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Abstract The results of first principles calculations of
band structure, density of states, and electron density
topology of alkali metal oxalates are presented. The cal-
culations have been carried out with WIEN2k ab initio
program, using highly precise full potential linearized
augmented plane wave method within density functional
theory formalism. Calculated total electron density has
been used in calculations of its topological properties
(according to Bader’s quantum theory of atoms in mole-
cules formalism) and Cioslowski and Mixon’s topological
bond orders. The obtained results show important similar-
ities between electronic structure and electron density
topology for all analyzed structures with electronic struc-
ture close to Fermi energy typical for ionic compounds and
bonding which is mainly covalent within the oxalate anion
(with partly ionic character of carbon—oxygen bonds) and
strongly ionic between oxalate anion and cationic sublat-
tice. These results have been used as a basis for theoretical
analysis of thermal decomposition process described in
detail in part II of this paper (where also the results of
additional calculations of atomic and bond valences, bond
strengths and strains are presented).
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Introduction

Anhydrous alkali metal oxalates M,C,0,4 form an interesting
group of compounds with very similar layered crystal
structures and well-defined oxalate anions as an independent
entity surrounded by metallic cations, decomposing ther-
mally—unlike transition metal oxalates—via two step pro-
cess with respective carbonate as transition product [1-12]:

M2C204 — MCO3 + CO (1)
MCO; — MO + CO,. (2)

Despite many experimental results available, there is still
lack of consistent theoretical description and explanation of
the pathways of thermal decomposition of these compounds.
One can expect, however, that the crucial role here is played
by the properties of electronic structure and chemical
bonding. Thus theoretical studies of fundamental features
of electronic structure, total electron density (topological
analysis), and chemical bonding (bond order, bond valence,
bond strains, etc.) carried out for this group of compounds
should, in principle, allow explaining the observed pathway
of thermal decomposition process (or at least provide some
important information about the relations between electronic
and crystal structure and bonding properties and pathway of
thermal decomposition process).

Recently, in a series of papers [13-19], we have pro-
posed theoretical approach, based on the topological anal-
ysis of electron density (Bader’s Quantum Theory of Atoms
in Molecules [20] formalism) obtained from first principles
FP-LAPW calculations and structural and bonding proper-
ties—bonds valence, bond strength and stresses associated
with deviation of given structure from ideal one (Brown’s
Bond Valence Method [21] founded on Pauling’s “elec-
trostatic valence rule” [22]). Our previous results obtained
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mostly for transition metal oxalates suggest that such
approach can give us additional insight into the thermal
decomposition process and help not only to explain thermal
decomposition path in given oxalate, but also—to some
extent predict such most probable path for the compounds
for which experimental results are unavailable.

In this paper, the results of similar analysis, carried out
for alkali metal oxalates, are presented (methods used for
the calculations and analysis have been described in detail
in [13, 14]). The paper is divided into two parts—first one
devoted to electronic structure and electron density topol-
ogy analysis and the second to bonding properties and
thermal decomposition process analyzed in the light of
entirety of the obtained results.

Computational details

The electronic structure calculations for anhydrous alkali
metals oxalates have been performed using WIEN2k
FP-LAPW (Full Potential Linearized Augmented Plane
Wave Method) package [23], within Density Functional
Theory (DFT) formalism [24-29]. All calculations have
been carried out for five different oxalates (Li, Na, K, Rb,
Cs). In case of rubidium oxalate, respective calculations have
been done for two phases (« and f3). The following parame-
ters have been used in calculations: 500 k-points, cut-off
parameter Rk, = 7.5, GGA-PBE exchange—correlation
potential [30], the values of muffin-tin radii (R;) [a.u.]: Me,
1.7;0,1.17; C, 1.17 (except for both rubidium oxalate phases
for which we’ve chosen R; = 1.12 for oxygen and carbon
atoms to avoid sphere overlapping, forbidden in this method)
and the convergence criteria for SCF calculations set to
AEsce < 107°Ry for total energy and Apgcp < 10 eau?
for electron density topology analysis. The crystal structure
parameters used in calculations are listed in Table 1.

Crystal structure of anhydrous alkali metal oxalates

Four of the structures analyzed in this paper exhibit mono-
clinic symmetry P2,/c, SGno. 14 (Li, Na, o-Rb, Cs oxalates)
while the remaining two (K, B-Rb) have orthorhombic

Table 1 Anhydrous alkali metal oxalates crystal structure data [31]

Structure Space a/A b/A c/A p/° V/A3
group

Li,C,04 P2/n 3400 5.156  9.055 95.600 157.98
Na,C,04 P2/n 3449 5243 10375 92.660 187.41
K,C,04 Pbam 10912  6.116  3.440 90 229.57
B-Rb,C,0,4 Pbam 11288  6.295 3.622 90 257.37
a-Rb,C,04  P2)/c 6.328 10455 8.217 98.016 538.30
Cs,C,04 P2/c 6.622 11.004  8.613 97.139 622.65
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symmetry Pbam, SG no. 55 (since detailed pictures of all of
these structures can be found in [31], due to space limitation,
they are not repeated here and only local environments of
oxalate anions in all six structures with respective bond
labels used in the following analysis are presented in
Fig. 1—for potassium and B-rubidium as well as for o-
rubidium and cesium anhydrous oxalates, these data are
identical, thus only one picture for each pair is shown).

The structure of anhydrous lithium oxalate consists of
strongly deformed tetrahedral LiO,4, connected alternately via
corners to form chains which, in turn, are connected to each
other by oxalate anions. Locally, every LiO, tetrahedron is
surrounded by three (two uni- and one bidentate) oxalate
groups. Anhydrous sodium oxalate structure can be depicted as
double chains formed by edge sharing, deformed NaOg octa-
hedra (each octahedron within given chain shares one edge with
its neighbors and two with octahedra in adjacent chain). Every
such double chain is connected with four neighboring double
chains by means of common corners of respective octahedra.
All oxalate anions are built into existing channels within such
substructure formed by octahedra. Locally, each pair of octa-
hedra is surrounded by six (four uni- and two bidentate) oxalate
anions. As a result, every octahedron is surrounded effectively
by five (four uni- and one bidentate) oxalate anions, and each
oxalate anion is surrounded by six octahedra.

Anhydrous potassium and B-rubidium oxalates have
identical crystal structures which can be described as
double chains parallel to z axis, built from deformed, face
sharing KOg (B-RbOg) cubes. These double chains are
connected with four similar neighboring double chains via
shared edges creating spatial channel network, filled with
oxalate anions. Each pair of cubes is surrounded by eight
(for uni- and four bidentate) oxalate anions; each cube is
effectively surrounded by six oxalate anions, while every
oxalate anion is surrounded by 12 cubes.

Similarly, the last two structures (o-Rb and Cs anhydrous
oxalates) are identical and have monoclinic symmetry. The
main difference in comparison with lithium and sodium oxa-
lates is the spatial conformation of oxalate anions, which are,
here, not planar, but COO™ groups are perpendicular to each
other (this is the preferred conformation for isolated anion, as
predicted from ab initio calculations). What is more, these
structures are significantly more complex than those described
above for lithium and sodium oxalates and can be described as
layers perpendicular to x axis, connected by oxalate anions.

Results
Electronic structure

The total and partial densities of states calculated for all
structures under study are presented in Fig. 2. Due to paper
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Fig. 1 Oxalate anion environments for X,C,04 (X = Li, Na, K, B-Rb, a-Rb, Cs; Li—top left, Na—top right, K, B-Rb—bottom left and o-Rb,

Cs—bottom right)

size limitations, there is no place for detailed analysis of the
obtained electronic structures (such an analysis will be pub-
lished elsewhere), but one can easily see that in all cases, DOS
and PDOS-es are quite similar, with sharp peaks (indicating
small dispersion of respective energy bands) which are typical
for ionic structures. Almost all states are filled mutually
exclusively by electrons originating from alkali metal cations
and—together—carbon and oxygen. This indicates that there
are, in fact, no significant orbital overlapping and bond
forming between alkali metal cations and oxygen atoms. On
the other hand, oxygen and carbon states overlap significantly,
indicating strong bonding. From these results, the following
picture emerges: oxalate anions are independent, well-defined
entities with covalent and ionic—covalent bonds between
carbon—carbon and carbon oxygen atoms, respectively,
interacting by means of the electrostatic forces with cationic
sub-lattice.

Electron density topology

The total electron density obtained in SCF calculations has
been used in topological analysis carried out within Bader’s
Quantum Theory of Atoms in Molecules formalism.

According to Bader’s formulation, every bond critical point
BCP, can be described by its position, electron density in this
point, Hessian matrix eigenvalues 4, 4,, 43, and Laplacian
V?p(r), defined as a trace of Hessian matrix. The negative
values of the Laplacian (Vzp(r) < 0) are characteristic for
covalent bonding (charge is concentrated between bonded
atoms), while positive ones are characteristic for ionic bond-
ing (charge depletion in bond region). In addition, bond
ellipticity defined as ¢ = I4;/4,—1l, measures how much the
bond is elongated in e; direction, compared to e,—large value
of ellipticity indicates that bond has a significant n-character.
Bader introduced also the concept of local electronic energy
density H.(r) = G(r) + V(r), which can be expressed in
terms of electrostatic potential, electron density and its La-
placian only, by the formula H(r) = 15[V (r) + 1/4V?p(r)]
(where values of potential and Laplacian are expressed in
atomic units). The sign of H,(r) uniquely indicates whether
the kinetic or potential energy dominates in a given region in
space—negative value of H.(r) means that the potential
energy dominates and the accumulation of electrons is stabi-
lizing in this region of space (this immediately implies that the
condition V2p(r) > 0 for the inter-nuclear space is not suf-
ficient for a system to become unbounded, since the electron
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Fig. 2 Density of states (total and projected onto particular atoms) calculated for X,C,0,4 (X = Li, Na, K, B-Rb, a-Rb, Cs; Li, Na—rop, K,

B-Rb—middle and a-Rb, Cs—bottom)

energy H. (r) can still be negative in case of sufficiently strong
electrostatic potential here [32]).

The resulting topological properties of bond critical
points calculated for all studied structures are presented in
Tables 2, 3, 4, and 5. In addition, in Table 6, the analogous
data averaged over the same bond type are presented. One
can easily see from these data, that in all of these struc-
tures, bonds can be divided into three separate groups
possessing different properties: C—C bonds (covalent; high
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value of electron density in bond critical point and highly
negative value of Laplacian—high charge concentration in
bond region), C—O bonds (covalent with some ionic char-
acter (high electron density in bond critical point located
off-center of the bond, highly negative value of Laplacian),
and very weak closed shell ionic bonds between oxygen
atoms and alkali metal cations (small electron density in
critical point, high positive value of Laplacian indicating
charge depletion).
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Bond orders

The concept of bond order has provided, for generations of
chemists, a very useful tool to analyze and compare the
relative strength of chemical bond. There are many dif-
ferent methods for calculating the bond order, both theo-
retical and experimental (an excellent review can be found
in Jules and Lombardi [33]). The main problem with such
theoretical bond orders, defined in terms of quantum
mechanical properties of molecule or crystal, is the
inability to easily compare the values derived from dif-
ferent types of bonds. One can avoid this by defining
uniquely geometric (topological) parameters, which are
readily identifiable and comparable for any molecule or
crystal. Since Bader’s QTAiIM method fulfills these
requirements, we have decided to use the results of topo-
logical properties of bond critical points and Cioslowski and
Mixon [34] formula modified by Howard and Lamarche [35]
for bond order calculations in anhydrous alkali metal oxa-
lates (the calculated bond orders are presented in the last
column of Tables 2, 3, 4, and 5).

The results presented in Tables 2, 3, 4, and 5 allow us to
draw the conclusion that within an oxalate anion which
interacts by electrostatic forces with alkali metal cations
sub-lattice, the bonds between carbon and oxygen atoms
are the strongest one in the structure, alkali metal—oxygen
bonds are much weaker and carbon—carbon bonds are the
weakest ones (this is confirmed by bond valence analysis

presented in part II of this paper [36] where detailed
analysis of the entirety of obtained results carried out from
the point of view of thermal decomposition process is
presented as well). The averaged values of topological
properties of particular bond types in all analyzed struc-
tures presented in Table 6 show significant similarities of
these properties, despite obvious differences due to
respective cation properties and resulting size of cationic
sub-lattice. Calculated net charges presented in Table 7 are
qualitatively and quantitatively similar as well. This sug-
gests strongly that one can expect very similar (or even the
like) pathways of thermal decomposition process for all
these anhydrous oxalates, which is confirmed by the
experimental findings.

Summary

The results presented in this part of our paper show that
electronic structure calculated by means of DFT FP-LAPW
WIEN2k package and topological properties obtained from
total electron density using Bader’s QTAiM formalism are
very similar in all six structures studied, despite the fact
that two of them have different symmetry, and even if the
symmetry of the remaining four structures is the same, they
differ in pairs according to oxalate anion spatial confor-
mation. Electronic structures of these compounds are typ-
ical for ionic compounds, with sharp peaks in density of
states indicating very small energy bands dispersion and

Table 2 Topological properties of bond critical points in Li,C,0,4 and Na,C,0y, calculated from SCF FP- LAPW total electron density: bond
length R, Hessian matrix eigenvalues /4,—/3, electron density in bond critical point pgcp(r), Laplacian Vzp(r), ellipticity e, electrostatic potential
at BCP V[p(r)], local electron energy density H.[p(r)], and bond orders ncyvgar) (Ciostowski & Mixon’s [34] formula, optimized by Howard &
Lamarche [35])

Bond R/A AT Il A3 MWATS  ple AT VP AT e Vip()lVau  Help(MVau  neman
Li»C,0,

rn Li-0,)  1.935 —1.088 —~1.070 6.798  0.189 4.642 0.016  —0.147 —0.049 0.85
n Li~0))  1.999 —0.945 —0.915 5738 0.169 3.878 0.032 —0.124 —0.042 0.84
r; (Li-0,)  2.033 —0.817 —0.815 5213 0.159 3.581 0.003  —0.126 —0.045 0.83
r, (Li-0,)  2.076 —0.708 —0.673 4548  0.142 3.167 0.053  —0.120 —0.044 0.83
rs (C-05) 1247  —24798  —23261 35330  2.630 —12.712 0.066  —0.850 —0.491 1.17
1 (C-O)) 1257 —23870 —22.598  31.691  2.587 —14.780 0.056  —0.828 —0.490 1.13
17 (C-C) 1559  —12.630 —11.216 9912  1.657 —13.934 0.126  —1.035 —0.590 0.79
Na,C,0,

r Na-0,)  2.320 —0.633 —0.612 4376  0.135 3.130 0.033  —0.158 —0.063 0.82
n (Na-0;)  2.331 —0.664 —0.655 4458  0.143 3.140 0.014  —0.159 —0.063 0.83
r; Na-O;)  2.343 —0.664 —0.646 4328  0.141 3.020 0.028  —0.153 —0.061 0.82
r, (Na-0,) 2422 —0.496 —0.476 3386  0.114 2415 0.043  —0.114 —0.045 0.81
15 (C-05) 1253  —23.955  —22.846  32.534  2.602 —14.264 0.049  —0.836 —0.492 1.14
1 (C-0y) 1265 —22.576  —22.140  28.823  2.545 —15.896 0.020 —0.810 —0.488 1.10
17 (C-C) 1567 —12.228  —10.837 9.876  1.620 —13.190 0.128  —1.026 —0.581 0.78
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Table 3 Topological properties of bond critical points, calculated for K,C,04 and B-Rb,C,04

Bond R/A AT Il A3 WATS ple AT VP ATC ¢ VIp(Wlfau  Hep(Nl/au  nema,
K,C,04

r; (K-0,) 2.806 —0.336 —0.314 2.150 0.097 1.500 0.073 —0.054 —0.019 0.80
r; (K-0,) 2.839 —0.305 —0.285 1.984 0.091 1.394 0.070 —0.043 —0.014 0.80
r3 (K-0Oy) 2.842 —0.286 —0.269 1.922 0.085 1.368 0.062 —0.036 —0.011 0.80
ry (K-0Oy) 2.901 —0.255 —0.237 1.690 0.079 1.198 0.078 —0.026 —0.007 0.79
r5 (C-0,) 1.246 —24.967 —23.343 34.823 2.644 —13.488 0.070 —0.837 —0.488 1.16
s (C-0) 1.248 —24.726 —23.056 33.739 2.634 —14.052 0.072 —0.829 —0.487 1.15
r; (C-C) 1.595 —11.353 —9.960 9.883 1.532 —11.430 0.140 —0.931 —0.525 0.71
B-Rb,C,04

r; (Rb-0,) 2.960 —0.290 —0.268 1.809 0.091 1.251 0.084 —0.035 —0.011 0.80
r; (Rb-0,) 2.988 —0.270 —0.251 1.702 0.088 1.180 0.076 —0.026 —0.007 0.79
r; (Rb-0,) 3.018 —0.239 —-0.222 1.558 0.079 1.096 0.078 —0.010 0.001 0.79
ry (Rb-0,) 3.051 —0.234 —-0.215 1.481 0.078 1.033 0.088 —0.004 0.003 0.79
15 (C-0y) 1.187 —31.666 —29.835 58.031 2.996 —3.451 0.061 —0.946 —0.491 1.42
16 (C-0y) 1.236 —26.051 —24.268 38.655 2.703 —11.674 0.073 —0.837 —0.479 1.20
r; (C-C) 1.567 —12.240 —10.746 10.086 1.618 —12.900 0.139 —0.959 —0.546 0.76
Respective symbols used here are described in Table 2

Table 4 Topological properties of bond critical points, calculated for a-Rb,C,04

Bond R/A /11/10\75 ),2/A75 13/10\75 p(r)le A3 Vzp(r)/A75 € Vlp(r)]/au H.[p(r)]/au NCM(HL)
r; (Rby-03) 2.816 —0.362 —0.330 2.526 0.110 1.834 0.096 —0.075 —0.028 0.80
r; (Rb;-0y) 2.888 —0.295 —0.280 2.118 0.094 1.543 0.054 —0.050 —0.017 0.80
r; (Rb1—0y) 2.907 —0.345 —0.328 2.106 0.107 1.433 0.051 —0.046 —0.016 0.80
r4 (Rb1-0y) 2.953 —0.252 —0.237 1.797 0.084 1.308 0.066 —0.027 —0.006 0.80
rs (Rb1—0y) 3.005 —0.229 —0.219 1.586 0.078 1.137 0.047 —0.010 0.001 0.79
rs (Rby-0) 3.030 —0.233 —0.221 1.540 0.083 1.086 0.058 —0.035 —0.012 0.79
r7 (Rb,—0y) 3.040 —0.227 —0.194 1.493 0.079 1.071 0.169 —0.033 —0.011 0.79
rg (Rb,-0y) 3.042 —-0.222 —0.215 1.472 0.080 1.034 0.034 —0.030 —0.010 0.79
o (Rby-0y) 3.293 —0.125 —0.119 0.857 0.047 0.613 0.053 —0.011 —0.002 0.79
119 (C2-03) 1.183 —32.004 —31.112  60.080 3.029 —3.020 0.029 —0.955 —0.493 1.44
11 (C1—0,) 1.185 —31.184 —31.040  59.357 3.007 —2.868 0.005 —0.960 —0.495 1.43
2 (C1-0y) 1.246 —24.220 —24.147 35.426 2.646 —12.932 0.003 —0.823 —0.478 1.17
r13 (C2-0y) 1.250 —24.485 —23.051 34.414 2.619 —13.122 0.062 —0.810 —0.473 1.16
ri4 (C-C) 1.536 —12.589 —12.435 10.059 1.720 —14.963 0.012 —1.040 —0.598 0.78

Respective symbols used here are described in Table 2

almost entirely mutually exclusive occupation of energy
states by alkali metal cations and electrons originating from
oxalate anion constituents (carbon and oxygen atoms). On
the other hand, the same states are co-occupied by carbon
and oxygen 2s and 2p electrons, which is consistent with a
picture of bonding within oxalate anion emerging from
topological analysis. What is more, the respective DOS-es
show significant changes in energy states occupied by
alkali metal electrons, unlike in states occupied by carbon
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and oxygen atom electrons. This suggests that oxalate
anions are well-defined entities with properties highly
independent from the cationic sub-lattice. Nevertheless,
one should keep in mind that ab initio calculations show
that relaxed structure of oxalate anion is thermodynami-
cally most stable, when COO™ groups are not planar
(Do, symmetry), but perpendicular to each other (D,g
symmetry), as it is the case for cesium and o-rubidium
anhydrous oxalates. This suggests that one cannot ignore
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Table 5 Topological properties of bond critical points, calculated for Cs,C,04

Bond R/A JATS JofA™3 WA ple AT VPp(IATY e VIp(Hlfau  Hp(Pl/au  nem
r; (Cs,-03)  3.015 —0.293 —0.271 2.033 0.101 1.469 0.082 —0.040 —0.012 0.80

r; (Cs;-0p)  3.069 —0.254 —0.235 1.809 0.091 1.320 0.081 —0.021 —0.004 0.80

r3 (Cs;—-04)  3.081 —0.302 —0.289 1.844 0.104 1.252 0.045 —0.031 —0.009 0.80

ry (Cs;—-04)  3.089 —0.245 —0.230 1.730 0.088 1.254 0.063 —0.017 —0.002 0.80

rs (Cs;—0p)  3.129 -0.217 —0.206 1.572 0.080 1.149 0.054 —0.008 0.002 0.79

16 (Cs,-04)  3.135 —0.234 —0.228 1.576 0.088 1.114 0.023 —0.026 —0.007 0.79

r7 (Cs,-0p)  3.181 —0.220 —0.216 1.443 0.084 1.007 0.019 —0.011 0.000 0.79

rg (Cs;-04)  3.223 —0.202 —0.127 1.289 0.078 0.960 0.591 —0.022 —0.006 0.79

rg (Cs,-0,)  3.372 —0.147 —0.142 0.937 0.059 0.647 0.036 —0.029 —0.011 0.79

ri0 (C-0y) 1.273 —21.829 —21.595 26.847 2.502 —16.566 0.011 —0.781 —-0.477 1.07

r1; (C-0y) 1.274 —21.759 —21.434  26.702 2.496 —16.482 0.015 —0.782 —-0.477 1.07
r12 (Co-0y) 1.275 —22.461 —20.607  26.437 2.490 —16.626 0.090 —0.779 —0.476 1.07

113 (C2—03) 1.275 —22.041 —20.812  25.931 2.492 —16.923 0.059 —0.775 —0.475 1.06
r4 (C-Cy) 1.560 —11.997 —11.734 9.722 1.654 —14.009 0.022 —0.979 —0.562 0.75

Respective symbols used here are described in Table 2

Table 6 Topological properties of bond critical points (electron density and its Laplacian at bond critical point), averaged over particular bond
type in the structure, calculated for X,C,0,4 (X = Li, Na, K, B-Rb, a-Rb, Cs)

Me-O c-0 c-C
p(r)le A3 V2p(r)A™3 p(rle A™3 V2p(r)/A™3 p(rle A™3 V2p(riA~?

Li»C,0, 0.16 3.817 2.61 —13.746 1.66 ~13.934
Na,C,0, 0.13 2.926 2.57 —15.080 1.62 —13.190
K>C-04 0.09 1.365 2.64 —13.770 1.53 —11.430
B-Rb,C-0, 0.08 1.140 2.85 —7.563 1.62 —12.900
o-Rb,C,04 0.08 1.229 2.83 —7.986 1.72 —14.963
Cs,C,0,4 0.09 1.130 2.49 —16.649 1.65 —14.009

Table 7 Bader’s QTAiM atomic charges calculated for anhydrous alkali metal oxalates X,C,0,4 (where X = Li, Na, K, B-Rb, a-Rb, Cs)

Li,C,04
Li

0.853
Na,C,04
Na

0.884
0-Rb,C,04
Rb,
0.894
Cs,C,04
Cs,
0.896

1.058

1.047

sz

0.89

0.889

0,
—0.969

0,
—-0.971

&
1.158

G
1.044

0,

—0.942

0,

—0.96

G

1.095

&)

1.04

K,C,04

K C 0O, 0,
0.87 1.028 —0.946 —0.952

B-Rb,C,04

Rb C 0, 0,
0.886 1.122 —1.028 —0.98

O, O, O3 Oy

—1.03 —0.981 -0.97 —1.056

O, 0, 0; (O

—0.964 —-0.974 —0.959 —0.972

entirely the influence of cationic sub-lattice, but this
influence is in fact small and decreasing with increasing
size of respective alkali metal cation, where such influence
became negligible.

The analysis of topological properties of electron den-
sity shows that in case of all structures studied, we can
distinguish three independent classes of bonds, namely
covalent C—C bonds, covalent with some ionic character
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C-0 bonds, and mainly ionic Me—-O bonds, where Me =
Li, Na, K, B-Rb, a-Rb, Cs. Carbon—carbon bonds are much
weaker than C-O bonds and in the light of the high flexi-
bility in spatial position and orientation of entire oxalate
anion due to its electrostatic interaction with cationic sub-
lattice, one can safely assume that during thermal decom-
position process, carbon—carbon bond will break as the first
one which will lead to partial structure reconfiguration and
strain relaxation and to loosening and weakening of ionic
bonds between respective oxygen atoms and alkali metal
cations. Thus—due to the thermally activated oscillations
and rotations of COO™ groups—this will allow forming
of thermodynamically unstable [OCOCO,]*~ transition
structure, which should afterward decompose to energeti-
cally stable CO3~ anion and electrically neutral carbon
oxide (II) molecule. In the second part of this paper, we
will present the results of structural and bonding properties
analysis performed within Bond Valence Method formal-
ism and detailed analysis of the entirety of results presented
in both parts of this paper concerning structural and
bonding properties of anhydrous alkali metal oxalates
under study and their relations to thermal decomposition of
these compounds.
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