
stainless steel planchets as uniformly 
thin films (<2  mg. per sq. cm.). 

P:'S:, was assayed following hydrolysis 
with dilute NH40H which served to 
distribute the sample more uniformly. 

The dithioic acid, which showed a 
significant vapor pressure and per se 
leads to contamination of the counter 
window, was assayed as the sodium salt, 
which is nonvolatile. 

Ethion-Pi2 was assayed by counting a 
suitable aliquot of an ethyl alcohol 
solution. 

Paper chromatograms were prepared 
Ivith ethion-Pi2 by means of several 
solvent systems. When the chromato- 
gra:ns ivere autoradiographed, i t  \vas not 
possible to resolve clearly any impurities 
with the exception of a qualitative in- 
dication of a small amount of dithioic 
acid. 

.% silicic acid column chromatographic 
procedure (7) was employed to obtain 
additional information. Radiometrical 
assay of the ethion fraction indicated 
that the original sample had a purity 
of 90% which was in excellent agreement 
with the chemical assa)- of this fraction. 
The rest of the radioactivity !vas con- 
tained in five components present to 
the extent of 0.3 to 2.87,. These could 
not he further identified. 

\'APOR PRESSURE OF ETHIOK. For 
the vapor pressure studies, the radio- 
active ethion was initially purified by 
means of a silicic acid column. Follo\v- 
ing the evaporation of the solvent, the 
residue ivhicli consisted of pure ethion- 

Pj2 \vas brought tu constant lveight by 
heating in vacuo at 40' C.; the liquid 
was next transferred to a 1-ml. beaker 
which was then placed in a brass vessel. 
The latter \vas closed by a thin (1 mi.) 
plate equipped with a cylindrical orifice 
of known dimensions through \vhich the 
vapor could effuse into a highly evacu- 
ated space (<0.1 micron) and condense 
upon the center of a chilled stainless 
steel coupon or disk. 'l'he latter was 
secured to the cold fingcr of a sublima- 
tion apparatus b!- means of high-vaccum 
grease. The technique is essentially 
similar to rhat of Carson r i  01. (.?)> except 
that the use of the demountable coupon 
lends itself. i t  is believed. to a more 
reproducible and accurate means of 
counting the distillate. Initially: the 
specific activit!- \vas determined by 
counting minure quantities of the puri- 
fied radioactive ethion \vhich had been 
weighed out on similar coupons with a 
microbalance. 

The first half hour's reading was sub- 
tracted from that of a subsequent 1 
hour's run 'l'his automatically cor- 
rected for an!- uncertainty about just 
Lvhen thr good vacuum took effect 
during the first fe\v minures of the run 
(5). The apparatus ivas calibrated 
using National Bureau of Standards 
benzoic-C14 acid. Runs were made 
at three constant temperatures-namely. 
43', 56'; and 67' C.-and the weight 
of the ethion was determined from the 
activity deposited on the coupon. .4 
plot of log vapor pressure cs. 1 ' T  gave a 

straight line [vhich fits the equatiuii 
5440 

loglo P (mm.) = 12.39 - ~ 

T 
This equation gives 1.5 X 10-6 mm. for 
the vapor pressure of ethion at 25' C. 
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I S O T O P E - L A B E L E D  INSECTICIDES 

Preparation of Labeled 2-Ethylthio- 
ethanol, a Demeton Intermediate 

KERMIT GROVES and ROGER 
HAGUWITZ 
Department of Agricultural Chemis- 
try, Washington State University, 
Pullman, Wash. 

A small scale synthesis of 2-ethylthioethanol by the catalytic condensation of ethylene 
oxide and ethyl mercaptan is  described, A S3j or C14 label may be incorporated in the 
alcohol, which is an intermediate in the preparation of demeton. 

HE SYSTEMIC insecticide demeton, T 0,O-diethyl O-ethylmercaptoethyl 
phosphorothioate, is prepared conven- 
tionally by the reaction of diethylchloro- 
thionophosphate with the sodium salt of 
2-ethylthioethanol or with the alcohol 
in the presence of copper and potassium 
carbonate (8) .  The first step in the 

enzymatic-, acid-, or base-catalyzed 
hydrolysis of demeton results in forma- 
tion of 2-ethylthioethanol ( I ) .  Labeling 
of sulfur or carbon in this alcohol is of 
intercst in investigations of the reactions 
of thr insecticide in biological systems. 

2-Ethylthioethanol has been prepared 
by the reaction of ethylrne chlorohydrin 

\vith the sodium salt of ethyl mercaptan 
(3. t i ,  9. 701, diethyl sulfate with the 
sodium salt of 6-thioethanol ( 7 ) .  and 
eth\ Icne oxide with ethyl mercaptan 
(2. 7). These procedures #ere rsamined 
ro determine their practicality for label- 
ing syntheses. In  small scale prephra- 
tions of labeled material, it is desirable 
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to use a method that gives good yivlds of 
pure product with a minimum of trans- 
fers in order to avoid mechanical losses. 

Nenitzescu and Scarlatesca obtained 
2-ethylthioethanol by passing; ethylene 
oxide through a packed tower containing 
ethyl mercaptan, and by reacting the 
compounds in a closed vessel with acti- 
vated carbon (7). We found that both 
procedures gave poor yields i n  small 
scale preparations. The condensation 
of cdiylene oxide with ethyl mercaptan 
\vas investigated further. by reacting 
eciual molar quantities of the reagents in 
sealed tubes in the presence of catalvtic 
amounts of one of the following: metallic 
sodium. aluminum oxide, silica? sulfuric 
acid, and aluminum chloride. An- 
hydrous aluminum chloridc gave promis- 
iiig results: but the other catalytic 
materials either were not effective, or 
carricd the condensation too far, forming 
highly viscous products. Condensation 
in the presence of aluminum chloride 
could be controlled, and optimum 
concentration, temperature, and time of 
reaction were determined. I t  \vas found 
that the reaction could be carried out in a 
tightly stoppered flask, thus aLoiding 
transfcr from a sealed tub?. S3"1abeled 
ethyl mercaptan was used in the syn- 
thesis? but C14-labeling could be effected 
by use of the appropriatel!. labeled 
reagents. 

Larqer scale preparations can be 
made by this procedure, if a rise in 

temperature during the reaction is pre- 
vented by consrant stirring and cooling 
in a water bath. 

Experimental Procedure 

One-tenth gram of anhydrous alunii- 
num chloride was placed in a 15-ml. 
conical flask fitted ivith a I 5  '35 standard 
taper stopper thar could be clamped in 
position. The ampoules o f  ethylene 
oxide and labeled ethyl mercaptan. two 
1 0-ml. graduated cylinders, and the 
flask \$'ere chilled in a dry ice-acetone 
bath. After cooling. 4.0 ml. (54 mmoles) 
of ethyl mercaptan and 2.5 ml. (53 
mmoles) of ethylene oside were added 
to the flask, the contents mixed, and the 
stopper was clamped in place. The 
flask was removed from the bath and 
allowed to stand at room temperature 
(2.5' C.) for 24 hours. .4 longer period 
cf standing produced no apparent change 
in yield. -4 sniali distilling head and 
condenser \\.ere attached to the flask and 
the prodcct \vas distilled at 60' to 62' C. 
at 5 mm. of Hg pressure. yielding 4.2 
grams of product (75% based on the 
mercaptan), n% 1.4828. and dz54 1.013. 
The theoretical amount of bromine was 
absorbed when the product was titrated 
Lvith standard bromate-hroniide solution 
(5). The samp!e \vas analyzed at 
120' C., by gas-liquid chromatography, 
on a 'll-inch silicone column, 5 feet 
long with helium as carrier gas. No 

Chromatographic Separation of Heptachlor, 
Gamma Chlordan, and Heptachlor 
Epoxide from High-Heptachlor Residues 

NAL.YXCAL methods recently de- A veloped for the determination of 
heptachlor and heptachlor epoxide in 
forage crops use chromatographic col- 
umns to separate heptachlor from its 
eposide (7 ,  2). The column recom- 
mended is activated Florex (a specially 
selected form of hydrated fuller's earth) 
and the solvents used are pentane (colori- 
metric grade) for heptachlor. followed 
by 2yc cthyl ether in pentane for hepta- 
chlor epoxide. In the application of this 
technique to the determination of hepta- 
chlor residues on several crops? an ap- 
parent spilling over of heptachlor into 
the ethcr-pentane fraction which con- 
tained the heptachlor epoxide was ob- 
served. \\'ith low residues the quantity 
of apparent heptachlor found in the 
epoxide residues was very small and 

usually negligible. \l.hen high hepta- 
chlor residues lvere determined, there 
was an increase i n  the quantity of ap- 
parent heptachlor spilling over into the 
heptachlor epoxide fraction with re- 
sultant interference in analysis of hepta- 
chlor epoxide. Processing the residues 
twice on the Florex column did not de- 
crease the contamination. indicating that 
it was not a simple spilling of excessive 
heptachlor into the epoxide. 

Folloiring a suggestion (.?I that the 
contaminating material was gamma 
chlordan. a minor constituent of tech- 
nical heptachlor. the authors directed 
their efforts iobvard separating gamma 
chlordan from heptachlor epoxide b!. 
column chromatography. Since Florisil 
(a synthetic magnesia-silica gel) has 
been observed to have a slower elution 

impurities were observed and the reten- 
tion time was the same as that of a pure. 
authentic sample of ethylthioethanol. 
Infrared absorption curves for the two 
samples were identical for the range 2.8 
to 15 mp. 
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rate than Florex, it was thought that 
Florisil could be used for this purpose. 

Experimental 

Procedure. With 50-ml. Mohr burets 
as chromatographic tubes, columns were 
prepared, using 10 grams of activated 
Florex (washed with pentane. dried. and 
heated at 135 '  C. for 24 hours) and 15 
grams of activated Florisil (washed with 
hexane. dried. and heated at 130' C. 
for 24 hours). Solutiors from corn 
plants that contained about 300 p g .  
of heptachlor. 30 pg. of gamma chlordan 
(evaluated as heptachlor). and 100 pg. 
of heptachlor epoxide were processed on 
these columns. The columns were wet 
with pentane and the solutions were 
added to the columns and eluted n i th  
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