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DIRECTION OF THE POLARIZATION P ON THE BOUNDING 
SURFACES OF CHIRAL SMECTIC C SAMPLES 

M. BRUNET 
Labor at oi r e  de Mi neralog i e 
Universite des Sciences et Techniques du Languedoc 
F-34060 MOntDellier (France) 

G. ANDERSSON AND S.T LAGERWALL 
Physics Department 
Chalmers University of Technology 
S-41296 Goteborg (Sweden) 

A ferroelectr ic l iquid crystal  should have an intr insic 
tendency to  direct i t s  local polarization vector P towards or 
away form a bounding surface. This, in principle, leads to  an 
undesired splay inhomogeneity in ferroelectr ic optic cel ls. 
The direction has previously been determined in one case, by 
Glogarova and Pavel, t o  be away from the surface. We have 
found, fo r  t w o  dif ferent materials a t  the same surface, that 
the tendency i s  opposite in the t w o  cases. Thereby the 
possibi l i ty  exists t o  achieve an essentially non-polar 
interaction by mixing, in order t o  avoid the splay. I f  the sign 
of  P i s  known fo r  the material, an optical observation i s  
suf f ic ient  f o r  the surface polar i ty determination. This means 
that there i s  even no need fo r  an electr ic f ield, which 
s impl i f ies the method. 

L i t t l e  i s  known about the polar interaction between a 

ferroelectr ic l iquid crystal and i ts  confining surfaces, except 

that i t  may easily be strong enough to  oppose the creation of  

homogeneously polarized device states. Even in fa i r l y  thin 

cel ls where surface alignment forces have elast ical ly 
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468 M. BRUNET, G. ANDERSON AND S. T .  LAGERWALL 

unwound the helix characteristic of the C* qround stat.e, a 

kind of splay-twist. state tends to persist due t o  a remainirig 

polar anchoring interaction. This generally gives a 

complicated threshold behaviour to an electro-optic cel I and 

slows down i t s  dynamics. The achievement of the highest 

possible switching speeds in ferroelectr ic l iquid crystals 

thus necessitates the study of surface polarization 

phenomena, which i s  the subject of th is art icle. 

With a convenient surface treatment a chiral smectic C: 
sample can be brought into the so-called bookshelf geometry 

w i t h  the smectic layers running essentially perpendicular t o  

the confining glass plates. In very thick samples i d  :.> !j - 

typically 20 to 50 km; however the thlckness has to  be chosen 

w i t h  regard to the C* pitch Z of the material used - tne b u l k  

w i t h  i t s  characteristic hel ix w i l l  dominate the struct1,it-e in 

the following sense. I f  we shine a ray o f  laser l ight througtr 

the cell, a dist inct  d i f f ract ion pattern w i l l  disclose an 
undisturbed helicoidal structure and, w i t h  some care, a 

correct measurement of 2 may be made. Visibly, however, e g 

i n  a microscope, the structure may be dominated by the 

surface, inducing a periodic pattern of defect lines. These 

lines, often called "fringe lines" have almost universally been 

misinterpreted as being the helix seen from the Side (i e. the 

index variations Caused by the tw is t i ng  director) and an even 
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SURFACES OF CHIRAL SMECTIC C SAMPLES 469 

more surprising fac t  is that the same mis in terpretat ion is so 

widespread despite the analogous experience f rom decades of 

work on cholesterics 

At the other end, for very th in  cel ls, the surfaces 

dominate i n  a l l  respects and now give an ent i re ly  d i f ferent  

appearence the sample may be smooth and defect-tree 

because the hel ix  i s  absent (unwound) The ch i ra l i t y  can, in 

th is  case, only be deterred from the fer roe lect r ic  response 

and the poss ib i l i ty  o f  fer roe lect r ic  domains 

In  i i i termediatP cases (as w e l l  as in thick ce l ls )  there w i l l  

be non-helical regions near the surfaces and a hel ica l  region 

i n  the middle These regions w i l l  be connected, as was f i r s t  

shown by Brunet and Wi l l iams '  by cer ta in  localized patterns 

of defect l ines with regular spacings. The l ines (which are f 

2n t w i s t  discl inations) have been cal led "dechiral izat ion 

l ines" but should, more properly, be named "unwinding lines", 

Secause the ch i ra l i t y  of the mater ia l  stays the same, 

regardless of  any unwinding phenomenon. 

STRUCTURES IN THE FIELD-FREE CASE 

In the absence o f  an applied e lect r ic  f i e l d  and w i t h  a planar 

d l rector  anchoring-condition the t w o  n directions ( 1 )  and (2) 

in f igure 1 are essential ly equivalent energetically as long as 

the interaction between l iqu id  crysta l  and glass surface can 
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470 M. BRUNET, G. ANDERSSQN AND S. T. LAGERWALL 

 FIG.^ 
I 

Fig.1 The smectic C tilt wne cut by the bounding surface i n  the case of 

non-tilted smectic layers. The two directions 1 and 2 are the cone states selected 

by a degenerate planar anchoring condition. 

be considered as non-polar The local macroscopic 

polarization P i s  r igidly coupled to  the local director n, and 

for a material of positive sign (P ) 0 )  the n direction ( 1 )  

corresponds t o  a P vector pointing downwards ( into the liquid 

crystal)* whereas (2) corresponds t o  P pointing upwards 

(toward the glass) For a negative material (P < 0 )  the 

opposite holds true When the surface interaction grows 

increasingly polar, ( 1 )  and (21, in any case, become 

increasingly non-equivalent and, even in treating the simplest 

electro-optic cel l  where the liquid crystal i s  bounded by two 

identical surfaces (glass, polymer, etc w i t h  identical 

coating) we w i l l  have to  consider a number of dif ferent cel l  
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structures. 

and thick ce 

SURFACES OF CHIRAL SMECTIC C SAMPLES 47 1 

t w i l l  be convenient to distinguish between thin 

1s 

In a thin sample the gain in  polar surface energy cannot, in  

general, match the increase in electric and elastic energy 

caused by large inhomogeneities in the n and P fields For a 

sufficently thin cell these deformation energies w i l l  

dominate and force the director to attain the same state 

throughout the cell This w i l l  then hold, also, for the 

potarization (div P = O), and we shall call a visible region 

w i th  such a state ( f ig  2a) a "polarized domain" Although 

depending on material, such domains are fairly typical for a 

cell thickness of 1 to 3 pm In somewhat thicker cells the 
polar surface condition might predominate and instead 

2b 

Fig.2 Simplif ied director configuration i n  a polarized domain (a) and in a 

splay domain (b). 
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412 M. BRUNET. G. ANDERSON AND S. T. LAGERWALL 

optimize for the preferred polar anchoring at  both surfaces 

(figure 2b). Now from the lower to  the upper glass plate the 

molecules turn azimutally by n over the smectic t i l t cone, 

corresponding to an angular change of 2 0 in the project ion 

plane. This involves a splay deformation i n  the P f ie ld  

between the confining plates, (div P f 0) and we shall cal l  a 

visible region w i t h  such a state a "splay domain". Such splay 

states have been identi f ied by Handschy, Clark and Lagerwaii3 

and, independently by Glogarova and Pave14. 

In thick samples the situation i s  substantially dif ferent 

because o f  the helicoi'dal arrangement that persists i n  the 

bulk. and the presence of unwinding l ines which jo in  untwisted 

and twisted smectic regions. I f  the molecules have the same 

direction on the lower and the upper glass plates ( th is  

requires strong directional anchoring), then the unwinding 

lines w i l l  appear symmetrically as doubles l ines near the top 

and bottom according to  the pattern of f igure 3a 

("superimposed 1 ines"). The distance between consecutive 

superimposed lines i s  equal to  the smectic pitch Z, but the 

lines themselves must not be mistaken for the helical p i tch 

periodicity. Strong directional anchoring may be obtained by 

SiO evaporation or by rubbing and i s  ef f ic ient  i n  connection 

w i t h  low-P materials and, particularly, w i t h  8 = 45' 

materials, because the cone directions are maximum apart 
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SURFACES OF CHIRAL SMECTIC C SAMPLES 413 

(90") f rom each other i n  tha t  case. Both conditions were, in 

+ 
r - t i - i - i - i I -4- l  

0 
t-1 i i -I I -41 -i -I 
I-y / A-I y\kk / < + & \ y + J /  

i 1 - l - I i - I - i l - r  cl-cl-cccl-~ 

0 0 

0 0 0 

S 

Fig.3 Regular disclination pattern i n  superimposed l ine (a) and shifted l ine 

i b) configuration, corresponding to same (a) and different ( b )  cone state at top 

and bottom, These are the thick cell structure analogs to figure 2 ( a )  and (b). 

P 

STRUCTURES AND DOMAINS IN THE PRESENCE OF AN APPLIED 

ELECTRIC FIELD 

The important study of structure changes in a chiral  smectic 

C sample, as a function of ce l l  thickness and of applied 

electr ic f ield, was in i t ia ted  by the Prague group in 1983* and 

fol lowed up i n  a series of very careful  paper^^-^ In 

part icular the mechanism fo r  the f i e l d  induced transi t ion 

f rom helicoidal t o  unwound smectic C* structure was 
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474 M. BRUNET, G. ANDERSON AND S. T. LAGERWALL 

elucidated and the different transition thresholds calculated. 

The results are most readily described w i th  reference to 

flgure 3b. I f  a DC electric f ie ld is  applied across a sample 

which Is sufficiently thick (-- 50 bm) to allow an easy 

focalization near the upper and lower glass plates, and 

thereby an observation of the indlvidual unwinding lines, the 

following sequence of events is observed in the microscope. 
With a starting configuration as in  the figure and w i th  a 

positive polarity applied t o  the upper electrode, an increasing 

f ie ld w i l l  move the right and lower disclination toward the 

le f t  one indicating that more and more molecules are turning 

over into the upper direction This means that, for the 

molecules in question (DOBAMBC) the polarization i s  pointing 

downwards a t  the top of the cell, and hence upwards at the 

bottom. Such observations permitted Glogarova and Pave14 to 

conclude, for the f i rs t  time, that there was a spontaneous 

tendency for the polarization t o  point inwards, into the liquid 

crystal, at bounding surfaces, at least for the studied 

material combination together w l th  glass, coated w i th  Sn02 

and washed w i th  acetone. A different material made by 

doping a non-chiral smectic C w i th  a cholesteric showed the 

same behaviour. The question then arises whether this is a 

general feature or not. I f  yes, the only way t o  get r i d  of the 

splay state is to suppress i t  by making very thin cells. If no, 
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SURFACES OF CHIRAL SMECTIC C SAMPLES 415 

the surface anchoring may be made non-polar by mlxing 

substances of opposite preferences. 

On further increasing the field the lower line moves in  under 

the upper line so that the two become superimposed. At the 

same time the upper line together w i th  the region of deformed 

helix have moved downwards, making the picture much less 

symmetrlc than that of figure 3a and building up a 

concentration of elastic deformation towards the bottom. The 

lines w i l l  eventually annihilate by forming closed loops and 

shrinking, leaving an unsymmectric splay state w i th  no 

singularities, similar t o  the one in figure 2b, except that the 

"neutral state" where P i s  horizontal (neither up nor down) is  

not in the middle but near the bottom. 

A s t i l l  further field increase w i l l  switch some of the 

molecules next t o  the bottom surface : small irregular 

domains appear, which can be made dark between crossed 

polarizers. These are polarized domains bounded by new 

surface disclinations of strength ?r n. As Glogarova and Pave1 

Point out i t  is  sometimes ( in highly twisted materials) hard 

t o  conclude wi th  certainty which of the two line families, the 

top or the bottom one, is  caused t o  move by the electric field. 

They therefore base their determination of  polarity on 

whether the polarized domains appear on the top or on the 

bottom glass slide, which is easier to  observe. We w i l l  adopt 
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476 M. BRUNET, G. ANDERSON AND S .  T. LAGERWALL 

their method as we l l  as using a di f ferent entirely optical one, 

in the following. 

EX PER IMENT AL CONDl T i ONS 
Our sample i s  wedge-shaped, the thickness d going from 2 

pm to 36 pm. This means that we have, at  the same time, the 

conditions of a th in and a thick sample. 

The optical observations were made i n  a Lei tz Ortolux 

microscope. The applied electr ic f ie ld  varies f rom zero t.o 

about 60 kV/cm or 6 V/pm. The values correspond to  an 

average thickness of 20pm. 

Two dif ferent materials were used i n  th i s  study. The f i r s t  one 

i s  the common S-form of DOBAMBC (S- decyloxy-benzylidene- 

p’-amino-2- methyl-butykrnnamatt?) mixed w i t h  an equal part 

of i t s  racemic i n  order to  increase the C* pitch t o  about 10 

pm. The observations were made at  about 70°C. The sign of 

the polarization in (S)- DOBAMBC i s  negative8, which means 

that the P vector is antiparallel t o  the cross product of 

smectic layer normal z and director n (P = Po z x n). The 

second material i s  the mixture CS-101 1 from Chisso 

Corporation w i t h  a room-temperature C* phase and a pi tch of  

5 bm. I t s  polarization sign i s  l ikewise negative. The sign of P 
i s  today an indispensable part o f  the characterization of a 

substance and easily and routinely measured by observing the 
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SURFACES OF CHIRAL SMECTIC C SAMPLES 477 

switching motion of the n axis caused by an electr ic f ield. I t  

i s  also found in the investigation method of Glogarova and 

Pavel. 

OPTICAL OBSERVATIONS ON DOBAMBUITO 

The wedge-shape sample al lows for  a s ighty di f ferent 

observation technique than in reference 4, because splay 
domains and disclinated domains can be formed 

simultaneously at dif ferent parts o f  the sample A splay 

domain, occurring typical ly at a thickness of 5 to  7 pm, can be 

considered as a Mauguin pi l ing for  which the t w i s t  wavelength 

( twice the thickness) i s  large in comparison w i t h  the 

wavelength of l ight If, therefore, the direct ion ot vibrat ion of 

the incoming l ight i s  made parallel t o  the optic axis at  the 

bottom of the cel l  - by the sett ing of the polar\zer - the 

transmitted vibrat ion w i l l  stay almost rect i l inear and w i l l  

fo l low adiabatically the t w i s t  of the long axis of the molecule 

across the sample. The upper position of the optic axis w i l l  

then be found by sett ing the analyzer t o  extinct ion I f  the sign 

of  F.’ i s  known - which i s  almost always the case - this 

simple observation 1s in tact suf f ic ient  to  determine the 

surface polari ty 

The best ext inct ion i s  obtained when the observation i s  made 

in the area between two  shi f ted lines, because th is  i s  an area 

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

3:
13

 1
9 

Fe
br

ua
ry

 2
01

3 



410 M. BRUNET, G. ANDERSON AND S. T. LAGERWALL 

of uniform splay-twist, and the Mauguin condition is very we l l  

fu l f i l led at the higher thickness The Mauguin condition i s  

always less we l l  fu l f i l led in the presence of an electr ic f ie ld  

because of the concentration of the t w i s t  t o  the top or bottom 

in that case 

For DOBAMBC in contact w i t h  indium t i n  oxyde coated glass 

(only washed w i t h  acetone) our observations can be described 

as fol lows After choosing an area between shi f ted l ines and 

af ter  setting polarizer and analyzer t o  extinct ion position in 

the nl and n2 directions, respectively, corresponding to  optic 

axes at  bottom and top, we observe that the analyzer makes an 

angle of 70" clockwise to  the polarizer (f igure 4). This gives 

the  1-12 direction at  the top, confirming the f u l l  cone angle to 

-\ 

Fiq.4 Finding the surface polarity from the sense of director twist in 8 

twist-splay configuration. 
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SURFACES OF CHIRAL SMECTIC C SAMPLES 419 

be 20', corresponding to  a t i l t angle CI of 10' With z lying 

between n,and n2, the polarization directions are easily 

obtained as -zxnl and -zxn2 pointing upwards and 

downwards, respectively, and indicated in the f igure (PI and 

P2). The direction of P i s  thus towards the bulk of  the liquid 

cry s t a1 

Application of  an electic f ie ld  gives independent 

confirmation of th is (because the sign of  P does not have to  be 

known) and fu l ly  confirms the results of  Glogarova and Pave1 . 

at  about 2kV/cm the shif ted lines become superimposed and 

disappear ; a t  about 6 kV/cm white domains appear against 

the dark background. I f  the DC f ie ld  i s  applied from top to  

bottom the domain boundaries can be focalized t o  the bottom 

glass slide On turning the polarizer -not the analyzer- from 

70" to  a crossed position, these domains turn dark, showing 

that the director at  the lower surface has switched t o  the 
major i ty direction 

When the f ie ld i s  decreased, splay domains reappear and 

grow through the whole sample , f inal ly the unwinding lines 

are recreated They are f i r s t  superimposed, and when the f ie ld  

is back t o  zero they are back again i n  the shif ted position The 

successive events i n  both directions (although in real i ty not 

quite reversible, cf the figure caption) are sketched i n  a kind 
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480 M .  BRUNET, G .  ANDERSSON AND S. T.  LAGERWALL 

of shorthand in f igure 5, the analyzer-polarizer set t ings are 

given in f igure 6 

F I G .  5 
Fig.5 Symbolic description of events on increasing and decreasing the applied 

electric field in the case of DOBAMBC/ITO. The splay domains without helix 

(second frame) appear at about 2kV/cm, the polarized domains ( t h i r d  frame) 

at about 6kV/cm. The reverse domains ( f i f th  frame) appear after decreasing the 
f ield to about 1 kV/cm. The horizontal helix i s  indicated in the f i r s t  and last 
frame 

An\ 1 Cia -- 
Pol. - \I Poi. - 

Fig.6 Polarizer-analyzer settings for DOBAMBC/ITO, at zero field (a) and at 

high field ( b ) .  
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SURFACES OF CHIRAL SMECTIC C SAMPLES 48 1 

OBSERVATIONS ON DOBAMBUSiO 

Except that now the IT0 conductive layer has been coated w i t h  

an insulating and aligning sheet o f  SiO the experimental 

conditions were the same. The SiO was evaporated onto the 

glass slide under an angle of 60" t o  the surface normal, a 

standard method for  fac i l i ta t ing a planar alignment. The 

observations give a s imi lar  but somewhat di f ferent result 

compared w i t h  the previous case. In the absence of an electr ic 

f ie ld  the background i s  set to  ext inct ion when the polarizer 

makes an angle of 80' w i t h  the analyzer (instead of 70' i n  the 

IT0 case). The result for  the polari ty of the surface i s  the 

same, w i t h  P pointing into the l iquid crystal. The extinct ion 

angle (n /2  -2 0 )  = 80' gives an apparent tilt angle of 5', half 

the previous value. This can be interpreted as a t i l t of  the 
smectic cone at  least at the surface (cf.  f igure 7) eventually 

combined w i t h  a molecular pret i l t ,  w i t h  a layer tilt or w i t h  

both. Although these structure questions w i l l  not here be 

subject to  further discussion, we w i l l  assume, in the 

following, that the molecules have at  least a sl ight p re t i l t  at  

the surface. Under a growing applied f ie ld  the observations 

are qualitat.ively the same as before : the shif ted l ines become 

superimposed and disappear. The extinct ion i s  generally less 

good and the colour i s  changing progressively. A maximum of 

darkness can, however, always be obtained by turning 
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482 M. BRUNET, G.  ANDERSSON AND S. T. LAGERWALL 

Fig.7 The effect of cone tilt on the apparent switching angle (8). In the actual 
case the states encompass half of the ful l  cone angle (b) which permits the 
[approximate) illustrative construction of incribing the hexagon to simply 

arr ive at all interesting angles. The half cone angle still gives a high optic 
contrast, and i t  is  remarkable that a layer t i l t  of more than 90 per cent of the 

smectic tilt angle, as i n  the figure, would preserve good optic contrast as well 

as st i l l  fu l f i l l  the requirements of bistability even i n  the planar anchoring case. 

polarizer and analyier When the f i e ld  has being raised t o  

about 50 kV/cm the maximum of darkness i s  obtained w i t h  an 

integral sh i f t  of 15" anticlockwise for the polarizer 

(Pol+Pol') and a sh i f t  of 5' for  the analyzer in the same 

direction (An-+An') as depicted in f igure 8a. At th is  point the 

analyzer and polarizer are thus back t o  a crossed position 

indicating a homogeneously polarized state. The interpretation 

o f  this result i s  glven in figure 8b and strengthens the 

assumption of cone tilt. A further element of  support i s  given 
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SURFACES OF CHIRAL SMECTIC C SAMPLES 483 

P' Q C 1 
Pol. A n .  

Fig.8 Theextinction settings at low (An, Pol) and high (An', Pol') fields, in 
the case of DOBAMBC (a), together with the interpretation ( b )  as for the 
movements of the director on the smectic cone. The corresponding movements i n  
the case of CS- 1 0 1 1 are found in (c). 
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484 M BRUNET, 0 ANDERSSON AND S T LAGERWALL 

by the i r reversibi l i ty  o f  the whole sequence which i s  

i l lustrated in the shorthand of f igure 9. In fact, during the 

f i r s t  growth of the f ie ld  up to  50 kV/cm no polarized domains 

appear. Only on diminishing the f ie ld  again, the reverse 

domains appear (at the bottorri w i t h  f i e ld  down) at about 

1 kV/cm The reason for this dif ferent behaviour i s  that, with 

pret i l t ,  the structure can continuously transform from P UP to 

P DOWN wlthout any defect line involved (This transformation 

Fig.9 Symbolic description of events on increasing and decreasing the applied 
electric field i n  the c m  of DOBAMBC/SiO. The large m n d  frame symbolizes 
the continuous color contrast change in  the first increase from zero to 50 
kV/cm, with no domains appearing : instead of molecules switching at the 
bottom, a continuous rotation over the cone takes place to the final homogeneous 
state. The situation i n  the th i rd  frame essentially stays until the f ield has been 
reduced to under 1 kV/cm. The molecular tilt reappears only at E =O 
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SURFACES OF CHIRAL SMECTIC C SAMPLES 485 

i n  t ime i s  found in space in the defect-free region in the bulk 

between two  shif ted lines). Af ter  the application of the ( s t i l l  

modest) f i e ld  of 5 V/pm, the structure becomes planar (no 

pret i l t )  which can be seen in the fact that the measured angle 

between the bounding molecules attains i t s  normal 2 8 value. 

When the f i e ld  has f ina l ly  been taken o f f  the p r e t i l t  reappears. 

On the other hand, when recycling the whole process several 

t imes the planar stucture has a pronounced tendency t o  stay 

w i t h  the ef fect  that polarized domains can now be observed 

even i n  the case of increasing electr ic f ield. 

OBSERVATION ON CS- 10 1 1 /SiO 

In absence of  an electr ic f ie ld  the extinct ion posit ion i s  now 

obtained w i t h  the analyzer sett ing 60" anticlockwise relat ive 

t o  the polarizer. This gives an apparent t i l t angle of 15" 

instead of the true value of 8 = 22". The anticlockwise 

direction (cf. f igure 10) means that the polarization vector P 

i s  pointing upwards at  the top slide and downwards a t  the 

bottom slide. The Chisso ferroelectr ic mixture CS-101 1 thus 

prefers the opposite surface polari ty than DOBAMBC in contact 

w i t h  the same surface. 

The behaviour i n  an electr ic f ie ld  (cf.  f igure 1 1 )  i s  fa i r ly  

analogous to  the previous case, w i t h  two  differences. When 
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486 M. BRUNET, G. ANDERSON AND S. T. LAGERWALL 

Fig. 10 Polarizer-analyzer settings for Chisso CS- 101 1 130, at zero field 
(a) and at high field (b). 

Fig.l 1 Symbolic description of events anologous to f igure 9, this t ime 
concerning Chisso CS- 10 1 1 /SiO. The main difference i s  that the formation of 

reverse domains is observed to take place at the upper surface, not at the lower 

one. 
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SURFACES OF CHlRAL SMECTIC C SAMPLES 487 

the field i s  increased to 50kV/cm the maximum of darkness i s  

obtained when the angle between the polarizers goes from 60" 

t o  90', but in th is case mainly by turning the analyzer (30") 

We interpret this w i th  a fairly small cone tilt according to 

figure 8c. When the field i s  decreased, s t i l l  directed from top 

to bottom, reverse domains appear, but now at the top, in  

contrast to the DOBAMBC case, confirming the polarity 

designation together w i th  the negative sign of P Typical 

micrographs of the reverse domains (white) are shown in  

figure 12 together wi th  a sketch of the three-dimensional 

structure across the sample from the top to the bottom glass 

plate 

CONCLUSIONS 

We have found two ferroelectric liquid crystal materials 

which have opposite preferences for their surface polarity in 

contact wi th  the same surface Hence there i s  the possibility 

of  neutralizing the polar interaction, or a t  least diminishing 

i t s  strengths, by choosing appropriate materials of opposite 

polar preference as mixing ingredients in compositions tor 

electro-optic use Such "neutral" compositions should greatly 

reduce the tendency of forming splay domains in SSFLC cells 

The flndings are symDolically summarized in  figure 13 

If the sign of P i s  known for the material in question, which 
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SURFACES OF CHIRAL SMECTIC C SAMPLES 489 

Fiy. 12 Observations of reverse domains (white) appearing at the top glass 

plate i n  the case of Chisso CS- 10 1 1 ,  In  the f i r s t  micrograph (a) the microscope 

i s  focussed on the top plate making the boundary domains sharp. Focussing on the 

bottom plate (b) instead sharpens the bottom disclinations. 

The structure is sketched in (c). The dark areas (polarized domains) have P 
directed everywhere away from the observer whereas P has switched towards 
the observer at the top in areas that are whtte (splay domains), The pictures 

have been taken at decreasing field, at about1 kV/cm. The tickness of the sectlon 
shown i s  about 1 Oum. See Color Plate I. 
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490 M. gRUNBT, G. ANDERSSON AND S. T. LAGERWALL 

IS normally the case, the surface polari ty determination can 

be made already by an optical observation, without access t o  

an electric f ie ld  This s impl l f ies routine determinations, for 

instance for  any given material in combination w i t h  a series 

of different surf aces 

S-DOBAMBC cs A 1011 R-DOBAMBC 

1 I 

I 
I 

I 
I 
I 

Is 

"t 

I 
I 
I 
I 
\ 
\ 
\ 
\ 
\ 
1 

I 
F I G  13 

Fig. 13 Shorthand of the result of the stub/ S-DOBAMBC and CS- 10 1 1 ,  Both 
have P< 0 but opposite surfece-polarity In contact with ITO/SiO. For a 
comparison the analogous situation in the case of R-DOBAMBC (the optic 
antipode) is shown. This substance has P > 0, thus a different steric connection 
between P and n, but has the same polar interaction with the surface as 
S-DOBAMBC. If we introduce the surface normal s to the bounding surface, then 
S-DOBAMBC has P and s parallel and CS- 101 1 has them antiparallel for this 
surface. 

The polar surface interaction i s  a further element making the 

composition of ferroelectric cocktails much more complicated 

than in  the nematic case Because the sign of P (positive or 

negative) determines the steric connection w i t h  n, and 
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SURFACES OF CHIRAL SMECTIC C SAMPLES 49 1 

because the vector P can be either parallel or antiparall t o  the 

surface normal s, or, more generally (because P may have an 

oblique direction), the scalar product P.s i s  either posit ive or 

negative, four principal n-P-s relations have to  be 

distinguished, as shown in figure 14 These have to  be 

e f 9 h 
F I G  14 

Fig. 14 Representation of a l l  qualitative possibilities of n-P-s connections. 
For a positive substance ( P  > 01, P can be parallel or antiparallel to s as shown 
i n  (a) and (b). On application of a strong electric field the molecules f l ip on the 
lower surface in the f irst case, on the upper surface i n  the second case, cf. 
figures ( e )  and (f). The corresponding situations for a negative substance Is 
shown in  (c), (d) and (g), (h). 
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492 M. BRUNET, G. ANDERSSON AND S. T. LAGERWALL 

accounted for when preparing mixtures, which ideally should 

have a cancellation of the helix, of the splay, but not of the 

polarization. Of  a l l  the factors that are relevant, kt) q 

(cholesteric wave vector), k (smectic C* wave vector) and 

(ij P are simple a t  least in the sense that t.hey are material 

parameters - even i f  not generally additive - whereas the 

factor P.s describes an interaction between two materials, 

the interaction between a l iquid crystal and a sol id surface. 
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