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ISOLATION AIm 'P'tOP'"':'R.TIES 0';" CU1IUM

Louis B. Werner

'1ac1iation Laboratory, university of Canfornia

Berkeley, California

July' 28, 1948

The isolation of curium, element number 96, in relatively

pure form has bepn accomplished.

A method, involVing a solvent extI'8.ction 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

me thod of' se parat ing americium from cUl"'ium. Separs.t ion of the

two elements was ,also accomplished by use of ion. exchange resins.

The detai.ls of t118 isolation of curium are ~-r,iv8n; the results

of the spectrographic analysis, specific activity measurem8nt,

and calorimetric determination of half life showeo the curium to

be relatively pure.

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

solution of om(111) is described, and some physical effects of

the l"ac1iat ion from the cur ium are noted 0

To be dec lassified for us e as a the sis.
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ISOLATI01T
A:ND PROPER-PIES OF CU1IUl'1 DE~C.· ~ ~ ;f'!ICII~t-~~D

. LH~~~t'U:'
Louis B. Werner

Radiation Laboratory, University of california

Berke ley, california

July 28, 1948

I. Introduction.

The discovery of element numbF'r 96, curium, was l"ealized by

the preparat ion and idept ific at ion of the is otope Cm
242

by G. 'I'.

Seaborg, R. A. James and A. Ghiorso(l) by cyclotron 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 Am24l according to the following reactions (2):

Am24l (n, )Am242

Am242 p- ~ cm242
18 hrs.

The 500-year isotope of americium, Am24 1, was first isolated

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

La(III), an efficient means of first separating americium from

lanthanum was needed. One such method described by s. G. Thomp­

son(6) depends upon precipitation reactions. The method to be

described here (also repOJ:'ted by Werner and I. Perlman(?» de-

pends upon the chelation properties of the ions with certain di­

ketones. TYsino; these methods and others described by Cunningham(3)

PJl'10unts of americium suitable for irl"ac1iation were isolated(3).
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With the large neutron fluxes available from the chain react-

ing piles it seemed feasible to prepare mic~ogram quantities of

cm242 by prolonged neutron irradiation of Am241 in one of the

Hanf orO. pi le s •

By having available essentially pure americium as a target

material l the problem of isolating curium was largely that of

separating curium from larger amounts of americium. Nevertheless

it was recognized that a small amount of impurity relative to

the amount of americium present could easily be comparable to

or greater than the weight of curium formed during the irradia-

tion.

The chemistry of curium as determined on the tracer scale has

indicated that only the trivalent oxidation state exists in aqueous

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

as the trivalent rare earths l and attempts to oxidize or reduce

it to other oxidation states proved unsuccessful.

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

region belong to a new "rare earth" series of "actin:i.de"

elements in which electrons are to be found in the 5f shell.

Curium should thus occupy a position analogous to gadolinium and

cm+3 would have the stable configuration 5f 7 (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 ampricium and other similar tripositive ions.

The most stable oxidation state of americium is the plus three

state as shown by the x-ray identification of the trihalides{lO),

by the elution behavior of aqueous solutions of americium from

cation exchange resins ell), and by the extract ion behavior of
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certain chelate compounds in organic solvents(7) compared with

the behavior exhibited by tetrapositive and other tripositive

ions.

Americium might be expected to possess at least one other

relatively stable oxidation state analogous to the dipositive

state of europium. A search for eVidence of both a state higher

as well as one lower than plus three was carried out by Cunning­

ham(3). Briefly, the conclusions reached were that the standard

potential in ca. 1 M H+ for the reaction

Am(lII) + nH20 • Am(IIl + x}OnIII + x - 2n + 2nH+ + e

is more negative than ca. ~2.0 v, that is, is more negative than

+ ++the potential for the reaction Ag =Ag + e-, since no evidence

for the oxidation of Am(IIl) in the presence of Ag++ was obtained!

a higher state of americium appeared to be reached by oxidation

with Br03 - in concentrated I-pr 03 so lution, a lthough the evidence

was not considered to be conclusive; finally, since polarographic

studies showed no well defined wave cOl"'lresponding to the reversible

reduction of Am(ITl), the potential for the reaction Am(III-y) =
Mn(III) + ye is more positive than ca. +1 v. The possibility

of basing a separation of americium from curium on a higher oxi-

dation state of americium seemed worth investigating.

The use of ion exchange methods for separating rare earth

elements as the tripositive ions has been reviewed by w. C. John­

son, L. L.'),uill and F. Daniels(12). A pal~ticularly efficient

ion exchange resin called Dowex_50(13) developed by the Dow

Chemical Company has been used by D. H. Harris and ~. R. Thompkins(M)

for rare earth separations at Clinton Laboratories in oak Ridge.
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veloped by M. calvin and co-worke~s(16). Tho extent of complex

formation for a given ion depend.s upon the solution pH and upon

the concentration of the diketone. The relative case with which

different IDBtal ions form complexes depends upon their respective

charges and electron structures. Similar ions are separated by

extracting at the pH at which the maximum difference in chelate

stability is found.

The complete complexing or che lat10n of a trivalent cat ion

by a compound such as TTA may be represented by the following

equation:

+3Me + 3 Ke ._~) MeKe3 + 3H+

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

in benzene than in aqueous solution and may be readily extracted.

As can bo seen from equation (2), the extent of comploxing is
/

dependent upon the third power of both the hydrogen ion and o.i-

ketone concentrations.

Special thanks are due Professol" calvin for hicJ very helpful

advice in carrying out those experiments, and to J. C. Reid

for the preparation of the TTA, the diketone which was used.

It was found convenient to carry out mos t of the studie s in

an apparatus similar to that shown in Fig. 1. Measurement of

the pH was made by drawing the aqueous phase up into the electrone

chamber (a). Movement of the liquid was controlled by a syringe (b)

Adjustment 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 a 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

Extraction Apparatus
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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 Ce)

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

by drawing the emulsion up into the samplinc; chamber (e) and allow--,

ing the phases to separate there. Mixine of the phases was accom-

plished by means of an air driven propellor stirrer operating

through a water seal. The side arm (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 paasel

chelation and extraction are accomplished in a reasonable period

of time only if the a,gitation is vigorous. In each case" after

the final adjustment of pF had been made, i.e., last addition of

acid or basel ten minutes of thorough stirring was allowed before

the pH was read and samples removed for analysis. This was suf-

ficient to allow equilibrium to be attained.

The concentration of TTA in benzene that was employed in most

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

centration was sufficient to permit extraction at relatively low

pH. Also, the amount of metal ion undergoing chelation was suf­

ficiently low so that the Change in concentration of TTA was small.

The percent of a metal ion extracted into the TTA-benzene

phase was determined in several ways.

1. For r ad ioact i ve e lamentS, or elements for which a radio-

active tracer was availablel a measure of the radioactivity of

aliquots of the bonzene and aqueous phases was made.

2. For elements having prominent absorption bands in solu-

tion, the extraction could be calculatod from spoctrophotometric

analysis of either or both tho phases.
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3. Since hyc3.rogen 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

necossary 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

concentrations below 10-3 - 10-4n and cannot be used if chelation

taRes place in solutions as acid as O.ln.
,

2. ~xtractipnof Nepdymium by TTA~Benzene.

The extraction of neodymium can be followed by measuring its

characteristic absorption spectrum. The interest in neodymium lies

in the possibility that small amounts of this element may be

present with lanthanum.

The absorption sp:;ctrum of ca ••001n !Jd in O.lll HN03 solu­

tion was first determined over tho 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 exp0riment was calculated

from the decrease in optical densit~at 7925, 8575 and 9350 A.

To 50 ml of ca ••001M Nd solution was added 50 ml of a O.lM

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

O.lli NaOH, and the final pH reading after each addition of base

was taken after ten minutes of shaking.

The results are shown in Table I.

----------------
4cThese may vary somewhat from the true position of,the peaks, since

the calibration of tho instrument was not checked.

t Log Io/I. Soo also page 25.
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Table I

Extraction of Neodymium by O.ln TTA-Benzone

pH

1.13

2.83

3.20

3.58

4.20

APprox.r Nel -sxtr0..cteel.
at O.lM TTA

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 tho

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

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

unkno·wn.

T.1:xamination of the chelation reaction suggests that a measure

of the hydrogen ions released is an indox of the oxtent to which

the reaction occurs, provided othor factors such as hydrolysis of

lanthanum or the acidic natu!'e of the TTA i tso If do not interfere.

If lanthanum extracts at about pH 4, neither of these effects will

interfere, since the hydrolysis of lanthanum and the neutraliza-

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

The experiment was carried out by adding increments of stan­

dard WaOH (0.125N) to equal volumes of 0.0062tl La+3 and 0.2tl TTA

in benzene and moasuring tho pH after oach addition.

Two curVes taken under presumably identical conditions are

shown in Fig. 2. The TTA concentrnt ion 1"'e prosents only the ini-

tial value, since by the time all of tho Innthanum was comploxed,



(1)
I/)

o
.&:.
a..

-o
'::r:

Q,

3.001··.
o

of
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about 5~ of the TTA was ~~esont as tho chelate. Also at higher

pH values some TTA reacts diroctl~y with l\To.OH.

From the titrntion CUl'VcS tho percent of bnthe.num present as

IJ9.I\e 3 may be calculated. This ropresents the percent extracted if

it is nssumod thnt the distribution of the LS.Ke3 heCtvily fCtvors

the benzene layol'. This is very nC8.rly tho case. Tho extro.ction

curve co.lculnted from those data is shown in Fig. 3. While this

method gives 0. rollo.ble cletermin:"1tion of the pTTrange OVer which

lantho.num extract.s" tho QCCUl~o.cy at low pH valuei3 is not as high

o.s do sir o.b Ie.

4. -sxh'D.ction Ctu've of Lanthanum DotOl"llliDed by USO of La140 •... .. _ - • 'PP .., • .-...__..~ -... • • _

The Lo. 140 was sepnro.ted from tho Ba140 parent by precipj. to.­

tions of Lo.(OH)3 in tho presence of barium holdback carrier using

co.rbonatc-fl"'oo ]\TH4 0rr, Each precipitate of La(OT-I)3 WQB washed be­

139fore dissolVing. About 1 m8 of La wasusod as carrier.

Tho lanthanum was dissolvod o.nd (Hluted to 10 ml [mel o.n equc.l

volume of 0.2t1 TfrA was o.ddod. The; pH vms o.o.jv.stod by the 8.ddition

of 0.5rI l\TaOTT" snmplos of both phases being cakeD iJ.fter ten minute

stirrinG pCJ:'iods and after the pH was found to be essentially

constant 0 The l[mthanum extraction was followod by dotermining

the B c.ctivity of both phases. A typical oxtro.ction curve is

shoVim as the solid line in TiliC;. 4.

The ro.dioactive docuy of the La140 sam91cs WilS followed to

check tho purity of the prepo.rc,tion. A lonc;-livcd o.ctivity vms

prosont" 2nd it was found to extract at a lO1"Jel:' pH tho.n did Inn-

thnnum. One docay curve indicated 8. ho.l1'-lifo fOl~ tho impurity

of 652 days" but the impurity has not bO'"'l1 further idontified.
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The corrected extraction curve for lnnthanum in the low pH region

is shown as the 0. otted lino in Fig. 4.

5. c,;xtraction of Arr.ericiunl with TTA cmd Benzene... I __..... I • ...-..._--..-_

A procedure similar to that described above in section 4 for

lanthanum W2S used for snlericiunl. The samples taken in this case

'<'lere count 00. in an a-chamber. The oxtrnc tion curve is shown in

FiG. 4. It is seen that runericium undergoes chelation and extrac-

tion in a more acid solution than doos lanthanum.

6. Woct of. Ammonium Iom~ on· Extro.£tio!!.!.

Di.1ring the course of the experiments vvith lantham:un and amor1-

cium, n. decrease in extraction with time of cont[~ct was noted and

traced to th0 presonce of c.mmon:t.urn ions. At a [;iven pH tho re Wc.s

found to be as much as a 50% decrease in extraction after four

hours contact with the aqueous phase which had bonn made O.3tl

in mmnonium ion.

This is ~~esumably due to a coupling reaction betwoon TTA

and ammonium ions, tending to lower the effective concentro.tion

of TTA. For this reason care must be taken to avoid tho presence

of o.mmonium ions in solut ions bo ing oxtracted with TTA.

Tho results of parts 4 and 5 made it Soem likely that D. 88.t1s-

factory separation of americium from lanthanum could be achieved

[md tho mothod was testod on an americium-lctnthanum solution

which contained appreciable runounts of iron.

For tho americium-lanthanum 8oparation tho extraction vessel

shown in Fig. 1 was used. The side arm (h) extended somewhat

below the benzene-aqueous interface witb. an c',queons volume of

10 ml , and joined [l romovable roceivel" (::;) for the benzene phase.
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By dravJing part of tho aque ous phase up into tho sampling cham..

bel", th0 lAvel of tl1A interfc.ce could be adjusted to lJ-ll01Jll the

benzene phaso to be removed fairly complotely. usually throe

or four ono-ml rinses with a.2M TTA in benzeno were used after

removing tho benzone layer.

Duo to tho 8-activity associated with tho mnoricium, it was

not possible to follow the actuo.l percent extracti.on of lo.nthQnum

by measurinG La
140

activity vrith the limited QIDount of La140

o.vailabJo. Instead, only the distri.bution of tho [J:rnericium ac-

tivity vms checked 8.no. it wo..s assumed that the percent of lanthanum

extracted at the pH measured was that pr('·vious ly found experimental­

ly (FiG. 4).

Since contact of the aqueous phase with several portions of

TTA benzene can be made rather readtly, tho pH o.t which highest

effic ionc y is attn J.nab 10 is 8.10ng the flat part of tho li:mthanum

oxtraction curve whore D. smnll PC'l'cont of the lanthanum is ex-

tractod. The point selected was pP : 3.27. Horo tho Gxtraction

for e.:.:.ch conto.c t is 70~r1 for o.mc ric ium o.nd 1 - 2.5,-:: l' 01" the
/~ I~

ID.nthanum. After throo contE-lcts, the o.mount of o.morioium left in

the aqueous phaso is 20'7% and tho amount of lo.nth[mum extracted

with the americium is 3 - 7.5% of the total. The nmcricium nnd

lanthanum are then removed from tho combinod bonzene lo.yrn"s by

shnking with o.bout 1 ml of O.5I1 T-F'03 and prepared for a second

extro.ction. If four such extractions (of three contacts each)

are made, and if tho o1"i[;inal rat i,o of Lo./Am is 2S high o.s 2500,

tho lanthanum is 0.2 8c« of' tho Q:rneric ium in tho fine-l pro po.ro.-

tion, (~epending on the exact position of the lo.ntho.num 8xtro.ction

curve. A vnlue cons iderab ly lowc;.~ than 8% is ind icat eo' by the
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actual spectrographic analysis of the final product.

Before the solution was put through tho process described

in Table II, it was subjected to eight o.xtro.ctions at pH 1 in

order to remove the remaining iron. The last thl"ee fractions

wore analyzed and it was found that only 0.1 - 0.3% of the

a-activity was removed.

A s'tIDlmary of the fino. 1 soparat ion of am0ric ium from lan-

thanum is shown in Table II. The time of conto.ct of tho benzene

and aqueous phases during cxtr.ctction vms in all cases ten minutes

or longer after the final adjustment of the pH. Complete ro-ox-

tro.c tion from the benzene phase into dilute ENO'?, requir od from
v

1/ 2 to 1 hour contact time with st irring.

Tho acid solution of americium was cvo.poratod to drynoss, re-

dissolved and the hydrexicln procj.pito.tod by acldition of JlTH4 0I-r.

The precipitate was slightly brown in color sugc,esting the pre-

senco of ferric hydroxide, so it was dissolved in a.1N HN03 and

extracted with an equal volume (100 pl) of 0.2tl TTA in bcmzene.

After this treatment the hydroxide was again precipitated and was

only slightly tan in color. The extraction wo.s ropeated and this

time the hydroxide was pink in color. This color for tho hydl"oxido

has been described by Curminghccm(3)o.

Ono-half of the sDomplo (ca. 10 pg) vms submitted for sfOctro­

graphic analysis~. The results 8.1"0 shown in'rable III. Tho im-

pur it i8S of greatest concern, lC.nthanum and neodymium, apparently

wore separated adequately.

In view of the similarity of tho chemical properties of Am(III)

-_._.._-_._--_._-
-------_._--~--------------

¥'Perfermod by tho Netallurgical Laborater'y Spoctrogre-phic Laboratory.
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Table III

Spectrographic Analysis

of 10 )1g of Final Amcr:tc iU.m Pl"oduct

:tJil1i-jlg rJ/ of
:m 10 p.g Am

. sam£lQ...,, ' _, _

BlelllontMil1i-ug % of
in J 10 yg Am

_ ......;S;:;..,;~1!ill1&....-_._. _

Element

11.1

Au

100

<500

< 20

1

Pb

po.

100

500

<.50

1

5

Ba

Bi

Ca

Cb

<.100

200

200

<20

2

2

pr

Pt

Rh

Sb

<20

<200

<500

K

Co

<100

<.100

So

Si

< 5

2000 20

Cr <.:5 Sr <50

.... 5 Ta <100

Fe 500 5 Th <.50

Go.

Go.

In

<.100

<50

" 100'--"

Ti

u

V

<10

<500

< 5

Ir

La

<500

50 0.5

VIl

Y

< 50

20 0.2

Lu

Mg

<200

50 0.5

Yb

211

<,10

<200

Mn 5 0.05 <.50

Mo <5

NO. .(50 <0.5
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o.nd Gm( III) 5.t is very like 1y this mothod mo.y aqua lly we 11 be usod

to separate Gm( III) from La (III), a cone lus ion verified by later

work.

III. Higher Oxidation State of Amerioium

1. Dark Hydroxide of Americimn.I. .. ... , -.~____ ,

It ho.s benn observed that precipitation of Am( III) by an

alko.lino :J:0roxicl.e solution gives a flocculent compound similar

in physical charo.ctcristics to the pink hydroxide of Am(III) but

having, instead, n dark brown color. It has boen suggested that

the dark color of the procipitate is duo either to a higher oxida--

tion stnte of americium or to a colored pox'oxido compound of .

Am ( I I I ) (3) •

The observat ion of the dark hydroxide; "\7as verified. Ac1c1i-·

tion of KOH to a solution of Am(III) contain:1.ng H202 invariably

resulted in the formation of the brovm hydroxide. If the brown

hydroxide is actuo.lly a higher oxido.tion state, such as Am(rV),

it is possible thCtt it may be sufficiently stablo to be detocted

shortly after dissolution in a comploxing acid such as H1\TO-z.
o

Ge(IV) forms a nitrate complex in relatively concontratod q~03

solutions. The light abi30rption spectrum of Am(n:I + x) mi~ht be

expected to be diff'er0nt from Am(III) and in that cC.sc provid.G a

convonient means of observing either tho higl1('r stato or absence

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

contratod HN03 (15.4 M) (using 16tl HN03 as a blank) was dotor--

minod us ing 1 em light p[lth micr.o quartz co Ils in the Deckman

spectrophotometer. A plot of tho molar oxtinction coofficient
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.~e , vorsus wavelength in Angstrom units for two regions of the

spectrum is shown in Fig. 5.

A portion of brovID. hydroxide was washed and 50 pl of a

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

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

after dissolving. Log 1 0 /1 was found to be 0.092. Subsequently

tho readings shovffi in Table IV were taken.

Table IV

Absorption Spectrum after Dissolution
of tho Dark Hyrl.roxl.de of ~ Arr..e ric ium

4il'

~ ...l:.?~~10/1
4-

A ._:ls>{; 10/,1

5000 .053

5010 .057

5020 .065

5030 .077

5040 .100

5050 .122

5060 .128

5070 .128

5080 .126

.111

.121

.121

.118

7750

7900

8000

8100

0.010

0.030

0.038

0.038

I ..... , •••

~ E. = log 1 0 /1 x molocular welght

~on~entl~ati~;;:-i;-g!lx cell length

where 1 0 is the intensity of tho incident light and I is the
intensity of the transmitted light.

'lfr.~ Taken within fivG minutes after dissolvin:;.

i'Takon within ca. twonty minutes after dissolvinG.
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The concentration of arrBricium as detormined by alpha assay of

an aliquot* was O_lS mg/ml giving

t" - 162-5060 A -

(SlOO A = 51

From. Fig. 5 t 5060 = 162 rlYld f"8100 = 66. Comparison of vall10s of

f 5060 suggests that all tho americium was pX'esent as An(Irr.);

comparison of tho values of €SlOO sug30sts that some of the ameri­

cium lUely helve beon present in some other state. Due to the low

absorption at SlOO A, ES100 may be somewhat less accurate than

E"'5060·

If tho bro~l hydroxido is a higher state, thon it is likely

oither that the americ lum is oxidized incomplete ly (surface oxi-

dation) or that it is reduced rapidly to Am(III) on dissolving

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

initial reading at 5030-5040 A is probably consistent vrlth the

readings lUore carofully made later.

An attempt was made to repr"oduce the experiment performod by

Cunningham and Asprey(3) in which ovidence was obtained consistent

with tho oxidation of Am(III) in concontrated BN03 - Br03 - solu­

tions. Briefly, their experiment was carried out as follows:

Tho absorption at 5060 A in a solution of Am(III) in 15.3tl

H~03 - 0.02tl Br03- was measured using as a blank a solution of

15.3tl HN03 - 0.02tl Br03-' tho latter' being used i.n an attempt to

compensate for the light absorption of bromino liber'atod by de-

composition of tho bromate in concentratod nitric acid. Thoro'
,. ..-. ---------------

*"Specific activity of Am241 is 6.46 d/m/p.S. S08 (3).
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was an apparent decrease in optical density of the americium solu­

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

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

original vnluo. A similnr but loss pronounced docroase in optical

density was obsorved at 8000 A.

TGxpe:r imonts similarly pe'rformcd were found to gi vo errc~t io

results. This behnvior seomed explainablo after it was obsorvod

that the inception of the Br2 evolution in tho sample and in tho

blank wero not concurrent. A procedure vms adoptod in which tho

optical density was measured nt threo Wo.vo lengths in oo.oh of the

two regions, 4950, 5060, 5250, 7600,8100 D.nd .g400 A. It was

assumed tho.t the absorption curve of all chomical s}Dcies other

than Am(III) v'1Ould fallon a straight line connocting 4950 and

5250 A, c,nd connec ting 7600 and 8400 A where the absorpt ion due

to Am (III) is nogligib le as seen in Fig. 5. The straieht line ro­

lationship is not precise, but, as may br seon in Pi:.:;. 6, it pro­

vidos a rcasono.ble approximc, t ion" An expC'r imont ViTO-S thon po r-

formod under the following conditions:

Sample solution

O.02~ Bro3 ­

15.3M H1\T03

0.15 mg Am(III)/ml

Blank solution

°.02tl Br03 ­

15.9t1 RN03

or 16n BF03

The results nrc shown in Table v.
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Table V

oxidation of Amoricium in
Br03 ... HN03 Solutions

Time· (min) Optical Density opt icc,l Density
at 5060....A..__._ a~_EilQO A~.__........ ,

° .098' .029 "

• 094~·
~-

40 .030'

89 .094 .030

121 .092 .029

151 .084 .032

161 .085 .028

~ using 0.02N Br03 - ... l5.9tl RN03 as a blank
solution.

It is o.ppo.ront that o:<ddo.tion, if o..ny, was incomplete. A

subsequent expor'imont porformed o.t hiGhor Br03 '" concontro.t ions

gave similar results. The results of n study of tho absorption

spectrum of 0. freshly propo.rod 13r03- - HN03 solution m'o shoifm in

Fig. 6. It enn be seon that n minimum in tho c.bsorption at

5060 A oecurrnd wi thin ton minuto 8 after tho addi.t ion of T\:Br03:

tho absorption subsequently increasod, prrsumnbly as Br2 bognn

to bo ovolvod. Tho oxplo.nntion of this behavior is not known.

It must .. l1.owovor, bo considored when evnluating tho rosults of

exporiments on Am(rrI) oxidntion as described abovo, sinco it

could bo intcrprotGd 0.3 a decrease in the c oncontrat ion of Am( III) •

Since oxidation, if it occurrnd at all, L"'..ppoar·od to bo neithor

r'apid nor comploto undor tho conditions used, its possible usc e'-8

n basis of Am-Cm separations soomod romote.

;'S. oxidation of Am(III) in Alkalino Solution.
__• l • _.. _.' _ ...~....,,_...__..,....--...-.-._

It had boon shown in tho ca.se of plutonium(17) that all tho
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known oxidntion states 111 1 IV, V and VI could be obtainod in con ...

centra.ted potassium carbonate solutions. All states were quito

solublo l 'with the exception of PU(V) whj.ch precipitated out of

4:0%: K2C03 solution on standing and Qtto.inod an o.pparont solubility

of the ordor of 0.1 mg Fu/ml. The solubility of tho other statos

VlO.S sufficiently high (Co.. 0.005tl Pu) so thr..t usc could bo mo.de

of tho chara.ctoristic absorption spectra of the various stato$ of

plutonium in order to follow tho course of oxido.tion-reduction

roa.ctions cmd to determine tho concentrations of tho various spocies.

3.1 TGffect of Poroxide on Am(III) in Carbono.to Solution. The~ .-.--... .__ ........__ • , _._. , I -...-

o.bsorption spectrum of 0. 40% K2C03 solution containing 0.428 rug

Am(III)/ml was measured in tho Reckman spectrophotomotor using

quartz micl'o nbsorption coIls ho.ving D. light po.th of 1 em.

Tho absorption spe ctrum is shown in Pj.g. 7. P-.('ominont c. bsorp-

tion bands occur at 5080 nnd 8180 A. The values for molar ox-

tinction coefficients nro 270 and 44 respectively. Tho solution

Wo.s thon mado ca. O.35ll in H2 02 and the absorption at 4950 1 5080

and 5300 A followed ~ith timo. Tho position of tho poak at 5080 A

was not altered. Immodio.tc ly o.ft 0r ac'dit :Lon of F2 02 E 5080 was

co.lculatod to bo 262 (cf. 270). This value remcdned essentially

unchnnged (within 31) for two hours or longer, and at the ond of

18 hours vms found to be 265. It vms c onc ludcd that no npproc io.b1e

oxidation hed occurred.

3.2 ~£llon oLA£1.CCJ.Il P:Y: H;yp£chl..or,itp in Q.fLrr,ono.t.o, Spluti.Q!l'

The experiment V:C.s ropeatod except thct 15 pl of 0. 5~~ }To.OCl solu-

tion, instoad of H2 02 , vms addod to 170)11 of K2C03-Am(III) solu­

tion (ca. 0.05M OC1- and 0.415 mg Am(III)/ml). No chango was ob­

served in the relativo hoight of tho 5080 A peak on standing 50
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minutes at room temperature. However, after 24 hours tho peak had

dropped to co.. 351 of the initio.l ho:i.ght o.nd 0. noarly white pre-

cipitate ho.d settled out. The dato. tJ.re shovm :'l.n 1'o.blo VI.

Table VI

Log loll of a K2C03 Solution Containing

0~38 mg Am/ml aftar Hypochlorite Addition

4950

5080

5300

7700

8180

8450

.034

.443

•028

.......

.017

.085

c013

.016

.085

'.013

0.033

0.449

0.023

..f.,._'

.035

.458

.026

.016

.084

'.013

.052

.18'7

.044

.022

.039

.012____,__. --_, ...__..,~ ... . ~_._r__
In 0. subsequent experiment the 5080 A Donk was observed to

..

drop to 17% of its initio.l vo.luo nfter n five minute period of

heating at 950 C after o.ddition of 1'IaOCl solution. :vithin five

m:i.nutos o.ftor hanting" precipitation eccurx'ed. Tho Am(III) con ..

contrntion remo.ined essontially constant which wns shown by the

constant poak height o.bove the background absorption (dUG prin ..

cipally to presence of tho precipito.te) as measured at 4950 and

5300 A. Thoso data arc shown in Table VII.
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____,__.... ..._ __.__ - _.0 ·----_.._·_--

·A
~ Z min.Q

4950 .033 .018

5080 0.440 .093

5300 ,,027 ,,019

7700 -- .. .024

8180 .090 .032

8450' , ....'-- .015

-~~

.095 .128

.022 .054

. '~'-'..' . ....._.-

.201

.277

..-- .202

,,132 .203

.153 .207

.137 .188

~oo.lculated from do.to. in Fig. 7.

Further o.dd it ion of }\TaoO 1 so lut ion o.nd heo.t ing O.t 950 0 for

five minutes left no dotecto.blo poak at 5080 A.

Another experiment was performed using identical Am(III)

and K2C03 concentrations, in which the effect of hoating in tho

absence of NnOOl was shown neither to affect tho hoight of the

peak at 5080 A nor causo proctpitation. AftnI' addition of Nc.OOl

and oxido.tion the 5080 A peak could bo c ausod to renpponr by

addition of sodium hyc1rosulfj.te (}.TD.2 32°4 ), a strong l"'educing

agent. The results o.re shown in Table VIII.
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Table VIII

Bffect of Addition of Hypochlorito Qnd Hydrosulfite
to a K2C03 Solution Containing 0.24 Ng Am/ml

A ·log Ig,I.I RE1.ill£r~~_

5080 0.264 Before addition of NaOCl

8180 0.045 Before o.ddition of Naocl

5080 0.171 After NaOCl addition and heat ing.

8180 0.029.... 41;- After NaOe 1 addition and hent ing.

5080 0.258 After addition of sodium hydrosulfite.

8180' 0'.042' After addition'of sodium hJ"'drosulfito'.

----....-
~"BnckgroundH absorption measurod at 4950,'5300, 770 and 8450 A
has boen subtracted ns proviously describod.

*~ A value cCllculnted from the 5080 A poc..k D.nd dnto. of Fig. 7 was
also found to be 0.029, shewing excellent c.srcnnent with the
observed value.

In n subsequent oxperimont c, solut ion iilhich containod finally

0.24 mg Am/ml was mndo co.. (). U1 in OC 1- and h8atoo. at 950 C for

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

hours the americium had precipitated to tho C'xtent of .035 mg/ml

graduo.l rec..ppearo.nce of the 5080 and 8180 A penks in the sc~e ratio.

This seemed to be good ovidence that the Am(III) wns being

oxidized to 0. hi91er stnto, which is slowly precipito.ted as an

unidentified insoluble salt" prosumably either a cc,rbonc.te or a

hydroxide (hydrous oxide).

An experiment was performed in which the oxidntion of Am(III)

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

concentrations. The initio.l concentrntions Vlere ca. 0.051'1 Faocl

and ca. 1 mg Am/ml. Tho samples wore hcntod ~t 950 0 for five
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minutes. Additional NnoCl was subsequently added to insure com-

pleto oxidat ion. The rosul ts nl"'C S1.lmmnr izcd in To.blo IX.

Table IX

Solubility' of Am(III' -I- xl in K2C03 Solutions in'mg Amll
-.-..... .-.- . , --_._-------..

K2C03 c oncentrnt ion O.l~ 0.4 0.8 1.5 2.3 3.0

4, .. 5 hours 62 41 28 24 23

24 hours 51 26 4 7 6

6 do.ys· 5 .. 2 2 2 2· O·

-- --
+O.lli K2CO~ wo.s not sufficiently concentro.ted to hold this nmount

of Am(IIr1 in solution. An initial pink precipitate which
formed was undoubtodly Am(OH)3 •. On stnnding for six days it was
c onvol"'ted to a wh:Lte prec ipitato.

The romo.rkably 10\11 solubility which is Gventually attained

is not dopendent on the carbonate concentrction. For shorter

poriods of t me highc!r cal"'bonate concentl~c.tions ClppN~r to fo.vol'"

Imv solubilitios.

4. Abs or r)~ion Spec~rum <;>f 1\~lIII. +~B..

If the: rO.te of reduct ion of tho higher state in ac i0. solu.t ion

is suffic:'!.ently slow, tho possibility exists tho.t one might be

able to measure the absorption spectrum of Am(III -I- x) in acid

solution. The higher state was prepared and procipito.tod in the

usuo.l way from a K2C0S-No.OCl solut:i.on. The precipito.te was washed

throe timos with wo.ter and dissolved in O.lll H2S04.

From time to time ns tho absorption CUl"'VO was being measured,

the absorption of Am( III) a t 50~W /\ w[ts c hockod as Q measure of

tho rate of reduction of the highel~ state. It vms found thnt this

I'late was sufficj.ontly 310'\111 to r.llow the spectrum to be observed.

13'01'" each intcrvo.l of time dux'ing tho me8.S1J.romont, tho C onc entro.tion
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of Am( III) vms e aleu 11..1 ted from tho heJ.ght of the 5040 A poo.k o.nd

data from Fig. 8~ Tho absorptj.on dUG to the higher state wo.s thon

obtained by subtro.cting tho Am(III) o.bsorption from the tot ale

Tho curve shown in Fig. 9 was ca.lculutoo. knowin,g tho conc ontrntion

of tho hi.gher state during oach intervc.l. The correction for

reduction of Am(III + x) was hardly nppreciablo, sinco only about

35; was reducod over 0. POl" iod of 2 1/2 hours during which the

spoctrum was being measured.

5. oxidation Number of the Higher state of Americium._. - --- p- ~_ .._._~-_ ..."'-_._._....------
A portion of 0. procipitate of Am(ITI + x) prepared as pre-

viQusly describod was dissolvod in O.lll H2S04 • Tho absorption

spectrum at 4950, 5040 and 5300 A was observed. The spectrum

was ngain observed c.!tor the add it ion of 0 .214;u equivnlcnt s o!

Fe(II). The amount of Lm(IIT) which hnd be~n produced by th0 1"0-

duction was calculated from the molQr Gxtinction coefficient of

Am(III) in the samo solution (co.lculatod two d~lYS Inter after com-

plete r0duction h~'i.d occurrod). Totc.l n.mel"'icium present vms dotor ..

mined by Q Ipho. count of c.n::1.liquot of tho so lu t ion. Tho [~mount of

americium found to be reduced VJ[~S 0.122 111icromoles. calculnti.on

using the Am(III) penk c.t 8180 Ii showed tho D.meunt of nmcricium

reduced to be 0.123 p moles. This givGS 0. l"'ntio of

f39;u.i;vn,kr t ,s Fe(II) = 1.75 •. This ratioc.orrosponds most closely
moles Am reduced---------.........'-----~-----_.~---------_.-._.-._._._--

"'Tho values for the molar C'xtinction coefficionts in 1M HIJI shov.Jn
in Fig. 8 nre nearly idonticnl with those obt['.inod by-b. C.
stovmrt for Am(III) dissolved in a lInon-comploxin,r::~" ncid
(1!'1 'HC 1°4) • (In. HC 104 so lut ion (;5040 = 320, • E8170 :: 60; in _
U1 He 1 E5040 ;; 332, E(3170 = 60). Tho c orroctlon usod for Am( J11)
apsorption lS nccuro.tb, either if the Am(I11) is not c.piJroc:1.nbly
comploxod in O.lll H2S04 or if such comploxing doos not eclter the
nbsorption spcctrD~ of the amoricium.
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to that expected if the highor stato is Am(v), i.o., R =2.0. The

reason a non-intogral value was found is not knovm. Though not

conclusivo, tho data suggost th~t the higher stato may be Am(V)

rather than Am(IV) or Am(VI). This is supportod by comp~rison

with the bohc.vior of the corresponding states of plutonium. Both

Pt1(IV) Qnd PU(VI) are relntively soluble in K2C03 solutions,

whereas PU(V) e~!ibits a low solubility. Furthermoro, K2C0 3

solutions of Co(IV) ond Th(IV) whon h08.ted with ]\ToOCl showed no

tondency to precipitato either shortly after hoating or on stand ...

ing for as long as thirt~T dClYS: Both Pu(V) ':Cnd Np(V) aro thought

to exist in aqueous solution as the oxygenatod ions Pu02+ and

NPo2+(18). The a~£ricium ion may similcrly bo Am02+.

With the ne"d of confirmrtory r'xpcriments in mind, the highor

state of americium will hereafter be reforred to as Am(v).

IVo Separation of Curium from f~0ricium.

Since the chemistry expected of cUJ:'ium would not inc lude tho

possibility of a highor stato, tho precipitation property of Am(v)

nppeared to be 8. method fop sepnI'ntion of c.mcpicium fpom curium.

1 •1 PI' e c i pit P.t j.2.!l..2L !'W1.Ul.Ltr9!TI~r};? on 0} t 0 .J2.0 1~ti9lL..9o£t a in i ng.

cm(III). An aqueous 40% K2 C03 solution of omepicium and curituu

was' propnrDd. 'The' 'initial' conccntrr.tion of C''..morieium was
po .,.

t~vidence for t ~lus five oxidation stato of praesodymium has
beon reported 1. ). An oy.poriment wos porformcd to determine
'whether N,::>.OCl could oxidize proLnI) in 1<"2<;03 solution. Tho nb­
sorption s·:r;:octra of a ca. O.OlIi :or(II:r)-40%, K2C03 solution was
determined. NaOCI was then added and the solution hoatod. No
o.ocroo.so in the height of the absorption pea.ks could be dotected,
As a furthor chock an OJ;:cess of N::"2S204 vms then added but no
increase in tho poak heights vms found corrospondj..ng to radua­
tion of previously undetectod oxidized pl"asooc1ymhlm.
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co.. 1 mg/ml whereas tho curium was present o.t ossentio.lly tracer

concontrntions (Co.. 10-3 mg/ml). An Qliquot wo.s removod for

alphQ ano.lysis. The solution was made co.. O.2tl in NaOCl and heated

at 950 for five minutes. After standing specified times tho solu~

tion was centrifugod and an aliquot of the supernatant remeved

:or alpha analysis. The relative amounts of the two alpha emitters

were conveniently determined. by USe of the alpha-particle pulse

analyzer designed by ~hiorso, A. H. Jaffcy, H. P. Bobinson Qnd

B. Weissbourd(20).

By means of this ~pparatus one can determine the numbers of

alpha particles having the range of ~ach of the two isotopes.

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

connocted to 48 r 0 gisters. A plot of counts per minute against

tho registor numbor then shows 0. distrib1.l.tion illustrated in 1:'ig.10.

The position of the peaks, thr separation of the poaks or resolu-

t ion.. as Vie 11 o.s th0 penk width, is de penden t upon the design,

oporation and performance of tho counter and on the prcpnro.tion

of the samplo to be countedo Thick, uneven samples tend to de­

crease apprecio.bly in a non-uniform way tho effective rQnge of

the alpha particles in air.

The initial rc,tio of the alphQ Qctivity of nmericium to that

of curium was about 3 to 1 as S0-en from P.ig. 100.. After oxidation

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

to 3 (Fig. lOb). Definite onrichment of curium relative to ameri­

cium was accomplished. in tho solution. 95~ of the curium was

accounted. for in the final oxidized supern~tant, but only 22% of

tho americium remained in solution.

In a subsequent experiment tho americium procipitate from o.n
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Am-Cm cnrbonnte solution was vmshed thrrc times with 40% K2C03 ­

NaOCl solution rmd dissolved in 2.cid. Pulse nno.lysis indico.ted

n single nl~la emitter wns present which wns Am24l • Limits of

detection of the curium alphn nctivity would hnvo allowed a naxi~

mum of about 8% of the total curium to have been present. Those

oxperimonts and subsequent rout ine sepCLrnt ions of arne I' icium from

ourium havo sho'J'ffi the curium loss to be smnll.

1.2 Q.9:r£yin&.})f th;o Am(V) ..2Y-'lft(V). fllthough precipitation of

Am(V) from carbonate solutions of curium nffords a conveniont

sepnro.tion of the two olements" the degree of sepnrntion is limited

by tho solubility of the Am(v) compound, ~:w woll ns tho minimum

volume in which i.t is convon:J.cnt to work. Sepal"nt ion of small

nmounts of :.'.mericium by prccipitc.tion v:ith lc~rg0 2.mounts of some

othel'"' eloment, Ylhich in tUX'D could bo more casily romoved when

present in trace concontrc.tions, soomed Ijwrth investie;o.ting.

On tho assumption that the oxidized form of amoricium is

Am(V)" Cb(V) and Ta(v) Ql"e suggested as possible ca:t'rier meteX'J.a).s.

Doubt exists, however, of tho'lbility to remove reD.rUly traces

of either element from c1..u' ium" A simple experiment vms never-

theless run to test the cnrryinc by Tn(V). A ·t)ortion of an un-

sto.ble solution of Tn(V) in 207l"1 K2C03 solution (Co.. 75 mg Ta/ml)

was ndded to n 111 K2C03 so lut ion c ont [tining cn. 5 1.1g Am/ml which
I

had. boon oxidized at 950 C with NO.OCI. Further hcnting cnused

precipitntion of tho rrn(v). .lI.lphn count of em c.liquot showed

tho.t npproximutely 20%, of tho umericium hc.d procjpitnted. Pro ..

n i9i tnt 5.on of n second portion of Tn (V) redsod this to 28 ~.

J_~3 9fLrryipg of..JqnJV).J);Y..,:~u(~O. Np(V) or Pu(V) should be

very similnr chemically to Am(V'. Duo to tho non-o.vnilnbility of
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neptunium tho exporiments were limited to usc of plutonium.

The conditions under which Pu(V) is prepared in cC1.rbonate
(17)

solutions are quite different from those producing Am(V) •

In carbono.te solutions contnining Nc.OCl , Pu(VI) is the stable oxi­

dntion state. Pu(V) may be propr.red by troo.ting Pu(VI) - carbonnte

colutions with ND.2S03. Having PU(V) and Am{V) in tho SClmo solu­

tion would thon depend upon tho existonce of D. slow rate of re­

duction of Am(V) or D. slow rClto of oxidation of Pu(V) or posstbly

both.

100pg of Pu(rv) WClS dissolved by adding 25 ~l of dilute

acid plutonium solution to 150p.l of 4°11(20°3. Oxidation of

the plutonium to Pu(VI) with NQOCI was nccompaniod by a change

in color from tho light green of PU(IV) to tho bright intenso

green of pu(vr). 1/Vith the addUion of an excoss of solid Na2S03

tho color disapponrod and the light tan colored precipitClte of

Pu(V) begnn to form within an hour. After forty hours the solu-

tion was centrifuged o.nd the solid washed twice with carbonate

so lut ion. To the prec i pit ate vms added ca. 75)11 of C\ cen ...

trifuged em-Am-NaOCl carbono.te solutien which had stood for

about D. week and which ho.d the following composition:

co.. 25 pg Am/ml

0.1 PES Cm/ml

28% of o.lpho. activity vm.s Am24 1

72% of Cll~9h!l activity wns om242

After stirring the mixture for ton minutes at room temporo.ture,

the pu(v) compound was contrifu.z;ed out and an n.liquot of super-

Dntnnt removed for Cllpha Gnclysis.

Pulse nnCllysis showed 80% of the nctivity to be cm242 • This
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corresponded to n 2% decrease in tho concentration of curium nnd
f

0. 35% decrease in tho americium concentration. stirring overnight

reduced the runericium nctivity to 5% of its original value leaving

0. c oncontrat ion of ca. 3 pg AmAnl. Since previously this low

concentration had boon achieved without. tho aid of carrier (Table 9),

1I tho carrying" of Am(V) by Pu(v) mo.y not have beon properly

demonstrated. The presence of Pu(V) compound did o.ppear to have

0. profound effect o.s also illustrated by tho following experiment:

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

45 pg Am/mle Tho c.!118ricium was oxidi.zed. with NaOCl and a solution

of approximately 1 mg of Pu(V) in O.IN RN03 was added after cooling

both solutions to OOC. Tho Pu(V) precipitated immodiately o.s a

flocculent white compound.. Tho solution was contrifuged aftor 15

minutos and an aliquot of tho supernatant takon for alpha assay.

Pulse analysis indicated tho.t 8% of the total alpha activity was

due to Am241 • This corresponds to 3 Fg Am/mI. Taking into account

dilution of tho original Am-K2C03 solution, it was co.lculo.tod tho.t

89% of the ~lericium had precipito.tod.

One furthor oxper'iment vms porformed using the Am-K2C03 solu ...

tions listed in To.blo IX. To each of the solutions containing from

2 to 5 pg Am/ml was o.ddod ca. 40}lg of Pu(V) dissolvod in O.lll.

HN03. Tho solut ions wore kept in an ico bath for fifteen minutes.

For the next fifteen minutes tho tubes were removod one by one be-

ginning with the 3.0tl K2C03 solution, centrifuged and o.liquoted.

During centrifugation the temperature of the tubes increased with

Q consequont increase in tho rate of oxidation of Pu(V) to Pu(vr)

by tho excess of 001-. This was apparont from the appearance of
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the bright groen color characteristic of Pu(VI).

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

percent of the alpha activity was plutonium. One could thus cal-

culate the concentration of americium remaining in solution. The

rosults arc shovm in Table X.

Table X

Carrying of lun(V) by PU(V) Solutions

Initial K2C.o5' .. . .. : . . ..•.
Concentration a.1N a.4M, ...._=-_ 'M • =:;

Porcent of Am
removed by Pu (V)
preo ipi tat ion

-i.
No NaOCl added.

90 91 89 89 72 91 26

The rosults nre soon to be uniform with oxception of tho 2.3tl

K2C03 so lut ion. Why c nrrying was 10VI in this Co.so is not known.

Tho appo.ront cc,rrying of 26 01 of americium in tho solution to which

no No.aCl had boon ",dded is somewhat sUl"'prising. 1I.m(III) should

beho.ve like Cm(III)" which doos not o.ppenr to be cnrriod by tho

PU(V) precipitate (s8e above).. .. , ., .,
2. U sp of ;ron 'Sxc~q.ngo Re s,ips o.LG..l:1.QaT!~.....2LQ}tr 1:.ll]l.Jl~..:t.li.~~J:.2.!L!.

Tho action of tho exchanso rosin may be represented by tho

following roaction:

3 NH4R + Mo+3~ 'MeR3 + 3 }n~4+

Due to difference in the ion exchange equilibria, o.rrDricium

and curium are separated into two bands as a solution is passed

through n column of rosin. em(III) is less strongly adsorbed by

the resin and henco comes off the column first. slut ion by ct

complexing agent, such as citro.te solution" Vihere 0. difference

in the strength of the complexes of Cm(III) and Am(III) exists,
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mo.y enhance tho separation. Soparntion of Am(III) from Cm(III)

can bo obtained by propo!' choico of column size, eluting J.gent

and flow rato(ll).

v. Isolation of Curium; Determination of tho Specific Activity of

the Oxide; Calorimotric Determino.tion of tho Half-Life.

Resu lt s of tho previ.ous section indicatod th:::.t complete

sepD.l"'at ion of americium from curium Wo.s fansible. Two samples of

americium o.s tho oxide wero propL'.. red b~f Cunningh:.:.m, Stewart o..nd

Thompson for bombardment in one of the Ho..nford piles. Tho first

snmple WQS donated e.s 51 NA and tho second as 51 NB. The purity

of both samples was as follows:

Am24 1 (by diff.)

y

Mg

3.0

0.3

0.02

1.1 ~rr[',dinti9n.pf tho fimcri9:i:lYIl__in the H~J...9rd Pi12.. Both so.m­

ples wero irro.c1inted in the }J,'lnf'ord pile and wero shipped to

Berke ley immedic,toly C'.. ftor being d ischo.rgod. Sc..mple 51'NE re-

co ived 0. somowho. t longol'" bomb~'.rc1mont thr'.n 51. NA •

. '.,:
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1.2 First Attempt at Curium pur:t.fico.tion D.nd Isolo.tion. Initial_ ..._.__.. ._·__-·_1.-_.__-_·.__. .~_... ....... po__

opern.tions on sample 51 Nii. begun SnptomboJ:" 26,1946, were C8.rriod

out joint ly' with other membrrs of the lo.borc.t01:'Y inc luding Cun-

ninghcun, Thompson, P. R. O'0onnor o.nd .Tames ond vd,th the helpful

cooporntiol1 of Nrlson Garden L:.nd his Honlth Chemistry Group. The

sample, mounted in 0. pl:J.tinum co.psule, vms first removed. from the

100.0. slug c.nd the aluminum co.psule in which it had. been irro.cl.io.tcd.

The oxide was dissolved out of the plo.tinum tube with nitric ccid,

then pla.codin K2C03 solution [',no. oxidized with hypochlorite.

After precipitation of the o.mericium, the curium nnd .o.moricium which

romnined in solution wore precipitated as hydroxidos, dissolved

in nitric o.c1o. nnd ago.in put into ~C03 solut5.on. The oxido.tion­

precipitation cycles were repented twice. Tho hydroxide was

finally dissolved in In HN03 • An alpha. assay was carried out

to determino the o.lnount of Cm242 present. Lo.tor co.lcula tions

from 8bsorption spectra data on this solution (doscribed in sec­

tion 10) showed that appreciable quantities of o.moricium re-

mo.ined in tho solution.

In principle, it should be possiblo to scpc.ro.tc amr:riciurn

from a concentrated solution of curium in aqueous K2C03 solution

by oxidation of tho c,mcricium vrith Ne,OCl D.S doscribed c.bovo. In

a .Oln Cm(III) solutlon tho runount of c:.TI1c:L'icium which would re­

main unprecipitatod if the solubility of Am(V) 'worn cn. 2 pg/ml

would be 0,1% of tho weight of tho curium prosont. This, how-

over, roquires thct the total :olume of tho KZC03 solution bo of

tho ordor of c. fow microliters. In practice, the difficultios

of maintcining an oxidizing modium in tho presence of peroxide

producod from we. tor d c ) , t " . ] 1. 0. t b- e oml 081 ,:Lon oy cur1.um a .Pi"lC.S prove 0 0
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insuperable. It was found nocessf.:'.ty to dilute the samplo C,p­

preciably and depend on carrying of Am(v) by PU(V). By this means

it proved to be possible. to remove ttmcricium to the point whore

it could not be detected by measurement of the absorption spectrum

of the sample solution.

Among tho impuritios detected by spoctrographic tlD.C'.lysis of

the americium placed in the pilo, lanthanum was tho most abundant,

being present to the extent of about 3% of the total weight of tho

sample. The concontration of LQ(III) was thus quite apprecio..blo.

Separation from La(III) appearod feasible by use of tho method,

describod in section II, of TTL extractions o.t solected hydrogen

ion concentrations. Use of tho TTA extro.ction rosulted in diffi­

culty which was appo.rontly due to the ttlpha nctivity of the so.m­

ple. Phase separo.tion vms poorj rolatively large ~~.mounts of an

insoluble material of ton formed from which it provod to be dif­

ficult to recover curium. Decay of tho curium anel ITcchc.nical

losses considerably reduced the total runount of the sample. Ac-

e idontn1 recontc.mino. t ion with iron of the f ina1 sample, which

was to have been usod for a gro.vimetric spccifj.c IJ.ctivity detor­

minnt ion, l11.D.de further efforts at pUPif ic nt ion of thi s s o.mple

impr2.c t ic 0.1 •

1.3 Isolation of Curium as o. .•Pure compouVd. Operations on samplo

51 NB were begun on July 17, 1947, i~~ediately after it was 1"0­

ceived from Hanford. Due to the hiGh level of bota and gc.mma

radiation from the container o.nd from tho sample itself, the

initinl operations were carried out in 3. "hot lahoro.tory'l. This

room, designed by Nelson GD.rden's Health Chemistry Group, afforded

0. well shielded, ventilated aroD. in which remote control opero.-
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tions could be carried out nnd v1.cv..r6t..'t with tho [tid of periscopos

and mirrors. (soo Fig. 11). Special oquipment was designed and

constructed, and valuable assistance in the actual operations was

performed by John Gifford, Carroll Gordon and othor membors of

Garden's Hoalth Chemistry Group.

The americium oxide samplo was dissolved from its platinum

container, which hed boen removed from tho slug, nnd put t hI" ough

a series of chemice.l l"'eactions designed to romovo othrr isotopos

of interest. This phase of tho work was directed by Thompson.

Tho sample was received as a diluto BCl solution containing amori­

cium and curium. 25% of tho ontiro snmplo had benn rotaincf.l.

a. Q.olumn f'.Jillaro.tio:t)......Qf. Mncriciu1'!1 and .Q.l1rJ-~. Scpuration of

americium from curium wns achieved by tho uso of columns packed

with the ammonia form of colloidal agglomerutes of Dowex 50. The

irregularly shaped asglomeratcs wero sieved betweon approximately

200 and 325 mesh. It vms anticipated that clifficult~y was gas

formation and consequent blocking within the colunm might be en­

countered with tho extremely high level of alpha activity presont.

Threo measures wore adopted to minimize this difficulty. 1) The

diameter of the column, hence the total volume, was made <':.1.S large

as possible commonsurate with the amount of resin available. By

this moans largor volumos of oluting solution would flow through

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

bubbled through the eluting solution to remOVe oxyson and incroase

the capacity to dissolve oxygen formed by decomposition of tho

water by radiation. 3) Spongy p[1.11ndium we-s mixed with tho rosin

to afford Q surface nt which the ro-combin:'..tion of hydrogon and

oxygon could bo catalyzod.
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The separation consisted of thre~ ~topsi 1) n 10 em length,

8 mm diameter column designc.tcd to tost tho operntion undor condi-

tions to be usod vJ:i.th tho longer columns, 2) ii. 50 cm-8 F..m dic..­
<)41

motor column to scpo.rate the bulk of tho Am' v

" from tho curium,

3) 11 50 cm-8mm dic,mc'cer column to sep~..... rc-te the last traces of

nr.1ericium fpom a cut contnining impure curium. Samplos were' intro-

duced on the columns by first edsorbing thorn froril c~cid citrn.to

solution (Co.. pH = 1) using as smnll nn amount of resin as possible.

This WL',.S them transferred to the top of the I'Gsin in thr' column,

giving an active l~yer soverel millimeters thick. In all c~sos

0.25!:1eitrate solution at pH = 3.05 vms usod to clute curium and

americium. In the c aso of the !50 em columns, c olloction of semplos

vms groatly feciliteted by an automntic sr.mplc chcm.;nr shown in

Fig. 12 o.nd designed by Robinson. The first two column runs wore

cnrri'Jd out in cooporat ion ydth Cunningham f.nd J8.me: s.

Furthor dot8.ils follow:

column 1 vms run c~t 0. flov... rc.to of 0.4 ml/cm2/min. . Thirty

milliliters of affluato woro disco.rdod. Tho next 100 milliliters

of effluo.te collocted contQinocl (;ssontL.~lly nll tho nmericium and

curium. Lnntho.num present in the original scunplc remClinod on tho

resin, sinco at pH 3.05 it is very stron~ly adsorbed from citrate

solution. The Am-Cm fraction was ro-run on column 2.

I
<)

Column 2 was run at 0.. flow rate of 0.4 ml cmf-, Imine 142 snm-

ples having a volume of 2.5-3.0 ml each were colloctcd. The o.is-

tri bu t ion of the alphn ac t i vi ty vms de termined by count ing t!.li··

quots of the solution and is sho1Jlm in Fig. 13. IntermcdiJ.to

frQctions which contained both ~m24l o.nd cm242 were subjectod to

pulse o.nlllysis. Prom this d.8.ta, rolc.tivG Cl.IDOunts of the two
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isotopes could be cnlculntecH Hbwovct_ ~ne first pnPt of the

elution curve for americium was inferred from the shape of the

curium curve. The curium activity in these intermedinte samples

fnr overshndowed thnt due to Am241 • samplos 67 to 71 inclusive

contained c.pproximc..tely 40;s of the cUl"'ium nnd an estimated amount
. .

of americium equnl to 0.3% of the weight of curium in tho samplo.

samples 78 to 90 inclusive contained the bulk of tho americium

with approximately 1% of tho total curium. samples 74 to 77 in­

clusive contained about 59% of the total curium nnd a compnrnble

weight of americium. Those snmples were conillined, acidified nnd

rendsorbed on resin for further separation in column 3.

Column 3 was the same as column 2, the resin having been

rinsed with citro.te solution following tho first run. Tr.e flow

rate was again 0.4 ml/cm2/min. 85 snmples were collected, and

the distribution of activities WQS found to be that shown in

Fig. 14. Retention of samples 61 to 70 inclusive d:lsco.rded np­

proximntely 1% of the total curium nnd included an estimated

amount of nmericium equnl to 0.2% of tho weight of tho curium run

through column 3.

The curium frnctions from columns 2 nnd 3 woro combined nnd

assnyed. 78% of the original amount of curium wns present. 5%

of the loss wns duo to radionctive decay.

It wns expected that this frnction would contain no lanthnnum,

no yttrium, (since experiments have shown Y(III) to be eluted

ahead of cm(III))1 and a small percent of Am(III).

b. Concentration of th~ Cm(III1. The curium was put through 0.

series of chemical reo.ctions designed to concentrate the Cm(III)

and to removoimpuri ties.
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To the combihed ourium fril6tion~ hflving 0.. volumn of ca. 50 ml

vms added 0~4 ml of 12E HC1. Three separate portions of 0.1 ml

volumes of rosin (nmmonia form) wel'e addod, stirrod 2nd romovod.

Only 0.3% of the curium was not adsorbed by this treatment. Ad-

dition of three separate portions of 0.25tl citrate solution at

pH = 5.0 eluted 99,8% of the Cm(rrI). This solution having 0-

volume of ca. 1.5 ml wO-s evaporated to dryness, [md tho citrate

decomposed by addition of concentrated ~~03 and H2S04 and heating.

Tho rosidue, after honting to dryness, was dissolved in Q ninimum

amount of wator and ~rn3 gas blown in. Tho gelatinous, yellowish

precipitate which formed bubbled vigorously. Tho concentration of

cm(rrI) remaining in solution was ca. 37 pg/ml. The solution was
I

contrifuged, the procipitate washod, dissolved in dilute acid

and 1'TH3 gas again blown in. The hydroxide appearod slightly

lightor in color than before. An onlarged photograph is shown

in Fig. 15.

c. Purification of Cm(r!r) from pu~38 nrd. FJ.£Q.rJ_ctq Sol)lplo ImQ.ur­

l.ties. The Cm(rTr) was placed in dilute :rrw3 solution which vms

made ca. O.lM in Ag+. Solid arr~onium persulfate wc.s then added

until the brown color of Ag+2 was appcu'c:nt. under these cor..ditions

plutonium is knovm to be oxidized to fluoride soluble Pu(VI),

For the fluoride procipitation an HF-resistant, specially

pre pared lusteroid tube*" was used. Tho end of 0.. 5 x 25 nun tube

was dippod in nearly boiling glycerine and tho cnd pushed out to

a point by moans of an appropriately shaped wooden mandrel. A

rd..ativclY' small' umount· 'of' procipita.te could then boo centrifuged

-----------.--------..-........-._-. -..--------~_.- . -_.-
*-. 11fg. by Lusteroid Container' Corp., 50 Po.rkcr I,ve., S.Qrnngc, N.J.



Figure 15.

Curium Hydroxid8 Precipitate.
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the axis of Co. whoel calibrntod o\thor in dogpo(')s or in arbitro.ry

divisions. Baroly visiblo in Fig. 16 ''-1"'0 the hancdown fibers which

run from tho onds of tho boma down into tho pnn wolls cl.nd which

[}ro providod with D. hook for o.tto.cbxaont of [} pnn hnnger. PiC, 17

shows 0. po.n well and hanGer (best soon from its shadow on the 1"00.1"

wo.ll) holding 8. platinum woighing capsule. Tho longth of tho

CCtpsulo is o.pprox.imntoly 8 mm. Addition of woight to ono s ide of

the b alanco is c ompenso.t ed for by rotc. t ion of the Who 01, and the

balance is thus restorod to tho hOl'izontnl position or null point.

fm optical system focuses on portions of n fino indox fiber nt

both Gxtromities of tho boam [md proj octs tho im::tl?;os on n ground

glass scroon on two s idos of 0. split field. Tho null point is

oo.sily found by bringing the two imetgos into apposition. Tho

scale is indicntod by tho one inch high elo.to mo.rkcr rosting on

tho bnlo.nco Co.so. Tho inner balanco Co.SI) is covorod. by an rtdcli­

tiono.l cover sho'wn in :':"i[:;. 18. Also shown in Fi::::~. 18 etro tho

ground glass scroen (at tho fO.r loft), in tho contor of vTbich :J.s

mounted 0. toloscopo for rendinG the balance, o.s well 8.S controls

for o.rrosting tho beam~ rotating tho Wheel and ndjusting tho op­

tical system. The particular balance usod has withstood total

londs of co.. 20 mg on ench s ide of tho bo..lnnce, and C omponso.tod

for cCt. 200 fg or marc of untnred Vloight, roprcsf:nting over 3600

of rovolution of the ond of the torsion fibGr.

Co.libro.tion of such a balance has proviously beon nchiovod

in two ways. 1) ~ sto.ndnrd salt solution is pr~po..r0d, o..nd 0. small

but clccurn.tely known volumo is dolivered quantitatively onto n

woighod container, then dried o.nd re-woighod. Knowing tho weight

~f dry snlt on tho pan u rolationship is established b~twoon this



Figure 17.

Pan)ell of ~uartz }.Iicrobalanc8.





Figure 18.

Quartz Microbali-lnce.
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weight and tho numbor of degrees (or divisions) by which tho

torsion fibol~ has to be rotc.ted to restore tho beam to tho hori­

zontal position(4). 2) h series of weights is proparod each being

\1'1011 within tho capacity of tho bal[,nco. Tho "1!'leic;ht II (in

degrees or divisions) of eo.ch one is accur8.tcly detormined using

tho quartz balance. A sufficient number of theso weiehts is then

combined so that the total weight m8.y be determined to tho desired

precision on a conventional micro-b8.1ance. B'rom this (l at 8. trtG

relation botweon divisions nnd weight of sample is ost~blished.

Tho balance uand wc'.s provided with 0.. whoel '.'lhose circumference

was marked "vi th 1000 equal divisions. !i. vernier scalc ctllowed

rending to the nearost 0.05 division.

The success of thn first method is dependent largely upon

propor choice of n snlt to bo weighed. It should be one which

may be readily dried to n constant composition which is st~'.ble on

exposure to ::d.r, within c. reasonnble rnnc;e of humicJ.ity. Although

sodium oxalnte is reported to possess these characteristics, its

USe did not give reproducible results. ono division was found to

corrospond to 0.176 ± 0.009 pg.
In using the second mothod" 19 nluminum strips c.pproxim.'~tely

0.5 x 5 mm in size were cut from 1 mil li.l foil. i. hook to facil­

i tate handline on the bnlc.nco vms bent on the end of o[1ch str5.p.

Tho "weight" in divisions of ovr.ry strip wns c,dded nnd found to

bo 15,436.85 ctivisions. All 19 strips wore weighed twice on tho

Ainsworth micro-balance; tho weights were found to bo 2.658 mg and

2.652 mg, giving an avora3c of 2.655 mg. Tho calibration fQctor
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is thon 15436 : 0.1720 ?8/div • hn indepondent cQlibr~tion using

pln t inum wo ight s wo..s mO-de by Stevrnrt. 1:is vr::.luo wo.s 0.173 t .001

pg/div. An Clvern30 of 0.1725 yg/d i v wns to.kon ClS the best vo.lue.

Tho cillibration vms found to be thn SC1.mc when tho balance 'No.S

108.dod with c £1.. 18 mg on ollch side, this being the we ight of tho

cont£1.iners used for tho curium woighing.

Tho linoo.r rolo.tion between displClcomont o.nc1 ,voight VIQS c.lso

checkod ovor tho rnngo of 50 to 150 Mg. Pour nluminum strips wero
I

weighed sopClrr.toly nnd then in various combin[~tions, 1 + 2, 1 + 2

+ 3, 1 + 2 + 3 + 4. It was found th8.t in all CQSCS, the sum of

the indiviclu.::1.1 wo if.ht S o.groed 'Nith tho wo :i.ght of the c ombinC1.t :1.ons

to within 99.91 or bottoI'.

2.2 PrepClro.tion of Conto.iners for \iveighing Cm203- H~.nc1lin(-; Cl

dry compound of such high ~ctivity posed Q vory serious problem.

InhalCltion or ingostion of oxtremely sm.".ll portions of the s.::1.mple·

could become Q significClnt ho~lth ho.zClrd. it no.s decidod to weigh

tho oxide in two closed conto.incrs, one within tho other_ Due to

the limited cnpncity of the quo.rtz bnlanco, tho totQl lortd ho.d. to

be restrictod to loss tho.n 20 mg on onch sido of tho bL.... lcmco. "fI'or

the outor conto.inor o.n o.luminum cnpsulo 2.5 x 8 ~n WQS mQchinod

to n vmll thicknoss of about 1 mil. 1",. tight fitting nhl.minum cap

VJ['.s mnde to fit ovor tho end of the cnpsulo. The wd.ght of this

cnpsule was o..bout 9 milligro..ms.

For tho innor conto..incr platinum nppoo.roc1 to bo tho most

dGsirnhlc mnt~rinl bncnusc of its chomical inertness as well as

its nbility to vvithstnnd without loss of rJeight th.o tem}XJJ.'c.tuJ.'os

In order to ho.vo tho VJoi:;b.t sufficiently low, tho cc,psules
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woro mnde of 0.25 mil plo.timun foil. Tho foil 'Has cut into pieces

co.. 6 x 5 nun. These wero cc..rcfully exo.mined for the presonce of

pin holes. By plo.cing 0. pieco on tho pc-1m of the hand and strok­

ing with Cl. dissecting noedlo, the foil could be rollod into 0.

cylinder. This wo.s then slipped over 0. tungsten rod 2 mm in dia­

meter, which cllowed about 1 nun of th~ foil to overlap (Fig. 19).

The oxy ...gasflnmo of a micro torch VJ2.S then plnycd c..long tho over­

lnp, heating it to bright rod hr.'lt, while tho ovorlc.p VlD.S simul­

tnneously rolled with a quartz rod. This trentment is sufficient

to weld completely tho surfo.ces toc;eth--r. One end of the pl.'ltinum

tube wns then crimped nt four plc,cos Clround the edge in such n wn~T

thc,t the no\'! closed end hnd the etppeD.rance of n plus sign. Ex­

cess platinum was trimmed off usinr; a nnVl rc.zor blnde. The ond

was now seo.lnd by hcnting, rolling, Qnd hnmrnrI'ing lightly :23c..inst

tho round end of the tungsten mandrol. Those opeI'D.tions were

more easily performed when viewed under D. low po~er stereoscopic

microscope. The tube wc.s thon cleaned \vith ccio. and tested for

leaks by filling with c, concentro.ted dye solution. Thn weight

wns ordinc.rily 9-l0mgs.

In order to co.rry tho snmplc to the balance and land it

safely, a lucite contniner witb 0. sliding door was constructod

by John Gifford of tho Hoalth Chemistry Group (Firs. 20, 18). On

ono ond of 0. brQss tube moving through 0. bc-ll c-nd sockot joint

WetS plncod Q fine plCctinum tube (Co.. 0.6 mm i.d.). The othor' end

could be connectod to vacuum so that when the plett inum tip was

brought nenr tho cnpsule, th0 lo.tter could be picked up and de­

Dosl ted in a new posi tion by pinching off tho vncuum lino.

~ piece of quartz cnpill~ry Wo.8 fused to n section of
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quo.rtz tubing sufficiently large to hold tho platinum weighing

capsule. By connecting the end of tho capillary to n slight

vacuum the plat inum tube could be he ld firmly whilo loading or

manipulating it (Fig. 21) •
. . . . . . . . . . , . . . . . .. . .

2.3 Preparation and 'iiJeighing of C~03. The nitric acid solution

of the purified cm(III) was introduced in two portions into the

platinum capsule by usc of 0. fino tipped capillary pipette

mounted on n micromc,nipulator. The plntinum capsule hnd pro-

viously boon hented to constnnt weight. The second portion of

em(III) solution was added after tho first had boen ovaporated

to dryness by blowing n gentle stream of warm air from a capil~

lnry tube into the c~psule. The second portion was nearly lost by

formation in the bottom of the capsule of a gi.'..S bubblo which bo-

gan forcing the liquid out. Centrifugc,t ion succeedod in s."'.v:i.ng

the solution , nlthough contamination of tho upper outside odge

undoubtedly occurred. Tho dried curium nitrate was then ignited

in nir to tho oxide using the arrnngement shown in Fig. 21. The

weighing cnpsule wns kopt in tho shadow of the quartz holder to

avoid ovaporation of plQtinum from the coil onto tho capsule.

The temperature of the coil was gradually increased until it

reached white heat. This was sufficient to h~Qt 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. The capsule was then placed in the aluminum container

and transferred to the balance. After tho initial reading was

made, an unaccountable behavior was observed. The apparent

weight of the sample increased rapidly and over a period of ton

do.ys nec..rly tripled. Tho following obscrvntions wore: made during
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this pori od •

1) Tho zoro point of the balance (ompty) did not change.

2) Substitution of an empty pl~tinum tube for the one

containing curium wns mado and the woight found to re­

main constc..nt.

3) Use of a new aluminum conto.inor with tho curium did not

stop tho woight increase.

4) Substitution of a platinum outer container for the

aluminum one gave 0. much slower rate of weight increase.

By heating both platinum containers it was found on two

occasions that the weieht reverted to 0. constant va 11...10 ,

then subsequently increasod gradually.

No explanation for this behavior is knovm. Absorption of

water vapor by the sample wns ruled out by 0. crtlculation showing

that a volume of o.ir many times the volume of the sample contniners

would be necessary to prOVide the amount of water which would

account for the woight incr0~se. It does not seem reasonab10 to

suppose that tho presenco of radiation had any specific effect on

the balo.nce itself. Although the containC'rs should bo \:.rnrm due to

the radioactivity and perhaps give rise to convection currents

within the balance, it is difficult to sec how this could give

the gradual apparent weight increase. Air currents have been ob­

served to disturb the balance in 0. random m~nner.

The weight of the sample was finally detormined by extrnpolat­

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

sample was removed from the furnace.

2.4 !I.lpha Assay and Calculation 9! Spepific 1;9tivitZ.

of concentrated HN03 solution was addod to tho Clli2 03'
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ing for fivo minutes it appoared to have dissolved completely.

The solution was diluted to exactly 1 ml in 0. micro volumetric

tube and 1.075 pl o.li~lot removed and counted in 0. chamber having

0. calculated geomotry factor of 7490 to convort to 50% geometry.

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

dried, and reweighed. By difference 0. second vnlue for tho

weight of the oxide could be calculated. Assuming no impurities

other than those detected and taking into account the docny of the

curium, the composition of the final oxide preparation wns

calculated to be:

C~03 83.7%

Am02 4.9%

PbO 1.0%

Pu°2 10.4%

100.0%

The weight of curium in the sample was then compared with the

amount of Cm242 determined by nlpha-nno.lysis. This indicated

that co.. 3% af tho samplo may hnve beon undetected impuritios.

Using the first weight determined and tho quantities of

known impurities l tho composition of the oxide: wns found to be:

CInz°3 88.7%

Am02 4.9%

pbO 1.0%

Pu°2 5.3%

99.9%

correcting for decay from the time the sample was weighed until

the alpha analysis was performod the IJ.:mount· of the cm242 . was
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compared w~th the wbight of cu~ihili~ Th0se data suggested that

the undetected impurities may have been 12% of the sample.

It is difficult to evaluate those results without knowing

the cause of the gradual apparent incrcase in weight of the

sample. It is possible thnt much of the increnso while using

the aluminum oapsule was due to a chemical reaction, such as

oxidc.tion, initiated by the rc.dioactivlty of tho snmple. plCltinum

containers should show no such effect. Although the hoc.t libera-ted

by tho sample wa.s monsured accurately" neither' the temperature

atta.ined by the capsules nor the effect on the balance of weighing

a warm s nmplo is known.

2.5 Apponrnnce of C~03. In the ra.re earth 0 lement s tho colors

of the sosquioxides are very similar to the colors of the aqueous

ions. By analogy, Cm203 would be expected to be ncnrly white.

Microscopic exnminc.tion of the oxide after woighing showed it to

be dark brown in color. The oolor could be caused by the presence

of undetected impurities. However" an interesting appearance of

color in the mixed oxides ef trivalent and totravalent rare earth

elements has beon observed and maybe the phenomenon responsible

~or muoh of tho color observed in tho Cm203. Mixed oxides of

Ce(III) and Ce(IV)(23), Tb(IrI) and Tb(IiT)(24) .. and of La(III)

and Co (IV) (25) show a dark color not c harae torist io of either

oxide separately. Since both Pu(IV) :-end Am(rV) nre present in

significant amounts in the C~03" the presence of a dark color

is not surprising.

3. Calorimetric Detormination of the Half Lifo of Cur~.

At the time that the CIT.203 sample was oontained in platinum

oapsules, a oalorimetrio determin£ttion of tho hnlf life was pcr-
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formod by ""':dga1" F. Wc:strum(26). The energy iiberc.ted by the curium

snmple wc..s determined in four wc.ys: 1) obsnrvntion of the stec..dy

state temperature 0. ifferentinl botwoen the cnlorimotel~ cmd thermo-

stat, 2) observnt ion of the approach 1"0. te to thi s tempo ro.ture from

both direct ions, combined with tho thermal leakage modulus and

t.ho hent capo.city of the co.lorimnter, 3) and 4) nchleving condi-

tions identical with either 1) or 2) c.bove, by input of o.n equi-

vc.lont input of eloctricnl enol~gy. All of these methods indicate

that the minute sample liberated energy at the rate corresponding

to a half life of 158 :t 6 dnys on the basis of tho known range of

the alpha particle and tho rango-onorgy rolationship of Halloway

o..nc1 Livingston. This ho.lf lifo is in agreement with tho

valuo of 164 days observed by Jo.mos from ro.d10activo measure-

ments extending over a period of severnl months. Th(' larger

uncertainty in the hnlf life than in tho energy monsured calori­

motricn.lly nrisos from tho difficultio's in the we ighing of the

samplo. cnlculations were bn.seo. on the initic.l extrapolated weight.

VI. Absorption Spectrum of Cm(III); Spnrk Spectrum of Curium.
, .

1. AP~pp]?tion Spe_ctr}1!11...Qt' Cm+3 •

Tho nitric nc io. solut ion of C1J.l~ium o.nd nmr·ric ium d ascribod in

Section V" paragraph 1.2, was plo.ceo. in a micro quartz nbsorption

•cell having n light pnth of 1 cm. Tho coll hc.d been fitted with

a ground gln.ss stopper as shovm in Fig. 22. A Beckman Spectra-

photometer was fitted with a ventilatod box (equipped with air

filtors) onclosing tho chamber whore the snmp10 was placod (Fig.23).

Tho design and construction of this box WQS carricO. out by Horman

------------.;-_.~------,~_._---_......,----,.--
</"pyrocell Mfg. Co., 207-11 "Sast 84th Str~ct"Ncw York 28, Now York.
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Quartz Micro Absorption Cell



Figure 23.

Spectrophotometer Used with Highly Active Solutions
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Bradley. Tho intense radioactivity presont in the solution caused

a considera.ble amount of bubble formation from decomposition of

water. This interfered seriously with the measurement of tho

absorption spectrum. It was found necessary to either stir or

"Gnp the micro ce 11 holder sharply at froquent intervnls to dis ..

lodgo the bubbles. The concentration of americium present was

calculated from the height of tho peaks at 5040 and 8180 A. The

absorption duo to Am(III) at every point measured was then calculated

and subtracted from the observed absorption. The resulting curve,

nearly identioal to the one shown in Fig. 24, showed no appreoiable

absorption in the visiblo ~poctrum, but rather high absorption in

the ultra violet.

A more acourate determination of the absorption spectrum was

made using curium from the seoond irradiation of americium. The

Cm(?H)3 ~escribed in seotion V, paragraph 1.3b was redissolved in

O.5tl HC1. An alPha. analysis was made at this point to determine

the amount of curium present. The curium solution again was

placed in the quartz micro absorption coll fitted with a ground

glass stoppor shown in Fig. 22. Differences in the absorption

charactcrist ic s of the two cells used f or sample and blank s olu­

tions had preViously been measured vdth distilled water in both.

The Beckman Model DU Spectrophotometer used had been calibrated

using three prominent lines of the roorcury arc spectrum.

Again, difficulty due to vigorous bubbling of the solution

was ex~rionced. The oell carriage was removed and tapped sharply

at frequent intervals to dislodge bubbles. Whenever necess':'.ry,

readings wera repeated to insure accuracy. The filtor provided

with tho instrument was used with the tungston filament lamp over
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the range of 3200 to 4000 A. The absorption spectrum was observed

at 25 ~ intorvals from 3200 to 4000 ~j at 20 A intervals from

4000 to 6000 A; at 25 A intervals from 6000 to 8000 A: at 50 A

intervals from 8000 to 10,000 A; nnd at 250 A intervals from 10,000

to 11,000 ii, From the height of Cl smnll penk at 5040 A a total

'J.;:noric:l'tm contont of 4.7% of tho amount of curium was calculated .. d.

Correotions woro made for tho absorption duo to Am(III) nnd blnnk

absorption, and the curve of Fig. 24 was calculatod and plotted.

As in tho caSe of tho 51 NA sample no absorption maxima in the

visible region were observed. A previously undetected apparent

maximum in the absorption in tho ultra violet was found. The ab­

sorption spectrum of curium may be compared with that of other

actinide elements and rare earths by reference to the data in

Fig. 25 which was compiled and drawn by B. H. Covey •
• ". < ••

2. Snark Spectrum of Curium.

In tho courSe of tho spectrographic analysis, 45 lines of

the curium spectrum were reported by Conway. The most prominent

of these fell o.t 3220.5, 3426.5, 3472.8, 3546.3 , 3905.2, 3909.4

and 4207.5 A.

VII. Spocio.1 Effects of the High Love1 of Alpha Activity; Henlth

Precautions.

1. The Decomposition of Water.

This effect was found particulo.rly troublesome in attempts

to separate precipitates of relatively pure curium compounds

from supernatant solutions. Gas evolution from within the pre-

cipitate churned up centrifuged compounds within n fow seconds.

The difficulty was more pronounoed in nlkaline solutions. Hydro­

gen peroxide is a product of water decomposition by radiation and
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and is more rapidly decomposed in alkaline than in acid solution

2. Effect on Pyrex.

In one instance a concentrated Cm(III) solution was stored

in u heavy walled pyrex tubo for several weeks. This exposure

to alpha particles was sufficient to both darken tho glass and

cause tho formation of many fine cracks on the inner surface of

the glass as shown in Fig. 26.

3. ~oduction of Visible Li~ht.

It was interesting to note that the curium preparation emitted

light and could be seen rather plainly in complete darkness after

a few minutes of eye adaptation. The hydroxide procipitate lying

along the bottom side of the inclined tubo shown in Fig. 15 was

brightor thnn the solution itsC'lf. It appeared thnt tho nir just

above the meniscus of the solution wns brightest of all. After

standing overnight tho precipitate had redissolved presumnbly due

to NH3 having beon swept out of solution by gas Qvolution, since

later addition of NR3 caused the hydroxide te re-procipitate. A

photographic plate was exposed~ to the light emitted by the curium

solution in the complete absence of extraneous light. An en-

larged print is Shovm in Fig. 27.

4. Usc of Glove Boxes in Work Dealing with High Levols of Alpha

Act i vity.

Tho work on the isolation of curium reported in this papor

~2S considerably aided by the cooperation of Garden and his Health

Chemistry Group in tho design und 'cons'truc'tton 'o'fspoci'al equip-

~ St.+.per Panchro pr<?ss tt Type: B," film.f!4.7 opening with Kodak
Ektar 127 rom. lens and 8 hour exposure. We are indobted to W. D.
HQil for t[:,king this photogrc.ph and mr.my others apponring'·ir1. ...
this po. por.



Figure 26.

Effect of Exposure of Pyrex Cone

to High Level of Alpha Activity.
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"Self-Portrait" of a CUriUn"l Solution.
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ment. Essentially all chemical oper~tions wore carried out in

glove boxes of the typo illustented in Fig. 28. Spoci~l thanks

are duo Herman Bradley for installntion and much of the design

of these boxes. In addition to the centrifuge, b.ot pInto, induc­

tion henting coil, nnd shelvos shown in the figure, thr- box

vms also equipped· with n hot drain, oloctricnl outlets, gQS out­

lets, fluorescont light, stirrer, glass domo for tall columns,

sealed extension on the right fornn alpha chnmber, etc. Tho

spociQl extension on the front of tho box wns devised for micro

mnnipulators on which microcones and pipottes wero mounted and

viewed through n stereoscopic low power microscope. The entire

sloping front of the box was covered with safety glass, and a

stronm of nj.r was c1rnwn constantly through filters out of the box.

In short, the boxes woro so constructed as to confine com­

pletely the nctivG matorinls) nnd so equipped that overy opera­

tion could be performed within tho box, oven tho mounting and

counting of samples for alpha. analysis. It was found possiblo

by this means to reduce contnminntion of surrounding areas to

ossentially zero.

..~ .
. \or' ....

"."'.



Glove Box [sed in 1 -orking with High~y AcLLVEl Alpha Emitters
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