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The raic canstamt changes of onic reactions duc to the clecirpstatic polyelectrolyte cllect can
be described in some detxil.  For second-order reaclions between ions of caual charge sign, il is
shown that the inhomogeneous distsibution of rocactive ions is cquivadent io a primary salt effect ;
the primarcy sait effeet cannot explain the resnlts at high macroion concentraiion.  An expression
is derived Tor this case tiking into accotnt the prolability ol site occupancy by both redctive pariners.
For first-order reactions, the overall ¢hange i rate constant with polymer concentration may be
explained in terms of the theorjes of polyelectrolyie solutions, even when the clectrostatic cllect
may be coupled with more specific interaciions,

The study of the eficct of macroions on the kinetics of reactions is an active area
in polyclectrolyte physical chemistry.! 2 When the substrate is an ion, the inhomo-
geneity introduced by the macroions on the ionic distribution may couple with miore
specific substrate—macreoion interactions, e.g. dipolar attraction, hydrogen bonding,
fiydrophobic interactions, efe., to produce important modifications in the rate of
reaction of the ionic substrate.  Furthermore, when the substrate ions are drawn to
the vicinity of an oppositely charged macromoiecule by the large polyionic electric
field, the reaction between the substrate and any reactive group forming part of the
macroion, will be strongly fuvoured. Interactions in polyclectrolyte solutions may
produce remarkable effects on the kinetics of ionic reactions.?  Morawetz and Vogel 3
reported that the rate of aquation of Co(NH,) Cl2* induced by Fg?+ tons is enhanced
176 000 times when poly-(vinylsulphonic acid) is present in a concentration of
5x 1073 equivalent dm=?.

In the case of macromoleculies having no significant electrostatic interactions with
the substrate, synergetic eflects can also be observed. Klotz ef af.* found that the
hydrolysis of phenolic esters could be increased by factors similar to those found for
enzymes, when the sofution contained poly(ethylencimineg) (PEL) modified by the
inclusion of reactive groups and non-polar chains into the macroion. In this case
hydrophobic interactions between the substrate and the non-polar groups in the
macromolecule draw the substrate close to the polylon which subsequentiy is attacked
by the specifically reactive groups of substituted PEI producing a large overall
kinctic eflect.

In spite of the variety of detatied mechanisms responsible for the obscrved modifica-
tions in the rates of reaction of ionic substrates in polyionic solutions, it is possible to
visualize some general trends which may be accounted for by electrostatic interactions.
Even when the direct clectrostatic contribution to the ebserved changes in reaction
rates is quantitatively small, in many instances it is the causative factor of the overall
rale modifications,>® i.e. when the (clectrostatic) polyelectrolyte effect is suppressed
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by salt addition or by ncutralization of the polyionic charge, in the case of weak
polyelectrolytes, no modification 1a the rate constants is observed.

Mita et @l.® have recently analysed the influence of the polvelectrolyte effect upon
vatious types of reactions. They successfully interpreted the results in terms of a
type of primary salt effect using polyelectrolyte theories ; they used this interpretation
to appose the view that the eflects avise from an increased concentration of reactant
ions in the vicinity of the polylonic chain.

In this work the features of the electrostatic interactions for first and second order
reactions are discussed and the general behaviour to be expected is described, thus
allowing rationalization of the observations in different systems. [t is demonstrated
that the primary salt effect approach is identical fo that considering local distribution
of ions.

SECOND ORDER REACTIONS

In general the rates of reactions involving oppositely charged mobile ions are
inhibited by macrotons,!® ! while the rate of reaction between two jons of equal
charge is mcreased by polyclectrolytes having charge opposite to that of the reactant
ons, 3. 1214

It has been proposed *° that the cxperimental results can be explained in terms of
the modified local concentration of reactant ions due to the large clectrostalic potential
near the macroionic chain.  If &, and 45 denote the second-order rafe constants in
the presence and absence of polyclectrolyte respectively, the argument above leads
to the following expression for the rate of reaction v,,

vy = I {my) . (mpp = k3{my, . my). 45

The angular brackets indicate averages taken over the polyionic domains into which
the solution volume is divided.? Hence {m;> = m?, the stoichiometric concentration
of ion i. The local concentration of species 1 is related to the reduced clectrostatic
potential, AQ, by the Boltzmann relation

m; = m . exp(—zAQ) {2)

L

AD being the difference in reduced clectrostaiic potential referred to the domain
boundary, hence at the boundary Ad = (¢ and /m; = m¥.  Eqn (2) may be replaced
in eqn (1), and the rate constant ratio becomes,

Ky _ exp (—z, 4 zp)Ad) 3)
k3 exp (= zpAQ)) . {exp (= z3A0))

If z, and zp have the same sign, &, /4§ will be larger than unity. If they have opposite
signs the rate constant ratio will be smaller than unity.  Egn (3) is then capable of
explaining qualitatively the experimental observations.  When both reactant partners
are concentraied in the same element of volume near the polyion, the rate of cellision
increases and the reaction will proceed at a higher rate than in the absence of polyion.
In contrast, when the reactants have opposite charge they will be separated by the
macroion which attracts jions of opposiie charge to the chain and repels the reactants
having the same charge sign.

Using new experimental evidence, Morawetz ef al.®- 12 suggested that ¢qn (3) was
not adequate to represent tire results.  The medium near the chain may be different
front that in the bulk of the solution and consequently it would not be adequate 1o
identify /% with the rate constant in polyelectrolyte solution by eqn (3).  Furthermore
the electrostatic interaction may not be the only contributing factor in fixing the local
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distribution of 1ons.  An outstanding examp'e of this is the reaction belween the
cationic species of crystal violet with O~ iens;'® when polyanions are added the
reaction is inhibited but when polycations are present the rate of reaction of both rons
15 ingreased.  This is attributed Lo strong nen-electrosiatic inleractions between the
crystal violet cation and the posttive macroion.

In principle, A% in egn {2) may be veplaced by ARG/ET, where Ag, denotes the
change in electrochemical potential of species i when it approaches the polyion.
In this way non-clectrostatic interactions can be included as weil,

In spite of the fact that specific mieracttons are responsible lor the observed
differences in the accelerating power of polyelecirolytes for different reuctive ions of
cqual charge, for many fonic reactions in polyelectrolyte solutions which have no
added salt, Af;, will be dominated by electrosistic interactions.  These have been
shown 3 7% to be in many cases the causalive factor in the observed chainges in
reaction rate in polyelectrelyte solutions. A simple verification of this fact being
the almost complete suppression of rate enhancement when sufficient salt 1s added to
the polyelectrolyte solution.

An apparently different way of explaining the polyelectrolyte effect on reaction
rates is currently employed by Ise and coworkers ¥ using an appreach anglogous to
that of Bronsted for ionic reactions in clectrolyte solutions (primary-salt effeet).
They assuime that,

’r\'_z _ Yaln 4
== {4)

4

b
-~

where 3; 1s the activity eoefiicient of reactant 1 1n the polyelectrolvie solution and the
supersernpl 3 denotes the activated complex.  Ise and Qkubo ' cimployed eqn (4) to
explain quantiatively the obsorved inhtlution in urea synthesis by palvelectrolyies.
The activity cocflicients of reactants m eqn {4) are experimental quantities and }j‘* was
assumed to be unity for the cyanaic—ammonivin reaction because the sclivated
complex 15 In this casc elecirically neuiral. They were able Lo account for the
experimental kinetic resulis and also for the change in inhibition produced when
polyanion saits with diffcrent monovalent counterions were employed.  The activity
coeflicients may also be cxpressed in terms of polyelecirolyte theory, thus obiaining
expiessions for &, /4% which enabie the theoretical prediction of the rute constant ratio.
Mita et al.® have used these expressions to exnlain esperimental results.

Eqn (3) and (1) have been considered 1o correspoend to differeint models of reactant
ion-polyelectralyte interactions, it may be shown however that they are complelely
egurvalent.  This stems from the Jact that the activity coefficients of mobile ions in
polyelectrolyte solution: are rolated to the clectrostatic potential in the pelyionic
domain.

Murcus ! ® derived a simplificd expression for y, from the ratio of the concentration
m the domain boundary, where the clectrostatic force vanishes, to the average
concentration in the solution.  Thus,

= mifme {3)
and taking domain averages in eqn {2),
i w niexp (— z, AD). (6
Hence,
¥ = 1/{exp (—z,AD)). (7
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if eqn {7) s now replaced in egn (2), we have
Ya - Ta {exp [_"_(ZA +z)AD] >

v Cexp (= 2,A0)) . Cexp (—2,A0)
which demonstrates the eguivalence of eqn (3) ard (4).

Il the 3 terms in egn (4) are expressed in terms of clectrostatic interactions as
described by the theory of polyalcctrolyte solutions, eqn (8) is strictly valid. On the
other hand, if the cxperimental aciivity coefficient data are employed to obiain the
¥; terms, existing noa-clectrostatic effcets will contribute to v, and the faclor z,A®G
should be replaced by Af; Lo maintain the validity of ean (8). :

(8)
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a1 -—ERect of polvcieclrolvic concentration on the rate consiant of reaclions involving two
reaclive counierions.

The effect of the presence of polyeiectrolytes on the value of the rate constant ratio
for reactions between two mobile counterions increasss with the polyelectrolyte
concentration, s, (expressed in monomoles dm=) whenever 7, is small compared
with the concentrations of reactive counierions,  This is lustrated in fig. 1. However
ko fh 3 1s obsorved to pass through a maximum at 7, = ()4 and then to decreasc
with i, ecavse when there arc too many macroions the reacting counterions will
be concentrated in diflerent polyionic domains,

Kita ef al.® have derived expressions based on Manning’s theory '7 for the
quoticnt }'(‘\.ym’yi‘:‘;. They dealt with the situaiion corresponding lo mr, smaller
than nmr, or my, Lo Lo the ascending limb of the curve in fig. 1. For z, = z, their
expression leads to negasive valiues of A, /43 when my, 2 (2m )., and the maximum
of the rulio of rate constanis is an artifuct of their assumption that reaction only
proceeds between condensed fons of one specics and uncondensed 1ons of the other.
Eqn (4} 15 basically unable to explain the descending limb of the experimental curve
ol ko /3 agninst g1, 3 this will be discussed below,

According to eqn (3), &, /k§ weould be expected to increase with sz, as the fraction
of condensed 7 redctant counteriens increases.  When the polyelectrolyte becomes
saturated with countorions, ie. niny = (i 2 [utiher addition of macroions would
not he exnccted to alloer the value of &, /48 because it does not essennally alter the
counderion distribution.  Conseguentiy the siteation as described by equ {3), a3 was
ihe case for cqn (4), corresponds to an increasing valuc of &, /A3 at fow i, with a
plateau then being attained at o, > (91, e 05 0bserved for frst order reactions
{sec next section).
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In order that eqn (3) may account for the experimental situation depicted in fig. 1,
it is assumed that (& ;)n., occurs when the degree of condensation of both reactants is
a maximum on the same polyionic siic (these polyionic sites will consist in general
of more than one monomeric unit). Hence in eqn (1} the averages indicated should
not be considered domain averages over all the solution, but rather the excess
concentration of rcactant averaged over thosc domains corresponding to sites
occupied by both reactant jons.

When an excess of macroion relative to the concentration of reactive partners
A and B exists, the reaction of these in the vicinity of the chain will be constant,
however there 15 & probability (increasing with #r,) that some counterions A condense
onto different polyionic sites from counterions B, producing a decreasc in the rate of
reaction compared with k,/k3 at (1) 10 other words, if the polyelectrolyte
concentration is increased above (M, )n., the fraction of sites conlaining only one
reactive partner, either A or B, will increase. Under these conditions &,f4% will
decrease as mi, increases.

According to this picture, the polyclectrolyte effect of rate cnhancement is
fundamentally due to those reactant counterions A and B condensed onto the same
polyionic site.  This implies that the averaged concentrations appearing in egqn (1)
should be taken on occupied polyionic sites; that is, that they will cqual the domain
average over alt the solution multiplied by the probability that a site be occupied by
both reactant ions. Let us assume that the potyclecirolyte is first saturated by
condensed B counterions and as m,, increases further, reactant A reaches saturation.
This situation arises whenever |za] < |zy] and ma > my, or when [z, = |z,! and
M, & my T Under these circumstances the number of polyionic sites per unit volume
will be given by,

m

o ©)

where K is the number of monomers per site.  If m,, increases, a situation is attained
where all B and a fraction of A are condensed onto macroionic sites.  When m,,
increases morc, a point is reached where all A is condensed (if {z4] = |Zeounterion|» if NOt
a constant maximum fraction of A).?7 At this point (k,/k3) is maximum, and this
is taken as the reference state to describe the polyelectrolyte ciect on the rate off
reuction. A further addition of polyelectrolyte will increase the fraction of sites
having condensed B and no condensed A, thus leading to no enhancement of the
rate of reaction. If the probability that A occupies a site already occupied by B is
denoted by PR, eqn (3) may be transformed into

ka  Lexp [~(zp+20)00)) N _
k3 exp (=2 80)) . {exp (—zAD))
PR will be given by,

P”L =

(10)

Ph=1, formy > myg
Py=m3. Klm,, form, <m,
equ {10} becomes for m, < my,
log (ky/k3) = log (kyfk Dmax —log (Mg fij . K)
= log (k)/kS) e —log (RIK) (11)

T Many experimenial resuits were obtained for 24| = |zp| and ma 3= s, 1n this case the relevant
renciant concentration variable 1s mra, becavse as soon as alt A becomes condensed o further addition

of polyclectrolyte (considered jn the log my, scale) will suffice to produce maximum condensation.
of B counterions.
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where R = mfnr, is the concentration ratio between polyclectrolyte {expressed as
monomer units) and added mobile ions {either inert salt or reactant fons), in the
Present case g = Mg (Ko fk3)may 15 the value corresponding to my = my. Eqn (11)
reflects the fuct that for high polymer concentrations, log (£, /A 3) decreases linearly
with log m, and the slope is (— 1), a fact previously noted by Morawetz and Vogel.?
According to eqn (1), at {m,,)mae Rinax = K and the size of the site may be caleulated
{from the experimental data. Egn (1) explains in a simple fashion that different
values of () Will be found for a given macroion whenever different initial
concentrations of reactants are emploved, becsuse the maximum really depends on the
ratio m,jm, and consequently there is no need to find other causes 12 to explain the
change in (91, max-

TABLE |.—EFFECT OF POLYELECTROLYTES ON THE RATE OF REACTIONS
INVOLVING TWO REACTIVE COUNTLERIOMS

noky- descending
elecirolyvte ral. reactant A recactant B "y " ) s K slope
PVS 191072 9.5 —1.0
P 14 Co(Phen)3+ CofPhen)3t Ix 1074 Zx10-F 1.2%10-3 95 0.8
PSS < |03 —_— —1.2
P¥s 3 Hg* Co{NH 017 Sx10-3 5x10-¢ 2104 2.4 - 0.8
IPMES 2.1x 104 4,2 -~ 1.0
Co{NH»:CI 1.0 10-4 2.0 e §.0
PVS 12 Pelr cinCofNH N Sx10-3  sx(Q-¢ J.8x10-4 1.6 —10.9;
trans-ColNH 31N 5ha 591074 12 —1.3
cis-Colen)2CH Ox 04 1D-a 12x1072 355 —
trans-Colen)zCl3 RulNH a2+ 4 104 2.3x10°2 57 —=
PMES 13 cis-Colen);Py(Cl2+ ul b H e — 5.3x10-3 0.6 —Q.6
cis-Colen)NHE Sx 04 <Hx10°5 F3w (Um0 10,8 —0.7
cis-Colen] s PyClis Wit 55x 10 17 — 0.6
CofM M
X — 2-aminapyriding,
Jecarboxylate {2 = 3} < 1 - — —{.6
X105
M = p-dimethrlaming-
lrenzoute (2 = 3} R thel — —0.7
PYVS 18 Cr{ln2+ = p-methylbenzoate ———————
= 2) e Ll 1.3 10-3 — —0.9
[phoebenzole
= i) 4% 1075 2.6 [0 — —0.9
X = g-sulphobenzoate
(== 17 481072 — —0.8

Since eqn (4) is a relation between thermodynamic quantities it is not possible to
introduce into it the probability of simultaneous site occupancy. According to
polyelectrelyte theory,'® 17 the activity cocflicient of mobile ions depends very little
on m,, consequently eqn (11) can only predict a monotonous increase in k,/k§ with
polyelectrolyte concentration until a maximum value is attained, thereon remaining
constant,

Table 1 summarizes the available data on bimolecular reactions in polyelectrolyte
solutions. These data had to be interpolated from the reported graphs and this
procedure will thus introduce some uncertainty into the analysis.  On the other hand,
very few studies have been undertaken to define the details of the log (k. /k,) against
log {n1,,) curves.

The results in table 1 show that the predictions of eqn (11) are largely confirmed.
Except for the results in ref. (13), the descending limbs of the curves have slopes close
to (—1.0) as predicted. Wit regard to the calciisiod number of monomers per site,
K, it is between 2 and 12 for |z,] > 1; for |z4] = !, the values of K are 35.5 and 57.
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I must be remembered that all the polvelectrolytes in table 1 have the same value
for the distance between two adjucent icnogenic groups, 0.255 nm, which is the
distance corresponding to monomers in palv-{vinyiic) and pely-(phoesphate) mzaeroions.
The observed ranze of A voahics gupoests thid specific interactions between counterions
of equal charge play an important role in determining the value of {47, Jnu. f.0. the
counterion-poiyion interaction.

FIRST ORIIER PROCESSES

For tonic substrides which undergo reaction by o unimolecular mechanisn, the
clectrostatic polyelectrolyte eilect would not be expected to influence the rite of reanction.
The unimoiecular hydrolysis of doubly charged phenyl phosphates however, is
accelerated by polycations,® % 19 the rate constant ratio k/k° becoming >20. We
shall describe some general features which characterize phenomenologically the
cbserved effeet of the polyelectrolytes on this type of reactions.

The valve of £ /&® in polyelectrolyte solutions is found to depend on the concentra-
tron ratio, R = (myfm,), which is the fundamental concentration variable in poly-
electrolyte theories.  In gencral s, denotes the concentration of added maobile ions,
but for solutions without added salts, m, = concentration of ionic substrate. The
rate constant ratio incregses with R uniil a macamum acceleration is observed for
R = R, from then on &/£° becomes independent of R, The rate enhancement
by mucroions is completely inhibiied iF enough electrolyte 18 added to the solution
this is strong evidenve that the effect depends on the existence of an elecirostatic
field around the polymer chains.  Morcover, the fact that A /4° depends on R rather
than on m,,” is a typical feature of phenomena governcd by the polyelectrolyte
cffect, as described by the domain modeis of polyelectrolyte sofutions.'® '7 The
maximum value of £ /k° increases as the polyelectrelyte—substraie interzction becomes
niore intense,® 'Y R is the concentration ratio corresponding to the maximum
inieraction between poivion and reactant ions. Consequently the value of R,..
should depend en the charge density of the polymer and on the charge of the
substrate.  For weak polyions the charge density of the chain also depends on the
degree of ncutrabization of the macroion /.

The same dependence of A/A° on K will be found Tor bimolccuiar reactions
involving other lons and specics having @ constant concentration in the polymer
domain. This is the case when the other reactive partuer is 14,0, 4 reactive group
attached o the peiymeric chain, or, at constant pH, OH~ and MG {ons.

We shall define the polyelecivolyte interaction parameier, %4, by the enpression,

Yo = ]Y—};—: » 100 (1)
L3

Y,
"

wiiere Y is some inlensive property of the solution for a given valee of R and the
subindices 5 and p donote its value in the electrolyie solution (no polyclectrolyte
present, R = (0}, and in polyelectroivte solutions having no added salt {R = o),
respectively.  The kinetic %4 is obtained if ¥is made equal to the rate constant.

Fig. 2 is a plot of the kinctie %4 against R for a number of reactions in soiutions
of two polycations. Fig. 2 contains the kinctic daia corresponding to the uni-
moleculay hydrolysis of p-nitro- and 2,4-dinitro-pheny! phosphates in poly-{vinyl-
Benzylirkmetaylammonium chloride} (FVBA-CI) solutions,’ ® a non-reactive strong
polycation.  Also in fig. 2, the Kiretic interaction parameter is plotted for the same
substrates reacting with the an:ino groups in PE! of various degress of neutralization,
as well as that for the reaction of acetylsalicylic acid with PE{.? The predictions of
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ihe clectrostatic mode! are fully supported in all these systems. For bivalent
subsirate anions Ry, ~ 8 in PYBA-Cl solutions and /R,,,, ~ 10 1n PEL solutions;
for univalent acetylsulicyiate ion in PEL 78, ~ 28,

o [“T et

R

Fici. 2—.50 A4 (kingtic) against R for the following reacting syslems: () @ DNPB/OVEA_CY,

e NPPPVBA-CL (&) A NPP/PED (F=047). (&} +: DNPP/PEL (f=0.39. () O:

NPPIPEID (7 = 0.25), T DNPPPED (§ = 0.24). {e) & AAS/PLEL {7 == 039, (HNPF: p-nitro-
phenyl phosphate, DONPP: 2 4-dinitrophenyl phosphate, AAS: acetylsulicylic acid).

Tlhe electrostitic nature of the kinetic %4 is even more clear if the curves illustrated
in fig. Z are cos np'n‘m‘i to those n fig. 3, wiere the osmotic interaction parameter,
R “pund]mr e no'y ~(methacrylic acid) of vanous degrecs of neutralization with
added M0 is piotied vgainst & = mfmge tor different values of tie depree of
newirnhization. The cuvves of fin. 3 correspond approsirately to 18, ~ 30,

According 1o Manning's theory of counterion condensation,’” the local distribu-
tion of mabile ions depends on the charge parameter, £, defined by,

= . . G
ST T T
where b is the distance between two adiacent loneeenic groups wnd &, Is the charge
pnmncim when all ithe lonogenic groups are tanized.  When & exceotls a eritical value
Fond, Muanning's theory assumes ihar the counterions condense onto the polymer
chiain to such an extent that the charge parameter is miointzined equal to &,

it is interesting to try Ll,ap]‘ ing Manning's modet of counterion condensation to
explai the kinctic efiects for two reasons.  First, 1t is a simple model having ¢ clear
physical meanmg and secondly because it has proved quiie successful in reproducing
thermoedynantc aid transport properties of polyelectrolyte solutions. 7

According to Manning's theory, for monovalent fonogenic groups, &, = 1/z,
where z is the cournterion charge number. A conseguence of this model is that
poivvalent counterions condense preferentially to monovalent ones, T the case
of bivalent substrate tons appewrs particularly amenable to description by this model.
As [ wncreases, complete cundensation of bivaient counterions occurs wihen the
subsirate concentration m, is sulficiently small compared to im,. This conditjon is
expressed by

in 1 inr_,

ng= =) = L e — r14)
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where ¢ is the fraction of uncondensed counterions. That is,

iR, =z / (1—Z ‘1@)_ (15)

This expression agrees with the observation that iR, depends only on the charge

density and the substrate 1on charge number.
For PYBA-Cl and PE] solutions, iR, 1s predicted to be 2.4 and 2.7, respectively.
These values are some 3.5 times smaller than observed.

100 . 1,;\-;//"7. ¢ N_’@:}L

.ff/." c
b4 / i
LAl
Jf D
-2 g
< 50/

éi |
S

50 160 50

£

FiG. 3.— %, A4 (osmolic) against R for poly-(methacrylic acid) with added NaBr2® (@) v : { = 0.8,
M@ i=05{c+; =03

¢

This discrepancy between observed and calculated values of iR,,, may be
attributed to the simplifications inherent in Manning’s model.  The model is success-
futly applied to the calculation of those properiies which depend mainly on the free-
counterions {e.g., counterion activity coefficient, counterion difusion coefficient,
osmotic coefficient, erc.).  On the other hand, the observed effect of polyelectrolytes
on the rate of reaction ts governed mainly by the condensed counterions, and the
hypothesis of counterion condensation similar to a phase transition, does not
adequately represent the detailed phenomenon. This is probably also the reason
why Holtzer and Manning *' found that the condensation mode! did not explain
correctly the titration of weak polyions, which is also strongly dependent on the
stute of the condensed counterions.

CONCLUSIONS

{1) The inhibition of the rate of reaction produced by macrotons on ionic reactions
between mobile 1ons with charges of opposite sign, and the enhancement of the rates
of reaction between two ions having the same charge sign caused by oppositely
charged macroions {for low R values), can be explained either by the primary salt
ctieet, as applied to polyelectrolyte solutions, or by the local distribution of jonic
reactant. Both approaches are shown to be identical in these cases.

(2) The primary salt effect is basically unable to explain the decrease in &, /435 for
large m,, values. if the probability of simuitaneous occupancy of macroionic sites
by both reactant partners is taken into account, an expression based on local distribu-
tioi of ions can be derived which agrees with experiment yielding a descending slope
of {~1.0) and allowing caleulation of the number of monomers per site.
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(3) For first order reactions, the electrostatic effect explains qualitatively the k/k°
curve which is similar to that for %4 for the osmotic coelficients.

{4) The observation that R, is only a function of polyion charge density and
substrate charge is demonstrated theoretically.  The theory of counter-ion condensa-
tion is, however, inadequate to predict quantitatively the value of R,,,. This is
attributed to the fact that processes dealing with the condensed counterions, fike the
polyelectrolyte effect on the rates of reaction and the titration of weak polyions,
cannot be dealt with by the simple mode! of counterion condensation.
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