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The hybridisation jn adamantane and diamantane was calculat-
ed applying the method of maximum overlap. Appropriate weighting
factors for different types of bonds and »double zeta« atomic
functions of Clementi were used. The results are compared with
NMR and X-ray diffraction measurements.

In spite of the great development of the high speed computing technique
no accurate calculations on large molecules are feasible at present. Therefore,
the simple semiempirical methods retain their validity, and are very useful
in the description of bonding. Various kinds of maximum overlap methods
belong to this class of approximate calculations. The first general method
for constructing maximum overlap hybrids was given by Murrell.! This method
was developed within the valence bond framework and is convenient for
systems of the type MX,. Murrell’s procedure has been made more straight-
forward by Golebiewski?. Lykos and Schmeising? treated the construction of
the maximum overlap hybrids from the molecular orbital point of view. They
maximised the squares of the values of the bond overlaps reducing the whole
procedure to the eigenvalue problem of the overlap matrix.

Coulson and Goodwin* performed maximum overlap calculations on the
first three cycloalkanes. They found that the results were in fairly good
agreement with a more elaborate valence bond treatment?. An improvement
was made in this type of calculation by introducing scale factors for different
bonds®. This has been widely exploited in the investigation of highly strained
cyclic hydrocarbons?™®, and satisfactory results have been obtained especially
when Clementi atomic orbitals were used®?.

Here we report the maximum overlap calculations for adamantane and
diamantane. Because of their unusual physical, chemical and structural pro-
perties, these molecules are of special interest for chemists!2.

Briefly, the method applied here consists of the following®"9: by mixing
s and p orbitals one obtains hybrids of the general form

Vij = ajj (s) T bij (p) 1
These hybrids can also be represented in the shortened sp" form, where n

stands for b /a?j and is not necessarily an integer. The total overlap of the
molecule is

2
ij
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where the summation goes over all bonds. S,; denotes the overlap integral
Jwayp dr of the two overlapping orbitals. The weighting factors kg and
ko are introduced to compensate for the difference in bond energy between
the two types of bonds. They depend on the nature of the atomic orbitals
used in the calculations. We employed the »double zeta« functions of Clementit?,
which gave the weighting factors®: kqc = 121.17 and kqy = 135.86. The
coefficients of the hybrids 1;; are varied until the expression (2) reaches its
maximum value. Since the knowledge of the interatomic angles is not necessary
in this procedure these angles were taken as additional parameters. Thus, it
was possible to determine the interatomic angles theoretically. In our procedure
the interatomic distances were fixed at 1.54 A for the C—C bond and 1.07 A
for the C—H bond for both molecules. In Fig. 1. secondary and tertiary carbon
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Fig. 1. a) Adamantane CioHis; b) Diamantane CisHsg.

atoms are denoted as 2 and 3 respectively. The hybrid orbital vy is directed
from the atom i to the atom j. The hybrids which form the C—H bonds are
designated 1. The inclination of the hybrid \J;; to the straight line joining
two neighbouring atoms is denoted as ®;;- In the numerical procedure, it is
more convenient to take the interhybrid angles as parameters instead of the
coefficients a;;®.

Adamantane

Adamantane CioHis, synthetised first by Prelog and Seiwerth!' and later by
Schleyer*, is a tetrahedral molecule with CH groups on the vertices and CH, groups
on the edges of a tetrahedron. Its crystal and molecular structure is determined by
electron and X-ray diffraction investigations!®16, All measurements have been
consistent with the tetrahedral angles and with lenghts of 154 A and 1.09 A for
C—C and C—H bond respectively. These structural parameters are sideal« and
characterise strain free molecules. In our calculations the angle 33 was chosen
as the molecular parameter and the deviations of the hybrids wss and wgs as hybridi-
sation parameters. The results are summarised in Table I. The deviations of the
hybrids at the maximum value of the expression (2) are w23 = w32 = — 0.8°, This
means that the hybrids are bent inside the molecule. However, we can neglect
these small deviations and consider the C—C bonds to be straight.

Diamantane

Diamantane Ci3Hsg (Fig. 1) is the second member of the adamantanalogous series
whose three-dimensional extension is the diamond lattice. Recently an elegant
synthesis of this compound has been carried out by Cupas, Schleyer and Trecker.!?
An X-ray investigation has been performed by Karle and Karle!s, ‘Diamantane
consists of two fused adamantanes with one common cyclohexane ring. However,

* For an excellent review on adamantane chemistry see paper by Fort and
Schleyer?2,
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their tetrahedrons are somewhat distorted. Thus two parameters are needed to
describe the molecular skeleton: the angles 3.3 and ge3. For the sake of sim-
plicity the bonds in the central cyclohexane ring 3’....3" are supposed to be straight
bonds. The hybrid deviations at maximum value of expression (2) are wzs = —1°,
wag = ey’ = — 0.95? and ws’s = 1.35%. The geometrical angles are in better agreement
with the experimental data (Table I) than might be expected for this type of
calculation. Although we cannot state that the hybridisation itself determines the
geometrical angles, we can say that in this case hybridisation follows the geometry
very closely.

Many physical and chemical properties can be correlated with the s
character of the hybrids!®. Our results can be compared with the available
NMR datal?20, Using the Muller-Pritchard?! relationship for the spin-spin
coupling constant Jut3_i = 5 5% one obtains 133 cps for the methylene proton,
whereas the experimetal value is 120 + 1 cps. This indicates a somewhat too
large s character of the C—H hybrids. The chemical shift can be qualitatively
explained by the s content of the hybrids, since a hybrid more rich in s orbital
shields the proton more effectively. The NMR spectrum of adamantane® shows
two chemical shifts: 1.88 ppm for the CH proton and 1.78 ppm for the CH,
proton. Hybridisation itself cannot explain such a small difference, as indicated
by the hybridisation ratios (n,gy = 2.8, n,y = 2.7) in Table I, but according
to a comparable hybridisation in the two types of C—H bonds one can expect
nearly the same chemical shifts. Analogously, practically the same hybridisation
state in diamantane carbon atoms (n,g = 2.8, n,y = 2.7, n,y = 2.8) indicates
similar chemical shifts. They are, in fact, identicall” (§ = 1.68 ppm).

The maximum overlap method has many advantages. It is a simple,
pictorial model, which corresponds to the intuitive representation of the
chemical bond. However, this method has no proper theoretical foundation.
Nevertheless, it is interesting to point out the apparent similarity®?? of the
method of Golebiewski? with the LCAO—MO treatment introduced by Hall*
for calculations of bond orders. If we assume that the resonance integral
matrix is equal to the overlap matrix the two methods are identical. Similarly,
Lykos and Schmeising® have shown that a construction of hybrids becomes
equivalent to the Hiickel method for ¢-electrons, when homonuclear molecules
are considered. This fact may be regarded as additional support to the validity
of the maximum overlap method. When the overlap matrix nearly commutes
with the Hamiltonian matrix, the results of the simple methods based on overlap
and more sophisticated approaches with well defined Hamiltonians should give
similar results.

Several applications of the maximum overlap method to the investigations
of the strained cyclic hydrocarbons%%® proved that the method is useful. In
the case of strainless adamantane-like molecules variations of molecular para-
meters between bonds and molecules are rather small and the maximum overlap
method becomes too crude of an approximation. However, deviations of
molecular angles from the ideal tetrahedral values are obtained in complete
agreement with experimental data.

There are also some disadvantages of the maximum overlap method. For
example, the ionic character of the bond is not incorporated into the scheme
and promotion energy between s and p orbitals is neglected. An improvement
in this respect is desirable, Finally, the hybrids obtained by the maximum



Z. B. MAKSIC AND L. KLASINC

*519NTBA PIWINSSE &

LGEL'0 9L (d) L9¢8°0 + () 6GTG°0 = HEh

z8EL’0 692 (d) 8868°0 + (5) G0gG0 = HEh

0LS'0TT = HTH 7 0LG'0TT = HTH =7 28EL0 ¥8'C (d) 3098°0 + (5) 00160 = Hzh

0ST°0 F 0SL'80T 00G'60T = £.£€ 7 008601 = ,£.£.€ 7 €zg9'0 20'¢ (d) 3L98°0 + (S) 6L67'0 = ‘EEh

0%'¢ (d) 62L8°0 + (5) 6L8F'0 = ¥Eh

$8%9°0 iTe Seh — 82

0820 F oGL'80T 088'80T = %€% 7 0ZL'80T = 38T~ 18590 11°¢ (d) T0L80 + () 08630 = %&b

08%°0 F oLT'0TT 0ST'0TT = €28 7 00%'80T = €3¢~ LTS (d) 8180 + (s) 868%°0 = S3h
! ! , 2uDIUDWDYT

$6€L°0 99'C (d) 82680 + (s) Ggee'0 = Heh

#0LH'60T 9T'TIT = HeH 7 9T'ITT = HeH 7 99840 LLT (d) 880 + (5) 06160 = Hh

oS'T F oLF'60T oL¥'60T = 5€% 7 096'80T = CEC 7~ Tt er'e (@) $0L8°0 + (5) 2670 =

oS'T F oLF60T oL¥'60T = €68 7 0L8LOT = €38 7 928 (d) 87L8°0 + (5) 97870 =  Seh
2UDIUDWDDPY

Mot i Lt i i el gre el O SPIiq4H

104

$216Uy 4DIMO2]0JAT PUD ‘sa16Uy PLLQAYLaIUT

._Nr,u. / .mo_ = U oyny uoynsipllqhy ‘SpriqQil dvljloaQ WNUWILDAT

I T1dV.L



HYBRIDISATION IN ADAMANTANE AND DIAMANTANE 105

overlap procedure may be used as initial wave functions in more sophisticated
calculations, and such an application has yet to be examined.
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IZVOD
Hibridizacija u adamantanu i dijamantanu metodom maksimalnog prekrivanja
Z. B. Maksié i L. Klasine

Izratunata je hibridizacija u adamantanu i dijamantanu primjenom metode
maksimalnog prekrivanja. Pri tome su upotrijebljene Clementijeve »double zeta«
atomske funkcije!® i odgovarajuéi tezinski faktori za C—C i C—H veze®. Rezultati
su usporedeni s eksperimentalnim podacima.
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