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Preparation of suspensions of Ru(bfy)-zeolite Y has made it possible to use conventional optical
transmission spectroscopic methods to examine the entrapped Re(lspgcies within the zeolite. To prepare

the suspensions, the surface hydroxyl groups of nanocrystalline zeolite Y were silylated nising
octadecyltrichlorosilane. The hydrocarbon sheath on the surface of the zeolites prevented agglomeration of
the particles and made the surface hydrophobic enough for dispersion in toluene. The spectroscopic properties
of the entrapped Ru(bpy) were measured via transmission techniques. For low levels of zeolite in the
suspension (1 mg/10 mL), the scattering was low, and the absorption and fluorescence spectra offRu(bpy)
entrapped zeolite Y were quantitatively identical to the solution spectra with comparable Rti(bpy)
concentrations. This suggests that all of the Ru(pyihside the zeolite is being sampled and the extinction
coefficient of the complex is not altered upon incorporation inside the zeolite. The nature of the quenching
mechanism in the Ru(bpyf —viologen—zeolite Y system was studied by steady-state fluorescence and lifetime
measurements, and it was determined to be mostly due to static quenching. Intrazeolitic electron transfer
from the photogenerated viologen radical to Ru(kpyyas followed by flash photolysis, and information

about the dynamics of the electron-transfer process was obtained. Comparison of the electron-transfer and
quenching data with previous studies on zeolite samples examined by diffuse reflectance methods led to the
conclusion that, in reflectance measurements, mostly the surface of the zeolite is sampled. The suspensions,
on the other hand, provide a method to examine molecules inside the crystal. Overall, this study demonstrates
that zeolite-entrapped complexes can be examined using transmission spectroscopic techniques by using
nanocrystalline zeolites with modified surfaces.

Introduction been synthesizetln a previous study, we reported on the use
) ) ) ) of small crystals of zeolite X as photochemical hdsi&ven

Spectroscopic studies on solid powdered materials such asghough an increase in the photochemical efficiency of charge
zeolites commonly resort to diffuse reflectance techniques, separation across the zeofitsolution interface was observed,
which require special optical arrangements and precise meth-fy|| advantage of the decrease in crystallite size was not realized
odology in sample handling and positioning, as well as pecause of considerable light scattering due to the extensive
appropriate theoretical treatments of the data to obtain quantita-zgglomeration of the zeolites. Here we report on the preparation
tive reSUItS]I Several factors such as packing, particle SiZe, ||ght of suspensions of Ru(bp\?)ﬂentrapped nanocrysta"ite zeolite
penetration depth, and angle of incident radiation are crucial to y in toluene. To prevent agglomeration of the particles, the
compare results between different samples. The extent ofsyrface of the zeolite was modified by silylating the hydroxyl
sampling through the solid sample is unknown. Several strategiesgroups with a long hydrocarbon chain. All spectroscopic studies
have been reported in the literature to minimize the Scattering were done using transmission techniques under conditions
and the development of transmission spectroscopic methods taypical of solution-based systems. The quenching mechanism
examine zeolite samples. For example, by immersing the zeolitejn the Ru(bpy)?*—viologen—zeolite Y system was confirmed
in a suitable nonabsorbing medium of similar refractive indeX, to be static by steady-state fluorescence and lifetime measure-
it was possible to largely remove the radiation loss due to ments. Intrazeolitic electron transfer from viologen radical to
scattering, and this has been demonstrated with sucrose SO|URu(b|:)y)33Jr was followed by flash photolysis. In addition to the
tions? Recently, zeolites containing organic cations have been spectroscopic advantages involving transmission measurements,
dispersed into organic polymers to form transparent fitths.  sampling of all of the entrapped species inside the zeolite is
The films show transparency down to 220 nm, and intrazeolitic possible, and because of the solution-based nature of the system,
organic compounds could be studied using transmission tech-chemical studies with these crystals are also feasible.
niques? Although these transparent films are an important
development, reactions than need access to the zeolite canndExperimental Section
be exploited because the crystals are embedded inside the matrix. Synthesis of Zeolite Y.Colloidal crystals of zeolite Y with

In this paper, we present a third strategy involving colloidal an average particle size of 100 nm were synthesized from clear
zeolite crystallites to make optically transparent solutions. homogeneous solutions following the synthesis procedure
Zeolite crystals in the nanometer range have been extensivelyreported by Schoeman in 198%A LUDOX SM silica sol (30.2
investigated for their use in catalyiand thin film$ and as wt % Si0O,, 0.66 wt % NaO; Aldrich) was deionized (reduce
hosts for photochemical reactioh§o far, a variety of zeolites ~ Na*) to a pH of 8.1 with a cationic ion-exchange resin, Dowex
in the submicrometer size ranging frotw8 to 200 nm have HCRS-E (Aldrich), in the H form. A TMA —aluminate solution
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was prepared from A(SOy)3-18H,0 and TMAOH. A 19.7 g
sample of A}(SOy)3-18H,0O (Baker) was dissolved in 75 mL

of water, and the AI(OH)was precipitated with a 26% NH
solution (Mallinckrodt). The gel was centrifuged, the supernatant
was discarded, and the solid was redispersed in water to wash &
the excess ammonia and the sulfate ions. This procedure was §
repeated several times until the solid was free from sulfate ions. ©
The sulfate-free Al(OH) cake was dissolved in a solution
containing 54 g of TMAOH, 25% aqueous solution, with
stirring, yielding a clear mixture. This solution was added with
mixing to 20 g of the partially deionized LUDOX sol to yield

a clear solution with the molar composition

(b)

6.2

(TMA)20 N&O Al;03 SIio, H20
25 0.041 1.0 3.4 370 Figure 1. X-ray powder diffraction patterns of (a) as-synthesized
nanocrystalline zeolite Y and (b) micrometer-sized zeolite Y.

The synthesis mixture was heated without stirring in an oven
at 100°C. After a crystallization time of 7 days, the sample
was washed and centrifugedrf@ h at arelative centrifugal
force of 4900@. The product was washed three times and dried
under vacuum fo5 h atroom temperature. Yield: 0.7 g.

Characterization. The X-ray powder diffraction (XRD) !
pattern was recorded with a Rigaku Geigerflex diffractometer
using Ni-filtered Cu Kux radiation (40 kV and 25 mA). The
crystal size was calculated from the peak broadening using
Scherrer’s equation. Particle morphology was obtained using a
JEOL 820 scanning electron microscope. The IR spectra (13
mm pellets, 0.25 mg of zeolite diluted in 100 mg of KBr) were
acquired on a FTIR Mattson Cygnus 100 spectrophotometer.
295j and?’Al solid-state NMR spectra were recorded on a Bruker
AM 500.

Synthesis of Ru(bpy)?™—Zeolite Y. The procedure has been
previously reported for the synthesis of Ru(kpy}-X(90).” The
Ioad,mg I'evel of Ru complex was 1 per 15 supercages. Figure 2. Scanning electron micrograph of as-synthesized nanocrys-

Silylation of the Zeolite Surface? A 10 mM solution of talline zeolite V.
octadecyltrichlorosilane in toluene was prepared under an inert
atmosphere. The solvent was flushed with a stream of dry PMT, and a Tektronix DSA 601 digitizing signal analyzer, with
nitrogen for about 30 min before use. The silylating solution & 11A52 two-channel amplifier. Transient absorption measure-
was used immediately. A 100 mg sample of Ru(Bpy)Y was ments were done with a modified setup of the time-resolved
dispersed in 5 mL of toluene. The suspension was sonicateqdiffuse reflectance instrument (described in ref 15). The zeolite
for 1 h tobreak the agglomerates and disperse the particles. Asolution was sealedhia 1 cmquartz cell. The probe light directly
20 mL portion of the silylating solution was added in the drybox, Passed through the sample, and the transmitted light was
and the resulting solution was stirred at room temperature for collected and focused into the Triplemate spectrometer. The
24 h. During this period the suspension was sonicated again€Xxcitation source was at 9@vith respect to the probe light.
for 30 min. The coated zeolite was removed by centrifugation
and washed several times with toluene. The solid was dried Results

under vacuum at room temperature and kept under nitrogen.  zeolite Synthesis and Characterization.Zeolite Y. The
Sample Preparation. Samples for fluorescence, emission colloidal zeolite Y was synthesized from clear tetramethyl-
lifetime, and flash photolysis were ion-exchanged with N,N  ammonium aluminosilicate solutiof%Several attempts pro-
dimethyl-2,2-bipyridinium (methyl viologen, MV") prior to duced impurities of zeolite A, and to keep this contamination
silylation. The loading levels of M% were 3.33%, 10%, 20%,  of zeolite A minimal, the N& content had to be kept lof.
85%, 110%, and 158%, with 100% denoting one molecule per Figure 1a shows the XRD pattern of the zeolite. Peak broadening
supercage. due to small particle size was observed when compared to
Instrumentation. Absorption spectra were recorded on a micrometer-sized zeolite Y (Figure 1b), though it was not as
Shimadzu UV 265 spectrometer. Diffuse reflectance spectra pronounced as reported previously with nanocrystalline zeolite
were recorded using a Harrick diffuse reflectance attachment, X.7 On the basis of Scherrer’'s equation, an average crystallite
with zeolite Y (100 nm) as the background. Fluorescence spectrasize of 75+ 15 nm was calculated from the peak & 2 6°.
were obtained on a Spex Fluorolog instrument, model F112Al. Figure 2 shows a scanning electron micrograph of the nano-
The sample was excited at 450 nm, and the data were acquirectrystalline zeolite. The size of the discrete crystallites varied
at right angles to the exciting beam. Lifetimes were measured between 70 and 150 nm. Sonication of the sample improved
using the second harmonic (532 nm) of a Quantel Nd:YAG dispersion of the particles. After calcination, extensive ag-
Q-switched laser (1 Hz). The emission was monitored at a right glomeration was observed.
angle to the excitation source using an Acton Research Corp. Further characterization of these crystallites was doré@3iy
SpectraPro 275 single monochromator, a Hamamatsu R928and?’Al NMR and infrared spectroscopy. The strongest peaks
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Figure 3. Diffuse reflectance spectra of (a) micrometer-sized Ru- -g 14
(bpy)?*—zeolite Y, (b) nanocrystalline Ru(bpgj—zeolite Y, and (c) 2
silylated nanocrystalline Ru(bpgJ—zeolite Y. =
Q
N
in the 2°Si NMR spectrum were characteristic of Si(OAl) Té
Si(OAl)3, and Si(OAl} coordinations® From the simulation S
of the experimental data based on Gaussian peak shapes, the
intensities of the Si(OA})signals were retrieved and the Si/Al 0 4
ratio was found to be 1.6, corresponding to zeolite Y. 1A¢

380 400 420 440 460 480 500 520

NMR showed a single symmetric peak around 60 ppm,
characteristic of Al(OSk) units. The infrared spectrum of the Wavelength (nm)

as-synthesized zeolite showed peaks from the entrapped tetrigure 4. (a) Area under the 450 nm MLCT band versus the
ramethylammonium ion (TMA) at 1490 (s), 1405 (m), 950 (sh), concentration of Ru(bpyd* in solution @) and in nanocrystalline
777 (sh), and 711 (sh) crh in addition to the zeolite peaks.  zeolite Y suspensions7). (b) Comparison of the 450 nm MLCT band
After calcination the TMA peaks were no longer present and of Ru(bpy);2+2+in water andﬁin nanocrystalline zeolite Y suspensions
the spectrum resembled that of zeolite Y. The strongsi  [oF [Ru(bpy}™] = 3 x 10 M.

vibrations around 9501250 cnt?! are known to be sensitive
to the Si/Al ratio of the framework! The strongest peak for
nanocrystalline zeolite X was reported at 987 én(Si/Al =
1.3)/ for nanocrystalline zeolite Y we observe it at 1007 ¢m \
(Si/Al = 1.6), and for zeolite Y we observe it at 1022 ¢ Y sample whose surfacg hydroxyl groups have bge.n silylated.
(Si/Al 2.4), which shows the expected shift to lower The MLCT band_has shlfted_ back 9 nm, and now it is close to
frequencies with increasing number of aluminum atoms. In theZmaxof the micrometer-sized zeolites.

conclusion, the NMR and infrared data confirm the formation ~ Spectroscopic Studies of Clear Colloidal Suspensions of
of zeolite Y, while the XRD and scanning electron microscopy Ru(bpy)s**—Zeolite Y Nanocrystals. The following studies
(SEM) data show that the crystallites are between 70 and were done with toluene suspensions of surface-modified Ru-
150 nm. (bpy)k?t—nanocrystalline zeolite Y using transmission tech-

Ru(bpy}?*—Nanocrystalline YThe intrazeolitic Ru complex ~ NIques.
was synthesized following the modified procedure described Absorption MeasurementsThe general features of the
in ref 7 using Ru (NH)¢?" as the starting reagent. The loading absorption spectra of agueous Ru(kpy)and coated Ru-
level of Ru was confirmed by elemental analysis to be 0.32% (bpy)?™—Y (100 nm) suspended in toluene are similar except
or 1 per 15 supercages. The Ru(hgy)-nanocrystalline Y for the fact that toluene strongly absorbs below 300 nm and
synthesis process did not lead to any decomposition of the masks the ligand-centered band that appears around 285 nm. A
zeolite, unlike the previous report with nanocrystalliné Rhis series of absorption and fluorescence measurements of both

the zeolite samples were superimposable and HPLC showed
the presence of only one compound. Figure 3c shows the diffuse
reflectance spectrum of the Ru(bgd/)—nanocrystalline zeolite

thermal stability is a reflection of the Si/Al ratio of the
framework, having increased from 1.3 for zeolite X to 1.6 for
zeoliteY, rather than any intrinsic instability due to small

aqueous and zeolite suspensions with differing concentrations
of Ru(bpy)?* were carried out. The concentration of Ru(kgy)
in the zeolite suspension was adjusted by the amount of zeolite

crystallite size. used rather than by altering the intrazeolitic Ru(kpY)
Figure 3 shows a comparison of the diffuse reflectance spectraconcentrations. The concentration of Ru(kfy)n the suspen-

of Ru(bpy}?™—nanocrystalline zeolite Y (Figure 3b) and Ru- sion in terms of molarity was calculated from the known Ru-

(bpy)s2"—micrometer-sized zeolite Y (Figure 3a). To avoid (bpy)?" concentration in the zeolite and the amount of zeolite

effects due to differences in scattering, the samples were dilutedused to make the suspension as well as the volume of the

(10% w/w) with micrometer-sized zeolite Y. The MLCT band solvent. A plot of the peak area versus Ru(pyroncentration

of Ru(bpy}?" in the nanocrystals is red shifted 12 nm, although for the absorption band at 450 nm for both the solution and

the electronic spectra of the Ru complexes extracted from both zeolite suspension is shown in Figure 4a. At concentrations of
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TABLE 1: Fluorescence and Lifetime Quenching for

2+ .
2.5046 | z MV™ loading Nanocrystalline Ru(bpy)2*—MV 2t —Zeolite Y (Transmission
(@) ' 0% Measurements)
['leZ-%-]7 [MV2+]’
2.0e+6 4 umol/g ] TolT umol/g ] TolT
0 1.0 1.0 96 2.3 1.2
5046 16 1.2 0.9 415 7.3 1.4
. 0 49 1.6 1.0 540 11.0 1.7
=]
5 TABLE 2: Fluorescence and Lifetime Quenching for
1.0e+6 - Micrometer-Sized Ru(bpy)x?t—MV 2+—Zeolite Y (Reflectance
Measurements}*
5.0e45 Mv 2], MV 2],
e 1 umol/g Iofl T umol/g 1o/l T
0 1.0 1.0 594 78.8 2.04
0.0 | —— 98 7.9 1.25 696 78.8 2.27
i T T T T 2+ 2+ ; i ;
=<0 600 650 700 750 800 Ru(bpy}®t* b_y MV 2" in nanocrystalline zeolite Y suspensions
was determined by steady-state fluorescence and lifetime
Wavelength (nm) measurements. Fluorescence quenching of Rugbpywas
12 recorded at different intrazeolitic MY concentrations, and the
. spectra are shown in Figure 5. As expected, with increasing
10 4 concentration of M¥*, the emission intensity decreases. In
addition, theilmax of the emission band blue shifts at loadings
e 84 higher than 1 M\?*/supercage. The blue shift of the emission
& band at high viologen loadings is similar to what has been
g 61 reported for micrometer-sized crystallites and attributed to the
EJ . lack of solvent stabilization energy arising from the displacement
1 of intrazeolitic water molecules upon ion exchange of the
5 ] bipyridinium ions!?
N Emission lifetimes of Ru(bpy}"—nanocrystalline zeolite
0 . . . . : . suspensions were also measured, and the decay curves were
0.0 0.2 04 0.6 08 1.0 fitted to Albery’s dispersed kinetics model. Albery developed
[MVZ] (M) a model that assumes a Gaussian distribution of decay rates

Figure 5. (a) Fluorescence quenching of Ru(bgyy at several M\#* and has _been_ shown_ to be approprlate_ for heterogeneous
concentrations in nanocrystalline zeolite Y. The loading level ofMy  Systems, including zeolité$ For the sample without any MY,
is indicated (100% is 1 M%/supercage). (bl (®) andzo/z (a) versus the values ofy andr are 0.59 and 546 ns, respectively, and in
[MV 2H] (M). agreement with previously reported results on the micrometer-
sized zeolite Y crystallite¥! Figure 5b is the plot of I and

Ru(bpy)?* of 3 x 1076 M and below (zeolite levels of 1 mg/ 7./t versus intrazeolitic [M¥*]. The quenching mechanism is
mL), the areas under the peaks are identical for the homogeneousnostly static in nature. Tables 1 and 2 summarize the?MV
solution and zeolite suspension. Figure 4b shows the quantitativeloading levels and the relative quenching valugs a@ndz,/7)
similarity of the charge-transfer band of Ru(bgy) for the for the zeolite suspensions as well as the comparison with
aqueous and zeolite samples at the concentration>of1®° previously published data by reflectance techniques on mi-
M. Figure 4a also shows that, with increasing concentrations crometer-sized zeolite ¥
of the zeolite particles, there is deviation from the solution, and Laser Flash PhotolysisThe intrazeolitic back electron
less and less of the Ru(bp¥) in the zeolite is being sampled. transfer from MV to Ru(bpy)}3* was followed by transient
This arises because of increased scattering, and is also evider‘gIOectrOSCOIOy using flash photolysis. The Ru(gbysample with
from the fact that, for surface-modified micrometer-sized Ru- o highest M+ loading (1.6 molecules/supercage) was used
(bpy)?"—zeolite .Y samples at concentrations .0&3106 M, for these studies. The decay of the 395 nm band due to"MV
the absorbance is only 43% of that observed in Figure 4b. For a5 olowed as a function of time. Figure 6a shows the transient
a suspension of uncoated Ru(bgy) nanocrystallites, the absorption spectra at different time delays, and Figure 6b is the
absorbance is only 70% of that of the coated sample. Even forplot of the peak intensity at 395 nm as a function of time. The
the lowest amount of zeolite dispersions, the absorption Spec”%lecay of the signal due to MV was fit to the same model
of the uncoated nanocrystallites or the coated micrometer-sizedemloloyeol previously to explain the kinetics observed in
crystallites did not match the spectra with the corresponding micrometer-sized crystallité$. The following reactions were
Ru(bpy)*" solutions. used for the modeling: .

Similar results were obtained from fluorescence spectra. A '
guantitative match of the emission intensity at 610 nm was
obtained with the coated nanocrystalline zeolite samples with  Ru(bpy)>" + MV*" (ext cage)—' Ru(bpy)”" + MV#
zeolite loadings corresponding to Ru(bgy)concentrations of (1)
3 x 1078 M and solution samples.

Quenching StudiesThe following studies were done with
the Ru(bpyj2™—nanocrystalline zeolite Y suspensions with the 3t ok - -
concentrations of zeolite around 5 mg/mL. The quenching of Ru(bpy)™ + MV™ — Ru(bpy)”™" + MV 3)

MV 4+ MV 2% My 2 4 vyt 2)
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0.06 , loadings show that the visible charge-transfer band is red-shifted
@ e o by about 12 nm in the smaller crystallites. The influence of
s Ru(bpy)}?" concentration on thé., of the MLCT band has
e been reported in the literatuteMartin and co-workers observed
S0us a red shift in the MLCT band when Ru(bg¥) was incorporated
in layered zirconium phosphate sulfophenyl phosphonate at
different concentrations. They attributed the red shift to interac-
tions between Ru(bpy)™ molecules, since thémax of the
MLCT band of Ru(bpy®* shifts from around 452 nm in
micromolar aqueous solutions to between 461 and 470 nm at
concentrations of 4.4 10~ M.'62Sykora et al. examined the
diffuse reflectance spectra of Ru(bp¥)inside the zeolite as a
0.04 , . . . . function of Ru(bpy}*" loading and discovered that increased
340 360 380 400 420 440 460 loadings gave rise to a slight blue shift (5 nm) in the absorption
spectral®® In the nanocrystallites being examined here, the
intrazeolitic Ru(bpy¥" loading is low (1 in 15 supercages), so
the spectral shift is not arising from intrazeolitic effects between
the Ru(bpy)?**t molecules. We propose that the red shift arises
in the agglomerated nanocrystallites due to Ru(gydn the
surface of the crystallites interacting with each other. A simple
calculation shows that the number of supercages in the first 10
nm of a 1um spherical zeolite particle is 3% of the total
supercages, while for a 100 nm crystallite, the number jumps
N\'\—‘ to 30%. In support of the argument that surface Ru(py)
° species are interacting, we find that, for the nanocrystallites with
0 | their surfaces modified by silylation, thig,axis comparable to
' i ' ' y that of the micrometer-sized crystals, since the particles are less
aggregated.

' ' _ _ The quantitative similarity of the absorption spectra of the
Figure 6. (2) Transient absorption spectra of nanocrystalline solution and nanocrystallite suspensions shown in Figure 4b at
Ru(bpy)*"MV=" (1.6 molecules/supercagey (100 nm) suspended 5| Ry (bpy)2*+ concentrations of 3« 10°6 M demonstrates

in toluene. (b) Decay of M¥ as a function of time. The inset is the . . .
decay at egarl)y timeg. The solid line is the fit to the kinetic model several important re_sults. First, the_ _Ml_-CT band_ remalns
explained in the text. unchanged. Second, its molar absorptivity in the zeolite remains
unchanged, reflecting the aqueous intrazeolitic environment.
Reaction 1 involves the back electron transfer from the Molar extinctions of Ru(bpyf* adsorbed in porous Vycor glass
photogenerated MV to Ru(bpy}®*, reaction 2 is the self- as well as organic probes in zeotEDMS membranes have
exchange reaction between MVand MV2* that propagates  been reported to remain unaltered. Third, all of the Ru
the electron away from the Ru(bg¥)jcenter, and reaction 3is  complexes incorporated in the zeolite are being sampled by the
the eventual recombination of Ru(bpy) and MV** as the light. However, with increased particle loading, scattering
charge propagates through the zeolite. In Figure 6b, the solidincreases and there is deviation from the solution spectra.
line is the fit to the data (disappearance of M)/using the Silylation of the surface of the zeolite is necessary to keep the
above model. From this fit, thi,, ksop, andk, rate constants  particles dispersed in toluene, for without the organic outer layer
were obtained to be 2.2 10° s1, 8.0 x 10* s°1, and 1.0x the particles tend to agglomerate very fast and the clusters
10® concn't s71, respectively. Table 3 is a comparison of the rapidly settle. Settling is eventually observed with the organic-
rate constants from colloidal solutions with those obtained by modified zeolites and forms an oily liquid at the bottom, which
time-resolved diffuse reflectance on the micrometer-sized crys- can be readily redispersed. In this study, we have chosen to

0.04

ceroEdqde

log (Ip/D)

0.00 4 A

Wavelength (nm)

1 T
(®)

Relative Absorbance
(=]

Time (sec)

tallites?® work with a reasonably dilute loading of the Ru(bgy)in the
] ] zeolite (1 in 15 supercages) and have found that the upper limit
Discussion for sampling the entire zeolite is a concentration of 1 mg/mL.

This discussion primarily contrasts the behavior of the However, even for this_concentration of the zeolite, if a
intrazeolitic Ru(bpy®* in the nanocrystallite samples versus Chromophore is present in every supercage, then as much as

those reported previously on micrometer-sized zeolite Y crys- 4.5 x 107° M concentration of intrazeolitic chromophore can

tallites. be studied.
Nature of Nanocrystalline Y SuspensionsComparison of Electron-Transfer Quenching by Viologens.We contrast
the diffuse reflectance spectrum of Ru(bgy)in micrometer- here several aspects of the quenching studies on the nanocrys-

sized and nanometer-sized zeolite Y aggregates at comparableallite suspensions measured by transmission spectroscopic

TABLE 3: Comparison of the Rate Constants for the Decay of MV* in Nanocrystalline (Transmission Measurements) and
Micrometer-Sized Ru(bpy)?™—MV 2t—Zeolite Y (Diffuse Reflectance Measurement$)

MV 2+ loading ko Knop ke
sample (molecules/supercage) (s (s (concrrts™)
nanocrystalline Y 1.6 2.2 10 0.8x 10° 1.0x 1

micrometer-sized Y 1.7 0.9 10° 2.0x 1P 3.0x 10°
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techniques with the reflectance studies on micrometer-sized zeolite Y nanocrystallite dispersions. Marked differences were
crystallites reported in the literature. found for the zeolite suspensions sampled by transmission
First, we discuss the similarity between the two types of techniques and previous studies based on diffuse reflectance
samples. The quenching mechanism of the excited Rugbpy) measurements on micrometer-sized crystallites, leading us to
by viologen in both cases is stafitwhich is not surprising the conclusion that the diffuse reflectance measurements sample
considering that the diffusion of the viologens is slow since primarily the surface of the crystallites. Since the iV
the zeolite architecture restricts the mobility of the quencher. exchanged zeolites have an enriched¥gurface layer in the
The most significant difference in the two zeolite samples is case of micrometer-sized crystallites, the quenching efficiency
the level of quenching of Ru(bpy)™ by MV 2+ (Tables 1 and  of Ru(bpy}?"* by MV 2+ and the viologen self-exchange rate
2 and Figure 5). For example, for a loading level of 1.1 MV constants were higher in micrometer-sized crystallites as
supercage in the nanocrystallitg/] is 11, while for 1.25 M\#*/ compared to the nanocrystalline dispersions. For both zeolite
supercage in the micrometer-sized crystallite, it is on the order samples, the quenching mechanism for Ru(ppy)MV2F—
of 7914 From the absorption and fluorescence data with the zeolite Y was found to be static, since the mobility of the MV
colloidal solutions, it is evident that the interior of the zeolite is highly restricted. The results obtained via transmission
is being sampled. Moreover, the surface derivatization by the measurements from the colloidal solutions are more representa-
hydrocarbon groups essentially ensures that viologen exchangedive of the total sample, since all of the intrazeolitic species are
on the outer surface of the zeolite is negligible. In the being measured.
micrometer-sized crystallites, the surface is covered with
viologen, serving as neutralizing cations for the aluminate on _ Acknowledgment. We acknowledge the Department of
the framework. We interpret the higher quenching for the Energy, Basic Sciences Division, for funding this research.
micrometer-sized crystallites as suggestive of the fact that the
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