
Instructions – DC/AC 

 The files come in three different extensions, compatible with notepad: .RES, .SEB and .SER. 

The file .RES contains data for resistivity measurements, both AC and DC. The .SEB files contain all 

measurement points for Seebeck coefficient. The .SER files contain calculated values of Seebeck 

coefficients. 

 The typical format of the .RES file looks as follows: 

 

Fig. 1. An exemplary .RES file.  

Sample's dimensions 

1st column - temperature point, since we use 5 different voltages for both AC and DC, the total 

number of rows is 10 - 1-5 are AC, 6-10 - DC 

2nd column - time of the measurement 

3rd column - temperature on the electrode with heater 

4th column - temperature of the reference electrode 

5th column - voltage 

6th column - current 

7th column - voltage for the second run with opposite polarization (only DC) 

8th column - current for the second run with opposite polarization (only DC) 

9th column - resistance (total) 

10th column - resistivity (normalized with respect to the sample's size) 

 

The .RES files are necessary to calculate the conductivity of our samples, and to plot the Arrhenius 

relation. The conductivity can be calculated as: 
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Since in our case, we already have the value normalized with respect to the sample's dimensions,  

we can use the values of resistivity from 10th column directly: 
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Then, we have to use the Arrhenius equation: 
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Taking the natural logarithm: 
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Now, what we have to do, is to plot this relation in a lnσT(1/T) coordinates. Then, we will see that the 

relation has a linear character, which may change with the temperature. Usually, we observe 2 or 3 

separate stages, characterized by different slopes. For each stage, we should perform a linear 

regression, obtaining in the process the value of energy of activation, characteristic for a given stage.  

In each .RES file a whole history of the measurement is saved. That means that the data can be from 

two different runs: from room temperature to 1000 °C, and back from 1000 °C to room temperature.  

 The typical format for the .SEB file looks as follows: 

 

Fig. 2. An exemplary .SEB file.  

1st column - measurement point (for each temperature point, 10 measurements are performed) 

2nd column - time of the measurement 

3rd column - temperature on the electrode with heater 

4th column - temperature of the reference electrode 

5th column - the difference between these temperatures ΔT 

6th column - measured potential ΔV 

7th column - number of temperature point 

 

The Seebeck coefficient S is defined as: 
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To calculate its value for a given temperature point, we have to plot the ΔV in a function of ΔT and 

calculate the slope of the resulting function: 

 

y = -136,18x + 1032,9
R² = 0,9923
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Fig. 3. An exemplary determination of Seebeck coefficient.  

Similarly as previously, in each .SEB file a whole history of the measurement is saved. That means 

that the data is in fact for two different runs: from room temperature to 1000 °C, and back from  

1000 °C to room temperature.  

 The results from procedure shown in the Fig. 3 are compiled for all temperature points in .SER 

file: 

Typical format for the .SER file looks as follows: 

 
Fig. 4. Exemplary .SER file.  

1st column - temperature point  

2nd column - temperature 

3rd column - value of Seebeck coefficient 

4th column - value of the R2 correlation factor 

 

 A typical way of determining the potential of a given material in the thermoelectric 

application, is to calculate its figure of merit ZT: 
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where: σ - electrical conductivity, S - Seebeck coefficient, T - temperature, and κ - thermal 

conductivity (remember about the common units!).  

Except for the last property, all other can be extracted from the .RES and .SEB file. The κ can be 

calculated for the spinel samples 32 and 36, using the following equation: 

 1 1 1.8692443174 7.3970Wm K T − − −  = +    (1.7) 

 

What is to be done: 

- calculate conductivity and plot the Arrhenius relation for 4 different measurements runs (remember, 

we have 2 per file) 

- calculate the energies of activation for each plot and for each distinct stage (if two or more different 

slopes are present) 

- plot the temperature dependence of Seebeck coefficient for each of the measurements (remember, 

that the .RES files and .SER files of the same name refer to exactly the same measurement) 



- using the values of σ, S, and T, as well as relations (1.6) and (1.7), calculate the ZT for samples 32 

and 36.  

In the report there should be: 

- 4 figures with Arrhenius plots 

- 4 tables with the values of energies of activation for each measurement 

- 4 tables and 4 figures with ZT(T) for each of the measurements - only samples 32 and 36.  

- a few words of comment, maybe comparison with some literature values - "impress me" 

32 - (Co,Cr,Fe,Mn,Ni)3O4 

36 - (Co,Cr,Fe,Mn,Mg)3O4 

Instructions – EIS 

In the excel file “117” there are 4 sheets, each with 3 columns: frequency (f), resistivity (Z’) and 

reactance (Z”). The results were measured at four consecutive temperature points (150, 200, 250 and 

300°C, as indicated in the sheets’ names) for the (Ce,Gd,Nd,Pr,Sm)O2-δ material. In the next file 

“EIS”, a solver with an implemented solution for the following equivalent circuit is prepared: 

 

 

 

 

Fig. 4. Equivalent circuit for the (Ce,Gd,Nd,Pr,Sm)O2-δ. 

As can be seen, we can distinguish two R-CPE circuits. The first of them describes the properties of 

the bulk, while the second of the grain boundaries in the material. The CPE abbreviation stands for the 

constant phase element, which describes non-ideal behavior of the capacitor: 
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Where C – non-ideal capacity, α – constant. For the values of α equal to 1, our CPE behaves like an 

ideal capacitor, for the values equal to 0 – like a resistor.  

In order to find the values of resistivity and capacity characteristic for the bulk and grain boundary 

conductivity, we have to run an optimization of our experimental results. To perform this operation, 



we have to copy the Z’ and Z” values from the “117” to columns C and D in “EIS” file (highlighted in 

green). Then, we can start the comparison of the theoretical values with the experimental ones. In 

columns M to P, are the starting parameters for our optimization (highlighted in yellow). All values, 

except for α, are given as exponents, based on which are calculated the final values (blue).  

So, first, we copy the values from “117” to green columns: 

 

Then, we try to set the values in yellow cells, to get our “Zmodel” plot to similar ranges as the 

experimental “Zexp” (just similar, not identical): 

 

Then, we use the “solver” plug-in (“dane” menu in excel): 



 

All the setups are visible in the above figures. Our optimization is based on the least squares element 

method, implemented in the column I and summarized in our target function in cell K2 (red). After 

solving the task, we should get the optimized plots and final values (blue): 

 

The value in cell O3 represents the resistivity of the bulk, while the value in cell P3 describes the 

resistivity of the grain boundaries. Using the eq. (1.1), we can then calculate the conductivity for both 

cases, and plot the Arrhenius plots according to eqs. (1.3) and (1.4). The dimensions for the sample are 

as follows: 

• l = 0.97 mm 

• A = 52.17 mm2 

 What is to be done: 

- Perform the optimization for all 4 temperatures, save the optimized files for each of them and 

attach them to the report. 

- Gather all plots and optimized values and put them into the report. 

- Recalculate the obtained resistivity values into conductivity and create Arrhenius plots, one 

for the bulk and one for the grain boundaries. 

- Calculate the energies of activation for both mentioned processes. 


