Supplementary Information for “Driven transport of dilute polymer
solutions through porous media comprised of interconnected
cavities”

1. Mathematical Expressions for inter-particle DPD forces

The position and velocity vectors of particles i and j are denoted by r;, vi, rj and v; respectively.
Furthermore, rj; = 1; — 1j,vjj = Vi — Vj, Iy = |rii| and r,, = rj;/r;;. The conservative force is
expressed as

a;; (1 —r;;)K, ri<l1
FC — { ij 1j) Ty ij s1
U 0, otherwise (S1)

where a; is the maximum repulsive force between particles i and j. The dissipative and random
forces are expressed as

Fj = —ywP(ry) (5. vy)fy . Ff = ow® ()0t 7128, (S2)
where wP and wR are weighting functions that vanish for r;; > 1 and j is a Gaussian random

number with zero mean and unit variance. The fluctuation-dissipation theorem requires that
wP(r) and w(r), as well as y and o, are related according to

wP(r) = [wRk(M)]? o2 = 2ykgT. (S3)

In this study, wP(r) and wR(r) are expressed as

1-r? r<i1

. S4
0 r=>1 (S4)

w(r) = WP = |

The above expressions were used when evaluating inter-particle forces for interactions not
involving wall beads. For such interactions, the coefficients y and ¢ that appear in the
expressions for Fand Ff} in equation (S2) were replaced by ve and oe, whose values depend

upon ¢ according to equations 6 and 12 of Li et al.’s paper[1].

2. Effect of simulation box size

To check for finite size effects, the flow case with F. = 0.14 was simulated using a box of side
length 40. For this test run, linear polymers with N = 73 were used because they have the
largest equilibrium radius of gyration amongst all the different polymer architectures and chain
lengths investigated. The results are compared in Table S1. Here, Gqg? denotes the a
components of the gyration tensor averaged over all chains and the simulation time while v
denotes the average velocity of the polymers’ center of mass (COM). The side length of the
cubic simulation box is denoted as L. The results for G4? and v are observed to be very similar



for the two cases, indicating that the choice of L = 20 used in this study is sufficiently large so as
to avoid finite size effects.

Table S1. Comparison of results for different side lengths of the simulation box, L.

(.;xx2 (ny2 + Gzzz)/z \Y
L=20 9.14 + 0.25 1.76 £ 0.06 0.44 +0.01
L=40 9.23+£0.16 1.77 £ 0.02 0.43+£0.01

3. Velocity profile

Figure S1. Velocity profile for pressure-driven flow of pure solvent through the cavity array
shown in Figure 1 of the main text. The value of F¢ is 0.14.

The velocity profile within the cavity for the case of pressure-driven flow of pure solvent in the
absence of the polymer is shown in Figure S1 for Fe = 0.14. The results indicate that the flow
remains laminar for the largest value of F. tested. For F. = 0.14, the average magnitude of
velocity in the cavity is found to be 0.41. For the parameter settings used in this study, the

kinematic viscosity of the fluid in the absence of the polymer is estimated to be 0.27[2]. Hence,

UR,

Re is estimated as Re = T 15.5, where U, R and n« denote the characteristic velocity, cavity
k

radius and kinematic viscosity respectively.

4. Effect of HI

For the flow case, additional simulations were performed without hydrodynamic interactions (HI),
as described in Section 2. The results indicate that these interactions mainly affect the extent to
which the chain conformation is distorted by the flow and the extent of chain orientation along the




flow direction. Therefore, the results for Ry, R, and <6> in the presence and absence of HI for
linear, ring and star polymers are compared in this section. The values of N are 25, 37 and 73 for
linear, ring and star polymers respectively. The values of Rge in the absence of flow are similar
for these 3 cases, ranging between 1.33 and 1.39.
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Figure S2. Effect of varying Fe upon (a) R with HI, (b) Rr without HI, (c) R, with HI and (d) Ry
without HI. The abbreviations, I, r and s denote linear, ring and star polymers with 12 arms
respectively.

The values of R and R, for simulations with and without HI for the 3 different polymer types are
shown in Figure S2. The main observation is that the extent of increase in Rs and decrease in R,
with increasing F. is greater in the presence of HI.
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Figure S3. Angle between eigenvector corresponding to largest eigenvalue of gyration tensor
and the flow direction (a) with HI and (b) without HI.

The effect of HI upon <B> is illustrated in Figure S3. It is seen that <6> decreases with
increasing Fe in the presence of HI whereas no such trend is observed in their absence.

5. Alignment between polymers

As shown in Figures 4(a) and 8(b) of the main text, the polymers rotate so as to become aligned
along the direction of the external force. The resultant increase in the extent of orientational
order among the chains can be quantified by evaluating the principal orientational order
parameter, which is defined as the eigenvalue of the Saupe order tensor with the largest
magnitude[3]. This quantity is denoted as Amax and its variation with F. for the field and flow
cases for linear polymers with N = 73 is shown in Figure S4. It is seen that Amax increases with
Fe for both types of driving force. The extent of increase is greater for the flow as compared to
the field case, in agreement with the results in Figure 4(a) of the main text.
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Figure S4. Variation of principal order parameter, Amax With external force magnitude, Fe for field
and flow cases. The results are for a linear polymer with N = 73.



6. Simulation Snapshots
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Figure S6. Simulation snapshots of a ring polymer occupying (a) one and (b) two cavities.
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Figure S7. Simulation snapshots of a 12 arm star polymer occupying (a) one and (b) two
cavities.
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Representative simulation snapshots for the flow case with Fe = 0.14 and N = 73 are shown in
Figure S5-Figure S7 for the 3 different polymer types.

7. Variation of (8) with Fe for different polymer types for the field case




The variation of <6> with F for linear, ring and star polymers for the field case are shown in
Figure S8. The corresponding values of N are 25, 37 and 73 respectively. The equilibrium
radius of gyration, Ry, is similar for these cases and ranges between 1.33 and 1.39. Unlike the
flow case, for which the results are shown in Figure 8(b) of the main text, <6> hardly varies with
Fe. This suggests that gradients in the solvent velocity field are responsible for the observed
alignment of the eigenvector corresponding to the largest eigenvalue of gyration tensor along
the direction of the external force.
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Figure S8. Variation of <6> with F. for different polymer types. The labels |, r and s denote linear
ring and star polymers with 12 arms respectively. The corresponding values of N are 25, 37 and
73.

8. Effect of external field orientation upon center of mass velocity

The values of the polymers’ center of mass velocity, v, for the scenarios in which the external
force acts along the x-direction and at a 45° angle with respect to the x-axis in the x-y plane for
the field case were presented in the main text. The effect of external force direction upon v for
the field case was further analyzed by performing additional simulations for which the angle
between the external force vector and x-axis, ¢, was set to 15° and 30°. The results are shown
in Figure S9 for the case F. = 0.14. The values of N for linear, ring and star polymers were set
to 25, 37 and 73 respectively such that their radii of gyration are similar at equilibrium. It is seen
that v decreases monotonically as ¢ increases because the polymers’ motion along the field
direction becomes increasingly hindered by the cavity walls. In addition, the difference in v
between the different polymer types decreases as ¢ increases.
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Figure S9. Effect of ¢ upon velocity of polymers’ center of mass velocity along external field
direction for the field case with Fe = 0.14. The labels |, r and s denote linear, ring and star
polymers respectively. The corresponding values of N are 25, 37 and 73.
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