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Introduction 

The medical device industry has made enormous 
progress during the past decades, owing to the gained 
knowledge on the development of advanced materials 
technologies. Among a wide range of biomaterials (e.g. 
metal, ceramic, polymer, carbon-based) graphenic 
surfaces are of great interest due to their specific 
advantages. These include large surface area, good 
mechanical properties, and electrical conductivity, as well 
as tunable surface functionalities which play a pivotal role 
in regenerative medicine applications [1,2]. Graphene-
based biomaterials are extensively investigated in recent 
years in the context of biological and medical applications 
such as stem cells differentiation, tissue engineering, 
bone regeneration, dentistry, drug delivery, photothermal 
therapy, and bio-imaging [3,4]. Although several 
questions remain open, graphene family nanomaterials 
are an exciting promise in biomedical applications. 
Certainly, further investigations of the interactions of cells 
with graphenic surfaces, signalling pathways, 
biocompatibility as well as bacteria colonization are 
needed. [5,6].  
 
Materials and Methods 

Materials topography, application of nanoparticles, and 
introduction of specific functional groups are considered 
among various strategies of designing antibacterial 
surfaces. In this work, we have investigated the effect of 
oxygen plasma treatment of graphenic surfaces and the 
introduction of functional groups on changes in work 
function, wettability, surface free energy, and bacterial 
adhesion was checked. The plasma parameters were 
adjusted (generator power: <60 W, exposure time: <20 
min) to limit the modifications to the surface without 
changing the bulk structure. The parent and modified 
graphenic surfaces were thoroughly characterized by RS, 
TG/DTA, SEM, XPS, contact angle, work function, and 
microbiological tests.  
 
Results and Discussion 

The effect of oxygen functional groups introduced to 
graphenic surfaces on bacterial adhesion was evaluated 
for a series of microorganisms: Staphylococcus 
epidermidis, Staphylococcus aureus, Pseudomonas 
aeruginosa, Escherichia coli. The modification of 
graphenic surfaces was accomplished by the application 
of low-temperature oxygen plasma treatment while 
adjusting the parameters for control surface modification 
(number of surface functional groups) without changing 
the bulk of the carbon materials. The introduction of 

surface dipoles (Csurf
δ+-OHδ-) results in substantial 

changes not only in surface chemistry of graphenic 
sheets but also in biological response (bacterial 
adhesion). The obtained results clearly show that key 
factors of bacterial colonization are the electrodonor 
properties of the surface (work function) and the zeta 
potential of bacterial cells. The lowest colonization rate 
was observed for lower work function graphemic material 
(4.4 eV) and for bacteria with the lowest zeta potential  
(E. coli). The results were rationalized in terms of total 
interaction energy with the main contribution from 
electrostatic forces at the graphenic sheet-bacterial cell 
interface (FIG. 1).  

Conclusions 

It was found that even the short time of plasma 
modification results in a significant increase in work 
function, surface free energy and hydrophilicity of 
graphenic materials. The changes in bacteria charge and 
surface chemistry dramatically influence the bacterial 
adhesion. The bacterial colonization is facilitated by the 
low zeta potential. The results also pointed out the work 
function lowering of the graphenic biomaterial surface as 
an effective strategy for the infection risk limitation. 
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FIG. 1 Schematic energy profile for bacteria-graphenic 
surfaces interactions based on the DLVO theory. The 

integral approach of the surface electrodonor properties 
modification showing main influencing factors such as 

surface functional groups, nanoparticles, and topography. 
 


