This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 13:40

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

Nonlinear Optical Effects on Dye
Containing Molecular Sieves

Frank Marlow ? & Jiirgen Caro ®

& Center of Heterogeneous Catalysis, Rudower Chaussee 5,
D-12484, Berlin, Germany
Version of record first published: 24 Sep 2006.

To cite this article: Frank Marlow & Jurgen Caro (1994): Nonlinear Optical Effects on Dye
Containing Molecular Sieves, Molecular Crystals and Liquid Crystals Science and Technology.
Section A. Molecular Crystals and Liquid Crystals, 240:1, 175-181

To link to this article: http://dx.doi.org/10.1080/10587259408029728

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/10.1080/10587259408029728
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 13:40 18 February 2013

Mol. Cryst. Lig. Cryst. 1994, Vol. 240, pp. 175-181
Reprints available directly from the publisher
Photocopying permitted by license only

© 1994 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

NONLINEAR OPTICAL EFFECTS ON DYE CONTAINING MOLECULAR SIEVES

FRANK MARLOW1 and JURGEN CARO
Center of Heterogeneous Catalysis
Rudower Chaussee 5, D-12484 Berlin, Germany

Abstract

Composites of organic molecules and molecular sieves are promising
materials for nonlinear optics. In order to achieve different NLO
processes in these materials we varied the guest molecules. Para-
nitroaniline (PNA) and dimethylaminobenzonitrile (DMABN) were
investigated in different molecular sieve hosts (A1PO-5, ZSM-5,
VPI-5). These two groups of materials studied can be described by
gqualitatively different models: ensembles of oriented two-level or
three-level systems.

In contrast to molecular sieves loaded with PNA which can only mix
waves of the same polarization, for the DMABN based materials the
mixing of waves of different polarizations is observed.

INTRODUCTION

Composites of organic molecules and molecular sieves are interesting
materials for nonlinear optics.."4 Potential advantages of these
systems are the high nonlinearities of some organic guest molecules,
the tunability of the materials by variation of their components and a
good optical and thermal resistance of the mineral molecular sieve
hosts.

The interesting optical effects of these composites result from
the ordering influence of the molecular sieve pores on the guest
molecules. The incorporated dye molecules form highly ordered

arrangements leading to the following optical properties:

(i) The light absorption becomes strongly anisotropic.5

(ii) The birefriqgence of the molecular sieve crystals is controlled
by dye adsorption. 6
(iii) The crystals show a strong anisotropy in the Raman scattering.
(iv) Such materials can exhibit large nonlinear optical susceptibili-
ties of second order. This results in qgaigal second harmonic
generation (SHG) observed for these materials. ’
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Whereas the effects (i-iii) result from the alignment of the guest
molecules in the pores, the fourth effect is caused by a symmetry
breaking in the adsorbate system. Second order nonlinear effects are
dipole-forbidden in centro symmetric materials. Therefore, the
observation of efficient SHG for PNA loaded zeolite crystals proves a
preferential orientation of the adsorbed PNA molecules breaking the
inversion symmetry (at least for regions larger than the wavelength of
light).

Until now, the occurrence of nonlinear optical (NLO) effects has

-4,7

been reported for a few zeolitic systems.1 However, it still
remains an open question which concrete NLO processes can be realized
by means of these composites. Therefore, in order to achieve different
NLO processes we varied the guest molecules using para-nitroaniline
(PNA) and dimethylaminobenzonitrile (DMABN) in various molecular sieve
hosts (ALPO,-5, Z8M-5, VPI-5),%%:%°

showed that there are qualitatively other NLO processes in DMABN based

Measurements with these systems

composites than in PNA based ones.

From the molecular point of view, the DMABN or PNA loaded
molecular sieves represent two similar groups of materials differing
especially in one aspect: whereas PNA has only one relevant excited
state in the visible region, two optical transitions are observed for
DMABN. Therefore the group based on PNA can be described by a model of
an ensemble of two-level systems (ground state and exited state) while
three levels are necessary for the description of the other group.

In this paper we compare the SHG (NLO effect of second order) in
ordered arrays of two-level and three-level systems. The PNA and DMABN

molecules are well described by these models.

THEORETICAL BACKGROUND

The SHG of molecules is described by the hyperpolarizability B. This
quantity is connected with the properties of the energy levels of the
molecules, especially with the directions of the transition matrix
elements. Applying perturbation theory to molecules in the ground state

leads to the following B (see e.g. ref.io):
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The coordinate indices l,m,n run over all coordinates of the molecular
coordinate system (x’,y’,z’). Let z’' be the molecular length axis. 9op
denotes the energy difference (divided by h/2%) between the ground
state |0> of the molecule and another state |r>, <r!Pm|s> is the
transition matrix element. ® is the circular frequency of the incident
light.

For many molecules, only a few electronic states (denoted by r and
s) play a role for the calculation of B. For example in PNA, only one
exited state dominates the frequency doubling properties up to 532 nm.

This leads to the tensor component Bz,z, which is much greater than

all the others (see e.g. ref.il). ’
In DMABN the two lowest excited states (La and Lb) are very close
in energy. Since these states have transition moments which are
perpendicular to each other (with <La|Pz,|0>#0 and (Lb|Py,]0>¢0), B
differs from zero for some combinations of the coordinate indices y’
and z’. One finds that DMABN can have three different non-vanishing
z*z'z? Bz'y’y” By’z'y')'
An ensemble of molecules 1is described by the nonlinear

components of B (B

susceptibility X which is essentially a superposition of the B of the
individual molecules. In the case of perfectly aligned molecules both
tensors are the same except for constant factors (For more details see

9,10

ref }. In this case the experimental results can be understood on

the basis of 8.

ENSEMBLES OF ORIENTED TWO-LEVEL SYSTEMS

4 6 , . . 5
It is known from SHG , Raman scattering and polarization microscopy
that PNA molecules form dipole chains of very well aligned molecules in
the straight channels of different molecular sieves. Due to the single

optical transition which is polarized parallel to the molecular



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:40 18 February 2013

SHG - intensity fa.ul}

178 F. MARLOW AND J. CARO

symmetry axis, the absorption of light by the PNA loaded crystals is
highly anisotropic. Therefore, molecular sieve crystals loaded with
molecules showing an anisotropy in light absorption (e.g. PNA) act as
polarizers.5 Two-level systems are necessarily anisotropic.

The SHG of such crystals shows a pronounced polarization
dependence as well. The generated second harmonic light is fully
polarized parallel to the channel direction ({(z-direction}. When the
polarization plane of the incident laser light is varied, the second
harmonic (SH) intensity reaches a maximum when the crystal is excited
parallel to the same direction. The measured values are well fitted by
cosq¢ where ¢ is the angle between the z-axis of the crystal and the
polarization plane.a’4

In our polarization dependent investigations, an individual
crystal loaded with dye molecules was positioned in the beam of a

3 . .
ps-Nd:YAG laser™ as shown in Figure 1,

o 0 100 50 200

{ Idegrees)

~10¢ -50 0 5a 100
@ Idegrees)

{ Idegrees]

FIGURE 1 Intensity of the SH radiation for PNA in AlPO-5 (a),
I8M-5 (b) and VPI-5 (c) as a 3fémction of the polarization
direction ¢ of the incident light.™’
For AlPO4—5 the pure cos4¢ behavior is found. Since no SHG was detected
at ¢=90°, the molecular axis of PNA must coincide with the length

direction of the crystal (z-axis).
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The results obtained for PNA in ZSM-5 are quite similar
indicating that only PNA molecules in the straight channels contribute
to the SHG. Most likely, the molecules in the sinusoidal channels do
not form directed dipole chains.

For PNA in VPI-5, maximum SHG is observed when the light is
polarized in the length direction of +the needle-like individual
crystals. This indicates that the unidimensional pore system containing
the PNA dipole chains extends in this direction. Because of the
polycrystalline nature of the VPI-5 crystallite, deviations from the
cosq¢ behavior are observed, such as especially the non-zero value of

the SHG intensity at the minimum of the curve.B

ENSEMBLES OF ORIENTED THREE-LEVEL SYSTEMS

Our example for this group of materials is DMABN. Here, the two lowest

excited states (La and L are closely neighboring. This is important

)
for both the dual fluo:;scence and the formation of TICT (twisted
intramolecular charge transfer) states in DMABN (e.g. ref.12'13). Only
these states are of relevance in the visible region.

Another consequence of the two close-lying excited states in DMABN
is that DMABN can have three different non-vanishing components of B
(as mentioned above). All these components were observed in our

experiments with the composites based on DMABN.9

I,(¢)

¢ [degrees ¢ fdegrees

FIGURE 2 Intensity of the SH radiation polarized parallel (a)
and perpendicularly (b) to the crystal length axis (z-axis) for
DMABN in AlPO-5 as a function of the polarization direction ¢ of
the incidgnt light. Ehe mgasured values are well fittedzby9

I“(¢) =a" cos®+b sin¢ and I (®) B ¢ (cos¢ sind)” .

Contrary to PNA where the SHG is always polarized parallel to the
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z-direction we found for DMABN in A1P04—5 (large crysta]sl4) that the
SH radiation 1is not linearly polarized in general. The SHG can be
divided into two components: I" is polarized parallel to the crystal’s
length axis (z-axis) and I, perpendicularly to the z-axis. Figure 2
shows these two components as functions of the polarization plane of
the incident 1light. Similar to PNA, I" shows a maximum for the
excitation parallel to the z-direction ( ¢=0° ). I; , however, reaches
a maximum for ¢=45°. The ratios of the intensities of the different
signais have been determined to
1,(45) : I"(O) : I“(QO) o 0.88 : 1 : 0.11 .

The observed signals I"(O), I"(90) and I,(45) are the result of
three different SHG processes described by the different tensor
components of Y. Schematically, these processes may be represented as

follows:
X, I+« 17 -4
xzyy: — + — = 1}
Xyzy : —_— + T = =

In the first process, two photons polarized parallel to the z-axis
interact, thus resulting in the generation of a frequency-doubled
photon of the same polarization. The second process describes the
conversion of two y-polarized photons into a z-polarized one. The third
process is the mixing of one z-polarized and one y-polarized photon
yielding a y-polarized one.

The SH radiation is found to be elliptically polarized when the
electric field of the incident beam and the crystal length axis form
any fixed angle between 0<®<90°. This results from fixed phase
relations between the different SHG processes. The SH radiation was
divided into two components ( I and I“ ), but these components are not
independent of each other. Moreover, these two components are caused by
different projections of one and the same polarization induced in a
single electron system, i.e. in an individual molecule.
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CONCLUSIONS

PNA based composites can only be used to mix waves of the same
polarization. In DMABN loaded molecular sieves, additionally the mixing
of waves of different polarizations occurs. Therefore, one precondition
to achieve phase-matching by using birefringence (occurrence of
different polarizations of SHG and incident radiation) is fulfilled in
DMABN composites. This makes composites which are essentially ensembles
of directed three level systems especially interesting for practical

applications.
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