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“THE MAGNETIC SUSCEPTIBILITIES OF SOME
COMPOUNDS OF AMERICIUM AND CURIUM

W. W. T. Crane;, J. C. Wallmann and B. B. Cunningham' -

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

‘ Aug. 1, 1950
_ ABSTRACT
The molar magnetic susceptibility of‘:CmF3 has been found tc'be =22,500 z 4,000
- c.g.s. units in an environment at 295°K, and —58,060>i 6000 in an en&inonment aﬁ
77QK. The temperatures of the samples were probably significantly highes because
of ths self-heating caused by radioactivity of the isotope Cm2["2° |

The susceptibility of CmFB is iniagreement within experimental error of
that‘expected theoretically for a 5f7 configuration.

The susceptibility of AmFB, corrected for diamagnetic contribuﬁions, was
found to be 1040 I 300, 1290 I 300 and 1740 3_300 at temperatures of 295, 199
and 77°K., respectively. | |

Thc susceptibility of,AmFB,’and its temperature dependence, is in agreement
with,;,sfé configufation’forfAme and a multiplet splitting between the 7p_ and

F

1 states comparable to KT, but smaller than in the case of europium .(III).
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THE MAGNETIC SUSCEPTIBILITIES OF SQOME
COMPOUNDS OF AMERICIUM AND CURIUM
W. W. T. Crane, J. C. Wallmann and B. B. Cunninghmm
Department of Chemistry and Radiation Laboratory
University of California, Berkeley, California
The maéaetic susceptibilities of the aquebus ions of Np(VI), Np(V), Np(IV),

Pu(IV), Pu(III), and Am(III) have been measured by Howland and Calvin, who .

(1) Howland and Calvin, J. Phys. Chem., in press.

\suggest possible low energy states to account for the experimental susceptibili-
ties. The measurements of Howland and Calvin were made at foom temperature oﬂly,
In the present investigation, the magnetic susceptibilities of some solid

c e . R : T
compounds of americium and curium have been measured at room temperature and at

(2) The curium used in this work consisted,mainly of the isotope Cm?hz°

The production; separation and purification of this isotope is described by Werner
and Perlman, National Nuclear Energy Series,; Plutonium Project Record, Vol. lAB,

"The Transuranium Elements: Research Papers," Paper No. 22.5 (McGraw—Hill Book

Co., Inc., New York, 1949).

lower temperatures down to 77°K. In the case of curium compounds, & novel com-
, 242

’

L 2
plication existed because of the intense radioactivity of the isotope Cm
.An energy release of 1.2 x IOQA watts per microgram is convefted_mainly to heat
within the samples which are thus maintained at temperatures substantially

higher than that of the surroundings.
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EXPERIMENTAL

Apparatus

The susceptibility measurements were made by a modification of the Faraday
method, using mainly the apparatus showﬁ in Fig. l.-

-Tﬁe sample moﬁnted in a thin quartz tube of about 1 mm. I.D. and 6 mm. in
length, was suspended by-a thin quartz.fiber attached to the free end.of the beam

of the balance;3 Sample and balance were surrourded by protecting tubes of pyrex

(3) The construction and operation of balances of this kind have been

described by Cunningham, Nucleonics, 5, No. 5, 62 (1949).

glas; as shown inlthe figure,' The front end of the horizontal 4 cm. diémetef
tube was provided ﬁith an»aiuminum disk closure; with a central opening cévered»k
with a thin mica window through which the pointer attached to the free 'end of
the balance could be observed with a microscope. The end closure was sealed to
the tube with Gelva wax.

A stopcock ("A" of F‘igo 1) attached to the back permitgéd evacuation and
the assembled apparatus was vacuum tight.

Teﬁperature controi was achieved by surrounding the verticalvtube in which'
the sample was suspénded by a small dewar filled with a suitable 'refrigefan-t° '

The microscope provided a magnification of about 200 diameters; and by tﬁe
use of a filar microméﬁér it was possible to read the posipion'of the pointer
to about ?OOB Ji. Since the sensitivity of the balance was about 1 cm./mg.,
this corfesponded to a sénsibility, or.limit of precision of reading, of about
20.03 pg. ' o

The microscope was attached to the arm of a simple rack—andeinion manipu-

lator for convenience in focusing and adjustment.

-
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B-F 50/50 GROUND JOINT y

C- BASE FOR CANTILEVER BALANCE

D- QUARTZ FIBER CANTILEVER BALANCE H

E- POINTER

F- QUARTZ HANGDOWN FIBERS

G- § 24/40 GROUND JOINT
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_ FIG. |
MAGNETIC SUSCEPTIBILITY APPARATUS
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-The susceptibility apparatus and microscope were mounted on a single
heavy wooden frame, béneath which a S-inch ﬁalnicé No. 5" permanent magnet could
be slid in and out along a heavy brass track. Thelentirehapparatus was placed
in a box,'providéd with windows and glove ports, in which the experimental
meésurements could be made without ﬁndue risk of radiogctivecén:;mination,

The mégnet waslprovided‘with pole piecés (n0" of Fig. 1), speéially cut to
prgduce a'region of pronounced but relatively constant fieid gradient. ‘The
5

product of field by field gradient in our experimental region was about 3 x 10

(oersteds)2/0m°

~

Measurements

Oﬁr measurements aré relative and depeﬁd upon previous calibration with
samples-of known susceptibilityo We have used reagent, grade FeSOA(NHh)2804°6H20
-for which we take‘)(tb be 29.45 b4 10"6 c.g.5. units at 298°K. as our primary
standafd, A sample of spedtroscobically pure gadolinium fluoride was used as a
secoﬁdary standard. The gram Suscéptibility of this material wﬁs found to be
115 x ].O'”6 c.g.s., units; by comparison with ferrous ammonium sulfate.

since\the force exerted on a sample in an inhomogeneous magnetic field
varies as the product H}%%, a portion of the field-in the experimental region
wag explored in preliminary.measurements with gadolinium fluoridg° It was foﬁnd:
) thét the pull on the sample varied by less than 7% per mm. of vertical displacém
ment. In all subsequent measurements‘the_posiiion of the sample in the fiéid.
was reproduced to within a few tenths of é millimeter as shown by observation
. with a cathetometgr;

Ore'samples, except those of curium, were weighed to within a feﬁ ténﬁhs
of a percent on a torsion microgrém balance similar té‘that described by Kirk,

Craig, Gullbe;g,and Boyer,h The samples of curium were assayed radiometrically
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(4) Kirk, Craig, Gullberg, and Boyer, Ansl. Chem., 19, 427 (1947).

to within :5% both by alpha-counting and by x-ray counting. Corrections for the
diamagnetism of fhe quartz sample tubes were usually determined directly; but
in a few cases were computed from the known weights of the tubes.

‘A summary of our experimental data is given in' Table I.

L

Table I

Magnetlc Susceptibilities of the Trifluorides of
© Gadolinium;, Amerlclum, and Curium

‘Sample  Wt. of sample T M Xy
(ng) (°k.) (co§6 5 units '
, AN
GdF3 95.8 2958 24,800 % 1000 7.31
(R if standard)
GdF, 95.8 e 98,600 ¥ 2000  7.60
CniF 5 24 295 19,000 £ 6000 5.60
emF, 3L - 295 26,000 ¥ 5000 7.67
CnF 31 77 58,000 ¥ 6000.  4.4b
Ay 90 295 1040 300"  0.27
A , 910 199 1290 *300°  0.23
AP 5 910 7T 1740 T 300° 0.12°

aTemperature of the environment. The temperature of the
sample may have been appreciably different. See discussion.
Corrected for the diamagnetism of the fluoride and an esti-
mated diamagnetism of QO 5 for Am*3 .

Thefvalues of TKMT for GdF3 at 295° and 77°K. agree withih the .error of

the measurements and are, consistent with previous*observations5 that the

B

(5) Selwobd, ."Magnetochemistry,ﬁ Interscience Publishefs} Inc., New Ydrk,_

N.Y., 1943.
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A value for solid compounds of gadolinium is very smail.
Because of the smeller quantities of curium used and its smaller gram
) suseeptibility, the deflections measured were much less than in the case of
gadolinium; the error ef measurement is proportionally larger.
Our mean value of X (298°K.) = 22,500 ¥ 4000 x 1070 c.g.s. units for G5
is in reasonable agreement with the value'zégboo calculatedvfrom'the theoretieal
reietion:

_ Ng2p2y(J+1)
© %kT

Xy
" if we adopt the configuration 5f7 for Cm+3, in agreement with the aetinide con- f
cept,>and assume that Russel-Saunders coﬁpiing provides a satisfactory descfiption
of the electron ' interactions. The term Na then has ﬁhe‘value.zero, and the
_‘sueceptibiiity would be expected to have no temperatﬁre»independent combonent
other than that due to the Heisenberg exchange interaction.
. The apparentiy large eemperaeufe independent compenent‘ebserved_fof CmF3 '

probably is quite unrelated to its magnetic properties; but is due to the self-.

°

heating of the samples produced by their radiocactive disintegration. In order to
"avoid the creation of thermal air currents which disturbed the meaeurements at .
low temperaeures, all measurements were made at low pressure. Under these con-
ditions the thermal‘exehange between the sample and its surroundings was poor;
and the eteady state temperature differences might be expeeted to be appr'ecia.ble_°
Unfortunately;’it was not poesible‘ﬁo dete?mine the temperatures of the samples
directly. |

The magnetic susceptibility'measuremehts on AmFB'are in agreement with the

actinide concept, if we assume that the multiplet splitting of the low lying

(6) Seaborg, Nucleonics 5, no. S, 16 (1949).
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terms,7po and 7F1 is comparable to kT. .The s?tuation iélanalogogs to thét-which
exists for Eu+3 except that the lower susceptibility ihdicates a greater splitting
as might be expected because of the higher effective'charge of Am+3, |

" “Qualitatively, the tempefature function of the suscepfibility'would_bé'1
‘expected to show a resemblance to that of Eu‘+3° The temperature indépeﬁdept p,
_COmpoﬁent should be smaller however, and the total suSertibility iess than that
of Eu+3 at all temperatu;es; A ¢oﬁse§uence to be expected from a smaller Nd
term is an_increased slope in thejﬁM—T relationship. By cdmpérisqh with the
data'given in Selwoods_wé'find that our experimentai data are enpirely in'agree—A
ment with these expectations, and in agreement with tﬁe‘conﬁiéurat§on §f6 for'
AmeO . : | _ L e

This work was performed under the auspices pf'thé U. S. Atomic Energy

Commission.



