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* Density of states (DOS) and Partial Density of States pDOS
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= Ti,SiC, contains more a-States in the 0-10 eV range.
= Ti;AlC, contains more w-States in the 0-10 eV range.

Dos Tizﬂlc pDOSs

X *Where by, is the Bloch sum for orbital i and atom a.
*Where () represents the unit cell volume, £ and n

T represent the initial and final states, f, is the Fermi-Dirac FUture \/ \/ Ork
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function for the occupied band state and the 6 function . . . .
Jr ensures the conservation of energy in the transition from " Comparisons of MAX-phases and their MXene derivatives
— an occupied state, £, to an unoccupied state, n. & and 7 = Different types of layered materials

represent the initial state and final state pOptc groups.

) ) ) . ) ) . = X-ray absorption near edge structure (XANES) spectroscopy
* Optical Properties (Optical Conductivity & Complex Dielectric Function) = Electron energy loss near edge structure (ELNES) spectroscopy

= Larger systems with distinct sub-components
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Current Research: ; e - = e.g., a macromolecule with functionally different regions

 Development of the Partial Optical Properties (POPTC) calculation following

the same methodology as the pDOS 2o h? ACkHOWlﬁdg€m€ntS

G‘E'”U“”} - 3mZw} fﬂf Lﬂ{ﬁffll — ful6(E,, — Es — hw) X
SYStemS oo (g (k. )| = ih [y (K, 1))y (i (D) — iV | g (K, 7)) This work is funded by the Department of Energy’s Kansas City National Security

| v . Y / Campus, operated by Honeywell Federal Manufacturing & Technologies, LLC, under

HEEEENENN B contract number DE-NA0002839.
wel? Reterences

- . - - 1
———— | p, Ak e[ 1 = £ I8(E, — Ep — hw) X
5 = J'.‘:E- e [1] Jeitschko W, Nowotny H, Benesovsky F. Ti2AIN, eine stickstoffhaltige H-Phase. Monatshefte f'ur Chemie und verwandte Teile anderer Wissenschaften. 1963 Nov;94(6):1198-200. Available from: https://doi.org/10.1007/BF00905710.
. . \ . [2] Jeitschko W, Nowotny H, Benesovsky F. Die H-Phasen Ti2InC, Zr2InC, Hf2InC und Ti2GeC. Monatshefte f'ur Chemie und verwandte Teileanderer Wissenschaften. 1963 Nov;94(6):1201-5. Available from: https://doi.org/10.1007/BF00905711.
L ; {{u’ A | k r) I —1th "u:'| e k r) :ﬁll “r 1 ﬂ:a‘{,l ' {k r) | — 1AV l Wy o “f{ r ]l}j] [3] Jeitschko W, Nowotny H. Die Kristallstruktur von Ti3SiC2—ein neuer Komplexcarbid-Typ. Monatshefte fur Chemie - Chemical Monthly. 1967 Mar;98(2):329-37. Available from: https://doi.org/10.1007/BF00899949.
L LR ! <y : L i AP i ' 4 =5 ! ! [4] Wolfsgruber H, Nowotny H, Benesovsky F. Die Kristallstruktur von Ti3GeC2. Monatshefte f'ur Chemie und verwandte Teile anderer Wissenschaften. 1967 Nov;98(6):2403-5. Available from: https://doi.org/10.1007/BF00902438.

[5] Beckmann O, Boller H, Nowotny H, Benesovsky F. Einige Komplexcarbide und-nitride in den Systemen Ti-{Zn, Cd, Hg}-{C, N} und Cr-Ga-N. Monatshefte f'ur Chemie / Chemical Monthly. 1969 Sep;100(5):1465-70. Available from:
https://doi.org/10.1007/BF00900159..
[6] Gonzalez-Julian J. Processing of MAX phases: From synthesis to applications. Journal of the American Ceramic Society. 2021;104(2):659-90. Available from: https://onlinelibrary.wiley.com/doi/abs/10.1111/jace.17544.

[7] Lei X, Lin N. Structure and synthesis of MAX phase materials: a brief review. Critical Reviews in Solid State and Materials Sciences. 2021 Oct:1-36. Available from: https://www.tandfonline.com/doi/full/10.1080/10408436.2021.1966384.

[8] Mo Y, Rulis P, Ching WY. Electronic structure and optical conductivities of 20 MAX-phase compounds. Physical Review B. 2012 Oct;86(16):165122. Available from: https://link.aps.org/doi/10.1103/PhysRevB.86.16512.

[9] Qian X, LiY, He X, Fan H, Yun S. First-principle study of structural and electronic properties of ternary layered Ta2AIC. Journal of Physics and Chemistry of Solids. 2011 Aug;72(8):954-6. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S0022369711001314.

[10] Ahams ST, Shaari A, Ahmed R, Pattah NFA, Idris MC, Hag BU. Ab initio study of the structure, elastic, and electronic properties of Ti3(Al1-nSin)C2 layered ternary compounds. Scientific Reports. 2021 Mar;11(1):4980. Number: 1 Publisher: Nature

© Carbon © Silicon

'"r-T{..'Il {ht”} —

.
: 1
. u__,-.- wp ]. : _ I.- ! | -] Publishing Group. Available from: https://www.nature.com/articles/s41598-021-84466-5.
[+ ,ﬂ _ CFq [ 1w ;' - O 0 1t [11] Magnuson M, Palmquist JP, Mattesini M, Li S, Ahuja R, Eriksson O, et al. Electronic structure investigation of Ti3AIC2, Ti3SiC2, and Ti3GeC2 by soft x-ray emission spectroscopy. Physical Review B. 2005 Dec;72(24):245101. Publisher: American
I T Physical Society. Available from: https://link.aps.org/doi/10.1103/PhysRevB.72.245101.

o [12] M. Xu, J. Yang, and L. Liu, Physica B: Condensed Matter 560, 146 (2019).

[13] G. Surucu, H.H. Gullu, A. Candan, B. Yildiz, and A. Erkisi, Philosophical Magazine 100, 2183 (2020).
[14] Z.M. Sun, International Materials Reviews 56, 143 (2011).
[15] W. Son, T. Duong, A. Talapatra, H. Gao, R. Arréyave, and M. Radovic, Computational Materials Science 124, 420 (2016).

T —

b

[16] M.W. Qureshi, X. Ma, G. Tang, and R. Paudel, Materials 13, 5148 (2020).

Schematic of

| 1%
l 1 /m | ',m [17] X. Qian, Y. Li, X. He, H. Fan, and S. Yun, Journal of Physics and Chemistry of Solids 72, 954 (2011).
- . . [18] X. Min and Y. Ren, J. Wuhan Univ. Technol. 22, 27 (2007).
M _— 1 - —
o- d"d 0 00— u;; 0 L "—*-4:‘___;--3" - ) relationshi P between [19] Y. Li, C. Mao, Y. Wu, Y. Shi, L. Xue, H. Li, and Y. Hu, Journal of Physics and Chemistry of Solids 121, 298 (2018)
) . o _ . I d I [20] J.-X. Jiang, S. Jin, Z.-H. Wang, and C.-L. Tan, Chinese Phys. Lett. 28, 037101 (2011).
I | 1_“ L - I - 1"., 1( - " I : 1 Ii..‘. |. f, I i Jr"il ] { pa rt I a a n tOta [21] Ching WY, Rulis P. Basic Theory and Techniques of the OLCAO Method. In: Electronic Structure Methods for Complex Materials. Oxford: Oxford University Press; 2012. Available from:
1 y 3 2

https://oxford.universitypressscholarship.com/10.1093/acprof:0s0/9780199575800.001.0001/acprof-9780199575800-chapter-3.

optical conductivity

eV (fw)

Copyright © 2023 UMKC NSC-614-5349 dated 06/2023 Unclassified Unlimited Release Contact us at: rulisp@umkc.edu



mailto:rulisp@umkc.edu
https://doi.org/10.1007/BF00905710
https://doi.org/10.1007/BF00905711
https://doi.org/10.1007/BF00899949
https://doi.org/10.1007/BF00902438
https://doi.org/10.1007/BF00900159
https://www.tandfonline.com/doi/full/10.1080/10408436.2021.1966384
https://link.aps.org/doi/10.1103/PhysRevB.86.165122
https://linkinghub.elsevier.com/retrieve/pii/S0022369711001314
https://www.nature.com/articles/s41598-021-84466-5
https://link.aps.org/doi/10.1103/PhysRevB.72.245101

	Slide 1

