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NOTES FOR CHEMISTRY LECTURE
G. R. Choppin
Radiation Laboratory :
University of California, Berkeley. Cahfornia

February 21, 1955.

I. Introduction

’fhé purpose of 't;.his lecture is to discuss some of theicherﬁistry stu.dias‘
which are in pi‘og:eés at present in our laboratory in Berkeley. In the_
efforts to better the mehods of chemical purification and isgiatimn of the
actinide elements, results have‘been obtained which are of au’vfficyient .
interest to lead to thev.initia.ltion Qf chemical #tuﬂieé for themselves Ap’a’rt
from the practical seéaration technigques. Since most“_ of our aéparations ’
involve jon exchange resin column elutions, it is natural that the majority

of these investigations should deal with resin column studies.

1L, Ammonium Chloride

" Before procéeding to the elution.work, a study of distinct practical
importance should be mentioned. It had been felt for some time that an

appreciable fraction of the activity in a solution might be lost on the

evaporation of the solution should 'NPI461 be present.. To check this, vary-

ing-amohnts of N‘H4CI from a 100 pg/\ stock solution was put into a 5 ml
e:orie, curium tracer was added and the total volume was brought té‘ 2. mil

with 6 MHCl. The evaporation was done in a boiling water b.éth'with an

_air jet adjusted so that the time needed for evaporation was 35 to 40 min-

utes. The tube was then rinsed three times and the rinses were plated

and counted. The curve (Fig. 1) shows the results.
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' ‘ No. 1. NH, was destroyed by addition of HNOQOj during evaporation.
No. 2, 2000 pg NH4C1 evaporated directly on a platinum plate. Dotted

line represents standard amount of curium added each time,

II1. Column Elutions

A. _l_i_g_l__ ~-There are two types of column elutidns of main interest in
the separation chemistry of the actinides. In the first type the actinides
are separated as a family from the lanthanides ae a family. This has been
traditionally done by use of concentrated HCl as the eluant in Dowex-50
cation exchange résin columné. In addition to the group separations, the
secondary separations within the group have attracted some interest,
Diamond, Street, and Seaborg studied t;he relative elution positions of
plutonium, americium, curium, and the rare earths at various concentra-
tions of HCl and found that the order is curiuﬁq, americium, plutonium with
the lanthanides quite close up to 10 MHCI after which the order is pluton-
ium-americium, curium and the lanthanides progressively farther behind.
This reversal and separation has been explained by the theory of 5f bond
hybridization in the actinides causing greater complexing in these elements
compared to the lanthanides., By this argument, the probability of this
hybridization is a maximum at plutonium and americium and falls off
going to curium which explains the reversal of americium-plutonium and
curium.

More recent work with such a system using am.ericium through 99
. tiacers has expanded our knowledge of this reversal. From a study of

(see Fig. 2)
the curve/it is evident that curium is abnormal compared with the othere.

If the 5f hybridization concept is held to, it is necessary to postulate a
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Tim,

Amount of . |
Hybridization Pu  Am Ct 99
/\W\
Z

hybfidization cur’v-e.,such‘ aslthﬁt abovée.: The '}daté ia insufficient at .thijé ‘
time to 'either prove or disprove such a possibility. 'Othe;,vz" cons.idei"atiﬁﬁs
which shall be mentioned later in relation to other elution '»x‘:or,kimi_ght .bé-'
vapplied with equal validity here. Some light might be .shed on t'hg 1si't.ua-;.' -
tion here by using HBr and/or HF as the eluant and con:sidejring thé'";;?eff‘gc»:ft‘
which the varjation in anion size might have on the complex. How‘.e\;evr, .'
prelixr;inary studies ﬁgve indicated these do not lend vth.emaelv’e,s readily '
to ’our‘presentcolumn techniques. For exami:le', rough relatives Kd'é |

for HC1 and HBr are (KDcmHCI = 1).

Cm _ ILa

13,3 MHCl 1 1.2
13.7 MHBr 10 45

g " . " Preliminary studies of the relative elution positions of the lanthanides
from a Dowex«50 cation resin column at various HCl concentrations have

failed to show any "reversals' but.a concentration effect is quite evident.

See Fig. 3.
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B. Anion Resin Columns. ««Elution of the actinide elements from

Dowex-1 anion exchange resin with 1 M NH4$CN solution as the eluant

has aiso shown an “abnormal' order with respect to Z. See thé. f:lu- |

tibn.fr'om Dowex~l resin with 13 M HCI fails to show any reversals ;'md is,

aé exﬁected, 4t.he reverse of the Dowex~50 cation elution order‘exce;.)_t_forﬂ

the americium-curium reversal in the latter (Fig. 5). | |
The chemistry group at the Livermore site h;-s stadied éenc.ehtrg;ted

LACl as an eluting agent for anion resin. Their vre.amlts are shbwn in.' '

Fig. 6.

C. Hot Columns.--The second type of column’gsad V‘in the -acti_ni'dé

séparation chemistry employs Dowex=50 cation resin and a solution of tse
ammeonium salt of an organic acid complexing agent. _'The'iﬁdividual .-a,cti-'-‘
nides are isolated by such a column, | Better s‘eparétion‘s areobt'ainéd by
operating the.‘column’ at an elevated téemperature (S7° C). The eq_dilibria

involved are:

a) MY 43R = MR, R”'= active resin site
b) M3 4+ nx” " M,x'n3 -n '~ X" = organic chelating ion
¢) NH' +R” = NH,R M*3 = actinide jon.

T4 - 4 ‘

R. Glass demonstrated the superiority of ammonium lactate over the

older ammonium citrate in actinide separations, especially americium and

curium, while ammonium tartrate elutions at room tempera‘turg gave the

best americium-carium geparations. A study of 5 and 6 membered chelate
rings of ’hydro‘xy‘ and amino écida showed the”S membered hydroxy'éhe_l-at:es '

to be best.
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Studies had been made with ammonium glycblate and ammonium lactate

as eluting agents. From the positions of californium and ainefic’ium rela-

-

tive to curium, lactate was seen to give larger separa'tion_s..‘, The difference

-

between the two ions -
: o
v ) . 0' ' ’ -
H-C-C: CH3 - C-C_ .
1 Yo ‘ [ N Qo
H ' H .
Gl_ycolate ' Lactate

would seem to be an increase in the nega'tivit}? of thé hy-droAxy‘oxygen atom
due to the %nductive effect of the methyl group. Such an iincréase in the
electron dex;s.ity of the oxygen atom should increase the strength of the.
chelate and therefore affect the elution positions. ' 'The positidps' of all -the.

actinides would be expected to move forward (elute earlier) with the lac«

tate with relative position chanlglés among the individual elements being a’

secondary effect. In fact, thére is litt}e difference in the curium éosition
fér the fwo eluants while the relative differences are nd‘;xc'h gféater (us-ingv
curium as the standard), the reverse of what would be expected. |
There is an increasing body of evidence which point’s’ to _;ﬁe e#istgnce
of a Stark effect in the actinide ions whe:\'n a ndnxéntros;rrhmetric electric

field (such as anions in a complex might produce) is present. Such an

effect would contribute to the entropy and hence to the elution position. The

‘term values argue a minimum Stark effect at the beginning. middle '(cui'.inm) g

and end of the 5f series. In the stronger field of the lactate ion, the splitt-
ing would be greater than in that of the glycéiate ion. Therefore, the
position of curium would be unchanged by the Stark effecﬁ while the separation

of the other actinides relative to éurium would be affected.
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It should be possible then to obtain better eluantsly using molecules
wi;h stronger electron donating inductive effects. The first tried was

a~hydroxy isecbutyric acid

OH on
CH3“.C"C§O !
CH3 ' ’
with satisfactory results. Figutzs 7 and 8, Others which are intended

. _ 0 OH
for trials are pyruvic acid (CH3-C-C‘; o )» a-hydroxy n-butyric acid

~ (which is expected to behave as lactic acid) and similar acids, Use of the

lanthanides mages possible use of 32 whole series whose behavior is analo-

gous to that of the actinides in these sygtems.
B 10 Mia i

. /
oxas \

I_V. - Absorption Spectra of Rare Earth Yons in Solution

- Following some suggestions by B. B. Cunningham, a pragram'has been

started to investigate the oc::cﬁrmnée and importance of Stark effects in

solutions of rare earth ions. This phenomenon, also known as the ''inner
Stark effect, ! was treated theoretically by Béthe’ as early as 1929. He
showed that in non-tentrosymmetric fields, such as those existing in ¢rys-

tals, the degeneracy in the atomic levels could be partly or wholly removed,

~ depending on the symmetry of atomic arrangement, Such effects have been

observed repeatedljr in the solid state and more recently in solution. The
véry receni;. work of Hol;eck and co-workers and unpublished work of the
Radiation Labbrato'ries have further .shown that not onlﬁr the magnitudes of
the splitting but also the level patterns in the perturbed state are depen~

dent on the nature of the ligands surrounding the metal ion. Preliminary
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calculations have indicated splittings of the order of kT may be expected
in golution, and consequently, chemical effects amounting to several
kcal/mol may be produced.

The theoretical treatment of the Stark effect on the rare earths indi-
cates that the magnitude of the splitting should be greatest at about the
1/4 and 3/4 filled 4f shell, Lanthanum, gadolinium, and lutetium should
not split at all since they are in § states. In the remaining rare earths
the magnitude of the splitting is a function of the J values for the unperturbed
ion. In addition to this dependence on J, there may be other effects such
' as an odd-even atomic number dependence (due to the Kramer's degener-
acy) in the less symmetrical {ields and a rather pronom'mced effect exactly
at the 1/4 and 3/4 filled shell due to the inversion of the split levels.
Samarium and 'europ'iux:n may also show anomalous behavior due to the
presence of other levels close to the ground state in the unperturbed ion.

In order to investigate these phenomena, the absorption spectra of a
number of rare earth ions in various solutions are being measured. Neo-
dymium spectra have been taken in perchlorate, nitrate, thiocyanate, and
chloride solutions. Profound differences in the level patterns which can
probably be attributed to the spatial arrangement of the ligands about the
central ion have been observed. Solutions of neodymium in saturated HCI1
show particularly striking effects, the multiplet at 570 mu being spread
over 25 to 30 mp.

The present program involves the study of the spectra in saturated HCl
over the temperature range -24’to 30°C. It is hoped to extend these mea-
surements considerably toward lower temperatures by working with super-

cooled solutions and thus to establish the ground state level pattern of the
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ions. In addition, the spectra of rare earth solutions containing a number
of different complexing agents are being examined for correlation with the
observed behavior of the rare earths in elutions from ion exchange columns,

This work was performed under the auébices of the U.S. Atomic .

Energy Commission.

o
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APPENDIX TO CHEMISTRY LECTURE

.ﬁec._enﬁy' Dowex-1 anion resin columns with hydrochloric acid as the
eiﬁ'ax;t ha\}e Bée_n run at a ieni@_érétﬁre of 87° G. Lead leaked through the
‘tzal.umn at roomvtemperatuz"e.v 5 M HCl, when the drop rate was fastex
" than 1 minute per drop off a 3 mm x 5 ecm column. At 87° C, 22mmx58cm
._,eolqmn and 10 's,fecon?ds. per 'dzjop. lead was held up past drop 15. This ﬁzas
v nece,svsaxy to be sure é_f the elimination of Po’ . While no intensive study
: h’a's been unde»r;aken yet, it is almost certain that operation of the anién
r’eAsin columns at 87° C ‘considerab’ly improves the kinetics of tﬁe column
' and allows faster and more complete separations. | |

To study further the poaszble break-through of Po 214 41 the bombard-
ment chemistry an n-hydraxy isobutyrate column was run (0 4 M, pH 3.8)

and the lead peak eluted in about the same posnion as elernent 100 would.

This indicates the necessity of elnninating lead in an anion column.



-t0- UCRL-2878

- ELECTROPLATING PROCEDURE FOR HEAVY ELEMENTS

, -

' L "'mectrol e, ~0.1 MHZSO4 ad;ustad to pH ~3.5 by addition of. concen-

“trated. ammoma.

}

o I-I ' G:urrent diehsitx. ~0.3 am‘p/crnz of cathode surface,

- L. Cells. ‘
| For large c:athode The apparat-'us is. shown in Figure 9
A caxefully ground 1owe.r. end to f.h?z glass cell chimney seals
satisfactorily provided that a thin card is placed under the
annealed platinam cathode. No grease or gasket is required
The anode is rotated at ~300 rpm.
b. For small cathode. :
For electroplating onto an area 1/4 inch x 1/32 inch {for 60~inch
. cyclotron targets), a smaller cen is used to reducg the volume -
of ele'ctx;olyte r‘equired The glasé c‘k;imney' ié made by cutting
off the tip of a 15wml centrifuge cone and flattening the end of the
cone to an ehptical cross section about 1/2 inch x 1/8 inch
(_intern,al). The glass is finally ground flat, and the top of the

cone is cut off to make a chimney about 2 inches long.

The .pla;tinzljm cathode is painted with 4A varnish, leaving the re-
quired clear area'in the center. The varnish is allowed to air
dry for a few minutes and then baked at ~160° G until it is a clear

golden color (~30 minutes).

The anode is similar to that shown in the figure, but is not

rotated,
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Iv. P:rdcedu.re; Evaporate the sample to complete dryness %ith a few drops
of 8 M nitric acid, Transfer the sample io the cell Wilth» thrgg port;ia_nsr .
of the am_fnonium sulfate electrolyte. The final volume should be |
suffiéieﬁt to produce a liguid dépth of ~1/2 inéh in the large cell, but

. only three drops are used in the small cyclotron target cell.

' \Plate'fo_r 11/2 toﬁfl/? hours. After ~1 hour, rinse down the ycei'l walls
_with a few drops of electrolyte from the cell. Repeat 1/2 hour later.
If necessary, add distilled water to make up losses by evaporation.

Check progress by counting aliquots.

After deposition is complete, add a few drops of 0.5 M ammonia to
the electrolyte. After 30 seconds, stop the current, remove the solu=
tion and wash out the cell twice with distilled water. Take out the’

plate, rinse with methyl alcohol, dry, and flame. ‘L !

The 4A plastic burns away without leaving a residue.

Yields of 85 to 95 percent may be obtained with large catho&-esl, -

80 to 90 percent with 1/4 inch x 1/32 inch cyclotron targets. The
deposit (using tracer amounts of material) sﬁould be completely
invisible on large cathodes. On the 1/4 inch x 1/32 inch area, a very

faint dark stain can usually be seen.

Th»é procedure has been tested with curium énd element 99. _]:'_éerould»
piobably fail with plutonium because the sample wquld be rather com=
pletely hydrolyzed and adsorbed on the glass t_.u'be' during the tran'sfgr

to the cell. In this case, 1t x;xight be bettér to transfer the plutoniﬁin

in 0.1 MH,50, and neutralize with ammonia in the cell qéi_ng mahyl_ red '

indicator.
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V. Reference. This procedure is mo‘dificaific:)n of that used by

" Tracerlab in Berkeley,
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FIGURE CAPTIONS

Fig. L. Evaporation losses.

Fig. 2. Elutio'n curves.

Fig. 3. HCl-rare earth system (normalized vertically:‘to‘light rare
earths). |

Fig. 4. Elution of actinides from Dowex-~l resin W1th 1>3' I\_4 hydrochibf‘ic

acid.

’ .

' # C " :
Fig. 5. Elution of actinides from Dowex-1 resin with 1.0 M ammonium

thiocyanate.
‘Fig. 6. Elution curve--LiCl ~14 M -15M, 87°C.
: Fig. 7. Elution curve for actinides-=0.4.M a-hydroxy isob‘utyrate; pH 4.2..
Fig. 8. Relative elution pdsitiohs based on curium standards. |

Fig. 9. Electroplating cell,
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