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Abstract: Dioxirane, H,COO, has been identified in the reaction of ozone with ethylene at low temperature. The methods em-
ployed in synthesizing several isotopic forms of digxirane and measurement of their rotational spectra are described. The mo-
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ments of inertia obtained for H,!2

 HD!2C160160, H,13E160160), and H,'2ETEOTE0 were employed in obtaining the

following rs structure: rgc = 1.0903 (18), rco = 1.3878 (38), roo = 1.5155 (28) A: Zuch = 117.32 (20), Zoco = 66.19 g 18;°.
The electric dipole moment, up = 2.479 (70) D, was determined from Stark effect measurement on the H,12C1°0

species.

Introduction

The ability of ozone to attack olefinic double bonds in hy-
drocarbon compounds has been known for some time. Studies
of this reaction sequence can be traced back to the early part
of this century.!2 In the early 1950s Criegee studied the re-
action sequence in detail and in 1957 he published his now
classic paper on the mechanism of ozonolysis of olefins.? In this
paper he postulated the mechanism (1). In this mechanism,

o} C\
/N o 0-0
/ o © 1l +/O N
O3+ C=C e \ [ wmemde C p C wmamPe TC (1)
\ c=C "N N
/ I\
1 2 3 4

the first step involves the simple addition of ozone across the
double bond to form a primary ozonide or “molozonide’ (1).
This adduct is generally quite unstable and decomposes readily
into an aldehyde and a “zwitterionic’ intermediate generally
known as the Criegee intermediate (3). In solution these two
fragments readily recombine to form a secondary ozonide (4).
Subsequent to these fundamental studies, variations in the
mechanistic routes have been proposed to explain the reaction
which are only slight modifications of the mechanism proposed
by Criegee.*-6 In the early 1960s the gas phase ozone-olefin
reaction was recognized as one of the prime reaction sequences
participating in photochemical smog formation over urban
areas.” At this point many new investigations of this reaction
sequence were initiated to gain a fuller understanding of the
reaction mechanism.

The majority of the studies that have been carried out can
be broken down into three broad areas of interest. The early
work, for the most part, focused on reactions in solution and
the goal of these investigations was elucidation of the reaction
mechanism and development of new synthetic routes. Later
work, carried out primarily by Kuczkowski, Gillies and co-
workers, was aimed at the structural determination of some
of the smaller ozonides.®® In addition to the structural infor-
mation which these workers obtained, their isotopic substitu-
tion studies provided some excellent insights into the mecha-
nism of the solution reaction. Some of the more recent work,
where air pollution was the major concern, dealt with reaction
rates of the various steps of the reaction sequence. These in-
vestigations were carried out using reactants in the gas
phase.

In spite of all the previous investigations, there is still much
about the reaction sequence that is not well quantified. This
is especially true of the early stages of the reaction where the
highly unstable primary ozonide and the Criegee intermediate
are thought to be present but not directly observed. The goal

of this investigation was to devise a means whereby the early
stages of the reaction could be slowed down and controlled to
the point where some of the reaction products that were present
in the early stages could be observed directly. The results of
this attempt are presented in the following sections.

Although a variety of experimental techniques have been
employed in the investigation of ozone-olefin systems, most
procedures either involve a low temperature ozonolysis in so-
lution followed by warming the resultant mixture and sepa-
ration and identification of the end products, or room tem-
perature studies of the gas phase reaction. NMR and IR
studies of the reaction at low temperatures indicate that in the
range of —130 to —80 °C changes generally occur that are
attributed to the decomposition of the primary ozonide.®1°

Our approach was to design a microwave absorption cell
which could be used as a low temperature reactor in order to
study the reaction as a function of temperature by observing
the microwave spectra of the various products present in the
gas phase at different temperatures.

Experimental Section

A. Stark Cell and Vacuum Systems. Mixtures of ozone and olefins
tend to be explosive and ozone and ozonides in general are quite re-
active especially toward organic compounds. In the design of the ab-
sorption cell and sample handling system, these characteristics were
allowed for by constructing the entire system of stainless steel, Pyrex
and Teflon. A 1-m Stark cell of conventional design was built from
thin wall stainless steel waveguide (WR62, 12.4-18.5 GHz), Figure
1. In forming the vacuum seals, Teflon O-rings and windows were used
throughout. This type of seal alleviates the need for any grease or
rubber materials to be used in forming the vacuum seals. Two
ground-glass joints in the inlet system were lubricated with Kel-F
grease. Instead of using the normal liquid nitrogen cooled trap in front
of the vacuum pump, the trap was filled with copper turnings and
heated to ~100 °C. The copper turnings are excellent for destroying
ozone and other reactive compounds that are formed in the reaction.
This method of product removal lessens the possibility of explosions
occurring that could result from an accumulation of materials in a
liquid nitrogen cooled trap.

B. Cooling Cylinder. In order to cool the cell to liquid nitrogen
temperatures, a cooling cylinder was constructed from stainless steel
pipe with an inner diameter just large enough to slip over the end
blocks of the cell; see Figure 1. Three flow ports of 0.5-in. diameter
were welded to the side of the pipe, one near each end and one in the
center. Teflon end plugs were machined to make a snug fit with the
waveguide and O-ring seals provided a tight fit between the Teflon
plugs and the pipe. To moderate the rate of warming, once liquid ni-
trogen cooling was discontinued, rubber steam pipe insulation was
taped over the outside of the steel cylinder. To cool the cell, liquid
nitrogen was usually added at the center flow port and allowed to boil
off through the end flow ports. With cooling apparatus in place, the
cell could be cooled to —196 °C with ease. Self-warming to room
temperature required ~1.5 h. The temperature of the cell was moni-
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Table I. Observed Transition Frequencies for Dioxirane?
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~ 13 = 18,18.b
Transition HZCOO < d H2 €00 HOC00 HZC 0'"0
Jk, KT JQW K» Obs v o Av Obs v ¢ Av Obs v o Av Obs v o Av

-1 4 -1+

33 - 3, 27660.90(20)% 0.139 -0.120 35623.30(30)% 0.614 1.483
35 - 3, 29938.05(05) 0.109 0.246 30123.85(05)% 0.066 0.003 29344,24(30)% 0.137 -0.070 28216.16(40) 0.373 0.24}
730 - 761 30073.97(06) 0.259 -0.057

e - 99, 30223.59(06) 0.219  -0.092

4q - 4y, 30872.02(20) 0.081 0.230 29640.53(10) 0.051 0.088 28119.28(30) 0.149 0.141  33418.42(50) 0.430 0.468
4y - 4y, 45551.84(36) 0.856 0.766
2, - 202 31753.01(05) 0.128 0.045 32136.43(08) 0.085 0.038 30523.84(50) 0.149 -0.145 28487.40(08) 0.460 -1.149
a1 - 539 35866.17(50) 0.117 0.187 31735.05(08) 0.070 0.272 27114.29(30) 0.176 -0.118 45543.44(36) 0.848 -1.148
840 - 8y 32294.62(10) 0.105 -0.081

29 - 212 42589.61(26) 0.113  0.046 33461.21(18) 0.167 0.001

752 - 743 44962.26(16) 0.094 0.091

35 - 3, 45207.53(08) 0.087 -0.110 35006.60(18) 0.144 0.054

642 - 633 45541.15(20) 0.130 -0.070 47184.67(06) 0.083 0.038

82 - 8g3 45682.51(08) 0.100 -0.148

761 - 750 46182.40(04) 0.120 0.081

6cy - 642 45663.92(12) 0.175 -0.301
104 - 10g, 33666.74(18) 0.252 0.068

93 - 954 59995.68(30) 0.267 -0.027

972 - 963 63095.60(24) 0.275 0.042 50217.48(04) 0.128 -0.03]

S, - 523 51027.12(08) 0.103 -0.148

4 - 44, 51610.23(08) 0.090 0.000 37088.35(15) 0.133 0.263

432 - 4y, 63931.40(50) 0.211  0.167

B - Og0 39160.36(10) 0.131  -0.262

5¢1 - Saz 68231.55(50) 0.149 0.092 39715.40(50) 0.172  -0.038

292 - N 68470.19(50) 0.158 -0.038 66093.90(40) 0.178 0.567

660 - 6g, 73277.80(50) 0.251 -0.007

2, - 101 73316.02(50) 0.166 0.577 67166.30(100) 0.176 -0.376 69066.10(10) 0.856 -0.585
34, - 29 116175.10(30) 0.229 -0.085 116147.71(10) 0.142 0.058 111418.10(17) 0.211  -0.08]

35 - 2, 117478.10(42) 0.211 0.050

250 - N 119264.15(21) 0.193 -0.457 117208.10(10) 0.144 -0.051 112025.90(90)  0.856  0.586
404 - 3, 130247.09(69) 0.196 -0,026

4y, - 303 130406.02(46) 0.196 0.055 128148.62(21) 0.143 -0.018 122665.65(50) 0.277  -0.007

@ All values are given in MHz. ¢ Results of a rigid rotor fit. ¢ Standard deviation. ¢ Observed minus calculated. ¢ The numbers in parentheses
are the measured uncertainties in transition frequency and refer to the last two digits given.

tored by three thermocouples taped to the outside wall of the wave-
guide.

C. Instrumental, The spectrometer used was of conventional design
employing 80-kHz Stark modulation.!! For the initial experiments
a backward wave oscillator was used to rapidly scan a portion of the
spectral range of interest. Once the overall characteristics of the
spectrum had been mapped out, free running reflex klystrons were
used to obtain precise frequency measurements of the molecular ab-
sorption lines.

D. Ozone Storage and Handling. Ozone is an explosive substance
and its storage and handling requires a certain amount of care. A
convenient method for storing ozone is to trap it on silica gel.!? A silica
gel trap provides a readily available, convenient source of fairly pure
ozone and it eliminates the necessity of preparing it fresh every time
an experiment is run.

Spectral Observations

A. Method of Observation. A number of variations on the
procedure for introducing ethylene and ozone into the wave-
guide was attempted. As it turned out it was quite difficult to

get both reactants into the cell at liquid nitrogen temperature
without an explosion occurring. Eventually the best procedure
that was found was to pressurize the cell with ~1 Torr of ozone,
cool the cell to —196 °C with liquid nitrogen, and pump off any
residual oxygen that did not freeze out and then allow ethylene
to bleed into the cell through a needle valve for ~15 s, keeping
the pressure between 50 to 100 mTorr in the inlet lines. This
allowed the ozone to form a thin layer over a large area of the
inside of the cell and thus prevented any localized buildup of
ozone and ethylene. It should be emphasized at this point that
during the course of this work many variations on this proce-
dure were used and the general observation was that the ratio
of reactants was not critical with respect to dioxirane formation
as long as some of each were introduced into the cell and no
explosion occurred. Once the reactants were in the cell, cooling
was discontinued and the warming process allowed to begin.
Spectral scans were initiated immediately and repeated every
few minutes as the cell warmed; see Figure 2. This procedure
was repeated several times for each frequency region in order
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Table IL. Rotational Constants and Centrifugal Distortion Parameters for Dioxirane

H,E004 H,!13€00 HDCOO H,EECIEYY
A”, MHz 28976.762 (78)° 28012.641 (68) 25157.48 (11) 28120.96 (21)
B”,MHz 25056.382 (86) 25056.772 (86) 2415497 (10) 22491.83 (22)
C”, MHz 14779.889 (65) 14524.118 (75) 14003.461 (72) 13648.58 (23)
1, MHz -0.371 (60) —0.422 (64) —0.482 (65)
72, MHz ~0.106 (20) -0.123 (22) —0.147 (22)
73, MHz¢ 6.95 (16) 8.41 (26) 17.1 (13)
Tagaa MHZ -0.325 (18) -0.323 (16) —0.267 (23)
Tonbb, MHz -0.398 (19) -0.418 (19) -0.398 (23)
Teccer MHzZ —0.043 (11) —0.0582 (80) —0.041 (10)

a The parameters reported here are only slight refinements of those reported in ref 13 but are given here for complctcncs§. b For the disubstituted
180 species only the rigid rotor rotational constants are reported owing to the limited number of transition frcqucnc.les 'that were mcasurcd.
¢ The numbers in parentheses represent one standard deviation of the corresponding parameters. ¢ The value of 73 is fixed by setting R¢ =

0 (see ref 15).
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Figure 1. Schematic drawing of stainless steel septum absorption cell for
low temperature microwave studies. See text for discussion of materials
and construction.

to assure that the results were reproducible. Once a particular
frequency region had been thoroughly mapped out, a new re-
gion was scanned.

Figure 2 shows the results of repetitive scans through the
29-31-GHz region. These survey scans were made using the
phase locked backward wave oscillator with a scan rate of 6
MHz/s. The temperature at the beginning and end of each
scan was recorded. In trace a (—158 to —133 °C) only ozone
is observable in the gas phase in the cell. In trace b (—125 to
—107 °C) ozone is still present and two transitions of formal-
dehyde (H,CO) appear. In trace ¢ (—100 to —84 °C) ozone
and formaldehyde are still present but now two new transitions
assigned to dioxirane!3 have grown in. In trace d (—81 to —69
°C) ozone, formaldehyde, and dioxirane are still present with
the dioxirane lines now near maximum intensity. In addition
a transition of ethylene oxide was identified as well as some
smaller lines which belong to the secondary ozonide. In trace
e (—63 to —57 °C) the spectrum of the secondary ozonide
(S0OZ) dominates, although transitions of all the other species
can still be found. In trace f (—37 to —32 °C) the pressure has
been reduced by pumping out the cell and only transitions from
the secondary ozonide and formaldehyde are evident. The
amplifier gain was also reduced by a factor of 2.5 for this trace.
Scans throughout the remainder of R band (26.5-40 GHz)
were made in a similar fashion. The details of the spectral as-
signment and molecular identification of dioxirane, H>COO,
were reported previously'? and will not be repeated here.

B. Synthesis and Spectra of Isotopic Species of Dioxirane.
In order to determine the molecular structure and confirm the
identification of dioxirane several isotopic forms of the com-
pound were synthesized. The monodeuterated species was
synthesized by using 99% enriched 1,2-dideuterioethylene as
a reactant. The H,13C00 species was prepared by using 90%
enriched [1,2-13C]ethylene. A sample of disubstituted '80
dioxirane was made from 1805 which was generated from a

small amount of 99% enriched '#0,. The isotopically enriched
ozone (180;) was prepared in a static reactor using a tesla coil
on the outside of the reaction vessel. Several grams of silica gel
were placed in a trap and degassed in the usual fashion prior
to admitting the enriched oxygen. In a typical preparation 10
Torr of 130, was admitted to the 100-cm3 trap which was
cooled using a trichloroethylene—dry ice bath. Approximately
30 min of operation of the tesla coil was sufficient to transform
the oxygen to ozone. The sample prepared in this manner was
sufficient for several microwave experiments.,

C. Measured Rotational Transitions. The measured transi-
tion frequencies of all the isotopic species studied are given in
Table I. For all of the species studied, except the disubstituted
180 species, a sufficient number of transitions have been
measured to allow a centrifugal distortion analysis to be per-
formed. For the 80 species only a rigid rotor analysis could
be carried out. The distortion analyses were carried out using
the quartic distortion model of Watson!* and computer pro-
gram developed by Kirchhoff.!® The rotational constants and
distortion parameters are given in Table II.

Molecular Structure and Dipole Moment

A. Structure. Since all the atoms in the molecule have been
isotopically substituted, a complete substitution (r) structure
can be obtained using the method of Costain.!¢ Kraitchman'’s
equations!” were employed in calculating the atomic coordi-
nates for the carbon and hydrogen atoms, and a similar set of
equations, which were derived specifically to accommodate
double substitution in a molecule,!8!° were employed in de-
termining the oxygen coordinates. The substitution method
has the virtue that some of the vibration-rotation effects are
cancelled out since only differences in the moments of inertia
are involved. The atomic coordinates and molecular parame-
ters obtained are given in Table III. In the case of dioxirane
there are no extremely small coordinates so the sign choice is
unambiguous. The fact that there are no small coordinates also
allows an accurate structure to be determined since the rg
method works best when all coordinates are >0.15 A. The
uncertainties associated with the atomic coordinates in Table
IIT are those which arise solely from the uncertainties in the
rotational constants in Table II. These uncertainties, while
much smaller than the uncertainties associated with the vi-
bration-rotation approximation, offer some estimate of the
experimental precision of the data. More reasonable estimates
of the true uncertainties in the molecular parameters are given
by the Costain uncertainties which can be propagated from the
atomic coordinates. For any given atomic coordinate (g;) the
Costain uncertainty is given by Ag; = 0.0015/¢;. The final
structural parameters and their associated uncertainties are
shown in Figure 3.

B. Dipole Moment. The molecular dipole moment was de-
rived from measurements of the frequency shift versus applied
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Figure 2. Microwave absorption spectra of the products of the low temperature reaction of ethylene with ozone. A series of spectra are shown in the range
of 29 GHz with increasing absorption cell temperature which was measured at the beginning and end of each spectral scan. At the lowest temperature
(a) only ozone rotational transitions are observed. In b both ozone and formaldehyde can be seen. In ¢ two transitions of dioxirane are indicated and
Q3 and H,CO remain. In the next scan (d) the dioxirane lines are near maximum intensity and a transition of ethylene oxide is now evident. In the final
two scans shown (e and f) the secondary ozonide (SOZ) begins to dominate, although in e the other products identified can still be observed. Between
scans ¢ and f the cell pressure was reduced by ~75% by pumping and the gain was reduced by 2.5 for scan f.

electric field for the M = 2 Stark component of the 2;;-2¢
transition and the M = 2 and M = 3 Stark components of the
351-31, transition. Four frequency and field measurements
were made for each Stark component, thus providing 12
measurements of the unknown, u,. The data were least squares
fit to

Av = (a + BM?)E2u,? (2)

where Av is the observed frequency shift at the applied electric
field E(E = V/d) where d is the distance from the cell septum
to the cell wall determined by calibration with OCS (u[OCS]
= 0.71519 (3)).20 The constants @ and 5 are the usual sec-
ond-order coefficients for the transition in question.2! For the
21120 transition @ = —3.6837 X 10~7 and b = —1.3283 X

10~7 were employed, and a = —6.4115 X 108 and b = 2.2274
X 10~7 were employed in eq 2 for the 31535, transition with
units of MHz.cm2.V~2.D~2, This analysis provides up = 2.479
(70) D.

Discussion

A. Structure. Since dioxirane is the first member of this new
class of compounds, no comparison with other members of the
class can be made at this time. However, one can compare the
bond lengths with those of other compounds which contain
typical C-O and O-O bonds. This is done in Table IV. The
C-O bonds that were chosen for comparison were aliphatic
bonds found in alcohols, ethers, and esters. In these compounds,
the C-O bonds tend to be longer than that found in dioxirane.
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Table LIl. Substitution Atomic Coordinates and Molecular
Parameters for Dioxirane?

a coordinate b coordinate ¢ coordinate

H 0b 1.349670 (78)¢ 0.931240 (81)

C 0b 0.78258 (10) 0b
O 0.75777 (78) —0.3801 (16) 0b

bond lengths Costain

and angles uncert?

FCH 1.09032 (12) +0.0018

rco 1.3878 (15) +0.0038

roo 1.5155 (16) +0.0028
/(HCH 117.320(12) +0.20
£0CO 66.189 (67) +0.18

@ All distances are in 4ngstroms and angles are in degrees. ® These
coordinates have been set equal to zero as required by symmetry
considerations. ¢ The numbers in parentheses represent one standard
deviation of the corresponding parameters which have been propa-
gated from the rotational constants, ¢ The Costain uncertainties are
defined by Agi = 0.0015/¢; where g; is an atomic coordinate.

There are few peroxy bonds available for comparison, and the
two shown in Table IV are shorter than the O-O bond in
dioxirane. The abnormal lengths of the C-O and O-O bonds
in dioxirane are undoubtedly a result of the strain that must
be present in the ring.

B. Mechanism. That dioxirane might exist as an interme-
diate in the complex gas phase reaction between ozone and
olefins was suggested by Ha et al.?3 and Wadt and Goddard.?*
Its discovery and importance in the reaction sequence have now
been elucidated.!32% In a more recent publication Harding and
Goddard?6 have expanded their theoretical calculations on the
ozone-olefin system and suggested four possible reaction routes
for the decomposition of the primary ozonide {A-D). Since

.o\
o p
o) ch-cn, + O218) (A)
CHy=CH,)
m—p HCCH)OOH sy HC=CoH 4 H,0 (B)
o

ethylene oxide has been observed in our low-temperature study
(Figure 2) and by Kiihne et al.?” in reactions at room tem-
perature, path A is viable. There is no evidence for the presence
of any of the compounds in path B, although it is an intriguing
possibility since it is energetically the most favorable by far
(AH = =79 kcal/mol).26 The end product, glyoxal, is not
casily observed via microwave techniques since it exists pri-
marily in the nonpolar trans configuration. The a-peroxya-
cetaldehyde intermediate is an interesting molecular species
whose spectrum is unknown. No evidence for any transitions
of this compound was obtained in our experiments. Path C

Ne) HOQ

\ 3 ,
_»H? P—> /C=CH?+ 02 (A)
CH-CH, H

I

o=
HOCH—CH2

CH,CHO

(C)

==> HCOOH + H,CO
branches into two parts. The part leading to vinyl alcohol and
acetaldehyde could be examined in our experiment because
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Figure 3. The molecular structure and dipole moment of dioxirane.

Table IV, Comparison of Bond Lengths Determined for Dioxirane
with Those of Other Compounds

rco. roo. type of

compd A A expt? ref
dioxirane 1.3878 (38) 1.5155(28) MW  This work
methanol 1.4246 (24) MW  22,p148
ethanol 1.4310 (50) MW 22, p 203
dimethyl ether 1.410 (3) MW 22 p 204
ethylene epoxide  1.431 (2) MW 22 p185
tetrahydrofuran 1.4280 (15) ED 22, p 287
methyl formate 1.437 (10) MW 22, p185
hydrogen peroxide 1.467 (5) IR b
ethylene ozonide  1.416, (2) 1.461 (2) MW ¢

1.412, (2)

a MW = microwave, ED = electron diffraction, and IR = infrared.
5 P. A.Giguére and T. K. K. Srinivasan, J. Mol. Spectrosc.. 66, 168
(1977). < R. L. Kuczkowski, C. W. Gillies, and K. L. Gallaher, ibid.,
60, 361 (1976).

the microwave spectra of these molecular species are strong
and well known. No transitions from either species could be
observed. The second branch which passes through a dioxetane
intermediate and eventually leads to formaldehyde and formic
acid cannot be ruled out since both are products of reaction
path D.

The last reaction sequence (D) indeed seems to be a domi-

N -0
—HCO # HC O mmy M)

(D)

CO +H,0O
QO ) - 2
H2C\<I3 — H2C\O‘ sy HCOOH -—>C02+ Ho

S co, 42n0

nant route since dioxirane has been observed and its decom-
position leads to the expected end products H, and CO.%*

C. Dioxirane Derivatives. As discussed in the previous
paper,!3 dioxirane is found in the reaction of ozone with other
terminal olefins (propene, 1-butene, and vinyl fluoride). The
branching evidenced with the observation of formaldehyde
suggests that substituted dioxiranes should also be formed in
the reaction although we were unable to observe them. This
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is probably the result of unfavorable vapor pressure versus
decomposition temperature behavior.

The substituent groups, F, CH3, or C2Hs most likely would
not substantially increase the strength of the O-O bond, while
they would reduce the volatility of the substituted dioxirane
compared with that of dioxirane itself. If this is true, a more
sensitive technique is required to observe these species in the
gas phase, although spectral studies of these species in the
condensed phase might be the best means of characterizing
them.

Hull et al.'® reported a low-temperature infrared study of
alkene-ozone reactions with the products in the condensed
phase. They assigned a number of new infrared bands by as-
suming the product was 1,2,3-trioxolane {primary ozonide)
and measured the decomposition temperature of the new
species for each of the olefins employed. In the case of ethylene
they report a decomposition temperature in the range —100
to —80 °C which is strikingly similar to that determined for
dioxirane.!32% If indeed the infrared bands detected by Hull
et al. arose from dioxirane or its derivatives, their measured
decomposition temperatures indicate that the derivatives are
less stable than dioxirane. Clearly more work is needed to
better characterize the products of low-temperature ozone-
olefin reactions.
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Spectroscopic Properties of Cyclic and Bicyclic Azoalkanes
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Abstract: The spectroscopy and photochemistry of 19 cyclic azoalkanes have been investigated. The absorption spectra consist
of a (usually structured) band in the region of 300-400 nm (e 100-600 L/ (cm mol)) which is assigned to a (n—,x*) transition.
Fluorescence is readily detected from most of the azoalkanes examined, but the fluorescence quantum yields vary from nearly
1.0 to 10™4 depending upon azoalkane structure as well as the solvent. The absorption maxima show a blue shift and the emis-
sion maxima a red shift as solvent polarity increases. For representative examples, the rate constants for photochemical nitro-
gen extrusion have been determined. These values were found to correlate with the lowest ionization potential of the azoalkane
(n~ MO). Finally, the effect of solvent on the fluorescence quantum yields and fluorescence lifetimes were determined. The
results are rationalized within the framework of conventional quenching mechanisms.

Introduction

Although the photochemistry of cyclic azoalkanes has been
widely studied?2:b only a few systematic investigations have
been carried out on their spectroscopic behavior.2 Cyclic
azoalkanes commonly exhibit fluorescence, in contrast to their
acyclic counterparts, The (usually) highly structured ab-
sorption and emission spectra and the absence of side reactions
which compete with fluorescence and loss of nitrogen (e.g.,
cis-trans isomerization or tautomerization) make the cyclic
azoalkanes (1-19) (Scheme I) attractive models for a sys-
tematic spectroscopic and photochemical investigation. In this
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paper we report a detailed study of the spectroscopic properties
of compounds 1-19.

Experimental Section

The structures of the azoalkanes investigated in this work are given
in Scheme I. Samples of 10, 13, 14, and 15 were obtained from Pro-
fessors C. Steel,® B. Jacobson,4 E. L. Allred,’ and T. J. Katz,% re-
spectively. The other azoalkanes were prepared as previously de-
scribed. For compound 1b see ref 7; for compounds 2 and 3 see ref §;
for compounds 4-9 and 11 see ref 9, for compounds 16-19 see ref 11,
12, 13a, and 13b, respectively; and for compound 12 see ref 10.

Absorption spectra were measured on a Cary 17 spectrometer. The

© 1978 American Chemical Society



