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ABSTRACT

A set of 74 small molecules was employed to generate a quantitative structure-property
relationship (QSPR) model for predicting gas-phase Gibb’s free energy changes (AG,,) on the
simplified molecular input line entry system (SMILES). To obtain the models, the Monte Carlo
method (MCM) was applied to calculate the descriptors. The best proposed model of them provides
an excellent statistical result of 7 =0.9866, g° =0.9857, s =2.48 and F = 4346 for the training set,
and r? = 0.9340, ¢° = 0.8418, s = 5.80, F = 149 for the test set. Consequently, the gas-phase Gibb’s
free energy changes were also calculated in DFT (MPW1PW91/6-311+G(2d,2p)), CBS-QB3, G1,
G2 and G2MP2 methods which showed a very good agreement with experimental values.

Keywords: QSPR, SMILES, Monte Carlo, G1, G2, CBS-QBS3, Training set, Test set.

INTRODUCTION

The Gibb’s free energy or chemical
potential in basic theoretical research plays an
important role on chemical and biological systems'.
These are the central quantities that determine the
route of spontaneous change for a system or explain
the ability of biological systems in all organisms to
resist a natural tendency to disorder. Examination
of free energy behavior of such systems enables
us to fully understand the structural, kinetic and
dynamic characteristics of processes like — protein

ligand binding constants?, permeability coefficients?,
conformational equilibrium constants*, membrane-
water partition coefficient®®, electron transfer?,
solvation® etc.

Numerous reports have been appeared in
the literature describing computational methods for
the calculation of gas-phase Gibbs free energy®'*
but calculation in computational methodology
along with QSPR modeling is not randomly found.
In recent years, rapid advances in theory of
calculations, continuous increasing of computational
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capabilities as well as statistical mechanics make the
determination of Gibb’s free energy changes more
reliable, efficient and well organized's-8.

For an instance, protein—ligand binding
constants and membrane—water partition coefficients
are an essential part of rational drug design and
cannot be evaluated reliably and accurately without
the knowledge of the associated free energy changes.
The ability to calculate free energy in an efficient
manner is of paramount importance in the structural
and thermodynamic study of gas hydrate systems'.
Thus MDFE simulations have been improved by new
treatments of long-range electrostatic interactions
and, successful in determination of protein—ligand
binding constants?.

In this study we have developed a QSPR
model and established a computational methodology
for the calculation of gas phase Gibb’s free energy of
some small molecules which have many applications
in nature. In addition we have focused our study
to calculate the free energies as an essential
complement to experimental quantities from reported
literatures and to establish the accurate, low cost-
effective and reliable methods for predicting the
gas-phase Gibbs free energy changes.

MATERIALS AND METHODS

Data

Table 1 shows structural details of the 74
small molecules used in this study. The experimental
gas phase Gibb’s free energy changes (at 298.15
K and 1 atmospheric pressure) were taken from
reported literatures. All the gas-phase Gibb’s free
energy chages in data set represented in kcal/mol.
The data set was splitted into two: a training set (61)
and a test set (13) where the molecules in test set
were arranged in random manner.

Descriptors calculation

Three kinds of descriptors: graph-based,
SMILES-based, and hybrid descriptors were
generated using CORAL software?°. Furthermore
three kinds of molecular graphs: hydrogen
suppressed graph (HSG), hydrogen filled graph
(HFG), and graph of atomic orbitals (GAO) were
also generated by CORAL2".

The graph-based optimal descriptors were
calculated as the following:
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GRAPHDCW(Threshold, N, ) = SCW(A )+ aXCW
(°EC, )+ BECW('EC,)+ yYXCW(EC, )+ SXCW(EC,) (1)

Where, A, is a chemical element like C,
N, O, etc., for HSG and HFG; or atomic orbitals,
such as 1s', 2p®, 3d', etc., for GAO; °EC,,'EC,,
...°EC, represents the hierarchy of the Morgan
extended connectivity; a, B, y, and & can be 1 or
0: combinations of their values gives possibility to
define various of the graph-based optimal descriptor;
CW(x) is the correlation weight of a molecular feature
(encoded by A« or *EC,).

Similarly the SMILES-based optimal
descriptors were calculated as the following:

SMILESDCW(Threshold, N_ ) = aX CW(S,)
+BECW(SS,)+ 7ZCW(SSS,)+ XX CW(NOSP)+y>CW
(HALO)+ zZXCW(BOND) @

Where, §,, SS,, and SSS, are one-,
two-, and three-component SMILES attributes,
respectively. NOSP, HALO, and BOND are indices
that related to the presence or absence of chemical
elements like N, O, S and P (NOSP); F, Cl, and Br
(HALO). The BOND is related to a mathematical
function where double (=), triple (#), or stereo
chemical bonds may be present or absent and
finally a, B, v, X, ¥, and z can be 1 or 0: combinations
of their values provide possibility to define various
versions of the SMILES-based optimal descriptor.
CW(x) is the correlation weight of a molecular feature
(encoded by S,S,S, or *EC,).

The hybrid optimal descriptors were
calculated by taking into account both representations
of the molecular structure by GRAPH andby
SMILES.

HYBRPDCW(Threshold, N, )=¢"""DCW(Threshold,
) +SMLESDCW(Threshold, N, ) (3)

Nepoch

Threshold and Nepoch in equations (1) —
(3) represent the parameters of the Monte Carlo
optimization. The threshold is the criterion for
classification of the components of the representation
of the molecular structure into two classes: noise
(rare) and active (not rare). The correlation weight
of a rare component is fixed as zero; hence rare
component is not involved in the building up of the
model. N_ ., is the number of epochs of the Monte
Carlo optimization.
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Table 1: List of the molecules with experimental values employed for the calculation of gas-phase Gibb’s
free energies (at 298.15 K and 1 atmospheric pressure)

ID Structure AGgas (kcal/mol) Ref ID Structure AGQES (kcal/mol) Ref
1 H
S=C=C—H 3432+ 4.0 22 2 HS —O—H 347.0 £ 3.0 23
3 HS H 344.4 +3.0 24 4 Br—0—H 349.0 £ 6.7 25
5 HC—S—S—H  3450:30 26 6 Ha 3489:20 27
= 03 HsC—C—S—H 92
7 HsC——S——H 350.6 + 2.0 27 8 FC——S—H 327.5+2.0 28
9 CICH,—H 389.1+ 3.0 29 10 3423+ 3.8 30
H C——CH,—H
H3;C
11 >—S—ﬂ 347.1x2.0 27 12 S=—C=—7/=N——H 3209=+50 31
HsC
H
13 N===N—=N——H 3355:081 32 14 N 3441:20 33
~
H
/\ /H HsC
15 o N 352.8 + 2.0 34 16 St 387.9 + 2.1 35
\, e
17 H,N—/H 395.9+038 36 18~ O=—=C=—=N—"H  3347:071 37
Hz —H H—n
19 HaC cZ—n 391.7 £ 0.70 38 20 - 355.7 £ 3.2 39
3 o oO==7
H NH_
H3C
H 3
o——H
21 ~o H 383.7 + 0.06 40 22 H30>— H 368.5 + 1.1 41
/\/O—ﬂ Cl o} H
23 HaC 359.2 + 1.4 42 24 3491 £1.2 43
25 H;C——O0——H 376.2 + 0.62 44 26 HO 0 H 369.5 + 0.40 45
H2 /\/O\
H
27 H;C——C——O0——H 372.6:+ 1.1 41 28 HZC/ 2 366.6+28 46
29 H3C——O0——0——H 367.6+0.70 47 30 HC=C H 370.0 £ 5.0 48
31 N=C——H 3425+ 1.1 49 32 F C= H 360.0+ 19 50
H2 P /gz H
33 HC ==C C H 8726x20 51 34 o= o 403.0 12 52
35 HyC——S——O——H 352.0=3.0 26 36 I>—u 377.80 = 1.1 53
H H
37 H,C—C—H 401.0 + 0.50 54 38 N==N——=C——H 364.1:20 55
F
39 HZC=<C y 3725+ 3.0 56 40 HQC:C_E—E 372.8+ 3.0 57
Hy -
"
41 H 357.8 +2.0 58 42 S~ 391.3+3.0 59

H,C H
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43 H 404.0 + 2.1 60
H3C/\/ \ﬂ
HaC
45 > H 376.2+2.0 62
HC—C—Cc—H
E
.
47 HoC c 379.0 + 4.0 64
~
H
CH =
49 o =—=" 361.9+2.0 27
[ H
Ho
H>
51 c H  367.4+20 27
Ne—c—"
Hy
53 HsC——C——H 411.7 21 60
/CH3
O —S
55 e “ 366.4 + 2.0 27
Ho -
H
57 O,N—C—H 349.7 2.0 27
59 ” Hy 359.0 2.0 27
H——C——cC H
61 @;ﬂ 396.5+1.6 69
63 H;C—H 408.7 + 0.8 71
65 FoHC H 381.2+3.6 52
67 ClzHC H 368.0 2.0 73
69 BrH-C H 389.7 +3.4 75
71 Br;C H 342.0 £ 2.0 73
H
73 H,C=—=Si—H 356.0 + 5.1 77

950

H

44 45;#_

CHoF

382.0 +4.0 61

H>

C
46 HZC=/

o — CH4
48

H 383.8 £ 0.10 63

358.7 +2.0 27

Hy
50 H-C C H 398.2+2.2 65
3
\O/
52 Hac/\CHI H 407.2 2.1 60
2
54 I}ﬂ 401.0£30 66
56 <22 = 344.0 £ 3.0 67
= CHs o
Ho
58 H3C\S/C—ﬂ 383.0+ 1.7 68
H
2 365.2 + 2.0 27

N
62 | >—n
N

394.0 + 3.0 70

64 FH,C—H 400.6 = 4.1 52
66 F;C—H 3703:15 72
68 Cl3C—H 349.9:20 74
70 BroHC —H 361.3+3.0 73
72 H——Be—H 381.3+3.2 76
74 HP—H 356.4 + 1.6 78

Ref: Reference, AGgas: Gibb’s free energy changes in gas-phase

Computational calculation

All the calculations were performed on
Intel core-i5 Fujitsu Lap-top Computer with 3—-4
GB of memory and 48 GB of scratch disk space,
using CORAL?% and Gaussian 09 software”.
Every structure is initially optimized at 298.15
K in the gas phase at the Hartree—Fock (HF)
level®®-®2 and finally G1, G2, G2MP2, CBS-QB3
and DFT(MPW1PW91/6-311+G(2d,2p)) methods
were used to calculate the G°(g) values (Gas phase
Gibbs free energy)®-%. The optimized structures
were confirmed to be energy minima by vibrational
frequency calculations with all real frequencies. In
this study there are no imaginary frequency found.

These high level composite procedures have been
designed particularly for the prediction of reliable
energies of molecules in the gas-phase and have
been demonstrated to provide the accuracy within
1-2 kcal/mol when assessed against large test sets
of thermo-chemical data®*'.

RESULTS AND DISCUSSIONS

The models calculated with GRAPH based,
SMILES based and a Hybrid (both GRAPH and
SMILES) version of the descriptor. The versions of
descriptors ****"DCW(Threshold, N_, ) calculated
here with Eq. (1) (HSG) are the following: oo = 0, B =
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1,y=1,and & = 1. The SMILES-based descriptors
SWLESDCW(Threshold,N, ) applied in our work with
Eq. (2) are as follows: o= 1,p=1,y=1,86=0,x=
0,y =1 and z = 0 and finally the hybrid version of
the descriptors ""®RPDCW(Threshold, N___) were
calculated with Eq. (3).

epocl

Equations (4) — (6) represent the models
calculated with GRAPH based, SMILES based and
Hybrid based descriptors. The classic scheme (only
training and test set used) has been applied here is
the Monte Carlo optimization method.

The aforementioned models for the
calculation of gas-phase Gibb’s free energy changes
are the following:

AG,=313.5442(+0.3034) + 6.4783(+0.0409) x
DCW(0, 30) (4)

n=61,r’=0.8667,¢°=0.8581,5=7.83,

MAE=5.01, F=384 (training set)

n=13,r*=0.8058,r°, ;=0.7381,

s=13.2, MAE=10.08, F=46 (test set)
R,2=0.6632,AR ?=0.1896,R *=0.7580,R ?"=
0.5684

AG,,=313.0736(+0.1995) + 8.5338 (+ 0.0278) x
DCW(1,30) (%)

n=61, r’=0.9565, ¢°=0.9538, s=4.47,
MAE=3.09, F=1296 (training set)
n=13, ’=0.8165, r#  =0.7183,

s=11.0, MAE=8.15, F=49(test set)
R,?=0.7011,AR 2=0.1733,R #=0.7878,R _#'=0.6145

AG ,=295.9911(+0.1325) + 4.4749(+0.0085) x
DCW(0,30) (6)

n=61, r’=0.9866, ¢°=0.9857, s=2.48,

MAE=1.35, F=4346 (training set)

n=13, r’=0.9340, r* =0.8418,

5=5.80, MAE=4.83, F=149 (test set)
R,?=0.7382,AR ?=0.1081,R _?'=0.7923,
R, 2'=0.6842

where, nis the number of compounds in
a set; r? is squared correlation coefficient; g2 and
I s @re leave-one-out correlation coefficients
for training and test sets; s is the standard error
of estimation; MAE is mean absolute error; F is

Fischer F-ratio; novel validation metrics R %; R 2is

mean of R_?andR_# values and AR_Zis the absolute
difference between R ?andR_#.R_2should be more
than 0.5 and AR?_ should be smaller than 0.2 .

Table 3 contains the statistical quality of all
models for gas phase Gibb’s free energy changes of
data set calculated by equations (4) — (6) of QSPR
methods. In this table the statistics obtained from the
HYBRID method are n=61, *=0.9866, ¢°= 0.9857,
s=2.48, MAE = 1.35 and F = 4356 for the training
setand r*= 0.9340, | =0.8418, s = 5.80, MAE =
4.83 and F = 149 for the test set. The large value of
F in hybrid model indicates that this linear model is
robust and hybrid version of optimal descriptors is
more compatible with the data than other models.
On the basis of other statistical values hybrid method
appeared to be a significant improvement among all
the QSPR methods.

Table 2 shows the calculated gas-phase
Gibb’s free energy changes in kcal/mol of all
(74) molecules using the three aforementioned
QSPR methods of Coral and five methods:
DFT (MPW1PW91/6-311+G(2d,2p), Gaussian-n
(G1, G2, G2MP2) and composite (CBS-QB3) of
Gaussian 09 respectively. The RMSE (Root Mean
Squared Error) of gas-phase Gibb’s free energy
changes calculated with GRAPH, SMILES and
Hybrid methods are 8.3, 5.98 and 3.23 respectively.
In the case of QSPR analysis the HYBRID model
gives the lowest RMSE value (3.23) of all. In the
meanwhile RMSE (Root Mean Squared Error) of
gas-phase Gibb’s free energy changes calculated
with DFT (MPW1PW91/6-311+G(2d,2p), G1, G2,
G2MP2 and CBS-QB3 methods are 3.49, 4.26, 3.17,
3.12 and 4.61 respectively. In these calculations,
G2MP2 method gives a comparatively lower RMSE
hence it shows a significant congruence with the
experimental values.

Figure 1 shows the correlation of gas
phase Gibbs free energy changes calculated by
three QSPR methods with experimental values.
Among the employed QSPR methods, HYBRID
shows a better linearity than others. Therefore
HYBRID based QSPR model is more reliable and
pertinent methods than other QSPR models for
calculation of gas phase Gibb’s free energy changes
for small molecules. Fig. 2 shows the correlation of
Gibb’s free energy changes calculated by a DFT
(MPW1PW91/6-311+G(2d,2p)) method, Gaussian
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n-methods (G1, G2), modified Gaussian method
(G2MP2) and a composite method (CBS-QB3)
with respect to the experimental values. Upon
the analysis of calculations the CBS-QB3 and G1
methods give comparatively poor results, so some

calculated values are littleapart from the trendline.
In the meanwhile, MPW1PW91/6-311+G(2d,2p), G2
and G2MP2 give better results therefore they show a
significant improvement of linearity other than two
methods (CBS-QB3 and G1).

Table 2: Experimental and calculated gas-phase Gibb’s free energies (kcal/mol) of 74 small molecules in
Coral and Gaussian software

ID Exp Graph SMILES Hybrid  MPW1PW91 G1 G2 G2MP2 CBS-QB3
/6-311+G(2d,2p)

1 343.20 345.21 322.43 335.86
2 347.00 339.86 341.12 341.94
3 344.40 344.39 339.69 344.38
4 349.00 360.42 349.05 349.07
5 345.00 333.63 356.27 339.35
6 348.90 345.21 357.45 348.87
7 350.60 357.72 356.27 355.64
8 327.50 327.51 323.89 327.48
9 389.10 378.02 390.07 389.10
10 341.00 345.21 333.78 333.95
11 347.10 345.57 350.32 347.13
12 320.90 324.62 320.73 320.79
13 335.50 345.12 338.35 345.39
14 344.10 351.68 346.65 344.83
15 352.80 344.67 353.71 352.71
16 387.90 386.29 391.25 388.03
17 395.90 395.91 396.19 395.88
18 334.70 344.67 335.62 339.02
19 391.70 372.27 387.84 391.30
20 355.70 355.75 354.70 355.69
21 383.70 383.72 381.31 383.69
22 368.50 362.14 369.95 372.79
23 369.20 364.83 375.43 372.59
24 349.10 360.16 350.33 349.13
25 376.20 378.54 373.09 381.24
26 369.50 360.68 369.49 369.51
27 372.60 365.25 374.26 370.32
28 366.60 364.83 362.01 360.36
29 367.60 362.40 361.27 374.07
30 370.00 396.40 369.64 372.76
31 342.50 342.52 356.17 342.61
32 360.00 381.17 359.92 357.10
33 372.60 392.86 370.81 369.02
34 403.00 403.04 402.96 402.97
35 352.00 353.67 357.70 357.07
36 377.80 389.35 378.02 377.70
37 401.00 396.40 394.71 396.25
38 364.10 365.71 363.86 364.21
39 372.50 371.84 372.62 372.70
40 372.80 392.86 371.00 377.81
41 357.80 365.25 358.05 354.75
42 391.30 397.77 393.79 395.25
43 404.00 397.77 397.06 399.81
44 391.30 391.33 386.17 391.35
45 376.20 397.77 37217 375.11
46 383.80 392.86 395.89 392.51
47 379.00 381.17 385.00 380.59
48 358.70 364.83 362.50 361.58

343.46 342.71 342.73 343.51 341.66
349.81 351.38 351.96 352.21 347.12
346.50 346.29 345.63 346.00 344.78
350.71 345.79 349.09 349.86 349.18
338.43 336.66 336.81 337.30 335.56
350.13 349.04 349.02 349.54 347.71
351.84 351.77 351.63 352.13 349.84
320.61 318.48 320.18 321.09 319.26
391.15 388.86 389.04 388.96 389.81
339.74 340.53 340.72 341.07 339.28
348.69 346.82 347.07 347.60 345.84
320.15 315.92 316.58 317.50 315.31
336.98 334.76 335.86 336.40 309.14
341.82 340.49 341.47 341.51 341.60
358.87 355.12 356.57 356.71 356.59
389.00 387.71 388.56 388.62 387.20
400.62 397.02 396.94 396.67 397.63
332.48 327.15 328.94 329.26 329.08
393.48 390.58 391.17 391.21 390.91
358.24 354.05 355.31 355.46 355.42
387.90 382.59 383.18 383.65 385.80
370.82 367.76 368.96 369.32 369.10
371.84 369.74 370.86 371.12 370.65
350.58 348.61 349.49 349.81 349.79
375.82 374.23 375.45 375.59 371.60
370.45 368.42 368.62 369.59 368.39
372.82 370.56 371.67 371.95 371.65
366.34 365.13 366.20 366.43 366.42
366.75 364.09 364.63 365.42 364.85
371.13 368.52 369.50 369.43 370.35
343.99 341.50 342.88 343.18 343.11
367.56 379.18 364.67 361.84 365.62
374.96 375.99 376.25 375.87 377.08
399.64 417.85 398.10 398.18 398.84
351.44 351.28 351.95 352.45 351.44
380.53 376.91 377.95 377.82 378.36
402.62 400.33 400.96 400.83 401.19
368.04 365.38 365.67 365.49 366.43
374.70 376.04 376.44 376.54 376.68
376.87 375.11 375.38 375.16 376.19
360.83 361.18 362.17 362.19 359.06
393.47 391.62 392.27 392.24 392.63
403.01 398.74 399.16 399.02 398.43
388.06 387.14 388.08 388.07 387.74
379.29 377.71 378.08 377.93 378.23
382.41 383.22 383.31 383.01 383.11
385.30 382.07 383.02 383.37 383.74
358.92 359.39 360.58 360.70 359.04
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49 361.90 362.14 357.02 361.78 364.27 362.91 363.60 363.66 363.21
50 398.20 390.01 415.20 398.89 407.03 403.81 404.35 404.49 405.62
51 367.40 367.43 358.52 367.50 367.80 369.03 369.75 369.79 369.36
52 407.20 392.86 409.31 404.73 410.11 409.07 408.92 408.79 408.58
53 411.70 396.40 408.14 408.48 414.25 413.18 413.02 412.92 412.98
54 401.00 389.35 400.83 400.95 407.92 405.33 405.65 405.43 405.62
55 366.40 366.42 366.62 366.38 371.04 368.66 368.47 368.62 371.37
56 344.00 345.57 343.80 343.92 342.95 342.80 343.01 343.39 341.50
57 350.70 350.70 350.57 350.60 351.26 349.61 350.26 350.63 350.73
58 383.00 381.28 372.86 377.95 388.91 387.45 386.95 386.73 386.87
59 383.00 365.25 361.33 359.31 360.36 359.52 360.46 360.47 360.24
60 365.20 372.27 357.34 364.52 365.90 366.88 367.54 367.53 367.51
61 396.50 414.62 379.20 396.74 393.62 391.84 392.20 391.81 393.28
62 394.00 394.04 394.07 394.05 393.50 389.41 390.58 390.37 389.75
63 408.70 408.71 406.96 408.69 412.06 411.15 410.94 410.82 411.67
64 400.60 400.62 397.25 400.64 404.30 402.36 402.70 403.22 403.69
65 381.20 369.48 382.75 381.83 392.44 390.06 390.98 391.73 391.93
66 370.30 370.59 374.94 370.29 372.97 370.79 371.96 372.71 372.65
67 368.00 367.98 363.60 368.02 370.25 369.34 369.85 369.61 369.03
68 349.90 349.92 353.89 349.89 351.73 351.01 352.17 351.74 350.73
69 389.70 378.28 389.88 389.77 386.36 384.61 385.37 385.75 383.77
70 361.30 365.10 348.14 354.14 362.64 361.25 362.42 362.94 362.02
71 342.00 342.01 341.78 342.04 343.08 342.34 344.05 344.62 341.85
72 381.30 381.26 381.23 381.28 386.23 384.85 385.18 384.90 386.50
73 356.00 355.98 356.05 356.01 351.46 349.83 350.07 350.53 351.18
74 356.40 356.40 356.28 356.41 361.28 361.79 361.07 361.72 360.11
RMSE 8.83 5.98 3.23 3.49 4.26 3.17 3.12 4.61

Upon the statistical analysis of all models,
the HYBRID method of CORAL and G2MP2 method
of Gaussian 09 gives a better improvement results
for gas phase Gibbs free energy changes shown
in Table 2. Inspection of these calculated values
reveals that in most cases the values are very close
to the experimental values. For an instance, in case
of compound 9, 21, 31, 51, 57 and 67 the calculated
gas-phase Gibb’s free energy changes of 389.10,
383.69, 342.61, 367.50, 350.60 and 368.02 kcal/
mol by HYBRID method and 388.96, 383.65, 343.18,

2 = 0.8667
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B
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Fig. 1. Comparison between experimental and calculated
Gibbs free energies using three QSPR models

369.79, 350.63 and 369.61 kcal/mol by G2MP2 method
are very close to the experimental values of 389.10,
383.70, 342.50, 367.40, 350.70 and 368.90 kcal/mol
respectively. Now the unsigned errors (%) of these
molecules by HYBRID and G2MP2 methods are 0.0,
0.0026, 0321, 0.0272, 0.0285, 0.2385 and 0.0360,
0.0130, 0.1985, 0.6505, 0.0200, 0.1925 respectively
which show a very small deviation compared to
experimental values. In addition the unsigned errors of
the remaining molecules are almost same or slightly
higher from these unsigned errors.

= 09733 (MPW1PWE1) = 0.9602 (G1)

420 F=norTe P = 0.9787 (G2MP2)

F=0,9533 (CBS-QB3)

400

380

in kealimol (Experimental)

Al Data (MPW1PWI1)

ﬁGg“
4
=]

e

Al Dala (CBS-QB3)

Inear (AN Data, MPW1PWE1)
linear (AN Data, G1}

linear (AN Data, G2}
= Inear (AN Data, G2MP2}
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320

400 420

Fig. 2. Comparison between experimental and calculated
Gibbs free energies using Gaussian calculations.
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Table 3: Statistcal quality of the models for the gas phase Gibb’s free energy
changes of the training set (n = 61) and the test set (n = 13)

Statistical Values Graph SMILES Hybrid
Training Test Training Test Training Test
r? 0.8667 0.8058 0.9565 0.8165 0.9866 0.934
q? 0.8581 0.7381 0.9538 0.7183 0.9857 0.8418
s 7.83 13.2 4.47 11 2.48 5.8
MAE 5.01 10.8 3.09 8.15 1.35 4.83
F 384 46 1296 49 4346 149
R2. - 0.6632 - 0.7011 - 0.7382
AR? 0.1896 0.1733 - 0.1081

r2: squared correlation coefficient g% leave-one-out validation, s: standard error of estimation, MAE:

mean -absolute error, F: Fisher ratio

CONCLUSION

In this paper we have shown gas phase
Gibbs free energies of seventy four types of small
molecules and these experimentally studied
molecules were selected to test new theoretical
methodology. There are a variety of methods and
tools to calculate the gas phase Gibb’s free energies
in modern technology. CORAL software is thus one
of the modern and an efficient tool to build up a
model for Gibb’s free energy calculation of a set of
diverse substances. The predicted free energy of the
applied approach was validated with a test set. The
best results were obtained using the HYBRID version
of the representation of the molecular structure, i.e.,
by both molecular graph and SMILES. At the same
time Gaussian software program was also employed
to calculate the gas phase Gibbs free energies with
a variety of methods and basis sets. MPW1PW91/6-
311+G(2d,2p) and G2MP2 gave the results with an
excellent agreement with experimental values. It is
clear that high-levels of theory and cost effective
methods are not always feasible for the calculations
of gas phase Gibbs free energies of these small

molecules. Sometimes low-levels of theory can
reach the point where calculations at the level
of chemical accuracy, within 1 kcal/mol, are now
possible. The main variation in the accuracy of these
molecules stems from the levels of theory used in the
optimization. In future, further studies can develop a
new methodology to calculate the high accuracy of
gas phase Gibbs free energies.
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