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Second-harmonic generation studies in thé, and B, phases of a banana-shaped liquid crystal
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Second-harmonic generatidg®HG) measurements have been performed in Biephase of the achiral
banana-shaped molecule witl 12 alkoxy end chaingP-12-O-PIMB. A quantitative value of the nonlinear
efficiency has been obtained from SHG curves at oblique incidences, taking into account that the signal is
generated by a random orientation of different domains. IBthphase, circular dichroism, optical absorption
and SHG studies have been carried out. It has been found that there are no simple helical arrangements giving
rise to selective reflection in the visible region of the spectrum. In addition, some unusual features of the SHG
behavior are pointed out. It is concluded that the phase is intrinsically inactive for the SHG process. The
detected signal is due to the presence of some birefringent inclusions that are creatdgl, dbtBe transition
and slowly disappear while the sample is maintained within Bhephase. A structural model for these
inclusions is presented.
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INTRODUCTION recently proved by means ¢gf measurements using hyper-
Rayleigh scattering5].

Recently[1] it has been experimentally proved that mo- The interest of the NLO properties of these materials is
lecular chirality is not a necessary condition for the existenceot restricted to th&, phase. SHG has also been observed in
of ferro or antiferroelectricity in liquid crystalline smectic the so-calledd, phase[3,6] although the origin of the phe-
phases. In this kind of materials the constituent units aré¥omenon is unknown. In this case, the reported efficiencies
achiral banana-shaped molecules withm2 symmetry. are smallefabout 1 pm/V but the process occurs at room
Within the mesophase the molecules are packed to form temperature without the necessity of application of electric
tilted smectic layer with point group 2, which permits the fields, which may have some interest for technological appli-
existence of a polar axis parallel to the layer. According tocations.

Link et al.[2] in the so-calledB, phase the polarization di-  In this paper we present a study of the SHG characteris-
rection is inverted in alternating layers, and thus the materialics in the B, and B, phases of the material 1,3-phenyl-
is antiferroelectric in the absence of applied electric field.€nebig4-(4-n-dodecyloxyphenyliminomethybenzoatg (P-
Niori et al.[1] have observed ferroelectric switching in this 12-O-PIMB) [7]. The compound was synthesized and satis-
phase, with a field-induced transition from antiferroelectricfactorily characterized in our laboratory and presents the fol-
to ferroelectric. The observed saturation values for thdowing phase sequence:

spontaneous polarization are higP¢&350nC/cni) and,

in addition, the nonlinear second-order susceptibility for B4—B2—Isotropic phase.
second harmonic generatiofSHG) is very large[3] (d
~10pm/V). For a recent review see R§d. The chemical structure and transition temperatures are

This last characteristic is very interesting from the view-shown in Fig. 1. In contrast to previous works on this mate-
point of the design of liquid crystals for NLO applications. rial, our SHG study has been carried out by taking into ac-
As is well known, in spite of the synthetic efforts in this field count explicitly the random orientation of the different do-
during the last decade, no materials with nonlinear susceptimains that theB, phase presents in the currently available
bilities larger than 1 pm/V have been found among the consamples. In addition, we have analyzed some structural fea-
ventional calamitic ferroelectric liquid crystals. The reasontures of theB, phase on the basis of measurements of circu-
for this seems to be the following. In standard liquid crystalslar dichroism. Finally we present a hypothesis about the ori-
the required elongated molecular shape sets a geometric lingin of the SHG process in this phase.
for the introduction of functional groups with high hyperpo-
larizabilities B8 along the transverse directidipolar axis.
However, banana-shaped molecules can present faxgd-
ues along the polar axis of the mesophase precisely because Commercially available cellSEHC) of a nominal thick-
of the bent shape of the constituent units. This fact has beemess of 4um were used to prepare samples of liquid crystals
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n of the isotropicB, and B,-B, phase transitions, a thermal
@ > hysteresis of a few degrees occurred between cooling and
heating runs. A fringe pattern was always observed when the

JOS U
o7 NN sample was cooled from the isotropic into tBg phase.
A " According to Linket al.[2] this texture is characteristic of a
|N N] racemic structure in planar alignmefWwhere the smectic

planes are perpendicular to the glass plasesl the different
fringes correspond to synclinic antiferroelectric regions with
opposite tilts. The texture was transformed into a smooth
fan-shaped one when a low frequency square-wave electric

R
R

\ J S field of =12.5 Vium was applied to the cell, being this tex-
ture exactly the same whatever the polarity of the voltage
R=0C,,H,s was[2]. Each domain of the fan-shaped text(ngth area of
a few um? was a homogeneous volume of an anticlinic
147.9:C 170.7°C ferroelectric structure, and appeared as a nearly perfect bire-
B, ————"™ B, ——— Isotropic Phase fringent medium with clear extinction directions. The race-
141.2C 169.8 <C mic configuration was obtained whenever the sample was

cooled from the isotropic phase and could not be turned into
FIG. 1. Chemical structure and phase sequence of the studie§ homochiral one by means of square or triangular-wave
material. Transition temperatures were determined from DSC exglectric fields or temperature variations.
periments performed at 5 °C/min. A different situation occurred when thB, phase was
entered from the low temperatuBy, one. Then the system
in planar geometry. The cell thickness was determined accustabilized predominantly in a homochiral structure character-
rately by means of an interferometric technique. The materialzed by a grainy fan-shaped texture that switched to dif-
was introduced into the cell in the isotropic phase and théerent macroscopic states for positive and negative electric
cell was placed into a temperature-controlled stage with opfield polarities[2]. Each of the field-induced domains was a
tical access. Time-dependent electric fields were applied tgynclinic ferroelectric structure. This state however could
the sample by means of a function generator. not be maintained indefinitely and the structure transformed
SHG measurements were carried out usin@-switched  into the racemic configuration after a few switching cycles.
Nd®**:YAG laser(wavelengtih=1064 nm, pulse width 6 ns, In contrast to other studig8], the original homochiral struc-
pulse frequency 5 Hz The pulse energy was 0.8 mJ and theture could not be re-obtained within tfB phase by means
intensity at the sample was 6.7 MW/€nThe complete ex-  of electric fields, irrespective of the shafiéangular, sinu-
perimental setup has been described elsewf&ire soidal, or rectangularand frequency of the applied wave.
Measurements of circular dichroism were performed by
measuring the differential absorption for dextro and laevo SHG IN THE B, PHASE
circularly polarized eigenwaves in the sample by using a ) ] ) ]
spectrometer equipped with a photoelastic moduldR&iM). As was mentioned in the Introduction, SHG in tBg
The incident light was linearly polarized and was detected bphase has been observed in recent experim¢ais].
a photomultiplier after passing through the PEM and theHowever, with the exception of Ref10], only qualitative
sample. The polarizer axis made an angle of 45° with respe@stimates for the nonlinear coefficients have been given.
to the PEM axes. The PEM retardation was sek/b. The Quantitative measurements are difficult to carry out given
signal detected consists of a constant compokgribgether the small size of the QOmams in the currentl_y available
with successive harmonics with frequendie® f, etc., being  Samples. In Ref[10], this problem was solved in part by
f the PEM frequencyf(=50 kHz). The circular dichroism in Strongly focusing the laser beam on a small sample area.
the case of a nonbirefringent medium is proportional to thé\evertheless, this procedure usually implies very high
ratio V;/V,. The light wavelength was selected with g values of the incident light intensitypetween 30 and 80

2 . . . .
monochromator and the measurements were performed MVW/cm™ in Ref.[10]) which are, according to our experi-

the range 350—550 nm. ence in these materials, near or above the optical damage
threshold.
In our studies of SHG we have followed a different ap-
B, PHASE proach to the problem based on a model for the molecular

hyperpolarizabilitys recently published5]. Given the pecu-

liar shape of the molecules there are only 2 dominant com-
ponents for thes tensor, B, and B, (see Fig. 1 Under

the assumption of a high degree of molecular order inBthe
‘phase, these components give rise to the appearance of 2
independent non-null coefficients for the second order sus-
ceptibility tensor referred to th&, 7,{) frame

In a first stage of the investigation, the macroscopic tex
tures corresponding to the distinct configurations of Bie
andB, phases were studied by means of polarizing micros
copy. Various samples under different conditions of tem
perature and applied electric fields were used.

The transition temperaturésee Fig. 1 were quite similar
to those reported previously by Sekieeal.[7] and by Ken-
tischeret al. [3]. In agreement with the first order character D= Nf3ﬁ§§g, d=NfSBm«, (1)

011702-2



SECOND-HARMONIC GENERATION STUDIESIN TH . . . PHYSICAL REVIEW E 63 011702

whereN is the density of molecules in the bulk state &nal local field factor. Consequently, depending on the 4 possible
monodomain configurations for th#&, phase, we obtain the following tensors for the nonlinear susceptibility:
Homochiral with applied electric fiel(®2 symmetry:

0 0 0 Dsinfcos® Dcogd 0
d= 0 0 0 DsiPd Dsingcosd 0 _ (2)
Dcosd Dsité d 0 0 D sin @ cosé

Racemic with applied electric fieltnm2 symmetry:

0 0 0 0 Dcogd O
d= 0 0 0 Dsirté 0 0]. (3
Dcogé Dsirfd d 0 0 0
Homochiral without field(222 symmetry.
0O O O Dsinécosd 0 0
d={0 0 O 0 D sin@ cosé 0 . (4)
0 0O 0 0 D sin# cosé
Racemic without field1 symmetry:
d=0. ©)

The d tensors are expressed in a reference frame wkése be determined with a reasonable degree of reliability. It is to
perpendicular to the smectic layers ands parallel to the be pointed out however thatshould result lower thad as
polar axis, and is the tilt angle. expected from the fact thas,, (= 15.3x 10 *esu in this
The whole set of randomly oriented domains is to be conmaterial[5]) is smaller thang:(=61.5<10"*esu). The
sidered now. A few points are to be taken into account in thisSHG  signals obtained for thep-input—s-output and
respect: The polar axig axis) and the tilt angle are the same S-input—p-output configurations were smaller, but the shape
for every domain, which differ only in thei direction. On ~ and size of the curves were consistent with B3).and the
the other hand, the domains are small enough to be the lasé@me numerical value fdb. (See Fig. 2. _ o
spot size sufficient to illuminate a representative randomly We also intended to obtaid andd by performing a simi-
oriented set. However, they are macroscopic units and, there-
fore, the total second harmonic intensity must be calculated 5 : .
incoherently, i.e., adding up the intensities generated by the
different domains. The calculation was performed numeri-
cally as a function of the incidence angle for different polar-
izers configurationsp-input—p-output, p-input—s-output,
and s-input—p-output, being the sample rotated about the
vertical direction. FinallyD andd were calculated from the
fits of the numerical predictions to the experimental results.
The measured SHG intensity as a function of the angle of

SHG Intensity (arb. units)
j\.)

incidence forp-input—p-output configuration is represented or i
in Fig. 2 together with the corresponding theoretical curve. 1 I \ | | ! | !
The sample was in the racemic state with an applied electric -40 30 20 -10 0 10 20 30 40

field of 12.5 Vjum. Thed tensor corresponding to each do- Incidence Angle (deg)

main '_S ther_efo_re given by expres_,SIC_B). As can be seen the FIG. 2. SHG in theB, phase as a function of the angle of
SHG intensity is zero at normal incidence as expected fromyijence for different input—output polarization combinatiqng

the planar cell geometry and t_he molecular symmetry. A t'lt(closed circlel p-s(triangles ands-p (open circles The data were
angle 6=35° taken from the literaturf4] as well as other taken at a temperature of 155 °C. The sample was in the racemic
optical data typical of liquid crystals were considered here. Aconfiguration under an electric field of 12.5At. The continuous
value of D=9 pm/V was obtained from the fit. Unfortu- lines are theoretical curves for a parameer 9 pm/V. The error
nately, the quantityl was found to have a very weak influ- margin corresponds in each case to the scattering of the experimen-
ence on the theoretical prediction and, therefore, it could notal points.
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lar study in the homochiral configuratidd is given by ex- 4 - T® o & e o s .
pressiong2) and (4) ]. These measurements however were 2 135 v ¢ . |
not possible because of the following reasons: A high light 5 3L i
scattering was always observed in the homochiral state when 4
the electric field was applied to the samgéesimple quali- & 25+ 7
tative explanation for this effect will be proposed late®n £ 2 -
the other hand, the SHG signal was very weak when the field § 15 L i
was removed. Finally, it is worth to be commented that, in 5
agreement with Eq(5), absolutely no SHG signal could be % Ir ]
detected for the racemic structure without applied electric w05¢ © © o o o ©° o ©° o A
field. 0 1 l L
In summary, thed tensors, which characterize the SHG -20 15 -10 S5 0
Incidence Angle (deg)

efficiency for the different structures of th&, phase, are

given by expression®)—(5), with D=9 pm/V and anonde- 5 3 sHG in theB, phase as a function of the angle of
termined (but lowe valug for dj In agreement with Mac- incidence for parallelclosed symbolsand perpendiculafopen
donaldet al, the SHG efficiencies for these banana-shaped, |3 polarizers. The data were taken at room temperature with-

mesogens are one order of magnitude higher than the largegit any applied field. The error margin corresponds in each case to
ones ever reported for calamitic ferroelectric liquid crystals.ine scattering of the experimental points.

However, we have obtainaty;=7.4 pm/V in Eq.(2) instead
of d3;=16.3 pm/V determined by Macdonakt al. for the ) ] o ] .
same symmetry. This discrepancy is not too surprising irkinds of domains exhibit a large optical activityp (
view of the different assumptions considered in each work~500° mm*) and opposite chirality, being the probability
Here we have made an average of SHG intensities assumir®j appearing each of them the same. On the other hand, the
that the sample is composed of small domains with a definitéample shows a small proportion of birefringent inclusions
form for thed tensor, and random directions in the illumi-  with a completely different texture.
nated aregour spot diameter was 1.6 mmOn the other All the optical properties described above remained un-
hand, in Ref[10] the most general tensor was considered, changed when applying electric fields. Indeed, no response
but it was supposed that the laser spoft 50-100um of  to electric fields was observed in this phase. Therefore SHG
diametey covered just a single domain during the whole measurements were performed without any electric field ap-
measurement. plied to the sample. The SHG signal did not depend on the
A comment is now in order with respect to the strongpolarization direction of the incident fundamental beam, but
light scattering observed for the homochiral structure undebmy on the relative angle between polarizer and analyzer.
an applied electric field. First, it is to be pointed out that aTphe largest SHG intensity was achieved when the polarizer
similar effect occurs for the racemic configuration without g, analyzer were parallel to each other, and the smallest one
field. Light scattering seems therefore to be characteristic o535 attained in a perpendicular disposition. The ratio be-
a synclinic ordering in the structure. An explanation for thistyeen both signals had a value about 7.5. This result was
fact can be given in terms of the different thickness of theconfirmed in different areas of the sample and also in several
sample regions where the macroscopic optic tensor is hom%’pecimens. On the other hand, an almost undetectable
geneous. It can be shown that for anticlinic ordering theS%hange in the SHG intensity was observed when changing
regions are larger than for synclinic structures. For anticliniGnhe incidence anglésee Fig. 3.
states, the orientation of the principal optic axes is exclu- The structure of th@, phase is still object of debate. In
sively defined by the orientation of the smectic layers noryhjs respect, Sekinet al, on the basis of some similarities
mal. In the studied samples the:'se domains occupigd the comdatween this phase and the TGB ones, suggested the exis-
plete thickness of the specimen. For synclinic stateSyence of helical arrangements with the helix axis parallel to
however, regions with opposite tilts appear along the samplgye smectic layers. Under this assumption they explained the
thickness. This giv_es rise to a different optical indicatrix in_blue color of this phase in terms of a Bragg selective reflec-
each of these regions even if the smectic layers normal ion. |n fact, these authors explored the spectrum of the scat-
maintair)ed. Thgrgfore a stronger I!ght_scattermg is to be eXgared light in a similar compoun¢P-8-O-PIMB in the B,
pected in synclinic structures, which is experimentally ob-phase “illuminating with circularly polarized light. In this

served. measurement, a sharp reflection band around 430 nm was
found and they concluded that the origin of this band is a
B, PHASE helical structure perpendicular to the sample surface that
gives rise to selective reflection at that wavelength.
In accordance to previous investigatidig, our micros- On the other hand, Collingt al. [11] disagreed with the

copy studies revealed that tlBg phase presents a dark-blue previous work and explained the blue color exhibited by this
color, and two types of domains can be observed betweephase in terms of Rayleigh-like scattering superimposed by
crossed polarizers. None of these domains shows birefrirself absorption of the compound in the near UV region. In
gence in any direction according to the measurements wihis work it is reported that surface imaging with atomic
carried out at different incidence angles. However these twéorce microscopy reveals smectic layers in “worm-like”
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FIG. 4. Circular dichroism as a function of wavelength in Bye FIG. 5. Absorption coefficient of theB, phase as a function of

phase. The data were taken at normal incidence, but measurememtavelength. The incident light was linearly polarized. The thickness
at oblique incidences revealed no shift of the wavelength correef the sample wabk=4.9 um. The error margin was estimated to be
sponding to the maximun®410 nm. The error margin was esti- less than 10%.
mated to be about 10%.
by the sampldthe sample thickness was 4.®n). However,

structures that tend to form a superimposed periodical orienf selective reflection had occurred, the transmission should
tation order. have been close to 1/2 when illuminating with linearly po-

In a third work carried out by Kentischest al. [3] the  larized light. This result reinforces the previous one and,
authors proposed a noncentrosymmetric glassy state for thigerefore, the possibility of helical arrangements responsible
phase. They observed SHG in this phase and estimadgg a for a selective Bragg reflection must be ruled out.
value as high as 1 pmV,. To explain this result, a structure ~ Regarding now the NLO properties, and in accordance
made up of randomly oriented domains, with spontaneou®ith previous observations, the material presents SHG even
polar order, was suggested. in the absence of any electric field. However, some charac-

In order to evidence the existence of a helical arrangeteristics of the NLO behavior of th&, phase are rather
ment in theB, phase we carried out measurements of circuunusual. First, there is no point group for this phase compat-
lar dichroism as a function of wavelength, using the experiible with the absence of birefringence and with the polariza-
mental setup described above. The existence of a selecti®n characteristics of the SHG light. More specifically, an
reflection band due to a helical structure should be detecteigotropic phase does not allow SHG and, although several
as a circular dichroism band centered at a given wavelengtigubic point groups permit the existence of this property, it
Furthermore, according to Bragg's law, this wavelengthcan be shown that in no case the theoretical ratio of SHG
should depend strongly on the incidence angle. Figure dntensities for parallel and perpendicular polarizers can attain
shows the ratioV/V, versus wavelength at normal inci- @ value as high as the experimentally observed 7.5. A second
dence. This quantity is proportional to the circular dichroismunusual feature is the fact that the SHG intensity depends on
exhibited by the illuminated area of the sample. It is to bethe time the material has remained in tBg phase, i.e., it
pointed out that the circular dichroism in each domain wasshows a relaxational behavior. In fact, if measurements are
very high, as was checked out by direct observation illumi-carried out after maintaining the sample 24 h in this phase,
nating the sample with circularly polarized light. However, the SHG signal decreases in approximately one order of
even using a high-power microscope objective it was nomagnitude. These results are shown in Fig. 6 in which the
possible to isolate a unique domain and, therefore, a smaHG signal versus temperature is depicted in a sample that
signal corresponding to a slightly unbalanced proportion ohad remained more than 24 h at room temperature. The mea-
each type of domain was detected. As can be seen in Fig. durements were carried out setting the polarizer and analyzer
a sharp peak appears at 410 nm which resembles that ol parallel configuration. Open circles represent the SHG in-
tained by Sekineet al. for the spectrum of scattered light. tensity on heating the sample form room temperature up to
Measurements at various incidence angles were performed the B, phase, and solid circles shows the signal when cool-
order to check a shift of the peak wavelength, in agreemerifig down again to room temperature. As can be observed, at
to Bragg's law. The results of Fig. 4 were always repro-the beginning the SHG signal is very weak and slightly de-
duced, indicating unambiguously that Bragg's law does notreases when entering th&, phase. This is an expected
hold in this material. behavior if an homochiral configuration is achieved in Bye

Absorption measurements were also carried out in thighase. However, on cooling down again to g phase a
sample at different wavelengths under linearly polarized indarge enhancement of the SHG is observed after undergoing
cident light. Figure 5 shows the absorption coefficienter-  the phase transition. Finally, the signal slightly decreases as
sus wavelength. A sharp peak can also be observed in thie temperature diminishes.
figure around 400 nm. It is interesting to notice that the Remarkably, we have observed that the SHG behavior is
maximal absorption is much larger than should be expectedorrelated to the amount of birefringent inclusions in Bye
if a pure selective reflection had taken place. In fact, at thgphase. At the beginning of the above experiment, the sample
maximum, only 1/33 of the incident intensity is transmitted showed a typical texture of thB, phase with a very small
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20 \ . , [ if the polarizers are parallel. For perpendicular polarizers the
* intensity is
151 . ®0° |
R ....ooo ° 23
o _' e ° | I§wm<(déﬁ)2>=ﬁD2(cos"’ 6+ sin' 9)

w
T
1

3 1 1
2 o 2
_128D sir 6 cos 0— —32Dd— —32d (7)

SHG Intensity (arb. units)

00000900000q00000q00088e o ] ) ]
30 60 90 120 150 180 If synclinic polar inclusions are considered, E(®). and(7)
Temperature (°C) are valid with#=0.
The model predicts SHG signals almost independent of
FIG. 6. SHG in theB, phase as a function of temperature. The the angle of incidence, since the interaction length is practi-
data correspond to normal incidence with parallel polarizers. Opegally constant for low incidences. In addition, if we take for

symbols were taken on heating from room temperature up t83he (he it angle 6 a value in the range 35°—4QWhich are
phase, after having maintained the sample at room temperature d;%t

! han 24 h. Closed bol btained b ypical in the B, phase¢ and use the relative size of both
ing more than 4_ - Closed symbols were obtained on a subsequepli \citias in our SHG measurements
cooling run. Heating and cooling rates were about 1 °C/min. The
error margin corresponds in each case to the scattering of the ex-

: : 15,/13,~7.5 (8
perimental points. 20/ 1267 19,

amol_unt dOf mcluspn_s,tbl{;]gfter enttinng the tphas? andh a ratioD/d=2.4-2.8 is obtained depending on the selected
cooling down again Into the, one, the proportion of SUCA iy 4ngje (35°-409. Taking into account the rough approxi-
inclusions clearly increased. This is connected to the en-

hancement of the SHG shown in Fig. 6. This fact has beerr}nations used in this model, these results reasonably agree
g.o ith those previously reported by Arauolke al, who pre-

confirmed in several samples. It was also checked that the. X )
birefringent domains are metastable since they disappear cted a ratioD/d~4 on the b§13|s of th? geometry of the
the sample remains in th, phase for several hours. The molecule. On the other. hand. if a sy_ncllnl_c polar structure
above experimental results indicate unambiguously thag/€ré assumed for the inclusions, this ratio would D
these inclusions are responsible for the SHG, being the stabfe 1.0 independent of the tilt angle. Therefore, although both
B, phase inactive. Furthermore, no matter the SHG intensitytypes of structure give the same order of magnitude, the an-
the ratio between the signals when polarizer and analyzdiclinic polar structure fits the results better. Comparing the
were set parallel and perpendicular remained constant arBHG signal in the racemic pha& under an electric field,
took the value of 7.5. with the largest signal detected in our measurements in the
With the aim of explaining the SHG features describedB, phase, an estimation of the proportion of the inclusions in
above, a model for the inclusions that are responsible for thithis phase can be made. This value turned out to be around
effect will be now proposed. Since the SHG intensity is1%.
rather strong and the proportion of inclusions in a typical  Summing up, thd, phase exhibited by this material is an
Sample is relatively small, this suggests that such |ﬂC|USIOn§ptica||y isotropic phase that present two types of domains
should present a strong polar order. On the other hand, agjith opposite chirality and a very high optical activity. This
electric field is not required to produce SHG. Therefore aynase s strongly absorbent in the blue region but no selec-
glassy or crystalline polar structure can be proposed for thesge reflection occurs. Moreover the phase does not present
domains. In this respect, we will consider two possible congp intrinsically, being the detected signal produced by

f'?u.rat('lc?ES :r?r tr:]e morllecullt(ajs In _the |n((:jlu5|?nls(,j: _poltar SYN"some birefringent inclusions that could be metastable glassy
clinic (like the homochiral domains under field in tlig states of a polar structure.

phase and polar anticlinic¢like the racemic ones in the same
situation. The whole SHG signal in the sample must be
obtained by incoherently summing the SHG intensities pro- CONCLUSIONS
duced by all the randomly oriented inclusions. ) ]
Assuming a perfect thermodynamic order and considering SHG studies performed on tfi® phase have confirmed
the SHG coherence length much larger than the size of thBrevious investigations, in the sense that banana-shaped lig-
inclusions, the SHG intensity can be easily computed. Aftetiid crystals exhibit NLO efficiencies in the range of 10
performing the orientational average the result for polar anpm/V. The quantitative results are consistent with a simpli-
ticlinic domains is fied model for the mesophase, where the molecules contrib-
ute to the NLO response with 2 dominant components of the
B tensor.

Regarding theB, phase, strong absorption and circular
dichroism have been found in the blue region of the spec-
trum. The large optical activity and light scattering displayed
by the material in this region cannot be explained on terms of

(6) helical arrangements satisfying Braggs’s law. Finally, it has

2
15, ((dh) 2y = 1—278D2(co§‘ 6+ sirt* 6)

9 3 5
N2 d R
+ 64D sir 6 co 0+ 16Dd+ 16d
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