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SOME REACTIONS OF SODIUM-BISMUTH
AND SODIUM-LEAD INTERMETALLIC COMPOUNDS

INTRODUCTION

The formation of alloys of sodium and bismuth and of sodium
and lead were first noted by Gay Iussac and Thenard (1) when a
mixture of the two metals were melted together, Alloys of these
metals have since been observed to be formed in & number of dif-
ferent reactions in liquid ammonia,

Indications of compound formation in these systems was found
in the freezing point curves of the alloys. DMathewson (2) ob-
served that in the sodium-bismuth system there was a maximum at
775°C. corresponding in composition to the compound anﬂi. He
also reported an incongruent melting point at 445°¢. for the
compound NaBi.,

In ligquid ammonia Joamnis (3) obtained a compound approxi-
mating Na,Bl by the actlion of a solution of sodium on a stick of
bismuth metal. This bismuthide was described as being bluish-
violet in color and is rapidly oxidized in moist alr, There can
be but little doubt that Joannis' compound was identical with the
compound having the same composition found in the phase dlagram.

Mathewson (2) also studled the sodium-lead system and found
that there were four maxima on the freezilng point curve which he
ldentified as belonglng to the following compounds: Na,Pb, NagPb,

NaPb, and Na_,Pb Iater work by Calingeart and Boesch (4) indi-

i -5
cated that the compound ungpb exlsted, but that the maximum



actually corresponded to the compound Nastz. In addition, on
the basis of thelr X-ray analyses, Zintl and Harder (5) were able
to show that the compound, originally thought to be Naérb and
later analyzed as Naslela by 8Stillwell and Robinson (6), was
more accurately represented by the formula Nalsrb « The crystals
used by these workers were made by melting lead with excess
gsodium and extracting the free sodium with liquid ammonia, The
compounds of sodium and lead, like those of sodium and bismuth,
also oxldize readily in air and decompose in water.,

Zintl and his co-workers (7) have extensively investigated
reactions of sodium in liquid ammonia with S, Se, Te, As, Sb, Pb,
Sn, Bi, Zn, Cd, Hg, Cu, Ag, and Au. They concluded that the
elements belonging to the first, second or third groups of the
perlodic table formed only insoluble metallic compounds with
atomic lattlces, whereas the elements of the later groups formed
soluble intermetallic compounds as well, Zintl has named these
ammonia-soluble substances "polyanionic" salts and has described
them as being similar in constitution to the polyhalides and
polysulphides.

In his experimental work Zintl found that upon the addition
of the more electronegative or amphoteric elements such as Pb,
Sn, Sb, Bi, As, and S (or thelr binary compounds) to liquid
armonia solutions of sodium there was first obtalned simple com-
pounds of the type Ko8, Lisns, etc.; these, for the most part,
were partly soluble in liquid ammonla and reacted further to form

compounds of the type Kgsz, NasAa Na Pbg, etc. These compounds

g of s
were easily soluble in liquid ammonla to give very intensely

colored electrically conducting solutions. It should be noted,
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however, that Kraus (8) in the course of his investigations into
the nature of electrically conducting solutions of metals in
ammonla had observed much earlier the solubility of the sodium-
lead compounds in liquid ammonia, and Smyth (©) had demonstrated
the migration of lead to the anode and sodium to the cathode
during electrolysis.

The elucidation of the composition of these substances in
solution was accomplished, however, by the use of an exacting
experimental technique developed by Zintl, The action of an excess
of sodium on a solution of a salt of these metals in liguid ammo-
nia was carried out in a speclally designed titration apparatus,
The course of the reactlons was followed by conductometric and
potentiometric titrations, The compounds formed with bismuth and
lead were found to be NazBl (black ppt.), NazBlz (deep violet),
Na5315 (brown), Na,Pb, (green), and Na,Pb, (green).

Most of these compounds are different from the ones found in
the study of the alloy phases by thermal analysis. In liquid
amnonia solutlon these polyanionic salts are assumed to be in the
form of ammines, such as [ﬁu(nﬂs)sz -— [Pbgj'4. Upon the re=-
moval of the solvent ammonla, amorphous asolids result which on
deanmonation are transformed iInto binary alloys, which in some
cases are mixed with free metals. The resulting alloys are lden=-
tical with those which separate from molten mixtures of the two
components having the same atomic percentage (10, 11).

The colloidal nature of the ammonia solutions of the poly-
anionic salts has received attentlon also. Zintl detected with
the ultramicroscope negatively charged aggregates of the poly-
anions, e suggeats that perhaps the dlassolution of lead by
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liquid ammonia solutions of sodium may be a peptization in which
the peptized materials are combined 1n stoichiometric proportions.
The pronounced pleochroism of these solutions is in accord with
Zintl's observations,

Further insight into the salt-like character of the metal-
sodium compounds is found in the energy effects accompanying
their formation, Kraus (12) has estimated the free energy of
formation from cells of the type:

Na(¥g) } NaI(11q. NHg) } Metal(sn, Sb, Pb, Bi, etc.)
Although the exact composition of the compound formed at the
electrode was not known, it was predicted to be the most inscl-
uble one; e.g., NagBl, Thus, he found for NaPby and NaBly
respectively 39.1 and 44.2 kilo-calories per mole of sodium,

This data, by comparison with the free energy of formation of
substitutional type alloys, shows that the energy effects are
high and indicates that the combinations are salt-like in nature,

The elements may be arranged in an electropotential series
in the order of thelr electron affinity, and it 1s well known
that an electropositive element will displace a less electro=-
posltive element from solutlions of 1ts salts. Also an electro-
negative element will displace a less electronegative element
from solutions of its salts. Those elements that have the small-
est electron affinity are found in an electropositive condition
while those with the greatest electron affinity are in an
electronegatlve condition. Between these two extremes are the
amphoteric elements which may exlst in an electropositive state
when in combination with the strongly electronegative elementa



or in an electronegative state in combination with the strongly
electropositive elements, Salts contalning such amphoteric
elements in an electronegative state are in general very reactive
with water which hinders thelr study in thls solvent. Since many
of these salts are soluble and stable in liquid ammonia the
electron affinities of these elements can be determined in this
solvent,

Bergstrom (13) has attempted to establish the order of the
electron affinity of the amphoterle elements in their electro-
negative condition by means of a study of replacement reactions
in liquid ammonia. A liquid ammonia solution of the potassium
or sodium salt of Pb, Bi, Sn, Sb, As, P, Te, Se, 8, I, and Hg was
allowed to react with Zn, Fe, Cu, Pb, Bi, Sn, 8b, As, P, Te, Se,
8, I, and Hg. PFrom the results of his study of these displace~
ment reactlions he has formulated an electronegative displacement
serles wniech is substantially the reverse order ol the electro-
positive serles in water. Hls serlies was arranged as followss
Pb, Bi(?), Sn, Sb, As, P(?), Te, Se, 8, I, with lead apparently
being the least electronegative and lodine the most electro=-
negative., The replacement of one element by another was found
to be more definite and rapid the farther apart the position of
the elements in the series. 8Some of the replacement reactlons
led to equilibrium conditions, and the reaction was dependent
to some extent upon the concentration of the constituents.

The posltion of bismuth In the series was not definitely
established by Bergstrom because some of the reactlons involving
bismuth and the polyblsmuthides were sluggish and inconclusive.



This, he suggested, may have been caused by the formatlon of a
coating of one metal upon the other.
I Although the chemistry of intermetallic salts described in
the literature 1s not extensive, the published reactions of these
substances with 1lnorganic compounds can be divided into two
classes, metathesis and reduction. The flrst of these 1s 1llus-
trated by the following reactlion occurring in liquid ammonia (14):

2 Ca(NOz)p + K4Pb, —+ CagPb, + 4 KNOg
This metathesis 1s analogous to the behavior of ordinary salts in
water. An Interesting reaction showing the reducing property of
the intemotallic salts takes place vetween a liquid ammonia
solution of a lead salt, such as PbCly, and an Intermetallic com=
pound contalining lead as the anion. The following equation
represents such a reduction (12):

2 PbCl, + K4Pbg — Pbg+Pbg + 4 KC1

Here the positive lead lon 1s reduced by the negative plumbide
ion to give ordinary mtallie’ lead as a precipitate.

Other reduction reactions have been studled. Johnson and
Pechukas (15) have observed that the reduction of ammonium bromide
by sodium polyarsenlde proceeds almost to completion 1n accord
with the equation:

NazAs, + 3 NH,Br — O3 NaBr + 3 NHy; + AsHz + (x~1) As
Watt and Moore (16) have also noted the complete reduction of the
ammonium ion to hydrogen and silver lon to metalliec silver by
trisodium monobismuthide.

2N¢5Bi + 6 NHgBr — 2 Bl + 6 NaBr + 6 NHy + 3 Hp

NegBl + 3 AgI — Bi + 5 Ag + 3 NaIl



Molecular oxygen is easlily reduced by these compounds as shown
by the work of McCleary and Fernelius (17) on the tellurides,
selenides and sulfides and Watt and Moore (16) on the bismuthides.
Some examples are as follows:
NazTo(Se, 3) + Oy —+ HszTe(Be, 3105&&
4!!&331 i 802 — 4 B10 4+ 5]{&202

Iowig (18) was the first to report the reaction of sodium-
lead alloys with organic halides, Since his early work much
interest has been attached to this type of reaction. An example
is shown by the equationg

NayPb + 4 CpHgI — Pb(CoHg), + 4 NaI
Many patents have been issued on the application of these alloys
in the formation of plumbanes which have assumed technical impor-
tance in the petroleum 1ﬁduatry. A variation of the reaction is
illustrated by the investigations of Foster and co-workers (19)
who have shown that hexaphenyldilead may be prepared by the re=-
duction of triphenyl lead chloride with tetrasodium nonaplumbide
In liquid sammonia:
4 (CgHg)sPbCl + Na,Pby — 2 [(CgHg)gPb]s + 9 Pb + 4 NaCl

It was belleved that a study of the reaction between inter-
metallic compounds and covalent inorganic halides would show the
formation of couplings similar to the ones illustrated above.






STATEMENT OF THE PROBILEM

Although much work has been done on the reactions of sodium=-
lead alloys and their intermetallic compounds with organic halldes,
little or no information has bLeen obtained on the reaction of
substances of this type with the essentlally covalent Iinorganiec
halides. Therefore, 1t seemed desirable to investigate such re=-
actiona. Phosphorus trichloride was chosen as a typlecal covalent
inorganic halide for this work. It was decided to use the least
armonla-soluble intermetallic compounds of sodlum and the Croup Vp
elements with the view of determining the effect of differences
in electronegativity of the anions on the course of the reaction,

The relative electronegativity of the amphoteric elements in
their polyanionic state has been studled, and the position of
many of these elements has been definitely established., However,
because of ineoncluslive data on reactions Involving lead and
‘bismuth, thelr relative position remains doubtful.

Because of the lack of infermation and inconclusive data the
Tollowing problems were outlined for Investigation:

FIRST: Prepare In llquid ammonia the compounds NazBi, NasSb,
and NagAs end study thelr reactlon with phosphorus trichloride.

M@: Establish the rels;.tive electronegativity of bismuth
and lead in their polyanionic state.
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EXPERIMENTAL

APPARATUS

Liquid Ammonia System: The experiments using liquid ammonia

were carried out at approximately -33°C., and atmospheric pressure.
These conditlions were obtalned by enclosing the reactor tubes in
a Dewar flask filled with boiling liquid ammonia, The construc-
tion and detalls of operation of such equipment has been described
by Johnson and Fernelius (20).

Reactor Tubes: The reactor tubes used in the experiments

involving liquid ammonia were similar to those described by Watt
and Moore (16). The reactors differed slightly from those of
Watt and lioore in that all tubes used iIn the introduction and re-
moval of materlals were attached by means of ground glass joints;
and further modification involved the enclosing of both reactors
in the same Dewar flask, instead of in two separate ones. This
was accomplished by bringing the filter tube through the side of
the reactor head and connecting the two by means of a short
section of tubing contalning ball and socket joints and a stopcock.
Phospuorus Irichlorlde Purification Apparatus: This appara-

tus consisted of a micro distillation flask, condenser, and
recelver which permitted small samples of phosphorus trichlorilde
to be sealed in a thin glass bulb. The apparatus, shown in
Flgure I, was assembled and dried by passing dried nitrogen in
through the phosphorus pentoxide drying tube and out the top of
the distlilling flask. Approximately a cublic centimeter of

phosphorus pentoxide was Introduced inte the flask by forecing it
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with a glass rod plunger from the end of a glass tube extending
to the bottom of the flask. WNext, about five milliliters of
phosphorus trichloride were run into the flask with a pipette.
The thermometer was inserted through the glass sleeve of the
flask and connection made by a section of rubber tubing.

The flask was heated by means of an oil bath, The first
milliliter or so of phosphorus trichloride that distilled over
was caught in the discard tube; the receiver was then rotated so
a8 to put into position the tube containing the stem of the glass
bulb., The next two milliliters were caught in this tube.

The glass bulb, which was blown from small glass tubing, was
dried carefully before use by passing drled nitrogen into 1t
through a small capillary tube whille the bulb was heated and then
allowed to cool. Phosphorus trichloride was drawn into the bulb
by repeated heating and cooling. When the bulb was nearly filled,
it was sealed off with a small flame from an oxygen torch. The
welght of phosphorus trichloride iIn the bulb was found from the
difference in weight of the empty bulb and the combined weight of
the filled bulb and the stem remalning.

Reactlon Apparatus: The apparatus used in carrying out

reactions of phosphorus trichloride with trisodium monoblismuthide
is shown in Figure II. This apparatus was equipped with a special
means for introducing phosphorus trichloride. It consisted of a
dropping funnel containing ligroin attached to a cup-like receiver
by means of a rubber stopper. Thls recelver, which was used to
hold the bulb filled wlth phosphorus trichloride, had attached at
the bottom a tube which extended into the reactor. The receiver
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slse contalined & glass rod used to break the bulb. The apnaratus
vas swept continuouwsly with dry nitrogen which was introduced

through o glass tubes and removed by weans of a side connection

attached Lo & water Jjacketed condenser,
After reaction the products were hydrolyzed in sltu by

substituting & different head, which is shown in Figure II. Tihis
head consisted of & ground glass joint having & glass tube extend-

ing through & ring-seal in the top. The geseous products of the

hydrolysis were swept out through the sidearm sealed onto the head.
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FIGURE X

-

Pnosprorus Trichloride purification Apparatus

rubber tublng
class sleeve
‘thermometor
water condenser .
glass bulb
dlstilling flask
drying tube
discard tube
rubber stopper
gless eylinder

CLule Tl O RO TR

approx. actual size ///



FIGURE 1T

Reaction Apparatus

dropping funnel
breaker rod
rubber stopper
recelver

glass bulb
glaas wool

zas intake tube
introducer tube
outlet to condenser
reactor head
resctor
hydrolysis head

NG TR 0 Ao o

3 J
v/
R

approx. 1/3 actual size



17
VATERIALS

Armonia . Commercial anbhydrous ammonis was distilled into
smell tanks containing sodlum amide which served as a drying
agent to remove any. possible moisture in the ammonia. These
tanks of ammonla were used to supply the solvent ammonia,

Petroleum Ether (Lisroin): The petroleum ether was a

fraction boil ng from 30°-60°¢, It had been dried over sodium
shavings,

Fitregens Nitrogen gas vas obtelned from tanks of zpeclal
Yoxygen=-free" nitrogen. Thils gas was furthor purified by first
passing it through a gas washer containing potasslum pyrogallate
solution to remove traces of oxyren. Drying was accemplished by
pagsing the gas first through & concentrated sulfuric acild
washer and then through a phosphorus pentoxidé drylng tube.

Blsputh: The bismubth wetal used in these experiments was
“Raker's Analyzed® grade metal containing ©0.8%4 Bi, menufac bured
by T. J. Baker Chemical Company. The metal which passed through
a U. 8. Standard #60 gsieve was used. _

lead: The lead wetal used was Merck and Company's "reagent
erade® metal containing 99.95% Pb. The metal whicélgasseﬂ through
a U. 8. Standard #60 sieve was used. |

Sodium: The sodlum employed was "resgent gr&de“_ﬁ@tal PRI
factured by T. J. Baker Ch mleal Company. The sodlunm wag sbored

under speclally drisd 1igr01ns Zeforeo using it waa firgt clean-

PR
A

ed by trimming off the oxide coating and melbting under neraflin,

The molten sodium was stirred se as to form small brlght metal

globules, The paraffin was then poured ofl and the globulea
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transferred qulckly into dry ligroin. Both the ligroin and
‘sadium were quickly poured into a {iltering luanel wlth a
sintered-hiass bottom. A rubber stopper, through vhich the end
of the imtrodudtioa tube was xﬁserted was ritted to tza top of
this fumnecl. ilost of the ligroin was drainsd off and the
remainder vaporized by a stream of dried niirogen. The é@dium
was then shaken inke the introductlion tubs for uvsse,.

Bismuth Triiodide: This compound was prepared by bthe

method of Birchenbach (21). The materisl was r@sublﬁa%é‘two
times and snalysis showed that 1% contained 35.2% Bi. The
theoretical value is 35.4% Bi.

_Zﬁad(ll) Iodide: This compound was made from nobassium

indide and lead nitrate by mebtathesioc. The product was recrys-
talﬁizeé geveral times from hot water. Analysis shawea that this
neterial contained 44 .6% Pb., The theoretical wu lue is 44.8%5 Pb.

Phosphorus Trichloride: Paker and Adamson's "peagent grade®

chemlca1 wes used. The phosphorus trichloride was distilled and
ﬁbe frtcuwom which bolled in the range 44,5°=45,0°C, at VAQ Kl
pressure was caugnt, This material was further purified as

needea.



HETHODS

The asnalytical methods smployed woere, for the most pars,
girilar %o the ctandéard pr @ccd%v g dcsc LD@@ in the well known
3z

treatises of Treadwell snd Hall (22) and Purman {(23),

Bilsmuth: 2Zismuth was determined gravimotrically by con-

version to the inscluble basle nitrate followed by ignitlion te
31205.
Iead: Iead was deternined gravimetrically as lead wwolybdate.
Chloride: The chloride was determined luMCuriG 1iy by the

Mohr method, The silver nitrate was standardis od by kneen ssmples
of s&lﬁblg chiloride.
§2§§2@:. Eodium‘ sog debernined ﬁraviuctrlcally Dy caﬂvcvﬁinn
to sodium chloride after the rcumeval af interfering heavy metals.
Hydroxide: Iydroxide ion was detéfmined volumetricelly by

the use of standard hyﬁracklaric cid., The ccid was stunoar@;zed

& -

with samples of sodiwa carbonate, 18ing brom thymol blue as an
indicator. |

Phosphorus: Phosphorus, present as phos Qﬁine gas from thé
hydrolgsis of phe hidev, was determined by absorption in a

gsolutlon of five por cent potasaslum pDoermangsnate contalning snough

nltric acld for the formation of tho manpanous ion. This reagent

2

effected the conversion of the phosphorus to phosvhate. Phosphate
was then determined gravimobtrically by {lrst preeiplitation as

ammonium phosphomelybdate and subseguent conversion bo load

molybdate. The amount of phosphorus in the original saupls was.

Al

caleulated from the welght of lsad welybdate obtained.



PROCEDURES

Reduction of Dilsmuth Iodide to Trisedium jbnobismuthlde:

In the preparazilon of triscdium moncbismuthide a known weight of
bissutlk lodide, usually arouwnd ten grams, was introduced into
the botbtom of the reactor whleh, in turn, was placed in the
Dewar flask and the head assembled, Speclally dried gaseous
ammonle was admitted through the intake tubse until the whole
apparatus was Tlushed completely free of air. Refrigerating
armonia was run into the Dewar Ilask and kept stirred by means
of & stream of natural gas.

Dried geseous smmonis was then condensed to the liguid by
increasing the pressure slightly in the reactor. The bismuth
iodide was completely ammonlated and suspended in about twenty
2illiliters of solvent. Thla process was accompanied by & grad-
ual cmlar‘chang@ in the bismuth lodide from almost black through
orange to yellow. The final suspension was milky in appesarance,
Previously prepared sodium, s8llzghtly in excess of the calculated
six eguivalents necessary for the coumplete reduction of the
bismutﬁ fodide to trisodium monoblsmuthlide, was then gradually

added from the Introducer tube. It was observed that the re-

action was strongly exobthermic ae evidenced by the vielent beiling

of the amionie, and & black wetallic deposit of blamuth was rapid-

ly formed. Upon addltion of wore sodium, brown and violet eolored

solutions characteristic of the sumonia-soluble polybismuthides

were observed. When &n axcess of sodium was present, the striking

blue coloy characteristic of liguid armonis solutions of sodium

could be seen.
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The reectinn mixbture was agllowed to stand for about an hour
to insure complete reactlon. A finely divideﬂ black‘precipitaﬁe
remaiﬁed in the bobtom of the reactor end the supernatant 1iquid
waaz deep blué in colér.b In order to free the precipltate of
sodium iodide and excess sodium 1% was fhoraughly washed by repoat=-
}ad condensation énd extréctimn of liquid}ammonia ﬁﬁrough a fritted
glass filter. |

After rémoval of the reactor from the Dewar flask, the sol-
vent amwonia was alleowed to vaporize through;a meréury‘trap
leaving the precipitate of‘ﬁrisadium monoblsmuthlde as a dry
black nowder. That part of the preciplsate which could be shaken
from the reactor was rémoved for further use by means of a teke-
off tube. Tﬁe latter was gulckly capped and evécuatéd Ey an oil
pump for an nour to remove most of the adsorbed ammonia fﬁom the
solid. After evecuation the tube was filled with dry nitr@gen;
Amofyheus trisodiwz monoblsmuthide appeared black with a slight

bhﬂﬁp@ﬁythﬁi

Reactlon of Trisodium loncbismuthide with Phosphorus

Trichloride: The reaction of trisodium moncbismutnide with phos-

phorus trichloride was attempted alx different times. Durihg the
course of these experiments maﬁy changes and improvements were
made in technique. The fifth‘run will be discussed, as it 1s an
example of the best procedurg and reference to other runs willl beu
pade where it seems advisable.

The epparatus, sssembled as pictured in Figure II, was first

dried znd flushed free of all alr by means of dry nitrogen. In
t

ne first run naturael gas was used, but its usse proved to be



unsatisfactory because it was found to contain some molsture.
Beglaning with the fourth run the nitrogen was further dried by
paseing it through a U~tube filled ﬁiﬁn phaapﬁafus pentoxide,

An amount of trissdium monobismuthide equal to 1.8882 grams
was put inbo the reactor from the intrmﬂuc&?.tube where 1t had
besn stored alfter preparatlion as pf@viously deseribed, The
welght of trisodium mozebiSAuthide‘was deternined by welghing
the introducér tube and cap before and after removal of the
material, All welghings were made with the tube filled with
nitrogen at atmospheric pressure. Approxinately five‘ﬁilliliters
of ligroin wers run Inbo the reachor from the droppiag funnel.
About ten wmllliliters, nowever, were retalned in the recelver
holding the glass bulb contalning 1.287 grums of pheaph@fus G-
chloride. The ﬁulb was broken and the ph@Spharué trichlariée

wasg nixed with the ligroln before belng run into the reactor.

i
-

5

Upon addition of %hié solutlon only slight bubbling was ohssrved,
and 1ittle or no changse in the apsearance of the solid could be
dehected.

The reasction mixture was then carefully heated until the
1igyéln %@iled avay. A8 The contents of the raact@r approached
dryncss'white‘fumes were noted., IPlnally the reactor was swepb
bﬁith nitrcgen fbr an hour and the head was guickly fepl&ced by
the hydrolysis head. In order to remove any oxcess sghogsphorus
trichloride the reactor was evacuabed for one to two hours while
warning sligntly. Vhen white Tunes were obgerved the heating
wasg stopped and th@lreaet@f was agalin fiiled with nitrogen.

Hydrolysis of the products formed wes carried out by

bubbling nitrogen through hot water and then into the reactor.



The gan cutlet was connected to an absorber combtalning pobkasgium
permanganato solutlon., After nydrolysis was considered neerly
comnlete, anproximetely twenty milliliters of water wers eondensed
in the peactor tube by ecooling it in an lce bath. ol oxalieo

scld wos sdded to the perzensanate solution te destrsy the oxcess

reagent, and the solutien was thin Ailvied o 880 milliliters in

3

a volumetric flask., Aliguots were analyzed for phosphorud.

The solid products Temaining in the Tenctor were £1ltered
through a weigh@é @ rous bottom filtering cruclble, and the
filtrate containing the soluble products was caught in a test
tube placed in the filtering flask.. T™is soluble portlon was
Ailuted to 200 milliliters in & volumstric flask for snelysis.
Aliquets of this solution were used to deteraine the amount of
sedium, chloride, and hydrozide. The crucible conbaining the
anlid »roducte was heated ab 12009¢., %o consbant welght, and the
contents Aissolved in concentrated nitric acld., After digsolution
was complete the sclution was filtered and- the filtrato wmade up to
volume in a 100 milliliter flask for analysis.

Date on smounts of reactents and analyses of »reducts of the
six runs performed on bthe reaction between trisodium wonobismuthide
and phosphorus trichloride are preozented in Table I,

Reduction Reactlong by Intermgbtalllc uoL@uwnd3° L series of

four experiments was corricd ount to study the ?Dl@uLVQ reducing

CEAN

properties of lead znd bismubh as negative lons. Two of the
experiments invelved the reduction of an gmmonis-goluble zalt of
one ol thesge metals by ths speringly soluble internctellie . compound

of the other. The remsining two experivents were anion displace-

ments vhereby elemental lead or bismuth wes reduced teo form a.
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soluble howoatowrdc anlon, The use of bwin reactor tubes greatly
facilitated the execution of these reactlons. As &n exazmple of

the procedurs euwployed in the firat type of Grperiment, the re-

scebion bebtween trilsodium de and lead(ILl) icdide is

described in debalil.

Reduetion of Iead(II) Iodiile by Trisodlem Fonoblsmuthides
In thls experiment 1.304 grans of lead(Il) indide were placed in
the ledt hand resctor and 00,2702 gres ol bismubiz lodide in the
risght hand reactor. Bismuth lodide was en reduced with excess

sodlun s as to form briscdive wonobismuthlde in the manner

reviouvaly deseribed, and this procipltate vias vwashed thoroushl
o ? & y

te remove sodlua lodlde and wareccted sodlum. JApproximoately 20

mllliliters of ammonla were condonsed in the tube conbalining the
lead (II) icdide untll a millky colloldal suspensisy wes obbuined.
This suspension was then foreed by ammonis pressurce threugh the
glass fllter luto the resciocr containing trisodium moncblamulhide

Ernch ]
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coverad with several @=illiliters of auwon
vizible svidence of resction except an apparent increase in the
amount of dark Insoluble material. After zun hour of agltation
with bubdling smwonie the so0lid products were iltered and washed
to ramove all soluble meterisls. The remaining sollid vwas rewoved
frowm tne reactor by a take-oflf tube and evacuated to remove
smaonie. A sample of the solid products consisting of 0.28414 gram
was first dissclved in & smell amount of nitrie acid and then
diluted to 850 milliliters ln & volumebric flask. A&liguota of this

solutlon were analyzed to Jdevepruine the relative asmounts of bismuth

and lead formed by the resction.
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Heduction of Bismuth by Tebresodlum Nopaplumblde: Agaln,

sinee much theo same procsdure was followsd in esach of the anion
vdisplacement exgeriments, only this dn@ 15 described in aetail.
Plnely ﬂividéd bismu h'requir@d in this reactlon was obtalned by
the roduction of 1.0165 grams of blsmth iodide by sodium in
1iqﬁiﬁ ammonia. Thé meﬁal was washed carsefully ﬁa remove sodinm
iaéiﬂe and oﬁher soluble iwmpuritiss. Tetrasadiﬁm nonaplumbide
was made by reaction of O.?Qéé gram‘of metallic lead with ©.0395
grem of sodium.

then sodiwa waa'@ddéd to the 1iquid smmonisa cmvgfimg the
metallic lsad in the reactbr, rapid formatlion of a davk green
p@lyplumbidavﬁas n@ted. Aftéf allgwing approximately an‘hour for
complétimn of the réaction, this solution was forced.thrmugh the
fiiter into the other reactor @ontéining the prep&red metallie
bismuth.i Th@‘grgaﬁ color of the plumbide solubion guickly changed
.ta redﬂish-br@ﬁﬂ and & alrror-like deposit of wetallle lead on
he sideg of thoe reactor tube could be seen., The sgollid products
of the reéeti@n were {illtered and washed untlil fres ol soluble
products. Ammonie was removed from the solid by vaporization and
a 0.6431 gram sample was preparved for analysis.

Analyﬁidal Gata obtainedvon the f[our expériments carrisd out
to sbudy the reducing propertieé of Intermetallic compoﬁmds are

shown in Table Ii.



TAZLE I

Heaction of Trisodium Movnobismuthide

with Phospiiorus Trichleride

(41 I
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Reactants C Analysis of Products
Hag B3l PClsz Insol. Bl Ha - ¢l OB Pz
(z.) eguiv.) (g.) (equiv.) {c.) {equiv.){equiv,){equiv.)(equiv.){equlv.)
0,9416 0.,0034 1.60 0.016 — 0.002¢ 0,0105 0.0040 00,0080 —
3.9635 0,0143 7,80 0,057 — -— 0.0473 0,0258 —— e
> 1.6154 0.0058 4,70 G,0384 1.8713 0.,005% 0.0180 0.0128 0.,0015 00,0011
% 1.205C 0.0043 1,329 AO.OOQV —— | — —_— — —— ——

1,8888 0,0068 1.2887 0.008< 3983  0.0065 0,0201 0,0013 0,0188 0.0002%

i
1.,0462 ©,0058 4.495 0.0327 0.5644  0,00287 00,0082 0.00258 0.,0086 0.0001x

% estimatved

Lo
%))



Reductlon HReactlong Ly Intermetallle Compounds

TABLE

it

menctants

Analysis of Insoluble Producis

EXpe Amounts Used Sempls Used Bi b
Ho. e (equiv.) {g.) {z.) {eguiv. ) {g.) {equiv,)
Ha 0.451 0.0198
Piie 0.870 0.0016
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Reaction of Trisodium lionobismuthlde with Phospnorus

Trichloride: In this investisatlon of the reaction of inter-

metallic cowmpounds with essentially covalent inorgenic halides,
phosphorus btrichloride was selectad as a sultable representative

deg, while the leasi ammonia-gsoluble intermetallic

o
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compounds of esclium and the group Vyp eloments were chosen because

of the possibility of thelir preparation and purificatisn in

liguid ammonie. I% was first plsanned to prepare the serisesg of

compounds, Ha,3l, %agﬁb, and fagAs, and to determine the efrfect

S
that differences In thoe elecironegativity of the anlons might
have on the course of the reaction of such compounds with phos=~

phinrus trichleride. Trisodium weonsbilsputhide wasg the only inter-
metalllic compound which was go studled, however.
The course ol the reaction between these two compounds might

be expected to result in the formation of sodlum chloride and g

bilesmuth prosphide as 1llustrated by the following equation:
BagBi -+ PCly == BiP 4+ & Hall
This le the iype of coupling reaction which takes place between

an intermetallic compound and an organic halide. On the other
hand, if the reaction is similar to thatb which has been shown to
peeur with metellic halides, there would be a reduction of phos-
phorus by the bismuth anlon and the equatlon would bes
2 HazBi + PCly == HNagP + & WaCl + 2 Bi
The problem became that of alttempiing to prove which, if

£

either, of these eguations describes the reaction. The method
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folloved was to separate and guantltatively analyze the
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of the resction, A considsration of the firast sguation shows, if
it correctly represents the reactlon, that ths number ol egulv~
glents of sodium and chloride in the product will be the same,
and that this number ls also three {iwmes the number of seguivalsnis
o bismuth and puposphorus. I the second equation ls the corveet
one, nowever, there should be found in the products twice as many
equivalents of chloride as sodium, while the number of equivalents
of phosphorus and bismubth would be equal to one third and two
thirds, reapectively, that of the chloride.

On the assumption that the latier eguatisn represents the
reaction, a calculatioﬁ of the number of equ+va49 1ts of each
sroduct which would be formed from & known amourt of triscdium

- [ -

onoblamuthide is made and vpresented in Table IIY. Such a celeu-

3

lation assumes that all of the brisodium moneoblsmuthide present
enters into the reactlon and that the quantity of socdiuvm phosphide
in the product may be found by determining the amount of hydroxide
and phosphline resulting from its hydrolysis:

HaxP <+ 3 HgD — & Had¥ + PFHg

5
Run Hag i oo of equivalents theorstlically formed
Fo. {equiv. } xa jifal Gl O Pz

1 C.0034 0.0034 0.0108 0.0051 0.6081 0.001%
2 0.0143 0.0148 0.0428 0.0214 0.0214 G.0071
& G.0058 0.0058 G.0174 0.0087 0.0087 0.0028
4 0.0043 0.0043 0.0128 0.0064 0.0064 G.0021
5 3,006C 0.0068 0.0204 0.0102 0.0102 0.0034
G 0.0038 0,007 ¢.0081 0.0040 0.0040 0.0013

%  Lgulv. caleulated from the azount of Bi found in product,.



S1

In éiscussiné the sevéral @xyefiments wﬁieh were ﬁerfarmad
in,whichjthe conditi@ns ofithe reacﬁian werelvaried, mémtian is
made of the sigﬂificant faétors whiéh appareﬁtly had tﬁa mosh
effect on the outcome of the reacticnf Hach such complete gxpére
iment is referred to as a run,

Run ¢ 1: In this exploratery run neither the protective
atmosphere of natural gas nor the ligroin and phosphorus tri-
chloride used had been previoualy itreated in any way to remove
moisture that might have been present. About 25 milliliters of
ligroin wae ainply added to the trisedium monoblsmuthide in the
reactor by means of a dropping funnel followed by appre#imately
ené milliliter of phosphorus Irichloride added in the same wmanner.
Therec was littls immediate evidence of reaction, bubt upon evapora=
tion %o dryness an evolutlon of white fumes was noticeable. In
this run ihe only operation performed to remove the excess phosg-
phorus trichloride was the cireculation of natural gas through the

apparatus for about two hours. Hydrolysis of the producks was

o

ecomplished by direct addition of water and the phosphine liber-

ated was expelled by boiling the solutlon. Only & quallistive

&

nalysis was made for Phosphine;

It can be seen, Dy campafiﬁﬁ the number of equivalents of
c¢hloride found in the products (Table I) to the number which
should theoretically be found (Table IITI), that the resction was
apparently 80 percent complete, I this were the case the total
amount of hydroxlde that would be pfﬂ@uced by the hyﬁrolyéi@ sf
the sodium phoaphide formed and the hydrelysis of the unreacted

bismuthide would be equal to 0.0060 equivalents. However, ihe



amount of hydroxide actually found by analysis was only 0.0050

equivalent., A low value for the amount of hydroxide might be

explained by the presence of hydrogen lons liberated In the
hydrolygis of vhosphorus trichloride accordlng to the equatlion:

PCly + 3 Hgd == 3 HOL +4 HzPOy
Such a}hydrolysia would be expscted to secur if molsture was nob
carefully excluded from the reaciion.

If the reaction is considered to be 50 percent complete,
carréspenﬂing to 0.0085 egqulvalent of chloride as sadiﬁm chloride,
the excess chleride found (0.0015 equiv.)} might be satisfactorily
attributed to the hydrolysls of vhesphorus trichloride. The ratio
of the available hydrogen lons to the chloride ions would be 5/5
by ﬁhe above equabion, or 0.0025 equlvalent of hydrogen lon. The
amount of hydroxide formed would be 00,0025 equivalent resﬁlting
from & 50 percent reaction and 0.0050 equivelent due to the hydroi—
ysis of remalning unreacted blsmuthide. Therefore, the effective
hydroxide, taking inteo account the hydrogen ions, would bs equai
to 0,0050 eguivalent, which agrees with the amount found by analysis,

Run # 2: It was evident from the first run that precautions
would have to e teken to exciﬁde ﬁaisture from all the naterials
zged in the reactlon to prevent hydrolysis. Any hydrolysla of
@hasph@rus trichloride or trisodium monobismuthide would lead to
results whieh would be difficult to interpret.

Several iﬁprovements in procedure suggested by the results
of the flrst run were adopted, These included the wuase of dried
deoxyzenated nitrogen, freshlyrdisﬁilled phosphorus trichloride,

and sodium-dried ligrein. In an effart to minimize the error
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trichloride 8%111 Pwui arhar

resulting
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tlen Bl the resctlion, @we contenis of ihe cell wore evacuaied with
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s abteunt wes made to yrantitetlvely estimate the phosphine

1t in & & mrcoent notasslvs pevooy

liverated Ly absorbi

soluntlon. It wazn thouehi much & fdeberuinaiion would serve asn

& valuable supplement to ihe other analyileal dutas In thls run
wiag atsempted oy the use of stesm zmensrated by a lask
e winter, Howsver, the arrangement actuslly used proved

2

inconvient sinece the prate of fliow »f siesm conld not be

englily eoatrplled and some of ihe permancanabte solution wes sucked

back Inde the rencior. Analytieal resulis obiained en thils run

flun & &:  Since there was 1ittle visibls evidenze of any

tne éllusnt ligroin bed beon vie

porized, o relakively larger initial concentration of puosphorus

Erichloride wae used in the thilrd ran. The reaction sopeared o

proceed nudh as befors, with only & modersbe ameunt of heay beling

nroduced and glmost ne change In appoegrance of the so0lld materials

ﬂn
s
g

in the rescbtol.

An ionroved technigque of hvdrelysis described ln the secticn
on procedure, peraiibted the awount of phossning produced to be

used as s messurc of the extent of resciion. & calenlation thus

shows thet the reactlon proceeded to only 52 percent of completlon,
on e basls of the extent of resction indleated above and using
the methed of internretation of date as deseribsd wder Run ¢ 1,

here siould be present in the nroduct 0017 eguivalens of
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effective hydrogen lon. Actually the product was slightly basle
and 1t was found to eontain 0.0015 eguivalent af.hydroxide lon.
The fact that these results do not agree very closely could easily
be the result of & small errcr in the phosphorus analysis.

Run # 4: St%ill further efforts were made in this run to
remove the last ftraces of molsture that could poselbly effect the
results of the reactlion. The techniques used were essentially
trose described in detail under bthe section on procedurec. An
exceptlon to this was the method used in cowbining the reactants,
& mixture of phosphorus trichloride and ligroin in the recsiver
wag run directly onto the dry bismuthilde in the reactor. A8 soon
as the first drops ol this mixturs came into contact with the
bilsmuthide a very vioclent exothermlic reaction occured. 4 red
flame sccompanled by dense white fumes was visible in the bottom
of the reactor. As mope of the ligqul?d mixture was added the white
fumes were observed Lo dissolve. Under the clrecumstances it was
belleved begt not o Investlgate the produeis of this reaction
further since no control was possible ovet the conditiens of such
8 reaction.

Run  5: The fifth run &iffered little frowm the fourth ex-
copt the sodium bismuthide was first molstened with ligroin prior
to the additlion of the phospvhorus trichloride solution. In econ-
trast, however, almost no visible sisns of resctisn were noted
except a slight rise in temperature of the reaction wixture, The
detalls of the procedure used in this run were completely described
in the section on procedure. The amount of phosphine produced upon

hydrolysis of the products of ths reaction was so small that enly
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& rough estlmate could be made on the phosphorus analysis. Since
the amount of phosghine formed was estimated to be 0.0002 egulve
alent, the reaction was belleved to be only about 6 percent com-
?1ete. On this'basis there should nave been 0,0186 equlvalent of
gffectlive hydroxide prsaent in thgvéraduc%s, The amount actually
founé was 00,0122 eguivalent, whleh is in reasonably good agreémemt.
Apo arently the problem of moisture being present must have
been ﬁracﬁically eliminated asz shown by the very low amount of
chloride found., The contrasting reactlon in the fourth and fifth
runs suggest that the rate of reaction must depend critically upon
the concentration of phosphorus trichloride and the temperature.
Run # 6: In this run, as in the previous one, Jjust enocugh
ligroin was used to cover the bismuhnide before the phosphorus
triehloride~ligroin mixbture was 1ntraduced Initially only a
glight rise 1In temperabture occurred so 1t was decided to warm the
mixbture slowly in an effort ﬁéfbring the reactlon to cemplatiam.
As the tamaerﬁture neared the baili g point of the 1lig groin, a
violent rescilon occurred produaimg a red flame and white fumes
slmilar ﬁo those observed In the fourth run. Although the vio-
lence of the resction scatitered the products throughout ﬁhe entire
Treactisn apparasus, the run was comploted in the hope that some
useful 1nfa rmation could be obbtained frcd it. Assuning the loss
of ma ial was equel in each component, iﬂtﬂ?ﬂr@tatiﬁﬂ of the
anaelytical data obtalned indicated the ?eacnian to have‘been g8
- percent complete.
Eécause of the unpredictable nature of the combination of

trisodium monobisnuthide with thosphorus trichleride uwnder the
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sxperimental conditions set up, 1t was believed unprofitable %o
coenbvinue further along this line of investigatinn, The results

of the infeatigatisn support the hypothesls that the raacﬁian.
pfoceeds with the fermatien of sadiumvphosphid@'rather than a
blsmuth phosphlide; however, the results are not conclusive on this
p@int; and the possibllity of the reactlen taking somé other course

cannot be excliuvded.

Reductlon Reactlons by Intermetallic Compounds: It has been
polinted out that the reducing preperties ol intermetallic salts
have been studied bysseveral investigabtors. The present invesg-
tigation consisted of a series ol four experviments designed to
stu@yfth§ relative reducing properties ol lead and Ddlsmuth as
negatlve ions. Two of these experlments involved the reduction
of an amsonla-soluble halide salt of each of these metals by the
speringly soluble intermetalllc compounds of the other. Tne re-
maining two werc pérfarmé@ in an attempt to detevmine»whicﬁ of
the two wetals is the more electronegative as a polyanian,‘ The
?eacti@na used were aﬁicn displacements whereby elemental lead
or blsmuth was reduced to a soluble howmoatomle anion by an ammonla-
spluble imterm&ﬁallié compound of the 9tber'metal, The ezperimen-
tal date Tor this series of reactions is given in Table IK;

Experiment 1: Thils experiment was concerned with the reductien
of lead{II} iedide by triscdiuww woneblsmuthlde. Such a reduction
might be expected to occur readily according to the following:

Bilg + 6 Ha = HagBL + 3 ﬁalr |

2 BagBl + 3 Pblg-—> & Pb + 2 Bl 4+ 6 HalX
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the inzoluble vreoducts formed by the first
reactlion could not be determined conviently, the thecretical vile
was calculated from the weight of bismuth iodilde ussd, Yields
caleuliated in this manner gre shown 1ln Table IT and are encloszed
in parentheses,

The amount of lead{II) indide used was somewhat in sxcess of
that required on the bhasis of thoe above eguations, bubt the ready
removal of this excers was Lelleved possible when the products
were washed with liguld ammmonilsa, sinece lead ledide 1s soluble in
emmonia.

A eonsideration of thessustlion wriiten above shove thab if
tre reaction betuween lead{II) iocdide and triscdium moneblswmuthide
is complets, the amonis-ingcluble produect should contaln lead

T

znd bismuth dn the ratio of three equivslents to two. Howsver,

analysis of bhe product gave a ratlo of leced to nismuth ol 1.74.
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tages of lead and Dismuth found accounted
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for only about 94 percent of the sample used for anslysis., This

ith the observation that s distincet vieclet coleor
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fect, together wi

wag produced when the gample was dissolved in nitrie acld, indi-
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cated the probable presence of iodide asg an
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Tt:le ecould have been due to incomplete rempval of the excess lsad
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ibgtance in the Inscluble product

iz consildered to be iodins, and nalf the corr o f

eguivalents of lead is deducted from that found by aanalysis, the
corrected lead valus would be 0.00085 equivalent. Using this
value the retis of lead to bismuth now becomes 1.61, woich com=-

pares favorably with the theoretleal valiuve of 1.50. 4 lack of
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nemogeneity in the sample of the product uvsed could ezsily sccount
for the alight discrepancy in the two valued.
M&ﬁer1mﬁlt 2: The corresponding reduction of bismuth icdide

by tetrasodium meonoplumblde was demonstrated in thls experiment.

iong repre entiuw the probable recetlons sre az follows:

r‘}'

Ty
L ﬁ_l}. &

Pbls + € Na 777 NeyuFb 4 B Wa

S Ha,Ph + 4 Bl T 4 31 4+ S Pb 4 12 ¥al
Resoctions between beotrasoeodium moncplumbide and blsmuth 1lodide
were observed to be guiite exothermic causing the liguid sumonia to

boll vielently. Analysis of the Inscluble products showed the
ratlo of bilsmuth to lead ap 2,00, whereas the theoreilcal ratioc
according to the above egustion should be 1.53. The high r&fia
abtaiaeﬂ might partizslly be explalined by the presence of blsmuth
ipdide in the product. It 1s more likely, however, the result of
bbth unsatisfactory analyses for lead and the inability to obtain
a samnle having the ideal ratie of metals. The fallure to account

for more then 92 psreent of the solid produet as leaﬂ and bismuth

nrevided additional sunpoert for this view. In splte of the unfavor-
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ismuth bto lead, the resulbts of the experiment do
indicate deflnitely thai tetroscodium monsoplumblde dres reduce the
bismuth ifon 1n ammonia solubisn to the slemnent.

Ixperiment &: An sttempt wap made in Experiments & and £ Lo
esbablish 1oarlv the relative elecitronegativity of lesd and bilspe-

L] S

vate

Pergstrom had studied dlsplace-

(221
C"‘i’

muth in theilr polyanionic

ment reznctions invelving both these elements bubt had besen unable

3

to satisfactorily establish thelr relative positions in his elec~-

@

tronepativlity series., He experlenced difflcultles in obitalning



complete reaction because of the formation of a protecilve coating
of one metal upon the othsr. It was believed that thils difficulty
could he overcome by use of finely déivided meovallie precipltates
such a3 those prepared by the reductlon of metel iodldes with lig-
uld ammonla solubticons of soflum. The seriean of egnations writien
below show step-wise the reactions involved:
Bilz + & Ha — Bl 4+ 5 Nal
9 Pb + 4 Na = Ha,Pbqg
& NayPbg + 12 BL —= 27 Pb 4 4 NagBlg
The experimental results obtained in this experiment can be
interpreted only In 2 qualitative mamner. As a result of the
failure to allew adeguate timelfor the complete conversion of
metallic lead te the soluble plumbide, there resulted a transfer
of an insuffliclent amount of tetrasodium nonaplumbide to react
with the weight of bismuth present. It was very difflicult to
determine experimentally}the endpoints bf these resctions because
of the opague dark colored solutions of the polyanlonle gsalbs in
ammonia, This complication made the quentltative date almost use-
less except to indlcate that partial reaction had §ccured‘} Qbser-
vation of the rapid color change of the gresn plumbide solublen %o
reddish-brown, indicative of polyblsmuthldes, together with the
formation of & mirror-like deposlt of lead pninis to a displacenent
of lead by bismuth.
Ezperlment 4: TUnfortunately the results of this experiwent
- were nn more cenclusive than thoze of Experiment 3 as‘the BER®
type gf difficultles wore also encountered in this experiment. 4

geries ol reactlions analogous to those of the preceding sxperiment
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were proposed for the formation of the reactants and the products
of their reactlon:
Pbl, + 2 ¥a - Pb + 2 Ual
S BlL + 2 Na = lagblg
4‘Ha3813 + 27 Pb =% 12 Bi + © NayPbg

Thie time.the opagueness of the strongly cclored blsmuthide
apolution prevented the exact determlination of the polnt of coum-
plete remction. &ince only a very small percent of bismuth was
found in the final product, probably enly a small guantity of
soluble bismuthide was actually formé&. The presence of & consid=-
erable amouﬁt of insoluble solld remsalining alfter tranasfer of the
bismuthide solution furiher confirms thils fact, 4 slow but coum=
plete decolorization of the polyblamuthide solution took plsce
after it was allowed to remain in caﬂtact for some time with the
petallic lead and this was Interpreted as an indiecstion that anion
displ&cement did cceur,. The_absenée of any formation of é green
color charscterigtic of nanaplumbiﬁevamlutiana is difficult to
explain on the basis of thé propogad reabtions.

The relative electronegativity of bismuth and lead in their
@clyﬁnianie states appears to be approximately the same ffom the
results oi these experiments. The more rapld reaction, judging
from thé rate of color change, occurrlng in the displacement of
lead from 1ts polyanion by biﬂmﬁth would seem Lo indicate that
blamuth 1s the maré alectranegative‘ef the two mebtals. This is
of course the same s 1s found in the electronegative seriss in
agueous solutions, It is Delieved that by improvement in exper-
lmental techique and apparatus a more definite anawer can bﬁ»b

realized for this prohlem.
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SUNMARY

4 study of the reaction between trisodium monobismuthide and
phosphorus trichloride disscolved in ligrein has been made. Due to
the inabllity to control satisfactorlly the sxperimental conditions,
reproducible results were not obtalned, The reaction was found to
denend critically upon the btemperature and the phosphorus trichloride
concentration., Evidence was obtalned supporting the hypothesls that
the course nf the reactlon was probably the followings

2 NagBi 4 PCly —» HNagP 4+ 3 FaCl - 2 Bl

lHetallic lesad and blsmuth were found %o be precipitated from
liquid ammonis solutions of their hallde salts by trisodium mono-
bismuthide and tetrasodium moneplumblde respectively.,

The relative electronegativity of lead and bilsmuth In liguid
ammonia solutions of thelr polyanions was not established definitely.
Experimental results showed a more rapld displacemwent of lead from
tetrasodiur noneplumbide by mebtallle bismuth than the corresponding
displacement of bilsmuth from trisodium triblsmuthide by metallic

lead,
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