
PO!ARoatlAPHIO dmOl>S FeR THORIUM AND 'mEIR 

APPLICATlON '1'0 JrfAQNESIUlf ... BASE ALLOYS 



POI.A!H;lGRAl'BIC Wl'HCD S l'<Jt THOR.IUM All> !BEIR 

APPUCA'riON '1''0 MAGNESitn&-BASE ALIOl'S 

by 

Grayilo:a Beyar(l Larrabee , B .so • 

A Thests 

SUbmitted to the Faculty ot .Arts and Science 

tn l?ar11al FUltllment ot the Requirements 

tor the De~te 

Master of SC)ienoe 

JICilaster University 

Jlu'ch 1956 



Master ot Science 1956 
( Ohemi stry} 

McMaster University, 
ttamilton , Ontario 

AU'ftiOR : 

Polarograph1o Methods tor Thorium and Their 
Appli~atton to Magnesium-base Alloys 

G. B. Lanabee , s .so. (Bisha}is University) 

NUMBER OF PAGES: Vii , 91 

SClOPE AND CONTEN!'S t 

The preci pitation of thorium with certain organic 
reagents has been shown to atford a basis tor polaro­
graphic methods tor the determination of thorium. Ap­
propriate conditions for the preoip11iat1on ot thorium 
by certain reagents have been detemined , an.d the ad ... 
vantages of a homogeneous precipitation of thorium 8-
qutnolinate have been demonstrated.. The precipitate 
that thori'Ullt forms with m-ni trobenzoi.c aoid has been 
tound to \le the tetra-m- nitrobenzoate . 

The new polarographic methods tor thorium have been 
proven to be directly applioabl e to ziroonium ... tree magne­
sium-base alloys . When zirooni'WI1 ts present , a siJ!lPle 
ell1on exoha.nge procedure will eliminate the int&rlM>enee 
ot Z1roonium, and allow Us subsequent determination. 
The sat1staotory natur e of t he precisi on an4 acouraoy 
ot the proposed meth0ds , and their applieabllity to sub• 
stances other than magnesium-base all oys , have been de• 
monstrated . 
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INTROWOTION 

The purpose ot this work was to develop new analytical methods, 

polarographic tn nature , tor the determination et thor1wn, parttoulatly 

in modern magnesium-base airorett alloys. Some attention was also 

given to the development ot a polarograph1o methed tor the determina­

tion ot zirconium ~ 

( i) . Metallurg~oalln,te~est in Jlae~siwn-Base Al~o;rs 

'rhe ett$ct ot z1rcon1UDl illl magnea1U!l-base alloys has been gi-ven 

eonsidel'able etu41 by utallurgtsts in the last :fU'teen years • and the 

et:teot ot thot'1WI has b"n investigated part1CUla.J"ly ill the last ttve 

years. These studies are related. to the growth tn im})Ortence ot jet 

engines dW!'ing t"ecent years • because there has been a delllelld frOm 1he 

jet ena1ne b.dustry tor "lisht" alloys With im.pro-ved pertormance 

oharaoteridtcs , eapecielly at el&"Vated tentperatures . 'rhe de'Yelopment 

fft new alloys C!!Ontatntns thorium and zi!'conlum has , in tUl"'tt. , given rise 

to e. need tor tmproved: analytical methods tor thorium and zircontwn, 

elements that heretatore have held only modest mete.llvgice.l interest . 

Zirconium 1s usetttl as an alloying oonst1 tuent in magnesium-base 

alloys prillal'il.y because of its g:ra:tn ... retining ability , which makes pos­

sible tbe casting ot alloys that otherwise would be •eey d1tf1eult to 

handle in the tO\Uldl:'Y . This p1d,n-ret1n1ng action also tmpraves th• 

ductility an4 tou.shness ot the alloys, both at ordinary ana. elevated 

tempere.tu.res . 

Leo»:Ua { l} reports that the add! 'Uon or thorium to Magnestum-z1:r~on1um 
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alloys results in superior load-carrying ability and the highest creep 

res1 tance shown by a~ me.gnes1um-b se alloy. llagneslum-thorium-zircont­

um alloye possess definite a4TB!ltages over lftagnes1u.m-ztroon1W!l alloys 

at 200° tG 3000o. , and they possess some usetu.lness at 3750c. , a tempera­

ture at which magnes1~z1reoniua alloys would generallJ not be con• 

sidered appl1oable. Recent :publ1oat1oas ( 2 ,3) 1nt\1oate that a. still 

turther ~provement tn ereep resistance and a further extension of the 

usefUl temperature range can be aoh1eTed by the addi tlon ot zinc to 

magnesiUJfl•thoriUJ~t...ztrocmium alloys . 

Leont1s { 4) has shown that alloys containing thori'W!l at about the 

3 percent level ., together w1 th zirconium t about 0 . '1 percent , are suit-

able tor many stressed applicattons at elevated temperatures . Xn a J"e• 

cent paper , Ball ( 5) presented data t'or a magnesium-base alloy , contain­

ina 3 percent thorium, 0 . 7 percent zirconl'Wil and 2. 5 percent zinc . that 

showed improved creep resistance . 

(11) Met,hode tor the Determ1natt.on ot, Th,0£1um 

In-.erest tn the analyUoal chemistry of thorium has 'been extremely 

sporatU.o . J>\2r11'i& the latter pan o~ the nineteenth oent\1.1'1 and eul$' 

part ot the twentleth, thot-1um OO!IlpOUnds wsre used e:rtens1.Tely in the in­

eandtuteent mantle lBlllP industry • the average me.ntle consisting ot about 

99 percent thorium dioxide . It s durtng this time that the development 

ot analytical methode tor tnor1Ull\ ttret came into prominence. DecUn · in 

the use ot such mantles was paralleled by a general decline in interest 

1n the chemistry of thorium. 

The recent incorporation ot thorium in breeder r actors tor the pr~ 
233 

duction ot 92u and the use ot thoriu as an alloring agent bas agaitt 



toou sed attention on the analytical properties of this element,. 

Se<Veral colorimetric Jlltllthode tor the detection ot thorium. ha'f'e been 

prGpoeed but th procedures are not speoitic. Kaserer ( 6) reported 

that as little as 0.1 :mg. ot thorium in 100 ml. of solution yielded 

recognizable ye ll·ow colour With a, 3. 4-trihydro:xy'ben.zaldehyde but that 

zi~eonium behaved ~1milarly . Aurintricarbo:x;rlie acid was found by 

Uddleton ( 7) to yield a bright red lak with thorium, but this :reac­

tion is sensitive to onl:y on part in 10 ,000 and the method is compl1 .. 

cated by the sttllilar behaviour ot :the rare earth elements and zirconium. 

Sodiu alizarinsulphonate has been reported by Germ.uth and Mi tohell ( 8) 

to yt.eld a x-ed ooloUJ' with thorium ions, but the reaction 1 aens1t1Y 

to onl,J' one part 1t1 200 alld 1 tar tro specttic. ay r and Bradshaw 

( 9} have app11ea the colOrlJ~Gtr1c procedure ot Banks et. al . (10} uG1llS 
' --

l-{o-arsonophenJlazo}·2•naphthol- 3:6-d1sulphon1e acid to th~ determ1na ... 

t1on ot thorium tn mapesium-l>.:u!& alloys . This method is claimed to bit 

aoourate to wtthtn 2 percent; a. preliminary separation ot' thorium aud 

zirconium is necessary. 

A trend toward the use ot' organic preo1pi tents tor th g:ra:"1met1"ic 

determination of thorium has dev-eloped in the last t'ew years , led notably 

by a gr®p ot Indian chemists. These Xndian work:eJ"s have added a lerp 

numbe~ ot new organio prectpttants tor thorium to an already too long 

ltet . Ad1:p10 ac14 ( ll} , Ullllon1um pi orate ( 12) , aJJllllonbua tu.ro te , eod1WI 

nlpho11ate- ( 15) , o- an4 P-dtnobenzoic aeid ( 14) , o•chlorobenzotc acid. 

( 15) , trlmet!JVlpl 11c e.o1d • phttnoxy-acetic acid , Teratic acid ( 16) • ant etc 

aotd ( 1?} ; 9- h,-dr oxycO\IJIIsl'l-1•4--aoet lo ectd ( 18) , oamphor1o aof.d ( 19) , 

o-tolutc e.o14 • tree'\ylfe.ll0111o ao14 ( 20) , o:\natllll1c aoid ( 21) , vanillte 



acid ( 22) , m-oreso::qe.c&tio acid ( 23) , and many others have been reported. 

one ot these r aeent$ appea~ t& be an improvement Ofer the more tam!-

liar organt.o precipitants; they are all m'bjeet to 1nter:ter1 tons, 

especiallY thoa ot zirconium and the rare earth elements. The u of 

the more tamillar organi.e acids , fumaric , S6baotc , pben:ylarsonic D4 

tll ... nitrobenzoic , to-r the gra"tb.J.etric detern\ination ot thor1Utn has been 

described by ltoelleJ" ( 24) as time conSU$1llg and not ot general interest. 

Moeller turther states that 8-quinolinol , although generally su1 table 

tor the determination of thorium, is in need of further investigation. 

Recently Esweraruarayana and Raghava n o ( 26) reported that a separation 

ot thoriUD1 h-om cerium and lanthanum could be effected at a pH of 3. 9 

W1~~ 8-quineltnol . 

Oomparati ve~ tew ti triJrletrio methods tor the determination ot thor1• 

um bave. been reporte4 . All are either involved • h1eh!Y indirect , or in­

aocurate . .Aa a eonaeq:uene.e. the m:ore ace.urate althouah m.ore tedloue 

graYimttrt o llethods al'e preterred . The p:reOiJ11tation-t1trtmetr1c metho4 

ot lle~~aer 11M Zona ( 26, , !nvolvtns titration ot the oxalate wt:bh eaont­

ua lllol.ybde.te • is rapid but te not very accurate . The ox1d1Mt:rio-oxa1ate 

Jlethod of Gooch and Kobayashi ( 27) is accurate , but requires the slow 

addition or the thorium solution to the oxalic acid solution. The pose1 ... 

bility ot titration ot the thorium 8-quihol!nate precipitate with potas-

etum bromide ... potassium bromate solution after 41asolutton in by'droohlor1c 

acid. has been investigated {26., 29} . The bromate titt'ation is apparentl)­

accurate , but the ditttculties in th · use ot a-quinolinol as e. precipitant 

are inherent 1n th1 s met bod ; 

The detet:!Unat1on ot thorium by lll&thoda dependent on rad1o-ac:t1v1ty 
' 



m~asuremente must or neo sait .. assume tha.t radio ct1Te equilibrium has 

been established between thorium and 1ts decay roduets . Such methods, 

5 

mor over , e.r eompUoete by the reeonee ot radioactive substances trOll 

othet' disintegration rtea .• and even reasonably ecurata results 

dittioult to obtain. 

uch 'Work has been done with the so-called emanation method ( 30 • 

31 , 38) • This methOd depends n sweeping the gaseous decay prQduct, 

thoron ( 86Rn220') , out ot the solution to be analyzed nnd determintns 

ita activit}' by pasetng the mixed gases through an tonizatton chamber . 

Cartledge ( 30} cheeked th!s method against the py:rophe>sphate procedure 

( 33) and reporte maximum error ot l. 5 pel."c nt . The disadvantages ot 

this procedure are the costly equipment requir~d and the necessity tor 

radioactive equilibrium. Daton et . al . {34) haTe recently reported re• --
fined stud1 s on the radiometric determination of thori and found 

soint1llation counting ~ 82Pb212 and e3B1212 (ThB and ThC) to have a 

much greater sensitivity than thoron-gas counting. A tan/lard error 

of !15 percent is reported . 

One polarographic method tor the deter.mination ot thorium has been 

reported, by Komarek ( 35) • Xn th1.s ethod , thoJ."iW!l is preoipi tated as 

'the loda,.e , the preo1pUate ls d1soolved 1n sodium llydroXide , and the 

date ln the absence ot e large excess ot iodate 1ons leaves this .tz'04ed-

ure o~en to cr1ttc1~. 

Tilton and Aldrieh ( 36) describe aes spectrometric deterunat1on 

ot thoril.lll1 , uatng the isotope dilution technique , that p.emtts the aocu­

e.te determination of microg:l"MM and submicrogr quantities of thorium. 



Tho t ilne requir~d tor each determination is three t o fi'va da,;e . 

The de~lopment ot clean-cut analyt i cal methods for thorium has 

been. slow., and present day proced:nres ar e not -~tery sat ist actotY. Tbe~e 

i s a need tor a ~ptd, precise , ana accur at e method tor thorium, wit h 

part i cular referenc., to tts d.etermtnatton 1n Wtgnestwn-base alloys. 

( iU) . Methods tar the D:etel"Jil1nati~n of Z1rcon1'1l;l!l 

The recent use of ztrooalu. U. nuclear ree.ctore and 1 ts tncorpOJ"a­

tion in certaf.n alloys has d1reeted attention to the analyt1..,a1 ohealstn 

ot th!s elemau:t . The analytical chemistry or zirconium ts stmtlaj> to 

that of thoriW!l , eo mch so that any of' the :reegente normally used. t~ 

the deteminat1on Gf thorium have been a?plied to the detemt:na:tion of 

zb:ocontwa. 

Thoron, 1•( o-areoaophef.11lazo) ... a ... na.phthol•3a 6-di$Ulphon1o ao14 , whte>h 

has beoeat the bael• ot e O()l.o,.1Jtlett-lo Jtetb.od tot' tbe cletera1tutt1oa ot 

thot'tu, haf been reeentl1 e;pplle4 to the 4e1l_..1natton of zi%"oon1ua 

( 317) • ltoet oth•r ooloritatri~ ll:'eas-nte tot' the determ1!1ilt1on of ztrco%11 ... 

u ... altzartn rei S ( 38) , oh1oft!111hJ aOid ( gg) • q\let'~Gt1n t 40} , and p­

di!Jletbyleatnoe.zo:phen,.h1'son1o aold t 41) ... a;re $'\lb jeot to the 1nterterea~e 

ot thot1U1ll or the ra~e earth elements, oi" both , or else rure not surt1eteat­

ly senstt1Te tor analytieal application. Alizarin red S has been used 

tor the determination ot 'Ziroanium in thori\lt!'l.""f'ree magnestum'*ba se alloys 

by Wenge::rt ( 4.2) and by Marel" and Bradshaw ( 43) . 

Jlost of' the W()rk that bas been done on the analytical chemistey of 

ztroonium has been eoncened wUh organic pl'eoipltants su.oh as aandello 

acid ( 44) and :tts b.a1oe;en derl.vatllves ( 45) . These reagents al"e decided• 

17 W..perior te tnlPftnon ( 46) and a1Rli\Oniu pho$pbs.te ( 47) as quantitative 
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r•senta. The Indian workers, led notably by Raghava Rao, have developed 

several new Ol"pu1c precipitants for ztreon1um, e.g., t nn11\ (48), benzilio 

aoid ( 49) end b;ydraz1ne sulphate ( 00). They have also lied to the deter-

ainat1on ot ztreontum !Jlftny of' the organic precipitants tha-t they developed 

for the determination ot thoriU!Il, •·•S•, tumeric acid (51) , saltcyl1c acid , 

phenoxyaeet1o acid (52} • oinnamic acid (53) and -ore oxy cetie acid (54) . 

In order to avoid the ignition that 1a involved tn the, srav1 etrio 

methods , several volumetric mod1ttc t1ons have been devised. Wllite (55) 

developed a t1trtmetrio method based on the separation ot zirconium as the 

chloro- or brOlllOlla.ndelate. :Dha1r end Das Gupta (56} have proposed an 1nd1r-

ect methOd in Which the z1roon1Wil oxalohy4r01118l18te preo1p1 t te is eydrolyz 

· e4 to oxaU.c aci d nd b7droxylqine and the lat.ter is determined . by e.dd1ns 

excess titant\llll{!f) chloride nd back 'titrating with ferrous ion. Kolthott 

and J'ohnson ( 57) re orted · n flllll'U01'1letrie t1 tJ"atioll based on preotp1 tat ion 

with m- nltrophenylarsonio ao!d . Pritz and l'ulda {58} demonstftted the.t z'-r-

oon1Ulll can be t1 tra.ted w1 th ethylenediaminetetr cetio acid . 'l'hort.Wil inter ... 

teres in all these tttrlmetrio methods tor z1roon1Ulll. 

Graham et . al . (59) hnve propos d the only polarogr ph1c method tor --
the determiruttton ot z1rcon1um;1 the method ls based on the t ots that m-

n1trobenzo1o acid is a seleott:'lte ;r;rec1p1tant tor zirconium and is polaro. 

grapht.oall;y reducible. Z1rcon1Ulll is preotp1 tatea as zirconium m-n1 troben• 

zoate , the precipitate is washed and dissolved tn hyd~ochlorio acid, nd 

the resulting m-nttrobenzo1c acid is determined polarogr phicall-1• IJ,1he 

ethod ppears to be plicable to t~ determination of z1rconiua ln 

thortllJI<o.tree magnesium-base alloye . 



(tv) . Methods tor tho SeP!ratton or. Thorium and Zirconium 

'lhe u.8U.al gravtmetrtc methode for the upe.ration ot thort\Uil trom 

~he re c~on tone use either oxalic acid or potassium iodate. Wen• 

G$rl .!!• ll• ( 60) , U81D.g OXa11e acid, haVi determined thorium in 8118• 

stum-baae alloys containing ztrcollS.Ulll by ttrst separa·Ung the thortua 

a 

and zirconium trom the other constituent& ot the alloy by means of ben­

z~1o acid. . The benzoate preciplte:tes were i!tsso1ved in b:ydrochlorto e.etd 

and the thorium preoi:pttataa With c:ttaltc a~1d; the result1ns pree1:P1tate 

was ignited to thorium dioxide . The conventional prec1p1tatton ot th01"1-

um with oxalic acid 1s time eonswning bee us a long digestion peri 

1 required for the development of a granular precipitate that can 

successfully be filtered and washed. A considerable shortening in the 

tlme required can be noh1eved by uslns tb: homogeneous precipitation 

procedure dev1sect by Willard and Gerdon ( 61) • 

Potaaslu iodate bas often been employed tor both the separation 

and deteralnat1o!1 ot thorium. The th<>rl\Uil t<>do.te has been weighed es 

euoh ( 62) , 1' bas been 4itUI01Ve4 , repree1p1 tate<\ as the hydrous o:x:1ds 

fiAd 16flite4 to the ox14e ( 62) , or dissolv~tl ant titrated with th1oaul­

phate ( 63) , and dissolVed and t\eterm.ineii pOlaJ'ogrephloal1.)' ( 36) . Many 

d1~:t1eu.ltles are ett.oountered ln an iodate method , especially 1n the ff.l• 

tr tion ot the thorium iodate in the absence ot excess iodate tons; 

large quantities ot this ton are necessary tor both the precipitation 

and washing. Zirconium , if present • is also precipitated as the iodate. 

Osborn ( 64} has reported the separation and gravimetric determina­

tion of thorium and zirconium by means ot m-n1trobenzo1o ao1d . VeDka­

tU&JUaniah et . al . ·( 65) were unable to duplicate thte separation • ...... ...... 



A se ar tion 1 t1 taniUlll., zirco 1Ulfl nd thorium by ion exchange 

using the aattonic exchange restn t>owex 50, has b&en reported by Brown 

and ie-.man ( 66). The use ot cation exchange resins tor the separation 

of t e quad~ivalent elements requires buttered eomplexing agents as 

elutriante . !'0llovnng the elution, and before any subsequent ane.lytl-

eal work esn be carrie out ,, these eomplexing gents usually muet be 

destreye4 . 
I 
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The usual methods or destroying these complextns agents are tedious 

and t1me eonsuming,. and , it perehlortc e.e1d is us&d , are inherently 

danserQUs. Ao1ds tarnishing anions that complex with thorium and. zitt ... 

conium., suoh as sulphuric ao1d , are not desirable as a eans to destroy 

the complextns agents. Aooordingly , <t.!t1on!c ton e:xchanse is not attr e.tt­

ttve as a sepa:'ational prooedl¢e tor thorium e.lld zirO'OniUill when 'both 

elements are to be ane.lyt1e lly detel"1'll1ned etter e&paration . 

starting about 1949 , w:l th the development ot su.eh restns as Powu 1 

and Dowex 2 • interest in anionic exchange phenomena gl;'ew rapidly . By 

means ot anionic exchange , Kraus and oore ( 67) have separated zirconi• 

um end hafnium in hyd7ochlorie-hydrofluor1c acid solutions and Huffman 

and Lilly (sa, 69) have reported the sem n-om hyd:roehlor1e acid solu-

ttons . Kraus and Koore (70) report an exeellent separation of z1rcon1-

Ull1 and niobiu:m in bydrochlor1c-hydroi"luor1c a.eld solut ions. Host lnt eMSt• 

$118 results e)n the purtticat i on ot zircon,tum, tor l"adtochetuica.l and ma•e 

speet rometrto stu.dies Of neutron detiolent ~1reon1um 1so,o:p~s end the1r 

decay products , nr& reported by Byde and O'Kelley ( 71) . In this work 

the z1reott1Ulll was taken up f!'om 10 M Jl¥droehlor to aeid on nowex 1 :rea1:tl 

and "m111c64" pertodt eally t or its y't)tr1wa daughter act 1vtty by r insing 

the column Wit h 10 ... 12 ¥ b;r4r ochlor1o a oido The zirconi um i s l"&tai ned 
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quaat1tattve1,v and 'the J1itJ:'S.lll11 is Q.llal!1titllt1V•l.J' ':rtlllOftct. USll':1S tl:le 

prooe4ure or Dalla and Moore ( ?0), Mela.lka :( 7~) baa reported a separa­

tten ot ziroom- trC»> fission J!'odllOts ana ura.nt\111 em l>owex 1. P•trus­

ka ( '13) in. a ttsston :vteld $tUd7 baa repoJ:ted a separation of! plutonium 

{of an lrradhtell plutontua-al'W11Jrl,um alloy) trODt -.1Wl1tn1um and ttsston 

~ucts in a If b.yllrochlortc acid on Dat!r$x 1. After "sel!!venglng" the 

tlssion J)1!'oduets from the aluntintU!Il With an 1ron(lil) hydl"Ox1de ;pJ'eci• 

p1tat1on, the iron ~s separated trom the fission products by anlon ex­

change. 

An anton enhange se}>aratton ot protactin11lDl tro. thoriu.m by SOJ'P­

tlon ot the }Jtotaottnl'D. troa. a M b¥4r()Chlortc acid bas been t-e}J(I"ted 

~ '14) i tllts ts based on th,e tact that thorlua does not torm negati't'el7 

Oharaed ehlottde ooapl~•·•• The. l't'Otaotin:tUII waa .subsequently eluted 

troll. tu oo1U11ii ·'br -.ans ot h:ydJ:-i!lO:blorto ao14 ot a loW't¢ concentration. 

Because thot'i.U. 1e not aorb~4 fl't>ll bFdrochl.orio or warotlltorto 

ae14 eo1ut.lone on Donx 1 re·stn, whet"tas zircontw. te t 71) , a sep~a.tlo:n 

&t the twelfnlente should ftOt prese11t. su.bsta.nt1e:l 41tt1ou.lt1es. The u~ 

o~ hy~otluorio ac14 ts undeeire'ble not only because zirconium and th01"1• 

um t:orm 'nfr1 stable fluoride complexes which might be e~cted to compU­

cate further e.nal:yt!cal work with the· solution but allto 'beeause ot the 

need f<»!' special equipment when working wt th b:Ydro!'luorte acid. 
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I- the present t.+e,searoh 1 study has be•n 81 '9'en t eo new pol&l"ogra:ph .. 

ie method.& tor tltot-tum, eJSA also .IOIQ atten:Uon has been si••n to a 

poluogr phle method tor z1tooons.um. 'l'h1s wo:t'k -te set forth below. 

Folletting this, there are desctiib.« both preotpitatton and ion exo~ 

aethods tGJ!' se~attne thotl\UI and zlroo-alliil, e.nd }I."OOe4ures t-ar the 

quantitative separation of the~ elements When they occur in solutions 

with compositions corresponding to those ot modern magnesium-base al­

loys. 

(A)_ A;pJ!r!tus . and _ Me:terials 

( 1) Appuatue 

All polarosrapldc •asurements were cante4 out at eo.o"o . ! o.o5'1c . 

uaiD& a Ttn•ler pen reoor41n& poleHs:taph, type· Y722/13 ('rlnal.q Xndua,.. 

trtal Xuatruments , .Lon4on , balana) . The ••sur.-..nte "" mad.6 at 

eithw 1/20th ~ 1/!0th o~ the 11axlma &al"fQJ)caet.- aenatttYity. The 

capillary tor th• Uopptq mercury electrode was a length ot b¢ometer 

\ub1Jll tiJtlpplted by x . H. sargent an4 OompaJ'l7 (Ohtcago , tT . s .A. }. A oon­

Yentlonal 'T' type ot polarogra;pMo ttell (75) was use¢ , eleo1:rol:yt1c 

c'ontatt tc> the satu:rated calomel reference cell being made ~ht.ough a 

potassium chloride-agar bridge . 

Jleasur mente of pR were made with a Beclalan Model G pH meter {Beck­

man Instruments Ino., South P sadena , lJ .S.A. ) usif18 a G-1190-80 glass 

electrode . A Qoleman UaiTersal spect~ophotometer , atoael ll (Ooleua 

Zlect ..-to OO!IlpaJlY , Maywood ,. u .s.A.) was used tor the o~lfl'11te-tr1.o 

ll 
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measurements. 

'!he construction t the 1 b exehenge columns ts shown in rtgure I. 

The resin was Dowex 1 , 60·100 mesh , 7. 5 percent cross-linkage (Alcbem 

Llmited , Burlington , Ontario) . It was slurr1ed with water in a beaker , 

washed into the col',U!m, and the particles allowd to settle to torll 

bed 10 era. :x 0 . '!5 am.2 • The bed was wpported ~t the bottom and kept in 

place at the toJ wt.'b wads et glass wool. Atter a J!esS.n beet had been 

te1"Ud in the· ft1Ui!l1\ , 1 t was ws.slled w1 th 25 ml. aoh ot 10 M , 12 ant 

4 M ll74roohlo1'1e aot4 and then wt'bh 25 !Ill . of water. Thee washings re­

aove4 a yellow colour wlteh ae• J"eeta at•e·s to hlp concentrattoa ot 

h;vd.rG4hloiPlo aoit . 

( U.) 'Reagents 

Chemical 

Alizarin blue 

Alizarin red s 

l - {o-arsonopheny:lazo) ... 2 ... ;naph­

thol·3~6-disulphon1c aCid 

Beazotc ae\4 

O.latln 

lle.n&.llo aotd 

~ttrobensot• ao14 

Britt h Drug Houses , spot test reagent 

Eastman Kodak , 'Wh1 te label 

Eastlli&:n Ktda.k , whlte label 

~itlsll Drug Houses , A~lu 

Eastman Kadalt , oexot1tle4. 

an.4 hrther :purtf1e4 as desot"fbed tll 

tu Appe:ndlX 

Ee.etan XOdak, ~t1e4 ptgsktn 

Eaetltan Ko4e.k , wh1 te label 

PrepaJ"etl by the methoct at x:amm n4 Sequ 
(77) 
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FIGURE I 

ION EXCPANGE COLUMN 



Ohemioal 

m-Kit~ophenylarsonlc ao1d 

n~Propylarsonte acid 

a uinoU.nol 

AlwliniWl 

lliscbmetal 

it:rogen 

14 

Grade 

Eastman Kodak , white label 

Jastmu Kodak , \fhite J.s.'b 1 

Brltieh Drug B.uses , Analar 

AlWld.nwa Company &t Canada , Liml ted 

G. Frederick Smtth Compar~T (Columbus, 

tf .s ·A • ) , rete:renoe u atanctftl"d po.ri ty 

ltrttleh ))rug HCN$88 , O•riitle 

Canad1u Induetrles· Lbt1 ted , analyzed 

grade aad f3te.te4 to oont in m1Dim:wa 

Merok and Company tialted , ohealtall.Y 

p\il."& ' 3o;C 

SU:ppl1ed by Dominion l!agn•·s1\l11l Limi 't•d 

and stated to containt '5 ! 1~ cerium. 

97~ total rare earths , 0 .00. thori'Ulll, 

anct ~· t.:nn. 

:Pow Chemical O.OllpaiQ' (Midlan4 • \J.S .A ~ ) , 

aublf.llte4 

Purifled. b7 bu'bbll~ tor at lee.at '•n 

hQUl"s t• 10..1 • . ttltric ao11 , washtDC 

se1'eral tlmes with wate~ and 4.ts·Uu .... 

Purttied by bubblil'l& t1l"st throusb. a 

pOtassium pyrogallate solution anct 

then through d1ettlled •ter 



Ohem1oal 

Thot'lWI tetrac1llor14e 

Tt tanium tetrachloride 

Zirconium oxychloride 

Grsde 

Alllend Dru,g and O·helltoe.l Oompaay 

(Bew York, u.s.A.) • ·chemicallY pure 

aad tu.rther pur1f1~ as 4escri'be<l 

tn the Ap end1::r: 

fisher So1ent1fto. tompa!JY' {Toronto, 

Ontario} , chemioe.lly pure 

Amend D~ and Chemical Company 

{New York , U.s.A . ), chemically pure 

and turther purified as described 

in the Appendix. 

All other ohemtoals were of analyzed arate 

( Ul) Solutlo..,s 

A eatQrated aolutton of a~nttrobenzoic aold was prepared by 41a­

aolY1a& 4 &• .of m- nttrobelllZoto ao14 in one liter ot hOt watt¢ , alln­

the solution to cool nernight , e.nd ttlteJ"1J18 ott the m- n1t:ro-benzo1c 

acid that hl:d eryatall1ze4 out . 
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The S-qu1nol1nol solution as prepared by d1sso1Y1ng 2. 5 g. of 

8-quinoltnol in 5.7 ml . or 17. 5M acetic acid and diluting to one liter 

with water . 

'l'!le 6elattn solution was p:te red by dispersing 0 . 75 g . Of gelatin 

S.n 100 Jill . of boiling water and allowing the solu.tton to ao.l.. 



(B) Determinations 

( 1) Thorium 

(a) m~itrobenzotc Acid 

16 

(1) Polarostappy of m~nttrobenzoic acid: Low Goneentrationa ot 

m-nitrobenzoto ael.d are easily detected polarograpldcally; the type ot 

ft'Ye obtained 1s· shown in Yigure II. The height ot the we.Ye can easily 

be measu.red, with goocl preols1on, usi~ the slope.•tntereept method. 

'l'he -.n•e shown here , ana the ones used throughout this work , oonespond 

to the reduction ot the nitl:'o group in a solution buttered et a pH ot 

4. 0 with otassium hydrogen phthalate . Although m:-nttrobenzoic c14 

c n give two reduction waves , only one appears at a pH of 4.0; this 

p;robabl.y corresponds to reduction or the nitro group to a phenylbTdro:ty-1-

amine (8?} . 

Because the di:ttusion oUl"rent and the halt ... wave potential ot m-ni tro­

benzoio a. eta can be expected to 'U'ary w1 th pH ( 79, 80) , a good butter la 

requtrea to ensure ana.l.ytieally useful results . PotasS1Wl hYdrogen phtha­

late serves 11 'both e.s a. butter and a su pOrting electrolyte. Although 

methyl red tt8U8ll.y S4trYes as e. soot mu::1MWB suppres.a<n-, it was toud not 

to 'be completely reliable. Thts as cwercoae by adtltng ten aro .s ot a 

1~ solution ot O(•ne.phthol ln ethyl alcohol to each 100 ml . of solutlo!t 

before dlluttns to vo·lume . 

The diffusion current given by m-nitrobenzoic acid ts linearly re~ 

la.ted to the amount ot thorium tn the original solution , t'rom which both 

were precipitated , as shown in Figure III . For the construction ot this 

cune , thorium m ... nitrobenzoe.te 'lll!lS preciplte.ted ; filtered , and dissolved, 

and then the tree m-nttr0benzo1o acid was ·aeterm1ned polarographicallY. 



FIGURE II 

POL -tOGHAT'lUC ~ VE OF 

-JITRCSENl IC ACID 

17 
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FIGURE Ill 
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(2) Effect ot pa on tke prec1p1tat1sn ot thorium bz ~n1t~o­
b~nzotc e.eid..: Ali 1nTeatigat1on ot the etteot of pH on the completeness 

ot prec1l'it tion o-r thortu by m-nitrobenzoto acid was carried out. To 

50 ml. of a thorium solut ion oontain1ng 10.23 mg . ot thorium, thei"e were 

added 3-4 m.l. of 12 M hydrochlort.o acid ana 50 ml . of: a satul'ated aqt\e• 

ous solution ot m ... nitrobenz tc acid. A ohanioal stirrer and the 

electrodes ot a pB meter were placed in t he solution, and tbon the 

thorium was precipitated by adjusting the pR, using 7 . 5 { a.lm!lon1a . The 

. recip1tate 111as coagulate by heating the mtxtur neal" the boiling point · 

tor about 15 mtnutes , and then was fi ltered on Whatmsn /!40 filter :pa er. 

Next the precipitate waa caretull.y 'Wl!l.Shed with hot water and 41eso1Te4 

directly into ·a 100 m1. •olumetr1o tla sk using hot ~rob.lor1o aotd solu· 

t1on (one 'YOlUS~e ot ?~ perchlortc aotd to two Y-olumes ~ tar). J'1Te 

mJ. . o't a 20S tartaric ae1d solution weT>e added and t he soluttoa was neu­

t:l!'alized t .o th~ methyl :r.el encl point by add1ng 15 M t\ll'lltOJUa :from a but' ... 

ette. Thirty-t1Te ml. of a saturated po·te.ss1um hydrogen phthalate solu­

tion and 10 d:rops f a l iJ' solution ~t ~naphthol in &tby'l loohol wel"e 

added and the solution made up to the mark with water . A portion 'W8$ 

decanted into :polarogt-al.'hic cell, bubbled with -pur1t1ed nitrogen for 

ten minutes , and then pol arographed , 

A plo·t ot the aTerege height ot five waves given by • nitrobenzolo 

acid TerS\ls the pH of precipitation is shown in J'igure IV. Clearly the 

ao1d1ty tor prec1pttation ts ts1rlr er!tlcal; only over a aarrow ~ana• 

of pB values 4oes the precipitate ban oonstant ooraposition. rroa 
bydrocblorlo ao14 solutions thorium at't's no precipitate be lew pB 1.1, 

and a pt'ec,lpltate of oonatant compo1!1t1.on trom pH 1.8 tl> 2. 5. At pH 
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Yalu•• greater than 2.3, a mixture (ot the m•nttrobenzoate ana the hf• 

drous oxide et thorium ln all prc:tba'btU.ty) ta apparentJ.,' obtaine4. A 

pl:l Talue tit 2.05 to 2,25 tor the p:reotpitation is best , at least with 

the concentrations of reagents used ln these eXpert en.ts. 

(3) Notes on the m-nitrob~nzoate procedure: 'rhe experiments 

desc:ribed above show that the pH range tor the useful prec1pi tat ion 

ot thorium m-nttrobenzoate , under the conditions and conoentr tions 

used , 1s 2. 15 !: o.oo.. '!'his range ot pH Talues is not unduly restr1c­

t1Tch It le considered best , howeTer , that the eater range , 2.15 ! 

0.10 'be used. 

It was tound that the p:teo1p1tated thorium m- nitrobeMoate 'Was 

only Jll04entel.T soluble in hot 7 . 5 M D1 trio e.c14, 12 M _..drochlortc 

acid, aDd 9 11 8Ulphu!'tc acid . Higher cenoentra:ttons ·f!1f these acids 

were not desirable be0t1uee th.e7 caused pieces Of tilter paper to col­

lect ill the 'fOlUJftetrtc :tlask , MklDS ole.rogrep!ry cUtttcult . A hot 

e~chlorto actcl solution (one "Y01Ulll8 ot 7~ perchloric acid to two Y~ 

lW!les ot water , or about 4 Jt) ns tound to dissolYe t e preciptte.te 

rapidly and efficiently. 

After the thorium m- nitrobenzoate had been diseolTed , it was tound 

necessary to complex the thorium so that subsequent manipulation ot p& , 

in pre]J81"1Dg th6 solu.tten tor polarogrep:tsy , would not cause repreo1p1 te.­

tion o:t the thor1W'I as the m-ni trobenzoe.te. Tute.:rlo aetd proYed to be 

sa ettect1Ye eoaplexlaa agent . 

{4,) Prooeau.re _tor. P$!laro(l'&Ph1ealll4eterminirgtho_r1WI as 'he _..­

n1tro'benzoate: 'l'o the thor1Uill solution, diluted to 50 !Ill ., and cuta1a1na 

about 10 q . ot thot1UI!l, are added 00 ml . O't a saturated ra-nttrobeJUSo1o 
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acid solut1on. The tho~iwn m-ni trobenzoa.te is reotp1tated by adjust• 

ing ths p:S: ot the solution to 2.15 ! 0 .10 using 7.5 U ammonia. Daring 

the adjustment , the pH ts aeasursd with a meter. The preC1pUnt.e 

1s eaagulo.ted 'bf heating the mixttUte neal' the bollltlS JOint tor about 

15 muutes , and 1• :tiltered through atma.n #40 filter pap$1"• 'l'h• pr.­

Oipltate ts carefully washed wtth hot ws.ter end then cUssolved direct­

lf tnto a 100 111. 'Yolumetr!c tlask ust:ag hot perchlorlo acid solution 

(one Yolume ot 72f, perohlorl e aoia to two TOlUJiles ot ter) . . iTt 1. 

ot 2~ ta:rtar1c a.ot4 solutt.e are. adlil:ed and the solution is neutral1ze4 

to th met~l red end point by adding 15M ammonia trom burette. 

Th1rty .. f'1ve ml.. of a saturated potas 1'Wil hYdrogen. phthalate solution 

and 10 drops ot 1% solution Gto(-naphthol in etk:yl alcohol are ad4e4 

nd th solution ts made up t the mark With water . A portion of the 

solution ts decanted into a o18l'ograph1·o eell , b\tbbl d w'lth tsUrogen 

tor ten mimttes, nd then polarogra bed. 

ifhe a1'erege height t:;t ttYe mvee tor tile reduction step t ll•nitro­

benzo1c aoid te tak•n and the oorreepoading conoentratio• ot thortua ta 

estusse4 by reterenoe to a calibration curve (fi&Urt III). The oa.ltbra ... 

t1oa cune 1& 1,1r'ap re . in a e1m11ar manner , wtth aoluttone of lalo.._ 

thorium content. The o libre:UQ solutions were preparetl by 41ssolnna 

purt:rted thorium tetrachloride t:a ~ b.Ydr ehlorio acid , ani the thor1\llll 

content 'fffl.B detemined by precipitation of the hydrous orlde usina am­

m,onia . tollowd by ignition to thorium dioxide . 

( 5) Interferences in the rn· nitrobenzoate m.e.thQd: In a study c:tf 

the procedure tor the precipitation ot thorium by means ot 11l•n1trobenzo1c 

ae14 as proposed by Neish ( 81) • Osborn ( 64) oont:trmed eish' 8 obsenattoas 
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tllat z1roon1UIIl, hafniWil, tita.nium and oerium.(IV) are also prec1 ttated, 

ant that tta(II), tia(IV), merour;r(l) ani mercury( II) lntertere be~ause 

of hydrely1de etteota. m-N1tro'benzoto aeid will preo1p1tate luton1o(IV) 

but lutonbtm, like oet"1Wil, Will not reoipttate wh n it is S"eduoe4 to 

the (III) state (64 , 97) . 

Orepaz and V rehesint (82) have reported that When the of an 

lron(I!I} solution is adjusted to 1.0 - 1.5, m-nttrobenzoie acid and 

the m~nttrobenzostes ot sOdium and ammonium yield a precipitate ot 

ir n(III) il•nitrobenzoe.te - 'l'h~ also reporte that under s:tmil&r con­

ditions for the precipitation of 1ron(III) , soc11um Jll-.nttrobenzoate will 

precipitate Ohr<Jm1Wll, thorium, bismuth , .eo per , lead, mercury, lum1n1um, 

titanium, tin• ball'tum. . urantwa . oertum(IV), ytt.rium and zirconium , end 

that a separation ot irontiii) troD& these elements ecmla not be obtained. 

lt was tound that undet- the, oondit1one tor the preoipit tion ot 

thor! WI! a.e d..,.elo}Mtd in tbe present study, u to 40 mg. ot ooppe:r, lead, 

aluminium, la.nthanW'Il, and barilll!l in 50 ml. ot 'Solution , did not y1el . 

polarographically reducible pr&oi 1tates from bydroohlorio acid solutions. 

Also , trom hydrochloric eetd soluttona eontatnins up to 70 lll&• or !111soh-

etal in 50 ml . &1' olutton , no olar gra hieally reducible pre 1 itates 

c uld be obtaine~ under the conditions used tor the th rium d t rm1nation. 

Purth r , at PH values up to a.o, none of thee elements gave pree1 it tea 

that yieldetl polarograph1oe.lly reducible substances. 

From tbse experiments t t ~a e:ppeaJ" that the work ot Crapaz e.D4 

Jlarehes1a1 ( 82) 1s not relevant to the present study. The elements most 

likely to 1nter tere 1n this pr ee!ure are zirconium, hafnium, t1 t n1um, 

tin( II), t1n(IV), me!'oury(I}, ud mereut"Y(II). 
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A »rooedure f'or the determination of thorium using m-nt tro'benzoto 

acid, te.ldq a.,oount ot the possible interte;:-ing elements tn magmes1ua­

base alloys , is given later, in Sections D(a) and D(b). 

{ b,) e u1nol1nol 

( l) Polaroep& o_t 8·<tn1nolin()1: The beha:vtour ot 8-q_utnollnol 

at the dropping mercury electrode is • in general , compUcated and strong­

ly dependent on !l6 (83) . The reduction ot 8-quinoltnol tn alkaline me­

diu 1 , howe"Yer, simple and Hverslble { 84} • Although a .. q,dttol1ao1ce.n 

g1Te two rriuctte waves ln alkaU.ne solution, onlf C!Jne ••• 1a obta.inecl 

at pH 12,; the tYM ot ftve obtained te Shown in J1glil'e V. The • .,.. pro­

bablY corresp<>Dds to the :reclu.otton ot the 8-qutnoll ttl to the diqdro 

o•pou.nct ( VS} . The height ot tle waTe can be Mai\U'ed With 8()04 preei• 

ston by the slope-lsate!>oept Mthod . 

Bea use '-h• d1ttus1on current and the l!lalt-wa•e potential ot a... 

qutnolinol are dependent u:pen Plt ( 83} , a good butter 1s required to ·•n ... 

sure analytically useful reeul ts. A solution ot d1 ,sodium monobydrogen 

phosphate (0 . 1 M) and sodtum. bydroxtde -{O. llt) of pR 12 can sen-e 'both 

•u a buffer nd a supporting electrolyte . The u.ee of gelatin eliminates 

all maxima at this »R· 

'the dU'tuston curl"ent given by the 8-qutnolinol resultina f .1"0JJI the 

cU.esolutton ot thorium ,8-qntnoltnate is linearly r•lated to the 8JIIlount 

ot thor:lua in tb.e orla1ne.l solu1it oa. This is shcnm. in rtgu.re, VI . Fta­

ur• VII 18 another Oalibre.tion oune, obtained not by dlssolTi~ tbe 

neotpttate4 thM'iWil a .. quJlto1tnate (88 tor rtcure vt) t but by clete1"!111n-

1ns the excess e-q.u111ol1nol remaining 1¥1 so.lut1oa atter the additioa ot 

oonetant amounts ot e-~uinoltnol to solut1osas ot known thoriua content, 



FIGURE V 

POLAROGRAPHIC WAVE OF 

8-QUINOLINOL 
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Use ·(It these two line r. :relationships was made ln 'the deT&lopDl&nt ot 

polarogtapb1o methods tor the determination of thorium with S•qub1oUn.ol. 

( 2) Notes on the a-qulno11nate 2rocri.ureet J:n thts work 1 t was 

fMmd tbat moderate aaounts Of aliiJilonlum ton hinder the hydrolysis ot 

urea, 81'14 therefore eaonia shcN14 be a'9'o14e4 e.s ftl\loh as possible 1D 

aD,T neutrallzat1ons prior to the h;rdrotysi• « the urea used 1 the 

omogeneous preo1p1ta.tion of thorium e..qutnoltnate. 

acids. 

Acids turnishine: anions t at discharge t a otent1a1 close to t at 

ot 8-qutnoltnol , such as nitric acid , should. be avoided because ot 

their mastdng effect on the wave . A rapid • ettictent cUssolution et 

the thorluta 8-qU1nol1nate oan easily be effected. wl th hot 6 11 Qrdro-

Clll.orto e.old. 

xa what follows 1a ( 3) aa4 .( 4) below. 8 methOd based on a Gall bra ... 

~ion ·<Nr'Ye suoh ae that ot Figure VI , obtained by 41.11so1Ttng a preoi• 

pitate. ot thorium 8•qu1:nolburt~ .• 1s called a "l1reottt prooe ure, and 

oae baaed o:Q a eallbre.tton C\U"Ye euch as .that ot l'lS'U'e VII , obtained 

b7 detel"Jitntng the excess 8-qUlnolinol t:n t'Jae soluUon, is called 

( 3) "Direct" e-gu1nol1nol Eroesdu:-e: To 50 ml. t a thor1um 
• v - • - - •• 

solution oont tn1ng bout 10 mg. or thor1wr:t is added 8 M sodium hydrox• 

ide dropwise until ~drous oxide just succeeds in rediseolTill& on stir­

ring, and then 10 m.l . ot a 2 . ~ acetic aotd solntion of 8-qu1nol1n 1 

ana 12 g . ot urea are added . The solution 1s kept just below the boil• 

tag point until the orange-red prec1p1 tate , which slowly forms on hy'dro­

lyata ot the urea, cosgulat«UJ. 'the preatpitate ts filtered on hat n 
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~42 filter paper and shed tho~oughly with water. The thor1um a-qu1no-

11nate prec1pttate 1s iseolved directly i nto a 100 ml . volumetric tlask 

using hot 5 ~droohlortc ac1d . Five ml . of ~ t~tar1o ao14 solution 

re then added nd the solution adJusted to the alizarin blue end point 

With aM sOdium hydroxide. 'rwo more ml. ()-f a s041Wil bydl"OX1de,. 35 ml.. 

of 41 sodium monobltdrocen phospbllte ( o .1 'II} and sodttml lq'aro:dd ( o .1 M} 

bUtter solution of pH u~.o • and 1 m1 . ot 0.7&% aelatin a~ added. and 

the solution !e mnde n to the mark with water. A portion of the solu­

tion is decanted into a polarographic cell• bubbled With 'Ptll'1t1ed nitro­

gen tor ten minutes, and then -pola:rogra.p e • 

1'he average eight of five ftves tor the reduction step of s ... qu.inol­

tnol 1s taken and the corresponding concentration ot thorium aseeasea by 

reference to a eal1brat1on. cul"'fe• $'he calibration C\U"Ye was pre_parel by 

s1a1le.r I~~easurements made in the S8J!\e way t with solutions ot known thor:ta 

eontent. Such solutions e.re prepared by 41seolvlna P\li"1tie4 thori'Wil 

tetre.chlortde 111 5% b1'drocblorto acid; tbe thortum content s 4eter­

ad,fte4 'b1 pr•otp!te.tton of the b,J'drws o~lde \\atns « Ollie . tollowed by 

igaltton to thoriua d!oxtde. 

( •J . ~I-trect" e-~utnol1aol pooedut.,H The prooedure tor the pr•­

c1p1t tion of t e thorium is tdentieal to tba.t given ab(')Te under ( 3) ex­

cept that e:mctl.y 10.00 . 1. or a ... qu1nol1nol solution are added by p1pe,.~te 

before the urea 1e added . After coagu1.at1on ot the precip1 tate as before, 

1t :ts filtered on What:man #42 tilter paper e.nd the, tiltrate and washings 

are caught in a 250 ml . voluetr1c tle.Sk. The filtrate i s adjusted to 

the aliza:rtn blue end point with 8 sod1Ulll bydr&xide and 5 ml . more of 

so«ium b;vdroxide are dded. . J"ttty m1. ot d1sodium momiEy'drogen pbosph te 



(0.1 M) e.nd s 1um hydroxide {0.1 1!) buffer solut ion ot p 12.0, and 

2. 5 ml. or 0.7~ gel tin solution are added , and the e~lution is made 

up to the mark with •rater. A :portion ot the solution decanted into 

a olattopte.phtt: C$11 , bubbled witb :pul'ttied nitrogen tor ten t'llinU;tes, 

and then pOla:t"Ogt'ephed. 

As beto:re, the e.Teraee height ot five waves tor the reduct ton step 

ot e-quinolinol 1s t . ken alld tb& oorrespondUlg .ooneent:ration Of thortwa 

asJ!Ieesed by reterenee to e. cal!bl-atton G\li"Ve. ~he oe.11brat1on OlU'Ye 

wa.s prepared by etmile.r measurements made ltt the $IIUie way . with solution• 

ot known thoriUII content , determined s beta:. . 

1 5) e!!!P!ris(')n ot e-g;utnoltl'late l!:t"ttOipttation !llethods! The homogel\e­

ous pmoipltation ot th&r1um 8-quinol1nete with ur a ha all the ad-raa­

t ages inherent 1n any hOl!logeneous prec1p1t tion. '!'he pree1p1t te coagu• 

lates rapidly , bas little tende1lC1 to creep , n:nd ts easily f'iltere4 . tn 

contrast , the prec1pit tion ot thorium by the cla sic 1 methods (85, 86) 

yields a bulky precipitate that is slow to coagalate .; creeps b!':\dl'y • sttote 

to the Sides of the beaker. d 1S d1tf'1eult to filter . 

From phot~terographs at the preolpltates the reaeon tar the d1tter• 

.enc. tn the pbysioe.l properties beoom.es ppmrent . ln tlae homoge~eoua 

pre~tpltation ( 1gure VI!!) there are tol'lled little wornt•ltlm crrstels 

which are easU,y washed &n4 filter d. J11gure IX shows a thoriUI'Il S.qu1no ... 

11111\te precipitate obtainecl by the method ot Pt-ere (86). 'l'he lone needl..,. 

Hlce crystals obtained by this •thod sugge.st in their arrangement a bruall 

heap. Tb.eee do not p · ck easily and the sgglo ration ts not reailily 

shed tree ot contaminating mothe liquo:t. 
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(c) itrophenylarsonic Acid 

~ ll, o,leyof.P::apby ot m-nt t:rophe&l araonie ac,tth Although m-nlt;'O-

phenyl e.raon!c e.ctd can &f.Ve three pole:to~ phie reduQtion wa.Tes , only 

one app$are at a pB or 4.0; this probably eor.reeponcls to a :reduction ot 

the td. tro group to n phellf'lhydroxylam1ne ( 87) • The type ot wave given 

by m-nttrophen:ylarsonie e.Gid e.t thta pR is shown 1n Flgur x . The heigh' 

ot the ve can ee.atly be measured w1 th good p1"ec1aton using the slope­

intercept method . The wave correspoude to the reduction ot the n1 tm 

group at the dropping mercury electrode in a solution buttered at a pH 

of 4. 0 with pot ssium hy4rogen phthalate . 

Because the diftua1on current given by m-ni troplu:mylaraonto aeid 

can be expected to "Vary With i! ( 8'1) 11 a good buf':ter is required as ldth 

m .. n1trobenzo1o acU. and 8-qui!loltnol . It bas been touttd tn this la'bora .. 

tory th..'<lt potnestum }Urd.rogen phthalate sor.Tes well both a$ a butter tUl4 

a supporting electrolyte . Me·tbyl red , which ts present ia this Jn"etca4ur• , 

serves .11 as a maxitn:um, $Uppressor. 

The diffusion current gt en by m· nitrophenylarsonte ctd ts linearlY 

l"elated to the 011.our:t.t of thortu 1n the sol ution , fl'ODl m1oh both wer• 

preeip!t ted , s shown i n figure n . for the construction Gt the curve. , 

thorium m-nttrop enyl rson te was p~eeipitated , filtered , dtssolved and 

the f'ree m-nitrophen.ylarson1c acld was de:ter.nd.ned polarographically. 

( 2) Effect .O:f pH on tho ;prec1pitat1o~ of thorium by . .... nt trophe&l­

e.raonic e1d; An investigation was Jllt.ule ot the etfeot ot pH 'on the o'*"" 

pleten ss of precipitation ot thorium. by m-:n1tropheuylarson1c a.oid . 

To .60 m.l . ot the thorium 8Qlut1on containill8 about lO 1118• ot thorium, 

ther.e s added 3 :U bydrocblor1o- acta. or 4 lt armaoa!l.e. utU.. the pH des1.r ed 
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FIGURE X 

POLAROORAI'HIC VE Or~ 

m- NITROPHENYLARSONIC CID 



1 
I 

- i 

I 

~1---.-.;.--+-- -'-~1--+---'----

t-- ~-1 

J. J . I - . I 

-1 
---1 

I 
I 

I 

I 
I 
I 
I 

+-··-l' J_ 



35 

tor pree1p1ta.t1on vms o'btn1ne4. The thoriu:m. was precipttatsd by ad:dina 

50 m1 .. ot a. solution , of the same JH, containing 15 ml . ot 0.0~ aca.ueo s 

m-nitrophenylarson10 solution. The precipitate w s keJt at roo~ te~pera­

tur~ for two hours to coagulate it , then ttltered on Jlhattna.n t/42 ttlter 

paper , an4 thalli W:· ehed tour times with water. Nert . the preetp1tate was 

dissolved directly into a 100 ml. volwnetritt tle:sk witl"t e. hot satu:'!"$te4 

sodium tartarate sQlut1on made strongly alkaline with sodi'ltn hyd.ro:dde , 

e.nd the solution mte a(J.jtl.sted to the meth:yl red point usi ng 5 M pereklo~o 

aotd. Tld.rty ... ftve m1 . ot satul'ated petasstum hydrogen phthalate solutloa 

were e..dded t.lnd the solutton d:U.uted to rol\illi8 With water . A :port10!4 ot 

the •~lution was l~Qante6 into a p~larO€)."apbto cell, bubbled. nth 'P'U't ... 

tied n1trosea for ~en m1nutl!l~ , and pol.el"OQ."niph,ed. 

A pl~t of the, avel"'!ga be:tght o:t five wws giTeU by m.,.nitrophenyl ... 

araoai.c acid ver~s the PI of pr\ildpitatiGn is shmm in Figure XII. The 

.Pll conditions tor preci:p1tat:ton o.re t'ather orittoal; on O"tar a narrow 

range or pR values ts the pree1p1tate of oonstent composf.tion . From 

bydroehlQwie acid sotutions , thorium Bives no precipitate bel~w a PH of 

0.7 , and a precipitate or constant compos:ttioa ove:l.* the pB. rang~ 1.5 to 

2. 1 . A pH value of 2 .0 tor tho pred,pitatitm 1s best, at least wttll the 

~ortoentra:ttons of reasenta used in these ~&rS..en.ts. 

ts) . ttoto~ on tl;.e m ... m trt:>p~ept:lareo!\!te ;erocea:u;re: '!'he ·exp8l'tments 

tee<n;"1bed abO"re show that the opttm.um ptt ~Sll$& tor t!$ prec1~1 tat to~ Qf' 

\llorbe by nJ .. u1t!'ophe~larson1e acid ts ~.o ! 0.1. Although quantUati"H 

pre4tpitatton could be obtained QV.l' a wider pll r~. lt is felt that 

it le sater to ~estr1~t th~ PH ~ange to these values . 

fh& precipitation ot thorium m-nitrophenylarsonate dissolves na4i1Y 



r r 

' r r- . '·- .... .... --
' 

~ -----
1 

t I 

r ~ . -]-- --

I -
.1 

-' - t . -

---+----~-~--. --: ++--~~~--~~~-+----+----4----,_----~~-+----T-
t · J 

I 
J 
l 
j 

l 
"i 

1 

l 

I 

J 



37 

!n a hot ee.tUl" ted. sod.i'W!l te.rte. te solution made: strongly alkaline W'1 th 

sodium hydro:rld • 

( 4} Procedure for 

of M•nitro:pbenyle.rsonie e.e1d: 'ro 00 nrJ.. of a thorium solution eont in­

ing about 10 mg. of thorium is dded 3 :M byd.roehlorte e.oid or 4 ammonia 

until t e plt ot the eolu.tton is 2 .0 ! 0.1. The thorium ts precipitated 

by e.dd1 50 ml. of a soluti at pH 2.0 eontab;.tng 15 ml. ot aqueous 

o.o~ m-nttrophe111l rsonte act s!)lut1on. '!'he · ixtnre is eoe.sule.ted by 

tee 1ng the solution at room tel'i'lPerature tor two hours. The precipitate 

1s :t11tere.tl on e.tman 42 tilter paper , \'te.she6. tour time$ with -.ter , 

and then dis olved dtreotly 1 · to n 100 ml. •o1'1:.Ullatr1o :f'lask by means ot 

a hot saturated sodium tartarate solution mnde strongly al line th 

SodiU7!l hydro:rlde. The solution is adjuste to th methYl red end point 

tit 5 · pere lor o acid . Thirty-five m1 . of saturated potassi<tl!l1 hydro-

gen phthalate solution are a ded and. the solution diluted to volume with 

water . A portion Of the so ution 1s decanted into a polarogr phie eell , 

bubbled w1 th purified nitrogen tor ten minutes , and then polaro.graphed. 

The •erege height ot 11ve waves for the reduction step ot m-nitro­

phe:eylersonte acid te taken and the corresponding eonaentr t1on ot thot>1WI 

is a sassed by reterence to a oal1bratton <n,trve ( 1gure U) . The calibra­

tion eurte 1s prepared i n. a sitlilar manner , th so ut1ol'1S of':Qowa thoriUII 

content . The calibration solutions were prepared by d1ssol-r1ng purified 

thorium tetrachloride in ~ hydroohlo1"10 acid • and the thor1Ul'll content 

was determined by preeip:ttatton of the hydrous oxide using ammonia • fol­

lowed by ignition to thorium dioxide. 



( U) ztroonia 

(a) m-N!trobenzos.o A014 

( 1) ltfe~t . ot pH and J!!OWtt ot reacent: t'he etteot ot pit oa tbe 

precipitation ot ztroontwa by m ... ntt:robenzoto aotd was studied by preotpt• 

tatiq a ooneta!R mnount ot z1:roon1WII wtth a oonstant BJilOU.llt ot •nttrc,ben­

zote a411d , at Tal'iOUs pH ftlues . 

ffo 50 ml. or a solution oontaintnc 15. 2 IDS• or z1rooniwa were ad4ed 

l50 ml. ot a saturated m-nltrobenzote aotd solution , lUll! then a mechanical 

stirrer and the electrodes ot a pH mater were introduced into the solution. 

The J8 was adjusted with '7 . 511 ammonia and the precipitate whieh toraed was 

coagulated by heating the mixture near the boiling point tor about thirty 

minutes . 'fhe preetp1tate was then filtered on Whatman #40 filter l)aper , 

earetully 'Ashed with hot water; and then dtssolved 41reetl.y into a 100 ml.. 

'f'olUDtetrio flask with hot 6 M su.lphUrio aotd . Five ml . ot a ~· tartaric 

aCid solution were added and the •olution was adj.u.sted to t .be m•th¥1 red 

end point W1 th 15 M sllll!lon1a . 'l'h1rty- ti'Ve ml . or a saturated pt>ta.sstum by­

drogen phtbal-&te solution and 10 drops ot a. 1~ solution ot 0(-Zlllphthol ln 

et•l aleohol were added and the solution made up to the mark with nter. 

A portion as deeanted into a. polarouaphioeell ., bubbled wtth purified 

n:t.tragen tor ten tllinutes , and polarographed. 

A pl ot ot the average height a.t tiYe W!!.Ves ver8lls the pH ot preo1ptte.­

tion indicated that the best pR t-or the precip1 tat ion et zirconium ud:ng 

50 ml. ot saturated m- nitrobenzo1c aetd was about 0 . 65. 

An tnvesttgatton into the ettect ot the dOlUlt ot reagent on the pre­

cipitation ot zireontum by m• n1trobenzo1o aetd was mada by prectpttatins 

a eonstut amount ot zirconium at e. constant pi ot 0 . 65 wtth ftrious amounts 
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ot m- nitrobenzote acid . 

To 50 ml. of a solution eonte.tntng 15. 2 mg. ot zir.coniwa. tbare was 

added a eaSI.lred amount ot se.tut'ated m-ni trobenzoio acid solut1on • and 
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· then a mechanical st1ner and 'the electrodes ot a pH meter wE~re introduo­

ed into the solution as betore . The :PH was adjusted to 0 .. 65 "With 7.5 M 

ammonta aDd the preotpltated ztroo~ium m-nttroben~oate was coe.gulat.a , 

tt1terec1, c.U.ssolYecl end the soluttoa polvograplled as be'tore. 

It wae toun4 that ae the amount ot saturated m.-nttrobenzotc acid 

solution increased from 50 to 200 ml., the wave height increased by a a 

mu,oh as 2V%. The eXpel"il!lent was repe.ateti u.sine a $'\lbstantis.lly larger 

MlOUllt of ll•n1tl'Obenzo1c acid . One hundr.d ml . ot hot 1~ m• ntb'obel!iZoic 

01d solution (adjusted 'betorehend to H 0 . 65 wtth 12 M hydrochloric ao1d.) 

were ad.d.$4 to the zireon1unt solution , also heAted to the boil . The prect• 

p1te.ted zlreonil.Un m-n1trobenzoate was coagulated , filtered , washed. . dis­

solved and polarographAd , as beto:Jre . 

In these experiments a tur1lber increase in wave beight vms obtained , 

with t-he results ot trlpl1oate experiments beina 1n very- good agreement 

(64.2! o.1; M.l ~ o. l; as.e ! o. s) . 

I• ordQ- to aecertd.n it there was eDY ohaase 1n the optt.mwl ~for 

preatpttation wtfih thts large eircess ot m.-nltrobenzolo aold. , anothe,- seJI'ies 

of eXI)erf.m&Bts t-elat1ng pH. ot pX"eG1p1 tat ion to wave he!gbt was earr1tld. ®t . 

The JS of the 00 m.l. ot sol ution eonteining 15. 2 JD& • ot ztreon1u.a 118.8 ad­

justed. to the desired pH with 7. 5 M 8liU!l()nta or 6 U b;1drochlorte actd . 

t'lie 100 ml . o'l 1~ aqueou.s m• nitrobenzoic e.o1d st~lut:t.on as adjUsted to 

tb.e same pH with 12 bydrochlortc acid , and both solutions heated to boll .. 

1ng before being brought together. 1'he preeip1te.tecl z1reon1um m-nitrobenzogte 



waa coagulated',. :tiltered, washe4, disaolved ~na the solution polarogre.pb&d, 

as beton~ . 

It tound that a constant Te height was obtained tram pR 0.35 

to .a5. 

(_2) ttect at concentration ot zirconium: It was f'OUD.d that a smooth 

but not linear calibration curve was obtained it less than 3 IIJS• ot zlr­

conium per 100 ml. or solution were -p;reo1p1tated. As shown tn J1gure nu , 
however • a good st:ra1ght-11ne calibration curve s obto.ined •Yhen fr0lfl 3 

to 15. 1 mg. or zirconium re precipitated. 

( !3) Notes on the proO&dUre;. The best p1t fer th p~eo1p1tat1on ot 

about 10 mg. at z141'oon1Ul1\ with m-nttrobenzoU acid ts abou 0.65, and n 

4S.ft1oulty 1a encountet-ed in control.l1.lli thct pH to suoh a Talu6 . 

As 1ndtca.ted abo'Ve , a large excess ot m- nlt:robenzoi.c ee14 lt.i neces­

sary to obtai n an ane.lyticall.Y useful Pl'ec·i)itate ot zirconium with tbie 

ree.aen, . These experiments i ndicated that at least a 36• told eneas of 

m-n1trobenzotc aeld is necessary. 

The precipitate was t'ound to be very: soluble in 6 sulphuric ac1d 

but not appreciably soluble in moderate ooneentratlons ot other comaaou. 

acids . 

With these considerations in mind , the following procedUl"'e tor the 

determination ot zirconium with m ... ntt:robenzoie acid is suggested . 

! 4) Pr~cedure tor the dete~na_tion . ot zt,.-cont~ w1 t~ lll-ni trobenzot q 

acill: 'the pB et the zireoni\Uii sol ution , conta.1ning abou~ 10 mg. ot :;1~­

oonlwa end 41ltlte4 •o about 50· ml ., 1e adjusted to 0 . 65 ! <:>.10 wttl\ 7. 5 M 

a on1a,. with th• Maaur$1118n'\ xae.de on a PI metei" . bt a siJU~ lllanner , 

the pH ot 100 ml. ot water oonta1ntns 1 S• or m-nttr~benzote acid. is 
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adjust to 0 . 65 : O. l ust 6 K ~<h"oehlor1-o actd. Both soluttonl!l ere 

nttl'o'benzoic ao1d eolutten to the zirconium solution. The preoipitats 

1s coagulated by heating the mixture noa~ the bo111ng point for thirty 

minutes ; and t en is filterod on Whatman (j40 filter paper . Th preoipt .. 

tate ts ou fully washed with hot tm.ter and dissolved dir otl.y into 

100 ill. vo.l\lMtric :tla.ek with hot 6 sulphuric acid . five m1 . of 2~ 

tartaric ac:Ld al"& added and the solution is adjusted to the methyl :red 

end point usiJ16 15 ammonia . Thirty.:t:ive ml. ot saturated pote.esi 

hYdrogen pb.thalate solution end 10 drops ot a 1~ solution of ()(~naphthol 

in etltyl aloohol U"e added and 'the solution is dilute to the mark ~th 

water. A port:l.on 1s daouted 1n~o a pol.aroge.phto cell. , bubbled With 

P'U'U'lecl lli'b'og&n fer ten m:1uutes , and then polaJ'Igxtaphed . 

The aTe~ace height ot five waves tor the reduction step of m-nitro­

beuoto at)U. le taken aJad the correspondln& concent:re:tton 0'1 zfrcon1Wil ta 

asnssed by t-eferenoe to a cal1brat1on curve (J'tgure XIII) . Tile eallbra• 

ticm curve ts prepared 1n a similar manner • usi ng solutions o't kuo z1r• 

conium content . The ca libration solutions re prepared by dtesolV1118 

zirconium oxychloride in ~ bYdrochl.orte aci d , and the zirconiq content 

detemined by precipitation of the bfdrous oxide us1~ amonte. , tollowed 
\ 

by ignition to zirconium dioxide . 

(C) . . See!!'t191UI 

The detel'JI1Dat1on rit thor1• 11'1 the l)resenoe ot ztrcontua, as 1a 

ttecesaary in certata magnestum. ... bas• alloys, ts ext:rtM!J' dtttioul\ u­

leB8 preltminarr sep&ration is aarrte4 oot . A t:Nilbet- ot se'PUatton• 



ftM lound ZJ.at to be as auccea~ aa an ant. · exche.ng 

tt (b) below) . 

( 1) 17 Pr oi. it tion 

{a) Beuoto Act 

(S 0• 

Owiq to the l.arce exo.ss or IJ8Cft8ela 1D. magrunf.u.okae a1107•• a 

pn1tm1mtl'7 .ee~tton ot the thorta an4 ~ir«mt hca t . otbe:r el.,.. 

meDtua neseut & canted et • Dl1dJla u.. or 'benzo1e e.oid ( .es} . 
on.i\1111 chloride wre 44e4 to solutf. n o~ the lloy • 

s djuated. to 2.4 ! 0 . 2,. ld u or a pH meter. The thori-

and sircont · we:r.oe p.r'eetpitated ~ adding 100· lltl . ot a bot • aquCNa 

besOrtC ao14 eo1u:t1on. aJld the atu4 beuoe.te prtaolpitate ·. ~U.td 

'bJ tiag a.n4 tb.fm filtered o hatlwl #4la tilte pet". The prectpJ.• 

, ... -· ouetu1]7 aab.ed WUl . 118.tq a 41eao1Y 4 Ulto. aiO DO. . beaker 

w1tb. hot 12 II ~hlorte aot4. 

lt. •• hom th• eo1nttoa ot tb.t dle~lftd preolpite.te. tbat thtt 

((1) to(!) • _low) nH attem~ea . :rolltnltDS nell • J!'llttous the than• 

Ull ctoull '>• 4etemtned by a J larO@ll'aphio · thea . 

(1) 
- !A 

were added 50 ml .o ot e 1.6% BdelS.c acid eolutton . hio preo1plt ted 

tlle zbooontum a the delate. The preetptte.te wee aoagulate at 8500. • 

t11tel'84 'On Wbatm!m 14m 1"1lter paper. f.nd washed at:r to eight t!Mii wttb 

hOt •tar. 'lhe prect;p1tate wa. «1r1e4 a%14 f#hen ign1te4. Tbs teaul'• 



obtatnea qre: 

Ztr.eon1U111 added, as z:ro2 t 

ZtrooJt11llll ~•oove:ted . as zro2 t 

0.05'10 ! 0.0002. g. 

0.0565 S• 

0.0566 8 • 

o •. o571 g. 

o . 0567 z o.ooo3 g. 

tt would appear trom theue data that a reasonably good separation 

ot ziroonltlll troll thorium can be etteeted with mandelic acid. 

When an e.tturpt we:s made to p:re~tpttate the thortua 111 tu filtrate 

with S.qutnoltaol ; no pnoip1tate was ob't-atce4 . hr~he» • t. t •• toumt 

tha' • 1Jl the pre~eao• fit JJMUl4eUct aot4 , thma ooul4 not be preo1p1 ~at­

eel as tJW ~dl"O'tla oxide. .Pre8W'Dabl:y "the ms.n4eUo e.o14 hal. :reacted with 

the 'thor1UIIl te yield a 'Yft'Y stable o.o•pl.ex. 

An atta~ •• made to «•strov the l!lal'14e1i~ aott with potassiwt 

l)el"''l&llp.l'Ulte b'ld an end »ob.t !n the titration could not be ()bta.inttd clue 

to t e pre eifloe of hot chlot:"!de ton. In order to dtQC>se ot ohlortde ton , 

a · nde Ue acid separation ot the thorium and ztrcons.um -.s ca""'ied out 

tl1lder stmt1ar conditions, exce t tlat nitric acid n.the:r tban ltYdroelU.orto 

acid was used. The precipitate was lgntte4 to the c»dde as before . The 

results obtained weret 

ztroon1um added , as Z~z ; 

Z.1rooulwa reoO'f'eJ"ed.; a ZI'Oe : 

0.1498 ! 0 .0002 C• 

0.1494 8· 

o.taoo t • 

0.1501 g . 

Chl49S ! o .ooo4 s • 
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It is clear that thorium and zirconium oe.n be separated n a n1 trtc 

aa14 sOl '-lt i on as well e.s in a hydroehlorl .c acid . solution. 

'l e ll4elto aoi.d w.s destroyed With potaesl'UJI pel'lla~te , but whft 

a l1omogeneOUJS preotp1'te.t1on ot tke thorlUil 88 the a ... qutaoltnate 118.8 at· 

ttJ~~pt.ect , a gelatiDO\UI l'reolpi:tate ot un<tetet'lltned OOJip<>sUton •• obtala.,. 

e4• 'l'he p%'4J01p1tate OW14 haTe beeh OaUsed by a~ 0%1dat101l prOduct Of 

the l~JaJlieU.o eutid , e·. g., benzoto aoll , beuzalctehJ'4e ~ Ol" benz.cJtl formi·o 

acid . 

Beenuse o'f its lack ot proadse , this line of tnvest1 t ion vms dle­

oontinued. 

P~l n-:Propylar onie acid: Because of' its speoi:f'ictty to~ zi:reon1Wil , 

a separation. o't thoriUJn and zirconium w1 t h n- ropylarsontc acid ( 89) s 

attepte • 

aepare:tlon ot thorium and zirconium toget her , troDt a typ1oal ~~ae­

uee1WI\•"'• &Uoy, •• ea.nf.ed wt wlth benzoic. ao14 , ana the at:na be.,. 

zoate preG1)1tate waa dissolved tn Jq'drcohlorlc old a& described earli -r 

(p.f 3). wa••r we. .achl~ unttl the .-o1ut1an was l.~ With respect to lO'(ro• 

ehloric · ota ani then the eolutton was beatea to botltq. 'l'wenty ... .f!.Te m1. 

of a hot ~ aque0\1a· solution of n•propylarsoldts ao1d llS.S ad e4 to preo1• 

pttate the ztroontwa. The preetp1tate was o.oagulated , t11ter$d hot: on 

What n #40 t t lter pa r , 11ashed wtth hot water , and finally l~Pllted to 

the oxtde . Tbe :results were' 

Z1reGn1um added , as ZrOg : 

Zirconium reooTerad • l!tl!J Z:tOa: 

0 .0378 ! 0 .0002 g. 

0 .0373 g . 

0 .0379 g . 

0 .0382 g . 

0 . 0.378 ! 0 .0005 S• 



:From these results it 1s elear that a good separation of thorium and 

z1rtJoniuta using n-propyl r oni acid can. be effected. 

hen the tU.tre.te was evaporated and a homogeneous nectpltatlon of 

the theria with Q.quiaolinol attempttl'd , a whtte )reo1p1tate appeared 

(probably thoriWil beuoate). 

further etua.r showed that thorl\UI could not be preotpttate wt <th &­

qutnoU.nol in the pre$enoe ot n-propylaraonlo aot.d . In order fi)r thta 

proeeAure to be used , a methQd of 4estror1ng the benzoto f.lCf.4 ad the n­

propylarsoDle e. old: would be. $eoesaat? . This W'OUld liake t.he p:rooedu!'"f Wl­

neeesearily lona arut tef!!ous , and eo 'this approach , too , was abani\oned. 

( 3) Dimet&l &mle.ta s . O:n.Uc acid 11111 p:reotpi tate tholl1.Ull tUtii ot 

ztrcont'Ulft but 1 lt t .he p:rectp1tatton t .s oer:ried out tn the olasstcal way • 

it requiMs twelve hours . A tar mo~. satisfactory method is the hOJ.aOgllne-

ous preotpitation of thoriUliS as the on late using dillletb;yloxalate ( 61) • 

A solution conta1,.nlng 91 . 4 llgo G.t tho;ri\Uil .ana 37 ,8 Dig• ot :drcontwa 

•a )Jrec1plte.te4 with b•uole ae14 as desoribed pr$TlOU..sl.,- ( P•43 ). . The 

ab:e4 p"otpitate •• 4S.st0:1Ye4 1D 25 ml. . o.:t hQt 7. 5 • nUrtc aeld • MM1: 

16 M 8JIIIt0Jt.ia •• adele~ to ta. point G.t »r•otptlatton O't tllti hybous oxlde . 
. ' 

'!'hen 10 ml. ot 16M rdtr1cr aoid wre e.4de~t. e.nd the eoluttoa was allowd. 

to stand tor t!Ye ml~tea . Nut., six hw14red ml.. ·ot wat-er and 6 i • ot 

dtmetbylomlate were added. with stt"'tng. The soluttotl was he ted to 

asOo . and. stirring was eontinued tor thirty mt~te • Then 280 m1. ot a 

sG1utlon aon._ainlng e g . ot oxalic ao1d were added: and the solutloa st1l'te4 

-tor thirty more minutes . The reei it te was filtered and finally ignited. 

The results were: 



Thorium added• as fh02: 

~~horium. recovered .. e.s tfh02 t 

0.0914 ! 0 .0001 g . 

0 . 0903 g . 

0.0912 U• 

0.0914 , . 

Averace t o • .0909 t 0 .ooo& &• 

4!'1 

.As cd •• seen. the use ot dtm:etl:l.1l:cn:ala'te l'llt\lrea pt>sslbl• a r-eaat:mably 

800<\ separatioa et thc;ir1u,Jt 1'M~ dr'C:Old:um. tn the 'lt:hse~e of btJnaot• aetd., 

Beto%'4 the th~ri:wa <mul.d: be ie,el!'lliad ,olarograplllCElily • the th•t• 

oxalate bad to b. tlissolve4, and thts c•l& be aeeompltsh~d eotl'Ventently 

only with potassium petJfl!il~nat~h The use of potssstUllt penua:nge.nate 1ntl'G ... 

t~.untl .manganese(U) ton which ts prect:pitated by SJ ... quin611Jtol l\t about 

the sa.m.e l"B as thori:wn is ~ Thi s oompiicat:ion :r.Entu1:r$d. ~nother sepa:rat1Ql'l • 

ear by th$ differential ~eipi ta.tion o't hy~ous oxides . 'l'he lliGmplica .... 

t:tons were woh as t:o render unpromisi~ a sepatratt~>na.l pr"edUl'e involv­

ing dimethyl.t.ne.lat~t. 

{b) l!l-lititroHnzotc. .Acid 

.A Mpat'atton at thorlum. e.tt:d zi,.contu was ~tteapted With m-ni tll'O• 

b'enzo1o acll.t .. 

A sotutl(ttt eGnte.iniq 10. 20 mg., ol' th&:rimn alrd: 15.14 iftJJ: • O.f Zlli!'COniua 

•• dil.ui:ad. td 50 lltl• !'Ul!l th• "PH adjusted to 0 . 65 With '1 . 5 M e.t!llll&nia ,, the 

pR being m~e~e4 on a :pH Z!lf!te~ . 1.'he ztrco:n:!Uil wat p:reetpitated by addf.q 

100 m! .. ot hot 1~ aqueous m .. n!trobenzcrl.c aetd solutten ot the ·sPte p'f!. 

'the prectpttate was coagulated and ttltered on Whatme.n (J41) tilt 1!" paper. 

The precipitate was then treated as desCJ'1be4 earlier ( p i'fOJ to ',iietemine 

tne z1reontum content • 



'!he fU.tftte s alloWd to <tool and the thorium waa precip1tat _ by 

adjusting the pH to e .. 15 1ri th 7. 5 M 8$lllonta , eaSUJ'ing the J,'iS on a pH 

meter . The p:reet:pl tate wae coagulated by heating neat' th b&llil!I.S point 

tor fifteen minutes , and •s filtered on Wb.atms.n #40 tilter pa r. !he 

thorium ~nitrobenzoate precipitate was then treated as described ea~lier 

(p.2/ ) to determine the thorium content. , 

Zireon1u.m a:dcled: 

ztroonium !'ecovered : 

15.14 ! 0.01 II$• 

15.14 ! ().03 lll8• 

15.14! o.ov • 

us.15 : ·O •. o3 Mi• 

... 10 •. 20 .. o .o1 mg. 

10. 19 ! o.oa mg. 

10 . 27 !!: o.oa mg. 

10. 24 t 6 e03 mg. 

It was t®nd that the eeparatlcm: ot thortUlll trOll t.il'Oonium, and trOJJl 

other elements that precipitate with m-nttrobenzo1o aettl , can be oonTenient .. 

17 and etf1c1ently carried out by means of an ion e·xchange colW!Ul , as sho11J1 



lJy the experiments described below. For reaoSons given earlier • an anton 

t'ather tho cattoa exehall6e ~•stn was u.sea; ln all these e:xpert.tnents the 

resin wee Dowex 1. 

Atter the columns had 'been prepared and " conditlonedtt as desor1be4 

ear Her ( p ./2 ) , they were rinsed wit lJ. 30 JIU. ot :tsy4roohlor1 c ac1d of the 

s8lle molarity as was used in the separation to follow. 'fhe level of the 

ae1d in the colwm was lowered until the meniscus barely touched the wad 

of glass "WOOd on top ot the resin. A 5. 00 ml. aliquot sample Qt the solu­

tion containing the tc.tn to be separated was then. pipetted onto the eolumn 

ant\ the oo1uu was the:tl tlrai.ned tm.Ul the meniscus apln tw.ohed the wad 

ot alaae wool . '!'he r:estn was then we.ahed. with lq"cb'oohlorto acid or the 

~- oonc•ntrat1on by pasi!J1ng IS ml• porUons ot it through the ooluma un• 

t11 the non•excba.ngtng t.OD.s bad 'been wa~Jhed out of the column. 

Vfhen tona are to be eluted trom a oolwm, h7droohlortc aoll of an 

e.pproPl"l&te, ooneentratton was pa.eaed t,~O\llh the ool\UGD tn 5 mi. . po~lcms 

as described abo.e. 

{a) The Separation ot ?.'hor1\1JJJ. and Zirconium 

( 1) sontton ~nd elution ot z1rconhmu 'l'he sorption ot z1rcon1Ulll 

trolll hydrochloric acid solutions was studied color1metr1ca.lly ueing all ... 

zarin .re4 6 ( 90). The zircon1ua e.ontent tm.s measured in erder to deter• 

mine how efficient the eOluraJl was in sorbtng the zirconium troa solutions 

ot }V"droohl.orto acid or nrioue concentrations . 

Solutions of eonetant zirco:rd.:wa content but ot 'f'U'Ying h7dl"OohlorS.o 

acid concentration were prep re4 from retrystalUzed zirconiwa oxyohlorlde e 

'l'he cclu!ID!ll ~M ril'uted with 30 ml . ot the CGncen;tre.tion e>t hydirochlor1a 

aeld to be ~sed 1n the &Ot1Jt1on I!Uld a 5.00 ml. aliquot 8811ple ot the 



50 

zirconium. solution, containing about 10 mg. of zirconium, was p1petted on­

to the column. The solution was allowed to d.rain into the resin, and then 

the resin was washed with hydrochloric acid of the same concentration, using 

5 ml. at a tillle. Eaeh 5 ml. ot the washings was analyzed colorimetr1cally" 

tor zirconiwn, using the procedure of Wengert ( 60), and the results for 

the sorpttol!l from e, 9, 10, and 11M hydrochloric aoid are given below. 

As is r6e.dily seen :f'rom Figure XIV, zirconium is not sorbed to a:QY 

appreciable extent from 8 1i b.yd~chlortc ao1d. ll'rom 9 M hydrochloric acid 

the zirconium is ·sorbed , but, after 30 ml. ot washing, some zirconium begins 

to appear in the washings. Fram 10 M and 11 M hydroQhlorio acid zirconium 

is strongly sorbed by the resin , since none appeared in the washings even 

after 00 ml. ot washing . 

The elution of tirconium from the resin was studied by passing 4 M 

hydrochloric acid through a colUl'iUl containing the sorbed ziroon1UIIl and de­

termining , colorimetr1eally W1 th alizarin red S { 90) , the amount ot z1rcon1• 

um 1.n eaah 5 ml . ot washiug .liquid drained trom the column . The results 

are shown 1D. Figure XV. As can be seen :f'rom this graph, a:f'ter 4D ml. ot 

4 M hydroohlortc add aad been. passed through the oolu.mn, no z1roon1um 

could be deteoted in the elutr1ant . ln order to ensure complete remoVal 

ot the zirconium, go ml. ot elutr1ant were used in ell subsequent analyses. 

To determine if the elution ot the zirconium with 4 M hydrochloric 

aoid wa.s uantitatiYe, 33 mg . ot zirconium tn 5 ml. ot 10 M b;rdrochlorto 

ao1d was placed on the column as before and the resin washed With 60 ml. 

of 10 11 hydrochloric acid. Sixty ml. o:f' 4 M hydrochloric aeid were then 

passed through the oolumn and caught in a 250 ml. volumetric .tle.sk. Al1-

quot samples ot this solution were analyted tor zirconium colorimetrioally 
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with al1zartn red s . At the same time, en identic 1 zirconium solution 

that had not been passed through t~ colUJl.tn was .analyzed iu a s1m.ilft'l" 

ma..nner. The re su.l t s were1 

Standard zirconium solution: 

ZirconiUI!l e.,lution eluted 

trom the column: 

62. 0 :!: 0.2'1& 

e2 .9 t o.31i 

6l . a : o .~ 

From. these l'eeulta lt 1 pparent t .bat ziroon1Ulll can be que.ntt.tative­

·l.y SQ'J'bed on Dcwex 1 resin trOlll 10 Jl hydrochloric acid • and quenti tatively 

•luted fJ'QJn the resin wtth 4 M qdroohlo~to aou .• 

( 2} _ QuantitatiTe reoo'f'e!l ot thort,Wil: An tnTes'Uge.tion ot the sorp. 

•toa of thoriwa Oll Dowex .l ~S:ln trom 12 II b¥d.t'G6blo:do aoi4 was oar:r1e4 

out. Detel"1Unat1ol$s of thorlUJt tD. 'he washings wel"e made -eoloraetrtul17 

uslft$ 1 .. ( o .. areonophtnqlazol-2-naphthol·Z~ 6-dtsulphont.c e.otcl ( 9) • 

A 5. 00 ml. aliquot eemple ot a 12 U bydroehlortc aol4 solutton on-
, ' 

t a1n1ng 9.73 mg. ot thort.WI ua pi})&tted onto· the column. 't'he selutten 

was allowed to drain into the resin . and then the column we.s 'Washed witll 

so ml. or 12 bydrochlorie acid , using 5 ml . portions . Bach 5 m1 . ot 

'fii\Shi.nge was eaught 1u a lOO tl.l. volue-trto flask and testSd colortmetrt-

oally tor tho:rtW!l. 'l'he results are sbown in Figure m . PrOI'II this ttgu.r., 

S:t is apparent that no etgn1:t1<t!Ult aJIOunts ot thor11Ul were l"tlllove4 trOI\!: 

th• ool\UIUl at"er 45 rd. ot ac14 had ooM through the ool'WIU'l.. IQ -01-d•r to 
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A similar expe:r1 ent was carried out in Which the washings were .col• 

leetel nd the thorium oonten't determined polarogre.phtoally by p:reof.ptta­

tlon with m- ntt:robenzoto acid, according to the l'll.ethod desortbed arlier 

( p •21 ) • The :rew.l t ·s wer&' as ttlllowtu 

!hortQ put through the colUM: 

{by gra?imetrtc detemtna.tton) 

Th0!'1Wl recovered ln 60 ml . Of 
wshtngso 

s .eo t o.o1 me.• 

8.82 ! 0 .06 ... 

8 . ?9 ! 0 . 05 mel •· 

It ts evident :t:rom these re~lts that thorium in 12 b.Y«rochlorto 

aetd , at least in the l'llllOUnts used 1n t hese experblents , can be quanttta­

ti vely waahetl h'olll the oolUDm with 60 Jill . ()f wash solutton. 

A separation at thot"lU a:Qd z1rooll1Wil 1n 10 II ~~ochlor;tc aot.d we.s 

a''teDl)ted . The ool~ •• r1~se4 wlth 30 al. ot 10 11 b,ydrochlorto acta 

aad a 5.00 m1 . aliquot auple containing a.eo Jill • ot thorium. ·and 33 1118• 

ot zir00%11\lJt •• p1petted onto the colW!lD. The a:Uquo-t sam.ple was allow.­

ed to· dre.tn t~ the· oolu.e ana thea the o()l\1111n. was •shed wi'~h to ml. 

ot 10 Jl bydrQchlex'11 aotd. All WllShtnge wre collected and analyze 

polarogaphtoall.Y' for thor1Wll with :tll-n1tJ"Obenzo:t., aCid as des03l"lbed a.bo"fe 

( p.2/ ). The results were as follows: 

Thorium added to the colu:wu 

{by gravimetric determinat1oD ) 

Thorium recoTe:red : 8. ?7 : 0.0? mg. 



ll'roa theBe data it can be seen that a separation ot thorium and. zir­

coni.wn on Dow-ex l resin tram 10 M hydrochloric acid i.e possible •. 

(b) The Separation Gt Thorium tl'Olll Other Elements 

AOGordlq to Osbol"n ( 64) , titanium and. cel'1'Wil{IV) are precipitated 

by m-nitrobenzoic acid , and ttn aDd merc'lll"Y interfere on account ot qdro­

lyaie ef'tecte. The interference ot cerlum oan be, OTer.come by reduotog 1t 

to cer1Ulll(III) • 

'( 1) . Mt~r!!!l : An attempt was JDBde to separate thor1ttm and me:roury(II) 

W!ld•r the oond1t1GJUJ deTeloped f(Jr the thor1'WI-z1roont'Wl separation, with­

out a preliminary study ot the s.orpt1on of meroury{li) on Dowex 1 resin 

from bydrochlor1a acid solutions. 

A e.oo ml. aUquot sample eontaintne 9. 73 mg .. ot thorium and 45 mg . 

ot mercury( II) tn 10 V hydrochloric acid was placed on the column atter 

r1ns1:ng the column as betore. The eOlWlll was washed with. 60 ml. ot 10 K 

bydrochlortc acid and the thortum content ot the washings s deterllined 

pola~oaraphlo.a.lly using 111-nt trob$nzo1o aolcd as descrtbe« earU.er ( p • 2/ ) • 
The result$ were e.s follows~ 

Thorl~ added to the column: 

fby grevtmetr1c analysis) 

~hor1um recovered; 9.72 ! 0.09 mg. 

9•'76 ! 0 . 06 mg. 

!'rotl thea;e results it is eppe:ll'ent that thorlwa can be determined With-

out interference trom •rcuey(II) under the eonditiolls used tor the sepa.t"a­

t!on ot thorium and zirconium. 

(2) Titanium: An 1n.veetigat1on or the sorption ot titanium. on 
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Dowez 1 resin trom hydrochloric acid solutions was carried out by a.nalyz-

1ns the washings from the ooltUIU colorimetrica.lly with hydrogen peroxide 

{ 91·). 

Ff:Ye ml . aliquot samples containing 30 lli• ot titanium ta 10 , 11 

and 12 lf hydrochloric acid Qra pipetted ont-o tbree columns , from etoek 

solutions ot titanium tetrachlorid · • The colUDms wre washed with a cor­

responding concentration ot hydrochloric ac1d , 5 ml. at a time , and each 

5 ml . ot lmshtng ~re analyzed colorime.trt,cally tor t1tantum. It we.s 

found that t1 tantua Wf!s not sorbed to any appreciable extent traJI 10 , 11. 

~ 12 V ~droohlorto act1d . 

The b7drogen cb.loride conten'\ ot the eGlutioa of tUaniUlll chloride 

was increased beyond 12 u by bubbling e;aseou..s b7drogen chloride through 

the solution at roo temperature tor t•nty minutes . A 5.00 m1 . allquot 

edll)le ot th18 solution was put on the column ~nd washed through the reetn 

with a hydrochlort e e.otd S()lut1on that b.e.d: been t:rea~ed !n the 881!le ~· 

The t1tan1Wil WB$ only weakly soJibed • to~ atter 25 ml. ot shtng the wash 

solution ga're a pronounced test for ti tanil1l'lt. 

Finally , g&$&Ous hydrogen ehlortde was bubbled: throuah a solution ot 

titanium tetrachloride in 12 Jl hYdrochloric actd which was ltel)t eool 1n 

an ice-water mixture . Atter titteen minutes ot bubbling , the solution 

was allowed to wam to roOI!l te111perature w1 th fl'equent e.s1 tat ion to avoid 

supersaturation. A 5.00 ml . aliquot ~ple ot thts solution was pipetted 

onto the eolwm and the ool wm was waahed wtth bydroohloJ"io acta pr,pe.red 

tn the Se.me way . The W&shinge troll tr. eolumn , wh&n tened as bel'or e • 

ge.'fe a negat1Ye test t or t1tanilU'l even e.ttel' '75 l!tl.ot 111B.Shing, 

A sepa'%'9-tio <t"tbor1Ull e.nd titulo was attetllptea using a solu't1on 
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saturated with hydrogen chloride as described above. A 5.00 ml . aliquot 

sample containing 9.73 mg . of thorium and 30 mg. ot titanium was plaCed in 

the column ., under the conditions described a.bova ~ e.nd washed through the 

column with 60 ml. of' the aforementioned wash sol ution . The washings were 

collected and aaalyzed polarogr phioally with m- nitrobenzoic aoid as des­

cribed earlier ( p.2 /). Th$ results are e.s follows : 

Thorium added to the oolumnt 9.73 ! 0.01 mg. 

(by gravimetrie analysis) 

Thorium recovered in washings: 9.7-4 ! 0.05 mg. 

9.75 ;! 0.07 mg. 

From these results it can be seen that a separation ot thol"ium and. 

t1te.n1um is possible when they are present in ver.r concentrated hydro­

chloric acid . 

~ 3} Tin: The sorption ot tin(II) f'rom hydrochloric acid solutions 

on Dowex 1 resin was studied by analyzing the washings from the column 

colorimetrice.lly' tor ti:n(II) with caoothe11ne (92). 

Five ml. aliquot samples ot tin(II) chloride solutions containing 

30 mg. ot tin 1n a, 9, 10, 11 and 12M byd.roohlort.o acid were p1petted 

onto the column. The column was washed with bydrechl&r1a acid ot the 

same eoneentration, and each 5 al. ot washings were tested tor tin(II) by 

means ot oaootheline. From 11 e.nd 12 M hydrochloric aold, the washings 

gave a positive test tor tin(II) and e.tter 15 ml . ot vmshing; from 10 M, 

a })ositive test was obtained e.tter 35 ml. ot washing; and trom 9 M., a posi­

tive test e.tter 40 ml . ot washings . Fre>m 8 .M hydrochlorlo aoid the tin( II) 

n s still retained on the eolumn a.tter 60 ml. ot washing. 

A separation ot thorium and tin(II} in 8 M hydrochloric acid was at­

tempted by placing on the column a 5.00 ml. aliquot sample oonta1ning9.75 mg. 
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of thorium and 30 mg . ot tin(!l}. The column was washed With 60 ml. of a 

hydrochloric acid; the, washb.gs we2.-e collected and analyzed pol.arograph1-

eall.y' tor t horium with m-nitrobenzo1c actd s deaor1bed earlier ( "P •21 ). 

The results were e.s follows: 

Thorium added to the colU!I'Ul; 9 . 73 : o .ol mg. 

(by gravimetric determination) • 

Thorium recovered in the washings : 9 . '74 ! 0 .07 mg. 

9 . 76 t 0 .04 mg . 

hom these results it is apparent that a se arat1on ot thorium and 

tin on Dowex 1 resin from 8 H hydrochloric acid tel possible . 

In Table I there are summarized the conditions used for the ion ex-

ohatl8e separations of thorium from other elements . 

:mg. of element in 5.00 ml. 
Of solutio:rl 

concentl'at1ol\ ot hydrochloric 
acid: tn solvent ( 5. 00 ml.) 

l n wash solution ( 60 ml . ) 

!!18• ot thorium pr.esent i:m. 
5.00 ml . portion · 

lft8 • ot thor tum reco't'ered 
after column separation 

Table I 

'i'ln{It) Mercun;( lJ 

45 

10 u 

10 M 

9. 73 9 . 73 

9 . '75 

'i'1 tanium.( IV) 

12 ·aa.turA. ted. 
wt th hydrogen 
ehlortde 

12 so.tu.ratea 
With hydrogen 
chloride 
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(D) Procedure :tor Analysts of Allozs 

(1) Zirconium-free Magnesium-base Alloys 

(a) Procedure 

To an e.ocu tely weighe 2.5 g . a _ ple of lloy • about 25 1. of' 

ter re added, followed by sufficient 12M ~droehloric acid (about 25 

1. ) in small amounts to cause complete dissolution of th sample without 

applying heat . The solution is transferred to a 250 ml . volumetric flask 

lo with 25 ml . or 12 • hydrochloric acid and made up to th ark with 

water . 

To a 25 1111 . aliqu t ple of this solution there ar adde 50 1 . of 

atur ted m-nitrobenzoic aCid solution. Th thorium m- nitro'benzo t ie 

pr c1p1tated by adjustina the pR of the solution to 2. 15 !: 0 .10 us1Jl8 7 .. 5 

II amtD.oL.ia (about 3 m.l . ar required) ; the pB is measured by e. ns ot a 

eter . The precipitate is coagulated b he tins the mixtur no r the 

boiling point tor about fifteen minutes • and then 1e filtered on at n 

#40 filter paper . The pr c1p1tate is carefully bed with hot ter and. 

dissolved directly into a 100 ml . volumetric flask by means of hot per­

chloric acid (one volume 7~ perchlorio acid to two volumes of water). 

Five ml . of 2~ tar~aric acid solution are then added and the solution is 

adjusted to the mstbyl red end point using 15 ~ nia . Thirty-five ml. 

of' sat urated potassi ~dro6en phthalat solution and ten drop of a l~ 

solution of o( -naphthol in ethyl alcohol are added , and the olut1on ~ad 

up to th mark with tar . A portion of the solution 1s decanted 1nto e. 

'POlarographiC cell , bubbled with purified nitrogen for ten mtnut s , end 

th n polar phed . 

The average height of t1Ye waves for the reduction st p of -nitrobenzoic 
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acid is taken and the corresponding concentration of thorium is assessed 

by refereno to a calibr at i on curve {Figure III) . The calibration eurv& 

is repared in a similar nner , with solution of kno thorium content . 

The calibr tion solutions re prepared by dissolving puri ted thori 

tetrachloride in ~ hydrochloric acid , and the thorium content s deter­

mined by prec1ptt tion of the hydrous oxide using ammonia , follo d by 

ignition to thorium dioxid • 

(b) Testing of the Procedur 

The procedure that s developed for the determination of thorium 

in zirconium-free magnesium-base lloys s te ted by ana1Yzing solutions 

of' known thorium content that eont ined ma.gnesi'Wl'l , zinc , r e earth el menta 

and other elements that are present in such alloys . The composition of 

the s,yntbet1e alloy solutions corresponded to that of eomm rcial alloys 

or to that of lloy of more complex composition. 

Th synth tic lloy solutions re pre red :from stock solutions f 

thorium, magnesium , zinc and l"ftro earth elements as the chlorides , so that 

th solutions auld correspond to those obtained by dissolving a sample of 

th 1 oy in droehlorie acid ·S equired by the rocedure . Th concen­

tr tiona were chosen so that f'ter mixing and diluting; a. 25 ml . a.l1 u t 

snmple (that taken for analysis) 7ould have the composition shown in 

Table II . 

Tho synthetic alloy solutions re analyzed by the method as outlined 

under the procedure :tor thorium in magnesium-base alloys . The results ot 

these analyses are shown in T bles III and IV . 



.lemont 

.agne 1 

Zino 

Iron 

Oer1Ul!l 

Thorium 

>ian no o 

Lae. 

Aluminium 

Oop;por 

Table II 

source ot I on 

U tal 

Metal 

I pur1ttc in Ztno 
iscbm tal 

Utschmetal 

ischm.et 1 and 
tanthanumNit~te 

:Pu.rit1ed Tb014 

12 

b012 

Retal 

Metal 

Table III 

Approx te Oompositionz 
! 

69 ... 85 

6. 7 .. 7 .0 

0 . 2 .... 0 . 26 

10 - 1. 7 

12 ... 2. 3 

3. 1 ... 3 . 8 

Approx . 0 .01 

Ap t"ox. 0 . 01 

Approx. 0.01 

Approx . 0 .01 

(All solutions oontained 230 • ot magnesium, 19 mg . of ztne , 
0.7 • ot i r on e.nd traces of luminium, manganese • lead e.nd copper) 

are Earth El mont s 'l'boriUl!l 'l'hortum J'ol.ll'l4 2 
Present ; ! Added , ~ ! 

4. 0 3. 76 3. 77 ! 0 .03 

7.8 3 . 62 3 . 63 ! 0 .. 03 

15.8 3. 30 3 . 31 :!: 0 .03 

21 . 9 3. 06 3. 06 ! 0 .01 

21 . 9 3. 06 3 .04! 0 .03 

62 



Table IV 

ANALYSES 0 sn:l'l1HETIC AJ..JJ.)Y SOlUTIONS 

(All solutions contained 230 mg. of magnesium, 19 mg. or zinc , 
0 . 7 mg . of iron and tr ce of lum1n1um, ngan sa , lea and copper) 

Rare Earth Elements 
Present ~ 

. . ........ 

As ischmetal 

4. 1 

7. 9 

A La(N03) 3 

4. 6 

2. 4 

Thorium 
Added , ~ 

2 . 29 

(11} Z1reoni~contain1ng agnosium-b 

( ) Procedure 

Thorium Found 1 
% -

2. 27 ! 0 .03 

2. 21 ! 0 .03 

2. 27 ! 0 .03 

2. 33 ! 0 .02 

Alloys 
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To 5-g. sample o:t the alloy is added ear tully , and 1n 11 amounts , 

12 ll hydrochloric acid (about 70 ml . ) until dissolution of the lloy is 

co plete . (To hasten the dissolution , the solution MY be heated after 

the initial re ction has su\lsided . ) The solution is tre.nsf rr d to e. 100 

ml . vol'I.U!l9tr1o flask 1th 12 bydroohlor1c acid and diluted to th 

ith 12 U hydrochloric acid . 

After thorouaJtlY rinetna a Dowex 1 ion exoba!J8e ool'WllJ1 with 10 hydro­

ehlorio aeid · s described pr .,iously ( p. /Z ) , a 5.oo ... ml. . aliquot sample of 

the alloy is placed on the column and llot~ed to dr tn to the top of the 

r sin. The column is then shed th 60 1 . of 10M bYdr() hloric acid , 



and the shings are caught in a 2!.50 ml . beaker . Jfifty ml. ot saturated 

m•nitrobenzoic aeid solution and 37 ml . of 16M ammonia are added. Th 

solution is allowed to cool to room temperature . Then the thorium m-nitro­

benzoate 1.s precipitated by adjnstiag th& pH to 2. 15 !. 0 . 10 With 7.5 U: 

ammonia , measuring the p on a pH meter . The procedure from this point 

on is identical with t:t~t give~ earlier {p. 60) ·fO'l! the determ1ne.t1on of 

thorium in zirconilll'!1<-free masnes1U1'll""'b&ee alloys. 

(b) '!'e. sting the Procedure 

The procedure th-~t WBS developed tor the determination of thort:um in 

zireon!um-eontaintng magnesium-base alloys was tested by an-"\l.yztng solu­

tions of known thorium content that contained magnesium. zin.c • t'nre earths 

and other elements in eoneentrations that correspond to the composition 

ot such alloys or to those ot more complex alloys . 

The synthetic alloy solutions were prepared mm stock solutioue d 

m.e.gnesil.Ull , zinc , thortum, zirconium and th rar earth elements as the 

ohlo~id s in 10 U bydrocblortc acid . Variously sized aliquot ~plea of 

the stock sol ution were taken eo that , after mixing and diluting to -rolume , 

a ~ple ot the solution would contain the elements in proportions corree~ 

pondtng to the alloy composittons shown in Table v. 
Th~ alloys rc analyzed by th method as <N.tltned under the proced­

ur tor thorium in zL rconium ... baso alloys . The results or th tie a:na.lys s 

are shown in Table VI . 



eto.l 
a M" 

Masnesium 

Zinc 

Ir n 

0 rium 

Other Rare Earth .Elements 

Thorium 

Zirconium 

Al ntum 

Le d 

Copper 

anganese 

Table V 

ESPOliDnlG TO SYNT -1 IC OOIDTI 1S 

'fable VI 

Composition ot Alloy , ~ 

74 - 82 

6. 2 - 6.8 

0 . 23 ... 0 . 25 

6 .7 .. :3 . 6 

1 . 9 - 1.0 

Approx . 0.01 

Approx. 0.01 

Approx . 0 .01 

Approx . 0 .01 

ANALYSES OF §!N:r.BET!O lfN}NESIUU•BA.SE ,'\LIJJY SO;giTIONS 

(All solutions contained 230 mg. of magnesium. 19 mg . of zino , 
0. 7 mg. ot iron and traee ot aluminium. manganese . lead and copper) 

Z1reontum Thorium 
Present Added , % 

0 7 . 8 3. 39 3. 39 ~ 0 .01 

1 .0 7 .7 3. 35 3. 35;!: 0 .02 

1 .0 7 .7 3. 36 3 .. 33 ! 0 . 01 

2.0 7 . 6 3 . 32 3. 62 ! 0 .02 

2.0 7 . 6 3. 32 3. 30 ~ 0 .01 

l . S 14. 2 3 .08 3 . 07 ± 0 . 02 

1 . 8 14. 2 3 . 08 3. 06 ± 0 .02 
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( ) Composition of Pr cipit~tes 

( i) Thorium 

66 

The composition of thorium m-nitrobenzoate was determined by prec1-

p1tP-ting , by the method described on page2./, a known ount of thorium. 

dissolving the precipitate in acid, and determining th ount of m-nitro-

b nzoic nc1d polerogrephic lly . he calibration curve was pr pared b,­

polar graphing al1Q.uot a pl s of a stand rd m- nitrobenzo1c eid solu ... 

tion . This solution was prep red by dissolTing a carefully ighed quan­

tity of thrice reo sta.llized m-n1trobenzo1c acid in hot ter, tr ns-

f rring the solution to a 1000 ml . volumetric flask , nnd diluting the 

solution to volume At 2500 , th ter . To each aliQ.Uot s mple , in a 

100 1 . volumetric 1 sk , s dded perchloric ae1d in an smount eoual 

to that us d in the dissolution of the ~recipitate . The solution s 

adjusted to the methyl red end point ltith 15 a onia . Thirty-five m1 . 

of saturated pot ssium hydrogen phthalate solution and 10 drops of a 1% 

solution of 0( - naphthol in ethyl alcohol wer added end the solution s 

diluted to the mark ·tth wat r . A portion of the solutio s dec~nted 

into a pol rogr phic cell , bubbled with purified nitrog n for ten minut s , 

and .ol rogranhed . Good c libration c~es were obtained using this . 

rocedure . 

Various amounts of thorium were rec1p1 t ted , nnd the r tio of 

thorium to •n1trobenzo1c acid that w re found re hown in T bl VII . 
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Table VII 

CO OSITION OF THORitJl.t m-NI'mOBEN'"lJOATE 

Thorium taken m-Nitrobenzoic acid 
mol a x 104 found , moles x 104 n1trobenzoic acid to 

one mole of thorium 

0 .803 3. 19 3. 97 

1 . 605 6 . 46 4 .03 

2 . 410 9 . 59 3.98 

3. 211 12 . 65 3.94 

4 . 01f5 15. 91 3 . 96 

Aver ge: 3.98 ! 0 . 05 

4 . 81 19. 2 3 . 98 

4.81 19 . 1 3 . 96 

. 81 19 .0 3. 95 

vere.ge : 3 . 96 ! 0 .02 

( 11) Zirconium 

rhe composition of zirconium m- nitrobenzo te w s determined in a manner 

similar to that used tor thor ium m~n1trobenzoate . Various amounts ot zir-

conium ere precipitated , and the r tios ot zirconium to m-nttrobenzoic 

acid found ere shown in TAble VIII . 



Table VIII 

COMPOSITION OF ZIRCONIUM m-NI'IDOBENZOAT 

Zirconium taken , 
oles x 10 5 

1 . 66 

3 . 32 

G. 64 

8 . 30 

13. 29 

13. 29 

13. 29 

m-Nitrobenzoic acid 

found 2 moles x 105 

2 . 8 

5. 6 

10 . 5 

12 . 9 

15. 5 

20 . 7 

20 . 7 

20 . 9 

Number of mol s of m .... 

nitroben~oic acid to 

one mol or zirconium 

1 . 69 

1 . 68 

1.59 

1 . 56 

1 . 56 

1 . 66 

1 . 56 

1. 58 
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DISCUSSION 

Thia ~rork h:'\s shown t t thor1Ull'l can be d ,te:r ined by polarographic 

thode using one or other o~ the reagents 8-quinolinol , m-nitrob nzoio 

acid or m-nitrophenylarsonic noid , as both a pr~cip1tat1ng agent and a 

polarogr phiec lly reducible substance . The methods involve the quantita­

tive precipitRtion ot thoriUJO. , under eontr lled conditions , by the organic 

reagent , then the dissolution of the filtered and shed reoipitat , and 

finally the polarographic determination o~ the tree organic reagent that 

results fro th d1ssolut1 n . By appropriate calibration proe dures , the 

amount of the organic re gent foun can be related to th amount of thori­

um in the original solution. A ore 1nd1r ct method , involving the addi­

tion ot carefully me sured ount of the organic reagent to the thorium 

solution , nd the determinRtion ot tho excess of or nie reag nt after 

preci 1tnt1on of the t or1um, is also likely f asibl using any on ot 

tho orgnnie reagents r.tentioned . The validity ot th1s approach has b en 

demonstrated , howe•er , only in the cas ot quinol1nol . 

The conditions under which thorium gives , with each of' those organic 

reagents , e precipitate that is analytic lly usetul ha•e been f und to be 

not unduly restrictive . The precipitates are r adily soluble in ao ro r1-

ate media under condition that are conveniently aehiev d , and each of th 

organic r ag nts gives an asily measured polarographic w ve . In each in­

. tanco a strictly line r relationship b t en the di::tfusi n current of 

the reagent and i t concentration haa been demonstrated . 

8 uninolinol has long been used tor th gravimetric determination 
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f thorium, but in this work an improved method for the precipitation has 

resulted from the ado tion ot ho ogeneou precipitation proo dure. 

Th thorium quinolin te obtained by this orocedure is readily fil­

tered nnd ashed , in contrast to th precipitate obtained y t e co ~nly 

use procedur of Frer ( 86) , which suggests the u e of a glass ... it and 

suction. h homogen ous method also ensure that th thort 8--quino-

·..~.h extra 

m 1 of S-quinolinol is obtained only hen th~ preo1pitati n 1s carried 

out above 70°0 . ( 86) , a a t t 1 s in the homogeneous method . At tam e tur s 

be ow 70°0 . , a ixed recipitate of Th(CgH6om 4 and Th(CgH6 .. -) 4 •cgH6o 

is obtained (86) . Such a mix d preoi itate is not objectionable 1n gr vi­

metric analysis here the precip1 tate is ignited to thorium dio id , but 

it is not analytic lly useful for polarographic work , since th re uld 

not b linear relationship between the concentratio of thorium nd the 

difXusi n current given by th 8-quinolinol after di olution ot the pr • 

oipitat • 

lthougb the two polarographic procedures that er d ~eloped for 

the determinati not thoriu using 8-quinolinol revery oonv nie t , they 

have th pronounced disadvantage ot bei~ ro trtcted i application owing 

to the lao of specificity ot 8·quinol1nol . This property of s~quinol!nol 

mak s it unattract1v reagent on which to base a. method for the d ter-

ination ot thorium , r alr.lost ny ele ont , h n a su.bstent1 l number of 

other elements ay be present . Although good s aration of elements us­

ing 8-quinolinol have been reported (25 , 29} , the homogeneous procedure 

tor thorium that ha been developed in this rk would need further develop­

ment before close and reliable control of pH could be chi Ted . Such a 
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control ot pH could very likely be obtained by carefully adjusting the pH 

of he solution and then adding a carefully ighed amount of ura • 

The reoipitation of thorium by m- nitrophenylarsonic acid , lthough 

restricted to a Pff range of 1 . 4 to 2 . 6, 1s ore attractive than the 

quinol1nol procedure bee use of th gr ater specificity of -nitrophenyl• 

arsonic acid . ccording to Kolthoft and J'obnston ( 5'1) , m-ni trophenylareonic 

acid prec1pitat s iron(III) ~ 11 s tin(IV) a d other quadriv 1 nt 

metals . The procedure involving m-nitrophe~larson1c acid that s de­

veloped in this work 1s , ho ver , rather lengthy because a two-hour stend• 

ing p riod is required in order to ensure complete precipitation of thor1 

m-nitrophenylarsonate . The u of he~t to hasten the coagulatio of the 

precipitate s deemed unwise in view of the w·ork ot VanDalen ( 97) on the 

det rmination ot titanium with m-nttrophenylarsonic acid • 

. The method for thorium using m-n1trobenzo1c oid combin s ~h sp ed 

of the 8-quinolinol procedure and the specificity of the m-n1trophenyl­

rson1c acid procedure . The range of allowable pH values tGr precipita­

tion , though narrow, is pr otic 1 . 'l'he range of pH values that bas been 

found n propriat iffers from that recommend d by Osborn ( 64) , but this 

y in part be du to differences in roeedur es: a unt of reagent, use of 

a chloride system ""ather than · system , etc . 

It has been shown by a polarographic m thOd that, under th condtttone 

ot vreo1pitation used , the precipitate has the composition Th(CSB4N02ooo} 4• 

This is in agreement it the r sults of other workers who used differ nt 

thod of analyst (Sl , 94) . 

Attention was leo iven in this ork to a polarographic thod for 

the determination of zirconium , ustns m-nitrobenzo1c acid . Although tm 
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prooedure that was develoned. differs little :from that proposed by Graham 

et . al . (59) , the conditions for the precipitation he."f"e been more firmly 

established. The importance of a large excess ot r-eagent has been demon .. 

strated and it has been shown that the concentration ot zircanium, preof.­

pitated by a constant amount of m-nitrobenzoie aetd , affects the compost• 

tion of the precipitate . OVer a reasonably broad pB range n precipitate 

of constant conrposition containing 1. 56 moles of m-n1trobenzo1e acid tor 

every mole of zirconium was obtained . 

The present work has also been concerned. With separating thorium , and 

to lesser extent zirconium, from substances that interfere with th ir deter ... 

mination , particularly the interfering substances likely to be present in 

modern megn.estum ... base alloys . The most serious problem is the separation 

of thorium and zirc.,n:lum. 

The separation ot thorium and zirconium by precipitation methods has 

in general been shown 1n this work nat to be attractive , pe>tieu.larly 'fthen 

the thorium is to be subsequently determined polmrographically. Although 

etfeetil'fe separatio»e could be achieved , they te:re usually tedious • nd 

yielded solutions containing substances that were undesirable . 

A separation using mandelic acid as a precipitant tor zirconium, 

although it was shown to be quantitative in both nitric Acid and byd:ro­

chlor:to acid media . is not useful since the thoriwn is apparently trollgly 

com.plexed by the excess mandelic acid . Procedures using dimethyl oxalate 

and n ... :propylrarsonic acid , although also suoeesstul, as sepe.rations , were 

d1Gcarded oWing to the d:tftieulty of destroy1Lg the residual oraanie re­

agents before the precipitation ot thorium. 

The soparatton of thorium and zirconium by means ot ~n1trobenzoic 
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acid is much more encouraging. A separation, and subsequent d termination , 

ot thorium and zirconium v~th m-nitrobenzoio acid using p control was 

carried out with goo results . Osborn { 64) has reported a s1lltilar separa ... 

tion but Venkat ni h , .!1• !!.!• ( 65) were unable to duplicate his re­

sults. This failure could have been du to lack of the close control of 

nece sary for the quantitati e precipitation of. thorium, or failure to 
u a large exces of reag nt in t ee1pitat1on of zirconium , or both. 

1he eepar t1on of thorium and zirconium by eans of nitr benzoic acid 

not xploi ted because , by the time 1 t s shown to b promising , an 

attractive ion- exchang method had olai ed more interest . 

The separation ot thorium from z1r~on1Ul1l can be very im J.y and va 

effectively carried out by me ns ot on anion exchange column. 1' s para ... 

tion depends on the formation of an anionic chloride e mplex ion of zir-

c nium in concent t ~ hydrochloric acid . If the elements in 10 M 

hydrochloric acid solution are passed through a Do x 1 column, the zir­

conium is quanti tiv J.y retained , and tho thorium can be quanti ativ 1y 

bed from tho column with 10 hydrochloric oid . This ep tion in­

troduces no subeteneee that cause interference in the olarographic methods 

for thorium t hat have been discussed earlier. If a determination of zir­

conium is deeir a, this element can b quantitatively' eluted fro the 

column by mea s of 4 . bydrochlorio aid . { t r 1 un tisf otory as 

e.n eluting agent b ce.us ot the ease with which z ~ l.!eon1um hydrolyzes. ) 

The anion exchange method tor the separation ot zirconium nd thorium: , 

and the pol~rogr phia method for thorium using m- nitrobenzoio acid , have 

been applied to sy.nthet1e solutions . One group ot solutions contained 

gnesium, zinc , rare e rth elements , zirconium and other el nts , 1 

-proportions that corresponded to those that a.rG obtained by d1osolv1 



od rn magnesium-base alloys , or more complex e.lloy • The results were 

very sa.t1stactory , both as regards precision an a cur ey , nd demon­

strated the validity t the s t1onal and pol rograph1c procedures 

that hav been develo ed . If zirconium is n t pr sent , as is true ot 
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some thorium- gn sium alloys , the ion•exohange pro"'edu.re is unnecesssry ., 

Under these circumstances • th polarographic procedure can b pplied ct r­

ectly to a solution of the lloy , as experiments th o.nother group ot 

synthetic allc.y solutions demonstrated . 

T1 tan1um , mereu:ey" and t1n are elements that , although not sent 

ln thorium-lDB.gn s1um lloys, rur ish ions that ean interfere with th pr -

oil. pi tat ion ot th01"1Ull by -ni trobenzoio cid . In order to roaden th<t 

range of appl1 tion ot the olarographic method for thort · , using m-

n1 trobenzoie aoid , som study was given to ion-exchange methods for separ­

ating thorium trom each ot tit nium{IV) , mereury(II) and tin(II) . 

The ion- exche.ng separatio t thorium and tit nium us1 no x 1 

can be effected in htdrochloric acid olution sature.ted w1 th eydrog n 

ehlorid • Owing to the very large excess of hydrogen chlorid in the 

solution, gassing that can block: the column may occur. This can usually 

b overcome by taking ca to avoid. supersaturating the solution ui th hy­

drogen chloride. As shown earlier , the determination ot: thorium 1n the 

presence of titanium by this method gives good r su1ts. 

A determination ot thorium 1n a olutton that initially contained 

rcury(II) a carried out With good results . A procedure that is 1dentf.-

cal to that ueed for the thor1um-z1rcon1u.m. separation was fOund to be e.ppll­

oabl e to rcury(Il) , and therefore little study was given to the exact 

conditions for the sorption of mercur,y(II) from bydroohlorie ac1 oluttons. 
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It was also found that an efficient separation of thorium from tin(II) 

can be carried out in 8 M hydrochloric ao1d . Th-e elution of th. tin(I:t) 

from tho column 1 not n ea 1ly effected as that of the oth~ lemont 

stu. 1ed. Large 'Volume ( oa ., 300·500 . ) ot lu rtant ( tor cr 0 .1 M -
1) were neeessar,y tor the co pl te re oval of ti (II) . Kl~ us (96) ba4 

found th same ph omonon with Pt(IV} and d(!I) and states it to be 

oharaoter1 tic of ele ents tram which the concentration ot the sorbable 

s cies doe not increAse w1 th increasing conce tration of hydr ehlor1 

add . 

These experiments , together with those involving thorium and zirconi 

bavo shown that ion-exchange proeodures lend the selves 11 to removing 

elements t t interfere with tb preoi. itation of thorium by means ot ~ 

nitrobenzoie acid . This ethod , then , is applicable to tho determination 

of thorium in mor subst noes than th magnesium-base alloys for whic 

it was specitically developed . 

' 
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APPENDIX 

Purifi cation of Reagents 

(a) Di met hyl Oxal at e 

Sl ur ry t he freshl y r ecryst llized dimethyl ox l at e , prepared by the 

m thod of Bowden ( 76) , d t h methnnol that has been cooled to - 40°C. wi th 

Dry Ice , and quickl y filter . RepeRt this rocedur unti l a negat ive test 

for sul phAte is obt ained . 

(b) Thorium Tetrachloride 

Prepare a hot saturated sol ution of the commercial salt and cool to 

room temperature . Saturate the solut i on wit h hydr ogen chloride and add 

an equa l vol ume of et hyl ether . Stir unt il crystall izati on i s compl ete , 

t hen filter and wash several times >rlth et her . Dry t he purified salt at 

room. temperat ur e i n vacu~. 

( c ) Zirconi um Oxychloride 

Pr epare a cold saturat ed sol ution of t he commercial salt , nd add 

an equal volume of 12 f hydrochl oric acid , Stir unt i l cryst a l lization 

is complete; then fi lter and vmsh several t imes wi t h col d 12 M hydrochlor ic 

acid . Dry the purified salt at room temperat ure i n vacuo . 
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