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INTRODUCTION. 
Ethyl ether is an imortant solvent in marly technical processes, 

but cannot be used in India owing to its great volatility and risk of 
explosion when the vapour gets mixed with air. One of the efficient 

.methods of recovering the vapours is to usc concentrated sulphuric 
acid as  absorbing medium, forming additive compounds having low 
vapour pressure with one and two mols. of ether. The ether can 
be recovercd by diluting the mixture and distilling. 

In  the course of our work on the catalytic prod~~ction of ethers 
(This Jourfzal, 1932, 15A, 59j  sulphuric acid was used to absorb the 
methyl ether. One volume of sulphuric acid can absorb 600 volumes 
of the gas, most of which can be liberated by adding water. It was 
interesting to find out if methyl ether also forms additive compounds 
like ethyl ether. 

The system sulphuric acid and ethyl ether was first studied by 
Pound (Jow. Chein. Soc., 1911, 99, 698) who as a result of measure- 
ment of density, viscosity, surface tension and conductivity came to 
the conclusion that the complex (C&I.i)zO, HzSOI was definitely 
formed. H e  further extended his studies (Jow. Ckcm. Soc., 1922, 
110, 941) to  ternary mixtures of sulphuric acid, water and ethyl 
ether and concluded that the complexes (1 j HtS04 1330, (2)  HSO4 
EbO,  (3 )  3 H a S 0 ~  2Et20, (4)  H~SOI Hz0 and (5) Hzs0-1 Hz0 Et?O 
were formed. Of these (11, (2) and (3) have been isolated. 

Tschelinceo and Kozloo (Jozw. Rl~rs. Plz~~s .  Chen~. Soc.. 1914, 
46, 708) studied the thermochemical changes accompan3ing the 
compound formation and showcd perfectly definite heat development 
which come to a sharp end after the introduction of each of the two 
molecules of ether in the case of ethyl ether and isoamyl ether. The 
amount of heat generated in Calories per mol are HzSOl + EtzO 
-t 6.83. H2S01 Et2O + Et20 + 1 74 These values are annlopous to 
the values in case of water H2S04 + I-120 + 6.38 and 'H?SO~ 
H z 0  + H z 0  -+ 3 . 0 4 .  

Viscosity.--In the case of the system H&OI 1320 it is well known 
that in the viscosity composition curve a maxima occurs at  the 50% 
molar composition and minima at  80% molar. 

L. Sabinina (Jozw. Gerz. Chcitz. U.S.S.II.. 1933, 3, 87-90) studied 
the viscosities of mixtures of ether and sulphuric acid at  On, lo0, 



20' and 30". While Pound ( l o r .  zit.) found a maximum in viscosity 
at 50 per cent. molar, Sahiniaa i n-lio d x s  not mention Found's work) 
iul;tld ;he maxima at  a b o ~ ~ t  565; molar sulphuric acid at  all the tem- 
peratures. But thc curve showing dependence of the temperature co- 
efficie~it of viscosity on the composiiion shon-s a clear maxima a t  
50 molar ; hut rhe second compound is not clearly indicated in the data 
iour~d both b;; Pound and Sabinina. 

Cou&rcti-,.ifj.-%he high electrical conducti-vity of the mixtmes 
of et5yl ethcr and snlphuric acid discovered by Plontnikov in 1908 
has ?xen a puzzk to scientists for a long tiine. The suggestion that 
e~hyl  ether, in solution oi a substance or' high dielectric constant, (80) 
is di?;sociatecl into ions 3s a prin7-i improbable. One of the difIiculties 
of interpretation of the conducti\-ity ccmposition curves lies in the 
i a~~ ..' that no simple relalion esists betwee~i the conductivities of these 
mixtures a d  the composition of the complexes, the presence of which 
has been indicated by or'ncr mcthocls of investigation such as viscosity, 
freezin? poirAt and thermo-chemical data. 

Pound jloc. rit.! noted the sharp clescen! to a mixture of mini- 
mum conductivity ~vhich is min!oqi.ozt.r to thc CLOSC o f  s l i lphric  acid 
ecntcv  mi^-frm at 99.7'. . I s  more ether r-ras added there is a maxi- 
mum cot~ductivity C .OS55) at 89% acid. 

31. Usennvich : .Tom Gcn. Chew. 7J.S.S.R.. 193-1, 4, 215) who 
nko do:.s not quote Pound. measured the electrical conductivity of 
the n~ixtures of sulphuric acid m-ith cthyl ether at  0" and 25". The 
tn-o isnthern~s of specific conciuctivity pass through a ulaximum a t  
90-02% sul~illuric acid. nhich he ascribed to the dissociation of the 
tlsoninnl conipounds : 

H,.SO, I{(C,H.),O} -+ 2[C:R:>0 C H  - - XI.]+ + S O i  

Usanorich found that the temperature coefficient of electrical 
conductivity passed through a minimum at 50% and through a maxi- 
mrm at 3ZC; niolecular composition coinciding- with thc composition 
of thr cornpounds obtained by Tschelinceo and Kozloo jloc. cit.). 

Esanovich says that when ether was added to sulphuric acid 
ha;-ing a conductivity of 0.9 X lo-' - 1 .5 x 1e2, the maximum was 
reached at  90% after which the curve coiwidcs with that found by 
Kohlrausc'n (Pogg. A ~ L  1876, 159, 233) for aqueous solution. 
Further addition led to the fall in conductivity which was more pro- 
nounced than in the case of water. 

P. li*'alden has shown that sulphuric acid is a very difficult 
substance for electro-chemical investigations. Although Plotnikoy 



discovered the high electrical conductivity of mixtures of sulphuric 
acid and ethyl ether in 1908, he did not succeed in obtaining constant 
values as he found that the magnitude of conductivity changed with 
time. Our experience with methyl and propy! ether showed changes 
in the physical properties particularly when starting with mixtures 
from sulphuric acid side. 

EXPERIMENTAL. 
The densities, viscosity and electrical conductivity were measured 

in a specially constructed apparatus (Fig. 1). Pure sulphuric acid 

FIG. 1 

was prepared in the cell itself by adding fuming acid to 96% acid 
until minimum conductivity was obtained (Hantzsch, Z. Physikal 
Chewz., 1907, 61.257). Methyl ether was prepared by passing vapours 
of methyl alcohol through sulphuric acid at 127". the gas being 
absorbed in cold sulphuric acid from which it was liberated by add- 
ing water and after being- passed through caustic soda and calcium 
chloride was led into the apparatus through the capillary side. The 
results of the measurements are given in Table I and shown gra- 
phically (Fig. 2) where relative viscosities and relative conductivi- 
ties are plotted against percentage con~position of the mixture. 



FIG. 2 
System Methyl ether-Sulphuric acid 

TABLE 1. 
System S~rlphric acid and Methyl ether. 



- 
Espt. 
No. 

21 
30 
31 

2 
32 
33 
3 

44 
34 

4 
5 
6 
7 

35 
45 
8 

36 
22 

9 
10 
11 
12 
1 3  
46 
14 
37 
16 
23 
16 
24 
17 
18 
47 
25 
38 
26 
48 
3!) 
48 
40 
41 
50 
51 
42 

The first f 

96 Composi. 
tion : Acid 

97 
ABLE I-Co;ztd. 

Specific 
'ondnctivit? 

X 10' 

Density 
aso 

! results ar  
f s  
lhu 
wi l  

L 
ivt: e for snlphuric 

Relative 
Vificosity 

L 
acid water I ctureu. The experi- 

bcid in the mixture. 
uic acid, Nos. 19-26 
bh 99.6 % acid. 

ments have been arranged in order of the percentage o 
Experiments Nos. 1-18 were camied out using 1000;, ~ u l p  
with 100.6 %, Noa. 27-42 with 99.8% and Nos. 43-51 



With increasing addition of methyl ether the viscosity drops very 
rapidly with composition and remains somewhat constant near 83% 
acid and falls with further addition until the concentration reached is 
58%. There is no evidence to show the formation of a compound 
H ~ S O ~ ( C H ~ ) Z O  a t  68% composition. The slope of the curve, how- 
ever, changes at 81% and 76% corresponding to the formation of 
conlpounds (CHs)aO 2H2S04 and 2(CH3)20 3HzS04. A compound 
of ethyl ether and sulphuric acid corresponding to the latter has been 
reported by Pound (loc. cit. t.). 

In the case of conductivity wet get a minima a t  99.4% com- 
position and maxima a t  94% after correcting for viscosity. I t  is 
interesting to note that conductivity at  both maxima and minima is 
the same as that of sulphuric acid water mixture which led us to suspect 
that we are in reality dealing with the same phenomenon. I t  appears 
that methyl ether has combined with sulphuric acid to form dimethyl 
sulphate and water and the actual conductivity is due to the system 
sulphuric acid and water. This is confirmed by calculating the rela- 
tive amounts of the two components in the system on the basis of the 
abovk chemical reaction and it is found that the calculated minima 
and maxima occur a t  99.6% and 96.6% which are in very good 
agreement with the values 99.7 and 96.7  found by Knietsch in the 
case of the system sulphuric acid and water. 

I t  is interesting to compare our above finding regarding conduc- 
tivity to the studies of the system sulphuric acid and ethyl ether 
reported by Pound (Eoc. cit.) and Usanovich (loc. cit.). The minima 
occurs in this case at 98.47, of acid, which, on calculation, as in the 
case of methyl ether, comes to 99.6% being in good agreement with 
the value found in the case of water. The maxima occurs at  89%, 
which, on the basis of similar calculation works out as 96.7 and is 
in perfect agreement with the ~ a l u e  of the system sulphuric acid and 
water. The magnitude of the specific conductivity is 0.085 which 
is naturally lower than that for the other two systems (. 1100) owing 
to the effect of dilution and change in the dielectric constant of the 
medium. Pound has reported a conductivity maxima ( .1092) when 
91.7 gms. of 98.25% acid were mixed with 4 .3% ethyl ether. This, 
on the basis of similar calculations, yields a value of 96.8% as the 
composition of the sulphuric acid water mixture, which taken along 
with the magnitude ( .1092j of conductivity in this case, conclusively 
proves that chemical reaction takes place even when 98% acid is used 
for absorbing the ether. Thus the high conductivity of these systems 
attributed by Usanovich to the dissociation of the oxonium com- 
pound formed from ether and sulphuric acid, conform to the simple 
expIanation that dialkyl sulphate and water are formed as the result 



of chemical action, the conductivity being due to the system sulphuric 
acid and water. 

Thc following table sumnlarises the rcsu!ts ior the minima am1 
maxima in cotlductivity o i  mixtures of suIphuric acid with water. 
methyl ether and ethyl ether. 

SUMMARY AND CONCLUSION. 

A study of the viscosity of the system sulphuric acid-methyl ether 
a t  25" did not reveal the maxima corresponding tn  the formation of 
the compound HsS04R30 found in the case of mixtures of sulphuric 
acid with water and other ethers. 

The electrical conductivities of the mixtures of sulphuric acid 
with methyl and ethyl ethers show that the conductivity observcd is 
due to the water formed as a result of sulphonation following the 
formation of additive compounds. 

Our thanks are due to Dr.  H. E. Watson for his keen interest 
in this in\-estigation. 
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