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Entropy-driven liquid crystalline self-assembly of inorganic nanorods
LIU Xiao-duo, XIE Yong~
(School of Physics, Beihang University, Beijing 102206, China)

Abstract: Owing to the existing issues of poor thermal stability and narrow temperature interval in applica-
tions of organic liquid crystal materials, developing novel inorganic liquid crystal is an alternative strategy due
to the virtues of electron-rich characteristics and high thermal stability of the well-developed inorganic nano-
materials, Starting from the summarization of the phase transition rules and the regulation mechanisms of lig-
uid crystalline self-assembly, including Onsager theory, DLLVO theory, and entropy effects on depletion at-
traction and steric repulsion, this review demonstrates recent progress in entropy-driven liquid crystalline self-
assembly of the inorganic nanomaterials. Taking the ideal building block of gold nanorods as an example, the
regulations of the advanced self-assembly methods and the interactions between the nanorods on the diverse
assembly structures are discussed, and their potential applications in optoelectronic devices are illustrated. Fi-
nally, future developments are prospected aiming at the problems in preparing inorganic liquid crystal materi-
als using the self-assembly technology.
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Fig.1 Basic interactions to direct the self-assembly

of inorganic nanorods. (a~b) Entropy-driven
liquid crystal phase transition of the hard-rod
system; (¢~ e) Mechanism directing gold
nanorods self-assembly including DLVO the-

ory, depletion attraction and steric repulsion.
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Fig.2

Inorganic-liquid-crystal self-assemby. (a) Liquid crystalline self-assembly of upconversion nanorods ",

the scale bars are 100 pm; (b) Influence of temperature variation to the self-assembly spherulites of

TiO., nanorods**!

, the scale bars are 40 pm; (c¢) Orientationally ordered self-assembly of gold

nanorods dispersed into cellulose liquid crystal™”; (d) Application of self-assembly of Au@ Ag nano-

rods and Ag nanospheres as SERS substrates™™"],
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Fig.3 Chiral liquid crystal materials. (a) Natural chol-

esteric organization of biopolymers found in
beetles and the light-directed chirality inversion
of the self-organized helical superstructure” ;
(b) Liquid-crystal self-assembly of Ag@ Cu, O
and their thickness-dependent chiral transi-

tion'**,
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Fig.4 (a) Common gold nanords self-assembly with the hexagonal close packing arrangement!”™ ; (b) Theo-

retical simulation of plasmon coupling in GNRs array"™ ; (¢) Enhanced effect as a SERS substrate"™!;
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(d) EGsOH molecules induced the multilayer self-assembly of gold nanorods**'"; (e) Ultra-sensitive

detection of prion in human blood using GNRs vertical arrays

using GNR arrays-**,
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Fig.5 (a) Three growth models of gold nanorods self-assembly that spiral, lamellar and dendritic®*®, the

scale bars in (a) are 2 um; (b) Vortical superlattices in a gold nanorods”’ self-assembled monolayer
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’

the scale bars in (b) are 50 nm; (¢) Assembled tetragonal superlattice™®; (d) Binary self-assembly of

gold nanorods and nanoparticles™®, the scale bars in (d) are 200 nm.
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