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Fig. 1. The structure diagram of iodine chains confined in CNTs
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Fig. 2. Sketch map of the polarized Raman mea-
surement for system of iodine confined inside AFI
nanochannels (IQAFT).
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Fig. 3. Polarized Raman spectra of IQAFI upon compression (adopted from Ref. [31]). Panels (a) and (b)

are the VV (polarization of excitation laser light and detection of Raman scattering are parallel) and VH

(polarization of excitation laser light and detection of Raman scattering are perpendicular) configurations
at ambient pressure; (c) and (d) are the VV and VH configurations at 5.3 GPa; (e) and (f) are the VV and

VH configurations at 8.8 GPa.
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Fig. 4. (a) Model of Iy molecules in AFI channels. 6 is the angle between the molecular axis and the c-axis of

the channel. (b)—(d) The calculated system energy with the lowest energy E(0)min subtracted as a function
of 0 at pressures (b) 0, (¢) 5, and (d) 10 GPa (adopted from Ref. [31]).
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Fig. 5. Schematic diagram of iodine species confined
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phosphorus atoms(>8].
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Fig. 6. (a) Raman spectra of IQAEL up to 15 GPa and
the sample released to 0 GPa (frequency region from
100 cm ™! to 800 cm™1); (b) the pressure evolution of
Raman shift for iodine chains and individual standing
iodine molecules, the inset is the relative integrated
intensity ratio of iodine chains and individual stand-
ing iodine molecules as a function of pressure (adopted
from Ref. [38]).
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shift of those two molecular species under pressure. The
black squares are for iodine molecules perpendicular to the
channel axis and the blue squares are for iodine molecules
quasi-perpendicular to the channel axis (adopted from
Ref. [38]).

3.3 WO FHERARCRIRMEB I IEE

AR RN, AAADRE R TIOR — b 5l e Ak, JF
ABACEIOCRE. BRI — 440K LI o)
THERA IR — g, 2B S RIH AR T
PR PIER T ? Yuan 55 B2 5 —4EL5 145650
K6 (PL) R PERETT T 07T, KB T IRIT AFTH
R 8 A R RSO 1, HAE SRR

039101-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 3 (2017) 039101

JEBL 5 1R BRI A A R I 9O AR AT .

Intensity/arb. units

ts

Intensity/arb. uni

B8 (a) IQAFTFE 5 5 9206 (b) B (c) 45
VH F1VV #ER B Rt (51 BS3% 0k [42])
Fig. 8. (a) PL spectra for excitation polarization of
IQAFT crystals; (b) and (c) show the polarized PL
spectra for VV and VH configurations respectively
(adopted from Ref. [42]).
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Fig. 9. Panel (a) is the PL spectra of IQAFI crys-
tals at high pressure; panel (b) shows the integrated

PL intensity as a function of pressure (adopted from
Ref. [42]).
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Fig. 10. Panels (a) and (b) are the polarized Raman spectra of MWNT arrays of VV and VH configuration

at various angles; panels (c) and (d) are the normalized intensities of the D- and G-bands as functions of
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polarization angle for the VV and VH configuration, respectively (adopted from Ref. [64]).
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Fig. 11. Angle dependence of normalized integrated intensities of the G-band for (a) VV and (b) VH

configurations at selected pressures (adopted from Ref. [64]).
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Fig. 12. Typical transmission electron microscope im-

ages of (a) pristine aligned MWNT arrays and (b)
the sample decompressed from 22 GPa (adopted from
Ref. [64]).
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Fig. 13. Schematic diagram of pressure-induced growth of one-dimensional carbon chains in MWNT

nanochannels.
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SPECIAL TOPIC —Recent advances in the structures and properties of materials under high-pressure

Studies of quasi one-dimensional nanostructures at high
pressures’
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Abstract

The ultimate goals of researches of one-dimensional (1D) nanomaterials, quasi-one-dimensional atomic/molecular
chains are expected to exhibit their strong quantum effects and novel optical, electrical, magnetic properties due to their
unique 1D structures. At present, synthesis and manipulation of 1D atomic/molecular chains on an atomic/molecular
level in a controllable way have been the frontier subject of scientific research. The 1D atomic/molecular chains, which
can be stable in ambient conditions, have been prepared successfully by using a confinement template, such as carbon
nanotubes (CNTs), zeolite, etc.

High pressure can effectively tune the interatomic and intermolecular interactions over a broad range of conditions
and thus to change the structures of materials. High pressure techniques have been recently adopted to investigate the
1D nanomaterials. In this paper, we briefly review some recent progress in the high pressure studies of 1D nanostruc-
tures, including iodine chains (I2), confined in the 1D nanochannels of zeolite, multiwalled carbon nanotube (MWNT)
arrays, and 1D carbon chains confined in CNTs. Particularly, polarized Raman spectroscopy combined with theoretical
simulations has been used in the high pressure studies of 1D nanostructures. These studies reveal many interesting
phenomena, including pressure-induced population increase and growth of 1D atomic/molecular chains. The underlying
driven mechanisms have also been uncovered. Induced by pressure, the Is molecules in zeolite 1D nanochannels rotates
to the channel axial direction and the compression of the channel length in turn leads to a concomitant decrease of the
intermolecular distance such that the iodine molecules come sufficiently close to the formation of longer (I2), polymers.
The novel polarized photoluminescence (PL) from the iodine chains and the pressure-induced PL enhancement due to
the growth of 1D iodine chains under pressure. The depolarization effect vanishing in the polarized Raman spectra
of compressed MWNT arrays. These are related to the pressure-induced enhancement of intertube interactions and
inter/intratube sp® bonding. The results obtained by polarized Raman spectroscopy overcome the difficulty: MWNTs
have no obvious fingerprints for identifying the structural transformation under pressure.

Above all, the 1D nanostructures exhibit interesting and fantastic behaviors under pressure, which deserve further
investigations in this research field. In addition, polarized Raman spectroscopy is an effective tool to study the struc-
tural transformations of 1D nanomaterials at high pressures, which can be extended to the studies of other analogous

1D nanostructures under pressure.
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