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SUMMARY

A method for calculating heats of atomisation of organotin compounds by
the Del Re approximation together with the Hiickel procedure (where m-system is
also present) has been developed. Results for thirteen compounds show an excellent
correlation with the experimental heats of atomisation ; deviation of the experimental
values from the correlation curve is less than one percent.

INTRODUCTION

Although a great deal of attention has been recently paid to the interpretation
of the properties of organosilicon compounds by quantum mechanical calculations' =7,
no similar systematic investigation of organotin compounds has yet been reported.
In view of this we have carried out a systematic study of organotin compounds by
approximate quantum mechanical methods. The main objective of the present work:
is to interpret and correlate many of the important properties such as heats of atomisa-
tion, bond lengths, NMR spectra, IR spectra and dipole moments of organotin com-
pounds. In the present communication the method for calculating the heats of
atomisation of organotin compounds by using Del Re’s® approximation is developed.
The correlation between the observed heats of atomisation and the calculated values
is very striking and clearly demonstrates the usefulness of Del Re’s method in cal-

culating heats of atomisation of organotin compounds.
PROCEDURE

(A4). Calculation of c-bond energies B
According to Del Re’s approximation the energies of the o-molecular orbitals
between the two bonded atoms u and v are the solutions of the secular equation:

g+, -B—E g B

= 1
i ‘uv.B a0+5v.ﬁ—vE ( )

&
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Eqgn. (1) readily gives the energy of the bonding orbitals, E, as:

E=ao+[0,+06,+/4ei+(3,— 0,)°] - B/2 , @

The total energy of the two electrons occupying the bond is:

209+ [0, +6,+/4e2,+(5,—6,)*]1- B
Hence the bond energy, E,,,, which is equivalent to the net stabilization, is given by:

Ey=[0Bu+8,)+/4el,+(5,—6,)* — (55 +80)] - B 3)
The total o-bond energy, E,, is given by:
E,= Z Euv (4)
all bonds

Since the quantities 6, and J, may be easily calculated by Dei Re’s method provided
all the necessary Del Re parameters are known, the total bond energy of the ¢ frame
work may be computed in terms of the standard Del Re resonance parameter, 8, by
using equns. (3) and (4).

(B). Calculation of the m-bond energies

In compounds such as tetraphenyltin, trimethylvinyltin etc, in which a =-
system is present, it is necessary to obtain the n-bond energy in addition to the s-bond
energy. The n-bond energy may be calculated by the standard Hickel procedure.
However, the replacement of a C—H bond of the parent hydrocarbon by C—Sn bond
in the organotin compound will primarily alter the Coulomb integral, &, of the attached
carbon atom. By writing this integral as:

a=ag+h-B, , . (5

where «, is the Coulomb integral for all the carbon atoms except that bonded to tin
and f, is the resonance integral for the (C,—C,)r bond, the total n-energy may be readi-
ly calculated provided the value of h is known. Nagy et al.® in their recent treatment of
orgamosilicon compounds have treated this as a variable parameter. However, in a
general treatment of a whole group of compounds, it is desirable to have a logical
procedure for evaluating h. In the Hiickel LCAO MO procedure the magnitude of
h for a hetero-atom is generally taken as the difference in the Pauling electronegativities
of the heteroatom and carbon. Therefore a consistent procedure for evaluating the
parameter “h” for a substituted carbon atom appears to be calculation of the change
in its electronegativity with respect to the other carbon atoms.

According to the Allred—-Rochow equation®, the Pauling electronegativity, x
is given by the relation:

x =0.359 Z _/r> +0.744 ' (6)

Where Z,, is the effective charge acting on an imaginary outer electron and

r, its covalent radius. For a normal carbon atom, Z; and r are 2.90 and 0.77 A
respectively. The presence of a partial charge on the carbon atom will, however, cause
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a change in the Z . Using Slater’s procedurelo Zsr, the effective charge for a carbon
atom having a partial charge dq is given by:

Z! = Ze+0.355g | U]

Therefore the change in the electronegativity of the carbon atom bonded to a tin
atom relative to that to a hydrogen atom will be given by:

h= Ax =0.359 x0.35(6g—6°g)/r*
=0.21(6q— 6°q) @

where 6%°q and g are the partial charges on a carbon atom in the parent hydrocarbon
~ (where the carbon atom coulomb integrals are assigned the standard value «°) and
in the organotin compound, respectively. Since the charges on all the carbon atoms
are different from those in the parent hydrocarbon, all the carbon atoms should
strictly be assigned a different Coulomb integral in the tin compound, but, this
difference is negligible for all carbon atoms except that directly bonded to the metal.
Incidentally, this provides a justification for the frequently adopted procedure of
assigning the standard value a° to all carbon atoms except that at which substitution
has taken place. In the present calculations no corrections in the Coulomb integrals
of all the carbon atoms has been considered in view of their negligible contribution
to the calculated energy.

As 8%°q and 8q may be calculated by Del Re’s procedure it is now possible to
calculate the parameter h. For the vinyl and the phenyl groups §°q are found to be
0.109 and 0.053 by Del Re calculations on ethylene and benzene respectively.

As h is found to be rather small for all the compounds discussed here, the
n-energy may be obtained with very good accuracy by a perturbation treatment!?,
which gives:

0 . 1. . 2 ©

Er: = En +qr 5(1,.+ I, , (5&,)
where E? is the energy of the parent hydrocarbon, g, and =, , are the electron density
and atom-atom polarizabilities and da, is the change in the coulomb integral of the
r-th atom. By using the tabulated values of gq,, , and E, for benzene'?, together with
eqn. (5), eqn. (9) takes the following form for the phenyl groups:

E. =88, +h f.+02-h>-F, (10)

where E_ is the n-energy of a phenyl group in the organotin compound. For the vinyl
group, the m-energy has been calculated directly by solving the appropriate 2x2
secular equation. As the m-energy is obtained in terms of the Hiickel resonance in-
tegral, B, appropriate to the n-bond, it is necessary to calculate the ratio B,/B, in
order that the calculated energy may be correlated with the total bond energy of the
molecule, i.e., its heat of atomisation. An approximate method for evaluating this
ratio will be to use the well known Lennard—Jones’method!?, frequently applied to
. m-system. According to Lennard-Jones’ argument, the ratio in the present case will
be given by:

Be/B=(Ec=c—Ec-c)/Ec-c _ (11)
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where Ec_c and Ec_c are the energies of carbon—carbon double bond and single
bond, respectively. As the C—C distance in compounds having a double bond is.
considerably different from that in a pure single bond, the energy appropriate to the
eqn. (11) is not the observed single bond energy, but one which corresponds to a
hypothetical carbon—carbon single bond having a bond length of approximately
1.35 A. Although this quantity is not directly available by experiment, it may be
evaluated by assuming that the energy of a carbon—carbon single bond of a given
length is proportional to the corresponding overlap. With this assumption, Ec_¢
is given by the equation:

Ec_c=S; Ec_c/S, ' ' (12)

where E._( is the standard carbon-carbon single bond energy, S, and S, are the
g-overlaps between two C-sp? orbitals at a distance of 1.35 A and two C-sp> orbitals
at a distance 1.54 A respectively. Taking the standard values of Ec_c and Ec_c as
148.4 and 83.6 kcal/mole respectively!3, and S, and S, as 0.76 and 0.65 respectively'?,
a value of 0.52 is obtained for B,./B. The n-energy may therefore be calculated in terms
of the standard Del Re resonance integral, 8, by multiplying the calculated n-cnergy,
E, by 0.52. The total bond energy of the system is thus obtained by adding the ¢ and
7t contributions.

Although the possibility of d_—p, bonding between tin and carbon atom can
not be ruled out, this effect has not been considered here. The main reasons for ne-
glecting d,—p, interaction are as follows: (a) the large energy difference between tin
d, and carbon p, orbitals, coupled with small overlap precludes significant contribu-
tion of such bonding to the total energy, and (b) the possibility of correlating such
properties like NMR, IR and dipole moments of organotin compounds without in-
voking d—p, bonding. This aspect is discussed below.

(C). Evaluation of Del Re parameters

The Del Re parameters for Sn—C and Sn—Cl bonds have been determined
from the dipole moments of Me;SnCl, Me,SnCl, and MeSnCl; together with the
bond energies of the Sn—C and Sn—Cl bonds. The §° value for the tin atom is based on
its electronegativity. For all other bonds the parameters given by Del Re has been
used. Recently Nagy et al.? have modified the inductive parameters for the C—H bond,
but the observed partial bond moment of the C—H bond is more consistent with the
original set given by Del Re, and furthermore the calculated charges on the hydrogen

TABLE 1

Del Re PARAMETERS

Bond Yam VB(A) Eap q a3
C-H 030 0.40 1.00 0.07 (sp®) 0.00
0.12 (sp?)
c-C 0.10 0.'0 1.00 0.07 (sp®) 0.07 (sp?)
0.12 (sp?) 0.12(sp?)
Sa-C 0.10 0.10 0.50 —0.10 0.07 (sp*)
0.12 (sp?)
Sn-Cl 020 0.40 045 —0.10 0.35
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atoms are closer to the values obtained by the well known ¢-molecular orbital theory
of Fukui'®. The results of our present investigation also indicates that the original set
of parameters is the more consistent, at least in the case of organotin compounds.
The Del Re parameters are given in Table 1.

RESULTS

The calculated ¢ and = bond energies for thirteen organotin compounds are
given in Table 2. These energies are in terms of the standard Del Re resonance integral,
B. Included in the same table are the experimental heats of atomisation, taken from
Skinner'é. For the compounds Me;SnCl, Et;SnCl and EtSnCl; the heats of atomisa-
tion have been calculated from the reported values of their heats of formation in the
liquid state, AH>5°(L)!7, by computing the heats of vapourisation, AH,, from Trou-
ton’s rule and the Wheland equation!'®. Fig. 1 shows the correlation between the
calculated and observed energies. The correlation is excellent and the least square
line for the thirteen points is given by:

AH =44.06 x+92.7 (13)
where AH is the heat of atomisation in kcal/mole and x is the calculated energy in
units of . ’ .

The degree of accuracy with which the present calculations correlate the ex-
perimental heats of atomisation can be readily understood by comparing the observed
values with those caiculated from eqn. (13), which are also included in Table 2. The
percentage deviation is within one percent for all the compounds except ethyltin tri-
chloride, for which the heat of atomisation was computed from its provisional heat
of formation reported by Skinner!”. In view of the very approximate nature of the
Del Re method such an excellent correlation is surprising. Equally surprising is the
presence of a constant term equal to 92.7 kcal/mole in the correlation curve. Similar

TABLE 2

CALCULATED AND EXPERIMENTAL HEATS OF ATOMISATION OF ORGANOTIN COMPOUNDS

Compound E ; E_ ;s Total, in Cald. heat of Exper. heat of  deviation

units of atomisation atomisation (%)

B (kcal/mole) {kcal/mole)
Me;Sn 29.18 0 29.18 1378.4 13854 —0.5
Et;Sn 54.52 0 54.52 24949 24919 0.1
PrsSn 79.81 0 79.81 3609.2 3616.2 —0.2
Bu,Sn 105.10 0 105.10 4723.5 4734.9 -02
Me,EtSn 35.57 0 35.57 1659.9 1663.0 —02
Me;PhSn 46.61 4.15 50.76 2329.2 23145 0.6
Me,;BenzSn 52.44 4.16 56.60 2586.6 2595.5 —03
Me;ViSn 31.45 1.03 32.48 1524.2 1530.7 —904
Ph;Sn 97.43 16.59 114.02 5116.5 51013 0.3
Me,SnClI, 17.38 0 17.38 858.5 853.6 0.6
Me;SnCl 23.28 (4] 23.28 11184 11246 —0.6
EtSnCl; 17.79 (4] 17.79 876.5 863.3 1.5
Et;SnCl 42.28 0 42.28 1955.6 1956.0 0.0
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Fig. 1. Plot of the heats of atomisations of some organotin compounds vs. the total bond energy (calcd.) in
units of f.

behaviour is shown by Hiickel energy for n-transitions when plotted against the ob-
served transition energies'®. The calculations indicate a close similarity between the
results of Hiickel z-MO and Del Re o-orbital treatment in their respective fields.

Another interesting point to emerge from the present calculations concerns the
value of 8. Since the value of fis found to be 44.06 kcal/mole and j8,/f has been shown
to be 0.52, B, is calculated to be 22.9 kcal/mole. This value is very close to 20 kcai/mole
obtained from Hiickel MO caiculations for the resonance energies of aromatic
hydrocarbons?°. This provides strong support to the validi.y of the arguments used
for the computation of n-energy.

The present- calculations indicate that the Del Re method provides a very
simple, yet reliable, method for the interpretation and correlation of the properties
of organometallic compounds.
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