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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Abstract

The perfbrmance of thallium amalgam-thallous halide electrodes

‘with thallium concentrations from 1 to 20 atomic percent has been in- -

-vestigated in propylene carbonate (PC). Measurements of bias poten-

tials, polarizafién measurements; and éomparison of emf's of amalgam
concentrétion éells without transference with data on cells in agueous
solutions show reversibility and good stabil%ty of the electrédes.
The solubilitiés of thallous chloride, bromide, and iodide were found
in the order of 1t 5 x 10°° moles/1000 nl.

The pure thal;ium~thallous chloride eleptrode was also found_téi

be suitable for reference:purposeé_in propylene carbonate. .-
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Introduction:

In recent yeats propylene carbonate (mp° —h86é,vbpf 2&2°C,1éielec_
tric constant: 6h.5 at 25 °c) has;attracted:mucn interestlas"an ionizing
solvent for applicatlon‘in hignienergy density_natteries;. For measure-
ments of-thermodynamicfproperties.of electrolytes.and_for studies of elec~

trode processes in this solvent a reversible reference electrode of the

vSecond kind is required, which, 'for‘practical feaSOns, should»inVolve a

. hallde as sparlngly soluble salt . since thls allows the experimental estab-

lishment of concentratlon cells w1thout transference. Hal1des of suffi- .V

c1ently low SOlubllltleS in PC include mercurous, silver, and thallous

helides.
At first sight the'calomel and the mercury-mercurous bromide. electrodes .-
»promise.to be suitable systems. Mercurous chloride and bromide, however,

| disproportionate instantaneously when they are added to solutions of the

corresponding alkali halides in prooylene carbonate. Disoroportlonatlon f

" . also takes place in absence of indifferent halides, only, the reaction rate

is very low. Slow disproportlonatlon of mercurous chloride has been re-

. ported to occur in contact with solutions of the coxresponding halides .

L
- in acetonltrile and in dimethyl sulfoxide5. Rapid spontaneous reactlon,

however, has not been reported thus far.

The solubility of silver chlorlde (2 x 10 5moles/lOOO ml)ll in propy-v

lene carbonate suggests the aopllcatlon of the silver—silver chlorlde
electrode in this solvent. However, excess chlorlde ions increase the
solubility to'such»an'extent that 1t becomes approximately equal to the
excess chloride concentrationll. Ve have, therefore, not investigated

further the application of this electrode in propylene carbvonate.
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The thallium amalgam-thallous chloride electrode is a reliable
reference electrode in aqueous solutions, especially for measurements

above 80°C, and is commercially available with 4O wt percent thallium

T 5

as "Thalamid—Elektrode“ . Recently-it has been shown by Smyrl and Tobias”

‘and by Cogley and Butlgr8 that it is also reversible énd well suited as

é reference electrode in dimethylsulfoxide solutions. Furthermore, the»

solubilities of thallous chlqride;‘bromide, ana iodidé determined by

means of emission spectroscopy are in thé‘order of 5 x 10—6'(TlCi), o

1x 10-6 (T1Br), and 2 x 10_6 (TLI) moles/1000 ml solvent and hénce an

order of magnitude below that of silver chloride. Theée values‘yiéld solu; ;

bility products in the ordér of J_O"_]-‘2 to 107t (moleé/lOOO ml)?; if |

' complete dissociation and no complei formation of the_salts‘at ﬁhese low

concéntrations is assumed. Quantitativé feéts on the effect of'excess

halides on the solubility of tﬁallous halides havehnt been perforhéd in

the frame of this study. Unlike in the case of silver chloridé, however,

" no effect could be discerned by visual observation.

Therefore it seemed promising to éxamine the bchavior of fhallium'

v - amalgam éiectrodes in cpnnegtion with thallous halides in éropyléne'car—
‘bonaté.’ Lithium chloridé (10'3M), 1ithium bromide (0.1M), ahd_potassium ,
jodide (0.1M) were chosen as indifferent electrolytes because of their

relatively high solubility in PC; the thallium concentfatidﬁ'of thé amalF>.'
~gams ranged from 1 to 20 atomic percent. The éxperiments élsp incluAed
megsurements on oxide free thallium metal eleétrodes covered with an

- electrolytically formed layer of thallous chloride.
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Experimental

Propylene carbonate. (Jefferson Chemigal Company, Houston, Texas)
was distilled at_0.5 am Hg by means of'a_commerc1allysavailable column* &
- packed with stainless steel helices%*. The reflur:ratio was 50 to 60, o
vthe head temperature 65°C. The first 10 percent and the last 20 percent
'of the solvent were discarded.
_BecauSe of the high tendency_df the sblrent to‘dissolve‘stopcock : t
greases‘the receiver system of the column wa.s designed withpélass*dripl
~ tips and’needle ‘valve stopcocks+ equipped with Teflon "O"-rings.'
- Gas chromatographic analysisff of the product showed the presence
e of two impurities at very low concentration, one of which could be identi-
'fied as ‘water. The concentration of water as determined_by K. Fischer
| method was below 5 ppm. _ . . ' ‘
Thallous chloride (reagent grade, Fisher Sc1ent1f1c Company, New Yorﬁ)
~and thallous bromide and iodide’(prepared by precipitation from aqueous-
solutions of thallous nitrate.with the corresponding alkali halides) were
dried:in vacuo with phosphorOus:pentoxideh In contact with PCi. they.
are slightly sensitire to light; the effect increases nithAincreasing
.molecular;weight of the halides. Solutions and galvanic cells were,
herefore, kept in dark as far as possible. |
Thallium wire used for preparatlon of amalgams and thallium electrodes

was 99.999 percent pure (United Mineral and Chemical Corporation, New York).':

~

* , : R
. Semi- CAL Series 3650, Podbielniak, Franklin Park, Tllinois. o '
AKX : - P
Hellpak, Podbielniak ' '
, | - .
Delmar Scientific Laboratories,. Inc., Maywood, Illinois.
tt '

Conditions of these runs were: - Ucon HB 2000 (polar) on graphite in glass
columns, at 152°C, carrier gas: Helium; 5uf samples _Propylene car-
bonate did not decompose in this column.
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The surface wvas freed fromroxide by'waehiné Witb 0xygen~free vater under

argon atnosphere.. The-silvery white metaL.diseolved readily‘in mercury.

The thallium concentrations ofAtheLamalgams were determined-by;the acidi-
metric titration method given by Rlchards>and Danielel..v - |

Electrolyte solutions, amalgams, and cells were prepared in dry

‘argon atmosphere inside a glove box, which could be evacuated to below.

1l p Hg. The argon passed a U—tube with dried magne31um -perchlorate for .
removal of water and a U—tube with BTS cafalyst for removal of oxygen.
The water content was 1 ppm by volume**.

The Pyrex cells used for equllJbrlum emf and polarization measure-
ments consisted of six compartments, five of whlch were equidlstant fron

a center compartment. This arrangement permltted the comblnation of any

i

two of six reference electrodes for test purposes.

Electrode cups containlng about 5 ml of the amalgam exposed O. 5 and

- 2
l cm of the metal surface to the electrolyte. The amalgams were covered .-

with a thin adherent layer of thallous halide. Since it was found that o

'propylene carbonate ‘tends to creep between glass and amalgams, a tl“htly

flttlng Teflon O rlng wa.s attached to the glass stem of the platlnun

contact below the mercury surface preventlng contact between electrolyte._

and platinum. o |
The célls were tightly sealed, and 1 atm of argonVWas maintained‘

over the solution throughout the meaauz'ements. The temperatnre was keptr'at

o T
30 £ 0.02°C.

BASF, Ludwigshafen, Germany.

"Moisture Monitor", Consolidated Electrodynamics Corp., Pasadena, Calif.

1 : '
This temperature was chosen for the purpose of direct comparison ff

the data in PC with those given by Richards and Daniels for 30°C.



-6 : .~ UCRL-17892

Thallwur-thallous chlorlde electrodes were . prepared from thalllum
wire._ Thallous ch_orlde well adherlng to the metal surface was formed

“by anodlzdtlon inside the sealed cells with current den31t1es of 0.2 ma/cm

. for a period of 30 mlnutes, yleldlng an amount. of O 85 mg TlCl/cm and

-3

an average layer thlckness of l.2 x. lO mm. ,Dlssolutlon of this layer'
was prevented by presaturating the electrolyte solutions with thallous
. chloride.

Electroce potentials and overvoltages were measured with a potentio- -
*

metric electrometer . Constant. current was supplied by a constant current :’

. t .
power supply — and measured with a multlrange electrometer,. Each of -

the ‘six electrodes of each cell studied was subjected to positive and
negative galvanostatic polarization (from 10 ~ to 10 amp/cm ), as
counter and reference electrodes served any two of the other amalgam- or

thallium-thallous chloride electrodes.

. Results

Bias Potentials : ' S ‘

v

Thallium amalgam (1 to 20 atomlc percent) thallous ‘halide. and thalllum-]ci

'thallous chlorlde electrodes were set up in propylene carbonate solutionsyf'
of the correspondlug alkali halldes. Measurements of blas‘poteotlals-and ,v
electromotive forces were conducted'at 30°C for at least.six months.

Bias potentials of good amalgam electrodes never exceeded 0.05 mv,

and it could be foretold from the appearance of the surface when, in few

* - ) .
Keithley potentiometric electrometer, Model 630.

*x% . .
Electronics Measurements, Inc., Model 613.

1.

Keithley multirange'electrometer, Model 601.
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cases, they had.hiéher values (up to 3 mv).""GOOd"'electrodes had a
certain appearance Their surface was completely covered with a thin
layer of very flne crystals of thallous halide. The velvet layer was pro-

duced by shaking the»amalgam before it was immersed into the solution;

:the salt spread readily over its surface and was not removed on wetting

with propylene carbonate solution: Saltcin'excessfover the adherent_

-quantity was usually ejected out Of.the electrode cups by this procedure;

its presence was found to be unnecessary for a good performance of the

electrodes. Only a few amalgam‘electrodes could elther not completely :

be covered with thallous hallde or. lost the coherence of the adherent

film on wetting with propylene carbonate . They showed: patches of shlny

amalgan, and their bias_potentials were up to 3 mv and not quite constant.'
Solid thallium wires'employed as metal phases for thallium—thallous

chloride electrodes were immersed in the PC solutlons saturated with |

Ot

thallous chloride. Acting as electrodes of the first kind they exhlblted _

- bias potentials of less than 0.2 mv and constant emf's with amalgame

;_thallous chloride electrodes showing identical states of metal and sur-

faces. Directly after anodization and formation of the thallous chloride
layer the potentlals were usually o?f by several hundred milllvolts,
they changed, however, rapidly returning to tnelr precedlng value: Bias

potentials were below 1 mv - after two hours and below.0.2 mv after six
hours. The erroneous potentials directly after anodization seem to e |

caused by nonuniform concentrations of electrolytes in the freshly

formed layer of thallous chloride.:
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Polarlzatlon neasurements

In order to characterlze thelr actual“nerformance and rever31b111ty,
the electrodes were subjected to posltlve\and negatlve polarlzatlon
with current densities from'lO-B to_lb’6 amp/cm?. |

The 0vervo1tages of-amalgam;thellous halide electrodes wemrinveverp
'case proportlonal to the current flowrng, no. hysteresrs could be ob-
served. Overvoltages of electrodes w1th 9 atmomic percent thalllum were
' correctedvfor_tne 1Rfdrop obtalnedvfrom're31stence measurements at.
vr 10,000 cycles/sec between;corresponding electrodesvand'the electrode'in
the center cOmpartnent.,rThe corrected overvoitages allow the calcula-
‘,'tion of i:,.the effective exchangelcurrent_deneityv

»*—-—() .

on 15
Its magnitude is"determined by the slowest reaction.at:tne‘electrode_iﬁ'
__surface; For the.electrode . _Y | | |
9 atonief T1( Hg)/TlCl(sat a),1ic1 (10 3)m)

i:-is in the order of 2 to 5 x 1072 amp/cm_.

‘Concentration Cells : R

Richards and Daniels investlgated thermodynamic prooertres of
thalllum and its amalgam from 0.33 wt percent to saturation (over hd nt
percent) in concentration cells without transference and used aqueous
: 2-percent thalloue.sulfate as electrolytel, As loné as only'the rever-
éible electrode reaction determines tne potential of thevelectrodes,
the electromotive forces of these cells should be independent of the

electrolyte, its concentretion, the solvent, and whether the electrodes
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are of the first or second kind. The emf’s'shouldlonly‘depend'on,the

ratio of the thaliiumvaétivitieSfofvthezamalgam.

,Accordingly, electrqmotive forces between thailium émalgam elec-
trodes of the second kind with differgnt thallium concéntrationé (1 to 20
atomic percent) énd Qith thallous éhloridé; brbmide,-and iodide~as
sparingly soluble- salts and also thqllium—thallbus chloride.eleétrodes

were measured in concentration cells without transference in solutions

of corresponding alkali halides at 30°C. The values wefe compared with

| thbse for aqueous solutions at the'Same temperature giveh by Ridhards

~

treated by a method used by Lewis and Randall. Agreement of these inter-

polated values with'our’measuremenﬁs was ih every case better than 0.1 mv. ~

Conclusion

The results réported'indicate that thallium amalgam electroaes in
connection with thallous'chloride, bromide, and iodide as sparingly
soluble salts as well as thallium-thallous chloride electrodgé with eleé-

trolytically formed thallous chloride layer are well suitable as constant,

reproducible, and reversible reference electrodes of the second kind in

propylene carbonate solutions. The three amalgam electrodes provide a

wide and useful range of applicability, especially for thermodynamic
measurements in cells without trapsferencg, since they allow the selec-
tion Qf thé most soluble and iost sﬁited halide of a given catioh to
5e stﬁdied; ‘It is to be.emﬁhasized, however, that oxygen has strictly |
to be excluded from the system, since solid.thalliuﬁ and its amalgams

undergo oxidation very rapidly. Preliminary experiments indicate, that o
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the thallium amalgam-tﬁallOusfchloride-reference electﬁode.is also .

suitable. for work in acetonitrile solutions.

:: N, .
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