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ABBTRACT

Six separste kinetio studies of the slectren wxchange reastion
betwesn thallium(l) and thalliua{IIl) were carried out in agueous soic
solation.

The work inoluded studies designed %o determins the affact of
variations in the conventrations of thalliue(l). thellins(IIY), sulfate
ien, hydrogas iom, and alloride lon amd the offest of changes in ionioe
stromgth and tempersturs on the rebs of exchange.

It was found that the resction is first order with respaoct to
thalltum{X}) and thellfus(IXI) and thad the rate is 200 tizes as fapt
in salfuric acid solutions as in parchioric ecid stlatisne of the same
fonte strongbth snd hydvogen ion soncentration, The effect of hydrogen
Jon and salifate lon on the suchangs rabs is predisted hy any ome of three
smpirical rate ametions. The equations snd some possible mecheniswms
wiiieh lesd to esch have been discussed.

The sdditisn of chloride to reaction nixtures in 2.19 i sulfurie
ssid decronses the rete of exchange to & sinisum velue of 1/300 that in
smifuric soid solution slons, The siniman 48 found at & [CL™)/(7A(1II)]
ratio of 2.5. The rate incressss agein ab higher retios of (C17)/[TL(11I)].
The relstionship bebween the stability of the chlsride complexss of
shallten{l) and thallinw{IIl) and the affest of chloride on the rate of
the exchange have bemn diwcumsed.
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I, IRTRODUCTION

In order %o pradiot the course of & reaction in equecus solution,
the chemist must know what solute spocies ave present and shat role
each will have in & given chemical enviromsant, Quite often this
information ie not avellasbles, especially if the veaction is to be
carried out ot high iondo strengths, Thers sre & muber of methods by
which the solvent spocies may be idemtified, but veaction rute (i.e,,
kinetie) studies are the only means by which thelr belmvior muy be
Quantitatively predicted,
exomplified in the osse of oxidstionwreduction resstions, Nauy sre
fast and resch sguilibriun in time of wmixzing, Sasveral precesd so slowly
that their rates are nob detectelle, Hone of the theories proposed to
axplain these differences in rate has proved 40 be genorally spplicable,

Shaffer (1) proposed what is called the equi-valence sxchange
theory., He stated that a slow rate of reaction would be expected whers
the valence changs of the oxidising egent is different then that of the
rednoing agent, For instsnce, the rsaviion betwesn cerium{IV) and
thallium(l) was cited, Although this resction is very rapid in hydroe
ehloric seid 4t is very slow in the presence of sulfurice acid., One
would expest eithar a stopwise oxtdation of thallium(l) iom by two
ceriun({IV) ione or a simalteneous reastion betwean two ceriua(iV) iens
and one thallium(l) iecn. The latter process, requiring thres body




oollisions should de alower than one raquiriag two body collisions,

If the resction took plece by the stepwise process, third crder kinetius
would not occur. Welise (2) suggested coulombio effects comld be the
cmuse of the slow raten cbaerved, The objoction to the stepwise process
wae that it involved, as & transient fntermediate, thallium(Il), until
revantly sn wnknous oxidetion stote for this elemmnt, The work of
Johnson (3) and of Ashurst and Miggineon (L) shows thet thallium(IX) i
az intermediate in the reaction butwesn fron{Xl) and thallium(III) in
sulfarie acid,

Tt was folt that & kiustic study of the osrfwn(IV)«thallium{I)
reaction in sulfuric aelid might shed more Jight on the machanism of
reavtions of this type, However, preliminary lsborstory studies indicated
that this resction is too slow for s thorough kinstia stady to be practie
enl, It is interesting to note that Duke and Borchers ($) found mo
reaction Latwesn the same ions in perchloric soid svlution.

Study of the resction between thellium(IXI) snd titsnium(III) wes
also ooneidared, It i very similar to the resction betwsen frvon()Il)
snd thalliwe(IIX) iz that both are very slow in hydrochloric acid, The
thallden(ITT)«titandun({IX1) system was not considered further wher it
was found that the rate of the resction wes %00 rapid to allow the
colleation of relisble kinetic data,

In view of tho ecwmewhat contradictory evidence concerning the effect
of sulfuric soid on the reaction rate bLetween thaillum lons and other
redox roagents, it wes decided 0 study the kinetios of the electren
sxchange betwesn thalliuwm(l) and thalliwwm{IXY) in this macdium,




Studies of slsctron exchange botwesn forms of ths same slement heve
the sdditionsl sdvantage thet the yunber of londe apecies present is
roduond, thus fecilitating corralstion of the data, Tiis ssme axchange
resction has boen thoroughly etudied in perchloric acld (6,7,8,9).

It was hoped that a sompurison of the resction mechanism in both scids
would explsin the umsanl offects in sulfurie acid sclution,



X1, HISTORECAL

Thedllium Chastabe
Thallium Giffers from obthur mesbers of the beron group (IIIb) ia
that 1t forass monovelent cospounds which are more stable than its
trivalont eompounds, Thallium(X) hydroxide widch 36 formed slowly by
e action of merated wster on the metal, or by hydration of the exide,
is ccaparable to sodinm Mydroxide in basloidty and 48 even more tmsic
towards the weak solds such es phenod, Thallium(l) fon resesbles tLhe
alkald motal fons snd 43 often found with them in matural ores, Its
similarity to silvar iles 1o the slight solubility of salts suoh om
chromate, eulfide end halides, The cxidetion of thellium{I) icne to
give insoludble thallivus{IIX) owide omn bo effected in basic solution
with ppdvogen poroxide, potessive hexsoyenofervate (I1I) sodiun hypow
shlorite or poteseium permengenste, Cerium(IV) sslfate and potossiuns
broemate oan be used in the prosanse of hydecchloris aold to axidize
thalitws(I) to thellium(TIT), Thallium(IIT) oxide i formed by heating
the motal in alr below a red hwead or by hydrolysia @i‘mw#rmm
sclutions of thelline(IXX) ions, Iodide fon, sulfar dlexids or hydrogen
paroxide in acid solntion will reduce thallium(XII) don to the lower
valanoe state sod aine will raduos sither ifon to glve the wetel,

It can bs seen that the oxidstion of thalliuwm(I) or the reduction
of $hallium(IIT) fons in solution can be carried out by mesns of &
manber of resdily svallable vesgents; however, in aome cases the nature




of the medinm in which the resetion 18 carried out has & proncumced
affent on its rate, One of the classic axauples of this i» the
reaction bhetwean thellion{l) and oerium(IV), In hydvoohloric aeic
solution the resstion is rapid and complets, whils in sulfuric soid
solutions or in hydrochlerie soid solution vontaining ss 1ittle as O,5M
stfurie said the resction is wcbremely slow, Sheffer (1) estimated
that the half iife of the reaction in eudfwdie aoid solution is of the
order of 1000 henes, Duke and Borohers (%) report that there is mo
avidence for resction betwesn these lonw in perchioric seid, It is
interesting to note that the presence of salfste elowe the cxidetion of
thelltun(X) dong while the reductien of thelliwe(ITI) 1w scselermted,

At opposite affect is found in the caws of the chlordde don, The
roduction of Shallium{XXI} with titanium{IIl) hos bean reported (10) to
iron{Il) is slow in the presence of otdoride ion snd socelerated Ly
sulfurie aold sad one might expect the thalllum(TI7 J-titesdum{I1T)
eoupls to be slmilarly sffected, The kinetics of the reduction of
thallium(XIEI) vith fron(II) has besn studied by Johnson(3) end othere (L),
The rate of the second-order resction in peorchloric acid solution is
inorensed by the addition of sulfurie scdd end desyessed Ly hydroahloric
valence of ¢loctron sxchengs Jobnson propossd & stepwise mechan)
this resstion. In the work, he found no avidmoe for a retarding sffect
dus to Arom(III) whioch, im view of he role it had in the rate determining

m for



#hop, left same doubt my to ths velidity of kis mecheniss, Laber werk
by Amwret and Higgiueon (L) ehowed thet Lren{IlX) 444 reterd the rete,
Two possible mschezisme proposed Ly Johnson aret

1 _
@) @(m)‘gﬁ’, -54-4- o + 8 (Repid, reversible)

Pa{II) « mﬁ” -kﬁ-e- Po(IX1) » Tiont (Rate determining
Fo(II) + TU(IT) == Fo(III) + TUI) (Rupid)

| TUID) e TAII) eew TA(ID) ¢ TL(T)  (Rapid)

a

@ nof™ + 80 x, T o ¢ {(Rapid, cevorsible)
Fe(II) + T10* KBuw Fao® ¢ TU(II) (Rate determining)

Fo(II) & TA(II) ~wien PFo(IIX) ¢ TU(I)  (Rapdd)

TL(IT) & TL(IZ) ~wiew PL(IIL) & TR(I) (Reptid)
The following rats lew agrees (within one peroent) with his sxperiments
date.
~We/st » ky Tradgeyy (TUITONPe(In) 1o F RS

[(X o+ (77
{Pe(I1) K o (%))
The Ets cre hydrolysis constants definsd Yy the equutions sbove snd the
ik's are specific rete constants, Velues of the first hydrolysis
conetert wers obbained from the date of Prestwood and Wehl (6) snd thet
of Herbobtle end Dodeon{7). It is of imterost to note that in a
polarograghic study (11) of the reduction of thallium(IXI), no evidence
for the presense of thallivwa(Xl) wes discovared,




Elsgtaon Brehsnge Studles

The tern "elsotron exvhange reaction® oan be used with reference
te any exidationwredwation reastion.
of jone of ons element whorein there is no change in the concentration

of sither fon,

Although 1% vas gonerally asospted that & dynmic equilibrium
existed in a molution oontatning two ions in different oxidation states,
proof of this fact swaited the development of radiotreosr techniques,
Bavly whadles in this field were often handicepped by a lack of convenient
imotopes, For sesmple, Zivkler (12) end, later, Majers (13) studled the
mwm&m(mmn a8 3 tracer, The short half-dife of the
imotope (3.3) minutes) made the study difficult and inconclusive,

Reserdly Prestwsod and Wahl (6) snd others (8,9,14) have made a thorough
stady of this exchangs in perohlords scld making use of the four ysar
m®®, ampnistt (35), 48 & veview of lsotopic exchangs reactions pointe
oud that with the exeeption of hydrogen nuslides and orgenic sxchange
rosctions volatively 1ittle exchenge work heas besm done,

In their stadies of the exchenge vescbions bobween thallium(I) and
black scoelevshed the resstion widle an inoreass in hydrogen iom conw
sentration brought sbout & desrosse in yate, They used sodium perchiorate
to meintaln & constent iomic strength of 3,66, Harbottle and Dodsen (7)




smried out & aallar sbudy «b an ioeis strength of 8,0 and fmvesti~
pdad e affoot of chilorids ion ou the vate, Laber Dodsosn (9)
axtended the study %o cover dhe renge from 0,5 3 to 6,0 § hydrogen ion
and s lomie streughh of 0,5 to 6.0. Cosparison of the results ehows
 exosllent mgresment tub thedr interpretations of the rele of hydrogen
ion in the resotion are seasubat dfferent, Rossotts (16), ueing
recently reported vadues of the hydrolysis constunt showed that
Prestuood snd Wshlte (8) interpretation was probebly the better of the
two, Rossottl alse podnted vut that, slthough recent work has chown
that e 23y percent replucement of sodium lon by hydrogm fom 4n 3 H
sodium perehlorate has & negligitde effect on the setivity cvefficients
of the catdonic resctants, replacesents of uwp o 95 pevosnt used in
the exchange axperimsnts wight very well have an effect of a megnitude
cosparable %0 the cbawwed variations of the speoific rate constante
and that for this sreason the results should be vimmd with caution,

Fromhars eud I3k (17) Benodt (18) and others (19,20) have studied
Harbottle and Dodson (7) ware able o iuterpret their dats qualitabively
in Jight of this work and correlats 1t with the resctive epacies in
soluidon,

The potantial studies of Noyes end Garmer (21) et al., (22,23)
indicate that there are no somplexesn formed betwaen snllate ion and
oither of the thalline wpegles. This emn Lo compared with the cbssrve
stion of Johnmson (3), thet swifuric wold ascelesrates the reastion
botwesn thallium(IIY) sand irvon(II) 4n perchleric seid, Willsrd smd




Young (2L) reperted that 5 Wi, of 1.5 speoific grevity sulfuric soid
or 70 pereent perehloris asid would slow the rescticn bebtween certum(IV)
sifate solutdons and thallium(l) ion solutions senteining 1 H hydroe
ehlorie anid,

Resontly Challengers snd Hastars (25) 40 prelistnery sxperiments
on the xeray induced exchangs Detweesn thalliwsm(I) end thellium(IIX)
than in porchloris aeid,



1% bas beun shown that, in an sxchange reaction whers the concen~
tratione of the resctents remain the sane throughout, where the exchanging
atoms ave of the sawe slement, & firet order rete law for the transfor
m'muwmamwmmx&mmmmmma%wﬁum:&m
mabter what form sach species has in the solution, The derivation of
the axponantial rete luw for this exchangs process has been fully desoribed
(26,27) sxd ondy ite logerithwic form is ahown hore,

Q)

In the equation TA(L) and TL(III) refer to tota) concentraticn of each
valonoe stets end ¥, the feaction of exchange, is the rativ of speeifie
sotivity ab any tiae to the speeific activity of the frastion st asguie
librinm, when the praecipitated porddon is the initislly lssotive spacies,
The rate R is defined by the equationt

(2) Rk (TDI® [zl

vhers & 43 the spesific rets constant and ¢ and ff are constants which
ave ons for a sesond oerder resstion,

TS csn be sesn Lfrom squation (1) thet a ssmilog plot of (1«F)
versus ¢ will give a stratght line pessing through 1.0 at sevo time if
the speoific setivity «t #ime ¢ for sach ssmple is repreossntative of



the sxtent of hombgenooun exchenge st times of separation, Bxperimentelly
this 48 seldom the cuse,

Esrly workers in the fi0ld of electron exchange veactions failad
te recognise that s chwmicel methed ussd o separate the freotions may
induos some axchangs becounss, during the formation of the pragipitate,
saversl istermediante species may bs involved, which may exchange mach
gonscas asshenge, In addition to the isduced axchange, heterogunesus

Amphlett (15) points out that in ceses whore the exchange is
reported %o be complete in tims of mixing snd separstion, the werk should
be viewed with cantion due to the possibility that ropid induced sxchange
mey ooour during the sepavation, Haissinsky (28) has suggested thet
previpitation of the highur valense spacies might be expeated to produce
nore indused wohange beosuse of the formetion of a grester masber of
transiont intermedistes in the formation of & presipitats, In support of
Haissinsky's proposal, Prestwood and Wahl (6) found 655 induced erchange
when thallium(III) wes presipiteted as the oxide, Only S«00% ocourred
vhen thallium(X) was presipiteted, They studisd the presipitation of
thadlinn(X) ss the chrosste, bromdde, and hexschloreplatinate,
Thelliun(l) chromate precipitation wms found to give only about 5%
indused exohange, The extsnd of the heierogenecus exchangs osn be
deaternined by separate exporiments bdut there is no direct method for
determining the extent of induced exchonge,




Prestweod and Wshl (6) have shown that if the extent of induced
axohangs 18 reproducible the following velation applies,

" ¥
3 AR iy 74
In the equation F' yvefers 40 the obaerved frastion of exchange st tdwe ¢

and Fo', to the fraotion of sxchange st zers time, Howsver, it can be
mwmmt&mmrmmmmmmmmmw
(1 » ¥') versu$ ¢ will have the swse slops as that of (1 « P) vereus ¢,
The intercept will not be wsity, Values of the half 1ife and the
spucific Tate constunt oan be obtained fvom the slope of ¥he graph, The
half«life 18 relatod %o the specific rate sonstant k by the following
sguation,

(&)

The Arrhenius equation seitafectorily suplaine the temperaturs dependenay
of the spepific rabe sonstant for a lergs nuber of resctions. Deviations
from the lsw are telen to msan thad the resction in question is complex
ures, The dertvatisn of She squetion can be found in any
standard text book on kineties (29,30) and endy the result will be showm

here.,
(5) Ik w B /AT ¢ O
It san bo seen thad » sesdlog plnt of the spacific rate constand sgainet

the reciprocal of the sbaclute temperature will give & steaight line



ms‘mhmmmw_ In the equation, k is the
specific rats constant, 1%‘, the anergy of sctivation, R, the gas
constant, and T fs the abecintes temperature




Thellivm(I) nitrate was cbtainsd from %. H, Burgent snd Conpeny
Lithdun sulfets, Jithiue csrbonsts and sodium dlchromats s
wies obbained from B, X, du Pont de Hewwars end Company. Perehlords
eold came feom J. T, Baker Ubemical Compsny Hoactiva treses
mummwmwwwwmm
108 by trrediation of T2 with nestrons (11 (», LT ). Ten aillie
onrten of T0°°° ware shipped in ten wA)33iters of 3 ¥ mitels acid,

The smmouine hydroxide snd sedium Mydvoxide wers Eskerts “Analysed"

mmwwmwmmmn&wmmmwmmw
svapovating the eodution on & bok plate to fuses of sulfur trioxide.
Senwe of the thellina(l) it 1o converbed to the trivalant state by this
to funes of sulfur trioxide & secend tdws to remove the expess sulfuy
dicaide,. The solt ume secxyetelilised Syom Alstillod webter until free




of wold, Thalitwa(I) enifste stock solutionn were prepared with
wekghed smounts of this salt,

Thallsum(III) mifate solations were prepared by treating thallium
Yy oxidatdion of thallium{l) salfate solwtions with potassiuws hexasysne
forrate(IlI) in 0.1 § sodius hydroxide sodution, The exide was washed
free of lwxmoyenoferrabel(ll) sud (IIT) dous hy repested tremiment with
bot unber, The water was removed by decanting after the oxide had
ssttlied, Aftor sevarel washings, the oxids wae sepersted by filtration,
concendradtion of exceas aeid ond bBoth thelliwa(l) and thalliun(IiX) fonw.
Totsl thallinm was found by vedustion of all he trivalent spocies t0
stamdard enslytion) tamts (31), The conzentvations of $helliwm({IXX)
and hydrogen fong were tbtained in the following mauner, Zecons stendurd

wihings ware sonbined with the supernate from the precipitation and the
sxooss base wes titratiod with stendard scid, The hydrogen lon soncens
tration in thi original solution wus found by & caleulstion which
ineluded s sovreotion for the hydeegon jon formed im precipitating the
oxtde, Tho cxide presipdtate wes dried wt 195°C for ome hour and
waighed, The thallium(l) fon consentretion wme found by the difference
in the two anxiywes, The hydrogsn Lo aonceniretion wes slse found in




& sopavate titration by traating & porticn of the originsl sclation
ith sulfur dioxide to peduce the thallium{IIX) %o the monovalent state,
The solution wae thon evepovrated overmight on & sbeax bath ¢to insure
the removal of exoess suifur diuxide, snd titrated with sodium hydroxide
1on formed in the yodnotion of the thellium(1II),

Lithiun perihlorato was prapared frem lithium carbonabe by the
addition of » #light axaess of perebilords sold to lithium oarbonate and
wraporating the solution of a steam beth for cver twelve hours, After
cooling, the sult was separated by Ciltretion and rvesrystallized fyom
Asiilled water until free of seld and dried over s portion of the selt
which hed been dried im an oven st 130 te 115°C for LS hours. In this
mamner, LiC10,"38,0 was obtained, A portion of the salt wes dried for
60 hours at 200°0 end welghed, The mmcunt of weter lost oorrssponded to
at 2000, Sodium dishromabe and sodium symmide wers used without
farther purification,
and standardived against potsssiua seid phthellate, The salfurie,
parisen with the sodium hydroxide,

The radissotive thallium nitrats solution wes converded 4o thallium
(I) sulfate and a sl ewount of Lrem(IXX) fon wes added, The solution
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wes then made baodc with ssmonium hydrexide snd filtered, The iroa(III)
hydroxide previpitate will csrry down yadisusasive irpurities which
might bs present in trace smounte, The solntion was treated with
potasedun heeacyenofervate(Ill) and sodium hydroxide solntions and
allowed 0 settle. The xide was weshed soveral times by decantation,
esparated by filtretion, dried at 195°C snd wedghed, The oxide {(,06L9 ga.)
cbtained in thie memar was treatod with 10 nl, of 9,28 M salfuric scid
st diluted o 250 wl, in & voluretric flask,
tadning fnsotive thellium(Y) oxrrier snd was trested with sulfur dioxide,
A thadliun(III) sulfate solution was then prepared in o menner desoribed
provicusly, Anslysis showed that the sclutdon vonteined 0,08 ¥
thalliws(IIX) fon and 0,85 # hydvogen lom., One williliser of this soluw
thon added to make 100 ml. total volume of & solution 0,01 M in cach
thelliundl) end Shalliuw(YTY) don which had an equilibrium specifis
setivity of 12 ocvunts por second per ndlligram, 4An alunines sbsorgtion
ourve propered from thallium(X) chromste precipituted from the sbove
solution gave an initisl helfwthickness of 30 mg per ox which is in
good sgresmnt with that found by Fejans end Voight (32).

The molar lonie strength mnd consentrations of the eclutions used
wore calevlated fyom deta of Smith (33) by & method deseribed earlier
by Toung and Klats (34). The solutions were made up from stock solutions
shoun 4n Table I,
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Thallium(I) perehlovase wan prepered by the addition of psrablovie
acid to thallfun(l) Ndrexide. Thellium(I) hydrexide wes preparsd fvom
thalliwa{X) sulfete by titration with stenderd bardum hydrexide,
gvaporation wutdl srystallisetion boagan, collecting the sslt and
reseyotalliining 4t twice from distillied weter, Thalliuwm(IXX) perctlorste
solutions weye prepasad snd saalysed 4n the sams mananer ss thalliwa(2X1)
sulfate solutions with the exception that the scid usad in the formie
lstion was perohloric sold,

Detas s OF AINOTAL ouUssen
Ths exohange was carvisd out in solutions with molar iomic strengths
of 1,68 exoept for the psries used to study the veristion of rate with



iomde strength. The comsantratdens of all solutions were0,0100 ¥ in
thallium(l) don and 0,0008 i in thallinn(IIX) Son except for the series
in which the dependence of the rate on thallium conceptration wes
studied, A1) resctions wore carried out in 100 ml., volumetric flasks.

The cxchange wes studied in the following memner, Tho desired
smmentrations of the spocies in enoh run wers obbpined and the volumes
o wighte of asoh substance determined swi She correct volume of the
major soid wae added to sach flesk of & series, If the voluwms of added
resgent was ocenwtant for & series of svlutions the burette was marked
with & yed orsyon st thut velume to minluise the possibility of volume
repding errors, The corvect volome of hallius(IIX) snd the thelltws(l)
solutions, the minor seid and 1ithiumm selt (4f present) ware added in
that urde, The distilled wmter wes added last and the flask filled to
fwmmerssd in & waber both cet et 2L.94L & 0,00°C, The fissks were allowed
8% loant three hours to resoh oguilibrims Sempereture bofore the astive
thallinn(1XX) sulfete wes added,

Previous o startivg & run & nurber of Whatman SLC (2,7 om, dia.)
£42%er papers were drisd for one hour #t 130°C and weighed, The weight
of a dvy filter peper wae 30 * 5 mg. A solution prepsred as dessribed
by Herbottls and Dodson (7) wes used to ssparate the thalliwnm fractions,
This was weed within twenty«four howrs afber ite prepuration., The soluw-
tion was £iltered just prior to use sud kept in an lce bath,

The sotive thalliom(III) portion was sdded (1 al in &1 cases),
the volume adjusted, and the first shaking of the solution made in



A5 sssonde, The sero tioe was taken as the time of the fivst aheking.
ond shaken and bromght upright 12 tdmes, The firet precipiteticn wes
flask with a pipette snd adding it to twice ite volume of procipiteting
solation, Tha eise of the aliquot wes 5 ml. for all ruse in which the
thallium(l) dom concwntration wee 0,0000 Y. Ten ml, sexplos ware taken
when the thalliwa(X) apevies seucentretion wes U.0050 M. In more dilute
and sn oliquot of insctive thallimm(l) sulfste solstion added Smmodiately
of saificlent sive to give a total of 13,1 mg. (theoreticsl) of
thallinn(X) ehromate. In sy cese the weighd of seuple wes seduteined
st 12 ¢ 2 mg. In order 4o keap the indnoed sxohange a8 conwbant

SRGES,

The scluticn wae swirled in an oo beth during She addition of the
sample to counternot ths hend of neutvalisstion, Sinve thellium(X)
ohrometo is diffiould 4o filtar unless the precipitete is aged, the
started, The filtration wes osrvisd out in a stesl Tunmal with & remove
able ohimusy, Ab the podub of conbteet with dhe Filter paper the ohimney
wis 19 om lmwide dismeter, YThe filter paper was placed on the support
and the ohianey pleced ox top. The rete of flltration could be oonw
trellsd by mesns of sn asplrator and e verisble air lesk, In all cases




the presipltste vas in contecth with the supsrnstent liquid for less
gonsons exohangs botwesn the complemed $heiliws(ITL) species end the
Shallium(X) echromnto precipitate is very slow and would be usgligidle
four 0,5 wi portdons of precipiteting solution followsd by four 0.5 =)
the weshing prosedure, After drying with metion the ssaple vaw placed
on & plate and & metal sylinder placed on top of 1% to prevent curiing.
I wes then dried for one hour at 110°C snd weighed, mounted on cards
proviously ssrked for sembtoring of the sample and sounted. Self sbscrp-
tdon is negligidle in semplos of this thicknesa, The washing prossdure
wee testod wnd was wufficient to give pepor whilch had hackground oound
the solution f4ltered,

The mounting eards wore cubt to £it the plastis holder of an R,0.L.
steol castle, The semple was mounted in the csnter of and two cumile
maters below the 1.1 Laoh durel ond vindow of & Tracer lab G« tube,
An 0,00, (Merk 13, Model 1, Serisl 4-1892) soaler wss somnegted $o the
Geif tabe, The tobe had a fist platess of over 200 volts and senplen
were counted using o voltage one hundrad volts ebove the “"imes,”

A1) sanples wope scunted over an inkerval of Slaw safficlently leng to
obtadn 10,000 countm, Two O« tuboe were used in the work. One used
in the early part of the investigation had & dead ime® of L x 107

while the other hat & "desd time® of 2 x 10” seconde. Coinoldence and




buckground sorvections wers applied to sach sswple, The corrected
redio-astivity in cwants per second wes divided by the weight in mille
grams o get spesific sebivity, Bguilibricm specific sslivity was
found by a precipitation mads after ten half-dives or by using a sasple
of & sine sush a8 to give the same welght as those in the ran, reduge
ing 15 ¥ith sulfur ¢oxids, vemoving the exsess reducing sgemt and
procipiteting the smwpla in the sl way,

Ao Balf A4fe of T2 48 L0 years it wes unnecessary %o corveat for
radicsastdve deasy.



V. UX3CUSHION OF RRRORS

solntionn, weighing smvi counting redicsctive swmples and in determining
Yot of the suples weighed betwosn ton and twalive milMgress.

The weightng erver wan slightly grester probably than would bs indlosted

by the sensitivisy of the bulance used dus %o the shaorpiion of wolsture
The viscosity of the stock sulfuric aeld soluticns ceused & sowse

beatdons, This avror was hbept b & mindmon |
atock solntion end prepavdng i) resotion mizturss with the ssme burotts,
Cars was taken to bo sure Shat the delivery rete of the buretie wus
precextions were cbserved, the errer in oomaentestions wes lons than one
pursent, Duplicate sclutions were praparsd which agresd within 0.5
pareant,

Brrors in counting rediosctive sswplies were shout one pareent, The
affeot of thess ervors was sinimised shen the specilfie rate constants
wors obtaiued by the graphicel methods used in this study. The equilibe
run rediosctivity bad & crusial effsot on the specifis rate congtant,




ppecitic astivity,

Spling wne the grosisst soarce of erver. Veristions in the
mixturs sffects the extmt of indused axchwnge, Oreal care wes tekun
o Ansure Whet the delivery Sime was alvagye ten seconds, I6 is felt
that this souree of ervor wxpledng the incressod scatter of date when
mmmwﬁwwmmmwmma%




Vi, REGULTS AMD DISCUSSION

Bix separats studist wovre mads during the course of the lrvestis
gation, The molar fonie strength of the soluticns used wes mesmteined
"% 3,68 emoopt for one ssriss, This velue of She fanic strength
corresponds to that nsed by Prestwoed sud bl (5) in thely work on the
Mirength wes varied in order Yo debermine what affsot this verishle
sight have on the vabe of comhange,

@ Rex el @y

of the total thalliwm(X) [70(I)] end totel halltwm(XIX} [TA(IIX)] cone
sentratisms will be & constant provided that the echangs is sstually
fhonteardir in onoh of thalliumm{l) wed $hedllwn(IIX), Ly, 2 o 8 = ],

A value for « » 0,98 * 0,06 wap chbeined for constant values of
thallivm(7IX) from the slspe of a logeleg plot of R versas thalliun(X)
(sos Figars 1), The date are tisted in Teble I, Sixtlarly a velue of
£ @ 1,00 # 0,01 wss ohbained for constand veluos of thallivem(l) from
Figore 2, It vas comeluded that the resction is second spder [f.e., first




10.0

LI

6.0

LI

4.0

|

r

0.6 |-

R, moles/liter min. x lOu

Ot =

0.1 1 { I T N I I | 1
0.001 0.002 0.00k4 0.006 0.01 0.02

Thallium(I), moles/liter

Figure l. Dependence of Exchange Rate on Concentration of Thallium(I)



I

R, moles/liter min. x 10

10.0

I

L

6.0 =

4.0

B

|

0.6

T

O.u

] 1 1 1 111 l

Fimure 2.
(111).

0.002 0.00k 0.006 0.01 0.02

Thallium(III), moles/liter

Dependence of Exchange Ritc on Concentration of Th~1l'ur




ardar with rapest S0 esoh of the thallium fosotions within the itaite
of axperinmbal wwvorl,

TARLE 1X
LORANGE RATE m L ST TR

B 0FDI) S TA(IID)

5 o o e @ 3,68 () = **Wi (8057) = 0.7

AL L A R AT

mmwmm&waaﬁmmwmmmmm
times as bigh o8 tt in pevchloric acld solution ab & comparable lonie
strongth and hydrogen ion omoentestion. In ordor to dstermine what
wsible for the incwesse n rate, s swries of euperie
sroportions of mlforic seld wnd
povehloric asid were veried while 4he fonde strength snd hydrogen fon
conoantrations wers held constent, The duts from these sxperdments
sumsarised in Teble YIX. The remlts show thet, s the sulfate lon
conentration diminiehes 0 & megligibtle walus, k alse becomes very
small, ‘The velus of k in very sewrly pure perchlorio said agrees quite
well with that vaported by Frestwood and Wehl (6). Tt was found that k
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is propartional to ths thves halves power of the sulfate ion concens
tration, This valus was obtained from the wlops of the log-log plot
of k versus slfate fon concenteation eshewn in Figure 3.

TARLE XIY

a» a.w; m = 0,01003 'mm)u mﬂm& _,

1 e g oo mm b 'new«aau-'

Hemver (mw f‘-ﬁuﬁ%) (11030,)  (80,") k. |
~ ) ﬁ% et m0

T

&mwmmmemmammwmmmm
the molar lonlo sirength was constent (3.,58) end the conventrations of
!mmﬂmkﬂmmmﬂmmﬁn@%%&mxweﬁwmd%vmm The resulis
are summarised in Tebls IV,
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6 hhis been found that the experinental varisbles of Tebles ITX
mtzvmaasmmm Yy means of any one of the thves ewpirionl
o@Eations shows balow, The differences in the squations is brought

. . - plased on oonplenting snd h
of the thelliun,

(6)  R/ub = 0,004 + OLLE0") + 0.93(80,""°

"




The muber 0,00k sppesring in ssoh eguaticn is the value of the rate
constant in perchlovic acid whenm i w 3,68, sad (B*) = 2,90 ¥,

Bauation (6) fmplies that the spscies of $halliun(l) and (XIX) do
b change with varietiony of sulfate snd Wpirogms fon comomtration,
16 agrees with the sxperSmentsl duts of Table YIY but the saloulsted
rats sonsbaits deviate frum the axperdsentel values of Table IV st low
hydroge fun concentvations, Ths sssunption made in the derivation of
thin equution wus thet there were negligible shanges in the hydrolysie
of 'wmm} and the complecing of thalliuwn(l) and (IIX) by sullutoe
in the study, This is Snoonsistent with the date of Bell and Osorge
(35) on sulfuto compleces of thalliva(T) and with Mledevmsnn's (36) werk
on hydrolysis of thalliwe(IIY) dons st high solditdes, For thess veasons
56 19 belioved that Squetion (9) or (8) more sccurately desaribas

T4 40 ovident fvom ths wuoh highor rads of elsctren exchsnge §
sulfuris soid thot the hydeelyned species preposed (5,7) fur the exchmge
mechanisn in pershleric acdd selations ere not She primedpel exchanging
spocins in sulfarie scid, It seens resscusble to assume, howsver, that
thesie hydrelyned spucies are Swportent concentrationswise in light of
studiss on the hydvolysis of Hhellinm(ITY), Bledwrmmm (36) hes vevently
pblished values for the first sad wecond hydrolyels constants whioh
indioats the importanse of TIOH™ and 710" fons in soduticns of thallium
{II1) even at high seidities,




Beversl worikers bave shown thet sowe comploxing will oecur 4n
saifwrio sodd solwbions eoubaisdng thallium doms, Hoeller (37) hes
shown Shat o conpeediscn of the sverage sclubility produch comsteuts of
thalldwa(ITT) exide in the presence of saifate Son with thoss obtetned
in other systems indicubes thet some complewring ccours. He ales states
thet couplen formation batwsen thalliun{ITI) and sulfuts ton 18 x=

The work of Drucker (30) snd the wore recant work of Bell snd
Goorge (35} mmwmmmmmmmm mm,

n Mght of the shove coneiderutions 1% in belioved that the dww
portant me&m A '(m-zmmmm*", o™, 1o* aa

Be)lius(T) ave T1* end TI80,",

(3} s (1% + (1380, » % [1 e R (50."))

and, 4f enly hydeclysis of thalliwm(III) is

(10) be (%) » (mcE™) o m“"““”“‘f'r’ﬁj i) » Kjky)

I corplaxing of thalllum(IXI) with sulfate ion is extensive, then
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i,

(13) b& M0* » N0 » B . 12907 »

n** LR & 2y (0%) & KaEQ ¢ ()% (50,7)]
s

6 18 ovident fvom Figare 3 that sulfete lom mtors the rwbe lew
%’W& 8 power Ereater than e, Tole indlostus What scms wposies sther
then those considersd sbove were emuring the resction, slthongs ite
upecies wach a8 T1(804)y™, TH(804)s" and TIOE0.",

Tis following empression 4o wme of soversl possible combinabions

sl remmbers that k, the wpeeiflc reto consbant for the cbserved rete,
i8 dofined os 5/sb, 1% is ovidemt thet sobetituting in Dquetien (12)
Bguations {9} and (10)] the follmwng swpremsion

whure kg i the rate in the ebeenve of sulfete lon, This troestment
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contyibute signdfioantly %0 the total mumm; conpantration,
memmmmmmmmwmm

B £
(3h) ke Prwes

Binge Ky has bean estimated from other work (7) %o have & velus of 8.k,
3% wob nocessary only o detersdne velines foe K, end Kge Tho bast £49
(Figure L) remuitod whn K, » 1 und 5, » 2, Squation (1L) has bees
resrronged %o the following formr

A graph (Figore L) of ¥ versus (H*)® has bewn propared, Vros the siope,

A = 9427, end, Lrom the inturoept, B » L9.8, ZSguation (1)

by subwtituting timse waluos In Sguetion (1h). When bydvogen ien conousis
Bquation (1) can be writtent

AG ) o B
Cw Ty s Ko(H') « Eofg o

In Pigare S a pled of X1 + 2(30,™)] verens (80,")* hes vemn made using
the data of Tabls III. From the slope of the plot the velus of & (3.66)
omn be dhtainad, This value is im good sgreament with the csloulated
vales of 3.8, |
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mmmmm, mmmmwmmw
mmmwammmmm (ﬁ%)m (11) in Seuation (12)

are different from thowe of Bquatdon (7). If cuo uses Bledevssma's (36
valnes of 3: e xm 0,077 and 0,071 vespsotively
Bquation (7). The value wsed for Ky in this swse Giffers J—
from the value of 8L whiich wey reported by Dodsen (7). The valus of
tao for X, is constetont with the valoe chleined |
and George (35), AL thelr valus of 23 for infinite ddduldon 48 ocrverbed
o en lome strangth of 3.60, ¥, in sasamed eqael %o B, (21),

Both Zguation (7) mnd Souetdon (8) are inconsiebent
of mm (37) vho inddostos that Ky 45 large. However, Equatioy
15 consistent with ¢he potential stadies of Noyes and OGarner (21) snd
mcmwmmwz”x‘, The veluse of the spevific rute
comsbants predicted by Sguation (8) sre lioted with the experimentel
valoes of Tebles TIT and IV, The cnlewlated values agreo wishin experie
mentel orrer with the exppideontal veives of both tebles, It is

Sguation (8) wore securetely wgrasents the processes

which wero obeerved in thin stady than either Squatimm (6) or (7).




processes will land o an squatidon of the sene forw as Sguation (7) or
{8).

g

(«) *nsot+n* 2 TS0, e *m®
o "n** . nse” a7 e "mag,”

(o) "ra(ang)a”e 71807 g THB0,)e" ¢ “riso.”
(@) “mqgo,” + m* ke 00 ¢ *n’
() "2 80" ¢ T80, ke T 50" ¢ TI(30),”
("11 1s rudloactive T2 )

petions (b) end (o) sbove would

be favared,
It might be podnbed out that the miebuse of negebdively chaged
Shallian(1) apecies might very well be the vessen for the leck of
rosction betwan corben{iV) and thallius{l), This wald still ned
axplatn sy the resstion e so low o pereddorde sodd,

A po e 2 b ¢ PP

RIS w# ine Soncepteation of Sulfuede Asid
peparineats were cwerded out in whivh the losie stvength wen
sllowed to vary, In crder %0 do this, the amovnt of snlfurie sold
progont wae varied, remiting in & corvesponding
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sdd concemtration, mmfmm@bw more FRpIALy thes
sadd conventeation, 76 wves found thah they ries more repldly

atdors (6), (7) o (B) which would indients thak the
deoronss in Lonio strength Wweings sbout a corwssponding inoresss in the

Aifforant teoperatures foy selutions sontaining 0,000 ¥ thallium(X)
snd 0,0008 3 thalliun(XiX) mnd 2,19 i sulfuric scld, The rewulte sre
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Figure 5. Dependence of Exchange Rate on Concentration of Sulfate
Ton. [Equation (16)]
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An Arvhendus piot of this dods wes made {(Figure §) wherein k is
plotted agsinst the resiprocel of the sbsclute tempersture, T. The
slope of this line gives values of m‘/a {3100) (see Soquation (5)
“Theoreticsl” seetlon of this thesis). It wns decidsd that no useful
purpess could be anseeplished by caleulating sn sotivation enteopy
becass of the complex matures of the resctiony indewdi one cean ssaraely
Sestify a caloulstdon of estivation energy in this case,

The sxchangs rate vas studied in a series of solutions in which
varicus emcand of chloride ion wore present, The chleride lon was
sdded se hydrochloric scid, Hydrogen lon ooncentrabion and She lonle
strength wera constent throughout the series of experimsnte. In order
to do %his the ewlfuric seld concenstmtion wes verisd slightly, This
variation was nevar more than l.L poveoont and wes naglected in the
trestment of the dete, The duta ave suzesrised in Teble VII,
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TAMLE VIX

BROE OF EXCHANGE RATS ON CHLORIDE CONCEINTRATION
i) » ﬁﬁw nm uam;yncm) - .om g

%2?

‘3«30

mﬁmwamwmuw»*mmmﬁmwmmammw
until the chlowide comcentration is sppreximstely eguel to the thallium
(IX1) concentration, The veate then falls off even moure repidly until
the ohloride consentretion i8 #lighily move than twice the thelliwm(IY1)
consentration. In this vange the trend 48 roversed and an inovesse in
chloride concentration bwings about sn increase in the rate of exchange
up to 0,095 K oideride lon,

Solutions prepared with chloride concentration preater than O.0L5 X
contatined & precipitate and were net examined fuarther,

Dodson et 81, {9,39,40) found thet obloride ion and eysnide ion
hed similar offoots on the rete of this exchange in perchloric aecid,
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They found & miniwam for the reaction at & chloride to thalltws(XII)
ratdo of 1 %o 1.5,

Thalldwm(1IL) forms & series of somplaxes with ehloride fon.
Valnes for the formation comstunts heave bews given by Benoit (18) and
e shown below,

T

By

Ay

“w *(moa,] @7 =0

Using thoss oonsbunte, sbteupts were ueds te fit various squations

to the deate. In 50 case could a reasonchly good £1t Da obtained by
ng that the ehlorids ion is complexing the thallium(IT1) ions

and forming a noneehenging

Bemoit's (18) values wers cbteined in éllute solutions end the
groat difforence in fomis strengths would change the values of formation
quotients (concentration equilidvdium cowabantn) for the shlorids cume
plaxes lnt during the study of the dats 3% beosme apparent that in order
%o axplain the date, formetion quotisuts of the order of 10° for K,
wld be reamired, 4 method sumployed by Dodson for the oyasnide study
(39) was usod in order to determing the ratie of the first and second
oquilibrium ¢uotionts,
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balance thats

where x> (guomsn) is the retie of total chloride to thet of total
thellsum(IXI) nd ¥ 18 the retic of uncomplexed thalllum(TYI) to totel
thallfom(IIX), If one sssuses that TACL™* and 201,% do mot resct and
that for ¥ < 2, higher complexes are nod lmpertant concontratiomeds
Shan ¥y e kfkys vhers k 18 the meoond arder rate censtent and ko is
the sans oonstant In the sbewnce of chlorids, Using Bquation (19) 18
mtmm&m-mmzanﬂMMWmmuMoﬁnﬂxm
0,02 # 0,006 (compere with Benoit's value of 0,0025), If ome uses this
splevlated value, solves the sbove equation for y, velaes of k, using
ke * 0,77 oan be oslonlated wad are listed im Table VIXI,

TAULE VIXX
ammmwmmmvmwmmmm&mm

o e.7) 0,001
slgg 62@ 0,602
0,56 Q.52 0,003
Q2 0.k 0,008
8 3 e
0

.07 ﬂ:ﬁm Q:M



k7

The celeulsted valus for CL” w 0,003 Y 18 off by spproximatsly

ton percent s oompered to the experimsmitel velus, A glance at Figure 7
shows Bwb the exporimental velue dees nobh fall on the smooth curve
drawn through the data snd the curve passes through 0,57 for 0,003 B
chloride fon, Uviicating that the scperimsntal value may be in srror,
Otherwise, these dute indicate that up to 0,000 ¥ C1L* the sssumptions
used in this anplysis are valid,

The wide deviation of the celculated velus for 0,015 X chloride ion
from the experimental walue sgain emplueicos the complex oature of this
reaction. At this concentration of ohloride ion the sssumptions made
in this trectmant ave so longer safficient,

Qualitatively one suspocts thet the zone and dichlovo complexes of
thallium({III) do not exchange with thelliun(I) species in these sclue
tiens, Probatly either the trie or the tetrschlore (ur both) complex
ngy repot,

Todeon (LO) has shown that contiomed fnerssse in chleride concene
tration insreasos the rats of tide exchange (in perohloric soid medius)
o 8 velus seversl orders of magnitude grester than the rate in the
shaence of ehloride, Hs intloatsd that thalltum(I} chloride cowplexes
enter into the resstion &b the higher chloride concentrations (0.5 1).

In light of the cosplex nsture of the exohmnge in the waliurie acld
medie inm the sbesnce of ohloride, 1t 48 wot surprising that the prosence
of chloride greatly incvesses the complexity of tho exchange mechanism
and a quantitstive treatment of the date is not possidble with the
{nformation which i sveilsble on the thalliwe(I) snd thellium(YIX)
chloro« complaxas,
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VIT. SUMMARY AND CONCLUSIONS

It has bean found that the electron exchenge reaction bLetween
thallium(T) and thallinm{IIY) 4is firet ordor with respact to each of
the oxidstion states of the element in aqueoous solfuric scid solutions.
The rate of excheange was feund to be 200 times that im perohloris soid
selutions of comparable ionic strengthe. The depsndence of the rate of
axchangs on sulfate ion concentration indicates that the imcresss in
thes rate in slfuric scid solutions is due to the participstion in the
exchange of complex mulfate species of both thallium(l) and thalllum({IIY),
Thrse enpirical rate sguations were shown, each of which satisfactorily
explaing the depandance of the rate on hydrogem and suifate icn conoen=
trations,. Howaver, 1t is bellaved that the data are moet acourately
represented by eguation (8), since this oquation includes varistions in
the conventrutions of the hydrolysed and complex sulfate speviss of beth
thallinm{I} snd thalliam({IXI). The nmususl dependence of the rate in
sulfuric scid sointion on chloride lon eoncemtration is qualitatively
explained by the formation of nonexchanging monce and dichlorv-semplexes
of thallinm(III), and then higher chlorc-complaxes sntering into the
axchange to bring sbout an ineresse in the rate at high chloride concen~
trations. It is believed that the wmmal offect that hydrochloric end
sulfuric acide have on the rate of redox reactions betwsen thallium(I)
and thallium(IZXI) and other resgents can be qualitatively sxplainad by
the relative megnitudes of tho stedbility constants of thallium(I) and
thallinm{I1I) chloride and sulfate complexes.
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The stability constent for the monochlorothallium(l) and monow
sulfatothallate(l) complax ions are very nesrly egual. The formation of
the smlfatothallate(l) complex upon the additicn of sulfuric acid to &
hydroohleric soid solution ef thelliwm(X) chloride would be an explsnation
for the retarding affect that sulfuriec seid has un the rate of resstion
of thallitum(I) snd certun(IV). In the reduction of thallium(IXI) by
titeninm{IIX) or iron(Il), the high stebility of the ohloride complexes
of thallium(IIX) ss compared with the sulfate complex end the relstively
low resstivity of TICY** and T1C1,' conbine to slow the reduction in the
presence of ohloride. The resson for the fast rate of reduction in pure
smlfuric acid solntions (e.g., when titaniua{IXl} is used) eculd ba due
to the formation of thallium{ITI) salfate complexes which reast rapidly
with the reducing agmt.
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The Zieotron Inchange Resction Between
Thelliun(l) and Thalliun{IIil)
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he vessbtion betweon verien(iV) end Shallinm(X) hat bewn previously
reported (1) to be slow In solfurie scld but ewtdiwstes of the half 1ife
Sndlonted that 15 night be stadisd quantdtutively,

Ty m w e M m

 Resgast goade mamoniam hexanlivatoowrste(IV) vee doteined from

G, Froderie Smith Chonlosl Conpany. Fiftg«ive groms of this salt was
mmmmwmmmmmmmma
mumm, The hpdvoxtde wes them dissolved 4n 100 md,
wa.hgmmm ™is solubion was diluted to one Iiber volums
mmmmmmmmmmﬁmm. The certun(IV)
mm-mmwmmu&unmum
mmwmmwammmwmm
with exvess sodiun oxalate, PLIterisg and titrabing the filtrate with
analywss of the mtock selukion gave the following results:




V) 0,088
e sl

A solution of 0,00956 M eertun(IIX) fon in 1,00 X wxifurio eeid
Wt grepared by vedusing & 30 ul, sewple of the ebove wolution with
3 o, of 3% Wydvogon pevoxdde, svaporetion to half its voluss, addition
of suffielsud sulfaris sodd to meco the final soluben 2,00 i in
hydregen fon and d130Aen to velwas, A spectral stuly of the sedvtion
mmmwwmmmm & mecckoonn was Sineed
betwesn 250 mnd 255 i, A pertien of this solution was dtluted to
ons tanth 11s voluse with 1,00 2 mifarde aaid and She spectyun cbteinsd
wmmm Agein & pesk was obtelned ab 255 m, One meler
S2furts scid wes used o8 & blank 4n the 1,0 om stifos oeld,

The spactkes of 5,56 x 16™ and 9,56 x 20™ J certwn(IV) mlwtions
was cbtedned, Maxlsum sbsorption ocowved sb 315 ms. A Beskmss DU

steophotomster was used in 411 owses fur chesrving $he spectra of

A solndion venteining 1,00 Jf salfuris acid and 0,0001 X cerben(1V)
solutions over o porlod of severel dnys.
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mwmm:mmmmmmm) ad storod

nmwmmmmmmum
ocarton{IV) solwbioms b its absence did not stop the reaction.

' Lty of muming e wmmm ponsentratio

oneeimtaly 0.1 ¥ Wm’

mw;smm:}mgmmmmm«amm Fifty millie
Liters of thds molntdon gave no tast for Challilum{XIX) fem after being
heabed Lor 30 hours ab 70° ¢, indlouting that very Little resction had
heated 0 70" G and & plece of platimm foll 1 in,* wes placed in the




dissppuared, After four hours the eolution had & very pele yellow
color, The solukdon gave o test for Gallium(IIX) imm indiceting that
5 vesstion had comurred bebwesn carinm({IV) and thallima(X) in sulfuric
ssid in the presence of platimm,

Resction Bebween Titendws(IZX) snd Thedlium(ILY)

A solutdon soxtaining 0,008 H Ll tam(XIX) s 1.8 ¥ sulfuric soid
s prepured and stored wider nitvogen, A solution contedning spproclie
Mﬂw%&ig%ﬁmﬂm&ﬁ)%ﬁ&mmﬂmmm
stored under nitrogen, It wes found et the resstion betwesn tdtantun
(ZXT) ant thallina(TXT) ocourrad repidly end sppesred to ba cogplete in
Won of wixing,

1o ViNavd, H, He, snd Young, P, J. hea, Soo. 52 36 (1930),

oy We ¥ip Lundall, g Q’, ¥ # and o¥here, W Inorganie
Msﬁﬁ; fnd m4,; vevised, Jom WSW and Senm, Ino., 1953.
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