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CORRELATIONS BETWEEN PHOTOELECTRON AND UV
ABSORPTION SPECTRA OF POLYCYCLIC HYDROCARBONS.
THE PYRENE SERIES
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Abstract—Ia coatisustion of esrfier work oo the reationships botweea the PE and optical spectra of polycyciic
sromatic hydrocarbous, the PE spectra of 34 pyreno-typs molecules are correlated with electroaic spectra. As in
other series of hydrocarbons coasidered 3o far, the p-band ia the optical spectrs is relsted to the first [P, wherces
the e- and S-basds can be reisted to higher [P's. Reguisritics obeerved in the PE spoctra of Linearty amseliated,
plane- and contro-symmetrically anseliated pyreaes are discussed.

Earlier papers in this series’? have addressed themselves
to the relationships between the PE- and optical spectra
of aromatic bydrocarboes. In the preseat paper we dis-
cuss the pyrene-type hydrocarbons.

Linearly annelicted pyrenes. The correlation disgram
(Fig. 1), contains the IP's related to the p-, a- and
B-sbsorption bands, as well as the i

corresponding upper
levels, defined as Ap=IP,-E,, Aa=IP.-E, and,

A =IP,-E, (for the oumerical values see Table 1).

the high-resolution gas-phase PE spectra’ and are
claimed to be accurate to within £ 0.02 eV; most of these
data are reported bere for the first time.

Passing from diphenyl to phenanthrene with the
formatioa of an induced sextet as indicated by the ar-
rows in Fig. 2 results in a big shift of all absorption

*Addross corrcspoadence to this suthor at: Puata Challers Km
144, Estepona, Prov. Malags, Spain.
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Fig. 1. Term scheme for the linsarty snmeliated pyrenss. For definitions of quantitios see text. Here and in Figs. 6-8 ol
hexagoas symbolize aromatic rings; oaly localised double bonds of the pheasathrens typs are merked.
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Table I. First [P's (IP)), wavelengths® of the pabsorption band (A,), pbend eaergies (E,), differences Ap =
P~ &MWWMch-Mﬂ%MnMMWm
Energies in ¢V, wavelcagths
Hydrocarbon @, l’ Bp ap | IR, Aa Eqg &« IP‘ A\ﬁ tﬁ af
Pyrene (1) T.41 3035 (K) S.83 3.88] 8.27 STIS(E) 3,37 €.90| 9.35 2730 (E) 4.67 €. 88
1, 2-Bessopyrens (3) T.41 3316 () 3.05 3.60] 9.00 3060 (E) 3.43 4.58 | 8,73 2890 (E) 4.40 4. 93
1,3:6, 7-Dibesaopyrene (3) 7.30 3200 (B) 3.93 3.46 .35 3720 (B) 3.38 4.87 | 9.19 2630 (B) 4. 45 4. 74
Naghtbo-(3' 3°: 1, 3) pyress (4) 7.35 00 (B) 3.74 3.61 | 7.853 4075 (B) 3.00 4.44 | 8.€2 3310 (B) 4.01 4. 61
1,3-BessonapMdo-(3, 3": 8, Npyrene (5) [ 7.33 3500(D) 3.80 3.84 | 7.50 3040 (D) 3.17 4.33 | 8.83 3180 (D) €.07 .45
Dinaphtbo-(2',3':1,3); 3", 37:6, Tpyrene (6] 7.28 3430 (B) 3.77 3.49 | 7,47 3840 (B) 5.27 4.30 | 8.43 3180 (B) 4.07 ¢.38
1, 14: 4, $-Didensopectacens (7) 6.95 €430(B) 2.98 .00 8.13 3355 (B) 3.84 4.5
8, 6: 18, 16-Ditwnaobexacene (8) 8.91 4390 (B) 2.97 3.94 $.39 3480 (B) 3,71 .68
1,16: ¢, 6-Dibenmobexacens (9) e.00® 3340 (m 2.47 .13 7.80° 3770 (B) 3.44 4.38

S gotvent given in brackets: E « methanol or sthanol, C « cyclobexane, B * bengens, D= dicxane, T » 1,1, 4-trichloro-

benseoe, N ¢ 1.methyinaphthalens.
® pxtrapolated using Bicke! theory.

Fg. 2. PE spectra of phemsatirens, pyross, 1.2-benzopyress aad
1,2:6,7-diboaropyress (tomps. 5¢°, 112°, 148° and 230°C, resp.).

remains stationary for all phenanthrene and triphenylene
complexes. Therefore, this band is alsc found in ben-
zoaaphthopyrene § if it has the aromatic conjugation as
indicated in formula 5». The PE mno(mhthopy-
rene 4 and dinaphthopyrene 6 do not show this band;
instead they have a band at about 7.4 ¢V which can be
related to the pyrene complexes with short-axis
polarization (formulas 4a, S¢ and 6b). Similar comments

Fig. 3. PE spectra of 12:34-dbeszaathracens, asphthopyrene,
benzonspbthopyrene and dinsphthopyreme (temaps. 160°, 225°,
£45° and 305°C, resp.).

34.mhuPBhndn7.0eV.vhichis
three hydrocarbons, is related to the tetrs-
whumthebmduuev:nehtedm

umm-uav Rheqlbe Rydhc:;



i Fig. 5. PE spectra of picese, pestaphene, dibenzopyrese
Mnhmmnexpectedverymnwe\' the IP of dimaphthopyrons (teanps. 195°, 1007, 200° and 305°C, resp.).
graphite. ‘I‘he&emnommmnmthemmd
beazacene series.' It is striking that the only fully bes-
zenoid hydrocarbon in the series, 1,2:6,7-dibeazopyrene  dibenzopyrese 11, namely at 8.90 and 849 ¢V. Only ose
3, shows almott the ideal value of 3.4 ¢V for the p-band olthcmp«bmdsmbcr&wdtomzc-hndu
and of 4.9¢V for the a- and $-bands. 7.70¢V. The conclusion of this comperison is that

Plane-symmetrically annellated pyremes. This scries dibeazopyreae 11 cootsins the aromatic conjugation of
reveals interesting sew festures which are sot found in  picene with three sextets cansing the S-bend at 8.90 eV
the linearly aoneflated pyrenes. . and the pentapbene-type conjugation with the 8-band at

P

899V, m)mmonmaaev resp.) ik

have already been discassed.' It has sow been found that  and the optical spectra.

the B-bands of both picene and pentaphene reappesr in The PE spectrum of picese shows a redundant band at
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Fig 6. Term schame for plans-syssmetrically samellated pyreoes.



839 eV which will be coasidered in detadl in a forthcom-
ing paper on annellated anthanthrenes.

Further annellation in going to dinaphthopyrene 16
does not introduce new aromatic conjugation; as a resuit
of this the PE spectrum is simplified so that there is only
one a-band at 7.16 eV and one S-band at 8.07 V.

The term scheme (Fig. 6) contains the above
plane-symmetric pyrenes together with more complicated
ones. As in the acene series,' the upper level of the
p-bands changes from R/4 to 4.9¢V as the oumber of
sextets per number of rings increases. It is remarkable
that minoe differences in going from 18 (2 sexiets) to 11
(3 sextets) come out clearly catsing Ap to decrease from
376 w 3.68¢V. The number of sextets then remains
constant until 13 with 4 sextets is reached, resulting in a
fall of Ap to 3.66¢V. In the three overcrowded hydro-
carbons 14, 15 and 17 the E, values are not suficientdy
well defined 30 that a discussion of the small differences
mAqummd Thehy&owbou 18-21 show
again the expecied bedaviowr, Ap incressing with »
decreasing nomber of sextets.

The upper levels of the a- and S-bands are very close
together. In the larger hydrocarbons the A8 values
should be considered with caution as there are too many
bands in the PE spectra which could be classified as
B-bands. Also, overcrowding limits the accuracy in
determining the E, values.

Centro-symmetrically annellated pyrenes. The term
Scheme 7 cootains the centro-symmetric gmn.n
and 24. In accordance with eartier studics” of the optical
spech.thcp—?!!bmdna!ny:nlommﬁesm
in the corresponding plane-symmetric isomers. Neither
the PE nor the electromic spectra show an a-bend,
confirming again the rule that an a-band must be seen in
bothtypesolspwm.

Only by comperison with the ceptro-symmetric
isomers can the S-band in 22 and 13 be identiled with
some certainty at 8.96 and 8.38 ¢V, respectively.

The extremest case of cestro-symmetry is reached in
dinaphthoheptacene 34. Owing to its extended size, the
B-PE band shifts to the very low value of 7.63 ¢V, the
p-PE band t0 622 ¢V which is the lowest value found so
far in an aromatic hydrocarbon, The electronic spectrum
ummmwmm&mxnmm
bhydrocarbon caa be considered a3 & heptacene derivative
which explains these jow values.

Combined annellation. An imteresting snncllation
muprovﬂedbythcfowhydmwbouu-nmd
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P 8.90 6.956
P, 7.66 7.70
P, 8.86 8.40/8.90

E Ciaz snd W. Scmvsot

lotthep-hndmdof oouv:«m«:pm

Practically the same shifts (+0.06 and —0.03 ¢V, resp.)

are obeerved in the optical spectra.

Amnellation of 2 mmmmmwauw

give 12 results in a shift of +0.01 eV for the p-PE band

andol—o.lchQ the first S-PE band. The cor-
} for the UV bands are —0.04 asd

28 is derived from 10 by annellation at » formally fixed
double bood. The resulting shift of the p-PE band
(+0.01 eV) is therefore very small. Slightly bigger shifts
are observed f{or the o- and S-PE bands; the former
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Fig. 7. Tom wxheme for cemtro-symmetrically semelisied
pyrenes.
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8.08 r.02
7.88 7.18

8.37/8.7% 8.50/8.79
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Fig. 8. Term scheme for pyrenes of mined ansellation.

Fig 9. PE spectna of 1,2:7 S-dibenzochrysene,
reoc and pyresopyreoe (temps. 190°, 220° and 240°C).

12

w, 6.96
w. 7.33
1P, 8.y7

moving from 8.01 to 7.87¢V, the latter from 8.88 to
8.77eV.

A combination of benzo and naphtho annellation gives
the overcrowded hydrocarbon 17, with the p-PE band
lying at 6.94 ¢V and the f-band at 8.44eV.

For the PB and electroaic spectral data of a wider range
g:mmmum.«ru4m

8

There 13 a striking similarity of the PE spectra of the
three hydrocarbons shown in Fig 9. All three hydro-
carbons have four sextets, the only difference being
sdditional formal double bonds. This causes a shift of the
p-PE band from 7.20 to 7.00 to 6.90¢V, and for the
$-bands from 9.01 to 8.88 to 8.70¢V. It is remarkable
that oaly the first two hydrocarboms have a-bands at
7&chhiethaeunoum33.m:sutbealemthe

Is addition to the above hydro-

electronic spectrum.
.carbons, Table 4 cootains also asphthopyresopyrene M4

which shows the p-PE band at 6.58 ¢V and the S-band at
7.84¢V.

The following comparison shows a highly compiex
scheme (see Scheme 2 below).

The compiete PE spectra, not presented bere, reveal a
surprising similarity. In view of the modest shifts of the
PE bands, ooe is forced to the conclusion that essentially
oaly one half of the molecule including the central ben-
2ene ring is responsible for the PE spectrum.

8.7
69
820
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Tadie 2. PE- and UV-data of the plase-symmetrically aaneBatod pyrenes. For definition of quastities soe Tabie |

Hydrocarboa ®;, A B, e [P, A, B ax [ 21 By of
3, 4-Benzogyrens (10) 7.10 3845 (E) 3.34 3.76 [ 9.01 4030 (B) 3.11 4.90 | 0.88 3065 (E) 4,29 4.50
3, 4:9, 10-Dibscsopyrene (11) 6.95 3970 (B) 3.27 3.08 | 7.70 4330 (B) 3.91 4.79 [ 8.90 2970 (M) 4. 32 4.&0
1,3:3, :9, 10-Tribensopyrese (13) 6.98 3E30(E) 3.33 3.60 | 7.33 4610(E) 2.7 4.61 [8.37 33T (E) 3.70 &.88
1,3:4,5:8, 9-Tribensopyrene (13) 6.00 3060 (C) 3.33 3.66 ] 7.65 4180 (C) .00 ¢.65 | 5,38 3948 (C) 4.29 4.87
1, 3-Benxodinaphtho- (1", 7°: 3, 4);(f", £:9, 10)- [6.88 4200 (C) 3.10 3.78 | 7.17 4700 (B) 2.68 4.48 | 8.49 3530(®) 3.67 4.82
1,2- uﬁ?a?;ﬁﬁ.wr 1073, 4);(97710'Y6.80 4330 (C) 3.08 3.77 | 7.16 4680 (C) 2,68 4.48 |8.52 3470(C) 3.99 4.88
mmn;?()zw"';Js(z" 37:9, 10) pyrene (16) (6,65 4560 (T)2.89 3,78 | 7.16 8150 (T) 2.48 4. 71 ] 8.07 3685 (T) 3.57 4.%0
3,4:9, 10.Didenzonaphtbo-(2, 3': 1, 3 pyrece |6.94 3950 () 3.30 3.65 | 7.10 4830 (32,79 4.31 | 8.4¢ 3120(B) 4.13 4.3
Hlpuhol-a'.!':!,ﬁvym (s 6.83 4580 (B) 2,86 3,08 8.30 3380 (B) 3.88 4.48
Phenanthreso-{2", 3% 3, 4) pyrene (19) 6.83 4300 (B)3.90 3.93 $.67 3370 (B) 3.83 4.4
Naphtbo-(1, 7': 3, 1) partacens (20} 6.57 5410 (B) 2,44 ¢.13 7.98 3830(B) 3.3 .80
Napitho-(1',7:2, 16) bexacens (31) 6.36 6390 (T) 2,11 4.28 T.88 4360 (T) 3.00 4.88
% The weak band st 4810 & 1o the UV spectrum® of 17 could be doe o an impurity.
Tabie 3. PE- and UV-data of centro-symmetrically anneliated pyreacs. For definitioos see Table 1
Eydrocarbon Py 2 E, ap |y 2y Ey aop
3, 4: 8, $-Dibsnsopyrene (33) 6.8 4510(B) 2.90 3,92 | 8,88 3135(B) 4.10 & 78
Dioaphtho-(2},3':9,4); (3", 3":8,9)pyrene (33) | 6.42 5830 (N) 3.33 4.10 |8.38 3830(N) 3.70 4.68

Dioaphtho~(1, 7": 3, 18); (1", 1":9, 11) heptacene(34) 6. 22

6830 (T) 1.9 4.3

7.6 4070 (T) $.23 4.41

Tabie 4. PE- and UV-data of the pyrenes of mixed aameliation type. For defimitions see Tabie |

Eydrocarton P, A, E, ap [P, A, E, oI Ay E5 ap
1,3:3,4:6,7:9, 10-Totrabensopyrene (15) | 7.02 3800 (C) 3.37 3.6 | 7.18 4140 (C) 3.03 4.15 | 8,50 3380 (C) 3.80 4.70
a,c:n,g;nww',s':c,nmu 6.99 3840 (T) 3.40 3,59 | 7.43 4260 (T) 2.95 4.48 | 8.60 3470 (T) 3.75 4.85
a,c:s.m.;gmw‘.a':u)- .95 4080 (C) 3.10 3,90 | 7.00 4300 (C) 2.91 4.18 | 8.72 3020 (C) 4.22 4.50
1,3: 4, 5-Dibecsopyrene (38) 7.11 3780 (B) 3.43 3,68 | 7.87 3960 (B) 3.17 4.70 | 6,77 3063 (B) 4.10 4,58
1,3:3, 4-Dibensopyrese (29) 7.07 3970 (K) $.23 3.8¢ | .72 €200 (£) 2.98 4.7¢ | 8.5¢ 3190 (E) 4.00 4.5¢
1, 8»8:”%5%%0 3704, 8137 0N 8. 76 30 (T) 2.97 3.7 | T.14 4930 (T) 2.56 4.88 | $.00 3760 (T} 3.47 4. &2
r«mw.g,a 1,14);(2,47:4,8); (1797 [6.70 4300 (T) 3.06 3,64 | 6.9 B5O10(T) 2.82 4.38 | 8.28 3400 (T) 3.83 4.44

7,8); @, 4™ 11, 13) peatac 1
no-lﬁ 10:1 3))wm(3’?)

Pyreso-{1),2": 1, 2) pyrene (33)
Naphtho-(3", 3" ¢, 6)-pyrenc-(1,12":1,1)-
pyreme (M)

1.00
6.90
6.5

30 (C) 3.0 3. 07
4000 (C) 3.31 3.0
4880 (B) 3.711 3.07

7.683 3980 (C) .15 4. 67

8.88 3140(C) 4,08 4. 2
8.70 3280 (C) 3.92 4.7
7.84 3420 (B) 3. T? ¢.07

A detailed description of the PE spectra will be pub-

lished elsewhere.
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