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OF BERKELIUM AND CALIFORNIUM

FIRST MACROSCOPIC OBSERVATIONS OF THE CHEMICAL PROPEF
Stenley G. Thompson and Burris B. Cunningham

Early this year microgram smounts of the elements berkelium and califore
nium became available as e result of the irradiation of Pu239 with neutrons for
a periodoof shout § years. The production of theee elemenis is described in a
paper to be published in the proceedings of this conference., The present
comuents are sdded as & supplément. ' ' '

Hexetofore, the stuly of the cliemical properties of berkelium and cali-
fornium has been seVerely limited by confinmement to the techniques of tracer
methods, Thus it becume important to attempt for the first $ime to investigate
these elements by macroscopic observations, We have now been suocessful in
measuring the magnetic susceptibilities of tripositive ions of berkelium and
californium end it has been possible to set limits on the intensities of the
absorption lines of these ions in the runge of wave lengths fyrom YA0O to 7500 .

The absorption spectra of the elements were studied by passing an intense
light through a capillary cell with optdcally flas windows, Collimators were
mounted at each end and defined o narrow beam of light (corresponding to the
capillary dimensions (0.F mm) ) that passed only through the solution. The trans-
mitteilight was then exemined with a simple bench spectrometer with glase optics.
The length of the capillary was about 10 cm and the cell volume was aspproximately
8 microliters. : : ’

Approximatél y 0.5 micrograms of berkelium and one microgram of califor-
nium dissolved in dilute hydrochloric acid were studied in this ocell. Careful .
examination failed t0 reveal apsorption by elther berkelium or californium. Under
the same conditions, the 5700 & and 5200 A absorption bands of sbout 2 microgrems
of neodymium were reedily visible. It is therefore conc¢luded that neifhery
Bie(XTX) nor CF(IIL) aqueous ions are strongly colored end that the intensities
of any ebsorption lines in the visible region must be such that their molar -
extension coefficients are much less than 20, ‘

The failure to observe sbeorption lines of Bx{IIT) ions in the visible

region of the spectrum is not swurprising in view of its expected ground state
- configwration of T¥g. For C£{III) however, Jfrgensent hes predicted absorption

distributed over most of the vieible region arising from transitions from the
63,;5/ g ground state to the various “F levels. Our results suggest that the
trans?tion probabilities arve diminishing in the heavier as compared to the
lighter actinides. We plan to éxtend the investigations of the absorpticn
spectra into the ultraviolet reglon,

MAGHETIC SUSCEPTIBILITY MEASUREMENTS

The magnetie susceptibilities of tripositive Jons of berkelium and

 californium vere measured after sorbing them on a single 0.5 mm diameter bead

of Powex-50 U cross-linked reéin in the hydrogen form. The apparatus used for
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the measurements is illustrated in Fig. 1. The bYead was transferred to a very

small mylar plastic basket attached to a quartz fiber 30 om in length and 12

- miorons in diameter. This assewmbly was suspended in a tube which wvas filled with
helium gas. The tube was surrcunded by & quartz dewar dontainer into which :

liguids renging from iiquid nitrogen to Not water could be placed to vary the

temperature st vwhich measurememts were made.

The entira asgenbly was placed in s fized pasitm between the poles ot’
on electromsgoet. The megnetic susceptidilities of berkelium aud californium
were compared with those of similar emounts of gadolinium at the same tempéra~
tures and field strengths, by measuring the deflectioniof the reésin bead with &
microgeope. Suitable diamsgnetic corrections for the ba&ket., £iber npd resin
bead vere made in & similer fashion. The deflections produced by O. 056 mierograms
of californium” snd Q.201 mievograms of gadolinium st several temperatures and
magnetic £ield setiings are shown in Fig. 2.. Sintlar data were obtained in the

comparison of O. ?.3 micmgrama of berkelium with O.26% memwm of gadnlmimn. .

. ~ The gadolinium was sorbed from a solybion of known coacemrmisn qon~
taining tracer amounts of either Am@*: or CuBMV, Pistributions betveen the
‘resin bead and solutions were fetermined using standard coumting techniques
and, assuming equal distridbution coefficients for curium, smericiwn end
_gaﬁa}.mimn, the amount of gedoliniuvm adsorbed could then be calculeted. The
direction of the errors introfuced by the sseumptions of equal distribution co-
efficients 1o such as to meke ¢the final m@etia sugceptihﬁity measurenents of
berkeliwn and californium slightly low. _

From Pig. 2 it can be séen that t‘:iw defTections obtained at & mstant
mgnetic field setting very linearly vith the vecviproeal of the sbsolute tem~
perature. The retios of deflection for Q&(IXI) and C£(III) at each temperature
-and field setting vere used to caleunlabe the magnetic susceptibility of ealifor-
niun. The same method wes used for berkel;mm _

The maurmma of ga&olinﬂ.m shov good agremt with the Guﬁe x.aw gs
. expected. The dota on BR{III) and C£(IIX) deviate apprecisbly from the Curie
Lav. The data are then fitted by a Curie-~Wsiss type of relation with small &
values. The experimental ervors, partiecularly et the higher tempersture, ave
fairly large and mey eccount in part for the devietion., However, srystel fleld .
interactions with the ground sfate muitipiets could lead to the obheerved
bebavior, end may in fact Le responsible Por it. In eny event the deviations
are relatively small aend effect the cmlcﬂlamd values of ‘the mopenis eni;y :

slightly.

Ea Pig. 3 are gresen%eﬁ the effective mgmtic mmts of a.ms of the
transuranim elements containing fyom 1 o 10 sub-shell electyroms. The moments
have been ealcuz.agaa directly from the experimental meagurements of the :
suscepbidilitien. ¢ (femerally, from cbservations mear room tenperature).
points shown aleo include thé values 8.7 and 9.2 Bohr magaetrons far berkelium
and califamiam réspe@tively, caleulated from the ave::w of our marimn%al

. &1?9
#laoto ic aampositian eaa.if@rnim 8.79&9 2% Cf ala.sm 81: ﬂf 7 5640, h%
%%fx 65.1520.5% ce? %§ ’ K
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data taken at five temperatures and two fleld settings. The standard deviation
in the susceptibility values relative to gadolinium was 5%, -As to the absolute
values of the susceptibilities, ve believe these cannot be in error by more than -
. 20%, with a corresponding error in the dérived moments of not more than 10%.

‘The theoretical values for Bk(III) and Cf(III) are 9.7 and 10.6 respectively.

We show for comparison on the same figure theoretical velues of the magnetic
moments for various numbers of sub-shell electrons calculated according to three
. different sets of assumptions: (&) the electrons occupy "f" orbitals end inter-
aet by puré L-S coupling, unperturbed by external fields of any kind. (b) The
‘electrons are in "d" orbitals, with complete guenching of the orbital momentum
and (c) the electrons occupy "£" orbitels with compléte orbital quenching.

- As is well known, the cbserved magnetic moments of the lanthanide element
compounds are closely in accord with (a) above and the moments of "d4" transition
series compounds agree rather well with (b). = '

. The third possibility must be considered also, as it cannot be excluded

8 priori. The experimentel data on the transursnium elements clearly agree best

- with the derived moments calculated from our first set of assumptions, The
susceptibilities of Bk(III) snd C£{I1X) asre much higher then predicted by the
"spin only" formilse, and approach ratherclosely the values found experimentally
for the rare earth ions containing the same number of subshell electrons. There

~ would seem to be no further doubt that current evidence on the bulk magnetic
properties of the tramsuranium elements strongly supports the actinide hypothesis.
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Fig. 1. Diagram of apparatus used for msgnetic -
susceptibility measurements of berkelium and
californiuwm. -
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Fig. 2. Deflection of californium end gadolinium ,
%ﬂ msgnetic field versus reciprocal of temperature

G



8 Deflection

600+

200

ok

| UCRL-8073 Rev.

4Relative'~ deflection in scale
units of Gd (II) and Cf(IIL)

—— 0.056 micrograms cft? : /
---.0.20! micrograms Gd*> , ' J/

R= Magnetic fi_eld se’f.tin‘g ) Ve

MU-I5551 .

Fig. 2.



UCRL-8073 Rev.
Supplement

Fig. mg‘,l Experimental and theoretical magaetic
ents Of the transition series.
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