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Abstract: Molybdenum nitride (Mo-N) modified layer on Ti6Al4V alloy was obtained by the plasma surface alloying technique. The 
bacteria adherence property of the Mo-N modified layer on Ti6Al4V alloy on the oral bacteria Streptococcus Mutans was 
investigated and compared with that of Ti6Al4V alloy by fluorescence microscopy. The mechanism of the bacteria adherence was 
discussed. The sample was characterized by X-ray diffractometry (XRD), X-ray photoelectron spectroscopy (XPS) and rough-meter. 
The results show that the Mo-N modified layer is composed of phase Mo2N (fcc) and Mo2N (tetr). There are Mo 3d, N 1s, C 1s and 
O 1s in the Mo-N modified layer Ti 2p, O 1s, C 1s, in the Ti6Al4V alloy. The surface roughness (Ra) of Ti6Al4V alloy and the Mo-N 
modified layer is (0.06±0.01) µm and (0.16±0.01) µm, respectively. The Mo-N modified layer inhibits the bacteria adherence. Mo 
and N on surface of modified layer play a vital role in inhibiting the bacteria adherence. 
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1 Introduction 
 

Titanium and titanium alloys, especially Ti6Al4V, 
are extensively used in such in vivo applications as dental 
orthopaedic and cardiovascular surgery, which is due to 
their remarkable biocompatibility, low density, excellent 
mechanical and anti-corrosion properties [1−4]. However, 
the applications of titanium and titanium alloys are 
limited due to low surface hardness and low wear 
resistance. Until now, many surface treatment methods 
have been applied to improve the tribological property of 
titanium alloys [5, 6]. The Mo-N surface modified layer 
on Ti6Al4V substrate with plasma surface alloying 
technique can effectively improve the antifriction and 
antiwear properties of titanium alloy [7]. But there is less 
work concerning the bacteria adherence of the Mo-N 
surface modified layer. It was reported that the 
invalidation of biomaterial was caused mainly by 
biomaterial centered infection (BCI), and bacterial 
adhesion on biomaterial surface was the initiating factor 
leading to this infection[8−10]. 

It is necessary to study the bacteria adherence of the 
Mo-N surface modified layer. In the work, the Mo-N 
surface modified layer on Ti6Al4V substrate was 
obtained by the plasma surface alloying technique. The 
bacteria adherence properties of the Mo-N surface 
modified layer on Ti6Al4V substrate on the oral bacteria 
Streptococcus mutans was investigated and compared 
with those of Ti6Al4V alloy.  
 
2 Experimental 
 

The substrate material was annealed Ti6Al4V alloy 
with 16 mm in diameter and 2 mm in thickness. The 
samples were abraded and polished to mirror finish using 
alumina paste and then cleaned in acetone. The device 
for experiment was the LS-750 plasma surface alloying 
device that was described in Ref. [7]. The process 
parameters were as follows: the Ar–N2 mixture gas 
pressure was 35 Pa, the source voltage for supplying Mo 
elements was from −1 200 to 1 220 V, the cathode 
(specimen) voltage was from −600 to 65 V, the distance 
from the source target to the substrate sample was 15 
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mm, the process temperature was 850 ℃  and the 
process duration was 3 h. 

The bacteria adherence properties of the Mo-N 
surface modified layer on Ti6Al4V substrate and 
Ti6Al4V alloy were tested using Streptococcus Mutans 
strain ATCC#25175. Bacteria were precultured in 
nutrient broth at 37 ℃ for 24 h, then the Tris-HCl 
suspension was diluted to approximately 1.5×107/mL 
with sterilized distilled water. Ti6Al4V alloy and surface 
modified specimens were put into sterile glass bottles 
with 5 mL of bacterial suspension and were incubated at 
37 ℃ for 1 h. After incubation, the samples were rinsed 
with distilled water for six times, fixed in 3% 
glutaraldehyde at 4  for 30 min and stained with 1% ℃

acridine orange solution for 30 min. Bacteria number and 
bacteria morphology on each sample was analyzed using 
a fluorescence microscopy (OLYMPUS-BX51T- 32000). 

The phase structure of the modified layer was 
analyzed by D/max 2500 X-ray diffraction (XRD) with 
Cu Kα. The surface chemical compositions of the Mo-N 
modified layer on Ti6Al4V substrate and Ti6Al4V alloy 
were obtained by X-ray photoelectron spectroscopy 
(XPS) using ESCALAB 250 spectrometer with Al Kα 
excitation. The binding energies obtained in XPS 
analysis were corrected by referencing the C 1s line to 
284.6 eV. The surface roughness (Ra) of the Mo-N 
modified layer and Ti6Al4V alloy were investigated by 
TR 240 rough-meter. 
 
3 Results and discussion 
 
3.1 Bacteria adherence property 

Fluorescence microscope images of bacteria 
adherence on the Ti6Al4V alloy and the Mo-N modified 
layer surface are shown in Figs.1 (a) and (b), respectively. 
The rounded region is the effective observing field of 
vision of the fluorescence microscope, and the small 
circles are the individual bacteria adherence on the 
specimen surface. Fig.2 shows the number of bacteria 
adherence on the Ti6Al4V alloy and the Mo-N modified 
layer. Figs.1 and 2 show that the number of bacteria 
adhered on the Mo-N modified layer is lesser than that 
on the Ti6Al4V alloy. 
 
3.2 Surface characteristics 

In order to review bacteria adherence property, 
surface structure and composition tests were performed. 
Fig.3 shows X-Ray diffraction spectrum of the Mo-N 
modified layer. It can be observed that the Mo-N 
modified layer is composed of phase Mo2N (fcc) and 
Mo2N (tetr). Fig.4 shows the XPS spectra of the 
Ti6Al4V alloy and Mo-N modified layer. For the 
Ti6Al4V alloy, the main peaks in the spectra include   
Ti 2p, C 1s and O 1s. For the Mo-N modified layer, the  

 

 
Fig.1 Fluorescence microscope images of bacteria adherence 
on different substrates: (a) Ti6Al4V alloy; (b) Mo-N modified 
layer surface 
 

 
Fig.2 Number of bacteria adhered on Ti6Al4V alloy and Mo-N 
modified layer 
 
main peaks in the spectra include Mo 3d, N 1s, C 1s and 
O 1s. JEYACHANDRAN et al [11] confirmed that the 
chemical composition of the materials might determine 
the hydrophobicity and electrostatic interactions, 
resulting in the bacteria adherence through unspecific 
binding, and it was the principle factor influencing 
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Fig.3 X-ray diffraction pattern of Mo-N modified layer 
 

 
Fig.4 XPS survey spectra for surfaces of (a) Ti6Al4V alloy and 
(b) Mo-N modified layer 
 
bacteria adherence. Accordingly, based on the result of 
the analysis, Mo and N on surface of modified layer play 
a vital role in inhibiting the bacteria adherence. 

In order to review another principle factor to 
bacteria adherence property, surface roughness tests were 
performed. The results show that the surface roughness 
(Ra) of polished Ti6Al4V alloy and the Mo-N modified 
layer is (0.06 ± 0.01) µm and (0.16 ± 0.01) µm 
respectively. The surface roughness of the Mo-N 
modified layer is greater than that of Ti6Al4V alloy. In 
general, rough surfaces are believed to support more 
bacteria adherence. But QUIRYNEN et al [12] 
confirmed when the surface roughness value (Ra) of the 
implant base was less than 0.2 µm, the surface roughness 
of samples would have little influence on bacteria 
adherence. So in the present study, the surface roughness 
of samples would have little influence on bacteria 
adherence. 

In addition to surface chemical composition and 
surface roughness of the materials, other factors have 

also significant influence on bacteria adherence. 
Therefore, the mechanism of bacteria adherence is 
complex and more research work needs to be performed. 
 
4 Conclusions 
 

1) By employing the plasma surface alloying 
technique, Mo-N modified layer on Ti6Al4V substrate is 
obtained. 

2) Mo-N modified layer inhibits the bacteria 
adherence on Streptococcus Mutans. 

3) Mo and N on surface of modified layer play a 
vital role in inhibiting the bacteria adherence. 
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