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Structural descriptors computed from the molecular graph are widely used in developing structure-
property models, in drug design, virtual synthesis, chemical database searching. similarity and diversity
assessment. Because there is a considerable imterest in deriving additional structural descriptors for QSPR
and QSAR models, we introduce in this paper the complementary distance matrix, CD, that represents a
new molecular graph metric derived from graph distances. Using a formula which is equivalent to that
used to compute the reciprocal distance matrix RD, we define the reciprocal complementary distance
matrix RCD; in the QSPR models, the descriptors derived from the RCD matrix outperform those
obtained from the CD matrix. The graph structural descriptors computed with the new molecular matrices
are used to develop structure-property models for the boiling temperature, molar heat capacity. standard
Gibbs energy of formation, vaporization enthalpy, refractive index, and density of 134 alkanes Cg-C .

Introduction

The properties of a substance (such as the physico-chemical behavior, reactivity,
or biological activity) are ultimately determined by its molecular structure.
Quantitative structure-property relationships (QSPR) and quantitative structure-
activity relationships (QSAR) models represent well-established tools for the molecular
design of new compounds with desired properties. All QSPR and QSAR models are
statistically-based and aimed at extracting the maximum information from experimental
data on compounds with known structure. These structure-property studies require
atomic and molecular descriptors for encoding in a numerical form the local (atomic)
or global (molecular) structure. The interest in developing new graph descriptors for
organic compounds was revived in recent years, when topological indices found new
applications in database mining, virtual screening of combinatorial libraries,
similarity and diversity assessment.

Graph theory is widely used in theoretical chemistry and numerous reviews
were published on its applications in characterizing the molecular structure with
graph descriptors and topological indices [1-13}. In a first approximation, the chemical
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58 IVANCIUC et al.: The complementary distance matrix, a new molecular graph metric

structure of a molecule can be represented as a molecular graph. Molecular graphs
are non-directed chemical graphs that represent molecules, using different conventions
[7, 9]. Usually, only non-hydrogen atoms are taken into account in molecular graphs.
In the graph representation of molecules, their geometrical features such as bond
lengths or bond angles are not taken into account, and the chemical bonding of atoms
is regarded as being their most important characteristic. In molecular graphs, vertices
correspond to atoms, and edges represent covalent bonds between atoms. A
topological index (TI) is a numerical descriptor of the molecular structure based on
certain topological features of the molecular graph, offering an effective way of
measuring melecular branching, shape, size, and molecular similarity.

Molecular matrices, such as the adjacency matrix A or the topological distance
matrix D, are generally used to express the chemical structure of a molecular graph
in a numerical form |12]. Certain features of the chemical structure that are encoded
in an implicit form in the molecular graph are represented explicitly in molecular
matrices; however, molecular matrices are not structural invariants, unless a
canonical form is calculated. Novel matrices were developed in recent years such as
the reciprocal distance RD [14-19], distance-path I)p [20-22], reciprocal distance-
path RDp [20-22], path Szeged Szp [23-26], reciprocal path Szeged RSzp [23-26],
and distance-valency Dwval |27] matrices. These molecular matrices, encoding in
various ways the topological information, are an important source of structural
descriptors for QSPR and QSAR models. In the present study we define two new
molecular matrices derived from graph distances, namely the complementary distance
matrix CD, and the reciprocal complementary distance RCD. Structural descriptors
computed with these two molecular matrices are used to develop structure-property
models for the normal boiling temperature, molar heat capacity, standard Gibbs
energy of formation, vaporization enthalpy, refractive index, and density of alkanes.

The complementary distance matrix

In the distance matrix D the value of the the /j-th element is equal to the
number of bonds between two graph vertices v; and v;; in this way, the more distant
two vertices, the larger the corresponding element in the distance matrix. Therefore,
the largest contribution to the numerical value of the structural descriptors compuled
from the distance matrix arises from pairs of distant vertices [11], such as in the
Wiener index W [28-30]. In two recently introduced molecular matrices, namely the
reciprocal distance RD [14-19] and the reverse Wiener RW |31] matrices, the value
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of the matrix elements corresponding to pairs of vertices decreases when the distance
between the vertices increases. In this paper we define a new molecular matrix with
the same properties as those of the RD and RW matrices.

The complementary distance matrix CD = CD(G) of a graph G with N vertices
is the square Nx N symmetric matrix whose elements are defined as:
+din DIy it i#j

N — dmax

where lD]t.'i is the i/-th element of the distance matrix D which is equal to the graph
distance between vertices v; and v;, dy,, is the maximum distance between two
distinct graph vertices (the graph diameter), and d;, is the minimum distance
between two distinct graph vertices (equal to | for alkanes and cycloalkanes):

d = max{d..’ ],’[.’ V]- c V(G), Vl' # 1-’]-} , (2)

max ij

diyin = min{dj,'s Vi, Vi € V(G), v, # L_’j} . (3)

An example for the computation of the complementary distance matrix is
presented for the molecular graph 1 of 1-methyl-2-propylcyclobutane.

| 6 8

T2
N
~J

3 4
1

The first step is represented by the computation of the distance matrix D(1}):

Dq1)

1 2 3 4 5 6 7 8
1 0 1 2 3 2 3 4 5
2 1 0 | 2 1 2 3 4
31 2 1 0 1 2 3 4 5
4 3 2 t 0 ] 2 3 4
512 1 2 1 0 1 2 3
6 {3 2 3 2 1 0 1 2
714 3 4 3 2 1 0 1
8 5 4 5 4 3 2 i 0

Using the definition of the complementary distance matrix from Eq. (1) one
obtains CID(1):

7 ; — MODELS IN CHEMISTRY /37, 2000)



60 IVANCIUC et al.: The complementary distance matrix, a new molecular graph metric

CD(1)

1 2 3 4 5 6 71 8
l 0 5 4 3 4 3 2 l
215 o0 5 4 5 4 3 2
314 5 o 5 4 3 2 1
4 (3 4 5 0 S 4 3 2
514 5 4 5 0 5 4 3
6|13 4 3 4 5 0 5 4
712 3 2 3 4 5 0 5
8 1 2 1 2 3 4 5 0

It can be observed that all entries in the complementary distance matrix CD are
higher by | than those in the reverse Wiener matrix RW; the definition of the RW
matrix is similar to Eq. (1) but without d,;,, 131]:

d... —IDl: if i#j
IRW]U:{ ll(l)dx Yy o= 4)

The reciprocal complementary distance matrix RCD = RCD(G) of a molecular
graph G with N vertices is the square NxN symmetric matrix with real elements

(rational numbers) defined with the equation:

L/ICD(G)|; if %)

IRCD(G)]y Z{ CDG)),; if i=)" ()

We consider now two examples of reciprocal matrices, RD and RCD,
respectively. The reciprocal distance matrix of 1-methyl-2-propylcyclobutane 1,
RD(1), is computed from the distance matrix D(1):

RD(1)

L 2 3 4 5 6 71 8
] o TN V>SN V& B V5 NS VB U S Vo
2| 1 0 12 1 U2 13 14
312 1 0 S V52 V< T P Y
A IR VXIS Vo 0 T V5 VX B V!
CON IR TR N Vo R 0 1213
o | 13 12 1312 1 0 A V5.
7 4 U3 14 U3 b2 0 !
g | U5 U4 US 14 H3 12 0

The application of the definition of the reciprocal complementary distance
matrix from Eq. (5) gives RCD(1) from the complementary distance matrix CD(1):
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RCD1)

| 2 3 4 3 8 7 8

0 1/5 1/4 1/3 1/4 1/3 1/2 |
1/5 0 1/5 1/4 1/5 1/4 1/3 1/2
1/4 1/5 0 175 1/4 1/3 1/2 1
1/3 1/4 1/5 0 1/5 1/4 1/3 1/2
1/4 1/5 1/4 1/5 0 1/5 1/4 1/3
6 143 14 1/3 1/4 1/5 0 1/5 1/4
172 1/3 1/2 1/3 1/4 1/5 0 175

1 1/2 1 1/2 1/3 1/4 175 0

hofBs W) R —

Structural descriptors derived from the complementary distance matrix

In this section we present the structural descriptors employed in the QSPR
models from this paper. The matrix spectrum operator Sp(M,G) = {x;, i=1,2,..., N}
represents the eigenvalues of a matrix M or the roots of the characteristic polynomial
Ch(M,G.x), Ch(M,G,x)=0 [11]. The spectral operators MinSp(M,G) and
MaxSp(M,G) are equal to the minimum and maximum values of Sp(M.G),
respectively:

MinSp(M,G) = min{Sp(M,G)}, (6)

MaxSp(M,G) = max{Sp(M,G)} . (7)

Structural descriptors derived from these operators were used with good results to
develop QSPR models for the normal boiling temperature, heat of vaporization,
molar refraction, molar volume, critical pressure, critical temperature, and surface
tension of alkanes {18, 22], to estimate the boiling points of acyclic compounds
containing oxygen or sulfur atoms |19], and to model the normal boiling temperature
of amines [32]. The spectra of 1-methyl-2-propylcyclobutane 1 computed from the
four molecular matrices D, RD, CD, and RCD, are presented below:

Sp(D.1) = {17.64212, 0. 0.59232, -0.90511. -1.04804, -2.41392, -3.49232, -9.19041}
Sp(RD.1) = {3.95537, 0.89046, -0.02887, -.28248, -0.82239, -0.91985, -1.23173, -1.56053} ,
Sp(CD,1) = {25.45851, 3.052717, -2.61924, -4.25777, -5.03031, -5.17919, -5.42476, -6},
Sp(RCD.1) = {2.56904, -0.01728, -0.15236, -0.18385, -0.19767, -0.22521. -0.33982, -1.45285}.

The Wiener operator Wi(M) = Wi(M, G) of a molecular graph G with N vertices
is computed from the symmetric N XN molecular matrix M = M(G) [11]:
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N N
Wi(M,G) :Z Z[M(G)]U . (8)
i=1j=i
The Wiener operator Wi(M) is an extension of the topological index W introduced by
Wiener [28,29} for alkanes, and extended to cycloalkanes by Hosoya [30]. While W
is computed from the distance matrix, the Wiener operator Wi(M) can be applied to
any molecular matrix, derived either from the molecular graph or from the three-
dimensional structure of a chemical compound. A detailed comparison of these
structural descriptors was made by Ivanciuc [11]. From the definition of the
complementary distance matrix from Eq. (1) and the formula of the Wiener operator,
a simple relationship is revealed between the Wiener indices Wi(D) and Wi(CD):

N(N-1)

W(CD,0) = =y + i)~ WilD, G 9

min

From the molecular matrices D, RD, CD, and RCD, of molecule I, one obtains the
following Wiener indices:

Wi(D,1) = 68, Wi(RD,1) = 154,
Wi(CD,1) = 100, Wi(RCD,1) = 9.6 .

The hyper-Wiener operator HyWi(M) = HyWi(M,G) of a molecular graph G
with N vertices is computed from the symmetric NAxN molecular matrix M = M(G)

[L1}:

N N
HyWi(M,G) = = 3. ¥ (IMI} +{M];). (10)

i=|j=i
The hyper-Wiener index WW was defined for alkanes by Randi¢ [33-35] and
extended to cycloalkanes by Klein, Lukovits, and Gutman [36]. Diudea proposed an
alternative method for computing the hyper-Wiener index from the distance-path
matrix Dp |20-22]. Formula (10), related to the equation proposed in Ref. [36],
extends the computation of the hyper-Wiener indices to molecular graph matrices or
matrices derived from the three-dimensional molecular structure. The definitions and
examples for the computation of all these descriptors were recently reviewed [11].
The application of Eq. (10) gives the values of the hyper-Wiener indices of molecule 1:

HyWi(D,1) = 138, HyWi(RD,1) = 13.19833 ,
HyWi(CD,1) = 250, HyWi(RCD,1) = 7.04333 .

A
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In a molecular graph G with N vertices, the vertex sum operator for the veriex
vi, VS(M.G);, is defined as the sum of the elements in the column i, or row i, of the

molecular matrix M [9-11]:
N N
VS(M,G),' = EIMLI = ZIMII, . (11
j=1 j=1

Using the above equation for the four molecular matrices D, RD, CD, and
RCD, of molecule I one obtains the following vertex sum vectors:

VS(D.1) = {20. 14, 18, 16, 12. 14, 18, 24} ,
VS(RD.1) = {3.11667. 4.58333, 3.78333, 3.91667, 4.83333, 4.16667, 3.60667. 2.73333} .
VS(CD.1) = {22, 28, 24. 26, 30, 28. 24, 18}

VS(RCD.1)= {2.86667, 1.93333. 2.73333, 2.06667. 1.68333. 1.81667. 2.31667, 3.78333} .

The Ivanciuc-Balaban operator of a graph G, IB(M) = IB(M,G), is computed,
after the formula for Balaban’s index J, from the vertex sum local invariant defined
by Eq. (11) calculated from the symmetric N XN molecular matrix M = M(G) [9, 10,

19]:

M -1/2

IB(M,G) =
u+ ¢jje EG)

where VS(M); and VS(M)J,- denote the vertex sums of the two adjacent vertices v; and
V; that are incident with an edge e; in the molecular graph G; M is the number of
edges in the molecular graph; u is the cyclomatic number (the number of cycles in
the graph, = M-N+1, where N is the number of atoms in the molecular graph); and
the summation goes over all edges from the edge set E(G). The application of
formula (12) to the vertex sum vector VS(CD,1) gives the value of the Ivanciuc-

Balaban index IB(CD,1):

IB(CD.1) = 4[(22-28)"1/2 + (28-24)" 172 + (24-26)"V2 + (26:30)"1% +
(30-28)"12 + (28:24) 12 4+ (24-18)"172 + (28-30)" 12} = 1.24160 .

Using the vertex sum vectors computed with Eq. (11), the application of
formula (12) gives the following Ivanciuc-Balaban indices:

IB(D,1) = 2.07704 IB(RD,1) = 8.00544
IB(CD,1) = 1.24160 IB(RCD,1) = 15.07226
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Method

Data

The QSPR models were developed for a data set consisting of 134 alkanes
between C, and C,,, for the following six physical properties |37]: 7, boiling
temperature at normal pressure (°C); Cp, molar heat capacity at 300 K (JK-! mol-1);
AG° 5 (g), standard Gibbs energy of formation in the gas phase at 300 K (kJ/mol);
AvapH3()(), vaporization enthalpy at 300 K (kJ/mol); nE, refractive index at 25 °C;
p, density at 25°C (kg/m3). The value of the refractive index of 2,2,3,3-tetra-
methylbutane is missing, while the reported density of this compound, 821.70 kg/m3,
is too high when compared with the density of similar alkanes and it was not
considered in the computation of the density QSPR models. As it is known, there are
142 constitutional isomers for these alkanes, but data for all six properties are missing
for the following eight of them: n-hexane, n-nonane, n-decane, 2-methylnonane,
3-methylnonane, 4-methylnonane, 5-methylnonane, 3-ethyl-2,4-dimethylhexane. In
Table 1 we present the structure of the 134 alkanes together with the experimental

values for the six properties.

Table 1

The structure of the 134 alkanes used for the calibration of the MLR models and the experimental values
for the six properties: 7,, boiling temperature at normal pressure; C_, molar heat capacity at 300 K;
AfGEo(J {g), standard Gibbs energyjof formation in the gas phase at 300 K; AvapHBOO‘ vaporization
enthalpy at 300 K: »23, refractive index at 25 °C; p, density at 25 °C

D
Alkane C, Ib P Wy AGy @ A Hy
/(K moly) °C) tkg / m”) ({(J /mol) (kJ 7 mol)

2-Methylpentane 143.01 60.27 648.52 1.3687 -4.05 26.61
3-Methylpentane 140.88 63.28 659.76 1.3739 =212 26.32
2,2-Dimethylbutane 142.26 49.74 644 .46 i.3660 -7.42 25.40
2,3-Dimethylbutane 140.21 57.99 657.02 1.3723 ~1.77 24.77
n-Heptane 166.00 98.40 679.50 1.3851 9.50 33.56
2-Methylhexane 165.40 90.03 674.34 1.3823 4.90 31.21
3-Methylhexane 164.50 91 .85 682 .88 1.3861 6.60 30714
3-Ethylpentane 166.80 93.48 693.92 1.3911 12.70 31.71
2,2-Dimethylpentanc 167.70 79.17 669.48 1.3800} 2.10 29.50
2.3-Dimethylpentane 161.80 89.75 690.81 1.3895 7.60 28.62
2.4-Dimethylpentane 171.70 80.47 668.23 1.3788 4.90 29.58
3.3-Dimethylpentane 166.70 86.04 689,16 1.3884 4.80 29.33
2,2,3-Trimethylbutane 164.20 R0).86 685.64 1.3869 6.30 28.28
n-Octane 188.70 125.68 698.54 1.3951 17.67 38.12
2-Methyiheptane 188.20 117.65 693.87 1.3926 13.37 35.82
3-Methylheptane 186.82 118.93 701.73 1.3961 13.79 35.31
4-Methyiheptane 188.03 117.71 700.71 1.3955 17.40 35.06
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Table I (continued)

Alkane Co fy P i Al @ AapHan0
(F/ <K mol) (°C) (kg / m”} kJ 7 moly (kJ /o
3-Ethylhexane 190.58 118.54 709.45 1.3992 18.53 36.07
2,2-Dimethyihexane 189.33 106.84 691.11 1.3910 12,15 34.23
2,3-Dimethylhexanc 185.18 115.61 708,16 1.3988 17.20 33.05
2.4-Dimcthythexane 193.35 109.43 696.17 1.3929 13.07 3376
2.5-Dimethyihexane 186.52 109.11 689.37 1.3900 11.40 33.39
3,3-Dimethylhexane 191.96 111,97 705.95 1.3978 15.13 33.43
3.,4-Dimethylhexane 182.72 117.73 715.15 1.4018 18.43 32.47
3-Ethyl-2-methylpentane 193.05 115.66 715.20 1.4017 20.68 34.31
3-Ethyl-3-methylpentane 189.07 118.27 723.54 1.4055 24.36 33.26
2,2,3-Trimethylpentane 186.77 109.84 712.03 1.4007 19.45 32.13
2.2 4-Trimethylpentane 189.45 99.24 687.84 1.3890 15.70 32.55
2.3.3-Trimethylpentane 188.20 114.77 722.30 1.4052 20.04 3217
2,3.4-Trimethylpenianc 192.72 113.47 715.09 1.4020 20.76 32.55
2,2.3,3-Tetramethylbutane 188.28 106.29 24.04 31.84
2-Methyloctane 210.90 143.28 709.60 1.4008 21.60 40.42
3-Methyloctane 209.70 144.23 716.70 1.4040 22.00 39.92
4-Methyloctane 210.40 142.44 716.30 1.4041 21.00 39.71
3-Ethylheptane 213.00 143.20 722.50 1.4070 26.40 40.71
4-Ethylheptane 214.30 141.20 722.30 1.4067 26.80 40.50
2.2-Dimethylheptane 212,40 132.82 706.60 1.3995 19.50 38.83
2,3-Dimcthylheptane 207.70 140.50 722.00 1.4064 23.50 37.82
2,4-Dimethylheptane 217.10 133.20 711.50 1.4011 20180 38.16
2,5-Dimethylheptane 208.20 136.00 713.60 1.4015 18.20 37.53
2,6-Dimethylheptane 210.30 135.22 704.50 1.3985 19.80 37.99
3.3-Dimethylheptanc 214,00 137.02 721.60 1.4063 22.00 38.20
3.4-Dimethylheptane 206.80 140.40 727.50 1.4091 24.90 37.02
3.,5-Dimethylheptane 214.60 135.70 716.60 1.4046 22.00 38.07
4 .4-Dimethylheptane 217.20 134.90 718.30 1.4053 25.80 37.53
3-Ethyl-2-methylhexane 216.10 138.00 729.00 1.4091 26.40 38.70
3-Ethyl-3-methylhexane 214,10 140.60 736.00 1.4134 30.50 37.36
3-Ethyl-4-methylhexanc 215.20 140.40 738.00 1.4128 24.90 38.07
4-Ethyl-2-methylhexane 219.70 133.80 724.20 1.4054 24.50 39.25
2,2, 3-Trimethylhexane 209.90 133.58 725.70 1.4082 27.20 36.61
2.2, 4-Trimethylhexane 210.70 129.91 711.80 1.4014 23.60 36.61
2.2,5-Trimethylhexane 20910 124.09 703.20 1.3973 15.30 36.36
2,3.3-Trimethylhexane 213.30 137.69 733.50 1.4119 29 .40 36.28
2.3,4-Trimethylhexane 214.00 138.96 735.10 1.4120 28.60 36.86
2,3,5-Trimethylhexane 212.50 131.36 717.90 1.4037 22.20 36.02
2,4, 4-Trimethylhexane 213.50 130.66 720.05 1.4052 26.60 36.44
3.3,4-Trimethyhexane 210,50 149.45 741.40 t.4154 31.40 35098
3,3-Dicthylpentane 217.86 146,19 749 .92 1.4184 43.30 38.37
3-Ethyl-2,2-dimethylpentane 205.00 133.84 731.00 1.4101 37.50 36.15
3-Ethyl-2,3-dimethylpentanc 213.40 144.70 750.80 1.4197 36.80 36.61
3-Ethyl-2,4-dimethylpentane 209.00 136.73 734.10 1.4115 37.80 36.07
2,23 3-Tetramethylpentane 213.34 140.29 752.97 1.4214 39.00 35.86
2,2,3,4-Tetramethylpentane 208.50 133.03 735.22 1.4125 36.70 35.06
2,24 4-Tetramethylpentane 21577 122.29 715.61 1.4046 35.60 36.44
2,3,3,4-Tetramethylpentane 219.50 141.56 751.11 1.4200 39.70 36.23
3-Ethyloctane 235.80 166.50 735.90 1.4136 34.90 45.31
4-Ethyloctane 236.50 163.64 734.30 1.4131 33.40 45.10
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Table 1 (continued)

Alkane G 'n Py iy AGy @ A Hyy
/(K mol) °Cy (kg /) kJ /mol) (kd /mob
2 2-Dimethyloctane 235.10 156.90 720.80 1.4060 27.70 43.43
2,3-Dimethyloctane 230.50 164.31 734.40 1.4217 32.00 42.43
2.4-DBimethyloclane 239.40 155.90 722.60 1.4069 28.80 42.76
2,5-Dimethyloctane 231.80 158.50 726.40 1.4089 26.90 41.92
2 .6-Dimethyloctane 231.90 160.38 723.60 1.4084 26.90 42.09
2. 7-Dimcethyloctane 233.20 159.87 720.20 1.4062 28.20 42.58
3, 3-Dimethyloctane 237.10 161.20 735.10 1.4142 30.50 42.80
3,4-Dimethyloctane 229.30 163.40 741.80 1.4159 33.00 41.80
3,5-Dimethyloclane 238.30 159.40 732.90 14115 29.10 42,47
3,6-Dimcethyloclane 229.60 160.80 732.90 1.4115 28.90 41.63
4,4-Dimethyloctane 239.30 157.50 731.20 1.4122 31.90 42.30
4,5-Dimethyloclane 230.10 162.13 743.20 1.4i67 35.30 41.51
4-n-Propylheptane 237.70 157.50 732.10 1.4113 38.20 44.85
4-Isopropytheptane 239.20 158.90 735.40 1.4132 37.90 43.10
2-Methyl-3-ethylheptane 238.50 161.20 739.80 1.4151 35.70 43.30
2-Methyl-4-ethylheptane 243.40 156.20 732.20 1.4114 31.60 43.64
2-Methyl-5-ethylheptane 234.30 159.70 731.80 1.4111 31.20 4293
3-Methyl-3-cthylheptane 236.20 163.8(} 746.30 1.4185 38.20 42.13
3-Methyl-4-ethylheptane 236.20 162.20 746.60 1.4183 36.90 42.47
3-Methyl-3-cthylheptane 240.90 158.20 736.80 1.4141 33.10 43.35
4-Methyl-3-ethylheptane 238.60 163.00 746.80 1.4184 38.60 42.51
4-Methyl-4-ethylheptanc 239.20 160.80 747.20 14187 40.30 41.46
2.2.3-Trimethylheptane 232.50 157.60 738.50 1.4145 34.80 41.30
2,2, 4-Trimethylheplane 234.70 148.30 725.70 1.4092 31.90 41.03
2,2,5-Trimethylheptane 230.50 150.80 728.10 1.4104 23.80 40.50
2,2,6-Trimethylheptane 234.80 148.93 723.80 1.4178 24.20 40,96
2,3,3-Trimethylheptane 235.10 160.20 748.80 1.4202 37.30 41.00
2,3,4-Trimethylheptane 237.60 159.90 748.50 1.4195 37.20 40.96
2,3,5-Trimethylheptane 233.90 160.70 745.10 14169 30.30 40.12
2,3,6-Trimethylheptane 228.50 156.00 734.70 1.4131 28.50 38.75
2,4, 4-Trimethylheptane 238.90 151.00 734.60 1.4143 35.90 40.54
2.4, 5-Trimethylheplanc 234.10 156.50 737.30 1.4160 36.10 39.98
2.4.6-Trimethylhcptane 246.30 147.60 719.00 1.4071 28.40 41.13
2.5 5-Trimethylheptane 234.20 152.80 736.20 1.4149 25.80 40.54
3.3, 4-Trimethylheptane 233.60 161.90 752.70 1.4236 38.70 40.46
3,3,5-Trimethyltheptane 234.10 155.68 739.00 1.4170 34.10 40.46
3.4, 4-Trimethylheptane 235.60 161.10 753.50 4235 40.30 40.08
3.4,5-Trimethylheptane 235.10 162.50 751.90 1.4229 39.70 41.14
2-Methyl-3-isopropylhexane 231.80 166.70 743.60() 1.4172 46.80 40.46
3,3-Dicthylhexane 242.50 166.30 757.50 1.4235 51.00 42.43
3.4-Dicthylhexane 246.90 163.90 747.20 14167 45.00 43.68
2.2-Dimethyl-3-cthylhexane 227.70 156.10 744.70 1.4174 44.40 40.50
2,2-Dimethyl-4-cthylhexane 236.10 147.00 730.20 1.4107 36.10 41.92
2.3-Dimethyl-3-cthylhexane 238.20 163.70 759.90 1.4247 45.00 40.71
2,3-Dimethyl-4-ethylhexane 243.00 160.90 751.60 1.4203 42.10 4243
2,4-Dimethyl-4-ethylhexane 235.00 160.10 751.40 1.4202 42.30 40.29
2,5-Dimethyl-3-ethylhexane 240.80 154.10 736.80 1.4232 33.60 41.34
3.3-Dimgcthyl-4-ethylhexane 228.20 162.90 759.80 1.4246 50.00 39.92
3.4-Diumnethyl-4-cthylhexane 235.50 162.10 759.60 1.4244 47.60 40.42
2.2.3,3-Tetramethylhexane 238.20 160.31 76().89 1.4260 48.70 40.00
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