SOME METHODS FOR THE DETERMINATION OF THALLIUM

By

Ramon Frederick Relf

A THESIS

Submitted to the School for Advanced Graduate Studies of Michigan
State University of Agriculture gnd npplied Science
in partial fulfillment of the requireme
for the degres of

DOCTOR OF PHILOSOPHY

Department of Chemistry

1956



ProQuest Number: 10008512

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

ProQuest.

ProQuest 10008512
Published by ProQuest LLC (2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



ACKNOWLEDGMENT

The suthor wishes to express his gratitude to

Dr, Elmer Leininger for his direction and counsel
throughout this work,

Appreciation is slso extended to the anthorts

wife, Dorothy Fay, who helped in the preparation
of this mamiscript.

ii



mw émww qt wmm mﬁ wmw _Mm

Toar 1psé




Motheds huve buen developed fov the repid quantitative redustion
of thalltwm (IXX) to Shedlium (I) in scld solutfon, The redustion is
serwied out by peseing s ddlute sulfuric soid selution of thalliwe
{1I11) through & glass colum redustor filled with finely divided
ondmium, silver or blamth metel, The redustion of thalliws (IN1) wes
shown 40 be Ww by detersining She thellium (I) by the veluset
bromate procedure,” Hlank determinations on the nadwiim, silver and
Memuth reduetors wore found %o consume 0,08, 0.03 and 0,02 md, of
©,2000 normal potassiwe brouste.

A mothod e propossd for the detersdnstion of 30 te 212 silligrens
of thellium, The method comstets of using & welailic reduster for the
converslon of thallimm {ITX) to thellium (1) followed Ly a velumeteris
bromstes oxidation of the thallium (1)« 4 nunber of thellimm deturmine
redustor showed an avarage erver of 0.2 per ot Yor 30 to 212 2i)1ds
an svevages avoy of 0.3 per cent,

Twe volanuetrle awthode mmm for the detorsdnation of
thaliton (I)e The direct mebhod s besed on the alkaline cetdation of
thaitiee (I} to thalliws (IIX) using hypobromise, The hypobromt
prapared extemporasecusly by sdding sodivm lypochlorite to a thallium
(2) solution conbuiming s ssmall sncunt of bhromide lony, A8 soun an
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Topstronite 1e fomed 40 sxddtees Shadldms () to thalliwn (IIT)
whving bronids Sone witoh veash with more sodimm hypechlord
rapdd in the 7.5 W 5.5 3 veage, |

The Sndivact velunetrie sothod 49 bassd on the alksline exidsticn

oy T ..-\.u RO A " P i
i “ } Illm w m “»""5""' 2 E U o s R el R AR, b R 2

o avarmge srpor of Guh por conke



TABLE OF CONTENTS

INTRQDUGTIOH..".uun...-.u.nn.o.n.u--.u.u.uuuu-uu

msmmcﬂ-":ﬁ.‘lhtQ"#...Di‘nﬁd'.‘v‘Q"'t'iﬁ!t.!‘.""".‘t.I!’i"‘

A, Oridation of Thallium (I) ‘o Thallium (le)aéduucowt-iotvaq
B. Reduction of Thallium (TIT) to Thalliwmn (T)eesisivsicncones
C. Volumetric Methods for Thallium, sesseosssncaconnnonctossons
D. Oravimetric Determinations of Thallium...veessrseovnssecisa
Ee Trace MebhOlQB.seaevcovsercionsasoveinsbsvsosncnsisnrvasonce
Fo. Metallic RoductorB.iascassenvtesussnsncorsssonvinsesnssscess

mmmﬂ;.vcu-.o-:tc.owttoq--rotconbi'no‘ntu seNesREesEObES RO

I Standard SolutionS,.sisevesssasvsesievscsavasssvssnsncsissves
II Stability Studies of Sodium Hypochlordite BoluitionS.isesssees
III The Use of Metallic Reductors for the Reduetlon of -
Thallim (III) to Tmm (I)atiﬁ'#dooittn‘.tiocdbit3tlui
A, Cadminm Reduoborciccvsnivesrornonsssonsasinssssonossnsene
B, 8ilver RedUCLOT secivsisonvonvissstovs.saosisnosossvaosnes
C. Biomith RedUuChoOr.sccevsssseravisssaversvivsoscisssnsencoes
D. Nickol Reducboriseesveennssvanonnssiocvinnioincesonnncns
B, Lead Reduotoriesseersosvessvsensescisesnsnpssvssusssnsinns
F. Aluminum Rmﬂtﬁrcgow-dviwnttl'nca.ﬁnoibcw.s--i.E.aoinacc
G, Zine Reductor.sseeveesverscssisnscasanssvocarsssscnncnes
H. Aawlgm'bed Zinc Reducborisisrivevesisvoosnvisnnnnicinnsns
I. Cadmium Mgm15650u¢‘n;&63761*3."3&3’0Qooio&;ﬁo‘{bhu‘;»#t
J. L.ead MgﬂmQuoo»ab‘-t*oti-otua«giiitiotoiiit.‘ﬁe&.iiotcct
K. Bismth Mgmobtb.-Ocibottt&Ocdhbtt’t‘tﬁhDvl..-ndt..id
L. DBl oN s sssssssrarnossancssssvisoscsscnosriaconsstnsss
IV Volumetric Determination of Thallium (I) Using a Standard
Sodium Wﬁm@ﬁte SolnbioN.eevicnssaservoscsnensesesns
A. Direct MothoO eeessssisnnusenvesnvssstnsihsdacainsnaivace
1. Salt Bffect.esisevesscssnssicsnsncesnescsnssscannsse
2. pﬁ Effocteesessninsasnassssrovennsccssvasvancanses
3, Effect of Sodium Bicarbonate Concentration.ii.icse.
ho Effeﬁt Gf B’I’omde ]:Gn eancmtrati@n.io‘.o‘.l--.ctl
50 D%mmtion O«f Thalliumiobutosttwonquttt-oooon*-
6. Determination of Thallium (I) After Using
Metallic Reductor8esvesvrssnsosssvssassnnasnsns
B, Indirect MethOdeseesornenncscsovotnnvunscserosnsansvasscse
1, Time Required for Oxidation of Thallium (I) by
Excess Whlﬁﬂwonouv---toonona---n-.qo-b»ooo

vi



TABLE OF CONTENTS - Continued Page

2. Determination of Thallium 21%.........uu...uuu. 53
3, Determination of Thallium (I) After Using -
Metallic RoductorB.ceersnssvvsnsscansrsssocsananns 521»
C. Dianussiennuu...u..n.-......u.u......-.uu..u-u.. 56
V (Oravimetric Determination of Thallium Using Sodium
WGMO!‘i’b&.sunuiorpno--obuoa-i~iiwtiotooumch:osuﬂ'é-i"ht 60
A, W&shing the Precipi‘b&ta..-....uuu.-.....5-.."5... seees 61
B. Effect of Hydroxﬁ.da Concentration.ceicvasscsrsssssanssnnss 62
Ge In‘b@rferemes..“..u...;.......u.wu.-nu.u«i.;..n.- 65
D, Effect of Drying ConditionS.e.ssesssiossnrovecssasanssunnrese 65
E. Eiscnsaiﬁnn...u;uu..nnu"»-n“n......uu.sn..u 65
Y1 Improvements on the Precipltation of Thalliuwm (III) Oxide
by' Potagsiom Fa‘rricmda-oqvct--aobognﬁtuuqonu-.n---!ono- 69
A, Effect of Precipitation from Hot Solution and Digestion
of the Pm&pi’ﬁﬁtan;u8;‘-&’*..:.0#«--1.:-*toottoa.-cwncoc 70
B, Intorforaonoe8 cisssnsesosssssnssnesesrnesasscssssssnassess 72
C. Contamination of the Precipitate by Potasslium
Fﬂrﬁm.dﬁtth*.nu--:icun»c‘an‘qo»uto'ocur.aonqn-‘uono 13
va Diaausaimvdootoub&'n‘-tanbosona-notu‘t-QConoo'QOOOGiﬁibbtnn 75

Wxnllﬁhiliifititﬁobi"’.Ql’*O‘Q‘i"‘i!'..".ﬂi'ilﬁt..‘?.i?'lﬁ.h&‘ 77

LITEATBRE clmoao-o‘t-l-tlbliyoo-nnoonc'uowuQqatotcscwnvptbltﬁGOQ‘O 79

vii



INTRODUCTION



A large mumber of volumstrie methods have bemm propvsed for the
determination of thallium while relatively few gravimetric msthods have
been proposed. Most of the methods require a preliminary reduetion of
thallium (III) so that all the $helliwn will be present in the plus one
exidation state. BSulfur dioxide {is commonly used as the reducing
agent, When thallium is to be determined by wveolumetric oxidation,
sulfur ddoxide has peversl disadvantages as & rsduems sgent, Sinece
metallic reductors are more convenlent as reducing agents, a study of
the reduction of thalliuwm (IXD by metallic reductors was msde,

As the work om the reduction of thalliws (ILI) to thallium (I)
procesded, it became necessary to study the oxidation of thalliuwm (I)
to thallive (IXI), Thallium (IXI) oxide is the most easily prepared
thallium (IIT) compeund and potassium ferricyanide is the only alkaline
oxidant proposed for the quantitative precipitation of thalldum (IYI)
cxide, Singe pobassiun ferrioyanide gppeared to have disadvantages as
an alkaline oxidant, a study of sodium hypechlorite wss made,

A study of the oxidation of thalliwm (I) by sodium hypoehlorite
indicated that s standard sclution of hypochlorite could be used for
the volumetric determination of thallium, Dirset and indirect volumetric
methods for the determination of thallium were studied by using a
standard solution of sodium hypochklordte.

During the volumetric werk it appsared that sodium hypochlorite
gave & homogeneouspreacipitation of thallium (ILY) oxide, A comparative
study of the gravimetric determination of thallium as thalltum (XII)




oxide was made using potmssium ferricysnide and sodium hypochlorite
solutions as alkaline oxidiving agents.






Voot of the methods for the determivation eof thallium require that
the thallium be present in solution in ome oxidation state only. For
this roason the preliminmary cxidation or reduction of thallium is of
groat importance, Therefore the litersbure on this subject is reviewed
before the volumetric and pravimetric methods of determination arve
discupsed., Since the work desoribed in this thesis imvolves the use
of metals as reductants, a brief historical review of metallic reducing
sgents i imeluded,

A. Oxidatdon of Thallfum (I) Yo Thalliwm (IIT)

Bince oxidents utilized as standard solutions are discussed in
Section € a# part of the various velumetric determinations, the only
oxidants inoluded here are those which camnot be used as stendard
solutions.

Brovn and Mo(llymn (10) treated a hot ammemical solution of thallium
(T) sulfate with potassium persulifate., Upow boiling, the thallium
(IXI) oxids cocagnlabtes and the excess ammenia is driven off,

Challenger and Masters (16} oxidized thallium (I} to thalliwm (IIT)
with ogone. The exoess osone was removed by passing air through the

solution,
B. Reduction of Thalliuwm (IIT) te Thalliam (I)

" Sulfuy dioxide is customarily used as the raducing agent for the.
quantitative reduction of thalliwm (IXI} to thalldwm (I), (19,30).



The advantage of sulfur dioxide 4» that no watal ions are intreduced
that would interfere in the determimatien of thallium (I). The major
disadvantage 18 the diffioulty of removing the excess sulfur diexide.
At 1east one hour of beiling is necessaxy Yo remove excess suliur
dioxide,

Stvecker (62) treated an ecidified solution of thallimm (ITI) with
potessfun iodide snd ebiained thallium (1) lodide and icdine,

Berry (5,6) used lydroxylamine sulfate, iron (IX) sulfate, sodium
arsenite and motallic copper Loy the reduction of thallium (IXX) to
thalliimm (I).
thallium (ITY) in either acidic or basic solution,

TA0s ¢ INHOH-HpS0, # T1,0 4 30 + Ng0  Eqmation (1)

The reductlion proceeds more rapidly in alkaline solution but traces of
ndtrite were found.

Iron (XI) sulfste will quantitatively reduwoce upon boiling & het
acidic solution of thalliuwm (III) %o thallium (I)., The kinetice of
the reduotion of thalliwm (III) by iron (II) have been studied by
Johmson (3k) amd by Forohheimer and Eppie (2L).

Berry (6) treated thellium (IFI) oxide with an excess of atandsrd
gsodium srsanite and found complete reduction of thalliwm (ITI) to
thallium (I).

Thallium (IIT) in boiling solution was found to be guantitatively
reduced to thellium (I) by the addition of copper metal (5).



Zintl and Rienacker (73) repert the rapid quantitative reduction
of thalliwn (ITT) to thalliwn (I) with titamium (III) chlorida in hot
acetate solution,

Brown and McGlymn (10) found that slow sddition of hydrogen peraxide

%o an 89td selublon of thallfun (III) gave guantitative redustion of
thallium (TIX) %o thalliwm (1),

Taimni \{éh) found thet on the sddition of potassium thiccyanate
thallium (IIX) chleride is reduced w thalliuwm (I) thioeyanate according
to mtm 24

3TICL, ¢ LKONS & LH,O0 = 3TLONB # LEC) # HON # SHOL + H.80, Equation (2)

¥hen thallium _(m;). ehloride is added to an execess of polassivm thio-
eyanate, the resulis are in closer agreement with equation 2,

0. Volumetric Methods for Thallium

Hollens and Spemcer (31) treated a thellium semple with chlorime
gas unt:.lthallim (I) chloride dissclved, The solution was acidified
and potessium lodide was asdded, Tﬁe odine liberated by the reduction
of thallium (III), was titrated with standard sodium thiosulfate using
the iodine color in ahlnmgfam a8 the indicstor. They report excellent
precision and aceurasy.

8111 and Peterson (50) treated two to five milligram thallium
saples with g bromine reagent and boilsd the solution until only a
Lfaint } ne ¢olor remained., After cooling, the excess bromine was
destroyed by the addition of a phenol solution, Potassium iodide was




added and the libermted iodine was titrated with standard thiosulfate
using a special starch as indicster. Good results were reported for
two to five milligrams of thallium, Lerger ooncentrations of thallium
gve low results, The addition of sufficient potassium lodide to
precipitate thalllum (I) dedide also gave low results, Presumably
jodine 1s adsorbed or coprecipitated by the thallimm (I) iodide.

Barry (6) treated a thallium (III) solution with an excess of
standard sodium arsenite, The unreacted sodium arsenite was titrated
with scdium hypochlorite using thallium (I) as the indicator, In
alkaline selution, the first excess hypochlorite oxidizes thalliwm (I)
to thallium (IXI) oxide, The resulis for thallium were approximately
thrw_ per cent low. It appears mt‘tmae low results wers due to
the slow reaction betwesn hypoehlorite and thallimm (X),

Berry (5) determined thallium by reducing a thallium (III) solution
with an excess of stendard fron (II) sulfate solution. After quantita-
tive reduction of the thallium (III) the excess iren (II) was ilitrated
with standard potaseium diehromate.

$intl and Riemacker (73) titrated a hot acetate solutiom of
thalliws (IXI) with a standard titamiwm (III) chloride solution. The
precipitation of titaniun dioxide was prevented by the additien of
ammordun fluoride. Hydrochloric acid waz found to inhibit the reduction
of thelltwm (III) by tditanium (III),

Marshall (Ll) recommends the uge of podium bromate for the indirect
volumetrie determinstion of thallium (I). The method involves the
addition of an excess of standard sodium bromate solution to a thallium



sanple containing dilute hydrochloric acid and a small crystal of
sodium bromide. The excess bromine was distilled over and treated
with potassium iodide, The liberated iodine was titrated with sodium
thiosulfate, EHExcellent precision and an accuracy of one part per
thousand is reported. This method is slow because of the regquired
distillation,

Zintl and Rienacker (73) propose a direct titration of thallium (I)
in five to eight per cent hydrochloric acid with standard potassium
bromate, The end point is detected potentiometrically or by the
disappearance of methyl orange indicator at 50 to 50°C. Excellent
precislon and ecouracy are reported, The bromate oxidation procedurse
is perhaps the best veolumetric method for the determination of thallium
(I). Rienacker and Knauel (L&) have adapted the bromate method to the
miero titration of thalliuwm for toxicology.

Hawley (27) proposed a permanganate titration of thallium (I) in
6 per cent hydrochloric acid, The method is of little use, since
permenganate reacts with the hydrochloric acid.

Beale and co-workers (2) found that the chloride ion is necessary
for the permsnganate titration of thallium (I) and that thallium (I)
i8 air oxidized in 0.8 normal hydrochloric acid. An alternste procedure
is deseribed for the determination of 6 to 100 milligrams of thallium,
Sodiun fluoride in hydrochloric acid is used to complex Mn (III) as
the fluoride. This method is an improvement over anl_,ey*s method but
is inferior to the bromate method.

Willard and Young (70) propose the use of cerium (IV) sulfate for
the volumetric oxidation of thallium (I) in hydrochloric acid,



This oxidation will not take place in the absence of hydrochloric acid.
Elevated temperature is necessary for a rapid reaction, For usual end
point detection, the solution mmst be between 85 and 100°C. This
method is reported to yield good results but is not attractive due to
the diffioulty of detecting the equivalence point,

Tomicek and Josek (66) report the exidation of thallium (I) to
thalliwm (IIT) by sodium hypobromite in 1.5 to 2,0 normal sodium
hydroxide, They proposed the use of thallium (I) carbonate for the
standardization of hypobromite solutions. Excellent resultis were
obtained,

Tomicek and Filipevie (65) sbate that caleium chlorohypochlorite
i8 less suitable than hypobromite for the alkaline oxidation of thallium
(I). They reported low results which could not be improved,

Berry (8) states that chloramine~T will guantitatively oxidize
thallium (I) to thallium (III) in a dilute hydrochloric acid solution
containing bromide ion, Methyl orange is used as the indicator,

Swift and Gerner (63) determined thallium (I) in three to five
normal hydrochloric ecid solutdon Ly titration with a standard fodate
solution using the lodine monochloride end point, Excellent results
are reported,

Smith and Wlcox (5hL) titrated a LO per cent hydrochloric acid
solution of thallium (I) with a standard iodate solution using 0,05
ml., of dilute amaranth solution as indicater, The end point was
detected by the destruction of the amaranth color by a& slight axcess of
jodate, Excellent resulis ars reported,



Singh end Singh (51) state that thallium (I) is five normal hydroe
chlorie aeid can be titrated with a standard potessivm ahln#atve
soluation ueing icdine @mehlemaa as catalyst, |

Mehrota (L2) states that a standard iodide solution can be titrated
with & thallium (I) sclution wsing bromphenclblue as an adsorption
indicator, Whan the titration is kept out of bright light, the first
excess thallium (I) causes a coler change frem viclet to bright green.
Good presision and aocuracy are reported. This method has the dise |
advantage that the usknown is used as the titrant,

Browading and Palmer (13) estimated thallium by adding a measured
velume of standard ferrieyanide ¢o an alkaline solution of thallium (1),
The thallium (III) oxide was removed by filtration and the filtrate was
acidified. The ferrocyanide was titrated with standard potassium per-
mangenate, Berry (5) found the end point to be poor in the ferricyanide-
permangenate titration,

imetrioc Determinations of Thalliem

One of the wost populer grovimetric methods for the determination
of thallium is based on the precipitation of thallium (I) from a dilute
ammordacal solution by the sdditiom of potaseium chromate (30). The
precipitate is dense and easily handled, However, thallium (I) chromate
ts soluble in the precipitating solution to the extent of six milli-
grams por liter (13). This solubility loss would givs a negative
error of considerable magnitude with samples of low thallium content.
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Mach and Lepper (L4O) treated a solution of thallium (I) with
potassium hydroxide and potassium ferricyanide, The ferricyanide ion
oxidizes the thallium (I) to thallium (III) which precipitates as
thallium (IIT) oxide (T1,0,) 4in alkaline sclution. Oka (LL) reports the
solubility of thaliium (FII) oxide %o be 5.93 x 10” milligrams per
Jiter at 25°C., while Sidgwick (LB) reports 2.51 x 10~ milligrams per
liter at 25°C, The eolubility of thallium (III) in alkaline solution
is reported to be dependent on the method of precipitation (6,12),

The black modification formed in strong alkell is less soluble than the
brown modification., Duncan (21) states that on heating, thallium (III)
oxide begins to lose oxygen at 100°C. Duval (22) reports that the
oxide formed in alkaline solution may be used as a weighing form, if
dried between 100 and 230°C, in the absence of carbon dioxide.

Werther (68) and Long (39) precipitated thallium (I) iodide from
a hot dilute acetic acid sclution of thallium (I) by the addition of
potassiunm iodide. The sample solution must be free of substances such
as silver or copper that precipltate as ijodides or substances such as
titanium that hydrelysze in dilute acetic acid, All the thallium mst
be in the plus one oxidation state prior to preciplitation. This is
achieved by reduction with sulfur dioxide and bolling to remove the
axcess, The solubility of thallium (I) iodide in water is reported to
be 0,0847 grams per liter at 26°c. (35). The solubility is decreased
in solutions containing a little potassium iodide, acetic acid, or
slcohol, This method is not recommended due to the appreciable solu-
bility of the precipitate.



Cuslupn (20) used chloroplatinic scid for the precipitation of
thallimm (I) from dilute acid selution., Thallium (I) chlorcplatinate
is the least soluble of the chloroplatinstes, Duval (82) recommends
drying the precipitate betwesn &5 snd 155°0,

Hawley (26,29) reported the use of scdium tetrasulfostarmate as a
precipitating reagent for the determinstion of thallium (I) in dilute
seid, The procipitate has the formala 71..8n8,, The excess tin (IV)
sulfide i removed a® the soluble thiostennste ion by adding a sodium
mlfide mumn and bolling, The precipitate ia dried at 180%.

Duvel (22) stetes that the precipitete is not a maitable weighing form.

Smith (55) prupossd tebraphemyl arsoniumehloride for the guantitae«
tive precipibation of thallium (III) as tetraphenylargonium ehloroe
thallate ((OgHg) ATAi01.)s The pracipitation is carried out fm 0.2
0 0.5 normal hydrochleric wa An agouracy of one part pwthmmd
is reported, Smith states that potassium chromate i3 the best reagent
for the gravimetric determinstion of thellim‘gm in spite of the fach
that 1 bends to give low results due to the solubility of Shallium (I)
chromate,

Berg a.ml Fahvenkenp (L) recommend the use of thiomalide ( ~mercaptoe
ﬁnmth}.amm) under contrelled conditicns as a speeific reagent
for the estimation of thallium (I),. The reagent is specific for thallium
(1) when precipitetion is ecarrded out in an alkaline cyanide solution.
The precipitate is thoroughly washed with water o remove cyanide and
then washed with apetons to remove the excess thionslide, Duval (22)
states that the precipitate may be dried betwsen &9 and 156°¢,




Browning (11) proposed weighing thallium (I) as the sulfate or
acid sulfate after isolation of the thallium. He states that the acid
sulfate may be dried to constant composition between 220 and 240°C.
Welghing as the sulfate requires drying in platinum to a dull red heat.
Duval (22) states that the sulfate may be dried between 92 and 355°C,

E, Trace Methods

A nmumber of methods have baeen proposed for the determination of
small amounts of thallium.

Pavelka and Morth (L5) determined thallium in concentrations of
0.004 mg. per ml, by measuring the color of the thallium (I) phospho-
molybdate hydrosol. Lead, bismuth, mercury (1I) and cadmium ions do
not interfere, but potassium and ammonium ions must be absent since
they form ingoluble salts with the phosphomolybdic acid, .&n aceuracy
of one to five per cent is reported,

Shaw (47) separated thallium (III) chloride by an ether extraction.
The thallium (ITI) chloride was treated with potassium iodide and the
iibsrated iodine was extracted in carbon disulfide. The carbon
disulfide extracts ware compsred to standard series. This method is
applicable to concentrations of 0,04 to 0.16 milligrams of thallium
per ml, of carbon disulfide,

Haddock (26) modified Shaw's method by extracting thallium (I) in
chloroform with dithigone, conversion of thallium to trivalent state,
reduction with potassium ilodide, and measuring the starch lodine color
with similarly treated samples., The method is applicable for 0,005 to



0.2 milligram of thalitium in the presence of 0.5 gram of silver,
copper, cadmium, sntimony, chromium and iron.

?sm and Peterson (L49) messured the fluorescence of microgram
quanbitier of thallium (X) in 1 to 2 normal hydrochlorie acid., A large
munber of interferences must be vemoved prior 40 measurement,

Flaschka (23) treated solutioms containing from 0,025 to 5.0
mlligrams of thellium with #0lid magnesium versene complex, The dis-
placed maguesium was titrated with standard versene in the presence of
ériochrome black as indisator.

Buelk, Farrington and Swift (1h) determined thallium (I) by coulow
metric titration using generated bromine or chlorine. The end point
was determined by a rotating platinum electrode having an applied eum.f,
of 200 millivelts, An error of 0.2 per cent 18 reported for thallium
concentrations from 93 %o 1200 micrograns,

¥, Metallie Reduotors

Metallic reductors are often used for praparetive work prior to a
volumstric oxidation. Anslysis by volumetric oxidation assumes that
al) of the spacies being Memﬂ-.ﬁad are pregent in the same exidation
state, Preliminsry treatmsnt, for example dissolving the sample, may
effect guantitative conversion of the specles to the desired oxlidation
stats., In most cases, Mﬁﬁnﬁve reduction is nscsssaxy before the
measured reaction is carried out, Two regquiremants are nascessary for
reducing agents that are to be used prior to volumetric oxidation.

1., The reducing agent employsd musat be m& in the oxidized form in



order that 1t will not consume the standard oxidant being used,

2, The excess reducing agent mest be removed prior to the measured
reaction: The first condition is easily satisfied by using s reducing
agent having only cne stable oxidakion state in solution, The method
to be used for removing the excess reducing agent is dapendant on the
material being used. Metallic reductors satisfy both of the above '
conditions, In the column redwetor, the removal of excess reducing
sgent 1s automatic. The aolumn reductor also offers the advantage of
rapid reduction due to the large surface area of the metal,

Liquid amalgams are not used extensively as reducing agents due to
the difficully of separating the amalgam from the aguecus phase,

Hillebrand, Lundell, Hoffman and Bright (30) describe in detail
the preparation and uses of the Jones and allver reductore.

Cooke and co-workers (18) desoribe the preparation of & lead
reductor and its use for the reduction of uranium (VI) to uranium (IV).
The lead reductor has the adﬁmage! that amalgamation is not necessary
snd armonium ions and acetate ions do not interfers, When sulfurie
acld solutions are used, an adherent film of lead sulfate forms on the
lead, which rapidly decreases the reducing action of the reductor,

The formation of a lead pulfste film can be prevented by hydrochlorie
acid, if the hydrochlorie acid concentration is 2.5 normal or greater.

Troadwell and co-workers (87) deseribe the preparation and uses
of a cadmium reductor, The cadmium reductor can be used in hydrochloriec
or sulfuric acid and has been recommended for the following reductionas
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Fe (III) to Fe (II), TL (IV) to T4 (III), Mo (VI) to Mo (III), V (V)
to V (II) and U (VI) to U (IV) and U (III).
Brinn (9) recommends the use of a cadmium rod for the reduction of
Fe (III) to Fe (II) in either hydrochloric or sulfuric acid,
Yoshimura (72) proposes the use of a bismuth column for the re-
duction of Fe (III) to Fe (II), TL (IV) to TL (III) and U (VI) to U (IV).
Metallic nickel in a carbon dioxide atmosphere at room temperature
can be used as a reducing agent for Cu (II), Fe (III), Sn (IV), Ti (IV),
U (VI), W (VI), V (V) and Mo {IV) (71). Boiling solutions of the above
ions in a carbon dioxide atmosphere can be raduced by metallie
antimony (71).
Smith and Wilcox (53) recommend the use of Woods metal for the
reduction of Fe (III) to Pe (II) in dilute hydrochloric or sulfuric
acid. Woods metal is an alloy of 50 per cent bismuth, 25 per cent lead,
12.5 per cent tin and 12,5 per cent cadmium, The alloy melts abt 65 5%,
and can conveniently be removed by letting it cool and separating the
sclid, _
A series of papers by Someya (56,57,58,59,60,61) describe the
preparations and uses of zinc, bismth, cadmium, lead and tin emalgams,
Smith and Kurte (52 recommend carrying out amalgam reductions in
an Erlemmeyer flask. After reduction, they add 50 mi. of carbon tetra-
chloride which forme a layer separating the amalgam from the aqueous
phase, Titrations using indicators can be performed on the aqueous phase
by gentle swirling so that the amalgam does not contact the agueous phase.
Hope and co-workers (32) describe a glass reduction cell useful for

Al

amalgam reduction in an atmosphere of carbon dioxide,






I Standard Solutions

Al) reagents used in this work were, unless otherwise stated,
amalytioal reagent grade,

A1l pipets and burets were callbrated and corrections were applied
where necessary;

ALL weighings were made with calibrated weigits.

Sodium ersenite, 0,1000 normal, was prepared from Baker and Adamsgon
Primary Standard Analybtiesl Reagent arsenious oxlde, which had been
dried at 110°0. for two hours. Approximstely 16 grams of sodium
hydroxide pellets and 60 wl, of water were added to 9.3910 grams of the
dried reagent, After m mixture dissolved, it was diluted with water
to 300 mlg,; mﬁrﬂ&mﬂxﬁm dilute sulfuric acid, treated with & grams
of sodium bicarbonate, #nd diluted te two liters,

Potaseiun bromate, 0.1000 normal, was prepered from Mallinckrodt
Analytical Resgent Grade potassium bromate which had been dried at 110°c,
for two hours, The Mallinckrodt assay was 99.8 per cent. Two liter
batches were prepared by dissolving 5.5792 grams of the dried reagent
in distillaed wabter and dilubting %o two liters,

Sodium hypochlorite solutions were prepared by diluting various
quantities of commercial bleaches. The preparation of two liter
solutions of 0,1 normal sodium hyposhlorite required 130 ml, of Clorex,
130 ml. of Roman Cleanser or 190 ml, of Fleecy White Bleach. These
diluted solutions were stored in ember bottles and kept out of direct
suniight. The bottles were equipped with siphons and soda lime traps.
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Sodium hypochlorite, 0,1 normal, pH of 12, was prepared by dilute
ing 130 ml, of commercial Clorex to two liters snd adding sodium
hydrexide pellets until the required pH was reglstered on a Beckman H2
line cperated pi meber, The solution was stored in an amber bottle
and kept out of direct sunlight,

Sodium hyposhlorite, 0.1 novmal, and 0.6 normal in hydroxide was
prepared by diluting 130 ml, of commevcial Olorox to two liters and
adding L8 grams of sedium hydrexide pellets. The solution was stored
in an amber battlé and kept outb of diveet suniight,

A gallium solution, ¢.0158 molar, was prepared by dissolving
0.3102 grams of Fisher Scientific gallium metal in a mixture of 2 wl.
of concentrated sulfuric acid and 1 ml. of concentrated perchloric acid
and diluting to 100 ml.,

An iron (IL) chioride solution, eentaining 0.174 milligrams of
iron {II) per milliliter, was prepared by dlssolving 0.0870 grams of
Mallinekrodt standard ivon wire in 10 ml. of 6 normal hydrochloric acid
and dilwting to 100 ml.

Bordesux. A 0.2 per cent aqueous selution was prepared from
Bordeaux, British Coler Index 88, G. Frederick Smith Chemical Company.

Diphenylamine sodium sulfonate, 0,01 molar was prepered (69) by
diasolving 0,32 grams of diphenylamine barium sulfonate in 100 nl, of
water and adding 0.5 grams of sodium sulfate, After standing over
night, the clear scluiion was decanted from the presipitated barium
mlfate,
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Sodiem hyposhlorite, 0,1 mz'ml, was standardiszed by the followe

ing procedare which :La @mﬁm,y that of Kelthoff and Stenger (36).

To 24,9 ml. of the st&ndard sodivm arsenite golution in a 125 ml.
Erlme;rer flask were sdded 1,0 gram of potassinm bromide, 1.0 gram
of sodium blearbonate and one drop of Bordeaux indicator. The sodium
arsenite solution was titrated with the hypochlorite solution until
the indicetor faded. Oms more drop of indicator was added and the
titration contimied untils fraction of a drop camsed the indicator color
to msh from pink to colorless or pale yellow. An indicator blank of
0.01 ml, of 0.1 normal scdium hypochlorite was subtracted from the
volume of Wahlorite uged,

II Stability Studies of Sodium Hypochlorite Solutions

Agueous hypochlorite solutions are imown to be strong oxidizing
agents, but reasonsbly stable solutions have been prepared by many
investigators,

Jellinek and Kristeff (33) prepared sodium hypochlorite by passing
chlorine into a 0,1 normal sodium hydroxide solution. The resulting
solution was stored in a clear glass bottle and im 17 days the normality
changed from 0,1352 %o 0,1330, The authors infer that sunlight
aceelerates the decomposition of hypochlorites,

Chapin (17) etudied the decomposition of sodium hypochlorite as a
fangtion of pH and found that a pH of 13,1 gave maximma stability,
Puffer mixtures containing acetate, borate, carbonate and phosphate
jons were found to accelerste the decomposition of hypochlorite solutlons.
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| Kolthoff and Stenger (36) used H,T.H.,, caleimm hypochlorite marm~
factured by Mathieson Alkali Werks, for the preparation of hypochlorite
solutions, These solutions were adjusted to a pH of 11 to 12 and
stored in glass bottles psinted black to protect the solutions from
light, The solutions were quite stable, showing normelity changes from
0,1047 to 0,1035 in six monthe, 0,089% 40 0.0881 in six momths and
0,1262 to 0,1230 in 16 monthe. Caleium hypochlorite solutions have the
disadvantage that on standing a precipitata of caleium carbonate
setiles out,

Goldstone and Jaccbs (2%) used Clorex, a commercial bleach, as e
source of hypochlorite, ’ﬁasy adjusted the diluted Clorox solution to a
pH of 12,5 and stored thege solutions in dark bottles out of direct
sunlight, Their solutions showed normality changes from 0,00500 to
0,00498 in 56 days and ¥.00557 to 0.00554 in 175 days,

A mumber of varisbles such as pH, foreign ions and exposure to
light have been shown to affect the stabllity of hypochlerite solutions,
Caleium hypochlorite solutions have been reported to be more stsble
than sodium hypochlorite solutions (36). Most of the stubility studies
were made on sodium hypochlorite solutions which were prepared by passing
chlorine gas inte sodium hydroxide solutions, Goldstone and Jacobe (25)
used gommereial Clorex while Belcher (3) used B.D.H. sodium hypochlorite
for the preparation of standard hypoehlorite solutioms, Carlyen (15)
used Clorox as a souree of hypochlorite and found that 0,1 normal solue
tions with a pH of ten were reasonsbly stable., Goldstone and Jacobs



wers the enly invesiigators who used cormercial sodium hypochlorite
for stebility studies, and their solutions wers gquite dilute,

In view of the conflicting literature on ths affect of pPH and the
lack of information on the stability of various commersisl bleaches
the following stability studies were designed,

Sedtwm hypochlerite scluticns prepared from various commeroisl
bleschies were stored in auber bettles, which had been thoroughly rinsed
with & dilnte solution of sodium hypochlorite. These solutions wers
periodiecally standardized by titration against 0,1000 normel sodium
argenite, In triplicate standardizetions of a given hypechlorite solu~
tion, the normalities obtained by the first standardigation wers
uniformly low. This was attridbubted to incomplete conditioning of the
buret surface, In order to obtain a constant normelity, the buret was
filled with hypochlorite solution and allowed to stand 20 mimtes,
drained and refilled before tltrations were performed, The resulis in
Table I are averages of énplidme standardisations which agreed within
two parts per thousand,

TABLE I

STABILITY OF 0.1 NORMAL SODIUM HYPCCHLORITE SOLUTIONS
PREPARED FROM VARIOUS COMMBRCIAL BLEACHES

Bgru ‘ qumx

L -

9 G, 1077
18 0,1073
19 0.1081
32 0.1080
53 0.1078
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The results from Table I indicate that sodium hypochlorite solu-
tions prepared from various commercial bleaches have similar stabili-
ties,

The effect of pH on the atability of sodium hypochlorite solutions
was determined by periodic standardisation of 0.1 normal Chlorox solu=
tions adjusted to varying alkalinity. The results in Table II ars
averages of duplicate determinations which agreed within two parts per
thousand.

TABLE II
EFFECT OF pH ON STABILITY OF O,1 NORMAL CLOROX SOLUTIONS

Time in Normality ef ?’@eh}.erite Solutions
Days 0.63 pH = 12 pH = 10
NaGH
o 0,1016 0.30L7 0,1042
2 0.,1015 0.104LL -~
8 0.1015 0,104, e
il 00,1012 0.1040 .
15 -— - 0.loll
28 0.1010 0.,1039 -
L3 00,0999 0.1034 0,1035
6§ 0.0998 0.1038 0.1035
10

0.0997 0.1027 0.1021

The solutions studied in Table II were stored in amber glass
bottles which were not rinsed with hypochlorite preliminary to use.
This lack of rinsing may account for the decreased stabilities of the
solutions in Table II compared to the more astezble solutions in Teble I,
A change of hydroxide concentration from 0,0001 to 0.6 normal appears
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to have little effect on the stebility of 0,1 normal sodium hypochlorite
solutions,

A sodium hypochlorite solution with a pH of 12, after being stored
in a translucent polyethylene bottle for 28 days, showed a normality
change from 0.10L42 %o 0,0977. This was a larger normality change than
noted for the solutions stored in amber glass bottles. It appears that
translucent polyethylene is unsuitable for the storage of hypochlorite
solutions,

A hypocohlorite solution, which wes stored in an amber bottle previous-
1y used for hypochlorite storage, had & normality decrease from 0,101L
to 0.1005 in 15% days. It appears that conditioning of a container aids
in the stability of sodium hypéchlerite solutions.

The data in Table I indicate that 0.1 normal solutions of sodium
hypochlorite, prepared lfrom varions commercial bleaches, have nearly equal
stability., The data in Table II indicate that hydroxide concentrations
from 0,0001 to 0.64 normal have a negligible effect on the stability of
0,1 normal hypochlorite solutions. Three successive solutions of 0.1
normal hypochlorite were stored in sn amber bottle. It was noted that
the second and third solutions were more sbtable than the first. This
increased stabllity may be due to conditioning of the glass surface.

It was found that for accurate titrations with hypochlorite, the buret
should be conditioned with the hypochlorite solution for 15 to 30
mimutes before use, When the buret is not conditioned, the volumes of
hypochlorite used in titrations are found to be too largs.
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Several mecantions are necessary when preparing stable 0.1 normal
solutions of sodium hypochlorite. A 0,1 normal solution is easily
prepared by diluting 130 ml, of commercial Clorox (5.25 per cent sodium
hypochlorite) to two liters. The solution should be stored in an amber
glass bottle which has been cleaned and thoroughly rinsed with 0.1 to
0.2 normal hypochlorite sclution. The prepared solution should stand
over night before being standardized sgainst a etandard arsenite solu-
tion by the method of Kolthoff and Stenger (38).

III The Use of Metallic Reductors for the Reduction of
Thallium (IIX) to Thalliium (I)

Megt of the methods for the determination of tﬂallium reguire a
preliminary reduction of thallium (III) te thallium (I), and sulfur
dioxide is commonly used as the reducing agent., The disadvantages of
sulfur dioxide were discussed in section B, Copper metal is the only
metallic reducing agent mentioned in the literature for ths reduction of
thallium (I1I). In view of the advantages of metallic reductors in
analyeis, it seemed desirable to investigate their use for the reduction
of thallium (IIT) to thellium (I).

In order to study methods for the reduction and determination of
thallium it was necessary to prepare a stable standard solution of a
thallium compound, Fisher Scientific Company C.P. thallium (I) nitrate was
used as & thallium source, since primary standard thallium salts are
not commercially available,

Approximately 75 grams of Fisher Scientific C.P. thallium (I)
nitrate was recrystallized twice from water, air dried and finally



oven dried at 110°C, for two hours, Spectregraphie analysis of the
resrystallized salt showed load to be abwent.

A thallium (I) mitrate solution wes prepared by dissolving 6.6826
grams of the dry i’eagant in 300 ml, of distilled water and diluting to
500 ml, Wedght calibration of this volumetric flask showed the true
volume to be 499.92 ml, Assuming the thallium (I) mitrete to be pure,
the caloulated normality of this solution was 0,10036.

Az w check on the purity of the thellium (I) nitrate the 0,10036
normal solution wes analysed in triplieate for thallium (I) by the chromate
proasdure (30) and the thallium (III) oxide procedure (4O).

Three 24,94 ml. alicquots ef the thallium sclution ylelded thallium
(1) chromate precipitates of 0,3260, 0.326L and 0.3261 grams, After
applying the correction for the solubility loss, the everage normality
is 0.10029.

Three 2L4.94 ml. aligquots of thallium solubtion gave weights of
thallium (IIT) oxide of 0.2863, 0,2861 and 0,2863 grams, giving an
sverage normality of 0,10050.

The normalities cbtained by analysis and weight-volume measurements
agree to one part in a thousand, This close agreement indicates that
the minimum purity of the recrystallized thallium (I) nitrate is 99.9
per cent,

A large volume of thallium (I) nitrate sclution was prepared for
the following studies, Siz-hundred ml. of water containing 36.3981 grams
of the dry reagent was diluted to the mark in a two liter volumetric
flask, Thia solution was transferred to a clean dry seven liter bottle,
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To the wnrinsed volumetric flask was added 600 ml, of water contaiming
19.4550 grams of the dry reagent. The flask was diluted to volume and
its contents were added to the solution in the seven liter bottle. The
calculated normality of this solution is 0,1048,

8ince the 0,1048 normality of the thallium solution was question-
able, the sclution was analyszed by the bromate and chromate procedures.

In standardization by the ohromate method, five 24,94 ml. aliquots
of the thallium sclution yielded thallium (I) chromate precipitates
weighing 0.3405, 0.3407, 0.3405, 0.3421 and 0.3L09 grams, After apply-
ing the correction for the solubility loss, the average normality is
0,1048.

The volumetric bromate method of Zintl and Relnacker (?3) was used
to standardize the reference thallium solution, Twe 19.97 ml, aliquots
required 20,95 and 20.95 ml, of the standard 0,1000 normal potassium
bromate solution, giving a normality of 0,1049. Duplicate 29.97 ml.
aliquots required 31,39 and 31.47 ml, of the standard bromate solution,
giving an average normality of 0,1049. The equivalence point was
detected potentiometrically by the use of & platinum~calomel couple and
a Figher Titrimeter. The normality, 0,1049 obtained by the bromate
method sgrees well with the calculated normality of 0,.1CLE,

Thallium (ITI) sulfate, 0.1 normal, was prepared from thallium (I)
nitrate in the following manmner, Fifty-four grams of the thallium (I)
nitrate was digsolved in 900 ml. of water and the solution madebasic
with sodium hydroxide pellets. The basic solution was treated with
350 ml, of commercial Clorox and digested on a steam bath,
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The thallium (III) oxide precipitate was washed twice by decantation
and then dissolved in 220 ml, of concentrated sulfuric acid. The solu-
tion was heated to fumes of sulfur trioxide and on cooling, the sides
of the beaker were washed down with distilled water, The solution was
heated to sulfur trioxide fumes a sscond time and on cooling was
diluted to four liters.

The thallium (ITI) sulfate selution was anslyzed for total thallium
content by the volumetric bromate method (73). Two 19,97 ml. aliquots
were reduced with sulfur dioxide and boiled for one hour to expell the
excess, These aliquots required 20.88 and 20.84 ml., of 0.1000 normal
potassium bromate, Three blankg were run in order to determine the
amount of sulfur dicxide remaining after one hour of boiling., The blanks
required 0,0L, 0.07 and 0,05 mi. of 0,1000 normal potassium bromate,
giving an average blank of 0,05 ml., After subtracting the 0,05 ml.
blank, these determinations give an average normality of 0.10L3 for total
thallium in the thallium (III) sulfate solution,

The thallium (1) concentration in the thallium (III) sulfate solu=-
tion was determined by titrating two 19.97 ml. aliguots with 0.1000
normal potassium bromate, These titrations required 0,74 and 0.76 ml.
of standard bromate solution, giving & normality of 0.,0038 for thallium
(I). 8ince the total thallium concemtradlion is 0.1043 normel and the
thallium (I) concentration is 0.0038 normal, the thallium (III)
normality is 0.1005.
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4. Gadmium Reductor

A osdmium redustor wes prepared in the following manner, Small
oaduium £3)ings ware obtalned by £iling s cedmium rod (Fisher Sclentific
Company) with a eogrge file. The filings, spproximately 30 mesh in
size, were washed in one mmal hymahlorie acid and in one normal
sulfurie acid, The washed £ilings ware placed in a Fyrex glass roductor
fitted with 2 glass wool plug and equipped with a glass stopcook.

These reductors are sommonly used a3 silver reductors and san be purs
chased from the &, F, Smith Chemisal Company. The 20 cm, cadmium ¢olumn
was washed by passing one normal sulfuric acid through the reducter.
When not in use the reductor was filled with one normal sulfurie asid,

Messured quantities of the 0.1043 normal thallivm (III) sulfsbe
solution were treated with varying amounts of one normal suifuriec acid
and diluted, Samples containing 212.8 willigrams of thallium were
dilubed to 100 mi. and the smaller samples were diluted %o SO ml,

These acid solntions were passed through the cadmium reduetor at e
neasured rate, The colum was washed with three 50 ml, porddens of
dilute sulfuric acid, Since the volumstric broemate method requires the
solntion Lo be five to aight.per cant in hydrochlorie acid, the eolu«
{tione were treated with 30 ml, of six noymsl hydroshlorie or with 12
grams of potassium ohloride, The thallium (X) solution was titrated
with 00,1000 normal potassium bromste dnd the egquivalence point was
detected by the use of a Fisher Titrimeter with plabiwum and calomel
elootrodes., Five blanks were run on the cadmium reduotor snd 0.06,
0405, 0.0k, 0.06 and 0,05 ml. ¢f 0.1000 normal potassium bromate were
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censumed. An average blank of 0,05 ml., wes subiracted from the volums
of 0,1000 normal potassiwn bromate used, The resalts cbtained using
the cadmium reductor are tabulsted in Table III,

A silver roductor was prepared in the mme mamner as the cadmiwn
reductor by replacing the cadniun metal with gramular silver (G. ¥,
Smith Chemigal éampaw) » The 16 om, silver column was washed by passing
one normal sulfuric aw*m through the wmsw; When not in use the
reductor was filled with one normel sulfuric acid.

Measured quantities of the 0,10L3 normal) thallium (IIT) sulfate
solution were trested with varying amounts of ens normal) sulfuric acild
dnd dilubed, Samples containing 212.8 sdilligrams of thallinm were
dﬂuted to 100 ml, and the smaller samples were diluted to 50 ml, These
a¢id solutions were papsed through the silver eolumm at a measured
rate, The column was washed with three 50 ml, portions of dilute
sulfurie acid, The reduced solutiony were treated with 30 ml, of six
nermal hydrochloris asid or with 12 grams of potassium chloride, The
thallium (I) wes titrabted wikh 0.1000 normal potassium bromate. The
squivalence point was detected by using a Fisher Titrimeter equipped
with platinum and calomel electrodes, Five blankes were run on the
silver reductor giving values of 0,02, 0,03, 0.03, 0.02 and 0,0 ml,
of 0,1000 normal poisssium bromate., An average blank of 0.03 ml, of
0.1000 normal potassium bromete was subtracted from the volumes of
bromate used, When.hydroehloric acid is added silver chloride pre-
cipitates, but apparently thallium chiloride is not coprecipitated since
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REDUGTION OF THALLIUM (m) m TRALLIDM (I)
USING A CADMTUM REDUCTOR
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Y PO o ' 0 ARGAB mmwmmw-‘mmw Wﬂnmwmwwwmm " “—w mavialiy
Slmple Acidity of Acidity nf Flow Rate Milligrams of Thallium Error
Fumber Diluted Washings ‘““?ﬁ"' ¢ Foun

. Bolutions B
- I ..} N R ¢ 1. % R ¢ 9 |

1 140 10N 30-50 32.0 32.1» *0,.1

2 Qﬂl @nm , 30“'56 3;219 31.Y “0.3

3 1.0 01N 2535 32,0 317 w0‘3

5 1.0 Q.01N 20w30 32.0 32.0 0.0

6 1.0 1.0 3050 53,1 53,10 0,0

g Qt 3 O n@& 30"‘59 53 il 5.3 . ﬁ "'ﬁil

1.0 00 25-35 531 52.9 0,2

9 1.0 0.0% 2030 %3.1 2.9 3,2

10 1.0 0.0 20«30 3.1 v 0,6
11 0.8 1.0 LOw50 1064 106,.3% w01
12 1.6 1.0 LO~50 106,14 106.6% 0.2
1 0.2k 1,0 LOw50 10644 106, 3% =041
15 .‘i.»aﬁ 1,0 HO=50 in6.h 106.3% «0.)
16 @ " Q.Ql % 1@6‘;5 1@6 uh *ﬁ-l
17 G.h 0.0L 2030 106.5 106.3 w2
18 1.0 1.0 25 212.8 213,32 +0,5
19 Q .6. lug 15‘“30 2212 uB m.&“’ QQQ
20 1.0 1.0 25 212.8 212.6 wDy2
21 1.0 0,01 L3 212,8 2.2 w046
22 1.0 0.01 RO-85 212.8 212.7 »0,1
*2 of KC1 added

Sampm =17 diluted to 50 mi., 18«22 diluted to 100 mi.



regults for thallium temd to be high. The results are given in
Table IV,

TARLE IV

REDUCTION OF THALLIUM (IXY) TO THALLIUM (X)
USING 4 BILVER REDUGTOR

Sample Asidity of maw an Rate
Number Diluted of Wash .
' Solubtion Solution

(4P NUSRUOIIN . NN . 9, -1 M

b N 1.0 1«0 2030 3&@& 32.0m 0.0

3 1.0 9 0L 25 32 ;ﬁ 3.8 «,2

L 1.0 0,01 25 32.0 32,0 0.0

5 1.0 1.0 20«30 53.1 S3.0% 0.7

[ 1.0 0.01 o] 53.,1 53.9 «0.1
10 2.0 1.0 30—4&9 MGE‘ 106-7* +0,3
11 0. 1.0 30wi0 106.4 107 O +0.6
12 1, 0.0L 30-40 106.4L 107.3% +0.9
13 3.0 .01 25 106.5 106.6 +0,1
1 1.0 0.01 25 106.5 106.) -0,1
15 1.0 1.0 10 212.8 212,08 0.0
16 1.0 0.01 17 712,8 213.L 40,6
17 1.0 0.0l 26 212.8 213.3 +0 .5
18 1.0 0.0} 25 212 8 213.2 0.
1y

1.0 0.01 20 212.8 212.8 0,0

ik i e,

#32 grams of KC1 added.
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C. Bismth Reductor

A bismuth reductor was prepared by the same procedure used for the
cadmium reductor, but the cadmiumm was replaced with 99.98 per cent lump
bismuth (Fisher Scientific Company)., The large lumps of bismuth were
removed legving smaller particles of approximately 30-100 mesh. The 20
om, bismuth column was washed by passing one normal sulfuric acid
through the m&uatdr. When not in use the reductor was filled with one
normal sulfurie acid,

Measured quantities of the 0.10L3 normal thallium (III) sulfate
solution were treated with varying amounts of one normal sulfurie aeid
and diluted. Samples contalning 212,8 milligrams of thallium were
diluted to 100 ml, and the smaller samples were diluted to 50 ml, These
acid solutions were passed through the blsmuth celumn at a rate of 38
ml. per minute and the mlumn was washed with three 50 ml. portions of
0.01 norma) suwlfuric acid. The solutions containing the reduced
thallium were treated with 30 ml. of &ix normal hydrochloric acid and
titrated with 0.1000 normal potassium bromate., Three blanks were run
on the bismith reductor and each was found to consume 0,02 mi. of 00,1000
normal potassium bromate. A reductor blank of 0.02 mi, of 0.1000 normal
potassium bromate was subtracted from the volumes of bromate used., The
dats on the bismuth reductor are tabulated in Table V,
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TABLE V

REDUCTION OF THALLIUM (ITI) TO THALLIUM (I)
USING A BISMUTH REDUCTOR

Sample Acidity of _ Milligrams of Thalllum Error

Number Solution Paken Found
(X) ‘ — Q‘!E')
p 1.0 32,0 31,9 s I
2 1.0 32.0 32,1 +0.1
3 1.0 32.0 32.0 - 0.0
h 1,0 32‘0 31#9 "'011
5 100 53 i‘l 53 .1 D.O
6 0.2 53,1 52.8 w03
7 1.0 53.1 53.2 +0,1
8 1.0 53.1 53.1 0.0
9 1.0 195.5 106.1 "‘O.h
10 1.2 106,5 106.4 -0.1
il 1,2 106.5 106.5 0.0
12 1.2 106.5 106.6 +0.1
13 1.0 212.8 212.8 0.0
1L 1.3 212.8 213.3 40,5
15 1.3 212.8 213.,1 +0,.3
16 1.3 212.8 213.2 +0.4

Samples 1-12 diluted to 50 ml., 13-16 diluted to 100 ml.

D. Nickel Reductor

A nlckel reductor was prepared from 99 per cent 16 gauge nickel
wire (Driver Harris Co., Havrison, New Jersey). BShears were used to
cut the wire inte ome to two millimeter lengths in order to increase the
surface area., The reductor was prepared in the same marmer as the
cadrium reductor. The reductor was washed by passing one normal sulfuric
acid through the column, When net in use the reductor was filled with

one normal sulfuric acid.
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Heasured quantities of 0,10L3 normal thallium (II1) sulfate solu~
tion were trested with varying smounts of one normal sulfuric and
diluted. Samples containing 212,8 mlligrams of thallium (III) were
diluted to maml; and the smaller samplss were diluted to 50 ml. The
Muw solutions ware ona normal in sulfuric acid, Thess solutions
were passed thwugh the mickel reductor at varying rates and the
reductor was washed with three SO ml. portioms of 0,01 normal sulfuric
aeid, The m:miam eontaining the reduced thallium were treated with
30 ml, of six normal hydrochloris acid and titrated with 0,1000 normal
potassiun bromate, Hianks were run on the nickel colwm and reproducible
results could not be obtained, The blanks ranged from 0,22 to 0.03 ul,
of 0,1000 normal potassium bromate, 4n averags blank of 0,13 »l, was
subtracted from the volume of potassium bromate wsed, The results using
the nickel reductor are tabulated in Table VI,

TARLE VI

REDUGTION OF THALLIUM (IXT) TO THALLTUM (I)
USING A NICKEL REDUCTOR

1

I 13 106,5 106.1 0.k
g 15 212.8 213 .dn +0,3
& 19 212.8 2130y +0.6

*gamples 1oy diluted to 50 ml,, 5-6 diluted to 100 ml,
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E. Lead Reductor

A lead reductor was prepared by the same procedure used for pre-
paring the cadmium reductor, Thirty mesh gremlar lead (Fisher
Scientific Company) was washed with six normal hydrochloric acid before
being placed in the reductor. The 18 cm. lead column was washed by
passing one normal sulfuric acid through the reductor. The reductor
waa filled with one normal sulfuric acid when not in use.

Measured quantities of the 00,1043 normal thallium (III) sulfate
solution were treated with dilute sulfuric acid and diluted to known
volume, The 212.8 milligram sample was diluted to 100 ml. and the
smaller samples were diluted to 50 ml. The diluted sclutions were
passed through the lead reductor at a rate of approximstely 25 ml. per
mimite, The reductor was washed with three 50 ml. portions of one
normal sulfuric acid and the washings were added to the reduced thallium
solution, The combined sclution was treated with 12 grams of potassium
chloride and titrated with 0.1000 normal potassium bromate., A Fisher
Titrimeter equipped with platinum and calomel electrodes was used to
detect the equivalence point, The resulis cbtained using the lead
reductor are tebulated in the order in which they were carried out and
are listed in Teble VII.

Two 106.9 milligram samples of thalliwm (I) nitrate were treated
with dilute sulfuric acid and diluted to 50 ml, These samples were
passed through the lead reductor and treated in the same manner as the
thallium (CIT) samples., Titration with 0,1000 normal potassium bromate
yielded 105.7 and 106.7 milligrams of thallium.



35

TABLE VII

REDUCTION OF THALLIUM (III) TO THALLIUM (I)
USING A LEAD REDUCTOR

Bample Acidity of M amg of Thallium Error
Numbsr  Diluted Solution T'Eakené Yan . Found (Mg.)

3 -
1 0.h © 106.4 105.3 -1.1
2 Ouly 106.4 105.2 -
3 th 10601‘- 100.7 ‘5‘?
? 0;2 1061}4 85-3 ‘-2‘1-,1

0.4 212.8 L.72 «208,1

F. Aluminum Reductor

An aluminum reductor was prepared in the same manner &8 the cadmiua
reductor by using 30 mesh gramular alumimm (J, T, Baker Company). The
18 em, aluminum columm was washed by passing 0.0l normal sulfuric acid
through the reductor. When not in use the reductor was filled with 0.01
normal sulfuric aeid.

A L4.99 ml, aliquot of the 0.1043 normal thallium (III) sulfate solu~-
tion was diluted to 50 ml. and passed through the aluminum reductor at
the rate of 12 ml, per minute, The reductor was washed with three 50
ml. portions of 0,01 normal sulfuric scid. The thallium sclution and
the washings were treated with 30 ml. of six normal hydrochloric acid.
Titration of the sample with 0,1000 normsl potassium bromate required
5,00 ml, The reaction was slow, If the thallium (ITI) wes quantitatively
raeduced to thallium (I), the calculated volume of 0.1000 normal
potassiun bromate would be 5.20 ml.
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To & seeond L.99 ml. sample of 0,)043 mermsl thalliuwm (III) solue
tion wms added 50 ml, of ome normsl sulfuric agid, This sclution was
pamsed thromgh the reductor at the rate of 1l mi, per mimte, but the
Tate of flow was erratic due to the evolaution of hydrogen. The
thallium solution and the washings were treated with 30 ml. of six
normal Mydrochleric acid and titrated with 0,1000 normal potassiws bromsbe,
The titration required 5.18 ml., of bromste sclution, The resction was
slow and debection of the equivalence point was difricult,

A wine veductor was prepared from 30 wesh mime (Mallinckrodt
Analytical Reagent) by the same proosdure used for the cadmiuwm reductor.,
The zinc was washed in ons normal snlfuwrie acid before belng placed in
the reducter, The 16 om. sine column wss washed by pessing 0.01 normal
sulfuric scid through the reductor, When not in use the reductor was
filled with 0,01 nermal sulfuric acld.

A 5.98 ml. sample of the 0.10L3 normal thalifum (IXI) sulfate soluw
tion was sdjusted to an acid concentration of one nermal with smlfuric
acld and diluted to 100 ml, After passing the selution through the
aine reductor and adding 12 grams of petassium ehloride, a titration of
the thallium (I) required 0.21 ml. of 0.1000 normal potassium brommte,
The solution wes then passed through the eadmium veductor. The solwtien
reguired less tham 1.00 ml. of 09,1000 normal potassium bromste.

A second pample of 9,98 ml, of thallium (IIY) sulfate was adjusted
to 0.2 normsl with sulfuric acid and diluted to 100 ml, After passing
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the solution through the zinc reductor and adding 12 grams of potassium
chloride a titration required approximately 0,3 ml, of 0.1000 normal
potassium bromate solution, If the thallium (III) solution was
quantitatively reduced to thallium (I), the calculated volume of 0,1000
normal potassium bromate would be 10.4L1 ml.

H. Amalgamsted Zinc Reductor

An amalgamated zine reductor was prepared in the following manner.
One~hundred and thirty-five grams of 30 mesh gzinc (Mallinckrodt Analyti-
cal Reagent) was washed for several minutes with one mormal hydrochloric
acid., The washed zinc was treated with 28 ml. of 0.25 molar mercury
chloride (22) and stirred for three mimutes. The one per cent amalgamated
zine was placed in a reductor column and washed with one normal sulfuric
acid., The 20 cm., amalgamated zinc reductor was filled with one normsl
sulfurie acid when not in use.

A 9.98 mi, sample of the 0,1043 normal thallium (III) sulfate solu-
tion was diluted to 50 ml, and then adjusted to one normal with dilute
sulfuric acid. After passing the solution through the amalgamated
zine reductor and adding 12 grams of potassium chloride, a titration
required 0.09 ml. of 0,1000 normal potassium bromate solution, If the
thallium (III) was quantitatively reduced to thallium (I), the calculated
volume of 0.1000 normal potassium bromate would be 10.41 ml. After the
bromate titration sulfur dioxide was bubbled through the,selntion and
the excess was removed by boiling the solution for one hour. A titration

with 0.1000 normal potassium bromate required less than 0,10 ml,
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1. Gadwium Amu)gam

A oadmium amslgam, thres per cent cadmium, was prepared by mixing
three grams of ocsdmium metal (Fisher Sciemtific Company), 7.4 ml, of
Cenzo triple distilled mercury gnd 15 mi. of six normal sulfuric aeid,
This mixture was heated seversl hours on the steam bath and cooled.

The amalgem was separated from the undissolved cadmium by use of &
separatory fonnel nm stored under one normal sulfuric aecid,

A 10,00 ml. sample of 0,1043 normsl ¢thalliunw solution was added
to 100 grams of cadmium amalgam ami shaken for two minutes in a separatory
furnmel, The amalgam was drawn off and washed twice with 20 ml, portions
of one normal sulfurle ssid, The reduced thellium solution and the
washings were combined snd filtered through s delas orucible, Ten grams
of potassium chloride was added to the combined solution and titration
with 0,1000 normal potessium bromate required less than 2,0 ml.

A three per cent lead amalgam was prepared by mixing thrse grams
of Mallinckrodt Avalytical Reagent gramular lesd, 7.4 ml. of Cenco
triple distilled mereury and 15 ml, of six normal hydrochloric acid.
After heating seversl hours on the steam bath the smalgam was cooled,
poparsted from the undissolved lead and stored under one normal hydro-
¢hlorie acid.

A 10,00 mi, sample of 0,1043 normal theliium (IIX)} solution was
added b0 100 grams of lead smalgam and shaken for two mimrtes in a
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separatory funnel, A dense white precipitate of lead sulfate appeared
in the aqueous phase, The amalgam was drawm off and washed twice with
20 ml, portions of cme normal swlfuric scid, Ten grams of potassium
chloride was added to the combined washings and the reduced thallium
solution, Titration with 0,.1000 normal potassium bromate regquired
approximately 7.5 ml, If the thallium (III) was quantitatively reduced
to thallimm (I) the csleulated volume of 0.1000 normal potessium bromate
would be 10.43 ml.

K. Bismuth Amalgam

A three per cent bismth amalgam was prepared by the sams procedure
used for lead amalgam by substituting FPisher Scientific Company bismmth
metal for lead. The bismuth amalgam was stored under one normel sulfuric
acid,

Three 10,00 ml, samples of 0.10hk3 normsl thallium (III) sulfate
solution were pipetted into separatory fummels contaiming 100 grams of
three per cent bismuth amalgam, The furnels were stoppered and shaken
for one-half, one and two minutes and the amalgams were drawn off,

The amalgams were washed twice with 20 ml, portions of one normal hydro-
chloric and the washings were added to the reduced thallium solutions,
The combined solutions were diluted to 150 ml. with one normal hydro-
chloric acid and titrated with 0.1000 normal potassium bromate. The
gamples that were shaken for ono and two minutes required almost
identical volumes of standard bromate, while the sample shaken one-half



mmte required a smaller volume, Two 20 ml, washings of the smalgam
wers found to be sufficient for the somplete removal of thallium,

Three blenks were run in the following manner, Fifty ml. of two
normal. sulfuric acid was added te 100 grams of bismth amslgam and
shaken for two mirubes, 7The amalgem was drewn off and washed thres
times with 50 wml, portions of two normal sulfuric acid, Ten grams of
potassium chloride was added to the solution which was then titrated
with 0,1000. normel potassium bmte@ The same procedure was repeated
with one and 0.6 normal sulfuric asid, The respsotive blanks for two,
one and 0.6 normal sulfurie acid were 0.03, 0.03 and 0,05 ml, of 0,100
normal peotassium bromate, |

Five 9,98 ml, sasples of the 0,10L3 normal thalliwm (IIX) solue
tion were treated with varying smounts of sulfuric acid and diluted to
50 ml, The diluted sanples were shaken in a separatory fammel with
100 grame of bismmith smalgem for twe mimites. The amalgem was drawm
off and the agqueous phase was filieced through a Selas filtering crusible
to remove globules of the amalgam, The amalgam was wmshed three times
with 50 m}. portions of ons normal sulfurie and the filtered washings
wore added to the respentive samples, Ten grams of potassium chloride
was added to each sample, which was then titrated with 0,1000 nermal
potassium bromate using a Fisher Titrimeter equipped with platimum
and calomel electrodes, 4 blank of 0.03 ml, of 0,1000 normal potassium
bromate was subtracted from the volume of bromate wsed. The resulis
obtained using a bilsmath amalgam reduction are tabulated in Table VIII,



TABLE VIII

' REDUCTION OF THALLIUM (III) 70 THALLIUM (I)
USING A BISMUTH AMALGAM

Swmple Acidity of
Rumber  Diluted Solution

Qb 106,k 107.4 +1,0
0.5 108.L 107.% 0,
2,0 106} 107.0 +*0,6
e . %ak mil 4@.?

Ve
ot
*®
o
a
o

The following valiunes from Latimers "Oxidation Potentials® indicate
that certsin redusing agents might be uweful for the reducidon of
thalldun (YTT) 4o thalitum (I) (37).

E°  (volts)

m*ae +0,3363
W& * @ 20,557
T:L' 3 L 4 33 *l.%go
0k 5 * R0 w0, 9
zey i
Agaf0, * e w0 65
BLO° * axg + 3e «0,32
Pt 2e £ .%gg
Fbgg % Ra .
K:‘..“: go #*0,250
oo go ‘ [ J 3@ 443.2'?7
caﬁ « 28 +0,403
Zn Zn" » 2e +0,763

Lingane (38) reports the reduction potential of bthalliunm (1) to
g meroury electrode to be «0.217 voltis,

1.+ 017
Jﬁ
Ti01 » 2,501

Ag -
2Az » 8O,
BL + Hgl
T
%?m‘
Ni

B B OF 2R I BE O BN O O O B

thallium (0) at a droppk
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The inareased ease of redusction moted by Lingsme is attributed to the
large solubdlity of thallium metal in meveury.

In aoid solution mdm&mmlm reduces thalliwm (I) to thallium
(0), dne to the solubility ef Whellium (0) in meveury,

Ghloride fons wast be sbsent when metallic reduetors ars used to
reduse thallivm (XIX) to thallium (1), since the separation of the
insoluble thallium (I) chloride frem the metallic redueter iz difficult.

The rasults shows in Tebles IXY, IV and V show that the sadmium,
siiver and blemuth reductors may be used for the gquantitative reduction
of thallijum preliwingry o its volumetriec oxidation. These reductors
gave quantitative reduction of 50 ml. of 0,02 to 0,006 normsl thallium
(I1X) soluticns. The results from the cadmium, silver snd bimmuth
rors of 0,20, 0.25 and 0,17 milligrams
respectively, These resulis correspond to average velative per cent
errovs of 0,29, 0.27 and 017 for seamples comtaining from 30 te 212
miligrams of thellium, Aedd concentration of the solutien may vary
from 0,01 %o one normal without effeciing the completeness of reduction.
The rate of flow throvgh the reductors is dependent on the surface area
of the metel being used, Thess veductors were prepared with finely
divided metal snd flow rates of 20 to 25 ml. per mimite gave complete
reduction. Blank corresiions on the cadmiun, silver and bismuth
reduetors of 0,05, 0.03 and 0,02 ml, of 0.1000 morual potassium bromate

reductors give sverage o

Wors nNEceSBAYY,
ng thallivm by the volumetric bromste method, the use

of & cadmium, silver er bismuth reductor is superior to sulfur dlexide
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for the reduction of thallium (III) to thallium (I), The blanks on

the metallic reductors are smaller and more consistent than the blanks
on sulfur dioxide, The time required for the reduction of thallium
(III) to thellium (I) with a suitsble metallic reductor is approximately
five minutes, but recuction with sulfur dioxide and removal of the
excess requires at least one hour,

The bismuth reductor 1s prefersble to the cadmium reductor, since
finely divided high pwrity bismth metal is commercially available
wheréas cedmiuvm metal mmst be machined to a smsll particle size.

A bismmth reductor can be prepared more economically than a gilver
reductor.

The erratic results obtained using the nickel reductor were probsbly
due to the impurities in the nickel metal {Table VI), Blanks on the
nickel reductor consumed from 0.02 to 0,22 ml. ef 0,1000 normal
potassium bromate. The reduector had a relatively small surface area and
small flow rates were necessary to achieve complete reductlon of
thallium (III) to thallium (I). I% is probable that a finely divided
high purity nickel reductor would give a constant blank and would be
suitable for the quantitative reduction of thallium (III) to
thalliam (I},

The lead reductor is not suiteble for the reduction of thallium
(III) to thallium (I), When sulfuric acid is used in a lead veductor
the insoluble lead sulfate forms a film on the lead. The results in
Table VII indicabte that the lead reductor rapidly looses its reducing
capacity. If the sulfuric acid is 2.5 normal in hydrochloric acid,



the lead sulfate film will not form. Thallium solutions 2.5 normal in
hydrochlorie acid precipitate thallium (I) chloride which would be
trapped in the lead r"educ'ber.‘

The reduction of thnn.ium (III) to thallium (I) using an aluminum
reductor was slow, A C.01 normal thallium (III) solution that wes O, 2
normal in sulfurig ‘mid was not quantitatively reduced when a flow rate
of 12 ml. per minute was used, ‘4 0,01 normal thallium (IXII) solution,
that was one normal in sul.mrie acid, was gquantitatively reduced by the
aluminum reductor, but hydrogen evolution was quite vigému_s and some
of the aluminum wag forced into the reductor reservoir,

The zine and Jones reductors are unsuitable for analytical use
since they reduced thallium (III) 4o thallium mebal.

Amalgams are net convenient for the reduction of thallium (III) to
thallium (I) dﬁe to the diffieulty of separating the amalgam from the
aqueous phase., uhen carrying out the reduction in a separatory fummel,
the amalgam.ie. drawn off, but Ismall beads of amalgam remain attached
to the glass wall of the fummel, These beads of amalgam mst be removed
from the aqueous phase prior to the volumeirie oxidation, since they
would reduce thallium (IXI). 4&ddition of carbon te‘brachlérﬂ.de o
separate t.m. mlgm\fmm the aqueous phase iz only useful when manual
stirring is used,

Saturated bismuth amslgem gives s quantitative reduction of
thallivm (III) to thaellium (I) in ¢two to 0.6 normal sulfuric acid sclu-
tions. The resulita in Table VIIX indleate conmistently high results.
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Lead sulfate precipitates when lead amalgam is used as a reducing
agent in the presence of sulfuric acid, The lead sulfate coprecipi-
tates thallium (I) sulfate and low results for thallium are obtained.

IV Volumetric Determimation of Thallium (I) Using
a2 Standard Sodium Hypochlorite Solution

A. Direcgt Method

Sodium hypobromite is known to veact more rapidly than sodium
hypochlorite., Standard hypobromite solutions can be prepared extemper-
aneocusly by adding a stendard hypochlorite solution to a slightly
alkaline solution containing bromide ions, If the hypobromite lon reacts
rapidly, only a trace of bromide ions would be necessarys since the
reduction product of the hypobromite ion is the bromide ion which could
react with more hypoohlorite to yleld hypobromite., The oxldation of
thallium (I) to thallium (III) by hypochlorite yields the chloride ion
as a product and the precipitation of thallium (I) chloride would retard
the rate of thalliwm (I) oxidation. In a solution containing L.2 grams
of sodium nitrate per 100 ml,, the solubility of thallium (I) chloride
is increased from 0,38 to 0.61 grams per 100 ml. of solution,

1., Salt Effect

Titrations of thallium {I) with extemperansously generated hypo-
bromite were performed with and without the addition of sodium nitrate.
The addition of four grames of sodium nitrate to 100 ml, of thallium
solution was found to inerease the rate of oxidatiocn eof thallium (I) by

hypobromite, thus increasing the potemtial change at the end point,



In the following titrations of thallium (I) with extempersneously
generated hypshremite the solutions were first treated with an inert
8all in order to increase the solubility of thallium (I) chloride,

The effect of pH on the rate of reaction batween hypochlorite and
brondde ions was determined by the following procedure., Meas
quantition of thallium (I) solution were trested with 50 ml, of various
buffeorns and diluted to 100 ml, BEach semple was treated with ten drops
of a one per cent potassium bromide selution, four grans of sodium
nitrate, and titrated with a standard sedium hypoohlerite solubion.
Throughout this section all squivalence points were detected potentio-
metrically by the use of a Bargent wide range potentiometer, eguipped
with a platimm and saturated calomel electrode system, The titrations
wers carried oub by adding swall increments of standard hypochlorite
solution and waiting 30 seconde befere the potantial wams measured.

The change in potentiel per 0.10 ml. of sbandard hypochlorite at the
equivalence point is a measure of the rate of formation of hypobromits.
The pH values of the sample golutions were measured before and sfter

Mhe hypochlorite Vitrations with a Beokman Model G pH meter., The results
are tabulated in Table IX, and indicate that the reastion between
hypochlerite snd bromide lons 1s mest repid in the pH range from 7.5 to
BQS . Sedium bloarbonate was found to be the most suitable buffering
agent and wes used throughout this section,
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TABLE IX

EFFECT OF pH ON FORMATION OF HYPOBROMITE FROM
HYPOCHLORITE AND BROMIDE IONS

Buffer _pH Change in Millivolts

Eefore mem per 0,10 ml, of 0.1 N ¢L0”
1% NaHUO, 7.73 8.00 97.
2% NaHCO, 7.73 8,09 95
Phosphate (1 6,50 6.50 29
Phosphate (2 T.18 T.12 18
Phosphate §3 Te23 719 28
Borate 1) 7.68 7.63 53
Borate (2) 8.29 8.11 Lg
1% ﬁagﬂﬁa, 10.93 10:80 hatand
1 N NaOH i — —

3. EBffect of Sodium Bicarbomate Concentration

The effect of the sodime blearbonate concentration was determined
in the following manmer. Four 10,00 ml, samples of thallium (I) nitrate
were diluted to 100 ml, and treated with four grams of sodium niltrate
and ten drops of a one per cent selution of potassium bromide. One, bwo,
three and four gram portions of sodium bicarbonate wers added to the
respective samples. Titrations were carried out using 0.1080 normsl
sodium hypochlorite, The resulits of these itlirations are recorded in
Table X,

The results in Table X indicate that thallium (I) solubtions contain~
ing bicarbonate concentrations of one to three per cent require nearly
jdentical volumes of standard hypochlorite, The change in potential at
the equivalence point appears to lnerease as the sodium blcarbonate
concentration is increased from one o three per cent. The largest



TABLE X
EFFROT OF SODIUM BXCARBONATE CONCENTRATION ON THE OXIDATION

Comcenteation OChanmge in Millivelts ML, M

of Soddwm 0,10 ul, of 0,1 W €107 €10 ¥ i (Mg.)
: DTLA ‘ qu. _

1 91 .15 i02,.2 wz..a w2

3 126 9 .ML 16& .2 10019 "’103

h W %3.0 3@&&2 W.E “'3»» u?

ng four per caent sodiuwm bicarbomete.

In the following work in this seotlon two per cent sodium bicarbonate
solutivns were used.

The sffeat of %mmﬁ.da ion MWMM on the oxidation of thallium
(I) by a sedium hypochlorite ¥itration was estimated in the following
mavmer. Two 10,00 ml. samples of 0.1048 novmal ¥hallium (I) nitrate
solution were treated with twe grams of sodiue bicarbonate, four grams
of sodinm mitrate and diluted te 100 wd, To one sample was added ten
drops end to the other 50 drops of & one per cent solution of potassium
bromide, These samples were titrated with 0,1080 normel sodium hypo~
ohlorite by adding small inorements and reading the potential at regular
time intervals until successive values agreed to within five millivolts.
Within 30 seconds after the addition of ome ml, increments, the potentdal
velues were constant in both solutiona, When within 0.3 ml., from the
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aqiivalence point, the waiting time was 90 seconds for the solution
containing 50 drops and 120 segonds for the solution containing ten
drops, Another sample was run in a similar manmer, except one drop of
one per oent potassium bromids was added, When Hitrating this sample,
soveral minutes were required before congtant potentisl values ware
obteined, The Lnvestigation on the effect of bramids len comcentration
m&.ute:u that ten drops of & ome per cent potassium browdde solution
are suffiotent to give a rapid comveraion of hypochlovide 4o hypo
bromive, Thorsughout omsining work in this section ben drops of

& ope per vent potassivm bromide sclution were waed.,

eentration which were nesessary for a rupld oxldation of thallium (I)
o thallium (11T}, a mudier of samples were run using the following
procedurs, Moasured thallium (I) samples were dilubed snd trested with
euffisteont sodium bicarbonate to yield & two per cemt sclution and
sufficient sodium nitrate to yield a four per cent solubion, Hach
sample wus treated with ten drops of ome per cent potassium bromide
solution for each 100 m), of diluted velume, The pamples wers titrated
with stendard sodium hypochlorite by adding small increments and waiting
‘one mimte before msasuring the potential. The resulis are tabulated
in Table XI,

The change in petential during e titration of thalliwnm (I) by
hypochlorite is shown in Figure 1., This Sitration wes carried out by
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TARLE XZ

DIRECT TITRATION OF THALLIUM (X) WITH STARDARD
BODIUM M“Wm SOLUTIONS

tm) cm)f @ Teken round ()

mée 0.1038 102,2 101 a »Ouht
100 9.2k 0,1062 102,2 102 2 0.0
100 ' 9.:1 343082 102.2 10,3 - «0,9
100 2.1 0,081 lo2,2 101k ~0.8
300 9463 0. 1081 107.1 106.L  «0,7
100 9.28 0,3081 102.6 :wa.s »0,1
150 9.85 0.1081 102.,6 102.2  ~0.
125 11.90 0,1081 132:6 1314 -3.2
100 11,98 0.1082 133.6 132.5  =l.1
29.86 0.1082 2549 2527  ~2,2
100 22.88 - 041081 BES .9 252,  =3.2
100 22,91 0,108 255.9 253.1  -2.8
250 22.99 0.1081 255.9 28h.0 1.9
250 2L.02 m&&ﬁl 3&? "2 2654 -n-l,&

. 5 . o RN . L .
s b - " -

% EEEREE© osonewn i

adding small incremente of sodium hypechlorite and measuring the

potential ab regular time intervals wnbll constant velues were cbtained,
Near the eguivalemce point a ten mimibe stirring period was required to
obtain a constant potential.

Measured quanti‘hiw of 9.96 ml, of ﬁwlﬂl@ normal thallium (III)
sulfats solntion were trested with sulfurie acid, diluted to SO ml, and
passed through a oadmium or silver veductor. The reduetors were weshed
with dilute asid emd the washings were added to the reduced thallium
s were partially neuiralized with two normal

solution. These selublo
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sodiwn hydroxide and tveuted with sodivm bicarbonate, sodium swlfats,
and bromide ionw as previously described. The thalliwm (1) was

de red by potentiometrie titration with 0.1077 normal sodium hypoe
ahlorite. The results are tabulabed inm Table XII, The resulis with
the caduiun reductor indicate that some of the thallium (I) is lost,
Sinne Mmmm memmm a8 the verbonate or mm hydroxide when the
sslution is made alkaline some of the thallium t:t) may be lost by co«
yrecipitation, The mmpwﬁaﬁ rmlts obtained with the silver vedmm
will be discusaed later,

TABLE XTX

HYPOCHLORITE TITRATIONS OF PTHALLIUM (I)
mmmmn BY mma REDUCTORS

Reduchor Aedd mmmwm of
Used Normality ©0.,1074 Normal
Bafore Hypochlorite
Reduction

Ervor
(Mg.)

Cadatiam Qubi 9.146. 106.4 1@&.3 “2.1
Cadmium ¢.06 2,50 106,54 m}.;. «1,,6
Qadedium 0 u@l 2 uga :L% ol 105 n& "‘@ 8
Silver 0.2 iy 01@ 1064 fno .6 '!'lah - 4

The tcidation of thallium (I) by hypeshlorite in alkaline medis is
too slow for a direct titration with sodium hypechleorite, It was
thought that an exeass of stendard sodium hypochlorite could be added
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%o & thallium (I) solution and upon standing the unrsacted hypochlorite
could be determined by a titration with standard sodlum arsenite. The
oxidation of arsenits by thallium (III) oxide should be negligible due
to the slight solubility of thallium (III) oxide.

ime Required for Oxidation of Thallium (I) by Excess Hypochlorite
The following procedure was used to determine the time required

for the complete oxidation of thallium (I) by an excess of sodium hypo-
chlorite. A 19.97 ml, sample of the 0,1048 normal thallium (I) nitrate
solution was dilubted to 250 nml. and treated with aix grans of sodium
bicarbonate, nine grams of sodium sulfate and 49,88 ml. of 0.1014
normal sodium hypochlorite. The solubion was stirred with a magnetic
stirrer. The potential was recorded as a fanction of time., It was
found that one hour of stirring was required to obtain a potential
above 70C millivolte. One hour of stirring was considered sufficient,
gince a two ml, excess of sodium hypochlorite in the direct titration
of thallium (I) (Figmvé 1) gave a potential of 710 millivoltis.

2. Determination of Thallium (I)

Measured quantities of the 0,10L8 normal thallium (I) nitrate solu-
tion were diluted and trested with sufficlent sodimm bicarbonate to
yield a twe per cent solution and sufficlent sodium sulfate to yleld a
four per cent solution, To each solution was edded 49.88 ml., of 0,101L
normal sodium hypochlorite., After stirring the solutions for one hour
the unreacted hypochlorite was tibrated with 0,1000 normal sodium
arsenite. The results of these detarminations are tabulated in



5k

Table XIII. A plot of one of these titrations is given in Figure 2.

TABLE XIIX

INDIRECT DETERMINATION OF THALLIUM (I) BY SODIUM ARSENITE
BACK TITRATION OF EXCESS SODIUM HYPOGHLCRITE

Volume of Milliliters Milligrams of Thalliy Error
snzzt.'lzg:ed of Arsenite Taken Found
olution Required
(m.) e (Mg
150 Lo .10 107.1 107.1 0.0
300 37.91 129.% 129.5 -0, 4
300 37.88 129.3 129.8 +0,5
250 35.41 155,3 155,0 03
300 35-33 155«3 155&9 0006
300 33.67 173.6 172.8 ~0,8
300 33.65 173.8 173.0 -0, 8
300 29.83 213.9 212,.2 «1a7

300 29.83 213.9 22,2 -1.7

3. Determingtion of Thallium (I) After Using Metallic Reductors
Measured samples of 9.98 ml. of 0,1043 normal thallium (III) sulfate

were acidified, diluted to 50 ml, awd passed through metal reductors.
The reductors were washed and the washings were added to the reduced
thallium solutione. The combined solutions were neutralized, treated
with six grams of sodium bicarbenate, nine grams of sodium sulfate, and
diluted to 300 ml. To each sample was added 19.88 ml, of 0,101l normal
sodium hypochlorite and the resulting solutions were stirred for one
hour. The unreacted hypochlorite was then titrated with 0.1000 normal

sodium arsenite. The results of these titrations are recorded in

Table XIV,
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TABLE XIV
INDIRECT TITRATION OF THALLIUM (I) REDUCED BY METALLIC REDUCTORS

s — e e e
Reductor Acid Milldilditers of Milli. Tl%imn Error

Used  Normality Arsenite (Mg.)

Bafore Required

‘ heduetion ‘ o .

Cadminm 9..!,; 15 sgs G -3-061& Q .1186 +12,2

Silver 0.4 15.55 0.106} 0.1161 + 9,7

C. Discussion

The rate of oxidation of thallium (I) by sodium hypochlorite in
alksline media is slow and the reaction 18 not suiteble for a direct
titration., Simce hypobromite reacts more rapldly than hypochlorite, a
direct titration of thallium (I) using hypobromite was found to be satis-
factory when carried out under the proper conditions, The extemper~
sneous preparation of hypobromite from hypochlorite and bromide was
found to be pH dependent. The reaction was found to be rapid belween
pH valnes of seven and nine (Table IX}. B8edium bicarbonate was found
to be most convenient for maintaining the proper pH. Concemtraticns of
sodium bicarbonste of oue to four per cent by welght were found to be
satisfactory, Only a small amount of bromide ion was found to be
necessary since the bromide ion 1ls returned as soon as hypebronlte reacts
with thallium (I). The experimental work indicates that one milligram
of bromide is sufficient for the rapid exidation of thallium (1), when
& 0.1 normal sodium hypochlorite solution is used as a titrant,
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When sufficient bromide ions are added to convert all of the hypo~
chlorite to hypobromite, thallium (I) bromide precipitates and the
rate of oxidation of thallium (I) by hypobromite is decressed, The
addition of an inert salt such as sodium nitrate or sodium sulfate
increases the solubility of thallium (I) ehloride thereby inecreasing
the rate of reaction between thallium (I) and hypobromite,

The data in Table XI on the direct titration of thallium (I) with
hypaochlerite indicate that thig method ylelds consistently low resultis.
Since precipitation from a more dilute solution tends to decrease the
amount of coprecilpitation, one would expect to obtain better resulte
by titrating thallium (I) in more dilute solubtions. Samples 11 through
14 in Table XI, which contained nesrly the same amount of thallium,
were diluted to different volumes and titrated with a standard hypo-
chlorite solutien, Samples 11, 12 and 13 were diluted to 100 ml, and
showed negative errors of 2.2, 3.2 and 2.8 milligrams of thallium,
while samples 1l and 15 were diluted to 250 ml, and showed negative
errors of 1.8 and 1.9 milligrams of thallium, The consistently low
results in Table XI appesr 1o be due to coprecipitation of thallium (I)
by thallium (IIT) oxide.

The data in Table XIII on the indirect determination of thallium
4ndicate a trend toward low results with increasing amounts of thallium,
Coprecipitation of thallium (I) by thallium (ITI) oxide is probably
responsible for the low resulls obtained, A maximum error of 0,8 per
cent caﬁ be expected for the indirect detaminatio_n of 100 to 200 nilli-
grams of thellium. The change in potential during a typical indirect

titration of thallium (I) is shown in Figure 2,



Gonsldering the variebles of pH, bromide ion conscentration and
the sclubility of thallium (I) halides the followlng procedure is
recomuended for the direct volumetrde determination of thalltum (1)
using hypochlorite as & standard oxidant, Diliute = solution of thallium
(X} te 300 sd, This wolubion musb be free of substances that would
precipitate or reduce thalliumm (ITI), react with hypochlorite or
hypobromite or precipitate thallium (I) in alkaline solution,
Beutralize the solution smd sdd six grams of sodiun blearbonste, nine
grans of sodiwn swlfabe and one ul, of & one per cent potasmium brouide
solution, Titrate the solution by adding sawll increments of a standard
sodinm Bypochlowite selution, Measure the potenbinl inm the solution
with a titrimeter or Ltometer equipped with a platimineoslomeld
electrode aysien. The solution should be vigerously stirred for 30
secopds afteyr the addition ¢f each inorement before the potentisl in
meagured, The squivalence point 48 detectad by a change in potential
of spproximstely 100 millivelts per 0.10 ml, of 0,3000 normel sodiwn
nypoehlorite mdded,

Por the indivect determination of thallimm (I) wvaing an arsentte
tration of sxcess hyposhlorite the following procedure is recommended.
Dilute & solution of thalliuwm (T) to 300 wl, This solution mast be
eren of wubsbancss that weuld precipitete or reduce thallimm (IIT)y
resct with hypoohlorite or precipitate thalliwm (1) in alkaline solution.
Neutralize the solution and sdd six grams of sodiuwm blcarbomate and
nine grams of sodium sulfate, Add a measured guantity of standard
godiws hypochlorite (five millieguivalents) and stir the sclution for
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one hour, Titrate the excess hypochlorite with etandard sodium
arsenite, The.equivalence point can be susily detected potentiometrice
ally with a platimmecalomel eleotrode syetem simcs the addition of
0,10 ml, of 0,1000 normsl sodium avssnite gives a changs in potential
of approximately 300 millivelts,

The direct and indirect methods give equally agcurate results with
& maxivam error of approximately 9;8_ per cent for 100 to 200 milligram
thalliun sexples. An advantage of the diyect method is that it ie more
rapld than the iadireet muthod due to the one hour of stirring required
in the mm. However, the titration in the indirect method is more
rapid due to the instantanecus reaction beiwsen hypochlorite and arsenite,
while the reastion between hypobromite and thallium (I) is somewhat slower,
The change in potential at the eguivelence point is larger in the ine
direct method thereby sllowing a move accurabe esbimstion of the end
point, The indirect method has the dissdvantage that two sbandard
solutions are required whersss the direct methed regquires enly one
standard aamtm; A minor advantage of the indirect method is that
arsenite is used as a titrant where the direct method regquires an alkaw
line solution of hypochlerite,

When a solublon containing thallium in the plus three exidation
state is enconntered a reduction of thallium(IIY) to thallium (I) is
necessary before a titration with hypochlorite san be performed, Sulfur

dimiae can be used to reduce thallium (IXY) since the excess cen be
removed snd the resction product is the sulfate ion which does not
interfere in the hypochlorite titration, Metallle reductors and



amplgens are pot satisfactory for the raduction of thalliwm (III) to
thallium (I), when a titration in alkaline solution 1s 0 be ussd,

These reductors iutwoduse metal ions to the aystem, which previpitate
whan the selution is made alkaline for the titration, The effest of
these presipitstes depends on whether the direst or indirect hypochlorite
mothod iz used for the determinaiion ef thallium (I).

In the indirest deberminaticn theme precipitates sppear bo cabalysze
the decomposiiion ef the excesy hyposhlorite, This decomposition of
hyposhlorite ylelds high results for thalliwm as shown in Teble XIV,

En the direct determivation the cadmium hydroxide precipitate
appears to coprecipitate some of the thallium (I), thus giving low
rosltes for thallium (Twble XIX).

The direst dstermination of thallium (I) redused from thallium (IIX)
in & silver reductor gave wnexpected results (Table XIT), The thallium
sauple gonsumed nsprly twice the cmloulated velume of hypoohlorite
expected, Bach millieguivalent of thallium (IIY) reduced introduces &
nﬂwvalsm of silver (I) jon, which precipitates as the carbonate
upon the addition of sodium bicarbomate, The result oblaimed suggest
that silver (I) may be oxidized se silver (II) by hypobromite in a
plightly alkalins solution.

V. Gravimetric Determination of Thallium
Vaing Sodium Hypechlorite
The gravimetrie determination of thallium as thallius (ITI) oxide
18 based on the alkeline oxidation of thallium (X) to thalliuwm (II1),
which precipitates as anhydrous thallium (III) oxide. Poltassium



forricyanide is the enly oxidant propesed for the gravimetric determins
ation of thallium as thellium (III) exide, A disadventsgs of potassium
ferrieyenide is that the filtrete wonld be unsuitable for subsequent
anxiyeis due o the large amunt of iron present.

It appeared thut sodivm hypochlerite might be prefershle to
potassinn fervicyanide for the uxidation of thallium (I) to thallium
(IIX), sinse the studies en the volumetrie determination of thallium by
hypochlorite showed the reastion tv bs slow, This slow slkaline ccidee
tion of thallium (I) by hypochlorite appeared to offer a method for the
homogensous prasipitation of thalldum (T1I) oxdde, Lny oations Gthat
forn inseluble oxides or hydrowides in alkaline solubion, would interfere
gardiess of the exidizing agend, Catdons, that sre soluble in alkaline
solution hut form inssluble &m@mﬁw or Perrocyanides in alkaline
golution, constitute mwrwmw wiique 4o the ferricyanide procedure,
Infortunately, dataare not available en the glkaline solubillties of

The determinstion of thallimm ss thellium (III) oxide uecessitates
presipitation from an alkaline solution, BSimce precipitates formed in
alksline solution rust be thoroughly washed to remove excess alkell, an
officient method must be devised for washing the thallium (IIX) exide,
In order to determine the efficiency of suecessive washes the following
procedure was used,
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Meamured euantities of the 0,1048 normal thallima (I) solution were
treated with varying amunts of sodium hydroxide and diluted to known
volumes, Each sample was then treated with 25 ml., of Clorox reagent
prepared by diluting 30 ml. of commerelal Clorex to 150 ml. The samples
vere digested two hours, washsd six times by decantation with hot water
and transfarred to tsred Goevh crueibles, Approximately 500 =1, of
distilled waker was used for the total wmshing of each preeipitate. The
precipitates were drisd wnder & nitrogen atmosphere for two houwrs ab
200°c, Completeness of washing was followed on a Beckman Medel ¢, pH
meter by measuring the pH of smecessive washings, The resulte on washe
ing thalltiwam (III) oxide are given in Tahle IV,

From the vesulds in Table XV 1% was ooncluded that six washiage of
thallium (XTI} oxide were sufficient since samples two and three gave
almost identical wsighte of the dried oxide.

Aliguots of 19.97 ml. of 0.1048 normal thalliums solution were
treated with varying guantities of ono normal sodium hydrowcide., Afber
dilution precipitation waa made by the addition of 25 ml. of the Clorox
Mm’t-. The samples were digested two hours and allowed Yo stand over
night. The precipitateswere washed six times by decantation using a
total of 500 ml., of hot wabter. The weshed precipitates wore itrans-
ferred to tared Gooch erucibles and maffle dried ens howr under nibrogen
at 200°C, The vesults are tabulsted in Table XVI.
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TABLE XVI

EFFECT OF HYDROXIDE CONCENTRATION ON THE PRECIPITATION OF
THALLIUM (IXII) OXIDE BY SODIUM HYFOOMLORITE

AVt A N oA e Tt TR A A~ 28t e It AR T

Ml. of 1N Diluted Concentration

Brror .
NaOH  Volume of Sodiun - (Mgy)
Hydroxide
10 100 0,025 213.9 215.1 L2
10 400 0.025 213.9 215.1 +1,2
10 400 0,025 213.9 215.4 +1.5
10 LOoO 0,025 213.9 21L.9 +1.0
10 400 0,025 213.9 215.,0 +1,1
2c LOO 00,0625 213.9 215.4 +1,5
25 Loo 0.0525 213.9 216.1 »2.2
25 400 0,0625 213.9 215.,6 +1,7
50 LOO 0.125 213.9 217.3 +3.5
5] Loo 0,125 213.9 217.3 +3.k
25 100 0.25 213.9 217.6 +3.7
25 100 0,25 213.9 217.6 +3.7

25 100 0,25 213.9 216,9 +3.0

‘The results in Table XVI indicate that precipitation of thallium
(I1I) oxide by alkaline hypoehlorite oxldation yleld consistently high
' rmt’kts for thallium. The data alese indicate that preeipitation from
more alkaline solutions ylelds larger errors. The thallium (III) oxide
formed in 0,25 normal base was a dense black powder which settled
rapidly. The oxide formed in 0.025 normal base was a chocolabe browm
fluffy powder which settled slowly.
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Ce mtarfexences

Aliquots of 19.97 ml. of the 0,1048 normal thallium (I) solution
were treated with varying amounts of sodium hydroxide and diluted to
known volumes. HMeasured quantities of foreign ions were added to the
alkaline thallium (I) solutions., Precipitetion was carried out by add=
ing 25 ml. of the Clorox reagent. The solutions were digested several
hours on the steam bath and allowed to stand over night before filtra-
tion., The thallium (IXII) oxide precipitates were washed six times by
decantation with hot water and transferred 4o tared Gooch crucibles.

The precipitates were muffle dried under nitrogen for one hour at
200°C, Results are tabulated in Tsble XVII,

The data in Table XVII indicate +that solubions 0,01 molar in alumiw
mum, 0,002 molar in gallimm snd 0,1 molar in phosphate ions do not
interfere in the alkaline hypochlorite precipitation of thallium.
Solutions 0,001 molar in gine and one molar in bass interfere.

D, Effect of Drying c@ndiﬁiena

Some of the preeipitatas from previous work were saved and dried
in sir for one hour at 150°C. No effort was made to exclude carbon
dioxide. The resulis in Table XVIII confirm the statement of Mack and
Lepper (LO), that thallium (I1I) oxide gains weight when dried in air,

E. Discuaaﬂ.on

In basic solution, the rate of oxidation of thalllum (I) by hypo-
chlorite appears to be slow. Several mimutes elapsed after the addition



TABLE XVIY
EFFECT OF FOREIGN IONS

N .

torference =~ Diluted Concentration W Error
Ion L. Volume of Sodium en ound  (Mg.)
(Mi.) Hydroxide

Aluminum 27 100 0.25 213.,9 212.8 «1.1
Zine 65 100 0.25 213.%9 277.6  +63.7
Zine 65 100 0.25 213,9 278.3  +6L.
Zine 65 100 1.0 213.9 221.0 + 7.1
Zinc 65 100 1,0 213.9 218.9 + 5,0
Zine 65 100 1.0 213.9 218.L  + 4.5
Zine 16 100 0.5 213.9 221.0 + 7.1
Zine 16 100 1.0 213.9 218.8 + L.9
Zine 6.5 100 1.0 213.9 216y  + 2.5
Zine 6.5 100 1.0 267.1 269.7 + 2.6
Zine 6.5 100 1.0 267.1 270,7 + 3.6
Gallium 5.5 100 0.04 213.9 213.7 =~ 0.2
Gallium 11.0 100 004 213.9 2152 + 1,2
Phosphate Lo 200 0.05 213.9 217.0 + 3,1
Phosphate ok 200 .05 213.9 215.2 + i.- g
+ L,

Phosphate oL 200 0.05 213.9 215.3

of hypochlorite before any noticeable amount of thallium (III) cxide
was formed, Thalliwm (III) sclutions give an immediate precipitation
of thallium (ITI) oxide when neutrelized. This slow oxidation of
thallium (I) by hypochlorite in alkaline selution gives a homogeneous
precipitation of thallium (IIL) oxide,

The results in Table XV on the washing of thallium (III) oxide

sndicate that six washings by decantation did mot completely remove
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PARLE XVITI
HYS OF THALLIUM (xn") ozm mm TARYING DRYING COEDITIONS

T, . .
-~ o o ey " . . L e — P (s

2132 2L3.T
2u2.4 2h2.7
237.8 238.8
247+ 4T3
2hls ;

excess base. However, sanples wm.nmg 10 and 25 ml, of one mormal
sodiun hydrexide gave almost fidentical precipitate weights) thevefors,
six washings were eonsidered ressonsble. | |

The data in Table IVI on the effect of alkelinity imdicate, Shat
the welghts of thallium (ITI) exide precipitates increase with incress-
ing alkalimity. However, precipitates were move dense when formed in
gtronger alkelins solution, It is apparent that ia stating a procedure
for analysis a compromise must be made between the alkalinity of the
precipitating solution and a reasonable number of washings,

The data in Tsble XVII indicate the degree of interference sxhibited
by verious foreign ions, When foreign ions wers added %o the alksline
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thallium (I) solutions mo noticeable precipitation occurred. Solutions
0,01 molar in alwminum and 0,001 moler in gallium did not interfere.

In the case of zinc, a more basic solution was required to reduce
interference., Solutions 0,001 molar in sinc and one nmormal in base

gave a one per cent positive error in the determination of thallium,
Solutions 0,01 molar in phosphate do not interfere. Larger concentrations
of phosphate do not Interfere but tend to disperse the precipitate malcing
weshing difficult,

The data in Table XVIII indlieate that thallium (ITI) oxide dried
under nitrogen exhibiis a slight incresse in weight when heated in air,
Thellium (III) oxide, when heated sbove 100°C., im reported to begin
decomposition to thallium (I) oxide with the evolution of oxygen (21).
The increase of weight by heating thallium (ITI) oxide is reported to
be due to the absorption of carbon dioxide by the thallium (I) oxide.

Considering the data on the washing of thallium (III) oxide, the
alkalinity of the precipitating solution, the interference of foreign
jons and the effect of alr drying, the following procedure 1s recommended,

Neutralize a solution containing net more than 200 milligrams of
thallium and dilute to 350 ml. Add 25 ml. of one normal sodium hydroxide
and filter., Add 25 ml., of Clorox reagent (prepared by diluting 30 ml.
of commercial Clorox to 150 ml,) and digest the solution for two hours.
Decant the supernatant liguid through a tared Gooch crucible and wash
the precipitate six times by decantatlon using 80 ml. portions of hot
water, Transfer the precipitate to the cruclble and dry for ome hour
at 200°C. in an atmosphere of nitrogen, The results for thallium will

be approximately one per cent high.



It sppeared that sedlum hypochlorite wowld be mors suitsble than
potrssiun farricyanide for the gravimeirie determination of thallium
as thallfum (IIX) oxide. However, the resulbs cbtained indicate that
sodium hypochlorite offers mo sdvautags over potassiun ferrioyanide
for the alkalime oxidation of thallium (1:} to Thalliem (IXI)}., The
thallium (II1) oxide precipitates sbbained by using potessium ferri-
eysnide gre more dense end more easily handled than precipitates obtained
by using sodium Whlﬂﬁ.tm The density and ease of handling ﬁm
precipitates appesrs to be related to the solor of the thallima (IIX)
cxide. The darker colored precipitates sre wore dense and essier to
handlie,

In the section on metallic reductors the chromate {30) and the
potassium ferricyanide (40) mathods were used %a aplyse a standard
thallium solution, The results from these standerdigations indicate that
the chromate and ferricyanide procedures yleld more scecurate results
then the sedium hypochlerite methed.

« Tuprovemsnts on the Precipitation of Thallium (IXI) Oxide
by Potasatum Farricyanide

The gravimetrie determination of thallium by the ferricyanide
procedure of Mack and Lepper (LO) eppears to be superior to the gravie
metrie chromate method (30). The ferricyanide procedure does not define
inberferences or the specific conditions for precipitation. No state-
ment 18 made ooncerning digestion of the pracipitate or precipitatien
from a het solution. Concerning interferences the procedure states
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that slements forming sikald. insoluble ferricyanides or fervocysnides
must be removed priocr to precipitetion,

The affuct of pmupitamg thalltus (m) oxide from a hot Soluw
tion and é&ganmn M‘ the precipibate was studied m the following
maymer, Twelve 19:?7 ml, samples of 0,048 normal thallium (I) mitrate
selution were dilubed to 70 ml., and treated with 25 nl, of ons pormel
potessiun hydroxide. Bix of the samples were heated on & steam bath
befors precipitation was made by adding 25 ml. of an eight per cent
potassiun fervioyanide solution. The six precipitates formed in hot
solution were digestsd for two howrs. The remsining six samples were
treated with 25 ml, of the eight per cent ferricyunide, These samples
ware precipitated at room temperature and no digestion was mdm. The
potesmina hydroxide and fervioyanide solutions were freshly prepared
and filtered before being used, Afber standing 3.8 hours the twelve
precipitates were each washed six times with 50 ml; portions of hot
water and transferred to tared Ooogh crucibles, The thallium (III)
oxide precipitates were dried under a nitrogen atmosphere for one hour
ot 200°C, The results of these precipitations are given in Table XIX.

The 0.1043 normal thelltum (ITI) sulfate solution was asmoeyed by
the thallium (III) oxide procedure (LO). Precipitations were carried
out &t room temperaturs and the precipitates were not &igested, Five
19.97 ml, samples of the thallium (III) sulfate sclution ylelded
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TABLE XIX

EFFECT OF PRECIPLTATING FROM HOT SCLUTION AND
EIWTPIM OF TEIE mﬁcxmwm

213.9 23h.2 0.3 213.9 212, 1.5
313 69 zlh ih *0.5 ﬁmpg m 45 *“3_.,&
213,9 213.,3 -0.6 2139 213.2 “0.7
213 19 31&.6 Wcl m ) 21\3 45 ) .h
213.9 215.1 +1.2 213.9 213.2 “Q.7
m Ug m ‘e ’a ‘l 23-3 09 913 ] 2 '7

precipitates of thallium (III) exide weighing 0.2399, 0.2406, 0.2398,
0.2399 and 0,2387 grams. Assuming the thallimm (III) sulfate to be
0.104k3 normal the caloulated welght of precipitetes ghould be 0.2377
grams, The precipitates were sasily diepersed by washing and dffienlt
0 handle, |

Two 19.97 al. samples of the thallium (IIX) sulfate solution were
assayed by the thallium (III) oxide procedurs, Precipitation was
carried cut in a hot selution end the presipitates wers digested two
hours, This medification of progedure ﬁmm&mﬂ (III) oxide
srocipitates welghing 0,2388 and 0,2383 grams, giving an aversge error
¢f plus 0.0 milligrans of thanium (TIX) oxide, Thasw precipitates
dispersed an max;m and were difficult to handle,

Six 19,97 nl. samples of the thallium (III) sulfate solution were
reduced by bubbling sulfur dioxide through the solutions for ten minutes.
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After standing over night on the steam bath to remove excess sulfur
dioxide, the samples were made slkaline by adding 30 wl. of filtered
ona normal potassium hydrexide, FPrecipitstion wae cariied out by adding
25 nil. of a filtered elght per cent potessium ferricyanide solutien to
mh sample, Thess hot soluticms wevre then digested for twoe hours,
After standing 16 houra the precipitates were washed six times by
decantation, transferred to tared Oooch srucibles, and dried under
nitrogen for ¢ne hour at 200°0., The welghts of thalitum (ITI) oxide
were 0.2366, 0,239k, 0,2375, 0,2302, 0.238) and 0,2308 grams, giving an
average error of plus 0.8 milligrams, The precipitates were denss,
easily handled, and did not disperse on smshing,

A study of the inbterference of foreign lons was made in the Follows
ing manner, Samples of 13,97 ml, of 0,048 wormal thallium (I) nitrate
solution wers diluted to 50 ml. and made alkaline with 25 ml, of filtered
one wml wmmm hydroxide. Measured quantities of foreign lons
were added to the selutions, Precipltation was ecarried out by adding
25 ml, of a filtered eight per eent solution of potassium ferricyanide,
The precipitates were digested sbout two hours on a steam bath and
allowed $o stand 18 hours before filtration. The precipitates were
washed six times by decantation wlth 50 ml. portions ¢f aot water,
transferred to tared Goooh crucibles, and dried for one howr wunder
nitrogen at 200°0, The results are tabulated in Table XX,
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TABLE XX

~ EFFECT OF POREIGN IONS ON THE DRETERMINATION OF THALLIUM
mmmmmrmzmnm

Ion. Mil1li~ Diluted Potassiunm

Addad Volume & { §
grams Vo Hydrexide Mge

| Mdad | ‘ Conc.. .

" e T S DURPEIRTIPDITPRR S ORI v
Muwsinus 27 100 cmﬁ 21349 213.0  «0.9
Zine 6§ 100 0.25 213.9 272,7  #58.8
Zine 100 0,85 213.9 270.9  #57.0
Galliunm 5 05 me m 09 21_3 3 *@'6
Gallium 10 100 0.0 £13 .;9 2131 w0 B

The yesults in Table XX indicate that 0.002 molar gslliwm or 0.01
molay alvmimm eoncentrations do not interfere while 0,01 molar sine

consontrations do interfere.

Thalliws (III) oxide precipitated by the ferrieyanide precedurs

(36) was analywed for iren by the following precedure, Two 15.97 ml.
samples of 0,048 normal thallium (I} mitrate solution were diluted to
50 ml. One solution was trested with 28 xml. of filtered one normal
potassium hydroxide amd 25 ml, of a filtered eight per cent potassium
ferricyanide solution. The other sample was treated with 50 mk., of a
filtered mixture containing 25 ml, of one wormal potassium hydroxide
and 25 nl, of an eight per cent solution of potassium ferricyanids,
After the two samples were allowed to stand 18 hours, the precipitates
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were washed six times by decantaticn with 50 ml. portions of hot water
and tranaferred to a clesan Selas filtering erucibles. The crucibles
containing the precipitates were placed in beakers containing 70 ml.

of distilled water and the precipitates were dissolved by bubbling
sulfur dioxide through the solutions, The crucibles were removed and
washed and the solubtions were boilled 30 mimutes to expel the excess
sulfur dioxide. The solutions were transferred to 100 ml. volumetric
flaska and diluted to volume., A blank of 19,97 ml. of 0,10L8 normal
thailium (I) nitrate was treated with sulfur dioxide, boiled 30 mimutes
and diluted to 100 ml, in & volumetric flask, Twenty ml, aliquots of
the diluted solutions were treated with two ml, of a ten per cent solu-
tion of hydroxylamine hydrochloride and ten mwml, of a 0,1 per cent
solution of 1,10-phenanthroline. These solutions were treabed with
dilute ammonium hydroxide 4o adjust the pH to five and dilubed to 100
ml, in volumetric flasks., The color of the iron (II) phenanthroline
complex was measured in ons em, Corex cells at a wavelength of 515 millie
mierons with a Beckman Model B speotrophotometer, A calibration curve
wag constructed using a standard iron solution (0.17h milligrams per
ml,). The thallium blank was found to contain 0,08 milligrans of ironm.
The thallium (ITI) oxide precipitated by adding hydroxide and ferri-
oyanide separately contained 0.15 milligrams of iron, and the sample
precipitated by adding the mixture contained 0.12 milligrams of iron,
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D. Discussion

The procedure of Mack and Lepper (40) deoes not mention precipitation
from a hot solution or digestion of the precipitate, The results in
Teble XIX indicate that more mccurate results are obtained when thallium
(III) oxide precipitates are formed in hot solution and digested for
several hours., Reduction of thallium (IIT) to thallium (I) befors pre-
cipitation is recommended, since thallium (ITI) solutions when treated
with base and potassium ferricyanide yielded precipitates that were
casily dispersed and diffieult to handle. The precipitates that were
formed in hot solubtion and digested for two hours settled rapidly. The
18 hour settling period recommended dees not seem warranted when preo-
cipitation is carried out in a hot solution and a two hour digestion is
used,

The data on interferences indicate that gluminnm and gallium do
not interfere, but & ten millimolar concentration of gine does interfere,

A 0,23 gram sample of thallium (III) oxide, which was precipitated
by the potassium ferricysnide procedure, was shown to contain 0,07
milligrams of iron, This contamination of 0,07 milligrams of iron from
the potassium ferricyanide has a negligible effect on the accuracy of
the determination,

In view of the resulis obtained using a precipitation from hot
solution and a two hour digestion of the precipitate, the following
modified procedure is recommended, Prepare 50 to 100 ml, of an acid
solution of monovalent thallium, free of reducing substances and
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substances precipitated by potassium hydroxide, potaseium ferricyanide
or ferrocyanide and ions that react with thallium such as iodides or
chromates. Neutralize the sclution with one normal potassium hydroxide
and 2dd 25 ml. excess, Heat the alkaline solution and add 25 ml. of

a2 filtered eight per cent sclution of potassium ferricyanide and digest
for two hours on a steam bath, Wash the precipltate six times by
decantation with 50 ml. portions of hot water and transfer the precipi-
tate to a tared Gooch crucible, Dry the precipitate for one hour at
200°C, in an atmosphere free of carbon dioxide., Weigh as T1,05.



BUMMARY



77

Methode for the quantitetive reduction of thallium (III) to
thallium (I) have been developed. Metallic reductors made from finely
divided cadmium, silver or bismuth metsl, quantitatively reduce
thallium (IIT) to thalliuwm (I) under proper conditions. The thallium
in these reduced solutions was determined by the volumetric bromate
method. 4An average relative error of less than * 0,3 per cent was
found for samples containing from 30 to 212 milligrams of thallium.
Biamuth amalgam was found to give a quantitative reduction of thallimm
(III) to thallium (I). A nmumber of metallic reductors and amalgams weve
found to be unsatisfactory for the rsduction of thallium (III) to
thallium (1),

. Two volumetric methods for the determination of thallium (I) were
developed, The direct volumetriec method is based on the oxidation of
thallium (I) to thallium (III) oxide by extemperaneously generated hypo-
bromite., Ths titrant used is a standard solution of sodium hypochlorite
which instantaneocusly rescts with bromide ions to yleld hypobromite
iena,

The indirect volumetric method is based on the addltion of an excess
of standard sodium hypochlorite solution tc 2 sample centalning monoe
valent thallium. After complete oxidation of the thallium (I), the
excess sodium hypochlorite is titrated potentiometrically with a standard
sodium arsenite solution. Both of the these volumetric methods require
that the thallium be present in the plus one oxidation state, Metallic
reductors or amalgams carmot be used for the reduction of thallium (1I1),
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slnce the metal ions introduced during the reduction, interfere in the
alkaline oxidation of thallium (I),

‘Comparison of the gravimetric chromate, gravimstric thallium (IIX)
oxide, and the volumetric bromate methods indicste that the bromate
method ylelds the mowh ascurate reswlts, The volumetric bromate method
in conjunction with the proposed methods for the reduction of thallium
(II1), is the most apcurate and the most rapld method for the determine
ation of thallium,

A modified procedure wes developed for the gravimetric determination
of thalliuwm (I) ueing potassium ferricyanide. The modification consists
of precipitating @;m- thelliwm (I) fyvom & hot selution and digestion of
the precipitate. This modified procedure eliminates the 18 hour
standing periocd, ylelds mors accurate results and gives a more easily
andled precipitate. & siudy on the interferemce of foreipgn ions indie
cated that thallium solutions 0,01 molar in aluminum or 0,002 molar
in gellium do not interfare, but szine does interfere and must be removed,

- A gravimebric method for the homogeneousprecipitation of thallium
(ITI) oxide was developed, This method 4s based om the alkaline oxi~
dation of thellium (I) to thallium (III) by a sciution of sodiuvm hypo~
chlorite, The slow rate of oxidation of an slkaline solutlon of thal~
liom (I) to thallium (IIT) oxide by hypochlorite effectively gives &
homogenecus precipitation, A study of foreign ion interferences indicates
that 0,001 =molar concentrations of zine or gallium interfere slightly
and solutions 0,01 molar in alumirum or yhéspmta ions do net interfere.
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