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Orientation of Adsorbed Dyes in the Interlayer Space of Clays.
1. Anisotropy of Rhodamine 6G in Laponite Films by
Vis-Absorption with Polarized Light
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X-ray diffraction and Vis-absorption spectroscopy with linearly polarized light are used to determine
the orientation of rhodamine 6G (R6G) dye in the interlayer space of supported films of Laponite B
(Lap) clay with different dye loadings. XRD profiles suggest thatdfeinterlayer space increases with
the relative amount of dye in the clay surface, probably due to a more perpendicular disposition of the
adsorbed molecules with respect to the clay layers in high dye content films. This orientation reduces the
covering area per adsorbed molecule, providing a more compact and packed arrangement of the dye
molecules. This is confirmed by linearly polarized absorption spectra, from which the orientation angle
of the adsorbed molecules with respect to the clay layer can be evaluated. Indeed, R6G/Lap supported
films present an anisotropy effect and, depending on the dye loadings, different evolutions of the dichroic
ratio with the twistedd angle between the normal to the film and the incident beam are observed. For
very diluted R6G/Lap films, the R6G monomers adopt an inclined disposition of arodnditsrespect
to the film normal. Increasing the loadings, dimer, and higher-order aggregates of R6G can be disposed
in two preferential orientations: an inclined angle of aroungi 8@mmon in all loading samples, favors
long-displaced coplanar aggregates, characterized by an absorption J-band, and a second more perpendicular
disposition of the monomer units as the dye content is increased leading to short-displaced coplanar

aggregates, identified by an absorption H-band.

Introduction

inorganic matrix, host materials with 1-, 2-, or 3-dimensional

In the development of electronic and photonic devices, arrays in the nanoscale space domain are now available.

important technological efforts are focused on elaborating

hybrid host-guest materials, in which different complemen-

tary properties of organic compounds (i.e., structural flex-
ibility and electronic properties) and inorganic matrixes (i.e.,

In this sense, layered structure materials, such as smectite-
type clays, are important matrixes to design highly ordered
bidimensional films:® Besides, clay films possess a high
optical transparency (required for most of the optoelectronic

thermal and mechanical stability) are combined. Many applications) and a high capacity to adsorb cationic d§es.
chemical components in optic sensors, tunable solid-stateClay materials are suitable systems with interesting applica-
lasers, optical switches, dichroic filters, double-frequency tions in modified electrodes, sensors, photochromic devices,
crystals, solar cells, optical storage devices, antenna systemsand nonlinear optic¥2! The immobilization of guest

and light-emitting diodes are based on hybrid hagiest
systems: 14 Moreover, depending on the structure of the
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Scheme 1. Absorption Characteristics for Dimers with Different Geometries and Orientations with Respect to the Clay-Layer
Plane Proposed by the Exciton Theor§?4°
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In the present paper, the anisotropy behavior of rhodamineperpendicular to the incident lighZ{axis in this case)Dxy
6G (R6G, sed) intercalated in ordered Laponite (Lap) clay = Ax/Ay is related to the angle between the normal to the
clay layer and the incident bear)(by means of

138 A
) i A 2-3sify .
LET L = wy=
l CHs mzﬂsc”’ For more details, see Scheme 2 in the Experimental Section.
QM” The mathematical procedure is developed in an Appendix
« included as Supporting Information. Consequently, absorp-
1 tion spectra with polarized light can provide information

about the relative orientation of the molecules if the polarized
layers is studied by Vis-absorption with linearly polarized plane is known (controlled by the orientation of the polar-
light. Macroscopic arrangements of clay layers are obtainedzer).
by the elaboration of Supported thin films by the Spin—coating For Xanthene-type dyes such as RG6G, the transition
technique’? The preferential orientation of the dye is checked moment lies along the long-molecular a¥sand the
by recording the response of the absorption spectrum of theanisotropy of the absorption light directly provides the
dye to the horizontally and vertically polarized incident light orientation of the xanthene plane if the dye is adsorbed on
by changing the orientation angle between the normal to thethe clay films as monomer units (e.g., in very low loadings
film and the incident light. This study is performed in films  fiims). However, this is no longer true if the dye is adsorbed
with different dye loadings, where R6G molecules can be as aggregates. For instance, the exciton tHéétyredicts
adsorbed on Lap films as monomers, dimers, and higher-g splitting in two excited states for dimers. The value and

order aggregates:®*

direction of their transition moments are given by the addition

The polarized light absorption technique is based on the gnd the subtraction of the individual transition moment of

interaction between the transition moment vec@) of the
absorbing molecule with the electric field vectd) (of the
incident light oscillating in the polarization plade3® The
absorption intensity will depend on thieangle between both

vectors. Indeed, the dichroic ratio, defined as the relation

the monomeric units; consequently, they depend on the
geometry and orientation of the monomeric units in the
dimer. In Scheme 1, different representative geometries for
the dimer are analyzed:

(i) In a twisted sandwich-type dimer (both xanthene planes

between the absorbance of the sample for two perpendicu-are parallely disposed) coplanar with the clay surface (case

larly polarized lights to each other (i.&; andY-axes) and
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Ain Scheme 1) the transition moments to both excited states
of the aggregate will be orthogonally oriented in relation to
each other and in the clay layety{plane). In this case, and
because there is not a preferential orientation in the layer
plane & andy-directions are equivalents), neither of the two
absorption bands of this dimer would present any anisotropy
behavior. The same conclusion can be extended to a coplanar
head-to-tail dimer (geometry not shown).

(ii) In an oblique head-to-tail dimer (case B, in Scheme
1), the addition of individual transition moments of the
monomeric units (responsible for a bathochromic absorption
band with respect to the monomeric one, the so-called
J-band) will be oriented through the clay layew-plane)
and will not present any anisotropy. However, the subtraction
of the individual transition moments will be oriented
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perpendicular to the clay layer (along tkaxis), and the Scheme 2. Experimental Setup To Record Absorption

corresponding absorption H-band (hypsochromically placed Spectra with Linearly Polarized Light for Different

with respect to the monomeric one) will respond to the  Orientation of the Supported Films with Respect to the
. . . . . . Incident Beam

polarized light if the orientation angle between the incident

light and the normal to the layer is changed. Indeed, an angle

of 90° between the linearly polarized incident light along

the x- or y-axes and the transition moment should be

expected.

(i) For coplanar displaced dimers (cases C in Scheme )
1), the addition of the monomeric transition moments will Lgéc%dn%fi
be oriented along the long-molecular axis of the monomer
units, and the system will present the same anisotropy effect
as that for the monomer units. If the xanthene plane of the
monomers lies more parallel to the clay layer, the displaced
0 angle takes low values and the dimer would be Ch""r"’wter'later with pure water to abolish species in the external film surface.

ized by a J-band{( < 54.7, case Gin Schemel), placed at  ginay, the films were dried overnight at 35 and stored in
longer wavelengths than the monomer absorption band. Forgarkness for several days to ensure an adequate distribution of the
a more perpendicular disposition of the monomer units with R6G moleculed? The final dye content into the Lap films,
respect to the clay plan® (> 54.7, case Gin Schemel),  expressed by the percent of cation exchange capacity of the Lap
the coplanar dimer will be characterized by a hypsochromic (% CEC), was evaluated by elementary CHN analysis (Perkin-
absorption H-band. So, the absorption spectroscopy with Elmer, model CHN 2400 analyzer) of the organic material in the
linear polarized light of R6G/Lap films can not only provide films.

information about the orientation of the adsorbed molecules ~The X-ray diffraction (XRD) profiles of the films were recorded
but can also discern the type of adsorbed aggregates in then a Philips PW-1710 diffractometer using Cua Kadiation. XRD

. : : : : difractograms for pure Lap samples both in film and in powder
films, since their r n h larized ligh n n

s, since their response to the polarized light depends o were collected in the 260° interval with a scan speed of/min,
the geometry of the aggregates.

whereas the XRD profiles of R6G/Lap films were registered in the

) ) 2—20° range. Vis-absorption spectra of R6G/Lap films were
Experimental Section recorded on a Varian spectrophotometer (model CARY 4E) in the
420-620 nm range by the transmittance method and 1 nm of
bandwidth. Linearly polarized light was obtained by a birefringence
prism-type Glan-Taylor polarizer (Harrick, reference PGT-S1V)
characterized by a high efficiency in the UWis region3” A
depolarizer was placed after the sample in order to reduce the
intrinsic polarization of the monochromator and other optical
elements of the spectrophotometér.

The anisotropy study was performed by recording the absorption
spectra for horizontai-axis,Ax) and vertical Y-axis,Ay) polarized
light with respect to the incident beanz-éxis) for different
orientations of the sample with respect to the incident light (for
instance, by twisting the supported film aroundyitaxis at different
d angles), as is shown in Scheme 2. The dichroic rabQyj,
obtained from the relation between both specDay(= Ad/AY),
was evaluated fod angles from—70 up to 70. The intrinsic
responses of the optical components of the spectrophotometer were
corrected by recording the dichroic response of the instrument of
an isotropy sample, for instance a R6G solution®d in a 1 mm
pathway cuvette, at every scann&dngle.

To detector
| >

intercalation, the hybrid films were rinsed first with ethanol and

The sodium form of the synthetic laponite clay (Lap) was
supplied by Laporte Industries, LPT. Lap clay is a smectite-type
mineral with a general structural formulas Ng[(SigMgs sLio 7)-
O,0(OH)4]%7 of the unit cell, with a cation exchange capacity
(CEC) of 77.3 mequiv/100%§ and an adsorption area of 29G/m
g* for the dried powdered sample, although the adsorption area
can be theoretically increased up to 80&grfor swollen sample
in which all the interlayer space is available for adsorpfibhap
clay is also characterized by very high chemical purity, low iron
content, and small particle size<80 nm) providing transparent
films in the Vis region and stable colloidal suspensions. Thin Lap
films, supported on glass substrates, were obtained by the spin-
coating technique (BLE spinner, model Delta 10) as described
elsewheré? Reproducible thickness of the films (around 250 nm
in the center, as was previously estimated by Atomic Force
Microscopy? was obtained by controlling the viscosity of the clay
suspension (20 g/L) and the rate of spinning (2500 rpm during 60
s). Films with 450 nm thickness were also used by repeating the
spin-coating process twice.

Rhodamine 6G (R6G) was supplied by Kodak (laser grade) and
was used as received. The intercalation of the dye into the film
was carried out by ion exchange reaction, immersing the Lap films  Transparent supported films of Lap clay are obtained by
ina _dye _solution of water (Milli-Q)/ethanol mixture with a molar the spin-coating technique. Besides, this technique provides
fraction in water ofx, = 0.80 at room temperature. The dye 5 4,04 distribution of the Lap particles in the supporting
coverage on the Lap film was controlled by the concentration of . - .
the dye solution (1C° and 10° M), the immersion time (from substrates, and the films are characterized by their low
minutes to days), and the thickness of the film. After dye roughhess and the absencg of any gracks, "’,13 revealed by

scanning electron and atomic force microscopies (SEM and

AFM).32 The macroscopic parallel orientation of the cla
(41) Van Ophen, H.; Fripiat, J. Data Handbook for Clay Materials and ) pic p y

Other Non-Metallic MineralsPergamon Press: London, 1979. layers in the supported glass is corroborated by the X-ray
(42) Fraile, J. M.; Gara, J. I.; Harmer, M. A; Herréas, C. |.; Mayoral, diffraction technique. The XRD profile of a pure Lap film

J. A.; Reiser, O.; Werner, H.. Mater. Chem2002 12, 3290-3295.
(43) Thompson, D. W.; Butterworth: J. T. Colloid Interface Sci1992

151, 236-243. (44) Thulstrup, E. W.; Milch, JSpectrochim. Actd988 44A 767-782.

Results and Discussion
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Figure 1. X-ray diffractions of Lap clay particles in supported film (solid

curve) and in powder (dotted curve). The height-normalized profiles of R6G/

Lap supported films for different dye loadings are also inset.

40 50 60

(Figure 1, solid curve) only reveals (00c) peaks, indicating
a highly ordered stacking of the clay layers in the c-direction
normal to the supporting surface. The (001) peak of the pure
Lap films, centered at@ = 6.9°, indicates an interlayer
distance of 12.8 A, which after eliminating the thickness

around 9.6 A of a TOT clay layer leads to a clearance space

of 3.2 A. By comparison, the XRD pattern of a Lap powdered

sample (Figure 1, doted curve) shows peaks placed in similar

26 values but with an intensity-50 times lower than that
for the Lap film due to a semicrystaline lamellar structure
of clay particles with a nearly random orientation of the clay
particles in the powder sample.

The adsorption of R6G molecules in the interlayer space
of Lap films is confirmed by XRD data. Included in Figure
1, the height-normalized XRD profiles of R6G/Lap films

Chem. Mater., Vol. 17, No. 16, 26037

the amount of adsorbed dye becomes nearly constant from
the 60% CEC loading.

Table 1 lists a progressive increase in the clearance space
of Lap films with the dye loading, from 3.2 (0% CEC) up
to 11.4 A (60% CEC). This evolution can denote different
orientations of the adsorbed molecules depending on the
loading. If the interlayer space is given by the projection of
the long-molecular axis of R6G (13.8 A) to theaxis, then
the tiltedy angle between the long-molecular axis and the
normal to the surface can be estimated by means ofjcos
= interlayer space (in A)/13.8 A. The tilted angle evolves
from 74 (very low loading films) to 33 (high loading films),
as is also listed in Table 1. Therefore, R6G molecules are
adsorbed more perpendicularly to the Lap surface as the dye
content is increased, probably as a consequence of a high
packing and compactness of the adsorbed molecules.

However, the XRD technique can only provide a rough
estimation of the orientationy angle of the adsorbed
molecules. Indeed, the obtained basal space is the average
value for all the interlayer distances present in the films, but
in low-moderate dye loadings not all the interlayer spaces
are equally swelled. Consequently, XRD data underestimate
they value. Moreover, interactions between dye molecules
are not considered (e.g., aggregation phenomena) where
different R6G species such as dimers, trimers, and/or high-
order aggregates with different geometries and molecular
sizes can be present. For this reason,~Ys absorption
spectroscopy with linear polarized light is now applied to
evaluate the orientation of R6G molecules adsorbed in Lap
films.

Absorption spectra of R6G/Lap films with polarized light
were recorded for five representative loadings: 0.1, 5.7, 22,
40, and 60% CEC, where different adsorbed R6G species
were previously characterizéd%*For very diluted dye films

with dye content are shown. The 001 peak becomes sharper(g 105 CEC) R6G molecules are adsorbed as monomeric

more intense, and progressively shifts to lowér\&lues

by increasing the dye loading, indicating a more ordered
arrangement of the films in theaxis and an increase in the
basal interlayer space at high dye loadiAg®:*6A greater
packing of the dye molecules in the interlayer space probably

leads to a more perpendicular disposition of the adsorbed

molecules and improves the stacking of the clay layers.
Taking into account the molecular dimension of the R6G
molecules (13.8< 11.5 x 9.0 in A, seel) obtained by the
semiempirical AM1 quantum mechanic method, a perpen-
dicular distribution of the long-molecular axis of R6G along

the normal to the surface would lead to a covered adsorbed

area of 103 A per adsorbed molecule. Because the area of
Lap surface per charge unit is around 62 (90 nt.gY/
0.773 x 1073 equiv.g?), this means that for the R6G/Lap
film with a loading of 60% CEC, the adsorption surface of

Lap is saturated by dye molecules. Indeed, increasing the

dye concentration of the immersion solution used for the
intercalation process and/or the immersion time does not

units; dimers of R6G are characterized mainly in moderate
loadings (+25% CEC); and for high loadings (4®0%
CEC), higher-order aggregates can be observed. The response
of these species to the absorption of linear polarized light is
now studied.

The absorption band of R6G monomers adsorbed on Lap
films is centered at 528 nm. Figure 2 shows the evolution
of this band for X- and Y-linear polarized light at different
twisting ¢ angles, from 0 to 70around the filmy-axis, that
is, the angle between the normal to the film and Zhaxis
of the incident light (see Scheme 2). These spectra are
corrected for the instrumental responses to the planes of the
polarized light, for instance, by extrapolating the response
of an isotropic system (an ethanolic solution of R6G at®10
M in a 1 mmpathway cell) to the X- and Y-polarized light
for all the scanned angles. Since identical evolutions were
observed by scanning thieangle from 0 to—70°, only the
changes in the absorption spectra from 0 t6 @6 now
discussed.

further increase the absorbance of the films, and consequently The response of the absorption band of R6G in Lap films

(45) Bljdak, J.; lyi, N.; Fuijita, T.;J. Colloid Interface Sci2003 262, 282~
289.

(46) Miyamoto, N.; Kawai, R.; Kuroda, K.; Ogawa, Mppl. Clay. Sci.
2001, 19, 39-46.

to the X-polarized light (Figure 2A) by scanning thengle

(47) Endo, T.; Nakada, N.; Sato, T.; Shimada, MPhys. Chem. Solids
1989 50, 133—-137.
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Table 1. X-ray Diffraction Profile (peak position, 26, intensity, |, and full width at medium height, A@1,;) of R6G/Lap Films for Different
Loadings (in % CEC). The 001 Interlayer Distance @loo1), the Free Interlayer Distance After Subtracting the TOT Layer Thickness @ree), and
the Tilted Angle Between the Long Molecular Axis of the Dye and the Normal to the Lap Layer ¢, obtained from XRD and absorption with
polarized light) are also included

RX diffraction

polarized absorption

% CEC D(°) I (counts) AB112 (°) doo1 (A) diree (B) Pmean(®) P <500(°) YP>500(°)
0 6.9 1090 3.0 12.8 3.2
0.1 6.6 1050 2.70 13.4 3.8 74 62 62
57 6.4 1580 2.85 13.8 4.2 72 48 61
14 55 1670 2.95 16.1 6.5 62
22 4.8 1710 2.68 18.4 8.8 50 46 61
40 4.3/8.8 3070 1.22 20.3 10.7 39 32 60
60 4.2/8.8 4430 0.93 21.0 11.4 33 28 60

aQverlapping of two diffraction peakslfo1 + dooo). P Peaks corresponding tiyoz.

2,0

D
xy C
15
00
1,0
0,5
70°
0,04+—
absorbance B
0,054 Y-polarized i
0,04 E
0,03 J
0,02 J
0,01 .
T
absorbance 0° A

0,054 X-polarized 4
0,04 i
0,03 70° J
0,02 i
0,01 E

T
450

wavelength (nm)

Figure 2. Evolution of the X- (A) and Y-polarized (B) corrected absorption

spectra of the 0.1% CEC R6G/Lap film with different orientations of the
film with respect to the incident beam. The corresponding dichroic ratios
are also shown (C).

0.0 0.2 074 0.6 0.8
.2
sin“3
Figure 3. Linear relationship between the dichroic ratio obtained from
the absorbance at 528 nm of the 0.1% CEC R6G/Lap film with the twisted
o angle of the sample. Similar lines are observed for other absorption
wavelengths.

molecules toward the-axis and a random distribution in
the clay film &y-plane).

The dichroic ratio of the absorption spectidyf = Ax/
Ay), obtained by the relation between the absorption spectrum
with the vertical K-axis) and the horizontalfaxis) polarized
light, respectively, gradually decreases with the twisded
angle (Figure 2C), and this evolution is constant for all the
wavelengths of the absorption band. This is consistent with
the presence of only one kind of R6G species for very low
loading films, corroborating the adequate characterization of
the R6G monomer in Lap films at this very low loading
(0.1% CEC). As is shown in Figure 3, tibgy value linearly
correlated against the Sihvalue, according to eq 1. From
its slope, a tiltedy angle of 62 between the transition
moment (along the long-molecular axis of the aromatic ring
of rhodamine dyes as predicted by quantum mechanic
calculations) and the normal to the clay layers can be
evaluated, independent of the analysis wavelength (Table 1).

For R6G/Lap films with loadings>1% CEC, the dye

molecules self-associate. Dimers of R6G are characterized
reveals a preferential orientation of the monomer units in the 1-25% CEC loading rang®&:3*The anisotropy of R6G
adsorbed in the Lap films toward the normal to the filzn (  dimers in Lap films is studied for two representative
axis). The absence of any response to the Y-polarized lightsamples: 5.7 and 22% CEC. None of the recorded absorption
(Figure 2B) indicates an isotropic distribution of the transition spectra of R6G/Lap films can be considered as that of the
moment of the monomers in the film layer (random distribu- pure R6G dimer, because the dimer is always in equilibrium
tion in both equivalentx- and y-directions); whereas the with the monomers and/or high-order aggregates. In a
identical evolution of the X-polarized absorption spectra for preceding papet it was established that for moderate R6G/
positive and negativé angles suggests that the vectorial Lap loadings (+25% CEC), R6G molecules only self-
addition of the transition moment of all adsorbed monomers aggregate as dimer forms. The dimerization constant of R6G
results in a perpendicular orientation to the film plane, along in Lap films was evaluated, from which the absorption
the z-axis, indicating a regular orientation of adsorbed R6G spectrum of the dimer can be calculated by subtracting the
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Figure 4. Corrected X-polarized absorption spectra (bottom) and dichroic ratio (top) of 5.7% (A) and 60% (B) CEC R6G/lap films for different orientations
of the samples with respect to the incident beam. The linear relation between the dichroic ratio and thedtargjelat two representative short- and
long-wavelengths are also inset.

proportion of the monomer absorption spectrum (that re- absorption bands of the dimers cannot be related with only
corded at very low loadings, i.e., 0.1% CEC) from the one type of dimer with two absorption bands, but rather to

experimentally recorded spectra at any loading in th3% two different types of dimers. Two different dimers were
CEC. The absorption spectrum of the dimers presents twoalso previously claimed by both absorption and fluorescence
clear bands centered at 545 and 503%m. spectroscopies with unpolarized light, although their nature

Figure 4A shows the response of the absorption bands ofwas uncertaif®3* In the present paper, more precise
the R6G dimer characterized in the 5.7% CEC film to the information about the nature of both dimers can be derived.
X-polarized light. The absorption spectrum of the dimer does Since the transition moment of both dimers form a twisted
not present any important change with the Y-polarized light ¥ angle with respect to the normal to the clay layer, the
(data non shown), suggesting an isotropic behavior of the xanthene plane of R6G units in the dimers cannot be
adsorbed dimer in the Lafy-plane, similar to the observation ~ parallelly or perpendicularly disposed with respect to the
of the monomer absorption band (Figure 2B). However, the plane of the Lap films (cases A and C #®r= 90° in Scheme
two absorption bands of the dimer present different aniso- 1). Moreover, oblique head-to-tail dimers (case B in Schemel)
tropic effects with respect to the vertically polarized light can also be excluded. Consequently, coplanar displaced
(Figure 4A, bottom): the absorption band placed at higher dimers of R6G should be adsorbed in the Lap films. The
energies (H-band) increases with the twistehgle, whereas ~ absorption J-band should be ascribed to a coplanar dimer
the opposite evolution is recorded in the lower energies bandWwith a displaced anglé < 54.7, which perfectly correlates
(J-band), leading to an isosbestic point at around 498 nm.with the twistedy angle (with respect to the normal to the
This is better confirmed by the dichroic ratio (Figure 4B, clay layer) obtained for this absorption band of §ile., a
top), where a positive and a negative evolution with the tilted angle)d = 90° — 61°, of 29 with respect to the clay
twisted 0 angle are observed for the short- and the long- surface. This aggregate is named short-displaced coplanar
wavelength regions, respectively. At the isobestic point, the dimer (case C (left) in Schemel). On the other hand, the
dichoric ratio no longer depends on the twisted angle. PresentH-band should be assigned to the so-called long-displaced
results indicate that the R6G dimers can adopt two different (0 < 54.7) coplanar dimer (case C (right) in Schemel),
tilted angles with respect to the Lap layers (inset Figure 4A although its dichroic ratio suggests a more parallel orienta-
top): for the J-band a tiltedy angle of 62 is obtained tion, with respect to the Lap layer, of the monomeric units
(similar to that observed for the monomer orientation in very in the dimer, around = 90° — 48> = 42°.
low loading samples), whereas a more perpendicular orienta- Similar qualitative values are observed for the two
tion with a tiltedsy angle of around 48is derived from the  absorption bands of the dimers characterized for the 22%
H-band CEC R6G/Lap sample. The dimer identified by the J-band

These tilted angles are not orthogonal to each other, andis inclined at the same angley (= 61°, Table 1) as that
the present results with polarized light indicate that the two observed in the 5.7% CEC sample, whereas the dimer
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Figure 5. Schematic representation of the orientations and aggregations of R6G molecules adsorbed in Lap films for different loadings.

Moderate loadings (1-25% CEC)

associated with the H-band adopts a more perpendicularmore perpendicular orientation with respect to the Lap layers
distribution @ = 46°, Table 1) than that observed for the as the dye content in the films is increased.

5.7% CEC sample. Consequently, present results on the orientation of R6G
Finally, an identical procedure is applied to R6G/Lap films  molecules adsorbed in Lap films with polarized light indicate
with very high dye loadingsX40% CEC), where higher-  that the R6G molecules can be oriented with two preferential
order aggregates of R6G were identified by an absorption gngles with respect to the normal of the surface (Figure 5).
band placed at around 468 riffFigure 4B (bottom) shows A first orientation, where the xanthene plane is disposed
the anisotropic response of the absorption spectrum to thepearly parallel to the clay layer with a tilted angle= 90°
X-polarized light for the dye-saturated 60% CEC film. This _ y around 29, is present in all samples, independent of
absorption spectrum does not present any response to thene dye content. Because this orientation is adopted by R6G
Y-polarized light, suggesting again the isotropic behavior mglecules in very diluted films and it should probably
in the clay plane. The intensity at around 465 nm consider- correspond to that in which the dyelay interaction is
ably increases with the twistedl angle, indicating a near  gptimized. Such an arrangement of the monomer units helps
perpendicular distribution of the higher-order aggregates with the formation of long-displaced coplanar aggregates with a
respect to the Lap surface. Indeed, the dichroic ratio (Figure gisplaced angle® < 54.7, responsible for the observed

4B, top) reveals two different spectral regions: that below pathochromic J-band in the absorption spectrum (case C in
500 nm, with an important increase in the dichroic ratio with  gcheme1).

theo angle; and a second range (above 500 nm) with a slight
diminution in the dichroism with thé angle. According to

eq 1, the linear relationship between the dichroic rétig

and the sif 6 value (inset Figure 4B, top) provides two

different orientations of the adsorbed dye molecules: an quently, a hypsochromic H-band is observed in the absorption

orlentatl%Tg? anbgle ?f 62 fc()jr lthe c’;ratnlsmon momlent th spectra. This disposition of the adsorbed molecules is
responsible for absorption band placed atlonger waveleng Sprobably adopted to reduce the area per adsorbed monomer
(>500 nm), similar to that observed for other loadings at

. . . LS units to enhance the compactness and stacking of the dye
this spectral region, and a more perpendlcular inclinagion molecules in high loading samples. Therefore, the increment
angle of 28 with respect to _the film normal for the short- in the interlayer space with the dye content is due to the
wa\{elgngths gbsprpﬂon regiorr$00 nm) (Table 1). 0 formation of short-displaced coplanar (H-type) aggregates,

Similar qualitative resuits are obtained for_ the 40% CEC which act as pillars to accommodate other more horizontal
sample. They angle for the lower energetic part of the

. ) . i ions in the clay | f th lecules.
absorption spectrumy (s = 6%, Table 1) is very similar orientations in the clay layers of the adsorbed dye molecules

to that observed for the 60% CEC sample and quite similar A More perpendicular orientation in high loading samples
to that observed for all the other samples. The tiftedngle ~ ©f guest molecules in layered systems is a general tendency
for the higher-order aggregates with an absorption band at®PServed for several aromatic compounds embedded in
around 465 nm for the 40% CEC film, withyavalue around different Igmellar matrixes, such as other cl&y%8 layered

32° (Table 1), is not so perpendicular to the Lap layer as Metal-halides? monolayer system$, and polymer-clay
that for the 60% CECy = 28°), although it is not so parallel
as that observed for the dimers in moderate loadings (5.7(48) ?I,Eég zhﬁll.;g/;iyake, K.; Yoshida, Y.; Yase, Kthin Solid Films2001,
and 22% CECy % 47). These reSUIt_S indicate that the (49) Kajikawa, K.;Yoshida, 1.; Seki, K.; Ouchi, YChem. Phys. Letf999
aggregate responsible for the absorption H-band adopts a ~ 308 310-316.

As the dye content is increased, R6G molecules are packed
more and more perpendicularly to the Lap surfaces (Figure
5). With this orientation, the formation of short-displaced
coplanar aggregates with > 54.7 are favored. Conse-
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composite$55°Moreover, a similar tilted) = 90° — 25° = spectroscopy with linearly polarized light reveals the ani-
65° angle is proposed in the saturated samples for most casessotropy behavior of dye molecules adsorbed in supported
Probably, this inclination angle is a consequence of guest films of clays as a consequence of a preferential orientation
guest interactions; for instance, that responsible for the of the dye with respect to the clay layers. Adsorbed R6G
molecular aggregation. Such an inclination promotes coplanarmolecules can adopt two preferential orientations with respect
aggregates with a displaced angle arount Bbr this angle, to the normal to the film: a near parallel disposition of the
the inter-electronier-system interactions of the chromophore  monomer units (with an inclined angle around®28ith
units in the aggregates could be favored, for instance, respect to the clay plane) leads to long-displaced coplanar
presenting a minimum in the potential energy curve for a aggregates characterized by a J-absorption band observed
displaced angle. Indeed, crystallographic data for the ag-in all the loading range; the R6G molecules also adopt a
gregation of pyrene molecules to form the excimer in the more perpendicular orientation with respect to the Lap layers
crystalline state provide experimental evidences for a dis- in high loadings. As the dye content is increased, the dye

placed coplanar aggregafe. molecules tend to assume a more perpendicular orientation
in order to increase the compactness of the adsorbed dyes
Conclusions and reduce the area per adsorbed molecule. This arrangement

reduces the displacement of coplanar aggregates, and H-

R6G molecules are adsorbed in the interlayer space of Lapban ds are observed in the absorption spectra

films by cation exchange mechanism. The X-ray diffraction

technique suggests that the interlayer space of Lap films Acknowledgment. This work is supported by the Spanish
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clay surface as the dye content is increased. Absorption
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