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ISOLATION AND PROP™RTIES OF CURIUM
L. B. Werner and I. Perlman
Radiation Laboratory, University of California
Berkeley, california
July 22, 1948
Qbétfﬁcf

The 1isolation of curiurm, element number 96, in relatively
pure form has been accomplished.

A method, involving a solvent extraction process, is given
for the purification of americium from lanthanum and other ions.
The discovery of a higher oxidation state of americium led to a
method of separating americium from curium. Separation of '"'he
two elements was also accomplished by use of ion exchange resins.,
The details of the isolation of curium are given; the résults
of the spectrographic analysis, specific activity measurement,
and calorimetric determination of half life showed the curium to
be relatively pure.

The absorption of light of various wave-lengths by an aqueous
golution of Cm(ITI) is described, and some phvsical effects of

the radiation from the curium are noted.
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ISOIATION AND PROPTRTIES OF CURIUM
Le Be Werner and I. Perlman
Radiation Laboratory, University of california
Berkeley, California

July 28, 1948

T. Introduction.

The discovery of element number 96, curium, was realized by
the preparation and identification of the isotope Cm242 by Ge To
Seaborg, R. A. James and A; Ghiorso(l) by cyclotron bombardment
- of Pu259 with helium ions. (me%2 ig5 an alpha~emitter having a

5-month half-life. It may also be prepared by neutron irradiation

of Am241 according to the following reactions(g):
a4 Y (n, v) anf 42,
P42 B 5 ontR (1)

The 500-year isotope of americium, Am>—, was first isolated
in microgram amounts by B. B. Cunningham(s)employing techniques
similar to those described by Cunmningham and L. B, Werner(4) for
isolating plutonium and using chemical procedures described by
Cunningham(3) and Werner and D;‘R; Miller(5). Since the principal
source of americium was one which contained large amounts of
1,a(ITT), an efficient means of first separating americium from
lanthanum was needed. One such method described by S. G. Thomp-
son(s) depends upon nrecipitation reactions. The method to be
described here (also reported by Werner and I. Perlman(v)) de~
pends upon the chelation properties of the ilons with certain di-
ketones; Using these methods and others described by Cunningham(g)

milligram amounts of americium suitable for irraciation were
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1solated(®),

With the large neutron fluxes available from the chain react-
ing piles it seemed feasible to prepare microgram quantities of
Cm242 by prolqnged neutron irradiation of Am24l 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
separating curium from many times its weight of americium. Never-
theless 1t 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(8), 1t shows very much the same precipitation properties
as the trivalent rare earths, and attempts to oxidize or recduce
it to other oxidation states proved unsuccessful.

This is to be expected 1if one assumes the elements in this
region belong to a new Y rare earth! series of " actinide"
elements in which electrons are to be found in the 5f shell.
Curium should thus occupy a positién analogous to gadolinium and
Cm*"’5 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

(10)

state as shown by the x-ray identification of the trihalides >

by the elution behavior of aqueous solutions of americium from
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for rare earth separations at Clinton Laboratories in 0ak Ridge.
Preliminary experiments by Cunningham, L; B. Asprey, and Thomp-

kins(ll)

at Berkeley showed that 3o0od separation of Am(IIT) from
Cm(ITI) could be obtained, at least when relatively small amounts
of the 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 ecarth ions in aqueous
solution have not been assigned(15). An interesting relationship
has been observed, however. Gd+5,having a configuration 4f7,
shows absorption only in the ultra violet in agueous solution.

The rare earths preceding and following gacdolinium show more or
less absorption in the visible region of the spectrum. The tri-
positive ilons of the heavy elements preceding curium show absorp-
tion in the visible region (see Pig. 11). It was then of interest
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.

TI. Separation of Am(IIT) from La(ITT) and Other Ions by TTA "
mxtraction.

le Methods and woguioment Used. The use of diketones of the

type, RCOCHgCOCFz, to form metal chelate complexes that can be

*Phis abbreviation for thenoyltrifluoroacetone will be used
throughout this report:

HC - CH o 0
W oW
HQ\S’C ~C - CHy - C - CF3
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extracted into benzene has been developed by M. Calvin and co-
workers‘lB). The extent of complex formation for a given ion de-
pends upon the solution p¥ and upon the concentration of the dike-
tone. The relative ease with which different metal ions farm
complexes depends upon their respective charges and electron struc-
tures. 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
equation? .

Me*® + 3 Ko — MeKez + 3 m* (2)

In the case of TTA, the metal chelate 18 very much more soluble
in benzene than in aqueous solution and may be readily extracted.
As can be seen from equation (2), the extent of complexing is
dependent upon the third power of both the hydrogen ion and di-
ketone conoentrations;

Special thanks are due Professor calvin for his very helpful
advice in carrying out these experiments, and to . Je Ce Reild
for the preparation of the TTA, the dilketone which was used.

It was found convenient to carry out most of the studies in
an apparatus similar to that shown in Fig. l. Measurement of
the prr was made by drawing the aqueous phase up into the electrode
chamber (a). Movement of the liquid was controlled by a syringe (b).
Ad justment of pH was made by addition of base from the burette (c)
or acid through opening (d). Measurement of the pH was made with
the use of 2 2 1/2" glass electrode mounted firmly in an outside
ground glass joint and a calomel electrode inserted through a

rubber stopper. Samples of both phases for analysis were withdrawn



Figure 1

Ixtraction Apparatus
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by means of a syringe controlled pipette mounted and inserted at
(d)s The movement of the liguid into and out of chamber (o)
was controlled by a syringe (f). The benzene layer was sampled
by drawinz the omulsion up into the sam»ling chamber (e) 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 secal. The side érm (g) was added to allow the
benzene phase to be removed as described below (Parst 8);

Because of the low solubility of TTA in the aqueous phase,
chelation and extraction are accomplished in a reasonable period
of time only if the agitation is vigorous. In each case, after
the final adjustment of pH had been made, l.c., last addition of
acid or base, ten minutes of thorou:h stirring was allowed before
the pH was read and samples removed for analysis; This was suf-
ficient to allow equilibrium to be attained.

The concentrabtion of TTA in benzene that was employed in most
experiments was somewhat arbitrarily selected at 0.2M. This cone
centration was sufficient to permit extraction at relatively low
pHe Also, the amount of metal ion undergoinz che lation was suf -
ficiently low so that the change in concentration of TTA was small,

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

1. TPor radiocactive elements, or clements for which a radio-
active tracer was available, a mecasure of the raciocactivity of
aliquots of the benzene and agueous phases was made.

2¢ TPor elements having prominent absorption bands in solu-

tion, the extraction could be calculated from spectrophotometric
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analysis of either or both the phases.

5« Since hydrogen ions are liberated in the chelation recac-
tion, it is possible, under certain conditions, to obsecrve the pH
range of the chelation from the buffering in that region. The
necessary cond itions are met if the amount of hydrogen ion releasecd
is comparable to the acid equivalent of the solution.

The third method 1s generally not applicable to metal ion
concontrations below 10™° --10'4ﬂ and cannot be used if chelation
takes place in solutions as acid as O.lﬁ.

2. Txtraction of Neodymium by TTA-Benzene. The extraction of

neodymium can be followed by measuring its characteristic absorp-
tion spectrume The interest in neodymium lies in the possibility
that small amounts of this element may be present with lanthanum;

The absorption spectrum of ca; »001M Nd in O;ln H¥0; 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 N4 solution was added 50 ml of a O;In
solution of TTA in benzene. The pHE was adjusted by addition of
0.1N Nao¥, and the final pH reading after each addition of base
was takon after 10 minutes of shaking.

The results are shown in Table I.

* These may vary somcwhat from the true position of the peaks, since
the calibration of the instrument was not checked.

tLog I,/I. Sce also page 25.
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Table T

Extraction of Neodymium by 0.1M TTA-Benzene

------- oo . - APpProxXe % Nd Hxtracted
at O0.1M TTA
l.13 0
2;85 0]
3420 10
3.58 25
4.,20 86

Due to the difficulty in maintaining clear solutions, the
accuracy of the values given above 1s not good. Turbidity in the
solutions appeared to be caused by hydrolysis of an ion other than

neodymiume. The purity of the ncodymium used in this study is

Examination of the chelation rcaction suvggests that a measure of
the hydrogen ions released 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 itself do not interferec.
If lanthanum cxtracts at about pH 4, neither of these effects will
interfere, since the hydrolysis of lanthanum and the neutraliza-
tion of the PTTA take place at considerably hizhecr pH value s.

The experiment was carried out by adding increments of stan-
dard NaoOW (0.125§) to equal volumes of 0.0062M 1a™d and O;ZE TTA
in benzene and measuring the pH after each addition.

Two curves taken under presumably identical conditions are

shown in Fig. 2. The TTA concentration remresents only the ini-

tial value, since by the tire all of the lanthanum was complexcd,
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about 5% of the TTA was present as the ohelato; Also at higher
pY values some TTA rcacts directly with Naov;

From the titration curves the percent of lanthanum present as
LaKer may be calculated. This represents the percent extracted if
i1t is assumed that the distribution of the LaKesz heavily favors
the benzene layers This is very nearly the case. The extraction
curve calculated from these data is shown in Fige. 5; fhile this
method gives a reliable determination of the pH range over which
lanthanum extracts, the accuracy at low pH values is not as high
as desirable.

4. Txtraction gurve of Lanthanum Determingd by Use of La140.

140 140

The La was separated from the PRa parent by wrecipitations

of La(OF)5 in the mwesence of barium holdback carrier using car=-

bonate-free WHioH, Tach precipitate of La(0F)z was washed before

159 was used as carrier.

dissolving. About 1 mg of Ta

The lanthanum was dissolved and diluted to 10 ml and an equal
volume of 0.2} TTA was added. The pH was adjusted by the addition
of O.Sﬁ’NaoH, samples of both phases being taken after ten minute
stirring periods and after the pH was found to be essentially
constant. The lanthanum extraction was followed by determining
the B activity of both phasese. A typical extraction curve 1is
shown as the solid line in Fig. 4.

The radiocactive decay of the 12140 samples was followed to
check the purity of the preparation. A long-lived activity was
resent, and it was found to extract at a lower pH than did lan-

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

of 252 days, but the impurity has not been further identified.
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The corrected extraction curve for lanthanum in the low pH region
is shown as Lhe dotted llnc in Plﬂ. 4.

5. 1?‘x’cr"etc:‘t101’1 of Amerlclum w1th TTA and Renzene . A procedure

similar to that described above in Section 4 for lanthanum was
used for amecricium., The samples taken in this case were counted
in an a-chamber. The‘extraction curve is shown in Pig. 4. It
1s secn that americium undergoes chelation and extraction in a
more acid solution than does lanthanume.

6. Lxtraction of Thorium by TTA-Benzene. The titration method

could not be used to determine accurately the pH at which thorium
1s extracted., 4 small, apparent inflection in the titration
curve was noted at about pH=l and further cvidence is presented
in . pdart- 8 which indicates that thorium 1s extracted from solu-
tions of higher acidity than is the oase with americium,

7. Effect of Ammonium Tons on “"tractlop. During the course of

the experiments with lanthanum and americium, a decrease in ex-
traction with time of contact was noted and traced to the presence
of ammonium ions. AT a.given pH there was found to be as much

as a 509 decrcase in extraction after 4 hours contact with the
aqueous phase which had been made 0.3M in ammonium ion.

This is presumably due to a coupling reaction between TTA and
ammonium ions, tending to lower the effective concentration of TTA.
For this reason care must be taken to avold the presence of ammonium
1ons in solutlons bolng extractod w1th TTA.

e e,

8 Romoval of Lanthanum and Thorium from Amecricium. The results

of parts 4 and 5 made 1% scem likely that a satisfactory separa-
tion of americium from lanthanum could be achieved and the method

was tested on an americium~-lanthanum solution which contained
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appreciable amounts of thorium, iron, and plutonium.

For the americium-lanfhanum scperation the eoxtraction vessel
showvn in Ficg,. 1 was used; The side arm {(h) extended somewhat
below the benzenc-aqueous interface with an adueous volume of
10 ml, and joined a removable receiver (g) for the benzene
phases. Ry draWing part of the aqueous phase up into the Sampling
chamber, the level of the interface could be adjusted to allow
the benzene phasc to be removed fairly completely. Usually 3 or
4 one-ml rinses with O.zﬁ_TTA in benzene wore used affer remov-
ing the benzene layoer.

Due to the B-activity associated with the americium, it was
not possible to follow the actual vercent extraction of lanthanum
by measuring 14140 gotivity with the limibted emount of Lal®o
availables Instead, only the distribution of the omericium ac-
tivity was checked and it was assumed that the percent of lanthanum
extracted at the pY measured was that previously found experimentally
(Fige 4).

Since contact of the aqueous phase with several portions of
TTA benzene can be made rather readily, the pH at which highest
efficiency is attainable is along the flat part of the lanthanum
extraction curve wherc & small percent of the lanthanum is ex-
tractede The point selected was pH = 3.27. Here the cxtraction
for cach contact 1s 70y for americium and 1 - 2.57 for the
lanthanume. After three contacts, the amount of americium left in
tho aqucous phase is 2.77 and tho amount of lanthanum extractod
with the americium is 3 - 7;5% of the totals The amsricium énd
lanthanum are then removed from the combined benzene layers by

shaking with about 1 ml of 0.5} HNOz and prcpared for o second
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extraction. If four such cxtractions (of three contacts each)
are made, and if the original ratio of ILa/Am is as high as 2500,
the lanthanum is 0.2 « 87 of the americium in the final prepara-
tion, depending on the eoxact position of the lanthanum cxtraction
curve. A value considerably lower than 8% is indicatec by the
actual spectrographic analysis of the final produot;

In addition to lanthanum, it was found that thorium was
rresant and apparently was not complotely removed by the extrac-
tions at pH = 1, which were carried out to remove the last traces
of iron and plutoniume. Threo cxtractions, therefore, were carried
out at pH = 2.52, where the extraction of americium was 1%.
Re-extraction of the first TTA-benzenec layer with 3M HVO, gave
an aéid solubtion from which an insoluble iodate could be precipl-
tated by addition of a M HYO; solution of KI0zs» The second ben-
zone layer did not contain thorium in high cecnough concentration
to be precipitated from 1 ml of 3} HBNOz by addition of KIOS; This
is a good indication that thorium was extracted at this pHs The
third 77A-benzenc layer was not tested.

Refore the solution was put throuzh the wrocess described
in Table II, it was subjected to eight extroctions at pF 1 in
order to remove the remaining plutonium and iron. The first ex~
tractions removed considerable quantitics of e-activity (plutonium)
but the last thrce ecxtractions were fairly constant and removed
only O;l - 0.3% of the a-activity; The solution was presumed
free of plutonium.

A summary of the final separation of americium from
lanthanum and thofium is shown in Table IT. The time of contact

of tho becnzene and aqueous phascs during extraction was in all



Table II

Separation of Americium from Lanthanum

Cycle Contact Vol. Vol. AQ. pH of a Activity o Activity % Am % Am in Accumulated
No. No. 0.2M TTA ml Ag. in Benzene  in Aq. (%) Extracted Ag. Phase % Am in
ml ) in Cycle in Cycle Aq. Phase
1 71 10 13 3.23 Tax 26%
2 10 13 3.28 72 28
3 10 13 3.31 74 26 98 2
re=extrac- 40 1 O-Q@ HNO3 2.5 97.5 95.5
tion ’
2 1 5 83 3.27 75 25
2 5 8.3 3.27 69 31
3 5 .83 3.32 - - 97.5 2.5
re-extrac- 27 0.5 14 HNOg 1 99 . 22.2
tion
Th 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 3431 89 11
2 2.5 8.75 327 76 24
3 2.5 8.75 3.27 - - g9 1
re-extrac- 16.5 0.5 1K HNOS C.5 99.5 89.0
tion
4 1 25 7 3.27
2 245 Te5 3.25
3 2.5 7.5 .39 _ 99.5 0.5
re-extrac- 16.5 0.25 1M HN05 (.8 99.4 88

tion

#These figures in each case represent the percent distributed between agueous and benzene phases based
upon the amount present during the particular extrection.

**No analysis made. -

12 ed8d
98T~T N
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cases ten minutes or longer after the final adjustment of the pH.
complete re-extraction from the benzene phasc into dilute ¥NOgz
required from 1/2 to 1 hour contact time with stirring.

The acid solution of americium was cvaporated to dryness, re=-
dissolved and the hydroxide preccipitated by addition of NHyOH.

The precipitate was slightly brown in color suggesting the pre-
sence of ferric hydroxide, so it was dissolved in 0.1Q) HMOz and
extracted with an egqual volume (lOO’pl) of O;BM_TTA in benzer .
After this treatment the hydroxide was again precipitated and was
only slightly tan in color; The extraction was rcpeated and this
time the hydroxide was pink in color; This color for the hydroxide
has been described by Cunningham(S);

One~half of the sample (ca. 101pg) wags submitted for spectroe-
graphic analysis*. The results arc shown in Table ITITI. Tho im-
purities of greatest concern, lanthanum, necodymium, and thorium,
apparcently were scparatcd adcquately;

In view of the similarity of the chemical properties of Am(III)
and cm(IIT) it is very likely this method may cqually well be used
to separate ¢m(III) from La(ITI), Th(IV) etc., a conclusion veri-

fied by later work.

» e wish to thank the Metallurgical Laboratory Spectrographic
Laboratory for performing the cnalysis.
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Table IIT

Spectrographic Analysis
of 10 ug of Final Americium Product

Tlement Milli-pg ¢ of Element Milli-pg ¢ of
o “in 10 pg Am in 10 png Am
Sample v Sample
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 Sh <500
K < 100 Sc < 5
Ce <100 Si 2000 20
Cr <5 Sr <50
Eu <5 Ta <100
Pe 500 5 Th < 50
Ga < 100 Ti <210
cd < 50 U < 500
In <100 \Y < 5
Ir < 500 W <, 50
La 50 0.5 Y 20 0.2
Lu <200 Yb < 10
Mg 50 0.5 Zn <L 200
Mn 5 0;05 7r < 50
Mo <5 | ~Pu <1000

Nd <50 0.5
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ITY. FWigher oOxidation State of Americium.

l. Dark Hydroxide of Americium. It has been observed that pre-~

cipitation of Am(ITIT) by an alkaline peroxide solution gives a
flocculent compound similar in physical characteristics to the
pink hydroxide of Am(ITT) but having, instead, a dark brown color.
It has been suggested that the dark color of the precipitate is
due either to a higher oxidation state of amerlcium or to a
colored peroxide compound of Am(III)(S).

The observation of the dark hydroxide was verified. Addi-
tion of XOH to a solution of Am(ITI) containing Hy05 invariably
resulted in the formation of the brown hydroxide? If the brown
hydroxide is actually a highor oxidation statc, such as Am(IV),
it is possible that it may be sufficicntly stable to be detccted
shortly after dissolution in a complexing acid such as ANOg o
Ce{1IV) forms a nitrate comolex in rclatively concentrated HNOz
solutions. The light absorption spectrum of Am({III + x) might be
expectod to be different from Am(IIT) and in that case provide a
convenient means of observing either the higher state or abscnce
of the lower stato; The absorption spectrum of Am(ITT) in con~
centrated HNO, (15.4 M) (using 16 M HNOz as a blank) was deter-
mined using 1 cm light path micro quartz cells in the Beckman

spectrophotomectors A plot of the molar extinction cocfficient -

*1t was found that the brown hydroxide reverted to the pink form
on standinge On two occasions at this point the samples were
heated to 95°C. The pink hydroxide was converted to a dense black
precipitate within 15 minutes or less. After washing once with
distilled water one sample dissolved in HCl04 with cvolution of
gase This docs not neccessarily indicate a higher oxidation state
unstable in acid solution inasmuch as the gas could have been -
002 from solid carbonates mixed with the americium precipitate,
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€”, versus 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 WNOgz solution at 0° C.
The optical density was measured at 5030-5040 A within 60 seconds
after dissolving; Log I,/I was found to be 0;092; Subscquent 1y
the readings shown in Table IV were taken.

Table IV

Absorption Spectrum after Dissolution
of the Dark Hydroxide of Americium

A *Mos T/t Mg I A los 1o/
5000 053 ——— 7750 0.010
5010 057 _— 7900 0.030
5020 085 - 8000 0.038
5030 077 —— 8100 0.038
5040 .100 2111

5050 2122 ———

5060 .128 121

5070 128 121

5080 126 .118

. ‘ o
€ = 108 Io/I x molocular weight where I, is the intensity
concentration in g/1 x cell length ¢ rn, inecident 1lircht and
I is the intensity of the

transmittod light.

**Taken within five minutes after dissclving.

¥ Taken within ca. twenby 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

5060 5 = 162
51

162 and €gy50 = 66. Comparison of valucs

€8100 &
Prom Pig. 5 65060

of 65060 suggests that all the americium was vresent as Am(ITI)}
comparison of the values of €gqpp suggests that some of the
americium may have beon present in some other state. Due to the

low absorption at 8100 4, may be somewhat less accurate than

€51.00
€5060+
If the brown hydroxide is a higher state, thon it is likely

eithor that the amcricium is oxidized incompletely (surface oxi-
'dation) or that it is reduced rapidly to Am(ITT) on dissolving
in acid or perhaps by peroxidec not removecd by washing. The
initial reading at 5030-5040.Ais probably consistont with the
readings more carcfully made lator;

2. oxidation of Am(ITT) by Broz~ Solutions. An attempt was made

(3)

to reoproduce the cxperiment nerformed by Cunninghom and Asprey
in which evidence was obtained consistent with the oxidation of
Am(TIT) in concentrated HWNOg ~Broz"~ sQlutions; Bricfly, their
experiment was carried out as followss

The absorption at 5060 A in a solution of mam(IrT) in 15.5&
HNOz - 0.ORM BrOz was mcasured using as 2 blank a solution of
15430 HNOg - CeQRlL Bro,~, the latter being used in an attempt to
compensatc for the light absorption of bromine liberated by de-

composition' of the bromate in concentrated nitric acid. There -

241

%Specific activity of A is 6.46 d/mépg. Sec (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 decreasc was linear
with time for twenty minutes followed by a slow increase Tto the
original values A similar but less pronounced decrcase in optical
density was obsecrved at 8000 A.
mxperiments similarly performed were found to give crratic

results. This bechavior secmed explainable after it was observed
that the inception of the Pros evolution in the sample and in the
blank were not concurrents. A procedure was adopted in which the
optical density was measured at threc wave lengths in each of the
two regions, 4950, 50680, 5250, 7600, 8100 and 8400 A. It was
assumed that the absorption curve of all chemical specics other
than Am(IIT) would fall on a straight line connccting 4950 and
52560 2, and connecting 7660 and 8400 A where the absorption due
to Am(ITI) is nogligible as secn in Fige. 5. The straight line re-
lotionship is not precise, but, as may be seen in Pig. 6, it pro-
vides a reasonable approximation. An cxprriment was then per-
formed under the following conditionss

gemple solution

0.02M Broz”

1543 HMOx

0.15 mg Am(IIT)/ml

Blank solution

0.02M Brog~

15.91 HNOgz

or 18M MNO=

The results are shown in Table V.
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Table V

Oxidation of Americium in
Broz~ - HNO; Solutions

Time {min)- - Optical Density - Optical Density

at 5060 A at 8100 A

0 L098* . Lozet

40 .094* .030 ™
89 094 030
121 002 .029
151 .084 032
161 .085 028

* Using 0.02M BroOz~ - 15.9§.HN05 as a blank
solution.

It is apparent that oxidation, if any, was incompletec. A
subsequent experiment performed at higher Bros' concentrations
gave similar results. The results of a study of the absorption
spectrum of a freshly »nrepared Bros’ - HNOz golution are shown in
Fig; 6; It can be seen that 2 minimum in thce absorption at
5060 A occurred within 10 minutes after the addition of KBroz;
the absorption subsequently increoased, mwesumably as BTy began
to be evolved. Tho explanation of this behavior is not knowm.

It must, however, be considered when evaluating the results of
experiments on Am(IIT) oxidation as described above, since it

could be interpreted as a decreasc in the concentration of Am(III).
Since oxidation, if it occurred at 2all, appcared to be néither
rapid nor complete under the conditions used, its possible use as

a basis of Am-Cm separations scemed remote.

e Oxidation of Am(ITT) in Alkaline Solution. It had beon shown

in the case of plutonium(lv) that all the knowm oxicdatilon states
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III, IV, V and VI could be obtained in concentrated potassium
carbonate solutions. All states were quite soluble, with the
exception of Pu(V) which precipitated out of 404 KgCOz solution
on standing and attained an apparent solubility of the order of
0.1 mgpa/ml. The solubility of the other states was sufficiently
high ( ¢a.0.005 ¥ Pu) so that use could be made of the characteristic
abesorption spectra of the various states of plutonium in order to
follow the course of oxidation-reductlon reactions and to deter-
mine the concentrations of the various species.

3.1 Tffect of Peroxide on Am(TITII) in Carbonate Solution. The

absorption spectrum of a 404 1{200‘3 solution containing 0.428 mg
Am(TIT)/ml was measured in the Beckman spectrophotometer using
guartz micro absorntion cells having a light path of 1 cm.

The abgorntion spectrum is shown in Fig. 7. Prominent absorp-
tion bands occur at 5080 and 8180 A. The values for molar ex-
tinction coefficients are 270 and 44 respectively. The solution
wes then made ca. 0.53) in Hy0, and the absorption at 4950, 5080
and 5300 A followed with time. The position of the peak at 5080 A
was not altered. Immediately after addition of Hy0, €500 Was
calculated to be 262 (c¢f. 270). This value remained essentially
unchanged (within 3%) for 2 hours or longer, and at the end of 18
hours was found to be 265. Tt was concluded that no appreciable
oxidation had occurred.

3.2 oOxidation of Am(ITI) by Hypochlorite in Carbonate Solution.

The experiment was repeated except that 15 nul of a 59 NaoCl solution,
instead of HoOy, Was added to 170 upl of KQCOS—Am(III) solution
(ca. 0.05M 0C1l™ and 0.415 mg Am{IIT)/ml). Mo change was observed

in the relative height of the 5080 A peak on standing 50 minutes
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at room temperature. WHowever, after 24 hours the peak had dropped
to ca. 359 of the initial height and a nearly white precipitate
had settled out. The data are shown in Table VI.
: Table VI
Log I,/I of a Ky00z Solution Containing

0.38 mg Am/ml after Hypochlorite Addition.

A Time

.O 5 min. 15 min. 20 min. 50 min. _ 24 hours
4950 . 034 - - 0.033 035 .052
5080 443 - - 0449 453 . 187
5300 028 - —-— 0.023 LO026 044
7700 - 017 .016 - 016 022
8180 .- .085 085 - 084 039
8450 - 5 021 RG I 013 - : L0013 - - L0122 -

In a subsequent experiment the 5080 A peak was observed to
drop to 17% of its initial value after a 5 minute period of heating
at 95°c after addition of Na0Cl solution. Within five minutes
after heating, precipitation occurred. The m(ITI) concentration
remained essentially constant which was shown by the constant
peak height above the background absorption (due principally to
presence of the precipitate) as measured at 4950 and 5300 A.

These data are shown in Table VIT.
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Table VII

Log I,/I of a KoCO3 Solution Containing 0.39 mg Am/ml
after Hypochlorite Addition and Heating

VR o e e mime e
QO 2 min, 5 min. 10 min. 20 mine. 30 min.
4950 « 033 .018 ;022 ;051 - 201
o080 04440 ;095 ;095 ;128 —— 277
5300 027 019 ;022 ;054 - 2202
7700 - «024 - - ;152 2203
8180 ;090 ;052 - - «153 «207

8450+ =w=  © OL5 - Ceem 0 eee 137 ¢ 0 188

¥Ycalculated from data in Fig; 7

Further addition of NaoQl solution and heatinz at 95°C far
five minutes left no detectable peak at 5080 4.

Another experiment was performed using identical Am(TIIT)
and KoCOs concentrations, in which the effect of heating in the
absence of NaoCl was shown nelther to affect the height of the
reak at 5080 A nor cause precipitation. After addition of NaocCl
and oxidation the 5080 A peak could be caused to reappear by
addition of sodium hydrosulfite (NagSc04), a strong reducing

agént. The results are shown in Table VIITI.
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Table VIII

Tffect of Hypochlorite and Hydrosulfite Addition
to a K500z Solution Containing 0.24 Mg Am/ml

A "log Io/T . Remarks

5080 0.264 Before addition of Na(Cl

8180 0.045 Before addition of wNa(QCl

5080 O.171 After NaoCl addition and heating.

8180 0.029"" After NMaOCl addition and heating.

5080 0.258 After addition of sodium hydrosulfite.
8180 * 0.042 ' - ' After addition of sodium hydrosulfite.

*A value caloulated from the 5080 A peak and data of Pig. 7 wes
also found to be 0,029, showing excellent agreement with the
observed value.

*1 RBackground ¥ absorption measured at 4950, 5300, 7700 and 8450 A
has been subtracted as previously described.

In a subsequent experiment a solution which contained finally
0.2¢ mg Am/ml was made ca. 0.1l in OCLl” and heated at 95°% for
five minutes. Oxidation was found to be complete., After twenty
hours the americium had precipitated to the extent of ;055 mg /rl.
being left in solution. Addition of Vas8504 at 25°C caused a
gradual reappearance of the 5080 ;nd 8180 A peaks in the same ratio;

This seemed to be good evidence that the Am(ITT) was being
oxidized to a higher state, which is slowly precipitated as an
unidentified insoluble salt, presumably either a carbonate or a
hydroxide (hydrous oxide);

An experiment was performed in which the oxidation of Am(ITIT)
and precipitation of Am(IIT + x) was studied at various KpCO0z
concentrations; The initial concentrations were ca; O;OBﬁ NaoCl

and ca. 1 mgvAm/ml. The samples were heated at 95°%¢ for five
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minutes. Additional NaOCl was subsequently added to insure com-
plete oxidation. The results are summarized in Table IX.
Table IX

oo Solubility of Am(IIT + x) in KoCO3 solutions in mg Am/1l.

Ks003 concentration 0.1 0.4 0.8 1.5 2.3 5.0
4.5 hours - 62 41 28 24 25
24 hours -- 51 26 4 7 6
6 dayg - s o g 5. o . s

*O.ln K5C03 was not sufficiently concentrated to hold this amount
of Am(ITITI) in solution. An initial pink precipitate which
formed was undoubtedly Am(OH);. on standing for six days 1t was
converted to a white precipitate.

The remarkably low solubility which is eventually attained
is not dependent on the carbonate concentration. For shorter
periods of time higher carbonate concentrations appear to favor
low solubilities.

4., Apsorption Spectrum of An(IIT + x)e If the rate of reduction

of the higher state in acid solution is sufficiently slow, the
possibility exists that one might be able to measure the absorp-
tion spectrum of Am(ITITI + x) in acid solution. The higher state
was prepared and precipitated in the usual way from a KoC0Oz~NaOCl
solution; The precipitate was washed three times with water and
dissolved in 0.1} HQSO4;

From time to time as the absorption curve was being measured,
the absorption of Am(IIT) at 5040 A was checked as a measure of
the rate of reduction of the higher state. It was found that this
rate was sufficiently slow to allow the spectrum to be observad;

- For each interval of time during the measurement, the concentration
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of Am(ITII) was calculated from the height of the 5040 A peak and
data from Fig. 8. The absorption due to the higher state was then
obtained by subtracting the Am(ITI) absorption from the total.
The curve shown in Fig. 9 was calculated knowing the concentration
of the higher state during each interval. The correction for
reduction of Am(TIII + x) was hardly appreciable, since only about
5% was reduced over a period of 2 1/2 hours during which the
spectrum wac belng measured.

e Ox1datlon Mumber of the hlpher State of Americium. A portion

of a precipitate of Am(ITII + x) prepared as previously described
was dissolved in 0-1M,H2304; The absorption spectrum at 4950,
5040 and 5300 A was obserVGd; The spectrum was again observed
after the addition of 0.214 > equivalents of ®e(II). The amount
of Am{TII) which had been produced by the reduction was calculated
from the molar extinction coefficient of Am(IIT) in the same solu~
tion (calculated two days later after complete reduction had
occurred); Total americium present waé determined by alpha count
of an aliquot of the solutione. The amount of americium found

to be reduced was 0;122 mioromoles; Calculstion using the Am(TIT)
peak at 8180 A showed the amount of amerlclum reaucod to be

0.123 P moles. This gives a ratio of egquivalents Fe(TIL - 1 754

moles Am reduced
This ratio corresponds most closely to that expected if the

*The values for the molar extinction coefficients in 1M HCl shown
in Tig. 8 are nearly identical with those obtained by D. C.
%tewart for am{ITI) dissolved in a ' non-complexing'tacid

1M HC104)e (In HC10, solution ©gpsg = 320, & = 603 in

1M HCl 5040 = 532, 62170 = 60). SQﬁe oorrectig%VQSGd for Ani(IIT)
absorption is accuraté, either if the Am{ITII) is not appreciably
complexed in 0.1 H,S0, or if such complexing does not alter the
absorption spectrum” of the americium.
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higher state is Am(V), i1.c., R = 2.0; The reasocn a non-integral
value was found is not known. Though not conclusive, the cdata
suggest that the higher state may be Am(V) rather than Am(IV)
or Am(vI)e This is supported by comparison with the behavior
of the corresponding states of plutonium. Both Pu(IV) and Pu(VI)
are relatively soluble in K5C0z solutions, whereas (V) exhibits
a2 low solubility. Furthermore, KoC03z solutions of Ce(IV) and
Th(IV) when heated with ¥ao¢l showed no tendency to precipitate
either shortly after heating or on standing for as long as thir-
by days; Both Pu(V) and Wp(V) are thought to exist in aqueous
solution as the oxygenated lons Fu0,™ and N§02+(18); The ameri-
cium ion may similarly be Amoz+;

With the need of conflirmatory experiments in mind, the higher

state of americium will hereafter be referred to as Am(V).

Iiv. Separatlon of Curium from AmelClum.

le Separation of Curium from AMCPLGLumAln Carbonate Solutlons.

Since the chemistry expected of curium would not include the pos-
sibility of a higher state, the precipitation property of Am(V)

appecared to be a method for separation of americium from curium.

*myidence for a_pnlus five oxidation state of pracsodymium has
been reportedll®), an experiment was performed to determine
whether NaOCl could oxidize Pr(IIT) in KoCO03 solution. The ab-
sorption spectra of a ca. 0.0l Pr(IIT)-40% KoCOz solution was
determined. Na0OCl was then added and the solution heated. No
decrease in the height of the absorption peaks could be detected.
As a further check an excess of NMaoS504 was then added but no
increase in the peal heights was found corresponding to reduc-
tion of previously undctected oxidized praseodymium.
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...........

1 1 Preclpltatlon of Am(V) from.Carbonﬂte Soluéwop cOntalnlgg

Cm(IITI)s An aqueous 40% K2005 solution of americium and curium

was prepared. The initial concentration of americium was

ca. 1 mg/ﬁl whereas the curium was present at essentially tracer
concentrations (ca. 10=° mg/ml)s An aliquot was removed for

alpha analysise. The solution was made ca; O?2m}in Na0Cl and heated
at 95° for five minutos; After standing specified times the solu~
“tion was centrifuged and an aliquot of the sﬁpernatant removed

for alpha analysis; The relatlve amounts of the two alpha emitters
were conveniently determined by use of the alpha-particle pulse
analyzer d031gnod by Shiorso, A. H. Jaffey, H. P. Robinson and

B Welssbourd(gO

By means of this apparatus one can determine the numbers of
aipha particles having the range of each of the two isotopcss
The pulses from selected limits of ranges are fed into 43 channels
connected to 48 registers. A plobt of counts per minute against
the register number then shows a distribution illustrated in Fig.lO.
The separation of the peaks or resolution, as well as the peak
width, is dependent upon the design and performance of the counter
and on the preparation of the sample to be counted. Thick, uneven
samples tend to decrcase apprecciably in a non-uniform way the e ffec-
tive range of the alpha particles in air.

The initial ratio of the alpha activity of americium to that
of curium was about 3 to 1 as secn from Fig. 10a. After oxidation
and standing for about 7 1/2 hours the ratio was found to be 2
to 3 (Fig.10b). Definite onrichment of curium relative to amerie-
cium was accomplished in the solution. 957 of the curium was

accounted for in the final oxidized supernatant, but only 229 of
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the americium remained in solution.

In avsubsequent experiment the americium precipitate from an
Am-Cm carbonate solution was washed threc times with 40% KoCOz~
NaQCl solution and dissolved in acid; Pulse analysis indicated
a single alpha omitter was present which was Am241; Limits of
detection of the curium alpha activity wbuld have allowed a
maximum of about 8% of the total curium to have bern present.
These eXperiments and subsequent routine separations of americium
’from curlum haVG shown the curium loss to be small.

1.2 Cﬂrvylng of the Am(V) by Tn(v). Although precipitation of

Am(V) from carbonate solutions of curium affords a convenient
separation of the two clements, the degrec of scparation is limited
by the solubility of the Am(V) compound, as well as the minimum
volume in which it is convenient to work. Separation of small
amounts of americium by precipitation with large amounts of some
other element, which in turn could be more easily removed when
present in trace concentrations, seemed worth investigating.

On the assumption that the oxidized form of americium is
Am(V), ¢b(V) and Ta(V) are suggested as possiblc carriecr materials;
Doubt exists, however, of the ability to remove readily traces
of eilther eloment from curium. A simple experiment was never-
theless run to test the carrying by Ta(V). 4 portion of an un-
stable solution of Ta(V) in 2.74 K5COz solution (cae 75 mg Ta/ml)
was added to a 1” K500; solution containing ca; 5 ug Am/ml which
had boen oxidized at 95°% with NaoCl. Further heating caused
precipitation of the Ta(V). Alpha count of an aliquot showed
that approximately 204 of the americium had precipitateds. Pre-

cipitation of a second portion of Ta(V) raised this to 287,
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L¢3 Carrying of Am(V) by PulV)e Np(V) or Pu(V) should be

very similar chemically to Am(V). Due to the non-availability of
neptunium the experiments were limited to use of plutonium.

The conditions under which Pu(V) is preparcd in carbonate
solutions are quite different from those producing Am(V)(lv);
In carbonate solutions containing MaoCl, Pu(vI) is the stable OXi~
dation state; Pu(V) may be prepared by treating Pu(VI) - carbonate
solutions with Na2805; Having Pu(Vv) and Am(V) in the samec solu-
tion would then depend upon the existence of a slow rate of re-
duction of Am(V) or a slow rate of oxidation of Pu(V) or possibly
both;

100 pg of Pu(1IV) was dissolved by adding 25 pl of dilute
acid plutonium solution to 150 pl of 40% KpC0z. Oxidation of
the plutonium to Pu(VI) with NaoCl was accompanied by a charge
in color from the light grecen of Pu(IV) to the bright intense
green of Pu(VvI). With the addition of an excess of solid Nas S0z -
the color disappeared and the light tan colored precipitate of
Pu(v) began to form within an hour. After 40 hours the solu~-
tion was centrifuged and the solid washed twice with carbonate
solution. To the precipitate was added cae. 75 ul of a cen-
trifuged Cm-Am-NanCl carbonate solution which had stood for
about a week and which had the followinz compositiont

cae 25 png Am/ml
0.1 pg Cm/ml

287 of alpha activity was ame4L

729 of alpha activity was ome 4@
After stirring the mixture for ten minutes at room temperature,

the Pu(V) compound was centrifuged out and an aliquot of super-
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natant removed for alpha analysis.

Pulse analysis showed 80% of the activity to be Cm242. This
corresponded to 2 29 decrease in the concentration of curium and
a 357 decrerase in the americium concentration. Stirring overnight
reduced the americium activity to 59 of its original value leaving
a congentration of ca. 5 ug Am/ml. Since previously this low
concenbration had Yeen achieved without the aid of carrier (Table 9),
''the carrying" of Am(V) by Pu(V) may not have “een properly
demonstrated. The presence of Pu(V) compound did appear to have
a profound offect as also illustrated by the following experiment.

An fm-409 ¥ COg golution was found 'y alpha assay to contain

2
45 pg Am/ml. The americium was oxidized with Maorl and a solution
of approximately 1 mg of Pu(v) in 0.1N HNOB was added after cooling
both solutions to 0°C. The Pu(V) precipitated immediately as a
flocculent white compound. The solution was centrifuged after 15
minutes end an aliquot of the supernatant taken for alpha assay.
Pulse analysis indicated that 8% of the totnl alpha activity was
due to Am241. This corresponds to 3 ug mm/ml. Taking into account
dilution of the original AM=-¥5C0z solution, it was calculated that
39¢ of the americium had precipitated.

One fﬁrther czZperiment was peirformed using the Am~K2005 solu-
tions listed in Table IX. To cach of the solutions containing from
2 to 5 ng Am/ml was added ca. 40 ng of Pu(Vv) dissolved in O.lﬁ
HNOz . The solutions were kept in an ice tath for 15 minutes. For
the next 15 minutes the tubes were removed one by one beginning

with the 3.0M ¥5C0, solution, centrifuged and aliquoted. During

3
centrifucation the temperaturc of the tubes increascd with a cone-

sequent increase in the rete of oxidation of Pu(V) to Pu(vI) by the
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excess of 0C1l™., This was apparent from the appearance of the bright
green color characteristic of pu(vI).

Alpha-pulsc analyses were run on cach sample to determine what
percent of the alpha activity was plutonium. One could thus cal-
culate the concentration of americium remaining in solution. The
results are shown in Table X.

Table X
carrying of am(v) by Pu(V) Solutions

Initial Co3 : ) . u
Concentration 0.1M 0.4M 0.8 1.5M 2.31 3.0M 3.0M

;e " —

Percent of Am

removed by Pu(v) 90 91 89 89 72 921 26
precipitation

*yo ¥a0Cl added.

The results arc scen to be uniform with cxception of the 2.3M
K2003 solution. Why carrying was low in this case is not known.
The apparent carrying of 264 of americium in the solution to which
no NooCl had been added is somewhat surprising. Am(ITII) should
behave like 6m(IIT), which doeg not appear to be carried by the
Pu(V) precipitate (see above).

2. Use of Ton Txzchanze Resins as a Mcans of Curium Purification.

The action of the exchange rcsin may be represcnted by the follow-
ing reaction:
3 NH,R + Mo*? == Momg + 3 NH,*
Due to diffcrence in the ion exchange cquilibria, amercium and
curium are separated into two bands as a solution 1s possed through
a column of resin. Cm(III) is lcss strongly adsorbed by the resin

and hence comes off the colurmm first. Tlution by 2 complexing

agent, such as citrate solution, where a differcnce in the strength
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of the complexes of C¢m(III) and Am(TIT) oxists, cnhances the sep-
aration. Separation of Am(ITIT) from Cm(TII) can be obtained by
proper choice of column size, cluting agent and flow rate(ll).
V. TIsolation of Curium; Determination of the Speccific Activity of the
0xide; Calorimetric Determination of the Valf-TLife.

1. Isolation of Curium Results of the previous section indicated

that complcte separation of americium from curium was feasible.

Two samples of americium as the oxide were prepared by Cunningham,
Stewart and Thompson for bombardment in one of the Hanford piles.
The first sample was deroted as 51 NA and the second as 51 ¥R. The

purity of hoth samplrs was as follows:

Q

amedl(vy airf.) 96.5
La 3.0
Y | | 0.3
of: 0.2
Mg 0402

1.1 TIrradiction of the Americium in the Hanford Pile. The first

samnle consisting of 2.2 mg of americium as the oxide was l1rradiated
for 135.5 effrctive days, from May 2, 1946, to Sertember 25, 1946,
’in channel 1565-% in the 100-™ pile at Hanford. It is renorted to
have received 220 megawatt days exposure or €.6 x 10} neutrons per
sguare coentimetcr.

The sccond samnle consisting of 4.48 mg of am*4L (denoted as
5T MB) was chargod into the 100-F pile, channel 3378~F on April 18,
1946, and discharged on July 16, 1947. It is reported to have
received 408.7 cffoctive days of exposurc and a calculated €79.2
20

megawatt days of exposurc or 2.04 x 10 neutrons per square cenbti-

meter. Both samples were shipped to Berkoley immediately aftor
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being discharged from the pils.

1.2 First Attempt at Curium Purification and Isolation. Initilal

operations on sample 51 NA begun Septcmber 26, 1946, werc carried

out jointly with other members of the laboratory including Gunningham,
Thompson, P. R. O'Connor and James and with the helpful cooperation
of Telson Garden and his Health Chemistry Group. The sample,
mounted in a platinum capsule, was first removed from the lead

slug and the aluminum capsule in which it had been irradiated. The
oxide was dissolved ocut of the platinum btube with nitric acid,

then placed in K,C0, solution and oxidized with hypochloritc. After
precipitation of the americium, the curium and amecricium which
remained in solution were precipitatcd as hydroxides, dissolved in
nitric acid and again put into 15{12(30:5 solution. The oxidation-~
precipitation cycles were repecated twice. The hydroxide was

finally dissolved in 160ulof 1M ¥NOz. Alpha assay indicated that -
58 m7 of Cm242 were present. Tater calculations from absorption
spectra data on this solution (described in section 10) showed

that about 35 ng of americium remained in the solution.

In principle, it should be possible to separate americium
from a concentroted solution of curium in aquecous K2005 solution
by oxidation of the amecricium with NaQCl as described above. In
a «01M em(ITT) solution‘tho amount of americium which would remain
unprecipitated if the solubility of Am(V) were ca. 2 mg/ml would
be 0,14 of the weight of the curium present. This, however, rc-
quires that the tota; volume of the K2005 solution be of the order

nf a few micro liters. 1In practice, the difficultics of main-

taining an oxidizing medium in the prescnce of peroxide produced
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from water decomposition by curiut alpkas proved to be insuperable.
It was found necccssary to dilute %ﬁe damplec appreciably and depend
on carrying of Aam(V) by Pu(V). By this means it proved to be
possible to remove americium to the point where it could not be
detected by measurement of the absorption spectrum of the sample
solution. (<ca. O.2Iug Am).

Among the impurities detected by spectrographic analysis of
the americium placed in the pile, lanthanum was the most abundant,
being present to the ecxtent of about 3% of tho total weight of the
sample. The concentration of Lai(III) was thus approximately cqual
to that of ¢m(III). Secparation from La(III) appecared feasible
by usc of the mcthod, described in section II, of TTA cxtractions
at selected hydrogen lon concentrations. TUse of the TTA cxtraction
resultcd in difficulty which was apparently duc to the alpha
activity of the sample. Phase scparation was poor; rclatively
largs amounts of an insoluble material often formed from which
it prroved to be difficult to recover curium. Decay of the curium
and mechanical losses consgidcecirably reducced 5he total amount of
the sample. Accidental rocontamination with iron of the final
gemple, which was to have bcen used for a gravimetric specifiec
activity determination, made further efforts at purification of
this sample impractical.

1.5 ZIsolation of Curium as a Pure Compound. QOperations on sample

[}

S5ITB were begun on July 17, 1947 immediately aftcr it wa- received
from Hanford. Due to the hish level of beta and zamma radiation
from the containcr and from thoe sample itself, the initial oncra-

tions were carricd out in o " hot laboratory'" . This room, de-

signed by Nclson Garden's Health Chemistry Group, affordcd a well
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shielded, ventilated areca in which remote control operations could
be carried out and viewed with the aid of périscépes and mirrors.
(see Pig. 11). Special cculpmont was designed and constructed,
and valuable assistance in the actuwal operations was performed by
John ¢ifford, Carroll Gordon and other members of gGarden's
Health Chemistry Group.

The americium oxide sample was dissolved from its platinum
container, which had been removed from the slug, and put through
a series of chemical reactions designed to remove other isotopes
of interecst. This phasc of the work was directcd by Thompson.
The sample was received as a dilute HC1l solution containing amecri-
cium and approximately 150 ng of curium. 25¢% of the cntire sample
had been retained.
a. Column Soparation of Americium and Curium. Separation of
americium from curium was achievrd by the usc of columns packed
with the ammonia form of colloidal agglomerates of Dowex 50. The
irregularly shaped agglomerates were sieved between approximately
200 and 325 mesh. It was enticipated that difficulty was zas
formation and conscquent ©tlocking within the column might be en-
countored with the oxtremely high level of alpha activity prescent.
Three measurcs were adopted to minimize this difficulty. 1) The
diamcter of the column, hence the total volume, was mgde as large
as possible cormensurate with the amount of resin available. By
this nmeans larger volumes of cluting solution would flow through
the coiumn tending to dissolve the gas formed. 2) Argon was
brobled through the eluting solution to remeve oxygen and incrcase
LYo rapacity o dissolve oxygen formed by decomposition of the

water by racdiation. 3) Spongy palladium was mixed with the rosin
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to afford a surface at which the re-combination of hydrogen and
oxygen could be catalyzcd.

The separation consist~d of threce steps: 1) A 10 cm length,

8 mm diameter column designed to test the opcration under condi-
tions to bec usrd with the longer colums, 2) A 50 cm-8 mm dia-
meter column to separate the bulk of the Amg41 from the curium,
3) A 50 cm-8mm dicmeter column to separate the last traces of
americium from 2 cut containing impurc curium. Semples were intro-

duccd on the columns by first adsorbing them from acid citrate

25
solution (ca. pH = 1) using as small an amount of resin as possible.
This was thon transferred to the top of the resin in the column,
giving an active layer scveral millimeters thick. 1In all cascs
O.2%M citrate solution at pH = 3.05 was uscd to clute curium and
americium. In the casec of the 50 cm columns, collection of samples
wos greatly facilitated by an automatic sample changer shown in
Fig. 12 and designcd by Robinson. The first two column runs were
carried out in coopecration with Cunningham and Jamcse.

Murther details follows

Column 1 was run at a flow ratec of 0.4 ml/cmz/min. 30 ml of

233 fraction.

~ffluate were collectrnd which contained the Pu”
(Pu(IV) is eossentially not adsorbed under these conditions.) The
next 100 ml of effluate contained the emericium and curium.
Loenthanum present in the original sample remained on the resin,
since at pH 3.05 it is very strongly adsorbed from citratce solution.
The Am-Cm fraction was rc-run on column 2.

columm 2 was run at a flow ratc of 0.4 ml/cmg/min. 142 samples

Laowing a wivme of 2.5-3.0 ml cach o collcctrd. The distribution

of the alpha ectivity was determined by counting aliquots of the



Figure 12.

Automatic Sample Changing fpparatus.
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solution and is shown in Fig. 1l3. Intcrmediate fractions which

241 m242 were subjected to pulse analysis.

contained both Am and C
Prom this data, relative amounts of the two isotopes could be
calculated. However, the first part of the clution curve for
americium wos inferred from the shape of the curium curve. The
curium activity in thesc intermediate samples far overshadowed

that due to Am241. Samples 67 to 71 inclusive containecd approxi-
mately 409 of the curium and an cstimatecd amount of amecricium

cqual to G.3% of the wecight of curium in thc sample . Samples 78

to 90 inclusive contained the bulk of thce amcricium with approxi-
mately 14 of the total curivm. Samples 72 to 77 inclusive contained
sbout 59% of thc total curium and a comparable woighf of amcricium,
These samples wore comiined, acidified and recadsorbcd on resin for
furthcr scparation in column 3.

Column 3 was thc same as column 2, the resin having been rinsced
with citratec solution following the first run. The flow rate was
again 0.4 m]./’cm?'/min. 85 samplc s werc collcetrd, and the distri-
bution of cectivitics was found to be that shown in Tige. 14. To-
tention of samples 61 to 70 inclusive discarded approximately 19
of the total curium and included an cstimated amount of americium
equal to 0.2% of thc weight of the curium run through column 3.

The curium fractions from columns 2 and 3 werc comdiincd and
assaycd. 789% of the original amount of curium was present. 5% of
the loss was duc to radiloactive dceccay.

It was oxpected that this fraction would contain no lanthanum,

no yttrium, (sincc experiments have shown Y(IJT) to be cluted

ahcad of ¢m(III)), and a small percent of Am(ITIT).
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b. Conccntration of the ¢m(III). The curium was put through a

series of chemical reactions designed to concentrate the Cm(III)
and to remove impurities.

To thec combined curium fractions having a volume of ca. 50 ml
was added C.4 ml of 12N HCl. Three scparate portions of 0.1 ml
volumes of rcsin (ammonia form) were added, stirrcd and rcemoved.
only 0.3% of thc curium was not adsorbed by this trcatment. Addi-
tion of 3 scparatc portions of 0.25M citratec solution at pH = 5.0
cluted 99.89 of the Cm(III). This solution having a volume of
ca. 1.5 ml was cvaporated to dryncss, and the citrate decomposcd
by addition of concentrated PNO, and sto4 and heating. The recsidue,
aftcr heating to dryncss, was dissolved in a minimum amount of
water (C.3 ml) and Nﬂ3 gas blown in. The gelatinous, ycllowish
precipitate which formed bubbled vigorously. The concentration of
Cm(TII) remaining in solution was ca. 37)1gﬁhl. The solution was
contrifuged, the prccipitate washed, dissolved in 100 ul of dilute
acid and WHz gas again blown in. The hydrozide appearcd slightly
lighter in color than beforec. An cnlarged photograph is shown in
Fig. 15.
¢c. Purification of Cm(III) from Pu®°® and Fluoride Solublo Impur-
ities. The Cm(ITI) was placed in dilute UNO; solution which was
made ca. 0.1M in Ag¥. Solid ammonium persulfate was then added
until the brown color of Ag+2 was apparent. Tnder thesc conditions
plutonium is known to be oxidizod to fluoridc soluble Pu(VI).

For the fluoridec preciritation an HF-resistant, specially
prepared lusteroid tube’® was used. The cnd of a 5 x 25 mm tube
was dipped in ncarly boiling glvcecrine and the ond pushced out to

a point by mcans of an appropriatecly shaped wooden mandrcl. A

* Mfg. by Tusteroid Container Corp., 50 Parker Ave., S. orangc, N. Je
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rclatively small amount of precipitate could then be contrifuged
into the tip and rcadily obscrved.

The solution was madec ca. 3M in HF and a whitc-apncaring
preccipnitate of CmT;:’3 formed. After 10 minutes the concontration of
cm(TIT) remaining in solution was 22 ug/ml. The fluoride procipitate
was wasghced and trcated scveral times with small portions of con-

centrated NH,0H. This was sufficicnt to convert 2ot lecast most of

4

the precipitate to Cm(oH)S, which was dissolved in HNO.

% and ro-

igs of & nitric 2cid solution

U

precipitated with 1, OH» Alphea analy
of the final hydroxide showcd ca. 50 ug of Cm werc present. Two
29 portions of the samnle were submitted to . TJohn Conway for
spectrographic analysis. The samples were diluted with 25 pl of
1M #0l; two 25 ml blank solutions were suvmittecd for comparison.
The only impurity detocted was lead, in an amount roughly cqual

to 104 of the weight of curium in the sample.

d. Scparation from Acid-Sulfidc Insoluble Impuritics. The curium

was put into HC1l solution by cvanorating to dryness scveral timos
with concentrated HC1 and dissolving in 25 ul of O.1M HCl. The
solution was saturated with HBS snd allowed to stand 10 minutcs.

A black precipitate formed. This was washed; ¢m(0H), was prcci-

3
pitated from the combincd supcrnatant and washes by addition of
NH. g&s. The concentrotion of Cm(III) remaining in solution after
about 18 hours was ca. 10 mz ¢m/l. After redissolving the Cm(OH)5
in HNO,; an aliquot amounting to ca. 10¢ of the total samplc was
submitted for spectrographic analysis. WNo impurity other than a

trace of lcad was detected. The amount of lecad was cstimated as

1% of the weight of the curium. Although no other cloments were

detccted;, it should be pointed out that the accumulated sum of all
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undetected impuritics could nevertheless be appreciable compared
with the curium. This scems somewhat improbable, however, in view
of the specific nature of the chemical procedures.

2. Dotormination of the Specific Activity of ¢mgOz. Although the

spectrographic analysis did not provide an absolute determination
of the total impuritics present, it is possible to do this by mecans
of the determination of specific activity. James has carefully

242

measurcd the decay rate of cm and reported a best value for

the helf life of 164 days(21),
Having a given amount of activity, %% , the number of atoms, M,

242

and hence the weight of Cm may be calculated from the well

knovm relationship -HL = 2\ where 2 - 1log:2 , The result of such
at e
T1/2
2
a calculation shows that the specific activity of Cm 4 is
7.32 x 10° d/min/ng .

For this experiment the oxide is a convenient compound to
preparc and weigh, inasmuch as its formula is quitec certain (CmPOS)
and it may bec reacily prepared in purc dry form without fcar of
decompositione.

2.1l Caolibration of the ~uvartz Microbalance. Accurate determina-

tion of the weight of microgram samples has been shown to be
rossible with the quartz microbalance designed by P. L. ¥irk and
Roe Craig(gg);

The esscntial features of the balance may be scen in Tig. 16.:
The beam is constructed of fine quartz fibers and is fused to a
torsion fiber perpendicular to the beam. The rear (right sidce of
mige. 16) of the torsion fiber is rizgidly festened to a quartz bow

to provide tension. The front of the torsion fiber is mounted on



Figure 16,

Quartz Micrchalance.
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the axis of a vhecl calibrated either in degrceces or in arbitrary
divisions. DBarely visible in IFizs iG are the hengdown fibers which
run from the ends of the beam dovn into the pan wells and which
are provided with a hook for attachment of & pan hanger. Fige. 17
shows a pan well and hanger (best scen from its shadow on the rear
well) holding a platinum weighing capsules The leongth of the
capsule is approximatcly 8 mme Addition of weight to onc side of
the halance is compensated for by rotation of the whecl, and the
balancc is thus restored to the horizontal position or null point.
An optical system focuses on portiorns of a finc index fiber at
both cxtremitics of the becam and projeccts the images on a ground
glass screcn on two sides of a split ficlde The null point is
casily found by bringing the two ima cs into apposition. The
scale is indicated by the onc inch high date marker resting on the

alance cases The inncr balance case is covered by an additional
cover shown in Fij. 18 Also showvn in Tire 13 arc the ground
glass screen (at the far left), in the centcr of which is mountcd
8 tclescope for readin- the balance, as well as controls for
arrcsting the beam, rotating the vhecel and adjusting the optical
systeme. The particular balancc uscd has withstood total loads of
ca. 20 mg on each side of tre balance, and comncnsated for ca.
2OG‘pg or morc of untared weight, repres-nting over 360° of reovo-
lution of the end of the torsion fibrr.

calibration of such a balancec has prcviously been achicved in

two wveyse. 1) A standard salt solution is prcparecd, and a small
but accurately known volume is delivercd cquantitatively onto a
welghed container, then dried end re-weished. Knowinz the weight

of dry salt on the pan a rclationship is cstablished between this



Figure 17.

Pan ijell of CQuartz llicrobalance,
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Figure 18,

Quartz Microbalance,
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weight and the number of degrecs (or divisions) by which the
torsion fiber has to be rotated to restore the beam to the hori-
zontal position(4). 2) A scrics of weights is preparcd cach
boing well within the capacity of the balance. The " weight "
(in degrces or divisions) of cach onc is accurately deotcrmincd
using the quartz balance. A sufficicnt number of these weights
is then combined so that the total wcight may be determined to the
desired precision on & conventional micro-balancc. Trom this data
the relation botweon divisions and weight of sample is cstablished.
The balance uscd was nrovided with a wheel whose circumfoercnce was
markdd with 1000 cqual divisions. A vernicr scalc allowed read-
ing to the ncarcst 0.05 division.

The succecss of the first method is dependent largely upon
proper cholce of a salt to be weighed. Tt should be onc which
may bé rcadily dricd to a constant composgition which is steble on
exposurc to air, within a rcasonable rangc of humidity. Although
sodium oxalate 1s reportcd to posscss thrsc characteristics, its
usc Gid not give rcproducible results. Onc division was found to
corrcspond to 0.176 t 0.009 pg.

In using the sccond method, 19 aluminum strips approximatcly
0.5 x 5 mm in size were cut from 1 mil Al foil. A hook to facil-
itate handling on the balance was bent on the ond of each strip.
The " weight" in divisions of cvery strip was added and found to
be 15,436.85 divisions. All 19 strips werce weighed twice on tho
Ainsworth micro-balance; the weights werc found to be 2.658 mg and

2.652 mg, giving an averaze of 2.655 mg. The caelibration factor
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‘is then %%Sgé=:0.1720 pg/ﬁiv. An indcpondent calibration using
platinum weights was made by Stewart. ¥Fis value was 0,173 + .00l
pg/aiv. An aver-ge of 00,1725 pg/aiv was taken as the best value.

The calibration was fognd to be the same wh~n the balance was
loaded with ca. 18 mg on cach sidc, this being the weight of the
containers uscd for the curium weizhing.

The lincar rclation Letween displacement and weight was also
checked over the range of 50 to 150 pg. Four aluminum strips were
woighod scporately and then in ﬁarious combinations, 1 + 2, 1 + 2
+ 3, 1 +2 + 3+ 4. It was found that in 2ll cases, the sum of the
individual weights agrced with the woight of the combinations to
within 99.94 or botter.

2.2 Preoparation of Containcrs for Wcishing Cm 0 Hondling a dry

2 3 .
compound of gsuch high activity poscd a very serious problem. In-

halation or ingestion of oxtremely small portions of the samploe
could brcome a significant hcalth hazard. It was decided to weigh
the oxide in two closcd containers, one within the other. Duc to
the limited capacity of the quortz balance; the total load had to
be restricted to less than 20 mg on cach side of the balence. Tor
the outer containor on aluminum capsule 2.5 x 8 mm was machined
to a wall thicknecss of about 1 mil. A tight fitting aluminum cap
was madoe to fit over the cnd of the capsule. The weight of this
capsule was about 9 milligrams. |

For the inncr contoiner platinum appeered to be the most
desirable materiol because of its chemicol incrtness as well as 1ts
ability to withstand without loss of weight the temperaturces
required to form cm203.

In order to have the weight sufficicntly low, tho capsules
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were made of 0.25 mil platinum foil. The foil was cut into
pieces ca. 6 x 5 mm. These were carefully examined for the
- resence of pin holes. By placing a plece on the palm of the
hand and stroking with a dissecting needle, the foil could be
rolled into a cylinder. This was then slipped over a tungsten
rod 2 mm in diameter, which allowed about 1 mm of the foil to
overlap (Pig. 19). The oxy=-gas flame of a micro torch was then
played along the overlap, heating it to bright red heat, while
the overlap was simultaneoﬁsly rolled with a quartz rod. This
treatment is sufficient to weld comnletely the surfaces together.
One end of the platinum tube was then crimped at four places
around the edge in such a way that the now closed end had the
appearance of a plus sign; Txcess platinum was trimmed off using
a new razor blade. The end was now sealed by heating, rolling,
and hammering lightly against the round end of the tungsten man-
drele. These operations were more easily performed when viewed
uncder a low power stereoscopic microscopes. The tube was then
cleaned with acid and tested for leaks by filling with a con=-
centrated dye solution; The weisht was ordinarily 9 -« 10 mgs.

In order to carry the sample to the balance and load it
safely, a lucite container with a sliding door was constructed
by John ~ifford of the Fealth Chemistry Group (Pigz. 20, 18). on
one end of a brass tube moving throuzh a ball and socket joint
was placed a fine platinum tube (ca. 0.6 mm 1.d.). The other end
could be connected to vacuum so that when the platinum tip was
brought near the capsule, the latter could be »nicked up and de~
posited in a new position by pinching off the vacuum line;

A pilece of quartz capillary was fused to a section of
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quartz tubing sufficiently large to hold the platinum weighing
capsule« By connecting the end of the capillary to a slight
vacuum the platinum tube could be held firmly while loading or
manipulating it (7ig. 21).

2¢3 Preparation and Weighing of Cms0zs+ The nitric acid solution

of the purified c¢m(ITT) was introduced in two portions into the
platinum capsule by use of a fine tipped capillary pipette
mounted on a micromanipulatore. The platinum capsule had pre=-
viously been heated to constant weight. The second portion of
Cm(TIT) solution was added after the first had been evaporated
to dryness by blowing a gentle stream of warm air from a capil-
lary tube into the capsule. The second portion was nearly lost by
formation in the bottom of the capsule of a gas bubble which be-
gan forcing the liquid oute. Centrifugation succeeded in saving
the solution, althouzh contamination of the upper outside edge
undoubtedly occurred. The dried curium nitrate was then ignited
in air to the oxide using the arrangement shown in Pig. 21 The
welghing capsule was kept in the shadow of the quartz holder to
avold evaporation of platinum from the coll onto the capsule.
The temperature of the coill was gradually increased until it
reached white heat. This was sufficient to heat the capsule to
red heat, where it was held for ca. 1/2 hour. After cooling,
the top of the capsule was folded down so that only a small slit
remained; The capsule was then placed in the aluminum container
and transferred to the balance. After the initial reading was
made, an unaccountable behavior was observed. The apparent
weight of the sample increased rapidly and over a period of ten

days nearly tripled. The following observations were made during
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this period.

1) The zero point of the balance (empty) did not change;

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 new aluminum container with the curium did not
stop the weight increasec.

4) Substitution of a platinum outer container for the
aluminum one gave a much slower rate of weight increase.
By heating both platinum containers it was found on two
occasions that the weight reverted to a constant value,
then subsequently increased gradually. No explanation
for this behavior is known. Absorption of water vapor
by the sample was ruled out by a calculation showing
that a volume of air many times the volume of the sample
containers would be necessary to provide the amount of
water which would account for the weight increase.

It does rot seem reasonable to supposc that the presence of
radiation had any specific effect on the balance itself. Although
the containers should be warm due to the radioactivity and perhaps
give rise to convection currents within the balance, it is dif-
ficult to see how this could give the gradual apparent weight
increcase. Alr currents have beecn observed to disturb the
balance in a random manner.

The weight of the sample was finally determined by extrapolat-
ing the curve of balance readings versus time back %o the time the
sample was removed from the furnsce. The weight amounted to

266t5 divisions or 45.910.8/pg.
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V2. Alpha Assay and ¢alculation of Specifid Activity. A portion

of concentrated WMOz solution was added to the Cmp0z. After warme
ing for five minutes it appeared to have dissolved completelye.

The solution was diluted to exactly 1 ml in a micro volumetric
tube and 1.075 ! aliquot removed and counted in a chamber having

a calculated geometry factor of 7490 to convert to 507 geometrys
10

This gave a total count of 2.26 x 107" d/m corresponding to 30.9 ng

of cme4%,

After dissolving the Cmy0z the platinum capsule was rinsed,
dried, and reweighed. By difference the weight of the oxide was
found to be 41.7 pg. Assuming no impurities other than those
detected and taking into account the decay of the curium, the come
position of the final oxide preparation was calculated to beg

C1io O3, 83;7%

AMO, 4;9%

PbO 1,07

Pu0y  _10.4%

100.04

The amount of Cm;0; was then found to bes

4147 x 04837 = 34.9 ug
corresponding to 31.8 B of Cn@42. This would incicate that
ca. 37 of the sample may have been undetected impurities.

Using the first weight deteormined (45.9 pg) and the quanti-
ties of known impurities, the composition of the oxide was found

t6 bes
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Crms Oz 88.79
AmOq 4 .99
PbO 1.0
Pu0p  _ 5.37
199.,9¢
giving 45.9 x 04887 = 40.7 ng Omy03 or 57.0 pg Cr'3 gorrecting
for decay from the time the sample was weighed until the alpha
analysis was performed the weight of the cme42 at the time of
weighing calculated from the alpha analysis was 52.6(pg; The se
data suggest that the undetected impurities may have been 127 of
the sample.

It 1s difficult to evaluate these results without knowing
the cause of the gradual apparent increase in weight of the
sample; It is possible that much of the incrcase while using the
aluminum capsule was due to a chemical reaction, such as oxidation,
initiated by the radioactivity of the sample. Platinum containers
should show no such effect; Although the heat libevated by the
sample was measured accurately, neither the tempcrature attained
by the capsules nor the effect on the balance of weighing a

warm sample 1s knowne

2«5 Appearance of CmsO0ze Tn the rarc carth elements the colors

of the sesquioxides are very similar to the colors of the aqueous
ionse« By analogy, Cmy0z would be expected to be nearly white.,
Microscopic cxamination of the oxide after weighing showed it to
be dark brown in color. The color could be caused by the vresence
of undetected impurities. However, an interesting appearance of

¢olor in the mixed oxides of trivalent and tetravalent rare earth
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elements has been observed and may be the phenomenon responsible

for much of the color observed in the szog. Mixed oxides of

Co(IIT) and Co(1v) 2% (24)

(25)
and Ce(IV) show a dark color not characteristic of either oxide

; Tb(IIT) and To(1V) , and of La(III)
separatelye. Since both Pu(IV) and Am(IV) are present in signifi-
cant amounts in the Cmy03, the presence of a dark color is not
surprising.

3. Calorimetric Determination of the malf Life of Curium.

At the time that the Om,0; sample was contained in platinum cap-
sules, a calorimetric determination of the half 1lifec was performed

(26)

by mdgar T, Westrum « The energy liberated by the curium
sample was determined in four ways: 1) observation of the steady
state temperature differential betweon the calorimeter and thermo-
stat, 2) observation of the approach rate to this temperature from‘
both directions, combined with the thermal leakage modulus and

the heat capacity of the calorimeter, 3) and 4) achieving condi-
tions identical with ecither 1) or 2) above, by input of an equi-
valent input of electrical energye. All of these methods indicate
that the minute sample liberated energy at the rate of

0.0465 t 0.0003 calories per minute, corresponding to a half

life of 158 t 6 days on the basis of the known range of the alpha
particle and the range-encrgy relationship of Halloway and Livinge
stone This half 1life is in agrecement with the value of 164
days observed by James from radicactive measurcments extending
over a period of several months. The larger uncertainty in the
half 1ife than in the encrgy mecasurcd calorimetrically arises

from the difficulties in the weighing of the sample. (calculations

Wore bascd on the initial extrapolatced weight.
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VI. Absorption Spectrum of Cm(III), Spark Spectrum of Curium.

1. absorption Spectrum of cm*S, The 150 pl of a nitric acid

solution of curium and americium described in Scetion V, paragraph
1.2, were placed in a micro quartz absorption Qellfhaving a 1light
path of 1 cme The cell had been fitted with a ground glass stopper
as shown In Pig. 22, 4 Beckman Spectrophotometer was [ itted with

a ventilated box (equipped with air filters) enclosing the cham-
ber where the sample was placed (Pig. 23)e Tho design and construc-
tion of this box was carried out by  Ferman Bradley. The in-
tonse radiocactivity present in the solution caused a considerable
amount of bubble Fformation from decomposition of water. This
interfered scriously with the measuremcent of the absorption spec-
trum. It was found necessary to eithcr stir or tap the micro cell
holder sharply at frequent intervals to dislodg@ the bubbles. The
concentration of americium present was calculated from the height
of the peaks at BMC and 3180 A. The absorption duec to Am(ITI)

at every point measured was thon calculated and subtracted from
the observed absorption. The resulting curve, ncarly identical

En ]

U g

)

to tho one shown in + 24, showed no approciable absorption in
the visible spcoctrum, but rather high absorption in the ultra
violet.

A more accurate determinetion of the absorption sipectrum
was made using curium from the sccond irradiation of americium.

The Cm(o")5 described in section V, paracsraph l.5b was redissolved

in 100 pul of 0.5 MM HCl. Alpha analysis at this point indicated

¥Pyrooell Mfz. Co., 207-11 Tast 84th Street, New York 293, New York.
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Spectrophotometer Used with Highly Active Solutions
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that 88;8‘pg of curium werc present it this solution. The curium
solution again was placed in the quartz micro absorption cell
fitted with a ground glass stopper shown in Pig. 22. Differences
in the absorption characteristics of the two cells usecd for sample
and blank solutions had previously becn measured with distilled
water in both. The RBeskman Model DU Spectrophotometer used had
been calibrated using three prominent lines of the mercury arc spec-
trum.,

Again, 3ifficulty due to vigorous bubbling of the solution
was experienceds. The cecll carriage was removed and tapped sharply
at freoquent intervals to dislodge bubbles. 'WWhenever necessary,
readings were repeated to insure accuracy. The filter provided
with the instrument was used with the tungsten filament lamp over
the range of 3200 to 4000 A« The absorption spectrum was observed
at 25 A intervals from 3200 to 4000 Ay at 20 A intervals from
4000 to 6000 A7 at 25 A intervals from 6000 to 8000 A, at 50 4
intervals from SOOO to 10,000 Ay and at 250 A intervals from 10,000
to 11,000 A. Trom the heischt of a small peak at 5040 A a total
americium content of 4.7¢ (4‘pg of Am(IIT)) of thc amount of curium
was calculated. Corrections werec made for the absorovtion duc to
Am(ITI1) and blank absorption, and the curve of Fig. 24 was cal-
culated and plotted. As in the case of the 51 WA sample no ab-
sorption maxima in the visible region were observed. A pro-
viously undetected apparcnt maximum in the absorption in the ultra
violet was found. The absorption spectrum of curium may be com-
parcd with that of other actinide clements and rarc earths by
reference to the cata in Fig. 25 which was compiled and drawn by

Be Ho COvey'



Figure 25,

Comparison of the Absorption Spectra of the Lanthanides and Actinides.



Absorption Spectra of the Aqueous Tripositive lons

Eloment ' _ " 7 emnz;mr
| LANTHANIDES ACTINIDES N
Ce ABSORPTION : l I ! T
58 BELOW DOES NOT EXIST 90
, 32004° | , % .

Pr : Pe

PROBABLY DOES NOT EXIST

> 'Y 1 SR
Nd i 1 !

60 ' ‘

Pm
e Junknown
sm Pu
62 94
Eu Am
63 ’ 95
Gd Cm
64 96
Tb
UNKNOWN 97
65 A ok
7000 S00D 5000 4000 3?)0 7000 6000 5000 4000 3500
ANGSTROM UNITS
T ECTE: }be molar extimetion coetficia'ncsﬂot' the proainant absorptioz bends of the actinides sre renerally of the

order of ten times =
the aetinides would
froa Prendtl and Soheimer (2. snore.

reater than those of the rare sartns.
therefore appeer relatively sharper.
slleren. Chen. 3}2.

verious sources on tke Plutoniue Projeot.

FIG. 25

If slotted to ths same scale the ebsorption spectrs of
fhe absorption spectra of the rare earths are taken
107 (1534)) and those of the sctinide elsments from



T,
¢ ‘)
7

UCRL~156
Page 84

2+ Spark Spectrum of Curium. TIn bthe course of the spectro-

graphic analysis, 45 lines of the curium spectrum were rezorted
by Conway. The most prominent of these fell at 3220.5, 3426.5,
S472 48, 3546.3, 3905.2, 3909.4 and 4207.5 A

VII Speccial Iffects of the High Tevel of Alpha Activitys Health

Precautions.

N The Decomposition of Water. This effect was found particularly

—0

troublesome in attempts to separate procipitates of relatively pure
curium compounds from supernatant solutions. fas evolution from
within the precipitate churned up centrifuged compounds within a
few seconds. The difficulty was more pronounced in alkaline solu-
tionse« Hydrogen peroxide is a product of water decomposition by
radiation and is more rapidly decomposcd in alkaline than in acid
solution to give Y530 and 09 gas;

2. 7ffect on Pyrex. In one instance a concentrated Cm(ITT) solu=-

tion was stored in a heavy walled pyrex tube for several weeks.
This exposure to alpha particles was sufficient to both darken

the glass and cause the formation of many fine cracks on the inner
surface of the glass as shown in Fig. 26,

3¢ Production of Visible Light. It was intercsting to note that

the curium preparation emitted light and could be scen rather
plainly in complete darkness after a few minutes of eye adaptation.
The hydroxide vrecipitate lying along theo bottom side of the in-
clined tube shown in Pig. 15 was brighter than the solution itself,
It appoafed that the air just above the meniscus of the solution
was brightest of all. After standing overnight the precipitate

had redissolved presumably due to "z having been swept out of

solution by gas evolution, since later addition of N¥H2 caused the



Figure 26,

Effect of Exposure of Pyrex Cone

to High Level of Alpha Activity,
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hydroxide to re-precipitates A photographic plate was exposed’ to
the light emitted by the curium solution in the complete absence

of extraneous light. The resulting print is shown in Fig. 27,

4, TUse of Glove Boxes in Work Dealing with High Tovels of Alpha
Activity. The work on the isolation of curium reported in this
paper was consicerably aided by the cooperation of Garden and his
Health Chemistry Group in the design and construction of gspecial
cquinment. ®ssentially all chemical operations were carried out
in glove boxes of the type illustrated in Fig. 28. Specilal thanks
are due Herman Bradley for installatlon and mich of the deslgn
of these boxes. In addition to the centrifuge, hot plate, in-
duction heating coil, and shelves shown in the figure, the box
was also equipped with a hot drain, electrical outlets, gas
outlets, fluorescent light, stirrer, glass dome for tall columns,
gealed extension on the right for an alpha chamber, etc. The
special extension on the front of the box was deviscd for micro
manipulators on which microcones and pipcttes were mounted and
viewed through a stercoscopic low power microscope. The ontire
sloping front of the box was covered with safety glass, and a
stream of air was drawn constantly through filters out of the box.
In short, the boxes werc so constructed as to confine com-
pletely the active materials, and so equipped that every opera-
tion could be performed within the box, even the mounting and
counting of samples for alpha analysis., It was found possiblec by
this means to reduce contamination of surrounding areas to

essentially zeoro..

¥Super Panchro Press ''Type B'" film f/4.7 opening with Kodak
FTktar 127 mm. lens and 8 hour exposure. We arc indebted to W. D.
Fail for taking this photograph and many othcrs appearing in
this papecr.



Figure 27,

o

"Self-Portrait" of a2 Curium Solution.
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Figure 28,

Glove Box Used in Vorking with Highly Active Alpha Emitters
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