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Jaromlr Malyt and Burris B. C~Dningham 
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Lain'ence Radiation Laboratory and Department of Chemistry 
University of California, Berkeley, California 

A pl'evious communication (1) reported the observation of high pref'er-

ential extraction of Cf, Es, and Fro, as comparee. to Pu, .AJn., Cm, and Bk by 

electl'Oc.eposition onto a mercury cathode amalgarnated 'tiith somwa or into 

SoCiUl~.:. amalgam. Vie report here preliminary results concer:a.ing the extraction 

of £;10. into soo.ium amalgam from' sodiu."ll acetate solution, the possibili tyof 

a on€:- step electrolytic separation of mendeleviu."ll from einsteinium in citrate-

acetate solutions, and observations concerning the potential of the 

f, 
.r .... Irradiation 

Exnerimental Procedure .. 

Mendelevium-256 was produced by irradiation Hith 4l-MeV helium ions 

of an einsteini~~ target consisting of ~5 ~g of 253Es mounted on a 4 mg/cm2 

/
.2 

Be foil. Irradiation for 30 to 60 minutes at a beam current of 50 to 100 ;..La em 

5 256 , 
(10 to 20 [.La through the t.arget) yielded approximately 10 atoms of MQ, 

6 7 25? 
"'Thieh -,rere collected on a Be catcher foil, along with 10 to 10 ad/ill of ..!Es 

lr..l1oekecl out of the target. The catcher foil Has dissolved in 6 M ECl contain-

, 3+ 
ing "'500 Jig La . This precipitate, containing the isotop~s of 1'-1c. a...'1o. Es, 

-x· 
Tl'1is l.'(ork 'He.S performed under the auspices of the U. s. Atomic EneI~g'J Corcrr!ission. 

-'- • " v 
10.0. leave fr'om Institute of Nuclear Research, Rez near Prague, Czechoslova.:.~ia. 
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The 'tfb.shcd.precipi tate usui3:.11y 't!u.s U.lS-

solved:i.l'l i200 A of 1 to 3 M'llel to form a "stock Mel" solutio::l,. 

",The extraction experiments usually vfere carrieelout from a mixture of 

e.bc:iut 1/5 of the" stockMd' solution in' 1 M HC1,10~ IV of 7 Hsodiu.."ll acetat'2, 

TABLE 1 

,Extraction of Md and Es by Sodium PJrialga"l'! 

No; % Es Extracted % Md Extracted added 

90-100 15 i-Ll 1 1,:1 

,? 
:..... .' ",100 90-100 ,75 

The extl'actionsvrere performed in a 3-ml cone, using 250 A. of sodium amalgam, 

containing ~3.5 milliequivalent Na/ml. Tne extracted actinide elements were 

oack~ extracted. from the mercury phase vTi th 6 H HC1, neutralized by NH40H, 

and then electroplated from NH4Cl solution on a Pt disc. Details of the 

extraction procedure are described in reference (1). Einsteinium was deter-

mined. \vi th an 0:- grid chamber connected to a pulse,.height analyzer; ~4<i VlaS 

cleterrnined. by counting spontaneous fission events <iue to the fission decay 

its <iaughter by the, electron-capture process. 

C. Electrolysis Experiments 

T:'1e compositions of the solutions used in electrolysis "ie,re similar 

to those used' for amalgam extractions: 150 > .. "stock Md" in 1 M HC1, 600 A. 

of 7 1'1 sodiurii acetate, 20 A. of 8 M arr.rlionium acetate, and 100 A. of 0.5 M HCl 

in the i'irst experirnent, and 200 A. of "stock lvld" in 3 M HC1, 25 A. of so<iium 
" '! 

cj.t:cate (0.5 Iv1 in Na) , 300 A. of 7 M sodium acetate; anel 50 A. of 0·5 l\Ji rIC 1 

in the second. 



.' 

, . 

of pure mcrcLU'Y in the first Glld second c;.:pcr:iJnents, respectivr.::ly. '.che {::.node 

consisted of a platinuJYl spiral, held at the surface 01' the electrolyte. The 

Md-rich fraction from. electrolysis '.-Tas subseQuently used for reduction 

experiments. 

The electrolyses were carried out for 35 min, with periodic intcTl'uption 

at 5 min intervals for sampling the mercury phase. Current densities are 

given in 7able 2; Following any 5-min period of electrolysis, the current 

\,as stopped, a.l1d after 1 min of mixing of both phases, 5 \. of Y!lerCUl7 'Here 

\.,ri thdrmm by pipeting. Tnis sample was ',rashed three times l,olith "Tater J 

transferred to a platin~~ disc, the mercury driven off by heating, ~~d the 

residue cOQl1ted for Md and Es as in the extraction experL~ents. 

I 

2 

D. 

'The results are summarized in Table. 2. 

TlillLE 2 

Separation of Mendelevium from Einsteiniu,'1l by Electrolysis 

Current Density 
(ma cm- 2 ) 

Ratio of Spontaneous 
Fission Activity to 
Alpha Activity 

Orig. Solution In Mercury 

10 
1 1 

3150 100 

5 
1 1 

9600 305 

Ev~dence for Dipositive Md 

Ma.'CimUJIl ~l"..rich..mep.t Factor 
25 F:m -+- 250 Md ' 

Relative to Es 

31. 5 

31. 5 

Although a correlation between extraci tibili ty into sodium amalga.'"!J. 

e':''1d the fOrY;lation of a chemically stable +2 state has beEm established for 

I, . .,. 0l~·me-n':"" (0 3 4)' 
..,. J. <:: =. "-"., L) J ) a s:iJnilar correlation has not been demonstrated 

5f serieS. 

'1.118 expected analogy ,between TIn end Md led Seaborg (5) to predict 

Accordinc;ly, l,ole' sought direct evidence for a diposi tive state of 
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", , ", "'"i "I "'V' 'I l'''I' ..lU\.. l.1l..ll.~ • ..,l... • .. U l.' 

".: .of· tb.e 
".J.2+·' '" 

Md-" + e ==' Md" couple. To this end, var:Lous reducinG; 
" .~ 

a:ddedto the l' stock Md;; solution, , and BaS04 or 1US0
4 

precipitated :f':.om-:he 

1"jl-iv,"+-il:r'~";'.' ml d" ''0 t" ,. fE' 256n anQ'· 256Hd: a'ct.;o,r.;tl'es '0 t .L.' . • ~,'vc_ ~ 'll1e ls"(,r~ u:"~ono~ 's', .rm, JJi .J..V.J.. e \-ieen IJ.ce, 

pl"ecipitate and supernatant solution was then determined. 

Solutions of cl+, V2+, and Ti 3+ were prepared by reduction "rith 

alnalga,nated zinc'. In a typical eXperL'1lent, the. reducing solution 1iias obtained 

by adding a 0.1 M solution in 2 M HCl of the ion, later used for reduction, to 

~o. 5 gm of amalgamated zinc (20 mesh), contained in a l-ml cone. The solu-

tion \\ras heated and repeatedly mixed by pipeting for 5 min. One .'111 of this 

freshly prepared reducing solution was, added to a 2-ml cone containing 50 >.. 

'of "stock Md", ",,6 mg Eu3+, and 300 !J.g of Ba2+ in 100>.. of 0.5 Iv1 HC1. After 

1 to 2 min of reduction, BaS04 was precipitated by the addition of 25 !J.l of 

After centrifuging, ,the precipitate was washed with \-rater, tra.r..s-

ferred to a platinum counting plate, dried, and counted. A sample of,the 

stocl~ solution ,Tas counted at the same time • 

. ,In ,reductions with YbC12, EuC1
2

, and a..1Jlalgamated Zh, only 400>" of 

. 'solution ",IaS used, which was 0.1 M in Eu, and pure E:uS04 was precipitated in 

place of,BaS04. 

Yne results' of these exper~nentsare summarized in Table 3. 

Reducing Ion Precipitate 

?.J. Yl ~, EuS0
4 

_0 

':1+ 
Zn + Eu..) EuS0

4 (Jones' Reductor) 
2"" E' . EuS04 

,U 

C:c 
2+ 

BaS04 2+ 
\i BaS 04 

?, 
'T'~.J1"' Be.80, _.l. 

L!-

TABLE 3 

Result,S of Reduc·tion of Md 

Reduction 
, Potential 

(volts) , 

Corresponding Reaction 

. -1.15 Yb3+ + e -'> Yb2+ 

-0.763 Zn 
2+ +' 2e -) Zn 

-0.43 Eu3+ + e _) Eu2+ 

,. 0.41 Cr3+ + e -'> Cr2+, 

-0.255 V3+ + e _) V2+ 

-0.1 rn' 02+ .l.l + 2H+ + e -) 

T:i.3+ + H ° 2 

Observed 
Enrichment 

Factor 
256 ,/256 

MQ_ Fro 

A:lIO 

~10 

~10 

~10 

rulO 

''''2- 3 

~ .... 

, ;. 
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'The results presented in To.ble 1 indicated that Md is extracted "'Jy 

soditun ~unD.lgam somevrhat more readily than i,s einsteinium, and on CC"'~)0,rison 

HUh results presented previously (1)) it appears that Mel is extracted mc:~e 

"1 t" l'f' -1-' t loAd2+ 2+ l'eaQ1 y "rl2...11 ca 1" orn1um. This suggests vDa.1 is more stable th8.n Cf 

?+ 
or Es- The data presented in Table 2 demonstrate a very substantial separa-

tion of tId from Es ,by electrolysis. In both cases) the maxllnu.rn ratio of 

J P" ." t f 256. t ' , t f 256 '" sponca.::180US :t.1SS1on aCC1V1 yo Fm -co ex ac 1V1 y 0 Es I'ras reacnea af-cer 

passage of "'9 coulombs of electric charge. The enrichment of the mercury 

phase 
?~6 
-) M' llQ 

\vith 256Fm by factor ~30 is due 

256 ' 
and liJn on the cathode} ,'Vlhile 

to preferential electrodeposition of 

Es remains mostly in solution. 1nis 

result is similar to the well-lmown electrolytic separation of Eu a.'"ld 8m from 

other rare earths on a lithium- amalgamated cathode (6). The observed large 

separation of Es from Md by electrolysis suggests that a substantial c.ifference 

exists in the potentials of their 3+-2+ couples. To prove this differencej 

the reduction experiments summarized in Table 3 were carried out. These c.ata 

indicate that Md3+ can be reduced to Md2+ and then precipitated with EuS04 
or 5o.S04' usually with an enrich.ment factor ~lO, in comparison to Es, ,\1i th 

a..l1Y of the following reducing agents: YbC1
2

, Zn (J'ones I Reductor in the 

~ Eu3+) n 2+ C 2+ V2+ 2 M' HCl_, 1-1-' pl"eSenCe oJ. .6,.c;u , r , or 1n so Uvlon. 

It follo'VTS that t,he reduction potential for the Es3+. - Es2+ couple 

, 3+ ' 2~ 
must be more negative than for the Md - Md couple by about ~l volt or 

"+ more. Details of the cOQDting data obtained in an experL~ent using V- as a 

reducing agent are given in Fig. 1. 

The 
, 2+ 

growth of SF activity in the'BaS04 fraction from V reduction 

is clearly evident and i?dicates enrich.rnent of Md 'by a factor of 10 to 15. 

The deYiation of the spontaneous-fission decay curve in the precipitate f::.'om 

-:~+ . 
the Ti':'; solution in comparison to the decay curve of the input solu'cion is 

3.1s0 evident 6.nd shovls an enrichment of Md· by a factor of only 2 to 3. From 

th'i's h.st eZ:t!eriment it would appear that the standard reduction potential 
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b.r tll~~ }.id.:\'!· + c .. ". couplcis aLout -0.1 volt. 

;'~ - ., .. , 

J 
100 J 

c c 
E E 

0 0 
to 

...... ...... 
u.. u.. 
(f) (f) 

'.f) Ii) 
.;- ..-

,C 
::J !O 
0 

C 
::J 
0 

(.) (.) 

", "( 

I 
o 2 4 6 8 10 12 14 16 18 

Ho u r 5 
... ;, ....... "," "f" ••••• ~.: •• ..: •••• ..,.---7: .. -' ... _-_._ ..• _.,_ ..... ..~ _ .... _r _._ ... _ ....... .,. ...... 0,. ___ ._-•• _--., , _____ , __ ," __ --...... ,-•••.. -.----., ••••. :-.•.. -. 

Fig. 1 

"+ ' 2+ 
Sponta.'1eous-fission decay of BaS0

4 
fractions after reduction ,.,rith Ti.) al'ld V . 

, 'i~ and Ib-d.~caycurves of "stock Md" sol~tions (left scale, SF/30 , ) used to 

Teciu(;ti~n '.rith Ti3+ (la, 22% of input) 8Jld v3+ (2a; '34,% of input). 

28. 2,no. 20 - rlr::cay cur~es of BaS04 fraction after reduction (right scale, SF/10' ) 

"vrithTi3+ (It) end V2+(2b). The arrows Ib and 2b shovr the separation time 

; (p:cecipittJ,tion of B~S04) in the case of V
2+ or Ti3+ reduction. 

".' . 
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CO~1clusjon 

'1';lC results suggest that ,the . +2 state of rr.endeleviw:l .lS more :.;Jcablc 

thaJ.'1 the c.ipositive state of ytterbiwll, and even of europiwn. l'he sub:';~~Q'::1-

tic ... lly gr8ater , ' , ease of rec.uction of Nd as compared "Co Es affo:cas a basis for 

a rapic. anc. efficient separation of the elements as snovm by the YCQuction 
')' 

expcLu:lent. The lVld)"1"' C8..l1 be separately reduced, for insta.."lce by zinc ir.. 

Jones' HeCLuctor, 
?+ 

to Md'"' , while Es and Fm reJllain in the 3+ state. 
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