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Excited States of Ethylene Oxide. C.D. Spectrum of (S,S)-( -)=2,3=Dirnethyloxiran 

By MIRIAM LEVI,~  R. ARAD-YELL IN,^ E. S.  GREEN,^ and AHARON GEDANKEN*~ 
(a Department of Chemistry, Bar-Ilan University, Ramat-Can, Israel, b Department of Structural Chemistry, Weizmann 

Institzkte of Science, Rehovot, Israel, and Israel Institute of Biological Research, Ness-Ziona, Israel) 

Summary The circular dichroic and absorption spectra of 
a substituted ethylene oxide have been measured in the 
spectral region of 185---150nm, the former revealing a 
transition that is not observed in the gas-phase absorption 
spectrum of ethylene oxide or a derivative. 

THE spectroscopy of cyclic ethers has been the object of 
several theoretical1I2 and experimentallp394 studies. The 
sharp bands which appear in the gas phase a t  58 380, 
63 610, and 69 680 cm-l, and which are not observed in the 
solid spectrum,l could be assigned as Rydberg transitions 
terminating in 3s, 3p, and 3d orbitals, respectively. Two 
valence transitions have been observed a t  69 500 and 
85000cm-l with a slight hint of yet another at 63 000 
cm-1.l These valence bands are not structured and under- 
lie the sharp Rydberg bands in the gas-phase absorption 
spectrum. The ionization potentials for ethylene oxide and 
several derivatives have been obtained from photoelectron 
rneasurements1p5 and the c.d. spectra of aliphatic ethers in 
the gas phase have been measured in the spectral region of 
200-140 nm;6 the main bands being assigned to no --+ 3s, 
no --f 3p, and no --f 4s transitions. 

In the present work we have measured the c.d. and 
absorption spectra of (S,S)-( -)-2,3-dimethyloxiran, a 
compound prepared from (S,S)-(  +)-butane-2,3-diol in a 
four-step procedure which is described elsewhere.'8 The 
compound was found to contain 98'3/0 of the (S ,S)  enantio- 
mer [ c ~ ] ~ ~ ~ ~  = - 37.4' (neat). Vapour-phase spectra were 
obtained at  room temperature with a vacuum u.v.-c.d. 
in~trument ,~ using a sample cell of 5 cm in length. The 
vapour pressure of the sample was measured with a Celesco 
P7D capacitance manometer. 

The c.d. spectrum of the (S,S)-( -)-dimethyloxiran 
(Figure) reveals four bands, a t  least one of which (1665 A, 
negative signal) does not have a corresponding peak in the 
absorption spectrum. 

The two positive bands at  1755 and 1602 A are assigned 
as the no -+ 3s and no -+ 3p transitions on the following 
basis. (a) The term values for the 3s and the 3p transitions 
are 23 500 and 18 800 cm-l, respectively, and agree well with 
the limit reached by the term values of substituted ethers.1° 
(b) The vibrational structure observed for the no --+ 3s band 
(1100 & 50 cm-l) is very similar to the spacing observed 
for the same transition in ethylene oxide;l this argument 
also holds for the no + 3p although the vibrational struc- 
ture is less resolved. 
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FIGURE. Absorption ( - - - - )  and c.d. (------- ) spectra of 
(S,S)-( -)-2,3-dimethyloxiran. The spectra1 resolution of the 
absorption and of the c.d. spectrum is 16 A. 

The negative c.d. band a t  1655A is assigned as the 
no --f CJ* valence transition corresponding to the 63 000 cm-1 
shoulder in the absorption spectrum of solid ethylene 
0xide.l The theoretical calculations predicted eight valence 
transitions which fall in the 10.5-13-5 eV region in ethylene 
oxidel the lowest being 2b, -+ 7a, G*, where the 2b2 mol- 
ecular orbital is an oxygen non-bonding orbital. 

The first ionization potential of dimethyloxiran was 
measured as 9.98 eV.5 Assuming a term value of 12 500 
cm-I for the 3d orbital one would expect the 3d Rydberg 
band to be observed at 1470 A. While the c.d. and adsorp- 
tion spectra show some negative character a t  this wave- 
length, the centre of the negative peak is certainly located 
at  lower energies. We therefore suggest that the 15lOA 
negative c.d. band should be assigned to a second valence 
band corresponding to the broad continuous band observed 
at  1440 A in solid ethylene oxide. 
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