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o ZEZROUCTICN

The rare earth olesents, including clements 57
hrough 71, provide meny divorsée series of studles tiwough
their chemical reections. Insssuch ss those elements are
@ll in Group III of the periocdic tadle, they ere markedly
similar in thelr propertiese The separation, isclation
and purification of the varlows rare carths from one
mother has long been a problom of great intevest to the
chemiste 411 of these elsments show a principal velence
of plus tipees. Cerium hos & welledefined plus four state,
mmnmommmau.tom.
insoluble divelent sulfates) These two emceptions, however,
are the only ceses of valonce states other then plus three
which are stable under normal conditions. Consegiently,
procedures taking adventege of oxidetion state @ifferences
cennot generally be used to effect a seoparation.

The sinilarity of these slements in thelr common
chemicel reactions is most resdily gresped from en under-
standing of their clectronic structure. Table I° ehows
the best evellable date for thees »tructures.

1. !ut.i :’nn .:I au-::.,‘ &? m

2o Toat, Russcll end Garner, gp. 8i8ey Do 3o







TABIE I
ELFCTROEIC CUHFPIOURATION OF TUE RARE RARTSS

Flerant Ate Yoo Configuretion™
4f Bs Op 64 G

lantame o7 O 2 ¢6 1 8
me B ST
: (] 4 286 0 8
wm Gl 5 86 0 8
Semgprium 58 6:000
o SREE
o4 T 2 6 1 82

Dyspao sium g 132:33
Holniuws o7 11 2 6 0 2
Exrdbiun 68 2 8 6 ¢ 8
Thu)ium 89 5 28 6 0 8
Yéterblimm 70 14 2 6 0 2
iatecium 72 4 82 6 1 2
“ihe immer shells sre campletely £illed and sre mot

As can be seen from @ study of this tadle, eleckrons
are being added to the inmer 48 sholl ms the atomie mmber
increases, vhereas the outer welense mells remain relatively
wehanged. This Wllding up of an inner 9ll results in
e shyinkage of the entire slectron cloud ard 1% is this
M.MMM%».MMM
to a great degree tho slight differences in the extent of
hmﬁmﬂ:ﬂhmww

he 4 clectrons are not inwlved in the formation
of chemicel bondse. However, certeln 4f states, 1.0. 410, &f7
wd &£, aro seml-steble strustures end Indicste e
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mummmutwmpmum
plus four atates for cerimm, prasecdymium end terbium erd
o pius five state for praseodymium. ¥ith the excepblon
of the two specifls emamples previcusly menticnod, nome
of these odd-valence states are stedle under nommel
condlitions and ere attainedle only with some Qifffeuity.

¥lth the incresse in atomic numder, snd the attunding
increasing positive charge on the nucleus, the oversll
result of the electron clowd shrinkege is to rele the
outer clectirons less evallable o sny ene anion. This
Iends %o maln the coardinete fype of linkege wore proncunced
toward the olements of higher atomic mumbere Another way
of stating this situntion is that the basicity, or tendency
to essume e foniec state, decresacs with increesing
atomic mumber.

Von Heveay>+® made @ very camplete study of this
shrinkage by meaparing the change in fonie redii of these
cloments. Since the bullding wp of the rare earths involves







4
and the cuter electrons are not millifiod and hence these
electrons are more and more tightly held to the eatome
loar holmium, (element 67) s balancing of size and
charge result in an atom appmdiratoly the sise of yttriwm
(element 20) and this secounts for the ALffieulty of
soparating yttrius from mixtwres of rare earthe. From
these consideraiions, von Hevesy comcluded that tho
basicities of the rare emwrths should decrease exsotly as
atomic mmber incressed, with ytivium falling betueen
dysprosium and holmiume

Thus, @ series of reeetions shich tale advantage
of these slight differencos in baslcity could heve appli-
cation in separetions procedures for the yere eartise
mum.uamumm-m
that lenis itself to relatively slmple operations in ihe
laboret wrye

fioeller end Fremors® have published an emcellent
review of the basicities of the rare earihs. These suthors
complotely summrise the extsting infomation desling with
this topic at the date of publication.

For an estimation of the relative value of the
basiclity of any clc:ent, tw mothods are availidble. The

So loeller and Erwwrs, Cheme Rove, 37, 97 (1945).







]
firat, ss outlined by Caritledge,® depends on the msgnitude
of the vatio: cation charge/eation radiue (in R wits).
This velue, "F", was designatod as the lonle potentisl end
o hydroxide of eny element was saild o be besic, aupho-
teric or scldic if ©w wvalue of the squere root of the
ionic potential was lesa than 2.8; Detween S.2 snd 383
or greater tham 5.2, respootively. It follows lmmediately
that the smaller the value of the sguare yoot of the lomic
potbntial , the more basic 1z the element concerned.

4 seoond relative estimetion of basielty has been
developed by Sun and I4.7 This depends on the rebio:
AV/o® vhore A 1s the atomic nusber, V is the velence mnd
2 is the principel quantum mmber of the highest level in
the ground state of the atoms 4 hydroxide 1= basis,
mphoterie or acldic when the value Of this pratio is less
than l.44; sround leid; or greater then l.44, respectively.
The seme relative considerations among baslcities of
olements apply here as in the sbove onse., Table II lists
the values of these two ratlos as given by Hoeller and
iremers.® The wiluss of the lonic redil used by these

Ga m o fime ClitEne 8”0 1988}
Te au and de Chinese M.’ ‘ gl.‘éh
ted by Woellesr and M

8e mmm.m.m..p.m.
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euthors are also given In colmm & of the tebles These
mdMM&MWhW“mﬁ

The dwicus wealmens of the first of these methods
is the linitation of experimental technigues for tho deter-
minstion of the catlion radius. Nevertheless, it is a
valuable tool for the calculation of velative basicity
values,

Veny experimental approaches have been followed
for the detemuination of the relative basicities smong
the reve eartls. 4 brief outilne of these is listed iIn

% section following.

TABLE IZ
REIATIVE BASICITY VALURS
Element ¥ AV/n® Fadia (R)

Iantharem 1.9 04702 100
Fraseodymium i:z g«‘b gg
heodymium 1.3 0833 0680
Canarium 1.85 0861 a7
m_ 1.66 0.875 087

187 0000 CeB8
Terbimn 1.88 04803 Oe84
Dyspros!.z 1639 0917 05
Holmiue 1.50 04931 088
Erbium 1.91 0944 081
Thuliun 1,082 04958 081
Yttorbiwm 1,96 0972 079
Luteciun 1.95 04985 0.7¢







{24l SEEEODC OF DEMMINIES BASICITY

4+ Spder of ireeindtsMion of ivdroxides

(ne of the simplest methiods thet suggests 1tself
is & determination of the order of mrecipitation of rare
enrth hydroxides from & slution of pare earth ions by
the gradusl addition of some solubles allkmli hyplroxide.
Sinco such precipitation involves the consusption of
bydroxyl loms, the least basic =aterial will precipitate
first, followed in order Yy the more bosie elaments.
m,mmwm&dmh-Wmt
in this fashion, lists the rare carths, in order of
Gecreasing basicity as follows: lanthenum, ceriunz,
présecdymium, neodyuiumm, yttriun, europlss, gedolinium,

ssnarium, terbium, dysprosium, holmium, erbium, thuliuwm,
ytterbium and luteslume. Within limitas, this crder followe

the predicted order of stomic rumber rathor closelye

Howover, in the genwral plotwre of precipd tation
by addition of alimll hydroxide, the method 13 open to
eriticise on the grounds that omeo must necesserily essume
that the scluble portion of the Iydroxides are ell
disscciated to the assme extent in sclutiony snd, furbher—

rore, thet these soluble partions are capletely dlsscciated







8
in solutions Thus, by csmuming the deeressing basieity
of the »are cartihs, 1t Goos not seem unressonsdle %o
predict that the actusl ionic species present in solution
will vary slightly in each case, every sucoessive rere
earth slement following len thmms beering & slightly
sneller chepge tian the limfting ™. ilso, tmittad
eoncentration differences of the various rare esrth ime
EAY give erronecus resulte. I[ooslised excesses of allmll
mey cause one speeific ion to be precipliated out of its
true place and the process of this hydroxide going besk
into solution and reprecipitating at the groper time is
then & function of the time of dlgestion, tempersture and
the particular concentratione present.

Do Solubility Prodwt

Perhape & bettor method of detommining the order
of precipltation is a rigorous detemminetlon of the
oquilibrium constant (lece, solbility mroduot constant)
of the eguation:

Rglgexipd == 28" 4+ 6 " + (x-3) Ho,

In this ease, assuning & pwre starting meterisl (e oxide),
it could be allowed to come to complete eguilibyiw In
acueous solution wor & period of time, this time pericd







beling lomg enough to msure no errcrs due to dlgestion.
Zolthoff and Slmquistl made & very Gnorough stdy of this
conztent in the case of lanthenusm by digesting with wvater
for ten days at 25°, filtering and cavefully deter ining
e amownt of materiel remeining in scluticne Their data
vielded & solnbllity preduct constant for lsnthemm
hyaroxide of 9.l x 20°%2, fowever, these suthore 414 not
continue this work for the otber elements in the lanthanide
serien.

Simple caloulations will show (mgein meking the
negcesssry sssumpiion that the rare earths sll exist in
solution as the sawe lonic species) that the patio of
8olubd 1l ty modnet constants will be tho seme as the retio
of the sgubilities of the wetel lomsn. These retios will
be¢ & measure of the atiractive fores of the lon ecnvemned
for hydroxyl groups snd thus & measwre of basielty. Such
determinations, of course, must be made in solutlons of
e same pE W0 give proper sorrelations.

Co fpldilly Froduct in Puffered Solutbems
indresl® qetormined the solubility prodmst constants

1le %:r end Edmquist, Je fm. Cheme Soce, 88, 1217
12. m. z. m. .xl“. M. “ m ‘M).







of lanthamm, preseodymium, neodymium, semerius,
gadolintum, yhtrium end dysproeium in armoniuws hyroxide-
ezpnive nitrate-cadmive nitrate bulffer soluticns to
maintain comstent pile Prom the duta w:ich he obtained,
he estebllshed & reletive scals of besicities, this scale
being freguently quoted by other suthors ®»1&10 sese
relative values wre given in Teble ITI slong with s second
serics of velues detemmined by koeller end Fremers® in
later work cn studios of the precipliation pH of the rere
eariis, ¥ilh the exception of presedymium, the tw are
in reasunsble sgreament,
TABIE IIX
BEIATIVE BASICITY VALURS

Ratioc of slemant
raoferred %o

; pgpfel ig

|
g |

i3, lopkine, J. Chase 365 (1806) .
i4e ?hu-)oamnukt:‘:'. » Cheme S0Ce, 85§, 3117
15, Yosty B

16, r end Srimaca, 3o s, it PR 308 (19606







b 3
However, in say sush scale of btasicitles, it seems
logicel thst the values of the ratios of say teo elements
will be & function of the perticular fonic envirerment In
which the deteminetims sre mafe. The order of besicities
should not be clanged, but the memmitnde of ome compared
to mother might well be distorted in Gifferent sintions,
2z these solutions very ss % tenperetuve, pff or osidising
poveTe

De pH st frecipliation Incidence

Another method for messwring ralative basicities
1s & deteminstion of the sxmct pR at which e distinguishadle
precipi tate of each spocific rare sarth formed and ressined.
Wlle sush deteminations are closely related to the
30labill &y produst constent deteruinations mentimed belore,
they rspresont another tecinigue of evelusting the extent
of dissclution of any ¢no fon and benoo are s measwre of
e baslelty of the varicoue elosmts concerned.

Sritton,)’ using & hydroge: electrode in soluticme
epmosizately 0.01 ¥ in rare enrth ions, added sodlum
hydraxide and cheerved & noticeable decrease of the pi at
precipitation insldense in the series: lanthanum, cerium,
preseo@ymivm, neodymius, sasarium and yttriuz and thus wes

17 Ivitiom, Je Chame h"m' 2142 (1928} .







i8
ablo to state thet the basicities decressed in this order.

rosllor end Kpemewe’® mede & rather thoreugh invese
tigntion of this method of estall ishing basicities by esdding
sodiwn hydroxide to soluntiona of rere oarth niterates,
sulfates and acetates in approximately Cel X eimcentrations.
inile an cbserveble decresase in preocipitation pil was noted
in every case, there ware wigue differances in the rebios
of the precipitetion pil's for any tw eloments, This would
seem %o fwrther besr cut the hypothesis thet the retios of
basicitios are largely dopendmt on the type of ionie
enviranment utilized for the particulsr detemimmtione.
Table IV listes the wricus values that those authors
cbtained .

TARLE IV
Pl PRECIFITATION INCIDENCE

Zlement it GH/R » 0.4

WOz~ Ogiglp™ 80 "
Lanthanum Sl Celd 7478
N - R B
Heodypaium 740 7 66 T o83
Semarium 708 745 6495
m G890 Te37 6482

O o 751 6695
Tttriam 590 Teld GeD0
Lrbium Gelld 600 ol
Tl Go70 877 G308
Yekorblum 673 632
Luteclium 6403 5475 Ced8
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These euthors fomd in 21l instences that precipl-
tation was eamplete before the caloulated amount of three
woles hydrexide ion per mole of rare earth fon had beem
addeds GSuch data are an exvellent indicetim of the forma-
tion of baste salte which precipitate before e R(CH)ge
Ehether or not thoro is en oguilitwiw: betweoen those basic

salts and the hydroxide was not investigeted. An empirical
formula for the besic salt was not detemuined.

Gnco Imowing these precipitntiem pil's, it is then
posalble o celeulate the saubility product constant fop
all of the rare ewrtise Theso data sre shown in Tedle Ve
The ratios of these solubllity product constarts ape the
ratios given esrllior In Teble IIX.

TADLE V
SOLIBILITY FRCDUCT ConsyARTSs
Llament ‘Q.
Len thaman 1.0 x 20™39
sm’ }g:ﬁ“
e 21 2 i
841 x l0=28
Yetrtus 8ol x 10"
“rbium 1.5 = 10750
Thaldun S¢3 x 10-Bé
Ytterbiun Mxﬁ
iatecium Beb x

Generally spealing, 1t can be seen that solubility
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modet constant neasurenents are a valuadle indicetion
of the relative positions of the basicities of the
different vare cwrtis; tut, any finite retlos detwoen
these besicities will vary frau sclution to solubien,
depending on the particular &itustion encountered.

- Be Decpee of Hpirolyals

4 £ifth method of esteblishing relative basiclties
is %o detemine, by vericus memns, the degree of hydrolysis
of the Aifferent rere sertis. Xats and James:® heve
investigated the eguation:

(R ® any reve sarth)

Bgl0g)s + & KX + Ki0g + 3 Hg0 —= 2 R(GH)g + § K580, + 3 Ige

In this work, they allowed solutions of the veriocus rare
earth sulfates o aprrosch eguilitpiun with the proper
amounts of potaseium i1odide and potassium lodate end then
titrated the libereted lodine wit: stmdard sodime $:lo=
sulfates As predicted, they obitained increasing smowmts
of icdine in ihe sarles: lmthanus, cerium, praseodyntus,

neodyrivm, sameriun, ewroplum, gedolintum, erbium and
yiterdblum, thue inlicating hat those slexents hydrolysed

T S ———

19, Hats and Jurs, Je Ame Cheme 50Ce, 36, 779 (1024).







to an increasing dogree with atomic number.

Prewner and carorkers0s¥ls22 nopsured the effects
of rere earth sulfate solutione upon the hydrolysis of
nothyl acotate md the inversiom of serose, both resctions
being ssid-catalysed. The results of these experiments
showed that the rere earths grouwp thamsslves intc two
rather wll-defined sorics of basicities; namely, lantho-
mes, oeriuw:, praseodyalu:, ncodymium, saarium: md gafo-
linius, terbium, erbium end yttorblum. From the hydrolysis
of methyl scetate, the percentage lxizolysis of these rare
earths wero caloulated to Bo: lmmthenum, 0403 cerius,
0593 prascodymiun, l.80; necdymium, 1.80; semeriuws, 6.143
gadolinium, 0s803 snd ytterbium, 2.57.

Sherwood®™ stulled the hydmolyels of the rere carth
nitrites in bolling molutime. He used physical methods
of snalysis, leee, adsorption speotrn end megnetic
suscoptibilitiss and detormined o genersl doorease in
basicity with stomic mumber.

20 un;—l' ”TI‘D Coechioslove Chame
. m"%&.ﬁf‘wa

Et-n
224 m dlcols, Jo Chame 500e, 81, 1243
e w Hopling, Je fme Chane S00., §5, S11V







16
tughes end Hopkins™ extanded this work whilising
are spectre snd megnetolptic measuresents. Through those
latber, they postilated the position of promethium (then
called illiniumm) and sot up & scale of decreasing
bealclities as follows: lanthenum, [Pesecdysiuz, neodyriom,
(Ill%nfuem), yttriue, seerium, ewoplusm, gadolinium, terblum,

dysprosiw, holslum, erblum, thulius, ytterbiwm and
luteclimme

vVes tarbarg®0s® ppde a series of relative hydrolysis
studies on scandium, yHtrium and lanthanuc. Ho measured
the extent of hydrolysisz of acetate solutions Saough the
extraction of the liborated moctic aclid with ether and
titration, taking into scoount the partition coefficilent
of acetic aecid betwoen water and others Lanthanum scetate
wea found to be 0.515 per cemt hydmolysed in X/5 solution
and 0.286 per oont hydrolysed in /10, Soandium and
mmmamawmud'nmwm
and 0471 per cent, respectively, in N/10 sclutions of the
acetato.

Hore rigorous deteminetions were made of the degree

8o ¢ )“W.Jo“.“‘aﬂc.“m
25 Wa.m.m.ch-.,&m
26 Vesterberg, Z. morge allgen. Chems 98, 11 (1917).







of hyfSrolysis through conductivity measurasnts. If pure
capable of ylelding vesults of high actumradye '

Jones and eoworiers®’ 0 found that lanthanum
chloride solutions were hydrolysed o & very mmall degree
as no hyrolysis corrections were necessry in thelr
studless Xlots™® showed thet europlc chloride s nitrate
solutims had the seme sondwtivity as the lantherum sell
solutions (st eguivalent comomntrations) end if hydrolysis
1s maled out in the ono case, 1t must logleslly (frem theme
data) de miled out in the ssocnds

cne additionsl method of determining the extent of
hydroliysis mmmuawtdhw
seneion oconcemtretia in agueous solutlon. MeyeroC reports
the wark of Bodlfinder who carried out ¢ thorough series of
stulles in this respest. lNelsh smd Dume® employed a

27 m) and Bickfard, Je kme Cheme So00e, §8, 602

ﬂak; end Pendergnst, Je ime (home Sove, 58 1476

2De n“-’ Jde Cheme - 807

30, Ry o7 g (wfnm. =
soil‘ bosller and m, Chame Rove, 32,

Sle mm and m, Cane Cheme Hota, &9 (1921),
“"i‘ax)"'“" and Ypamers, o RNave,







i8
hydrogen electrode %o measwre the seme effect and thelr
results, together wilh those of Lsyer and Fleinhekssl and
Eresers™® are given In Tadle VI. The dats of Kleinhelksel
and Iremers ere not in sgretcent with the other; however,
these enthors statsd that they uwsed amhydvous chlorides
in preparing thelr sclutions which ray heave dad a
contributing effect.

TABIE VI
Pl VALDES IN AQVROUS SOIUTION

Tlement cmwmﬂ T1tratassd cmvs?;“
£/100 /10

pE pi pi pi
Scandium 36086
Tetrium 4,908 10 13
Lanthenum 5648 3.7 00
Corliam Se20 Gofl %:g 8‘:
Heod g tum 531 4024 886 S8
Semariwn Sel2 §€.50 1.4 24
Sadolinim 581
B - e
E¥bium 4481 1 167

It can be seen from & conslderation of Shis table
that such measurenents are noct too reilisdle for the deter-

nination of the degres of hpdwolysis. In these experiments,

32, Xieinbeksel and Kpemers, Je Ame Chem. 500
950 (1998 ). - 2

S3e » L
4. i_;ﬁé‘s;&;m” 63 quoted by toeller
35e Elsinhelmel and Evemers, loce glte
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mnmmmmmruh
wummdﬁn&mm. the purity
of the rare earth compound puat be guestioned.

Fo Jop-imohenge Sethods

Perhaps the most reliable m0ins of detamuining the
relative baslcitlos of the different rere earths is the
known ssnner in whish these lons are eluted from lome
exchenge colWnse. ® Furthermore, the rediochemioal
enalyses of these elutants provide tho most rigorous and
nost exmet of eny methold developed for the rare emrihs.
long colunms were filled with a synthetis orgsri resin,
containing free sulfonio scid groups which exert a complexing
action on the rere oorth cationse A& amll volume of
solntion, conteaining a sixture of rore carths iz edded
the top of the colwmn end olution is then Legum with o
solution of & second complexing agent, usually citeric acid
buffered with mzoniur hydrozide. As thie eluting solution
flows through the column, & series of coupeting reactions
is cstallished among the various gro oarth ions for the
sulfonic scid groups on the resin snd the clitric woldd
nolecules In the eluting solatiom.

Thus tho lesst basic of the ions will exist largely

3Ce m.n.m.a.u.m.m..s.m
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ez the citrate oomplex and w1l mroesed rather repidly
trough the coliwme The more basic elements have a slower
resotion rete in e prweess of sdsorption and desorption
eamm-uummmwmb
selves intc bands, sach proceeding firough the cohumm st
& different rate.

9y using tracer amounts of rare earih elerents and
analysing these verious bands ez they are eluted in tum
from the colum, very excellent seperectlons have been
obtelned. The rare earths ware teken from the oolumns
in the reverse oxrder of atasic mmbere Sven samples of
mm&mMaMdhhmcm
loally pure proved resolvsblé into tiree or more components.
mmmumunn—m.mm.
pi of eomplexing solution, resin size mnd concentration
of citric scid solution were varied and the kinetics emd
oqudlibria of the werious resctlions were studled. In
general, 1t was found desirable to have & ressonsbly mall
colum dismeter per fixed column length:, slow flow rate,
pi's of spproximntely 2.6-4.0, as mull & cesln size as
possible without attalning the colloldal state and o eiteie
2cid concentration of about 5 per cent.






Ge Zxtamt of Chels¥ion

& method thmt seumsm to give reasonable correletions
of basicities among the rare earths is the varying degree
of chelation of the rare certh ions as & fumetion of pie
This tople is discussed at length in the following section.






1. CHELAYIOE, GEUSAL DISCUSIION

The dependence of chelation of metelions upon pi
bas been reported by & nwber of workersy! 00s59,40,41,42
uging Giketones as the cholating sgente The uss of & twe=
liquid phase system for the extrection of the metal
chelate compound is common prectice. Selsction of the
appropriste chelating agent is dopendent upon & numbder
of factorse Calvin® hes sumsrized some of the desirsble
propertics ncossmery for a good chelsting sgent. These
properties include: (1) formation of wnelonized chelste
canpoands with high soldility In s water-fzmiscible
organic phase and small solubility in water, (2) apprecisble
ionization and solnbillly of the chelating agent in the
water phase.

Derivetives of acotylacetone in whioh one of the
=Clg gwoups hse been replaced by a =CPy group have been
widely used as chelating sgents. The «CFg growp incresses
the acldity of the enol form. One of e most succesaful

3%, Hpoido,

S%e DBolomey and ALCD=2666.
40, BEuffran and » AECD=-2387,
éle Sutile, IADCT4R.

42. Suttle, LADC-T78.
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chelating agmnts is thenoyliriflucroscstone®™ (referred
to as T3h)e

ihe overall oguililylum involved In the dlstribution
of €0 motal ion between the eguocus yhase snd the organic

phuse (bensene) may be vepresented by the following egue-

tiom:
.
u:‘-p-mhz E-u-\- n R,
ER & petal lon of valence ™"
HT & ool form of T34
5: motal cheolate
b & bensene

Thie squetion Is only an sprroximation end represents the
resultant of several independent eguiliirlas It e be
epplied %o prescodynium in the following msnmer:

Prla) B 4+ 2l —e Pl 4 nEY 4(5 - n) Hgo

L
[reom 8], = [

Th. m um. D. n.. “ m&l .’

44, Fing and Reas, BU=-80.
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The distributlion ratio oan be evshietesd by the use
of PrM2 44 o trscer and cowting egal siiguots of essh
phase. Xing and heas®™ Lave reported the themsodsmanic
soltivily soefficients for TTA. The cotivity coefficlent
f&ﬁcumm&hmhwbb‘“
to the lmown coefficlent for the unchelsted TTA. Xiellang®®
lists the activity coeificlents for prasecdymiuvm. Hydrogen=
ion sobivity was determined directly as i using & Eodel G
Beclmen pH Heter. The equililyium concentration of the
uncholated 774 was taken as the origingl concentration
since a large exoess was clweys presete.

G0 Tietiuma, o patgn St 59, 1675 (1957).






IVe BAVERIKEWSAL OPERASIONS

The sguecus jhase was prepared to contalin 1 mgesfule
of prassodysivm lon and esswonius chlorids wes added to
give mn Lonic strength of Oule The Derzene phase was
elther 0.2 moler or O wolsr in TTA, depmnding upon the
serics of rune being mede., PFrascadymium trichloride,
supplicd Iy e Fsimount Chemlical Coep, waas used to male
up the acueous stock solutions. Eeubron irrsdiation of
de presecdyuivn indisated the pressnce of lmpurities,
Has ssking this sample wmsuitable for the trscer sclution.
sendeville®” stetes thet only one 1.9 Nev gmums was emitted
per 25 betas from this lsctope. Consegiontly, traces of
strong gama-esittors (such as 1al€0) camplotely blocksd
ont the P % gorm end made 1t necessery to cownt betas.
The muthor is indebted to Re Pe Humsnd of the Los Alanos
Solentific laborstory for a ssmple of very pure pressodymium
oxide, containing less than 0.l per cent of neodymius,
lanthamm and cerium oxidece This pure compound was
converted %o the chloride and used only for tracer. The
TTA wes odlined from the Dow Chemical Compenye

Semples of apmroxinately O.& grem were irmdiasted.
Bocause of the short halif-life (18.” hours), fresh ssmples
were Irprsdisted alout twlee & weeke. After ilrpedistion,

7. Mendoville, Fhys. ieve, 7B, 1017 (1949),
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the aotive smzple was dlzsolved in 50 nle water and one-
bﬂtﬂ.ﬂmﬂmebmﬂowod“
ionle strength stock solutimm. This gawe & sbock solntion
containing around 30,000-60,000 comts per 10 nle smsple
used. The varistion in counis was due to changes in the
time of bLembardmente It was sseused thet the small amount
of presecdysium added in the form of Pro¥® would not affect
the ionic atrongth.

The resction vesssl wes made from 456 mm. gless tubing.

A poction stout 20 mme long was sealed &t one exd and the
open end fused to & 24/40 condenser jointe. A stirrer,
fitted with a 24/40 bearing, was lowersd into the vessel

to provide constant agitstion. The entire apparatus was
placed in a conatent tempoareture dath st & tempereture of
25.,1%. Fhotogrsphs of these pleces of apmeratus are shown
in the appendixe

Fifty mle of the TIii-Densens solution end 10 mle of
the Cld praseodymium tridiloride solutlon were usod in
oash une Since, for the wposes of this experimemt, it
was desired © messure the amount of chelatien as & function
of pH, slther dllate smwoniw: hydroxide or hydrochloric
acid was added to vary the " drogon-ion concentration.

Very 1ittls ecid or base wis neefed. One drop of 1IN
cemoniv hy@roxide was suificiont to vary the pil of the






resulting solutlion Uy ono wnlt or more.

ifter conpletion of & run, the contents of the
ronotion vassel were powed Into a ssramiory funnel and
allguots of esch phase wers tsken. The pii of the sgwous
phase ws teken lwmmediately o minlmize losses dus o
evaporatime. After the pli determination, the preseodymium
in the agueous phase wes precipltated by oxalic eclid (at
high pil values, prasecdynius carrier was added). The
precipl tate was washed with weter, then vith acctone, these
wasiings being dlScamied. hadicchenical snalyses by
suttle®® tndicate Wat rere earth omslates are insoluble
in scetonce Nore scetons wee added mmd the prasso@yuium
cxalate was talen up 8o & slwyy with micro-pipets made
fron & mme glase tubinge This dlurry was pipetted eanto
8 20 mme filter psper held by a glass chimney-ande-spring
srraugenent on & flat, fritted glass dlsce The preciplitate
wee cllowed to settls befare any suwctim was spplled. Sustlion
ves cantinued for five or tex minubtes after all ths acetono
ned beer removed Iin order to diy and sioink the precipl tate.
The sifes of the chilmngy were washed with mcetone to remove
any treces of omalate. he dry precipl tate was mounted on
2 counling cerd with scotoh tape. Counting rates were

48 Cutile, Unpublished work (1050).







eid vithin one per cani exyore

The aotivily vas vemoved from the benzene phase &
follown: O mle of the Densens phase was added to 20 ml.
of saburated cxmlls acld selution in & 6O ml, cemtrifuge
tube, Insctive rassodymium earvier was added, until o
slight precipiinte fawed. A ligh-speed stiprer eas
lowered Into this nixture sad it vas stisved sonstantly
for one houre Eo s%tenpt was made to fit the centrifuge
fube with sn alrtight hearing as the bensene aliguot wes
Giscarded after extrastion. This procedurs wes cervied
out &ipeetly in the centrifuge tube to redwe handling
arrorse Aftsy stippirg for one howr, the bergene plese
sorple snd the oxalie scld solutlion were contr!fuged.
Speciel care wes teken to remove all oxalate fyom the
interface of the two phases. Aftor semmreation, the bengene
was discarded and the precipitate was wasbed with water
and acetone and treated in the same memmer as the agecus
hase.

Sevaral runs were mede o dotemine the accomte
ability of this sethod of sxtruction. In every cass, a
ocanplete resovary of sotivity ws obtalined. Ko attempt
was sade to determine whether e extrsction from the
bengens phase was suxple s in 1283 than one hours
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The two ssaples from sy one mn were alweys
counted within a fes minutes of one ancther $o minimize
the error due v docaye o sdsorpiion corrections were
made, since the bete essccisbed with Pri®® hes a sexisus
enerpy of BeZ Leve






Ve DIESUSCION OF NESULES

Fran as exasination of the egilitriwe eguation
for fls resction, It would seem that tie hydrogeneion
concentration is "sth” power dependents Hewriting the
equilibrian emureseion in logeritimis foarm givess

log Kgq, ® 10g DaBe + n log F* - 5 log 5¢

20g De e ® wn log B + 3 log IF o log Keq,

Therefore, & plot of log De He vee =log B (o pii) should
give & straight line WSS glope, "n", represents both the
everage charge on the agueous presecdymium species and
the proper power for eveluating i in the eguilitelum
epresalme. Once the data were mspsembled, the valuo of
'u'muumuwtbu&uawmm
values Of 2496 for the Geb ¥ and 2495 for the U2 ¥ TTA.
Since thess were within experiiental eror of the limitiag
mua'a*.x.‘.mmu,smm--a
These recults are given in Table VIIe The values marked
with esterdsks (*) indicate that this walue wss approsched
from the Lenzene phiasee In these puns, all the activity
waa inlitlally extracted into the benmene phase at & high
separnted and the acueoue shase discerded, 2 solution
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containing only the proper aucunt of eswoniuws chiloride
wes added to the reaction vessel and the contents wore

egain allowed to appmvash eguilibeium.

TABIE VIX
B ILIDRINE COHBTAETS I¥ O K AT 0.0 M T28
OB M TTA Qe85 ¥ TTA

pH Deile Ex lﬁ' pii Della % = 109
S400 0,018 326 2835 gﬁ S8
3610 G0808 377 280 4402
3420 OH¥71 3 300 0206 3006
S20 04300 Jel5 Sl 0468 ST
330 0804 4eb0 J.18 080 5600
Sedf 0885 5498 D80 04856 32
Se38 0868 Defi2 SO0 1354 Seld
Sefif 0456 Je£8 Se30 2.7 S04
3,00 0800 2096 Sedl S.1l 2466
S.00 1,01 2e64 S46% BT 340
3,665 R.04 ST ) 558 S74
STl 2.48 5«26 3# 19.8 4089
D80 BV Se79 3 B 3408
3,80 Gedb Se01 S.89 98,1 2690
3«80 647 237 S.808 134. Sl
900° 308 3w Averege ® 5.39 & 057

L

4,18 ©€led Seld

41 T2 2908
fverage ® J3.54 $ 0.8

The resuits of those rue agree woll with those obtalned
by intyodustion of the activity in the agueous phase.

The data sre chown in grephical form on the shoets
in the appendixe The styeigdt lines tiazcugh the points
are the culeulated slopes of 290 and £.88. A second graph
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shows, in addition ® the G2 ¥ T7a md praseociymium, the
date obtained by Suttle®@»™0 fop lanthemum md ceriw: in
O ¥ TT8, From & consideration of this seeond plot, it
should be possible to separate lanthens: (or cerim) from
praseodymiun by $is nethode Preliminary investigationa®t
bhave diown that this separation does preceed and the
mothod will be developed in the noer futuwre. A lack of
sufficient lenthenum sctivity prevented sxtensive
exmnination of %ds separetion at the presant time.

49¢ Suttle, IADC748,
0. suttle, LADC=776«
8le Suttle and Zoansn, Tnpublished wirk (19850).






Vi. SUNMEARE

The slopes obteined by Suttle®®e® (2,55 sop
wueamm)bmmﬁtbm
celeulatod for maswdyniume The increasing desicity of
the rere carths indicate tiat this slope, "a", should
dscresse with increasing stomlc nwbere Fossible compli-
cating effects arising from the hydrolytic veactioms of
TiA may explain thise Certain contredictory evidence has
been reported in the 11itoratureP4s85,56,07,80,50 necapaing
the hyirelysis of rere earth Ions in agecus solutiom.
Such results Indicate the need of extemsive exsmination
of this degree of hydmiyels from the stendpeint of the
particular mion and immic enviromment iswolved.

The walues of Kgq, Gbtained for lanthanus md
praseodysius do bear out this inoressing basicity. SuttleSO

62 s-m.uma.
Chemne
c-u.q. M}iuxoﬂﬁ.mu

Bm. m!m;.uwuma:

2"25 .-......éwﬁ
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obtained & value of 146 = 10°0 for lanthemm in 0.2
TThe Thus the retio of Xy, 's for prascodymiun/lenthenum
is 0.8 This is in veascmsble agroment with the velue
cbtained ty Indresl for the retice of besicitles of these
cloven ta.

A second greph indlcetes the pescentage chelation
as a function of piie This shows clesrly that the amount
dc*ammummuhmwzamw-mpﬂ
Pengbe

61, Indres, lpce. git.
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