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ISOLATION AJ\TD PRO P~TIES OF CURIUM
./

L. B. Werner and I. Perlman

Radiation Laboratory, University of California

Berkeley, California

July 28, 1948

A!2.stract

The isolation of curiuffi, 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 excha~~e resins.

The details of the isolation of curium are given; the results

of the spectrographic analysis, specific activity measurement,

and calorimetric determination of half life showed the curil~ to

be relatively pure.

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

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

the radiation from the curium are noted.
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ISOLA TION AJ.\ID pqOP'~RTIES OF CUf.{IU1'1

L. B. Werner and I. Perlman

Radiation Laboratory, University of california

Berkeley, California

July 28, 1948

I. Introduction.

The discov~~y of element number 96, curium, was realized by

the preparation and identification of the isotope Cm242 by G. T.

Seaborg, R. A. James and A. Ghiorso(l) by cyclotl">on bombardment

of pu239 with helium ions. Cm242 is an alpha-emitter having a

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

of Am241 according to the following reactions(2):

Am241 (n Y)Am242. ~ .

Am242 (j '; Cm242 (1)
18 hrs.

Th 500 . t f .. A 241 f' t· 1 t de -year 130 ope 0_ amer1c1um, m ,was lrs 1S0 a e

in microgram amounts by B. B. Cunningham(3)emploYing techniques

similar to those described by Cunningham 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

I,a(r:tIL an effic ient 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(7)) de-

pends upon the chelation properties of the ions wi th certaln di­

ketones. Usin7; these methods ano. others described by CUnningham(3)

milligram amounts of americium suitable for irra0iation were
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isolated(3).

With the large neutron fluxes available from the chain react-

ing piles it seemed feasible to prepare microgram quantities of

cm242 by prolonged neutron irradiation of Am241 in one of the

Hanford pi le s •

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 it was recognized that a small amount of impurity relative

to the amount of americium present could easily be comparable to

or zreater than the weight of cur ium formed duri ng the irrad:1.a-

tion.

The chemistry of curium as determined on the tracer scale has

indicated that only the trivalent oxidation state exists in aqueous

solution(8). It shows very much the same precipitation properties

as the trivalent rare earths, and attempts to oxidize or recuce

it to other oxidation states proved unsuccessful.

This is to be expected if one assumes the elements in this

region be long to a new "rare earth" serie s of "actinide"

elements in which electrons ar'e to be found in the 5f shell.

Curium should thus occupy a position analogous to gaoolinium and

cm+3 would have the stable configuration 5f7
(9). There seemed

to be little possibility, therefore, of obtaining cm~ium in other

oxidation states which might prove useful as a basis of a chemi-

cal separation from americium and other similal~ tripositive ions.

The most stable oxidation state of am~ricium is the ;?lus tbree

stat e as shown by the x-ray ident ific at ion of the, trihal ides (10) ,

by the elution behavior of aqueous solutions of americium from





UCRL-156

Page 8

for rare earth separations at Clinton Laboratories in Oak Ridge.

Preliminary experiments by Cunningham J L. B. Asprey, and Thomp­

kins{ll) at Berkeley showed that good. separation of Am(III) from

cm(III) could be obtained, at least when relatively small amounts

of the two elements were present. Such methods appoared to offer

much in the way of simplicity of op0rations 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

1 t ' b' ( 15) , b'so u lon have not e0n asslgned • An interesting relatlons _lp

ha.s been observed, however. Gd+3, having a configuration 4f7,

Shows a.bsorption only in the ultra violet in aqueous solution.

The rare earths preceding and follO"\"ling gada liniurn s how more or

less absorption in the visible region of the spectrum. The tl"'j.-

positive ions of the heavy elements precodin:; curium show absorp-

tion in the visible region (see Fig. 11). It was then of intorest

to determine tho nature of the absorption spectrum of curium which,

according to the actinide theory(9), should boar an . analogous

position to gadolinium in tho rare earth series.

II. Separation of Am(III) from La(III) and Other Ions by TTA*

r.;xtraction.

1. Meth09-,s ,and "Rguipmen~.JTsed. The use of diketones of the

type, RC{)CR2COCF~" t'o form metal chelate complcx0s that can be
--_._---

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

HC - CR aI. fl H
HC.... C'" C

......S/
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extracted into benzene has been developed by M. Calvin and co­

workers (16) • The extent of complex formati.on for a given ion de-

pends upon the solution pH and upon the concentration of the dike­

tone. The rolative ease with whi.ch 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:

(2)

In the case of TTA~ the metal chelate is very much more soluble

in benzene than in aqueous solution and may be readi.ly extracted.

As can be seen from equation (2)~ tho extent of complexing is

dependent upon the third power of both the hydrogen ion and di-

ketone concentrations.

Special thanks are due Professor calvin for his very holpful

advice in carrying out these experiments, and to J. C. 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 apparat us simi lar to that shown in Fig. 1. :Measurement of

the pF was made by drawing the aqueous phase up into tho ole ctrode

chamber (a). I"10vomont of the liquid was controlled by a syringe (b).

Adjustment of PH was made by addition of base from the burette (c)

or ac:l.c1 through opening (c1). 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 electrodo inserted through a

rubber stopper. Samples of both phases for analysis were withdrawn



Figure 1

Extraction Apparatus



FIG.
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by means of a syringe controlled pipette mounted and inserted at

(d). The movement of the liquid into and out of chamber (0)

was controlled by a syringe (f). The benzene layer was sampled

by drawin3 tho omulsion up into the sam~lil1g chamber (e) and allow­

ing the phases to separate there. Mixin<; of the phases was accom­

plished by means of an air driven propellor stirrer operating

through a watpr seal. The side arw (g) was added to allow the

benzene phase to be removed as described below (Part 8).

Because of the low solubility of TTA in the aqueous phase"

chelation and extract:Lon aro accomplished in a l"'easonable period

of time only if tho agitation is vigorous. In each case" after

the final adjustment of pH had beon madel i.o." 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 equilibrinm to be attained.

The concentration of TTA in benzene that was employed in most

experiments was somewhat arbitrarily selected at O.2n. This con­

centration was sufficient to permit extraction at relatively low

pH. Also l the amount of metal ion undergoin.::: chelation was suf­

ficiently low so that the chango inconcontration of' TTA VlU'S small.

The percent of a metal ion Gxtracted into tho TTA-benzone

phase was determined in several ways.

1. For radioactive elements, or elements for which a radio­

active tracer was available" a measure of tho radioactivity of

aliquots of tho benzene and aqueous phases was made.

2. For elements having prominent absorption bands in solu­

tion" the extraction could be calculated from spectrophotometric
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analysis of oither or both the phases.

3. Since hydrogen ions are liberated in the chelation reac-

tion, it is possible, under certain conditions, to observe the pH

range of the chelation from the buffering in that region. The

necessary conditions are met if the amount of hydrogen ion released

is comparable to the acid equivalent of the solution.

The third method is generally not applicable to metal ion

concontrations below 10-3 - 10-4M ano cannot be used if chelation-
takes place in solutions as acid as a.1M.

2. ;~xtrac~ion of !:Teod;Y~:h~:~ELby:oTTA.:l},£Q~. The extraction of

neodymium can be followed by measuring its characteristic abso1"'p-

tion spectrum. The interest in neodymium lies in the possibility

that small amounts of tbis element may bo present with lanthanum.

The absorption spectrum of ca ••aOltl Nd in a.ltl H}T0
3

solu­

ti.on was first determined ovel"' 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 exp("lrimont was calculated
..j..

from the decrease in optical donsitytat 7925, 8575 and 9350 A.

To 50 ml of ca •• 001ti Nd solution was added 50 ml of a O.l~

solution of TTA in benzene. Tho pH was adjusted by addition of

O.lli NaoB', and the final pH readi.ng after each addition of base

was taken after 10 minutos of shaking.

The results arc shown in Table I.

-----------,-------------_._---------,--
'*These may vary somewhat from the true position of the reaks, since

the calibration of the instrument was not cheCked.

t Log Io/I. See o..lso pc.go 25.
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Table I

EXtraction of Neodymium by O.lM TTA-Benzene

.. Approx • .J{; Nd Ex·tracted·
at 0.U1 TTA__________• . ...-l'::'_.. ~ _

1.13

2.83

3.20

3.58

4.20

o

o
10

25

86

Due to the difficulty in maintaining clear solutions, the

accuracy of the values given above is not good. Turbidity in the

solutions appeared to be caused by hydrolysis of an ion other than

neodymium. Tho purity of the neodymium. used in this study is

unknown.

Examination of the chelation reaction suggests that a measure of

the hydrogen ions released is an index of the extent to wh:tch the

reaction occurs, provided other factors such as hydrolysis of

lanthanum or tho acidic nature of the TrpA itself do not interfere.

If lanth.s.num extracts at about pH 4, neithel" of theso effects will

interfere, since the hydrolysis of lanthanum and the neutraliza-

tion of the TTA take place at considerably hiGhor pH values.

The experiment was carried out by adding increments of stan­

+3dard NaOH (0.125N) to equal volumes of 0.0062ll La and O.2tl TTA

in benzene and measur ing the pH after oo.oh ac1.di tion.

Two curves taken under presumably identical conditions are

shown in Fig. 2. Tho TTA concentration rep:'Gsonts only the ini ..

tial value, sinco by tho til::e all of the lanthanum was complexcd,
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about 5% of the TTA was present as the chelate. Also at higher

pH values some TTA reacts directly with Nao~.

From the titration curves the percent of lanthanum present as

LaKe 3 may be calculated. This represents tho percent extracted if

it is assumed that the distribution of tho LaKe3 heavily favors

the benz one layer. This is very nearly the case. Tho extraction

curve oalculatod from these data is shown in Fig. 3. Vfuile this

method gives a reliable determination of the pH range over which

lanthanum Qxtracts, the accuracy at low pH values is not as high

as desirable.

4. 2?ctra~iion curv!3 of Lanth-gpY-a..!2eter.m1:n,o.d. py ~se ofJ.g"l~.

Tho La140 was separated from the Ra140 parent by precipi tations

of La(OF)3 in tho pr'esonce of barium holdback carrier using car­

bonate-free NH40H. ~ach precipitate of La(OP)3 was washed before

dis so IVing. About 1 mg of La139 was used as carrier.

The lanthanum was dissolved and diluted to 10 ml and an equal

volume of 0.2[ TTA was added. The pH was adjusted by tb3 addition

of O.5U NaOR, 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 8 activity of both phases. A typical extraction curve is

shown as tho solid line in Fig. 4.

The radioactive decay of the ta140 samplos was followed to

check the purity of the preparation. A long-lived activity was

pr'esent, and it was found to extract at a lower pH than did lan"

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

of ~52 days, but the impurity hat' not boen further idontifted.
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The corrected extractlon curve for lanthc'lnum in tho low pH region

is shown as the dotted line in Fig. 4.

5. ~g!'1.ction of Americi~i.tX~TTA~.B..9p"z~Q_' A procedure

similar to that described above in section 4 for lanthanum was

used for americium, The samples taken in this case were counted

in an a-chamber. Tho extraction curve is shovm in Fig. 4. It

is seen that amoricium undergoes chelation and extraction in a

more acid solution than does lanthanum.

6. ~xtraction?f Thorium. b..'IJ_T:r./i-Ben;zQ!l.§.. The titration method

could not be used to determine accurately tho pH at which thorhun

is extrac ted. A small, apparent inflection in the tit ra tion

curve was noted at about pH:l and further evidence is presented

in pn.rt 8 which inc1:l..cates that t hori urn is extracted from solu­

tions of higher acidi ty than is tho case with americium.

7. "St[§ct_of Arnmonium I0nE...2.!2 :.;::xtracti9p-, During the cour se of

the experiments with lanthanum and americium, a decrease in ex-

traction with time of contact was noted and traced to tho preSence

of ammonium ions. At a given pH there was found to be as much

as a 50% decrease in extraction after 4 hours contact vIi th the

aqueous phase which had been made a.3M in ar~onium ion.

This is presumably due to a coupling reaction between TTA and

ammonium ions, tendlDg to lower the effectivo concentration of TTA.

For this reason care must be taken to avoid the presence of ammonium

ions in s olut ions bei ng 8xtrac ted wi th TTA •
. . , ..

8. Romoval of Lanthanum and Thorium from Amoricium. Tho results....~.-..,;.....;;;. ~,;.;;,;;.__=;,;.,;.~,_--..._ _ . I p_--.----.-..._.~~_-

of parts 4 and 5 made it soom likely that a satisfactory separa-

tion of americium from lanthanum could bo achieved and the method

was testod on an americium-lanthanLun solution which contained
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appreciable amounts of thorium, iron, and plutonium.

For the americium-lanthanum scp8.ration tho extraction vessel

shoV'ln in PiS. 1 was used. The side arm (h) oxtended somewhat

beiow the bonzene-aqueous intorface with an aqueous volume of

10 ml, and joined a removable receiver (g) for the benzene

phase. By drawing part of the aqueous phase up into the sampling

chamber, the level of the interface could be adjusted to allow

the benzene phase to be removed fairly completely. usually 3 or

4 one-ml rinses with 0.2tl TTA in benzene were used after remov­

ing the benzene layor.

Due to the rj-aetivity associated with tho americiul'l1, it was

not possible to follow the actual percent extraction of lanthanum

by measuring La140 acti ':,ity wi.th the limited. amou.nt of La140

available. Instead, only the distribution of the omericium ac­

tivity was ehe eked and it was assumod that the p.:;rcent of lanthanum

extracted at the pT.r measured was that previously found expol"llnentally

(Pig. 4).

Since contact of tho aqueous phase with soveral portions of

TTA benzene can be made J:'athor readily, the pH at which b.ighest

efficiency is attainable is along the flat part of' the lanthanum

extraction curve whel"o a small percent of the lanthanum is ex-

tractod. The point selected was pH = 3.27. Here the extraction

for each contac t is 70s~ for 8l11er icium and 1 ... 2.5% for the, ,

lanthanum. After threo contacts, the amount of americium left in

tho aqueous phase is 20 7!!fo and tho mnount 0 f lanthanum extJ:'acted,

With the amoricium is 3 - 7.5% of tho total. Tho amoricium and

lanthanum are then removed from tho combL1od bonzeno layors by

shaking with about 1 ml of O. 5tl HIi"03 and pr 0 pal"ed for 8. second
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extraction. If four such extractions (of three contacts each)

are made, and if the original ratio of La/Am is as high as 2500,

tho lanthanum is 0.2 ~ 8(1 of tho americium in tho final prepara-

tion, depending on the exact position of the lanthanum extraction

curvo. A value considerably lownr than 8% is indicated by tho

actual spc ctl"ographic analysis of the final product.

In addition to lanthanum, it was found that thorium was
. .

pres ent and apparently vms not completely removod by the oxtrac-

tions at pB =1, which were carried out to remove the last traces

of iron and plutonium. Three extractions, thereforo, were carried

out at pH =2.52 .. where the extraction of ru1lrricium was 1%.

Re-extraction of the first TTA-bonzone layo~ with 3tl HW03 gave

an acid solution from which an insoluble iodate could be precipi-

tateo by addi tion of a 3tl H'lIT03 solution of 'KI0
3

" The second ben­

Z0nr: layer did not c ontain thor:!. urn in high enough c oncent rat ion

to be precip:l.tated from 1 ml of 3tl. 1-I1\T0 3 by addition of KI03 • This

is a good indication that thorium was extracted at this pH. The

third TTA-benzono layer was no t to steel.

Before the solution vas put tl~ough tho )rocess described

in Table II" it vms subjected to eight oxtract:l.ons at pH 1 in

order to romove tho remaining plut onium and i ron. The fi rst ex-

tractions removed considerable quo.ntit ios of a-activity (plutonium)

but tho 1'1 st threo extrc,ctions were fairly cons tant and I'emoved

only 0.1 - 0.3% of the a-activity. Tho solution was presumed

froe of plutonium.

A summary of tho final soparation of americium from

lanthanum and thorium is shovm in Table II. Tho time of contact

of the benzene and aqueous phases during extraction was in all



Table II

Separation of .Am€:ricium from Lanthanum

Cycle Contact Vol. Vol. Aq. pH of a i'.ctivi ty a Activity %Am %Am in Accumulated
No. No. 0.2M TTA ml Aq. in Benzene in Ag. (%) Extracted Aq. Phase %Am in

mT (" ) in Cycle in Cycle Aq. Phase

1 / 1 10 13 3.23 74* 26*
2 10 13 3.28 72 28
3 10 13 3.31 74 26 98 2

re-extrac- 40 1 O.5~ liN03 2.5 97.5 95.•5
tion

2 1 5 8.3 3.27 75 25
2 5 8.3 3.27 69 31
3 5 .8.3 3.32 --** -- 97.5 2.5

re-extrac- 27 0.5 I! HN03 1 99 92.2
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 3.31 89 11
2 2.5 8.75 3.27 76 24
3' 2.5 8.75 3.27 -- -- 99 1

re-extrac- 16.5 0.5 I! liNGs C.5 99.5 89.0
tion

4 1 2.5 7.5 3.27
2 2.5 7.5 3.25

'"'d §ro

3 2.5 7.5 3.39 99.5 0.5
'l':l fl<ll

I

re-extrac- 16.5 0.25 1!:! B~03 C.6 99.4 88 N I-'
l-' C>1

tion (j)

*These figures in each case represent the percent djstributed between aqueous and benzene phases based
upon the amount present during the particular extrEction.

**No analysis made.
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cases ten minutes or longer after the final adjustment of the pH.

complete re-extraction from the benzene phase into dilute EN03

required from 1/2 to 1 hour contact ttme wi th st irring.

The acid solution of americium was evaporated to dryness, re-

dissolved and the hydroxide precipitated by addition of 1m40H.

Tho precipitate was slightly brown in color suggesting tho pre-

sence of ferric hydroXide, so it was dissolved in O.lN Hl'T03 and

extracted with an equal volume (100)11) of 0.2tl.TTA in benzem.

After this treatment ~he hydroxide was again precipitatod and was

only slightly tan in color. The oxtraction was ropeated and this

time the hydroxide was pink in color. This color for the hydroxide

has been described by eunningham(3).

One-half of the sample (ca. 10 ?g) was submitted for spsctro­

graphic analysis~. Tho results are shown in Table III. Tho im-

purities of greatost concern, lanthanum, neodymium, and thorium,

apparently were soparated adequately.

In vicw of the similarity of the chemical proporties of Am(III)

and em(III) it is very likely this metho'l may equally woll be used

to soparate em(III) from La(III), Th(IV) etc., a conclusion vcri-

fied by later work.

~ We wish to thank the Metallurgical Laboratory Spectrogrophic
Laboratory for performing the c.nalysi s •
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Table III

Spectrographic Analysis
of 10 ;ug of Final Americium Product

Element I!illi-pg %of Element Milli-pg ~& of
. J.n ,10 pg Am in 10 )lg Am

Sample __---.§~mRle

Al 100 1 Ni 100 1

As ~500 Pb 500 5

Au <' 20 Pd .( 50

Ba <100 pr <50

Bi 200 2 Pt <20

ell 200 2 Rh <200

Cb <20 Sb <~500

K ~:: 100 SC <. 5

Co <100 Si 2000 20

Cr <5 Sr <50

Eu <:5 Til <100

Fe 500 5 Th < 50

Ga <100 Ti <: 10

Gd <50 U <: 500

In <100 V <:". 5

Ir <500 W <.50

La 50 0.5 Y 20 0.2

Lu <200 yb < 10

Mg 50 0.5 zn .< 200

Mn 5 0.05 Zr < 50

Mo <. 5 PU <1000

Nd <50 <0.5
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III. Higher Oxidation state of Amorlcium.

1. Dark Hydroxide ~f-hmcriciu~. It has beon observed that pre­

cipitation of Am(III) by an alkaline peroxide solution gives a

flocculent compound similar in physical characteristics to the

pink hydroxide of Am( III) but having" insteac1." a dark brown co lor.

It has been suggested that the dark color of the precipitate is

due either to a higher oxidation state of americium or to a

colored peroxide compound of Am(III)(3).

The observation of the dark hydroxide was verified. Addi-

tion of KOH to a solution of Am(rr.r) containing H202 invariabl~i

resulted in the formation of tho brown hydroxidc~ If tho brown

hydroxide is actually a highor oxidation state, such as Am(rT)"

it :l.s possible. that it may be sufficiently stable to be detocted

shortly after dissolution in a complexing acid such as F~03.

Ce(IV) forms a nitrate complex in relatively concentrated BT\T03

solutions. The light absorption spectrum of Am( III + x) might be

expected to be different from Am(III) and in that case provide a

convenient means of observing either the higher state or absence

of the lower state. The absorption spectrum of Am(III) in con-

centrated HN03 (15.4 tl) (usin3 16 n HN03 as a blank) was deter­

mined using 1 em light path micro quartz cells in the Beckman

spectrophotometer. A plot of the molal" extinction coefficient

-----------~------------------,--,-----
~It wa? ·tound that the brown hydroxide reverted to the pink form
on 5tan~ing. On two occasions at this point the samplos Were
heated to 950 C. The pink hydroxide was converted to a denso black
precipitate withi.n 15 minutes or less. After WElshing once with
distilled water one srumple dissolved in HCI04 with evolution of
gas. Thi s docs not ne ce ssCtri ly inc icato a higher ox.ia. ati on state
unstable in acid solution inasmuch as the gas could havo been'
CO2 from solid carbonates mixod with tho americium precipitate.
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t , versus wavelength in Angstrom units for two regions of the

spectrum is shown in Fig. 5.

A portion of brown hydroxide was washod and 50 pI of a

slurry added to 0.3 ml of a concentrated HN03 solution at 00 C.

The optical density was measured at 5030-5040 A within 60 seconds

after dissolving. Log loll was fo~nd to be 0.092. Subsequently

the readings shown in Table IV were taken.

Table IV

Absorption Spectrum after Dissolution
of the Dark Hydroxide of Amo ri cium

j. ~ log ± /1 tl~.Jo/I
t-

A A log IoLJ_
i I •• 0 .... , -

5000 .053 - .... 7750 0.010

5010 .057 7900 0.030

5020 .065 8000 0.038

5030 .07? 8100 0.038

5040 .100 .111

5050 .122 -- ...

5060 .128 •121

5070 .128 .121

5080 .126 .118

·E = log loll x molecular weight
cOl1contr~t~ion'in g!l- x ce1'l length

whel"e 10 is the intens ity
of the incident light and
I is the intensity of tho
transmitted light.

~~Taken within five minutes after dissolving.

t Taken within ca. twenty minutes after dissolving.
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Tho concentration of americium as determined by alpha assay of

an aliquot was 0.18 mg/ml giving

ES060 A = 162

£8100 A - Sl-
From Fig. S ES060 = 162 and ES100 - 66. compo.rison of values-
of £S060 suggests that all the americium was present as Am(III);

comparison of the valuos of t 8l00 suggests that some of the

americium may have beon present in some other state. Due to the

low absorption at 8100 A, (;8100 may bo somewhat less accurate than

(S060·

If tho brovm hydroxido is a higher stata, then it is likely

either that tho americium is oxidized incompletely (surface oxi-

dation) or that it is reduced rapidly to Am{ITI) on dissolving

in acid or perhaps by peroxide not removed by washing. The

initial reading at 5030-S040Ais probably consistent with tho

readings more carefully made later.

2. Oxidation of Am(III) by Bro?>- Solutions. 1m attempt was made• ......;._._.~_ rtf , -

to reproduce the exporiment performed by Cunningham and Asproy(3)

in which evidence was obtained consistent with tho oxidation of

Am(III) in concentrated Hl,:ro3 -Br03- solutions. Briefly, their

experiment was carried out as followsl

The absorption at 5060 A in a solution of Am(IIT) in lS.3tl

HN03 - 0.02tl Bro3- was measured using as a blank a solution of

lS.3tl HN03 -O.02tl Br03-, the latter being used in an attempt to

compensate for the light ~bsorption of bromine liberated by de-

composition' ·o·f- the bromat'e in 'c'oncentrated nitric acid •. Thoro' ..

--,----_._--~----------.---_..-..-.--
'il"SpocifiC activity of Am24l is 6.46 d/m/jlg. Soo (3).
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was an apparent decrease in optical density of thp americium solu­

tion at 5060 A by a factor of nearly 4. The decrease was linear

with time for twenty minutes followod by a slow increase to the

original value. A similar but loss pronounced decroase in optical

density was observed at 8000 A.

-r;:xperiments similarly IX'rformed were found to give erratic

results. This behavior seemed explainable after it was observed

that the inceptiop of the Pr2 evolution in tho sample and in the

blank were not concu11 ront. A procedure was adopted in whi ch the

optical density was measured at three wave lengths in each of tllli

two regions, 4950, 5060, 5250, 7600, 8100 and 8400 A. It was

assumed thnt tho absorption curve of all chemical s pocies other

than Am(III) would fallon a straight line connecting 4950 and

5250 A, and connecting 7600 and 8400 A where tho absorption due

to Am(III) is negligible as S00n in Fig. 5. The straight line re­

lationship is not procise, but, as may be seen in Fig. 6, it pro­

vides a reasonable approximation. An cxp 0 riment vms then per­

formed under tho following conditions:

sample solution

0.02tl nro3­

15.3tl HlT03

0.15 mg Am(III)!ml

Blank solution

0.02tl Br03-

l5.9!1 HN03

or 16tl T.1flT03

The result s are shown in Table V.
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Table V

oxidation of Americium in
Br03 " - HN03 Solutions

. option1 Densit:r Opticnl Donsi t·y
at 5060 A at 8100 A, -,... ., -----"_. - .....-..~-_.. ~.098 .029

Time {min)-

°
40

89

121

151

161

.094 "*

.094

.092

.084

.085

.030 "'"

.030

.029

.032

.028

* Using 0.02tl Br03- - 15.9li BN03 as a blank
solution.

It is apparent that oxidation, if any, was incomplete. A

subsequent exp8riment pcrfol"'med at higher nro3- concentrations

gave similar results. Tho results of a study of the absorption

spectrum of a freshly prepared Br03- - RI\T0 3 solution are shown in

Fig. 6. It can be seen that a minimum in the absorp tion D.t

5060 A occurred within 10 minutes after the addition of KBr031

the absorption subsequently increased, presuIDebly as Br2 bogan

to be evolved. Tho explanation of this behavior is not known.

It must, however, be considered vlhen evaluating the results o:e

experiments on Am(III) oxidation as described above, since it

could be interpreted as a decrease in the concentration of Am( III).

Since oxidntion, if it occurred at all, appoared to be neithor

rapid nor complete undor the conditions used, its possible use as

a basis of Am-em separations soomed remote.

3. Oxidation of Am(III) in Alkaline Solution. It had boen shown- - _..---_...._-----
in the caSe of plutonium(1?) that all tho knovm oxiQation 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 40% K2C03 solution

on standing and attained an apparent solubility of the order of

0.1 ms Fu/ml. The solubility of the other states was sufficient ly

high ( ca.O.005 tl Pu) so that use could be made of the characteristic

absorption spectra of the various states of plutonium in order to

follow the course of oxidation-reduction reactions and to deter-

mine the concentrations of the various species.

3.1 Bffect of Peroxide on Am(III) in carbonate Solution. The
• ,. • .- _ • I

absorption spectrum of a 40% K2C03 solution containing 0.428 mg

Am(JII)/ml was measured in the Beckman spectrophotometer using

quartz micro absorption cells having a light path of 1 em.

The absorption 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

was then made ca. O.35tl in H202 and the absorption at 4950, 5080

and 5300 A followed with time. The position of the peak at 5080 A

was not altered. Immediate ly after addition of H2 02 (5080 was

calculated to be 262 (cf. 270). This value remained essentially

unchanged (within 3%) for 2 hours or longer, and at the end of 18

hours \II.Tas found to be 265. It was concluded that no appreciable

oxidation had occurred.

3.2 Q!l~ation o~.A~{III). by Hyp~chlorite in C~lbona~ §o;~~ion.

The experiment was repeated except that 15 Ml of a 5% NaOel solution;

instead. of rI202' was added to 170 pl of KSC03-Am(III) solution

(ca. O.05tl OC1- and 0.415 -mg Am(III)/ml). }'Jo change was observed

in the relative height of the 5080 A peak on standing 50 minutes
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at room temperature. However, aft!'?r 24 hours the peak had dropped

to ca. 35% of the initial height and a nea~ly white precipitate

had settled out. The data are shown in Table VI.

Table VI

Log loll of a K2C03 Solution containing

0.38 mg Am/ml after Hypochlorite Addition.

50 min. 24 hours"'-'-_.' .

.035 •.052

.458 .187

.026 .044

.016 .022

.084 .039

.013 .012· ..

'---'-,"".~-- --------. p •• ,.--

•013 .013

Time

5 min. _--1- 5...Elin • 20 m.in..
0.033

0.449

0.023

.017 .016 ....... -

.085 .085

,--------,_._-_.

A

0-----..

4950 •034

5080 .443

5300 .028

7700

8180

8450_ ... -

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 NaOel solution. Within five minutes

after heating, precipitation occurred. The Am(III) concentration

remained essentially constant which was sho~m 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 VII.
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Table VII

Log 10 /1 of a K2C03 Solution containing 0.39 mg Am/ml
after Hypochlorite Addition and Heating

__....0--__

8450' ,. ..'--

'" Time' . , . .... , .

2 min. 5 min,~._ . ).0 mill..!- 20 min. 30 min.------ po .. --
.018 .022 .051 .201

.093 .095 .128 .277

.019 .022 .054 .202

.024 .132 .203

.032 .153 .207

.015 --'- --- .137 .188
-~ ....--.......... ~ _..--, . ._-----

.027

.033

0.440

'A" .

5080

5300

7700

8180 .090

4950

~Calculated from data in Fig. 7.

Further addition of Naocl solution and heating at 950 C far

five minutes left no detectable peak at 5080 A.

Another experiment was ];erformed using identical Am( III)

and K2C03 concentrations, in which the effect of heating in the

absence of Naocl was shown neither to affect the height of the

];eak at 5080 A nor cause precipitation. After addition of NaOCl

and oxidation the 5080 A peak could be caused to reappear by

addition of sodium hydrosulfite (Na2S204), a strong reducing

agent. The results are shown in Table VIII.
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Table VIII

0.264 Before addition of NaOCl

0.045 BefOl"e addition of 1ITaQC 1

O.l?l After NaOCl addition and heating •

0.029"''' After NaOcl adc'.ition and heating.

0.258 After addition of sodium hydrosulfite.

0.'042 . .. . .. After addi tion of sodi um hydrosulfite.

8180

5080

8180

5080

8180'

Effect of Hypochlorite and Hydrosulfite Addition
to a K2C03 Solution Containing 0.24 Mg Am/ml

A 11'108 Io[I ~Remark!L_~ _. ~_-~ _

5080

---·----~-----·__.._..__.....f -----..-... - -_..,.--_~_. , ~_

~A value calculated' from the 5080 A peak and data of Fig. ? wa.s
also found to be 0.029, show:tng excellent agreement with the
observed value.

*"Background" absorption measured at 4950, 5300, 7700 and 8450 A
has been subtracted as previously described.

In a subsequent experiment a solution which contained finally

0.24 mg Am/ml was made ca. O.lli in OC1- and heated at 95°C for

five minutes. oxidation was found to be complete. After twenty

hours the americium had pl"'ecipitated to the extent of .035 mg/m1

being left in solution. Addition of 1'1a28204 at 25°C caused a

gradua.l reappearance of the 5080 and 8180 A peaks in the same ratio.

This seemed to be good eVldence that the Am( lIT) 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 th8 oxidation of Am(III)

and precipitation of Am(III + x) was stUdied at various K2C03

concentrations. The initial concentrations were ca. 0.05li NaOCl

and ca. 1 mg Am/mI. The samples were heated at 95°C 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

.. " . Solub:tl-it-y· of Am(IEC +. x) in K2C03 solutions in mg' Am/l.

---------------.-.
K2C03

'I>
3.0concentration 0.1 0.4 0.8 1.5 2.3

4.5 hours 62 41 28 24 2~5

24 hours 51 26 4 7 6

6 days' .... '5' . 2 .. 2 Z 2 3
'"'I .... --

f· O.lM K2 C0 3 was not sUfficiently concentrated to hold thi s amount
of Am(III) in solution. An initial pink precipitate which
formed was undoubtedly Am(OH)3. on standing for six days it was
converted to a white precipitate.

The remarkably low solubility which is eventually attained

is not dependent on the carbonate c oncentration. For shorter

periods of time higher carbonate concentrations appear to favor

low solubilities.

4. A?s~rption Speq,.trum of AIJJ:,(III -I; x). If the rate of reduction

of the higher state in acid solution is sufficiently slow l the

possibility exists that one might be able to measure the absorp-

tion spectrum of Am(III + x) in acid solution. The higher state

was prepared and precipitated in the usual way from a KZC03,,"NaOCl

solution. The precipitate was washed three times with water and

From time to time as the absorption curve was being measured,

the absorption of Am(III) 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 observed.

For each interval of time during the mea$urement, the concentration
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of Am( II:r) was calculated from the height of the 5040 A peak and

data from Fig. S: The absorptlon due to the 11.1ghe1" state was then

obtained by subtracting the Am(III) 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(III + x) was hardly appreciable, since only about

3% was reduced over a period of 2 1/2 hours during which the

spectrum was beil~ measured.

5. 9.?9-~lalion }Jumb,er of the Hi8hf'L$tate_2.f-hmcric~. A portion

of a precipitate of Am(III + x) prepared as previously described

was dissolved in O.ln H2S04 • rrho absorption spectrum at 4950,

5040 and 5300 A was observed. The spectrum was again observed

after the addi ti on of 0.214 P equi valent s of Fe ( II) • The amount

of Am( III) which had been produG ed by the reduction was calculated

from the molar extinction coefficient of Am(III) in the same solu-

tion (calculated two days later after complete reduction had

occurred). Total americium present was determined by alpha count

of an aliquot of the solution. The amount of americium found

to be reduced was 0.122 micromoles. Calculation using the Am(III)

peak at 8180 A showed the amount of americium reduced to be

0.123 ? moles. This gives a ratio of egu~~en~~ F~iJJlL _ 1.75.
moles Am reduced -

Thi's' rat10' 'CorTo'sponds' most 'Clog'oly to' that 'expected' if the--_._----, ------_."-_._.-,- ,._--_.__._----------
~The values for the molar extinction coefficients in 1M HCl shown

in Fig. 8 are nearly identical wi th those obtained by-D. e.
stewart for Am(III) dissolved in a 'f non-complexing'facid
(;l.ti. He 104 ). (In HCI04 solution' t:~5040 :: 320, (-8170 :: 60; :tn
1M HCl tS040 = 332, ES170 = 60). The correction used for Am(III)
aDsorption ~s accurate, either if the Am(III) is not approciably
complexed in O.ltt H2S04 or if such complexing does no t alter the
absorption spectrum of the americium.
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higher state is Am(V), i.e., R = 2.0. The reason a non-integral

value was found is not known. Though not conclusive, the data

suggest that the higher state may be Am(V) rather than Am(IV)

or Am(VI): This is supported by comparison with the behavior

of the corresponding states of plutonium. Both Pu(IV) and Pu(VI)

are relatively soluble in }\2C03 solutions" whereas "u(iT) exhibits

a low solubility. Furthermore, K2C03 solutions of Ce(IV) and

Th(IV) when heatod with Naocl showed no tendency to precipitate

either shortly after heating or on standing for as long as thir-

ty days. Both Pu(V) and Np(V) ar'e thought to exist in aqueous
+(18)'

so lut ion as the oxygena ted ions pUna + and Np02 • The moori-

cium ion may similarly be Amo2+.

With the need of confirmatory ()xperiments in mind, the higher

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

IV. Sepal"ut ion of Curiurn from Amel''lic ium.

Since the chemistry expected of curium would not include tho pos-

sibility of a higher state, the precipitation property of Am(V)

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

---------.._-----_..._~---,--,----_ ..._..,-------
,.. TCvidence for u('" D~.US five oxidation state of pr.Q8sodymium has

been reported 19 J. An experiment wc,s performed to det ermine
Whether NaOcl cOll.ld oxidize- Pr"III) in K2C03 solution. The ab­
sorption spectra of a ca. O.Oltl Pr(III)-40% KaC03 solution was
determined. NaOCl was then added and the solution heated. No
decrease in the height of' the absorption peaks could. be detectod.
As a further' check an excesS of 1\Ta28204 was then added but no
increase in the peak heights was found corrosponding to reduc~

tion of previously undetected oxidized p1"'ascodymium.
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1.1 Precipitation 0LAm(V), rr.2!!!...Q~tbopf).t.e $Pi)"f~bn. Conta,in,ina

Cm(III). An aqueous 40% K2C03 solution of americium and curium

was prepared. The initial concentration of americimn was

ca. 1 mg/ml whereas the curium was present at essentially tracer

concentrations (ca. 10-3 mg/ml). An aliquot was removed for

alpha analysis. The solution was made ca. O.2ll in NaOel am heated

at 950 for five minutes. After standing specified times the solu-

tion was centrifuged and an aliquot of the supernatant removed

for alpha analysis. The relative amounts of the two alpha emitters

were conveniently determined by use of the alpha-particle pulse

analyzer designed by Ghiorso, A. H. Jaffey, H. P. Robinson and

B. l''leissbourd (20) •

By means of this apparatus one can detormine the numbors of

alpha particles having the range of each of the two isotopes.

The pulses from selected limits of ranges are fed into 48 channels

connected to 48 registers. A plot of counts POI' minute against

the register number then shows a distribution illustrated in Fig.10.

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 decroaso appreciably in a non-uniform way the effoo-

tive range of tho alpha pm:-ticlos in air.

The initial ratio of the alpha activity of americ:i.um to that

of curium was about 3 to 1 as seon from Fig. lOa. After oxidation

and standing for about 7 1/2 hours the ratio was found to be 2

to 3 (Fig.10b)-, Definite enrichment of curium rel£ttive to arnox'i-

cium was accomplished in the solution. 95% of the curium was

accounted for in the final oxidized supernatant, but only 22% of
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the americium remained in solution.

In a subsequent experiment the americium precipitate from an

Am-cm carbonate solution was washed three times with 40% K2C03­

NaOCl solution and dissolved in acid. Pulse analysis indicated

a single alpha emitter was present which was Am24l • Limits of

detection of the curium alpha activity would have allowed a

maximum of about 8% of the total curium to havo be0n present.

These experiments and subsequent routine separations of americium

from curium have shown the curium loss to be small.

1.2 9p.rrying of tho Atu(VL...E.Y T,~Ull. Although precipitation of

Am(V) from carbonate solutions of curium affords a convenient

separation of the two clements, the degroe of separation is limited

by the solUbility of the Am(V) compound, as well as the minimum

volume in which it is. convonient to work. Sepa~o.tion of small

amounts of americium by precipitation with largo amounts of some

other element, which in turn could be mOJ~O easily removed when

presont in trace concontro.tions, seomed worth investigating.

On tho assumption that the oxidi7,od form of americiu.m is

Am(V), Cb(V) and Ta(v) are suggosted as possible carrier mo.terials.

Doubt exists, however, of the ability to remove readily traces

of oith8r element from curium. A simple 8xprrimont was never­

theless run to test the carrying by rra(V). A portion of an un­

stable solution of Ta(V) in 2 .?J1 K2C03 solution (ca. 75 mg Ta/ml)

was added to a III K2C03 solution containing ca. 5 pg Am/ml which

had boon oxidized at 95 0 C with Naoclo Further heating causod

precipitation of the Ta(V)o Alpha count of an aliquot showed

that approximately 20% of the amoricium had procipitated. Pre­

cipitation of a second portion of Ta(v) raised this to 28%.
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1.3 Carryipg of Am(Vl by PU(V). Np(V) or Pu(V) should be

very similar chEmically to Am(V). Du.o to the non-availability of

neptunium the exprriments wore limitod to use of plutonium.

The conditions under which Pu(V) is prepared in carbonate

solutions are quite differont from those producing Am(v)(17)'.

In carbonate solutions containing NaOC1, pu(VI) is the stable oxi­

dation state. PU(V) may be prepared by troatin8 Pu(VI) - carbonate

solutions with Na2S03' Raving PU(V) and Am(V) in the same 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 p..g of Pu(IV) was d5.sso1vod by adding 25 p.l of dilute

acid plutonium solution to 150 rl of 40% K2C03' oxidation of

the plutonium to PU(VI) with NaOCl was accompanied by a char€e

in color from the light green of pu(rv) to the bright intense

green of Pu(VI). With the addition of an excess of solid Na2 S03 .

the color disappeared and the light tan colored precipitate of

Pu.(V) began to form within an hour. After' 4:0 hours the solu-

tion was centrifuged and the solid washed tWice vdth carbonate

solution. To tho precipitate was added ca. 75 pl of a cen­

trifuged Cm~Am-NaOCl carbonate solution which had stood for

nbout a weck and whi.ch had the followin;; compositi.on:

ca. 25 p.g Am/ml

0.1 )J.e; Cm/ml

28% of alpha activity was Am241

72% of alpha acti vity was cm242

After stirring the mlxturo for ten minutes at room temperature,

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

Pulse analysis show0d 80% of the activity to bo cm242 This

corresponded to [', 2% rocrease in tho concentration of curium and

a 35% decrrase in the amAricium concentration. stirring overnight

l"educed tho americium activity to 5%, of its original value leaving

a concentration of ca. 3 p.g Am/mI. Since previously this low

concentration had been o.chieved without tho 0.:1.0. of carr'ior (Table 9),

"the carrying" of Am(V) by Pu(V) may not have ~:ieen properly

demonstrated. Tho presence of Pu(V) compound cliO. a ppot1l" to havo

a profound offcc t QS 0.1 so i llustl"'a ted by the following experiment,:

An Am-40% K2C03 solution was found 1y alpha assay to contain

45 ~g Am/mI. The americ:1.um was ox:'Ldizocl with JlTo.QCl o.nd a solution

of' o.pproz:imo.tely 1 mg of "DU.(V) in O.lN. H1\T0
3

VcTE1S added nftor cooling

both solutions to OOC. The Pu(V) procipitai-,cd immediately c:.s a

flocculont whi to compound. Tho so lution W.'::cS centrifuged after 15

mlnutes cnd an a liquot of tho supernatant to.lwn· for alpha assay.

'PUlse ano.lysis in(}j.catec1 that 8% of the tot'1J. c.lp'-la activity was

duo to Am24l • This corrC'sponds to 3 ps Am/mI. Taking into account

dilution of tho ol"i[in:J.l Am-K2C03 solutton~ i.t VJ[lS calculated that

89% of tho americ ium had proc ipitated •

one further oz:periment was pel"formcc1 using the Am-K
2

C0
3

solu­

tions listed in Table IX. To oach of the solutions contnining from

2 to 5 pg Am/ml was added ca. 40 yg of PU(V) dissolved in O.l~

H'N03' Tho solutions \'Jere kept in £m ico tnth for 15 minutes. For

the next 15 minutes the tubcs nero removrd ono by ono bog5.nning

with the 3.0tl K2C03 solution, contrifuged and o.liquotod. During

c,"ntrifuGction the tcmpOl"aturo of the tubes incroasod ~'Jith a con-

sequent increase in the rate of oxidation of Pu(V) to PU(vI) by the
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excess of 001-. This was apparent from the appearance of the bright

green color characteristic of Pu(VI).

Alpha-pulse analyses wore run on each sample to determine what

percent of the alpha activity was plutonium. one could thus cal';'

culate tho concentration of cmericium remaining in solution. The

results are shown in Table X.

Table X

oarrying of Am(v) by PuCV) Solutions

Initial 1<?C03ooncentra'-C ion 0.11:1 3 .0M"1~
. ----_.--------------_._--

Percent of Am
removed by Pu(V) 90
precipi tation

-¥"~TO 1 dd d1" Naoc a e •

91 89 89 72 91 26

The rosults are S0en to be uniform with exception of the 2.31:1

K2C03 solution. Why carrying was low in this case is not knovm.

The apparent carrying of 26% of americium in tho solution to which

no Naoel had been added is somewhat surprising. Am(III) should

behave like em{I!1), which doeS not appear to be carried by the

Pu(V) precipitate (see o..bove).

;3. Use of. Ion 'S2S.Qhan\?;e Resins a~. a M0.E!:.ns of .Cur:i:.~rifi~ation.

The action of tho exchange rosin r~ay bo represonted by the follow-

lng reaction,

3 NH
4

R + Me+3 ;---:::::-..:- MeR3 + 3 1lH4+

Due to difference in the ion exchange equilibria, amercium and

curium are separated into two bands as a solution is po..ssed through

a column of resin. om(III) is less strongly adsorbed by the rosin

and honco comes off the column first. ~lution by a complexing

agent, such as citrate solution 1 where n differonce in the strength
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of the c ontplexes of Cm( II I) t1nd Am( III) exists, onhance s the sep­

aration. Separation of Am(III) froID cm(III) can 00 obtained by

proper choico of column sizo, eluting agent and flow rate(ll).

v. Isolation of curium; Determination of tho Spocific Activity of the

Oxide; Calorimetric Determination of tho Falf-Life.

1. ~solation_of curiu~. 'Results of the previous section indicated

that complete separation of americium from curium was feasiblo.

Two samples of americium as the oxide were prepared by Cunningham,

stewart and Thompson for bombardment in one of tho Hanford pilos.

Tho first snmple vms donotod as 51 NA and tb.e second 2.S 51 NY:;. The

purity of Loth sampl"'s was as follows:

Am241 (by diff.)
-1._
96.5

Let 3.0

Y 0.3

Ca 0.2

:Mg 0.(;2

samplo consisting of 2.2 mg of americium as tho oxide was irradiated

for 135.5 offr:ctive days, from IVlny 2, 1l46, to Se}tombor ·25, 1946,

in channel 1565-F in the 100-~ pile at Hanford. It is ro~orted to

havo recoivod 220 megawatt days exposuro or 6.6 x 1019 noutrons per

square contimetcr.

241The socond sam~le consisting of 4.48 mg of Am (denoted as

51 lIB) was char:~od into the 100-F1 pilo, channel 3378-F on APl"il 13,

1946,2nd discharged on July 16;/ 1947. It is reportod to have

receivod 408.7 effective days of exposure and a calculated 679.2

20megml8..tt days of exposure or 2.04 x 10 noutl"ons POl" square conti-

meter. Both samplos were shipped to Berkeley immodiatoly after
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being discharge0 from the pilo,

1.2 .Ft.~st Attempt_a~_..Qu~i:':l111_Pl.!~if_:h9_~t?-:o.)l_~nd Isolp.ti....?D. Initial

operations on sample 51 l\TA begun Sppte:mbC'r 26)1 1946,w8re carried

out jointly with other mombors of the laboratory including Cunningham,

Thompson, p. R. Oleonnor ond James and with the helpful cooperation

of rTolson Garden and his Hoalth Chemistry Group. Tho sample,

mounto0 in a platinum oapsule, was first removed from the load

slug and the alumlnum capsule in which it had been irradiated. The

oxide vms dissblv8d out of the platinum tube with nitrio acid,

then -olaood in 1\200 solution flnd oxidizod with hypochlorite. After,. 3

procipltation of the:; americium, the curium and amorioium whioh

remainod in solution wore precipitated as hydroxides, dissolved in

nitric acid and again put into K
2

C0
3

solution. The oxidation~

preoipitation cycles wore repeated twico. The hydroxide was

final).y dissolved in 150,ulof 11'1 FN03 • Alpha assay indioatnd that·

58 )'12; of em242 were present. l,ater oaloulations from absorption

spoctra data on this solution (described in section 10) showed

that about 35 ug of americium remained in the solution.,

In prinoiple, it should be possible to snparato americium

from a concentro.tC'd solution of ourium in aquoous K
2

C03 solution

by oxidation of the amoricium with Naoel as described above. In

a .Gltl cm(III) solution the amount of americium which would romain

unprocipitated if the solubility of Am(v) wero ca. 2 p.g/ml would

be O~l~of tho weight of the curium presont. This, howevor, ro-

quiros that the total volume of the K2C03 solution bo of tho order

I"\f a few micro liters. In practice, the difficulties of main-

taining an oxidizing medium in the presonce of peroxido produoed
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from water decomposition by du~ium ~lphill provod to bo insuperable.
, ,

It was found necessary to diluto tho !:lample approciably and depend

on carrying of AmCv) by Pu(V). By this means it prov0d to be

possible to remove americium to the point where it could not be

detected by measurement of the absorption spectrum of tho sample

solution. (ca. 0.2 pg Am).

Among tho impurities detected by spectrographic analysis of

tho americium placed in the p:'l.le 1 lanthanum was the most abundant 1

being presont to the nxtent of about 3% of the total weight of the

sample. The concentratlon of La(Irr) was thus approximately oqual

to that of em(rII). Soparation from La(rIr) appeared feasible

by usc of the mothod 1 described in section II, of TTA extractions

at selected hydrogen ion concentrations. Usc of the TTA oxtraction

rosulted in difficulty which was apparently (lue to the c.lpha

activity of tho sample. Phase separation was poor; rolativoly

largfJ amounts of an lnsol1..1.ble matr:rio.l oft('n fOl"'med from which

it rroved to bo difficult to recover curium. Docay of tho curium

and mechanical lassos considc~ably reducrd the total amount of

the sample. Accidental rncontamination with iron of the final

sample 1 which was to have been uSPc1 for a gravimetric specific

activity (letermination 1 mac-le fUl"'thoJ:' efforts at purification of

this sample impractical.

1 7­
.0 Oporations on semple

51;"\18 were beeun on July 17 1 194'7, immediately cftor it Y'lJ.-' rr'coivcd

from Hanford. Duo to tho hi.::.,h level of botc~ and summa ro/l.J.ation

from the containor and fl'lom tho smnplo itsf'lf 1 the initio.l opOl'la-

'G J.o',; s wore carr iod out in o. If hot laborc,-c ory 11. This room, do-

signed by Felson Gal'ldon IS Healtb. Chomistry Group" afi'ol'ldcd a well
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shield.ed, ventilated area in which remote control operations could

be carried out and viewed with tho aid df periscopes and mirrors.

(800 Fig. 11). Special nquipmont 'l)'18.S designed and constructed,

and valuable assistance in the actual operations vms performed by

John Gifford, Carroll Gordon and other members of Garde.n's

Health Chemistry Group.

The amoricium oxid8 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 interest. This phase of tho work was directed by Thompson.

The samplo was received as a dilute HCl solution containing ameri­

cium and approximately 150 pg of curium. 25% of the entire sample

had been retained.

a • Colllmn ..s..e:e~.~!.:~.~_~~._C)~_ A~<? ~~c ~21~_ .a_~d-.9.2-:l:~~ u~ • Sepal"a t ion 0 f

amer1cium from curium was achiev0d by tho usc of columns packed

with tho ammonia form of colloidal agglomerates of DOW0X 50. The

irregularly shaped agglomerates wore sipved between approximatoly

200 Qnd 325 mesh. It was anticipated that ~ifficulty was gas

formation and consequent blocking within tho column might be en­

countored with the oxtr0m0 1y high level of al;Jho. activity present.

Throo moasures wore adoptod to minimize this difficulty. 1) The

diamoter of tho column l henco tho total volumo; was made as large

ns possible co:nncnsur'ntc with the 2.monnt of rosin availnb1e. B:y

this moans larger volumos of oluting soI-tJ.tion would flow thl'ough

teo column tending to dissolve the gas formed. 2) Argon was

1)l.:';)O lc~d thY> r)l..::.gh the 0 lut ing ~ 0 lut ion to remove oxygen and incroase

~tL ~Qraci~y bo dissolve oxygen formod by d8crnn~osition of the

water by ra~iation. 3) Spongy palla~ium was nixed with the rosin
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t 0 [~fford a surfo.c C' 2. t "'Thieh the 1"0 -c omb inn t ion of hydrogen end

oxygen could be co.to.lyzed.

Tho sApo-ration consist~d of three stops: 1) A 10 cm length,

8 mm diameter colur.m dcsie;ned to tost tho opcratJ.on under condi-

tions to be usrd viith the' 10n8n~ columns, 2) A 50 cm-8 mm din-

motel" column to S0.p2j_~at8 the bulk of the Am241 from the curium,

3) A 50 cm-Smm di~rncter column to sepnrato tho lnst traces of

americium from n cut contnining ir.l~)Uro curium. S8.mples· we:ee intro-

duccd on the columns by fi:est o.cl.sorbin[~ them from acid citrc.te

solution (ca. pH ::. 1) using as smnll em o.mount of resin ns possible.

This was thnn trnnsforrnd to tho top of the resin in the column,

giving 0.11. active layer several millimetors thick. In all cases

0.25tl ci.trate soh1.tion at pH;:: 3.05 V!8.S usod to clute curium 8.11.0.

americium. In the cuse of tho 50 cm columns. collection of so.mplos

WD.S grently f8.cilit8.ted by an flutomntic sample cho.11.e;or shoV'Jl1 in

Fig. 12 and designed by Robinson. '1'ho fir~lt two column runs ViTore

carried out in cooporation ~ith CunninGham and Jnmcs.

Further details follow'

Column 1 vms run at 8. flow rD-tc of 0.4 ml/cm2 ImiD. 30 ml of

r-ffluc.tc VIO!'O colloctr:o. v:'hich cont<.1inceJ. tho 238 "Pu.... frJ.c t lOll..

(PD.(IV) is osscntially not cdsorbr·d undor thoS0 conrUtions.) Tho

next 100 ml of offluatc contained the cmoricium Qnd curium.

V~nthanum present in tho orJ.[jinal s~m-?le I'omo.inoc1 on the rosin.,

since at pH 3.05 it is vary strongly c.d.sorb,d from citrato solution.

The Am-em fraction Wo.s I'o-run on column 2.

column 2 wns run at 0. flow ro.tc of 0.4 rnl/cm2 Imin. 112 samples

o~:' the n::"p112 <,_ct:hi"ity VJns (i_otarm:i.ned by countin,::; ali.quots of tho



Figure 12.

Automatic Sample Changing l\pparatus.
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solution and is shown in Pig. 13. Intermediate frD.ctions vThich

contained both Am241 and cm242 Vlore subjected to pulso 8.no.lysis.

From this data, relative amounts of the two isotopos could be

calculated. However, tho first part of the elution curve for

americium w~s inferred from tho shape of the curium curve. The

curium [.:ctivity in these intermodiate samples far overshi,ldovled

that duo to Am24l . samples 67 to 71 inclusive contained approxi-

mately 40% of tho curium and an estim~tod amount of amoricium

equal to 0.3% of the weight of curium in the sample. Samples 78

to 90 inclusive contained tho bulk of the americium Dith approxi-

matoly 1% of the total curium. samples 72 to 77 inclusive contained

about 59% of the total curium and a comparablo weight of americium.

These sample s wern comtyined, ::lC icUfied and rC2cc}.sorbcd on re sin for

further separation in column 3.

Column 3 vms the sO.me o.s column 2, the resin h8.vin:~; boon rinsed

with citr~tc solution following the first run. The flow rate wes

, 2;again 0.4 mllcm min. 85 s2mplc s were colloctr"d, nnel the distri-

bution of activities was found to bo that shown in ~ig. 14. 1e-

tent ion of samplos 61 to 70 inclusive discarded approximately 1%

of the total cUI'iUl:l and included an C'stimatod amount of americium

equal to 0.2% of the VJci.:;ht of the curium run through column 3.

The clJ.rl.Um fpactl.ons from columns 2 and 3 wero com~Jincd and

assayed. 78% of the original Gmount of curium was present. 5% of

the loss was due to rGdioactivG decay.

It W8.S expoctcd that this fr~ction would contain no lanthanum,

no yttrium, (since O'xporimonts havo shown Y(IJT) to bo eluted

ahead of cm(III)), and a small porcont of Am(JII).
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b. Qoncontra~_~~__~f __~hc ..c.!J1(JII). The curium was put through a

sorios of chomical reactions dnsigned to concentrate the em(III)

and to remove impurities.

To the combined curium fp2.ctions having a volume of cct. 50 ml

was 9ddcd 0.4 ml of 12[ Hel. Throe soparate portions of 0.1 ml

volumes of resin (ammonia form) were added, stirred and removed.

only 0.3% of the curium was not adsorbed by this treatmont. Addi­

tion of 3 separate portions of O.25tl citrate solution at pH = 5.0

eluted 99.8% of tho em(TII). This solutton having a volume of

ca. 1.5 ml was evaporatrd to dryness, and the citrate decomposed

by addition of conc()ntratod P}J03 and H2S0
4

and heating. Tho residue,

o.ftcr heat5.ng to dryness, vms dissolvC'd in a minimum amount of

water (0.3 ml) and}\TH gas bl01~m in. Tho gc;latinous) yellowish
3

precipitate which formnd bubblnd vigorously. The concentration af

em(1II) remaining in solution was ca. 37 }.lg/iill. rrhe solution was

centrifuged, tho precipitate washod, dissolved in 100 pl of dilute

acid and WH3 gas again blown in. Tho hydroxido ~ppoarod slightly

lighter in color than befoJ:'o. An enlo.rged photoc;r>aph is shown in

Fig. 15.

c • :eur if ic.c,t ion of em( 11:U from Pu:2 3_8. ~D~tFll-!or_idQ S91~12lo..l~ml_r_­

i.!-:!:2...~_. The em(III) vms plQccd in d.iluto HN03 solution whi·:;h was

made co.. O.lIi in Ag+. Solid o.mmonium porsulf8.to vms then f,c1ded

until the brown color of Ag+2 was appnrent. Hndcr these condit:i.ons

plutonium is known to be oxidized to fluoride solublo Pu(VI).

For the fluorido pr~oi~itation an HF-rcsi~tant, spcciclly

pre pn.r8d lustrroid tubG~(- was usnd. Tho end of c.. 5 x 25 mm tube

was dipped in Doc.rly boiling glycerine and the ond pushod out to

a point by means of an appropric.tcly shapod wooden mandrel. A

l Mfg. by Lustoroid e 0~tai-;:1-~;·-C~-;P~~50--P~·~-i~~~--A;·;·~-,_··~-'- -~;~~~~.~---~. J.



Figure 15~

Curium Hydroxide Precipitate.
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rolat1.vcly small c.monnt of preci;:->5.tato could then bo centrifuged

into the tip and readily observed.

The solution was made co.. 3tl in HF and 0. white-ap?onring

proc i~)itat c of cmB'3 formed. After 10 minute s the e one ~ntro.t ion of

cm(III) remaining in solut:'i.on was 22 u.s/mle Tho fluoride prccipito.to

WC~S wnsflcd c.nd tree.ted several times with smell portions of con-

centro. too. NH
4

0H. This was suffie ient to convert c.. t 10 ::;..s t most of

tho pre c ipl tc,t c to Cm (mI) 3' which was diss 01veo. in HN03 and rc-

precipitated with F-14 0H • Alph[~ o.nalysis of c. nlt2"ic r'.cicl. .solution

of tho finc.l hydroxide showed co.. 50 ~g of Cm ~orc prcs~nt. TWo

2% portions of tho sample were submittod to . ~ohn Ganway for

spcctro.:~raphic ano.lysis. The sar(1))les "'lere dilut(~d with 25 p.l of

III FC1; two 25 ul blank solutions wero submitted for comparison.

The on l:r implJrity ckt(~ct('d W2,3 lc·acl." in an s.mount roughly equc.l

to 10% of the weight of curium in the samplo.

d. Sepo.ration from Aeid-Sulfic..e Insoluble Impuriti~~ The curium

was ~ut into HCl solution by cV2?orating to dryness s~vrral times

with concentrated EGl r.md dissolving in 25 pl of O.lM Hel. The

solution was saturated with H2 S snd allowed to sto.nd 10 minutes.

A black precipitate formed. This was wQshed; Cm(OH)3 was preci­

pitD.ted from the combined 3upernnto.nt and washe s by o.ddition of

The concentrction of em(III) remaining in solution afterNILz gas.
,)

about 18 hour.s was CD.. 10 m:.·; cm/l. After redissolving the em(OH)3

in HF03 , an aliquot amounting to ca. 10% of tho total sample w~s

submitted for spoctrographic analysis. No impurity other than a

trace of lcact was detected. The amount of lead was estimated as

1% of tho weight of the curium. Although no other eloments were

detected, it s'hould be pointed. out th~t theLLccumulatoc1 sum of 0.11
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undetected impurities could nevertheless be appreciable compared

with tho curium. This sooms somewhnt impI'obablo, hovvever, in view

of tho specific nature of the chemical proceduros.

2. Determination of tho Specific Activity o~ Cm203. Although tho

spectrographic analysis did not provide an absolute determination

of tho total impurities presont, it is possiblo to do this by moans

of tho determination of specific activity. Jamrs has carefully

measured the decay rate of cm242 and roported a best value for

the half life of 164 days(21).

Having a given amount of nctivity, ~~ ) the number of atoms, N"

and henco the weight ,of cm242 may be calculated from the v/ell

Imovm relat:Lonship -~~ =I\F \//11e1"0 1\ =~ge2
Tl/2

• Tho rosult of such

?42
a calculation ShOYTS that the specific activity of Cm~ is

7.32 x 109 d/min/pg.

For this experiment the oxide is 2 convenient compound to

propare and weigh, inasmuch as its formula is quito certo.in (Cm203)

and it may be reo.(:11y prepared in pure dry form without fear of

dec ompos i tion.

2.1 Calibration of the r;uartz Microbalance. Accurate deter>mina-

tion of the weight of microgram samplos has been shown to bo

possiblo with the quartz microbalance designed by P. L. Kirk Qnd

':l 0 (22);:\. cralg •

The essential features of tho balance may be soon in Fig. la.:

The benm is constructed of fine quartz fibers o.nd is fusod to 0.

torsion fibeI' pOI'pendicular to the: beam. Tho roar (right s ic1 e of

Fig. 16) of tho torsion fibor is rigidly faston~ to a quartz bow

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



Figure 16.

Quartz Micr0Dalance.
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the axis of a V'Jhool c~llibro.tod eithc:r in decrees or in apbitrary

divisions. Daroly visible in I"iS4 16 aro th(~ hangdown fibers which

run from the ends of the beam dovJn into tho pan vicils and which

aro provici.cd vlith Cl [.LOok for attachment of c. pan h",ngcr. Fir;. 17

shows a pan well and hanger (best seon from its sha~ow on the roar

v.rell) holding 8. platinum ,r·'oighing capsulo. 'rho lencth of the

capsule is approxirrL'.tcly 8 mm. Addition of weicht to ono s~lc1.e of

the balance is compc:m,atod for by rotation of tho whoel, [mel. tho

balance is thus rostored to tho horizontal position 01" null point.

An opt ic a 1 sys tom focus(' s on pm't iOIl S of 8. fine inc.ox f io or at

both oxtromi t ios of tho b cam ano pro jc c ts the irm',ce s on 0. ground

glp.ss acr'oon on two sidos of a split fiolcl.• Tho null point is

oasily found by bringine the two im8.3es into apposition. The

scale is indicated by tho ono inch hiSh date mo.rlee!' rosting on the

b8.1anco case. The innor balance CQSO is covered by an o.dc1itional

cover shown in F'i~o l8. Also shown :tn r'lc.:;. 1'3 arc tho ground

glass screon (at thc' far loft), in the center of which is mounted

8. tclnscope for ro~"\c1.:tn·· the:' balance, as noll 0.3 controls for

arrestin,s: tho beam, rotating tho Vlhcel ano acljust:l.ng the:' optj_ce.. l

system. The particular balance used has ~ithstoo~ total lOQds of

ca. 20 mc on oach side of tro balance, and compensated for ca.

200 ue; or morc of untarod weicht, rcpros"ntin,:; oveI' ;:,600 of rovo-
I

lu t i on of the ond of thr: tor s ion fi br:r •

calibration of such 8 balance bas previously been achieved in

two HD.yS. 1) A st£mdard salt solution is propr.rcc'l., and a small

but accurl2tely known volume is c1.elivcrod ~.u8.ntito.tivoly onto a

woi[l;hed container, then drii)d [,no. J.1('-,wc:i.~:;hcd. Knowins the- weight

of dry snIt on tho pan a rol~tionship is est~Jlished botwoon this



Figure 17.

Pan ;Je11 of C;:uartz :.. iicroba1ance.





Figure 18.

Quartz LtLcrobalance.
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weight and tho number of drzre~s (or divisions) by ¥n~ich the

torsion fiber has to be rotated to rostore tho beam to tho hori­

zontal Position(4). 2) A series of weights is prepared each

being well within the capacity of the balance. Tho "weight"

(in degrees or diVisions) of each one is accurately determined

using the quartz balance. A sufficiont number of these weights

is thon combined so that the total weight may be determined to tho

desired precision on a conventional micro-balance. ?rom this data

the relation botween divisions and weight of sample is estnblished.

The balance used was ,rovided with a wheel whoso circumforence was

marked with 1000 equal divisions. A vernier scale allowed read­

ing to the nearest 0.05 division.

The success of the first method is dnpendont larz,ely upon

proper choico of a salt to be weighed. It should be onc which

may be readily dried to a constant compOSition whi.ch is stablc' on

exposure to air, within a reasona1?le range of humidity. Although

sodium oxalate is reported to possess those characteristics, its

usc did not give reproducible results. One division was found to

correspond to 0.176 ~ 0.009 pg.

In using the second TI~thod, 19 aluminum strips approximately

0.5 x 5 rum in size' were cut from 1 mil Al foil. A hook to 1'acil-

itato handling on tho balance was bent on the end of oach strip ..

The "weight" in divisions of every strip was added and found to

be 15,436.85 divisions. All 19 strips were weighed twice on the

Ainsworth micro-balnnce; the weights '\Nore found to bo 2.658 mg a.nd

2.652 mg, giving an aV0ra30 of 2.6~5 mg. Tho calibra.tion factor
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is then i~~~6=O.1720 p.g/o.iv. An indopendont calibration using

platinum weights was made by st~wart. Fis value was 0.173 ± .001

p.e;/diV. An r.ver".ge of 0.1725 )lg/o.iv was ta.ken as tho best vnluo.

Tho calibrntion was found to be the same wh~n the balance was

10ao.0.o. with ca. 18 mg on each sidC'. this being the weight of tho

containers used for the curium woighin.;.

The linear rclr-~tion botwoon displacement Hno. woight was also

cheel{Qd over the range of 50 to 150 Jlg. Four aluminum strips were

weighed sepo.ratoly and then in various combinations. 1 + 2. 1 + 2

+ 3. 1 + 2 + 3 + 4. It wns found that In 0.11 cases, the sum of the

individual weights agreed with tho weight of tho combinations to

within 99.9( or better.
I'

2.2 pro PP.:.:r'_~_t.~9.}'l__..9f~J:;g.D.~9_~n('~:r..§ ..f9..:r.Jre :i..gh~nE. __Q.l1l2°3 • Enna. ling a dry

compound of such high activity posed a very sorious problem. In-

halation or ingestion of extremoly small portions of the sample

could br;come a significant health hazard. It vms decided to wc:1.gh

the oxide in two closed contniners j one within the other. Due to

the limited capacity of the quartz bo.lnncc.tho total load had to

be restricted to loss than 20 mg on each sio.o of the balo.ncc. For

the outor containor c.n aluminum capsulo 2.5 x 8 mID was machined

to 0. wall thickness of about 1 mil. A tight fitting aluminum cap

was made to fit over tho end of the capsule_ The wcieht of this

cQpsule vms about 9 m:i.lligro.ms.

FoI' tho innor C ontD.. iner platinum o.ppoc.rN'J. to be tho TJ1.0St

desirable material because of its chomic21 inertness as well as its

ability to withsto.nd without lOBS of weight the tomporo.turos

roquired to form cm203-

In ordor to have the weight sufficiently low. tho capsulos
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were made of 0.25 mil platinum foil. The foil was cut into

pieces ca. 6 x 5 rum. These were carefully examined for the

presence of pin holes. By placing a piece 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 mID of the foil to

overlap (Fig. 19). The oxy-gas flame of.a micro torch was then

played along the overlap, heating it to bright red heat, "nile

the overlap was simultaneously rolled with a quartz rod. This

treatment is sufficient to weld completely 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. ~xcess 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

drel. These operations were more ~asily performed vn~en viewed

under a low power stereoscopic microscope. The tube was then

cleaned with acid and tested for leaks by filling with a con­

centrated dye solution. The weiGht 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 f'!ifford of the Health Chemistry Group (Fig. 20, 18). On

one end of a brass tube moving through a ball and socket joint

was placed a fine platinum tube (ca. 0.6 mm i.d.). The other end

could be connected to vacuum so that when the platinum tip was

brought near the capsule, the latter could be ~icked up and de­

posited in a new position by pinchinG off the vacuum line.

A piece of quartz capillary was fused to a section of
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Construction of Platinum Weighing Capsule



Figure 20.

Lucite Transfer Box.
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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 (Pig_ 21).

2.3 !'l,>eparation ar:d . W;-ighing of cm2 o;3.- The ni tric acid solution

of the pul"ified em(III) was introduced i,n two portions into the

platinum capsule by us~ of a fine tipped capillary pipette

mounted on a micromanipulator. The platinum capsule ha.d pre­

viously been heated to constant weight. The second portion of

em(III) solution was added after the first had been evaporated

to dryness by bloWing a gent Ie 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 li.quid out. Centrifugation succeeded in saVing

the solution, althOUGh contaminatlon of the upper outside edge

undoubtedly occurred. The dried cur ium n Urate was then ign i ted

in air to the oxide us ing the arrangement shO\l'Jrl in Fig. 21. rrhe

weighing capsule was kept in the shadow of the quartz holder to

a.void evaporat ion of platinum from the coil onto the capsule_

The temperature of the coil was gradually increased until it

reached white heat. rphis was sufficient to hrat the capsule to

red heat, where it was held for ca. 1/2 hour. After cooling,

the top of the capsule was folded dovm so that only a small slit

remained _ Thn capsule was then placed in the aluminum container

and transferred to the balance. After the initial reading was

made, an unaccountable bohavior was observed. The apparent

weight of the sample increased rapiclly and over a period of ten

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

1) Tho zero point of the balance (empty) did not change.

2) Substitution of an empty plat inum tube for the one

containing curium was made and the weight found to re­

main constant.

3) trse of a new aluminum contalner with the curium did not

stop the weight increase.

4) Subst itut ion of' a plat inum outer containe I' 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. Fo 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

containel"s would be necessary to provide tho amount of

water which would account for the weight increase.

It does not seem reasonable to supposo that the presence of

l"adiation had any s:[X3cific effect on the balance itself. Although

the containers should be warm due to the radioactivity and }:Brhaps

give rise to convection currents within the balance, it is dif­

ficult to see how this could give the gradual apparent weight

increase. Air currents have been observed to disturb the

balance in a random manner.

The weight of the srouple was finally determined by extrapolat­

ing the curve of balance readings versus time back to the time the

sample was removed from the furnace. The weight amounted to

266t5 divisions or 45.9tO.8 )lg.
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j 2.4 A~pha Assay and Calculation 9f SE~~if~~ AStiyity~ A portion

of concentrated HF03 solution was added to the Cm203. After warm­

ing for five minutes it appeared to have dissolved completely.

The solution was diluted to exactly 1 ml in a micro volumetric

tube and 1.075/A] aliquot removed and counted in a chamber having

a calculated geometry factor of 7490 to convert to 50ers geometry.

This gave a total count of 2.26 x 1010 dim corresponding to 30.9 p.g

of cm242 •

After dissolVing the C~03 the platinum capsule was rinsed"

dried" and reweighed. Ey difference the wej.ght of the oxide was

found to be 41.7 ug. Assuming no impurities other than those
I

detected and taking into account the decay of the curium" the com-

posltion of the final oxide p.reparation was calcv.latecl. to be:

83.7%

100.001

The amount of C~03 was then found to be:

41.7 x 0.837 : 34.9 ?S

correspondinc to 31.8 pC; of Cm242 • This would indicato that

ca. 3 cf of the sample may have been undetected impurities.

using the first weight determined (45.9 pg) and the quanti­

ties of known impurities" the composition of tho oxide was found

to be:
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cm203 88.1%

Am02 4.9%

pbO 1.O~

Pu°2 5.3%

99.9;0

giving 45.9 x 0.887 =40.7 r g CmZ03 or 37.0pg Cm24~ correcting

for decay from the time the s ample was weighed unti 1 the alpha

analysis was performed the weight of the cm242 at the time of

weighing calculated from the alpha analysis was 32.6 ug. rrhese
!

data suggest that the undetected impurj.t ie s may have been 12% of

the sample.

It is difficult to evaluat0 tbe s" results without knowing

the cause of the gradual apparent increase in weight of the

sample. It is possible that much of the increase 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 l:J.bo"C'ated by the

sample was measured accurately, neither the temperature attained

by tho ca psules nor tho effect on the balance of weighing a

warm sample is kno~n.

2.5 ~ppoarance~~m20;). In the rare earth elements the colors

of tho sesquioxidos are very similar to tho colors of the aqueous

ions. By analogy" Cm203 would be expocted to be nearly whito.

Microscopic cxaminat ion of the oxide after weighing showed :l.t to

bo dark brown in color. Tho color could bo caused by the presence

of uncetoctod impurities. However" an intCl"lesting appearance of

color in the mixed oxices of trivalent and tetravalent raro earth
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elements has been obsE'lrved and may be the phenomenon responsible

for much of the oolor observed in tho Crr~03. Mixed oxides of

Co(111) and Ce(1V)(23), Tb(I11) and Tb(IV)(24), and of La(I11)

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

separately. Since both Pu(IV) and Am(1V) are present in signifi-

cant amounts in the C~03, the presence of a dark color is not

surpris ing.

3. Calori.metric Determinat,ion of the naIf L~fe of ourJ'!l~.

At the time that the C~03 sample was contained in platinum cap"

sules, a calorimetric determination of tho half lifo was performed

by ~dgar F. westrura(26)·. The enel'gy liberated by the ourium

sample was determined in four ways: 1) observation of the steady

state temperature differential between tho 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 tho calorimeter, 3) and 4) achieving condi­

tions identical with 0 ithAr 1) or 2) abovo, by input of an equi­

valent input of electrical energy. All of those methods indicate

that the minute samplo liberated energy at the rate of

0.0465 ± 0.0003 calories per minute, corresponding to a half

life of 158 ± 6 days on the basis of thr known range of the alpha

partlc Ie ana the rar.ge-enorgy l"Glationship of Halloway and Living-

stone This half life is in agreemont with the value of 164

days observed by James from rac1.ioactive measurements extending

over a por iod of several months. '1'11.0 larger uncerta J.nt:{ in tho

half lif8 than in the energy measured calorimetrically arises

from the difficult ies in thp, weighins of the sample. calcu1.o.tions

wore based on the initial extrapelated weight.
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VI, Absorption Spectrum of Cm(III); Spark Spectrum of Cm'ium.

1. Absorp~ion spoctr~~ of C~+~. The 150 pl of a nitric acid

solut ion of curium and amcric1.um described in Section V, paragraph

1 e2, wero placed in a micro quartz absorption co Il--having a light

path of 1 cm. Tho coll had been fittod with a ground glass stopper

as shown in Fig. 22~ A Beckman Spoctrophotometer was fitted with

a ventilated box (equipped w:l.th a:l.r filters) enclos:1.n['; the cham-

ber Where tho sample was placed (Fi~. 23). The design and construc-

tion of this box was carried out by Herman Bl"aclloy. rPho in-

tonso ra(Jioactivit~r pX'oson"!:; :1.n the solution caused a considerablo

amount of bubble formation from decomposition of water. This

intel"forod soriously with the measuremont of th0 absorption spec­

trum. It vms found l18cessary to oither stir or tap tho micl"o coll

holder sharply at frequont inteJ:."'vals to dislodge tho bubbles. The

concentration of amoricium prosent was calculated from tho height

of tho peali:s at 504-C and SU30 A. Tho absorption c.ue to Am(rU)

at evcJ.'y point Yl10HSU1"od was then cs.lculated 8.nc1 subtl"acted from

tho observed abso:rpt:'on n Tho resulting CUI've, noarly identical

to tho ono shown ~.n :'!i". 24.9 show'od no approc 1ablo absorpt ion in

the visible spectrum, but rathor high absorption in the ultra

violet.

A more accurate determin2c t 10n of the abs orpt ion s lXl ctrum

was made us1n[1; curtum from the second il"rac1iation of americium.

The cm(OTT)3 described in section v, parac':raph 1.3b was redissolved

in 100 pl of 0.5 I'1 Fel. Alpha ano.lysis at this point indicated

---------------_._-- _____."••.0.'_,__, _. .~_ ._••• _

·pyroccll Mfg. Co., 207-11 ~ast 84th Streot, Now York 23, New York.
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Quartz Micro Absorption Cell



Figure 23.

Spectrophotometer U;;;ed with Highly Active Solutions
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