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Abstract

Liquid crystal, as one type of complex fluids, will impose elastic forces and torques
on inclusions, which are not found in ordinary liquids. Nematic liquid crystal is composed
of rod-like molecules and is characterized by the alignment of molecular long axes along a
particular direction. At the interface between liquid crystal and other surfaces, anchoring in-
teractions between liquid crystal molecules and the surfaces will create a energetic preferred
alignment for the liquid crystal molecules. If the surface is not flat, such as the surfaces of
spherical colloids and cylindrical nanowires suspended in nematic liquid crystal, boundary
conditions will distort its original uniform alignment, leading to a cost to the nematic’s e-
lastic energy. The tendency to minimize this elastic perturbation can lead to forces on the
particles. For those anisotropic particles, such as long cylindrical nanowire and carbon nan-
otube, both elastic forces and torques will be exerted due to its shape. The forces exerted
on the suspended particles by the nematic liquid crystal can be used to manipulate those

particles and arrange them into useful structures.

The dynamic behaviors of a magnetic nickel nanowire suspended in a twisted nemat-
ic cell under both constant and rotating magnetic field are analyzed, using the method of
equivalent capacitance we developed for the nanowire-suspended system. It is found that
the height of the nanowire depends largely on the wire’s radius, while its angular relaxation
time is determined by its length and the fluid environment. A comparison with experiments
shows that our calculation agrees well with the experimental results. Through an application
of rotating magnetic field to the system, in addition to the vertical oscillation one also sees
a small fluctuation which is produced by the rotation reversal of the nanowire around its
equilibrium position. Such a fluctuation will disappear once the rotating frequency or the

field magnitude is increased.

Key Words: Nematic Liquid Crystal; nanowire; magnetic field

- I -






T e I
N T Yo P 111




—VI -



Contents

ADSLFACt IN CHINESE..uuvureeeeeeereeeeeessssessssnsssssccsssssssssssssnnssses 1

Abstracfl in English.........cccciviiiiiiiiiiiiiiiiiiiiiiiiiiiiiicnconnan.. I

hapterl Intr 1) 1 L |
1.1 Discovery of Tiquid crystal .........ccoviiiiiniiiiiiiniiiiiinincircnscnncnns 1
1.2 [Concepts of iquid crystal .......covvuiiieiinreieeneeenronecsscsnssnscansons 1
1.3 [Classification of liquid crystal.........cccoiiiiiiiiiiiiiiiiiiieiirenscnncnns 1
1.4 [Characfteristics and applications of iquid crystal ........ccovveveeennnnnnn 5
1.5 Developments and applicafions of nano-particles in liquid crystal.......... 7
1.6 Confenfs of fThe Thesid ......coiiiiiiiiiiiieietenienecteessesssccssssassans 9

2.1 [ntroduction of conformal mapping method.............ccciviiiineiennnn. 13
2.2 [ntroduction of Equivalent capacitance approach................covevueen. 13
2.3 [Calcniafion of The elasfic Torcl .....cvvveeeeeiiieeeeeeeeneeneeceeconsccccnns 14
(Chapter5 Dynamic Simulations and Discuss$ions .........ceeeeeeeeees 23
3.1 RelaXation ProcCess ....coeeeeetiereeeeeeeeareereescessenscescssssnscessenses 23
3.2 Rofafion of The NANOWITE. . ...ovvtieriieeinrenreeecsssonscessssssnscnssanses 24
3.3 Angular Relaxafion process........ccoeeieiiireieiierinrcnsceassnscnscences 27
3.4 Dynamics under rotating magnetic field............ccvvviiiiiiiirenncnnn 28

— VII-



contents

Chapterd ConCIUSIONS ..cvvveeeerreeeeeseeeeesssesesssscscsssscscsssscosssses 33
(ChapterS Prospects of further Work.......oeeeeeeereieereeeseeeesecossecess 35

5.1 Dynamics under electriC Held ......ccoeiiieeeereeeeeeeeeeeoseecseaanscnns 35

5.2 [T'wo or more parallel nanowires suspended in nematic liquid crystal....... 35
REFEIEIICE . ¢« e v enenneneneneeneneeneeneneensesensssensensnsensosensnnsnssnsnsns 37
APPCIAIX] «eveeeeereeeeeeeeeeeesesescscssssssssssssssssssosssossnssssssssssssses 43
ACKNOWIEdZeIMENT. . ..covirieeeieieieeeeeeeeesseeeeeresesecscssassssssssnsanes 44

— VIII-



B—F 4w

1.1 Ry %M

WA R B ] DLIE I 2118884, BRI FI| A W) = 5 5% JE 1 (F. Reinitzer){E 1 #4
JIE B TR R R R AR, R IAZ A B AE N FAE145.5°CI i A 2 I A il 9 T ot
R RAE (145.5°CRIHAA O o (HAEREL M EI178.5°CHT, ZIR MR A =78
JS0IZE R IE SE AR, 2] (178.5°CAHHIEE ) o HIX M iR 207 se i i 2
I . IS ER A ) P 2 5K 2 (0. Lehmann) ) A i )6 S5 G0 00N e Aok AEL 8 1
R IR R R ARSI, RINAE145.5°C 2£178.5°CiX —iR T A, FHAUM
PR e L5 2% ) A PR AR AR AL s (H G S VR o 20 R0 AR AR ALL, SR IR PEB, 4], tH
A A Ul AR ES T B 5 B AT SR 2L % [l PR B AL, RN SRR I A
—FEmaitE, SR HONM A (liquid crystal) [5-R]. HIGME 2 5 BAREHN
T HARSNMEREESYB, B85 EAIOREE —4EsiE 4G s, fEYEE
PERT BRI A, TR & S AR B I EOIRAS . BN BB A

1.2 BRERER

V)5 AEAS [R] e AT S 5 A =R WRTEA . B SRS K
WARRAmRYE, EHYEME R & R, A7 B ZER . AR
PONIANIR, E FAT T 5 TR o ) s 144 1 40 1 Bl 76 1 4 o EL A 30 00 4
FURFAE, TS U A s B o R o 2 25 1 — MR S 5 ) e M. EHT
P U B G5 R AE AN [R) 0 D7 0] B R ASAR RS, BRIk A PR A T D7 1 AR ) 3842 Jo
LA TS, By B s 2L & a) e PE D B AR, [R] I SRR 8 R A4 IR
FERCE R BIME, AT BARFIBOAE 2 18], By LB Y B ) — MR T BL B =F0 )
BHFFHARE, WEI-10) 7~ BT &6 AH AL T A AR AR 18], PR Y
#H(mesophase) X N/ AHUN i), TR SR EF ) (mesogen) [9].

1.3 #m@mAs

MG R B 1, RECAANK IR EE T Bk, I HAEAS [ B9 b AH
A AE AP 7 2[00, 1],



1.3 Wm0 2K

E 1.1 (a)fhiEb) R (o) A

INHG RS A R R A AR DB AR AR R AR B AT B3 A 3B
(thermotropic liquid crystal) FAZE Ah (lyotropic liquid crystal) M. #ER
Hn A2 48 B3 I AL A ) BN STIR S IAE TR L AR AL T tH B b A . BB G
PEIRA VU S D IREOR I 70 58— BAE200-500g/mol 7247, 70 5 HIBhEE (K58
bt Zy7e4-82 1Al S i FH I IAEOR a A E AR AR EBE (PAA) FIXT
FAE TR O 2 2 T 8 (MBBAD o ¥ B0 A 72 P Fh Bl e d BL B 21 90 T2 B
CHor—Ao oK Bl FoE M MEE R, fERERA IR G . I E0OR A
BRI 5T 73 7 — AR LA AR s I K FRIRIE B s T K18 2, 70 TN L
LFENS A, e WL BRSO SR A NEREK, A IR SR . BREaY
(1) WA R AR SR A R I, IECH TSR G &, HT
REM 2L —RAHr T RS2, ErER EEaAR, K HE RS
YRt RS L& 9]

M T HEF B A R R X0V A AR, RE R XS T IO &, T BUOR By
N = RZEMO): MAAE (Nematic, WFRLZZIIRFED , EJIRFE (Smectic, HFRIT 5

_2_



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

