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Abslract-Optical retm-dation and FF-IR characteristics of pdyimide alignment layer of liquid crystals were investi- 
gated with Langmuir-Blodgett (LB) films rubbed perpendicularly to the @ping direction. Whiie the retardations of 
LB films remained unchanged as the number of transfers increased, those of robbed films increased up to 7 layers, 
but after a maximum retardation, they decreased steadily as the number of tm~lsfei~ increased. The retm-dations of films 
thicker than about 7-9 layers shifted negatively, indicating that the optical axis completely switched to the direction 
of rubbing. Further, difference of retardation between tmmbbed and rubbed films indicates that there existed a limit in 
tile number of layers, i.e., about 30 layers, to be influenced by the surface forces. It is an interesting observation that 
tile substrate surface freezes tile polymer chaii~s up to 7-9 layers, persistent to the rubbing strength, while the sui~ace 
rubbing force penetrates into about 30 layers. The IR dichroic ratio (&I/A) of 1,500 cm -l and of 1,240 cm -l decreases 
by rubbing, while little change at 1,720 cm -~, indicating that bei~ze~le groups are reolJented to tile direction of rubbing, 
while imide groups are not reoriented. 
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INTRODUCTION 

Tile unifon-n alignment of liquid crystals has now become a con- 
ventional issue, yet practical problems have not been resolved in 
the LCD industries [Uchida, 1985]. Various Ireatment methcx:ls such 
as an oblique evatmration of SiO,, a rubbing of polymer film, a L a g -  
muk--Blodgett (LB) film and a photoaligned f~n of photosensitive 
polymers have been proposed to align liquid crystals in an LCD 
ceil. The rubbing process, among these methods, has been in&astri- 
ally accepted for an alignment of Iiquid crystals simply by rubbing 
a pol3aner filial coated on a subsU-ate in a panel fabrication. 

Liquid crystal molecules, it is well knoml, are aligned on a rub- 
bed polymer svrface along a mbbing direction, while the alignment 
medlaifism of liquid crystals by rubbing is still not clearly under- 
stood Generally, it is accepted that two phenomena are considered 
to play a key role in the alignment mechanisms. One is a~'ibuted 
to a microgrcove fomled by rubbing fabrics on the surface of a film 
[Berreman, 1972; Flanders et al., 1978], and the other is to the mol- 
ecular interaction of liquid crystals ruth surface poI3aner segments 
reananged by a shear ~ess &aring robbing [Castellano, 1983; Oeary 
et al., 1987; Ishihara et aI., 1989; Ichinose et aI., 1991]. However, it 
is not clear whether two mechanisms compete or cooperate, and if 
it is cornplementary, what degree of their relative contrlbv~ons is 
originated from. 

ReceiNy, we stuclied coi~0:act angles and pretilts of liquid crystals 
on rubbed polyimide films [Kim and Kim, 1996] or mixed LB films 
[Koo et al., 1997]. The relative contributior~s of two mechanisms 
to pretilt mlgles of liquid crystals are quantitatively selmrated [Koo 
et al., 1999; Kim et aI., 2001], when alignment layers are prepared 
by the deposition of LB films on top of rubbed polyimide f~ns. 
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The LB method showed some difficulties in fon'ning a utffoml do- 
main [Ogawa et aI., 1990], but it was generally accepted for a moI- 
ecular scale process, capable of con~-olling a molecula- scale of fab- 
rication to reveal tile mechamm of aligrraent [Sorita et al., 1991]. 
The rubbing usually creates grcoves and new molecular interac- 
tion,s, while tile LB trmsfer does not introduce grooves and tx-etilts 
of liquid crystaIs. The step-by-step deposition on the top of a rob- 
bed strface was found to reduce the pretilts of liquid crystals and 
finally to zero as in a nomlaI LB surface. 

Although two mechanisms and their relative contrib~on have 
become cleai; tile influence of con-espondmg sta-face forces into 
tile depth of fffms needs to be identified Tile small algle X-ray dif- 
fi-action measurement showed a signff~mnt interfaciaI region of mol- 
ecular reorientation of pol3uaea- cbg~s up to 100 ~ [Nejoh, 1991], 
but no observation has been reported for the influence of robbing 
on a layered LB film. In tiffs study, after the LB films were l~-e - 
pared on the surface of an incliu~-n-tm-oxide (ITO) glass or a silicon 
wafer and then rubbed, the optical retardation and FI'-IR dichroism 
were measured to monitor the reorientation of polymer chair,s in 
LB fili-ns created by dipping and rubbing. 

EXPERIMENTAL 

Polyanic acid used as a precursor of polyffnide was PMDA-3,3'- 
ODA. A polyamic acid salt (PAAS) was synthesized by attaching 
two molecules of N,N'-dimethylhexadecylamine (DlVIC16, Tokyo 
Kasei Kogyo Co.) to each trait of polyamic acid N,~-dimethylfor- 
manide (DMF, Aldrich) was used as a solvent for PAAS to be spread 
on purified water PAAS molecules of 1 mmol/l concentration, were 
spread oil a water surface and compressed to detemline a rc-A iso- 
therm with a LB trough (KSV-5000, KSV I n s O l e n t  Ltd., Fin- 
land). Tile compressed monolayei~ were b-ansfen-ed onto the sur- 
face of ITO glasses, employing a vertical dipping aga~st the sur- 
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Table 1. The rubbing strength used in this experiment 

Rubbing Rotational speeds Moving speed of 
parameters (L)* of cylinder (rpm) substrate (cm/sec) 

No 0 0 
50 280 0.7 

100 560 0.7 8 
15o 8 :o  o.: ._g 
200 1,110 0.7 
250 1,250 0.7 g, 

*Nonunai robbing parameter in this experiment. 
**Polyimide coated substrate was strongly rubbed ruth deeply 
pressing to a rubbing cloth. 

face of water at various deposition pressures. In the previous work, 
we reported ~ A  isothemls, tralsfer ratios and thennaI imidization 
conditions of PAAS, and the existence of an optimal condition [Tae 
et aI., 1995]. The opthnaI speed of deposition was 5 nml/mitl After 
being deposited, the PAAS films were thermally cured at 300 ~ 
for 1 t~- [Kk-n and Kim, 1996], and then tile cured LB films were 
robbed by a rubbing nlachine with a roller of velvet (Yoshikawa 
Co.) at several rotational speeds. The rubbing direction was per- 
penclicular to a dipping direction. A rubbing strength (L//) applied 
to a fih-n surface is defined as [Sato, 1992]. 

L//=N(1 +2mn/60v) (1) 

where N is the ctrnulafive nL~ber of mbblngs, l is the contact length 
of the circumference of a robbing roller, n is the number of revolu- 
tions per minute (rpm) of tile rolIei; r is tile radius, and v is tile ve- 
locity of the substrate stage. The mbbing strengths and conditions 
used in tiffs work are listed in Table 1. 

%vo methcx:Is were used to esKmate the degree of orientation of 
polyimide. The optical retardation rctethod [Hart et aI., 1993; Sun 
et aI., 1995; Seo et aI., 1995], a very sensitive method of measur- 
ing the optical retardation, reported by FmNni and Fuller [FmtKni 
and Fuller, 1984], was employed The IR absozption spectra were 
measured by an FTS-60 spectrometer with a detector of deuterated 
triglycme sulfate (DTGS). For all absorption measurements, 100 
spectral scans were averaged with a 4 cm -~ resolution. The sam- 
ples were vacuum-dried at 80 ~ for 12 hours. The substrate used 
was a silicon wafm; and 100 Iayei's o fLB f~ns were cumulatively 
deposited for FT-IR experiments. 

The optical retardation (8) is proportional to the thickness and 
tile anisotropy of refractive index of a fih-n and is defined as 

2nAn. d 6 - Z. (2) 

where An is the difference of refractive indices between x and y 
directions in a layer plane, d is the thickness of a film, and X is the 
wavelength of a lasei: In ffm expei~'aent, d was deten'ained by a 
sLM'ace profiler system (a-step). 

RESULTS A N D  DISCUSSION 

The optical retardation and Fl ' - ]2 , .  measuzements of polyimide 
films were performed after PAAS LB films were cured The FI"-IR 
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Fig. 1. Relationship between (a) the number of layers, (b) surface 
pressure and retardation for polyimide LB films. 

dichroic ratios of fimctional group are often used to determine the 
oz-ieiltation of a polymer film, but several hun&eds of L B layers are 
required to hm~e a reliable ratio of the characteristic peak-to-noise 
intensity. In our cun-ent interests, howevei; the polymer orientation 
may have an alisotro W only within several Iayez~ and therefore, the 
optical retardation method was discussed in detail. 
1. Optical Retardation of LB Films 

Fig. 1 shows the optical retardation of the LB films of polyim- 
ide as a function of the number of layer and surface pressures. Fig. 
l(a) shows that the optical retardation increases up to the 7 ~ layer, 
but that it decreases beyond it. The optical retardation is propor- 
tional to the thickness of a film and tile average refractive index of 
a film is as given by Eq. (2). Therefore, the linear increase may in- 
dicate that the refractive index of each layer is constant since the 
thickness of each layer is equal, and as a result that the layer slruc- 
t~tre and molecLdar state of each layer are safely assumed to be id- 
entical. Such a stable formation of layers may be attributed to the 
sb-ong surface force and the intemlolecular interaction &aring a dip- 
ping process. However, we also obsen~e the decrease of retardation 
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Fig. 2. Relationship between the rubbing parameter and retarda- 
tion for rubbed pol3~mide fihns. 

after the 7 e layer, of which the distance fi-om an ITO surface can 
be esNnated to be atx~ut 35 ~. Since the observed refiactive index 
is averaged, the added layer next to the 7 ~ layer should be signifi- 
cantly random and effectively the overall refractive index would 
drop. This observation may indicate that the strong surface force is 
applied up to the 7 ~ layer enough to sustain the molec~flar orienta- 
tion fon~aed during the dipping process and that the interlayer in- 
teraction may not be strong enough to maintain it. 

Fig. l(b) shows that the optical retardations at different s~rface 

pressures are not very se~sitive, but that the degree of retardation at 
the 30 mN/m is higher than those of other s~rface pressures. The 
high retardation at the 30 mN/m is not melevant to the packing state 
of monolaye~; whch is much densely packed at the vessure [Tae 
et al., 1995]�9 The slight decrease at the 35 mN/m was expected, be- 
cause it was less stable near the collapse pressure. It is also con- 
cluded that the mean orientation of LB films is significantly influ- 
enced by the stably packed state of a monolayer at an ~--water in- 
terface, though it is reduced by the evaporation of DIvIC15 during 
the c~aJxng process. 

Fig. 3 shows a cross-polarized image of nematic liquid crystals 
in a cell made by polyimide LB fili~as. The alignment layer of each 
ceil was deposited at different surface pressures. All liquid crystal 
cells were at~parallelly constructed, and the number of layers was 
7, because it showed the best orientation as shown in Fig. 1. The 
degree of alignment at 10 raN/m, which ks equivalent to a liquid 
phase in the rc-A isotherm, is not good as shown in Fig. 2(a) and 
many domains exist in the ceil. However, the degree of alignment of 
liquid crystal increases with st~face pressures. At 30 mN/m as shown 
in Fig. 3(c), no domains appear but the defects are sNI obsen~ed It 
ks significant t l ~  the tex~-es of liquid crystals in the cells fabricated 
with LB films folIow the same trends of their optical retardations. 
2. Optical Retardation of the Rubbed Layers 

Fig. 2 shows the change of optical re~-dations of robbed films 
of spin-coated polyimide as the rubbing strength increases. The ob- 
serva~on agrees with others, such that the optical retardation increases 
with rubbing strength and becomes gradually sa~ated [Sun et al., 
1995; Seo et al., 1995]�9 When a polyimide film is mbbed, it is ex- 
pected that poly~aer cha~s can be oriented to the dsection of rub- 
bing, and that the degree of their ordering will increase with robbing 
s~rength_ It is also noted that the retarda~ons ofmbbed polymer layers 
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Fig. 3. Crossly polarized microscopic tex~m-es of nematic I ~  cells with PMDA/ODA pol)~nide alignment films; (a) 10 mN/m, (b) 25, 
(C) 30, and (d) 35 (Number of layers is 7). 
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are about 2 times greater than those ofLB fN-ns, indicating that the 
rubbing stress may penetrate into a deep layer or that the ff'npact of  
surface stress may cause the effective ordering at a surface region. 
This is consistent with the obsel~ations of anchohng energies and 
pretilt angles [Sato, 1992; Seo et aI., 1995]. 
3. Polymer Chain Orientation by Rubbing Process 

The LB f~ns were rubbed peit:endicularly to the &ectioi~s of ~p- 
ping. Fig. 4 shows the significant change of optical retardations of 
the rubbed LB f~-n ( l l )  fiom the original LB f~n (O). The de- 
position strface pressure for all samples ks 30 mN/m and the rub- 
bing parameter is 100 for all layers. The minus retardation means that 
the ohentation dsection is perpendicular to the dipping direction, 
that is, the polymer chains dsectors may change the ohentation fiom 
the parallel direction of dipping to rubbing. The large ct~nge of op- 
tical retardatiorxs of thick layers may inclicate that the surface stress 
penelrates 1 ~  the deep layer. Fig. 4 shows that significant residual 
ret~-clation remair~s up to about the gh layer a~er rubbing, and that 
the rubbing trea~nent does not affect the molecular ohentation near 
a subslrate s~rface. Therefore, the molecular chains of LB films are 
fu~nly attached on the surface, i.e., up to the 7-9 ~ layer by the sur- 
face force, while the polymer chains beyond the layer may change 
the oiientation parallel to the rubbing direction as the surface stress 
penetrate deeply into the layer. 

Fig. 5 shows the difference of optical retardations of robbed LB 
f~ns flora oiiginaI LB films. The difference increases with the num- 
ber of layers and sa~trates above the 30 layers. At 30 i~N/m, the 
transfer ratio of eactl layer is almost coi~sta~ and thus the f~n thick- 
ness linearly increases with the number of layers. Therefore, the 
saturating behavior of retardation at the Imearly increasing thick- 
ness clearly demonstrates the existence of a certain limit of thick- 
ness influenced by a rubbing force. In fact, the retarclation diffet-ence 
of layers by robbing represents a depth profile of the interfacial re- 
gion influenced by a robbing process and the interfaclal layer thick- 
ness can be ro~j-tly calculated to be about 30 layers or effectively 
150 _& (assumed one thickness of a layer is 5 tk), which is consis- 
tent with the X-ray measurement [Nejoh, 1991 ]. 
4. FF-IR D i c l , ~ i c  Ratio 
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Fig. 5. The measured results of retardation of polyimide LB and 
rubbed films; (a) rehtiort~hip between the number of lay- 
ers and retardation for polyimide LB and rubbed fihns, and 
(b) relationship between the number of layers and (lifter- 
ence retardation for pol)4mide LB and rubbed fihns. 

Fig. 6 shows the polarized FI"-IR spectra of an LB fib-n, and a 
rubbed LB film and IR dichroic ratios are summarized in Table 2. 
The del:x:sition s~ace  l~-essure was 30 n~,I/m, the number of layers 
was 100, and the robbing strength was 100. For an LB f~n, the ab- 
sorbance of a parallel direction to a dipping ks Iaxger than that of a 
pezpendicular direction, but the difference ks very small. Therefore, 
it is difficult to observe the degree of polymer chain orientation in 
an LB film. For a rubbed LB fN-n, the peak intet~sity of a func- 
tional group, where 1,500 cln -l inclicates a tangential hng stretch- 
mg mode and 1,240 cm -l does a C-O-C stretching mode, increases 
by rubbing, but the leak intensity of 1,720 cm -~, which is a C=O 
stretching mode, decreases slightly by mbbing. This result supports 
that the benzene group is reoriented to the rubbing direction by a 
rubbing process, whereas the imide group is not reoriented Since 
liquid crystals well align to the mbbing direction in the ceI1, benzene 
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Table 2. IR dichroic ratio (~ /A , )  of pol)~nide alignment layer 

LB film Rubbed LB film 

1,240 cm -~ 1.0248 0.8872 
1,500 cm -~ 1.0133 0.8834 
1,720 cm -~ 0.9583 1.03 

groups, which are reoriented to rubbing direction by a rubbing pro- 
cess, have a dominant effect on the aligmnent of liquid crystals. 

CONCLUSION 

OptlcaI retardation and FT-IR spectra were studied with a rub- 
bed polyimide LB f&-n as alignment layers of liquid crystals. The 
alignment layers were fabzicated by robbing LB fihns perpendicu- 
Iarly to their dipping direction aRer they were Iransferred at various 
surface pressures and dipping speeds. 

The retardations of LB films increased until seven layers were 
deposited at 30 n~',I/m but decreased steadily with the number of 
Iransfers. The robbing also increases the optical retardation of poly- 
imide layers. When the LB films were mbbed, the retardation of 
robbed layers shifted negatively aRer about 7-9 Iayez~, while the 
simple deposition exhibited no change of retardation with the num- 
ber of transfers. 

Furthei; a difference of retarclation indicates that there existed a 
limit in the nvwnber of Iayers, i.e., about 30 layers, to be influenced 
by a st~face force. It is signific~lt that the subs~ate surface fieezes 
the polymer chains up to 7-9 layers, persistent to the robbing s~-erboth, 
while the rubbing force pene~ates into about 30 layers. 

The IR dict~-oic ratio (All/A• of  1,500cm -~, a tangential ring 
slretching mode, and of 1,240 cm -~, a C-O-C stretching mode, de- 
creases by mbbing, while there is little change at 1,720 cm -~, a C=O 
stretching mode. This indicates that benzene groups are reoriented 
to the mbbing direction by a robbing process, while imide groups 
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Fig. 7. IR dielu'oic spectra of the (a) polyimide LB films and Co) 
rubbed LB film ~l show file spectl~ when the polarization 
vector is pm~llel to the dipping dh'eclion. • show the spec- 
I ~  when the polarization vector is perpendicular to the dip- 
ping direction). 

are not reoriented Liquid crystals well align to the rubbing direc- 
tion in the cell, indicating that the benzene group had the dominant 
influence on the aligm'nent of liquid crystals. 

In a suaam~ary, the robbing of LB f&-ns would realign the poly- 
mer cha~s from a dipping direction to a robbing direction. 
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