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Unified Surface Anchoring Energy for Cyano- 
and Fluorinated Nematic Liquid Crystals on a 

Polymer Alignment Layer 

SHOICHI ISHIHARAa, MAKOTO TSUJIb and AKIHIKO SUGIMURAb 

aLCD Development Group, Display Device Development Centel; Matsushita 
Electric Industrial Co., Ltd., 3-1-1, Yagumo-Nakamachi, Moriguchi, Osaka 
570-8501, Japan and bDepartment of Information Systems Engineering, 

Osaka Sangyo University, 3-1-1, Nakagaito, Daito-shi, Osaka 5744.530, Japan 

The unified surface anchoring energy, which has been proposed to describe the generalized 
anisotropic interaction between the nematic director and the substrate, was investigated for 
nematic slabs of various cyano- and fluorinated liquid crystals (LCs) on a polyimide align- 
ment layer. A saturation voltage method, combined with a conventional optical method, was 
employed for determining the unified surface anchoring energy. The surface anchoring 
strength (SAS) was found to vary over the range lo4 to 10-3[J/m2] depending on the LC 
molecular structure. It was also found that the values of SAS change with respect to the tilt 
angle in opposite directions for the cyano- and fluorinated LCs. 

Keywords: liquid crystal; continuum theory; molecular structure; surface anchoring energy 
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16247741 SHOICHI ISHMARA el al. 

the LCD performance. 
The investigation arid clarification of the surface anchoring mecha- 

nism leads to thv c*ahancement of display performancc such as an enlarge 
m n t  of a virwing angle, the solutiori of imagesticking problem which has 
bccri mn in  the in-plnc switching mode cells aid, moreover, thr invention 
of a new LCD modc. 

To describe thc interaction between I,C molerules and alignmemil film 
siirface, Rapini and Papoular (RP) have introduced a simple phenomeno- 
logical expression for the interfacial surface anchoring energy per unit area 
which describes the atiisotropic interaction between the nematic director 
arid the substrate[l. I s  the RP model thc anchoring energy reflects the 
ability of the director to deviate from thv easy direction121. On the ba- 
sis of the  RP model and its modificatioiis, there are many rc-ports in the 
litcraturc on the measurrtnent of anchoring mergies[l*‘]. 

Recently, on the basis of a general RP model, a unified surfacc an- 
choring enrrgy has been proposed with which to predict the director dcfor- 
mation of a twisted chiral nematic sample theo rc t i~a l ly~~-~~ .  In this triodrl 
the surfacc anchoring energy is generalized to dcscribe an interfacial en- 
ergy, in which t h r  surface anchoring energy is not separatcd into polar and 
azimuthal surfacc anchoring energies, independent of each other, as is often 
used. The unified surface anchoring model has been used to measure the 
anchoring strength, A, for the nematic phase of 4-pentyl-4’-cyanobiphenyl 
(5CB) and polyiniide Langmuir-Hlodgett substrates with ultra thin film 
thickness < IOnmf‘l. ‘I‘hc model has also led to the proposal of a satmation 
voltage method[*] as a simple measurement method of SAS. 

III this st.udy. we have measured SAS of cyano- and fluorinatmi L(’s 
on a polyimidr interface by using a saturation voltage method based on 
a unified surface anchoring t tiwry. and have itivrstigated the relation b c  
twceii thc I,C molecular structures, SAS and tlir tilt angle. 

Jlaterials 
(‘yaiio-I,Cs (Sample So. X‘X 1 4 % )  atid fluoriiiatd IA’s (Saiiiplc KO. 
:Fl-Fi)  were used i n  ttir Si\S tiieasiirrmriit. ‘Iablr 1 aiid ‘I’ahlr 2 show the 
composition aiid physical propcrtiw of I hew LCs. rcspcyl ively. The nuni- 
ber inside parrnt times followisg al)breviatioiis of 1.C inoleciilar struct urei 
iii Table 1 sliows the blending ratio of each comporirrit . The molecular 
structures of the L(’s and thrir abbreviations arc shown in Tablc 3 .  
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SURFACE ANCHORING ENERGY FOR LIQUID CRYSTAL [775]/163 

'I'AHLR 1 Compositioris of liquid rrystal mixtures used 
('ell No. ht)breviation of LV Components (wt.% )t 
('N 1 3PClI(30), 5PCII(40), 7PCH(30) 
("2 3PCH(25), 5PCII(35), 7PC€I(25), 5HCH( 15) 
CN3 :IPDX('L5), 4PDX( SO), 5PI)X( 25) 
CN4 5<lB(50), 7CB(.50) 
CN5 5CH( 100) 
Fl 'LHPFF, :IIIPFF, 5HPYP (quivalciit weiglit mixture) 
P2 2H2PFF(40), :JH2PFF(20), sHWFF(40) 
FJ 511RY(37.5), 7€IEF(37..5), 3IIHEF( 12.5), 5HHEF( 12.5) 
F4 7PFF(40), BIIPFF('LU), 3HPFF(20), SHPFF(20) 
F5 SPyFF( 30), .5PyFF( 30), 4 PyHF( 20), SPyBF( 20) 
F6 5PF( 17), 6PF( 14), 7PP( 13), 3'l'F( IS), 5TF( 18), 7TF('L3) 
F7 2tIBFF(25), 3HHFF(25), SHBFF(50) 

SThe first ligiirc* of cadi abbreviat,ion deiiotes r riiiiril)cr of an alkyl chain. 

TABLE 2 Physical charact,cristics of liquid crystal mixt8urcs used 

Cell Tc (11 Ac kll kll kW 11, ti0 An 

CNI 5'2.3 15.1 10.2 7.83 8.59 16.24 1.606 1.488 0.118 
C'N2 7'2.4 14.9 10.1 9.65 7.95 22.04 1.628 1.491 0.137 

CN4 38.8 16.3 10.5 6.90 5.73 10.19 1.709 1.5'27 0.1232 
C'N.5 35.9 17.0 11.0 6.57 3.81 8.60 1.707 1.550 0.177 

F l  112.5 8.5 4.8 10.28 10.63 24.22 1.56'2 1.483 0.079 

F3 60.5 6.2 2.1 i . 4 i  5.65 11.88 1.537 1.473 0.064 

F5 31.7 17.5 10.6 5.01 5.20 6.26 1.667 1.550 0.137 
I:G 27.0 7.4 3.6 5..5!) 3.04 6.11 1.647 1.512 0.135 

No. ('(1) (PN) (PN) (IN 

C1N3 40.5 23.5 13.6 5.05 3.73 7.93 1.588 1.488 0.100 

F'L !)5.:~ 7.!) 4.3 !).-I? 1 n . x  27.00 1 . 5 ~ 3  I..IXO 0.073 

~4 40.8 8.0 :1.7 .I.:H 5.28 8.69 0.055 

~7 !I:%. I 9.-r .5..; in.o:1 7.05 i - m  i . ~ ! )  i.m 0.142 

('dl Preparat ioii 

'I'tir pairs of subst rates \\we asscwi1)lccl tvith riihliiig direct ioii aitti-parallrl. 
Pdyiiiiidc( 1'1) (St.:-74!PL. Sissaii ('tit~tiical Industrirs. Ltd.) was iisc~l as aii 

aligriiiieiit film. Tlie PI films were dqmitcd on the subst rates froni cliliitc 
polyiiicr solutioiis by a spiniiing method and tlicii baked at I X O O C '  for aii 

hour. The t tiic.kiit*ss o f  PI films was measured by the alpliastcpH(TENCOR 
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164/[776] SHOICHI ISHIHARA ef al. 

INSTRUMENT) and found to be about 80nm. The area of the electrode 
was 2cma and the spacing .! for LC cells was set at 6.5pm by using plas- 
tic beads. The spacing was measured by the LCD thickness meter TM- 
230N(Canon Sales Co., Inc.). 

After filling with the LC, all LC cells were annealed at a temper- 
ature higher than the nematic-isotropic transition temperature (clearing 
temperature: Tc) by 20 degrees for an hour. 

TABLE 3 Molecular structures of liquid crystals 

Pretilt Angle Measurement 
The pretilt angle, which is the tilt angle of the easy axis in LC cells , was 
measured by the Optical Measuring System OMS-P3( Chuo Precision In- 
dustrial Co., Ltd.) at 25°C. 

Surface Anchoring Strength Measurement (Saturation Voltage Method) 
The saturation voltage method derived from the unified surface anchor- 
ing model has already been reported as a simple measurement method of 
SASI']. Assuming that the easy directions and SASS at the top and bot- 
tom substrates surfaces are the same, the following relationship between 
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SURFACE ANCHORING ENERGY FOR LIQUID CRYSTAL [7773/165 

the  surface anchoring strength A arid the saturation voltage U s  Tor a ne- 
1nat.k I x ’  slib with a homogeneous director orientation was derived: 

where, k l l ,  kn, and ks arc the splay, twist, arid bend elastic constants or 
the LC‘, respeC.l.ivc-ly, At is the dieltvtric anisotropy, to is dielectric con- 
stant io the spar(*, and C is the film thickness. 
Mormver, in the case of practical LCs, the formula Us > 2 d m  is 
satisfied. And so, Eq.( 1) is simplified as follows; 

............... +* 
FIGURE: 1 Exprririerittal setup to tneasiirr the opt.ica1 rrtarclatiou 

Tlr. cxperiiiieiital setup riscd to iiieasure I ‘s is sliowi~ sclicniatically iii Fig- 
ur(* 1. Po. An. €‘.I). atid €‘.(?. are I Iir polarizer. analyzer. the photo-clctcctor 
and t.hr persotial computer. respect ivcly. BS is a Babinct-Soleil COIII~CII- 

sator 10 mcasure I tw optical retardation from the sample. ‘l’hc out.put of 

of a I.(.’ slab 
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a H e N e  laser (Spectra Physics Co., model-l17A) is linearly polar id  by 
nwatis of a polarizer (Polaroid HN-.W). The laser beam is passed through 
the therrnostateel LC slab with its axis at an angle of 45 degrccs with re- 
spect to the polarization direc1,ioii of the ham. The rcyultiiig elliptically 
polarized light passes through a IJS compensator (Siguma Koki Co., Auto 
Babinet Soleil Stage B-83). Its optical retardation is adjusted by rrieaiis 
of ail clcctrical stepper motor to compensate for tlw optical phase diller- 
eiice duc to the hircfringence of the LC slab which dcpcnds on the slab 
thicknrss, the refractive indices of the- I,C! and and an applied external 
voltagt- supplied through a function generator F.G (Hewlett Packard Co., 
HP-81 I6A). The precision in thc optical rctardatiori for A = G328nm is 
1.66 x 10-Jjim/stcp. By this prccise compensation the light transmitted 
through the analyzer which in crossed with the polarizer has a minimum 
beam intensity. 

The saturation voltagc U s  is obtained by plotting thc measured opti- 
cal rctardatioii ((Ant')) of thc L(' cell against the rcciprocal of the applid 
voltageI'1. The* value of U s  i s  given by the extrapolated valuc of 1/11 whew 
Aid is zero. 

RESULTS A N D  DISCUSSION 

'I'he valr i~s  of SAS mcasured with a PI alignment layer for the various 
LCs plottrd as a function of the rcduced t.cmpcratiirc (T( Ii)/Tr( K)) are 
given in Figures 2 arid 3 for tht. cyano- and fluorinatcd LCs rwpc.rtively. 
The valucs of SAS for the various IL's at T/Tc=0.95 wcrc determined from 
Figures 2 atid 3 arid arc given iri  'I'able 4. 

'I':\HLE 1 1Viinicrical dnt a of surfaw aiichoririg strength at 'r/Tc=O.!)5 
('ell No. .-\ x 10" [.1/m2] Ccll So. :\ x lo4 [ J / d ]  

cs I 11.2 F1 2.83 
c S'L :i.!m PL 5.82 
('St I .7'2 F3 I . O i  
cs1 2.75 F4 2.5'2 
CS.5 3.45 F.5 2.55 

F(i 2:H) 
F7 4.07 
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SURFACE ANCHORING ENERGY FOR LIQUlD CRYSTAL [779]/167 
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SHOICHI ISHIHAM et d. 

From tht- values ia Table 4, the trends regarding the relation- 
ship between the molecular structure of LCs and their SAS vali~es may I)c* 
sunimarisccl as follows: 

1. The introdiictiori of an ethylene linkage in LCs containing two ter- 
mirial Iluorines leads to a n  increase in SAS (compare F1 and P2). 

2. Oxygen containing LCs appear to  have the srnallest valum of SAS 
(F3 and CN3). 

3. The larger the electronic density in the molecular skeleton of the I,C, 
the smaller the SAS, as can been seen in the series of CNI+ CN2+ 
("4 and F2+ FI+ F4+ F6. 

4. In the  case of PCH-based L('s (CNI, F4), SAS decreases drastically 
by replacing a cyano group with fluorine. 

5. I n  cyario-LCs, SAS of a PCll-bacled L(' (("1) is about four times 
larger tnliari t hat of a cymobiphenyl-based LC(CN4). 

6. Hy comparing C N 4  with CN5 or FI with F7, it can be seen that  LC's 
with a high trriclericy to form dimers have large SAS values. 

The tilt angle of the easy axis is controlled by the length and density 
of the lateral chain fragments of the  diamine components in the PI align- 
ment layer. In trying to understand the above trends it is helpful to think 
of the L(' molecules as being immersed in the alignment film and not just 
interacting with the top layer of the film. Hence tlie interaction betwcwi 
t lit- I,C' molcu.iilta arid the polymer chains inside the alignment film must 
he t akm into accoiint i s  the study of tlie anchoring energy. We now try t o  
rat ioiialiw t he observed 1 rends concerning the changes in SAS values with 
the L(' rnolccular st ructure. 

Hcgarding 1 above*, t h e  illcrease in S:\S on the  introduction of an 
ethyleiiir liiikiigt- niay he tliic to aii increasc of thv LC molecular flexibility 
and an iiicrrwse in steric hindrance between the L(' molecules and polymer 
chains. The  increase in electronic density in the molmilar skeleton of the 
L(' (as in 2 aiid 3) nny lead to iticnrsnl unfavoiird)lc* intcwctioii with 
t l i c  polar parts of the PI chains and hence to small S:\S valiics. 

Hcgardiiig 4.  t Iic- tl~y.rcas(* in surface. energy on replacing t lie* cyaiio 
group by a fliiorine is presumably caused by a reduced polar interaction 
with the polynier iiiolcculerr. The presence of the lateral fluorine may be a 
contributing factor. The origins of the large differences observed in  5 arc 
not clear and require further future investigations. 
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SURFACE ANCHORING ENERGY FOR LIQUID CRYSTAL [781]/169 

The formation of dirnc-rs, as thought rriost likely for 6 above, may 
niakr the L(' molecules niore clilTicult to niove away from the- surfarc. Irad- 
iiig this to iiicrtwsrtl SAS values. 'Ib conliriii this. 67.!Jwl.% of ("1 and 
N . l w t . % ,  of Fl were niiwtl and SAS was nit-asured. 'l'lic A( . k l l ,  kri, and 
k:,:, were 9.3, 8.0[pN], 6.7[pN]. aid I5.!)[pN], rrspectivrly. The obtairicd 
SAS value was 5.0 x IO-"[.l/iii*] which was halfof ("1's SAS. This irnplirs 
the tlissociat.ion of ('Pi1 dirntw by the addition of F1 rnoltwilrs. 

'I'he relat.ion betwc.cn t he tilt, angle of the easy axis aid SAS at 25"(' 
for tlie cyano- aid  lluoriiiatcd liquid crystals is shown in Figiirc. I .  

Ti1 t Angle of Easy Axis [degree] 
FI(;ITH I.: 4 Iklat ioiisliip ht*twren surface anchoring st rcngl 11 

antl t i l t  aiiglr at 25°C 
,. I he t i l t  angle for the cyanuL('s tlecri-ascx as {.lie valuc of S:\S in- 

creaws. On t l w  ot hrr hand. Tor the Iluorinatecl licliiid crystals tl ic.  rwcrsc 
~rciicl is ol~ser\,c-cl: the tilt angle iiicrcases as t l i r  valiir of S.AS incrrascx 111 

gwieral rcports ttial aplwarrcl i i i  thc l i t t w t i i r r  only sprak of t l ir  t i l t  aiiglc 
tlrcrriising as t ~ i r  v a I w  of S:\S iiicrcases["'I. Iiere i i i  I I ~ C  tluoriiiatrtl ~ , ( ~ l r  wc 
ol)servc. t I i r  rrverw. 

'I'lie dilrcwwces ii i  I I i c  skelc-toil of tlir L(' iiiolccules iisrtl could IN- 
considcwd as o w  of the factors. Otlirr factors iiivoliwl i i i  det(*riiiining I Iic. 

S.AS value conltl br t lit, c-lrctronic interaction bet\vc~c-n t he  I,(' niolecuh 
and {lie aligiiineiil polyiiier. strric Iiiridraiicx.. order parameters antl so 0 1 1 .  

To iiiitlest a i id  niore ahout t tic. nircliaiiisni of siirfacr anclioring. niolcciilar 
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17W821 SHOICHI ISHMARA er al 

model simulations as well a~ further systematic experimental investigations 
are required atrd plannd.  

CONCLUSION 

Thc surface anchoring stnwgth (SAS) and the tilt angle on a yolyiinide 
alignnicnt [ h i  surface were bvcstigated fw various cy;uiuL<h and fluori- 
nated LCs wit ti differwit molecular skcletorrs. Depcading on the molecular 
structure of the IX', Cht. value of SAS was found to vary over the  range W4 
to [J/rn2]. It was also found that the relationship between the tilt 
angle and SAS vary in opposite dircctions for the cyano- and fluorinatcd 
liquid crystals. 

In the analysis of SAS values, the rteric restriction by the- polynicr 
chains of thv movement of I,C molecules inside the alignment film was 
romiderd  an important factor which rannot bc ignored. 

To iindersLand furtlicr the detailed relation betwtw the SAS, thc- tilt 
angle and the various molecular structures of the liquid crytals and the 
alignment yolymcr more detailed experimental investigations and model- 
ing of LC conforinations are n m s a r y .  
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