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The PE spectroscopic data for a series of[2.2]paracyclophancs with olefinic and/or aromatic bridges, and of a 
few related molecules are reported, together with tentative assignments based on simple MO modeis. 

Introduction. ~ Some time ago, we have published a data bank containing the PE 
spectra of a series of cyclophanes [l], and a review [2] in which those data were ratio- 
nalized, using a simple MO model described previously [3]. To complement the above 
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data, we now report the PE spectra of [2.2]paracyclophanes 1-1 1 with olefinic and/or 
aromatic bridges and of the related molecules 12-14. 

E . ~ p i v v w n / t d  Rc,.su//.s. Thc Fle(la) PE spectra ofthe molecules 4 to 14 itre shown in Figs. I 3. Thc positions I: 
o f t h e  band maxima. which are close to the vertical ioniLation encrgies 1: i = I;"), are given in thc Tuhlo, together 
with thosc of  1 .  2, and 3 [ I ]  121. All spectra were recorded a t  highel- temp. ( - II)O"-2OO"), because of the low 
volatilily o f t h c  samples. As fai-a, wecnn tell, no decoinposition o r  rcarrangemcnt occurrcd under thcse conditions 
(I,/.  141). Duc lo  the clevatcd recording temp. aiitl the size of thc inolccules, the PE hands lack vibrational fine 
strtictiirc. This and thc considrrahle overlap hetwecn individual bands prevent in many casts a meaningful 
deconvolution, and, thus, a pi-ecise asscssment of the I? v;hcs,  o r  ofthe number of bands collccled in a given peak. 
These limiting factors should be takcii into account whcn refcrring t o  the data in thc Tuhk. 
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Fig.3. Hejfrx) PE~prc t ro  of 13r:nrl 14 

Assignnzents. The proposed assignments are based on correlation [S ]  and on the results 
of model calculations (see below). Notwithstanding the fact that they are both reasonable 
and in good agreement with previous results [2], they are subject to the limitations 
imposed by the experimental data (PE-band overlap) and the crudeness of the theoretical 
treatment [3]. The individual bands, or groups of overlapping bands are characterized by 
the basis orbitals or their symmetry-adapted linear combinations which dominate the 
particular molecular orbital from which the electron is ejected. The basis is defined as 
foIIows: 
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r r )  Thc le, ,  orbitals ofthc benzene moieties ofthc upper (u )  and lower (1) deck of 1 are 
designated by. S,,, A,,, and S,, A,, respectively (cf :  ( f  )), being symmetric (S) or antisymmet- 
ric (A) with respect 10 the x,z-plane containing the centres 1,4, l ' ,  4'. The symmetry- 
adapted linear combinations (under &,,) are: S + (b?J, A + (bJ, S - (b,,,), and A - (b2,). Note 
that S, and A + are antisymmetric, S -  and A symmetric with respect to the .x,j,-plane. 

h )  Thc two-centre n-orbital of a bridging double bond (e.g. in  2, 3 L J I C . )  is labeled n. 
The symmetry-adapted linear combinations in 3 are n, (bJ and n (b,J. 

L . )  The le,, orbitals of the o-phenylene groups (c3.g. in 7, 8 etc.) are labeled P, and PA, 
as shown in ( I ) .  The symmetry-adapted linear combinations (under &,,) in 9 and 10 
(disregarding the symmetry-breaking CH, group) are: P, (b3J P4+ (bJ, P,- (aL,), and 

d )  Finally, the 0-type lone-pair orbitals of thc halogen atoms are designated by n(X), 
the 0 orbitals of the cyclophane framework by 0, and the molecular n orbitals of the 
naphthalene and anthracene moieties in 11 and 13, or in 14 by v,, numbered in ascending 
order of orbital energy. 

Concerning the assignment of the PE spectra of 1,2, and 3, the reader is referred to [2]. 
1:rom the PE-spectroscopic investigations oP C1- and Br-substituted ethylenes by Wittrl 
and Bock [6] 171, it is known that the (n - n(n) ) - '  band of chloroethylene (15) and the 
(n  - n + (n))- ' band of (Z)-1,2-dichloroethylenc (16) are shifted by - 0.35 eV and 
- 0.63 eV, respectively, relative to the n - I  band ofethylene. The lone-pair bands occur at 
11.61 eV (n(n) - '  of 15) and at 11.85, 12.09 eV (n b ( ~ ) - '  0 1  16). For (%)-1,2-dibromo- 
ethylene (17), a shift of - 0.87 eV for the (n - n +  (n))-' band is obscrved. and ionization 
energies of 10.74 eV and 11 23 ,  1 I .53 eV (spin-orbit coupling) for the n + ( n ) - '  bands. 
From these data, we deduce that the n ~' band of 2 shifts towards smaller ionization 
energies along the series 2-t4-+5+6, as indicated qualitatively in Fig. 4 .  Because of the 
additional substitution at the double bond, the shifts are expected to be smaller than 
those observed for 15, 16, and 17 [6] [7]. Scfin?id and Scl71ivig have shown [8] that in 
benzylchloride (18) and benzylbromide (19), the benzene A orbitals are marginally 
shifted with respect to the benzene n-orbital energy of - 9.25 eV, whereas the S orbitals 
are lowered by about - 0.35 eV, or by about - 0.7 eV relative to the S-orbital energy of 
tolucnc. These results are supported by similar observations on allylhalides [9]. The same 
S + - and S - -orbital-energy lowering effect of Ihe out-of-plane halogen atoms can be 
observed in the PE spectra of 4, 5, and 6, as shown qualitatively in Fig. 4. On the other 

P A  - (b,$). 
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hand, the A +  and A _  orbitals are only little affected. Finally, one can extrapolate the 
lone-pair ionization energies of the above reference compounds 1S19 to our molecules. 
The result is that the n(o)-' bands of the C1-atoms in 4,5, and 6 are expected to be part of 
the band systems above 11 eV, whereas band @ of 6 should be ascribed to the n(a) 
lone-pair (symmetry a') of the Br-atom. 

The assignment of the PE spectra of 3 4 + 9  given in the Table (c$ Fig. 5) rests on 
those of the spectra of 3 [2] and of 7. The latter assignment has been obtained by applying 
the MO model presented in [2] [3], using the structure parameters of [lo]. This yields the 
orbital energies &(PA) z - 8.7 eV and c(P,) z - 9.1 eV for the orbitals PA and P, shifted 
by interaction with the o-orbitals of the upper- and lower-deck benzene rings. Because of 
the negligible 'through-space' interaction between the left and right PA and P, orbitals in 

mC' CI 

I 
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Fig. 4. Correlirtiow diugruui. The solid vertical bars refer to bands associated with orbitals dominated by the 
benzene-moiety n orbitals, the dotted lines and the broken lines lo bands associated wlth the double-bond nand the 
u-frame orbitals, respectively. Band @ of  6 is due to  ejection o f  an electron from a Br lone-pair orbital. Band 

positions within the shadcd regions are uncertain. 
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9, the P i : ,  P,', and P;+', Pi.' bands in the PE spectrum are expected to merge into two 
double bands, rcspcctively, according to our MO model [2] [3] bascd on  the structure [ l  I] .  
The resulting assignment is supported by the experimental results for the methyl deriva- 
tive 10. 

Again, the orbital labels proposed for the bands in the PE spectra of 1 I ,  13, and 14 are 
obtained by the MO model defined in  111 [3], using then orbitals y/, oflhe naphthalene or 
anthracenc moieties [12] as basis orbitals. For the 'through-space' interaction between the 
two peripositioned benzene T[ orbitals of 13, a coupling parameter of T = 0.9 eV has been 
assumed, whereas r = 0 eV is postulated for 14. 

The orbital sequencc in 12 is rather uncertain and should be used only with caution. 
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