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Free Volume theory

We use free volume theory (FVT) to calculate the thermodynamics of the discotic-depletant
mixtures at hand. FVT follows a semi-grand canonical approach where depletion effects
on the discotic—depletant system of interest (S) are assessed by fixing the depletant volume
fraction in a reservoir (R) where only depletants are present, ¢&f. This reservoir corresponds
to the depletant bulk solution. Three main ingredients are required to calculate thermody-
namic properties of platelet—depletant mixtures via free volume theory (FVT): (1) the pure
platelet Helmholtz energies of the different phases Fy,! (2) the excluded volume between dis-
cotics and depletants? vP $, and (3) the free volume available for depletants in the different
phases aj. The index k runs over the possible phase states of the systems, namely isotropic
(I), nematic (N) and columnar (C). This theory accounts for partitioning of depletants over
the different phases.® However, it has been shown recently that a better account of the par-
titioning of (tiny) depletants over dense phases brings FVT closer to more evolved theories,
simulations and experimental results.? Here, we consider the directionality of the depletion
patches between discotics on geometrical grounds. For ideal depletants (penetrable hard

spheres, PHSs), the grand-potential {2 of the system reads:

where (2 is the normalized grand potential, F, = BFyv./V is the normalized Helmholtz free
energy of the depletant-free phase-state k and Bll{vy = ﬁ}f = ¢& is the osmotic pressure
of depletants in R. Here, 8 = 1/(kgT) with kg the Boltzmann constant and T the absolute
temperature.

From this €2, the (normalized) chemical potential jix of the discs and the osmotic pressure

II; of the particle-depletant mixture of interest follow as:

N 09 = Ty
Bk = [ = <8¢k> s Bllgve = Ui = defie — Qe (82)
¢/ T,v,NE
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with N} the number of depletants in R. Using these quantities, phase coexistences follow
from:

where i and j denote the two (or more) coexisting phases of kind ¢, j. Whenever a phase
state has a critical point (CP), there is an isostructural phase coexistence, which can be
stable or metastable. The transition from a potentially stable to a metastable isostructural
phase coexistence is defined by the critical end point (CEP), where the CP and the triple or
quadruple point of the corresponding coexistences merge.>® The system volume fraction of
depletants in the columnar phase is given as ¢ = ac¢}, and in the two distinctive directions
it follows that QS(Si’H = ag R and gbg’L = ato}. In this SI, the distinction between S and R
is clearly indicated for the depletants. In the isotropic and nematic state, ¢ = a; and
5 = ane}. Note that the free volume fraction for depletants in both the isotropic and
nematic phases is calculated following a SPT approach as was done in the original FVT.
The only remaining unknown parameter in Equation S1 is the free volume fraction for
depletants in the system on a k-phase, ay. Different approaches can be followed, which are

discussed in the next subsections.

Free volume fraction from SPT

Commonly, « is calculated by using a Scaled Particle Theory (SPT) approach,? as done
in original FVT" which focused on more dilute systems consisting of spherical colloidal
particles. Widom’s insertion theorem?® relates the free volume fraction o to the work w

required to bring a depletant from R to S via:

<‘/free > o
V

o =

= e P (S4)

where (Viee)o 18 the average free volume for depletants in the undistorted (depletant-free)

system. This work, w, is approximated using Scaled Particle Theory (SPT),%!% by connecting
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the limits of inserting a very small depletant and a very big depletant in the system of interest,
followed by scaling back to the actual size of the depletant. We only consider spherical
depletants. Hence, a single scaling factor (A) enables to express this work by combining the

limiting results for A — 0 and A — oo:

Ow 1 J%w

A) = w(0) + =2 et I CIIN 1 1
w(A) = w(0)+ 77 T T e (S5)

N -— 7/ e’

AK1 A1

where II{ is the osmotic pressure of the depletant-free system (in a phase k). In the
small depletant insertion limit (A < 1) there is no overlap of depletion zones: a —

(1 — ¢ lPHS(A) /], with vICPHS the excluded volume between a hard cylinder and a

penetrable hard sphere (PHS):

2
HC-PHS _ T py2¢ T 2 T oo 89
=—=D —L(D+2 — D+ — | .
Vexe ;D70 + 3 ( +5)+25< +37T) (S6)
Equation S4 then allows writing w(A < 1) as:
HC-PHS (|
Bw(A< 1) = —In {1 — e (“XU—()H : (S7)

where the scaled depletion volume is obtained by scaling the depletant size: 6 — Ad. For
big depletants (A — oo) we assume that the insertion work w is the work required to create
a cavity with the size of the depletant in the system. We use normalised units also in the

big-depletant limit for convenience, thus:

Buw(d> 1) = W e (S8)
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Inserting Equation S7 and S8 into Equation S4 yields, after some algebra, the following

expression for ot T, where k = {I,N,C}

QEPT = (1 - ¢C> exp [_QS] exXp {_ﬂﬁﬁ} ) (89>

C

where the shape parameter (), reads:

1 1 1
Qs=q (Z + % +q+ 2) y(oe) +2¢° (m +o 1) y(9e)? (S10)

which includes the auxiliary function

e
1_¢c '

y(¢c) = (S11)

We employ the SPT-derived as for the isotropic and nematic phases of depletant—discotic
mixtures. Note here that, according to the original FVT, all information on the free volume
available is accounted for only in the terms of the depletant-free osmotic pressure. Although
this is accurate for large depletants, for tiny depletants that fit in the specific pockets of the
dense liquid-crystalline phase state considered the SPT-derived o underestimates the free

volume available for depletants in the system.*

Geometrical free volume fractions

Alternatively to the SPT-derived free volume fraction for depletants a commonly used in
FVT, a geometrical approach is followed here to calculate o in the columnar phase. We
follow the ideas put forward in* to calculate a geometrical free volume fraction for PHS in

a columnar state. Let V¢ be the volume of the columnar unit cell, such that:

2
3TV,

16¢.

Vic = (S12)
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The free volume for depletants is simply the volume unoccupied by the depletion zones if
there is no overlap of depletion zones (discotic volume fractions far from the close packing).
As mentioned in the main text, overlap of the depletion zones leads to an increase of the
free volume fraction for depletants. In the case of the hard cylinders (HCs), overlap of the
depletion zones occurs either from the side or from the flat phases of the hard platelet.
These two contributions are split. One must account for the total number of overlaps, which
corresponds to the effective number of small systems: nine in the intercolumnar direction

and three in the intracolumnar one. This allows to express of,° in a generic form:

( 3UHC—PHS

1 excl if ¢, < gbﬂ (no overlap),
Vic
Svg(ngHS 3vﬂverl : 1 :
ac =41~ ( A v if ¢ < ¢ < ¢ (overlap in 7)) (S13)
3 HC-PHS 3UII 9t
1— excl — “overl _ ~_overl if ¢ > ¢ (overlap in ry and r,),
\ ( Vuc Vuc Vuc ( | 2

where gbﬂ is the solution of the equation
Aj(¢e) =1+4g/A, (S14)
and ¢F follows from solving

Al(¢) =1+q. (S15)

HCPHS in Equation S13 accounts for the depletion zone volume. Also note that

The term v
with the approach described here we only account for two-body overlaps of the depletion
zones, which is sufficient for sufficiently small g-values. However, the geometrical approach
is expected to fail in case of large ¢g-values, at which the SPT method becomes more realistic

as it accounts for multiple overlap of depletion zones. Further, in Equation S13 the condition

‘no free volume for depletants’ is not shown for simplicity. Upon some algebra, these three
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different contributions read:

3olp s g
—Vulc = b [(1 +q)? + oA (6+37rq+4q2)]
I °
ol q T 20, ~ N 3 q
overl __ . 1 ) - 3AA 2 ’A —1 A Ap—1 =
T ¢(+A> 2\/3Ai+3[ 2(¢/(24), Ay = 1) + (n )+A
9UJ_ 1 ¢c 1+q N
over :_12A - 1 A
Vue @ ’ ( 2 L) 7

(S16)

where A, is the overlap area between two discs with radius R at a separation distance r:

As(R,7) = 2R? cos™* (%) — %r\/éle —1r? (S17)

We finally note that the algebraic complexity of Equation S13 arises mostly due to the
contribution of the depletion zone near the edges of the platelet. A simpler, yet slightly less

accurate expression for ac arises if one does not consider the contribution to the depletion

zones near the edges of the platelets. The functional form of azmp is similar to in Equation

HP-PHS

S13, but with simpler versions of the v and v/

excl overl*
3US(E’—PHS
Tlc = ¢c[(1+q)* +q/4]
3, ¢ - (518)
overl __ 1+ =) — .

The three predictions for the free volume fraction for depletants in the columnar phase are
compared in Figure S1. In order to quantify the number of depletants in the inter- and
intra-columnar directions, directional as must be defined in r; and r|. Analysis of the two

different effective small systems present leads to the following expressions:

A+1
1— a/ A+ . if ¢ < ¢!l (no overlap in 1),
ol = A (19)
0 if p. > ¢!l (overlap in ),
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Figure S1: Free volume fraction for depletants in a columnar state as a function of the discotic
volume fraction considering Equation S13, its simplified version (see main text), and the SPT
approach for the system parameters {4, ¢} indicated. Insets zoom in on high discotic volume
fractions. The dashed grey curved corresponding to the simplified a¢ expression practically
overlaps with the more accurate one.

and

1—(1+q)%¢., if ¢ < ¢ (no overlap in r,),

Qk

=  3¢cAs(q +1,2A1) (520)

1- (1 + q)2¢c

if ¢ > o= (overlap in 7).
7r

From the comparisons in Figure S1, it follows that the geometrical (a¢) and the SPT-derived
aP'T expressions match up to the discotic volume fraction ¢(|;| at which overlap of the depletion
zones in || occurs. Furthermore, considering a simplified geometrical ac or the complete
expression has a barely perceptible effect due to the tiny size of the depletants considered (see
also insets in the middle panels in Figures S6 to S9). It is also clear from the middle panels

in Figures S6 to S9, that the weighted average mean (WAM) of the orientation-dependent

ag is close to the complete expression used.
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Simulations

Two different simulation procedures are followed: (1) direct coexistence simulations, and (2)
characterization of the equilibrium configurations. In both cases, platelets are considered
as hard oblate spherocylinders (OHSCs)!! mixed with a non-adsorbing species (depletants)
modelled as penetrable hard spheres (PHSs). Direct discotic—discotic and depletant—discotic
interactions are hard, whereas the depletant—depletant interactions are ideal, so ghost-like.

Via the direct coexistence simulations we confirm the C;—Cq coexistence. These sim-
ulations start with two non-equilibrated simulation boxes in contact. Each box contains
either the C; or Cy FVT-predicted coexistence volume fractions of discotics and depletants.
The oblates are arranged in two columnar phases with the same column axes, whereas the
depletants are distributed randomly without discotic-depletant overlaps.

The oblates are arranged in two columnar phases with the same column axes, whereas
the depletants are distributed randomly without discotic-depletant overlaps. Both boxes
contain the same initial number of discotic particles (720) arranged in 16 columns. The two
distinct discotic concentration in each simulation box are set via the intra-columnar distance
between the discotics along the columnar axes. The initial number of depletants in each of
these boxes is set following theoretical predictions. This leads to the number of depletants
between 34718 and 13765 in the C phase, and between 7720 and 5340 in the Cy phase. The
whole simulation box contain N particles, with N in between, roughly, 44000 and 20000
particles (N = N. = 1440(OHSCs) + N4(PHSs), with Nq between 42483 and 19107). A
Monte Carlo (MC) cycle is defined as N trials to displace and/or rotate a randomly chosen
particle plus an attempt to change the aspect ratio of the simulation box (its volume is
fixed).

Two different equilibration steps are considered. Firstly, 1 x 10° cycles are conducted
restricting the depletants to the volumes that they occupied in the initial configuration
(equilibration of the discotic phases). Secondly, 3 x 10° cycles are carried out without

restrictions (equilibration of the direct coexistence). Ensemble-averaged equilibrium discotic
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and depletant volume fractions are collected over an additional 2 x 10° cycles. It is noted
that in these last two steps the particles can move freely between the simulation boxes and
the entire simulation box becomes available for the depletants. The separation between two
initial simulation sub-boxes only affects the depletants (a MC move that implies a move of
a depletant from one sub-box to the other is rejected) in the first equilibration step. To
determine the direct coexistence between two different phases, density profiles of OHSCs
and PHSs have been calculated along the side of the simulation box parallel to the columnar
axis. To calculate these density profiles, the simulation box was divided in 200 bins along
the direction of the columnar axis, averaging the density on these bins along the production
run. Figure S4 of the SI shows an example of the density profiles obtained. The density
profiles in the simulation box reveal that the discotics and depletants are distributed in two
regions with different concentrations of both components. Within the columns the density
profiles of the discotics exhibit an oscillatory distribution arrangement. From the average
of the density profiles it is possible to calculate the packing fraction of the OHSCs and
PHSs in both regions. These direct coexistence simulations were blind-tested: two starting
configurations at different colloid packing fractions in the absence of depletants or with a
depletant concentration out of the theoretical binodal concentrations merge into a single one.

To characterize the structural properties of the phases at coexistence, equilibrium direct-
coexistence MC discotic and depletant volume fractions are used for two independent sets
of simulations. These simulations ran for 1 x 10° cycles to equilibrate, plus 2 x 10° cycles
for. The number of discotic particles was set to 640, arranged initially in 16 columns. The
number of depletants was set according to the geometrical FVT predictions, and range from
about 3000 to 75000. The discotic-discotic and discotic-depletant distribution functions.
The discotic-discotic and discotic-depletant distribution functions are calculated to eluci-
date the structural details of the C; and C, phases. Particularly relevant in our case are
the perpendicular and parallel distribution functions, g(r|) = g and g(r.) = g.. The per-

pendicular distribution function g, quantifies the correlation between particles with a given
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perpendicular to the nematic director projection of the inter-particle distance, calculated
via:
g = Ny (ry)
t  N,N;N, V.V’

(S21)

where ¢ and j refer to the species whose correlation is calculated (discotic—discotic, discotic—
depletant or depletant—depletant), r, is the projection of the distance between two particles
in the direction on the direction perpendicular to the nematic director vector. This vector
is calculated with the standard methods of diagonalize a traceless tensor Q.'? N, () is the
number of pairs of particles of species ¢ and j that are found at a distance perpendicular to
the nematic director between r, and r, + A, in the N, configurations explored; A, is the
bin-width used. In our case, we have divided the distance plotted in Figure 3(b,c) of the
main text over 200 bins. N; and N; are the numbers of particles of species ¢ and j; V| is the
volume of each bin. In this case, V| = 4n/3{[R? — (r. + A1)?*? — (R? — r2)3/2}, where V
is the total volume of the simulation box (the volume of the system).

To characterize the columnar order, we have employed the discotic-discotic distribu-
tion functions in 7y, gi° (discotics within the same column) and gj' (discotics in adjacent
columns), both calculated via the generic expression

m N

_ _ 22
9 NC2NmV”lm/V ) (S )

where [m is either 00 or 01. N|(|J0 is the number of discotic particles whose inter-particle
perpendicular distance is r; < D/2, and have a parallel distance 7| between r and r + 4
along the N,, configuration explored. For Nﬁ)l the calculation is the similar, but 7| lies in
between D /2 and 3D/2. V”lm is the volume of a cylinder with height A and radius D/2 for
the 00 case and a cylindrical annulus with internal and external radius D/2 and 3D/2 for
the 01 case.

The columnar partition coefficient K¢ from simulations is approximated as the ratio of
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Figure S2: Visualization of how the averaged platelet and depletant volume fractions from
the direct coexistence simulation were extracted.

g¢4 at r; =0 and in the first maximum (at 7, = ' ~ D/2 4 4A):

. cdir, =0
Kgm = (f(i_ (TL_ ma?x ’ <S23)
g97°(re = re)

. discotic-depletant : o T
where g = g{"OmIPEM we use the superscript ‘¢’ for the discotics for simplicity (c

might also stand for ‘colloid’).

In Figure S2, an example of how the final discotic and depletant volume fractions pro-
viding the tie-line from Monte Carlo (MC) simulations is presented. Further, in Figure S3,
simulation snapshots of the C; and Cy equilibrium phases used in the generation of the

distribution functions are shown.

Description of discotic particles

Theoretically, we accounted for platelets as hard cylinders (HCs).? In simulations, discotics
are modelled as oblate hard spherocylinders (OHSCs).!® These choices are not fortuitous:

14,15 whereas the contact detection

theories using HCs are more tractable than with OHSCs,
algorithm implemented in simulations®? is more efficient for OHSCs than for HCs. Contrary

to the HCs, where there are edges present, the OHSC is have surface without edges and
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Figure S3: Snapshots of the single-box equilibrium configurations of the C;(a) and Cq(b)
coexisting phases.

hence it is more efficient for simulation purposes.!® It is convenient to compare results in

terms of the absolute relative thickness of the discotics. For the HCs,

A= (S24)

L
D
The simple transformation

L A

AI: =
L+D 1+4A

(S25)

allows comparing discotics with the same relative absolute thickness by replacing A with
A’ in the HC expressions. The relative size of the penetrable hard sphere (PHS) depletant,

which relates to the range of attraction, is defined via the size ratio

20A

Q

I
S|i

I

S13



with ¢ the PHS diameter and D the HC diameter. For OHSCs with total diameter D + L:

g =—. (S27)

For both discotic mesogens, closed expressions for the excluded volume as a function of the
interparticle angle v (see Figure S4) are available.!%1¢ This excluded volume is defined as
the volume inaccessible to a second particle in the system as a consequence of the presence

of a first particle.'” The excluded volume between HPs is calculated from: '

pHC-HC 4F (sin 8 A sin 2 sin
L:2(|COS’YI+M+1> + Ty 1 : (528)
VHC s s A

where E(x) is the complete elliptic integral of the second kind. For OHSCs, we follow: 14

pQHSC-OHSC _ 84 12siny [(72 — 8) y(A) + 7] (S29)
VOHSC my(A) [4y(A)? + 3my(A) 4 6]
with
A
y)=1—- (530)

In Figure S4 we present the relative excluded volume as a function of the particle orientation
~ for two aspect ratios. We note here that we use vge and vopsc as the discotic volume v,
defined in the main text. It turns out that the minimum excluded volume configuration is

retained for particles aligned about their axes of symmetry:

Uexc"y:() = Uexc|'y:7r = 8Up >

and corresponds to the hard-sphere equivalent excluded volume: four times the particle vol-
ume per particle (thus 8 as the excluded volume is for a pair of particles). This configuration

corresponds to particle pairs aligned along their flat faces, which in a columnar phase corre-
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6 7f/2 7T 0 rf/2 n
interparticle orientation y

Figure S4: (a,b) Excluded volume between hard cylinders (solid curves) and excluded volume
between hard oblate spherocylinders (OHSCs) with A = L/D = 0.1 (a) and A = 0.2 (b) as
indicated. The dashed and dotted curves correspond to the OHSC-OHSC excluded volume
as given by Piastra'* and by Mulder.'® (¢) Schematic representation of particle orientations,
given by the vectors @ and @', and therefore by the single inter-particle orientation angle ~.

sponds to the intra-columnar direction r. The maximum excluded volume for OHSCs pairs
occurs exactly at v = 7/2 while for HPs the maximum excluded volume exhibits two shallow

symmetric maxima around v = 7/2.

Phase diagram of depletant-free platelet suspensions

Various thermodynamic properties of hard cylinders (HCs) have been previously studied in
detail. 1'*® For the isotropic and nematic phases we apply Onsager-Parsons-Lee theory. !9

The resulting free energy of both the isotropic and nematic phases reads:

Bh g £ e — 1+ on[F(@)] + 2 2 Gp(O8<(a, i) (S31)
¢c T /1

The first two terms on the right-hand-side of Equation S31 correspond to the finite-volume
normalization of the energy (7. being the dimensionless thermal volume of a platelet) and
the ideal gas contribution to the free energy.

In order to calculate the free energy using Equation S31, an orientational distribution

function [ODF, f(4)] is needed. A system in which particle orientations are taken into
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account can be envisaged as a multi-component system in which each component corresponds
to a possible particle orientation.'®?° Hence, the ODF is a measure of the probability of
finding a particle with a given orientation @ [see Figure S4(c)]. The rotational entropy term,

ox[f(@)] is defined as:?

olf(2)] = / £(8) In[dr £ (a))da (532)

The dimensionless ensemble-averaged excluded volume follows from:

(bt i) = 5 [ [ Fa)s(@ete (- dadi (533)

Entropy-driven phase transitions?' depend on the excluded volume between two discotic
particles. We use Equation S28 to quantify the excluded volume between HCs. Finally,
effects beyond the second osmotic virial coefficient are accounted for in an approximate

manner via the Parsons-Lee scaling factor: 2223

Gp — ﬁ | (S34)
Formally, at each platelet concentration the free energy of the system must be minimized
with respect to the ODF, f(u). Analytical expressions for the ODF can be obtained for
the isotropic state by considering equiprobability of orientations: f(u) = 1/(47). Hence,
o1[f(@)] = 0, and by applying the so-called isotropic averages (((sin~y));1 = 7/4, ((E{siny})); =
72/8, and ({cos~)); = 1/2). Consequently, the free energy of an isotropic ensemble of HCs

can be written as:!

)2 2
i zlnﬂc+ln¢c—1+—%G

3 — PO | (S35)
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with:

2

2 2
e T (3T T, T
o —8+(4+4)A+ S (S36)

Furthermore, closed expressions for the free energy of the nematic phase can be obtained
via a Gaussian approximation?®* for f(a). Considering that all relative orientations can be
defined as a Gaussian perturbation from the nematic director vector provides a closed-form
expression for the free energy.! This Gaussian ODF reads

n(0) = % exp {—%/{92} ) (S37)

where 6 is the polar angle between the nematic director and the orientation of the platelet.
Minimizing the free energy with respect to the unknown parameter of the Gaussian ODF x

provides a closed form for the free energy of the nematic phase:*

F - 2 ¢
¢—N =Inv. + In ¢, — 1+JN+;%GP@§XC , (838)
with:
TP2G?
UN—ID{ ilzp} -1,
and

1
O = 57" k(e, A) 7+ 2mA

We note here that we follow an approximate, perturbative approach for the ODF instead of a
full self-consistent numerical optimization.? 27 The latter approach is exact but would slow
down the computations of the phase diagrams of discotic-depletant mixtures tremendously,

therefore hampering the calculation of, for example, four-phase co-existences. Moreover,
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given the high discotic volume fractions, we do not expect large deviations between the
Gaussian-based nematic free energy and the full-numerical solution. The Gaussian approx-
imation is accurate for sharply peaked ODF’s, which occur actually in case of depletion-
mediated attractions. See for instance Eur. Phys. J. E 23, 355-365 (2007) for a comparison
of using the Gaussian ODF as compared to the numerical ODF. Another advantage of the
Gaussian PDF is that algebraic expressions can be obtained for the free energy expressions.

For the columnar phase, a modified Lennard-Jones-Devonshire (LJD) cell-theory?® pro-
vides a closed expression for the free energy.l® We add a constant term (—1In4) to the

9

original expressions!? such that the nematic-columnar phase coexistence is closer to the

one reported via computer simulations: »3°

Ie - { 1}
— =Inv.+In¢. —3—2In |1 — —
s v A

c L
3A2 4 1 (539)
+21In L?C — —In {— <1—33q§c)} —In4 ,
2 (1 - AigbC) 3
with the lateral spacing (inter-columnar direction):
~ V2R3 — /346,
AJ_EAJ_/O-:\/_ - 7\{3@75 <S40)
623V K .
where
K= \/ 3(¢he)3(243¢ + 32) + 2797 (S41)
and with
(gc = ¢C/¢gp ) (842>
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and
P = 71/(2v/3) ~ 0.907 . (S43)

An approximate expression for the intra-columnar spacing?’ A is:

1

Aj=A)/L=—.
PLAL

(S44)

From the free energy expressions, standard thermodynamic relations enable to resolve resolve
the (dimensionless) chemical potential of the discs and osmotic pressure of the dispersion for

a given k-phase (k = {I,N,C}):

OF,

Bug = py, = (Tm

)  Bllve = 115 = ¢cfi — F, . (S45)
TV

Equilibrium coexisting phases follow from the condition of equal chemical potential and
osmotic pressure:

fif =i, and TI? = TI9 | (S46)

which allow to compute I-N, I-C, and N-C phase coexistence at a given A. This can be

easily extended to calculate the three phase coexistence:
jig = fi% = i, and Ty = 03 =TT, . (547)

The superscript ‘0’ is used to denote the (depletant-free) chemical potential and osmotic
pressure in dispersions of discs. The theoretically obtained phase diagram obtained is com-
pared with simulation results in Figure S5. As observed, the phase boundaries from theory

and simulations are in remarkably close agreement.
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Figure S5: Theoretical phase diagram of a pure platelet suspension in the {4, ¢.} phase-
space. Dark gray area corresponds to the forbidden region for hard cylinders (volume frac-
tions above close packing). Simulation results from Marechal et al.'? for oblate hard sphero-
cylinders are presented in black: circles correspond to the isotropic-nematic phase transition,
squares indicated the nematic—columnar, and triangles hold for the transition from columnar
to tilted crystal. In simulations, a difference has been made between two columnar phases:
Dya (discotic disordered) and Dy, (discotic ordered). The term (dis)ordered points towards
the discotic—discotic correlantion in the intra-columnar direction.

Phase diagram scan and compartmentalisation: further
theoretical predictions

In Figures S6 to S9 theoretically-predicted phase diagrams for illustrative A- and ¢-values

are presented, along with a scan in the number of depletants in the intra- and inter-columnar

directions. On the top panels, complete phase diagrams as that in Figure 3(a) of the main

text are presented. In the middle panel, the free volume fraction for depletants is shown
simp

as in Figure 2 of the main text; the inset corresponds to ratio of o = over the complete

expression. In the bottom panels, we focus on the C;—C, coexistence; as can be appreciated
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the depletant concentration that follows from the weighted arithmetic mean considering the
two directional as is always close to the binodal calculated using the complete expression.
We now turn our attention to the N—(C,C;) critical endpoint (CEP) for which FVT
predictions are plotted in Figure S10 for A = 0.1 and ¢ = 0.01. To find the CEP (orange
diamond) at a fixed A, one might simply scan the triple point associated to the C;—Cy
coexistence, and check at which g-value the triple point (TP, purple curves) and the critical
point (CP, orange curve) coincide [Figure S10(a)|. As observed for HSs mixed with PHSs at
low ¢,* ¢. at the C;—Cy critical point ( (|;|) decreases with increasing q. The N-C;—C, CEP
occurs at ¢ ~ 0.04, significantly above the original prediction (¢ ~ 0.02).? The maximum

max

strength of the depletion between two discs WGy,

) o
at the triple points is presented in Figure S10(b). As the depletant concentration at the I-
N-C; coexistence (grey curve) is always above the one of the N-C;—Cs (see inset), the same
holds for the depletion attraction strength [Equation S48|. This attraction strength decays
exponentially at the N-C;—Cs triple point. Also in line with what is observed for HSs mixed
with tiny PHSs,* the ¢X-value at the N-C;—Cj triple point first increases and then decreases
with increasing ¢. This denotes a soft re-entrant behavior.?! The C;—C, critical point occurs
at a depletant concentration which is virtually zero for all ¢q: the mere presence of depletants
in the system is enough to induce two different columnar states due to the directionality of
the pockets available for depletants in the system. While not reported previously for model
colloidal systems (as far as we are aware of), such behavior of the critical point is quite
common in alloys. 32

In Figure S11 a collection triple point(TP) curves is presented at fixed A with increasing
q both below and above the depletant-free three phase coexistence, which provide the CEP

values indicated with discs in Figure S12(a) (diamonds in Figure S11).
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Figure S6: Top panels: phase diagrams in the discotic volume fraction—number of depletants
per discotic phase space with increasing relative depletant size ¢ at fixed platelet aspect
ratio A = 0.1; black lines are example C;-C; tie-lines. Middle panels: free volume fraction
for depletants in the columnar phase; (I) complete expression a¢ (black curves); (II) small-
system in the intra-columnar direction ag) (orange curves); (III) small-system in the inter-
columnar direction ac; (purple curves); (IV) the weighted-average of o and ac, indicated
(dashed, grey curves). Insets are the ratio of the free-volume fraction without considering
the edges of the platelet o™ to ac. Bottom panels: phase diagrams generated with the
a-expressions considered (same color code as middle panels). Insets show the partition
coefficient of depletants in the intra- and inter-columnar directions along the C;-C, binodal.
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Figure S7: Similar to Figure S6, but for A = 0.2 and the g-values indicated.
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Figure S9: Similar to Figure S6, but for fixed ¢/A = 0.1.
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