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I. Introduction 

Nanotechnology is the organization of matter on nanometer scale.  In this process of organization of matter on 

nanometer (1-100nm) scale, spatial confinement of electrons and holes take place. In 1959, physicist Richard 

Feynman gave a lecture at the California Institute of Technology entitled “There’s plenty of room at the bottom”. 

Feynman described a process by which the ability to manipulate individual atoms and molecules might be 

developed, using one set of precise tools to build and operate another proportionally smaller set, so on down to 

needed scale. Dr. Norio Taniguchi defined the term “nanotechnology” in a 1974 paper titled    “On the Basic 

Concept of ‘Nano-Technology’ ”. In it, “nanotechnology” is referred to as the ability to engineer materials 

precisely at the nanometer level [1]. In the 1980’s Dr. K. Eric Drexler explored the basic idea of this definition in 

much more depth. He promoted the technological significance of Nano-scale phenomena and devices in 1986 in 

his book “Engine of Creation: The coming Era of Nano- technology”. In it, Drexler placed his nanotechnology 

focus on molecular machining saying that the “new technology will handle individual atoms and molecules with 

control and precision” [2].  

A unique aspect of nanotechnology is the vastly increased ratio of surface area to volume present in many 

nanoscale materials which opens new possibilities in surface-based science. A number of physical phenomena 

become noticeably pronounced as the size of the system decreases. Changing the size of a material by only a 

few nanometres can have a significant impact on the properties of that material, allowing for a great variety and 

uniqueness to new designs In nanometre size created products, due to spatial confinement of electron and holes, 

the chemical, physical and biological properties strongly differs from those of the bulk solids, these become a 

totally new class of materials with potentially valuable applications. By patterning matter on the nanometre 

scale, it is possible to very fundamental properties of materials without changing chemical composition. 

Size quantization refers to the change in the energy level structure of material as material unit size drops below a 

certain size.  When the size of a nanocrystal is smaller than the de Broglie wave length, electrons and holes are 

spatially confined and electric dipoles are formed, and discrete electronic energy level would be formed in all 

materials.  Similar to a particle in a box, the energy separation between adjacent levels increases with decreasing 

dimensions.  The quantum size effect is most pronounced for semiconductor nanoparticles where the band gap 

increases with a decreasing size, resulting in the inter band transition shifting to higher frequency.    

The band gap of a semiconductor is, by definition [3], the energy necessary to create an electron and a hole, at 

rest with respect to the lattice and far enough apart so that their Coulomb attraction is negligible. If one carrier 

approaches the other, they may form a bound state (Wannier exciton) at energy slightly below the band gap. For 

bulk semiconductor, the dimension of the exciton can be theoretically calculated by Bohr radius [4]. 

aB   =    ħ κ  /  α e
2

  ,      α  =   memh  /  me+mh 

Where ħ is defined as Planck’s constant h divided by 2∏ , κ is the dielectric. 

constant, α is the exciton reduced mass, and me and mh are the electron and hole effective masses respectively. 

However, if the radius of a semiconductor nanocrystal is reduced to less than its exciton Bohr radius, we can 

imagine that the exciton will be strongly confined in this limited volume and the electronic structure of the 
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three-dimensionally confined electrons and holes will be drastically modified. The term quantum confinement, 

describes this confinement of the exciton within the physical boundaries of the semiconductor.         

Quantum confinement is an inherent phenomenon for all the low-dimensional semiconductors, such as 

“quantum well”, “quantum wire”, and “quantum dot”, which describe confinement in 1, 2 and 3 dimensions, 

respectively. The exciton Bohr radius is often used to judge the extent of confinement in a semiconductor 

nanocrystal with radius, a. In the analysis of experimental data, one needs to consider three different regimes: a 

> aB   , a ~  aB   , and a <  aB   , which are weak confinement, intermediate confinement and strong confinement 

regimes, respectively [5]. For QDs, it is in the strong confinement regime that the optical properties are most 

affected and studied. 

II. Synthesis 

During the last one decade, a number of synthesis methods have been reported for the preparation of various 

intrinsic semiconductor nanocrystals [6-9] and the methods of preparation for doped nanoparticles are still 

evolving [10-11].  Top-down and bottom-up are used as two approaches for assembling nanoscale materials and 

devices.  All the nanophosphor samples reported in present paper were prepared by chemical precipitation 

method at room temperature [12].For the synthesis of intrinsic ZnS nanocrystals, initially 4 ml of 1 % of pvp 

solution was mixed with 25 ml of 0.5 molar solution of zinc acetate under vigorous stirring.  Then 25 ml of 

(appropriate stoichiometric concentration) of 0.5 molar sodium sulphide solution was added dropwise to the 

previous solution with continuous stirring. Resulting colloidal solution was centrifuged with centrifugal machine 

(15 min, 600 rpm). Then the solvent was decentred and the residual material was washed thoroughly with 

distilled water several times and dried in a vacuum oven at 80°c for 2-3 hours. 

Synthesis technique for Cu doped ZnS nanocrystals is similar to synthesis of intrinsic ZnS nanocrystals. For the 

preparation of extrinsic ZnS nanocrystals, appropriate amount of CuCl2 is added to the zinc acetate and 

remaining procedure is same as for the preparation of intrinsic ZnS nanocrystals. In the present course of 

investigation, five Cu doped ZnS samples have been prepared in which Cu concentration has been varied from 

0.001 atomic weight percentage to 0.1 atomic weight percentage. 

 

III. Experimental  

X-Ray Diffraction Studies: 

Crystallographic analyses have done using X-ray diffraction (XRD). XRD patterns for all the samples have been 

recorded using  Philips PW 1710 powder X-ray diffractometer with Cu Kα radiation (λ=1.541A0) keeping step 

size 0.020 s-1 in the 2θ range 20-700 at generator tension 40 kV and generator current 30 mA. Fig. 1 shows XRD 

pattern recorded for ZnS: Cu (1.0%) nanoparticles. This reveals that the particles exhibit a zinc-blende crystal 

structure. The three diffraction peaks corresponding to (111) [d = 3.13 A0], (220) [d = 1.89 A0] and (311) [d = 

1.63 A0] planes of the cubic crystalline ZnS have been observed. Due to the size effect, the XRD peaks tend to 

broaden and their widths become larger as the particles become smaller. From XRD analysis, no characteristic 

peaks of impurity phases have been observed. The average size of crystallites have been estimated from XRD 

diffractogram using the Debye–Scherer formula [13-17] 

0.89

cos
D



 


 
Where D is the average crystallite size, β is the full-width at half maximum (FWHM) of X-ray reflection 

expressed in radians and θ is the position of diffraction peak in the diffractogram. Average crystallite size 

calculated from recorded XRD patterns is ~3.0 nm. 

 
                                           Fig. 1 XRD pattern of ZnS:Cu (1.0%) nanoparticles 
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Transmission Electron Microscope (TEM) Studies: 

Transmission electron microscope (TEM) is a good tool for morphological studies of nanostructures. Fig.2. 

shows TEM image of ZnS:Cu (1.0%) nanopaticles, recorded using JEOL JEM 2000 Ex type electron 

microscope operated at 100 kV. Average particle size calculated from TEM is ~3.0 nm. 

 
Fig 2. TEM image of ZnS:Cu (1.0%) nanoparticles 

 

Time Resolved Laser Induced Photoluminescence Measurements Of Cu Doped ZnS Nanophosphors: 

Time resolved laser induced photoluminescence spectra have been recorded using high peak power, pulsed N2-

laser. Cu doped ZnS nanoparticles show dichromatic emission spectra (λ1=420nm & λ2= 525nm).  Decay curves 

recorded for all the samples are multi-exponential. Fig. 3 shows decay curve recorded for ZnS:Cu (0.001%) at 

λ= 525 nm. 

 
Fig. 3. Multi-exponential decay curve for ZnS:Cu (0.001%) (λ = 525 nm) 

 

 
 

Fig.  4 Ln (I) vs time curve for ZnS:Cu (0.001%) (λ = 525 nm) 

Fig. 4 Ln (I) vs time curve for ZnS:Cu (0.001%) (λ = 525 nm) Which yields slope p`1=169779 s-1, τ`1= 5.89 

μs, E`1=2.021 ×10-2  eV 
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Fig.5 Ln (I) vs time curve for ZnS:Cu (0.001%) (λ = 525 nm) which  yields slope  p`1=169779 s-1, τ`1= 5.89 

μs, E`1=2.021 ×10-2  eV 

 
 

Fig.6 Ln (I) vs time curve for ZnS:Cu (0.001%)  (λ = 525 nm)   which yields slope  p`2= 98039.2 s-1, τ`2= 

10.20 μs, E`2= 2.148×10-2eV 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7 Ln (I) vs time curve for ZnS; Cu (0.001%)  (λ = 525 nm)   which   yields slope  p`3 = 51948.0 s-1, τ`3= 

19.25μs, E`3= 2.29×10-2  eV 
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Table 1 Excited state lifetime values of ZnS: Cu nanophosphors recorded for purple and green emission 

 

Table 2 Trap-depth values of ZnS: Cu nanophosphors recorded for purple and green emission 

 

IV. RESULTS AND DISCUSSION  

Intrinsic and extrinsic ZnS nanoparticles have been synthesized using simple chemical precipitation method. 

Crystallographic analyses carried out with XRD show zinc blende (cubic) structure with average crystallite size    

~ 3.0 nm. Average particle size calculated from TEM images is also ~3.0 nm. As average particle size observed 

from TEM studies is same as the average crystallite size calculated from XRD pattern, so every nanoparticle is a 

single nanocrystal.  

Photoluminescence studies of Cu doped ZnS nanoparticles show purple (420 nm) and green (525 nm) emission. 

Purple emission peak (420 nm) in ZnS corresponds to self-activated luminescence i.e. due to recombination of 

carriers between Sulphur vacancy (Vs) and valence band. On the other hand, green emission peak (525 nm) is 

thought to be due to recombination between Vs and Cu related acceptor center. Time resolved decay curves 

recorded for both emission wavelengths are multi-exponential in nature, one such decay curve is shown in Fig. 

3. This multi-exponential nature of decay curves show emission from various trap levels. Fig. 4 shows Ln (I) vs 

t graph for green emission decay of ZnS:Cu (0.001 %) nanocrystals, again it is not a straight line due to 

hyperbolic nature of decay curve. This Ln (I) vs t graph is a superposition of number of straight components, 

where each straight component corresponds to exponential decay from a single level. Radiative transition 

probability can be calculated from slope of each straight component, so Ln (I) vs t graph have been peeled off in 

various  (three) straight components (as shown in Figs(5-7) using  Bube method [18]  with help of computer 

simulations. Table1 & 2 show excited state lifetime and trap depth values calculated for pure and Cu doped ZnS 

nanocrystals. All the recorded decay time values are in micro-second time domain. It is clear from recorded 

data, intrinsic ZnS nanophosphors are faster than ZnS:Cu nanophosphors. Host related 420 nm emission for 

each sample is faster than corresponding dopant related 525 nm emission. Decay time and trap-depth values go 

on decreasing with increasing Cu concentration. This is due to increase in recombination rate with increase of 

free carriers. Minimum value of decay time and trap-depth for extrinsic ZnS nanophosphors is 0.66 μs and 

1.511×10-2 eV respectively for ZnS:Cu (0.1%) at λ=420nm. On the other hand, maximum values of decay time 

and trap-depth are 19.25 μs and 2.29×10-2 eV respectively for ZnS:Cu (0.001%) at λ=525nm.  

It has been observed during experiment that luminescence intensity for both emissions (420nm and 525nm) go 

on decreasing with increase in Cu concentration due to concentration quenching or caused by the formation of 

CuS. CuS particles act as nonradioactive recombination centers, as well as formation of CuS reduce 

concentration of Cu ions that are optical active luminescence centers in ZnS nanophosphors. 

 

V. CONCLUSION 

In summary, pure and Cu doped ZnS quantum dots have been fabricated by simple chemical precipitation 

method using Polyvinyl pyrrolidone as capping agent to avoid agglomeration. XRD and TEM studies reveal 

particle size ~ 3.0nm comparable with Bohr exciton radius of ZnS. This quantum dots show intense dichromatic 

emission peaked at 420nm and 525nm. Photoluminescence decay time values lie in microsecond time domain. 

These fast and efficient nanophosphors have wide applications in optoelectronic and electronics industry as fast 

and efficient phosphors, superior biological labels, solar cells, laser sources, sensors, tunnel diodes etc.      

 

 

Sr.No. 

 

Nanophosphor: Dopant (%) 

Lifetime values (μs) 

(λ  =  420 nm) 

Lifetime values (μs) 

(λ  =  525 nm) 

τ1 τ2 τ3 τ`1 τ`2 τ`3 

1. ZnS 0.42 1.05 2.83 ------- -------- -------- 

2. ZnS:Cu(0.001%) 1.72 3.68 7.81 5.89 10.20 19.25 

3. ZnS:Cu(0.005%) 1.46 3.04 7.03 3.97 7.19 13.31 

4. ZnS:Cu(0.010%) 1.02 2.67 6.21 2.27 5.12 9.43 

5. ZnS:Cu(0.050%) 0.89 2.01 5.31 1.57 3.36 7.13 

6. ZnS:Cu(0.100%) 0.66 1.52 3.92 0.93 2.65 5.02 

 

Sr.No. 

 

Nanophosphor: Dopant (%) 

Trap-depth values 

×10-2 eV (λ  = 420 nm) 

Trap-depth values 

×10-2  eV(λ  =  525 nm) 

E1 E2 E3 E'1 E'2 E'3 

1. ZnS 1.406 1.610 1.850 ------- ------ ------- 

2. ZnS:Cu(0.001%) 1.734 1.911 2.086 2.021 2.148 2.290 

3. ZnS:Cu(0.005%) 1.690 1.860 2.061 1.928 2.067 2.210 

4. ZnS:Cu(0.010%) 1.612 1.836 2.033 1.798 1.988 2.130 

5. ZnS:Cu(0.050%) 1.580 1.770 1.996 1.712 1.890 2.060 

6. ZnS:Cu(0.100%) 1.511 1.705 1.926 1.591 1.834 1.983 
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