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Description
Copper Iodide (CuI) emerges as a material in the realm of 

thermoelectric technology, particularly for applications requiring 
ambient to low-temperature energy. This semiconductor exhibits 
a wide bandgap and is categorized as a p-type material, making it 
suitable for thermoelectric generators designed to convert heat 
into electricity using the Seebeck effect. Its unique properties 
include high optical transparency and effective hole transport, 
which are advantageous for applications in transparent 
electronics and energy harvesting devices. CuI exists in three 
main allotropes depending on temperature: Zincblende γ-CuI 
(below 350℃), wurtzite β-CuI (350°C - 380℃), and rocksalt α-CuI 
(above 380℃). These phases exhibit distinct crystal structures 
affecting their thermoelectric properties, especially in terms of 
electrical conductivity and thermal stability. The valence band of 
CuI primarily consists of Cu 3d and I 5p orbitals, while the 
conduction band is dominated by Cu 4s states. Vacancies such as 
copper vacancies and other defects like iodine vacancies, antisite 
copper and copper interstitial play critical roles in modulating its 
electronic properties, particularly the carrier density and mobility 
required for efficient thermoelectric conversion.

Electrical conductivity
Despite its characteristics, CuI faces challenges in achieving 

high electrical conductivity compared to other transparent 
conductive materials like Indium Tin Oxide (ITO). This limitation 
restricts its widespread commercial use in transparent electronics 
and thermoelectric devices. To overcome this hurdle, researchers 
are exploring both intrinsic and extrinsic doping strategies to 
enhance its electrical properties. Intrinsic doping involves varying 
the stoichiometry of CuI through growth conditions or post-
fabrication treatments. These methods aim to optimize the 
formation of defects such as VCu and VI, which act as charge 
carriers in the material. However, intrinsic doping alone may not 
sufficiently increase σ to competitive levels for practical 
applications. Extrinsic doping introduces foreign elements into 
the CuI lattice to enhance its electrical conductivity. Various 
dopants, including alkali metals (e.g., Cs), metal ions (e.g., Al, Ga, 
Sn, Ag), rare-earth elements and chalcogens (e.g., S, Se, Te), have 
been investigated for their ability to improve σ. Among these, 
chalcogens are particularly

due to their low formation energy and compatibility with the CuI 
structure. Selenium doping in CuI has garnered attention for its 
potential to significantly increase Hole density (H) and thereby 
improve σ. Experimental studies, such as those conducted by and 
theoretical predictions by have highlighted Se as an effective 
dopant capable of modifying the defect chemistry within 
CuI. Reported a substantial increase in H due to Se doping, 
indicating its potential to enhance the material's electrical 
properties for practical applications [1-5].

Thermoelectric performance
Despite the progress in understanding the electrical and optical 

effects of Se doping, its impact on the thermoelectric properties 
of CuI remains underexplored. Thermoelectric performance relies 
on optimizing the dimensionless figure-of-merit (ZT), which 
depends on α (Seebeck coefficient), σ (electrical conductivity), 
and κ (thermal conductivity). Enhancing σ through Se doping 
could potentially boost the power factor (α^2σ), crucial for 
improving ZT and overall thermoelectric efficiency. Future 
research should focus on systematically investigating the 
thermoelectric properties of Se-doped CuI, including 
comprehensive studies on α, σ and κ under varying doping levels 
and crystal phases. Understanding the mechanisms governing 
charge transport and thermal properties in Se-doped CuI will 
facilitate the design of optimized thermoelectric materials for 
ambient to low-temperature applications. Moreover, integrating 
Se-doped CuI into practical thermoelectric devices could pave the 
way for sustainable energy harvesting solutions that capitalize on 
ambient heat sources [6-10]. While CuI shows promise as a 
transparent and efficient thermoelectric material, ongoing 
research into doping strategies, particularly with chalcogens 
like Se, holds significant potential for enhancing its electrical 
conductivity and expanding its applications in renewable 
energy technologies. Efforts in this direction are crucial for 
realizing CuI's role in sustainable energy generation and 
addressing global energy challenges.

References

1. Cheng QY (2020) Chemical tagging for sensitive determination of
uridine modifications in RNA. Chem Sci 10: 1-2.

Short communication

iMedPub Journals
www.imedpub.com

Journal of Organic & Inorganic Chemistry
ISSN 2472-1123

Vol.10 No.2:
2024

© Copyright iMedPub | This article is available from: https://organic-inorganic.imedpub.com/ 1

84

https://pubs.rsc.org/en/content/articlehtml/2020/sc/c9sc05094a
https://pubs.rsc.org/en/content/articlehtml/2020/sc/c9sc05094a
http://www.imedpub.com/
https://organic-inorganic.imedpub.com/


2. Han ST (2022) PUS7 deficiency in human patients causes profound 
neurodevelopmental phenotype by dysregulating protein 
translation. Mol Genet Metab 10: 1-2.

3. Peisley A (2013) RIG-I forms signaling-competent filaments in an 
ATP-dependent, ubiquitin-independent manner. Mol Cell 10: 1-2.

4. Cai SY, Zhao X, Pittelkow CM, Fan MS, Zhang X, et al. (2023) 
Optimal nitrogen rate strategy for sustainable rice production in 
China. Nature 615: 73-79.

5. Cleveland CC , Liptzin D (2007) C:N:P stoichiometry in soil: Is there 
a “Redfield ratio” for the microbial biomass? Biogeochemistry 85:
235-252.

6. Smeesters PR, McMillan DJ, Sriprakash KS (2010) The 
streptococcal M protein: A highly versatile molecule. Trends 
Microbiol 18: 275-282.

7. Aalberse RC, Stapel SO, Schuurman J, Rispens T (2009)
Immunoglobulin G4: An odd antibody. Clin Exp Allergy 39:
469-477.

8. Alberty RA (1953) The relationship between Michaelis constants,
maximum velocities and the equilibrium constant for an enzyme -
catalyzed reaction. J Am Chem Soc 75: 1928-1932.

9. Choudhury S, Moret M, Salvy P, Weilandt D, Hatzimanikatis V, et
al. (2022) Reconstructing kinetic models for dynamical studies of
metabolism using generative adversarial networks. Nat Mach
Intell 4: 710-719.

10. Bin Du, Zielinski Dc, Kavvas ES, Dräger S, Tan J, et al. (2016)
Evaluation of rate law approximations in bottom-up kinetic
models of metabolism. BMC Syst Biol 10: 40.

Journal of Organic & Inorganic Chemistry
ISSN 2472-1123 Vol.10 No.2:

2024

2 This article is available from: https://organic-inorganic.imedpub.com/

84

https://www.sciencedirect.com/science/article/abs/pii/S1096719222001317?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1096719222001317?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1096719222001317?via%3Dihub
https://www.cell.com/molecular-cell/fulltext/S1097-2765(13)00550-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1097276513005509%3Fshowall%3Dtrue
https://www.cell.com/molecular-cell/fulltext/S1097-2765(13)00550-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1097276513005509%3Fshowall%3Dtrue
https://www.nature.com/articles/s41586-022-05678-x
https://www.nature.com/articles/s41586-022-05678-x
https://link.springer.com/article/10.1007/s10533-007-9132-0
https://link.springer.com/article/10.1007/s10533-007-9132-0
https://www.cell.com/trends/microbiology/abstract/S0966-842X(10)00027-2?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0966842X10000272%3Fshowall%3Dtrue
https://www.cell.com/trends/microbiology/abstract/S0966-842X(10)00027-2?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0966842X10000272%3Fshowall%3Dtrue
https://pubs.acs.org/doi/pdf/10.1021/ja01104a045
https://pubs.acs.org/doi/pdf/10.1021/ja01104a045
https://pubs.acs.org/doi/pdf/10.1021/ja01104a045
https://www.nature.com/articles/s42256-022-00519-y
https://www.nature.com/articles/s42256-022-00519-y
https://bmcsystbiol.biomedcentral.com/articles/10.1186/s12918-016-0283-2
https://bmcsystbiol.biomedcentral.com/articles/10.1186/s12918-016-0283-2
https://organic-inorganic.imedpub.com/

	Contents
	Doping Strategies with Selenium to Increase Electrical Conductivity and Thermoelectric Performance of Copper Iodide
	Description
	Electrical conductivity
	Thermoelectric performance

	References




