
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 11:43
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals Incorporating
Nonlinear Optics
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/gmcl17

Progress in Linear Optics, Non-Linear Optics and
Surface Alignment of Liquid Crystals
H. L. Ong a , R. B. Meyer b , A. J. Hurd c , A. J. Karn d , S. M. Arakelian d , Y. R. Shen d , P. N.
Sanda a , D. B. Dove a , S. A. Jansen e & R. Hoffmann f
a IBM Research Division, Thomas J. Watson Research Center, P. O. Box 218, Yorktown Heights,
New York, 10598
b Dept. of Physics, Brandeis University, Waltham, Massachusetts, 02254
c Sandia National Laboratories, Albuquerque, New Mexico, 87185
d Dept. of Physics, University of California, Berkeley, California, 94720
e Dept. of Chemistry, Temple University, Philadelphia, Pennsylvania, 19122
f Dept. of Chemistry, Cornell University, Ithaca, New York, 14853
Version of record first published: 20 Apr 2011.

To cite this article: H. L. Ong , R. B. Meyer , A. J. Hurd , A. J. Karn , S. M. Arakelian , Y. R. Shen , P. N. Sanda , D. B. Dove ,
S. A. Jansen & R. Hoffmann (1990): Progress in Linear Optics, Non-Linear Optics and Surface Alignment of Liquid Crystals,
Molecular Crystals and Liquid Crystals Incorporating Nonlinear Optics, 179:1, 365-375

To link to this article:  http://dx.doi.org/10.1080/00268949008055381

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any form to
anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae, and drug doses should
be independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims,
proceedings, demand, or costs or damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268949008055381
http://www.tandfonline.com/page/terms-and-conditions


MIA. Cryt. Liq. C y s t . ,  1990, Vol. 179, pp. 365-375 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1990 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

PROGRESS IN LINEAR OPTICS, NON-LINEAR OPTICS 
AND SURFACE ALIGNMENT OF LIQUID CRYSTALS 

11. L. ONG,' R. B. MEYER? A. I .  HURD3 
A. J.  KARN,4 S .  M. ARAKELIAN: Y. R. S11EN4 

P. N. SANDA,' I>. R. IIOVE,~ S. A. .IANSEN5 

and R. IIOI;17MANN6 

1IBM Research Division, Thomas J. Watsoii Research Center 
P. 0. Box 218, Yorktown Heights, New York 10598 

2Dept. of Physics, Brandeis 1 Jniversity, Waltham 
Massachusetts 02254 

"andia National Laboratories, Albuquerquc, New Mexico 871 85 
4Dept. of Physics, University of California, Berkeley 
California 94720 

SDept. of Chemistry, l'emple University, Philadelphia 
Pennsylvania 19 I22 

6Dcpt. of Chemistry, Cornell University, Ithaca, New York 14853 

Abstract We first discuss the progress in lincar optics, in partic- 
ular, the formulation and application of geometrical-optics approxi- 
mation and its generalization. We then discuss the progress i n  
non-linear optics, in particular, the erihancement of a first-ordcr 
Freedericksz transition arid intrinsic optical bistability in 
homeotropic and parallcl oriented nematic liquid crystal cells. 
I;inally, we discuss the liquid crystal alignment and surface erects 
on field-induced Freedericksz transition. 

1. INTRODUCTION 

An essential requirement for the existence of liquid crystal (LC) is that the 

molecule must be highly geomctricaIly anisotropic, usually long and rela- 
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366 I I .  L,. ON<;, I < .  13. MF,Yl:R, A. .I .  I I IJRI)  

tivcly narrow. A direct conscqucncc o r  the ordcrcd arrangcnicnt of the 

anisotropic rnoleculcs is thc intrinsic anisotropy o f  mcchanical, clcctrical, 

magnctic and optical propertics. MIS are cxccllcnt systcins “or studying 

clcctro-optics, mngncto-optics, non-lincar optics and licld-induced transi- 

tion, sirice thc cxpcrirricntal gcomctrics can bc wcll tlcfinctl hy thc appro- 

priate surfacc condition arid thc 1,C oricntation can easilv bc modified by 

an external ficld. The  I K  oricntatiorial rcsponsc to thc external pcrtur- 

bation is a collcctivc e rec t  and is usually extrcnicly Inrgc. I n  the papcr, 

wc report soi i ie o r  our  rcccnt progrcss in the studics of thc 1,C’s optical 

propcrtics, optical-field-iiiduccd and cnhanccd rcoricntation crccts,  and 

surrace alignrncnt cmects. 

Wc first discuss, in thc ncxt scction, 3 gcncral method using the 

geonictrical-optics approximation ( ( iOA)  [or finding thc approxirriatc 

so\ut.ion Tor thc optical Liclcl in a la)..crctl-itilioniogcnco~is gcncrnl I,(: 

stnicturc with arbitrary ariglc 01‘ incidcncc. ’l’hc rcsults arc tlicn applicd 

to study the I,(: optical propcrtics. Wc tlisciiss in  SCC. I l l  thc cnhance- 

rncnt and obscrvatiori of a first-orclcr 1;rccdcricksz transition and intrinsic 

optical histability (013) in ncmatic l,Cs (N1,Cs). ‘I’hc prcdiction that a 

first-ordcr Frccdcricksz transition can always he cnhanccd in homcotropic 

and parallel oricnted N1.f’ cells has bccn confirmcd cxpcrirncntally. 

I:inally, we discuss in SCC. IV the I,C alignincnt and surrace cKccts on the 

ficld-induced 1:rccdcricksz transition. Variablc obliquc 1-C alignmctit has 

bccn ohtaincd cxpcrirncntally from Iiomogcricous and also inlioniogcnc- 

ous surlaccs cornposcd of Iioincotropic and parallcl alignlncrlt agcnts. 

Wc show that surhce interactions can inducc 1ist;ihlc and  niultistablc 

transitions, and obtain thc gciicral critcria Tor thc cxistcncc o f a  lirst-ortlcr 

I :rcctlcric k s7  t ran si t i on. W e ;I 1 s o  tl i sctis s clcc t ron ic st I i t  c t 11 rc calculations 

ol’ thc alignmcrit propertics 01’ SCII on wiootli Vr.  1311 and Au nictal sur- 

faces, arid show that thc clicrnical bonding can play an important rolc in  
thc I , ( :  s t i r h e  alignmcnt. 
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PROGRESS IN OPIICS AND SURFACE AL,IGNMF,NT 367 

11. LINEAR OPTICS 

A. GEOM ETRICA 1,-OPTICS AFPKOX I MAI‘ION 

Approximate solutions, such as the GOA, the phase-integral method and 

thc method of perturbation theory, are of significance in the study of 
wave propagation in inhomogcneous mcdia.’ I t  has been shown by 

Luneberg and by Kline that the GOA is an asymptotic solution of 

Maxwell’s equations2s3 and for slowly varying inhomogeneous isotopic 

media, the GOA and its extcnsion are most suitable.’ 

We first studicd the wavc propagation in a layered-inhomogencous 

planar anisotropic 1,C structure, in which the ordinary and extraordinary 

wavcs are decoupled for a wave incident in the plane containing the I,(: 

director. Using the GOA, we obtained the zeroth-order and first-order 

approximation solutions and hence the GOA validation criterion for the 

extraordinary wave propagation in thc inhomogeneous planar anisotropic 

~ t r u c t u r e . ~ ~ ~  By considering the conditions for which the GOA is an exact 

solution, we also obtained a theorem regarding the conditions for nonrc- 

flecting structures in layered-inhomogeneous uniaxial media.6 The results 

and their extensions can be summarized as a few GOA laws and 

theorems.’ 

The ordinary and extraordinary wavcs are coupled in non-planar rncdia 

and for a planar medium with wave incident in the planc not containing 

thc I,C director. To include thc coupling of the two waves, we recently 

dcfiiicd a new basis using the ordinary arid extraordinary waves and for- 

mulated a new gcncralized GOA (GGOA).x.9 We obtained a general ana- 

lytic solution for the optical fields in the general inhomogeneous 

anisotropic media with arbitrary angle of incidence. The GGOA can bc 
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368 €I. L. ONG, R. B. MEYER, A. J. IIURD .... 

reduced to two other major optics models: the Jones 2 x 2 matrix and the 

Stokes vector representations. 

C. APPLICATIONS 

The GOA has been successfully used to study the wave propagation in a 

spatially inhomogeneous planar NLC, such as a periodically bent 

NLC4.I0, a hybrid oriented NLC cell: and an absorbing planar Guest- 

Host nematic LC display." Excellent agreement between the GOA calcu- 

lation, the exact calculation, and the experimental data was 

demonstrated. The GOA ha5 also been used to study the optical-field- 

induced molecular reorientationI2-" and bistability in NLCs,I6*l7 which will 

be discussed in the next section. The GGOA was applied to study the 

optical properties of planar and non-planar oriented LC media and LC 

displays, including the Guest-€1 ost nematics, twisted nematic, general 

single and double layer supertwisted nematic LC displays, and helical 

cholesteric and smectic-C liquid  crystal^.^^^^^^- 2o The GOA has also been 

used to study the purely optical-field-induced twist Freedericksz transition 

in nematic and srnectic LCs by Santamato ef af.2'-24 

111. NON-LINEAR OPTICS 

A. OPlICAL-~IELD-INDIJC~D FIRST-ORDER FREEDERICKSZ 

TRANSI'TION IN I IOMEOTROPIC ORIEN'I'ED NEMA'TICS 

The study of LC optical nonlinearities via optical-field-induced molecular 

reorientation is of particular interest bccause among fluids, LCs have the 

largest optical-field-induced rerractivc index changes. 'I'he rcorientation 

torque produced by a cw laser on 1,Os can result in an extremcly strong 

collective molecular reorientation and large assockted nonlinear 

effects.'2 l5 
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PROGRESS IN OITICS AN11 SURFACE ALIGNMENT 369 

Our studies showed that for a homeotropic oriented N I X  with large 

optical and elastic anistropies, the transition can be first order and hence 

intrinsically optically b i ~ t a b l e . ' ~ J ~ , ~ ~  l'his charaLteristic distinctly difTers 

from the dc-field-induced Freedericksz transition which is always a 
second-order transition with rigid surface condition. By examining ma- 

terial data, we round that 013  with a relatively narrow bistable width 

could occur in three NI,Cs: PAA (p-azoxyanisole), m,, m5.26 'Tabiryan 

et nf. and we showed that with an additional magnetic field or electric 

field, OB can always be enhanced or suppressed and hence can he secn in 
all existing NLCS.'~.'~.  17,25 31 I'he enhancement of the optical-field-induced 

first-order transition from a second-order transition by an additional 

magnetic field has been observed expcrimcntally by Prof. Shen's group 

arid provides thc first observation of a first-order Freedericksz transition 

arid intrinsic OD in NI,Ch3* 'I'he clcctric-field-enhanced, optical-ficld- 

induccd first-ordcr Freedcricksz transition in N I X  has also hccn obscrved 

hy Prof. Chen's group 

B. OP'IICAI,-I'ITII,D-ENIIANC13I) l'IRS'I'-ORI>ER I'KEEI)l?RICKSZ 

'I' RANS I T I ON IN PA RA I,I *T{ l ,  0 R I EN'IED NE M AT1 CS 

We also studied the external ficld efTccts on the Frcedericksz transition in 

a planar parallel oriented N I X  ccIIs."J5 In this geometry, the dc-field- 

induced transition is always second order, with or without an additional 

dc field. IIowever, with an additional optical field, it is possible to obtain 

a dc-field-induced first-ordcr transition rrom an otherwise second-ordcr 

transition. Rcccntly, Prof, Chen's group reported thc first observation 

o r  the optical field enhanced, electric-~eld-indiiccd first-ordcr Freedcricksz 

transition in a parallel oriented '7 

IV. SURFACE EFFECTS 

A. A1,IGNMEN'I~ BY IN1 IOMOGENIXXJS SIJRFACES 
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I n  spitc ol'thc grcat cffort bcing dcvotcd to tlic study of aligntiicnt of I,Cs. 

thc diagnosis and the conditioning of surfaces, and studics of niolccular 

intcraction with, and alignnicnt by surface, remain ariiong the lcast un-  

dcrstoocl areas of I,(: physics. In  1078, Mcycr suggcstctl that a controllcd 

inliornogcncoiis surface might allow cxpcrirnental incans to nicasurc the 

basis pnrarnctcrs dcscribirig I,C aligtirricnt.38 Wc prcscntcd cxpcrirncntal 

rcsiilts showing that the intcractioii hctwecn the l,Cs zntl inhoinogcneous 

surlaccs lcads to oblique alignment and confirins the Meycr pr~diction. '~ 

Ixpcriincritdly, we havc constructcd idioniogcncous surfaccs with 

parallcl and tiorricotropic orientations. 130th raritlorn and pcriodic pat- 

terns WCI'C gcncratcd by vapor dcpositioii of tnctal; random stnicturcs of 

metal islands wcrc inadc by controlling thc tliickncss of cvaporatcd nictal 

and thc periodic structures wcre rnadc by ticposition through a niask. 

We dcvclopcd thrcc mcthods f'or gcncrating thc iiihomogcneous surfaces. 

'l'lic .itiliotnogcricoiis surlhccs arc csscntially flat and contain some pat- 

terns of known matcrials having difrcrcrit alignmctit propcrtics for the 1,C 

uscd. 'l'lic con-~pctition bctwccti thc oricnting I'orccs' in  ncighhoring rc- 

gions of thc saniplc surfacc Icatls to spatially varying structurcs iri thc LC 

director a t  thc sitrf;icc, which dics out i n  thc intcrior of thc sarnplc in a 

boundary laycr whose thickncss is coriiparablc to thc l'undamcntal wavc- 

lctigth 01' thc surface pattcrri. 'l'lic rcsulting cquilibriuin mcnri orictitation 

and incan anchoring cncrgy can bc controllcd by varying thc propcrtics 

01' t.hc surfacc pattcrn. Wc showcd cspcrirncntnlly that varialilc itligtimclit 

ranging from parnllcl to honicotropic oriciitations can Ix ohtaincd I'or tlic 

n c ma tic O< B (4 -c ya 11 o -4 'I ic x y I i hi p I IC  11 y 1 ) t >y i r i ti om ogc I ico u s s 11 r h ces. 

Wc stuclicd tlic erccts of ;I Iioinopicous, short-rangc, arbitrary strengtli 
intcrfacial potcntial 011 thc dc and uptical licld-induccd 1;rccdcricksz 
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transition and obtaincd thc cxact We found that the function 

( ; (O, ) , )  which gives the field G nccdcd to maintain thc NI,C state with a 

givcn On, is a singlc-valucd function of On, but is not ncccssary monotonic, 

i.c., it can assunic thc samc valuc for diKcrcnt Om, whcre O,,, denotes the 

maximum dcforrtiation ariglc iii thc ccll, as comparcd to its initial oricn- 
tation. 'I'hc transition is sccond ordcr if G is a monotonic function of 

O,,,. ilowcver, i f  the function of <;(Om) has one of morc locally ex t r end  
values at  somc intcrmcdiatc anglcs hctwccn 0 and n/2, thcn sevcral first- 

ordcr transitions accompanied by hystercsis loops could occur at  thcsc 

anglcs. Wc obtained the gcncral critcria for thc existcncc ol' a first-ordcr 

transition and showcd that s u r f a x  intcractions could itiducc bistable and 

multistable transitions. Wc also dilrificd thc description of saturation 

field and saturation-statc mnintcnancc field that wcrc incorrcctly dis- 

cussed by Our gcticral rcsiilts agrccd with the rcsults rcported hy 

Ikckcr, el al., whcrc thcy showcd that clccttic-ficld-induccd bistable and 

multistablc transitions can hc obtaincd with sonic surface potential for a 

t wi s tcd N I ,(1.a2,41 

Wc siiggcstcd thrce siiiiple cxpcrirncntal mcthods Tor inanifcsting thc 

cfTccts of finitc anchoring on thc Frccdcricksz transition. Wc also sug- 

gcstcd threc simple cmpirical approachcs, for which one may obscrve thc 

multistablc transition. I n  oiic mcthod, we suggcstctl that by mixing two 
silrinc solutions, cach giving difTcrent alignrncnt whcn used alone (cithcr 

parallcl or homcotropic) to thc sanic N I X  at  the samc tctnpcrature.al 'l'his 

crnpir-ical approach has hccii used to obtain variablc obliquc l,C align- 

mcnt from othcrwisc homeotropic or parallel aligmncnt agcnts." 47 Rcckcr 

P I  0 1 . ~ ~  rcportcd that high prctilt anglcs have bccn obtaincd in the range 

of 20" to 40", by adeqiiatc coinbinations of rubbcd 101% pretilt alignmcnt 

polyincr surfaces and surfactants that arc normally usctl for homcotropic 

oricntation.& I n  1987, Filas and I'atcl" rcportctl thc inixturc OF two dif- 

fcrcnt silancs ( O W  for homcotropic and thc othcr for parallcl align~iicnt), 
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312 11. L. ONG, R .  B.  MEYER, A. J.  IIURD .. 

and Matsumoto el a[.% also reported the mixture of polyimide (parallel) 

and chromium salt (homeotropic) for aligning NLCs with oblique align- 

ment ranging rrom parallel to homeotropic orientations. Recently, 

Fukuro and Kobayashi reported a remarkable chemical synthesis of a se- 

ries of special polyimides comprising of an ordinary long-chain polymer 

(for parallel alignment) and the other is an extra chemically attached 

hydrocarbon branch with a finite length (for homeotropic alignm~nt).~’ 

The special polyimides were used to align NLCs with a stable pretilt angle 

from a few degrees up to 30 degrees by a rubbing technique. The high 

pretilt alignment method is particular useful for the highly multiplexed 

supertwisted nematic d i ~ p l a y s . ~ . ~ ~  1 t is hoped that the field-induced 

multistable transition could be observed in NLCs in the near future. 

C. ALIGNMENT BY METAL SURFACES 

We studied the role of surface bonding interactions on the alignment 

properties in the bulk phase by comparative studies of the induced align- 

ment for 5CB (4’-n-pentyl-4-cyanobiphenyl) bordered by various flat 

metal surfaces from both experimental and theoretical appro ache^.^^^^^ The 

results show that chemical bonding is an important factor in the LC’s 

surface alignment. 

Experimentally, homeotropic induced alignment was observed for 

5CB with Cu and Ag boundary layers, whereas parallel alignment was 

observed Tor Cr and A u . ~ ~  The alignment results are discussed for the 

cases of Cu, Cr, and Au in relation to the differences in chemical bonding 

interactions at the surfaces for parallel versus homeotropic adsorbate 

orientations. In order to gain insight on the chemical origins of preferred 

surface anchoring configurations, simplified molecular orbital calculations 

were first performed on hypothetical organometallic complexes consisting 

of a fragment of the SCb, cyanobenzene, interacting with isolated metal 

atoms at several bonding  location^.^^ We also performed a more realistic 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
43

 1
9 

Fe
br

ua
ry

 2
01

3 



calculation by cxtcnding tlic intcrfacc to two diincnsions by applying pc- 

riodic boundary coriditioris and with the usc of thc cxtcndcd I liickcl/tight 

binding mcthod for a laycr of cyanohcnzcnc upon a two-layer slab of tlic 

incta1.5' Both calculations gave thc correct alignmcnt for C r  (parallcl) and 

Cu (horncotropic). For Au, parallel alignmcnt is obscrvcd, whcrcas thc 

homeotropic alignment is favorcd by the molccular orbital calculation 

and the parallcl configuration is corrcctly predictcd whcn thc surl-ace 

clcctroiiic wavcfunctions arc utilized in thc slab calculation. l 'hc  rcsults 

sliowcd that chcinical bonding crcct.s play it dcciding rolc on the align- 

mcnt of liquid crystals or1 flat metal surfaccs. 
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