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photolyses. The low quantum yield for the formation 
of this product (<10 -6) indicates that the rate of re
combination is slow compared with that of competing 
processes; for example 

CF3 + I2 —*• CF3I + I (3) 

Verification that CF3I is dissociating is provided by the 
experiment with NO added. The rate constant16 for 
the reaction CF3 + NO -*• CF3NO is about one-tenth 
of k3; hence the amount of CF3NO formed sets a lower 
limit on the extent of photodissociation. 

The contrasting reactivity of hot CF3 and CH3 radi
cals can be explained by differences in the distribution 
of vibrational and translational energy in the two photo-
dissociation processes.17 It has been proposed that 
photodissociation at 2537 A involves excitation of the 
alkyl iodide to an unstable (n,<r*) state in which the 
H-C-H or F-C-F angle is less than tetrahedral,18 

followed by C-I bond rupture, probably during the first 
vibration in the excited state. Since the methyl radical 
is planar,19 the configuration with an interbond angle of 
less than 120° would correspond to an excited level of 
the deformation mode, with about 10 kcal/mole of 
vibrational energy for a tetrahedral angle.20 On the 
other hand, CF3 has an interbond angle of H l 0 , 2 1 and 
one would not expect the deformation vibration to be 
excited during dissociation. A difference in the parti
tion of translational and internal energy could then in
fluence the rate of abstraction, either because of more 
effective transfer of vibrational energy to the reaction 
coordinate representing hydrogen atom abstraction or 
because the relatively low efficiency of vibrational re
laxation compared with translational relaxation permits 
a hot CH3 radical to retain its excess energy longer than 
the CF3 radical does. 

The original suggestion11,12 that vibrational energy 
was involved in hot reactions was based on the observa
tion that He, Ne, Ar, and CO2 had the same deactiva
tion efficiency, contrary to predictions made for the 
transfer of translational energy. However, Doepker 
and Ausloos13 point out that this result would also be 
predicted if the average kinetic energy of hot radicals is 
barely above the threshold energy for reaction 1. Their 
measurements of $CHs in this reaction indicate that 
several hydrocarbons are of nearly equal efficiency in 
collisional deactivation, but do not provide absolute 
values of the deactivation rate. 

Simons and coworkers 17,22~24 have shown that photo
dissociation of certain polyhalomethanes leads to radi
cals containing enough vibrational energy to undergo 
unimolecular decomposition as an alternative path to 
hydrogen abstraction. In these cases, at least part of 
the vibrational energy probably results from extension 
of a carbon-halogen bond (other than the one being 
ruptured) in the excited state of the molecule.1V Such 
an effect would be greatest when the two carbon-halo-

(16) B. G. Tucker and E. Whittle, Trans. Faraday Soc, 61, 484 (1965). 
(17) J. R. Majer and J. P. Simons, Advan. Photochem., 2, 137 (1964). 
(18) A. D. Walsh, J. Chem. Soc, 2321 (1953). 
(19) G. Herzberg, Proc. Roy. Soc. (London), A262, 291 (1961). 
(20) C. D. Bass and G. C. Pimentel, J. Amer. Chem. Soc, 83, 3754 

(1961). 
(21) F. W. Fessenden and R. H. Schuler, J. Chem. Phys., 43, 2704 

(1965). 
(22) J. P. Simons and A. J. Yarwood, Trans. Faraday Soc, 59, 90 

(1963). 
(23) P. Cadman and J. P. Simons, ibid., 62, 631 (1966). 
(24) R. C. Mitchell and J. P. Simons, Discuss. Faraday Soc, in press. 

gen bonds have similar dissociation energies and would 
be minimized in CF3I. 

We have also carried out photolyses of CF3I at 1849 
A and find that reaction with hydrogen takes place with 
a quantum yield of about 0.1. This is an upper limit, 
since we have evidence of a contribution from a surface 
reaction. In addition to the much larger amount of 
total energy available (65 kcal/mole instead of 36), dis
sociation takes place from a higher excited state18 in 
which the distribution of energy may differ from that in 
the state excited by 2537-A radiation. 
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The Vacuum Ultraviolet Photolysis of Liquid Benzene. 
Photoisomerization of Benzene to Dewar Benzene1 

Sir: 

Among the more intriguing aspects of the known 
photochemistry of benzene are the pronounced differ
ences between liquid-phase and vapor-phase photolyses. 
For example, when benzene is photolyzed2 in hydrocar
bon solvent at 2537 A, the primary product, formed in 
isolable quantities, is benzvalene (I).3 Benzene vapor, 
however, is virtually inert to 2537-A radiation,4 at least 
with respect to formation of well-defined photoproducts 
other than benzene itself. The dideuteriobenzenes un
dergo intramolecular photoisomerizations5 apparently 
analogous to those reported for the 2537-A photolyses 
of substituted benzenes.6 The recovered photolysate, 
however, contains only benzene within the limits of 
detection by flame ionization gas chromatography.6* 
Upon prolonged irradiation of benzene vapor at 2537 A 
(Vycor 7910 filter) biphenyl is formed in addition to un-
characterized polymer.53 The photolysis of neat liquid 
benzene at 2537 A has been reported to yield fulvene 
(II) as the major photoproduct,7 but it has been sug
gested that fulvene is in fact a secondary product arising 
from benzvalene.8 The direct photoconversion of 
benzene to Dewar benzene (III)9 has not yet been re
ported. However, the photolysis of hexafluoroben-
zene,10 tri-?-butylbenzenes,u and l,2,4,5-tetra-/-butyl-
benzene12 does give the corresponding Dewar form in 
each case. 

In view of these results, we have undertaken a study 
of the vacuum ultraviolet photolysis of liquid benzene 
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(5) (a) H. R. Ward and J. S. Wishnok, unpublished results; (b) K. E. 

Wilzbach and L. Kaplan have kindly informed us, prior to publication, 
of their similar findings for the photolysis of trideuteriobenzene. 

(6) (a) L. Kaplan, K. E. Wilzbach, W. G. Brown, and S. S. Yang, 
J. Am. Chem. Soc, 87, 675 (1965); (b) K. E. Wilzbach and L. Kaplan, 
ibid., 86, 2307 (1964). 

(7) J. M. Blair and D. Bryce-Smith, Proc Chem. Soc, 287 (1957). 
(8) K. E. Wilzbach and L. Kaplan, personal communication. 
(9) Bicyclo[2.2.0]hexa-2,5-diene. 
(10) I. Haller, / . Am. Chem. Soc, 88, 2070 (1966), J. Chem. Phys., 

47, 1117 (1967). 
(11) (a) K. E. Wilzbach and L. Kaplan, J. Am. Chem. Soc, 87, 4004 

(1965); (b) E. E. van Tamelen and S. P. Pappas, ibid., 84, 3789 (1962). 
(12) E. M. Arnett and J. M. Bollinger, Tetrahedron Letters, 3803 

(1964). 

Communications to the Editor 



1086 

as a complement to our investigation of the vacuum 
ultraviolet photolysis of benzene vapor.13 We should 
like now to present the results of this study. 

Neat liquid benzene was irradiated with the emission 
from a microwave-powered oxygen discharge (bands 
extending from <~2000 to ~1650 A).14 The resulting 
product mixture, in contrast to the complex photolysate 
of the vapor-phase reaction,13'15 was remarkably 
simple, with only three volatile products being observed. 
These have been identified as Dewar benzene (III), 
benzvalene (I), and fulvene (II). 

+ e> + 
i n i Ii 

Fulvene,16 Dewar benzene,17 and benzvalene2 were 
prepared independently by known methods, and their 
chromatographic properties were compared with those 
of the photoproducts. Molecular weights were ob
tained for the photoproducts by mass spectral parent 
ion analysis using a gas chromatograph-mass spectrom
eter18 combination in which part of the effluent from 
the gas chromatograph passed directly into the mass 
spectrometer. In each case, the parent ion corre
sponded to mol wt 78. These results are summarized 
in Table I. In addition, the product ultimately identi-

Table I. Chromatographic Properties of Photoproducts 
and Known Compounds 

Compd 

Dewar benzene 
Photoproduct 1 
Fulvene 
Photoproduct 2 
Benzvalene 
Photoproduct 3 

UCON (40°) 

0.45 
0.45 
0.90 
0.89 

a 
a 

Squalane (30°) DDP-TEA (25°)6 

0.63 
0.61 
0.77 
0.77 

a 
a 

0.45" 
d 
d 

0.80 
0.80 

<• Benzvalene does not elute from these columns. * Didecyl 
phthalate-triethanolamine. To our knowledge, this is the only 
chromatographic system which does not decompose benzvalene.2 

" Has not been determined for authentic Dewar benzene. d Ful
vene is decomposed on this column. 

fled as Dewar benzene was isolated, along with a small 
amount of benzene, by preparative gas chromatography. 
When heated in pyridine, the photoproduct reverted to 
benzene.19 Biphenyl was also formed in small amounts, 
and irradiation for more than 40 min (~4 X 1018 

quanta) produced noticeable polymer on the lamp 
window. No fragmentation products were observed. 
An attempt was made to detect prismane20 using highly 
basic gas chromatography columns,Ua but no evidence 
for this compound was found. 

(13) H. R. Ward, J. S. Wishnok, and P. D. Sherman, Jr., J. Am. Chem. 
Soc, 89, 162 (1967). 

(14) A similar lamp has been described elsewhere: H. R. Ward, 
ibid., 89, 2367 (1967). 

(15) (a) J. K. Foote, M. H. Mallon, and J. N. Pitts, Jr., ibid., 88, 
3698 (1966); (b) L. Kaplan and K. E. Wilzbach, ibid.,'%9, 1030 (1967). 

(16) (a) J. Thiec and J. Wiemann, Bull. Soc. Chim. France, 177 
(1956); (b) H. J. F. Angus and D. Bryce-Smith, J. Chem. Soc, 1409 
(1960). 

(17) E. E. van Tamelen and S. P. Pappas, J. Am. Chem. Soc, 85, 
3297 (1963). 

(18) The mass spectrometer used in this study was purchased with 
funds supplied by the National Science Foundation. 

(19) Dewar benzene is known to isomerize to benzene under these 
conditions.17 

(20) Tetracyclo[2.2.02'6.0«'5]hexane. 

The relative concentrations of the photoproducts were 
found to be about 1:2:5 (Dewar benzene:fulvene: 
benzvalene), but it is possible that some of the fulvene 
arises from the acid-catalyzed rearrangement of benzva
lene.21 This ratio corresponds to quantum yields 
(oxygen actinometry22) of $ = 0.006 (Dewar benzene), 
0.012 (fulvene), and 0.03 (benzvalene). The low quan
tum yield for this reaction suggests that radiationless 
transitions to the ground electronic state may be impor
tant in this system, since neither fluorescence nor 
phosphorescence is significant when neat liquid benzene 
is irradiated in the vacuum ultraviolet.23 

(21) The fulvene ibenzvalene ratio appears to be a strong function 
of the acidity of the lamp surface. A base-washed surface results in a 
predominance of fulvene, while a base-coated surface gives the results 
reported above. The Dewar benzene is apparently not affected by 
these changes. 

(22) J. G. Calvert and J. N. Pitts, Jr., "Photochemistry," John Wiley 
and Sons, Inc., New York, N. Y., 1960, p 782, and references contained 
therein. 

(23) C. L. Braun, S. Kato, and S. Lipsky, J. Chem. Phys., 39, 1645 
(1963). 

(24) NASA Trainee, 1965-1967. 
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An 8H-Azuleno[l,8-fo]thiophene Derivative 

Sir: 

Hafner and Schaum1 have recently reported that a 
cyclization reaction which should have yielded the 
tetramethyl derivative of an azulenocyclohexadiene 
(la) gave instead 3,4,7,9-tetramethyl-2H-benz[crf]-
azulene (2a). Boekelheide and Smith2 prepared the 
parent system 2b and, noting the relative ease of forma
tion of the anion, raised the question of tautomerism 
and the position of the "extra" hydrogen in the mole
cule. They established the structure as 2b in contrast 
to other tautomers such as lb on the basis of the simi
larity of its ultraviolet spectrum (Xmax 427 m/i) to that 
of heptafulvene. Tautomer lb, which is an azulene, 
should have its principal maximum at a wavelength 
longer than 500 m/x. 

a, R = CH3; b, R H 

These data clearly show that the benzoheptafulvene 
system 2 is more stable than the azulenocyclohexadiene 
tautomer 1. Derealization energies (Table I) cal
culated by us using simple HMO and co-variation, self-
consistent-field methods3 suggest a relative order of 
stabilities consistent with the experimental observa
tions. 

(1) K. Hafner and H. Schaum, Angew. Chem. Intern. Ed. Engl, 2, 
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