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Abstract 
Polycrystalline samples of Cu3TaVI4 (VI: S, Se and Te) were prepared by the melt and anneal method. X-Ray Diffraction (XRD) and Diffuse 
Reflectance Spectroscopy (DRS) measurements were performed in order to verify the crystal structure and calculate the indirect and direct 
band gaps of the obtained samples. Their respective absorbance spectra were compared with the optical absorption coefficient obtained by 
means of first-principles calculations.
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Introduction
Sulvanite-type compounds Cu3-MT-VI4 (MT= V, Nb or Ta; VI= S, Se or Te) have generated a lot of interest because of their 
behavior as transparent p-type semiconductors with high mobility, making them good candidates for transparent electronics [1-4] 
and also as good photovoltaic materials because of their indirect gap of approximately 1.5 eV [5]. These compounds crystallize in 
the cubic P43m (215) structure consisting of Cu, MT and VI atoms which are positioned at: 3d (0.5, 0, 0), 1a (0, 0, 0) and 4e (u, 
u, u) Wyckoff positions, respectively [6-8] (Figure 1). A summary of the structural parameters was given in a previous report [9].
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Optical energy gaps of Cu3TaS4 and Cu3TaSe4 have been measured and calculated previously; and also, optical absorption coefficients 
have been calculated in the energy range up to 20 eV for Cu3-MT-VI4 (MT: V, Nb, Ta; VI: S and Se) compounds [3,9-11]. Diffuse 
reflectance is a well-known technique that provides important information about the absorption bands of materials and it was 
frequently used in mineralogy [12-15]; moreover, it provides an experimental tool to verify first-principle calculations of the 
optical properties of semiconductors as it is the case of the optical absorption coefficient. In this work we report measurements of 
optical absorbance of Cu3TaVI4 (VI. S, Se, Te) compounds in the energy range 0.5 to 6 eV and the obtained experimental spectra 
are compared with those previously calculated and reported in literature.

Figure 1a: Unit cell of Cu3TaS4, a prototype of the sulvanite family. 
The black arrows signal the respective a, b and c axes
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Polycrystalline ingots, of about 1 g were prepared by the usual melt and anneal technique. Starting materials with a nominal 
purity of 99.99 wt. % in the stoichiometric ratio were mixed together in an evacuated (10-4 Torr) and sealed quartz tube with the 
inner walls previously carbonized in order to prevent chemical reaction of the elements with quartz. The quartz ampoule was 
heated up to the melting point of the anion (S, Se or Te) kept at this temperature for 48 h and continuously shaken by means of an 
electromechanical motor. This procedure guarantees the formation of binary species at low temperature, avoiding the existence of 
anion vapor at high temperature, which could produce explosions or anion deficiency in the product ingot. Then the temperature 
was slowly increased until 1423 K, with the mechanical shaker connected for a better mix of the components. After 24 h, the 
cooling cycle began until the anneal temperature (800K) with the mechanical shaker disconnected. The ampoule was kept at the 
annealing temperature for 1 month in order to assure that thermal equilibrium was reached. Then the furnace was switched off.

Experimental Procedure

X-ray powder diffraction data were collected by means of a diffractometer (Bruker D5005) equipped with a graphite monochromator 
(CuKα, λ = 1.54059 Å) and an X-ray tube power of 40 kV and 20 mA. Silicon powder was used as an external standard. The samples 
were scanned from 10–100º 2θ, with a step size of 0.02° and counting time of 20 s/step. The Bruker analytical software was used to 
establish the positions of the peaks and the CuKα2 components was removed from the data using a mathematical function. The 
peak positions were extracted by means of single-peak profile fitting carried out through the Bruker DIFFRACplus software. Each 
reflection was modeled by means of a pseudo-Voigt function. 

Preparation

X-Ray Diffraction (XRD)

Optical absorbance has been measured in the energy range 0.5 to 6 eV using Diffuse Reflectance Spectroscopy (DRS) technique 
using a UV-Visible-IR spectrophotometer equipped with a diffuse reflectance accessory (integrating sphere) capable of collecting 
the reflected flux. The sample was grinding in an agate mortar in order to obtain a fine powder (<10µm). Barium sulfate (Merck 
DIN 5033) was used as internal standard.

Diffusse Reflectance Spectroscopy (DRS)

In Figures 1,2 and 3, the experimental diffraction patterns for Cu3TaS4, Cu3TaSe4 and Cu3TaTe4 are displayed.

Experimental results and discussion

Figure 1b: Diffraction pattern of Cu3TaS4

Black: experimental; Red: calculated using Power Cell software [16]

No extra lines due to secondary phases are observed in the diffraction patterns indicating that the samples correspond well to 
Cu3TaS4, Cu3TaSe4 and Cu3TaTe4; however, differences in the experimental peak intensities with respect to calculated suggests 
some disorder in the samples due to their polycrystalline character and also possibly some preferential orientation in the powder 
particles. The Kubelka-Munk theory assumes that a plane-parallel layer of thickness X capable of both scattering and absorbing 
radiation is irradiated in the –x direction with a diffuse monochromatic radiation flux I (Figure 4) [17,18]. The layer is very 
extensive relative to x and can be split into infinitesimal layers of thickness dx. The diffuse radiation flux in the negative and positive 
x directions are designated I and J, respectively. If, in the passing through dx the downward flux I is decreased by an amount KIdx 
by absorption, and increased by an amount SIdx by scattering, and a similar reasoning is made for the upward flux J, then the 
following differential equations can be derived:
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Figure 3: Diffraction pattern of Cu3TaTe4

Black: experimental; Red: calculated using Power Cell software [16]

Figure 2: Diffraction pattern of Cu3TaSe4

Black: experimental; Red: calculated using Power Cell software [16]

Figure 4: Cross-sectional diagram of a powder layer in the diffuse reflectance spectroscopy (DRS) technique

−dI/dx=− (K+S) I+SJ       (1)
dJ/ dx =− (K+S) J+SI        (2)

Where K and S are the absorption and scattering coefficient of the sample, respectively
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Generally, measurements are made on layers thick enough to ensure that a further increase in thickness will fail to change the 
reflectance. Under these conditions, the reflectance is given by R∞ and Equation 3 yields:

Where F(R∞) is usually termed the remission or Kubelka-Munk (K-M) function. In Figures 5,6 and 7, the K-M function for Cu3TaS4, 
Cu3TaSe4 and Cu3TaTe4 are given.

Where R is the reflectance of the layer over a background of reflectance Rg, X the layer thickness, a = 1 + K/S and b = (a2-1)0.5.

(3)

(4)

The most general solution is:

The explicit hyperbolic solutions to this equations obtained by Kubelka were discussed in detail by Wyszecki and Stiles [19]. 
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Figure 5: (a) Experimental absorbance for Cu3TaS4 and (b) calculated optical absorption 
coefficient (α x105 cm-1); red line calculated using RBO and blue line calculated using BSE [11]

Figure 6: (a) Experimental absorbance for Cu3TaSe4 and (b) calculated optical absorption 
coefficient (α x105 cm-1); red line calculated using RBO and blue line calculated using BSE [11]
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Figure 7: Experimental absorbance for Cu3TaTe4

Figure 8: Absorbance, indirect and direct optical energy gaps obtained from Tauc’s plot for Cu3TaS4 [20]

Table 1: Comparison of experimental and calculated absorption band for Cu3TaS4 and Cu3TaSe4

Experiment and theoretical calculations coincide very well especially for the BSE method. Both compounds are transparent for 
energies lower than 2 eV as it is expected for the color of the samples (light yellow); the absorption increases from 2 eV until 5 eV, 
and then decreases. The relative maxima at 5.1 eV (Cu3TaS4) and 4.9 eV (Cu3TaSe4) observed in the experiment match very well 
with the calculated maxima for the optical absorption coefficients, 4.9 eV (Cu3TaS4) and 4.8 eV (Cu3TaSe4). In Table 1, the observed 
and calculated maxima for the absorption bands, for both compounds are show for comparison.

From the absorbance spectra, the direct and indirect energy gaps of Cu3TaS4, Cu3TaSe4 and Cu3TaTe4 were obtained (Figures 8,9 
and 10)

Cu3TaS4 Cu3TaSe4 Cu3TaTe4

Experimental Calculated [11] Experimental Calculated [11] Experimental

[eV] [eV] [eV] [eV] [eV]

5.8 -- 5.4 -- 5.3

5.1 4.9 4.9 4.8 4.6

4.5 4.6 -- 4.5 4.4

4.3 4.1 4.0 4 3.6

3.6 3.9 -- 3.7 3.3

3.2 3.3 3.2 3.2 2.6

2.8 -- 2.8 2.7 2.2

-- -- -- 2.3 1.4
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Figure 9: Absorbance, indirect and direct optical energy gaps obtained from Tauc’s plot for Cu3TaSe4 [20]

From our measurements, Cu3TaTe4 shows a direct optical band gap at the  -point of 2.39 eV in good agreement with the calculated 
value of 2.57 eV [17,18]. For Cu3TaS4 a direct optical transition between the highest valence band and the lowest conduction band 
at the  -point has been calculated at 3.36 eV, 3.6 eV and 1.91 whereas an experimental report previous to this work gives a value 
of 2.70 eV that coincides with the value measured in this work of 2.76 eV; it seems that theoretical values over- or sub-estimated 
according to the procedure [10,11,15]. For Cu3TaSe4, all the experimental values 2.35 eV 2.43 eV, including this work 2.39 eV, 
agrees very well; and also, the calculated 2.57 eV is very close to experimental [3,9,17,18]. The obtained experimental absorbance 
spectra of Cu3TaS4, Cu3TaSe4 and Cu3TaTe4 show that these compounds absorb radiation in a wide range of energy, from 1 to 6 
eV. In the case of Cu3TaS4 and Cu3TaSe4 they absorb strongly in the 3 to 5 eV which makes these compounds suitable as optical 
detectors in the visible and near ultraviolet range. For Cu3TaTe4, the maximum absorption is in the range 2 to 5 eV, wider that 
Cu3TaS4 and Cu3TaSe4, in consequence this material can be used as an optical detector from the near infrared to the near ultraviolet 
range. From the point of view of photovoltaic applications, these compounds can be used as absorbers, since they are p-type and 
have indirect gaps in the near infrared (infrared in the case of Cu3TaTe4) and direct gap in the visible part of the solar spectrum. 
Additionally, Cu3TaS4, Cu3TaSe4 are transparent materials (the only transparent Cu-based compounds that are also p-type) which 
suggest the possibility of transparent solar cells with a wide range of photon absorption [21,22].

Compound indirect direct Ref.[3] Ref.[9] Ref.[20] Ref.[10] Ref.[11] Ref.[22]

 [eV] [eV] [eV] [eV] [eV] [eV] [eV] [eV]

Cu3TaS4 1.07 2.76 2.70*  1.91** 3.36** 3.6**  

Cu3TaSe4 1.12 2.39 2.35* 2.43*   2.7**  

Cu3TaTe4 0.38 2.39      2.57**

Figure 10: Absorbance, indirect and direct optical energy gaps obtained from Tauc’s plot for Cu3TaTe4 [20]

*Experimental; **Calculated
Table 2: Experimental indirect and direct optical energy gaps for 
Cu3TaS4, Cu3TaSe4 and Cu3TaTe4 compared with previous reports



J Mater Sci Metall  7

                                                                               Volume 1 | Issue 1
 
ScholArena | www.scholarena.com

                    

References
1. Park S, Keszler DA, Valencia MM, Hoffman RL, Bender JP, et al. (2002) Transparent p-type conducting BaCu2S2BaCu2S2 films. Appl Phys Lett 80: 4393. 
2. Tate J, PF Newhouse, R Kykyneshi, PA Hersh, J Kinney, et al. (2008) Chalcogen-based transparent conductors. Thin Solids Films 516: 5795-9.

4. J Peralta, C Valencia-Balvín (2017) Vibrational properties of Cu3XY4 sulvanites (X = Nb, Ta, and V; and Y = S, and Se) by ab initio molecular dynamics. Eur Phys 
J B 90: 177.

3. PF Newhouse, PA Hersh, A Zakutayev, A Richard, Platt HAS, et al. Thin film preparation and characterization of wide band gap Cu3TaQ4 (Q = S or Se) p-type 
semiconductors. Thin Solids Films 517: 2473-6

5. Polycrystal material with sulvanite structure and application thereof (2010).
6. R Nitsche, P Wild (1967) Crystal Growth and Electro‐optic Effect of Copper‐Tantalum‐Selenide, Cu3TaSe4 J Appl Phys 38: 5413-4.
7. AE Van Arkel, C Crevecoeur (1963) Quelques sulfures et séléniures complexes. J Less Common Met 5: 177-80
8. Lu YJ, Ibers JA (1993) Synthesis and Characterization of Cu3NbSe4 and KCu2TaSe4. J Solid Sate Chem 107: 58-62.
9. P Grima-Gallardo, M Salas, O Contreras, C Power, M Quintero, et al. (2016) Cu3TaSe4 and Cu3NbSe4: X-ray diffraction, differential thermal analysis, optical 
absorption and Raman scattering. J Alloys Compd 658: 749-56.
10. MA Ali, N Jahan, Islam A K A M Islam (2014) Sulvanite Compounds Cu3TMS4 (TM= V, Nb and Ta): Elastic, Electronic, Optical and Thermal Properties using 
First-principles Method. J Sci Res 6: 407. 

13. J Torrent, V Barrón (2002) Diffuse reflectance spectroscopy of iron oxides Encyclopedia of surface and Colloid Science 1: 1438-46.

11. W F Espinosa-García, S Pérez-Walton, J M Osorio Guillén, C Moyses Araujo (2017) he electronic and optical properties of the sulvanite compounds: a many-
body perturbation and time-dependent density functional theory study. J Phy Condens Matter 30: 035502.
12. G Magela da Costa, V Barrón, C Mendonça Ferreira, José Torrent (2009) The use of diffuse reflectance spectroscopy for the characterization of iron ores. Miner 
Eng 22: 1245-50.

14. AC Scheinost, A Chavernas, V Barrón, J Torrent (1998) Use and Limitations Of Second-Derivative Diffuse Reflectance Spectroscopy in the Visible to Near-In-
frared Range to Identify and Quantify Fe Oxide Minerals in Soils. Clays Clay Miner 46: 528-36.
15.V Barron, J Torrent () Use of the Kubelka—Munk theory to study the influence of iron oxides on soil colour. J Soil Sci 37: 499-510.
16. Federal Institute for Materials Research and Testing.
17. P Kubelka, F Munk (1931) A Contribution to the Optics The FarEin Contribution to the Optics of the Painted Coatings [Ein Beitrag Zur Optik Der Farban-
striche] J Tech Phys 12: 593-601.

19. G Wyszecki, WS Stiles (1982) Color science: Concepts and methods, quantitative data and formulae, (2nd edn). John Wiley & Sons, New York.
18. P Kubelka (1948) New Contributions to the Optics of Intensely Light-Scattering Materials Part I. J Opt Soc Am. 38: 448.

Optical absorbance measurements were performed on Cu3TaVI4 sulvanites (VI. S, Se, Te) in the energy range 0.5 to 6 eV. The 
obtained spectra were compared with previous calculations by first principles and the agreement is very good. From the absorbance 
curves the direct and indirect optical band gaps were obtained using Tauc’s plots and compared with previous reports. It was found 
that direct transition values agree very well with experimental and theoretical reports with the exception of Cu3TaS4 for which the 
theoretical values seems to be over- or sub-estimated.

Conclusion

21. J Tauc (1968) Optical properties and electronic structure of amorphous Ge and Si. Mater Res Bull 3: 37-46.

20. WF Espinosa-García, AM Aramburu, JM Osorio Guillén (2008) Electronic properties of the sulvanite compounds: Cu3TMS4 (TM=V, Nb, Ta). Colomb J Phys 
40: 36-9. 

22. MA Ali, M Roknuzzaman, MT Nasir, A K M A Islam, SH Naqib (2016) Structural, elastic, electronic and optical properties of Cu3MTe4 (M=Nb(M=Nb, Ta) 
sulvanites - An ab initio study. Int J Mod Phys B 30:1650089 

https://aip.scitation.org/doi/10.1063/1.1485133
https://www.sciencedirect.com/science/article/pii/S0040609007016951
https://link.springer.com/article/10.1140/epjb/e2017-80050-7
https://www.sciencedirect.com/science/article/pii/S0040609008013990
https://patents.google.com/patent/CN102031565A/en
https://aip.scitation.org/doi/10.1063/1.1709339
https://www.sciencedirect.com/science/article/pii/0022508863900110
https://www.sciencedirect.com/science/article/pii/S002245968371323X
https://www.sciencedirect.com/science/article/abs/pii/S0925838815315346
https://arxiv.org/abs/1510.05564
https://bit.ly/2zUqJa5
https://iopscience.iop.org/article/10.1088/1361-648X/aa9deb/meta
https://www.sciencedirect.com/science/article/abs/pii/S0892687509001587
https://www.clays.org/journal/archive/volume 46/46-5-528.pdf
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2389.1986.tb00382.x
https://www.ccp14.ac.uk/ccp/web-mirrors/powdcell/a_v/v_1/powder/e_cell.html
https://www.wiley.com/en-us/Color+Science%3A+Concepts+and+Methods%2C+Quantitative+Data+and+Formulae%2C+2nd+Edition-p-9780471399186
https://www.osapublishing.org/josa/abstract.cfm?uri=josa-38-5-448
https://www.sciencedirect.com/science/article/pii/0025540868900238
https://bit.ly/2Eq9fWT
https://www.worldscientific.com/doi/10.1142/S0217979216500892

