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Dualists of benzenoids are a special type of graphs that have as vertices the centers of hexagons and as edges
the pairs of condensed rings. Catafusenestacondensed benzenoids) have acyclic dualists. Codes of
catafusenes with benzenoid rings start from one end of a dualist and consist of digits O (indicating linear
annelation, angle of 18etween two adjacent edges) and 1 or 2 for kinks {10240 angles) with the
convention of choosing the lowest number formed from tHes@ digits. A shape parameten)(for the

dualist consists of the number of adjacent zeros in the code plus 1. It is shown in the present communication
that many molecular properties of catafusenes depend mainty wmereas most bulk properties depend
mainly onh. Monoparametric or biparametric correlations in terms of the simple integer parameisifor

h are presented for molecular properties (energy ofpiand in electronic absorption spectra, ionization
potentials, electron affinities, hardness and softness) and bulk properties (normal boiling point, chromatographic
retention index, the logarithm of the water solubility, and lipophilicity).

1. Introduction branches); whereas coronoids have dualists with larger rings
Benzenoid polycyclic aromatic hydrocarbons (PAHs) are (and possibly also three-membered rings and/or acyclic branches).

molecules that have a carbon skeleton which is a portion of a  The notation introduced for catafusenes, indicating the
graphene sheet, with benzenoid rings that share carbambon ~ geometry of their condensation by means of digits 0, 1, and 2
bonds. Thus, biphenyl and related molecules do not belong tofor their dualists, contains essential information on many
this category. It has been known for more than 50 years that Properties of these catafusenes. The digit 0' indicates !mear
some PAHSs are carcinogenic, and efforts have been made to@nnelation (angle of 180between two edges in the dualist)
reduce the amount of benzanthracene or benzopyrene and relate@iVing rise to anthracenic portions, whereas digits 1 and 2 denote
carcinogens from exhaust gases. On the positive side, somekinked annelation (angles of 12@r 240 starting from one
PAHSs have become the basis of large industries such as plasticsextremity of the catafusene, keeping the right/left direction of
pharmaceuticals, or dyestuffs, and pentacene or its derivativesannelation in correspondence with digits 1 and 2, respectively,
have recently demonstrated their usefulness in organic thin-film and choosing among possible notations by the minimal number
transistors or organic light-emitting diod&s. The high thermal ~ formed by digits 0, 1, and 2)." In particular, the number of
resistance of PAHSs is both a blessing for many uses (such aszeros (i.e., of linearly condensed benzenoid rings) represents
heat transfer fluids, or neutron moderators in nuclear reactors)the number of anthracenoid subgraphs of the catafusene. The
and a curse (due to carcinogenic PAHs, and to the high highest number of adjacent zeros (i.e., of linearly condensed
persistence and high toxicity of polyhalo derivatives of biphenyl, benzenoid rings) plus 1 is an important parameter, denoted by
dibenzofuran, and dibenzodioxin). n. The number of benzenoid rings in a longest acenic portion
The inner duals (or dualists) of benzenoid polycyclic aromatic is n + 1. Branching of the dualist is denoted by brackets
hydrocarbons (which will be called benzenoids for brevity) enclosing the notation for the dualist of the branch (when this
consist of vertices situated in the centers of benzenoid rings, branch is an isolated benzenoid ring as in triphenylene, it is
and of edges connecting vertices corresponding to condensedlenoted by a dot in the brackets).
rings, that is, rings sharing one<C bond3# In dualists, bond The numbeih of benzenoid rings, which is also the number
lengths and angles do matter, unlike the situation in graphs. of vertices of the dualist, is linearly correlated with the molecular
There is a one-to-one correspondence between structures ofveight, MW (approximate integer values), as seen from eq 1.
benzenoids and their dualists, which therefore characterize
benzenoids uniquely. MW = 28+ 50h (1)
Benzenoids are classified aatacondensed (catafusenes),

peri-condensed (perifusenes), amdronacondensed (coro-  Among other applications and uses of dualists we cite only one,
noids). Catafusenes have no carbon atoms common to threengmely, weighted dualisfs.

benzenoid rings, and their dualists are acyclic; perifusenes have In a recent paper, it was shown that the half-wave reduction

garkl)_o n r;toms hcommon tt)o tr:jre_e benzedn0|d r_lglgs, land thel_'rpotentials of catafusenes are correlated satisfactorilym(tme
ualists have three-membered rings (and possibly also acyc ICplus the number of adjacent zeros in the code) and the total
* Corresponding author, E-mail: balabana@tamug.edu, number_h of benzenoid ring8.For naphthaler_le, we postulate
t Texas A&M University at Galveston. that n = 0. In the present paper, a quantitative structure
* University of Ljubljana. property relationship (QSPR) study for other physical properties
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TABLE 1: Catafusenes with Their Names, CAS Registry Numbersh and n Parameters, and Physical Properties
no. name CAS-RN h n code IP EA E-gap #n AE, NBP RI logS logKow AHs

1 naphthalene 91-20-3 2 0 . 8,57 0.332 824 0618 4.38 2179 2.00 1.49 3.33 150.6
2 phenanthrene 85-0 1-8 311 848 0481 7.997 0.605 4.23 340 3.00 0.061 455 209.1
3 anthracene 120-12-7 320 8.05 0.842 7.21 0.414 3.38 339.9 3:2086 454 2183

4 chrysene 218-01-9 4 1 12 8.26 0.718 754 052 3.87 431 41D46 5.84 267.7
5 triphenylene 217-59-4 4 1 1() 8.5 0.557 7.95 0.684 425  3:7Q0.39 5.45 2585
6 benzof]phenanthrene 195-19-7 4 1 11 8.28 0.692 759 0.568 3.84 36446 5.84 280.5
7  benzp]anthracene 56-55-3 4 2 01 8.11 0.83 7.28 0.452 3.53 437.6 4003 591 276.9

8 tetracene 92-24-0 4 3 00 772 1185 6.54 0.295 2.71 440 43182 596 286.1
9 picene 213-46-7 51 121 824 0751 749 0502 3.8 519 514837 711 3263
10 benzof]chrysene 194-69-4 5 1 112 8.27 0.747 752 0.55 519 4.45 7.11 3355
11 dibenzof,gphenanthrene 188-52-3 5 1 111 822 0822 735 0535 519 4.07 7.11 333
12 benzof]chrysene 196-78-1 51 1()1 8.157 0.815 7.341 4.27 329.8
13 benzop]chrysene 214-17-5 5 2 012 7.972 0.995 6.997 0.405 3.27 524 5.00 7.11 339
14 dibenzp,hanthracene 53-70-3 5 2 102 8.15 0.829 7.32 0.473 357 524 42360 6.75 3355
15 dibenzp,jlanthracene 224-41-9 5 2 101 8.17 0829 7.32 0492 3.6 524 453699 6.54 3355
16 dibenzp,danthracene 215-58-7 5 2 01(.) 8.17 0.823 7.35 0.499 524  4.40 7.19 326.3
17 dibenzop,gphenanthrene 195-06-2 5 2 011 7.972 0.967 7.005 4.33 348.3
18 pentaphene 222-93-5 5 2 010 8.11 0.844 7.27 0.437 3.55 4.67 6.81 344.7
19 benzop]tetracene 226-88-0 5 3 001 7.797 1.145 6.65 0.327 2.83 4.99 6.81

20 pentacene 135-48-8 5 4 000 7.499 1.43 6.07 0.22 223 529 7.19 3539
21 dibenzop,plchrysene 191-68-4 6 1 1()1() 8.01 0.9199 7.09 0.512 8.39

22 benzof]picene 217-37-8 6 1 1212 8.15 0.867 7.28 0.471 3.66 403.2
23 dibenzog,l[chrysene 42850-69-1 6 1 1122 8.14 0872 7.27 0.539

24 hexahelicene 187-83-7 6 1 1111 0.546

25 dibenzoh,njtriphenylene 196-64-5 6 2 0()11 799 0.962 7.03 0.447

26 benzof]pentaphene 222-54-8 6 2 0101 3.42 406.8
27 benzop]picene 217-42-5 6 2 0121 3.34

28 naphtho[1,2b]chrysene 220-77-9 6 2 1012 3.39

29 dibenzop,Kchrysene 217-54-9 6 2 0120 7.82 1.16 6.66 0.348 3.02

30 benzof]pentaphene 214-91-5 6 2 0()10 819 0.835 7.35 0.506 408.8
31 dibenzop,jtetracene 227-04-3 6 3 1002 7.87 111 6.76 0.358 2.95

32 dibenzop,lltetracene 226-86-8 6 3 1001 7.87 111 6.77 0.361 2.95

33 dibenzop,dtetracene 216-00-2 6 3 001() 7.85 1.13 6.72 0.356

34 hexaphene 222-78-6 6 3 0010 0.336 2.94

35 naphtho[2,1a]tetracene 220-82-6 6 3 0011 2.72

36 benzop]pentacene 239-98-5 6 4 0001 7.566 1.39 6.176 0.244 2.37 384.8
37 hexacene 258-31-1 6 5 0000 734 161 5.74 0.169 1.9

38 dinaphtho[2,3e:2,3g]phenanthrene 188-51-2 7 2 01110 0.394

39 naphtho[2,3c]pentaphene 222-58-2 7 2 01020 3.28

40 benzop]naphtho[1,2k]chrysene 214-15-3 7 2 01201 3.1

41 dibenzop,nlpicene 213-44-5 7 2 01210 3.37

42 dibenzof,mMpentaphene 222-51-5 7 2 10201 3.43

43 heptaphene 222-75-3 7 3 00100 2.97

44 benzop]naphtho[2,3K]chrysene 214-16-4 7 3 00120 2.65

45 dibenzoh,l]pentacene 227-09-8 7 4 10002 0.269 2.47

46 naphtho[2,3a]pentacene 222-81-1 7 4 00010 2.39

47 benzoflhexacene 240-04-0 7 5 00001 2

48 heptacene 258-38-8 7 6 00000 7.23 1.74 5.49

49 benzop]naphtho[2,3m|picene 52045-15-5 8 2 012120 3.09

50 dinaphtho[1,28: 1,2k]chrysene 214-13-1 8 2 102101 3.18

51 benzop]naphtho[2,3A]picene 7444 3-32-6 8 3 001210 2.75

52 octacene 258-33-3 8 7 000000 7.15 1.85 5.31

of catafusenes is presented. Numerical data for these propertieseactions, depend amto a large extent.Also, one should be
were obtained from the literature, as will be indicated for each aware that catafusenes that differ only by permuting some digits
property. 1 and 2 (e.g.9—11, or 22—24, or 31 and 32) are isoarithmic
cataCondensed benzenoid hydrocarbons have some physicalhaving the same number of Kekutructures®! or even
properties that depend in large measure on the presence ofsoresonari?d, and they are similar in many other properties.
linearly condensed benzenoid rings, that is, parameterg., In the L-transform of their 3-digit code, one replaces digits 1
half-wave reduction potentials, energies of gAeand {L ,-band) and 2 by letterl (which looks like the digit 1), and such
in electronic absorption spectra, ionization potentials, electron catafusenes then have the samdéransformed cod& An
affinities, HOMO-LUMO gap), and bulk properties that reflect equivalent idea had been proposed by Gutman as the LA
in a large measure the weak intermolecular forces. The former sequencé?®
properties arenolecular (intrinsic) propertieshat are almost In Table 1 we show the catafusenes that are discussed in the
independent of the aggregation state, whereas the lattbulie  present paper with their names a@tdemical Abstracts Seice
propertiesthat are manifest in condensed phase (usually liquid reference numbers (CAS RN), the code of their dualists,
phase). In crystalline phase, packing forces add further com- parameterf andn, four molecular properties that depend mainly
plications. on n: energies of theg-band (Platt's!L-band) in electronic
It should also be mentioned that some chemical properties, absorption spectra, ionization potentials, electron affinities, and
such as the reactivity toward dienophiles in Diefdder HOMO—-LUMO gap, as well as four bulk properties that depend
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Figure 1. Structures and codes of benzenolds30.

mainly onh: normal boiling point (NBP, in°C), chromato- physical property, and then we present the selected monopara-
graphic retention index (RI), the logarithm of the water solubility metric or biparametric regressions.

(log S), and the logarithm of the lipophilicity measured by the
octanol-water partition coefficient (logKoy). For naming o
benzenoids the IUPAC nomenclature is usually followed, even = 2-1. Data and Sources for Molecular Properties First
when a trivial name is available (e.g., fulminene or zigzag- 'onization potentialIP) indicate energies (in eV) needed for
[6]fibonacene is called benagpicene 22); however, for brevity removing one electron from the benzgnmd in the gaseous state.
we use occasionally shorter names such as hexaheli2éne, The_y depend Onléhe energies of the highest occupied molecular
Tetraceneq) is preferred to naphthacene (also when condensed orbital (HOMO):

with benzo rings as iA9, 31—35). Compound34 may also be Electron affinities (EA) are the energies (in eV) associated
called benzdﬂpentaphéne antls may also be called benzo- with the benzenoid in the gaseous state becoming an anion by
[bltriphenylene ' acquiring an electron. This electron will then reside in the lowest

N unoccupied molecular orbital (LUMGCS.
Structures of catafusenes from Table 1 are shown in Figures 1o HoMO-LUMO gapof the benzenoidE-gap, ing-units)

1and 2. Benzene is not included in Table 1 because it is not &, pe obtained from quantum-chemical calculations at various
condensed benzenoid. Even naphthalene is an outlier in somgg,q|s e.g., Hokel-MO, PPP-MO, and so foré.

of the regressions, and it will be occasionally omitted. Mono-  The apsolute hardness, (in eV)6 was defined by Parr,
parametric intercorrelation coefficientS) between the values  pearson. and zhéri® as half of the difference between P
of physical properties from Table 1 and the two integer ang EA. The inverse of absolute hardness is the chemical
parameters andn are presented in Table 2, highlighting in  g5fnes20
boldface characters the majgrvalue. The p-band in the electronic absorption spectrufEf, in

We present in Table 2 the monoparametfizalues for the eV)%20 was identified by Clar as being due to an electronic
physical properties that are discussed in the present communicatransition from the HOMO to the LUM@!:22
tion. It can be seen that molecular properties have higher 2.2. Data and Sources for Bulk PropertiesBoiling points
values forn than forh, whereas the converse is true for bulk at normal pressure (NBP, ftC) were taken from refs 16, 23,
parameters. In the following sections we discuss separately eactand 24.

2. Experimental Methods
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Figure 2. Structures and codes of benzeno8is-52.

TABLE 2: Monoparametric Correlation Coefficients r? for Physical Propertiest

molecular property bulk property
parameter 1P EA E-gap n AE, NBP RI log Kow log S AHs
h 0.467 0.548 0.510 0.217 0.287 0.994 0.827 0.974 0.765 0.982
n 0.888 0.895 0.893 0.830 0.929 0.208 0.340 0.119 0.443 0.198

aMajor r? values are highlighted in boldface type.

The chromatographic retention index (RI) was determined ¢? using the leave-one-out procedure, and the root-mean-square
by retention time (lod) for reversed-phase liquid chromatog- cross-validated standard error RMSIn the next section the

raphy on polymet625 discussion of the results will be based ghand SE.
The solubility in water (logS) is as reported in refs 16 and 3.1. Molecular Properties: lonization Potential, Electron
26. Affinity , HOMO —LUMO Gap, Energy of the p-Band (\L o
Lipophilicity or n-octanot-water partition coefficient (log  band) in Electronic Spectra. The ionization potential (IP) is
Kow) is as reported in refs 16,26. modeled satisfactorily with a single parameigand the addition
Heat (enthalpy) of formationAHs, in kd/mol) is as reported  of h as a second parameter adds only small or no improvements
in ref 16. to r2, SE, andg? values. Figure 3 presents the resulting
] ) monoparametric plot. It can be observed that becausdes
3. Results and Discussion only a few small integer values, the linear plot has only a few

Table 3 contains monoparametric or biparametric equations discrete values on the vertical axis.
for predicting the various physical properties of catafusenes However, for the electron affinity (EA) the biparametric
discussed in the present communication. For each equation, incorrelation does improve somewhat ttfe SE, andg? values.
addition to its number enclosed in brackets, one sees the numbeFigure 4 presents the resulting biparametric plot.
N of benzenoids for which the numerical value of the property = The HOMO-LUMO gap E-gap) is modeled a little better
is available, the correlation coefficiert the standard error SE,  with both parametera and h. Figure 5 presents the resulting
the Fisher criterioifr, the cross-validated correlation coefficient biparametric plot.
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TABLE 3: Monoparametric and Biparametric Correlations with the Corresponding Statistical Parameters

eq no. property equation N r? SE F Q? RMScy
1 IP IP=—0.209 + 8.465 33 0.888 0.117 244 0.870 0.122
2 IP IP=—0.0430 — 0.18" + 8.638 33 0.901 0.111 137 0.874 0.120
3 EA EA=0.2060 + 0.514 33 0.895 0.110 265 0.881 0.114
4 EA EA=0.067h+ 0.173 + 0.243 33 0.930 0.092 198 0.910 0.099
5 E-gap E-gap= —0.41% + 7.946 33 0.893 0.224 258 0.877 0.233
6 E-gap E-gap= —0.11% — 0.35& + 8.397 33 0.916 0.201 164 0.893 0.218
7 n n = —0.098& + 0.642 33 0.867 0.0450 202 0.852 0.0460
8 n n = —0.0069h — 0.095h + 0.671 33 0.870 0.0452 101 0.844 0.0472
9 AE, AE,= —0.49h + 4.34 37 0.929 0.155 457 0.922 0.158
10 AE, AE;= —0.05000 — 0.465 + 4.56 37 0.941 0.143 274 0.941 0.141
11 NBP BP=96.0h +41.1 15 0.994 7.69 2051 0.987 10.33
12 NBP BP=94.3"h + 5.8" + 41.63 15 0.997 5.66 1899 0.991 8.65
13 NBP no naph BP=91.31 + 66.58 14 0.996 4.50 3061 0.995 4.70
14 NBP no naph. BP-90.5% + 4.1N + 62.31 14 0.999 2.42 5283 0.998 3.06
15 RI RI=0.792h + 0.689 19 0.827 0.334 81 0.784 0.35
16 RI RI=0.701h + 0.263 + 0.667 19 0.883 0.282 61 0.841 0.303
17 log Kow log Kow = 1.2Zh + 0.86 19 0.974 0.197 646 0.970 0.202
18 log Kow log Kow = 1.23h + 0.003631 + 0.861 19 0.974 0.203 304 0.966 0.215
19 logS log S= —1.27% + 3.26 11 0.765 0.704 29 0.596 0.840
20 logS logS= —1.051h — 0.57h + 3.23 11 0.859 0.577 24 0.761 0.644
21 AH¢ AH; = 62.55 + 24.63 23 0.982 8.93 1139 0.979 9.21
22 AH¢ AH; = 61.31h + 3.2261 + 24.78 23 0.984 8.65 608 0.976 9.97

The absolute hardneqg) is modeled satisfactorily with a
single parametan, and the addition ofi as a second parameter
adds only small or no improvements it§ SE, andg? values.
The resulting plot for the monoparametric correlation is shown
in Figure 6.

For the energy of theg-band in the electronic absorption
spectrum AE,) the monoparametric and biparametric regres-
sions are both shown in Figures 7 and 8. The statistical
parameters show a small increase on addings a second
parameter, although explains most of the variance.
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Figure 3. Plot of calculated versus tabulated ionization potentials
according to eq 2.
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Figure 4. Plot of calculated versus tabulated electron affinity according
to eq 5.
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3.2. Bulk Properties: Normal Boiling Point, Chromato-
graphic Retention Index, Solubility in Water, Lipophilicity,
and Heat of Formation. For the normal boiling point (NBP),
which is clustered according tg two equations are presented
including naphthalene, and two without it. THeandg? values
increase from eqs 11 to 12 and from eqgs 13 to 14 only at the
second or third decimal, but the standard error has a substantial
steady decrease, most markedly between the last two equations.
Therefore we present in Figures 9 and 10 the biparametric
regressions according to egs 12 and 14.
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Figure 5. Plot of calculated versus tabulated HOMOUMO gap
according to eq 7.
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Figure 6. Plot of calculated versus tabulated hardnegsagccording
to eq 8.
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Figure 7. Plot of calculated versus tabulated energy of the electronic
absorptionp-band according to eq 10.
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Figure 8. Plot of calculated versus tabulated energy of the electronic
absorptionp-band according to eq 11.
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Figure 9. Plot of calculated versus tabulated normal boiling points
for all catafusene4—52 according to eq 13.
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The correlation coefficients” andg? for the retention index
(RI) improve on addingn as a second parameter but reach only

the valueg? = 0.841, and the agreement between tabulated and

calculated values shown in Figure 11 is poorer than in Figures
9 and 10.

By contrast, the hydrophobicity (Id§ow) shows no improve-
ment on addingy, and therefore Figure 12 presents a mono-
parametric correlation in terms biwith fair agreement between
tabulated and calculated values.

For the aqueous solubility of catafusenes (g the few

J. Phys. Chem. A, Vol. 111, No. 12, 200453
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Figure 10. Plot of calculated versus tabulated normal boiling points
for catafusene@—52 (without naphthalene) according to eq 15.
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Figure 11. Plot of calculated versus tabulated retention index according

to eq 17.
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Figure 12. Plot of calculated versus tabulated hydrophobicity according
to eq 18.

among all properties discussed in the present communication.
Thus, this property would need additional parameters (possibly
topological indices).

The heat of formationAHs) presents little improvement on
addingn, and therefore Figure 14 presents a monoparametric
correlation in terms of with fair agreement between tabulated
and calculated values.

A behavior similar to that of bulk properties is expected for
the heat of vaporization, heat of sublimation, and heat of melting,
which also depend on intermolecular forces, but at present few

available data allow only a moderate agreement betweensuch data are available. By means of Trouton’s Rule, one can
tabulated and calculated values, as seen in Figure 13 for theapproximate the heat of vaporization from the normal boiling

biparametric correlation, with the lowest valug = 0.761

point expressed in kelvins.
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s bulk properties (thermodynamic data, including phase transi-
05 1 / tions) the number of benzenoid rings explains most of the
variance.
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