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XXV1.-CONTRIBUTIONS I’ROM THE LABORATORY O F  
GONVILLE AND CAIUX COLLEGE, CAMBRIDGE. 

No. XIX. Conapouiads of t h e  Oxides of Phospho~~.cs with Xulphzcric 
Anhydr ide .  

By R.. H. ADTE, K A .  

3 .  R. WEBER (Ber., 20, 86) describes a solid. compound of sulpliuric 
and phosphoric anhydrides, P205,3s03, which he prepared b-j- dis- 
tilling off in a sealed tube the excess of sulphur trioxide from it 

lnixtnre of the two substances. 
2,  As this appears to  be the only compound of an oxide of phos- 

phorus and sulphuric anhydride which has been described, I 
endeavoured to ascertain whether it might not be possible t o  prepare 
the compound M203,2S03, which is PO very stable in the case of 
nitrogen, and has a defiriite existelice in the case of arsenic, whilst in 
the cases of antimony and bismuth the trisulphnte, M203,3S03, in 
formed. 

The compounds of arsenic and antimony are directly obtained from 
the sesquioxide without oxidation, but in the case of nitrogen i t  is 
formed from nitric oxide, which, during the course of the reaction, 
becomes oxidised at  the expense of the sulphur trioxide ; con- 
sequently, 1’ started with “ acid phosphorous anhydrous,” obtained 
from Messrs. Harririgton Bros., Cork. 

Quite recently,Thorpe and A. E. Tutton (Trans., 18909 57,545) have 
prepared pure phosphorous anhydride, which differs from the above in 
several respects, since the latter melts oiily at a considerably higher 
temperature than No, is not decomposed by light a t  any rapid rate, 
and is instantJy soluble in water; the acid obtained from Messrs. 
Harrington contains 65.1 per cent. of P203, and is, therefore, approxi- 
mately H,PO,, which contains 67.1 per cent. of P,O,. 

3. Anhydrous phosphorous acid dissolves quietly in concentrated 
sulphuric acid without forming an insoluble compound. The mixture 
when warmed gives off sulphur dioxide, and contains phosphoric 
acid only. 

4. When anhydrous phosphorous acid was dropped into sulphur 
trioxide, there was a great development of heat, accompanied by the 
formation of sulphur dioxide and some sulphur. A blue, oily com- 
pound separated out in small quantity from the trioxide, which was 
itself coloured a fine indigo-blue. A t  the high temperature produced 
by the reaction, the phosphorous acid had reduced some of the trioxide 

It is decomposed at  30”. 
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OXIDES O F  PHOSPHORUS AND PULPHURIC ANHYDRIDE. 231 

to sulphur, which dissolved in  the trioxide to form blue sulphur ses- 
quioxide. 

I n  order to avoid the effect of the rise of temperature, the sulphur 
trioxide was distilled into a beaker to form a layer of nbouk 2 mm. 
deep, which was then placed in a freezing mixture. The phosphorous 
acid was then carefully dropped, in  small pieces, on the solid trioxide ; 
n s  before, they united with violence, but formed no sulphur scsqui- 
oxide if the addition were gradual enough. 

The compound remained liquid on the surface of the solid trioxide, 
and the contact and union of the phosphorous acid and the solid tri- 
oxide was seen to be accompanied by t'he liberation of a gas, which 
proved to  be sulphur dioxide. 

After the compound had remained in coiitact with the sulphur tri- 
oxide in  the freezing mixture for some time, it was poured off and 
unxlysed. The results, which were €airly concordant, were as 
follows :- 

I. 11. 111. IT. T. VI. so, ..... 53.47 54.36 - I - - 
P,O, .... 0.88 - 1.72 1-04 - 

P,Oj .... - 
- 

__ - -_  34.54 30.19 

Calculated for 
r---h--- 

P,0,,2SO,. P$O,,2SO3. H3P04,3SO,. 
I 

SO,. ...... 59.26 52.98 55.14 
P,O,.. ..... 40.74 - - 

P&. ...... - 47.06 32.38 

The phosphorous acid is almost completely oxidised, by the re- 
duction of the trioxide i n  the cold, to sulphur dioxide, and, if warm, 
to sulphur dioxide and sulphur, forming the cornpound €1,PO4,3SO3. 

5. The compound H3P04,3SO3 is a viscid liquid, generally coloured 
light-brown. It fumes in contact with the air, and dissolves in water 
with the development of heat, but without violence, forming sulph- 
iwic and orlhophosphoric acids with only a trace of thc pyro- and 
iiieta-acids. It is, on thc whole, best represented as sulphonyl phos- 
phate, (SO,H),POa. 

6. As phosphorous acid is so readily oxidised by  sulphur trioxide, 
and as the lower oxides of phosphorus, with the exception of P40, are 
not well known, I next tried the action of phosphorus on sulphur 
t rioxide . 

When a piece of phosphorus is dropped into liquid sulphnric 
anhydride, it reduces the  latter with violence to  sulphur dioxide, and 
is itself oxidised, forming a white, flocculent solid floating in the  
liquid. When the  pieces of phosphorus were large, the heat of corn- 
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232 OXIDES O F  PHOSPHORUS AND SULPHITRIC ANHYDRIDE. 

binntion raised the temperature of the phosphorus sufficiently high to 
ignite it. 

It is difficult to free the solid from adhering trioxide, and at the 
same time to prevent its spontaneous ignition from the oxidation of 
finely divided globules of phosphorus disseminated throughout its 
mass. The trioxide requires to be near its boiling point for the 
reaction to take place, and this fuses the phosphorus. 

The best way of obtaining a fairly pure product is to press out the 
phosphorus under water into a very thin plat'e, and then to drop 
pieces of this into the warmed trioxide. The reaction is violent, and 
frequently accompanied by a rain of sparks of burning phosphorus. 
When the reaction is complete, the trioxide is boiled, and the com- 
pound raked out on a warm, dry porous tile, which is placed in a 
desiccator over phosphoric anhydride in a warm place in the dark for 
two to three hours. The product can then be placed in a weighing 
bottle. 

I have tried manipulating in an atmosphere of carbonic anhydride, 
but got no better results. Distilling the excess of trioxide from the 
compound is not a successful operation, as oxidation occurs just when 
the trioxide is gone. The solvents of phosphorus decompose the 
substance, and the method which seems to give the best results is to 
work at a low temperature in a dry atmosphere. 

Heating phosphorus with sulphur trioxide in a sealed tube not only 
oxidises all the phosphorus, but converts it at once into phosphoric 
anhydride, which forms a clear solution in the trioxide. 

The product prepared as above gave the follo-\ving results 0 1 1  

analysis :- 
I. 11. 1x1. I V  

32.33 I __ P ........ 35-03 
so, ...... - 33.85 30 6 3  - 
P,O,. - - I 3 5 * 93 ..... 

Calculated for  
-7 r----A-.----.- 

p 2 0 3 ,  s 0,. P,O,,SO,. 3P,0,,2SO,. 
P .......... 32-63 30.10 34.57 
SO, ......... 42-10 36-62 29.73 
P,OS ........ 57.89 30.58 35.12 

The compound which must be represented as 3P,0a,2S03 decom- 
poses on standing for  2-3 weeks over phosphoric anhydride in air 
into P,O, and SO,. The same change occurs when the substance is 
heated without sulphur trioxide to  a temperature of about 55-60° ; 
in this case the sulphur dioxide is given off in bubbles from the 
frothy mass. It I t  is to  be noted that P,05,3S03 decomposes at, 30". 
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CALCIUJI SALT OF THE NEW GLYCERIC ACID. 233 

is darkened very rapidly by light, which is rather more characteristic 
of P,O, than of P204. It is instantly decomposed by water, b u t  the 
phosphorus-contain in^ part dissolves only very slowly, which is also 
characteristic of P.JI3, and not  of P204, which dissolves immediately. 

The group sulpliate P203,2S03, then, is not formed by this reactiou, 
nor  by any conditions attainable a t  present, its place being taken by 
tlie above compound, 3P,o4,2So3. 

I have much pleasure in acknowledging the assistance of Nr. Patti- 
son Muir, to  whom I am indebted for the use of the laboratory of 
Gonville and Caius College during this work. 
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