
~ . 

(.; . . , .. , .. 
U •I 

' r 

·,. 

. . , 

:·; 

.._;' 

z. 
(r; 

0 
LL 
_J 

~ u 
LL 
0 

>
~ -(/) 

'[r 
w 
> 
2 

;-J 

. ·~ 

.. 
~ . •. 

,. ~ ........ ·•. 

' '· 
. .,.,. 

~·~1\~.·~·7~:); . 

TWO-WEEK LOAN COPY 

This is u Library Circuiating Copy 
which may be borrowed for two weeks . 
For a personal retention copy,· call 
Tech. Info. Division, Ext. 5545 . ·. 

. ~ ~ 

" .I 
I 
I 

... ;. 

·:.. 

RADIATION LABORATORY 
/ 

. ·' ·' 

f 

.( 

., 

' .. •- . . ·:.. 

. j' 

. 
;, 

.· 

' ... 

.!} 

.. 
' ~!.f 

' .. , . 
• :~-

.. 

·~ 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the~University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
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. 
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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 CmF
3 

has been found to be =22, 500 - 4000 

c.g.s. units in an environment at 295°K. and -58,000 ! 6000 in an en~ir.onment at 

77°K. The temperatures of the samples were probably significantly higher because 

of the self-heating caused by radioactivity of the isotope Cm242• 

The susceptibility of CmF3 is in agreement within experimental error of 

that expe~ted theoretically for a 5f
7 

configuration. 

The susceptibility of AmF3 , corrected for diamagnetic contributions, was 

found to be 1040 ! 300, 1290 ! 300 and 1740 ~ 300 at temperatures of 295, 199 

and 77°K., respectively. 

The susceptibility of AmF3, rand its temperature dependence, is in agreement 

1dth_a 5f
6 

configuration for Am+3 and a multiplet splitting between the 7F arid 
0 

7Fl states comparable to kT, but smaller than in the case of europium .(III). 
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I) 

The magr:1etic susceptibilities of the aqueous ions of Np(VI) J Np(V) J Np(IV), 
' 1 

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

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

'suggest possible low energy states to account for the experimental susceptibili-

ties. The measurements of Howland and Calvin were made at room temperature only. 

In the present investigation, the magnetic susceptibilities of some solid 

compounds of americium'and curium2 have been measured at room ~emperature and at 

(2) The curium used in this work consisted mainly of the isotope cm242 . 

The production, separation and purification of this isotope is described by Werner 

and Perlman, National Nuclear Energy Series, Plutonium Project Record,· Vol. 14B, 

11 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 ~om

plication existed because of the intense radioactiyity of the isotope
2 cm242. 

An energy release of 1.2 x io=4 watts per microgram is conve~ted,mainly to heat 

within the samples which ar~ thus maintained at temperatures substantially 

higher than that of the surroundings. 
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The susceptibility measurements were made by a modification of the Faraday 

method, using mainly the apparatus shown in Fig. 1. 

The sample, mounted in a thin quartz ~ube 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 surrourrled by· protecting tubes of pyrex 

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

described by Cunningham, Nucleonics, .2,, No. 5, 62 (1949). 

glas~ as shown in the figure. The front end of the horizontal 4 em. diameter 

tube was provided with an aluminum disk closure, with a central opening covered 

with a t.hin 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 ( 11 A11 of Fig. 1) attached to the back permitted evacuation and 

the asse~bled apparatus was vacuum tighto 

Temperature control was achieved by surrounding the vertical tube in which 

the sample was suspended by a small dewar filled with a suitable refrigerant. 

The microscope provided a magnification of about 200 diameters~ and by the 

use of a filar micrometer it was possible to read the position of the pointer 

to about ~0.3 }i. Since the sensitivity of the bala~ce was about 1 cm./mg., 

this corresponded to a sensibility, or limit of precision of reading, of about 

+ . 
-0.03 )lg • . 

The microscope was attacheato the arm of a simple rack-and-pinion manipu-

lator -for convenience in focusing and adjustment. 
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-The susceptibility apparatus and microscope were mounted on a single 

heavy wooden frame, beneath which a 5-inch "alnico No. 5" permanent magnet could 

be slid in and out along a heavy brass track. The entire apparatus was placed 

in a box, provided with windows and glove ports, in which the ~xperimental 

measurements could be made without undue risk of radioactive contamination. 

The magnet was provided with pole pieces ( 11 0 11 of Fig. 1), specially cut to 

produce a region of pronounced but relatively constant field gradient. The 

product of field by field gradient in our experimental region was about 3 x 105 

2 
(oersteds) /em. 

Measurements 

Our measurements are relative and depend upon previous calibration with 

samples of known susceptibility. We have used reagent grade Feso4(NH4)2so4 ·6H20 

for which we take 'X to be 29 .45 x 10-6 cog. s. units at 298°K o as our primary 

standard. A sample of spectroscopically pure.gadolinium fluoride was used as a 

secondary standard. The gram susceptibility of this material was found to be 

115 x 10=6 c.g.s. unitsj 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 

was explored in preliminary measurements with gadolinium fluoride. It was found 

that the pull on the sample varied by less than 7% per mm. of vertical d-isplace-

ment. In all subsequent meas~rements the position of the sample in tQe field 

was reproduced to within a few tenths of a millimeter as shown by observation 

.with a cathetometer. 

Ore samples, except those of curium, were w~ighed to within a few tenths 

of a percent on a torsion microgram balance similar to that described by Kirk, 

Craig, G1,1llberg, and Boyero4 The samples of curium were assayed radiometrically 
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(4) Kirk, Craig, Gullberg, and Boyer, Anal. Chern., 19, 427 -(1947). 

to within :!::5% both by alpha-counting and by x:..ray counting. Corrections for the 

diamagnetism of the 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. 

Table I 

Magnetic Susceptibilities of the Trifluorides of 
Gadolinium, Americium, and Curium 

j 

. Sample Wto of sarnpl'e T M /(.MT 
(pg) (OK •) (c.g.g. units 

·X 10 2 

GdF3 95.8 295a 24,800 t 1000 7.3i 
(R if standard) 

GdF
3 

95.8 77a + 98,600 - 2000 7.60 

CmF3 24 295 19,000 ± 6QOO 5.60 
" 

CmF
3 31- 295 26,000 :! 5000 7.67 

CmFJ 31 77 58,000 ± 6000. 4.46 

AmF3 910 295 1040 :!: 300b 0.27 

AmF3 / 910 199 1290 ± JOOb 0.2J 

AmFJ 910 77 1740 ! 300b Ool2 

aTemperature of the environment. The temperature of the 
bsamp1e may have bee'n appreciably different. See· discussion . 
Corrected for the diamagnetism of the fluoride and an esti-
mated diamagnetism of -0.5 for Am+J.. • 

~ 

Q 

The~values of ~MT for GdF
3
' at 295° and 77°K. agree within the _error of 

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

I 

( 5) Selwood, "Magneto chemistry, ii Interscience Publishers, Inc., New York, 

No Y. ,. 1943 o . 
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Because of the smaller quantities of curium used and its smaller gram 

susceptibility, the deflections measured were much less than in the case of 

gadolinium; the error of measurement is proportionally larger. 

Our mean value of XM (29S°K.) = 22,500! 4000 x 10=6 c.g.s. units for Cm.F3 

is in reasonable agreement·with the value 26,/000 calculated .from ,the theoretical 

relation: 

if we adopt the configuration 5f7 for Cm+3~ in agreement with the actinide con

cept~ and assume that Russel-Saunders coupling provides a satisfactory description 

of the electron ' interactions. The term No. then· has the value zero~ and the 

.susceptibility would be expected to have no temperature-independent component 

other than that due to the Heisenberg exchange· interaction. 

The apparently large temperature independent component observed _for Cm.F
3 

probably is quite unrelated t9 its magnetic properties~ but is due to the self-. 

heating of the samples produced by their radioactive disintegration. In order to 

·avoid the creation of thermal air currents which disturbed the measurements at . 

low temperatures, a.J-1 measurements were made at low pressure. Under these con-

ditions the thermal exchange between the sample and its surroundings was poor, 

and the steady state temperature differences might be expected to be appreciable_. 

Unfortunately, it was not possible to detepmine the temperatures of the samples 

directly. 

The magnetic susceptibility measurements on AmF3 are in agreement with the 
6 

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

(6) Seaborg, Nucleonics .,2,, no. 5, 16 (1949). 
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terms_7F
0 

and 7F1 is comparable to k'r. The situation is analogous to that-which 

. +3 . 
ensts for Eu · except that the lower susceptibility inc;iicai;.es a greater splitting 

as might be expected because of the higher effective ·cnarge Qf Am+3 
0 • 

Qualitatively, the temperature function of the susceptibility would be 

.expected to show a resemblance to that 'or Eu:t-3 o The te(Ilper,a,t.;ure independent 

component should be smaller however, and the'total susc;:eptibility less than that 

of Eu +3 at all temperatu_res. A consequence to be expected from a smaller Na 

term is an increased slope in the ~-T relation,ship. By comparisQn with the 

data given in Selwood5 we find that our experimental data are entire],.y in agree-_ 
' 6 

ment with these expectations, and in agreemen~ with tl;u;!, conf~guratfon (f tor· 

A +3 m . 

This work was performed qnder the auspices of the Uo So Atomic Energy 

Commission o 
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