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Abstract: The distribution of products in the photolysis of 2,3-diazabicyclo[2.2.2]oct-2-ene (DBO) is determined by

the electronic spin state of the cyclohexane-1,4-diyl intermediate. Triplet cyclohexane-1,4-diyl yields 1,5-hexadiene
(HD) while singlet cyclohexane-1,4-diyl produces bicyclo[2.2.0]hexane (BCH) as the stable product. Intersystem
crossing (ISC) between the two diyls is enhanced by an external heavy atom effect. Direct photolysis (366 nm) of

DBO in NaY zeolite containing adsorbed xenon yields

a product ratio of 75:25 in favor of the triplet product, HD.

This is a 24% increase in triplet product from direct photolysis-octane. The dramatic enhancement of ISC may

be caused by polarization of the Xe atom in the faujasite cage, thereby allowing it to reach its full potential as a
heavy atom perturbant. The 3:1 product ratio derives from complete equilibration of the three triplet electron spin
states and the singlet spin state either in the short-lived diazenyl diradical ohigh-&nergysurface of the 1,4-

cyclohexanediyl in which the singlet and triplet states

are degenerate. The same 75:25 product ratio is achieved

(without Xe adsorbed to the zeolite) when theNaation of the zeolite is exchanged with Csation. This is not
surprising since Xe and Csare isoelectronic and therefore should share similar-spihit coupling characteristics.
Also reported are the product ratios when photolysis of DBO is carried out in zeolites containing other monovalent

cations (Li*, Na, K*, Rb").

Introduction

Heavy atom (HA) solvents are commonly used in photo-

chemistry to enhance intersystem crossing (ISC) in the excited

state and in reactive radical pairsAn increase in ISC can alter

the ability to adsorb other molecules in close proximity and, in
the case of the Xe atom, slightly polarize the filled valence
electron shelf.

The faujasite framework is comprised of a three-dimensional
network of oxygen-sharing Al§ and SiQ tetrahedra that form

fluorescence or phosphorescence quantum yields, or change thg 41 and relatively spherical structures known as sodalite cages.

distribution of stable products that arise from singlet and triplet
precursorg. Intermolecular HA-induced ISC arises via spin
orbit coupling (SOC) interactions, with the magnitude of SOC
increasing as the nuclear charge increases and the outer valen
shell begins to filkd Bromine-containing and iodine-containing

hydrocarbon solvents offer some of the most convenient and «
widely-used perturbants, but they have an undesirable reactivity 5 .cass to the interior.

toward many free radical specigsXenon offers the possibility
of even higher SOC with no reactivity toward radical abstraction,
but with a filled valence shell, its ability to promote ISC is
minimal in a nonpolarizing environment.

Zeolites offer an attractive alternative to solution chemistry
when looking for heavy atom effects in the photochemistry of

The sodalite cage has an opening that is too small to allow the
entrance of most organic molecules. Multiple sodalite cages
are joined together to form and surround even larger void spaces
G the faujasites to form supercages. Each supercagé3sA
across and has a volume 800 A%. The supercage has four
windows”, eachw7.5 A in diameter, to allow guest molecules
Each negatively charged Al@s
countered by a cation (¥),* and the overall formula for the
faujasites is M(AIO3)~(SiOs),. The cations occupy three
separate sites of the faujasites (I, Il, 1ll). Two of these sites
(1, 1) allow interaction between the cation and adsorbed
organic molecules. The final site for the cation (l) is located
inside a sodalite cage and is thus precluded from interaction

organic compounds. The faujasite class of zeolites containsyyith a guest moleculé.

cations that may be exchanged for heavy cations (i.e, RE",

The arrangement of the supercage results in an electrostatic

TI*) that can increase the rate of intersystem crossing betweengradient within the supercage such that the overall polarity of
singlet and triplet electron spin multiplicities. In general, the the supercage decreases with increasing cation size(INa*
faujasite cage itself is non-reactive in organic systems and allows > K+ > R+ > Cst). Previous studies have shown that the

products to be removed by extraction with organic solvents, or photochemistry of a guest molecule can be altered by the heavy

by dissolution of the matrix by acid. The faujasites also offer

* Author to whom correspondence should be addressed.
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atom influence of the cation through the spin-orbit coupling
parameter (with Rb and Cst), or the light atom effect (L

and Na) that affects the guest by high charge density. Lastly,
the photochemistry may be changed simply by the steric factors
associated with the supercayd-or this investigation, the NaY
zeolite was chosen for study.
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DBO Photolysis. In this study we have chosen 2,3- Results and Discussion
diazabicyclo[2.2.2]oct-2-ene (DBO) as a reporter molecule for ) ) )
ISC through SOC. DBO undergoes deazatization following ~ Xenon Heavy Atom Effect in Solution. Photolysis of DBO
direct irradiation of the =N chromophore, or singlet sensitiza- Was carried out in solution (0.03 M DB®bctane) as a function
tion to yield 1,5-hexadiene (HD) and bicyclo[2.2.0]hexane Of increasing Xe pressure. The sample was degassed by a series
(BCH) with a product ratio of 51:49 im-octane® ISC is of 5 freeze-pump-thaw cycles prior to admission of Xe at a
possible at two points. The first is the diazenyl diradical formed final pressure of 5120 psi, with 120 psi corresponding to a
when the first G-N bond is broken. Rapid ISC here would Xe concentration of 1.3 M im-octane at 25C.1! Photolysis
yield a 1:3 ratio of singlet:triplet cyclohexane-1,4-diyl after was carried out at 366 nm as previously describeOnly a
deazatization. Rapid ISC may also ocas the actiated 3% increase in the amount of triplet derived product, from 51:
cyclohexane-1,4-diyl form#o determine the stable product 49 to 54:46 HD:BCH, was observed. By comparison,a 1.1 M
outcome at a point when the energy difference between theiodooctane solution increases the triplet productif0%?8

singlet and triplet spin states is sm@llFurther ISC does not Xenon Heavy Atom Effect in Zeolites. Xenon exhibits a
occur in the short-lived 1,4-cyclohexanediyl boat intermediate 1, ,ch Jarger HA effect when bound in the zeolite cage with
because of the larg&Es: (Scheme 1). The ratio of hexadiene: ppo. The extent of photolysis was typically-2% in the
blcyclohexar_le can be increased to a limiting value-ab:25 zeolite and GC analysis was used to determine the ratio of
HD:BCH by increasing amounts of bromooctane or iodooctane products. This procedure was repeated with the other noble

cosolvgnﬁ Trgs feqtgre matl)kesf tsh(()acp.h(()jtolys(,jlsstngBO a gases, He and Ar, as controls for which no HA-induced SOC
gﬁg\é?:;sm and sensitive probe o -induced ISC in reactive is expected. [It should be noted that, in all cases, the zeolite
' i samples were handled in a drg Btmosphere or under vacuum.
Xenon Heavy Atom Effects. The noble gases, Xe in 4 high amounts, water can displace the guest molecule from
particular, havg been used extensively to enhance ISC ratr_esthe supercage. In smaller amounts it may collect around the
Carroll anq Ql.“na used Xe as a H.A qu_orescence qugncher n openings of the supercage and hinder loading of DBO, or
the determination of ISC quantum yields in benzene derivafives. ; f the produce?
At the same time, Macbeath and Unger showed experimentally extraction o P ) o L
that Xe promoted ISC in the photolysis of monofluorobenzene, The DBO/Xe/NaY_ adsorbate exhibited a dramatic increase
as indicated by a decrease in the fluorescence quantum yieldn the amount of triplet product t6275:25 HD:BCH upon
and by an increase in the rate @§-2-butene photoisomeriza- ~ Photolysis throughout the range of-320 psi Xe (Figure 1).
tion® More recently, Morgan and Pimentel used steady-state The 3:1 ratio of triplet:singlet products is consistent with
and time-resolved emission spectroscopy to show that Xe complete equilibration of the three triplet states and the singlet
produced an increase in the phosphorescence quantum vyielcstate if theAEst = 0. This equilibrium is reached at relatively
and a concomitant decrease in the fluorescence quantum yieldow pressures of Xe because of specific adsorption in the
of (dimethylamino)benzonitrile in cryogenic Xe matrices. This faujasite cage and localization of DBO in close proximity to
was attributed to an increase in thg ¥ S and § = Xe. Other studies using Xe to enhance ISC have shown that
T, rates via HA-induced SOE. Other examples of Xe-

i i _ (9) Morgan, M. A.; Pimentel, G. CJ. Phys. Chem1989 93, 3056.
induced ISC in anthracenes afigy-unsaturated ketones are (10) () Tanaka. F.: Hirayama, S.: ShobatakeCkem. Phys, Lett 992

known© 195, 243. (b) Calcaterra, L. T.; Schuster, D.J. Am. Chem. Sod.981,
103 2460.
(6) Anderson, M. A.; Grissom, C. B.. Am. Chem. S0d995 17, 5041. (11) Solubility Data Series Vol. 2 Krypton, Xenon and Radon-Gas
(7) (a) Carroll, F. A.; Quina, F. HJ. Am. Chem. Sod 972 94, 6246. Solubilities Clever, H. L., Ed.; Pergamon Press: New York, 1979; p 159.
(b) Carroll, F. A.; Quina, F. HJ. Am. Chem. Sod 976 98, 1. (12) Turro, N. J.; Cheng, C.; Abrams, L.; Corbin, D. R.Am. Chem.
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85 Table 1. Diene and Bicyclohexane Production in the Direct
) Photolysis of DBO as a Function of Faujasite Y Cation
80 zeolite % 1,5-hexadiene % bicyclo[2.2.0]hexane
° Liy 62.6 +0.8 38.4+ 0.8
g 75" (] — . NaY 64.8+ 0.5 35.24+0.5
b} ° e KY 65.6+ 0.8 34.4+ 0.8
2 704 RbY 725+ 0.5 275+ 0.5
kS CsY 74.8+0.9 25.2+0.9
w
= __4 o 3 2 NaA 65.7£ 0.7 34.3+0.7
2
60 - Table 2. Estimated Spir-Orbit Coupling Constants for Metal
Cations and the Isoelectronic Noble Gas Atoms
55 — T T T - cation (isoelectronic electronic spin—orbit coupling
0 20 40 60 80 100 120 140 noble gas) configuration constants{/cm1)2
Gas Pressure (psi) Lit (He) 1g 0.7
+
Figure 1. Percent 1,5-hexadiene produced in the direct photolysis (366 E? (X;I)e) H:??sf ggz 34218
nm) at 25°C of DBO in NaY zeolite as a function of xeno®), argon Rb* (Kr) Ar 4s? 4¢P 3480
(m), and helium &) gas pressures. Cs' (Xe) Kr 58 5P 6080

: : @ Reference 3. Thé&/cm™! values were estimated by findirig for
the first Xe molecule provides most of the enhanced ISC effect. an excited spconfiguration. A p-electron was promoted to form the

Additional Xe atoms have a smaller or an inconsequential added gycited configuration.
effect’®

The effect of Xe is to increase ISC in the diazenyl diradical \yhich phosphorescence had never been observed previgasly.
or after the second €N bond cleavage has occurred as the Fyrthermore, when faujasites are exchanged with heavy cations
cyclohexane-1,4-diyl is forming on an activated (high energy) (e.g. R, Cs", and TI"), the normal fluorescence emission
surface. On this high-energy surface the energies of the singletspectrum of excited naphthalene can be replaced with a low-
and triplet states are degenerate. There is no effect of Xe ongnergy emission band ascribed to phosphorescence. This effect
the Y(n—x*) and ¥(n—=*) transition in DBO before bond  phas peen seen with several other organic guéatsAnother
cleavage, as indicated by the unaltered fluorescence lifetime gycellent example is the observation of phosphorescence at 298
and emission spectrum of DBO and the DBO/zeolite adsorbate k from trans-stilbenes in Tt-containing faujasites. This is
in the presence and absence of Xe (see supporting information) significant in that only weak phosphorescence from stilbenes
Phosphorescence has never been observed in BBO. has been recorded at 77 K in an organic glass containing ethyl

The value of SOC for ground-state noble gases is quite small,jodide as the heavy atom perturbaht. These effects are
as only a trivial amount of polarization exists in the filled attributed to the enhanced intersystem crossing efficiency of
(closed-shell) valence octet. Spiorbit coupling values forthe  the heavy cation zeolites along with their ability to encapsulate
excited state are reported to be as follows: He, 0.7'ciNe, the guest and keep it close to the cation. In this study, we have
520 cnt; Ar, 940, ent; Kr, 3480 cnm*; and Xe, 6080 cm'.3 photolyzed DBO in light and heavy cation exchanged Y zeolites
These should be regarded as being close to maximum valuegq compare with the effects induced by Xe.
that will only be realized in a high-energy environment. If the The results for Lf, Na“, K*, Rb*, and C$ exchanged
SOC of Xe were as high as 6080 tithen a Xe concentration  zegjites are shown in Table 1. Two trends are readily apparent.
of 1.3 M should have produced more than a 3% increase in First, the heavy atom cations, Rland C¢&, show an increase
triplet product, by comparison to the 10% increase in triplet in the percentage of diene. The amount of diene formed when
product realized with 20% iodooctane (1.1 M) solution. We st s included in the zeolite matrix is the same as that produced
believe adsorption of the Xe atom in the electrostatic environ- \yhen Xe is adsorbed in the zeolite. The percentage of diene
ment of the zeolite cavity polarizes the Xe atom and increases remains ak-75% when the DBO/CsY adsorbate is flushed with
its ability to induce SOC. Although this polarization may be xe and photolyzed. This observation suggests that ISC has
small in NaY? this slight polarization may be sufficient to  produced an equilibrium between singlet and triplet spin states
induce a high level of SOC. This polarization will decrease znq that Cs and adsorbed Xe have roughly the same effect on
the energy gap between the ground state and the lowest excitednhe rate of ISC. This is not surprising, since these species are
state and thereby increase SOCAlternatively, a van der  jspelectronic and should have similar SOC parameters.
Waal's complex of Xe with DBO during photolysis may be  sOC Constant for Cs*. The SOC constant that is often
sufficient to induce SOC. reported for C$ is 840 cnt?, but this is derived for the first

Effects of Heavy Atom Cations in the Faujasite Cage.A excited electronic state, and not for'Ci®a If this value were
large volume of work detailing the enhancement of ISC rates ¢orrect, C$ would have only a minimal ability to induce SOC.
by heavy atom cations in zeolites is availablé. In elegant The electronic states for tj Nat, K+, Rb", and C$ compare
work, Ramamurthy et al. have shown that heavy atom cations more closely with the noble gases He, Ne, Ar, Kr, and Xe and
have been used to record phosphorescence from polyenes foghould have similar SOC constants. In fact, since the metal

(13) Kim, T.; Choi, Y. S.; Yoshihara, KChem. Phys. LetL995 247 cations contain an additional proton in the nucleus, their
541. respective SOC constants may be slightly greater than the

(14) (a) Engel, P. S.; Steel, ®ce. Chem. Red973 6, 275. (b) Clark, corresponding noble gases. The contrasting values are given
W. D. K.; Steel, C.J. Am. Chem. Sod 971 93, 6347. (c) Engel, P. S; in Table 2

Nalepa, C. JPure Appl. Chem198Q 52, 2621.

(15) (a) Ramamurthy’ V.; Caspar, J. V.; Eaton, D. F.; Kuo, E. W.; Corbin, It has been SuggeSted that the electron cloud of the4A|O
D. R.J. Am. Chem. S04.992 114, 3882. (b) Ramamurthy, V.; Corbin, D.  moiety, which forms part of the faujasite wall, is highly extended
R.; Kumar, C. V.; Turro, N. J.Tetrahedron Lett.199Q 31, 47. (c)
Ramamurthy, V.; Caspar, J. V.; Corbin, D. R.; Eaton, DJFPhotochem. (16) (a) Saliel, J.; Khalil, G. E.; Schange, Khem. Phys. Lett198Q
Photobiol A1989 50, 157. 70, 233. (b) Garner. HJ. Phys. Chem1989 93, 1826.
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spatially and may tend to completely shield the cationic charge. little or no effect on the product ratio. This leaves us with no
However, it was pointed out in the same work that the larger definite explanation for the increase in diene/bicyclohexane ratio
cations ¢&Na') protrude beyond the electronic cloud of AfO for the light cation zeolites relative to the product ratios observed
In this case, the nature of the species will clearly be catitthic. in homogeneous solution photolysis.
To consider these cations to have the low SOC value of the It might be argued that an increase in size of the catior(Rb
excited ground state atom seems unreasonable. Cs") and the added steric hindrance of a multiple-occupied
The second trend from Table 1 is the increased fraction in supercage might lead to the increase in the HD:BCH ratio when
diene production relative to photolysis of DBOriroctane. The ~ RbY and CsY are utilized as hosts. We feel this is unlikely,
increase in HD:BCH product ratio from 50:50 to 65:35 in the Since our previous work with heavy atom containing solutions
light cation exchanged zeolites at first seemed to suggest thatshows the same enhanced ratio. In addition, since it is generally
the micropolarity of the cage is increasing the rate of 1SC. accepted that the cyclohexane-1,4-diyl must relax into the twist
Zeolites containing light cations have a greater electrostatic field boat or chair conformatidf (from the initial boat form) to open
within the cage (Lt > Na* > K+ > Rb" > Cs') and are known to the 1,5-hexadiene, any steric interference with this process
to produce changes in the photophysics of organic mol- should lead to more bicyclohexane, and not the diene, being
ecules’? Itis possible that the electrostatic field within the cage formed preferentially.
may be polarizing the DBO molecule (most likely after at least ~ Mechanism of Product Formation in the Photolysis of
one C-N bond has broken) thereby leading to an increased rate DBO. These results have forced us to slightly modify our initial
of ISC. proposal for the mechanism of product formation in the
To evaluate this possibility, DBO was photolyzed while Photolysis of DBG2 No bicyclohexane can be formed from
adsorbed to theurfaceof NaA zeolite. NaA has much smaller the singlet twist boat conformation. Before or simultaneous
openings to the cage systemZ A) thereby excluding most ~ With deazatization, ISC can be increased by neighboring heavy
organic molecules from the supercage. No difference in product 20ms up to the 75:25 equilibrium between the singlet and triplet
yield was observed in the photolysis in the supercage and on€lectron spin multiplicities. The singlet diazenyl diradical closes
the surface. DBO was adsorbed onto celite as a further t0 bicyclohexane with concomitant loss of While the triplet
investigation of surface photolysis. The HD:BCH product ratio diazenyl diradical relaxes to the twist-boat conformation,
was within 1% of the NaA results. These results suggest that €xtrudes N, and eventually undergoes ISC to the singlet
the electrostatic field inside the supercage is not responsiblediradical and undergoes ring opening to give 1,5-hexadiene

for the increase in diene production in the"LNat, and K" Y (Scheme 1).

faujasites. Direct irradiation of the diazene chromophore produces the
excited singlet state of DBO. This species can lose energy
through internal conversion, fluorescence emission, or homolysis
of the C—N bond to produce the diazenyl diradical. [Phos-
phorescence has never been observed in intact DBO.]

The surface photolysis results also seem to minimize the
importance of the “lebensraum”, or void space effect, on the
product distribution. Turro and co-workers have shown the
effect of varying the supercage size on product ratios in the i ) ) ) )
photolysis of dibenzyl ketone (DBKY. DBK photolysis in Rgp|d ISC may occur at either of two points in the reaction.
homogeneous solution yields diphenylethane (DPE) as the onlyR@Pid mixing of the spin states may occur in the diazenyl
isolated product. When the DBK is introduced inside MY diradical tp prqduce the 3:1 ra:uo of smgllet to triplet cyclohgx-
zeolites, the yield of DPE decreases and the appearance of tw"€-1,4-diyl directly. “Alternatively, rapid ISC may occur in
new productsp-DBK and p-DBK, increases as the exchanged the 1,4-cyclohexanediyl, bainly on a very high energy surface,
cation increases in size (€s- Rb* > K*). It is suggested where the energy of the singlet and triplet electron spin state is
this effect is caused by the steric constraints imposed by the €dual (hence the 3:1 statistical mixture). SinceNCbond
larger cations and thereby leads to a reduction in void space. |fcleavage requires thermal activatidh & 8—9 kcal/mol), bond
proper separation of the primary DBK radical pair is limited _homonS|_s and _I}lextrusmn must lie on a reaction surface that
by these steric factors, decarbonylation cannot occur and thelS €ven higher in energy than the reaction surface produced by
radical pair will react to form the isomeric ketones DBK, Photochemical excitation alone. Fast loss eiwéould produce
0-DBK, and p-DBK depending on the amount of movement 1,4-cyclohexanediyl in a boat geometry with the unpaired
allowed by the supercag@. The MX faujasites, which have electronic orbitals oriented orthogonally. Calculations at the
roughly double the amount of exchangeable cations, and thusG-S}G* level reveal than the bo.at conformatio.n is not an energy
even more cramped supercages, show an even larger lebensraufinimum, but relaxes to the t\let-b;gt or chair conformers that
effect than their MY counterparts. Other lebensraum effects &€ local minima on the energy surfaceln the boat conforma-

on Norrish type | and Il reactions are also well-knotfin. tion of 1,4-cyclohexanediyl, the energy gap between the singlet
The similar HD:BCH product ratios observed in our study

and triplet state is large\E, = 22 kcal/mol) and this precludes
of DBO contained in the light cation (tj Na*, K*) zeolite

reversible ISC in the true boat geometry. This mechanism is

and surface photolysis experiments indicate that interior size not vastly different than that proposed by Edmufis.

has little to do with product ratio in our system. The relatively Conclusions

heavy loading of DBO in our samples suggests that many

supercages may contain up to three DBO molect¥eEven The spin-orbit coupling afforded by Xe is enhanced through

this added steric hindrance inside the void space seems to havgolarization by adsorption in the zeolites or adsorption in a
microenvironment that will influence the distribution of the

(17) (a) Ramamurthy, V.; Corbin, D. R.; Eaton, D.Tetrahedron Lett.

1989 30, 5833. (b) Garcia-Garibay, M. A.; Zhang, Z.; Zhang,Z.Am. (19) This estimation is based on the calculated size of DBO (4.62 A
Chem. Soc1991 113 6212. (c) Zhang, Z.; Turro, N. Jetrahedron Lett. 4.28 A x 3.05 A) and the space available inside the NaY zeolite. DBO is
1987, 28, 5637. (d) Zhang, Z.; Turro, N. Jetrahedron Lett1989 30, not assumed to “stack” well.

3761 (20) (a) Engel, P. S.; Horsey, D. W.; Keys, D. E.; Nalepa, C. J.; Soltero,

(18) (&) Ramamurthy, V.; Corbin, D. R.; Turro, N. J.; Sato, Y. L.R.J. Am. Chem. S0d983 105 7108. (b) Edmunds, A. J. F.; Samuel,
Tetrahedron Lett1989 30, 5829. (b) Ramamurthy, V.; Sanderson, D. R.  C. J.J. Chem. Soc., Perkins Trans.1989 1267.
Tetrahedron Lett1992 33, 2757. (c) Ramamurthy, V.; Corbin, D. R;; (21) Roberson, M.; Simons, J., University of Utah, personal communica-
Johnston, L. JJ. Am. Chem. S0d992 114, 3870. tion.
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closed electronic octet through noncovalent interactions. Xenon (366 nm) and the quantum yield for deazatization of DBO at@5s
has the added advantage of being non-reactive toward atomlow (®; = 0.018, GHe).>> Lower loading levels do not produce

abstraction and it is transparent at the wavelengths commonlysufficient of product for analysis. The DBO loaded zeolite70 mg)
used to initiate photolysis. was placed in a closed end Pyrex tube (10 cm long, 0.d. 9 mm, i.d. 5

The product ratio reaches a level of 3:1 1,5-hexadiene: mm). The sample tube was evacuated at 0.02 Torr for 30 min and

. : S flame-sealed.
bicyclohexane when DBO is photolyzed inside heavy atom The DBO/zeolite samples were photolyzed 6oh using a 450-W

containing faujasites. The heavy atoms may be in the form of ompact Hg arc lamp that was filtered to allow passage of a 100-nm
exchangeable cations (RbCs") or adsorbed Xe. The product  pand centered at 366 nm. After 1 h, the sample was rotatetj 480

ratio of 1,5-hexadiene:bicyclohexane is controlled by the after 2 h, the sample was agitated thoroughly. This process was
electron spin multiplicity of the intermediate diradical. The spin continued for the entire photolysis period to provide the maximum
multiplicity reaches an equilibrium of 3:1 (three triplet states conversion of azoalkane to products. After photolysis, the zeolite was
for each singlet state) when ISC crossing, via SOC, is stirred in 0.5 mL of dry toluene (Omnisolv) for 10 h to extract the
maximized by the use of heavy atoms in the zeolite cage. The Photolysis products and any excess DBO. The zeolite was separated
zeolites also have the advantage of keeping the diradical in closdom the toluene by centrifugation. Several samples were extracted

proximity to the heavy atom.

Rapid ISC induced by heavy atoms may take place in the
diazenyl diradical or in the high-energy cyclohexane-1,4-diyl.
The singlet diazenyl diradical closes to form bicyclohexane,
whereas the triplet diazenyl of the diyl relaxes from the boat
conformation to the twist-boat, and then possibly to the chair,
before undergoing ISC to the singlet and ring opening to the
1,5-hexadiene product.

Experimental Section

General. The synthesis of DB& and the identification of products
for DBO photolysi§ have been reported previously. All solvents used
for loading and extracting zeolites were of the highest possible purity.

Zeolite Preparation and DBO Loading. The NaY zeolite powder
was purchased from Aldrich. The zeolite was calcined at B6%or
12 h to destroy any organic contaminants. Cation exchange KUi,

Rb", Cs") of the zeolite was carried out according to literature
methods823 The cation of interest was exchanged into the NaY zeolite
by contacting the powder with the appropriate 10% nitrate solution
(LINO3, NaNG;, etc.) at 90°C for 4 h. For each gram of zeolite, 10
mL of the cation nitrate solution was used. This cycle was repeated

three times to determine if either product was preferentially adsorbed.
The first extraction typically yieldee#85% of the products, the second
~10%, and the third~5%. GC analysis indicated there was no
difference in product ratio from one extraction to the next. The extent
of photolysis was typically £2%. It should be noted that the samples
must be sealed under vacuum and photolyzed soon after removal of
all pentane (+2 days). Older non-vacuum sealed sampte® (veeks)
showed a small amount of 1,5-hexadiene and bicyclohexane product
upon extraction even without photolysis. Freshly prepare2l days),
vacuum sealed samples showed no products in the absence of
photolysis.

DBO/NaY/Xe Sample Preparation. A Pyrex sample tube was
attachedda a 4 in. section of 3/8 in. copper tubing with Torr Seal. The
connection was cured at 11 for 12 h. The Pyrex/copper tube
assembly was filled with the NaY/DBO and a 200 test stop valve was
fitted to the assembly. The assembly was connected to a 25 L tank of
Xe gas (Spectra Gases, 99.999%) equipped with a 200 psi regulator.
The sample and gas line were evacuated at 0.02 Torr for 30 min. The
system was flushed with Xe gas to pressures-e120 psi. The valve
was closed and the sample was allowed to incubate for 30 min prior to
photolysis. The DBO/zeolite/Xe samples were photolyzed and ex-
tracted, and the products were analyzed as described above.

Fluorescence Studies (Available as Supporting Information).

three times. The zeolite was filtered, washed thoroughly, and dried at g grescence studies on DB@dctane, DBQO#-octane/Xe, DBO/NaY,

120°C for 30 min. The zeolite cake was crushed into a fine powder
and heated under vacuum (0.02 Torr) at 3Q0for 3 h. This process
was also carried out with NaNCto ensure that all samples were

and DBO/NaY/Xe systems were carried out with an Aminco-Bowman
spectrofluorimeter. The apparatus was used in the reflectance mode
for all measurements. The excitation wavelength was 337 nm (the

manipulated in the same manner. From this point, the zeolite sample n— .+ transition of the —N=N— chromophore) and the emission

was handled in a Natmosphere.
To load the dry zeolite, 50 mg of DBO was dissolved in 4 mL of
dry pentane (Omnisolv). To this solution was added 350 mg of the

dry NaY and the slurry was stirred for 10 h. The excess pentane was
removed and the zeolite was washed with three 4-mL aliquots of fresh

wavelength was scanned from 350 to 500 nm. No change in emission
intensity or any shift ifmax (405 nm) was observed for any of the
four measurement conditions.
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