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Abstract: Membranes are associated with the efficient processes of separation, concentration and 
purification, but a very important aspect of them is the realization of a reaction process simultane-
ously with the separation process. From a practical point of view, chemical reactions have been 
introduced in most membrane systems: with on liquid membranes, with inorganic membranes or 
with polymeric and/or composite membranes. This paper presents the obtaining of polymeric mem-
branes containing metallic osmium obtained in situ. Cellulose acetate (CA), polysulfone (PSf) and 
polypropylene hollow fiber membranes (PPM) were used as support polymer membranes. The me-
tallic osmium is obtained directly onto the considered membranes using a solution of osmium te-
troxide (OsO4), dissolved in tert–butyl alcohol (t–Bu–OH) by reduction with molecular hydrogen. 
The composite osmium–polymer (Os–P) obtained membranes were characterized in terms of the 
morphological and structural points of view: scanning electron microscopy (SEM), high resolution 
SEM (HR–SEM), energy dispersive spectroscopy analysis (EDAX), Fourier Transform Infra-Red 
(FTIR) spectroscopy, thermogravimetric analysis (TGA) and differential scanning calorimetry 
(DSC). The process performance was tested were tested for reduction of 5–nitrobenzimidazole to 5–
aminobenzimidazole with molecular hydrogen. The paper presents the main aspects of the possible 
mechanism of transformation of 5–nitrobenzimidazole to 5–aminobenzimidazole with hydrogen 
gas in the reaction system with osmium–polymer membrane (Os–P). 

Keywords: composite membranes; osmium polymer membrane; nitro derivatives reduction; reac-
tional processes; 5–nitrobenzimidazole; cellulose acetate membranes; polysulfone membranes; pol-
ypropylene hollow fiber membranes. 
 

Scanning electron microscopy (SEM), high resolution SEM (HR–SEM) for the osmium–polymer 
membranes  

The microscopy studies, SEM and HFSEM, were performed on a Hitachi S4500 sys-
tem (Hitachi High-Technologies Europe GmbH, Krefeld, Germany). 
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Figure S1. The scanning electron microscopy on the cross-section of the osmium–polymer membrane (Os–P): (a) osmium-
cellulose acetate (Os–CA); (b) osmium-polysulfone (Os–PSf) and (c) osmium-polypropylene membranes (Os–PP).  

Thermal analysis for the osmium–polymer membranes 
Thermal characterizations were performed on a Netzsch Thermal Analyzer (Netzsch 

– Gerätebau GmbH, Selb, Germany). The thermal analysis was run in a nitrogen atmos-
phere at 10 °C/min heating rate, from the room temperature (RT=25 °C) up to 900 °C (Fig-
ures S2 to S4). 
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Figure S2. The thermal diagrams for: osmium-cellulose acetate membrane (Os–CA) (a); and cellulose acetate (CA) (b). 
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Figure S3. The thermal diagrams for: osmium-polysulfone membrane (Os–PSf) (a); and polysulfone (PSF) (b). 
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Figure S4. The thermal diagrams for: osmium-polypropylene membrane (Os–PP) (a); and hollow fiber polypropylene 
membrane (PP) (b). 

3. Compositional characterization of membranes  
Energy dispersive spectroscopy analysis (EDAX) for the osmium–polymer mem-

branes provide the surface distribution of osmium; its appearance being shown in Figure 
S5. 
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Figure S5. Formal energy dispersive spectroscopy analysis (EDAX) for the osmium distribution on the osmium–polymer 
membranes: (a) osmium–cellulose acetate (Os–CA); (b) osmium–polysulfone (Os–PSf); and (c) osmium–polypropylene 
membranes (Os–PP). 
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