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Table S1. Molecular structure and liquid crystal behavior of the modelled compounds
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Molecular descriptors: Basic terms

The terminology used in the field of molecular descriptors is well described by Balaban and
Ivanciuc'’:

“Chemical formulas may be viewed as graphs that is as non-empty sets " and E of elements.
Elements V are called vertices and symbolize atoms. Elements E are called edges; they are
binary relations between elements V, i.e. unordered pairs, and they symbolize covalent bonds
between atoms. Unless otherwise stated, hydrogen atoms will be ignored as organic chemists
usually do when they write a benzene ring as a hexagon; such a hydrogen-depleted graph
includes only non-hydrogen atoms. Two vertices connected by an edge are called adjacent,
and the graph can be uniquely described by its adjacent matrix A. This matrix has elements a;;
equal to 1 for adjacent vertices i and j, and zero otherwise. It was initially called the Hiickel
matrix. A path is a succession of non-repeating edges such that there is no break between
edges. Walks can have repeating edges. Chemical graphs are connected graphs, as there is at
least one path from any vertex to any other vertex of the graph. The (topological) distance dj
between two vertices i and j is the number of edges along the shortest path between these
vertices. The graph is also uniquely determined by its distance matrix D, whose elements are
distances dj;.”

The LC equations of created 2D-MARS (Eq. (S1)) and 2&3D-MARS (Eq. (S2)) models:

2D-MARS (LC) =1.13-9.71-B, + 1.84-10"2- B, —1.63- 1073 - B; - B, — 8.43 -
10™* - Bs - B3 -Bg+3.34-1073-B, - B, - By — 2.18-1073 - B4 - By - By — 3.11- 1072 -
By-Bs-Bg+3.21-By-Byy-Bs-Bg+294-10"1-By-By, - By -Bs — 5.68-1072 - By, -
By Bg+3.00-10%-Bg-Bys-Bs-Bg —4.57-107% By - By, - B; - B, —8.12- 1071 -
By-Bys-By-Bg+175-1073 By - B3 - B, +9.24-1073 - By, - By - B, + 4.37 - 107 -
Byg By, Bs-Bg+126-10"*-Byg- By, - By - By — 243 - Byy - By, — 2.87 - 1071 - B, -
By-Bs-Bg— 5581075 Bys - By - Bs - By +3.51- By, - B3 - By + 1.16 - 10 - By - By -
Bg —3.10 - Byg - Byg - B - By + 6.15-1072 - By - By, - Bs - By (S1)

2&3D-MARS (LC) =9.02-10"2—5.69-10'-B, +8.80 - B, — 1.81- 103 - B; - B, —
783-102-B;-Bs —6.83-1071-B;- B, —3.16- 102 - B3 - B, + 1.26 - 10~1 - By - Bg +
8.33-1072-B; - By — 1.64 - Byy — 6.00 - By, - By, —7.08 - 1071 - By, - By + 2.44 - 101 -
By —6.09-1072-B, - B;s —3.19-107%-B, - By — 8.74-10' - B,, - Byg — 7.65- 1072 -
Byo - Byg —1.03- By Bs —2.33-1075 - B, - B; —5.30- 101 - By, - By, — 1.94- 1072 -
Bys By +223-10"2- By, —3.75-10"1 - Bye - Bs + 1.12- 1071 - B, - B, (S2)
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Table S2. List of descriptors used in the MARS models with short description

Group Label Short description
2D descriptors
Path Count MPC10 Molecular path count of order 10
Wiener Numbers WPOL Wiener polarity number
BCUT BCUTp-1h nlow highest polarizability weighted BCUTS
Chi Path VP-4 Valence path, order 4
VP-6 Valence path, order 6
AVP-0 Average valence path, order 0
Chi Chain SCH-7 Simple chain, order 7
Chi Path Cluster VPC-4 Valence path cluster, order 4
VC-5 Valence cluster, order 5
Detour Matrix VE1 Dt Coefficient sum of the last eigenvector from detour matrix
VE2 Dt Average coefficient sum of the last eigenvector from detour matrix
VE3 Dt Logarithmic coefficient sum of the last eigenvector from detour
matrix
Molecular distance edge ~ MDEC-12 Molecular distance edge between all primary and secondary
carbons
Barysz Matrix VE3 Dzv Logarithmic coefficient sum of the last eigenvector from Barysz
matrix weighted by van der Waals volumes
VE3 Dzs Logarithmic coefficient sum of the last eigenvector from Barysz
matrix weighted by I-state
VE3 Dze Logarithmic coefficient sum of the last eigenvector from Barysz
matrix weighted by Sanderson electronegativities
SpAbs_Dzp Graph energy from Barysz matrix weighted by polarizabilities
Information Content IC2 Information content index (neighbourhood symmetry of 2-order)
MICS Modified information content index (neighbourhood symmetry of
5-order)
Molecular linear free MLFER S Combined dipolarity/polarizability
energy relation MLFER L Solute gas-hexadecane partition coefficient
MLFER BO Overall or summation solute hydrogen bond basicity
Extended Topochemical ETA EtaP F  Functionality index EtaF relative to molecular size
Atom ETA Eta R Composite index Eta for reference alkane
3D descriptors
Petitjean Shape Index geomDiameter Geometrical diameter (maximum geometric eccentricity)
Charged partial surface =~ WNSA-2 Partial negative surface area * total negative charge on the
area molecule * total molecular surface area / 1000
RPCS Relative positive charge surface area = most positive surface area *
relative positive charge
WHIM E3s 3rd component accessibility directional WHIM index weighted by
relative I-state
P2m 2nd component shape directional WHIM index weighted by

relative mass

S17



Supporting Information

Table S3. Short description of descriptors selected using feature selection and genetic

algorithms
Label Short description
2D descriptors
SM1_Dzi Spectral moment of order 1 from Barysz matrix weighted by first ionization potential
SM1 _Dzs Spectral moment of order 1 from Barysz matrix weighted by I-state
SM1_Dzp Spectral moment of order 1 from Barysz matrix weighted by polarizabilities
EE Dzi Estrada-like index from Barysz matrix weighted by first ionization potential (In(1+x))
EE Dzm Estrada-like index from Barysz matrix weighted by mass (In(1+x))
EE Dzv Estrada-like index from Barysz matrix weighted by van der Waals volumes (In(1+x))
BCUTp-1h nlow highest polarizability weighted BCUTS
BCUTc-1h nlow highest partial charge weighted BCUTS
CISP3 Singly bound carbon bound to one other carbon
C3Sp2 Doubly bound carbon bound to three other carbons
SCH-6 Simple chain, order 6
SCH-7 Simple chain, order 7
VCH-6 Valence chain, order 6
VCH-7 Valence chain, order 7
VC-3 Valence cluster, order 3
VC-5 Valence cluster, order 5
VPC-4 Valence path cluster, order 4
VPC-5 Valence path cluster, order 5
VPC-6 Valence path cluster, order 6
piPC5 Conventional bond order ID number of order 5 (In(1+x)
piPC7 Conventional bond order ID number of order 7 (In(1+x)
TpiPC Total conventional bond order (up to order 10) (In(1+x))
MPC8 Molecular path count of order 8
ETA Beta A measure of electronic features of the molecule
ETA dAlpha B A measure of count of hydrogen bond acceptor atoms and/or polar surface area
ETA dPsi A A measure of hydrogen bonding propensity of the molecules
ETA BetaP A measure of electronic features of the molecule relative to molecular size
ETA Beta ns d A measure of lone electrons entering into resonance
MDEC-13 Molecular distance edge between all primary and tertiary carbons
MLFER _E Excessive molar refraction
GGl6 Topological charge index of order 6
GGI9 Topological charge index of order 9
JGI9 Mean topological charge index of order 9
SIC3 Structural information content index (neighbourhood symmetry of 3-order)
Mare Mean atomic Allred-Rochow electronegativities (scaled on carbon atom)
VE3 D Logarithmic coefficient sum of the last eigenvector from topological distance matrix
VR2 Dzs Normalized Randic-like eigenvector-based index from Barysz matrix weighted by I-state
3D descriptors
Dp D total accessibility index / weighted by relative polarizabilities
Lls 1st component size directional WHIM index weighted by relative I-state
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The SKNN and CPNN optimization results. An example of bubble plot.
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Figure S1. Plot of relative frequency of selection and mean value of optimization criteria used
for the selection of the 2D-FLS-SKNN architecture and training parameters. The dimension of
each bubble is proportional to the network size, the colour of the bubbles is proportional to the
number of epochs; the darker colour means the higher number of epochs. The dotted line
represents the overall means of frequencies and fitness function.
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Models based on 2D descriptors selected by DT Models based on 2D descriptors selected by FSL
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Figure S2. The prediction of LCs by DT model and ANN models, which are based on
descriptors selected by DT and FSL
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Figure S3. The prediction of LCs by MARS models and ANN models, which are based on
descriptors selected by MARS
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Models based on 2&3D descriptors selected by GA
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Figure S4. The prediction of LCs by ANN models based on descriptors selected by GAs

Models based on 2D descriptors transformed by PCA

Models based on 283D descriptors transformed by PCA
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Figure S5. The prediction of LCs by ANN models based on descriptors selected by PCA
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2D-FSL-SKNN output map (12x12)

Comp. Lsbel
7 Pl
LC=2 5 P2
NLC=1 oo
— 17 P
33 PS
43 P&
52 P7
‘ LC unit s s
59 ]
74 P10
A 82 P11
‘ NLC unit oo
92 P13
95 Pls
100 P15
111 Pl6
123 P17
128 P18
138 Pi1g
139 P20
140 P21
145 P22
166 P23
132 P24
184 P25
154 P26
205 P27
208 P28
212 P23
224 P30
225 P31
228 P32z
230 P32
240 P34
242 P35
243 P36
T 267 P37
273 P38
283 P33
285 P40
286 P41
288 paz
292 P4z
293 Pas
Corrgt_:t . Misclassification
classification

Figure S6. The 2D-FSL-SKNN output map (12x12) with the location of compounds used to test the model
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Table S4. The 2&3D-GA-PNN output probabilities

Compound Observed Probability of being Classification
behavior LC (prc) (%)

7 LC 86 LC
8 LC 86 LC
14 LC 82 LC
17 LC 100 LC
33 LC &5 LC
43 LC 62 LC
52 NLC 10 NLC
58 LC 50 LC
59 LC 70 LC
74 LC 100 LC
82 LC 77 LC
85 LC 65 LC
92 NLC 18 NLC
95 LC 99 LC
100 LC 56 LC
111 LC 71 LC
123 LC 55 LC
128 NLC 81 LC
138 LC 99 LC
139 LC 99 LC
140 LC 99 LC
145 LC 83 LC
166 LC 47 NLC
182 LC 71 LC
184 NLC 27 NLC
194 LC 95 LC
205 LC 71 LC
208 LC 82 LC
212 LC 19 NLC
224 LC 51 LC
225 LC 62 LC
228 LC 76 LC
230 NLC 37 NLC
240 LC 68 LC
242 LC 57 LC
243 LC 6 NLC
267 NLC 20 NLC
273 NLC 5 NLC
283 LC 92 LC
285 LC 57 LC
286 LC 77 LC
288 LC 82 LC
292 LC 91 LC
293 LC 91 LC
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