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thin dieeertetion ie concerned with e etudy of the eolvent

extrection proper-tine of the rere eerthe. Originelly, the tern

"rere eerthe" wee diguouely ueed ee 15 tern for eny netel oxidee

ehout which little wee known. The deeignetion hee ultiutely

been reetricted to elenente of the periodic group Ill-A. unendiun

through lutetiu, Bophine (27) given the following definition:

"e group of netele. ueuelly trivelent, forning heeic onidee, with

oneletee ineoluhle in dilute ninerel ecide. Their fluoridee ere

eleo difficultly eoluhle, hence they any he eepereted fron other

elemente hy edding onelic or hydrofluoric ecid to their eolution

to which cone ninerel ecid hee previouely been edded. houhtleee

the noet etrihing fect which cherecterined thcee elucnte ie the

reunrkehle einilerity in both the phyeicel end chenicel propertiee

of their compounde." Iron the epectroecopiete' point of view,

only elenente 58 through 70 («rit- through ytterhiun) ere included

ee rere eerthe. heceuee theee ere the only Indore which heve en

electronic etrueture involving e pertielly filled e .. f electron

euhehell .‘

Prohehly the out con-on ace of the tern "rere eerth group"

includee elenente 57 through 71 (lenthenun through lutetiu),

elthough Inny euthoritiee include yttriun end ecendiun heceuee

of their einiler propertiee. ‘l'he terne lenthenidee end lenthe-





none hove he. nuggeetod for the group of eleoeote froo eteoic

nude: 57 through H to correepoud to the terne ectinidee end

ectinone for the "eocond rere eerth group" (37).

The outrun einilerity in proportion of rere eerth coqounde

hee node the eeperetion of the group into individuel oleoente e

one: erduoue tech. nod for thie roeeon. not of the work thnt hee

hoon done with thin group of oluoete hoe hoon done with their

eoperetioo in wind.

Verieue inventigetore hove etilieod the technique of

froctiooel cryetellieetioo. frectioeel euhliontion. hono-

gneeu‘e pheeo procipitetion. ion onehenge. correction. end verioue

other oethcde u «as, to mm. acme-.1 seem of the m.

bet of thoeo uthode ere tine conning end require todioue

proooduree or oooetent ettntion. loo onehenge uethode hove hoon

ueod enteneively in the ieoletien of pure rere eerth coopounde.

hut dilute eolutione not he ”loyed. end no yet. co-erciel

epplieetione hove been linited. ’eppord 35 9;. (46) hove ueed

eolvent entrection toehniquee with eucceee. end Hoover (73) hee

eepernted one hilogren of gedolini. oxide utilining Popperd'e

nethod. ' I

e veletile eoqound of the rere eerthe would he out volu-

ehlo in thet treetionel dietilletion technique could he utilized.

hey inventigetore hove “tented to propere envelont ooqouede

of the rere eerthe. in the hope thnt they night he voletile.
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without eucceee. It in douhtful thet e truly covelent coopound of

the rere eerthe eniete.

delvent ontroction nethode would he el-oet idoel for e

co-erciel oethod of eeporotion. in thet- e continuoue ontrection

proceee could he utilieod. end e nini. of heme lehor would he

required. Iheoretichlly. eny odor of the rere oerthe con he

eepereted frco the renninder. in eny doeirod degree of purity, in

only two operetieoo. (l. ‘6)

'l'he require-onto for e notoriel which would ooho it euitehle

for eolvont entreetieo ere thet it he eollble in oeeh of the

.i-iecihlo ecu-en. thnt it he «on. end thet 1: he of renoun-

ehle coet. leverel good roviewo hove recently he. puhliehod on

eolvent eetreetice in geeerel (1. ct. 69). no no otteqt will

he node to elehorete on thin topic here.

Since the oethod of liquid-liquid entrection hee the

edveotege of being cepehle of continuoue operetion with e oin-

i-In of nonpower required, it in felt thet future odveoeee in the

eeperetionel nethedo for the core eerthe will prohohly he in thin

nee. the hietorieel eeetioo fiich followe will preoent eoverel

nethodo thee hove he. devieed for wtilining thin technique for

the eeperetionoferedenintureeotreweeerthe. hutnoetudyeoeoe

to hove hoon ado on the oeture of the entrectioo preteen. It won

fre- thie point of view the: the etedy doecrihod in thie thoeie

woo pl-od.





outcome].

1

the eerlieet non of the principle of dietrihution in the

perificetion of the rere eerthe woe propoeed hy Urhein (66) to

eeperete thoriun fron the precipiteted oneletee. Thoriun oncelete

wee redieeolved in min oeelete. which eleo dieeolved ecne

calm. the hydroxidoe. precipiteted hy genie, were euepended

in dilute elcohol end treeted with ocetylecetone. the thoriu

ocetylecetonete forned wee entrected with chloroforn, the ceriun

coepound no not dieeolvod. Jenee (32) edoptod the neth to

renove thori- in hie och-e for the eeperetion of the rere onrthe.

P. end B. Irhein (67) weed e einiler nothod in the purificetion

of eeendiun. Ioendiu hydroxide wee precipitetod hy min in

the proeeuco of e elight oncoee of ocetyleeetcne. d the ecendiun

ecetyleeetoneto wee entreeted with chloroforn. the eeperetioo

wee completed by euhlinetien in veeoe et 100°. only the eeeodiu

ocotyleeetonnto heing wolotilo.

Itoddert end hill (57) inventigeted e noth of differentiel

extraction, if not e dietrihution, hy treeting rere eerth eteeretee

with verioue orgenie eelvente in n 8onhlot ontroetor. lther, elco-

hol. eerhon dioulfide, end chloroforn eetreetod only the trece of

etoerie oeid preeont. Ioneeno eueod e elight eeperetion, cerhon

totrechlorido nd xylene did initielly, but on further trentnent

dieeolved ell the notoriel, ee did toluene. nolten nephtheleno end

enthreceoe. end hot olive oil.





hernehy (5) inventigotod the eolwhilitiee of rere eerth cono

We in non-equeoue eolvonte, end their precipitetion hy odding

eolutieee of inorgenie end orgenic eeide. he ouggeetod froctionel

eryetellieetion of the halo nitretee in ecetone inetoed of weter,

end noted thet the rooctione in ecetono oelution ere of the cone

generel order on thoeo in ooueoue oelution. In node no nention of

dietrihotion. however- deheeffor (53) etedied the eoluhilitioe of

rere eerth nitretoe in verioee eloohole. hut did not euggeet their

con for eoperetieoe.

A dietrihution nethod for eepereting ceriun fron the other

rere eerthe wee proposed by lnro (29), who found thet the die-

trihution coefficient of ceriun (1') between weter ad other do-

pnded on the ooocentretion of eeriun. the concntretion of nitric

ecid. end the reletive volunoe of other end weter. Under the proper

conditione, here then ’8 peeoent of the eeriun nny he renewed.

lelle (76) neeeured the eolfiilitioe of the nitretee of nine rerer

“acute in other. he found difficultiee heeeeee of unnertein-

tiee in hydretion. end he nontioeed thet l”other ney find cone

epplieetioo in e nethed of eepereting the rere enrthe”.

the eoluhilitiee of rere eerth chloridee in non~equeoue eol-

vente were neeeurod hy hophine end Quill (28) who nuggeetod en-

trection of the nitretee with other on e neth of removing enell

enounte of noodyniun preeent en en impurity ”in preeeodynim.

It rennined for tieeher. heite. end .fiihernnn (it) to meet





frectionnl dietribution between imiecihle eolvente on e gonerel

nethod for the eeperotioe of ell the rere onrthe. They etete

the: the rere eerth helidee will dietribute theneelvwe between

weter end elcohole, ethere, end hetonee. end thet hy the proper

choice of eelte end eolwento, the difference in dietribution

ooefficionte of eelte of two rere eerthe differing in etonic

“or by one nny enount to 50 percent. lo dete were given to

eupport thin etetenent, end e leter review by e anchor of

l'ioehor'e hehoretory, loch (7), nehee no nontion of ouch e lerge

difference in dietrihution coefficiente. It in proheble thet

Iiecher wee unehlo to reproduce the previouely reported reeulte.

Appleton end Selwood (2) found thet the rere eerth thia-

eynnetoe were eoluble in n-hutyl echohol, end were eble to

ohtein e pertiel eeperetion of lathnmn end neodyniun by ex-

troeting the equeoue thioeyenetee with butyl elcohol. The en-

richnont fector for neodyniun wee only 1.06, but they expreeeed

hope for the poeeihility of e continuoue entrection proceee.

leventhnl (36) eleo etudied the dietrihution of rere eerth thio—

cyaetoe, perchloretee, end nitretee between weter end butyl

eloohol, but did not believe the neth euitehle for eoperetion.

deeolin, -adrieth, end Coninge (3, 6) continued heventhel'e work,

ad found thnt thoriu- wee eepereted fron en equeoue eolution of

thoria ad noodyniun nitretee hy oetrection with l~pentenol

eelteining mi. thioeyenete.

fealoten (Cl) worhod with rere eerth nitretee, utilising





entreetiene with higher eleohole or hetenee. ad ta entree“.

of therewoeerthoae fund to ineroeoewithetooie nwaer.

fealetoe ad letereon (65) etudied atroctione of rere eerth

nitretee. end in the eoperotion of tenth-non end needy-tun by

entreeting the equoou oelution with n-heeyl eloohol. found the

arieaeet in needy-la to be ebout l.’ for e tingle etege

oporetioo. loo e three etege attention, the enrieaeot wee

2M. rapier-e n u. (to. to. to) etudiod the dietrihwtiee

of thoria eitrete between weter ad voriouo oleohele ad

hotooee.

lienheradhoehu?) pueifiedoeendiabyentreetinfrcn

egwoeue .euia thiooyeneto oelution with diethyl ether. l’ieeher

end dbolybeeue (20, ll) report e eeperetion ofeieeeoia end

hofniahpnuaeef theentreetionet the thieeyenetoe intedi-

ethyl ether. hoehend Ioeh (d. 9) found thet eeriun. eeadia,

end therianitretoonnyheontrocted franitrio eeid eolutiene

with other. eetert. hetoeee. end eleohole. they etete thet eere

th- 95 penal of the eeri- ie entrectod fron I I nitric eoid.

loch ad hyer (10) report the oeperotioe of ”.5 percent eeria

with yielde of 85 percent by eetroeting the nitretoe with diethyl

ether. Iieehor n g. (1!) report feir oopeeetiou of e crude

uinture of the rere eerthe utilieing the diotributiee of the rere

eerth nitreteo between eeuoouo lithiun nitreto end either diethyl

ether or lopentenone, end report entreetehilitiee of the rere

eertho to intrude eeeording to the following eorieo: lathawn,





ceriu, preeeodyniu. gedoliniun, neodyninm yttrium. eeneriun.

dyepreeill. hoini., erbiu. end lntetiu.

Bottle (58. 59) etudied the cheletion of lanthanum end

eerie. by thenoyltrifluoroecetone using extrectiae techniques.

Lutheran end ceriun in trecor qpnntitiee were extrectod with

benrene ooietieeo oi the oheietin; ecent tron eqeeoee eoietiono

et verioeo pn'o. loon- ond Settle (33) node oiniler otedieo

with "needy-in. We: (50) studied copier iornotion oi

ecetyluetone with the actinideo by e liquid-liquid distribution

technique. Braid-o (11) found that scendiun my be repeated

from the rero earths in e eingle extraction with n benzene so-

lution of thencyltrifluoroecetone at n pl! of. 1.5. Bonner and

Jackton (41) determined the distribution of neodymiua and euro-

piun by extracting aqueous eointiona at high (9.6) pn'o with e

ohloroiorn eolntion of 5. 7ndichloro~8-quinolinol. Dyrosan end

Dehlberz (14) etudied the extrection oi innthennn) oelution.

hnfninn, thorium, end ereniun (IV) nitrete with e ohloroforn eo-

lntion of either enplerron or exine.

Wylie (76) hee enenined the extrection o! eerinn (IV) nitrate

tron 5 . 6 noml nitric eoid oolntione with other. end fond

thet es mach en 99 percent of the notion in e rere eerth nixtnre

in extrected. He thawed thet the extreetod oerinn wee present

ee e nixtnre of nzceurog. end $430,390. Io etetee that

other ooireete which entreet nitrie neid iron 3 - 1 nor-i eo-

lntione II: he need.
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legiwere (25) etndied the extreetion e! thoritn iron equeone

eoluticne etilieins lenitroeo'benylhydrexylnine dieeolvod in

verioue organic eolvente. Re need other. n-bntyl ecetete, end

cerbon tetrachloride. The bntyl acetate eyet- wee etudied noet

atativnly.

Her! hee prepared the nee o! tri-e-hutyl phoophete (70) end

nitronethae (71) for the extrnctioe of ceriu- (IV) eitrete. but

theoe ooperetione do not eppeer to be on eleen no the other on-

treatiorn.

Pepper-d 3; 51° (‘6) here recently developed whet eppeere to

be e tether pro-Lune nethod tor the eeperetion oi the rere onrthe.

Theee worhere utiliee tria-hutyl phoephete no the non-moon

eolvent (either pure er diluted with en inert hydroeerbon) end

the rere eerth nitreteo diooolved in eoncentretod nitric ecid

no the eqoeoue pheee. letreotebility wee round to intreeoo with

etonio ne‘er. bot thio wee reverend in dilute (0.3 I) nitric eoid.

dcendiu could be eeperetod Iron yttriun end the rere eerthe in n

eiule eperetion by nein; the chloridee ineteed e! the nitretee.

"newer. leppelnenn. end to" (73) were eble to ieolete over e

kilo“. of 95 - ” percent pore redoliniue oxide by rein. the

nethod o! rm. the oolntione need by Homer were: for the

food. 13 none! nitric ecid with 20 green of rere eerth oxide per

liter; for the equeone pheee. 10 none}. nitric ecid; end for the

ornenie phnoe. e so percent eolution o! tri-n-bntyl phoephete in



  



lo

Vereol (e oe-ereiel ereenio petrol” treetion). in e three otese

eroooeo. the eeperetiee teeter betueen nedolinien end terbiuueo

eheut eeuen. ad betwe- endoliniu ad ennui. ebout nineteen.

leoeerd g; g. (m otediod the entreetien or thoriu- iron pitch-

hlade with tri-n-bueyl obeehete. end were eble to ieolete 3r-

euentitiee oi thoriu-nd. finned. Grey. ad hrhuo (‘5) been

eloo otedied the eutreetien oi the eotinideo otilieine the one

negate. deedd. ad Iellou (31) wce file to oeperete yttriu

iron the lath. group by - entrnetion e! the oolutiou with o

0.6 noler oolntion o! di-e-butyl phoopherio eeid in di-butyl ether.

Iohoeiteer end Ioott (so) detereined the entreetioe oi yttri-

un into eoetyleoetone tree eeneono eolntiono et oeriouo ph'o. end

lteinbeoh .d heioer (55. 56) undo oiniler otndieo for werioue

other wetolo. but not (or the rere onrthe. mane (it) otudied

the entreotien o! eetini- eelto by e beeeeeo oelution oi thuoyl-

triiieoroeeotene. leuneiiey (it) hee otudied tho eetreetion et

lentheue, noedyeiun. end uropiwn eootyleootoeeteo into chloro-

lern tree eeueeuo oointieu to e tunotion .1 pl. end ton-d thot

little didterenoe in their entreotebilitiee eniot.

lberle end Lerner (l5) eeiino the nothode or lyroeen end

w(or a euelytioel nethed for the dotereinetiee oi eoendiu.

their nothed involved lirot entreetiu. the eeeeono oelution with

e oelution o! eupdorroe in ehloroiorn. yrecipitetie. the entreet-

ed eeeudiun eo tertrete. end then entreetin. the ooendiue tron

thie neteriel with tri-nobntyl phoophete tree neeeoue hyhoehlorio





ll

enid ooletion. Lerner end Petrotie (35) remove thorinn.£ran e

rere eerth nixtnre by ertrectins the bulk of the thoriun with

dibutonytetreethyleneglycol, end then the rooidnel thoriun ie

renoved by extrectin; the equeone oelution with e oelution of

8¥qninolinol in chloroforu.

thin hiotory ohowe e eenplete eboeeee or toy otudy einod

et the netnro oi the proceee involved in the dietrihntion of

rere eertho between eqeeono oolntiono end on orzenio eolvent.

The next oeotioe ohould provide the bechgroend for the point

of View tehee in the doeign of the etudy presented in thin

theoio.
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THEORETICAL

Irving. Ioeeotti. end Willie-e (31) hove preeented e very

generel treetnont on the eolvent extrection o! inorgenic cor--

pounde. end noot oi the neteriel in thin oection nny be eucli-

iied by conoultin; their poper. cleeeieelly, the einpleet type

of pertition between two i-iecible liquide in given by the

lornot pertition low: (1)., i ,(x), where (1)., repreoente the

concentretion of 1 in the orgenic yheee, end (I) reproeente the

concentretion of x in the eqeeoue pheee. Should I he poly-er-

ieed in the arsenic phone to e epecieo X“. which in not per-

titionod iteelf, then (In), I “no‘. If (x90 ie nth greetor

then (3),, then the diotribution retio, q, it given by the

following equetion:

q - moon/(z) . mm‘ ' 1.

Thie equetion implioe thet the gredicnt of e logerithnie plot of

q (experinentelly doterninod) ve'roue (X) will give the degree of

polyurieetion of r in the crmic phone. Inch oinplicity ie

not gonerelly the ceeo for inorganic eyetene, however. In there

eyeteee the ectuel opecioe which my crooe the phone boundary

my be only e ninor component of e very couple: eyeteu.

Iiret, lot no cute-inn the equilibrie exiotin: between the

simple iono end ell of tho veriouo opociee which any note up the

eyetcn of two reletively i-iecible liquid pheoeo. Itey equilib-
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rie con be need to doecribe the concentretione 0! different

opecioo exieting in the equeouo photo. end e eorioo of partition

cooflicionte weed to relete theee concentretione to than in the

orgenic phone.

If we coneider en equeouo eolution which in in equilibrium

with e roletiwoly i-iecible orgenic oolwent, I. end eonteine

netel land. I“. hydrogen ione. l+, ad enione. I". end if we

eeeueo thet hydrolyeie oi eny oi the cetioeio eyeciee preoent

ienot epyreoieble, ell the couples ionog eoidooepecioo, end

yolyuclenr epeeioo which night “int in otep eeeilibrie con be

reyrooontod by e generel tern “h“(‘zmw'e’ end their concen-

tretioue releted to theoo oi the oinyleet tone by e oeriee cl

ovorell equilibriun ccnetente defined on lollewo:

kltnwe ' (thhldfiflhle)/(3).(n'(fl‘(nz°)'“)‘g (I)

where h. n. n. w, end e reprooeet the n-her of hydrogen ion.

netel iono.~ ligend lone. weter noleculoe, end eelvut noleculeo

eeeocietod with the eqlu. tertition eoefliciente tor eech of

the ycooible epeciee ere defined by

M ' ‘We('2°)w'o)o/(Wn“i°)w'o)a ‘2)

where the eubocript o it need to dietinguieh the orgenic pheee

iron the equeoue phone. A generel dietribution retio ney be

written not
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‘ . totol coantretion of motel in the orgmg Ehegg

totol countroti. oi notol in the eeeeceo phone

.W
Z th‘bnn 320)w5e)

.W. m
2 ‘(fl‘fllfl)’ I)

where the eunetion included ell yhyoicolly oigniiioent codi-

eetiono oi h. n. n, w. end e. thin «notion ney be oinliiiod by

oweludiug toreo iron the wineretcr in whichM in oeuel to

euro. conoidorotiono oi oleotroueutrelity require the oneluoion

o! the dietribution oi oherged cpecieo. end inooe the condition

or .+ h - no. the evorege conceition of the diiierent eyecieo in

the equeouo photo ney elweye be roprcoented by e oinglc oyflol.

_v_i_.e_.. may)“. where I rcprcocnte the polnerieeticn

enter. at 5 end a the m... number at hydrogen end ligond

etc-e or icon yer etc- ot motel. end 6 end 3 repreont the ovcrogc

other oi weter uoloeeleo end oolwent noioouleo per etoe ot notol.

The chore eeuotion (3) my now be written in the lore

e ' MW<HzO)WoIt(Wm)iflii

55m ‘ 10.5“" Ramofiflbfi ,

10"“) (320)m’(8)m'

Inbreeeing queticn (e) in logoritbic tore. we hove

he . - hush/E) + moi-5) + 6.8. - 35mm)

+ (i. - anon-o . (5.3. - 32mm

+ flo'o - 0)log(H29) t (ioio - 1“) loci!)-

    (5)
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If the ionic etrcngth in hcpt conetont. end (I) endalzo) ore

hept conntont, end provided there in no chongc either in eolvetion

or in the eolvent proportion of the two phoeee, the loot two torno

of the obovo equetion ney be combined with the fleet tern to give

loo 1 ' A . 1°t(Io/l) 4* (7-05.» - 38hr“)

* (5o - fillet (IO 0 (Sofie - Snot“). (5)

where the torn A in independent of (I). (I). end (I), ad con be

clininoted by differentietion. Iy portiel ditforontietion, the

theoreticol Inching of the olopo of the logorithnic plot of the

extrootion coefficient vereuo the concontrotioo of Intel, ligond,

or hydrogen ion ney be cveluoted. the portiol differentiol with

reepect to the logorithn of free ligond concontrotioo in equnl to

(tong . II), the porticl differentiol with reepect to the logorithn

of free netol ion concontrotioo in equol to (So - i). the voice for

the voriotiou with reepect to hydrogen ion concontrotioo in coupo-

roble to thot for the ligad concontrotion, being (duh, - :5).

then ounntitiee rcpt-coat the difference in the everege nuaor of

lignnd ionn, netol icon, or hydrogen iono oeeocioted with the con-

plco in the orgenic phone end the ovcroge older oeeocioted with

the coupler in the neueoue phone.

The cnperinento deecribed in the next eection of thin theeio

were dcvieed to give the type infornetion neccneory to nnhc the

hind of ennlyooe doocribod obovo. l'ho thiocyonotee were choeen

for otudy beceuoe it woo felt thet oince the thiocyenntoo of way

of the treneition netolo ore cntroctoble fron equeoue oolutioee by
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organic nolvontn, the thiocyenoten of the rere onrthn night nlno

provo to be oxtrected. Tri~nvhutyl phonphete VII choeon en the non~

oqneoun nolvent beceuno of the nuccennful one of thin nolvent for

the extreotion of rere eerth nitreton (66).. The concontrotioo

reason were chonen for ntndy fro. the point of View of nnefulnenn

to on induntriol procenn. It won felt thet en fow'vorinblen en

ponnible nhould be introduced, end for thin roenon, the effect of

dilution of the tri~n~bnty1 phonphete with en inert hydrocerbon

wen not etndied. With thin becksroundpwo' ney now proceed to the

expert-onto! nootion.



l7

nmnwrw.

In order to otilino the theory of Irving 3; 51., the din-

tribotion enperinentn doncribod here were donigned no on to leern

the effectn of the notion verinblen of tho nynten: rere eerth

concontrotioo. thiooyeneto concontrotioo. end the ecidity. upon"-

innntn were perfornnd in which two of theno vorioblon were kept

conntent, end the third verind. In thin wey, the effect of not:

individual minble wen noenwred. In the pronontetion which

follown. the experimente with eech rere eerth ntodiod ere prenento

ed together, no ell extrection detn concerning lenthenun will be

found in one nection, whereen thone concerning neodyniu will be

found in enothor, etc.

mammalian

Quentitetive worh on the rere eerthn often necenniteten ever-

ngo etonic weight deterninntionn of the pnrticnler «who being

need in order to ontineto the purity of thou who. The nml

nothod for thin doterninotion in to find the onelnte to enide retio

(16). thin connot be done by tho niqle ignition of the onelnte.

beconno the rere eerth onnleten do. not euily boon-n enhydroon.

The nethod nmlly employed to obtnin thin rotio in to find the

percent oxeleto in e mle by titretion with ntonderdieod per-

neogenete, end the percent rere eerth oxide by niqlo ignition.

The ovornge etonio weight in then celcnletod en follown: A
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" °"“‘”‘ e wt eulete titreted cacao:
M

zg.3..g_t_%glete ignited

. Iomogxnllhngnnnn.wtof¢103

‘lhcrnrc onrthnnnodfor thinotndywere ell fron the

Iichig. unto Inivernity ntoch. the cverege etonic weight of

 

the lenthnmn wen 130.9. Ironhly ignited lenthe-n enide ehlon

were perfectly white. ‘l‘onte for oeri. were motive. end len-

the. nelntionn chewed no obnerptinn h-do for other rere onrthe.

:‘lheflnnedyni- hed on ewerego ntuio weight of 1“.“ end the

frail! Wind oxide wee pole hlne in colon. Deception npeetro

of the needy-inn nolntienn chow bot nlight nhnnrptien in the

region choreoterlntie for both peenondyni- end centric. the

ononnt ofthelno. two rere eqthe pronent. however. won inefficient __

to effect the nnnenreneue nde nod-g thin neteriel. the eb- .

nerptionnpentrnnef theneedyninnneed in nhnuen Iignee l. the.

npdtruwec tehenon e loch-en nodel 91.4 recording npeotre-

photo-etc: neing e one continent coll. end e nnlntion 0.15 fornnl -

me reepect to needy-inn. , 2.... [for «:1- were negotivo.

m'Iprennodyninn notorielhed been pnecheeod fr- thn Lindney

Mole-nyendnneeododen the”... percent prenendyni-

oxide (Lindeey cu- m). an mm won that a color. end o

porchloreto Inelntion gnve en ehnorption npoctrnn which hed no

obeorption bade for other rere onrthn. the ehnerption opener.

for the proceedyninn nnod in nho- en tignre 2. the npoetr-wen _

tehen throngh e one eentinotor cell, coin! o nointinn‘h.“ foenel

with reepect to "w.
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The frenhly ignited neaeriun oxide wee pole creen in color.

The ebnorption npectrun chowed no obnorption bendn for other rere

onrthe. The ebnorption npoctrnn of the nemeriun need in chown on

figure 3. The npoctrun wen token through c one centinetor cell,

Inning e colution 0.2 fornnl with reepect to eennrinn.

hero gerth Thiocznneten

'l'ho rere eerth thiocyeneton wore propercd by the netethoticel

rooction of beriun thiocynnnto end rere eerth nulfete. the pro-

codoren were oeeontielly the none in ell cenoe. except thet in one

cone crynteln of the compound were prepored, end in the reneindor,

the nolution wen need on ouch. 'l'ho procedurcn for cech cone ere

doncribod lnter.

Icodzginn Ihioczenete

‘l‘ho properetion of noodyninn thiocyenote in cryntolline forn

nterted with ninty-fiwo green of neodyninn oxide dinnolved in

thirty-five nillilitcrn of concentretcd nulfnric ecid which hed

been prowionnly diluted to ebont 750 nillilitore. In order to

diceolwo ell of the neodyniun enlfete, thin nolntion hed to be

diluted egein to e woluno of epproxinetoly four litorn. The no-

lotion wen then filtered. One hundred nixty-five grenc of berion

thiocyeneto wee dineolved in ebont 750 nillilitere of weter, end

both thin nolntion end the neodyninn enlfeto eolntion were booted

to olnoet boiling. The berinn thioc‘yeneto wen then edded nlowly

to the neodyninn onlfete nolntion. end thin'wen then ellowed to
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cool. The berion onlfete for-ed wee renewed by filtretion, end the

filtrnto euporetod to e wolInno of epproxinetely one liter on e

nteen both. It won further eweporetod by piecing the eolntion in

e cryntellining dinh, end plncing thin in n deniccetor over con-

centretod nulfnric eeid, end the deniccetor ewecnetod. lot until

the wolnno of the eolntion hed roeched ebont 125 nillilitern did

eny crynteln begin to eppoer. lwnporntion wen continued until e

feir enonnt of eryntollino noodyniun thiocyenete hed for-ed. Thin

nnteriel who collected by filtering, end the cryntoln wore token

np in 250 nillilitere of Mtiwity weter. lhie oolntion wee

then enelyned for needyni- end the for-elity wen found to be

0.572 with reepect to noodyninn. the nolntion won onelyned en

follownz twenty-five ndllilitern of the oelution wnn diluted to

250 nillilitorn, end twenty nillilitor «mine of thin eolntion

were pleced in 250 nilliliter beehern. diluted to ebont lOO

nillilitern. ecidifiod. end heeted to nlnont boiling. not on-

elic noid‘wnn then eddod to procipiteto the noodyninn on non-

dyninn onelete. the neodyninn oneleto wen collected on Cerl

Ichloicher end schooll white ribbon filter peper. dried. end

ignited et 9750c. in pletinnn.crnoiblen. the enolyticel dete

ere given no 'feble I.
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25212.1

JEEEIEEQL2£HEQIQEEIJ.12335L22.£2!H!22§Z!§EE

fieight .0203 of tenancy

0.1920 0.5111

0.1920 0.5123

0.1920 0.5129

the thiocyeneto content wen enelyeed by titrnting two nillilitcr

eenploe of the ntoch oelution with 0.100]. nilvor nitrete no-

lntion. neing oonin en, indicetor. 'l‘he fornelity of the nolution

with reepect to thiocyeneto wen 1.51. the enelyticel dete for

thin detorninntion ere given on reblo II.

 

 

 

Ieble H

.dflfilllilifllJEHUHEDUI1E§25523u£SIHIE$SSZII§S£

30.00 1.515 .

30.20 1.510

30.20 1.510

.LeISheaeeizhieszeeess

Lnnthenun thiocyennte wen propered by onnentielly the none

nethod on wen need for the neodyninn eelt. oncopt thet noro onro

won need in the weighing of the lenthenun oxide end the beriun

thiocyeneto, end in the nneenrennnt of the enount of enlfurie

eeid need. the nolwtion reneining ofter the berion onlfete wen

renoved wen not oveporntod to cryntele. but only token down to
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e volume of npproninetoly one liter. The solution wen enelyzod

by the nethod doncribod for neodyniun, except thet it won neccneory

to digont the procipiteted lenthnnnn onelete over n hot pinto for

n period of obont two hoorn in order to coegoletc the precipiteto.

end ninplify the filtretion. The enelyticel rennltn ere lintod

en rob1e III .

 

 

Teble El

Anelznig 3; 29.9513 golntion _f_g§ anthem»

Height “203 g lornelity

0.0737 0.0525

0.01“ 0.0567

0.07“ 0.667

 

'l’he nolntion wen onelycod for thiocynnnto by tnhing five

nillilitor neqlon of e nolution node to be 0.205 fornel in

lenthenon, end edding nilver nitrete nolntion. ‘l'ho nilvor thin-

oyeneto precipitnte wen digeeted on e hot plnto for ebont two

honrn, ollowed to cool. end then-collected in weighed pyron

frittod type gooch crociblen. ‘l‘ho fornelity of thiocyenete which

nhowld be preecnt would be 0.615, the fornelity obteined by cool--

ynin wee 0.6138. which in e roenoneblo check for the theoreticel

enoont thet nhonld be pronent. 'fho enelyticel rcnnltn ere given

on 'i'nble IV.
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Table IV

 

Analzeie‘gg LaSSCNzg Solution for Thiocgnnnte

 

 

weigh: laser FormaliEE

0.5092 0.6136

0.5095 0.61100

 

Prcocodjnium miocyannig

Ireneodyndwn thiocyenete wen prepered by dieeolving preneo-

dyniun oxide in nulfuric eeid, nllowing the prnnoodynion enlfete

to cryntellite, filtering off the nothor liquor, end tehing up the

crynteln in conductivity water. Thin solution one then analyzed

for preneodymiun‘by the cone nothod en described for neodymium.

A.beriun thiocyenntc oelution won nede from C. r. gredo barium

thiocyenete which hed firnt been recryetellieed from ebeolntc

nothenol. Thin nolution woe enelyeed by titreting with etenderd

eilver nitrete nolution, using ferric nitrete en the indicetor.

anivnlcnt enonntn of the prneeodyniun eulfete eolntion end the

beriun thiocyenete solution wore eddod to one another, end digee-

ted for epproxinetely four honrn on e hot plete. The precipitetcd

bnrinn eclfeto wen removed by penning the eolntion through c fine

frit. end the filtrnto wen oveporetod to o volume of epproxhnetely

250 ndllilitere. Thin solution wen then enelyned for prneoodyniun

en described before. The colution was found to be 0.284A formal

‘with reepect to preseodyninn. Preeaodymium perchloreto was pre-

pared by nprinkling preneodyniun oxide into perchloric acid, end

stirring ovor night. The exceen preneodyninn oxide wen filtered
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off. end the pl of the eolntion woe nnennrod end found to be eboct

0.5. Thin who for the pH in on the eeid eide of oqnilibrinn, end

then ieeoren e nininnn of benie preneodynion eelte, end elno e

nini-en of enoene perchloric eoid.

mEiocyenete

Minn thiocyeneto wen propered by tho none nethod on do-

ncribod for the prenoodyninn conponnd. l'ho eolntion wen ennlyeed

for nenerinn by the none nohted on non doncribod for tho enelyeie

of needy-i. thiocyeneto, end the oelution wen fonnd to be 0.325

for-cl with reepect to nennriu.

letrection 2; here forth zhiocleneten by m-g-bntzl

on hetc

the nolntioen doncribod below were node by odding the proper

tenet of the ntoch rere eerth thiocyeneto nolntion. etenderd.

perchlorie eeid onlntion to edjont the ncidity to the donirod

vnlne. either .oni. or codin- thiocyeneto nolction to edjunt

the thiocyeneto concontrotioo. end conductivity weter to bring

the totel eqneocn volnne to the denirod voice. (for the erect

contonte of ench eolntion. nee eppondin). A volnne of tri-n-

hntyl pheephete one}. to the totel eqweowe volnle wee eddod, the

oenteinnrnhnhen.endthephennnollowodtonopereco. Inor-

der to encore oqnilibri. condition. the two phenee wore ellowed

to rennin in concoct for et leoct eixtonn been. the tri-n-
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butyl phonphnto need wen purchanod fron tho Weiel Solvente

Coupony, end before one it won wenhed with nodiu cerboneto col-

ntion to remove eny nono- or di-bntyl phonphoric ecid which night

be proecnt, end then wenhed ten tinee with conductivity weter. 'i‘ho

nolutione were enelyeod by tehing emplen fron oech phone. edding

ebont 75 nillilitorn of voter, booting to elnont boiling, end edd-

ing hot onlic ocid. 'l’he eolntione were then ellowed to cool. The

rere eerth onletn wen collected on Cerl ichloichnr end Schooll

white ribbon filter pepor, end in the cone of the orgenic phone, it

who neccneory to wnnh the filter pcpor et loent three tincn with

nethenol or ecetono in order to remove ell the tri-n-bntyl phon-

pheto. Unnelly. the procipitete wen wenhed twice with nethenol

end then twice with ecotone. dried. end then ignited in pletixvnn

orwciblee a: 975° c. It nhould be noted thet when pletinuw were

in need ct thone tenperetcren for long periodn of tine the erncio

blon lone none weight. end it in neccneory to weigh the crucible

efter renoving the oxide by wenhing with dilute hydrochloric ecid

to ebtein the torn weight.

5555522225....12.““W

the effect of vnrying the eeidity of the initiel eolntion

wee ntodiod by dotornining the dintribotion coofficientn of

needy-i. thiocyeneto et different initiel eoiditioe. while the

needy-i. thiocyeneto concontrotioo wen hold oonetnnt ct e

forulity of 0.100. Inble V proeente the rennltn of thone er-

trectionn .
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191: 1

W£22: £2:mg

Concentgegioi in £13?“23; Liter?“

ha Nd Acidity 1%.

lo. Origin Originel 5:4eon; figuic

1 0.100 0.101 0.0355 0.0017 0.876

I 0.100 0.300 0.0773 0.0170 0.312

3 0.100 1.009 . 0.1010 . 0.0116 0.120

A ._

1t ney be eeen fro. theee reenlte thet the dietribution

coefficiente decreeee no the initiel eoidity ie increeeed. or thet

the dietribution coefficient hee en inweree dependence on the initi-

el acidity.

“the effect of ehen‘in. the thiocyeneto cenceetretioe wee etnd-

ied by wet-yin; the enoent of thiocyenete while the concentretion of

neodyliun end the ecidity were held conetent. In order to edjuet the

thiocyenete concentretion to the deeired welnee, etenderdieed

nonin- thiocyenete eolntion wee eddod to the nintnre of neodyninn

thiocyenete end perchlorie eoid. The totel wolnne of the equeoue

eoletion wee edjneted to twenty nillilitere by «an; the proper

mount of conductivity weter. Twenty nillilitere of tri-n-bntyl

phoephete wee then eddod. end the conteinere were ehehen end the

pheeee ellowed to eeperete. five nilliliter eenplee were renoved

fron eech pheee end enelyeed for neodyninn ee described ebon.

the reeulte of theee enelyeee ere preeented ee 'reble VI.



Table 11

§xtr§tion Etc form

Concentretion in 1101;; nor Liter W

Id

 

  

Inn Id Acidity 80! Id

. incl 1 0: u en c

5 0.100 0.101 0.273 0.0501 0.0099 0.921

6 0.100 0.101 0.308 0.0077 0.0558 1.17

7 0.100 0.101 0.353 0.0012 0.0619 1.50

0 0.100 0.101 0.700 0.0102 0.0927 9.06

. 9 0.100 0.101 0.002 0.0280 0.0757 2.71

10 0.100 0.101 0.531 0.0190 0.0032 0.37

11 0.100 0.101 0.620 0.0138 0.0927 6.06

A. ._1

 

It ney be non froe theee dete thet the dietribntion coef-

ficient increeeee with en increeee in the initiel thiocyeneto con-

eentretion. 1t Iey be obeerwed then, thet the dietribution of

neodynimn thiocyencte between water end tri«n~bntyl phoephete in

dependent upon the concentretion of thiocyenete preecnt in the

eqneoue nheee .

In order to leern whether there wee eny epprecieble diner-

ieetion or eeeocietion in either pheee, the effect of the con-

centretion of neodyninn on the the dietribntion wee etndied. In

order to etndy thie effect, entrectione were nede et two other

initiel needy-inn concentretione. the procedure wee the use ee

before. encept thet the wolune of eech pheee wee increeeed to

forty nillilitere eo thet ten nilliliter eenplee could be tehen

the reenlte of theee extrectione ere preeented eefor enelyeie .

rad. "to
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an: 11;

attention 953 £95 mammal.

ggggcntration in Hole! #2:; Liter

 ~—

 

Inn Id Acidity 00! Id Id

:2: Origine; Original Originel Agneoue Organic 3

12 0.0713 0.101 . 0.109 0.0033 0.0286 0.631

13 0.0713 0.101 0.223 0.0303 0.0303 0.902

10 0.0713 0.101 0.270 0.0313 0.0000 1.29

13 0.0713 0.101 0.367’ 0.0206 0.0306 2.03

16 0.0713 0.101 0.036 0.0100 0.0372 0.07

17 0.0713 0.101 0.303 0.0006 0.0613 7.11

10 0.0713 0.101 0.630 0.0030 0.0631 10.0

19 0.0029 0.101 0.113 0.0329 0.0110 0.333

20 0.0029 _ 0.101 0.137 0.0269 0.0167 0.622

21 0.0029 - 0.101 0 202 0.0213 0.0219 1.02

22 0.0029 0.101 0.206 0.0162 0.0267 1.63

23 0.0029 . 0.101 0.291 0.0127 0.0306 2.01

 

theee dete indieete thet for eqnel initiel ecidity end thiocyeneto

concentretion, the dietribution coefficient increeeee with decreee-

in. neodyeiun cencentretion. the dete preeented in reblee '71 end

V12 ere preeented erephicelljt ee-.1'1.30:c"0.

While performing cnperinente with lenthenun (eee below), it

woe ebeerved thet ellcninn thiocyeneto wee entrected into tri-no

bwtyl phoephete to e greeter extent then wee the eodinn eelt. 1t

wee eleo obeerved thet 1enthenun.pcrchlorete wee entrected even

when there who no thiocyeneto preeent. Another eeriee eein; neo-

dyninn wee etndied with en ette-pt et controlling the ionic

etrennth node. end in which the thiocyeneto concentretion wee ed-

jnetcd*with etenderd eodiwn thiocyeneto eolntion. the reewlte of

thie eeriee of entreetione ere given no Teble 7111. end preecnted

:rephicelly ee Iicnroe 3 end 6.
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Tablw ELI

gtrection beta 53; ncodmun

W nccntrntion in no or Liter

run Id Ac idity scn no ld

lo. Or in in Ori inc noon Or an

20 0.103 0.101 0.000 0.0667 0.0360 0.500

23 0.103 0.101 0.173 0.0069 0.0530 1.19

26 0. 103 0. 101 0. 362 0.0207 0.0700 2.50

27 0.103 0.101 0.562 0.0133 0.0890 6.72

20 0.103 0.030 0.362 0.0106 0.0001 0.32

29 0.103 0.202 0.362 0.0003 0.0500 1.32

30 0.103 0.500 0.362 0.0706 0.0270 0.350

A A 4 _L

Intrection g!- Lenthennn nioczenege

Leathennn eolntione were prcpered in the nenner deecribed

ebove. the totel equeone volnnee being twenty nillilitcre for

the 0.1 end 0.10 fornel eolwtione. end forty nillilitere for the

0.07 end 0.00 fornel eoletione. The enclyeee were pcrfornod ee

deecribed ebove, encept thet the precipiteted orelete wee ellow-

ed to digeet for opproninetely two hoere before the eolntione

were renoved fron the hot plete end ellowed to cool. The ignition

of the onelete wee done in pletinnn crociblee et 975' c. or ebove.

‘l'he reenlte ere einiler to thoee for the neodyninn eoletione. for

the 0.11 for-e1 1enthen- eeriee.01enthennn perchlorete wee need

in plece of the lenthennn thiocyeneto. end ell the thiocyeneto

preeent wee eddod in the fare of mine thiocyeneto. 'i‘he len-

thennn perchlorete eolntion wee prepered by edding en enceee of

lenthennn oxide to perchloric ecid, etirring over night, end re.

neving eny rennining oxide by filtretioe. the pl! of the reenlt-

ilg eoletion wee neeenrcd end found to be eboet five. thie velne
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for the pa inenrcd thet very little of the lenthenun wee prceent

in the forn of beeic eelte, eince it 'ie on the ecid eide of eqni-

librinn, end eleo reprcecnte e nininnn enceee of pcrchloric ecid.

‘l'he eolntion wee then enelyeed for lenthenun by the neth pre-

vioeely dcecribed end wee found to be 0.2700 for-e1. the dete

for e “er of lenthennn entrectione in which the netel con-

. centretion wee held conetent while the thiocyeneto concentre.

tion wee veried ere prceented in ‘l'eble 1:. (Into thet four dif-

ferent lenthenun concentretione were etedied.)

With the enception of the 0.10 fornel leethent- dete, theee

reewlte ere quite einiler to thoee for the neodyninn. Additionel

en'erinente were perforned (eee below) to explein the verietion

of the 0.10 for-e1 eolntion fro. the veluee of the othere. The

dete preeented in thie teble ere repreeented grephicelly in .

figeree 7 end 0.
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teble‘Lg

figtrection gate £25m

onccnt eti in Hblee r L of 0

III he Acidity 00] he he 0

no. griginel Qgiginel 9100125! gagggge Qggggic

1 0.103 0.101 0.300 0.0309 0.0090 0.900

2 0.103 0.101 0.397 0.0010 0.0632 1.50

3 0.103 0.101 0.006 0.0200 0.0720 2.53

0 0.103 0.101 0.575 0.0216 0.0005 3.72

3 0.103 0.101 0.660 0.0169 0.0050 3.10

6 0.103 0.101 0.733 0.0131 0.0902 6.07

7 0.0603 0.101 0.203 0.0000 0.0250 0.570

0 0.0603 0.101 0.277 0.0337 0.0353 1.06 -

9 0.0605 0.101 0.339 0.0260 0.0026 1.60

10 0.0605 0.101 0.020 0.0179 0.0306 2.03

11 0.0605 0.101 0.317 0.0122 0.0360 0.61

12 0.0000 0.101 0.120 0.0312 0.0093 0.299

13 0.0000 0.101 0.191 0.0231 0.0173 0.750

010 0.0000 0.101 0.290 0.0102 0.0190 1.93

13 0.0000 0.101 0.307 0.0000 0.0315 3.77

16 0.0000 0.101 0.520 0.0002 0.0336 0.01

.017 0.139 0.101 0.203 0.0673 0.0730 1.09

‘0010 0.139 0.101 0.303 0.0559 0.0036 1.50

*‘19 0.139 0.101 0.000 0.0059 0.0926 2.06

0*20 0.139 0.101 0.090 0.0301 0.1017 2.67

0‘21 0.139 0.101 0.603 0.0297 0.1090 3.60

*‘An error wee nude in the eddition of tri-nébetyl phoephete,

in thet for thie entrection 60 nillilitere wee eddod in-

eteed of the 00 need for the reneinder of the eolutione.

*0 tor theee eolutione, ell the thiocyenete wee eddod in the

fore of mine thiocyeneto. end the lenthenun wee eddod

in the fore of lenthenun perchlorete.

 

the thiocyeneto concentretion for rune one through five. nine.

end eleven were deterndned by precipitating the thiocyeneto with

eilver nitrete eolution, end weighing the precipitete. the con-
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centretione obteinei ere given ee teble x.

rehle g

u

wanna 22.22 m 52!m mama

 

Encentrgtion in Hole; get Liter Organ?

III 00' 06' SCI ll/Ifll

. in e it ti

1 0.300 0.1082 0.1967 3.93

2 0.397 0.1067 0.2002 3.80

3 0.006 0.1902 0.2850 3.93

0 0.373 0.2003 ‘. 0.3276 0.07

3 0.660 0.3025 0.3303 0.10

9 0.339 0.1903 0.60

11 0.317 0.2609 0.73

 

en exeeinetion o! theee dete fine the i-preeeioe thet

the thiocyenete to rere eerth retie in the orgenie yheee ie

probe!»11 (our .

An eminetion of the dete for the 0.139 forul len-

then. eoltttioee indicete‘ thet the ionic etrength of the eo-

1utioee pleye e not tninportent role ie the eetrectioee. It

would eee- thet if one «I10 control the ionic etrensth of

the reter eolution etter eatreotioe to eoee eoeeteet velue,

the reeulte mid he eore neerly coeperehle. for thie pur-

poee. eevere1 more rue rere eede it ee etteept to control

the tonic etrensth. thie eeceeeiteted eoee perhepe rether

dreetio eeetnptioue. Theee eeeueptione ere: firet, thet

everything ie totelly ionized in the equeoee pheee, end lec-

ond, thet einoe it eppeere thet four thiocyenete lone ereee.

the pheee houndery for eech leathemxe (eoe teble 2). the



0
.
.
.

.
0



01

(ecreeee in ionic etrength from that of the originel eolution would

he levee theee the concentretion of lenthanwn in the orgenic pheee.

0eing theee eeeunptione. the ”ionic etrength" oi the eqeeoue pheee

elter eetrectioe cen he celculeted. The next eeriee of experieente

were perforeed ee previouely deecrihed, erecpt thet the dietrihe-

tion coefficiente were eethneted end the ionic etrength of the orig—

ieel eolntion wee celcnleted to give e finel ionic etrength of

epproxinetely 0.3. I! the resulting dietrihution coefficient wee

quite tiiferent fron.thet eetineted, another eetimete wee nede,

end the experieent repeeted. the reeulte oi theee experiments

ere given ee teble ll, end preeented graphitelly ee Figuree 0 end

theee dete ere e further indicetion o! the importence of the

ionic etrength on the dietrihution of the rere eerthe. end they

eleo indicete thet the diecrepency in the 0.10 toreel leathenu-

dete previonely reported.wee heceeee of ionic etrength differencee.





02
 

 
 

(
$
1

“
9
‘
0

“
6
‘
0

9
0
9
0
1
,

0
8
0
0
1
3

t
a
r
o

t
o
r
e

s
o
m
e

6
t
:

“
'
9

c
o
r
e

o
s
t
'
o

m
o
w

t
o
m
'
o

o
u
t
'
o

t
a
r
o

$
9
9
0
1
:

a
t

7
6
'
:

“
9
'
0

s
s
t
'
o

a
t
o
m

K
I
O
‘
O

o
o
r
o

t
a
r
o

9
9
9
0
'
0

i
t

W
e

a
r
e

”
t
o

m
o
m

9
1
9
0
1
)

a
t
a
r
o

t
a
r
o

9
c

a
r
e

t
a
r
o

t
t
t
'
t

s
c
a
r
e

m
o
m

o
o
s
'
o

t
a
r
o

t
o
r
o

s
:

a
t
"
:

t
a
r
o

1
9
'
0
"
!

m
o
m

e
t
z
O
'
o

o
o
r
o

t
o
r
o

t
a
r
o

7
:

(
8
’
1

“
5
'
0

“
6
'
0

:
1
9
0
‘
0

«
w
e

o
o
r
o

t
a
r
o

c
a
r
e

(
C

9
5
'
!

e
u
r
o

(
“
‘
0

i
n
t
r
o

I
M
'
O

0
0
m

t
a
r
o

t
a
r
o

r
t
,

9
0
'
!

c
o
r
e

1
5
m

c
a
n
'
t

«
w
e

c
a
r
e

t
o
m

t
o
m

I
t

t
o
"
:

a
r
e

(
t
r
!

w
e
r
e

"
c
o
m

o
o
r
o

t
o
r
e

a
c
r
e

0
:

t
r
:

c
a
r
e

1
9
1
'
!

9
:
6
0
1
)

1
2
9
0
'
!
)

o
o
r
o

t
a
r
o

a
r
e

a
t

9
9
'
!

t
a
r
o

9
9
0
'
!

w
e
r
e

9
9
9
0
'
0

m
'
o

‘
t
a
r
o

a
r
e

t
:

:
0
“
!

t
a
r
o

2
6
6
'
0

t
o
m
'
o

o
m
'
o

I
a
t
'
o

t
a
r
o

c
c
r
o

a

I
f
:

z
e
r
o

0
1
1
'
!

w
e
r
e

1
9
:
0
'
6

a
r
e

t
o
r
n

6
8
1
'
0

9
:

6
9
"
!

e
u
r
o

9
:
0
'
1

6
9
8
0
‘
0

"
t
w
o

L
a
t
'
o

t
a
r
o

a
r
e

£
2

2
1
‘
!

t
z
r
o

(
«
‘
0

i
n
t
r
o

2
9
9
0
1
:

a
r
e

t
a
r
o

a
c
r
e

7
:

t
w
o

a
r
e

(
“
'
0

5
9
9
0
‘
0

o
m
r
o

t
a
t
'
o

m
m

a
r
e

a

a
r
e

c
o
r
n

(
“
'
0

0
m
m

o
u
o
'
o

'
t
a
r
o

1
0
1
'
0

a
r
e

a

I
'
m

t
u
t
fi
x
o

a
m
m
o

I
n
c
-
W
“
t
r
a
m

'
i
m
‘
fi
a
o
"

i
m
‘
fi
z
o

'
E
i

1
»

r
!

n
m

t
u
n
e
!

"
I

m

 
3
o

J
e
a
n

1
e
e
t
q
q

 

 

m
a
m

3
3
5
'
c
a
n

'
0
'
n
o
e
fi
i
‘
i

i
i

3
1
'
0'1.”

9





wee/0.4.7600 440.4on3.10

 

F
7
'
g
u
r
e
9

D
i
s
f
r
i
b
u
fl
o
w

o
f
L
a
n
f
h
a
n
u
m

7
"
'

a
s
a

f
u
n
c
t
i
o
n

o
f

7
7
7
/
0
c
y
a
n
a
f
e

C
o
n
c
e
n
n
'
a
fi
o
n

5
"

fl
a
n
/
c
S
t
r
e
n
g
t
h
C
a
n
t
o
/
l
e
d
a
t
0
.
5

w
i
t
h
A
m
m
a
n
/
2
1
m

P
e
r
c
h
l
o
r
a
t
e
}

   
1

l
l

l
l

 
 

1

0
6
2
/

0
2

0
.
3

0
.
4

0
5

0
6
‘

T
h
i
o
c
y
m
a
r
e

O
m
c
e
n
r
r
a
n
b
n

(
r
h
o
/
e
s
p
e
r

l
i
f
e
r
)



M

In order to adjust the ionic strength of the 0.07 form).

solutions, aoma ammonium perchlorate or sodium perchlorate would

be naceaaary in addition to the other salts. It was decided to

use tha sodium aalt for the complete aeriea. and also to use sodium

thiocyanata inataad of the min: aalt in ordar to raduca any

hydrolysia attacta ta a mini-m. m 0.4. 0.5. and 0.6 tor-a].

thiacyanata aolutian waa run with both tha a-oaiua aalt (run

nun-ban 37, 38, and 39) and tha aodiu- aalt (run amara 52, 43,

and M). 'l'ha data for thaaa aolutioaa. aa wall aa ra-runa “in;

aadiu aalta for tha 0.1 and 0.11. tor-a1 laathaaua ara praaantad

aa tabla III. and aim in graphical torn ia lint-a 10. Includad

in tabla an an data fire. a aariaa o! axtraetiona aada tron 0.1

tor-a1 lanthan- aolutiaaa, with tha thiocyaaata coacantration

hald at OAOO for-a1, but with varying initial aaiditiaa. The“

data ara praaantad graphically aa tiara 11. no data praaaatad

hm indicata that tha attacta of tha acidity, lanthanua concou-

tratioa, and thiocyanata aoncaatratioa ara of tha aa-a ordar aa

waa found for naodyniun.
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tabla m

gxtraction Dag; g2; Lanthanum

Concentration in 1101;; pg! Lita: of

  

Inn La Acidity 868 La La q

lb. __~ inal 0ri ' Ori inal naoua 0r anig_;

60 0.0685 0.101 0.200 0.0207 0.0681 2.32

61 0.0685 0.101 0.300 0.0152 0.0535 3.51

62 0.0685 0.101 0.600 0.0109 0.0579 5.30

63 0.0685 0.101 0.698 0.0076 0.0610 .8.02

.66 0.0685 0.101 0.600 0.0053 0.0632 11.86

65 0.103 0.101 0.200 0.0613 0.0616 1.69

~66 0.103 0.101 0.600 0.0283 0.0766 2.63

67 0.103 0.101 0.500 0.0176 0.0853 6.90

68 0.139 0.101 0.200 0.0782 0.0612 0.783

69 0.139 0.101 0.600 ' 0.0525 0.0869 1.66

50 0.139 0.101 0.600 0.0286 0.1110 3.91

51 0.103 0.050 0.600 0.0216 0.0813 3.80

52 0.103 0.101 0.600 0.0283 0.0766 2.63

53 0.103 0.202 0.600 0.0651 0.0576 1.28

56 0.103 0.506 0.600 0.0759 0.0268 0.353

 

rt. cancaatrationa o! thiocyanata in tha organic phaaa‘wara

datarninad for runa 66. 67. 69. 51,53. and 56 by pracipitatin; tha

thioayanata‘with ailvar nitrata aolution, and‘waighin; tha pracipi-

tatad ailvar thiocyanata. rha valnaa ohtainad ara givan aa tabla

XIII.
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Extraction data for SCH from Ln‘SCH23

 

 

 
 

Concentration in Holes per Liter Organic

III : LI Acidity SC! 80! SCI/La

lo. Original Original Original Organic Ratio

66 0.103 0.101 0.600 0.221 2.97

67 0.103 0.101 0.500 0.268 ' 3.16

69 0.139 0.101 0.600 0.239 2.75

51 0.103 0.050 0.600 0.202 2.68

53 0.103 0.202 0.600 0.253 6.39

56 0.103 0.506 0.600 0.306 11.6

 

I! one conparea the data, it will he noticed that the dia-

trihntion coefficienta are not the came for the eolutiona coins

aodinn thiocyanata no they are for the aolutiona in which ammoniu-

thiocyanate nee need, the diatribntionlcoefficienta being greater

for the eolutione containing the sodium aalt. In an attempt to

explain this difference, which ia too large to he accounted for

by hydrolyaie effecta, extractiona were made in which either

min. or aodiun thiocyanate aolutiona with no rare earth

content were equilibrated with tri-n-butyl phosphate and the

diatrihntion of thiocyenate naaaured. “thie wee done by “ya-

in both the cqueoue and the organic phases for thiocyeneto ea

deecrihed previoue1y. Iolntione of each were prepared and ad-

jneted to be 0.6 tor-a1 with respect to the thiocyeneto. and 0.1

”I with reepect to perchloric acid. Upon analyaia. it nae

(and that the on.“ phaee wee 0.201 for-a1 iron the all-onion

thiocyeneto Intractm. and only 0.125 formal fro- the aodima

thieeyanate extraction. It appaare tron theee data. that the
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.eniu thiocyenete repreaaee the extraction of the rare eerthe

by being entractad itaelf. In order to deternine whether codin-

thieeyenete wee being extracted, or if thiocyenic acid wee the nain

apeeiee being extracted, a aeriae of extrectione were node in which

the thiecyenate concentration wee varied while the hydrogen ion

concentration wee held eoneteat, and eleo in which the hydrogen

ion concentration wee varied ea the thiocyeneta concentration wee

held eonatat. the date for theee extrectione are given ee table

21', and preaented graphically ea tigcrea 12 and 13.

table 3;!

lgtrggtion date £95 MCI

 

goncentretion in blame; Liter
 

 

an ace Acidity sea

39 # Original Original Ozrgenic‘

1 0.600 0.050 0.063

2 0.600 0.101 0.106

3 0.600 0.202 0.175

6 0.600 0.506 0.290

5 0.200 0. 101 0.003

6 '1 0.600 0.101 0.613

 

theee date chow that the concentration of thiocyenate in the

organic pheee increaeee rather narhedly ea the acidity ie increeeed.

hot that there ie only a alight increaee in the mount of thio-

eyenate in the organic phaae ea the original thiocyenata concen-

tration ia iecraaeed. theee ohaervatione indicate that the najority

of the thiocyeneto which entere the organic pheee doea eo in the

torn e2 thiecyenie eeid, and not ea eodinn thiocyeneto.
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w95 g-eaeodniun 11110chto

the extraction 6! praeaodyaian wee atndied at different thio-

eyenate concentratione and at ditierent initial aciditiee. Iodine

thiocyeneto wee need to edjcet the thiocyenete concentratione to

the daeired valuee. and perchloric acid wee need to edjcat the

initial acidity. the ionic atrength wee edjceted by adding etend-

erd aedien perchlorate oelution. the extractione were parlor-ed

ea deeerihed previonaly. the data obtained (or theee extrectione

are preeented or table It. and graphically ea rignraa 16 and 15.

 

 

Table £2. -;p

Mr=1” $25.: is:We

#8 n e on la a '6

Inc Dr acidity SCH tr 2r 1

lg, gigginal Original Original 53239;! Organic

1 0.103 0.101 0.000 0.0678 0.0360 0.515

2 0.103 0.101 0.200 0.0379 0.0668 1.71

3 0.103 0.101 0.600 0.0206 0.0821 3.99

5 0.103 0.050 0.600 0.0130 0.0897 6.90

6 0.103 0.202 0.600 0.0336 0.0691 2.06

7 [0.103 0.506 0.600 0.0321 0.6550.0706

_4_ k

w

theee data chow the lane dependence on initial thiocyeneto con-

centretion and initial acidity ea wee oheerved for needy-ice and

lenthannn.

WMWW

the extraction of aenarion wee etudied in exactly the some
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' g, (1)

3’.

nanner ea wee the preeaodyniun. the eolctioae to be extracted were

node to be identical to thoee need in the preaeodyninn extraction.

except that eenaricn no need inataad oi preaeodynicn. the reeelta

e2 theee extractiena are preeented ea teble m. and graphical

repreeentetione of the date are given no Iiguree l6 and 17.

 

 

35.5.1: 3:1

mm222 £21 m1:

Concentratigg in lhlee pg: Lite; #

be In Acidity SCI Sn 8n 1

. Ori inel 0r neon i

1 0.103 0.101 0.000 0.0653 0.0376 0.573

2 0.103 0.101 0.200 0.0362 0.0665 0.86

3 0.103 0.101 0.600 0.0181 0.0866 6.67

6 0.103 0.101 0.600 0.0083 0.0966 11.37

5 0.103 0.050 0.600 0.0118 0.0909 7.70

6 0.103 0.202 0.600 0.0325 0.0702 2.16

7 0.103 0.506 0.600 0.0680 0.0367 0.510

theee date ahow the cane tendenciee ea were obeerved for the

other rere earthe etndiad.

mmit.W9.: modan it 5.29. moo-enc-

g‘ 22! gating;

In order to teat the neetnlneaa of the extraction of the rare

earth thioeyanatee into tri-e-bntyl phoephate, eynthetio nixtcrea

e2 preaeedynien and needy-inn thiecyenatea were nade, and theee

were equilibreted with tri-n-hntyl phoaphate ee deacribed before.

leperetien lectore were deternined epectrophotonetricelly by the

nethed a! taller and Brantley (60). the aeperation factor ea need
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he 1e defined ee the retio of neodyniun te ”needy-1o: 1e the

m pheee dter extraction divided by the ease recto for the

oelution befere extrectton. The dete from theee experleeete ere

new ee teble m1.

 

 

2...st. an

Ixtrectton g; Neodmium 335 Eueodutm

matted“ 1e glee 2;; Liter Seperetioe

Id Pr SON Acidity

ne m1 0:1 in Or in l‘ tor

0.073 0.02} 0.600 0.101 1.16

0.050 0.050 0.600 0.101 0.93

0.023 0.073 0.600 0.101 0.77

 

'lbeee dete tedteete e "ration e! the eeperetioe fettor ee

tbe re1et1ve emanate of different rare eerthe in e mixture were

ebee'ed. em though the overall ooecentrettoe of rere eerthe

were kept content. It‘would eppeer, then, thet thie wethod

wewld be of doubtful welne tor the eeperetioe of e crude eirture.

mammnw

“see the dietributtee eoeflletente for leathem, preeeo-

dyltn. eeodyein. end entrie- heve been deter-teed. it would be

utereette. to how the dietribettoe behevior of eeroee thio-

eyeeete. A eo1wt1oe’ of eerowe ewllete wee prepered by reducing

eerie ewllete with hydrogen peroxide, eed radiu- tbtooyeeete eo-o

lettee wee edded. I-edutely upon the edditloe of thiocyenete,

e ”lent-owe preelpttete of eelte: for-ed. to be eerteie thet the
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him peroxide wee not the cause of the decoupoeition of the

thiocyanete, eodiun thiocyanate solution was added to an ecidifled

eolution of hydrogen peroxide, and the solution remined perfectly

clear. The experiment with cerium was repeated with a fairly large

enceea of peroxide present to mini-ice the poeeibility of ceric

eeri- beiq preeent. When thiocyeneto wee added to thie aolntion,

the welwninone precipitate of eulfnr we again very nth in evi-

duce. 1t wee concluded that the difficultiee in neing cerinn and

thiocyuate together were. toe great to attempt a etndy of the cerinn

attraction.

Variation! in the Abeorgtion Sgctra g; 5353 Rare Earth; in

gri-n-bntll ghosghate Solution!

In the initial teete for the cxtraetability of neodyninn, both

the egneone and the erganic pheece were obeerved with a hand epeetre~

eeepe, end it we noticed that the ebeorption bande eeened to have

been abifted. It wee decided that the wieible epectra for the

orguin phne ehonld be recorded and etndied nore carefully. 8.-

plee of the ergnic phaee were taken, and their epectrnn recorded

well. a Iaclnnan model 0.1.4 recording epectr0photoncter. Iron

theee epeetre. it wee noticed that the broad band which ie obeerwed

at 576 nillimicrone in aqueone solution had been partially reeolved,

and that the battle at 760 and 800 nillinicrone had been shifted to

longer wavelengths. The epectrun of neodyminn perchlorate was

not altered to the em extent an wee the epectrun of the thie:-
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cyenete. In an attenpt to explain theee epectrel ehifte. none of

the tri-nnbntyl phoephate eolntion of the perchlorate wee placed

in an oven at 110° c. to renown noet of the water dieeelved in

thd eolwent. The epectrnn.of thie dried eolntion wne completely

different free that of the wet eolntion, and rere-bled nore

eleeely the epectrnn of the thiocyanate eolntion. to can if the

epectrel changee were peculiar to tri-n-bntyl phoephate, neodyninn

thiecyanate eryetele were dieeolved in nethanol. and the epectrnn

of thie eolntion recorded. Thin epectrnn wee alnoet identical to

that of tbe thiocyenate in the tri-n-bntyl phoephate. It appeere

that the ehift in epectrel bende in thie ceee ie nerely a neeeure ‘

of the anoent of water which in unwed fron the needy-inn. Con-

plete epectra of neodymiu- perchlorate in tri-n-bntyl phoephate

(not dried). needy-inn thiocyanate in tri-n-butyl phoephate (not

dried). and neodyndun.perchlorate in trion-bntyl phoephete (dried)

ere preeented an Iignree 18, 19. and 20 reepectively. Detailed

epectra of only the region 560 . 620 nillindcrone of needy-inn

perchlorate in water eolntion, neodyniun thiocyanate in nethenol.

and the eolntione deecribed above are preeented ae rignree 21

through 25.

Ipectra were recorded for praeeodyninn and auction thio-

cynnate in tri-n-bntyl phoephate, but theee do not chow any

appreciable difference fro. that in the aqueoue phase. Theee

epectra are preeented ae ligurce 26 and 27.
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mHim 2! 2.m mass 2: £22 22 532.2 .__..£...._D5-"nation.

2; leodzgiue Thiocxeneto

the color of the needy-ion thiooyeeete in the tri-n-hutyl

pheephete wee redder then ere neodymium eolctione in generel, end

the eheorption epectm of thcee eolntione ehowed e generel eh-

e‘erptioe in the region of m to 550 nillinicrone. Thie ie the

mice e! eheorption of the ferric thiocyenete complex. 'In ordcr

to deter-tee whether the mount of iron which mold produce thie

ml of ebeorption would heve eny effect on the dietribution of

neodyliu. ee extrection wee cede in which the neodymiu- wee ell

eddod ee the perchlorete, end the thiocyenete wee ell eddod ee

eedioe thiocyeeete. 1e thie extrection. the tri-e-hntyl phoephete

theee hed the owl color of neodymium eelte, end the chenge in

diettihtioe ceeuieient wee epproxinetely that which wee obeervcd

in the leethem eelte for e change in ionic etrength equel to the

oheeue in ionic ettenxth between the neodymiu- eolntione being

eeqered. to echo certein thet thie wee the only ceuee for the

diflerenoe, the extreotion wee repented with snough ferric chloride

Deletion eddod to Ieke the eolntion 0.90001 forul with rcepect to

im. the color ot the trim-hutyl phoephete pheee fro-I thie ex-

traction wee each on intense red thet the eolution wee elmet

"no. the dietribotion coefficient of neodymium wee completely

“housed. m5 It can be eeid, than, thet enell mounte of

iron ee en inerity would hewe no effect on the diettihotion of

eeodyeiee.
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mmgmmnzzflo

In order to check the eesnitnde of the effect of chenainz

teepereture on the extrection of lenthenee thiocyenete. one exttec-

tion wee eede et 33° 0. for thie experieent. the eeee eoletion wee

eeed.ee ie the number 52. the diettihutioe coefficient wee found

to be 2.90. which ie to he competed with 2.71 foe rue hunter 52.

et 13°‘0. thie indicetee thet the eettectioe ie enhenced by the

higher telperetute. but not by e eisnificent eeount. Since the

diettihutioe coefficient elplifiee eny difference in two eolntione,

it ie petheee better to'cowpere the concentretioe.of the lenthenme

in the orgenic pheee to: the two eolntione. At twenty-five deereee,

the concentretion of leethenu in the orgenie pheee wee 0.0750, end

et thirty-five dotteee. the concenttetion wee 0.0769. thie ie e

difference of only 1.5 percent.
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1315605810!

Previeee work on the dietrihutioe of rere eerthe between

wetu end eon-eeneone eolwente hee ell been quelitetive ie eeture.

ie thet no ette-pt wee nede to elucidete the epeciee croeein; the

pheee howndery. or the epeciee preeent in either pheee. There ie

e lerum of poeeihle epeciee preeent in eech of the pheeee.

thie “or being coeeiderehly reduced for thoee which eey croee

the pheee houndety. hecmee only oncherged epeciee cen be true--

ported fro- one phone to heather. Bone of the epeciee which night

to preeent 1. the thiocyenete eyet- ere um». «new, menu)“.

I’“. ecII’. mace. mum. mete)". 32‘8“)5, etc. As pointed

out et the beginnin; of the experiuntel ecctioe. the experimente

deeorihed in thie theeie were deeizncd to ehod use light on which

of theee epeciee were i-portent in the dietrihuticn of the rere

eerth thieey-etee hetweee weter end tri-e-hetyl phoephete. In

the interpretetioee which follow. each net reeeie «whet

eeeiitetive. in thet eeee ef the ieporteet weriehlee of the eyetee

eneet he neeeered. let ieeteece. the “free" wetel lee concen-

tretiee. ee ouch. eeeeet he eeeeered in either pheee; only the

totel eetel coeeeetretiee in eech pheee eee he deter-med ene-

lyticelly. the "free" thiocyeneto ice coecentretioe eennot he

eeeeered eeeiiy. elthewch e peteeticeetric eethod wtilieing e

eilwer-‘eilwer thiecme electrode ”etc. would prohehly give e

feirwelwe for thie quantity. In thie etwdy. however, the totel
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thiocyeneto in eech pheee wee estimated by precipitetion of the

thiocyeneto with eilvcr nitrate solution. With theee linitetione

in wind, end with the nothod of Irving gt 2;. (31) described in

the theoretical section serving to a guide, the results described

in the experimental section ten now he discussed.

£3.55. 93 Ihiggzenete 133 Concentgetioe 23 the Dietrihntion

goefficient 2; the here terthg

If the uncheniew of the extrection of the rere eerth thio-

cyenetee involves em type of couples between the rere eerth ion

end the thiocyeneto ion (ewch ee K0011”, mete)“ etc.). chees-

in. the concentretioe of thiocyenete ie the com pheee ehoold

hewe e preeewnced effeet on the utrection coefficient. For the

dieeoeeioe of thie effect, lenthenne will he preeented ee e

typieel mic.

‘l’he eddition of thiocyenete ion to the eqneoue eolntion

hefore extrection hee e pronounced effect on the enonnt of len-

theeIn which entere the orgenic pheee. ‘rhe dete (Iehlee 1!, II.

end In) preeented grephicelly in the experiecntel eection (rigor-cc

7 throoeh 10) indicete en increeee in the count of lenthenu

eetrected ee the originel thiocyenete ion concentretion ie incrcee-

ed, while the eeeceetretion of lentheewe wee held conetent. In

order to treet thie eetreotion eccording to the eethod of Irving

1; g” the “free" thiocyenete ion concentretion efter extreotion

ie needed. If the "free" thiocyenete ion concentretion ie eeemned
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to he eqwel to or proportional to tho totel thiocyeneto concen-

tretioe efter extrection. then the variation of the dietribution

coefficient‘with thiocyeneto ney ho analyzed by utilizing equation

(3) fro-.the theoreticel ecction:

10; q - A I» Lou-LIE.) o (Sofia - Sinogw) +

(lo - $10.20!) + (5060 - fifinoam).

If the thiocyenete ion concentration ie the only variable,

then the elope of e plot of lo; q (the dietribution coefficient)

wereue 103(505‘) would repreeent tho velne (0050 ~ EB), the dif-

ference between the ewerege number of thiocyenete ione eeeocietod

‘with the couple: in the orgenic pheee (dodo)end the evcrege nun-

her eeeocieted*with the complex in tho equooue pheee (55). (Note

thet theee ere everege veluee, end do not necceeerily represent

the noet inportent epeciee prceent.) A logarithmic plot of this

type ie preeented ee Figure 28. From the elopee of the lince in

thie figure. the welne of the quantity (505° - in) ie found to be

two, which neene, for the everage composition, there ere two more

thiocyenetee eeeocieted with the lenthenun in the orgenic phase

tthen there were with the lenthenun.in the aqueous pheee. Unlese

the ennher of thiocyenete ione eeeocietcd with the lenthenmn Ln

one pheee ie known, however. nothing definite nay he eeid ebout

the ewerese number eeeocieted.with tho lanthanun in the other

pheee. If the welne of four for the everege nunher of thiocyenctee

eeeocieted‘with each lenthenum, fig. which wee indiceted in one
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eeriee o! determinations (Table X) is assumed to be correct, then

thie treatment leads us to believe that the average composition in

the aqueous phase is something of the nature of La(SCH)2t Other

determinations of thiocyeneto to lanthanum ratios in the organic

phase (Table XIII) tend to show that the ratio of four to one

indiceted ebove wee dne eostly to coincidence, end thet the four

to one retio in the organic phase does not necessarily represent

the everege composition. Fran these other date, it appears thet

the lenthenne.in the orgenic phase is present es anything from

remain“ to u(scm6”‘. Subtracting m thiocyenetee free these

everege species in the organic phase to give the average composition

at the aqueous would then imply that anything fro-.Le”’ to Le(SCI)4-

could be the everege composition of the lnnthenun.in the aqueous

phese. This treetnent gives no infonnntion reletive to the actual

species crossing the phese boundary, but only the sverege cesocietion

after the lenthennn.hae entered the organic phsee. The main conclu-

sion which one be drawn is that there is some form of thiocyeneto

complex or ion eggrcgete present in each phase.

Since some of the thiocyeneto to lanthanum ratios for the

organic phase reported ehove ere lees than three. it must be implied

thet the pcrchlorete ion, used to control the ionic strength, is

entering into the extrection. To lsern the magnitude of the en~

trectiee of lenthenue perchlorete. en experiment wee performed in

wideh.ee thiocyenete wee present. The distribution coefficient

ehteined for this experiment (Table XI. Inn nnwhsr L36) wee
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approximately 0.5. This comparatively high extraction coefficient

for lanthanum.perchlorate alone indicares the average composition

of the species crossing the phase boundary may be anything fro-

La(Cqu)3 to KLa(SCN)4, depending upon the initial conditions. This

extraction also indicates either that the perchlorate: of the rare

earths are note associated in the aqueous phase than has previously

been assumed, that the distribution coefficient of the extracted

species is exceptionally high, or that the lanthanun perchlorate

in also elmoet coupletely dieaociated in the tri-n-hutyl phosphate.

The distribution experiments performed using praseodyniun, neo-

dyniln, end senariun show a similar dependence on the initial thio-

cynnnte concentration, and therefore indicate similar conclusions.

Dependence of the Diatribution of Rare Earth Thiocganete
  

23 the Agreoue Rare Forth Concentration

In order to learn whether the distribution coefficient of the

rare earths was a function of the rare earth concentration, a series

' e! enperinents were patterned in which the rare earth concentration

was varied while the acidity and the thiocyeneto ion concentrations

wore kept constant. As in the previous discussion, lanthanum is

cited an a typical case.

the teat that at equal initial thiccyanate ion concentrations

ch distribution of lenthenun decreases with increasing lanthan-

eennentration (retrograde extraction) is evident iron the graphical

pleeentation of the data (figure 15). Again, in order to treat
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thie extraction according to the method of Irving gg‘gl, the "free"

lanthaaua ion concentration in the water phone after extraction is

Ioodod. If tho assumption is node that the "free” lanthanum con-

centration in nearly equal to or proportional to the total aqueous

loathauua after extraction, equation (5) may again be utilized. 1!

the lanthanum concontrotioo io the only variable, then the slope of

a plot of lo; q veroua la: (La) would repreaent the difference

(5‘ . i) in the avorazo association of the lunthanun.in the organic

phase (in) and the average association in the aqueous phase (3).

such a plot is presented as lizure 29. iron thia graph, tho value

o! (I. . I) 10 found to he ~5/16. which would indicate that on the

average there are one and five oixteentho lanthanua ions associated

with one another in the aqueous phase. Thie value for the average

aooooiation in the aqueous phaee means that about 48 percent of

the total lanthanua in the aqueoub phase is preeent as a diner.

The existence of lanthanua thiocyanate ia the aqueous phase as a

lilo! is a rather unlikely postulate, so another explanation war

deaired.

Imbakor (13) hee recently studied the extraction of telluriun

(m chloride into his(1~chloroethyl)ethcr from aqueous hydrochloric

acid oolutione, and shove that the phenomenon of retrograde ex-

traction my be mlained in another manner. Transforming his

oquations oo that they correspond to the case of lanthanum thio-

cyeneto instead of tellurium tetrachloride, his reasoning, briefly

stated, io ao follm.
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I! the extracted epecice are lanthanum thiocyeneto and

tetrathiocyanatolanthauic acid, and the comlea acid dieeociates

in the organic photo to torn 1.48610", the distribution coefu-

licient, a. it

(“(mfio * (mamao ‘ (“(WNM'N
q I s

(Law

 

where paroothoeee repreaont solar concentration. and the aub-

otripte o and w diatiazniah between the oruaie and the oquews

aolutiona roopectively.‘ thie equation nay be rewritten in the

for.

W; . whena ' lpil e l1(H$Cl)o e (3’)“

(IL-(3cm). (BL-(scone
  

  

‘” ' (u). ' ‘1 ' (moon-(scum. ’

. (3’)o(30r)o (3’)o(u(scu)6‘)o

‘3 inset}. ' ”d ‘3 " tut-(scum. '

Being the above relationohips. the concentration of the “tree"

hydrogen ion in the organic phase may be calculated by nuns of

the following equation:

(am ~ immune o ‘I‘J'B‘m’oflaflwgk.

hr the tolluriun extraction. lrubaher vac able to oval-

uate 5 Iron expert-eat“ roeulto, and K1 opectrophotooetrically.

and found that by properly cheeeinz the valuee I2 and 13. he

oould fit the eaporinental data to thoee predicted by the





n2

above equation quite well. It is possible that the extractions

studied in this thesis could also be explained by a similar treat-

neat. but the dctornination of the constant I; is not possible

for this syste- because thero does not appear to be any appreciable

difference in the spectral properties of the two species.

0f the two nochanisns for explaining retrograde extraction

of the lanthanun thiocyanate, (a) the existence of a diner, and

(b) the ionisation and dissociation of the complex in the organic

phase, it is felt that the explanation presented by hrubeker is

the more plausible of the two explanations. the dependence of the

distribution of neodyniun thiocyeneto on the initial concentration

of needy-ion indicate a sinilar conclusion in that the distribution

coefficient decreases with increasing neodyniun concentration.

mummnamw

nmmgmmm

the effect of a variation of the initial acidity of the aqueous

solution on the distribution of the netal is essentially the sons

for lanthanum. aeodyniun. preseodyaiun, and saneriun. In the dis-

cussion which follows. lanthann- is used as being representative

of the other rare earths.

increasing the acidity of the lanthanun thiocyeneto solution

to be equilibrated with tri-n-butyl phosphate decreases the ex-

traction of the lanthanun considerably. as can be seen fro- the
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dnta (table In) proanted graphically (fig. ll) in the experinental

section. If a ocular acid such as MIG!” were the species cross-

in. the phase boundary, it night be enacted that since thioeyanic

acid is a concretinly strong acid (60). the extraction of lesthanun

would be enhanced by the addition of acid. the fact that the reverse

of this is naturally the case does not necessarily prove that the

.tracted species is not a nylon acid. however. If we recall the

enporinsntel results on the extraction of thiocyeneto fron a so.

lution of sodiun thiocyeneto as a function of the original acidity .

(table 11'. Figures 12' and 13) it will be rennbered that thio-

cyanic acid appears to be the species extracted. If we codine

these results with those of the lanthanun extraction, we any show

that the extraction of a coupler acid such as match will be

decreased if another stronger acid is extracted simltaneously.

The reasoning behind this arm-at is that if the species crossing

the phase boundary is an acid of the type proposed above, then it

is the concentration of this species in each phase which is the

controlling factor in theextrection. If the complex acid can

dissociate into ions such as H’ and Laser)" in the organic

phase. then this dissociation will reduce the concentration of the

undissooiated ELeuCI)‘ in that phase. Likewise, if anything were

present which hold repress this dissociation. then the concentration

of the undissoeiated acid would be increased. This repression of

the dissociation of M80!“ in the organic phase is just what

qpoars to happen wh. thiocyenic acid is introduced. the thiocyenic





ecid is extracted into the organic phase and undoubtedly die-

esciates - (at least partially) - into hydrogen ions and thiou»

cyanete ions. the increase in hydrogen ion concentration re-

presses the ionisation o! the macs“ which in turn prevents

nore lenthannn tron crossing the phase boundary. this is only

one explanation of the effect of the acidity on the extraction

of lanthancn, nsnely the assumption of an acid‘conplcx as the

inportant species crossing the phase boundary.

the effect of acidity nay also be explained by assuming

the extracted species to he the einple lanthex. thiocyeneto.

the effect is again due to the extraction of the thiocyanic acid

into the organic phase. the extracted thiocyanic acid is again

presusd to iuise into hydrogen ions and thiocyeneto ions, and

it is this ionisation which increases the concentration e!

”free" thiocyeneto ions in the organic phase. the increase in

”tree" thiocyenate in turn represses any ionisation oi the lan-

thanun thiocyeneto. and thereby represses further extraction of

the lenthsnu iron the aoueous phase. these explanations of the

eiiect oi acidity were also need by solution (50a) for the extrac-

tion of ferric chloride into isopropyl other.

the effect of increasing acidity is actually twofold, no-

natter which of the shove nechanisne is correct. the second

client of. the increasing acidity is the run“ of thiocyanate

ions iron the aqueous phase into the organic phase by the extrac-
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tion 0! the thiocyanic acid. This decrease in aqueous thiocyeneto

concentration also causes a depression in the amount of lanthanun

which will cross the phase houndary, and thereby decreases the mount

of lenthanun which will enter the organic phase.

It should be pointed out here that the large anount of thio-

cysaic acid which is extracted is an indication of one of four

things. or a eonhination thereof:

_ (1) that thiocyanio acid is not as strong in oeueous solution

as was previously believed,

(2) that it is a stronger acid in the tri-a-hutyl phosphate

than it is in water,

(3) that the partition coefficient for the undissocieted

acid is extrusly high, or

(t) that the acid is nore strongly solvsted in tri-n-hutyl

phosphate than it is in water.

mgmwn: oa_.£_;__Co-uecumming;

was: 319.24

' In order to deternine the possible usefulness of this extraction

procedure for the separation oi a nixture of rare earths, the dis-

trihution coefficients were nsesured for lanthanum, praseodyniun,

needy-in, and sunrise under conditions as nearly identical so it

was possible to echo th.. A graphical conperison is given as Fig—

are 30 for the extraction of the rare earths iron a 0A fornal thio-

cyeneto solution and for the extraction tron perchlorate solution.
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the differences between adjacent rare earths are not great

for either of the conditions shown. more is a general trend,

in that the distribution coefficients do increase with increas-

ing atonic amber. l'his trend is that which would be expected

fron the standpoint of besicities: that is, the less basis the

rare earth ion involved. the nore me would expect it to fore

ionic usuciations and therefore the ears one would expect to be

extracted by a nonoequeous solvent. the differences in the ex-

traction of “onion and sodiun thiocyeneto can also be ascribed

to basicity differences.

fines the change in distribution coefficient as we chsnge

the rare earth is enall. and since the change in extraction as

the rare earth concentration is changed is great, it is probable

that this systen would not nahe a satisfactory separational pro-

eedure. it would be a nost difficult tesh to calculate the dis-

tribution in a mltinetsge extraction process. because the cou-

eentratiou of the rare earth. the thiocyeneto ion, and the acidity

uuldallwaryfrononostagatothensxt. theeffectsf tenor-

acne-e, honour. is suffieintly .all that it would not be necessary

to control the tupereturs very rigidly dcriu each a proeeu. and

if there were a onall “not of iron introduced fron the extraction

enuipn-t. the extraction would not be affected upreeiably, as was

shownbythsaxperinntentheeffectefaenallnouatof irouon

the extraction of neodyei- (soe page 71).

ceric sari. eases the deeoqosition of thiocyeneto, and for





this reason. this eyet- should be attqtad for the separation

of a nixture only if the usjority of the eeriun present in the

nixture were renewed beforehand.

a direct ooqarison of these extraction data with those in

the literature is not possible because of the great variations in

extractabilitieo when the condition of the extractions are changed.

leperation factors also present no basis for conparison, since

these vary as the initial ratio of one rare eerth-Ito another

varies. The only coqarison which nay be given is that the dis-

tribution coefficients for the thiocyanates do appear to be greater

than those of the nitrates obtained by rappers _e_§ g. (46).

mmumwumwm

Wichita

As pointed out in the experinental section (pages 59 and 60).

definite changes in the absorption spectrun of neodyniun thin-

cyanata exist between an aqueous solution and a tri-n-butyl

phosphate solution. Only a very slight change wns observed in

the tri-n-butyl phosphate solution of neodyniun perchlorate fron

that in water. If the spectral changes described in the ex-

perinental section were caused by the fornetion of cone sort of

eoqlex between tri-n~butyl phosphate and the neodyniun, it does

not seen reasonable that the neodyniun uuuld be nore available

for couplexing with tri-n-butyl phosphate in the presence of

thiocyeneto than in the presence of perchlorate. In an attempt
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to find a better explanation, the perchlorate solution in

tri-u-butyl phosphate was placed in an oven at 110° c. to re-

nove as such of the water dissolved in the solvent as possible.

and the spectrun of this solution was conpared with that pro»

viously recorded. the renovel of the water resolved the ab-

sorption bend in thevregiou of 573 nillinicrone to an even great-

or extent than that of the thiocyeneto solution. it was then

Qparcnt that the -jor effect in the changes of the absorption

spectt‘iotherensvalefweter frontheatnsephersofthoeeo-

dani- ion. this renewal of water fron the sphere of influence

of neodyniun should be easier if sons netsrial or ice were already

prenent which had renoved sons of the water of co-ordination fron

the neodyniun by roplacenent. therefore. it some that when neo-

dyaiun thiocyeneto is extracted into the tri-n-butyl phosphate it

has less water of oo-ordingation than does the perchlorate. the

thiocyeneto, than, some to have replaced sac of the water es-

ordinatod to the needy-i. ions... this. than, isadditionel

avid-seoftheeuioteuocofoonesortofassociationorcon-

plex between the rare earths and the thiocyeneto ion.



‘9
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(l) lanthanum neodyniuu, praseodyniun. and eanariun thio-

cyanatce were prepared. and their distribution between aqueous

solutions .d tri-nnbutyl phosphate were studied.

(2) For each of the four rare earths used, and increase in

the initial thiocyeneto concentration was found to increase the

distribution coefficient for the acne initial acidity and natal

emotion.

(3) the distribution coefficient for each of the rare earths

studied was found to decrease as the initial natal oceantratioe

no increased if the initial thiocyeneto concentration and acidity

were naintained.conetant.

(4) the distribution coefficient was found to decrease as

the initial acidity wee increased if the initial natal and thin.

cyonete concentrations were kept constant.

(5) In studying the extraction of thiocyeneto fron aqueous

sodiun thiocyeneto solution into tri-n-butyl phosphate, it was

found that thiocyenie acid was the najor species extracted.

(6) txtraction of lanthanx- into the organic phase increased

only slightly when the temperature of the extraction was increased

fron 25° 6. to 35" c.
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(7) the distribution of noodyniu between the two phases

was found to be unaffected by the presence of a snail auount of

iron in the solution.

(s) for tho rare earths used. the distribution coefficient

woo found to increase with atonic o‘er, or to decrease with

increasing basicity.

(9) hidence scene to indicate the existence of either an

ibon-pair type association or a coqlen coupound between the rare

earth and thiocyeneto ions in each of the two phases.

(l0) Any extraction studies asking use of thiocyeneto would

have to be done on coriun free rare earth solutions because of

the oxidising action of totravalent cerium It is doubtful that

ooriun thiocyanato nay be prepared.
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