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ISOLATION AND PR OP“?TI.J o7 CURIUM

Louis B. Werner

Radiation Laboratory, Tniversity of ¢alifornia

Rerkeley, California

July 28, 1948 %E’”ﬁa EaTatin
Ummwwééﬂégﬂ
Abst act

The 1isolstion of curium, element number 96, in relatively
pure form has been accomplished.

A method, involving a solvemt extraction process, is given
for the purification of amewricium from lanthanum and other ions.
The discovery of a higher oxidation state of americium led to a
me thod of separating americium from curium. Separstion of the
two elements was also accomplished by use of lon exchange resins.
The details of the isolation of curium are “ivens the results
of the spectrogranhic analysis, specific activity nmeasurement,
and calorimetric determination of half 1life showed the curium to
be relatively pure.

The absorption of light of various wave-lengths by an agueous

solution of cm(ITT) is described, and some physical effects of

the radiation from the curium are noted.

To be declassified for use as a thesis.
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A

ISOLATION AND PROPERTIES OF CURIUM DECL/ o e
il i i

Louis B. Werner
Radiation ILaboratory, University of California
Berkeley, California

July 23, 1948

Te Introduction.

The d iscovery of e¢lement number 96, curium, was realized by

242
the preparation and identification of the isotope Cm by Ge To

(1)

Seaborg, Re. A. James and A. Ghiorso by cyclotron babardment

242

of Pu®%? with helium ions. Om is an alpha-emitter having a

S-month half-life. It may also be prepared by neutron irrediation

of AmS41 according to the following reactions(2)3
Am242 ___jL“__m> Cm242 (1)
18 hrs. ‘

241

The 500-year isotope of americium, Am » was first isolated

in microgram amounts by B. B. Cunningham(s) employing techniques

(4)

similar to those described by Cunningham and L. Be. Werner for

isolating plutonium and using chemical procedures described by
Cunningham(s) and Werner and D; R Miller(5). Since the principal
"source of americium was one which contained large amounts of
1a(ITI), an efficient means of first separating americium from
lanthanum was needed. One such method described by S. G. Thomp~-
son(6) depends upon precipitation reactions. The method to be
described here (also reported by Werner and I. Perlman(v)) de~
pends upon the chelation properties of the ions with certain di-

ketones. 77sing these methods and others described by Cunningham(s)

smounts of americium suitable for irradiation were isolated(s).

D
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With the large neutron fluxes availlable from the chain react~
Ing piles it seemed feasible to prepare microgram quantities of
cm®42 by prolonged neutron irradiation of Am?41 in one of the
Hanford piles.

By having available essentially pure americium as a target
material, the problem of isolating curium was largely that of
geparating curium from larger amounts of americium. Nevertheless
it was recognized that a small amount of impurity relative to
the amount of americium present could easily be comparable to
or greater than the weight of curium formed during the irradia-
tion.

The chemistry of curium as determined on the tracer scale has
indicated that only the trivalent oxidation state exists in aqueous
solution(s). It shows very much the same precipitation properties
as the trivalent rare earths, and attempts to oxidize or reducé
it to other oxidation states proved unsuccessful.

This is to be expected if one assumes the elements in this
region belong to a new " rare earth'! series of " actinide"
elements in which electrons are to be found in the 5f shell.
Curium should thus occupy a position analogous to gadolinium and
Gm+3 would have the stable configuration 5f7(9>. There seemed
to be little possibility, therefore, of obtaining curium in other
oxidation states which might prove useful as a basis of a chemi~
cal separation from americium and other similar tripositive ions.
The most stable oxidation state of americium is the plus three
state as shown by the x-ray identiflcation of the trihalides(lo),
by the elution behavior of agueous solutions of americium from

cation exchange resins(ll), and by the extraction behavior of
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certain chelate compounds in organic solvents(v) compared with
the behavior exhibited by tetrapositive and other tripositive
ionse.

Americium might be expected to possess at least one other
relatively stable oxidation state analogous to the dipositive
state of europiume A search for evidence of both a state higher
as well as one lower than plus three was carried out by Cunning-
ham(3), Priefly, the conclusions reached were that the standard

potential in ca. 1 M H* for the reaction

~r

Am(III) + nHg0 = Am(TIT + x) O, ITT + X = 2N 4 ang* 4 o~

is more negative than ca. «2.0 v, that is, 1s more negative than
the potential for the resaction Ag+ = Ag++ + 67, since no evidence

for the oxidation of Am(IIT) in the presence of Ag**t was obtained;
a higher state of americium appeared to be reached by oxidation
with BrOz~ in concentrated V0, solution, although the evidence
was not considered to be conclusive; finally, since polarographic
studies showed no well defined wave corresponding to the reversible
reduction of Am(ITT), the potential for the reaction Am(ITI-y) =
Am(ITI) + ye~ is more positive than ca. +1 ve The possibility
of basing a separation of americium from curium on a higher oxi-
dation state of americium seemed worth investigating.

The use of ion exchange methods for separating rare earth

elements as the tripositive ions has been reviewed by W. ¢. Johne-
(12)

ion exchange resin called Dowex-SO(ls) developed by the Dow

son, L., L. Quill and 7. Daniels A particularly efficient

Chemical Company has been used by D. H. Harris and T. R. Thompkins(MJ

for rare earth separations at Clinton Laboratories in 0ak Ridge.
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Preliminary experiments by Cunningham, L. B. Asprey, and Thompe

(11) at Berkeley showed that good separation of Am(III) from

kins
Cm(TTII) could be obtained, at least when relatively small amounts
of theo two elements were present. Such methods appeared to offer
much in the way of simplicity of operations and in the specificity
of the separations.

The transitions which are responsible for the characteristic
absorption spectra of the tripositive rare earth ions in aqueous
solution have not been assigned(15). An intercsting relationship
has been observed, however. Gd+3, having a configuration 4f7,
shows absorption only in the ultra violet in aqueous solution.

The rare earths preceding and@ following gadolinium show more or
less absorption in the visible region of the spectrum; The tri-
positive ions of the heavy clements preceding curium show absorp-
tion in the visible region (see Pig. 11)es It was then of interecst
to determine the nature of the absorption spectrum of curium which,
according to the actinide theory(g), should bear an analogous
position to gadolinium in the rare earth series.

II. Separation of Am(TII) from La(III) and Other Ions by pra*
mxtraction.

l. Methods and Tquipment Used.

The use of diketones of the type, RCOCHQCOCFS, to form metal

chelate complexes that can be extracted into benzene has becen de=-

#This abbreviation for thenoyltrifluoroacetone will be used
throughout this report:

HC - CH o
I S
AC\S( -C = C-{g - C - CFB



UCRL-156 —~ Revised.
Page 10
veloped by M. Calvin and co-workers(la). The extent of complex
formation for a given ion depends upon the solution pA and upon
the concentration of the diketonee. The relative case with which
different metal ions form complexes deperds upon their respective
charges and electron structures. Similar ions are separated by
extracting at the pH at which the maximum difference in chelate
stability is found.
The complete complexing or chelation of a trivalent cation
by a compound such as TTA may be represented by the following
eguationte

Me+5

+ 3 Ko .——p MeKegz + 3H" (2)
In the casé of TTA, the metal chelate is very much more soluble
in benzene than in aqueous solution and may be readily extracted.
As can be seen Trom equation (2), the ex?ent of complexing is
dependent upon tho third power of both the hydrogen ion and di-
ketone concentrations.

Special thanks are due Professor Calvin for his very helpful
advice in carrying out these cxperiments, and to Je« Ce Reid
for the preparation of the TTA, the diketone which was used.

It was found convenient to carry out most of the studies in
an apparatus similar to that shown in Pig. l. Measurement of
the pH was made by drawing the agueous phase up into the electrode
chamber (a). Movement of the liguid was controlled by a syringe (b)
Adjustment of pH was made by addition of base from the burette (c¢)
or scid through opening (d). Measurement of the pH was made with
the use of a 2 1/2" glass electrode mounted firmly in an outside

ground glass joint and a calomel electrode inserbted through a

rubber stopper. Samples of both phases for eznalysis were withdrawn



Figure 1

Extraction Apparatus
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by means of a syringe controlled pipette mounted and inserted at
(d)s The movement of the liquid into and out of chamber (e)
was controlled by a syringe (f). The benzene layer was sampled
by drawing the emulsion up into the sampling chambgr (o) and allow~-
ing the phases to separate there. Mixing of the phases was accom=-
plished by means of an air driven propellor stirrer operating
through a water scal. The side arm (g) was added to allow the
benzene phase to be removed as described below (Part 8).

Bocause of the low solubility of TTA in the aqueous rhase,
chelation and extraction are accomplished in a reasonable period
of time only if the agitation is vigorous. In cach case, after
the final adjustment of p¥ had been made, i.c., last addition of
acid or base, ten minutes of thorough stirring was allowed before
the pH was read and samples removed for analysis. This was suf-
ficient to allow equilibrium to be attained.

The concentration of TTA in berizene that was employed in most
experiments was somewhat arbitrarily selected at 0.2M. This con-
centration was sufficient to permit extraction at relatively low
pHs Also, the amount of metal ion undergoing chelation was suf-
ficiently low so that the change in concentration of TTA was small,

The percent of a metal ion extracted into the TTA-benzene
phase was determined in several wayse.

l., TFor radioactive elements, or elements for which a radio-
active tracer was available, a measure of the radioactivity of
aliquots of the benzene and aqueous phases was made. |

2« Tor clements having prominent absorption bands in solu-
tion, the extraction could be calculated from spectrophotometric

analysis of e ither or both the phascs.
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Se Since hydrogen ions are liberated in the chelation reace
tion, it is possible, under certain conditions, to observe the pH
range of the chelatlon from the buffering in that region. The
necessary conditions are met if the amount of hydrogen ion rcleased
1s comparable to the acid equivalent of the solution.
The third method is generally not applicable to metal ion
concentrations below 107° - 10'4§ and cannot be used if chelation
takes place in solutions as acid as 0.1lM.

2. mxtraction of Neodymium by TTA-Benzene .

The extraction of neodymium can be followed by mecasuring its
characteristic absorption spectrum. The interest in neodymium lies
in the possibility that small amounts of this element may be
present with lanthanum.

The absorption spetrum of ca. .OCILM W& in O0.1M HNOz solu-
tion was first determined over the range 3500 to 10850 A. Prin-
cipal absorption peaks were found at 5400, 6050, 7925, 8575 and
9350 A*; The amount of extraction in this experiment was calculated
from the decrease in optical density at 7925, 8575 and 9350 A.

To 50 ml of ca; .OOlﬁ Nd solution was added 50 ml of a O.lﬁ
solution of TTA in benzene. The pH was adjusted by addition of
O.lﬂ NagoH, and the final p¥ rcading after each addition of base
was taken after ten minutes of shaking.

The results are shown in Table T.

+These may vary somewhat from the true position of the peaks, since
the calibration of the instrument was not checkod.,

tLog I,/I. Scc also page 25.
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Table I

Zxtroction of Weodymium by O.l1M TTA-Benzeone

pH . Approx. 9 Nd& nxtracted.
at 0.1M TTA
1.13 0
2;85 0
3.20 10
358 25
4 .20 86

Due to the difficulty in maintaining clear solutions, the
accuracy of the values glven above is not good. Turbidity in the
solutions appcared to be caused by hydrolysis of an ion other than
neodymiume. The purity of the neodymium used in this study is
unknown s

3¢ Deoetermination of Lanthanum Extraction by Tltration Procedurc.

nxamination of the chelation reaction suggests that a measure
of the hydrogen ions recleased is an index of the extent to which
the reaction occurs, provided other factors such as hydrolysis of
lanthanum or the acidic nature of the TTA itsclf do not interfere.
If lanthanum extracts at about pH 4, neither of these effects will
interfere, since the hydrolysis of lanthanum and the ncutraliza-
tion of the TTA take place at considerably higher pH values.

The experiment was carried out by adding increments of stan-

dard NMaoH (0.125F) to equal volumes of 0.0062M Lat®

and 0.2M TTA
in benzene and measuring the pH after cach addition.

Two curves taken under presumably identical conditions are
shown in Fig. 2. The TTA concentration represents only the ini-~

tial value, since by the time all of the lanthanum was complexed,



-

pH of Agqueous Phase

5.00}-

4.50 s

»
o]
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3.50 | i

-
+

3001 |

| 2 3
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Milliliters of NaOH vs
of La by 0.2 M TTA-Benzene
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Fig 2
pH during Extraction of 0.31 Millimoles
(I and Il are Duplicate Experiments )
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about 5% of the TTA was present as the chelatee. Also at higher
pH values some TTA reaqts dircetly with NoOH.

From the titration curves the percent of lanthanum present as
LaKez may be calculated. This represcnts the percent cxtracted if
it is assumed that the distribution of the IeKes heavily favors
the benzene layer. This i1s very nearly the casce The extraction
curve calculated from those data is shown in Fig. 3. "While this
method gives a reliable determination of the pm range over which
lanthanum extracts, the accurccy at low pH values is nob as high
as desirable.

4o Txtraction Curve of Lanthanum Determined by Use of Lal4o.

The To40 wag separated from the Ba 40 parent by precipita-
tions of La(OH)5 in the presence of barium holdback carrier using
carbonate~-frec NH,om., Tach precipitate of La(0F)z was washed be-
fore dissolving; About 1 mg of Lang was used as carrier;

The lanthanum was dissolved and diluted to 10 ml and on equa
volume of 0.8M TTA was added. The p¥ was adjustoed by the addition
of 0.5 ¥ao7, samples of both phases being taken alfter ten minute
stirring periods and after the p¥ was found to be essentially
congtant . The lanthanum extroction was followed by determining
the 8 cctivity of both phases. A typical extraction curve is
shown as the sollid linc in Tig. 4.

140 samnles was Tfollowed to

The radicactive decay of the La
check the purity of the preparation. A long~lived activity was
present, and 1t was found to extract at a lower p¥ than did lan-

thanum. One decay curve indicatced a half-1life for the impurity

mn/

of 52 days, but the impurity has not bern further identified.
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The corrected extraction curve for lanthanum in the low pH region
is shown as the dotted line in Pig. 4.

L T S T T T

5. Txtraction of Americium with TTA and Benzenec.

A proccdure similar to that described above in section 4 for
lanthanum was used for americium. The samples taken in this case
were couhted in an a-chambore. The extraction curve is shown in
Mige 4o It 18 seen that amcricium undergoes chelation and extrac-
tion in a more acid solution than does lanthanum.

6. Effecct of Ammonium Ions on Extraction.

During the course of the experiments with lanthanum and ameri-
cium, a decreose in extraction with time of contact was noted and
traced to the presence of ammonium ionzs. At a glven pH there was
found to be as much as a 50% docrease in extraction after four
hours contact with the aqueous phase which had been made CeS}
in ammonium ion.

This 1s presumebly due to a coupling rocaction betweon TTA
and ammonium ions, tending to lower the effective concentration
of TTA. Tor this reason care must be teken to avoid the presence

7. Removal of Lanthanum from. Amcricium.

The results of parts 4 and 5 made it secm likely that a satis-
factory separation of americium from lanthanum could be achicved
and the method was tested on an americium-lanthanum solution
which contained appreciable amounts of iron.

For the americium-lanthanum separation the extraction vessel
shown in Fig. 1 was used. The side arm (h) extended somecwhat
below the benzene-aqueous interface with an agueous volume of

10 ml, and joined a removable receiver (3) for the bonzenc phasc.
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By drawing part of the aqueous phase up into the samnling cham=-
ber, the level of the interface could be adjusted to allow the
benzene phase to be removed fairly complotely. TUsually throe
or four onec-ml rinses with C.2M TTA iIn benzene were used after
removing the benzene layer.
Due to the g-activity associated with the americium, it was
not possible to follow the actual percent cxtraction of lanthanum

140 140

by measuring L activity with the limited amount of Ia

available. Instead, only the distribution of the americium ac-
tivity was checked and it was assumed that the percent of lanthanum

extracted at the pH measured was that previously found experimental-

-0y

1

ly (Fig. 4).

Since contact of the agueous phase with several portions of
TTA benzene can be made rather roeadily, the pH at vwhich highest
efficicncy is atbtainable 18 along the flat part of the lanthanum
sxtraction curve where a small prrcent of the lanthanum is ex-
trectede The polint selected was pF = 3,27. Here the extraction
for cach contact is 707 for amcricium and 1 - 2.57 for the
lanthanume After threc contacts, the amount of americium left in
the aqueous phase is 2.7% and the amount of lanthanum extrocted
with the americium is 3 - 7.59 of the total. The americium and
lanthanum are then removed from the combined benzenc layers by
shaking with about 1 ml of 0.5M W0z and preparcd for a second
extraction. If four such exbtractions (of three contacts eéch)
are made, and if the original ratio of La/am is as high os 2500,
the lanthanum is 0.2 -~ 89 of the cmericium in the fincl prepara-
tion, cepending on the exact position of the lanthonum extraction

curves A value considerably lower than a% is indicated by the
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actiual spectrographic analysis of the final product.

Before the solution was put through the process described
in Table II, it was subjected to eight oxtractions at pH 1 in
order to rcmove the rgmaining iron. The last threc fractions
wore onalyzed and it was found that only O.1 - C.3% of the
a~activity was removed.

A summary of the final separation of americium from lan-
thanum is shown in Table IT. The time of contact of the benzene
and aquecous phases during cxtraction was in all cases ten minutes
or longer after the final adjustment of the pld. Complete re-eox~
traction from the benzene phase into dilute HNOz roquired from
1/ 2 to 1 hour contact time with stirring.

The acid solﬁtion of americium was cvaporated to dryness, re=
dissolved and the hydroxide precipitated by addition of VH, O .

The precipitate was slightly brown in color suggesting the pre-
sence of ferric hydroxide, so it was dissolved in O.lE_HNOz and.
oxtracted with an equal volume (100 nl) of 0.2} TTA in bonzenc.
After this trcatment the hydroxide was again precipitated and was
only slightly tan in color. The extractlion was repeated ard this
time the hydroxide was pink in color. This color for the hydroxide
has been described by Cunningham(g).

One~half of the scmple (ca. 10 pug) was submitted for spectro-
graphic analysis*. The results are shown in Table TII. The im-
purities of greatest concern, lenthanum and neodymium, apparently
were separated adequatelye.

Tn view of the similarity of the chemical propertics of Am(III)

FPorformed by the Metallurgical Taboratory Spectrographic Laboratory.



Table II

Separation of Americium from Lanthanum

Cycle Contact Vol. Vols AQ. DpE of @ hctivity a Activity % 4Am % Am in Accumulated
No. No. 0.2H TTA ml Ag. in Benzene in Aq. (%) Bxtracted Ag. Phase % 4m in
ml (%) in Cycle in €ycle Aq. Phase
1 1 10 13 3.23 T4% 26%
2 10 13 2.28 72 28
3 10 13 331 74 26 98 2
re-extrac- 40 1 0.5 HNO3 2.5 97.5 95.5
tion
2 1 5 8.3 B3.27 75 25
2 5 8.3 3.27 69 31
3 5 8.3 3632 -k - 97.5 2.5
re~extrac- 27 0.5 L% HN’O5 1 99 92.2
tion
Fe 1 5 8.5 2.52 0.7 99.3
re- 2 5 8.5 2.52 - -
moval 3 5 8.5 2.52 - - 2 98 90.4
3 1 2.5 8.75 3. 31 89 1l
2 265 8.75 3.27 76 24
3 2.5 8.75 3.27 - - 99 1
re~-extrac- 16.5 Je5 1M HNO3 C.d 99.5 89.0
tion -
.
4 1 2.5 7.5 ‘3.27 g
2 2.5 7.5 3.25 @
3 2.5 7.5  3.39 9.5 0.5 &
re~extrac- 16.5 0.25 11 HI\TO5 0.6 99.4 28

tion

*These figures in each case represent the percent distributed between aqueous and benzene phases based
upon the amount present during the parbicular extraction.

*PesTARY — 9GT~TdiN

*+No analysis made-.
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Table ITI
Spectrographic Analysis

of 10 pg of Final Amcricium Product

Blement Milli-png ¢ of Flement Milli-pg 7 of
o  in ' 10‘pg Am ' in 10 pg Am
Sample sSamplLe
Al 100 1 Ni 100 1
As <500 Pb 500 5
Au < 20 Pa <50
Ba <100 Pr -~ 50
Bi 200 2 Pt <20
Ca 200 2 Rh < 200
Cb < 20 Sb <500
K < 100 Sc < 5
Ce ~<.100 Si 2000 20
Cr < 5 Sr < 50
Tu -5 Ta {100
Fe 500 5 Th < 50
Ga < 100 Ti <10
ad << 50 U < 500
In < 100 v < B
Ir <500 W < 50
La 50 0.5 Y 20 Oe2
Lu <200 p4 o) <10
Me 50 0.5 7n < 200
Mn 5 0.056 7 < 50
Mo <5

Nd < 50 <0.5



UCRIL=L58 +~ Revised.
Page 24
and Cm(IIT) it is very likely this method may cqually well be useod
to separate Cm(ITII) from La(III), a conclusion verified by later
worke
ITT. Higher Oxidation State of Americium

1« Dark Bydroxide of Americium.

It has been observed that precipitation of Am( ITII) by an
alkaline peroxide solution gives a flocculent compound similar
in physical characteristics to the pink hydroxide of Am(ITT) dbut
having, instead, o dark brown color. It has been suggested that
the dark color of the precipitate is due either to a higher oxida-~
tion state of americium or to a colored peroxide compound of
am(171)(9),

The observation of the dark hydroxidc was verified. Addi-
tion of KOH to a solution of Am(IIT) containing HoOg invariably
resulted in the formation of the brown hydroxide. If the brown
hydroxide is actually a higher oxidation statc, such as Am(IV),
it 1s possible that it may be sufficiently stable to be detected
shortly after dissolution in a complexing acid such as HNog;
Ce(IV) forms a nitrate complex in relatively concentrated HMOz
solutions. The light absorption spectrum of Am(ITT + x) mizht be
expected to be different from Am(ITII) and in that case provide a
convenient means of observing either the highcr statc or absence
of the lower state. The absorption spectrum of Am(III) in con-
centrated HNOz (15.4 M) (using 16]] HNO, as a blank) was deter-
mined using 1 cm light path micro quartz cells in the Beckman

spectrophotometer . A plot of the molar cxtinction coofficient
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€¥, voersus wavelength in Angstrom units for two regions of the
spectrum is shown in Fig; 5;

A portion of brown hydroxide was washed and 50 pl of a
slurry added to 0.3 ml of a concentrated HNO; solution at OOC;
The optical density was measured at 5030~-5040 A within 60 seconds
aftor dissolving. Log IO/T was found to be 0.092. Subscquently
the readings shown in Table IV were taken.

Table IV

Absorption Spectrum after Dissolution
of the Dark Hydroxide of"Americium

A'.‘ ""og To/T "og T,/T A %1oﬁ In)&
5000 +0b3 - 7750 0,010
5010 «057 - 7900 0.030
5020 <065 - 8000 0,058
5030 077 - 8100 0.038
5040 0100 o111
5050 ;122 -
5060 128 121
5070 « 128 121
5080 ;126 ;118

*¢ o log Io/T x molecular weight
concentration in g/l x cell length

where I, i1s the intensity of the incident light and T is the
intensity of the transmitted light.

** Taken within five minutes after dissolving.

T Paken within ca. twonty minutes after dissolving.
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The concentration of americium as determined by alpha assay of
) * ' ..

an aliquot was 0,18 mg/ml giving

162

€ 5060 A
€8100 &

n

51

From Fige 5 €ngq = 162 and €100 = 6. Comparison of values of
€5060 suggests that all the americium was present as Aw(ITT);
comparison of the values of 58100 sugzests that some of the ameri-
cium may have been present in some other state. Due to the low
absorption at 8100 4, 68100 may be somevhat less accurabe than

“5060°

If the brown hydroxide is a higher state, theon 1t 1s likely
cither that the americium is oxidized incompletely (surface oxi-
dation) or that it is reduced rapidly to Am(ITT) on dissolving
in acid or perhaps by peroxide not removed by washing. Tho
initial reading at 5030-5040 A is probably consistent with the
readings more carcfully made latere.

.......

2. oxidation of Am(ITI) by Broz~ Solutions.

An attempt was made to reproduce the experiment performed by
Cunningham and Asprey(g) in which evidence was obtained consistent
with the oxidation of Am(ITI) in concentrated HNO3z - Brog~ solu-
tionse. Bricfly, their experiment was carried out as followss$

The absorpbtion at 5060 A in a solution of Am(TIT) in 15.3Y4
HVO0gz - 0.02lM BrOz™ was mecasured using as a blank a solution of
15-5ﬁ_HN05 ~ 0.0} BrOs~, the latter being used in an attempt to
compensate for the light absorption of bromine Lliberated by de-

composition of the bromate in concentrated nitric acid. There:

"specific activity of amf4l is 6.46 d/m/pg. See (3).
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was an apparent decrease in optical density of the americium solu~
tion at 5060 A by a factor of necarly 4. The decrease was linear
with time for twenty minutes followed by o slow incrcasc to the
original valuec. A similar but less pronounced decrcase in optical
density was obscrved at 8000 A.

Experiments similarly performed were found to give erratic
results. This behavior secmed explainable after it was observed
that the incoption of the Br, ovolution in the sample and in the
blank were not concurrent. A procedure was adopted in which the
optical density was measurced at threc wave lengths in cach of the
two regions, 4950, 5060, 5250, 7600, 8100 and 8400 A. It was
agssumed that the absorption curve of all chemical spocices other
than Am(ITT) would fall on a straight line connccting 4950 and
5250 A, and connccting 7800 and 8400 A wherc the absorption due
to Am(TIT) is negligible as scen in Fig. 5« The straight linc re-
lationship is not precisce, but, as may be seon in Fiz. 6, it pro-
vides a recasonable approximatione An cxperiment was then per-
formed under the following conditions?

Sample solution
C.02M Brog”

153]] HFO-

0.15 mg Am(III)/ml
Blank solution
0.02M Brog~

3
or 1 61‘;'1' HNOS

15.9M HNO

The results arc shown in Table V.
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Table V

Oxidation of Americium in
Broz - HNOz Solutions

Time (min) Optical Density  Optical Density

at 5080 A at 8100 A

0 098" 0297

40 .094" 030"
89 .094 030
121 .092 029
151 .084 L0882
161 .085 .028

* Using 0.02M BrOz™ - 15.9l1 FNOz as a blank
solution.

It is apparcent that oxidation, if any, was incomplctee. A
subsequent experiment performed at higher Broz~ concentrations
gove similar rosultse The results of o study of the absorption
spectrum of a freshly prepared BrOz~ - HNOz solution arc shown in
Fige 64 It can be scen that a2 minimum in the obsorption at
5060 A occurred within ten minutes after the addition of XKBrog;
the absorption subsequently increcased, presumably as Brs begon
to be covolveds The explanation of this behavior is not known.

It must, however, be considered when evaluating the rosults of
cxperiments on Am(TIT) oxidotion as described above, since it

could be intcrpreted as a decrease in the concentration of Am(ITI).
Since oxidation, 1if it occurred 2ot all, appearcd to be ncither

-

rapid nor complete under the conditions used, 1ts possible we as
2 basis of Am«Cm separctions scomed remote.

%a Oxidation of Am(III) in Alkaline Solution.

It had been shown in the case of plutonium(17) that all the
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known oxidation states ITI, IV, V and VI could be obtained in con=-
centrated potassium carbonate solutions. All stabtes were quite
soluble, with the exception of Pu(V) which precipitated out of
40% ¥o003 solution on standing and attained an apparcnt solubility
of the order of O.l mg Pu/mle The solubility of the other states
wes sufficiently high (ca. O;OOBﬁ Pu) so that usc could be made
of the characteoristic absorption spectra of the various states of
plutonium in order to follow the course of oxidation-reduction
reactions and to detormine the concentrations of the various spocics.

3,1 Tffect of Peoroxide on Am(IIT) in Carbonatc Solubione The

absorption spcctrum of o 40% KyCO0z sclution containing 04428 mg
Am(III)/ml was measurced in the Peckman s»ectrophotometer using
guartz micro ebsorption cells heving a light path of 1 cme.

The absorption spectrum is shown in Fig. 7. Prominent absorp-
tion bands occur at 5080 and 8180 A« The values for molar ox-
tinction coefficicents are 270 and 44 respecctivelys. The solution
wes then made cas Ced5 In HoOp and the absorption at 4950, 5080
and 5300 A followed with timc; Tho position of the peak at 5080 A
was not altercd. Immndi;tcly after acdition of H202‘£5080 was
calculated to be 262 (cf. 270). This value remained cssentially
unchanged (within 3¢) for two hours or longer, and at the end of
18 hours was found to be 265; It was concluded that no apprcciable
oxidation had occurred.

3.2 Oxidation of Am(ITI) by Hypochlorite in Carbonatc Solution.

The experiment was ropeated except that 15 pl of a 57 NaoCl solu-
tion, instend of Ho05, was added to 170 nl of KoCOz-am(III) solu-
tion (ca. 0.051f 0C1”™ and 04415 mg Am(IIT)/ml)e ¥o change was ob-

served in the rclative heoight of the 5080 A pcak on standing 50
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minutes at room temperatures However, after 24 hours the peak had
dropped to ca. 357 of the initial height and o necarly white pro-
cipitate had settled out; The data are shown in Table VI
Table VI
Log Io/I of a KoC03z Solution Containing
0438 mg Am/ml aftor Hypochloritec Addition

5 Timg
- 0, | 5 mins 15 min. 20 mihj ;50 min. 24 hours
4950  .034 - - 0,033 055 052
5080 1443 — —- 0.449 458 .187
5300  .028 ——- —— 0,023 026 .044
700 e 017 016 —— .016 .22
8180  --- .085 .085 - .084 .039
8450  =-- 013 - w013 - - ewe 013 - .012 -

n q.subsequent cxper imont the 5080 A veak was observed to
dfop to 179 of its initial valuo after a five minute period of
heating at 95°C after addition of MaoCl solution. Within five
minutes after hoating, precipitation occurred. The Am(IIT) con-
contration remained essentially constant which was shown by the
constant peak hoight above the background absorption (due prin-
cipally to prescnce of tho precipitate) as measured at 4950 and

5300 As Thesc data are shown in Table VII.
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Table VIT

Log I,/I of a Kp03 Solution Containing 0.39 mg Am/ml
after Hypochlorite Addition and Heabing

A | | Time
of o mine 5 min, 10 min. 20 min. 30 min.
4950 033 .018 .022 051 ——— 201
5080 0440 093 .095 .128 - 277
5300  +027 .019 .022 054 —— 202
7700 =-e .024 —— - 132 203
8180  .090 052 - - 153 207
8450 - wem CWOLE e e 187 .188

*Calculated from data in Fige. 7.

Further addition of NaoGl solution and heating ot 95°C for
five minutes left no detectable pcak at 5080 A.

Another experimont was performed using identical Am(ITT)
and K50 0z concentrations, in which the offect of heating in the
absence of NaCOCl was shown neilther to affect the hoight of the
peak at 5080 A nor cause precipitation. After addition of WaQCl
and oxidation the 5080 A peak could be caused to recappcar by
addition of sodium hydrosulfitc (V¥a53,04), a strong reducing

agente The results are shown in Table VIII.
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Table VITI
Tffect of Addition of Hypochlorite and Hydrosulfite
to a K,C0z Solution Containing 0.24 Mg Am/ml

...........

A *log Io/T ___ Remarks

5080 0;264 Before addition of Naocl

8180 0,045 Beforc addition of NaoCl

5080 0,171 After NaOCl addition and heatinge

8180 0.029%* After NaoCl addition and heatinge.

5080 0.258 After addition of sodium hydrosulfitoc.
8180 - - 04042 - - After addition' of sodium hydrosulfito;

1 Background ! absorption measured at 4950, 5300, 770 and 8450 A
has beecn subtracted as previously described,

=% o yalue calculated from the 5030 4 peak and date of FPige. 7 was

also found to be 0.029, showing exccllent cgrecement with the
observed valuce

In a subsequent experiment o solution which contained finally
0.24 mg Am/ml was made cae 0.1M in 0C1™ and heated at 959 for
five minutese. Oxidation was found to be completc. Aftor twenty
hours the americium had precipitated to the ecxtent of 035 mg/ml
being left in solution. Addition of WaoS504 at 25°C caused 2
gradual reappearance of the 5080 and 818C A pecaks in the same ratio;

This scemed to be good evidence that the Am(ITI) was belng
oxidized to o higher state, which is slowly precipitated as an
unidentified insoluble salt, prcosumably cither a carbonote or a
hydroxide (hydrous oxide).

An experiment was performed in which theo oxidation of Am(ITT)
and procipitation of Am(ITT + =) was studied at various K50 0z
concentrations. The initial concontrations were ca. 0.05M FaOCl

and ca. 1 mg Am/ml. The samplos were heated ot 9590 for five
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minutese Additional NaoCcl was subsequently added to insure com=
pletc oxzxidation. The results are summarized in Table IX;
Table IX

Solubility of Am(III- + x) in XKsCO0z Solutions in mg Am/1

K;C0z concentration  0.1% 0.4 0.8 1.5 2.3 3.0

4.5 hours - 62 4] 28 24 23
24 hours - 51 26 4 7 )
6 days . P . . 5 . « 2 . .. 2 P 2 . Lo 2 - 5 ......

*0.1M K2007 was not sufficiently concentrated to hold this amount
of Am(IIIY in solution. An initial pink precipitate which
formed was undoubtodly Am(CW)z. -~ On standing for six days it was
converted to a white precipitates

The remarkably low solubility which i1s cventually attained
is not dopendent on the carbonatce concentration. Por shorter
periods of time highcr carbonate concentrations appear to favor
low solubiliticse.

4, Absorption Spectrum of AmM(TIT + X)oe

Tf the rate of reduction of the higher state in acid solution
is sufficiently slow, the possibility exists that one might be
able to mcasurc the absorption spectrum of Am(ITII + x) in acid
solutions The higher state was preopared and precipitaeted in the
usual way from a K,COzNaOCl sohztion; The precipitatc was washed
three timos with water and dissolved in 0Oe1M HoSO4 .

From time to time as the absorption curve was being measured,
the absorption of am(ITT) at 5040 A was chocked as a measure of
the rate of rcduction of the higher state. It was found that this
rate was sufficiently slow to allow the spectrum to be obsecrved.

Tor each interval of time during tho measurement, the concentration
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of Am(TIT) was calculated from the height of the 5040 A peak and
data from Pig. 8% The absorption duec to the higher state was then
obtained by subtracting the Am(ITT) absorption from the total;
The curve shown in Fig. 9 was calculated knowing the concentration
of the higher state during cach intervels The corrcction for
reduction of Am(III + x) was hardly appreciable, since only about
3¢, was reduccd over a pofiod of 2 1/2 hours during which the
spectrum was being measured.

5¢ 0Oxidation Number of the Higher State of LAmericiume

A portion of o precipitatc of Am(ITT + x) preparcd as pre-
viously described was dissolved in Oe1 Wy30,« The absorption
spectrum at 4950, 5040 ond 5300 A was obscrved. The spectrum
was again obscrved after the addition of 0.214 n cquivalents of
Pe(1T)s The amount of m(ITT) which had bern produced by the re=-
duction was calculated from the molar oxtinction cocfficiont of
Am(TITTI) in the same solution (caleculated two days later after com-
plete reduction had occurred). Total cmericium present was deter-
mined by alpha count of an aliquot of the solution. The cmount of
americium found to be reduced was 04122 micromoles. Calculation
using the Am(ITIT) peak at 8180 A showed the cmount of americium

recduced to be 0.125 nm moless This gives a ratlo of

equivalonts Fe(II) = 1,75, . This ratio corrosponds most closoly
moles Am reduced

*The values for the molar cxtinctlion cocfficicnts in 1M HOL showm
in Pige 8 arec ncarly identical with thosc obtained by D. Co
Stewart for Am(ITT) dissolwed in a ''non-complexing! acid
(1M weloy)e (In.HC1O, solution €5040 = 320, €gq9mg = 607 in
IMHCL €5040 = 332, €gqmy = 60)s The corrcctionused for Am(III)
absorption Is accurats; cither if the Am(III) is not apprecicbly
complexed in 0.1M H5304 or if such complexing docs not alber the

absorption spcetrum of the americium.



(3)

4Ud121}3909

UO1JIUIIX 3
"

JDJON

Wavelength in Angstrom Units A°

Fig 8

%

Absorption Spectrum of Am(

) in IMHCI



Extinction Goefficient (€)

Molar

,,,,,,,,,,,,, B
,' .
s
[ SO 1N Y A £ VR ST e,

i
i

7000 8000 9000 10000
Wavelength in Angstrom Units A°

Fig 9

3000 4000 5000 6000

Absorption Spectrum of Am (V) in O.f MH2S0,

11,000



UCRL~156 - Revised,

Page 40
to thot expected if the higher state is Am{vV), i.c., R = 2.0; The
reason a non-integral value was found is not known. Though not
conclusive, the data suggnst thot the higher state may be Am(V)
rather than Am(IV) or Am(VI)e. This is supported by comporison
with the bchavior of the correcsponding states of plutoniume. BRoth
Pu(IV) end Pu(VI) are welatively soluble In KyCOz solutions,
whoreas Pu(V) oxhibits a low solubility. Furthermore, KuCOs
solutions of Ce(IV) and Th(IV) when heated with Na0cl showed no
tendeney to precipitate either shortly after heating or on stand-
ing for as long as thirty dnysj" Both Pu(V) and wp(V) are thought

. . . . +
to exist in agucous solution as the oxygenated ilons Puly  ond

NP02+(18). The americium ilon may similorly be Am02+.

Wwith the nerd of confirmetory cxperiments in mind, the higher
state of americium will hercafter be reforred to as Am{V).
IVe Separation of Curium from Americium.

.....

le Secparation of Curium from Americium in Carbonctec Solutionse

Since the chemistry cxpected of curium would not include the
possibility of a higher stabte, the precipitation property of Am(V)
appocared to be a method for scparation of omericium from curium.

lel Precipitation of /m(V) from Carbonate Solution Containing

¢m(III)« 4An aqueous 40% K3C0z solution of americium and curium

was prepareds ‘- The dnitial concentreotion of cmericdium was

fﬁvidenco for g plus five oxidation state of pracsodymium has

been reported(l-). An exporiment was performed to determine
whother N20Cl could oxidize Pr{ITI) in Ko00z solution. The ab-
sorption spoctra of a ca. 0,01 Pr(IIT)-40% KoCO0z solution was
detormincd. Na0Cl was then added and the solution hcated. WO
decrcase in the height of the absorption pcaks could be detected.
As a further check an oxcess of M258504 was then added but no
increasc in the peak heights was found corrcsponding to reduc -~
tion of previously undetccted oxidized prascodymium,.
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coe 1 mg/hl whereas the curium was present at cssontially tracer
concentrations (cz. 1070 mg/ml). An aliquot was romoved for
alpha analysise The solution was mado co. O.2ﬁ in NaoCl and heated
at 95° for five minutese Aftor standing spccificd times the solu-~
tion was oontrifuged end an aliguot of the supernatant removed
Zor alpha analysise. The relative amounts of the two alpha emitters
were convenicntly determined by use of the alpha-particlc pulsoc

analyzor designed by “hiorso, A. We Jaffey, He Pe Robinson and
B Weissbourd(zo).

By mcans of this cpparatus onc can determine the numbers of
alpha particleos having the range of cach of the two isotopes.

The pulses from selected limits of ranges are fed into 48 channels
connected to 48 rergistorse A plot of counts per minute against

the register number then showsg a distribution illustrated in Tig.10.
The position of the pocaks, the scparation of the peaks or resolu=-
tion, as well as the peak width, 1s dependent upon the design,
operation and performence of the counter and on the preparation

of the sample to be counteds Thick, uncven samples tend to de-
creasc apprecilably in a non-uniform way the effectlive ronge of

the alpha particles in air.

The Initial ratio of the alpha cctivity of americium to that
of curium was about 3 to 1 as scen from Tig. 10a. Aftcor oxidatlon
and standing for about 7 1/2 hours the ratio was found to be 2
to 3 (Pige. 10b)e Definite cnrichment of curium reclotive to ameri-
cium was accomplished in the solution. 957 of the curium was
accounted for in the final oxidized supernatant, but only 22% of
the americium remained in solution.

In o subsequont cxperiment the americium precipitate from an
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Am-Cm carbonate solution was washed threoe times with 409 KoC Oz~
NaOoCl solution and dissolved in zcid. Pulsc analysis indicated
o single alpha emitter was presont which was A 241. Limits of
detection of the curium alpha activity would have allowed a maxie
rmum of about 8% of the total curium to have beon presonte These
cxperiments and subsequent routine soparations of amecricium from
Vuvlum.h we shown the curium loss to be small,

1.2 CﬂrPV1ng of the Am(V ) by Tn(v). Llthough precipitation of

Am(V) from carbonotc solutions of curium affords a convenlont
separation of the two eloments, the degrece of scoparation is limitcd
by the solubility of the Am(V) compound, as woll as the minimum
volume in which it is convenicnt to work. Scparation of small
amounts of omericium by preccipitation with large cmounts of some
other element, which in turn could be more casily removed when
prescnt in trace concentrations, scomed worth investigoting.

On thc assumption that the oxidized form of americium 1s
Am(V), ¢b(V) and Ta(V) aro suggested as possible carrier moterinls.
Doubt coxists, however, of the 2ability to remove reacily tracecs
of elther clement from curium. A sSimplc cxperiment was never-
theless run to test the carrying by Ta(V). A mortion of ar une-

stable solution of Ta(v) in 2.7 KGO0z solutlon {cae 75 mg Ta/ml)

was added to a lM K500z solution containing ca. 5 g Am/ml which
had been oxidized at 95°¢ with NeoCl. Further heating causcd
precipitation of the Ta(v). Alpha count of an aliquot showod
that approximately 20% of the americium had procipitatod. Pro-
"1n1tﬂtnon of a second port¢on of Ta(V) raised this to 289,

L3 Carrying of im(V) by Pu(v). Vp(v) or Pu(v) should bo

very similar chemically to am(V)e Due to the non-availability of
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neptunium the cxperiments were limited to usc of plutonium.

Tho conditions undor which Pu(v) is proparcd in carbonate
solutions are quitc differcnt from thosc producing Am(V)(lv).
In carbonate solutions containing NooCl, Pu(vi) is the stable oxi-
dation statcs Pu(V) may be propored by trcating Pu(VvI) - carbonato
colutions with NogS0z,., Having Pu(V) and Am(V) in the same solu-
tion would then depend upon the existence of a slow rate of ro-
duction of Am(V) or a slow ratc of oxidation of Pu(V) or possibly
boﬁh;

100 pg of Pu(IV) was dissolved by adding 25 pl of dilute
acid nlutonium solution to 150 pl of 407 KoCOzs Oxidation of
the plutonium to Pu(VI) with NaoCl was accompanicd by a change
in color from thce light grcen of Pu(IV) to the bright intense
green of Pu(VI). with the addition of an oxcoss of solld Nay80gz
the color disappearcd and the light tan colored procipitate of
Pu(V) began to form within an houre. Aftcr forty hours the solu=-
tion was centrifuged oand the solid washcd twice with carbonate
solution; To the precipitate was added ca. 75 pl of a con-
trifuged Cm-fm-NaOCl carbonatc solution which had stood for
ahout o weeok and which had the following compositions

oa; 25 pg fm/ml
0.1 ng Cm/ml

289 of alpha activity was Am24l

729 of alvha activity was ome42
After stirring the mixture for ton minutes at room tcmperature,
the Pu(V) compound was centrifuged out and an nliquot of super-

natant removed for alpha cnolysise.

Pulse analysis showed 80% of the activity to be Cm242. This
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corresponded to a 2% decreasc in the concentration of curium and
a 35% decrease in the americium concentrations Stirring ovornight
reducod the americium activity to 5% of its original value leaving
2 conccntration of ca. S ng Amﬁnl; Sincc previously this low
concentration had been achicved without. the aid of carrier (Table 9),
' the carrying® of Am(V) by Pu(V) moy not have becn properly
demonstrated. The prescnce of Pu(V) compound did cppcar to have
o profound eoffect cs also illustrated by the following cxperiment:

An Am~-40% KoCOz solution was found by alpha assay to contain
45 ng Am/ml; Tho emericium was oxidized with NaoCl and a solution
of approximately 1 mg of Pu(V) in 0.1 W10 was added aftcr cooling
both solutions to 0°C, The Pu(V) precipitated immediately 2s a
flocculent white compound. The solution was centrifuged alter 15
minutos and an aliquot of the supcrnatant taken for alpha assay.
Pulsc analysis indicated that 8% of the total alpha activity was
due to Ame%l, qnis corresponds to 3 ng hm/ml. Taking into account
dilution of the original Am~Ks5COz solutlon, it was caleulated that
89% of the americium had precipitatode.

One further cxperiment was performed using the Am-K2CO3 soluw
tions listed in Table IXe. To cach of the solutions containing from
2 to 5 pg Am/ml was added ca; 40 pg of Pu(V) dissolved in 0.1N
HNO5; The solutions werc kept in an ice bath for fifteen minutcs.
For the next fiftcen minutes the tubes were rcecmoved one by onc be~
ginning with the 3.0 K5CO0z solution, centrifuged and aliquoted.
During centrifugation the temperaturc of the tubes increascd with
o consequent increasc in the rate of oxidation of Pul(V) to Pu(VvI)

by the excess of 0Cl™, This was apparent from tho appearance of
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the bright greecn color charactoeristic of Pul{vVI).

Alpha-pulse analyses werc run on cach sample to detcrmine what
pcrcent of the alpha activity was plutonium; Onc could thus cal-
culate the concontration of cmericium remeining in solution; The
rosults arec shown in Tablc X.

Table X
Carrying of Am{(V) by Pu(V) Solutions

Concentration O¢lM 044l  0.8M  1eB5M 2.3 3.0 3401
Percent of Am

removed by Pu(V) 90 91 89 89 72 91 28
precipitation

*No ¥a0C1 added.
The rosults are secen to be uniform with cxception of the 2.5ﬁ
KoCO0z solutione Why carrying was low in this casc is not known;
The apparent carrying of 269 of americium in the solution to which
no NeoCl had boon 2dded is somewhat surprising; Im(ITT) should
bchave like Cm(TIT), which does not appear %o be carricd by the
PP(V) precipitate (sec above).

2e Use of Ton Txchange Resins as o Means of Curium Purification.

The action of the cxchonge resin may be represcented by the

following rcoctiont

3 WE,R + MotOemmMor, + 8 WH,*

Due to difference in the ion cxchange equilibria, americium
and curium are separated into two bands as a solution is passcd
through a column of resin. ¢m(III) is lcss strongly adsorbed by
the resin and hence comes off the column first. Tlution by o
complexing agent, such as citrate solution, wheore a difforence

in the strength of the complexcs of Cm{TIT) and Am{ITT) oxists,
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may enhance the scparation. Scparation of Am(TITI) from Cm(ITIT)
can be obtained by proper choice of column size, elubting zgont
and flow rate(ll);
Ve TIsolation of Curiumy Deotcrmination of the 3pecific Activity of
the Oxide; Calorimetric Determination of the Half-Lifce

1. TIsolation of Curium.

Results of the previous section indicated thot completo
separation of americium from curium was fcasibles Two samples of
amcricium as the oxide werc prepared by Cunninghom, Stewart and
Thompson for bombardment in one of the Honford pilecse The first
samplec was dcenoted as 51 NA and the second as 51 NBe The purity

of both samples was as followsse ce

w24l (py aire.)  §6TE
La 3.0
Y 0.3
ca 0.2
Mg 0.02

1.1 Irrediation of the imericium in the Hoanford Pilce. Both som-

plecs werc irradiated in the Hanford pile and werc shipped to
Berkeley immediantoly after being discharged. Sample S51NB reo-

cclved o somewhot longer bombordmont thon 51 Nhe
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1.2 pirst Attempt ot Curium Puriflcation and Isolobione. Initial

operations on sample 51 VWi begun Scptember 26, 1946, werc carried
out jointly with other members of the laboratory including Cun-
ningham, Thompson, Pe Re O!'Connor and Jamecs ecnd with the helpful
cooperation of Nelson CGarden and his Health chemistry Groupe. The
sample, mounted in a platinum capsule, was first romoved from the
lead slug ond the aluminum capsulce in which it hoad becon irradiated.
The oxide was dissolved out of the platinum tube with nitric eccid,
then placod . in KoCOz solution and oxidized with hypochloritce.

After precipitotion of the americium, the curium and omericium which
remained in solution were precipitated as hydroxides, dissolved

in nitric ocid and agoin put into K5C 0z solution; The oxidation=-
precipitation cycles were repected twicce The hydroxide was

finally dissolved in 1l WNOz.  An alpha assay was carried out

to determinc the amount of Cm.‘?42 prescente« Latcer calculations
from absorption spectra data on this solution (described in sece
tion 10) showed that apprccioble quantitics of americium re=-
mained in the solution.

In »rinciple, it should be possible to seporate amnricium
from a concentrated solution of curium in agucous KGO0z solution
by oxidation of the americium with N20Cl os described cbhovee In
a .Olﬂ_Cm(III) golution the amount of amcricium which would ro-
main unprocipitated if the solubility of 4m(V) wore co. 2 pg/ml
would be 041% of the weight of the curium present. This, how-
cver, requires that the total volume of the KQCO6 golution be of
the order of a fow microliters. In practice, the difficultics

of maintaining an oxidizing modium in the wrescnce of peroxide

produced from water decomposition by curium alphos proved to be
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insupcrables It was found necessary Yo dilute the sample ap-
preciably and depend on carrying of Am(V) by Pu{V). By this mecans
it proved to bec possible. to romove amcricium to the point vhere
it could not be detected by measurcment of the absorption spcctrum
of the sample solution.

Among the impurities detected by spectrographic anaolysis of
the americium placed in the pilce, lanthanum was the most cbundant,
belng preosont to the cxtent of about 3¢ of the total weight of the
sdmplo. The concontration of ILa(ITT) was thus quite apprccicblc.,
Soparation from La(III) appearcd feasible by usc of the method,
described in secction IT, of TT. oxtractions at sclected hydrogen
ion concentrations. TUse of the TT4A oxtraction resulted in 4Aiffi-
culty which was apparently due to the alpha activity of the sam-
ple. Phase seporation was poor; relatively large cmounts of an
insoluble material often formed from which it proved to be dife
ficult to recover curium. Decay of the curium and mechanical
lossecs considerably reduced the total amount of the samplee Ac-
cidental recontaminetion with iron of the final samplc, vhich
wes to have been used for a gravimetric specific activity detor-
mination, mode further efforts at purificotion of this sample
improctical.

1.3 Isolation of Curium as o Pure Compound. Opcrations on sample

5L NB were begun on July 17, 1947, immediately after it was rc-
celved from Hanford. Duc to the high lovel of beta and gamma
radiation from the containecr ~nd from thce sample itsclf, the
initial operations werec carried out in a "hot laboratory'' . This
room, designed by Nolson Gardon's Health Chemistry Group, afforded

a well shiclded, ventilated arca in which romote control opera~-
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tions could be carried out and viecwbd with tho aid of reriscopecs
and mirrors. (sce Fig. 11). Spocial cquipment was designed and
constructed, and voluable assistance in the actual operations was
performed by John Gifford, Carroll Gordon and other mcmbeors of
Garden's Hoalth Chemistry Group.

The amcricium oxide sample was dissolved from its platinum
containecr, which hod been removed from the slug, and put through
& scrios of chemical reoactions designoed to remove other isotopes
of intorest. This phase of the work was dircctced by Thompson.
The sample was rcceived as a dilute HC1 solution containing ameri-
cium and curium. 257 of the entirc sample had boen rcetained.

ae (Column Separation of Amcricium and Curium. Scparation of

americium from curium was achioved by the use of columns packod
with the cmmonia form of colloidal agglomerates of Dowex 50. Tho
irregularly shaped azglomeratcs were sieved betweon approximately
200 and 325 meshe. It was anticipated that difficulty was go
formation and ¢ onsequent blocking within the column mizht be on-
countercd with the extremely high level of alpha activity precsent.
Three mcasures were odopted to minimizce this difficulty. 1) The
diamcter of the column, honce the total volume, was made as large
as possible commensurate with the amount of resin availablce By
this means largecr volumcs of cluting solution would flow through
the column tending to dissolve the gas formede 2) Argon was
bubbled through the cluting solution to remove oxygen and increasc
the capacity to dissolve oxygen formed by dccomposition of the
water by radiations. 3) Spongy polladium was mixed with tho resin
to afford a surface at which the rec~combination of hydrogen and

oxygcn could be catalyzed.



Figure 11.

Shielded "Cave" for Vlorking with High Levels of Gamma Radiation.
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The secparation consisted of thrcee stopsf 1) a 10 em length,
8 mm diamecteor column designatcd to test the operation under condi-
tions to be used with the longer columns, 2) A 50 cm-8 mm dia-
mecter column to scparatc the bulk of the Am241 from the curium,
3) A 50 cm-8mm diamcter column to separatc the last traces of
amcricium from a cut containing impurc curium. Samples wore intro-
duced on thc columns by first adsorbing thom from acid citrate

gclution (co. pH = 1) using as small an amount of rcsin as poasibles

his wns then transferrcd to the top of the resin in thr column,

=

giving an active layer scveral millimeters thicke In all coscs
Oe25M cltratc solution at p¥ = 3.05 was uscd to clute curium and
amcricium. 1In the casc of the 50 cm columns, collecction of samples
wos greatly facilitated by an automatic scmple chanzZer shown in
Fig. 12 and designed by Robinsone. The first two column runs wero
carrizsd out in ccoperation with Cunningham and Jamcs.

Further details follow?

column 1 was run at a flow rate of 0.4 ml/bmz/min. . Thirty
milliliters of effluate werc discardede The next 100 milliliters
of cffluate colleccted containcd cssentially all the amcricium and
curium. Lanthanum precsent in the original sample remained on the
rcsin, since at pH 3.05 it is very strongly adsorbed from citratc
solutions The Am=Cm fraction was rcoc-run on column 2.

Column 2 was run at a flow ratc of O.4 ml/bmz/min. 142 same

ples having o volume of 2.5-3,0 ml cach werc collecteds The dise

tribution of the alpha activity was determincd by counting ali-

quots of the solution and is shown in Fig., 13. Intermedicte

241 anB4e

froactions which containcd both A and were subjected to

pulsc analysis. #rom this data, rclative amounts of the two



Figure 12.

Autometic Szmple Changing fpparatus.
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isotopes could be caleulatod s HoWever; tne first patrt of the
clution curve for amecricium was inferred from the shape of the
curium curves, The curium activity in these intermcdiate samples
for overshadowed that duc to Am241; Samples 67 to 71 inclusive
contained cpproximately 40% of the curium and an estimabted cmount
of amoricium equal to 043¢ of the weight of curium in the samplec,
Samples 78 to 90 inclusive contbained the bulk of the amecricium
with approximately 1% of tho total curium, Samples 72 to 77 in-
clusive contained about 59¢ of the total curium and o comparable
weight of americiume. These samples were combined, acidificd and
readsorbed on resin for further scparation in column 3.

Column 3 was the samc as column 2, thc resin having beon
rinsed with citrate solution following the first run. The‘flow
rate was again 0.4 ml/bm?/min. 85 samples worc collected, and
the distribution of activities was found to be that shown in
Fige 14+ Rotention of samples 61 to 70 inclusive discarded ap-
proximetcly 19 of the total curium and included an estimatod
~amount of amcricium equal to 0.2% of the weight of the curium run
through colurn 3.

The curium fractions from columms 2 and 3 weore combined and
assayed. 78% of the original amount of curium was proscnte 5%
of the loss was due to radioactive decaye

It was oxpected that this fraction would contain no lanthanum,
no yttrium, (since exporiments have shown Y(ITT) to be cluted

.............

be Concentration of the Cm(IIT)e The curium was put through o

soriecs of chemicel reactions designed to concentrate the Cm(III)

and to remove impuriticss
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To the combined curium fractiony having a volume of oa; 50 ml
was added 0.4 ml of 12N HCl. Three scparate portions of O.1 ml
volumes of resin (ammonia form) were added, stirred and removed.
Only 04¢3% of the curium was not adsorbed by this trcatment, 4d-
dition of threc secparate portions of O.25ﬁ citrate solution ot
pH = 5.0 cluted 99;8% of the ¢m(ITT)e This solution having o
volume of cae. leb ml was eovaporated to dryncss, and the citrate
decomposed by addition of concentrated “NOz and HoSO, ond hcating.
The residuo, after heating to dryness;, was dissolved in a nminimum
amount of water and NHz gas blown ine. The gelatinous, yecllowish
prccipitatc which formed bubbled vigorously. The conccntration of
em(TII) remaining in solution was cae 37 pg/hl; The solution was
contrifuged, the precipitate washed, dissolved in dilutc acid
and WH; gas again blown ine. The hydroxide appcarcd slightly
lighter in color than beforce. An cnlarged photograph is shown
in Fig. 15,
Ce %ﬁrification‘ﬁvam(III) from Pu258 and FPluoride Soluble Impur~

lﬁigg. The Cm(ITI) was placed in dilute HY0z solution which was
made cae OelM in Ag+; Solid ammonium pecrsulfate wos then added
until the brown color of Ag+2 was apparent. Under thosc conditions
plutonium is known to be oxidized to fluoridc soluble Pu(VI);

For the fluoride preocipitation an HF-resistant, specially
preparcd lusteroid tubc® was used. The ond of 2 5 x 25 mm tube
was dipped in nearly beiling glycerinc and the end pushed out to
a point by mecans of an appropriately shaped wooden mandrol; A

rolatively small amount' of precipitate could then be centrifuged

-

“MfE . by ILusterold Container Corp., 50 Parker AVe., S.Orange, NeJ.



Figure 15,

Curium Hydroxide Precipitate,
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the axis of a wheol calibrated cfither in degrces or in arbitrary
divisions. Barcly visible in Pig. 16 are the hangdown fibers which
run from the cends of the beam down into the pan wells and which
are provided with a hook for attachment of 2 pan hanger. Pig, 17
shows a pan well and hanger (best secon from its shadow on the rear
wall) holding a platinum weighing capsule. The length of the
capsule 1s approximatcly 8 mme Addition of weight to one side of
the balance 1s compecnsated for by rotation of the wheel, and the
balance is thus restorcd to the horizontal position or null point.
in optical system focuscs on portions of a fine index fiber at
both ecxtremitics of the beam and projeocts the images on a ground
glass screcen on two sides of 2 split ficlde The null point is
casily found by bringing the two images into appositione The

marker rcgting on

&)

seale is indicated by the onc inch high dat
the balance casce. The inner balance case 1s covered by an addi-
tional cover shown in Fig. 18, Aiso shown in Fig. 18 arc the
ground glass screcn (at the far left), in the conter of which is
mounted o teclescope for rcading the balance, as well as controls
for arrcsting the beam; rotating the whcel and adjusting the op-
tical systeme The particular balance used has withstood total
loads of cae. 20 mg on cach side of the balance, and compensatced
for cae. ZOO/pg or more of untarcd weight, rcpresenting over 360°
of revolution of the end of the torsion fiber.

Calibration of such a balance has previously been achicved
in two wayse 1) A standard salt solution is precparecd, and a small
but cccurately knovn volume is delivered quantitatively onto a
weighed container, then dried and re-weoighed. Xnowing the weight

2f dry salt on the pan a relationship is cstablished between this



Figure 17.

2

Pan :Jell of Quartz !licrobalance.
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Figure 18,

Cuartz Microbalance,
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weight and the number of degrccs (or divisions) by which the
torsion fiber has to be rotated to restore the beam to the hori-
zontal position(4). 2) L scrics of wecights is prepared cach being
well within tho capacity of thc balancecs The " weight!" (in
degrccs or divisions) of cach onec is accuratcly determined using
the quartz balancec. A sufficicnt numbor of these weights is then
combined so that the total weight may be determincd to thé dcsired
preccision on a conventional micro-balance. ¥From this data the
relation between divisions and weight of sample 1is established.
The balance uscd wos provided with a whecl whose circumfcrencc
was marked with 1000 equal divisions. 4 vernicr scale allowcd
recading to the nearest 0.05 division.

The success of the first method is dependent largely upon
proper choice of a salt to be weighed. It should be onc which
may be rcadily dricd to a constant composition which is stoble on
exposurc to air, within a2 rcasonable range of humicdity. Although
sodium oxalatc is reportcd to posscss thesc characteristics, its
use did not give recproduciblec results. One division was found to
corrospond to 0.176 % 0.009 ng.

In using the sccond method, 19 aluminum strips opproxim~tely
0.5 x 5 mm in sizc¢ werc cut from 1 mil Al foile. /[ hook to facil-
itate handling on the balance was bcent on the end of cach strip;
The " weight!" in divisions of cvery strip was added ond found to
be 15,436485 divisions. 4ll 19 strips were weighed twicc on the
Ainsworth micro-balance,; thc weights wore found to be 2.658 mg and

2.652 mg, giving an averaze of 2.655 mges The calibration factor
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ts thon 2885 = 0.1720 na/div. 4n indopendont calibration usi
St 15436 T Y° HS * . pence a ation using

platinum weights was made by Stewart. TWis value was 0,173 £ ,001
png/dive An average of 0.1725 pg/ﬂiv was taken as the best value.

The calibration was found to bc the same when the balancc was
loaded with cae. 13 mg on cach side, this being the weight of the
containers uscd for the curium weighing.

The lincer relation between displacoment and weight was also
checked over the range of 50 to lSO’pg. Four aluminum strips were
weighed scparately and then in various combinations, 1 + 2, 1 + 2
+ 3, 1 +2 +3 +4, It was found that in 2ll cases, thc sum of
the individunl weights agreced with the weight of thc combinat ions
to within 99.97 or botter.

2e2 Preparation of Containcrs for Weighing Cmp03e wandling -

dry compound of such high nctivity poscd a very scrious problem.
Inhalation or ingestion of extrcmely small portions of the sample
could becomec a significant hecalth hazard. It was deocided to weigh
the oxide in two closced containcrs, onc within the other. Duc to
the limited capacity of the quartz balance, the total load had to
be restricted to less than 20 mg on ecach side of the balances. Tor
the outer container an aluminum capsule 2.5 x 8 mm was machined
to a wall thickncss of about 1 mile A tight fitting aluminum cap
was made to it over the ond of the capsulece The weight of this
capsule was about 9 milligrams.

For the inncr containcr platinum appearcd to be the most
desirablc material becausce of its chemical inertness as well as
its ability to withstand without loss of weight the toemproturcs

required to form CmoOze

In ordcr %o have the weight sufficiontly low, the capsules
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werc made of 0.25 mil platimun foils The foll was cut into picces
cce 6 x 5 mms Thesc were carcfully cxemined for the precscnce of
pin holcses By placing a picce on the palm of the hand and strok-
ing with a dissccting ncedle, the foil could be rolled into a
cylindcre This was then slipped over 2 tungsten rod 2 mm in dia-
meter, which 2llowed about 1 mm of the foil to overlap (Fig; 19);
The oxy-gas flame of a micro torch was then played along the over-
lap, heating it to bright red heat, while the overlap was simul-
tancously rolled with a quartz rode. This trecatment is sufficicnt
to weld complctely the surfaces togethrre One cnd of the platinum
tube was theon crimped at four places around the cdge in such o way
that the now closcd cnd had the appecarance of 2 plus signe. Exe
cess platinum was trimmed off using 2 new razor blade. The ond
wos now sealed by heating, rolling, and hammcring lightly ozainst
the round cnd of the tungstcen mandrol; These operations werc
morc casily pcrformecd when vicwed under o low power stcrcoscopic
microscopce The tube was then clcaned with 2cid and tested for
leaks by filling with o conccentrated dye solutibn. The weight
was ordincrily 9-10 mgs.

In order to carry the sample to the balancc and load it

safely, a lucitc container with a sliding door was constructed
by John Gifford of the Hecalth Chemistry Group (FPiz. 20, 18), On
onc cnd of 2 brass tubc moving through a ball and sockct joint
was placed a fine platinum tube (cae 046 mm 1.ds)e The other cnd
could be connccted to vacuum so that whon the platinum tip was
brought ncer thce capsule, the lattecr could be picked up and dc-
noslted in a new position by pinching off the vacuum linc .

4L piece of guartz capillaory was fusecd to o secction of
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Construction of Platinum Weighing Capsule



Figure 20,

Lucite Transfer Box.
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quartz tubing sufficicntly large to hold the platinum weighing
capsules By connecting the end of the caplllary to a slight
vacuum the platinum tube could be held firmly while loading or

menipulating it (Pig. 21).

................................

of the purifiecd om(IIX) was introduced in two portions into the
platinum capsule by use of a finc tipped capillary pipette
mounted on a micromanipulator. The platinum capsule had pro-
viously becn heated to constant weighte. The second portion of
Cm(III) solution was added after the first had beon evaporated
to dryncss by blowing a gentle strecam of woarm air from a capile
lary tube into the capsule. The sceond portion was nearly lost by
formation in the bottom of the capsule of a gas bubble which be-
gan forecing the liquid oute Contrifugation succceded in soving
the solution, although contamination of the upper outside cdgoe
undoubtedly occurrcd. Thce dricd curium nitrate was then ignitoed
in air to tho oxidc using the arrangement shown in Fig. 21+ The
wolghing capsule was kopt in the shadow of the gquartz holder to
avoid cvaporation of platinum from the coil onto the capsulce
The temperature of the coil was gradually incrcased until it
rcoched white heat; This was sufficient to hrot the capsule to
rcd hoat, where it was held for ca. 1/2 hour. After cooling,
the top of the capsule was folded down so that only o small slit
remainod; The capsule was then placed in the aluminum container
and transforred to the balance. After the initial reading was
made, an unaccountablo behavior was observed. The apparcent
woight of the sample increased rapidly and over a poriod of ten

days ncarly triplcdes The following obscrvations were made during
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this period.

1) The zoro point of the balamnce (cmpty) did not changc.

2) Substitution of an empty platinum tube for the one
containing curium was made and the weight found to re-
main constant,

3) Use of a ncw aluminum containcr with the curium did not
stop the weight incrcasc.

4) substitution of a platinum oubor container for the
aluminum one gave o much slowecr rate of weight incrcascs
By hcating both'platinum containers it was found on two
occasions that the weight reverted to 2 constant value,
then subsequbntly increascd gradually.

No cxploanation for this bchavior is knowne. Absorption of
watcr vapor by the sample was rulcd out by a calculation showing
that a volume of air mony times the volume of the samplc containers
would be necessary to provide the amount of water which would
account for the weight incrr-sc. It docs not sconm rcasonable to
supposc that the prescnce of radiation had any specific offect on
the balance itsclf« Although the containcrs should be warm due to
the radicactivity and perhaps give risc to convection currents

within the balance, 1t is difficult to secc how this could give

"the gradual apparent weight increascs Alr currents have beoen obe-

sorved to disturb the balance in a random monner .
The weight of the sample was finally determined by cxtrapolat~
ing the curve of balance rcadings versus time back to the time the

sanple was rcemoved from the furnaceo.

2+ Alpha Assay and Calculotion of Specific Activitye A portion

of concentrated HNO. solution was added to thc Cmy0Oze Aftor warm-
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ing for five minutcs it appeared to have dissolved completely;
The solution was diluted to oxactly 1 ml in 2 micro volumetric
tube and 1°075,P1 2liquot reomoved and counted in a chamber having
o caleulated geometry factor of 7490 to convert to 504 geoometry.

Aftor dissolving the Cmy03 the platinum capsule was rinsed,

dricd, nnd roweighede. By differencc a2 sccond value for the
wcight of tho oxidec could be calculated; Assuming no impuritics
other than those detected and toking into account the decay of the
curium, the composition of tho final oxide preparation was
calculated to be?d

PbO 1.,0%

Puoy 10.49%
100.09
Tho weight of curium in the sample was then comparcd with the
amount of sz42 dotormined by alpha-onalysise This indicated
that ca; 3% of the sample may have been undetocted impurities.
Using the first weight deotormined and the quantities of

known impuritics, the composition of the oxide was found to becs

Cmy O 88479
AmOg 4;9%
Pbo 1,0
PO,  _ 5.3g

99}9%

correcting for decay from the time the sample was weighod until

the alpha analysis was performed the amount of the sz42 . was



UCRL~156 ~ Revised,
Poge 76
comparecd With the weight of cuﬁiﬁﬁ: Thesc data suggested that
the undetccted impurities may have been 12¢ of the sample.
Tt 1s difficult to cvoluate these results without knowing
the cause of the gradual cpparent incrcase in weight of the
sample. It 13 possible that much of the increase while usingl
the aluminum capsule was due to a chemical rcoaction, such as
oxidation, initiated by the rodiocactivity of the samplce Platinum
containers should show no such effect; Although the hecat liberated
by the sample was mecasured accurately, ncither the temperaturc
attained by the capsules nor the cffect on the balance of weighing
a warm sample is known.

25 Appearancc of Cmy0z. In tho raro carth clements tho colors

of the secsquioxides arc very similar to the colors of the agucous
ions. By analogy, Cmo03 would be oxpcbted to be ncarly whitce.
Microscopic cxamination of the oxide aftor weighlng showed it to
be dark brown in color; The color c¢ould be caused by the prescnce
of undecteocted impuritics. However, on intercsting appearance of
color in the mixed oxides of trivalent and tetravalent rare carth
eloments has beon obscrved and may be the phenomenon responsiblo

for much of the color obscrved in the CmgOze Mixed oxides of

Ce(TII) and Ce(IV)(zs), Tb(IIT) and Tb(IV)(24), and of Ta(III)

ond. Ce(IV)(25)

show a dark color not characteristic of cither
oxide scparately. Since both Pu(IV) ~nd Am(IV) 2rc proscont in
significant amounts in the Cmy0z, the presence of a dark color
is not surprisinge.

3¢ Colorimetric Dotermination of the Half Lifc of Curium.

At the time that the Cmy0z sample was contained in platinum

capsules, o calorimetric detcrmination of the half lifec was poer-
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formed by ™dgar Fe. Wostrum(26). The cnergy liberated by the curium
soample wos deteormined in four wovss 1) observation of the steady
gtate temperaturce d ifferential between the calorimeter and thermo=
stat, 2) obscrvation of the approach ratc to this temperaturc from
both dircetions, combined with the thoermal leaknge modulus and
the heat capacity of the calorimoter, 3) and 4) achicving condi-
tions identical with cither 1) or 2) ~bove, by input of an cqui-
velent input of electrical cnergy. All of these mecthods indicate
that the minute samplc liberated cnergy at the rate corrcsponding
to a half 1lifc of 158 ¥ 6 days on the basis of the known rangc of
the alpha particle and the rangec-oncrgy rclationship of Halloway
and Livingston; This half life is in agrecment with the
value of 164 days obscrved by James from radloactive measurc-
ments extending over a period of secveral months. The larger
uncertainty in the half life than in the cncrgy measurcd calori-
metrically ariscs from the difficultics in the weighing of the
samplece (alculations wore based on the initincl extrapolated weight.
VI. A4bsorption Spectrum of Cm(ITT); Spork Spectrum of Curium.

1. Absorption Spoctrum of cm*2,

The nitric acid solution of curium and cmericium described in
Section V, paragraph 1.2, was placed in a micro quartz a2bsorption
cellthaving o light path of 1 ecme The cell hod beeon fitbed with
a ground gloss stopper os shown in Fig. 22.. A Beckman Spectro-
photometer was fitted with a ventilated box (cquipped with air
filtcrs) cnclosing the chambor where the sample was placed (Pige23) .

Tho design and construction of this box wes carricd out by Herman

¥*pyroccll Mfge Co., 207-11 TWast 84th Str-ct,New York 283, New Yorks
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Quartz Micro Absorption Cell



Figure 23,

Spectrophotometer Used with Highly Active Solutions
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Bradley. The intensce radioactivity present in the solution caused
o2 considerable amount of bubble formation from decomposition of
waters This interfercd seriously with the mcasurcment of the
absorption spectrum; It was found nccessary to cither stir o
tap the micro cell holder sharply at frequent intervals to dise
lodge the bubblcse The concentration of americium present was
calculated from the height of the peaks at 5040 and 8180 A. The
absorption due to Am(IIT) at cvery point mecasured was then calculated
and subtracted from the obscrved absorption. The resulting curve,
nocarly identical to the onec shown in Fig. 24, showed no approciable
absorption in tho visible spectrum, but rather high absorption in
the ultra violete.

A morc accurate dotermination of the absorption spectrum was
made using curium from the second irradiation of amcricium. Tho
Cm(pﬁ)s doscribod in secction V, paragraph 1.3b was redissolved in
0.5M HCle An alpho analysis was made at thls point to determine
the amount of curium present. The curium solution again was
placed in the quartz micro absorption cell fitted with 2 ground
glass stoppcr shown in Fig; 22+ Difforences in the absorption
characteristics of the two 6ells used for sample and blank soluw-
tions had previously boen measurcd with distilled water in both.
The Beckman Model DU Spectrophotometer used had been calibrated
using threc promincent lincs of the meorcury arc spcctrum.

Lgein, difficulty due to vigorous bubbling of the solution
was expericnced. The cell carriage was removed and tapped sharply
aﬁ frecquent intervals to dislodge bubbles. Whencever necessary,
readings were repeated to insure accuracye. The filter provided

with the instrument wos uscd with the tungsten filament lamp over
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the range of 3200 to 4000 A« The absorption spectrum was observed
at 25 4 intervals from 3200 to 4000 A7 at 20 A intervals from
4000 to 6000 Ay at 25 A intervals from 6000 to 8000 A; at 50 A
intervals from 8000 to 10,000 4; and at 250 A intorwvals from 10,000
to 11,000 A, PFrom the height of a small peak at 5040 4 a total
anoricinm content of 4.79 of the amount of curium was calculateds .
Corrcctions were made for the absorption duc to Am(III) and blank
absorption, and the curve of Mig. 24 was calculated and plottede.
As in the case of the 51 NA samplc no absorption maxima in the
visible region werec observede A previously undeteccted apparent
maximum in the absorption in the ultra vioclet was found. The ab-
sorption spectrum of curium may be compared with that of other
actinide clements and rare carths by rcference to the data in

2+« Swark Spectrum of Curium.

In the course of the spectrographic analysis, 45 lines of
the curium spectrum were reported by Conways. The most prominent
of these fell at 5220;5, 5426;5, 3472 .8, 3546.3, 3905.2, 3909.4
and 4207;5 A;

VII. Special Effects of the High Level of Alpha Activity? Hoaolth

Precautbions.

le Tho Decomposition of Water.

This c¢ffoct was found particularly troublesome in attempts
to separate precipitates of relatively pure curium compounds
from supernatant solutionse Gas evolution from within the pre-
cipitate churned up centrifuged compounds within a few seconds.
Tho difficulty wans more pronounced in alkaline solutions. Hydro=-

gen poroxide is a product of water dccomposition by radiation and




~Absorption: Spectra of the Aqueous Tripositive lons _

Elsment ' ' Ehﬂn:nf
. a
o LANTHANIDE ACTINIDES R
Ce ABSORPTION ' T T - ™
8 BELOW DOES NOT EXIST 90
32004" | 1
Pr l T Pa
59 “ ‘ PROBABLY DOES NOT EXIST 91
‘ | | -
Nd . , | BT ; !
60 |} q
Pm
6 UNKNOWN'
sm
62 H
Ev
63 N
ABSORPTION |
6¢ BELOW ‘m
64 3200 A°
T
o5 . R UNKNOWN 97
7000 6000 5000 4000 8.";00 7000 6000 5000 4000 3500

ANGSTROM UNITS
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and is morec rapidly decomposcd in alkaline than in acid solution
to give Hy0 and Op gas.

2e Tffect on Pyrexe

In one instance 2 concentrated Cm(III) solution was storod
in 2 heavy walled pyrex tube for scveral weckse. This cxposuro
to alpha particles was sufficient to both darken the glass and
cause the formation of many fine c¢racks on the inner surfacc of
the glass as shown in Fig. 26,

3s Production of Visible Lisht,

It was intoresting to note that the curium preparation emitted
light and could be seen rather plainly in complete darkness after
o fow minutes of cyc adaptation. The hydroxide precipitate lying
along thc bottom side of the inclined tube shown in Fig. 15 was
brighter than the solution itself« It appeared that the air just
abovc the meniscus of the solution was brightcst of all. After
stend ing overnight the precipitate had redissolved prosumably duc
to NHz having been swept out of solution by gas cvolution, sinco
later addition of NEz caused the hydroxide to ro-procipitato; A
photographic platec was exposod&to the light omitted by the curium
solution in the completec absence of oxtrancous light. An en-
largod print is shown in Fig. 27.

4. Usé of Glove_Boxos in Work Decaling with High Loveis of nlpha

The work on the isolation of curium reported in this paper

wos considerably aided by the cooperation of Garden and his Health

Chemistry Group in the design and construction of special equip=-

* Super Panchro Pross " Typc BM film f /4.7 opening with Kodak
Ektar 127 mme. lens and 8 hour cxposurcs. We arc indebted to W. D.
Hail for toking this photogroph and mony cothers appoaring-in ..
this paper.



Figure 26,

Effect of Zxposure of Pyrex Cone

to High Level of Alpha Activity.



()

26

EAGR

-



Figure 27,

NSelf-Portrait" of a Curium Solution,
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ment. IEssentially all chemical operations were carried out in
glove boxes of the type illusteated in ¥ig. 28. Specicl thanks
arc due Herman Bradley for installation and much of the dcsign
of theosec boxese In addition to the centrifuge, hot plate, induc~
tion hoating coil, and shelves shown in the figurc, the box
was also cquipped with a hot drain, electrical outlets, gas out-
lcts, fluorcscent light, stirrer, glass dome for tall columns,
scaled cxteonsion on the right for an alpha chamber, ctecs The
special cxtension on the front of the box was devised for micro
manipulators on which microconcs and pipettes were mounted and
vicwed through a stereoscopic low power microscopcs The cntire
sloping front of the box was covered with safcty glass, and a
strecam of air was drawn constantly through filters out of the box.

In short, the boxes were so constructed as to confine com-
plctely the active materials, and so cquipped that cvery opera-
tion could be performed within the box, cven the mounting and
count ing of samplcs for alpha analysis. It was found possible
by this mcans to reduce contamination of surrounding arcas to

csscntially zcro.



Figure 28,

Glove Box Used in Yorking with Highly Active Alpha Emitters
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