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The influence of the charge anisotropy and platelet size on the formation of gel and glass states and nematic phases in suspensions
of plate-like particles is investigated using Monte Carlo simulations in the canonical ensemble. The platelets are modeled as discs
with charged sites distributed on a hexagonal lattice. The edge sites can carry a positive charge, while the remaining sites are
negatively charged giving rise to a charge anisotropy. A screened Coulomb potential plus a short range repulsive potential are
used to describe the interactions between the sites of the platelets. The liquid-gel transition is found to be favored by a high charge
anisotropy and by large particles. Oppositely, the liquid-glass transition is favored for small particles without charge anisotropy,
i.e, fully negatively charged. Finally, we find that the isotropic/nematic transition is disfavored by the charge anisotropy. For a
strong charge anisotropy, the nematic phase does not form and, instead, a gel/columnar transition is found.

1 Introduction

Minerals often consist of charged disc-shaped particles (clays,
gibbsite, ...) with a net charge dependent on their surround-
ing environment (solvent, pH, salt concentration, ...)1–4. Due
to their peculiar shape and charge distribution, mineral parti-
cles dispersed in an aqueous solution present many interest-
ing properties. The first of them is their ability to undergo a
transition from a liquid state to an arrested state (gel, glass,
...)5–11. This has been widely studied in the past due to the
important number of industrial applications it is involved in:
cosmetics, paint products, drilling fluids ... The comprehen-
sion of arrested states is made difficult by the lack of proper
definitions of these states. Tanaka et al.12 give a good de-
scription of all the nonergodic states of charged colloidal sus-
pensions. In brief, a disordered state which is percolated and
whose characteristic length of the network between two adja-
cent junctions is much larger than the particle size is defined
as a gel. Therefore, gel phases can only be formed when at-
tractive interactions are at play in a system. Similarly, a disor-
dered state whose elasticity originates from caging effect and
whose characteristic length scale between two adjacent junc-
tions is about the distance between two particles is defined as a
glassy state. One part of the confusion between gel and glassy
states arises from the fact that glass can either be attractive or
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repulsive while gels are only attractive. Then depending on
the charge carried by the edges of the platelet, two different
transitions are considered, that is, a transition to a gel phase in
presence of charge anisotropy and a transition to a glassy state
without charge anisotropy. Unfortunately, the experimental
characterization of the charge distribution of minerals is not
trivial, and to the best of our knowledge no experimental stud-
ies of mineral platelets as a function of their charge anisotropy
has been reported. In a recent work on a model clay system13

we reported three different transitions according to the charge
anisotropy of the platelets: a liquid-gel transition is found
for high charge anisotropy, a sol-gel transition for a moder-
ate charge anisotropy and a liquid-glass one without charge
anisotropy in agreement with experimental observations on
laponite13. Studying homogeneously charged platelet by ki-
netic Monte-Carlo Jabbari-Farouji et al14 has recently found
the existence a solid-like state at low ionic strengths, in agree-
ment with the observation of a Wigner glass on laponite. Sim-
ilarly, studies of the influence of particle size on the transition
to an arrested state are scarce. In general, when the sol-glass
transition involve perfectly exfoliated platelets, the transition
is shifted to lower volume fractions for smaller platelets, as ob-
served on montmorillonite9, nontronite15,16 and beidellite17

clays.

Another remarkable property of anisotropic plate-like parti-
cles, is their ability to form liquid crystalline phases. Lang-
muir first reported the self assembly of colloidal particles
in suspensions of California hectorites18,19. The transition
from an isotropic to a nematic phase was rationalized by
Onsager as a competition between orientational and trans-
lational entropy20,21. This explanation, first developed for
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hard rods and then extended to the disc-like particles, has
been confirmed by Monte Carlo simulations22. Since then,
efforts have been put into experimental studies in order
to understand the isotropic/nematic (I/N) transition of min-
eral platelets. Gibbsite23–25, layered double hydroxides like
Ni/Al26, Mg/Al27, hydrotalcite28, copper sulfide29 and many
different clays15,17,30,31 were found to display a transition to a
liquid crystalline phase. However, few of these studies present
results about the size dependence of the I/N transition. Michot
et al.15 reported an increased formation of a nematic phase
when the nontronite particle size was increased, but the op-
posite trend was found for beidellite clays17. According to
the authors, this difference in behavior is the result of an in-
complete exfoliation of particles in the suspension. Computer
simulations of infinitely thin platelets32,33 and for different as-
pect ratio34 are in fairly good agreement with experimental
results showing that polydispersity disfavors the formation of
the nematic phase, while decreasing the aspect ratio (thickness
to diameter ratio) enhances its formation. However, more in-
formations about the influence of the charge anisotropy on the
I/N transition is needed. Recently, Martı́nez-Haya et al.35 pre-
sented a new potential where the directionality of the interac-
tions between the platelets could be tuned. They show that the
nematic stability is favored for homogeneous or weakly direc-
tional interactions, i.e with a low charge anisotropy. Meneses-
Juarez et al36 studied with Monte Carlo simulations the phase
behaviour of hard oblate ellipsoids with short ranged oblate-
shaped square-well attractions. They found that increasing
the shape anisotropy does not shift the I/N transition to low
densities. Jabbari-Farouji et al14 found that the nematic or-
der is suppressed at low ionic strength for homogeneously
charged platelet interacting with a generalized Yukawa poten-
tial. Within Onsager-van der Waals density functional theory,
Wensink et al37 further shown that this effect is less notice-
able when the platelet is not homogeneously charged but dec-
orated with a few charged patches distributed on a hexagonal
lattice. Finally Delhorme et al38 found that the I/N transition
is replaced by a gel/columnar transition when increasing the
charge anisotropy.
The aim of this paper is to investigate the influence of both
particle size and charge anisotropy on the I/N transition and
the transition from an isotropic to a kinetically arrested state.
For this purpose, Monte Carlo simulations with a screened
Coulomb potential combined with a soft repulsion are used
to simulate dispersions of mineral platelets.

2 Model and Simulations

2.1 Model

In this study we use the same model and simulation techniques
as employed in a previous paper13 and they are only briefly

described below. A dispersion of N platelets in a 1-1 salt so-
lution is considered. In the model dispersions, the platelets
have the same diameter D and are decorated with a collec-
tion of nT sites of diameter L =1 nm spread on an compact
hexagonal lattice with a density of 0.87 site/nm2. Beside nT

and D the platelets are characterized by ne edge sites and nb
basal sites. The edge sites can be positive, neutral or nega-
tive and Ze = ∑

ne
i=1 zie is the total charge of the edges. The nb

basal sites located in the center of the disc are always nega-
tively charged, e. The net charge of a platelet is thus given by
Znet = Ze−nbe. The platelets are dispersed in a cubic box of
volume Vbox, where periodic boundary conditions are applied
in all directions using the minimum image convention.
The solvent, which is water, is treated as a structureless di-
electric continuum and is implicitly represented by its rela-
tive permittivity, εr, which is assumed to be constant through-
out space. Salt and counterion are also implicitly represented
through the Debye screening length κ−1, defined as :

κ
2 =

e2(2cs + cc)

ε0εrkT
(1)

where k is the Boltzmann’s constant, T the absolute temper-
ature, ε0 is the permittivity of vacuum, and cs and cc the salt
and counterion concentration, respectively.

2.2 Interaction potentials

A shifted and truncated Lennard-Jones (LJ) potential is used
to account for the finite size of particles. In addition to the
shifted LJ potential a screened Coulomb potential is employed
to describe the electrostatic contribution. The total interaction
between two sites, utot(ri j) = uel(ri j)+ uLJ(ri j), of charge z
separated a distance ri j then reads,

utot(ri j)=


ziz j exp(−κri j)

4πεrε0ri j
+4εLJ

((
σLJ
ri j

)12
−
(

σLJ
ri j

)6
)
+ εLJ ri j <

6√2σLJ

ziz j exp(−κri j)
4πεrε0ri j

ri j >
6√2σLJ

,

(2)
where εLJ and σLJ are the Lennard-Jones parameters, which
were set to 0.5 kBT and 10 Å, respectively. The full configu-
rational energy of the N platelets system them becomes

U =
N

∑
i=1

N

∑
j>i

nT

∑
α=1

nT

∑
β=1

uel(rα,β
i, j )+uLJ(rα,β

i, j ) (3)

where indices i, j refer to platelets and indices α,β to sites
on these platelets, respectively. It is important to mention that
the screened Coulomb potential should be used with care39,40,
specially for large and highly charged particles. A detailed dis-
cussion on the model limitations is given in ref13.
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2.3 Systems

Three different platelet sizes are considered with nT = 61, 91
and 199 and ne = 24, 30 and 48 which correspond to D = 90,
110 and 150 Å, respectively. In addition, four different charge
anisotropies are considered:

• high charge anisotropy (HiCh) where all edge sites are
positively charged;

• moderate charge anisotropy (ModCh) where half of the
edge sites are positive and the other neutral (organized as
an alternation of charged and neutral sites);

• low charge anisotropy (LoCh), where only neutral sites
on the edges are present;

• without charge anisotropy (NoCh), where all sites on the
platelet are negatively charged.

The net charge of the platelets for each charge anisotropy is
summed up in Table 1.

Table 1 Net charges for the different platelet sizes and charge
anisotropies

D NoCh LoCh ModCh HiCh
90 Å -61 -37 -25 -13
110 Å -91 -61 -46 -31
150 Å -199 -151 -127 -103

Neutral systems, i.e. without electrostatic interactions, for the
three sizes of platelets are also considered for comparison. In
all calculations, the salt concentration is kept constant at cs =
10 mM. The particle volume fraction, defined as,

φ =
NVpart

Vbox
(4)

is varied from 0.0007 to 0.3, where Vpart = nT πσ3
LJ/6 is the

volume of a single platelet.

2.4 Simulations

The calculations are carried out using the same procedure as
in a previous paper13. In brief, the model is solved using
Monte Carlo simulations in the canonical ensemble (N,V,T)
and the standard Metropolis algorithm. Collective platelets
displacement and multi-level coarse graining are employed.
The simulations are performed with 1000/500/200 platelets
for the small, medium and big platelets, respectively. An equi-
librium run is done with 2·106 cycles (in one cycle all platelets
have been moved once), and a typical production run involves
4·106 cycles.

2.5 Measured quantities

The nematic order parameter, S, is used to characterize the
nematic phase. It is evaluated from the tensor34 :

Q =
1

2N

〈
N

∑
i=1

3uiui− I

〉
(5)

where N is the number of platelets, ui is the normal vector
to the ith platelet and I the identity matrix. The highest
eigenvalue, λ+, is used to evaluate S, S = λ+. S is calculated
over an average of 2·104 cycles for the isotropic and 4·106

cycles in the nematic phase. φ value at which S = 0.4 is taken
as the position of the I/N transition41.

The percolation of the system and the elasticity of the sus-
pension are evaluated using the same procedure as in the pre-
vious study13. In brief, two clay platelets are considered to
be ”connected” neighbors if the separation between one site
of a platelet is located at less than 15 Å from a site of an-
other platelet. A cluster is defined as a collection of connected
platelets. From these considerations we calculate :

• 〈Nnei〉 = average number of neighbors around one platelet

• 〈Ncl〉 = average number of platelets in a cluster

• 〈Ppar〉 = percentage of platelets aggregated in the system

The elasticity is approximated by calculating the average force
fluctuation per platelet in the three Cartesian directions:

〈 f 2〉=
〈 f 2

x 〉+ 〈 f 2
y 〉+ 〈 f 2

z 〉
3

(6)

The effective osmotic pressure is evaluated from the virial
equation,

Π = Πideal +Πex = Πideal +
1

dV
〈∑

α<β

F(rαβ ) · rαβ 〉 (7)

where F(rαβ ) is the force between two sites in different
platelets. It is important to note that when density dependent
potentials are used, like here where the interaction between
the platelets is described with a Yukawa potential modulated
by a density dependent screening length, Eq. 7 does not lead
to the correct but to an effective osmotic pressure of the sys-
tem. Although effective, its qualitative behavior is maintained.
For a more detailed discussion on the subject see refs.13,40,42.

The convergence of the measured quantities were tested by
either doubling or halving the system size at various particle
volume fraction (not shown). Some small but negligible vari-
ations were observed.
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3 Results

3.1 Nematic phase
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Fig. 1 Nematic order parameter as a function of the volume fraction φ . The
diameter of the platelets is a) 90 Å, b) 110 Å and c) 150 Å. The NoCh case is
represented in full black lines with circles, LoCh in full red lines with
squares and ModCh in full green lines with diamonds. The neutral case is
given for comparison (black dashed lines).

The I/N transition is investigated in Figure 1, which shows
the variation of S as a function of volume fraction for vari-
ous platelet sizes and charge anisotropies in comparison to the
neutral platelet case. The estimated I/N transition at S = 0.4
for the various cases treated are summarized in Figure 2. All
curves present the same behavior - at low φ , S is close to
zero. This is characteristic of an isotropic phase (I) where the
platelets are randomly oriented. When increasing φ , a transi-
tion from an isotropic to a nematic phase occurs characterized
by the rapid rise of the nematic order parameter. In agreement

Table 2 Volume fractions at which the I/N transition occurs for
various platelet sizes, D, and charge anisotropies. The I/N transition
is extracted from Figure 1 at S = 0.4. The statistical error in the
calculation of S is ± 0.05

D Neutral NoCh LoCh ModCh HiCh
90 Å 0.21 0.20 0.20 0.21 −
110 Å 0.18 0.16 0.16 0.18 −
150 Å 0.12 0.10 0.12 0.13 −

with Onsager’s prediction, the transition is found to be shifted
toward lower volume fractions as the platelet size is increased
- see Figure 2. This is an example of the role of the excluded
volume in such phase formation. Interestingly, the I/N tran-
sition is also found to be dependent of the charge carried by
the edges. When the platelet edges bear the same charge as
the basal plane (NoCh) or when they are neutral (LoCh), the
formation of the nematic phase is favored, i.e. compared to
the neutral case. This seems to be true for all platelet sizes,
and illustrates the role of the electrostatic repulsions. When
the edges are oppositely charged (ModCh) attractive interac-
tions start to play a role and formation of the nematic phase
is then disfavored. For high charge anisotropy (HiCh), the I/N
transition is replaced by a gel/columnar transition, see below
and ref.38. Note as well that, the smaller the platelets, the less
important the effect of the charge anisotropy. The obtained re-
sults are consistent with the recent findings of Martı́nez-Haya
et al.35 with the use of anisotropic dispersive potentials.

3.2 Gel phase

Figure 2 and Figure 3 display the effective osmotic pressure
and structural parameters for dispersions of platelets with var-
ious sizes and moderate to high charge anisotropy. As already
shown elsewhere13, in the case of strong charge anisotropy,
dispersions of platelets (D=150 Å) experience a first order
phase transition as revealed by the van der Waals loop in the
effective equation of state. This corresponds macroscopically
to a phase separation between a repulsive liquid and a per-
colated network, see Figures 3-a and -b, of randomly ori-
ented platelets characteristic of a gel phase. The gel forms
due to basal-edge attraction between the platelets. The gel
structure is characterized in Figure 3 through the quantities
< Ncl >, < Nnei > and < Ppar > which all increase with vol-
ume fraction. In particular, a percolated network is found
above φ = 10%, c.f. Figure 3-b. The steep increase in < Ncl >
and < Nnei > at low φ , in Figure 3 has been shown to be asso-
ciated with the formation of the metastable Smectic B phase13.
On the other hand, the decrease in the number of neighbors
for the largest platelet size, Figure 3-c, at φ > 0.15, is related
to the formation of a columnar phase, see ref.38. When the
platelet size is decreased, < Ncl >, < Nnei > and < Ppar >
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Fig. 2 Effective equation of state for platelets with various charge
anisotropies and sizes, D. a) HiCh; b) ModCh.

become monotonically increasing functions. The percolation
point, i.e. φ at which the system is fully percolated, is seen
to increase as the platelet size is reduced, see Figure 3-b, al-
though, due to a weaker Znet , smaller platelets start to aggre-
gate earlier, as best seen in Figure 3-a. The effective equa-
tion of state, Figure 2, shows that the liquid-gel separation is
greatly soften when decreasing the platelets size to D=110 Å
and, upon a further decrease in D, is replaced by a continuous
sol-gel transition. Using an approximate Maxwell construc-
tion (Figure 2-a), the phase transition from a liquid to a gel is
thus found to increase from φ ∼ 3% to ∼ 15% as the platelet
size is decreased.
In the case of platelets with moderate charge anisotropy, a con-
tinuous sol-gel transition is found for all D, c.f. Figures 2-b
and 3, respectively. Note that the effective osmotic pressure
is approximatively two times bigger for ModCh compared to
HiCh as a result of the reduced charge anisotropy (and the re-
lated rise of Znet ). The evolution of < Ppar > and < Ncl >
with the platelet size, Figure 3-a and -b, shows that, although
less pronounced, the same conclusion as in the case of strong
charge anisotropy can be drawn. That is, the bigger the platelet
size is, the easier the sol-gel transition. It should also be noted
here, that the screening length is also playing an important
role and that the platelet size relative to κ−1 is a determin-
ing factor43. Interestingly the same trend has been observed
on dispersions of Ni/Al layered double hydroxide44 and non-
tronite clay15 at low salt concentration. Although such a ra-
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Fig. 3 Structural parameters for dispersions of platelets at two charge
anisotropies and with various sizes: (ModCh) = red; (HiCh) = black; D=90 Å
(dashed lines); D=110 Å (full lines); D=150 Å (full line with circles). a)
Percentage of platelets in the simulation box that are included in a cluster,
< Ppar >. b) Average number of platelets in a cluster normalized with Ntot ,
< Ncl >. c) Number of neighbors around a platelet inside a cluster, < Nnei >.
Two clay platelets are considered to be ”connected” neighbors if the
separation between one site of a platelet is located at less than 15 Å from a
site of another platelet. A cluster is defined as a collection of connected
platelets.

tionalization is appealing, a full characterization of the charge
anisotropy of these minerals would be needed in order to con-
clusively ascertain the dependence of the liquid-gel transition
with the size of the platelets. A closer look at Figure 3-c, re-
veals a step in the increase in the number of neighbors with φ

for all moderate charge anisotropy curves (ModCh), induced
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Fig. 4 Force fluctuation per platelet as a function of the volume fraction φ

for platelets with various sizes and charge anisotropies. Dashed lines:
moderate charge anisotropy; full lines: strong charge anisotropy; black
curves: D=90 Å; red curves: D=110 Å; green curves: D=150 Å.

by the spatial reorganization of platelets, characteristic of the
I/N transition, c.f. Figure 1. Note that, however, above this
transition a true nematic phase is not observed but, instead,
what can be called a nematic gel.
The same conclusions can be drawn from the force fluctuation
per platelet shown in Figure 4 , i.e. a measure of the gel elas-
ticity. Indeed, the gel becomes stiffer with increase in platelet
size and charge anisotropy. The stiffness goes up with the vol-
ume fraction, but slows down at the transition to the nematic
gel.

The gel formation can also be understood and predicted on
the basis of an effective platelet-platelet interaction as in ref43.
The simulation of a pair of platelets averaging over all angles
presents the advantage to be a much faster procedure than that
of a bulk system. Figure 5 presents the free energy of inter-
action, the thermally averaged energy as well as the minimum
energy as a function of the platelet separation for various vol-
ume fractions. Figure 5-a displays several minima, depending
on volume fraction, for the free energy of interaction but only
for the most anisotropic charge distribution. For the moderate
or low anisotropies there are no free energy minima in the in-
teraction curves for any volume fraction. As a matter of fact,
the thermally averaged energy of interaction is always positive
for moderate and low anisotropies in contrast to the case with
large anisotropy - see Figure 5-b. However, there are still con-
figurations with a net attractive energy, but it is overwhelmed
by the orientational entropy. An interesting observation is that
the initial minimum at around 120 Å in Figure 5-a has only
a weak effect on the pressure and it is the appearance of the
second minimum at 85 Å, corresponding to a T shape config-
uration, that seems to trigger the van der Waals loop in the
effective equation of state i.e. Figure 2-a. What is more, at
the volume fraction corresponding to the minimum in the ef-
fective equation of state (φ = 10%), a minimum is found in
the thermal energy but not in the free energy. This clearly il-
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Fig. 5 a: The free energy of interaction between two platelets with D = 150
Å each and high charge anisotropy. The volume fraction is varied and the
background electrolyte concentration is 10 mM. The free energy curve for
two neutral platelets is also included (with symbols). b: Free energy and
energy of interaction as well as the minimum energy as a function of
separation for two platelets with D = 150 Å and either high (full line) or
moderate charge (dashed line) anisotropy. the volume fraction is 0.1.

lustrates that multi-body interactions play an important role in
such concentrated dispersions.

3.3 Glass phase

Figure 6 presents the structural parameters versus φ of dis-
persions for fully negatively charged platelets, with neutral
or negatively charged edge sites. Globally, the same trend is
obtained for < Ppar >, < Ncl > and < Nnei > as compared
to the moderate and strong charge anisotropy case. Indeed,
due to the repulsive electrostatic interactions that prevail in
these systems, the “filled space” by the spatial organization of
the platelets is found to be reduced as depicted by the global
shift of the curves toward higher volume fractions. This is
emphasized when the platelets are large and do not present a
charge anisotropy. As an example, the number of close neigh-
bors stays lower than two up to φ ∼ 15% for all D when the
platelets are fully negatively charged, while at high charge
anisotropy and D=150 Å it drops to φ ∼ 2% - see Figures 3-c
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Fig. 6 Structural parameters for dispersions of platelets at two charge
anisotropies and with various sizes: (LoCh) = black; (NoCh) = red; D=90 Å
(dashed lines); D=110 Å (full lines); D=150 Å (full line with circles). a)
Percentage of platelets in the simulation box that are included in a cluster,
< Ppar >. b) Average number of platelets in a cluster normalized with Ntot ,
< Ncl >. c) Number of neighbors around a platelet inside a cluster, < Nnei >.

and 5-c.

A striking feature is the change in stiffness of the repulsive
glass (Wigner glass) as the volume fraction and the platelet
size are increased. The stiffness is found to increase, as ex-
pected, with the volume fraction, but contrary to the gel case,
it decreases with platelet size. This surprising behavior is il-
lustrated in Figure 7. Similarly to a previous finding on gels13,
< f 2 > is found to be proportional to the number of close
neighbors, see Figure 6-c. Indeed, the same qualitative trend
is observed, i.e. both the number of close neighbors and glass

0 0.05 0.1 0.15 0.2 0.25
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Fig. 7 Force fluctuation per platelet as a function of the volume fraction φ

for platelets with various sizes and charge anisotropies. Full lines: low
charge anisotropy; full lines with symbols: no charge anisotropy; black
curves: D=90 Å; red curves: D=110 Å; green curves: D=150 Å.

stiffness decrease when edge sites become negatively charged
and platelet size is increased. The liquid-glass transition is
thus expected to be favored with small platelets, in agreement
with observations in dispersions of nontronite16, beidellite17

and montmorillonite9.
Size fractionated nontronite and beidellite clays are also found
to display a true isotropic-nematic transition. That is, the for-
mation of the liquid crystal phase is preempting the transi-
tion from a fluid to a kinetically arrested state. The results
of our study suggest that a true isotropic-nematic transition
would be favored for: (i) large exfoliated platelets, as low as-
pect ratio platelets favor the formation of the nematic phase
and postpone the formation of a glass phase (for low charge
anisotropy), and (ii) uniformly charged platelets or carrying
a low charge anisotropy. While experimental investigations
confirm (i)15,17, it was also suggested that only clays with a
structural charge located in the tetrahedral layers, i.e. closer
to the surface, can display a true I/N transition. This sugges-
tion was formulated to explain why a true I/N transition is not
observed with montmorillonite (charge located in the octahe-
dral layer) but with nontronite and beidellite. However, Na-
fluorohectorite, which charge arises from the octahedral layer,
also displays such a transition with stacks of platelets45,46

indicating that the influence of the location of the structural
charge is limited. Instead, our results suggest that part of the
answer might be found in the charge heterogeneity. In any
case, this issue needs to be further investigated through exper-
iments and simulations.

4 Conclusion

We have provided new insight into the transition from an
isotropic liquid to a nematic liquid phase and to various solid
phases. Our results shed more light on how the different
phases depend on the charge heterogeneity of the platelets. In
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particular, we find that at high charge anisotropy the liquid-gel
transition is favored for dispersions of large platelets and re-
versely when the platelets are fully negatively charged. These
two different regimes (i.e. at low and high charge anisotropy)
may explain the differences in the liquid-solid transition ob-
served between, on one hand, montmorillonite, beidellite, and,
on the other hand, nontronite, Mg/Al layered double hydrox-
ides, with changes in the platelet size distribution. However, a
better characterization of the charge anisotropy of these min-
erals would be needed in order to conclusively connect of
the liquid-solid transition to the platelet size. In addition,
we found that the I/N transition is disfavored by the charge
anisotropy, and, thus, often found to be pre-empted by a gel
phase. Surprisingly, this transition is found to disappear in
favor of a gel-columnar transition for strong enough charge
anisotropy.
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