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Abstract

Motivation. The evolution of a fundamental parameter in Kier and Hall molecular connectivity theory, the
valence delta 0", is followed from its beginnings till its most recent definitions. This parameter, which was
initially based on quantum concepts (atomic number, and valence electrons), is now solely based on concepts
belonging to general and complete graphs, like multiple edges, and self—connections of pseudographs, and order
and regularity of complete graphs. Furthermore, the hydrogen content of a molecule, which was implied in
hydrogen suppressed chemical graphs, is now directly encoded into the valence delta. These two new features of
the valence delta allow to graph differentiate among atoms of any type. The model quality of the newly defined
valence delta is tested with three properties of three different classes of compounds: side—chain molecular
volume, and isoelectric point of amino acids, and boiling points of amines plus boiling points of alcohols. The
model of the composite class [amines + alcohols], which seems to behave as a new property underlines the
peculiar character of the new valence delta.

Method. A new valence delta number, which includes hydrogen perturbation, is defined. The defined hydrogen
perturbation makes no use of any new graph concept because it is the ratio between two different valence delta
numbers. The ratio is always smaller than one and can be fine—tuned thanks to an exponential parameter.

Results. A model of three properties with and without hydrogen perturbation is presented. The model, which is
achieved with different values for the exponential parameter, underlines the advantages and characteristics of
this kind of perturbation.

Conclusions. The hydrogen perturbation throughout the present model study is not only property—dependent, but
also N—dependent, i.e., dependent on the number of studied compounds.

Keywords. Valence delta; general graphs; complete graphs; hydrogen perturbation; connectivity indices; model
computations.

1 INTRODUCTION

Kier and Hall condensed their studies about that branch of chemical graph theory known as
molecular connectivity theory throughout two prestigious books [1,2]. Since then molecular

connectivity theory has undergone a considerable development [3—27, among many others]. Here

# Dedicated to Professor Lemont B. Kier on the occasion of the 75" birthday.
* Correspondence author; fax: 0039—0984-492044; E-mail: lionp@unical.it.

364
Bi1oCHEM Press http://www.biochempress.com



The Evolution of the Valence Delta in Molecular Connectivity Theory
Internet Electronic Journal of Molecular Design 2006, 5, 364-375

we will focus our attention on the development a key parameter in molecular connectivity
underwent in recent years, i.e., the development of the valence delta number, normally written as 6"
The first general definition of the valence delta, due to Kier and Hall (KH), valid for any type of

atom, either second—row atoms or higher—row atoms, was the following, [1]:

KHlévv: (1)

where Z is the atomic number, Z" is the number of valence electrons, and % is the number of
hydrogen atoms suppressed, which means that electrons in bonds with hydrogen atoms are
excluded. The valence delta was considered a count of the valence electrons, weighted by the
number of core electrons, and the suppressed hydrogen atom were viewed as the zero—valued

reference structure in counting non—valence electrons. For second—row atoms Eq. (1) gives Eq. (2):
KH25v:Zv_h (2)

This definition has a more palatable electronic character. In fact, it equals the sum of the sigma
(), pi (x), and lone—pair (n) electrons and excludes electrons in bonds with hydrogen atoms:
KA2SY — o+ m+n—h 3)

Table 1. The J, “"'6", and ¥'%0” values, the /-State values, the Xy, electronegativities, the ®Xj,”
electronegativities, the J'(ps), and the 0"(6) values of Eq. (6)

Atom o KHl5v KH25v Ji Xn Xy (eV)’ 5"(ps) 5'(6) (¢=1)
= 1 6 6 7 1.25 9.09 6 6
-0- 2 6 6 3.5 1.00 727 6 6
= 1 5 5 6 1.00 7.10 5 5
=N- 2 5 5 3 0.75 4.89 5 5
>N - 3 5 5 2.0 0.5 3.56 5 5
=C- 2 4 4 25 0.5 2.41 4 4
>C= 3 4 4 1.667 0.25 0.81 4 4
>(C< 4 4 4 1.25 0.00 0.00 4 4
-l 1 0.78 7 4.11 0.67 3.56 7 2.33 (p=2)
= 1 0.67 6 3.667 0.55 2.90 6 2 (p=2)
-S-— 2 0.67 6 1.833 0.44 2.16 6 2 (p=2)

“R¥\ : rescaled to the >C< value (7.98 eV). ? eV = electron volts.

For higher—row atoms a correction (1/N %, N = principal quantum number) was introduced at the
level of the 6"

simple chemical graphs. Later on [2] and within the frame of the electrotopological state, a (2/N)*
KH2 ¢v
0

— o difference, where ¢ is the connectivity degree of each vertex—encoding atom in

was introduced at the level of the /-State index for any type of atom:

I (2/N)* M5 +1

F (4)

With the definition of the /-State index, valid for any type of atom, the importance of Eq. (1) faded

away. In Table 1 are given, for different atoms, the J values, the KHL2 5v

(2)), the [-State values, the Kier and Hall electronegativity, Xxu, and the rescaled Mulliken—Jaffe

values (from Egs. (1) and
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electronegativity values, "Xy. This table tells that a relation exists between Xgy and “Xy.These
values were taken from Ref. [2]. The Mulliken—Jaffe electronegativities have been rescaled to Xy =
7.98 (eV) for the >C< atom, while the Kier and Hall electronegativities are defined in the following
way:

X g :(KH25V_5)/N2 (5)

2 MATERIALS AND METHODS

From its beginnings molecular connectivity theory [3] recognized that the J values were
dependent on graph concepts, and could be derived from the simple graph of the hydrogen
suppressed (HS) molecule. The same was not true for the valence delta, which was strongly
determined by quantum concepts like Z" and Z, and later on by N. For alkanes things are in order as
for them we have: 0" = J. The given definitions of the valence delta and of the simple delta show
that the hydrogen atoms are implied, even if they originate from HS—graphs. In fact, they are
subtractive entities. Actually the fact that here and there more than one attempt has been made, even

by Kier and Hall [2], to codify the hydrogen atoms underlines the complexity of the problem.

A more precise graph definition of the valence delta should forget everything about the quantum
concepts (Z', Z, and N) and be solely based on the number of connections and self-connections an
atom—encoding vertex has in a HS—pseudograph, as has recently been shown [20]. A pseudograph
or general graph is a graph which allows for multiple connections and self—connections (or loops).
The §" values of the second row atoms can, in fact, be derived in a pure ‘graph way’ considering the

general graphs of the HS—suppressed molecules.

o o e e

Figure 1. The HS graph (top) and HS—pseudograph of FCH=CHF (middle, loops encode the

fluorine non-bonding electrons); (bottom) the HS—pseudograph+K,—graph for BrCH=CHBEr.
The carbon and bromine cores are encoded with K, and K5 complete graphs, respectively.
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Figure 1 shows the HS simple graph (top) of the FHC=CHF molecule, from which the
connectivity J values of each vertex can be derived. The HS general graph of Figure 1-middle is
used to derive the connectivity 0" values of the same molecule (for the bottom graph see later on).
Let us call the valence delta of a second row atom which can be encoded with a vertex in a HS—
pseudograph as 0"(ps). Thus Figure 1, middle, tell us that for the carbon atoms ¢"(ps) = 3, while for
the fluorine atoms, o0'(ps) = 7 (loops count twice). The electron—core of any second-row and
higher-row atom can now be encoded with complete K, graphs. A graph is considered complete if
every two of its vertices are adjacent, which means that every complete graph is also regular, i.e., all
its vertices have the same degree. Thus, the different electron cores are encoded by the aid of
different complete K, graphs, where p is the order of the graph and » = p — 1 is its regularity. A pure
graph definition of ¢" is the following [16-20]:

s =99 (ps)

(pr+1) ©)

Here, g is an optimization parameter, which, normally, equals 1 or p, and p= 1, 2, 3, ... For second
row atoms p = 1. In most QSPR studies [21-25, 28, 29] p, which is a kind of principal ‘graph’
number, resulted to be odd—valued (1, 3, 5...). In the middle graph of Figure 1 the electron cores of
the two carbon atoms as well as of the two fluorine atoms are encoded with K; complete graphs. In
the bottom graph of Figure 1 the core electrons of the two bromine atoms are encoded with odd—
valued K5 complete graphs. Second row atoms, whose core electrons are encoded with K; complete
graphs, have ¢" = 0'(ps). Throughout the last two columns of Table 1 are collected the J"(ps), and
the 6" values calculated with Eq. (6). If the Kier and Hall electronegativity and the /-State index are
now defined as, Xy = [0"(ps) — d] / N, and I =[0"+ 1]/ 5, then no changes can be detected at the

Xxu level, and only minor changes at the / level (see Table 1).

The suppressed hydrogen atoms can be read as subtractive entities. In fact, the HS general graphs
of CH,=CH,, -CH=CH-, and >C=C< are: *=¢, —e=+— and >e=¢< respectively. Nevertheless,
graphs, s=e, —s=+— >e=e< can also be read as systems with no hydrogen atoms. Furthermore, the
subtractive method of implying the hydrogen atoms does not always work fine. For instance, in
alkanes for carbon atoms in groups like, —CH;, —CH,—, and >CH—, the equality 6" = 6"(ps) = J
‘sounds strange’. The problem becomes even more serious with the first atom of the following two
set of compounds, {LiF, BeHF, BH,F, CH;F}, which have all the same 0" = 1 value. A similar
problem arises with the C atoms in FHC=CHF, and HC=CH, with the N and O atoms in >N—, and
—0O—H, and with the O and F atoms in —O—, and F—H. A way out of this burrow could consider the
hydrogen atoms as a perturbation term to be added to ¢ in Eq. (6). This perturbation should be (7)
smaller than one, and possibly even smaller, should avoid (i7) the overlapping problem, i.e., that a
0'(-CHp-) overlaps in value with 6'(>CH-). This perturbation (iif) should allow retrieving Eq. (6)

for completely substituted heteroatoms, and (iv) should also have a (pr+1)"' dependence on the
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order of K,,. The following algorithm for ¢" with a hydrogen perturbation f; agrees with all these
guidelines [28, 29]:

5@+ 18" (ps)
(pr+1)

f5=1[0"m(ps) — 0" (ps)] / 6" m(ps) =1 — 0" (ps)/6" m(ps) = nu/0" m(ps) (8)

Here 6" m(ps) is the maximal 6'(ps) value an heteroatom can have in a chemical HS general graph

(7)

when all bonded hydrogen atoms are substituted by heteroatoms (to simplify matters choose a
dummy monovalent K; X heteroatom). Eq. (7) makes no use of any new graph concept and the
equality f5 = np/0'm(ps) is the result of the left-side definition, which is solely based on graph
concepts. The exponent # is an optimization parameter, which will allow checking how important is
the hydrogen contribution, i.e., the higher n the lower the importance of the perturbation caused by
the hydrogen atoms. Clearly for completely substituted second—row heteroatoms Eq. (7) goes over
into Eq. (6) as f5 = 0, i.e., for quaternary carbon atoms (C,) with ny = 0 (and the like for the F and
Br atoms in Fig. 1), f5 = 0 as 0" w(ps) = 6'(ps). The same holds for a vanishingly small perturbation,
where for n — oo, f5" — 0. Eq. (7) also tells that in alkanes, whose graphs and general graphs
coincide, and where 0"(ps) = J, p = ¢ = 1, and r = 0, relation ' = (1+ f5")d holds. Four different
values for n in f; will here be considered: n = 2, 4, 6, and 8. Notice that for n = 1 CH,F; and BF;
will have the same ¢", a situation that should clearly be avoided using n > 1. Groups like —-CHj (f5 =
0.75), —CH,— (f; = 0.5), and —CH< (f; = 0.25) will now have the following valence delta values: 6' =
(140.75"), (1+0.5")-2, and (1+0.25")-3, respectively. For —-NH; (fs = 2/5 = 0.4) and —-OH (f; = 1/6 =
0.17), we have, 6° = (1+0.4")-3, and (1+0.17")-5, respectively. Note that the values obtained with
Eq. (7) for the atoms in Table 1 cannot be differentiated from the values obtained with Eq. (6). The

optimal model of the properties needs the following molecular connectivity basis indices (5) only:

{8} = {Ozalla Xt DV» ° OZVallvant }

D V= Ziﬁvi (9)
‘=38 " (10)
r=3%38) " * (11)
=0 " (12)

For the 'y type of indices the sums and products are over all edges of the chemical graph (o
bonds in a molecule). Replacing S with &' the corresponding °#”, ' 7" and 7", indices are obtained. In
a case a molecular connectivity higher—order term, X = f(y) is needed to achieve an optimal model.
These descriptors are obtained by the aid of a trial-and—error procedure [15] performed with a wide
set of molecular connectivity indices. To check the quality of a model the following statistics will
be used: the squared correlation coefficient, #*, the standard deviation of the estimate, s, the F value,

and the number of points, N. Cross—validation methods like the leave—one—out or leave—more—out
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methods, will also be used for small sets of data. Sometimes these method are called jackknife, a
name that stems from the method that each observation is removed (i.e., cut with the knife) one at a
time, or more at a time (for the higher—order Jackknife) in order to get a feeling for the spread of
data. The leave—one—out method is normally used when there is a small number of data. The
prediction coefficient, ¢, which is normally used to check the validity of the leave—one—out
method, is: ¢° = (SD — PRESS) / SD, where SD = X(y; — <y>)* is the squared deviation of the
observed value from their mean, and PRESS = X(y; — yiloo)z, where oo 1s a predicted value of the
studied property where the prediction has been made by the leave—one—out method [28]. A value ¢*
> 0.5 has been proposed as a satisfactory result, but not all authors agree on the validity of such a
low ¢* value [29]. Anyway, our ¢° values are consistently better than 0.5. The utility of each

regression parameter, c;, (in parenthesis near ¢; or collected under a vector form) will also be given

for the fit-model equation, i.e., | c/s;|, where s; is the estimated error of ¢;. A high utility underlines
the importance of the corresponding index, even if a low utility should be expected when the
corresponding regression parameter is nearly zero. Model plots have been given following the

recently published considerations about these kinds of plots [22, 23].

3 RESULTS AND DISCUSSION

Some recent results [20,21] that allow appreciate the importance of the hydrogen perturbation
will here be reconsidered. Tested properties are: the side—chain volume, V, the isoelectric point, pl,
of amino acids, and the boiling point, BP, of amines and alcohols. An eye will be kept to the ratio of
the number of hydrogen atoms, ny, to the number of heteroatoms no (subscript ‘O’ stays for atoms
other than H atoms), i.e., ny/no. For instance, for C;HsOH we have: npy/no = 6/3 = 2. The model of
the side—chain molecular volume, and isoelectric point of amino acids, and the model of the boiling
points of amines and alcohols with and without hydrogen perturbation will here be discussed. These
three classes of compounds have the following ny/no ratio (rounded off): 1.0 for 18 amino acids, 2.2
for 21 amines, and 2.0 for 27 alcohols. The boiling points of the composite class [amines +
alcohols, np/no = 2.1] will allow to derive some interesting hints about the importance of the
hydrogen perturbation. Notice that for the examined properties p = 1. As already mentioned, the
following four n values of f; will here be tested: 2, 4, 6, and 8.

3.1 Amino Acids

The two properties of natural amino acids here examined, shown in table 2, have, ny/no = 1. The
values for these properties are taken form Ref. [15] (p[), and Ref. [1] (V).

3.1.1 Side—Chain Molecular Volume of Amino Acids, V

The best model, with f5 = 0, is shown by the following combination of valence basis indices, and

by a X term:

369
BioCHEM Press http://www.biochempress.com



L. Pogliani
Internet Electronic Journal of Molecular Design 2006, 5, 364-375

{D",%7"} : F=887,1=0.992,5=2.5,4"=0.989, N= 18
X=[D)"?+p*'1/(D'-0.7D) : F=2109, ’=0.992,s=2.3, N=18

For f5 # 0 there is a nice improvement in the model quality for » = 6, where we have:

DY, 0y i F=1475,/7=0.994,5s=1.9, ¢* = 0.993, N= 18
Bx=1D)*+ 131/ D" -2.5( %) : F=4009,  =0.996,s=1.7, N=18

The fit-model equation used to obtain Figure 2 is the following, where in parenthesis are the
utility values (see method section):

V(=6) = — 0.85427D" (8.9) + 23.5283"%" (36) — 7.7291 (4.0) (13)

160 -
120 -
80

40 1

0« A A AMdagMa 4

40 80 120 160

.40
V clc

Figure 2. Plot of the experimental side—chain molecular volume V values, vs. calculated V values, V., and plot of their
residuals (Vexpy— Veale; on the x axis).

Now, consider a training set of N = 10 amino acids, excluding from the model: Gly, Ser, Thr,
Leu, Asn, Lys, Glu, and Arg, while keeping ny/no constant. The best term is similar to the previous
X term only parameter “1.3(°#")**” changes into “1.2(°4")**". The statistics now are: F = 2013,
=0.996, s = 1.65, N = 10, and C = [21.55006 (45), — 61.8174 (18)]. The calculated values are
collected throughout the V(Clc)-8—/.0. column of Table 2 (right-side). The inferred values for the

eight left—out amino acids are quite satisfactory.

3.1.2 Isoelectric Point, p/

The experimental values are shown in Table 2. As already mentioned in Ref. [15] there is only
one type of descriptor, i.e., an X term, which is able to satisfactorily describe this property, which
for f5 = 0 it is the following:

X(pD) = (0.01 7" + Ag/gr)(*4'ID)** : F=810, 7> =0.980,s=0.3, 4 = 0.975, N=18
Here, gr = 4 for Arg, gr = 3 for Asp, Lys, Glu, and His, and gr = 2 for the remaining amino acids;

Ag is the difference between the main acidic and basic functional groups, thus, it equals 4g = -1 for
Lys and His, 4g = -2 for Arg,, and 4g = 1 for Glu and Asp, otherwise it is zero [15]. For f5 # 0 the
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description shows a clear improvement for n = 2, but not as dramatic as in the previous ¥ case. The
descriptor is quite similar to X(pl):

PX(pl) = (0.01y" + Aglgr)(°#'/D)* : F =873, " =0.982, s =025, ¢* = 0.977, N= 18
pl=—1378.58"X(pl) (30) + 5.80145 (95) (14)

Table 2. The side—chain molecular volume, V (in A3), and the isoeletric point, pI, for the natural amino acids (AA),
together with the calculated V' values with 8—left—out values, V(Clc)-8—l.o. (*)

AA V V(Clc)-8—l.0. pl
Gly 36.3 *36.1 5.97
Ala 52.6 51.1 6.00
Ser 54.9 *54.5 5.68
Val 85.1 84.8 5.96
Thr 71.2 *69.3 5.60
Pro 73.6 74.9 6.30
Leu 102 *102.8 5.98
Ile 102 103 6.02
Asn 72.4 *72.0 5.41
Asp 68.4 69.5 2.77
Lys 105.1 *105.0 9.74
Gln 92.7 92.9 5.65
Glu 84.7 *82.1 3.22
His 91.1 92.6 7.59
Arg 109.1 *112.8 10.76
Phe 113.9 111.1 5.48
Tyr 116.2 114.4 5.66
Trp 135.4 136.8 5.89

During the leave—one—out method we assumed that the X term does not change. Actually, there
are minor changes (£ 0.1) in the power of (O;(V/D), if model maximization is achieved for every
one—out compound. The improvement over the f; = 0 case is achieved for n = 2, i.e., a drastic
hydrogen perturbation achieves a small improvement. The side—chain V' case, instead, showed a
consistent improvement with a minor hydrogen perturbation (n = 6). The model of p/ and V' tell us

that the hydrogen perturbation is property—dependent.

3.2 Boiling Points of Amines and Alcohols

The experimental values are collected in Table 3 and are taken from Ref. [2]. The two classes of
compounds show, for f5 = 0, different model quality, the amines showing a high quality model,
while the alcohols a less satisfactory model. Results for f5" # 0 are rather unexpected. Practically the
boiling points of the single classes of amines and alcohols show no interesting improvement when
the hydrogen perturbation is considered. Nevertheless, as soon as we consider the boiling points of
a class made up of the amines and alcohols [R—-NH, + ROH, nu/no = 2.1] things change
significantly. In fact for f; = 0 we obtain the following best single basis index and term descriptors:

{('7}: F=284, /7 =0.861,5s=17.9, N=48
X(Am+AD = [(7)" +0.05'']: F=383, *=0.895, s = 15.7, N= 48
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Table 3. Primary amines and alcohols, their boiling points T}, (in K)

Amines T, Alcohols T,
CH;s— 256.65 (CH;),CH- 355.55
CH;CH,— 290.15 CH;CH,CH,— 370.25
(CH;),CH- 307.15 CH;CH,C(CHj3),— 375.45
CH;CH,CH,— 322.15 CH;CH(CH;)CH,— 381.25
CH;CH,CH(CH;)- 336.15 CH;(CH,)s— 390.75
CH;CH(CH;)CH,— 341.15 CH;CH,CH,CH(CH;)— 392.05
CH;CH,CH,CH,— 350.95 CH;C(CH;),CH(CH3)- 393.55
CH;CH,C(CH3),— 351.15 CH;(CH,),C(CH3)— 396.15
(CH;CH,),CH- 364.15 CH;CH(CH;)CH(CH;CH,)- 400.65
CH;CH,CH,CH(CHj;)— 365.15 CH;CH,CH(CH3)CH,— 402.05
CH;CH(CH3)CH,CH,— 368.15 CH;CH(CH;)CH,CH,— 405.15
CH;C(CHj;),CH(CH;)— 375.15 CH;CH(CH3)CH,CH(CHj3)- 406.15
CH;(CHy)4— 377.55 (CH;CH,),C(CH;)— 409.15
CH;(CH,);CH(CH;3)— 390.65 CH;CH,C(CHj3),CH,— 409.85
CH;(CH,)s— 403.15 CH3(CH,)4— 411.15
CH;CH,CH(CH;)CH,CH(CH;)— 406.65 (CH;CH(CHj3;)),CH- 413.15
CH;(CH,)4,CH(CH;)- 415.15 (CH5CH,);C— 415.15
CH;(CHy)s— 430.05 CH;CH(CH;)CH(CH;3)CH,— 418.15
CH;(CHy)— 449.15 CH;CH,CH,CH(CH;)CHy— 421.15
CH;(CHy)s— 465.15 CH;CH,CH(CH;)CH,CH(CH;3)— 432.95
CH;(CHy)o— 490.15 (CH;CH,),(CH;3)C— 43415
(CH3(CH,);3)(CH3CH,)(CH;)C— 436.15
CH3(CH,)¢— 449.95
CH;(CH,)sC(CH3),— 451.15
(CH;CH,CH,),(CH3CH,)C— 455.15
CH;CH(CH;)CH,(CHy)4— 461.15
CH;(CH,);— 467.55

For /5> # 0 (i.e., n = 2) an improved single—index descriptor is obtained, while with f;° (i.e., n = 8)
an improved term is obtained,

(D" F=484,”=0914,5=14.1, N=48
BX(Am+A4l) = [(1)** +0.03' 4] : F=1150, 7 =0.962, s = 9.4, N = 48

The achieved improvement is substantial, especially the one obtained with the ®X(4m+A4[) term.
Now, every second compound starting with the first one in both classes of amines and alcohols of
Table 3 (i.e., 1°, 3°, 5°, ...) will be excluded from the model but keeping ny/no constant. Thus, the
number of training amines is ten and the number of training alcohols is thirteen totaling N = 23
training points. The best descriptors for f; # 0, and f5 = 0 are:

{n): F=131,r=0.861,s=16.5
2D": F=212,/”=0.910,s=13.3

X(Am+Al) = [(7)"* +0.08' 1 : F=192, = 0.901, s = 13.9
BX(Am+AD = [(1)™* +0.03' 1 : F=693, 7 =0.970, s =7.6;
Practically, the importance of the hydrogen perturbation for these two types of descriptors with a
smaller training set does not change, while the optimal term is only slightly different from the

previous one with N = 48. At the level of the composite class [amines + alcohols] N changes seem

to affect only slightly the importance and type of the hydrogen perturbation. In Figure 3 it is
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displayed the model of the twenty—three training points plus the twenty—five evaluating points with
equation (utilities are in square parenthesis):

BP(Am + Al) = — 599.922" X (Am+AN[26] + 777.008 [53] (15)

500 - 30 -

A A
10 A A A A
400 4 A A“ A A
7]
(] 0 A A A A
[ A A& x ‘- 2 A 2
o 200 300 N 400, 500
@ 10 4 4 a 4a
s,

300 -

200
200 300 400 500

BP clc

Figure 3. Lef: Model of the boiling points of amines plus alcohols, where twenty—three points are training points and
twenty—five points are evaluating points. Right: plot of the BP residuals vs. the calculated boiling point values.

This figure is hardly different from the model displayed in a plot (not shown) where all points
have been considered training points. The residual plot shows that there are three outliers in the

high BP region, i.e., these residuals are well within a 10% error.

4 CONCLUSIONS

The recently introduced hydrogen perturbation [20,21], /5", into the definition for ¢" is able to
encode, by the aid of graph concepts only, all molecular features, from the core electrons, to non—
bonding electrons, inclusive multiple bonding, and, finally, is able to solve the degeneracy of many
0" values which stem from the number of bonded hydrogen atoms. Molecular connectivity is now
able, without making use of concepts external to graph theory, to obtain a specific index value for
every type of compound. Present study on the hydrogen perturbation underlines that this
perturbation is property—dependent, and N—dependent, as it is nicely underlined by the model of the
boiling points of the composite class [amines+alcohols] relatively to the boiling points of amines
and alcohols. The percent of hydrogen content of a molecule is not the only feature responsible for
the f;" values. Quite probably the recently suggested molecular variable connectivity index [28,29]

embeds among other features also the hydrogen perturbation.

The fact that studied properties are mainly modeled by the aid of valence connectivity indices,
i.e., by indices which are 6'—dependent underline the importance of a graph encoding of the overall
electronic structure of a compound, i.e., of electronic features that can only be encoded with general

and complete graphs. The side—chain volume is mainly modeled by two vertex—based indices, D",
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and ", i.e., the atoms contribute mainly the overall volume of the compound. The importance of

the overall index, y', as well as of the vertex—based index, ", throughout the model of the

isoelectric points, pl, tells that a delicate interplay between molecular and atomic characteristic is

here at work. For the boiling points of the mixed class of amines and alcohols the contribution of

the overall valence index y', as well as of the edge valence index, 'y', shows that molecular and

bond characteristics are here playing an important role.
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