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Abstract - The thermal decomposition of tetramethyl-1,2-dioxetsnc (RID) 
sorbed into zeolite Y containing Eu3+ ions and 2,2’-bipyridine (samples 
abbreviated as ZYEBT) has been investigated. Decompoeition of RID yields, 
by ener y tranefer processes, 
the Eu3’ ion. 

chemiluminescence (CL) characteristic of 
At loading levels corresponding to an upper-limit average 

of 0.5, 1.0, and 2.0 TWJ molecules per unit cell, the CL decay curvee are 
nonexponential at short times; at longer times,roughly exponential curves 
are characterized by a unimolacular rate constant k. Analyees of the long- 
time decays based on an Arrhenius expression for the rate constant provide 
evidence for a kinetic compensation effect8 plots of log k vs. the activa- 
tion energy E, as a function of TMD loading level are linear. Solution 
data (benzene. benzonitrile) fall on the name line, suggesting that TMD 
decomposes by a common rate-limiting mechanirm in these various environments. 
The Arrheniua parameters (Ea and the pre-exponential factor A) are smaller 
than the solution valuea and increase vith TKD loading. When THD is sorbed 
to the extent of an upper-limit average of s7 molecules per unit cell, CL 
decay curves are initially nearly flat and then show an increase in decom- 
position rate with time. Mechanistic implications of these results are 
discueaed. 

In recent studies we have examined the effects of adsorption onto eilica gel and intercalation 

into a layered solid, hydrogen uranyl phosphate (HUP), on the excited-state processes of organic 

and inorganic compounda. In the former case, the photoisomerization of retinal ieomera,l the 

loas of CO from (n6 -arene)tricarbonylchromium(O) complexes,2 and the luminescence and photodimer- 

ization of a dibenzylideneacetone derivative3 are all perturbed by adsorption. Intercalation of 

guest species such as Cr(NH3)63+ and Eu3+ into HUP haa provided evidence of efficient host-to- 

guest, excited-state energy transfer proceasea.4B5 

In considering compound8 whose excited-state properties might be sensitive to their environment. 

our attention was drawn to tetramethyl-1.2-dioxetane (TMD). Ae shown in eq. (11, RID thermally 

(1) 

decompoeee to yield an excited acetone molecule; chemiluminescence (CL) has been observed from 

this species (acetone fluorescence and phoaphorescence)6 and from suitable acceptor species such 

as Eu3+ complexes.798 The reaction is eterically demanding. A calculated transition state ia 
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characterized by a twisting of the peroxy ring.9 The steric demands of the decomposition have 

prompted us to introduce THD Into zeolites vhere the host cage structure can impose its own 

ateric constrainta on the decomposition. 

In this paper, we report that TMD can be sorbed in varying quantities into zeollte Y contain- 

ing Eu3+ ions and 2,2’-bipyridine. Thermal decomposition of TlID in this host (abbreviated 

ZYEBT) produces, by energy-transfer processes, CL characteristic of the Eu3+ ions. Kinetic 

analysis of CL decay curves indicates that TMD occupies sites of varying reactivity in the solid. 

An Arrhenius treatment of the exponential portion of CL decay curves, characterized by a unimolec- 

ular rate constant k, is consistent with a kinetic compensation effects plots of log k vs. the 

activation energy E, are linear for various TWD loading levels. Moreover, solution data are fit 

by the same line, suggesting a cormnon rate-limiting mechanism in these diverse environments. hi- 

dence for a cooperative decomposition mechanism is seen at the highest TMD loading level examined. 

RESULTS AND DISCUSSION 

In sections below we describe the preparation and characterization of teolite-supported RID. 

its chemilumineacent properties. and the mechanistic implications of these properties. 

Preparation andcharacterization of Zeolite-Supported m. The host solid for our studies, - 

zeolite Y. was calcined at 5OO’C prior to use. As sketched in Figure 1, an average unit cell 

of this zeolite, Na57((AlO2)57(SiO2)1351 *xH20, has a pore diameter of 7.4 1 and a cavity diameter 

of 13 il. Initial experiments, wherein RID was sorbed into the zeolite from benzene solution, 

yielded CL signals that were too weak for kinetic analysis. 

Fig. 1. Sketch of a portion of the unit cell 
of zeollte Y (faujasite structure). Vertices 
ace Si of Al atoms that are tetrahedrally co- 
ordinated by 0 atoms. 

Since Eu3+ complexes are known acceptors for dioxetane CL,7*8 the lanthanide ion was exchanged 

into the zeolite from aqueous solution to the extent of about one ion per unit cell. After 

drying (2OO’C at 4 x 10-5 torr for 24 h), the reolite exhibited weak pink photoluminescence (PL) 

characteristic of Eu3+ when irradiated with near-W light. Sorption of TMD from CH2C12 solution 

into the exchanged zeolite yielded pink CL on warming, but of insufficient intensity for kinetic 

analysis. The weak PL and CL signals may be due to the presence of vater molecules in the metal 

ion’s coordination sphere, since O-H stretching modes are known to serve as efficient nonradiative 

decay routes.lOB1l Alternatively, the weak CL intensity may result from the presence of trana- 

ition metal impurities. These species could catalyze the decomposition of TMD in the zeolite, 

as they do in solution.12 

In an effort to improve the radiative efficiency of the Eu-exchanged zeolite, the solid was 

exposed to an ethanolic solution of 2.2 ‘-bipyridine with the expectation that the sorbed species 

would chelate to Eu3+, displacing water molecules. Indeed, sorption causes the radiative 

l fficlency to increase substantially and results in a sample PL lifetime of sl.2 msec. Prom 

correlations previously reported for Eu-exchanged zeolites. this lifetime corresponds to 
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essentially complete loaa of vater from the E” coordination sphere.13 Heating this sample under 

vacuum (10-A torr at 15O’C for 12 h) does not affect the PL lifetime but does remove exceae 

bipyridine that could block channels into the eeolite system, obetructing TlID sorption. Spectro- 

photometric analysis of these samples after dissolution in EF indicated the presence of %2.6-2.8 

bipyrldine molecules per unit cell and hence per Bu3+ ion. From thin rtoichiometry ve suspect that, 

on average, the Eu3+ iona are coordinated to two bipyridine ligands with the balance of the coordin- 

ation sitea occupied by lattice oxygen atoms. Consistent vith such a bonding scheme is the obaerv- 

ation that a nitrate salt of Eu containing two bipyridine liganda in the coordination sphere, 

Eu(bpy)2(N03)3,14 yields an identical lifetime within experimental error. A noteworthy feature of 

chelation is that it helpa prevent migration of Eu3+ iona out of the zeolite cages on steric grounde. 

Moreover, chelation can serve to diminish the role of impurity metals present in the zeolite that 

could otherwise catalyze the decomposition of T14B.12 

Once dried, the Eu-exchanged zeolite containing bipyridine va8 slurried with chilled CH2C12 

aolutiona of RID. The concentrations of Tl4D were such that complete uptake would correspond to 

sorption of 0.5, 1.0, and 2.0 TMB molecules per unit cell on average. Although TM) uptake appeared 

to be essentially complete (baaed on negligible quantitiee of acetone in the filtrate, assayed by 

infrared spectroscopy following refluxing of the filtrate with CuBr2 a8 a decompoeition catalyst), 

these concentration8 should be regarded aa upper limits, since home decomposition may accompany 

sorption. Incomplete sorption from a more concentrated TED solution resulted in samples with an 

upper-limit average of s17 RID molecule.9 per unit cell. It is vorth emphasizing that ve do not know 

“here the RID molecules reside within the reolite cagea, nor can we exclude the possibility that 

some of the molecules are present on the external surfaces of the zeolite. 

Chemilumineecent Properties. Samples of zeolite Y containing Eu3+, bipyridine, and TMD (denoted 

a8 ZYIIBT) exhibit intense pink CL when heated above %65’C. The emission is readily Been by the 

dark-adapted eye. At lover temperaturee the CL intensity declines sufficiently 810~1~ that a 

steady-state CL spectrum can be obtained. Figure 2 reveals that the spectral distribution coneiats 

of the sharp f-f transitions characteristic of Eu3+. Moreover, the spectrum is blank at wavelengths 

below 550 nm where acetone fluorescence and phosphorescence vould normally be observed, consistent 

with energy transfer to Eu3+ in ZYF.BT. 

600 700 

WAVELENGTH, NM 

Fig. 2. Chemilumlnescence spectrum of a sample of 

ZYEBT (upper-limit average loading of 1.8 TMB molecules 
per unit cell; average of %2.6 bippridine molecules per 
“nit cell) obtained at 53’C. The epectrum is a composite 
of two xane from 300-500 and 500-800 nm. 

The intensity of the CL ia presumed proportional to RID concentration, aB is found in solution 

st”diea,15 and provides a probe of the kinetic8 of TMB decomposition in ZYEBT. Plota of CL 

intenaity aa a function of time generally show a slight increase at short times. presumably 
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reflecting the approach to the thermostatically-controlled decomposition temperature, followed 

by a monotonic decline. Figure 3 chows a plot of In (CL intensity) ~8. time for one ZYEBT 

sample at 64'C. As shown in the figure, there ia often some curvature present in the early-time 

portion of the plots. indicating that the rate of TMD decompoeition is greatest in thia temporal 

regime; the curvature becomes less apparent with increasing temperature. As will be diecuased in 

more detail below, the curvature ir, consistent with the presence of different environments 

(within the cages and/or on the external surfaces) for TMD In ZYEBT. 

0 
- -1 
\ 
- 

180 280 3b0 

TIME, set 

Fig. 3. Plot of In (CL inteneity) as a function of time for 

a ZYEBT sample having an upper-limit average loading of 0.5 
TMD molecules per unit cell and ~2.6 bipyridine 
molecules per unit cell. Data were obtained at 64'C. 

At longer times, the CL decay curves are roughly exponential, as shown in Figures 3 and 4 

for several ZYEBT samples: decay can be described by a single, unimolecular rate constant k 

that varies with the THD loading level. Data from the linear regime can be fit by an equation 

based on the Arrhenius expression, eq. (21, 

log k - log A - Ba/2.3RT (2) 

where k is the first-order rate constant, A is the pre-exponential factor, E, is the activation 

energy for the process, and R is the gas constant. 

As shown in Figure 5 for a representative sample, plots of log k vs. ~-1 are linear for the 

temperature range over which CL decay data can be acquired. The values of E, and log A, 

extracted from the slopes and intercepts of the Arrheniue plots, respectively, are presented in 

Table 1 along vith solution data, which, for benzene. are in reasonable accord with literature 

values.16 Note that both E, and log A increase with TMD loading level and in all cases are lower 

than their solution counterparts. 

For the highest loading level, corresponding to an upper-limit average of ~7 TMD molecules 

per unit cell, non-Arrhenlus behavior is found, as shown in Figure 6. For this system. the plot 

of In (CL intensity) ~8. time is initially relatively flat and then exhibits an increase in 

decomposition rate with time. 

We also attempted to assess whether the Eu complex presumed present in the zeolite could 

catalytically decompose TIED. To test this possibility, the rates of RID decomposition were 

determined in benzonitrile solution using Eu(bpy)2(N03)3 (0.17 and 0.34 mM) and 9,10-dibromo- 

anthracene (DBA; 0.17 mM) as energy acceptors; in the DBA experiment, EDTA was also present 

to sequester trace metal impurities that could catalyze the decomposition. We found that 

the rates were identical for the two acceptors within experimental error. 
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Pig. 4. Plots of In (CL intensity) as a function of time for 
ZTJIBT samples having upper-limit average loadings of 0.5 
(curve A), 1.0 (curve B), and 2.0 (curve C) RID molecules per 
unit cell; an average of %2.8 bipyridine molecules per unit 

60°C cell were present in the sample.~.Data were obtained at 
and are normalized to a common initial intensity. 

1000 / T (K-‘) 

Pig. 5. Plot of log k Vs. reciprocal temperature for a ZYeBT 
sample having an upper-limit average loading of 2.0 TffD molecules 
per unit cell and an average of ~2.8 bipyridine molecules per unit 
cell. Values of k were extracted from the exponential portion of 
CL decay curves like thoae shown in fig. 4. 

We sought additional evidence for the absence of a catalyzed decomposition from relative CL 

efficiencies; we would expect comparable solution and ZYEBT values if the mechanism were the same. 

When the integrated CL decay from a bensonitrile solution containing 18 mkl TMD and Eu(bpy)2(N02)5 

(nearly saturated; %0.2 rd4) was compared to that from a ZYEBT sample with 1.0 TKD molecule per 

unit cell on average (representing a similar ThD concentration), the former produced more light 

by a factor of about 40. Whtle these values seem quite disparate, the fact that the sorbed R[D 

concentration is an upper limit and that light is less efficiently collected in the seolite 

experiment due to scattering could conceivably lead to similar CL efficiencies. Collectively, 

then, our data suggest that Eu(bpy)p(NO2)2 does not catalyre TMD decomposition. However, other 
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Bu complexes may be preeent and the poaeibility of catalytic decomposition in the eeolite cannot 

be excluded. 

TIME, see 

pig. 6. Plot of ln (CL, intensity) an * function af time for a 
ZVWIT eample having an upper-limit average loading of %7 ThU 
molecules per unit cell and an average of ‘L2.6 bipyridfne 
molecule8 per unit cell. Data were obtained at 8O’C. 

mechanistic fmplications. The significance of the data collected in Table 1 is highlighted in 

Figure 7, Plots of log k ve. Ea for TKD decomposition in the various environment8 described in 

the table show a reasonable fit to a etrafght line; dat8 for three temperatures are plotted and 

roughly intersect at 108 A " 2.3 (the last term of aq. 2 i8 zero), This linearity, also 

observed in a plot of E, vs. log A, h88 conventionally been a diagnostic te8t for the existence 

of a kinetic compensation effect: when experimental conditions result in a change in the 

enthalpy of activation there is a corresponding linear change in the entropy of activation.17-20 

Decomposition of TMU in various eolvents haa previously been shown to lead to a linear relatton- 

ship between the enthalpy end entropy of ectfvatfon. *l Underlying a kinetic compensation effect 

would be a common rate-limiting mechanism that is independent of the reaction environment. 

Table 1. Arrhenfus parameter6 for the decompoeition of TMU in ZTEBT samplesa 

Znvironmentb E,, kcal/molc log A, set-ld 

ZYEBT-0.5 18.6 10.2 
ZTZBT- 1.0 19.9 10.6 
ZYBBT-2.0 22.2 11.5 
benzene 25.7 13.0 
benzonftrile 27.2 13.7 

aArrheniua p8rameter8 for the deCOmpO8itiOn of TMll determined from plots of log k 
~8. 1-l a8 given by eq. 2 and illustrated in fig. 5; value8 of k in see-l are 
obtained froa the decay of chemiluminescence, a8 illuetrated in fig. 4. 

bgnvironment in which TMD decomposition takes place. The first three entries are 
samples of reolite Y containing Eu3+ ions, bipyridine (an average of%Z.S molecules 
per unit cell), and RID (ZYZBT); the number following thi8 designation denotes the 
upper-limit average number of TKD molecule8 per unit cell. The last two entries 
represent homogeneous solution data obtained in the indicated solvent. 

CActivatfon energy, obtained from the slope of log k vs. T-l plot8 (eq. 2). 
Values have error8 of HI.7 kcallmole. 

dPre-exponential factor , obtained from the intercept of log k ~8. T-l plots (eq. 2). 
Valuea have errors of lto.3. 
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Pig. 7. Plot of log k vs. activation energy for T!m 
decomposition in various environments at 49 (curve A), 
69 (curve B), and 96OC (curve C). For each curve, the 
points from left to right correspond to ZYEBT samples 
with upper-limit average loadings of 0.5, 1.0, and 2.0 Tw 
molecules per unit cell and solution data in benzene and 
benzonitrile solution, respectively; the ZYEBT samples have 
an average of ~2.8 bipyridine molecules per unit cell. 

For the system at hand. we presume the c-on rate-limiting mechanistic step to be the bond- 

breaking leading to ring cleavage. The reduction in E, in passing from solution to the aeolitic 

environment may be a reflection of the strong electrostatic forces present in the cage; the 

compensating reduction in log A indicates that this lowering of the barrier to decomposition 

occurs at the expense of an increase in ordering, i.e., a more demanding geometry is involved. 

It is noteworthy that all of the ZY8BT samples exhibit negative entropies of activation, indicating 

that the systems become more ordered upon passage to the transition state. 

The increase in E, and log A with TMD loading into ZYIIBT also merits conment. One possible 

explanation ia that as the space available in a cage to an individual RID molecule decreases, the 

energy of activation required to place the molecule in the transition state configuration increases; 

beginning with a more ordered environment will also cause the entropy term to increase. 

Particularly intriguing is the non-Arrheniua behavior seen at the highest loading level employed, 

Figure 6. We suspect that the initial flatness of the In (CL intensity) curve and subsequent 

increase in decomposition rate with time reflects a cooperative interaction among the relatively 

dense-packed m molecules. One scenario leading to a curve like that shown could involve the 

aequential decomposition of TMll molecules within a cager if steric constraints have to be relieved 

for decomposition to proceed, then as each molecule decomposes, the remaining Rm molecules can 

more easily decompose by virtue of replacing RID molecules with smaller, more mobile acetone 

molecules. 

We believe that crowding of THD molecules may also be reflected in the short-term, nonexponen- 

tial decay seen in CL decay curves at lover loading levels, illustrated in Figure 3. Qualitatively, 

the nonlinearity indicates that some fraction of RID molecules reside in sites leading to relatively 

rapid decomposition. That these might be sites of crowding is consistent vith a quantum chain 

decomposition mechanism proposed to account for non-Arrhenius CL decay at high concentrations in 

solution.15 The key mechanistic step is presumed to be the attack of an excited acetone molecule 

on THD, eq. (3). 

acetone* + RID -> a acetone* + (3-a)acetone (3) 

Alternatively, the sites of rapid decomposition may be positions proximate to an adventitious 

catalyst present in the zeolite. 
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Determination of the volume of activation accompanying TKD decomposition should provide a 

better idea of the molecule’8 steric demands. Ueing average number of molecules eorbed ae a 

measure of pressure, the increase in decomposition rate at a given temperature with a 

decrease in loading (fig. 71 corresponds to a positive volume of activation for decomposition 

in ZYBBT. aa was found in eolution studies.22 However, the uncertainty in sorbed concentration 

precludes a quantitative estimate. 

In summary. l?JD can be incorporated into zeolite Y containing Eu3+ ione and bipyridine (ZYBBT 

samples). Thermal decomposition of TMD yields chemiluminescence characteristic of the lanthanfde 

ion via energy tranefer proceases. Kinetic decay parameters obtained from CL measurements at 

various TXD loading levels in ZYEBT and in solution provide evidence for a kinetic compensation 

effect, indicative of a common rate-limiting, bond-cleavage mechanism. The demonatration thar 

a zeolite can subetantially influence the decomposition kinetics of TRD ir worthy of more general 

examination, since zeolite-dloxetane combinations of varying steric conatralntr are realizable. 

It may be possible to substantially retard dioxetane decomposition in desired temperature regimes 

through zeolitic incorporation. 

Sample preparation. Zeolite Y was obtained from the Linde Division of Union Carbide Corp. and 
calcined at SOO’C orior to ume. Exchange of Eu3+ into the zeolite was accomplished by slurryfng 
6.9 8 (s5.3 x 10-4’mol) of the solid in 64 mL of triply-distilled water that wan subsequently 
brought from pH 10.5 to 5.5 by the dropwise addition of cont. HNO3. To this slurry wan added 
5 mL of a 97 mM Eu(N03)3 (Alfa) solution. Complete exchange of available Eu3+ for Na+ results 
in an average of approximately one Eu 3+ ion per unit cell of zeolite Y. After allowing exchange 
for 24 h, the elurry vaB filtered and dried in air at 1OO’C for 12 h; the residue from the 
evaporated filtrate showed negligible luminescence under near-UV excitation, consistent with 
essential1 
at 4 x lo- s 

complete exchange. After drying, the sample was crushed and further dried at 2OO’C 
torr for 24 h. Once dried, the zeolite was placed in 50 mL of dry ethanol to which 

was added 2.4 mm01 of 2,2’-bipyridine (Aldrich). Sorption was permitted to occur 24 h after 
which the solid was removed and heated at 15O’C at 10e4 torr for 12 h. This treatment removes 
uncomplexed 2,2’-bipyridiner the quantity present before and after heating wa8 assayed by dissolv- 
ing portions of the solid in cont. 
300 nm; E = 14,900 M-lcm-ll. 

HP and spectrophotometrically analyzing for bipyridine (X,, - 
After the aforementioned heat treatment. there were typically an 

average of -2.6-2.8 bipyridine molecules per unit cell. Samples were stored in a glove bag under 
dry N2 until needed. Tetramethyl-1,2-dioxetane (TMD) vaa prepared as described in the 
literature.23 The product’8 identity was established by Its m.p. and 1~ NMR spectrum.23 The 
compound was stored at -2O’C until needed. 

EXPERIMENTAL 

Sorption of TMD into the zeolite supports was accomplished by elurrying 0.2 8 of the zeolite 
in O’C CH2C12 solutions (4 mL1 of TMD for 10 min.; concentrations of TMD were such that complete 
uptake would correepond to an average of about 0.5, 1.0, and 2.0 TMD molecules per unit cell. 
After 10 min., the slurry was filtered under N2 and rineed with 1 mL of cold CH2C12. The caked 
solid was broken up under dry N2, allowed to atand for 1 min. to permit solvent evaporation, and 
put into chilled vials for storage at -78’C. The quantity of TMD remaining in solution was 
aesayed by diluting the filtrate to 10 mL and refluxing for 12 h with CuBr2 (Baker), a catalyst 
for TMD decomposition,12 to convert any remaining TM) to acetone. The filtrate was analyzed by 
infrared spectroscopy (Beckman Model 4250) using O.lO-mm pathlength cells; a calibration curve 
was constructed from CH2C12 solutions containing known quantities of acetone. For all of the 
aforementioned sorption experiments, sorption appeared essentially complete based on the negli8- 
ible quantity of acetone seen in the infrared spectrum. With a more concentrated TMD solution, 
corresponding to an average of 20 TMD molecules per unit cell, the sorption was incomplete; the 
maximum uptake of TRD corresponded to an average of 27 TMD molecules per unit cell. A sample of 
Eu(bpyl2fN0313 was prepared as described in the literature.14 

Chemiluminescence measurements. Samples of ZYBBT (zeolite Y containing Eu3+, bipyridine, and 
RID. Dreoared a8 deecribed above.1 were olaced in auartz caoillarv tubes (i.d. 1.5 mm) under dry . . . 
N2 and sealed with a septum. The sample tube.8 we;e kept at -78OC until ready for use. A steahy- 
state chemilumineecence (CL) spectrum was obtained using a McPhereon 0.35-m monochromator equipped 
with a IP-928 PMT and a LeCroy discriminator/counter. A ZYRBT sample (upper-limit average of 
~1.8 TMD molecule8 per unit cell; average of s2.6 bipyridine moleculea per unit cell) “88 i-reed 
in a thermostatic bath and heated to 53OC; the temperature of the bath was regulated by an Omega 
temperature controller to f 0.2’C and calibrated againer melting point standards. The CL signal 
va8 broughttothemonochromator wing a fiberoptic cable. At 53’C, a full CL spectrum was 
obtained from composite spectra that were recorded from 300-500 nm and from 500-800 nm (two 
samples) with minimal loss in inteneity. Chemilumineacence decay curvea ae a function of temper- 
ature were acquired using the Bame instrumentation employed for the steady-state spectra; CL 
intensity was monitored at 615 nm. The decay curve for each THD loading level va8 examined at 
at leant eight different temperatures. typically spanning a range of 48-115’C. Runs were made 
in triplicate. Data analysir was performed using an Apple Ile microcomputer, Numonics Corp. 
graphics CalCulatOr, and Houston Instruments DRP-40 plotter. Data were also obtained for TMD 
decomposition in homogeneoue solution using benzene (Aldrich) and benronitrile (Alfal 88 eolvents 
with 9,10-dibromoanthracene (DBA; Aldrich) as the energy acceptor and EDTA (Aldrich) to scavenge 
metal impurities.12 The concentrations of Tl4D and DBA in these experiments were 10 and 2 mM, 
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respectively; the solutions were saturated with EDTA. Eveluation of Eu(bpy)2(N03)3 as s catalyst 
for TND dec'omposition wss performed in two "aye. First, the decomposition rates of 0.5 mN TND 
benzonitrile solutions were determined with DBA (0.17 mN; solution also saturated with EDTA) and 
Eu(bpy)2(N03)3 (0.17 and 0.34 mNn) as acceptors at 74.0 and 81.6OC, using instrumentation 
previously described for CL measurements; the CL was monitored at 615 end 439 nm for the Eu 
complex and DBA, respectively. In a second experiment. solution and zeolite CL efficiencies 
were compared. Using s c-on geometry employing a 1.0-w pathlength cuvette. the CL decay 
curve of s ZYEBT sample with an everege of 1.0 l?ID molecule per unit cell was compared with that 
of a benzonitrile solution containing TND (18 mH) and Eu(bpy)2(N03)3 (nearly saturated; SO.2 mH) 
as the acceptor. Integretion of the intensities YBB done by cutting and weighing the decay plots. 

Lifetime measurements. Photoluminescence lifetime measurements of various Eu3+-containing 
samples were made using instrumentation previously described.5 Emission wss excited at 337 nm 
and detected at 615 ma. 

Acknovledgments. WethanktheOffice of Naval Research forsupportofthls research. Professors S.H. Langer 
and W.H. Rlchardson are thanked for helpful comments and Mr. C. Mertzenich for technical assistance. 

REFERENCES 

1. 
2. 
3. 
4. 
5. 
6. 

7. 

8. 
9. 
10. 
11. 
12. 
13. 

14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 

M. E. Zawadzki and A.B. Ellis, 2. a. Chem. 48, 3156 (1983). -- 
H.E. Zawadzki and A.B. Ellis, Organometallics 3, 192 (1984). 
J.M. Eisenhart and A. B. Ellis. J- Oa Chem. 50, 4108 (1985). -- 
M.H. Olken and A.B. Ellis, .I. Am. Chem. 80~. 106, 7468 (1984). --- 
H.M. Olken, C.M. Verschoor, and A.B. Ellis, Inorg. Chem. 25, 80 (1986). 
W. Adam in "Chemical and Biological Generation of Excited States"; W. Adam and G. Cilento. 
Eds. Academic Press: New York, 1982. Ch. 4. 
E.H. White and P.D. Wildee, J. Am. Chem. Sot. 9& 6286 (1971) and E.H. White, P.D. Wildes. ---- 
J. Wiecko, H. Doshan, and C.C. Wei, ibid., - 95 7050 (1973). 
F. McCapre and D. Watmore, Tetrahedron Lett. 23, 5225 (1982). -- 
H.J. Devar and S. Kirschner, J. Am. Chem. Sot. 96 7578 (1974). --1 
W. Dew. Horrocks, Jr.. Prog. Inorg. Chem. 31, 1 (1984). 
W. Dew. Horrocks, Jr. and D. R. Sudnick, Aft. Chem. Res. 14 384 (1981). --1 
P.D. Bartlett. A.L. Baumstark. and M.E. Landis, J. Am. Chem. Sot. 96 5557 (1974). -- p-1 
S.L. Suib, R.P. Zerger, G.D. Stucky, T.I. Morrison, and G.K. Shenoy, J. Chem. Phys. 80, 2203 -- 
(1984). 
S.P. Sinha, Spectrochim. Acta. 20, 879 (1964). 
P. Lechtken, A. Yekta, and N.J. Turro, J. Am. Chem. Sot. 95 3027 (1973). --1 
W. Adam and K. Zinner, in reference 6, Ch. 5. 
K. Laidler, "Chemical Kinetics," 2nd ed., McGraw-Hill, New York, N.Y. 1965, p. 200. 
R.R. Krug, W.G. Hunter, and R.A. Grieger J. Phys. Chem. 80, 2341 (1976). -- 
A.K. Galwey, & Cstal. 26, 247 (1977). -- 
S.J. Milder, Inorg. Chem. w 3376 (1985). 
N.J. Turro and P. Lechtken, Pure Appl. Chem. 33, 363 (1973). 
R. Schmidt, H.C. Steinmetzer, H.D. Brauer, and H. Kelm, J. Am. Chem. Sot. x 8181 ---- 
K.R. Kopecky, J.E. Filby, C. Mumford, P.A. Lockwood, and J. Ding, Can. J. Chem. 2 --- 

(1976) ‘. 
_ 1103 (1975). 


