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Natural chitin and chitinoid materials have outstanding physical and biological 
properties, which inspired the process development for biomimetic chitinoid organic 
and hybrid organic-inorganic thin films by applying Molecular Layer Deposition (MLD) 
presented in this work. 

Here, we present a new class of organic–inorganic hybrid polymers called 
"metallosaccharides", based on sugar-type precursors. For a controlled MLD growth, 
the hexosamine monosaccharide N-Acetyl-D-mannosamine (ManNAc) was coupled 
with trimethylaluminum (TMA) repetitively in a cyclic manner for the growth of the 
hybrid organic-inorganic alumochitin thin films.   

The self-limiting behavior of the surface reactions and the growth rate were 
determined by in-situ quartz crystal microbalance (QCM) and X-ray reflectivity (XRR) 
studies. The QCM measurements revealed a linear mass increase with the number of 
MLD cycles, and the film growth rate of ∼20 ng/cm2/cycle at 115 °C. XRR studies 
showed a growth rate of ∼1.3 Å/cycle and a constant density of ∼2.5 g/cm3. The 
chemical structures of the coatings were studied with ex-situ X-ray photoelectron 
spectroscopy (XPS) and attenuated total reflectance Fourier transform infrared 
spectroscopy (ATR-FTIR). Characterization of the film structure, morphology, and 
conformality were performed by High-resolution transmission electron microscopy 
(HR-TEM), showing uniform and conformal alumochitin films around ZrO2 
nanoparticles (NPs).  

The chemical interaction between ManNAc and TMA, and the possibility of hybrid 
alumochitin film formation were modeled by density functional theory (DFT). The 
computed interaction energies between TMA and ManNAc are negative, meaning that 
there’s a strong interaction between these precursors. Theoretical modeling revealed 
that the proposed reaction mechanism for ManNAc and TMA MLD process is 
energetically favorable.    
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The evaluation of the antimicrobial activity of alumochitin thin film against Gram-
positive (Staphylococcus aureus) and Gram-negative (Escherichia coli) bacteria was 
assessed. Bacteria attachment and proliferation on glass substrates, covered with MLD 
film were analyzed by confocal microscopy. Both bacteria grow and proliferate on the 
crystalline nanocellulose and alumosilazane films, used as a positive control. While 
neither Staphylococcus aureus, nor E. coli bacteria attached to the surface of the 
alumochitin film. These results show a great antimicrobial activity of alumochitin MLD 
film against gram-positive and gram-negative bacteria, as well as its enormous 
application potential as bioactive surfaces.   
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