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Figure S1. Photograph of the four tested samples: (a) AESO/VDM, (b) ELO/PI, (c) AESO/VDM/DMPA, (d) ELO/10RD1/PI. 

 

a)   b)  

 

c)  

Figure S2. Preparation of samples for measurements: (a) sample with source, (b) sandwich geometry with Teflon sample 
stabilizers, and (c) sample in the chamber with visible scintillators. 
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Figure S3. Test tube containing solidified deionized water. Step of degassing vapors from the sample to remove O2 mole-
cules from water. 
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Figure S4. The o-Ps lifetime and intensity as a function of time for four investigated samples at -150 °C; dots – ELO/PI, 
diamonds – ELO/10RD1/PI, squares – AESO/VDM, and triangles – AESO/VDM/DMPA. 

Figure S4 shows time-changes of o-Ps lifetime and intensity in all tested samples at -
150 °C. All samples during the measurement (over 20 h) did not show clear variability of 
the PALS parameters. The spectra presented here were summarized and analyzed by the 
MELT program. 
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Figure S5. ELO/PI: the o-Ps lifetime and intensity as a function of increasing (orange dots) and decreasing (creamy dots) 
temperature. 
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Figure S6. ELO/10RD1/PI: the o-Ps lifetime and intensity as a function of increasing (dark blue diamonds) and decreasing 
(light blue diamonds) temperature. 
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Table S1. The glass transition temperature Tg determined on the basis of changes in o-Ps parameters. 

 ELO/PI ELO/10RD1/PI AESO/VDM AESO/VDM/DMPA 
Increasing temperature 

cycle 
221.8 K 220.1 K 225.2 K 218.3 K 

Decreasing temperature 
cycle 

218.3 K 220.3 K 220.6 K 224.5 K 

 

 

 

Figure S7. Upper part of figure: the o-Ps lifetime as a function of increasing (orange dots – ELO/PI; dark blue diamonds – 
ELO/10RD1/PI) and decreasing (creamy dots – ELO/PI; light blue diamonds – ELO/10RD1/PI) temperature. Bottom part 
of the figure: DSC thermogram of ELO/PI (blue lines) and ELO/10RD1/PI (orange lines) consisting of cooling scan followed 
by heating one with cooling/heating rates 10 K/min. 

The calorimetric studies were performed using Differential Scanning Calorimetry 
DSC PYRIS Diamond Perkin Elmer, USA. The samples were sealed in aluminum pans. 
During the measurements an inert atmosphere surrounding the samples was maintained 
using He flow. To avoid the white frost of external elements of the system, the purging 
gas (N2) was used. The studies of phase transitions were performed in the range +40 oC ÷ 
-150 oC with temperature changing rate of 10 K/min. The DSC results do not indicate the 
presence of two distinct phase transitions, but rather suggest the existence of one phase 
transition spanning approximately 70 K. 
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Figure S8. AESO/VDM: the o-Ps lifetime and intensity as a function of increasing (dark green 
squares) and decreasing (light green squares) temperature. 
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Figure S9. AESO/VDM/DMPA: the o-Ps lifetime and intensity as a function of increasing (red triangles) and decreasing 
(pink triangles) temperature. 
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Figure S10. Dependence of lifetimes and o-Ps intensity as a function of increasing temperature (dots – ELO/PI, diamonds 
– ELO/10RD1/PI, squares – AESO/VDM, and triangles – AESO/VDM/DMPA). 
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Figure S11. Typical chronoamperometric response of the bioelectrodes formed with different polymer matrices on the 
increasing concentrations of ABTS. Conditions: working potential -100 mV vs. Ag/AgCl (3M KCl), 50 mM acetate buffer, 
pH 4.5 at 23 °C, at constant stirring.  
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Appendix S1 
The method calculating the diffusion constant D. 

The time dependent function of the measured sample mass M(t) is used for 
evaluation of the diffusion constant D of the water molecules absorbed in the sample 
applying the concept of the mean first passage time (MFPT) .  

We first consider the process of desorption; a particle is present inside the sample at 
time t=0 and then it diffuses until hitting the boundary. At the moment of the first hit, it 
disappears from the sample (it immediately evaporates from the sample surface). This 
process is described by the survival probability P(t), the probability that the particle is still 
(survives) in the sample at time t. Then the MFPT is defined as 

𝜏 = න 𝑡 ൬−
𝑑𝑃(𝑡)

𝑑𝑡
൰ 𝑑𝑡

ஶ

଴

= න 𝑃(𝑡)𝑑𝑡
ஶ

଴

 (1)

integrating by parts. We suppose P(0) = 1 (particle is surely in the system), P(t→∞) = 
0, and -dP(t)/dt represents the probability density that the particle leaves the sample at 
time t. 

In the one-particle approximation, we consider the water molecules not restricting 
one another. Then the sample mass M(t) depends linearly on the survival probability P(t); 
hence we get P(t) = [M(t)  M(∞)]/[M(0)  M(∞)]; M(0) and M(∞) represent the wet and dry 
weights of the sample, respectively. The numerical integration of the obtained P(t) results 
in τ. 

Considering diffusion of the molecules from depth of the sample to its surface to be 
the only process controlling decreasing its weight, the MFPT is calculated using the local 
function T(r), the MFPT of a particle starting from the specific position r inside the sample. 
It is determined [1] as the solution of the equation 

𝐷 ∙ ∆ ∙ 𝑇(𝒓) = −1 (2)

with the Dirichlet boundary condition T(r) = 0 at the sample surface, as the particle 
put at the surface is immediately leaving the system. Supposing the uniform initial 
distribution of the particle in the sample, the MFPT τ is T(r) averaged over the volume Ω, 

𝜏 =
1

|Ω|
= න 𝑇(𝒓)𝑑𝒓

ஐ

 (3)

For the sample shaped as a thin cylinder of the width d and the radius R >> d, most 
particles diffuses towards the nearest surface in  the axial direction, and we can adopt 
the one-dimensional picture in the axial coordinate 0<x<d. The equation for T(r) reduces 
to Dd²T(x)/dx² = -1, which is easily solvable: T(x) = x(dx)/2D for the boundary conditions 
T(0) = T(d) = 0 at the sample surface. Averaging over the width d gives τ = d²/12D and 
results in the final formula 

𝐷 =
ௗమ

ଵଶఛ
. (4)

The absorption of the water can be described as a similar process, where the 
vacancies diffuse out of the sample. Their diffusivity is the same as for the water molecules 
in the one-particle approximation, so one can use the same formulas for P(t) and τ; of 
course, M(0) represents now the initial weight of the dry sample and M(∞)>M(0) is the 
final weight of the wet sample.  
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