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Abstract - The connectivity index has been used to evaluate

the yV-bond energy of alternant and non-altermant hydro-

carbons, A new varient of IOC-(Otechnique has also been

used for the evaluation of 77-bond energy. These methods have

now been used to evaluate heats of formation for both tvpes

of molecules, A comparative study reveals that the connec-

tivity index based values are generally in better agreement

with the experimental values than those obtained with the

oroposed new varient of the IOC-Wtechnique,

MOLECUIAR CONNECT IVITY

Randic's molecular connectivity index represents the degree of branching or
connectivity in a molecule and i3S derived from the vertex degrees o
connectivity in the moleculel"a. Kier et al, have showa that the connecvity
index can be correlated with several physicochemical and biological properties
of the moleculesa. The index X hés several versions, The simplest, as well as
the extended versions ( "X) are calculated from a hydrogen-~-suppressed graph
of molecule, The simplest version, designated as "x and known as firste-order

term in X, is computed by formula :1=3

1x=$:(6153)"’ (1)

where the sum is over all connections or edges in the hydrogen-suppressed graph
and &and 8J-are numbers assicned to each atom reflecting the number of atoms
adjacent (connected) to atoms i and j, The nature of the atom i8S not considered
in the calculation,

To account for the nature and unsaturation of the bonds in X , Rier and
Hall3'4 proposed the valence molecular connectivity ( X") where the atom
connectivity i{s defined as

v _ v
&1 =7z -h cers (2)

in which z‘i' represents the number of valence electrons of the atom and hy is the
number of hydrogen atoms attached to it, Thus the use of 6‘ permits the
calculation of valence term of first ometlx" by expression -

XV =Egy gj’)'*’ (3)
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Combininc the equations (6) and (7) with (10) we get the following
expression for the total Ti-electronic energy
P

rs
=z -
+2¢ 5% (1320, CH eee(11)

B =% e -ws % Zy py

Now consider the energy libercted when 'n' carbon atoms with pP—electroms
combine to form 7T-bonds i.e, energy Eﬂ‘b' The Tr-electronic energy of a molecule
is given by the algebraic sum of the energy of electrons in p-orbitals of widely
separated carbon €toms and the “7T-bond energy (E;nb). The former may be equated
to Y.aqrX , Hence the remaining terms oive 7TT-bond energy. For alternant
hydrocarbons we have

P

—..C)S: bl rs 6

-
By = t r#j Pry *+2C AT o T Tg) eee (12)

7N -BOND ENBRGY OF NON-ALT ERNANT HY DROCARBONS

However, for non-alternant hydrocarbonsS the expression for Eﬂ. assumes the

follcwing form @
P

= =0 }:‘Z rs y
Br = LayX -5 % Ty ay Py +2¢ T K TET. T4 A R
L q (1=qy) cee(12)

and hence
Prs

zrc% (1.512-0.174 Py )6

Em, = =S % % Tr Pry +2C

.‘,Q):r. q]v(l_qT) eee(14)

CALCULAT ION OF HEZAT OF FCRMATION OF ALT ERNANT AND NON-ALT ERNANT HYDROCARBONS

The heat of formation of @ molecule in its equilibrium configuration is
the additive sum of the bond energies, The total bond energy of a molecules is
given by the sum of the total 4§ -bond energy, EO'b’ and the total 7T ~bond energy
E e The following expression provides a simple route to calculate heats of
foriration of hycrocarbons,

AHf = Egy + By1y, ees(15)

1f E o and B_y ke the bond energies of C-C and C-H bonds respectively,
the expression for Eo—b is

= I $ 1
Esp = NeBerc * Mukeon (1¢)
therefore,

AHg = NeBo o + NyBey + By ees(17)
where Nc and NH are numbers of C-C and C-H bonds respectively. By using

expression (17) along with equation (4), (5), (12) and (14) one can evaluste the
heat of formation of alternant and non-alternant hydrocsrbons.

DA RAMET ERS USED
For calculating 7T -bond encrgy for alternant hydrocarbons with the help of
equation ¢12) W has been assigned a value 2,79152, S has been taken as 0,25 and
C has been taken as 9,875, whereas for non-alternant hydrocarbons using equation
(14) the values of (.0, S and C are 1,4, 0,2% and 11,637 respectively,

For calculéting heat of formation with eguation (17) the value of B o and
EC-H have been acsigned as 3,80 eV and 4,42 eV respectively as proposed by

Dewar and Gleicher 10.



Calculation of heat of formation 2861

The detalls of calculations of this term and other higher terms in ) can
be found in Ref.3,

The electronic interaction depends upon the bonding of atoms in a molecule,
hence it becomes ebvious thet the hinding energy of the electron must be in some
way related with X .

In this communication it 1is proposed that the 7v-bond energy can be
evaluated on the basis of connectivity index. For alternant hydrocarbons the
following equation has been used -

Eqp = 3.92981 YV 4+ 0.0523 (4)
and for non-alternant hydrocarbons

1 v
By = 4.3279° K7 - 1.7666 (5)

The correlations can be used to predict the 77T-bond energy of conjugated
systems,

I0C -04) TECHNIQUE

5-8 in a series of papers have proposed a remarkable

Gupta and Krishna
improvement over thecv-technique by including the so far neglected overlap charge,
According to Harrisg, if overlaep is included and the net charge on atom r is
taken as that resulting when all overlap charges are divided equally among the

atoms involved, one obtaine:

Hop = X400 EJ’ZJ(PrJSrJ +Pjtsjr;) ceeee (8)
In this communication for %:s we have used
Hg = G/(1.512-0.174 P .)° (7)

where 'C' is some arbitrary constant,
71 - BAND ENERGIES OF ALT ERNANT HYDROCARBONS
The total 7V7-bond energy, Eﬂb of a molecule is defined as the energy
required when 'n' isoclated atoms each with a 7T -electron combine to form T(-bonds,
In the SCP-MO theory this J{ -bond energy is given by

Enp = (Total molecular orbital energy) - (total internal electronic
energy) - (Total energy of 7T-electrons in widely separated
carbon atoms ) cese (8)

(Since the total molecula orbital energy includes twice of the total
interelectronic repulsion). If the molecule is neutral and the atoms in it are
morear less neutral, the coulomb repulsion of the cores of atoms should be more
or less balanced by the caulomb repulsion of the elaectrons attached to those
cores., Since in the ground state the molecules as well as the atomS are Supposed
to be neutral, the total TU~bond energy may be taken as

snb = (Total molecular orbital energy) - (Total energy of T\ -electroms
in widely separated carbon atoms) evee (9)
mm molecular orbital theory, the 7TT-electronic energy of a molecule is

glven by ¢ . rotal molecular orbital energy

n
= Zr." }; prs r‘LA:'S e (10)
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Tédble 1, Calculated and observed heat of formation of alternant hydrocarbons

Compounds Value of T-Bond mnergy (E-n-b) Heat of formation
(ih)i(:v (in ev) (Hf) with equation Experi-
ment al
(17) in (ev) values
Bquation Bgquation Using E b using E b of heat
(12) (I0C~) (4)(connec- obtaine obtaineJT Of for-
Technique) tivity index) through through mation
equation equation (ev)
(12)(10C~ (4)(connec-
Wtech- tivity
que) index)
Benzene 2,000 8,1¢c7 74909 57.487 57.289 57.16
Naphthalene 3,405 13,193 13,429 90,433 90,669 90,61
Anthr acene 4,810 18,132 18,949 123,232 124,049 123,93
Stillbene 4,732 18,277 18,643 128,437 128,803 128.48
Pyrene 5. 560 20,906 21,896 137,406 138,396 138,88
Naphthacene 6,215 23,166 24,469 156,126 157,429 157,56
Triphenylene 6,232 25,659 24,536 158,619 157,496 157,76
Perylene 6,276 26,061 27.456 170.421 171,819 172,04
Picene 7.637 23,821 30,056 189,641 190,876 -
coronene 8,464 31.581 33,305 198,741 200,465 -
Aver age
deviation 0,828 0,216

Table 2, Calculsted and observed heat of formation of non-altermant hydrocarbons

Compounds Value of JI-bond energy (Eﬂb) Heat of formation Experi-
fhi (in ev) with eq.(17)(Hf) mental
xV (in ev) values
Equation Equation using Eqp Using By giat of
(14) (IOC=L (5)(connecti- obtained obteined formetion
technique) vity index) through through

equation equation
(14)(10C=-W(5) (connec-

technique)tivity
index)

Methylene
cyclopropene 1,264 5.796 3.703 38,716 36,623 -
Fulvene 1,931 8,821 6,590 58,201 55,9270 -
Pentalene 2,738 11,400 10,083 72,180 70.862 -
6=Vinyl-
fulvene 2,608 11,969 9,520 77.809 75,260 -
Azu lene 3.4C5 15,400 12,969 92,640 90.209 89,19
sesqui-
fulvalene 4,072 13,331 15,856 112,031 109,556 -
Acenaph-
thylene 4,149 19,573 16,189 108,213 1c4.829 104,32
Hepta -
fulvalene 4,738 21,385 18,738 131,545 128,298 -
Hepta-
fulvadiene 5,399 24,3247 21,599 150,967 148,219 -
Fluoranthene 5,565 25,956 22,2181 142,454 138,818 138,11
Average

deviation 3.895 0.745
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RESULTS AND DISCUSSICONS

Table (1) lists the values of 7TT -bond energy for alternant hydrocarbons
as calculeted on the basis of eguation (4) and equation (12), also listed are
the heat of formation using these values,

T@ble (2) contéins the values of 7TV ~-bond energy for non-alternant
hydrocarbons as calcul2ted on the basis of ecuation (5) and (14) and also listed
are the values of hect of formation usSingthese values,

on a comparison of the heat of formation values in table{l)it seems that
the values obtained on the basis of connectivity index (Average deviation 0.216)are
generally in better agreement with the experimental values & compared with those
obtained on the basis of the proposed new varient of IOC-(V technique (Average
deviation 0828), In table 2 also the Aaverage deviation for connectivity method
(0.745) is found to be much better than that for IOC-e technique (3,895), It
may be concluded that the connectivity index can be successfully used as a
parameter for such calculations.
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