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Abstract. An effortless chemisorption access for the planning of nanocomposites containing a 
semiconductor ZnO nanoparticles and poly(methyl methacrylate) (PMMA) is demonstrated. 
First, thiol-functionalized ZnO (ZnO-SH) were prepared by a silanization reaction between 
ZnO nanoparticles and (3-mercaptopropyl) trimethoxysilane. Then, a reserved radical 
polymerization of methyl methacrylate in the attendance of Zinc oxide-thiol (ZnO-SH) and 
butyrolactam produced PMMA-g-ZnO nanocomposites. DSC were used to examine the weight 
decline of glass transition temperature of nanocomposites. The ocular characteristics of the 
nanocomposites were studied by Ultraviolet-visible (UV–vis) absorption spectroscopy and 
photoluminescence spectroscopy (PL). The results accentuate the role of the grafted PMMA 
polymer segments in augmenting the strength of dispersal and near-band edge (NBE) emission 
of ZnO nanoparticles.  

1.  Introduction  
The size dependent optoelectronic properties of semiconductor nanocrystals has attracted attention of 
scientists. The ongoing research and development of nano-sized Zinc oxide (ZnO) nanoparticles has 
led to widespread applications such as a light-emitting diode, photodetector, field-effect transistors, 
biological and chemical sensors, transducers, nanocantilevers, thermal transport elements and new 
types of solar cells, etc. [1-4]. The advantage of ZnO when used in biological applications such as bio-
imaging and cancer detection lies in its environmental friendliness. However, ZnO nanoparticles, 
when dispersed in organic solvent and matrices, may cause particle agglomeration due to their high 
surface energy. Thus, to overcome the above limitations, the ZnO-polymer polymer nanoparticles was 
implanted in a small number of inorganic nanoparticles [5-7]. In addition, the composite nanoparticles 
(inorganic core/ organic shell) are widely used in scientific fields due to their unique optical, 
mechanical, thermal and electrical characteristics. 

To improve the surface characteristics of the substrate, studies have shown that tethering of 
polymer brushes on a solid substrate is an effectual method. In particular, the ‘living’/controlled 
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radical polymerization played an important role in grafting polymerization of the surface of inorganic 
nanoparticles because of the presence of covalent bonds with a series of dense polymer chains [8-14]. 
Although there are advances in this method, most of them have their inherent bottlenecks such as 
difficulties in removing all the metallic catalyst from the products and complexities in reaction paces 
to introduce functional species and chain transfer agent to the inorganic surface for polymerization.  

Given the aforementioned background, our aim is to develop a facile chemical strategy to deliver 
ZnO based nanocomposites with suitable processability and dispersibility by altering the inorganic 
surface by a one-pace immediate attaching of initiator moiety, preferably thiol groups. Recently, 
Butyrolactam (BL) has been found to be an important factor, acting as a stabilizer for the radical and a 
reversible capping agent, in supporting the polymerization of surface bonded thiol groups. [15-17]. A 
successful creation of PMMA-g-ZnO oxide nanocomposites through the surface initiated grafting 
polymerization of methylmethacrylate (MMA) from thiol functionized ZnO nanoparticles has been 
demonstrated in this work.  

2.  Materials and testing methods  

2.1.  Materials 
Before using, methylmethacrylate was purified of inhibitor with a neutral alumina column. ZnO 
nanoparticle, (3-mercaptopropyl) trimethoxysilane (MPTMS), butyrolactam (BL) and all the 
chemicals used were provided by Aldrich. Modification of ZnO nanoparticles with MPTMS was 
presented in the report [18]. 

2.2.  Combination of PMMA-g-ZnO nanocomposites through surface-initiated radical polymerization 
2g of MMA, 0.2 g of ZnO-SH, 0.2 g of BL, 4 mL of THF and using a Teflon-covered propulsion rod 
was placed in a 25 mL circle bottle decorated with a restore condenser. The bottle was washed with 
nitrogen, heated to 90 oC and stirred continuously. At the end of the desired time, the bottle 
temperature was reduced to 35 oC and the reaction blend was precipitated with methanol. The resulting 
product had dregs removed and was dried in a vacuum oven. Toluene was used to dilute the mixture 
and the mixture was centrifuged to collect the PMMA-g-ZnO freed from the unlinked polymer. 
Hereafter, this strategy will be denoted as thiol-lactam initiated radical polymerization (TLIRP). 

2.3.  The dispersion stability of PMMA-g-ZnO nanocomposites  
The dispersion steadiness of polymer-grafted nanocomposites in toluene was evaluated after standing 
at 35 oC temperature for the required time. 2.0 g of PMMA-g-ZnO nanocomposites dissolved in 100 
ml toluene was kept in a pipette and the pipette was stored at 35 oC temperature. After a period of time, 
the depth of sedimentation from the surface of suspension was recorded. The steadiness of 
nanocomposites is shown through the lack of depth of the surface of suspension. The following 
equation shows the sedimentation rate of dispersed nanocomposites in toluene: 

The sedimentation percentage of composite particle (%) = H/Ho X 100%, where H (cm) is the 
depth of sedimentation from the surface of suspension and Ho (cm) is the total depth of suspension. 

2.4.  Characterization 
Fourier-transformed infrared (BOMEM Hartman & Braun FT-IR spectrometer) spectra were recorded 
to characterize the chemical changes in the surface functionalities of ZnO. GPC was performed using 
an Agilent 1200 Series equipped with PLgel 5 μm MIXED-C columns. Tetrahydrofuran was used as 
the solvent and calibration was carried out following PS standards. The differential scanning 
calorimetry (DSC) measurements were conducted using a Perkin Elmer calorimeter (DSC6200). We 
used an F-4500 spectrofluorometer (Hitachi, Japan) with a 352-nm excitation source to record the 
photoluminescence (PL) spectra. 
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