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be taken of the possibility of the presence of dimers and
higher order clusters at higher concentrations.”
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It is often difficult to determine experimentally the
location of side chain atoms with respect to the main
chain in a polymer molecule, especially if one or both
of the side chain atoms is hydrogen. A relation which
gives side chain positions as a function of main chain
geometry would therefore be useful in structural studies
and in conformational energy calculations, for example,
on biopolymers. An attempt has been made to do this!
by means of an approximate calculation of the constant
b in AB= —bAa, where 8is £XC;Y and a is £ C,C.C;
in the structure C;~C3(XY)~C;. It was found that
5==0.30 for X=Y=H, $=20.23 for X=C and Y=H, and
$==0.20 for X=Y=C. We have determined & by a CNDO
calculation, both for paraffin type molecules as well
as for a peptide chain, and find results differing from
the above.

The CNDO program which we used? calculates the
total energy of the molecule within the framework of
an SCF calculation. The molecular orbitals are fitted
into a Slater determinant. This choice of wavefunction
causes correlation energies to be neglected but still
maintains the correct symmetry of the exact solution
of the Hamiltonian. An accurate SCF wavefunction
should therefore give the correct angular relationships
in a molecule.* The CNDO method has many approxi-
mations in it, but it still maintains the basic properties

of an SCF calculation and seems to give good angular
determinations in a molecule.?

The first molecule calculated was propane, CHj-
CH.CH;. Experimental bond lengths* were used. The
central HCH angle (8) was varied for each value of
the CCC angle angle (), the methyl hydrogens being
kept fixed in their equilibrium positions. The total
energy was calculated at each value of 8, and the mini-
mum energy was determined graphically. The points
obtained for a series of values of a gave a very good
least squares straight line with a slope given by A8/Aa=
—0.13, which is less than half of that predicted pre-
viously.! Considerable credence was lent to this cal-
culation by noting that the absolute energy minimum
occurred at ZCCC=112.2°4+0.5°, ZHCH=106.2°+
0.5°, and £ CCH(methyl)=111.1°4+1.0°, which com-
pares very well with the experimentally determined
values of 112.4°4-0.2° 106.1°40.2°, and 111.8°+1.0°
respectively.

Next a CNDO calculation was done for N-acetyl-
alanine-N-methylamide, CHyNH-C’O-C,H,.(CgHs)-
NH-C’0O-CHj;, which should serve as a model for poly-
peptides and proteins. The following geometry was
used: }(C,~C")=1.53 &, 1(C'-0)=1.24 &, I(C'-N) =
1.32 &, I(N-H) =1.00 &, I(N-C,) =1.47 &, I(C-H;) =
1.09 A, ZC,C'N=114°, £C,C'0=121°, ZC'NH=
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I'te. 1. Variation of side chain angle 8= ZCsC,H, with
main chain anglea= £C’C,N in N-acetylalanine-N-methylamide,
CH;-NH-C'0O-C,H,(CsH;)-NH-C'O-CH;. @: extended con-
formation, O: a-helical conformation.

123°, £ C'NC,=123° Again the energy was minimized
with respect to the side chain angle 8, £ CsC,H,, at
each value of the main chain angle o, ZC'C,N. How-
ever, in order to check the dependence of such a rela-
tion on local conformation, the calculation was done
for an extended molecule, viz., ¢(N-C,)=—180° and
Y(Co-C") = —180° as well as for a conformation repre-
sentative of the a-helix, viz., ¢=—47° and y=—57°.
In the former calculation the positions of Cs and H,
were varied independently. Within the accuracy of
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the calculation the energy was found to minimize with
these atoms located symmetrically with respect to the
C’'C,N plane, and this configuration was also used in
the latter calculation. The minimum energy orienta-
tions of the three methyl groups were also determined
for the extended structure, and these were assumed to
be the same for the a-helical type of structure.

The minimum energy structures are given in Fig. 1.
The differences between the extended and a-helical
structures represent very small energies, and a single
least squares line is felt to reasonably represent both.
The global minimum energy structure corresponds to
a=110.0° with 8=109.5° for the extended form and
$=109.1° for the a-helical form. The relationship be-
tween the changes in these two angles is best represented
by AB=—0.37Ac. This again differs from what would
have been suggested by the earlier calculation,! at least
if the peptide structure is assumed to correspond most
closely to the X=C, Y=H case.
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Recently there has been increasing interest in the
adoption of the generalized molecules-in-molecules
concept to various MO formalisms.}=® Ab initio calcula-
tions on large molecules using floating spherical
Gaussian orbitals of molecular fragments have been
carried out by Christoffersen and co-workers,! while a
theory of molecules-in-molecules for an approximation
to SCF~MO scheme has just been published by von
Niessen* and a multiconfiguration SCF theory with
distorted atomic orbitals reported by Gilbert.? On the
other hand, in the VB approach semiempirical calcula-
tions have long been performed following the central
idea of molecules-in-molecules, most notably the
method of “atoms-in-molecules” by Moffitt* and its
extension to ‘“‘diatomics-in-molecules” (DIM) by
Ellison.®

Ellison’s DIM-VB method has been shown®™? to

give simple energy expressions for univalent A,B}S
A:B, and Mj+?® systems. It would be desirable and
worthwhile to examine if there are corresponding SCF
energy equations expressible in terms of one-body
energies and two-body potentials. As an initial step
toward this aim, we wish to present here a case study
of the simplest triatomic system, Hs* ion.

An approximate energy expression for the ground-
state equilateral (Dy)Hst was found in a previous
Note® to take the form of diatomics-in-molecules

EMst(R)~EM2(R)+4-2E!* (R) —2EHm, (1)

where E;H2(R) is the ground-state energy of H, at a
fixed nuclear distance R and E;#**(R) that of ground-
state Hy™ also at R. Egn 1s the ground-state energy of
hydrogen atom, —0.5 a.u. Since the Hs* correlation
energy is essentially the same as that of Hy,® an ap-



