
ORGANOMETALLIC 
POLYMERS 



ORGANOMETALLIC 
POLYMERS 



ACADEMIC PRESS  RAPID  MANUSCRIPT  REPRODUCTION 



ORGANOMETALLIC 
POLYMERS 

Edited by 
Charles E . Carraher, Jr. 
Wright State University 
Dayton, Ohio 

John E . Sheats 
Rider College 
Lawrenceville, New Jersey 

Charles U . Pittman, Jr. 
University of Alabama 
University, Alabama 

A c a d e m i c P r e ss 
New York San Francisco London 197 8 
A Subsidiary of Harcourt Brace Jovanovich, Publishers 



C O P Y R I G HT ©  1978 , BY A C A D E M IC P R E S S, I N C . 
A LL R IGHTS R E S E R V E D. 
N O P A RT O F T H I S P U B L I C A T I ON M A Y BE R E P R O D U C ED O R 
T R A N S M I T T ED I N A N Y F O RM O R BY A N Y M E A N S, E L E C T R O N IC 
OR M E C H A N I C A L, I N C L U D I N G P H O T O C O P Y, R E C O R D I N G, O R A N Y 
I N F O R M A T I ON STORAGE A N D R E T R I E V AL S Y S T E M, W I T H O U T 
P E R M I S S I ON I N W R I T I NG F R OM T H E P U B L I S H E R. 

A C A D E M I C P R E S S, I N C . 
I l l F i f t h A v e n u e , N e w Y o r k, N e w Y o rk 1 0 0 0 3 

United Kingdom Edition published by 
A C A D E M I C P R E S S, I N C . ( L O N D O N ) L T D . 
2 4 / 28 O v a l R o a d , L o n d on N W 1 7 D X 

L i b r a ry of Congress Catalogin g in Publication Dat a 

Symposium on Organometalli c Polymers, Ne w Orleans, 
1977 . 
Organometalli c polymers . 

The symposium took place durin g the nationa l 
meetin g of the American Chemical Society in 
New Orleans, La . , 1977 . 

1. Polymers and polymerization—Congresses . 
2. Organometalli c compounds—Congresses. 
I. Carraher , Charles Ε . I I . Sheats, John E. 
I I I . Pittman , Charles U. I V . American 
Chemical Society. V . Title . 

QD380.S9 3 197 7 547'.842 7 77-2010 8 
I S BN 0-12-160850- 6 
P R I N T ED I N T H E U N I T ED S T A T ES O F A M E R I CA 



CONTENTS 

List of  Contributors  ix 
Preface  xiii 

VINYL POLYMERIZATION OF ORGANOMETALLIC 
MONOMERS CONTAINING TRANSITION METALS 

Vinyl Polymerization of Organometallic Monomers Containing 
Transition Metals 

Charles  U.  Pittman,  Jr.  1 

Participation of the Ferrocene Nucleus in the Polymerization of 
Vinylferrocene and Its Effect on Polymer Properties 

G. F.  Hayes  and  Μ.  H.  George  13 

Synthesis and Polymerization of Some Ferrocene Derivatives 
V. V.  Korshak  and  S.  L  Sosin  25 

Real and Proposed Organometallic TT-Monomers 
D. W.  Slocum,  M.  D.  Rausch,  and  A.  Siegel  39 

Thermomechanical Transitions of Ferrocene-Containing Polymers 
Y. Ozari,  J. E.  Sheats,  Τ.  N.  Williams,  Jr.,  and  C.  U.  Pittman,  Jr.  53 

The Preparation, Polymerization, and Copolymerization of 
Substituted Derivatives of Cynichrodene (n5-C5H5)Cr(CO)2NO 

Charles  U.  Pittman,  Jr.,  Thane  D.  Rounsefell,  John  E.  Sheats, 
Bruce H.  Edwards,  Marvin  D.  Rausch,  and  Eric  A.  Mintz  67 

V 



vi CONTENTS 

ORGANOMETALLIC CONDENSATION POLYMERS 

SYNTHESIS AND PROPERTIES OF POLYMER-BOUND 
TRANSITION METAL CATALYSTS 

Organometallic Polymers as Catalysts 
Robert  H.  Grubbs  and  Shiu-Chin  H.  Su  129 

Supported Catalysts for Ethylene Polymerization 
Frederick  J.  Karol  135 

Rhodium Elution from Polymer-Bonded Hydroformylation Catalysts 
W. H.  Lang,  A.  T.  Jurewicz,  W.  O.  Haag,  D.  D.  Whitehurst, 
and L  D.  Rollmann  145 

Catalytic Properties of Photochemically Attached Metal Clusters on 
Polyvinylpyridine 

Amitava Gupta,  Alan  Rembaum,  and  Harry  B.  Gray  155 

Photoacoustic Spectroscopy of Organometallic Compounds with 
Applications in the Fields of Quasi-One-Dimensional Conductors 
and Catalysts 

R. B.  Somoano,  A.  Gupta,  W.  Volksen,  A.  Rembaum,  and 
R. Williams  165 

Organometallic Condensation Polymers 
Charles  E.  Carraher,  Jr. 79 

Synthesis and Properties of Polymers Containing Cobalticinium 
1,1'-Dicarboxylic Acid 

John E.  Sheats  87 

Poly(Cobalticinium Carboxamides) 
Eberhard W.  Neuse  95 

Lead (IV) Polyesters from a New Solution System 
Charles  E.  Carraher,  Jr.,  and  Charlene  Deremo  Reese  101 

Reactions of Triphenylantimony Dichloride with Polyacrylic Acid 
Charles  E.  Carraher,  Jr.,  and  Mark  Moran  107 

Photocrosslinkable Organometallic Polyesters 
Douglas  G.  Borden  115 



CONTENTS 

NEW DEVELOPMENTS IN ORGANOSILICON 
POLYMERS 

Production of Biomedical Polymers I.Silicone/Urethane Synergy in 
Avcothane® Elastomers 

Robert  S.  Ward,  Jr.,  and  Emery  Nyilas  219 

New Polyorganosiloxanes Prepared from Inorganic Mineral 
Silicates 

R. Atwal,  B.  R.  Currell,  C.  B.  Cook,  H.  G.  Midgley,  and 
J. R.  Parsonage  231 

Methyl- and 3,3,3,-Trifluoropropyl-Substituted 
/77 -Xylylenesiloxanylene Polymers 

Harold Rosenberg  and  Eui-won  Choe  239 

Thermal Stability—Structure Correlations in Arylenesiloxanylene 
Polymers 

Ivan J.  Goldfarb,  Eui-won  Choe,  and  Harold  Rosenberg  249 

ANTIFOULING APPLICATIONS OF TIN CONTAINING 
ORGANOMETALLIC POLYMERS 

Antifouling Applications of Various Tin Containing Organometallic 
Polymers 

W. L  Υ  eager  and  V.  J.  Castelli  175 

Copolymerization of tri-n Butyltin Acrylate and Methacrylate with 
Functional Group Monomers—Crosslinking and Biotoxicity 
of Copolymers 

R. V.  Subramanian,  Β.  K.  Garg,  and  Jamie  Corredor  181 

Infrared and Nuclear Magnetic Resonance Analysis of Organotin 
Toxicants for Marine Antifouling Coatings 

James F.  Hoffman,  Keith  C.  Kappel,  Lydia  M.  Frenzel,  and 
Mary L  Good  195 

Determination of Organotin Structures on Antifouling Coatings by 
Mossbauer Spectroscopic Techniques 

Elmer J.  O'Brien,  Charles  P.  Monaghan,  and  Mary  L  Good  207 

vii 



viii CONTENTS 

POLYPHOSPHAZENES AND POLYMERIC SULFUR 
NITRIDE, STRUCTURE AND APPLICATIONS 

Polyphosphazenes: Structure and Applications 
Robert  E.  Singler  and  Gary  L  Hagnauer  257 

Transition to the Mesomorphic State in Polyphosphazenes 
N. S.  Schneider,  C.  R.  Desper,  R.  E.  Singler,  Μ.  N.  Alexander, 
and P. L  Sagalyn  271 

Poly(organophosphazenes) Designed for Biomedical Uses 
Harry R.  Allcock  283 

Biocompatability of Eight Poly(organophosphazenes) 
C. W.  R.  Wade,  S.  Gourlay,  R.  Rice,  A.  Hegyeli,  R.  Singler, 
and J.  White  289 

Polymeric Sulfur Nitride (SN)X, and Its Halogen Derivatives 
M. Akhtar,  C.  K.  Chiang,  M.  J.  Cohen,  A.  J.  Heeger, 
J. Kleppinger,  A.  G.  MacDiarmid,  J.  Milliken,  M.  J.  Moran, 
and D.  L  Peebles  301 

COORDINATION POLYMERS AND COORDINATION OF 
INORGANIC IONS TO POLYMERS 

Coordination Polymers and Their Uses 
J . C. Bailar,  Jr.  313 

Thallium NMR as a Probe of Alkali Ion Interactions and of 
Covalency in Organothallium Compounds 

Jeffrey I.  Zink,  Chit  Srivanavit,  and  James  J.  Dechter  323 

Complexes of Phosphoramides and Polyphosphoramides with 
Co(ll) and Thiocyanate in Aqueous Solution 

Yehuda  Ozari  and  Joseph  Jagur-Grodzinski  333 

Author  Index  347 
Subject  Index  349 



LIST O F CONTRIBUTORS 

M. Akhtar,  Department of Chemistry, University of Pennsylvania, Philadel
phia, Pennsylvania 19174 

Μ. N.  Alexander,  US Army Materials and Mechanics Research Center, 
Watertown, Massachusetts 02172 

Harvey R.  Allcock,  Department of Chemistry, The Pennsylvania State Uni
versity, University Park, Pennsylvania 16802 

R. Atwal,  School of Chemistry, Thames Polytechnic, Woolwich, England 
J. C.  Bailar,  Jr.,  Department of Chemistry, University of Illinois, Urbana, 

Illinois 61801 
Douglas  G.  Borden,  Research Laboratories, Eastman Kodak Company, 

Rochester, New York 14650 
Charles  E.  Carraher,  Jr.,  Department of Chemistry, Wright State University, 

Dayton, Ohio 45431 
V. J.  Castelli,  David W. Taylor Naval Ship R&D Center, Annapolis, Maryland 

21402 
C.  K.  Chiang,  Department of Physics, University of Pennsylvania, Philadel

phia, Pennsylvania 19174 
Eui-won  Choe,  Celanese Research Company, Summit, New Jersey 07901 
M. J.  Cohen,  Department of Physics, University of Pennsylvania, Philadel

phia, Pennsylvania 19174 
C. B.  Cook,  School of Chemistry, Thames Polytechnic, Woolwich, England 
Jamie Corredor,  Department of Materials Science and Engineering, 

Washington State University, Pullman, Washington 99164 
B. R.  Currell,  School of Chemistry, Thames Polytechnic, Woolwich, England 
James J.  Dechter,  Department of Chemistry, University of California, Los 

Angeles, California 90024 
C. R.  Desper,  Polymer and Chemistry Division, Army Materials and 

Mechanics Research Center, Watertown, Massachusetts 02172 
Bruce H.  Edwards,  Chemistry Department, University of Massachusetts, 

Amherst, Massachusetts 01002 

ix 



χ LIST OF CONTRIBUTORS 

Lydia M.  Frenzel,  Department of Chemistry, University of New Orleans, New 
Orleans, Louisiana 70122 

Β. K.  Garg,  Department of Materials Science and Engineering, Washington 
State University, Pullman, Washington 99164 

Μ. H.  George,  Department of Chemistry, Imperial College of Science and 
Technology, London, England 

Ivan J.  Goldfarb,  Air Force Materials Laboratory, Wright-Pattrson Air Force 
Base, Ohio, 45433 

Mary L  Good,  Department of Chemistry, University of New Orleans, New 
Orleans, Louisiana 70122 

S. Gourlay,  US Army Medical Bioengineering Research and Development 
Lab, Fort Detrick, Maryland 21701 

Harry B.  Gray,  A. A. Noyes Laboratory of Chemical Physics, California Insti
tute of Technology, Pasadena, California 91125 

Robert  H.  Grubbs,  Department of Chemistry, Michigan State University, East 
Lansing, Michigan 48824 

Amitava Gupta,  Energy and Materials Research Section 346, Jet Propulsion 
Laboratory, Pasadena, California 91103 

W. O.  Haag,  Princeton Laboratory, Mobil Research and Development Corpo
ration, Princeton, New Jersey 08540 

Gary L  Hagnauer,  Polymer and Chemistry Division, Army Materials and 
Mechanics Research Center, Watertown, Massachusetts 02172 

G. F.  Hayes,  Explosives Research and Development Establishment, Ministry 
of Defense, Waltham Abbey, Essex, England 

A. J.  Heeger,  Department of Physics, University of Pennsylvania, Philadel
phia, Pennsylvania 19174 

A. Hegyeli,  US Army Medical Bioengineering Research and Development 
Lab, Fort Detrick, Maryland 21701 

James F.  Hoffman,  Department of Chemistry, University of New Orleans, 
New Orleans, Louisiana 70122 

Joseph  Jagur-Grodzinski,  Plastics Research Department, Weizmann Insti
tute of Science, Rehovot, Israel 

A. T.  Jurewicz,  Mobil Chemical Corporation, Edison, New Jersey 08817 
Keith  C.  Kappel,  Department of Chemistry, University of New Orleans, New 

Orleans, Louisiana 70122 
Frederick  J.  Karol,  Union Carbide Corporation, Research and Development, 

Chemicals and Plastics, Bound Brook, New Jersey 08805 
J. Kleppinger,  Department of Chemistry, University of Pennsylvania, Phila

delphia, Pennsylvania 19174 
V. V.  Korshak,  Vavilov Street 28, Moscow, USSR 
W. H.  Lang,  Princeton Laboratory, Mobil Research and Development Corpo

ration, Princeton, New Jersey 08540 
A. G.  MacDiarmid,  Department of Chemistry, University of Pennsylvania, 

Philadelphia, Pennsylvania 19174 



LIST OF CONTRIBUTORS xi 

H. G.  Midgley,  School of Chemistry, Thames Polytechnic, Woolwich, Eng
land 

J. Milliken,  Department of Chemistry, University of Pennsylvania, Philadel
phia, Pennsylvania 19174 

Eric A.  Mintz,  Department of Chemistry, University of Massachusetts, 
Amherst, Massachusetts 01002 

Charles  P.  Monaghan,  Department of Chemistry, University of New Orleans, 
New Orleans, Louisiana 70122 

Mark Moran,  Department of Chemistry, University of South Dakota, Vermil
lion, South Dakota 57069 

M. J.  Moran,  Department of Chemistry, University of Pennsylvania, Philadel
phia, Pennsylvania 19174 

Eberhard W.  Neuse,  University of Witwatersrand, Johannesburg, South Af
rica 

Emery Nyilas,  Avco Everett Research Lab, Everett, Massachusetts 02149 
Elmer J.  O'Brien,  Department of Chemistry, University of New Orleans, New 

Orleans, Louisiana 70122 
Yehuda  Ozari,  GAF Corporation, 1361 Alps Road, Wayne, New Jersey 

07470 
J. R.  Parsonage,  School of Chemistry, Thames Polytechnic, Woolwich, Eng

land 
D. L  Peebles,  Department of Physics, University of Pennsylvania, Philadel

phia, Pennsylvania 19174 
Charles  U.  Pittman,  Jr.,  Department of Chemistry, University of Alabama, 

University, Alabama 35486 
Marvin D.  Rausch,  Department of Chemistry, University of Massachusetts, 

Amherst, Massachusetts 01002 
Charlene  Deremo  Reese,  Department of Chemistry, University of South 

Dakota, Vermillion, South Dakota, 57069 
Alan Rembaum,  Energy and Materials Research Section 346, Jet Propulsion 

Laboratory, Pasadena, California 91125 
R. Rice,  US Army Medical Bioengineering and Development Lab, Fort Det-

rick, Maryland 21701 
L D.  Rollmann,  Princeton Laboratory, Mobil Research and Development 

Corporation, Princeton, New Jersey 08540 
Harold Rosenberg,  Air Force Materials Laboratory, Wright-Patterson Air 

Force Base, Ohio 45433 
Thane  D.  Rounsefell,  University of Alabama, University, Alabama 35486 
P. L.  Sagalyn,  Polymer and Chemistry Division, Army Materials and 

Mechanics Research Center, Watertown, Massachusetts 02172 
N. S.  Schneider,  Polymer and Chemistry Division, Army Materials and 

Mechanics Research Center, Watertown, Massachusetts 02172 
John E.  Sheats,  Department of Chemistry, Rider College, Lawrenceville, 

New Jersey 08648 



xii LIST O F CONTRIBUTORS 

A. Siegel,  Department of Chemistry, Indiana State University, Terre Haute, 
Indiana 47809 

Robert  E.  Singler,  Polymer and Chemistry Division, Army Materials and 
Mechanics Research Center, Watertown, Massachusetts 02172 

D. W.  Slocum,  Neckers Laboratories, Southern Illinois University, Carbon-
dale, Illinois 62901 

ft B.  Somoano,  Jet Propulsion Laboratory, Pasadena, California 91103 
S. L  Sosin,  Vavilov Street 28, Moscow, USSR 
Chit  Srivanavit,  Department of Chemistry, University of California, Los 

Angeles, California 90024 
Shiu-Chin  H.  Su,  Department of Chemistry, Michigan State University, East 

Lansing, Michigan 48824 
R. V.  Subramanian,  Department of Materials Science and Engineering, 

Washington State University, Pullman, Washington 99164 
W. Volksen,  Jet Propulsion Laboratory, Pasadena, California 91103 
C. W.  ft Wade, US Army Medical Bioengineering Research and Develop

ment Center, Fort Detrick, Maryland 21701 
Robert  S.  Ward,  Jr.,  Avco Medical Products, Everett, Massachusetts 02149 
J. White,  Polymer and Chemistry Division, Army Materials and Mechanics 

Center, Watertown, Massachusetts 02172 
D. D.  Whitehurst,  Princeton Laboratory, Mobil Research and Development 

Corporation, Princeton, New Jersey 08540 
ft Williams,  California Institute of Technology, Pasadena, California 91125 
Τ. N.  Williams,  Jr., Department of Chemical Engineering, Princeton Univer

sity, Princeton, New Jersey 08540 
W. L.  Yeager,  David W. Taylor Naval Ship R&D Center, Annapolis, Maryland 

21402 
Jeffrey I.  Zink,  Department of Chemistry, University of California, Los 

Angeles, California 90024 



PREFACE 

Organometallic Polymers is a volume designed to cover a wide range 
of topics related to organometallic polymers: their synthesis, character
ization, and potential applications. For the purpose of this volume we have 
defined an organometallic polymer as one in which the metal-containing 
portion is either incorporated as an integral part of the polymer or is bound 
to the polymer structure by covalent bonds. Some of the materials such 
as the phosphonitriles and sulfur nitride polymers might be classed as 
inorganic rather than organometallic polymers, but are included because 
of their close relationship to the other types of polymers discussed. 

The chapters in this volume were written by the speakers at the three-day 
Symposium on Organometallic Polymers, held at the National Meeting of the 
American Chemical Society in New Orleans, on March 20-23, 1977. The 
authors are recognized experts within their areas of research. Most are 
American but some contributions from abroad have been included. There is a 
mix of industrial and academic authors and a mixture of basic, theoretical, and 
applied research topics. The volume is divided into seven sections: vinyl 
polymerization of organometallic monomers, condensation polymerization of 
organometallic monomers, polymer-bound catalysts, applications of organo
tin polymers, recent developments in organosilicon polymers, phosphonitrile 
and sulfur nitride polymers, and coordination polymers. Each section in
cludes one or more summary or review papers, which covers progress in the 
field, and includes several other papers presenting various aspects of the 
topic. Of the polymeric materials described only two classes, the organosili-
cons and the polymer-bound chromocene catalysts, have widespread com
mercial uses. Other materials, such as the organotin polymers, the phos
phonitriles, and some of the hydroformylation catalysts, seem certain to be 
used widely within a few years. The others at present remain laboratory 
curiosities and subjects of an increasing amount of research. Potential appli
cations include use as adhesives, antifouling paint, bacteriacides, bio-
polymers, catalysts, conductors, controlled-release agents, fibers, flame 

xiii 
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retardants, fungicides, haptens, implants in living tissue, paints, photo sen
sitizers, photostabilizers, photoresists, semiconductors, and stereospecific 
catalysts. Instrumental techniques for characterizing materials such as 
Mossbauer spectroscopy, photoacoustic spectroscopy, torsional braid 
analysis, thallium NMR, and X-ray crystallography are described. Consider
ing the enormous impact the plastics and polymers formed from carbon, 
hydrogen, nitrogen, oxygen, silicon, and the halogens have already had on 
society, much more awaits the inclusion of the rest of the periodic table. In 
this volume polymers containing 26 other elements are described. Another 
symposium on the same topic is planned for 1980. We hope to have many 
more exciting results in the field by then. 



VINYL POLYMERIZATION OF ORGANOMETALLIC 
MONOMERS CONTAINING TRANSITION METALS 

Charles U. Pittman, Jr. 
Department of ChemistryUniversity of Alabama 

ABSTRACT. This chapter provides a general review of the vinyl 
monomers3 containing transition metals, which have been pre
pared and polymerized. The reactivity of such monomers in 
addition to homo- and copolymerizations is described. The Q-e 
scheme is used to semiempirically classify the vinyl reactiv
ity of several organometaliic monomers. 

I. INTRODUCTION. 

The effect that transition metal functions exert in 
vinyl polymerization of vinyl organometallic monomers has just 
recently undergone serious study (1). Example transition 
metal-containing monomers are vinylferrocene 1 (2,3) vinyl-
cyclopentadienyltricarbonylmanganese 2 (4), Vinylcyclopenta-
dienyldicarbonylnitrosylchromium δ (5), styrenetricarbonyl-
chromium 4 (6), trans-bis(tributylphosphine) (4-styryl)pallad-
iumchloride 5 (7) η6-(2-phenylethyl acrylate)tricarbonylchrom-
ium 6 (8), and η*4- (2,4-hexadiene-l-yl acrylate)tricarbonyl-
iron 7 (9). The first vinyl polymerization of an organo
metallic derivative was the radical-initiated homopolymeriza-
tion of vinylferrocene by 

1 



2 CHARLES U. PITTMAN, JR. 

Arimoto and Haven in 1955 (10). For the next decade this area 
was virtually neglected in comparison with the vast attention 
given to organometallic condensation polymers. In this chap
ter, a brief review of the status of vinylorganometallic 
polymerizations will be given. 

II. HOMOPOLYMERIZATION. 

Vinylferrocene has been more thoroughly studied than any 
other organometallic monomer (2,3,11). Homopolymerization has 
been carried out using radical (2,3,11), cationic (12), and 
Ziegler-Natta initiators (13). Peroxides oxidize ferrocene. 
Using AIBN, solution polymerizations result in low molecular 
weights, but bulk polymerizations give higher molecular 
weights. Unlike most vinyl monomers, the molecular weight 
does not increase with a reduction in initiator concentration, 
but it does increase with an increase in monomer concentra
tion (2). This anomalous behavior was explained by showing 
that vinylferrocene has a high chain transfer constant (Cm = 
8 χ ΙΟ" 3 versus 6 χ 10~5 for styrene at 60°) (3). Further
more, the kinetics of homopolymerization in benzene follow rp 
= k[VF][AIBN]. This rate law requires an intramolecular 
termination process as shown below: 

Apparently, intramolecular electron transfer from iron to the 
radical end occurs giving an Fe(III) end group. This behavior 
was subsequently supported by Mossbauer spectroscopy (11) 
which showed the presence of an absorption at 0.14 mm sec""l 
that was not due to either ferrocene or ferrocenium groups. 
In dioxane, the usual half order dependence in monomer (bi-
molecular termination) was observed (11). 

A high chain transfer constant to polymer in polyvinyl-
ferrocene polymerizations leads to chain branching. As the 
molecular weight increases, the resulting polyvinylferrocene 
becomes increasingly branched. Thus, vinylferrocene exhibits 
an unusual homopolymerization behavior which may be attributed 
to the influence of the organometallic function. This raises 
the question: How will other organometallic groups influence 
vinyl polymerizations? 

w\, CH CH electron 
capture of 
nucleophile ^ Fe(III) 



VINYL POLYMERIZATION 3 

Unusual kinetic behavior has been found in homopolymeri-
zation of 2 (14). For example, in benzonitrile rp = k[(2)]^/ 2 

[AIBN] 1/ 2. The explanation for this result is not yet known 
and kinetic studies in other solvents are in progress. Acrylic 
monomers of ferrocene, where the ferrocenyl moiety is insulat
ed from the reactive vinyl group, appear to follow the normal 
terminal model mechanism. For example, ferrocenylmethyl acry
late, 8, and ferrocenylmethyl methacrylate, 9, both exhibit a 
half order dependence on initiator (15) (i.e., r = Ktmonomer]1 

[AIBN]"2. on the other hand, styrenetricarbonylchromium, 4, 
will not homopolymerize at all, although it readily copolymer-
izes (6). The reason for this is unclear. Steric arguments 
appear invalid because 4 readily copolymerizes with 2 (6) , and 
the very bulky 3-vinylbisfulvalenediiron, 10, has been ob
served to homopolymerize (16). Monomers 5-7 each readily 
homopolymerize using azo initiators but no kinetic studies are 

currently available. Because transition metals can far more 
readily undergo ionization than carbon, the potential for 
electron transfer mechanisms to complicate polymerization 
mechanisms is high. 

Monomer 11 has been prepared but it would not undergo 
radical-initiated homopolymerization (9). Indeed, it would 
not copolymerize and it inhibited the polymerization of 
styrene and methyl acrylate. Presumably, the radical, result
ing from chain attack at its vinyl group, is stable and does 
not permit chain propagation. Titanium allyl and methacry
late monomers 12 and 13 give only very low molecular weight 
materials using benzoyl peroxide initiation (17). On copolym-
erization with styrene only small amounts of 12 and 13 are 
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incorporated in accord with a low reactivity and high chain 
transfer activity for these monomers (18). 

A surprising effort has been expended to polymerize 
ethynylferrocene 14. Free radical, cationic, Ziegler, and 
anionic initiation have been tried but in most studies the 
resulting polymers were poorly characterized (19-25). Benzoyl 
peroxide initiation gives very short chains (23). Using AIBN 
initiation at 190°, poly(ethynylferrocene) was obtained with
out evidence of aliphatic C-H absorptions in the ir (24). The 
highly purified polymer is an insulator (σ = 4 χ ΙΟ""^ ohm"̂ -
cm~l) but mixed-valence polymers were prepared by partial oxi
dation with agents such as iodine and DDQ and these polysalts 
were semiconducting (26). 

III. COPOLYMERIZATIONS. 

How do organotransition metal functions effect the reac
tivity of vinyl groups in cationic, radical, and anionic co-
polymerizations? The standard way to classify the vinyl co-
polymerization reactivity of organic monomers has been to 
obtain reactivity ratios and, using these, derive the values 
of Q and e of that monomer. Thus, the semiempirical Q-e 
scheme has been employed to classify several organometallic 
monomers according to the electron richness (Price's polarity 
term e) of the vinyl group in copolymerization reactions. 
Using styrene as the standard comonomer (M2)/ relative reac
tivity ratios (r^ and r2) have been determined using the non
linear least squares fitting of the integral form of the co
polymer equation advocated by Tidwell and Mortimer (27). The 
values of Q and e for organometallic monomers were then com
puted from: 

r l = (Q i/Q2) e xP- el( ei- e2 ) 

r 2 = (Q2/Ql)exp-e2(e2-ex) 
r xr 2 = exp-(e 1-e 2) 2 


