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RELATIONSHIP BETWEEN MOLECULAR
STRUCTURE OF PHOTOSENSITIVE
FRAGMENTS AND ALIGNING
PROPERTIES OF POLYSILOXANES
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Fhitoalipmng propentiss of polwiloxarecinnamaress lavers were imvsstigated The easy
Aar dareetion in a cell plige was found o be dépesdent upon the pasiclos of cinmsmae
e i ssle polymer frapmends. Bath perperdiculae and parzllel direcions of ihe sy
dxis il ppspect o esciting light peladisaticn wene ohtaned, Prosence of (Be hydrophobic
alky] moisties in the side pofvmer frapments reswin in the peneration of un abligoe
aligament ol Tupnd copstal. which is thermostable up b A0
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1, INTRODUCTION

Humogencous aligning of liquid crystals {LCs) is one of the necessary
conditions for the pormal operation of LC displays Traditional
techniques of rubbing of isotropic palymeric layers do not satishy the
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increasing demands for alignment guality. Therefore, development of
new ribbingless techniques for LC alignment and aligning materials is
of great interest during st vears [1-4].

Omne of the new promising aligning techniques is based on the use
of photopolymer films [4-12) Aligning ability of these materials is
determined by the anisotropy induced by light illumination. Appli-
cation of photopolvimers allows developing of “clean” contactless

wthed for LOC alignment, It permits the control of an easy axis
orientation over the alizning surface and the szimuthal ancharing
eitergy value

Several classes of photozligning matenals have been recently
develaped and studied {4-12]. Nevertheless o number of imporiant
problems are not solved yer. In parteular, it concerns thermostability
of LC orientation, adhesive properties of aligning lavers. possibility of
eblique aligament and alignment of some specific LCs, erc. Mecha-
nisms of photoalignmen! have not heen investigated enough. There-
fore, the search lor new photoaligning materials snd their
investigations are of the currenl concern,

The aim of this aricle is 10 investigate the aligning properties af
photosensitive polysilonanes and 1o establish the relationship hetwesn
the molecular strueture of polystloxanes and thejr aligning propertics.

Ability of polysioxane matrices ta provide good homaogeneous,
oblique or homeotropic orentation af nematic LCs is well knowe
[L°L Appending the properties of lighi-induced amsotropy 1o these
Tasterials is expected Lo give & combination of good aligning ability of
palysiloxans matrices with ad vantages of photealigning materials, The
first results on aligning properties of such materials were published in
our previous article [14], Here we investigate the relationships hetween
e mulecular steucture of photosensitive fraements.and a character of
LC alignment

4. MATERIALS

We used esters of cinnamie acid as photosensitive side Fragments of
palysiloxanes. The synthesized polysiloxanecinnamate tligning mal-
eridls (PSCN) are presented in the left column of Figure |. The
lumination by UV light initiates the well-knows cross-linking
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FIGURE | The synthesized and investigated PSCM alipning materials

reaction [15]. The corresponding phota-products are depicted in the
right column of the same figure,

There are three types of synthesized PSCN materials. They differ by

sterea-amisotropy of photo-products. The irradiation of the Brst type
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resulis in the appearance of truxillic acid fragments, which determine
the sterec-anisotropy axts of the photoproducts (o be oriented prefer-
ably perpendicular to the parent cinnamoyl side-groups. The matenals
of the second and the third types give the preferable crientation
of truxillic acid frugments and stereo=amsotropy axis parallel to the
parenl cinnamic. side-groups, Specific feature of the third type mate-
rials 35 o Ueross<like strecture of photo-proddets, and i is difficol o
determine the dirsction of stereu-gmsolropy a31a,

The PSCM of the first type was obtained by heating of altkyl 4-
(alkoxy, Auoro} or unsubstituted onnamates and trichlorosilane in
the presence of hexachloroplatinie acid followed by the hydrolysis of
corresponding I-cmnamoyloxypropyitrichiorosilanes.

The PSCHN of the second and third types were obtained Itom alkyl
or arvl esters of the 4-gllyloxveinnamic acid and methylpolysiloxane in
boiling tolsene in presence of hexachloroplatinic acid as o catalyst.
The resulting PSCN was extracied by diluting a reaction misture with
methanol and Rirermg the reaction prodects. drying in vacuum and
then crushing in & vibrating mell.

Twa groups of commercial nematic LCs were used in experiments
One group includes the mixtures ZL1 4301-000 and ZLI1 4800100
{Merck. Korea), which are used in active-matrix LT display devices
The other group inciudes pentyi-cvanobiphenyl (NTOPIE, Eussia)
and the mixiures of cyunobiphenyvis and esters of banzode acids: ET
(Merck, Germany), ZhEM-1282 and ZhkM-1285 (NIOPIK, Russial,
which are used in simple twist indicators.

A METHOD

Far the preparation of aligring surfaces the solution of polysilowine in
chiorobenzene was made. We spread o the soluion omo glass
substrates by spin coating (4000 rev 'miny Tor 305, As o resul, o thin
pobvmer flm dless then 000 pm) was created on @ glass substrate. Then
substrates were annealed under high temperatore {150°C, [ hour).
Substrates with polymer films were illuminated by polarized UV-
fight of a high-pressure mercury lamp. The main spectral lines.of the
lump eorresponded 1o the absorption band of photosiloxanes. A light
beam with polarization vector £, in the planeg of the polymer film was
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formied by a guartz lens system and @ polarnang Glann-Thomsen
prism. The typical value of Tight intensity, . in the plane of & polymer
film was 5— L0 mWem?. The exposire time fogp wis L0 min.

After UV light illumination LC eclls were assembled with the pap
given by teflon strips of 3um thickness. Cells were filled by the
capillary effzct at room emperature with liguid erystal being in the
nematie phase,

Two types of cells were made. The first one (symmetne cell)
consisted of pwo similar substrates coversd with polyailoxane film; cells
ol 1he second tvpe [combined cell) were composed of 2 substente
coverad with: polysiloxane film and a substrae covered with rubbed
polvimide film. The rubbed surface wis wsed as u refesence surface
The pretile angle, &= 5% {an anghe between casy orichlation axis of
LC and aligning surlaced un the rubbed surface was given by the
direction and strength of rubbing and was independent of the direction
of LC Alling.

Symmetric vells were examined for the aligning ability of poly-
siloxnne films. The weneral characterstics of LT onentation were
determined under a polarizing microscope (Maodegl LOMO-R21 1), The
direction of 1he directar, o, in the cell was determined by a light
scullering technique [10].

We used the combined cell to measure the preuli angle, #.u. on the
tested polysiloxane surface [[6. 7). One can cabeulate the value of the
previlc angle on the tested surface doy from the measured value of
the average pretilt angle aver the cell, 6,

The average pretilt angle & was measired by a well known crystat
retation techaigue. A cell was placed between crassed polanzers so
that the director made angle 45° with their axes. Then the cell was
rotated around the axis perpendicular 1o the direcior. The dependence
of the system transparency ol [ora probe He - Ne laser beam on the
angle, &, betwesn the beam and the cell normal was measured. The
value of & was miven by The expression

g & Beag
:s;--u'«ﬂ—?n—'-‘zh—j”“' [

Here Ad iz the shift of the symmetry axis of the curve Tg from
the point & =0, #,. . areé the refcactive indices for the ordinary
and extraordinary light waves, respectively. In our experiments the
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combined cell was filled along the direction of rubbing. Tt should
provide the reverse oblique distribution of director in the cell [15, 18],
For this geometry the value f,5 in (1) has the opposite sign to &

4. EXPERIMENT AND DISCUSSION

Investipations of symmetric cells under the polarizing microscope
showed the unidirectional shgnment of LC for all studied aligning
materials. All iquid crystals containing cvanobiphenyl molecules were
oriented homeotropically on all PSCN materizls. The excellent quality
of the thermostable alignment was achieved, We did not find any
degradation of alignment quality after keeping the cells al 200°C
during several hours,

PSCN polymers provided a high guality homogeneous alignment af
LI 4301000 and ZLI 4801-100 LC mixtures. The determination of
the direction & by scattering technique in symmetric cells showed
perpendicular direction of vector d o vector E,, Tar the matenals of
the first and third types (sce Fig, 1), while d and E,, were parallel to
cach other for matenals af the second type. This observation was
confiemed by the results obtained with combined cells; the cells with
““gning matenals of the Arst and third tvpes manifested usual planar
srwclure while excellent (90 + 29" — twist structures were obtained in
the cells with materinds of the second type.

The parallelism of the dircction of the light indoced easy axis and
the LC director an the tested surfaces points to the strong anchoring of
LC on the polysiloxane surface. 1t means that anchornng parameter
£= WL K= {0,y is anchoring energy. K 15 a Frank constant)
[18]. For the typical values K = 510" Tdyne and L = 30pm one et
the estimated value of W, = 1077 e cm.

Alignment in all cells did not change cven when the cells are kept
in nematic phase right below the cleanng pomt, T, for several days,
Owerhcaling symmetric ¢ells above T, and keeping under temperature
T= 130°C lollowed by cocling did not lead totot destruction of align-
mient, but Tew disclinations appeared at the polymer surlaces. The same
treatment ol combined cells did not cause appearance ol any defects.

The cbserved surface defects might be associated with the presence
of domains that have different signs of the pretili angle on the surface.
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The occurrence of such types of domains seemed to bea charateristic
feature of photo-orientants. Indeed, the direction of the easy axis is
dauble degenerated on the photosensitive polymers [17]. These resulis
are consistent with the absence of surfice defects in the combined cells,
whare strong anchoring at the rubbed surface prevenis their
APPeATine.

We showed the oblique LC aligament on polysiloxane surfaces by
the direct measurements of the pretilt angle in the combined cells. The
pretilt anele was found ta he essentially dependent an the length of the
aliphatic tail in a side chain of the pelymer, Orientants with shorter
tmls :R =H, F; [::H::. DCHJ- CI'C:H_-;, OC-H-+. GC-QH”. O‘CTHH}
induced negligiply small pretilt angle, In the case af longer tails
(R = CgHyy, OCyH 7, OTH 5 OCipHz ) 2 sufficiens pretilt angle
aecurred that increased nonlincarly with increasing wail length, If was
noticed that matesials with too long tails munifest poor aligning
ahility. The dependence af the pretilt angie value on sumber af the
aliphatic groups (CoHa <)) for enentants of type 1 is presented in
Figure 2. The dependence af the pretilt angle on the length ol the
aliphatic fragments is essentially nonlincar. While reproducibility and
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FIGURE 2 The dependence of the presilt angle valpe an the famber, », of groups
C.H;.. for osienlants of Lype 1
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stability of the pretill angles of low and high agnitudes are good, the
intesmedinte values are nol well reproducible.

Contrary 1o polyvinyl-cinnamtes and their derivatives, the pretatt
angle on polysiloxane surfaces (urns out to be constant in time. We did
not find siznificant changes of the prevl angle far & hall of year.
Moreover, the pretilt angle did not change alter keeping oclis at
temperatiure T = 150°C for 4 hours,

[he presented resulis may be discussed m terms of the stereos
amizntropy und election properties of the imitial photosensitive
fragments of polysiloxanes and thair phota-products.

The geometric umd elecironic structure of the wirgin side<chain
fragments is strongly anisotrepie, Howeover, singe these fragments are
initially oriented at random. the nan-irmdizied polysiloxane surface 15
isntropie and there is no preferable direction Tor [.C molecules.

The side-groups of polysilesanes exhibit o strong positive dichroism
of the LIV light abscrption [9, 15]. Therefore. the side-groups which are
arented along veetor £, absorb hight most effectively, As & resull, on
the ircadiated polvmer surfuce, the anisatropic digtrihution appoars
af both the side-groups and the cross-linked bonds. 1t leads to
appearance of an easy axs for O ericnlation. Direction of the casy
axis depiids on peeuliarnities of the arientational interaction between
LC molecules and potymer surfuce.

The matermbs of the first group wre similar to the well-Enows
palyvinylcinnaimite aligning polymers (3, 10f. where polvvinyl main
chaie is substituted with the siloxane one. As in the casz of poly-
wvinyleinmamates. the axis of sterea-anisolropy of photo-products is
determined by the Jong axes of the truxiltic acid bridges. Tt is lined up
perpendicular io the puirent cinpEmioyl [Fagments and 1o vector By
The orientational fnteraction between LC and pelymer molecules 15
determined by the dispersive and sterie farces |1 7], which are stronges
along the long axes of the truxillic acid bridges. Consequentdy, the
vector of the easy axis ¢ has 1o be perpendieular to ., s was [ound
out for polvsiloxanes of the frd group and for the known PYCNs
[& - 10], ns well.

The siction of UV light on the matenals of the second group induses
the stereo-anisolropy axis, which is parallel to Eg. Asa result, the
dirserion of ¢ is parallel 16 . (1 should be noted, that the coinsdence
of the directions of o and £, i% quite wnesual, In studied svstems
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3 12), light-induced direction o is always perpe ndiculis 1o the polari-
zation of exciting light and only one communication [19] i known
where o and £, coincide in a rather exotic system,

The UV light illumination of materials of the 1hird group causes the
Eem‘;[mign of the cross-like fragments between the main chains. In this
cise, twe slerco-anisotropy axes associated with two cross-bars may
be found. Longitudinal cross-bars formed by the truxillic scid frag-
menti connect the main polymer chotns and are parallel 1o vector E,..
Lateral cross-burs are perpendicular to £, and are not connected
directly with the rmain chains. MNow, a direction of zasy axis e is
detarmined by competition between the orientational abiliics of the
pwe eross-bars and was found 1o be perpendicular 1o polanzation B
This Tact may be explained by the main contribution of the dispersion
{orees to the L alignment, Actually, the T-¢onjugation of the eleciron
svarem is more effective in the luteral cross-birs involving COO-group
gonnected with phenyl nng.

3. CONCLUSIONS

I Puelymers on the base of polysilodanes containing photesensitive
cinnamoyl side chiin fragments can pravide the thermastable and
wniform homogeneous alignment of pematic LC induced by the
polarized UV lighs.

7. Direction of on easy axis ¢ on the PSCN surface corresponds to the
dircetion of polarization £, of UY light and is determined by the
steren-anisoiropy of photo-products. Direction of vectar e can be
cither paraliel or perpendiculur 10 vector £,

% Presence of the hydrophobic allkeyl chains leads 1o generation of an
abligue alignment of o liguid erystal, which is stable at feast up ta
temperature 1300C
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