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Abstract 
Time Differential Perturbed Angular Correlation method is suitable for determining interaction 
frequencies and electric field gradient using radioactive probe nuclei. When large interaction 
frequencies are expected then we need fast timing measurement instruments. In our experiment we used 
BaF2 crystal in our TDPAC setup. The present study was carried out on HfTe2 using 181Ta as probe 
nuclei in two detector geometry setup.  
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Introduction 
Time Differential Perturbed Angular Correlation measurements are important in studying materials 
where probe nuclei are radioactive. Researchers has observed that the Time Differential Perturbed 
Angular Correlations (TDPAC) is one of the most attractive and productive experimental technique for 
the microscopic studies of solid-state properties, cekic et al, 2004. It  is well known that the  (111In→) 
111Cd and (181Hf→) 181Ta nuclides, both as native atom or as an impurity in a given system,  are the 
most used probe-atoms in TDPAC spectroscopy, Daribba et al, 2018. 
We used Tantalum as probe in Hafnium Telluride that was procured from CERAC, USA. This material 
was sent to Bhabha Atomic Research Centre for irradiation.  
When this material is exposed to Neutron beam then neutron capture reaction takes place in Hf and it 
decays to 181Ta via - decay. In Time Differential Perturbed Angular Correlation method 133 – 482 keV 
- cascade from this source was used for the experiment.  
 
Experimental Setup and data 
Two counter time differential perturbed angular correlation setup was used for the experiment. For this 
purpose two BaF2 scintillator crystals were coupled with two fast XP2020Q photomultiplier tubes. The 
delayed gamma ray detector was set in 90o and 180o angle with respect to first counter respectively to 
take data for these two angles respectively. Anode and Cathode signals were used for timing and energy 
information respectively. The time resolution of the system was 0.6ns. 
The background data was first subtracted from the experimental data of the sample and then A22 was 
found using usual asymmetry ratio function defined as R(t)= 2[C(180o,t) – C(90o, t)]/[ C(180o,t) + 
2*C(90o, t)] as given by Arends et al, 1980. The experimental data was then least square curve fitted to 
theoretical function Y = Ao+ A1(t)+ A22G22(t).  
 
Results and Discussions 
Tellurium is a group VIA element with most probable oxidation state of 4. The electronic configuration 
of Tellurium is [Kr]4d105s25p4 and it can acquire a stable Xenon configuration by accepting two 
electrons but it exhibits a tendency of giving its four electrons and becoming an ion with valency +4. 
As far as Hafnium Telluride is concerned the electronegativity of Tellurium (2.1) is much higher than 
hafnium (1.3), and so, we can assume that in a molecule or bonding with Hafnium, which has a strong 
tendency of giving its four electrons, Tellurium will accept two electrons from Hafnium and will have 
a valency of -2. As such the structure of hafnium telluride is not very precisely known but its behaviour 
may be very much similar to that of hafnium selenide.  
Tellurides or chalcogenides of zirconium and hafnium are similar to those of titanium. TiSe2 is a 
semiconductor while phase Ti1+pTe2 has a structure of the Cd(OH)2-NiAs type. Disulphides and 
diselenides of Zr and Hf are also semiconductors. The band gap increases in the sequence Ti<Zr<Hf 
and Te<Se<S. These compounds have structures of Cd(OH)2 type. Also additional metal atoms can be 
inserted between the slabs to give compositions M1+pS2, M1+pSe2, or M1+pTe2 (Hulliger, 1968 & Sharp, 

International Journal of Scientific Research and Review

Volume 7, Issue 8, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/565



1972). In most of the dichalcogenides of Nb and Ta (and Mo and W), the metal has trigonal-prismatic 
coordination. The occurrence of this coordination geometry in transition-metal compounds has been 
discussed by Huisman et al (1971). Simple molecular-orbital calculations indicate that d-covalency 
provides a stabilising factor for trigonal-prismatic coordination, as compared with octahedral 
coordination for atoms with a do, d1 or spin-paired d2 configuration. This explains the occurrence of 
trigonal-prismatic coordination of Nb, Ta, Mo and W in their dichalcogenides and also in the heavier 
alkali metals (Huisman et al, 1971). 

 

Figure 1: TDPAC spectrum of 181Ta in HfTe2 (1ch = 0.2ns) 
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The Figure 1 shows the TDPAC spectrum of the 181Ta in HfTe2. The solid lines represent the least 
square computer fit of the data. From the computer fit the interaction frequency has been found to be 
900Mhz(17) with =0.43 with spread of about 14 percent and 2= 0.81. The Electric field gradient has 
been observed as 1.48 X 1022 V/m2.  
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