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Abstract; Up-scale and controlled syntheses of high-quality nanowires are the basis of the fabrication of

nanowire based devices and their applications. The development of facile, reliable and effective nanowire
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assembly techniques plays a crucial role in the applications of nanowire technology. Macroscopic-scale
assemblies and their functionalization can not only improve their intrinsic properties but also create new
functionalities. This paper aims at providing an overview and summary on the recent advances achieved by
this lab and also our opinions on this emerging field.

Key words: nanowire; macroscopic scale; self~assembly; assemblies; nanodevice

20
) (
D. , N N . ,
20 , N
b Y Y b b
[1-2]
. b
. , (SA) .
[3-14]
. b
b
[34-35]
A A b . ’
20 s NN
9
15-26
b b
b
[27-30]
N A b
8000+ - s
#2 6000+
-~ b Y
I
p 4000
b N s
20004 [10.36].
| b
0 . a_e ’ % |
1988 1992 1996 2000 2004 2008 2012
Ty . 10
1 1991~2012 “ ” .
( :ISI; : )
Fig.1 Increase in the number of publications on nanowire
related topics during 1991 ~2012 1
(Source: ISI; keyword: nanowires)
10
’ ’
[31-33] , ( -



872 43
\ ) ¢ ,
s TeNWs .
) ) ( Lol TeNWs
) N
3 \ .
i, , TeNWs el
, TeNWs ,
3 NO) HO) TeNWs ,
36) . ,
s
s ,
. TeNWs
’ £s5] . ’ ~
2006 ST ,
[18] s s
(TeNWs), . .
TeNWs 7 nm(  2). s Leaol,
TeNWs s ,
. TeNWs ,
s s s 12 L
s , 10
s L
) C 2.
TeNWs , N N s
TeNWs , Lol
10 L TeNWs ,
2
107 10°° 10”'
s
s
. , “
S PR o —
2 7 ,
[34) ,
Fig. 2 Schematic illustration of multiplex templating
process in one-dimensional nanoscale and preparation
of macroscopic nanowire assemblies"**
[41] '

. ) . TeNWs = , e
(C)1994-2020 China Academic Journal E]CC[I‘(?II'I\IIC Psubllshlng House. All rights reserved.  http://www.cnki.net

b



873

11
- (Langmuir-Blodgett, LB) .
N ( N )N .
b
[41]
b
’ Y
b
[41]
b b
b
s C 3.

{Disordered

L —

= [l

[41]

Fig. 3 Schematic illustration of macroscopic-scale nanowire

assembling methods that make disordered nanowires ordered

[39]

. 7 nm,

10 000 s

(C)1994-2020 China Academic Journal Electronic Publisl{ing House. All rights rese

b

[39]

Te

[42-43]

LB

[44]

[45]

http*//www.cnki.nét

. Pt

300 s,



874

43

(
(NWs)
LB
[39
LB N

1362 cm™"  SERS

[45] [44-45]
’
’ ’
~
’
[38
’ 1 S- 1
n )
~ N ’
) LB
5 nm W]g()_w ’
’
46
ol » Wis Oy
) N 5 nm ,
2's,
’ N
[46]
’
’
’
’
’
’
’
- ’
10 nm ,
’
[36
b
’ 4
’
’ ~
’
’
’ ~ N

[15]‘



11

875

(References)

[1] Law M, Goldberger J, Yang P D. Semiconductor
nanowires and nanotubes [ J ]. Annual Review of
Materials Research, 2004, 34. 83-122.

[2]Pan H, Feng Y P. Semiconductor nanowires and
nanotubes: Effects of size and surface-to-volume ratio
[J]. ACS Nano. 2008, 2: 2 410-2 414.

[3]Xia Y, Yang P, Sun Y., et al. One-dimensional

nanostructures; Synthesis, characterization, and
applications [ J ].  Advanced Materials, 2003, 15:
353-389.

[ 4] Hochbaum A I, Yang P D. Semiconductor nanowires
for energy conversion[J]. Chemical Reviews, 2010,
110 527-546.

[5] Yang P D, Yan R X, Fardy M. Semiconductor
nanowire: What's next [J]. Nano Letters, 2010, 10:
1 529-1 536.

[6]Tang J Y, Huo Z Y. Brittman S, et al. Solution-
processed core-shell nanowires for efficient photovoltaic
cells[J]. Nature Nanotechnology, 2011, 6. 568-572.

[7]QinY, Wang X D, Wang Z L. Microfibre-nanowire
hybrid structure for energy scavenging [J]. Nature,
2008, 451 809-813.

[ 8 ] Pauzauskie P J, Radenovic A, Trepagnier E, et al.
Optical trapping and integration of semiconductor
nanowire assemblies in water[J]. Nature Materials,
2006, 5; 97-101.

[9]XuS, Qn Y, Xu C, et al. Self-powered nanowire
devices [ ] 1.
366-373.

[10] Qing Q, Pal SK, Tian B Z, et al. Nanowire transistor

arrays for mapping neural circuits in acute brain slices

Nature Nanotechnology, 2010, 5;

[J]. Proceedings of the National Academy of Sciences
of the United States of America, 2010, 107. 1 882-
1 887.

[11] Xie C, Cui Y. Nanowire platform for mapping neural
circuits[ J]. Proceedings of the National Academy of
Sciences of the United States of America, 2010, 107.
4 489-4 490.

[12] Yan H, Park S H, Finkelstein G, et al. DNA-
templated self~assembly of protein arrays and highly
conductive nanowires|[ J |. Science, 2003, 301: 1 882-
1 884.

[13] Xu W H, Zhang Y X. Guo Z, et al. Conduction
performance of individual Cu @ C coaxial nanocable
connectors[J]. Small, 2012, 8: 53-58.

[14] Yan R X, Gargas D, Yang P D. Nanowire photonics
[J]. Nature Photonics, 2009, 3. 569-576.

[15] Feng M, Zhang M, Song ] M, et al. Ultralong silver
trimolybdate nanowires Synthesis, phase
transformation, stability, and their photocatalytic,
optical, and electrical properties[J]. ACS Nano, 2011,
5: 6 726-6 735.

[16] Cui X J, Yu S H, Li L L, et al. Selective synthesis
and characterization of single-crystal silver molybdate/
tungstate nanowires by a hydrothermal process[] ].
Chemistry-a European Journal, 2004, 10, 218-223.

[17] Qian H S, Yu S H, Luo L B, et al. Synthesis of
uniform Te @ Carbonrrich composite nanocables with
photoluminescence  properties and  carbonaceous
nanofibers by the hydrothermal carbonization of glucose
[J]. Chemistry of Materials, 2006, 18: 2 102-2 108.

[18] Qian H S, Yu S H, Gong J Y, et al. High-quality
luminescent tellurium nanowires of several nanometers
in diameter and high aspect ratio synthesized by a poly
(vinyl pyrrolidone)-assisted hydrothermal process[]J].
Langmuir, 2006, 22. 3 830-3 835.

[19] Wang K, Liang H W, Yao W T, et al. Templating
synthesis of uniform Bi, Te; nanowires with high aspect

( TEG) and their
thermoelectric performance [ J]. Journal of Materials
Chemistry, 2011,21: 15 057-15 062.

[20] LiuJ W, Chen F, Zhang M, et al. Rapid microwave-

assisted synthesis of uniform ultra long Te nanowires,

ratio in triethylene glycol

optical property, and chemical stability[ J]. Langmuir,
2010, 26 11 372-11 377.

[21] Pauzauskie P J, Yang P. Nanowire photonics [ ]].
Materials Today, 2006, 9: 36-45.

[22] Trentler T J, Hickman K M, Goel S C, et al.
Solution-Liquid-Solid growth of crystalline [II-V
semiconductors: An analogy to vapor-liquid-solid
growth[ J]. Science, 1995, 270. 1 791-1 794.

[23] Dai HJ, Wong E W, Lu Y Z, et al. Synthesis and
characterization of carbide nanorods[J]. Nature, 1995,

375: 769-772.



876

43

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Yang P D, Lieber C M. Nanorod-superconductor
composites: A pathway to materials with high critical
current densities[ J]. Science, 1996, 273: 1 836-1 840.
Lieber C M, Wang Z L. Functional nanowires[ J]. Mrs
Bulletin, 2007, 32. 99-108.

Kolmakov A,
catalysis by one-dimensional metal-oxide nanostructures
[J]. Annual Review of Materials Research, 2004, 34
151-180.

Zhang S, Pelligra C 1, Keskar G, et al. Directed self-

assembly of hybrid oxide/polymer core/shell nanowires

Moskovits M. Chemical sensing and

with transport optimized morphology for photovoltaics
[J]. Advanced Materials, 2012, 24. 82-87.

Yao H B. Fang H Y. Wang X H, et al. Hierarchical
assembly of micro-/nano-building blocks: Bio-inspired
rigid structural functional materials [ J ]. Chemical
Society Reviews, 2011, 40. 3 764-3 785.

Li Y, Tokizono T, Liao M, et al. Efficient assembly
of bridged B-Ga,0O;
photodetection [ J .
2010, 20. 3 972-3 978.

Liao L., Lin Y C, Bao M Q.
graphene transistors with a self-aligned
[J]. Nature, 2010, 467: 305-308.
Goldberger J, Hochbaum A 1, Fan R, et al. Silicon
vertically integrated nanowire field effect transistors
[J]. Nano Letters, 2006, 6; 973-977.
Law M, Greene L E, Johnson J C, et al.
dye-sensitized solar cells[ J]. Nature Materials, 2005,
4. 455-459.

Yuan J K, Liu X G, Akbulut O, et al. Superwetting
nanowire membranes for selective absorption [ ] .
Nature Nanotechnology, 2008, 3: 332-336.
Liang H W, Liu J] W, Qian H S, et al.

templating process in

nanowires for solar-blind

Advanced Functional Materials,

High-speed

nanowire gate

et al.

Nanowire

Multiplex
one-dimensional nanoscale:
Controllable synthesis, macroscopic assemblies, and
applications[ J . Acc Chem Res, 2013, 46. 1 450-
1461.

Liang H W. Liu S, Gong ] Y, et al
An

synthesis  of

Ultrathin Te

nanowires excellent platform for controlled

ultrathin  platinum and palladium

nanowires/nanotubes with very high aspect ratio[ ] ].
Advanced Materials, 2009, 21: 1 850-1 854.

Liu ] W, Huang W R. Gong M, et al. Ultrathin

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

hetero-nanowire-based {lexible electronics with tunable
conductivity[ J ]. Adv Mater, 2013, 25(41): 5 910~
5 915.

LiuJ W, XuJ, Liang H W, et al. Macroscale ordered
ultrathin telluride nanowire films, and tellurium/
films [ J .
Chemie International Edition., 2012, 51 7 420-7 425.
Liang H W, Cao X, Zhang W ], et al. Robust and
highly efficient free-standing carbonaceous banofiber

Advanced

telluride hetero-nanowire Angewandte

purification [ J ].

Functional Materials, 2011, 21: 3 851-3 858.
Liu ] W, Zhu J H, Zhang C L, et al. Mesostructured
assemblies of ultrathin superlong tellurium nanowires
photoconductivity [ J . the
American Chemical Society, 2010, 132 8 945-8 952.

Liang H W, Guan Q F, Chen LL F, et al. Macroscopic-

scale

membranes for water

and their Journal of

template synthesis of robust carbonaceous
nanofiber hydrogels and aerogels and their applications
[J]. Angewandte Chemie-International Edition, 2012,
51.: 5 101-5 105.

LiuJ W, Liang H W, Yu S H. Macroscopic-scale
assembled nanowire thin films and their functionalities
[J]. Chemical Reviews, 2012, 112: 4 770-4 799.
Liu] W, Zhang SY, Qi H, et al. A general strategy
for self-assembly of nanosized building blocks on
liquid/liquid interfaces [J]. Small, 2012, 8. 2 412-
2 420.

Zhang S Y, LiuJ W, Zhang C L, et al. Co-assembled
thin films of Ag nanowires and functional nanoparticles
at the liquid-liquid interface by shaking[J]. Nanoscale,
2013, 5: 4 223-4 229.

Shi HY., Hu B, YuX C, etal. Ordering of disordered
nanowires; Spontaneous formation of highly aligned,
ultralong Ag nanowire films at oil-water-air interface
[Jl. 2010, 20
958-964.

LiuJ W, Wang J L, Huang W R, et al. Ordering Ag
nanowire arrays by a glass capillary: A portable,
reusable and durable SERS substrate [ J]. Scientific
Reports, 2012, 2. 987; doi:10. 1038/ srep00987

Liu ] W, Zheng J, Wang J L, et al. Ultrathin W3Oy,

nanowire assemblies for electrochromic devices [ ] ].

Nano Lett, 2013, 13: 3 589-3 593.

Advanced Functional Materials,



