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Fluorescence emission spectra are reported for dinaphtho(8,1,2abc;
2,1',8’klm]coronene, naphtho(8,1,2abc]coronene, naphthf2',1',8',7":
4,10,5]anthra[1,9,8abcd]coronene, dibenzolbe,eflcoronene, ben-
20[1,2,3bc;4,5,6b'c’ Jdicoronene, anthra[2,3ajcoronene, dinaphtho-
[8,1,2abc;2',1',8'ikl]coronene, and tetrabenzofde,hi,mn,qr]naphthacene
dissolved in n-hexadecane, butyl acetate, dichloromethane, and aceto-
nitrile. Results of these measurements are used to screen PAHs for
potential solvent polarity probe behavior. Of the eight PAHSs studied,
only naphtho[8,1,2abc]coronene, dinaphtho[8,1,2abc;2',1',8'klmj-
coronene, and anthra[2,3a)coronene were classified as probe molecules.
The fluorescence spectra of the first two PAHs show selective enhance-
ment of the I band emission intensity in polar solvents. For anthra-
[2,3a]coronene, the measured ratio of emission intensities of bands 1 and
11 decreased systematically with increasing solvent polarity.

Index Headings: Fluorescence; Spectroscopic technigues.

INTRODUCTION

Fluorescence probe techniques are becoming increas-
ingly popular for studying the surface micro-environ-
ment of chromatographic materials, surfactant micelli-
zation/absorption, polymer/surfactant interactions,
microemulsions, and other organized solvent media. The
method involves the use of a probe molecule (e.g., pyrene)
which exhibits different fluorescence characteristics, de-
pending upon the properties of the solubilizing media.
The probe molecule selectively binds to a specific sur-
face site or preferentially partitions into a molecularly
organized structure. Appearance of new spectral bands,
shifts in the emission wavelengths, or changes in the
fluorescence emission intensities provide an indication
of the environment immediately surrounding the probe.
As typical examples, Street and Acree' estimated the

-effective dielectric constant of cyclodextrin cavities on
the basis of the measured fluorescence properties of py-
rene-3-carboxaldehyde. Hartner and co-workers? detect-
ed pyrene adsorbed from solution onto an octadecylsil-
ica-derivatized fused-silica plate using a total internal
reflection method. From the measured ratio of emission
intensities for the I and III vibronic bands, the authors
concluded that the interfacial environment of C,s alkyl
layers on optically flat fused silica was more ordered than
that of similar layers bound to porous, particulate silica
supports. Ramis Ramos et al.* and Malliaris* reviewed
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probe methods used to characterize physicochemical
structures of binary and ternary alcohol/surfactant/water
systems, microemulsions, and micelles. Fluorescence
measurements in organized solvent media yield valuable
information regarding critical micelle concentrations
(cmc), aggregation size, and interphase properties.

Polyeyclic aromatic hydrocarbons (PAHs), particular-
ly pyrene and its derivatives, have served as fluorescence
solute probes in a number of different applications. Sev-
eral solvent polarity scales have been developed on the
basis of the photophysical properties of dissolved PAH
molecules in fluid solution. Emission spectra of the PAH
monomers consist of several major vibronic bands la-
beled 1, II, etc., in progressive order. Earlier papers in
this series®'° have reported that the intensities of the
various bands show a strong dependence on the solvent
environment. Significant enhancement was observed in
the I vibronic band emission intensity for pyrene (Py),
ovalene (Ov), benzo[ghi]perylene (BPe), coronene (Co),
benzo[a]coronene (BCo), dibenzofa,jlcoronene (DCo),
naphtho[2,3a]coronene (NCo), dibenzo(fg,ij]phenan-
thro[2,1,10,9,8,7pqrstuv]pentaphene (DBPP), and
benzo[e]pyrene (BePy) in the presence of polar solvents.
Ratios of bands I and III (or bands I and IV in the case
of BePy = I/IV and DCo = I/IV, or bands I and Il in the
case of DBPP = I/II) serve as a quantitative measure of
solvent polarity and structure. Depending upon the spec-
tral characteristics of the organic solvent and/or molec-
ular shape/size constraints imposed by the organized sol-
vent media, one PAH probe may be preferred from an
experimental standpoint.

As new PAH probes are identified, it is important to
try to understand the enhancement phenomena at the
molecular level. Interestingly, not all PAH solutes ex-
hibit similar fluorescence behavior, and only a few of the
molecules studied to date exhibit solvent-dependent in-
tensity ratios. Ratios for perylene, naphtho(1,2,3,4
ghi]perylene, benzo{pqr]naphtho(8,1,2bcd]perylene,
benzo[a]pyrene, dibenzo[a,e]pyrene, and tribenzo-
[de,kl,rst]pentaphene were nearly constant, irrespective
of solvent polarity. For two additional pentaphene de-
rivatives studied—dinaphtho[2,1,8,7defg; 2',1',8',7'ijkl]-
pentaphene and benzo[rst]anthra[9,1,2cde]pentaphene
—the number of clearly resolvable emission bands varied
with solvent, and it was impossible to assigh a common
set of bands in the 25 nonelectrolyte solvents used. Pub-
lished papers!-¢ attribute the enhancement effect to the
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Fi6. 1. Molecular structures of PAH compounds: (A) coronene; (B)
benzo[a]coronene; (C) naphtho[2,3a]coronene; (D) dibenzo-
{a,jjcoronene; (E) naphtho[8,1,2abc]-coronene; (F) naphth[2',1,8',7":
4,10,5]anthra{1,9,8abcd]coronene; (G) benzo[1,2,3bc;4,5,6b'c’ Jdi-
coronene; (H) dibenzo[bc,ef]coronene; (I) tetrabenzo[de,hi,
mn,grjnaphthacene; (J) dinaphtho[8,1,2abc;2',1’,8 klm]coronene; (K)
dinaphtho[8,1,2abc;2',1’,8'jkl]coronene; and (L) anthra[2,3a]coronene.

reduction of symmetry of the PAH solute caused by com-
plexation with surrounding solvent molecules. The
strength of solute/solvent interactions and the molecular
symmetry of the PAH molecule are expected to play
major roles in determining to what extent the mixed
allowed and forbidden transitions occur. The overall mo-
lecular symmetry, while important, is not the sole cri-
terion for predicting which PAH molecules will have sol-
vent-dependent emission intensity ratios. For example,
coronene (D, point group) has a center of symmetry, a
major 6-fold axis of rotation, and several vertical mirror
planes. In comparison, benzo[ghi]perylene is a six-ring
polycyclic aromatic hydrocarbon whose symmetry ele-
ments (C,,) include only a single 2-fold rotation axis and
the mirror plane that is common to all planar PAH mol-
ecules. The fluorescence emission intensity I/III band
ratio of both molecules does vary with solvent polarity.
Furthermore, coronene, benzo[a]coronene, naphtho-
[2,3a]coronene, and dibenzo[a,j]coronene show probe
character, irrespective of the position of the added na-
phtho- and benzo-aromatic rings (see Fig. 1 for molecular
structures). This contrasts with the fluorescence behav-
ior of perylene, which has a 2-fold major rotation axis
-and belongs to the D,, point group. Like coronene and
dibenzo[a,j]coronene, perylene also has a center of sym-
metry. The fluorescence spectra of perylene do not show,
however, the selective enhancement of the I band emis-
sion intensity in polar solvents.
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Fig. 2. Fluorescence emission spectra of tetrabenzo[de,hi,
mn,qr |naphthacene dissolved in (A) n-hexadecane and (B) acetonitrile.
The two major emission bands occur at about 420 and 439 nm in
acetonitrile.

On the basis of our past experimental observations, we
now believe that the “level” of detail in the fluorescence
emission fine structure and the “structural distance”
measuring how far away a molecule is from a known PAH
probe structure both might be useful in predicting which
polycyclic aromatic hydrocarbons will behave as solvent
polarity probe molecules. To date, the most likely probe
candidates have had dissimilar excitation and emission
spectra, and the emission spectra have contained at least
four (and very often five) “closely spaced” emission bands.
To pursue these ideas further, we have measured the
fluorescence spectra of dinaphtho[8,1,2abc;2',1,
8'klm]coronene, naphtho[8,1,2ab¢c]coronene, naphth-
[2',1',8',7:4,10,5]anthra[1,9,8abcd]coronene, dibenzo-
[be,ef]coronene, benzo[1,2,3bc;4,5,6b'c’ |dicoronene,
anthra([2,3a]coronene, dinaphtho[8,1,2abc;2',1’,8'jkl]-
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Fic. 8. Fluorescence emission spectra of dibenzo[bc,ef]coronene dis-
solved in (A) n-hexadecane and (B) acetonitrile. Emission bands occur
at 532 nm (strong) and 571 nm (weak) in acetonitrile.
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Fia. 4. Fluorescence emission spectra of naphtho{8,1,2abc]coronene
dissolved in [A (—)] dichloromethane; [B (--—- - )] n-hexadecane; [C
(—)} acetonitrile;and (D (-- -~ )] butyl acetate. In dichloromethane,
the three major emission bands occur at about 460, 480, and 490 nm.

coronene, and tetrabenzo[de,hi,mn,qr Jnaphthacene.
Results of these measurements are explained in terms of
molecular symmetry and fluorescence emission fine
structure of the various PAH molecules.

EXPERIMENTAL

The five coronene derivatives were prepared and pur-
ified by procedures described in the literature.”'® Tet-
rabenzo[de,hi,mn,qr]naphthacene was obtained by heat-
ing the twin [(0°*][2.1.2.1]metacyclophane-9-ene with
palladium/charcoal and was purified by HPLC in accor-
dance with the method of Grutzmacher and Husemann.'
Stock solutions of each solute were prepared by dissolv-
ing the PAH in dichloromethane and were stored in the
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Fic. 5. Fluorescence emission spectra of dinaphtho[8,1,2abc;
2',1',8'klm]coronene dissolved in [A (—)] dichloromethane; [B
(=-- )] n-hexadecane; [C (——)] butyl acetate; and [D (----- )} ace-
tonitrile. Emission intensities are normalized to band I, which occurs
at 490495 nm. In dichloromethane, the three major emission bands
occur at gbout 494, 514, and 528 nm.
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Fi6. 6. Fluorescence emission spectra of naphth[2',1',8',7"
4,10,5]anthra[1,9,8abcd]coronene dissolved in [A (——)] butyl acetate;
[B(-~~ )1 n-hexadecane; [C (——)] acetonitrile; and [D (--~-~ ] di-
chloromethane. In butyl acetate, the three major emission bands occur
at about 486, 510, and 519 nm.

dark to retard any photochemical reactions between the
PAH solutes and dichloromethane solvent. Carbon tet-
rachloride and chloroform (to a much lesser extent) are
reported to react with polycyclic aromatic hydrocarbons
via a hypothesized concerted transannular addition with
free radical formation.?? Small aliquots of the stock
solution were transferred into test tubes, allowed to evap-
orate, and diluted with the organic solvent of interest.
Limited solubility of the larger PAH solutes did present
a problem in many of the solvents studied. The resulting
solutions had to be vigorously vortexed and warmed to
about 40-50°C in order to redissolve the PAH molecule
back into solution from the test tube walls. Final solute
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Fic. 7. Fluorescence emission spectra of dinaphtho[8,1,2abc;

2',1' 8'jkljcoronene dissolved in [A (—)] n-hexadecane; (B (—-—-~ )]
dichloromethane; [C (-- - -- )] butyl acetate; and {D (——)] acetonitrile.
In butyl acetate, the four major emission bands occur at about 472,
481, 500, and 514 nm.
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Fic. 8. Fluorescence emission spectra of anthra[2,3a]coronene dis-
solved in [A (—)] n-hexadecane; [B (--—-- ] dichloromethane; [C
{(—)] butyl acetate; and [D (- - - - - )] acetonitrile. In butyl acetate, the
major emission bands occur at about 488, 525, and 562 nm (very weak).

concentrations were set at 10~ M or less to minimize
solute inner filtering artifacts. Solvents were of HPLC,
spectroquality, or AR grade, purchased commercially
from Aldrich or Fisher Scientific, and the resulting so-
lutions were optically dilute (absorbances cm~! < 0.05)
at all wavelengths investigated.

Absorption spectra were recorded on a Hewlett-Pack-
ard 8450A photodiode array spectrophotometer in the
usual manner with the use of 1-cm-square quartz cells.
The fluorescence spectra were run on a Shimadzu RF-
5000U spectrofluorimeter with the detector set at high
sensitivity. Solutions were excited at 322 nm (naphtho-
[8,1,2abc]coronene), 425 nm (dinaphtho[8,1,2abc;
2',1',8'klm]coronene), 336 nm (dibenzo[bc,ef]coronene),
425 nm (naphth[2’,1',8',7":4,10,5]anthra[1,9,8abcd]-
coronene), 357 nm (anthra[2,3a]coronene), 370 nm (di-
naphtho(2,1,8abc;2',1,8'jkl]coronene), and 318 nm (tet-
rabenzo[de,hi,mn,qr |naphthacene) in 1-cm? quartz
cuvettes. Benzo[1,2,3bc;4,5,6b'c’ |dicoronene solutions
were excited at both 250 nm and 440 nm. Limited sol-
ubility of benzodicoronene was a major problem in many
of the solvents examined, and by employing two different
excitation wavelengths we could cover the entire 275-
850 nm emission region. All fluorescence data were ac-
cumulated at 19°C, ambient room temperature, with ex-
citation and emission slit width settings of 15 nm and 3
nim, respectively. The PAH fluorescence spectra, depict-
ed in Figs. 2-8, represent a single scan which was then
solvent blank corrected and verified by repetitive mea-
surements.

RESULTS AND DISCUSSION

Representative fluorescence spectra of the five PAH
solutes dissolved in n-hexadecane, butyl acetate, dichlo-
romethane, and acetonitrile are given in Figs. 2-8. The
four nonelectrolyte solvents were selected so as to en-
compass the entire range of solvent polarity, from the
nonpolar n-hexadecane hydrocarbon to the moderately
polar butyl acetate and dichloromethane solvents to the
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TABLE L. Ratios of fluorescence emission intensities for pyrene, na-
phtho[8,1,2abc]coronene, dinaphtho[8,1,2abc;2',1',8'kim]coronene, and
anthra|2,3a]coronene dissolved in select solvents.

Solvent Pye NaCo® DNCo* ACo?
Cyclohexane 0.58 1.33 1.60 2.93
Isooctane 0.59 1.32 1.69 2.90
n-Hexadecane 0.60 1.35 1.63 3.00
Benzene 1.05 2.05 2.61 2.13
2-Propanol 1.09 2.25 2.64 2.37
Butyl acetate 1.35 2.65 2.64 2.44
Methanol 1.35 2.60 2.80 2.22
Dichloromethane 1.35 2.84 2.82 2.29
Acetonitrile 1.79 3.19 2.88 2.03

= Values are taken from measurements of Dong and Winnik.?

b Defined as the ratio of band I at 458-462 nm to band II at 480-484
nm,

¢ Defined as the ratio of band I at 491-494 nm to band III at 524-528
nm,

4 Defined as the ratio of band I at 484-492 nm to band II at 521-530
nm.

very polar acetonitrile molecule. The selection of this
solvent set does differ somewhat from our past recom-
mendations of using cyclohexane, carbon tetrachloride,
methanol, and dimethyl sulfoxide to screen PAHs for
possible probe behavior. Unfortunately, benzo[1,2,3bc;
4,5,6b'c']dicoronene, naphth[2',1',8,7":4,10,5]anthra[1,9-
,8abc]coronene, and dinaphtho[8,1,2abc;2’,1’,8'k-
Im]coronene did not readily redissolve in cyclohexane
and methanol from the test tube walls, and it was difficult
to measure accurately the fluorescence emission inten-
sities of many of the weaker bands, even at the higher
sensitivity setting on the detector. To overcome this
problem, we decided to replace cyclohexane (Py = 0.58)2
and methanol (Py = 1.35)® with solvents of comparable
pyrene scale polarity, namely n-hexadecane (Py = 0.60)%
and butyl acetate (Py = 1.35)%, in hopes of facilitating
redissolution through increased solute solubility. On a
mole fraction basis, smaller PAH solutes such as an-
thracene, pyrene, and naphthalene are considerably more
soluble in n-hexadecane than in cyclohexane.?>® Hex-
adecane does have the added advantage of being more
viscous than cyclohexane, and one would expect an in-
crease in the PAH emission intensity on this basis as
well. Dichloromethane replaces carbon tetrachloride as
the recommended chlorinated hydrocarbon because many
PAH molecules are known to undergo rapid photochem-
ical reactions with carbon tetrachloride.’*?* Reactions
between PAH molecules and dichloromethane appear to
be much slower and, on the basis of our past studies, are
not expected to significantly affect the emission intensity
ratios measured in a 1-cm? quartz cuvette.!
Examination of the eight figures reveals that the PAH
solutes can be divided into two categories, probe or non-
probe molecules, depending upon whether the ratio of
emission intensities systematically changes with solvent
polarity. For naphtho([8,1,2abc]coronene (NaCo) and di-
naphtho[8,1,2abc;2',1',8'’klm]coronene (DNCo), signifi-
cant enhancement of the I band emission intensity rel-
ative to II and/or III band is observed in the more polar
solvents. Values of NaCo and DNCo range from NaCo
= 1.35 (I/II) and DNCo = 1.63 (I/III) for n-hexadecane
to NaCo = 3.19 and DNCo = 2.88 for acetonitrile, which
is the most polar solvent considered in the present study.
Table I summarizes numerical values for nine different



nonelectrolyte solvents, along with previously published
Py values,® for comparison. Estimated uncertainties in
the measured intensity ratio are believed to be on the
order of +0.05 (or less), on the basis of replicate mea-
surements for select solvents over a three-day period of
time. For the most part, the rank ordering of solvents by
polarity is identical, at least to within the combined ex-
perimental uncertainties in the PAH values. Diben-
zo[bc,ef]coronene initially appeared to show “probe-like”
character. Upon closer examination of the fluorescence
emission spectra, however, it was decided that the non-
systematic variation in the I/II band emission intensity
ratio was a result of slight changes in the very weak signal
at 571 nm. Small changes or uncertainties in the emission
intensity of a weak signal can lead to a relatively large
change in the calculated ratio.

Interestingly, not all of the coronene derivatives showed
a selective enhancement of the I band emission intensity.
For example, the calculated I/II band ratio in the an-
thra[2,3a]coronene (ACo) emission spectra decreased
systematically with increasing solvent polarity, as shown
in Table L. Of the twelve PAH solvent polarity probes
that we have encountered thus far, only anthra-
[2,3a]coronene behaves in this manner. We further note
that in benzene, dichloromethane, and carbon tetra-
chloride all three major emission peaks were shifted by
5-7 nm to longer wavelengths. The ACo value for carbon
tetrachloride is not reported because we believe that a
photochemical reaction may be occurring during the time
it takes to accumulate the fluorescence data, in which
case the calculated ratio will be in error. Abnormal flu-
orescence behavior prevents dinaphtho[8,1,2abc;2',1',-
8'jkl]coronene from serving as a solvent polarity probe
molecule. For dinaphtho[8,1,2abc;2',1',8'jkl]coronene, the
number of resolvable emission peaks increased with the
“apparent” splitting of the 470-nm band into two iden-
tifiable peaks in several of the solvents studied (see Fig.
7).

Naphth([2',1',8,7":4,10,5)anthra[1,9,8abcd ]coronene,
benzo[1,2,3bc;4,5,6b’c’ |dicoronene, and tetrabenzo-
[de,hi,mn,qr Inaphthacene showed little enhancement of
band I, and the calculated intensity ratios did not vary
systematically with solvent polarity. The fluorescence
behavior of tetrabenzonaphthacene was surprising since
we expected to see considerable fine structure in the
emission spectra. The molecular structure of tetraben-
zonaphthacene contains two pyrene moieties fused to-
gether side by side. The emission spectra of pyrene con-
tains five measurable vibronic bands located in the 370-
470 nm spectral region. As shown in Fig. 2, the “pyrene-
like” fine structure is completely lost upon addition of
the second pyrene group. In retrospect, the nonprobe
behavior and loss of fine structure might have been pre-
dicted on the basis of our previously reported measure-
ments® on benzo[pgrinaphtho[8,1,2bcd]perylene. Like
tetrabenzonaphthacene, benzonaphthoperylene con-
tains two pyrene moieties (fused in a staggered config-
uration) and does not show selective enhancement of its
I band emission intensity. Similarly, the characteristic
coronene fine structure is absent in the emission spectra
of benzodicoronene. Figure 9 shows only one major emis-
sion band centered around 510 nm and a shoulder at
545-560 nm. The published emission spectrum of benzo-
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Fic. 9. Fluorescence emission spectra of benzo[1,2,3bc;4,5,6b'¢']-
dicoronene in dichloromethane.

dicoronene dissolved in trichlorobenzene has emission
band maxima at 510, 549 and 593 nm.* Benzodicoronene
is considerably more soluble in trichlorobenzene, and at
the 10~ molar (or less) concentrations that we were us-
ing, the 593-nm emission band was not observed.

As additional fluorescence data become available, it
could be very informative to re-examine the entire spec-
tral file to see whether any correlations exist between
molecular structure and probe behavior. One simple
method of grouping the various PAH molecular struc-
tures is by point groups and symmetry elements. A sec-
ond possible classification scheme would be to divide the
PAH molecules into the so-called “aromatic” (4n + 2)
and “anti-aromatic” (4n) molecules on the basis of num-
ber of w-electrons. As shown in Table II, there is no
apparent correlation between probe character and either
of these properties. What does appear to be important
is the level of detail in the fluorescence emission fine
structure. Most of the probe molecules encountered to
date had at least four (and very often five) fairly closely
spaced emission bands. It is interesting to note that the
only coronene derivatives to exhibit probe behavior were
those molecules which had four to six benzene rings in
the center chain. Furthermore, the length of the center
chain always exceeds the remaining two chain lengths.
Readers are reminded that dinaphtho[8,1,2abc;
2',1",8'jkl]coronene possesses these two structural fea-
tures as well, but unfortunately the appearance of an
intense spectral band in several solvents kept us from
classifying this particular molecule as a fluorescent probe.
Two 9-ring PAH compounds—dibenzo[a,jjcoronene and
dibenzo[bc,ef]coronene—behaved quite differently, de-
pending upon where the substituent aromatic rings were
placed. In dibenzo[a,j]coronene, the two added benzo-
groups extended the center chain to five benzene rings,
whereas in dibenzo[bc,ef]coronene, a benzo-group was
located on both the top and bottom chain. Only dibenzo-
[a,j]coronene showed selective enhancement of the I band
emission intensity in polar solvents. Both of the na-
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TABLE 11. Summary of the fluorescence behavior of select polycyclic
aromatic hydrocarbons.

w-Elec- Point
PAH molecule Probe trons  group
Current study

Dinaphtho(8,1,2abc;2',1',8'klm]-

coronene Yes 4n C,
Naphtho[8,1,2abc]coronene Yes 4n+2 C,
Naphth{2',1',8',7:4,10,5]-

anthra[1,9,8abc}coronene No 4n+2 D,
Dibenzo[bc,ef]coronene No in+2 C,
Benzo[1,2,3b¢;4,5,6b'c'/dicoronene No 4n D,
Tetrabenzo[de,hi,mn,qr]naphthacene No in+2 D,
Anthra[2,3a]coronene Yes 4n C,,
Dinaphtho(8,1,2abc;2',1',8'jkl[coronene ~ NA* 4n Cy

Past studies*

Coronene Yes 4n Dy,
Benzo[a]coronene Yes 4n C,,
Naphtho[2,3a]coronene Yes 4n C,,
Dibenzo[a,jjcoronene Yes 4n D,
Pyrene Yes 4n D,
Benzo[ghi]perylene Yes 4n+2 C,
Benzo[pqr]naphtho[8,1,2bed]perylene No 4n Cy
Ovalene Yes 4n Dy,
Perylene No 4n D,
Naphtho[1,2,3,4ghilperylene No 4n+2 C,
Benzo[a]pyrene No 4n C,
Dibenzo[a,e]pyrene No 4n C,
Tribenzo[de,kl,rst]pentaphene No 4n+2 D,
Benzole]pyrene Yes 4n C,,
Dibenzof{fg,ijjphenanthro-

[2,1,10,9,8,7qrstuv]pentaphene Yes 4n+2 C,
Dinaphtho(2,1,8,7defg;2',1',8',7'ijkl]-

pentaphene NA* 4n C,
Benzo[rst]anthra[9,1,2cde]pentaphene NA*  4n C,

= Point group assignments assume a planar molecule.

» NA indicates that the molecule is unacceptable as a probe because a
common set of bands could not be assigned in all solvents studied.
The molecule may exhibit selective enhancement of band I.

< Past studies are from Refs, 5-10,

phthocoronene isomers studied show probe behavior, and
by careful examination of their molecular structures (see
Fig. 1) one notes that either all (naphtho[2,3a]coronene)
or part (naphtho(8,1,2abc]coronene) of the added naph-
tho-group is used to extend the center ring chain. The
molecule’s length-to-width ratio may provide a clue to
its fluorescence behavior. On the basis of the very limited
amount of fluorescence data, we can only speculate on
the reason for the observed enhancement effect. We plan
to continue measuring the fluorescence properties of ad-
ditional PAHs in the hope that we can build up a suf-
ficient spectral data base to allow us to examine possible
correlations between probe behavior and various topol-
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ogical indices derived from molecular graph theory. Our
preliminary observations concerning what structural and
spectral features are common in the known PAH solute
probes can only suggest possible PAH molecules for fu-
ture studies. At the present time, the only definitive
method for determining whether a given PAH behaves
as a polarity solute probe is to actually measure its flu-
orescence properties in various solvents.

1. K. W. Street, Jr., and W. E. Acree, Jr., Appl. Spectrosc. 42, 1315
(1988).

2. K. C. Hartner, J. W. Carr, and J. M. Harris, Appl. Spectrosc. 43,
81 (1989).

3. G. Ramis Ramos, M. C. Garcia Alvarez-Coque, A. Berthod, and J.
D. Winefordner, Anal. Chim. Acta 208, 1 (1988).

4. A Malliaris, Int. Reviews in Phys. Chem. 7, 95 (1988).

5. R. Waris, M. A. Rembert, D. M. Sellers, W. E. Acree, Jr., K. W.
Street, Jr., C. F. Poole, P. H. Shetty, and J. C. Fetzer, Appl. Spec-
trosc. 42, 1525 (1988).

6. R. Waris, M. A. Rembert, D. M. Sellers, W. E. Acree, Jr., K. W.
Street, Jr., and J. C. Fetzer, Analyst 114, 195 (1989).

7. 8. A. Tucker, W. E. Acree, Jr., K. W. Street, Jr., and J. C. Fetzer,
Appl. Spectrosc. 43, 162 (1989).

8. R. Waris, K. W, Street, Jr., W. E. Acree, Jr., and J. C. Fetzer, Appl.
Spectrosc. 43, 845 (1989).

9. K. W. Street, Jr., W. E. Acree, Jr., J. C. Fetzer, P. H. Shetty, and
C. F. Poole, Appl. Spectrose. 43, 1149 (1989).

10. 8. A. Tucker, L. E. Cretella, R. Waris, K. W. Street, Jr., W. E.
Acree, Jr., and J. C. Fetzer, Appl. Spectrosc. 44, 269 (1990).

11. P. Lianos and 8. Georghiou, Photochem, Photobiol. 29, 843 (1979).

12. P. Lianos and S. Georghiou, Photochem. Photobiol. 30, 355 (1979).

13. A. K. Mukhopadhyay and S. Georghiou, Photochem. Photobiol.
31, 407 (1980).

14. P. Lianos, A. K. Mukhopadhyay, and S. Georghiou, Photochem.
Photobiol. 32, 415 (1980).

15. K. Kalyanasundaram and J. K. Thomas, J. Amer. Chem, Soc. 99,
2039 (1977).

16. F. W. Langkilde, E. W. Thulstrup, and J. Michl, J. Chem, Phys,
78, 3372 (1983).

17. J. C. Fetzer and W. R. Biggs, J. Chromatogr. 322, 275 (1985).

18. J. C. Fetzer and W. R. Biggs, J. Chromatogr. 295, 161 (1984).

19. H.F. Grutzmacher and W. Husemann, Tetrahedron Lett. 26, 2431
(1985).

20. N. Selvarajan, M. M. Panicker, S. Vaidyanathan, and V. Rama-
krishnan, Indian J. Chem. 18A, 23 (1979).

21. M. V.Encinas, M. A. Rubio, and E. A. Lissi, Photochem. Photobiol.
37, 125 (1983).

22. M. V. Encinas, M. A. Rubio, and E. A. Lissi, J. Photochem. 18,
137 (1982).

23, W. M. Wiczk and T. Latowski, Z. Naturforsch. 42A, 1290 (1987).

24. E. J. Bowen and K. K. Rohatgi, Disc. Faraday Soc. 14, 146 (1953).

25. D. C. Dong and M. A. Winnik, Can. J. Chem. 62, 2560 (1984).

26. W. E. Acree, Jr., and J. H. Rytting, J. Pharm. Sci. 72, 292 (1983).
J. W. McCargar and W. E. Acree, Jr., J. Pharm. Sci. 76, 572 (1987).

28. W. E. Acree, Jr., unpublished data.

29. E. L. Heric and C. D. Posey, J. Chem. Eng. Data 9, 35 (1964).

30. H. J. Lempka, S. Obenland, and W. Schmidt, Chem. Phys. 96, 349

1985).

—



