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ABSTRACT

,SOME PHYSICAL AND CHEMICAL PROPERTIES OF CURIUM
: William Ward Turner Crane ' N

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

-

Tmproved methods of>isolating curium are outiinéd. The absorption
spectrun of ém*B is given as well as most of the prominent lines in the
arc and spark spectra.

| Tﬁe method of production of curium metal is outlined and the den-
sity is reported as 7. 3 |
\:, The molar mégnetic susceptibility of CmF3 has been found toibe
24,000 + 500 c.g.s. units in an environment of 296°K and |
26,500 + 700 C.g.8. units in the same environmegt when the sample was
diluted with 90 peréentvLaF3. ) | |

The susceptibility of CmkFq is in agreement within experimental

error of that expected theoretically for a 5£7 configuration.
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SOME PHYSICAL AND CHIMICAL PROPERTIES OF CURIUM
William Ward Turner Crane
Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California
INTRODUCTION
Curium (element 96) was first reported by G. T. Seaborg1 in 1945.
At this time only.tracer Quantities of curium were available. Using
staﬁdard tracer techniques it was established that’thé most stable state
of curium was its tripositive state.?
In 1947 sufficient curium becamé available for work to be performed
on a microgram scale, At this time several micrograms of curium were -
isolated in.the pure state by L. Werner and I. Perlmen.’

"~ Since that time larger amounts of qurium have been prepared and

improvements made in its separation. The currently separated curium

has been used brincipally‘to establish that curium occupies the same

position in the actinidé series as gadolinimum does in the lanthanide
series,
The curium (Cm242) was prepared as before by the transmutatioh of
Am4L according to the following reactions: |
A4 (n,7) AmP4R0
w2 g onhR
cn?4? is an alpha particle emitter of only 162 day half-life. This
means that ten micrograms of curiim emits 1.2 x 102 alpha particles per
second. Therefore the problems of isolétion_of curium are those of
working with intenéely radioactive material, and the separation from

americium and rare earth fission products which have closely allied
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chemical properties.

The methods of separating curium from macroscopié amounts of
americium and from rére eartﬁ fission products have beén_much improved'
in the past two years. ' One of the important new methods is that of
Street énd Seabérg4 for séparating actinide elements from lanthanide
elements using cation exchange columns with concentrated hydrochloric
acid as the eluting agent. In addition, the time for separation has

been cut down from the order of a week to the order of a day by using

adsorption columns maintained at an_elevéted temperature.5

CHEMICAL SEPARATION

The few milligrams of americium, irradiéted as the oxide, was
dissolved in nitric acid, 10 mg of lanthanum as the nitrate was addea
ana the combined hydroxides precipitated with ammonia gas;' The hydrox-
ides were dissolved in 1 M HNO3 and.the triflubrides of lanthanuﬂ; americ—
ium, and curium were precipitated by making the solutién 6 M in HF. The
fluorides were then put back into 0,5 ml of'O.S_M HNO3 soiution'by first
metathesizing to the hydroxides with 10 M KOH at 85°C,

The substances in solution were added to the topvof a column of
Dowex-50 cation exéhange resin 1 cm in diameter and 20 cm long. In theﬁ
eluting with 12 M HCL the americium and curium came off in the third
column volume while the rare earths remained considerably behind., The
presence of americium and curium in the elution curve was detected by
alpha particle analysis. The colﬁmn used in this separation was larger
than needéd to hold the quantities pf ions involved and was used in order
to dilute the band of curium as it passed through the column. Otherwise
the high density of alpha particles would cause sufficient concentration

of water decomposition to produce active bubbling.
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The soiution containing tﬁé actinide element fraction was evgporate@
to dfyness, taken up in 0,1 M HC1 and placed on a similar cation exchange
~column, This time the column was maintained at 87°C and eluted with
0.25}ﬂ citrate éolutidn at pH 3.5 as described by Thompson, Cunningham,
and Seaborg.é. In about 2 hours‘the curium and americium came off the
column in the relation shown by the typical elution éurve of Figure i.
The ordinate of the curve is alpha activity and since there is a 1000-fold
difference in half-life, the americium is actually present in considerably.
" larger .quantities by weight than the curium. The activities of americium
and curium were dissp¢iated by using an alpha particle pulse aﬁalyzer
which discriminates between different energies. |

The curium represented by the first third of its elution peak is
essentially pure. By assaying the activity with a Geiger counter as
well as by spectrogréphic aﬁalysis, this curium fraction was shown to
have less than one percent ameficium'by weight. Other parts of the
eiuate containing appreciable'amounts of curium were rerun through‘a
" column obtainiﬁg more pure’ curium, and this fractionation procedure was
repeated once more,

The combined citraté.solution of curium was adjusfed topH 1 aﬁd
the curium was adsorbed on some fresh cation exchange resin by slurrying
‘and this was placed on the top of another cation exchange column., The
curium was again eluted with 12 M HCl, evaporated to dryﬁess, and dis-
solved in 0.1 ml of 1 M ENOs. (This secdnd "HCl'columnﬁ run was made
for further purification and to place thé curium in a solution from which
it could be concentrated by evaﬁération.)‘ This solution was transferred

to a fluorothene microcone and pure GmFB'was obtained by precipitating
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in;6 M HF, The yield of curium in this separation was 90 peréent.
Because of its high specific alpha activité, curium presents a
problem in Storage, It has beenvhotéd that glass vessels dévelop checks

and cracks, and plastic vessels carbonize when exposed to concentrated

forms of curium. The method used so far to store curium for more than

a day or two is to evaporate the solution in s small platinum boat and

to stpre there as the solid residue.

RADIATION CHARACTERISTICS |
The most accuraﬁé vaiue to'date for the alpﬁa energy 6f\Cm242 is
6.08 mev. This 6,08 mev is a mean value fof the energy of the alpha
particle since approximately 30 ﬁefcent of the alphas emitted are .
followed by a gamma ray of A3 kev as measured by G. D. O'Kelle;‘y"7 in
a g fay speétrometer. This value has been confirmed by direct measure-
ment of the,difference.in the alpha energies 6n an alpha ray spectro- |

meter,8 The short range group was found to be in 27 percent abundance.

The 43 kev gamma ray is more than 90 percent converted, Since this is

~true, the principal photon _emission of curium is the L x-rays of pluton-

ium produced by the internal conversion of these gamma rays,
A sample of curium was prepared and given to G, Barton? for the
measurement of the energies and abundancies of these L x-rays on a

bent crystal x-ray spectrometer. The results are as follows:



a0

L

-

Table 1

. PLUTONIUM L X-RAYS FROM cm?? DECAY

X~ray Energy Relative

Designation ' Abundance
a1 14.31 + 0.01 100
Lap ' 1.1, + 0.01 13
Lg 18,35 0.02 .
‘Lps . 17.91 + 0,02 ' 6
Lgp . | 17.28 £ 0,02~ 28
vy | 21,46 + 0,04 23
vy | 22.20 + 0.04 4

ABSORPTION SPECTRUM

A previous measurement of the ébsorption spectrum of curium in
solution was made with a Beckman spectrophotometer in which there'was
found no appreciable absorption in the visible region up to’lo?OOO A,
but broad absorption in the ultraviolet‘region.3 The absorption spec-
trum is among the properties desirable to éompare with those of gadolin~
ium, the corresponding lanthanide’élement with half-filled 4f shell. In
the previdus measurements with thé spectrophotometer the_absorption in
the ultravioiet region could not be determined with satisfaction because
of limitations of the instrumeént. As a result, with the new sample of

curium, measurement was made in g special cell 1,5 mm wide and 1 cm

_ deep'using a Baird 3-meter grating spectrograph. The spectrograph

measurements were made in conjunction with John Conway. The solution

was 0.0013 M Cm(C10,)5 in 0.2 M HC10,, and the results are shown in
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Figure 2 along with measurements of gadolinium taken by D. C. Stewart
with a Beckman spectrophotometer using a hydrogen lamp., The similarity -
is marked sincé.both curium and gadolinium absorption spectrums begin
in the ultra violet region while all previous lanthanide and actinide

elements have absorption Spectfums in the visible region.

EMISSION SPECTRUM OF CTRTUM

At the time of the first isolation of curium by Werner,3 a suffic-
ient amount was given to John Conway for spectrochemical analyéis. The
wave lengths of 54 lines was then measured. Since more curium has be-
come available larger samples have made it possible to measure most of
the prominent lines between 2516-5000 4.0

In this work one microgram samples were e&aporatéd on l/A‘iﬁch
electrodes and sparked for 15 seconds using an spplied Research Labora=-
tory unit with 021 mfd and .36 mh at 100 volts.

For the arc lines one microgram samples were evaporated-on 1/8 inch
special spectrographic grqphite énd burned at 7 amperes DC for 15 séconds.
The cyénogen baﬁds were greatly reduced by the cifculation of oxygen
through the chamber during the arcing period. |

The spectra were photographed iﬁ the first order on a Baird
modified éagle mount spectrograph using a 25 micrén slit, Eastman 103-0
and 103F plates ﬁere uéed. The liﬁes were measured with a Bausch and
Lomb spectrum measuring magnifier. GCopper lines were used as wave length
standards in the spark and iron lines in the arec.

The results éiven in Table 2 are good to 0,2 A, The background and
band structure limit the number of lines that can be observed in the arc

spectra.
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Table 2
WAVE LENGTHS OF THE PROMINENT LINES

IN THE EMISSION SPECTRUMS OF CURIUM

Wave Length Intensity Wave Length  Intensity
Spark Spark
2516,0 2 2968.9 4
2562,.3 1 298L.5 3
2585.8 2 2996.2 3
2616.8 2 2998.3 3
2617.2 3 2998.8 2
2625.4 2 ' 3000.8 2
2628,2 2 , 3037.4 2
2636.2 3 3044 o7 6
2651,1° 4 3046.6 5
2653.7 4 3047.5 2
2677.0 ) 3050.8 2
2693.8 1 3059.0 2
2704 .8 1 3081.6 4
2707 .1 1 3092.8 4
2710.1 1 3096.4 1
2725.6 2 3101.5 1
2727 .7 3 3104..9 1
2736,8 3 3118.3 3
2748,0 - 1 3143.9 1
2773.5 2 3161.8 3
2792.0 1 3186.4 " 1
2796.2 1 3190.3 1
2796 .4, 1 3195.6 1
2811.5 5 3197,0 - 3
2817 .4 4 3197.5 2
2821.5 A 3198.0 3
12833,7 L 3210.,0 4
2862,2 2 3220,7 6
2862.8 2 3230.3 . 4
2872,0 3 3238,6 2
2882.3 1 3252.6 2
2888,1 1 " 32794 2
2909.1 2 3296,7 6
2913.1 4 33049 2
2929.0 2 3367.9 3
R2933.2 3 337443 3
2934 49 3 3382.7 2
2935 .4 3 3392.0 3
2944, .5 2 3417.1 6
2953.0 3 342/ 4R 1
2955.,6 2 3425.9 6
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Wave Length Intensity V Wave Length Intensity

Spark ' Spark
2957.5 4 3436,.5 1
2961.8 2 3446.6 2
2963.0 2 3458.3 1
3461.7 7 . 3962.2 2
34773.5 7 3962,.8 2
3492.9 2 3965.0 2
3498.9 5 3970,2 2
3503,.7 3 3974 .9 6
3518.5 2 3984 .6 2
C3546.1 5 3990.9 1
3550,3 3 4003,3 8
3567 o4y 5 4016.2 1
3585,6 3 4017.,0- 1
© 3591,9 2 40179 2
3619.9 2 4018.4 2
3639.9 1 4024, .5 3
3643.5 1 4028.,0 2
3670 .4 2 4031,6 1
36917 3 4052 4, 1
3692.5 3 4061 ,6 1
3697,3 - 2 4078.9 4
3708,.8 1 4106.9 3
3709,.6 1 4118.1 2
3723.3 . 3 4128.5 2
3732.3 3 4130.4 2
3738,2 3 4141.3 3
3739,.3 4 4148.2 1
375045 3 415645 - 1
3763.6 4 4156.0 4
~3767.3 3 416/,,3 - 1
3778 .2 4 4194..3 2
3788 ,0 1 42024 1
3799,5 3 4208 .0 6
3842,.1 3 4218,6 3
3846.9 2 4239,.8 3
3903.9 7 4283.,0 1
3908,2 6 4293.0 1
3936,6 5 4299.1 1
3941.5 1 -4301,5 5
3942.1 1 4313.1 4
3947.9 -~ 3 4318.7 3
3948.8 2 4323, 5
3953.3 1 43572 2
3957.5 1 44,337 3
2960,.8 2 4430 .2 2
4b35.3 2 s
44—42 oO 3
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Wave Length Intensity S - Wave Length Intensity
' Spark S Are

3019.6 9
3943.7 9

4446.5
445542
454649
4570,.1
4608.3
4632.1
4665 .4,
467044
4681,8
4722,8
4761.,6
4873.8
4880.5
4905.6
4906,.3
4925.5
4989.9

FWHEM;OWHSEODDDORFHFDNDHNDER

STABILITY OF THE TRIPOSITIVE STATE
Attempts to oxidize curium to a state higher than the tripbsitive
state using tracer concentrations of curium have all failed.2 In the
‘1light of the recent successes in oxidizing americium(III) to americium(VI)

using macro concentrations of américium,ll

attenpts were made to oxidize
curiun(III) under similar conditions. A solution of 0.1 M HNO3 con-
taining 0,004 M Am(III), 0.007 M La(III), and 0,0015 M Cm(III) was
treated with ammonium'peroxydisulfate_for 2 hours at 85°C. The lantha~ -
num was then precipitated as the fluoride as a means of removing all of
the actinide ions that had not been oxidized to the héxapositive (fluoride
soluble) state, Essentially all of the curium and americium were found
in the precipitate showing that neither the curium nor the americium

were oxidized. When the curium concentrétidn Qas reduced 20-fold, other

ions remaining the same, the americium became oxidized while the curium .
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remained unaffected. The inability to maintain a strong‘bxidizing
potential in solutions 10~% molar in curium must Be reiaied to re&ucipg
substances formed by the intense alpha fadioactivity,'probably hydrogen
peroxide. | | |

Similar attempts were made to produce curium(IV) and curium(V)
without success., Oxidation was carried out with peroxydisulfate in
phosphate solution to make use 6f the complexing action of phosphate
for.tetrapositive actinide ions in decreasing the (III)-(iV) potential,
Zirconium phosphate was>then precipitated to remove any tetrapositive
curium. Over a range of acidities and curium concentrations, no oxi-
dation could be detected. The oxidation to the pentéposipive“state
was attempted using a method found applicable to americium and plutonium.
If either of these actinide elements is treated with NaOCl in carbonate
solution (40 percent K2003), oxidation takes place and an insoluble
compound is found which can be proved to be the pentapositive staté;lz
Under ﬁone of the conditions tried was there evidence for curium oxi~
dation, /

From these attempted oxidations it may be concluded that all of
the potentials from curium(III) to higher oxidation states are either
more negative thaﬁ about -2 %olts, or that the rates are too slow for
concentrations of curium that will allow an oxidizing medium to exist.,

Attempts to reduce curiﬁm to the dipositive state have also been
attempted on the tracer scale, Barium metal in hydrgchloric acid was
used as'thebreducing agent;rand cerium tracer was used to determine
what percent of the tripositive ion was physicglly éarfied by the

barium chloride precipitate and what was due to the actual reduction



of curium,
In this work no positive evidence was found that reduction -

. occurred.

THE PREPARATiON AND éOME fROPERTIES OF CURIUM METAL

Curium metal has béep prepared by J; c. Wallman13 on the micro-
gram scale by reduction of curium trifluoride with barium metal vapor
at 1275°C, uéing a vacuum furnace and double crucible system simiiﬁr
to that described by Fried and Davidson.lt

Six successfui redﬁctions, which yielded bright metallic globules
of metal ranging in mass ffom about 0,01 to 4 pg;'have been made. The
metal retained its bright appearance in the dry atmosphere of .a nitro~
gen "dry box" for some hours, but gradually tarnished; and on standing
for about 24'hours, it was rather badly corroded, Under the same con-
ditions, samples of other gctinidefmétals, sggh as emericium or pluton—
ium, havebéhown iess evidence of reaction. The. greater feactivipy of
curium probably.is to be attributed to the_radioactiVity of the isotope
sz42 (equi&alent to a power oufput of 1.2 x 10~4 watts/ug) which is
sufficient to maintain the temperature of the sample substantially abovg
that of its énvironment. Approximate calculétions‘show thét thg
steadyhstate temperatures of our samples probably were from 50 to 100°Q
above that of the surroundings. | .

The trifluoride used for the reductiéns was prepared by precipitat-
ing curium(III) in diiute nitric acid in a fluorothene microcéne with |
an excess of hydrofluoric acid, washing the precipitéte with dilute

hydrofluoric acid, and drying the CmF3 in platinum under a heat lamp,

N
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Pieces of the dry fluoride were then transferred to the inner crucible
for reduction. When the quantities of curium were relétively large
(approximatély 10 pg), the trifluoride was compacted in the bottom

of the crucible by tamping with a quartz rod.

The conditions for reduction to usable metal were rather critical,
Reduction at 1380°C left the metal as a thin film adhering to the wall
of the crucible. Reduction at about 1250°C resulted in the formation
of avcokey residue, indicating poor agglomeration of the metal. Reduc-
tion with barium vapor at 1275°C for_'.45 “'sec:onds fonowed by additional
" heating at 1100°C for 45 seconds and a final heating at 960°C for
20 seconds produced optimum results. In onevsuch run on 12 pg of CmFB,
reduction yieided a single 4 wg spheroidal piece of metal. This piece
Qas separated from the‘crucible infact and free of slag aor other
residues,

The volumeféf the piece was estimated by measurement with a filax
micrometer under about 200 x magnification. The mass of the sample was
determined Ey weighing with a toréion microgram balaence, and the mass
of curium was determined by radiometric assay fpr'Cm?Az, The resulﬁs
of the last two measurements (which constitute a specific activity de-
termination) indicaﬁed that the curium metal was pure, within the limit
of error of the measurements (+ 5 percent),

From the mass and volume measurements the density of the metal
was computed to be approximately 7;"This is a surprisingly low value,v
and perhaﬁs it is to‘be explained by the presence of a void in the

piede of metal examined,
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MAGENTIC SUSCEPTIBILITIES

-  Magnetic susceptibilities of many of the actinide ions have been
measured by'variéus workers,l5r16,17' The susceptibilities of these
ions have in all cases been lower than the susceptibility of the corres-
ponding lanthaniae ion. This low value Qould seem to indicate that
_the molecular field constant in the Curie-Weiss law is larger than
that found in the lanthanide series,

If one adopts the 5f7 conﬁiguration for Co3 in égreement with the
actinide concépt, and assuﬁés thathussel—Sauﬁders coupling provides
a satisfactory description of the electfon interaction, the term Na in
the formula
'ﬁ = yggﬁf§i§i}l + Na
m 3T

is zero. Thus the only temperature independent cbmponent-in cm3 is
' théﬁ_due to the Heisenberg exchange interaction, If the Heisenberg
forces can be evaluated for curium they should be roughly the'Same for

-other actinide ions.

Early Apﬁaratus

In a preliminary inveétigation of CmF3 the suscéptibility measureé
ments were maée by a modification of the Faraday method, using mainly
the apparatus shown in Figure 3.

The sample,'mounted in a thin quartz tube of about 1 mm id and
6 mm in length, was suspended by a thin quartz fiberwattached to thé
free end of the beam of the balance, The construction and operation
of balances of this kind have been déscribed by Cunningham.18 Sample

and balance were surrounded by proﬁecting tubes of pyrex glass as shown

I
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in the figure. The front end of the horizontal / cm diameter tube was
prqvided.with an aluminum disk closure, with a centrai opening covered
with 2 thin mica window through nhich.the pointer attached to the_freé
end of the balance could be observed with a microscope. The end‘closure
was sealed to thé tube with Gelva wax. ‘ _

A stnpcpck.("A" of Figure 3) attached to the back permitted evacua~ |
tion“and the assembled apparatus waé vacuum tight.

Temperature control was achieved by surroundlng the vertical tube
in whlch the sample was suspended by a small Dewar filled with a
suitable refrigerant. |

The microscope proviaed a magnification of about 200 diameters,
and by the use of a filar micrometer it was possible to read the positioni'
of the pointer to about + 0.3 . Since‘the'sénsitivity of the balance
was about 1 cm/mg, £his correspondedbto a sensibility, or limit of pre-
cision of reading, of about + 0,03 pg.

The microscope was attached to the arm of a simple rack—and-pininnv
manipulator for convenience in focusing and adjustment.

The susceptibility apparatus and microscope were mounted on_é éingle
.heavy wcodeniframe, beneath which a 5 inch "“alnico No, 5" permanent
‘maénet 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 experimental measurements cnuld be made without undue risk
- of radiocactive éonﬁamination. _

The magnet was provided with pole pieces ("0" of Figure 3) specially
cut te produce a’ reglon of pronounced but relatively constant field

gradlento The product of field by, field gradient in our experlmental
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region was about 3 x 107 (oersteds)?/cm.

Later Apparatus

After the preliminary measurements had been completed, more exaét
values for the temperéture dependence of Cmfy were unaertaken’using the
apparatus shown in Fiéure 4 and Figure 5. |

The samp;e, mounted as before in a thin quartz tube about 1 mm.in
diameter and 4 mm in length, was suspended-by a thin quartz fiber
attached to a‘quarté torsion microgram baiance similar tb that des~ .
cribed by Kirk, Craig, Gullberg, and Boyer;l9 One complete turn of
the fiber corresponded to two micrograms; thus one half a degree
corresponded to 104 micrograms which was the sehsibilipy Qf th;
balance as used.

To make measurements at 779K it was found that the balance must
be in a vaéuum of 1072 mn to avoid condensation on thé quartz fiber.
This was accomplishéd bj placing the balance in a dural cése and running
all movable controls through Wilson seals, The case was then attached
to an oil diffusion pump and a duoseal fore pump. Since the case was
all metal it was found t@at several hours pumping was necessary to
attain a vacuun low enough for low temperature measurement.,

At this low pressure damping of the balance became a problem. The
difficulty was overcome by two methods; The first wa.s byvblacing an
aluminum foil on the counterweight side of the balaﬁce and placing this
in a uniform magnetic field, The second was té place a micrometer scale
in the optical system of the balance, thusvallowing one to find the zero

point while the beam was still oscillating.
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The temperature controi was achieved by surrounding the vertical
tube in which the sample was suspended by a small Dewar filled with
suitable refrigerant, or in the case of a high temperature a vessel
with a tungsten heatiﬁg coil was placed around the sample and suitable
organic solvents were brought to thei£ boiltng point;‘

The dural case was mounted on a steel frame on vhich was swung the
- same magnet and pole pieces as used in the previous experiment, which
could be swung in and out in a circular path. The entire.apparatus
was plaeed in a box, providedIWith windows and glove perts in which the
-experimentalnmeasuraments could be'made without undue risk of radio=-

active contamination,

Measurenents

Our measuremehté are relative énd depend upon previous calibration
with sample of known-suscep;ibility. We have ﬁsed reagent grade
 FeS0, (1H,),80, *6Hz0) for which we take X to be 20.45 x 1076 c.g.s. units
at 298°K as our primary standard. A sample of spectroscopicélly pure
gadolinium fluoride was used as & secondary s%andard. The éram sus-
ceptibility of this material was found to be 115 x 10-6 e,g.s, units
at 2969K by comparison with fefroqs ammonium sulfeﬁe. Gadolinium fluo-
ride was used as a standard because it was stable at high vacuum and
because the susceptibiiity of 6d™> has recently been accurately measured
by Sngden and_Tailby.20 Their value of 168.4 x lO"‘6 Ceg.5. units at
2939K for the gram susceptibility is in very good.agreement with
115 x 10"6 c.g.s. units for GdFB if one uses a molecular field conétant

J

of 19°,
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Since thé force exerted on a sample in an inhomogeneoué magnetic
field varies as the product H(dH)/(dx),\a portion of the field in the
experiﬁental region was explored in preliminary measurements with
‘gadolinium fluoride. A measure of HAH/3X with respect to the position
of the magnét can be seen in Fiéure 6. In all subsequent measurements
the position of the sample in the field was reprodﬁced to within a few
tenths of a millimeter as shown by observation with a cathetometer.

Gadolinium samples were weighed to within a féﬁvtenths of a percent
on a torsion microgram balance similér to that described by Kirk, Craig,
Gullberg, and Bojer. The samples of curium were assayed radiometrically
to within + 1 percent by alpha particle assay. Corrections fof fhe dia-
magnetism of thevquarfz sample tubes were determined directly. _Correc—.
tions for the diamagnetism of éurium and gadolinium as well as the fluo-
ride was made using .48 x 10~6 c.g.8. units for the gram susceptibility
of the fluoride ion and 0.5‘:{\10"6 for the gadolinium and curium ions.

A summary of the experimental results is given in Tables 3 and 4,

Table 3
EARLY MAGNETIC SUSCEPTIBILITY MEASURFMENTS OF THE TRIFLUORIDES

OF GADOLINIUM AND CURIUM

Wt of Sample g . - Xﬂ?
Sample we K CoBoS. units x 10
GdFB 9508 295 %’800 i lOOO 7a31

' (R is standard)

GdF, = 95,8 77, 98,600 + 2000 7,60
c 2 295 19,000 + 6000 5,60
CnF 31 295% 26,000 + 5000 7 .67
CmF 21 77% 58,000 + 6000 446

*Temperature of the environment. The temperature of the sam-
ple may have been appreciably different, See discussion.
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Table 4
MAGNETIC SUSCEPTIBILITIES OF THE TRIFLUORIDES OF

GADOLINIUM AND CURIUM "

Wt of Sample T M ~ Av(T + 19)
Sample Wg %K  c.g.s. units x 106 |
GdF3 = 53.4 77 80,000 * 800 - 7.68
GAF 53e4 195 36,300 + 300 7.77
GAFy 536k 296 24,600 + 200 775
CmF 17.3  296% 24,100 + 500
10% CumF4 350. 2906 26,500 + 700
90% LaF3 :

-

_*Temﬁerature of the enviromment. The temperaturé of the
sample may have been appreciably different. See discussion.
Experimental ﬁesults

In the early work which was done‘using the cantilever balance
system, many difficulties were encountered, The most difficulf to over-
come was the fact that the pressure in the gystem was about 101 mn,
and at this pressure turbulence in the balance system during low
‘temﬁerature measurements is very bad, Condensation of moisture and
GOy onvthé hangdown fiber also lead to difficulties,

Considering these difficulties the only conclusion one can draw
from this early ﬁork is that the molecular field constant is less fhan'
100°C.

When .a pure sﬁmple of curium fluoride was placed on the more
accurate balance a‘molar susceptibility of 24,000 x 10“6'i 500 cegs8e
units was obtained for curium; When the balance was evacuated to

le's mm for temperature dependence work, the temperature Qf the sample
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apparently increased to 800°C due to its intense radicactivity. This
temperature was calculated from the reduction in the susceptibility of
curium at high vacuum. The susceptibility returnéd to its origihél
 value when the-pfessure was returned to 1 atmosphere. An increase in
temperatuie‘is not surprisiﬁg since cufium produced 1.2 x 10f3_watts/ugm
and the only'wéy that the heat could be dissipated is by radiation.
Due to this difficulty the molecular field_conétant could not be
measured directly. | |

Since both:Van Vleck and Slater have shown that the Heisenberg
interaction forces disappgar when a pdramagnetic sample is diluted withb'
a dismagnetic substance; samples_of curium were diluted with §ure |
lanthanum and the sgscéptibilify_of curium measured. The difference
invthe suscepbibility of pure curium fluofide and a mixture of_lO per—
cent curium aﬁd 90 percent lanthanum fluoride being due to“£he Heisen=
berg exchange forces. The molar susceptibility of curium fluoride di- .
luted with.90 percent lanthanum is 26,500 + 700 x 10'6 Cege8e units.

From this data one can oﬁly éay that the molecular field constaﬁt
for s0lid curium fluoride is less than 40°C., The reason that;one is
able to only set a méximuﬁ value is the uncertainty éf the temperature
of the sample at atmospheric pressure. . If the equilibrium temperature
' of the sample of pure curium fluoride were above room temperature, then
one would expect that'the_equilibrium tempepgture of the lanthanum di-
luted curium fluoride wouid be léwer than the pure samplg; This effect
would cause the molecular field constant to appear larger than its true

" yalue.
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DISCUSSION
In investigating ﬁhe properties of the transuranium eléments,
preponderant evidence has been found thatbthese elements are members
of a second rare earth group.. | |
The phemistry of the second rare eafth series in theirvtripositiVe
state is identical in propérties with their analogy in the first rare
earth series. Also, the absorption spectrums are similar through cur-
ium, Thié similarity is very striking in curium and gadolinium siqce
all previous spectrums have pronounced absorption in the &isible region. -

The behavior of the tripositive actinides on resin columns also’

.

shows a behavior identical to their analogy in the first rare earth
groups
After one considers all this evidence and then considers the

magnetic susceptibility of this group of elements as shown in Figure 7
vnoticing the similarity of all the geconq rare earth gfoup with those
of the first rare earth group and above all notices the sharp rise of
susceptibility at curium to a value nearly jdentical with the_valué found

for gadolinium; there can be little doubt left that one is justified

to call this second rare earth group the actinide series.
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