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Abstract: 

 

Mercury selenide nanostructures have been synthesized through a simple and convenient wet 

chemical route. The synthesized nanostructures have been characterized by X-ray diffraction 

(XRD), Uv-Vis spectroscopy and high resolution trnamission electron microscopy (HRTEM). 

The average partcile size is found to be 10.30 nm and the nanostrcures are polycrystalline in 

nature. The consolidated nanostrcures exhibits semiconducting behavior in the temperature 

range of           . The temperature variation of the conductivity has been analyzed 

in detail and it has been found that Mott’s variable range hopping (VRH) conduction 

mechanism along with weak localization, charge carrier - charge carrier interaction have 

significant contributions,  depending over the tempearture range.  

Keywords: Mercury selenide, dc conductivity, Variable range hopping conduction 

mechanism, Mott’s charateristics temperature 

1. Introduction 

II-VI semiconducting nanoparticles have been of significant interest due to their wide 

existing and potential applications [1-4]. Among the different selenides cadmium 

selenide (CdSe), Zinc selenide (ZnSe) nanostructures have got tremendous attention 

due to their wide bandgap and size tunueable photoemission propeties [5-8]. This 

„bandgap engineering‟ or control of particle size can be done meticulously by 

controlling the nucleation growth during synthesis procedure. The most common 

approach for the synthesis of nanostructured selenides is the „organomettalic 

route‟[9]. However as the route involves requirement of high temperature and highgly 

toxic materials like TOP/TOPOSe, some more greener route were later on invented 

and succesfully implemented yielding comparative results [10,11,12]. Again when the 
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nanocrystal‟s size becomes comparable to the excitonic bohr radius they  are called 

quantum dots and due to the quantum confinement effect they shows off some 

scientifically interesting results. There are a lot of reports in the literature [13-16] 

about the nanostructures of silver selenide (Ag2Se), Zinc selenide (ZnSe), lead 

selenide (PbSe), Nickel Selenide (NiSe) etc., but still the field of mercury 

chalcogenides are relatively unexplored. There are some reports on bulk mercury 

selenides (HgSe) whereas some reports focus mainly on the prepartion of HgSe 

nanostructures by different synthesis route like sonochemical method, hydrothermal 

method, wet chemical synthesis method, room temperature conversion route, using 

emulsion liquid membrane system or organomettalic route [17-20]. The toxicity of 

mercury may be one reason behind its limited study. However the behavior of this 

chalcogenide under quantum confinement is of particular interest and needs more 

attention. Here we report the synthesis of HgSe nanostructures in aqueous media at 

room temperature using thiyoglycolic acid (TGA) as the capping agent and dc 

conductivity variation in the temperature range           . The consolidated 

nanostructures exhibits semiconducting behavior between 13 K to 200 K. 

2. Experimental Methods 

In a typical synthesis procedure, a stock solution of mercury precursor was prepared 

by dissolving 0.0125 mol of mercury chloride (HgCl2) in 100 ml of de-ionized water, 

then adding equimolar amount of  TGA under constant magnetic stirring. TGA reacts 

with HgCl2  and forms a metal (Hg) complex.  pH of the solution was then adjusted to 

10.5 by adding 1M sodium hydorixed (NaOH) solution. This is marked as precursor 

A, a source of Hg
++

 ions. Sodium selenosulfate (Na2SeSO3) was used as a selnium 

precursor. For the preparation of Na2SeSO3 , 0.025 mol of Se powder and 6 gm 

sodium sulfite (Na2SO3) were mixed in 100 ml water and refulxed at 100
0
 C for 2 hr 

[21]. The resultant, nearly transparent, solution was filtered and marked as the 

precursor B. In the next step precursor B was added slowly to precursor A under 

constant magnetic stirring at room temeprature. Allowing  a reaction time of 15 min, 

the resultant black solution was centrifuged to obtain the black precipitate. It was then 

washed repeatedly with water, acetone and methanol and then dried under vacuum.  

The dried powder were then compacted into a pellet for electrical measurement. 
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3. Results and Discussion 

The X-ray diffraction (XRD) patterns of the sample was studied with an PANalytical  

X‟pert Pro MPD diffractometer with a step size of 005.0 )2(   and step time 75 s from

00 90to15 . The corresponding XRD pattern of the powder is shown in figure 1. It 

confirms the formation of cubic HgSe phase (ICSD code 24175) with space group F-

43m. 

 

Figure 1: XRD pattern of the mercury selenide nanostructures  

 

Transmission electron microscopic (TEM) image of the nanostructures is displayed in 

figure 2(a). Average particle size is calculated to be 10.3 nm. This is smaller than the 

excitonic Bohr radius of HgSe is 27 nm [17] which suggests that nanostructures are 

quantum dot in nature. The high resolution (HR)-TEM image of the sample along 

with the interplanar spacing shown in figure 2(b). In the inset of this image the 

selected area electron diffraction (SAED) pattern with marked diffracting planes is 

given. The SAED pattern suggests that the sample is polycrystalline in nature. 
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Figure 2: (a) TEM image of the HgSe nanostructures (b) HRTEM image showing 

the interplanar spacing and SAED pattern. 

 

The ultraviolet-visible (Uv- vis) absorption spectra of the sample has been studied in 

the wavelength range of 300 nm–800 nm by dispersing the sample in ethanol and is 

shown in figure 3. The nanostructures exhibit a broad absorption peak at around 435 

nm corresponding to band gap of 2.85 eV. Similar absorption edge and excitonic 

shoulder at around 3 eV was reported by Howes et al for TOPO capped HgSe 

quantum dots [17]. 

 

Figure 3: Uv-Vis absorption spectra of the HgSe nanostructures. 
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To study the dc conductivity (σ), the nanostructures were compressed to form a pellet 

with the help of a hydraulic press. The electrical measurement was carried out in a 

standard four probe method. The conductivity of the sample has been observed to 

increases with as the temperature increases from 13 K to 200 K exhibiting 

semiconducting behavior. This variation is plotted in figure 4. The temperature 

dependence of measured dc conductivity is found to be non-linear (inset of figure 4) 

indicating that Arrhenius law type behavior is not suitable to describe the observed 

temperature variation of conductivity. In Arrhenius law type conduction, there is 

thermal activation of charge carriers from valence band to the conduction band. The 

observed type of temperature dependence of conductivity can be can be explained 

considering the Mott‟s variable range hopping (VRH) model [22] which is expressed 

as-

    

where  is a constant, Mott‟s 

characteristics temperature can be expressed as ; kB is Boltzmann  

 

Figure 4: (a) Temperature variation of the dc conductivity of the consolidated HgSe 

nanostructures. Inset show the variation of lnσ with inverse of temperature. 
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constant, Lloc and  denotes localization length and density of states at the Fermi 

level respectively and   is the VRH exponent having values 1/4,1/3 and 1/2 for three 

(3D), two (2D) and one dimension (1D) respectively. It has been found that the 

plotting of ln [T
1/2

σ] versus T
-1/4

 is comparatively more linear (figure 5) indicating 

that three-dimensional variable range hopping conduction mechanisms is possible in 

the studied case. However, the full measurement range cannot be fitted with this 

single mechanism. In fact, three-dimensional variable range hoping conduction 

mechanism play its role in the temperature range of 200 K to 57 K but fails for 

temperature lower than 57 K (as shown in figure 5).  

 

Figure 5:  Plotting of temperature dependent dc conductivity as per Mott‟s VRH 

mechanism. The straight red line shows the theoretical fitting for 3D case. The inset 

shows the variation in the temperature range 27 K to 57 K as per the two-

dimensional variable range hopping. The blue continuous line shows the theoretical 

fitting. 

 

The Mott characteristics temperature in this temperature range (i.e. 200K to 57K) is 

found to be 2265 K. Interestingly in the range of 57K to 27K, two-dimensional 

( )
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variable range (2D-VRH) hoping conduction mechanism has been found to play its 

role, having the value of Mott‟s characteristic temperature of 165 K. For the 

temperature below 27K it has been found that weak localization (WL) and charge 

carrier-charge carrier interaction becomes significant.   At low temperatures, 

conductivity is decreased due to the occurrence of quantum interference phenomena 

[23], charge carrier-phonon and charge carrier-charge carrier couplings interaction. 

Coulomb interaction between the charge carriers also becomes significant. 

 

Figure 6: conductivity variation with temperature in the range 27 K to 13K. In this 

range weak localization and electron and electron interaction is prominent. 

 

The combined effect of these effects can be expressed as [23,24]                                      

 (  )   ( )    
 

    
 

    , where a, B and c are the parameters that depends on 

the extent of charge carrier-charge carrier interaction or phonon and extent of 

localization. This equation fits well in the low temperature conductivity data i.e in the 

temperature range of 27 K to 13 K and is shown in figure 6. 

 

4. Conclusion 
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In this report, HgSe nanostructures have been successfully synthesized which exhibits 

a prominent absorption peak at around 435 nm. The compacted pellet of these 

nanostructures exhibits semiconducting behavior in the temperature       

    . From the analysis of the dc conductivity it has been observed that from 57 K 

to 200K Mott‟s three dimensional VRH mechanism is the prevailing charge transport 

mechanism whereas for 57K to 27 K it is Mott‟s 2-dimensional variable range 

conduction mechanism.  This VRH mechanism fails to explain the observed variation 

in the temperature below 27 K which has been explained by the possible mechanism 

related to weak localization and charge carrier- charged carrier/phonon interaction. 

However, more work is needed to get the clear picture for the exact mechanism for 

the whole temperature range. 
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