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ABSTRACT 

 
Zinc-Zinc oxide inorganic/ SDS organic Nanocomposite 

materials with enhanced green emission property are 

synthesized by pulsed laser ablation of Zn rod in the aqueous 

solution of Sodium Dodacyl Sulphate (SDS) at different 
temperature of ablating media. Zn rod was placed on the 

bottom of glass vessel containing aqueous solution of SDS at 

different concentrations (0.1, 10 and 100 mM) and was 

allowed to ablate with focused output of 1064 nm from 

pulsed Nd:YAG  laser operating at 40 mJ/pulse energy, 10 

ns pulse width and 10 Hz rep. rate for two hours. Solution of 

the ablation media was kept fixed at RT (20°C), 50°C and 

90°C during ablation. It is observed that fluorescent 
efficiency of the synthesized nanomaterial increases linearly 

with temperature and excitation energy, while varies slightly 

from linearity with SDS concentration for the samples 

synthesized at 50 ° C temperature. UV-visible absorption 
and TEM characterizations are also done. Mechanism for the 

Nanocomposite material synthesis is also discussed.   

  

Keywords: Zn/ZnO nanocomposite, photoluminescence, 
laser ablation in aqueous media 

 

1. INTRODUCTION 
 

Recently, metal-semiconductor composite materials at 

the nanoscale have shown their importance in the fabrication 
of electronic, optoelectronic, sensing, as well as energy 

storing and harvesting devices [1, 2]. They play also vital 

role as fluorescent tagging, fluorescence microscopy and 

imagine [3]. Fluorescent nanoparticles having intense 

emission in the visible region, mostly in the green have been 

found suitable for these applications. As a wide band gap 

semiconductor, wurtzite ZnO with band gap energy of 3.37 

eV at room temperature and exciton binding energy of 60 

meV is one of the best florescent nanomaterial with photo 

stable, and solution processable behavior [4]. As a result, in 

order to obtain novel properties and potential applications, 

much effort has been employed to synthesize nanoscaled 
ZnO materials, Zn/ZnO Nanocomposite as well as Zn/ZnDS 

nanocomposite. With the rapid developments in 

nanotechnology, many interesting nanostructures of ZnO 

have been fabricated by different synthetic methods, such as 

chemical vapor deposition (CVD), thermal evaporation of 

oxide and metal powders, ion implantation and template 

assisted growth [5–7]. Usui et al. [8] have synthesized 
ZnDS layered nanocomposite by PLA of Zinc in SDS and 

reported ultraviolet emission from that.  These materials 

may be applicable in the fabrication of green LEDs and 

lasers as well as for fluorescence imaging/ tagging to detect 

viruses and bacteria.    

In the present study, enhanced green luminescence from 

Zn-ZnO inorganic/ SDS organic nanocomposite materials 

synthesized by PLA of zinc rod in the aqueous solution of 

SDS at different temperature is reported. UV-visible 

absorption, TEM, XRD (not shown fig.) and PL 

characterizations are done. The possible mechanism of the 
synthesis of the Nanocomposite materials is also discussed. 

 

2.EXPERIMENTAL 
 

Experimental arrangement for the synthesis of colloidal 

solution of Nanocomposite using pulsed laser ablation in 

aqueous media is described elsewhere [9], briefly high 
purity zinc target (99.99 %, Johnston Mathey, U.K.), placed 

on the bottom of glass vessel containing 30 ml aqueous 

solution of SDS with different concentration (0.1, 10 and 

100mM), was allowed to irradiate with focused output of 

1064 nm from pulsed Nd:YAG laser (Spectra Phys., Quanta 

Ray, USA) operating at 40 mJ/pulse energy, 10 ns pulse 

width and 10 Hz repetition rate for 2 hours with 20°C, 50°C 

and 90°C temperature of ablating media.  
UV-VIS absorption spectra of as synthesized colloidal 

solutions were recorded by PerkinElmer, Lambda-35. One 

drop of colloidal solution of nanoparticles were placed on 

the colloidon coated copper grid and dried. TEM images of 

the composite material on the grid were recorded using 

Morgini 268 model of Philips working at 70KV accelerating 
voltage. Photoluminescence spectra of as synthesized 

colloidal nanoparticles was recorded using 514.7 nm line of 

Ar+ ion laser as excitation source, while Acton 0.5 M triple 

grating monochromator with PMT detector was used for the 

recording emitted light. Spectra Sense software was used for 

recording of the spectra, while GRAMS 32 for post 

processing. 
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3. RESULTS 
 

3.1 UV-VIS Absorption 
 

UV-visible absorption spectra of colloidal solution of 

nanocomposite synthesized in the 0.1, 10 and 100 mM SDS 

at RT are shown in figure 1. There are three absorption peaks 

at 216, 263 and 358 nm for nanocomposite synthesized in 
0.1 mM SDS correspond to interband transition of Zn and 

band-band transition of Zn and ZnO respectively. While 

nanocomposite synthesized in 10 mM SDS at room 

temperature has four absorption bands. There is a wide and 

weak absorption in the green region centered at 500 nm, 

while bands at 358 nm, 275 nm and 229 nm attribute for 

ZnO, Zn and for transition of electrons from core level to 

valance band of Zn respectively. Absorption spectrum of 

colloidal solution synthesized above CMC, 100 mM at room 

temperature have intense absorption peak at  285, which 

corresponds for Zn nanoparticles, while very small 
asymmetry towards higher wavelength side, which prove 

evolution of small peak at 358, for ZnO. It proves that at 

higher surfactant concentration and at room temperature 

mostly Zn nanoparticles have been synthesized with small 

quantity of ZnO. 

Figure 1: UV visible absorption spectra of colloidal solution 

of nanoparticles synthesized in 0.1, 10 and 100 mM of SDS 

at room temperature 

 

3.2 TEM Images 
 

TEM image of nanocomposite material synthesized by 

pulsed laser ablation at room temperature in 0.1, 10 and 100 

mM SDS have shown in figure 2 (a), (b) and (c) 

respectively. It is found that particles synthesized in 0.1mM 

SDS have larger size in comparative 10 and 100mM 

solution. It is clear from figure that particles synthesized in 

0.1mM SDS solution have spherical shape while that 

particles synthesized in 10 mM have elongated shape with 

Zn core/ ZnO shell like structure,  and particles synthesized 

in 100mM SDS have cubical shape. Thus by varying the 

surfactant concentration we can synthesized nanoparticles of 

different size and shape. 

 

Figure 2: TEM Images of the nanocomposite 

synthesized in (a) 0.1mM, (b) 10mM and (c) 100mM SDS 

solution. 
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3.3 PL Spectra 
 

Photoluminescence spectra of Zn-ZnO inorganic / SDS 

organic Nanocomposite material synthesized by pulsed laser 

ablation in aqueous media of  0.1mM SDS by varying media 

temperature at 50 and 90 °C, while that for RT inside the 
inset, are shown in figure 3 (a). 

 

Figure 3: Photoluminescence Spectra of Zn-ZnO 

inorganic/SDS organic nanocomposite synthesized by pulsed 
laser ablation in aqueous media of (a) 0.1mM and (b) 10mM 

SDS solution 

 

 It is very interesting results that the intensity of 

luminescence highly dependent on the temperature of the 

ablation media. It is observed that PL intensity increases 

rapidly with the increase in temperature of the liquid 

environment during ablation.  Material synthesized in 0.1 

mM SDS solution at RT has three emission peaks centered at 

540 nm, 552 nm and 569 nm, which provide information 

about different defect levels in the crystal. As temperature of 

the ablation media increases, peaks at 540 and 569 
disappear, while that of intensity of 552 nm peak rapidly 

increases. Similar effect is also shown in the case of 

Nanocomposite synthesized in 10 mM solution of SDS 

shown in figure 3 (b). 

 

 

 

 

 
 

 

 

 

 

Figure 4: (a) Plot of PL intensity Vs. surfactant 

concentration at constant temperature, (b) Plot of PL 

intensity Vs. temperature at constant surfactant 

concentration  

 

But there is a very important and interesting difference 
between PL from materials synthesized in 0.1 and 10mM 

SDS and their variation with temperature.  In the case of 0.1 

mM solution, intensity increases almost linearly with 

ablation temperature, while that of in 10 mM, there is very 

fast increase from RT to 50 degree centigrade and 

comparatively slow increase from 50 – 90 degree centigrade 

temperature shown in figure 4. This phenomenon became 

prominent for the materials synthesized at 90 degree 

centigrade temperature. PL intensity increases almost 11 

times for 0.1 mM and 200 times for 10 mM SDS Solution 

with the increase of media temperature from RT to 90 

degree centigrade.  

 

4. DISCUSSIONS 
Photoluminescence spectra observed in the green region 

are mainly due to the defect layer on the surface of the 
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nanomaterials, which can be manipulated by changing 

surface chemistry of the synthesized materials. Change in the 

SDS concentration and temperature of the ablating media 

modifies surface structure, composition and defect of the 

synthesized materials, therefore luminescence efficiency 

widely change. There is one interesting thing that almost all 

semiconductor Nanocrystals require UV light for their 
excitation, while sample reported in this literature is excited 

with 514.7 nm of Ar+ ion laser and emit strong 

luminescence. There are two probable mechanisms behind 

the photoluminescence phenomenon in this case. In one of 

the case  there may be two photon excitation, and emission 

of blue/ violet light corresponding to band gap transition and 

green line, which mainly originates due to the cation or/ and 

anion defects in the Zn/ZnO crystals. Electrons in the 

valance band absorb 514.7 nm (2.4 eV) photon and may 

excited to the electron/ hole trap level. Electrons in this level 

may be excited and transit to the conduction band by 

absorption of second photon. Transition of some electrons 
from valance band to conduction band generates photons 

(Blue/ Violet) corresponding to band gap of the crystals, 

while rest of the electrons transit to the defect levels by 

losing some of their energy by collisional relaxation. 

Transition of these electrons from defect levels close to the 

bottom of conduction band ( Interstitial cation level/ Electron 

trap level) to valance band or/ and to the defect level ( Anion 

vacancy/ hole trap level), above the top of valance band emit 

photons in the green regions. If first scheme is responsible, 

then there should be emission in the blue/ violet region, but 

we are not sure about the emission in that range. Other 
mechanisms may be also possible in such a way that Zn/ZnO 

nanoparticles may absorb energy from laser excitation and 

transit to the electron/ hole trap level from valance band, and 

emitting green luminescence by de-excitation from that level 

to oxygen vacancy level. 

On the basis of above reaction mechanisms formation of 

Zn, Zn-ZnO Nanocomposite and Zn core/ ZnO shell 

structures taken place in the following three steps:               

(a) Generation of high temperature and high pressure plasma 

after the interaction of laser light with matter (b) Ultrasonic 

and adiabatic expansion of the plasma plume against the 
liquid environment, cooling of the plasma and formation of 

cold clusters (c) With the extinguishment of the plasma, the 

produced clusters encounter the solvent and surfactant 

molecules in the solution, which induces some chemical 

reactions and capping effects. There is a competitive 

mechanisms between aqueous oxidation of zinc clusters to 

form Zn(OH)2 molecules, which can easily dissociate to 

form ZnO molecules, and  SDS capping for termination of 

growth. Following chemical processes may be possible 

during laser ablation and cluster formation.   

 Zn (atoms) → Zn (Clusters and nanoparticles) 
 Zn (Cluster) + 2H2O = Zn(OH)2 + H2 

 Zn(OH)2 = ZnO +H2O 

 Zn (Cluster) + SDS → ZnDS + S 

  
 

5. CONCLUSIONS 
 
Zn-ZnO nanocomposites have synthesized successfully 

using pulsed laser ablation technique in aqueous media of 

SDS by varying the temperature of the media. Absorption 

spectra confirmed the synthesis of nanocomposite. We have 

found that by varying surfactant concentration and 

temperature of liquid media different stoichiometry ratio of 

Zn and ZnO observed.  
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