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Abstract In this work, we propose a distance-based atom-
type topological index (DAI) for quantitative structure-
property/activity relationship (QSPR/QSAR) studies. The
newly constructed index, which codes the structural envi-
ronment of each atom type in a molecule, can be calculated
simply. These atom-type topological indices, along with our
recently proposed Lu index, were used to construct QSPR/
QSAR models for several representative physical properties
and biological activities of several data sets of alcohols with
a range of non-hydrogen atoms by using multiple linear
regression (MLR) analysis. The efficiency of these indices is
verified by high quality QSPR models. The results indicate
that the combined use of Lu and DAI indices promises to be
a useful method for QSPR/QSAR analysis of complex
compounds.

Keywords Topological index . Multiple linear
regression . QSPR/QSAR . Alcohols

Introduction

The application of graph theory to chemistry and to
structure-property-activity relationships (QSPR/QSAR) has
led to the emergence of many topological indices, including
the Randic index [1], Hosoya index [2], Balaban index [3],
Bochev index [4], Wiener index [5], Xu index [6] and our
recently introduced Lu index [7]. These topological indices
have been applied widely in QSPR/QSAR studies. Although
intensive work has been done on heteroatoms and multiple
bonds [8–11], these simple indices only reflect overall
properties, but cannot give a single value for a certain bond-
type/group in a molecular graph. Many properties/activities
of compounds, however, are determined by the overall

features as well as certain multiple bonds and/or heteratoms.
Because of the lack of information about a certain multiple
bond and/or heteratom in molecular graphs, most of the
existing simple topological indices are limited in their field
of application.

In order to differentiate between the multiple bonds and/
or heteratoms in molecular graphs and reflect the function
of the special bond-type/group, the use of atom-type
topological indices in QSAR/QSPR has received consider-
able attention due to their significant advantages over
simple topological indices. Atom-type topological indices,
unlike conventional simple topological indices that char-
acterize a molecule as a whole, code the structural environ-
ment of each atom type in a molecule and further describe
the structural information of a molecule at the atomic level.
Therefore, implementations of the atom-type topological
index may provide a breakthrough in QSAR/QSPR studies
of complex compounds. One of the most important atom-
type topological indices is the atom-type electrotopological
state (E-state) index proposed by Hall et al. [12]. Recently,
Ren [13–17] proposed a novel type of atom-type topo-
logical index, which has been used successfully in many
QSAR/QSPR studies. Despite the significant achievements
in this field, existing atom-type topological-index ap-
proaches to QSAR/QSPR may need further improvement.

In this work, we define a novel atom-type index based on
the distance matrix of the molecular topological graph. Here,
the distance between two vertices is the shortest distance
between vertices i and j and is calculated by summing the
relative bond length (take the C–C bond length 0.154 nm as
1) between two adjacent vertices in the shortest path. There-
fore, these indices can differentiate between different mul-
tiple bonds and heteratoms. The novel atom-type index DAI
can be calculated easily and shows a good correlation with
the properties/activities of compounds under study by com-
bined use with our recently proposed Lu index [7]. To il-
lustrate the potential of these indices in QSPR/QSAR
studies, two series of application examples were analyzed.
First, several representative properties such as boiling point
and water solubility of alcohols with a wide range of non-
hydrogen atoms were selected for this case. The other series
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of examples was related to biological activity and toxicity of
alcohols.

Materials and methods

The Lu index is defined as follows: [7]

Lu ¼ n1=2 log
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where n is the number of vertices in a molecular
topological graph. Dij is the shortest distance between ver-
tices i and j and is calculated by summing the relative bond
length [18] (take the C–C bond length 0.154 nm as 1)
between two adjacent vertices in the shortest path.

For any atom i that belongs to the jth atom-type (take
into account both the atomic nature and its connectivity) in
a graph, the novel distance-based atom-type topological
index DAIi(j) is expressed as follows:

DAI i jð Þ ¼ 1þ�i jð Þ (2)

�i jð Þ ¼ n �

Pn
j
Dij

Pn
i

Pn
j
Dij

(3)

where the parameter Φ is considered as a perturbing term of
the ith atom, reflecting the effects of its structural en-
vironment. n is the number of total vertices in the molecular
topological graph. Dij is defined and calculated as above.

According to this definition, for the jth atom-type in a
molecular graph, the corresponding distance-based atom-
type topological index, DAI(j), is the sum of all DAIi(j)
values of the same atom type in a molecular graph.:

DAI jð Þ ¼
Xm
i¼1

DAI i jð Þ ¼ mþ
Xm
i¼1

�i jð Þ (4)

where m is the count of atoms of the same type. Therefore,
the value of DAI(j) is equal to the number of the jth atom-
type plus total perturbation terms and is closely related to
its structural environment.

As an illustration, Fig. 1 depicts the labeled molecular
graph of 2-methyl-3-pentanol. The shortest distance matrix
is expressed as follows:

D ¼

0 1 2 3 4 2:928 4
1 0 1 2 3 1:928 3
2 1 0 1 2 0:928 2
3 2 1 0 1 1:928 1
4 3 2 1 0 2:928 2

2:928 1:928 0:928 1:928 2:928 0 2:928
4 3 2 1 2 2:928 0

2
666666664

3
777777775

For such a compound, there are two bond types
containing C–C and C–O bonds in the molecular structure.
Therefore, the relative bond lengths of these two bond
types are 1 and 0.928, relatively. According to the def-
inition above, the Lu index is calculated as

Lu ¼ 71=2 log
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¼ 71=2 log 13:6020ð Þ ¼ 5:8571

The DAI indices are calculated as

DAI CH3�ð Þ ¼ DAI 1ð Þ þDAI 5ð Þ þDAI 7ð Þ

¼ 1þ7�16:9286
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Fig. 1 The labeled molecular
graph of 2-methyl-3-pentanol
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Regression analysis

Multiple linear regression

For each property, multiple linear regression using the Lu
index and several DAI indices is used to develop the final
models correlating the properties and activities of alcohols.
The final model is obtained in the form of Eq. (5).

property activityð Þ ¼ a0 þ a1Lu þ
X

bjDAI jð Þ (5)

where a0 is a constant, a1 is the contribution coefficient of
the Lu index, and bj is the contribution coefficient of the jth
group (atom type). Each coefficient describes the sensitiv-
ity of a property to each of the individual indices, so the
constant coefficient of these parameters would reflect the
relative importance of each index. As indices are added and
removed, changes in the statistics can be monitored from
model to model. Therefore, the significance of each index
is evaluated by monitoring the statistics (t and F values) to
choose a high quality subset of indices [19–21]. The
standard error is used to evaluate the quality of the model
constructed.

Model validation

In principle, cross-validation is a practical and reliable
method for testing the significance of a model. Hence, to
validate the final models generated individually for dif-
ferent properties and activities, the leave-one-out method is
used to do the cross-validation. In the present study, n−1
samples from a total dataset were used to construct a
calibration set and to build a QSPR/QSAR model between
descriptors and the property or activity examined using
MLR. The property or activity of the sample is then
predicted using one sample that was left out of the dataset.
The procedure above is repeated until every sample in the
total data set has been used for a prediction. The predictive
ability of the model is quantified in terms of the cor-
responding leave-one-out cross-validated parameters, rcv
and scv values, which are defined as: [22]
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where yi and ŷi are the experimental and predictive value,
respectively. y is the mean value of yi.

sc� ¼
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vuuut
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where N is the number of samples used for model building.
M is the number of descriptors. For a reliable model, the r2c�
value should be >0.6. The model is considered to be
excellent if r2c� >0.9 [23].

Results and discussion

Correlations to normal boiling points
of 138 alcohols (BP)

The boiling point at normal pressure of a compound is
predetermined by the intermolecular interactions in the
liquid and by the difference in the molecular internal
partition function in the gas phase and in the liquid at the
boiling temperature. Therefore, it is expected to be directly
related to the chemical structure of the molecule, and
indeed numerous methods have been developed over the
years for estimating the normal boiling point of a com-
pound from its structure [24]. As a starting point, we
consider a data set of 138 alcohols [25–28] to develop the
structure–boiling point model. The observed BP values are
listed in Table 1. The best boiling point model is generated
by the Lu index and all the DAI indices and is expressed in
Eq. (8).

BP ¼� 163:1301þ 27:3869Lu

þ 20:7888DAI CH3�ð Þ
� 6:1200DAI �CH2�ð Þ
� 37:4693DAI �CHð Þ
� 72:3142DAI > C <ð Þ
þ 56:9727DAI �OHð Þ

N ¼ 138; r ¼ 0:9963; rc� ¼ 0:9957; s ¼ 3:270;

sc� ¼ 3:532;F ¼ 2970;P < 0:0001

(8)

The t-value is a statistical parameter used to test the
significant of each regression coefficient. The t-values are
−9.50, 8.43, 8.53, −3.49, −7.45, −8.32 and 14.21,
respectively. All indices in the model are statistically
significant according to the t-values at the level of
P<0.0001. More than 99.3% (r2) of the variance in the
experimental BP values are accounted for by this equation.
The relative standard error is 3.3/170.2=1.9% of the mean
values of the BP, which is approaching the experimental
errors of boiling point measurements. On the other hand,
the model is further validated using the leave-one-out
cross-validation. The rcv and scv are determined to be
0.9957 and 3.532 (°C), which are very close to the statistics
of Eq. (8). The pairwise correlations between every pair of
these indices were also performed. Cross-correlation
analysis shows that the indices in the model are not highly
correlated with each other (the pairwise correlation
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Table 1 Calculated and experimental boiling points for 138 alcohols

BP (°C) BP (°C)

No. Compound Experimental Calculated Residuals No. Compound Experimental Calculated Residuals

1 1-butanol 117.6 109.0 8.6 70 3,4-dimethyl-2-hexanol 165.5 166.5 −1.0
2 2-methyl-1-propanol 107.9 102.9 5.0 71 2,5-dimethyl-2-hexanol 154.4 156.0 −1.6
3 2-butanol 99.5 97.9 1.6 72 4-methyl-4-heptanol 161.0 162.0 −1.0
4 2-methyl-2-propanol 82.4 87.6 −5.2 73 2,4,4-trimethyl-1-heptanol 168.5 166.0 2.5
5 1-pentanol 137.5 132.8 4.7 74 3-ethyl-3-hexanol 160.5 162.5 −2.0
6 3-methyl-1-butanol 131.0 126.9 4.1 75 2,3-dimethyl-2-hexanol 160.0 157.7 2.3
7 2-pentanol 119.3 120.2 −0.9 76 3,5-dimethyl-3-hexanol 158.0 155.5 2.5
8 2-methyl-1-butanol 128.0 125.6 2.4 77 2,3-dimethyl-3-hexanol 158.1 155.8 2.3
9 3-pentanol 116.2 118.6 −2.4 78 2-methyl-3-ethyl-2-pentanol 156.0 158.5 −2.5
10 3-methyl-2-butanol 112.9 114.7 −1.8 79 2,4,4-trimethyl-2-pentanol 147.5 145.6 1.9
11 2,2-dimethyl-1-

propanol
113.1 116.1 −3.0 80 2,2,4-trimethyl-3-pentanol 150.5 149.8 0.7

12 2-methyl-2-butanol 102.3 108.3 −6.0 81 2,2-methyl-3-hexanol 156.0 156.0 0.0
13 1-hexanol 157.0 154.7 2.3 82 2,5-methyl-3-hexanol 157.5 159.9 −2.4
14 4-methyl-1-pentanol 151.9 148.4 3.5 83 4,4-methyl-3-hexanol 160.4 159.1 1.3
15 2-hexanol 140.0 141.1 −1.1 84 3,4-methyl-2-hexanol 165.5 166.5 −1.0
16 3-methyl-1-pentanol 153.0 148.6 4.4 85 6-methyl-2-heptanol 174.0 172.4 1.6
17 2-methyl-1-pentanol 148.0 146.1 1.9 86 3-methyl-1-heptanol 186.0 186.2 −0.2
18 3-hexanol 135.0 138.5 −3.5 87 2-methyl-3-ethyl-3-pentanol 158.0 156.7 1.3
19 2-ethyl-1-butanol 146.5 145.8 0.7 88 2,3,4-trimethyl-3-pentanol 156.5 150.1 6.4
20 4-methyl-2-pentanol 132.0 134.8 −2.8 89 1-nonanol 213.3 212.6 0.7
21 3,3-dimethyl-1-butanol 143.0 138.4 4.6 90 7-methyl-1-octanol 206.0 204.8 1.2
22 2,3-dimethyl-1-butanol 144.5 140.8 3.7 91 2-nonanol 198.5 198.0 0.5
23 2-methyl-2-pentanol 121.5 127.4 −5.9 92 3-nonanol 195.0 194.0 1.0
24 3-methyl-2-pentanol 134.3 135.3 −1.0 93 4-nonanol 192.5 191.4 1.1
25 2-methyl-3-pentanol 129.5 132.5 −3.0 94 5-nonanol 193.0 190.6 2.4
26 2,2-dimethyl-1-butanol 136.5 136.2 0.3 95 2-methyl-2-octanol 178.0 180.5 −2.5
27 3-methyl-3-pentanol 123.0 127.6 −4.6 96 2,6-dimethyl-2-heptanol 173.0 172.5 0.5
28 3,3-dimethyl-2-butanol 120.4 125.4 −5.0 97 2,6-dimethyl-3-heptanol 175.0 176.0 −1.0
29 2,3-dimethyl-2-butanol 118.4 122.4 −4.0 98 2,6-dimethyl-4-heptanol 174.5 174.9 −0.4
30 1-heptanol 176.4 175.2 1.2 99 3,6-dimethyl-3-heptanol 173.0 169.3 3.7
31 5-methyl-1-hexanol 170.0 168.4 1.6 100 2,2,3-trimethyl-3-hexanol 156.0 160.9 −4.9
32 2-heptanol 160.4 161.0 −0.6 101 3,5-dimethyl-4-heptanol 171.0 177.5 −6.5
33 4-methyl-1-hexanol 173.3 169.1 4.2 102 2,3-dimethyl-3-heptanol 173.0 171.4 1.6
34 2-methyl-1-hexanol 164.0 165.3 −1.3 103 2,4-dimethyl-4-heptanol 171.0 170.8 0.2
35 3-heptanol 157.0 157.7 −0.7 104 2-methyl-3-ethyl-3-heptanol 177.5 172.1 5.4
36 3-methyl-1-hexanol 169.0 168.0 1.0 105 2-methyl-3-ethyl-1-heptanol 193.0 194.7 −1.7
37 4-heptanol 156.0 156.5 −0.5 106 5-methyl-3-ethyl-3-heptanol 172.0 171.4 0.6
38 5-methyl-2-hexanol 151.0 154.0 −3.0 107 2,4,4-trimethyl-3-hexanol 170.0 166.8 3.2
39 2-methyl-3-hexanol 145.5 149.9 −4.4 108 3,4,4-trimethyl-3-hexanol 165.5 163.4 2.1
40 2-methyl-2-hexanol 143.0 145.7 −2.7 109 4-methyl-4-octanol 180.0 178.2 1.8
41 2,4-dimethyl-1-penanol 159.0 158.9 0.1 110 4-ethyl-4-heptanol 182.0 178.4 3.6
42 5-methyl-3-hexanol 148.0 150.8 −2.8 111 2-methyl-2-octanol 178.0 180.5 −2.5
43 3-methyl-3-hexanol 143.0 145.3 −2.3 112 1-decanol 231.1 229.9 1.2
44 2,4-dimethyl-2-penanol 133.1 139.2 −6.1 113 8-methyl-1-nonanol 219.9 221.8 −1.9
45 2,4-dimethyl-3-penanol 140.0 143.8 −3.8 114 2-decanol 211.0 215.2 −4.2
46 3-ethyl-3-penanol 142.0 145.8 −3.8 115 4-decanol 210.5 208.2 2.3
47 2,3-dimethyl-2-penanol 139.7 140.8 −1.1 116 3,7-dimethyl-1-octanol 212.5 210.6 1.9
48 2,3-dimethyl-3-penanol 139.0 139.8 −0.8 117 2,7-dimethyl-3-octanol 193.5 191.9 1.6
49 2,3,3-trimethyl-2-

butanol
130.5 130.9 −0.4 118 2,6-dimethyl-4-octanol 195.0 191.1 3.9

50 3-methyl-2-hexanol 151.0 154.1 −3.1 119 2,3-dimethyl-3-octanol 189.0 186.8 2.2
51 1-octanol 195.2 194.4 0.8 120 5-methyl-5-nonanol 202.0 193.5 8.5
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coefficients | r |≤0.82). The calculated BP values and
residuals for 138 compounds are shown in Table 1, and the
plot of calculated versus observed BP values shown in
Fig. 2 indicate no obvious deviation from linearity.

However, for the same 138 compounds, the simple linear
regression with the Lu index leads to a poorer correlation
(r=0.9665 and s=9.797°C). Obviously, a single Lu index
cannot give a simple and accurate correlation. As discussed

in Section 1, the complement of additional atom-type
indices seems to be necessary. All atom-type indices of
these compounds were employed to model the BPs of 138
alcohols, in turn, and a high correlation model was con-
structed by combined use of the Lu index. The correlation
coefficient and standard error of Eq. (8) can be compared to
several results that have been reported. The model found by
Yang et al. [29] using the extended adjacency matrix EAΣ
and EAmax indices (EAΣ is the sum of the absolute
eigenvalues of expanded adjacency matrix EA.) gave
r=0.9837 and s=6.35 for 37 alcohols, but the molecular
connectivity 1� and 1�� indices provided a slightly
superior model to those using EAΣ and EAmax indices.
Analogously, a multiple linear model constructed by Yao et
al. [30] using Xm1, Xm2 and Xm3 indices gave r=0.987 and
s=7.4988 for the same series of 37 alcohols. Galvez et al.
[31] reported that the three-parameter model using N (the
number of the vertices) and two charge indices G1 and J2
gave r=0.979 and s=3.63 for 29 alcohols. Recently, Ren
[15] developed a model by using AI and Xu indices and
gave r=0.9957 and s=3.576 for the same data.

Correlations to water solubility
of 63 alcohols (log(1/S))

As an extension of the above study, we selected a dataset of
alcohols with their aqueous solubility to develop a struc-
ture–property model. Aqueous solubility is a particularly
important property of organic compounds and widely ap-
plied in the field of pharmaceutical chemistry, biological

BP (°C) BP (°C)

No. Compound Experimental Calculated Residuals No. Compound Experimental Calculated Residuals

52 6-methyl-1-heptanol 188.6 187.1 1.5 121 4-methyl-1-nonanol 216.0 221.7 −5.7
53 2-octanol 180.0 179.9 0.1 122 2-methyl-3-nonanol 200.0 200.4 −0.4
54 3-octanol 175.0 176.2 −1.2 123 2,2,5,5-tetramethyl-3-

hexanol
170.0 166.0 4.0

55 4-methyl-1-heptanol 188.0 187.7 0.3 124 4-propyl-4-heptanol 191.0 193.6 −2.6
56 4-octanol 176.3 174.2 2.1 125 2,4,6-trimethyl-4-heptanol 181.0 178.1 2.9
57 2-ethyl-1-hexanol 184.6 181.9 2.7 126 3-ethyl-3-octanol 199.0 194.3 4.7
58 2-methyl-2-heptanol 156.0 163.4 −7.4 127 3-ethyl-2-methyl-3-heptanol 193.0 187.0 6.0
59 2,5-dimethyl-1-hexanol 179.5 176.4 3.1 128 1-undecanol 245.0 246.4 −1.4
60 5-methyl-2-heptanol 172.0 173.3 −1.3 129 2-undecanol 228.0 231.7 −3.7
61 6-methyl-3-heptanol 174.0 168.6 5.4 130 3-undecanol 229.0 227.6 1.4
62 3,5-dimethyl-1-hexanol 182.5 179.5 3.0 131 5-undecanol 229.0 222.6 6.4
63 3-methyl-2-heptanol 166.1 171.9 −5.8 132 6-undecanol 228.0 221.9 6.1
64 2-methyl-3-heptanol 167.5 167.1 0.4 133 1-dodecanol 261.9 262.2 −0.3
65 2-methyl-4-heptanol 164.0 166.7 −2.7 134 2-dodecanol 246.0 247.6 −1.6
66 5-methyl-3-heptanol 172.0 169.5 2.5 135 1-tridecanol 276.0 277.4 −1.4
67 3-methyl-3-heptanol 163.0 162.4 0.6 136 1-tetradecanol 289.0 292.0 −3.0
68 4-methyl-3-heptanol 170.0 169.4 0.6 137 1-pentadecanol 304.9 306.1 −1.2
69 3-methyl-4-heptanol 162.0 167.7 −5.7 138 1-hexadecanol 312.0 319.7 −1.0

Table 1 (continued)
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Fig. 2 Plot of observed vs. calculated BP for Eq. (8)
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chemistry, and environmental science. The experimental
water solubilities as log(1/S), where S is the solubility in
moles per liter, are listed in Table 2 for 63 alcohols [32].

A model was developed using Lu and two DAI indices.
The best three-parameter model is given below:

log 1=Sð Þ ¼ �3:7493þ 0:5196Lu� 0:0447DAI CH3�ð Þ
þ 0:6052DAI �OHð Þ

N ¼ 63; r ¼ 0:9876; rc� ¼ 0:9852;

s ¼ 0:1604; sc� ¼ 0:1760; F ¼ 794; P < 0:0001

(9)

The t-values are −7.78, 42.82, −3.83 and 3.08,
respectively. All indices in the model are statistically sig-
nificant according to the t-values at the level of P<0.0001.
This model produces a standard error of 0.1604 and

explains more than 97.5% (r2) of the variance in the
experimental log(1/S) values. On the other hand, the model
is further validated using the leave-one-out cross-valida-
tion. The rcv and scv are determined to be 0.9852 and
0.1760, which are very close to the statistics of Eq. (9). The
cross-validation demonstrates the model to be statistically
significant. Cross-correlation analysis shows that the
indices in the model are not highly correlated with each
other (the pairwise correlation coefficients | r |≤0.53).

It should be mentioned that a single Lu index yields a
slightly poorer correlation (r=0.9767 and s=0.2206). Here
the results indicated that a single Lu index related to
molecular size cannot model aqueous solubility satisfacto-
rily. The two-variable regression based on the combined
use of Lu and DAI(−OH) produces an obviously improved
model with r=0.9844 and s=0.1807. Here the role of −OH
groups seems to be much important to the aqueous
solubility of alcohols possibly due to the hydrogen-

Table 2 Calculated and experimental log(1/S) for 63 alcohols

log(1/S) log(1/S)

No. Compound Experimental Calculated Residuals No. Compound Experimental Calculated Residuals

1 ethanol −1.10 −1.41 0.31 33 5-methyl-2-hexanol 1.38 1.39 −0.01
2 1-propanol −0.62 −0.69 0.07 34 2-methyl-3-hexanol 1.32 1.21 0.10
3 1-butanol −0.03 −0.01 −0.01 35 2-methyl-2-hexanol 1.07 1.08 −0.01
4 2-methyl-1-propanol −0.10 −0.22 0.12 36 2,2-dimethyl-1-pentanol 1.52 1.30 0.21
5 2-butanol −0.47 −0.31 −0.15 37 4,4-dimethyl-1-pentanol 1.55 1.48 0.06
6 1-pentanol 0.59 0.62 −0.03 38 2,4-dimethyl-1-pentanol 1.60 1.40 0.19
7 3-methyl-butanol 0.51 0.44 0.06 39 3-methyl-3-hexanol 0.98 1.14 −0.16
8 2-pentanol 0.28 0.32 −0.04 40 2,4-dimethyl-2-pentanol 0.93 1.08 −0.15
9 2-methyl-1-butanol 0.46 0.37 0.08 41 2,4-dimethyl-3-pentanol 1.22 1.03 0.18
10 3-pentanol 0.21 0.24 −0.03 42 3-ethyl-3-pentanol 0.83 1.06 −0.23
11 3-methyl-2-butanol 0.18 0.12 0.05 43 2,3-dimethyl-2-pentanol 0.87 1.01 −0.14
12 2-methyl-2-butanol −0.15 0.04 −0.19 44 2,3-dimethyl-3-pentanol 0.84 0.96 −0.12
13 1-hexanol 1.21 1.24 −0.03 45 2,2-dimethyl-3-pentanol 1.15 1.01 0.13
14 4-methyl-1-pentanol 1.14 1.08 0.05 46 2,2,3-trimethyl-3-butanol 1.27 0.83 0.43
15 2-hexanol 0.87 0.95 −0.08 47 2,3,3-trimethyl-2-butanol 0.71 0.83 −0.12
16 2-methyl-1-pentanol 1.11 0.97 0.13 48 1-octanol 2.35 2.41 −0.06
17 3-hexanol 0.80 0.83 −0.03 49 2-octanol 2.09 2.14 −0.05
18 2-ethyl-1-butanol 1.01 0.89 0.11 50 2-ethyl-1-hexanol 2.11 2.02 0.08
19 4-methyl-pentanol 0.79 0.77 0.01 51 2-methyl-2-heptanol 1.72 1.86 −0.14
20 3,3-dimethyl-1-butanol 0.50 0.85 −0.35 52 3-methyl-3-heptanol 1.60 1.73 −0.13
21 2,3-dimethyl-1-butanol 0.37 0.79 −0.42 53 1-nonanol 3.01 2.97 0.03
22 2-methyl-2-pentanol 0.49 0.66 −0.17 54 7-methyl-1-octanol 2.49 2.84 −0.35
23 3-methyl-2-pentanol 0.71 0.69 0.01 55 2-nonanol 2.74 2.71 0.02
24 2-methyl-3-pentanol 0.70 0.64 0.05 56 3-nonanol 2.66 2.58 0.07
25 2,2-dimethyl-1-butanol 0.91 0.73 0.17 57 4-nonanol 2.59 2.50 0.08
26 3-methyl-3-pentanol 0.36 0.57 −0.21 58 5-nonanol 2.49 2.48 0.00
27 3,3-dimethyl-2-butanol 0.61 0.51 0.09 59 2,6-dimethyl-4-heptanol 2.16 2.16 −0.00
28 2,3-dimethyl-2-butanol 0.37 0.46 −0.09 60 3,5-dimethyl-4-heptanol 2.51 2.04 0.46
29 1-heptanol 1.81 1.83 −0.02 61 2,2-diethyl-1-pentanol 2.42 2.45 −0.03
30 2-heptanol 1.55 1.55 0.00 62 1-decanol 3.63 3.52 0.10
31 3-heptanol 1.44 1.43 0.01 63 1-dodecanol 4.67 4.58 0.08
32 4-heptanol 1.40 1.38 0.02
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bonding interactions. Finally, the best correlation is
obtained in terms of up to three indices (Eq. 9). The
calculated log(1/S) values and residuals for 63 compounds
are listed in Table 2, and the plot of calculated versus
observed log(1/S) values is shown in Fig. 3.

Correlations to biological activities of 14 alcohols

In this section, we will provide other examples of ap-
plications of these novel topological indices with the aim of

further verifying their applicability to biological activities
and toxicities.

Toxicity of organic compounds is one of the particular
interesting biological activities in the scientific community
due to its impact on environment and human health [23].
The toxicities of 14 alcohols on tomatoes and spiders are
taken directly from [33] and shown in Table 3, where the
toxicities (pC) are 50% inhibitory growth impairment
concentration (−logLC50). First, the model for describing

Table 3 Toxicities (pC) of 14 alcohols on tomatoes and spiders

pCa pCb

No. Compound Experimental Calculated Residuals Experimental Calculated Residuals

1 methanol 2.60 2.49 0.11 2.80 2.68 0.12
2 ethanol 2.76 2.93 −0.17 3.00 3.05 −0.05
3 1-propanol 3.33 3.30 0.03 3.32 3.39 −0.07
4 2-propanol 3.18 3.16 0.02 3.26 3.33 −0.07
5 1-butanol 3.69 3.64 0.05 3.77 3.71 0.06
6 2-methyl-1-propanol 3.57 3.59 −0.02 3.72 3.65 0.07
7 2-butanol 3.46 3.44 0.02 3.62 3.65 −0.03
8 2-methyl-2-propanol 3.41 3.37 0.04 3.28 3.36 −0.08
9 1-pentanol 4.05 3.95 0.10 4.09 4.01 0.08
10 3-methyl-1-butanol 3.95 3.93 0.02 4.09 3.96 0.13
11 2-pentanol 3.77 3.74 0.03 3.90 3.96 −0.06
12 2-methyl-1-butanol 3.77 3.86 −0.09 3.96 3.94 0.02
13 3-pentanol 3.69 3.65 0.04 3.81 3.94 −0.13
14 2-methyl-2-butanol 3.51 3.61 −0.10 3.75 3.66 0.09
aToxicities on tomatoes
bToxicities on spiders
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Fig. 3 Plot of observed vs. calculated log(1/S) for Eq. (9)
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toxicity on tomatoes is generated. The best two-parameter
model is given below.

pC ¼ 0:2448þ 1:0360Luþ 0:2280DAI �OHð Þ
N ¼ 14; r ¼ 0:9827; rc� ¼ 0:9633; s ¼ 0:0766;

sc� ¼ 0:1109; F ¼ 160; P < 0:0001

(10)

The t-values are 0.44, 13.41 and 3.78, respectively. All
indices in the model are statistically significant according
to the t-values at the level of P<0.0001. The model can
explain 96.6% of the variance in the experimental pC
values for 14 alcohols. The correlation coefficient and
standard error of the leave-one-out cross-validation proce-
dure are 0.9633 and 0.1109. The cross-validation results
demonstrate the model to be statistically significant. The
correlation coefficient between Lu index and DAI(−OH)
index is 0.46 and shows the two variables to be relatively
uncorrelated.For toxicity on spider, we obtain the follow-
ing two- parameter models.

pC ¼ 2:4851þ 0:2571Lu� 0:1392DAI > C <ð Þ
N ¼ 14; r ¼ 0:9771; rc� ¼ 0:9633; s ¼ 0:0856;

sc� ¼ 0:1109; F ¼ 122; P < 0:0001

(11)

The t-values are 31.48, 15.18 and −3.18, respectively.
Each coefficient is also highly significant. This model
explains more than 95.5% of the variance in the
experimental values of pC for 14 alcohols with a standard
error of 0.0856. The calculated pC values and residuals are
shown in Table 3. A comparison of calculated and observed
toxicities is shown in Fig. 4.

Conclusion

The atom-type topological index DAI based on the distance
matrix of the molecular graph can describe the different
structural environments of each atom-type in a molecule at
the atomic level. Multiple linear regression using Lu and
DAI indices can provide high-quality QSPR/QSAR models
for properties and activities of alcohols. The final models
were shown to be statistically significant and reliable by the
leave-one-out cross-validation procedure. The results
indicate that the combined use of Lu and DAI indices is
useful and feasible for QSPR/QSAR analysis of complex
compounds.
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