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The carbenes ¥(=C), (n = 0, 1, 2, ..) comprise a
fundamentally important series of molecules. Each of the first
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dienylidene {) to appear. The electronic spectrumldiFigure
1) exhibits rich vibronic structure with absorption maxima that
span virtually the entire visible spectrufh.Given the density
of features in the visible region, it is enticing to speculate that
the family of HLC(=C), carbenes may be responsible for some
of the mysterious “diffuse interstellar bands”.

To aid in interpreting the electronic spectrumofits three

three members represents a paradigm in chemistry. The simplespweSt singlet excited states have been characterized with the

carbene is methylene £8:),! while vinylidene (HC=C:) teeters

on the edge of existence because it rapidly rearranges to

acetylené. Propadienylidene ()C=C=C:) (1) is the first
member of the higher homologs to exhibit greater stability.
Indeed, both propadienylidehand butatrienyliderfehave been
detected in interstellar clouds by microwave radioastronomy.

Recent interest in propadienylidene also stems from studies tha
implicate this species as a key intermediate in thermal and

photochemical rearrangements ofHz isomers>® Previous
theoretical investigations provide reliable insight into the ground
state structure of propadienylidene and higher homoldus,

equation-of-motion coupled-cluster method in the singles and
doubles approximation (EOMEE-CCSBysing a local version

of the ACES Il program systed3. Excitation energies calcu-
lated with EOMEE-CCSEFf tend to be systematically too high,
but the magnitude of the discrepancy is typically less than 0.5
eV.1® For polyatomic molecules, the formulation and imple-

[;nentation of an efficient analytic energy derivative procedure
0

r EOMEE-CCSDB¥¢ is essential for calculating the properties
of interest in this research (adiabatic excitation energies and
final state vibrational frequencie¥).

Equilibrium geometries and harmonic vibrational frequencies

little is known about the excited states of these species. To erl the~1ground §}ate of and the three lowest excited states
our knowledge, the only detection of an excited state of pro- (A*Az, B'B1, andC'Ay) were obtained with a triplé-plus double

padienylidene comes from a photodetachment stirdyhich

polarization (TZ2P}$ basis set; the corresponding adiabatic

the 3B, state was located 1.29 eV above the ground state of the€xcitation energies are given in Tablél.

neutral species. However, nothing is known about the singlet

The larger cc-pVTZ and cc-pVQZ basis séthave been

excited states that are most easily accessed by photon absorptiorised to explore the sensitivity of excitation energies to further

The striking photochemical automerization'8€-labeled pro-

improvement of the basis. Electronic (vibrationless) energy

padienyliden& (Scheme 1) induced us to explore the excited differences were calculated with these basis sets at the optimized
states ofl in greater detail. We now report the first electronic TZ2P geometries and augmented by zero-point vibrational
absorption spectrum of propadienylidene and its assignment,energies calculated from the TZ2P harmonic frequencies; the

which is based on high-leveb initio calculations.
Long-wavelength photolysisl (> 472 nm) of diazopropyne,
matrix isolated in argon at 10 K, yields triplet propynylidéhe.
Subsequent short-wavelength irradiatidn> 261 nm) causes
the IR, UV/vis, and ESR signals of triplet propynylidene to
disappear and the R and UV/vis absorptions of singlet propa-

results of these calculations are listed in Table 1. Expansion
of the basis from the TZ2P set to cc-pVQZ leads to larger
excitation energies for all three states, but the magnitude of the
difference is less than 1000 ctnin all cases. Given the relative
insensitivity of excitation energies with respect to the choice
of basis set, it is likely that all of the cc-pVQZ results listed in
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Figure 1. Electronic absorption spectrum of propadienylidedg (
obtained upon irradiatiol (> 472 nm, 22.5 hi > 261 nm, 7.5 h) of
diazopropyne, matrix isolated in argon at 10 K. Inset (6@80 nm)
obtained from an independent experiment. =* singlet cyclopro-
penylidene; #= instrumental artifact.)

Table 1. Adiabatic Excitation Energies and Harmonic Vibrational
Frequencies Calculated for Propadienylideheysing the
EOMEE-CCSD Method

AlA, BB, ClA
TZ2P 1.836 2.507 5.321
cc-pvVTZ 1.851 2.516 5.369
cc-pvQz 1.853 2.520 5.350
expt <1.73 2.32+0.01 4.79+ 0.04
CC stretch 1701.4 2125.9 1546.0
1068.4 1068.7 1001.4

aEnergies in eV, frequencies (TZ2P basis) in"éncalculations
performed on TZ2P equilibrium geometries.

Table 1 are within 0.1 eV of the basis set limit EOMEE-CCSD

adiabatic excitation energies.
Two distinct band systems with relatively long vibrational
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transition and the apparent origin of the short wavelength band
system. The discrepancy between calculated and theoretical
adibatic transition energies for the latter is somewhat larger in
magnitude than found in previous EOMEE-CCSD calcula-
tions!215 suggesting that higher-order correlation effects are
important for theC'A; state. The zero-point level of the first
excited state A1A,) is predicted to lie approximately 1.9 eV
above the ground state, corresponding to a photon wavelength
of about 670 nm. However, th'A; < XA transition is only
vibronically allowed, which explains why no well-defined band
system is seen. It is probable that the features seen at
wavelengths beyond 535 nm are due to transitions to levels of
ALA; with 1Aq, 1B, and 1B, vibronic symmetry. The lowest
energy feature in this region of the spectrum is found at 717
nm (1.73 eV), which provides an upper bound to the adiabatic
excitation energy. While this is clearly consistent with the
theoretically predicted energy difference, further experimental
work is warranted before a definitive vibronic assignment of
this region of the spectrum can be made.

Additional support for assignment of the 535- and 259-nm-
band systems to thg'B; — X'A; andCtA; — XA, electronic
transitions ofl comes from the predicted excited state geom-
etries and harmonic vibrational frequencies. KA, the
geometry change that accompanies excitation is almost entirely
along the in-phase €C stretching normal coordinate; displace-
ments along both €C stretching modes dominate the difference
between equilibrium geometries of théA; andB!B; states!

The progressions seen in the 259-nm-band system are clearly
consistent with the calculations, as the predicted in-phasgé C
stretching frequency of 1001 crhis probably above the true
fundamental due to neglect of anharmonicity. The intensity
pattern observed in the visible absorption feature can be
rationalized as follows. Frequencies predicted for the two
C—C stretching modes differ by almost exactly a factor of 2,
so (to zeroth-order) transitions to vibrational levels of the
upper state with 2 quanta in the lower frequency mode will
be nearly degenerate with those havinguanta in the higher
frequency mode. Therefore, the prominence of the third peak
in the absorption feature relative to the origin may be attri-
buted to the probability that two distinct vibronic transitions
contribute to its intensity. A more quantitative analysis of this
band system necessarily requires consideration of vibrational
state resonances and Duschinsky mixing and is beyond the
scope of this work. Nevertheless, the EOMEE-CCSD calcula-
tions are qualitatively consistent with assignment of the 259-

progressions can be seen in Figure 1, a low-energy transitionand 535-nm-band systems @A; — X'A; and B1B; — XA;

that lies primarily in the visible (from 535 to 382 nm) and a

transitions ofl. A discussion of the electronic structure of the

strong UV absorption that begins at 259 nm and extends to upper states and their role in the mechanism of the observed
213 nm. In addition, there are some weak and irregularly photochemical automerization bfwill be reported in a separate
spaced features at wavelengths beyond 550 nm which appeapublication.

to be due tol. Both the intensity pattern and the regular
nature of the spacing in the high-energy progression starting at

259 nm are suggestive of a single Fran€kondon active mode
with an upper state frequency @f. 900 cntl. Spacings
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Notably, the third peak in the band system is nearly as strong
as the apparent-€0 band, and much stronger than the feature

that lies between them.

Given the resolved nature of the two unambiguous band

systems, corresponding—0 transitions can be assigned to

Supporting Information Available: Table containing com-
puted geometries and vibrational frequencies (1 page). See
any current masthead page for ordering and Internet access
instructions.

features at 535 and 259 nm with some confidence. The JA961900B

corresponding adiabatic excitation energies are 28201 and

(21) The totally symmetric normal coordinates for the € stretching

4.79+ 0.04 eV, where a wavelength uncertainty of 2 nm has modes differ appreciably (Duschinsky effect) for théA; and BB,
been assumed. The former value is roughly 0.20 eV below the electronic states; a Franelcondon analysis of the spectrum based on the

value obtained for th&!B; state at the EOMEE-CCSD level

with the cc-pVQZ basis; somewhat poorer agreement exists

between the theoretical value of 5.350 eV for &id; — XA,

parallel mode approximation is therefore unreliable. Nevertheless, the
geomegq change is dominated by these modes. The picture is much simpler
for the C'A; state, where the geometry change is almost entirely along low-
frequency C-C stretching mode and the extent of mode mixing is negligible.



