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. The Lare Terin Tlienients

xcept for lenthenun, element aumber 57, there seemed

to be no place 1u tune periodic chert ior z group of elements

of atcuiic nunberes 97 to 71 celled the rare earths. hen the

structure of tie stoig weg determined iv shoved thet sll 15

menbers oi this group snould logically be pleced in tnis one

spaces, The outer oroiis of sii oi ithe rere eertihc sre ident-

ical, each member putting its additional electrou in an

inner gcheli. 7Thie eccounte ior tue siwiierity of properties

setween the members oi tals group which is periepse 11s 10ST

distincuicshing feature. hat diiiereilces laere are vealy

cradually with the stcmic numbers the atomic welgnte rice

from 139 to 175; tue bLegicity cecrezces zg lhe welzil goes

dpe The colors ol the ions fali into &amp; definite petlern

reng ing from colorless tuiu creen, red and yeliow to codlor-

less end back iil the reverse order to colorless egeaiil,

In generzsl, their properties fall halfwesy between

those of aluminum and barium. They form insoluble hydrox-

ides, carbonates, and oxalates. Their sszlts ere hydrolized

less then those of aluminum. The metels resct vigorously

with hydrogen snd form hydrides, in this case resembling

celeium and barium. All of the rere earths exhibit an

oxidetion number of three.

cymium mey also have az valence of four and samoriui, eurcp-

ium and viterbium s valence oi two. ouch exceptiousal Coiu-



 2»

pounds are unsteple and react wilh water evceont in lhe cease

of cuedrivedlentl cerium. This propertly ol chien.e oi veadielce

le neds use 01 Lo reuiove ceriull «&amp;ii¢ hes Leen used to rewove

siwaldi amounts coi samerium, europium and ytterbium.

TL ie not surprisin. thal ediemenls wiioge COLL OMICS &amp;r'e

so gimiler ere found togzetilher in acture., ‘Laree cther ele-

nents, thorium, scandium and yttrium ere found willl the rere

sarths. Ceriul makes up nesriy one third ol thie deposite.

ine even atcuic numbered elements wre alwoyes more svunuant

nz tine neighboring odd nunbered ones. The entire group

forms cbout COL of the esrth's crust wihiich is several

Linies wore soundzant tien tim, mercury, silver, cadmiuu,

antimony, molybdenun:, Tuligsteil, b tsunatin, abd, or odd.

Jeposits are found in many psrte ol tlie world, unotevly in

brezil and Indie where the heavy insoluvle pnosphates have

been weached down toward the sea where taey il1orm nuge vedsS.

cerium was used iu gee mantles and is uced onl ensmedware.

Ali edilov of the rere earths end irc: is used in gas lighters&lt;.

sia Wie rere eezrth fluorides are uced in sesrcalighte. The

oxides zre useiul zs catalysts.
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IT The Preilem of Sepsrsiion

"he rere esrlin elements ususily occur in deocsits Coil

sictiing oi 2 icre nuuber or all of tue Sroup., wince thelr

orooerties very eo siiznhtly from oue mehoesr Lo the wext, LO

ezgy metnod of seperation precewnts itecelil encept lor lie

cesee previous.y mentioned. Any prodedure used wusl be

vesed UpoL the eii-nt progressive citieirciicer belueen tlece

alewents cid le nececeerii, SGuwe scr'L or iractiowneciici

oIrClEefEa

tne dillerence is besiclity witich decrecges with in-

cress 1 elciic weilsnt is tlie veelis 1or several netiaods:

iractioiias precinitaticii of tie iydroxidels by eiliier Or.elilc

or ilucorgssnic Teceg, ITectlcucl decowpositicin oi tue nitialec.

Jeristiol 1n soaucdidilily maxes peesivie Irsclichad preci-

pitations end crystsliizeotions. rresctionsd crysiteilzelion 1s

tiie precent coruwercisl nieithod ciincusin the siLebe necessary

sre numerous ii a pure procuct is desired; at precent

it is cerried out only cu a emell scale.

There is, therefore, a need for a wore efficient method

involving fewer steps. Jidlthough meny cof ihe purposes for

vnich the rere esrthe sre useu todey recuire siwply &amp; mix-

ture oil thece edements uch nore mey be dome wit tien when

5 cheap commercial supply of each member ie ovtealusble 1a

&gt; feirly pure gstete.



[TI She Peituct 1o be Uged

 fT me Cesre ego Youn iound thst thaoriun biolide re-

ccle wit etuyl venzoaote lo louis: lhe beuzosle zi ethyl

proimwide., This suspesited tue possicliity tnet tite gnuydrous

rere esr nelides nd nt react slwilerly with orgenlc esters

snG al dilleriny rales, endodii: 5 sepelalici WO Le eae

Jecause ony unchehfied cnioride would Le coiunde Lin wale,

vodlie Lie Lenzosie 10I%.ed © Oui. Le liasCdulliee Lilie fesCcliou

rele woe Lou Lo 1a¢reese witli joacriorse in wie stows

selont or Lae eicuent.,

Tin carrying oul sucn = resceiicon iv ie necessary 1irst

egy nel eps Ins er emt Te ny hme Sey na a ye 2 Jom veel erm 9 d

LO PIE CELE UIE Sully CI'0UEe ClldOi1ld@ widlCil Low LiiLiToGuceed. La1uo

Lie rection tube cna covered with suhydrous eihyi penzoaie

Lie lature 1g nestled Ccver &amp; Loli: u0lilig £1 the degired

temperature. Line eluyds CLLOriLe evoivew 1s codldleclea and

measured ee en indiceticn ol new far tue recClici lies pro-

ceeded. alter alout Ci of the cnlorides heve reacicc the

flesk is cooled end the excess ethyl benzoate removed with

petroleum ether. The residue is then extracied with wetler

seprrating the insoluble rere esrth benzostes ol ihe portion

which re=scted from the soluble ulichengzed chlorides.

frecticnations of tnis type had eslreesdy been meade in

this lsborestory using mixtures cousisting of kuowu amounts

of neodymium and lsnthenum end of proseodynmium and neodymiiuiia

However, the method had not yet been used on a natured nix-

ture of the rare esrths. Four samples of raw msterisl were



aveliiable 1or thls purpose: two rare ecrii oxide mixtures

{rom the iesywood Chewmicei Co., gone rare esrth chioride

crystals 1c Rohm and Hees Co. end an oxide mixture frou

tlie Lindsey Lizht end Cheniiced Co. Addl of these samples

contained ceriuin which wes to ve removed before the irsc-

tioneticn w=s overun. Jt was declaed to start oa cue oi

che odide mixtures irow the lLeyvood Co.



fo

IV lethods of Control

[1 = cen=zraetion metnod is to Le studied there must Le

some wey oi determiiiing the couposition olf ine two fractious

reculting irom the pertiel reaction ee well as aul enclysis

of the original moteriesdl. the leck of distiiguisiniilag prop-

srtiese velween tlie liembers 01 lune rare earill group hexkes

-nalysie difticult in the ceme way as it does a separciion;

“he elements cannot ve determiliied oie Dy ollie, Uie indirect

netliod utilizes the tect txt the me.nelic susceptiviiities

vary progressived, « Ly using &amp; meguetlic caleance cases 1

composition may be olLserved. However, such sg badlaice ves

not ivmedistely aveailisble and otliier methods were use.

Tne aversge atomic veignt msy Le calcuadlatew 11 the

chlorice in &amp; weighed sesmple of the anhydrous chlorice is

gnowii. This method wae usedy a few grame oi the cuiorice

rere dehydrated by hLiesting ia HCL gas, weished dissolved di

20 al the chloride precipitated with excess AENOS. The

LeCl wee iiltered end weighed.

veny of the rare esrths have characteristic codors in

‘ v - Tra y TT 4 3g 3 ™ A 4 ror J j= To $s rr

ionized solution(ld™*Vpink, Pr greenish yeliow). The

solutions studied were sll pale pink iludicating lerse amoulls

of neodymium precent. The lisht sbsorption of the ions of

thege elements makes them adeptable to anslysic by the

spectrophotometer,

The calibration curves oi percent trensmission versie

concentration of neodymium snd preaseodymium prepared by Vander



‘ayden for the gpectrophotoumcter snd for the color analyser

in the department cf physics were avallacle., wel hed amounts

of the oxidcr
3

luted to -

lank. From

47 millimic

neodymium to

toinand ov 7

L1 ip ir 2%

Je curved Ha

- 8

Jirely.

he aetermined were dissolved in hCl and di-

lune. Dist® 7" =d water was used ag a
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1

~ormam o wave length of

"wens 8 ow
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Removal of Cerium

Cerium is lhe only ollie ol the rare esrtns winich can be

c2eelly seperated by ordinary esnalyticel methods. Thies is

possible since cerium is the only one of the group whose

valence four conpounlds ere sitabie. «oll of thie methods of

ceperstion iried were vased upon the same priuacipgle: salts

such es nitrztes snd bLrooates of cusdrivelent cerium hLycro-

lize to form insoluble comocunces v.hiidle tlie oliier rere earths

rerns in soduble in veaaeiice three,

lhe methods ir tne litersture seem 10 Le 1or lite gcepel-

=tioci: of cure cerium, nol to outein s ceriui iree rere ecrth

mixture. A slivht nodiiicetion of the oroucie netnoc of

Chorles Jemes wees Icuinnd to ve very setistzcelcry.

CC crams of the mixed oxides were alscodvec ia O/C cc.

of coucentreted 04. The CeQ¢ forme the complex gle (C3) ge

If eny Ce.Cs is present 1t dissolves in tue nitrate zg do the

the otlier rere esrth elements precent. lhe mixture wee lhen

sveporated on the holt piste untll aluosl ccigletedly dry,

driving off two wolecules of ILIOgiros the Ho Ce (10g) g lecving

Ce (ug) gwhich then uydrolized to form the insoiuble Gecic

salt OH=-Ce=(10) 3. Jeter wee added snd the precipitate fii-

tered off. 40 grams of KIrQswere added aud tne mixture was

boiled. If sny Ci-Ce-{i03)zwes still in solution it precivi-

tated es the even more insoluble ViieCe-(£r0g9)a. Any cerium

present in valence three was oxidized up to vaience four by

2 redNo,OoCo i i1itex &lt;4 i Vv ClThe solutionLorming Ce(Br0o)g.3 n 10 ii &amp;he bromete iotiie oro



off end eveporeted to couplete dryiiess to drive oii any HivO4

snd prevent il irom resciliig with lie merble later, intro-

ducing calcium into the colution. Vater wes then added to

resct with the Ce(LrOg), to form insoluble Ci=Ce= (Bry) gand

IorCy. The precipitate wag filtered offs io prevent the

lest reaction from reversing mnerble vee sdded to remove the

hydrogen ici. ‘he nixture wee wolled eid filtered; the fil-

trate showed no cerium when tested with hehe cud IicOc,

HE, CID wes eldew small porticii of tne codlution end

the hydroxides 1 ..- K. CoC web coded 10 thE Amul

lecal codiutlioins, Culy . Ehfaa fount of ceicium wes olrecernt,

sltltempte to use cadloriceg 1 piace ol lae nitraiec,

CeCl. dngtesd of mirude or Ir ia caditici te EBro, were

wm py of ~ 7

Ungsuccegesiua,

Hao,

euap.
W.0

Kero,

coup -

W,0

marl e

Ce Oo,

CeO,+CHNO, = H,Ce (NO) t2W,0

WN, Ce (NO) =Ce(NG;)= Ce (me)42Ho§3

Celvo)+H.0 = ce”yg Ma = Ce:(no,) ¥ Huo,
¢ on +30 - OW :

e. 0, =

= 33 3

Ce. O03

Ce,0, +t G HNO, - 2 Ce (Nog), +3 H,0

1 +44 * -

CH'+5 Ce’ 21 Bro =5te liBeg) +3831.

Ce (8rO))
2 oo oT — ce”«Co, =: oe CCa (gro i»

5)dK040012
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boiiing snd esla © us 2g precipitated Ly an a=

cess oi hot [| solution. The ¢ rieler were Iidleied uy

suction wille 01 end weshed wita hot ciliute HeCeO4 end hot

HeGe The pina ¢ wreinls were Cried in gir overni.ut. three

crems were i Lit + at ©0C-780°C for £-5 hours. ‘ihe oxide

wee Clscodveda 1n coucentrzted ECL sha eveporstea Lo Cryness

ln the stesw Lath. It was then round in aa siete morier

snd allowed to stend iu = desicator(CaCl.)-

A Sweeney HCL geueretor wee get up under the nocoed. IT

consisted oi a small drogplas. funnel 1ull oI coiicentrated HCL

raich wes slowly let into concentrated HeB0, taru a cepiilary

tube. The HCl fee generated was ied olf lnru tne stopper

01 the lerse separatory funnel wiichi containec the He 504.

It was buvbled thru coucentrsted HoS0410 Cry 1t and luen

seskeda inte the resctiicen tuve whicn wae eliccged 1a a Cy ilad-

&gt; 3 o£" a 4 TO aFPLC EL furnoce.,

nie chiorides were introducea into tiie center oi lhe

tube by piscine them in oo smaller glece tube and pushins

then: out in the proper cpcet Ly meesne of « gclilid glass rod

viiich execetly fit idngicde tne smeller tube. the sposraius

vee mecde as tirnt es voseible. A straisut tube led zwey



irom the reaction tuve. The genersior wag zdjusted so tiiat

it buihled ctecdiiv but elovly. She furnzce wee hected at

1CCeC for al leesl oue Tour then at 2CCYC snd finsiiy at

300 to 3300C for &amp; finzl hour. during which a Callstuve re-

olesced the streizht tuve. The furnece was aliowed lo cool

=nd then the HC1 was replace’ Uy dry COco. Tue caloride wse

reincvet Gulcnay end welled in e welegdalny woltle. lile

selghed chioride war diceolved in [eU, acidified witu Ling

“NG excess LgNO- esdded. Cv rrecipitate wee 1isteced otf

1d weliued,

iin sc

ides 1 He ~~
~~

-

3 Tolliesoautlicia oi tne cadcir-

used, Tie resell, portion Lely preclol-

ated i 5 CchieCK.
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/II Prepsrstion of the Anhydrous Chloride

A lerger qusasntity of the anhydrous chloride wes needed

for the reaction with ethyl benzoate. The same HCl generator

snd furnace were used with &amp; derzer pyrex tube ruaning thru

the furnsce. Attempts to use tlie hydrated chioride ss belore

ere nneuccessiul with the larger cemples the surfzce wes too

small anc vater.continued to coudencse zt tie ences coi the tube

CO [isilV LOUIE.

bout 1o-aC prams of Ale 7 Tested chlorides were pre-

pared ce bLefore aud mixed will aii ecuad ei-hl of HCL. lhe

mixture was hested in ao crucibie ior larece hours at a(l-oiC®C

vo dry it coupletely. It woe luen lutirocucea 1inle lhe lsr.e

cube end hested in = stream oi eniydrous CL at temperature

s11Btly zuove 400°C. Tle LEHLCL GeECCLI0Ees ill coudenges ia

Lhe cooser ends 01 tue lube vul wes pushed cicn. uy necting

Ati 8 free Ileme. Alter no more WH Cl appecred 10 be coming

oft the 1lurnece wes cocled snd iinslly the [ICL turned ofi and

cry CO. run through. Tlie chloride was then removed wilh as

little II4CL zs possible and kept covered in &amp; desiccator until

18€ed.



JITT heszction with Stiayd fenzozste

[1 the znhydrous rere ecerln chiorices ore fesiea vith

stilyd Lenzoste they will react zormily loaccoluuvie rare esrth

venzoeates end ethyl chlicricde geg. Ii the lemperature is

cepl about 18:%C some of lhe rere earth elements wiil react

fester tien others =ad lhe resclicun will proceed st &amp; rate

such thil ¢ separstion can be mace ho: fo :¢ Separaiion cali be msde belv.een those w.hiciy nsve

reccled and those wihicl hisve not.

AEClat © CeEsCOCCoHy = RE(CGH, CCV + 3 CeHgCl

Lhe espperatus consisted of &amp; tuce with © ground gizss

cep. 4 eide erm led to = tlectlube wiicili wee sdiced din a mix-

ture of dry ice =zud eliyd alcclici(=75°C) itor coucensia. lae

athyl chioride(L.P. 15.2°C) ; the testtuve wis open to liae alr

through a CaClg tube. Delore the rezgenls were lulroduced tile

cpperetus wee lillie wilh dey CCoe Ten grems of lie &amp;iulydrods

chilericdes were picced iu Lae botlow of tue tube zuu covered

sith etiuyd benzozte. A lar:se testtube containing decehyQro-

nepllizlene which boile at 1989C wes pleced eround ine inner

Auce and lhe beatin kept refluxing gentay ior tweive hours.

ie voaume oi eliwi chloride wiiicn lid ccucdensed st lhe ela

oi thet time plue the estineted amount sti.e in tue resction

vesser equalled stout three cc. which indicitea lust bout

So ol the chlorides nsd resclec. 4he sy .erulue wee tuen

ccoled and the mixwre extracted wilu petrocieun etner to I'e-

Love the excess ethyl benzoate. The residue wee dryed and then

nwoistened with slcohcel znd exireccted many times vwiln wield



Win.

smoulits of’ cold weter. The insoluble rere esrtih benzosles

vere lhuse seperstea irom the soduble rare esrtlhy chlorides,

the filtrate contoiliing tae soluvlie irecticn wae hested

znd ine oxedstles precipitated wilh excess uot dilute He CoOgoe

ihe oxsletes were filtered zn ignited. lecooU gm. oi the

oxide were discolved in HCl ~nd diluted to £5 cc. for cianlysis

yith the color znelycser.

ihe lusoiuvdie 1rection ag d- ¢oesodved dio ICA,

filtered end tae oxelctle prec sitesled in ov coiation, fil-

terea olf cin isniteds L1.Coal gnle 01 Tie oxide were Cilisudved

CE GLOVE o
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[¢ JuLery of egudte

TT v.28 (0T tdaGuhar LO witdhl extent lie ale ei li calories

sould Ce Ccouverled To ie winzoatlee UL Il wes Lopea tasi

Liacee ol lower elolc awuber 1rod sculesiiin lo europluin would

se converted only to oo cil nl extent go thrl tie lacoiuvie

UENZOsTes woudd conelil mniniy, ol lune resell eadumElioe On Hd-w

JLonde nualer, Chitin, 98 Lie Lis CuLpCELLIGH ou Lue Treaciiois

GEE LCLl0oveluyCillii.Co1. Log ver og @ LULL wGie iil Cal iy

SLE 0 1s WIE CCuCeiilite L1G 01 Lig Lv0 €agnielite [e0lyikhldll

SG DPEWG108AlleCo nln SLAG CULVED Lid wei ple-

J1lOUSLY ouledlinecok

{le Chente Li savers oe Tonal owelsnt Les very slusid.

Me velues ocutltsiinied were¥xk

ori; ilusl meterisl
soiuble frzetion

codiible {rzcecoiorn

~ ad . 1

141,.C
T0005

Tt ie yposeinle thet tne cri. iusl s:mole contsined

Jittrium end sone ecendiwn oi ciomic welsiile 89 crn 4b. ‘these

wo edements sre legs LDeoclice then moiny ol The rare earins ead

would heve rescted quickly. She stondc wergial or Tue lusoitode

portion would thus ibe lower thea it would ctherwise be and

tiie avercge atomic weight of the scluble portici would be

higher in conwaricon to the orisined meterial, However tlie

Aiitererice does iudicatle sce chaen-e in the expected directioll.

3 future werk shouid include znelysis by megnetic balance
Lo determine the exteat oi reaction of one member of
hisher stomic nuniber,

kk See table T for cziculstione.
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ithe recuite ovtedned uy lhe coior* cualyger* ere much

nere reviaiing, The chesnves in percent neodymium by weight

in the oxide viere:

ori;inal maleriel
insoluble faction

coliubldle LT rmetic

he diiierences were gre:l encu=i to indic: rd Teiinite

sepaleticia. This sucwe tnsl dleltosuun was changed very

sligitiy, while lwne resction was coatiiued loi. enough tor

5 large portion of the neodymium to re-ct,

1ne chenzes

sut gtill si, oie” ag

origir=.
irieodu.

co iii

recent 7 eodyldlun cre wucih smaller

 oe ] ~~alter

the presence ol neodymium lowers lie ec colenl lrensmlscion

for prezesecdymium but tlie correction iscter i: only

1G web thereiore neglected,

liege reculdls or ¢ irscitioustion of a naturel rere

eerth mixture coniirm tne indications ottained im thie leb-

oratory Uy use oi eriificisl reie ecrth mixtures that this

new ielthod hoide out pocciviiities oil iirectionelly seper-

ting the rare esrtihs.

kee tele IT {for celculstions.
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Tony TTChisel 4 verse flonic velshit Calculations

cguetionss  825.0) = ule ofchlorideineC.
2. tonic wi. + o(35.0) wl. OI Hiciy

wile. Ofchloride im »=('l
wte 01 AECL

RECL~

1.0816:mi,
L.Cxlo
1.0023
1.0023
1.074%

i
a wal chloride

EV e aloniic
weivnt

\

crigined material leCem
I 5

» 2G YUHT

2 2&amp;0

ya3lo
4000

1392.3
1407
lac 2
241.1
- %

sverage
oc
Eh 141.1

144.0

14C.

insoluble fraction Loses 2ezs 0 6035

L:8429 3.2548 7950sodupnle fresction

averssze stomic weight of originel matlerisls l4l.l

Ltversge atomic weight of insoluble fraction=l4l.O

fverege ctomic weight of eolublie fraction = 140.2
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Taplm IT Color Anzlyser Celculations

ne oC rium
Losorption wevelensth

59C millimicrons
I'olecudler weight

NAoCne 556,54

welgnt % Trelns-—
&gt;i oxice volume miscion molerity % Lid

Cs OC70 Geo C5original materiel

insoluble fraction

1.0830 gm. OZ.bec, TT

1.0916 0b
1.2850 6505

£2.40

» CC3E 39.7soluble traction f

nolerity 330 « 54 volure TdTr WL. ati p—— &gt; =vWile 01 Oxide 1000

Prececdymiu
Absorption weveleligth

4453 miliiogderons
iloleculer welght

velgnt, Lo range
~T oavide volume micediom malarily er
i 6830 gm. 20 Urls Io.

70.5 . 0560 cl.&amp;

 LL, 0E70 i7.0

original material

incoluble frscti onl

soluble frsction |

nolerily
~

1021.52
wt. of oxide

volume 2s
Ee Ve TrTCO0 wp















cdgendum

fnere wes &amp;i. Jicient tise lor = few nore experiments so

z comple of rere ecrth sialoride crystelis from Roun and Dass Co.

wes denyCreted end oliced iu the reccticn tube vith eliiyl ben-

zoale ae veiore. Upon hesting at 188°C a recction started but

SCO 8loppeds. Anoluer goertica ol tine sete msterisl revered

seperately behovee edmilerly. The weterizl wee tected for

cerium and &amp; ler.e curntity iounc present,

The eunva benzozsle v.og removed and ethyl orale le adie,

AL L400 there vee nc reacticu, et 177°C © slow rerction and

=t 19oC( a very vijorous resction. (Lhe rere esrin culorides

wilh cerium remcved have Leen previously cueerved to resect

#ith eluyl oxelole at room tempersture.) alter extrsction

wlth waetler cudy © shell cusniitly ol en insgcduvtde suveisige

CELE 11C0

Yeriuin chleride does not resct at 125°C to fori ethyl

chlorides a liquid woe ovserved condeusing Just clove tie

recction tue.

Theze experinents seem to iluGicsle inst tae cerium 101

oily does not resect ss tlie otuer rere eartas do but, ii =

large cmount ie present in a mixture, will prevent the olher

members from resctince.

ne cerium wae removed fiom &amp; sample of the Lichm snd Hees

crystels. The anhydrous chloride was prepared =znu nested et

125% wilh ethvl benzoste., The 1resction wee extreuwnely slow.



:

r

It is .osesivule thet more cerium wes left in thie canipie

then wes exgected. Lelore any coaclusicaus are drewl froin these

recctionse tue Lehsvior ol several more campics voll with

id without cerium must Le coserved. The liguld lormed wiel

ole chlorice le pure Cell. sicudld Le iceatiiied. Ti ceriuin
es

srevenie thie rect ol the jroup Lroid recctlay lie aount

geccecery to hisve gen tii elledl sioudld Le Geleliulied.
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