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INTRODUCTION

A system comprising one salt and water is, by the
phase rule, a two-gomponent system, and when there are two
phases present, there are two degrees of freedoms Therefore
aﬁ eonstant tempersature and pressure (atmospheris) the
amount of salt in solution should be constant. This however
would hold only as long as no varisble other than pressure,
temperature and concentration come into play, becsuse the
phase rule considers only these three factors as governing
equilibrivm. If then, another factor whiech might be expected
to affect the equilibrium, such as surface energy, appears,
we should expect the predictions of the phase rule to be no
longer wvalid. |
o All liguids snd presﬁmab;g'all solid sabstaﬁaes
possess g aettaiﬁ surface energy, éﬁaﬁ is, & tendeney to
reduce their total surface to a minimum. The surface energy
assooiated with massive solid is small, however, and would
 havékne effest on the equilibriwm. But the surface energy
- inereases with degree of aub&ivisioa so that below a certain
magnitude the surﬁace-enargy of the solid partialés should be
grest enough to affect the equilibrium, and should result in
an in&réase in solubility of the solid.l

Por a given quantity of precipitate there is a
aaximum of eoémon surface for a minimum of particle size and

& minimum of common surface when the precipitate forms a single
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sphere. If the solid body formé two equal spheres the total
surface is 26% greater, while a reduction to onme hundred
spheres would gause an inerease in total surfaee*@f'ésé%.
Bearing in mind the enormous number of pariicles involved, this
might serve to give some ldea of the extensive surface of a
precipitate. |
Many @0lid bodies when freshly precipitated pass

through a filter, but if they are allowed to stand for some
~time in the liquid, the precipitate oan readily be separated
lfram the liquid by filtration. If precipitation takes place
in hot solution, filtration oan usually take place immediately.
In the latter aése +he precipitate is probably just as fine at
first, as in the cold, but atkthe higher temperature coarse
formation takes place more rapidly. In a finely divided pré-
eipitate thédaurfaae.enargy tends to produce a diﬁinutign of
total surface. This means an inufease of partiele size, By
chance all the particles in the precipitate are not of the

game size. This being the case the solution is not saturated
| with respeet to both large and small particles. If it is

- 8aturated ré the large it is less than saturated re the smaller
and the latter will dissolve meking the solution supersaturated
,ie the coarser particles. This results in a deposition of
solid on the larger particles and, as it is usually expressed,
the larger grow at the expense of the smaller. The same pro=-
cess takes-plaee if the solution is at.first gsupersaturated |

with respeoct to the @oarser particles because, as is obvious,



thig condition is one stage of the cycle deseribed above.
These prooesses of solution and repregipitation escur simul-
taneously and continue till the surface energy of the system
has become a minimum. Then, and they only, is the system in
equilibrium and the solution is said to be normally saturated.

By definition a normally saturated solution is one
in contact with & plane surfase of the solute. Theoretically
if the suriaeﬁ were gonvex the ooncentration would be grester,
and would be less if the surfsce were concave. Practically
there is no differencs in concentration between = normally sat-
nrated solution and one that is in contact with ﬂoaiaely eryst-
alline particles of solnte.

Van't Hoff has shown that with allotropie modifica-
tions of the ssme substence, the metastable form, that is, the
form with the greater free energy, has the greater vapor press=-
ure and the greater solubility in all liquids. Otherwise fi@m
thermcaynamiaal eonsidafatiené, it'weﬁld be possible to est-
ablish a paryetnm‘mubila‘. The finer pértieles possess the
- greater free energy and are therefore mnstable and hence will
| &iéselve. to rapracipitate on the woarser particles and thus
establish squilibriums | |

On this reaeaning it should be possible to obtain a
permanently superaturated solution by dissolving extremely
small particles of uniform sizey But this is obviocusly ex~
perimentally improbable if not impossible. Starting from the
other end of the scale, that is from moleoular size, it shonld



A“ be possible to build up enormous degrees of supersaturation.

If there is a definite relation between solubility and particle
size, it should be possible to follow the growth of the partieles
as the métastability of the supersatursted solntion destroys
itwelf, provided of gourse crystallization sets in. Subse~
quently_this point will be disenssed more fully in conneetion
with some data obtained.

In view of the evidence in the litéxaﬁnre% diseussed
later, it was decided to deal more espeaially with the meta=
stable states which must exist as solid preecipitates from a
supersaturated solution. The best epportunlty for such an in-
‘vestigation oceurs with substances of small aelubilityi in
which case equilibrium gomes about with such slowness that it
eaﬁ be fbllowed csndnatometrieally. Sueh solution equilibria,

- must however, be easily attained aﬁd eantinnsﬁ-hgﬁralysis or
6ther degomposition in solution must not oceurs. Por these

~ Teasons we chose to work with 3trontium sulphate.

VA An additional problem presented itsslf just after the
work sommenced. Carsful parsua1 of the literature failed %o
reveal any reeord of the ionie eonductivity of strontium at 30°
Cs, and since this value was nesded in caleulations it was
aetermined experimentally. This work was ocarried oug yprior to
aammencing the problem proper and, due to unferseen expsrimentg
al difficulties, it oaunple& several months.‘,This of course

" reduced the time sllotted for the thesis work, but the con-
sistent results finally obtained afford some compensation for

the time involved.



 OUTLIRE OF PREVIOUS WORK

The effect of increased subdivision of partieles om
 the solubility was investigated by Hulett2¢ Working with
gypsum, he found that with inereasing degree of fineness, the
solubility was greater. He prepared normally saturated sol-
ntions of pure gypsum, determined their eenduativity, then
introduced finaly ground gypsum, shook and determined con-

ductometrically the change in so0lubilitye. Partisle size of

the power was determined with a mieroscope before'intredaeing'

it into the solution. He observed a definite inerease in
golubility which, however, decreased as the partisles grew in
size, and the solution tended to return to normal,

Dundon and w&ekz

continued the investigations Qf
Hulett on gypsums -Thay garried numerouns experiments, using
similar teéhﬂiqﬁa. and resched the sonclusion that'the'in%
creased solubility, which they confirmed was due prinecipslly
 to the dehydration of the gypsum during the grinding process.
"Thgy'ﬁéeida& that the increase in solubility actually due to
partiéle size was smalls It might be noted here that since
:ths partially dehydrated gypsum is the metastable form it
-would have the greater free energy and therefore the grester
golnbility.

Bumc‘iené in a further paper continuves his iﬁvesiig~
_ations, and for a nﬁmhér of salts he finds that solubility

inocrease with greater subdivision of particles. From his

 data he calculates the surface energy of the solids in



question by substituting in the Ostwald--Freundlich equation )
which was first derived in its general form by Willard Gibbssf

In the gase of strontium sulphate he finﬁs'an increase
in solubility but no tendensy to return by more than sbout 2%
from & maximum inorease of 26%. This he attributes to the
formation of a positive colloid and oconcludes that the selution
ie permanently supersaturated. He obtained similar results
with haxium'auiphatzu

Bipgelow and wgimhleﬁ worked on tha'analﬁgens:phsnﬁMP.
enon of enhanced vapor pressure of very small droplets of
lignid, and of amail‘axyatalsg They peint out that the assump=
tions of the well known Thomson equmation are unreliable, and
that the equation is appliesble only within narrow limits snd
only to bodies that asre experimentally measurable.

B Sir William Thomson’ prediets that for a radius of
-Gﬁxvature of lesus than 0.,0012 memes an effect on the vapor
pressure should be observed.

From the equation, the effeet inereases for more
gsuryed au:faaes-anﬂ begomes enormouns when the radius of the

drop approaches molecular magnitude.
8

They quote papers of several workers in favor of a

pogitive effect for enhanced vapor pressure of small drops

and erstals, and increased solubility of small partigles.
Bigelow and Trimble inveetigataﬁ é large number of

substances and obiained no definite guantitative results.



Indeed mercury was thé aniy substance which yielded positive
results, and these were only gqualitative because distillation
of the smeller to the larger drops eeased before the smaller |
had disappeared. They sunggested that the substances wet the
gsurface on which they were deposited, and therefore the droplets

are in equilibrium with the £ilm thus formed and no distill-
ation can take places

Ostwald’ e’
fﬁlxy, buﬁ in a qlosely regulated thermostat no distillation

sulphur experiments were ragea@ed care~

from the smaller to the larger gould be observed. Growth of
the larger drops at %he-axyanse of the smaller was seen to
take place when not ia the thermostat, so that Bigelow and
Erimhleréanaiuﬁaé that Ostwald®s observations must have been

due to temperature differences. Horeover when &istiilatimn
- 414 take place the centre of the large drop: was always eryst-
alline% | ‘ | ,
| Fo sublimation took place between small and large
eryastals of iodine, aamphér and naphthalene, in&imating that

the vapor pressure difference must be very small, even for

minute erystals.
Dundon eonsiders the Ostwald--Freundlich equation,

%2 ‘%.O'g Sa= ;3_9_,(;. - 1)
& ] P r, I,

‘where R is the gas constant, T the'absalnte~temperature; E

the molecular weight of e0lid, € the surface energy per unit
-gommon anxfacaﬁﬁgﬁhe density of solid and S,and S are the

solubilities of particles of radii r,and 1, reapectively,




and on it he baeses his galeunlations of surface enér@ of
solids, admitting that the necessary assumptions are guest~
ionable, He introduces the van't Hoff fastor "i" so as to
gover dissocciated particles.

When one p-articie has a plane surface (normally sat~

urated solution) r becomes infinity and that term vanishes,

The equstion is, by &ﬁbatimting vapor pressure for solution |
pressure {s0lubility) . then the same as that of Thomson, which
is d:téausse& by Bigelow, vige, -

log.P _ 28K
® rern

wimre R is the gas constant, ¥ the Molecular weight* T the
aﬁéelﬂt:e temperature, S the density, { the sarfase tensioy,P,
the vapor pressure of ligquid with _plané surface and P the
vapor pressure of liguid with sﬁrfaw;ﬁnrva:mra rs The

agsumption made are the same as for the M;he:f eqnatibm

Dundon assumes that the equation holds, and indeed,

there is no doubt as to the veracity of the thermodynamiec
f ~ considerations leading mp to it. Bigelow, while not doubting '

- the soundness of the thermodynamie reasoning of the Thomson
n@aticn, which he says: "with suitable modifigcations holds
guite as well, tﬁea\retiaally,, for wvapor pressure of solid
ya.rtidias » 2and for the solmiion pressure of solid and liquid e

particles, as for mper pressure of liquid bodies, "has met in”,

--persistent efforts extending over several years, be'en

sucgessful in finding any gquantitative experimental data

supporting the Thomson equation."  He eoncludes that, "=-=the




gausges and effeots formulated by the Thomson equation are seo
small that they are usuélly obseured or oblitered by other
causes and effects always simultsneously present.”

His results by analogy east some doubt on those of
the other workers. |

It seemed to ms, at the time, that some ambiguity
was introduced by an inecomplete definition of equilibrium, -
Equilibrium is defined as the state at which a system will
eventuslly arrive spoamtaneously, given, if nevessary, infin-
ite time. This onse positulated there aan'ﬁe'aniy'ane concep~
tion of solubility equilibrium ana4this, a8 the phase rule
vequires, will be fixed and definite at any given temperature
and pressure. Admitting the small particle effect, and aeemiﬂé

persistence of metastability of some such solutions, there

ean be no doubt that the solutions will eventumally arrive
at the condition of & saturated solutlon in contact with
coarse particles, that is, a normally saturated solutiom.

It appeared thﬂrefare; of greater interest to leave
~epaﬁ the quastion ¢f increased solubility esused by the in~
| troduction of small particles into an already saturated sol-
" ution and rather to follow the various metastable states
through which a supersaturate& selutien yaaées a8 the salt
precipitates. In this éanneetion it might be well to mention
Von Wiemarn's'® gonception of presipitation of a salt. His

view seems inherently probesble and sccording to him the pro-

cess gonsists of five stages:
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1. Collision of ions to form molecules. .
2+ Aggregation of these molegules to form disperse systems.
3. Pregipitation of the colloid (from sol to gel sometimes)
affected and effected by ions remaining in the mother
- liquors
4. Purther aggregation of the colloid to form visidle
partisles of the solid.
5. Changes of solid particles owing to esontact with the
mother liquor, e«g+ into a more stable form, and
- growth of orystgls.
Lambert and Hume-Rothery™l investigated effects of
variations in aencénhrati@ns, temperature, gation and anien
of preaipitétiong golutions and their results bear out Von
Wismarn's conception of prseipitation. But thay'warkad‘with
-ﬁcamparitivaly strong solutions of strontitm sulphate and
eonsequently the metastable conditions were of short duration,
They observed a time affeat which varied with the anion and
gations They also observed two types of arystals, needles
© and rhombs, the latter appearing in the more dilute solutions, -
while the former precipitated at first in the stronger sol«
utions, but changed to tﬁambs on stanﬁing or when the temp=
erasture was ralsed. Thssalwarkersﬁ,hnwever, give no quante
itative results. Their ”time“giaﬁtarvis presumably the
length of time till visible pr&aipitatiénw,.

Thelir observations of the effect of various apions

and eations must be remembered in eonneetion with this work,
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bﬁﬁaﬁae‘ of "tilxa eontinous presence of ions other than those

of the salt under investigation.




'BXPERIMENTAL METHOD

Supersaturated solutions of SrSO4 were prepared by
mixing equivelent quantities of solutioms of 5rCly and Ko S04
and the spontansous behavior of these selutiops,”%ith respeét
70 eon&uativity and partiscle size, was followed in the thermo-
stat. Separate samples of these selutions were plagced in eon-
ductivity gells and their conduetivities measured immedisately
before mixing, The mixing devige is deseribed later with a
diagram in (Pig.2+) After mixing the stirrer was removed,
roplaged by electrodes and th&'con&uativity measured at ones.
The gradual deereass in congentration of the SrS04 solution
was defermined by the fall in gonductivitys But, as will be
shown sabaequentlé; the danger of c&ntaminaticn from the atmo~
sphere was always great. Itvwas desirable that this possible
source of error be reduced to & minimum, and for this reason a
sariés-of experiments were attempted under redunced pressure. .
They did not, however, prove entirely satisfactory. Since the
amount of air in the flask, at normal pressure, eould not mater-
ially affeat the conduetivity, the flask was saaied with paraffin
vut Qas not evasuated.

FProm time to time small samples were taken f?am the
eell, plaae& on a slide, and exeamined under the micr&saope for
determination of partiele sizé, Other samples were examined
for the Tyndal cone effeet. The process of removing successive
samples from the cell was subsequently deemed unsatisfactory |

and the method was changed.
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Samples were removed immediately after ﬁixing and
were sealed in small eells, whose aesariptién is to follow.
This nesessitated opening the eénﬁnativity gell only once.
The aells were of such dimensions that they could bevplaae&
under the misroseépe and their whole contents examined. But
even this was later cgonsidered unsatisfa&te?y and a third

method was deviged.

A sample of the prepared solution was plaged &n the
gell as before. Another large sample was plaged in a drying
bottle to whose inlet = stop=-cock had been fused and turned
down. This was protected from the atmosphere by a ground glass.
@ap and the bottls placed in the thermostat. PFrom time to
time a few drops were blown over by speeially purified air,
which had been passed through large U-tubes of soda-lime and
. potton-wool and finslly bubbled through gonductivity water in
the thermostat, and examined under the miareéaepe and ultra~
‘microscope. This was the method msed when the gell was sealed
in a flssk, as mentioned aboves

The method of determining the ionie ¢onductivity of
strontimm, the specific conductivity and normal solubility
of sirvontium sulphate appear in the»seatioﬁs under thoss
respective hsadingse

A1l work was carried out in a laberat@fy used solely

for this investigation. Fumes from outside sourses were ex-

eluded as Par as possible.




APPARATUS

All work, except measurement of particle size, was
earried out in an electrieally controlled and heated thermostat,
The regulator was of the usual merquxy—talnane’tyﬁe, operated
through a transformer on a 110 volt A. C. ecireuit, and maintained
a temperature’af 30"+ .92°G. A few drops of light machine oil

- on the surface of the water prevented too much evaporatioﬁ
overnight. The thermometer was checked by comparison with two
standard thermometers.

S5iliea cells of the usmal Kbhlransahkiype were used
and the electrodes were platinigzed.

All flasks in which the solutions remaineéd for more
than a few seconds were of fused siliea, and were plugged with
gorks whlch had been immersed in hot paraffin for several min-
utes end then eovered with tinfoil.

All volumetric apparatus was eslibrated by weighing.

Vessels were well steamed each time before use.

Measurments of conductivity were made by the well
known.mmﬁifie& Wheatstone-bridge method devised by Kohlrausch I%
The conneetions for this apparatus are shown disgramatically
in Fig.l. All'leaﬁs were of heavy insulsted gopper wire, sus=
pended in air or in glass tuﬁes. H, the source of altermating
eurrent ié a microphone hnmmer.by the General Radio Co., placed
fifteon féet-from the bridge, and delivering a frequency of

1000 gyeles. BHligh frequeney is necessary to overcome polar=-

| izstion effectss K is s slide wire of the XKohlrauseh cireular
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typa, by Leeds and ﬁprthrupm T is the telephones and Rl a
resistance of 1000 ohms placed scross them. R is the variable
resistance, consisting of three Leeds and Northrup resistance
bozxes, two of 1 to 11.110 ohms and one of 0.1 to 111.0 ohms.

S ig 3 variable a;r condenser by the General Radio Co., placed

in parallel with R to balance the gapacitance of the eell C,

which contains the solution whose gonduetivity is to be measured,

‘and to permit of abseluia silence being obtained at the point
véf balances. The plugs in the resistance bﬂxés,ﬁ were kept
Eright by cleaning with fine emery eloth and wiping with aleohol
from time té time. |

| Por the detection of‘the first sign of precipitation,
that is the aclzai&alrstaga, an ultrémiarﬂseaya was devised on

the prineiple of Zeigmondy o

using a microscope objective as
& condenser with an ovdinary migroéaape placed at right angles
to the beam, With a carbon are lamp as a source of light,
fairly goéd sensitivity was obtained. For the examination of
particles in the visible region, é,miaroseape with = maximum
magnification of x 2500, ana fiiteﬁ with an oaeular miaiemeter
by Zeiss, was used. |

The cells in which the solutions were placed for
mierosconic ai&min&tiqn, were constructed by sealing s sheet
if mica, with a suitsble hole in it, on an ordinaty slide
glass. 3By smesring the surface of the miea-reund'the hole with
a little vaceline and govering the soiutioﬂ with a cover=-glass,

a quite effective seal was obtained.
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The mica ¢ells varied in depth from the thicknesg of a cover-

glass to sbout three times that amount. Séma were made by
sealing a glass tube to a slide with Canads balsam and grinding

down to a suitable depths The cell used ih detegting the |

Brownian movement was construeted in this manner and was about

. one centimeter deepe The nse of these cells was continued

after the method had been changed, but the liguid was not sesld
in them, and sinee the examination took only a few minutes, and

a new sample was examined each time.

' The device for mixing the solutions in preparing the
supersaturated S5r30, solutions is shown diagramati@ally in Pig.2.
?urifiéa air &ntaré under pressure at i and fareéé the solution
" in B into the cell D via the oapillary tube C, where it is
rapldly and effectively mixed by the mercury-geal serew-type
. stirrer B, mechanieally operated at high speed. F is a very
fine capillary to permit air to aaaapé.v The effieiaﬁay'af
this apparatus was &emanatratea_bﬁ miﬁing 8 solution of potass~
iﬁm.permanganata into pure water, The spread of golor through
the water was instantaneéus. This rapid mixing was necessary
in ar&ar to ovareame local saperatuxatian ag one golution was
»a&ded t@ tha other.

For experiments under reduced pressure a spesially
‘.gﬂvuné stop=cock was sealed to the side-arm of a large suction
flask. PFlatinum leads were sealed into glass tubes and passed
thfeugh & rubber stopper so that the platinum made contset with
the mercury leads of the electrodes of the eell which was placed



pe— = lA

TN

Fz‘g negz

/// %

H

<|

|




17

in the flask, apd the flask evacuated. Conductivity water was
plaged in the flask in order to compensate for evaporation
frm# the solution. This apparatus however, d4id not give sat~
isfactory results, due probably to the evasustion progess, and
0 t&ie experiments were repeated in the same é.ppéfi’?atus, unevac-
uated. ‘Th_e rubber stopper was covered with melted paraffiﬁ and
the flask completely immatseé in the thermostat.



i8

CONDUCTIVITY WATER

Conductivity water was prepared in large guantities
and was used in the preparation of all solutions.
Ordinary distilled water was redistilled thres times;
(1) From alksline potassium permanganate.
(2) From baryte. | |
(5@*?hréugh bloek tin eondenser into a large siliea
receiving flask. |
(1) and {2) were distilled from monax flasks thréugh glass con-
densers, into monax receivers and were allowed to sténd overnight
before distillation. (2) and (3) were proteoted from the etmo-
sphere by sa&awlimaltubaa. The wéﬁe:w&s drawn f:am %ﬁe siliea
flask in (3) through,a siphon so that the flask was never opened.
Tﬁis water, tested frequently, had a syeeifidlaandnetivity of
3 to B x.l@”&‘mhas; and in ealaglations this was taken into con-

gideration where necessary.



EQUIVALENT CONDUCTANCE OF STRONTIUM SULTHATE SOLUTION AT

INFINITE DILUTION AT 30°C

In caleulating the amount of strontium sulphate in
golution we considered it desirable to know the eqnlvalent gon~-
ductivity of this salt at infinite dilution. This value ean .
be ealeulated by the well known law of Kohlrausch;

Noo=1s+ 1y
or in words, the equivalent condumetivity at infinite dilution
of any electrolyte is equmal to the sum of the conduct-
ances of the eation and anion (lg and 1y respectively)s More-
over, 1, and 1y are independent of each other and have constant
values at a given temperature, regardless of the eleectrolyte

from whieh they originste. If, therefore, we know 1%Sﬁr+anﬂ

'l%so == the &esired va1ue will be the sum of these two. But

there was no record in the 1iterature of the ionic econduetivity
‘aaf‘straﬁtium st 30° , and for this resson it was determined ex-

perimentally, using solutions of strontium chloride.

Gonsidering the time spent on this.part of the work

it might have been wiser merely to Qaiibrate aenﬁuativity against

analytically determined smounts of strontium sulphate. But we

were finally rewsrded with consistent results, in gspite of the

fact that the salt*na&&,fﬁzﬂlg) was of neeesei@y a uni-bivalent

A&leetrolyta, Thisvtyyé of eleetrolyte possesses a greater degree

- of electrostriction at measurable dilutions #han does one of the
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mpi-univalent type, and considerable diffieulty is encountered

in arriving at infinite dilution, thet is, the point at which
all the ions participate in conducting the electris current.




{a) EXPERIMENTAL

A complete description of the conduetivity apparatus
used is given in the section headed "Apparatus”. A diagram of
the electrical connections is shown in Fig.l.

Two pipettes were calibrated, one to deliver exactly
£ifty c.c.'s and the other to withdraw exactly that volume.
| The general method was simply that outlined in any
good text on practical physical chemistry, as for instance, in
Daniels, Matthews and %?illiamsl4 . A

To ayoid cumulative errors which might have arisen
from tpe maﬁhod of dilution, (successively withdrawing a volume
of solution from the cell and replacing it with the same volume
of éondue&ivity water,) solutions were made up downn to a con~

gentration of N _ and these were diluted in turn. The determin-

ations were eaitiﬁned £i11 consistent results were obtained, and
it might be noted here that such results were not forthecoming
till the experiménts were carried out in a laberatory“used for
nothing else, where the air could be kept relatively pure.
Throughout these investigations the greatest source of error
seemed to be the atmosphere. To keep a chesk on any error due
to eontamination by the atmosphere, a cell similar o the one
eontaining the solution under investigation, was filled with
eonduétivity'water, placed in the thermostat alongside the other
and g "blank™ was run in conjunction with the experiment propers

The solutions unsed in the éarlier éeterminations were




; éhéake& b§ anaiysis, but sinee the results were well within the
limita’cf experimental error, this was deemed unnecessary in
‘subsequent worke

The cell constant was determined with exactly gﬁ
XC1 and % KCl. The specific conductivities of these sol=

ntions used in evaluating the cell constant were those given

by Kohlrausch. By using two standard solutions, instead of

only one, as is customary, a good check was made.

The patéssium chloridé used was Mallinekrodt's "in~
alytical Reagent" quality« This was placed in an oven at 90 C.
overnight and solutions were made up by weighing.

The strontium chloride was purchased asg 3361216320,
the gquality being B.D.H. "Certified Chemical.”™ This appesred
to effloresce dnriﬁg weighing and so was completely &ehydrate&

in an oven at 90°C, and solutions made up from the dried s=alt.
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{b) CONDUCTIVITY DATSL

The data obtained in the above expeviments is con-
tained in the fables below. The figures in Tsbles 2 and 3
were oaloulated from those in Table 1l.
Thé graph in Pig.3 was obtained by plotting equivéi-
ent conductivity against dilution, that is, the nnmber of litres
containing ané equivalent weight of salt (8rCly). These fig~
‘ures are listed in Tahie 1;_ On a large scsle ggégh the ocurve,
when produced, appaare&.to_appraaah1\1=150'asymﬁtetieally,vinq. ’%32
dicating thatl\;lies very)elose to 150.

TABLE 1 ,
Equivalent Conductivity of Strontium Chloride
Solutions at 30 C.

. Congentration in Dilution in litres. J/L

equlivse. per litre. , v
1+0000000 1.0 87.30

0. 5000000 2,0 95.70

» 2539@ : 4.0 1@2&3@

« 1250000 o 4 8.0 107.60
«<062B000 1640 115430
»0156250 64.0 128,70
«0078150 _ 128.0 133.40

« 0099300 100.7 131.21
«0049650 ‘ _ 201.4 135,38
«0039060 26640 137.6%7
«0024820 } 402.8 139.80
«0019580 512.0 - 141,07
«0009785 1024,.0 144,17

= 0004882 2048,0 146.67

» 0003107 3222.,4 148,04

« 0000777 12889,6 149,00
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A closer appreximaticn te./\ﬂban be obtained by plat—
ting A-v against’\r— ags is suggested by Krausls + Where C is
the concentration in equivalents per litre. Extrapelation of
the curve, thus obtaine&,'tdin;;ﬂ gives a very close approx~
imation to.jL”siﬂ@e the curve has to be produeed only s com=-
paritively short &istance. It will be noted that the eurve in
Flged has the general shape bf those pictured by Kraus.

J\°’ab$ainaﬁ in this manner is 149.8.

TABLE 2

Data for Curve in Fig.4.

1+00000 ' 87,30
0.79370 95.70

«63000 102430

«50000 107.50

39650 115,30

«31500 122,52

«2B000 128470

21500 . 131.21

«17060 135,38 v L
+15750 137.67 ' i
«13550 139.80 = »
+12510 141.0 7

«09921 144,17

«078%74 , 146.67

« 06773 148.04

+02495 - 149,00
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A third graph was plotted with ‘GV 0 as absgissa and
1 ~ g as ordinate, where J/ is the number of ions into which the
molecule dissoeiates {3 for SrCly), C is the number of equival=
-ents of salt {8rCly) perl‘itre, and g is the osmotie goefficient,
defined as the ratio of the actval osmotie pressure to the ideal
pressure whieh would exist if the solute were completely dis~-
sociated and no interionic attrastion existed. Then

g=2 = ;’.}s i where i is the van't Hoff faetor
‘Pl ’

1{1+ 2 Mv)
: 7 =0
The advantage ‘af this method is that it requirese the assump»
tion of the wvalue farﬂnebtainaé from the pregeding graphé,
and for the correet value of Moo the surve must pasg through
the origine This is obvious from the definition of §. At
infinite dilution/—'/[\';{- becomes 1 and g #&s therefors Izam;_ﬂ also
at infinite dilution G is zero.
~ This cwrve was plo tted on a large scale and a smaller
reproduetion of it is shown in Pig.5, and the data aalﬁulatéd
on the assumption that -A~=149~.%8,. is gontained in Table 3.

The ourve supports the assumption.



TABLE 3
Data for Curve in Fig. 5.

‘ J,G : | 1-g |

3+ 000000 0.2780
1.500000 <2404
0. 750000 «2107
« 375000 « 1877
+187500 +1533
« 093750 : , « 1307
+«046875 «0937
«029790 - «0817
«023430 «0727
«014895 20633
«011700 o <0537
«007447 . +0442
«005858 +0375
«+00B929 «0240
- 000232 « 0033
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Hence the equivalent conductivity of strontium
chloride at infinite dilution is 149.58, at 30 C.

The ionic conductivity of strontium at 30°C was eal=-
culated, by the Kohlrausch law, mentione&lpreviously. The
ionie eondnctivity of 61- at 30°was obtained by interpolating
the plots of the_figﬁres taken from the Smithsonian FPhysical
Tables, and the value so obtained was, 191~==84g
From this 1t was cslculated that 153+ 8t 30" is 65458
;%ﬁcégp was determined in s mammer similar to that for 1oy~ and
wag found to be BB.

The equivalent conductivity of strontium sulphate,

- then, is
,, Y350, + Mgeo =Aw%31_50 . 15358

. 4
at 30 Cs
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SPECIFIC CONDUCTIVITY OF NORMALLY SATURATED

STRONTIUM SULPHATE SOLUTION AT 30 C

The value for the specific eonductivity of normally
saturated strontiuwm sulphate solution was essential in the
calcoulation dealing with the decreasing eoncentration of stron-
tium sulphate in the supersaturated solutions. This was det~
ermined experimentally.

Strontium sulphate was prepared by precipitation from
hot solutions of strontium chloride and potassium sulphate,
using a slight excess of the chloride. The strontium salt used
was the same as that described previously (B.D.H. Certified
Chemical)s - The sulphate was Malinkrodt's C.P. guality and was
orystallized twice from aon&uativity‘water and only the second
erop of erystals used.

The praeipitate was washed several times by degant-
ration, trangferred to the filter and washed with hot conduot-
ivity water ti11l the filtrate gave no clouwdiness when tested
with silver nitrate. . Excess of this Sr80, was placed in the
gell with conductivity water, stirred for about two hours in
the thermostat, sllowed to stand for some time and then the
conductivity was taken. The solution was then poured off,
fresh conductivity warer added and the process repeated,

This resulted in a large drop in eoﬁﬁuativiiy and as the pto-

cess was continually repeated the drop became 1ess,aaah time,



Eventually when only a small decrease was observed a variation
in method was adopted. This consisted of stirring the solution
rapidly while keeping the temperature just below boiling, then
allowing to cool in the thermostat without stirring, and meas-
uring the conductivity after the solution had stood for some
time. By alternating these processes s constant value was ob=
tained. As a final test, excess strontium sulphate which had |
héan,tﬁeataa no less than twenty~seven times in the above man~
ﬁé;ﬂﬁé%*é&ééa'ta conduetivity water and stirred through a mer-
aﬁzy seal avarﬁight in the thermostat. After standing for sev-
T aral haurs'ihe eonductivity was found to be in exesellent agree-
ment with the results obtained in the above. "

| As a result of these experiments the specific sondue~
tivity of normally saturated strontium sulphaete was found to be

K = 162.6 x 100

18 gives X [specific eonduectivity) for

Kohlraunsch
saturated solutions of strontium sulphate for various temper~-
stures ranging from O to 32.26" C. Interpolation from the plots
of these points indicates a value of

K= 165.1 x 10

at 30° Ce
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NOBMAL SOLUBILITY OF STRONTIUM SULPHATE AT 50#3

ﬁhﬁ literature reveals figures for the solubility of
gtrontium sulphsate in water that are somewhat discordant.
Fraseniual? gives 0.0146 grams 3r50, per 100 grams of water.
Walfmannla quotes a nnmbarlof other determinations from pre-
vious workers, all aisaordant, and he himself earried out a
nunber of determinations; his figure: for 30°is 0.016 grams
Srsoélper 100 grams of watere Kchirausah‘slg figure for B2,5°
18 0401143 gramé'Srséé per 100 t.g¢.'s solution, and at O ie
' 0.0114. o

This determination was repeated by evaporation of
some of the solution prepared as deseribed in the preceding
geption. BO éwe,'a of the supernatant 11@&1& &ere evaporated
in an ignited'plaﬁinﬂé dish and afﬁerwarda heated to dull red-
nesse This gave 040128 grams per 100 c.c.'s of solution.

Assuming as a‘firsﬁrappruximaticn that the stréntiumk
sulphate possesses its méximum equivalent eonduetivity, viz.,
15348 mhos, as determined by ug, we obtained 944 litres as the
volume gontaining one graméequivalént weight, by dividing the
specific conductivity of normally saturated Sr304, 2lso obtained

by us, into the equivalent condumetivity. This works out to

0.0097 grams Sr304 per 100 c.c.'s solutions The equivalent con-

dunetivity, however, is undoubtedly less than this, due to the
very nature of a §i~bieiactralyte, and hence the amount of
Sr804 in 100 c.o.'s of solution must be somewhat greater thanm

0.0097 gramsg'
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RESULTS

The resultsfef the series of experiments on precip~
itation from supersaturated solution of strontium sulphate
are summarized in Table 4. The headings of the columns are
- gelf-explanatory except perhaps, column five. This column
gives the degree of supersaturation in per centage. "Actual
Sr30," is the specific conduetivity of the solution minus the ffi
specific condustivity of XKC1l at that concentration and temp-
erature. "Normal SrS04" is the specific conductivity of
normally saturated strontium sulphate solution. This method
of caleulation is permissible on the sesumption that for
smsll chapges in concentration the degree of_&iaaoaiatidn is
constants. The third column gives the specific eondﬂativi£y x 196

of the supersaturated solution.




‘ : «‘E‘a.bl‘e‘ 4
Supersaturation Experiments.

%xpt* Timg after SPE gond. gsan Agtual Pgrtiale Observations,
0 mixing, x 10 onds of Br 804 . 8ize.
' : unmixed ﬁbrma% x 100
solufions Sr S04
e gl gniggeln a,_ . ....__,_“. o>, sitoipooit ool e ol ot e
1 0 43647 = 439.7 28.4 no change after
, ' 19 hours.
P 0o 478.1 473.9 42,1 Increase in . .
19% hrs.  483,0 . sondustivity
- : - after 20 hrs.
13 days 59940 ' " due to atmos=
' pheric COgp
3 0 , 467,56 - 4BB.8 2l1l.9
20 hrs, 4715
4 0 489,9 50643 35,3
19 hrs. 489.9
66 hrs;, 492.0
5 o 2604 | ot | after 30 hra.
' On immoculatim
Tyndal beam im
- . midiately app=-
15 days ‘ sared and parg?
2 . 8846 : 9,35 «3Mand isles appeare
22 days 488, '_‘. iégg to to increcase as
a few they fell thrn

about 10M solution.

2¢



Table 4, (gont'd)

Supersaturated Experiments. -

Ex@t. Time after Spi- gen&. Mean Agtual Particle Observations.
Ro. mixing. x 10 Conds of S804  jop sSize.

unmixed Tormal

sol gions Sr304

& 0 844.3 sﬁs.v 98,5
18 hrs, 650.0 S ’
45 hrs. 66240
20 days 63640 , up to §u Spontaneous cry~
' ‘ ' stallizdtion at
free surface
7 | 891.6 920,75 1856

18& hrs. 89240

41 hrs, 892.0

18 days - 72244 * 316 - /w Crystals formed
- ' « on surface.

en snr-
fage 7.0
8 ' 1327 1409 228,4 ,
17 hrs. 1198 » 14840 Spontaneous
21 1175 133.7 ‘grystallization.
243 " 1157 , 12247 ’

{over)

4%



. (sont'd)

Superssiurated Ixperiments.

Expte Time aftor sP,egua. Mesn Aotual Particle Observations,
Nos mixing, x 10 Cond of Sr804 » 100 Sizes

unmixed Normal
solu gions Sr$64
x 10 o ,

-8 (aont' a)

43 hrﬁ; 1103 89,50 -
65% . 1093 ‘ 8335 4,5 4 to Cell opened, Saum

1070 69.20 4,8 s on surface. Removed
. ' //L gample of this and
under mieroscope
found t6 be crystal
line particles
irhembs) megsaring
. to 4.
Goﬁé%htivitﬁf;aksn
after elosing cell
and found to have
increased by 1.5 mm
on bridge == due %o
agtmospheric contam=~

| ination.
1059 62443 ; Cell opened == more
1041 51435 }W‘* Bl ,S0um =« Sample exe
1050 “ amined -« perfect
1070 . little orystals

10 add 15/% » Hadér"‘
ity abeut/}uv- @u.

141



Expt. Time after

Table 4. (eent'd)

snpereaturated Expetimenta.

z Spiegend; Mean Agtual P?rti¢le Observations.,
0s mixing. X 1C Cond of Sr30, no. . Size,
g unmixed Eormalx 00
soltgions Sr30,
Thought peeg«
ivle that ery~-
stals had fore
med on surfage
because of nu=-
¢lei in atmose
phere., Tried
adding toluene
9 0 1403 140548 - 86441 Introduaed tol-
30 mins. 1353 243456 uene immediate
ly after first
- 18% hrs. 1240 174.0 reading,
24 0 1220 161.7
41% 1167 128.8
90 1106 91,33
114 1091 85415 |
Removed elect-
rodes ~- no vig
ible erystals
at interface.
Replaced eleg~
138 hrs. 1084 77:8 trodes and
165 av 1061 63,65 shook well,
20 days 1051 B7.4 2}; to
: 8 o Crystals depos
Val ited on walls

of t.t. Some
crystalline

aggregates, ‘

115



Expts
ﬂ@m

10

1

Time after

mixing,

0 hrs.
24 "
96 "
12

Sps
x 10

549,
548,
535,

529,

| Table 4. (cont'd)
Bupersaturated Expirements,

gandi geag . geggal

' wONds O k4 ‘
unmixed Torms1* 100
solugions SrS0,

X 10%

0 560,8

51.6
0 ~ 51.0
5 o 43,3

b - 29,6

Partiocle
gslze

Observations,

Cell in sealed
flasks )
Vivid Brownian
movement observe

ed. .
No vieible part-
leles to date.

9¢
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DISCUSSICHE

With the lower degrees of supersaturation no change
in conductivity was observed after & period of two days.
These solutions were assumed to be truly metastable (not

labile) as in the oase observed by Dundon®C, They were

storéé‘away in silica test tubes, stoppered in the manner

described under "Apparatus”. At the end of several weeks

these solutions were examing& and the conductivity was found

to have fallen almost to that of a nofmally saturated solution,. QQQ

- the difference being due probably to contaemination. .éhey ”

2lso exhibited s proﬁouneea Tyndal beam, and corystals found

at the bottom and adhgring to the sides of the test tubes,

when examined under the microscope, were found to be dis-

,ﬁinstly crystalline (rhomie) and of megnitude varying from

4pto 10m . | B |
Por the more concentrated sclutions growth of erystal

at the surface is mentioned. This was considered due to in*v

noeulation at the surface by nuelei in the air, and one ex-

periment was carried out ?ithvthe gurface of the solution cov=-

ercd with toluene, COrystals, in this ease.}ai& not appear at

the interface but they appear at the bottom of, and adhering.

to the sides of the test tube. The rates of fall of conduet-

ivity for the two solutions (with and without toluene) are

the sasme. Thés would indicate that innoculation from the

air does nai’materially affect precipitation, {(as indieated

by the fall in cqnduativity), at the higher eoncentrations,.
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But such well develop erystals as those formed on the sur=
face were not observed in the body of the solution.
It will be noted that in every case the specific con-

ductivity of the mixed solutions is less than the mean of the

- 8pecifiec conductivities of the unmixed solutions. This may

- possibly be connected with the higher electrostriction of an

electrolyte like strontium sulphate. It will be noted further
especially for the soluntions of lower concentration, that a

slight rise in conduetivity is shown during the course of, in
some cases, several days. This was sttributed to contamination;
and to eliminate this it was proposed to repeat the experiments
at the lower concentrations with the eell in a sealed fiask.
The experiments in & vacuum were intended to averﬁﬁme this
also but, as mentioned before, thecze were unsna@essful due to
svaporation of the 3olvent and therefore are not recorded in
the Table.

Lack of time prevented complete investigation of the
lower concentrations with the gell in s sesaled flask, but
the experiment recorded as no. 10 in the Pable, although in- .
complete, appears to be progressing favorably, and there
seems 1o be prospects of successfully fallewing,the agourse of
precipitaticn essentially as outlined by von Wiemarngg. After

a period of apparent metéstability the aon&uativity‘deara&ﬁe& :

8lightly and 2 well defined Brownian movement eould then be

observed. At the time of writing no mieroscopic particles

have appeared but should do 80 in the eourse of a short time.
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-~ Although the work on spontaneous erystallization is
not yet complete the following coasideraﬁions emerge.s
Slightly supersaturated solutions,after a pericd of

apparent metastability, evéﬂﬁually crystallize spontaneously,
'This may be due either to the region of true metastability
hav1ng been exceecded and that of spontaneouns erystallizetion
entered, or it may have been due to accidental innoeunlation.

In connection with this point, Ostwald has shown how very dif=
~ Picult it is to obitein, and msintain an atmosphere entirely

free from nuslei, either of the substance erystallizing or of

gsome isomorphous substance. By now the atmosphere of the lab-

oratory is doubtless impregnated with strontium sulphate nuelei.

Immediste spontaneous erystallization set in at a
degree of supersaturation of about 75%. #ven then the arys-
‘tallization was very slow end normal saturation was not at-
tained after eightéen &éys.. This is no &cuﬁt connected with
the comparatively high degree of dilution of all solutions
used(maximum concentration used was 0.005 N.). Under such
esircumstances, impaéts'between'sf+* and S04  ions will be
relatively rare. 'ﬁhen the fall of conductivity is plotted
against time 8 smooth curve is obtained which agproaehes nor-
mal concentration asymptotically#~

4As far as the gradusl growth of particles with a de-

areasing'degree of supersaturation is concerned {of. von
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Heimarn's hypathesis), no evidence of this has been found
‘in the more concentrated éolutions;' #e have always observed
A'that solntions of a still eamparatively high aegrée of super-
l saturation develop large'grystalline rhombs, of magnitude sbout
%f&& nﬁéscempanie& by very small partiecles. Neither have
the needle forms recorded by Lambert and Hamaﬁﬁetheryzl been
observed. This however, is probahly due to the low coneen~-
tration of solutions used. ‘The process of preciyitaticn in.
ouy more-conaentrate&_salﬁtiens appeared to proceed by the _
continned growth of & relatively few large.partiolas. |

TQ complete this investigation further work should
be directed towards the less supersaturated solutions where
- spontanecus erystallization appsars -to sst in ehly after a
- period of induetion. It might be possible to obtain & slight-

1y supersaturated solution whose pericd of induction extends

over several months or even years. Unfortunately, lack of time

prevented further experiments along these lines. |
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