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S1 Background on mixing energy (Emix) and interaction parameter () of binary pairs
employing a Monte Carlo method

To establish a computational model of the diffusion system, it must first be established how
different species in the system will interact with each other. Emix and yjare two of the most useful
descriptors of species interaction. The determination of these descriptors by a computational
approach are described next.

The probability of miscibility of different components has traditionally been described for
polymers and apolar solvents by the Flory-Huggins theory [59]. Serious drawbacks of this model are
the lack of description of forces other than dispersion forces and that the model only applies to pure
components and not to the mutual interactions between different components [60].

Due to the shortcomings of the model, an extended form of the Flory-Huggins model was
developed that consider the Emix of binary pairs of different components. Mixing and phase
separation can be described by Equation S1 [59]:
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where AG is the free energy of mixing, ¢ and ¢ are the volume fractions of components i and j, n
is the degree of polymerization of the components, R is the universal gas constant, T is the absolute
temperature and y; is the interaction parameter of the components i and j. The free energy of mixing,
AG can be rewritten as Emix and Ji=Emix/RT.

Emix is calculated from determining the free energy due to the binary interaction of the
components i-i and j-j as pure components or as their mixture i-j and j-i. Numerous spatial
arrangements of the components i and j are simulated by a Monte-Carlo algorithm and the free
energy calculated between these pairs, within a certain cutoff distance, is determined. Each of the
spatial arrangements of the pairs will result in a different free energy value for that specific
configuration or coordination number of the pair. Finally, Emix can then be expressed as the
differences in the average free energies for all possible binary pair configurations by Equation 5S2:
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Where Z is the number of sampled configurations of the component pairs, Es, Eji, Ei and Ej are
the average free energy of binding for the pair of Z configurations. Here we used Z =1 x 10¢.
Therefore, 1,000,000 atomistic-level Monte Carlo configurations were simulated. The simulation was
performed at 310 K, the physical experimental temperature of diffusion studies. Van der Waals
surfaces of the molecular fragments that represented the configurations were screened against one
another to determine the average Emix with Equation S2 [57,72]. i is then finally derived from Emix.

Emix was determined via AA-MD, employing the COMPASS force field [48]. COMPASS assigns
force constants that describe the interaction between atoms in a model system. COMPASS has been
well-validated for polymers and organic compounds [48]. COMPASS has been applied successfully
to polysaccharide modeling studies. Examples include ion conduction in chitosan membranes [15],
the investigation of the chain structure of cellulose II [19], the investigation of molecular deformation
of regenerated cellulose fibers under strain [20] and the investigation of trinitrocellulose as
propellant [21].

To determine Emix and pj, complete molecules of water, salicylic acid (neutral), salicylate
(charged) and propylene glycol were used. In case of nitrocellulose, the repeat unit (Fig. 8 in the
main text) was utilized as the representative bead fragment.

S2 Background on DPD

The coarse-grained molecular dynamics (CG-MD) of cellulose has been described to account for
both crystalline and amorphous allomorphs [84]. CG modeling provides a means to transfer
atomic-level physicochemical information to bead level; however, achieving a substantially lower
computational cost to perform long time scale calculations [85]. The Martini force field approach has
been developed for bimolecular modeling and utilizes a 4-atoms-to-1-bead approach. Therefore, for
a polysaccharide, four non-hydrogen atoms are grouped together (ring and glycoside bond atoms)
into one bead that contains the average physical information of the group of atoms such as dihedral
and torsional angles as well as bond lengths etc. [86].

Although some resolution of a measured response is lost by averaging during CG simulations,
excellent approximations of AA-MD is produced for CG models. Recently, three CG models have
been developed to describe polysaccharides namely, the M3B model which uses a 3-beads-per
monosaccharide approach to preserve ring puckering and torsional angles between
monosaccharides [87]. A single-bead-per-monosaccharide model was also reported that accurately
described crystalline and amorphous cellulose structures [85]. Yet another development expanded
of the Martini force field to describe carbohydrates [86].

DPD is a CG-based technique to perform CG simulations [39,40]. No data could be found for
nitrocellulose concerning DPD parameters and therefore, Blends (Materials Studio) was used to
determine y;jfor different components in the system. These values were then converted to DPD
repulsion parameters, ajjvia the relation aj = 3.27x;+25. A single disaccharide moiety was used to
describe nitrocellulose beads. Whole molecules were used for neutral salicylic acid (neutral),
salicylate (charged), propylene glycol and water beads (water). Furthermore, wall beads (wall) were
used and their a; was arbitrarily set to 999 to indicate that no attraction could take place between the
wall and any other beads.
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Figure S1. SEM images of nitrocellulose membranes after completion of release study including
donor solutions with 1 mg/mL salicylic acid at various pH values and blank-run nitrocellulose
membranes. The scale bar in each photograph represents 5 pm.

S4. aj values of different species at 310 K.

CHA-NC
CHA-NEU
CHA-PG
CHA-W
NEU-NC
NEU-PG
NEU-W
PG-W
PG-NC
NC-W

100 -
1100
-300
1500
700 ]
-900°

-1100°

ajat 310 K

Figure S2. The a; values calculated for the dissimilar pairs.
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S5. zivalues over the temperature range 273-373 K.
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Figure S3. (A) j for miscible pairs at various temperatures. (B) gj for immiscible pairs at various

temperatures. H20 refers to water.

56. Cohesive energy density (CED)

4.50 -
4.45
4.40
4.35-
4.30 -
4.25
4.20
4.15-
4.10
4.05-

CED (J/m’® 10°)

4.00

- 1.50
3 * *CED 1149
ODensity | 1.48 ;E\
o L 1.47
@) . O
®o © o 1463
) - 1.45 >
L 1.44 @
. . 142 ©
* 141
1.40

0 5 10 15 20 25 30 35 40 45

Number of disaccharides in chain

Figure S4. The CED and density values that were obtained for the various chain lengths of
nitrocellulose oligomers. The scatter of values is smaller than would be indicated by the depiction if

the magnitudes of the axes are inspected.
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S7 DPD trajectories of additional models not shown in the main text
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Figure S5. A simulation box of 1:99 (charged:neutral). Nitrocellulose beads (grey), neutral salicylic
acid beads (blue) charged salicylate beads (red). Only nitrocellulose, neutral and charged beads are

shown at different times as multiples 7of during the trajectory simulation; A 17, B 12,5007, C 25,0007,
D 125,0007, E 500,000z and F 1,000,0007.
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Figure S6. A simulation box (1:1 charged:neutral) with nitrocellulose beads (grey), neutral beads
(blue) and charged salicylate beads (red) shown at different times in multiples of 7 of during the
trajectory simulation; A 17, B 7,5007, C 25,0007, D 125,000, E 250,0007, F 1,000,0007.
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Figure S7. A, the simulation box of 100% charged beads with nitrocellulose beads (grey), wall beads
(purple), propylene glycol beads (yellow) and water beads (green) Only charged salicylate and
nitrocellulose beads are shown at different times as multiples t of during the trajectory simulation; B
17, C 5,000, D 12,5007, E 25,000t and F 1,000,0007.

S8 Propylene glycol concentration profile
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Figure S8. The concentration of propylene glycol as snapshots taken at 1=1 (solid lines) and

7=1,000,000 (dashed lines). C is the abbreviation for charged and N for neutral. The 1:1 system is
denoted by 50C50N.
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