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Low temperature plasma processing is of great interest due to its numerous advantages 
compared with the chemical processing usually used nowadays for improving the 
properties of the materials. Specific surface functionalization of nanomaterials shows great 
potential for all kind of bioapplications. In this study, we propose the use of low 
temperature microwave excited surface wave plasma to functionalize ZnO particles with 
amine groups. Owing to its properties, ZnO would be more suitable for applications such 
as quantum dots, considering that currently used materials exhibit high toxicity. The 
outcome of plasma functionalization was analyzed with chemical and physico-chemical 
methods, all the results showing the successful amine group functionalization of the ZnO 
materials by dry plasma processing. The results are encouraging for the further usage of 
such materials for bioapplications.  
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1. Introduction 
 
Bioimaging techniques offer the possibility of characterization and visualization of 

biological processes at nanometer scale giving precise and real time information. Due to the fact 
that most biological processes take place at nanometer scale, the use of nanomaterials with specific 
function is of great interest for ideal imaging resolution. By adding functional groups to the 
surface of nanoparticles (NPs), the sensitivity and selectivity for various biospecies can be 
improved and new technologies can be developed [1, 2]. Different functional groups can be added 
to their surface depending on the desired outcome [3-5]. Our interest focuses on amine groups, due 
to the previous successful results in our group on NPs for bioapplications 0. The amine groups on 
the surface of the NPs can be later used as linkers for biomolecules, as it is described in Fig. 1, 
facilitating the implementation of the functionalized NPs in bioapplications.    
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Fig. 1 Illustration of biofunctionalization process of ZnO NPs and utilization in bioapplications. 
 

Functionalization of such NPs has been already done by wet chemical techniques 0. The 
huge issues with these techniques are imposed by the complex processing procedures and other 
limitations among which particle agglomeration is a very serious one. To overcome some of these 
problems, we propose the use of low temperature plasma processing as an alternative. This 
technique has been proven its numerous advantages in the modification and functionalization of 
different nanomaterials and biomolecules in a dry chemical reactive environment 0. 

On the other hand, zinc oxide (ZnO) has been one of the most studied materials in the last 
decades. Being a versatile semiconductor and possessing interesting properties like the large band 
gap (3.37eV) at room temperature, high exciton binding energy (60meV) that ensures an efficient 
luminescence in the UV-blue region 0, ZnO is a suitable candidate for a large range of applications 
such as the fabrication of sensors, solar cells, drug delivery and biomedical applications. 
Compared with other semiconductor-based quantum dots (e.g. CdSe, CdTe, ZnS) currently used in 
bioapplications 0, ZnO is less toxic and compatible with the living organisms, which promote it to 
be used as an alternative for the existing materials 0. Surface functionalization of the ZnO 
nanoparticles is an important issue for improving their sensitivity and selectivity for various 
biomolecules and creating reactive sites for covalent binding 0. Low temperature surface wave 
plasma (SWP) proved to be suitable so far for other treatments on nanomaterials. Regarding ZnO, 
however, there is a lack of studies on plasma functionalization.  

In this paper we test the possibility of introducing chemical functionalities, amine groups, 
on the surface of ZnO particles by dry plasma processing. To use these materials for bioimaging 
applications, other biomolecules of interest should be covalently bound in a second processing step 
on the surface of the particles having as intermediary the amine functionalities. To resume, the 
novelty proposed by our work consists in proposing the use of ZnO for bioapplications and the 
functionalization of ZnO by dry plasma processing, instead of existing complex chemical wet 
techniques. In this paper we focus on the first step that is ZnO surface modification by amine 
group functionalization. To test this possibility, we firstly used commercially available micro-
sized ZnO powders. After confirming the amine groups addition on their surface, ZnO NPs were 
fabricated for the same purpose using a pulsed laser ablation (PLA) technique. Subsequently, the 
possibility of ZnO NPs functionalization was again investigated in different conditions.  

 
 
2.  Experimental 
 
All the treatments of the ZnO commercial micro-sized powder and of the ZnO NPs 

prepared by PLA method were performed in the microwave excited SWP device that is 
schematically presented in Fig. 2. The experimental setup consists of a cylindrical stainless steel 
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To examine the effect of ion bombardment on the surface modification, we compared the 
nitrogen content for three cases: no bias, biased at -100V and -150 V.  It is found from Fig. 6 that 
the highest nitrogen content for the same processing time, 5 min, was obtained in the case of the 
highest bias voltage, -150V. These results show that increasing ion energy favors the connections 
between the reactive functionalities and ZnO materials. So it is considered that reactive sites 
creation over the surface of ZnO particles due to the strong ion bombardment promote the 
subsequent reaction of functional moieties with the reactive sites. 

 

 
 

Fig. 6  Nitrogen percentage analyzed from XPS N 1s spectra for untreated and ammonia SWP  
treated ZnO samples biased at -100 V and -150 V for the same treatment time (5 min). 

 
 

The same primary amine and secondary amine functionalities bonded on the surface of 
ZnO were detected by chemical derivatization. Fig.  clearly shows the situation for the direct 
plasma processing without bias as a function of processing time. As described in the experimental 
section, according to ninhydrin assay, the absorbance determined with the spectrophotometer at 
570 nm is proportional with the number of primary amine groups, while the absorbance at 440 nm 
is proportional with the number of secondary amine groups in the sample. According to the results 
in Fig. 7, the number of both nitrogen-containing functional groups in the samples increased with 
the processing time. Also there seems to be a saturation of functional group addition after the first 
few minutes since the values determined for 5 and 10 minutes are not considerably different. All 
values detected for the SWP-processed ZnO samples show absorbance for both wavelengths in 
contrast with the untreated ZnO that doesn’t exhibit absorbance for neither values, indicating that 
in all studied cases the successful functionalization of the ZnO materials by SWP processing was 
achieved and it is not related with the unprocessed samples.  

 
Fig. 7 Ninhydrin assay results: sample absorbance as function of processing time.  
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