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Abstract. Here, the generalized Bloch–Gruneisen (BG) function is described with wide range of 
temperatures in addition with some other parameters.  This function shows the easy and precise 
method to determine the resistivity as a function of temperature for pristine nano-MgB2 sample. 
The fitted outcomes are in resemblance with the experimental results up to 20–150 K temperature 
range. This generalized BG function is appropriate for diverse non-integers and integers values of 
n. Experimental result is full agreement with the fitted data for n = 4 integer value. Furthermore, 
the present method exposes the accuracy, easiness and preciseness of the results up to a high order 
of decimals for the determination of the resistivity as a function of temperature. 
Introduction 
In solid-state physics, the Bloch–Gruneisen (BG) function is the essential term which describes 
the contribution of phonon resistivity. BG-like behavior exhibits the influence of e–ph interaction 
on the electrical transport of nanowires [1,2] and nano-films [3,4]. The electrical resistivity has 
been measured with the help of the incomplete gamma function for pure nano-MgB2 
superconductor in the previous report [5]. The novelty of the present work is that we have adopt 
the different approach to calculate the BG function with more accuracy and preciseness rather than 
previous work [5]. In nonmagnetic crystalline materials, the electrical resistivity as a function of 
temperature, ρ (T) is defined by the Bloch–Gruneisen formula [6,7] as given below: 
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where 𝑝𝑝 =  (𝜃𝜃𝐷𝐷 𝑇𝑇⁄ ) and T is the applied temperature and 𝜃𝜃𝐷𝐷 is the Debye temperature which 
obtained from heat capacity calculations. The above Eq. (1) is applicable not only for integers, n 
but also for non-integers that has strong relation with dominant scattering mechanism [8]. The 
right side function in the above Eq. (1) can be re-written as: 
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Most terms of equation (2) extracted from the Bose–Einstein statistics [9-11] depends upon the 
kind of particles either phonons or magnons. In some literature BG function has broadly used for 
MgB2 sample to demonstrate the accuracy of the method [12,13]. 

In this study, we have evaluate the temperature dependence of resistivity for nano-MgB2 
superconductor by using BG function which is the important factor to understand the mechanism 
of the lattice behavior. The BG function can be solve for different non-integer and integer values 
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of n. The above Eq. (2) is further elaborated and numerical results attained from this equation are 
studied and compared experimentally for resistivity as a function of temperature which are in 
agreement with the previous study. 
Numerical Solution of Bloch-Gruneisen Model 
Currently, MgB2 superconductor is widely well-known by the scientists due to its inexpensive 
material cost, easy synthesis method and distinctive transport and electrical properties. Its 
transition temperature, Tc is the maximum among phonon-mediated superconductors. The 
crystalline structure of MgB2 is simple as graphite structure and layered like high-Tc cuprate 
superconductor; whereas pristine cuprates are insulators at ambient temperatures, however, MgB2 
shows the metallic behavior. It contains the hexagonal planes of B atoms sandwiched by the planes 
of Mg atoms.  

The electrical resistivity as a function of temperature for nano-MgB2 is an important factor 
which describes the electron-phonon interaction within a matrix of the superconductor. The BG 
function precisely explicates the role of e–ph interaction by the aforementioned Eq. (1). 

Let     𝑦𝑦(𝑑𝑑) =  𝑥𝑥𝑛𝑛𝑒𝑒−𝑥𝑥

(1−𝑒𝑒−𝑥𝑥)2                                                                                                                    (3) 

Applying Simpson’s rule, for ( )y f x=  in the internal [a, b] 
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Divide [a, b] into an even number of equal intervals. 
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The above expression is in indeterminate form, therefore applying the L’ Hospital’s rule we 
get  𝑦𝑦0 = 0 . 
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We have expressed below the resistivity as a function of temperature of nano-MgB2 for 
generalized BG function as evaluated above in series form. The general form of BG function can 
be analyzed as [13]: 
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Here coefficient A is related with the temperature based resistivity in Eq. (9). The parameters 
θD = 1150 K and A = 230 µΩ-cm are the polynomial fit parameters. The parameter n used in the 
present work has nearly fitting for the range 3–6 in the normal-state of the nano-MgB2 sample that 
is in good agreement with the previous report [3]. The resistivity as a function of temperature of 
nano-MgB2 is then accomplished with the help of Eq. (9) for non-integer and integer values of n 
= 3–6. 
Results and Discussion 
We demonstrates the accuracy and preciseness of aforementioned method in the present work. 
Table 1 shows the result of the Eq. (8) for integer n = 6 while Table 2 depicts the result of Eq. (8) 
for diverse non-integer and integer values of n. The proposed method described above in this 
present study is suitable for calculating the resistivity as a function of temperature up to high 
accuracy of preciseness. The evaluated outcomes achieved in these tables are in agreement with 
the previous report [3]. These tables illustrate the extensively high precise results for integer and 
non-integer auxiliary values of variables. We have constructed the algorithm in MATLAB to 
evaluate the BG function of Eq. (8) for integer and non-integer values of n that is displayed in 
Table 1 and 2. In addition, the proposed algorithm of BG function used here is favorable for 
calculating the temperature dependence of resistivity up to high order of decimals for pure nano-
MgB2. Fig. 1, evaluates the variation of temperature dependence of resistivity, ρ (T) for pristine 
nano-MgB2 superconductor with temperature range 20–250K for integer values n = 3–6. It is 
noticed that the experimental resistivity data is in agreement with the fitted parameter n = 4 up to 
temperature 150 K at normal-state of pristine nano-MgB2. In addition, it is observed that at lower 
temperature the experimental results are very much closer to the other fitted parameter integers of 
n = 3, 5 and 6 for this particular sample. The ρ (T) of fitted parameters are diverging after 150 K 
temperature. It is remarkable that the proposed BG function evaluated here is suitable to determine 
the resistivity as a function of temperature is articulated by Eq. (9) for different non-integer and 
integer values of n. It is remarkable that parameter A in Eq. (9) for pure nano-MgB2 might be 
associated with the lattice distortion near the grain boundaries.  

 

Table 1: The determined BG function J (T/θD) with Eq. (8) for n = 6 and N = 800 

T  
 

 

Eq. (8) 
35 180 1.97681054433016E+02 
170 1420 5.36481589414526E+02 
20 154 4.79434564949680E+02 
18 107 2.88975219380716E+02 
95 56 1.39443352569230E-02 

70.8 520.5 4.45300544545428E+02 
52 21 2.12764884053156E-03 

55.3 354.6 3.43090699182929E+02 
112 112 1.88543602757016E-01 
117 1180 6.42597123150886E+02 
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Table 2: Evaluated BG function J (T/θD) for N = 800 with different n values 

T  
 

 

n Eq. (8) 
24.2 114 4 3.53047917392598E-02 
45.4 316 5.5 1.85842043705552E+02 

112.3 262.6 7.43 2.62774301572033E+01 
32.4 211.7 8.7 2.78998060604394E+04 
61.3 312.2 11 2.56537347825103E+05 
79.1 108.3 12 2.52940908796277E+00 
234 832 13 1.49033930140852E+05 
278 1121 7 2.91946361395975E+02 
118 437 9 1.93515335158151E+03 
527 3274 21 3.53588752223842E+013 
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Figure 1: Comparison of experimental and fitted measured resistivity as a function of 
temperature with varying n = 3, 4, 5 and 6 for pure nano-MgB2 superconductor. 

 
Conclusions 
Conclusively, we have evaluated the BG function with integer and non-integer values of n = 3, 4, 
5 and 6. To obtained the resistivity as a function of temperature, ρ(T) for pure nano-MgB2 
superconductor at normal-state this BG function reveals more accuracy and preciseness. The 
experimental outcomes are consistent with the fitted value of n = 4 up to 20–150 K. The proposed 
method shows the significant results and easy technique for the calculation of BG function rather 
than complex method. The novelty of this technique is that we can use this generalized BG function 
for other superconductors as well.  
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