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The Dipole Moments of Some Aliphatic Ethers 
B Y ROBERT A. SPURR 1 AND HARRY ZEITLIN 

Dipole moments of eight ethers were measured 
in benzene solution. Table I gives the experi
mental data and the calculated results. The 
symbols /a, d and e refer to mole fraction of ether, 
density and dielectric constant, respectively. 
The molar refraction MRD was calculated in each 
case from the atomic refractions.8 The dipole 
moment n calculated by the method of Hede-
strand3 is given in Debye units. The moment 
of 1.28 D for diethyl ether in benzene is in good 
agreement with the value of 1.27 D given by 
Hassel and UhI.4 The values of 1.26 and 1.22 D 
obtained for di-ra-butyl ether and ethyl w-butyl 
in benzene, respectively, are to be compared 
with the values 1.22 and 1.24 D obtained by Li 
and Terry.5 Groves and Sugden6 give the value 
1.18 D for the moments of the normal symmetrical 
ethyl, propyl and butyl ethers in the vapor state. 
There is a considerable solvent effect in benzene, 
and the variation of moments reported here may 
be due to this effect alone. It is perhaps signifi-

TABLK I 

DENSITIES, DIELECTRIC CONSTANTS AND DIPOLE MOMENTS 

AT 2o° 

Diethyl ether 
0.006168 0.8726 2.295 

.01818 . .8710 2.327 

.04983 .8652 2.372 

.08879 .8591 2.442 
MRa 23.00 n 1.28 

Di-n-propyl ether 
0.009158 0.8722 2.295 

.02006 .8701 2.315 
,03587 .8672 2.344 
.05300 .8631 2.376 

MRo 31.66 M 1.31 
Di-»-butyl ether 

0.005780 0.8721 2.293 
.008948 .8710 2.295 
.01881 .8696 2.315 
.03748 .8660 2.343 

MRD 41.03 v 1.26 
Methyl »-propyl ether 

O.009180 0.8714 2.292 
.01622 .8701 2.304 
.03334 .8665 2.336 
.06385 .8607 2.365 

MRD 22.35 j x l . 2 4 

Ethyl »-propyl ether 
0.007026 0.8728 2.297 

.01224 .8715 2.300 

.03065 .8681 2.331 

.05600 .8634 2.352 
MRa 27.63 u l . 1 6 
Methyl »-butyl ether 

0.009977 0.8719 2.298 
.01305 .8717 2.300 
.02713 .8688 2.328 
.05846 .8636 2.374 

AfRD 27.06 n 1.25 
Ethyl «~butyl ether 

0.003695 0.8731 2.285 
.009879 .8718 2.293 
.01905 .8701 2.307 
.03682 .8662 2.333 

MRt> 31.76 A» 1.22 
K-Propyl K-butyl ether 

0.004597 0.8727 2.293 
.009947 .8714 2.296 
.02434 .8686 2.317 
.04277 .8647 2.340 

MRs 36.33 n 3.17 
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cant, however, that the average of the moments 
of the symmetrical ethers (1.28 D) is larger than 
that of the unsymmetrical ethers (1.21 D). 
Symmetry in ethers might be expected to stabilize 
hyperconjugation structures which represent 
polarization of the alkyl groups by oxygen. 

Experimental 
Capacitances were measured by the heterodyne-beat 

method.7 A modification of the electronic circuit8 de
scribed by Miiller, Garman and Droz9 was used. The 
dielectric constant of benzene was assumed to be 2.276 at 
25 V 

Benzene and the Normal Symmetrical Ethers.—Com
mercial products were purified by refluxing over sodium 
and distillation. Physical constants are as follows: ben
zene, b . p . 80.3-80.5°, d*h 0.8736; diethyl ether, b . p . 
34.5-34.6°, d^t 0.7079; dipropyl ether, b . p . 90.5-91.0°, 
<?254 0.7416; dibutyl ether, b . p . 141-142°, <*25

4 0.7637. 
Asymmetric Ethers.—Sodium was dissolved in an excess 

of alcohol and an equivalent amount of alkyl halide was 
added dropwise. After six hours of refluxing the ether 
was distilled off, treated with sodium over a prolonged 
period, and redistilled. The following physical constants 
were obtained: ethyl w-propyl ether, b . p . 63.0-63.4°, 
d254 0.7270; ethyl «-butyl ether, b . p . 92.0°, d26

4 0.7452; 
methyl M-propyl ether, b . p . 38.3-39.0°, <P5

4 0.7230; 
methyl w-butyl ether, b . p . 70.5-71.0°, da

t 0.7393; n-
propyl «-butyl ether, b . p . 116.5-117.0°, <Z26

4 0.7531. 
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Chemical Properties of Californium 

B Y K. ,STREET, J R . , S. G. THOMPSON AND G. T. SEABOK<; 

Introduction 
In the course of the production and identifica

tion of a radioactive isotope of californium (atomic 
number 98)l some evidence as to the chemical 
nature of this transuranium element was obtained. 
This isotope was prepared by the bombardment 
of Cm242 with 35-Mev. helium ions in the 60-inch 
cyclotron of the Crocker Radiation Laboratory 
and is believed to have the mass number 244. 
The Cf244 has a half-life of about 45 minutes and 
decays at least partially by the emission of 
alpha-particles of 7.1-Mev. energy. 

It should be pointed out that file first successful 
identification of the new element depended on the 
quite accurate prediction of some of its nuclear 
and chemical properties. The anticipation of the 
nuclear properties (principally half-life and radia
tion characteristics) was necessary in order to 
design adequate chemical procedures of sufficiently 
short duration and to use suitable instruments 
for the detection of its radiations. The predic-
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