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'lliE T.a:ORON"'"TJ\RTARIC ACIO BYS~ :FOR THE 

_ SPE:G'r.ROPliQTQ.METRIC _l)E'.I$.RM:Q'lATION ,QF -- TRORI'UM 

By .F. S. Grimaldi and _Mary H_. FletGher 

Thoron is popu.J.arly used .for the spectrophotometric determination of' 

thorium. An undesirable f'eature of its use is the high se~i ti vity of the 

reagent toward zirconium. This study describes the use o:r -tartaric a.eid 

as a masking reagent for zirconium. Three tartaric ~cid-thoron s-yst,ems, 

d-evelo-ped for the -determination of thorium, differ with respect to the eon~ 

centrations o:r thoron and tartari.e acid. -Meso""'taxtaric ·acid, u,sed in one 

ot the systems, is found to be most effective in masking z;irconium_.. -The 

behavior of va.r:tous r:a.rer elements, usually found ,associated with thorium 

ores, is determined in tvo o£ the systems, and -a dilution Jnethod is de~ 

scribed f"or the diJ;"ect determination of thorium in monazite con-Centrates. 

At present, thoron [the disodium salt of' 2-(2 ... hyQ.roxy.,..3,6-disulf~l= 

naphthylazo) -benzene arso-nic acid] is probably the mo-st popular reagent :ro-r 

the sp,ectrophpto~tric determination of thori"Um.. Origina.lly introduced by 

Ku.znetsov (5) :to-r the detection of thorium, the reac-tion wa.s developed in'to 

i a q,ua.ntitative spectroph.otometrie procedure _by Thomason and .others . (7) • 

. Several important studie;s and applications ecf this reaotion. h&ve been made 

by . Ingles (4) , Banks and . coworkers ( 1, 2 ,3) , and Ta.ylor and -Dillon ( 6) o -The 

report by Byrd and Banks (3) is comprehensive_._ 
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An undesirable feature limiting i:;he use of' the thoron speotro­

pb.otome-tric method f"or thoril.llll. is that the reagent is hlghly sensitive 

to zirconium. This ·is shown in :figu.re 1 where the net absorbance due 

to zlreonium alone and in the presence o£ 150 1 Th0.2 is plotted. It 

shou ld be no-ted tb.a t zi:rcon,ium gives increased absorbance in the presence 

of' thorium. It can be shown that 1 1 of Th02 in 25 ml of solution gives a 

net a'QSC)rbanee Q:f' 0 .•. 012 f"or a 5•cm light path. Thus 0.,6 I at Zr02 is equiv­

alent to l 7 of' Th02 when 150 y of' thorium dioxide is present. Several 

organic hydroxy acids were studied as possible masking reagents for z.ireonil.un.f· 

this report deals with the use of tartaric acid. 

The thoron-thorium.-tartaric a.c1d system is very eomplex., At least five 

equilibria are involved: .. thorium=thoron, thorium .... tartrate, zirconium-th.oron, 

zirconium-tartr~te, and thoron-tartr:ate. The last equilibriu,m must be con .... 

sidered beoc~:u.se thoran and tartaric acid also react.- An additional variation 

is introduced when meso--tartaric acid is substituted for the common d. ... 

tartari.c acid. 

In systems free :from tartar.ic acid, the acidity of the medium and the 

concentration of thoron . are important factors ef'fe.eting .the thoron:=tr.t.Orium 

reaction. At pH values abo:ve 3 -competitiiJn betwe:en hydroxyl i -on and thoron 

for thori.u,m lea.ds to progressively decreasing ,apparent ~l;lsorptivity . :for the 

complex 4 In the range of pH values 0 •. 5-1.5 the pH dependency of the complex 

is. rather small justifying the selection of this range in published analytical 

proee'dures tor the determination of tnorium- Howe"'(er, as the pH is rai.sed 

from 0.5 to 1.5 more ions int.erf'ere and the amounts tolerated beeome ;pro-: 

gre$sively smaller. 
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The ef:rects -of thoron concentration relate t.o whether sufficient 

thoron is present to yield full thorium ci:)mplex (more than a. stoichio= 

metric amotmt of thoron · for a 2 -tb!Rron: l thorium complex is f ou.nd. ·t o be 

required). Elements that form strong complexes with tho:ron may upset the 

thorium ... thoron -~qu.ilibrium by consuming reagent .and causing less of the 

thorium to be .eomoined,. When equi.librium i .s upset positive or nega.ti'n~ 

-errors may arise .depending em such factors as the magnitudes af the 

.absorbances of the ~omplexes of the interfering ions, of _the thor:ium com~ 

plex, and that of unreacted thoron at the wavelength used •. 

Elements that :form .weak complexe-s with tho ron are not li~ely t o upset 

the thori:um-thoron equilibrium appreciably._ The magnitude of _ the inter"" 

ference _ of such elements would. depend on the :free tho ron present whtch 

de-termines the ~xtent of reaction. Such elements would be expected to give 

greater intereference ~s the concentration oi' uncombined tho.ran is ir~;creased., 

In our studies on the tartaric acid-thoron systems a high acidit y 

(pH 0-.65) was chosen to mi.nim.ize the -e:ff:ect of interfering elements o Three 

-systems were studied~ In system I, 2 mg of thoron per 25 ml of fin.a.l solu<~ 

tion was used. This amount is just sufficient to complex 150 y Th02 a t l ow 

tartaric acid .concentrations. By limiting the thoron c·oncentration it was 

felt that interference fro-m elements, such as rare earths, that reac t weakly 

with thoron would. be decreased., In system II, the concentration o:f .thoron 

-was twice that in system I. System II would -be :eXpected to have less anion 

interference • In system III, the thoron concentration was the same a.s in 

system T out meso~""tartar.ic was substituted f"or the common d-tartaric a.cid 

· used in the other two systems., 

All e.>..""Periments were made from a total volume of _25 mlo The o:rder o:f 

a .dd,.ition. of the reagents was a l ways the same~ ac:td first, zircon:i'ixm ln ( :1+1 ) 
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HCl s-olution se.cond, thorium third, hydroxyJ.a.mine hyd.rochlortd.:e {1 ·m~l o:f a 

lO percent solution) fourth, 30 percent tartaric· acid ._solu.tton f'i;fi,;;h , and . 

. thor-0n last~ Two millil i ters o:f 0 ~l percent ·thoron "'wras used .in sys-tems I 

and .. III and 4 ml i n system TI _ The total amoun:t of EI;l . i.n. a ll s olutions 

amo:vnted to 1. ml of (1+1) H.Cl (including that s-u:pplied by. Zr· sol:ut:i.o:ns ) .~ 

The hydr(},xyl~mine hyd.roehloride ·is i ncluded . bee~ use it is used . . in :the fi.n.al 

procedure to decrease the iJ:rter!erence o-f ferric i:(·o:n.. J\bs-orban~es -were 

measu.red .with a Beckma,n .speetr ophotometer using 5-cm cells at 54·5 ~"' th~ 

pea;k a"Qsorption o.f the tho;rium~thoron complex •. 

System I 

The effect of tartari.c acid in system I is shown in figure· 2. A:P.Bor'na.n..:ees. 

w:ere obta.;ined -differentially but are pJ.otted with respect t o w tJ;;.r a.;s :ret'ere:n~ce., 

Thorcm. is. seen to react . wtth t artaric acid, p.ro.gres.sively increasing .a~scrrbc. 

a.n.ees being ~btained .with increase in tartaric acid (curve D) • The too:r.on-:."" 

t ar-taric acid com:plex was f ound to have l)eak absorption at 533 ,II1lJ.• Tb.e 

nature o,f t .his interaction :i..s net k"T<J.Cwn.~ The curv~s f:Qr 10 1 ThO.z ( c ·~~xve C) 

and .150 1 Th02 ( eurve A) show that as the tartaric acid is increased. JJJ/Jre o-f 

the thorj,um enters into -a tartrat.e complex~ The lO ·1 ~02 .curve (curve- C) 

inters.eets ~he thoro-n cwve (curve ·D) at apout 5 -ml Qf t artaxic ae:td. a:nd .i;h.e-n 

f~llows the thoron .eurve._. This is appa,rently . d,ue to .full release of' thcv-:r•i.um: 

trom its -complex . with thornn a nd the complete format :ion -of' t he ·thorj:~m."" 

tartrate complex. However text :mll..lili ters o:f . tarta.rie aeid . is no.t . s:u;..fficient 

.to. complex :eomp~etely 150 7 Tb.02 ( eurve A) _ _. The si tlll.iLtion in regard to: 

s olutions .eqnt.aining .zircor ... il.un :ts pe:e·uJ..iar (eurves ]~, E, and F)., ·-Small 

amou.nts o:f t arta.ri:c aci.d .exert a stxong ecmplexing a cti.cr.n. on Zirconium as 

ind,icated . by a shar;p drop in t he apsorb~nce ¢.urve at smal.l -concentrat1.0':ns'ro. 
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.the z.ireQnium eu.rves ]} and F .. {20€) 1 a.nd 1 _mg -Z.l'0?) WO~ i.D.t-e~seet the i;b.Qro-n. 

ewv,e (») then c·oinci~ With it ~-- the ta.rtarie acid is iaerefl;s;e.d, as ~~s the 

than s·o-J.u.ti.o~ containing only thorium (.cU!"ve A}.-

. $ever~l theor-i~s were pastula..ted and ,e_xpe:rimenta.l data ._were obtained -te 

f"ind _. some basis fur explaining .th-e various pllenomerua~- c-Qn the b,a;p.is .-of the 

somewhat limited .d,ata., np- theo--ry gave :a satis-.:f'ying pictur~._ It. sho;ul.d be 

ment-i-oned that polynuclear complexes, m.ole.eula.r :chains ,. geometric an.d -tauto':" 

meri-e equilibria of thoron, m.ecS:O and p-ther forms o-f tartaric ~cid.1 and ill,t.er~ 

.tartarie aeid .eoneen.tratiQlitS :(geate;r than 5- )nl of' tartaric- acid per 25 .~ml Q:f· 

da.sh~d ~,cu,rve the spee-tra f'Qr a s~lutiqJn e.:Onta.;l.lling 1 mg ~rQa-, · B,o.th sl)~utitl}M 

c~ta-in.eti _6 _Jni ot' tartari-c- ~id a.n.d 2 _mg Q~ th•ron.,_ •anA aa.ch is ¢.o~ed. ~~n.st 

b.e evident. It s:eems. that a small ~t 0-f dye ..... tartrate -eontplex l,s -l('l$t• 

--It is elear !rom the nature of t-he eurve,s plQtt.ed in .figure .2 that . the 

thorium,~i;horon reaet.i-on .would -he highly sep.siti-ve only !"or, med;La -eo.rits.ining 
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tartarie acid -was examined _in greater detaUP ~ th.ortum. in the t"t1st 

. so:lutio.n.s was va.ri:ed frQm .0 to- 150 7 Th02 ana -the ~irc:onium f:rom. 100 to 

·1090 7 Zr02• The a'Qsq.rban.ee of .each test . solution :was determined .relative 

t~ a comparable reference s-olut.:ton .. eon.taixU.ng the SBJDe amounts .o:f all 

reagents 'b-ut Without .z.ireoni:um." In x-1gu.:re 4. the c1ata f'or solutto:n,s con ... 

·taining .~ero and -J.50 ·7 ~Oe and .. _0~1 tp 0.5 lltl .t:Xr tartartc acid are sho-wno 

II.i&ber ·cQD;centrati-ons Gt tartaric a,cid :w:ere .. elimi:nilted becall$e o:f the slightly 

greater zirconium inter~.rence at lo.w eoncentratio.n.s . of· 24irconiumo Other 

·cu.rves :for intermeaia.te ~mounts of' . Th02 ta.ll in proper -sequenc~e between -the 

limits sh~ in -figure 4.. If an a:Peo.rbanee dtfi'erenee- of OuOll (W'hi~h ie 

equivalent tQ· 1 r Th02 ) is taken as the ~allo-wable e~r, the z.!rcon:iJlllt 

interf"erenee would be .least at a level. .of' . tarta.ri~;: acid be:tveen :0.5 m1 and 

.0.5 ml~. ~iff'erenc-es here ar-e small a.nA the .o .. ;-m:l ~evel o"f" tartar-ic acid~ 

selected .for the operating s.yatem~ The operating ,e.·oruti.tions acto;pted .r qr 

system -I follow~ In a -total volume of 25 .m.l. are .cqntained l _ml of (l;tl) 

hydrQC·hlOriC .S.(!id, l ml O.f" 0.;.1 percent hydr'Oxylamine hydrQcbl.oride, 0~3 }nl 

Qf .30 perc~nt tartarie aeid,_ and 2 :ml <:tf' .0.1 percent tll.Qronci In. the final 

:prace<i'Ure 1 ml Qf 9 percent tartari.e acid _i.s sUbstituted ;for ease i!l pipetting.oa.. 

Under the operating _con<Utions o:r s.ys,tem I, the effec-t of vari.ous ele­

ments -usually f:c;m,.ud ._in. thorium or-es, ea.leu.late4 as oxides, are given in table 

1.. Absorba.nces :were .dete....,.._m;tned .differentially in 5~cnt -cells" The a.mount . of' 

ea.e:h element is equ:tva.le.nt tq, an . . :er;ror of" 1 7 Th02 .at -the v:ari~us levels or· 

tho:riuma ·The cations were :Lntro4u .. ced as chloride's and a.niOnE' a F . the aoiiUJll. 

-salts~ Niobium-:and _t,antalum. sQlution.s were prepar-ed ,by _fl,.m,ing :each oxide 

(purity > 99·5 perc·eat) with K:~.Os a.n.d leaching the JB.elts :with water to give 

very d.:llu.te s.qlutic:;ms ~ The t:ttani:um .solutio-n Wlll.S :pre,Pa.red .'Q,y .f'.J.Sing Ti,Oa 

With KaCOs .and -d:i.ss.olving the mel.t .. in _(l+9) hydro:e]lloric acid.. The· rare earth$ 
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Table l~~~Milligrams of various elements (as oxides) equivalent t o 1 microgram o,f thortum dioxid.e ~ 

~~Os 

YaOs. 

La;!03 

.Ce2:Qa 

Pra03: 

Nd20<J 

)~Os 

E,-u,2Qa. _ 

. G4~0s 

Tb2Qs 

iYa;Q~ 

.Ho20s 

ErFO$ 

· 'rm20~. 

Yb203 

at 0..-ThQa at lOr Th02 at 100 y Th02 at .1~0 !' '.l'h02 

0.52 -0.18 .0.070 0.070 

3 .. 5 3.5 7-5 >7.5 

o ... 12 

0.46 

0.74 

o~aa 

0.68 

1 • .9 

a.,s 

... ~ 

>5ct.O 

o~12 

.. 0.:70 

Oa.76 

-0 .• 96 

,() .• 72 

1.9 

.2.8 

..... 

.. ,,.. 

·····c;:ll 

-·~ 

>5.-0 

1.0 

1.2 

.0.96 

1 •. 6 

o.95 

1.-9 

2-.8 

>5.0 

..• 
>5.0 

>5 •. 0 

>6.0 

>5~0 

1 •. 8 

~' !'ill 

1.7 

.·0:-.95 

.--- . 

..... 

~-

~.·-. . 

.... 

.... 

Oe~.63 .o~u o.~.lo 

2 .• 0 2,.;5 2 .~7 

0.35 

.0.)4 

Oct49 

0 .. 48 

~o~58 

o,.:81 

1 .• 2 

1~.4 

3 •. 6 

~· 

3.1 

o •. TI 

o.:;o 
(l!)50 

.o~6; 

0.58 

1._2 

1 :1117 

~~ 

... : .. 

'*-'•c:;i 

2~5 

0~72 

0.85 

0'*.71 

.Q,.82 

1 .• 6 

1 .. 7 

~-

-..~ 

._,. 

4':8~ .. -

J-1 
+=""" 



Table lo =""'Milligra:ms of' vario·u.s elements (as oxides) equivalent to. 1 rnicrogram o·! thorium dioxtde--Co:rrtinued .• 

System I 

Elements 
tested 

(5 ml of 0 ·.~. 04% tho;ro:n, 1 ml of· .9% tartaric acid.) 

.at O-:Th02 at 10 7 Tb.Og: ~at 100 7 Th02 at 150 7 ~.02 

LU;20s 

TiOa : I l1,p 

Z:r02 I 0~~13 

Nb~Q$ I Oo20 

Ta405. I 0.10 

wo$ >5~0 

U:9a. - 0 .5;4 

Fe.20s I 0·3B 

At11a,O;:t. I ;>5.0 

IlgO >20 

J\laO~ 41+ 

~Sno~ o~.o6Q 

PbO >10 

Ei2.0s ~~ 

:I? aDs >5!#0 

$0a .>5.J) 

F >5.0· 

o~o4o 

0~13 

• o.lto 

()~25 

2e.8 

0.54 

,Q.l8 

>-5.0 

>20 

82 

04060 

>10 

2.-o 

4 •. 3 

o.oot54-

>5.0 

o •. o16 

OQ,l8 

o~o6o 

,0.13 

l.Q 

1.3 

o~.l5 

>5-·0 

>20 

50 

0.079 

>10 

~t;l'. 

Ool6 

o •. 6o 

0.001 

---· 
;QoOlp 

;0&045 

o~o43 

o.o4 

Q.50 

e.A. 

0.14 

>5.0· 

>20 

23 

.Q;ii.098 

>10 

..--.,.. 

O~C)65 

o.;2 

-OoOQQ6 

System II 
( 5 ml of' . 0 p Ot:i/o .·thor on t .1 ml 

qf . 39% . if~~tar.:l.c .... aciCI.) 

at o ,-;>Th.O:e at 50 l :cno~ 1a t .15() r Th02: 

4~o 

Op50 

o~:;4 

o.B:> 

o ... 59 

>5~0 

Q-,.28 

04l3 

>5~0 

>20 

.2,., 

;0*.®6 

5"*Q 

>!54;0 

>5~0 

>56.0 

)>2.,.Q 

>5.0 

0 • .0.2:1 

Oo30 

o~o6o 

0,'>!09Q 

3.-0 

.Q.c)8 

,Q.:o45 

>5 .. rio 

>20 

3~0 

.0 ;~.094 

10 

>5\10 

op.70 -

2.2 

O;a005 

Oe014 

;>lctO 

O.Q050 

o .~077 ~ 

.4t;.7 

o~47 

o .~o2.8· 

>:5··0 

>20 

8~5 

o .. crra 

lO 

>5d.O 

oQ6.o 

2.2 

o.oo27 



1~ 

:we;re . speetrogra:phi.cally pure -and detertn.in~d. .to: :pe·. J're~ f1':-Qm ·th0ri1;m1 ~d 

-zireo·nium by . ehemi:eal tests !i 

In :system II-1 the ~unt .o.f" tho;ro.n •s illl.ereas.ed t.Q;)l·· -~·.'( ~e e;e:"f;e.ct 

;Of' tartarie acid .a;n: .a.QlU:tiQ~ eQntai!l,ing 200 t ,o: ·lOGO .r .~Oe !tlo.ne ~nd .in. 

the presene.e of' .150 7 , Tb.Q~ .is .shpwn. .in figur.e 5., The abcS·Qrbanf!e 4if'fer.en.ece-s. 

:rrom solutions tree f'ram ~ircon_i.um but con.tain!nJS .t,he saRte ~mo;unt;s .Qf ~11he:r 

reagents are J>.lQJtted. One milliliter q::f' .tarta.:r.i.e acid :was .eho-sen as .ept.imum. .• 

-The operating c.enditions -f':Gr· system II are thus the s~me as. in .syst.eJn. I 

except f'qr th.e substitu.t.ion. :of 1 m:l ~o:r 0,.3 ml. o-f' 30 percent tartaric a.:eid 

and o:f 4 mg q,f · thO:ro-n. :fo,:r 2 _mg ·Of .thoron,., -~ eff.e·ct .et v.ar·i .ous -elements. 

:under the.se conditi-()nP are given in tabJ.e l:w 

T,he ef"fe.ets -O'f thoron eoncentratio-n. at the 0~3 . ..;;1Ill .and .l,.Q .... mJ. levels .o.f· 

tartaric :ae.id, othe:r- eo:nditiQn.S being .the sa.me, are. ilJ..us:trated in .fig:u.:r.e 6~; 

.we have .data s.howing that in the thorium c.oltt_plex the ratio cf' thoron te> 

thorium is 2: to ·l ~ A ~alcu.J..a ted ab;.s{lrbance-.:"th.Qrium. eon.een.tration curve _ fQr 

.Q ~3 ,ml a:r t~taric aeid. and. 2 mg Q:f' dye. -.s .fQUlld ·t$ . be withtn 5 p~ee~~ .o-r 

the experimental curve~ ·Tbe 5 percent differ:en~e .. can b.e ac:c~OJ1ted .f'Qr -b.y the 

small ~t of" thGritun comple.xe.d ,by tartaric acid.~ The ef.feet of :pH .un.~:r 

the operating :eA;t-n.ditiQ:M· .o:r _ syst~e;m ll : -is ill.us~trated .. in. tigu.:re 7 •. ..qn;e­

milliliter of' {1+1) -HCl :wa.s ,used .in ·.the, reference sQlutio:n,.. ·Only s-lig}tt 

-e:ha.nge.a .in ab.sorbaney with ln.erea.aing acidity ah().w; t:hat thE! :PR ii.e:Pen([en.!;:'y: .· U1 

ut toe> important.-, .Similar cansidera.t.:i:ons :ho·ld .rctr system r. 

~e e.ff'eets .C}f v:a.riows elements, system II, .are given in .. table 1.~ Higher 

coneen.trationa -ot· rar-e earths~ .. ir·gn, al\lllli.1l.um.,_ .and .:ur.ani'W,Jl can he ;,tQle:l"At.ed 

' i.n syst~m I .tnan in ,sys-tem II.-
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.Sys·t .em · ·n can. tple;rate hi{$her eoncentra. t .iQn . . Q~ :a.niQil$ as .well as 

zire.o.nium and t ;ungsten. 

·Sy:stem. III 

·Two milligrams .Qf'· .i;ih.arron wa-s: u.sed in. .system. .III .whi-e:h ia .s.inQ.lar to. 

,system I except tha.t . meso ... tartaric acid w;a;s .substituted -_.f"Ql" the d.':"!'fo.rm .. ~~d 

in .systellt$ I and II" The effect [:!f!: meaG . ..-;t~rtari.e a.,c;.i .Gi -~ ·the a:'Qsorbane:es· 

.of" tho.ron and .various _sol,ation.s .containing .thorium err z:ir:c:oni:wn or bQ;th are 

sho'Wtl in figure 8. Abso.rban.eea were obtained different·ia:lly . b:ut are ·plott~i 

with respect - tQ water as r:ef:erenee o. A simp.le syst:e:m. ;Ls indicated ,:wttb.Q,u.t 

the oa.mplieati.ona exhibited by ~-tartaric a.eid systems. It see:rn.s tru:tt meso~ 

tartaric .acid .~ho.uld ,be an ideal reagent to •sk .at le~st .1 :mg p-£· Z:r·O¢!• ~e 

system appears pro;misi.ng :and _will . be the J3·l.lb.Ject · o·f · a . . separate. s~tudy:._ l?:reseJii.t 

. w~rk :on the meso~ tartaric a:c·id ._sys-tem has .had t."' b.e ,s.u.spended pending •the 

results of inquiries .pn_ the cost and availab.ility ;C>f" the reagent., 

SPECTROPHOWMIDTRXC DE~NAT1'0N _ .. C):r· 

THORIUM TN ~ONNJT.E . CQJfC!;NtltA~ 

-By the use -of" a d.ilution technique and ;measuring .a'Qs~.rban(!es with a . 5-•-Gltl 

light path, it :was fo:u.nd pas.:sib.le i!o d.etermin'e thO:rium in ,mon.az,ite san® 

direc-tly .after the solution of' t _he .s~:m.ple., An aliquot re:present.ing 0~5 .mg of· 

Sam.Ple is .used, ~C)r thB speeti"QphGtQmet;ric -deterntl!l1i.tiG.n. 

Reageni;s and appa,r-at.:tlS 

Thoron .. solutio-n, system I, .Q, .. Q4 g per 100 ml _of aql;la.OUP s :olu'ti.Qn. 

· Th0r9n. solution, syat.em ::[l, 0,...08 g per '100 ,mJ_ Qf ttque~us .s.q:lutiGn •. 

~ ... Tartaric acid ._s.Glution, sys·tem I, 9 g per '1® .ml of' a'lueo:u.s so~t.io-n, 
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o Q.5 1.0 1.5 2.0 2.5 3.0 3.5 . ~~5 5-0 

.Ml o1" 30 percent tartaric acid per -25 ml 
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~...,Ta;rta;rie acid S!)lu.tion,_ sys.tem -II, _30 g per lQO ll1l. o~· allue'OllS .solutianji 

HydrQXy~mine hydrochlori-de sqlut:lon., ·lQ g per IOO Jtil Q,f· a:quepus ]1J()lu;t;,i4)n •. 

:Se:clmla.n -del ~V s)?eetrQ,pho:tom.eter s,up;plied vith 5-•c;M :cell.s ~ 

1 g of' s.o~um per·ox.ide in a :platinum c;ru:cible. 

2. -Sinter the m:ixt:ure (covered) in a small. l"'tl.rlla.c~ at 411-0 _:: 2<><" ·C for 

about 30 minutes • A.t higher temperatures Na~Q.g. ,WQlild ,seri.ou:s:ly a.:ttaek the 

pla'tinl;UD. vessel. ,In the .range 44o + 20° /C the platinum eruc.ib~e is .ha,rily - ' 

tm"f!il the precipitate is. filterable • 

. 4 • Filter the salution thro:ugh a medium speed __ filter paper and ,:wash 

with 1 :pereent potaasi:um hydroxide so-lution. A .clear f'iltra.te .•should -be 

ob,tained. r.:r .not, the- filtrate is digested and refiltered• 

501, :Oisae>.lve the re.siO.ue off' the. paper witn ~0 ml of hot (f-+:L) HC1 (UGe 

pipet) add,ing .a dr9'P or i:;wo of' hydrogen pe:roxi-de _(30 percent) to reque:e eer-;L~ 

to the tl;"'ivalent state. -Wash thoro,ughly nth wat:er. The filtrate $hQ;uld .b:e 

ab;QUt 40 m.l. 

-in a co-vered beaker .for ab_out 30 .minut;es.4 Cool._ 

mark with water-~ Mix. 
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9. Transfer a. 5-ml ali~UQ:t to. 1;t. 25-ml volumetreic :fl.aS:k, Add 1 ml of 

hydrQ<xylamine hydrochloride._ .Add ' 5 ml of' _water~ -If' sy.s:tem E[ is ~us:ed, add 

1 ml o:r 9 pere·ent tartaric aeid .solution and 5 ml Qif o.,.o4 pe;rcen.t . thQ~()n. 

solution. .Adjust to mark with :water and Jni;x:,e If- SyijtelJ! ~I is use,d, add l 

ml 0-:r ;5() per:cent tartaric a~cid ,f)c:QlUtio:n ~ 5 ,mJ_ Of' Q~:CJ8 :p.ereent thpron _S:Qll.t""'­

tionw AdJust to ·the -maJ;k with ws..ter and Jni.X.~ -Volunxet~i-c :p~pets are u:s-~ -d 

throughout. 

10. ·Measure the absorbance of' the s--olution in 5•-cm eells ~gain,st a 

reagent .blank"' '.:the reagent blank is. prepared by adding -•~ ml ea.~h of (l+.:L) 

HCl, ·hydroxylamine hydro:chloride, the :propeer tartari-c aci41 and _5 ,mJ.. Qf' the 

p:r~er thoron soLu~ion_. Abs:o-rbance.s .are measwed with t_ne E:eekman . . l!)U 

Spectrqphotometeer at 545-.:IJlll -using ,a Slit width of Q.05 ~p:r esysvt:em -I and. 

.0.15 for syste.m ll.-. 

ll. D-etermine the ttmount of' thorium by ret"'eren..ce t .o a ,s:tanda.rd -Cll;I:•-ve~ 

The relationship between absorbance an.d -thorium eoneent;r.ation is -lin~ up t.o-

100 .')' Th02 fur s~t-~m I and .uJ? to. 60 1 Tb:02 _:f"qr system--rr~ -FQr -amounts .of 

'I'b.0.2 greater than these limits, th-e curvature 1s very gentle and all poct.nt_s 

~re repra.~ucible-._ -'l'h-e syst.ema are stable -enough s.o. ths.t abso-rqanee m.e~~e~ 

ments can be made ~t any tim.e within 1 hOW"'-, 

Note~ The suggested dilution proeedwe is peeul1-~1ly sui-ted :t'Qr the 

determixlation o~ .thQ!rium in .II1Qnazite <::oncentra:tes ;be~e the ratiq>s .Qf' 

titanium and .oth-er int:erterin,g -ions -to: -thgr-ium are usually ,sut:rtclently low 

in _the-se ores. 'l'b.-e cU.lQtion tec:h.ni:que shou..ld find ,:tJ.:Se on other samples 

provi-ded that the Unal ~liqUQ't c.o-n~-1ns .smaller amowttP' Qf' int;ertering <e:.Le-1"" 

.ments ·than given in .table 1. Ordinarily .titanium and ,~n .d.ete:rmine the 

l.imi ts. of' a;ppl.ieability,. For an aliquot .conta.in,in.g •OiJ5 mg ,Qf: sample, J+G 

.mQre than .4 per:c·e:nt . W:i-02 and at l.east .1 _percent- -~ .ah-QUld .:be present.~. :Irqn,_ 
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