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The Reaction of Boron Fluoride with Water. I. Preparation and Some Properties 
of Pure Boron Fluoride Dihydrate1 

BY J. S. MCGRATH,2 G. G. STACK3 AND P. A. MCCUSKER 

The preparation of a dihydrate of boron fluoride 
which is distillable without decomposition has 
been reported by Meerwein4 and Meerwein and 
Pannwitz.6 The extensive older literature, sur
veyed by these workers, indicates that consider
able decomposition takes place on distilling solu
tions of varying concentrations of boron fluoride 
in water. Meerwein and Pannwitz,6 however, 
reported that at pressures of about 1 mm. a pure 
product could be obtained by distillation of solu
tions of composition, BF3-2H20. Efforts in this 
Laboratory to prepare boron fluoride dihydrate of 
a high degree of purity by the procedure of Meer
wein and Pannwitz,5 for use in studies on the 
hydrolysis of boron fluoride, did not yield a prod
uct of constant boiling and melting points. A 
modification of the procedure, to yield a purer 
product, has been developed, and some studies 
have been made on the behavior of this compound 
on distillation and in solution in dioxane. The 
present paper reports the results of these studies. 

Experimental 
Preparation and Purification of Compounds.—Boron 

fluoride was prepared and purified by a standard proce
dure.6 Boron fluoride dihydrate was prepared by passing 
1 mole of boron fluoride into 2 moles of water cooled in an 
ice-bath. Absorption was slow at first but soon became 
rapid. When about 0.25 mole of gas had been dissolved, a 
considerable quantity of boric acid separated. Continued 
addition of boron fluoride caused the boric acid to go into 
solution. In some cases an excess of boron fluoride was ab
sorbed and the calculated quantity of water added. The 
liquid thus obtained was used in subsequent studies. 

Distillation Studies.—Fractional distillations of boron 
fluoride dihydrate were carried out with a Vigreux type 
column at pressures varying from 1 to 100 mm. Other 
distillations were done under a high vacuum in a closed 
system. A Sprengel pump7 was used to maintain the 
vacuum and to collect any non-condensable gases formed 
by decomposition or chemical action on glass. 

Melting Point Determinations.—Melting points of all 
fractions were determined in an all-glass apparatus, in 
which a mechanically operated glass-ring stirrer surrounded 
the bulb of a fractional degree thermometer immersed in 
the liquid. Time-temperature data were obtained after 
undercooling of the sample. Dried air was slowly passed 
through the apparatus to exclude moisture. 

Analyses. Fluorine was determined by weighing as 
calcium fluoride and boron by titration with standard base 
in the presence of mannitol.8 
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Results and Discussion 
Since distillation did not yield a satisfactory 

product, the melting points of some carefully pre
pared undistilled liquid samples were determined. 
In some preparations where no slight excess of 
either boron fluoride or water was present, the 
melting point was found to be quite sharp and 
significantly higher than previously reported 
values. Meerwein and Pannwitz5 and Klinken-
berg and Ketelaar9 reported melting points of 
4.5-5°.. Our carefully prepared undistilled sam
ples melted at 5.9-6.1°. The liquid was clear, 
non-viscous and non-fuming and showed no at
tack on glass containers or change in melting 
point after standing a year at room temperature. 
Meerwein4 reported d20

41.623 for the distilled prod
uct; our undistilled material gave values of d20j 
1.6315 and ^26I 1.6252. 

That the melting point of the undistilled boron 
fluoride dihydrate was a maximum was shown by 
separation of the product into 10 portions by 
fractional freezing. Fractions of identical melt
ing point were obtained. In some preparations, 
containing an excess of either water or boron 
fluoride, the initial melting points were lower by 
several tenths of a degree. Fractional freezing 
of these products enabled a high yield of pure 
material to be obtained. Analysis for boron and 
fluorine gave results in good agreement with the 
calculated values. Careful weighing of the water 
and the observation that complete absorption 
of the gas took place enabled the composition to 
be checked synthetically. That the melting 
point was a maximum in.the vicinity of composi
tion, BF3'2H20, was demonstrated by the addi
tion of small amounts of water and boron fluoride 
to the liquid. The presence of 0.2% of excess 
water lowered the melting point 0.1° and de
creased its sharpness. Addition of excess boron 
fluoride had'a similar effect. 

Numerous distillations of the pure boron fluo
ride dihydrate were carried out in the pressure 
range 1-100 mm. At pressures below 10 mm. 
complete distillation takes place over a range of 
1 to 2° but examination of separate fractions 
showed a gradual decrease in density. In a typi
cal case 5 fractions from a distillation at 10 mm. 
gave densities varying from 1.6269 to 1.5934 at 
25°. The first fractions in all distillations are 
noticeably more viscous than the starting mate 
rial. 

At pressures as high as 25 mm. the material 
distills over a sufficient range to permit separation 
into two constant-boiling portions. The lower-
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boiling, viscous fraction distills at 25 mm. at 85° 
and the higher-boiling at 93-95°. The 85° frac
tion constitutes 27% by weight of the starting 
material and has the following physical constants 
d2\ 1.6788, W20D 1.3411. Analyses for boron and 
fluorine indicated a composition, H3BO2F2. This 
fraction is undecomposed on subsequent distilla
tion, even at atmospheric pressure, and has very 
nearly the same physical constants as the dihy
droxyfluoboric acid reported by Sowa, Kroeger 
and Nieuwland.10 Further confirmation of the 
composition of this product was obtained by its 
preparation from water, boron fluoride and boric 
acid by the reaction 

2BF3 + 3HOH + H3BO3 = 3H3BO2F2 

Boron fluoride is very readily absorbed by a sus
pension of boric acid in water, in the proportions 
called for by the above equation, to give a quan
titative yield of H3B O2F2. This 85 ° product under
cook to an extremely viscous liquid, melts over a 
range, and becomes completely liquid at —2.2°. 

The higher boiling fraction from the decompo
sition of boron fluoride dihydrate shows charac
teristics of a mixture of several compounds which 
cannot be separated by redistillation. I t de
composes on distillation above 100 mm. pressure 
and has a melting point of 4-5°. Glass contain
ers are slowly etched by this fraction. Analyses 
gave for B 9.7% and F 58.4%. The theoretical 
for BF3-2H20 is B 10.4% and F 54.9%. 

0.04 0.08 0.12 0.16 0.20 0.24 
Formality of BF 3 2H 2 0 in dioxane. 

Fig. 1.—Apparent molecular weight of BF3-2H20 in 
dioxane solution from cryoscopic measurements. 

The identification of the lower boiling fraction 
from the decomposition of boron fluoride dihy
drate as dihydroxyfluoboric acid and the analysis 
of the higher boiling fraction enables an equation 
for the decomposition to be written 

3(BF3-2H*0) -* H3BO2F= + HF-2BF,,4H20 

The weight per cent, of dihyroxyfluoboric acid 
obtainable from boron fluoride dihydrate on the 
basis of the above equation is 26.9. The ob
served weight per cent, in the distillation was 27. 
The exact molecular nature of the higher boiling 
fraction has not been determined. 

A closed-system distillation under high vacuum 
was attempted but it was found that an irreversi
ble increase in pressure resulted from heating boron 
fluoride dihydrate in glass. The non-condensable 
gas was pumped off and collected at atmospheric 
pressure by means of the Sprengel pump. The gas 
was identified as silicon tetrafluoride and is formed 
by the action of hydrogen fluoride on the glass 
container. Hydrogen fluoride is probably present 
as a constituent of the higher boiling fraction from 
the decomposition of boron fluoride dihydrate. 

The sharp maximum melting point of boron 
fluoride dihydrate indicates that the substance is 
a definite compound at least in the solid state. 
Klinkenberg and Ketelaar0 from X-ray spectra 
concluded that the compound had the structure 
of a hydronium salt of monohydroxyfluoboric 
acid. Its nature in the liquid state, as consisting 
of a single molecular species or as an equilibrium 
mixture, is uncertain from any previous work. 
In order to obtain some information on this point 
freezing point determinations on solutions of boron 
fluoride dihydrate in dioxane, with which it forms 
a soluble complex,45 were made. The apparent 
molecular weight obtained from these data by ex
trapolation to infinite dilution was 66. The form
ula weight of BF,v2H20 is 103.8. A rapi'd increase 
in apparent molecular weight occurs on increasing 
concentration as indicated in Fig. 1. The exten
sive dissociation which occurs in dilute dioxane 
solution is an indication that in the liquid state 
boron fluoride may also be dissociated into an 
equilibrium mixture of hydroxyfluoboric acids. 

The strongly acid character of boron fluoride 
dihydrate is well known but no salts of an acid 
of composition BF3-2H20 have been prepared. 
A white crystalline solid insoluble in dioxane is 
readily formed on addition of sodium to a diox
ane solution of boron fluoride dihydrate but read
ily decompose on heating and is evidently not a 
stable salt of this acid. Further studies, now in 
progress, on the salts derived from boron fluoride 
dihydrate may enable the constituents of the 
equilibrium mixture, probably present in boron 
fluoride dihydrate, to be identified. 

Summary 
1. Pure boron fluoride dihydrate has been pre

pared and some of its physical constants deter
mined. 

2. Distillation has been shown to cause de
composition into dihydroxyfluoboric acid and 
other unidentified acids. 

3. Cryoscopic evidence of the dissociation of 
boron fluoride dihydrate in dioxane solution has 
been obtained. 

(10) Sowa, Kroeger and Nifuwland, THIS JOURNAL, 57, 454 (1935). XOTRK I)AMr;, INDIANA RECEIVED ArRiL 29, 1944 


