This article was downloaded by: [Tomsk State University of Control Systems and
Radio]

On: 18 February 2013, At: 15:00

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

- Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Stark-Spectroscopy and Dipole

Ordering in Langmuir-Blodgelt Films

L. M. Blinov?,S. P. Palto * & S. G. Yudin °

% Institute of Crystallography, USSR Academy of Science,
Leninsky prosp. 59., 117333, Moscow

b Organic Intermediates & Dyes Institute, B.Sadovaya 1-4,
103787, Moscow
Version of record first published: 24 Sep 2006.

To cite this article: L. M. Blinov , S. P. Palto & S. G. Yudin (1992): Stark-Spectroscopy and
Dipole Ordering in Langmuir-Blodgelt Films, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 212:1, 1-7

To link to this article: http://dx.doi.org/10.1080/10587259208037243

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this
material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259208037243
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 15:00 18 February 2013

Mol. Cryst. Liq. Cryst. 1992, Vol. 212, pp. 1-7
Reprints available directly from the publisher
Photocopying permitted by license only

© 1992 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

STARK-SPECTROSCOPY AND DIPOLE ORDERING IN LANGMUIR-BLODGETT
FILMS
*

LMBlinov’, SPPalto*, S.G.Yudin*

+ Institute of Crystallography, USSR Academy of Science, 117333 Moscow,
Leninsky prosp. 59.

* Organic Intermediates & Dyes Institute, 103787 Moscow, B.Sadovaya 1-4

(Received March 12, 1991)

Abstract  An ahalogy between liquid crystals and Langmuir-Blodgett films is
briefly discussed. The application of the Stark-spectroscopy technique to
investigation of various phenomena in Langmuir-Blodgett films is demonstrated.
It Is very useful for determination of the orientational distribution function of
molecular dipoles including the case of superlattices, for study of the photo-
induced charge transfer and the dynamic of the photo-induced dipole reorientation,
for measuring both the local fields from external sources and from dipolar layers.
A possibility for application of the same technique to liquid crystalline materlals
is outlined.
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The paper has been presented as an invited lecture at the European Conference
on Liguid Crystals in Courmayeur (italy, 1991). The full text of it which Is a
rather comprehensive review of the authors’ papers on the Stark-spectroscopy

of Langmuir-Blodgett films will be published in the new journal Molecular Materials
to be issued in the USSR1. Here we present a short version of the review which is,
in fact, a summary of the basic application of the Stark-spectroscopy technique

and can serve as a guide over the list of references.

ANALOGY BETWEEN LANGMUIR-BLODGETT FILMS AND LIQUID CRYSTALS

There is, perhaps not very deep, but still interesting analogy between the structure

of Langmuir-Blodgett films and liquid crystals. Langmuir-Blodgett films are stacks of
monomolecular layers transferred from the water surface onto a solid substrate "4.
To some extent they keep the structure of its precursor, a monolayer on water . The
latter can be in a quasi two-dimensional liquid, tiquid crystalline, or solid phase. During
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and after a transfer a process of recrystallization of a film takes place, thus,
stricktly speaking, the final structure of a solid film differs from that of the precursor.
In fact, the recrystallization occurs under specific conditions being restricted by the
very two-dimensional nature of the transfer process. As a result, we have a quasi-
equilibrium tamellar system reminding of the smectic B phase which, as it Is well
known, can be either a true three-dimensional crystai phase or the hexatic phase,
However, from the symmetry point of view Langmuir-Blodgett films are polar. systems
because the two directions, upward of and downward to a substrate are different.
Generally they posess a polar axis directed along the film normal. Only in a special
case of the bilayered structure (Y-type transfer ) the bulk of rather thick films may
be considered to be non-polar.

On the macroscopic scale Langmuir-Blodgett films show a polycrystalliine or poly-
domain structure. The azimuthal distribution of individual domains Is, as a rule,
isotropic though a few interesting examples of the In—-plane anisotropy have been
demonstrated™ . Thus ordinary films are optically uniaxial with the unique axis
directed along the film normal. in this respect they lock like cylindrically symmetric
smectic A Hquid crystals though, in this case, the polar ones.

Inorder to characterize Langmuir-Blodgett films one can consider a density wave
with the wavevector along the film normal. In contrast to smectics this wave is not
sinusoidal, its higher harmonics are very well pronounced. One can also introduce the
orientational distribution function for long molecular axes

f(8) = (1V2m) Y, (n+1/2) P cos8> P (cos$) (1)

where & is an angle between the longitudinal molecular axis and the film normal. in
contrast to non-polar liquid crystals (nematic, smectic A, B, C, etc.) this expansion
contains ot only even but odd Legendre polynomials F, which include terms {cos" 9

with odd numbers n=1,3, ... Even parameters P2 and Py are analogous to those for
liquid crystals. For example,
Py = (1/2)(3 <cos?8) - 1) (2)

describes nematic ordering. The most important among odd parameters is {cos &>
which describes the polar ordering in the film and determines its macroscopic
polarization.

It should be noted that F’n can not be considered as true order parameters as
they can not be related to corresponding phase transitions. This is a fundamental
difference between Langmuir-Blodgett films which are quasi-equilibrium systems and
liquid crystals which are equilibrium phases.

The Stark-spectroscopy technique allows one to study structural features of
Langmuir-Blodgett films, for example, to measure even and odd Pn parameters, to
investigate the dynamics of the reorientation of molecules, to measure local electric
fields in medium, to study charge transfer phenomena, etc. In future this technique
may be used for Investigation of liquid crystals, at least, polymeric ones. The crucial
point is to have low conductivity of the medium.
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STARK-SPECTROSCOPY

The classical Stark-effect is splitting spectral lines of atoms, molecules, impurity
centers, etc. in an electric field. In application to organic materials the term Stark-
effect means any changes in optical (electronic or vibrational) spectra as a result

of the. direct interaction of an electric field with atoms and molecules composing
the substance. Not only splitting but either broadening, shifts and even birth of new
bands. due to the field induced symmetry changes may be considered. However, we do
not take into account such effects as field destruction of matter and electrochemical
changes of spectra. We also skip the effects of the field reorientation of molecules

( electrochromism )©78.

The term Stark-spectroscopy means a recording of the field induced changes in
optical density D(A ) of a substance in a certain wavelength range. The most important
technical aspect is an application of an a.c. electric field to a sample and a subsequent
lock~in detection of a relatively weak electro-optical modulation. After normalizing the
modulation signal to the intensity of the transmitted light we have a spectrum of the
field induced change in the optical densité AD( A\ E) called the Stark-spectrum. The
experimental technique is described ing‘1 . An alternative version Is luminescent Stark-
spectroscopy . In the last decade, the high resolution Stark-spectroscopy has been
developing which Is based on field scanning ‘over a spectral hole burnt by a laser in an
optical band of an ensemble of organic molecules incorporated, as a rule, into a special
matrix12—14. The latter experiments require cryogenic temperatures. In this paper we
shall only discuss the results obtained by the Stark-spectroscopy technique for Langmuir-
Blodgett films having rather broad optical bands.

DETERMINATION OF THE ORIENTATIONAL DISTRIBUTION FUNCTION FOR ROD-LIKE
MOLECULES COMPOSING A LANGMUIR-BLODGETT FILM

Had one measured a number of Pn in Egn.(1) the distribution function f(8) is known.
The problem is that each of P requires its own technigue to be measured. The
Stark-spectroscopy technique combined with the opticai dichroism measurements
allows us to determine the first four parameters Pn {n=1-4) for the special case
when molecules have the rod-like shape and both their optical oscillators and electric
dipole moments are directed along longitudinal molecular axes. It is the case, e.g., for
azo-compounds with various substitutients R and R":

C,HopR-C 0 > N=N-{O -R )

Even in this simplest case one must use various versions of the optical and electro-
optical technique ™ .

The "nematic” orientational parameter P2 , Egn.(2), can be determined from the
dichroism measurements. However, due to the cylindrical symmetry of a Langmuir-
Blodgett film with respect to the film normal the sample is placed at a certain angle
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to the light beam of a monochromator and then the optical density is measured for
various polarization vector of light. From the dichroic ratio parameters {cos“$> and
P2 are easlly calculated as if we deait with homeotropically oriented liquid crystal ™.

To find {cos$> which determines the polarity of a fim we measure the
amplitude of the linear-in-field Stark-effect. Let us remind that the electric field
induces a spectral shift of the molecular optical band

Ahv = AUE + (1/2) AwE? (3)

which includes linear and quadratic-in-field terms. The first of them depends on the
difference Au=ue- u, of the dipole moments of an excited and the ground state
and on the angle ¥~ between vectors Ap and E; the second term is proportional to
the difference of the corresponding polarizabilities Aw =0, -,  When {cos8> #0
there is a total shift of the band on the wavelength scale which Is a measure of
{cos 8)16. In the opposite case we have only band broadening.

More detailed consideration of the problem ™ '’ allows us to calculate <c0538>
from the dependence of the amplitude of the linear Stark-effect on light polarization.
In fact, we use the “dichroism of the linear Stark-effect” which depends on both
{cos$§) and (cgs 9. In the framework of the same approach we can use the
“dichroism of the quadratic Stark-effect” to calculate the term {cos 8) (for details
see paper 18)‘

The four parameters Pn measured this way allowed for the construction of the
orientational distribution function for azo-compound multilayers ~*'~.

A special case of great interest is a superlattice consisting of dipolar alternating
monolayers composed of different molecules. Each of sub-lattices demonstrates its
own Stark-effect in the corresponding spectral range. The measurements of the
corresponding signs and amplitudes of the modulated signals result in determination
of the structure of the superlattice™ ",

DYNAMIC REORIENTATION OF MOLECULES

Recently a novel effect has been discovered, namely, a photo-induced reorientation
of electronic osciltators of azo-compounds (I}  in Langmuir-Blodgett fllms===~ .,
Photo-excitation of the molecules in their long-wave absorption band results in a
change of the optical properties of a film. Optical density decreases in the direction
of the light polarization vector (e.g.x)and ircreasesin the order two perpendicular
directions (y and z). For the non-polarized exciting light nearly all oscillators are
oriented In the z-direction (along the film normal). The questions arise whether the
reorientation of oscillators is accompanied by reorientation of molecules as a whole
and whether the polar properties of the film are changed. To study this problem
one can again observe the linear Stark-effect in_the spectral range of the same
dye molecule absorption. The experiment showed” that after illumination of the

film by the natural light the corresponding modulation amplitude changed dramatically:
this points to the total reorientation process of the molecular skeletons (their over-



Downloaded by [Tomsk State University of Control Systems and Radio] at 15:00 18 February 2013

STARK-SPECTROSCOPY AND DIPOLAR ORDERING IN L-B FILMS

turning after excitation). The illumination of the same film by the x-polarized light
results in reorientation of the other kind when molecules reorient along the cone
surface to achieve the y-direction without overturning. Such experiments can give
information on the shape of the potential barriers for molecular reorientation. The
situation reminds of that for the anchoring of liquid crystalline molecules (directors)
at the interface with a solid substrate when one can distinguish between rather small
azimuthal and rather large polar anchoring energies™™.

INTERMOLECULAR CHARGE TRANSFER

When molecules forming a Langmuir-Blodgett film are non-polar, Ay = O, Stark-
spectroscopy aflows one to study optical transitions accompanied by the inter-
molecular electron transfer“~. Such optical transitions result in a dramatic change
in a dipole moment of a light absorbing center ( a pair of molecules, an impurity
center in a lattice, a molecular cluster or associate, etc)), Auc.r» 0. Even in the case
when the oscillator strength of the corresponding CT-band is very weak the Stark-
signal can be easily detected against the "inactive” background of the intramolecular
absorption. The experiments were carried out on films of molecular crystals®’~

and Langmuir-Blodgett fiims of porphyrazines™ . In future, this technique may be
useful to study charge generation and transport processes in metalloorganic, e.g.,
discotic liquid crystals showing the electronic conductivity and photoconductivity.

LOCAL FIELD MEASUREMENTS

Both the external and internal electric fields in a condensed phase may be measured
by the Stark-spectroscopy tehnique. To this effect a speclal molecular (Stark) probe
has to be used. In our experiments an amphiphilic anthraquinone dye with a rather high
value of the difference in polarizablilities Aw = &~ o, & 20 A” was used. This dye
forms non-polar bilayers during the Langmuir-Blodgett transfer process and the
amplitude of the quadratic Stark-effect measured in the spectral range of the bilayer
absorption is a measure of the local field in the place of its location.

For example, we were interested in a spatial distribution of an external electric
field E; . (ext} along the ngrmal of a very thin sandwich structure  SnO, (or AL) -
stearic acid muitilayer - AI®'=". A multilayer consisted of 10 monolayers of stearic
acid. A probing anthraguinone bllayer was put in various positions between the stearic
acld monolayers and the amplitude of the Stark-modulation at the double frequency of
the apptied field was measured as a function of its position (stearic acid does not
absorb light In the visible range and does not show any Stark-effect), From this
amplitude which is proportional to [Eloc(ext)] 2 the local field was calcuiated. It appeared
to be extremely non-uniform for asymmetric (SnO2 - Al) pair of electrodes and more
or less uniform for the symmetric (Al ~ Al) pair.
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Another example of application of the Stark-spectroscopy technique is a measure-
ment of the local internal field in the vicinity of a dipolar monolayer™". Once again the
quadratic Stark-effect of the same anthraquinone bilayer was used. However, now the
amplitude of the Stark-modulation was measured at the first harmonic of the applied
field which is proportional to the cross term E (ext) Eloc(mt)' If Eloc(ext) is known
from the measurements of the signal at the second harmonic, the permanent internal
field £ lint) can be calculated.

The same technique may be applied to the investigation of the dynamic of the photo-
induced molecular orientation. We already discussed a possibility to follow the reorientation
using the linear Stark-effect on the intrinsic absorption band of the reoriented azo-dyes.
Another possibility is to follow the local permanent field induced by the same dipolar dyes
at the place of location of the probe (anthraquinone) molecules™>. Both results agree
with each other.

The measurements of local fields by the Stark-spectroscopy technique may be very
useful for investigation of ferroelectric liquid crystals especially polymeric ones where
local field effects are extremely important.

CONCLUSION

In conclusion, we have pointed to some analogies between Langmuir-Blodgett films and
liquid crystals and showed how the Stark-spectroscopy technique could be applied to
investigations of (a) orientational distribution of dipolar molecules; (b) dynamics of dipole
reorientation; (c) photo-induced charge transfer effects; and (d) local fields in Langmuir-
Blodgett films. In our opinion, In the nearest future the same technique may be applied
to liquid crystaliine compounds (ferroelectric, discotic, metalloorganic) and especially to
polymeric mesophases.
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