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ABSTRACT

We have used molecular connectivity to develop polynomials of the form y=a, + a,x + a,x*
+ ommeneen + a x" for predicting b.p., m.p., density and r.i. of normal hydrocarbons. These properties of
the systems determined by the polynomials are very close to their experimental values. For the
correlations corresponding to each physical property the statistical parameters, r, s, F and ESS have
been determined. Except for m.p. of small molecules, in most cases the error is less than one per-

cent.
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1. Introduction

The quest for a suitable method for the determination of several physical, chemical and
biological properties of molecules that takes the structural features into consideration has led to the
concept of molecular connectivity (MC)'. It has been extensively studied ¢ and applied in many
areas >7, nevertheless, in this paper we have developed polynomial equations using MC indices to
predict boiling points (b.p.}, melting points (m.p.), densities and refractive indices (r.i.) of normal
hydrocarbons. It is gratifying to note that the properties of the systems defermined by these polyno-

mials are very close to their experimental values.

In this section we introduce MC indices and their selection in developing polynomials. The
next section describes the polynomials, followed by the results and discussion. The simplest MC

index ™y is the first-order (m=1) one
5= TE8) (1)

where the sum is over all connections or edges in the hydrogen suppressed graph and an atom
connectivity &, is the number of (non-hydrogen) atoms directly bonded to atom i. The nature of the
atoms is nof considered in the calculation.

To account for the nature and unsaturation of the bonds in y. Kier and Hall* proposed the valence M
1° . The valence term of first order, '3*, is expressed by;
1

= 3(8v8Y) 2 (2)

Where &, is the valence connectivity, representing non-hydrogenic valence of atems depicted by that

vertex, it is defined as

8%, = Z"‘ - hi (3)
in which Z+ is the number of valence electrons of atom i, and h; is the number of hydrogen atoms

attached to the atom.
The general equation for the calculation of valence MC index of order m is

™n, m+1
m. s -4
R =21 {E)H )
R
where "n_is the number of mth order subgraphs {the number of edges in a subgraph is the order of

the subgraph) of the graph.
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All the valence MC indices up to third order have been calculaied for each molecule . The
program for regression is apphed fo indices. Firsi each index was individually treated to obtain a
idea about its statistical imporiance. The indices whaose results have been so found to be encourag-
ing were taken up fo third degree and their promising interaction with other indices were also deter-
mined. In case results corresponding to a linear-expansion in the single indices were nol good,
further trial was made by iaking their square, cube or interaction with other indices (but of the same
molecule) to see if results could still be improved. The programme is so developed that after feeding
the input indices of different order and degree and their interaction, we obtain optimal combina-
tions of indices so that there is minimum standard error(s) and sum of square of residue, maximum
correlation coefficient(r) and F value.

2. Polynomial equations

The first trend for the correlation came from a plot of b.p. of the normal alkanes against *y , the
curve obtained gave an indication that it would better fit a converging polynomial series. Plots of m.p.,
density and r.i. of these normal alkanes against °y dlso showed the same trend. Therefore, an nth degree
polynomial equation

= 1 2
Y=a,+ax' +ax 4 -+ ax (5)

was adopted for the best fit using step-wise techniques of regression, where x represents the best indices,

y represents the physical property and a, a,, a, ----, a_are coefficients. It has been observed that the
predictive ability of such polynomial equations improves on increasing the value of nto a certain extent.

The optimal choice of n was based on the criteria

{i) With increasing value of n, the values of s and ESS should decrease implying the n versus s and”
n versus ESS curves should approach an asymptotic value, and the sequence of n values should be

terminated when an opposite trend starts.

(i) To delete the insignificant terms in the polynomial equation, the f-values corresponding to
each regression coefficient at a given degree of freedom were used. This is bosed on Efforyson's

technique for step wise regression analysis.

If the trend observed for normal alkanes is a fundamental one, it should also be applicable to
structurally similar but different classes of compounds like normal unsaturated hydrocarbons. Where in-
stead of sp® there is sp? or sp hybridization between carbon atems having double or triple bond respec-
tively. The new polynomials developed for these systems were found to be equally valid in determining their

mentioned physical properties.
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In Table 1, a polynomial equation of the form of Eq. (5) for each of the four properties 1s given
for the normal alkanes and the unsaturated hydrocarbons. The statistical inferences, namely r, s, ESS
and F values for each of these polynomial equations, along with the optimal value of degree of
polynomial n and the size of sample N taken have been given in Table 2. Except in the case of m.p.
{for reason see the next section) the value of n remains constant with the change in properties. This
indicates that this study is not just curve fitting but has scientific significance. It has also been found
that for all the properties, further increase in n from the optimal value deteriorates the achieved fit in

terms of the statistical parameters.

3. Results and discussion

We have taken 34 normal alkanes from C, to C,,, and 148 normal unsaturated hydrocarbons
ranging from 2 to 32 carbon atoms. Estimated the b.p. of normal alkanes by Eq. (5). The estimated values
are in excellent agreement with those of the experimental values®. The correlation coefficient(r), F value and
standard error are 0.9999, 161433 and 0.18 C° respectively. The maximum deviation is 4.5°C for
nonane. For the normal unsaturated hydrocarbons too a good agreement between the observed
and the estimated values of b.p. can be seen in Table-2. The maximum deviation is 5.8°C for Eicosane
The r, s, ESS and F values are 0.9998, 0.48, 6.03 and 98327 respectively.

The m.p. of the normal alkanes were calculated by Eq.(5). The maximum deviation was 4.2°C
for heptane. The corresponding r, s, ESS and F values are 0.9988, 2.83, 216.82 and 2347 respec-
tively. In the case of unsaturated hydrocarbons (Eq.5), the maximum deviation r, F and the standard
deviation for m.p. are 5.7°C (for 1, é-heptadiene-3-yne), 0.9887, 3105 and 3.25 respectively. These
results for m.p. show more error in our values, particularly for small molecules. This occurs, because,
in normal hydrocarbons with change in carbon numbers their is alternating noture of m.p.. This

nature decreases with increase in the chain length.

For density and ri. of the alkanes the values of standard error and ESS are low and the
correlation coefficient and F value are fairly high, which prove the validity of Eq.(5) in predicting the
properties. For the unsaturated systems also, an excellent match between the estimated and experi-
mental values is observed for density and refractive index. The maximum difference between the
observed and calculated values for density and ri. are 0.074 and 0.12 respectively for 6, 8-
Tetradecadiyne and 1, 3-Pentadiyne respectively.

For comparison, some calculated values are given in Table 3, along with the experimental values.
Except for m.p. of small molecules, in most cases the error is less than one percent. Hence Eq. (5} is a
universal equation and any physical property of systems of a series can be determined by this equa-
tion provided we know the coefficients a ,a--- a_and the degree corresponding to that physical
property. This type of study can be extended to branched molecules by including cluster connectivity
terms as well as to other physical properties. The results can still be improved to very small extent by
taking higher than third order valence MC terms.
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Table 1. Coefficients in the polynomialy =a, + a,x + mnxf --+ a x" corresponding to the best regression equation.

B.P.

M.P.

BP.

M.P.

R

a, a, a, a, a, a, a,
NORMAL ALKANES
-0.28468E+3 0.99301E+2 -0.16320E+2 0.17014E+1 -0.11235E+0 0.43043E-2 -0.11204E-3
0.78655E-1 -0.51413E-1 0.64191E-2 -0.48957E+1 0.12304E+3
0.52947E-1 0.26940E+0 -0.50767E-1 0.50171E-2 -0.29707E-3 0.90036E-3 -0.19433E-6
0.10261 ‘E+1 0.21164E+0 -0.43303E-1 0.4972E-2 0.34218E-3 0.13402E-4 -0.30284E-6
NORMAL UNSATURATED HYDROCARBONS
-0.18926E+3 0.82686E+2 -0.57667E+1 0.26975E+0 -0.70121E-2 0.73016E-4 0.18719E-3
0.55638E-1 -0.90712E-1 0.61131E-1 -0.71072E+1 -0.81292E-2 0.44706E-1
0.10459E+0 0.28017E+0 -0.53188E-1 0.60530E-2 -0.37012E-3 0.13422E-4 -0.26291E-6
0.14283E+1 -0.39715E-1 0.97722E+0 -0.12686E-2 0.68288E-4 0.21511E-5 0.20101E-7




~213 -

'sanp|sal Jo saJenbs Jo wns
1048 pIepueiS

anjea 4

JUSID1J200 UONEIBL0D

azis aldweg

‘uoijenba jeiwoukold jo a316aQ

o'z Lee gley 2666°0 SOt 9
Pl 3:4] (44424 L6660 1433 9
6920¢ sZ'e sole 18860 £6 S
€09 8y o LZ€86 8666°0 ol 8
SNOBYYOOHAAH Q3LVdNLYSNN TYWHON
IA4°] 290 26855 ¥666°0 14 8
208 000 G1858 96660 6C 9
891z €82 LPET 8866°0 €¢ 14
86'¢ gL'o E€EPLOL 6666°0 [43 9
SANVYMTY TYWHON
ss3 S 4 1 N u

uonenba uocissaibal 3saq 2y} Jo sanspels "z a|qel

u
- lLow

"
cZ

‘ua@

dn

a8

‘uaq

dn

dg

Auedoid



- 214 -

Table 3. MC calculated values of b.p., m.p., den. and r.i. of some compounds
compared with experimental values.

Compound B w.r Mp2 Density® _N,_.R

Cal. Exp.* Cal. Exp? Cal. Exp.* Cal Exp.*
Pentane 350 36.1 -128.7 -130.0 0.5847 0.6262 1.4582 1.4568
Octane 126.2 125.7 -53.1 -56.8 0.6724 0.7025 1.4056 1.3974
Pentadecane 269.1 270.6 95 10.0 0.8052 0.7685 1.4502 1.4315
Eicosane 339.6 343.0 373 36.8 0.8139 0.7886 1.4403 1.4425
Triacontane 448.1 446.4 64.9 65.8 0.8102 0.8097 1.4535 1.4536
Pentatriacontane ~ 488.9 490.0 74.3 75.0 0.8311 0.8157 1.4329 1.4568
Propdiene -32.8 -34.5 -137.1 -136.0 0.8154 0.7870 1.3958 1.4168
1-Butene =53 -6.3 -186.1 -1853 0.6310 0.5951 1.4056 1.3962
2-Pentyne 54.1 56.0 -99.3 -101.0 0.6873 0.7107 1.4206 1.4039
1,5-Hexadiene 604 59.5 -142.0 -141.0 0.7154 0.6880 1.3991 1.4042
1-Heptyne 100.3 99.7 -82.3 -81.0 0.6980 0.7328 1.4292 1.4087
1-Nonyne 149.4 150.8 -51.5 -50.0 0.8629 0.7568 1.3912 1.4217
1-Decene 168.2 170.5 -67.6 -66.3 0.7618 0.7408 1.3990 14215
5-undecyne 199 4 198.0 -75.3 -74.1 0.8013 0.7753 1.4503 1.4369
1-Dodecyne 2136 215.0 -18.5 -19.0 0.8152 0.7788 1.4433 1.4340
1-Tridecene 229.5 2328 -12.6 -13.0 0.7551 0.7658 1.4433 1.4340
1-Hexadecyne 286.2 284.0 154 15.0 0.7706 0.7965 1.4391 1 4440
1-Octadecyne 309.2 313.0 232 225 0.8352 0.8025 1.4458 1.4774
1-Nonadecyne 230.7 227.0 38.1 37.0 08154 0.8054 14559 14488
I-Eicosyne 3458 340.0 347 360 07853 0.8073 1.4468 14501
a) Ref. 8

b) Boiling and melting points in °C at atmospheric pressure (760mm)

¢) Densities in g./cm® at 20°C

d) Refractive indices for the D line of sodium spectrum (n) at 20°C



