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Butler and Dunnicliff' showed that dry ethyl alcohol extracts two thirds 
of the sulphuric acid from pure dry sodium hydrogen sulphate and leaves be- 
hind a residue of the intermediate sulphate 3Na2S04. HzS04. The sulphuric 
acid dissolves in the alcohol and partial esterification takes place. The velocity 
of this esterification and the equilibrium in alcoholic sulphuric acids have been 

X 

Composition of Alcoholic Sulphuric Acid. 
BCD Percentage esterification of Sulphuric ilcid present. 
YD Percentage of esterification of total Alcohol present. 
YEX Percentage of Ethyl Hydrogen Sulphate present. 
YAX Maximum possible percentage of Ethyl Hydrogen Sulphate present. 

studied by the same authors2. At low concentrations of sulphuric acid, the 
rate of esterification is slow. The percentage conversion of both alcohol and 
sulphuric acid in alcoholic sulphuric acids has also been determined and the 
various equilibrium relationships are given in Fig. I .  This diagram is self- 

J. Chem. SOC., 117, 649 (1920). 
* J. Chem. SOC., 119, 1386 (1921). 
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explanatory and  x i s  plotted from the experimental results on which tlie 
secontl pxper referred to aliove was tiased. 

The ohject of the n-ork to he descrihetl was to investigate the equilihriwii 
hetn-ten sodiiun snlphate. sulphuric :ici(ll ant1 ethyl alcohol over a nitle rxige 
of concentrations. 

111 the first series of erperinients., dry sodium hytlrogen sulpliatc n-:is nl- 
lowed t o  react with a knon-n weight of dry ethyl alcohol in a t1iermost:it 
maintained at  18.3 * o.,"C' by electrical control. Piire sotliuin 11)-tlrogen 
sulphate. dry ethyl alcohol and alcoholic sulphuric ncitls n w e  prepareti 1)y 
standard riiethotls. 

\Teighed qiinnt ities of sotliam hytlrogen sulphntc ant1 alcohol n'crr senlctl 
off in glass 1)ulljs of ahout I O  C . C .  capacity nncl s1ial;en for aliout 4s hours in the 
thermostat. The tuhc then allo~vetl to reiiinin stntion:iry in the h t h  
until the solid phase had settled to tlie hottom. Tlie liquid :mtl the resiclup 
("Rest ") were sepamted ant1 an:ilysed :IS tlescrilxxl helon-, thc saiiie methotl 
being used for each analysis. 

Since the partial esterification of the sulphuric acitl i ?  n complicating factor 
in the problem, it is necess:lry to determine 

(a i  The acidity due to free sulphuric acitl, together with that tlue to ethyl 
hydrogen su1ph:ite. yhc latter nas  calculated :is sulphuric acid nnt1  the ncitl- 
i ty is called the "Direct .Icitlity". 

i t ) )  The amount of sulphuric acitl converted into ethyl hyclrogen sulplxitc.. 
( c )  Tlie sodiuni sulphate and 
(dl the remainder of the constituents (liy tliffcrence'1. 

in) -1 lveighetl amount of the suhstnnce n 
J I ct h 0 rls 0s D c t E I' ? ? I  I' ? 1  n t io I I  :- 

tit r:i t ec 1 ngni ns t c:i 1s t  ic s o( In 
using methyl orange a 5  indicator ant1 the acidity cnlculatctl as p r t s  of sul- 
phuric acitl per IOO parts of the su1)stnnce. This is the "IXrect Ariditj-". 

The ester \vas ckterininetl' hy iiiethotl j, :tnd recordetl in the T:ihlc+ 
as "H,SO, :is ester", i.e. percentage of ester X 98 126. 

The sodium sulphate was tletermiiiecl hy evnpor:tting :I n-eighctl 
quantitj- of the substance to  dryness in a platinwii l m i n  on a \v:itei* h t h .  
The residue \vas heated first in an air oven ancl finally 1)y ignition over a 11lon.- 
pipe hefore and nfter tre:itment with a few (hops of nitric acid. 

1I:inJ- ectiriiations were macle and a nuinher of analysis are given in l ' n 1 , l ~  
I. It was desired to find the liest method of representing these results graplii- 
c:111y and it was thought that ,  making certain limitations, this might he tlo~ic 
hy the usual method for a ternary system. Owing to the complication intro- 
duced by the esterification of the acitl, it \vas necessary to consitler n-hich of 
three possible ways of condensing the system to one of three components 
~voul t l  he liest. 

id sodium sulphate. (11) sulphuric acitl assunling that no esterifica- 
tion had taken place, (c) alcohol. 

( 1 ) )  

(e) 

I. 

1 Butler and Duniiicliff: .J. Chem. Sor . ,  119, I3X<j (1921) .  
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2 .  

3. 

(a) sodium sulphate, (b) “direct acidity” (V.S.), (c) “Solvent” Le., 
I oo- (a + b) . 

(a) sodium sulphate, (b) sulphuric acid existing as such and omitting 
acidity due to  the ethyl hydrogen sulphate. This is recorded in the tables as 
“Free HzS04”, (c) “Solvent” = alcohol + ethyl hydrogen sulphate + water. 

The first method was shown to be inadmissible by plotting the results. It 
is not feasible to ignore esterification even though the values a t  low concentra- 
tions of sulphuric acid are small. 

FIG. 2 

The System Sodium Sulphate-Sulphuric Acid-Ethyl Alcohol 

Method 2 gave a rough convergence of the conjugation lines but a much 
more satisfactory convergence of the lines to foci on the sodium sulphate- 
sulphuric acid line was given when the results were plotted according to 
method 3. These are shown in the continuous lines in Fig. 2 and indicate the 
existence of solid phases having the formulae 3Na2S04, Has04 and 2Ka2S04, 

It will be seen that  the change in the solid phase occurs when the total 
sulphuric acid is between 5 . 5  and 6.8 per cent (Free HzS04 = 4.5 - j . 7  per 
cent, ester 1.0 - 1.13 per cent) and the weight of alcohol used is about 4.5 
times the weight of the sodium hydrogen sulphate. These results indicate 
that a t  low concentrations of ethyl hydrogen sulphate, the ester has only a 
small influence on the equilibrium. The effect of the ester on the equilibrium 
when it is present in large proportions is dealt with later. 

H2SO.i. 



H. B. D V S S I C L I F F ,  I. b.  h1E;K.i A S D  R .  C'. H O O S  

I f . @ %  @ @ 2 1.0 - 2 . z  - 
- ,  @ O C @ @ @  @ @ @ 0 0 -  
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These results obtained graphically were checked by calculation. The 
“Rest” consists of true solid phase contaminated with true liquid phase, the 
composition of which has been determined. This contamination was allowed 
for by subtracting from the values found for free sulphuric acid and sodium 
sulphate in the ‘LRest”, amounts calculated from the values in columns 4 and 
5 respectively in the proportion of 

percentage of solvent in the solid phase 
percentage of solvent in the liquid phase, 

From the net values so obtained for the sulphuric acid and the sodium sul- 
phate in each case, the percentage acidity of each “True solid phase” mas 
calculated and is shown in the 10th column in Table I. This would only be 
possible if the true solid phase contained no ester in combination. This was 
shown to be the case by drying a series of samples of “Rest” on porous tiles 
in desiccators, The maximum amount of ester obtained in the residue was 
0.2% of ester and the composition of the “dried” residue corresponded with 
the values found by calculation and as indicated by the graphic method. 

These results show that esterification was never complete (cf. Fig. I ) .  

For this, not less than sixteen days would be necessary a t  the temperature 
of the experiment. 

By the action of alcohol on sodium hydrogen sulphate, the maximum con- 
centration of acid obtainable in the liquid phase is 1 7 - 7 5  per cent. If quantities 
of the salt sufficient to obtain higher concentrations are employed it is not 
possible to  separate the liquid phase and the “Rest”. Hence jt is impossible 
to investigate this system further by this method. 

The equilibrium may be studied a t  all concentrations of sulphuric acid in 
two other ways:- 

(a) By the action of alcoholic sulphuric acids on sodium sulphate. 
(b) By the action of alcoholic sulphuric acids on sodium hydrogen sul- 

phate. 
It has been shown (loc. cit.) that consistent or complete results are very 

difficult to obtain by method (a) probably owing to the protective action of 
the synthetic acid sulphates formed from and adhering to  the surface of the 
particles of sodium sulphate. It was decided therefore to  attack pure sodium 
hydrogen sulphate with alcoholic sulphuric acids prepared and estimated as 
described (loc. cit.). In order that equilibrium in the alcoholic sulphuric 
acids should be established, they were allowed to  stand for a month before 
use. The liquid phase and “Rest” were analysed as described above and a 
number of results are shown in Table 11. In these experiments many diffi- 
culties arose. In some cases the mixture set to a firm jelly, in others a hard 
crystalline deposit adhered to the sides of the tube; a t  the highest concentra- 
tions in many of the early experiments, the solid entirely disappeared. This 
may be due to the formation of a colloidal solution, a supersaturated solution 
or both. The difficulty due to  gelatinisation was a maximum when the alco- 
hol and sulphuric acid were mixed in the proportion of 3 0 : 7 0  to 6 j :35 by weight 
but gelatinisation was a more or less constant trouble and it was shown that 
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the liquid phase contained the solid phase in colloidal solution. In order to  
ensure completion of the reaction the tubes were rotated in the thermostat 
for 14 days. I n  the case of the high concentrations (marked with an asterisk) 
it was not possible to keep the temperature a t  18.3' owing to the beginning 
of the hot season having set in but the temperature in these instances did not 
exceed 20.4OC and the equilibrium is not very sensitive to a small range of 
temperature. The contents of many of the tubes became coloured, some pink, 
some red and, in two cases, brown. 

An examination of the results in Table I1 shows that there are changes of 
solid phase a t  the concentration of the alcoholic sulphuric acid as follows:- 

The change of phase from 3NazS04, H2S04 to  2hTazS04, HzS04 oc- (I) 
curs when the concentrations are between the following limits:- 

Total acid 1 2 . 5 6  to 19.84% 
H2S04  as ester 
'Free' H 2 SO 4 4.91 t o  6 .26% 

Compare the range of concentration for the same change of phase in the first 
series. 

7 . 6 5  to  13.58% 

Total acid 5 . 4 7  to  6.83% 
H2S04 as ester 1 . o o t o  1.13% 
Free H2S04 4 . 4 7 t o  5 . 7 0 %  

( 2 )  The change of phase from 2Na2S04, HzS04 to Na2S04, H&04 
(=  NaHS04) occurs when the concentrations are between the limits: 

Total acid 23.  56 to 26.60% 
HSSOQ as ester 16.59 to 2 0 . 9 2 %  

Free HzS04 6 .97  to  5.68% 

( 3 )  The change of phase from Na2S04, H2S04 to Na2S04, 2HZSO4 occurs 
when the concentrations are between the limits: 

Total acid 6 2 . 4 7  to 64.28 
H2S04 as ester 
Free H2SO4 23.15 to 19.12 

39 .92  to 44.96 

(a )  

(b) 

Results 1-10 are plotted in Fig. 2 and are indicated by broken lines. 
S o .  I 1-14 are very irregular and are not shown in the diagram. 

Though in the first method of investigation the ethyl hydrogen sul- 
phate appeared to he of minor importance, the results obtained by the second 
method indicate that this was on account of its low concentration. A study 
of the two tables will show that the higher the concentration of ester, the 
greater the concentration of free sulphuric acid with which a given solid phase 
can he in equilibrium. This influence is shown in Fig. 2 by the crossing of the 
two sets of lines. 

In some cases it will be observed that the percentage of ester in the 
liquid phase is less after the reaction than before the hydrogen sulphate was 
mixed with the alcoholic sulphuric acid. This is not due to the decomposition 
of the ester but to its diminution in percentage owing to the increase in the 

(c) 
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