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Negative Thermophoresis in Concentric Carbon Nanotube eme e eser pmescss s 1 sicn v ron svermz
Nanodevices [——

h MOST READ
Jiantao Leng," Zhengrong Guo,' Hongwei Zhang,' Tienchong Chang*' Xingming Guo, [P —— e
and Husjian Gao
'Shanghai lostrute of Applicd Mathematics and Mechanics, Shanghai Key Laboratory of Mechanics in Fnergy Engnceriog, Shanghui A gra nular acoustic diode ‘superconductiviny discoversd in

University, Shanghai 200072, People’s Republic of China

Schodl of Engineering, Brown University, Providence, Rhode Ialand 02912, United States

@ Sipporting Information

ABSTRACT: Positive and negative thermophoresés in fluids
hus found widespeead spplcations from mass transport to
molecde manipdation. I solids, athough positive thermo-
phoresis has been recendy discovered in both theoretical and
aperimental studes, negative thermopharess has never beea
reported. Here we reveal via molecdar dynamics simulations
that negative thermophoresis does exist in soluds. We conuder
the maticn of a single wallod carbon nanctube nested insde of
two scparae outer tubes bekd a diffrent temparatures n i
found that a sufficiently loag inner tsbe

whereas postave phoresis b favorable for a

rebatrvely short inncr tube. Mechaniums for the cbserved ,\».m thermophoresis and negative thermophoresis are shown 10 be

totaly défecent. In poskive thermopboresis, the driving force

comes mainly from the thermully induced edge force and the

terlayer attraction force, whereas the driving force for negative thermophoresis is mainly due to the thermal gradient force.
These findings have enriched our knowledge of the fundamental driving mechansms for thermophorexs in solids and may

stenubate i frthee applcations i nanctechnology

KEYWORDS: negutie thermophoress, thermal gradient force, adge force, intorlayer atraction force, molecular dynamacs simudations

he dacovery’ and undentanding’ of thermog have

provided ample oppertunities for applications including
thermal precipiation,™ particle separation,™” drug delivery,
energy convenion,™ biomolecule manipdation,” "¢ and
Intersction detection,'* and w0 focth. Thermophoresis. was
fint discovered in bquids in 1856 by Ladwig' who observed
salt diffusing in water against 3 temperature gradient. The
phenomencn was confirmed by Soret, ™ who bebeved that the

PF in nanoscale mass transport and energy
cwovernon technologes”

In contrast, there adso cxists negative thermophorens, that ks
Bduced motion toward 3 direction of increasing temperature.
Negative thermogboresis in fhiids was fint noticed i 1967 by
Dwyer’ in 2 theoretical sobation, and the name was coined by

Sone.™ The phenomenon was so0n confimed by 3 serics of

—

Tiedies, which allow slectricity # Ao in orly one irection, have been the key to the
development of medern electronics. Creating assustic anslogues that restrict sound
2 tn o small part wave
is inkerectly oy Ayt ission is unchanged i the source and
detmctor are reversed (see O

bas proven challe

(1€, page 14). Thers have beer some succssses

o . N - sstors, and ‘but most have relied i
t ature gradient leads to 2 bome ow skt cor v hatioas. ety wcenty, “‘F"" thermo- . ;. . . L e .
x::.‘:g‘:mfx st o mmw:::‘«:‘mmh R e i el b g et mmn media that dissort the waweforms. Nev Tianzhi Yang (Tiasjin Universiey) and fan-Guo Cui snd

reported in 1570 by Tyndall,” who found that dust particles %0 this date, the existence of negative thermophoress in solids Li~Qun Chea (Shanghai Usiversity il ispersive systzm for

can be pushed away from a bested surface in 3 dust lled oom. 28 has not been wriied in ether theontical or expermental ; a one-dimensisnal chain of 23 beads. The fesdsility ta
However, i spite of the wide appliations of  studics, despite its potential applicaions i nanctechnology e e, shape, st s e R
thermopharesis in fhaids, it was not until moee than a century Here, we demonstrate via MD simudations that negative mmbes, shipe, stfiness, ind mangement compenen slements in such
later that thermophoresss at sobd—sobd interfaces was Bt thermophoresis can oceur at solid-solid interfaces. By granular ceystals facilitates the tailored ing of their behari the artideby
peedicted. In 2006, Schoen et A" demomtated Vi ivestigating the mation of 3 SWC od inde of two Mazon Porter, Pansyotis Kevrekidis, and Chiara Darsis, P Norember 2015, page

molecular dynamics (MD) umclstions that an axial temper

separate cuter tubes held at different temperatires, we find that

ature gradient along 2 single-walled carbon manotsbe . 4o rice of motion of the ner tube & dependent on the 4 The ceral festurs of he etk s s
(SWCNT) would drive 2 confined nancparticle to move the weaky norlinear contact farces betwvemn the 16-cr-diameser polyprapylene beads. 43
towand the drection of decreasing temperature. The phiencem.  $°0m<ty of the device. A sufficiently long inner tube with both i 2015, = tapered rod fred in the schematic) placed end of the
enon was immelistely confimed i i clogint experimental P €tending oot of the outer tabes will undergo negative s R e

study by Barrciro <t al” Sach 2 temperature gradient can also wheress posiive hermophoress & favorable R ——— idemt from that side and allow them the
indoce the motion of many kinds of nanoscale purtides sandgap snd s through i e irion. Butvres el n th revere diecion
induding fulerene dosten,” capsulelibe nanotubex” gra  Received: Jay 7, 216 R et Th

phene sheet,”’ and water droplets,” ™™ indicatiog that
thermopharess in sobds has the potential of opening up pew

< ACS Publ

R

1S © 000K Ameacan sl Sty A

Revised:  Septesber 6 2016

, #130%>

 sbout 1400 Hz, sl within the asdibie range. The readiy resized geometry could
Iend itselfto such practizsl spplicstions as & "onz-way sound wall” the scoussic equivalent of
2 onemway mirrer. (1 Cul, T-Z ¥ang, L. Chen,
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