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Abstract: The bio-medical benefits of silver ions and 10—undecenoic acid in various chemical-phar-
maceutical preparations are indisputable, thus justifying the numerous researches of delayed and /
or controlled release. This paper presents the effect of the polymer matrix in the simultaneous re-
lease of silver ions and 10—undecenoic acid in an aqueous medium of controlled pH and ionic
strength. The study took into consideration polymeric matrices consisting of cellulose acetate (CA)
and polysulfone (PSf), which were impregnated with oxide nanoparticles containing silver and 10—
undecenoic acid. The studied oxide nanoparticles are nanoparticles of iron and silver oxides ob-
tained by an accessible electrochemical method. The obtained results show that silver can be re-
leased, simultaneously with 10-undecenoic acid, from an impregnated polymeric membrane, at
concentrations that ensure the biocidal and, respectively, the fungicidal capacity. Concentrations of
active substances can be controlled by choosing the polymer matrix or, in some cases, by changing
the pH of the target medium. In the studied case, higher concentrations of silver ions are released
from the polysulfone matrix, while higher concentrations of 10—undecenoic acid are released from
the cellulose acetate matrix. The results of the study show that a correlation can be established be-
tween the two released target substances, which is dependent on the solubility of the organic com-
pound in the aqueous medium and the interaction of this compound with the silver ions. The ability
of 10~undecenoic acid to interact with the silver ion, both through the carboxyl and alkene groups
contributes to the increase in content of the silver ions transported in the aqueous medium.

Keywords: control release; composite membranes; impregnated membranes; silver-iron oxide na-
noparticles; silver ions; 10-undecenoic acid; cellulose derivatives; cellulose acetate, polysulfone.

1. The influence of the organic compound and the polymeric matrix on the release of silver ions

The organic compounds: 10-undecen—1-ol (UDALI), 10-undecenoyl chloride (UDCI),
and 10-undecenoic acid (UDAc) in which the dispersion of oxide nanoparticles contain-
ing 1.63 % silver is performed were chosen so as to highlight the effect of the functional
groups of 10—undecenoic acid (alkene and carboxylic) on the release of silver ions in aque-
ous solutions can be highlighted.
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The results obtained for the two types of membrane polymeric matrices (cellulose
acetate and polysulfone) and the three organic compounds (Figures S1, S2 and S3) show
the evolution of the release of silver ions in the considered aqueous systems. In all disper-
sant cases, the cellulose acetate membrane (Figures S1, S2 and S3) releases silver ions
harder than the polysulfone membrane (Figures 51, S2 and S3).
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Figure S1. Concentration of silver ions released in the receiving aqueous phase of pH: 5.0; 6.8; 7.0; and 7.2 for cellulose
acetate and polysulfone membrane in the case of 10-undecenoic acid as dispersant and oxide nanoparticles with 1.63%

silver.

From the point of view of the 10-undecenoic acid dispersant, it allows the release of
silver ions in the aqueous phase much more easily (Figures S1), compared to 10-undecen-—
1-ol (Figure S2) and of almost an order of magnitude more than 10—undecenoyl chloride
(Figure 7), when comparing polysulfone (Figure S1) with cellulose acetate (Figure S3).

The results of the release of silver ions depending on the nature of the dispersant
correlate with the solubility of the dispersants in water (Table 1), but also with the possi-
bility of interaction of silver ions with these organic compounds. Their choice was made
because they can interact with the silver ion through both the alkenic group and the car-
boxyl or hydroxyl groups. Basically, the sequence observed for the release of silver ions
(see Figures 5, 6 and 7): 10-undecenoic acid (UDAc) > 10-undecen-1-ol (UDALI) >>> 10—
undecenoyl chloride (UDCI), shows us that the first compound has a strong interaction
center (carboxyl group) as well as a medium interaction center (alkenic group), the second
has two medium interaction groups (hydroxyl and alkylene groups), and the third a
group of medium interaction (alkylene) and one low interaction (carbonyl).
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Figure S2. Concentration of silver ions released in the receiving aqueous phase of pH: 5.0; 6.8; 7.0; and 7.2 for cellulose
acetate and polysulfone membrane in the case of 10-undecen—-1-ol as dispersant and oxide nanoparticles with 1.63% silver.
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Figure S3. Concentration of silver ions released in the receiving aqueous phase of pH: 5.0; 6.8; 7.0; and 7.2 for cellulose
acetate and polysulfone membrane in the case of 10—undecenoic chloride as dispersant and oxide nanoparticles with 1.63%
silver.

It is interesting that 10-undecenol chloride, being insoluble in water, does not favour
the transfer of silver ions in the aqueous receiving solution.

2. Influence of membrane support morphology and silver content of oxide nanoparticles on the
release of silver ions in aqueous solution

For the polysulfone support membrane matrix, which provided the highest concen-
trations of released silver ions, the effect of macro-porous surface morphology (Figure S4)
on the release process using the three types of oxide nanoparticles was studied, contain-
ing: 0.55%; 1.12%; and 1.63% silver, respectively.
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Figure S4. Morphology of polysulfone support membranes obtained by different exposure to the polymeric film before
coagulation.



