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Among the su~gested means of utilization of radioactive wastes from 

atomic energy plants is the synthesis of new compounds which cannot be made 

efficiently by ordinary chemical methods. An example of such a synthesis is 
1 the radiolytic preparation of heptadecene-8 described by Burton and Breger. 

In the course of some investigations on the radiation chemistry of the sym­

metrical dichloroethylenes, the cis and trans forms of 1,2-dichloroethylene 

oxide have been produced. These compounds have not been previously reported, 

and in view of the current interest in radiation utilization, we are present­

ing preliminary data on the radiolytic synthesis and physical properties of 

these compounds. 

The cis a,nd trans forms of 1,2-dichloroethylene were irradiated in 

glass cells2 in vacuo with 4o-Mev helium ions impingent on the liquid. After 

irradiation, the low-boiling and gaseous products were separated by vacuum 

techniques.3 The residual high..,boiling products plus the bulk of the 1,2-

dichloroethylene were stored in glass-stoppered bottled in the presence of 

air after preliminary analysis for high-boiling products. In samples that 

had stood several months, two peaks were found in GLP chromatograms (nonyl 

phthalate column) that were not present in samples cbramatogrammed immediately 

after irradiation. These peaks were concentrated in the pot liquid by distil­

lation through .a small Vigreaux column and were further concentrated and puri­

fied by running repeated GLP chromatograms .of the pot liquid, collecting the 

respective peaks each time. By this means samples of l gm and 0,.2 gm of the 

two respective peak materials were isolated in relatively pure form. These 

were further purified by use of a Silicone oil (G.E. 96-4o) column with col­

lection of the respective components. These are referred to as dichloroethylene 
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oxide I and dich,loroethylene oxide II s.ccording to their respective QLP chrome.~o­

graphic emergrnce times. 

The rrlative yields of oxide I to oxide II .from trans 1,2-dichloroethylene 

was about 4.6 : lD The ratio from irr~diated cis 1,2-dichloroethylene was smE~ler 

but has not b~en well determined beca,)lse of the much lower yield from this isomer. 

The cpmpounds isolated have be·~n characterized as the cis and trans iso­

mers of 1,2-.dichloroethylene oxide by mass-spectrometer spectral patterns and by 

comparison of the infrared spectra wit~ the spectra of the cis and trans forms 

of 2,3-epoxybU;tane. All the compounds have the CH band in the region 2~50 to 

3050 wave numbers which Henbest, Meakins, Nicholls, and Taylor have suggested 

as being characteristic of the substituted oxirane ring, 4 and all exhibtt bands 

in the three regions where Patterson5 and others have assigned the c" 0"c 
skelatal motions.5 Tqe mass spectra, with parent masses at 112 to 117 ~ass un~ts, 
give the empirical formula c2H2c120 from isotope ratio arguments. Chemical 

analysis for c, H, a.p.d Cl yielded 21.,2%, 1.97%, and 63.5% for oxide I; and 21.2%, 

1.92%, and 63.6% for oxide II.. The .calculated values for c2H2c120 are ~1.27%, 

1.78%, and 62.78%. 

Known compounds of this compo~ition, dichloroacetaldehyde and chloro­

acetylchloride, were shown to differ from oxide I and oxide II in both ~ass 

spectrometer ionization patterns and GLP chromatographic retention times. 

Some ph;y.sical properties of these two compounds are listed in Table I. 

It has not been possible to decide unequivocally which compound is the cis form 

and which is the tr1:ms form. An argument can be made from the comparison of the 

infrared spectra of oxides I and II with the spectra of .the 27 3-epoxybutanes that 

oxide I is the· cis form and oxide II the trans form • . , 
Table I 

Phy~ical properties of 1,2-dich1oroethylene oxides 

boiling point 

melting point 
D 25/4 

~ 
25 

M.w,, (cryos('opic) 

M.W. (M.s. inlet pressure) 

Compound 

8o-81° 

-43° 

1.405 

l)J-38 

115~6 

113.2 

I Compound II . 

111-112° 

-63° 

1.470 

1.452 

115.2 
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At present one can only speculate as to the origin of these compounds, 

Yields of oxide I as high as G = 9 were found in old samples of irradiated 

trans 1,2-dichloroethylene. As this iB as large as the total yield of "polymer" 

determined immediately after irradiation, a chain reaction for the formation C>f 

the oxides is indicated. An attractiVI! possibility is an auto-oxidation re-. 
6 action using a .long-lived free radicaL present in very low concentration as 

the intermediate. 

R • + 02 ----> ROO • 

ROO • + c2H2Cl2 --::> ROOC2H2CL2 • 

ROOC H Cl ~ --::> RO • + HClC/
0

' CHCl 2 2 2 

RO • + C2H2Cl2 --::> ROC2H2Cl2 • 

ROC2H2Cl2 o --::> R • + HClC /
0

""'-cHCl 

'(1) 

(2) 

(3) 

(4) 

(5) 

Preliminary tests with other sources of radicals (benzoyl peroxide) in 

the presence of oxygen showed t~at small yields of both the dichloroethylene 

oxides are formed from both cis- and trans-1,2-dichloroethylenes. 

The authors wish to express their gratitude to Professor G. c. Pimentel 

for his assistance in obtaining and interpreting the infrared spectra, to 

Professors F. R. Jensen and W. H. Urry for helpful discussions of the problem; 

to Dr o Charles Koch for microanalytical data, and Mr. A. F. Sciamanna and 

Mrs. Sylvia Waters for assistance with the mass spectra. one of us (JHF) was 

supported in part by a National Science Foundation Fellowship (1955-56) and by 

an Allied Chemical and Dye Corporation fellowship (1957-58). This work was 

performed under the auspices of the United States Atomic Energy Commission. 
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