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An extensive series of experiments has previously demonstrated that for model sterically
stabilized dispersions, S-solvents for the slabilizing chains in firee solution represent the limit
of colloid stability. It has now lwen shown that by anchoring the stabilizing chains to the
particle surfaces at many points along the chains, the pattern of ilocculation behavior may
be profoundly altered. Polystyrene latices stabilized by poly(ethylene o Tid) have been pre-
pared that are stable in dispersion media with solvency for the stabilizing moieties markedly
worse than 5-solvents for the chains in free solution. Multi|>oint anchoring in these s\"stems
results from the hydrogen iMmding between the ether oxygens of the stabilizer and surface
carboxylic acid groups. The cnhantemenl of steric stabilization isa function of the pH and the
molecular weight of the stabilizing chains. Itoriginates in the perturbation of the conformation
of the stabilizing macromolcculcs that renders the free solution properties of ihe chains no

longer relevant.

INTRODUCTION

An extensive series of experinienLs (1-5) has
ihown that for model slerically slabilizccl
dispersions, jkslrong corrclalion exists between
Kaiponding theta (0)-point for the stabilizinR
t~ iielies in free solution. This correlation has
tekui demonstrated for fjoth aqueous and non-
Klueous dispersion media, irresijective of
Whether rtocculation is induced by healing or

or bv the addition of nonsolvent. At
si.xty critical flocculation points (cfp’s)
kave now been correlated with their cor-
0-points. A quantitative theoretical
Ascription of steric stabilization has also been
fveloped recently (6, 7).
Whether or not stable sterically stabilized
can be prepared in 0-solvents
ves remains a moot point. Certainly
definition the second, and therefore the
dhtrd (8), virial coefficients of the stabilizing
les in free solution must vanish in
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0-s()lvents. As the major component of the
repulsion in steric stabiliziition originates in
these two nonideal com})oncnts, any repulsion
in 6-solvents must necessarily be relativel\-
small. The fourth and higher virial coeiT.cients
are, however, non;5ero in 0-solvents: pre-
sumably these nonideal components may be
suiT.ciently large at high segment densities to
impart stability in 0-solvents. In addition
Born repulsion between polymer segments,
which is disregarded in all theories advanced
to date, may also contribute to stabilization.
Unfortunately the e.xperiniental results to
date lack sufficient precision to establish
whether or not stable dispersions ma\' be
prepared in 0-solvents.

Nonetheless it can be staled quite cate-
gorically that there are no previously re-
ported e.xamples of sterically stabilized dis-
persions that e.xhibit stabilit)' in dispersion
media which are markedl>- worse solvents than
0-solvents for the chains in free solution. By
markedly worse solvency we mean that
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The case of coagulation by shear viscous
flow is interesting in that respect in that we
deal with the situation X = 1 which was not
considered above. The dependence K(g, n)
= (g*+ possesses a number of features
which simplify the solution of Eq. [*]. The
details of the solution will be published else-
where. Here we only not” that the results in
this case are very similar to those obtained for
the model K (g, ii) = g -I- /i — 1. An interest-
ing circumstance is that the asymptotic form
of the size distribution differs from the self-
preservation form. In this case Oy =
rather than Q —X~f(gN) as assumed by
Swift and Friedlander (10). It is a consequence
of the divergency of integrals on the left-hitnd
side of Eq. [23 at a low limit (« = 0).

3. The result [28] is seen to be very close

to the Friedlander self-preservation hypothesis
(see Eq. [5]). Substituting Eq. [30] into
ICg. [28] we obtain:
= BV

It should be cinijhasized however that the
scaling theory has a dilTerent sense. I'he
regime [2S] arises us ii conse<iuence of the
scaling invariancc of IQ). [2], and the de-

pendence of ~ on the argument ap-
pears indejjendently of the fact that

.APPENDIX

Here we derive the recurrence relations [20]
and [21]. Let us substitute

=r-'E

0 [Al]

into Eq. [12] and gather the coefficients of
equal powers of «. The coefficients of r* on

the left-hand side of Eq. [12] is of the form:

*+9g-W [A2]

The substitution of Eq. [Al] into the first
term on the left-hand side of Eq. [12] yields

n-I

Introducing I' = k ~ | vre find the coefficient
atT*
Z!'Z ~(g — n)bg-n~bn N, [A3]
»-i /-0

After the substitution of Eq. [Al] into the
second term it takes the form:

E E

n-I

[N, n)Wn'r*+*+",

Again, replacing n+ I+ I' =Kk, I'=k —p,
I = p ~ n, we obtain the coefficient of

E E L(g,nbg>"~"bk.p~. [A4]
Jeod n"l

(irouping lujs. [.\2]-[A 4] wc obtain to the

relations [20] and [21].
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incipient flocculation would only be evident
in excess of 10 K beyond the free solution
O-temperature. Flory (9) and others (7, 10)
have stated clearly the reason for this: in
solvents worse than 6-solvents the stabilizing
sheaths are self*attracting, i.e., collisions are
“sticky,” and so the particles flocculate.
Recent calculations have verified the essential
correctness of this view (7).

We have now found that by using the
phenomenon of multipoint anchoring of the
stabilizing moieties lo the particle surface,
it is possible to prepare lalices 'Lhat display
stability in dispersion media of considerably
worse solvency than 6-solvenls for ihe chains
in free solution. This is possible becuusc the
anchoring of the mucTomoleculcs at
points along the chains so changes their con-
formation that ihe free solution properties of
the chains are no longer rdcvimi. An experi-
mental investigation of this phenomenon,
which we have termed ‘‘enhanced sleric
stabilization” (6), is now presented.

THEORY

We begin by csInbli.shing via a new tiieoreli-
cal route thal, to a lirst approNimalion,
~-solvents ftjr the slal)ilizing chains in free
solution are the limit of colloid stability for
dispersions sterically stabilized by tails or
loops. tails and loops we imp!)- linear high
polymers that are attached to the particle
surface at one and both ends, respectivels'. We
will assume that the configurational entrop\'
of the core particles in the dispersion medium
may be neglected; this is, of course, a standard
assumption in colloid stability- theory (e.g.,
in DL\'0 theory) but it could perhaps in-
troduce some inaccuracy in certain circum-
stances. We shall, of course, take into account
the configurational entrop)' of the stabilizing
chains.

We want now the free energy of mixing
(a5 m) of randotiily oriented tails or loops,
whose centers of gravity are fixed in space, with
solvent molecules. This is readily obtained
from the theory developed by Flory and

Here is the free energy of mixing of
pure randomly oriented polymer chains, whose
centers of gravity are fixed in space, with pure
solvent, and is the free energy of at'
tachment of randomly oriented chains to form
tails or loops in the absence of solvent mole-
cules. Thus

abm=

A-kTIni In (1 - V) + WiXiifi. [2]

where iti is the number of solvent molecules,

is the volume fraction of the polymer
segments, and Xj the polymer-solvent inter-
action parameter for chains in free solution.
Note that the tilde is used to denote that the
quantity refers not to the total system but only
to that part of the system which is accessible
lo the stabilizing chains if the particles were
all fixed in space. This difTerentiation is neces-
sary becausc the I'iory-Jvrigbaum theory (11)
cannot be applied to the system as a whole:
those regions of the dispersion medium between
the coated particles contain a negligibly small
polymer concentration w'hich violates one of
the basic requirements for the application of
the Flory-Krigbaum theor\\ Onl)' in the
spatial regions occupied by the stabilizing
chains is the segment density function suf-
ficiently large and continuous to justify the
Flory-Krigbaum approach.

To calculate the excess chemical potential of
the solvent in the volume accessible to the
polymer we need [M(AGm)/A?1]]?./". This dif-
ferential is easil} evaluated if we recall that
s = {fix)/{n\  »2v), where W is the num-
ber of tails or loops and a is the number of
lattice sites occupied by each chain, assumed
to be monodisperse. Consequently, on dif-
ferentiation we have
M -

=RTEIN(L - Vo) + y. + [3]

where mi”ls the standard chemical potential of
the solvent (i.e., the chemical potential of
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pure solvent). Note that we have here ignored
the configurational entropy of the core par-
ticles and so for equilibrium we may set
jui = Mij where the absence of the tilde denotes
the system as a whole.

Flory (12) has shown that the requirements
for incipient noncrystalline phase separation
of the polyTner solutions are

[_dixi/dvz]T.p ~ o, w
[51]

Phenomenologically we may relate incipient
phase separation to incipient flocculation of
sterically stabilized particles. Equations

and can then be used to identify the
critical flocculation point. The equivalent re-
lationships in this case are

[_d'Hi/dVi-*r.p = o -

[VT/Vr2Ld"i/dv-N = o, [6]
0, 7]
where W is the total available volume and

7t is the volume accessible to the chains.
Con\hininjs Eqs, [*3] and ("63 yields

1¢1 =iV - | = 2Xyv,, [8]
whereas Eqs. [3] c'l>
1/(1 -iV -“= 2x,.

I'lie solution of Eqgs. [8] and [*" lhal is
relevant is Xj = k. This shows that to a first
approximation o-solvents, which are char-
acterized by Xi = j, are the limit of stability
of particles stabilized by loops and tails (s).
A ver>- considerable body of experimental
Klence (1-5) supprjrts this theoretical con-
clusion. The conclusion is, however, at odds
ttth that of Hesselink, \’rij, and Overbeek
(13; who predict stability in dispersion media

rabl) worse than ~-solvents for dis-

s stabilized by either tails or loops. The

for their erroneous prediction has been

ed out elsewhere (6) but briefly it resides

assuming in the calculation of polymer com-

that ail o-solvents are atbermal.

(14) has asserted that 0-solvents are

athermal at the experimentally inac-
"®ble temperalure of absolute zero.
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The foregoing discussion implies that if
stability is observed in solvents markedly
worse than o-solvents, specific interactions
may be operative between the stabilizing
chains and the particles so that the chains are
no longer tails or loops.

EXPERIMEXTAL

Two types of polystyrene latices were pre-
pared by emulsion pol*Tnerization. The first,
termed “high carboxyl” latices, were pre-
pared according to the method of Ottewill and
Shaw (15) at elevated temperatures (*50®C),
using potassium persulphate or hydrogen
peroxide as the initiator and sodium dodecyl
sulphate as the surfactant. Potentiometric
titrations and electron microscopy established
that the latex particles so prepared contained
surface carboxylic acids (ca. one carboxyl
group per 150-5(X) A*). The “low carboxyl”
latices were prepared in a similar fashion but
initiation bs*‘ potassium persulphate was ef-
fected at 2()-3()®C and owgen was rigorously
excluded from the system. The complete
absence of surface carlx)xyl groups could not
be established unequivocally for these laticc's
but the surface concentration of carbox>I
groups was sulTiciently small for them not to
10 detectable b> potentiometric titration.
Poly(vinyl acetate) latices were prei)ared b\-
the solution jX)lymerization 0i vin\l acetate
in the absence of surfactant (16); no surface
carboxyl groups could be detected with these
latices.

The preparation of the amphipalhic block
copolymers of poly(ethylene oxide) with poly-
styrene and po!> (vinyl acetate) has been de-
scribed previously (2), as have the measure-
ments of the critical flocculation temperatures
and the poly(ethylene oxide) \-iscosity average
molecular weights.

RESULTS

The critical flocculation temperature (eft)
of various aqueous latices coated with well-
anchored poly(ethylene oxidej (PEO) chains
was determined in 0.39 M MsSO~. Ail latices



Kio. 1. Plots of the eft versus the ratio of the nominal weight of stabilizer in the bulk phase to the
weight of latex particles. FEO molccular weight is 10,000and pH = 4-65. Curve I—poly(vinyl acetate)
laticss; curve 2—“1ow carlwxyl””[mlyslyrene latices; curve 3—=high carlioxyl”>J>olyslyrene latices;

curve 4—p Qy(slyrmf—c{»—acrylk at iff) latex particles.

rtocculated on heating, demonstrating that the
latices were enthalpically stal)ilize<l (4). The
eft of these latices is delined as the minimum
temperature at which llotcuhnion was evident
(2,3).

Shown in Fig. 1 are plots of the eft versus
the nominal conecnlraiion of the awphipathic
PKO stabilizer, the IMCO chains having a
viscosit>*‘ average molecular weight {(Afy)) of
10,(KX). \lthough these pl«)ls are not strictly
adsorption isotherms, the adsorplir)n cjf the
stabilizer [)resumably increases monotonically
to a constant value as the abscissa incrcjtses.
Smooth curves have been drawn through the
large number of ]x)ints that were <leterniined
for each curve.

For poly (vinyl acetate) latices, the eft in-
creased monolonically with increasing con-
centration of stabilizer (curve 1) to the limit-
ing value corresponding to the d-tenipcrature
(318 K) for free PEO chains in 0.39 Af MgSOj
(2, 17). Similar results were obtained for “low
carboxyl” polystyrene latices (curve 2). The
“high carboxyl” latices, however, exhibited
a definite maximum (curve 3) in their eft. The
maximum (in this case 338 K) was significantly
higher than the'S-temperature, showing that
in the vicinity of the eft it is possible to prepare
latices that are stable in dispersion media
considerably worse than d-solvents. This is the
phenomenon of enhanced steric stabilization.

*

Note that the position of the maximum along
the abscissa axis depends upon the efficiency
of the anchor group in attaching the PEO to
the particle surface. Beyond the maximum the
eft decreascKl to the fl-tumperature. Clearly it
was only at the lower concentrations of
stabilixer that enhvvnce<l steric stabiliza.tit)n
was ohservetl and then only with the “high
carlx)xyl” latices.

Dispersions that exhibited enhanced steric
slabiliziilion n<jccvilatetl irreversibl}’. Only at
higher stabilizer concentrations, when the eft
was close to the o-temperature, was reversible
flocculation observed.

It was suspected that the existence of en-
hanced steric stabilization was associated with
the hydrogen (H) bonding between the -OH
groups in the surface carboxyl groups and the
ether oxvgen of the PEO chains. To test this
hypothesis the eft’s were determined for a
PEO of (Afv) = 10,(XK) at three pH values
(2.06, 4.65, and 10.6). Some results are shown
in Fig. 2. At the lowest pH the eft maximum
was significantly higher than that for pH
= 4.65. Xo curve is show'n for the alkaline pH
because at the concentrations of stabilizer cor-
responding to the maximum in the eft curves,
the “high carboxyl” polystyrene latices floe-
ciliated at ierrjpetatures well below room
temperature.

The influence of the molecular weight of the



IBzing PEO on enhanced steric stabiliza-
m is displayed in Fig, 3. The same "high
atex was used in all experiments,
high molecular weight PEO {{My)
pBYPOO) did not seemingly exhibit a maxi-
iin the eft and no enhanced steric stabiliza-
was observed with this polymer at this
However, as the molecular weight was de-
the maximum in the eft plots ap-
jud; The maximum was small for a PEO
(Mv) = 96,000 but it increased significant!}-
the molecular weight decreased. For a
of (Mv) = 1540 the enhancement of
Estabilization was so large that the eft
'the range of the dotted line of Fig. 3
KMA the boiling point of the aqueous dis-
W bb medium and so could not be measured.
H data are, however, strongly suggestive of
pinmum in the curve. The eft in this case
J.reased only very slowly at higher stabilizer
jiicentrations.
Particles of polystyrene into which 10%
I"Tic acid had been coj>olvmerizc(l were also
as the adsorbent for anchored i EO.
lifcsc particles were prepared under conditions
pt normally gave “low carboxyl” latices.
latices, which also possessed surface
Moxyl groups, exhibited enhanced sleric
Mliiization (curve 4 in Fig. 1). The eft i>eak
m however, quite broad.

WEIGHT RATIO

ITC. 2. Effect of pH on the plots of eft versus the

exatio of the weight of stabilizer to the weight of latex

particles. PEO molecular weight s 10,000. Curve
1—pH = 2.06;2-pH = 4.65.

DISCUSSION

The foregoing results are consistent with the
hypothesis that enhanced steric stabilization
results from H bonding between the -OH group
of the surface carboxyl species and the PEO
ether ox\gens (Fig. 4). In the absence of sur-
face carboxyl groups, e.g., with poly(vinyl
acctii(e) laliccs, no dcl'initc maximum was ob-
served in the eft plots. .As the bulk stabilizer
concentration was increased more PEO chains
were presumabl>- adsorbed; in the plateau
region the particles were fully coated. Re-
versible tlocculation was then observed close

Fig. 3. Effect of PEO molecular weight on the plots of eft versus the ratio of the weight of stabilizer to
the weight of Be."cparticles at pH =4.65. (A/y): curve 1—800,000; curve 2—96,000; curve 3—10,000;

curve 4—1540.
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Tig. 4. Schcmaiic rejjresenlaiion of the hydrogen
bonding inieraclion Iwtween ihe ether oxygens in ?E0
and the surface carhoxvtic acids.

lo the o-U'mptTiiturc for ihc stabilizing chains
in frcL* sohilion. 'Phis is lThu normal behavior of
stcriciiliy stabilized latices (1 15), as prcdiclwl
by ihc alx)Vf tlu-orelica! discussion. N'otv thal
iho clcclrostalic contrii)Ulion to slabilil\’ is
ncj'h’j'ibic at llu- hifjli ionic strfn”ihs studied, as
was shown previousK' (4).

Knhanccd sicric suil)iii>i;uion wus only ob-
served when, in the ai)s<.-ncc of surface (.'arbo-wl
j~*roups, the surface would be incompletely
covered. This suKS*sls that uniler (hcse condi-
tions the conffsrmalion of the stabilizing;
rnoictic'S is changed bccausc of the many
H-bomlin®j inleracilons between ihe PEO
and the surface carboxy | groups. Presuniabl}'
the chains interact with the surface so as lo
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adopt a Jess extended conformation [“the trans-
formation (a) to (b) shown in Fig. 5]. As a
result of this f?at conformation, the thermo-
dynamic parameters that govern segment-
solvent and segment-segment interactions are
no longer those relevant to the chains in free
solutions or to chains attached to interfaces
with which they do not interact strongly.

That the change in conformation due to
multipoint anchoring can be significant is
illustrated by the following approximate cal-
culation. Potentiometric titration studies sug-
gested that there was one carboxyl group per,
say, 20() A-. For a PEO of molecular weight
10,000, the area occupied b\- the macromole-
cule on the surface is approximately 5000 A*
Hence, each chain could interact with 25
carbo\> | groui)s. 'I'nis would on the average
lower the molecular weight of ihc PEO between
anchor points to only 2(K), i.e., pentamer
(-CHj('H X)-) groups. C'learly even interaction
with only hall' of the surface carboxyl groups
(as occurs at pH = 4.65) would significantly
change the conformation of the PEO chains
to one with onl\- a small nvmiber of segments
between anchor points.

'I'ne foregoing discussion suggests that if
the surface carbf»xyl groujw were deprotonated,
the Il bonding could not occur. Thus latices
exhibiting enhanced steric stabilization would
into incom*

be con”ee/Mted latices exhibiting

plete surface co\erage [[transformation (b) to

Fig. S. Schematic representation of the effect of multipoint anchoring on the polymer conformation;
(a) incomplete surface coverai”™ and no interaction of PEO with the surface; (b) as in (a) but with a flat
con/orjnalion due to sur/ace interactions; (c) compiele surface coverage with little surface interaction

allowed.
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(a) in Fig. 5J. Lalices with incomplele PEO
surface coverage were shown previously (2)
to flocculate at lower temperatures. This ex-
plains why latices exhibiting enhanced steric
stabilization flocculated when the pH of the
dispersion medium was made alkaline. More-
over, it explains the increase in the eft maxi-
mum when the pH was lowered from 4.65 to
206. The surface carboxyl groups have a
piva corresponding to a bulk pH of 4.6 {15,
18). Thus at pH = 4.65 only about half the
surface groups would be protonated. Lowering
the pH to 2.06 results in increased protonation
of the surface carboxyl groups. The increased
interaction of these groups with the PEO
chains p<rturbs the conformation of the
stabilizing chains even more than at pH = 4.65.
jAneven greater cfl maximum is thus observed.
, The decrease in the eft values beyond the
|@\imuni is presumably associated wilh the
lIBi-ascd adsorption of the unchoreil PKO
~ilis that to accuniniodale further stabilizer
I"Mrplion, the adsorbed chains must adopt a
W M vertically oriented conformalion [see
f.) in Mg. 5J rather than a Hal one. .Moreover
~ anchor polymers may well cover man}- of
ibi surface carbox\i groups. Il is scarceh’
ising ihal under these conditions high
@lo\yl latices flocculate rever.sibl) near to

fci 0-point for chains in free solution.
I The influence of the PEO molecular weight
m the enhancement of steric stabilization was
inAcd. \er_v high molecular weight chains
(m not significantly influenced by inter-
iMms with the surface, j)resumabl>' because
iit of the segments are distant from the
itf.L.ce and are not alTected by surface inter-
Conversel>' for very low molecular
hirtht chains almost all the segnients are
JIBturbed as the calculation presented above
i This accentuates the enhancement of

t stabilizatibn.

he experiment on the poly(st}Tene-fy-
tolic acid) particles confirms the importance
f surface carboxyl groups. The very broad
ioliserved for this latex probabl}' arises from
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the projection of the polyacid chains into
solution.

The preceding discussion provides a qualita-
tive picture of the likely origin of enhanced
steric stabilization. It is necessary to consider
rftore closely why the eft at the maximum is
greater than the 5-temperature for the chains
in free solution. It is not knoA\Ti as yet whether
the eft's observed near the maximum cor-
relate strongly with the d-temperatures of the
perturbed chains. However, in view of the
strong correlations reported previously (1-5),
this seems likely and we will adopt this assump-
tion in the following discussion.

The critical flocculation temperature (Tc)
is obtained by setting AGr (= A//r — TA5r)
s'O, where is the free energy of close ap-
proach of two sterically stabilized particles.
'Fhus for model sterically stabilized PEO
lattices (2-5)

7c = 6 = A//Il AS«,

iCxperimentally it w;is found that dispersions
that exhibile<l enhanced steric stabilization
llocculated irreversibly. This suggests that in
order to induce flocculation it is necessary to
break some H-bonding interactions, iiond
breakage converts the particles into a system
with incomplete surface coverage, which has
been shown previous!}’ to result In irreversible
flocculation (2). Therefore, we ma>" write

N - Allii “I" (w .\;9_'_A_/?hyd

., [10]
AACAIMIVD

where .Va is Avogadro’s constant, n the number
of H bonds formed in the interaction zone, and
Allhyd and A*Shvd are the molar enthalp}'
and entropy changes associated wilh H-bond;
ing. If we consider the H-bonding terms as
perturbations of AH r and A5r, we can use the
binomial theorem to transform Eq. [10] into

AH uvybp
AHnN
n \/~Shyd\

Tcrd-\-
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where terms higher than the first are neglccted
and 6 refers to chains in free solution.

We have shown previousl\' (4) that A/lu
and Ab5r are both positive. Intuitively both
AMHYD and should be negative. Pro-
vided that IAjSHyD/A*"R| >
Eq. [11] predicts eft values larger than d. In
agreement with the preceding discussion en-
hanced steric stabiliziition should .therefore
result from the significant decrease in con-
figurational entropy that H-bonding inter-
actions impose on ihe stabilizing chains. More-
over, Eq. (113 predicts a maximum in the eft
as n increases to a maximum and then de-
creases to near zero. It also suggests that as

ASii» (»/A'A)AiSiivi)

for high molecular weight chains, surface inter-
actions should not i)erturb lhe eft greatl>’ in
this case; ci)nversel\' a large increase in eft
should be evident fr>r low-mtjlecular-weighl
chrins, as obse.ved experimenlally.

The foregoing discussion hinges on the as-
sumption that surface carboxylic acids can
H bond with ether oxygens. I'imeniel and
.McClellan (19) in theircla.ssic book on H-bond-
ing lisl carboxylic acids and ethers as well
recognized H-bonding acids and bases, rc-
s[>eclively. They also assert that the properties
of any combination of these compounds will
be alTected b>* H-b<jnd formation. The oc-
currence of strong H-bonding between the
ether oxygens of PEO and the carbox} ! groups
of pol\'(acrylic acid) is evident from the
mutual precipitation of the two polymers from
aqueous solutions at suitably acid pH (20-22).
There seems little doubt that the H-bonding
postulated to explain enhanced steric stabiliza-
tion can occur.

COXCIASIONS

These experiments show that b\- anchoring
the stabilizing moieties at a large number of
points along the chain, the pattern of floccula-
tion behavior of sterically stabilized dispersions
may be profoundly altered. No longer are
6-solvents for the chains in free solution the

limit of colloid stability. Instead

ma\- be observed in solvents of

worse solvency for the stabilizing chains
0-solvents. This is because the mull
anchoring so perturbs the polymer

tion that the thermodynamic parameters
govern the chains in free solution are no!
relevant. For PEO chains multipoint!

may be achieved through H-bonding u
actions between the ether oxygen of
stabilizing chains and surface carboxyl jpy
However, it ought to prove possible to s8R
polyfunctional macromolecules, e.g., j»ly(l
alcohol), at man\' points along their »
thus they should also impart enhanced |
stabilization.
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