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Since the tricitle of contrivitions from the New World now zecems to have drled
up entirely I ac sending out this issue of the Hewsletter without further delay.
Uniortunatcly because of the su mer vacation we were ratier late in sending
out the remiaders oa the arrival of which members scem to rely complelcly to
stir themselves into activity, discover what their students haove becen deing, and
composc a suitable contribution, I cdid et some reaction from Fitch and Stannctt
from which I rather that this cannot be done within a week., However !'rs Proctor
llas now sot the dates for despatch of reminders into her 1977 diary and aembers
should have a full ronth to complete this vrocess for the next issves. I just
hope tha® “his will not be so lons that wembers in other continents forret anain
within that time?

The target for the S»ring issue will be to ret contributions to Manchester
by loncay 1E€th Avril 1377 which will allow me a weck to ;et the izsue out before
the Summer ferm be ins., Hembers who have sccretaries rirht ask them now to
remind them to start writing their contributions on 30th ilarch or thereby!

The Annval Meeting, held at Lehigh in June, decided to relex the rule regquiring
a contribution to ecach issue of the Newsletter for industrinl nerbers enly zince
they cannot rely on having anprorriate declassified resulils svailable at the
reguired times. Ilowever they will be expected to contributz to the Hewsletter
when they can, attend the annual miero-synmposiun where their conments have boen
found nmost valuable, and circulate vreprints or remrints of any relevant paterial
vublished frem their laboratorics. The Annual lleeting deciced to invite
Andy Ilein, Andy MYorola, Tim Paxton, Per Stenius, Tim Pauion, and Prof. Vatillon
to Jjoin the Group. They have all accepted and we zhall be expectinr to hear from
them in tinme for the Spring issue,

Bob Fitch reported that the proposal to hold a Gordon Research Confercnce
on Polymer Colloids in tho summer of 1977 nad been Tavourably rcceived when first
put to the Director and Choirman of the Board verbally but he was still awaitiing
a reply to the iormal proresal in carly July. If the vrorosal is accerted ho will
presumably notifly members of the dates sclected as soon as the iniorvation is
available since the intention would be to hold the Annucl tloeting of the Group
during tihe Confercnce similarly to the 1970 leetin, wtring tne Advanced stvdy
institule at ironchein. "

The success of the 'Control of Particlc 5Size in Polvmerisationst Synzocium
in London on 23rd lovember secms assured with o pear capacity auvdiciace lilely.
The date forx the 1977 'Emulsion Polyuerisation! Symposium has now boen fixed as
Tues. 27 Sept. in london anc it lools as thouh David Farmer will be able to
et together an attractivo progranze for it. Any menber who :xd-ht be able to offer
a contribution could vrite te Dr Forror at Vinyl Produets Ltd., Mill Laae,
Carshalton, Surrcy. “he second circular for the IUPAC Internpational Symposiuvm
on Hacromoleciles IACRO DUBLIN 1977, 17-22 July has been issuved. There are four
thenes: anionic polymerisztion, fine structure of polymers, polymer rca-ents and
catalysts, and nolyrmer en~incering., Offers of Contributed Papers are aéked for
gg:;itgxts for prcpiinting are resuired by 28 February 1977. The A.C.S. Polymer

siry Tivision has announced a further Emulsion Polynerisation Symrosium for
the SEPTEMBER 1979 Washington Heeting but the Chairman for this

Symposium has not yet bcen named.

A translation oflthc Table of Contents of Dr Yeliseyeva's new book on erulsion
rolymerisation is included in this jlewslctier., 4an En:1ish translation Lould ba*
ussful. I have long thousht that a thorourh review of Russian work in this area
was needed particularly as a considerable rart of it appears in books and Journals

whlch are not translated routinely.

A.5.D.
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; IFTRODUCTION

An interesting paper describing the effect of various liyuid additives upon (1)
the erulsion poiyrerisntion of styrenc vies presented by Seymour end his co-workers

at the Arericoan Chemical .Jociety "Zrulsion Polymers" Symnosium held in Philgdelphia
in April 1S74. The full text of this paper has subSeguently been publishedzzﬁ. It
reports the results of' a3 study of the eifzcts of various good and poor viscous and
non-visceus solvents upon the rate of emulsion polymerisation of styrene, and upon
the molecular weight of the polymer produced.

L

The rafe of poly.crisotion wzs found to be retarded by good non-visccus saolvents
such as bensene, cyclohexzne and octane, whose solubility parameters are within
1.3 units of that of pelystyrene. The addition of poorer non-viscous solvents such
as repbone znd nexsns coused & slight incresce in polymerication rate. A morked
inerezse in rote wos observed when viscous non-solvents such as diisoGetylphtholate
and mineral oil (Sujol) were odded. - The addition of a viscous good solvent, didutyl
ohthalate, was found to have very little effect upon the solyrerisction rzte. The
effect upon wolymer molecular weight was founé to depend upon both the nature of the
additive ond the omount present. In general, those additives waich reduced the
polyrerisation ratec also reduced the molecular weight of the mrcduct, wheress mireral
0il geve a aigher molecular weight then the centrol if oresent at low level, but a
lower molecular weight than the control if present in larger amounts.

These results are intcroreted by the authors in terms of the cfiect of the
additive uven the viscosity of the resction loci and upon the confcrimavion adonted
by the polymer molecules which form in the loci. any tendency for *ne viscosity of
the locus ‘o inerease, or for the polymer molscules to adopt 2 contracied configuratio
due to the presence of & poor solvent, would be expected to lead to a higher polyner-
isation rzte and a nigher polimer moleculsr weight, due to the operation of the
Trowmsiorf? "gel" efiect. Likewise, for the same rezson a reduced viscosivy, or the
presence of a good solvent wnich encourzges thie polyrer 0 adopt an expanded configur-
ation, should lead to a reduction in both polymerisation rote and solymer moleculsr
weight.

The purpose of this note is to report and éiscuss cnritain results which have
recently been ootained at this College concerning the effects of acded nydrocarovon
diluents upon the rete of the e.ulsion polymerisction of styrene. They are of
interest beczuse ihey moy heve irmplications for the mechaniso of styrene erulsion
polymerisation in the absence of added diluents.

PSS A R ) 1

'Phe reaction sysiem used was as follows: styrene + diluent 100, water 200,
sodium leuryl suiphaie 2, borax 0,70, sotassiun perculpaste 0.C1. The grade of
sodium louryl sulchate used wos 3D "Cpecially rure" ( 29°) further purificd by the
method of larrold(3). The function of the bora:x was to buffer the agueous phase to
pH 9.2. It should bc noted that our experinental decign differed from tha? of
Seymour et al in one irzoriant respect: they added orgaric liguids in varying amoun?s
to a Tired recize Tor ihe c.ulsion polynerisation of styrere; we have taken a reacilo
system Tfor the ciulsion nolyrerisation of styrene and replaced part of ic styrenc
with a hydrocsrbon diluent. Thus we have Yent the level of styrenc + dllgcnt chstan
whilst veryingz the reotic styrene: ciluent. The values vie sqlected for thls.rat}o
were such that the dailuent was respeciively 10, 25,5 cnd 50, of tie total oil vhase,

Polvierisutions were corried out at 50° under nitrogen in 2 multi-ncck.glass
rcuétioﬂ-vcaucl fitted with stirrer, condenser, sauwpling tube znd nitrogen 1nle?. A
constant r-ie of siirring was mointained Lavoushout the rcn??ion. 'cm?lcs of_tne
latex produced were expelled fron the rcaction vessel periodically by increasing
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weterniinag tae total solids contents of the sarples 5o obioined,
RECULTS

Data arc cvailsble for the rates of enulsion nolymerisation of styrene in the
presence of various ormounts of four h; érocarvon diluents, nacely, bensene, toluene,
cthylbenzene ond cyelohexane, In all four C25es, retardation of ihe polynerisation
rave was observed in the presence of the dilucnt, and, in the case o the aromatic
diluents, the retardation was severe. Por a reason w.ich will be explaineg below,
particular si;nilicance is attached to the results ouinined with etnyloenzene, hese
are sumparised in Migs, 1,2, and 3. Pig.1 shows the conversion-time curves, fig.2
shows a plot of rate of Polyrerisation vs. concentrztion of styrcre in the 0il phase
as indicated by the overall polyuerisation recipe. F1g.5 shows the results of Mig, 2
plotted on log-log ccoles; it indicstes that the rote of Polyuerisation is ascroxin-
ately proserticnal to the third pover of tre overall concentrailon of monomer in the
0il phase. The resulis for polymerisstion in the presence of the other two aroustie
diluentsore sinmilar., The anpraoxicate slones of the log-log plots of rate Vi, cverall
concentration of monozer in the oil phase are as follows: penzerc 2.8, tolucne 2.7,
ethyloenzene 2.7, 3y contrast, the slcpe for the stme piot for reaction systens
wnich contained cyclohexane was asproximately 1.0, i,¢., the rote of wolyrerisotion
in the preserce of cyclohexane is approximately Iirst order with respect to overail
monorer concentration in the oil chase,

DICCUSSION

The results we have obtained confirm the observation of Seymour et 2l that the
emulsion polymerisotion of styrene is retardad by the presence of non-viscous organic
liguiés which are 599d solvents for polysiyvere. .e have furtrer shoun thot the
polymerisation rate in the presence of aromztic solvents is elproxinately third order
vith respect to the overall concentration of Styrens in the oil rhase, when the resct:
Systems are such that the ratio styrene: diluent is varied xeeping styrens + diiuent
constant. 1In the presence of cyclohexane, the reaction rate is approximatley first
order in monomer corcentration,

Why should the yote of polyzerisation be so sensitive to the replacerent of
monouer by an almo:??gfgmatic diluent for the monomer? The recults for ethylbenzere
are especially interesting in that what we have done in our experizents is prozressive-
ly to replace the S5tyrene in the reaction System by its saturated analogue, Zihyl
benzene 2nd styrene are aimosy identicel in all resoects (including terndency to irans-
Ter with polyst;ryl radicals) except for the presence of the vinyl carbon-corvon
double bond in the latter, e have -therefore progressively recrlaced styrene with a
non-polymerisable analogue.

But why should this replacement result in severe retardation? If one were to
ignore ithe eifect of viscozity upon the rate of solyzerisztion, then the rata of’
polyrerisatior would be expected to be first order wi.n respect to monomer concentratic
at the reaction loci, Furtherrzore, since the oonomer and diluent sre so similar, one
migtt expect that the nonorer: diluent ratio at the reaction leci would be the same as
that in th: oil phase of the reaction system as a whole. Therefore, in the early
stages of the reaction ot least, the polymerisation rate would be exnected %o be
approzimatley first order vith respect to overall moromer concentration in the oil
phase, This is what e have observed for reaction Systems in which styrene has been
replaced by cyclohexane, but not for Systems in which styrene has been replaced by on
aromatic diluent,

The most plsousible explanation of the reiardstion in the presence of arometic
- cource, thot put.forwerd by Seymour et al, namely thst the "Tro;L5§§

ii

diluents is, o rog
&el effect is Sunnretsed when en inert diluent is adéed. In the presence ol the &
the viscosity of ihe reaction loci is less thon in the absence of the diluent. The ]
reterding effcet associated with the dilution of the wonomar is therel'orc suaplezented
by the retarding eflect which arises essentially from an enhance:ent of the rate of

ternination relative to that of prapagation,

ven



iowever, this explanction voses other problems. In the first place, the
gxistence of a strorg Troonmsdorf? "gel" effzet in the norial crulsion noly.crisction
of siyrenc scens Lo sugsest thot, even in the carly stn.ces of the reeotion, large
nubers of reaction leei nay contain uore than one radicenl, COnLraTy o tne conventio:
al hypotnesis. But, sccondly, why should the prescnce of diluent molecules which are
alimost identiczl with the monower molccules bring about a reduction in the viscosity
of the reaction loci, even at low conversions?

The results given in Fig.1'show thaot the reterding effect is oresent right frono
the carliest stages of the rcaction, when a2 scparate oil zhose is still orecent in
the reaction systen. The phases vhich are present during thoi nort of the reaction
for which a separate oil phase exists are depicted schemstically in Fig.4; I refers
to a system which contoins no diluent, whereses II refers to a system which contains
diluent, The system I has 2 buliz oil phase which is e:clusively moncmer ('), and
reaction loci waich comprise ncnorer which is polyuericing o poliner (P). If now
some of thc monomer is reulaced by an anclogous nen-polymerisable éiluent (L), as in
system II, then it would be exzected that the N + D of system II will behave exsctly
as the I of systom I, exeert thot no polynerisction of I oceurs in the resction loci.
Thus if,2s is comronly asswred, in both systens cquilibrium e:ists between the bulk
oil phese and the reaction loci, then it will be expected thot the (i + D): P ratio
of systen IT will equal the ! : P ratio of systenm I. The reaction loci would Lrere-
Tforehave similer viscosities in the two czses, cnd the only retardation 't be expectied
in system IT is thot due to the reduction in wonomer conceniration. Lowever, a
different conclusion is reacked if it is suprosed ths% the reseticn loci erd bulk oil
rhases are not necoscrrily in ecpuilibriun as polymeriszsiion proceeds. duch an
assunption was, of course, mede oyGrancio and .iiliesnsi%s in edvancing treir "core-
shell" model for the polymerising polystyreng/styrene particle. Suppoce that the

—ay

monomer in system I cennot dirfuse sufficiently rapidly frem the bullk oil phoce to
the resction loci io mzintain the [P ratic at its equilidbrium value zs aolrnerigo sy
procecds., Reslacement of part of the monomer by e non-polymerisadle analojue, as in

system IT, will le~é to 2 reduction in the rate of polyzerisation. As a ccnsequence
the ratio (I + D):P will rise above the L:P ratio of s;stem I. The viscosity of the
resction loei in system. II will then be lower than that in system I, and this @il

in turn lead to s further reduction in rate of solymerisztion oy suparsssion of the

Troomsdorif "zel" eii'ect,

This view of the reaction mechanism gives a simple exzlanation for the pronscurncss
retarding effect of inert monozer diluents at 21l stzges of the polymerisstion. I
does, hovever, cerry the implicziion.thet ecuilibrium cerisiniy éoes not erxist beiwuaer
the bulk oil phase and the reaction loci in sysiems for ihe nortal emulsicn polymar-
isation of styrene, and, indeed, mey not exist even in systems which contain irert
diluents.
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ADDITICUAL DIOTS

Sandy Dunn has kindly drawn my attention to an idplicit essumption lezhdﬂzf
been made in the discussion section, namcly, that the prescnce of ?nc al}tvnvr"gn:ior
not preatly affeet the particle concentration, I intended to mcnt%o?.thiuba::;n-u L
but unfortunately overlooized it, e arc looking into.t?c Cff?Ct-OL.%llu:nh¢p:t e
particle concentration at the present time., The preliminary 1nd1ca}10n.*5 uEv
marled retordntion cannot be cxplained in terms of o reduced concentration o
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. Dr A. S. Dunn, UNMEST, Manchester

Measrs. Al-Abbasi and Al-Naama have just finished writing their M.,Se.
Dissertations. Al-ibbasi's project was initially to optimise the yield
in the first stage af the preparation of the water soluble azo initiator
azobis(sodium a-methylbutyronitrile sulphonate) involving the reaction of
ethyl acetoacetate with potassium formaldehyde bisulphite in which the yield
reported by Raschig & Prahl is only 20%. Unfortunately the lectures on
optimisation procefares which I believed to be part of the M.Sc. course -
turned out not to Mave been given this year, I was under the illusion that
sodium formaldehyde sulphoxylate (which is commercially availsble) was an

* alternative name for sodium formaldehyde bisulphite. It isn't. In addition

determination of tke yield of sulphumethylated acetoacetic ester is
difficult. Consegeently some alternative routes to the desired product
were considered. Starting from bromoacetons (rather than chloroacetone)
and converting it #o sodium bromomethane sulphonate seems promising an
80% yield of pure material being obtained. Unfortunately equal success
in the Strecker rezction with sodium cyanide and hydrazine sulphate and
subsequent oxidatimm to the azo compound was not attained, the final yield
being 16%. However this is still mch better than achieved here previously
and should be capehle of being mich improved with some further work.
Al-Abbasi is in the market for a research place for a Fh.D. in polymer
chemistry although the result of his grant application to the Iraq
govermment will net be known till the end of the year. Any potential
supervisor could eomtact him at the Chemistry Department here.

Al-Naoma has prepared a surfactant free polystyrene latex and determined
adsorption isotherms of sodium dodecyl sulphate and sodium decyl sulphate
on it in presence of enough sodium sulphate to maintain a constant ionic
strength at room temperature using a colorimetric method for determining
the equilibrium solution concentration of surfactant depending on the
extraction of the complex formed with an excess of the cationic dye
Methylene Blue into an orgenic solvent. This was eventually very
successful, good langmuir isotherms being obtained. However the 'surfactant-
free' polystyrene latex gives a large blank vhen no anionic surfactant
has been added although the Methylene Blue itself, after recrystallisation,
gives only a small blank: this is attributed to the presence of
water-soluble polystyrene sulphate oligomer in the surfactant-free latex.
Al-Naama returns to Basra in November to take up a post with the Iraq
National 0il Company.

Mr W, Al-Shahib has been determining adsorption isotherms too, tut
by using the de Nouy tensiometer to determine equilibrium surfactant
concentrations at 60°C on latices prepared using the same surfactant at
that temperature tut without added salt apart from initiator residues.
Under these conditions sodium dodecyl sulphate gives a ILangmir adsorption
i sotherm but sodium decyl sulphate does not appear to be adsorbed at all
below a threshold concentration above which langmuir type adsorption is
ocbserved. Although this result seems incredible at first sight, it is not,
on reflection, impleusible. The lowest alkyl sulphates ( Cg probably)
are not adsorbed at all whilst, on the other hend, it is possible to
use short alkyl chain length emlsifiers (e.g. Cg) if a high ionic
strength is used., There was little added salt; the effect is probably
attributable to ionic strength, the ionic strength due to the surfactant
itself becoming high enough to produce adsorption as the concentration is
increased. Of course some further work will be required to confirm this
tentative conclusion.
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Sodium tetradecyl sulphate also give a Langmuir isotherm and although the
amount adsorbed in the saturated monclayer appzars to be slightly less than
for the other two alkyl sulphates this is probably because of competitive
adsorption of teradecanol which may be present in the specimen in small
amounts -~ the surface tension-concentration curve of this sample has a minimum
which was absent for the other samples., The initial concentrations used to
achieve equal concentrations of micellar surfactant would all be sufficient
to produce a saturated close-packed monolayer on the latex particles initially
formed. This has a surface concentration of 1.65 x 10-10 mole m™? at 60°C
but falls to a much lower value as the latex particles grow. Although the
Interval II rates and the final number of particles formed are equal for
the homologous series of alkyl carboxylates and alkyl sulphates under conditions
of equal micellar concentration, the Interval I rates are different being
mich lower for the lower members of the series. Estimates of micelle size
from different laboratories using different techniques are not consistent
but the size of the micelles, the number formed, and their surface area
are unlikely to be precisely equal under conditions of equal micellar
concentration, it secems probable that they will not differ by as a much as
a Pactor of two within a homologus series. Although we have not made any
precise measurements of initial rates (for which the gravimetriec technique
we are using ls not very suiteble) these must differ by a much larger factor
than this - a factor of 10 or more. It therefore looks as though the
muzber of particles formed is not determined by the surface area of the
micelles initially present but by the stability of the latex particles once
they are formed which is determined (apart from & small contritution from
charged polymer end-groups) by the surface concentration of adsorbed surfactant.
Since a correlation between the solubilising power of a surfactant and the
Interval I rate has been established (cf. Bovey, Kolthoff et al. 'Emulsion
Polymerisation' Fig. V=10 and V-11) it looks as though this is what primarily
determines the initial but not the ultimate (Interval II) rate. We should
probably try to establish this correlation for the solubilisation of styrene
in the homologous series of surfactants. It is possible, of course, that
there may be a correlation between the surface area of the monorer-saturated
micelles and the initial rate. This, too, is perhaps & point we should seek
to establish. Although large mumbers of latex perticles can be formed
below the c.m.c., the increase in the final particle number which occurs
for & water insoluhle monomer as its concentration is increased through the
cem.c. is so lsrge that it arpears that when a surfactant concentration
above the c.m.c. is used 999 out of every 1000 particles must have originated
from the micelles.
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Case Western Reserve University

I, M. Krieger ¢ 0cT 1976

In the past, some attempts were made to polymerize vinyltoluene,
using emulsifier-containing recipes suitable for production of mono-
disperse polystyrene latices, These were usually unsuccessful. Because
polyvinyltoluene possesses certain advantages over polystyrene, due to
its lower density and higher resistance to thermal decomposition, a
reinvestigation was undertaken. This time, the starting point was emul-
gsifier-free recipes using ionic comonomers.

Recipes used were adapated from those which had proved successful
with styrene. Monodisperse latices with particle diameters in the range
0.1 to 0.3¢ were obtained. The effects of varying monomer content, ini-
tiator concentration, ionic comonomer content and ionic strength have
been studied. From the results to date, it appears that the final particle
diameter is less sensitive to these variables than in the corresponding
recipes with styrene. This is especially true for monomer content; in
one example, a four-fold increase in monomer content produced no change in
particle diameter. In contrast with our experience with styrene, we have
been experiencing considerable difficulty in scale-up from bottles to 2-liter
resin kettle reactors.
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5.G. Mason and A.A. Robertson

Contribution to Polymer Colloid Group Newsletter September 1976

Studies of particle interactions in suspensions of latex
spheres have been continuing. The work of van De Ven and Mason
reported a year ago in the September 1975 Newslctter on stabilized and
destabilized latex sphere suspensions in dilute electrolytes in shear
flow has been extended to systems in which polymers are adsorbed on
the particle surface. Detailed studies of the periods of rotation and
trajectories of doublets of latex spheres have been made using freshly
prepared surfactant-free polystyrene latexes of 2.6 to 4.0 um diameter
with and without polymer. In addition, models of polymer-bridged
doublets of macroscopic polystyrene or polyethylene spheres linked by
nylon or elastomer fibers were studied.

1, Latex sphere suspensions.

With surfactant-free suspensions of 2.6 pm dia. spheres in
10~3M KC1, measurements of the period of rotation of doublets in Poiseuille
flow appear to indicate the existence of three types of doublets:

(i) fused doublets (rigidly coupled) of touching spheres having
an equivalent axis ratio r_ = 2.0, which correspond to van de Ven's
"primary" doublets;

(ii) doublets having very small gap < 1 nm between spheres,
preswnably consisting of the so-called Stern or outer Helmholtz layer,
in which the particles are in a deep primary energy minimum governed by
Born repulsive and van der Waals attractive forces, with rg = 2.3 and

(iii) doublets in which the particles are captured in a secondary
energy minimum described by DLVO theory of colloid stability and with
re > 2.4. In van de Ven's recent work no distinctions were made between
(ii) and (iii}, both of which he called "secondary" doublets; in both
cases the spheres are not rigidly coupled so that relative rotation of
each sphere is possible and the distribution of the dimensionless periods
of rotation shows peaks corresponding to types (ii) and (iii)}. The
existence of a type (ii) doublet in which the spheres are not locked
together may explain some discrepancies between van de Ven's experimental
results and theory, such as the short scparation distance of his secondary
doublets, the high concentration of electrolyte necessary to bring about
the transition from secondary to primary minimum, and the existence of
secondary doublets under conditions not predicted by theory.

e

The trajectories of separating doublets of latex spheres were
studied in the presence of 1 to 2 p.p.m. cationic polymer (Cat-floc,
Calgon Corp.) at which concentration the zeta-potential is close to zero.
The existence of unexpectedly long range (2 to 5 um) interactions between

P.O. BOX 6070, STATION A, MONTRLAL, QULBEC, CANADA  H3C 3Gt
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the particles during the process of collision was demonstrated.
Occasionally, these resulted in capture and the formation of a non-
separating doublet in which the sphere centres were separated by as
much as 2 to 3 particle diameters. From the observed dependence of
the period of rotation and the shear rate, it is believed that the
particles in these doublets were connected by a flexible bridge of
the dissolved polymer.

2. Model doublet.

To gain further insight into the observations of the rotation
of polymer-bridged doublets, some experiments on the rotation of model
dumbbells in Couette flow were made.

The periods of rotation T of dumbbells of 1.1 and 2.4 mm dia.
spheres joined by a nylon fiber and suspended in viscous oil were in
excellent agreement with Wakiya's theory for rigid dumbbells over a range
of shear rates G from 0.4 to 6 sec™! and inter-particle distances from
3.5 to 13 sphere radii.

Flexible dumbbells of 3.0 mm dia. spheres joined by an elastomer
filament fiber (Lycra, Du Pont) rotated in orbits in which the length
of the particle axis varied periodically with the connecting fiber
exhibiting appreciable bending, and the ends of the particle axis described
an elliptical path. Surprisingly, however, at a given G the angular velocity
of the doublet throughout complete rotations was in excellent agreement with
Jeffery's theory for rigid spheroids using the value of T, calculated
from its measured period of rotation TG.

However, TG increased with increasing G by contrast to the rigid
dumbbell where it was independent of G, and TG did not increase linearly
with increasing the maximum interparticle distante. The investigation is
continuing. :

In the April 1976 Newsletter, we reported beginning rheological
studies of dispersions of hydrolyzed polyacrylonitrile-grafted cellulose
(150% graft level). These are dispersions of long rod-like cellulose
protofibrils of about 35-45 & wide and with very high axis ratio. The
hydrolyzed PAN chains (polyacrylic acid (PAA) and polyacrylamide (PAAm
copolymer) are belicved to be grafted to these elements and act to stabilize
the cellulose dispersion. '

Using a cone-and-plate viscometer the apparent viscosity - from
torque measurements - and the shear modulus G - from normal force measurements
are obtained for suspensions at dilutions from 1.12% to 0.2% and at shear
rates between 2.5 cm-1 and 250 em™l, At higher concentrations (> 0.5%)
the system is a gel. The concentration dependence at various shear rates
and the shear dependence at various concentrations show a pattern that is
consistent with hypotheses proposed for systems characterized by dynamic
network formation-destruction equilibrium processes.

If the cone and plate geometry is replaced by eccentric co-
rotating disks a reciprocating shearing motion is produced and the loss
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and storage modulus can be determined. The dependence of these on
frequency and on concentration can also be interpreted in terms of a
network model.

Intrinsic viscosities at 5 different ionic strengths have been
determined by capillary viscometry and introduced into the Simha equation
to estimate the size (axis ratio r, specific volume Vgp) and the lateral
expansion coefficient a of an equivalent hydrodynamic model of the rod-
like particle. It was found that the intrinsic viscosity was linearly
related to the reciprocal square root of the ionic strength in conformity
with predictions. It has also been possible to show that the calculated
values of V., in water and isoionic suspensions can be used to predict
the experimental gel point, Apparent axis ratios range from 8.7 to 110
for intrinsic viscosities of 32.2 dl/g to 8.7 dl/g respectively.
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Polymer Colloids at the University of Sydney

Reportetr: D. H. Napper

1. We have been interested for the past few years in obtaining analytical
solutions for the Smith-Ewart equations, without adopting the steady-state
approximation (SSA). The point of such studies can be seen most clearly if
we take the (perhaps hypothetical) case of a seeded latex that obeys the
Smith~-Ewart case 2 kinetics {n ~ }). The steady-state approximation is
clearly quite unable to describe directly the approach to the steady-state
condition. It merely tells you what happens when you get there. A complete

solution is accordingly required as seeded polymerizations are easily performed.

The Smith~Ewart equations can be solved numerically, at least in prin-
ciple, without adopting the SSA. John Gard on moved in this direction in his
work, although he ignored free radical exit from the particles. In principle,
it is also possible to use the O'Toole results for n to calculate non-steady
state kinetics. But the integrations required to calculate % conversion vs,
time curves cannot be handed analytically. Resort to numerical computation

is again mandatory.

We have obtained analytical solutions for the Smith-Ewart equations
without adopting the SSA and with the inclusion of both the exit and bimolecu-
lar termination terms. These give the O'Toole results in the limit of the

steady-state.

We have also extended the matrix approach to include initiation

and particle growth. The general equation obtained is

on
ot

o
=fLln - W(E? n)



Where n = vector whose i-th component is the volume distribution of the
i-th type of particle,
1 = matrix describing kinetic coupling between the particles,

§T= the transpose of the vector X such that its i~-th element’

describes the volume growth of the i~th species.

This differential equatioﬁ reduces to the Smith-Ewart equation in the
expected limit. It can be solved numerically in most cases and analytically
in some particular cases. The equation includes elements of both the

deterministic and sto chastic approach.

2. We have now completed our studies on sterically stabilized emulsions
and have shown that they exhibit the same general behaviour as latex particles.
Of course, it is necessary to ensure that the anchoring of the stabilizing
moieties is suitably strong but this is fairly easily achieved. The strong
parellelism between the thermodynamic stability limit of latex particles

and emulsion droplets is scarcely surprising but it has lacked experimental

verification heretofore.
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Introduction

23 SEP 1975

A combination of commercial pressures, the holiday season, & the 'York Symposium'

has made it difficult to find items suitable for this note. Work continues on

emulsions stabilised by polymeric surfactants, but there are no reportable results.

York Conference

Over the last two decades,

- I.C.I. has held every four or five years an internal

symposium on Colloids & Assomciated subjects; the most recent’ at York, has just ended.

Clearly, most of the proceedings are confidential; however, certain general points

may be worth reporting:

1)

2)

3)

The range of attendance & contribution from Divisions,
Overseas Associates & Senior Management far exceeded that
at previous meetings. It seems that the broad underlying

importance of the subject is finally becoming accepted!

The desirability of considering many biochemical processes,
eg. Phagocytosis, as problems in physical chemistry without

invocing 'vitalist' attitudes, is gaining ground.

In this context there is an interest in 'complicated'
aqueous polymer colloids (eg. particles sterically-stabilised
by polyelectrolyte soluble groups & dispersed in salt

solutions) as possible models.

There is a growing interest in high phase volume dispersions,
especially those in which very weak flocculation is suspected.
The conventional methods of detection (light-scattering,
sedimentation behavior etc.) are not applicable, but two
sensitive rheometers capable of measuring yeild stresses

{
below 1 dyne/cmz were described; these should be able to

detect flocs in which the individual association encrgies
are of the order of kT.
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The Trondheim Co-operative Research Project

contribution from D.E. Yates, R.H. Ottewill and J.W. Goodwin
27 SEF 1978

Latex prepared following the '"Homola'recipe

Preparation

Homola's conditions were all followed.
final pH = 2.6

final volume fraction, ¢ = 7.007
yield of latex = 817

Particle Size Analysis

Method: Electron microscopy, magnification calibrated by 460 nm
diffraction grating and 1000 particles sized with a Teiss TG23
Particle Size Analyser.

Number average diameter 459 nm
Standard deviation 11 nm
Purification -

Method: The latex was filtered through washed glass wool and then
purified in the following manner.

Dialysis - carried out in well-boiled Visking tubing against distilled
water. The ratio of dialysate to latex was 10 to 2. The dialysate was
changed every day for 22 changes.

Ion exchange. Carried out with Dowex resins purified by the Van den Hull

and Vanderhoff method. The batch procedure was used with about 2 g wet
resin for 100 ml of latex. A total of 5 consecutive exchanges were made.

Surface Group Analysis

Method: Conductometric titration of 25 ml algquots of 3-87 latex with
NaOH. All titrations were carried out in 10 ~ M NaCl.

Results
Purification 1st Endpoint 2nd Endpoingl
Method /y moles g /u moles g
Ion exchange 4.2 * 0.8 none
Dialysis 2.57 £ 0.01 5.5 7%
Dialysis then
ion exchange 7.4 £ 0.8 none

* The second endpoint was difficult to locate and varied with
titration rate and precondition conditions.



Characterization of Vanderhoff's Latex

Purification

The sample was diluted to 107 and dialysed in the manner
described above for 32 changes of the dialysate. The ratio of
dialysate to latex was 25 to 1.

Results of Conductometriec Titration

-3

conditions - 2.24 g in 25 ml (9.07%7), 10 ~ M NaCl titrated with

0.1 M NaOH.

1st Endpoint 1.21 | mole g-l
2nd Endpoint 4.29 1 mole g-l

Final Note

The latex supplied by Professor Krieger has again grown a
green mould, so we discontinued our purification of it.
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F. L. Saunders, The Dow Chemical Co., Midland, Mich.

The following papers have been published or will be pub-
lished in the near future. Copies of these articles will be sent
to Polymer Colloid Group Members by separate mailing.

1. "Hydrodynamic Chromatography. A New Approach to Particle
Size Analysis", H. Small, F. L. Saunders, J. Solc.
To be published in Advances in Colloid and Interface Science.

The development and application of Hydrodynamic Chromatog-
raphy as a new technique for the particle size analysis of
various colloidal systems is described. The measurement

is based on the observation that the rate of transport of
colloidal particles through a packed bed of spherical parti-
cles depends on such factors as'the particle size of the
colloid, size of the packing and ionic strength of the
aqueous phase. Thus, under appropriate conditions and
suitably calibrated, HDC offers a relatively fast, precise
means of particle size measurement in the sub micron range.

Firrom a chromatngraphic point of view, the separation is
unusual in that it takes place solely within the intersti-
tial volume of the columm. Another interesting feature of
this separation is that the elution rate of the particles
varies inversely with its particle diameter and always
faster than the void volume. A mechanism has been developed
where it is proposed that the separation is determined by
hydrodynamic effects in the void volume of the packing and
elution rate is affected by electrostatic and van der Waals
interactions between the colloid and the packing. lowever,
the mechanism is quelitative and due to the complex nature
of the system a quantitative mechanism awaits considecrably
more cxperimental and theoretical work.

A number of applications of HDC in analyzing the particle
size of colloidal systems include characterization of
latexes for particle size, particle size distribution,
agglomeration and particle growth in emulsion polywmerizatiom.
The particle size of several inorganic colloids has also
been measured.
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Additional studies on latex systems described here indi-
"cate further applications of HDC in characterizing latex
systems in terms of factors that affect its hydrodynamic
particle size. It has been shovm that the size of latex
particles, susceptible to swelling by changes in the
aqueous environment, can be measured by HDC. Thus, the
effect of latex composition and its aqueous environment
on the effective particle size of the latex can be inves-
tigated which is of significance in terms of colloidal
properties of the latex. While the particle size measure-
ments by HDC of polystyrene latexes equilibrated with a
swelling solvent did not agree with independent swelling
measurements, resolution of this discrepancy and further
work in this general area should be of interest as a pos-
sible method of measuring the swelling index of cross~ -
linked latex particles. - -

HDC also appears to offer a unique method of characteriz-
ing agglomeration in latex systems. The observations made
on agglomeration of latex particles produced by polymeric
thickening agents demonstvated this application, Limited
agglomeration of particles is difficult to measure, and
the ability of HDC to give a relative measure of agglom-
erate formation should be useful in future studies on
latex stability and the effect of various additives on
latex systems. .

2. "Characterization of Carboxylated Latexes by Potentiometric
Titration'", D. A. Kangas. Presented at 172nd ACS Meeting,
San Francisco, Calif., Aug. 1976, Div. Organic Coatings
& Plastics Chem.

For some latexes, such as crosslinked carboxylated styrene-
butadiene latexes, the slow rate of neutralization has made
it difficult to obtain both the equilibrium titration curve
and the total amount of carboxylic acid needed to calculate
apparent ionization constants as a function of degree of
neutralization. A technique has been devised for direct
determination of total carboxylic acid by potentiometric
titration in a mixture of water and organic solvent.
Equilibrium curves in water were determined for styrene-
butadiene latexes containing either copolymerized acrylic
or methacrylic acids. All of the carboxylic acid in both
latexes was neutralized after three days standing. The
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potentiometric titration curves can be divided into two
parts, a fraction which is immediately neutralized and
~a fraction which is slow to neutralize. The ionization
characteristic of the immediately neutralized fraction

is the same as counterpart soluble homopolymeric acid.
The slowly neutralized fraction has low values of ioniza-
tion constant indicating that additional energy is needed
for ionization compared to soluble homopolymer acid.

3. '"0ld, new, borrowed, blue" L. B. Bangs, M. T. Kenny.
Industrial Research 18 Aug. 1976, p. 46.

A non-technical description of the processing which yields
uniform latex particles. Describes treatment of carboxylate-
containing uniform latex particles and application of

these particles in various immunological and biomedical
uses and in industrial processing.
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Rate of Polymerization of VAC in Aqueous Media

We have finished preparing manuscript for publication and
submitted it to the J. Appl. Polymer Sci. with a title"A Kinetic
Study of Vinyl Acetate Polymerization in Aqueocus Media in the
Absence of Emulsifier". We can send a copy of the manuscript if
requested,

1}

2) Continuous Flow Emulsion Polymerization of VAC in a CSTR
3) Effect of Free Radical Desorption on the Nucleation of
Polymer Particles in Emulsion Polymerization
The state of these studies were reported in the previous
Newsletter. We have now finished these studies and are now

preparing manuscripts for publication in the J. Appl. Polymer
Sci.

4) Gel-Effect in the Emulsion Polymerization of Styrene

It is well known that polymerization rate is accelerated at
advanced degree of polymerization in a bulk, solution and
emulsion polymerization system, The increase in rate has been
ascribed to the decrease in the value of the rate constant of
termination, this decrease being due to the decrease in diffusion
rate of polymer radicals owing to the =kt L
increase in the viscosity of the envi- 1.0
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ronment where polymer radicals are
located. The factors which increse the
viscosity of the environment are suppose
to be, for example, molecular weight of
polymer in the environment, composition
in the environment and so on. This
study aims to make clear first experime-
ntally the gel-effect in the emulsion
polymerization of styrene. In Figs, 1 o
and 2 is illustrated the effect of the Fig.l n vs
molecular weight of polymers in the | ' | ,
environment on the degree of gel-effect.
In this experiment, we adjusted the
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molecular weight of polymers formed by
the use of transfer agent(n-dodecylmer-
captan) denoted by T. It is seen from
these figures that molecular weight of
dead polymers and active polymer radicals
in the environment gives little or no
effect on the variation of n in the par-
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ticles with progress of polymerization. ‘e = ° 0O
" This result differs from that by Gerrens i 1
(Zeitshrift fur Electrochemie, 60, No.3
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« P, the degree of polymerization of
polymers in the particles., Our results
suggest that the variation of the rate
constant of termination with progress
of polymerization will be correlated
with polymer weight frction in the parti-

cles, as was also the case in the emulsion polymerization of VAC,
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Professor J. Ugelstad, Norpes Telmiske Eégskole: Trondheim

Report from the Institute of Industrial Chemistry.

20 SEP 975

It was decided that the activities as regards education and research in

petrochemistry should to a great extent take place at our Institute.

In this connection we have just got two new members of the staff, one full

professor Dr, David L. Trimm in heterogeneous catalysis, and an associated

professor, Dr. Olav T. Onsager in metal organic chemistry.

As I have been the administrator of this, very much time has gone to get all

these things settled.

However, we have continued our work in emulsion polymerization along two lines.

1. Theory and practice of particle formatijon.

This work has been led by F.K. Hansen. We send in our first paper in a series

one of these days. It concerns the theory of particle formation where we

consider in detail the following effects on formation of primary particles.
Reversibility of oligomer capture. b. Electrostatic repulsion. Moreover

limited flocculation of the primary particles is treated in detail.

As you perhaps will have seen we have published a relatively large review
paper in Rubber Chemistry and Technology, August 1976, where we summarijze
some of the results. However, especially the electrostatic repulsion factor
is much more thoroughly treated in our new paper.

The reversibility factor is expressed as

i -5 aijj(gj e:th Xj;l) ] | .
I Dy * 230p;(X; coth X1}
where aj is the distribution coefficient for the oligomer between particle
and water. ’
- 12
X = r(k/Dpj)
k =

kp[M]p + nky/v

n being the number of radicals in the particle.
With a negligible electrostatic repulsion effect the capture constant for
oligomer of chain length j is thus for one particle:

kcj = 4aner5 : (2)

I should 1ike you to note an obvious error in the paper in the Rubber Chemistry
and Technology. It is said in Equation (33) that if reversibility factor and
electrostatic repulsion come into play we have:

kej = 41D,,5rU;/M f3)



where Nj is the electrostatic repulsion factor. This is obviously misleading
as Uj is a factor of wj. To write it in this way, which would seem to
indicate that Uj and Nj are mutually independent, is in fact inconsistent with
the "first law" in kinetics, namely that of microscopic reversibility. The
cligomer has to pass the same barrier forth and back. Equation (3), with
independent Uj and Nj would mean that although the oligomer had to pass the
energi barrier caused by wj when it was captured, this was not necessary when
it leaves, :

Now it is easy to combine the effects of Uj and Wj, and this has been done in

our new paper. The result is that the capture constant is given by:

) (X Coth Xj'])
= (4nD, /W - - (4)
DWJ/NJ+a D (Xj coth Xj 1)

Uj in Equation (3) should be replaced by Uj' given by

e wJaJDwJ(X coth X. -1)

J DwJ wJaJDp (X coth X -1)

Equation {4) does in our opinion givé a good descritpion of the capture rate.

Note that in case that DWJ/wJ << aJDpJ(X coth xj-]) we have an 1rrevefs1b1e

absorption with a value of k

kej = 4nD,, s/ | (5)
If ijle >> aijj(Xj coth Xj-1):

keg = 4araghy;(¥; coth X;-1) |

It is one interesting aspect which is worth-while considering. Let us for
simplicity assume W; = 1, and that in Interval II we have:

J
ij << aJDpJ(XJ coth X -1)
i.e. kcj = 4anjr.

Now as we pass into Interval III the value of D j decreases. The value of

Xj increases, the value of Dpj(xj coth Xj-1) decreases and we reach as shown

in the paper cited a Timiting case (B I) where the value of kcj is given by:



- }
kej = dmr (D sk)a;

Therefore we will expect that as we proceed in Interval III, the rate of
capture will decrease and moreover the dependency on the particle will change
from a rate of capture proportional to r to a proportionallity with r2. We

are for the moment checking this out. One thing which is clear from the above
theory and observed in practice is that at a given value of N and r, new
formation of primary particles is more pronounced as we proceed in Interval III.

b) We have continued our work with emulsions of monomer. We investigate a ot
of additives. Our results show, we believe, that the effect of the additives,
as discussed in the above cited paper, is chiefly due to a pure thermodynamic
hindrance of degradation by diffusion. The theory of this is worked out and
will be published soon. We have, however, also observed that with some
additives we do in addition find indication of an interfacial effect of the
additive which manifests itself by a hindrance of monomer diffusion across the
interface. This is true for long chain fatty alcohols. We are working to
reduce the requirements for homogenization of the mixture.



A MODEL OI' EMULSION POLYMERIZATION OF THE POLAR MONOMERS
VeIl.Yeligeyeva / B.V.Schepetil'nikov 24 SEP 197t

In our laboratory was found experimentally'[Q-zf that in the
courge of the emulsion polymerization (EP) of the monomers of the
acrylic Beries in the presence of a persulphate the number of the
particles at the steady-state stage varies significantly as a resalt

of their flocculation; the steady-state stage continues for some
time after disappearance of the monomer drops; the specific steady-
-gtate reaction rateV satisfies the following empirical equation:

vh,cg-5, Ci/ﬁe (1), where C; is the concentration of the initiator,
Ce is the amount of the emulsifier in 1ml of the latex, Se ia the

maximum area occupied by the molecule of the emulsifier in the Satu-
rated adsorption layer and k is a constant,

These results do not agree with any of the available theories.
We have attempted to account for them taking into consideration some
earlier surgested concepts, in particular, those developed by
Ugelatad [4/ and Lukhovitzkii [g .

The following assumptions have been made:

1e 9lymerization occurs in the surface region of {the latex
particles™’, One particle cannot contain more than one radical.

The radicals are produced in the water phase. Only the oligomer
(rather than primary) radicals enter the latex particles,

2. At the steady-state interval flocculation of the particles
occurs in such a way that protection of their surface by the emulsi-
fier remains constant (that is, the total surface area of the par-
ticles remains constant).

3. At the steady-state stage the rate of recombination of the
radicals in the water phase and in the particles due to their floc-
culation is negligibly small compared with the recombination rate in
the surface region of the latex particles when the oligomer radicalc
enter them.

4. The water phase contains oligomer radicals of two types
which differ in the number of the monomer 1%&55 (type 1 and type 2)
and are actively involved in the EP process o The type 1 radicals
diffuses from particle to particle during his lifetime tlw in the
water phase. In the process it has the probability P of co&ikﬁx%nto
contact with the particles (being adsorbed by their surface) :

If such radical comes into contact with a "dead" latex partig&&xit
will leave the particle after apending the time S -
in its surface reglon; if the radical comes into coﬁtact with a

x)T?e particle means here also an agglomerate of the primary parti-
cles,
xx)
This concept is Jjustified by the significant difference between th
probabilities of radical capture by the particle according to the
radical's size since the adsorption energy E_ per one monomer link
is consideravly higher than kT, =
xxx) The radical comes into contact with N1 particles during its
lifetime,
XXX%) ’ '
It is clear that t_ _~ —x~-= , where k1 and Cl are the growth
_ cr kl ¢l P m
g m
rate constant and the monomer concentration in the latex particle.
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nlive" latex particle it elther leaves the particle after spending

time 'Z} in its surface region or "killa" this particle with the
probability P_. If the type 1 radical does not disappear during its 1if
time it convePts into the type 2 radical (owing to addition of a monome
link). At its first contact with the "dead" latex particle the type 2
radical continues to grow in the surfaci)region of thisg particle until
the chain is fransferred to the monomer and the newly formed monomer
radical leaves the particle since the lifetime of the type 2 radical in
the surface region & , is equal ox higher than t__, When the type 2
radical comes into contfct with a "live" latex par%fcle it "disappeara"
owing to recombination with the macroradical in the particle.

5. The probability P that the oligomer radical in the wa-
ter phase comes into contact with a latex particle when meeting it is
determined by the degree of protectionfof its interface by the emulasi-~
fier, for the type 1 oligomer radical: P=P(Q ), ]

Compared with the concept of Ugelstad /4/ and Lukhovitzkii /57
the assumptions Nos 4 and 5 in this model are new.

In the framework of this model we have egstimated the specific
rate of the EP when the monomer drops are present in the system (sce
Appendix 1), It h?? turned17ut that when we have 1/Pr & N1<K1/Z]kg Cé

2 2
we obtain V ~ 1/P(©) (2) .yhere f is the specific rate of ini-
tiation (per 1 ml of the latex)™"’.
The sbove formulas describe, in our opinion, the experimental
results reported in /1-3/. A comparison between (2) and (1) yields

P(0) 170, 2/5c , s[5 T o %
Evaluation of k/Se (see Appendix 2) yields xmgklse: ‘é'ﬂ [J';;ﬁz] /43
v
where m is the molecular weight of the monomer, is 'thet3
density of the monomer and N, is the Avogadro's number. ern
The good agreement bet&een the predicted values of x,gnd the ex-
perimental results (see Table) testifies to the validity o such evalu-
ation, The EP rate remainsg at the steady-state stage after disappear-
ance of the monomer drops apparently due to the fact that the value of
Pr decreases (owing to the decrease in the constant of the rupture rate
ktr for the type 1 radical with the macroradical in the latex partic-

le) with decreasing monomer concentration in the particle.

The above discussion suggests that our EP model can account for
gome experimental resulits reported in [1=37. In particular, it explain:
the origin of the link between the order of the reaction with respect
to the emulsifier and the adsorption protection of the latex particles.
However, the assumption that polymerization process ocuurs in the sur-
face region of the latex particles has not been substantiated,

x)
Under the conditions of the EP process for which the above experimen-
tal results have been obtained it may be shown that the molecular
weight of the polymer calculated from ghe constant of the chain tran:
sfer to the monomer /6/ is (3 - 30).10°, that is, it is close to the
experimental one and lower than the molecular weight (50 - 100).10
calculated from the chain growth rate constant, the initiator decom-
posgition constant [7, 8] and the experimental specific rate of the
?P assuming the lack of chain transfer,

=
We believe that other cases are also of interest (see Appendix 1).




Table

The comparlson of the experimental and predicted reaction orders with

respect to the emulsifier (dodecylsulphate Na)

o2
Monomer (AS) Xiheor. X exper.
Methyl acrylate 176 0,095 0.13
Ethyl acrylate 86,2 0.22 0.2 = 0.25
Butyl acrylate 61.5 0.375 0.33
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Appendix 1

Before we attempt to estimate the mean number W of the radi-
cals per pariicle and the specific rate V of EP we note that thermo-
dynamic equilibrium can be essumed to be established between the type
1 radicals which are on the surface of the latex particles and in the
water phase (a radical appears mapy times in both phases during its
lifetime tlw )} so that the number N1 of the latex particles which

come into coﬁtact with a type 1 radical during its lifetime tlw is
1
_ TR
N, = k4 TCR NP(@)tlw1 (1)
where R igs the radius of the latex particle, N is the number of the
latex particles in 1 ml of the latex and ki is a constant. Let us

agsumne alsoxx) that Pra» ktr 2?1/4 5T'Rgawhere A ig the thick-

ness of the surface region of the latex particles,

Denote now the mean lifetime of the radical by tl and the mean
time spent by the radical in a particle from the moment ff its cap-
ture till moment of chain transfer to the monomer by t-z§tr)>9 tw ),

Then the radical comes into contact with N; + N1tl/tp latex particlés

during its lifetime t, with the contact time Z} and it grows in
1+ %/t particles dlring the time t._,

Thus we obtein R(ky + /6P, + BT + 4y/8)) ~ 1 (2")
f
where k, = N1/N1 and
WoAW 1,1 )
tlw1kg c, + W, -Zflkg c, ~ 1 (3)
Here %g and Cg are the growth rate constant of the radical and the

monomer concentration in the water phase.
The following condition is satisfied when the rate of production of

the radicals is equel to their decomposition rate: '
m) i t,~ AN 1 |(4)
Using the condition k. = 1 we obtdin from equations (1 -4 ) the
following relation: 4
IR v S /. BN '
k 70 6. 0% N D N (5 )
' d d*"1°r
From equation (5 ) we obtain .
2
o~ -P/Nz " P/N .P/I‘I (6')
e el ey - Ll
Ay kd(H1Pr+1) 2k 4

X)
lote that in the case of an anion emulsifier and a persulphate initi-

ator N; for the radicals of the typel with the group SOZ at the

end is lower than N, for a type 1 radical without this group owing
to)the electrostatié repulgion forces acting in the former case,

XX

We assume that the condition k,  Z ./4JLRZA < 1 is satisfied
for the experiments discussed iﬁ thls paper. This can be seen fgom
the appropriate estimates assuming A~204 and 2R > (2 + 3} 10%cm,
XXK

If k1 # 1 the following discyssion ghown that there is no signifi-

cant 'changa but equations (5 ) - (7 ) are more complicated,



and . Lol N/(N + 1) (7,)
¢ g m \[7_13_ + N P____ 'V'_iﬁ.’
We have also
- kyky NP(O) L/ A .
NPy = s e NR2P(O )k I'I"TZ """"" (8)
kgm+kNNR P(@)k 1

In particular, if we have 1/Pr >> N1 and ~=~F--" >» 1 then equation
d
ons (6') - (8') yield the second case of the Smith-Ewart theory [ﬁ/,
that is,
Vo~ kécf;N and W~ 1 - (9")
When we have 1/P,» N; and -Eéﬂ__ & 1 we obtain the Ugelstad-Lukho-
vitzkii theory /3,4/%:

)
5
v o~ kécf;l \/-Eg—--- P (10")

Here k r\-k C C:where C ig the congtant of the chain transfer to the
monome?, & T M m

When 1/P, << N,, W, » 1/ Z écgl and k.4 1 we obtain the following
lerations: N,P . ~~ 1;I‘/Rzkl ¢l , n & 1 and
S L
1.0, P = b m. S ' \XX)
V‘\'k C "R-- ---------- 4:§==EEET- 5 =mmmooas (11 )
2_ P+ R Egim Ao 2__P
3k ATk, iy

where Ss = 47IR%N is the total surface area of the latex particles in

1 ml of the latex. 1 1
Or if we have  f/4ky >> S_ k C A/45r1c

Z gm
then we obtain '
Ve~ S5 (12)

X)1In the first two cases constant EP rate necessitates constant N but
ghis does not affect the equations (in thkse cases),
xx
We do not rule out completely that thig.case can be used for descri~
bing the experiments described in /1 27,on1y if Sy~ ¢, where oL
depends on the interface and the emulsifier, Not also Ehat equation
(11 ) can be readily transformed into the following relation
L]
2 & G
k') P e e e e o e e e e i S B P S S e T e T S e P e =
kCy + kg o+ VU0 )% 2k k5

which practically doea not differ from the emplrlcal relation

V2 k,C. /(k,C. + k) derived in /11/ (here k , k1, ks,
and k a%e thg %onstaat for a given amount of emulsgfieg in

the ldtex ayetem).




]

“When we have 1/Pr <« N, b, & 1/ Z—Tk

Ao

when P/4lcd << S.!'.' kg;Cr]ﬁ A /490 k12ktr we have V ~ 1/2§¢j/2.
Ths latter is gimilar to the Medvedevé foymula /10/.
k

gCﬁ and ] £ 1 we obtain

kyk, NP(O ) <

NP ~ N tr -l .l » 1,

1 WAW
‘l'kgcm
that is, the EP rate does not depend on either N or R (does not change
in the process ?f flocculation of the latex particles). In particular,

) N 1

when we have ZEE->> E%ﬁ;?;" we obtain V ~ 1/P(©®), thaﬁﬁs, gatura-

tion with the initiator.

» .
When we have JE[E__ X ‘—5 """"" we obtain
4kd k1N1Pr
vV o~ J,,1/2 [__1____ 1/2 .
P(O)
Appendix 2

The relationship
P(O ) ~ (=g )25 (1)
e

can be understood using the Langmuir concepts according to which the
probability that a given site on the surface of a particle with the
surface area 3, does not contain an emulsifier molecule is given by

P R e L T T
1 1 + klcg (2")
Here k., is the constant in the Langmuir equation and c¥ is concentra-
tion o} the emulsifier in the waier phase at the stead?-state gstage
of the EP. A type 1 oligomer radical can come into contact W§§h a par-
ticle when meeting it if there is a free site of the area I, on the
surface of the particle where collision occurs, The probabf&ity of
this is given by Sr/S
e

. roe 1
P(O ) ~v|—mmmmmm 5 A~ |mmmEe- (3"m)
11 + k-C klce '
agsuming that S_r./Se 2 1 and that usually klcg > 1.

Further we assume that at the steady-state stage of the EP rate

¢ = AC_ (where A ia a constant; A does not chanpe in the course of
tfie profess since the total surface area of the particles remain consg-
tantg and that 5. equals the effective cross-section of i&g monomer mo-
lecule (which is taken to be a_ sgphere) Hencetjwe obtain

3] 2 q [....12 _._} °
e S = a3

where m is the molecular weight of the monomer, J)m is a densgity of
the monomer and NA ig the Avogadro number,
x)

5.is the effective cross-section of the oligomer radical (viewed from

e end).
xx)

Of course, this equation is valid when AC
the rate V does not depend on C

_W
=Cq £ cem; when AC_ > ccm

e according to the experimental results



