
Thermochimica Acfa, I2 (1975) 323-335 
0 EIscvicr Scicntilic PubIishing Company, Amsterdam - Printed in Belgium 

RELATIONS BETWEEN THERMODYNAMIC, PHYSICAL AND 
STRLKI-URAL PROPERTIES OF ALKALI HALIDES AT THEIR 
MELTING POINTS 

J. LIELMEZS 
Chemical Engineering Depadment, The Unicprsiry of Brifish Columbia. 

Vancouca, B.C. (Cana&) 

(Received 6 March 1975) 

AB!xRAcr 

Linear relations of the general form /i = a+rm have been presented to describe 
the connection between the characteristic energetic and geometric parameters of 
alkali halides at their respective melting points. Inference has been made that these 
presented relations may be associated with the structure of the alkali halide liquids 

IPUXRODUCTION 

Mehing, the change of substance from the solid into the liquid state, is a very 
complex phenomenon, and so there exist many microscopic and phenomenologica1 
attempts to derive theoretically’-* a description of this state change, or the laws of 
mehing. Despite the existence of these many, apparently uncorrelated approaches to 
this probIem, there stiili could be noted a common feature if we relate the heat of 
melting to a set of measurabIe thermodynamic, physical and structuraI properties of 
substance. Then, in effect we have described the energetics associated with the meIting 
process through the same species molecuIar force interaction patterns found within the 
substance. For instance, in its simplest form such a relation is the CIausius-Clapeyron 
differential equation governing the coexistence curve of two-phase equilibria. In this 
work, however, no attempt has been made to present theoretical derivations stemming 
from the fundamental principles. Rather, at this point, the experimental data of alkali 
halides have been reassessed empirically to determine what properties woAd di;-ectIy 
affect the melting process of these simple ionic substances. 

CORRELATION 

If we introduce two dimensionless coordinates, A and z, where 
any of the following ratios (compare with Table 1): 

A represents 
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and T on the other hand is any one of the following entities: 

(2) 

then it is possible to estabhsh linear reiations between A and 7 for selected groups of 

these coordinates (equs (I), (2); Figs. 14, Table l), i.e.: 

n=a+m7 (3 

such that a and m are characteristic constants (sIope and intercept, respectively) for 
each of the Listed coordinate set groupings of the given alkah hahdes. 

To establish this correlation set (eqn (3)); the any two chosen A-r dimensionless 

parameter groups were cakxlated for each alkali hahde class (Table 1) using the 

thermodynamic, physical and structural alkali halide property values as found in 

Table 2 
To establish the separate alkali halide cIass equations of the form of eqn (3), 

the values of u and m for 14,4-r coordinate sets representing all given alkali halide 

classes @AX, such that M = Li, Na, K, Rb, SCs and X = F, Cl, Br, I) were obtained 

Fig I_ Flat of A-r coordinates for groups I-IV (Table 1). 
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by means of linear least square curve fitting techniques. The caIcuIated a and M values 
are found in Table 3. The high correlation coefficient r values computed for each of the 
alkali halide line equations (Table 3) indicate a relatively high degree of goodness of 
curve fit for the proposed correlation. 

DISCUSION 

Considering the chosen A--T coordinates (Table l), we note that for the alkali 
halide series, MX (M =Li, Na, K, Rb, Cs and X = F, Cl, Br, I), the natural logarithm 
of the dimensionless ratios (eqn 1) when plotted against the natural logarithm of the 
geometricai ratios (eqn 2) yields straight line relations (Figs. 14, Table 3). This, 
however, occurs only when the heat of melting, AH, and the crystal lattice energy Uo, 

is multiplied by the effective electronic polarizability ratio*, a&*, of the given alkali 

halide. 

Fig. 2. Plot of A-r coordinates for groups V-VIII OabIe 1). 

The effective cIcctronic poIarizabiIity vaIues xaken from the collection of data by Brumer and 
KarpIUS9. 
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On the other hand, the radiation ener,oy, hco,, divided by the therma energy 
at the melting point, kT,; or, again when divided by the difference in thermal energy 
between the melting temperature, T,, and the Debye temperature, 6, forming kAT; 
diredy correlates with the natural logarithm of ionic radius, rJr,, or again the 
volume, FCJYL, ratios*. 

Paul+ lo has argued that the irregular pattern found in the alkaii haIide 
meiting point sequences (Table 2) are attributable to the ionic radius-ratio effect. 

Fajans I4 akemately has stressed that these alkali halide melting point irregularities 
are due to deformation of ions. 

Yet, both the observed alkali halide melting point anomalies (Table 2) and our 
proposed energeti~metrical property relations (eqns (I)-(3); Figs. 14, Table 3) 
x-effect the common various interionic force field changes occurring during the melting 
process of alkali haIides. Recalling that the proposed A-7 correlations contain the 
effective pokrizability (modifying property) ratio, aJa*; and the ionic radius (cor- 

3, Plot of A-r coordinates for groups DC and X (TabIe 1). 

l E&ieruseoftkdimcnsi onkss ax&hate A = In havJkT was made by Lieimas ad his e 
aofkm’ x-13 in the study of properties describing the tnporization process. 
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Fig. 4. Hot of A-s coordirmtcs for groups XI-XIV (Table 1). 

reIating property) ratio, rJf=; we can state rather assuredly that our obtained A-r 
relations (eqn (3), Figs. 14, Table 3) include both Pauling” and Fajansr4 views, 
suggesting realisticaUy which energetic-geometric properties might determine the 
behavior of the alkali halide melting process. 

If so, then the combination of both, the Pauling’s” ionic radius ratio concept, 
and FajansLC ion deformation theory as expressed through the effective electron 
polarizability ratios wouId describe effectiveIy the inter-ionic equiiibrium found during 
the meiting process of alkali halides. 

This interdependence between the ionic radius and the electronic palarizabiiity 
is indicated by comparing the formula for calculating the ionic radius of isoelectronic 
ions” 

C r=- (4) 
z-s 

with the Born-He&&erg r ’ formula used to calculate individual electronic polari- 
zabilities: 

a=cI 3 Q 
Zi--Sj 
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TABLE 1 

COORDINATE GROUPS (cq (3)) 

Gr0Up A 5 Group A T 

V 

VIII 
In UoOck) 

( > RAT 

IX 

*n Uo<=Jd 

( ) RAT 

As a matter of fact, by calculation it can be shown that crystal ionic polarizabilities 
and the cubes of the crystal ionic radii very closely correspond to each other’ ‘_ 

Because of the existing alkali halide ionic force interactions at the melting point, 
our correlations, instead of Pauling’s” free ion electronic polarizability values, 
incorporate the effective polarizability ratios. 

The values of both of these types of polarizabilities differ considerably_ For 

instance, using Brnmers and KarpIus’ suggested effective electronic polarizability 
values, on the average, the polarizability of the positive ion has been increased by a 
factor of 1.29 and the polarkbility of the negative ion has been decreased by a factor 

of 0.75, relative to the Pauling’O free ion electronic polarizability values. 
In &kc& these pokrizabiity value variations differentiating between the ionic 

environmenta patterns (cryxtal, ionic liquid, free ion) necessarily include changes in 
the neighboring force field overlaps’ 6, Madelung potentials’ ’ and the energy band 
efkzsl*_ 

Such direct environmental-behavioral patterns are shown in Table 2. For 
example, the smaller ionic radius (r&J or the effkctive electron polarizability (z&Q 

ratios correspond to larger melting volume (I$JVa ratios. “-tiny of data found in 
Table 3 reveals that the geometric crystal lattice and the ionic liquid property ratios 
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(rJr,; Vz/Vk) are proportional to the dimensionless energetic state properties 

(AH,, U,) when those are modified by the effective eiectronic poIarizabi1ity ratio z,/c.c~. 

These proportionalities then establish our proposed n-r correlation (eqn (I), Figs. 14 

Table 3) sets and are in effect the energetic-geometrical description of the melting 
process referred to as either the melting point, T,, or to the Debye temperature, 0; in 

such a way as to involve the temperature range AT, defined as AT= Tf--8; i.e., the 

temperature difference between the melting point Tc and the Debye temperature 6 of 

the alkali halide. The melting temperature 7” is usually larger than the corresponding 

Debye temperature 0. This permits to separate the anharmonic thermodynamic 

property behavior region from the region characterized by the quantum mechanical 

Debye temperature O-states. This differentiation appears to be significant in the case 

of the crystai lattice cohesive ener_gy U, correlations Figs_ 14 (Table 3): 

especially for the In relation. It should be noted that Debye 

temperature 0 aione does not correlate; only nhen referred to the temperature dif- 
ference AT= Tr--8. Table 3 and Figs. 14 reveal that the heat of melting, AH,, 

relations when ccmpared to the crystal lattice enera, UO, relations are nearly 

parallel to (nearly the same slope) aIt!xou& always lower (smaller constant “a” 

value) than the corresponding crystal lattice ener_gy, U,, reIations_ For the same 

alkaii halide class, MX, and fixed thermodynamic state, this particular AH, vs. U, 

relation shift along the n-coordinate demonstrates the validity and restrictions as set 

forth by the energy conservation principIe expressed through the use of the Born- 
Fajans-Haber thermochemical cycle. 

It remains an open question whether at the melting point there could be 

established energetic-geometrical property correlation commo.1 for a11 MX-cIass 

alkali haIides_ Figure 5 representing 

plots versus @Jr,) ratio (note that the ionic radii, r, and r,, are given by means of 

3 sets: Pauling” and the minimum density and overIaplg vaIues) seems to be the 

closest approach yieIding a unique correlation * between the energetic and lattice 

geometry characterizing parameters during the meIting process of alkali halides. 

l Furukawazo in his attempt to obtain a common property equation for all halides at the melting 
point has not entirely succeeded. For instance. Furukawa’szo relation, AHhRT, = fcq’r.) (z)l13, 
where a = a,+~ and T, is melting point temperature. seems to imply that the dimensionless energy 
ratio AH,dRTm becomes equal to the length unit in Angstroms. 
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representing three SCU of obtained ionic radius ratid (r&J data: Pauling,~minimutn over& and 
maximum overIap 19_ As seen. the general behavior of the resulting curves is simihu; except for slight 
upwards shift. Xote that Tables I-3 display the obtained linear A = a+mr relations- 

We may rewrite eqn (3) as functional expression: 

A(z) = m7(g)+a (61 

where E represents characteristic ener_gy, while g is a geometry describing parameter 

or parameter ratio; m and D retaining the previously assigned meaning. 

If we now consider X-ray and neutron scattering interference patterns for 

unlike (metal-halogen) and iike (metal-metal; halogen-halogen) ions; and if we 
designate the nearest ionic distances for unlike ions r: and r; ; for the liquid and 

sofid states; and the associated coordination numbers as n\ and til, respectively; 

whiIe for like ions we write for the same cases r:, rf , n\ , d2, correspondingly; then, we 

may write’* the geometric relation: 
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Comparing eqns (7) and (6), we find that ‘?“/Vk reiates to r(g) and hence to the 
characteristic ener_gy term, A(E). Experimentahy, we know the proportiona!ity 
between rr and r2; and n, and n2 (ref. 20); and so we have reIationships between the 
characteristic energies of melting and the alkali halide lattice; and the interference 
patterns, and the coordination numbers of ions in the Iiquid and soiid state. 

CIearIy, the presented relations (eqn (3); Figs. 14, Table 3) connecting the 
energetics and the lattice geometry (eqns (6) and (7)) may present an intuitive under- 
standing of the meiting process and resulting structure of the ionic Iiquid_ 
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