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fully determined in this way is probably vitamin B,,,
Cg3HggOyN,PCo. It is probable that most of these
structure determinations were carried out faster and
more economically—J am thinking of the cost in man-
years—by X-ray analysis than they could have been
done by chemical methods. The disparity is likely to
increase with time because so many of the steps in an
X-ray analysis can be automatized.

It should be obvious, however, that the usefulness
of X-ray analysis in organic chemistry is not restricted
to the investigation of complex natural products of un-
known constitution. It may also be applied to quite
simple substances of known constitution to derive inter-
esting and important structural information. Such ana-
lyses have provided most of our information on inter-
atomic distances and valency angles in molecules, and all
of it about how molecules pack in the solid state. In-
formation of this kind is essential if we are ever to have
a clear understanding of how molecules interact with one
another in the course of chemical reactions. In my own
laboratory in Zurich, we have been studying the con-
formations of the medium sized cycloalkanes and their
derivatives; the results, though by no means complete,
have provided a good basis for the understanding of the
rather peculiar chemical properties of this class of com-
pounds. There are many other problems where it is al-
most impossible to come to reliable structural conclu-
sions by ordinary chemical methods, and I may refer
here particularly to various classes of organometallic
compounds with structures that defy description in
terms of normal chemical bonds.

I have tried to provide a short introduction to the
theory and practice of X-ray crystal structure analysis,
as it is being applied to structural problems of organic
chemistry. I hope that I have shown that the subject
involves no intrinsically difficult ideas. To be sure, com-
plications arise in practice and one can hardly demand
that every chemist should be capable of carrying out his
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own X-ray analysis. I believe, however, that a certain
level of acquaintance, sufficient at least to comprehend
the significance of the results, should be of advantage
to every chemist. Each year, X-ray investigations of
several hundred crystal structures are carried out, often
by people who have not been trained as chemists and
who are not quick to see the chemical implications of
their work. A vast amount of quantitative information
on many aspects of molecular structure is thus being
accumulated. While much of this information may merely
confirm what we, as chemists, already know, some of it
is new, some of it can easily be incorporated into exist-
ing theories, some of it is puzzling—and to be honest,
some of it is wrong. If this brief review helps anyone to
see the potentialities and limitations of X-ray analysis,
then it will have served its purpose.
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