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ABSTRACT. PAHs can have several forms in the interstellar medium. To
assess the importance of each requires the availability of a collection
of high quality, complete mid-IR interstellar emission spectra, a col-
lection of laboratory spectra of PAH samples prepared under realistic
conditions and a firm understanding of the microscopic emission mecha-
nism. Given what we currently know about PAHs, the spectroscopic data
suggests that there are at least two components which contribute to the
interstellar emission spectrum: free molecule sized PAHs producing the
narrow features and amorphous carbon particles (which are primarily made
up of an irregular "lattice" of PAHs) contributing to the troad under-
lying components. An exact treatment of the IR fluorescence from highly
vibrationally excited large molecules shows that specles containing
between 20 and 30 carbon atoms are respongible for the narrow features
although the spectra match more closely with the spectra of amorphous
carbon particles. Since little is known about the spectroscopic pro-
perties of free PAHs and PAH clusters, much laboratory work is called
for in conjunction with an observational program which focuses on the
spatial characteristics of the spectra. 1In this way the distribution
and evolution of carbon from molecule to particle can be traced.

l. INTRODUCTION

To assess the importance of PAHs in astrophysics, one must determine the
amount of carbon tied up in these species and understand how thev are
distributed among the various forms possible. For example, they can be
neutral or charged (both positively and negatively); and they can exist
as free species, loogely bound in clusters, or tightly bound in amor-
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The 2-14 micron spectrum of NGC 7027

shows the emission features superimposed on an

intense long wavelength

et al., 1977).

"continuum".

(Russell

12 14

phous carbon
particles. To
gain this know-
ledge requires
detailed infor-
mation in three
areas which 1is
not presently
available. The
first is the
requirement of a
collection of at
least 10 to 20
good quality,
high signal-to-
noise, moderate
spectral and
spatial resolu--
tion, complete
mid-IR inter—
stellar emission
spectra. The
secend require-
ment 1s the
availability of a
collection of
laboratory spec-
tra of PAHs and
PAH clusters

‘taken under conditions which mimic, as closely as possible, the

conditious which determine the properties of the interstellar materlal.
The third requirement is a firm understanding of the details of the
microscopic excitation—emission mechanism. Given the space limitation,
rather than discuss any of these points in detail we will present the
overall problem and we will summarize current knowledge and recent

results.,

reviewed in Willner (1984) and Allamandola (1984).

2. THE SPECTROSCOPIC PROBLEM

2.1. Observational Spectroscopy

The state of the observations and theories up to 1983 are !

Good exampleg of nearly complete mid~IR spectra of objects which have

‘the emission bands are shown in figures 1,2,
convincingly illustrate that the spectral variations from one object to
the other are significant.

Although the 3.3, 3.4,

and 3 a,b.

6.2,

These figures

"7.7", 8.6 and

11.3 micron bands are present in all of these spectra, important

The 3.3 and 6.2 micron bands are remarkably
gimilar in all objects, having a full width at half-height that is
probably characteristic of non-radiative vibrational energy redistri-

differences are

obvious.
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Figure 2. The 3-13 micron spectrum of HD 44179
shows the emission features superimposed on a
flat "continuum' (3-4 micron spectrum - Geballe

et al., 1985, 5-13 micron spectrum, Cohen et al.,
1986).

bution times
within individual
molecules
(Allamandola,
Tielens, and
Barker, 1985,
1986 - hereafter
referred to as
ATBa,b) rather
than overlap of
narrower lines
from different
PAHs. There are
clear variations
however, in peak
wavelength and "~
profile of the
very broad
feature generally
referred to as
the 7,7 micron
band. In NGC
7027 and Orion
this peaks near
7.7 microns while
in HD 44179 the -
maximum is near 8
microns. The ----
11.3 micron band
also shows some
variation, being
sharply peaked in
NGC 7027 and at
position 4 in
Orion but broader
in HD 44179.
Aitken and Roche
have spectroscop—
ically studied
many objects in
the 8 to 13
micron region.
Perusal of their
spectra show
similar behavior
for both the 8.6
and 1l1.3 micron
features.
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”Flgure 3 . The_3- 13 micron emission spectrum from the Orion Bar compared

.with the absorption spectra of the PAHs chrysene, pyrene and coronerne
emission for the Orion Bar isg

. 'suspended in KBr pellets.

The “continuum”

intermediate between that of NGC 7027 and HD 44179.

'al., 1986;

‘Coronene,

Chrysene
Bakke et al.,

There ls also evidence for the presence of broad emission plateaux

underneath these emission features. In the 3 micron region there is a

Cyvin et al., 1982b).

(Orion, Bregman

Cyvin et al., 1982a; Pyrene, Cyvin et al., 1979;
1979,

i
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broad component extending from about 3.1 to 3.6 microns (Geballe et al.t

1983)._

i

_An_equally_impgr;anp_plapeau_isVtheryegy_brqad,

_roughly
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~tr1angularly shaped hump under the 6.2 and 7.7 micron bands which peaksk

around 8 microns.

The 11.3 micron band has also been shown to be part

of a broader plateau which extends from about 1l to 13.5 microns (see
et al. elsewhere in this volume and refererces therein) which is
- prominent in NGC /7027, evideat in Orion, but nearlv absent in HD 44179.
The behavior of the 8 micron plateau parallels that of the 12 micron

Tielens

plateau;

(1986).

contributing to the mid-IR emission,

it dominates the mid-IR emission from NGC 7027, seems to be
comparable in importance to the bands in Orion at position 4,
absent in HD 44179,
degree in the spectra of other objects;
the reflection nebulae NGC 7023 and NGC 2023 (Sellgren et al.
several of the planetary nebulae spectra reported in Cohen et al.

This behavior shows that there are two different components

other producing the broader features.

| Apart from the overall resemblance of the UIR band spectrum to the!
-~ = spectrum expected from PAH-like species, (see Section 2 below, and paper

of recent,
well. Cohen et al.,

must be

extremely stable and carbon rich,

. consistent with the aromatic hydrocarbon hypothesis.
. show that,

one producing the bands and the

n . by Leger and references therein, elsewhere {n this volume) tﬁe results
related observations tend to favor an aromatic origin as

(1986) have shown that the fraction of total IR
luminosity radiated by the 7.7 micron feature in planetary nebulae is

strongly correlated with the nebular C/0 ratio. Because the carriers"—

produced in these nebulae under harsh conditions, "they must be

two characteristics completely
Cohen et al.
while there is variation among the UIR band'intensities,'thei

s—are correlated, implying that a single class of chemical Species 15 .
responsible. . o o

‘also!

i

-

-
'

-t

and it is’;
This broad component is also evident to a lesser

see for example the spectra of
, 1985) and

[
| These are the highlights of what we feel are some of the most”™
Ty

.important aspects of recent 1nfrared observations concerning the PAH“"—
\.problem.
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- ‘Although the UIR band spectrum resembles what one might expect from a
- mixture of PAHs, it does not match in details such as frequency, band 7
profile or relativé intensities predicted from the absorption spectra of
any known PAH or their mixtures. In Figure 3, the emission spectrum =~
from position 4 in Orion is compared with a schematic version of the

.2. Laboratory Spectroscopy and the Interstellar Spectra

absorption spectra of three PAHs: chrysene (C, H,.), pyrene (C H,

. icoronene (CZAH 2). Leger (thils volume), shows a similar compar son
between the emission speccrum from the reflection nebula NGC 7023 and -
‘the absorption spectra of several larger PAHs surpended in KBr pellets.

rather suggestive, but uncompelling, comparisons between the

Similar

interstellar emission spectra with the emission spectrum expected from

g

) and

the PAHs coronene and chrysene can be found in Leger and Puget (1984,

hereafter LP) and ATBa,b.

in the next section.

Because of the suggestive match,

These emission spectra are discussed further:

the assumption has been made that

IPAHS in some form or combination are the carriers of the interstellar
Only when detailed laboratory spectra for the various PAHs

spectra.

1



" become avallable can precise conclusions be drawn rega.. i thelr
respective importance. Keepilng this qualification in mind, the -
following general remarks concerning band assigmments apply to virtually
all PAHs. o
——As illustrated in Figure 3,.the 3.29 micron band is highly charac-.-
teristic of an aromatic system (Duley and Williams, 1981; Bellamy, o
1958), which shows a dominant band, corresponding to a C-H stretch, in
addition to a number of weaker bands between 3.1 and 3.6 microns which |
are overtone and combination bands involving lower frequency funda- A
mentals. (Bellamy, 1958, Cyvin, et .al. 1982, Herzberg, 1968).
Figure 3 also shows the 6.2 micron emission feature (which
corresponds to a C-C stretching vibration in PAHs) which is as
characteristic of polycyclic aromatic species as is the 3.3 micron band
(Leger and Puget, 1984; Bellamy, 1958). _l
Perusal of Figure 3 also shows that the 5 to 10 micron region in _J
PAH spectra is richest in IR active vibrations and the largest density |
of .bands.occurs.in the 7.2 to. 8.5 micron .range (ATBa,b, Bellamy, 1958).]
Unlike the 3.3 and 6.2 micron bands which consistently occur at nearly _|
the same wavelength, independent of the molecule, the precise position __
of these C-C stretching bands dJepends on the particular molecular . ___|
structure. Thus the infrared spectrum of a mixture of PAHs could _.  ___|
prcduce a broad band, possibly with substructure, in this region. _Of _ |
course the precise peak position and profile would vary somewhat =
depending on the particular PAH mixture responsible. = = _
- The small shoulder at 8.6 microns on the "7.7" micron feature which
- often appears in the interstellar spectra is assigned to the in-plane |
aromatic C-H bending mode in PAHs (LP; Bellamy, 1958).  As shown in
Figure 3, PAhs shcw several bands close to this position.<,» o
S The 11.3 micron feature is assigned to the out-of-plane c-H bending
vibration (Duley and Williams, 1981; Bellamy, 1958), Because this |
"frequency is so highly characteristic for aromatic species with edge |
rings which contain only non-adjacent peripheral hydrogen atoms
(Bellam], 1958), Duley and Williams postulated that the aromatic
~contain1ng material they believed responsible, amorphous carbon
'particles, was only partially hydrogenated. Figure 3 shows that fully
hydrogenated PAHs which contain more than one H atom per edge ring |
paossess several strong bands in the 11-15 micron range. The discovery
of the 11-13 micron interstellar emission plateau not only relieves some
of the difficulty associated with understanding partial hydrogenation in
exceedingly H rich environments, but also shows that edge rings of PAHsA
‘tesponsible for the interstellar emission can have non-adjacent as well’
as 2 or_Qﬂadjacent peripheral H atoms, but not 4 or 5. (Tielens et al.
‘and references therein, this volume, and Cohen, Tielens and Allamandola
-1985). -
! The spectra shown in Figure 3 c-h serve to 1llustrate several
additional points. For a free, highly symmetric PAH (e.g., coronene)
with an inversion center, the infrared spectrum will appear simple and
the Raman and IR active v1brat10nal modes will be mutually exclusive due
to the high molecular symmetry. However, if the vibrational force field
1s not so symmetric (as is the case in free, less symmetric PAHs, or !

i

PAHs. in_clusters or amorphous carbon particles) the IR and Raman,spectra

DU W



" 'this volume) and the interstellar emission bands (ATBa). For compari- i

: of PAHs in various solids where the perturbations within the solid

e  memmtmtis s e e et memamm e - e e + 5 ot ety & ———

MICRONS, um Figﬁre 4, Comparison of the SEto 10

10 83 AL 825 558 micron Raman spectrum of auto soot (a
() AUTO SOOT. RAMAN form of amorphous carbon) with the
emission from Orion (soot spectrum, !
| ...adapted from Rosen and Novakov, 1984;
T ﬁ‘ 1% Orion, Bregman et al., 1984, 1986),

\ % Taken from ATBa. i -j
/ w*{\ !

‘M/r \\V-v can be very similar. For example, __;
ety oy .

‘ although coronene has 66 C~C modes .

(b) ORION BAR-EMISSION while chrysene has only 48, the IR
spectrum of chrysene is far richer in
ol | the C-C stretching region (5-10 mic- ;
rons) because the molecule is less
symmetric. It is for these reasons _J
that we legitimately could compare |
__the _Raman_spectrum of soot_in the_ 6 ta
ok 4 8 micron range with emission from _

’ \ . . L . | Orion (Figure 4, ATBa), and thus point
[ 1000 1200 1900 1800 1800 out the striking similarity betweenw_J

WAVENUMBERS, cm

' ) ' the vibrational spectra of a mixture

! S o ~ of PAHs (amorphous carbon is made up

! 7 of PAH subunits cross linked in an i
irregular fashion, see, e.g., Oberlin, 1984, and Marchand, elsewhere iEW

FLux (1077 wem 2 um)

'‘son, Figure 5 shows the IR absorption spectrum of a different mixture GE
“aromatic hydrocarbons, known as a char (Mortera and Low, 1983)_M“Note A
‘that the char spectrum also shows structure in the 3 micron region which
is similar to that shown in wmany of the interstellar emiSSion spectra
(i.e., a dominant 3.3 micron band and a broader, weaker component
“starting at about 3.15 microns, extending to about 3.65 microns, and
.'peaking near 3.41 microns). Figure 6 shows that spectra of indiv1dual
PAHs also have similar structure. As mentioned above, the weak
'absorptions by PAHs in this region are due to overtones and comblnations
“‘of 5-10 micron fundamentals. The spectra shown in Figures 4,5 and 6 are

'broaden the individual bands causing them to overlap and produce a broad
‘component. Free PAHs will show individual bands whose positions and k
intensities are determined by the molecular structure of each PAH. The:
‘interstellar emission component is due to the overlap of individual !
‘emission bands which arise from different PAHs. In addition to the weak

..,contribution from overtone and combination bands, highly vibrationally

‘excited molecules emit from vibrational levels greater than V=1. i
.Emission from these higher levels, shifted for anharmonicity, i
.contributes significantly to the 3.4 micron plateau and many of the 1
other components of the interstellar spectrum (see Section B, Barker et
al,, 1986 and ATBa,b). The recent discovery of specific bands in this i
‘plateau (de Muizon, this volume) supports this explanation of the
plateau in terms of overlapping individual lines. w
i As shown above in Figures 4 through 6, the infrared signature of
amorphous carbon soots and chars resembles the UIR band spectrum rather ;
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Mortera and Low,
1 1983),
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closely. Weak, o
broad features at
roughly 6.2, 7.7,
and 11.3 microns
are also evident in

the extinction
curve of amorphous carbon particles (Koike, Hasegawa and Manabe, 1980,

Borghesi et al., 1983). Sakata et al., (1984) have also suggested that
the ahsorption spectrum of the hydrocarbon residue deposited by a meth-
ane plasma resembles the interstellar spectrum. The similarities and
differences between the interstellar IR emission spectrum and spectra
associated with various forms of amorphous carbon are discussed in
detail in the papers by Duley, Bussoletti et al., Goebel, and Roessler,
elsewhere in this volume. Since amorphous carbon is primarily composed
of randomly oriented clusters of PAHs cross—linked and interconnected by
saturated and unsaturated hydrocarbon chains, the overall spectral emis-
sivity of small amorphous carbon particles will resemble PAH spectra,
with the individual bands blurred out due to the solid state effects
which produce the line shifting, broadening and intensity changes dis-
cussed by Allamandola (1984). Thus, the infrared spectroscopic proper-
ties of small amorphous carbon particles will be largely determined by
the properties of the PAHs of which they are made. As the particles get
larger, bands will overlap, producing broad features that possibly
retain some substructure indicative of the individual PAHs., For still
larger particles, bulk properties dominate and the broad components will
appear as substructure con a strong continuum which follows a 1/A law
producing the extinction curve reported by Koike et al. (1980) and
Borghesi et al. (1983).

In concluding this section on the spectroscopic aspect of the
problem it is important to stress two points:

1) Given what is currently known about the spectroscoplc properties
of PAHs and PAH-like species, free PAHs seem promising candidates to
account for the narrower emission components.

2) Having said this, there presently seems to be a better match )
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between the observed IR emission bands
and laboratory amorphous carbon particle
spectra than with a mixture of the free
PAH spectra which we have available.
Thus, on the basis of spectroscopic
evidence alone, we would conclude that
amorphous carbon particles are
responsible. However, as described
below (and in the article by Leger, this
volume), a quantitative assessment of
the emission band intensity, in
particular that at 3 microns, forces us
to conclude that the narrow bands are
due to IR fluorescence from molecule
sized species. Although this polnt had
been previously raised by a few
researchers (see review by Allamandola,
1984) the importance of this aspect of
the emission problem was largely .
unrecognized until quite recently.

3. THE EMISSION MECHANISM

Recently attention was redirected toward
the importance cf the microscopic a
details of the emission mechanism.
Sellgren, Werner and Dinerstein (1983)"
discovered the 3.3 micron emission band.
in reflection nebulae along with a :
continuum from about 1.25 to 5 microns
with a constant color temperature,
independent of position in the nebula.
The color temperature of the emission
was found to be relatively constant f
across the nebulae even though the
pumping photon flux decreased, thus
eliminating the possibility of a pumping
mechanism in thermal equilibrium.
Assuming the emission originated from
particles, Sellgren (1984) proposed that
thermal fluctuations in very small (10A)
grains, which were caused by absorption
of individual UV photons, could account
for the observations. She also noted
that the species responsible must be
very stable, as two photons would

Infrared absorption spectra in the 3.3 micron region of the
PAHs chrysene, pyrene and coronene, suspended in KBr. Spectra courtesy
of Drs. Cyvin and Klaeboe, University of Trondheim, Norway.
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occasionally be absorbed by these species raising their temperature to
over 2000°K. (The two photon event timescale is only about 100,years,
while the lifetime of a reflection nebula is on the order of 10 years.
If two photon events could destroy the carrier, it would deplete the
material in the emission zone.) Although previous results implied the
emission is molecular in origin, (in particular the intensity at 3
microns relative to that of the longer wavelength bands,) the obser-
vation of a constant color temperature across the nebulae unambiquiously
pointed out that the emission process is not at thermal equilibrium.
The importance of this non thermal-equilibrium, fluorescence process in
determining the radiation balance of the interstellar medium also seems
responsible for the IR cirrus (discovered by IRAS) and for the very
extended 10 micron excess emission associated with reflection nebulae
(discovered by Castellaz et al., 1986),

Our philosophy in developing a model to describe the emission pro-
cess was to do as thorough a calculation as possible on a well under-
stood PAH (chrysene, C le), for which most of the intramolecular
relaxation processes were well known and which had well characterized
vibrational modes. Although the intersystem crossing and internal
conversion rates available for chrysene (Birks 1970) were measured in
condensed phases and may be different for free gaseous species, the
model calculation involved a minimum of speculation.

Figure 7 shows a highly schematic version of the overall excitation
- emission process. (See the articles by Jortner and Mukamel elsewhere
in this volume for a detailed discussion of these processes.) Prior to
the absorption of a photon, any neuiral PAH is in the lowest singlet
electronic state, So' Photons of many energies are incident on the
molecule, and of those absorbed, some can ionize the molecule and others
can excite it to higher singlet states (S ,... . The a?iorbed energy
will quickly redistribute itself within t%e molecule (<10 s) via
internal conversion (IC) (S_+~—S,) and intersystem crossing (ISC)

(Tfh-S ) processes. For chrysene, the strongest absorption corresponds
to the'S,—§ ) transition which peaks near 2675A. Nearly 90Z%Z of these
excited moleSules undergo rapid ISC to high vibrational levels of the

T state. Because T is lower than S, (this is true for virtually all
neutral PAHs) and th® direct radiative transition (phosphorescence) from
T to S occurs very slowly (on the order of several seconds) the energy
is trapped in the lowest triplet state, To., Thus, a few nanoseconds
aft?r the absorption of a 2675A (37, 400 cm ) photon, about 17400

cm is trapped in the triplet state as vibrational energy. The
remainder is "stored” by the molecule which is now in the triplet
electronic state. This highly vibrationally excited molecule can lose
its vibrational energy only by radiating IR photons, primarily by the
transitions (V__ =V ) at the fundamental vibrational frequencies of the
T state. Thi$ procgss 1s known as infrared fluorescence (IRF). IRF
19fetimes are on the order of a tenth of a second while the phospho—
rescent lifetime (S — T ) for chrysene is longer than three seconds.
Thus, IRF 1s the magor deactivation route, although a small fraction of
the excited population will relax via phosphorescent emission of red and
near IR photons.

If the exclted PAH is ionized (as we believe to be the case in the
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Figure 8. The IR fluorescence spectrum from chrysene as a function of
vibrational energy content. Taken from ATBb.

emitting zone), the energy level diagram will be quite different,
involving doublet (D) and quartet (Q) states rather than singlets and
triplets, with the ground electrcnic state being a doublet, D . In the
case of an ion, the lowest excited doublet state, D,, is alwags lower
than Q and trapping in the Q state, which cannot radiatively relax to
the ground state, D , 1s not important. (see the articles by Leach, this
volume, for a complete description of thils situation.) Thus, for free
molecular ions nearly all of the energy ‘is quickly converted to
vibrational energy in the ground electronic state, D
only deactivation route.

The infrared emission spectrum predicted for chrysene is plotted in
Figure 8 as a function of vibrational energy content., From Figures 3
and 8 several conclusions may be reached. Firstly, the IRF spectrum
varies dramatically as the vibrational energy is changed and it does not
necessarily match the intensity distribution observed in absorption.
Secondly, no significant IRF emission L3 cbserved from the 3000
cm ~ modes (3.3 microns), unless the molecule contains a significant
amount of vibrational energy per vibrational mode. Thirdly, the
intensities of the 3000 cm modes (3.3 microns) relative to the 1000

cm  modes (10 microns) are directly related to the internal energy of
the molecule.

0! where IRF is the




One of the many important consequences of this treatment 1is that
the intensity ratio of the 11.3 to 3.3 micron bands provides a measure
of the vibrational energy content of the emitting species if its size is
known; conversely, if the energy content of tle molecules is known, the
size of the emitting species can be estimated. ‘Thus, if one knows the
spectrum of the exciting UV field, the 11.3/3.3 intensity ratio indi-
cates the unumber of carbon atoms in the smallest emitting species (the
most intense emitters). Conversely, if one can confine the size of the
most intense emitting PAH on the basis of spectroscopic constraints, one
can determine the part of the incident radiation field that 1is most
important in pumping the IR bands.

To make this estimate note that for each C-H bond one out-of-plane
bending mode and one s‘retchig% mode will be present; thus, the number
of modes emitting near,885 cm (11.3 micron) equals the number of modes
emitting near 3000 cm (3.3 microns), regardless of the actual number
of C-H bonds present in each molecule. Vibrational assignments for
Yenzene (T H ), azulene (C OHB)' anthracene (C14H O), chrysene (C le),
and pervlere (COOH ,) were used to vredict the reiarive IRF emicssion
intensities due " to one C-H stretch mode and due to one C-H out-of-plane
mode, assuming they have equal integrated absorption coefficients, as is
approximately true in the gas for free molecular benzene (Bishnp and
Cheung, 1982), napthalene and anthracene (Niki, 1986).

As an initially vibrationally excited molecule relaxes by infrared
emission, it must sequentially emit many infrared photons and undergo an
energy cascade before it reaches equilibrium with tre low temperatures
of the [SM. Thus, the observed interstellar emission bands are due to
emission from molecules in all stages of relaxation subsequent to exci-
tation to some initial energy. For comparison with the emission bands,
the calculated decay rates of IRF emission were used to average the
calrulated intensities over the entire range of emergy up to the initial
axcitation level. Ratios of IRF intensities (averaged over the caccade)
were calculated for several initial excitation energies. The calculated
ratios of IRF intensities are plotted in Figure 9 as a function of the
number of carbon atoms in each molecule for several values of initial
interral energy.

The observed 11.3/3.3 inteusity ratio in Orion is near unity and
the ratios observed in other objecrs range up to about 4 or 5 (Cohen et
al., 1986). If_fhe average emitting species was initially excited *to
about 80,000 cm (1250A) and all of that energy was converted to
vibrational energy, it must have 20 to 8U carbon atoms to explain the
observed intensity ratios ranging from 1 to 5. At lower excitation
energies, even smaller species can explain the observed intensity
ratios, but the maximum size 1s limited by th maximum energy of the
photons available (about 80,000 - 100,000 cm ).

Visual inspection of published IR absorption specctra for PAHs
suspended in KBr shows that the integrated absorption strength of the
bands in the 11-13 micron range is generally about three to five times
more intense than the bands at 3.3 microns. This differs from the near
unity values (used in the calculation) observed in the gas phase for
benzene, napthalene and anthracene (Niki, 1986). However, if the 11-13
micron modes in the larger emitting PAHs consisting of several fused
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Figure 9. The 11.3 micron/3.3 wmicron intensity ratio plotted as a
function of carbon atom number and vibrational energy content. The
relative flucrescence intensities includes integration cver the
vibrational cascade. Taken from ATBb.

rings has an integrated absorption coefficient three times larger than
that of the 3.3 micron mode, the maximum molecular size comsistert with
the observed intensity ratio range is reduced by a factor of two to
three, indicating that the band carriers are species containLng about 20
to 30 carbon atoms. This conclusion is in agreement with thé number de-
duced from individual band profiles analyzed by accounting for emission
from higher vibrational levels, which are shifted by anharmonicity.
Space limitations preclude more than a passing reference to this
important point. A detailed discussion is presented in Barker et al
1986 and ATBb.

In concluding this section on the detailed emission mechanism, we
wish to point out that while one can model the emission phenomenon using
2 thermal model approximation, such approximations are of severely lim-
ited validity (ATBa,b; Barker, Allamandola and Tielens, 1986). We
stress that the molecular approach permits one to address questions
regarding photostability, hydrogen coverage, reactivity, photoisomer-
ization and deuterium fractionation in a completely self-consistent
non-approximate manner in addition to being able to explain the observed
emission ratio and account for band profile behavior.

4. THE MULTICOMPONENT NATURE OF THE EMISSION SPECTRUM.

A "dilemma" 1s presented by 1) the spectroscopic case which suggests
amorphous carbon particles in addition to free PAHs as the carrier of
the emission, and 2) the energetics which point to molecule sized
specles containing about 20 carbon atoms. This dilemma is resolved by
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realizing that in nearly all cases the aperture sizes used to measure
the interstellar spectra encompass a large fraction cf the entire
emission object. Thus, in many cases, we are collecting photons
originating from a zone which includes cold, dense, neutral material as
well as highly excited, ionized material close to the pumping star.

The high excitation plametary nebula NGC 7027, which occupies only
a few arcsaconds of the sky, typifies this situation. Because it is a
very inteanse infrared object, several groups have mapped this object at
different wavelengths. On the basis of broad band maps Bentley (1982)
concludes that two separate components are responsiblLe for the IR
emission. One which carried the features, the other responsible for
the continuum as measured at 10 microns. Aitken and Roche (1983) have
carried out a very thorough 8-13 micron spectral mapping program of
this source which is very informative. Their spectra show interesting
spectral variations in the features, not only in going from the ionized
to the neutral zone, but also within each zone as well. Most recently,
Goebal (1986, and this volume) has shown that there is a remarkable
resemblance between the spectrum of hydrogenated amorphous carbon (HAC)
and the underlying continuum (not the features) in NGC 7027 and sug-
gested that HAC particles, warmed by the incident photons, were
primarily responsible for the broad underlying coutinuum. High spatial
and spectral resolution IR maps of NGC 7027 shows that the emission at
8.2 microns (presumed to be a tracer of the "7.7" micron feature) peaks
in a very different locaticn within the nebula than the continuum
emission (due to the broad component) as measured at 10 microns
(Goebel, 1986}. Taken together these results show that emission from
both amorphous carbon like particles and free PAlls contribute to the
overall infrared emission from NGC 7027 (and presumably in other
objects which have sufficient fiux to heat small particles).

Our principle conclusion is that progress in this field requires
studies which focus on the spatial characteristics of the spectra from
these components. It is only in this way that the distribution and
evolution of carbon from molecule to particle can be traced. Thus, at
this stoge of the interstellar IR emission band problem, spectroscopic
studies on extended objects are called for. Under the right conditions
(where confusion from particle emission can be eliminated) it may be

possible to limit the particular PAHs responsible for the features to a
handful.
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