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The enthalpies of solution in 2 N nitric acid at 298 K were measured for alkali metal borate 
glasses and crystals. From the data obtained, their enthalpies of formation from the oxides and 
the heats of crystallization of the glasses were calculated. 

The negative deviation from ideality observed in alkali metal borate systems is interpreted in 
terms of the acid-base interaction of their components. The heats of crystallization" of the glasses 
appeared to be mainly determined by the ordering effect of the boron-oxygen network. The 
contents of different borate groupings in the glasses studied were estimated. The structures of the 
borate glasses are discussed. 

A calorimetric study of vitreous and crystalline alkali metal borates has been 
carried out. The enthalpies of solution in 2 N nitric acid at 298 K were measured for 
glasses containing (mol.%' 0-39.5 Li20 , 0-35.1 Na2 O, 0-35.9 K20, 0-34.7 Rb20 or 
0-42.5 Cs20, and for crystals of the type M20-nB203, where M = Li or Na 
(n = 1-4); M = K (n = 1-3, 3.8, 5); M = Rb (n = 1-5); or M = Cs (n= 1-5, 9). 

From the experimental data on borates and boron oxide and the calculated 
enthalpies of solution of alkali metal oxides, the enthalpies of formation of the 
glasses (d/-/~flrm) and crystals (A/~form) from crystalline M20 oxides and vitreous 
B203 oxide were calculated according to the following reaction (x+y = 1): 

xM20~ ~+yB2Oa(sl ) x M 2 0 " y B 2 0 3 t g l , c }  Hform (1) 

The accuracy of this calculation is +(0.8-1.6)kJ-mo1-1, depending on the 
compositions of the samples studied. The concentration-dependences of AH~'~ ml c are 
given in Fig. 1. 

The results obtained reveal that the formation of alkali metal borates (glasses and 
crystals) is highly exothermic, this effect increasing in the sequence Li --,Cs for 
different systems. The observed negative deviation from idealityis due to the acid- 
base interaction of the components (M20 and B203-. This interaction results in an 
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Fig. 1 Enthalpies of  formation from oxides of alkali borate glasses (a) and crystals (b)~ 

increase in the ionicity of the chemical bonds in the borates as compared with that in 
oxides [1]. 

A comparison of the AHfo,n ~ values for the crystals and the glasses indicates the 
non-equilibrium nature of the glassy state. 

The heats of  crystallization of the glasses (AHc,yst) were calculated over the 
concentration range 0-33.3 tool% M20, as the difference between the enthalpies of 
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Fig. 2 Heats of  crystallization of alkali borate glasses 
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solution of vitreous and crystalline borates with the same composition. The 
accuracy of the calculation is 4- 0.8 kJ. mol-  1. The concentration-dependences of 
the Aneryst values for the glasses with the stoichiometric compositions are shown in 
Fig. 2. The straight line in the same Figure characterizes the heats of crystallization 
of the amounts of B203 contained (according to chemical analysis) in the glasses 
studied. 

The relatively small deviation of the experimental Aneryst values from the 
calculated straight line allows the suggestion that the heats of crystallization of the 
alkali metal borate glasses are mainly determined by the effects of rearrangement 
and ordering of the boron-oxygen network. However, it should be taken into 
consideration that the structure of the latter differs, depending on the composition 
of the glass. On the addition of alkali metal oxide to boron oxide to 33.3 mol% 
M20, the number of B-O bonds increases, due to the change in the coordination 
number of boron with respect to oxygen. This factor results in an increase of the 
linking degree of the boron--oxygen network and thereby reduces its disordering. 
This tendency is characterized by the observed decrease in ,dncryst on going from 0 
to 33.3 mol% M20. 

Numerous data from structural investigations of the alkali metal borate glasses 
permit their structures to be considered, according to [2], as a (to some extent) 
disordered network of borate groupings similar to those existing in crystalline 
compounds. However, in any particular case one should determine what groupings 
form a glass of a given composition. 

To solve this problem for the glasses studied, we have estimated the 
thermodynamic stabilities of alkali metal borates relative to decomposition into 
compounds which coexist according to the phase diagrams of the systems, i.e. in the 
following way: 

M20" nB203 ~- M20" (n- 1)B203 + B203 (2) 

2 M20"nB203 ~ M 2 0 - ( n -  1)B203+ M20- (n+  1)B203 (3) 

The thermodynamic stabilities of the compounds are characterized by their degrees 
of dissociation (~t), calculated as 

ot = x / K / ( K +  l) (4) 
and 

= 2 v/~-~/(1 +2  x/~'~) (5) 

where K and Kt are the equilibrium constants of reactions (2) and (3), respectively. 
Equations (4) and (5) were derived on the assumption that the initial substances and 
the products of  dissociation form ideal solutions. The equilibrium constants K(KI )  
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Fig. 3 Relative content o f  borate groupings in alkali borate glasses. 1. M20-B203 ,  2. M20"2B203,  
3. M 2 0 - 3 B 2 0 3 ,  4. M 2 0 . 4 B 2 0 3 ,  4*.- M 2 0 . 3 . 8 B 2 0 3 ,  5. B203,  6. M 2 0 ' S B 2 0 3 ,  

7. M20"9B203.  - - ~ data [3] 
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were evaluated by using the following equation: 

K(KI) = exp ( -  AH~ (6) 

where AH ~ is the standard enthalpy of  reaction (2) or (3). 
The a values were determined at T = 1000 K, which corresponds approximately 

to the temperature of  freezing of the structural rearrangement in the alkali metal 
borate glasses. The a values were used to estimate the relative contents of  different 
borate groupings in the glasses studied. The mole fractions of  the groupings (xi) 
were calculated for reaction (2) as 

XM~o.,,2o3 1 + a '  XM~o-~,- 1~,~o~ = X,~o~ 1 + a (7) 

and for reaction (3) as 

XM~O..s~O ~ --= (I -- ~); XM20.{.- 1)B203 = XM20"(n+ 1)B203 = (8) 

The results obtained are shown in Fig. 3. They indicate that the most stable 
compounds in the alkali metal borate systems are the characteristic'structural units 
of  the glasses, except for the low-alkali metal region, where B203 is the basic unit. 
Analogous literature data obtained by means of  NMR [3] are given in Fig. 3b for 
comparison. 
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Ztmmmtmfasseng - -  Ffir Alkaliborat-Glgser und.Kristalle wurden die L6sungsenthalpien in 2N 
Salpeters/iure bei 298 K gemessen. Daraus warden die Enthalpien der Bildung aus den Oxiden sowie die 
Kristallisationsw.~rmen der Gl~ser berechnet. Die negativen Abweichtmgen der Bildungsenthalpien 
vom idealen Verhalten werden als Resultat der S/iure-Base-Umsetzung der Oxide gedeutet. Die 
Kristallisationswarmen der Glgser scheinen im wesentlichen yon ordnungsvorg-~ngen des Bor- 
Sauerstoff-Netzwerks bestimmt zu sein. Der Gehalt der Glaser an den verschiedenen Boratgruppen wird 
abgeseh/itzt und die Struktur der Boratgl/iser diskufiert. 

Pe3mMe - -  l-lpa 298 K a3Mepem,l ~tixa.asmm pacTBopelma cregaoo6pa3max a t ' p a c - r ~ x  
6opaTos meao,mtax MeTa.~aOB B 2 H aaornoti maCaOTe. Ha ocHoee .oayqeHamx ~amnax nwmcaema 
3HTa.rlbntm o6pa3osanHa me~osmax 6opaToB H3 ordace~ H TCn.~OT~ i~pHc-ra.~b'n~!;aRmiE 3"rgX ffre~oJL 
OTIfJIOHeHHe OT H~IeaJIbHOCTH B CT0_poHy OTpHItaTe.rlSH~bX 3Haqem~, maTepnpempoMno Ha ocao~  
KHCJIOTllO-OCHOBIlOFO B3aIIMo~e~CTBHM rOMnOHeHT. TenJlOTga ~pHoTg~lR3aRml r oilpc- 

aeamoTcJ r a a n H ~  06pa3oM ~[~be~r ynopaaoqeaaa 6opo~Hcaopo~0aoro ocTbaa. Oapeae- 
aeao coaepxanae s cregaax pa3aasmax 6oraTmax rpynnaposox a o6cy'ameaa 6oraTnsUt crexoa. 
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