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PREFACE

A host of reactions, both inorganic and organie, are
carried out in nOnaQuebus,solvents;_still very little is
known about the complex species existing in these solutions,
If one wishes to judge the likelihood of a reaction ig‘a
nonagueous solvent, then one must know the type df ionie and
molecular species whieh may bevfdrmed@ This is the first
step in solving the thermodynaﬁies and kineties of such a
system, Physieal measurements and theory may help clarify
phe situation by giving clues to the identity of the unknowns,

It fs hoped this thesis will shed some light on a few
such systems,

I greatly appreciated and acknowledge the help and advice
of Dr. C, M, Cunningham and Dr, T, E. Moore.

I am indebted to Research Corporation, New York, New York,
whose financlal assistance made this research possible, I
also thang Oklahoma State University's Regeareh Foundation

‘for its assistance, financial and otherwise,
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CHAPTER I
THE INTRODUCTION
The Problem

Organic acids, both monobasic and dibasie, are usually
weak in aqueous solutions. Lithium halides are salts which
afe completely ionized in the solid state. These halides
are strong electrolytes in aqueous solutions. The high
dielectric constant of water, 78.6 (1), facilitates the for-
mation of free ions which are capable of conducting current.,
If a weak monobasic or dibasic organic acid is added to an
aqueous solution of one of the lithium halides, the result-
ing solution will have a conductance only slightly higher
than the halide's solution provided that the salt solution
is not too dilute.

If the solvent is changed from water to acetone, then
the situation is altered quite radically. Acetone has a
dielectriec constant of 20,47 (2), Acetone is intermediate
in behavior between water and organic solvents such as
dioxane and cyclohexane, which have dielectric constants of
2,2 and 2,0 respectively, In a solvent of very low dielectric
constant, such as dioxane, the plots of log concentration
versus the log equivalent conductance for salts usually show

minima and maxima which may be explained in terms of the
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equilibria that exist between ions (whieh conduet), ion pairs
(which are non~-conductors) and triple iong (which conduct).
The influence of dieleetrie constant on such curves has been
shown graphically by Fuoss¢aﬁa Kraus (3),

Association of strong electrolytes is usually negligible
in solvents with dieleetrie constants above forty-one pro=-
vided that the solutions are dilute, Ion pair formation may
be expected to oceur roughly in the dielectric constant range
of forty-one to ten., Below a dielectric econstant of ten both
ion pair and triple ion formation will oceur (&), Therefore,
a salt dissolved in acetone should possess some ion pairs
which will cause a curve of equivalent conductance versus
concentration to fall off more rapidly than expected. At
high concentrations, tenth-molar and above, this effect may
be pronounced and extrapolation of such curve back to zero
@ongegtration may lead to erroneously high value of the
equivéient conductance at infinite dilutilon.

Lithium iedide, 1ithium brémide and lithium chloride
are moderately strong eleetrolytes in acetone, The%r s01lu=
tions probably contain ion pairs and perhéps other‘éssociated
species, Monoiodogpccini@ acld, monobromosuccinic acid and
moncehlorosuceinie acid are all very weak acids in acetone;
in faect nearly all mono= and dibasie organiec acids are very
weak in acetone., It 1s extremely difficult to measure the
dissoeiation of organie acids in acetone because of their
weakness,

The problem at hand is to explain the change in con-

ductance caused by the addition of monchalosuccinic acids to
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- the @orrespondingllithium halides in acetone solutions. Oﬁe-
would think that the variation in conduetance should be
slight, for the number of ions should only be increased by
negligible amounts by successive increments of acidj; pro-
vided salt, aeid and solvent behave as an ideal solution.
Experimental results showchat systems involving mono=-
halosuceinic acids and the cof?esponding lithium halides are
far from ideal in'referen@e:bo the conductance of their so=-
'Lutioﬁgoj This is graphi@ailj Showﬁ in Figures 1, 2 and 3.

Figure'l shows that the gpecifie conductance of a 0.0l
molal solution of lithiuﬁ iodine decreases on additions of
monoiodosuécinic acid. An acetone solutiqn_which is 0,01
molal in lithium iodide and10;2O molal in monoiodosuccinie
acid shows a gpecific econductance that is three-quarters of
the specifie conduetance of a 0,01 molal solution of lithium
iodidé alcne, |

Figure 2 shows that the specific condu@tan@egﬁf a 0,01
molal solution of lithium bromide increases on additions of
monobromosueeinic acid, An acetone solution 0.0l molal in
1ithium bromide and 0,20 molal in monobromosuceinie acid in
acetoneé shows a speeific cenduetan@evwhich ig one and one=
half times the specific conductance of 0.0l molal solution
of lithium bromide.

Figure 3 shows that the specific conductance of 0.01
molal sclution of lithium ehloriae in acetone' increases
greatly on additions of monochlorosuceinic acid. A solution
that is OoOi molal in liﬁhium cﬁloride émd 0,20 molal in

chlorosucelinic acid shows a specific conductance which is
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five times the specifie conductance of a 0.0l molal solution
of lithium chloride,

This thesis attempts to explain the unexpected elec=
trical eonductance of these systems by investigation of
similar systems of an inorganic salt and .an organic acid in
anhydrous acetone., These investigations are accomplished |

by electrochemical methods,



CHAPTER II
REVIEW OF THE LITERATURE
Literature Concerning the Problem

Olson, Frashier and Spieth (5) have investigated the
rate of racemization of l=-bromosuccinic acid and dimethyl
l=bromosuccinate by lithium bromide in acetone solution.

They found that the rate of reaction was first order with
respect to the bromide ion concentration, but the specific
rate constant decreased on increasing the concentration of
acid or ester. Olson and Cunningham (6) found the electrical
conductance of 0,01 molal solution of lithium bromide to in-
crease 30% upon making the solution 0.2 molal in bromosucecinie
acid. When dimethyl bromosuccinate was substituted for the
acid there was a decrease in elecfrical conductivity of 6%.

If lithium perchlorate was substituted for lithium bromide,
the electrical conductance fell off linearly as successive
amounts of bromosuccinic acid were added. These experiments
indicate that there may be some type of association between
the bromide ion and the acid or part of the acid that is not
favorable for inversion but which does increase the electrical
conductivity of the system.

Franklin and Kraus (7) showed that the mass action law

can be applied to nonaqueous solutions. They found that

8



salts dissolved in 1iQuid ammonia obey the mass action law
fairly well at high dilution, Dutoit and Gyr (8) verified
that the mass action 1aw is followed by electrolytes in
numerous other solvents.

Kraus and Bray‘(9) studied electrolytes in liquid‘
‘ammonia, liquid sﬁlfur dioxide and some organiec solvents,
In every case the mass action law was obeyed. The mass law
for binary eleetrolytes, disregarding aetivity coefficients,
may be formulated as follows:

2 .
. cas ‘ .
k=i | (1)

where ¢ is the total salt econecentration, a is the degree of
dissociation and k is the dissoeciation constant. If a, the
degree of dissociation, ic made equal to the conductance
ratio (AAAG) and this value of g is substituted into the

mags action law, then the following equation;is obtained:

1=1 o (/) + 1
N ki Z Ao (2)

When (e ) is plqtted against 141, the intercept of this
linear equation will be 1/l , while the slope will be equal
to 1/kN2. Therefore, by use of this type of plot, both the
equivalent conductance at infinite dilution and the dissoei=
étion eonéﬁant can be obtained, provided that very dilute
solutions are used in obtalning conductance data.

Dutoit amd Levrier (10) using the above method computed
the equivalent conductances at infinite dilution and the
dissociation congtants of lithium iodidé, lithium bromide and
lithium e¢hloride in acetone at 18% C, These values are

tabulated below:
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TABLE I

OBSERVED VALUES FOR THE DISSOCIATION CONSTANTS AND
THE EQUIVALENT CONDUCTANCES AT INFINITE DILUTICN
OF LITHIUM HALIDES IN ACETONE AT l@o ¢ (10)

Symbols of salts /f,in mhos/cme K, the dissoeciation constant

LiT 165 2,7 x 10=3
LiBr 165 4.9 x 10=%
LiCl | 165 8,2 x 10=5

The tabulated detaﬁindieete that lithium iodide is a
stronger electreiyte than 1ithium bromide, whieh in turn is
stronger than lithium chloride,

Dippy, Jenking and Page (11) made conductivity measure=
ments on uni=univalent salts in acetone., They found in-
flections in the plots of equivalent conductance versus
square root of concentration at moderate concentrations.
Below and abowve the first infleetion point, two fairly
straight lines are observedo The line obtained from the
points representing more dilute solutions should represent
a region where the ionsg are fairly free of ionic interactions.
The slope of this line should be the Onsager tangent. The
second line represents a region of ion pair formation and
the conductances fall off more rapidly, aé.shown by the re=
sults with.ﬁotaseium and sodium iodide., This second line
appears to follow "Kohlrausch's law of independent ion
migration”, but the value of equivalent conductance at
infinite dilution obtained by eXtrapelating this line to zero
concentration is too high.

In the work of Dippy, Jenkins and Page (11) a salt in

one sample of acebone gave congistently higher wvalues of the
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equivalent eonductance than the identical salt in another
bateh of acetone, This observation was explained by solvent
conductance, but may have been due to different amounts of
water in their a@étone samples,

The several experimental values of the equivalent con=-
ductances at infinite dilution do not agree very well for
the salts sodium iodide, potassium iodide, ammonium iodide
and lithium bromide in acetocne., (See Table II) One possible
cause for this variation is water content, which changes with
the experimental acetone.

| TABLE II |
EQUIVALENT CONDUCTANCES IN mhos/cm2 AT INFINITE DI-

LUTION OF SODIUM IODIDE, POTASSIUM IODIDE, AMMONIUM
IODIDE AND LITHIUM BROGMIDE IN ACETONE AT 25° C.

Salt (1) (12) (13) (1) (15) (7)
NaI 182.5 1846 190 r

KI 186,0 185.6 192 194

WHy, T 162,0 208

LiBr 206,.6 200

Olgopr and Koneeny (15) used the Fuoss-Kraus method to
determine how the dissociation constant of lithium bromide
varies with the amounts of water present in acetone. The
greater the water content of the acetone, the larger becomes
the dissoeiation constant of lithium bromide while the
equivalent conductance at infinite dilution decreases., A
small part of the drop of the equivaleﬁﬁ conductance at
infinite dilution mey be due to an increase in viSQOSiQy
caused by the loss of mobility of the lithium ion, which is
highly sclvated in water. Konecny showed the absence of

solvation of lithium ion in dry acetone by calculation of
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8, the effective mean diameter, (16), Xonecny states: "The
value g changes gradually from slightly less than the sum
of lonie erystal radii (17) to the sum of fully hydrated
radii as the water content of the acetone is increased.”

Reyholds and Kraus (2) have used the Fuoss-Kraus method
to compute the equivalent conductances at infinite dilution
and dissocia@ionhconstants for a number of ionic compounds
in acetone. These”eompoﬁﬁds usually contain cne ion which
is organic ;ﬁd another iom whieh is inorganic., These authors
have used Fowler's method (185 to calculate the ionie con=
ductances of these compounds. Fowler found that the ionie
conductance of tetra-p-butylammonium (67,1 mho/em®) equals
the ionie conductance of triphenylfluoride (67.1 mho/em2) in
acetone, If the equivalent conductanee at infinite dilution
is known for a compound containing one of these ions, then
the ionie conductance of thé other ion can be computed by
sub@racting 67,1 mho/em®, This procedure can be used to
develop a whole series of ionie conductances., The following
tabulated ionie éonduetan@es were obtained by Reynolds and
Kraus: -

TABLE IIT

SOME CATIONIC AND ANIONIC CONDUGTANCES IN mhos/cm2
AT INFINITE DILUTION IN ACETONE AT 25° C, (2)

Anions D Cations AS
c1o,” 115,3 Li+ 72,8
Br“h 115.9 Na+ 784
T 112.3 K+ 80.5
CNS 121,0
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The equivalent eonductances at infinite dilutiom of the
salts shown in Table IV were computed by adding the appro=- |
priate ionie conductances,

TABLE IV

THE EQUIVALENT CONDUCTANCES IN,mhos/cm2 AT INFINITE
DILUTION OF SOME SALTS IN ACETONE AT 25° C,

Salt e

LiBr 122 o7
LiT 185,1
Lic10y 188.1
KC10L 193.7
NaC10y 195,38

Reynolds and Kraus found the dissoeciation constants
of potassium iodide and potassium thioecyanate to be 8.02 x
lO"3 and 3,82 x 10=3 reSpeetivelyg The acetone used in these
experiments was dried in an alumina eolumn, 80 some water may
have been present, J _

Accascina and Schiavo (19) found the equivalent con=
ductance at infinite dilution for lithium perchlorate to be
187,3, This is good agreement with the calculated units

value in Table IV,



CHAPTER II1I
PROCEDURES USED TO OBTAIN THE EXPERIMENTAL CHEMICALS
The Need for Dry Acetone

Small trace amounts cof water in aceltone cause a radieal
change in its properties as a Solvento For instance, the
quoted values for the scolubliity of salts in acetone in
"Seidell's Solubilities” (20) are usually too high beecause
Wet acetone has been used.,

A golution of a salt in acetone is affeected by trace
amounts of water, The ionie mobility of the ions usually
decreases, but the number of free ions and the solubility
of the salt increases; thus there is an increase in con=-
ductance. The ionizatien constant - ig algo usually inereased,

Thereforey to obtain reproducible experimental results,
one must use reprodueible acetone, The agetome should be as
dry as possible, for the presence of water introduces addie-
tional variables such as wateresclvated ionsg, which only make
the pieture mbre @ompiexo Later it will be ghown that values
of the equivalent conductance at infinite dilution for various
salts -vary over quite a wide range depending on the dryness of
the experimental acetone. | |

There must be some bageline so that one  can compare his

results with the results of others. Pure solvent is usually

1l
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this baseline as far as physical constants are concerned.
Thus to .compare results, the dryness'éf one's acetone should

be determined and results extrapolated back to dry écetone0
Difficulties in Preparing Anhydrous Acetone

Many exﬁerimenterg have tried to prepare anhydrous
acetone, OSome claim their acetone is absolutely dry without
adequate proof, The real question is how ecan oﬁe tell when
the acetone is dry and pure.

Lanaung (21) was interested in obtaining the solubility
of inorganic salts in acetone., He therefore prepared what
he cbnsidered to be dry acetone. Lannung saturated this
acetone with an inorganic salt at 189 C, and_37°}0° and then
measured the Specifi@hcondu@tan@e of the resulting solutions.
He then added small amounts of water to the acetone aqd“re-
peated the above procedure. |

Mysels (22) has summarized Lannungfs work as follows:
Cesium iodide and @esium bromide, have ﬁigh eonductaﬁce in
anhydrous acetone which is affected slightly by additions of
small amounts of water, The other salts studied by Lannung ==
cesium fluoride, cesium chloride, rubidium chloride, potassium
chloride, éodiuﬁ chloride and potassium fluoride =- haﬁe low
conductances whiech are strongly affected by traece amounts of
water, :

Mysels has taken Lannung's data for salts strongiy;
affected by moisture and plotted specifie conductance X 106

'against trace amounts of water added. These plots give
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straight lines of wvarious Slépeso Mysels has ﬁhen assumed
that the conductance of these salts should be zero in abso=-
lutely dry acetone. Extrapolation of these straight lines
to zero conduetance indicates that'iannung”s acetone con-
tained 0,2 to 0.3 weight per cent water.

Since the speecific eonduetance versus weight=per cent
water-added curve for cesium fluoride has the Steepesﬁ slope
of all, the eoﬁdﬁ@t&n@é of cesium fluoride solutions will
change to a greater extent for an idemtical increment of
water than that of any of the other salt solutions in this
group. This being the case, Mysels suggested that one could
use cegium fluoride for the detection of water in acetone.

Mysels did not consider all the properties of cesium
fluoride., The salt is very hydroseopic., It piecks up
‘moisture from any aveilable source and must be vacuum=dried
beéfore one can obtain reproducible conductance data. The
curve produced by plotting per ecent by weight of water added
to acetone versus the specific ecomductance of these acetone
solutiong saturated with cesium fluoride does not give a
stralight lines instead, it was found by experiment to glve
a curve which is concave upward (Figure L),

If a small amount of water 1s added to an acetone solu=-
tion saturated with cesium fluoride, more free-ions are
undoubte@ly prddu@edo The increase in the number of free
ions in the solution is surely proportional to the amount of
water added and to the conductance inéréése provided the
addition is less than C.1 per cent water by welght, and the

acetone is initially very 4dry.
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It is also probably correct to assume that salts even
undissoclved in absolute acetone forms some free ions, If
this 1s the case the eurve should become asymptotie to the
per cent water by weight, the ordinate, as the acetone
approaches dryness.

In spite of the above objections, it is still agreed
that conductance would be a gocd method of measuring the
water content of acetone., If one could determine the abso-
lute amount of water in one sample of a@étone by some other
means, then the curve could be standardized. Such a curve
would be very useful for water detection,

Lucchesi (23) has found a band in the acetone spectrun
at 3600@m'l which is strongly affected by trace amounts of
water. He thinks the band is due to intermolecular hydrogen
bonding between acetone and water, If the éoncentration of

water added ig plotted againsgt absorbance at 36000m'l

a
Beer's law plot ig obtained. If a smooth curve from such a
plot 18 extrapolated to zero absorbance, it should give an
estimate of the amount of water in the sample of acetone,

The assumption made is that the 3600@m-l band should give

100% absorbance for absolute acetone, The infrared ingtru=
ment in this laboratory would not measure in the range needed
for the determination of waler. in acetone by this method.

The Karl Fischer reagent can also be used to determine
the amount of water in acetone, To do this one must first
treat the acetone with a dioxane solution of hydrogen eyanide
which converts the acetone to the cyanchydrin and prevents

its reaction with the Karl Fischer reagent, The water is
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then titrated with Karl Fischer reagent. Since the method
is only accurate to five parts in a thousand, this test is
not sultable for highly dried acetone (24, | .

The above paragraphs show that it is exceedingly diffi-
eult to determine the exact quantity of water in a sample of
"dry" acetone.: Thus absolute acetone is an intangible goal
which one strives for but cannot be certain of reaching be-
cause of the uncertainty in the determination of water content.

Timmermans and Gillo (25) disecuss the purification of
acetone in a comprehensive way. The prinecipal trouble in
drying acetone lies in the fact that bagie drying agents
cauge aldol condensation; therefore, some type of acidie
drying agent or agents must be used, Caleium sulfate or
alumina might be used, but the great affinity of acetone for
water at low coneentraticons renders these reagents useless,
Digtillation fails for the same reason. Acetone forms an
azeotropic mixture with carbon disulfide which might be the
basis of a method of purificaticn.

Timmermans and Gillo (25) recommend the use of the acidie
drying agent, phosphorus pentoxide, on glass rods or glass
wool. If phospheorus pentoxide is added directly to boiling

acetone, the follewing reaction, among others, takes place:

0 Cﬂg
41 P O

. 25, ‘ "
BCHBmaCHa — 30,0 + '
3 = ca, |

3 ,
The water in turn reacts with the phosphorus pentoxide to
form phosphorie acid. This reaction partially defeats the

purpose, i.e., drying, and converts the acetone to mesitylene
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which in turn must be removed. The rate of this reaction is
high at the boiling point of acetone (56,1° Coly buﬁ at
lower temperatures it is relatively slow (room temperature
and below).

To avoid these difficulties, acetone is vacuumedistilled
through glass wool or glass rod coated with phosphorus
pentoxide, Under these condidtions one should obtain acetone
which eontains 0,001 weight per ecent water.

To sum up one can say that both the preparation of "dry"
acetone and the determination of its water content are

diffiecult,
“ Preparation of Solvent

Bzker's reagent grade acetome was first shaken with
caleium sulphate for ten minutes; then the bottle containing
the acetone and ecaleium sulphate was stored for forty-eight
hours in the dark. '

Thig acetone wag then dried by the method of Timmerman
and Gillo (23) (apparatus shown in Figure 5, Diagram A),
Predried Baker‘'s reagent grade acebtone wag poured into flask
A until it filled the stopcock key. The stopeock A was then
cloged, The flask A was attached to the system and the
system was evacuated for one hour, The stopeoek B conneeting
to the vacuum system waévthen closed, A two=liter Dewér
Flask containing Dry Ice and acetone wasg arranged so that
the Dry I@emaéetoﬁe mixture c¢overed flask B. Stopcock A was’
then opened and the acetone diffused throuéh the drying tube

§
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DIAGRAM A

, )
FLASK B FLASK A

DIAGRAM B

FIG.S THE APPARATUS USED IN DRYING ACETONE, DIAGRAM A,
AND A MODIFIED SHEDLOVSKY DILUTION FLASK CELL AND.
WEIGHING PIPETTE, DIAGRAM B.
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eontaining the phosphorus pentoxide on glass wool. The
acetone condensed in flask B and was completely distilled

into flask B in twelve to twenty=four hours.
Sources of Solutes

Analytical reagent grade lithium bromide and lithium
chloride were purchased from the Fisher Chemical Company.
Lithium iodide was purchased from the Delta Chemical
Company . The salts were dried for forty=-eight hours in a
vacuum oven at 100° C, and stored in a desiccator, Their
acetone solutions were prepared in a dry box.

| Racemic bromosuceinie acid was prepared by Holmberg's
method (269'27)0 The preparation follows in modified forms

To a one=liter round=bottem flask, 35 g. of asparagine
and 150 ml, of saturated hydrobromic acid were added, The
solution wasg refluxed for,two'haurs to hydrclyze the amide
groups. (When aspartic acid was available, refluxing was
oﬁittedo) |

The mixture was cocled to 59 C, after adding 93 g. of
sodium brmmidé and 100 ml. of water. Then 35 g. of sodium
nitrite was dissolved in 5% ml, qf,water and added dropwise
into the mixture from a separatory funnel., The addition of
this solution took one hour., The one=liter beaker containe
ing the mixture was kept in ice and water to hold the tem=
perature below 5° C, An electric stirrer kept the mixture
agitatedo_ The evolution of bromine vapors required the use

of a hood., Ten minutes after the last nitrite had been
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added, a ¢ool misture of 15 ml., of concentrated sulfurie
acid and 75 ml, of water was added, Ten minutes thereafter
the bromosuceinie acid was extracted with ether in a five=-
liter separatory funnel, One portion of 200 ml, and three
portions of 100 ml., each were used. FEach extraction mixture
was shaken fér ten minutes, Each extract-Was transferred to
an evaporating dish, The dish was warmed under a hood by a
hot plate turned low, and a blower was directed on the cone-
tents, The aeid crystallized without diffieulty, but it
formed a @rust avér'the water which accumulated from the wet
ether, As soon as most of the ether had evaporated, the hot
plate was turned off,; and the crust was seraped to one side,
The acid dried to pale yellow ecrystals,

The acid was dissolved in 125 ml., of acetone, and the
golution was filﬁered through a fine sintered=glagss filter.
After 150 mi. of thiophene-free benzene wag added, the mixe
ture was evaporated to one=tenth volume. The recrystallized
aecid was recovered by filtration, and washed with 100 ml, of
benzene, About 25 g, of snowewhite needles with melting
point of 159-160° C, were obtained, Beilstein gives a meliw
ing point of 160«~161° C, (28),

Racemie iodogucelnie aeld was prepared from bromo-
suceinie acid by the method of Westerlund (29), which follows:

Four grams of monobromosuceinie acid was dissolved in
ten grams of acetone, Three grams of sodium iodide was alsgo
dissolved in ten grams of aecetone; then the two solutions

were mixed, A clear solution was produeed which ¢louded in
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a few seconds due to the precipitation of sodium bromide and
the mixture became brownish=red from the free iodine pro=
dueed, The next day the solution was filtered to remove
the sodium bromide. The acetone was then allowed to evap=-
orate at room temperature, The residue was dried in a
desicecator filled with sulfurie aecid. ter drying, the
yield was about five grams of red=brown erystals., This
erude iodosuceinic aeid was then dissolved in twenty grams
of water, The solution was decolorized with a water solu-
tion of sulfurous aeid, Thevgradu@t was re@évered by three
extractions with ether @f.thei%;me volume as the solution.
Colorless crystals with a melting point of 135-140° C. were
obtained from these extractions., Westerlund (29) gives a
melting peint of 138=140% €, for dl=iodosuceinic acid,

The iodosuceiniec acid was kept in a brown bottle in
the dérk; after & month, some decomposition:was noted in
which free iodine was prodused.

Dimethyl dl-bromosuseinate is prepared as follows:

Twenty grams of dl=bromcosucecinie acld was dissolved in
nine grams of methyl alechol, Then three grams of concen=
trated sulfuric aeid was added to the solution., This mixe
ture was refluxed for two hours. After refluxing, fifteen
cc, of water was added to the mixture. The dimethyl dle
bromosuceinate wag extracted from the mixture with three
20 ml, aloquots of ether, The esgter was recovered by dige
tilling off the ether and the residuszl pale yellow liguid

wag dried over caleium sulfate, The crude dimethyl die
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bromosueccinate was distilled under high vacuum. The result-
ing distillate was a clear colorless oil with a boiling point
of 134° C, at 30 mm, Beilstein (30) gives a boiling point of
132-136° ¢, at 30 mm, for dimethyl dl-bromosuccinate.

Analyﬁical reagent grade sodium perchlorate, potassium
perchlorate and lithium perchlorate were obtained from the
Pisher Chemical Company. These salts were vacuum=dried at
50° ¢, for two days., Their acetome solutions were prepared
in a dry box,

Analytical reagent grade suceinic acid, =<=~bromopropionic
aeid and B =bromopropiocnic were obtained from the Brothers

Chemical Company,



CHAPTEER IV
THE APPARATUS USED TO DETERMINE CONDUCTANCES
The Apparatus

A vacuum=tube cseillator supplied a frequeney of 1000
cyeles per second, The signal wasz amplified by a three-
stége vacuunm tube amﬁiifiew which was connected to a
Wheatgtone bridge containing a modified Wager ground., One
arm of the bridge was a Jonesg and B@llinger conductance
eell (31). The AC bridge snd amplifier used in these ex-
perimentz hag been deseribed by Luder (32),

The cell conmstants of the three conductance e¢ells uszed
in these experiments were determined by the method of Jones
and Bradshaw (33). All the ecells were equipped with Shiny
platinum elsatrodes,

The temperature of a thermostatic mineral oil bath was
maintained at 25 + ,05° C, A1l resistances were measured
at this temperature,

A medified Shedlowvsky flask cell (34%) with a weighing
pipette‘(ghown by Fig, 5, Diagram B, Page 21) was used to
determine the condu@tén@eg of a Series of dilute sociutions

of lithium halide and alkali metal perchlorates, -



CHAPTER V
EXPERIMENTAL RESULTS

Figures 6 and 7 show Fuoss-Kraus ﬁlot (35, 36, 37) of
lithium ehloride amd lithium bromide, réspe@tively, in
acetone, Figure 8 shows Fuocssg=Kraus plots of lithium per-
ehlorate, sodium per@hlorate and potassium perechlorate in
acetone, All experimental daka were obtained at 25° C,

Experimental data for lithium iodide were cbtained but
were quite erratic=probably due_to'the air oxidation of the
iocdide. Scluticns of lithium iodide and sodium iodide were
clear when made but became pale yellow on standing.

If the ionic conductance of the perchlorate ion at
infinite dilution in acetone is taken as 115.3 (2, 19), then
the ionie¢ conductance at infinite dilution for the other
experimental ion can be eomputed =znd Habulated (Table V),
Table V alse gives the dissceiation constants aﬁ@ the equive
alent conductances at infinite dilution of the experimental

galts,

27
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TABLE V

THE DISSOCIAEION CONSTANTS, THE EQUIVALENT CONDUCTANCES
IN mhos/cm® AT INFINITE DILUTION AND THE CATIONIC
AND ANIONIC CONDUCTANCES IN mhos/em? OF ALKALT METAL
HALIDES AND ALKALI METAL PERCHLORATES DETERMINED
FROM EXPERIMENTAL CONDUCTANCE DATA

Salt Kx102 Ae  Cation (A,+)  Bniom (Ng™)
LiC10y 1.33 186.7 714 115,3
NaCloy 2,99 198.6 83,3 115.3
KC10y 2,66 207.1 91,8 115.3
LiCl 0.00767  162,9 7104 91.5
LiBr 0,213 196,0 AR 124,6
LiT (9)* 2,70 171.3 VAR 100.9
NaI (1i)% = 8,91 182 8303 | 100,9
KI (2)% 8,02 192.7 91,08 100.9
KCNS (2)% 3,83 201.6 91..8 109,38

% The data for the lagt four salts were obtained from the

- indicated references and are inciuded for comparison.
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The dissoeiation constants of the perchlorates increase
aé:the metal becomes more electropositive,

The dissociation constants of the lithium halides show
a sharp decrease as the attached non-metals become more
electronegative, This simply shows the existence of more
ion pairs in a lithium chloride solution than in a lithium
bromide sclution whiech in turn has more ion pairs than
lithium iodide solution., The lithium~halide bond is still
ionie, but lithium halides, as soclutes, apparently go into
acetone in the form of ion pairs. The soclubilities of the
iodide znd the bromide inerease with temperature while the
~solubility of the chloride decreases; thus lcdide and bromide
have a negative heat of solution while the ehloride has a
pesitive heat of sciution. One can faeilitate the solution
cf 1ithium e¢hloride in acetone by cooling the system. The
fiveride ig almogt insoluble in acetone, The mechanism of
sclution must graduslly change from ionie to iom=pair,
Apparently9 ion paire de not have as much tendency to soclvate
ag do ions,

The eationic conductance at infinite dilution increases
as opne goes from lithium to sodium to potassium; therefore,
cane would prediet the corresponding conductance of rubidium
would be about 100 mhos/em?,

The anionie econductances at infinite dilution increase
in the following ovder: Chloride, iodide, thiocysanate,

perthlorate and bromide,
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Figure 9 shows that the specific conduétaﬂce of chloro-
succinic acid is negligible compared to the specific cone
ductance of any of the salts studied while Figure 10 shows
the same ig true for bromosueeinic acid,

-Figure 11 presents the affect of trace amounts of water
in agetone, The two specifie conductance curves have
identical shapes, but the curve showing higher speeific con=-
ductances was obtained with the acetone containing more
water; The water causes the lithium bromide ion pair=ion
equilibrium to shift toward the ionic side., The increased
ionie concentration causes the increase in gpecific con-
ductance. The gater content only shifts the curve up and
down; therefore, small amounits of water apparently have no
bearing on the anomalous Jump in conductance of this system,

Figure 12 shows that guccessive additions of iodow
suceinie acld to a 0,01 melal golution of sodium iodide
zause a decrease in the gpecifiec conductance curve. If the
same meagufements are repeated on the same soluticns twentym
four hours later, the curve sinks in the middle showing that
some type of chemical changes are taking place in the solu=
tions, The icdide scolutions may first react with atmospherie
oxygen. lodide l1ong may then form a series of complex ions
as iﬁ aque0u$ selutiong, The iodineegontaining solutions
inveétigated in this research are a problem in themselves
and present another fa@et'mere complex than the general

problen at hand.
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When succegsive increments of << «bromopropionic (Figure
13) or B8 =bromopropionic acid (Figure 14) are added tb«OoOl
molal solution of lithium bromide, there is a general ine
crease 1n the conductance curves, The slightly stronger
< ~bromopropionic acid gives a marked increase in specifiec
conductance when compared to &-bromopropionic acid., Both
aclds are extremely weak in acetone, This indicates that
inherent acid strength is in some way associated with the
mechanism of the increase in conductance observed in these
systems,

Figure 15 shows that successive. additions of dimethyl
dl=bromosuccinate to a U,01 molal Solutién of lithium‘bromide
causes a slight linear decrease in the specifie conduetance
curve, Thig decrease ig probably due to an increase in the
viseosity of the solution caused by the dimethyl dl-bromo-
succinate,

Figure 16 shows that when successive amounts of bfomo—
succinic acid are added to 0,01 molal solution of lithium
perchlorate, there is a slight linear decline in the specifie
conductance curve, The ions formed by lithium perchlorate
apparently do not participate in the type of association
that exists in lithium bromide =bromosuccinic acid system.
It appears that the lithium ilon itself is not an intrinsic
part of the mechanism which causges increased specific con-
ductance in the 1ithium bromide~bromosuceinic acid system,

If inerements of bromosuceinic acid are added to 0,01

molal lithium iodide, a deecreasing specifiec conductance
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eurve (Figure 17) is obtained. The curve decreases in the
middle when the @onducténeeAmeasurementS are repeated twentye
four hours later on the same solutions. This seems to again
indicate that the iodide ion is complexing to produce larger
ions, inactive molecules, or is chemically réactimg with
atmospheric oxygen. L

When successive increments of bromogﬁccinic acid are
added to 0,01 molal solutions of lithium chloride, one ob=
taing an increase in the specific conductance curve (Figure
18). When measurements are repeated on the same solutioms
twenty=four hours later, one obtains a further inerease in
the specific conductance curve., This curve is like the curve
produced in the lithium ehloridemchlaroéﬁe@inic acid system
which may indiecate that bromine of the acid is exchanging'
with the chloride ion of the salt,

If 0,05 molal 1ithium chloride is used instead of 0,01
mclal, thgn a larger increase in the specific conductance
curve is obtained, but the curves have essentially the same
shapes,.

The method of continuous wvariation is often used to de=
termine the combining weights of the components of a complex,
The concentration of the two components which make up the
complex are varied so thelr combined concentration is egual
to a congtant and a physical property which ié proportional
to the complex concentration is meaﬁuied for the serieslof
combinations to determine a maximum @r minimu, The concen=
tration of cne @Qmponent divided by the concentration of the
other at the maximum or minimum should give the combining

welghts, provided that only one complex is formed,
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If concentrations of a lithium halide and an organic
aclid are varied so that their combined concentrations equal
a constant while the sgpecifiec conductances for the series
of solutions are measured, a maximum is obsgerved at a con-
centration of two lithium halides to one organiec acid.

(Pata shown in Tables VI, VII, VIII and IX). However, when
the concentrations of lithium bromide and bromoguceinic acid
were held at the constant low value of 0,03 molal, no maximum
was obgerved, (Table X).

Since the specifie conductance 1s approximately pro=
portional to the total number of iong in solution when their
mobilities are nearly equal, the maxima should be a function
cf total ioniec concentration. The maxima may then be ex=
plained in each casge by an association of & halide ion with
the organic acid, if the following assumptions are made: the
ionization constant of the 1lithium halide remains unchanged,
the mobility of thev%onS remaing unchanged, the change in
viscosity has no appreciable effect and the activity COo=
efficients are neglected, The gpecific conductance then be-

comes proportional to twice the lithium ion concentration.
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TABLE VI

THE SPECIFIC CONDUCTANCES OF SCOLUTIONS CONTAINING LITHIUM
BROMIDE AND BROMOSUCCINIC ACID VARIED SO THEIR COMBINED
MOLALITIES GIVE A 0,30 MOLAL SOLUTION

Molality of Molality of Specific Conductance
Lithium Bromide Bromosuceinie Acid in mhos/em? x 10
0,30 0,00 § 2,41
- 0.25 C.05 2,62
0,20 0,10 2,67
0.15 0.15 2,49
0,10 0.20 2,03
0,05 0.25 1,37

0,00 0,30 0,0267
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TABLE VIT

THE SPECIFIC CONDUCTANCES OF SOLUTIONS CONTAINING LITHIUM
BROMIDE AND -<-BROMOPROPIONIC ACID VARIED SO THEIR
COMBINED MOLALITIES GIVE A O.30 MOLAL SOLUTION

Molality of Molality of &£ = Specifie Conductance

Lithium Bromide Bromopropionic Aeid in mhos/cm? x 10:
0,30 0,00 2,41
0.25 0.05 2,67
0,20 0,10 : 2,78
0,15 0.15 | 2,68
0,10 0,20 - 2,27
0,05 0.25 1.5k

0.00 : 0,30 0.,00824
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TABLE VIII

THE SPECIFIC CONDUCTANCES OF SOLUTIONS CONTAINING LITHIUM
BROMIDE AND £ -BROMOPROPIONIC ACID VARIED SO THEIR
COMBINED MOLALITIES GIVE A 0,30 MOLAL SOLUTION

‘Molality of Molality of ~ - Specifie Conductagce
Lithium Bromide Bromopropionic Aecid 1n mhos/en2 x 10
0,30 0.00 2,41
0,29 0,05 2,50
0.20 0,10 2,48
0.15 0.15 2,31
0.10 0,20 1,87 -
0,05 0.25 1531‘

0,00 0,30 0,0103
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TABLE IX

THE SPECIFIC CONDUCTANCES OF SOLUTIONS CONTAINING LITHIUM
CHLORIDE AND CHLOROSUCCINIC ACID VARIED SO THEIR
COMBINED MOLALITIES GIVE A 0,060 MOLAL SOLUTION

Molality of Molality of Specific Conduetance
‘Lithium Chloride Chlorosuccinie Acid in mhos/em? x 10t

0,06 0.00 0.95

0,05 0,01 2,84

0,04 0,02 3,55

0,03 0,03 B

0.02 0,0k 2,79

0,01 - 0,05 1,60

0,00 0.06 0,07
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TABLE X

THE SPECIFIC CONDUCTANCES OF SOLUTIONS CONTAINING LITHIUM
BROMIDE AND BROMOSUCCINIC ACID VARIED SO THEIR
COMBINED MOLALITIES GIVE A 0,030 MOLAL SOLUTION

Molality of Molality of Specific Conductance

Lithium Bromide Bromosuceinic Aeid in mhos/cm® x 10
0.030 0,000 5,82
0,025 0,005 5,45
0,020 0.010 i, 96
0,015 0,015 h,31
0,010 0,020 3,47
0.005 0,025 2,32

0,000 0,030 0,06




CHAPTER IV

DISCUSSION OF RESULTS AND CONCLUSIONS

When an organie acid is gdded to & lithium halide in
dry acetone, the specifiec @onéuctan@e of the resulting so=-
lution is higher than the sum of the specifie conductance
of the acid and the specific conductance of the lithium
halide at the same concentrations as long as no chemical
reaction is taking place, |

Some type of chemical reaction is evidently taking
place in the alkali icdide systems, The iodide ions can re-
act with atmospheric oxygen to form free iodine and oxygen
ionsqw The free iodine may form higher polymef ipnso The
free iodine may also react with acetone to fdrm iodoacetone,
If atmogpheric oxygen was execluded from the alkali iodide
systems then perhaps no free iodine would form and the dise
torﬁing chemical reaction would not take place,

When 1lithium pef@hlorate is substituted for lithium
bromide, there is slight linear decrease in the specific
conductance on addition of bromogsucciniec acid. This decrease
- is probably caused by the increase in viscosity. This ex=
perimental eVidenee indicates that the lithium ion 1s not
involved in the mechanism whiech causes the anomalous rise
in specific conductance of the lithium bromide-~bromosuceinic
acid system.
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When dimethyl dl=-bromosuccinate is added to 1lithium
bromide in acetone, there is a slight linear decrease in the
specific conductance, this is probably due to thé~increase
in viscosity. This suggests that the free acid may be in-
volved in the mechanism which causes the increase in the
specific conductance of the lithium.bromide-bromosuccinic
acid sygtem, |

The aecids used with 0,0l-molal lithium bromide may be
rated as to acid strength by use of Pauling's electronega-
tivity scale (38), The acids in order of highest acid
strength follow: bromosuceinicy,; o< =bromopropionic, D =bromo-
pionie, suceinie (data for suceinic acid given in Table XXI,
Appendix) and dimethyl dl-bromosuccinate. The conductance
curves for bromosuccinic aecid (Figure 2) and d(-bromopropionie
acid (Figure 13) are nearly alikes the rise in speeific ¢on-
ductance is about the same for all the points on each curve,

The curve for AB =bromopropionic (Figure i4) has the
general shape of the' above mentioned curves but_tﬁeiwhole;..
eurve is proportionally lowered, while sueceinic acid (Table
XXI) shows a still lower, almost linear rise., Dimethyl dl--
bromosuceinate (Figure 15) shows a linear deereaSe; The
above statementg indicate a correlation between acid strength
and the anomalous rise in conductance, The stronger the acid,
the greater the rise; The ele@tronegative propertles of the
acid probably facilitate the formatlon of the 355001ated

groups which causes the rise in specific conductanceo
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The abnormaliy high ionic conductances of_the hydrogen

2, and the hydroxyl ion, 198 mhos/em?, in

ion, 349 mhos/em
water (39) can perhaps be explained by a Grotthuss-type pro-
ton or hydroxyl ion transfer followed by rotation of the
water molecule, but in acetone the average ion éonductance-
viscosity product is about 0,29, whieh gives an average ion
conductance 'of 92 mhos/cm?2 and the range of ion con@uctanees
is only 70 to 120 mhos/em?, (40); therefore the mobility of
different ioms in acetone is ﬁearly the same. For instance,
the mobilities of the hydrogen ion and the sodium ion are
nearly the same in acetone, sinee their respective ionic con-
ductances are 87.7 mhos/em? (41) and 83.3 mhos/em®. (Table
V, page 31).

A1l that the above paragraph shows is that if the num-
ber of iong in an acetone system remains constant, then
changes of the kindg of ions will produce no large change
in conductance. Increased conductance should be nearly
proportional to the increase in icenic concentration.

The number of ionsg im the lithium bromide~bromosuceinic
acid and lithium @hloride—cﬁlorosuecini@ acid systems can be
increased if the halide ions of the lithium halide associate
with the hydrogen ions of the halosuccinic acid to form un~
dissociated molecules of hydrogen halide éga”aliow more
lithium halide and haleuc@inie acld to dissoclate, The
proposed association will oceur if the hydrogen halide is a
weaker acid than the halosuctinie acid in acetone., The num-
ber of hydrogen halide mclecules produced would be greater

for the stronger organic acids, The stronger acids would



cause a larger rise in conductance since the number of
lithium and organic acid ions would.be proportionally ine
creased, The flattened portion of the curve at higher aecid
concentration indicates that a large portion of the halide
ion. is tied up in undissociated hydrogen halide molecules,
thusi further acid additions cause smaller and smaller in-
.creases in ionie eoncentration.

The addition of acid may slightly increase the dielecw-
tric constants of the media but their inecrease in viscosity
more than offsets the number of ions sc produced., The in-
creased viscosity slows the progress of the ions through the
solution., This effect alsc tends to flatten the curves at

higher acid eoncentrations,
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APPENDIX

TABIE XI

THE SPECIFIC CONDUCTANCE OF SOLUTIONS CONTAINING 0,01
MOLAL LITHIUM ICODIDE PLUS VARIOUS AMOUNTS OF
TIODOSUCCINIC ACID IN ACETONE AT 25° C,

57

(Figure 1)
Specifie
Molality of Specific Conductance
Molality of  Iodosuceinic Conductance . 2k Hourg Lateﬁ,
Lithium Todide Acid mhos/em? x 104 mhos/em? x 10
0,01 - 0,00 9,07 9,07
0,01 0,02 8,67 8.14
0,01 0,0k 8.40 7.55
0,01 0,06 8,16 7,12
0,01 0,10 7a72 6,62
0,01 0.1k 7,28 6,34
0,01 0,18 6,90 6,24
0,01 0,23 6,55 6,20
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TABLE XITI

THE SPECIFIC CONDUCTANCE OF SOLUTIONS CONTAINING 0,01
MOLAL LITHIUM BROMIDE PLUS VARIOQOUS AMOUNTS OF
BROMOSUCCINIC ACID IN ACETONE AT 25° C,

(Figure 2)
Molality of Molality of Speecific Conductance
Lithium Bromide DBromogsuecinie Acid mhos/en® x 10
0,01 00,0000 2,981
0,01 0,0120 3,268
0,01 : 00,0191 ~ 3.429
0,01 . 0.0274 3,592
0001 ) 000387 3 777
0,01 seiat . 0,0489 3,911
0,01 S 00,0647 4,079
0,01 L 00,0972 L 326
C,0L 0.1411 4,602
0.01 0.1958 b,636
Speeifie Conductance, R Specifiec Conductance
24 HourS Lateﬁ? L of Bromosucglnlc eid,
108 0
2,990
30289
3,449
3,568
3,756
3,910
4,068
ko313
4,604
4,616




TABLE XIIT
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THE SPECIFIC CONDUCTANCE OF SOLUTIONS CONTAINING 0,0l
MOLAL LITHIUM CHLORIDE PLUS VARIOUS AMOUNTS OF
CHLOROSUCCINIC ACID IN ACETONE AT 25° C,

(Figure 3)

Molality of
Lithium Chloride

0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01

Molality of

Specifie Conductance,

24 Hour
mhos/em

5

Late
x.10

Es

0,452
1,659
1,779
1,976
2,056
2,150
02

20249
2,328

Specifie anductﬁnee,

Chlorosuceinic Acid mhos/em= x 10
0,00 O.431
0,02 1,622
0,0k 1.797
0,06 1,936
0,10 2,058
0,14 2,160
0,18 2,253
0,23 2,350

Speeific Conductance
of Chlorosugeinie, Aeid,

mhos/em? x 10

0.000
0,036
0,056
0.063
0,082
0,102
0,119
0,147
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TABLE XIV

THE SPECIFIC CONDUCTANCE OF ACETONE SATURATED
WITH CESIUM FLUORIDE PLUS VARIOUS AMOUNTS
OF ADDED WATER (Figure 4)

Amount of Water Added

to the Dry Acetons, Specific Condu@tgnce,
% by Weight mhos/em? x 100"
0,000 2,18
0,075 7s 1k
0,179 11,72
0,295 15,21

0,676 23,08
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TABLE XV

DATA FOR A FUOSS AND KRAUS PLOT (35, 36, 37) OF
 LITHIUM CHLORIDE IN ACETONE AT 25 C,

(Figure 7)

cx10° A R flogR VR Z F(Z) Apa

10,581 39,1237 120,956 2,541316 347,79 020143 .97965 24061
19.640 29,7712 85,636 2,466323 292,63 023940 ,97575 .18309
28,220 25,1419 90,573 2,424318 265,65 ,026372 97327 15462
36,609 22,4996 60,657 2,391540 246,29 028445 9711k ,13837
L4559 20,6362 54,454 2,368010 233.35 .030022 ,96951 ,12691
52,340 19,4013 19,304 2,3464L1 222,05 ,031550 96793 .11932
72,745 16,5171 41,673 2,309927 204,14 ,034318 ,96507 ,10158
92,417 13,7228 39,482 2,298201 198,70 .035258 96410 ,08439

A — F(Z). - ~3ACfx2 x 103
Y N=74) C’[xlo5 /,z{l@g(ff /GXx/o~5-1@gf°:&2 £ :3;2 A X 103'?'??5

24561 2,5988 707388 5,0979 .038319 91554 25,0398 3,8688
- 18764 3,685 783231 6,0706 946433 89859 32,7750 55,3847
.15887 L4 ,4833 825800 6.,6957 .051216 88876 38,7111 6,4789
14248 5,2161 858674 7.2222 055242 ,88055 43,1625 97,4685
13090 5.8328 ,882913 7.6367 058412 87416 46,9810 8,2909
L2327 6.4519 90482 8.0324 061439 ,86808 49,8899 9,1071
010526 7,6571 942033 8,7505 066932 85717 58,4285 10,6720
08753 8.0893 ,95345k 9,1927 07031k 85045 70,2553 11,1873
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TABLE XVI

DATA FOR A FUOSS AND KRAUS PIOT (35, 36, 37) OF
LITHIUM BROMIDE IN ACETONE AT 250 C, '

(Figure 8)

cxw® A R YR VB  Z FE@ M.

34740 169.6706 84,949 2,464578 291,46 ,019208 .98061 ,86549
. 6,6601 19603679 h8 081 2,340985 219,27 ,025532 9741k 79763
906639 147.4657 39, 1136 2.27287%6 187.4% .0208%6 296967 , 75222
12,5450 140,62 6h 28 38? 2,226529 168,48 ,033228 ,96620 71734
16, 5loh 128,9329 23, 522 2,185738 153,37 ,036502 ,96281 65769
3203707 108, 8893 1% 204 2,076165 119.19 046969 ,9%5187 ,55545
7,7730 97,4842 10 731 2,015320 103.59 054043 94439 49727
6@05h96 89.8315 8. ,912 1.,975002 9hk.h1 ,058298 ,93880 45823

_;ﬁ__ - 4 o) ﬂgﬁ
AFE) Orx 10”7 /fotg Oy W-/oa%ﬁz LE /%_x/a‘; £(Z) Y/ﬂ

.88260 3,06615 743325 5.5377 042357 90707 5.779% 5.4523
81880  5.45329 808330 39%7 ,056485 87805 6 2298 9,3870
o 77575 7o 49677 093/439 8 6583 ,066226 .85856 6.5756 12,6180
4243 9,31378 984547 9, @50% .073815 84369 6,8707 15,4047
068309 11,27809 1,026116 10,6198 081230 ,82942 70h675 18,3381
. 58354 18,88959 1.138103 lé /AT 10Vlzg 078,01 8.7416 29,0695
13125 20,60211 1.156955 1L,353% .109788 ,77662 9,6876 38,2978
L8810 30,52607 1.242335 17,4718 01336h0 o735”12 10,4507 L3,9922




DATA FOR A FUOSS AND KRAUS PLOT (35, 36
LITHIUM PERCHLORATE IN ACETONE AT 25

TABLE XVII

(Figure 9)

3 gZ) OF
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Oy 10%

1,6590
302001
L,6141
6,0028
1. 6860
28,3040
41 ,838C¢
54,4160

/
redo FZ)

.98916
-97893
. 97125
“Sbnes

4 K

182,0059 165,850
87,358 -

179,1128
176.9929
175.1963
1664716 2
161,9075
158.,5872
156. 7665

c/x/03‘

164102 "

SOLBQAZE_
b L 81hd .

5. 79042

607556
747939

1,207902
1.291101
1.347983

K tog O

825707
881355
.93057 13.66635 1,067827 11,690k
92035 26,04958
-91333 38,2119
-9124L 19,6513

6

Ly

393776 247,62
338859 218,21
155676 1h3011
019240 104,53
9388977 86,87
884320 ‘76,62

_YF{X/DJ' -/vo :[fz
14,0509
5.5969
66,6945
7,6095

.0L28 10
0051

005820h
-,089%19
o126328
- 149520
017ohh3

16,5158
19,5479
22,2833

- 88879
87457
. 81392
o 74761
- 70874
067539

re

-014401
-0198k42

-023684

.026876
-040979
- 056104
»067510
-076541

£t7

£ Z)

FCz) Ao

- 98549
096996
+ 97602

< 97275

.95813
.ol221
92998
.92020

97481
295931
o 9796
93833
.89161
. 86716
s84938
83963

AL 16

5o
Do
5o
5
5
5

o
@
o

/\xw

F(Z!

.030985 ,9311k 5,414 2.8529
090613 5.l4712  5.2999.
5145  7,4368
5523 9.L352
7555 20,7683
8194 36,3615
8642 50,5653
8699 62,6112




DATA FOR A FUOSS AND KRAUS PLOT (35, 36
) SODIUM PERGHLORATE IN ACETONE AT 25

TABLE XVIII

(Figure 9)
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6 37) OF

O'x 10

/]

K

2,7041 193.1395 95.872
5.3793 189.6242 49,088

7.9330 187.6578

12,791
15,080
17,297
195378

A
y’AuF([)
. 990k
097964
o 97453
096230
09626G
o95h08
095315

184%,9976
183, 7943
182,1018
181.,0086
180, 3442

0/x/05
2,6782k4
5,26978
7073095

339635 z

23,938
21,299
18 228
129992
1h 328

P 2
4 logOx Wiy 10> _tp £

- 713906
- 860868
>94%002

10,0%169 1,000900
12.31325 1.045685
H.43578 1.,079672
16,502%2 1,108777 12 :
18.5701% 1,133237 13,5905

S log R

2.,490845
2,345482

2. O7809l+

51749
7,2588
8, 7921
10,0207
11,1094
12,0137
8463

S

309,63
221,56
183@h0
161,05

' 145,93
71 134,02

126 .46
119,70

.039582
,055218
067244
~ 076647
084975
»091892
,098260
»103952

z

-017797
9024871
- 030046
-034216
.037761
JO41117
043575
- 046036

£2°

+91289
-88061
.8585%
.83821
- 82229
-80928
0 79756
- 78713

=) A/ﬂo

.98204 ,97265
-97480 ,9549%
296948 ,9Lk79
.96518 ,93165
296150 ,92559
.95800 ,91707
295543 ,91156
.95285 ,90821

F—@x 10 JTFC-'-(—E)WO
5,0846 4,8549
5,1407 9,2148
5.1662 13,1833
5.,2173 16,7649
5,231% 20,1054
5.2608 23,1979
5.278% 26,1357
5,2835 28 8691
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.95786 15,03801 1

TABLE XIX
DATA FOR A FUOSS AND KRAUS PLOT (35 36 37) OF
POTASSIUM PERCHLORATE IN ACETONE AT 2
(Figure 9)
& 2

Cx 10 A Rtk K VR zZ  F(Z) Mhe

4,8146 199.6372 52,095 2,358398 228,24 ,023599 .97610 .96443

5,8894 198,.4505 hz 842 2,315935 206,98 026023 ,97363 ,95869

6,9192 197, 3825 36, 663 2,282113 191.48 ,027608 ,97200 ,9535k

7o 9¢53 196,4918 32,195 2 253895 179,43 029462 ,97008 ,9L92k

8,8633 195,372 48 916 2,230567 170,05 ,031087 96841 ,94378

11, 3793.. 193,0673 4’2 g 791 2 176670 150,20 ,035196 96417 ,93752

13,6738°191,1510 19, T157 2.141160 138.41 038104 .96105 .923043

15,6996 190,0121 169785 2,112410 129.54% 040809 ,95831 ,91793

| A o F(Z) 3 Aaﬁz
S FZ) @2))(/0\’ 4/0g00’ 903’3{/03 —/oor/z‘z /32 A *0 /:(.Z) Xfo
.98804 L,75702 ,838669 6,8971 052755 .88561 4,8894 8,7207
98466 5,79906 881699 7.6151 058247 87488 4,9062 10,4973
.,98101 6,78780 091@873' 88,2391 0630¢0 . 86491 L, 924l 12,1526
,97852 7,74528 ,ouL5il  8,8006 0067315 .85641 L4,9370 13, 7305
97456 8, 63791 .968182 902935 ,071085 ,84901 %,956% 15,181k
,097236 11,06478 1,02197% 10,5189 080458 ,83088 L, 99&0 18,9325
. 96086 1%013861 1,059276 11,4625 087676 81719 5.0277 22,2077
,088592 12,2629 ,093797 ,80575 5,0437 25,0807
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THE SPECIFIC CONDUCTANCE OF SOLUTIONS COMPOSED OF VARIOUS
AMOUNTS OF CHLOROSUCCINIC ACID IN ACETONE AT 25° C,

(Figure 10)

Mclality of
Chlorosueeinie Aeid

0,0252
0,0600
0,1165
00,1399
0,1549
0,1670
00,1750

{

Specifie Conduct
mhos/eme x 10

gnee,




TABLE XXT
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THE SPECIFIC CONDUCTANCE OF SOLUTIONS COMPOSED OF VARIOQOUS
AMOUNTS OF BROMOSUCCINIC ACID IN ACETONE AT 25° C,

(Figure 11)

Molality of
Bromosuceinie Acid

0,0200
00,0640
00,0670
0,1078
0,1397
0.1673
0,1912
0,2122

Specific C
mhos/cn

gnduct

x 10

>
=+

I oo N N
Q o o ©

o oML D

M NG G

¢ 0 € 9

ance,
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TABLE XXIT
THE SPECIFIC CONDUCTANCE OF SOLUTIONS COMPOSED OF 00,0642
MOLAL LITHIUM BROMIDE PLUS VARIOUS AMOUNTS OF
BROMOSUCCINIC ACID IN ACETONE AT 25© C,

(Figure 12)

Specifie Conduc- Specifie Conduc=
Molality of tance with Acetone tance with Acetone
Melality of the Bromce Containing 0,27% Containing 0,11%
the Lithium suceinie Water (Figure ﬁ) Water (Figure k)
ot

Brdmide Aeid mhos/em@ x 1 mhos/em2 x 10M
0,0642 00,0000 9,03 8,03
0.,0642 00,0257 10,77 9.72
00,0642 000514 12,10 10,90
0.0642 0.0771 1312 12,00
0,0642 0,1285 14 42 ‘ 153,30
0006}"'2 001799 .])5)018 ’ 1 020

0,0642 0,2313 _ 15,68 14,70
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TABLE XXIIT

THE SPECIFIC CONDUCTANCE OF SOLUTIONS CONTAINING 0,0l
MOLAL SODIUM IODIDE PLUS VARIOUS AMOUNTS OF
TODOSUCCINIC ACID IN ACETONE AT 259 C,

(Figure 13)
Speeifie
Molality of Specifie Conductance
Molality of lodesuceinic  Conduefance,; 2k Hourg Later,
Sodium Iodide Aeid mhos/em® x 10T mhos/em® x 10
0,01 0,00 9,48 9,50
0,01 0,02 9,11 8,38
00011" Ooo)'l' 8081 7Q96
0,01 0,06 8,56 7-75
0,01 0,10 8,18 7,55
0,01 Colh 7,78 7039
0,01 0,18 7,51 7.29
0,01 0.23 7.2k 7.24
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TABLE XXIV

THE SPECIFIC CONDUCTANCE OF SOLUTIONS CONTAINING 0,01
MOLAL LITHIUM BROMIDE PLUS VARIQUS AMOUNTS OF '
o< =BROMOPROPIONIC ACID IN ACETONE

(Figure 1k)

o Molality of "~ Specifie
Molality of =~ = o< «Bromopropionic Conductance,
Iithium Bromide - Aeid . mhos/em? x 10%
0,01 ‘ ~ 0,0000 2,88
0,01 0,0251 3.40
0,01 : 0.0478 3.79
0,01 00,0700 4,06
0,01 _ 00,0909 L. 26
0,01 0.15451 L, 59
0,01 0,1923 L, 76
0.CL 0.2345 L.86
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' TABLE XXV
THE SPECIFIC CONDUCTANCE OF SOLUTIONS CONTAINING 0,01
MOLAL LITHIUM BROMIDE PLUS VARIOUS AMOUNTS OF
B =BROMOPROPIONIC ACID IN ACETONE

(Figure 15)

Molality of Speeifie

Molality of A =Bromopropionie Conduckance,
Lithium Bromide beid mhos/em® X 10M
0,01 0,0000 2,91
0,01 0.0255 3,23
0,01 o oh98 3.51
0,01 0,0721 3,70
0,01 O. 0939 3,85
0,01 0,148% L. 09
¢.01 0,1967 L.21
0,0L 00,2400 4,28
0,01 0. 2]27 L.31
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TABLE XXVT

THE SPECIFIC CONDUCTANCE OF SOLUTIONS CONTAINING 0,01
- MOLAL LITHIUM BROMIDE PLUS VARIOUS AMOUNTS OF
DIMETHYL BROMOSUCCINATE IN ACETONE AT 25° C,

(Figure 16)
Molality of Speeifie
Molality of Dimethyl Conduc*ance,
Lithium Bromide Bromosuccinate mhos/cne x 10u
0,01 00,0000 2,98
0.01 000056 3.02
0,01 00,0151 3,00
0.01 0.0338 2,98
0,01 0,0469 2,96
0,01 0,07kl 2,93
0,01 0,1243 2,86
0.01 0,2488 2.7




TABLE XXVII
THE SPECIFIC CONDUCTANCE OF SOLUTIONS CONTAINING 0,01
MOLAL LITHTUM PERCHLORATE PLUS VARIOUS AMOUNTS OF
BROMOSUCCINIC ACID IN ACETONE AT 259 C.

(Pigure 17)

, _ Specifie

Molality of Molality of Londu@tance,
Lithium Perchlorate Bromosuecinie Aecid mhos/ems x 10“

0,01 0,00 9,18
0,01 0,02 9,12
0,01 0,0k 9,08
0,01 0,06 9,02
0,01 0,10 8,92
0,01 0,1k 8,84
0,01 0,18 8,76
0,01 Q.25 8.61
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TABLE XXVIII
THE SPECIFIC CONDUCTANCE OF SOLUTIONS CONTAINING 0,05
MOLAL LITHIUM IODIDE PLUS VARTOUS AMOUNTS OF
BROMOSUCCINIC ACID IN ACETONE AT 25© C, -

(Figure 18}

Specifie
Molality of Speecifie Conductance,

Molality of  Bromosuccinie Conductance, 24 Hourg Later,
Lithium Iodide Acid mhos/em2 x 103 mhos/em2 x 103

0,01 0.00 2,81 2,80

C.0L 0,02 2,63 2,28

0,01 0,04 2.33 2,01

0,01 0,06 201k 1,86

Q.01 _ 0,10 1,83 1,66

0,01 Colh 1,63 1.57

0,01 0,18 1,49 1.53




TABLE XXIX

THE SPECIFIC CONDUCTANCE OF SOLUTIONS CONTAINING 0,01
MOLAL LITHIUM CHLORIDE PLUS VARIOUS AMOUNTS OF
BROMOSUCuINTC ACID IN ACETONE AT 25° C

(Flgure_l9)
' / ‘ Specifie
- Molality of  Molality of Specifie Conductance,

Lithium Bromogneeinie Fondu@tance, 2k Haurs Lateﬁ

Chioride Aeid mhos/em? x 10% mhos/em? x 10
0,01 0,00 O b2k 0,426
0,01 0,02 1,506 2,615
0,01 0,04 1.849 3.025
0.01 0,06 1,962 3.215
0,01 CG.10 2,220 3,393
0,01 0,14 2,425 3,535
0,01 0,18 2,580 3,617




TABLE XXX

b1

THE SPECIFIC CONDUCTANCE OF SOLUTIONS CONTAINING 0,05
MOLAL LITHIUM CHLORIDE PLUS VARIOUS AMOUNIS OF
BROMOSUCCINIC ACID IN ACETONE AT 25° ¢

(Figure 19)
, Speecifie
Molality of Molality of u@ndu@tan@e,
Lithium Chioride  Bromosucecinie Acid mhos/em? x 10%

0,05 0,00 1.135
0,05 0,02 - 4,150
0,05 e 5,235
0,05 0,06 5 740
0,05 0,10 6,215
0,05 0,1k 6,775
0,05 0,18 7100
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TABLE XXXI

THE SPECIFIC CONDUCTANCE OF SOLUTIONS CONTAINING SUCCINIC
ACID AND THE SPECIFIC CONDUCTANCE OF SOLUTIONS
CONTAINING 0,01 MOLAL LITHIUM BROMIDE
PLUS VARIOUS AMOUNTS OF SUCCINIC
ACID IN ACETONE AT 25° C,

Speeifie
Molality of Molality of Conductance,
Lithium Promide Suseinie Asid mhos/em? x 10%

0,00 0,02 0,00390
0,00 0,0k : 0.,00416
O ooo OoOé" | 0000)4-10
0,00 0,10 0,004 14
0,01 0,00 2,96
0,01 0,02 3,07
0,01 0,04 3,13

0,01 0,06 3.20
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