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ABSTRACT

SARATOVSKY, IAN Inclusion chemistry of neutral nonlinear optical dyes within
organically modified silicates. Department of Chemistry, June 2002.

The field of photonics involves the use of light to acquire, store, process, and transmit
information. Nonlinear optical (NLO) materials are crucial for success in the advancement of
photonic devices. Laponite and hectorite host assemblies have been shown previously by our
group to induce J-aggregation of nonlinear optical (NLO) dyes and offer facile routes to film
fabrication. Head-to-tail alignment (J-aggregation) of the NLO chromophores is a required
condition for photonic applications. In this study, tetrabutylammonium, triethylhexyl-

trimethyldodecyl: ium, and trimetylcetylar ium surfactants were
utilized to render the smectic intergaliery region organophilic thus facilitating chromophore

intercalation and an increased J-aggregated-dye fraction. Fourier transform infrared

p py and powder X-ray diffracti were used to probe the interlayer structure and
phase state of the intercalated alkylammonium surfactants by monitoring frequency shifts of
the CH; stretching vibrations and gallery height as a function of packing density and chain
length. As the chain length or interlayer packil g density i d, the chains adopted a

more ordered, lamellar structure leading to two-dimensional ordering of clay tactoids.
Organically modified laponite was subsequently loaded with two NLO chromophores,
disperse red1 (DSR1) and disperse orange 3 (DSO3), and the effects of surfactants on the
extent of J-aggregation were studied. The nature of dye aggregation was characterized using

UV/VIS spectroscopy. We report herein that modifying laponif ids with surf:

allows for selecti | over nonli optical ch phore aggregation. In addition, the
presence of surfactant within the host framework affords the possibility of higher dye
loadings of DSO3 and DSR1 as well as inducing a higher fraction of J-aggregates of DSR1

than previously reported.
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Introduction
Photonics involves the use of light to acquire, store, process, aund transmit

information. Nonlinear optical (NLO) materials are crucial for success in the
advancement of photonic devices.'” Success in the advancement of photonic
materials relies upon an enhanced understanding of the relationship between material

architecture and material properties. Nonlinear opuics is the study of the interaction of

intense electromagnetic fields with materials to produce modified fields that are

different from the input field in amplitude, frequency and phase.* NLO phenomena
are of major importance as they form the basis of optical processing networks, wave-
guides, photochemical hole burning materials, holographic storage devices, and
second harmonic generators **

A new class of photonic materials are inorganic-organic nanocomposites.
These hybrid assemblies encompass a wide variety of materials whose inner
architectures can be customized for specific optical device applications.* Hybrid
inorganic-organic materials couple the functionality of organic molecules with the
stability of inorganic solids. The inorganic host exhibits the virtues of high surface
area, thermal stability, crystallinity, and catalytic capability®’ while the organic guest
offers a diverse selection of molecules with electrical, optical, and thermal properties.
The synergistic relationship between organic guests and inorganic hosts affords the
synthesis of an enormous variety of materials whose properties can be selectively
tuned. Rational selection of the two components is indispensable for the fabrication of
advanced materials.®

Smectite clays exhibit a lamellar structure with important colloidal properties’®

and present incredibly robust inorganic hosts. These lamellar clays'® exhibit unique




Saratoveky

properties such as templating, two-dimensional ordering, heterogeneous catalysis, and
high thermal and temporal stabilities. Laponite and hectorite are examples of such
smectite clays that are made up of tetrahedral-octahedral-tetrahedral layers (TOT) (see
Figure 1). The octahedral layer is comprised of magnesium cations doped with
lithium cations, creating an overall negative charge on the framework. The overall
negative charge affords the intercalation of various cations into an intergallery region;
these cations bridge the TOT sheets and control lamellar architecture. Intercalated
cations can be replaced through a facile cation exchange reaction allowing for the

modification of host characteristics such as redox potentials, film stability, electrical,

and optical propegtics -2

Figure 1. Structure of TOT layered clay such as hectorite and laponite.

Laponite is a synthetic form of hectorite, a naturally occurring clay mineral.
Both laponite and hectorite are structurally and chemically similar but differ in layer
lattice charge, size of microcrystallites or tactoids, and superstructural arrangements.

Laponite tactoids are disk-shaped consisting of a single TOT layer and are
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approximately 250A in diameter by 10 A in height. As a result of small tactoid size,
laponite has a high charge to surface area ratio and is prone to forming gel-like

matrices termed the *house of cards’ structure'>**

(see Figure 2). Hectorite has a brick-
shaped structure with a much larger tactoid size (10,000 A x 1000 A x 100 A) and
consists of approximately seven to ten TOT layers.'s

Three distinct microenvironments result from the cohesion of muitiple TOT
layers, (a) an intergallery region beiween adjacent tactoids, (b) the surface of the
tactoid, and (c) the microporous spaces between adjacent tactoids. The insertion of
cations into the intergallery region (a) is called intercalation. The sizes and

hydrophobic characteristics of these microenvironments are affected by charge

density, water content, and the extent of clay contact.

Region (b) —

Region (c)
- -
) ¢=
Gl _9.2A E](X)A t-’ E](XX)A
=250A =10,000 A
Laponite Hectorite

Figure 2. Difference in microcrystallite arrangement between laponite ‘house of cards’
structure and hectorite. Laponite tactoids are single TOT layers while a
hectorite microcrystallite may contain seven to ten TOT layers.

13,16 17,1819

films. Cationic chromophores, ~° surfactants, and polymers,2*22 have all been
intercalated into smectite clays previously. Charged nonlinear optical

chromophores'*324232627 haye also been included into smectite clays and have
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exhibited great promise. The inclusion of neutral dyes allows for further modification
to the hybrid materials and work in this area is unexplored. Phase separations between
organic and inorganic components make the synthesis of these materials complicated.
The process of initially organically modifying laponite and hectorite using surfactants
and subsequently including neutral NLO dyes shows even greater promise for fine
control over the hybrid material properties.

The aggregation of surfactant molecules on clay surfaces have been studied
extensively. % Giannelis?®and colleagues have demonstrated that as the packing
density and surfactant chain length of surfactants on the clay surface increase the
ordering of surfactant chains increases. Four surfactant aggregates result from the

_ extent of surfactant ordering; (a) lateral monolayer, (b) lateral bilayer, (c) paraffin
monolayer, and (d) paraffin bilayer (see Figure 3). The extent of surfactant ordering is
readily observable with infrared spectroscopy by monitoring asymmetric methylene
frequency (vas -CHz-) shifts.

Surfactant inclusion provides a driving force for organic nlo dye
inclusion in aqueous media by two dimensionally ordering laponite tactoids and
rendering the intergallery region organophilic (see Figure 4). The extent of two-
dimensional ordering in organically modified laponite as a function of surfactant type

and loading density was monitored using powder X-ray diffraction techniques.
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Figure 3. Surfactant aggregates in the laponite intergallery region.

The aggregation of included nonlinear optical chromophores can be monitored through
changes in electronic absorption spectra. The type® and extent of dye aggregation are
affected by the nature of dye environment.>’ These host-guest interactions can be
controlled by the choice of functional groups present on the dye molecule. Two types
of dye aggregates have been previously revealed, J-type or Scheibe'®*>%33 agpregates
and H-type aggregates. Scheibe or J-type aggregation refers to the head-to-tail

hydrogen bonding between adjacent dye molecules (see Figure 5).

Surfactant NLO dye
—
mcluslon mclusuon

House of Cards 2-D ordering Hybrid material

Figure 4. Synthetic approach to NLO dye inclusion into organicaily
modified laponite.
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Figure 5. Head-to-tail hydrogen bonding of J-aggregates
J-aggregation is evidenced by a red shift in the absorption spectrum, as well as a

new absorbance band associated with dimer or higher aggregate formation. H-type

aggregation occurs as a result of n-stacking?® interactions between dye molecules. The

absorption spectra of H-aggregates show a characteristic single blue-shifted peak.

The photonic response of nonlinear optical dyes is greatly affected by the type
and nature of dye aggregation. J-aggregation leads to a noncentrosymmetric
orientation of dipole moments, which has been shown to be requisite for a NLO
response, while H-type aggregation causes the cancellation of dipoles and produces no
NLO response. The NLO response of these new composite materials can be
monitored with the use of Second Harmonic Generation (SHG). SHG occurs when
incident light of frequency w passes through a nonlinear optical medium that then
emits the light at twice the input frequency 2w. SHG characterization can be

353637

performed on powders, colloidal suspensions,'? and more recently has been used

to probe the noncentrosymmetric arrangement of chromophores within thin
films, 8394041.4243,44.45
In nonlinear optics the induced electric polarization of the nonlinear optical

material is a nonlinear function of the strength of the external field. Polarization in

intense magnetic fields, such as in a laser, can be described at both the microscopic
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{molecular) and macroscopic (bulk) levels. The equation below describes the
microscopic interaction with applied electric fields.’ Polarization in a nonlinear optical
material depends on high order terms of the applied electric field. In the equation
below py is the intrinsic dipole moment of the molecule and F is the electromagnetic
field vector. The coefficients , P, and vy are the polarizability, the hyperpolarizability,
and the second hyperpolarizability constants of the molecule. Throughout this work

we are only concerned with second hyperpolarizability effects.

B =po +aF + BF +yF+...

The azobenzene and stilbene dyes used in this study exhibit some of the largest B
values (125 to 200 x10™*° cm®/esu) commercially available . The successful
production of materials with high second order nonlinearities is dependent upon two
requirements. The first major requirement is the existence of permanent electric
dipole moments. Conjugated organic molecules with electron withdrawing-donating
moieties” ¥ 46.47:4849.50.51.5253 14ve been shown to be hyperpolarizable in applied
electromagnetic fields. The second major requirement for hyperpolarizability is the
existence of noncentrosymmetry within the system. The cancellation of dipole
moments, such as in n-stacked H-aggregates, produces no NLO effect.

It has been previously demonstrated by Kostuk® that hybrids of neutral NLO
dye molecules incorporated into laponite films show evidence of J-aggregation,
requisite for SHG. In this work we report on novel hybrids of neutral NLO dye
molecules incorporated within organically modified laponite and the selective control
over the extent of J-aggregate formation. UV/Vis absorption spectroscopy, X-ray

diffraction, and infrared spectroscopy are used to probe the inner architectures of these
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hybrid materials and their microenvironments affording a greater understanding of

surfactant aggregation on laponite tactoids and the influence of surfactant coated
laponite on NLO dye aggregation.




Experimental Methods

Materials. Na'-Hectorite with a cation exchange capacity (CEC) of 100 mequiv/100g
(Na-Hect), Nao;g[Lio ,66Mgs 34SisO2(OH)(J*! was obtained from RHEOX, Inc. Na'-
Laponite RD with a CEC of 72 mequiv/100g (Na-LapRD),

Neo{Lio3Mgs sSisOn(OH)},** was donated by Southern Clay Products, Inc. The
surfactants used in this experiment were tetrabuytlammonium (TBA), Triethylhexyl-
ammounium (TEHA), trimethyldodecyl (TMDA), and trimethylcetylammonium
(TMCA) bromide salts. The neutral dyes used for the synthesis of the hybrid materials
were disperse red 1 (DSR1) and disperse orange 3 (DSO3). Sufactants and dyes were
obtained from Aldrich & Co. and used as received.

Figure 6. Structures of various NLO dues utilized in this experiment
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Synthesis. Laponite RD is received prepared with sodium as the intergallery cation.
The sodium intergallery cation was exchanged with zinc by a cation-exchange reaction

between the silicate and excess zinc (twice the exchange capacity of the host). Sodium

laponite was monodispersed* by high speed spinning in deionized water for 0.5-1

hour and subsequently loaded with zinc. The zinc/Na-LapRD solution was spun for
24-48 hours allowing for complete exchange. The solution was then centrifuged and
washed multiple times with deionized water ensuring the complete removal of sodium
cations and counter anions and subsequently re-dispersed in deionized water.

Quaternary alkylammonium halide salts were dissolved in a 50:50 mixture of
ethanol and deionized H;0. The appropriate amount of guest mixture was added to
prepared Zn-LapRD in order to attain the desired loading. Loadings are presented as a
percentage of the smectite’s CEC. The mixture was stirred for 7-12 hours at 50°-70°
C. The organically modified silicates (OMS) were subsequently centrifuged and
washed extensively with a 50:50 ethanol and deionized water mixture until an AgNO;
test confirmed the absence of halide anions.

The neutral chromophores were dissolved in acetone and the appropriate wt %
of dye was added to either Zn-LapRD or the fabricated OMS. Acetone was removed
from the resulting solution using a Buchi rotary evaporator. The mixture was then
spun for 24 hrs before being pipetted onto precleaned quartz microscope slides. Glass
microscope slides were precleaned with acetone and water. 2 mL of the dye/Zn-
LapRD or dye/OMS solution was introduced to the glass substrate and allowed to dry
slowly in a humidity-controlled environment, forming an optically transparent thin

film.
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Characterization. Fousier transform infrared (FTIR) spectroscopy afforded the study
of the intercalated surfactant-surfactant interactions and their conformations within the
films. FTIR spectra were collected using a Mattson Galaxy 6020 spectrometer with a
Spectra Tech Thunderdome ATR attachment aliowing for direct characterization of
solid films. For each spectrum 128 interferograms were collected and coadded at a
nominal resolution of 1 cm™. Peak frequencies were ascertained using the center of
gravity method. Intergallery spacing was monitored using powder X-ray diffraction
(XRD). XRD spectra were collected on a Philips PW 1840 diffractometer using 1.788
A CoK, radiation. Electronic absorption spectroscopy was used to study dye-clay
hMons. All UV/Vis spectra of films were collected on a HP8453
spectrophotometer. All data were collected under ambient conditions.
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Results and Discussion
Organically Modified Silicates. Rational selection of surfactant chain length and
loading density is crucial for the creation of an optimal microenvironment for dye
inclusion. FTIR spectroscopy coupled with powder XRD affords the probing of the
inner architecture of organically modified silicates. Specifically, FTIR studies
elucidate the type and nature of surfactant aggregation (Figure 3) and powder XRD
monitors the effects of aggregation type on the spacing between tactoid repeat units in
the clay films.

Upon cation exchange surfactant molecules enter the intergallery phase space
through coulombic attraction to the negative charge residing on the tactoid surface.
Surfactant geometry, hydrocarbon chain length, and packing density impact the inner
architecture of the smectite clays. As the surfactant chain length was increased FTIR
spectra revealed a shift in CH, asymmetrical stretching vibrations (Vas) to lower
wavenumbers (see Figure 7). The shifting of these bands to lower frequencies

indicates that the surfactant chains are adopting a higher trans to gauche ratio,

indicative of ordering. As a result of a higher degree of chain ordering an increased
intergallery height was observed within hectorite films. An increase in surfactant
chain length causes ordering due to an increase in the van der Waals interactions
between adjacent surfactant molecules. Chain ordering induces a higher trans/gauche
ratio causing the chains to become extended, facilitating an increase in the intergallery

spacing height (Figure 2, region (b)). Figure 7 illustrates that TMCA (sixteen carbon

chain) undergoes the greatest degree of ordering and causes the greatest increase in

gallery height.
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Figure 7. Relationship between surfactant chain length, asymmetric
CH2 stretching frequencies (v,,), and gallery height.
Hectorite was loaded at 100% of its CEC with surfactants.
TBA is marked in green because it is a spherical molecule
with no distinction between head size and chain length.
The increase in gallery height with TBA is due to its large
spherical head size.

Surfactant packing density also induces surfactant chain ordering and a resultant

increased gallery height.

As the amount of surfactant loaded into hectorite increases, the surfactant
chains assume a higher trans/gauche ratio and therefore become more ordered,
resulting in an increase in intergallery height. Ordering, as the surfactant packing
density is increased, is due to an increase in van der Waals interactions between
surfactant chains. Figure 8 illustrates the relationship between TMCA surfactant

packing density, CH; asymmetric stretching frequencies, and gallery height.

13
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Figure 8. Relationship between TMCA packing density in hectorite, asymmetric CH,
stretching frequencies (v,5), and gallery height.

Figure 8 also illustrates that control over surfactant loading levels affords fine control
over intergal!ery basal spacing.

fncreasing the hydrophobicity of the intergallery region coupled with
increasing intergallery spacing provides a driving force for the inclusion of NLO dyes.
There is a clear trend between surfactant chain length, surfactant loading, and gallery
spacing in hectorite clay films. However this trend does not occur in laponite clay
films. We speculate that the lack of this trend in laponite films is due to the formation
of the ‘house of cards’ structure. The formation of laponite’s ‘house of cards’
structure is a result of coulombic interactions between negatively charged faces with

positively charged edges. As the surfactant chain length and packing density of
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TMCA was increased in laponite films, no increase in gallery height or surfactant
chain ordering occurred, however a different yet curious trend was illustrated.

Powder XRD spectra indicate that as surfactant chain length was increased
laponite’s *house of cards’ structure was broken up by the appearance of two-
dimensional tactoid ordering (Figure 9). The intercalation of surfactant into laponite
induces a greater level of ordering than in films without surfactant. Ordering results
from the coating of laponite tactoids with surfactant. Surfactants inhibit the coulombic
attraction between adjacent tactoids and cause a breakdown of the ‘house of cards’
structure by inhibiting tactoid edge/surface interactions. A high degree of disorder in
laponite powder produces an amorphous XRD pattern however a sodium laponite film
shows a greater degree of ordering with the growth of a 001 reflection, at a d-spacing
of ~12.9 A, indicative of lamellar ordering (Figure 10). The introduction of surfactant

into the laponite films (TMDA and TEHA OMS films) shows an even greater degree

of lamellar ordering as evidenced by: the growth of new peaks associated with the 00/
family of reflections (at d-spacings of approximately 14.4 A, 4.7 &, and 3.5 A)anda
sharpening of the 001 reflection.

Furthermore, the presence of a new peak at low angles, with a d-spacing of
approximately 44.6 A, indicates the presence of superstructure or extended two-
dimensional lamellar ordering. The evolution of a low angle peak can be explained
with two models (Figure 10). Model 1 proposes the aggregation two adjacent tactoids
separated by a surfactant paraffin bilayer while model 2 proposes the aggregation of

several adjacent tactoids separated by lateral monolayers.




TMDA loaded laponite

TEHA loaded laponite

Na*-laponite film

Laponite powder

10 20 30 40
20 (degrees)

Figure 9. XRD spectra of laponite powders and films. OMS films
show evidence lamellar ordering.

Intercalation

— model 1 —

House of Cards

Figure 10, Schematic representation of two-dimensional ordering. Laponite’s
‘house of cards’ structure is broken up and long range 2-D tiling
and superstructure are exhibited in powder XRD.
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Therefore, organically modifying silicates with the use of surfactants induces
two-dimensional lamellar ordering. We speculate that long range two-dimensional
ordering is crutial for the enhancement of chromophore J-aggregation. The
introduction of surfactant into hectorite affords selective control of both intergallery
height and lamellar ordering whilst introduction of surfactant into laponite solely
allows for tuning of lamellar ordering. This difference between laponite and hectorite
is a function of tactoid size. Fine-tuning of intergallery height does not occur in
surfactant loaded laponite films due to the presence of a mixture of surfactant
aggregates (see Figure 10). Although surfactants do not afford the same control over
laponite’s intergallery size as they do with hectorite, due to difference in tactoid size,
laponite serves as a superior material for photonic applications. Hectorite composites

are optically opaque in the visible region while laponite is transparent lending itself to

photonic applications. Hectorite’s large tactoid size scatters light whereas laponite’s

small tactoid size does not.

Although high loading levels of surfactant into laponite facilitate the greatest
degree of ordering, several problems arise. High surfactant loadings induce the
highest degree of hydrophobicity of tactoids and cause tactoid flocculation in aqueous
media, causing poor film quality. For example, laponite films loaded with TMCA at
100% of the CEC exhibit heterogeneity and cracking due to tactoid flocculation. In
fact, surfactant loadings greater than 50% of the CEC produce poor quality films.
Therefore, films prepared for NLO dye introduction should not exceed surfactant

loadings of 50% of the CEC. Surfactant loadings at this level are optimal as they
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maintain high film quality and optical transparency while rendering laponite tactoids
hydrophobic thus promoting dye inclusion.

NLO dye inclusion into Organically Modified Laponite. Organically modified
laponite provides an improved host system for the introduction of nonlinear optical
chromophores. Two distinct nlo dyes, DSR1 and DSO3, were introduced into TMCA
loaded (50% CEC) laponite films. Both DSR1 and DSO3 are diazobenzene-based
dyes differing solely in their terminal moieties (see Figure 6). Previous studies™
illustrated that the dye loading levels have not exceeded 10 wt %. We speculate that
higher loadings as well as higher fractions of J-aggregation will yield an enhanced
NLO response. J-aggregation was monitored with UV/VIS and FTIR spectroscopies.
Because DSO3 contains a terminal amine group (see Figure 6), hydrogen-bonding

interactions can be easily monitored with FTIR.

Inclusion of DSO3. Surfactant loading levels play a critical role with respect to the

fraction of J-aggregated species in the DSO3 system. As the surfactant loading levels
were increased, J-aggregation was turned off, providing a means of selectively tuning
NLO activity. In fact, the decrease in the red shifted J-aggregated band was so
dramatic that it was observed visually (Figure 1 1). Films at lower surfactant loading
levels were much redder in color than those at higher surfactant loadings, which were
orange, matching the color of the bulk dye. Visual evidence was confirmed by
monitoring the J-aggregation of DSO3 with FTIR. Bulk dye terminal N-H bands
appeared at 3399 and 3499 cm™ and were shifted and broadened to 3240 and 3397 cm™
. respectively, within TMCA-laponite films. Shifting to lower frequencies

accompanied by broadening is characteristic of hydrogen bonding and indicates the J-




aggregation of DSO3. As surfactant packing density increases on laponite’s surface
the interaction between the dye and clay is minimized, turning off J-aggregation. The
deactivation of J-aggregation at high surfactant loading levels confirms that an

interface between the chromophores and laponite is crucial for J-aggregation.>

10% 25% 50% 75% 100 %
CEC CEC CEC CEC CEC

Figure 11. J-aggregation of DSO3 as a function of surfactant loading level. All films were
loaded with varied amounts of TMCA and 1 w/w% DSO3. Films at higher
surfactant loading levels phase separate causing a decrease in optical

transparency.
TMCA loadings above 50% of the CEC turn the J-aggregation of DSO3 as

well as forming poor quality films due to phase separation in aqueous media.
Therefore, TMCA loadings of 50% of the CEC were determined to offer a
compromise between turning J-aggregation off and rendering laponite organophilic so
as to provide a driving force for the inclusion of higher loadings of DSO3 in water.

DS03 w/w% loadings were varied within organically modified laponite in
order to study the effect of the surfactant on J-aggregation (Figure 12). The fraction of
J-aggregated species reached a maximum at 1 w/w% DSQ3 in TMCA exchanged
(50% CEC) laponite. In unmodified zinc-laponite films loaded with DSO3 the

fraction of J-aggregated species also reached a maximum at 1 w/w%, however at

19
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DSO03 loadings above 5 w/w% the absorption band blue shifted back to the bulk dye
peak (490 nm). In organically modified films, higher DSO3 loadings maintained a
fraction of J-aggregated species. This higher fraction is significant as it may lead to
observable nlo response.

Intensity (a.u.)

40 450 500 550 600 650
Wavelength (nm)

Figure 12. Extent of J-aggregation as a function of DSO3 loading
levels in TMCA (50 % of CEC) loaded laponite.

Inclusion of DSRI. DSRI exhibited very different behavior from DSO3 within

organically modified Iaponite. Surfactant loadings increase the degree of red shifting

attributed to the J-aggregation of DSR1.28 A comparison of films containing 5 w/w%

DSR1 included in zinc-laponite versus in TMCA (50% CEC) laponite films illustrates

further red shifting to longer wavelengths (Fi igure 13). It is has been shown that the

exclusion of water in films increases the J-aggregation.* We speculate that rendering
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taponite organophilic excludes water from the intergallery phase space thus increasing
J-aggregation.

TMCA (50% CEC)
loaded Iaponite

Intensity (a.u.)

450 500 550 600

Wavelength (nm)

Figure 13. Comparison of UV/VIS spectra of DSRI included in zinc-laponite
versus in TMCA (50% CEC) laponite films.

Not only does organically modified laponite induce a higher fraction of J-
aggregated DSR1 but the presence of surfactant also increases the maximum loading
level of nlo chromophores. It has previously been thought that DSR1 loading above §
wiw% would lose their J-aggregated configuration. Cases in which zinc-laponite was
loaded with greater than 5 w/w% DSR1 formed poor quality films due to flocculation

of DSR1 molecules coupled with phase separation.** TMCA loaded laponite (50%
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CEC) permits the inclusion of much higher loadings of DSR1 without the loss of film
quality (Figure 14).

20.0 wt %

i

3 10.0 wt %
8
-i‘f 0wt %
R
Bulk dye 1.0wt%
400 450 500 550 600 650
Wavelength (nm)
Figure 14. UV/VIS spectra of varied loadings of DSR1 within TMCA
loaded (50% CEC) laponite.

The increase in J-aggregated species and increase in maximum dye loadings
can be attributed to an increase in the two dimensional ordering of laponite tactoids
by the intercalation of organic surfactants. Two-dimensional ordering of tactoids
increases the effective surface area available for interaction with DSR1. Unlike
DS03, DSR1 did not blue shift as surfactant loading was increased. This difference in
behavior can be attributed to the structure of the dye molecules (see Figure 6). DSO3
contains an amine functional group at its terminus whereas DSR1 contains
hydrocarbon moieties. The presence of hydrocarbons on DSR1’s terminus may

enhance hydrogen-bonding interactions between chromophores due to their increased

22
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solubility in the organic intergallery phase space. Rendering the intergallery region
organophilic also decreases the chance of phase separation affording quality films with
increased dye loadings.

Conclusions

Organically modifying laponite tactoids through the use of surfactants affords
selective control over nonlinear optical chromophores aggregation. Rational selection
of surfactant and NLO chromophore type lends to enhanced photonic materials.
Longer alkylammonium surfactant chains and higher packing densities assist in
breaking up laponite’s ‘house of cards’ architecture inducing two-dimensional
ordering of tactoids. Two-dimensional ordering coupled with an increase in the
hydrophobicity of the intergallery region provides the necessary environment for NLO
chromophore inclusion.

NLO effects should be enhanced with an increase in the J-aggregation of
chromophore molecules, resulting from the noncentrosymmetric alignment of
molecular dipole moments. DSO3 forms J-aggregates in zinc-laponite films, however
dye loadings above 1 w/w% result in a decrease in J-aggregation, exemplified by a
blue shift in the absorption band. TMCA loaded laponite provided a means for
maintaining J-aggregation in DSO3 loadings up to 10 w/w%, ten times greater than
previously reported.>* The extent of DSO3 chromophore J-aggregation was selectively

tuned by varying surfactant loading levels. Greater surfactant loadings deactivated

DSO3 J-aggregation. We found that laponite loaded at 50% of the CEC with TMCA

optimized DSO3 J-aggregation while maintaining film quality and providing the

necessary hydrophobic environment conducive to increasing dye loading levels.
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Organically modifying laponite also enhances the material properties of DSR1
loaded films. Rendering the intergallery region hydrophobic and two-dimensional
ordering shows a marked effect on DSR1 J-aggregation. Most significantly, the
presence of surfactant in the intergallery phase space increases J-aggregation through
the exclusion of water within the intergallery region. In addition, the maximum dye
loading level was increased to 20 w/w%, while maintaining the improved J-
aggregation.

Future Work

Organically modified laponite has been shown to increase the fraction of J-
aggregation of DSR1 as well as make it feasible to include higher loadings of DSR1
and DSO3. However, further studies should be performed in order to gain a more
fundamental understanding of these effects on dye aggregation. Dye/surfactant
interactions within laponite frameworks have not been previously reported. One route
for the elucidation of these interactions may come through the intercalation of
fluorescent surfactants.” Monitoring the fluorescence of surfactants as NLO dyes are
included into films may reveal dye/surfactant interactions. Surfactant intercalation
yields are not yet accurately known. For example, exchanging surfactant at 50% of
the cation exchange capacity may yield lower exchanges. Thermogravametric analysis
may provide more detailed information on surfactant intercalation yields.

Thus far all hybrid films have been fabricated on glass microscope slides. The
exploration of various other substrates, such as silicon metal, would be advantageous
for device implementation. Finally, SHG studies must be performed on these hybrid

materials.
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