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I INTRODUCTION

Soap solutions, aqueous and non-aqueous, are characteristic in
that they form colloidal systens at certain concentrations, the prop=
erties of which are influenced by temperature and pressure. Applica=-
tion of the Gibbs phase rule to such systems makes possible the loca-
tion of the various phases of a particular system and hence enables phase
diagrams to be constructeds For systems of soap-hydrocarbons such as
are found in fuels, beauty preparations, greases, medical preparations,
etc., a phase diagram would show very readily the most satisfactory com=-
position for the conditions desired. (1)

The colloidal nature of these systems accounts for such properties
as swelling, gelation, viscosity change, opalescence, detergency s BOlu=-
bilization, stc. Although these properties are exhibited by different
colloid systems, many of them cén be shown to obey the fundamental laws
of physical chemistry. The application of the Gibbs phase rule is im=-
portant in this connection and for this reason phase studies of the

T K. 8. Mysels, ind, Eng, Chem, L1, 1135, (1949).



soaps have been mads over a long period of times However, the studies
have generally been restricted to soap-water systems with only slight
attention paid to the ecjua.lJy important soap-hydrocarbon systems, With-
in recent years, the absence of informstion about such systems has been
realized and partial studies of the existing phase relationships have
been made,

An imcomplete study of the phase relatlonships existing for the sy-
stem sodium stearate-cyclohexane has been made by Smith and McBain and
the probable phase diagram drawm (2). However, their work gives only a
partial picture of the phase relations in this system and much of the
diagram is tentatively delineated because of incomplete datas The
present work is a continuation of the study of this systems

The specific purpose of this investigation was to investigate the
phase relationships of the system sodiun stearate-cyclohexane at high
soap concentrations above 50°C, and to locate on a phase diagram as ac-
curately as possible the boundaries of any phases encountered,

As a secondary purpose of the investigation, the techniques of the
experimental method‘used were studied, special emphasis being given to
the properties and correct use of vitreous silica springs,

) ?bﬁ..)Smith and J. W, NcBain, Js phys. and colloid chem, 51, 1189,
T)e



II HISTORICAL

Man probably first discovered scap when he observed that the grease
soaked ashed from the fire he had used to cook his food had the property
of lathering slightly when rubbed on his body with some water and re=
moving the accumulated dirt from his skin. As early civilization de-
veloped wood fire ashes were used foi- ‘the necessary cleaning purposesg
‘and they have been used for cleaning purposes by the people of ancient
civilizations until fairly recent times (3). The early Romans learned
of soap from the Gallic tribes to thé_ north and Plinius notes this fact,
which is the earliest recorded mention of soap., Cakes of crude soap and
the remains of a soap factory were found in the ruins of Pompel, so it
is evident that the early Romans had learned how to mamufacture soap(l).

From the early civilizations and down through the periods of history,
the use of soap became more widespread as civilization was developed.

The method of manufacture, however, reached a certain point in development
and then stopped, It had become an art based on trial and error, necessi-
fating much skill and was regarded as a closely guarded secret by each

"T3) G, E. &, Wright, Fixed Oils, Fats, Buttors, and Waxest Their prepa-
ration and properties,. edition, C, Griffin & Co., london, 670,
(1903).
(L) J, Lewkowitsch, J, of Soc. Chems Inds, 26, 590, (1907).
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manufacturer. In 1741, CGeoffroy discovered that soap yielded a fatty
material when decomposed with a mineral acid. This fatty material dife
fered in its solubility in alcohol from that of knowm oils and fats, but
this faclt was passed ummoticed and it was not until 1811, when an analy-
8is of soap was made by Chewneul, that the true nature of soap was dis-
covereds The fact that soap was found to consist of the alkall salits of
the fatty acids obtained by saponification of fats and oils had hardly
any effect at 21l on the art of soap mamufacture, although it did lead
the way for the development of the candle industry (5).

The findings of Chevneul were forgotten until Krafft and coworkers
verified his conclusions in a series of experiments and they went even
furthers They concluded that the hydrolysis of soap could reach come
pdetion, if one of the two components of the normal salt waes removed,
This postulate was later disproved by J. Lewkowltsch, however (6).
Krafft and Wiglow also observed Guring their studies of soaps that
finished soap was colloidal in nature (7je

The observation of Merklen in 1906 (8) marked the first real ate
tempt to place the soap industry inside the realm of science., He made
studies of soaps at various stages of mamufacture and reached the folw
lowing conclusionss

1. Commercial soap did not have a definite composition, but had a

variable composition depending on the nature of the fatty acids,

'@; J. Lerkowitoch, ds O SoCe Chom, indsy 25, 590, §19o7).

%6 de Im@mﬁitsch, Je of Soce. Chen, Inc‘, » 5903 1907)::

7) F. Krafft and H, Wiglow, Ber. 28, 2573 [1395).

(8) Verklen, Etudes sur la Constitution des Savons du Commerce dans
ses Rapports avec la Fabrication, (Marseille, 1906).
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the composition of the nigre, for settled soaps, and the tempera=
ture at which the soap boiling was conducted, The effect of pres=
sure could be neglected, since the soap was always boiled at ate
mospheric pressure.

2, The finished soap behaved like a colloid.

3. The adsorption of water by the colloid soap wes a function of the
nature and structure of the colloid, the nature of the solvent,
the nature of the salts and alkali present, and the temperature
at which the soap was boiled,

These observations lead Levkowitsch to conclude that the manufacture
of soap was "governed by the laws of mass action, the phase rule, and the
modern chemistry of colloids" (9), and from this point on the kmowledge
of the chemistry of soap advanced rapidly.

' Although it had been observed previocusly that agueous solutions of
soaps and other substances possessed colloidal properties, it was not
wntil 1912 that an attempt was made to investigate the properties of such
solutions, Because of the simplicity of the chemical nature of soaps and
convenience to study from various points of view, lcBain and Tgylor began
a study, continued by McBain and others, of the properties of soap solu-
tions. In their first investigations (10) it was discovered that aqueous
soap solutions possessed electrolytic as well as colloidal properties,
Conductivity measurements of these sosp solutions showed that instead of
decreasing with increasing concentrations, the conductivity increased,
This marked the discovery of the "colloidsl electrolyte® as it was called

ithex
by MeBain, Hmmerf this single experiment nor previous ocnes of conduct-

T9)J. Tovkowitoch, Jd. Socs Chem, Ind., 20, 590, (T907)
(10) Je W McBain, Es Ce Vo Oomish, end He Cs Bowden, J« Cheme Soc. 3_-9"2‘,
2042, (1912).



ivity measurements (11) were enough to claim proof of the discovery of
a whole new class of colloids, and there was also the possibility that
the abnormal conductivity could be due to hydrolysis of the soap to
form hydroxide ions, The proof that aoaps‘ oxisted in aqueous solutions
as colloidal electrolytes had to be shown by comparison of different
kinds of physico-chemical data, any one of which could be explained by
some other hypothesis,

In 1920 it was shown by C. S, Salmon through the determination of
the concentration of potassium and sadium ions in soap solutions and
gels, using E. M. F, measurements, that the high conductivity was not
due to hydrolysis of the soap (12) and further evidence of this was ob=
tained by McBain and Martin (13) by observing that in concentrated socap
solutions the hydrolysis amounts to only a fraction of a percent and
even in 0,01 N solutions it amounts to but 6.6%. These experimenters
added palmitic acid to a solution of sodium palmitate and found that the
solution was still alkaline, verifying earlier conclusions that acid saap
is formed in which all fatty acid is sorbed or combined (14), Solutions
to which alkali was added gave about the same alkaliVity as the added al-
kali, since the added alkali repressed the hydrolysis equilibrium of the
508ap.

The osmotic activity of soap solutions, determined from freezing
point data, indicated that the same sort of association occurred between
the soap molecules, since the nmumerical values obtained (15, 16, 17) were

Jds W, NcBain and M. Taylor, Ber. L3, 321, (1910).

C. S, Salmon, J. Chem. Soc., 113, 530, (1920).

J. W, McBain and H, E, Martin, J. Chem, Soc. 107, 957, (191L).

J» W, MoBain and T, R. Bolam, J, Chem. Soc, 111, 825, (1918).

J. W, McBain and G, S, Salmon, J, Amer, Chem, Soc. L2, L26, (1920).

J. W, McBain, M. E, Laing, A, F, Titley, J. Chem, Soc., 112, 1279,(1919).

J. W, McBain and M, Taylor, Zeitschephysikal Chem, 76, 179, (1911).
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only about half of what they should have been for a solution of a non-
electrolyte, This, along with the conductivity measurements, was the
evidence on which McBain based his original conclusions for the existence
of the colloidal elsctrolyte, However, in addition to the above, further
substantiating evidence was obtained from ﬁscoaity measurements of soap
solutions in 1908 (18) and from ultra misroscopic observations of the
formation of soap curd by Zsigmondy and Bachmann (19).

A colloidal electrolyte may be considered a salt in which one of
the ions has been replaced by a heavily charged, heavily hydrated ionic
micelle which exhibits equivalent conductivity comparable to that of a
true ion and which may amount to several times that of the simple jons
from which it was derived, On the other hand, the osmotic activity may
be less than that of a non electrolyte, For soaps, these electrolytes
exhibit true reversible reproducable equilibriuvm in all solutions and a
definite transition from typical simple electrolyte through colloidal
electrolyte to neutral colloid may be observed in all of its stages. The
transition from crystalloid to colloid is observed not only in passing
from salts of the lower fatty acids to the higher, but may be exhibited
by one of the higher members merely upon change of temperature and concen-
tration.

While continuing the investigation of soap solutions it was observed
by M, E. Laing that aqueous solutions of Sodium oleate could exist in the
three physical states of sol, gel, and curd at the same temperature and

T18) 1(&. 2 or, G, Schaeiler, and E, Fe lerraine, Compt. rend, 16, LBL,
1908) .
(19) R. Zsigmondy, and W, Bachmann, Kolloid Zeitschr. 11, 1L5, (1513).



soap concentration (20)s The physical properties of the sol and gel

were found to be identical except for rigidity and elasticity and the
curd, or neutral soap, was a 8ol or gel from which part of the soap had
been abstracted through the formation of white curd fivers. That the
curd was hydrated and was influenced by the vapor pressure of the mother
liquor had been observed previously (21), Further study of the hydration
of curd fibers led McBain and 8almon to conclude that the hydration of
the curd may depend only on the vapor pressure of the mother liquor, since
previous experiments indicated such a likelihood (22), If this were true,
then the phase relationships existing for the systems of soap-water could
easily be determined, That the phase rule is directly applicable to a
soap system has been shown (23, 24), since a colloidal solution in which
true reversible equilibris subsists behaves as a single phase toward ex-
ternal equilibria, This would apply to any colloidal soap system.

From this point on, it was possible to study the phase changes in
soap systems and thus make possible the constmuction of phase diagrams
over the entire range of temperatures and compositions, provided the ex-
perimental means were avallable, Any one experimental method could not
give sufficient data for construction of a complete phase dlagram, but a
combination of several different methods was usually found necessary (25,
26). The vapor pressure method of W, W. Lee has been very ‘successful for
studying the phase behavior of soaps at very high soap concentrations,

220) M, E, Laing, J. Chem, Soc. 113, 1506, (1920),

21) He¢ W, McBain and M, Taylor, J. Chems Soc. 112, 1300, (1919),

(22; Je W, McBain and C. S, Salmon, J, Am, Chem, Soc., 42, 426, (1920).

(23) J. W, MeBain and A. J, Burnett, J. Chem, Soc,, 115, 1320, (1922).

(21&) 0(30 Wé)HcBain and R, Dt VOld’ 4, J. Vold, J. Am, Chem, Soc. é_q, 1866,
1938).

(25) R. D. Vold and R. H, Ferguson, J. Am, Chem, Soc., 60, 2066, (1938).

(26) R. D. Vold, J. phys. chem. L3, 1226, (1939).



one of the most difficult areas to study (27).

It is a well known fact that soap has no definite melting point,
but goes through a process of gradual melting until it is finally con-
verted into a liquid., However this is not observed for salts of car-
boxylic acids which have less than about eight carbon atoms in the chain/
This partial melting was first observed by Thiessen who tried to explain
it as dimensional melting or melting of the crystal lattice in different
dimensions to account for the large density changes observed (28).

In order to add to the completeness of the phase diagram for sodium
palmitate-water, Vold and Vold (29) found that dilatometrie mdmc
evidence indicated the anhydrous soap had at least five successive phase
changes between 76° and 3009C, which they regarded as successive stages
of melting. These points of phase change in the anhydrous soap also
served to indicate where a phase change would be likely to extend over
into the binary system, Further work showed that all saturated sodium
gsoaps pass through a sequence of mesomorphic states between room and
melting temperature (30).

Non-aqueous Systens

In contrast to the aqueous soap systems, there has been very little
investigation of soaps in non aqueous medid., One of the earliest ob-
servations made was by Gabel when he noted that sodium stearate and sodimm
palmitate were colloids in quinoline (31), Several years later M. E. Laing

28) W. Gallay end I, E, Puddington, Can, J, Research, 21B, 202, (1943).
29; R. D. Vold and M, J. Vold, J. Ams Chem. Soce 61, 808, (1939).

(30) R. D Vold, J. Am, Chem, Soc. 63, 2915, (19L1],

(31) OGabel, Diss. Magdeburg (1906) from J. Chem. Soc. 111, LLO, (1918).

§27; J. W, HoBain and V. W. Lee, Ol and Soap, 20, 17-25 (1943).
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noted that potassium aleate acted as a true electrolyte in anhydrous al-
cohol at its boiling point with only moderate conductivity end gave no
indication of any colloid present, but solutions of potassium oleate in
alcohol solidified to a white curd on cooling and sodium oleate in al-
cohol became a gel when cooled (32). However, in 1924 M, E. Laing and
J. W. McBain concludsd that although soaps form true molecular solutions
at the boiling point of alcohol, they will only form gels in alcohol so-
lutions if water is present (33).

The first real attempt to investigate non aqueous lyophilic colloids
was made by Fisher in 1919 (3h). He studied the behavior of some soaps
in non aqueous solvents and described the properties of the gels formed,
but it was not until 1932 that gel fomation by soaps in non aqueous
mediad was investigated (35).

The behavior of different soaps in organic media varies with the
metal, the chain length of the hydrocarbon, and the solvent, E. Neyman
found that nickel and cobalt palmitates formed gels which liquified on
shaking or warming, whereas stable jJellies were formed in light petroleum
and thixotropit or something similar was observed for some of the heavy
metal soaps (36). Other investigators, studying scdlum soaps in forty
different organic solvents, found that the soaps do not dissolve in the
majority of solvents at room temperature, but swell on heating to give
clear mobile solutions near the boiling point of the solvent. On cooiing

these solutions, it was observed that the nature of the soap solvent

(32) \(L . )Mc‘ﬁain, BriTish A R, 8., 3rd Foport om Colloid Chemistry, ki,
1920), ,

(33; M. E. Laing and J. W, McBain, Kolleid Z., 35, (192L).

M, H, Fisher, Chem. Eng. 27, 18k, (1919).

(35} J. W, McBain and W, L, McCiatchie, J. Phy, Chem, 36, 2567, (1932).
36) E. Neyman, Eolloid Z. 77, 270, (1936).
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system determined whether the soap remained in solution, crystallized
out, formed a poeudo gel, or formed a trus gel (37)

One of the more intensively studied soaps is aluminum dilaurate,
It has been found that this soap swells to a gel in cyclohexane without
greatly disturbing the structure of the soap, but a system of LOF alumi-
num dilaurate in benzene forms a gel, the x~rgy diffraction pattern of
vhich indicates that the original crystallites of soap have disappeared
with the probable formation of micelles of oriented soap layers. It
was concluded that the gel formation with cyclohexane does not affect
the bulk of the soap erystallites and must be & surface phenomenon or
a partial disintegration accompanied by the disappearance of the most
amorphous crystallites or arrangement of the gross partlicles with res-
pect to each other, leaving the fine structure of the particles, as re-
vealed by x-rays, still unchanged (38)s Evidence that aluminum dilau-
rate forms an association colloid in benzene has been advanced by Mc-
Bain and Working (39). Ordinary soaps in water are the best examples
of association colloids, for in them the lons and molecules assoclate
spontaneously with the formation of micelles, or colloidal particles,
which ame in true reversible equilibrium with the ions and molecules
from which they form. A characteristic of these colloids is that the
apparent molecular weight is a function of concentratlon and tempera-
ture. Observing that the osmotic pressuxre measurements indicated rapid

asgociation with incréasing concentratidn and that there was an increase

TN !(&., "ﬁr?ad“"""", G, 5. Habbiangdl, B, K. Wagle, ds Golloid Sci. 2, 67,
1947)..

(38) sgss.(ﬁaissaen, Jre, K. J. Mysels, G, H, Smith, J, Colloid Sci. 2,
265, (1947).

(39) J. W, McBain and E, B, Working, Ja physe chem. 51, 974, (1947).
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in relative_viscosity with increased temperatures, as well as a depend-
ence of structural viscosity upon concentration and time, the investl-
gators were forced to conclude that an association colloid was formed.

Tt is now recognized that solutions of stable colloids, such as
soap systems, form true phases in the sense of Gibbs and the available
evidence agrees well with the view that soap molecules associate to
form colloidal particles which then stick together in loose aggregates,
emeshing and immobilizming large tracts of solvent; further, the col=
loidal particles are not original soap but something that resulis from
the interaction of soap and solvent (LO), That the methods used for
determining phase changes of soap-water systems are applicable to Boap-
hydrocarbon systems, has been demonstrated by Shrewe and Doscher. and
Vold (la, L2).

A systematic survey of the phase rule behavior of soaps in organic
solvents has been made and it was concluded that colloid systems are
formed, in many instances in the absence of ions, as shomn by the oc-
currence in these systems of jellies, gelsy liquid crystalline phases,
and syneresis (43). An extension of this work was made with the view-
point of correlating the solubility behavior of a typical soap with the
physical and chemical properties of the solvent and further investigation
of the phase relations in soap-hydrocarbon systems. It was found that
the nature, number, and space relationships of the polar groups of solvent
molecules, the polority of the solvent, and the size and shape of the

X, 7. Hyseis, d. Colloid Scle 2, 3755 CLLT)e
G‘ W. Shme, Ph.DQ Disaertation" stallfcrd Hniver&*ty, u9h6).
g T. M, Doscher and R. D. Vold, J, Colloid Sci. 1, 299, (19k6),
z(z. Ra)Vold, C. W. Liggett, and Ju W. McBain, Ji phys. chem. Lk, 1058
1940).

(
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solvent molecules had an important influence on the solubility of a typi-
cal soap. Further observations were made on the phase behavior of the
systems and solubility curves determined, many of which exhibited sharp
breaks, sometimes attributed to micelle formation (Lk),

The first systematic study of the phase relationships of a soap—
hydrocarbon system was made by Doscher and Vold (45)., They studied the
phase relations of the system sodium stearate-cetane over the complete
range of temperature and composition and constructed a partial phase
diagram from the data obtained, An attempt was also made to correlate
the observed effects with the internal structure of the phases.

However, Smith and McBain in 1947, realizing the lack of data,
available on scap-hydrocarbon systems, investigated the phase behavior
of sodium stearate in twelve different hydrocarbons with special emphasis
on cyclohexsne and toluene. From their observations, they were able to
construct partial phase diagrams of these two systems (gadium stearate—
cyclohexane and sodium stearate~toluene), and since the solubility bee
havior of the soap in the various hydrocarbons was similar in each case 3
they postulated that the general phase behavior of sodium stearate and
any one of the solvents studied would give a phase diagram of the same
type as that for the system $adium stearate-cyclohexane, They further
observed that all phase changes were reversible and that they obeyed the
Gibbs phase rule, that the solubility of the soap was the same in all of
the pure hydrocarbons, and they describe the existing phases in the an~
hydrous hydrocarbon systems, i, e., (1) a white opaque gel that exhibits

(L) C. ¥. Ieggett, R. D, Vold, and J. W, Mcbain, J. phys. chem. L6,
159, (1513).
(k5) T. M, Doscher and R. D. Vold, J, Colloid Scil, 1, 299, (19L6).
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limited swelling with temperature, (2) a golden, translucent liquid
crystalline phase, (3) a white, wax-like, semi~translucent liquid ery-
stalline phase, (L) isotropic solution, and (5) an isotropic jelly which
has unlimited swelling and passes into solution without any observed
transition (L6).

Sorption and desorption isotherms for the system sodium stearate-
cyclohexane were determined by Shreme for L0, 50, 80, and 110°C, using
the McBain-Bake sorption balance, but he observed no change of phase and
he noted that for the 110 degree isotherm the sorption-desorption was
réversible gbove 85% relative vapor pressure. It was also observed that
the anount of cyclohexane taken up by the soap increased with temperature,
varying from 3% at 40°C. to 33% at 110°C. (47). However iscbaric curves
constructed by Smith and McBain from Shreye's isothermal data showed that
& marked change in the affinity of the soap for the cyclohexane occurred
between 80 and 110°C,, which they assumed to be the transformation to
the liquid crystalline phase at 989°C, which they had observed for all ane
hydrous systems containing below L5 - 50% of soap, This however could
have been due to the transformation to a liquid erystalline phase which
systems containing more than 50% soap undergo at 969C, This phase was
described by Smith and McBain as translucent, white, wax-like in appear-
ance, and was observed to transmit light, The fact that the white, wax-
like, liquid crystalline phase had a vapor pressure lower than the golden
liquid crystalline phase seems to bear this out since the association of
soap and solvent is stronger than for the golden liquid-crystalline phase.

(1:63 G, H, Smith end J, W, McBain, d, physs chem, 51, 1189, (1947).
(L7) G, W, Shrewe, Ph. D, Dissertation, Stanford University, (19L6).
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The present work is a continustion of the study of the spstem sodi-
um stearate-cyclohexane, in which the reglon of high soap concentration
is investigated very thoroughly for any phase changes. The method used
is that of vapor pressure measurement using the McBain-Bakr sorption

balance. This method is similar to that used by Shreyte for soap-hydro-
carbon systems (L48),

TL8) " G. W. Shreve, ¥h. D. Dissertation, Stanford University, (19L6).



16

III MATERIALS USED

Cyolohexanse

The cyclohexane used wa? obtained from Eastman Kodak
Company~ White labsl No. 702. Prior to use it was dried over
Drierite for 24 hours and a filtered portion was redistilled
and the middle portion was finally distilled into ampoules
under vacuum oconditions. For the method used see, "Experie
mental Procedure.”
Sodium Stearate

The soap used was propared by neutralizing stearic acid
with sodium ethylate and drying at 105o C. The soap was kept
in & vaouum dessictor over P,0, for sseveral months prior to
use+ The analysis of the sodium stearate gave the following
rosultss
1. The soap was examined by Dr. R. F. Sessions for alkali
and free acid and none was found to be present,
2, Using the McBain Split Analysis Method the soap was found
to be 100% soap.
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Results of Analysis

1l 2 3 Average
(a) 99,69 100,8 99,65 100,04
(v) 101,.2 101,35 100.1 100,88
(c) 100,5 101 99,93 100,44

b) by fatty acid
¢) ocorrection for ocolusion

gag by excess H S0
Method of Analysilst

About 700 mgs of soap is welghsd on a tared watch glass
and by means of & brush all of the soap is removed from the
watch glass into a 250 ml. beakers The weighing 1s mads
rapidly as the soap adsorbs water from the stmosphere.

To the soap sample about 50 ml. of hot distilled water
is added. Usually the soap dissolves at once, but if it does
not, then it is heated until it does¢ The fatty acid of the
soap is separated by addlng 0.1 N sulfurlc acid until about
245 milliequivaﬁhts are oresent in excess, In ordsr to
minimize ococlusion of the mineral acid, the soap solution
should be at about 100o C. when the acid is added.

After having bocome thoroughly cool, ths fatty acid ls
filtered through a praviously wetted filter paper. It is
then carefully washed frae of the excess mineral acid and
the filtrate containing the excess mineral acid is titrated
with sodium hydroxide to the phenolphthalein end point. This

enables the alkali eontent of the soap to be calculated.
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The fatty acid on the filter paper is washed into a
suitable erlenmeyer flask with hot nsutral 95o alocohol.
Caution should be exercised as the fatty acid may clog the
filter paper 1f 1t becomes cool hetween additions of alcohol,
When the fatty acid is slow to dissolve the alcohol may be
heated to bolling and the hot vapors sllowed to fall on the
acid, then hot alcohol added. This procedurs is repeated
until the fatty acid 1s dissolved. The filter paper is rinsed
with hot alcohol to make certain that all of the fatty acid
is removed,

The filtrata‘ia then titrated, while hot, to the
phenolphthalein end point with sodium hydroxide., After the
end point is reached the filter paper 1s added to check for
complepenesa of extraction of the fatty acld; if the solution
fades,’more sodium hydroxide 1s addedwit will seldom be more
than one drope

A blank is run on the filter paper to check for sorbed
carbon dioxlde.

0f many methods available for sosp analysis (46, 47)

the ons described above was found to be the most satisfactory

(46) Snell, F. D. and Biffen, F, M., Commercial Methods of
Analysis, p. 381, McGraw-Hill, N. Y., N, Y. (1944

(47) Scott, W. W., Standard Methods of Chemical Analysis, Sth
Edition, D. Van Nostrand Company, New York, p. 2029 21959)
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and most accurate by the author, Several other methods of
analyais were trled on a commercial brand of sodium stearate
of high purlity to amcquirs the technique and give a comparison
as to 1ts scouracy.

The results show that titrationsl and other inderterw
minate errors were very small, if any at all. This is seen
by comparison of (a) and (b) in the table above.

It was observed during the practice analysis that the
differencs between the percent soap for (a) and (b) was
greatly influenced by the size of the sample used. An inorease
in temperature, before the addition of the sto4decreased
the average deviation of the analysis.

Using different weights of soap for analysis and precipile
tating the fatty acld at approximately the same temperature
revealed that the differences in the soap percentages as
found by (a) and (b) were a linear function of the weizht of
the sample, Assuming this difference to be due to occlusion
of H,80, during the decomposition of the soap, 1t 1s seen
from Figure 1 that the weight of H,50, occluded is a llnear
function of the weight of the sample used. It was also
found that by heating the sosp solutlon during the fatty acid
precipitation, the occlusion of H,80, was reduced. Analysis
of the decomposed soap for SO; ion using Ba'! ion as a
preciptating agent gave very poor results since the preciplitate

ed barium soap gave high results.
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Positive evidonce was obtained of the ooclusion of #,S0,
although not guantitative, It was oonocluded that quantitative
results could not be obtainsd by any gravimetrio methods The
results of the titrations are asccepted as purity of the scap

used,
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TABLE 1

THE OCCLUSION OF SULFURIC ACID BY STEARIC ACID
USING THE MCEAIN SPLIT ANALYSIS METHOD

Wt. Sodium Stearate  Vol., H,S0, 7Vol.NaOH Galculated %
{in grams) (in ml,) (in mg) of stearic acid

(a) 27.60 (27 99.2

1. 5.,0181 4,44
(b) 28.43 {b) 107.0
(a) 13.74 {a) 98.37
24 1.0143 48,47
(b) 18.86 (v) 104.3
{a) 21.67 ta} 99,96
Se 0.5868 49,29
(b) 11.02 (v) 105.4
Difference in Sulfuric
Titrations (a) Acid Occluded
and (b) in N ma.
Milliequivalents
l. 1.236 30.31
2. «197 4.83
Se «104 2.54

(a) by titration of excess H,S0,
{b) by titration of fatty acid

Formality of reagents used

1 2 3
H. 80, 7.480 0,1193 0.,1193
Na(d 0.6148 0.1831 0.,1831

The soap used was prepared by Dr. R. F. Sessions and was
of high purity. This soap was used for each of the three
determinations above.

All of the soap solutions were only moderately warm when

decompoged with HZSQ4 » Temperature valves were not recorded.



IV EXPERIMENTAL

An importan! characteristic of the phase dlagrams for soap-hydro=
carbon systems is the probable existence of many heterogeneous regions
just as in the phase diagrams for soap-water systems. McBain has shown
that the phase rule is found to apply to the equilibria among ‘the various
phases of soap-hydrocarbon systems, (&1)

It is thus possible for one soap phase containing a definite amount
of hydrocarbon to be in equilibrium with another soap phase containing
a different percentage of hydrocarbon. Both phases are in equilibrium
with a hydrocarbon vapor phase above themy The two condensed phases
are mechanically separable, bounded by an interface, and physically dis-
tinguishable in every sense as required by the phase rule. By applying
the phase rule to a colloidal system, then under the above described
circumstances the boundaries of the regions of heterogeneity may be es-
tablished,

To describe a system completely the phase rule states that the mun-
ber of phases plus the mumber of independent variables, which must be

B G, §. Gnith and 4, W, McBain, J. phys. and colloid chem., 51, 1189,
(1947).
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prescribed to determine the physical state of a system, must exceed the
number of components by two. This is the ordinary statement of the phase
rule in which three varisbles function to fix the state of the system con-
sidered, For the system concerned the three variables to be considered
are temperature, pressure, and composition, Equilibrium is a necessary
prerequisite for application of the phase rule,

When the phase yule is applied to a system of two components having
three phases, the system is a univariant one, (it has one degree of free-
dom). This means that the system may be completely defined by specify-
ing only one of the three independent variables on which its state de-
pends, Therefore for a given temperature, the simultaneous presence of
two condensed phases must fix the pressure and give definite compositions
for each of the coexisting phases, It is easily seen from the phase
diagram (Figure 31) that the two phases can exist together over a con-
siderable portion of the total composithons. Therefore even though the
percentage of hydrocarbon in each phase cannot change, the total composi-
tion of the system can change until one phase has replaced the other,
and during such a change in overall composition the vapor pressure must
remain constant. It is therefore possible to determine the area of heber-
ogeneity by measuring the range of total composition where the pressure
remains constant.

An experimental method which enables the simultaneous measurement
of overall composition and vapor pressure has been developed and used
successfully for soap-water systems (52, 53, 5k)s The vapor pressure

(52) G. W, Shreve, Ph. D, Dlssertauion, “Stanford Umversity, (19L6).
(53) J. W, McBain and . W Lee, 0il and Soap, 20, 17, (1943).
(5k) R. D, Vold, J. phys. chem., L3, 1213, (1939),
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method used in this investigation is similar to that used for the soap=-
water systems,

The sample to be studied is left in an atmosphere of constant vapor
pressure and vapor is sorbed (55) or evolved until the vapor pressures
of the sample and the surrounding atmosphere are equal, the change in
composition of the sample being measured by means of a vitreous silica
spring. When a small increment of pressure resulted in a large change
of composition, regions of heterogeneity could be located as being withe
in that range of composition that would show regions of zero slope in
the curve, At a constant temperature, by varying the vapor pressure,
isothermal curves could be plotted and the location of regions of zero
slope determined and distinguished from the intervening regions where
a single condensed phase is present and the vapor pressure and composi-
tion vary continually.

Knowing the location of regions of zero slope for several tempera-
tures as obtained from several isotherms the heterogeneous regions could
be determined on a temperature composition phase diagram. Determination
of these areas by other methods shows good agreement with the vapor pres-
sure methods In fact, no single method used could give sufficient data
for the construction of a complete phase diagram, and it is necessary to
use several methods of approach. For that part of the phase diagram in-
volving a very high percentage of soap, the vapor pressure method is
necesgarily used since at high soap concentration all other methods give
data of doubtful significance or fail completely. (56)

(55) N, K, Adam, The Physics and Chemistry of Surfaces, (See footnote
on p. 253) 3rd edition, Oxford University Press, London, (19h1).
(56) R, D. Vold, J. phys. chem., 13, 1213, (1939).
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The method of obtaining the relative vapor pressure values was an
indirect one. The equilibrium temperatures of the two thermostats were
observed and the vapor pressure corresponding to these temperatures de-
termined from an accurately dramn graph of vapor pressure plotted against
temperature, (See appendix for error in calculating vapor pressure.)

The vapor pressure data for the graphs was obtained from Landolt-Born-
stein, Physikalish-Chemische Tabellen. (57)

For each set of data obtained at a definite temperature a plot was
made of relative vapor pressure as ordinate against composition as ab-
slassa, the relative vapor pressures being expressed as percent saturaw-
tion, i. e., the actual vapor pressure of the system (as determined by
the temperature of the lower thermostat) as compared with the saturation
vapor pressure which the pure liquid would exert if at the temperature
of the sample in the upper thermostat.

Small temperature changes always occur in the upper and lower ther-
mostats of the apparatus with a corresponding change in vapor pressure
but for a given phase the relative vapor pressure is almost unaffected
by these changes, also the idealized requirements of Raoults law are ap=-
proximated by the isothermal plot., For these reasons relative vapor pres-
sure is used. (58)

The overall composition was determined from the zero weight of the
soap sample, measured just prior to exposure to the hydrocarbon vapors.
A1l weight changes, as indicated by change in length of the silica spring,
were attributable to sorption or desorption of the hydrocarbon, From a
knowledge of these two factors the composition of the soap could be determined.

(57) Tandolt-Hornstein, Physikalish-Chemische Tabellen, Sth edition, Vol.II,

1369, Berlin, (1923).
(58) 6. We S}’u'eve, Pﬁ. D. Dissertation, Stanford University, (19k6).
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THE APPARATUS

The distinguishing characperistic of the apparatus is a connected
double thermostat, each capzble of being maintained at a different
temperature, One thermostat controls the temperature of the sample and
the other controls the temperature of ihe liguid reservoir. The single
tube in the comnected thermostats is called the McBaoin and Bakr sorp-
tion balance, (59)

The construction and use of this apparatus while not difficult re-
quires certain techniques, Therefore a section describing the construc-
tion and use of the components followss

1, The thermostat (Figure 17)

The thermostat consists of a large glass pyrex tube 36 inches in
length and 2,36 inches in dimmeters The tube contains a cork 1 inch
thick located 13 inches from the bottom which fits snmugly against the
slde of the tube and around the sorption tube contained in the thermostat.
Small bits of asbestos distributed uniformly over the cork surface and
an asbestos rope colled around the sorption tube and pressed snugly down
on the cork provide additional insulation to insure complete separation
between the two thermostats. A pyrex tube 1.96 inches in diamcter is
also contained in the lower thermostat, This provides a support for the
separator to prevent its possible slippage and ‘provides further insulation
for the lower thermostat, :

The tube has two separate Nichrome heating wire‘s ~n"n:mnd around its
exterior so that each thermostat may be heated independently, Each heating

(89)  J. W, HcBain end A. M. Bakr, J. Am. Chem, Socs 48, 690, (1926).



Figure 17

f The Apparetus

(a) The Voltege Transformerswith an ennesling oven for
silica springs also shown.

(b) The Thermostats.
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wire begins at the end of the tube and terminates at the separator.
Covering the Nichrome heating wire is a layer of thick corrugated as-
bestos paper supplemented by an inch thick layer of magnesia asbestos
pipe insulation,

In order that observations made be made of the spring, sample, and
temperature, the upper thermostat has two rectangular slits diametrically
opposite, 10 inches in length and one inch wide, cut through the asbestos
and mapgnesia layers., The sides of the slit are reinforced with stiff as-
bestos board and the exposed heating wires covered with a piece of pane
glass (the size of the slit).

The lower thermostat has a similar single slit 9 inches in length
in line with one of the slits in the upper thermostat beginning 8 inches
below it, This lower slit enables observations to be made of the reser-
voir temperature,.

The bottom of the double thermostat contains a tightly fitting plug
of asbestos 2 1/2 inches long and the top is sealed with a similar plug.

The two separate chambers in the bube can thus be heated and thermo-
stated independently. The ends of the heating wires are comnected to
variable voltage transformers which are manually controlled and these in
turn are connected to a small Raytheon voltage stabilizer which eliminates
fluctations in the incoming power supply and insures a constant source
of AC voltage, In a thermostat of this design, changes in room tempera-
ture can cause temperature fluctuations in the thermostats with resulting
changes in relative vapor pressure., Under the experimental conditions

these temperature fluctuations were very small, affecting the relative
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vapor pressure by about 0,6% at low pressures and 0.L% near saturations,
The room containing the thermostats was poorly ventilated and partially
underground with the result that the room temperatures remained approxi-
mately constant and was slow to be influenced by external temperature
changes. The normal temperature fluctuation of the thermostats was plus
or minus one degree centigrade, however severe weather conditions pro-
duced greater fluctuations but usually required a longer period of time,
s0 that with care the variable voltage transformers could be rcset to
compensate for the temperature change and equilibrium allowed to be re-
established before meking spring length measurements, Near saturation
the composition of the soap was greatly affected by small changes in
temperature as is easily seen from an isothermal curve. So sensitive
was the composition of the soap to small temperature changes that the
heating effect of the light bulb used to illuminate the spring caused
an observable change in the length of the spring when measurements were
being made., However the tcmperature of the thermostats was observed to
remain appro¥imately the same from about 3 pm to 9 am (an 18 hour period)
80 that most of the measurements made near saturation are reasonably re-
liable since 24 hours or longer was allowed for equilibrium and spring
measurements were usually made before 9 am.

The single sorption tube in the two thermostats, the upper thermoe
stat at the temperature of the isotherm being studied and the lower
thermostat at the desired temperature of the hydrocarbon reservoir, must
have a temperature gradient along the tube at the separator between the
two thermostats. For connected themmostats of this design the gradient

has no effect since it varies only between the reservoir temperature and
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the temperature of the isotherm, If the temperature at the area of ths
separator were greater than the temperature of the sample then the sample
would be heated by convection currents, and if the temperature vere less
than the temperature of the reservoir then vapor would condensece

Since an indirect method is used to measure the relative vapor pres-
sure, it is necessary to know precisely the temperature of the sample and
of the hydrocarbon reservoire. This is done by placing carefully calibrated
thermometers as close as possible to the wall of the sorption tube in each
thermostat, In the lower thermostat the thermomcter was passed through
a small hole in the separator (which served as its support) and located
between the wall of the sorption tube and the separator support, touching
the sorption tube. In the upper thermostat, the thermometer was attached
to a rigld piece of thin wire and lowered to a position on the sorption
tube slightly below the sample, the wire being held in fixed position by
insertion of the asbestds plug in the top of the tube and looping the end
of the wire about the uppermost metal band encircling the insulation jac-
ket.

To determine the exactness of the indirect method experiments were
performed by Shreve (60) to determine whether the thermometers on the out-
side of the sorption tube at the positions mentioned above indicate the
actual temperatures of these same positions inside the sorption tube.

His results indicated that the temperatures inside and outside the sorp-

tion tube at the same level were different by less than 0.5°C.

{66) G, V. Shrove, Ph, D. Disgertation, Stanford University, (1916).
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2-The Sorption or vapor pressure tube (Figure 2)

This part of the apparatus consists of a sealed pyrex glass tube
30 1/2 inches long and .98 inches in diameter (inside). The top part
of the tube contains a silica spring supporting a platinum bucket con-
taining soap and above the nichrome wire supporting the spring an evacu-
ated spherical glass container full of copper foil. According to R. D,
Zentner this technique will prevent damage to the soap sample during the
sealing on of the sorption tube, since it has been found necessary to in-
corporate in the sorption tube some device which will shield the sample
from the high temperatures involved (61), The lower end of the tube con-~
tains an ampoule of the hydrocarbon used and serves as a liquid reservoir.

A pyrex tube about L8 inches long is sealed at one end and blowm
out to hemispherical shape; in the process the glass is made somewhat
thicker than the wall of the tube, After careful annealing and cooling
the tube is cleared with dichromate-sulfuric acid cleaning solution and
rinsed thoroughly with distilled water several times. When the tube is
completely dry it is broken carefully and evenly 29 inches from the
sealed end and the shorter piece of tubing is constricted to an opening
about 1/8 = 1/h inch in diameter and 1 1/2 inches in length, the thickness
of the glass composing the hourglass like constriction being 3 times that
of the tubing thickness, Care must be exercised in the annealing of this
constriction or the glass may crack when heat is reapplied and the whole
tube spoiled, VWhen the constriction is cool a mark is made 1 1/2 inches
from its center and the tube carefully broken at this point, The break,

((61) R, D, Zentner, dJ. phys. and colloid chem. E 972, (15L7),.
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Figure 2

The Sorption Tube Assembly
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if not even, is smoothed off and the longer end of the constriction
sealed to a hyvac line,

Into the 29 inch tube is carefully placed a previously prepared
ampoule of the hydrocarbon, The ampoulechas a very thin walled bottom
and a thin walled piece of tipped tubing (where the side am was sealed
off from the distilling fork) which awe easily broken. To avoid damage
to- the ampoule the tube is placed horizonally on a table and the ampoule
(the thin walled tip projecting upward) placed just inside the tube and
pushed carefully to the bottom with a length of small plass tubing. The
tube is tilted and removed to a clamp near the hyvac line, cars being taken
to keep the tube always leaning so that the ampoule will not hit the side
of the tube and become broken during the loading and sealing on. A piece
of nichrome wire 1s made into a loop which presses tightly against the
side of the tube and a previously cdlibrated silica spring with a load
consisting of a small platinum bucket containing the soap sample is cen-
tered on the loop and the looped wire and load pushed down into the tube
with a piece of glass tubing which just fits inside the longer tube until
the lower part of the loop is 25 1/2 inches from the bottom of the tube,
Twisting the jug serves to center the spring should it be displaced from
the center of the loop during the loading. It is important that the
spring be in a vertical position after the tube is sealed otherwise it
may scrape the side of the tube during the isotherm studies and cause
loss of the soap sample or breakage of the spring, Another loop of nich-
rome wire is made and inside the loop is placed a pyrex glass container
filled with copper foil; this container having been evacuated to a pres-
gure of sbout 1070 mm Hg. The container is large enough so that it fits
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snugly inside the sorption tube and is supported by the loop of wire.
it should have about 1/8 inch clearance all around to speed evacuation,
This i1s pushed down into the tube until it is just above the loop sup-
porting the spring, It should be as close as possible, but not touching
since the position of the "heat guard" may shift, causing the spring to
be displaced from the verticals The tube is now carefully sealed on to
the constrictions To avoid introducing any additional moisture into
the sorption tube when the seal on is made, the necesasary blowing should
be done through a drying tube. The two ends which are sealed together
should be fire polished before the seal on is mads, since small splinters
of glass may be dislodged during the seal on and cause breakage of the
spring or fall into the soap sample and cause increased extension of the
spring resulting in an error in the calculation of the dried soap, Af-
ter the seal on and elimination of any leaks present, the system is evac-
uated to the lowest possible pressure obtainable, The evacuation should
be begun slowly to avoid loss of soap thrown out into the air stream.
For the two tubes used in this investigation, the evacuation was as
| follows: a cenco hyvac pump was allowed to evacuate the system for 1 1/2
hours, after which time a Todd mercury diffusion pump was put into oper-
ation, One and one half hours later the pressure as determined by a
M¥c leod gauge was 10"5 mm Hg. After 8 hours of evacuation tube 3 was
sealed off at a pressure of 7x10"6 mm Hge An oxygen fed borch with a
yellow flame was used to heat the sorption tubes and the tubing of the
hyvac line after the pressure had reached a value of 10 m. This facil-
itated the removal of occluded gases from the glass and aided in removing
moksture from the soap sample. The soap was in no way affected by the
heat applied around it, If the hydrocarbon ampoule has a leak in it
or has been damaged in the loading or sealing on, the evaporation of the
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hydrocarbon during evacuation will cause solidification of the ampoule
contents or its complete disappearance, In such a case the tube must
necesgarily be removed and reloaded. The possibility of damage to the
spring by splinters of glass is very great during its removal, In the
removal of the tube from the hyvac line, water vapor may condense around
the spring on the side of the tube and the spring swing against the side
of the tube and become stuck in which case heat is applied until the
water has evaporated and the spring swings clear. The spring should
never be pulled once it becomes stuck, because of the danger of its
breakage, nor should the spring be allowed to make contact with the
sharp broken end of the tube for this usually severs the delicate silica
fiber,

When the tube is evacuated as completely as possible it is sealed
off as follows: the center of the constriction is heated very slowly
and wniformly, the heat of the flame being gradually increased until the
glass is dull red in cdlor; that is, just viscous enough to cause the
tube to be forced together by the external pressure. The constriction
should be collapsed for about one inch at its center and a small hot
{flame applied at the center of the collapsed arsa while applying downward
pressure to the sorption tube. The tube is then pulled free and its end
carefully annealed. The tube is now mounted on a ring stand and the
length of the spring measured at the observed temperature with a cathee
tombter, Before the tube is installed in the thermostat the hydrocarbon
is removed from the ampoule as followst the end of the tube containing
the ampoule is immersed in a dry lce-acetone freezing mixture and the
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ampoule contents frogzen solid, This takes a couple of hours because of
the good vacuum, A powerful magnet is carefully brought against the

tube on the side to vhich the ampoule leans when in a near vertical posi-
tion and the ampoule lifted several inches, then the magnet removed, al-
lowing the ampoule to strike the bottom of the tube., Usually this must
be repeated several times before the thin walled bottom of the ampoule

is broken, As the tube warms up to the temperature of the room the hy-
drocarbon melts and flows into the bottom of the sorption tubes The
prepared tube is then placed in the thermostat, (See figure 2.)

The platinum buckets and the soap samples used in the investigation
are weighed very accurately on a sensitive balance befors leading the
tube and the weight checked just before the tubes are installed in the
thermostat to make sure that none of the soap was lost from the bucket
while preparing the tube, S8ince the weighings are usually made sonme
distance from the room containing the hyvac line and some time prior to
insertion of the spring in the tube it was found convenient to protect
the samples from moisture and drafts which might blow the soap from the
buckets, Thls was accomplished by supporting the platinum buckets on a
small glass hook which was inserted in a cork stoppering a 50 ml-Erlenmeyer
flask, Thus the buckets were handled only with glass hooks during the
weighings and their surfaces kept free from foreign matter such as grease
and dust,

The oule

The hydrocarbon ampoule consists of two sections sealed together,

one section containing small clean steel spheres and the other the hydrow

carbon, A piece of pyrex glass tubing 1/2 inch in outside diameter and
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5 inches long is sealed at one end and pulled out to a small point at
the other end, Another piece of tubing of the same diameter is pulled
out to a slowly tapering point and sealed off at a distance 7/8 inches
from the point where the tube begins to taper off, The two sections are
then joined, leaving one open end for each section, One-half inch from
the junction of the two sections on the side of the tapering tube a T
seal is made with a tube 3/16 inches (outside) diameter and 2 1/2 inches
long. The end of the section is sealed off and blown out into a thin
walled bubble which is then flattened on one side so that the flat part
is diagonal to the length of the tube, The top section is filled with
suall grease free steel spheres to a height of 2 inches and then sealed
off, The ampoule is then sealed on to a vacuum distillation flask, The
hydrocarbon is distilled into the evacuated ampoule. A portion of ma-
terial in the ampoule is distilled out so that only vapors of hydrocarbon
are gbove it when it is sealed off., At the point where the sesl off is
made the glass top should project inward toward the taper and should be
silmost flush with the top section of the smpoule; otherwise the tip will
almost always be broken when preparing the sorption tube,

Operation of the Apparatus

The thermostats are placed on ring stands and tied to the stand with
small strips of metal which encircle the jacket at each end and the center,
Additional support is provided by two short rods clamped to the stand and
providing a V shaped clamp, Since the Jackets are rather soft this clamp
cannot be too tight, so a wide strip of metal tied to the stand with wire

holds the thermostat in the V shaped clamp or wedge.
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Directly behind the upper slit in each thermostat is a 60 watt
light bulb which provides illumination when the spring measurements
and temperature observations are made, A small flashlight is very
convenient to use for temperature observations of the hydrocarbon reser-
voir,

To obtain the temperatures of the ovens surrounding the soap and
the hydrocarbon reservoir, mercury thermometers were employed. These
thermometers were calibrated against a Bureau of Standards thermometer
(B and S, No. 92725) between the range of 20 to 100, and corrections
applied at the time of temperature observations. The range of the ther-
mometers was 250°C, in each case and they were graduated in units of one
degree centligrade,

The sorption tubes were installed in the thermostats as followst
Loops of friction tape were securely fastened to the top of the sorption
tube and the tube was carefully lowered into a supported thermostat con-
taining a cork separator, separator support, and thermometer for the
liquid reservoir, After the tube was safely lowered into the thermostat
the friction tape was removed and small asbestos» twine colled about the
tube and pressed down on the cork separator, The thickness and effect-
iveness of the separator were then farther increased by small bits of as-
bestos until light passed into the bottom of the tube could not be viewed
from above around the edge of the separator, After placing the thermome-
ters in the upper thermostat the asbestos plug was inserted and the man-
ually controlled voltage transformers set for the desired isotherm temp-

erature,
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An increase in the voltage applied to the heater of the liquid
reservoir serves to increase the relative vapor pressure within the
sorption tube. As the iapor pressure is increased the heat transfer
between the separator of the two thermostat chambers increases and the
voltage transformer controlling the temperature of the upper chamber
mst be turned back to compensate for the inereased temperature. At
high relative vapor pressurcs the voltage transformers must be care-
fully manipulated to cause a very small change in temperature, other-
wise too large a change in pressure results and &n insufficient number
of points are obtained to plot accurately the isotherm.

The spring length measurements are made with a cathetometer or
traveling microscope resting on a stable platform placed in front of the
thermostats. This same instrument was used for spring calibrations,
calibration of the MclLeod guage, and all other measurements requiring an
accurate determination of length. The cathetometer included lock and
pinion focusing with a three way focus; fine adjustment and complete
with spirit level as furnished by the Precision Tool and Instrument Com=
pany of Surrey, England, The vernier reading was accurate to 0,02 mm.,
having a vertical travel of 25 am. For horigontal displacement, it was
equipped with a horizontal sweep controlled by lock and screw. Cross
hairs in the fileld of vision facilitated focusing upon a horizontal line.
In all measurements of spring length, the tips of the hooks on both ends
of the silica spring were used to focus upon., The cathetometer was
placed in exactly the same position in front of the thermostats for each
measurement of spring length. This enabled any possible error in focusing
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to be kept constant, Measurements must be made rapidly because of the
slight heating effect caused by the light source located behind each
thermostat. As a rule measurements were made for a given vapor pressure
after 2 hours, since usually this was the time required for equilibrium,
At very low relative vapor pressures equilibrium was established more
rapldly and no change in the length of the spring could be detected after
12 hours. At pressures near saturation 36 hours or more were required,

The sample of scap used should occupy only about 3/l of the avail=
able volume of the platinum buckets used, since changes in the composi-
tion of the soap may cause some ¢f the soap to be lost fram the bucket,
necessitating removal of sorption tube from the thermostats to determine
the weight of soap lost,

The samples should be carefully watched at pressures near saturation,
since vapor may condense on the spring to give an erronecous reading or a
slight change in temperature masy occur and cause the upper chamber to be
cooler than the lower with the result that vapor condemses in the upper
chanber on the sample and spring to overload it, causing the sample to
be suspended out of sight or possible breakage of the spring., The vapor
pressure should not be lowered by large amounts when the soap is in a
hydrocarbon rich phase since the soap may froth out of the bucket.

Before the investigation was begun it was observed that the power
supply was cut off occasionally because of storms, repairs, accidents,
etce If the power supply were cut off for several hours during the ab-
sence of the author and then cut on without his knowledge he would une

knowingly obtain inaccurate measurements of the spring length due to in-
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terference of the equilibrium process., To avoid unreliable data an elect~
ric clock was installed in the laboratory and connected to the same elect-
ric outlet that supplied the voltage stabilizer. Vhenever the clock was
observed to have stopped this indicated that any measurements made wore

of doubtful accuracy. Checks of the temperatures and data obtaired pre-
viously determined whebher any measurements made were used or whether they
vere disregarded for measurements made after equilibrium was definitely
established (usually 2l hours later).

The McBain-Bakr Silica Spring

The silica spring is the most fundamental part of the apparatus
and it should therefore be considered in some detail, Named after its
inventors, (62) the McBain-Bakr Sorption balance is a thin fiber of
fused silica wound in the shape of a helix. These balances possess
great sensitivity and near perfect elasticity and are strong enough for
ordinary laboratory use. These favorable characteristics make their use
in certain sorption experiments very convenient., Obviously their use
is a study such as the sorption of hydrogen on nickel would not be pract-
ical, Klthough the sorption balance has been widely used and studied,
(63, 6k, 65, 66) no detailed description of the use of the balance has
appeared in the literature, In this investigation the balance and its
use was considered only as it applied to the study being made.

(62) J' We HcBain and A. H. _.é—akr, J. Am, 6hem. §Oc. )48, 690’ (1926).
(63) J. W, McBain and A, M, Bakr, J. Am. Chem, Soc. L8, 690, (1926).
ééh) Jo W, YcBain and R, F. Sessions, J. Am., Chem, Soc, 56, 1-h, (193L).
65) J. W, UcBain and R. F, Sessions, J. Colloid Sei. 3, 213, (1948),
(66) J. S. Tapp, Can. J. Research, 6, 584, (1932). :
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The near perfect elasticity possessed by the springs is due to the
fact that the elastic properties of quartz crystals, one of the most
perfectly elastic substances known, are carried over to the silica glasses
(67)s It is seen from figures 3 and L that the elastic response is linear
over a wide range, but the points fall off of the curve as the elastic
limit is approached and the spring is greatly distorted; not conforming
to the assumptions of the mathematical treatment that the pitch of the
spring should be small (68).

A balance of almost any desired sensitivity and strength may be made
by proper selection of the fiber thickness, the diameter of the spiral,
and the number of turns composing the spiral.

The strength and sensitivity are each interdependent, For increased
sensitivity the strength will be decreased and a very strong spring will
not be very sensitive, However, a spring of large diameter consisting
of many turns of a fiber of large dlameter will give a spring of great
strength and sensitivity. With practice, springs of any desired strength
and sensitivity may be made, The sensitivity desired is determined by
the experiment. For the investigation of soaps, the sensitivity desired
is about 1 mm per mg. OSprings of great sensitivity rapidly approach the
elastic limit and hence limit the load which may be applied. In an ine
vestigation such as this a spring of great sensitivity would probably be
carried out of range of the cathetometer during a phase change and exceed

the elastic limit, causing it to break.

(67) J. W. Mellor, A Comprehensive Treatise on Inorganic and Theoretical
Chemistry, Vol. 6, C{part 2) 252, longnans, Green and Co., London,
947l o
(68) J. Wu MCBain and AO Mc Bakr, JQ Am. Chemc SOC- LJ»_S_, 690, (1926).
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Although the springs suffer permanent enlongation when exposed to
water vapor at high temperatures and relative pressures, no organic va-
por has yst been found that cuases this phenomenon at any relative pres=
gure. It has also been observed that plastic flow, if it occurs, is not
detectable after years of suspension in organic vapors (69). lcBain and
Sessions show that springs exposed to certain orgenic vapors change upon
gubsequent exposure to air (70), Sessions and Reid (71) point out that
under the conditions mentloned above it is doubtful that springs can be
uaed{w( further experiments due to varlation in the zero length as experi-
mental conditions vary., Therefore, new springs should be used for each
experiment.

The silica spring possesses two undesirable characteristics« With
an increase in temperature, the spring decreased in length and also the
sensitivity decreases. These changes, although small, are of importance
in the method used to calculate the weight on the spring and shall be
considered in detail elsewhere in this thesis.

Construction of the spring

Although the springs used in this investigation were supplied by
Dr. R. F, Sessions, many springs were made by the author in order to
learn the correct technique of their mamifacture and thus add to the com-
pleteness of the study.

To make a spring of a definite sensitivity is almost impossible,

but with a fair amount of experience, a spring of approximately the

139) G, W, ohreve, Ph. D, Dissertation, Stanford University, (1946).

Ewg J. W. McBain and R. F. Sessions, J. Colloid Sci. 3, 213, (19L8).

71) R. F, Sessions, and W, E, Reid, Jr., a paper presented before the
Georgla section of the A. C. S. meeting in minature (1949). To be
publiﬂhedo



desired sensitivity mgy easily be made.

The silica fiber of the spring is made from a small piece of fused
silica rod, A small section of the rod (5 mm) is heated to white in-
candescence, removed from the flame and quickly pulled out to arms length.
This must be done very rapidly, since the melting point of the substance
is very sharp and a course fiber may result if the action is too slow.
If the fiber is pulled while the silica is still in the flame, it will
be course at the ends and too fine at the centers A test for the unie
formity may be made by drawing the cool fiber between the thumb and in=
dex finger; this also serves to indicate the courseness of the fiber.
Measurements with a micrometer at esach end of the fiber and along its
length give its exact diameter and the uniformity of this diameter may
be checked with a microscope,

The fibers produced should be straight and of wniform diameter,
about one meter in length, Most of the springs made were formed from
fibers about 0,013 mm in diameter.

A fiber meeting the above specifications is now ready to be fashioned
into a spring, An Alundum rod 1/2 inch in diameter and 12 inches long,
one end supported loosely in a one inch cork and the other end passing
through a similar cork and projecting beyond it one inch, is mounted so
that the rod may be turned freely without jerking or sliding back. The
end of the rod projecting from the cork is mounted slightly below the
horizontal end to glve the spring the desired pitch. Carbon rods have
formerly been used for fashioning the spring, but after slight use they

become pittéd and rust be-discarded) etherwise the springs become so
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difficult to remove from the rod that they are usually broken, and it
becomes difficult to obtain springs with coils of uniform dismeter and
closeness. With a refractorie such as Alundum this difficulty is avoided,
With a small plece of gummed paper, sbout one inch of the silica
fiber is fastened to the Alundum rod at a point near the highest end,
as though it were going to be fastened along the length of the rod, and
the projecting fiber allowed to hang down on the front side of the mounte
ing, With a moderate flame the fiber is formed at right angles to the
rod, A hook is then made on the hanging end of the fiber and on this is
placed a small weight of about 20 mg, The rod is now twisted a few de=
grees as though the fiber were going to be wound about the rod cold, A
emall hump appears and it is at this point that the flame is applied.
The proper type of flame to use is often hard to obtain, After experiw
menting with different types of flames the author made a small hard torch
from pyrex glass which when used with compressed air produced a flame of
the exact type desired, It was very small, came to a fine point, and proe
duced the desired temperature. The rod is turmed a slight smount causing
a hump to appear, and the flame held close to the hump on the fiber, caus—
ing it to be softened and pulled against the rod by the weight mentioned
above, The flame is held at one fixed point after the first hump appears,
which is usually on a horizontal diameter of the rod, and the rod turned
very slowly, If it 1s turned too fast, then hexagonal hhaped coils will
results The flame should always be held so that its tip is directed ét
the rod, since the rod absorbs most of the heal produced, otherwise the
fiber will be pulled out and be too fine, causing the spring to be ruined,
The temperature of the flame used was such that with careful use of the
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torch this danger was easily avoided. In several cases when the flame
was not directed at the rod, the fiber was pulled out, with the result
that some parts of the spring usually broke while being removed from
the rod or when a weight was placed on it,

As the rod is slowly revolved, perfectly round coils are fused on
the rod, if all goes well, and the coils formed are almost touching,
The latter is dependsnt upon the horizontal position of the rod, which
nay be adjusted as the spring is fused on to make the pitch of the spring
as small as possible, ({Compare J. S, Tapp, Can. J, Research, 6, 584, (1932),

When all but the last several inches of the fiber are fused about
the rod, the operation is halted, the weight removed from the fiber, and
the fiber broken off about one inch from the rod with tweezers. The
gummed paper used to support the fiber initially is moistened and removed
and any glue or paper fragments are burned off and the rod removed from
one end of its support by sliding it back through the other end, The
spring is now gently blown towards the clear end with compressed air,
being helped along the rough spots by lifting it over them with a glass
hook, until the unwoumd portion projects over the free end. The flame
is applied at the midpoint of the projection and a small hook is made by
bending back toward the rod the outer end of the projecting fiber with
tweezers, The rod and spring are removed from the support and the spring
completely remmied from the rod, The removal of the spring from the rod
is one of the most delicate operations of the whole procedure and unless
done very carefully the spring will usually be broken, but if the spring
is broken it need not necessarily mean a complete loss, since the sal-
vaged portion, it it contains about 15 turns, can make a satisfactory



L9

spring.

A second hook is made at the other end of the spring and the spring
supported by a small glass hook. Springs are always handled with tweezers
or glass hook and the hands should never be used.

The finished spring 18 now examined under stress to make sure that
it has no kinks or weak spots and that it is symmetrical. A 100 mg. weight
is next suspended from the spring and the spring aggitateds, This insures
that the spring will be capable of withstanding audden changes in tension,
A rough measurement is then made with a cemtimeter rule of the length of
the spring and the 100 mg., weight removed and the spring again measured,
This gives a rough measure of the sensitivity of the spring, Many of the
springs made for this study had sensitivities of about one mm per mg.

The springs are annealed for 2l hours at a temperature of 325 degrees €.
while under a tension of 30 mg., before being used for experimental work
in order to relieve sbrains and to avoid plastic flow (72).

Elastic Response of Silica Springs

In this and the following discussions of the various properties of
gilica springs, it will be necessary to use graphs and data pertaining
to actual springs. The springs most studied were those used in the sorp-
tion tubes, and in most cases the data and graphs used will refer to
these springs.

As seen from the graphs (figures 3 and L), the springs conform to
Hooke's law, that the enlongation produced is proportional to the applied

force.

T72) G, W, Shreve, Ph. D. Dissertation, Stanford University, (19L6).
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For a sensitive spring (A%3l), this law is obeyed from loads of 0
to 80 mg, but at loads greater than 80 mg. the points are seen to fall
slightly off the curve, indicating that the law is not cbeyed precisely
as the spring approaches its elastic limit and becomes greatly deformed.
For a spring of small sensitivity (8-112) the points do not fall on the
curve for loads greater than 65 mg, indicating that springs of small
sensitivity have a low elastic limit due to their rigidness, This small
load range and low sensitivity mskes their use undesirable in the ine
vestigation considered since the load must be known as accurately as
possible, and if linearity is assumed, then for a spring of about 0,5 mm/
ng we would have an error of about 2% for loads greater than 65 mg. In
general, we may say that springs of sensitivity from 0,5 to 1 mn/mg, and
of good construction, will obey closely Hooke's law from O to 65 mg and
linearity may be assumed without introducing any error.

This seems to contradict the popular assumption that very sensitive
springs are not essential to such a study as this when a large sample is
used, It is true that for a spring of low sensitivity the limit of dew-
tection (73) would be made small and for a large sample the error of de-
tection (later described) would be decreased, but the error introduced by
the assumption of linearity would cause an error of large magnitude when
the composition of the soap wes calculated,

The error of detection is the possible error caused by the inability
of the cathetometer used to measure the exact length of the spring, The
cathetometer used was accurate to 0,002 cm., so that the total possible

T73) Jd» S. Tapp, Can, J. Rescarch, 0, 50, (1932)s
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error of detection was 0,004 cme For a load of 25 mg. and a spring of
about 1 mm/mg sensitivity this represents and error of 0,16% or an error
in weight of 0,0l mg. which is usually small enough to be neglected,

For a load of 52,90 mg. consisting of 24.00 mg of soap and cyclohexane,
a 0,02 mg change in weight (representing an 0,08% error of detection)
would represent a change in soap composition of 0,08%.

It is necessary to calibrate the springs used over a wlde rangs of
loads in order to determine whether the response of the spring is linear
over the range of loads expected to be used in the experiment, but if
the gain in weight need not be known accurately, then linearity may be
assumed, Figure /§ shows the slastic response of the two springs used in
this investigation. It is seen that the response is linear of loads up
to about 80 mg,

Effect of temperature on zero length and sensitivity

Silica glass has one of the smallest coefficients of expansion of
any known substance (0,000000449) and is very unusual in some of its
properties.s For example above 1200 degrees it contracts and upon being
cooled fram 1500 to 1200 degrees it expands (7h).

The small coefficient of expansion of the silica glass makes it
suitable for use in experiments at high temperatures, but when a fiber
is pulled from a fused silica rod and fashioned into ahelix, it is
found that the helix contracts with increase in temperature, instead of
expanding as would normally be expected,

T7h) H. F. Roscoe and C. Schorlemmer, A Treatise on Chemistry, Revised
Edition, 91l, Vols I, McMillan and Co., London, (1911),
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This unusual property of the springs makes necessary their calie
bration over the range of temperatures expected to be used in the experi-
ment, The decrease in the length of the spring with temperature depends
upon the enlongation of the spring or its load and it is therefore neces-
sary to make calibration curves for each spring over the entire tempera-
tures range with several different loads. Combination of these caliw
bration curves will then ensble the experimenter to determine exactly the
decrease in the length of the spring for a given temperature and load,

The method of calibrating the springs is as followst

A plece of pyrex tubing about L6 cm long and 5 cm in dimmeter is
wound with Nichrome heating wire and the wire connected to a variable
v"olt.age transformer which is manually controlled, This should be cone
nected to a voltage stabilizer to prevent fluctuations in dhe AC current
and resulting fluctuations in the temperatures The bottom of the tube
is stoppened with a large cork and the tube then supported upright in a
well lighted place, free from draftse The back of the tube should be
covered with asbestos paper to protect the tube from any possible drafts
which will cause sudden temperature changes and further protectlon from
sudden temperature changes is obtained by shielding the apparatus with
a large sheot of asbestos paper about 20 inches highs A small goose-necked
lamp lighting the tube diagonally from the side insures adequate illumi-
nation, A large cork which just fits the top of the tube is fitted with
two glass hooks. One of these hooks is made very long and supports tha"
spring, and a calibrated thermometer is suspended from the other hook
which is about 1/2 inch from the hook supporting the spring,
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The stoppered tube prevents air currents inside the tube from bouy-
ing up the spring, causing inaccurate measurements to be made, Although
it is possible that with such a crude apparatus some movement of air in
the tube does occur, ¥ts effect on the spring should be small provided
the exterior of the tube were free from sudden drafts, for which purpose
the asbestos paper shields are used,

The voltage transformer is set for the desired temperature with the
unloaded spring supported in the tube close to the stem of the thermometer.
After thermal equilibrium is established, usually about an hour, the
length of the spring 18 measured, with a leveled cathetometer, By core
rect manipulation of the spring, the two reference points can usually be
made to be in the same plane so that no refocusing 1s necessary after
the first focus is made; thus inoreasing the accuracy of the measurements.

Three measurements of the spring length are made, the average value
being accepted as the accurate value of the spring lengths For the unw
loaded spring vhere the decrease in length is very small, this is some-
times difficult to do, as the calibration curves will showe For the
springs used the dscrease in length per 10 degrees increase in temporaw-
ture was about 0,002 c¢ny and the cathetometer used was accurate only to
0,002 cn., This explains the multitude of points on the curves 5 and 6,

After the measurement of the zero length, the spring is removed and
a small weight of about 25 mg is placed on ths spring and when thermal
equilibrium is established the spring length is measured, This is re-
peated for loads of about 50, 75, and 100 mg., , etcs The temperature of
the calibration tubs is then raised s definite amount and the whole

process repeateds For'the springs used in this investigation, measuree
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ments were made at 10 defrees intervals from 50 to 150 degrees Centiw
grade for various loads. The curves 5 through 11 are the various cali-
bration curves for the two springs used,

Ae seen in figures 5 and 6 the points are widely scattered due to
the difficulty mentioned above, but a linear relation is indicated, Fig-
ures 7 and 8 show more clearly this l#near relation, but there is still
a scattering of the plotted points, Figures 9 and 10 represent the most
accurate data obtained in the calibrations The plotted points seem to
indicate that the decrease in the length of the spring with increased
temperature is not a straight line function at all, If the graphs are
carefully studied it will be seen that the points fall about the curve
in such a mammer as to indicate that a line connecting the points would
form a slight curve, the curve for figure 10 bending one way and the curve
bending another way for figure 9.

It is probablg that if the curves are not straight lines and have
only a very small curvature over the range considered (50-150 degrees Gv)s
then a combination of all factors would result to form a curve which ap=
pears to be a straight line,

The slope of each of the calibration curves was determined and a
plot was made of slope against load for each spring. As seen from fig-
ure 12 the resulting curves were not straight lines vihich ihdicated that
the contraction in length of the springs for a given temperature change
was not directly proportional to the load on the spring.

The temperature coefficient or change in length of the spring per

degree centigrade is, of course, negative, and its numerical value is
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determined by the sensitivity of the spring and the suspended load, The
effect of the load on the temperature coefficient is shown by the data
in table 1I, For springs less sensitive than the ones used, the values
voild be much smaller. For sxample, a spring of small sensitivity( about
0.3 m/mg) , with no load, would show no change in length for a 10 degree
temperature rige, whon measured with & cathetometer capable of being read
to 0,002 cm.

The temperature coefficients were obtained from the calibration
curves and are therefors subject to the same errors which influence the

accuracy of these curves,

TABLE II
Load(mg) Temperature Coefficient (cm/degs C.)
Balance 2 Balance 3
0 «~0,00027 ~2,0002
5049 -0,00056 «0,00075
7701 "Qd S—— "‘0000093
99.6 «(0,00125 «0,0012
Sensitivity is defined as the displacement caused by unit weight,
enlongation
that is, 5 « ¥ith silics springs this is influenced by the
Jload

construction of the spring, the temperature, and the load on the spring.
The factors whith determine the sonsitivity of the spring itself ares
1, the lenpth of the spring or the number of turns comprising the
spiral,
2, The thickness of the fiber used.
3. The diaveter of the spring.
i, The closeness and uniformity of the turns of the spiral.
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Then a load is suspended from a spring, the spiral undergoes twist-
ing, stretching, and bending, The enlongation is therefore due largly

to the twisting of the fiber comprising the spiral, or the stress is a
stress

shearing stress, Now Hooke's law states thatgzmmm = a constant or
1
egigngation - a constant, For a shear type of strain the constant is

called the modulus of rigidity. Since the above is true, then we may say
——ea 1
Sereitvity = modulus of rigidity. We are applying Coulomb'!s theory of
the twisted cylinder, which applies only to bodies of circular symmetry
twisted about the symmetrical axis to the helix, This may be done pro=
vided the pitch of the helix is small, for which case the effects are

the same. (75)

2
We thercfore see that sensitivity = -E'—I-]-: s but I =1/2 MR? for a Y=
2

2
linder, where R = the radius of the fiber, so that sensitivity = ——GI% 3

where a = radius of spring, 1 = the length of the fiber, G = a constant,
involving the modulus of rigidity, and ¥ = the mass of the fiber.

From this relationship we sec that the four above conditions must
hold true,

The effect of temperature on spring sensitivily is very small,
Tables V and VI show the change in sensitivity for springs 2 and 3 for
different temperatures at different loads, The average change in sensi-
tivity being about «0,001 mn/mg per 10° temperature rise, The values
given in Table V and VI were obtained from the calibration curves, which
accounts for the regular variation, since linearity was assumed for the
calibration curves, Although the change in sensitivity with temperature
is small, it is important that the change be known accurately. The

(757 ¥, Scott, lechanics, otatics and Dynamics, 126-132, McGraw-Hill,
NQ YQ, Nc Y., (l9h9)0
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sensitivity should be carried to the nearest thousandth (0,001 )rm/mg
when calculating the change in soap composition. This is accurabe
enouzh, since an enlongation of 5,713 cme gives a weight difference of
0,02 mg, when the sensitivities are 0,948 mn/mg and 0.9L8L rma/mg and
this would amount to only about an 0,08% error in calculating the soap
composition,

The sensitivity also varies with the load as is seen from Figure 13,
The variation is somewhat regular for loads from LO to 100 mg, but is by
no means linear, The pronounced variation for small loads was due to wesk
sections in the fiber which caused the spring to be distorted. When the
snall weights were added the spring began to straighten out, causing large
apparant changes in sensitivity.

The change in sensitivity with load, (Table III) although small,
accounts for a change in sensitivity of 0,0l mm/mg when the load varies
from 43 to 65 mge Were this change neglected, it would represent an
error of 0.5 mg, or 2,0% when calculating the compositicn of the soap.
Figure 1l shows the variation in sensitivity wiilh load for springs 2 and
3. It is obvious from these grophs that this variation is not a straight
line function., Several curves are drawn for each spring to show the
effect of temperature on the sensitivity.

From the above it must be concluded that the McBain- Bakr Sorption
Balance is a very delicate instrument, capable of extreme accuracy when
used correctly. Balances of the sensitivity used in this investigation
are capable of detecting extremely small changes in weight; an amount e-
quivalent to only 0,08% change in soap compositlon. The smallest de-
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tectable change in weight is defined as the fraction of a millimeter

to which the cathetometer is capable of detecting, divided by the sensi-
tivity expressed as mm/mg (76). For the springs used, the limit of de-
tection was 0,02 mg,

Although, as previously stated, the springs have been used and stud-
jed for some years, there has never appeared in the literature any de-
tailed description of the correct method of their use, However, the
author is aware of the information contained in theses, of students
working under Professor McBain, on file in the library of Stanford Univ-
ersity. Two of thesej namely "Sorption of Gases and Vapors" by R. F.
Sessions and "Phase Equilibria of Soap Systems" by G. W. Shreve were ex-
amined,

One of the prerequisites for proper use of the sorption balance is
a study of the corrections necessary to be applied in order to arrive at
values representing the highest degree of accuracy. The following sum=
mary describes the method employed to determine the exact composition of
the soap.

A silica spring of about 1 mm/mg sensitivity is calibrated with no
load and with several loads of about 20 mg., difference over the entire
temperature range to be used in the experiment, measurements being made
of the spring length at about 10° intervals,

Graphs of length vs., temperature are then made for each load used.
At present linearity must be assumed, due to the limit of accuracy of
the cathetometer measurements, From the plots of length against tempera-

ture, the sensitivities are determined for each load at several different

T78)_ J. S. Tapp, Can. J. Research 6, 58L, (1932).
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Data used to plot Sensitivity vs Length Curves
Figures 15 and 16

Temperature 50°C,

TABLE III
Spring 2
Load (mg.) Sensitiyity (mm/mg.) Enlongation (mm.)
50.0 049503 18,37
53.0 0.9499 5034
56.0 0,993 53:16
60,0 0.9L35 56.91
70,0 0,9L65 66,26
80,0 0,94Lo 75,52
TABLE IV
Spring 3
Ioad (mg) Sensitivity (mm/mg.) Enlongation (ma,)
143.0 1,0552 15,37
45.0 1.05kk Lr.ls
18,0 1,0532 50.55
50.9 1,0520 53.55
53.0 1.0515 55473
550 1.0503 57.77
57.0 1,0L96 59.83
60,0 1.oh8h 62.90

65.0 1.0L6k 68,02



Change in sensitivity of Spring 2 with temperature

TABLE V

67

Temperature load Observed length gzero length enlongation Seznsitivity

(°c.) (ng) (mm) (xmm) () mg. )
50.9 115,82 48.37 0.9502
50 67.L45
99.6 160,91 93.L6 0,9363
50,9 115.75 18,32 90,9493
60 67.43
99.6 160,79 93.36 0,9373
50,9 115.68 1,8.28 0.9485
70 67.40
99,6 160,66 93.26 0.9363
TABLE VI

Change in sensitivity of Spring 3 with temperature

Temperature lLoad Observed length zero length enlongation Sensitivity

(°c.) (mg)
50.9
70 7.1
99.6
50.9
80 7.1
99.6
50.9
90 7.1
99.6

(zm) (zm) (mm) mm/mg. )
98,93 53.L4 1,050
125,56 Ls.h9 80,07 1.0385
148.20 102,71 1,031

98.86 53439 1.0L9
125,16 L5.L7 79.99 1.0375
148.07 102,60 1.030

98478 53.34 1,048
125,36 Lol 79492 1.0365
107.95 102,51 1,029
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temperatures, This establishes the variation of sensitivity with tempera-
ture, This need be done only for a small number of values, since the
length vs temperature plots insure linearity.

A plot of sensitivity against load is now made for each spring. |
After the shape of the curve has been determined, a blow up of the curve
is madé‘, using the values fqr loads expected on the balance during the
experiment, On the blow up, the sensitivity isplotted against the en-
longations instead of the loads (which are equivalent), to enable the
plot to be used for experimental observations, This is shomn in figures
15 and 16, It is necessary to change the sensitivity units on the plot
as the temperature changes.

From the above described plot, the sensitivity is determined for
a particular spring enlongation by inspection of the graph and this is
divided.into the length of the spring (observed length minus the zero
length) at the observed temperature. This gives the weight of the total
load on the spring. From this is subtracted the weight of the platinum
bucket and the difference is the weight of soap plus hydrocarbon. Di-
viding this difference into the weight (vacuum) of the soap sample used
gives the percent soap.

Preparation of the Sorption Balance

1, Sorption balance No. 3
Spring used: no, 2
Sensitivitys ©.052 mm/mg at 25°C.
Zero lengths 154,26 = 37.06 = 117.20 mm at 25°C,
Weights of load components:
Platinum bucket: 28.9 mg,

Soap sample in air: 23,5 mg.
Soap sample in vacuumt 23.28 mg.
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Detectable limit of percent soap: 0,09%
Sorption Starteds 8 July, 1949
The tube was evacuated for 5 hours at 25°C. and 10~ m Hg.
2. Sorption balance No. L
Spring used: no, 3
Sensitivity: 1,0585 mm/mg. at 25°C.
Zero lengths 110,74 - 21,48 = 89,26 mm at 25°C,
Weights of load componentss
Platinum bucket: 25.0 mg,
Soap sample in air: 16,3 nmg.
Soap sample in vacuum: 16,18 mg,
Detectable limit of percent soap: 0,12%
Sorption starteds 8 July, 1949
The tube was evacuated for 6 hours at 25°C. and 10> mm He,
(It will be noted from 1 and 2 above that although spring 3 is more
sensitive than spring 2 the detectable limlt of percent soap is
snalleB for spring 2. This was due to the fact that balance 3 conm
tained 7.1 mg, more of soap than balance } and this larger soap samw
ple enabled small changes in soap composition to have a greater ef=
fect on the spring length than the soap sample in balance L,)

3. Soap- The sodium atearate/ggpared as described on page 16,

L. The lengths of the springs were measured at 2500. before breaking the
ampoules of cyclohexane, in order to determine the weight of the soap
in vacuum, After breaking the ampoules the tubes were then installed
in the thermostats and allowed to remain at the isotherm temperature

for two days before making spring length measurements. The first
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isotherm was run at 50° and at first the springs showed no apparent
change in weight, but were the same lengthb as they were at 25°, before
sorption was begun. This was because the spring length had decreased
during the 25° temperature increase, and the weight of the sorbed cy-
clohexane had caused an enlongation of the spring exactly equal to the
contraction caused by the temperature change. |

A typical calculation of the determination of the percent soap

and the relative vapor pressure may be found in the appendix,
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V EXPERIMENTAL RESULTS

This section includes a brief discussion of the more important ase
pects of particular isotherms, The isotherms (Figures 19 - 30 and Fig-
ure 32) are presented along with the data from which they were construcf)éd_.

Isotherms wore run at temperature intervals of 5 degrees from 50 to
100 degrees Centigrade and one was run at 110 degrees. In experiments
of this nature, where so many factors can influence the results obtained,
it is usually necessary to perform the experiment in duplicate, since
the results obtained from using only one sorption tube would be ques«
tionable as there would be no way to check on the reliability of the
results unless the experiment were repeated, When the experiment is per-
formed in duplicate, however, each apparatus serves as a check on the other.

In this investigation, two isotherms were run simultaneously, in two
separate apparati for each isotherm temperature, On each isothermal
graph is plotted separately the isotherms run with each individual appa-

ratus, designated Balance 3 and Balance L.

The lowest relative vapor pressure obtainable for each isothemm

was determined by the room temperature, as thg apparatus used was not
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fitted with cooling tubes to lower the temperature of the reservoir
below that of the room, Due to this fact, the lowest relative vapor
pressure obtainable for the 50 degree isotherm was about 38%. As the
isotherms were run at higher temperatures, lover pressures could be
obtained, If any phase changes occurred below the lowest pressure ob=-
tained, then they could easily have been skipped, but the shape of the
curves indicate that no phase transitions were skipped due to this fault
in the apparatus.

As seen from the graphs, the isotherms run with each apparatus are
not identical, as they should be, however the isotherms run with Balance
3 agree vory well with those obtained by Shreve (77). For low vapor
pressures, the two isothermal curves agree very nicely, but at higher
pressures the soap sample in Balance L is observed to take on more cy=-
clohexane, At isothermm temperatures above 90 degrees C. this difference
between the two isotherms begins to disappear and the resulis from toth
balances are almost identical. The two tubes were examined carefully
and all thermometers checked, but no reason for the difference in the
isotherms of the two different tubes could be found, It is suggested
that this differeunce was due to a cold spot in the top of Balance L.
This causing condensation of cyclohexane at high relative vapor pressures
with the result that near saturation pressures were obtained befére the
reservoir temperature indicated such pressurss. The 50, 55, and 60 de-
gree isotherms run with Balance L indicates that this is a probable

{77y G. W. Shreve, Ph, D., Doc, Dissertation, Stanford University, (19L6).
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explenction,
The 50° Isotherm ( Figures 19 snd 20; Tebles VII end VIII)

This was the first isotherm run and it vas the lowest temperature
maintained for any isotherm.

The first resding made with balence 3 wes wmcde &t a tempersture
of 55° due to & miscelculotion of the necessary sebiing of the voltage
tronsformer, but th e temperature was adjusted after 24 hours end the
tube cllowed to stand at 50° for a peried of ¥4 hours before the next
reading wos made.

A fzult inherent in the apparatus was made obviocus from the first
isothern, and thet was the inebility to reach saturstion pressures
without condensation of hydrocarbon vapor on the spring; thus volding
any possible readings mede. The extreme sensitivity of vapor pressure
to ¥ery emzll changes in tempsrature vhen nesr saturation mede smsll
changes in relative vepor pressure difficult, since the menuslly
controlled voltsge transformers regulating the temperature of the
thermostats was not sufficicntly sensitive to regulate the temperature
closer then one degree and even & chenge of one degree recuired gome
akill in their use. The inzbility to resch seturation pressures is charact-
eriotic of most of the isotherms run, but in seversl cases scturation
was reecched or approsched very closely.

The importence of moking resdings shea ecullibrium has been
estazblished 1s noted from these two 50° igotherms. Yeny of the reedings
mede for the first isotherm(Figure 15) were mede at 10 wnd 1% hour
intervzls. This was insufficient time for equllibrium to be esteblisched,

egpeciully at saturation pressures. It 1s noted thzt points are plotted
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at pressures grester than saturation for easch balance. There was,atthe
time of the resding, no apparant condensation of vepor in the upper
thermoatat. This indicates that equilibrium was not established when
the observations were made and that the apparent pressure was csused
by a sudden chaenge in temperature. When desorption was begun the
amount of cyclohexene sorbed increased insterd of decreasing for bzl-
ance 4, which verifies the above conclusion. Further external
tempersture changes caused an increase in relative vapor pressure
( refered to henceforth as RVP ) as the temperature of the hydrocarbon
reservolr was lowered ; these values sre plotted es sorption velues
on the curve. That the point at 72.84 % soap for balance 3 is not a
reliable value may be seen by comparison of isotherms run with this
balance at higher temperatures.

Due to the unreliability of the points plotied near satﬁration
for the first isotherm it was decided to rerun this isotherm, noting
especially the sorption of cyclohexsne at high pressures. These vslues
are presented in Figure 20(T=zble VIII). Although the data is presented
as the 50° isotherm , Table VIII will show that meny points are plotted
which were not obtained at the isotherm temperature of 50+1°, These
values are included to get a more complete picture of the isotherm,
especlally the desorption curve of belance 4. A drop of cyclohexane
was observed on the platinum bucket of bzlance 4 st saturation o no
reading was taken, but the shape of the curve indicates that
gaturation wes reached .

The dates on which the readings were made are included with the
data for the two 50° and the 5§5° isotherms to show how time influences

the hysteres curves. Comparison of these values shows that time hss a
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Date
Sorptien

7/11/L9
7/12
‘ /15
7/1
7/16
7/16
7/18
7/18
7/19
7/19
1/20

Desorptic

Sorption
7/18/19
7/1L

7/15
/15
7/16
1/16
7/18
7/19

Table VII

The 50° Isotherm(a)

Baignce

Spring Length{em)

11.739
1,736
4]

11,736
"

11,738
11, 742

11,738

B.932
8.934
8.937
84940
BJgho

8,942
"

Balance

3

Temperature Percent Soap RVP

Top

55.5

L9.8

49.5

19,0

Lg.5
n

L9, 2
b9.5

50,5
h9.5
50.5
50.8
51.7
L9.5

51.0
50.7
50.3
ho.1
51.2
51,0
50.5
50.5
h7.5
50.9
L9.5
50.3
k9.5

L

50.5
"

h9.5
50,5
49.5
k9,2
L9.7

50,2

Bottom

27.2
26.2
2743
27.2
29,0
29,2
30,5
31,2
33.7
35.2
36.5
Lok
L5 L
L6 L
49.6

L9.6
L7.1
LS.l
L5, 8
L5.6
43.6
L.
h2,9
39.2
Lo.Ly
35.4
3h.6
31.2

26.5
27.6
26,7
28,7
27.7
28.2
30.4
33.0

98.50

98,50

98,50
n

98.41
98,19
98.19
98.11
98,19
98,11

97.94 .

97.38
97.25
7284

90,89
95.73
95.73
95,37
95,87
96,04
95,95
96,32
96,2}
96,76
96,92
97,08
97.2ly

98.2L

98,12

97.94
"

97. 71
"

38,39
40.83
ln37
143,86
hi, 31
47.53
LB L7
54,06
56,04
61,25
69,60
82,97
82,58
100,3

95.61
88.55
84,19
89.77
82.21
76,8l
81,47
76,141
73.08
68,48
58422
54,78
48,39

38,10
Lo.70
39.70
42,13
11,51
12,99
L6,62
51.29
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Sorption

1/20
7;;;
7/23
/2L

Desorption

1/26
7/27
7/27
1/28
7/28
7/29
7/29
7
2
8/3

8.9L2
8.9LL
8.95L
8.991
9.6L46

9.838
10.316
10,801
10,846
10,764

9.032

9,016

8.994

8.968

8.956

Table VII
(continued)

Balance L

50.5
51,5
52,7
50.5
L9.s

50.9
Lg9.7
49.1
50'1
49,0
50,5
50.0
8.8
L9.8
9.0

L5.8
k2,8
38.8
32,2

97.71
97.59
97.00
94,90
69.24

64,18
54,19
L6.78
46,20
L7.26
92.88
93.64
9he73
96414
96489

57.1L
61.97
72,73

82,05

100.4

9k.95
96,17
99.04
95.00
95.00
87.55
86.LL
80.64
66,67
51.5k4

80
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Desorption
8/12
8/17
8/18
8/19
8/20
8/21

Table VIII

The 50° Isotherm(b)

Balance 3
Spring Length(cm)  Temperature
Top Bottom
11,760 49,8  39.6
1,774 51,0 L2.6
]l. 782 h905 16.6
11,787 h9.3  LhL.6
11.798 8.5  LB.6
11,794 51,0  L7.6
11,804 50.8  LB.6
11,778 L8.7  LO.S
11.820 5105 h8.6
11,922 50,0  L8.6
11,876 " h8.1
11,822 50.3 k7.2
11. 816 h9.2 hh‘é
1,810 h9.6  L5.0
11.792 50.2' hloé
11,790 50,7  l1.2
11, 782 h905 3703
11,770 51.0 32,6
Balance 4
31960 h955 3608
8.958 50.8 39.8
8,962 ho.5  38.8
80 9& h908 390 8
8.962 50,1  11.8
8,966 k9.7 1.8
8,973 50.7 Lk, 8
8.98L 50.8 h6.6
10,490 8.7  L7.8
11.622 L8.3  L7.6
11.832 k8.7  b7.1
12,110 48,5  L7.1
10,680 k8.9  L6.8
10,566 Lh7.6  L5.7
9.062 h806 hho
8.990 50.5  L2.8
8.958 h9.6  31.7

Percent Soap RVP

96492
96,8l
96.6L
96,148
96,28
95.80
96,00
95.57

96,6l
94,90
90.87
92.6L
9k 83
95,06
95,33
96.09
96,16
96,52
97.00

96,60
96,71
96,48
96,60
96,48
96,25
95.91
95,29
51.28
37.95

36,22
34,13
L8.43
50.11
91.26
95.07
96.83

69.10
1397
1759
81,10
8Ll 11
90,29
88.90
92.27'

73.5k
89.83
95.10
93,61
89.71
85.15
85.12
73.43
71.09
63.40
48,93

62,00
6739
67.29
69.66
7h.22
7563k
81.L6
86.15
97.08
976k

9kL.75
95.30
93,05
92,5h
86.13
76,05
48,45
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great influence on the points plotted. The sorptiocn curve for balance 3
in Figure 20 tends to approach seturation at 94 % soap , but the data
obteined for both the 50° isotherms is not relisble near saturation.
This is very obwlous from the desorption curves of balance 3. Temperature
fluctustions did not allow equilibrium to be established, snd the points
plotted above 90 ® RVP cannot be cohsidered accurate.

The 550 Isotherm (Figure 213 Teble IX )

Temperature fluctustious caused the awve for balance 3 to be somewhatl
digtorted near ssturation, however the degorption velues fsll very close
to the sorption curve which indicstes that for this baiance the isotherm
was reversible. The sorption curve for ba.ence 4 shows that more
cyclohexane is sorbed at & higher texpersture and the desorption curve
shows clesriy that saturation was not reachod (compare Figure £1).
Hysteresis, although 1ess.than for Figure 20, is most apparent nesr the
sharp bend in the curve. Hsad more time been a.lowed for desorstion
near 80% RVP, the hysteresis would probably habe been less.

For this isotherm, as with the 50° isotherm and most of the others
at higher temperatures, it wiil be noted that exterpolation of the curves
back to zero vaypr pressure gives & scap composition of dnlyzabout B3g:
ingtead of 160% as would be expected. This is orobebly due to the fact that
the sozp was not ellowed to dry-ss completelyzs possible before begiining
each isotherm. This will be discussed later.

The 60° Isotherm (Figure 72; Table, y)

The sorption and desorptionrcurves for bzisnce 2 ere seen to be
identical, showing no hysteresis. Temperature fluctustions ' ere very
small for this end all other isotherms up to 90°, since they were run
during the winter months and the dsto near saturstion pressures is

therefore more accurate. Hysteresis is only very slizht for bslance 4,
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Tabla IX

The 55° Ioothorn

Balance 3

Spring Longth(em) Temperature
Top Lottom

11,750 957 21,5
11,75k She5 2641
1,75k " 20,4
11,762 " 32,9
11,762 55.2 Tels
11,768 5540 L
S

Sis .

TR 26 ook
134 8‘0& 5 5 QO 5‘9.0
11,932 Sle5 Sle?
0,040 She? 5245
11,892 5hed 5149
11,036 She0 509
1:,002 Sliel L9e6
11798 Sle5 19a7
31,704 Shie3 L7
1,762 Slhel 31,9
11.750 BleS 25,0
" 2345

llv??é 53.8  39.6

Balance L

84538 51,8 217
84934 5:5-3 2hy2
Be236 5540 2642
By9l0 Bles 28,9
CePL0 55e1 3247
Beoli2 55 35
84 2L6 5546 ﬁ:&
£4952 Skl 3
84958 5562 LiLO
8972 She6  LSs6
8,978 55eB  L9.8
9,028 50,0 5140
9.062 Sle? 50,8
10,340 55¢1 5248
11,400 55} 8 5348
12192 5546 5Le3
ni 563 gb- 8 53 dl
94952 " 51e8
94032 55,8 1246
» 56.9 5749
84972 5546 L340

Percont

Boap

9773
97;53

97420
97.20

96.52

95. ?6
95033
903k

93457
91.83
5”1:03
95l
95468
90,26
97420
97:?3

96460

97465
97482



Date

10/8
10/9
10/10
10/11
10/12

Spring Length(cm)

Desorption

8.96L
84947
8.9Ll
8,938
8,93k

Table IX
( continued)

Balance b

Temperature
Top Bottom
5he7 39.8
ch.8 32,k
Sh.8 30,2
ch.3 2ha7
Shoh 23- T

Percent RVP

Soap

96425
97.18
97.30
97:59
97.82

56,13
42,19
38,hk
30.57
29.20

86
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but i3 noticezbie st about 605 RVP,

The 65, 70, znd 75° Isotherms (Figures 23, £4, end 25; Tables XI,XII,
and XIII)

These three isothernms sre almost identicsl. It is to be noted that
with en increcse in temperature more cyclohexene is sorbed snd the
shape of the curve changes graduslly. The sherp bresk noted for

bzlance 4 in the 50° isotherm has changed to & more graduel curve.

Hysteresis is not eppsrent for the 65 and 70° isotherms znd is only
slightly noticebie for the 75° isotherm. The point ¢t szbout 574 RVP
for belance 4 for the 70° isotherm on the sorption run most be due
to sn error in resding the cathetometer, since it can be explained

no other way.

The 80, 85, snd 20° Isotherns (Figures 26, 27, and £8; Tables XIV,XV,
and XVI) ,

The 80 znd 85° isotherms are almost exactly slike in zppearznce,
hovever the 85° isotherm shows much more hysteresis. Thls is especislly
noticecble for balence 4. In Figure 26 1t will be noted thet hysteresis
extends over a very lerge pert of the isotherm. This hysteresis is
greater than that shown for any of the pervious isotherms run «ith
this balance and i1t is seen to extend from sbout 205 RVP to the meximmm
RVP reached. This meuy have been dus to faillure to sllow sufficlent tirme
for eguilibrium. The Bigher isotherm temperature requires a larger
chenge in temperature to cause & small chenge in vapor pressure.

This would require a longer time for equilibrium o be esteblished
and @8 & result the hyasteresis would be more noticeeble. The large
temperature difference between the room temperature snd the lsotherm
temperature lowers slightly the maxinum RVP that cen be obtained for
spring length measurements since this large tempersture difference

causes grester heat loss through the windows in the upper thermostat
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Sprin? Length

cm)

Sorption
11,742
11,74k
11,760
11,786
11,864
11,756 ( not used)
11,772 ( not used)

Desorption
11,846
11,7688
11,772
11,77k
11,764
11,75k
11,742
11,742

”

1., 736

Sorption
8,928
4]

8,932
8.938
8.9L8
8,956
8.978
9.052
9,104
11,36k
12,104

Desorption

11,680

10,432

9,102
8,280
8.95L
8.942
8.936
84932

Table X

The 60° Isotherm

Balance 3 o
Temperature, C.
Top Bottom
60.6 23.2
60,5 30.7
59.0 h3.9
59.3 53.1
60,0 58,9
58.5 39.4
58.7  LB.9
59.5  57.9
60,5 She2
60,0 U7.7
59.8  L6.3
60.3 hs.h
60,6 k3.1
60,3 35.2
61.0 33.0
60,0  27.5
59.5 20,7
Balance b
60,0 23.7
60,2 20,7
60,0 35.1
60.7 38.8
60.0  L3.8
" 7.8
60:2 51.1
59.5  5h.S
61.0 56.4
60,0  57.9
59.7  59.7
60.0 57.8
59.8  57.4
59.2 She7
60‘0 h6‘8
59.0  Lo.8
59.0 32,9
60,1 26,5
59,5 21.0

Percent Soap

97,90
97.81
97.12
9640l
92,90
97.32
9646l

93+60
95.96
96.6L
96456
96,96
97.41
97;90

L)

98.35

98,12
#

97.88
97.53
96,94
96,5k
95,140
9141
88,90
40,25
34,12

37.38
52,09
89.00
95,29
96,65
97.35
7.7
97.88

RVP

b5
80,05
63,90
60,73
57.58
52442
38.82
3k4.59
28,57
21.16

23,90
29.64
38,96
43.94
55,06
63,90
70,52
83.86
84,96
92,47
100,00

92,47
91,87
85.29
61.56
50,67
36,93
26,67
21,13

89
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Spring Length
(cm)
Sorption
1,72k
11,726
11,728
11,734
11,736
11,740
11,748
11,75k
11,776
1]-. 808
11,826
Desorption
11,778
11,764
1,746
11,7kl
11,736
11,740

Sorption
8492l
8.928
8,930
8,93k
8.936
8,938
8.9LL
8.954
8,980
9.03L
10,350
10,588
Desorption
9.12L
9.082
8.99L
8.9Lk
8.924

Table X1

The 65° Isotherm
Balance 3

Temperature,°C,
Top Bottom
6h.5  21.L
65.3  27.h4
65,5 30.3
65.7 35.1
6L,3 37.5
65.5  Uh5.6
6he7 L9.6
6L4.0 53.9
6’405 60.8
65.7 63.1
6Lhe0  61.9
65.L 53,7
6Le7  L8.9
65.5  L6.0
6L.5 bl
6he5  27.2

n 2h,2

Balance

65.5 21,7
65.7 247
66.0 27.2
6L.5 29.7
64,0 32.8
66,0 3%9.3
64,0  Lb.3
6.0 47.0
61102 5h39
65,0  58.2
65,0 63,0
66,0 65,0
65.4 61,0
65.0 59.8
66,0  5h.9
65.0 1.8
6L,0 23.7

Percent Soap

98,60
98,52
984 Lils
98,19
98,10
97.50
97.32
97.08
96,16
9L.83
94410

96,08
96,88
97.65
97.73
98410
97.90

RVP

18,31
23.29
26,40
3.5
36,83
18,50
58,37
69.98
85.16
91,49
93.00

66,21
55454
50443
32,45
24,00
20,89

18,03
20.L3
22,78
26,67
30.93
37.34
L48.53
53495
7,97
78.82
93,45
96,63

86,21
83.40
67.72
2,58
19,86
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Spring Length

(cm)

Sorption
11,726
11,736
11,742
11.748
11,776
11,812

Desorption
11,78k
11,75k
11,742
11,726

Sorption
84920
8,928
6. 926
9.038
84 9LL
8982
8,994
9.106
9,126
9.632

11.264

Desorption
9.018
8.962
8.934
84920

Table XII
tHe 70° Isotherm

Balance 3
Temperature,°C,
Top Bottom
695  2h.2
69.7 32,
707 3.6
69.0 51,3
" 63.9
68.5 6643
70.9 6ls8
70,5  5L.8
69.5  37.5
69,8 2h.2
Balance L
70.0 23.9
71.0 27.7
69.8  35.8
7042 43,6
71. O h?. 9
7043 60.8
71.0 62,2
69. 7 65. 0
7001 66.0
69,0 67.0
70.0 69.0
71.0 63,0
69.0 50,9
" 38.9
7.0 2hL

Percent Soap

98427
9719
97457
97.28
96,12
9L.63

95476
97.0L
97.57
98.27

98.2L
97.76
97468
91.98
96.89
9L.8k
9k.23
88.51
87.60
69.26
la.21

92499
95.91
97.47
9842k

RVP

17.67
25,19
37.91
53,82
811435
92,64

81.54
53,18
30,96
16,88

17.19
19,62
20,81
36,46
Lik.39
72453
The29
854L5
87.13
93451
96,86

76443
53,05
33.21
16.96
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Spring Length
{cn)

Gorption
11,718
11,720
11.730
11,738
11,768
11,792
11,816
11,8kl
11,

Desorption
11,840
11,820
11,784
11,766
11,738
11,730
11,720

Sorption
8.916
84916
8,920
8.926
8.932
8.9l
9.C26
9.128
9.168
9.270
9. 66

Lesorption
9.190
9,064
384968
8.930
8.926
8,916

Table XIII

The 75° Isotherm

Balance 3
Temperature,°C.
Top Bottom
75.5 22,2
7h.5 28,0
7503 hlié
75,8  55.6
75.0 69.1
755  Tl.L
" 73¢2
hy5  73.b
The2 727
73.8 L2
7505 6708
" 60,7
75,0 15,6
755  3h.7
75.0 24,2
Balance
h.0 16,7
753 20,2
76,0 32,1
The2 Lo,
7547 L7.9
7642  57.0
7he3 68.3
" 71.0
75,0 72.0
76,0 73.6
75.9 73.9
76.0 72,0
76.3 71.0
75.0 60,0
75.7  Ll.3
The9 32,8
The2 24,9

Percent Soap

98,31
96423
97.62
97.k5
96420
95.17
9h,21
93,08

93.27
94,06
95453
96,26
97.L45
97.82
98.23

98,18
98,18
97.9k
97,59
97.30
96,60
92,30
87.27
85.52
81.35
7h.25

8k,58
90,2
95412
9711
97,59
98,18

RVP

13,1
17.86
30,17
50,5k
82,73
87.L48
93,05
96,49

95.33
91,86
17.90
61,05
35.48
22,87
14,76

10,52
12,13
20/2)
29.5h
38,10
52.35
81,99
89.89
91,65
93,45
94,05

88.28
8Ll L7
60, Liy
33.03
21,61
15.62

95
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Spring Length

cm

Sorption
11,716
11,720
11,724
11.732
13,74k
11,764
11,778
11,806
11,832
11,850

Desorption
11.80L
n

11,78l
11,760
11,736
11,728
11,720
11,73
1

Sorption-
8,612
8.516
84918
6.52l
84928
8,638
8.652
8.582
9.0h2
9.126
9.278

Desorption
9,13}
9.095
9,010
8,960
8.938
8,932
8+920
8,914

Table XIV

The 80° Isotherm

Balance 3
Temperature, C.
Top Bottom
80.2 23,2
79,5  3hh
n 45.6
" Sh.5
" 62,9
6045 1.7
80/3 3.7
7945 96.36
" 772
80.5 79,0
7945 7362
n a7
79.2 7243
79.3 65,9
7905 b9.li—
80,0 42,6
79.1. 30,2
79.0 23,2
Balanece U4
80,0 23.7
79' 7 3115
80,0 6.7
L
L) £1.5
80.1 €0,0
81. O 630 5
797 €9,0
80.2 73.0
80.0 757
80,3 77.8
81.0 7543
80,5 Th,0
80.1 70.0
19.7 62,2
80.5 56,0
79.3 L5.8
79.1 31.9
80.0 24,2

Percent Soap

98,56
98.35
98,19
97486
97432
964143
95,88
oh. 5
93,61
92,97

9L.83
n

9546l
9646k
97.69
98402
98439
9846L

98,36
98,12
98400
9765
97.L7
96465
96,1
9h,51
91426
87.32
78439

86,99
88. 71
92,88
95.1i6
96489
97.2L
97.88
98.2L

RVP

12,06
20/00
31008
L3,29
58,36
76420
81,82
90.69
93.442
95.62

82,47
89.32
80,52
65,01
35.69
26,76
17.04
12,50

12.13
17,69
21,62
29,60
38.38
51.75
5Lehs
71.29
80,16
88,11
92.91

8L.16
81.94
72.78
56,50
Lk, 36
31.40
18,28
12,70

37
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Spring Length

(cm)

Sorption
8,908
8,910
"

8912
84918
8,922
84928
8.9L2
84902
9.078
9.102
943LL

Degorption

9,182
9,152
9,120
9,602
894l
8.936
849108
8091&
84912
84910

Sorption

11,708
11,710
11,71k
11,720
11,730
11,730
11,736
11,742
11,756
11,780
11,794
11,6864
11,888

Table XV

The 85° Isotherm

Balance g

Temperature,

oC,

Top Bottom

8he6
85,1
850
86.0
u

85.0
n

"

85.8
85,0
85.0
8l,1

86,0
8l.5
8le 7
85.1
n

8640
84,8
85.0
8L.8

Balance

Blis5
8L, %
85,0
8L.S
8lie 7
8&.5

g
ah:ﬁ
6l.5

8L.8
8Li.5

23,7
3049
35.7
L3.8
L8.8
5542
6043
67.0
7he8
7649
80,3
82,0

82,0
7548
7840
74,0
6540
60,0
L7,

36.9
29,7
25,7

Fercent Soap

98,148
90436

98s2L
97460
97465
97435
9645k
94,10
89.LL
88432
78432

8L Lo
86,11
81.88
93415
96.42
96,89
97.88
98,12
98,24
96436

98.6)
98,56
98.35
98,10
97.65
97.65
97.L0
997.16
96,56
95.57
94,98
92.20
91.29

RVP

18,76
1468
17.87
23.7L
26,68
3770
L5.01
56,80
7.2
83,18
86,77
$3.59

88454
85,62
87451
71.28
53.13
L. 66
27,42
18,72
1392
11,74

10459
15,03
17.40
25.18
33.33
35,06
53453
62,32
70.82
81.65
87.06
97.hly
101.2

99



Sprlng Length
{cm)

Desorption

1}3998

11. 806
11,768
11, 7hl
11,730
11,722
11.310

11,708

Table XV
(Continued)

The 85° Isotherm
Balance 3

Temperature, °C,

Top Bottom

. 81,8
ECAE

8h. 68,2

3 32'9
B, .2

WLk
85.5 31,2
8.7 25,2
8L1.0 2342

Percent Soap

5108

96,0L
97,05
97.65

100

RVP

7.8
60,95
39,52
27.29
22,59
1%.83
11.54
10,71
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The 90° Isothom
Balance 3

Temperature, °C,
Top Botim
0940 22,9
u 2347
8942 32,7
90e7  Lle9
902 U843
K0 STa?
N 61,8
9042 672
90,5 LT
" 758
o Boql
89.0 80.1&
89.6 82;6
90,2 85,6
89.2  87.0
N2 88,0
8963 BCe5
89.6 BTQS
&9.5 aﬂ’-i"?
90¢5 81;6
904l 70,8
8941 T0.7
893  67a7
9047 63,1
9043 5046
0945 340
£9.2 3
3043 3behy
90a5 2L,0



Spring Length
cmd

Sorption
8.90C
8.904
8,900
8.902
8.904
8,506
8.908
8,914
8,932
8.936
9.032
9.058
9.080
9.322

Desorption
9.2l
9.1%0
9,050
84952
8,928
84208
fn

8.£98
n

n

Table XVI
(continued)
The 90~ Isotherm
Balance 4

Temperature, °C,
Topp Bottom
89.7 25.7
90.0 29.5
89,2 31.0
89.5 38.5
89.0 Lh,6
90.9 50.8

" 57.2
91,0 62,0
900 8 71.0
90.7 74,0
90.5 82,3
89,0 83.0
9.7 85,0
89.6 87.8
890 7 86 .0
89.0 83.2
89.2 §0,0
89.0 71.L

" 62,5
8947 51.2

“ 33,7
90.7 29,2

22.7

Percent Soap

98,60
28,36
98,60
98,48
98,36
98,30
98,18
97,82
96,83
96,60
91,62
90,14
89,10
78.89

82,01

8h.23

90454

95.7h

97.06

98,18
n

96,72
H

RVP

10,31
12,02
13.16
17,68
22,71
27.37
3k,39

55eL5
61,21
79430
84,58
85,32
96431

90,10
85,21
76479
59.06
L3.75
28467
17.65
1,71

8,73
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end hence the cyclohexsne condenses sn the siliez spring more readily
at pressures close to saturstion, thus voiding eny possible measurements.

In Figure 27 (Table XV), it is seen that a RVP of 101.2 wes
reached. No vepor condensstion wes abserved so il is zssumed that
this was caused by a sudden tempersture change end since the soap
compogition 13 about rhere it should be for 100% RVP, the point is
~lotted as such. The soap composition for bzlance 4 was, as usual,
much less than thet for belance 3 et the highest RVP reached.

The 80° isotherm (Figure 28) shous a large emount of hysteresis
for belance 3;- more so then for any previous isotherm with this balance.
An elimost horiszonal portion is epperentiat the highest EVP reached,
but insufficient data was obtsined to indicate clearly any possible
phease change. The hysteresis curve for balszauece 4 shouws that for the
srea in question some change may have occursed, but more dete will
have %0 be obiained for proof of this.

The 95° Isotherm (Figure £9; Table XVil)

This was the first isotherm in thich a definite phese change was
observed, both graphically =nd visually.

Bslance 3 does not show this phase chenge very clesrly. The
necessary flat portion indiecating a phase change is chenge is absent,
probably because too large an inerement of pressure vas taken before
the phase area was resched. The highest RVP obtoined (before condensation
of vspor on the spring) corresponded to z soap compostition of sbout
78%. The desorption curve is seen to be a straight line above 80% RVP.

If it is cougidened thst the soap has a great «ffinity for cyclohex-
ene In this probeble phese aresz, then the desvrpiion would be very

slow end the time requred for the soap to become "Gel--Crystal snd
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Sprin% Length

Sorption
11,69.
11,696
11.700
11,714
11,722
11,734
11,764
11,790
11,814
11,911
12,280

Desorption

12,173
12,104
12,084
12,090
12,032
11.9%90
11,956
11,898
11,842
11,759
11,738
11.720
11,711
11,703
11,706

Sorption

8.890
8.898
8.89L
8,894
8.896
84906
8,916
8,928
8.976
9.106
9.426

Table XVII
The 959 Isotherm

Balance 3

Temperature
Top Bottom
93,7 2h.h
95.0  36.8
95,7  L8.8
9)405 6200
ok 7 68,8
95,0 7542
95-0 Bh.h
9L.5 86,9
95.0 90,2

n 9205
9L.5 93.9
95.0 92.0
94,5  %0,0
95.5 90.7
94.8 90,5
95.5  89.5
95.8 88.5
95.5 8742
95.5  8L,2
950 . 80-3
9l  6L.8
9L.0 56,3
95.4  L2,4
sh.7  33.4
95.4 232
9Le7 22,0

Balance L

95, 23.7
97 33.7
9h,5 38,9
94,0  15.8
94,7  57.0
95.7 64,8
oL 7 72,0
9L.9 78.0
9505 85.0
9k,0 90.0
95.7 91,2

Percent Soap

98477
98469
98452
97.90

97.92
T

89 92
78.0L

8L.12
83,23
83.89
83.68
85.59
87.09
88.28
90437
92,60
95.96
9648l
97.61
98,02
98,35
98.23

99.03
98,60
98,78
98,78
98,66
98.12
97,11
96,77
94,18
87.74
75.15

RVP

8.68
1k18
22,16
36,96
L6 ko
56.56
7h.ks
80.98
85,67
93.39
98.49

92,07
88.39
87.83
88,65
8L, 61
81,90
79.57
74,01
65.73
10,99
30,50
17.42
12,4
7.84
7.56

8,00
12,62
15,5k
20,67
30,67
39.21
51.56
61.77
7h.65
89.76
88,08
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Spring Length
cm

DeBSorption
9,402
9,292
9,161
9,029
8.998
8.9LL
8.918
8.902

Sorption

902‘58
94520
9. 7h3

Desorption

9.52L
9.5LL
9,504
9.3%0
9.300
9,116
8.969
8,922
8.892
8,890

Table XVII
(Continued)
The 950 Isotherm

Balance 3
Temperature
Top Bottom
b7 89.0
9547 87.0
9L 7 83.5
9547 76,0
oLaT7 70,8
9hy7 58.5
" Lh.3
95.1 32.7

Additional Points

9k.2
95.7
96,2

95.7
9h.7
9k 7
97
95,0
k.7
94,0
95,7
9k,2
95,7

90.5
948
96,0

9343
92.0
91,0
£9.0
89.0
8.3
69.0
5L, 8
35.k
26,9

Percent Soap

75496
79490
85420
91,52
93,04
95.91
97459
98430

7h.12
72,17
65,72

71,91
71443
72,65
76,39
79459
87.32
9L, 34
96,89
98,90
99,02

85,33
78458
73451
564 7k
L9. L2
30,76
19,11
12,02

90,09
97.40
99.40

93.68
92.89
90,0k
85.33
8L.58
75.11
47,51
27,63
13.69

911
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Sol" would be very great. However, if recdings were made regularly
over gmall intervals of time, & streight line would be sbtalined
until the phese of definite vapor pressure were pessed through
and the curve would then be siightly curved a&s the vapor pressure
or the sample depended upon the emount of cyclohexone sorbed. The
desorption curve becomes curved at about 87.5%4 soap so it 1s assumed
that the boundries of the probesble phuse region are between 78~ 87.5% soap.

Balance 4 shows a sharp break at 905 RVP between 87.74 and
75.155 soap. This is the type of cirve that should be obtained for
s phase change vhen the phese rule apolies. The desorption curve

nmarked A wes obtained by returning to the lowest RVP obtainsble after
the flat horizoral portion of the curve wes obtained. The values are
given in Tzble XVLL. It was decided to investigste further this
isotherm with bzlance 4 znd these velues egre given in the tsable o8
"additional pdints“.

The pressure was reised to 905 RVP asnd the isotherm contiuned
foom this point. The shape of this curve above 204 RVP 1s to be noted
since other isotherms which show a probzble phase cheange exhibit
this type of curve on the boundry of lowest soap composition. The
desorption curve B does not follow the same peth as the desorption
curve A. This is due to the fact that the curve was begun st a diff-
erent point and also a fewer number of points were obtained. Once the
two desorption curves are beyond the probable phagse srea they are
identical. This shows the importance of time and pressure on the
desorption vzlues obtalned in the phase area. On both desorption
curves, regardless of the wvapor pressure, it is seen that polnts are

located st about 79.55 soap.
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Observation of the soap sample in balance 3 showed that o

distinet and definite change in the sample hed accured slightly
beyond the highest RVP reached. The sample a;peered swollen. It
vas waxy in appearsnce and district crystals had formed. The
crystels on the surfece oa the sample (those visible) were long and
they tepened to a point. They were very white in color end trens-
Jucent. This was observed when the sauple was at an RVP ati vhich
eyclohexsne condensed on the spring end the sosp compesition was
less than about 75%. This was appardgbly the pip of the white wexy
liquid-crystailine phase.

The 1010 Isotherm (Figure 20; Table XV11l)

This igotherm does not show any flet portions, but it is evident
that some chenge occured in the sozp between 86.9 and 74.%5.

Both bzlences show the seme type of curve as that obtained for
the 95° isotherm after the phase charge. Both balances have pcints
nlotted on the sorption curve at sbout 80% scap which show that it
is possible thet two phase aress were encountered between 86.9 end
74.9% soep end thet the tip vhich seperates them is between cbout
81.5-73.5% soap. The desorption values obtalined for balence 4 indlcates
that these velues may have been obizined in a phese zrea where
desorption is extremely slow. From the shepe of the curves st about
75% soop it is concluded thet & phase chenge occured between 79~
784 eoap.

The 110° Isothern (Figure %2) Table ZIX

Thic isotherm like many otherg, shows no hysteresis, although
the reedings were made st irreguler intervels of time for balance 3.
The isotherm is epperently completely reversible over iis entire range

of wapor pressure.

No flet porticns were observed for the isothern thet was run
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Table XVIII
The 101° Isotherm

Balance 3
Spring Length Temperature, °C.  Percent Soap RVP
cm) Top Bottom

Sorption
11,700 101.5 24,2 98.35 6.92
11,708 100,5 LO.hL 97.98 13,99
11,719 101,3 52,7 97.53 22,07
11,724 101,0 59,1 97.28 2776
11,7k0 101,0 69,7 96,61 40.07
11.760 101,2  76.8 95,76 50,04
11.986 100.0 93,6 87.09 83.68
12,225 lo0c,8 97.0 79.48 89.89
12,260 102,0 97.7 78,49 89.09
12.380 100,3 98,2 75,19 94468
12,380 101.2 98,5 75.19 92.9L

12 12,3869 100,8 98.3 The95 93,11
12,454 1010 99,2 73.32 95437

Desorption
12,390 100,3 97.7 74.93 93.16
12,152 101.3 95.3 81.63 8L.81
12,089 n 93,6 83.68 80,89
11,868 100,5 81.8 91.L7 59.2}4
11.782 101.5 69,2 94,87 38.88
11,735 100.0 50,7 9648L4 21.15
11,719 100,2 . 97,53 15.2}
11,706 101.2 26,3 98,10 7.65

Balance L

Sorption
8.887 100.9 26,7 99,02 T.94
8,894 101.7 37.2 98,60 11,94
8,905 101.7 51,9 98,00 21,17
8,926 100,1  6L.2 96483 34,05
8.9U6 101.7 173.5 95.63 bk, 54
8,998 100,0 81,0 92.88 58,54
9,065 100.7 88,2 89.59 70,68
9.125 101,8 92,1 86.76 76,64
9.158 101.7 93.0 85.3L 78455
9,258 100.7 94,0 81.1L 83.08
9LLLo 101.3 97.5 7L460 90,22
9,150 100,9 98,0 7h.25 92.51
9,480 101,7 99.2 72,98 93.62
9.508 101,5 99.0 72,36 93.59

9.5L5 100.7  9%.7 71,21 92,11



Spring Length
cm

Desorption

9,149
94280
937k
9.200
9,018
8,938
8.902
8.88L

(cOntinued)
The 101° Tsatherm
Balance 4
Temperature, Cs.
Top Bottom,
101,7 97.%
106‘7 93‘
101.7 95,
100,2 92,
10-:).*7 82(
100,7 68,0
100,9  L8.1
100.0 26,7

Table XVIII

Percent Soap

7h.22
80,30
76483
83.57
91.88
96,14
98,18
9%.20

RVP

87.91
81.20
8L. 8L
79465
59470
38,12
18.66
8.12
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Sprln? Length
cm

Sorpgion

11.692
11,704
1i.712
11,726
11,772
11,840
11,958
12,000
12,042
12,20k
12,226
12,256
12,388
12,468

Desorption
12,392
12,270
12,212
12,132
12,08k
12,066
12,042
11,950
11,758
11,718
11,696
11,686

T

Table XIX

The 110° Isotherm

Balance 3

Temperature, °G,

Top

Bottom

25,5
5.6
18,6
5949
7648
8845
98.
100,0
101,k
105,.2
lohoh
: 340902
103.5
- 110.0

107.
105,0
105,2
1030}\\
102,2
101,9
100,7
97.0
750)
6.5
41,9
25.9

Percent Soap

98435
97.82
974445
56,88
9L, 9k
92,13
87.78
85,32
8L.93
79.8L
79.2%
78436
The 76
7277

The66
77.96
79.62
8L.97
83,47
84,04
8493
88,05
954 76
97420
98,15
98,40

RVP

5.92
10,40
15122
22,16
39.12
55459
TL.97
76499
78453
86452
86.26
89429
914,02
97469

9k, 50
89,18
B87.06
Bli,12
8147
£0.59
78.56
70,88
35,85
22,69
11,8k
5.92

114

HOurs
between
readings

1

15
12
10

2%
11
18
2L
18

L7



Spring Iz.»ang;‘b h
{ )

CWETE
€,668
L8800
£.902
£.922
8,95¢
849050
82260
9,091
00112
Q4126
0,308
Jel44
9.18
Feal0
3.520
0.046
G072

» 268
Da202
Q4054

Table XIX

(Continued)
The 1107 Isotlern

Brlonce 4

o
Temperature,®
Topn Botton
110,2 E08, 7
109,0 VEWB
110,4 5048
109,7 6149
109,68 7140
108.7 62,0
110.7 82,0
110. 8 745
100,42 D840
109,.,0 99.0
108.7 99.0
119.7 104.0
10047 100,55
1004 102,40
10049 1010k
10G.1 107,0
109.2 107.8
10C. 7 107.¢
10942 102,0%
109,4 102.05%
109,00 103,0%

C.

07.88
0729
Q0487
896.19
95412
9320
DCe63
0209
ECL85H
85,688
£S5 29
TS
Cde 54
V7475
81,02
71+ 00
70 BT
69,47
T3e 07
72470
T6ed?

RYP

5,88
10,48
18,24
24,67
I %5
47,07
43.68
D4, 067
74450
77: 20
77491
84,65
70,04
E3413
§l.71
204,02
DO 7
G786
Bllg B
ElaSO
£5. 71

HO complete desorption isotherm was obbtalned duc to
lock of time before the deadline for the completion of

this vork.

o

_lours
vetw een
readings

12
£0
53
19
50
Pl
22
Fa
22
47
24
51
21
73
48
£9
22
P :’3
19
F35)

Values merked with en asterisk(™) are decorptlon values,
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with balance 3, but from the points plotted it is seen that na
phase change occurs between sbout 88-78% soap whereas previous isotherms

ghow a phase change somewhere within this soap composltion.



117

DISCUSSION

As has been emphasized elseimhere in this thesis, the points
plotted near saturation for the individual isptherms are greatly
influenced by temperature fluctuations end such points are somewhet
unrelisble, but are approximately where indicated. This fault of the
apparatus is unfortunate since at the temperatures at shich phase
chenges were encountered the soap percentages were those which were
reached only when the relsgive vapor pressure was near saturation.
Thia made definite establishment of the phase boundries somewhat difficult.
Further, the difficulty in causing a small change in RVP with the
voltage transformers made the exact location of the flat horlzonal
portion of the sorption-desorption curves a tedious procedure, especially
for the desorption curves where the desorption is extremely slow.

Contrary to the statements of OShreve and of Smith and McBain,
it was found that the isotherms were completely reversible when
sufficient time was allowed for equilibrium to be esteblished, Shreve
found that only the 110° isotherm was reversible and this only above
85 ¢ RVP, but this author has shomn this isotherm to be completely
reversible over its entire range of RVP. All of the isothermd obtained
&ﬁgkgrperfectly reversible, i.e., the 60, 65,7Q 110, and parts of other

isotherms, vhen sufficient timeis ellowed for the establishment of
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equilibrium. Included with the data for the 50, 55, and 110 isotherms
are the dates on which the readings were made or the time between
readings to show the influence of time on the points plotted. The
hysteresis, which is apparent for many of the isotherms, is due to
the facg that imsufficient time was allowed for equilibrium to be
established, Comparison of the aforementioned data mekes thid fact
obvious and inspection of those isotherms which show & phase change
further supports this conclusion.

Keny of the isotherms show that when the sorption and desorption
curves are exterpolated back to zero vapor pressure the soap composition
is about 99 % instead of 100 # as would be expected. This could be
due to the fact that the soap was not allowed to dry as completely
as possible under the circumstances, it could be due to an errop in
determining the weight of the soap sample, moispure in the soap
sample, etc. If this behavior were due to an error in determining
the weight of the soap sample, then the percent soap should return
to the ssme point for esch isotherm and should be different for each
balance. This is not the case. The isotherms that were run with each
balsnce, when exterpolated back to zero vapor pressure, give , in
most cuses , sbout the seme soap composition for each balance. Further,
the soap percentage is 100 % in some cases, showing that whatever
the cause of this behavior, it is not constent. It is suggested that
this behavior may be due to the inability of the soap to become &8
completely dry as possible under the existing gonditions. The soap
sample was,in most ceses, allowed to dry at the lowest RVP

obtaineble at the temperature of the next isotherm to be run (a58°

temperature interval) for two days before beginning the isotherm,
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but in some cegses three or four doys were allowed for drying end the
sogp composition was still ebout 995 vhen the curve was exterpoleted
back to zero RVP, Dus to leck of time ( the total yesr end one helf
being allotted to obtaining the meximum number of possible isothermas)
it was impossible to subject yhe cyclohexene to liguid sir temperatures,
since this would reqguire dismanteling the thermostut efter each isotherm.
The time involved in such sn operation would have been prohibitlve.
Figure 71 is a reproduction in pert of the proposed phese disgram
of the enhydrous systesm sodiun stearsie-cyclchexane which Smith and
HeBuin heve drawn for thls systen. Their dlagrsm is based on data
vhich they obtained by visual observayions of seceled tubes conteining
different percentages of soap. Observations of these sanples et differ-~
ent temperatures ensbled them to locate definitely certsin sress which
ere the solid lines connecting the closed circles. The dashed lines
indicate epproximately the boundries which they could not locatle
definitely. No atterpt has been mede to show how the phase transitions
of the enhydrous socap extend into the gsystem, but the temperztures
at vhich these transitions occur are indicated on the tempersture axls
with square symbols. The horizonal deshed line st $0° indicstes the
point at which the semples changed Yo the white waxy ligquid-crystslline
phese. This wes obgerved for semples conteining more then 50% soep,
end semples conteining more than 85 % soap were observed to undergo
the trausitions of the znhydrous sosp. The solld line connecting
the pointa et 28% indlcates the point at which samples containing
legs than 50 » sosp wefe trensformed into the golden liguid-

cryatalline phase.
The date obtained from the isotherms previously described show
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that below about 20° the system is " Gel--Crystsl and Sol" as Smith
and McBain have predicted. At 95° the first evidence of & phase chenge
wag obtained. This may correspond to the curd-curd transition or
possibly to the curd-subwaxy transition. The definite location of the
phase boundries cannot be established due to lack of additional
information, but the available evidence would seem to indicate that
this transition is the extension.of the curd-subwaxy transition into
the system. No flat portions were obtained for the 101° isotherm, but
the desorption curve for balence 4 indicates thet some trensition may
have occured; this is further indicated by the shape of the curves
at the higher RVP's. Since the 101° isotherm was obtained so near
the dezdline for the completion of this work, anxiety to include this
information in the thesis mey have csused a"skipping"™ of the phasge
chenge. This possibility hes been pointed out by Shreve and other
authors.

Submission of the thesis at this time prevents the establishment
of sufficlent points to completely establish this area, however the
points obtained appear to be located on the curd-subwaxy boundries.
The points obteined are plotted on the phase diagrem and dashed lines
connected from them to the transition at 114° to show how this
transition probable extends into the system.

Smith and McBain have shown thet the phase rule applies to this
system, but the observations of Shreve on soap-vater systems in which
the transition to a single undevided phase, observable as "flats",
was observed has not been previously demonstrated as applicable to
soep-hydrocarbon systems. It is clearly shown by the 95% isotherm
thet just as with soap-water systemd the phase transitions observeble

as "flats " a pply &lso to soap-hydrocarbon systems.
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Isoberic graphs by Smith and McBain, constructed from the lsothermel
date of Shreve, show that between 80 end 110° there i1s a lerge change
in the affinity of the codium stearate for cyclohexane, Figure 33 is
a similar lsoberic graph. Due toc the unreliebility of the dste obtained
&t saturation, the isober at 100% RVP must be viewed with reservation.
It is clearly seen however that the affinity of the soap for cyclohexane
greatly increases between 95 and 101°. Smith and McBain postulate that
this i3 due to the transition at 98° and the data presented adds further
confirmation to this postulate.

The limitations, corrections necessary, luprovements, etc., of
the experimental method used and also of the apparatus have been discussed

previously in other segtions of this thesis.
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The Data for the Isobaric Curves of Figure 33

Temperatures: 50 55 €0 65 70 75 80 85 20 95 101 110

% Sozp at 205 RVP:

0g 98 98.% 98 98 98 98.2 98 98 98.5 97.5 97

" g% 35% RVP:98

" at 50% RVP:983

97.8 978 98 97.5 977 98 975 975 9% 96.8

o7% 975 977 97R 973 975 973 975 9%5 958

" ot653 RVP: O78 968 97 973 968 97 97 97 963 97 94

"2t 807 RVP:97.5

nat 90% RVP:96

"ot 955 RVP:95

et 100%RVP: 95

96.5 963 965 962 965 96 958 955 95 89

945 95 95 955 95 9085 94 94 915 79

90 935 935 935 935 935 93 96 88 TS

9c 975 91 90 895 91 905 905 77 55

95.%

935

90.2

84

77.5

75

68



SUMMARY
The anhydrous system sodium stearate-cyclohexane has been studied
from 50 to 110°C. using the method of vapor pressure mezsurement
and a total of 13 isotherms were obtained.

From 50 to about 90°C, the system is "Gel—Crystsl and Sol" as
has been previously been predicted. Phase changes were observed at
95° and sbove which are beleived due to the extension of the curd-
subvaxy transition into the system. The probable boundries of thid
phese region are gketched on the phase diagram for this system
and the points obtained are plotted.

The transition to a single undevided phazse obgervable as "flats"
has been demonstrated as applicable to soap-hydrocarbon systems.

Contrary to previocus statements by verious authors, it has been
shown that the isotherms are perfectly reversible vwhen sufficient
time is allowed for equilibrium.

Isobaric graphs are presented which show that between 95 and
101°C. there is asudden change in the affinity of sodium stearate
for cyclohexane which supports the postulate of Smith and McBain
that this is due to the transition at 98°C.

The techniques of the experimentel procedure have been studied

and the limitations, improvements, etc. are discussed.
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The correct use of silica springs has been studied and corrections
have been established for slight variations in spring sensitivity

which enszble extremely sccurzte messurements to be made.
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APPENDIX 120
I-A Typical Calculation of Percent Sodium Stearste

Bslance 4
Isotherm Tempersture= 50°C,

(a) observed length of spring= 9.646 cm.

(b) zero length of spring at 50°C. = 4.553 cu.

(c) enlongation (a-b) = 5,093 cm.

(4) the sensitivity for this enlongation and temperatures
as determined from Figure 16 = 1.053 mm/mg.

(e) ¢ + 4 = load on the balance in mg., ,or

50.9%mm = 48,37 mg.
1,058 mm7mg

(£) subtraction froim (e) of the weight of the platinum
bucket gives the weight of the soap plus the cyclohexane
sorbed, or;

50.93 RE e 25,00 e = 2837 BZ.

(g) the weight of the soap sample used divided by (f) gives
the percent soap , ori

16-18 mac ~ 00 - R 4
2Z.37 mge. 1 69.24 %

II- A Typicsl Calculation of Percent Relative Vapor Pressure

The temperstures of the upper and lower thermostats were determined
by observing the thermometers contained therein. The correct temperature
values were obtained by reference to the calibrstion curve of each
thermometer. The vapor pressure wes determined for the corrected
temperature of both the upper end lower thermostsis from an accurately
dravn greph of vapor pressure vs temperature. The percent relatlive
vapor pressure was then determined by dividing the vapor pressure
existing at the temperature of the upper thermostat into the pressure
at the temperature of the lower thermostat and multiplying this value
by 100.

The calculations are as followss



181
(a) temperature of the upper thermostat = 50.2°C.

(b) tempersture of the lower thermostat or hydrocarbon reservoir = 48,7°C.

(¢) corrected temperature for (&) = 49,7°C.

(d) corrected temperature for (b) = 48.5°C.

(e) vapor pressure of cyclohexene et the temperature (c¢) = 266 mm

(£) v " " no " (d) = 254 mm

(g) percent relative vapor pressure = £ 4100 = §54 Bl x 100 = 95.59 % EVP
e <66 mm

III- Some Ixrrorg which influence the above Calculations
The errors which influence the accuracy of this experiment have
been discussed in other sections of the thesis. This section is Included

to show how the errors previously mentioned were calculeated.

(8) For I sboves
1. The possible error due to the assumptlion of linear response
of the silica spring:

From Figure 18 it is seen thet the point located at 99.6 mg is
off the curve for spring £ by an emount eguivalent to 2 mm, or that
the enlongstion is 2 mm leas then would be expected if linesrity
were assumed, The percent error due to the assumption of linearity

would therefore be & % 100 or Z.11 % for a loesd of 93.8 mg.
95

2. The possible error due to neglect of sensitivity chenge
with temperature:
For balance 4 the spring sensitivity is 1.042 mm/mg at 110°C.
and 1,055 mn/mg at 50°C. for an enlongation of 49.80 mm. This
enlongation divided by each of the aforementioned sensitivities

gives loads of 47.79 mg end 47.20 mg respectively.
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This gives en error in the csleulation of the losd at 110°C. of

Z%%gg—-x 100 = 1.24 %. Celculating the percent sosp as done in I ebove
gives 71.00 % soap for the 47.79 mg load and 72.88 % soap for the 47.20
mg load . Heglect of the sensitivity chenge with temperature would thus
ceuse an error of 1.88 % sosp for the enlongation considered.
%. The possible error in celculating the percent sosp (for the same
conditions as in I above)t
weight (vacuum) of sosp semple used = 16.15 mg.
sensitivity of spring = 1.055 mm/mg
vernier reading accurate to O, 02 m
total possible error in observing spring length = 0.04 mm
1 mg gives an enlongation of 1.05& mm
Oubmg " 0 n " 0.42 unm
004 mg" " " " 0,04 mm
When the percent soap is 69.24 # , then the welght of sosp plus
hydrocerbon is 25.57- 0.04 mg. Since 33-38 x 100 = 69,12 % soep,
then the percentage of sosp 1s thus shown to be sccuraste to
within & 0,12 %,
(b) For II above:
1. The probeble error in determining the vepor pressure from the graphs:
From 0 to 82%C. the vepor pressure of cyclohexsne could be
determined accurately to within about 0.5 mm &nd at temperatures
greater then 82°C. to within about 3-5 mm, depending on the temperature.
At 20°C. the vapor pressure is 77 mm and at 110°C. it is about 1688
mm. The error at 20°C. would be —p3d x 100 == 0.65 % and &t 110°C.

the error would be —Iggg-x 100 = 0.18 %.

2. The probable error in relative vapor pressure as the temperature

varies.



(2) isotherm temperature = 110°C.

vapor pressure of cyclohexsne at 110°C. = 1688 mm

" " " " " 30°C. = 122 mm

" " " " " 51°C. = 127 mm
relative vapor pressure at 30°C. = 0.0723
" n n 0 2%, = 0.0700

percent error in relative vepor pressure for a one degree

difference = 6.50 %.
difference in percent relative vapor pressure for a one

degres difference = 0.47 %.

(b) for a higher relative vapor pressure at the seme isotherm

temperature,
vapor pressure at 102°C. = 1375 mm
n . " 103°C, = 1410 mm
relative vapor pressure at 102°C. = 0.8146
" " n " 1039C., = 0. 8353

difference in relative vapor pressure = 0.0207 (es percent = 2.07 %)
percent error in relstlve vapor pressure for a one degree
difference = 2,54 %,
For an isotherm at lower temperature this error is smaller.In the
above celculation it is sssumed thet the temperature of the upper
thermostat remaings constant, but if the lower thermostat temperature
chenges one degree , then it is to be expected that both thermostats
undergo & change of one degree. In this case the error is much smeller.
For exemple, if the isotherm temperature were 70°C. and the lower
thermpstat was at a temperature of 30°C. , then the percent error in
the relatlve vapor pregsure caused by a one degree temperature
chaenge would be only 0.58 # as celculations similar to the above

will showe
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