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ABSTRACT
FRIEEEON

Hydrotropic solutions are aqueous salt solutions
which effect ineréased solubility of substances insdluble or
slightly soluble in water at the same temperature. 1t is a
Msglting~in" effect as compared with the more commdnly known
nsalting-out” effect. Reletively concentrated salt sclutions
are requiréd to effect a marked change in solubility of the
third component. in genéral, the third component is repre-
cipitated by diluting with twb to three vdlumés of wafer. The
solvent may then;be'made ready for re-use by‘réconcentration
by evaporation. |

Comniercial applicatidns for these solvents are found
in extraction processss, electrochemical reactions, organic re-
actions and as crystallizatidn media. They have advantages over
organic solvents in that they are non-voletile, ndnpfiammable;
good conductors of electricity, may be used at any pH, end
others. |

There have been many investigations as to the types
of salts thet act as hjdrotropes end the types of substances
dissolved. Solubility data for severesl systems has been pub-
lished, but no complete phase equilibria data has been deter-
mined.

The purpose of this investigation was to determine
phase equilibrie data at 30°, 40°, and 60°C. for the system,

water, sodium o-xylenesulfonate, end benzoic acid. The choice

of sodium xylenesulfonate was based on the fact that it was
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ii.
listed in the literature as being very effective as well ss
economical. The ortho isomer was arbitrarily chosen. Benzoic
acld was selected as the non-electrolyte because it is easily
analysed for in the presence of neutral salts by titration
with standard sodium hydroxide solution. ©Solubility data at
40°C. was also determined for systems in which sodiun o-Xylene-
sulfonate was replaced by sodium benzenesulfonate, sodium m;
benzenedisulfonate, sodium p-toluenesulfonate,»sodium m-xylene-
sulfonate, sodium p—cymenesulfonate,‘sodium p—brdmobenzenesul—
fonate, end sodium cinnamate. |

| Experimental resglts are shown bdth in tabular form
and graphically. Afteriahalysing the data, it was cdncluded
that the sdlubility of benzoic acid in these soiventsvis due
to a "salt effect" rather then to a sdlubilizing effect due to

similarity in structure.
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I INTRODUCTION
R

Hydrotropic solutions are agusous salt solutions
capable of dissolving substances normally either insoluble
or slightly soluble in water at the same temperature. The
hydrotropic substance, as well as the substance dissolved,
may be either an organic or an inorganic compound. Further,
an organic salt may act hydrotropically toward an inorganic
compound - e.g., calcium sulfate scale dissolves in sodium
benzoate solution - and an inorganic salt may act hydro-
tropically toward an,orgénic compouhd - e.g., aniline is
soluble in lithium chloride soiution. In general, the
organic compounds which act as hydrotropic substances are
salts of the higher molecular weight ojganic acids, such as
benzoic acid, aryl sulfonic acids, long chain faﬁty acids,
etc. Neuberg (23) has presented extensive lists of both
hydrotropic substances and substances which were dissolved.
It is the usual case that a relatively concentrated salt
solution is reguired to effect a marked change in solubility
of the substance to be dissolved. Cresol is practicelly
insoluble in water, but is completely miscible with a 40
percént agueous sodium xylenesulfonate solution at £5°C (2).
The dissolved substances are usually reprecipitated on
dilution with water.

Theories of Hydrotropy

Hydrotropic solution is often described as a
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Usalting-in!Y effect as opposed to the more commonly known
"salting-out" effect, and several theories are based upon

this line of reasoning. A study of these two effects together,
called simply the "salt effect," has been reviewed by Cross (6).
He points out that the individual lonic effects are additive. .
To explain this a theory of the : gntagonistic action of the
cation and anion is proposed, and reasons are advanced that
make it seem probable that the cation is responsible for the
salting out portion and the anion for the salting in portion

Of the effect. Accordihg as one or the other predominates,

in the case of a given electrolyte,va net observed salting out
or salting in of a given non-electrolyte will resuit. |

The salting out effect of cations decreases with
increased size in the case of alkaline earth metal cationé.
The order of salting in of anidns increases with size in the
case of helides; conversely the salting out effect decreases.
Linderstrom-Lang (12) found that sodium and lithium chlorides
salted out boric écid, while potassium, ribidilum and cesium
chlorides salted it in.

Gross also states that substances which are most
polar are least salted out from an electrolyte solution of
fixed ion population and kind.

Debye (3) also treats salting-in and salting-out
as opposing effects. The field around the ions of the hydro-
tropic salt may cause the aggregation of either water molecules

or molecules of the non-electrolytes depending upon which has
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ﬁhg greater polarity. The criterion of polarity is the
diélectric constant of saturated agueous solution of the
non-electrolyte relative to water at the same temperatﬁre. If
the saturated solution has & dielectric constant less thahn
water, water molecules aggregate around the ions. This results
in a‘reduction in solubility of the non-elertrolyte (salting
out) due to an inerease in non-electrolyte-water ratio in
regions of solution. If the dielectric constant of the
‘saturated solution is greater than that of water, molecules

of ncn,ehuﬁnmiyte aggregate around the ions. This reduces

the non-electrolyte-water ratio in the regions of solution,
thus incfeasing the solubility of the nonQelectrolyte (salting
in). This theory seems to make hydrotropic salutioh dependent
only upon the nature of the nbnpelgctrolyte and indepéndent of
the "hydrotreopic" salt.

Some authors attribute.hydnotropic solution to the
formation of a compound soluble in water between the hydro-
‘tropic salt and the substance to be dissolved. An example of
this is the ihcreased solubility of iodine in a potassium
iodide solution due fb the formation of the compound, KIgz.
Other authors rule out compound formation as a case of hydro-
tropic solution. This seems to be guite logical, since.benzoic
acid and many other insoluble acids are readily "dissolved" in
scdium hydroxide solution due to the formation of their soluble
sodium salts. These neutralization reactions are not considered

to be cases of hydrotropic solution. Hence, compound formation
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may be ruled out as an explanation of hydrotropy by definition.

Bancroft (1) presents as an explanation of hydro-
tropy that the solution of hydrotropic salt in water acts as
a mixed liquid solvent, the dissolved hydrotroplic substance,
whether it be solid, liquid, or gas, acting as a second liquid.
This type of‘mixed solvent would be comparable to alcohol-
watef mixtures which are also used as solvents, in which
solubility is due to the similarity in structure or polarity
of alcohol and the third component.

Kuthy (9) suggests that the action of hydrotrooic
subsﬁances resembles that of emulsifying agents in that the
hydrotropic substances act by'presenting>new physical con-
ditions rather than new chehical'complexes. The differehce
in behavior of hydrotropic substances toward different chemi-
cal substances,. varying from solution and emulsification to
salting out, are ascribed to differences in surfaée activity
of the hydrotropic substances. vThe value of surface activity
is a function of the polarity difference between the two
phases and, hence, ultimately of the chemical structure.

Kruyt and Roblnson (8) explained the increased
solubllity as due to the polar properties of the hydrotropic
solution. Lindau (11) explained hydrotropic solution on a
phase rule basls by considering the salt equivalent to a third
misciple liguid.

There are many other explanations of hydrotropy,

but at oresent there is no one generally accepted theory.
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There is the possibility that all cases of abnormal solubility
cannot be explained by one theory. That is to say, there may
be different types of hydrotroplc solution depending upon the

nature of the non-electrolyte dissolved.

Correlation of Hydrotropic Data

Freundlich and Slottman (5) studied the solubility
increése of benzoic acid and ohthalic acid in the presence
of sodiﬁm salts of benzene-, p-toluene-, and p-ethyl benzene
sulfonic aclds, in various concentrations. The dependence of
the relative solubility increas'e, ‘ )\ = %;;_s_’ upon fhe concen-
tration of the hydrotrooically active electrélyte, ¢, can be
expressed through the formula A= Alcn, where A‘ and n are
constants, the value of the latter ranging from 1.1 to 2.0.
The concentrations of the different éalts, equally efrective
in increasing the solubility bear a constant relation to
each other. |

Durand (4) has set up a similar equation expressing
the relative increase in solubility to the normality of the

hydrotropic solvent as follows:

L = ANb, where
N = normelity of hydrotroplc salt
A = index of hydrotropy
b = exponential coefficient of hydrotropy
/0 = ngl, where
S

solubility of solute in 1 liter of hydrotrope
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solubility of solute in 1 liter of aqueous NaCl solution

5 =
of the same normality
So = solubility of the solute in 1 liter of water

A and b have different values for different hydro-
tropés and also for different solutes in the same hydrotrope.

An equation proposed by Setschenow (25) has been
found to be applicable to the solubllify of nitrobenzene and
azobenzene in aqueous solutions of a mixture of sodium and'

rotassium xylenesulfonates. The equation is as follows:

log %? = log fo = KCg, where

So = solubility of non-electrolyte in weight units per
volume of water.
S = solubllity of non-electrolyte in weight units per

volume of salt solution.

salt concentration in mols per liter.

salting out constant.

=
]

fo= vactivity coefficient of the non-electrolyte in concen-
tration units.
In the case of salting in K takes on a negative
 value - e.g. above K for nitrobenzene is -0.59 and K for

azobenzene is -0.6%.

Uses of Hydrotropic Solutions

The industrial applicability of hydrotropic solu-
tions results from the fact that they increase the solubility

of a large number of substances, which are normally either
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insoluble or slightly soluble in water. In almost all cases
the use of hydrotroplc solutions shows decided advantages
over the use of other solvents.
The general type processes to which hydrotropic
solutions are applicable are:
1. selectivé solvents in extraction processes,

2. reaction media for organic reactions,

W

crystallization media,

solvents in electrochemical resctions.

F

There are many examples’of each of the above processes.

In liquification of gasés, the gas is dissolved in hydrotropk:
solution and driven off by heating prior to iiquification. (1)

 Both United States and Cénadian paﬁents‘havé been
obtained by R. H. McKee (15, 17, 18&) for a process for the
extraction of lignin from wood by means of‘hydfotropic solu-
tion to yield a high grade pulp.' Sodium xylenesulfonate wes
found to be the most efficient as well as the most economicai-
nydrotropic to use.A 30-40% salt solution is used in a digestor
until it becomes saturated with lignin. The cellulose
material containing lignin is cooked with the hydrotropic
liguor at 150-160°C. for about twelve hours. The cellulose 1is
filtered and washed with the hydrotropic solution. The cook-
Ing liguor is used six or seven times, and then the lignin is
recovered by diluting with three volumes of water. The hydro-
troplic solution, after being reconcentrated, by evaporation,

is used for successive cooks with no loss of effectiveness.
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Lau (10) studied the extraction of lignin from
bamboo pulp by a similar method and listed the following
advantages: higher yield than by other processes, repeated
use of the solution with simplé and complete recovery, no
evil smelling gas evolved and no difficulty in disposing of
waste liquor, and no chemicals bther than the hydrotropic
solution are needed.

Aniline and dimethyl aniline which have similar
boiling points and.wnich afe therefore very difficult to
separate by di«tlllation may be separated by extracting the
aniline with an aqueous calcium cymenesulfonate sclution. As
in the pulp process above, the solute may be recovered by

.diiution‘with water and the hydrotropic solution made ready
for re-use by concentrating. (7, 18) |

A éodium cymenesulfonate solufion may be used to
extract phenols and other "tar acids" from Ytar oils."' This
eliminates the use of caustic soda and its neutralization.
(13, 18)

A sodium bicarbonate solution may be use@& to extract
beryllium hydroxide from a reaction mixture of beryl ore and
caustic soda. This eliminates the use of troublesome con-
centrated acids. (16) '

The following are examples of organic reactioms in
which hydrotrovnic solvents are used. Amineg may be prepared
from corresponding halides of hydrocarbons and substituted

hydrocarbons by reacting these halides with ammonia in a

\
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hydrotropic solution. This involves the preparation of a
nydrotrgpic solution contalning ammonia to which an organic
halide is added. The solution is subjected to heat and
pressure to cause reaction and yields an amine hydrochloride.
mxcess ammonla and hallide are removed by distillation and |
the remaining mixture is ¢austisized and the amines recovered
by suitable means (distillation, filtration, etc.). (23)

If in ﬁhe Cannizaro Reaction - conversion of
benzaldehyde to benzoic écid and benzyl alcohol - a saturated
sodium cymenesulfonate solunion is used rather than a strong
caustic soda solution, the yield of benzoic acid is 72.5% of
theoretical in the former case as compared to 4.9% in the
latter case. (18) | |

Good yields of ayes preparéd by coupling reactibns
are obtained by using hydrotropic solutions instead of cOh-
centrated sulfurlc acid to dissolve soluble reactants, such
as diphenyl amine. (18) |

The solubility and hydrolysis of mustard gas poth were
fouhd to be increased by the use of hydrotropic solutions. (26)

Agueous calcium cymenesulfonate solutions are used
as crystallization media for the purification of sulfanilic,
salicylic, and benzoic acids. In a similar manner slightiy
soluble amines cen bhe recrystallizgd_and the size of the
crystals simultaneously controlled. (18)

There are numerous advantages of hydrotroplc solvents

over organic solvents 1ln electrochemical reactions. These are
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as follows: (20, 22)

1. They are non-volatile, thus not subject to losses by
evaporation. Evaporatlon'of-water would increase
solvent action.

2. They are non-flammable.

3. .They are good conductors themselves, thué reguire
low cell voitage and low power consumption.

4, Owing to low voitages there is 1little heating of the
solution by the electrolysis itself, so temperature
control is easy. |

5. They offer increased ylelds énd cufrént efficiency
due to their generalistability and property of dis-
solving the depolarizer. A |

6. No stirring is fequired.

7. They can.be reused znd operated in a continouous
proceés:{ Separation of products,’depending upon
their nature, could be accomplished by distilliation,
extraction, dilution with waster, or 2 combination df
these, with reconcentration of the solvent by evapora-
tion. |

8. The solutions can be operated at any pH for either
oxidation or reduction without the formation of tars.

9. A broad choice of cathodes esnd anodes is possible.

A common reduction reaction which may be carried out
in tThis manner'is the conversion or aromatic nitro compounds
to the corresponding amines, amino phenols, or hydrazo-compounds.

The nature of the final reduction oroducts depends primarily
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on the pH of the catholyte. In strongly aclid solutlions amino
phenols are Iformed, in moderately acid'solutions Tthe reduction
products are amines, and in alkaline solutions hydrazo conm-
pounas are obtained. On inecreasing the cathodic Eurrent
density the yield of hydrazo compounds tends to decrease with
formation of large proportions of amines, but this effect is
counteracted by increasing the free alkali content in the
catholyte. (21) |

The eleétrolytic oxidation of benzaldehyde to
benzolc acid in sulfonate solvents is carried out in the
presence of a‘copper oxlde catalyst at a nickel anode with
high anode gas'absorptien efficiency and without tar forma-

tion under alkaline conditions. (22)

Statement of the Problem

There have been many hydrotropic salts, and non-
electrolytes dissolved by agueous solutions of these salts,
reported in the literature. One of the earliest investi-
gators in this field was Neuberg (23) who in 1916 published
extensive lists of these compoﬁnds. Since that time, there
have been many more articlés published on various phases of
hydrotropy including numerous examples of salts and non-
elecirolytes, theories, uses, vhysiological significance
solubility data, etec. However, no cdmplete phase equilibrium
data ot any three component system, water, hydrotropic salt,
and non-elecirolyte has ever been published. By complete

phase equilibPium data is meant 'solubility data at various
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temperatures of the salt, the non-electrolyte, any compounds
or double salts formed between them, and/or any hydrates in
equiiibrium with the aqueous solution of ﬁhese compounds.'

‘ A complete phase dlagram showsvthe composition of
all saturated solutions and the solids in eduilibrium with
saturated solution, as well as showing eguilibrium between
solids. Once the diégram has been determined at various‘tem—
peratures, %t can be utilized in showing the effect of

'varying composi tion or temperature on the number of phases
present.:‘Thus,.it is possible %o determine if a third.
component would be reprecipitated from hydrotropic solution
on dilution with water. .The.amount precipitated could also
be predicted. | , | »

It was the object-bf this résearch,'first, to in-
vestigatevthe phase equilibria data for the system, water,
sodiuﬁ o-xylenesulfonate and benzoic acid, at several tem-
peratures. Sodium xylenesulfonate was chqsen.as'the hydro-
troplec salt because it is frequently enbountefed in the
literature as an example of a very effective as well as
relatively inexpensive hydrotrope. The L-isomer of o-xylene‘
was arbitrarily selected. Benzolc acid was chosen as the
non-electrolyte because it offers an easy means of analysis
in that it may be titrated with sodium hydroxide solution
using phenolphthalein as indicator. Sodium xylenesulfonate,
a salt of a strong acid and strong base, is essentially

neutral and should oifer no interferehce. This was found to
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be true. Benzoic acid is only slightly soluble in water,
but, as reported in the literature, its solubility is in-
creased appreciably in sodium xylenesuifonafe solutions.

As an additicnal part of the research the solu-
bilizing effect of several other similar salts on benzoic
écid was invesﬁigated with the idea of looking into the
possibility of correlating increased or decreased hydro-
tropic effect depending upon the structure and moleculsr
weight of the salt.

Before attacking the problem experimentally, it is
well to look into the pqssibie phase diagrams that might
arise. The data is represented on triangular coordinates and
consists of weight percentages of the three 6omponents in
solutions of varicus concentrations in equilibrium with excess
solids at a given temperature. In this method of represent-
ing percentmges, an egquilateral triangleis used, esch vertex
of which represents a pure component. The side epposite a
vertex represents zero percent of that component, ar all
mixtures of‘the other two components alone. Igually spsaced
lines parallel to the side represent linear increases in
percentage of that component. Any mixture of the thfee com-
ponents may be represented by a siﬁgle poiht'within the
triangle.

The following figures represent the cases which
are commonly encountered. The Romen numerais inside the dia-

gram denote the number of phases present in that varticular
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region. The boundaries of the one phase regilons are deter-
mined by anzlyzing various concentrations of solutions in
equilibrium with excess solids. The tie lines may be
determined by the "wet-residue" method. This consists in
analyzing the moist solids in equilibrium with the solution

at two different concentrations. The two lines Joining the
points representing the corresponding concenfrations of the
solution and of the moist solids, and extended past the latter
points, Intersect at a point representing the solids in

equllibrium with solution.
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Case I - No compound, double salt, or hydrate formation. The

solutions are in equilibrium with the anhydrous solids only.

A

I - Unsaturated solutions
of A and B in HpO.

IT - Saturated solutions
in equilibrium with
solid A or B.

IIT - Solution saturated
with respect to A and
B, in equilibrium
wilth solid A and B.

.Case II - Hydrate formation in one solid phase.

I - Unsaturated solutions
of A and B in water.

II - Saturated solutions
in equilibrium with
s01id B or a hydrate
of solid A.

IIT - S0lid B and a hydrate
of solid A in equilib-
rium with solid A or
saturated solution
gith:respect to A and
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Case ITII - Compound or Double Salt Formation.

A : I - Unsaturated solutions
of A and B in water.

IT - Saturated solutions in
equilibrium with solid
A, sollid B, or double
salt AB.

IITI - Saturated solution:
and double calt AB in
equilibrium with solid
A or solid B.

Case IV - Combinations of the above cases.
(Example: System containing 2 hydrate of A, a
double salt AB, and a hydrate of the double salt.)

A ' I - Unsaturated solutions
of A and B in water.

IT - Saturated solutions in
equilibrium with a
hydrate of solid A4,
solid A, a hydrate of
double salt AB, or
solid B.

IIT - (a) Saturated solution
and solid A in equilib-
rium with a hydrate of
solid A or z hydrate of
double salt AB.

(b) Double salt AB, a

B hydrate of double salt
AB in equilibrium with
solid A or solid B.
(¢) EBguilibrium between
solid B, a2 hydrate of
double salt 4B, and
saturated solution.
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The preceding diagrams represent the general cases
where the solubility of both solids in weter 1s average. In
the case of hydrotropic solution the following type of diagram
might be expected, the pure non-electrolyte being almost in-
soluble in water with its solubility increasing with added
hydrotropic substance. This diagram shows the case in which
no hydrates or compounds are in eguilibrium with the saturated
solution. This was arpbitrary and shoutd not infer that these

other conditions cannot exist.

Hydrotromne

Non-
-FElectrolvte

After determining the phase equilibria for a given
system; several preliminary interpretations may be made depend-
ing upon the number of vortions of the curve bounding the one
phase region. _Two portions occur when there exists two anhydrous
substances, an anhydrous substance and a hydrate, or two hydrates

along with water. Three portions indicate the possibility of
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double salt or compound formation in addition to the pure

substances or their hydrates.
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ITI EXPERIMENTAL
SRR
Phase equilibrium data was obtained for the
system, water, benzoic acid, and Sodium n-xyelensulfonate
at 30°C, 40°C, and 60°C. This consisted in determining
the solubility of benzoic acid in aquéous solutions of var-
ious concentrations of sodium o-leenesdlfonate, as well as
the solubility of sodium o—xyienesulfonate in aqueous sol-
utions of variocus concentrations of bénzoic_acid, and the
compositioh of the solid phase in equilibrium with these
sclutions. | | |
~ Additional data was obtained at 40°C for the
solubility of benzoic acid in agueous solutions of varicus
concentrations of the following salts: sodium benbenesu1—
fonate, sodium p—toluenesulfonate, sodium m-xylenesulfonate,
sodium p—cymenesulfonate, sodium p-bromobenzenesulfonate,
sodium p-phenolsulfonate, sodium m-benzenedisulfonate, and
sodium cinnamate. C. P. benzoic acid was used and thé Bydro-
tropic salts were the best grades obtainsble from Eastman
Kodak Co. and Wyandotte Chemicals Corp.
'The determinations for the system involviﬁg sodium
o-xylenesulfonate were made in the following manner.

Procedure for meking up solutions, &atursted scliii: =

tions of benzoic acid in agueous sodium o-xylenesulfoneste solu-
tions, and of sodium o-xylenesulfonate in aéﬁeous benzoic acid sol-

utions were made up by having benzoic acid and scdium o-xylenesul-
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fonate in excess, respectively.
The ingredients, roughly weighed out and enough
to make up about 100 grams of solution, were placed in a
stoppered 125 ml. erlemmeyer flask. This mixture was
heated to a femperature above that of the determination,
| but not to boiling, in order to dissolve all or neaiy all
of the solid material. The solution was théicooled and
Fkaced in a constant temperature bath and allowed to come
to equilibrium.
The solﬁtion'was stirred from time to time, and
24 - 48 hours were allowed to insure equilibrium. If ex-
cess solid materiel did not separate out on cooling;laddi—
tional material was added.aﬁd the above procedure repeated.
The bath consisted off five gallon battery jar
filled with distilled water. The temperature was contfolled
to ¥ 0.2°C with an American Instrument Co. bimetallic ther-
mostatic control device, end was measured by means of a
mercury thermometer graduated to 0.2°C. At first, some
trouble was encountered in controlling the temperature
within the'desﬁred range because of a decrease in water
level due to_evaporation. This problem was almost completely
.eliminated by the use of a layer of minersl oil on top of
the water.
After eguilibrium was considered to have been

reached, five portions of supernatant saturated solution
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of 3 - 5 ml. each were drawn off by means of a pipette,

the flask remaining in the constant temperature bath.

After removal of these samples, an additional amount of sodium
o-xylenesulfonate (or benzoic acid) was added to the re-
maining mixture to produce the desired incremental increase
in concgntration, and the ébove procedures repeated. In the
determination of the solubility of benzoic acid in aqueous
sodium o-xylenesulfonate. solutions the initial concentration
~ of the selt used was 10 - 15% and its concentration was in-
creased in inbiements of 5 - 10% until the solution became
‘saturated with both substances. In the determination of

the solubility of sodium o-xylenesulfonate in benzoic acid |
solutions the initial concentration of benzole acid was 5¢
or less and the increments of increaée were smaller than
above. Thesolubility of pure sodium o-xylenesulfonate in
water was determined at 30°, 40°, and 60°C, and the solu-
bilit& of benéoiC'acid'in water was determined at 60°. The
solubility of benzoic acid in water at 30° and 40° was ob-

tained from the literature(26).

Procedure for analyzing solutions - The portions

of saturated solution were transferred to ground glass coveréd
tared weighing bottles. The evaporation of water was consid-
ered to be negligible during transfer and the weight of sat-

urated solution was obtained by difference.

Benzoic acid was determined by titration with stan-

dard sodium hydroxide solution. Vealues of normality of the
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different sodium hydroxide solutions used ranged between
.0498 and .1331l. These solutions were standardized against
weighed samples of pure dry potassium biphthalate with a
‘precision of 2 parts per thousand. Two liters of solution
were made up at a time, and since this was not consumed for
several weeks, the normality was checked from time to time.
Three portions were titrated directly in the ﬁeighing bottles,
using phenolphthalein as indicator. This is the standard me-
thod for the détermination of the neutralization equivalent
of weak acids such as benzoic acid. A blank determination
was performed on an agusous sodium o-xylenesulfonate solu-

f tion. OnaAd:op of base was sufficient to produce a pink_
color with phenolphthalein.
A fifty milliliter buret graduated in tenmths of
a milliliter and read to hundreths of a milliliter was used
in the titrations. The calculated values of percent benzoic
acid were considered to be in good agreement if they differed
by no more than .02 - .03 percent. For a sample containing
approximaetely five percent benzoic acid, this difference would
mean'a precision of 4 - 6 parts per thousand. A five gram
.. sample containing five percent benzoic acid reguires 20 ml. of
O.iN“base to neutrelize the acid. Therefore, the above pre-
cision is obtained by reading the bdret with an accuracy of
.05 ml., or a range of & temth of a milliliter.

Most samples titrated weighéd between three and
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six grems. The higher the benzoic acid content, the smaller
the sample used in order to keep the titratiors less than

40 ml. Since the volume of base required increasses direct-
1y with percent benzoic acid, the precision required in all
titration would be expected to remsin approximately the
- same as above - i.e. an accuracy of reading the buret to
¥.05 ml. should give percentages of benzoic acid whi¢h
.check to .02 - .03 percent for all ranges of concentration
of benzoic acid. Actuelly greater précision wes obtained
for the lower percentages of behzoic acid since larger sam—.
ples were used. | |

The remsining two portions'of saturated solution
werevpléced in a drying oven at a temperature of 110 - 120°C,
At this témperature the water:was driven off by evaporation
and beﬁzoic acid was removed by,sublimétion. The saﬁples
were left in the oven until a constant weight was obtained
on two successive weighings. The ﬁeighings were made at
about 48 hour intervels. The samples reached constant weight
within 4 - 6 days as a rule. )
Since pure chemicals were used, the dried resi-

due was assumed to be only Sedium o-sylenesulfonate, the
amonnt of water was obtained by difference. The results

are expressed as weight percent of each component.
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Weighing bottle 1 2 3
Wt. empty ' 31,5883 33.9368 30.5336
Wt. plus sample - 36.8523 37.8723 35.7392
Wt. of sample 5.0240 3.9355 5.2056
¥l. of NaCH 25.8C 12.56 26.43
% Benzoic Acid (BzOH) 5.60 5.60 5.61
Ave. % BzOH = 5.60
Y¥ol.wt. BzOH
% BzOH = ml. NaOH x N+NaOH x ~1000 x 100
weight of sample
Weighing bottle 4 5
Wt. empty 31.8513 - 31.6632
Wt. plus sample 37.5178 38.4464
Wt. of sample .- 5.6665 6.7832
Wt. pIus dried sample 34,2838 34.5773
. 34,2818 34.5741

. to constant wt. 34.2819 ' 34.5738
Wt. of dried sample 2.4206 2.2106
% sodium o-xylenesulfonate 42.8%9 42.91

Ave. % sodium o-xylenesSulfonate = 42.90

4 sodium o-xylenesulfonate = wt. of dried semple % 100

wt. of sample
4 water = 100 - (%benzoic acid +fsodfum o-xylenesulfonate)

Procedure fof Analyzing Wet Residues: The composi-

tion of solid sodium o-xylenesulfonate in equiiibrium with
saturated solution was determined by the wet residue method.
(see page 14), The moist solids were recovered and sampled
s rollows: as much supernatant saturated solution was re-
moved as possible by means of a pipette, the flask remaiﬁing
iu the constant temperature bath. In order to obtain uni-
form samples, the stoppered Tlask containing the moist solids

i
\
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was heated over a bunsen flame until all went into solu-
tion. Samples were then poured off into weighing bottles
and analyzed as above.

There is no known hydrate cf benzoic acid, hence
it was not necessay to determine the composition of soliad

benzoic acid in equilibrium with saturated solution.

Analysis of other systems: The same type of
| analysis was applicable in the case‘of all other hydro-
. tropic salts used. Only solutions saturated with respect
to benzoic acid were analyzed. Hence, it was not~neces$aryi
- to analyze any solid residues.

The following salts were used in these determin-
ations: sodium benzenesulfonate, sodium p-tolnenesulfonate,
sodium m-xylenesulfonate, sodium p-cymenesulfonate, sodium

- p;bromobenzenesulfonate, sodium m-benzenedisulfonate ani
sodium Einnam&te.

. Solubility data for the system benzoic acid, sod-

ium p-bromobenzenesulfonate, water was determined in the
-above manner. However, after completion of this work,vit
was found that the original sodium, p-bromobenzenesulfonate
was not pure. It contained an acid impurity as indicated by
the fact that it was necessary to add a considerable volume
of approximately 0-Wsodium hydroxide solution to an agueous
solution of the salt to produce a pink color with phenol-
phthélein. Rather than discard the above data, it was de-
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elded to determine if thes acidity of the impure salt was
constant throughtut the lot of it. This acidity affected
the benzoic acid determination, since the total acidity
was assumed to be benzoic acid.

The volume of standard sodium hydroiide solution
required to neutralize a gram of several samples of the
salt was found to be constant (2.42 ml. of .1331 N base).
The volume of sodium hydroxide was converted to milli-
equivalents of sodium hydroxide (or free acid), by mﬁlti-
plying by the normality of the sodium hydroxide solution

. used. The percentage of bensgoic acid was corrected as follows:

% BzOH =

(gol. of NaOH S | |

-to neutrsaslige meg. NaOH

hydrotropic % B. NeBrBS M.W, BzOH
soln.) x (NxNaOH)-wt.sample xNaBrBS x 8%+ Nabr x 100

Weight sample

Thus, the hydrotropic effect was not determined
for pure sodium p-brombenzenesulfonate, but for the salt with
free acid present. Caléulated as p-bromobenzenesulfonic acid,
the salt contained 7.63 percent frese acid by weight. This value
would be lower 1f the acid present was of lower molecular weight.
In the determination of the solubility of benzoie
acid in aqueous sodium p-cymenesulfonate solutions the analysis
for the salt proved to be slightly uncertain. The time reguired

for eveporating a sample to d:yness end to constant weight was
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much longer than that for the other salts. As much as a
month was required in the case of samples high in benzoic
acid . This indicates that benzoic acid is more difficult
to remove by sublimation from these solutions than from the
others. There was also a gradual darkening of the salt during *
this time, an‘indiéation that decomposition was taking place.
This was further indicated by the fact that after constant
weight was reached, the residue was acid to phenophthalein.
The original salt was neutral, as evidenced by the fact that
only one drop of approximate 0.1 Normal base added to an
équeous solution of the salt was required to produce a pink
color with phenolphthalein.

Although this data is not as precise as that obtained
in most of the other determinations, it gives a good indication
of the hjdrotropic effect of sodium p-cymenesulfonate toward

benzoic acid.
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I1I RESULTS AND CONCLUSIONS
D A T TR R e e TR R

The phase eguilibria data for the system benzoic
acid, sodium o-xylenesulfonate, and water at 30¢, 40°¢ énd
60°C as abtained from the analytical procedure is expressed
as welght percent of each of the components. This data was
alsovtransformed by mathematical manipulation so as to ex-
press the solubilities in.vérious ways. The experimental
results are tabulated numerically in the appendix and are
shown graphically in figures 1, 2, 3, and 4.

' Figure 1 shows & plot of weight percent benzoie
acid versus weight percent sodium o-xylenesulfonate on.
rectangulsr coordinates.__Experimental points are shown on
this plot, but have been omitted on all subseguent derived
plots.

The same type of data is plotted on a triangular
diagram in figure 2. In figure 3 complete phase equilibria at 60°
C is shown with the various regions labeled. Experimentally
determined tie lines in the sodium o-xylenesulfonate-water

. region are shown in figure 4.

Upon inspection of these plots, the following ob-
servations were made:

1. There is a pronounced increase in hydrotropic
‘effect wlth incréase in temperature. This seems to corres-
pond with the relestive increase iIn solubllity of benzoic zcid
in water with temperature. A plcot of the ratio of the solu-

bility of benzoic acid in sodium o-xylenesulfenate solution
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(weight percent benzoic acid in solution) te the solubi-
lity of benzoic aclid in water (weight percent. benzoic
acid in solution) at the same temperature versus concentra-
tion of sodium o-xylenesulfonate (weight percent salt in
solution) bears out the statement, in that the three curves
practically coincide. (See figure 5).

2. The meximum concentration of benzoic acid in
saturated sclutions at 60° C is 20.39%. In this solution
there 1s about 1 1/3 tines as much sodium o-xylenesulfonate
present as there is water.

3. The maximum concentration of benzoic acid in
satursted solutions at 40° C is 9.54%. In this solution
there is almost as much sodium o-xylenesulfonate present
as there is water.

4., At 30°C and 40°C the concentration of sod-
ium o-xylenesulfonate in saturated selutions increases
with increased benzoic acld concentration. However, the
concavity ofthe curves representing these solutions is re-
versed at the two temperatures. At 60°C there is a max-
imum in the curve representing the concentrastion of sodium
o-xylenesulfonate in saturated solutions. However, as
shown in figure 7, by expressing the concentrations of
sodium o-xylenesulfonate and benzoic acid in mols. per
1000 grams of water, the solubility of socdium o-xylene-

sulfonate increases with increasing concentration of ben-

zoic acid.
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5. The rate of increase of solubility of sodium
o-xylenesulfonate in benzoic acid solutions with increasing
temperature decreases with increasing temperature. This is
also true for aqueous solutions.

6. The addition of water to an aqueous nmixture

~is represented graphically:on a triangular diagram by a line
joining the points representing the composition of the solu-
tion and the water vertex:.. The more water added, the closer
the point.renresenting the resulting composition approaches
the water vertex, Addition of water to the very concentrated
solutions of benzoic acid in aqueous sodium o-xXylenesulfonate
solution produces composition in the two phase, benzoic acid-
weter, region. Thus, benzoic acid is precipitated out by di-
lution with water. '

7. Since there are only two portions to the curve
bounding the one phase region , there is no compound formation
indicated between benzoic acid and sodium o-xylenesulfonate.

8. At 60° anhydrous sodium o-xylenesulfonste exists
in equilibrium with saturated solutions. Referring to figure
4, it can be seen that in order for the lines drawn connecting
the experimental points to intersect at any of the points re-
presenting hydrates of the salt, it would be necessary to
rotate them through lerger angles than are warranted by ex-

perimental accuracy. Thus, the possibility of the existence
of a hydrate of the salt at 60° C, is eliminated.
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At 30° and 40° a graphical analysis would be in-
accurate, since lines Jjoining points representing compos-
itions of saturated solution and wet rssidues would necés~
sarily approach the zero percent benzoic acid line at a very
small angle. Thus, by shifting the Yline only a small amount,
thes anhydrous salt, or any of the lower hydrates might be in-
dicated.

The derived plots are as follows:

1. Solubility of benzoic acid versus solubility
of sodium o-xylenesulfonate, both expressed as mols per
1000 grams of solution. {figure 6).

2. Solubility of benzoic acid versus solubility
of sodium o-xylenesulfonate, both expressed as mols per
1000 grams of water. (figure 7).

3. Solubility of benzoic acid in grams per 1000
grams of sodium o-xylenesulfonete solution versus concentra-
tion of sodium o-xylenesulfonaete in mols per 1000 grams of
sodium o-xylenesulfonate solution. (figure 11).

4, Solubility of benzoic acid in grams per 1000
grams of sodium o-xylenesulfonate solution versus weight
percent sodium o-xylenesulfonete in Sodium o-xylenesulfonate
solution (figures 13 and 14).

5. Grams of benzoic acid per gram of sodium o-

xylenesulfonate corrected for the azount of benzoic acid

dissolved in the water present versus concentration of sod-

jum o-xylenesulfonate in wols per 1000 grams of water.{fig.15).
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Results of the determinations of the solubility
of benzoic acid in agueous solutions of sodium benzenesul-
fonate, sodium p-toluenesulfonste, sodium m-xylenesulfonate,
sodium p-bromobenzenesulfonate, sodium p-cymenesulfonate,
sodium m-benzenesulfonate and sodium cinnamate at 40° are
tabulated in the appendix. There was found to be a slight
decrease in.tha solubility of benzoic acid in the sodium
m-benzedisulfonate and sodium cinnemate solutions as com-
parad to its solubility in water at 40°. Hence, sxtensive
data was not obtained for these salts and theseTunsS gre
not represented graphically.

The results of the determinations involving the
other salts are shown graphically in comparison with the
solubility of benzoic acid in aqueous sodium o-xylenesul-
fonate at 40° in figures 8 and 9. The results for the first
three salts above were recalculated in terms of mols of ben-
zoic scid per 1000 grams of water and mols of salt per 1000
grams of water and plottsd as ordinate and =sbcissm, respec-
tively. This plot also includes the corresponding curve for
sodium o-xylenesulfonete and is shown in figure 10. Since
there was a question as to the accuracy of the analysis for

sodium p-bromobenzenesulfonate and sodium p-cymenesulfonate,
similar recalculations were not carried out for these salts.

Of the six salts showing 8 hydrotropic effect to-

ward henzolc acid, sodium p-cymenesulfonate was found to be
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the most effective. A 1list of the others in drder of de-
creasing effectiveness is as follows: sodium o-xylenesul-
fonate, sodium m-xylenesulfonate, sodium p-brdmobenzenesul—
fonate, sodium p-toluenesulfonate, and sodium benzenesulfon-
ate. In the absence of free acid it is entirely possible
that sodium p-bromobenzenesulfonate would be more effective
then sodiunm m-xylenesulfonate.

Thus, for the homologous series of derivatives of
sodium benzenesulfonate, the hydrotropic effect toward benzoic
@cid: increases with increased number and increased size of
alikyl groups on the benzene ring. Thet is to say, the effect
increases with increasing molecular weight and increaseing size
of the molecule. The presence of a bromine atom on the ring
yields a molecule of approximafely the same size as if a
methyl group was present. However, the molecular weight is
larger and the hydrotropic effect toward benzoic acid is great-
er. The presence of a sedond sulfonate group on the ring elim-
inates the salting-in effect toward benzoic acid and causes a
slight degree of salting out tc occur.

An squeous sodium p-bromobenzenesulfonate solution
should make an excellent medium for reactions involving the
oxidation of compounds (capable of being hydrotropically dis-
solved) with strong oxidizing agents such as permangsnate or

dichromate, since the salt is very stable to oxidation itself.
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The data for the solubility of benzoic acid in

aqueous sodium o-xylenesulfonate solutions was tested in

Setschenow'!s Egquation (see page 8.)

log iﬂ = KkC .
This could be done only in an approximate manner since in
this equation S and S, are solubilities in weight units of
non-electrolyte per liter of solution and C is the concen-
tration of salt in mols per liter of solutions. 1t was
impossible to express the solubility data in these terms,
since no densities of the solutions were determined. How-
ever, as an approximation, the solubilities were expressed
per 1000 grams of solution rather than per liter of solution.
Straight lines were obtained for concentrations of sodium
o~-&ylenesulfonate up to 1.3 molal by plotting solubility of
benzoic acid at the three temperatures against molality of the
salt on semi-log coordinates. The value of X was found to
be -0.65 at each temperature.

Straight lines were also obtained by plotting the
anelogous data for sodium benzenesulfonate, sodium p-tolu-
enesulfonate, and sodium m-xylenesulfonate. However, these
straight lines did not extend into the dilute solutions, but
resulted between concentrations of 1.6 - 2.6 molal sodiun
benzenesulfonate, 1.0 — 1.8 molal sodiunm p-toluenesuifonate,

and 0.8 - 1.4 molal sodium m-xylenesulfonate. (see figure 12.).
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35.

Bancroft (1) has stated that hydrotropic solvents
may be compared to mixed liquid solvents in their action. The
action of mixed liguid solvents is based on similarity in
structure between one of the ligquids, and the substance dis-
solved. The greater the percentage of this liquid present, the
more the substance is dissolved. In the ideal case the solu-
bility of the third component in the mixed solvent increases
linearly with the weight fraction of solubilizing liguid in
the mixed solvent. Thus, & plot of solubility of the third
component versus composition of mixed solvent will yi2ld a
straight linse.

This line of reasoning was applied to the system,
water, benzoic acid, and sodium o-xylenesulfonate. The solu-
bility data was first recalculated as solubility of benzoic
acid in grams per 1000 grams of sodium o-xylenesulfonate
solution, and weight percentage of sodium o-xylenesulfonate in
the sodium o-xylere sulfonate solution. These were plotted
as ordinate and abcissa, respectively. It was thought that
there might arise a straight line which could be extended to
the sodium o-xylenesulfonate axis and give a fictitious solubil-
ity of benzoic acid in pure sodium o-xylenesulfonate.

Plots of this data on rectangular coordinstes and
on semi-log coordinates are shown in figures 13 and 14. As
shown, an exponential type of curve rather than a straight

line is obtained on rectangular coerdinates. 1t is interest-
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36.
ing to note that on the semi-log plot there is obtained a
straight line at concentrations up to 15 percent by weight
of sodium o-xylenesulfonate, and that the straight line por-
tions for the three temperatures are parallel. IExpfessing

this mathematically,

4 1n Spp0H - . op =—:— & SBzoH =K.
d Cyaxs o’ SBzOE @ Cygyg

This means that the rate of change of solubility of benzoic
acid in sodium o-xylenesulfonate solution with the concentra-
tion of sodium o-xylenesulfonate solution is a linear function
of the solubility of benzoic acid in sodium o-xylenesulfonate
solution. The proportiohality cdnstant, K, is independent of
temperature.

The integrated form of this equation corresponds to
Setschenow's equation (see page 68). However, the value of K
is different, because the solubility of benzoic acid and con-
centration of sodium o-xylenesulfonate are expressed differently.

Following from the above line of reasoning th&tthere
might be a fictitious solubility of benzoic acid in sodium
o-xylenesulfonate, it is logical to assume that the solubility
of benzoic acid in aqueous sodium o-xylenesulfonate solutions
is due to one of the three following reasons:

1) Similarity in structure of benzoic acid and
sodium o-xylenesulfonate, alone.

2) A "salt effect" (see page 2) in addition to sim-

ilarity in structure.

3) A "salt effect™ alone.
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3.

Each of these will be considered individually.

If similarity in structure aléne is the cause 6f the sdlu—
bilizing action, the ratio of grams of benzoic acid exclusive
of the amount dissolved in the water to grams 6f sodium o-
xylenesulfonate in the sdlutidn shduld be constant at all con-
centrations of sodium o-xylenesulfonate. 4in other words, this
is considered to be an ideal case of & mixed liquid solwvent,

If there is a salt effect in addition to the solubil-
izing effect due to similarity in structure, the above ratio
would no longer be constant, but would be expected to increase
with increased salt concentration. However, an indication of
the solubilizing effect due td similarity in structure can be
determined by extrapolasting the curve td zero salt concentra-
tion, where the salt effect is zero.

If the solubility of benzoic acid in sodium 6-xylenesul—
fonate solution is due only to a salt effect the extrapolation of
the above curve should intersect the water axis at a ratio value
of zero.

In figure 15 is shown a plot of this ratio versus
mols of sodium o-xylenssulfonate per 1000 grams of water for
the three temperatures. The curves at 30°, 40° and 60°C ex-
trapolate to zero. It is therefore concluded that the solu-
bility of benzoic acid in sodium o-xylenesulfonate solution is
due solely to a salt effect.

The same type of curves are shown for solutions in-

volving sodium benzenesulfonate, sodium p-toluenesulfonate,

and sedium n-xylenesulfonate in figure 16. These curves are
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28.
also extrapolated to zero; thusgs indicating that the solvent
action of these agueous salt solutions toward benzoic acid

is due only to a "salt &ffect®.
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V APPENDIX
R RH A

Definitions of terms

BzOH = Benzoic acid.
Hydrotropic salts

NaXS = sodium o-xylenesulfonate

NamXS = sodium m-xylenesulfonate

NaBS = sodium benzenesulfonate

NaBDS = sodium m-benzenesulfonate

NaTS = sodium p-toluenesulfonate

NaCS = sodium p-cymenesulfonate

NaBrBS = sodium p-bromobenzenesulfonate
NaCin = sodium cinnamate

. mol.wt. BzOH
Wt. % BzOH =ml. NaOH x Norm. NaOH x 1000 . x 100

wt. of saumple

wt. of dried salt

Wwt. Z salt = wt. of sample x 100
wt. % H,0 = 100 - (wt. % BzOH + wt. % salt).
¥.BzOH = MO]-:S BzOH = wt. % BzOH x 10

1000 gms. soln. Mol. wt. BzOH

M. salt o—iols salt wt. % salt x 10
" 1000 gms. soln mol. wt. salt

¥.% BzOH = kols BzOH M. BzOH

'
M. salt « _Mols salt
1000 gums. H0

U

M. sakt
Wt. % 520
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Gms. BzOH = wt.% Bz0H x 1000
S. BzOH - 1000 gms. NaXS soln. 100 - wt. % BzOH

Wt. % NaXS _ wt.% NaXS x 100
in NaXS soln. 100 - wt. % BzOH
_ Mols NaXS =

Molality salt soln. = F000 gms NeXS soln.

wt. € salt x 1000
Mol. wt. salt 100 - wt. % BzOH

0.41 7
Gms. BzOH -_99.51 x wt. % HO _
Bm. salt = Wis % salt = at 30° C.
corr.
0,88 wt
Wt. % sait
1.18 '
= wt. % BzOH - 98.82 x wt. . % H0
at 60° C.

wt. ¢ salt
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Table 1 (Continued)

A

B

C

D 31.4512

B 38,1943

F 65,7431

o 26.18

& 0498
2.36

J 31.4511

i 37.0282

I 5.8771

ol 32.9180

N 1.4639

0 26.28

P

Q

hd

S

3
30°
p¥S
31.5117
26,7449
4,8332
18,72
0458
2.3%6

33,9371
39,4433
5.5062
3543807
1.4436
26,27

2,36
26,23
71.41
Bz OH

33,9867
40,2497
6.3130
24 .48
.0408

2.2

51.4€07

35.8460
4.,3953
22435
.0498
3.09

32,0690
38.2659
6.1969
33 .75R4
1.6874
27.23

4
30°
MaXS
21.5117
74,7861
3.2744
16.67
.0498
3.10

31.6851

37.8040
5,189

33.1929
1.6078
27.17

3.09
27.20
69.71
Bz O

32.9%64

38.2137
4.2773
21.78
.0498
3.02

21.5111}

35.6714
4,1603
29.71
0498
4,34

31.5111

35.6311
4.,1200

37,8663
1,36F2
32.89

5
z0°
MaXs
35,0268
37.2246
23,2878
23.42
,0408
4,33

33,2367

38,2403
4,2126

35.3862
1.4185
32.89

4,34
32.89
62,77
RzOII

31.4507

35.2323
3.781€
27.1C
0498
4,36

14
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Table 1 (Continued)

Hm o oW >

- Q

n-Lod

31.8504

36.7824
4.9320

33.4103
1,£599
31.63

9
30°
Ma¥s
31.5108
37,4781
5.9673
25,37
.0494
2.36

31.6628

36,3223
4.6595

33,1356
1.,4728
31.61

2.2
31.€2
66.02
NaXS

32,198¢

37,2063
5.0077
21.20
0494
2.36

31,4480

25.4981
4.0501
21.2C
0494
2.99

32.0687

37.6310
5.4623

33,8402
1.7718
32.43

10
30°
NaXs

31.5104

35,2080

3.697€
19.94
.0494
2.99

31.5839

37.5132
5.9293

33,5077
1,9238
32445

2.99
32.44
64 .87
NaX8

32.1982

35.5623
3.3541
18.10
.0494
2.99

31.4480

34,7464
3.29084
21.80
.0494
3.66

31,8610

37.6056
5.7546

33.7€E0
1.2140
33.2€

11
30°
Na XS

31.5104

35.4930
3.9826
26,37
0494
3.67

31.6632

36.8991
5,2359

33.4048
1,7416
33.26

3.66
33.26
63.08
NaXS

32.1977

35.2839
3.0862
20.37
.0494
3.€6

‘GY
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Teble 1 (Continued)

H XD QT EOO T >

31.6€30

37,7671
6.1041

33.4169
1,7539
28473

12
30°
Na XS

O'OO

32,8730

37.23571
4,4041

34,1630
1.2900
28.77

0.00
28.75
71.25
NaXS

31.8504

37.2512
5.4008
12.17
0600
1.38

32.0687
37 .3833
5.2146
32,7873
0.7186
13.52

13
40°
NaXs
31,5106
36,2791
4.7€85
10.77
.0500
1.38

31.5843

36.7208
5.1365

32,2795
0.€952
13.53

1.38
13.52
85.20
BzOH

33.9362

40.0938
6.187€
13,93
.C500
1.328

31,8503

37.0605
5.2102
20.58
.0600
2.41

2.8730
37.8913
5.0183
33.8778
1.0048
20,02

14
40°
NaXS
31,5108
35.9293
4.4185
17.47
.0500
2.41

31.6626

37.7544
6.0918

32.8822
1,2196
20.02

2.41
20.02
77.57
RzOH

33.9363

58.5746
4,6383
18,56
.0500
2,44

RsiZ
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Teble 1 (Continued)

A

n

C

D 31.8505
E 35.8485
F 3.9980
G 22425

H .1024

I 6.96

J 32.8733
K 38.0100
L 5.1367
I 34,7503
4 1.8770
0 36.54

P

Q

R

S

18
40°
HaXS
31,5574
35,1844
3.6270
20.22
1024
6.97

31.6628
3741513
5.4885
33.6683
2.0055
36 .54

6.97
36.54
56.49
BzOH

31.8506

35.8846
4.0340
31.0€
0963
8.51

21.5878

37.29564
5.7376

34.0816
24937
43.47

19
40°
Na¥s
32.0687
25,8941
3.0254
29 .53
.0963
8.53

33.931%

39.9640
6.0274

36.85563
2.€191
43.45

8.53
43 .46
48.01
NeXS

31.£850

35.7092
24,1242
31.85
.0963
B.53

32.8734

38.2070
5.,433€

35.0814
2.1770
40.08

20
40°
NalS

0.00

31.6628

36.8050
5.,1422

33,7246
2.,0618
40.10

0.00
40.09
59.91

NeXS

‘87
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m™able 1 (Continued)
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31.8606

58.0993
62487
15.17
0963
2.68

32.0689

37.8683
5,7994

34,4963
2.4264
41.84

21
40°
NaXS
32,8734
39.2538
6.3802
15.62
0963
2.70

31.6847

36.9190
243343

33.8183
2.,2336
41.87

2.69
41,85
55.46
Na¥Ss

31.6628

38,6784
7.0156
17.12
.0983
2.69

31.5583

36.6523
5.0940
25.80
0963
5.60

31,8813

37.5178
5.6665

34,2819
2,4306
43.89

22
40°
NaXS
33,9368
38.8723
3.9355
19.96
0963
5.60

51.6632

38,4464
6.7832

34.5738
2.,21086
42,91

5.60
42,90
51.50
NaXS

A N

«5336
5.7392
5.2066
26.43
0963
5.61

o1 O

31.5681

36.3546
4,7968
26.03
0963
6.00

23
40°
NaYs
30.5331
34,9594
4,4263
25.92
0963
5,98

32,0690

37.9500
5.8810

34,5927
2.5237
43.01

5.99
43,01
51.00
NaxS
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Table 1 (Continued)

HND Q™o Qm P

31.8503

34,8782
3.0276
35.70
0813
11.71

32.0691
37.3548
5.2857
54,2478
2.1787
41.2 2

27
50°
NaXS
32.8627
35.9791
2.1164
36.71
.0813
11.69

31,5842

37.6089
6.0247

34.0683
2.,4841
41.22

11.70
41.22
47.08
BzCH

31.57856

33,8809
2.3024
27.16
.0813
11.71

31.8508

35.8296
1.9787
39.62
.0821
20.06

32,0690

36.6620
4.8930

34,1774
241064
45.91

28
60°
Naxs
30,5316
32,6164
2.0848
41,72
L0821
20.05

31.5840

34,8949
3.3109

33,1063
1.5213
45,92

20,06
45,92
34.02
Ry NH

32.8629
34 .8456
1.9827
39,70
.0821
20.06

31.5784

36.3904
4,8120

33.017¢
2.2592
16,63

29
60°
NaXs

0.Co

33.8691

38.7961
4,9270

35.1622
2,2931
46.53

0.CO
46.53
683,47
VXS
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Table 2 - Analysis of Wet Residues

Solids in Equilibrium with Run Number

Wieight of Weighing Bottle 31.5583
Weight Plus Sample 36.8605
Weight of Sample 5.3022
Ml. of NaOli Solution 26.05
Normality of NaOH Solution L0963
% BzOH 5.43

Weight of Weighing Bottle
Weight Plus Sample
Weight of Sample

Weight Plus Lried Sample
fieight of Dried Sample

% Salt

Average % BzOH
Average % Salt
R H0

23

33.9369

38.1076

L.1707
20.442
.0963
5.41

38.8187
8.2855

3L.5972
11,0610
1i9.05

5,42
19.05
45.53

32,7783

35.590L
2.8121
38.91
.0813
13.7k

31.5838
38.5413

6.9575

34.9816
3.3978
1,8.85

26

31.6619

33.3110
1.6491
22,75
.0813

13.70

31,5577
1.5825

33.8L55
2,2878
48.87

13.72
1,8.86
37.Lh2
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