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Fig. 1. The ZrSiS crystal structure of the (a) bulk, (b) mo-

nolayer, and (c) bilayer.
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Fig. 2. ZrSiS’s band structure of (a) bulk, (b) monolayer,
and (c) bilayer.
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Fig. 3. (a) The real part and (b) imaginary part of optical conductivity of ZrSiS compared with argentene; (c) contributions of in-
terband and intraband transitions to the real part of conductivity; (d) the DC conductivity of ZrSiS.
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Fig. 5. Absorbance of monolayer and bilayer ZrSiS.
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Fig. 7. The confinement ridio (a) and propagation length (b) of ZrSiS.

S 30k

& MR/ BUZ ZeSiS AL ot (i) ul
WA SE BOTI, DCRE R B R, B
POBMRA T S8 RIS ELAT = R A K i)
Pl R AR TARZAPAL, A et T8 (98
SRR AR R IMATR N, SROCHL R = 1 R
WL, R, RAGREH B ORE O TSP RA E K
(A B FHE L SXPIE S5, 722 T AR E-4)
JRAH AR ) ARARAR IR 22 (RALHR I B R
SPP YA e RE SR B AR FIAR 4,
TR TR A P AR S VT IE RS D' R
BEREE).

ARG G — PR R T BXUZ ZeSiS 1Y)
[ N R I ot o B SO 7 e 2 TR 5
SPP MJit. TEREZS o, FATAIZIR ZrSiS
PRE T HRFMK P, X 5 Z T A oe 25 R — 2L
[ I) BUZ S5 R e R 2 TR, RS 7R S
RIWFTE T R, MBHELL AN B R B4 JE e
S, FE AT DG IX PR 8] BRAE i RE5E. 1 H g fy
HA B EPEE, XHZEUK, T 8 1t 3 i
JEHA TR, HAELT AN S nT WG B EAT i
RAh, HPAZ 502 ZrSiS 78 nl WG TE N 3%
Fioi SRk fh iy 2 T 45 2 o, HZY R EE i He Ak
WAL R FER R, (BAELL AN BeATh RE SRR
R LR, A T R S R AR
B BE B R R H AR XTI ER, J2 R ZeSiS ST
VT REAT 2540 | R RO I i SR A B T S
HT—5, BRERESERRIKOLF I oM
THANHEAT5.

(10]

(1]

(12]

(13]
(14]

[15]
[16]

(17]
(18]

(19]

20]

050703-6

Novoselov K S, Jiang D, Schedin F, Booth T J, Khotkevich V
V, Morozov S V, Geim A K 2005 Proc. Natl. Acad. Sci. 102
10451

Armitage N P, Mele E J, Vishwanath A 2018 Rev. Mod.
Phys. 90 015001

Huang H Q, Liu J P, Vanderbilt D, Duan W H 2016 Phys.
Rev. B93 201114

Weng H M, Dai X, Fang Z 2016 J. Phys.: Condens. Matter 28
303001

Fang C, Chen Y G, Kee H Y, Fu L 2015 Phys. Rev. B 92
081201

Hussain G Rao X, Li N, Chu W J, Liu X G, Zhao X, Sun X
F 2020 Phys. Lett. A 384 126938

Lv B Q, Qian T, Ding H 2021 Rev. Mod. Phys. 93 025002
Neupane M, Belopolski I, Hosen M M, et al. 2016 Phys. Rev.
B 93 201104

Xue S W, Wang M Y, Li Y, Zhang S Y, Jia X, Zhou J H,
ShiY G, Zhu X T, Yao Y G, Guo J D 2021 Phys. Rev. Lett.
127 186802

Wang X F, Pan X C, Gao M, Yu J H, Jiang J, Zhang J R,
Zuo H K, Zhang M H, Wei Z X, Niu W, Xia Z C, Wan X G,
Chen Y L, Song F Q, Xu Y B, Wang B G, Wang G H, Zhang
R 2016 Adv. Electron. Mater. 2 1600228

Topp A, Queiroz R, Griineis A, Miichler L, Rost A W,
Varykhalov A, Marchenko D, Krivenkov M, Rodolakis F,
McChesney J L, Lotsch B V, Schoop L. M, Ast C R 2017
Phys. Rev. X 7 041073

Ansari L, Monaghan S, McEvoy N, Coiledgin C O, Cullen C P,
Lin J, Siris R, Stimpel-Lindner T, Burke K F, Mirabelli G,
Duffy R, Caruso E, Nagle R E, Duesberg G S, Hurley P K,
Gity F 2019 npj 2D Mater. Appl. 3 33

Xu Q N, Song Z D, Nie S M, Fang Z, Dai X 2015 Phys. Rev.
B 92 205310

Sundararaman R, Letchworth-Weaver K, Schwarz K A,
Gunceler D, Ozhabes Y, Arias T A D 2017 SoftwareX 6 278
Sundararaman R, Arias T 2013 Phys. Rev. B 87 165122

Fan H J, Ma X C, Wei L F, Wu X, Liu D L 2025 Opt.
Express 33 3361

Jian C C, Ma X C, Zhang J Q, Li J L 2022 Nanophotonics 11
531

Zhang C X, Ma X C, Zhang J Q 2022 Acta. Phys. Sin. T1
227801 [SKEEE, D, SRR 2022 Y34 71 227801)
Sundararaman R, Christensen T, Ping Y, Rivera N,
Joannopoulos J D, Solja¢i¢ M, Narang P 2018 Phys. Rev.
Mater. 4 074011

Schoop L M, Ali M N, Strafler C, Topp A, Varykhalov A,
Marchenko D, Duppel V, Parkin S S P, Lotsch B V, Ast C R


https://doi.org/10.1073/pnas.0502848102
https://doi.org/10.1073/pnas.0502848102
https://doi.org/10.1073/pnas.0502848102
https://doi.org/10.1073/pnas.0502848102
https://doi.org/10.1073/pnas.0502848102
https://doi.org/10.1073/pnas.0502848102
https://doi.org/10.1103/RevModPhys.90.015001
https://doi.org/10.1103/RevModPhys.90.015001
https://doi.org/10.1103/RevModPhys.90.015001
https://doi.org/10.1103/RevModPhys.90.015001
https://doi.org/10.1103/RevModPhys.90.015001
https://doi.org/10.1103/RevModPhys.90.015001
https://doi.org/10.1103/RevModPhys.90.015001
https://doi.org/10.1103/RevModPhys.90.015001
https://doi.org/10.1103/PhysRevB.93.201114
https://doi.org/10.1103/PhysRevB.93.201114
https://doi.org/10.1103/PhysRevB.93.201114
https://doi.org/10.1103/PhysRevB.93.201114
https://doi.org/10.1103/PhysRevB.93.201114
https://doi.org/10.1103/PhysRevB.93.201114
https://doi.org/10.1103/PhysRevB.93.201114
https://doi.org/10.1103/PhysRevB.93.201114
https://doi.org/10.1088/0953-8984/28/30/303001
https://doi.org/10.1088/0953-8984/28/30/303001
https://doi.org/10.1088/0953-8984/28/30/303001
https://doi.org/10.1088/0953-8984/28/30/303001
https://doi.org/10.1088/0953-8984/28/30/303001
https://doi.org/10.1088/0953-8984/28/30/303001
https://doi.org/10.1103/PhysRevB.92.081201
https://doi.org/10.1103/PhysRevB.92.081201
https://doi.org/10.1103/PhysRevB.92.081201
https://doi.org/10.1103/PhysRevB.92.081201
https://doi.org/10.1103/PhysRevB.92.081201
https://doi.org/10.1103/PhysRevB.92.081201
https://doi.org/10.1016/j.physleta.2020.126938
https://doi.org/10.1016/j.physleta.2020.126938
https://doi.org/10.1016/j.physleta.2020.126938
https://doi.org/10.1016/j.physleta.2020.126938
https://doi.org/10.1016/j.physleta.2020.126938
https://doi.org/10.1016/j.physleta.2020.126938
https://doi.org/10.1016/j.physleta.2020.126938
https://doi.org/10.1103/RevModPhys.93.025002
https://doi.org/10.1103/RevModPhys.93.025002
https://doi.org/10.1103/RevModPhys.93.025002
https://doi.org/10.1103/RevModPhys.93.025002
https://doi.org/10.1103/RevModPhys.93.025002
https://doi.org/10.1103/RevModPhys.93.025002
https://doi.org/10.1103/RevModPhys.93.025002
https://doi.org/10.1103/PhysRevB.93.201104
https://doi.org/10.1103/PhysRevB.93.201104
https://doi.org/10.1103/PhysRevB.93.201104
https://doi.org/10.1103/PhysRevB.93.201104
https://doi.org/10.1103/PhysRevB.93.201104
https://doi.org/10.1103/PhysRevB.93.201104
https://doi.org/10.1103/PhysRevB.93.201104
https://doi.org/10.1103/PhysRevB.93.201104
https://doi.org/10.1002/aelm.201600228
https://doi.org/10.1002/aelm.201600228
https://doi.org/10.1002/aelm.201600228
https://doi.org/10.1002/aelm.201600228
https://doi.org/10.1002/aelm.201600228
https://doi.org/10.1002/aelm.201600228
https://doi.org/10.1002/aelm.201600228
https://doi.org/10.1038/s41699-019-0116-4
https://doi.org/10.1038/s41699-019-0116-4
https://doi.org/10.1038/s41699-019-0116-4
https://doi.org/10.1038/s41699-019-0116-4
https://doi.org/10.1038/s41699-019-0116-4
https://doi.org/10.1038/s41699-019-0116-4
https://doi.org/10.1038/s41699-019-0116-4
https://doi.org/10.1103/PhysRevB.92.205310
https://doi.org/10.1103/PhysRevB.92.205310
https://doi.org/10.1103/PhysRevB.92.205310
https://doi.org/10.1103/PhysRevB.92.205310
https://doi.org/10.1103/PhysRevB.92.205310
https://doi.org/10.1103/PhysRevB.92.205310
https://doi.org/10.1103/PhysRevB.92.205310
https://doi.org/10.1103/PhysRevB.92.205310
https://doi.org/10.1016/j.softx.2017.10.006
https://doi.org/10.1016/j.softx.2017.10.006
https://doi.org/10.1016/j.softx.2017.10.006
https://doi.org/10.1016/j.softx.2017.10.006
https://doi.org/10.1016/j.softx.2017.10.006
https://doi.org/10.1016/j.softx.2017.10.006
https://doi.org/10.1016/j.softx.2017.10.006
https://doi.org/10.1103/PhysRevB.87.165122
https://doi.org/10.1103/PhysRevB.87.165122
https://doi.org/10.1103/PhysRevB.87.165122
https://doi.org/10.1103/PhysRevB.87.165122
https://doi.org/10.1103/PhysRevB.87.165122
https://doi.org/10.1103/PhysRevB.87.165122
https://doi.org/10.1103/PhysRevB.87.165122
https://doi.org/10.1364/OE.545862
https://doi.org/10.1364/OE.545862
https://doi.org/10.1364/OE.545862
https://doi.org/10.1364/OE.545862
https://doi.org/10.1364/OE.545862
https://doi.org/10.1364/OE.545862
https://doi.org/10.1364/OE.545862
https://doi.org/10.1364/OE.545862
https://doi.org/10.1515/nanoph-2021-0599
https://doi.org/10.1515/nanoph-2021-0599
https://doi.org/10.1515/nanoph-2021-0599
https://doi.org/10.1515/nanoph-2021-0599
https://doi.org/10.1515/nanoph-2021-0599
https://doi.org/10.1515/nanoph-2021-0599
https://doi.org/10.7498/aps.71.20221166
https://doi.org/10.7498/aps.71.20221166
https://doi.org/10.7498/aps.71.20221166
https://doi.org/10.7498/aps.71.20221166
https://doi.org/10.7498/aps.71.20221166
https://doi.org/10.7498/aps.71.20221166
https://doi.org/10.7498/aps.71.20221166
https://doi.org/10.7498/aps.71.20221166
https://doi.org/10.7498/aps.71.20221166
https://doi.org/10.7498/aps.71.20221166
https://doi.org/10.7498/aps.71.20221166
https://doi.org/10.7498/aps.71.20221166
https://doi.org/10.7498/aps.71.20221166
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 75, No. 5 (2026) 050703

2016 Nat. Commaun. 7 11696 [24] Linic S, Chavez S, Elias R 2021 Nat. Mater. 20 916
[21] Falkovsky L A 2008 .J. Phys. : Conf. Ser. 129 012004 [25] Maier S A(translated by Zhang T, Wang Q L, Zhang X Y, Li
[22] Dawlaty J M, Shivaramana S, Strait J, George P,

C) 2014 Plasmonics: Fundamentals and Applications
Chandrashekhar M, Rana F, Spencer M G, Veksler D, Chen

Y Q 2008 Appl. Phys. Lett. 93 131905 (Nanjing: Southeast University Press) p20 (in Chinese) [# /K
[23] ZhuY S, Xu H X, Yu P, Wang Z M 2021 Appl. Phys. Rev. 8 S A (kIE, TEE, KBEH, 25, ) 2014 BT ERRE
021305; 5RCH (R 5 AR RAT) 28 20 1)

Optical and surface plasmon polariton properties of
monolayer and bilayer ZrSiS”

FAN Haojiang  WEI Linfang?! YONG Xin 1?2
MA Xiangchao* LIU Delian

1) (School of Optoelectronic Engineering, Xidian University, Xi’an 710071, China)
2) (North Electro-optic Co., Ltd., Xi’an 710043, China)

( Received 18 November 2025; revised manuscript received 9 December 2025 )

Abstract

Topological nodal-line semimetals have emerged as a fascinating class of materials due to their protected
band crossings and unique electronic properties. Among them, ZrSiS stands out as a typical system with nodal-
line and high carrier mobility. Although its bulk properties have been extensively studied, the optical and
plasmonic behaviors of its monolayer and bilayer ZrSiS are still unexplored. Understanding these low-
dimensional forms is crucial for harnessing their potential in nanophotonics and optoelectronic devices. This
work, based on first-principles calculations, systematically investigates the electronic band structure,
optoelectronic conductivity, optical response, and surface plasmon polariton (SPP) characteristics of monolayer
and bilayer ZrSiS. The results are compared with those of bulk materials and typical two-dimensional materials,
argentene, to explore their advantages and disadvantages in all aspects and application prospects. Our results
show that layered ZrSiS exhibits distinctive conductivity features arising from its topological nodal-line bands,
displaying a significant intraband response in the infrared regime and interband response in the visible range.
Analysis of the optical properties reveals that both monolayer and bilayer structures possess high absorption
(significantly higher than that of graphene) and tunable reflection and transmission windows in the infrared-to-
visible spectrum range. Furthermore, regarding plasmonic properties, we find that monolayer ZrSiS and bilayer
ZrSiS support SPPs in the infrared-to-visible range (monolayer: 0.5—4 eV; bilayer: 0.4-2.5 eV). These SPPs are
highly localized, with confinement ratios several times larger than those of bulk ZrSiS, while maintaining
propagation lengths on the order of micrometers in the infrared regime. In summary, monolayer and bilayer
ZrSiS combine tunable electronic structure, high optical absorption, and strongly confined surface plasmons,
making them promising candidates for advanced nanophotonic and infrared optoelectronic applications. Their
layer-dependent properties provide additional degrees of freedom for device design, paving the way for next-
generation tunable plasmonic and photonic devices.
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