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Observation of Transient Intermediates 
in the Photochemical Decomposition of 
Substituted s-Tetrazines 

Sir: 

In this communication we report the observation of diffuse 
transient absorption extending over the visible region of the 
spectrum for dimethyl-, phenyl-, and diphenyl-5-tetrazine 
following pulsed excitation with 3371-A radiation. Consider
able attention has been given to the photochemistry of s-
tetrazine and its derivatives which, despite undergoing pho
tochemical decomposition following excitation with visible 
light, exhibit sharp, highly structured visible absorption 
spectra.1-5 

In addition, we have found that the photodecomposition of 
5-tetrazine, the parent system, is linear in excitation intensity 
in solution at room temperature, but the derivatives di-
methyl-5-tetrazine and phenyl-5-tetrazine exhibit a quadratic 
dependence on excitation intensity under identical conditions. 
Our experiments on matrix isolated 5-tetrazine at 4.2 K indi
cate a linear dependence of tetrazine disappearance on light 
intensity under broad-band illumination but a quadratic de
pendence when only the origin region (0-0 band) is excited. 
Recent work by Burland6 also showed that the photochemistry 
of 5-tetrazine and dimethyl-5-tetrazine in mixed crystals at 2 
K is biphotonic. 

These unusual results may be explained by a mechanism 
whereby the chromophore first absorbs a photon and then 
decays to an intermediate state or species which under the 
proper conditions requires absorption of a second photon to 
achieve decomposition into products. To more fully understand 
the mechanism of photochemical decomposition of 5-tetrazine 
and its derivatives we probed for the existence of this inter
mediate via flash photolysis techniques. 

The output of a 900-kW peak power NRG nitrogen super-
radiator was focused through a long focal length lens onto a 
1-mm2 aperture. Under these conditions a peak power density 
of 0.1 GW/cm2 was obtained. A 1000-W xenon arc was 
aligned to be colinear with the output of the NRG and also 
focused onto the aperture. Ethanolic solutions of dimethyl-, 
phenyl-, or diphenyl-5-tetrazine (0.6, 0.01, and 0.001 M, re
spectively) were placed in a 1-mm path length cell directly 
behind the aperture. The transmitted light was filtered to re
move the laser radiation and focused onto the slit of a spec
trometer set to pass 6100-A light which is on the long wave
length edge of the parent compound absorption. The output 
was detected photoelectrically, amplified by a wide-band 
preamplifier, and observed directly on an externally triggered 
oscilloscope. 

Transient absorption for phenyl-5-tetrazine exhibited peak 
optical densities as high as 0.4, corresponding to an extinction 
coefficient of ~7000 L - 1 M cm-1. The rise and decay times 
for the transient absorption in degassed solutions were observed 
to be 80 and 500 ̂ s, respectively. The transient signal strength 
was observed to depend linearly on the intensity of the N2 laser, 
indicating that this reaction pathway does not occur through 
simultaneous two photon absorption. Considerably weaker 
signals with a substantially (ca. •*• 3) shorter rise and fall times 
were observed under nondegassed conditions. Measurements 
at different detection wavelengths revealed a diffuse absorption 
spectrum which extended from the edge of the phenyl-5-
tetrazine absorption at 610 nm to at least 700 nm with a 
maximum at 635 nm. In addition, weaker absorption was ob
served in the near-ultraviolet region between the first and 
second singlet. Transient absorption for dimethyl-5-tetrazine 
exhibited rise and decay times of 6 and 500 /is, respectively. 
Stronger signals were observed for diphenyl-5-tetrazine with 
rise and decay times of 22 /zs and 2.2 ms, respectively. In all 
cases the transient spectrum was diffuse, the absorption 

maximum being red shifted to ~650 nm for diphenyl-5-
tetrazine. We also succeeded in observing a transient absorp
tion from mixed crystals of diphenyl-5-tetrazine, the observed 
decay time being 10 ms at both room temperature and at 4.2 
K. 

The observation of these new metastable species with diffuse 
visible absorption spectra can be used in an explanation of the 
previous results obtained for 5-tetrazine and its derivatives. 
Thus we propose that a photochemically produced interme
diate first arises in the decomposition of 5-tetrazine just as with 
its derivatives. In the case of 5-tetrazine the parent molecule 
first absorbs a photon at some arbitrary energy, decays to the 
zero-point level of the first singlet,3 and then rearranges to the 
intermediate. In solution at room temperature we propose that 
this intermediate decays thermally to products (N2 and HCN) 
without absorption of a second photon. However, at helium 
temperature this intermediate is more stable to thermal de
composition and requires absorption of a second photon to 
generate products efficiently. In the cases of dimethyl-, phenyl-, 
and diphenyl-5-tetrazine the intermediate is sufficiently stable 
to thermal decomposition at room temperature to require the 
absorption of a second photon to result in efficient dissociation. 
If no second photon is available7 the intermediate may simply 
regenerate the starting material more efficiently. 

The fact that the transients exhibit buildup times in the 
microsecond range indicates they are not formed directly from 
the singlet state of the parent compound (fluorescence lifetime 
is 6 and 14 ns, respectively, for dimethyl- and phenyl-5-tetra-
zine4). It is unlikely that the formation of the intermediate 
proceeds through a relaxed triplet state of tetrazine since the 
intersystem crossing quantum yield is <10 - 3 ; yet the photo
chemical quantum yield is near unity.8,9 This possibility, 
however, has not been experimentally eliminated for phenyl-
and diphenyl-5-tetrazine.The possibility of triplet-triplet ab
sorption being responsible for the observed transient can be 
eliminated since the observed transient lifetime in solution of 
500 jus is much longer than the 2 K neat crystal phosphores
cence lifetimes (i.e., 60 and 85 us, respectively, for dimethyl-
and phenyl-5-tetrazine). Thus we have no indications that a 
tetrazine triplet state is involved in photochemistry following 
excitation into the singlet manifold.9 

It has been previously shown that 1,4-nitrogen bonding plays 
a negligible overall role in the photochemistry of tetrazine.10 

Mechanisms involving diradical intermediates (e.g., homolytic 
bond cleavage) are consistent with the shorter lifetimes and 
reduced signal strengths observed in nondegassed solutions as 
well as with the observed visible absorption spectra. Conse
quently, it may be possible to trap such intermediates with 
suitable scavengers; such chemical experiments are in progress. 
The results presented here are consistent with previously 
published experiments,3'4 but they do indicate that the as
sumptions4 used to evaluate reaction rates from lifetime data 
are incorrect in some instances (e.g., the quantum yields in 
Table VI of ref 4 more likely refer to relative yields of forma
tion of the intermediate). 

Finally these results raise the intriguing possibility that 
apparently simple photoprocesses can involve intermediates 
that are metastable on normal laboratory time scales and which 
even at temperatures close to 0 K can tunnel back to the 
starting material. Studies of the Raman and IR spectra of these 
intermediates at low temperatures are presently under
way.11 
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Fluorescence and Photochemistry of the 
Charge-Transfer Band in Alcoholic Vanadium 
Trichloride Solution 

Sir: 

The primary photochemical and photophysical processes 
derived from the charge-transfer excited states of transition 
metal complexes have been the subject of extensive investi
gations in the past decade.1 At present, however, our under
standing of the photophysical properties of the charge-transfer 
excited state is still relatively limited because of the few lu
minescence data available. 

We have found that vanadium(III) alcoholate complexes 
in the parent alcohol solution exhibit luminescence of relatively 
high quantum yield upon excitation at the charge-transfer band 
with competitive photoreduction2 of vanadium(III) to vana-
dium(II). This appears to represent the first case of a transition 
metal complex displaying both photochemistry and lumines
cence from an upper excited state in fluid solution. Vanadium 
trichloride reacts with methanol, ethanol, and 1-propanol to 
form alcoholates, formulated in solution as [V(RCH2OH)4-
Cl2]Cl.3 Absorption spectra of these complexes in solution 
show two distinct maxima at ~670 (v\, em 8) and 450 nm (^2, 
em 15-16) in the visible region.4 The v\ and ^2 bands have been 
assigned as spin-allowed ligand-field transition attributable 
to 3T 2 8 * - 3T18(F) and 3T18(P) — 3T18(F) of vanadium(III) 
in octahedral symmetry, respectively. In contrast, a broad 
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Figure 1. Absorption, emission, and excitation spectra of vanadium(III) 
alcoholates in room temperature solution. 

Table I. Quantum Yields of Photoreduction and Fluorescence of 
Vanadium(III) Alcoholates in the Parent Alcohol at Room 
Temperature 

Complex 

[V(CH3OH)4-
Cl2]Cl 

[V(C2H5OH)4-
Cl2]Cl 

[V(K-C3H7OH)4-
Cl2]Cl 

<v 
0.07 ± 0.01 

0.22 ± 0.02 

0.20 ± 0.02 

290 

0.000 

0.000 

0.000 

*f* 
330 

0.002 

0.008 

0.020 

345 

0.004 

0.010 

0.021 

" Quantum yields of photoreduction of vanadium(III) to vanadi-
um(II) upon irradiation with 313-nm light. * Fluorescence quantum 
yields for excitation at different wavelengths (nm). 

absorption band of relatively high intensity (em 900-1950) lies 
in the ultraviolet region of 250-400 nm (Figure 1). This band 
can be identified as a spin-allowed charge-transfer transition 
from ligand to metal (CTTM), based on the following photo
chemical results. 

Irradiation of alcoholic vanadium trichloride solutions with 
313-nm light resulted in the absorption spectral changes. As 
irradiation proceeded, the v\ and v2 bands characteristic of 
vanadium(III) decreased in intensity, while new absorption 
bands appeared at 570 (v\) and 380 nm (c2')-5 The positions 
of the new absorption bands are in close agreement with the 
values6 of alcoholic vanadium dichloride solutions. v\ and v{ 
may be assigned as spin-allowed ligand-field transitions at
tributable to 4T18(F) — 4A2 8 and 4T18(P) — 4A2g of vanadi-
um(II) in octahedral symmetry, respectively. In addition, the 
photoreduction of vanadium(III) to vanadium(II) was con
firmed by the appearance of the characteristic vanadium(II) 
EPR signal. Quantum yields $ r of the photoreduction upon 
irradiation with 313-nm light (Table I) were determined from 
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