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THE SEPARATION OF URANIUM AND PLUTONIUM ISOTOPES

IX CHEMICAL EXCHANGE SYSTEMS

INTRODUCTION

The separation of isctopes by chemical exchange has been largely confined to
relatively light elewents, such as carbon, nitrogen and oxygen. The decreasing
separation factors obtainable with increasing atowic weight have previously been
calculated by weans of partition functions. The separation factor for two isotopes
in equilibrium between two chemical species may be expressed im terms of the
concentration C as -

v B
CarCp

where A and B denote the chemicai species, and the primed walues refex 3o the
lighter isotope. The factor may also be expressed as the ®atio of partitiom
®unctions Q:

Qg Q4

Rx=- a;:q:’

For furtheg development see page J.

The small magnitude of the calculated separation factor has been a deterrent in the
application of chemical exchange to the separation of heavy metal isotopes, and

the few heavy elemeni isotope experiments completed have borne this out. Since

the numwber of heavy elewent exchange experiments completed is very small, couclusions
bagsed on the results are necessarily tentative. The results can, however, be used
to test the theory and set up an order of effectiveness for various exchanging
species.

OBJECTIVES

The purpose of this paper is to examine the theory apnd results of chemical exchange
experiwents for separation of heavy metal isotopes. Since solvent extraction systems
are of considerable interest, attention is given to both agueous and orgenic media.
The aim is to find o means of predicting those chemical exchange systems likely to
produce large isotopic separation factors. Realization of this aim involves the
correlation of available data and an evaluation of the feasibility of gathering
additional infrared and Raman spectroscopic data in this laboratory as an ald to
making these predictions.
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SUMMARY AND CONCLUSIONS

1.

A correlation of available spectral data hss been wade, based upon the
Bigeleigsen and Mayer approximate equation for the partition function.
The spectral data indlicate:

s. that the partition function per bond increases with decreasing
Yeight of attached atom in the order

bromine *¥2 chlorine & fluorine = oXygen

b. that the partition function for coordinate-covalent bonds with
nitrogen is lower per bond than covalently bound oxygen or
flucorine.

Normally in an aqueous-organic exchange svstem for maximum jentope separation,
the largest possible value for the partition functlon is desired in the
organic phase; the swmallest in the aqueous phase. This situation arises
because the metal species present in the organic phase necesgarily involves
covalent bonding which results in partition functions greater than unity;
purely ionic species, on the other hand, have partition function values

of .unity.

€

®or aqueous media, a consideration of the ionic species present indicates
that the partition functions of U(IV) and Pu{IV) are probably at a minimum
in 1 to 2 M hydrochloric or perchloric acids; however, the wminimum value
may never reach unity. The greater cowplexing ability of nitrate and
sulfate reduce their desirability. Disproportionation of Pu(IV) into
Pu(III) and Pu(VI) will complicate and probably decrease the exchange
separation. The strong tendency of ™1/IV) to polymerize may be expected
to increase the partition function above that of U(IV) at the same pH.

For organic wmedia, it is desirable to make full use of the waximum co-
ordipnation number of eight for both Pu{IV) and U[IV). The central atom
should be bound to light elements such as oxygen, or possibly nitrogen.
While the cupferride complex used by Oak Ridge personnel fulfills these
requirements, a somewhat higher partition function may be achieved by
employing the acetyl-acetonate complex.

While knowledge of vibrational frequencies and isotopic shifte is necessary
for an exact evaluation of the partition function, the time and effort
required to work out the structure and force constants for complexes do

not seem justifiable at this time. The evaluation would almost certainly
require greater effort than performing the actual exchange experiment.

The possibility of several species existing in the agueous phase makes

an exact evaluation still more difficult.

Chemical exchange systems are proposed which could yield high separation
factors, viz., up to 1.0027 per stage for U235-238. Suggested systems

o DECLASSIFED
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& uranium(IV) acetylacetonate in a solvent ext®actiom sywtewm or iam
contact with a resin of low cross-linkage,

®. uranium(IV) chloride at pH of 1.5 ox higher im gontacs gikh a resis,
¢. uranium peroxide if solubilised.

3. Extrapolation of the correlation of spectroscopic dats to plutonium 239-240
systens seems reasonable, Based on the considerations presented for uranium,
the maximum separation factor per stage for analogous plutonium systems is
estimated to be 1.0007 t> 1.,0009. The precision of the fission counting
fellhud DUl plUGCDLIUE 150VODPe anelysis is estimated as three percent. A
Sta e of Sesdy stages wvoujd, therefore, be necessary to demonstrate an
effect in an ideal chem’cal exchange experiment @t room temperature.

EQRY

The equilibrium distribution o & given set of isotopes between W0 chemical species
ey be determined by .tatis}ical mechanices., A detailed description of the wethod
appears 4n the literature 1}, 1t should be pointed out that the considerations
involve equillbria, and say nothing of the kimetics involved.

Consifer the isotopic exchange between the chewic@l species 4 agd B {the grimd
@odecule contains the Aight isotope): s

XY I-RYIY @
Ton 2300 s0ergy, 7, of o sedetance 4s sivad Dy the relefSoaidy
¥e-RT.aQ : ®)

shete §, e partition Lepction, represents the summation of grobabilities for @11
gossible epargy etates U the molecule. For yeactiop (1) #he separation factor

on=K oo aw/ar= B e 1)

]

The separation WLGCE tar, Lewe@oPe, B8 emiculated yhen Qe pRrbiticog Sunctions
are known.

The partition ®gwcio® Mtio for thg Qlstribytion of wgo SMOtoghs in wh@ specles "A"

ts given py(l)
Leg o) “

where @and ¢'represent the symmetry numbers of isotopes & and A', (and° .ui =u! -y
&s always positive). Further, Gy = (L-14 1 ), (5) t
uy zexp uii-l

(____)

where u; = hc Yi
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‘ is the (' vibration freque.ncy of the species, h i1s Planck's constant, c¢ is

the velocity of light, k 1s the Boltzmann constant, and T is the sbsolute temperature,
If there is only one atom of the exchanging isotope per molecule the sywmetry number
equals one. The contributions of translational end rotational levels may be neglected
at roow temperature,

The ratio QB/Q v may similarly be calculated for the species B and the separation
factor for equation (1) wmay then be calculated from equation (3).

.
In the case of an agueous-organic exchange eystem, the conditions for maximum
separation result when the species in the aqueocus phase is completely ionic and
the species in the organic phase is highly coumplexed or bonded. When this is so,
the partition function ratio of the heavy and light isotopes in the agueous phase
is unity; in the orgsnic phase, however, the partition function ratic of the heavy
and light isotopes is pot equal to unity. Ify in equation (3), the subscript A repe.
resents the aqueous species and B represents ®he organic species of s#ch sn "gden3” *
systemg then® the expressiom becomes

S

The separation faco &5 $hus defined solely by the saSic of she parti®ion fitactions
of the heavy and light iso*operB im the organic phase. Evaluatiog of the partition
fungglions shows this gmtioy to,be greatep thas unity, he®ce the heawy isotope

tends @0 concentrate i@ ®he organ,.c phase 0Py i® a maf® general syste®, 1B the more

1ighly complexed species. Experimental results g@dica®e, hogews®, the® the ragto in
the aqueous phase may be greater thau ooe,

Calculation of a separation ®ac®or by equation {(§) Shus Pequires & ¥@mWledge @ Ma
vibrational frequencies and the correspounding &sotopils shifs.

Unfortunately, the frequencies of @he ur nium compounds have bea@ assigned i@ only a
few of the simgler mole u,.es and only one estimate of the isotopic shift for heavy
elewents has been found\c , that of uranyl ion. WMo data have been found ¥br ‘$iutonium

compounds. .
L4

A shortened form for the .ar.i’ioo Punctio Patto o equadion (L) s &1V 3y

Migelefien and Mayer{l):

Q é , | 5 .
R LI S

Where f is the vibrational contribution to the partition Punction,
where w i8 the isotopic mass difPerence (M - M').
® = the number of fgnds formed with atoms of mass m by

the central atom.

= the previously given functlion ol"l the symmetrice
vibrational stretching frequency.
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Equation (4) neglects the anharmomicity of the vibrations and the interaction of
vibrational and rotational modes., The isotopic shift is also assumed to be small,
Equation (6) makes the approximation G = u/12 which holds well for values of Uy
less than three. At u=14, ( Y] = 833) the value of G calculated by this ap-
proximation is 25 percent high,” and the deviation is still greater when u is
larger. However, this can be corrected by actually calculating the G;'s in
equation (5). A second assumption implicit in equation (6) neglects all force
constants except those concerned with symmetrical stretching of bonds with the
central atom, This results in lower values obtained from equation (6), and tends
to cancel the previous effect.

Correlation of the Bond Stretching Frewenci;a

Available values for the vibrational stretching €requency of sumePouws halides and
OX1aes are given in Iable &. 7Tne central atows are well distributed tnrougnout the
atomic charg. ihe @=em has gees correlated oy waking wse of the iawier portion of
equation {6).

&t was desiradle €0 deteruine which meighboring etoms provide $he Bighest Value of
pertition #unction, As the mass “u® is increased, the vibrationel frequency * 3"
18 detreaseds Therefore, certaim elements should be more desirsble as meighbors
$rom the standpoint of waximizing the partitiom functioam.

In Figure 3, the @tomie weight of the cemtral qtom has beem plotted ms & function of
m 2 whege @ 48 the mass of the Bopded atom ssd B is the gass of the cemtral

atone

The sbscigsa €8 @xpressed ik €erms of ‘ since i» tewperature dependent, This
Cunction indicates ®he contributiom per bond o the partition functiow since the
pumerator is proportional to €he force constant of the bomd, ¥he limes oa Figure 1
have beed drewa by the method of least sguares,

Despite the wide d3fferemce im types of moleculap groupimgs, the data for both
fluorides and chlorides Yie relatively close to logarithmic straight lines, The
four bromide frequencies found lie close to the chlowide line. (Extrapolatiog of
fhe correlation grom ureniwm to platopium, 1.e., wass 238 to mass 239, seems
measonable .’ e

Tre value of fhe Punciion DWE  for attached stoms imcreases in Rhe order
-—

bromine Y@ chlorime € fluowime ‘ oxyges

.

The trend $oward increasing partitiop function per bond with the light elements
suggests the desirability of nitrogen bonding. %his will be discussed im a subsequent
section,

Since the force constant for the vibrational frequency is proportional to m '
the for:e constant for oxygen bonding is greater than for the correspending chiorme

h — KU
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ASSIGNED SYMMETRICAL STRETCHING FREQUENCIES

TABLE 1

~1
Grouping ;L cn 3ference
L -
90l 107800 Herzberg, p. 167
ggu 800 1'56!?00 Herzberg, pe 167
S1Fg= 600 8 , 720 Zeits, F. physik. Chemie B
® 19,231(1932), Redlich,et al.
PF 9 15,650 Herzberg, p.
Py * 76 13,100 Rivben, P. 352
AsF N4 1,700 Herzberg, p. 16%
sepz Y0 1,%35 ® Mbben, p. 352
MoFg [\ A,130 J.Chem Fhys 2Ugh®( §1952)
TeFg & 53 Bibken, p. 352
WF. - o J. Chem Phys 20 w; €a952)
UFg 6% k6 Webinovitch, 5. #36
' 58 53,78 Bewrberg, p. MY
gg ‘ 2 8300 derzverg, P. 167
PCl S0 ,,600 Berzberg, p. 168
TiC 298 24350 Werzverg, p. 167
GeCly P06 1,060 Hewzberg, p. 167
AsCl o . 1, fePzberg, p. 164
SnCad E 9 335 Herzberg, p. 167
SnClg= B 3 3% Zaits, €. physik. Cha@e B
A9,231 (19732)
RIS 0 ki ] Herzberg, p. lai#
Hg’:lé ®> ® Hibben, Po 339
HaC L= Pl 3 62 Hibben, p. L3P
C8ry, . i | W SrRege,’y. 167
PBr; 330 11,90C Herzberg, p. 16W
GeBry 23 830 Hegzberg, p. 167
Snbry, 220 49 Spzbegg, p. 167
NG, 1,220 b2, 200 Hagzhergy p. 161
SO5 1,084 ® 17,300 Herzberg, p. 178
ClG;,— it 25 1..100 Regzberg, . 167
Cro,= 58 L 3550 Hibben, p. kb3 )
AsO = 837 2,000 Hibbeng @. 443 @
SeQ “he 1,916 Hlbben p. 388
U0 & 460 9}.9 Dieke & Duncan, p. %2
U0y a7 22 R.H.Woore,priv.communic.

Herzberg, §., Ywarei a@i Raman Spectra of Pnlyatomic Bolecu es {1o45).
Hibben, J.H., Raman Zffect and its Chemica! Aprlications {1939).
Katz, J.J. and Rauinowtch, E., The Chem'stry of Uranium, Part I, {1951),

Dieke, G.H., and Duncan, 4.B,F., Spectroscopic Proper#ies of Uranium Compounds (1949).
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For calculations a® 300°K and o ' ® 830 cm*} equation 6y 2= ﬂnelded Pop e
with Figure 1 as follows:

g2 v x0T I V) (-q!f) (6a)

Tt gast ¥ temembere‘ thal Figude 1 fepPeselts @plpculaf growpings $9 Whla
adjoining atom $s bound only to the cewtral atom. X¢ fe mot dfrectly applicable
% organo-metalll® complexes, gnles® copr@ction is Gplle Cof WA 9iASS1c0R)

of $4e argamic PEtich B e etUpies.
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P
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DISCUS3ION *
Previous Uranium Exchange Experimerds

The isotopic shift for the uranyl ion is @stimated by Bfepe gnd hcanw
Calculations f ¥he separation factor for $he system

%235) & "oe23m * %)
@e Biven $n Ghe Liberature$3). We assumptfos was made Shat only W Sonfle sgeclles
of tetravalent uranium exists $m solution, hence its ®f® value equals 1.0000, %8
@eparation facto® calculated by bo¥h equations {4) and {6) was 1.0011, with the
lighter isotfpe anticipated %o concentr,gs in the simple? species. When this

@eparaticn vas performed experimentally’-’ as pH of 1.5, the facto® per stage
‘Whs founll %o We close 80 2.00), buk tha W.O3IT ~omcemtrgiald A3 Uk wreangl goad

Sugoeivosts were 5180 Wads FACE sive aystewl3):
¥{oys) (cwpferrite), &9 ¢ % (238)83 U(238) (cwpterrits), 8 U OL 038 B

3® ) 8 bydrocklondc sctd. Were ¥he eguilivrius wes fommd 1o LIPS %0 Whe rigM,
L.e., the 9.235 comcentrated in ¥the wacomglexed gpecfes. Op the dasis of theap
@bservations and other consideratlons, It was concluded that Wetravalent uraniu®
8us a8 complexity intermediate between tne cupferron complex and the uranyl ion.
Bowevew, ro considerstiom vas given %o the fact that S8 tolFuraions Wreriss Wb

gresent 6t Gifferent eetAliies tu W o srperiewte.

She assmaplior 9t ¥ wentunl{iV) 404 wes ANe scis eueheagiag speetes 1a seeomd
@edia at pd of 3.5 &8 & considerable cversimplificefion, since €% Weglects hydrolyeln
and polymerization. Zhe largey comtritytion %o the partition function of uranium

¥ oxygem bonds {such as would be produced by the lattes feactions) £s sndfcated by

$igure 3. The wulue of £ would accordingly Be JamEer whem amily, %.8., Slgnificdly
greateg thap £o# the wncomplexed wrantum{iV) ion.

Pe Ryizadysi® of Setravalent sxsmigw ix calaxtle solabien

: selonoHpuon®ler® )
Pas et 289§ @ PN walue oz gbou‘ 1.9&’. Svel i2 0.9 H geschlotale sopdi)
- palac tG' Breus b Beiscm'>d pegort wgl setravalent sranguy 3¢ 63 goyceps
m rolyze

e fact thed gandu ) le getated !5 giso $piicaled ¢ v L §
O{Iv)-U(V3) -xcmngergi,' &r%”ges iw me”.i:i:i?% suzgeptibiaii;:' :‘. h“ i

WPLlgn sgecics 3 Wls M Pes ucge 3 Yodyweg Formtion ghee-
@
° @®
® L
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Additional evidence that the exchanging species ®: a hydrolysis @or Q) izationd
product lies in the fact that the fgfe of exchange for the U(IV)-U{VI) reactign is
an inverse function of the acidity\®’. She rate constant is 21 @imes greater at

The importance of pH n the ¢Paniudf{I¥) exthange Feact@ol Suggests Fna® &9 Wgher
aciditiesy vhere hydrolysts gnd polymerisgtion aye® guppressed, dhe reaction iy
change from .

\f -t

) y )  ban - T y |
':me *H.n® [u(m(on.)‘ l a35t"‘m’ *.n? ;(mmma)n; @ ()

(o, *®,3e2° 56235.}"3“02 * P ’ () (an)

fn 95 28 tnteger Yesm thag ige) e arvows s¥e ezqgmedulcl tp miicsle Hlatine
rate constants), Experfmenta? resultS woulé thus be reconcile& siih skeowy. Jw
acidic, non-complexing wedie {e.g., petchloric aeif) the ‘33’239 fay then B3 dgdect@d
20 contentrate i the fetravalent araniug.

Eve® in the ehlaride aystem, &t high acidities gssocletfon cofipleder ey Porima,
ranging $rom the monochioros %o she hemmchloro-wratlum{¥¥) Zoms. JFrem Fige:e 1,

e partition functiow for {UC1.)™ is estimated to be 1.0010, gnd tha® for the
&Cl )3 ion mush ke €onstderably lesg. Fop a teo phase system, & Aigh €omplexiag
acid content is, therefore, utdes)rable If one yishes 4o Salntaia a low-Aelted
partition functiom im the aquecus ghase. %Ihe Nigh acid coktent fay qlso affect wie
stability of the organie couglesing wgest by prepoting Qecongostifoy o othe? W-
Sesivgble gide Feactiowmw.

Based om the calcmlated walee of 1.0J01L foP wiatyl isn god 3 sepurasion Teelod #
14001 for the wanium(I¥} - wranlum(VI) expeeimett, the pastition Puncéion fow m
solution off wranium(I¥] chlorlde at pH of 1.5 s approxiwately 2.G021. A ®2nimdw
value fo# the partition funceion m2gh® thenm bBe ezgected ta 1 %0 2'W acilt, ghele
only 2 to 3 percept of the wramiul 1s hydroiyzed and the shletiie foppleges apd
presecd i §mall emoua®. ®

No significant differemee I the sbsoPption spetita o wraplwn{lY) shlorlie, bpoRile,
or iodide solutfoms has been moted(9d ind¥catisg tha¥% the speeles gresefit in deomlle
and iodide systems are Sinller e vhcse 1IN &he ehloride system grewiously lesePived.

In uranium{I¥) nitrete angd $9lPqle gystems, thePe iy & gecuted temdemey togaid
complexing tham im the chloride gystes. ¥ith incweasing acid cohcentrationg iow
association occurs, resul®ing $u specics of the Rypes ¥ (N03) &3, o (U,)g an®
U (SOh)"Bi;.;; Therefore, highe# yalues of the gartidlon funclom ®ay be eypeeted.

The situation with mespecs ¥o 31;!0&1&:{17), s efglogows Pue fas ose compliceated.
In addition %0 hydrolysis and polymep?za®ion, &ispeoporionatiof also occyrs. &ox
exampley 1a dilwte {0.0015 !Q plutonium solution, 1.5 W im hydsochlopie acii, O per-
cent of the pltxto_gium is gresent s JufIV), ®he Pempinde? deing i® ¢he @3 wnd @b
valence sta¥es\10f, E¥cluditg $he petchloPale, lmgst compiesing occyPs in Che
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ohlopide sysfre. SAcresisg €8 AydmenioMic S0l cpmecEtipioN Tpessce The
Npdpolysis 1 ’

wh, w0 g .’a{cs)’a et g =0.03 (a2)

Tt faceeases &Ble‘ formstion which in relgidvely dilwte sglut®om sy be
sepfcsomted by .
h‘“ oex" W) N1 + Bes 0.2 (28)

Comdtdeping oBly these veactioms, is 0.1 B PlatoRtu® eoiusiot he mnwisne Py O R
goncentration is at 0.4 M hydrochlosde acld. However, this neglects polymerizat¥e@
@Bd disproportionaticn, Since polymerization produces a Pplutonium species which
WAy 9e expected to have @ higher partition function than the chlgetde comgplex, A&
9ogld be safer %o operate at 1 M acid to wepress twig weaction.

Natonte{Iv} ntgrate Po sepies of coplexea Pe(WO ).3 %0 PefB0;) ¥ith Ancypdse®
g litr?{.e concontra%iomzt Siallge e:gum are to Ol‘gst suifets

sotetion(13} (e.s., Falso ) ™.

Im egeecus solutlon, $herefore, it would scem desiTedle to BMks wse of A Ferchlopa®l
e® cRloride system (ome to ®wo molar im acil) to mimtmize the partitiod fwnctiom of
the B(IV) amd Pu(¥V) species. 7To operake ot higher acili€ics Lpertases the degPes
of c eplex formeiion while deeryemsifg the acildity resulis %a she formation of

hydmlytie agd polymeric sgecies.

%t 4s doubtfal that a gartition fuectios of 1.0000 emn be roached, powticwdariy &
ylatonia® solutioms iettiAliy im the setravhleni stete. Jfogever, by Paper contwo}
of acidity, it should Be posathbiy to echieve  valwe lesy vagn 1.0085.

m. c Yedle
®

The difficwidies of postelating & wolecglar wole) @al calcalaiiasg {regaeacies ¥9o8
t9frared axi Raman shif§ data erc great, garticulaply @o fop complexes. Fhe labdg
igvolyed 1 the accumulsgtlon of s®ch. data in order o calcdlafe partitiol Punctions
Pokld te ¢ great that .¢ would be less difficult to conduct the exchange exgerime@ts
%% the la: »story. However, i® should be yossible W make predleticms baseld om
sgaetion (o) WR.c: cel lesses the sxpioradosy work’cofsidewably.

Organi: wplexing ageeds of urepium sed pletonige offer a weans of fomplng &
#Solacyls gith @ high paptition Punctfon. ®¥om equation {6}, this®conflition requeges:

. Werge sugber of baogds. .
2. #igh molecwlar Peight of bodnd ertomg.
3. The vibmetiopal stretchigg Pregmency to be as high as possible,

Com@isions (2) ard €3) ospose each other, sinceethe greater the weight of the bowmly

2508, the slover wiil e ;he vibration. -
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As a result of exc?a?ge experimer@s With $he uraniam(IV) supfppides
uranium(IV) system 3 # 8 separation factor of about 1001 was estimateds iye ] _
aqueous system in this series of batch extractlons wgs 1 N in hydrochlowic acid
at the outset, so that if no acid were extracted into the organic phase, the
conditions wWer® optimum fuf Binimum gartitiow Lfusiction & the aqueous ’ba@

e cwgferroa complex ¥Ath wranigh fswolves fatepgetics with @ight sePouniieg ek

atoms, Yrom Pigure ¥, mranium-oxygen Bonds grovide vawtitfon functions somewha®
%arge® than fluorides. 9Since mdvantage i taken of maximum coordinetion in the cggp-
ferride complex, impwovement must be sough? by imcreasing the vibrationgl freqp.::.
of the uranimmeoxygen bomd im the camplex. This sey be accomplished by redicimg the
Weight of the opganic portioms of the molecule, I, the cupferride quuplsx the
@olecular weight of the orgamic pesidue is V0.0 ger aveatuli-cxyges boad, If e
sguivalent of 4i3 wraAiak %o oxyges bonds ie astumed.

oo veca-dikesomes of uradium{IV) hawe she Porwmle WKy
oAy than Y8 repressnied o5

(“i. Wa eyl grepafte

-3
0‘3‘4 = ?"53 .
|
\“ /
) . ) o/ .
This cchstituies ene of the Lightett woleceles Wlek 911i a6 full cotirlilinsfifsm:
of the wrecive, B c gesidme havieg @ Soleculsr wetatit of W0.7 per graning-

ésyfen bond. Worgan tertatively gives the stretehing frequency of the uyramiwl-
oxygen bond 1a aranium{I¥) acetyl aceto?aa as 651 ce*l., While the ecomdinatiom
sumber of 8 iw achleved in this eomplex‘1®7, it is not likely that the four coordimate
eoyalent Yomds comtribwte @6 Wueh to the puptition fwmetion ms the PomP covalegt Bobile
@0, OR the othep hand, there is ewidence that the =ight bonds are equivalent im tHe
couplex. d4ssuming tha® €hg eontefbution of the coordinate covalemt bomds ig kpl¥ em
Sreat as fov cowalent Bonds, the equivalent number of bomds is them six ead €the
puxtition functios PO S$he complex is emicuigted &0 e Y.00Q1.

IS 26 faterastizg o sots that das walwe of @ § .2 A® 25 ©a avealas 56 cxyzem dem
49 veduced %o 120 im sbis comples. %The pffect o; %he ofganic residge f» tc doger the
eoptribytion yor Dol Belog thal 6f ¥he wrenium-flecrine bomd {cm. 150).

To copfism the orgdeTr of wagnitude & simplified cogpazisom may be wude gith the
Iran.tu’(IV) cupferride complex for shich syprosimate esperimental resulls gre gwail-
ablel3). The latter indicate thet the partition Punc¥ion of the complex is 1.00%1.
Ef the wibrasiom of $ae uranium to oxygen bond is harmczie, twe s@uete of she
vibration frequescy 19 invevsely proportionsl to the attache@ wass. The Joger
#eight of the gcetyl acfonate should shed reguly i@ a walue or the partition
fusction winas ome gregte® by a facwo? of 1.6 them thas of the cepfezridie complex.
The function womld ghen hve a v@luwe of 1.0Q18 #hick cowplres favowghly with ghe
1.0021 oglculgted ¢hove.
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Pron She edeandpoiwe ¢f sdebilivy ank gvailabilily, tee weatenl{l¥) teiVavyi-
$hosphate complex has bees coneidered for an extractios exehamge system. 12 @ 20-
ordinate covalen$ uranium-oxygen bond contributes one-half the effect of & fulky
covalen§ bon® %0 ®he partitiom tunctiop, from Figure ), the partition functios of
Shis complex is @stimated %o be 1.0012. The gstimate is vased om four cowelegt
chlorine end two coor&inete covalept oxyger bosds. IXa six wolar hydrochlorie ’
act8 $as wequired to give & switable Aistribation coefficiemt), the predomimant @
ows uranium{1¥) species @ay be the hexachlopo- complaex. The yartition functiow
for Phis has greviowsly besn estimmted a8 1.0010. If an ofgadic phsse conteining
she compler wese contacted wiih e agueows yusse 6 8 1w acid, MASle oF wo separativg
efect may be azpacied. This sxperimsnt hes besn previcesly confweted im suis lgbaPl-
Tapy as? asss spectrogrephic amalyses indicase wamt 1ittle OF w0 isokopic seperesimg
ocea®red.

Js 0 v(toat_.riw.on of Witrogen Sonding

e mationsd eerlisr im this reyors, Pigurs 1 indicmiss ¢ wrend toward imcreaning
LErt1tioe Tupction with dscreasing weigat of the adjoiniag stome. If this tromd
svatigues, lagrovement wy B8 obialped by substismting sftrosmm (or w 53111 Madar
cigWont) for oTysen 1s the 24j0ining stowm.

Ve Wy shift dpta are Aveilable whickh definitely fix the stretching fregueney of
natal 49 altrogen Londs. Hoyever, thg st %nﬁm o nift jo g aseritad
30 Re rympetricad straiching Prequsacy Hibhes nes wbwietedtl oiscmm
Muge Nivs Tor YarRer wppe y.1trogan co xes, 8nd ¥he SWroagent fregeenciss wd
rprdimce? in ¥adle II, Ao &ata mve begn Mol far 1w®r compleges wigh nttno“n
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The ammonis complexes tend to group between LO0-500 cm'l, the frequency increasing
with increasing weight of the central atom. The elhylenediamine complexes group
in the 500-600 cm~l range. These data do not correlate as well as the halides

but would occupy positions intermediate between the chlorides and fluorides on
Figure 1, or in some cases even below the chlorides. Extrapolatlon of the data

to uranium indicates that even if a complex exists which forms eight coordinate
covalent bonds with uranium, it would have a partition function of only about
1.0015. Completaly ccordimate covalent bonding of nitrogen to uranium or plutonium
does not appear promising, A platinum ccmplex, Pt(NH3)2 Py, + +#, yielded one
frequency sufficiently high to be of interest. Howevér, no relative intensity

1s given.

This evidence does not preclude the attractiveness of the inner complex type
compound

-C -C =C-
I J
n-N N-H
\\ s
‘u/b
The actual magnitude of partition functions of the nitrogen complexes with respect to
those of the oxygen complexes remains uncertain until more data for the covalent
nitrogen bond is avallable,

Proposed Exchange Systems

1. The Uranium(IV) Acetylacetonste Complex in @& Solvent Extraction System.
The separation factor for uranium exchange between an organic phase contain-
i1g uranium(IV) acetylacetonate and an aqueous phase containing uranium{IV)
in ope wolar perchloric or hydrochloric acid should be approximately 1.002,
I wever, extractability into the organic phase is limited at this acidity.

2. Uranium{IV) Acetylacetonate vs. a Uranium{IV) Resin. The considerations
previously described should apply equally well to an ion-exchange process,
In the resin the oxygen to heavy element bond is reported to be ionic,
“hence the partition functlicon should be 1.000. A high value for the partition
function in the other phase is desirable., A methanc! vater solutiorn of
uranium or plutonium acetyl acetonate should be acceptable.

Limitations to this proposed exchange system way arise in the rate of
exchange, Since the organic complex is a relatively large molecule, dif-
{usion to the inner exchange sites will probably be slow. Hence, a resin
with a lovw degree of cross-linkage would be most desirable,

The separation factor per stage for this system wmay exceed 1,002 if the
resin bonding is purely iomnic; the U-235 should concentrate on the resin.

Initial experiments with this system have indicated adsorption of the
organic complex in one percent cross-linked resin to be excessive.
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3. Uranium(IV) Chloride at pH of 1.5 vs. & Uranium(IV) Resin. If the Osk
Ridge data are correct for the enrichwent of uranium-238 in uranium(IV)
chloride at pH of 1.5, e partition function of 1.0021 is indicated.

This system should then provide a separation factor of the same magnitude.

4. Urenium Peroxide. The partition function for uranium peroxide is anticipated
To be uniquely bigh. Based on@he Pigure 1 value for uranium trioxide, the
value calculated for the peroxide is 1.00265; however, the low solubility of
this compound limits its usefulness.

Comments thus have have been related chiefly to uranium exchange systems. The highest
gseparation factor per stage for the separation of the 235 and 238 isotopes in the
systems considered has been 1.0021 to 1.0026. If the corresponding plutonium system
is entirely apalogous, the separation factor for the 239 and 240 isotopes may be
anticipated to be 1.0007 to 1.0009.
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