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The adsorption and intercalation of the cationic luminescence probe, tris(2,2′-bipyridine)-
ruthenium(II) complex ([Ru(bpy)3]2+ or Rubpy), into hectorite and Laponite host clay films
were investigated. Because the photophysical properties of Rubpy are strongly influenced
by the lamellar nanospace of the smectite host, Rubpy serves as a unique photoprobe of
host-guest and guest-guest interfaces within inorganic-organic nanocomposites. The
stacking patterns of the host tactoids influence guest luminescence through direct mediation
of ion clustering and self-quenching phenomena. Spectral red shift of emission wavelengths
and decreased lifetimes were observed with increased guest loading. The extent of red shift
in the Rubpy/Laponite films indicated a more fluid guest microenvironment. Rubpy/Laponite
films exhibit enhanced potential for photonic and sensor applications with increased optical
transparency, intense luminescence, and longer luminescence lifetimes. Cointercalation of
the cationic surfactant, trimethylcetylammonium cation, promotes two-dimensional tiling
of Laponite tactoids and may afford selective tuning of fluorophore packing.

Introduction

Owing to their enhanced chemical stability and highly
applicable photophysical and electrochemical proper-
ties,1 tris(2,2′bipyridine)ruthenium(II) (abbreviated as
[Ru(bpy)3]2+ or Rubpy) and analogous ruthenium com-
plexes have found widespread applications in oxygen2-4

and glucose sensors,5 electrochemiluminescent immu-
noassays6 and DNA probe assays,7 photooxidizers,8
heterogeneous photocatalysts,9-12 light emitting de-
vices,13-16 fiber optic imaging sensors,17 and bioinor-

ganic chips for metalloprotein synthesis.18 The incor-
poration of ruthenium chelates within inorganic host
assemblies has produced photofunctional intercalation
compounds with advanced materials applications. More
specifically, [Ru(bpy)3]2+ and related ruthenium deriva-
tives have been adsorbed within numerous media
including zeolites,9,19-23 mesoporous silica,24 sol-gel
systems,25 layered zirconium phosphates,26-29 chalco-
geno-phosphates,30 niobates/titanates,31 and layered
sulfides32 and silicates.33-48
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Because of their rich intercalation chemistry and
ability to enhance the temporal and thermal stability
of the included guest, layered smectites are intriguing
hosts for the fabrication of organic-inorganic nanocom-
posites.49-54 A review of the photofunctions of intercala-
tion compounds that includes a well-constructed sum-
mary of research on [Ru(bpy)3]2+ adsorbed within clay
hosts has been provided by Ogawa and Kuroda.39 The
photophysical properties of [Ru(bpy)3]2+ incorporated in
layered smectites are influenced by both strong host-
guest48 and guest-guest interactions.55 A primary
emphasis in this area has been on photophysical inves-
tigation of increased quantum yields of luminescence
when [Ru(bpy)3]2+ complexes and other Ru(II) chelates
were adsorbed in colloidal clay suspensions.36,37,55-57

Numerous studies of the self-quenching reactions of
these complexes have been reported.36,37,40,47,55

While several studies discuss film fabrication,40,43,45,56,58

clear delineation of optimal guest loading for practical
device fabrication has not been fully described for many
of these lamellar hosts. Molecular recognition in lamel-
lar solids that employ thin film strategies offer facile
routes to practical chemical technologies including
chemical sensing, separations, catalysis, and photon-
ics.59 The development of solid-state luminescence opti-
cal sensors based on [Ru(bpy)3]2+ intercalation com-
pounds relies upon the following: a better understanding
of how to suppress strong guest-guest interactions; ion
clustering and subsequent self-quenching phenomena;
and facile routes to film fabrication.

We have reported previously that hectorite films
promote the spontaneous polymerization of a variety of
organic monomers including aniline60,61 and methyl

methacrylate.62 In this paper, we establish synthetic
parameters for the loading of [Ru(bpy)3]2+ guest species
within Laponite host films for future photoprobe studies
of these and related clay/polymer systems. Because the
photophysical properties of Rubpy are strongly influ-
enced by the lamellar nanospace of the smectite host,
we illustrate herein that Rubpy also serves as a unique
photoprobe of host tactoid (clay platelet or microcrystal)
architecture. In the current study, we also examine the
cointercalation of cationic surfactants to promote selec-
tive tuning of Rubpy/clay and Rubpy-Rupby interac-
tions. Delineation of clay platelet stacking within the
host film matrix coupled with synthetic routes to control
tactoid architectures may afford new inorganic/organic
nanocomposites with enhanced optical and chemical
sensing capabilities.

Experimental Section

Materials. Ru(bpy)3Cl2‚6H2O was purchased from Aldrich
Co. Sodium exchanged hectorite powder (Na0.33[Mg2.67Li0.33]-
Si4O10[OH]2) was obtained from RHEOX, Highstown, NJ, and
was used without further purification. The approximate cation
exchange capacity (CEC) reported for this material is 100
mequiv/100 g. Analysis of typical samples of RHEOX hectorite
yield 0.2% Fe. Sodium exchanged Laponite powder (Laponite
RD (Na0.7[Li0.3Mg5.5Si8O20 (OH)4])) was provided by Southern
Clay Products, Gonzalez, TX. The approximate CEC for
Laponite is 72 mequiv/100 g.

Preparation of Clay Host Films. Preparation of the metal
cation exchanged hectorite films was carried out as indicated
by Eastman and co-workers61 with a few minor changes. The
salt solutions used were 0.5 M Zn(NO3)2 and 0.5 M CuSO4.
Each exchange used 0.4 g of Na-hectorite powder for every
100 mL of salt solution. The powder and solution were allowed
to stir for 1 week. After the exchange, the clay from the CuSO4

solution was washed and centrifuged until the supernatant
produced a negative test for SO4

2- (i.e. addition of BaCl2

yielded no precipitate). The clay from the Zn(NO3)2 solution
was washed and centrifuged a minimum of five times. Films
were then cast by allowing a suspension of the clay to dry
either free-standing in a polystyrene weigh boat or on fused
quartz substrates. In the case of the weigh boat, the resultant
films could be removed, cut, and mounted on various supports.
In the case of the fused quartz, the films were strongly bound
to their substrates.

Organically modified Laponite (OML) was prepared by
dissolving alkylammonium halide salts (surfactants) in a 50:
50 mixture of ethanol and deionized H2O. An appropriate
amount of guest mixture was added to prepared Zn-Lap in
order to attain the desired loading. Loadings are given as a
percentage of the smectite’s CEC. The mixture was stirred for
7-12 h at 50-70 °C. OML slurries were then centrifuged and
washed extensively with a 50:50 ethanol and deionized water
mixture until a AgNO3 test confirmed the absence of halide
anions. Films were then cast from aqueous suspension on
quartz microscope slides.

Preparation of [Ru(bpy)3
2+]/Clay Nanocomposites. The

incorporation of [Ru(bpy)3]2+ into the interlayer space of the
clay films was conducted through facile aqueous exchange. Air-
dried films were fully immersed in deionized water and
exposed to exact guest concentrations in order to obtain desired
loadings (reported in either mmol of guest/100 g of host or
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%CEC). The films were covered and allowed to exchange over
the course of 14 days until complete quantitative adsorption
of Rubpy was achieved. The quantitative adsorption was
confirmed by the visible absorption spectra of the supernatants
where the MLCT band of [Ru(bpy)3]2+ at 452 nm had com-
pletely disappeared. In both fabrication methods, films were
allowed to dry completely under ambient conditions before
characterization.

Characterization. The emission and excitation spectra of
the composite films were measured using a PTI Quantamaster
Fluorometer. Excitation spectra were collected by monitoring
emission traces at 610 nm; phosphorescence spectra were
obtained using 468 nm excitation. As there was no observable
shift in the excitation maxima upon increased Rubpy loading,
468 nm excitation was used for all films. All measurements
were made at room temperature with emission and excitation
slit widths of 2 nm. The photomultiplier tube operated at a
voltage of 1000 V and the lamp at a power of 75 W. Films
were excited in a front-face arrangement at a 45° angle to the
incident radiation. Luminescence lifetimes were measured on
films at room temperature using a fluorescence lifetime system
(Photon Technology LS-100). The excitation source was the
337 nm line of a triggered N2 lamp. All decay curves were fitted
with a double-exponential model. Visible absorption studies
were completed with a HP 8453 spectrophotometer. X-ray
powder diffraction studies were completed with a Phillips
Compact X-ray Diffractometer System (PW1840) operating at
a voltage of 45 keV and a current of 35 mA. Fe filtered Co KR
radiation was used with a wavelength of 1.790 Å. All XRD
patterns were completed using a step size of 0.010° (2θ) at 2.00
s per step and a receiving slit of 0.3 mm.

Results and Discussion

Host Tactoid Architecture /Guest Microenviron-
ments. Smectite clays offer unique hosts for intercala-
tion compounds.60-62 In particular, the iron content in
hectorite and Laponite is low compared to montmoril-
lonite; this is crucial because iron has been shown to
significantly quench [Ru(bpy)3]2+ emission.35,36,55 We
have had much success in casting free-standing films
once the Na+ ions have been exchanged with other
cations such as VO2+, Fe3+, Cu2+, and Zn2+.61 Hectorite
and Laponite are layered smectite-type clays; their
architectures consists of a 2:1 ratio of tetrahedral to
octahedral oxide layers and an intergallery region (see
Figure 1). The tetrahedral sheets are comprised of Si4+

cations and tetrahedrally coordinated oxide anions that

share vertexes with the octahedral cations, Mg2+ and
Li+. During crystallization, the clay develops a net
negative charge owing to substitution of Li+ on Mg2+

sites. The intergallery region exists between repeating
tetrahedral-octahedral-tetrahedral (TOT) layers; this
region contains water and intergallery cations such as
Na+ that balance the excess negative charge between
layers. An important feature of these layered hosts is
that their intergallery regions are expandable; their
dimensions can adapt to the shape of the guest mol-
ecule.59 In addition, the properties of the host lattice
can be tailored by ion exchange of the intergallery
cations. Facile ion exchange of zinc by the guest chro-
mophore, Rubpy (see Figure 1b for guest structure),
offers efficient routes to photofunctional supramolecular
assemblies.

As noted previously, the stacking patterns of the host
tactoids (clay platelets or microcrystals) influence guest

Figure 1. Schematic representations of (a) clay host structure,
(b) Rubpy guest structure, (c) hectorite host tactoid, and (d)
Laponite host tactoid (shown relative in size to (c)).

Figure 2. Schematic representations of (a) ion clustering, (b)
ion segregation, (c) uniform ion distribution, (d) lamellar
ordered tactoids (film), (e) house of cards structure (gel), and
(f) tactoid aggregation (powder). Guest microenvironments in-
clude the following: (1) surface, (2) edge, (3) intercalated, and
(4) micropore. Note that the tactoid shown is for Laponite, and
relative sizes of host and guest are not shown to exact scale.

Figure 3. [Ru(bpy)3]2+/zinc Laponite films (top left) and the
same films exposed to an ultraviolet light source (bottom right).
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luminescence through direct mediation of ion clustering
and self-quenching phenomena. Figure 2a-c depicts
guest intercalation within host lattices showing ion
clustering, ion segregation, and uniform ion distribution
within the lamellar phase space of the host. These guest
arrangements are influenced by specific tactoid archi-
tectures depicted in Figure 2d-f. Internal and external
microenvironments exist for guest inclusion; the rigidity
of these microenvironments is a consequence of clay
platelet stacking. After film fabrication, these complexes
can be found (1) bound to the surface, (2) intercalated
within the intergallery space, (3) bound at tactoid edges,
and (4) trapped in micropore regions between tactoids.

Laponite is commercially synthesized through sol-
gel methods.63 Laponite and hectorite are structurally

and chemically similar but differ in layer lattice charge,
microcrystallite size, and tactoid architecture. Laponite
and hectorite exhibit marked differences in tactoid
stacking patterns and 2D ordering owing to the differ-
ences in the size of their respective microcrystals (see
Figure 1c,d). Laponite tactoids are disk-shaped and
when monodispersed in water or within film assemblies
comprise a single TOT layer. Each individual tactoid is
approximately 250 Å in diameter and 10 Å in height.
As a result of its small tactoid size, Laponite has a high
charge to surface area ratio and can form gel-like
matrixes with a “house of cards” structure (see Figure
2e). Hectorite has a brick-shaped structure with a much
larger tactoid size (10 000 Å × 1000 Å × 100 Å).
Individual hectorite tactoids therefore consist of ap-

Figure 4. (a) Relative luminescence intensity (9) and luminescence maxima (O) of the LMCT band of the adsorbed [Ru(bpy)3]2+

complexes versus the content of Rubpy incorporated into zinc hectorite films. (b) Schematic of tactoid architecture for Rubpy/Zn
hect film. (c) Schematic of tactoid architecture for Rubpy/Zn lap film. (d) Relative luminescence intensity (9) and luminescence
maxima (O) of the LMCT band of the adsorbed [Ru(bpy)3]2+ complexes versus the content of Rubpy incorporated into zinc Laponite
films.
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proximately three to seven TOT layers.64 In contrast to
the house of cards structure exhibited by Laponite gels,
hectorite films show a high degree of lamellar ordering
(as shown in Figure 2d).

Luminescence Shifts and Self-Quenching. Rubpy
exchanged Zn-Laponite films showed intense lumines-
cence under ambient conditions (Figure 3). The excited-
state luminescence of [Ru(bpy)3]2+ has been assigned
to the metal-to-ligand charge-transfer (MLCT) state.
Incorporation in film assemblies has pronounced influ-
ence on the MLCT band. All films studied exhibited
optimal luminescence with an excitation wavelength of
468 nm. This is red shifted from the value in aqueous
solution. However, there was no observable change in
this excitation wavelength upon increased Rubpy load-
ing. This result indicates that in these systems, the
surrounding microenvironment only affects the relax-
ation of the MLCT excited state. Note that the charge-
transfer transitions discussed herein are MLCT tran-
sitions in absorption but LMCT transitions in emission.

Figure 4 provides information on the relative lumi-
nescence intensity and LMCT band luminescence
maxima for Rubpy exchanged hectorite and Laponite
films with varied guest loadings. The relative lumines-
cence intensities show clear evidence of excited state
quenching upon increased guest loading and provide
further evidence of previously reported ion clustering.55

Laponite reaches its maximum luminescence intensity
at 10 mmol Rubpy/100 g host (approximately 28% of the
CEC), while the hectorite system reaches peak intensity
at only 2.5 mmol/100 g host (approximately 5% of the
CEC). This variance in optimal loading values may be
a consequence of the differences in ion clustering that
are mediated by clay tactoid stacking patterns within
these films.

Rubpy intercalation within the intergallery region of
a single hectorite tactoid (comprised of three stacked
or staged platelets) is shown in the green region of
Figure 4b. In this model, the tiling of hectorite tactoids
is comprised of lamellar ordered clay platelets shown
with translation defects.64 This stacking pattern is
clearly more rigid than that of the Laponite system. In
the Rubpy/Laponite film, the extent of two-dimensional
tiling is less apparent, and the tactoid architecture rests
between the stacking patterns shown in Figure 2 (parts
d (lamellar ordered film) and e (house of cards gel)). This
tactoid arrangement affords a more fluid microenviron-
ment with less extended entrapment of guest chro-
mophores leading to differences in observed photophys-
ical behavior of the included guest.

As previously reported in related [Ru(bpy)3]2+ ex-
changed hectorite assemblies,40-45 in these systems
Rubpy undergoes self-quenching even at low loading
levels (less than 10% of the cation exchange capacity).
The mechanism of excited state quenching has been
widely researched in these and related sys-
tems.2,3,24,27-29,31,34,36,37,40,47,55,58,65 DeWilde and co-work-
ers19 have proposed that as the [Ru(bpy)3]2+ molecules
get closer together with increased concentration, reso-
nance transfer of excitation energy from one molecule

to another occurs leading to loss of emission intensity.
Ogawa and co-workers reported significant loss of lumi-
nescent intensity when Rubpy centers were confined to
a distance of less than 6 nm.34 Given the low loading
levels of our films, ion clustering is the most plausible
explanation for the observed quenching behavior.

Figure 4a,d shows an initial blue shift in lumines-
cence maxima compared to [Ru(bpy)3]2+ in aqueous
solution (610 nm) and a subsequent red shift upon
increased guest loading. Shifts in the LMCT band reflect
changes in the microenvironment of the guest complex
and afford intriguing studies of guest-guest and guest-
host interactions. Wheeler and Thomas66 observed
similar blue shifts for [Ru(bpy)3]2+ adsorbed on colloidal
silica. They concluded that the blue shift was the result
of a rigid microenvironment around the guest complex,
which prevented excited-state relaxation thus increas-
ing the energy of the LMCT band. Red shifts in these
clay systems have been attributed to both guest-
guest26,55 and host-guest48,67 interactions. Ghosh and
Bard55 attributed spectral red shift to high local con-
centration of guest species resulting in a hydrocarbon-
like environment provided through interactions of the
complex with the bpy ligands of neighboring complexes.
Endo et al.67 have observed spectral red shifts for
xanthene dyes intercalated in saponite assemblies and
attributed the cause of the shift to be a consequence of
strong electrostatic interactions between the dyes in
their excited states and the negatively charged alumi-
nosilicate clay layers. Partial oxidation of the Ru(II)
centers58 and distortion of the ligands owing to steric
constraints35,46 have also been used to explain the origin
of the observed red shift upon adsorption in smectites.

By examining the luminescence maxima data in
Figure 4a,d, there is clearly a more pronounced red shift
of the Rubpy luminescence maxima in the Laponite
system (maximum of 627 nm versus 617 nm for hec-
torite system). This can be explained if one contrasts
the respective tactoid architectures shown in Figure
4b,c. The Laponite microenvironment is more fluid and
the water molecules are less rigidly bound to the silicate
framework. As a result, it is easier for the solvent
molecules to reorient after excitation and solvate the
polar MLCT excited state. The complex then emits light
from this relaxed excited state yielding the observed red
shifted emission. In a rigid matrix, such as the lamellar
space of hectorite depicted in Figure 4b, solvent rear-
rangement is limited by direct interactions with the host
framework and spectral red shift is not as pronounced.
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Table 1. Luminescence Lifetimes and Relative Ratios of
Fast (τ1) and Slow (τ2) Components Observed for Rubpy

Exchanged Hectorite (hect) and Laponite (lap) Films

guest loading
(mmol/100 g host) τ1(ns) Q1(%) τ2(ns) Q2(%)

1.3 hect 61 16 1116 84
2.5 hect 56 16 538 84
7.5 lap 102 37 557 63
10 lap 80 28 377 72
12.5 lap 47 38 318 62
15 lap 41 27 266 73
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Luminescence Lifetimes. Luminescence lifetimes
of Rubpy/Laponite and Rubpy/hectorite films were
measured at room temperature, and lifetime data are
summarized in Table 1. Luminescence decay curves
were fitted by a double exponential model expressed as

where I(t) is luminescence intensity at time t, A1 and
A2 are preexponential factors, and k1 and k2 are decay
rate constants. The decay matched a bimodal distribu-
tion indicating two distinct microenvironments with a
major, slow component and a minor, fast component.
Data were only fittable for films with optimized lumi-
nescence intensities. In both host systems, luminescence

lifetimes increased with decreased guest loadings sug-
gesting lower probability of self-quenching and ion clus-
tering. Note that the minor component is more heavily
populated in Laponite, again indicating probable dif-
ferences in the tactoid architecture and rigidity of guest
microenvironments. Higher percentages of the fast
component in the Laponite system (even at high loading)
are consistent with the assumption of a more fluid
Rubpy microenvironment. Differences in Q1 and Q2 may
also indicate differences in the available microenviron-
ments. That is, while it has been assumed that Rubpy
only accesses two microenvironments in hectorite (one
internal and one external), Laponite may supply alter-
native microenvironments including micropore spaces
between tactoids (see Figure 2e).

Figure 5. Powder XRD patterns of (a) Rubpy/Zn hect films cast on fused quartz and (b) Rubpy/Zn lap films cast on fused quartz.
Rubpy guest loading increases from the bottom to the top of the stacked series.

I(t) ) A1 exp (-k1t) + A2 exp (-k2t)
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While direct comparison of lifetimes at exactly the
same guest loading was not possible owing to low
intensities in the hectorite system, it is evident that the
projected lifetimes in Laponite are indeed longer com-
pared to hectorite for the same guest loading. An
increase in lifetime can be attributed to a decrease in
the v(O-H) modes as energy acceptors for nonradiative
decay of the MLCT excited states.68 In the Laponite
system, the free mobility of Rubpy mediated by the
differences in tactoid stacking shown in Figure 4b,c
leads to minimized interaction with surface hydroxyls
and extended luminescence lifetimes.

XRD and Surfactant Studies. Powder XRD pat-
terns were collected to investigate the extent of inter-
calation of [Ru(bpy)3]2+ into the Zn-hectorite and Lapo-
nite host lattices. Only (00l) reflections are observed in
the XRD pattern of the smectite films owing to their
quasi-crystalline layered structures. Figure 5a shows
the intense (001) peak with a basal spacing of 13.5 Å.
This peak, not present in the Na hectorite powder
starting material, is clear evidence of the lamellar
structure of the host film. Powder XRD patterns for
Rubpy/Zn-hectorite composites with varying guest load-
ing are shown in Figure 5a. As guest loading increases,
there is clear evidence of intercalation with the emer-
gence of a sharp, intense peak with a final basal spacing
of 19.1 Å. New (002) and (003) peaks at 11.0° 2θ and
17.2° 2θ, respectively, emerge at higher guest loadings
and are a direct consequence of Rubpy insertion within
the intergallery region of the host framework.

In the Rubpy/Laponite films shown in Figure 5b, a
similar trend is observed with an increase from 15.5 to
19.3 Å. New peaks (not present in the unexchanged film)
for (002) and (003) reflections at 10.2° 2θ and 18.6° 2θ,
respectively, also provide evidence for Rubpy intercala-
tion within the Laponite films. There is clear evidence
of preferred orientation of clay platelets in both systems,
but the 2D ordering in the hectorite system is more
pronounced. The XRD patterns support the tactoid
stacking architectures discussed previously and shown
in Figure 4.

The interlayer spacing (gallery height) of the [Ru-
(bpy)3]2+/zinc hectorite intercalation compound was
estimated to be 9.5 Å by subtracting the thickness of
the TOT layer (9.6 Å)54 from the observed basal spacing
(19.1 Å). Approximately 8.0 Å43 of this 9.5 Å gallery is
filled by the tris(bpy) chelate complex which results in
a difference of 1.5 Å. Using a model in which a water
molecule occupies 1.1 Å, the remaining 1.5 Å difference
may include rigid water molecules hydrogen bonded to
the silicate lattice within the intergallery space. Using
EPR, powder XRD, and adsorption gravimetry, Annabi-
Bergaya and co-workers have proposed similar clay
platelet stacking models in a related copper(II) hectorite
system.64 They concluded that a significant amount
of water was found both outside and inside the inter-
lamellar space. In a related Rubpy/magadiite study by
Ogawa and Takizawa, interlamellar water is also pro-
posed to account for the observed basal spacings.33

These water molecules mediate host-guest interactions
and thus may influence the photophysical properties of
the guest.

Figure 6 provides powder XRD data for Laponite
powder, a zinc exchanged Laponite film, and OML films.
Laponite powder produces an amorphous XRD pattern
(6a), while the zinc Laponite film shows a greater degree
of ordering. We have synthesized several organically
modified Laponite (OML) films and have explored
tactoid tiling using Rubpy as a photoprobe of the inner
architecture of the host matrix. With the introduction
of surfactants into the Laponite films (TEHA and TMDA
OLS films), we see an even greater degree of lamellar
ordering with notable Bragg diffraction peaks associated
with the (00l) family of reflections and an obvious
sharpening of the (001) reflection.

At least two models are possible to account for the
origin of the peaks at approximately 5° 2θ. The first
model involves staging effects (stacking of multiple
tactoids to form microcrystalline arrays of two and three
stacked tactoids, see Figure 2f). Light scattering studies
have confirmed tactoid aggregates in Laponite powder
systems.69 However, this model is unlikely in our
systems as Rubpy insertion within these microcrystals
would lead to multiple reflections not seen in the XRD
data. Note that the competing (001) reflection is not
evident in the Rubpy Laponite system without surfac-
tant (Figure 5b). A second and more likely model
involves consideration of possible clay/surfactant archi-
tectures. These surfactant packing patterns within
layered silicates have been studied previously in detail

(68) Innocenzi, P.; Kozuka, H.; Yoko, T. J. Phys. Chem. B 1997,
101, 2285-2291.

(69) Yan, E. C. Y.; Eisenthal, K. B. J. Phys. Chem. B 1999, 103,
6056-6060.

Figure 6. Powder XRD patterns of (a) sodium Laponite
powder, (b) zinc Laponite film cast on fused quartz, (c)
triethylhexylammonium (TEHA) OML film on quartz, and (d)
trimethyldoecylammonium (TMDA) OML film on quartz.
Surfactants were exchanged at 100% of the CEC.
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by Vaia and co-workers.51 The primary phase of the
Rubpy OML material is most likely comprised of lateral
monolayers of surfactacts packed between individually
dispersed Laponite tactoids or TOT layers. A secondary
phase with paraffin bilayer type packing of surfactant
clay assemblies may account for the competing (001)
reflection.

Surfactants inhibit the Coulombic attraction between
adjacent tactoids (positive edge interfaces with negative
oxide surfaces) and cause a breakdown of the house of
cards structure by inhibiting tactoid edge/surface in-
teractions. This model is supported by a less pronounced
red shift in the luminescence maxima upon increased
loading (Figure 7). Emission wavelengths track the data
of the more ordered hectorite tactoids (see Figure 4a);
this result again indicates a more rigid microenviron-
ment. The more gradual increase in the luminescence
maxima upon increased loading indicates a more uni-

form ion distribution (see Figure 2c) and some control
over the extent of ion clustering within these systems.
To maintain film quality, surfactant loading must be
at or below 50% of the CEC. These successes in 2D
ordering of Laponite microcrystals combined with the
excellent optical transparency of this host reflect great
promise for selective control of chromophore packing for
future optoelectronic applications.

Conclusions

Host tactoid architecture influences guest ion cluster-
ing and self-quenching phenomena. Rubpy/Laponite
films exhibit high potential for optoelectronic and sensor
applications owing to excellent optical transparency and
intense luminescence. We observed spectral red shift of
emission wavelengths upon increased guest loading; the
extent of shift in the Rubpy/Laponite system coupled
with longer luminescence lifetimes indicate a more fluid
guest microenvironment. Luminescence lifetimes in-
crease with decreased guest loadings suggesting de-
creased probability of self-quenching and ion clustering.
Surfactants promote 2D ordering of Laponite tactoids
and assist in the prevention of ion clustering. The
realization of film composites with enhanced emission
traces from zinc hectorite exchanged [Ru(bpy)3]2+ is a
logical first step toward the production of optoelectronic
devices based on these assemblies. To use [Ru(bpy)3]2+

as a luminescence probe in clay/polymer systems, it is
essential to maintain low guest loading. Future work
including comparative studies with fluorohectorite and
advanced characterization including fluorescence ani-
sotropy, grazing angle XRD, TGA, and oxygen sensing
studies are under investigation.
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Figure 7. Relative luminescence intensity (9) and lumines-
cence maxima (O) of the LMCT band of the adsorbed [Ru-
(bpy)3]2+ complexes versus the content of [Ru(bpy)3]2+ incor-
porated into 50% exchanged trimethylcetylammonium (TMCA)
OML films.
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