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.,.ﬁr_,;ant&mchhw-muct‘tw,, the thorium is determined nephelometri-
“ cally as the lodate or photemetrisslly with p-dimethylasineasophenylarsonie acid.
Fer quantities of therium above one milligram of ThOp, the thorius is determined
gravisetrically. 4 discussion of the important features of the metheds and a
summary of the more important experiseatal work thet lesd te the sdoption of the
procedures is given.
INIRODUCTION

In the werk of the Trace Zlements Project of the U. 8. Geologlieal Swrvey, it
was necessary to know the Lhorium content of ssmples for which messurements of
total radicactivity snd ursnium conteat had been made. MNetheds had to be developed
by which accurate determinstions of very saall percentages of thorium could be
made on rocks and ores of widely varying types. This report preseats soms of the
procedures developed in the Chemlcal Laboratery of the Geulogieal Survey and
now in use.

In any method for the determination of thorium, adequate provisions must be
asde for its separation from olher elements, of which titanium, zirconium, and rare
earths are particularly troublesome. In sddition, a suitable means of messurement
is required for guantities of thorium less then & milligram. The prebles is come
Plicsted by the wide variety of msterials to be wiilgsed, whieh included mony
types ¢f rocks, snd meballiec and nom-metallic ores. mqwum
of some samplos (R is = particularly troublesome factor. The
methods found ia the litersture were found wanting in cne or mere respects,




—— These metheds are vutlined with some discussion, by Hillebrand and Lundell. /

7 Hillebrand, G F. and Lundell, G. B. F. Applied inorgenic analysis, pp. bio-
—23e Jdobn iley and Sons. New York. 1939,

The thiosulfate / and perexide / separations fail im Lhe presence of phosphate.

7 TFressalus, K. and IARES, G., 4= oBal. Chems 35, 525 (1896).
/ Vigrouboif, G. shd Vernsuil, .., Compt. rend. 126, Jk0 (1898).

The precipitaticn of thorlum as flucride and ss lodate are employed by us under
conditions modified from those in the literature. Thus, in the iodate methed, _/

T Teyer, T 3., . anorg. Ohes. 71, 65 (1)

the acidity recomsended in the litereture is teo high for complete precipitation
of small amcunis of thorium.

The precipitation of thoriuam as oxslate has been one of the most generally
used metheds. Preliminary experimente with very ssmall amcunts of thorium gave
incomplete recoveries when precipitation was sade from 0,35 HCL selution saturated
with oxalle ecid, wlihough lonthanum wss added as carrier. Ib has been sugpested
to us _/ that complete eliminstion of free mimersl acid by evaporation of the
exalie acid solution might give better recovery. This hae nct been tried, as the
_J Frivabe comaunicstion ITom UF. C. J. lodden, National Hurean of Standards.

fluoride method, developed mesnwhile, has Lhe advantage of using as oarrier
aercury, which is eusily removed,
mmmmnmu“ Howaver, it esn be simplifled
cunsidersbly for the analysis of less complex saterials than Lhose dealt with by us.
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CUTLIRE OF PROCEDURE
The essential festures of the method are:

1) Complete decomposition of the sample. IL is unsafe te assume Lhel no
thoriua is precent in undecosmposed materisl.

2) Precipitation of thorius phosphate using sirecniue or titanium as
carrier, the precipitation being made at em acidity of 0.3 § ill.
(Separation frem the bulk of constituents.)

3) Concestration of thorium as flucride by twe treatments with hydreflucrie
acid, mercurous chloride being used as carrier. (Separation from Ti,

.”. 7.' Ch' !" Pﬁ" m.)
&) Selution of the thorium fluoride in sulfwrdie acid.
5) Precipitations as thorium icdate. (Separatiesm from rare earths.)

é) mm of thorium (a thd].y as the lodate or, (b)
photometrically with hylasineazophenylarsonic acid or (e)
gravimetrically with ammenis and hydrogen peroxide.

MuwmmMMnmmuhM3mdprnm
lorge fluoride precipitates that tend to ocelude smell amounts of sircomius. If
the first hydroflucric seid preeipitate is large, the procedure is mcdified by
changing the order of the saparatioss. The precipitaticns as icdate are inter-
posed between the first and second flucride precipitstions. The rare earths are
thus removed before the finsl HPF precipitation and a better cleanup of the zlrceanium
is obtained, see below, Special procedure lor sonazite.

DISCUSSION OF OFNERAL PROCEDIRE
Separatien.

The sample is completely decomposed and s hydrochlorie seid sclution of the

sasple is made._/ Use of sulfurie seid or bisulfate fusions in preparing the solu-

~7 Foster, K. D., dbovens, N. B., Orimaldi, V. .y GChLeeht, He G., a0d Fioischer,
W W.lctbmodwduudm-ummluhh

uuu-muﬁ-tmum, as with phosphate and carbonate rocks,
because any caleium sulfate precipitated will interfere with the isclatien of
thorium. iny insoluble products, sueh as hydrolytic precipitates of tantalua,

columbium, Lin, Citanium, zirconium, tungsten, especially imn the presence of phosphate,
will earry down thorium and so sust be kept with the selution during the analysis,

or if filtered off should be combined with the phosphate precipitate when it is

burned (General procedure, sectiom T). |ﬁ |
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hydroehlerie secid solutiom. Under these concitioms, thorium is copreeipitated with
sireonium or titsnium phosphate and more or less iren phosphate. Therium is
separated from mederate ssounts of rare earths by this treataent (see Experiments,
il). If the rare esrths in the saaple exceed sbout 10 mg of oxides, a part of the
rars earths may be coprecipitated.

If the ssmple is knowm to coataim heavy metals, wi acld hydrogen sulfide
reparation should be made before waking the phosphate precipitation.

The phosphate preeipitate is burned and treated with hydroflucrie acid to
disselve the phosphates of sirconium, titaniws and iren, and all the hydrelybic
precipitate. Thorium is converted Lo the inscluble fluoride. MNercurous chloride
is precipitated from the sclution to serve as a baliy carrier for the very swsll
thorium fluoride precipitate. Various other carriers that were tried cccluded
titanium and sirconiws; thus with caleium flueride, as much as 6f of Lhe sirconium
added was coprecipiteted. It was hoped that sodium fluoride wouid imbiuit the
preecipitation of sirconium by stabiliziag the fluczirconate irom, but #e found Lhst
the coprecipitation of zireonium with the calcium fluoride was greatly increased
by the addition of sodium fluoride (see Experiments, [iI). The amount of slreonium
and titsnium carried down by mercurous chleride is less than 0.0)1 mg of esach as
found by spectrographic analysee (mee ixperiments, IV). The ease of filiration
of mercurcus chloride and its easy resmoval are further advantages.

Sometimes the preeipitate of mercurcus chloride darkens. This is probably
because minute amounts of platinum, or possibly gold, palladium, seleniwm, bellurius,
snd arsenic are reduced tc the elemental condition on the surface of the mercurous
chloride. /

+ Gﬁ




’——- The mercurcus chloride is velatilised, leaving Lbe comgentrate of thoriem
flucrice in the erucible. Great cuubtion ie needed to aveid loss of thorium by
dusting, bobh while burning and wetbting the flulfy residue. It is alse important
that the thorium fluoride not be heuted se highly ss to form less easily seluble
thorium dioxide, The ususl precsubions must be Laken ageinst sereury polsonisg.
4 second precipitation as thorium fluoride ensures the removal of the last traces
of titanium and sireonium; the residue then contains little impurity besldes pos-
eibly a latbtle lead fluoride and sone rare earth fiworides or oxides.

The thorium flueride is converted Lo sulfate, sny ceric ion formed in the
ignition ef the fiuoride precipitate being reduted by sdding sulfurous seid. .ny
lead precent is precipitabed and filtered off, The excess suliuric scid is then
mumummmmcmm in
resoving free sulfuriec scid, csre sust again be taken te preveat the fermation of
therium dioxide by cverheating.

The thorium sulfate is dissolved in nitric aeid, sud Lhe thorium separated
from any resaining irages of rare eurths by precipitation as thorium iodate. It
mey be directly determined nephelomstrically, or further treated and determined
photonetrically with p-dimethylaminoazophenylarsoniec seid, or gravimetrlieally as
thoriua dicxide,

~ The photometric method of detepmination has Lhe wdvanbages of greater ob-
Jectivity und reproducibilily Lham the nspheloweiric methed, bub the latter is
simpler sud more direct. Howevar, the stability of the eieud of therium icdste
say be uarkedly affected by the prosonce of ssall sucunts of impurities. For
exauple, a fov teuths of a allligram of sirconiwm causes very rapid elotting of
the Ladgte precipitste, leading to low results nephelometrically.

another possible procedure at this polnt consists of copreecipitation of the
thorium with zlumina or beryllia, followed by spectrographic determinstions. Pre-
lininary experiments indicate Lhe feasibility of this proeedure; “urther work iy

in progress.
-5~



— The icdate precipitation may not be necessary for samples coateining less than
10 ng of rare earth oxides (ses ixporiments, 1I). The thorium may then be deter-
Mm&mmtrummwmthumm“p
dimethylaminoasophenylarsenic aeid. Other such simplifications and shortensd
Muunu&rtosumadanumuutnhhﬁmnm
composition than those provided for here.

Determimation s thorium iodste.

The cloud of thorium iedate is stable encugh for nephslometric estimation up
to 0.7 mg ThOy. There is & good spread from ncne to 0.3 mg ThOy, 0.05 mg being
readily detected. amdmmumumwm
prosence of quadrivaleat cerius, which would also precipitete as iodste. 1f the
sasple contains ab this point mere than s fow Mg of vare sarths, the Shorius
must be further purified by filtering and dissclving the iodste in nitric seid
and reprecipitating as the ledate. .lso if there 1s sny extensive clotting of
the thorium icdate in 15 minutes, where Lhe ThO2 content is less than 0.7 mg ThO,
the sale procedwre is to filter oif the therium iodate, dissclve it im nitrie
acid, snd reprecipitate with iodate,

T B - 3 Py ' ey 38 3 | M
JgLalmidised i LI iy ALNOER0P NBNT L4 0L Cil.

The precipitation of thorium by p-dimethylaminocazophenylarsenic aeid is

quastitative from buffered solutions such as actate solutioms. The acidity

must be controlled (see Ixperiments, V). The resgent is net very specifie, as
it precipitates Lo some extent many elements (Sweh se zirconium, titanium, rare
earths, ursnium, iron) at this acidity. However, the thorium obtuined by the

procedure has been freed from interfering elements.

b Cﬁ



The lodate preeipitate is dissolved in HCl and the solution evaporated. Strong
_:Auuusm-msmmuudmuumsu photemetric deternminstion and

are here resoved by sulfurous acid. (See Sxperiments, VI.) The acidity is adjusted
and the thorius is precipitated by the dye. The presipitute is filtered and washed
to remove excess dye. This arsonle acid precipitata of thorfuam could be ignited te
therimm diaxide and weighed., For photometrie determinstion, the precipitate is
Wﬁamrmuummm relessing dye equivalent te the
amount of thorium in the precipitste. The relation between the asount of dye

precipitated with the thorium und the amount of thorium present is exact und

The dye sclutlons closely follow Beer's law up Lo about 0.45 mg ThO,, and the
standard surve is reproducible for even larger amcunts (see Iwperiments, V1II),
If the weight of thoris exceeds 0.5 mg, it 1s better te dilute so thal the sample
is in the range of Deer's law,

¥e found that the commercial p-dimethylasincazcphenylarsenic acid reagent ls
likely te be inhomogenecus; not only does it vary from lot to lot, but different
parts of the same lot may vary in comporitien. 1 new standard reference curve
should be made with every new solution of the arsemic acid reagent, even when
successive batche: are made from the same bottle of reageat (see Experiments, IX).
The experlaants show that if the dye is mot completely dissolved, the residue
differs in eomposition frem the materisl in solutien,

If the thoria content exceeds 1 mg, as indicated by the size of the iodate

mmmm.uhumuuuwmuuumm
therium precipitated with ammonia in the presemce of hydrogen perexide. The
mumwuwmumg. The peroxide provides a delicate test
for the presence of cerium. If the precipitate shows diseoloration, it is best te
filter without washing, redissolve in nitrie aeid and reprecipitate as ledgie..———




DisCUSSION OF .aPSCIAL PROCAOURS

. m;mmmummmwﬂdwm.-an
m-. that have high contents of rare sarths., These yleld large precipitates
of rere earth flucrides at step 8 of the general procedurs that tend to ceclude
sirconiam. For example, the analysis of a wonanite by ths general precedure gave
10.40% ThO,, by the specisl procedure 10.028 IM0;, and the C.38% difference was
found spestrographically to be due to Lhe presence of sirconium.

The special precedure differs from the gemeral procedure only ln the order
of the separation steps. aslter the phesphate precipitatien and one flucride
precipitation, the rare esrths are removed by repested iodate precipitations, then
the seccnd [lucride precipitation is mave Lo remove the last tracos of sirconium,

Special Beagents: Fotassium icdate, 7 1/2% sodutiom
Nercurous nitrate solution, 8 mg HgCl equivalent per ml
bissolve 0.952 g of reagent ;rade mercurcus altrate in
mm.rummanuuammw
to 100 ml with wuter.

1. For sampies comtaining lees than C.04% Th, take $.00 g, propertiocnally less
for samples of higher Th content. Prepare a hydrochloric acid selutiea of the

sample as outlined in a previeus puper. / ainy hydrclytie preeipftate should be

left in the selution, or if filtered should be added te the phesphate precipitate
when it is burned (Procodure, section 7).

2. ivaporasbe the solution to dryness to eliminate the fres acid,

3. With a pipette add 10 sl of (1 + 1) HCl solution. Digest about 15 ainutes

on the steam buth cnd Shen add 130 ml of water. Digest until the selable saibs

h. Whliie stirring, slowly add 10 =l of the mirconius nitrate solution. Wars teo

about 90°%¢.
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5 u&.ewmw«amanam. Dilute

with water to 200 sl. Cover the besker and digest on the steam balh for at least

& hours.

6. 4dd paper pulp, stir, and filter on a 1l em 5 & 5 589 white ribbon fiiter paper.
#iash with A% K #0; solution.

7. Trapsfer the filter paper with precipitate to a percalain crucible. Purm gently,
starting at a low heat and gredually raising the temperature, until the carbon is
burned off.

8. Transfer the residue o a 100 ml platinue dish or crucible. Holsten with a
little water and add 20 ml of WF. OCover with a platioum cover and digest uniil
seluble constituents disselve. Evaporste the ssmple on the steam bath uatil abeut
€ ml remain. 4dd 10 m) of HF and evaperate again te sbout 8 ml, Dilute with 30 ml
of water. Waras on the bath.

9. idd 10 ml of the mercurous nitrate sclution. Next sdd 1 ml of dilute HCL

(7 + 100) and stir with a platinum red. ‘arm en the bath for a few minubes and then
allow to stand at room temperature for aboub 4 hours, keeping the dish covered.

10. Filter on a No. 40 Vhatman 9 em filter paper in a hard rubber fumnel and wash
tuice with 10 te 15 ml of appreximately 5% HF wash sclution, making the wash solution
direetly in the dish that contained the preecipitate and serubbing the inside of the

dish thoreughly with s rubber policeman wotted by the solution. Wash twice with
water,

11. frensfer the paper and precipitate te s 20 mi platinum crucible, shield frem
drafts and bura gently below 500°C in a well-ventilated hood until the paper is

burned off and the HgCl velatilized, The precipitate must be burned carefully and
slowly; if the mercurcus chloride is velstilized too fast, thorius say be lest by

dusting. Burning at teo high a teaperature may comvert some of the thoriua flucride
umz-muwuucnxn.
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12. Carefully moisten the flucride residue with a few drops of water. add about
8 ml of HP. Cover the crucible and digest on the steam bath for 20 minutes.
Transfer the contents of the crucivle to & platinum dish. ¥Uet and scrub the inside
of the erucible thoreughly with s rubber policssan, rinsing inte the dish. Bilute
with weter to 40 ml, sdd 10 ml of sercurcus nitrate sclution, warm, add 1 al of
‘dilube HCL (7 + 100) selution and stir. Let shand st room temparature fer sbout
& hours.
13. Filter on a Neo. 40 Vhatman § ex filter paper in o bard rubber funnel and
wash twice with i wesk solation and twige with water.
4. Transier the paper and precipitate te s small (X al) plabinun erucible and
agais earefully burn st belew 500° ¢ in & well-ventilated hoed ustil the paper is
burned off and the HgCl is volatilised.
15. Carefully wet the residue ia the crucible with a few drops of water; dry em
the stesm bath. Carefully add 0.5 al of ly$0,. Fame on the hot plate for about
15 minutes, keeping the erucible covered. Coel. Caubiously add water until the
muquzzmrmnow. 4dd a few drops of 6% sulfurcus aecid selution
to decolorize sny quadrivaleat cerium, and evaperate until water is removed. &rimg
te fumes of sulfuric seld and fume 15 minubes. Cool. 4dd adout 10 ml of water
and transfer the contents to a 50 ml beaker, Folige the crueible snd wash with
water, adding the washings to the besker. it the point, the velume of the solution
should be 25 to 30 ml. Warm gently, thea allow to stand for about i hours.

The dilution with water and the fuming with sulfurie seid should be repested
a third time if the amount of thorium is large, or if the final inscluble residue
is large.
16, Filter off any lead sulfate on a No. 42 7 om Whatean paper snd wash & few
times with 15 K0, solution. Collect the filtrute in a 50 ml platinmus dish.

-t0- e



17. Gvaporste the sclution nearly te dryness snd then bring to fames. Drive off
dlthﬁioulluric seid st & low tesperature. This is conveniently done by
heating om a hot plate until dry and then rotating the dish sbove a lew Bumsen
flmullnvu-nf—um‘. The temperature should be kept below 4509C to
mrmmem-mummmnymumxnmmnm
nitrie acid., The removal of free sulfuric acid is sssentisl since excess sulfate
interference with the precipitation of thorium iedate (section 19).
18. idd from o pipette 6l of (L + 1) WNO; solution, idd X drop of 308 hydrogen
peroxide. ara gentiy and them add 10 sl of waber. Cover the dish snd digest
on the stesm bath for o few minutes until the therium is dissolved.
19. Transfer with a jet of water to a 100 sl beaker, pelicing the dish Shorcughly.
Adjust the volume to 42 ml with water. Cool to roem temperature. idd by pipetie
8 al of 7 1/2 K103 solubion. If less than 1 mg of thorium is indicabed by the
cloud of therdus icdate, the thorium may be determined either nephelometrieslly
as the icdate (secticn 20) or phebemetrically sith p-dimethylamincasophenylarscnic
acid (section 21); and if more then 1 mg ThO,, gravisetrically as oxide (sectien 28).
Ihe estimatica of thorium
Method i. Nephelometrically as the lcdate

20. Let the thorium ledete precipitate stand 15 minutes (30 minutes for ThO,

eontent of .1 mg or less) and ccmpare agalnst a serles of standards containing
known amounbe of thorium with the same asounts of sitric seid sad lodste in the
same volume, and prepsred at the swme time as the unknown sample.

- o



__- If the iodate precipitate indicates a thorium content greater than 0.3 mg
m.mmmxnm.umumuwm. Without filtering
off the thorius iodate, add 12 ml of (1 + 1) nitrie acid scluticn to dissolve the
thorium iodute. Take a cme-thbird allguot inte ancther 100 ml beaker. .djust the
voluae with water te 45 ml snd add 5 1/3 al of 7 1/2 Ki0q solution frem a gradu-
sted pipette. Mateh against & series of standards. The match is made by placing
the beakers on x dark plate in front of a window and looking down into the beakers.

Special Reagents: P-dimethylamincazcphenylarsonie acid seolution. Mno.lg
of the finely powdered reagent in 50 ml of (1 + 1) aleohel
solution containing 10 g of ammonium ascetate, Filter.

Buffered wash solutica. Mmgmm.uu
al of (7 + 100) HCl sclution in 488 ml of water,

21. Let the thorium lodate precipitate stand overnight. Filter on a 7 o= We. 42
Shatsan paper. Do not wash.
22, Disesclve the licdate precipitate off the filler with alternste washes of hot
(1 + 1) HCL solution and het (7 + 100) HGL soluticn, three portiens of each. Catch
the filtrate in the same 100 al bosker that comtalned the iodate precipitate.
23, ZBvaporate to dryness on the beth. idd sbout & ml of fresh 6% sulfurous scid
and evaporate te dryncss againm.
2h. Take up in 4 drops of HCl and A3 ml of waber. add 2 drops of methyl red
indicator and neutralisze with ammonla until the methyl red turns yellow. Now add
m.-mam(vom)mmwxmmmm. wdd
1.2 ml excess. liow add 5 ml of a solubtion of p-dimethylasincasmophenylareconiec
acid, Cover the beaker and allow to digest on the steam bath until the precipitate
clots (10 to 20 minutes).
25. Filter on a 10 ml asbestos Gooech filter and wash 4 times with 10 ml pertions
of the ammonium scetate wash soluticn,

. 26, Pour over the Gooeh filter 30 ml of & warm 4% solution of sodium hydroxide

and catch the washings in a clean receiver. lash once with water, ﬁ
‘w o ...‘ -
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—2%. Eake the filtrate up te 250 ml. Read the eptical density on an eleciro-
photemeter ab & wave length of 425 aillimicrcns, or on a spectrophotometer at
460 sillisiercns. (Zee Ixperiments, VII.) Obtaln ths mg bthoris squivalent by
reference Lo & standard curve. (See ixperiments, VIIL.)

If thare is sore than 0.5 ng THOg, it is bebier %o make the dilution so that
the ssmple is in the ranges of Beer's Law. The standard curve should be checked
at intervalsj two known concentrations usually are encugh.

28. If the thorls content exceads 1 mg, the determination is made gravimetrieally.
Allow the ilodate precipiiate (section 19) te stand overnight. Filter on a 7 em
Wo. 42 ¥hatasn paper, but do not wash. Dissolve the lodate precipitate off the
filter with alternate washes of hot (1 + 1) HGL solution snd het (7 + 100) HC1
solution, three portions of eauch. Cateh the filtrate in the same 100 al beaker
that contained the lodate precipitate. BRvaporate the sclution to dryness. idd

5 dreps of HOL and 15 to 20 ml of water., Warm. idd 1 drop of 30F Hy0, and then
neutralisze with asconia, wdding a few drops of asmonis in excess. Digest on the
sbeam bath sbout 15 sinutes, add paper pulp and filter on a No. 40 7 ¢m Whatman
paper. tash with LY samoniua nitrate solution. Ignite to ThO; and weigh.

SPECLAL PuOCEDURE FUR 4ORAZITE
29. Fuse 0.5 g of finely ground sample in a porcelain crucible with 3 graus of
sodium peroxide, Cool Lhe melt and trensfer te s 250 ml besker containing 100~
A50 ml of water. idd hydrochleric seid in excess snd bring to dryness. Take wp
with dilute hydrochlerie scid and filber, reserving the filtrate. Geatly ignite
the residus in pletinue sand velatilise the silica with HF and sulfurie acid, Remove
exgeas sulfuric by fuming the sample Lo dryness on the hot plate. &inter the residue
with & little sodium earbonste, ocol, leach with dilute hydrocklorie seid and add
the total to the reserved solution. Avaporate the solution te dryness to eliminste
the free acid. Now follow steps 3 through 11 inclusive of the gemersl procedure.

- .




30, 7o the ignited flueride precipitate in the platinus erucible add 1l of
unm-uuu,m..ug-mmmmammmurcawao'
minutes. The rare earth fluorides are very slowly attacked by this fuming with
sulfurie acid, end the analyst must be patient. Ceol, add a 1little water and
transfer the mixture to s 100 ml besker. idd a few dreps of sulfurcus aecld %o
reduce corium and evaporate the solution on the steam bath. Cover the besker and
allow the somple to digest overnight, This overnight digestion generally comverts
the flucrides to the soluble sulfates. In the morning, add water and if s complete
solution is not obtained, filter. Reserve the filtrate. Gently ignite the residue
and then treat again with sulfuric scid end bring to fumes, These steps are repealed
until a complete solution is cbtained.

M. Gvaporate the sclution in & platinue dish on the steam bath to remove water,
mmu‘umn-mmn&mm“mw.m
mnwmmdtﬂmumnmmmmmm
When the sulfurie acid fumes, remove cover and bring te dryness. Remove the last
traces of excess sulfuric aeid by gentle heating over a burner at low heat (the
temperature should not exceed 450° C).

32. Add 6 ml of nitrie seld (1 + 1), 2 drops of 0% HyOp, snd 10 ml of water,
and digest on the steam bath s few minutes keeping the dish covered. . cemplete
solution will be obtained at this polnt. Transfer the solutieon to a 100 al beaker
and adjust the volume to 42 ml with water. Cool. idd 8 ml of 7 1/2¢ potassium
lodate solution snd let stund for anm hour or two,

33. Filter off the lodste precipitate., The ledate precipitate is dissolved, and
enough lodate precipitatiens are made fream nitric aseid seluticas te completely
remove the rare earths (fouwr geaerally suffice). To test the complete removal
“m“ﬂm“ﬂutn“d”lﬁakmm
from the icdate precipitation. The rare eartis shos thelr presence as insoluble
yellow hydroxides, the yellow coler being due to ceriua,




The analyst must use his judgment on how te disscive the iodate precipitates
for reprecipitation. If the icdste precipitate is small, it may be disselved off
'mnimmnncnuox)m,nmsmmmmum
easy. PFor monazite ssmplesy the lodate precipitate is generslly too large Lo be
handled in this masner. ¥e gemerally dissolve the icdate off the filter peper
with a minimus of warm hydrochlerie acid (1 + 1) sclution. G&ince the lodate
precipitations muet be made frem mitriec acid seclution, the hydrochlerie seid is
next eliminated by precipitating with excess ummonia and peroxide., The precipi-
tate is filtered but not washed, It is disselved off the filter with 6 1/2 ml of

nitriec aeid (1 + 1) and reprecipitated with ammonia and peroxide. The second
asmonia preeipitate is sufficieatly free from chloride so that after selution in
6.5&“‘,(1*”.““&.&““'331““, a fow drops

of 3% Oy, and 8 ml of 7 1/2% KIO, solution are added to give Lhe second icdate
precipitation.

34. UGissolve the final iodate precipitate off the filter with hydrochlorie seid,
The hydrochlerie and reduction products of the iedate ere next removed by sn
asnonie~Hy0y precipitation. The smmonia precipitate is then gently ignited in
a 100 =l platinus dish. ;

35. Add BF and repest the fluoride precipitation as before (Steps 8 thru 11 of
the genersl procedure). The thorium fluoride obtained at this point should be
fres from all contaminants.

26. namnmmmmumummau-mp.am

wmmmumxﬂzn.mdm ignite and
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The methods described abeve were tested by analysis of solutions whose
thorium content was not known to the analyst. The standard thorium sclution
was made from reagent grade thoriusm nitrate that was found spectirographleally
to contaln less then 0.1F of any other metal. The solution was standardised
by evapersting to drymess and igaiting to exide, and by precipitating with
anmonla and percxide and igniting teo oxide.

The solutions for analysis were made by adding various smocunts of therium
nitrate to 50 ml of either of two stock sclutioms. 4ll resgents used were
evidently free encugh from thorium for the purpose, because the results with
solutions of the lowest thorium comtents aaalysed were mot significantly

higher then the amount of thoriuws added. T
e 2T ‘fT’_Q-'—_ “ne sose
2 - 90 1.0 .80 1.1

o



Table 1 gives the analytical results obtained,

Table 1. inalyses of synthetic amixtures

/?

Sample No. found found found
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The procedures were further tested by analyses by %. G. dehlecht of sight

—

aysthetic mixtares. The results are given in Table 2 te indlcabe whab might be
axpected on & firet trial of the method by an analyst unfasilisr with the pre-
cedures. We think that the discrepancies in the photometric results for samples
86 snd 85 are caunsed mainly by imperfeet separation of szirconius, which can cause
snall pesitive er negstive errers in the nephslometrie determimation and larger
positive errors in the photometric determinstion,

“ ‘

g :g "m LR R R ) LR R X
: L .z :;5 -3 5 v
- R bR % G

Sy to be d 1.20 >1.0 1.25 ————
2 1.45 aee e Aa40
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Te 50 ml of solution F. which contains 10 mg Y303 and 10 mg Celp, 0.95 ug
(4), 0.25 (B) and 0.6 mg (C) of ThO, were added. Thess were analysed according
to the procedure through seetion 16. Precipitation with excess smmonis in the
presence of a few drops of 30% Hy0s gave these weights when ignited,

: g:; 3. ug
B) 2.3 ag
2,5 ng

The ignited oxides were disselved sad the therium content determined nephelo~
metrically as the lodate., The thorium contents found were:

A) 1.1 mg
ilg .ﬁn‘::
c) -
Ssaple showed therefore 2.3 mg of rare earth oxides cceluded
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To each of four platinum dishes was added 50 mg of ir0p as the pyrophosphate,
e.aum‘ummn,auwuwxg. The mixtures were svaporated to dry-
ness and 20 ) of EF solubion was sdded %o each. after digestion Lhe solutions
were evaporated te 8§ ml snd then 10 ml of I added. The solutions were evsporated
agein to 8 ml and thea diluted with water to 50 sl and sllowed to stand at roem
tesporature for 4 hours. They were them filtered and washed with 4§ HF solutica.
The residues were burned in platinue and dissclved by fuaing with perchiorie acid,
The solutions were diluted with weter and exactly 100 mg of ilg03 (as the chlo:ide)
wos sdded to sach., smmcnia was now added until the solutiems were meutral to methyl
mmmmm-uowmm. The weights of the
ignited precipitates were 0,1032, 0.1031, 0.1029, 0.1031 g. The excess of about 3
g was found te be due te zirconium. |

In another series, 0.5 g sodiunm fluoride was added in sddition to caleium in

hope of fixing the fluosirconste ion, but the results were worse siance about 10%
of the fimal ignited precipitate was 2r0;.

Te sach of four beakers was added 50 ag %Oy as the aitrate, 50 mg Ti0p as the
echleride, 1 g Fey03 as the chleride, and 0.5 mg ThOp as the nitrate. . phesphate
precipitation was made according to the procedure cutlinmed in sectiom 5. ifter fil-
tration, the phosphate precipitates were burned and treated with HF, ss in section 8,

The ThF), was filtered off with the sid of 80 mg of mercurcus chioride as
earrier. The fluoride precipitate was dissolved with fuming suliuric acid, exactly
100 mg of :1704 wae sdded and an wmmonls precipitation made. This was filtered

m,mmmmmua.c.mumm
titanlus and iren. The resuits obtaimed with caly 1 BF treatment weres

Mg g
Bo. 1407 0, r.:»,
i e.& o.& 0.008
3 .02 ‘008 000 (ﬁ
‘ om -01 om
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{mothy;
iffect of acid concentration.

To each of six beskers was added a sclutien of therius nitrate equivaleat te
oh mg ThOp, 0.2 =l of HCL, 1 g of ammonium scetate, snd distilled water to make

the velume to 43 ml. mwmenis was next added until the sclutions were alkaline

to mebhyl red, Dilute (7 + 1U0) HOL was then sdded dropwise until the solutions
wore just acid to methyl red, fotlowed by a known exeess ef dil. HCL (7 + 100).
Five ml of a ssturated solution of p-dimethylaminossophenylarsonie acid in sleshel
wus Lhen added te sach to precipitate the thorium, ifter digostion on the steam
bath for 15 minutes, the thorium precipitates were filtered on Gooch erucibles

and washed 4 Simes with 10 l portiens of sumenian sesbate wash eslubien. The
precipitates wers dissolved off the Goosh erucibles with 30 ml of 4% NaON and

the filtrates made to 250 ml. The sclutions wers then read in the electrophotometer.
The readings obtained are listed below,

Optical Deasities
1) Just acid to methyl
red 21
2) 0.1 =l 7% HCL past 1 .38

3) 0.7 Ml sevceedOcccse oS5h
& 1.:111 .....:.... 55
J12 e 4

The results obtained show that the seldity is important and must be controlled.
The optimum acidity taken is thet given by a sclutlon containing 1 g of wmsonium
acetate and 1.2 sl of (7 + 100) hydrochlorie seid in a btotal veluse of 50 sml.

Effect of concentrstion of p-dimethylsalncasophenylarsonic aeid.

Using the optimum aeidity, the smount of p-dimethylamincasophenylarsonic acid
was varied in twe tests, MLS&“&M&M;&W.WM
mm-..mjmumnammwm.&mxm

density was .575. _
-2~ wl
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The conceatration of p~dimethylaminoszophenylarsonic acid used in the
precipitation of therium is evidently mot importast. The ssall diserepsney
noted above is probably becsuse the precipitate was washed four times in each
experiment, #0 thal washing was prebably not complete for Lhe mcre coneentrated
solution. %e mnever try teo wash all excess dye from the precipitate. Four washings
m“:wmmmmmsuamuw.
nterfersnces of oxidizi eats in the phobesstrie detorainstion of therium
Various amounts of bLhorium were precipitated as the iodate ss ia the procedure
(section 19). The precipitates were filtered 24 hours later, dissclved off the
filter with 25 ml of (1 + 1) KC1l and the paper washed with water. The sclutions
wore evaporated Lo drymess, Leken up with 4 drops of HGA wnd 42 ml of water. The
photometric procedure wes thea spplied for the sstimation of thorium. The results
obtsined are given below.

Thip found
& photometrically 1 Keecvery

ug ag
0.15 0.135 . 99
A0 37 92
‘” ." ”
1.h 1.23 ae

mmmwam.wmmmsmmmma
the iodate was evaporated to dryness, 8 ml of &f sulfurcus aecid was added and the
solution again evaperated to drymess. The residue was taken up with 4 drops of
BCl and 42 ml of water and the thorium estimsted photometrically. The results
given below show exeellent recoveries.

found
ik phetesstrioally

ng ng
0.15 0.155

<40 <395

.80 80

1.40 1.41 3 Ei ﬁ



Optical densities were obtained for sclutions containing 0.1 tec 0.5 ag
ThOp, using the procedure outlined in Sections 24 threugh 27. The data were
obtalned with a Fisher electrophotometer, using o 425 millimicron filter. Figure
2 gives s plot of the results.

Twe saturated alcohelic solutions of the resgent were made in this way:

1) Execess of p-dimethylaminearophenylarsonic acid was digested with
aleochol to make a satursted solution. Zxcess reagent was filtered
from the sclution which wae lsbelled Mo, 1.

2) The excess reagent oblained in Lhe peper from (1) was trested with
more aleohel S0 form a second saturated selution. This was filtered
and labelled Ho., 2.

Various amounts of thorium were deterained photometrically using the optisum
conditions of excess acid and ammonium acetabte, using alcoholic sclutions Nes. 1

and 2 for precipitstion., The electrophotemeter readings obbained are given below:

Thl; taken Optical density
ng Solution 1 Solution 2
0.15 7 21
‘” 0“ .bﬁ
A5 <50 .58
«60 o6l 93

Both solutions follow Beer's lLaw up to about 0.4 mg ThOp, but thay do mot give the
same reading for the same amcunt of thorium.

In another experiment, 2 g of p-dimethylamineoasophenylarsomic aseid was ground
to an impalpable powder in an agste mortar. Three 0.1 g porticns were weighed and
to each were added 10 g of asmonium acetste, 25 ml water and 25 al of alechel;

they were warsed until sclutions were cbtained. This made three idemtical dye
solutions. The results cbtained when .4 mg ThO2 was determined photometrically
. by each solution are given below,

taken Optical density Heagent solution
ng reading used

oh .60 5al of A1

A .60 5ul of 2

ol 0 5 ul of 3
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Consistent resulls will therefore be obtained if a complete solution of
. theroughly mixed reagest is used.
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