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Ahtract-As in earbcr work.’ the p-bands in the optical spectra and Ihe tirst bands in the PE spectra of polycyclic 
aromatic hydrocarbons are related IO RN. where R is the Rydberg constant of the hydrogen atom. The (I- and 
fl-bands are related to 4.9 eV which IS the IP of graphite. These regularities have been tested by means of the LV 
and PE data of 34 peri-condensed hydrocarbons belonging IO the perylene-. 1.12~benzoperylem-. coronene. and 
bisanthcnc series 

In continuation of our work directed towards cstablish- 

ing correlations between PE and LV spectra we consider 

in the present paper, instead of the scenes as before.’ the 

perylene-type hydrocarbons. These can be considered as 
p&-condensed acencs. 

In this case the central ring should be empty or almost 

empty of t electrons. This was supported by NMR 
which yielded the following chemical shifts for the “bay” 

protons’ (in ppm, relative to TMS): 

These data indicate that the central ring does not par- 

ticipate appreciably in the ring current. In contrast to 
this, the “bay” protons in l,l2-bcnzopcrylene and its 

linear benzologues are at significantly higher values:’ 
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‘Address correspondence IO this author at: Punta Chullera Km 
144. Estepona. Prov. Malaya. Spain. 
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In this series. the new middle horizontal branch does of 
course participate in the n electron migration which 
reduces the chemical shifts from 8.82 IO 8.67 ppm. 

In line with these results is the position of the 251 nm 
band in the UV spectrum of perylcne. This band is shifted 
considerably in the benzologues (IO 276, 290 and 302 nm. 
respectively, in the first above series’). suggesting a 
single bond of the diphenyl type. Surprisingly however. a 
systematic comparison of the PE spectra in the perylcne 
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series showed that only the weak band at 337.5 nm in the 
low-temperature UV spectrum’ of perylene can be 
related to the PE band at 8.54 eV. Such a weak UV band 
is also found in the linearly annellated perylenes’-‘.’ (at 
339, 371 and 427nm. respectively, in the above series) 
where it appears in the UV spectra even at room tem- 
perature. It is obvious that these /?-bands, formerly 
classified as u-bands,’ are of a partly forbidden charac- 
ter. At present, we are unable to offer an explanation for 
this and are just reporting the facts as obtained. No such 
ambiguity exists in the scene and 1.12~benxoperylene 
series. 

Figure 1 shows the PE spectrum of perykne which is 
amazingly simple. It consists of a band at 6.97 eV which 
is easily related to the p-band at 434 nm. By subtracting 
the p-band energy from IP,. one obtains the upper p 
level at 4.OOeV which is in line with the principles 
established in the earlier communication.’ There is then 
an unusually wide gap to the next PE band at 8.54 eV 
which, if compared to the weak 337.5 MI UV band, 
results in an upper level at 4.76 eV. This is an acceptable 
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value as it comes close to the IP of graphite at 4.9 eV. If 
the 251 nm band of perylene were used in the above 
comparison. completely senseless results would be ob- 
tained. 

In going from perylene to 1,2benzoperylene 2, this 
pattern is retained, IPI decreasing to 6.71 eV. A further 
decrease, to 6.51 eV. is observed in passing to 1,2:11.12- 
and 1,2:7,8dibenzoperylene (3 and 4. respectively). 
These four hydrocarbons have only two sextets. 

The relationship between the PE and UV spectra, for 
a more comprehensive series of perylene-type hydro- 
carbons. are reproduced in Fig. 2; for the numerical 
values see Table I. Diphenyl was not chosen as a starting 
point in this annellation series because of ifs nonplanar 
carbon skeleton. 

In the angularly annellated perylenes. one finds the 
upper level of the p-bands approaches Iv4 at 3.4eV, as 
expected by comparison with the scene series. If the 
/?-bands in the UV spectra are correlated with the PE 
spectra, one finds that this comparison must involve the 
rather broad band at 8.59eV in 2Jbenxoperylene 5. In 

Fii. I. PEspectnm~ofpcryknca~ 130”C(Pertin_ElmerPSl6ilutrumenl;calibralion: a-.&and y-sa~elliterof Xe.Ar. 
k!cnzcm and napbttlaknc). 
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Fii 2. Relation between the IP’s (lower lines) aod rbc upger kvels of the p- and fi-ahsorption bands (upper liner) in he 
pcryknc XI-&. p-Bands and cbe corresponding IP’s are marked wilb full circks. 8-M and UK corresponding IP’s 
with open circks. Ml en& in cV. Here and in Pii. 3-5 all hexagons symbolize aromatic rings; only bcalixd double 

boc& of rbc pbcaanchnae-rype are marked. 



Correlat~ns between photoelectron and uhraviokt absorption spectra 2095 

Tabk 1. First IP‘s (IP,). wavekngths’ of ~hc p-absorption band (A,). p-band cncrgies’ E,). differences 

Ap = IP, F,. IP's relating IO IIX fi.absorption band (IP,). wavelengths’ of the fi-absorption band (A,) fiband 

cnergics’ (E,). differences Q3 = IP, - E, in the pcrykne series. Energies in CL’. wavelengths in A 

Hydrocarbon IP, A, E, .sp IP, A. E, Lfi 

Peryknc 1 6.97 434tXE) 2.97 4.00 US4 3375(E) 3.79 1.16 
I.?-Betvqxrylene 2 6.71 50030(E) 2.S 4.13 8.51 3390(E) 3.77 4.74 

1.2: Il.l?-Dibcnzopcrykne 3 6.~1 !CWB) 2.37 4.14 8.53’ 3710(B) 3.49 5.04 

1.2:7.8-Dibcnzopcrykrk 4 6.51 WE) 2.39 4.13 8.34 3710(E) 3.45 4.89 

2.3.Beruoperykae 5 6.89 43X(E) 2.96 3.93 8.58 32WE) 3.99 4.59 

1.2:lO.l I-Dsbcnzopcrykne 6 6.64 5025(B) 2.62 4.02 8.43 3410(B) 3.79 4.65 

2.3:lO.l I-I)lberu.operykne 7 6.8s 44C@B) 2.97 3.88 856 3020(E) 4.22 4.34 

2.3:8.9-Dibenzopcrylen 8 6.86 4335(B) 3.01 3.85 8.51 3035(B) 4.23 4.211 

2.3:4.5:8.9: 10.1 I-Tetrabcnzotxryka 9 6.R2 4250(B) 3.07 3.?5 8.37 3270(B) 3.94 443 

Naphtho-fr . 3’:’ -. 3)perykne 10 6.82 44@(B) 2.93 3.89 8.52 33CQB) 3.91 4.61 

~naphrho-(?‘.3’:2.3)~(~,~.8.9~rylene I1 6.68 4480(T) 2.94 3.74 8.65 3540(B) 3.65 5.00 

‘Solvent given in brackets: E = methanol or ethanol. C 3 cyclohexane. B = benzene. T = 1,2+trichlorobcnzen, 
M = I-methylnaphthaleae. For the W spectra of the hydrocarbons set Ref. 3. excepr for 9 (Ref. 7). and 10 and I1 
(Ref. 8). 

‘Corrected for rhe 8as phase. see Rcfs. 1 and 3. 

’ Value uncertain due to overlap with PE bands of the dihydro compound. 

the PE spectra of the other angular bcnzologucs and Similar observations arc made in the I. 12-kn- 
naphthologues. there is always a band centrcd at about zopcrylene series, see Fig. 3 and Table 2. The upper level 

8.5 cV. The resulting Jj-values, obtained by subtracting of the p-bands again approaches 3.4eV. This is par- 

the p-band energies from the PE values. all approach titularly true for 1.12:2,3: 10.1 I-tribcnzoperylenc 15 
4.9eV; this is shown by the second lint in Fig. 2. which is the only fully bcnzcnoid hydrocarbon of the 
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Relalionhe~ueentheIP’s~lo~erlinesandtheupperlcveltofthep-.a-and~-absorptronbands(uppcrlinec)~nrhe 
1.12.henzopcrykrx series. a-Bands and the corresponding IP’s are marked with crosses. 

Table 2. PE and UV data of the 1.12~bcnzoperykrx-type hydrocarbons.’ For rkfmition of quantities see Table I. IP.. A.. E. and Aa 

refer to the a-absorption baods if visibk m the UV spectra 

Hydrocarbon fP, A. E, Ap IP, A. E. h IP, A,, E. J&J 

1.12~Beruoperykae 12 7.15 3875(B) 3.35 3.80 7.81 4065(B) 3.09 4.72 8.83 3030(B) 4.24 4.~9 
1.12~2.3~Dibcnropcrylcrx I3 7.12 3775(B) 3.43 3.69 7.68 405CKB) 3.11 4.58 8.73 3095(B) 4.16 4.58 
1.12:4.5-Dibcruopcrykrk I4 6.99 4070(B) 3.20 3.80 7.61 4290(B) 2.93 4.69 853 3330(B) 3.87 4.66 
1.12:2.3:10.1 I-Tribenzoperykne IS 7.13 37400 3.49 3.64 7.60 4OlOt-T) 3.14 4.46 8.58 30JOfE) 4.24 4.34 
1.12:2.3:8.9-Tnbenzop~lenc 16 6.97 402QB) 3.23 3.74 7.57 4210(B) 2.99 458 8.51 3290(B) 3.92 4.59 
1.12-Beazo-naph~Y.3’:?.3) 7.01 3830(B) 3.39 3.65 7.40 4300(B) 2.93 4.32 8.48 3260(B) 3.95 4.53 

pcrylenc I7 

1.12-Bcnz~naphtho-(~.3’:4.S) 6.78 4XQB) 2.90 3.88 8.48 322OfB) 4.00 4.48 

pcrylene 18 
1.12.Becu~insphtho(T3’:?.3); 6.72 460q1-) 2.87 3 a5 8.14 365oIJ-) 3.s; 4s: 

(2-.3’:8*9)perylcnc I9 

1.12+Phenyknepcrykn 20 6% 41ttQB) 3.12 3.85 8.75 31OWB) 4.14 4.61 
Anrhraceno_(1’.4’~1,1!)perylenc 21 6.77 4575(B) 2.86 3.91 8.60 3153(B) 4.M 4.Q 
I.l?*Phenylcne-23;lO,lI~benxo- 6.84 4260(B) 3.06 3.78 8.49 3260(B) 3.95 4.54 

pcrylene 22 

“For UV spectra of the hydrocarbons see Ref. 3. except for 17. 18. 19 and !I (Ref. 8). 
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s&s. i.e. all its n electrons can be accommodated in 
aromatic sextets.’ 

A number of hydrocarbons in Fig. 3 also show well- 
defined a bands in the optical spectra. The PE spectra of 
these hydrocarbons also show a-bands from which the 
upper level can be determined; the resulting values are 
very close to the upper levels of the b-bands (see Fig. 3 
and Table 2). 

Figure 4 and Table 3 contain the UV and PE data of 
the coronene-type hydrocarbons. Coronenc 23 can be 
considered as a benzologuc of perylcne 1. However, the 
two rings fihing the bay positions in perylene produce a 
profound change because the three sextets can now 
migrate throughout the whole system. Due to this su- 
peraromaticity,” which is also evident in the NMR, 
coronene 23 behaves like a fully benzenoid hydrocarbon. 
This is apparent by the fact that the upper level of the 
p-band, 3.51 eV. comes very close to R/4. Subtraction of 
the p-band energy from 9.13 cV results in 4.92 eV which 
is almost exactly the IP of graphite. In order to obtain 
the upper level of the a-band, we have to subtract the 

a-band energy from the energy of the first PE band 
which, due to the sixfold symmetry of coronene. ac- 
commodates two IP’s. The resulting value of 4.35cV 
compares welI with those gathered in Table 2. 

The deviations of the upper levels from the ideal 
values increase as benzo rings are annellated to the 
coronene system. Here again the rule is valid that the 
highest number of sextets brings the upper value of the 
p-bands closest to Rl4. The only fully benzenoid hydro- 
carbon in the coronene series is hexa-peri-ben- 
zocoronene SO. The upper values of the p-. CT- and 
&bands are 3.50. 4.60 and 4.72 cV, respectively, values 
which are perfectly satisfactory. It should be added that 
a-type bands in the PE spectra can only be observed if 
they occur in the optical spectra, and rice ccrso. Keeping 
this in mind, Fig. 4 requires no further explanation. 

The UV and PE data of the bisanthcne-type hydro- 
carbons are summarized in Fig. 5 and Table 4. Bisan- 
thcne (meso-naphthodianthrenc. 31) is derived from two 
anthracenc complexes in the same way as pcrylcnc from 
naphthalene. Its PE spectrum shows a similar unusuahy 

6. 
R/4 

7. 
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FB. 4 Relation between IIX IP’s and the upper levels of the p-, (I- and fi-absorption bands in Ihc coronrnt series. For 
symbols see legends IO Fqs. 2 aad 3. 

Table 3. PE and UV data of rhe coronene-type hydrocarbons.’ For dcfmition of quantities see Tables I and 2 

Hydrocarbon IP, 

Coroncae 23 1.29 3415(B) 3.78 3.51 7.29 4280(B) 
I,?-Bcnz~coroncnc 24 ?.08 3760(B) 3.45 3.63 7.35 432OfB) 
1.2:7.8-Dibenzocoronenc 25 6.92 JoloCT) 3.21 3.65 1.43 43500 
l,?:5.6Mxnzocoronenc tr 7.04 379Ot-n 3.45 3.60 7.18 43350 
1.2:3.4:5.6Tribcnzoc~~0r~~ 27 6.88 407’XB) 3.20 3.68 7.02 46(0(B) 
Naphrw2’.3’: L2)coronenc 28 h.RR 4230(B) 3.m 3.80 1.86 4ero(B) 
1.2:3.4:J.6:7.8:9.10:1 I.l?-Hexa- 6.75 4020(B) 3.23 3.53 7.16 48f%B) 

Ap IP. A. F . . Au IP, 

2.94 4.35 9.13 
2.91 4.44 9.02 
2.90 4.53 8.89 
2.91 4.27 8.?2 
2.72 4.30 8.38 
2.84 5.02 8.97 
2.59 4 51 R 59 

3030(B) 4.21 4.92 
3200(B) 4.02 5.00 

33000 3.93 4.96 
32SJxTI 3.95 4.91 

3MXB) 3.65 4.73 
WlOiB) 3.78 519 

37MXB) 3.45 s I4 

bcnzocoronenc 29 
1.12:2.3:45:6.7:8.9: IO.1 I-Hexa- b.U7 3875(-l-) 3.3: 3.50 7.44 444@l-) 2.64 4.60 X.34 Moo0 3.62 4.72 

benrocoroncnc Jo 

‘For UV spectra of the hydrocarbons see Ref. 3. cxcepl for 29 (Ref. 9). 

Table 4. PE and UV dala of the blsanthene-type hydrocarbons.’ For dcfinitlon of quantllKs SEC Tables 1 ad 2 

Hydrocarbon IP, A. F, up IP, A, FL. ~5n IP. A$ E, JB 

Blsanlcnc 31 6.30 6625(B) 2.02 4.28 7.90 4240(B) 3.07 4.83 
1.14-Bcnzoblsanlhcnc 32 b..W 5355(B) 2.46 4.04 8.54 3450(B) 3.74 4.M 
Ckalcnc 33 6.71 456C(M) 2.91 3.81 1.33 4650(M) 2.72 4.61 8.66 3490(M) 3.74 4.92 
3.4: I1.12-Dibcruob~santhcne 34 6.82 4170(B) 3.12 3.70 7.20 4&O(B) 2.70 4.50 8.49 3580(B) 3.61 4.88 

‘For UV spectra of the hydrocartwns SEC Ref. 3. 
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Fig. 5. Relation between rhe IP’s amI the upper kvcls of the p-, 
9. and /3-absorprion bands in the bisanhcne series. For symboh 

ccc legends IO Figs. 2 and 3. 

wide gap between the first and second bands (6.M and 
7.90eV. respectively) as does perykne. Therefore, one 

would expect the IP’s in the series bisanthene. 1.14 
benzobisanthenc 32 and ovalene 33 to show the same 

trends as in the series perylene, 1.12~benzoperylene 12 

and coroncne 23 which is the case indeed. IP, increases 
from 6.30 to 6.50 to 6.71 eV; the corresponding upper 

levels change from 4.28 IO 4.64 IO 3.81 eV. thus ap- 
proaching R/4 due to increased benzcnoidity (ovalene 

has four sextets). The same observation is made in the 

perylenc series. This’ is also reflected in the IP’s of the 

/3-type PE bands which move from 7.90 IO 8.54 IO 

8.66eV. thus showing increased stability with the num- 
ber of sextets. The upper level of the o-bands is again 
kept constant at about 4.9 eV. In addition to this, ovalcne 

33 and 3.4: 11,12-dibenzobisanthene 34 show o-type PE 

bands at 7.33 and 7.20 eV. respectively. The upper levels 
are close IO those of the b-bands. namely al 4.61 eV in 

ovalene 33 and at 4.54 eV in dibenzobisanthene 34. Thus, 
in all cases where a-bands are observed in the optical 

spectra they can also be seen in the PE spectra. 

A detailed description of the PE spectra in terms of 

MO theory will be published elsewhere. 
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