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Abstract—The phosphorescence spectra of naphthopyrene 7 and dinaphthopyrene 8, measured at 77 K in organic
glasses and at 4.2 K in Shpolskii matnices, are reported. Contrary to expectation, the extension of the w-clectron
system in § relative to 7 produces a small violet rather than a big red shift of the phosphorescence bands. This finding is
shown to be fully consistent with the sextet formalism and indicates an interruption of electronic conjugation in 8.

There are three kinds of annellations in aromatic hydro-
carbons: The acene type 1 with maximum shifts for all
types of UV absorption bands, the phene type 2 with
maximum shifts of the a- and S8-bands, and the star-
phene type 3 in which the third branch is ineffective.!

A unique case is represeated in pyrene 4 and its linear
benzologues® § and 6. The diphenyl complex in the
centre of the pyrene molecule enforces the position of
the double bonds. Annellation to these double bonds has
very litte influence on the positions of the p-absorption
and phosphorescence bands’ (A, and A, resp.). The
shifts are roughly equal for the two benzene rings in

*Present address: Punta Chullers Km 144, Estopooa, Prov.
Malaga, Spain.
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going from pyrene 4 to benzopyrene $ and diben-
opyrene 6.

However, quite different results are obtained by the
anneilation of naphtho compiexes as shownin 4, 7and 8.
The first annellation in going from 4 to 7 causes a
considerable positive shift of 11SA in A, whilst the
second annellation from 7 to 8 brings a negative shift of
-30A. This very asymmetric annellation effect reap-
pears in the phosphorescence data where the cor-
responding values are — 152 and —30 A.

The complete asymmetry is particularly surprising for
the triplet state. Here the electrons of one former o-
electron pair must have the same spin and one sextet
must have been split up because only three w-electron
pairs (with opposite spin for the electrons within each
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Solvents: E = cthanol or EPA, B = benzene, C = methykyclopentane/-hexane, U = a-undecane.

pair) can form an aromatic sextet. In the triplet state one
would expect the odd electrons of 7 to go into different
branches because of the Coulomb forces.

There is also very little change in going from 7 10 9.
Thus, the double bond in 7 which is marked does not
enter in aromatic conjugation with the rest of the system.
Moreover, the six linearly annellated benzene rings in 8
should cause a shift of about 2000 A (relative to 7) for
the p-bands and much more for the phosphorescence
bends if they were in aromatic conjugation. There is also
hardly any shift of the a- and B-bands in going from 7
to8.

All these facts indicate an electronic interruption of

the aromatic conjugation by the central aromatic sextets
and the formation of empty rings marked “E”. MO
theory* also yields very similar triplet energies for 7 and
8 (229 and 2.36 ¢V, resp.) but does not offer an explana-
tion for these surprising facts. However, the above
results are enforced by the aromatic sextets in the cen-
tral diphenyl system and the formation of induced sex-
tets as indicated by the arrows. Such an arrangement
appears to be energetically more favourable than a
symmetric distribution of the w-clectrons.

In addition to the flashlamp excited’ low-resolution
phosphorescence spectra measured at 77 K, we have also
recorded the high-resolution line spectra of 7 and 8 at

Table 1. Vibrational peaks in the line spectra of 7 and 8, with tentative analysis for 8

Naphthopyrene & ene §
No, Intensity av m“‘] No, Intenstty a% [cm-§ Possible assignment
1 ve 0 1 max 0 0-0 peek, site A
2 vw 1] 3 » 8 0-0 peak, site B
3 w 138 3 s 88 0-0 peak, site C or v
4 w 378 4 w 148 0-0 peak, site D
) w 301 5 s 180 0-0 peak, site E
6 m 313 6 v 315 v1
7 m m 7 w 288 va
8 m 411 8 m M1 vs
9 - 434 9 w 411 v
10 w 462 10 w 451 3vy = 450
11 w 527 11 w 530 vs
12 w 545 12 m 591 ve
13 m 590 13 m 48 vq
14 ] 748 14 w 823 vg or vy evg = 816
15 m 8217 18 . 8™ vg
16 m 842 16 w 976 v10
17 s 882 17 w 1188 Y11
18 w 951 18 w 11227 vi3
19 m " 19 w 1264 va3evyg ® 1264
20 w 1182 20 w 1328 vy evg = 1329
2 m 1236 21 m 1400 Vis or vy +3vg = 1407
22 w 1381 32 w 1846 dvpevg = 1884
23 w 1326 a3 m 1871 vigevy = 1568
24 s 1401 24 m 1581 vi4
a5 m 1416 25 s 1012 vis
26 w 1474 ] s 1637 v1e
27 s 1660
28 [ ] 1693
29 w 1610
30 max 1641
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42K in Shpolskii matrices (see Fig. 1). The apparatus®
includes 8 high-pressure 200 W mercury lamp, a SPEX
1802 double monochromator equipped with a Peltier-
cooled RCA C 31034 PMT detector and an ORTEC 5C1
photon counting system. Suitable mercury lines (365 nm
for 7, 313 nm for §) were selected for excitation with the
aid of a monochromator and filters.

Both spectra are essentially phonon-less and largely
devoid of structure, but less rich in lines than
those of 5 and ¢ which we have also studied. The tripiet
half-lifetimes, as measured in site A of the 0-O bands,
are 0.46 sec for 7 and 0.44 sec for 8.

The peaks in the partiocularly wel resolved spectrum of
8, labefled 1 to 26 for easy reference, have been ten-
tatively interpreted as harmonics and combinations of 16

17500 § [em™]

107 mole/L. The O-O bands (site A) are at 17,496 cm™' 2 5716 A
for 7and at 17,535 cn™’ 2 SXB A for 8.

fundamentals (Table 1). It is noteworthy that overtones
appear refatively weak, presumably because the T, and
Se potential surfaces are very similar so that the Franck-
Condon factors for transitions to higher vibrational
levels of the S, state are vanishingly small. The most
meﬁmﬁmwsm&mmhmﬁwm
Ar»1400cm™'. No CH stretching frequencies are
obmved.lnwtmndy whumtheOOpakubyfu
the most intease in the spectrum of 8, it is comparatively
weak in 7. The same holds for the pair 6 and 8.

By means of ODMR experiments, the symmetries of
the more prominent vibrations have been determined.
This subject will be dealt with by Briiuchle et al.,” as will
be the line spectra of a more comprebensive series of
pyrene-type hydrocarboas.®
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—We thask Dr. H. Kabza (Physikalisch-Chean-
isches [astitut der Universitit) for taking the pbospborescence
spectra ot 42K,

REFERENCES
'E. Clar s3d A. McCallum, Tetrahadron 3, 171 (1960); E. Clar,
Polycyclic Hydrocerboms, Vol. L, p. 70, Academic Pross (1964);
E. Clar, The Aromatic Sextet p. 32. Wiley, New York (1972).
’E. Clar, J. F. Guyo-Vuilldme, A. McCalumm and L A. Mac
MTM , 2188 (1963).
SE. Clar sad M. Zander, Cham. Ber. 89, 749 (1936). For the line

ECaad.

poometrics as defined in R. Boschi, E. Clar and W. Schmide, J.
Mﬁnﬂ.m(lﬂ‘)

Briuchie,
'Ch. Brimchie, H. Kabza and J. Voitiinder, manuecript is pro-
paration.
*E. Clar, W. Schmidt and T. Zauser, to be published.



