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assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
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United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



" 

'I 

'. 

Submitted to Sclence 

UNIVERSrrry OF CALIFORNIA 

Lawrence Radiation Laboratory 
Berkeley, California 

AEC Contract No. W-74·05-eng-l~8 

UCRJ~-l 7995 
Preprint 

NOBELIUM: TRACER CHEMISTRY OF THE DIVALEJ:II'T MID TRIVALENT IONS . 

Jaromir Maly, Torbjorn Sikkeland, Robert Silva, and Albert Ghiorso 

February 1968 



.. 

Submitted to SCIENCE 
-1- UCRt-17995 

NOBELlm~: TRACER CH:&"IISTRY OF THE DIVALE'NT AND 'l'RIVALENT IONS (1) 

Jaromir Maly (2)1 Torbjorn Sikkeland, Robert Silva and Albert Ghiorso 

Author note: 

The authors are with the Nuclear Chemistry Division, Lawrence Radiation 

Laboratory,. Dni versi ty ot' California, Berkeley, California • 

. / 



-2 - ucm,-17995. 

Abstract In the absence of oxidizinG or reducing ucents th8 chrJrno.to~:raphic 

and coprecipi tation behavior of element 102 is similar to that of the alkaline 

earth element'S. After oxidation with eeric ions, the behavior is that expected 

of a' tri valent actinide. Our conclusion is that nobelium is the first actinidl~ 

for \-lhich the +2 oxidation state is the most stable species in aqueous solution. 
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Introduction 

Results of the first attempts (3) and other m::>re recent ef.forts (h) to 

study the chemistry of element 102 suggested the chemical behavior of nobelium 

to be that of a +3 actinide clement. On the other hand, ne\-/ results indicated. 

an increasing tendency toward formation of +2 states with increasing Z by the 

. +2 
heavy actinides (5) and this was confirmed by the dlscovery of the Md ion (6,7). 

These results suggested that nobelium might exhibit a fairly stable divalent 

state in addition to the expected trivalent state. 

255 .. 
. 'l'he recent discovery of No, with an ·alpha half-life and decay energy 

of approximately 3 minutes and. 8.1 MeV (8,9,10), has ffic1.de·it possible to carry 

out tracer chemistry on element 102 (11). 'l'he short half-life and 10vl yield of 

25'5No atoms per experiment compelled us to modify and develop fast chemical 

procedures SO that the total time necessary for separation, chemical study and 

preparation of a source sui table for alpha energy analysis would be less than 

10 minutes. These procedures included chromatographic methods for the study 

of single-atom behavior and one-step coprecipitation reactions. As only a few 

25-
)No decays were observed per experiment, it was necessary to repeat each set 

of experiments 10-20 times in order to obtain statistically significant results. 

Experimental Procedures and Results 

a. Production and Identification 

The' 255No was produced by irradiating a 0.8 me;/cm2-thick plutonitUu 

16 . target sllpporte)'i by al-mil thick Be foil with 0 lons from the Berteley HLLAC. 

The isotopic composi tion of the target in atom percent was 244 I Pu - 7-:..21, 

2L~2 2LH 2L~0 239 
Pu - 25.32, Pu - 00094, Pu - 0.312, Pu - 0.064 and. 238pu - 0.002. 

2 The beaT,. current was 2-4 ~amps over an area of 0.2 cm. The n:JbeliuEl atoms 
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recoiling from the targe't were stopped in lIe Cas and t:cnn::.;ferl'cd to a platinum 

.catcher foil by gas jet as described elsewhere (9,12). 'lOhe maximum yield was 

obtained at an oxygen-ion energy of approximately 97 MeV as expected for the 

244 16 )255 Pu( O,5n No reaction. The average number of countable atoms at 5010 

geometry on the catcher foil at the beglnning of the chemical operations "TaS 

determined, from 36 measurements, to be 6.0±0.5 ex ctS/!-lamp of beam. 

The 255No was identified by its alpha decay energy. The alpha spectrum 

:i.s kno"m to be complex and there' is' good indication of more than one alpha 

group spread over energies of 7.7 to 8.25 MeV. A composite decay curve of 

this energy range was cO.nstructed from 36 measurements and gave a half-life of 

3 .6±o. 5 minutes. Subportions of the IIk'lin alpha spectrunl gave half-lives in 

.general agreement with the composite value so all al1'has from 7.7 to 8.25 ~IeV 

in energy were assumed to come from 255No • 

b. Electrodeposition 

The first evidence of unexpected behavior for No ,.;as f01..md during 

cathodic electrodeposi tion experiments using standard procedures (13). In 

these experiments the No atoms were washed from the catcher foil with a 

saturated NH4CI plating solution containing tra.cer quantities of the radio­

acti ve elements to be compared with the No. During 'plating the pH is very 

hlgh near the cathode and tracers are knmm to be deposited in a!?proximately 

inverse proportion to the solubility of their hydroxldes. In 'l'able I is 

shown the perc~nt. of tracers and nobelium that i/ere plated (14). Also s!lOlm 

is the nU:l'.ber of 255No alpha decays observed per munber of decays expected. 

'l'hc latter was Co!!!puted for each experiment from the averase munber of counLable 

atoms £i'r~n above by all:)wing for d·;:!cay durine; the chemical operat:Lons. As 

., 
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high y:i.cld us are t..he +3 actinides, l'n andPa ,suggesting a ·b:.:drJxide solubili t;;.' 

akin t.o the former rath(~r tha.n the latter elements. 

c •.. 'Chloride Volatility 

In these experiments the volatility of nobelium chloride was compared 

to the volatility of tracer quantities ofPa, Am, Th,Pb a~d Ra b:,' heating 

. 0 
the platinum catcher foil to ~- 1000 C ,.,i th a BW1sen 1'llir:l8 after conversion +'::J 

the ~hlorides by evaporation to dryness with Hel. 1be results in Table 1 

indicate that nobelium does not exhibit an unusually volatile chloride as does 

Pb. 

d. Ca.ti::m Exchange Column 

Our attempt.s to elute No from a heated (BOoC L DOHex 50x12 ion exchan.;~ 

recin column ~{i th ammonium alpha-hydroxyisobutyrate in the 9redicted 

preeinsteiniura elution posi tion(15) were unsuccessful. The procedure was to 

first elute the tracer +3 actinide ions with Z higher than ~~ with B drops of 

dilute eluting solution (0.3~, pH 4.0) and then to elute Am and several lower 

Z elements (Ph, Sr, Ra, Ac and Ce) with B drops of concentrated eluting solution 

(l.9~, pH 4.B). The results given in Table 2 clearly show that No was not 

eluted before Am. 

An elution position for No relative to tracer quanti ties of Y, Sr, Ba 

and Ro. was 'obtained for a heated (BOoC), 0.2 cm diame'Cer by 2 cm long coltUlm 

usine; the concentrated eluting solution. The composite result for 13 expe~iment3 

1s presented in F'ig. 1. The res:..:l ts ShOH that lllde!" th'2sc conditions nobelium 

does not exhibit the slightest resemble.nee to the +3 actinides, for in sj.milar 

tracer experir.!ents, Es, em, Am and Ac were eluted in the Yposition ·,.,rhich is 
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,promptly after the first 'free co],unm volume. ~~his vias also Ul'.:! C8.:~C! for rJ'h, Pu, 

Pb and Ce. rl'he elution of No near the 81' position strengthc!1ed OIlT groHl.nlS 

suspicion that No was exhIbiting a +2 valence. 

+2 .f-? 
Unsuccessful attempts were made to oxidize the suspected No to No J 

and elute it from the ion exchange column in the predicted +3 position, but 

when rapid oxidizing agents' such as 
so 

concentrations/as not to effect the 

+4 " Ce were present in sufficiently dilute 

column operation, ,they were immedIately 

redt.:.ced by the hot butyrate solution" 

e. Fluoride Behavior 

For the study of the coprecipitation behavior of No fluoride, we used 

the residue adsorption technique (16,17). A drop of O.l!i HCl contaIning the 

tracers to "/hich No was to be compared plus"" 51-lg each of the various charge-

state carriers Ba, La and Zr was used to dissolve the No atoms from the 

catcher foil. Two drops of 40% }W were added to convert to the fluorides and 

taken to dryness. The plate was then Hashed with H
2

0 several times and both 

residue plate and H
2

0 washes were alpha energy analyzed. The results are 

gi ven in Table 2 and suggest that the solubility of No fl~oride is more like 

BaF
2 

than LaF
3

• 

Assuming that the nobelium was exhibi tln~ a +2 valence under the above 

conditions, attempts were made to oxidize the No+2 to No+3 which should form 

a less soluble fluoride. The procedure was the same as described above except 

the oxidant, ce~ic nitrate, wa.s substituted for the Zr. As seen in Table 2, 

+4 
after oxidation with Ce the distribution Has tn favor of the LaF'3 phase. 

'l'he behavior of No fluoride' after oxIdation appears to be better 

explained by the formation of NoF 3 rather than HoF'4. Under ., ' t.nese dilute 

'~ 

.. 
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conc1ltl.ons, CeJi'Jj. was fotlnd to have a hiGh solubilH,yu If it. ',/12re formed, 

NoI\ might be expected to be as soluble as CeF4 and 7..l'iI~!~. 

f. Sulfate Heha Vl.Ol' 

Recent 'vorl<.: has shown that 9
0y can be separated from 90Sr at room 

ter1perature by. elution from a srS0
4 

column using O.5.!'{ H2S04 (18). In general 

it appears that the more soluble sulfates are eluted before the less soluble 

ones. VIe used a similar colwnn for the study of the behavior of nobeliw:l 

sulfate. . In each experiment the No, tracer acti vi ties to "/hich No was to be 

compared, and'" 5!lg each of Zr and La were converted to the sulfate form on 

the platinum catcher foil by evaporation to dryness .. lith l!:!: H
2

S0
4

• The mass 

of Zr and I,a added was the same as the mass -::>1' Ce +4 and Ce +3 used in later 

oxidation experiments in order to duplicate the mass effects on the colwnn. 

The No and other elements were washed from the foil with 6!'i. H
2
S0

4 
and 

transferred to the 0.2 cm dia. x 1 cm long Srs04 coltunn and the elution 

carried out with 6!:!: H
2

S0
4

, Time and counter limitations made the elution 

in fractions rather than dropwise necessary. The results are given in Table 2 

and show No to be more s trone;ly adsorbed on the colUIrLI1 t1:tan Es and Am. 

Similar experiments were carried out under oxidizing conditions 

+h 
using Ce and the results given in Table 2. In these experiments, the No was 

eluted with'Es and before Am. This apparent change in solubility of nobelium 

sulfate is consistent with a change in valence state from +2 to -13.· 

Discussion 

The results presented in this work indicate a very interesting" 

behavior by nObelium when compared to other elements of the actinide fanJ.l;;i. 
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Under the conditions of ,our experiments, nobelium exhibited the follm/ine 

properties rela ti ve to the other heavy actinides in their +3 state: 

1) 'Its hydroxide or hydrous oxide has a high solubility. 

2) Its fluoride has a hi.gh solubility. 

3) Its sulfate has a low solubility. 

4) Nobelium did not elute from a Dowex 50x12 ion exchange colu~n 

with ammonium cx-hydroxisobutyrate in the position predicted for 

the +3 ion. 
+2 

In fact, ~o was eluted near Sr and about the same 

posi tion as Ca +2 under conditions where all other actinides were 

eluted immediately. '1.'his behavior shows that previous claims 

that No i.s eluted in the pre-Es position must be in error (3). 

5) Though No chloride exhibits a low volatility, probably in the 

range of the +3 actinides, we do not agree with the generalization 

made in Ref. 19 that the chemical behavior of nobelium is similar 

to -+"3 actinides. 

6) In two types of experiments, fluoride coprecipitation and sulfate 

colunm, there were strong indications that nobelium was oxidized 

... 4 
by Ce to a form "There it behaved like a trivalent heav-y actinide 

(Ce +3 _ Ce +4 couple'" -1.5 volts). 

rTf! feel that the best interpretation of our results is that the di ,talent 

ion is the most stable species for nobelium in aqueous solution and thus it 

exhibits a substantially different chemical behavior from the other actinides • 

. This would appear to, confirm the prediction made by Seaborg in 19L~9 (20) of 

a .poss ible. stable +2 state for element 102 due to the special stability of 

t LQ c~14 1 t· ~ 
!!-.ll. e_ec rOOl.c conI iguration. 

AU'THOfS: .JaromiY· :.l801y, Torbjorn Sikkeland, Robert Silva a~ld Albc:r:t Ghlorso 

Buildin:; 71, La' .. I!,:::(lCe R,c'!iation Laboratory, University of Cal:i.for~li9_ 

{;". 

'J 
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'l'uble 1- Results of Electrodeposition (A) and Chloride Volatility (13) Expcrimrc:nts. 

Percent in Fraction 
Ob3erved/Exp~cted ," 253Es 21~3 231 227Th 211Pb 223Ra 255 Experiment Am Pa No Counts of' lIo 

'. 
A 43 48, 86 77 4 4±2 2/76 

B 76 100 .. 82 23. 87 881:31 14/17 
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'l'able 2. Results of Elution .. from Cation Exchal1:ge ·Column with. ammonium Q:-hydroxisobutyrate (A), 

Fluoride' Copre'c:tpi tation vIi th La and· Ba Carrier (B) ,and Elution from SrS04 colurim .... li th 

Exper-iment 

-Fraction 

A{O.3M. 

109M 

LaF3 

BaF2 
B 

LeF
3 

BaF2 

Drop N:;,o 

1-10 

11-22 

1-10 
C 

11-22 

1-7 

8-17 

18-27 

Oxidizing 

Conditions 

no 
oxidation 

no 
oxidation 

ce+4 

oxidation 

no 
oxidation 

Ce +4 
oxidation 

Ce 
+1~ 

oxidation 

percent in Fraction 

. 253Es 243Am223Ra 133Ba 255No 

o 

38 

5 

47 

3 

33 

7 

2 

6 

59 

60 

11 

34 

17 

10 

36 

3 

28 

16 

29 

2 

<0.1 ··2±1 

<0.1 

15 13 7±3 

37 44 56±10 

18 23 48±8 

33 31 31±6 

2±1 
<1 

13±4 

.. 
6l±15 

< 1 
3±3 

41110 

< 1 13±6 

3±3 

Observed/Expected 

Counts of No 

1/113 

52/80 

6/98 

48/87 

63/134 

35/117 

1/122 

9/75 

27/44 

0/34 

23/57 

5/45 

1/35 

,~! 

'-' 
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l~igure Caption 

EluUon of nobeliwn from a heated (BOoC), Dowex 50x12 c8ti~m 

exchange colwnn with 1. 9t!, pH 4.B ammonlwn cx-hydroxyisobutJrate. 
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