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DISSOCIATION OF ALKALI METAL
BORATES AND ACID-BASE INTERACTIONS
IN OXIDE SYSTEMS

N. M. Vedishcheva and B. A. Shakhmatkin
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The stability relative to decomposition to oxides has been estimated for alkali metal borates
M,0-nB,0, (M = Li, Na, K, Rband Cs), where n = 1, 2, 3 and 4. The correlation between the
degrees of dissociation and the enthalpies of formation is discussed.

Results and discussion

The enthalpies of solution in 2 N nitric acid at 298 K were measured for alkali
metal borates of the type M,0-nB,0,, where M = Li, Na, K,Rb,Cs;andn = 1,
2, 3 and 4. (The compositions will be noted as 1:1, 1:2, 1:3 and 1:4.) From the
experimental results [1], the enthalpies of formation of borates from crystalline
oxides (4H!) were calculated according to the reaction:

M20+nB203 = M20'”B203 (1)

The concentration-dependences of the AH! values are given in Fig. la.

In any system, the acid-base interaction of its components is characterized by the
thermodynamic stability of the compounds which the components form. The
degrees of dissociation of the compounds quantitatively define this stability.

Suppose alkali metal borates dissociate as follows:

Mzo'nBzos —")M20+nB203 (2)

Let us establish the correlation between their enthalpies of decomposition and the
degree of dissociation. According to [2], the equilibrium constant of dissociation (k)
for alkali metal borates may be written with considerable accuracy as

k = exp (— 4H/RT) 3)

where AH” is the standard enthalpy of dissociation of a compound, R is the gas
constant, and T is temperature.
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Fig. 1 Concentration dependences of the values 4H., (a), In «,, (b) and 4H,, (c) for alkali borates

If the law of mass action is applied to (2) the equilibrium constant is
k= (Xy X3)/Xpnp 4

where X,,, Xz and X,, .5 are the mole fractions of M,0, B,0, and M,0-nB,0,,
respectively. These values may be written using the degree of dissociation of the
borates into. the oxides (2,,), which leads to:

k= n" aGT VN1 = o) - (1 + 1ty)"] (%)
The combination of this with (3) gives
exp (—4H°/RT) = [n"- ol VI/[(1 — o) - (1 + noe,)] (6)

From the enthalpies of formation of the studied compounds, their degrees of
dissociation into oxides (a,) were calculated at 1000 K using (6). The
concentration-dependences of In a,, are shown in Fig. 1b.

A comparison of Fig. 1a and Fig. 1b shows that the enthalpies of formation of the
alkali metal borates calculated for reaction (1), i.e. per mole of alkali metal oxide
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(AH!), adequately characterize the stability changes only for a series of similar
compounds. In the case of different crystals of the same system, there is no such
correlation between In a and AHY., . To explain this fact, one should take logarithms
of (6), making some- trdnsformations, which leads to

—AHC/[RT-(n+1)] = [n/(n+ D] -Inn+Ina,, @)
Since —AH® = AH., for reaction (2), it follows that
AHLJ[RT-(n+1)] = [n/(n+ 1] In n+1na,, ®)

This relationship indicates that the above-mentioned disproportionality between
In a,, and A H., for different compounds of the same system is due to the presence of
the term 1/(n+ 1) on the left-hand side of (8), the term being dependent on the
composition of a dissociating compound.

By definition

AHL /(n+1) = AH,, &)

where AH , is the enthalpy of formation calculated per total mole of oxides forming
a compound -according to the following reaction (x+y = 1):

Substitution of (9) into (8) gives
H,/RT = [n/(n+ )| Inn+Ina,, (11)

From the experimental enthalpies of solution of alkali metal borates, their
enthalpies of formation were calculated according to reaction (10) The results
obtained are presented in Fig. lc.

As can be seen from Fig. 1b and Fig. Ic, the AH, values do characterize the
stability of the crystals studied, both in a series of similar compounds belonging to
different systems and within each system when the composition of the borates
varies.

Thus, thermal effects of formation of compounds characterize their stability
relative to their decomposition into their components only when these effects are
related to 1 total mole of components.
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Zusammenfassung — Es wurde die relative Stabilitit von Alkalimetaliboraten der Formel M,0-nB,0,
mit M = Li, K, Rb, Csund n = 1, 2, 3, 4 gegeniiber der der Oxide ermittelt. Der Zusammenhang von
Dissoziationsgrad und Bildungsenthalpie wird besprochen.

Peatome — Usyuena ycToiunBocTs 60paToB mienounkIx Merasuios obmei hopmyist M,0 -nB,0;, rae

M = yarwii, HaTpuil, kaiuK, pyOuIEi M ne3wil, a n'= 1-—4, OTHOCHTENLHO Pa3jIOKEHHS HX O
oxucnos. O6CyXaeHa KOPPEsIALMA MEXIY CTENEHBIO MX IMCCONMALMM B SHTAIbNHeR obpazopanns.
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