i o n  w i t h  Lo and Ba C a r r i e r  (B), and E l u t i o n  from SrSO column w i t h  4 
611 - H2S04 (c). - 
Exper-iment Ox id iz ing  Percent i n  F r a c t i o n  0bservcd/33xpected . 

-F rac t ion  Condi t ions  2 5 3 ~ s  243Am 223~a  133~a 2 5 5 ~ 0  Counts o f  110 

0 . 3 .  43 6 <o. 1 - - 
no . 2t-1 

- o x i d a t i o n  0 59 <O. 1 - - 65+12 



Figure  Caption 

Pig. 1 Elu t fon  of nobelium from a heated ( 8 0 " ~ ) ~  Cowex 50x1- r, c e t i ~ n  

exchanie column wi th  1. )).MJ pH 4.8 armmiurn a-hydroryisob~i~jratc . - 
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m i s s i o n ,  n o r  a n y  p e r s o n  a c t i n g  on b e h a l f  o f  t h e  Commission: 

A.  Makes any  w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s e d  o r  
i m p l i e d ,  w i t h  r e s p e c t  t o  t h e  a c c u r a c y ,  c o m p l e t e n e s s ,  
o r  u s e f u l n e s s  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  
r e p o r t ,  o r  t h a t  t h e  u s e  o f  any i n f o r m a t i o n ,  appa -  
r a t u s ,  method,  o r  p r o c e s s  d i s c l o s e d  i n  t h i s  r e p o r t  
may n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  o r  

B. Assumes any  l i a b i l i t i e s  w i t h  r e s p e c t  t o  t h e  u s e  o f ,  
o r  f o r  damages r e s u l t i n g  from t h e  u s e  o f  any i n f o r -  
m a t i o n ,  a p p a r a t u s ,  method,  o r  p r o c e s s  d i s c l o s e d  i n  
t h i s  r e p o r t .  

A s  u s e d  i n  t h e  above ,  "pe r son  a c t i n g  on b e h a l f  o f  t h e  
Commission" i n c l u d e s  any  employee  o r  c o n t r a c t o r  of  t h e  Com- 
m i s s i o n ,  o r  employee  o f  s u c h  c o n t r a c t o r ,  t o  t h e  e x t e n t  t h a t  
s u c h  employee o r  c o n t r a c t o r  o f  t h e  Commission,  o r  employee  
o f  s u c h  c o n t r a c t o r  p r e p a r e s ,  d i s s e m i n a t e s ,  o r  p r o v i d e s  a c c e s s  
t o ,  any i n f o r m a t i o n  p u r s u a n t  t o  h i s  employment o r  c o n t r a c t  
w i t h  t h e  Commission,  o r  h i s  employment w i t h  s u c h  c o n t r a c t o r .  




