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SUMMARY .

In a kinetic study of the crystallisation of
sparingly soluble salts from supersaturated solutions
the dependence of crystal nucleation in spontaneous
growth on such effects as the geometry of the apparatus,
the purity of the solutions, the previous history of
the water etc., warrants the use of the more
reproducible method of growth by inoculation with
seed crystals. This method is used in the present
work.

In an adsorbed layer theory suggested by Davies
and Jones, growth and dissolution are described as
non-reciprocal processes. The theory has been su
successfully tested in growth and in dissolution work
on silver chloride, a 1-1 electrolyte and silver
chromate, a 2-1 electrolyte.

In the first part of this thesis the study of
the dissolution of silver chloride was extended to
solutions of non-equivalent ionic concentrations.
These conditions effectively alter the ion distribution
in the layer, the ion in excess in solution being in
excess in the adsorbed layer. As in equivalent ionic
concentration conditions, good first order kinetic
pPlots were observed in accordance with the theory of

diffusion control in dissolution reactions.



Parts 2a. and 2b. were designed to test the adequ-
acy of the theory to include 2-2 electrolytes.
Magnesium oxalate, a fairly soluble salt, forms a very

stable complex in solution,

Mg*+ + Ox**~ 4 MgOx.

The theory of growth requires that a second
order rate equation in ionic concentrations should be

obeyed,

- — = k(m - mO)™

dt
and in spite of this complex formation, growth was
explained by the theory at equivalent and non-equivalent
concentrations and in the presence of adsorbates.
Considerable retardation was observed in presence of
adsorbates and from a Langmuir adsorption isotherm
treatment of results the observed rate constant
approached a limiting value as adsorbate concentration
was increased, illustrating that adsorption occurred
only at specific crystal sites. Crystallisation was
followed by conductivity, titrimetrict and photographic
techniques. Spontaneous crystallisation was observed
at supersaturations above a certain limit, but could
be eliminated by increasing the seed concentration,

The rate of growth was independent of the increasing
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At firet sight the growth and dissolution
of srystals may be considered to be exaotly
reociprocal prooesses. That this is not the oase
becomes apparent on referring to the relevant
literature. On the contrary both phenomens are
individusliastic and so complex that many conflioeting
idsas and theories at present prevail.
| Both processes are heterogeneous in oharaster
and a general approach to the possible features
involved in the mechanisms has been outlined by
Biroumshaw and Riddiford ls, These authors amsider
the ateps at a crystal solid-solution interfsce %o
“be five fold, and either crystal growth or d:?&aéolutiua
soours depending upon the relative rates of these



steps. The steps involved aret-

1) Tremsport of solute to the interface.
2) idsorption of solute at the interfaos,
3) Chemieal resction at the interface,
4) Desorption of products from the interface.
5) Trensport of sclute from the interface
%o the bulk of the solution.

Steps 2, } and 4 have been combined to give cme
overall interface step by Davies and Jomes 2+3 so
that in orystallisation, 2 is faster than 4 and vice
versa for dissolution. This three step mechanisn is
used throughout the present work. Bircunshaw and
Ridd4iford elaborate upon the relative rates of step
4 With respect to 2 for erystallisation. If ] is
faster then the rate of thae reaction is contrelled
by the slow interface step, and diffusion is the
eontrelling step if 2 is very much faster than 1.
A direot amalogy can de drawn for dissclution if the
relative rates of steps 2 and } are compared,
Asainilation of the solute units into the orystal
lattice during growth and the reverse proceas in
dissolution is not cansidered, but it is generally



accepted thet suitable sites for growth or dise
solution are kinks in dislocations or molegulay
$erraces as desoribed by Burton, Cabrera m Frenk 3’.
For exsmple more rapid growth afber etohing lithium
fluoride orystals, which may be consldered 0 introe
duoe dislocations, was described by Sears 4*: and in
the growth of barium titmte; whose orystal strusture
is of a butterfly wing, de Vries and Smrs5 obagerved
thigkening on only the side of the crystal which was
etohed., Johnson and O'Rourke 8¢ and Fielsen T
however, Bescribe and prefer a process of two dinmene
sional surface nucleation whioh had previcusly been
outlined by Decker and D¥Ying 8, . This theory does
not sonsider growth to prooeed continucusly by a

serew dislocation, but rather by fresh nucleation on
low index planes of the crystals,

Apart from the mechanism ocourring on the mrfm.
and necessarily involved in step 2, there is son=
sideradble controversy about the mechanism of depomition
snd removal of solube moross the interfaoial boundary.
This espect is of importance becsuse of itm direcs
application to quantitative inorganic analyeis,
Sonsegquently the Bulk of the work has been done on



precipitations which involve apontaneous orystallisation.

Ostwald 9+ originally desoribed two regions of
supersaturation: a metastable region where orystallis-
ation ocourred only By inoculation with seed orystals,
and a labile region wherein spontaneous orystell-
isation was rapid. FPrecipitations fron the labile
region followed kinetieally, often show an induoction
period where nucleus formation is proceeding. It was
concluded by von Yeimarn 10+ that the rate of preoip-
itation end the number of particles was proportional
$0 the degree of m;:em@umtian at the time of pre-
oipitation. A similar idea suzgested by Ghﬂatiansm
and Nielsen 1ll. was that the time of orystallisation
waried inversely as some significant power of the
initial concentration.

f‘uwmr these ideas are considered to be inadequate,
and other fectors must a’fect the rate. Turnbull 12.
suggeats that the rate is highly dependent on the sise
of the initial particles, and Fischer 1l3¢ stresses the
importance of induced nusleation. 3Such items as
dust, mechanioal shook, age of solutions 14., previous
history of the water used in prepsxation of solutions 15.
and the physiocal mtate of the container all affect the



tine of nuoleation of particles, Fischer goes as far
as $0 say that pure homogeneous neoleation cannot bde
achisved,

If we consider spoataneous orystallisation %o
oocur purely by homogeneous nucleation and growth,
then the problem is whether or not these nechanisns
exist concurrently or comsecutively. Colline and
Leineweber 16+ in a idnetic study of homogeneous
precipitation of barium sulphate by conductivity and
light ssattering techniques, favour the consecutive
timeing of the mechanimm. Huolsation, they say,
eocurs in an initial burat and is subsequently followed
by diffusion ocentrolled growth, This view is
shared by Turnbull 12s But subsequent growth he
desarideas as being interface controllsd,. Danning
and Fotley 17+ dezoribe a method for arresting nuoe
leation and following the two consesutive nechanians
individunlly in the growth of oyolonite crysials.

On the other hand, Christiansen, Nielsen, Johnaon
and O*Rourke , and Xolthoff prefer to describe the
moleaticn and growth mechanisns as consurrent,
moleation being gradually elinminated as the auper-
sataration is depleted by the growth mechanism,

cxneon and O*Rourke 6+ by evalusting a chrencmetrie




integrel for both mechanisms working simultaneocusly
arrive at & fourth order kinetic egquation, a result
which is in agreenent with experimental results on
barium sulphate precipitation observed by Hielssm Te,
Barlier work by Christiansen and Hielsen 13 hed
desorided the rate of nucleation alone of barium
sulphate as an eighth order reaction,

where £ = time of precipitation
¢o = initial concentration,

and the power of eight was explained as deing the
aunder of ion species present in the corystal nucleus
or germ, whish could withstand thermal efieots eto.
end initiate the growih process, That equation )1)
wmas gensral was proved by applying it to results
for silver chromate (Christiansen and Mielsen) and
for ealoiun fluoride from experimental results obiainsd
by Tovderg Jensen 19« when the signifieant numbers of
ions in the germ and in the equation were 6 and 9
respectively.

fork by Kolthoff 20« on growth of lead sulphate
orystals desoridbes a phenomenon of self inductien
sherwdy nmuolei formed in the earlier stages of the



preoipitation oan promote the formation of new nuclel
before mucleation is completely suppressed. A
ginilar effect has been odserved in the present work,
that even when saeed ¢orystals are added to inegulate
growthy necleaticn can be induced 1f the consentration
of the seed is insufficient to accommodate the
initial growth surgs.

Bverything conaldered it would appear that elugie
dgtion of the kinetics of spontaneocus crystallisation
is sxtremely difficuls, without considering the oo
- ssquenaes of induced nucleation. Reprodusidbility is
vary diffioult if not imposaidle, end a more sypatematic
method of studying orystal growth would be %o |
slininate nmuoleation entirely by inocculating solutions
of supersaturaticn in the metastable region by addition
ef suitadle mead arystals,

Thia method has been exploited by C.¥. Davies and
his cowworkers on the kinetics of erystallisstion of
#ilver chloride from supersatursted solutions, at )
squivalent and noneequivalent ionic concentrations 8e,
% 4ifferens temperatures Zl., under the effect of
foreign ions 22., and a study of the delayed orystall-
isation in the presence of these foreign ions 23+




Howard and Nancollas 24« studied the preoipitation
of gilver @hmaﬁa; and these resulds compare
favourably with the abaemtim made in ths silver
chleride wori in whioh a surface resotion is probabdly
the rate controlling step.

This thesis is in three parts, The latter
two parts deal with the iineties of crysiallisation
of magnesiunm oxalote and barium sulphate to teat the
adeguaoy of the existing theories of incoulated MQ

Dissolution is much simpler and the mechaniem
is one of the molute unite in the orystal lattice
aoguiring, at the interface, a solvation sheath and
their subsequent diffusion away from the orystal,
This phenomenon hag been observed for many years, and
remuits show the mechanism to be diffusion centrolled,
In the general ploture of heterogensity, step 3
would be mlow compared o step 2, and hence rade
sontrolling.

As o test for this theory part one of the
W work wae done. It deals with the dissclution
of ailver chloride intc aubsaturated solutions, at |
sguivalent and non-equivalent ionie ooncentrations.



salpbnte Tron supersotumied soiutions, md the
ddanoludion of sllver chlordde aryatals into subw
suturated asolutions wore stulied By the ohange ia
gonduativity obsorved whan the appropriate sesd
oryatels wore added,

In addition, Yhe opryeinllisation of oepnesiun
axalate woo followed by e titrdoetrio teohnique, weing
gtandard potasolu: permmnganate or disodiwn ethylente

S

danine botronoetntey and by & rhotographio teohnigue.

Resiatonoes ware measured on an a~0 gorecned
sheatatone Hotwork of the type Jesoribed by Jones and
doneph Ve nna Medlovely 26+ mnd medified to minimise

industanoe and eapacidtance effootn in the construotion
of vavious parts of $he bridpe olrouit (fig. 1)s

B wae the conduodivity cell and Jo, & Julliven
femeresctive resisbasce box reading from D $0 |
The mtle arme By and Ry were supplied
M0 ohen Sullivan nonerencoiive slide resistance,
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by two goncentric dials. The ocutput from the bridge
was amplified before pmasing to the eapephones By &
two stage high gain mains operated Sullivan amplifier.
A mains operated oscillator, {Advance model Hel) was
used at a freguency source of 1000 oyvles per second,
-belng the optlmunm fmquméy for aural detection.
Leads from the oascillator to a halanced and soreened
Sullivan transformer were soreened snd earthed., The
tranaformer was designed to soreen the supply source
frem the bridge without upsetting the balanoce of the
latter to earth. Further gereened, earthed leads
sonnegted the tranalormer to the bridge, The sharpness
of the sound ninimum in the deteotor was improved oon~
#iderably by earthing the bridge, A modified Wagn
sarth desoribed by Jones and Joseph 25« ensured the
telaphone earpeice being maintained at ground potential,
thus eliminating any leakage of current due to the
enpasity between the telephone coils eand the operator.
m Wr earth is represenied by the resistances
Bs, y. the contact g, and the variable condenser (g.
The bridge was balenced in the nsusl way, and the
doeteotor D was sonnected te ground by switch gg, B was
;round potential by adjustment of the

11
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oontact g  The bridge wma again balanced and the
process repeated until no change in the sound mindmum
wne obmerved, between suocessive nmeasurementa,

The oell itself behaves aa.a~aoﬁﬁanaef, and
eapacity effeots arising fyom interaction bobween the
electrodes, and between the eleotrodes and the cell
 wall were slinminated by belansing out against a
Sullivan decede stable mica uondenser reading from
0 to 9&@1}&?; sonneqted moroes either By or A2.

The ocell was brought into oireudt via two
. eopper leads stretohing from the platinum - nereury
eontacts of the electrodes ﬁ@ meroury cups supported
in the thermostat, The copper leads were of squal
leongth %o compensate for resistance effscts, am were
the sopper leads from the mercury oups o the
resistanges box Rps The mersury oups wore maintained
at the same demperature as the cell %o prevent heatd
interchange betweon the room and the gsups, The
conestions to the oell and the resistance box aould
be interchanged by mesns of a mereury cormutator of
the resking type. When water and solutions of high
resistancs were being messured, a 1a;@@® chny BOtw
astive, stasdard resistance wmas comnnected in parslilel
with the cell.
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In praotioe, the sebting of the Wagner esrth
once :t‘amé; could be kept constant and any slight
“deviations from balance oould be easily compersated
by the mioa condenser,

Because of the relatively high solubiiilty of

ngnesiun oxalate compared to silver chloride and
barium sulphate, it was neosssary to prepare solulions
of high concentration in the cell. The Wheatstone
network desoribed was inaccurate in solutions of sush
low resigtance, and o trensformer ratic ars dridge 27
- {(Wayne Kerr Universal Bridge B221) wao used,
Hereafter referred to as T.R.i. Bridge.

The basio civeuit of the T.R.a. bridge 1is shown
in Ligure 2.
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P

m NN & 6on
no40OmM4AmMO

Bn 48 an unimown impedance, and Zy o varisble
standard lupedance. I3 is & voltage transforwer,
%o the primery of which the scurce of a.0. i#
sonnegted, The secondary winding is tapped %o
give sevtions having H and [p twms. g is s
urreant twensformer, the primery of which is tepped
%0 give oy, and pis turns and the sesondary of which is
couneeted to the deteotor,




Atmming that the itransformers are maa;., ﬁl
18 adjusted to give null indicatiocn in the detestors
The detector ism a tuned twoestage amplifier .

mrpamw a sensitivity oontrol, with a mm -

"shadow *meglo eye" assosinted with each am» |
‘Palance 1s indicated by meximum shedow, '
Under these conditions mero flux is pmﬂﬁﬁﬁ '

in the eurrent transformer, and there is therefore

' no voltage drop mcross its windings. The detsotor
'sides of both the unknown and standard maamu
are therefore at neutral pawmmu

© IZ the voltage scxoss the mﬁmmanaam
sides m %u and E,. mapwt&mw, then

xn.-.‘é:ﬁ- v me s

mﬂamwmﬁmmm, mmmm
mm e tuIng matsu nmu

t’é Tuefy . ow Iam |

5 B, B ..
oy . Bg - 3 m S

]

and for an ideal tranaformer, the voltage rasio is

15




aqm te the *bma rntlo,
e e . o .
A .....:i.. . ‘""‘3"’& &
u. v fn &
M PR ,_ - o

%mu by mz’%ms tappings on tha twa Wamm,
& wide rangs of measurements can be onrried outy

Transforasrs are not hquw, idesly but omn
be omnsidered to be wo for the purpose ol ;Bhbv]#rwgw
| &‘Mﬂ;aﬁ.aﬁim logs in the ‘w}.‘ba;g:p* tranafornes ’mrél.v
reduces the sensitivity of the bridge sud osn be
oonpensated by inorensing the gain of the deteators
The windings are precigion wound, all the twms
asbrasing the asne flux, 20 the raiic of induced
voltezes is accuretely equal 4o the turne ratio.
Voltage drop in the windings is found to introduce
mly negligible errora, , ,

Standonrd impedances are divided inte resistive
and reactive components. At bdalance it is necessary
for both the "in phnse" and "gquadrgture® amperew

tumne %o mum algebraically to smero, and 80 the resistance

and reaotonce standards may be connected to different

tappings on the voltage transformer to balsnce out

. ourrents ceussd by the unimown impedance,
Puppings are erranged to give four aaaam.

*aoh requiring one reactive and cune resistive.

16




atandard, It is possible to ndd two ocntinuous)
variable controls ¢ (£igs 3)e

Variable Resistance.

FIG._ 3

Baoh standard osn be made aﬁw%wly pure.
An dmpuve capacitor can be represented by a pure
sapasitance shunted by & resistance, The effeot
‘of the resistance is cencelled by feeding & ourrent equal
5 that produwced by the resistense impurity, through
& Pixed trimaing resistor intc the opponite side of

17




the trensformer, The transformer reilos tny be
uaed to set the stenderd in one decads sagninet that
in another, so in eﬁ“&&% cnly two fized standards
of known accursoy are requived, one reaistive and
ene reactive,

The conduotivity cell is brought into oivouit
with the T.R.As bridge by two screened coalial cables
vhioh &ip into the mermmry supe suspended in the
thermonitnt, Inlance is obitained by moving the Jeoade
and varigble resistances and capacitances until
saximn shadow is sean in the fwoe "magic eyes®, The
bridge gives the impedance of the ¢ell as a parallel
panbination of resistancs and eapuaitance,

18




The thermostat was a large, earthed and heat
insulated metal tank, filled with tranaformer oil
to reduce capecity errors 26+, The oil wns stirred
by an electrically operated paddle stirrver. A
perforated netal tray supported two metal boxes in
whioch pyrex bottles containing sced suspensions
were atored at the temperature of the bath. The
bottles were imnersed in water. The temporature of
the bath was regulated by a mercury - toluene spiral
regulator, connecoted inseries with a 60 watt red
buld through a vasuum relay., Control was nocurate
t0 & 0.005°C, Readings werc made on a Beckmann
thermometer which had besn standarised against a
colidrated :g;tlatinum resistance thammetque A
booster hester was provided for rapid heating of the
0il when necessary. Iater sxperiments were done in
a constant temperature room thermoatated to 25%C,
This prevented excessive condensation on the cell
eap, but & weter cooling systen was essential %o
prevent exceasive heating by the bulb.

The thermostat remained in use hetween runs, 80
that seed suspensiona were atored at the temperture
at which they would be used,

19



This was of the Hartley-Barrett type 23+ gnd
was gonstructed from pyrex glass {plate 1.,) The oap
wag fastened to the pot by a alightly greased B.55
guiokfit joint, and earried the eleoctrodes, an aperw
fure o accomnmodate the mm&, another %o facilitate
additions of solutions, and & horizontal sidewarm
fitted with a thres-way atop cock. The eleotrodes
wore of greyed platinum and were aituated near the
wall, They were carried by métirmm wires which were
fused into glass supports, and held at a fixed
distence by four small pyrex gless rivets, It is
not poasible to seal platinum inte glase snd a little
powdered Araldite epoxy resin was set in the bottom
of esoh supports After fusing and curing at 6090
evernight, then allowing to ¢ool slowly & permanent
seal was obtainesd and lemkage of mercury into the osll
-solution prevented,

 The eleotrode supports wers fixed to the oamp
by %wo B,10 quiokfit joints and sealed in pomition
with Araldite epoxy resin, The osp was placed in
the same position relative to the pot for every

20









axperiment by aligning seratches ¢n the male and
fomnle parts of the joint,

The rotary padile stirrer described by Howarda 30.
waa yeplaced by o vibratory stirrer. This oonsisted
of a ocireular glass diza perforated with ooniosl
holes fused to a glmes rod, the whole unit being
propelled by a wibromix motor (Shandon Seientific Co.).
The maximun amplitude of the omocillations was 0,03 in.
and the rate of atirring could be varied enormously,
Ihis type of stirring was preferred beonuse the blades
of the rotary etirver cut the lines of force whieh
apread out from the electrades and introduced errors
in %he measured resistence. The exrrors varied
depending upon the position of the atirrer relative
%0 the electrodenm., It was traced by using other
materials in plage of the glass atirrer. Stainlese
stesl had a very large effect of reducing the resistw
ange between the eleatrodes, and when it was aonted
with a yesin, the affect was reversed and the resistance
between the electrodes was effeotively inoreased, The
vibrating atirrer éid not euffer from these disadvantazes
sinoe 1% was fized in position with respeot to the

23



elevtrodes, Then resistance readings were being
taken, the oell motor and the thermoatat stirrer
motor were atopped. In sonme axyerimanta a8 dust oap
wag attoched to the vibrating rod but equilibration of
the oell sovlutions took mush longer, consequently

in the nmajority of casges the dust enp was adbsent
but a fast stream of purified air was pasaed through
the cell, The aperbure through which additions
were made was always sealed with a dua¥ eap. The
pide arn was used to introduce ¢arbon dioxide free
air inté the onell,

The available compressed air supply was filtered
by passing 1% through a jar of cotton wool, then
passed through 28 sulphuric aoid teﬁrumnwa amoniacal
vepours. Oarbon dioxide was removed in 307 potassiws
hydroxide so the air passed through three tules, then
three towers packed with glaons beads. This waa
followed by a water sorubbédr and a column of distilled
water. Before sntering the oell the air bubbled
through ennduat&vity—water; a preheating tube and a
glass wool pad all supported in the thermoatat, to

24
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saturate it with water vapour at 259g,

Diatilled water was delonised by maing it ovar
& mixed bed resin 31+,  The resins were Amboriite
IR 120(H) acid resin and Amberliite IRA 140 dasioc reain
mixed in a proportion of li:2 by volume, An intimate
nixture is essential so that HY ions liberated from
the aoid resin by sxchange of cation impurities mre
neutralised by O™ anions from the basic resin by
exchange with anion impurities. Water of specific
conduotivity about 0.1 x 1076 ohn™' was obtained for
periods of about & year by this method before senewal
of the ocolumn which contained 40 nl, of wet resin.
The water was colleoted and stored in a pyrex flask
fitted with a soda lime guard tower,

All glsss apparatus used in the preparation of
solutions was pyrex. PFipettes and bureties wers
grade A glassware, Flaaks required for mtook soluticns



wers cleansd with cleaning mixture and steamed ous
before uase. If atored they were filled with
diotilled water.

The eell scluiicn was prepared by weight from
dilute solutions whioh would give the appropriate
subsaturated or supersaturated solution in ihe ocell,
(osg #ilver nitrate sand potassium chloride wers used
to prepare silver chloride cell solutions).

- The 6xiutm solutions were freshly prepared eash

time from atock solutions, and the eoncentryraiions of

the former solutione were such that, 10 ml, added
from a2 oalibrasted pipette to about 250 g. of
conductivity water in the cell, would give the
predeternined cell solubtion concentration. The
dilute solutiones were prepared by weight in exaotly
the same way from the stook solubticne. All solutions
wers sade up by weight from conductivity water uaing
& Sartorius balance of 2 kg. cupacity and weighte

which had been oalibrated by the method of Kohlrmuseh 32+

The balange was sensitive to C.005g.
Annlar salvs were uwsed througheout, The potassium
chloride used in gell constant determinations was
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reorystallised four times from conduotivity water.
Solids were welighed in pyrex ssmple tubes using a
‘Stanton Model F.M.1 balance and platinum plated weights,
calibrated as before 32+,  All weights wore veouum
corrected 3¢, The preparation of solutions for low
ionis strength experinents in the crystallisation of
megnesivm oxalote and barium sulphatc are dealt with
separately in the sppropriate seotiona, |

4 typiesl experiment therefore involved clesning
and £11ling the gell, snd allowing it to equilidbrate
in the thermostats Dilute solutions were added
individualiy; the seoond one being added very slowly
over a period of five to ten minutes o prevent
gpomtensous nueleation of oryatales Lrom very high
loval eonoenirations of the electrolyte., After each
addition the cell was allowed to reach eguilibrium
again. Carbon &ioxide was removed rom the seed
suspension before adding it to the cell by passing &
rapid stream of nitrogen gas over it for about an hour. -
Rapid additions were made from a pipette with a sam
of{ tip, and the time of half delivery of the
suspaneion wes taken as the sgero time for the reasciion.




The cell constant was determined by the method
of Frager and Hartley 3%+, The cell was weighed
dry then about 240g. of cenduetivity water added,
It was then allowed to equilibrate in the bath as
deseribed., Lguilibrium was attiained in about
three hours and the resistance m&.ﬁmga remained
sonetant fox perieds up to 3 hours. Before use the
Wmmaa potasasiun ehloride wes heated o a
#ull red heat in 2 platinum orucible for eseveral
ninutes and allowed to cool in a desicoator. The
gtook solution waas approximately decinormal, and
additions to the cell were nade from a weight bureite.
Resistances were measured when equilibrium was 'mahaa
usually alfter 15 to 30 minubes sfter additions The
resistance box Rp was adjusted until the bridge
readings Tor both positione of the commutator were
oloss together, A slightly different value of §g¢
of about twoe te Tive chue, gave a further two readinge
e the ratio srme,. The average conduotiviiy value
galoulated from both pairs of ratio arms resdings
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was oorrooted for the wabter resistunge, i
additions Trom the weight Mﬁm@% ware made undil
the concentyntion of potasaiug ohloride in the gell
waa sboul f,,.fl?. “he cell ws ronoved and after
slsaning and &rying 1te cuber surfmoe, it wes weizhed
full and wolshed sonin afSer enpiying and drying
with mosndonas. The welight of woter in the cell was
evalualed Tron the inoun wolghte of poltesalium shloride
solution added, Tveporstion duriog the run wae

The sell vonstent wes ithen oaloulateld by ownparing
each mésswsed volue wiih the condudtdvity wliues
derived by Shedlovaky 30y of the sane ccnoentyations,
nedng the interpolation Loxmila

A = 149,92 « 93.05 of 4 500,

Twore /A is ihe oguivalent conduotivity of
wmmm ohlorids ab mmm WW « The value of
work was evalusted from at lestt twdve deternimntionn




30

+*
Cell A, had & cell constant of 0.03060 o.@%
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In the past comsiderable discussion had cemired

around the quastion whether growth and dissolution are
striotly reciproenl proeocgest A pgood account ia
given By Buckley 37';

The date obtained from the study of mony dise
- solution rezctions lsid the foundstion of Nernst's
diffusion theory of heteropeneous rescotions. Noyes
and ¥hitney 38. found that for dissolution of benmoic
aoid and lead ohloride, an eguation involving the
Tirst order of the subsaturation wes followed.

22 w kgl0g=0)s 0 (1)

Similer cbservations were made by ¥ing smd
Bravérsan 39+, King and Sohack 40¢ end Nemnss 53
for the Aissolution of many metals in aoids.

Berwt's theory of heterogenacus reagtions
envisaged a atatiosary layer, the Nemst layer, at
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the inberfact of s siirred solution. Efficient
agﬁ.‘#afsim was visualised as extending down to this
layer, and o linesr concentration gradient extending
sorons the layer. The rate of thoe renction would
be determined by the rte of diffusion of ﬁm aolute
aeross the layeri vwhioh ean ¥o desoribed by MTok's
equation

kw % (Co= C) , {2)

D is the diffusion coefficient of the salute
and 6 the thiokness of the Nexrwst layer. The
rate comstant kg, equation (1), is therefore egqual
to D/g , equation (2).

d%ep 3} in the Davies, Jones mechanism fox
hetarogensous reactions i.e. diffusion away from
the interface, would therefore be rate combdrolling.
Factors which affect the Aiffusion of solute wonld
also affeat the rate of the helerogeneous reactiom.
That step 2., the reaction at the interface, must
b8 very fast in ocmparison is a necessary 0orellaxvy.

The dimensions of § ocan be altered by warying
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the rate of stirring if the geometry of the system
is kept constant. Seversl workers 39+46. nyve foma
that the rate oonatanta of disselution resciiens
depand on the rate of stirring as follows:

kg » (zepems)®,
and values of g varied from 0,56 to 1.

Conversely the rate of dissolution of some metsls in
aeid obeerved by Centnersgwer and Zablocki 47+ ang
of glass in alksli 4%+ waa found to be independent
of the rate of atirring, if stirring were fast snough.
In oontrast however, Mare in a series of publisations 4952
en orystallisation in which step 1 (i.e., diffusiom
of solute %o the interfmce) would be rate controlling
if Nerust's thecry were correct, obmorved that the rate
of resotion was independent of the rate of stirring,

1# O depsnded only upon the geometry of the system
and the rate of atirring, then by keeping these
veriables constant, the rete of a chemically differemt
resction oould be caloulated, Brunner 42¢ caleulated
O from ascaciution of benzoic ecid in water (5 »3x10~3om.)
and suooesafully umed it to celounlate the rate of
solution of magnesia in a variety of moids, Moelwyn =
Hughes 53» however, considers a statiosary layer of




suoh dimensions improbable, and Fage and Townend >4
using an ultra mioroscope technique cheerved fL1uid
notion down to much shorter ﬁw&amaa; in ths region
o2 0,6 x 10™%om, from the surfece. The Newnst
layer muat be considered therefore to be modile, and
the linear function of ooncenitration with distanos
an approximation.

The observed rate mumet aleo depend upon the
dffusion aoeffioient of the solute in the solution.
This wvaxies inversely as the wviscosity of the solution,
86 if the viscosity of the agueous medivm were
inoressed, say by adding gelatin or scluble resins,
then the chaerved rate would fall, This was indeed
found by several workera 39¢55-39¢,  Resuite frem
oxperiments on the dzlmomtim of magnesium oylinders
in woids showed that with _5_ aspumed conatant, einoe
the theory requires O to be a funotion of the geometry
of the systen and the rate of stirring this is poseidble
that

kg @ D* |
where D = d4iffusion coafllocient

and x varied from 0.66 %0 0.79 depending wpen the
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experimental conditions of flow 60-62,

The effect of temperaturs on dissolution veaotions
hns boon obgerved by van Fame 634 and on evaluating
the energy of actiwnsion from the Arrhenius egquation

kg = A,e WAL

valuss of the order of megnitude for the energy of
agtivation for AifTusion were obioined AR ~
4. E.Cal. "ole™l, Davies and Nanoolies 21+ studying
eryotelliontion and dissolution of gilver chloride
found that the snergy of activoation for the former was
mw, but for the latier was in ths theoretical
renge for Giffumion gcondrol, A wnlue of 4,5 k,onl.
mole™: was also found by Howard, Nencollns snd Purdie 64
for dlssolution of silver chloride secd crysteals into
subsaturaiod solubions, Hoelwyn Tughes 33 oaleulated
By = 16 X,onl. mole™l for the Iinetion of the decome
position of sodimm hypochlorite omainlysed by a cobalt
yeroxide suspension and thdis surely meens that step 3
is not mte determining dbut step 2, (i.e, some
interface mechanizm) is dominant.

Prom censideration of the above conflisting



chservations, it is apparent that the Neruat theory
for dasoribing all types of hetrogencous reactions
is very limiteds Although it may be thecretieally
posaible fox step 2 or step 3 to be in oomplete
ecantrol in dlseolution, the ideal coses are not med
in progtice, Iperimental techuniguos based upom
the above observaticns are eppllied So eaoch gase in
an eflort to explain the mechonism. A mechanisnm
for interface control Is deacribed la part 2,
Ferust's theory of Aiffusion oentrol may be
appiicadble to heterogeneous resctions Involving
disaolution, with ceriain reservations. It cananos,
however, be ay.lied gensrnlly to describe crystalliw
sation reactionz vhere the theory of an adsorbed
phase 2, iz preferred and an interface controiling
atep is dominatings The reciprocity of disgsolution
and erystallisation would not thersfore appear to exist.

Sg. of silver ohloride wers preoipituted by
mixing equivalent conocentystions of snaler silver -
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nitrate and analar potascium ohloride, The preoipitate
was washed free from chloride with distilled water

and distridvuted over Live 5 1. pyrex beckers covered

by clook glasses and Tilled with distilled water.

The soluticno were boiled for one to twoe hours then
filtered through double fluted filter papers inte
pre-heated 5 1. round boticm flanks, lagged with ocotton
wools The fllter funnels had been thoroughly

cleaned and pre~heated,

Slew crystellisation of silver chloride oocurred
on gooling slowly, The orystals from =il the Llaaks
were combined and wasghed about 10 to 15 tinmea #ith
distilled waler by zsnirifugntion and decantabilon,
and finally aboud & to 10 times with conduotivity
water hofore being tronoferred $0 a bhlaockened,
waxed pyrex stook botiles The neck and stopper of
the bottle were not painted to aveld sccidental
aontexination of the muspension, but inotead s wmall
benker, blackened only on the outalde and wazed,
wmas inverted over the steppere The was wag added %o
prevent the paint from peeling after long submersion
in the wabtor thermoastat, Seed suapensions were
aliowed to age for cne month before use: their total
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volume varied from 50 %o 100 wl,

All operations wers ocarried out under photographio
*anfety" lighita, _

The “ageing” prooess ias one of orystallisation
of the larger crystals, which weres usually 5 %o 10
miorons in length, at the expense of the smnller ones,
The prooess is desoribed clasciosally as Ostwald
"rivening", and is important in that it smooths of?
the surfaces of the larger crystals and removes all
of the sasller orysitals which ahow an enhanced
solubilisy 69960+,  welthors and Powere S7* have
made a detailed study of silver bromide using (a)
dye mdsorpticn (b) sxuchangs of rediv~active Bromide
ion {o) elsotron microscope techniques and deseribs
& throe slep sgeing mechanism igvolving (%) iende
sxohange over the first few wminubes followed by
(11) Cotweld éilution over several days ocomploted
by (111) orysial ccapulation, Solubility values
are fungtions of the sige, of the interfucial tension
and the specific surface area of the orystala,®0r09e
and more recendly results Ly Turkewich T0¢ have
ghowm that the solubility is ocondrolled by the sisze
of the smallest arysisls praaanﬁg He reports that



orystals loss than 1 mioren is size are oapadle of
rearystallisationy these greater than 1 mieron

B z;mﬁ, #0 there will be & minimum equilibrium aise
roachod on “ageing¥.

B | 1.2
o 0490

The length of crystals in each Gase wWere no
sapllor than 2 aicven and no larger than 7 aloruny
the avernge of o hundred neasurements was arownd

8 mioren.

10 nl. poxtions of the dilube solutions of
silver nitrate and potassiun chloride werv added %o
the cell as proviously desoribed, P.26, and dissclution
was followed after the nddition of around 4e6 mg, |
of seed crystals in suspension by measuring the change
in resistonce readings with time,
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A single orysisllisation axperiment was done
Tirst of =21l to compere the aiect of turbuient
stirving with reapect to rotary stirring. Resulis
identionl with previous conaelusions were cbserved,
and are included in the appendix. '

A number of dissolubtion experimente have boen
done at 259C at equivalent and non eguivalent
goncentraiion,

ubility of silver Chloride.

. The solubility was taken as 1,337 x 10™0 g.

equivalent 1=1, the value found by Davies and Jones,
sinoe the seed orystals were prepared in e aimilar
manner and were of similar dimensions 1O+,

The eguivalent conductivity of an elactrolyte
is obtained fronm the Cnmager equatica if the value
at infinite dilutlion and the gonseniraitlen of she
solution are mown, For s uni-univalent ecleoirolyte,
the Onsager equaiion becomes:
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A = A%~ (0.2277 A° + 59.86) oF (1),
at 25%8, Por eilver chloride A% is equal to
138.26,

The ogulvelent sonductivity can by eveluated in
anothwy way from meazured conduetiviiy values and
the oell conalant

A = 1000 x 1/n g gell oonstent __ (2),
whers B is the resistance of the acluiion corvected
for the resislauce of water, (n evaluating A by
eguations (1) and (2) 4he resulis agreed So within
0.57 for all vell soluticns, Thia gives an indegendent
eheelz on the acouraey wilth which s2ll solutions were
preépared, _ . ‘

Turing ¢issolation the fonis strengih I = 4x20™3
of the avluiion changed only wory alightly, anl a
conatant wvaluo for the eguivelent conduodivity was
used threughcuts Solubiliiy dependence on changing
 ienic sirength wac likewiss nsglected,

The change in concentration of s0lid 8g after



| & given time wanas caloulated from measured resistance

values, using equation (2)

A 1/R is the difference between the initial and
instantaneous conductivity readinge. Condustivity
at gero time is obltained by extrapolating the curve
of 1/R against time to the ordinate. The instante
aneous ooncentration is therefore given by
0= 0yt AC e, where o; 18 equal to the initisl
concentration.

Typical smooth ourves of 1/R against time are
shown in Pig. 1+ The initial concentrations,

percentage subsaturations and rate constants are

shorn in Table 2, The messured gradients A /R
D%
Mﬁiﬁz.%fiﬂm ‘by th?-@f“?"?ﬁomwr*ﬁm o

de/at By miltiplying by the faotor 103

/A mﬂl
and graphs of do/dt against (c,~¢) are given in
Pige. 2 und 3, vwhere good straight lines corresponding
$0 965 of the remation were obtained. The data for
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the oonstruotion of these graphs are given in Tables

3 and 4. Reprodueidbility of the method is fllustrated
by agrecment between runs 28 and 29, The results
show therefors that for dissolution of silver ahloride
into subsaturated sclutions a firat order rate

equation

do/dt = kg(s)(ogs=0)

is obeyed.

The faotor 3 inoluded in the rate conatant is
& surface ares factors The effective surface ares
partioipating in the dissolution must deoresses with
time and the rate equation should be written,

" kﬂ (aﬁw). , - (3%

where w3 is the initial weight of aced orystals

®g is the weight of orystals at time $»
it the seed crystals are assumed ocudic. The
amount of dissolution was small andthe resultant
thange in weight emounted to 4% of the total and
the oorreotion was neglected.
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These runs are sumnarised in Tadles 5 to 8, eand
typlesl mmmmh«muwwaxﬁ'%ﬁt&gumat1mmeu&w»dMua
for silver icn in exceas in Pig. 4, and for chloride
ion in exoess in Pige Se

These experimenta were interpreted in terms of
the amount of silver chloride 4 to be dissolved before
equilibrium was reached., The instantaneous ion
concentrations are therefore given by

[te] = [ssk] -~ wna [27] = [m25]- A
or [Agﬂ + A = [Ag:], and L@I"‘] PAVARE™ [01::\0

| Eﬂq&aﬁﬁ Em;]}um the equilibrium ion cone
centrations which satisfy the selubility produst
relationship -

[Ag‘] [&1‘: =K, » 1.788 x 10%30  at 250g,

Slondflen} on



and 4f the value of /) is known or gan be found,
then the intermediate values of Ag*‘__l and EL!Iﬂ gould

be evaluated, The initial value of 2 can be cbtained
sinoe the initisl velues of [Agﬂ and @1"‘] are lnown
experimentally, and from the change in resistance
readings during dissolution the changs in A gan be
caloulated

S(A) =

T™he rate of soiution may bs writtien

;ﬂ;. " k&(“) (A)

and graphs of §§ ageénst 2 are shown in Pigs.
S 6 and 7, The graphs were conatructed from the
data presented in Tables 6, 7 and B and show good
M’# lines for rather smaller percentages of the
total reaction between 257 for experiment 17 and 50%
for experiment 10. Analysis of the remainder of the
progwsas was abttempted using higher order of the rate
squation (viz, 2nd order and é order) ut neither
were successful., The rate of dissolution therefars
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falle off mere rapidly than would be expeoted for a
Tirat order aquaﬁm, an effect which 48 more notisceable
with Ag* ion in excess,

Experiment } was done and a smooth curve was
obtained in Fig. Ba from the date syailable in Table
%%, The kinetiss already veported for the orysbsllise
ation of silver chloride®s waa segond order according
%o the equation

- g% « Xk (8) (ow0g)?

This experiment smployed turdulent stirring, as
opposed Yo rotary stirring, S4+ and from Fig. S a
good straight line was obtained for the graph of
? sgainst (o«00}.  Sesend order kinetics for
growth, therefore, is independent of the mode of
stirring as expeated by the theory of growth exp!
in Part 2.




cannot ‘ke used to explain aryetallisation experdments,
where yate equations with higher orders than unity
nave been cbserved, Towsver disecluticns, which
furnished the exporinental data on whiah the theory
was bosed, are oconsidered to be first order.

In the osnse of the dissolution of silver ohloride
in%o water higher orders in the maie eguatlion were
wported by levies snd Tanoollss 234,  for thw wm
amﬁm of heteroseneous reastions

@ = xE)ogo®

they report p w 2 ab 35°C and g » # at 15%
and 259¢, OJontrery te other cbwervations, the wate
of diesolution of silver ohloride would apoear net
to e aiffusion controlled,  Thevelore the rate of
stey £ (the chemionl step st the interduve) must
e of sinilar ongnitude o step J (the diffusion of

for the sontrelling adep. WWWMMM
that the detailed snalyuis was impractlioshls In
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view of the thiokness of the diffusioen layer
surrounding the dissolving orystals, which could
be o significant firwotion of the distance bDetwemn
orystals in oonditiona where ﬁ/u-a; the ratio of the
nomentary ooncentration to its saturation value,
was much less than unity.

Howard 30+ gtudied disselution into subsaturated
solutiona and observed first order kinetioca.
Supporting evidence for diffusion cenirol was obtained
by the dependenve of the rate conatant upon the rate
of stirrings and on evaluating the activation
onergy M?. the value was of the right order fox
diffusion control,

The ourrent work at eguivalent ooncentrations
uaing the turbulent type of atirring showed Liret
order kinetica for sbout 967 of the total reactien,
However a% non equivalent conventraticns, deviatien
from a first ordsr rate eguation wae obsexved.

In selutions of equivalent concentrations the
orystel surface may not have exaotly equivalent
anounts of lattice ions owing %o the differenge in
sdmorption affinities: but this difference is likely
0 be small and is not likely te affeot substeniially
the diffusion of pairs of ions away from the surfage,
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¥hen non equivalent ion ocontentrations mst in
golution, the am.irmaw of the crystals are altered
by enforced preferential adsorption of the ion in
exoess. Step 2 in the mechanism would be made
megh slower and the overall mechanism should go
preferentially to an interfsce control. An electrical
potential at the surface, which allows only the passage
of ions in stoichliometiric proportions is set up and
assures that eguivalent ion surface conditions cannot
be reastored at any time throughout the dissolution
process, A fuller disoussion is inoluded in part 2 |
for arystallisation under conditionz of nonweguiwalent
ion conocenirations. '

From table 2, the rate constants for runs 28,
29 and 35 agree very well and show the good reprode
noibility of the method,

The rate conatant for experiment 10 of O.14
shows a considerable reduction from 0.24 in experiment
6, illustyating the effeet of using non eguivelent
otnoentrations, Runs 3O and 32, which exhibit good
mm&wﬁbﬁﬂy and have chloride ion ln excess, |
show s reduction of the rate constant from experiment
28 from 0.09 to 0,06, With silver ion in excess,
howsver, the magnitude of the reduction is greater,
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the observed rate in run 33, whoruﬂyyjiﬁrﬂu 3,

is 0.03. That this effect ia general ia shewn by
runs 20 and 21 which have chloride ion in exoess
and an cbserved rate constant of 0,12, whilet run 17
with silver ion in excess has a rats constant of
0.0684 Purthermore the observaed deviation from the
first order rate eguation is greater and ocours
earlier when silver ion is in excess.

This reduction of the rate constants would
sugzent that aoms éurfmea efTeot 18 becoming important,
reduoing the rate of gtep 2, the interface step,
rvelative to step 3, the diffualon step. Knowledge
of the rates of adsorption for the silver lon and
the chloride ion on silver chloride solid might yield
some uwseful information. Adsorption of the lon in
exaess will begin imnedlately on adding the soed
erystales to the subsaturated solution. Jdince 1% is
walikely that adsorption eguilibrium will be mainte
asined during the remctiion, the process of dlssolution
will be opposed by that of adeorpition and the surface
will not be allowed to attain the potential necessary
for the optimum release of Ag¥and U1™ ions in egual
numbers., The result is a lowering of ths rate of



dissolution. Differences in the relative rates of
adsorption of Ag* and C1™ ions st the surface may
aoccount for the muoh larger lowering of dissclution
rete when Ag® ions are in excess. In orystallisation
of silver ohloride, Davies and Nancollas 22. obaerved
that the rat=a at non equivalent concentrations were
slower and with Ag* ion 1o excess the reduction in
nagnitudes of the rate ceonstent was smaller than that
with 01 ion in excess. This would suppori the rate
of adaorpticn Jdependance thecry.

Swanaxising therefore, the agreement with a
diffusien ocontrolled mechanism for dissolution of
silver chloride in subsaturated solutions of equivalen$
ion aoncentrations 30+, d1d not persist entirely when

68

tested in solutions of non eguivslent ion oonoentraiions.

Instead a tendency to some surface sontyrolling step of
uneoertsin mochaniem is likely, with the effeat
lustrated by o deviation from the firet oxder rate
squation,
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haos been asan in many ¢ases %$o he a.nmloqtmw %o
explain aoryetal growth, The more genexal equation
should be acnapteds ”

-

do - Kitoes n
= yk:a{amgﬂ}

Valuss of 5 of 8, 3, 4 and even as high a» §
have besn found, and each one explained in &
meohanimn of orystel growih, The value of § was

ngen and ¥ielsen  for bartum

dspigned to study only anoleation. Wielsen ol +69

later pugrested for growth of barimm sulphate o
valus of 1 = 4 whioch changed to £ a® the growth

, Anmlogous vesults were obtained for
slaciun oxalate mﬁp&m%mga'. The mechanien
propoasd was one of diffusion contiol together with
wo dimensional surfase nusleation on the nuoled
produoced by spontansous growth. The growih
of potasaiom ;aemhl#ﬁﬂ%* sould not be described

in this way and & condept of conyeotion oontrel wes

allisation, but their experiments were
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Values of p of § for caloium fluoride’d* ang 2
for silver chrometelo® hsve already been mum.
but like the value of 8 for dariwnm sulphate it was
confined to the nmoleation process in spontensous
growth. Collins and mmembmm', and Johnaon and
Q'Ewmr}mﬁ“ suggested B = 4 was correct for precipitation
of bariunm sulphate but they did not agree on the mechanisa.
The former favoured nuoleation followed by diffusion
sontrolled growth end the latter nucleation and a
surfage controlled step. A theory which should
enbrace all growth progesses was proposed by IDavies
and Jones>*.,

In their study of growth of silver ohloride on
seed orystals, Davies and Jones observed a value of
A= 2 and sugreated that an interface atep was controlling.
The mechaniom for interfase conbrol postulates an
adsorption layer and the kinetics are formuleted in
terms of a stationary concentration of ions in the
Ma‘ormak phane with the following two asaumptionss

{1} & erystal in contaot with &n agusous solution
always tends to be oovered with & monolsyer of hydrated
ions. Uscondary adsorpiion on this monolayer is
negligible, Orystallisation, which is the insorporation
of further units into the orystal lattice, gan only
coour of the resulting configuration eatisfies this
oondition.
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(2) Crystallisation of an electrolyte ovours
through the simultaneous dshydration of cations and
anions in staiohiometrio propoxrtions.

A saturated solution exisnts when the rate of
adagrption of ions from soluticn becomes Just sufficient
o maintein the monolayer of hydrated iono intest, and
it oust be asouned that every ien striking the surface
enters this nobile adsorbed layer, Then the rate of
adsorption of oations = ki“Engf]* and of anlong =
kxsﬁﬁgwf}, The subseript serc indigates the solubility
valune of each ion 3yaaiaav%m* and xymi Tron &
supersaturated solution, all the cations reaching
the surface do not enter the rmonolayer, and the remainder,
([])-[2,™]) sre available for deposition. A
similar fraction of anions will be available for
deposition in solutions of equivelont ooncentrations
vigs ([27"][%7"])s this frection wither suffers
elaatie cailisina with the nonolayer, or if the dons
arrive simultaneously in stolehiametric proportions
at sites suitable for srowth, then the respective
underlying ions gan hecome dehydrated and be iﬁoergaﬁtﬁﬂé
in the orystal lattioe. For a symmetrical electrolyte
{10, may) like silver ohloride, magnesiun oxalate or
barium sulphate, the rate equation would then begome:




73

-8 = KO- B

“he transfer of ione on dehydration from the
abaorbed gkmaa to the auita$xé growth sites may agour
by one of two mmahmniama sugrested hg‘naraaumzﬁ
In nodel A he considers the ions to come together to
form o oryatal "molecule” whieh by surface Aiffusion
reaches the growth site. ﬁnar@@%i¢&11y~%ﬁim ig
unfavourable because of possible aﬁhyatmﬁian to Lo
the “"moleoule” and partial hydration at the site with
water meleoules of oryvetalliisation. The meohanian
is em@iain&éAin & third order rote equation. Hodel
B oongiders the divect assinilation of the lons iate
the lattice from the adsorBied phasse immediately adove
e kiank on p@é@&ﬁl or aomg&éta ﬁehy&matiamkand the overall
meghanisn is second orders

T™he rate of atep 1 (in orystallisatiocn, the important

diffusion step 1& sransport of solute to the orystal)

in the general pioture of heterogeneous mea«#&una’iﬂ
eonsidered very fast compared to the interface step 2.
This latter atep is not sontrolled by any diffusion
amschanion and the ratea of aryet 'W,*tian sxperinents
should be unaltersd by changing stirring spsed, epparatus
utxantura {£f1u1d dynanies), ﬁiffuaaan»anatfiaimnt otc,
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"Fegutive” teats, ouch ms these, are useful in
y‘asoevta&ming that diffusion haa o gmr% in aunﬁralliag
the rate of eryotallisation. Alterations to the surface
of the orystale however, should influence the rute
gonstants, if not the rate equations Surface active
repgents reduoe tPhe rate of grewghaﬁ, and in éﬁ%& gases
evon arvest it oompletelys Habit mgﬁifying arfanta -
3T T3 ??’,'when apau&fic
adgorpiion has aaaurrﬁa on yar@iauiar faoes lanving

the renmining fases free to pﬁr"&m&m% in the normal
growth mechanisme Qualitatively the raﬁé 1g‘u§na1darnd
to be réauaaﬁ by nechanioal b&aﬁk&ny nf sotive sites ay
kinks by the large moleoules of aﬁaaﬁb&ta 73,.

The surfece can alsa be altered by using none
equivalent jonio conoentrations in sclution. Under
eonditions of eguivalent ooncentrations the resultent
small potential diffwrence beitween the oryatal and the
solution due to the prefereniial adsorption of one of
the lattiee ions is prodably too emall té'hava-an aflens
upon the nechenisn of growihs ﬁaww?ur; when sesd
gryatels are impersged in a solution in_whiuﬁ ﬁﬁﬁﬁtf
(}@?] = 1, where 1 r>»i, thea mar@-%ﬁﬁ‘iaaa a&li,hﬁ
adsorbed and a potential differense 6 will be |
!ﬁﬁu&liﬁhﬁﬁ betwaen the orystal and the &alutzamuav

have bean seon in other aaaﬁa



dn eleotrical doubtles layer now surrounds the oryetels
snd the valuw of ‘X ie suph that 1% allows oations M
anfons to oater the adsorbed layer 40 squnl aebers
The former epuatione rust be peplsosd by,

availability of ™ lone st tho aeda
= k}_@[ﬂ?fml anps {w Y’M}
availebiiity of X°° iona at the ﬁm
= kls[xw] axpe § )b m%

Hinoe those are eguald o 2 = ¥ thes

exps { ¥/} = [M“”]’&/[ 7&"‘"] é . ‘&” |

The musber of iene of sach type enterinz the
sonolayer 4n unit time Le s before Cuy and ths rate
of orystallis-tion beoomes,

- % mk@{[m . 8o ¢ [Xy*]w“& « Co)s
- kag[m“ﬂg[x"" 1% - 5)? o

whioh reduces, wnder conditione of mm@

senventmtions 4o sguaticn (1. | o

Por aryetellisntion of symmetriosl elsctrolytes
thorefore, o = 2 in the rate sguation would be oxpetode
A 8h4% fros aiffusion to interfmoe conuzel Lu pessihle
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when the rate of smtep 2 becones progressively slower
with respect to step 3, by inoreasing the ratéog
of the ions in the aduorbed phase, and if the rate of
g was originally comparable %o the rate of ) in
eguivalent condltions, then s mechanion change my
be posalble. Thewefore, the nechonionm in conditions
of non eguivalent oconcentrations must not automatloally
be condidered %o be that in solutions of eguivalent
conoentrations. |

In the evysiallisation of silver chromate, Hownrd

and Fanoollan 24

obtained a valuo o » 3« Thin is
tible with the sbove results fa that silver
chromate is » uniwbivalent electrolyte, oo the conowne

tration ters in the eguation will be o funotion of the

QOMUE

third power of thw conosntration.

Part 28 of this work denls with the orysitallisation
of mapgnesiun oxalate in egquivnient and non equivalent
congentrations and in the premnece of added surface
agtive agents. The zrowth of the ased oryoiale is
followed by conduotivities at various lonic strengtha,

By titresion using standerd potassiws permans ‘e or
standard disodiun ethylene dianine betransetate solutions
and by & photomiorosoopic techuiques




The results Lllustirate an agreoment with the
theory, second order kineties existing throughouty in
pome oases afMter an initis) induodion peried. The
rate of geowth is Independent of the inorense in surface
aren durics srowihy o goscille effeot already reported
by Ii"zt:smmusm *. It is seen that the induction periocd
is due to apontmnepus gryeinllisation inltinted when
the seed orysiels are added, ond this effeot can be
slinminnted by ed dng sufficiently high conventration of
seed. .

Part £ is o report on the growth of bariws sulphate
wnder gonditions of ejuivalent and non eguiwslent lonie
concentrations. A value of g » 2 is olserved after
an sinmormally fast initisl portions
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In solutions of magnesium oxalate there eare pressad
appreeiable mmounts of & very stable complex, Mgox,

%2* + Wﬂw = Hgox. . la)e

Pedersen 15° has shown thet this wes the only
nmﬁleu forned in solutions of 'aqmmlmt sonoentrations
of ¥g®* and 0x® lons, Prom wolubility mnd condustivity
resulta he wer sble to disbinguish betwsen MgOx and
snother amﬁ.m ngm}a" 80,8182, given by the

W&bﬁm,

1

A velue for the thermodynanic disscajation cunstant
of resotion {8) given by

w37 % 10% 1, mole ode (o).

M—j ﬁl
ms reported by Daviey
#ith such & stable emm present m mﬂw

| whkthout
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soneentration for spontanecus growth was very high and
aanneaﬂzaﬂxasa about five $imes the solubility value
were used, the solutions Heing stadle for namﬁ&a wy
to gix hours, “ |

The theory of growih regquivesz the simulganeous
deposition of dane and it was intereniing to see if
this condifion was maintained sven when a conplex existed
in solution. As lons were removed during growth, the
equilidadun would be roeestablished and the instante
sneous ionio concentration could be ovaluated at any
tine« Measurenent of changes in conduetivity sould
therefore be used to follow growth. 4 soniustivity
nethod waa used by Lresains anﬂ'?eiuaagfiwha observed
no change in comauwebivity duri-g growth, This ie
olearly wrong and pyobably their conduotinetrie
teochnique was not suffioiently sensitive to deteet the
thanges of the ionic congentration. Consequently they
us:d a titration tecimigue %o follow 3g#an“nﬁaagua'&n
songentration and foumd that growth was first order
with respest to total oxalates 1.0+ -

a%



Tros a thormodynasic trestment of resulte, Iiohstein
and Dreseia 53¢ provided evidenoe for growth being
diffuaion controlled from enloulated enercy of
setivation and from the effscts of stirring.

The growth of calaium oxalate has beon followed
by Nielmer 98+ 4nd a frectionsl value of B betwesn 4
and g obtnined. The soclubility s very ma lesn that\
fﬁ: magneaivn mxam; e & ainilay ampm;_ @uﬁz‘, is
formed in solution | |

s , o™ <= caox.

Gxywth was to:um& after WWWQ nuclention
and the rate sguation was given &9 |
-% e  w ks @lﬁﬂ g[ﬁxﬁﬂﬁ%

Rielmen m&&nﬂ that & nuoleus of fw oomplex

uUnits or eight fona is required before growsh oan proseed

without further muclestion. This sise is eritiosd
in thet 1% is cnergetically move favourable for the
aucleus to edd tons than to lose thems

80
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Analer grade resgents were used throughout and all
glass appamius was pyrex. Cell solutions for the
experiments at high ioniz streagth were prepared by
mizxdng ﬁagéth@f magnesiuyn ohloride ana potassiuw: oxnlate
of Known concentration. “he second solubion was added
very alowly over a period of Tive o ten minutes. Cone
duativity water was used in the titrsilon experiments
beoause other divaleat lons, il preseni, would vomplex
with sthylene dianine tetra scetate anion to give erronecus
titration resulis. sgnesiun chloride orystallises with
Biw wators molecules so all stock solutions were entimated
by titration. Annler potasgiun ogelate was ased without
further {reatment.,

he ingcourpeies whielr the hiph conoentration of
potaseium chlordde produced in the resistenge measurew
m&ut&? using the “heaiatone vrldre networi, oould be
improved 1f this supporiing eslectrolyte were removed
1.0, #f soluiiong of low ionic strensth eosuld be prepared
in whioh the ecurrent wns earried entirely by the ﬁga*
and ﬁﬂﬁ" jond. Iegnesiw: oxide and masmesium earhonate
were too insoluble in oxalic acid to ve of practical

use and m&ﬁhﬁﬁiﬁﬁ hydroxide, heing gelatinous, was



sifeionls o hmma Solutiona of magnesiun oxalste
of low jonie aﬁmmgth wara propaxed Ly exphenging

Mgﬁ"' iene for m dons 4n a potessium oxalate solution
by passage through & ms.a in e msm tam.

The resin was prepared rmzz m Jmberiite IR mcm
renin, h:g passin: through a zm' hydroohlorie mm
solution, then a o magnosium shloride ﬂmmw‘:zm wntil
the pH of the amm rone to around 7. The aolumn

was then washed free from ohloride iens with distilled
water. ﬁalw%imﬁ were metzm aﬁmtly iato the
gell and welghed, o solum: of mbous 17 em. length and
2 onmy Aismeter was sufficient to exohange about 250 ml.
of 3.0 x 2078 in m&a% im congentration eompletely.
The optimum flow rete was emsh 0.5 mla per ninute,

"hen solutions were tested for Ox*~ fon genoentration
bafore and sfter mﬁﬂn axchange, nsé loss of salt by

precipitation in the resin wss obsexved,

m;x with saaller sm;mma sids arme for meking the
negsosary additions to the oell, The ceniral m&ﬁ(
nesk oarrisd s rubber stopper through whieh the etlr
yassed, Doth retary stirring sad vidrasory stireing
were used wit: this apparatus. The flask weg sapported
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in a water thamamm regulated %o 25.0 & O.d %
with & Solgensemeroury regulators

The vonstancy of titrations of poartions of the
supersaturnted cell soiutions over an hour indicoted
thaedt aponioneous erystallisatlon had nod oaauxraa
before adding the sed exysinls. Jryetallisation
was followad Ly removins poriions of the stirred eell
su&pﬁmaian and aseparating the grystnls from the nother
liguor by filtration Ihroush a Ro.4 sinter otiek or
by rapid cent rifupmxian. Jemitrifusation was preferred
sinoe it wes much move repid, the normel tinme of transfer
Trom eell to titration vedsel being nine%y pegonds .
The deavease in eoncentration durdns the tine of
extraotion wan negligiblo. A&iﬁnnm portiona (uﬁuml y
4 ml.) of the Filirate were mnmly@e& by titratien for
total oxmlate ageinet standard poigeslum permanganaie
after the addition of suiphuric agid sgi&n&&ywiﬁ for
total magnesium was done with standnrd &iméi*zm
ethylenedianine teliracacetalte using Triechrome Maok « ¢
ap indicetor in the @k&g@ﬂce of an aanoniun hydroxide w
amzonium ohloride buffer of pf = 10 1% Grade 4
Burettes were used in experiments of high initisl total
oxnlate concentration. In experinenta of Low initiel
total oxalate doncentration s mioromeier ayringe with
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8 vory fine mw&ue was zmaa 4o maka %!m am;u additionn
during titrations. mhe total wlm af potagseiun
ﬁaxmﬁngmmaﬁﬁ'xuggir%& Zor oxidation of the oxalate
ion Was less than 0.5 ml. but the voluae oould be read

to Pour decinel plaves giving an acouyesy of about 0.5%.

Beomuse of the vory lorvge conosnbration changes
during srowsh, the inerease in m:*gssw}. dimenaionyg were
sufficiand to allow growih to be fa& owad mioroscopically.
ileotron nivrographa a;m 7ol ;f:-i.ea:i.& the required evidenae
ainge they Sended Yo s.0v too Dew cryatals with tea mush
details 2 Zless photosnlorusoope, siuply a:n @mm
miorcacope Siiled with & ewsﬁm, wes used at melnificationas
of 50 x and 320 z. She };aka sopraphe Wwore isken on Ilford
HaPe} £ilmj the contrast between the oryuicle and the

substrate was laproved by insariling o 2 2 Ilfard green

filter. Crystal dimensions vers neasured from prinfted
snlargesnents {x 1300} of ne/miivess TProm the difference
in alzes, ssmudas %he oryeida te he suble, tha ealoulated
&mm:e& in mase of the crystales sgreed with the welght
Geposited o within 105

The extrastion of samples for investigation was
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mﬁaa&mﬁi& :m conductivity work a:m m;mmw sxporiments
ware oar. :ma out in round botton ﬁaaka agitated by »

mechantosl eheker in a gunstant temperature room at
259, The growth was followed simulvanecusly by
titrations |

The usunl methods for prepering seed orysotals of
good wnifanity 4n sice and ghape, such as oryetallisation
fron boilingy setureted seluticn or glow preclipitation *
yielded only erysials and sporegnteon of very goarse
e of alaost

appearaneo, Inatend, the repid =
saturated colutions of magnesium ehloride snd potasaiunm
oxalate with *&ig;:f@z*mw gtirrias produved very waifors
arystele. The mige of the ervstal, defined as the

length of its lengest edge, was an average of 10 mioren
and ga,a. eryntala vere within the slze rm.,.ge 8 %o 13 [

The orystals were vmohed free from chloride dons with
413441194 water and conductivity water by cenurifugation
and decantmtion and stored in pyrex stock bottles in

the water thermestas at 259¢, They wore sllowed %o

age for at lemst ome month bafore used the oonoentrations
of the geod suspensions are given in Teble 10.




bility Frodust,
gnesiun oxalate was eatimated

by Jodue and Selu
The aolubility of me
in three waye.

a) Srystallisation experinments at high and low
ionio strengths were allowed to continue to egquilidrium.
The gonoeniration of the equilibrium solution wap
estimated by titretion and gorreotions for the dlfferent
ionie sitrengthe were applied to give the solubllity value,

b} The concentration of 4the seed suspensions were
estimated by tistratien ab various intervals of tine
over a year, This differs from &) 4in that saturation
was approsohed from the subseatureted side.
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¢) Tepeated giroulation of wator and the sube ’
seguent masnecivs oxenlate sslutions over a oolwm of
gesd oryotels contained in a Bynsted saturater should ’
provide & sslution whose consentration does not ghange
on further ayoling, and this concentyntion is the ’
solubility value, |
Tikerature velues mange fron 3,00 z 10™3 to
3:62 x 1073 noles 1+ B304 expreseed as total oxalate /
and smet depend upon the nethod of prepnration of the solid.
Trou ethods &) ~nd b} the aalu%ﬁliﬁy valuo oblialned ’
waa 3.23 x 10"3 mele. 3-."}" y and the sene value within
L 1408 wapn obteined over a period of a.t least one year. ’
This value gompared fovourably with 3.20 x 103 mole,1*%,
ebtnined By Tasney et _&3“&2. y ond the respeciive
thermodynande solubility products XK, given by /

E = [Wﬂ[{mz”] 5_‘33 /

woreT6l = 1077 mole® 12 mng 7.53 z 1077 mote? 1"’@'

The value of 3408 x 103 nmole J’a‘ was obiained by /
Tya wmmﬁﬁ by method 6), snd he reported a
maxisom velus for the solubllisy whioh fell with inoressing ’
time of oontent of solution with solid. Thie effest was
ohasrved, but the value of 3,38 x 10=3 molesl™ley wes
disuarded in favour of the 'mma obtained by methods used ’

in the quantitative kinetis experimenta, I¥ is posaible ’



in the saturator teshnique that the existence of very
smedl orysiallites of dimensions <1 nicron were present
and dissolved to give a smuyperesaturated solution whish
slowly eryatalliced, *. Thin ecould explnin the
inorease in solubility Yo a maximum and subseguent
arystallisation 40 an equilibriun valuo.

I4de), and sodium eocsin were added to the vell solution
prior M incoulations The rate of growth was redused
by beth, sodiun Qosin being much more effeotive. The
upper limit of aocsin ion conventration was fixed by
ﬁhm»an&akigiﬁy gg@ﬁu@t of megnesiun eosin of $.58 x
104 mm&ag x“a "g Soiutions of hipgh ionic strength
in pre
soldiun oxelate becouse of the lower solubility product
of potassiun dodecyl sulphate J+°,

The pink ocolour of the sosin anion interfered with

snece of dodeeyl sulphate were prepared using

the pemmengennte snd disodiun ethylens diamine tetre
Roetate and poits, and only the sonductivity techalgue
was used, OJuantiteative removal of the free eocsin aolid
by preoipitation with minersl aold was not possible,
presunably owing to oeslusion of solution in the

88
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flooanlend pregipitates Ho habls medification was
sbgerved on sleotron aloroscopic examination.

Heasursmenis were rade usine a glass aleotrode
with o decimormel onlonmel reforence elestrods with a
Pye potentiomater and o Vidbron Zleotromator Teleles
ingtrument model 33B., at null indicator, The ayatenm
was galibrated wiith two hﬁﬁ’ﬁ&” solutions of pﬁ 4.01
and 5,% r@@mé%m&ly {BeDells p0ludle ﬁama%_;@) Lo
Heapuremente of the pil of tho seed puspension, of the
cell solution before sdding the seed crysials, and of
the egqudlibriun sclutions afber growth, were made in
the presnece and in the adsence of earbon dioxidem the
gelublons being stirvred to ginulate Srowth oconditions,
411 p values were in the range Te3 to 740 and af skoh
& high pfi the proportion of mﬁ aonmplex doo present
would be negpliszidles The total oxnlate concentration

in solution was therefore given Ly,
Tox = Eﬁm“él + E}*@Wj RS ¢ ) 1
1% was also acoepted that conplexes of the Yype

KOX™ were of neglizible ioportance in solutions of
sgquivalent concentrations.




wna wau@saﬁraﬁianm-ef hyﬁw@g@n oxalate ion and
potassium monoeoxnlate ion KOx™ weze negiigible, so
the total oxalate, &qm& 40 the total megnesiws was
given by, x

- ]+ o]
or Tox = [0a®]  [Hg0n] _
ﬁmﬁ i§ egual to TOx, ond therefore

All eoncentrations are expreassed as mole. lﬂay !hw
iemio ¢oncentrations gl were obiained from egant&an&
{(3a, 3b) and the assocosation gonstant {9) i.,es

L)

Bi, given by

Tox = ﬁt? x 1@35& fgt ﬂ}.ﬁ

+ By mmm“‘)

was evalusted by sucosssive appromimations of the lonie

90
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styength
T wm 2%0x + Amy (o [ade]) (5

and aotivity #Wﬁaimm mm galouleted by mtm
of the Dmvies aqaati@n 94,

Computatione were nade at each poind during a
growth experiment and in the latter part of the work
TaloPe P
high apeed elegtyonie somputer, Total nmu’aatm%m-
were obiained by bitration and lonic sonocentrabions
by conductivisy experiments, and the kinetio equations

Yogrammes were ponsiructed for use in a Douse

The results wers sxpreused ss the amount of
magnesium oxnlate to be deposited Lefore squilibeium
was yesghed, A 4 The nathematicel treatment is
sinilar to that in part 1, and the rate squation tested
waat
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- %ﬁé' | " k‘afﬁ)i ,é_? 8)

e

From titration experiments, values of total
magnesiun and total oxalate were obtianed and A
evaluated by the equnition,

(mdyg = Aty = A) £2 = solubility prouat __ (9)
snd m% obtained by succesnive approximations from

E 5 migy + g E’“ - K Tyg 15 ] - Tyg = Oy _...(20)

Onoe miy, wao known, from equation (3a), MgOx
could be obtained and mi,, was then obtained from
aguation (3b). |

The more complex quadratic (10) arises from the

prasence of extcenn 3}5@:&3 in solutdon vige

'ﬁé’g = mﬁ%% [ﬁ?ﬁﬂx_j ot 38}
TOx w mi,, + |Mgox | mm(:ﬂ‘h)

ma + Tox + dfoi] .
Then from equation (o)

E&g&] = K omipg mloy fg
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By substitution in (3a)
Tg w uly ¢ Kool o, gg

from eguation (12)

.04 X i’g % - MMEZ - K;%m fg]w mﬁfg - @Js |

The egquivalent conductivity of magnesium oxalate ie

glven by ¢
" /Xa - b/aﬂzﬁ "

the consentration pi being expressed in g« mole.
1Y, A9 = 127,22.%%" and b = 47304 @t 25% for a
2 1 2 sleotrolyte 35s

Ionie strength corrections were nevessary throughout
the osloulations beosuse of the large change in
éaaamﬁﬁwmﬁiunaa /\ was EVakuaﬁaﬁ for avery point asnd
the mmount of smolid &agaa&teﬁ at any tine was obisined
b? neang of the aaumtia&

molar songentrations useds
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mha emount of solid deposited in experiments at
non-equivalent concentrstions was given by the exactly

anslogous equation,
S{A) = 1000 x21/8 x cell ogngtent
2A
where D initinl wes obtained from equation (9).

Wheress in the dissolution of silver chloride the
weight dissolved wes o very small percentage of the
total weight of meed orysinls initially added (wi),v
the amount of solid deposited in the growth of mage
nesivm oxalate was guite substantlal. As the orystals
enlarged, the surface ares would incresse and the rate
equation which would include the surface area correction
would be written

- % w k1 (8) (my- miQ
Assuning that the geed aryutala"wwrt uniform
oubes and that wy mg. of magnesium oxalale wers present
in the solution a8t the oormencement of the ¢ryatallisation

)2

progess, then

2/3

e (3
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where d ir the denaity of magnesium oxalate, ¥ the

initial volume of the meed grystals pregent in the
anluhion. and o . %}‘\ 4 v haknd doefoans avaa.  Doenaadns
solution, and Bys heir total surface arvea, Oupposing

that at any instant ,32 nge of magnesium oxalate is
present 1.0, W, = LA weight deposited, then the new
e ;

surfaoe ares is

w3
ag‘¥?~_§)
o
Thus &y /'aa o “ﬁb and to correst the
W
2

observed rates of erystellisation for changes in
surface area caused by orystallieation, they must be
maltiplied by the factor wz/ " ) spince the rate
of orystallisation is proporticnal to the total
surfage area of seed oryatols present,

2/3

l.e. ”Qgg') x "Q&f - kl (mi*. mg)ﬂ ‘
1 a 2/3 .
w .
or _dm, =k| 2\ x{(mead) .
- & 1(;*2) 1= Ty

squivalent ionio consentrations are sunmarised in
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Tables 1} and 16 ¢ 2 and 3, refer %o Mnﬁw%mw |
and titration -am@m@nw, and subsoripta I, Jrond §
to rotary stirping, turbulent stirring and shaking’
maﬁ;:ea%mlyt Typical conduotivity time and total
concentration tine ourwes are shown in Pigs. 9 to
£5. for n given muount of incculating seed orystals
an induction peried wes obhserved whenever the initial
iouie oconsentration product rose above a well defined
values for approximately 25 mgs / 300 ml. of added weed
eryatals, this was 2,9 x 10™9 mwmﬁ 1%, The
duration of the induction period varded between 30
and 220 min. and was approximately inversely proporte
ional %o the supersaturation me is seen in Table 16
| which contains the rosulis of ezxperiments with high
mmm. gongentrations, |
Por ax;@wmenw with initial concentrations Welow
thia 1 nity the ;;:;,aw of ths integrated form of the
equation {6) are good straight linee peseing through

the origin Pizs. 9, 11, 14 and 15,
Bxperiments 29 ™ and 30 T, Figs 9, show very goed
agresnent for runs at different :wnm strength while

31 7t and 32 O show good agresment between sonduotivity
and titration rosulte, Fig.dl. The reproducibility

of the condustivity method is illustrated by experiments
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(i o

nede.

ﬁvl

| k;@ﬁ—mff‘f “time
= (il

mitial

Ko~

Be

MMQ,Q4

1.346
1,293

12367
1.23¢

1.206

‘lti?ﬁ

34137
1.082
-0

1.328
1.282
1,223
1,823
1ni$§
L7
1,168
1,137

7.430
7.798°
2,093
“.108
8.292

8.513

G.794
Je241

-

7,230
7,557
74557
7.781
7.832
7.868
8.085

G

‘04663

GQé?@
0,862
1,033
1s304
10832

0.227
0u554
0554
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0.829
0.885
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10 :
D 'TM§~ «10° | Run 29T,
%
- 0O
9 0 |
Time Chour) o |
4 8 1 16 20 (O 28]

me)"= (m;-m2) "}x10™

Time (hour)
16 20 24 28

12

[ {m-ndySm m>'}x1o' Run30T,
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Tour 0> ‘ ;91“0 ‘Mg Nog (M'M) C““ % (i~ wi®) ‘} u.x
) | o ; ‘ *(0 : nikial .
““?“QQ"Q s WOQQQ" A woﬂe 1 ' vonQ .Q -y o mole, §-)

8.928  6.642 2,352 1270 887 o
2724 €.693 2,305 1.132  F.833 0,446
2,692 6.632 2200 1325 0,802 0.505
CBWELS 6,698 2.200 1,113 9.9% 0,597
84434 6.TI0 2,264 LT 9,169 0.782
84326 6,722 2.235 0 1.062  9.416 1,029
8,262 ¢.732  2.222 1,083 9,537  1.150 9.5
8,201 6.926 2,002 0,919 10,887 2,500 20
| | | . LT

R I )

5.6225 103,22 2,470 L.297 .0 0
55715 103596  2.831  1.258  7.949  0.239
£.5542  104.05  2.412 1,239 8,071 ° 0.36
5.4540 104,26 2,387  1.214  8.237 0,527
5.3812  104.40 2.33¢ 116 8,613 0.903
53277 108.52 2,308 1,138 B.811 1303
5.2420  104.77 2,266 1,093 %.149 1.43
5.2048  104.92 2.247 1.074  9.311  1.601
- - 1173 6 - -

%glﬂggmmwwc
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RU" 31 Tl:'

Fig.10.
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20

Run 32C,

Time (hour)

8 12 16 20 24 28

Fig1n.
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mquims mm *&m rate ﬁmﬁwﬁ amm be mdawndam
of the degres of superssiuration, and 360k an

gm and
is owing M thelr being 3!&% below the :tmmmg
conditions and very slight induotion effests ocourved,
The inteprated rate plots are given in Tig.ls.

This adherense to equation (6) persicted for Oas 508
¢f the total preeipitation sorrvesponding to the
duration of most experiments which lasted for 17 hours
at leant, In experiments followed phetographioally,
growth was seen to take place entirely on the eadded
seed srystals, illustrased in Plate 2 («b}), sn which
are shown seed orystels in experiment §6 Oy after 15
ninubes and 23 hours,

Above the soncentPation limity the time plots
show anX induction effeqt, Figee 16, 18 and 20, and the
integrated plots of equation (7) are straight lines
whish have an intercept on the time axis, Fige. 1T,
19, 23, This intercept corresponds so the duration
of the induotion period emtimated by the method of
Sohierhole 6+ gnd if the origin is moved to this
interseution, then s good sevend order eguation im
-follownd for at lesst 807 of the total resotion, thie
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-DABLE. 14.

| " A el )L
J/ 3 A (""‘t"“';m) h{,x(o} (ki' .o) {(\« u."')q -] tine
Xlo ot U (bug )
’ Y \ nakiad ﬂ’
wole. -1 "/woet. ﬂ- Mﬁe, g- X lo'z'mQQ.E’l '

Run, 3€ é::;E

702182 100.34 2,076  3.245  2.017
701632 10C.45  2.95° 3.231 4,850 C.C42
7.1205 100,53 24031 3.204 4,924 0,207
7.017T1 100,70 2.383  3.15€  3.043 0,226
€.9725 100.81  1.350 34133 5,102 04285
6.924€C  100.92  1.336  3.102  5.265  C.248
6.491% 151.30 1.TI0  2.223  S.840  1.031 17

0

T SR T N T )

6.4303 102.00 1.0%1  2.854  S.949 1,132 19
6.3702  102.16  1.552  2.225 5,093 1,236 21
e - “A,O lgm > - 100

Bume 27 Ot | N

10,558 93.42  3.067  5.140 252 O 0
10,503 93.62  3.900 5,082 2,558  0.037 0.5
10,240 94,05 3.750  4.932 2.06C 0.139 2

10,063  54.43 B.004 4827 2.737 0.6 3
9.899  94.63 3.566  4.737 2,306  0.285 4
9,745 95.07  3.4T1  4.G44 2,881 0.366 5
94631 55.3%  3.399  4.572 2,942 0.421 5.75
B.189 98,24 2,603  3.T76  3.822 1321 165

- - 0 14173 - - o0
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g o oy (buisd L
lémo A h«;m}_ | (“:l:?) ('“;’:‘ ((mi.: )Q—l? ’&Rm
—_— e;muW{ mw1;Hm&¢,EbM&Q o
Run, 398, . | |

9.6038  95.36  4.562 . 3.389 8,051 o o
0.4526 95,68  4.475 . 3.302  3.028  0.077 1
043304 95.33 4,406 . 3,233 3,093 O0.142 2
9,2105  956.16  4.33% 3,165 3,160 0,209 3
2.9753  96.64  4.206 3033 3.207 0.346 5
8.8679. 96,88 4047 . 2,974 . 3,362 . 041 6
706307  99.29. 3.509 . 2.336 4,261 . 1.330 21
7.6285.  99.44. 3.474 . 2,301 4.346 . 1.395 22

- = 3T O e = 0
10#9355 92,77 B.340 . 4,167 2400 . O 0
10,4403 93.TL 5,080 . 3.875 2,581, o.a%1 2
0.9485 94,71  4.752 . 3,585 2,783 . 0.389 4
2,1597. 06,25 4.312 . 3.132 3186 ©.786 8
7,2348 96990 4,130 2,957 3,382 0.982 10
5474 97.51 3.971  2.798 3,574 1AM 12
7.9869  99.65 3.668 2,405 4,008  1.608 16
7.7214  90.22 3,525 2,352  4.252  1.852 1F
7.2646 100,20 3.284 2,011 4737 2,337 22
- - 1,173 0 - -
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| Run 39Ct

Time Chour).
4 8. 12 1620 24 28

Fig. 12
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() —(m-m) '} x 107

init.

Run 36C,

Time (hour).

12 16 20 24 28

[14 {m-me)*-(me-m3) ] 1072

init.

Run 39C,

Time (hour?).

4 8 12 16 20 24 28 |

Fig.14.
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Time Chour).

8 12 16 20 24 28|

| Hr ) {(me-m?) - m-m) f 10" S

1 init.

Run 37C,

Time (hour).

8 12 16 20 24 28

Fig.15
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Plate 2.

in
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‘Run 77,

Run 8Tr |
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o

> M‘X(o3 (M{.-mq) “ (w:;—mf' oN-1¢ e
xto X1 iwkial’ o

wole b el el 8 e 0 gl

6,992 2,817 15,380 13,07  7.65 0 0
5.560 2,854 13,796 10,93 9.1  1.46 . 1
3.375 2,927 10,116 T30 1371 6.06 2
2.057 2,906 74397 4,58 21820 147 3
N

6

8

1.280  3.004 6,193  3.38 29, 21.95
1.318 3,084 44979 2,37 4619 38,43
0,944  3.057  4.84T 1,63 612 53455
0.883  3.062 42252  Ledd 69452 61.87 9
0.TA0 34078 3,665 0,85 117447  109.82 19.8
0.540  3.201 2,814 ~ Y

&

3.106 1330
3.997  3.219  10.297
3,17 3.269  8.805
2.256  3.422 44920
1,028  3.437  4.322
0.602  3.487 3,154
0,615 3,491 34066
0,541  3.517 244080

0 - -
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_ w2
| cm-w‘z)‘i(‘“ “““‘)4% tn

DR

TMNOL 51_1.\0 g% \03 (\m«wp " (i~
x10 Xwo wakial 9.
mf@-ﬂ“ _ wale 1! mole. 471 ol 8-l xg " mole. R
fun, J%. |
44707  3.182 11.421 8,937  1.119 o )
44159 3,200 10,567 8,083  1.237 oc.118 1
34497 3.243 94476  6.992  1.430 0,311 2
2,405 3,306 7830 4,134 1.940  0.521 3
1,342 3.354 6313 3.887 2,613  1.494 &
1,236 3.410 4,381 2,397  4.172 3,053 6
0,925 34445 4,035  1.551  G.448 5,329 B
C.T64 3,465 3,551 L.06T  D.36%9 8,249 9
0s541 34512 2,484 0 - “-. oo
Pun, 82
4,745 3,173 11,499 9,000 1,110 0 0
4,081 3,205 10,460 T9T0 1,259 0,145 1
g.21% 3,270 8.469 5,070 1,612 062 2
1,240  3.402 4,800 2.FC 0 4.1°0 3L.040 )
0,956  3.433 4,131 1,621 6,095 4.985 5
0,887 3.440 3751 1.26L 7.939 6.819 6.5
0,742 3.459 1.510 1.0%0 9.803 8.693 8
0.638  3.490 2,800 0,300 30.175  20.065 22.5
0540 34503 2,490 o - - )
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: : oy-\
oy! (M\"“li\
2 : 0 Wl - m: .
Tu* 10 s-,_xio mi,x\g ("“i"“;\'.) (s “1;_) = (i, - _‘Z time
. K@ X 10 ' . M'\I:ia_Q ﬂ\"
mole I mofe. L' wmole. L5V paole. L) K‘lo-Mo(La,l"“
3.003 5066 Se34 44T 24350 o 0
2,908 BaTL 5,17 4405 2,460 0,071 0.5
2.876 5,74 5.06 4,00 2,500 04102 2

24187 5.75 488 3.89 2571 073 2
2,637 5479 4.2L  3.7L 2,695 0.297. 3
(24131 5.82 3434 3.04. 3209 0.841 5.5

J1.380 6,32 2.4 2.17 44611 2213, 12
34030 6. 68 2é¢11 1.37 7320 . 44922 g

" G o Ll L o s o * bl " G

A

VIO ~ 54340 4,167 2,400 0
21,410 93.36 5.386  3.983 2.0 O.m11
10,960 94,16 4,016 3,743 2,672  0.272
9.970 G5.66  4.47% 3,308 13.025  0.626
7,790 99,27 3534 2,341 4,272 1,972
€.290 101,85 2.894 1,721 5.211 3.411
S B,500 103.27 2,760  1.587  .30L 3,900
60 103.87 2,848 1.275  T.043 5,443

53 :g E; 53 o &~ 3 O
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4 8 12 16 20 24 28

S 8 Y IR
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0 {(m-.-m‘i).‘-(ﬂm-'rnw:.%zL '}x10°

Run 26T,

Time Chour:).

8 12 16 20 24 28

Time (hour).

8 12 1620 24 28

Fia 19
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percentage being the fraction of the toial motually
followed, the experinment being a@ayﬁaﬁ.ﬁwﬁa#&
equilibrium wan reacheds I% was not possidle fo
interpret the kineties of ‘the induotion itsels and
mixed meohanisms, inoluding sero order and first ordex,
and first order and second order were unsugeessfully
applied, . |

Fhotomiorossopie exaninmtion showed that inoculation
oft growih with mme&~arynﬁaia was acoompanied by
nuslestion, Flate 2 {cd)y growth continued on all
the erystals present. As well as ammyliaa%&ng4the r
ovérall kinetice of growth, nuoleation would not allow
very good reproducibility, sines it is very differea’
%o reporduce the eonditions for heterogenequs nuoleation.
In spite of this experiments 26 T¢ and gz,aﬁf Fige. 19,
ghow very good agreenent and consistency for both
techniques; as alwe do 3B Ct and 41 7t in Pig. 21,

I% wme found that nucleation and therefore the
induotion period agould be eliminated sempletely by the
sddition of a larger amount of inooulating erystala,
Plgn, 22 and 24, The stralght line plot for the
integrated form of egquation (7) passes through the
origin for runs &7 Ts, 58 T, CJ Ts and JO Ta
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' ' oy
3 .3 e’ . o\ (Vg ‘
%’x ‘o A e 10 (w:. D w;‘) ) -l § B
) X0

g | 3} —l\n'\\ria.l. 9\’
‘ 2. wobe . BV nole. L X1p , MoPe.ﬁ"

L3076  884T0 . Co6TT . 5.504 . 1817 0 .0
12.6843 £9.12 .$g§30 . 56387 0 LJIET . 04050 1
12,605 89456 .C.376 . 5.203 . 1.922 . G105 2
12.389 89,98 . 6423C . 5.063 . 1.97% . (0.158 2475
114655  9YR.36  5.TT0 . 44606 . 2.1TF . 0,354 . 5
11,327 92.36 G456 . 4.2083  2.335 . 0,518 6
10,721 93.17 .5.214 . 4,081 2,475  0.658  6.75
o522 99462 34420 2,247 4.550 2,633 ' 20,50

Tt e

Bun, 417, : | —
2,939 5.616 5.436 4243 244 . O 0
2,793 5,667 54130 . 3.957 2,527 . 0.113 1
24669 5,707 4,970 3.797 . 2.63¢ . 0.220 2
2.535 5.856 4,793 . 3.6831 2,762 . 0.348 3
2.286 5,051 44481 . 3.288 . 3.081 . 0.627 8
2,006  5.971  4.075 2,002  3.446 . 1.032 7
1889 6,025 3,808 2,635  3.655  l.241 8
1,052 6.012  2.610 1,437 6,959  4.545  19.29
1,003 6,573  2.535 1,362 7384 4.930 20,25




122

' -)
2 3 R A e, ~p .
TM'KIO 5‘ 2O Wy %O (_w\\,—vw,‘) (W"‘ ““b) ); _i thinee
z 316} Xig-? "(‘M\, Wy
\M\.\T\&Q

mole. L~ - < mole 4V wmole. L1 gy o0, 4V '
Rum._ 4275 | |

2,976 3.699 7.68%  5.439 1,88 0 o o
24843 3.706  7.510  5.360  1.366  0.048 0.5

2,760 3714 7372 5.222 0 1.8 0097 1.5
2,813 3.7 7,163  5.019  1.992 0.1T4 2,5
PJAL4 3,748 G.T6T  4.617 2,166 0,384 4
2.385  3.75C  G.643  4.493 2,026 0,408 5
2,258 3,765 €.495  4.335  2.307  0.489
2,079 379 6.152  4.002 2,499 0,681 T.5
108 3.039 4,351 2,000 4.584 2,726 19
1326 3,912 4,348 1.998 5,005 3.187 21
1.046  3.926  3.954 1,804  5.583  3.725  23.5
- £.057 24150 .0 = R

o i S S eanin .,:;. ) cnsipmmpsip A s koot i sp A
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Run 3 BCt

Run} 41 T{,,.

Time (hour).
4 - ) 12 16 20 24 28

Fig.20.
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3.0 {("‘i"m:)-“' (m; - m'i)-Q} x 10'2}
initial
Run 38C,
2.0
1.0

Run 41T,

Time (hour).
8 12 16 20 24 28

Fig. 21.
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m,{.x\n
wole, §-

(wi-wi)
X10°

hnoen.if'

()

%ufz

Noiwe )

-bu;qgg
i

b U w5 ol B

,K Hone
1.

54545
54608
5.725
5.788
52967
6.171
64318

6,806

54603
54357
44906
4.70C
4.086
3.454
34113

2.086

4.430
4.184
3733
3.507
24913
2.321
14940
1.913

2+390

2,679

2.852
3,433
44308
5,155

10,953

0
9.133
0y422
0,595

" 1.176

2.051
2.898
8.696

¢
0.5
1.0
1.5
3+25
545
8.5
23.0

44626
3052
de768

2,930
24945
2,981
3,046
3.327

3.198

3.232

144246
13.575
11.943
9.221
6,522
3,775
2.699

11,547
10.876
9.244
64522
34823
1.076

xip~!
8,661
9.189
10,819
15.332
26,160
92.944

.

x 10~}

0.534
2.158
6,671

17.499

84, 283

0.5

175
3.25
5250
23.0
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Trto” fixto MiXlo (m‘—w; (w'mgl)' ~ (i nlY Rwe
xlo %0 mitial 5.
mo(?g. - | mole. - yolg 0! wole 81 X \o‘lmq,t g
Buns 697
J.202  3.592  8.2T4  6.064 1.0649 0 0
2874 34611 TJTI0 5.500 1.018  0.169 )3
2,709  3.634  T.443  5.233 1.911 0.262  1.75
2,391 3.644  6.859  4.643 2,151 0,502 3,25
1.933 3.7T11 5.989 3.T79 2.646 0,997 5450
0.860 3.858 3.546 1.336 T+482 5.833 23.50
- 3.948 2.220 0 - - o
B.274  6.064 1,649 0 o
6,964 4,754 2,103 0.454 0.5
1.800 3.715 5.924 3,714 2693 1.044 1.75
156G 3.763 5081 2.681 3+4T0 1.822 3.8
1344 3797 4,512 2,302 44343 2.694  5.50
0.664  3.894  2.987  0.TTT  12,87F  11.222 23.50
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60

Fig 22. ‘
| 50| |
T,10 |
" 40
o

20
Run 687, |

\g 10| |

Run 67T,
3d

Tg*10' 2 |
Run69T;

10| |

od

Run70T;

Time (hour).
4 8 12 16 20 24 28




80 {(m;-m‘i)'1— (m;-m; )“} x107 ' 128
el &Jn 68Ts
40
Time Chour).

8 12 16 20 24 28

80 {(mr m; )‘4" (m; jﬁ@d} <10 ¢

Run 67T

Time Chour).
1620 24 28

40 {(mrm‘i)"-(m;i-ﬁ“}x 10™* Run 69 T

Time (hour).
20 24 28

Run70Ts

Time (hour).

4 B8 12 1® 20 24 28 |

Fig.23 -
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Pig. 23 ond runs JL Ts and J2 Te, Pigs 25. Thus,

in Table 11, the seed concentration in experiment
| gg e is sbout twice that in 42 T6 and the long
ﬁ.nﬁwmgn period has been removed even though the
initdal concentration is higher in 83 Ts.

A nunber of experimend at non eguivalent ionio
Mmmﬁrémwm wors unde ot mtlos of ?mmm of 2 and 4,
Table 26, The plote of L apninat time are shown in
Tige 28, The rate constants K} were obtained after
an dnduotion periocd of about 3 hours. Jate ls given
in tables 27 and 28 and good straight line plote
soeording to the egustion

‘ 2

in the integrated form are seen in aia,ag for experiments
42 Tty 48 Tt and 49 . Reproduoibility, in spite of
nuoleation, 18 very good for runs 47 Tt and 48 7%, and

the value of k3 fmlls off considerably on inovensing the ratio.

The effeot of the addition of foreign ions upon the
rote of growth in solutions of equivalent conventrations

i® illustrated by the data in Table 29. The volue of b.
fslle ns tho consentration of the dodooyloulphate don is
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3
g, 1O

(i i)

Tonr Io"- gl)qo 103 . »o'.z — focemd) time
mobe L) T T N R B A
fun, 717,
2,087 4,106 5. T61 3.806 2.627 ¢ 0
.89 4.046 5,275 3,320 3,012 0.388 0.5
1,676  4.170 5,004  3.049  3.280  0.653 1.0
1.412  4.215 4,402 2,527  3.957  1.330 3.0
1.186  4.258 4,005 2,050 4,878 2,251 6,0
0.T97  4.343 3,094 1,139 8,780 6,153 22.5
- 4.463  1.955 0 - - o0
4,130 5.667  3.722 2,687 0 0
1.734 4,181 5.852 3,107 34213 04532 0.5
24536 4,213 4,714 2,769 3.611 0,924 1.0
1+204  4.267 4,075 2,130  4.695 2,008 3.0
0864  4.325  3.490  1.545 64473 3.786 6.0
0.871  4.400 2,752 0,807 12,392 9,705 22.5
- 4.485  1.945 0 - - 00
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Run 727,
Time (hour).
12 1620 24 28

Fig.24
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2o Amom) ™ (m-mty ¥ 1072 Run 71T,

inikiol

20
Time Chour).

Run 727

Time (hour).
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.bw& Q-;R) (T‘IQ Qm;m‘

o™
b

Mo

mole? -2

xm

md&’_’“"

W

(s 1

.Lyw Gﬂj dmu

leq, Q—l@-— T ) dk

2 ‘
CN:$GMf~§§

p\f" 7“04 ’¥|° |

mole® 1-2

¢ 2,844
D5 2,640
1,0 2.297
1,5 2.126
303 1,691
545 1,282
845 1,033

.23, @*43®-

8.088
7,012
54276
4.520
2,859
1.634
1.067
0.185

1.962
1.751
1.394
1.230
0505
04539
04376
04,083

50400
€3450
92496
113.90
152. 66
109,08
205.22
254.92

1,00
0,04
0.6
Cu55
De45
0439
0+36
0.32

0s62 - 0.84
5,53 » 0.74
0.42 - 0.60
0s34 = 0.49
0:20 - 0.29
0ell = 0.18
0,09 = 0.11
0,02 - 0.03

1.962
1.464
0,049
0.6TT
0,381
0,209
0.135

0.026

.:ﬁh aﬁ?ggi
Q*g 2.022
148 10473
§ﬂ3‘1,9?3‘

24, 0,237

7.756
4,008
2.170
1.151
0. 667
0.562

50400
118,00
167.00
202,00
225*0&
277400

1,00
0.57
0.45
0440
0436
0.32

1.88 7,786 =
0.88 2.336 -
0,39 0.973 =
0.18 0.457 -
0,09 0.243 =
0.02 0,130 =




i ey
. :Eh




Fig. 27

dTa 3 o)
'EE-_”O
;‘|;\°)x102é
N0
dlm

20 x1O 0)

(16 d’c

12

o8 : ° 4

o @

K 2 6 8

Run 70Ts
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TABLE, 26.

mta at %a{}& ‘Mq/& é—]ﬁ 3.01

Seed 7, ooncentration approx. 25mg. per 100ml. solutien

oot Db Ty, | Iy e
" o, x1° 1 m0° ©X" 1.mole.
N molend™ | S
@60, 0173 7.04 13
4T, 0,199 11.34 26

- 481, 0,167 6.09 30

| 491, 0,069 11.88 2.5

R I )

Ela:3 is the meoond order rate ommt Sal

mmtm period er about 3 hours.
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6 Xlo A S(A)Klos A X6 A"'x 162 (A-L“A'_t‘; ) time
wathiq
i , moofe € maole. L) meole B-) xig gty 1
Run. 460, - |
46,355 - 0 0.1726 5,794 ) 0
46,338 108,10  0.83  0.1643 6,086  0.292 2
46,270 108,28 1,12 0.1614 6,196  0.402 3
4610 108,67  1.78  0.1584 64460  0.666 5
46,028 108,87  2.12  ©0.1514  6.605 O0.811 6
45,379 110,54  4.76  0.1250 8,000 2,206 17
45,339 110,94  5.34  0,1192 8,389 2,595 20
45,005 111.31 5,89 - 9.1137  £.795  3.001 24
434,468 113,11 8,32 - 0.,0804 11.186  5.392 41.75
444448  113.17 8,39 0.088T 11,273 5.4T9 43
T%“‘°l .Tof‘Ol w;“%noz wixio fprio A’ Aws” (A‘liﬁt")ﬂéz Lime.
4,247 1.999 2,376 0,220 3,480 0,139 5.03 0 0
$:053 1,920 2.367 0,219 3.480 0.185 5,41 0.38 1.5
3.941  1.827 2,357 0.209 3.486 0.180 5.56 0.53 3
3,870 1.730 2.347 0,199 3.488 0,170 5.88 0.85 4.5
34656 1.511 2.322 0.174 3.497 0.146 6.85 1.82 8
3.493 1.348 2.304 0,156 3.508 0,128 7,81 2.78 11
2,986 0,888 2,252 0.104 3.529 0.076 13.16 8,13 22.75
2,698 0.541 2.212 0.064 3.546 0.036 27,78 22.75  34.5
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TABLE, 28,

' 2 .2
m - - - .
mo _Ex’('o ”\;%xlo "'g;Xlo g;.*lo Axmz ‘%lol@ A ) 'L\MQ

: xip2 h.
th.ﬁf" wole 41 ol U1 iole, 01 mole. 8- Wnole. - wiofe. 1-!
4&10@ 3:0%3 'glgél 0«1&4 449@3 Oolﬁ? 9:99 0 0

4,035 1,969 2,234 O0.17T 44091 0,159 6.29 0,30 1
3,980 1,900 2,227 0.170 44097 .14 6.7 0,72 2
3.867 1.812 2.219 0,162 4.101 2.140 T.14 1,15 3.5
3,783 1.727 2,212 0,156 4,110 0134 T.46  1.4T 5
3,669 1.588 2.201 0.144 4.115 ©0.123 8,13 2,14 7T
3.516 1.447 2,187 0,130 4,127 0.104 9.61 3.62 9.5
2,981 0,914 2,140 0.003 4,163 0.062 16.13 10,14 2.5

Run, 497, |

4,165 1.021 3.234 0.090 3.428 0.069 1.443 O O
4,140 0,999 3.232 0,088 3.428 0.067 1.493 0.044 1
4114 0,976 3.230 0.086 34420 0.066 1,515 0,066 2.25
44091 0.960 3.229 0.085 3.430 0.064 1.563 0.126 4
40T 0.934 3,226 0,082 3.430 0.062 1,613 0.164 6
4043 0,902 3,224 0.080 3.431 0,060 1.667 0,218 8
3,949 0.800 3.216 0,072 3.434 0,052 1.923 0.474 23




QN

2

Poeoo Rndon

8

Time Chour.).

12 16 20 24 28

Fig.28.
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Run 47T,

Time (hour.).

12 16 20 24 28

Run 48T,

Time (hour).
16 20 24 28
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TABLE, B9.

Sepd P, Concentration 23mg. per 100 ml.

. . , i . R X

s (mi*mgfz fllﬂl L, [Fae?  1.ahed
no. mole. 1™, Izl ST 1

‘ , mole.l " h T
Bz, 613 6,83 0 3.48
557, 6.2 6.91 1,029 1,95
872, 6.03  6.P9 2,031 1.63
56T, 5484 T34 3572 1.51
60T, 4,52 2,28 0 5 .04
o Bam, 4,57 2.42 1,029 4:73
830, 4.52 2,32 0425 140

e B" « eosin ion, 1) others Iwm #a&ium da&wﬁ
r  sulphate present |

T k1 13 the secoad order yute constant efter an

’ mﬁm ;amma of abimt 4 hours,



Tert0 ,jﬁl 210 g (m)ws (W:"'M_z)—‘ {t‘(ﬁ&ﬂ,} Lime
° nitiald L
W&, 2 nole, 1 wcle. 01 padle - 0 wote 4! '
3,246 3,581 B.345 6,120 1.632 0 0
34008 3,601 7041 5,725 1.74T 04115 2
2,681  3.620  7.390.  5.174  1.733 0,301 4
2.335  3.661  G.16)  4.553 2,196 0.564 G
2,120  3.682  0.365 4,149 2,410 0,770 7
1.292 3,784 4.618 2,402 4157 . 2,525 12
0,970  3.832  3.046  1.630  6.240 4,508 18
0.786  3.561  3.349  1.133  8.026  7.184  25.25
- 3037 2,26 0 - - ©
3233 3.572  8.344 6120 1.634 0 o
2,972 3.533  7.910  5.636  1.759 0,125 2
2,136 3.613 T.505  5.2061 1.834 0,260 4
2,448  3.640 6,902  4.660 2,097  0.463 6
2,153 3.660  6.444 4,220 2,370 0.736 8
16923  3.653  5.996 3,772 2.651. 1.007 10
1.575 34738 5.063  2.839  3.522 1,888 14
1.375 3,768  4.652 2,488 4,117 2,483 17
1.090 3,798 4,260  1.946 5,165 3,531 22
- 3.923 2,224 0 - - o0




3.836

4,094

me\o gﬁ o unog (\M'»’“«f)*log (N"{Q‘\ %"“5’“"?).; _13 i
%10 — (i ) \
wode. 0! wole B! wele 17 wofe 01 xoheote 4oV
R, 572, |
3.181 3577 8.257 G.034 1,657 0 0
2.969  3.594  7.904  5.681 1.760  ¢,013 2
2,703 3.617  T.846 5,223 1.915  0.288 4
24351 3.649  6.814 4,591 2,178  0.521 6
2,192 3,065 6,517  4.294 2,329  0.672 7
2,022 3,681 6.182  3.959  2.525  0.868 8
1.300 3768 4,662 24430 4,100 2,443 18
1.225 3,794 4.465  2.242  4.452 2.799 20
3,032 3.529 8,124  5.856  1.708 0 0
2.848  3.544  T.308 5,540  1.805 0,097 2
2,670  3.559  T.40% 5,227 1,913 0,205 4
2,425 3,580 7,050  4.702 2,091 0,383 6
ZR45 3,605 6.52%  4.253 2.351 0,643 8
1,811 3.703  5.642  3.384 2,956 1.248 12
1586 3,736 5,123  2.855  3.504  1.796 16
14375 3.768 4,654 2,386  4.212  2.504 20
1.826 4,740 3,032 23
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144

Run 56 T,

Time (hour.).

2 %6 20 24 28

Fig.30.




_ _ -2
RCTAN (m-m, 54} *10 / 145
40 | : Run 56T,

Me/“meobur‘)-
| 1218 20 24 28

i )
16.0{("‘ -m; ) (m:.- ‘::;l } 10 Run 5T,

4.0
Mme(hom).
| 12 16 20 24 28 |

inibial

el - momt)hx 107 pup 577,

40 |
20 Time (hour:)

12 ie 20 24 28

G.O(m‘m)" (mt. l.) }X1O-2 Run 58T

4.0

| 017 16 20 24 28

Fig. 31.
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" . i . 3 —‘ '.- o —‘ " .
Tetio” S * Mm% (wi-no (M&-mz) fiiond l 4 e
LYo %10t ‘(M-M,l.d
mﬂq,lf' ; wole. L mole €-1 pfe L %19 % \‘«:\n‘lc‘.l-' , b
3,238 5,528 6,600 4,517  2.214 0 0
2

2.926  5.622 5,299 4,126 2,424  0.210
2,318 5,839 4.504  3.331  3.002 0,789
1.643  G.48  3.558 2,385 4,193 1.979
1.294 6,358 3,015  1.842 5,429 3,215 11
1,078 6,513  2.562  1.489  G.716  4.502 14
0,987  6.633  2.402  1.229 2,136 . 5.922 17
0,802 6,750 2,188 1,015  9.851  7.637 20

oo B ¢ |

04703 61 1.99% 0.818 12,235 10.011 23
coim | B |

3,855  5.443  5.784 4,573 2,187 0 0
2,530  5.670  4.854  3.043 2,746 0.559 4
2,052 5.853 4,201 2.930  3.345  1.158 6
1,665  6.030  3.640 2,420 4117  1.930 8

1,075 6.529 2,578 3.367  T.317  5.130 14
0,786  6.617 2,190 0,979 10.216 8,089  20.5
0. TO9 6,691 2043 0.832 lﬁ’f*ﬁa@ 9,633 24,25




14;.&

2.0
TM‘ x 102

Run60T,

1.0

°9

Run82T:

1.0
Time Chour). |
4 8 12 16 20 24 28
~1 1 -2 —
mi-m:) ~(m;-m;)" { x 10
80{( inikial }

Run 60T,

Time (hour).
o 2 8 12 16 20 24 28

6.0 Run 521;_
40
20 Time (hour).

n -~ 8 12 16 20 24 28

Fig 32.
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inoreased, The straight line kinetis plote all show

u time intervept of abous 4 hours in éi'i&an. n. "ﬁm arenger
effiotency of Qosin in retarding the growth mase is
llustrated by experiment 3 Ot, Mav 33

1
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: ; : - . i ” ‘ ) " "
L3 3 i) ms (g i) g -
E X\o A i % 19 (“‘4 W‘\) o ( 3‘ ‘;) - (VM““:“:SY‘ tiwme
. 4 witial W

mole. ! weofe. ' wiole.d-! 10~ " weody , 4

Rupe 630,
12,261 - 5.693  1.520 2,212 0 0
11,899 92.30  5.486  4.313 2,319 0.107 %
11.495 92,92  5.8291  4.118  2.428 0,216 2
11,007  93.68 5,058  3.085 2,574  0.352 3
10.449 94,57  4.796  3.623 2,760 0.548 4.25
104068  95.16  4.621  1.448 2,800  0.689
94563 95,96  4.391 3,218 3.108  0.896 ¢
9,101 96,71 4,185 3,012  3.320  1.108 7
8.652  97.44  3.988 2,815  3.552 1.340 B
6,046 100,27  3.266  2.093 4,778 2,566  18.5
6,919  100.31  3.254 2,081 4,805  2.593 19
CoBB4  200.38 3,240 2,067  4.838 2,626 19.5
- - 1173 B+ | - " Vo)
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)O |

150 Run 63C,.
Oo :

9.0 OO

7.0 | (050 Time (hour).
4 8 12 16 20 24 28

{(ﬂk’"\:).‘-(mij"f‘;.c{:}x 1072 -9

20 Run 63C,.

o

0% Time (hour).
oo~ 4 8 12 16 20 24 28

Fi\g. 33




The kinetios of oryetailisation of nagnesium
oxalate; & 22 electrolyte of quite & high solubility,
agroed with the sedond order mate oquation already
desdribed for silver chloride, under conditiona of
eguivalent and non equivalen ion concenimations,
anﬁ.in the presence of surface active rengenta.

Above o ocertain oonceniration product limit for
& known welght of added seed arystals, spomtaneous
orystallisation was initinted, an effees whioh oowld
‘%@vﬁiimiﬁmﬁ&é by ineresaing the weighit ol seed added,
Spontansous nuslention would cocur if sn ineuffioient
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pusber of suiteble growth sltes were added 0 soconmodate

the fnitial growih surge ss faes as it wao provided
by dAffusion, Hormnl second order prowih ascording to
squation (€) begen immediately when spontaneildy was
#liminatod,

From the plot of the grodient »@d Tn ageinet
(T » Tu®), Figs. 26 and 27, for runs (] Ts and T0 Ts
mespactively, firast order kineiies in tolal omalate,
sggented by Hresoln and Faiaaahg4 ¢ 4id not desaribe
the growih mechanism. Their experiments wers made
in high conoentrutions of sodium sulphate and they did
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not take into asoount emmma such as mg from
the aquimbmm | :

-‘,L;‘%Egm * By = Mg Mﬁ

‘whioh nust oontibute to tho equstion for total

magnesiumns The oonoentration of this fon peir
q7

‘mm be appreelable, tho asaceiaiion constant.

w 179

flowever from the sane fignzw, the mmm@ eraw
mm%m in totel conceatration

by K@(a) (T - :md}z

—im

“wan seen to be obeyod closely. The two interpretations
were aompatible ainast - |

? = (5.4 x 202 £5 n, & 1)(ng - =D)? / (ta - m°
g ' .

and the ratio wvarded by only 1 or 829 during an experiment
In order to test for a diffucion oontrolled procens

%he dependence of Ky on the rate of stirring, prm

by Lichstein and zmmm g'j*, was investigated. In

run 40 Ot the rate of wa.rmng; wag increased very
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ﬁm&ﬂﬁmﬁy (at points indionted by the avrows in
Pigs 13} without sny disventinuity in the growth eurve,
Purtharnore a good egfeement in kg was aﬁaarvud ﬁbr
sxperiments 40 Ct (ﬁab&@ 11) and §9 s {Table 16)
where completely diffevent nodos of silrring were

wnployed.  Growth would appear, thercfore, not o
e diffuslen vontrolled, | |

Ths theoretionl dependenge of the rate of growth
on inoremsing ourfaoes area wae not obaserved in this
nyatens The orystals wers obmerved to enlarge don-
siderebly during growth. The calculated inovesse in
waight from dirsot measurement of photogrephs after
23 hours sgresd to within 107 of the weight depssited
salouloted fron gonsentration changes, assuning the
oryatals to be oubie., This was true only for runs
without nucleation. Plate 2 {(C,d ) shows the
spontancous growth which initlally ooourped in g8 -

- and the aubsequent multitude of oryoial eizes.

The ggod linearity in Pigo. 26 and 27 for Te
and J0 Te show that tho second order rate wmmn% is
independant of the incorensing surface area, Doremug 12+
has sugpested for some systems, that the rate gonstand
B Gepends only upon the number of growth sitea
svaileble initismliy. Assunming that the avallability
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of multable growth sites is oconstant for eash spsoimen
of the same seed, the rate consteont k3 would therefore
- depond wpon the weight of crystals added. The
obsarved rate constants for experhments £3 Ty and 70 Ts
aye proportiomal to the seed concentration, Teble 16.
This is also $rue for experiments Ji T, end J2 T,
Table 164, and is consistent with the idea that ne new
growth sites are formed during orystallisstiem, The
rate constangs for runs 10 Tg and J1 Tg, 2lthough from
scdutions of Aiffevent supersaturations, agree very
well as would be expsoted from the rete eguation,

~ Ia solutions of non equivalent concentrations the
seoond order growth equation wag obeyed, and the rate
oonatant k3 was gesn 0 deorense as the ratio of
Tug/Tox was inoreased. This was alac true of silver
ghloride, vhere matiocs of Sonlc concontrations were
eonaidered, btut s ocomparisaon betwesn the relative
retarding powers of the oantion or anion in exosss
eonld not be drawn because of the sbasnce of yuns
with oxalate in excessj when higher couplexes of the
fype ﬁgﬁﬂm}iﬂ would be furmed. The zasociation
sdnstanta of thewe types mre not Imown and the yesulte
eould not be oaloulateds

In the presence of surface notive agents, the

second order growth sguation wam obeyeds The
experiments were done in solutions of high initial
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concentration which gave induaticn periods in the
reglonef foux houre,

Analysis of the rate constants in terms of the
Tengmuir Adsorption Isother: indisated that as the
conaentration of sodium dodeoyl sulphate wos incressed
the rate constont was nol reduced to gare hut approsched
8 liniting volue. An exactly similar result wasg
obtmined with silver chl ax'mag’a,: and may he due to
adesorption of surfoce active ions at only some of the
growth sites.

The Iangoir adsorpiion trentment ia appliceble
if it is presured that the reterding actien is exerted
4n the monolayer in contact with the orystal surface.
Suppose thet & frecticn X of the available sitea is
gogupled by the added ion when its mclar eoncentration
is [A). If the rate of adeorption is written
44 @] (1w X}, and the rate of desorption ie L

K = k' A] S(xTa] + k') |
Let ko be the wrate conctant for orystallisation
~ 4n the gbsence of the contaniaset, D ko 4ts llmiting
valve with conteminant present. Then
K = kp ~XKo{l-b)s
and substituting for X,
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A plot of Ky / Ky ~ k against 1 /[A]is shown for the
dodesyleulphate remults, Fig. 3.

348 0 e 0w

1,95 1,53 2,28 1,023 97.3
1,63 1485 1.58 2,031 49.3
1.51 1.9T 197 9.572 10,5

 This treatment is only very approxinate becauss
agﬂuﬁantaaa nrys#alli&a%ian was induged in the oxgar»
mma and oem}:.tim were not mtimﬁy reproduoivle.,
ﬁgmmv&r_u tﬂnﬁﬁﬂ@y to alia&aw aﬁaawgtiaa isotiiernm waa

xn.aanaxuuian of yar% 2a, the interpretation advane
ged for the wryctallisatzua of 1-1 and 12 eladtrolytes
is slso appliecable to s very much more soluble @2
eleotrolyte. In spite of the very substaktisl inorease
in the surfage area, the seoond erder rate constant are
independent of this andt appear %o depend upon the
number of growth sites availadle initially,.
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‘Barium sulphate is & 22 sleatrolyte but unlike
segnesiun oxalate dows not form a atable cogplex in
solution, and is very mush more insoluble.

The conductivity techaique alrendy described was
uead and verlous attenple were nade to eliminate the
poasible scurees of error to be described. Orystallisation
wes obscoved under gonditions of equivalent and non
sguivelont ionic eoncentrations of Baa* and ﬁ@f“ dong.
Sponteneous oryatellisation has been studied by
many workers bacanse of the importance of barium
mlphate gravinetriosally, ond wany~axm1mnaﬁiaaa of the
maghanisn of muolection and growth have ﬁliglgﬁégégiéég*ql'
{pei-3 ) |
In this work inoowlation of growth by seed
srystals provided evidenes for the same sesond order
rats equetion mlready observed for silver ghloride®
and megnesium oxalate.
Ixtensive studies of the orystal form have bheen
made involving Feray exaninetion snd eleotron niorcspopy,
and many feabures were observed which present gomplisstions
to & quantitative study of growthe Dariun sulphate
on oryetallisation vooludes othsr ions from the nother



1iguor into the m_t::{,aq, ss well aa the mother ,
liquor 1teelf, 4o mﬂa‘m@@ o solid m‘mtim%, and in
an eledtron miorcscope study of oolleidal barium
pulphate Tnwmon and oG’ f’mﬁw, shoerved that the
erystal surfase was porous and cehoble of ;’maluaiwg
polvent or dimsolved selute, The dinensions of the
pores varled in the roange 15 Yo 708 ana it 18
pousible 1:?:}.;3% extensive inclusion ocours,
@ai:iy&m"m in an eleotronriorosaope study of
the spontenecus aryotellisation of bariv: sulpiate
observed the Sormation of two Lypes of eryeial shapes
above and balow s ordtionl concentrablion lduit of

8 % 1@*’4 mole .;3."""1 in bardon don concentration above

the 1imid dendritic erpotels were produced and below,

rogular orthovhomibic piatelets, In an saprijer
publieation :mi.ivw}m‘
seel eryoials, when as well as enlnrgecent of the
seed aryvobtols, now smallor orystals were oblained
whigh were removed on ageing. This phonomenon ie
sasily explained by the observation mmde in part 28
¥kat prebably en dnswfficient nunber of seed erystals
were addad, TPerhaps 1t might be necessary to ~
inosulate supersaturated solutions with seod srystals

desoribed the effeat of adding

160
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of the vame shaps o8 those which would have been
prodused had the supereaturated solution
arystallised spontonecuslys

Arnalar reagents wmfa umwa vﬁrﬂmgha&t'withauﬁ
further prefioation, Oell solustiocan for experiments
in whie: a supporting elootrolybe wna yreaan% wore
prepared by mixzing diluie solutions of barium
ghloride and soilun sulphote in sitw .8 alveady
deagribed, The teclindque for carrying out the experw
imants and the appsratus heve slvendy besn desoribed
in detail in the pilver ohlorids seation. The cekl
was washed bebtween experiemte with ¥ hydrookloride
a0id oy slmply by & rapid a%rm@m of diotilled water,

To prevent ion egclusion in the oryotsel lattice
o8ll sclutions wore alaso prepsred by mixing together
&ilote melutions of sulphurde aeld and bariun
hy@roxide, Sntureied h@fyh@,.ﬂﬁgxmxﬂmﬁtaiy 0. 355,
was prepoyed sogording to Cuwming and Kﬁ@;@g’ and &
dilute solution prepeyed in an euioostic 10 ml, burvetis

dloxide, “The concenirntion of the solulion was sueh bt

around 10 m.l. of solution wore sufficient te give the final

barivm ion concentration in the o¢sll, and eguivalan



162

with the sulphuric acid already present in the

gell was obdsined by & confnosinetrio fitration
parformed in aitoh  In thic way aontact of tha

barinn hydroxide with the 2ir wes avoidede

£ deed Srratola.

At wzzmea to prepave pure epesinmens of barium
sulphate crystaln by resrystellisation on o lavge
gaale wore unsncocessful heonuse of the very low
temperature aoefficient nf s0lubility of the salf.
Honge the gencrnl method of alow prna‘inim-’aim Lrom

ot em?u*i@w was uand and soed sussonalons were
prepared by tho nmsthod desorided by Tuning and
'mhulm?i 3; Touinolar proportions of & harium &alb
and & oulphate were added simsltencously to acrmal
hydroghlorio scid or to water heated i: on ashestone
lapped beaker to J0Y%C on 2 ot olate. The solution
was stirred throughout the addition and a further
seriod, about five hours, wes silowed for digesilon.
The emr*:%lm woxe weshed 20 timea with dlotillied
. water snd conductivity weler by Jdecantation belere
being translerrad to pyrex stook flsske and stored in o
wmater thermoutat at 25°0,
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- The oryetals were reguler rhoabs
aﬁw* 8«12 in eize and were nrepsred from SOmd.
portions of Q.Ssbarium ochloride and 0.9

sulphurde acld added to 500ml. N. lx*rﬂmw?s}.lf}md@ aold.
Teneeatrotion w  5Tug. Solid fmd. mwg;enaian)q
agpension D, - lors dilute s dutions {0053}

thon those used in A gave nors perfect rhombs of
slge 1&--2&}11.

Joncensration = 3mg. solid {ml. suspeasion)e

_ -« Gugpension 4 was dlluted ten timea,
Jonoentration = Ompg. $01i¢ (ml. suspension).
d ‘ nxsiﬁ Ay

=~ Prepared ns in I, this sanple was
vary regular in size and shope hud too 3ilule o
give measurable shanges in oondwebivity readings

when uvsed in expepiments,.

«~ G.di Solubions were used, and
wmlar vhonha of zige 1%%“9 abhnined.

Conoentration = SO0mg. solids {ml. mx&*pmmm}.

‘ lals = & poriion of susparson Zwme .
allowed to rmrow fromn o superosturated solution ‘
sirdlar in concentration o that in the vaell, and
aged for one month before uae,

Congentrntion = 1fmg. solid {md. euspenadon)s
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suspension 7 (831 =~ 4 portion of I was allowed
to age for one month in excess hwmm Jon of & -

goncentration simileyr to (hat wsed in the oell.
Sonsentration = fmg. solid . sus mmmm}?’

Pong 8. -~ 0.0 molutlons of barium

hydroxide and swlphurie soid were nddod 40 wnler,
and the ervutals digested for [ hours, Ragular
shombs we obladnod.

goneentratioa () = 9ng. selld (nl. suapension)sd
Sonsentratiga (0) = 4age solid {ml. m;;:m%mwm o

Lo s, = A portdon of suspanslon I wes
allowed to age in the presence of a slightly
supersatumied soludlon of bariws sulphobe.
Joneontration = 2o, oolid {ml. ﬁmxymmimﬁ&

The pxperimental sonditions of pracipitation
asvured that 11 the secd suspimasio s were prapared
frow soluticns of coneonirohdons below the tracadtion
limdt cbaerved by iho Japansas, sd 21l were gesn fo
be orshorhenbis in shape. The aryuials could safely
be usad o incoulate the solutions used in this study
singn all doitiel oell concentiotioas were less thelt
5 % 30" pole.avh,



Pany values for the solubility have besn
reported as might be anticipated from the uncertainty
in produeing a pure aomple £2e tho solide The
literature values range from 9.55 x 10v6 mzm."’l

to 1.630 = w""%m 2"} and tho valuse found in this
wark by allowing growih ond ddssolution sxparimento

%0 proeeed to equilibrimn was 1,043 x 105, and agreed
vory well with the walue pglven by iﬁammmmyim of
140385 x 10 mole.1™t and this value was used
$hroughouts The thermodynamic solubility product

E given by

‘ 2
K = [3e2] Emgﬂ:) 2y
is agual 4o 1.004 x m"*m moléaa&&“a#

The Davies squation {(p. ) wno uced to evalute

f2.

411 the orystals were above I.OF in sige, and
1d be considered Yo heve the same solubdlity
yalue,
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kibilivy Velues
The eguivalent conduotivity of bdarium
sudphate ia given by

AM&4 s AC . ‘b,\/m.

" #here @ is the ionie coneentration in m:.mﬁ,
A% w 143.64 and = 5OL.09 at ﬁ*ﬁaﬁpgs’

The metivity of ihe solution was taken to be
sgual to the doncentration, so thet over the wery
small conoentration chengou observed the walum of
4 wes conaidered aonstant, aad takon ag 333232 at
the oconcentration 2 x 10”7 mole.d™k. The ohange
in ooncentyntion in solutiona of esgquivalent
goneenirntion was evaluatad by the a.qm-*:ﬁ:m q

Dn aAVR%g

The treatment of rosults at non equivalent

aemcentretions is as in seotion Fa (.91 ) emceps
thas /) 48 conatant,
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Byperiments at eguivalent and non egquivalent
ionic conceniyations are owmarised in Tables 33
and 41 vespsotively. The conventration of tho eell
solution in equivalent concenty:iion work was always
abous telee the solubility walue., "he ionde products
varded bwtween 4,07 z 10730 and 4.29 x 10720 no1e2.2*2
and in non eguivalent concontrotion work, whe initial
jonic profuot wag wiihin thiv ronge.

Bnooth surves of s soadnet tine are show in
Tigme 35 and 40 The growih was usually followed for
a poriod of two to thres hourp oorresponding to about
207 of the totel growih, In experimeny 28, growih wae
followed for 1% hours and the mmooth plot ia shown
whlah corresponds to 00F of the Sotal Eroviths
Intzgrated plota of the second t}i"ﬁﬁl; aqm%m

- % s K(8)(n « no)?
are shown for equivalent concentrations in Piges 36
$¢ 3§ and sll plots are good stralght lines after an
sbaormally fast initisl period. The results for mon
squivelent ooncentration aexperisents are similar, Figs,

Q‘ 406 43, where the labegrated forna of the equation

g KL(s)A
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TAMIE . 355 o
Crystellisntion Fxperiments at 25°C, [Be'l/ Lsa:] -1,

nx@ﬁ.iﬁaﬂmio [gs¢]x105[saﬂ}o4]aeaa deed Initial X x107

nos.. 1_1 mole, 10°-° “uep. cono., Period 1.mola"i
- -t "'1
. 1 .L' mole.l ’l B (wo} min

1% 2.0183  2.0183  4.073% .
16  2,0180 . 2.0180  4.0723 .
18 2,0253  2,0253  4.1018 .
2% 2,0409 . 2.0408 . 4.1653 . 150 30 . 0,173
29 2,0558  2.0550 . 4,2263 . 26 50 0,013
30 2.,0620 . 2,062 . 4.2556. @& 20 45 . 0.016
32 2,0628  2,0628 . 4.2%51 . B(b) 30 25 0.120
33 2.0630 2.0630 . 4.,2860 . F(b) 10 40 = 0,028
34 2.05C5  2.0505 . 4,2046 . E(a) 80 30 . 0.184
35 2,0530  2.0530 . 4.214%2 . Gla) °? 3¢ . 0.023

285, 30 . 0.220
29 T0 0.021
29 60 0,026

Q@ W o a >

Solubility produst = 1,014 x 20720 mere?, 172,



075%,‘104 Fig33.
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. Run 32 |
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135
1 x104;
130 R
125 Tine (hour).
2 4 6 8 10 12

%



170

IABLE, 36
time X0 Awms 10 wmy 105 (h-wo)nid® {(““Wﬁ(m‘-w)'@" 0=
- ok“—' ol 41 reolle. 0! mole. -1 Mo-Qi:.;Itl:f'w'
Cell B. (P = 0.29097).
366 02,0183 . 0.9798 0

5  1.36083 0.0156 2,0027 0.9642 . 40165
%0 1.35705 0,0266 1.9917 00532 040285
20 1.34984  0,0487 1,9696 049311 0.0534
30 1.34285 0.0679 1.9504 0.9119 0.0760
50  1.33083  0,1050 1.9133 0.8734 0.1178
70 1.31895 00,1375 1.2808 0.8423 041666
90 1,30%14 0,1689 1.8494 0,909 0.2126
120 1.20421  0.209%  1,8088 0.7703 0.2776
Experiment 16. - Cell B, (T = 0.29097).

1.35971 0 2,070 049793 0

B 1,35843 0,0036 2.0144 0.9799 - 0,0038
10 1.35732  0.0070  2.0110 0.9625 0.0072
20 1.,35544 0.0124 2,0056  0.9671 0,013l
30 1.35416 0.0162  2,0018 0.9633 040172
60 1;35113 0.0250  1.9930 0.9945 0.,0268
90 1.34885 0,0316 1.9864 0+94T9 0+0341
105 1.34786 0.0345 1.9835  0.9450 0.0373
120  1.34709 0,0367  1.9813 0.9428 0.0398




024

60
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Time (min).

120

lo36

{m-m,}"-(m-m)Y* x 10

nitial.

e0

Run 16

Time (min).

120

Fig. 36.
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5

Avav 1o Meil®  (r-wmo) rio® ({(u-mo)"‘— (wn-wagy" € %165 |

initial

min e wmole. £-'  wole.Q-! nole. £-1 hole. L-1
Experiment 18. « Cell B. (P = 0.25097).
0 0474320 0 2.0253  0.98%6R 0
3 0.T4192  0.0037 2.0226  C.9%3) 0.0038
10 0W7404€ 0.0000 2.0173 £.9788 00083
30 073747 0.0167 2,008 €.9701 0.0174
B0  0.73377  0.0247  1.9979  C.95%4 0,0289
30 0.T3088  0.035% 1.9%95  C,.9510 00382
120 0.72943  0.0430 1.9923 0.9438 0.0461
15C  0.72828  G.0492  1,97T61 0.9376 0.0532
180  0.72432  0.0549 1.9704 G.9319 0.0597
Experiment 28, -~ Cell ! (» = 0.273%1).,
B 1.44530 7 2.0479  1.0024 9
S 1.43191 00367 2.0042 00,9657 0,079
D 1.42624  C.0522 1.988T 0,902 0.0584
R0 1,41902  C.OTE0  1.9689 0.9304 00172
A0 1.407C3  0.AN4E  1.9381 C.B97C 0s2265
B0 1.39676  0.1329  1.9080 0,0095 0.)52%
T 1.38%49 06,1528 1,888)  ©,8496 0.)794
155  1.35744  C.2406 1.8003  Q.76L8 Cs 3151
380 L.34913 0.2633  1,TITC 0.7391 0, 3554

|



OO0 {(m-mo)"- (m-m )" } x10 > Run 18.

initial.

% Time (min).
> 60 120

{(m-mo);1-(m-m°‘)'1} X 10-5 Run 28.

initial.

{012

0.08

Time(hour_).
2 4 6 8 10 12 14

Fig 37
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{:i‘“’- (m- mo) x19° g("""“'\o)-"-(m- wo)” 'Z‘x T
fmitiad.

wode. -1,

)
/&*\04 AM;QQS M‘A\Os

ohm -

Wi mole. 4-' wele.0-'  mole, B

priment 29, - Coll ¢ (P = 0.27381), .

o

1.47613
1.47457
1.,47353
147213
1,46856
1.46843
146670
1446567

0
C+0097
Q40126
0e0164
0.0235
0.02568
0.,0313
0.034L
0,0385

2.0558
2.0461
2,0432
200394
2,0323
2.,0290
2,024
2.0217
2,0200

1.0173
1..0076
1.0047
1.,0009
049935
0.9905%

0,9860

0,9832
00,9815

085
.23
1,61
2.32
2,66
3.ae
3.41

1.46451
1.86227
1+46154
1.45972
145718
1+45574
145472
1.45206

4
04,0061
0.0081
0.0133
0.+0201
00,0240
0.0268
C.02341

ﬁg (P "

2,0629
2,0568
2.0548
2.0498
2,0428
2.,0389
2,0361
2.0288

B

0:27381)

1.0244
1.018)
1.0163
1,0113
1.0043
1.0004
049976
049903

1.58

058
0. 78
1.26
1.95
2.34
2.62
336




time ‘/n“QA Amx10®  mxio¥ (wr-wag) vie® {(m-%)'l (h_m‘)—|§x,o'7'
M. oh! mole.C-!  wole. Q! moda, 8- weole. 1-1
38, ~ 061l D (P = 0.32575).
0 1.20822 0  2,0628  1.0243 0
1 1,20775  0.,0048  2.055C 1.019% 0446
3 1.20507 0,035  2.0493 1.0108 1,30
5  1.20352 0.0186 2,0442 1.0057 1.80
10 1.20056 0.0262  2,0346 049961 2,76
20 1.18563 0.0443  2.0185 09800 4.41
40 1.18809 0,0688  1.9940 0.9555 7403
60 1.18050 0.0803 1.9725  0.9349 9.44
Bxperiment 33, ~ Cell D (P w 0.32575)s |
O 1495081 02,0630  1.0245 0
1 1.15544 0.0012 2,068 11,0233 1
3 1.19457 0.0040 2,0580  1.0208 0.38
5 1,19380 0.0065  2.0565 1.0180 0,62
30 1.19279 0.,0098  2,0532  1.0147 0.94
20 1.19154 0.0139 2,041  1.0106 1.34
40  1,18909 0.0219  2.0411 1,0026 2.13
60 1.18756 0.0269 2.0361  0.9976 2.59
90  1.18527 0.0343 2,0887  0.9902 3.39
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; L., | T " ‘
I:lme, /&X IoA D x |os M x los (M-mo)st {(M-mo)_,—(m-moj(gx\o’?\
Q !

VW;W | ohw-! mofe. §- Moeq.ﬂ" wolg, £-! vwola. ;j:m“
SEperiment 34, ~ Cell D (P = 0,32975).
01,1896 0 2,0505 1.0120 0
1,18790  C,005€  2.044% 10064 (1,55
3 1.18379  0.0350 2,037 (.7930 189
16 1.ATTTS 0,006 £2,0119 0.9734 3.92
26 1.17083 0.06L0 1.9895 09510 6.34
30 1.16539  0.07%9  1.971¢ 0,033 8.36
50 1.15485  0,1332  1.9379  0.8988  12.4%
75 1.14427  0.1AT7  1.0020 0.8643 16.89
90 1.13526  0.1673  1.8832 0.5447 19.50
Experiment 35. w Cell B (F = 0.32575).
0 1.1942 0 2.0530  1.0145 ¥
1 1.1935 00000 2,0520 1.0135 0:30
1,1932  0.0033  2,0497 1,812 0,32
310 1.1924 0,0059 2.04T1 31,0086 0.58
15 3.1518  0.0070  2,0482 1.0067 076
20 2.1971  0.0201 2,0429  1,0044 0499
40 11,1804  0,0156  2,0374 0.9989 1.54
60 1.1880  0,0202 2,0328 0+9943 2,00

90 1.1856  0.0280 2,0850 0,9065  2.80
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= 107
30 {(m-mo) (mfn'a?&)u} G ‘
Run 29.

5.9@’ O Time (min).
L 60 120

40 {(m--mo)-1 - (m-m‘,).1 }X 16:.?

initiak,
20
0 Time (min).

i@@ 6o 120
' =y 1] T
30 {(M-mo) - (m-m) }'x 10 Run 35.
20
Time (min),
60 120
40 {m-m - (-my <1077
initial. Run33

30

| Time (min). |
L@Q 60 120

Fi1g.38.
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Run 34.
4.0
6.0
Time (min).
éj e0 120
{r-m tn-mg ™ § 21077
: initial..
Run 32.
Time (min).
25)0) 120

Fig39
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. e a&m* ‘A in the conoentyation of lona which

venasn to be precipitated from solution. The data

for the gonstrustion of thess figures are given in
Tabdles 3JC to 40 nnd 42 to 44 reopectively.

| The reproducibility of he nothod is illustrased

by experinente 29 and l_, and 20, 21 and 24, Gaoa

agreeuiant betwedn secd A nnd seed ¢ ia shova by

",exri*mnm 8 aad 1L, where she tie of rate constanis

18 squsl o the rasioc of seed soncentrations. This

gonsistensy is not observed bebween any other seed
suspensions (o.g. 4 and 1) and probably refleots the
irpeprodiaibilty of pure producto.

. In experinent 18, the ¢ell sclution wae prepared
by mixing barius ehlovide and sodium sulphnte solutions,
snd fron o nixbure of bariuw: hydroxide and ml.pmmn
agid in 18, The rate consinate arve seen to be very
similar,

Saperinent 32 wng inooulated with seed ”(b) whiah
Bed been aged in excess barium lensg in Pige 33 ‘the
fnitisl fast part im otill cbeerved. Thio is also true
és @x;&m@n‘w 33 and 34, in whieh $he ﬁém’i exyatala
added had been aged in excess dariw: sulphate for a
sgneiderable length of time.

Eaperiment 37 is singularly interseting in that
eryatallisoation was initisted by seed orystals whioh
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TABLE. 41.

- . . ——

Expt. [8ehad (s xd (8¢ '][3041-] .__[Bq ﬂ Seed Seed kil  kxio!
x10'® ESoi'] Su.s?, Conc. Peciod  R.mole™!

no. wele. 1 wmole. £- wole? £- Mg i wain-!

B0 2.8617  1.4304 4,0927 2.0 4 285 50 0,140
22,8642  1.4330  4.1070 2.0 A 235 45 0,130
22 1.4237  2.865%  4.,0799 0.5 A 285 GO 0,080
23 1.4317  2,8637 4.099% 0.5 A 285 65  0.100
21 2.8647 1.4327 4,043 2,0 A& 205 50 0,140
27 25

2.864% 1,432% 4.1047 2,0 T 150 0.184




TADBLE. 42.

time

min.

\ 4
{2,“ o

ol - |

A x10° A x 10° gA"-N'

WWQQ‘. g-! ' wole. JL—IA

wmitial

wole. l“‘

Exporiment 20. ~ Cell

0 1.48126 o 0.910° o

5 147684 0.,0027  0.8979  0.0158

13 1.46999 0s0327 0.87%0 0.0411

30 1.46190 0,0562 0,856  0.0722

45 1.453%5  0.0757  0.8351  0,0996

60 1.44973  0.0816  0.8192  0,1228

90 1.44057  0.1104  0,79% . 0.1641

120 1.43333  0.1395  0.7T13  0.1986

Experiment 21, - Cell B. (P = 0.29097).

| 0 1.49631 0 049141 )

5 1.48967  0.0M93  0.9949  0.0236

10 1.48651  0.0%85  C.A856  0,0352

20 1.48107 0,043  0.9638  0,0557

30 L.ATEAL  0.0579 0.8562  0.0740

40 1,47262  0.0589  0.8452  0,0892

) 146671  0,0876  0.8855  0.1159

© 90 1,45858  0.1089  0.8052  0,1479

120 1,45128  0.1310  0,7631  0.1830

181
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TABLE. 43
time 3@}104 4 x10% Axo® XA - oS
, \hmax
. okm’ ok, 4 wole. ! wole . 4-1
Zxperiment ﬁQ, ~ Oell n (y = 0,29097),
0 1.36988 f 0.9063 0
10 1.36407  0J0L67  0,8%94 00,0210
20 1.35956 040797 0.8756  0.0374
30 1.35877  0,0397  0.8657  0,0504
4.{3 1435305 D.040C 08573 540831
50 1.35008  0.0573  0.8430  0.074%
210 1.33553  0,0997  0.80%6 . 0.,1364
150 1432796 0.1720  0.7843 0,1716
180 1.32277  0.1371 OJTA92 041967
Expepiment 23, = ©911 B (P = 0.29097).
o 1437409 . 049122 0
10 1436793 0.0LT3  C.8943  0.0218
20 1436320 040315  0.8997  0.0392
40 1.355%27  0.054%  0.8574  0,0700
60 1.34096  0.0731 0.8391  0,0995%
B0 1.34350  0.0985  0.8237  0.IT2
100 1.33977  0.1713  0.8103  0,1378
120 1.33455 0,148 0.T9T4  0.1578
140 1.33089  0.1257  0.786%  0.1752
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Time (min).

Fig40.




, Time (min).

4 60 120

@@ ~ Time(min).
| 80 _ 120

F1g.41.
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Time (min).

L/ 60 120

£ Time (min).
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tine Yxio? Qoxc®  Axf &L 3
. . ‘ o m'tux\
ik v‘mf" mole. &) peole. 0- robe . 1-!
Bxperiment 24. ~ Cell B (®* = 0.29097).
| 0 1.86694 0 0.9132 0
10 1.45701 0.02303 045269 w0324
20 L.A5098  0D,0404 000608 0,05306
30 144577 NeDBLE 0. 8516 Ne07092
40 1.44095 N.075% 0.8377  0.0996
60 1.43356 0.097T1  0.8161 0,1308
90 1.42415 0,1244 0,722 - 50,1726
120 1.43€12  CLLATR CLTE%4 C.mas
©15C 140834 CJ1688  C.T44  0.2403
- |
Brperinent 27. « Cell & (7 = 0.27381).
0 1.54792 0 0.9133 4]
10 1.52915  0,0514  0,8619  0.0653
20 1.50264 0.0692  0,8411 00,0898
40 1.51263 0.0966 O,PL6T  0,129%
60 1.50363  0.1211 0.7922 0.1674
80 1.49545 041437 0.T696 02045
100 1.40771  0L1%46  0.T847  0.2407
12 1.47008 L1833 DLTI00 0.2750
150 1.47121 2.1833  0,7033 0,327

186
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Run24. 187

Time (mih)_

120 )\

60

Time (min).

120
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were allowald to seed another superssturated solution
and ﬁa‘graﬂVQ&f $wo houre before addition, Howaver
the initial fast period of growth was atill abaar#aﬁ,
Tigse ;ﬁ”&

Altheugh no guaniitative study was made of the
sffeots of alterin: the stirsing rates, the changes
in spesd of ﬁh@’vi%raz@ry stirrer &id not affeet the
rate of growii. - |

Apart Crom the ebnornally fast initisl growth

xm&a, the growth of h&rﬁua sulphete seed ¢rystals
thm ampaxmatur@%@ﬁ aaluﬁzamm foliows the seomd order
#uté squa tlon a&ggastaﬁ by fevien nnd Jones for at l&m@ﬁ
ﬁ@% of the totml reapsion. The duration of the indtial
poriod varies between a feow mimntes to on hour and the
amount of solid desposited corresponds to shout 3¢ of
tﬁﬁ‘éoﬁax in wolutions of eguivalont contentrations
and to about & in solutions of non eguivalent
soncentretions. |

| Variﬁaﬁ ungugeesaful atienpis hove been nade To
a&@iain %h&a fast period of growih. From Table Jg no
sorrelation between the length of tine of the surge
snd the seed concontration can be drsms The previcus



histories aﬁ the seed auspensions provide no
miuam hfamti@m

“hen ohloride and potessium lons are ooelnded
into the ocrystal lattics, the obmerved change in
eonductivity im not entively due o the removal of
the lattioe fons. 3uch & process might have explained
the initial surge, but experiment 18 was a replies
of 16 and the effeot im conmidered negligible,

¥riting |
f 4 - k($)(nens)n

snd taking logarithms throughout, the graph of log
(“) azainat log (m - me) would be a mtraight line,
whose gradient would be equal Yo H. Such & plet was
eonstructed for experiment 28 from the dats in Table
4% and 19 shovn in Tig.44., The graph conelets of twe
Qﬁtexaaating,ﬁ%ruxgﬁt lineas A and B, the slope of

e latter belnsg equal %o 24 Thersfore second ordex
Einctice extial in the aslower part of the growth, The
alope of A ia equal to 20 and no possible mephanisn can
~ be suggested et presents

It wag thought that the faat rate alght be
explsined by the "filling in” of mrfsqe porea on the
seed orystals 99, The sttempta %o fill in the per;n

o e
with excesse darium sulphate molution and exaeas o

189
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‘ ,
T SR T e g
it o' ! wole 47 wit! weofe. 0 .

0 4430 1,18 €493 1.0024 5,000

1 2,90 0.9 740 0,9970 5,001

3 2.2 0,60  T.22  0.9737 5,012

5 1,72 047  T7.32 049657 5,015

10 .08 0,30 T.52 0.9502 5,022

20 0,66 03 T.74 049304 5,031

10 0.5 0u15  TeB2 040370 54047

80 0.49 0.14 7.8 0.8695 5,061

75 046 003 T8 0.8436 5.0T

188 041 0.1 7,96 0.7€28 5,118

. ashe . 0,20 0.03 8,52 0.4064  B.391




~log (m-m,),

52

54 56

‘Fig.44.
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ions slone #1d not eliminate the fast pericd of zrewth,
The offect of ageing the eryatals may have mean$ that
the erystals of seed suapensions E(a), E(d) and P(b)
reaocrted to their original condition. In experiment
33, seed erystals, which had been growing in &
supersaturated solution of siailar concentration to
the woriking soclution for two hours, When added to the
solution in Sthe cell failed %o sliminate the intvial
fast rate., Such a aimple explanation iam, therefors,
inoorrect.

Hbiienlz, in his work on apontaneous
grystallisation reported that the order ef the
smeleation step in the overall growth was §+ The
vory higzh order of A in 7ig.44 mizht suggest
aucleation as a possibvle step in the mechaniam, but
sueleation steps are necessarily siow eteps and by
amslogy with the ma.nesium oxalete results of the
present work the likelihood of simultaneous or induced
mucleation is not feasible,

In experizents of non egquivalent eonsentrations,
Whe odserved gecond order rate constant k?‘in loweyr

Shan that !;fbr erystallisation under eguivalent
goncentration sornditions, This retardation is
general and is due to the increase in the potential

192
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4ifference which is always present st the surfese of
the oryatal fron s disparity in ion aommmuamm
the value of ki ia lovwer when sulphate rather then |
»»minm fon is in excess, Uhis was obmerved by
&ﬂﬁsﬂ in the eryataliisation of silver chloride
and 1% is probable that ths rate of adsorption of
the anion is greater than that of the eatien in both
ayatens, |

In eonelusion, therefore, 1t has been shown that
in ithe eryatallisation, of bariu: sulphate, s very
fneolnble 2«2 electrolyte, the general theoxry of growth
sugzeated by Davies and Jones 1a followed Afoﬂr mont
Qt.'vthe- reastion, It ie clearly desirable w suppleaent
- Yhese observations by further crystallisation and
dimsolution work in the presence of adeorbates, in
parvisular sodium triphoaphate’®, and at & vartety
sf semperantures.
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THE PRECIPITATION OF SILVER CHLORIDE FROM
AQUEOUS SOLUTIONS ‘
PART 6.—KINETICS OF DISSOLUTION OF SEED CRYSTALS




280 DISSOLUTION OF SILVER CHLORIDE

Since the total amount of silver chloride dissolved during a run was only about 4 % of
the weight of seed crystals present, changes in surface area, s, could be neglected.

A number of experiments were made in which the initial ionic ratio [Ag*]/[Cl~] was not
unity. Some of these are summarized in table 2 and in fig. 3, the rates of solution are
plotted against A, the amount of silver chloride to be dissolved before equilibrium is

‘ Run 6
af )
ﬁn 7r
3 .
Run 9r
2 Run 35t

I

defdt x 107

é’/ 43
- /?unalr
l
42
m 32r

» (co — ¢) X 106
Fic. 2.—Rate of dissolution of silver chloride plotted against (co—c); [Ag*]l = [CI-].
reached ; when [Agt] = [CI"], A = (co—c). The equation dc/d¢ = k'sA is followed ina
number of cases but there is a tendency for the rate to fall off during dissolution.

TaBLE 2.—DissoLUTION AT 25°C; [Agt)/[Cl]+1

initial concentrations (molefl.)

ionic seed % sub-
expt. na [AgHx 105 [CI-1x105 [Ag+I[CI-]x 1010 ratio susp, saturation
12, 1-577 0-789 1244 2:0 A 30
13, 0-789 1-577 1-244 05 A 30
10, 1-696 0-850 14458 20 E 19
33; 1-577 0-789 1-244 20 H 30
31t 1-930 0-652 1-258 30 H 29
30, 0-652 1-930 1-258 03 H 29
32 0-652 1-930 1-258 03 H 29
34¢ 2:231 0-558 1-248 40 H 30
20 0-592 2-366 1-400 025 F 22
21 0-592 2:366 1-400 025 F 22

The results of experiments at 15 and 35° are given in table 3. As is seen in fig. 2, eqn.
(1) is again obeyed.

Three runs were made of the dissolution of silver chromate seed crystals into sub-
saturated solutions of silver chromate. Parallel pH runs exactly analogous to those in the
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crystallization work 7 were carried out, and it was found that for dissolution as well as for
crystallization, the pH was constant to within 4-0-01 during the run. From the pH of the
cell solution at the end of each dissolution experiment, « = [HCrOz1/[CrO3~] was obtained

2:0OfF

i 1

2
Run|3r/e/‘

//Run 12r
o

de/dr x 107

©Run 32¢%

o
/ e Run 34t
/

o -

A x 106

FiG. 3.—Rate of dissolution of silver chloride plotted against A; [Ag*]+[Cl")

r 17 17 1 1T 17 1 ¥ 1
8 Run | -+
6 -
4 |- —
S abk o
3 Run 2
e} -
£° ~
6 b / _
a4l - -t
2 - -~ -~
= | AN N N NN N S N |

L
2

4

6 8
A x 106

1o}

Fic. 4.-—Rate of dissolution of silver chromate plotted against A.



282 DISSOLUTION OF SILVER CHLORIDE

and the changes in ionic concentrations 8[Ag*] and S[CrO?{—] during dissolution were
calculated from the observed specific conductivity as described previously.”? The data are
given in table 4 and plots of dm/dr against A are shown in fig. 4. It is seen that for silver
chromate the dissolution also follows first-order kinetics.

" TABLE 3.—DISSOLUTION AT 15 AND 35°

initial concentrations (mole/l.) seed % sub-
[Ag*1x 105 [CI-]x 105 [AgH*][CI-]x [ot0 SUSP-  saturation
32, 15 0618 0618 0-382 C 0-080

expt. no, temp.

33 15 0-618 0618 0-382 C 0-088
29, 35 1-800 1-800 3-240 C 0-141
31, . 35 1-813 1-814 3-289 C 0-138
. TABLE 4.—DISSOLUTION OF SILVER CHROMATE AT 25°
. initial concentrations (mole/l.) 9, sub-
. no. H o sut
expt. no. p. Az 1x 104 [CrO%"]xIO‘ [Ag+]2[Cr0§']><1012 saturation
1 76 1-60 0-74 1-89 31
2 72 1-66 0-69 1-91 30
3 69 171 0-61 1-78 35

DISCUSSION

Although crystallization of silver chloride and silver chromate under similar
conditions has been found to follow second- and third-order equations respec-
tively,5> 7 the dissolution of both salts is a first-order reaction. This is in conformity
with the results of most other workers which point to dissolution being a diffusion
controlled process. The rate is proportional to the total surface area of seed
crystals present. Assuming the seed crystals to be uniform cubes, the rate constant,
0-140, of expt. 27, becomes 0-120 when corrected for the difference in surface area
of seed crystals used in expt. 26 and 27. This compares favourably with the value
0-126 found for expt. 26. '

Previous study of the solution of silver chloride seed crystals into water 5 gave
3/2-order kinetics at 25° and it was suggested that this may have been due to the
concentration gradient surrounding the particles being a significant fraction of the
mean distance between particles. In the present work, when the initial sub-
saturation was increased to about 70 % the process tended to.follow a kinetic
equation of a higher order then unity and it would seem that this effect may be
dependent upon the size of the concentration gradient at the crystal surface, not-
withstanding the Nernst assumption that the diffusion layer is of constant thickness.

It is interesting to note that the kinetics are not affected by the nature of the
stirring : the vibration method indeed produces considerable turbulency. Equations
relating the rotary stirring rate of diffusion controlled dissolution reactions with the
rate constant k are usually of the form % oc (rev/min)?, values 8 of a ranging from
0-56 to 1-0. When stirring rate was reduced from the normal 600 rev/min (expt. 6
and 8) to 320 rev/min (expt. 9), the reduction in k£ corresponds to a = 0-6;.

A more important test of Nernst’s theory is afforded by the influence of tempera-
ture upon the rate of dissolution. The activation energy Ea may be derived graphi-
~ cally from the equation )

In k = In A—(E,/RT)

and the slope of the good straight line obtained on plotting log ks against 1/T
gives an Ea of 5 kcal. This is very close to the activation energy for diffusion,
4-5 kcal and again points to diffusion being the controlling mechanism.

When either ion is in excess, it is seen from fig. 3 that the rate of dissolution fal!s
off more rapidly than would be expected from a first-order equation; the effect is

1
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more noticeable when Ag' ion is in excess. When [Agt] = [Cl-], however, the
process follows eqn. (1) for at least 96 ¥ of the available reaction. Adsorption of
the ion in excess will begin immediately on adding the seed crystals to the sub-
saturated solution. Since it is unlikely that adsorption equilibrium will be main-
tained during the reaction, the process of dissolution will be opposed by that of
adsorption and the surface will not be allowed to attain the potential necessary for
the optimum release of Agt and ClI~ions in equal numbers. The result is a lowering
of the rate of dissolution. Differences in the relative rates of adsorption of Ag*
and Cl~ ions at the surface may account for the much larger lowering of dissolution
rate when Agt ions are in excess. Unfortunately the rates of adsorption are not
known at present but it is hoped that some data may be available soon. It is
interesting that the effect has not been detected previously in dissolution studies
. since these were usually followed for only 50-60 % of the available reaction in
solutions containing stoichiometric proportions of the lattice ions.
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