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THE AMATGAMATTON BEMAVIOR OF HEAVY ELEMENTS.
2. DIPOSITIVE STATE OF MENDELEVIUM™
Jaromir ualfr and RBurris B. Cﬁnningham

Lawrence Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California

A previous commnication (1) reported the observation of high prefer-
ential extraction of Cf, Es, and Fm, as ccmpared to Pu, Am, Cm, and Bk by

~electrcdeposition onto a mercury cathode amalgamated with sodium -or into

~e

sodium emalgam. - We report here preliminary results conceraing the extraction

O
Hy

Md into sodium amalgam from sodium acetate solution, the possibility .of
a one-step electrolytic separation of mendelevium from einsteinium in citrate-

~.acetate solutions, and observations concerning the potential of the

S
3+

-

+
Md® + e = Mdz couple.

Experimental Procedure

A, Irrediation

‘ Mendelevium-256 was produced by irradiation with 41-MeV helium ions

2534

-of an einsteinium target consisting of ~5 ug of Es mounted on a & mg/cm

s . . s . o - 2
‘ .~ Be foil. Irradiation for 30 to 60 minutes at a beam current of 50 to 100 ua/cm

- _ : 256, .
. (10 to 20 ua through the target) yielded approximately 105 atoms of g Md,

N

. ) 252
“ ymmich were collected on a Be catcher foil, along with 106 to lO7 ad/m of 25JES

¥nocked cut of the target. The catcher foil was dissolved in & M HCLl contain-

3+

ing ~500 ug La” . This precipitate, containing the isotopes of Md end Es,

e
ise

Tniz work wes performed under the auspices of the U. S. Atomic Energy Commissicn.

T . . : N . s
n leave from Institute of Nuclear Research, Rez near Prague, Czechoslovakia.
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Lo DL - 14
Cwas wasihoed V;uh -0 N hOn and waLc;.' Tnp washad. or ClbltaLL us uwl]j Wi Gils- .

»"

solved in LOO A oft l LO 3 M NC’ to form a otock M solution,;-

t Extv ct¢on_hxperiments_ s

The extractlor'cxpevlments usually were carried”out-from a mixture of -
abOut /) of the stoch Na solutlon in"1 M HCL, lOO x of .M sodium acetate,

5 N of 8 M':mmonlum acctate and selcheq amounts of Cl shovn in Taltle 1.
b )

TABLE 1

.Extra¢tibn Qf_Md'and Es by Sodium Amalgam

,*"D No: . % BEs Extracted % Md Extracted  ~ HCL added

~100 o 90-100 75 el LM

[RV]

’Thé extractions were pe*;ormed in a 3- ml cone, using 250 A of sodiunm amal*am,v

fcop aining '~3.51milliéquivalent Na/ml. The extracted actinide elements were -

»

ﬁ;?cted from the mercury phase with 6 M ECl, neutralized by NE, ;, OH,
end the lectroplated from NHhCl solution on a Pt disc. Detalls of the
extraction procedure are described in reference (l).. Einsteinium was deter-
'minéd with an'a-érid chamber connected to a pulseeheight.analyzer; Md waé
'qegérmined by counting spontaneous_fission'events due td the fission decay

Al . BN R
4’0Fm;‘its daughter by the electron-capture process.

.of .

'

-, C. Electrolysis Experiments

‘The compositions of the solutions used in electrolysis were similar

ct
o
s

.ﬁose used'fof émalgam extraétions: 150 % "stock Md" in 1 M HCL, 600 A~ o

of 7 M sodiuwn acetate, 20 A of 8 M ammonium acetate, and 100 A of 0.5 M HC1

in the first experiment, and 200 A of "stock MA" in 3 M HCl, 25 A of sodium
ciﬁrate (O,5 M in Na), jOO N of 7T M sodium acetate and 50 A of 0.5 ¥ HCL

in ‘the szecond. - = ’ o



given in Teble 2. Following any 5-min period of electrolysis,
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Phe cloclrolyses were perfoimed in thHe open air using )OO Aoanc 300 A

o

of pure mercury iﬁ the first and seccond cAoeerenté, respectively. ine cnode
cousisted of a platinum spiral, held_at the surface of the ele ctrolyte. The
Md-rich £ tloﬁ Trom eleCuroly51s was suoscouently used fo* ‘recduction
experiments.

The electrolyses were carrled out for 35 min, with periocdic interruption
aﬁ-5‘miﬁ intervals for sampling the mercury phrase. Current densitles ars
tae current
was étopped, and after 1 min of mixing of both ﬁhaseé, 5 X of mercury vere
withdrawm by pipeting. This sample was washed three times with water,

1

a platinum disc, the mercury driven off by heating, and the

('.)

" résidue counted for Md and Es as in the extraction experiments.

The results are_summarized in Table 2.

 TABLE 2

Separation of Mendelevium from Einsteinium by Electrolysis

) L4

Exp. No. Current Density Ratio of Spontaneous  Maximun Frvlc‘ggp Factor
' (me cm™¢) Fission Activity to Fm o+ “7°Md
Alpha Activity. : Relative toc Es

Orig. Solution In Mercury

1 1 .
1 - —_— 2
Bl 10 . 3150 50" 31.5
- - 1 1 ' o
z 5 -—7——-9000 305 31.5

- D. Evidence for Dipositive Md

“Although a correlation between extracitibility into sodium amalgam

end the formation of a chemically stable +2 stafe has been established for

Cthe 4 elements (2,3,4), a similar correlation has not been demonstrated

The expected analogy between Tm end Md led Seaborg (5) to predict

vely stable M+

ot
.f
[
=
)
l.
s3]
ct
}J

state in 1949.

Accordingly, we sought direct evidence for a dipositive state of
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Cmendedov i, and hqvegattcmptqd,to.Qutubliuh-rough limita_for the poteatinl

. Cypal ' ,
coer 0f the Nu’ ‘f»ev;gMd_',couplc,‘ To uhlg end, varLouo rcuu01ng aEents viere

the stoch Md" solutlon, and BaSOL or. T‘uSOLr pvec101t ted from the
»‘ 2 et m s : . S p .2567\ ) zc/'\ ' "
© o mixture. gine‘dlscrlbuﬁ;on;of Es,. Im, and. “ma act1v1tles between the
~". precipitate and supernatant solution was’then determined{ : o o _

Solutions of Cr , V  , and Ti® were prevared by VedUCu on with

'*W?a'amélgamgted'zincL In a typical éxperiment, the;reducing solution wasvgbtainéd:
:..by add" a 0.1 Mvsolution in ZIM_HCl of the ion, létef uséd.fér reduction,ft5z
12;&0,5 om of amalgamated éinc'(zo mesh)‘ éoﬁtéiﬁed'in a l—ml cone. The solu-

, : . o

:fffioh was heated and reneatedly mixed by plnetlpg for 5 mln.' One ml of this:

s f eshly prenared redu01ng solu lon was. added to a Z-ml cone containing 5C A

_".’Of ’s+oc‘< Ma", 56, mg Eu3 , and 300 ug of Bat¥ in 1d0 A of '0.5 M HCl. . After
1 to 2 min ofrr_gdurct_.ion,‘ BaSO, was precipitated by ‘the addi.tion of 25 ul of
'  ,%Q?'F.SOAQ-:Afﬁeruéeﬁﬁrifuging,fthe precipitate was washed wiﬁh water,:tra;sQ
.feffed'to_a ﬁlatinam counting.plate, dried, and counted. A sample Ofrthe.
'féstock cblu ion was counted at thé same time. o
.In_rédu;:tmns wit@YbClz, EuCl,, and a'malgal.nav’t-:edv Zn, oniy 400 A of
-}éolution-was.uséd, whiéh was 0.1 M in Eq, and puré EPSOg wés‘ﬁreciﬁitated in 
‘place'gthaSOA.

. The results of these experiments are summarized in Table 3.

TABLE 3

Results of Reduction of Md

VRed4c1ng Ion  Precipitate Reduction Corresponding Reaction Observed
“Potential v S Enrichment
(volts) - o Factor :
| | | | Ma/%Pmm
2+ - } S S '
Coow®T T maso 0 -5 3 +e 5 wET ~10
24 o . - o . ,
L Zn o+ Bud SO, | -0.763 70°" + 2e = Zn . w10+
. (Jones' Reductor) A
L2+ : ' o +
EuT BuSO, -0.43 ST e mmET ~10
: szf.. ‘BaS0, C-0.41 et 4 e - Cret. ~10
O , ‘ :
e  Baso, -0.255 vt e e 5 vEY ~10
rzf:;j* S BaSO, S -0.1 fri02+ + 2H 4 e = w23
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‘The results presented in Table 1 indicated that Md is exiracted by

Ssodium amaigam somewhal more readily than is c1a"tclnLam, and on comperison
with results pre »cn ed previously (1), it appears tnat Md is exuruct d more

S Ry . I~ PR M. S . ) ey 2 . " . PR 1 . 1'-2"'
readily than californium. This suggests that Md is more stable then Cf

2+

or Es . The data presentea in Table 2 demonstrate a very substantisl cepara-~
tion of Md from Es by electrolysis. In both cases, the meximum ratic of

o P prosa o 256, o 256 ' o
‘spontaneous fission activity of 7 "Fm to ¢ activity of Es was rezched after

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

256
phase with 2

256 ‘ - 256

o

Fm by factor =30 is due to preferential electrodeposition of
Fm on the cathode, while Es remains mostly in solution. This

~1L¢la* to the well-known electrolytic separation of Eu andé Sm from

iy
[6]
<
o
|
o
I,.J
1%
w

(o]
fa
.
Ty
15}
Lo}
[
©
U}
[©]
(' P

arths on a lithium-amalgamated cathode (6). The observed large
seperation of Es from Md by electrolysis suggests that a substantial difference
- exists in the potentials of their 3+-2+ couples. To prove this difference;
the reduction experiments summarized in Table 3 were carried out. These data
R ‘ L2+ N ‘ . e
indicate that Md® can be reduced to Md~ and then precipitated with EuSOLL
.or BaS”L, usually with an enrichment factor »10, in comparison to Es, with
any of the following reducing egents: YbClz, Zn (Jones' Reductor in the
2+ 2+ 2+ e
presence of Eu ), Eu , Cr” ', or V7 2 M in HCl solution.
' ; ) . 3+ 2+ :
It follows that the reduction potential for the Es” '~ Es couple
: . : . 3+ o N o
must be more negative than for the Md” - Md™ couple by about 1 volt or
A .~ o . . 2+
more. ~Detvails of the counting data obtained in an experiment using V. &as a
reducing egent are given in Fig. 1.
| . el - - . 2 .
The growth of SF activity in the BaSOa fraction from V' reduction
is clearly evident and indicates enrichment of Md by a factor of 10 to 15.
The deviation of the spontaneous-fission decay curve in the precipitate from
the Ti”  solution in comparison to the decay curve of the input solution is
‘elso evident and shows an cnr;chment of Md by a factor of only 2 tc 3. From

this last ezperiment it would uppear that Lhe standard reduction oo»ential
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cus-fission decay of BaSOA fractions after reduction with Ti” eand V
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MA- o+ o= MdT corwlc is auouu ~0.1 voTL.,"MJ' R E .

1d- 1b- aCCaj curves of - ”stoch Md" solutions (left scale SF/3O ) used to

:eéﬁctioﬂ w1th (la, 22% of 1nput) and VO (Za 3&% of input).
ze end 2zb- L“Cay curves of BaSO, fraction after reductlon(rlgnc scale, SF/L0*)

. (precipitation of Ba .50 ) in the case of V' or Ti

(*b) and v (Zb) The arrows 1b and 2b show the separation time
3+ |

. reduction.
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Conclusion.

Tae results suggest that the +2 state of mendalov1u. is more ztable

than the dipositive state of ytterbium, and even of europium. The substan-

ct
,__J
¢
-
}_‘
<
(o
)_‘)
[0
w

ater ease of reduction of Md as compared to Es affords a basis for

a rapid and efficient separation of the elements as Unown by the recucticn

"_)—r

experiment. | The M4~ can be separately reduced, for instance by zinc in

- FR

. . 2+ . . e an .
Jones' Reductor, to Md  , while Es and Fm remain in the 3+ state.
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