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1. Introduction

A simple and reliable QSPR model for prediction of
chromatography retention indices of volatile
organic compounds in pepperst

Shahin Ahmadi, @ *2 Shahram Lotfi, ©® Hamideh Hamzehali€ and Parvin Kumar & ¢

Worldwide, various types of pepper are used in food as an additive due to their unique pungency, aroma,
taste, and color. This spice is valued for its pungency contributed by the alkaloid piperine and aroma
attributed to volatile essential oils. The essential oils are composed of volatile organic compounds (VOCs)
in different concentrations and ratios. In chromatography, the identification of compounds is done by
comparing obtained peaks with a reference standard. However, there are cases where reference standards
are either unavailable or the chemical information of VOCs is not documented in reference libraries. To
overcome these limitations, theoretical methodologies are applied to estimate the retention indices (Rls)
of new VOCs. The aim of the present work is to develop a reliable QSPR model for the Rls of 273
identified VOCs of different types of pepper. Experimental retention indices were measured using
comprehensive two-dimensional gas chromatography coupled to quadrupole mass spectrometry (GC x
GC/gMS) using a coupled BPX5 and BP20 column system. The inbuilt Monte Carlo algorithm of CORAL
software is used to generate QSPR models using the hybrid optimal descriptor extracted from
a combination of SMILES and HFG (hydrogen-filled graph). The whole dataset of 273 VOCs is used to
make ten splits, each of which is further divided into four sets: active training, passive training, calibration,
and validation. The balance of correlation method with four target functions i.e. TFO (WIIC = WCII = 0),
TFL (WIIC = 0.5 & WCIl = 0), TF2 (WIIC = 0 & WCII = 0.3) and TF3 (WIIC = 0.5 & WCIl = 0.3) is used. The
results of the statistical parameters of each target function are compared with each other. The
simultaneous application of the index of ideality of correlation (IIC) and correlation intensity index (Cll)
improves the predictive potential of the model. The best model is judged on the basis of the numerical
value of R? of the validation set. The statistical result of the best model for the validation set of split 6
computed with TF3 (WIIC = 0.5 & WCIl = 0.3) is R = 0.9308, CCC = 0.9588, IIC = 0.7704, Cll = 0.9549,
Q? = 0.9281 and RMSE = 0.544. The promoters of increase/decrease for Rl are also extracted using the
best model (split 6). Moreover, the proposed model was used for an external validation set.

pungency, color, flavor, and aroma.' The piperine alkaloid (as
the (E,E)-isomer), which is responsible for pungency, and the

Peppers are among the most ancient spices known to man and
are extensively harvested all over the entire globe. Pepper fruits
contain a high quantity of constituents advantageous to human
health, such as antioxidants, minerals, vitamins (mainly A, C,
and E), polyphenols and carotene. All types of pepper are eaten
fresh or dried and are used in the food industry as additives
(coloring and flavoring agents) because of their unique
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volatile essential oils that provide flavour and aroma are
primarily accountable for the quality of peppers as rated by
humans.*® However, other compounds have also been identi-
fied in peppers, such as terpenes, flavonoids, steroids, unsatu-
rated fatty acids, and polysaccharides. Furthermore, the
essential oil derived from the distillation of pepper contains
various taste and flavouring components: e.g. oxygenated
monoterpenoid compounds, monoterpene hydrocarbons and
oxygenated compounds, sesquiterpene hydrocarbons and
oxygenated compounds, oxygenated sesquiterpenes, and
phenolic compounds. These compounds are designated as
volatile organic compounds (VOCs).**” The essential oils of
peppers can also be employed as antioxidant, antiseptic, anti-
bacterial, antimycotic, anti-epileptic, anti-inflammatory,
diuretic, antipyretic, anthelminthic, and carminative agents.®®

© 2024 The Author(s). Published by the Royal Society of Chemistry


http://crossmark.crossref.org/dialog/?doi=10.1039/d3ra07960k&domain=pdf&date_stamp=2024-01-18
http://orcid.org/0000-0003-1019-4649
http://orcid.org/0000-0002-0910-9681
http://orcid.org/0000-0002-2635-6465
https://doi.org/10.1039/d3ra07960k
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra07960k
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA014005

Open Access Article. Published on 19 January 2024. Downloaded on 12/4/2025 9:24:29 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

Numerous reports have been published for the identification
and characterization of diverse VOCs of peppers.'®** Gas chro-
matography (GC) and gas chromatography-mass spectrometry
(GC-MS) techniques are generally employed for the quantitative
determination of volatile compounds in peppers.**** Other
techniques such as proton-transfer-reaction time-of-flight mass
spectrometry (PTR-ToF-MS), two-dimensional gas chromatog-
raphy with flame ionization detection (GC x GC-FID), quadru-
pole mass spectrometry (GC x GC-qMS) and time-of-flight mass
spectrometry (GC x GC/TOFMS) are also applied to identify
VOCs.>1%1°

In chromatography, the chemical structure of compounds is
identified by comparing obtained peaks with a reference stan-
dard. However, in some cases, reference standards may be
unavailable or the chemical information about VOCs may not be
registered in reference libraries. To reduce these limitations,
theoretical techniques for estimating the retention index (RI) of
new VOCs are employed. Hence, the quantitative structure—
property/activity relationship (QSPR/QSAR) is employed to
predict the retention index (RI)."”” QSPR/QSAR is a significant
theoretical technique used to establish mathematical models
that predict the properties/activities or endpoints of compounds,
which have been newly designed or are undeveloped.***’

A literature survey revealed that CORAL (CORrelation And
Logic software available at http://www.insilico.eu/coral)
software can be implemented for the development of
predictive QSPR/QSAR models. CORAL is freeware software
designed to calculate one-variable QSPR/QSAR models between
an endpoint and descriptors using the Monte Carlo algorithm.
In this software, the optimal descriptor of correlation weight
(DCW) is calculated using the SMILES (Simplified Molecular-
Input Line-Entry System) notation of the molecular
structure.’** According to a literature report, the index of
ideality of correlation (IIC) and correlation intensity index (CII)
are applied as new criteria for judging the predictive potential of
the QSPR model. It is often mentioned in the literature that the
numerical value of the coefficient of determination (R?) for the
validation and calibration set is improved by the IIC, whereas
the CII improves the numerical value of the coefficient of
determination (R?) for all four sets: i.e. active training, passive
training, calibration and validation.**"**

The objective of this study is to construct a predictive QSPR
model using the Monte Carlo technique of the CORAL software
for the retention index property of 273 VOCs recognized in
peppers. Ten random splits are made and each split is divided
into four subsets. The IIC and CII statistical parameters are
employed to predict a better model. The balance of correlation
method with four target functions, i.e. TFO (Wyc = Wy = 0),
TF1 (Wyc = 0.5 & Wy = 0), TF2 (W = 0 & Wy = 0.3) and TF3
(Wie = 0.5 & W = 0.3), is used to examine the robustness and
accuracy of the constructed QSPR model.

2. Data and method
2.1. Data

The retention index (RI) data for 273 VOCs identified in 13
peppers were obtained from the literature by Rojas et al.**

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Polydimethylsiloxane/divinylbenzene (PDMS/DVB) fiber was
used for extraction of the VOCs. The peaks on the two-
dimensional GC with a quadrupole mass spectrometric
detection (GC x GC-qMS) chromatogram were identified by
the column set comprising a non-polar molecule (5% phenyl
polysilphenylenesiloxane) as the primary column and a polar
molecule (polyethylene glycol) in the second column. Exper-
imental retention indices were obtained using the van den
Dool and Kratz equation and Adams' retention indices. Data
preprocessing details were reported in the literature by Rojas
et al.** The range of values for the retention index (RI) went
from 930 to 1790. The IDs of the compound, SMILES codes,
and corresponding experimental and predicted RI are
provided in Table S1.f Ten splits were prepared and each
split was further split randomly into four subsets: i.e. an
active training set (=26%), a passive training set (=20%),
a calibration set (=20%), and a validation set (=34%). The
role of each set was fixed and is well explained in the
literature.**-%¢

2.2. Method

The methodology for obtaining the results from the CORAL
software can be summarized as a group by the following steps:

(1) Data preparation involves converting the structure to
SMILES and preparing the Total set file.

(2) The process of data splitting in CORAL software is carried
out using random splitting. This can be done using the classical
scheme or balance of correlation. In the balance of correlation
the data is divided into four sets: active training, passive
training, calibration, and validation sets. However, if the
amount of data is small, the classical scheme is used and the
data set includes training, calibration, and validation sets.

(3) The selection of descriptors is based on either SMILES or
a graph, or a combination of both. The descriptors are chosen
accordingly.

(4) The target function selection involves computing corre-
lation weights using the Monte Carlo method and maximizing
one of the target functions: namely TF0, TF1, TF2, or TF3. The
formulas of these target functions are described in the corre-
sponding section.

(5) Model building consists of two phases. In Phase 1, the
preferable threshold and number of epochs are searched for
using Monte Carlo optimization based on statistical results
from the calibration set. In Phase II, the preferable model is
constructed after optimization of the threshold and number of
epochs.

(6) External validation is performed on the test sets after
model building.

(7) Model interpretation is carried out in this step.

(8) New molecules can be designed based on the model
interpretation.

2.3. Hybrid optimal descriptor

As previously mentioned in the preceding section, in CORAL
software three types of optimal descriptors can be calculated:

i.e., SMILES-based, graph-based, and hybrid descriptors

RSC Adv, 2024, 14, 3186-3201 | 3187
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(obtained by combining SMILES and graph-based). The graph-
based descriptor can be computed by using a hydrogen-filled
graph (HFG), a hydrogen-suppressed molecular graph (HSG)
or a graph of atomic orbitals (GAO).>’*® A literature survey
shows that QSPR models designed using the hybrid optimal
descriptor provide robust models with higher statistical
quality.” Here, the QSPR model for the prediction of RI is
designed by utilizing a hybrid optimal descriptor based on the
correlation weights of SMILES attributes and vertex degrees in
the hydrogen-filled graph (HFG).

The hybrid optimal descriptor of the correlation weights
(DCW) is computed using the following equation:

DHybrid CW(T*,N*) —
DCWsmiLes(T*N*) + DCWypg(T*N*) (1)

The DCW of HFG and SMILES are calculated via mathe-
matical eqn (2) and (3).

DCWspmiLes(T*N¥) = > "CW(S)) + > CW(SSy)
+ S CW(SSS,) + CW(BOND) + CW(MFCs) (2)

DCWypg(T*N*) = SSCW(ECO,) + SSCW(ECL,)
+ T CW(pt2) + S CW(VS2y) + S CW(nny)
+ > CW(C5) + > (C6) (3)

In eqn (2), the structural attributes Sy, SSk, and SSS; are
single SMILES symbols (e.g., Cl or S), two SMILES symbols and
a combination of three SMILES symbols, respectively. The
BOND code demonstrates the existence or absence of double
(=), triple (#), or stereochemical bonds (@ or @@). Here, the
molecular feature contributions (MFCs) are the total number
of oxygen atoms (O), the number of double bonds (=), and the
number of triple bonds (#). Therefore, in eqn (3), the attributes
ECO and EC1 are the number of neighbors of a vertex degree
and Morgan's connectivity of first order; pt2 is the number of
paths of length 2; VS2 is the valence shells of radius 2 in the
HFG; the nn symbol implies nearest neighbors; C5 and C6 are
descriptors that represent the five- and six-membered rings in
the molecular structure, respectively. T is the threshold to
separate SMILES attributes into noise or active. The active
SMILES are applied to construct the model. The noise SMILES
are not involved in constructing the model. T* and N* are the
optimum threshold and number of epochs of the Monte Carlo
optimization method. 7% and N* provide the maximum
statistical quality for the calibration set. The numerical values
for CWs are acquired from the Monte Carlo optimization and
the optimal descriptor is computed with the optimal CWs.
Then the calculated CWs are employed to design a predictive
model of the RI according to the following equation:

RI = Cy + C; x DCW(T*N¥) (4)

2.4. The Monte Carlo optimization

Here to design robust QSPR models, four different kinds of
target functions, TF0, TF1, TF2 and TF3, are used. Then, the
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View Article Online

Paper

outcomes of the statistical results are compared with each
other.

The mathematical equations for each target function can be
demonstrated follows:

TFo = Ratrn + Rprrn — [RaTRN — RprRN| X diweight  (5)
TF, = TF, + lICcar x weight for IIC (IC\eign) 6)
TF, = TF, + Cllcar x weight for CII (Cllyeight) (7)

TF; = TFy + HHCcar X IICyeight + Cllcar X Cllyeigne  (8)

Here, Ryrry and Rprry are the correlation coefficients between
the observed and predicted RI for the active training and passive
training sets, respectively. The numerical values for weights of
index of ideality of correlation (IIC) and correlation intensity
index (CII) are usually kept constant and here the numerical
values of dryeighty IICyeight and Cllyeigh: Were 0.1, 0.5 and 0.3,
respectively. IICc,y, and Cllg,y, are computed for the calibration
set using eqn (9).

min(‘MAECAb JrD/[AECAL)

11C =R X
CAL CAL max (7MAECAL7 +MAECAL)

(9)

Rcar is the correlation coefficient between experimental
values and calculated values of RI for the calibration set. The
negative and positive mean absolute errors are indicated by
“MAE and '"MAE, which are computed as follows:

1
7MAECAL = —N Z |Ak|
y=1

(10)
4y <0, "N is the number of 4, <0
1 &
t*MAE =+— Y|
CAL +N ;| k| (1)
4, =0, *N is the number of 4, =0
Ay = observedy — calculatedy (12)

The ‘k’ is the index (1, 2, ..., N) and the observed, and
calculatedy, are related to the endpoint.

CIICAL =1- ZProtestK

RE-R>, if R*—R>0 (13)

Protestx = )
0 otherwise

R? is the correlation coefficient for a set that contains n
substances. R, > is the correlation coefficient for n — 1
substances of a set after removing the kth substance. Hence, if
(R> — R?) is greater than zero, the kth substance is an “oppo-
sitionist” for the correlation between experimental and pre-
dicted values of the set. A small sum of “protests” means a more
“intensive” correlation.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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2.5. Applicability domain

In QSPR/QSAR models, the applicability domain (AD) is used to
specify whether the designed model interpolates (correct
predictions) or extrapolates (incorrect predictions). In the
CORAL software, the distribution of SMILES attributes in the
active training, passive training, and calibration sets is used to
calculate the AD. Therefore, the AD for the model acquired as
a result of Monte Carlo optimization varies depending on the
distribution of the datasets in the training and calibration sets.
In the QSPR/QSAR models designed by CORAL software, the
statistical defects of SMILES are employed to define the AD. The
“statistical defect,” d(4) is computed according to the following
mathematical equation:

o |PATRN(AK) — PPTRN (AK)|

|Patrn (Ak) — Pear(4x)|

View Article Online

RSC Advances

selected as the best target function. A comparison of the
determination coefficients of the validation set for all splits
computed via four target functions is represented in Fig. 1.
The QSPR models for the ten splits formulated with TF; for
prediction of the RI of the VOCs are given below:
Split 1

RI = 73.8025(+7.0844) + 24.5924(+0.1499) x DCW(1,15) (17)
Split 2
RI = 121.5622(£6.8196) + 26.4093(£0.1507) x DCW(1,15) (18)

Split 3

|Prrrn (4k) — Pear(4x)| If Ag =0

Defect,, =
K Natrn(4k) + Nptrn(4k)
Defect 4,

Patrn(ak)y Pprri(ak) and Pcar(ak) are the probability of attri-
butes in the active training set, passive training set, and cali-
bration set, respectively; Narrn(ak)y Nprrn(ak)y and Nearak) are
frequencies of attributes in the active training, passive training
and calibration sets, respectively.

The SMILES-statistical defect (D) can be calculated as the
sum of statistical defects of all attributes:

NA
Defectyolecule = Z Defect 4, (15)
k=1

NA is the number of active SMILES attributes for the given
compounds.
In CORAL, a SMILES is an outlier if:

Defectmorecule = 2 X Defectarrn

(16)

Defectarry D is an average of statistical defects for the
dataset of the active training set.

3. Results and discussion

3.1. QSPR modelling for RI

Based on ten initial QSPR models, three compounds
(compounds 49, 205, and 265) were identified as outliers.
Therefore, these compounds were excluded from the data set
before further processing. Herein, to achieve consistent statis-
tical performance, ten different QSPR models were built for
each type of target function (TF,, TF4, TF,, and TF;3) employing
hybrid optimal descriptors. The summary of statistical results
for all QSPR models is summarized in Table S2.7 The numerical
value of R? calculated with TF; for the validation set of all splits
is higher than the R” calculated with the other target functions
(TFo, TF; and TF,); thus the TF; calculated with eqn (8) was

© 2024 The Author(s). Published by the Royal Society of Chemistry

Natrn(Ak) + Near (Ax)

Nprrn(Ak) + Near (Ax)
If A4k =0

RI = 315.0484(+6.5146) + 20.0374(+0.1270) x DCW(1,15) (19)
Split 4

RI = 133.8434(+9.0780) + 16.6644(+0.1272) x DCW(1,15) (20)
Split 5

RI = 120.8001(£5.6911) + 22.7349(£0.1122) x DCW(1,15) (21)
Split 6

RI = 265.7739(+6.3219) + 23.9520(+0.1477) x DCW(1,15) (22)
Split 7

RI = 107.8894(£7.4311) + 23.2382(£0.1417) x DCW(1,15) (23)
Split 8

RI = 40.7742(£6.0698) + 25.9964(£0.1255) x DCW(1,20) (24)

uTFO
uTF1
uTF2
uTF3

1 2 3 4 5 6 7 8 9 10
Split number

Fig.1 Comparison of determination coefficients computed with TFO,
TF1, TF2 and TF3 of all ten splits.

RSC Adv, 2024, 14, 3186-3201 | 3189
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Split 9
RI = 25.2594(1+6.5441) + 25.5860(+0.1587) x DCW(1,15) (25)
Split 10

RI = 110.5639(£6.0444) + 21.8635(£0.1077) x DCW(1,15) (26)

3.2. Model validation

In this study, the RI of the VOCs was predicted using QSPR
models based on Monte Carlo optimization employing four
target functions TF, (Wyc = Wen = 0), TFy (Wie = 0.5 & Wy =
0), TF, (Wic = 0 & Wy = 0.3) and TF; (Wi = 0.5 &Wcy = 0.3),
and each target function was checked with ten random splits.
The balance of correlation method was applied to generate
QSPR models. The statistical results presented in Table S2f
indicate that all designed QSPR models are within the standard
range in terms of statistical criteria and have robust predict-
ability. It can also be seen from Table S27 that simultaneously
adding the weight IIC and CII to the target function increases its
ability to predict RI as well as improving the statistical results.
The numerical value of R* for the validation set of split 6 (R> =
0.9308, eqn (22)) was found to be higher than the numerical
value of R for the other models created with TF3, so it was
identified as the best model. Fig. 2 displays the plot between
observed and calculated data of the RI for the QSPR models
computed with TF;. A good correlation between observed RI
and calculated RI, as well as a uniform distribution of RI for
active training, passive training, calibration and validation sets
can be seen in Fig. 2. Finally, the validation metrics for each
model are calculated using three strategies: (i) internal valida-
tion or cross-validation with the training set data; (ii) external
validation with the test set data; and (iii) Y-scrambling or data
randomization. If CR*p > 0.5 for the created model in a Y-
randomization test, the model is free of chance correlation.
For all constructed QSPR models the numerical value of CR*p
was more than 0.5, indicating the robustness of the developed
models.

3.3. Interpretation of the QSPR model

In the QSPR model developed by the CORAL software, mecha-
nistic interpretation is defined as the description of structural
attributes acquired from SMILES or hydrogen-filled graphs
which are responsible for the increase or decrease of an
endpoint. If the numerical value of correlation weights of these
structural attributes is negative in three or more runs of the
optimization, then these structural features are defined as
a promoter of endpoint decrease. On the other hand, if the
numerical value of correlation weights of these structural
attributes is positive in three or more runs of the optimization,
then these structural features are defined as a promoter of
endpoint increase. However the structural attribute is unde-
fined if the correlation weight of the structural descriptors has
both positive and negative numerical values.

3190 | RSC Adv, 2024, 14, 3186-3201
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The promoters for endpoint RI increase or decrease were
computed from the best model (split 6) and are displayed in
Table 1. Morgan extended connectivity of zero-order for
hydrogen atom as 1 (ec0-h...1...), Morgan extended connectivity
of first-order for hydrogen atom as 4 (ec1l-h...4...), Morgan
extended connectivity of first-order for carbon atom as 7 (ec1-
c...7...), Morgan extended connectivity of zero-order for carbon
atom as 3 (ec0-c...3...), Morgan extended connectivity of first-
order for carbon atom as 4 (ecl-c...10...), the number of paths
of length 2 which started from a hydrogen atom is equal to 3
(pt2-h...3...), the number of paths of length 2 which started
from a carbon atom is equal to 5 (pt2-c...5...), the number of
paths of length 2 which started from a hydrogen atom is equal
to 2 (pt2-h...2...), two sp3 hybridized carbon joined by
branching (c...(...c...), the presence of two consecutive aliphatic
carbons (c...c...) etc. were some significant promoters of
endpoint increase. The nearest neighbours code for carbon
equal to 413 (nnc-c...413), the nearest neighbours code for
carbon equal to 440 (nnc-c...440), a combination of the carbon
atom, oxygen and branching (c...o...(...), and 28 as a sum of
vertex degrees which take place at a topological distance of 2
relatively to carbon vertex (vs. 2-c...28) etc. were some significant
promoters of endpoint decrease.

3.4. A comparison of various QSPR models based on RI

A survey of the literature indicates that Rojas et al. (2019) re-
ported only one QSPR model for retention index: the QSPR
model for 273 VOCs of pepper.*> The molecular descriptors
and molecular fingerprints were calculated using Dragon and
PaDEL-Descriptor software. To create balanced subsets, the
dataset was divided into training, validation, and test sets of
molecules using the Balanced Subsets Method (BSM). After-
ward, the Wootton, Sergent, and Phan-Tan-Luu (WSP) unsu-
pervised variable reduction method was employed to reduce
the presence of multicollinearity, redundancy, and noise
among the initial pool of 4336 molecular descriptors and
fingerprints. By implementing this method, a reduced pool
consisting of 1664 descriptors was subjected to supervised
selection through replacement method (RM) variable subset
selection in order to establish a four-descriptor model. The
efficacy of the model was assessed by evaluating the coefficient
of determination and the root-mean-square deviation in
fitting. Specifically, the values obtained for R*> and RMSD for
training were 0.879 and 72.1, respectively. Similarly, R> and
RMSD were found to be 0.832 and 91.7 in the validation set,
while R* and RMSD were 0.915 and 55.4 in the test set. The
minimal discrepancies observed among these parameters
across the three sets indicate the stability and predictability of
the QSPR model.

Table 2 displays a comparison of the statistical results of the
present QSPR model with the reported QSPR model. The
previously reported model was implemented with only one
split, but in the present QSPR models, 10 splits were used to
design 40 QSRR models employing four target functions (TFO,
TF1, TF2 and TF3). Two significant criteria, the index of ideality

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig.2 Experimental versus predicted retention indices of split 1 to 10 for VOCs detected in peppers by the Monte Carlo method based on target

function TF3.

correlation (IIC) and correlation intensity index (CII), are also
addressed in this work, which were not studied in earlier work.
In the present QSPR models, only one descriptor, DCW, was
used to construct the QSPR models but in the previously re-
ported model, four descriptors were applied. The numerical
value of the determination coefficient (R, ) of the QSPR model
generated with TF3 for split 6 is 0.9308, which is much better

© 2024 The Author(s). Published by the Royal Society of Chemistry

than the value for the reported model. Thus, the presented
QSPR models are more robust and predictable.

3.5. External validation of the proposed models

An external dataset of 115 VOCs reported by Rojas et al.** was
used to predict the RI of molecules outside the dataset for
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Table 1 The list of the promoters Rl increase and decrease from splits 6 calculated with TF3

Structural CWs Probe CWs Probe CWs Probe Defect
No. attributes 3 NSs NSc NSv [SAK] Description
The promoters of RI increase
1 ECO-H...1... 0.0509 0.16064 0.34295 68 58 54 0 Morgan extended connectivity of zero-order for hydrogen atom
as 1
2 EC1-H...4... 0.18025 0.22099 0.18401 68 57 54 0 Morgan extended connectivity of first-order for hydrogen atom
as 4
3  PT2-H..3... 0.16527 0.2584 0.3257 68 57 54 0 The number of paths of length 2 which
started from a hydrogen atom is equal to 3
4 C-C...... 0.44726 0.01345 0.30905 65 55 50 0.0003 The presence of two consecutive aliphatic carbons
5 EC1-C...7... 0.31326 0.46929 0.21017 63 56 50 O Morgan extended connectivity
of first-order for carbon atom as 7
6 VS2- 0.10836 0.05545 0.26739 63 56 50 0 6 as a sum of vertex degrees which take place
H...6... at a topological distance of 2 relatively to hydrogen vertex
7 EC0-C...3... 0.56731 0.20537 0.33853 62 47 46 0.0006 Morgan extended connectivity of zero-order for carbon atom as 3
8 EC1-C...10  0.22378 0.25831 0.04221 61 52 47 0.0002 Morgan extended connectivity of first-order for carbon atom as 4
9 NNC- 0.20503 0.01758 0.05181 60 53 48 0.0001 The nearest neighbours codes for carbon equal to 422
C...422
10 C...(...C 0.29947 0.13954 0.33177 59 49 49 0.0004 Two sp3 hybridized carbon joined by branching
1 =... 0.15273 0.45098 0.39027 56 43 44 0.0001 Presence of double covalent bond
12 1. 0.26393 0.42999 0.64276 53 46 42 0 Presence of at least one ring
13 NNC- 0.44352 0.72343 0.10398 53 39 38 0.0008 The nearest neighbours codes for carbon equal to 321
C...321
14 PT2-H...2... 0.06983 0.57052 0.40344 53 42 38 0.0008 The number of paths of length 2 which
started from a hydrogen atom is equal to 2
15 PT2-C...5... 0.21029 0.22211 0.19676 52 42 39 0.0005 The number of paths of length 2 which
started from a carbon atom is equal to 5
The promoters of RI decrease
1 NNC- —0.08801 —0.07644 —0.57505 67 57 52 0.0002 The nearest neighbours codes for carbon equal to 413
C...413
2 C..1..(.. —0.30101 —0.02505 —0.28091 26 27 20 0.0003 Combination of aliphatic carbon, one ring and branching
3 NNC- —0.3105 —0.03567  —0.80092 26 27 20 0.0003 The nearest neighbours codes for carbon equal to 440
C...440
4 C-O..(.. —0.39833 —1.30355 —0.7525 8 1 4 0.0036 Combination of the carbon atom, oxygen and branching
5 O..(..(.. —015072 —1.42791 —2.29626 5 1 5 0.0019 Oxygen atom with two branching
6 VS2-C...28 —0.05713  —0.5657 —0.85747 5 8 4 0.0001 28 as a sum of vertex degrees which take place at
a topological distance of 2 relatively to carbon vertex
7 3--C..1... —1.16603 —0.21466  —2.69557 1 6 1 0.0019

Table 2 Comparison of present QSPR models with the previously reported study

Regression
No. Set n Descriptor generator method R’ train RMSD 1ic ClI Ref.
1 Training 92 Dragon and PaDEL MLR 0.879 72.1 — — 32
Validation 91 0.832 91.7 — —
Test 90 0.915 55.4 — —
2 ActivTRN 68 CORAL package LR 0.885 62.7 0.658 0.928 Present work
PassTRN 58 0.900 70.8 0.677 0.943
Calib 54 0.904 51.6 0.951 0.944
Valid 90 0.931 54.4 0.770 0.955

modeling. The RI properties of these compounds were pre-

dicted by ten models based on TF3 and average values were
compared with external predictions by Rojas et al. Table 3 shows
the average predicted RI of ten models, the prediction by Rojas

et al.** for the BPX5 and BP20 column coupled system, and
experimental retention indices from the literature.

3192 | RSC Adv, 2024, 14, 3186-3201

Fig. 3 shows a plot of the RI of the external set predicted by

CORAL software versus the RI predicted by Rojas et al..** There is
good agreement between the external predictions by the two
methods.

© 2024 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra07960k

View Article Online
RSC Advances

Paper

¥ VN VN VN VN VN VN VN VN VN 9'8S. SEV6'THY €£-TE-86S [o-z-uang-¢ 61
9
0S VN VN VN VN VN VN VN VN 8STT  8°€0ET 8/8'V6TT -8€-ETL¥ apixo auoytadig-suvyy 81
v VN VN VN VN VN VN VN VN VN  T'9€9T 920°809T [o-€-uatp-¥‘TRUIpRD /T
¥ VN VN VN VN VN 11T VN 9107 910T  T'LITT €EV'6EIT L-£9-0LF S[odUID-H'T 9T
1-0S
a4 VN VN VN VN VN VN VN VN €IET 9GET GSET'T8ET  -9€8 €6 aye3o0e [Aurdio-¢ ST
9 VN VN VN VN VN VN VN VN 064¢ 97T T¥9°THLT ¥-TO-TIT susrenbs  §T
1041
¥ pue y1 VN VN VN VN VN VN VN VN €891  6V6ST LETHPIT S-69-STS [ojoqesig-e €T
6-LL
TP pue 1¥ VN VN 1202 VN VN VN 8991 VN VN  TP09T €£6°LV9T -TSEST [ojoqesig-g ¢t
¥ VN VN VN VN VN VN VN VN 6STT I8TT 76¥°961T ¥-/8-8€T [oaurdiag-g-s19 1T
8-¥¢
17 VN VN VN VN VN VN VN VN VN - — -6/98T [09418201PAY1P-09N
6V-L¥ VN VN VN VN VN VN VN VN VN - - [0-Z-Ua-8-UaN-d-sun.iy
44 VN VN VN VN VN VN VN VN VN - - [0-C-U9-8-{puaIN-d
6v-9F S611
pue v¥ ‘e ‘1% VN VN VN VN VN 16T S6TT VN T6TT  8'F8IT SOS'FITIT T-T0-619 [09A1B0IPAYId 0T
€% pue ¥ VN VN VN VN VN VN VN VN VN - - suarennH-Q
S0ST
€0ST 0
|37 VN VN VN VN VN VN VN S0ST €6VT  £'80ST 990°'F8¥T -TT-T69€ sussaung-e 6
6L
v VN VN VN VN VN VN VN VN VN - — -PoTeg SPIXO JUOATRD-SUD.L
6v-9¥ 8-6%
pue 7% ‘1% VN VN VN VN VN VN VN VN VN  €/9€T TPV'6€CT -€8€8T 9pIXO duoAIER) 8
9% VN VN VN VN VN VN VN VN VeST  LLLST TLL'S9ST £-8T-€6 ajejooe [ouadng /£
2]
STV VN VN VN VN VN VN VN 791 TT9T  T1'60LT 9€T'S9ST I-TE-F8¥ soide[ia 9
6891
0891
£ VN VN VN VN VN VN VN VN 6/9T  L'TTLT 89%'IFST 8-08-£TS spoidy ¢
5% VN VN VN VN VN VN VN VN 0TST  S'9¥ST SEF'T6ET 0-16-209 UDRDSIAN ¥
96ST
¥SST
Sb pue £f VN VN VN VN VN VN VN VN 0vST G9ST S8°T0ST 9-TT-L8F upwe[g €
¥y pue 1% VN VN VN VN VN VN VN VN - - QUIsIUIRI-0
€% pue ¢ ‘s1 VN VN VN VN VN VN VN VN 80ST  T96¥T TE9°€8FT ¥-19-T0S sussaured-o-(7'7) ¢
¥ VN VN VN VN VN VN VN LVYN VN  9°6SIT 6IL¥9TT S-6E-€FS [OUDIAN T
‘]9 uwnjod aseyd uwnjod oseyd uwnjod aseyd uwnjod aseyd A1euones UWN[OD (v 20 (Apms  19qUUINU JQweN ‘ON
0ocdd  Areuonels  NOT-JH — Areuonels 6xdd  Areuonels S-dH SINS-dH s-da sefoy) s1yy) SVD
SIS-9a XeAN-XIA Xem-ga pawIpatdpyy  PawIPaIdy

SIMEINITY TeyuWILIadXy

92JN0S pue ‘2iNeJa}l] SY} WO SODIPUI UONUSIDI |eIudwIIadXa ‘Wa)sAs pa)dnod UwWN|od 0zdd Pue Xdd dUi 404 418 319
sefoy Aq uonoipaJd pue ‘QT 03 T S|PPOW JO UORDIPaId abeISAR DY) UO Paseq S2Ipul UOUSIaJ paidipald ‘Jaquuinu Aisibal SyD ‘sweu :siaddad ul p23dsiap SOOA UOWIWIOD JO 135 |eUlaIXT  § dlqe]

'80US217 PaNoduN '€ [ RJBWWODUON-UO NG LMY suowiwoD aaieas) e sopun pasusol|stapnesiyl |IIETEEL (o)
"INd 62:2'6 S202/7/2T U0 papeojumoq 20z Afenuer 6T UO paus!iand 801y sseooy usdO

RSC Adv, 2024, 14, 3186-3201 | 3193

© 2024 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra07960k

View Article Online

Paper

RSC Advances

4
IS VN VN VN VN VN VN VN VN VN 1°006 ¥E0E0¥6 -Fr-6TTT suo-z-us-g-sun.y3doH ¥
7-00
87 VN VN VN VN VN VN VN VN VN  F'€00T 9¥TT'€66 -6£9 0S [OUSXIY-Z-[APT  TH
T-SL
9 VN VN VN VN VN VN VN VN VN v'EEL TEISTIL -S9T ST [OIPaUBISAMOH  0F
14 VN VN VN VN VN  SO9T £6ST YN VN VN  L0€TT €66'TOTT T-8%-LSS [BUSIP-9T-S10‘SURT)-RUON  6€
9¢€T 8-9L
¥ VN VN VN VN VN VN VN VN 80€T  8'T6ET 98STLTL  -LT9 LT ojoyyesosi-(z) 8¢
6v-97% $09T
pue ¢ ‘1% ‘ST VN VN VN VN VN VN VN VN 96ST  S'FPST 9S8'€8ST  T-€G-LL [0IpD L€
L60T
0£0T 0-SS
€% pue ¥1 VN VN VN VN VN S9PT VN T0TT 690T SL6 SS9TPIT -LESST 91eIPAY SUDUIqRS-S1  9€
€012
¥ VN VN 9%91 VN VN 9291 VN VN €LIT  9'€TIT  S8°06TT T-8/-68 [OYIUSN  S€
6481
54 VN VN VN VN VN 6481 VN 9FTT SPIT  €TIFIT $9L°00CT T-6L-68 [oSandost ¢
6Y-L¥ VN VN VN VN VN VN VN VN VN  T'€6IT €TH08TL [0-T-Ua-8-[PUIN-d-s10 €€
6-19
94 VN VN VN VN VN VN VN VN VN  T'9Z9T 9€££'98ST -TI66T sudtpoueIng ¢
€ pue Iy VN VN 0€eT VN VN VN VN VN TS9T  8°S6ST L6T'T6ST S-9T-€LF [owsapng-v 1€
YLST 9-6£
94 VN VN VN VN VN VN VN L9ST TIST  S°909T TO9'¥6ST -T66 86T [0-p-( SULIOBWIAD (€
6-06
44 VN VN VN VN VN VN VN VN 0¢ST  STI9L €7 LT9T -LS9 1T [0A1B4pSH 67
0T¥T
94 VN VN VN T9ST VN VN VN 6071 60¥T  6'TSPT 9TS'LPPT $-19-69% SUAIPaD® 8T
L09T Lbe
54 VN VN VN VN VN VN VN VN 909T  9'68ST 98%7°609T -888 61 IT 9PIXO SUS[MWINH /T
194 VN VN VN VN VN VN VN VN VN  9°€PIT 6T6°0LTT £H0-T6¥ [oyzadid 92
(44 VN VN VN VN VN VN VN VN VN 09VT LLL°0VFT 1-T6-69F 2U2A0[D 6T
6%-97%
pue ¥¢ ‘1% VN VN VN VN VN VN VN VN VN - - [oud[Aydoren
(474 VN VN VN VN VN VN VN $9ST 0951 89ST  6'8PST 9/8'98ST 6-L6-TLY [oyoore sud[AydoLred ¥t
L-0€
i VN VN VN VN VN VN VN VN VN  T'€8/T L06'89ST -8€0 SS auIsuUsaUIND €T
0-v2
i VN VN VN VN VN VN VN VN VN ¥T9T €8L'C€6ET -V6LYS € 9pIWEPRYONIY 7T
T
34 TL8T VN VN VN VN VN VN VN VN €6ST  6£°8LST -£8-ST6E 37eI3[BAOS] [AIN  TT
SLTE 9-5¥
|54 VN VN VN VN vI8T L91€ VN 96LT VN  9°SELT  66'€LST -9TS €T [OT[0JIWIOA 0T
‘Jod  uwnjod aseyd uwnjod oseyd uwnjod oseyd uwnjoo aseyd Areuonels UWN[Od (w19 (Apras 1oqUUINU oureN ‘oN
ocdd ~ Areuopels  NOT-dH  Areuoness cxdd  Areuoneys S-dH SWS-dH sdaa  seloy) s1y3) SYD
SIS-9a XKL Xem-ga powIpatdpy pawIpaidpy
SAMEINI TeyuswIIadXy
(‘PwoD) ¢ 9gelL

'80US217 PaNoduN '€ [ RJBWWODUON-UO NG LMY suowiwoD aaieas) e sopun pasusol|stapnesiyl |IIETEEL (o)
"INd 62:2'6 S202/7/2T U0 papeojumoq 20z Afenuer 6T UO paus!iand 801y sseooy usdO

© 2024 The Author(s). Published by the Royal Society of Chemistry

3194 | RSC Adv, 2024, 14, 3186-3201


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra07960k

View Article Online
RSC Advances

Paper

OPIWBUILIIBSOII
i VN VN VN VN VN VN VN VN VN  L'8VFT 6£TL6ET — -(zv1‘av‘dc)-14NnqoSI-N LS
9-LT JPIWBUILIIBIIPELIOO
4 YN VN YN VN VN VN VN VN VN 06CT STI'TTTT -9%S €76 -(@et‘av'ac)-1AnqosI-N - 9
S
|87 VN VN VN VN VN VN VN 0901 VN  9°€20T 666°0T0T -68-£9€C [eU230-2-(7) SS
61€T
PIET S8
S VN VN VN VN VN  7€8T 0281 VN VN TI€1 - — TSI ST [eudIp-‘z-€d2Q
12
1S VN VN VN VN VN VN VN VN VN - — -88-€9€T  [BUDIP-F'C-Sun.y‘sun.i-edad
L6T1 7-£8
158 VN VN VN VN VN 8G/1 VN VN 1621  S'CITL 966°68TT -TST ST [eUSIP-'T-S10'sun43-8d9a  ¥S
LTS
vT VN VN VN VN VN VN VN VN VN  £%29T 9T'6IST -9€88T uuoNfpd €S
VN VN VN VN VN VN VN VN VN apipuadid
T-Th
! VN YN VN VN VN VN VN VN VN  S'9¢/1 919°SE€CT  -L66TF pIoe DIOUAIPBIAA-F'C TS
S9PL 086
8EVT 166 8.6 v
54 VN VN €THT VN VN 086 LL6 S/6 The  €E€TI0T  VLP'066 -98-16E€ [0-€-U230-T 1S
0Lzt 1001
444" 866
6TTT L66
9 VN VN VN VN VN veet L66 T00T 966 8TTT 8L0°TTOT 0-99-€TT sjeouexay [APF-0 0
€01
15 VN VN VN VN VN VN VN VN VN  ¥#PSTT T€EF80T -89T 19 SUO-H-Us-T-UON 6%
S-TL
15 VN VN VN VN VN VN VN VN VN  £9STT SST'STIT -#90T€ SUO-H-Ud-7-SUD4J-UON 8%
688
15 VN VN VN VN 688 09TT 788 VN 888 €146 LVL1°006 0-€7-0TT suoueydoH-z ¥
¥-18
7% VN VN VN VN VN VN VN VN VN  £'€P0T S9T°€90T -S8T ST [oua0-¢-(7) 9%
L
54 VN VN VN VN VN VN VN VN VN ¥°ST6  TI6'T06 -TS-8E6¥ [0-c-uaydoH-T <%
¥ VN VN VN VN VN VN VN VN VN - - [BUSXOH-Z-(a)
€
s VN 8¥8 60CT VN VN 1021 LS8 VN ¥S8 €058 LT6S°8E8 -9T-8TL9 [eUS-T-SUD-X3H  ¥¥
T-1¢ 210 (0]
S VN VN YN VN VN VN VN YN VN  9°S80T TI8'TOTT -6SLT9 -H-USIP -GT-SUDL)'SUDL-BUON €F
‘Jod  uwnjod aseyd uwnjod oseyd uwnjod oseyd uwnjoo aseyd Areuonels UWN[Od (w19 (Apras 1oqUUINU oureN ‘oN
ocdd  Areuonels  WOC-dH — Areuonels cxdd Areuonels s-dH SINS-dH s-aa sefoy) s1q) SVD
SIS-9a XKL Xem-ga powIpatdpy pawIpaidpy

SAMEINI TeyuswIIadXy

'80US217 PaNoduN '€ [ RJBWWODUON-UO NG LMY suowiwoD aaieas) e sopun pasusol|stapnesiyl |IIETEEL (o)

"INd 62:72'6 G20Z/7/2T U0 papeojumoq ‘20z Arenuer 6T UO paus!iand 901y Ss300Y uadO

(‘puoD) ¢ oqel

RSC Adv, 2024, 14, 3186-3201 | 3195

© 2024 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra07960k

View Article Online

Paper

RSC Advances

S06T S 193189
914 VN VN VN VN VN L68T VN VN 06€T €TIPT 968°6€ET -8¢-T20T 1AyId ‘proe orouedordouszusg 8z
89L
v VN VN VN VN VN vvel 992 VN 992 €1SL 6TLV'68L O-IV-1L [oyod[e [Awy /2
¢6¢ET
6L€T
09¢€T
141" 788
v VN 698 geer VN VN T6€T 698 VN £98 7'9¥8 8€€0°LL8 ¢-LT-TIL [oueXoH 9L
8
0S VN VN VN VN VN VN VN 9617 VN 9'T06T  ¥E'ST0T -¥8-¥SVT [ouBd9pBUON GL
4 VN VN 00ccC VN VN VN VN VN 00¢TcT ¥°'600C S¥/C0TT 0-L6-6C9 auesoood v/L
i VN VN 00T¢ VN VN VN VN VN 00T¢ £9T6T €8T°GT0T L-76-6C9 QUBSOOIOUSH €4
14" VN VN 000 VN VN VN VN VN 0007 8°L¥8T T1T9°LT6T 8-S6-CIT QUBSOOIH TL
7661 T
148 VN VN VN VN VN VN VN VN 0661 G'698T 688°VE6T -L0-TSVE QUaSOOI-T TL
14" VN VN 006T VN VN VN VN VN 006T 6'89/1 6S0°0¥8T $-C6-6C9 QUBOIPBUON 0L
141 VN VN 008T VN VN S08T VN VN 008T 6'689T L6¥'CSLT €-S¥-€6S QUBIIPEIO 69
v6LT
48 VN VN VN VN VLLT VN VN VN €6LT 9'TTLT 99L°6SLT 6-88-CIT QU229peO-1 89
14" VN VN 0041 VN VN VN VN VN 0041 L0T9T S€6'V99T L-8/-6C9 suedopeldoH L9
9 VN VN VN VN VN VN VN VN VN — - SPHAIALS proe onIwed
145 VN VN 098¢ VN VN VN VN VN 7861 T TI8T €99°6SLT €-0T-LS ploeoniwed 99
4" VN VN 00971 VN VN VN VN VN 0091 V'IEST €LELLST €-9L-VPS QUBOOPEXOH 9
OTLT
L8991 6
0s VN VN VN VN VN VN VN TTLT €IST €°099T 9TV ¥¢9T -T1-99.C [eueoapeIUd V9
9-0L OPIWRULIPEIIPEIIO
¥I VN VN VN VN VN VN VN VN VN 992C 959°61CC -¥6.L¥S -(av‘ac)-1ANnqoSI-N - €9
66€T
71 VN VN 00¥T VN 00¥T 66¢€T VN VN 9TTT TCLET 6VTCOVI ¥-65-6C9 auedapeInal, 79
S
a7 VN VN VN VN VN VN VN VN VN 6'6CVT 608'8VVL -C8-V.LLL [eU229PILL-2-(7) 19
v VN VN 006 VN VN VN VN 006 668 6°596 C6EV'V96 CT-V8-TIL QUBUON 09
9-91
w VN VN VN VN VN VN VN VN VN 6’186 €76°6T0T -6€€ST [OUBPO-C 6S
618
008
662
€60T €08 L6L
1S pue 9T VN VN GL0T VN VN £90T 008 08 8L G'1C6 G86€°9€8 T1-SC-99 [eUuBXoH 8¢
‘Jod  uwnjod aseyd uwnjod oseyd uwnjod oseyd uwnjoo aseyd Areuonels UWN[Od (w19 (Apras 1oqUUINU oureN ‘oN
ocdd  Areuonels  WOC-dH — Areuonels cxdd Areuonels s-dH SINS-dH s-aa sefoy) s1q) SVD
SIS-9a XKL Xem-ga powIpatdpy pawIpaidpy

SAMEINI TeyuswIIadXy

'80US217 PaNoduN '€ [ RJBWWODUON-UO NG LMY suowiwoD aaieas) e sopun pasusol|stapnesiyl |IIETEEL (o)

"INd 62:72'6 G20Z/7/2T U0 papeojumoq ‘20z Arenuer 6T UO paus!iand 901y Ss300Y uadO

(‘puoD) ¢ oqel

© 2024 The Author(s). Published by the Royal Society of Chemistry

3196 | RSC Adv, 2024, 14, 3186-3201


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra07960k

View Article Online
RSC Advances

Paper

'80US217 PaNoduN '€ [ RJBWWODUON-UO NG LMY suowiwoD aaieas) e sopun pasusol|stapnesiyl |IIETEEL (o)
"INd 62:2'6 S202/7/2T U0 papeojumoq 20z Afenuer 6T UO paus!iand 801y sseooy usdO

9 VN VN VN VN VN VN VN VN VN £0/ST SZL0SET €-65-809 UoIuE 93eU0IN[D 00T
L
a4 VN VN VN VN VN VN VN VN VN 9¢TT 8IS'€TTT -06-69C€ [e-0T-USUOWI[OIPAYI 66
9 VN VN VN VN VN VN VN VN VN 8°¢h6 TLE6'888 L-9T-0TT PIOE JI0IPIUSIoAIMOH 86
9 YN VN VN VN 8501 YN VN VN VN 798 9918669 S-TC-0S poe druordoxdAxoipAH-0 L6
9 VN VN VN VN VN VN VN VN VN €TS8 TELLOVL L-T9-FFT pIoeB JI[eXO 96
12
PLVT
s VN VN VN VN 7€8 8SH1 VN VN 0€s 1'868 6681°€S. 1-10-86 [eIingng <6
1291 6701
15 VN VN ST91 VN VN 6091 VN VN €701  TCITL SLT9V0T 1-8/-7C1 apAyapreyeoeldusyd ¥6
88¥1T 1911
67-9% 12 6STT
pue ¢v ‘I VN VN VN VN VN STHL VN VN €STIT  6'9TCT S69°SSTT 0-£2-90T B[[PUODID €6
S691 v6T1
0691 0vTl
v VN VN 8591 VN VN 0€9T VN VN geTl - — €92-90T [eIaN
S
54 VN VN VN VN VN VN VN VN 0vZl  L'ISTT LPP'T8IT -0%-T6ES [eIUeIdD ¢6
9-68
i VN VN VN VN VN VN VN VN VN 8929 S00°'TOET -S0S 0€ q upjoradid 16
1
i VN VN VN VN VN VN VN VN VN  T6SLT  80°L6ST -18-TTHS surpuadid [fowreuurd-T 06
1-9%
vT VN VN VN VN VN VN VN VN VN  STITC TLETE6T -TIS €T suruerndld 68
i VN VN VN VN VN VN VN VN VN  S'S€TC €¥6'8T61 T-T9-H6 ouradid 88
€-8¢
jat VN VN VN VN VN VN VN VN VN  9'6/ST £96'6.TT -¥8S LOT surreuouradidoipdysa  £8
i VN VN VN VN VN VN VN VN VN  86TFC €£S0TT 9-FE-€8S sumoiadidoIpAyia-s‘v 98
S-T§
i VN VN VN VN VN VN VN VN VN  9'TSST £€89T€TT -0TST9 (a8) 1:6 O sprweradid <8
s VN VN VN VN VN VN TIET VN 8671  9°SSET 688°€9TT 0-CI-06 susreyIydeulAyIaN-1  ¥8
IS VN VN VN VN VN VN S6c1 VN I8CT  €6LET LL6°0TTT 9-LS-16 suareyIydeulAyIdDIN-C €8
€% pue 1§ VN VN VN VN VN VN 80€T 0671 06ZT  9°€0TT 1T0°68IT 8-£8-68 [owdyy, 8
TLTT 6-00
s VN VN VN VN VN 0vST VN VN GETT 1621 ST9'SSOT  -£89 b7 auIzeiAd[AInqosI-¢-AXOUIdN-Z 18
€881
S/81 1601
7% VN VN VN VN VN TL8T VN VN 980T  6£80T 6T°T00T T1-S0-06 [oderend 08
90271
1611
59 VN VN VN VN VN VN VN 0611 06TT  €8¥CT T0S°09TT 8-9¢-61T aye[Adrres [AIPN 64
‘Jod  uwnjod aseyd uwnjod oseyd uwnjod oseyd uwnjoo aseyd Areuonels UWN[Od (w19 (Apras 1oqUUINU oureN ‘oN
ocdd  Areuonels  WOC-dH — Areuonels cxdd Areuonels s-dH SINS-dH s-aa sefoy) s1q) SVD
SIS-9a XKL Xem-ga powIpatdpy pawIpaidpy
SAMEINI TeyuswIIadXy
(‘p3uoD) ¢ alqel

RSC Adv, 2024, 14, 3186-3201 | 3197

© 2024 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra07960k

View Article Online

Paper

RSC Advances

*d[qe[IeAR 10N ,,

IS VN VN 8TLT VN VN VN VN VN 6LTT 9IET TTLIEIT  €-0T-16 suareypydeN ST1
IS VN VN VN VN VN VN g8el VN I8€T  L'98%1 €76°€8CT ¥-7S-T6 Auaydig $11
54 VN VN VN VN VN 6607 VN VN L8TT  ¥°T9TT 8YTHOTT £L-09-9€S [oyod[e uruny) €11
|37% VN VN VN VN VN VN VN VN VN - — LTT-¥¥S [OUSXaH-¢
LOVT
10¥1
18 VN 678 LSET VN VN 8LET VN VN LS8 ¥°048 ¥,97°088 T1-96-8T6 [0US-¢-519-XoH TT1T
o€zt
9071 ceL
17 VN VN 7811 VN VN 6911 L€l VN veL 9'6/9 60SL%9L €-1S-€TT [0Yod[e [AWeos] TTT
8
v VN VN VN VN VN VN VN VN VN  T°S8TT TTCTTITL -SS-FOST  [0YOd[e [Aweuun [AYIBIN-T OTT
L
|37% VN VN VN VN VN VN VN VN SOET  L'8E€TT TLT'SSTT -9€-L0%F [0Yod[e [Awreuurd-(7) 60T
€F VN VN 145T VN VN VN VN VN 6V6T  L'8T6T 8V8'IF6T L-98-0ST [0344d 80T
v
54 VN VN VN VN VN VN VN VN L69T - — -TL-06L€ [osoured-(7°7Z)
154 VN VN VN VN VN VN VN VN VN - - [osaured-(z‘d)
8YLT
ePLT ThLT S
(934 VN VN VN VN VN VN VN THLT veLT - — -09-6/8¢ [osauIed-(Z9'HT)
(34 VN VN VN VN VN VN VN VN VN - - [osaured-(z9‘z)
8TLT
€TLT 0
|57 VN VN VN VN VN VN €TL1 €TL1 6891 - — -$8-209% [osouted-(Z‘7)
vy VN VN VN VN VN VN VN VN VN - - [osaureq-»
54 VN VN VN VN VN VN VN VN VN - - [osouted-(7‘d)
TTLT
(3% VN VN VN VN VN TLET VN VN 90/  8°L6ST 698°909T S-82-901 [osaured-(49‘4c) LOT
0S pue ¥ VN VN 0LLT VN VN €51 VN VN 8TTT - — T-ST-90T [0I5N
7981
0581 9.T1
|37 VN VN $18T VN VN 881 0vTl VN SSTT  8'TLIT STO'SZIT I-H2-901 [O1UBIdD 90T
9 VN VN VN VN VN VN VN VN VN  TOPFT €00°LIET 9-29-T6¥ asouerddoon|d sot
7% VN VN VN VN VN VN VN VN VN  ¥2021 910°S8TL 10-£-U3-Z-{AUSIN-d-s19 $0T
i4%48
2021
6v-L¥ 96TT
pue ¥¥ ‘c¥ VN VN VN VN VN VN VN VN ¥6IT  S'8ITT 6V6°6SIT #-00-SIS [OUsMIAN €0T
9 VN VN VN VN VN VN VN VN VN 9798 9¥65'8SL S-18-9S ULIAD 20T
9 VN VN VN VN VN VN VN VN VN  8TIV0L ¥ELV'EV6 9-7E-6VT [03IYIAIT TOT
‘Jod  uwnjod aseyd uwnjod oseyd uwnjod oseyd uwnjoo aseyd Areuonels UWN[Od (w19 (Apras 1oqUUINU oureN ‘oN
ocdd  Areuonels  WOC-dH — Areuonels cxdd Areuonels s-dH SINS-dH s-aa sefoy) s1q) SVD
SIS-9a XKL Xem-ga powIpatdpy pawIpaidpy

SAMEINI TeyuswIIadXy

'80US217 PaNoduN '€ [ RJBWWODUON-UO NG LMY suowiwoD aaieas) e sopun pasusol|stapnesiyl |IIETEEL (o)

"INd 62:72'6 G20Z/7/2T U0 papeojumoq ‘20z Arenuer 6T UO paus!iand 901y Ss300Y uadO

(‘puoD) ¢ oqel

© 2024 The Author(s). Published by the Royal Society of Chemistry

3198 | RSC Adv, 2024, 14, 3186-3201


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra07960k

Open Access Article. Published on 19 January 2024. Downloaded on 12/4/2025 9:24:29 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper
3000 -
o “
= 2500 | ¥y=1036x+2008 oo, ©
g R2 = 0.9476 *y
&) 7
>, 2000 - o
Kl
B
£ 1500 A
=)
3
51000 -
4
500 T T T T 1
500 1000 1500 2000 2500 3000

RI predicted by Rojas et al.

Fig. 3 Plot of the Rl of external set predicted by CORAL software
versus the Rl predicted by Rojas et al.

4. Conclusions

In the present study, 40 QSPR models for the prediction of RI of
273 VOCs were developed from 10 random splits. The balance of
correlation algorithm was used to design QSRR models. Four
target functions, i.e. TF, (without IIC or CII), TF; (with IIC
alone), TF, (with CII alone) and TF; (with IIC and CII, simul-
taneously) were employed to verify the significance of the
present statistical method of QSPR model generation. The
simultaneous use of IIC and CII (TF;) improves the predictive
potential of the QSPR model. All suggested models render
satisfactory predictive QSPR models for the RI of the VOCs, but
the best predictive potential was computed withTF; for split 6;
thus it is specified as the best model. To evaluate the reliability
and prediction ability of all created models, various statistical
parameters, such as RZ, IIC, CII, CCC, Qz, Qr12, Qr22, Qr32, s,
MAE, F, RMSE, Ry?, ARy, CR? and Y-test were utilized. A
comparison of some statistical parameters of the present study,
as analyzed by the QSPR model developed by Rojas et al.**
reveals that the R> value for the training set has shown an
improvement, increasing from 0.879 to 0.900. Similarly, the R
value for the test set has also demonstrated an enhancement,
rising from 0.915 to 0.931. In addition, the RMSD has exhibited
a reduction, decreasing from 72.1 to 62.7 for the training set
and from 55.4 to 54.4 for the test set. The applicability domain
(AD) was studied based on “statistical defect” d(4). The struc-
tural attributes based on graph invariants and SMILES notation
were also extracted from the split 6 (best model) and employed
to recognize the promoters of RI increase and decrease. Morgan
extended connectivity of zero-order for hydrogen atom as 1 (ec0-
h...1...), Morgan extended connectivity of first-order for
hydrogen atom as 4 (ec1-h...4...), Morgan extended connectivity
of first-order for carbon atom as 7 (ecl-c...7...), Morgan
extended connectivity of zero-order for carbon atom as 3 (ecO-
c...3...), Morgan extended connectivity of first-order for carbon
atom as 4 (ec1-c...10...) efc were some significant promoters of
endpoint increase. The nearest neighbours codes for carbon
equal to 413 (nnc-c...413), the nearest neighbours codes for
carbon equal to 440 (nnc-c...440), a combination of the carbon
atom, oxygen and branching (c...o...(...), and 28 as a sum of

© 2024 The Author(s). Published by the Royal Society of Chemistry
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vertex degrees which take place at a topological distance of 2
relatively to carbon vertex (vs. 2-c...28) etc are some significant
promoters of endpoint decrease.
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The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request.
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