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GENERAL INTRODUCTION

American Chemical Society’s Series of Chemical Mon’oéraphs

By arrangement with the Interallied Conference of Pure and Applied
Chemistry, which met in London and Brussels in july, 1919, the American
Chemical Society was to undertake the production and publication of
Scientific and Technologic Monographs on chemical subjects. At the same
‘time it was agreed that the National Research Council, in cooperation with
the American Chemical Society and the American Physical Society, should
undertake the production: and publication of Critical Tables of Chemical
and Physical Constants. The American Chemical Society and.the National
Research Council mutually agreed to care for these two fields of chemical
progress. The American Chemical Society named as Trustees, to make the
necessary arrangements of the publication of the Monographs, Charles L.
Parsons, secretary of the Society, Washington, .D. C.; the late John E.
Teeple, then treasurer of the Society, New York; and the late Professor
Gellert Alleman of Swarthmore College. The Trustees arranged for the
publication of the ACS Series of (a) Scientific and (b) Technological Mono-
graphs by the Chemical Catalog Company, Inc. (Reinhold Publishing Cor-
poration, successor) of New York.

The Council of the American Chemical Society, acting through its Com-
mittee on National Policy, appointed editors (the present list of whom ap-

_pears at the close of this sketch) to select authors of competent authority
in their respective fields and to consider critically the manuscripts sub-
mitted. .

The first Monograph of the Series appeared in 1921. After twenty-three
years of experience certain modifications of general policy were indicated.
In the beginning there still remained from the preceding five decades a
distinct though' artibrary differentiation between so-called *pure science”
publications and technologic or applied science literature. By 1944 this
differentiation was fast becoming nebulous. Research in private enterprise
had grown apace and not a little of it was pursued on the frontiers of
knowledge. Furthermore, most workers in the sciences were coming to see
the artificiality of the separation. The methods of both groups of workers
are the same. They employ the same instrumentalities, and frankly recog-
nize that their objectives are.common, namely, the search for new knowl-
edge for the service of man. The officers of the Society therefore combined
the two editorial Boards in a single Board of twelve representative mem-
bers' .



vi GENERAL INTRODUCTION

Also in the beginning of the Series, it seemed expedient to construe rather
broadly the definition of a Monograph. Needs of workers had to be recog:-
nized. Consequently among the first hundred Monographs appeared works
in the form of treatises covering in some instances rather broad areas. Be-
cause such necessary works do not now want for publishers, it is considered
advisable 1o hew more strictiy to the line of the Monograph character,
which means more complete and critical treatment of relatively restricted
areas, and, where a broader field needs coverage, to subdivide it into logical
subareas. The prodigious expansion of new knowledge makes such a
change desirable.

These Monographs are intended to serve two principal purposes: first, 1o
make available to chemists a thorough treatment of a selected area in form
usable by persons working in more or less unrelated fields to the end that
they may correlate their own work with a larger area of physical science
discipline; second, to stimulate further research in the specific field treated.
To implement this purpose the authors of Monographs are expected to give
extended references to the literature. Where the literature is of such volume
that a complete bibliography 1s impracticable, the authors are expected to
append a list of references critically selected on the basis of their relative
importance and significance.

AMERICAN CHEMICAL SOCIETY
BOARD OF EDITORS
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Associates
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E. W. COMINGS C. H. MATHEWSON
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WiLLIAM A. GRUSE W. T. READ
NORMAN HACKERMAN ARTHUR ROE

C. G. KING : OLIVER F. SENN



PREFACE

The extraordinary convergence of organic and inorganic chemistry in tie
metallocene and metallarene structures has provided a new area of mutuil
interest shared by experimental and theoretical chemists alike. Yet this s
only one of the truly exciting resurgences occurring in organometallic
chemistry. The enthusiasm readily discernibie in the communications ap-
pearing on this subject is documented by the rapidly increasing numbers
of papers and scientists devoted to the study of the carbon-metal com-
pounds. The universality of effort and the increase in scientific intercourse
between inorganic and organic chemusts permit the optimistic view that the
ariificial barriers which existed formerly between organic and physical dis
ciplines are being leveled at this border also. .

As is true in all fields undergoing rapid expansion, the problem of mereiy
reporting significant advances is difficult enough. To attempt a critical
.evaluation of the accumulating data and results for inclusion in a perma-
nent reference text is next to impossible at this stage. On the other hand.
the chemical literate must be informed of new lines of progress having sig-
nificance and, one hopes, major scientific merit. This laiter consideration
led to the present effort. .

This monograph, then, is not a comprehensive survey of organometallic
chemistry. In fact, it does not contain an exhaustive treatment of any one
subject. It does consist of a series of research subjects which are under active
investigation--at the present time— by their respective authors. Nor can it be
claimed that the choice of subjects encompasses the entire reach of organo-
metallic research. [t is true, however, that the selection includes soime of
the chemical lodes currently producing new knowledge in prodigious quan-
tity; and further, the information to be found in these pages is straight from
the source. The intent of this monograph, therefore, is to bring to the
graduate student and the more advanced chemist a reliable account of coq-
temporary research in organometallic chemistry.

The arrangement of chapters in this volume is arbitrary and the re-
sponsibility of the editor. Litte justilication can be offered for the pur- .
ticular order chosen beyond the choice of the topic of “Carbon-Metal
Bonding” for Chapter 1. In this casea consideration of the present state of
‘Wleory regarding this type of chemical combination will be useful and re-
warding when encountering the specific sigma- and pi-bonded compounds
and complexes in subsequent chapters.

No attempt has been made 10 equate stvles of presentation, since it is
held that each author best knows how to present his cwn work. Indeed it 1s

vil



viii PREFACE

hoped that each chapter will delineate the character and personality of its
author,

Finally, I wish to acknowledge personally my indebtedness to former
students at Yale and to my associates, past and present, who have aided
and in many ways stimulated and advanced my own interest in organo-
metallic chemistry. I wish also to thank Eva J. Cox, Magdalene B. Peacock
and Betty D. Zeiss for their invaluable assistance in preparing manuscript
and reading proof.

Sulphur Grove, Ohio HaroLD H. ZEeiss
August, 1960
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1. CARBON-METAL BONDING

JaMEs W. RICHARDSON
Purdue University, Lafayette, Indiana

INTRODUCTION

The major objective of this chapter is to collect together some of the
more important points in the qualitative theoretical description of chemical
bonds, especially as applied to such-heteropalar systems as occur in or-
ganometallics. These principles are developed miostly in connection with
problems associated with carbon compounds of transition elements, with,
however, the general applicability of the discussion to other organometal-
lics indicated from time to time.

The language developed in the discussion is mainly qualitative molecular
orbital (MO) theory, although appropriate translation is occasionally made
into the more familiar valence bond (VB) language. One of the hopes of
this effort is that the newer MO viewpoint will enhance and complement
present understanding in the area. The theoretical development begins with
an analysis of bonding in HeH *, in order to gain a feeling for the applica-
tion of MO theory to the simplest heteropolar system. Basic principles de-
veloped there.are applied to some nonorganic derivatives of transition
elements and then successively to selected cyanide, carbonyl and cyclo-
pentadienyl derivatives, thus furnishing a background for more specific
applications in later chapters. Considerable detail is presented, which on
first reading might be omitted. It is included not only to describe the
diversity of bonding interactions present in transition metal compounds
but also to indicate the way in which MO theory is used in such problems.

Various observations on bonding in those compounds are then collected
and used to suggest some reasons why normal alkyl and aryl bonds had
rarely been reported and to speculate about the conditions under which
they are more stable. .

For the sake of being specific, the discussion proceeds in terms of com-
pounds of the first transition series only; but the same general description
applies to the later series as well. Furthermore, not all types of transition
metal-carbon systems are considered here. The significant omissions— par-
ticularly square planar complexes and the unusual bonds to ethylenic and
acetylenic molecules—are analyzed, however, in later chapters in conjunc-

1



2 ORGANOMETALLIC COMPOUNDS

tion with their ‘chemical properties. They represent direct applications of
the bonding pictures presented in this chapter,

SINGLE BONDS, POLAR AND NONPOLAR

The chemistry of metal-carbon bonds is, by and large, the chemistry of
heteropolar bonds; so it is well to begin by studying the simplest of them
all, the bond in HeH +.1 In VB language the He to H bond is largely ionic,
being best represented by the structure He: H+, though there is some
contribution from the covalent structure (He—H)+. Thus the charge distri-
bution in HeH+ is rather like that in free He, there being only a moderate
polarization toward the proton as represented by the covalent structure.

MO Descﬁption of HeH *

An alterpative description of the HeH+ molecule is provided by the
Coulson and Duncanson MO wave function (10) (some details of which are
given later), from which a theoretical charge dénsity may be calculated and
compared with that for free He. The approximate contour maps are given
in Flg 1.1. From this drawing one can qualitatively view the bonding asa
deformation of the He atom charge cloud caused by the approach of the
proton.

“The process of deformation can be described in another way. If the
charge on the proton in the molecule were zero, then, of course; the elec-
tron distribution would be that of neutral He. As it is increased to 1 (i.e.,
as the electron affinity of the H center increases from 0) there is a con-
tinuous deformation to that indicated in Fig. I.1 by the dashed line. If the
charge at the proton center were to be increased still further to 2, then the
electronic charge would become equally distributed between the two ends
of the molecule; that is, the bond would bccome nonpolar (or completely
covalent in VB language).

The concept of continuous change from extreme polarity to complete
covalency is familiar in much of chemistry; it is to be emphasized that it
applies equally to the chemistry of all bonding systems, including alkali
halides, metal-carbon bonds and transition-metal complexes. The descrip-
tion of HeH+ applies qualitatively as well to such a molecule as LiCl, for
example. One might say that the Li+ ion imbeds itself somewhat in the
charge distribution of the Cl1- ion and causes some polarization in its

tFor a similar treatment of the simplest homopolar molecule H,*, see the dis-
cussion in Couison’s book.(9), p. 77. This book affords a more general introduc-
tion to the molecular orbital treatment of bonding and its comparison with valence
bond theory.
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——HeH*

Fig. 1.1. Cﬁarge density distribution in He and HeH+. The numbers assigned to
the various charge density contour lines are on a relative scale. The internuclear
distagce is taken to be 0.8 A, i.c., approximately at the calculated energy mimimum.

direction, or that there is a small but significant covalent bonding. A
similar sort of behavior might be expected in the Li—CH, bond, although
the valence-shell charge density might well be shifted more to the Li in this
case.

It is apparent even from Fig. 1.1, that dividing up the bond charge
density into contributions from atoms at either end of the bond must be
somewhat arbitrary, and, except for finer details, largely a matter of
computational or descriptive convenience. In speaking of such division,
one must keep firmly in mind the theoretical framework within which the
discussion proceeds.

It is instructive to look a little deeper into the nature of the continuous
deformation as revealed in the simple MO wave function. The coefficients
in the ground state MO e+ = Cue(lsne) + Cullsy), calculated by
Coulson and Duncanson, give

Yue = 0.85(Isye) + 0.25(1sy). (1.1)

I the molecule were cbmpletely polar (ionic) then Cy would be 0; if it were
completely. nonpolar (covalent) then CH would equal CH,, The charge
distribution corresponding to Eq. 1.1 is given by

Viher+ = 0.72(1sye)* + 0.22%;(&‘—) + 0.06(1sy)?, 1.2

where S = f(lsy)(Isy)dv = 0.55 is the overlap integral. This iS to say that



