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Solvent-induced stabilization of the naphthalene anion by water molecules:
A negative cluster ion photoelectron spectroscopic study
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We show thata) only a single water molecule is needed to stabilize the naphthalene énjiding

EA, of naphthalene is—0.20 eV, in agreement with determinations by electron transmission
spectroscopyic) the energetics are consistent with the number of waters required to stabilize the
naphthalene anion, arid) the excess electron is located on the naphthalene moiety gf(Np®),, .
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INTRODUCTION that of Desfrancois and co-workétn formamide and sub-
stituted methylformamide cluster anions, and that from our
There are many anions which are unstable in isolatiorown groug on homogeneous naphthalene and on homoge-
but which are nevertheless stable in condensed phases. Sugdous pyrimidine cluster anions.
negative ions are often characterized as temporary anions in |n this paper, we focus on the solvent-induced stabiliza-
the gas phase by electron scattering techniques and as stafigh of the naphthalene anion by water molecules. The naph-
anions in condensed phases by a variety of spectroscopifalene negative ion is an example of an anion which is well
techniques. Presumably, the reason for the occurrence @hown in condensed phases but which appears to be unstable
these anions in solutions and/or crystal lattices is that they, isolation. The naphthalene anion has been detected
have been energetically stabilized by environmental effectgng characterized in the condensed phase by]E*SIIQeIec-
such as solvation and/or counterions. At the molecular levelygnic spectroscopy. 2! vibrational  spectroscop?f,
the effect of solvation on anion stability can be explored bypolarographf,&z“ and other techniqués?® (often both at 77
forming solvent-stabilized cluster anions, thereby mimickingand 298 K. While it is chemically reactive there, it appears
some of the main effects that are operative in condenseg pe thermodynamically stable with respect to neutral naph-
phases. thalene and a free electron. In regard to its gas phase stabil-
The solvent-induced stabilization of otherwise unstable,ty, the preponderance of evidence indicates that the naph-
anions has now been observed in several cluster anion syalene anion is unstable in isolation, i.e., it has a negative
tems. It was implicit in the mass spectrometric studies ofyjectron affinity. Electron transmission spectroscopyf'S)
pyridine/water cluster anions by Kondow and co-workérs measurements gave a vertical electron affinity (EAf
about ten years ago. Then, just a few years ago, the valence 19 ev for naphthalene, and based on the observed vibra-
anion of uracil(which is either unstable or, at best, only yiona| structure in its spectrum, this was also interpreted as
marginally stablé_ was observed to be stabilized by just one corresponding to its adiabatic electron affinity (B4£72%In
wat.er molecule in the Rydberg electrqn trans(ﬂéET) €X- " addition, pulsed electron, high-pressure mass spectrometric
periments of Schermann and co—w_c>rkénszour hegative lon o, heriments that set out to measure the electron affinity of
photoelectron spectroscopic s'Fud?eéand in the anion pho- naphthalene were unable to observe its parent aflidine
toelectron experiments of_Wemkauf gnd f:o—work?eMore observation of the naphthalene anion in the condensed phase
recently, wé have also utilized negative ion photoelectron . therefore most likely due to the stabilizing effect of the
spectroscopy to study the solvent-induced stabilization Otasnion's interactions with its immediate surroundings.

dimethyluracil, 1-methylcyt_osme, pyridine, pyrimidine, and _To investigate the solvent-induced stabilization of the
naphthalene anions by various numbers of water molecules;

Desfrancois and co-workérhave conducted RET studies on raphthalene anion, we recorded both the mass spectra and
oyridine, pyridazine, pyrimidine, and pyrazine anionsthe photoelectron spectra of gas-phase, hydrated naphthalene

solvent-stabilized by water, ammonia, and toluene mol2N'on clusters, Nph(HO), . In particular, we addressed the

ecules; and Kim and co-workéfshave performed photo- follo(\j/vggt ql:esﬁ'.o nst:rga) hO\;]vthmlany we-lés)r’mrlr;]oliacu:es a}re
electron studies on pyridine/carbon dioxide cluster aniond!€€d€d to stabiiize he naphthalene anit) ¥Vhat value o

systems. Other related work includes that of Schermann ang,aphthalene’s adiabatic electron affinity is implied by our
co-workerd! on phenol-pyridine dimer anions, that of Kim ata, and is this value consistent with the literature’s value?

and co-worker on homogeneous pyridine cluster anions,(c) Are the energetics consistent with the number of water
molecules needed to stabilize the naphthalene anidnts
the excess electron localized onto the naphthalene moiety of

dpresent address: International Pharmaceutical Aerosol Consortium, Wasfhe cluster. i.e.. is “a naphthalene anion solvated by water
ington, DC 20005. o

YAuthor to whom correspondence should be addressed; electronic mair.nOIeCUIeS” a proper _descriptiqn of NEKHZO)n?_ The an- )
kitbowen@jhunix.hcf.jhu.edu swers to these questions provide a microscopic perspective
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into the solvent-induced stabilization of the naphthalene an-
ion by water and into the broader phenomena by which sol- Nph-(H,0),
vation is able to, in effect, “breathe life” into otherwise
unstable anions.

EXPERIMENT

Negative ion photoelectron spectroscopy is conducted by
crossing a beam of mass-selected negative ions with a fixed-
frequency photon beam and energy analyzing the resultant
photodetached electrons. This is a direct approach to the de-
termination of electron binding energiéSBE), relying as it
does on the relationship,

hv=EBE+EKE, (1)

in which hv is the photon energy, and EKE is the measured
electron kinetic energy. Our apparatus has been described
previously®! The spectra were calibrated against the well-
known photoelectron spectfa®*of O~ and NO. The typi- M bt
cal resolution(FWHM) of our electron energy analyzer was 120 130 140 150 160 170 180 190 200 210
~30 meV. In this work, 2.409, 2.540, and 2.708 eV photons
were all used for photodetachment.

Nph; (H,O),, cluster anions were generated in our super- FIG. 1. Mass spectrum of NpiiH,0),, cluster anions.
sonic expansion nozzle ion source. To accomplish this, a
naphthalene/water mixture was heated to 90°C and coex-
panded with 4 atm argon gas through a 15420 nozzle size counterparts, the photoelectron spectra do not mirror this
orifice. Relatively low-energy electrons were then injectedsize alternation and thus offer no clear clues in this regard.
directly into the high-density portion of the expanding jet in Under water-lean conditions, there was an abrupt decrease in
the presence of weak axial magnetic fields, and negative ionistensity after NphQ(H,O)s. The intensities of clusters con-
were extracted from the resulting microplasma. Mass seledaining multiple naphthalenes were substantially lower than
tion for these photodetachment experiments was acconthe intensities of clusters having only one naphthalene mol-
plished with a Wien filter. In addition, we conducted comple-ecule per cluster, NgiH,O),. Among the clusters contain-
mentary mass analysis with a quadrupole mass spectrometielg more than one naphthalene per cluster, NphO),
in order to confirm mass assignments of cluster anions witliequivalent in mass toNph; (H,0),],) routinely displayed a
unit mass resolution. locally enhanced intensity relative to its immediately neigh-

boring mass peaks.

Nph'(H,0),

Anion Intensity

Nph'(H,0),

Mass(amu)

RESULTS
Mass spectra Photoelectron spectra
A mass spectrum of Ngh{H,0),, clusters taken with our The photoelectron spectra of Npt,0),,, n=1-8 are

guadrupole mass spectrometer is shown in Fig. 1. The baggresented in Fig. 2. The photoelectron spectrum of
anion of naphthalene Nph(128 amu is conspicuously ab- Nph; (H,0), displays two prominent peaks that are separated
sent from the mass spectrum. The first N#H,0), hydrated  from one another by 1789 meV (1435-72cm ). The
anion species to be observed occursatl, and the series photoelectron spectrum of the next larger cluster in the se-
continues uninterrupted, at least througm=24. ries, Nph (H,0),, resembles that of Ngi{H,O),. While it is
Naphthalene-containing peaks in the mass spectrum shoshifted to higher EBE and slightly broadened, the general
the appropriate isotope patterns. The analysis of this and ngrofile is nevertheless preserved. The spacing between the
merous other mass spectra recorded during these expetiwo main peaks in this spectrum measures “185neV
ments revealed several persistent ion intensity patterns. TH&331+ 72 cm Y). Even though resolved structure disappears
intensity of Npi (H,0), the first ion in the series, is always in the photoelectron spectra of the larger clusters,
weak in comparison with that of NpliH,0),. In the other  Nph; (H,0),~3, their spectral profiles remain locally similar
solvent-stabilized temporary anions that we have studied, this one another throughout the series.

first cluster anion size to be observed, whatever size it may The photoelectron spectrum of Npid,O), has a very

be, is also weaker in intensity than the next larger one. Prestep spectral onset, starting from a threshold electron binding
sumably, this is related to its nascent stability. Under waterenergy of only 0.035 eV. While this spectrum shows no evi-
rich conditions, the intensity of NgiiH,0),, clusters showed dence of anion hot bands due to molecular vibrations, the
odd/even size alternations, with those clusters having apresence of unresolved anion hot bands due to rotations is
even number of water molecules exhibiting higher intensi-quite likely, and the presence of unresolved anion hot bands
ties. While this observation suggests that the even size clusiue to anion—neutral molecule vibrations is also a possibil-
ter anions may have greater stability than their adjacent, odity. Given these circumstances, we have assigned the lowest
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FIG. 2. Photoelectron spectra of Npi,0),, n=1-8, recorded with

2.409 eV photons.
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TABLE |. The adiabatic electron affinities (EA of hydrated naphthalene
clusters Npi(H;0),, their stepwise increase\EA,=EA;n)—EA;(n-1)),
and the threshold energieEf) of their negative ion photoelectron spectra.
All energy values are in eV.

n = EA, AEA,
1 0.035 0.11

2 0.21 0.37 0.26
3 0.4 0.57 0.20
4 0.6 0.76 0.19
5 0.6 0.85 0.09
6 0.6 1.1 0.25
7 1.0 14 0.3
8 1.1 15 0.1

are all similar to one another, the positions of the origins of
the larger Nph(H,0), cluster anions were assigned by com-
paring the spectral profile of each spectrum to that of the
next larger one, i.e., by overlaying the spectral profiles of
pairs such an=1,2; n=2,3; n=3,4, etc. We believe this
procedure to be largely equivalent to, but more accurate than,
comparing the spectral profiles of each larger cluster anion in
the series to that ai=1. The values so obtained for EA
and sequential spectral shiffdEA,'s between adjacent
cluster sizepas well as those for threshold EBES,('s) are
listed in Table I. The values of EAvsn are plotted in Fig. 3.
Sequential spectral shifts reflect the following general
energetic relationship:

AEA;=EAIX(Y)n]—EAIX(Y)n-1]
=D[X"(Y)n-1""Y]=Dwe[X(Y)n-1--Y], (2

where EAX(Y),] denotes the adiabatic electron affinity of
the X(Y), cluster,D[ X~ (Y),_1 --Y] is the ion—neutral dis-
sociation energy for the loss of a single neutral solvent mol-
ecule, Y, from X" (Y),, and Dyg[ X(Y),_1---Y] is the
weak-bond, neutral-neutral dissociation energy for the loss
of a single solvent moleculey, from the same size neutral
cluster,X(Y),. In most instances, ion—neutral dissociation
energies can be expected to be larger than weak-bond,
neutral—neutral dissociation energies.

144 (Nph),(H0), °
124

1.0

0.8 ®

EA, (eV)

0.4+ ®
0.2
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EBE and most prominent peak in this spectrum as the origin-
containing transition, with the EBE of the peak center being

number of water molecules, n

taken as the EéOf the corresponding neutral cluster. Be- FIG. 3. Plot of the adiabatic electron affinities (BAof hydrated naphtha-

cause the spectral profiles of the NgH,O), cluster anions

lene clusters as a function of cluster sine,
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also interpreted as corresponding to its adiabatic electron af-

y —_ x Temporary Anions finity (EA,).2""2°For styrene, ETS has measured its, B8
- be —0.25 eV, and as in the case of naphthalene, this value
2 0 X+ e was also interpreted as corresponding to its, EAFor py-
] rimidine, ETS has measured its FAo be —0.38 eV, but

based on an assignment of its lowest lying vibrational fea-
ture, the value of its EAwas interpreted to be-0.26 eV3®
The case of uracil is less clear. ETS found its E& be
FIG. 4. Schematic showing energetics of solvent-induced stabilization of O 22 eV, but a lack of V|brat|(7)nal structure made a deter-
temporary anions. mination of its EA, problematic3’ In any case, the EAval-
ues of naphthalene, styrene, and pyrimidine are all around
—0.2 eV, and the EA of uracil is either the same or less
In addition to photoelectron spectra taken with 2.409 eVnegative. In each of these four systems, the minimal number
photons, we also recorded spectra of N,0),,_, 5 4 With of water molecules required to stabilize their temporary an-
2.540 and 2.708 eV photoridiVhile the lower-energy pho- ions was found in our mass spectral studies to be one. Next,
tons (2.409 and 2.540 eMgave very similar photoelectron consider pyridine. ETS measured its lowest lying vibrational
spectra, an additional feature emerged between 1.2 and 2fgature at-0.59 eV, which was interpreted as corresponding
eV EBE in the 2.708 eV photon spectra of all three of thesd0 both its E'% and its EA, values® In our, as well as

systems. It is probably due to the access, at that photon effondow’s;"* mass spectral study of hydrated pyridine an-
ergy, of an anion resonance. ions, a minimum of three water molecules were found to be

needed to stabilize the pyridine anion. To summarize, when
their EA;’s are about-0.2 eV, only one water is required to

_V_ X'Yn Stable Anions

DISCUSSION stabilize them, but when EAis three times more negative
How many water molecules are needed to stabilize (about —0.6 eV), fully three water molecules are needed.
the naphthalene anion? Thus, from the data that we have so far, there appears to be

a roughly linear relationship betweBA,| and the minimal
spectrum of the naphthalene/water cluster anion sysse® number of solvent molecules required to lower temporary
anions into stability. Viewed from another perspective, the

Fig. 1); only one water molecule is required to stabilize the ¢ offer ) b ¢ solvent molecul
naphthalene anion. As a broader issue, the more negative tREOCESS Of Ofiering successive numbers of solvent molecules

electron affinity of a given temporary anio¥; (the higher to a given temporary anion until stability is achieved can be
the energy ofX~ is above that oX+e~), the more solvent viewed as a kind of “titration” for estimating negative EA

molecules,Y, of a given kind are presumably required to valug_s,, V.Vith thg miniTaI ““”.‘be,f of solvents required for
lower its energy into stabilitysee Fig. 4. When the sequen- stabilization being its “end point.
tial spectral shifts for various anion/solvent combinations are
comparable, this hypothesis implies a linear relationship be-=
tween the absolute values of the adiabaticermodynamig
electron affinities of temporary anions and the minimal num-  Our data implies a value for the EAof naphthalene,
ber of solvents required to lower them into stability. and, thus, a comparison of our value with that determined
Sequential photoelectron spectral shifts for anion—from ETS measurements serves as a check on both. Three
neutral complexes are usually dominated by sequentiahethods for extracting an EAvalue from our data present
anion—neutral solvent interaction energies, and these deperithtemselves: the “titration” method using other systems as
among other things, on the excess charge density on the acalibrants, a linear extrapolation of the s n plot in Fig.
ions. In addition to the naphthalene anion, we have also in3 to n=0, and an extrapolation of outEA, vs n data ton
vestigated the solvent stabilization of several other tempo=1 (see Fig. 5. The “titration” approach provides only a
rary anions by water molecules. These anions, i.e., those @bugh estimate; both of the other methods are more quanti-
styrene, uracil, pyrimidine, and pyridine, all are relatively tative. The disadvantage of the “linear extrapolation of the
small molecules with ring structures, and, as such, their exeA, vsn” method lies in the fact that it is not and should not
cess negative charge densities are probably not vastly diffebe linear. The sequentidstepwis¢ spectral shift between
ent. Thus, our basic picture of temporary anion solvent staadjacent size cluster aniofisere,AEA,) is not constant but
bilization can be tested, at least tentatively, via these fivéends to decrease slowly asncreases. This makes the EA
hydrated anion systems. vs n plot in Fig. 3 curve to the right, at least for the smaller
Electron transmission spectroscofiyTS) has provided sizes for which the error bars on the data are smallest. Such
most of the presently available information about the elechehavior is typical of most anion—neutral complexes, the few
tron affinities of these systems, and our mass spectral studiexceptions involving structural or electronic pathologies. If,
have supplied values for the minimal number of solvent mol-however, one were to employ this method, a linear extrapo-
ecules required to stabilize their temporary anions. As menlation of the first three data points in Fig. 3 would imply an
tioned earlier, ETS has measured the vertical electron affinitfA, for bare naphthalene of0.11 eV, while a linear ex-
(EA,) of naphthalene to be-0.19 eV, and based on the trapolation using the first four points would imply an E6f
observed vibrational structure in its spectrum, this value was-0.085 eV. Given the curvature of the plot in Fig. 3, how-

The answer to this question is evident from the mas

What value for naphthalene’s EA , is implied by our
d ata?
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1.0 Even without extrapolating to the stabilization energy,
~ EA,(n=1)—EA,(n=0), one could reach the same conclu-
< 08+ sion by noticing that the typical sequential spectral shift per

5‘“ water molecule in small hydrated naphthalene cluster anions
v 081 (see theAEA, values in Table)l is roughly 0.2 eV. Thus,
j 1 with an EA, for naphthalene 0f-0.19 eV, it is evident that
'-I'IJ 0.4 only a single water solvent molecule would be needed to
<& T . lower the energy of the naphthalene anion to the edge of
Y 024 T L stability. Taken together, these energetics help to rationalize
1 e how species with negative electron affinities can occur as
0.0 T T T T stable anions in liquid or solid phase environments.
1 2 3 4 5 6
n
FIG. 5. Plot of the sequential spectral shifs§A,) of Nphy (H,0), pho- IS the excess electron located on the naphthalene
toelectron spectra as a function of cluster sizeand their extrapolation to  moiety of the cluster?
n=1.

In condensed phases, ESR studies make it clear that the
naphthalene anion exists adana fideanion. The question

ever, the real EA for naphthalene is likely to have a more then arises as to whether it exists as such in the smallest

negative value. The third method involves an extrapolatiod \Ph (H20), cluster anions, i.e., has the excess electron lo-

of a plot of AEA, vs n to n=1. Since this plot is not linear calized itself onto the naphthalene moiety of the cluster to
a . . .

either, one would like to fit it to a monotonic curve and thenform an intact naphthaler_le_ a*_“O”'-’ .

to extend that curve to=1 in order to determine thAEA,, For several reasons, it is likely that the excess electron is

there. However, because such a fit is problematic, we Choosaessomated with naphthalene rather than with the water mol-

instead to make a linear extrapolation of the first several datgcurllqﬁ) in these (_:Iust%r_s.bFlr_st, \INh'Ie Watfef_r g_nd n:?]phtgzlene
points in ourAEA, vs n plot (see Fig. 5. Essentially, this is ?°th nave negative adiabatic electron affinities, the,

a second-order linear fit of the data, and its extrapolation t§'@Phthalene is much less negative than that of water. Second,
n=1 implies that EA(n=1)— EA,(n=0)=0.31eV. Since j[he photoelectron spfctra of Npt,0),, show little similar-
EA,(n=1)=0.11eV, this implies that EAn=0)= ity to those of (HO), . In the relevant size range only the
—0.20eV. This value for the EAof naphthaleng—0.20  (H20)n species at sizes1=2, 6, and 7 are easy to make,
eV) is in excellent agreement with the ETS res(#t0.19 ~ and the photoelectron spectrum of size; 2 looks rather

eV) of Burrow and JordaA’~2° Of the three methods we different than those of sizespn=6 and 7. All of the

have described, this is the most accurate for the determindyPh: (H20), Species, on the other hand, form relatively eas-
tion of the EA, of naphthalene from our data. ily and continuously from sizeg=1 up through at least 24,
and all of those that we measured have similar photoelectron

) _ ) spectral profiles. None of these resemble those giO)H
Are the energetics consistent with the number of photoelectron spectfﬁ:‘m

i ? . .
water molecules required? The most compelling reason to interpret the excess elec-

With the value for EA of naphthalene confirmed as be- tron as residing on naphthalene in NgH,O),, however, is
ing about—0.2 eV, and with the stabilization energy in go- the structure observed in the first two Nghl,O), photo-
ing from bare Nph to Nph; (H,0), estimated by extrapola- electron spectra. In the spectra of both NH,0); and
tion as being~0.3 eV, a consistent picture emerges for theNph; (H,0),, at least two distinct peaks are observed. As
energetics of naphthalene anion solvent stabilization. Sincenentioned previously, in Ngi{H,0)4, they are separated by
the bare naphthalene anion sit§.2 eV in energy above the 1435+ 72cm %, while in Nph, (H,0),, they are separated by
neutral naphthalene plus free electron asymptote, a stabilizd331+ 72 cm 1, essentially the same number for present pur-
tion energy of~0.3 eV, due mostly to the interaction of the poses. This splitting is very similar to some of the vibrational
naphthalene anion and a water molecule, is enough to puftequencies in neutral naphthalene, and we interpret it, in
the energy of the system down into stability. It is thereforeboth cases, as being due to them. Neutral naphthalene has
reasonable that a single water molecule should be able tabrational frequenciés™® at 1460cm?*(v,) and at
stabilize the naphthalene anion. The energetics of this prot376 cm (vs), and since both are @, symmetry, both are
lem are thus consistent with the observed number of wateallowed in photoelectron spectra. The splitting in
molecules required. An additional consequence of these emNph; (H,0); is closer to the frequency of;, while the split-
ergetics is that one water molecule should just barely stabiting in Nph, (H,O), is closer to that oks, but both of these
lize the naphthalene anion, leading to the expectation that theay well be represented in the spectra to one degree or an-
EA, of Nph(H,0), should be quite small. This too conforms other in both cases. The observation of a naphthalene vibra-
to our observations. The Efof Nph(H,0), is only 0.11 eV, tion(s) in the central profile of our photoelectron spectra is
and its threshold Ey,) in the photoelectron spectrum of symptomatic of a naphthalene anion ‘“chromophore” in
Nph; (H,O), occurs at an EBE of only 0.035 eV. Subsequentthese clusters and thus of the presence of an intact naphtha-
water solvents just continue to stabilize the system furtherene anion within the cluster. We should also point out that
although by not as much per solvent step. this same splitting is seen in our photoelectron spectra of
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homogeneous naphthalene cluster anions, where, of coursg). C. M. Henning, J. Chem. Phy&4, 2139(1966.
no water is present. Taken together, all of this implies that®“E.S.R. spectra of organic radicals in solution,” introduction to Mag-
“a naphthalene anion solvated by water molecules” is a netic Resonancedited by A. Carrington and A. D. McLachla@hapman
roper description of Nph(H,0),, clusters, including even and Hall, London, 1979 p. 72. .

P .p p. pniH; n ’ 9 YD, E. Paul, D. Lipkin, and S. I. Weissman, J. Am. Chem. St&.116
their smallest viable member, NptH,O),. (1956.

One final issue concerns the excess charge density on th®. Balk, G. J. Hoijtink, and W. H. Schreurs, Recl. Trav. Chim. Pays-Bas.
naphthalene anion. Given that the excess electron is closel 76, 813 (1957).
associated with naphthalene in thizo)n, can we discern :i.gg.DHoutlnk, N. H. Velthorst, and P. J. Zandstra, Mol. Ph$s.533
more labout how Iocahzg(br delocahzgd it is there? The 207 Shida and S. lwata, J. Am. Chem. S66, 3473(1973.
magmtleeS of sequentlal SpECtral shifts offer useful Clue&1“Radiation effects on optical properties of organic materials,'Grganic
For the first few Nph(H,O), clusters, the shifts tend to be  Radiation Chemistry Handbopledited by V. K. Milinchuk and V. I.
~0.2-0.3 eV, and for the hydrated anthracene afffoa, Tupikov (Wiley, New York, 1989, p. 267.
related system, it is about the same. These are in contrasiﬁ,c- L. Dodson and J. F. Graham, J. Phys. Chei).2903(1973.
however, with sequential spectral shifts in cluster anions é;gggr{gggz'mk" M. Feld, S. L. Yang, and M. Szwarc, J. Phys. Chem.
such as NO(H;0), and CI'(H,0),, where the shifts are 25 Hoijtink, E. De Boer, P. H. Van Der Meij, and W. P. Weijland, Recl.
from two to four times larger for the same cluster number, Trav. Chim. Pays-Bas/5, 487 (1956.
n.**“® Since sequential shifts are usually dominated by ion-*H. Levanon, P. Neta, and A. M. Trozzolo, Chem. Phys. L&, 181
neutral interaction energies, the small spectral shifts seen izrg(197& o _
hydrated naphthalene cluster anions probably mean, in ac-S: R Stevenson, C. R. Wiedrich, S. S. Zigler, L. Echegoyan, and R.

. L . Maldonado, J. Phys. Cheri7, 4995(1983.

cord with mtumpn, _that the excess charge density on thery 5 jordan and P. D. Burrow, Acc. Chem. R4, 341 (1978.
naphthalene anion is substantially lower than on"Né&hd  26p, p. Burrow, J. A. Michejda, and K. D. Jordan, J. Chem. PI86s.9
Cl~, and thus, that the excess electron on naphthalene is(1987.

highly delocalized. 29Recent calculations confirmed that the vibrational structure observed in
the ETS spectrum of naphthalene contains the transition to th@ level
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