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The hydrogen+ieuterium exchange reaction between D, and HBF, is unique in 
certain respects due to its unusually fast reaction rate at ordinary temperatures. For 
this reason it has been possible to ohserve H-D exchange equilibria for this system 
and evaluate the thermodynamic properties of HBF, and DBF,. In this paper we 
present the results of those equilibrium measurements. 

Mixtures of HBFflF, were prepared by a method similar to that of Coyle 
et al.‘. In a typical synthesis a mixture of BF, and B,H, in a moIar ratio of 2/I at a 
total pressure of 200 torr was heated to 200°C for 0.5 h. in a I-I stainIess steel vessel. 
Under these reaction conditions HBF,-BF, product mixtures contained 30 to 40% 

HBFt with less than 1% BzHs. Mixtures of DBF,-BF, were prepared by reaction of 

HBF,-BF, mixtures with deuterium gas2. SampIe purities were checked by infrared 
andmassspccha. 

Equilibrium reactions were carried out by heating a sta.inIcss stcc1 vessel 
containing various proportions of HBF,, DBF2, Hz and D2 to approximately 110°C 
for 24 h, then cooIing the mixture and allowing it to remain at room temperature for 
periods of 3 to 2 days prior to mass spectral analysis. The reaction vessel was a 
5.25 x 1.1~in. 0-D. sealed stainless-steel tube with 3 x0.37 in. O.D. neck equipped 
with a Whitey lKS6 valve. Reaction products were analyzed with a CEC-21-103A 
mass spectrometer. The pressure ratio of HBFJDBF, was obtained dire&y from ion 
intensity ratios of HBF+/DBF*. The composition of H,-HI&D, in the product 
mixture was obtained from intensity measurements of the Hz, HD+ Dz peaks. The 
sensitivity of the mass spectrometer toward H2 and D2 was checked by analyzing 
standard H2-D, mixhues of known composition. The Hz used was Fisher high 
purity grade and D, was Air Products Chemical d grade. The BF, (Ma&son) 
was used without further purification. 
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RESULTS A&D DISCUSSION 

Equilibrium constants were measured for the reactions 

D,+H”BF z s D”BF,+HD (1) 

Hai-D”BFz z$ H”BF,tHD (2) 

at 297.5-F LO K, These quantities in combination give K,, for the overall reaction 

D +2H”BF 2 2 S H,+2D”BF, (3) 

InitiaI reaction conditions and the resultant equilibrium constants are shown in 
Table 1. It was assumed that equilibrium for reaction (1) and (2) was reached when 

the concentrations of H2, HD and D2 corresponding to the hypothetical reaction* 

H,tD, =G= 2HD (4) 

has attained equihbrium vah~es. The measured KCs (eqn (4)) shown in Table 1 are in 

good agreement with previously caIculated3-4 and measured5-6 values for this 

equilibrium constant, 
Calculation of the entropies and enthalpies for reactions (I)-(3) required 

knowledge of the six fundamentaI vibrational frequencies of HBF,(DBF& Of the 
six only v5, the inpIane B-H(D) bend has not been observed spectroscopically_ The 
ratio vs,H/vJ.n for the B, mode is given by the Teller-Redlich product ruIe7 

when mH and mb are masses of H and D atoms respectively; Mn and MD are the 
moIecuIar weights of H’ ‘BF, and D’ ‘BF,; I, is the moment of inertia taken about 
an axis perpendicular to the plane of the molecule; and v4,u (MOlScm-‘)* and 

v4.D (I3925 cm-*)* are the BF asymmetric stretching modes of H’ ‘BFz and 
D’ ‘BF,, re+ctively. Using the 1, values of Kasuya et aI_’ we calculate v&Y~,~ = 

1.357. The other equation needed to calculate v5.rr and v5.g was obtained as foliows. 
The entropies of H’ ’ BF, and D’ ‘BF, were caIculated by the usual statisticaI 
thermodynamic procedure lo Vibrational partition functions were CaIculated using _ 

the five frequencies given by Porter and Wason’ and cstimatcd vahtcs for v5.H and 

v5.D (ref 11). The entropies of H”BFr and D’ ‘BF, wet-c combined with the 
tabulated entropies of H 2, HD, and Dz to obtain ~ga_15 (eqns (Q-o-(). These 

entropies were used in combination with the K- from Table 1 to obtain AH&,_, 5 

(eqns (IX35 me AfG98_l~ were corrected to AH”, (refs_ 4 and 10) and these vaiues 
compared to the zero point energies of reactions (I)-(3) (g (eqns (l)-(3) calculated 

WithOUt the USfZ Of t’j,Hand vj,D_ The resuiting ener,oy difference was attributed to 

~(vs_+~(v&_ Substitution of eqn (5) allowed cakxdation of new vs,u and vs,n 

fThis reaction is Coo slow for observation at room temperature. 
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va.Iues which were then substituted into the appropriate vibrational partition functions 
and the process repeated_ The resultant vahres for the various thermodynamic 
quantities are shown in Table 2 The thermodynamic quantities listed are calculated 

using harmonic oscillator and rigid rotator assumptions for H’ ‘BF, and D’ 'BF,. 

The vsH and v5D frequencies listed in TabIe 2 are some-what higher than those 
calculated by tyuds and Bass” (1348 and 992 cm-‘, respectively) using Greens 
functions and matrix partitioning techniques, but comparable to the B-H (1604 cm- ‘) 

and B-D (1184 cm’ ‘) in plane deformation frequencies of BH, and BD, observed 

bjr Kaldor and Porter I2 The present method of eahxdation yields vsH and vj,, _ 

frequencies which are quite sensitive to small changes in AI!&_ ,5 (eqns (Q-04). 
Changes of 100-200 cm-’ in the v5H and vsn frequencies do nGt SUbstanti~Iy 

affect the values for the thermodynamic quantities fisted in Table 2 
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