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Application of random forests method to predict the retention indices of some polycyclic

aromatic hydrocarbons

Journal of chromatography A s

QSPR study of retention time of some volatile organic compounds by using random
forests (RF), multiple linear regression (MLR) and artificial neural network (ANN)

methods
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Application of Random Forests (RF) method to predict the retention index of some sulfur

compounds
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6-Multiple linear regression
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8-Atrtificial neural network

9-Cross validation
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1-Polycyclic aromatic hydrocarbons
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1-High performance liquid chromatography
2-Gas chromatography/mass spectrometry
3-Adler

4-Water gel column

5-Wiener number
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1-Ferreira
2-Ribeiro
3-Random Forests
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1-Chemometrics
2-Svante wold
3-International chemometrics society
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1-Schrodinger equation

2-Ab initio methods

3-Semi-empirical methods

4-Density functional theory (DFT)
5-Complete neglect of differential overlap
6-Modified neglected of diatomic overlap
7-Austian method 1
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1-Stepwise
2-Combined data splitting—feature selection
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2- Support vector machin
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1-Machine learning

2-Breiman

3-Classification and regrression trees
4-Response surface
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No Symbol Class Meaning
1 SCBO Constitutional Sum of conventional band orders(H-depleted)
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8 Mor24v 3-D-MORSE 3-D-MORSE signal 24/Weighted by atomic van der waals
volumes
9 PJI3 Geometrical 3D Petijean shape index
10 = RDFO090u RDF Radial distribution function-9.0/unweighted
Gl o g S5 by by cad Gl Glo Shog (S o ile ~(F-Y) Jax
SCBO PSA L3s RDF020v RDFO080p ATS5p Mor03p Mor24v  PJI3  RDF090u
SCBO \
PSA —-N\YY \
L3s S\EY SNY )
RDF0O20v  -/ifv) Y Y Y| 25 4 \
RDF080p  -/v-8  —/¥-A  +Jv$¥ - /oYY )
ATS5p - IOFY NAA TRV & “IFEY -IBYY )
Mor03p SIBAYeNeY YN —-IfY¥ Niaal SIEA )
Mor24v SEYE e IYYY —eN\PF AN —-/FY¥ - I¥AY AR \
PJI3 AL A YLV SRR AL £ -IVFA NP - IYEY —IY-¥ “IVEA \
RDF090u  -/avy “I¥A- - I¥YY - [OAY - IYFY -[f5Y —- 105 ¥ - IYYY <YV \

CDFS oyl b b Siogs (3 yig sl -Y-Y-¥

Sl JSise (sasgazme 5 ol aniliS LS (1Y) Geajl s sloosls lal i) ol plnil sl

i)l s Ghisel assaze 90 4y Bolai b @ L VP slawi 4y Sl g sel s slaesls
390] Loy 5l s p gl gl yo (g )T N0 ,T el (B3390l 18 5 3,1 Y )
CE)S 1By 0550 awd Hled ol (6w rools Lawgi ool Cuss 4 sl Jae 5 oo ploxl
Sloul osls (6w (sl Sglite Jow V7 Lol jo cplplo ool Cavs @ omaiws o] Jow o0 b

wloads S8 (F-) Jsaz 1 oo ! 1o oo Sl gl S cireogs s



ooty alises (goispumds | sdel Cawd 45 Jow VF slo Saiogs —(F-1) Jgo

Jowe o,leds b Saoy S ooy slows
\ SCBO, Mor06ém Y
Y SCBO, PSA, Mor06m Y
¥ SCBO,PSAE3s Y
f SCBO, Mor06m, Mor32m Y
A SCBO, Mor06m, Mor24v, E3s, PSA, RDF080p, Mor03p, N

Mor21m, HATS1m
4 SCBO, PSA, Mor06m ¥
v SCBO, PSA Y
A SCBO, Mor06m, E3s Y
1 SCBO, RDF040e, E3s, Mor27p, E2s, Mor21m, H047, C028 A
). SCBO, E3s, Mor06m, PSA f
A SCBO, PSA Y
\Y SCBO, Mor06m, E3s Y
\Y SCBO, Mor21m, Mor06m, Mor32m, E3s, L3s, Ds, %
VF SCBO, PSA, E3s Y
V0 SCBO, Mor0ém Y
\$ SCBO, PSA, L3s, RDF020v, Mor06m o

10 3 S o(O-Y) Jadz 000 Bpre Sanog T o Jow ol )0 048 o cdalie a5 jghailen
Ol o (oo o yile (=) Jouz sl ba ooy ol Casnl (gonims ylis a5 wiloas 1SS

3,185 5e2g (5, lolise ‘-;u«.irg_@ S aoy u;lu.uo}wksn sdslive a5 was o ylis I e Saog

CDFS sl b oo bl sl S i ~(0-Y) Jso

No Symbol Class Meaning
1 SCBO Constitutional Sum of conventional band orders(H-depleted)
2 Mor06m  3-D-MORSE 3-D-MORSE signal 06/Weighted by atomic masses
3 PSA Properties Fragment-based polar surface area

3rd component accessibility directional WHIM index/weighted by

4 E3s WHIM atomic electrotopological states
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Rank = Symbol Class Meaning Importance I Relative
mportance
1 SCBO  Constitutional =~ UM OF conventional band 17.8838 1.00
orders(H-depleted)
Lowest eigenvalue n.6 of
2 BELe6 BCUT Burden matrix/weighted by 11.0211 0.61

atomic sanderson

electronegativities

3D-MoRSE-signal

3 Mor03p 3D-MoRSE 03/weighted by atomic 8.0560 0.45
polarizabilities

Molecular Molecular walk count of order

4 MWCO08 7.1639 0.40
walk count 08
5 Yindex Topological Balaban Y index 6.8560 0.38
Lowest eigenvalue n.5 of
6 BELe5 BCUT Burden mgtnx/welghted by 6.6732 0.37
atomic sanderson
electronegativities
Information content index
7 IC5 Topological (neighborhood symmetry of 5- 6.4170 0.35
order)
3D-MoRSE-signal
8 Mor06m 3D-MoRSE 06/weighted by atomic masses 6.4163 0.35
9  DELS = Geometrical ~ Molecular electrotopological 5.9972 0.33
variation
Radial distribution function-
10 RDF070 RDF 8.0/weighted by atomic 5.7654 0.32
P polarizabilities
11 H3m  GETAWAY H autocorrelation of lag 5.6107 0.31

3/weighted by atomic masses
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Abstract

Organo-sulfur compounds and poly cyclic aromatic hydrocarbons (PAHS) are known
to be two groups of persistent pollutants. In addition, there is evidence of the carcinogenic
potential of these compounds. There are different analytical techniques such as gas
chromatography for separation and identification of these compounds by comparison of
retention indices with standards. So, the retention index of a solute is an important
parameter can be used for identification of organo-sulfur and PAHs compounds, but on
the other hand, these methods are time consuming and very expensive. Therefore, to
overcome on these problems, chemometrics methods can be used for calculation of
retention indices of these compounds.

In the first section of this thesis, a new method of Random Forests (RF) is used for
predicting the retention indices of a group of sulfur compounds. Also the performance of
the random forests model was compared with the artificial neural network (ANN) and
multiple linear regressions (MLR). The determination coefficients obtained for test set by
RF, SR-ANN, CDFS-ANN, RF-ANN and MLR are 0.997, 0.967, 0.994, 0.986 and 0.996
respectively. The results obtained showed that RF model has relative superiority than
ANN and MLR to predict the retention indices of these compounds.

In the second section, as same as first part, these methods were used to predict the
retention indices of some PAH compounds. The determination coefficients obtained for
test set by RF, SR-ANN, CDFS-ANN, RF-ANN and MLR are 0.997, 0.986, 0.989, 0.954
and 0.983 respectively. Obtained result showed that RF is better than the other techniques
for prediction of RIs of PAHSs.

Keywords: organo-sulfur compounds, polycyclic aromatic hydrocarbons, retention
index, RF, ANN, MLR.
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