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Abstract In the absence of oxidizing or reducing agents the chromoiographic
and coprecipitation behavior of element 102 is similar to that of the alkaline
earth elements. After oxidation with ceric ions, the behavior is thai expected

of a trivalent actinide. Our conclusion is that nobelium is the first actinidé

for wvhich the +2 oxidation state is the most stable species in aqueoﬁs solutioﬁ.
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Introduction.'

Results of thé firét attempté (3) ana othér more recent efforts (%) to
study the chemistry of element 102 suggested the‘;hemical behaviorvof nobelium
to be.that of & +3 actinide element. On the 5thef hand, new results indicated ,‘
an increasing ﬁendency toward formation of +2 states with incréasing Z by the
heavy actinides (5) and this was confirmed by the discovery of the Md+2‘ ion (6,7)
_These results suggested'that nﬁbelium might exhibit a fairly stable divalent
state in addition to the expected trivalent state.

255No, with an ‘alpha half-life and decay energy

-The recent discovery of
of approximately 3 minutes and 8.1 MeV (8,9,10), has made it possible to éarry
out tracer chemistry on element 102 (11). The short half-life and low yleld of
ZSSNO 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 suitable for alpha energy analysis would be less than
10 minutes. These procedures included chromatographic methods for the study
of single-atom behavior and one—steb coprecipitation reactions. As only a few
255No decays were observed per experiment, it was necessary to repeat each set.

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

Experimental Procedures and Results

a. Production and Identification

Theﬂz55

No was produced by irradiating a 0.8 mg/cmz-thick plutonium

target supported by a 1-mil thick Be foil with 16O ions from the Berkeley HILAC.
244

The isotopic composition of the target in atom percent was Pu - 7Lk.21,

2h2 2h1 2ko

Pu - 25.32, Pu - 0,094, Pu - 0.312, 239Pu - 0,06k and4238Pu - 0.002.

N . 2 . .
The beam currant was 2-4 yamps over an area of 0.2 em . The nobelium atoms
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recolling from the targe% were stopped in He gas and transferred Lo & platinum
catcher foil by gas jet as described elsewhere (9,12). The maximam yield was
obtained at an oxygen-ion energy of approximately 97 MeV as expected for the
ZM!'Pu(l60,5n)_255Nc> reaction. The average number of countable a£oms.at 50%
geometry on the catcher foil at the beginning of the chemical operations was
determined, from 36 measurements, to 5e 6.0£0.5 o cts/pamp of beam.

The 27

No was identified by its alpha decay energy. The alpha spectrum
is known 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 rangeiwas constructed from 36 measurements and gave a ﬂalf—life of
3.6%0,5 minutes. Subportions of the main aipha spectfdm gave half-lives in
general égreement with the composite value so all alvhas from 7.7 to 8.25 MeV

255

in energy were assunmed to come from No.

b. Electrodeposition

The first evidence of unexpected behavior for No was found during

cathodic electrodeposition experiments using standard procedures (13). 1In

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

saturated NHuCl plating solution containing tracer quantities of thé radio-
active elenents to be compared with the No. During plating the pH is very
high n;ar the eathode and tracers are known to be deposited in approximately
inverse préportion to the solubility of their hydroxides. In Table 1 is
shown the Qercgnt_of tracers and nobelium that wére vlated (lh). Also ﬁhown
is the number of 25SNO alpha decays obser#ed per number of decays =xvected.

The latter was computed for each experiment From the average nuwnber of countable

atoms given above by allowing for descay during the chemical cverations. As
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shown in lable 1, No is‘plated with & low yield similur to Ra ralher than a
high yield as are the +3 actinides, Th and Pa suggesling a hydroxide solubility
akin 1o the former rather than the latter elements.

c.. Chloride Volatility

In these experimehﬁs the vdlatility of nobelium thoride was compared
to the volatility ofifrager quantities of Pa, Am; Th,.Pb ard Ra by heaiting
the platinum catcher foil to ~‘ldOOOC with a Bunsen {lane alfter cqnversion L)
{the rhlorides by evaporation to dryness with HCl. The results in Table 1
indicate that novelium does not exhibit an unusually volatile chloride as doeé
Pb.

d. Cation Exchange Column

Our attempts to elute Mo from & heated (SQOC), Dowex 50x12 ion exchangs
resin column with ammonium alpha-hydroxyisobutyrate in the predictéd
preeinsteinium elution position’(lS)'were unsuccessful. The procedure was to
first elute the tracer +3 actinide ions with Z higher thaﬁ Am with 8 drops of
dilute eluting solution (O°3g,.pH 4.0) and then to elute Am and several lower
Z elements (Pb, Sr, Ra, Ac and Ce) with 8 drops of concentrated eluting solution
(1.9M, pH 4.8). The results given in Table 2 clearly show that No was not
eluted before Am. |

An elution position for No relative to tracer quantities of Y, Sr, Ba
and Re was obtained for a heated (80°C), 0.2 cm diameter by 2 cm lohg column
using the concentrated eluting solution. The éomposite result for 13 experimentis
is presented in‘Fig. l. The results show that under thése conditioné nobelium

does ndt exhibit the slightest reseublance to the +3 actinides, for in similar

tracer experinents, Es, Cm, Am and Ac were eluted in the Y position which is
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o
promptly after the first Tree column volume. This was also the case for Th, P,
Pb and Ce. The elution of No near the Sr position strengtheped'our growing

suspicion that No was exhibiting a +2 valence.

of- -+ 2
Unsuccessful attempts were made to oxidize the suspected No 2 to No\’

and elute it from the ion exchange column in the predicted +3 position, but
. . . . _'_ . ’ ”

when rapid oxidizing agents such as Ce 4 were present in sufficiently dilute
: s0O : :

concentrations/as not to effect the column operation, they were immediately

reduced by the hot butyrate solution.

€. Fluoride Behavior

For the study of the coprecipitatiﬁn behavior of No fluoride, we'used
the residue adsorption technique (16,17). A drop of 0.1M HC1 containing the
tracers to which No was ﬁo be compared plus ~ Sug each of the various charge-
state carriers Ba, Lé and Zr was uéed to dissolve the No atoms from the
catcher foil. Two drops of 40% HF were added to convert to the fluorides and
taken to dryness. The plate was then washed with HZO several times and both

residue plate and H_O washes were alpha energy analyzed. The results are

2

given in Table 2 and suggest that the solubility of No fluoride is more like
Ban than LaF3.

Assuming that the nobelium was exhibiting & +2 valence under the above

3

+ +
conditions, attempts were made to oxidize the No 2 to No = which should form
a less soluble fluoride. The procedure was the same as described above except

the oxidant, ceric nitrate, was substituted for the Zr. As sesn in Table 2,

The behavior of No Tluoride after oxidation appears to be better

explained by the formation of NOF3 rather than NoFu. Under thesée dilute
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conditions, Cel"‘,Jr was found to have a high solubility. Ir it were formed,

NoFi might be expected to be as soluble as CeFu and Zrﬂh,

]
+

f. Sulfate Behavior

90,

Sr at room

90

Recent work has shown that 7Y can be separated from

termperature by.elutidﬁ ffom'a S:rSOLL column using O.5N HZSO4 (18). 1In general
it appears that the more soluble sulfates are eluted before the less soluble
ones. We used a similar colum for the study of the behavior of nobeliun |
sulfate. In each experiment the Noy tracer activities to which No was toAbé
compared, and ~ Sug each of Zr and La were converted-to the sulfate form on
the platinum catcher foil by evaporation to dryness with 1N HZSOM' The mass
3

of Zr and La added was the same as the mass of Ce“+ and Ce+ used in latef
oxidatiah experiments in order to duplicate the mass effects on the column.
Tha No and other eléments were washed from the foil with Gy HZSO4 and
transferred to the 0.2 cm dia. x 1 cm long SrSQu column and the elution
carried out with 6H stoh' 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 strongly adsorbed on the column than Es and Am.
Similar experiments were parried out undermoxidizing conditions
using Ce+u and the results given in Table 2. In these éiper;n@nts, the &o was
eluted with Es and befoge Am. This apparent change in solubiliiy of nobelium
sulfate is consistent with a change in valence state from +é to 43..
Discussion ’

The results presented in this work indicate a very interesting

behavior by nobelium when compared to other elements of the actinide family.
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Under the cbnditions of .our experiments, nobelium exhibited thc.following
properties relative to the other heavy.actinides in their +3 state:'
1) "Its hydroxide or hydrous oxide has a high solubility.
'2) Its fluoride has a high solubility.
3-)‘ Its s‘;llfa‘.te has‘ a low solubility.
L) Nobeiium did not elute fromla Dowex 50x12 ion exchange column
with ammoniunm a-hydro;isobutyrate in the position predicted f§r '
the +3 ion; In fact, No was eluted near Sr+2 and about the same
position as Ca+2 under conditions where all other actinides ﬁere
eluted immediately. This behavior shows that previous claims
that No 1is elutedlin the pre-Es position must be in error (3).
5) Though No chloride exhibits a 1ow‘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
column, there were strong indlications that nobelium was oxidized
by Ce+k to a form vhere it behaved like a t?ivalent heavy actinide

‘(Ce+3 - Ce+u couple ~ -1.5 volts).

We feel that the best intefpretation of our results is that the divalent
ion 1is the most stable species for nobelium in aqueous solution énd thus it
exhibits & substantially different chemical behavior from the other actinides.

" This would appear to confirm the prediction made by Seaborg in 1949 (20) of

a .

o]

Ossibla stable +2 state for element 102 due to the special stability of

1k

5 electronic confizuration.

=

th
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able 1. Results of Electrodeposition (A) and Chloride Volatility (B) Experiments.

Percent in Fraction

Observed/Expected

Exveriment 253gs 243y, 231p, 227TI} 2llp,  223g, 230y, Counts of 1o
A 43 48 - 86 M - 4 b2 - 2/76
B - 76 00 .. 82 23 .87 88x31 1k/17 |
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Table 2. Results of Elution. from Cation Exchange -Column with ammonium Q-hydroxisobutyrate(A),
Fluoride Coprecipitation with La and Ba Carrier (B), and Elution from Srs0, column with

G.IE HaS0y (C)ﬁ '

Experiment = Oxidizing : Percent in Fféction ' Observed/Expectéd ¥
-Fraction Conditions  293ms 2%3pp 283p, 133p, 2530 Counts of No
0.2M . 43 6 <0.1 - 2% 1/113
A% no . o ‘
1.9 oxidation - 0 59 <0.1 --  65%12 52/80
LaF3 - 60 15 13 73 6/98
‘ no : ' ' :
Bal, oxidation e 1 37 LY 56£10 48/87
B o _
LaF Lt _ 3k 18 23 48+8 | 63/134
BeF, oxidation - 17’ 33 ' 31 316 35/117
Drop Mo. .
1-10 38 - 10 . - 2%1 1/122
: no <1
11-22 oxidation 5 36 13+h 9/ 75
| 1-10 ‘ L7 3 __ 61+15 27/hk |
C< Ce‘“@ . - <1 o /
11-z2 oxidation 3 28 33 0/3k4
1-7 Lt : 33 16 : == o 23/57 y
8-1 ’ :
T oxidation T 23 <1 136 5/45

Q_ .
et a 2, 3t 1/35 -
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igure Caption
Flution of nobelium from a heated (80°C), Dowex 50x1% cation

éxéhange column with 1.9M, pHl 4.8 ammonium a—hydroxyisobutyrate.
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