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176. The He 584 hi Photoelectron Spectra of Analoga of 
Thiathioph them 

by Rolf Gleiterl), Ruedi Gygax 
I'hysikalisch-Chemischcs Institut dct Universitiit Rasel, Schweiz 

and David H. Reid 
Dcpartmcrit of Chemistry Vniversity of St. Andrews, Scotland 

(30. v. 75) 

Stswmary. Thc photoelectron spectra o f  thc four oxygr:n and nitrogen analogs of thiathio- 
phthene 1 to 4 arc reported and discusscd. Thc first two bands are assigncd to ionization from 
thc n- and n-molecular orbitals on the basis of  CNDO/Z calculations. The assignment of bands @ 
and @ to ionization from n-molccular orbitals is wggcstecl. 

The structure of tliiathiophthene and its analoga is still a question of considerable 
interest [I]. To draw any conclusions based on quantum chemical argurncnts, a 
detailed investigation on the pliysico-chemical properties is necessary. In this com- 
munication we wish to present our photoelectron (PE) spectroscopic measurements 
of the following derivatives : 3-(2-mct hyl-3-axa-but-2-en-l-ylidene) -5-metliyl-3H-1,2- 
dithiole (1) [Z], 1,2,5,6-tctramethyl-6a-thia-1,6-diazapentalenc (2) [3], 3-acetonyl- 
idene-5-rnethyl-3H-l.Z-dithiole (3) [4] and 1,6-dioxd-6a-thiapentdene (4) [5]. 

4 5 6 

Thc He 584 A PE-spectra of 1 4  were nicasurcd with a PS-16 spectrometer 
(Perk& Elmer kid., Beaconsfield, England) which was equipped with a heated probe. 
The vibrational fine structure of the bands could not be resolved. In Fig. 1 the PE- 
spectra of  1 4  are shown and the data arc collected in the Table. In Fig. 2 wc havc 
correlated the PE data of 1 to 4 with those of 2,5-dimethyl-6a-thiathioplithene (5) 
[61 2). 

I) 

8) 

Prcscnt address : Tnstitut fur Organischc Chemic: der Technischen Hochschule Darmstadt, 
Deutschland. 
Thc unsubstitutcd species of 1-3 and 5 arc: called here la, 2a. 3s and 5a. 
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Table 1. First fouv Tolzization Potentials Clf 1 to 5 (All values in eV) 

Compound Band Orbital I", J 

7.17 
7.97 
8.83 
9.1 7 

2 CBV 

6.44 
8.10 
8.44 
8.95 

3 c s  

R 

0, n 
R 
R 

7.68 
8.88 
9.60 
9.94 

4 c2, 

8.58 
9.76 
10.28 
10.98 

7.73 
7.9 
9.08 
9.53 

8.11 
8.27 
9.58 
10.11 

Since thc! shapcs of all the bands in  the PE-spectra of 1.4 look vcry similar our 
interpretation must rely mainly on calculations and pcrturbational argurncnts 
under the assumption that Koopmurts' thcorern [7] (- cj = I,, j) holds. 

The n-molecular orbitals of 1-5 cm bc derivcd from those of the more familiar 
z-orbitds of pentalcne dianion 7 [R]. The thrce liighcst occupied MO's 01 7 are shown 
in thc  correlation diagram of Fig. 3. Ry replacing tlic centers 1,6 and 7 by hetero- 
atoms, e.g. S, we havc to take into account that  the symmctry is reduccd from 
l.)zh- to Czv- or C,-symmetry and that thc distanccs 1-7 and 6-7 are clongated dire to 
the formation of an electron rich thrcc centcr bond 191. This perturbation causcs a 
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8 9 10 11 12 11 
Fig. 1. Photoelectron spectra of 1, 2, 3 and 4 hetwwn 6 aiid 13 c V 

6 7 8 9 10 IPv[ebJ 

Fig. 2. CorrElataofl between the javsl bands o f l a  photoelectron s+ectru of  1 to 5 

lev] 
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cliangc in the energy levels of tlic pcntalcne dianiotr and due to thc. only slightly 
bonding character of the elcctron rich tlirec center bond, a high lying n-orbital appears 
as shown in Fig. 3. 

In Fig. 4 the orbital energies for l a  to 3a. 4 and 5a are shown for the highest 
occupied orbitals as obtained by a CNDO/Z [lo] calculations). 

\ / / / 

O2h c2v 

Fig. 3. Qualilativc covvtllulion dimgvam Dslwoen the highest occupi~d mnlecuhv orhitals 01 pestalene- 
dianion and an isoslcric 7 ,  6, 7-het~ro~entalcvtc 

Fig. 4 .  Correlation bdtwmz the hiEhest occMppidd molecular ovhitlals o/ la, 2a, 3a, 4 and 5a accordisg to 
a CN I>U/2 culczllation 

3) Thc gccimctrjcal paramctcrs adopted for t h c  calculutio~is wcrc taken from similar compouritls 
whose X-ray structures are reported 1.13 \11-14]. 
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Wc shall discuss the calculated three highest occupied n-orbitals and tlie highcst 
occupied n-orbital separately. Although according to our expcrience semiempirical 
methods give the correct sequence among the x-, tlic n- and the rr-orbitals considered 
independently, the relative positions among thcse groups collcctively is often re- 
produced incorrectly within Koopmans' assumption [7]. 

n-Orbitals. - As a starting point we asslime the assignrrlcnt for thiatliioplitherlc 
161 to be correct (see table 1) since it is supported by semiempirical [GI and ab initio 
calculations 1'151. 

Comparing the ionization potcntiats for 5, 3 arid 4 as shown in Fig. 2 with tlic 
orbital energies given in Fig.4, the as.ipment for 3 and 4 given in thc Tablc (~ , I I , z ,TG)  

seems straight forward. Due to thc inductive. cffect tlie three morbitals arc lowcred 
in energy in going from 5 to 3 to 4. 

The correlation between 5, 1 and 2 given in Fig. 2 based 011 a comparison with 
the CNDO/Zorbital energies (Fig. 4) is not quite ;is straight forward. The most 
striking observation in the sequence 5, 1 and 2 is the strong rise of the first band in 
Fig. 2. A simplc electronegativity consideration, as used lor the sequcnce 5, 3 and 4, 
should givc a marked opposite behaviour becausc the coefficients at centers 1 mid 6 
in 5 are very largc both for thc first n- and the first n-orbital as shown in Fig. 3. 

Two factors, however, account for the observation that tlic ionisation potential 
of the higliest occupied n-orbital in  thc sequence 5, 1 and 2 ahould be lowered un 
substituting a sulfur center by a N-CHB group: 

1) According to a SCF calculation tlic one clectron orbital energy t'j is given hy 
the sum of the one clectron core hamiltonian (Hjj), tlic coulonib (Jjk) and tlic cx- 
change ( K l k )  integrals. 

n 

E j  2 Hjj C (Z Jjk .- Kjk) .  
k 

This sum can be rewritten as 

Here tlic term Gjj comprises the sun1 of the two cleciron t e r m  J and K. 
From (2) it is seen that the orbital ericrgy E ]  is a function of t w o  ternis, namcly 

HjJ and GJj. In Fig. 5 it is shown that the CNDo/Z iiietl~od predicts for tlic higlicst 
nccupicd z-orbital a domination of the two electron tcrni, G, over the core electron 
energy, H, in contrast to the highest occupied n-orbital (Fjg. 5). 'Thus for Ej onc 
obtains smaller values by substituting NEI for S altliaugh the one electron term, H, 
increases due to the higher electronegativity of N comyarcd with S C1ri.l. 

2) A sxond factor which contributes to a destabilization of the first n-orbital is 
the methyl group attached to the N-atom. Wc cxpect a destabilization cffect in tllc 
order of 0.4 eV. For a comparison we mention the ionization potcntial corresponding 
to bl (n) of pyrrole (9.22 eV) and thc correspondirig one in N-methylpyrrolc (8.80 cV) 
1.171. The value predicted by the CNDO/Z method is in the ordcr of 0.1-0.3 cV. 

The assignment of the band which is due to tlic ejection of an electron out of thc 
n-orbital (see below) to band @ baves the linnds (9 and @ to b:! assigncd in thR PE 
spectra of 1 and 2. 
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HIGHEST OCCUPIED n-ORBITAL HIGHEST OCCUPIED tt-ORBITAL 
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Fig. 5. Cow+avison betruem the m e  and Iwo-eleclron tmws H and G of the highest occupied x- arcd 
%-orbitals for 2a and 5a aecordhg to a CnrUO/Z urlcnctation 

From Fig.2 wc soe that hands @ and @ in thc PE spectrum of 1 are lower in 
energy than in the YE spectrum of 5. In the lattcr coinpound bands and @ were 
assigncd to n-orbitals which belong to the irrcduciblc represcntation B, (see Fig. 3) 
if we accept a CzV syrnmctry for 5. From the sitlrilarity of the PE spectra of 1 and 5 
it sccms rcasona1)lc. that bands (3) and c4) correspond to the ejection of an electron 
from a x-orbital. 

If a continuous lowcring of the ionization yotcn l id  is assumcd for substituting 
the second S-atom in 1 by N-CHa we can estimate that the broad peak in thc 
1’E spectrum of 2 bctween 8.1 and 9.0 eV is due to thee bands as indicated in Fig. 2. 
Thc assumption that this peak is composed of thrcr! strongly ovcdapphng bands is 
also in line with a comparison of its half width with that ot the first pnak (sec Fig. 1). 

The assignment o f  bands @J and @ to thc two bl(n)-orbitals is only in agreement 
with the CNUO/Zresults shown in Fig. 4 in so far that the third and fourth highcst 
occupied orbital is predicted to be a br(n)-orbitd. The CND0/2 metliod predicts in 
the series 5, 1 and 2 a rising in cnergy of these two n-orbitals. This discrepancy be- 
tween calculation and cxperirnent might bc due to the non validity of Koo+ma.ras’ 
theorem. As can hc seen from the orbitals s h w n  in Fig. 3 the orbital density on thc 
heteroatoms is rather high and thc ejection of an electron should initiate a migration 
of electron density from the othcr centcrs as in the casc of fulvcne 1’181. The methyl 
groups or1 thc nitrogens arc especially good donors therefore this effect should be 
rather large in thc series 5, 1 and 3. The nonvnlidity of Koo+malzs’ theorem might 
also play a role in the strong rise of A&) in thc series 5, 1 and 3. 
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n-Orbital, - The orbital energy of the n-orbital in  the sequence 5a, 3a and 4 is 
predicted by thc CNDOlZ calculation to bc higher in energy for 3s than for 4. This 
can be rationalized by the assumed 0-S distancc. Tlic 0-S distance in 3 (2.41 A) 
11131 is considerably larger than in 6, a derivative oC 4 (3..879 A) [14]. This CND0/2 
result for 4 is in contrast to a recent ah initio calculation [I91 which predicts a gap 
of 2.62 eV between a2(n) and al(o, n). These as wcll its our CND0/2 results are based 
on assiimcd geometries for 4. For tho sequencc 5, 1 and 2 a continuous rise of thc 
ionization potential corresponding to tlie n-orbital is predicted by a CNnO/Z calcu- 
lation (see Fig, 3). This is anticipated since in this scries thc N-S distancc:! remains 
approximately constant. 

Conclusions. - In substituting N-CHs and 0 for S in thiathiophthcnc at positions 
1 and 6 successively docs not yield a simplc p t t e r n  in the PE spectra as anticipated 
from the electronegativity of S, N-CIIs arid 0. Besidcs the clectroncgativity of the 
centers other factors play an important rolc : 

1)  The orbital cnergy is a function of one and. two elcctron terms arid 2) the high 
orbital density on the heteroatoms may invalidatc K'oopmalns' assumption. Ucspite 
these points and a different geometry in tlie scries 1 i.0 5, the first four orbitals arc 
assigned to z, n, n and n. Hdwever, it must be emphasized that we do not claim the 
assignment and explanation offcred is ncccssarily the truth. One of the purposes 
of thk communication is to point out the prohlems which havc to be considered in 
assigning PE spcctra in thesc series. 

This work is part 84 01 projcct No. 2.159.74 of the Schweizcrischer Nulionalfnwds m v  1:ilrdevung 
dtv Wissenschaflen. Part 83:  ref. [Zfl]. Wc thank Ciba-Geigy S.A.,  .I:. Hof/man#-Lu Roche 13 Gie S.A. 
and Sandox S.A.  for Iinancial support. 
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177. Low Temperature Photochemistry of the 
Acetone/2-Propanof System 

by Andreas Heme and Hanns Bischer 
Physikalist:h-Clieniischcs lnstitut der UnivcrsitBt, IUmistrasse 76, CH-8001 Zurich 

(26. VI .  75) 

Summary. During UV.-irradiation of acetonc/Z-propmol mixtures at - 70" products of photo- 
addition of acetone to intermediate enols are Iorsned. 'Chc yields of tlicse products exceed thc yield 
of pinacol, the major room tcmperaturu product. At - 70" thc photoadditions are favourcd by 
the long lifctime of acetone cnol (Z 5000 s). 

The pliotoreaictions of acetone and 2-propanol have been studied by many authors 
I:l-6]. At room tempcrature, thc only isolated photoproduct is pinacol (PIN) [l'l. 
Additional minor unidentified products have been mentioned by Gorztzy [Z ] .  Qb- 
servation of free radicals (CH3)&OH by ESK. [3] and UV. [4], and detection oi ace- 
tone en01 by CIDNP. 151 as intermcdiates lead to the formulation of the reactions 
of Scheme I a.. the dominant processes [fij [6]. At room tcmyeraturc, the en01 lifetime 

c\H3 

Hf-OH 

CH, cnt 
I I  

HO--:: - C -OH 
I 

is w 14 s [5a]. Wc recently determined the ratios of rate constants for the reactions 
of Schenze 1 (26", acetonitrile solution) as l z (CH)/k(c)  = 3.4 f 0.2 and k(O€€)/K(CH) "- 
0.3 0.1. [GI, i .e. disproportionation of the radicals to criol and 2-propanol is more 
important than thc other radical tcrminations. 

The tcmperature dependcnce of product yields of tlie acetone/Z-propanol system 
has been studied hy Gorzny [Z]. He found that the yields of tlie products which are 


