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A Method of Least-Squares for
Refining Electron-Diffraction In-
ternuclear Distances using Spec-
troscopical Shrinkage Effects
8. J. CYVIN

Institutt for teoretisk kjemi, Norges tekniske
hggskole, Trondheim, Norway

he Bastiansen-Morino shrinkage effect ?

was first time introduced for linear chains
of atoms 2, As pointed out by Morino, ? the
shrinkage effect may be computed in the
linear case from a harmonic-vibration ana-
lysis. Recently it has been found that the
same situation is present in several cases of
non-linear shrinkage effects for highly sym-
metrical molecules !. The Bastiansen-Mori-
no shrinkage effects should be taken into
account when electron-diffraction measure-
ments are interpreted. A refinement of the
electron-diffraction 78-values (mean inter-
nuclear distances) in germanium tetrachlo-
ride has been performed by means of the
calculated shrinkage effect from spectro-
scopic data *. This case is very simple as the
molecule contains only one structural para-
meter and one shrinkage effect. The same
procedure has been generalized for an arbi-
trary number of structural parameters and
shall be outlined in the following.

Assume a molecule with N types of
observable internuclear distances, r,, 7,
e v TRy TK+1, « « o TN, Of which K may be
considered as independent structural para-
meters. The remaining N —K distance
types are associated with N —K indepen-
dent shrinkage effects, which may be ex-
pressed as

K
—Op =18 —Zcums, n=K+1,..., N (1)
k=1

where c,; are constants. This is an exten-
sion of the practical shrinkage effect for
three-particle configurations . Let the ob-
served 78-values from electron-diffraction
be denoted by (r;6)°, and put

r&= (g +e 1=12,.., N
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where &; represents the correction terms.
The corrected values are required to fit
accurately the N — K eqns. (1) with ’theore-
tic” d-values (from spectroscopic calcula-
tions). Hence

(fc”k[(rkg)" + &r]) — (r8)° — &, = 4,, (theor)
or
(Lcur €r) — s = d, (theor) — 6, (expt) (2)

This is a set of N — K linear equations with
N unknowns (g). Exactly the desired
number of K additional linear equations
are obtained by minimizing the sum of
squares,

N
P=23g¢ 3)

i=1

This function may be expressed with the
aid of eqns. (2) as a polynomial of second
degree in K independent variables, e.g.,
e (k=1,2,..., K). In consequence,

b
96 Plen - &) =0 (4)

Now the complete set of linear eqns. (2), (4)
may be solved for the ¢’s. This method is
adequate if all the observed internuclear
distances may be treated indiscriminately,
1.e., they are assumed to be of the same
accuracy. This condition is very often not
fulfilled in practice. In such cases the pre-
sent method may easily be modified by
replacing the expression of (3) by
N
P =X wge? (5)
=1
where w; represents some weight factors.
The method has been applied to benzene,
i)n which a detailed report will be published
ater.
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