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Fig. 1. Schematic diagram of one-dimensional structures of
carbon: (a) Carbyne chain; (b) carbon helical chain. Left

and right panels are radial and axial view.
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Fig. 2. Structures of one-dimensional phosphorus. The D values in the bracket of the first row indicate the widths of carbon nan-

otube where the corresponding confined one-dimensional phosphorus are stable!2s.
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Fig. 3. High resolution transmission electron microscopy
(HRTEM) imaging and structure models for one-dimension-
al phosphorus ((a)—(c)) and arsenic ((d)—(f)) in carbon nan-
otubel?. In each panel, from left to right is experimental
image, simulated image and structure model, respectively.
The structures include the tetrahedral molecular structure
((a), (d)), the zigzag ladder structure ((b), (e)) and the
single zigzag chain structure ((c), (f)).
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Fig. 4. One-dimensional allotropes of oxygen (a) and sulfur

(b) BY: (a) It shows a Og chain, an alternating ladder struc-
ture and a zigzag ladder structure from top to bottom;
(b) It shows a single chain, a double chain and a zigzag

chain structure from top to bottom.
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Fig. 5. (a) HRTEM images of one-dimensional linear sulfur chain in single-wall carbon nanotube (CNT) % (b) HRTEM images of
the zigzag sulfur chain in single-wall CNTP; (¢) HRTEM images of linear sulfur chain in double-wall CNTP; (d) X-ray diffraction

curves of structures in panels (a)—(c)P.

126101-5


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 2 3R Acta Phys. Sin. Vol. 71, No. 12 (2022) 126101

W R T, PR T LA TR — RS Y
AL U

1) TR R R I, 1] 2 g AN
(AT R R R . T it D [ ) P, A
RN Z [ LA e e LR AR A, IR T A
NENEBE, FFAEA R R RN =R 1.

2) R T AN LR R R B, e RS
TIRALRBE, H LR R HUNY, 2 RS ey
WA ENE, A B RIKS5H.

SRR TR
et N R et

6 FHERRE G 4 R 24 1y LR B 1 B T
MR M (a) EAR (1.05 + 0.05) nm FREEfR 40 K45 (Y
PABEEMEE 25 5 (b) ELAR (1.30 + 0.05) nm FURERR 49K 45
PR LA e A 25 405 () AR (1.40 4 0.05) nm BARERR 4
KA v 4 = W T L 5 A [

Fig. 6. HRTEM images of one-dimensional iodine chain in
single-wall CNTH: (a) Single helical iodine structure in
CNT with diameter of (1.05 + 0.05) nm; (b) double helical
iodine structure in CNT with diameter of (1.35 + 0.05) nm;
(c) triple helical iodine structure in CNT with diameter of
(1.45 + 0.05) nm.
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Abstract

Exploring the structure of low-dimensional materials is a key step towards a complete understanding of
condensed matter. In recent years, owing to the fast developing of research tools, novel structures of many
elements have been reported, revealing the possibility of new properties. Refining the investigation of one-
dimensional atomic chain structures has thus received a great amount of attention in the field of condensed
matter physics, materials science and chemistry. In this paper, we review the recent advances in the study of
confined structures under nanometer environments. We mainly discuss the most interesting structures revealed
and the experimental and theoretical methods adopted in these researches, and we also briefly discuss the
properties related to the new structures. We particularly focus on elemental materials, which show the richness
of one-dimensional structures in vacuum and in nanoconfinement. By understanding the binding and stability of
various structures and their properties, we expect that one-dimensional materials should attract a broad range
of interest in new materials discovery and new applications. Moreover, we reveal the challenges in accurate
theoretical simulations of one-dimensional materials in nanoconfinement, and we provide an outlook of how to

overcome such challenges in the future.
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