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Section S1. Differential Scanning Calorimetry (DSC)

Thermal properties of the commercial PHBV sample were evaluated by differential scanning
calorimetry (DSC, Q10, TA Instruments). The complete procedure is described elsewhere [1]. The
degree of crystallinity (X.) was calculated as follows:

X. = AH,,/AH), (S1)
where AH,, is the melting enthalpy calculated from the endothermic peak recorded during the heating,
while AHY, is the heat of melting of purely crystalline PHB, equal to 146 J g1 [2,3]. The use of such value
is justified, as PHBV with less than 40 mol% HYV units presents P(3HB) crystalline lattice with HV units
partially excluded from it [4]. The crystallinity of the sample was determined to be equal to 42 + 1%

through DSC analysis.

Section S2. Method for the calculation of diffusivity from a sorption test.
The expression for the mass uptake as a function of time in step i, M}, for the mass sorption in a limited

volume, where the variation of the interfacial concentration is due to mass sorption in the membrane,

is given by [5] :
Mi-M{ _ . oo 2a(1+a) At
Mi,-ME 1= ¥ne 1+a+a?qd exp( D 12 ) (52)

where M and M, are the initial and final mass uptake in step i, respectively, and a is the ratio between
the volume of solution and that of the membrane, corrected for the partition coefficient of vapor
between the gaseous phase and the polymer, [ is the semithickness of the membrane, while g,, variables
are the positive, nonzero, solutions of the equation: tg(q,) = —aq,. By fitting the experimental data of
mass uptake versus time to the aforementioned equation, one obtains the average diffusivity value

within the concentration interval inspected in the differential sorption step.

Section S3. Method for the calculation of diffusivity from Molecular Dynamics simulations.

Mean-squared displacement of gas molecules along the NVE trajectories can be used to calculated the
self-diffusion coefficient through the Einstein relation, once the Fickian regime is reached [6,7]. The
logarithm of MSD can be plotted against the logarithm of time and the Fickian regime is identified by
the portion of the graph, characterized by a slope equal to 1 of log(MSD) vs log(t). The slope of MSD vs
t in such region is then used for the Diffusivity coefficient calculation. Self-diffusivities are a good
approximation of binary diffusivities in the case of an infinitely dilute system or when the sorption

isotherm is linear [8].

Figure S1 shows an example of the MDS data used for diffusivity coefficient calculation in case of CO2

in PHBV100 system, with average value extracted from three independent configurations.
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Figure S1. Representative data for MSD calculation from MD simulations. The arrow indicates the data

portion used for calculations.

Section S4. Radial Distribution Functions

Radial distribution functions can be used to describe molecular packing in macromolecular systems.
Here we show intermolecular interactions between different atom types in PHBBO, PHBVS8, PHBV60,
and PHBV100 and center of mass of gas molecules, well represented by carbon atoms, C-CO:z and C-
CHas. Figure S2 provides a legend to atom description in hydroxybutyrate and hydroxyvalerate
monomers. Figure S3 shows intermolecular interactions between different atoms in four polymeric
structures and C-CO: (left side) or C-CHa (right side). To facilitate the reader, atom type numbers are

reported also on Figure S3.
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Figure S2. Atom types present in polymeric structures.

1 - Carbonyl C, 2 - Ester O, 3 — Carbonyl O,
4 — Backbone C, 5 — Backbone C, 6 — Side chain C.
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Figure S3. Radial distribution functions for intermolecolar interactions between different atom types and C-

CO2 (a,c,e,g kn) and C-CHs (b,d,f,h,m,0) in PHBBO, PHBVS, PHBV60, and PHBV100.
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Section S5. Free Fractional Volume and Accessible Surface Area

Fractional free volume (FFV) and accessible surface area are two structural parameters that can give
additional information on molecular packing of the structure. FFV and accessible surface area of
different copolymers were evaluated for the solvent sphere of 0 A using the MAPS plug-in [9].

FFV gives a measure of the chain packing efficiency and can be estimated from MD runs as follows:
Vo —Ve
S1
7 (s1)

FFV =

where Vj is the volume of MD cell and V; is the total volume occupied by the polymer segments.
The accessible surface area is defines as the external surface area of polymeric segments in contact with
the penetrant molecule, and thus is closely related to the FFV.

The values are reported in Figure 54.
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Figure S4. Free Fractional Volume (a) and Accessible Surface Area (b) for PHBV copolymers as function of HV
molar percentage, calculated using penetrant sphere of 0 A.
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Table S1. Solubility coefficient, Diffusivity, and selectivities for the CO2/CHa gas pair in PHBV copolymers.

PHBVO0 PHBVS PHBVS PHBV25 PHBV60 PHBV100
(sim.) (sim.) (exp.) (exp.) [1] (sim.) (sim.)

S?m X 103 [kg/(kgam.pol. MPa)]

CO2 15+8 12+£3 21+1 37+5 34+12 30+4

CHas 19+04 05+£0.3 1.5+04 09+£0.1 19+0.3 1.2+04

Selectivity (molar basis)

ag %/ 28+1.6 87+57  51+14  14x24  65+25 93%33

a0/t 1.1£05 34+14 0602 19:03 03+01 55+23

C0z/CHy 32+23 29+23 31+13 27+6 1.6+09 51+29
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