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We	  present	  a	  novel	  method	  that	  is	  developed	  to	  understand	  the	  role	  of	  local	  charge-‐ordering	  effects	  in	  
inhomogeneous	  polyelectrolyte	  systems.	  This	  method	  incorporates	  liquid-‐state	  integral	  equaNon	  theory,	  
which	  describes	  local	  ion	  structure	  in	  a	  quanNtaNve	  fashion,	  into	  larger-‐length	  scale	  self-‐consistent	  field	  
theory	  calculaNons.	  Applied	  to	  polyelectrolyte	  blends,	  we	  demonstrate	  that	  the	  structure	  of	  the	  interface	  

between	  a	  highly-‐charged	  polymer	  and	  a	  polymer	  with	  low	  charge	  can	  be	  strongly	  adjusted	  due	  to	  a	  
combinaNon	  of	  counterion	  entropy,	  hard	  sphere	  interacNons,	  and	  Coulombic	  a]racNon	  effects;	  the	  la]er	  

two	  are	  not	  described	  using	  tradiNonal	  Poisson-‐Boltzmann	  mean-‐field	  theory.	  

and hik ! "1:0 (rik < 2a) [16,17]. We write both in
matrix form due to the presence of two charged compo-
nents (i, k ! #) [16,17]. hik is the total correlation func-
tion between species i and k in the system, cik is the direct
correlation function, !uik ! zizjlB=rik is the Coulombic
potential between i and k at a distance rik with a Bjerrum
length lB ! e2=$4"kBT#%, and hats represent Fourier-
transformed values [16,17]. For the conditions that we
consider, HNC is known to provide a highly accurate
calculation of local structure of the charged species
[16,17]. The use of the HNC approximation also permits
the direct calculation of the excess chemical potential due
to charge-charge correlations, which takes into account
both Coulombic and hard-sphere interactions simulta-
neously by integrating locally over r for a given larger
grid point xj [16]:
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$CORR is a functional of the densities %A=B at a specific
point xj, and the set of all values $CORR at each point xj

can be thought of as a chemical potential field $CORR$x%.
There is a direct correspondence between %# and %A=B,
%# ! %AfA ( %BfB, and for each point xj electroneutral-
ity is maintained %($xj% ! %"$xj% [21]. We note that this
scheme assumes the connectivity between" charges to be
negligible with regard to the correlation functions. We have
further assumed that the system at each xj is homogenous,
with local charge correlations ()r) assumed to be small
compared to polymer spatial variations xj(1 " xj (a local
homogeneity approximation). Such an assumption is
natural in polymeric systems, as interfacial widths
()10–100 nm) are significantly larger than the length
scales for concentrated ionic systems ()1 nm). This
assumption is akin to the coarse-graining assumptions
utilized to develop SCFT [9]. More rigorous calculations
in interfacial geometries are possible, though for simplicity
we do not use them here [22,23].
SCFT reduces the many-body problem of calculating

polymer conformations to that of a single polymer in an
applied field [9]. For our case, the calculation of $CORR

using HNC at each point xj provides such a field. We note,
however, that this field is determined by the underlying
properties of the system (density of polymers, type of
polymers, etc.) such that it is itself a property of the
structure determined by SCFT. The SCFT calculation sol-
ves for the fields at the saddle point of the Hamiltonian
functional H [9]
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where QA=B&!' is the single-chain partition function of
A=B in a field !$x%, & is the Flory & parameter, % is the
density of the system, and !( and !" are complex fields
that represent the density constraints and composition,
respectively [9]. $TOT;A=B ! 2$CORR;A=B ( ln%( is the
chemical potential field influencing both the charges along
the polymer and the associated counterions. Upon finding
the saddle point H* (j'H='!j!* ! 0, asterisks are values
at the saddle point), the density of the components A=B are
calculated from the corresponding Q* by the equations
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The form of these equations are well known in the SCFT
literature [9]. The fundamental difference from traditional

FIG. 1 (color online). (a) Schematic demonstrating the geome-
try of the calculated blend of A and B polymers. SCFT uses grid
points xj separated by !x, with a local field $CORR determined
by charge correlations calculated at r , !x length scales using
LS and densities %# at xj. (b) ( versus x=RG for varying fA,
with $CORR;A=B ! 0 (only counterion entropy is considered).
fA=fB ! 50, N ! 40, and &N ! 8:0. Large fA can completely
suppress phase separation, as observed for fA ! 0:25. (c) d=RG

versus &N for a number of values of fA (fA=fB ! 50) for
$CORR;A=B ! 0. d diverges at low &N, which occurs at larger
&N for larger values of fA due to entropic suppression of phase
separation.
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The	  above	  diagram	  describes	  our	  theoreNcal	  scheme;	  local	  structural	  informaNon	  about	  ion	  correlaNons	  (le\)	  is	  
calculated	  with	  LS	  theory,	  and	  provides	  thermodynamic	  inputs	  into	  larger-‐scale	  structural	  calculaNons	  using	  SCFT	  (right),	  
which	  in	  turn	  provides	  thermodynamic	  inputs	  into	  the	  original	  LS	  calculaNon.	  This	  work	  considers	  a	  blend	  of	  a	  highly-‐
charged	  polyelectrolyte	  with	  a	  lightly-‐charged	  polyelectrolyte	  (bo]om)	  that	  may	  be	  immiscible	  and	  therefore	  phase	  

separate.	  In	  principle	  this	  approach	  could	  be	  extended	  to	  other	  inhomogeneous	  polyelectrolyte	  systems.	  
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