Supplementary Information

| Characterization of diamonds.

Typical TEM picture of diamond aggregates formed by hydrosol drying is shown in Figure 51
(analytical electron microscope Zeiss Libra 200FE).
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Figure S1. TEM .pattern for dried DND Z+ hydrosol.

II. AFM and SEM characterization of membranes.
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Figure S2. Microscopy patterns for the pristine membrane without diamonds (AFM, a),
(SEM, b) and compositional membranes with 2 wt. % of DND Z- (AFM, c), 5 wt. % of
DND Z+ (SEM, d), 1.9 wt. % of DND-F (SEM, e).

III.  Mechanical tests of Aquivion®-type membranes with DND-F.

Mechanical tests were carried out for Aquivion®-type membranes in acidic form under
conditions of uniaxial tension at a constant speed at a constant temperature (20°C) and a given
humidity RH ~ 50-60%. Young's modulus (E), the stress of transition through the plastic limit (Gp),
deformation and stress until destruction of the material (¢p, op) were determined.

The Aquivion + DND-F composites with fluorinated diamonds (Table 1, Fig.3) had elastic
moduli of 230-310 MPa, strain to destruction of 110-150% and showed a transition through the
plastic limit at the inflection point of the deformation curve when stretched by ~ 5-10% with
subsequent strain hardening of the material.

Table S1. Composites of the Aquivion®-type membranes with DND-F.

z

Content, thickness (um)

RH, %

E, MPa

Op, MPa

op, MPa

ep, %




0 [Polymer without DND, (70-74) 49 228+ 11| 14=%1 262 |321%23

1 [(Polymer + 0.25 % DND-F, (54-56) 49 237+3 112.1£0.5(143£0.7|112£ 15

2 |Polymer + 0.5 % DND-F, (44-49) 51 246 £10112.8£0.4|15.1£0.5| 1196

3 [Polymer + 1.0 % DND-F, (55-60) 51 229+8 [15.0£0.2|194+04| 149£3

4 |Polymer + 1.9 % DND-F, (52-57) 50 312+ 14 |155+£0.618.7£09| 123+ 6
WPa
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Figure S3. Stress-strain diagrams for samples of the Aquivion®-type membranes with
DND-F.

Modification of the copolymer with DND-F diamonds caused an increase in the elastic
modulus of the material, but with a small content of diamonds (0.25 wt. %) the plastic limit
decreased and then recovered when the matrix was enriched with diamonds. A similar effect of a
sharp decrease in fracture stress 6p was observed with the introduction of 0.25 wt. % diamonds
and its subsequent growth as a result of the addition of a modifier. Fracture strains remained low
(110-150 %) at diamond concentrations of 0.25-1.9 wt. % (Table S1). As it turned out, fluorinated
diamonds served to some extent as a plasticizer in the polymer matrix, which was also observed
for sulfonated diamonds in contrast to composites with DND Z+, DND Z-.

In our recent work [11] such tests were performed also for pure Aquivion type membrane
and the composites with sulfonated diamonds (0.25-5.0 wt. %). The results have shown for pristine
membrane the elastic modulus E ~ 230 MPa and for the composites quite similar moduli E ~ 210-
240 MPa. Membranes’ modification with diamonds did not cause dramatic changes in the
characteristics of material: oy ~ 10-14 MPa, ot~ 15-25 MPa [11]. Our results for pristine Aquivion
type membrane are in good agreement with the characteristics of Aquivion films with similar
equivalent weight [119]. Authors [119] used SSC-PFSA membrane (Aquivion) provided by
Solvay (EW= 850, dry membrane thickness of 100 um). This dry material (25°C) had the elastic
modulus E ~ 600 MPa, while after water absorption it comes down to E ~ 150 MPa.

Mechanical tests of Aquivion + DND Z- were discussed in our works [17,31,120], data for
Aquivion + DND Z+ were published in [10, 120].
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