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This paper describes physicochemical properties of compounds of the periodic system group IIA elements with

singly charged anions in various reference frames. The obtained correlations may be used as a reference mate-

rial to calculate the selected properties for every point of correlation. It has been additionally suggested, within

the scope of the paper, to predict the properties of compounds of an element bearing the atomic number 120

(E-Ra).

The compounds of Mendeleev’s peri-
odic system group lIA elements are essential
in terms of industrial application and re-
search activities.

An array of various techniques is pres-
ently known to be applied to determine
These tech-
niques serve to find correlation dependen-

physicochemical properties.
cies between the rows of similar compounds
[1, 2]. However many of the existing tech-
niques do not allow to establish mathemati-
cal relationship with regard to physico-
chemical properties in subgroups of the pe-
riodic system. They also need a huge array of
properties in order to determine a single
one.

This paper summarizes the results of
an investigation into the relationship be-
tween a range of properties [3-5] - forma-
tion enthalpy, Gibbs free energy, entropy,
specific heat; enthalpy and entropy of transi-
tion from one phase to another (melting,
evaporation); crystal lattice energy, melting
temperature and density — and the charges
of atomic nucleuses of the periodic system
group lIA elements, as well as the number of
energy levels. Halides (chlorides, fluorides,

iodides, and bromides) and hydroxides have
been selected as singly charged anions. The
analysis involved the plotting in various ref-
erence frames, and subsequent analytic de-
scription by means of Windows-compatible
software packages Table Curve 2.03" pro-
duced by Jandle scientific™ and Microsoft
Excel.
The
F=f(Z), F=f(n), where F is a selected physico-

relationships on coordinates
chemical property, Z is an atomic number
(nucleus charge) of an element, and n is a
period number (energy levels number) are
shown as broken curves, but the applied
software allowed for steadily varying
smooth curve.

As the nucleus charge of a cation in-
Me?*(OH),” and
Me?*(Hal), , both formation enthalpy and

Gibbs free energy reduce, while entropy

creases in compounds

0 0
grows. Besides, AH 295 15 and AG 29515 , and

0
S 20815 have been noticeably increased, with

a halide transiting from one period to an-
other (from fluorine to iodine). The situation
with hydroxides is somewhat different. In
this case the values of formation enthalpy
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and Gibbs free energy increase from beryl-
lium hydroxide to calcium hydroxide, and,
naturally, decrease from calcium hydroxide
to radium hydroxide. Hence, the plotting for
these compounds differs in terms of its
graphical view. Apparently, beryllium hy-
droxide and magnesium hydroxide differ
from other elements of the row. These rela-
tionships are evidently curvilinear. There-
fore, the authors suggest that a specific
property - a value of property which refers
to a nucleus charge unit - should be used in
order to smooth data.

Linear relationships can be obtained if
plotted on logarithmic coordinates In(F) =
flIn(2)], In(F/Z) = f[In(2)], In(F) = f[In(n)],
In(F/Z) = f[In(n)]. The analysis of logarithmic
correlation dependencies has revealed that
nearly every line exhibited a kink for calcium
compound. Therefore taking into account a
certain difference of the first two elements
of beryllium and magnesium from other
elements of the principle subgroup of the
group Il we could cut off the logarithmic
data on compounds of beryllium and mag-
nesium, and plot dependencies for other
compounds of the row (calcium, strontium,
barium, and radium). It has been observed
that the correlation coefficient increases at
that, whereas the value of relative deviation
reduces.

The abovementioned can be used as a
ground for a logarithmic rule according to
which logarithmic values of a property (spe-
cific property) are linearly correlated with
logarithmic values of the element’s nuclear
charges (number of a period).

The derived analytical expressions
served to predict the selected properties

with regards to compounds of an element
bearing the atomic number 120 (E-Ra). The
correlations good in terms of prediction
have been selected with regard to high cor-
relation coefficient and following the calcu-
lation of root-mean-square deviations based
on least square technique [6, 7]. The Table 1
shows the analytical expressions recom-
mended for prediction of thermodynamic
properties of hydroxides of the group IIA
elements with singly charged anions, with
deviations indicated for every point of corre-
lation. Similar equations have been derived
for calculation of other properties of halides
but they are absent from the diagram.

Correlations between various proper-
ties as well as between the halides of the
group lIA elements should be plotted in or-
der to evaluate the data obtained. The paper
suggests a number of correlations — be-
tween formation enthalpy and the sum of
the first two electron binding energies (ioni-
zation energies), as one of principle energy
characteristics of elements; between forma-
tion enthalpy and crystal lattice energy; be-
tween formation enthalpy and standard
electrode potential; between crystal lattice
energy and standard electrode potential;
between crystal lattice energy and the sum
of the first two electron binding energies
(ionization energies); between thermody-
namic characteristics in the row of halides;
between thermodynamic characteristics of
chlorides and other halides of the group IIA
elements (see Fig. 1).

Prediction analytical expressions have
been derived for every correlation. These
have been selected in a similar manner — on
the basis of maximum correlation coefficient
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Table 1. Analytical expressions adequate to determine thermodynamic values of hydroxides and halides of the
periodic system group IIA elements

Absolute Relative Error,
Dependence Equation MeHal, Deviation, A 0%
Me(OH),
In(-AH 5gg 15 )=FlIn(n)], for In(-AH 594 15)=7,1-0,1[In(n)] (Sia((g:))z -21,;‘ -8'32
r '] 7
Ca(OH),, Sr(OH),, Ba(OH)Z 09 o1
Ba(OH)., Ra(OH), Ra(OH )i 04 0,04
In(-AG 298'15 )=flIn(n)], for | In(-AG 298'15 )=6,967-0,119 [In(n)] (5:,3((8:))2 -5,151222 -8,525;3
r 2 ’ )
gzﬁg:;z' SR;((%-L:)Z' Ba(OH), 0,046 0,005
¥ 2 Ra(OH), -0,063 -0,008
In(S 30g.15)=fIn(n)], In(S 90 15)=3,55+0,63(In(n)] ga((g:)) (;‘:57 01-‘;-‘;
r -4, -4,
for Ca(OH),, Sr(OH),, Ba(OH)ZZ 507 190
Ba(OH),, Ra(OH), Ra(OH), 0,79 0,68

Note: logarithmic equation should be exponentiated, while an equation for specific property should be
multiplied by a corresponding nucleus charge in order to determine the property required.
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Gibbs free energy of hydroxides of the group IIA elements, kJ/mol

Figure 1. Gibbs free energy correlation between hydroxides and halides of the group 1IA elements

Row 1 - fluorides, row 2 - chlorides, row 3 - bromides, row 4 - iodides

and minimum root-mean-square deviation. The correlations analysis demon-
On the whole, all correlation dependencies strated maximum deviations for halides and
are linear. They can be described by the hydroxides of beryllium and magnesium.
equation y=a+bx, where y and x — proper- Hence, more accurate correlations for pre-
ties, a and b — coefficients in equations (Ta- diction of selected compounds of E-Ra could
ble 2). be obtained by dividing those correlations
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Table 2. Coefficients of correlation dependencies between properties of chlorides of the group IIA elements

Dependence a b R’
-AH 55 15=F(ZE 4 +Ep) 1291,696 -0,292 0,9714
-AH% 05 15=F(-0°) -176,459 346,982 0,9721
-AH% 05 15=F(E a1e) 1630,555 -0,386 0,9810
Erne=f(-0°) 4224,723 -726,707 0,8593
E=f(ZE1+E;) 1070,308 0,657 0,9907
-AH5 15=F(-AG 505,15) -47,184 0,999 0,9999
-AH%g5 15=F(5505.15) 46,448 6,509 0,9233
NG’ 95,15=F(5205,15) -1,373 6,507 0,9247

into two blocks. Among other things, the di-
vision leads to increased correlation coeffi-
cients and reduced root-mean-square devia-
tions.

Similar dependencies — with plotted
prediction data for halides and hydroxides of
an element bearing the atomic number 120 —
served to confirm the accuracy of results.
Furthermore, correlation coefficients have
root-mean-

remained sufficiently high,

square deviations have not increased, while

coefficients of correlation equations have
remained almost unchanged.

The Table 3 shows prediction data for
fluoride of E-Ra (#120) as well as missing
data for radium compounds. The data with
regards to the same properties of chlorides,
bromides, iodides and hydroxides of radium
and E-Ra have been obtained in the course
of investigation. However, they are not in-
cluded into the diagram.

Table 3. Physicochemical properties prediction data

Condition | Element Value of condition
Fluorides
0 - o
AH S 1 E-Ra (Ne120) 1170,63 kJ/mol
0 E-Ra (Ne120
-G g 15 a( ) 1131,542 kJ/mol
S 0 E-Ra (N2120) 121,778 J/mol*K
298,15
AH et Ra (N288) 16,09 kJ/mol
E-Ra (N2120) 13,11 kJ/mol
ASpeit Ra (N288) 9,22 J/mol*K
E-Ra (N2120) 7,39 J/mol*K
AHevap Ra (N988) 281 kJ/moI
E-Ra (N2120) 263 kJ/mol
Cp E-Ra (N2120) 72,53 J/mol*K
Elatt Be (No4) 3262,49 Joul
Ra (N288) 2218,39 Joul
E-Ra (N2120) 2132,28 Joul
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