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The electronic excited-state properties of a series of dehydrogenated polycyclic aromatic hydrocarbons from
phenyl through to decacyl are reported. The radicals were investigated by use of time-dependent density
functional theory in conjunction with the B3LYP functional. Th& and n orbitals were seen to converge in
energy as the system increased in size, yet all radicals were found to hgr@uAd states. In addition to the

study of the electronic state symmetries, the excited-state transitions and oscillator strengths were investigated

with the resulting transitions found within the visible region of the spectrum, placing these radicals in the
large group of candidate carriers of the diffuse interstellar bands.

1. Introduction With this in mind Vuong and Foingand Le Page et &t
have presented a model for the level of hydrogenation of PAHs

. ; in the diffuse interstellar medium and found that dehydroge-
2%2:2; ?lb;;i déi’?;}'?'s%hgase;fr;?':’;&10;?:;2 daéf;rté%ré (T;r(im t:‘r_natio_n eﬁec_:ts are dominant. It can be co_ncluded that these_ gffects
parts of these molecules have been known to be of importancedommate in intermediate dens[ty regions where conditions,
! . : ."~“molecular hydrogen concentration and UV photon flux are
in a broad range of chemical processes such as in the formatio

of soot in combustioh and in the processing of organic tavorable to dehydrogenation.
pollutants? P 9 9 Of the radicals, to date, the smaller systems of pHefyf

However. recently. thev have been aaining attention in and naphthyl"18have been investigated both theoretically and
astrobh sic’s as a yc’>ssib|)(/a source of thge Ubi guitous a3 experimentally showing that these systems are stable, are long-
phy P d H {ived, and have transitions within the visible, like the cations.

Etrg fff)lrorrr:asti%?f?‘llP\ecgr??;nq-irslcz;vsgicstZ:nnSo agtr?grs\?\;itt):]efézﬁ?; %in addition to the study of these two systems the neutral fluorene
: : Y 9 radical has been studied by Wiley, Vala, and co-workbagh

at 6.2, 7.6/7.7, 8.6, 11.3, and 12:M. Collectively they are - .
. o . experimentally through absorption spectroscopy, and compu-
referred to as the unidentified infrared bands (UIR bands). Their tationally, resulting in the assignment of the-@ absorption

source in PAHSs is seen by many as so secure that they refer tODand at 494.6 nm. This species exhibits a similar red-shift in

th?,\s/gthb?; ds as the grorran(; IFF} Ak})_lanQS (A,[IBS)H . the neutral radical from dehydrogenation as seen upon ionization
: € proposed roie ol FANIS In astropnysics comes a (from the ultraviolet to the visible as in the case with naphthyl
natural postulate of their responsibility for the diffuse interstellar and phenyl). The cavity ring-down spectrum of anthracene at
bands (DIBS)‘. The identity of the C"’V”efs Of. the DIBs is the 361.176 nrh and gas-phase fluorescence spectra of tetracene
longest standing unsolved problem in chemical SPECtroscopy. .+ 500 nm® and of pentacene at 536.22 #hyive hope to
The D|.BS. are a series qf aroqnd 300 absorpt!on. features studying vet larger species in the gas phase.

observed in interstellar media, particularly low-density interstel- It was our proposal that the monodehydrogenated PAHs
lar regions! between 440 and 950 nPrit has been postulated might, at some size, display open shelystems and thus, like

thalt thel Or'g.'tr;f OT tk:ﬁse batndls ar(ta_ dge to thg PA'_:C famllytﬁf the cations, possess strong transitions in the visible region. While
molecules €elther In the neutral, cationic or, anionic 1orm with ;¢ proposal motivated the present study, it will be shown that

various Iev?Is gf trw]y?rogftlenatlc?nddﬁqp?ntglng on lthellr local th it is a general property of PAH radicals beyond a certain size
environment and photon fiux, and that these molecules are the,, possess strong transitions in the visible region. Given that

most abundant found within the interstellar medium (ISM) after recent models of PAH chemistry in the interstellar medium

Y%
Hz and CO! predict varying levels of hydrogen coverage for a given size of

bThoug_h theredhﬁs be_enl a llar?e_ range fOf exdpenments,PAH’ we consider that PAH radicals cannot be ignored as
observations, and theoretical calculations performed on a vasto oo \ial DIB carriers.

array of molecules within this group since the PAH model was
first proposed in 198419858° there has been no concise :

assignment of a DIB. There have been no matches betweenz' Computational Methodology
laboratory and DIB spectra thus far from the study of cationic ~ The ground-state equilibrium structures of the dehydrogenated
PAHs10-13these having been studied due to their known ability PAH radicals phenyl, naphthyl, anthracyl, tetracyl, pentacyl, and
to absorb in the visible region, in turn due to the open shell decacyl were optimized using the KohBham density func-
nature of the chromophorie-system. Failure, to date, to identify ~ tional theory (DFT) employing the Becke3 (B3) exchange
PAH cations in the interstellar medium turns our attention to integral?! the Lee Yang Parr (LYP) correlation functiorfal,
other PAH derivatives, such as partially dehydrogenated forms. and the 6-31G basis set for phenyl to pentacyl and the 3-21G
basis set for decacyl. The B3LYP functional has been shown
* Corresponding author. E-mail: t.schmidt@chem.usyd.edu.au. to be the most reliable for this type of systém.

The family of molecules known as the polycyclic aromatic
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Figure 1. lllustration of the frontier orbitals of the PAH radicals studied

here. The HOMO is a nonbondingsprbtial designated “n” in the

above figure and is of Asymmetry in theCs point group. The highest

fully occupied orbital is of ther type and has A symmetry in theCs (b)

point group. Strong transitions of' Aymmetry arise due ta* — =z

transitions. Weaker Atransitions arise due to admixturessof < n

and n— s transitions. The orbitals swapped to bring about a change

in_ electronic state symmetry, as described in the text, are indicated Figure 2. DFT equilibrium geometries for the 'Aground) and A

with a brace: }". (altered) states of the anthracyl radical. The site of dehydrogenation

possesses a lone pair of electrons in thestate and thus the ring is

Time dependent density functional theory (TDDFT) methods pinched and the €C bond lengths are increased. The site of

were performed with the 6-31G basis set to determine the dehydrogenation is referred to here as the 1-position (see text).

excitation frequencies and oscillator strengths from these

optimized geometries. These DFT-B3LYP and TDDFT-B3LYP 261

calculations were implemented using the GAUSSIAN 03 S 241

program packag# Higher basis set TDDFT calculations using % 2.2 1

the 6-31G(d,p) basis set were carried out on phenyl to tetracyl EY 201

to check the trend within the 6-31G calculations. To ensure that ? ’

the correct ground-state symmetry was attained and to explore 8 181

the energy gap between the And A’ states, the radicals’ < 161 .
frontier orbitals were swapped, resulting in a change of state < 4l $§I}§8§}38{,‘
from the ground to the first excited state’ (A A"") as indicated 1o

in Figure 1. The geometries were optimized for all systems T T T T T
concerned. In addition to these calculations, for the pentacyl 1 2 b of Rings
and decacyl cases the site of dehydrogenation was changed to o € ) ]
explore the effect on the electronic and spectroscopic properties.'9ure 3. Calculated gap between optimized geometries witiard

. . . . electronic wave functions. For all radicals the ground state was

Despite having been shown to have problems dealing with t5,nd to be A.

extendedsr system$® TDDFT has been implemented to o ] .
calculate the excitation spectra of large PAH cations with Pinched, resulting in a smaller ring angreX5® smaller), and

success? In such a case, the radical is delocalized over the larger C-C bond lengths 0.1 A longer), for the anthracyl
entire PAH structure. In our case, the radical is localized to the SyStém. This is due to the larger coulomb and pauli repulsion
nonbonding orbital and the strong transitions of interest emerge forces between the resulting lone pair and #wbonding

as transitions from fully occupied orbitals. As such, we anticipate electrons. This effect is similar to that observed upon electron

our calculations to be of similar accuracy to other calculations &ttachment where it was found that theso bond anglge
reported in the literature for similar sized systems. decreased by P4and the bond lengths increased by 0.043A.

That the C-C bond lengths increase and the ring is pinched,
on the electronic state symmetry going from t& A", is a
feature of all the PAH radical structures in the present study.

All of the PAH radicals in the present study were found to Furthermore, the energy gap between the ground and excited
have A ground states, with the radical electron localized to a states can be seen to be converging slowly for the 1- and
nonbonding sp orbital at the site of dehydrogenation. An  2-positions with increasing system size (see Figure 3). If the
important consequence of this is that dehydrogenation will be hypothetical infinite radical system were to exhibit zero band-
a barrierless process and that thesystem of the radical is  gap, then we would expect that at some stage the ground state
essentially identical to that of the fully hydrogenated parent. to become A, as thex HOMO exceeds the energy of the A
The latter point has important consequences for the excitationnonbonding orbital. As will be seen below, the ground-state
spectra which will be discussed below. For the remainder of remains A in systems as large as decacyl, although the gap is
this paper, we shall number the dehydrogenation sites from thesmaller than in pentacyl. As such, the strong, in-plane electronic
outermost carbon(s). The IUPAC scheme may be found in transitions are analogous to those of the closed-shell neutral
ref 23. rather than the cation.

3.1. Equilibrium Geometries. The resulting ground-state 3.2. Bond Length Alternation. The slow convergence of
optimized geometry for dehydrogenation occurring at the the A" and A’ states may, in part, be explained in terms of
1-position is shown in Figure 2a for anthracyl'YAwhere the bond length alternation. As can be seen in Figure 4, the bond
site of dehydrogenation is labeled from the outermost hydrogen. lengths are seen to alternate strongly at the ends of decacyl,
By changing the electronic state symmetry to that correspondingand less in the middle. As has been observed for the polyyne
to the excited (A) state for the 1-position, we arrive at the carbon chaing® the effect of bond length alternation is to
geometry shown in Figure 2b. Where the orbital occupancy is introduce a more pronounced band gap than that expected from
altered, resulting in a state where the lone pair of electrons is simple Hickel considerations. As with the polyynes, the linear
favored, the ring on which the dehydrogenation site lies is PAH radical systems display a decayed bond length alternation

3. Results and Discussion
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1.46 with increasing system size. Interestingly, the oscillator strength
1 44] for this transition peaks at anthracyl and then decreases on going
= to tetracyl and pentacyl. All of these transitions are polarized
= 1424 along the short axis of the molecule, and as such an increase in
g 1,40/ oscillator strength with system size is not expected. The
% ' corresponding transition in decacyl is at 969 nm and has a low
g 1.384 oscillator strength of = 0.0044. This decrease for the cases of
1361 tetracyl and pentacyl partly arises from the energy term in the
expression for oscillator strength. The existence of strohg A
134T transitions in the visible region implies that these radicals can
1234567891012 14 16 18 20 be considered candidate DIB carriers. However, the strongest
Bond number transitions are expected to be polarized along the long axis of
Figure 4. Bond length alternation as calculated for theghound state the molecule. For pentacyl, this transition is calculated to lie to
of decacyl. shorter wavelengths than 332 nm. The first radical in the series

to exhibit a long axis polarized transition in the visible region
toward the center of the molecule thereby implying zero band s hexacyl, which is calculated to absorb at 470 nm, with a
gap for the infinite system. We do not seek to make predictions moderate oscillator strength (0.0843).
about the large systems here but rather seek to comment onthe T decacyl radical was investigated at the TD-DFT/6-31G
effect of bond length alternation on the propensity towatd A |y g] (3-21G geometry). It was found to display very strong
ground states. It should be noted that the bond length altemationyansitions, polarized along the long axis. The large oscillator
is not a property unique to the PAH radicals, but is known t0 grengthsf(> 1) are of the size required to account for DIBs
exist also in the parent PAHs. For example, anthracene exhibits,,yile not impacting significantly on the interstellar carbon

C—C bond lengths of 1.37, 1.42, and 1.39 A, on going from budget® The results for decacyl are discussed in more detail
the end of the molecule to the central carbon atoii(s). below.

3.3. Excitation Spectra.The results of TDDFT calculations 3.4. Comparison to Experimental ResultsThe A’ transition
on the excited states and oscillator strengths for the 1- and(g,) of the phenyl radical was observed by Porter and Weard
2-positions show that the phenyl, naphthyl, anthracyl, tetracyl, tg |ie at 529 nm with the peak of the FraneRondon envelope
pentacyl, and decacyl systems have their strongest transitionying at 480 nm. This compares favorably with our best TD-
polarized in the molecular plane A These transitions are  DFT result of 431 nm. The electronic spectrum of the phenyl
analogous to those expected for the fully hydrogenated PAHS. radical between 4000 and 50000 thhas been studied by
They are calculated to occur in the UV region for the phenyl, Radziszewskf by irradiating nitrosobenzene at 308 nm in an
naphthyl and anthracy! radicals and in the visible region for argon matrix. The Bstate was observed with a FrareRondon
tetracyl, pentacyl, and decacyl radicals. The strongest transitionmaximum at 450 nm. Two bands were observed at 235.1 nm
within the visible region for the phenyl, naphthyl, and anthracyl and 211.5 nm which were assigned to anahd a B state,
systems corresponds to an out-of-plané, tAansition. respectively. Our best TD-DFT results predict an #tate

3.3.1. A" Transitions. All PAH radicals were found to exhibit ~ at 256.5 nm and a series of, Btates between 207 nm and
A" transitions whereby a-electron is promoted to the non- 234 nm.

bonding orbital. The oscillator Strengths for these transitions The on|y other available experimenta| result for |arge|’ PAH
are generally low, typically on the order of 1D(Figure 5).  radicals studied here is the negative ion photoelectron spectrum
The clearest trend is shown for the first Aansition Whereby of the 1_naphthy| aniof’ The observed electron aff|n|ty of the
the oscillator strength clearly decreases with system size as thenaphthyl system is 1.4 eV. Our best calculations place the A
absorption position moves to the red. This can be interpreted state of the neutral radical 2.26 eV above the ground state. As
in terms of a decreased orbital overlap between the localized sych, to reach this state would require soa866 eV of photon

n-orbital and the more and more delocalizegrbital as the energy which is above that implemented in the experiment
system size is increased from phenyl to pentacyl. (3.4 eV).

The general trend for the higher"Aransitions is for the As can be seen from the above comparisons, employing the
wavelength to shift to the red with increasing system size. Except current methodology it is impossible to predict transition
for pentacyl, all higher A transitions lie in the UV region.  energies with enough accuracy for a positive identification of a
Because of the expected geometry change upon excitation, andIB carrier. Such an identification would require an accuracy
their low oscillator strengthsf & 107%), it is unlikely that A’ of ~0.1 nm or better compared to on the orderef0 nm
transitions are responsible for any DIBs (the lack of correlations obtained with these calculations.
between DIBs precludes their assignment as transitions other |nterestingly, the PAH radicals absorb in regions of the visible
than origin bands, implying very little geometry change upon spectrum close to their cationic counterparts (fully hydroge-
excitation). nated). For instance, the phenyl radical and the benzene cation

It can be seen that the 1- and 2-positions produce reasonablyare both seen to absorb near 550 nm. However, the symmetries
similar spectra for these radicals, the dehydrogenation site notof the cation transitions are necessarily in-pland,(and thus
having a marked effect on the electronic structure so close to correspondence to the visible spectra of the radicals is coinci-
the end of the molecular framework. The effects of dehydro- dental.
genation site for the pentacyl and decacyl radicals are discussed 3.5, Dehydrogenation Site.The dehydrogenation site in
below. pentacyl and decacyl was moved toward the center of the

3.3.2. A Transitions. The strongest A transition with molecule to investigate the effect on the stabilities, excitation
wavelength above 200 nm is plotted in Figure 6 for phenyl to energies and oscillator strengths (Figure 7). For pentacyl, the
pentacyl. For both dehydrogenation at the 1- and 2-positions, it dehydrogenation site was seen to have little bearing on the
is seen that there exist strong transitions which move to the redoscillator strength and absorption position, the latter being
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Figure 5. Wavelengths and oscillator strengths for the three least energétic A’ transitions for phenyl through pentacyl with dehydrogenation
at the 1- and 2-positions. Wavelengths are plotted as filled symbols (square, 6-31G; and star, 6-31G[d,p]) and oscillator strengths as open symbols.
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Figure 6. Wavelengths and oscillator strengths for the strongést A

— A’ transitions above 200 nm for phenyl through pentacyl with
dehydrogenation at the 1- and 2-positions. Wavelengths are plotted a
filled symbols (square= 6-31G and star 6-31G[d,p]) and oscillator
strengths as open symbols. All of these transitions are polarized along

the short axis of the radical.

3 4

Dehydrogenation site

Figure 7. A'—A" energy gap and oscillator strengths of dominant
Stransitions as a function of dehydrogenation position as indicated at
the top.

of steric interactions with hydrogen atoms bound to neighboring

carbons.

calculated as 615 1 nm. Both the energies of the and A’ For decacyl, the dominant electronic transition was calculated
states of the pentacyl radical decreased on moving the dehy-ig pe at 589 nm for the 1-position and 2-position but 709, 708,
drogenation position toward the center of the molecule: the A 718, and 732 nm for the 3-, 4-, 5-, and 6-positions, respectively.
A" gap also more than halving. These results for the ground The corresponding oscillator strengths are very large and vary
states contradict those reported by Papas éf alho noted  considerably with dehydrogenation position, a possible conse-
the opposite trend. However, our differences span only 0.13 quence of the radical site modulating the extent and pattern of
kcal mol™%, with those of Papas (who employed a more exten- bond length alternation in the structure. As distinct from

sive basis set) spanning only 0.62 kcal molAs such, the pentacyl, the Aenergies for decacyl are seen to increase on
radicals may be considered more or less isoenergetic. Themoving the dehydrogenation position toward the center of the
excited state is stabilized most at the innermost dehydrogenationmolecule. In this case, the energy differences span 10 kcal
site. Papas et al., show that the anion is most greatly stabilizedmol~1. However, the small basis set implemented for decacyl
toward the center of the molecule, and rationalize this in terms geometry optimization is likely to render these results less
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reliable than the excitation energies. Like pentacyl, the X’ (2) Hudgins, D. M.; Sandford, S. Al. Phys. Chem. A998 102, 329.
gap is seen to decrease markedly upon moving the dehydroge-T anfgeSTa-klggé I'I-i?g O{]iﬁi}og'ﬁ;:hghz"g 84 '33902°§§“b°' T.; Yamamura, |;
nation site inward. The Ilkely.lnterpretatlon of t.hIS is t.he same @ Fu'lara, 3. 'Krelowski, 1. New Astron. Re 2000 44, 581.

as pentacyl: tha}t the energy is Iovv_est when n(_elg_hbonng carbon (5) Staicu, A.; Rouille G.: Sukorukov, O.; Hinning, Th.: Huisken, F.
atoms are devoid of hydrogen. This hypothesis is supported by Mol. Phys.2004 102, 1777.

the large drop in energy observed on moving the dehydroge-  (6) Szczepanski, J.; Banisaukas, J.; Vala, M.; Hirata, S.; Wiley: W.

nation site from the 2-position to the 3-position in decacyl. ~ R-J- Phys. Chem. 2002 106 6935.
(7) Vuong, M. H.; Foing, B. HAstron. Astrophys200Q 363 L5.

(8) Leger, A.; Puget, J. LAstron. Astrophys1984 137, L5.
(9) Allamandola, L. J.; Tielens, A. G. G.; Barker, J. Rstrophys. J.
The ground-state electronic structure for a range of PAH 1985 290 L25.

; ; ; ; (10) Szczepanski, J.; Banisaukas, J.; Vala, M.; Hirata, S.; Bartlett, R.
radicals was investigated. It was found that PAH radicals up to J.: Head-Gordon, MJ. Phys. Chem. 2002 106, 63.

deca_cyl aI.I have. _Aground states, and t_hat they exhi.bit (11) Jochim, H. W.: Baunigeel, H.; Leach, SAstrophys. J1999 512,
transitions in the visible and UV regions. The in-plane transitions 500.

up to decacyl are thus analogous to those of the closed-shell (12) Biennier, L.; Salama, F.; Allamandola, L. J.; Scherer, J. Chem.
neutrals. Phys.2003 118 7863.

P (13) Halasinski, T. M.; Weisman, J. L.; Ruiterkamp, R.; Lee, T. J,;
It was found that the gap between thegkound and the A Salama, F.; Head-Gordon, M. Phys. Chem. 2003 107, 3660.
excited state decreased on moving the radical position inward 14y e page, V.; Snow, T. P.: Bierbaum, V. Mstrophys. J2003
from the end of the molecule. As such, we may conclude that, 584 316.
if a “linear” PAH radical of a given size were to possess &nh A (15) Porter, G.; Ward, BProc. R. Soc. London A965 287, 457.

ground state, the radical site would occur toward the center of (16) Radziszewski, J. GChem. Phys. Let1999 301, 565.
the molecule (17) Ervin, K. M.; Ramond, T. M.; Davico, G. E.; Schwartz, R. L.;

. . o . . Casey, S. M,; Lineberger, W. Q. Phys. Chem. A22001, 105 10822.
Since the larger PAH radicals have excitation frequencies in (18) Du, P.; Salama, F.; Loew, G. iChem. Phys1999 173 421.

the visible region, they may be considered candidate carriers (19) Sarkar, N.; Takeuchi, S.; Tahara,Jr. Phys. Chem. AL999 103
of the diffuse interstellar bands (DIBs). These transitions are 4808. _
of in-plane A symmetry and arise due to the similarity of the 19%0)10|gegnoegke, E.; Hartmann, D.; Mer, R.; Hese, AJ. Chem. Phys.
eiectrotﬂlcfsttr:uctgre oftthe _rta_ldmgl ttr? th_e _E?rent. I;I'het osﬂlatorl (21) Becke, A. D.J. Chem. Phys1993 98, 5648,
strength of the strong transition in the visible peaks at anthracyl ;%) | ee ¢ - vang, .: Parr, R. ®hys. Re. B. 1988 37, 785.
for the radicals up fto pentacyl. But, these.transmons are  (23) papas, B. N.; Wang, S.; DeYonker, N. J.: Woodcock, H. L.:
polarized perpendicularly to the molecular axis and therefore Schaefer, H. F., llLJ. Phys. Chem. 2003 107, 6311.
do not possess the property of increasing in strength with systemM (i4) CFhrisch, M. J-;JTrl;{ckS"\,/l G-tW-: Schleg]eI‘!\H.J B.; 3cuseria,TG.KE.(;j _Rol|3<b,
H H H AL eeseman, J. R.; Montgomery, J. A., Jr.; vreven, [.; Kudin, K.
size. HO\.Never’ e.X.tremer. strong transmon.s. are predlc'[ed. for N.; Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone, V.;
decacyl in the visible region. These transitions are'p.olarlzed Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A.;
along the molecule and can be expected to be exhibited by aNakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.;
i i i i Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li,
]I(‘angglgf “nea_r PAH_?hradIEGIIIBS, making tlhesebexcellgnt_ Candldatesx.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken, V.; Adamo, C.;
.Or carrlgrs. .at S arg only observed In sparse  jaranmilo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J;
interstellar regions with an appreciable UV flux lends credence Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.;
to this hypothesis. We conclude that due to the significant \s/OtB G-_AI-?SAal\I/Dad%rt, P.; Dl\ingengef%l %)-: Zl\é;lkrlzeillvsgl,}z/- (Ez';t?allj(p%h'
H H H ., banlels, A. D.; rain, . C.) Farkas, O.; MallcK, D. K. Rabuck, A.
geonle”y chgnge u_pon excitation and low oscillator Strer_‘gths’ D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A.
the A’ transitions will not be responsible for the DIBs. Positive G clifford, S.; Cioslowski, J.; Stefanov, B. B.: Liu, G.; Liashenko, A.:
identification of PAH radicals in the interstellar medium will  Piskorz, P.; Komaromi, I.; Maitin, R.L.; Eoﬁ' D. J.t;) Keith, T.I;I Al-Laham,

; _ . A;; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.;
require an excellent m.atCh b.etwe.en a gas _phase labora.‘tor)}.;/:)hnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, JGAyssian
spectrum and that obtained with high-resolution astronomical g3 Revision C.02; Gaussian, Inc.: Wallingford, CT, 2004.
observation. Any match must then be reconciled with known  (25) cai, z.-L.; Sendt, K.; Reimers, J. B. Chem. Phys2002 117,

interstellar conditions, and their effects on PAH populations. 5543.
(26) Pino, T.; Ding, H.; Gthe, F.; Maier, J. PJ. Chem. Phys2001,

4. Conclusion

114, 2208.
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