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SUMMARY 

Silicon tetrahalides, Six4 (X=F, Cl, Br) and the fluorosilicates 

of sodium and potassium react with phosphorus pentoxide above 

300°C. The tetrahalides give rise to the corresponding phosphoryl 

halides and silica, while the fluorosilicates form the corresponding 

metal fluorophosphates and silicon tetrafluoride. The reaction of 

the fluorosilicates of sodium and potassium with sulphur trioxide 

occurs at room temperature to give rise to the corresponding 

metal fluorosulphates and silicon tetrafluoride. 

INTRODUCTION 

It is well known that a silicon halogen bond undergoes the thermo- 

dynamically favoured reaction with oxygen containing compounds such 

as water, oxides and hydroxides very easily at room temperature [ll 

but high temperatures of the order of 780-8OO'C are needed in the 

reactions of silicon tetrafluoride with aluminium hydroxide [21 

and arsenic (III) oxide [3].So it was of interest to study the 
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reaction of phosphorus pentoxide on silicon halides and on fluoro- 

silicates of sodium and potassium. Kolditz et al 141 have reported 

the reaction of sulphur trioxide on potassium fluoride and it was 

of interest to study the nature of 

with fluorosilicates of sodium and 

fluorosilicate ion. The details of 

below. 

EXPERIMENTAL 

the reaction of sulphur trioxide 

potassium which contain the 

these studies are presented 

1 Reactions of silicon tetrahalides with phosphorus pentoxide 

a) Reaction of silicon tetrafluoride with phosphorus pentoxide 

Into a quartz reaction vessel (30cm long having a capacity of 

300 ml and fitted with appropriate ground glass joints and vacuum 

stopcocks) an excess of phosphorus pentoxide (previously sublimed 

in a stream of oxygen), (rJl.Oq,- 3-5mmol) is taken and a known 

amount of silicon tetrafluoride (~0.208g;~2.0 mmol) is condensed 

over it. The reactants are heated for 4 hours at 3OO'C. The infrared 

spectrum of the product gases (recorded on a Perkin Elmer 599 spac- 

trometer) indicated the characteristic absorption bands of phosphoryl 

fluoride 151 and unreacted silicon tetrafluoride. No other volatile 

products of silicon and phosphorus such as hexafluorodisiloxane or 

phosphorus pentafluoride were detected. The reaction mixture was 

further heated for another four hours at 400°C, but reaction did not 

go to completion. The examination of the solid products indicated 

the presence of silica and unreacted phosphorus pentoxide. This 

silica produced probably forms a coating on phosphorus pentoxide and 

prevents further reaction. So fresh samples of phosphorus pentoxide 

are introduced and the reactants heated to 4OO'C for 4 hours. Now 

the reaction goes to completion as observed from the disappearance 
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of the absorption bands due to silicon tetrafluoride in the infrared 

spectrum. The phosphoryl fluoride formed is condensed out and 

estimated [6]. The percentage is found to be of the order of 91-98% 

based on the amount of silicon tetrafluoride taken indicatinq 

that it is the major fluoride formed. 

b) Reaction of silicon tetrachloride with phosphorus pentoxide 

In a similar manner, to an excess of phosphorus pentoxide 

(~11.2g,~4.2mmol) is. condensed a known amount of silicon tetrachlor- 

ide (NO.4OOg,N2-3mmol) and heated for 6 hours at 5OO'C. The gas- 

phase infrared spectrum shows the formation of phosphoryl chloride 

[7} as one of the products of reaction. The nonvolatile product is 

silica. In this case also, fresh samples of phosphorus pentoxide 

are needed to drive the reaction to completion. The phosphoryl 

chloride formed is condensed out and estimated and the percentage is 

found to lie inthe ranqe 96-98% based on the amount of silicon tetra- 

chloride taken. 

c) Reaction of silicon tetrabromide with phosphorus pentoxide 

The reaction of silicon tetrabromide (Yl.Og,~2.9mmol) with 

phosphorus pentoxide (&1.5g,d5.3 mmol) occured only above 55O'C 

and brown fumes of bromine due to decomposition of silicon tetra- 

bromide were also formed along with the phosphoryl bromide (71. 

The other product of the reaction is found tobe silica. In a separate 

experiment, silicon tetrabromide alone is heated to 55O'C but no 

decomposition is observed indicating that the solids(P40,0 and 

Si02) promoted the decomposition. On this account no quantitative 

data is possible. 



402 

2 Reactions of alkali metal (Na and K) fluorosilicates with 

phosphorus pentoxide 

Into a quartz reaction vessel the solids in the ratio 

3:1,(Na2SiF6/P40,0 =2-925/1.021 ; K2SiF6/P40,0 =2.850/0.995 in mmol) 

are taken and heated for 1 hour at 4OO'C. The infrared spectrum 

of the gas phase indicated the presence of silicon tetrafluoride 

only and complete absence of any other volatile fluorinated 

products. The solid product left in the reaction vessel was highly 

soluble in water in contrast to the sparingly soluble nature of 

M2SiF6(M=Na or K). The infrared spectrum of the solid showed the 

characteristic absorption bands of monofluoro phosphate and difluoro 

phosphate by comparison with reported values [8]. The results are given 

in Table 1. 

In separate experiments the amount of silicon tetrafluoride liberated 

during the reaction is estimated and found to be quantitative on the 

basis of alkalimetal fluorosilicate taken. 

When the reactant ratio was varied to 3:5 (Na2SiF6/P40,0= 

3.248/5-511, K2SiF6/P40,0 =3*150/5-459 in mmol) in addition to the 

above solid products, the gas phase infrared spectrum indicated the 

presence of phosphoryl fluoride along with silicon tetrafluoride. 

3 Reaction of metal (Na and K) fluorosilicates with sulphur trioxide 

Into a glass reaction vessel containing the metal fluorosilicate 

(Na2SiF6, 6.995 mm01 or K2SiF6, 7.053 mmol) is introduced an excess 

of sulphur trioxide (N 17.0 mmol). The solid is wetted with the 

sulphur trioxide. The solids are then stirred for 12 hours at room 

temperature. The gas phase infrared spectrum indicated the presenae 

of silicon tetrafluoride as one of the products of reaction. The 

solid products were found to be the corresponding metal fluoro 

sulphate [9,101. The results are presented in Table 2. 
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This was confirmed bg elemental analysis [lll(calc. for NaS03F (%) S, 

26.25, F, 15.57, found (%) S, 26.53, F, 15.35; Calcd. KS03F (%), 

S, 23.19, F,13.75;found : S, 23.37, F, 13.45). The silicon tetra- 

fluoride formed during the reaction was estimated and found to be 

quantitative on the basis of the metal fluorosilicate taken. 

RESULTS AND DISCUSSION 

From the experimental observations it is evident that all the 

three silicon halides react with phosphorus pentoxide at elevated 

temperatures in a similar way giving rise to their respective 

phosphoryl halides and silica. In the case of silicon tetrabromide 

excessive decomposition occurs resulting in the liberation of bromine 

along with phosphoryl bromide and silica as expected from the react 

ion. The overall reaction in the three cases could be represented as 

follows: 

3 SiF4 + p4°10 
300°C-6OO'C 

3 4 POF3 + 3 Si02 (i) 

3 SiC14 + P4010 
5oo"c + 4 POC13 + 3 SiO 

2 (ii) 

3 SiBr4 + p4°10 
550°c 

) 4 POBr3 + 3 Si02 + decomposition- 

products. 

The reactions with silicon tetrafluoride and silicon tetrachloride 

go to completion only on introduction of fresh samples of phosphorus 

pentoxide and reheating the mixture to the desired temperatures. The 

possible reason could be that the silica formed coats the phosphorus 

pentoxide and hinders further reaction or there is a structural change 

of the phosphorus pentoxide from the normal H-form to the O'form, 

when heated. It has been reported that such a change occurs when it 

is heated at 45O'C for 24 hours [‘121. The O'form being polymeric 

could be less reactive. 
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The results of the reactions of sodium and potassium fluorosilica 

with phosphorus pentoxide indicate that the reaction products vary 

with the molar ratio of the reactants. When the metal fluorosilicate 

is in excess of phosphorus pentoxide,only silicon tetrafluoride is 

found to be the volatile product. On increasing the concentration 

of phosphorus pentoxide, phosphoryl fluoride is also formed along 

with silicon tetrafluoride. In both the cases the nonvolatile solids 

are the respective metal fluorophosphates and difluorophosphates. It 

is possible that the initial reaction is the decomposition of metal 

fluorosilicate to the metal fluoride and silicon tetrafluoride. The 

metal fluoride formed immediately reacts with phosphorus pentoxide 

to give the fluoro phosphates. When excess of phosphorus pentoxide is 

taken, the silicon tetrafluoride formed also reacts with phosphorus 

pentoxide.as enumerated above to give phosphoryl fluoride. The 

overall reaction may be represented as follows: 

3 M2SiF6 + 
p4°10 

- 3 SiF4 + 2 M2P03F + 2 MP02F2 . . . (i) 

3 SiF4 + 
p4°10 

- 4 POF3 + Si02 . . . (ii) 

As reaction (ii) is not quantitative without fresh surface of 

phosphorus pentoxide, silicon tetrafluoride formed does not undergo 

complete reaction. 

In contrast to the above reactions occurinq at high temperatures, 

the reaction of sulphur trioxide with metal fluorosilicates occurs 

at room temperature giving rise to metal fluorosulphates and silicon 

tetrafluoride. The overall reaction may be represented as follows: 

M2SiF6 + 2 SO3 - 2 MS03F + SiF4. 

M = Na, K 
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