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Abstract: The unit cell edge length, a, of a set of complex cubic perovskites having the
general formula A%+BB’ Og is predicted using two methodologies: multiple linear regression and
artificial neural networks. The unit cell edge length is expressed as a function of six independent
variables: the effective ionic radii of the constituents (A, B and B’), the electronegativities of B
and B, and the oxidation state of B. In this analysis, 147 perovskites of the A3TBB'Og type,
having the cubic structure and belonging to the F'm3m space group, are included. They are
divided in two sets; 98 compounds are used in the calibration set and 49 are used in the test
set. Both models give consistent results and could be successfully used to predict the lattice
cell parameter of new members of this series.
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1 Introduction

Recently, investigations of compounds with the perovskite structure have attracted great
interest because of their useful physical and chemical properties [1-3]. As a result, many
compounds that belong in this group have been synthesized. Now, not only simple ABO3
compounds are included under the name perovskite but also different series of compo-
unds containing mixed cations, for example: (A’ A YBOs, A(B.BY_,)Os, (A]_,A7)BOs,
(ALAT ) (BB _,)Os.
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Historically, the original perovskite (CaTiO3) was identified as crystallizing in the
cubic space group, Pm3m [1]. Further investigation revealed a distortion from cubic
structure, lowering the symmetry of CaTiOj3 from cubic to orthorhombic [4]. The nature
of distortion most likely depends upon the size of the ionic radii of the O-anion and A,
B cations. Refinement of the crystal structures of different perovskite compounds reveals
the existence of different crystal systems (orthorhombic, rombohedral, monoclinic, etc
[1-3]).

The large number of compounds reported, and the possibility of synthesizing of new
perovskite compounds underscores the usefulness of the ability to predict their structure
and properties. Therefore, numerous attempts have been made to correlate structural
parameters with physical variables of the constituent elements [5-10].

In our previous work, linear regression was used to predict the cell parameters and
the complete crystal structures of another series of compounds [11-16]. Recently, we pre-
dicted unit cell parameters of orthorhombic perovskites by multiple linear regression and
artificial neural networks [17]. Continuing our work on perovskite compounds, we have
concentrated on complex perovskites with the general formula A2"BB’Og. These pero-
vskites with multiple B-cation sites form one of the largest groups of complex perovskites
and adopt different crystal structures [1-3]. The largest isomorphous subgroup of this
type of complex perovskites belongs to the cubic space group, Fm3m. In this structure,
the two different cations B and B’, are alternatively distributed in equivalent crystallo-
graphic positions (Fig. 1). The oxidation state of B cations may vary, however, so the
compounds are of several types as: AZTB"*B" 04, AZTB2tB5+ 04, AZTB3T Bt Qg. If the
difference in the valence and the radii between B and B’ are both large, the compounds
adopt an ordered cubic structure [1]. However, there are some more subtle electronic
factors that are responsible for order/disordered cubic structures [8].

Fig. 1 Crystal structure of an ordered double perovskite with general formula A;BB’Og.

Continuing our work in the field of perovskites, and on structural correlations of
isomorphous/isostructural series, we present a simple model for predicting the length
of unit cell edge of cubic perovskites with general formula A;BB’Og by two methods:



200 S. Dimitrovska et al. / Central European Journal of Chemistry 3(1) 2005 198-215

multiple linear regression (MLR) and artificial neural networks (ANN).

2 Data analysis

2.1 Choice of the sample and the independent variables

The lattice parameter of the cubic A;BB’Og type perovskites was taken to be the depen-
dent variable in the analysis. The lengths of the unit cell edge (a/ A) for 147 perovskites
of A;BB'Og type, with an (NHy)sFeFg structure and F'm3m space group, were retrieved
from the literature [1, 18-33]. In order to make comparisons between the two models, the
data were divided randomly into two subsets: the calibration subset with 98 compounds
and test subset with 49 compounds.

First, three independent variables are considered, namely the effective ionic radii of
the constituents. The values of the effective ionic radii for the corresponding oxidation
states and coordination numbers are taken from Shannon [34]. Thus, the cations in A-
position were treated as twelve-coordinate, and the cations in B-position as six-coordinate
in their high spin state.

In this isomorphous series, the B-cations are in different oxidation states, another
independent variable was included in the analysis. The sum of the oxidation states for
cations in the B-position is eight, thus, only the oxidation state (z) of one of the B-cations
is an independent variable, e.g. of the B-cation in lower oxidation state. The analysis
shows that this independent variable is statistically significant.

Another factor affecting the crystal structure might be the electronegativity (z) of
the constituents, taking into account that the difference between the electronegativity of
the cations and the anion (oxygen) affects the degree of the ionic character of the bond.
With few exceptions, Ba?T, Sr** and Ca** are the cations found in the A-position; the
electronegativity of the cations in the A-position is not statistically significant. However,
the electronegativities of the B-cations were statistically significant and were included in
the analysis. The values for Pauling’s electronegativities are found in reference [35].

The input data (for both the independent and the dependent variables) for the cali-
bration set are given in Table 1.

2.2 Modeling

Two methods of analysis were used in this work: multiple linear regression (MLR) and
artificial neural networks (ANN). Both were chosen because of their powerful predictive
abilities.

The MLR was performed using the program package STATGRAPHICS PLUS Ver.
3.0 [36]. The length of the unit cell edge, a, was expressed as a function of six independent
variables:

a/A=b+c r(A)/A+d-r(B)/A+e-r(B)/A+f-2(B)+g z(B)+h-2(B) (1)
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The symbols of the dependent and independent variables in the previous equation are
given in the text above. The parameter b is the intercept of the regression surface, and
¢, d, e, f, g and h are the slopes of the regression surface with respect to each variable.
As the variables are dimensionless (the unit cell length and the radii of the constituents
are divided by A), the parameters are dimensionless, as well.

In recent years, ANNs have proven to be useful algorithms, and they have been applied
to solve different chemical problems [37,38]. Their theoretical basis is well documented
in the chemometric literature [38], so only the procedure for their optimization will be
described here.

In this study we used three layered, feed-forward neural networks with six input
neurons (determined by the number of independent variables), one output neuron (deter-
mined by the number of dependent variables) with a linear transfer function [38] and one
hidden layer with neurons having a sigmoid transfer function [38]. The optimal network
architecture was searched by changing the number of neurons in the hidden layer from one
to ten. The Nguyen-Widrow [39] algorithm was used for initialization of the weights and
biases for the networks. The networks were optimized using the Levenberg-Marquardt
algorithm [40] for the back-propagation of error and implemented in the programming
package Matlab [41].

The generalization abilities of the ANNs were controlled by an early stopping proce-
dure. For this purpose, we had to divide the calibration set into two subsets (a training
set and a validation set) consisting of 49 samples. The training set serves to optimize the
weights and biases of the ANNs, and each network architecture was trained forty times.
The validation set serves to monitor the performance of the ANNs during the training.
If an error in the validation set starts to increase during the training, the network starts
to overfit the data. If this is repeated in ten consecutive training cycles, the training is
stopped, and the weights and biases corresponding to a minimal error in the validation set
are restored. Although this technique could be criticized, because it requires the division
of the available samples into two subsets for training, it does give good results [17, 42-43].

3 Results and discussion

The estimated coefficients of the proposed MLR model developed using the calibration
set, as well as the standard errors and ¢-statistics (Table 1) are given in Table 2.

The adjusted coefficient of determination R, for the developed model is 96.92 %,
which means that the regression equation can successfully predict the unit cell length of
other members in the series. The predicted values of the unit cell length compared with
the actual values for the compounds in calibration set are given in Table 3. There is
an excellent agreement between the actual and predicted values, except for four of them.
The largest discrepancy appears for CaoCaWQOg. However, the calculated tolerance factor
(0.88) for this compound is at the lower limit for these structures (0.87-1.04).

The performance of the model developed was verified using an independent set of

variables (test set) consisting of 49 perovskite samples, which were not used during the
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calibration. The predicted and the actual values of unit cell parameter for the compounds
in the test set, as well as, the absolute errors are presented in Table 4.

The root mean square error of prediction (RMSEP) was calculated in order to estimate
the performances of the model:

(. . . 5
RMSEP = \/Zz(az, actual Z Qj, predlcted) (2)

In equation (2), ¢ is the number of samples in the test set, a; actual 1S the experimental
value of the unit cell parameter for the sample 7, and @; predictea 18 the predicted value for
the same sample. The calculated RMSEP for the model developed by MLR is 0.0552 A.

Among different network architectures, the one with two neurons in the hidden layer
shows the best predictive ability. The RMSEP for the network with the best prediction
ability (among those with two neurons in the hidden layer) is 0.0497 A.

The results obtained by ANN are also presented in Table 4. There is excellent agre-
ement between the actual (experimentally obtained) and the predicted values of the unit
cell length obtained by each model. The values obtained for the residuals by both methods
are comparable. Thus, in both cases there are just three values which exceed 0.100 A
for the same compounds, and one additional value obtained only by ANN. The mean
absolute error obtained by MLR is 0.042 A and 0.037 A by ANN.

In order to gain even better insight into the predictive power of the proposed models
(MLR and ANN), graphs correlating the actual and predicted values for the unit cell edge
length for the compounds in the test set are given in Fig 2.
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Fig. 2 Correlation between actual and predicted values for a by MLR and ANN.

Since the RMSEP obtained using the ANN model was found to be smaller than the
one corresponding to the MLR model, we applied the F-test in order to determine if the
difference in RMSEP was statistically significant:

F(ny,n9) = RMSEPq;r/ RMSEP {xx (3)
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where n; and ny are the number of samples in the test set used in the MLR and ANN
models, respectively. At a level of significance of 0.95 the calculated F' value (1.250)
is lower that the critical one (1.615), indicating that there is no statistical difference in
RMSEP values predicted by MLR and feed-forward neural networks.

4 Conclusion

The length of the unit cell edge of cubic complex perovskites of the general formula
AsBB’Og are successfully expressed as a function of six independent variables (the effec-
tive ionic radii of the constituents, the electronegativities of B-ions, and the oxidation
state of the B’ cation). Here, we have compared two simple models (MLR and ANN)
for the prediction of the unit cell parameters. Both models give excellent results and
therefore, could be used to predict the unit cell parameters of new members of this series.
Although the ANNs are capable of modeling possible nonlinearities among independent
and dependent variables, in this case there is no statistically significant difference between
the predictions of the two models.
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Formula r(A)JA rB)/A rB)/A z(B) z(B) 2B) a/A Ref
Calibration set

1 | BagAglOg 1.61 1.15 053 193 266 1 846 [l
2 BasLiOsOg 1.61 0.76 0.525 0.98 2.2 1 8.1046 [18
3 |  BayNalOg 1.61 1.02 053 093 266 1 833 [l
4 BasNaOsOg 1.61 1.02 0.525 0.93 2.2 1 8.287  [1§]
5 | CapliOsOg 1.34 076 0525 098 22 1 783 [l
6 | CasLiReOg 1.34 0.76 053 098 1.9 1 783 [l
7 | SryLiReOg 1.44 0.76 053 098 1.9 1 787 [l
8 | SryNaOsOg 1.44 1.02 0525 093 22 1 813 [l
9 | BayBiTaOg 1.61 1.03 064 19 1.5 3 8568 [l
10 | BagCePaOg 1.61 1.01 078 112 1.5 3 8.8 [l
11 BasDyNbOg 1.61 0.912 0.64 1.22 1.6 3 8.437 [1]
12 | BayDyPaOg 1.61 0912 078 122 15 3 874 [l
13 BasErNbOg 1.61 0.89 0.64 1.24 1.6 3 8.427 [1]
14 | BagErPaOg 1.61 0.89 078 124 15 3 8716 [l
15 BasErRuOg 1.61 0.89 0.565 1.24 2.2 3 8.323 [19
16 BasErTaOg 1.61 0.89 0.64 1.24 1.5 3 8.423 1]
17 BasEuNbOg 1.61 0.947 0.64 1.12 1.6 3 8.507 [1]
18 | BayEuPaOg 1.61 0947 078 112 1.5 3 8783 ]
19 | BagFeMoOg 1.61 0645  0.61 183 216 3 80747 [20
20 | BagFeReOg 161 0645 058 183 1.9 3 805 [l
21 | BayGdPaOg 161 0938 078 12 1.5 3 8774 [l
22 | BayGdReOg 161 0938 058 12 1.9 3 8431 1]
23 | BagHoNbOg 1.61  0.901 064 123 1.6 3 8434 [l
24 | BagHoPaOg 1.61  0.901 078 123 1.5 3 873 [l
25 | BagInNbOg 1.61 0.8 064 178 1.6 3 8279 [l
26 BasInOsOg 1.61 0.8 0.575 1.78 2.2 3 8.224 [1]
27 | BayInReOg 1.61 0.8 058 178 1.9 3 8258 [l
28 | BayInSbOg 1.61 0.8 06 178 205 3 8269 [l
29 | BapInUOg 1.61 0.8 076 178 1.7 3 852 [l
30 | BagLaPaOg 161 1032 078 11 1.5 3 888 [l
31 BasLuNbOg 1.61 0.861 0.64 1 1.6 3 8.364 [1]
32 | BagLuPaOg 1.61  0.861 0.78 1 1.5 3 8666 [l
33 | BapMnReOg 161 0645 058 155 1.9 3 818 [21]
34 | BagNdNbOg  1.61 0983 064 114 1.6 3 854 [l
35 | BayNdReOg 161 0983 058 114 1.9 3 851 [l
36 BasNdTaOg 1.61 0.983 0.64 1.14 1.5 3 8.556 1]

*Some literature data [33] refer this compound as rhombohedral;

**The value for the pseudocubic unit cell parameter was taken.

Table 1 Input data in the analysis: radii of the constituents (r), electronegativity of the B-
cations (z), the oxidation state of B-cation (z) and lattice parameter (a).
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Formula  r(A)/A r(B)/A r(B)/A zB) z(B) zB) a/A  Ref

37 | BasRhNbOg  1.61  0.745 064 228 1.6 817 [l
38 | BapgScNbOg  1.61  0.745  0.64 136 1.6 8.23402  [3]
39 | BapScPaOg  1.61  0.745 078 136 15 8.549  [1]
40 | BagScReOg ~ 1.61  0.745 058 136 1.9 8.163  [1]
41 | BayScTaOg  1.61 0745 064 136 1.5 8.23147  [3]
42 | BayScUOg 161  0.745 076  1.36 1.7 849 [l
43 | BapSmPaOg  1.61 0958  0.78 117 1.5 8792 [
44 | BapSmTaOg  1.61 0958 064 117 1.5 8519  [1]
45 | BayTISbOg  1.61  0.885 0.6 1.8 205 8.3809  [22]
46 | BayTITaOg 161  0.885 064 1.8 1.5 842 [l
A7 | BagTmPaOg  1.61 0.88 078 125 15 8.692  [1]
48 | BagTmTaOg  1.61 0.88 064 125 15 8.406  [1]
49 | BayYPaOg 161 0.9 078 122 15 8.718 [l
50 | BapgYReOg  1.61 0.9 058  1.22 1.9

8372 1]
51| BasYUOg  1.61 0.9 0.76 122 1.7 869 [l
52 | BagYbNbOg 1.6 0.868  0.64  1.21 1.6
53 | BagYbTaOg  1.61  0.868  0.64  1.21 15

54 | PbeScTaOg 1.49 0.745 0.64 1.36 1.5

8.374 [l
839 [l
8.1401  [23]

55| SrpAlTaOg 144 0535 064 161 15 779133 [3]

4]
57 | SryCrOsOg 144  0.615 0575  1.66 2.2 784 [l
58 | SroCrWOg 144 0.615 062  1.66 1.7 782 [21]
59 | SryGaOsOg  1.44  0.62 0575 181 22 782 1]
60 | SroGaReOg  1.44  0.62 058 1.81 1.9 7.843  [1]
61 | SryInReOg 1.4 0.8 058 1.78 1.9 8.071 1]
62 | SroInUOg 1.44 0.8 076  1.78 1.7 833 1]

63 | SraScBiOg* 1.44 0.745 0.76 1.36 1.9 8.1816  [25]
]

64 | SryScOsOg 144  0.745 0575 136 2.2 8.02 |1

65 | SryRhTaOg 144  0.665  0.64 228 15 7.939  [24]
66 | SryCrNbOg 144 0615  0.64  1.66 1.6 787 1]
67 | BayCaMoOg  1.61 1 0.59 1 216 8.3803  [26]
68 | BapCaOsOg  1.61 1 0.545 1 22 8.362  [1]
69 | BagCaTeOg  1.61 1 0.56 1 21 8.393  [1]

70 | BagCalUOg 1.61 1 0.73 1 1.7
71 | BapCdMoOg 1.61 0.95 0.59 1.69 2.16
72 | BapCdOsOg 1.61 0.95 0.545 1.69 2.2
73 | BapgCoMoOg 1.61 0.745 0.59 1.88  2.16
74 | BaaCoReOg 1.61 0.745 0.55 1.88 1.9
75 | BasCoWOs 1.61 0.745 0.6 1.88 1.7

8.67 [l
8.3242 [2
8.325 |

8.08623 |2

8.086 |

8.10799  [28]

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
56 | SraCoSbOg 1.44 0.61 0.6 1.88  2.05 3 7.88 [2
3 [
3
3
3
3
3
3
3
3
3
2
2
2
2
2
2
2
2
2

Table 1 (continue) Input data in the analysis: radii of the constituents (r), electronegativity of
the B-cations (z), the oxidation state of B-cation (z) and lattice parameter (a).
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Formula  r(A)/A r(B)/A r(B)/A z(B) z®B) 2B) a/A  Ref
76 | BayCrUOg 1.61 0.8 0.73 166 1.7 2 8.297 1]
77 | BagFeUOg 1.61 0.78 073  1.83 1.7 2 8312  [1]
78 | BaaMgMoOg 1.61 0.72 0.59 1.31  2.16 2 8.08377  [26]
79 | BasMgReOg 1.61 0.72 0.55 1.31 1.9 2 8.082 1]
80 | BagyMgTeOg 1.61 0.72 0.56 1.31 2.1 2 8.13 [1]
81 | BasMgWOgq 1.61 0.72 0.6 1.31 1.7 2 8.09849  [26]
82 | BasMnMoOg 1.61 0.83 0.59 1.55  2.16 2 8.168 [29]
83 | BagMnUOg 1.61 0.83 0.73 155 1.7 2 8.52 1]
84 | BasNiMoOg 1.61 0.69 0.59 1.91  2.16 2 8.035 [27]
85 | BagNiUOg 1.61 0.69 0.73 1.91 1.7 2 8.336 [1]
86 | BasNiWOg 1.61 0.69 0.6 1.91 1.7 2 8.0748  [30]
87 | BayZnOsOg 1.61 0.74 0.545 1.65 2.2 2 8.095 [1]
88 | BayZnReOg 1.61 0.74 0.55 1.65 1.9 2 8.106  [1]
89 | BayZnWOg 1.61 0.74 0.6 1.65 1.7 2 8.11612  [26]
90 | CayCaWOg 1.34 1 0.6 1 1.7 2 8 1]
91 | PboFeWOgq 1.49 0.78 0.6 1.83 1.7 2 8.05 1]
92 | PboMgTeOg 1.49 0.72 0.56 1.31 2.1 2 7.99 [1]
93 | SryCa0sOg 1.44 1 0.545 1 2.2 2 8.21 1]
94 SroCoUOg 1.44 0.745 0.73 1.88 1.7 2 8.19 [1]
95 SroFeOsOg 1.44 0.78 0.545 1.83 2.2 2 7.85 1]
96 SroFeUOg 1.44 0.78 0.73 1.83 1.7 2 8.11 [1]
97 | SroMgUOg 1.44 0.72 0.73 1.31 1.7 2 8.19 1]
98 | SroMnUOg 1.44 0.83 0.73 1.55 1.7 2 8.28 1]

Table 1 (continue) Input data in the analysis: radii of the constituents (r), electronegativity of
the B-cations (z), the oxidation state of B-cation (z) and lattice parameter (a).
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Coefflicient | Numerical value Standard error t¢-statistic
b 4.3966 0.1302 33.775
c 1.1659 0.0662 17.602
d 1.0637 0.0493 21.565
e 1.7085 0.0843 20.265
f -0.0747 0.0170 -4.3942
g 0.0435 0.0259 1.6770
h 0.0499 0.0094 5.3276

Table 2 Numerical values of coefficients estimated by MLR, standard errors and ¢t—statistics.
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Formula a(act.)/A a(pred.)/A |Aa|/A
BagAglOg 8.46 8.424 0.036
BayLiOsOg 8.1046 8.052 0.053
BasNalOg 8.33 8.361 -0.031

BayNaOsOg 8.287 8.332 -0.045
CagLiOsOg 7.83 7.737 0.093
CagLiReOg 7.83 7.732 0.098
SraLiReOg 7.87 7.849 0.021
SraNaOsOg 8.13 8.134 -0.004
BayBiTaOg 8.568 8.536 0.032
BagCePaOg 8.8 8.812 -0.012

BagDyNbOg 8.437 8.466 -0.029

BayDyPaOg 8.74 8.701 0.039
BagErNbOg 8.427 8.441 -0.014
BasErPaOg 8.716 8.676 0.040
BagErRuOg 8.323 8.339 -0.016
BagErTaOg 8.423 8.436 -0.013

BasEuNbOg 8.507 8.510 -0.003
BasEuPaOg 8.783 8.745 0.038

BagFeMoOg 8.0747 8.109 -0.034
BagFeReOg 8.05 8.047 0.003

BagGdPaOg 8.774 8.730 0.044

BayGdReOg 8.431 8.405 0.026

BasHoNbOg 8.434 8.453 -0.019

BasHoPaOg 8.73 8.688 0.042
BasInNbOg 8.279 8.305 -0.026
BagInOsOg 8.224 8.220 0.004
BagInReOg 8.258 8.215 0.043
BagInSbOg 8.269 8.256 0.013
BagInUOg 8.52 8.514 0.006
BagLaPaOg 8.885 8.837 0.048

BasLuNbOg 8.364 8.428 -0.064
BagLuPaOg 8.666 8.663 0.003

BasMnReOg 8.18 8.213 0.033

BasNdANbOg 8.54 8.547 -0.007

BasNdReOg 8.51 8.458 0.052

BagNdTaOg 8.556 8.543 0.013

BagRhNbOg 8.17 8.209 -0.039
BayScNbOg 8.23402 8.278 -0.044

Table 3 Actual, predicted values for the unit cell length, as well as, absolute errors for the
compounds of the calibration set obtained by MLR.
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Formula a(act.)/A a(pred.)/A |Aa|/A
BagScPaOg 8.549 8.512 0.037
BayScReOg 8.163 8.188 -0.025
BayScTaOg 8.23147 8.273 -0.042
BayScUOg 8.49 8.487 0.003

BagSmPaOg 8.792 8.753 0.039
BasSmTaOg 8.519 8.514 0.005
BagTISbOg 8.3809 8.345 0.036
BagTITaOg 8.42 8.389 0.031
BayTmPaOg 8.692 8.664 0.028
BasTmTaOg 8.406 8.425 -0.019
BayYPaOg 8.718 8.688 0.030
BasYReOg 8.372 8.363 0.009
BayYUOg 8.69 8.662 0.028
BasYbNDbOg 8.374 8.420 -0.046
BagsYbTaOg 8.39 8.415 -0.025
PbaScTaOg 8.1401 8.133 0.007
SraAlTaOg 7.79133 7.833 -0.042
SraCoSbhOg 7.88 7.848 0.032
SraCrOsOg 7.84 7.834 0.006
SraCrWOg 7.82 7.889 -0.069
SraGaOsOg 7.82 7.828 -0.008
SraoGaReOg 7.843 7.823 0.020
Sr2InReOg 8.071 8.017 0.054
SraInUOg 8.33 8.316 0.014
Sr2S5cBiOg 8.1816 8.297 -0.116
Sr25¢0s0g 8.02 7.994 0.026
SraRhTaOg 7.939 7.921 0.018
SraCrNbOg 7.87 7.919 -0.049
BayCaMoOg 8.3803 8.465 -0.084
BayCa0sOg 8.362 8.390 -0.028
BasCaTeOg 8.393 8.411 -0.018
BapCalUOg 8.67 8.684 -0.014
BayCdMoOg 8.3242 8.360 -0.036
BayCdOsOg 8.325 8.285 0.040
BayCoMoOg | 8.08623 8.128 -0.041
BasCoReOg 8.086 8.048 0.038
BasCoWOg 8.10799 8.125 -0.017
BayCrUOg 8.297 8.422 -0.125
BagFeUOg 8.312 8.388 -0.076

Table 3 (continue) Actual, predicted values for the unit cell length, as well as, absolute errors
for the compounds of the calibration set obtained by MLR.
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Formula aact.)/A a(pred.)/A |Aa|/A
BagMgMoOg | 8.08377 8.144 -0.060
BayMgReOg 8.082 8.064 0.018
BasMgTeOg 8.13 8.090 0.040
BasMgWOg 8.09849 8.141 -0.042
BasMnMoOg 8.168 8.243 -0.075
BaaMnUOg 8.52 8.462 0.058
BayNiMoOg 8.035 8.067 -0.032
BagNiUOg 8.336 8.286 0.050
BagNiWOg 8.0748 8.064 0.011
BayZnOsOg 8.095 8.064 0.031
BayZnReOg 8.106 8.060 0.046
BasZnWOgq 8.11612 8.137 -0.021
CagCaWOg 8 8.147 -0.147
PbaFeWOg 8.05 8.026 0.024
PboMgTeOg 7.99 7.950 0.040
Sr2Ca0s0g¢ 8.21 8.191 0.019
SraCoUOg 8.19 8.149 0.041
SroFeOsOg 7.85 7.895 -0.045
SroFeUOg 8.11 8.190 -0.080
SraMgUOg 8.19 8.165 0.025
SroMnUOQOg 8.28 8.264 0.016

Table 3 (continue) Actual, predicted values for the unit cell length, as well as, absolute errors
for the compounds of the calibration set obtained by MLR.
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Formula ) MLR ) ) ANN ~ Ref.
a(act.)/A a(pred.)/A |Aa|/A a(act.)/A a(pred.)/A |Aa|/A
BagLiReOg 8.118 8.047 0.071 8.118 8.088 0.030 1]
BagNaReOg 8.296 8.327 0.031 8.296 8.339 0.043 [1]
SraLiOsOg 7.860 7.853 0.007 7.860 7.868 0.008 1]
SraNaReOg 8.130 8.129 0.001 8.130 8.141 0.011 [1]
BayCoReOg 8.086 8.006 0.080 8.086 8.065 0.021 1]
BayDyTaOg 8.545 8.461 0.084 8.545 8.446 0.099 1]
BasErReOg 8.354 8.351 0.003 8.354 8.385 0.031 [1]
BasErUOg 8.670 8.650 0.020 8.670 8.678 0.008 1]
BagEuTaOg 8.506 8.506 0.000 8.506 8.497 0.009 [1]
BayGANbOg 8.496 8.495 0.001 8.496 8.483 0.013 1]
BagGdSbOg 8.440 8.446 0.006 8.440 8.424 0.016 [1]
BasHoTaOg 8.442 8.449 0.007 8.442 8.431 0.011 1]
BagInPaOg 8.596 8.540 0.056 8.596 8.575 0.021 [1]
BasInTaOg 8.280 8.300 0.020 8.280 8.278 0.002 1]
BasLaReOg 8.580 8.513 0.067 8.580 8.533 0.047 1]
BasLuTaOg 8.372 8.423 0.051 8.372 8.389 0.017 1]
BayNdPaOg 8.840 8.782 0.058 8.840 8.810 0.030 1]
BagPrPaOg 8.862 8.790 0.072 8.862 8.817 0.045 [1]
BasScOsOg 8.152 8.193 0.041 8.152 8.208 0.056 1]
BayScSbOg 8.197 8.229 0.032 8.197 8.200 0.003 [1]
BasSmNDbOg 8.518 8.518 0.000 8.518 8.512 0.006 1]
BasThPaOg 8.753 8.713 0.040 8.753 8.747 0.006 [1]
BayTmNbOg 8.408 8.429 0.021 8.408 8.403 0.005 1]
Bas YNbOg 8.441 8.453 0.012 8.441 8.431 0.010 3]
BasYTaOg 8.433 8.449 0.016 8.433 8.430 0.003 1]
BasYbPaOg 8.678 8.654 0.024 8.678 8.685 0.007 1]
SroAINDOg 7.786 7.837 0.051 7.786 7.853 0.067 3]
SroCrMoOg 7.840 7.892 0.052 7.840 7.891 0.051  [21]
SroFeBiOg 8.063 8.156 0.093 8.063 8.135 0.072  [31]
SraInOsO¢ 8.060 8.022 0.038 8.060 8.012 0.048 [1]
SroRhNbOg 7.914 7.926 0.012 7.914 7.945 0.031 [24]
SraScReOg 8.020 7.990 0.030 8.020 7.967 0.053 1]
BayBaUOg 8.890 9.064 0.174 8.890 9.002 0.112 [1]
BayCaReOg 8.356 8.385 0.029 8.356 8.414 0.058 1]
BayCaWOg 8.388 8.462 0.073 8.388 8.453 0.065  [26]
Ba;CdReOg |  8.322 8.280 0.042  8.322 8.341 0.019  [1]
BayCoUOg 8.374 8.347 0.027 8.374 8.343 0.031 1]
BagFeReOg 8.050 8.089 0.039 8.050 8.162 0.112 1]
BasMgOsOg 8.080 8.069 0.011 8.080 8.101 0.021 1]

Table 4 Actual and predicted values for the unit cell edge length, as well as, absolute errors for
the compounds of the test set obtained by MLR and ANN.
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Formula ) MLR ) ) ANN ~ Ref.
a(act.)/A a(pred.)/A |Aa|/A a(act.)/A a(pred.)/A |Aa|/A
BasMgUOQOg 8.381 8.363 0.018 8.381 8.336 0.045 [1]
BasMnWOg 8.199 8.240 0.041 8.199 8.209 0.011 [21]
BasNiReOg 8.040 7.987 0.053 8.040 8.062 0.022 [1]
BasZnMoOg 8.103 8.140 0.036 8.103 8.074 0.029 [26]
BasZnUOg 8.397 8.359 0.038 8.397 8.348 0.049 1]
CaoMgWOg 7.700 7.826 0.126 7.700 7.819 0.119 1]
PboMgWOgq 8.006 8.001 0.005 8.006 8.021 0.015 [32]
SroCrUOg 8.090 8.224 0.134 8.090 8.227 0.137 1]
SroMgTeOg 7.940 7.892 0.048 7.940 7.894 0.046 1]
SroNiUOg 8.150 8.088 0.062 8.150 8.103 0.047 [1]

Table 4 (continue) Actual and predicted values for the unit cell edge length, as well as, absolute
errors for the compounds of the test set obtained by MLR and ANN.



