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1. OBSERVATION OFA.t"'JOMALIC At'v1ALGAl1ATION OF CALIFORNIUM, 

EINSTEINIuif, At"ID FERMI1..n1* 

Jarom{r Malyt 

Lawrence Radiation Laboratory 
University of California 
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The extraction of rare earths, which have somewhat stable 2+ valence 

(like Eu, 8m, Yb), in alkali metals amalgams is well known (1,2,3,4,5,6). 

Related methods which transfer these rare earth elements into the amalgams 

by the electrolysis of water solutions containing alkali metals, acetates 

and citrates, is also well described in a number of papers (1,7,8,9,10,11). 

Some of these papers demonstrate methods for the purification of Yb 

or Sm and Eu from neighbor elements, by means of sodiQ~ amalgam extraction. 

Europiwn, Sm, and Yb may preferentially replace Na in amalgams, often with 

a yield of more than- 5afo in one extraction when the other rare earths, which 

have not double valences, are extracted (1,2,3,4,6,13,14) or electrolyzed 

(8,9,10,15,16) with $ lOX less amount. 

With the exception of actini Q~ (17,18) the literature does not 

describe the application of these separation methods to the group of actin~ 

ides. Some experiments were performed, which demonstrate the possibility of 

using the sodiQ~ amalgam method of separation of some transuraniQ~ elements 

* This ... ,ork was performed under the ausp'ices of the U. S. Atomic Energy CO::'..:"r.issi'x:, 

t v 
On leave from Institute of Nuclear Research, Rei: near Prague, Czechoslovakia 
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from the others. The initial experiments used conditions applied to lanthan-

ides separations (4,15,16) and may not be the optimal for the transUrani~~ 

elements separation. Described below are some 'typical expe:ri'!lents, which 

show the possibility of high preferential extraction of Cf,E and Fro in, 

sodiu.~ amalgam, or the possibility of electrolytic separation of, Cf, E and 

Fm on a mercury cathode in comparison with Pu, Am, Cm, and Bk which remains 

mostly in the original solution. 

Experimental 

The extraction experiments. The "a mixture~', a solution containing approxi-

, 239 241 244 252 252 ' 
mately equal a activities of . Pu, A~, Cm, Cf, and eventually Es .. 

was prepared in 0.5 MHCl at a level of about 1000 a dpm/20A total activity 

(excluding 252
E) whose a-activity was' only 10-? of total a-activity). The 

24%k solution and l69Yb solution were prepared similarly, 249Bk in 0.5 NHC1, 

the l69Yb from natural ytterbiulll' irradiated in the reactor and dissolved in 

a solution containing 1M ~4Ci, 0.5 l-1 HCl ,and "'17 ~g Yb20
3 

in 5A..· Both solu

tions contained ~5,OOO dpm ~~/min per 5A. and were measured in a windowless 

252 149 151' 
counter. The Fm, Tb, and . Dy were prepared in the HILAC by irradia-

248 12 12' 16 
tion of Gm with C, Sm with C, and Ce with 0, respectively. The recoil' 

of Fm,Tb, or Dy ~toms' were caught', on a Pt di~9_ fr_om w~ich -they were washed 

with 40A. of "a mixture". The sodium amalgam contained 3.5-4.0 mill1equiva-

" lents Na/ml was prepared by dissolving small pieces of fresly cut sodiu.~ 

, metal in the mercury. For every extraction experiment 20A. to·40A. of "ex 

" - . h 169Yb 247B mixture were mixed in 3 ml cone w~.+.r. ,A. of e~ t er or k solution, 

5f.. of 8:·1 am!:loni~~ acetate, l50A. of :r'! sodiu.>n acetate and 3A. of LaC1
3 
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solution, containing 300~gm La20_. To this mixture ~ere added by short 
" :; 

spitzer every 1 min - 50~ of sodium a~algam from a second 3 ml cone; al-

together 250~ of amalgam "Were added in 3-4 portions •. The amalgam and tracer-

containing sodiQ~ acetate solution "Were mixed intensively by sucking in and 

out of the spitzer' (40.,50 times during 4 minutes). Foaming and hydrogen 

evolution occur on introduction of the first portion of amalgam, but by the 

fourth thef~amlng usually stop~ and a prec1p1tate ~f, La(OH)3 appears in the 

solution. After 4 min of extraction the merc~ry "las separated from the 

original solution and "Washed t"Wice v/ith 300~ of 6t~ NH 'OH~ The extracted 
• I 4' 

elements "/ere back-extracted from the mercury into 400~'S of 6 M HCL. 

After the solution "Was neutralized to pH4 (methylred indicator) the activi-

ties "Were plated out on a Pt disc. A:fter "Washing and flaming, the Pt disc 

"Was analyzed for ~-activities in a "Windo"Wless counter and for a-activities in 

an a-grid chamber in connection "With a 200 channel analyzer, "Wr~ch identified 

, th t f l49Tb l5L 239p 241.... 244r-.., 252
Cf 255E d 252

Fm e amoun so, l.!Y, u, ,n.!'ll" vUl, " , an .. 

The original amounts before extraction of the various elements "Were deter-
" 

mined in a similar "Way using 1/10 of the original sodiQ~ acetate-tracer 

solution. In the case of short-lived isotopes (149Tband l51Dy), these iso-

"" topes "Were ider .. tified by a-energy. and half-life measurements and usually 

the sample from extraction "W'as measured along "With the original solution 

simultaneously on t"Wo grid a-chambers connected ,dth t~o 200 channel pulse 

'analysers. 

The La(OH)3 "Which precipitated at the end of extraction and con

tained mest' of the nonextracted actinides and rare ea..rths , "W,as usually 

.... f 
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.";. :::,:.,analyzed similarly' for its content' of nonextracted isotopes, to obtain the 
"~'. ;. ~.~ 

.... , 

, i 

'total balance of radioactivity~ .. ' 

The electrolytic experiments. For electrolysis, the same mixture was used 

, as in the sodiu.~ amalgam, extraction, or else the 5", at: 8M' ~!Il!noniu.'1l acetate' . 
. 1, 

in this mixture was replaced by 5", ' of tertiary sodill.'ll citrate \Ihich was 

. + 
0.5M in Na as it' is mentioned in the last colu.rnn of Table II. ,This 

mixture was diluted before electrolysis with 200", of H20 and 200~ of 71·1 , ' 

sodi u.'1l acetate to 600", of electrolyte.. A glass tube with a cros s section " 

2 
-1 cm 1 with Pt ,contact at the bottom, covered \Ii th 600", of pure polaro-

't .. 

graphic mercury \-Ias used for electrolysis; Above the mercury was 600", , of 

electrolyte and a Pt anode with a single spiral of -3 n'1l diam, dipping -2 ~~ 

in the electrolyte:. All electrolyses were performed on air. The electro-

lyzer was gently shaken during electrolysis to help mix'the electrolyte',. 

During electrolysis the electrolyzer was ia'1lersed in a.beaker containing 

.. ,' . 

, ; 

water at 15°C. The electrolysis was carried out for 30 min at a potential of' 

5 V and a current of 20-25 ~A dc. At .the enc;l ,of electrolys:i.s the s:teady 

, bubbling of hydrogen' frorn' the cathode indicated the presence of sodiu.rn 

.... : ". ' 

...... \ 
,', .. '. ' 

amalgam in the mercury. After electrolysis the mercury was separated from 

the supernatant solution and treated exactly the same way as the mercury 

after sodill.'ll extraction (i ,e" washed 2X with HN40H, decomposed with Hel, 

neutralyzed,and elec;:troplated)~. 

, ' 

. : .' 

, . 

.:--. 

. ' 
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Results and Discussion 

Table I presents a SU!ll.'Tlary of the sodiwn amalgam extraction exJ;ier i

ments.,'Conditions were identical exc~pt for the addition of various amounts 

of HCl to the solutions just prior to adding the amalgam, as noted in the 

last colunm of Table I. The initial pH was 6.0-7.0, without any addition 

of HC1; ~ith the addition of the 75't., of ~lf'Clthe pH dropped only to 5.0-

6.0. Larger amounts of hydrogen were evolved from the more acid solutions. ' 

In all cases the final pH was >10-11 and a clearly visible precipitate of ' 

La(OH)3 appeared. 

The data of Table I clearly show that Cf,' E, and Fm are extracted 

with sodium amalgam very similarly to Yb (and the other lanthanides which 

exhi bi t 2+ valency). The actinide homo logs of Sm and Eu - Pu and Am - are 

extracted poorly «,10%), relative to Yb and Cf, but comparably to the light 

lanthanides, like La, Ce, Pr, and Nd (14). 

BerkeliQ~ is the least extracted of the actinides tested. In this 

'. respect it resembles terbiQ~, which shows very low extraction. However, 

dysprosiQ~, the lanthanide analog of Cf shows ,very low extraction in the 

same experiment in which Cf shows high extraction, ~1000 times better than 

Dy" and close to Sm or Eu in the lanthanide family~ Comments in the litera

ture (14) about nonextractibility of all heavier lanthanides, starting from 

gadoliniQ~ (with exclusion of Yb) and the Onsott's work (10) concerning the 

very slow electrodepositlon -long after Yb and Tb-of Dy, Ho and Er (in the 

,.' same sequence), Ind~ca tes that Ho and Er should be les s extractable than Dy. 

,However, the actinide analoges of Ho andEr, the elements E and,Fm, are 
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extracted even 'better', than.~Yb as shown in 'rable I. . The results··of 'four 
, ..... .'. . - , I· 
~lectrolytic experim~nts ax'e' ~ho~n. in Table II below. Exper iments ·1 and 2 . ' . , ~ . 

. . " . 
were performed w,ith the addit,ion ~~ 5}.. of O.5N tertiary sodium. citrate; .... " .', .•. , 

.:' ...... , 

" . 3. a.nd· 4. were' done with the addition of 50", of 3MH~1 to the original ~~x- . 
. :', . , ' 

. . ~.:'';:' 
. !: : 

ture. ~(OH)3 precipitation was not obs~rved in experiments 3 or 4 • . .' ,: 
. I" 

...... 
The results in Table II are very close to those in Table I. . " 

.: .... 
":~;' . The 

The 

yields relative t.o californiu.'ll are o'bserved to be the same to within less' 
.-" . . , .' ~. . , . 

than a factor of·two, ·when compared with' the more acid extraction experi-

ments.· The main result - .the preferential extraction of Cf, E, and Fm '",: .' 

with -10 times enrichment, relatively to Pu, A.'ll, an~ and Bk, in one extrac:" '. 

tion step, was observed in all experiments. ', ... ' 

Conclusion 

The results in Table I and II show that Cf, E, and Fm 'could be 

extracted or separated by electrolysis about 10-30 times more efficiently' 

than lighter actinides. 

Both kinds' of experiments presented above are very similar to the, 

known results with prefe~ential extraction in sodium amalgam· (2,3,4,5) or'· 

. " 

, '. . '. prefe!ential electrolytic separation on mercury cathode of double valent 

rare earths, Sm, Eu, and Yb (15,16) •. 

Several authors (15, 16) explain thi's preference in electrolysis 

bya mechanism in which they suppose that probably first the Yb, 'Eu, and Sm 
.' . 
.... . ~, 

,':".' ( are reduced in 2 .. state, before the preferential .electrolysis occurs. 

~ ,:-:' 
.*" . , 

. ..1'· .:' \ 

. . ~ ," '; . 
.' '.. ~ .' :.' 

". ,', 

, •• .; :',,' 'J, ":~:'.',' 
,,' ' .. '.'. r:. 

It seems logical to expect therefore that in the family of actinides Fm,E, 
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, 
or Cf may form a +2 valence. 'It 'Will be most interesting to extend the above 

I . 
. . I . . 

presented extraction and electrolysis experiments to,Mv and No, or to the 

lo'Wer actinides, to know more ~bout the amalgamation, eventually about the,' . 

tendency to 2+ state in 'Whole actinide family. The experiments in this 

direction are now in progress. 
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TABLE I' ' . 
.: ' 

"-

Element . 149, 151Dy 
Tb 

OP . Extracted . ., 
and ratio to:' ....:.,. ' 

, : 

.. 

Cf· extracted' " , 
, in Exp.No. 

1. % 
Ratio to Cf' 

2'. % 
Ratio to'Cf 

3· "70' 
Ratio to Cf' 

4 •. 10 
Ratio todf. 

5. 0;.,' 

Ratio to Cf 

6. 10' 
Ratio to Cf' 

7. 10·, 
Ratio to Cf 

8. 10 

Ratio to Cf' 

9· tfo 
HaUo . to Cf' 

." ........ 
. :",~, .~ . .-.~~ ... 

.... :, .. 

0.15 
0.0022 

.0.14 . 

0.0028 

~ 

• 

0.06 

0.0006 

0.06 

0.0006 

" ~ .' 
: ~~ 

Sodium Amalgam Extraction 
of Lanthanide and Actinide Eleme!1ts' 

169Yb 239p~ 241A'il 24.4 em 249Bk 252
Cf 

.-,., 

.. .. :... ! •.• 
.:>:~. '.' .: 

':':." 

29 4.9. 3.3 1.5 40 

0.725 0.125 0.082.0.037 1.000 
.33 2.3 ." 2.1 1.'8" -c,,:,: ."1' ,'~"'45 

0.732 0.051 0.047 0.040.·" 1.00 

62 

, . 
2.7 ,.2.3, 2.2 0.5' 39-

0.047 

~.6 

0.11 

6.7 

0.112 

5.1 

0.040 

3;3 . 
0.039 

3·3 

0.065 0.065 
5.4 . . ::it .• l 

0.013 1.00 

0.9 ' 51 

0.018 

1.4 

1.00 

60 

0.068 0.023 1.00· 
. , 

2.6" . 68 

0.912 0.075 

53 . '2 • .7 

0.090 

3·0 

0.044 

1.5 

0.030 

7.9 

0.038 
2.3 . , 

0;04E; 

5.7 

0.060 

·1.00 

50 
1.06 

50 
0.526 

53 
0.530 

0.054 

19·9 
0.179 0.083 

16.3 7.7, 

0.163 0.077 

,'. 

5·3 

0.053 

1.00 

95 
1.000 . 

",100 ... 

1.000 

. ' 

'~" . - . '. 
.:"". 

25~E 

...... 

050 

0.98 '. 
61 

0.98 

. " 

252Fm 

90 

2.00 

')7 
1.46' 

. '. : ... ~ ~ , 

.( 

HCl added 

.-~ 

V?'.' 
.. I';; I 

'. ?/ . . .. -' .. ~ 
of 

,I' 

eo 
I 

50", of 3M HC:)._ 

50", of 3M HC1 

75'" of 2M HC1 

75", of 2t-1 HC1 

c::: 
75'" of 3MHC1' R. 

t'i 
I 

J-J 
--J 

75>-- of 3M HCl 'r6 
+=-" 
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Element. 
Yield of . 
electro
lysed 

.. elements 
in Exp. 

·No. 

, ,1. % 
Ratio 
to Cf 

'2. % 
Ratio 
to Cf 

,3'. % 
' .. Ratio 

to Cf 

,.,,4. % 
Ratio 

"." to Cf 

',,," 

:"',,: ' 

" '; 
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, TABLE II 
. 

Electrolysis of Lanthanide and Actinide Elements 

27 4.7 2.2 ' , 

0.55 0.096, 0.045 

·3.6 

0.095 

- 5.1· 

0.072 

-.. 5.3 

, .. 
:," 

.,,', '. ", 

" ,\ '.' 'I," ',,'-:' 

'." ,-'<", 

" . 
, :'. 

...... '. ,'. ,' ... ' 

'.- fl. 
.,:,'. 

' 1~8 

0.097 
:- .. ' 

e 3.2 

0~045 

2.8 ... ".i 

./. 

. ," , 

.' ," 
, ..... 

; ~, ' 

2.1 . " 

0.043 

4.8 0.3 

0~126 0.008 

, 5.2 1.6 

0.073 

4.8 0.6 

0.087 0.011' 

Added in 
' .. electro- . : ' 

lyser. 

49 ',' 80 5"- 0.5N 

1.00 1.63 NaJcitrate 

38 '67 5p-. 0.5N 
.\'" '.' 

1.00 1.76 Nabitrate 

71 75 5p-. 3tlIHC1 

55 60 . 5p-.' 3MHCl 

1.00 1.091 . 

'. ','.'. 

'. " ',-' ..... ' 

.. ( 

. ' .. ' .', 

, :': . ,'I." "_",' 

',\,"" :. t'.' -.. ', 
..'\ . 

' . 
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Element 
Yield of 
. extracted 
elements 

mean value 
from 
extraction 

.... . 
'.~. ' . 

":' .. 

Comparison 

Tb 

0.0025 

....... 
• ,';C, • 

." , '."'. 

":. 
','.' I .• ' 

i,: 
",' .' 

':' . 

I .. ' 

.::.. I 

.'. . UCRL':'17524 ,··r 
'.!'. 

':' ...... , " ., .. 

'.' t" 

',' 
...... : .. 

.. " 
.. ',1'" ". TAB" LE·!!!·', ';.":,' ......... ,:'.' "'-, ... ~~: . .' ... 

'of SOdIUm .A:.YJl.aigam Extraction and Electrolysis of 
Lanthanide and Actinide Elements 

Dy Yb Pu Am em Bk. ef 

~'. 

. ,. .. 
' . 

,0.0006 0'.748, 0.102 0.062 b.050 0.018 1.000 

E 

'" . 

0.98 

'" 

Fm 

f' 

1~73 

"mean value 
from 
electrolysis 

o .082 O. Oll~ 1. 000 L 072 1. 695' 

.) 

:.' 

, , 
'. ; 

\., 

"' 

.... 

'. -' . 

" .,1' ." 

). 

" 

( . 

'J 

i .. ~ ' .. 

; . 

... 

. I. 

, . 

':. . 
' ... ,- .' .-

• ,:: j .... , -. ,; .' 
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