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Abstract Optimal descriptors calculated with International Chemical Identifier
(InChI) have been used to construct one-variable model of the solubility of fuller-
ene Cgo in organic solvents . Attempts to calculate the model for three splits into
training and test sets gave stable results. Statistical quality of the model is n = 92,
r? = 0.9447, 0> = 0.9418, s = 0.253, standard deviation of error of prediction
(SDEP)= 0.258, F = 1, 538 (training set) and n = 30, 7> = 0.9398, R;red = 0.9315,
s = 0.348, F = 437 (test set).

Keywords QSPR - InChl - Fullerene Cgp solubility

1 Introduction

The selection of solvent for fullerene Cgg can be a first step to design of new
nanomaterials or new nanotechnologies. It is encourages search for theoretical
methods to predict of the Cgp solubility as a mathematical function of structure of
solvent [1].

Simplified molecular input line entry system (SMILES) [2—4] and International
Chemical Identifier (InChl) [5-7] are an elucidations of the molecular structure
by special sequences of symbols. The number of available via Internet databases
which are using mentioned representations of the molecular structure is gradually
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increasing [8,9]. Under such circumstances the construct of the quantitative
structure—property/activity relationships (QSPR/QSAR) which are based on the
SMILES or InChl (i.e., directly from Internet databases) becomes very tempting.

This study has been aimed to estimate the ability of the InChl as a tool for the
QSPR/QSAR analyses. Itis to be noted that there are experience of the use the SMILES
as the tool of the QSPR/QSAR analyses in general [ 10—14] and for QSPR modeling of
the fullerene Cg( in particular [15,16]. However, a description of the using the InChl
in the QSPR/QSAR is still absent.

2 Method

Figure 1 shows an example of the InChl. There are three basic layers for the InChl:
formula, connectivity, and hydrogen atoms.

The formula is provider of the following InChlI attributes (Ix):

Br2; Br3; Br (bromine atom); C10; C11; C12; C14; C16; C2; C3; C4; C5; C6;
C7; C8; C9; C; (carbon atom); CI2; Cl13; Cl4; Cl (chlorine atom); F (fluorine atom);
I (iodine atom); N (nitrogen atom); O2; O3; O (oxygen atom); S (sulphur atom);

The connectivity layer gives the following group of the Ii:

(105 (115 (145 (2; (35 (4 (55 (65 (75 (85 (95 5,105,115 ,15,2; .35 145,55 ,6; ,7; .85 ,9;
—10; —11;

—12; —13; —14; —15; —1; —=2; —3; —4; —=5; —6; —7; —8; —9; 0; 1; 2; 3; 4; 5; 6;
7;8;9; cll;cl; c2; c3; c4; c6; ¢7; c8; ¢9;

Hydrogen atoms layer gives:

h1; h2; h3; h4; h5; h6; h7; h8; h9; H10; H11; H12; H14; H16; H18; H22; H26;
H30; H2; H3; H4; H5; H6; H7; HS; H9; H;

Next additional group is indicators of electronic charge and double bonds

+ = b2

and finally the symbol of /.

The algorithm for building of the InChl-based model is the following.

1. Definition of the split (i.e., list of the training set and list of the test set);

2. Definition of the total list of the InChl attributes;

3. Calculation (by the Monte Carlo optimization) of the correlation weights W(Iy )
for the InChl attributes which give maximum of the correlation coefficient (for
the training set) between the DCW(InChl) and logS, Cgg fullerene solubility. The
DCW(InChl) is calculated as

/(2:H3 InChI=1/C5H12/c1-3-5-4-2/h3-5H2,1-2H3
/5—4
- Description Layers
H3(1: 8 Formula C5HI2
Connectivity cl-3-5-4-2
Hydrogen atoms h3-5H2,1-2H3

Fig. 1 Example of the InChlI layers (pentane, CsHy, CAS 109-66-0)
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DCW (InChl) = =W (Iy) (1)

where the Iy is InChl attribute and W (I) is the correlation weight for the I.

4. Having the W(I) which produce maximum of the correlation coefficient for the
training set, one can using data on the training set to calculate model of the ful-
lerene Cgp solubility

logS = Cy + C; * DCW (InChI) )

5. Predictive potential of the Eq. 2 one can estimate with data on the test set.

3 Results

Three splits into training and test sets have been examined (Table 1). Table 2 shows
that statistical characteristics of the models are satisfactory for all splits. Table 3 shows
the distribution of the InChlI attributes (between the training set and test set) for three
splits. One can see from Table 3 that there are variations in the distributions of the
InChl attributes for these splits. However, Fig. 2 shows that models for all three splits
are satisfactory ones.

Table 4 contains correlation weights W(Iy ) obtained by the Monte Carlo optimiza-
tion. Table 5 shows an example of the DCW (InChl) calculation with Eq. 1. Model that
was obtained in the first run of the Monte Carlo optimization (split 1) is the following

logs = —7.9824 (£0.1397) + 0.3250 (£0.0010) * DCW (InChI) 3)

n=92,r?=09447, 0% = 0.9418, s = 0.253, SDEP=0.258, F = 1538 (training
set)

n = 30,r% = 09398, R> ; = 09315, 5 = 0.348, F = 437, k = 0.9931, k" =
1.0031 (test set)

The model (calculated with Eq. 3) is characterized by correlation coefficient (r), the
crossvalidated coefficient Q2 [16], predictive r2 value (R;red) [17], standard error of
estimation (s), standard deviation of error of prediction (SDEP) [18] and slopes k and
k', which according to [19] must satisfy the following conditions: 0.85 < k < 1.15
or 0.85 < k’ < 1.15 Table 6 shows experimental and calculated with Eq. 3 values of
fullerence Cgg solubility.

4 Discussion

Majority of the W(I) have similar values of the correlation weights for the three
splits and for three runs of the Monte Carlo optimization (Table 4). But there are
also attributes with unstable weights (i.e., there are both negative and positive values
of the weights, in the Monte Carlo optimization runs). For instance, ‘(9’, ‘,10°, ‘C4’,
‘h5’, ‘h7’ (Table 4). Probably, this unstability is indicator of weak influence of relevant
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Table 1 Splits into training set and test set

List of test set for split 1 List of test set for split 2 List of test set for split 3
493-01-6 111-65-9 111-65-9
542-18-7 124-18-5 124-18-5
5401-62-7 493-02-7 493-01-6
74-96-4 110-83-8 137-43-9
142-28-9 108-87-2 108-85-0
13-36-0 74-95-3 626-62-0
108-38-3 74-97-5 74-95-3
103-65-1 75-03-6 74-88-4
462-06-6 107-08-4 79-34-5
629-59-4 13-36-0 142-28-9
110-82-7 507-19-7 627-31-6
2207-01-4 108-38-3 96-11-7
106-93-4 104-51-8 13-36-0
106-94-5 108-86-1 108-38-3
109-64-8 108-37-2 526-73-8
78-77-3 120-82-1 527-53-7
507-20-0 98-95-3 103-65-1
558-17-8 100-66-3 100-47-0
108-88-3 100-39-0 90-12-0
106-42-3 71-36-3 605-02-7
488-23-3 872-50-4 71-36-3
100-41-4 91-22-5 110-02-1
541-73-1 2207-01-4 110-82-7
583-53-9 106-94-5 507-20-0
88-72-2 109-64-8 558-17-8
2586-62-1 78-77-3 79-01-6
71-23-8 507-20-0 541-73-1
111-27-3 100-41-4 583-53-9
111-87-5 111-27-3 100-44-7
107-13-1 107-13-1 71-23-8

molecular phenomenon (i.e., InChl attributes, such as, chemical element, connectivity,
kind of bond, etc.) upon the Cg solubility.

Most probably the models obtained in the runs of the Monte Carlo optimization are
based on InChlI attributes, which are obeying two conditions: the first, InChl attributes
which are images of molecular phenomena of considerable influence to the solubility,
the second, InChlI attributes which are not rare in the training set. Hence, if majority
of the InChl attributes is absent in the training set (unsuccessful split) the satisfactory
QSPR model becomes impossible. Thus probabilistic analysis that is represented in
Table 3 can be used as a tool for definition of the applicability domain for this model:
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Table 2 Statistical characteristics of the models for fullerene Cg( solubility

Run Training set, N = 92 Test set, N = 30
r2 K F r2 s F

Split 1

1 0.9447 0.253 1538 0.9398 0.348 437
2 0.9465 0.249 1591 0.9428 0.348 461
3 0.9477 0.246 1631 0.9390 0.349 431
Average 0.9463 0.249 1587 0.9405 0.348 443
Split 2

1 0.9493 0.250 1687 0.8851 0.338 216
2 0.9486 0.252 1661 0.8868 0.333 219
3 0.9488 0.252 1667 0.8840 0.333 213
Average 0.9489 0.251 1671 0.8853 0.334 216
Split 3

1 0.9503 0.239 1722 0.9393 0.290 433
2 0.9493 0.241 1686 0.9398 0.287 437
3 0.9507 0.238 1736 0.9420 0.286 455
Average 0.9501 0.239 1715 0.9404 0.288 442

substances for which should be done prediction must have InChl without of rare (in
the training set) attributes.

In fact described approach is based on groups contributions. However, the groups
which are extracted from the InChl have not the transparent interpretations which
are typical for the Free Wilson [20] scheme, Fujita approach [21], and models based
on the semi empirical topological indices [22,23]. In spite of absence of the sim-
ple interpretations of the molecular fragments encoded by InChl attributes, one can,
using described algorithm, obtain reasonable prediction of the fullerene Cg( solubility.
Taking into account, clear genesis of the InChlI attributes (chemical element, connec-
tivity, bonds, charges, etc) one can extract from the model (Table 4) robust heuristic
information, which probably is not less important than groups contributions.

For instance, one can see from Table 3, that InChlI attributes of the ‘—3’ and the
‘=7’ (components of the connectivity layer, Fig. 1) have considerable prevalence in
both training set and test set. From Table 4 one can detect that ‘—7 has stable corre-
lation weight, whereas ‘—3’ have both positive and negative values of the correlation
weight in different runs of the Monte Carlo optimization. Under such circumstances,
one can formulate the following conclusions: 1. the ‘—7’ has an apparent influence on
the Cg solubility (promoter of increase), and 2. the ‘—3’ has not the influence on this
parameter. Similar analysis is available for any InChl attributes from Tables 3 and 4.

Thus, the InChl-based optimal descriptors can hint that some mechanistic inter-
pretations for the fullerene Cgg solubility exists. In particular, presence of the ‘—7’
in connectivity layer of InChl is indicator of increase of the solubility, whereas the
presence of the ‘—4’ in connectivity layer of InChl is indicator of decrease of the
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Table 3 Distributions of the InChI attributes (between training set and test set)

Iy  Split1 Split 2 Split 3
Number of Iy Number of Iy Number of Iy Number of Iy Number of Iy Number of Iy
in training set  in test set in training set  in test set in training set  in test set

(10 2 1 2 1 2 1
(11 1 0 0 1 0
(14 1 0 1 0 0 1
2 17 7 19 5 18 6
@3 7 0 7 0 6 1
(4 5 1 5 1 3 3
(6 7 2 9 0 7 2
6 3 1 3 1 3 1
(7 3 2 4 1 4 1
8 5 2 5 2 5 2
C 6 2 6 2 7 1
( 46 14 48 12 46 14
+ 1 0 1 0 1 0
,10 2 0 2 0 2 0
11 1 0 1 0 1 0
,1 49 21 52 18 55 15
2 9 5 9 5 11 3
3 8 5 7 6 10 3
4 3 0 3 0 3 0
5 1 0 1 0 1 0
,6 3 1 3 1 2 2
J 5 1 5 1 5 1
8 2 0 1 1 2 0
9 1 0 1 0 1 0
—10 12 3 11 4 11 4
—11 5 1 6 0 4 2
—12 4 1 5 0 4 1
—13 1 1 2 0 1 1
—14 1 1 2 0 1 1
—15 1 0 1 0 0 1
-1 45 10 44 11 38 17
-2 76 27 77 26 78 25
-3 78 26 76 28 79 25
—4 71 27 73 25 75 23
-5 64 22 66 20 64 22
—6 56 18 57 17 58 16
-7 38 13 38 13 40 11
-8 28 10 29 9 30 8
-9 17 5 18 17
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Table 3 continued

Iy Splitl Split 2 Split 3
Number of Iy Number of Iy Number of Iy Number of Iy Number of Iy Number of Iy
in training set  in test set in training set  in test set in training set  in test set

- 1 0 1 0 1 0
/ 92 30 92 30 92 30
0 6 2 8 0 6 2
1 7 3 10 0 7 3
2 10 2 11 1 9 3
3 6 3 6 3 7 2
4 8 1 8 1 8 1
5 8 3 7 4 7 4
6 9 2 8 3 7 4
7 1 0 0 1 1 0
8 4 3 7 0 6 1
9 5 1 6 0 4 2
Br2 4 4 6 2 6 2
Br3 2 0 2 0 1 1
Br 9 4 6 7 11 2
C10 8 2 7 3 7 3
Cl1 1 1 2 0 1 1
Cl12 3 0 3 0 3 0
Cl4 0 1 1 0 1 0
Cl6 1 0 1 0 0 1
C2 8 2 9 1 8 2
C3 12 5 13 4 13 4
C4 6 4 5 5 5 5
C5 6 1 6 1 6 1
C6 17 6 17 6 18 5
C7 11 2 10 3 11 2
C8 7 5 8 4 10 2
C9 5 1 5 1 4 2
CI2 4 2 6 0 4 2
C13 6 0 5 1 5 1
Cl4 3 0 3 0 2 1
Cl 9 3 8 4 9 3
C 7 0 5 2 5 2
F 0 1 1 0 1 0
H10 4 4 4 4 5 3
H11 3 0 3 0 1 2
HI12 10 2 12 0 8 4
H14 7 2 6 3 8 1
H16 2 1 2 1 3 0
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Table 3 continued

Iy Splitl Split 2 Split 3
Number of Iy Number of Iy Number of Iy Number of Iy Number of Iy Number of Iy
in training set  in test set in training set  in test set in training set  in test set
H18 4 2 4 2 4 2
H22 1 0 0 1 0 1
H26 1 0 1 0 1 0
H30 0 1 1 0 1 0
H2 44 19 42 21 46 17
H3 47 20 47 20 54 13
H4 6 3 8 1 6 3
HS5 11 2 10 3 11 2
H6 9 2 10 1 9 2
H7 13 2 11 4 14 1
H8 2 4 1 1
H9 6 6 5 4
H 70 21 72 19 70 21
I 8 1 7 2 5 4
N 11 2 9 4 12 1
02 2 1 2 1 3 0
03 1 0 1 0 1 0
9 3 8 4 10 2
S 4 0 4 0 3 1
b2 2 0 2 0 2 0
cll 1 0 1 0 1 0
cl 57 22 57 22 62 17
c2 0 4 2 5 1
c3 1 6 0 4 2
c4 2 4 1 2 3
c6 1 1 2 0 1 1
c7 12 4 13 3 12 4
c8 6 0 4 2 4 2
c9 1 0 1 0 1 0
hl 41 9 38 12 35 15
h2 10 6 10 6 15 1
h3 20 5 21 4 20 5
h4 7 3 7 3 7 3
hS 4 3 6 1 4 3
h6 3 0 3 0 1 2
h7 2 2 1 3 4 0
h8 2 0 2 0 2 0
h9 1 2 2 1 2 1

Attributes with the different distribution are indicated by bold
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Table 5 Example of the DCW
calculation with correlation

Ik

CW(I ) inrun 1, split 1

weights for split 1, which have cs
been obtained in the first run of

the Monte Carlo

H12

optimization:CAS = 109-66-0; /

“InChl = 1/C5H12/c1-3-5-4-

2/h3-5H2,1-2H3”;
DCW(InChl) =6.9256652 =3

2.0516145
—0.1385480
—0.5043203

0.9127424

0.0975796

0.7976968

0.7174808

0.6093029
—0.5043203

0.4292022

0.7976968
—0.4992814

0.4421542

0.6093029

1.1073621

Table 6 Experimental and calculated with Eq. 3 values of fullerence Cg( Solubility (Split 1, run 1)

CAS InChl DCW(InChl) logS Expr logS Calc

Training set

109-66-0 InChl=I/C5H12/c1-3-5-4-2/h3-5H2, 6.9256652 —6.1 —5.732
1-2H3

110-54-3 InChl=1/C6H14/c1-3-5-6-4-2/h3- 8.5202391 —5.1 —-5.213
6H2,1-2H3

111-65-9 InChI=I/C8H18/c1-3-5-7-8-6-4-2/h3- 8.4277578 —5.2 —5.243
8H2,1-2H3

26635-64-3 InChl=1/C8H18/c1-4-5-6-7- 9.8900761 —5.2 —4.768
8(2)3/h8H,4-7H2,1-3H3

124-18-5 InChI=1/C10H22/c1-3-5-7-9-10-8-6- 10.1119850 —4.7 —4.696
4-2/h3-10H2,1-2H3

112-40-3 InChl=1/C12H26/c1-3-5-7-9-11-12- 13.8559130 -3.5 —3.479
10-8-6-4-2/h3-12H2,1-2H3

493-02-7 InChl=I/C10H18/c1-2-6-10-8-4-3-7- 13.6229333 -3.5 —3.555
9(10)5-1/h9-10H,1-8H2

137-43-9 InChI=I/C5H9Br/c6-5-3-1-2-4- 11.7186893 —4.2 —4.174
5/h5H,1-4H2

108-85-0 InChl=l/C6H11Br/c7-6-4-2-1-3-5- 14.1979354 —-3.4 —3.368
6/h6H,1-5H2

626-62-0 InChI=I/C6H111/c7-6-4-2-1-3-5- 15.6735541 —-2.8 —2.888
6/h6H,1-5H2

110-83-8 InChI=I/C6H10/c1-2-4-6-5-3-1/h1- 12.6386752 -3.8 —-3.875
2H,3-6H2

108-87-2 InChl=I/C7H14/c1-7-5-3-2-4-6- 9.9570731 —4.5 —4.746
7/h7H,2-6H2,1H3

6876-23-9 InChl=I/C8H16/c1-7-5-3-4-6- 11.4629124 —4.6 —4.257

8(7)2/h7-8H,3-6H2,1-2H3

@ Springer
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Table 6 continued

CAS InChl DCW(InChIl) logS Expr logS Calc

75-09-2 InChI=I/CH2CI2/c2-1-3/h1H2 9.6360583 —4.6 —4.851

56-23-5 InChI=1/CCl4/c2-1(3,4)5 11.1280762 —4.4 —4.366

74-95-3 InChI=1/CH2Br2/c2-1-3/h1H2 10.6911463 —4.5 —4.508

75-25-2 InChI=I/CHBr3/c2-1(3)4/h1H 14.4883994 -3.2 —3.274

74-88-4 InChl=l/CH3l/c1-2/h1H3 12.0056908 —4.2 —4.081

74-97-5 InChI=1/CH2BrCl/c2-1-3/h1H2 10.5504717 —4.2 —4.553

75-03-6 InChlI=1/C2H51/c1-2-3/h2H2,1H3 10.0310291 —4.5 —4.722

79-34-5 InChI=1/C2H2Cl4/c3-1(4)2(5)6/h1- 15.2735925 —3.1 —-3.018
2H

107-06-2 InChI=1/C2H4CI2/c3-1-2-4/h1-2H2 10.2085322 -5.0 —4.665

71-55-6 InChI=1/C2H3ClI3/c1-2(3,4)5/h1H3 8.7872105 —4.7 —5.127

540-54-5 InChI=I/C3H7Cl/c1-2-3-4/h2- 8.2481706 -5.6 —5.302
3H2,1H3

107-08-4 InChI=l/C3H71/c1-2-3-4/h2-3H2,1H3 10.2451994 —4.6 —4.653

75-29-6 InChI=1/C3H7Cl/c1-3(2)4/h3H,1-2H3 6.6443406 -59 —5.823

75-26-3 InChI=1/C3H7Br/c1-3(2)4/h3H,1-2H3 7.1657507 5.4 —5.654

75-30-9 InChl=1/C3H71/c1-3(2)4/h3H,1-2H3 8.6413694 —4.8 —5.174

78-87-5 InChI=1/C3H6CI2/c1-3(5)2- 10.2085138 —-4.9 —4.665
4/h3H,2H2,1H3

78-75-1 InChI=I/C3H6Br2/c1-3(5)2- 11.2636018 —4.3 —4.322
4/h3H,2H2,1H3

627-31-6 InChI=1/C3H612/c4-2-1-3-5/h1-3H2 13.5902262 3.4 —3.566

96-11-7 InChI=I/C3H5Br3/c4-1-3(6)2- 15.6599046 -2.9 —2.893
5/h3H,1-2H2

96-18-4 InChI=1/C3H5CI3/c4-1-3(6)2- 12.6606492 —4.0 —3.868
5/h3H,1-2H2

513-38-2 InChI=1/C4HO91/c1-4(2)3- 11.5113287 —4.3 —4.241
5/h4H,3H2,1-2H3

507-19-7 InChI=1/C4H9Br/c1-4(2,3)5/h1-3H3 8.7079791 -5.0 —5.152

540-49-8 InChl=1/C2H2Br2/c3-1-2-4/h1- 13.3480651 3.7 —3.644
2H/b2-1+

127-18-4 InChI=1/C2Cl4/c3-1(4)2(5)6 12.2828908 —3.8 —3.990

513-37-1 InChI=1/C4H7Cl/c1-4(2)3-5/h3H,1- 9.5763692 —4.5 —4.870
2H3

71-43-2 InChI=1/C6H6/c1-2-4-6-5-3-1/h1-6H 10.7368645 —4.0 —4.493

95-47-6 InChI=I/C8H10/c1-7-5-3-4-6- 15.1964772 -2.9 —3.044
8(7)2/h3-6H,1-2H3

526-73-8 InChI=1/C9H12/c1-7-5-4-6- 15.3041195 -3.1 —3.009
8(2)9(7)3/h4-6H,1-3H3

95-63-6 InChI=1/C9H12/c1-7-4-5-8(2)9(3)6- 16.0800351 —-2.5 —2.756
7/h4-6H,1-3H3

108-67-8 InChI=1/C9H12/c1-7-4-8(2)6-9(3)5- 15.0009516 -3.5 —3.107
7/h4-6H,1-3H3

527-53-7 InChI=1/C10H14/c1-7-5- 17.6756893 —24 —2.238
8(2)10(4)9(3)6-7/h5-6H,1-4H3

119-64-2 InChI=1/C10H12/c1-2-6-10-8-4-3-7- 17.3329462 2.5 —2.349

9(10)5-1/h1-2,5-6H,3-4,7-8H2

@ Springer
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Table 6 continued

CAS InChl DCW(InChI) logS Expr logS Calc

98-82-8 InChI=I/C9H12/c1-8(2)9-6-4-3-5-7- 12.8476707 -3.6 —3.807
9/h3-8H,1-2H3

104-51-8 InChI=I/C10H14/c1-2-3-7-10-8-5-4- 14.2853107 —-34 —3.340
6-9-10/h4-6,8-9H,2-3,7H2,1H3

98-06-6 InChI=1/C10H14/c1-10(2,3)9-7-5-4-6- 13.8861327 -3.7 —3.469
8-9/h4-8H,1-3H3

108-90-7 InChI=1/C6H5Cl/c7-6-4-2-1-3-5-6/h1- 14.3314371 -3.0 —3.325
SH

108-86-1 InChI=I/C6H5Br/c7-6-4-2-1-3-5- 14.8528472 -3.3 —3.155
6/h1-5H

95-50-1 InChI=1/C6H4CI2/c7-5-3-1-2-4- 16.2086925 24 —2.715
6(5)8/h1-4H

108-36-1 InChI=I/C6H4Br2/c7-5-2-1-3-6(8)4- 16.2557158 —-2.6 —2.699
5/h1-4H

694-80-4 InChI=1/C6H4BrCl/c7-5-3-1-2-4- 17.1231059 —2.4 —2.417
6(5)8/h1-4H

108-37-2 InChI=1/C6H4BrCl/c7-5-2-1-3-6(8)4- 16.1150412 -3.0 —2.745
5/h1-4H

120-82-1 InChI=I/C6H3Cl3/c7-4-1-2- 15.8600688 —-2.8 —2.828
5(8)6(9)3-4/h1-3H

100-42-5 InChI=l/C8H8/c1-2-8-6-4-3-5-7-8/h2- 13.6405354 -3.2 —3.549
7H,1H2

98-95-3 InChI=1/C6H5NO2/c8-7(9)6-4-2-1-3- 12.3475961 -39 —3.969
5-6/h1-5H

100-47-0 InChI=1/C7H5N/c8-6-7-4-2-1-3-5- 11.3597729 —4.2 —4.290
7/h1-5H

100-66-3 InChI=1/C7H80/c1-8-7-5-3-2-4-6- 14.5935458 -3.1 —3.239
7/h2-6H,1H3

100-52-7 InChI=1/C7H60/c8-6-7-4-2-1-3-5- 10.7241110 —4.2 —4.497
7/h1-6H

103-71-9 InChI=I/C7H5NO/c9-6-8-7-4-2-1-3- 14.0445758 —-3.4 —3.418
5-7/h1-5H

99-08-1 InChI=I/C7H7NO2/c1-6-3-2-4-7(5- 15.0344359 —-34 —3.096
6)8(9)10/h2-5H,1H3

108-98-5 InChI=1/C6H6S/c7-6-4-2-1-3-5-6/h1- 14.8467628 -3.0 —3.157
5,7H

100-39-0 InChI=1/C7H7Br/c8-6-7-4-2-1-3-5- 15.6528882 -3.1 —2.895
7/h1-5H,6H2

30583-33-6 InChI=1/C7H5CI3/c8-7(9,10)6-4-2-1- 15.0371150 -3.0 —3.095
3-5-6/h1-5H

90-12-0 InChI=I/C11H10/c1-9-5-4-7-10-6-2- 17.8780798 2.2 —2.172
3-8-11(9)10/h2-8H,1H3

28804-88-8 InChI=1/C12H12/c1-9-7-8-11-5-3-4- 17.8596800 —2.1 —2.178
6-12(11)10(9)2/h3-8H,1-2H3

605-02-7 InChI=1/C16H12/c1-2-7-13(8-3-1)16- 18.6871580 —-1.9 —1.909
12-6-10-14-9-4-5-11-15(14)16/h1-12H

64-17-5 InChI=1/C2H60/c1-2-3/h3H,2H2,1H3 4.1897799 —7.1 —6.621

71-36-3 InChI=1/C4H100/c1-2-3-4-5/h5H,2- 7.0485534 -5.9 —5.692
4H2,1H3

71-41-0 InChI=1/C5H120/c1-2-3-4-5- 8.1464989 —-53 —5.335

6/h6H,2-5H2,1H3
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Table 6 continued

CAS InChl DCW(InChl) logS Expr logS Calc

67-64-1 InChI=I/C3H60/c1-3(2)4/h1-2H3 4.5252470 -7.0 —6.512

68-12-2 InChI=I/C3H7NO/c1-4(2)3-5/h3H,1- 7.7073105 -53 —5.478
2H3

110-01-0 InChl=I/C4H8S/c1-2-4-5-3-1/h1-4H2 9.5514724 54 —4.878

110-02-1 InChl=1/C4H4S/c1-2-4-5-3-1/h1-4H 10.4835121 —4.4 —4.575

554-14-3 InChI=I/C5H6S/c1-5-3-2-4-6-5/h2- 15.1872559 -3.0 —3.047
4H,1H3

872-50-4 InChI=I/C5H9NO/c1-6-4-2-3- 12.4681441 -39 —3.930
5(6)7/h2-4H2,1H3

110-86-1 InChI=1/C5H5N/c1-2-4-6-5-3-1/h1- 11.5987818 —4.0 —4.213
SH

91-22-5 InChI=I/C9H7N/c1-2-6-9-8(4-1)5-3- 15.9259640 -2.9 —2.806
7-10-9/h1-7TH

62-53-3 InChI=I/C6H7N/c7-6-4-2-1-3-5-6/h1- 12.2616637 -39 —3.997
5H,7H2

100-61-8 InChI=I/C7H9N/c1-8-7-5-3-2-4-6- 13.7483554 —-3.8 —-3.514
7/h2-6,8H,1H3

121-69-7 InChI=I/C8H11N/c1-9(2)8-6-4-3-5-7- 14.9551343 -3.2 —-3.122
8/h3-7H,1-2H3

4904-61-4 InChl=1/C12H18/c1-2-4-6-8-10- 16.4326070 2.7 —2.642

12-11-9-7-5-3-1/h1-2,7-10H,3-6,11-
12H2/b2-1-,9-7-,10-8-

591-49-1 InChI=1/C7H12/c1-7-5-3-2-4-6- 11.6686012 -3.8 —4.190
7/h5H,2-4,6H2,1H3

1678-91-7 InChI=1/C8H16/c1-2-8-6-4-3-5-7- 10.3307742 —4.3 —4.625
8/h8H,2-7H2,1H3

67-66-3 InChI=I/CHCI3/c2-1(3)4/h1H 11.4891440 —4.8 —4.248

79-01-6 InChI=1/C2HCI3/c3-1-2(4)5/h1H 12.4889666 -3.8 —3.923

135-98-8 InChI=1/C10H14/c1-3-9(2)10-7-5-4- 11.8981558 -3.6 —4.115
6-8-10/h4-9H,3H2,1-2H3

591-50-4 InChI=1/C6H51/c7-6-4-2-1-3-5-6/h1- 16.3284659 -3.5 —2.676
S5H

100-44-7 InChI=I/C7H7Cl1/c8-6-7-4-2-1-3-5- 15.1314781 -34 —3.065
7/h1-5H,6H2

90-13-1 InChI=1/C10H7Cl/c11-10-7-3-5-8-4- 18.2227136 —-2.0 —2.060
1-2-6-9(8)10/h1-7H

111-96-6 InChI=1/C6H1403/c1-7-3-5-9-6-4-8- 9.5525372 -5.2 —4.878
2/h3-6H2,1-2H3

Test set

493-01-6 InChI=1/C10H18/c1-2-6-10-8-4-3-7- 13.6229333 -3.3 —3.555
9(10)5-1/h9-10H,1-8H2

542-18-7 InChI=1/C5H9Cl/c6-5-3-1-2-4- 11.1972792 —4.1 —4.343
5/h5H,1-4H2

5401-62-7 InChI=1/C6H10Br2/c7-5-3-1-2-4- 17.0462239 —-2.6 —2.442
6(5)8/h5-6H,1-4H2

74-96-4 InChl=1/C2H5Br/c1-2-3/h2H2,1H3 8.5554104 —-5.2 —5.202

142-28-9 InChI=1/C3H6C12/c4-2-1-3-5/h1-3H2 10.8032326 —4.8 —4.471

13-36-0 InChI=1/C4H9Cl/c1-4(2)3- 9.5142999 —-54 —4.890

5/h4H,3H2,1-2H3
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Table 6 continued

CAS InChl DCW(InChl) logS Expr logS Calc

108-38-3 InChI=I/C8H10/c1-7-4-3-5-8(2)6- 14.9627071 -33 —3.120
7/h3-6H,1-2H3

103-65-1 InChI=I/C9H12/c1-2-6-9-7-4-3-5-8- 14.3260910 -3.5 —3.326
9/h3-5,7-8H,2,6H2,1H3

462-06-6 InChl=I/C6H5F/c7-6-4-2-1-3-5-6/h1- 13.7624503 —4.1 —-3.510
S5H

629-59-4 InChI=I/C14H30/c1-3-5-7-9-11-13- 12.8347429 —43 —3.811
14-12-10-8-6-4-2/h3-14H2,1-2H3

110-82-7 InChI=1/C6H12/c1-2-4-6-5-3-1/h1- 8.4527676 53 —5.235
6H2

2207-01-4 InChl=1/C8H16/c1-7-5-3-4-6- 11.4629124 —4.6 —4.257
8(7)2/h7-8H,3-6H2,1-2H3

106-93-4 InChI=1/C2H4Br2/c3-1-2-4/h1-2H2 11.2636202 —4.2 —4.322

106-94-5 InChI=I/C3H7Br/c1-2-3-4/h2- 8.7695807 —-5.2 —5.132
3H2,1H3

109-64-8 InChI=I/C3H6Br2/c4-2-1-3-5/h1-3H2 11.8583206 —4.2 —4.128

78-77-3 InChI=I/C4H9Br/c1-4(2)3- 10.0357100 —-4.9 —4.721
5/h4H,3H2,1-2H3

507-20-0 InChI=I/C4H9Cl/c1-4(2,3)5/h1-3H3 8.1865690 -5.7 —5.322

558-17-8 InChI=I/C4H91/c1-4(2,3)5/h1-3H3 10.1835978 —4.4 —4.673

108-88-3 InChI=I/C7H8/c1-7-5-3-2-4-6-7/h2- 14.6564084 34 -3.219
6H,1H3

106-42-3 InChI=I/C8H10/c1-7-3-5-8(2)6-4- 14.9627071 =33 —3.120
7/h3-6H,1-2H3

488-23-3 InChI=I/C10H14/c1-7-5-6- 16.8997737 -29 —2.490
8(2)10(4)9(7)3/h5-6H,1-4H3

100-41-4 InChI=1/C8H10/c1-2-8-6-4-3-5-7- 13.3392426 —3.4 —3.647
8/h3-7H,2H2,1H3

541-73-1 InChI=I/C6H4CI12/c7-5-2-1-3-6(8)4- 15.2006278 —-3.4 —3.042
5/h1-4H

583-53-9 InChl=1/C6H4Br2/c7-5-3-1-2-4- 17.2637805 —-2.6 —2.372
6(5)8/h1-4H

88-72-2 InChl=I/C7H7NO2/c1-6-4-2-3-5- 15.3817052 -34 —2.983
7(6)8(9)10/h2-5H,1H3

2586-62-1 InChI=I/C11H9B1/c1-8-6-7-9-4-2-3- 19.3368127 —2.1 —1.698
5-10(9)11(8)12/h2-7H,1H3

71-23-8 InChI=I/C3H80/c1-2-3-4/h4H,2- 7.2856526 —6.4 —5.615
3H2,1H3

111-27-3 InChl=1/C6H140/c1-2-3-4-5-6- 8.8740539 =5.1 —5.098
7/h7H,2-6H2,1H3

111-87-5 InChI=1/C8H180/c1-2-3-4-5-6-7-8- 10.9070253 —5.0 —4.438
9/h9H,2-8H2,1H3

107-13-1 InChI=1/C3H3N/c1-2-3-4/h2H,1H2 6.2476824 —6.4 —5.952

solubility (Tables 3 and 4). Of course, these hypothesises are probabilistic, but they
are formulated on basis of data, that has been reproduced for series of the Monte Carlo
optimization runs (Fig. 2).

Finally, described InChl-based models are better than models based on optimal
descriptors which are calculating with SMILES [16].
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5 Conclusions

International Chemical Identifier can be used as elucidation of the molecular structure
for the QSPR analysis of the solubility of fullerene Cgp in organic solvents. Distri-
bution of the InChl attributes in the training set and test set is important criterion for
definition of the splits: the absence of majority of InChl attributes in training set leads
to poor QSPR model. The statistical quality of the InChl-based model for fullerene
Cep solubility is better than the quality of SMILES-based model [16] of this parameter.
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