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J. MACROMOL. SCI.-CHEM., A21(13 & 14), pp. 1567-1606 (1984) 

The Contribution of Carl (Speed) Marvel 
to Polymer Science 

H. MARK 

Polytechnic Institute of New York 
Brooklyn, New York 11201 

It is  an exceptional honor and privilege for me to contribute to 
this special symposium "Polymer Synthesis-The 1980's," and I am 
very much obliged to Eli Pearce for  giving me the opportunity to 
present to you a short report on the life and on the extraordinary 
accomplishments of our new Honorary Doctor of Sciences. When, 
about a year ago a group of u s  thought that our Polymer Research 
Institute should recognize Professor Marvel's outstanding contribu- 
tion to  polymer science in an unusual manner, it w a s  felt that a 
special symposium should be organized in his honor and that he 
should receive an Honorary Degree of Science at this occasion. The 
conferment of such a degree is, of course, a matter of the faculty, 
but our Provost, Professor Donaruma, succeeded to overcome all 
difficulties and we were able to issue the invitation for this sym- 
posium which, to our great satisfaction, is  being attended by such a 
large group of friends and admirers  of our honoree. A few who 
would have liked to be here were unable to come but sent letters 
with the expression of their sincere regrets to be absent and of 
their congratulations. I am giving these letters to Professor Mar- 
vel; they are signed by Ed Jefferson, Dick Heckert, Paul Flory, 
and Frank Press.  But now to the topic of my address. 
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1. B I R T H  A N D  E A R L Y  Y E A R S  

MARK 

Car l  Shipp Marvel was born in September 11, 1894, in Waynesville, 
Illinois, where he also attended public school and high school. In 
1915 he received a Master  of Science Degree f rom the Wesleyan Uni- 
vers i ty  in Middletown, Connecticut; he then moved to the University 
of Illinois in Urbana where he was awarded a MA in 1916 and a PhD 
in Organic Chemistry in 1920. He remained in Urbana and rapidly 
climbed the ladder f rom Assistant to Associate and full Professor  in 
the Chemistry Department until, in 1953, he was appointed Research 
Professor of the University, a position which he  occupied fo r  eight 
years,  until in 1961 he ret i red f rom the staff in Urbana and joined 
the Chemistry Department of the University of Arizona in Tucson. 
There he i s  st i l l  supervising important r e sea rch  projects of students 
and of postdoctoral visi tors on a very substantial scale. 

2 .  F R O M  O R G A N I C  C H E M I S T R Y  T O  P O L Y M E R S  

Organic chemistry, in the early decades of this century, was a 
highly developed and sophisticated branch of science which had suc- 
ceeded in synthesizing many hundreds of thousands of substances which 
never before existed on earth and which were of enormous benefit 
to such vital fields of human activity as agriculture, husbandry, food 
production, hygiene, medicine, and cosmetics. Their systematic ap- 
plication started to dominate such industries as textiles, leather,  
rubber, food, coatings, insulation, and adhesives, changing and en- 
riching the existence of everyone and extending the life span of gen- 
erations. I ts  synthetic power was based on such molecular processes  
as the Hoffmann rearrangement and the reactions of Kolbe, Friedel-  
Crafts,  Grignard, and Diels-Alder and on catalytic hydrogenation, 
dehydrogenation, hydrolysis and disproportionation. I ts  analytical 
methods included highly refined processes  of distillation, crystall iza- 
tion, fractionation, centrifugation, and adsorption. Its principle was 
to  work only with well-defined and highly purified substances. 

In the course of the yea r s  i ts  activities led to the s t ructural  classi- 
fication of many important substances of the plant and animal kingdom 
such as the perfumes and colors of flowers, the vitamins, hormones, 
and enzymes. Analysis was promptly followed by synthesis which re- 
sulted in numerous successful and effective variations of the original 
mater ia ls  and opened wide and unexpected fields of substantial im- 
provements in the comfort and safety of life. At the s a m e  t ime much 
work was carr ied out t o  improve our basic understanding of organic 
chemical s t ructures  and reactions. Representative efforts of this 
kind were the famous studies of WillsUtter on conjugated double bonds 
in cyclic compounds-cyclooctatetracene-and of Richard Kuhn on l inear 
conjugated-diphenylene polymers. In the 1920s the University of 
Illinois in Urbana was the mecca of organic chemistry in the United 
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CONTRIBUTIONS OF CARL MARVEL 1569 

States with such prominent representatives as W. A. Noyes, Roger 
Adams, and Vincent du Vigneau. 

ment he rapidly joined his colleagues in their various professional 
activities: giving courses, supervising laboratory work, and taking 
care  of doctoral candidates. In these earlier years a t  the university 
he also acquired the nickname "Speed." There a r e  several  theories 
which explain the origin of this name, which soon was exclusively 
used with complete elimination of all other possible names. One ex- 
planation was given by Dr Marvel himself who once explained it with 
the following words: 

"When I entered the University of Illinois in the fall of 1915, the 
Dean of the Graduate College thought I was not as well prepared as 
I should be to finish work for a Master's degree in one year. Thus 
he assigned me extra work which I needed to complete if I were to 
meet the requirements for that degree, which was supposed to be 
completed during the year of my scholarship. I found I had a very 
heavy load of laboratory work and classes which required work at 
the chemistry building from about 8:OO in the morning to 5:OO in the 
afternoon, with extra work in the evening to keep up with the labora- 
tory assignments. As a result of this, I did not have much time to 
study until after dinner. I'd eat, then work, and was always very 
late getting to bed. I acquired the habit of sleeping a s  late as pos- 
sible and then hurrying to get ready for breakfast before the house 
in which I lived closed the dining room door a t  7:30 a.m. It was the 
only time in the day when I really moved fairly fast, and the rest  of 
the time I was rather slow-motioned, so my fellow students gave 
me t h e  nickname "SpeedIf which has stayed with me the rest  of my 
life." 

This story is  typical for the humble and modest nature of Dr 
Marvel but in spite of it, another version was given by his colleagues 
and students, namely: he studied and worked so fast  and with such 
success that he accomplished everything before anybody else; hence 
he was "Speed." Today, in the clarifying hindsight of many years, the 
second version appears to be definitely preferable. 

he will be called from now on-published a few articles on organic 
chemical problems with his peers-two with W. A. Noyes, one on 
"The Possible Asymmetry of Aliphatic Diazo Compounds, I' two with 
Roger Adams on "Organic Chemical Reagents," and two with Vincent 
du Vigneau, one on "Pressure Anesthetics" and the other on a "New 
Organic Reagent for  Nitrates and Perchlorates." But the apprentice 
was learning fast and soon begun to spread his own wings. During the 
next decade he published more than 60 papers with an almost equal 
number of co-workers, some of whom became famous representatives 
of their profession, including D. D. Coffman, Paul L. Salzberg, and 
R. L. Shriner. There were essentially three main themes which in- 
terested Speed and which he studied systematically with amazing 

When young Dr Marvel became a member of the Chemistry Depart- 

As it is  usual for the first scientific efforts of a novice, Speed-as 
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1570 MARK 

width and depth; they all had to do with problems of bond strength and 
bond stability inside o r  between organic molecules. 

carbon bond in substituted ethanes. More than 20 articles-between 
1925 and 1944-were devoted to this theme, and a large number of new 
and hitherto unknown ethane derivatives were synthesized with an in- 
credibly large variety of substituents-aliphatic and aromatic. The 
last ones, Xm to XVI-1942 to 1944-, contributed extremely valuable 
information to the problem of the "trivalent" carbon atom which had 
been discovered earlier in this country by M. Gomberg and la ter  
systematically studied by W. Schlenk in Germany. 

Another valence problem which attracted Speed's attention had to 
do with elements of the fifth column of the periodic system-nitrogen, 
phosphorus, and arsenic; an art icle with F. D. Hager on "The Volume 
of Nitrogen in Quaternary Ammonium Compounds'' opened these in- 
vestigations in 1926. The above-named elements possess three un- 
paired valence electrons and one valence electron pair. They a r e  
tervalent as in the amines NR3, phosphines PRB , and ars ines  AsR3 
if the three unpaired electrons form three covalent bonds with un- 
paired electrons of the substituents R. These elements may also be 
pentavalent if one electron of the valence electron pair i s  donated to 
the p a r t n e r q l ,  Br, and others-so that four unpaired electrons are 
becoming available for  the covalent bonding of four substituents R: 

One of them was devoted to the strength and stability of the carbon- 

(NH4)+ C1-; (PH4)+ Br-; etc. 

Evidently it was an interesting question whether the valence fields 
of these elements could be so  modified as to bind covalently five 
monovalent radicals in order to give compounds of the composition 

N& , PR5, etc. 

Nitrogen, probably, would be too small an atom to accommodate 
five groups in covalent bonding and Speed, therefore, made his f i r s t  
attempt in this direction with phosphonons in a paper with D. D. Coff- 
man, published in 1929. When this failed he did not give up but tried 
one year later again with M. E. P. Friedrich to arr ive at a pentavalent 
As% compound. They reacted tetraethyl arsonium bromide in ben- 
zene with a solution of n-butyllithium. Both reagents require very 
careful treatment; all processes must be carried out in the complete 
absence of moisture and oxygen: 

2(AsEtr)+ Br- + 2BuLi- 2LiBr + AsEts + gaseous products 

The result of the experiment was the immediate formation of LiBr, 
triethylarsine, and the development of a gas-the desired compound 
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CONTRIBUTIONS OF CARL MARVEL 1571 

AsEt4Bu was not formed. It would have been natural to conclude that 
such a compound does not exist or, at least, cannot be prepared in this 
way, and most chemists would have discontinued the investigation. Not 
so, Speed; he proceeded to analyze the gas, which was not an easy task. 

Suppose somebody gives you an empty glass bottle and says: "In 
there is a mixture of CZ and C4 hydrocarbons: please find out their 
proportions." Not a very simple demand ! 

Delicate and somewhat time-consuming analysis gave a surprising 
result: ethane and (24's were there in the expected quantities but 
ethylene was missing-or almost missing-in the gas mixture. 

This again could have been the end of this study but Speed wanted 
to know exactly why it was not there and passed ethylene gas through 
a solution of n - m i  in a high boiling mineral oil at somewhat elevated 
temperatures. H e  obtained a white, solid powder: linear polyethylene. 
At that time-1930-many attempts had been made to polymerize gaseous 
ethylene without and with catalysts but the results had always been only 
oily or  waxy fractions. Here was the f i rs t  solid polyethylene in excel- 
lent yield by direct addition polymerization under very mild conditions 
with a metal organic catalyst: Twenty-four years before Karl Ziegler's 
famous polymerization of ethylene with coordination complexed cata- 
lysts. Seven years had to pass before ICI chemists would develop the 
high pressure and high temperature synthesis of low density polyethyl- 
ene-Polytheneand 20 years before the scientists and engineers of the 
Phillips Petroleum Company produced a high density species-Marlex- 
at  intermediate pressures and temperatures. In 1930 polyethylene did 
not seem to be a very attractive material and the catalyst, n-butylli- 
thium, was still a laboratory curiosity. The DuPont company, where 
Professor Marvel had just started to become a technical consultant 
was busy with nylon, Neoprene, Lucite and several  vinylpolymers and 
there was no immediate follow-up on this "curious" observation. 

Another phenomenon which attracted Speed's interest and led in 
the course of the years  to almost 20 interesting publications was the 
hydrogen bonding between organic molecules and its influence on solu- 
bility and compatibility. By 1938 five papers had already been published 
with G. F. Zellhoefer and M. J. Copley on "Hydrogen Bonds Involving 
the C-H Link," the solubility of various compounds in donor solvents, 
and the effect of solvent association on solubility. These studies and 
many others which followed clarified many of the vexing problems of 
this phenomenon but also led to a remarkably important consequence: 
Speed suggested to the DuPont scientists that liquids like dimethyl- 
formamide o r  dimethylacetamide might be solvents for polyacrylo- 
nitrile. In fact, the technical production of Orlon was then and still is 
based on DMF as solvent. 

together with C. F. Gibbs and E. R. Littman in 1933; all other re- 
search up to that dateabout  70 publications-had to do with an amaz- 
ingly wide variety of problems in organic chemistry; improvement of 
analytical techniques, the synthesis of taurine, the influence of trypto- 
phane on growth, a synthesis of methionine, and the rearrangement of 

The word "polymerization" f i rs t  appeared in the title of an article 
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1572 MARK 

polyines. Each paper made a valuable contribution to our knowledge. 
In their entirety, however, they reveal his scientific thinking and work- 
ing style. It is a grand style: First ,  a fundamentally interesting and 
attractive problem is selected; i ts  study leads to an idea which in 
turn provides for a practical approach. Then impeccable and intense 
experimentation follows, crowned by a critical evaluation of the ob- 
tained results. It was an enviable, high level, and grand style of 
scientific research which Speed maintained and, wherever and when- 
ever possible, refined and improved during the following years  of h is  
career. In doing so he came close to  Faraday's famous definition of 
scientific research. When he was asked by a prominent member of 
the House of Lords how he was able to produce such prodigious results, 
Faraday said only three words: "Work, Finish, Publish.'' This was 
also Speed's program; in the foreground of everything is observation 
and quantitative experimentation with endless patience. Speed liked 
h i s  molecules and they in turn, liked him and did the best to satisfy 
his intentions. 

Sometime late in h i s  career  he was asked during a discussion at 
one of the famous Gordon Research Conferences: "Professor Marvel, 
don't you think that these molecules ought to have a higher degree of 
elasticity?" Speed answered: "I don't know what these molecules 
ought to have, I only know what they have.'l 

The selection of stimulating problems, the grand style of their 
treatment, and the large number (about 50 in the f i rs t  10 years) of 
publications soon created for Speed an enviable reputation as re-  
searcher and teacher in academia and industry. He became widely 
demanded as lecturer at  scientific meetings and seminars and, around 
1930, he was asked by Dr E. K. Bolton, then Research Director of the 
DuPont Company, to visit their Experimental Station in Wilmington as 
a consultant and exchange with i ts  personnel on the various fields of 
their activities. Speed accepted and continues these visits and con- 
ferences even today-more than 50 years later-with unabated enthusi- 
asm and success. 

3 .  P O L Y M E R S - C L A S S I C A L  S T Y L E  

This ongoing intense intellectual contact was not only of considerable 
advantage for the chemists at DuPont but it a lso turned Speed's interests 
to the wide and important field of organic polymers which he included 
from now on in his studies in a systematic manner. 

In one of Speed's earlier visits in Wilmington, Dr Bolton drew his  
attention to the reaction of SOZ with alkylencs and other unsaturated 
organic compounds which produces linear polymers of high molecular 
weight. 

mers  built on them would have an interesting headstart in comparison 
with other substances which were then successfully studied at  DuPont- 

The two components a r e  readily available and inexpensive, and poly- 
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CONTRIBUTIONS OF CARL MARVEL 1573 

polyamides and polychloroprene. Speed took up this suggestion and 
in his systematic and indefatigable way produced with a number of 
co-workers more than 30 publications on this subject matter within 
26 years. He published in 1934 with D. S. Frederick and H. D. Cogan 
an art icle on "The Reaction between Sulfur Dioxide and Olefins" and 
concluded-for the  time being-his studies on sulfur-containing poly- 
mers  in 1960 through a paper on "Polyalkylene Disulfides Containing 
Silicon" with P. V. Bonsignore and Sahadeb Banerjee. However, the 
enormous field of organic polymers offered so many challenging and 
attractive problems that, in the course of the years, it became the 
main domain of teaching and research for Speed. For instance, in 
1950 he published 11 papers of which only one dealt with "normal" 
organic chemistry, and in 1951 out of 19 papers, only two. Naturally, 
Speed cultivated with preference such problems where specific organic 
chemical methods would lead to  conclusive results. One of them was 
a thorough study of head-to-tail-head- to-head structure of vinyl poly- 
mers  such as polymethylvinyl ketone and polyvinyl alcohol in 1938, 
the polymers of alpha-augelica lactone, methyl-alpha-haloacrylates, 
vinyl halides, and acrylic chloride in 1930 with a few additional in- 
vestigations in the following years. 

including the quantitative determination of relative reactivity ratios- 
no less than 40 publications between 1942 and 1960! 

Some systems were investigated with special emphasis and con- 
centration such as styrene derivatives of all kinds-optically active, 
p-cyano-, six dichloro-, four dimethyl- and some alkyl derivatives; 
all in six publications with C. G. Overberger in 1945 and 1946. 

During World War II, Speed was a prominent member of the Syn- 
thetic Rubber Research team and immediately after the war he went 
to Europe and visited several R&D centers where .important work 
had been done in organic and polymer chemistry in Germany. These 
activities aroused his interest in emulsion polymerization and redox 
activation, and there resulted no less than 15 important contributions 
to this subject between 1947 and 1955. 

Besides these larger themes of systematic studies, polyalkylene 
sulfides, microstructure of vinyl polymers, copolymerization, and 
emulsion polymers, Speed added many interesting details to our knowl- 
edge of polymer chemistry. Soon after Ziegler's famous discovery, 
Speed used coordination complex catalysts for the polymerization of 
higher alpha-diolefins and of beta-pinene (1959). Later-1960 to 1968- 
he contributed more than 10 articles on the preparation and charac- 
terization of block and graft copolymers. 

Altogether, between the beginning of his interest in polymers 
(1933) to the end of his activities at the University of Illinois (1961), 
Speed was by far the most prolific contributor to this branch of chem- 
istry-not only from the numerical point of view-with more than 250 
publications, but also through the impact which his work has had on 
academia and industry. Yet as w e  shall see, this part of his life can 
be considered only as a preparation for the next period during which 

Considerable emphasis was given to studies on copolymerization 
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1574 MARK 

he introduced an entirely new generation of polymeric materials with 
properties of extreme importance for  developments in modern trans- 
portation, communications, and energy conservation. 

4 .  P O L Y M E R S - M A R V E L  S T Y L E  

In the mid-l950s, polymer science and engineering was essentially 
based on the use of long flexible chains which were easily available by 
addition and condensation polymerization; the polyolef ins, vinyls, 
acrylics, and polydienes by the first ,  the polyesters, polyamides, phen- 
olics, and alkyds by the second. They were all relatively easy to  pre- 
pare, many of them were soluble, and all were readily processible 
from solutions or  from the melt by extrusion, injection, compression, 
spinning, and casting. Two general and eminently useful principles 
were established to convert these materials into objects of increased 
softening range, greater stiffness, and improved resistence against the 
attack of solvents and chemicals. The f i rs t  was crystallization which 
can be achieved by orientation and alignment of the individual flexible 
chains through mechanical action whenever the microstructure of thc 
chains is  sufficiently regular to let them fit into a crystal-like lattice. 
These ordered or crystalline domains act like a reinforcing filler; they 
harden and strengthen the system and make it more difficult to swell 
and dissolve. Since the ~ T c r y s t a l l i t e s ~ ~  are held together by physical 
forces-Wan der Waals bonds"4hey may be reversibly softened and 
melted and the phenomenon of crystallization dominates the wide and 
enormously useful domain of the thermoplastic materials. The second 
principle was cross-linking which consists in the establishment of 
randomly distributed chemical bonds between the individual chain 
molecules. In the neighborhood of each of these fix points the seg- 
mental motion of the flexible chains i s  inhibited and the material be- 
comes harder and h a s  higher softening. Also, the three-dimensional 
network formed by the cross-links permits swelling of the system 
but not dissolution. Altogether the mechanical and thermal effects of 
cross-linking and crystallization are similar, but the chemical bonds 
of the cross-linked network cannot be opened and closed reversibly. 
Cross-linking i s  therefore characteristic for the other large kingdom 
of polymers: thermosetting resins. Both types of polymers have been 
and still a r e  extremely useful and applicable but, with all conceivable 
refinements and innovations, no combination of these two principles 
has produced materials that can sustain exposure to 250 "C for  pro- 
longed service periods; the thermoplastics soften and develop creep, 
the thermosettings undergo chemical decomposition and become brittle. 
It was then that Speed proclaimed: I'In the future we should ____ not s tar t  
with flexible chains and rigidify our systems by crystallization or cross-  
linking but we should place rigidity and thermostability in the chain 
molecules themselves-we should work with rigid chains." When he  was 
promptly asked: "How can we do that?", he answered, "Let u s  synthe- 
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CONTRIBUTIONS OF CARL MARVEL 1575 

size chains which consist substantially of rings." This opened a new 
dimension for polymer science and engineering which is still in full 
swing; it has already produced innumerable rigid and thermostable 
polymers, and the new methods and approaches a r e  such that they 
will provide many more. 

The important consequences of aromatic units in the backbone of 
chain molecules had already been encountered by Whinfield and Dick- 
son in Terylene and later-more clearly-by Morgan and his many dis- 
tinguished associates in the aramides and arylates; Speed, however, 
went an important step beyond this. If the functional groups of an 
aromatic polyamide, COOH and NHs , a r e  reacted with each other in 
the usual molar ratio of 1 to 1, then three single bonds a r e  formed in 
the chain skeleton: 

RXOOH + H z  NR' - R-CO-NH-R' + H Z  0 

and a considerable degree of conformational flexibility i s  introduced. 
Speed, therefore, proposed the formation of an additional ring during the 
polymerization reaction by using molar ratios of 2 to 1 o r  1 to 2 be- 
tween the carboxyl and the  amino groups. The first  choice leads to 
polyimides 

n 0 

v 

0 0 

the other to polybenz im idazoles 

Through these choices aromatic dianhydrides and tetramines or  tetra- 
isocyanates became important building units for the new and ever- 
growing brands of thermostable polymers which conquered vast new 
fields of important applications in the preparation of fibers, films, 
sheets, rods, tubes, and more complicated objects, all of which were 
able to take the place of the heavier, more corrosive, and more dif - 
ficultly tractable metals which had been used before. To the commod- 
ity plastics of the past were added the engineering plastics of the 
future. Speed himself led the parade into the newly proposed terri tory; 
in 1958 he published two studies aimed in this direction-papers on the 
polymerization of phthalocyanines with J. H. Rassweiler and M. M. 
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Martin-and in 1959 a very important investigation on the polymeriza- 
tion and aroniatization of poly-1,3-cyclohexadiene followed. But the 
real  all-encompassing offensive began in 1961 with a paper on "Poly- 
benzimidazoles. New Thermally Stable Polymers" with Herward Vogel 
which was followed by not l e s s  than four more  extensive a r t i c l e s  on 
the same  topic. Fi lms and f ibers  were produced from a variety of 
these materials,  and eventually l a rge  quantities of fabr ics  were made 
into garments of many kinds because PBI was not only exceedingly 
therniostable but a lso practically incombustible; they have a limiting 
oxygen index higher than 35 in comparison with 20 o r  l e s s  for cotton, 
nylon, and polyester. This means that a fabric o r  PBI which i s  burn- 
ing in a flame immediately extinguishes a s  soon as the f lame i s  re- 
moved. Also, the result  of burning i s  nothing e l se  than char,  and there  
are few obnoxious or  toxic gases evolved, Even now there i s  no better 
flame-retardant material  than PBI. However, the PBI's were  only a 
rather  small  fraction of the new generation of rigid-"honeycombed"- 
macromolecules which were developed by Speed and his associates  
and l a t e r  by sco res  of other scientists. If the reaction between func- 
tional moieties COOH and NHz o r  other groups-is carr ied out in a 
molar ratio of two to  two, then one obtains chains of condensed rings 
o r  so-  called "ladder'' polymers fo r  which polyquinoxalines, poly- 
pyrrolones, and polyanthraquinones are characterist ic examples. Be- 
tween 1960 and 1982 Speed published more  than 120 a r t i c l e s  on the 
subject of rigid polymer chains which contain rings and represent  a 
third principle, together with crystallization and cross-linking, t o  
modify and manipulate the ultimate properties of synthetic polymer 
systems with special  emphasis on rigidity, thermal stability, and 
flame retardancy. There exists a Friedel-Crafts and a Diels-Alder 
reaction, a HaberBosch and a Fischer-Tropsch process.  and there  
a lso exists Grignard and Ziegler-Natta catalysts. It would only s e r v e  
to accept existing reali t ies and accomplishments if we could get ac- 
customed to speak of Marvel Polymers. ~- 

5 .  E D U C A T O R ,  O R G A N I Z E R ,  P U B L I C  S E R V A N T ,  
A N D  E L D E R  S T A T E S M A N  

Obviously, all these nearly incredible performances could not have 
been done alone. There has been a l a rge  number of students and asso-  
ciates-some 400 in the course of time. All speakers  today are scien- 
t is ts  who have worked with Speed on one o r  another occasion. The re- 
lations between Speed and his students were-and sti l l  are-exceptional 
in both directions. He  not only conveyed to them knowledge, skill,  and 
perception, but a lso enthusiasm and devotion f o r  their  profession to- 
gether with a good deal of sound real ism for the values of their  work 
from the human and practical aspects. Each of our speakers  today has 
found adequate words to express  his feeling of gratitude and indebted- 
ness  to his teacher and mentor and-if the members  of our audience 
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would be allowed to speak-they all would agree wholeheartedly with 
these feelings. I, myself, have, unfortunately, never been a member 
of Speed's community, but the study of each of his papers and the 
listening to each of his lectures and speeches has been of deep influ- 
ence on me. Any new contact with him i s  always a refreshing and 
memorable encounter. 

life and evolution, the leaders and protagonists of convents, universi- 
ties, or other schools have had a decisive influence on the formation 
of the coming generation. Even in comparison with physicists like 
Bohr and Sommerfeld or  with chemists like Willstatter o r  Roger 
Adams, Speed obviously holds a unique record in not only providing 
unusually gifted and skilled researchers and educators for  universi- 
ties and other higher schools of learning but also efficient and critical 
staff members and managers for industrial organizations and govern- 
ment laboratories. In order to avoid the difficulty of making any kind 
of personal selection, I have added to this appreciation of Speed's 
work a list of all his publications from 1917 to 1983-it reads like a 
"Who's Who in Polymers'' and everybody will enjoy finding the names 
of many good friends. 

Traditionally,' prominent performances and the demonstration of 
outstanding abilities a r e  accompanied by titles and honors and also 
by the bestowal of additional responsibilities and offices. As you may 
see  from the attached "biography, " Speed h a s  received a full measure 
of both. All the many honors-degrees, medals, awards, prizes and 
citations, etc.-he accepted with his usua l  grace and modesty, all the 
many off ices-member, editor, chairman, vice president, president, 
etc.-he discharged with accuracy, distinction, and imagination; in 
each case with considerable advantage for the organization which 
called on h i s  services. They will all long remember their affiliation 
with him and will have to wait a long time for  a similarly congenial 
and effective counsellor and protector. 

Speed, as a few of you may already know, i s  also a farmer.  For 
many years he has owned a farm in Illinois. It is  a rather large and 
substantial property-several hundred acres-and he grows a variety 
of crops-soy beans, corn, and other grain-in good yield and of high 
quality. In fact, some of these crops a r e  even quite profitable. But, 
Speed, your really important crop i s  not on the fields in Illinois-it i s  
here, right here in this room! Each one of u s  has profited enormously 
from your indefatigable farming in the vast fields of chemistry, and 
today we are all here to express to you our gratitude, friendship, and 
admiration, and we a r e  all telling you: Thank you and God bless you! 

Since science and engineering became an important factor in human 

6.  HONORS AND AWARDS 

1946 Honorary DSc, Illinois-Wesleyan University 
1963 Honorary DSc, University of Illinois in Urbana 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1578 MARK 

1970 
1983 

Doctor Honoris Causa, University of Louvain, Belgium 
DSc Honoris Causa, Polytechnic Institute of New York 

1944 
1950 
1955 
1956 
1964 
1964 
1965 

1966 

1967 
1970 
1973 
1976 
1978 
1978 

Nichols Medal, American Chemical Society 
Gibbs Medal, American Chemical Society 
Gold Medal of the American Institute of Chemists 
Priestley Medal of the American Chemical Society 
Witco Award of the Division of Polymer Chemistry 
International Award of the Society of Plastics Engineers 
Perkin Medal of the American Section of the Society of 
Chemical Industry 
Madison Marshall Award from the American Chemical 
Society 
Chemical Pioneer Award, American Institute of Chemists 
John R. Kuebler Award of Alpha Chi Sigma Fraternity 
Borden Award, American Chemical Society 
Alumni Achievement Award of the University of Illinois 
Polymer Award of the Division of Polymer Chemistry 
Creative Science Award of the University of Arizona 

7 .  M E M B E R S H I P S  

National Academy of Sciences (1938) 
American Philosophical Society (1946) 
American Academy of Arts and Sciences (1960) 
Board of Material Studies 
Board of Synthetic Antimaterials 
National Research Council 
National Materials Advisory Board (Chairman) 
National Health Council 
International Union of Chemical Encyclopedia (Chairman) 
Southern Regional Laboratory Advisory Board 
Advisory Panel of the National Science Foundation (Chairman) 
Robert A. Welch Foundation 

8. F A M I L Y - R E C R E A T I O N  

Dr Marvel married Alberta Hughes in December 1933. They have a 
daughter, Mary Catharine, born in 1935, and a son John Thomas, born 
in 1938. The daughter graduated in home economics and merchandising 
from the University of Illinois and then joined the J. C. Hudson Com- 
pany in Detroit, where she has become a very successful buyer of 
children's clothing for  her s tore  and its Detroit affiliates. The son 
graduated from the University of Illinois in chemistry and took his 
PhD in chemistry at  the Massachusetts Institute of Technology. After 
four years as a research associate and assistant professor at the 
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University of Arizona in agricultural chemistry, he joined Monsanto's 
Agricultural Products Company where he now holds the prestigious 
position of General Manager of their Research Division. 

Everybody in this room and, in fact, everybody who ever met Speed, 
even for a short time, will enthusiastically agree that Speed i s  a typical 
"good sport," enjoying family life, parties, and any kind of societal ac- 
tivities. 

He was, and probably still is, a dangerous poker player; in fact, one 
explanation of his name "Speed" refers to the rapidity with which he 
moved the money of the other players from their pockets to his own. 

Speed has always liked outdoor life and nature. When he was young, 
strong, and active, he was a hunter, following and stalking his prey for 
endless hours through woods and fields in bad weather and during the 
night. Later, when the enthusiasms for sporting activities gradually 
attenuated, Speed acquired exceptional skill and experience in the less 
exhausting sport of fishing where running, walking, and shooting is re- 
placed by patient waiting and careful observation of the fish. At times 
when even this activity is  too strenuous, there exist still other interest- 
ing and attractive hobbies for anybody who wants to continue outdoor 
life. If you like to  look downward you can s ta r t  snorkeling and observe 
fish in their various activities. However, if you prefer to look upward, 
then it is  recommended you become a bird watcher. Speed decided to 
do the latter, and in his systematic careful and t ireless manner de- 
veloped bird watching into a real  science. He has a l ist  of about 629 
species in North America which he has seen and identified. He has also 
looked for  birds in Mexico, Brazil, England, Scotland, France, Belgium, 
Switzerland, Germany, Israel, Iran, and Japan, and has a world l ist  of 
1043! 

9 .  P U B L I C A T I O N S  O F  C .  S .  M A R V E L  

1. With A. W. Homberger: "Rate of Turbidity in Beverages Contain- 
ing Maltose, Glucose o r  Maltose and Glucose," J. Am. Chem. SOC., 
39, 156-162 (1917). 

2. with W. A. Noyes: Wyancarboxyethyl 3,3-Dimethylcyclopenta- 
none," Ibid., 39, 1267-1271 (1917). 

3. With Roger Adams and 0. Kamm: "Organic Chemical Reagents. 
II. Amylene, Tertiary Amy1 Alcohol," - -  Ibid., 40, 1950-1955 (1918). 

4. With Oliver Kamm: "Organic Chemical Reagents. III. 0-Phenyl- 
hydroxylamine and Cupferron," Lbid., 41, 276-282 (1919). 

5. With Oliver Kamm: "Organic ChemiczReagents.  V. The prepar- 
ation of Alkyl and Alkylene Bromides," Ibid., 42, 299-309 (1920). 

6. With Roger Adams: "Organic Chemica lKagexs .  VI. Reagents 
from n-Butyl Alcohol," Ibid., 42, 310-320 (1920). 

7. With W. A. Noyes: "A Study of the Possible Asymmetry of the 
Aliphatic Diazo Compounds," Ibid., 42, 2259-2278 (1920). 

- -  
-- 
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8. With V. L. Gould: "The Preparation of Dialkyl Mercury Com- 
pounds f rom the Grignard Reagent,'' Ibid., - 44, 153-157 (1922). 

9. With A. L. Tannenbaum: "The Preparation of 1,4-Dihalogen 
Derivatives of Butane," Ibid., 44, 2645-2650 (1922). 

10. With H. 0. Calvery: " T h e r e p a r a t i o n  of Dialkyl Mercury Com- 
pounds f rom the Grignard Reagent. 11. The Relative Stability of 
the Carbon-Mercury Linkage in Dialkyl Mercury Compounds," 
Ibid.. 45. 820-823 (1923). 

11. With'FTE. Smith: '"Identification of Amines," _ _ _  Ibid., 45, 2696- 
2698 (1923). 

12. With F. D.'Hager: "Bauer Oil, the High-boiling Residue f rom 
Molasses Fuse1 Oil. A Source of Capric Acid," lbid., _ _ _  46, 726- 
731 (1924). 

2099 (1924). 
13. With V. du Vigneaud: "P res so r  Anesthetics. I," Jbid., 46, 2093- - -  

14. With Daniel A. McGinty and Howard B. Lewis: "Amino Acid Syn- 
thesis in the Animal Organism. The Availability of Some Caproic 
Acid Derivatives for  the Synthesis of Lysine," J. Biol. Chem., - 62, 
75-92 (1924). 

15. With V: du Vigneaud: "A New Organic Reagent fo r  the Detection 
of Nitrates and Perchlorates," J. Am. Chem. SOC., - 46, 2661-2663 
(1924). 

16. With D. W. MacCorquodale, F. E. Kendall, and W. A. Lazier:  
"The Synthesis of Some Possible P r e c u r s o r s  of Lysine," - -  Ibid., 46, 
2838-2842 (1924). 

17. With F. L. Kingsbury and F. E. Smith: "Identification of Amines. 
II. Meta-Nitrobenzenesulfonamides," Ibid., 47, 166-167 (1925). 

18. With A. E. Gray: "The Stability of H e x z u b z i t u t e d  Ethanes," 
Ibid., 47, 2796-2802 (1925). 

19. With C.G. Gauerke and E. L. Hill: "The Identification of P r imary  
Alkyl Bromides and Iodides," Ibid., 47, 3009-3011 (1925). 

20. With A. E. Broderick: "The C x p o s x i o n  of Yellow Oil Obtained 
in the Manufacture of n-Butyl Alcohol by Fermentation," - -  bid. ,  47, 

21. With L. T. Sandborn: "The Structure of the Compounds Produced 
by the Addition of Mercuric Salts to Olefins," Ibid., 48, - 1409-1413 
(1926). 

22. With F. D. Hager: "The Valence of Nitrogen in Quaternary Am- 
monium Compounds, ' '  lbid., 48, 2689-2698 (1926). 

23. With H. 13. Gillespie: "Identmcation of Amines, III. Benzylsul- 
fonamides," Ibid.. 48, 2943-2941 (1926). 

24. With R. M e r c E t  and J. N. Wickert: "Some Bromine Derivatives 
of Pentanoic and Hexanoic Acids," Ibid., 49, 1828-1831 (1927). 

25. With C. F. Bailey and M. S. S p a r b e F " A S y n t h e s i s  of Taurine," 
Ibid., 49, 1833- 1837 (1927). 

26. With W. H. Zartman and 0. D. Bluthardt: "Halogenated Tert iary 
Amines," Ibid., 49, 2299-2303 (1927). 

27. With F. D. Hager and D. D. Coffman: "The Mechanism of the Re-  

3045-3051 (1925). 

- -  
- -  
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action between Lithium n-Butyl and Various Organic Halogen 
Compounds," Ibid., 49, 2323-2328 (1927). 

28. With Dorothy E. Bateman: "The Structure of the Hydrocarbon 
C17 HI 8 Obtained by the Dehydration of tert-Butyldiphenyl- 
carbinol," Ibid., 49, 2914-2919 (1927). 

and Chemical Properties of Methyl Chloride," Refrig. Eng., - 14(4), 

- -  

29. With.H. J. E i n r r e  and Stanley G. Ford: "Certain Physical 

115-121 (1927). 
30. With L. T. Sandborn: "Local Anesthetics Derived from P-Piper- 

31. With Chi-Ming Hsueh: "Optically Active Hypnotics," - -  Ibid., 50, 

32. With C, G. Gauerke: "The Action of Cyclohexylmagnesium Bro- 
mide on Derivatives of Oxalic Acid," Ibid., 50, 1178-1182 (1928). 

33. With R. Merchant: f1/3-Vinyl P i p e r i d i n T I b x . ,  - -  50, 1197-1201 
(1928). 

34. With S. S. Rossander: "The Reaction of the Grignard Reagent 
with y -Chloropropyl Para-Toluenesulfonate. A Method of 
Lengthening Carbon Chains by Three Carbon Atoms, I f  - -  Ibid., 50, 
1491-1496 (1928). 

Ibid., 50, 1737-1744 (1928). 

Ether as a Solvent for the Grignard Reagent," e., 50, 2810- 
2812 (1928). 

tertiary-butylethynyl Bromomethane," - -  Ibid., 50, 2840-2844 (1928). 

idyl Carbinol," J. Am. Chem. SOC., 50, 563-567 (1928). 

855-859 (1928). 

35. With Paul L. Salzberg: "Hexa-tertiary-Butylethynylethane," 

36. With A.T. Blomquist and L. E. Vaughn: "Di-normal-butyl 

37. With Paul L. Salzberg: "The Action of Silver on Diphenyl- 

38. With E, R. Birkhimer: "The Preparation of the Sodium Salts of 
Omega-hydroxylbutyric-valeric, and -caproic Acids,'' - -  Ibid., 51, 
260-262 (1929). 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

With R. S. Shelton: "Local Anesthetics Derived from 2-(Beta- 
hydroxyethyl)-piperidine," _ _ -  Ibid., 51, 915-917 (1929). 
With S. S. Rossander: "Symmetrical Diphenyl-tetra-tertiary 
Butylethynylethane," Ibid., 51, 932-936 (1929). 
With M. D. Helfrick andJ. Belsley: "Identification of Amines. 
N. MethanesulfonamidesIf1 Ibid., 51, 1272-1274 (1929). 
With D. D. Coffman: "The R E t i o x b e t w e e n  Alkali Metal Alkyls 
and Quaternary Phosphonium Halides," Ibid., 51, 3496-3501 (1929). 
With E. W. Scott and K. L. Amstutz: "Identification of Amines. V. 
Derivatives of Tertiary Amines," Ibid., 51, 3638-3641 (1929). 
With Ralph C. Corley: "Amino A c i d a t f i o l i s m .  IX. The Fate  of 
the w -Hydroxy Derivatives of Propionic, Butyric, Valeric, and 
Caproic Acids in the Phlorhizinized Dog," J .  Biol. Chem., 82, - 77- 
82 (1929). 
With Clarence P. Berg and William C. Rose: "Tryptophane and 
Growth. II. Growth upon a Tryptophane-Deficient Basal Diet Sup- 
plemented withTryptophane Derivatives, - -  Ibid., 85, 207-218 (1929). 
With Clarence P. Berg and William C. Rose: "Tryptophane and 
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Growth. m. 3-Indolepropionic Acid and 3-lndolepyruvic Acid a s  
Supplementing Agents in Diets Deficient in Tryptophane. I' _ _ _  bid., 85, 
219-231 (1929). 

47. With B. W. Howk: "Fatty Acids of F i l te r -Press  Cake from Spent 
Soap Lye,!! Ind. Eng. Chem., 21, 1137-1138 (1929). 

48. With E. R. Littmann: "Cyclicquaternary Ammonium Salts from 
Halogenated Aliphatic Tertiary Amines," J. Am. Chem. SOC., 52, - 

49. With -M. E. P. Friederich: "The Reaction between Alkali Metal 
Alkyls and Quaternary Arsonium Compounds," - _  bid. ,  52, 376-384 
(1930). 

50. With S. C. Hussey and F. D. Hager: "A New Cyclic Azoxy Com- 
pound," Ibid., 52, 1122-1 127 (1930). 

51. With EdwFd E M a h o n :  "Mercurated Azo Dyes Derived from 
Benzidine and Ortho-Tolidine," Ibid., 52, 2528-2531 (1930). 

52. With Wallace Windus: "The Reductionof Nicotine and Some De- 

287-294 (1930). 

rivatives of Hexa- and Octahydronicotines," - _  Ibid., 52, 2543-2546 
(1930). 

53. With Wallace Windus: "A Synthesis of Methionine," Ibid., 52, 

54. With S. S. Rossander and L. H. Bock: "Tetracyclohexyldiphenyl- 
ethane," Ibid., 52, 2976-2981 (1930). 

55. With H. B. Gillespie: "Symmetrical Dialkyl-tetra-tertiary-butyl- 
ethinylethanes," Ibid., - -  52, 3368-3376 (1930). 

56. With I. L. Ozanne: "Hexa- Omega-Tertiary-butylpropinylethane 
and Some New Acetylenic Carbinols," Ibid., 52, 5267-5272 (1930). 

57. With Esther Griffith: "The Structure o f e  Tompounds Produced 
by the Addition of Mercuric Salts to Olefins. 
792 (1931). 

Ibid., 53, 3490-3494 (1931). 

ethanes. The Effect of Increasing the Weight of the Alkyl Groups,' 
Ibid., 53, 3840-3851 (1931). 

ethane," Ibid., 53, 4057-4065 (1931). 

Dimethylpentanol-1," - -  Ibid., 53, 4449 (1931). 

The Structure of the Product Obtained by the Rearrangement of 

- -  
2575-2578 (1930). 

Ibid., 53, 789- _ _ _  

58. With Wallace Windus: "The Resolution of Synthetic Methionine," 

59. With D.W. Davis: "The Stability of Hexa-tertiary-alkylethinyl- 

60. With JTGail Stampfli: "Tetraphenyl-di-tertiary-butylethinyl- 

6 1. With Tse-ingxhu: "Synthesis and Characterization of 2,4- 

62. With D. Althausen: "The Rearrangement of Certain Polyines. 

- 

Tetraphenyl-ditertiary-butylethinylethane, - -  bid., 54. -1 174- 11 84 
(193 2 I. 

63. With R. S. Sweet: "The Reduction of Acetylenic Carbinols with 
Titanium Trichloride,I' Ibid., 54, 1184-1190 (1932). 

64. With R. L. Shriner and M.T. coebel: "The Directive Influence 
of the Alkylsulfonamido and Dialkylsulfonamido Groups, - Bid., 
54, 2470-2476 (1932). 

65. v i t h  J. Harmon: "Phenyl Substituted Aliphatic Acids," Ibid., _ _ -  54, 
2515-2527 (1932). 
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66. With H. E. Munro: "Rearrangement of Polyines. II. Tetra-  

67. With L. F. Halley: "Rearrangements of Polyines. III. The 
phenyldiphenylethinyl-ethane," _ _ _  Ibid., 54, 4445-4450 (1932). 

Synthesis of Bis-1, lq-(1,3-diphenylindyl)," _ _ _  Ibid., 54, 4450-4454 
(1932). 

68. With V. C. Sekera: "Higher Alkyl Sulfonates," - -  Ibid., 55, 345- 
349 (1933). 

69. With C. F. Gibbs and E. R. Littman: "Quaternary Ammonium 
Salts f rom Halogenated Alkyl Dimethyl-amines. II. The Polym- 
er izat  ion of gamma-Halogenopropyl -dimethylamines, 
753 (1933). 

70. With A. T. Blomquist: "Reactions of Some Substituted Divinyl 
Acetylenes, I' Ibid., 55, 1655 (1933). 

71. With M. T. G o x l :  lThe Oxidation of Grignard Reagents," 
bid. ,  55, 1693 (1933). 

72. With J. Harmon: "Rearrangements of Polyines. IV. Tetraphenyl- 
di-( 3 -methyl -3 -ethylpent inyl- 1) Ethane, 

73. With M. R. Lehman and C. D. Thompson: "Quaternary Ammonium 
Salts f rom Halogenated Alkyl Dimethyl-amines. III. Omega- 
Bromo-Heptyl-, Octyl-, Nonyl-, and Decyldimethylamines, '' Ibid., 
55, 1977 (1933). 

74. v i t h  Tse-Tsing Chu: "A Proof of the Unsymmetrical Structure 
of the Azoxy Group," - -  Ibid., 55, 2841 (1933). 

75. With M. T. Goebel: "Rearrangements of the Polyines. V. Reac- 
tions of Bis-1, l'-(ll3-dipheny1indenyl)," Ibid., 55, 3712 (1933). 

76. With D. D. Coffman, June Chien-Yu T s a o z d  C E .  Schniepp: 
"Trialkylethinyl Carbinols," Ibid., 55, 3792 (1933). 

77. With D. T. Mitchell: ffCyclization oFSubstituted Divinylacetyl- 
enes," Ibid., 55, 4276 (1933). 

78. With J u K C h E n - Y u  Tsao: "Rearrangements of Polyines. VI. 

- -  Ibid., 55, 

- _  
- -  Ibid., 55, 17 16 (1933). 

- 

Tetra-biphenyl-di-tertiary-butylethinylethane. - -  Ibid., 55, 4709 
(1933). 

79. With A. 0. Jackson: "The Influence of a Quaternary Ammonium 
Group on the Hydrogen Atoms of a n  Adjacent Methylene Group." 
bid. ,  55, 5000 (1933). 

zole," J. Biol. Chem., 103, 191-195 (1933). 

propyldialkylamines. IV. Formation of Four-membered Rings,'' 
J. Am. Chem. SOC., 56, 725 (1934). 

82. With D. S. Frederick-and H. D. Cogan: "The Reaction between 
Sulfur Dioxide and Olef ins. Cyclohexene, 

83. With J. C. Eck: "A Convenient Synthesis of dl-Lysine," J. Biol. 
Chem., 106, 387 (1934). 

84. With C. F. Gibbs: *'Quaternary Ammonium Salts f rom Bromo- 
propyldialkylamines. V. Conversion of Cyclic Ammonium Salts 
t o  Linear Polymers," J. Am. Chem. SOC., 57, 1137 (1935). 

85. With J. W. Copenhaver and Max F. Roy: "Hexa-p-alkylphenyl- 

80. With A.0. Jackson: " 4- (or 5-) Hydroxymethyl-2-thiolimida- 

81. With C. F. Gibbs: fQua%rnary Ammonium Salts f rom Bromo- 

- -  Ibid., 56, 1815 (1934). 

- -  
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ethanes. The Effect of the p-Alkyl Group on the Dissociation 
of the Ethane," - -  Ibid., 57, 1311 (1935). 

86. With L. E. Schniepp: "Some Reactions of Delta-Aminovaleric 
Acid and Its Derivatives." Ibid., 57, 1557 (1935). 

87. With L. E. Schniepp: "Di-p-alkylphenyldibiphenyleneethanes. 
The Effect of the p-Alkyl Group on the Dissociation of the Ethane, 
Ibid., 57, 1635 (1935). 

Olefins. II. Propylene," E., 57, 1691 (1935). 
3). A Contribution to  the Rubrene Problem," - -  bid.. 57, 1898 
(1935). 

- _  

88. With Madison Hunt: "The Reaction between Sulfur Dioxide and 

89. With J. C. Eck: "The Synthesis of Bis-2,2'-(1,3-diphenylindcnol- 

90. 

91. 

92. 

93. 

94. 

95. 

96. 

97. 

98. 

99. 

100. 

With L. L. Ryden: "The Reaction between Sulfur Dioxide and 
Olefins. ID, Higher Olefins and Some Limitations of the Re- 
action," Ibid., 57, 2311 (1935). 
With J. H. Fo rd  and C. D. Thompson: "Rearrangements of 
Polyynes. VII. Formation of Allenes," - -  bid. ,  57, 2619 (1935). 
With E. D. Farley: T'Rearrangenients of Polyynes. Vm. For -  
mation of Diallenes," bid. ,  58, 29 (1936). 
With William J. S p a r k F R % r r a n g e m e n t  of Polyynes. M. 
Dimers  of Tri-t-butylethynylmethyl Halides," Ibid., _ _ -  58,865 (1936). 
With P. S. Pinkney, G. A. Nesty, and R. H. Wiley: "Hydro- 
phenanthrenes and Related Ring Systems f rom Dieneynes, " 
bid. ,  58, 972 (1936). 
m h  J.-H. Brown and H. W. Durand: "The Reduction of Aro- 
matic Compounds with Hydrogen and a Platinum Oxide-Plati- 
num Black Catalyst in the Presence of Halogen Acid." - Ibid., 
58, 1594 (1936). 
m t h  L. L. Ryden: ''Polysulfones f r o m  Acetylenes and Sulfur 
Dioxide," Ibid., 58, 2047 (1936). 
With J o h n C h a r l e s  Cowan: "Ammonium Salts f rom Bromopro- 
pylamines. VI. Salts of Polymeric Tert iary Amines, It bid. ,  
58, 2277 (1936). 
Wlth F. J. Glavis and L. L. Ryden: "The Reaction between 
Sulfur Dioxide and Olefins. V. The Structure of the Polysul- 
fones f rom Olefins of the Type RCH=CHz ,lf - -  Ibid., 59, 707 (1937). 
With L. L. Ryden and F. J. Glavis: "The Reaction between Sul- 
fu r  Dioxide and Olefins and Acetylenes. VI. Ascaridole as a 
Catalyst for  the Reaction," - _  Ibid., 59, 1014 (1937). 
With J. H. Brown: "Hexaalkylphenylethanes. III. Hexa-p- 
cyclohexylphenylethane and Hexa-m-tolylethane," _ _ -  Ibid., 59. 
1175 (1937). 

_ _ _  

- 

101. With J, H. .Brown: ffHexaalkylphenylethanes. N. Preparation 
of Some Alkylbromobenzenes," Ibid., 59, 1176 (1937). 

102. With William J. Sparks and W. J T e p G l :  "Rearrangements of 
Polyynes. X. Rearrangement Product of Hexa-t-butylethynyl- 
ethane," Ibid., 59, 1351 (1937). 

ethanes," - -  bid. ,  59, 2622 (1937). 
103. With Max F. Roy: "The Dissociation of Hexa-p-alkylphenyl- 
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104. 

105. 

106. 

107. 

108. 

109. 

110. 

111. 

112. 

113. 

114. 

115. 

116. 

117. 

118. 

119. 

120. 

121. 

122. 

With G. A. Nesty: "Cyclization of Dieneynes. IV. trans-l ,2- 
Dialkyloctahydro-naphthalene Derivatives," Ibid., 59, 2662 (1937). 
With P. S. Pinkney, G. A. Nesty, and D. E. P E s o F  "Cycliza- 
tion of Dieneynes. V. Hydrophenanthrenes," - -  Ibid., 59, 2666 
(1937). 
With P. S. Pinkney: "Fused Ring Systems from Dieneynes. VI. 
Some Limitations of the Cyclization Reaction," bid., 59, 2669 
(1937). 
With Lewis R. Drake: "Phosphonic Acids and Their Alkyl Esters  
from qp-unsaturated Ketones," J. Org. Chem., 2, 387 (1937). 
With Charles L. Levesque: "The Structure of Vhyl  Polymers: 
The Polymer from Methyl Vinyl Ketone," J. Am. Chem. SOC., 
60, 280 (1938). 
with Max B. Mueller and W. J. Peppel: "Rearrangement of 
Styryl Substituted Ethanes. XI," - -  bid., 60, 410 (1938). 
With C. E. Denoon, Jr.: "The Structure of Vinyl Polymers. II. 
Polyvinyl Alcohol," bid., 60, 1045 (1938). 
With Dudley B. G l a s P T G  Possible Asymmetry of a Mono- 
substituted Cyclononane," bid., 60, 1051 (1938). 
With G. F. Zellhoefer and K J .  ropley: "Hydrogen Bonds In- 
volving the C-H Link. The solubility of Haloforms in Donor 
Solvents," Ibid., 60, 1337 (1938). 
With S. J a c m v z a n d  F. J. Glavis: "The Reaction between 
Sulfur Dioxide and Olefins. VII. Copolymers from Mixtures 
of Olefins, Acetylenes and Olefin Derivatives with Sulfur Di- 
oxide." bid.. 60, 1450 (1938). 

- _  

With VelmaE-icholsi fqD&ryl Ketone Peroxides," - -  bid., 60, 
1455 (1938). 
With F. J.  Glavis: "Vinyl Halide Polysulfones, Peracetic Acid 
as a Catalyst for the Reaction between Sulfur Dioxide and Ole- 
fins," Bid., 60, 2622 (1938). 
With M T  Crpley and G. F. Zellhoefer: "Hydrogen Bonds In- 
volving the C-H Link. Iv. The Effect of Solvent Association 
on Solubility," Ibid., 60, 2666 (1938). 
With M. J.  C o p F a n X G .  F. Zellhoefer: "Hydrogen Bonds In- 
volving the C-H Link. V. The solubility of Methylene Chlo- 
ride in Donor Solvents," Ibid., 60, 2714 (1938). 
With H. A. Pacevitz: "Th-imerization of 3-Phenylindene," 
bid., 60, 2816 (1938). 
With MTPalmer Stoddard: t'A Convenient Synthesis of dl-Glu- 
tamic Acid," J. Org. Chem., 3, 198 (1938). 
With Emanuel Ginsberg and flax B. Mueller: "Effect of Sub- 
stitution on the Dissociation of Hexaaryl-ethanes. VL Hexa- 
m-biphenylethane," J. Am. Chem. SOC., 61, 77 (1939). 
With W. J. Peppel: "Rearrangements OfTetraaryldiallenes. 
XII. The Synthesis of 2,8-Diphenylchrysene," - -  bid., 61, 895 
(1939). 
With Wm. H. Sharkey: "Structural Identity of Polysulfones 
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123. 

124. 

125. 

126. 

127. 

128. 

129. 

130. 

131. 

132. 

133. 

134. 

135. 

136. 

137. 

138. 

Prepared by Peroxide Catalysis and under the Influence of 
Ultraviolet Light," Ibid., 61, 1603 (1939). 
With C. L. L e v e s q u F T k  Structure of Vinyl Polymers. III. 
The Polymer from Alpha-Angelica Lactone," - -  bid., 61, 1682 
(1939). 
With Ralph Mozingo and E. C. Kirkpatrick: "Cyclization of 
Dienynes. VJI. Dehydrogenation of trans-Dodecahydrophen- 
anthrene and a Further Study of trans-3,4-Dialkyloctalones, " 
Ibid., 61, 2003 (1939). 
With Max B. Mueller and Emanuel Ginsberg: "Effect of Sub- 
stitution on the Dissociation of Hexaarvl-ethanes. VII. Meta 
and Para Phenyl Groups," - -  Ibid., 61, 2008 (1939). 
With L. H. Dunlap: "Vinyl Chloride Polysulfone," _ _ -  bid. ,  61, 
2709 (1939). 
With W. W: Williams: "Acetylene Polysulfones. XI. The Com- 
pound C1 SOz from 1-Pentynepolysulfone and Some Experi- 
ments on Other Acetylene Polysulfones," Ibid., 61, 2710 (1939). 
With W. W. Williams: "Polysulfones. XII'i;-Thexynthesis of 
3,4- and 2,5-Di-n-propyltetrahydrothiophene-l,1 -dioxides," 
Ibid., 61, 2714 (1939). 
With William H. Rieger and Max B. Mueller: "Effect of Sub- 
stitution on the Dissociation of Hexaarylethanes. VIII. The 
Disproportionation of Tri-p-tolylmethyl," - -  bid., 61, 2769 (1939). 
With Max B. Mueller, Chester M. Himel, and Julius F. Kaplan: 
"The Disproportionation of Hexa-p-alkylphenylethanes and the 
Effect of ortho-, meta-, and para-Alkyl Groups on Dissociation 
of Hexaarylethanes," Ibid., 61, 2771 (1939). 
With John Charles Cowan: "The Structure of Vinyl Polymers. 
IV. The Polymers of the Methyl Alpha-Haloacrylates, ' I  Ibid., 
61, 3156 (1939). 
with M. J. Copley and Emmanuel Ginsberg: "Hydrogen Bond- 
ing by S H .  VIL Aryl Mercaptans," ~- Ibid., 61, 3161 (1939). 
With Charles L. Levesque: "Structure of Vinyl Polymers. V. 
Some Reactions of the Polymer of Methyl Vinyl Ketone," Ibid., 
61, 3234 (1939). 
m t h  J. H. Sample and Max F. Roy: "The Structure of Vinyl 
Polymers. VL Polyvinyl Halides," - -  Ibid., 61, 3241 (1939). 
With Charles L. Levesque: "The Structure of Vinyl Polymers. 
VII. Polyacrylyl Chloride," - -  Ibid., 61, 3244 (1939). 
With M. J. Copley and G. F. Zellhoefer: "Hydrogen Bonds In- 
volving the C-H Link. VZII. The solubilities of completely 
Halogenated Methanes in Organic Solvents," - -  Ibid., 61, 3550 
(1939). 
With J. Harmon and E. H. Riddle: "The Condensation of Acet- 
aldehyde and Vinyl Acetate," J. Org. Chem., 4, 252 (1939). 
With Neil S. Moon: "The Structure of Vinyl P%lymers. VIII. 

- -  

- 

- 

Polystyrene and Some of Its Derivatives," J. Am. Chem. SOC., 
62, 45 (1940). - 
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139. 

140. 

141. 

142. 

143. 

144. 

145. 

146. 

147. 

148. 

149. 

150. 

151. 

152. 

153. 

154. 

155. 

156. 

With M. J. Copley and G. F. Zellhoefer: "Hydrogen Bonds In- 
volving the C-H Link. M. Nitriles and Dinitriles as  Solvents 
for  Hydrogen Containing Halogenated Methanes," - -  Ibid., 62, 
45 (1940). 
With Chester M. Himel: "Hexa-p-Alkylphenylethanes. X. p- 
Cyclohexyl Derivatives of Hexaphenylethane," - -  Ibid., 62, 1550 
(1940). 
With Ralph Mazing0 and Ralph White: "Acetylenic Cyclohexane 
Derivatives,vf bid., 62, 1880 (1940). 
With F r e d e r i c m  D z t z  and M. J. Copley: "Hydrogen Bonds 
Involving the C-H Link. X. The Solubility of Donor Solutes in 
Halogenated Hydrocarbons,7' Ibid., 62, 2273 (1940). 
With D. E. Pearson and L. A.xtte?son: "Cyclization of Di- 
enynes. VIII. Ring Closures with Alpha and Beta Cyclohexenyl- 
acetylene Derivatives of Octalin," Ibid., 62, 2659 (1940). 
With E. H. Riddle: "The StructureofVinyl Polymers. M. 
Catalysts," Ibid., 62, 2666 (1940). 
With Ralph VTWhiG "Synthesis of a New Perhydro-g-phen- 
anthrone," - -  Ibid., 62, 2739 (1940). 
With D. E. Pearson and R. V. White: "Cyclization of Dienynes. 
X. The Dodecahydrophenanthone Obtained from Dicyclohexenyl- 
acetylene," Ibid., 62, 2741 (1940). 
With M. J. C-eyand Emanuel Ginsberg: "Hydrogen Bonds In- 
volving the C-H Link, XI, Effect of Structure on Bonding of 
Donor and Acceptor Molecules,'' Ibid., 62, 3109 (1940). 
With M. J. Copley and Emanuel G E b e r T  "Hydrogen Bonds 
Involving the CH- F Link, Ibid., 62, 3263 (1940). 
With Joseph Dec, H. G. Cooke, J r z n d T o h n  Charles Cowan: 
"Polymers of the Alpha-Haloacrylic Acids and Their Deriva- 
tives," Ibid., 62, 3495 (1940). 
With Joseph Dec and Harold G. Cooke, Jr.: ''Optically Active 
Polymers from Active Vinyl Esters.  A Convenient Method of 
Studying the Kinetics of Polymerization," - -  Ibid., 62, 3499 (1940). 
With H. G. Cooke, Jr.: "Structure of Vinyl Polymers," Rec. - 
Chem. Prog., 1(3), l(1940).  
With M. J. Cogey, Emanuel Ginsberg, and G. F. Zellhoefer: 
"Hydrogen Bonding and the Solubility of Alcohols and Amines 
in Organic Solvents. X Q f l  Ibid., 63, 254 (1941). 
With James  Harkema and M.Coyley: "Hydrogen Bonds In- 
volving the C-H Link. XZV. solubility of Donor Solutes in Hy- 
drogen Bonding Solvents," Ibid., 63, 1609 (1941). 
With Julius F. Kaplan and ChesteFM. Himel: "Alkyl Substituted 
Hwaarylethanes. XI. Symmetry and Steric Effects as Factors 
in Dissociation," Ibid., 63, 1892 (1941). 
With L. A. Patterson: "Cyclization of Dienynes. XI. Ring 
Closures with Di- A2 2-, 2-octalinylacetylenes. Synthesis of 
Perhydro-9-phenanthrone, I' Ibid., 63, 2218 (1941). 
With James  Harkema: " H y d e e n B o n d s  Involving the C-H Link. 
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XV. Non-bonding of Triphenylmethane Hydrogen Atoms, I '  D&., 
63, 2221 (1941). 

157. w i th  Lester  A. Brooks: "The Preparation and Dehydrogenation 
of Spirodecane and 3-Methylspirodecane," - -  Ibid., 63, 2630 (1941). 

158. With Lester  A. Brooks: "Ethyl gamma-(2-carboethoxy-2-cyclo- 
hexamone)-butyrate and Some Related Compounds," - -  Ibid., 63, 
2853 (1941). 

159. With Velma Nichols: "The Formation of Dimeric Peroxides by 
Ozonizations of Olefins. ( l ) , ? ' J .  Org. Chem., - 6, 296 (1941). 

160. With W. L. Walton: "Cyclization of Dienynes. XIII. (1) Some 
Methoxycyclohexenylacetylene Derivatives, ' I  Ibid., 7, 88 (1942). 

161. With Frederick C. Dietz and Chester M. H i m v l T h e  Dissoci- 
ation of Hexaarylethanes. XIII. Halogen Substituents, I '  - bid., 
7, 392 (1942). 

162. With E. H. Riddle and J. 0. Corner: "Structure of Vinyl Poly- 
mers .  XII. The Polymer of Methyl Isopropenyl Ketone." J. Am. 
Chem. SOC., 61, 92 (1942). 

163. With L. F. A a r i e t h  and W. H. Sharkey: "Non Peroxide Catalysts 
fo r  the Reaction between Sulfur Dioxide and Olefins," __ Ibid., -- 64, 
1229 (1912). 

and Alkyl Maleates. Some Kinetic Studies on Copolymerization, I '  

Ibid., 64, 1675 (1942). 
165. With John W. Shackleton, Chester M. Himel, and John Whitson: 

"The Dissociation of Hexaarylethanes. XII. The Effect of 
Naphthyl and Biphenyl Groups," - -  Ibid., 64, 1824 (1942). 

166. With Chester M. Himel: "The Dissociation of Hexaarylethanes. 
XW. Ethanes Derived f rom Mixtures of Triaryl  Halides," - bid. ,  
64, 2227 (1942). 

167. With Griffin D. Jones, T. W. Mastin, and G. L. Schertz: "The 
Structure of Copolymers of Vinyl Chloride and Vinyl Acetate,'' 
bid. ,  64, 2356 (1942). 

Peroxides. Preparation, Decomposition, and Use as Catalysts 
fo r  Vinyl Polymerization," ~- Ibid., 65, 1647 (1943). 

169. With G. E s l e r  Inskeep: "End Group Structure of Polyvinyl Alco- 
hol," - -  Ibid., 65, 1710 (1943). 

170. With G. L. Schertz: "Copolymers of p-Chlorostyrene and Methyl 
Methacrylate," - -  bid. ,  65, 2054 (1943). 

171. With W. H. Sharkey: "The Stabilization of Polysulfones toward 
Heat," J. Org. Chem., 9, 113 (1944). 

172. With John Whitson and%. W. Johnston: "The Dissociation of 
Hexaarylethanes. XV.  Methoxyl Substituents," J. Am. Chem. 
SOC., 66, 415 (1944). 

173. With C.G. Overberger: "An Optically Active Styrene Derivative 
and Its Polymer, ' '  Ibid., 66, 475 (1944). 

174. With H. W. Johnsto-. w. Meier, T. W. Mastin, John Whitson, 
and Chester M. Himel: "The Dissociation of Hexaarylethanes. 
XVI. Alkyl and Halogen Derivatives," Ibid., 66, 914 (1944). 

164. With Robert L. Frank: "Copolymerization of Alkyl Acrylates 

168. WithRTbert L. Frank and Erha rd  Prill: "Optically Active Acyl 
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175. 

176. 

177. 

178. 

179. 

180. 

181. 

182. 

183. 

184. 

185. 

186. 

187. 

188. 

189. 

190. 

With Joseph Dec and James 0. Corner: "The Addition of Tri-  
arylmethyls to Monoblefins," Ibid., 67, 1855 (1945). 
With C. G. Overberger: "Preparation and Polymerization of 
p-Cyanostyrene, p-Vinylbenzoic Acid and Its Methyl Ester," 
Ibid., 67, 2250 (1945). 
With C.G. Overberger: "Some Derivatives of m-Ethylaniline. 
A Novel Disproportionation of an Aminophenylmethylcarbinol, I' 
Ibid., 68, 185 (1946). 
With C.G. Overberger, R. E. Allen, and J. H. Saunders: "The 
Preparation and Polymerization of Some Substituted Styrenes,'' 
Ibid., 68, 736 (1946). 
With C.G. Overberger, R. E. Allen, H. W. Johnston, J. H. 
Saunders, and J. D. Young: "The Preparation and Polymeriza- 
tion of the Six Nuclear Lsomeric Dichlorostyrenes," Ibid., 68. 
861 (1946). 
With J. H. Saunders and C. G. Overberger: "The Preparation 
and Polymerization of Four Isomeric Dimethylstyrenes," Ibid., 
68, 1085 (1946). 
with R. E. Allen and C. G. Overberger: "The Preparation and 
Polymerization of Some Alkyl Styrenes," Ibid., 68, 1088 (1946). 
With J. R. Elliott, Fred E. Boettner, and HYryYuska: ?'The 
Structure of Urea-Formaldehyde Resins," Ibid., 68, 1681 (1946). 
With C. G. Overberger: "Polymerization o m s - Z t y l  p-Vinyl- 
benzoate," Ibid., 68, 2106 (1946). 
With C. E. Adamsand Rayner S. Johnson: "The Reaction of 
Sodium 1 -Dodecanesulf inate with Mercuric Chloride, " - -  bid., 68, 
2735 (1946). 
With W. J. Bailey and G. E. Inskeep: "Sodium-Catalyzed Co- 
polymerization of 1,3-Butadiene and Styrene," J. Polym. Sci., - 1, 
275 (1946). 
With E. J. Pri l l  and D. F. DeTar: "Vinyl Polymers, XXN. The 
Reaction of Benzoyl Peroxide and Maleic Ester," bid., 69, 52 
(1947). 
With G. Esler  Jnskeep, Rudolph Deanin, A. E. Juve, C. H. 
Schroeder, and M. M. Goff: "Copolymers of Butadiene with 
Halogenated Styrenes, IT Ind. Eng. Chem., 39, 1486 (1947). 
With Norman Rabjohn, R. J. Dearborn, W.E. Blackburn, G. E. 
Jnskeep, and H. R. Snyder: "Emulsion Polymerization at High 
Temperature," J. Polym. Sci., 2, 488 (1947). 
With Rudolph Deanin, C. G. Oveyberger, and Beryl M. Kuhn: 
"Reduction Activation of Emulsion Copolymerization of Buta- 
diene and Styrene: The Benzoyl Peroxide-Ferrous Pyrophos- 
phate System," Ibid., 3, 128 (1948). 
With G. E. I n s k e x R % e r t  J. Dearborn, J. H. Saunders, H. W. 
Johnston, Douglas A. Shepherd, A. J. Deutschman, Joseph A. 
Damman, and A. L. Oppegard: "Use of Cobalt Complexes as 
Activators in Emulsion Copolymerization of Butadiene and 
Styrene," bid., 3, 181 (1948). 

- -  

- 

- -  

- -  
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191. 

192. 

193. 

194. 

195. 

196. 

197. 

198. 

199. 

200. 

201. 

202. 

203. 

204. 

205. 

206. 

207. 

208. 

209. 

210. 

With Rudolph Deanin, C. J. Claus, Mary B. Wyld, and Rachel L. 
Seitz: "Hydrogen Peroxide as Catalyst f o r  Emulsion Polymeri-  
zation of Butadiene and Styrene," bid., 3, 350 (1948). 
With C. D. Lewis: "n-Octyl Merc=n as Modifier fo r  Emulsion 
Polymerization a t  High Temperature," Ibid., 3, 354 (1948). 
With Rudolph Deanin, Beryl M. Kuhn, a n d l o r i a  Brock Landes: 
"Reduction Activation of Emulsion Copolymerization of Buta- 
diene and Styrene. r[. Different Organic Peroxides and Reduc- 
ing Activators in Presence and Absence of Metals," - -  Ibid., 3, 433 
(1948). 
With N. A. Higgins: "Inhibiting Effects of Certain Phenols on 
GR-S Polymerization," Ibid., 3, 448 (1948). 
With R. R. Chambers: "Polyaikylene Sulfides f rom Diolefins 
and Dimercaptans," J. Am. Chem. SOC., 70, 993 (1948). 
With R. L. Myers and J. H. Saunders: "The Preparation of 2- 
Alkylbutadienes, - -  Ibid., 70, 1694 (1948). 
With Neal 0. Brace: "An Allylic Rearrangement in the Pyroly- 
sis of 3-Acetoxy-3-cyano-l-butene," - -  Ibid., 70, 1775 (1948). 
With D. W. Hein: o-Methoxy-, p-Benzyl-, o-Fluoro- and o-Cyano- 
styrenes.  Further  Examples of the Disproportionation of Phenyl- 
methylcarbinols to Ethylbenzene," - -  Ibid., 70, 1895 (1948). 
With N. A. Higgins: "The Claisen Rearrangement of Ally1 3,4- 
Dimethylphenyl Ether," Ibid., 70, 2218 (1948). 
With Jack  L. R. Williams:2-Xlkyl-l, 3-Butadienes," -- Ibid., 70, 
3842 (1948). 
With Rayner S. Johnson: "1-Dodecansulfinic Acid," J. Org. Chem., 
13, 822 (1948). 
r i t h  G. E. h skeep ,  Rudolph Deanin, D. W. Hein, Paul V. Smith, 
John D. Young, A. E. Juve, 0. H. Schroeder, and M. M. Goff: 
T o p o l y m e r s  of Butadiene with Alkyl, Aryl, Alkoxyl, and Phen- 
oxyl Styrenes," Ind. Eng. Chem., 40, 2371 (1948). 
With Allen C. Moore: ~~l-Cyano-2~6-diphenyl-4-hydroxycyclo- 
hexane and Some Related Compounds,'' J. Am. Chem. SOC., - 71, 
28 (1949). 
With Neal 0. Brace, Foil A. Miller, and Agatha Roberts  Johnson: 
"Benzoyl Cyanide Dimer and the Addition of Benzoyl Cyanide to 
Aromatic Aldehydes," _ _ _  bid. ,  71, 34 (1949). 
With N. 0. Brace: "The Dimer of 2-Cyano-l,3-butadiene," Ibid., 
71, 37 (1949). 
with Jack L. R. Williams: 7tCopolymers of lI3-Butadiene and 
2,3-Dimethyl-l, 3-butadiene,l1 J. Polym. Sci., 4, 265 (1949). 
With Jack L. R. Williams and Henry E. Baumgarten: "Emulsion 
Polymerization of 2-Alkyl-f,3-b~tadiene,~~ bid. ,  4, 583 (1949). 
With Robert J. Gander and R. R. Chambers-Koresin and Re- 
lated Resins," bid. ,  4, 689 (1949). 
With N. Shanmukha Rao: "Polymers and Copolymers of o-Acet- 
oxystyrene and o-Hydroxystyrene," - -  Ibid., 4, 703 (1949). 
With J. C. Richards: YSeparation of Polybasic Acids by Frac- 
tional Extraction, ' '  Anal. Chem., - 21, 1480 (1949). 

__ 
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211. 

212. 

213. 

2 14. 

215. 

216. 

217. 

218. 

219. 
220. 

221. 

222. 

223. 

224. 

225. 

226. 

227. 

228. 

229. 

230. 

231. 

With J. H. Johnson: ''Polytetramethylene Sebacate: Pyrophoric 
Lead as an  Es te r  Interchange Catalyst," J. Am. Chem. SOC., - 72, 
624 (1950). 
With P. D. Caesar: "The Reduction of Sulfonyl Chlorides to 
Mercaptans with Lithium Aluminum Hydride," - -  Ibid., 72, 1033 
(1950). 
With John H. Johnson: "The Effect of an  Acetylenic Unit on the 
Physical Properties of Polyesters and Polyurethans," - -  Ibid., 72, 
1674 (1950). 
With Paul H. Aldrich: "Polyalkylene Sulfides. 11. Preparation 
of Polyhexamethylene Sulfide in Emulsion," J. Am. Chem. SOC., 
72, 1978 (1950). 
v i t h  Elizabeth Heng Hui Shen and R. R. Chambers: "Polymer- 
captals and Polymercaptols," - -  Ibid., 72, 2106 (1950). 
With D. J. Shields: "Emulsion Copolymerization of Butadiene 
and Styrene a t  Low Temperatures," - -  Ibid., 72, 2289 (1950). 
With R. D. Rands, Jr.: "Separation of Organic Acids, 'I bid., 72, 
2642 (1950). 
With Rupert E. Light, Jr.: "The Structure of Butadiene-Styrene 
Type Copolymers. The Butadiene o-Chlorostyrene Copolymer, '' 
Bid., 72, 3887 (1950). 
With H.W. Hill, Jr.: "Polyazines," bid., 72, 4819 (1950). 
With Gene Nowlin: "Polyalkylene S u l f i d e s . N .  The Effect of 
pH on Polymer Size," bid., 72, 5026 (1950). 
With W. R. Miller a n d X d y 7 .  Chou: "The Preparation of 
Alpha-Alkylacrylonitriles," Ibid., 72, 5408 (1950). 
With Jesse C. H. Hwa: " T h e x d i t z n  of 1,3-Butadiene to Propio- 
nitrile," J. Org. Chem., 15, 525 (1950). 
With 0. Keplinger: "Copolymerization of Butadiene-Styrene by 
Means of an Oxygen, Dodecyl Mercaptan, and Iron and Cobalt 
Pyrophosphates System," J. Polym. Sci., 6, 83 (1951). 
With Henry E. Baumgarten: fTPolyalkylene Sulfides with Rubber- 
like Properties," Ibid., 6, 127 (1951). 
With Bernard R. Bluest&: "Synthesis of Mixed Cellulose E s t e r s  
Containing Phosphorus," Ibid., 6, 351 (1951). 
WithR. Gilkey, C. R. Morgan, 
Charles H. Young: "Cationic Polymerization of Butadiene and 
Copolymerization of Butadiene and Styrene," - -  bid., 6, 483 (1951). 
With N. A. Meinhardt: "Copolymerization of Butadiene and Sty- 
rene in the Oxygen-1-Alkanesulfinic Acid System," - -  Ibid., 6, 733 
(1951). 
With A. H. Markhart, Jr.: "Polyalkylene Sulfides. VL New Poly- 
m e r s  Capable of Cross-Linking,I' Ibid., 6, 711 (1951). 
With C. W. Roberts: " P o l y a l k y l e n ~ l f  l'des. VIII. Polymers 
from 4-Vinylcyclohexene,'' Ibid., 6, 717 (1951). 
With John E. McCorkle, T e t K R o y  Fukuto, and John C. Wright: 
"Copolymers of Benzalacetophenone," bid., 6, 776 (1951). 
With H. W. Hill, Jr.: "Nan-Reduction o f e  Acetal Group by Lith- 
ium Aluminum Hydride," J. Am. Chem. SOC., - 73, 481 (1951). 

- -  

F. Noth, R. D. Rands, Jr., and 
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232. With Alex Kotch: "Polyalkylene Sulfides. VII. The Polymer 
from Tetramethylenedithiol and Biallyl," bid., 73, 481 (1951). 

233. With N. A. Meinhardt: "Some AlkanesulfinFAcids and Their 
Derivatives,11 J. Am. Chem. SOC., 73, 859 (1951). 

234. With A. H. Markhart, Jr.: "PolyalFylene Sulfides. V. The 
Rate of Formation in Emulsion," bid. ,  73, 1064 (1951). 

235. With Charles H. Young: "The Effectof a s  and t rans  Olefinic 
Groups on the Properties of Polyurethans and Polyesters,  '' 
bid. ,  73, 1066 (1951). 

236. With P.D. Caesar: 7'Polyarylene-alkylene Sulfides," - -  Ibid., 73, 
1097 (1951). 

237. With Alex Kotch: "Polythiolesters," Ibid., 73, 1100 (1951). 
238. With Melvin I. Kohan: "The Reac t ionofAzxenz i l  with Olefins," 

J. Org. Chem., 16, 741 (1951). 
239. With W. M. Schilling, D. J. Shields, Claire  Bluestein, 0. R. 

Irwin, P. G. Sheth, and Julius Honig: "Oxidative Hydrolysis of 
the Ozonides of Polybutadienes. II. Isolation of 1,2,3-Propane- 
tricarboxylic Acid," Ibid., - -  16, 838 (1951). 

240. With Claire Bluestein, W. M. Schilling, and P. G. Sheth: "Oxi- 
dative Hydrolysis of the Ozonides of Polybutadienes. Ill. Unex- 
pected Cleavage Products," Ibid., 16, 854 (1951). 

241. flPolyalkylene Su1fides.I' R e c X h e K  Prog., Fall Issue, 185 
(195 1). 

242. With John C. Wright: flSome Copolymers of Dimethyl 1-Propene- 
2-phosphonate and of 1 -Phenylvinylphosphonic Acid, '' J. Polym. 
Sci.. 8. 255 (1952). 

243. With Bar ry  N. Cr'ipps: "Polyalkylene Sulfides. X. The Reac- 
tion of Hexamethylene-dithiol with 1,3-Butadiene," - -  bid., 8, 313 
(1952). 

244. With John C. Wright: 'Vinyl Type Polymers Containing Phos- 
phorus,It - bid. ,  8, 495 (1952). 

245. With T. R. Fukao ,  J a m e s  W. Berry,  W. K. Taft, and B. G. Labbe: 
V o m e  New Butadiene Copolymers," Ibid., 8, 599 (1952). 

246. With Harry N. Cripps: f f P o l y a l k y l e n e ~ l f  iaes Containing Silicon 
XI,l' bid., 9, 53 (1952). 

247. W i t h r A .  Fuller: "The Synthesis and Polymerization of Some 
2-Methyl-3-alkyl-l,3-butadiene," J. Am. Chem. SOC., - 74, 1506 
(1952). 

248. WithV. C. Menikheim, H. K. Inskip, W. K Taft, and B. G. Labbe: 
Copolymerization of Vinylsulfonic Acid Derivatives With Buta- 
diene," J. Polym. Sci., 10, 39 (1953). 

Termination by Disulfide Formation,'' J. Am. Chem. SOC., - 75, 
1997 (1953). 

250. With E. D. Weil, L. B. Wakefield, and C. W. Fairbanks: 

249. With C. W. Hinman and K, Inskip: "Polyalkylene Sulfides. XII. 

The 
Structure of the' Polymers of alpha-Haloacrylates,fl - -  Ibid., 75, 
2326 (1953). 

251. With G. H. McCain: ffPolymerization of E s t e r s  of Cinnamic Acid, 
Ibid., 75, 3272 (1953). -- 
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252. 

253. 

254. 

255. 

256. 

257. 

258. 

259. 

260. 

26 1. 

262. 

263. 

264. 

265. 

266. 

267. 

268. 

269. 

With H. Z. Friedlander, Sherlock Swann, Jr., and H. K Inskip: 
"Diazonium Fluoborates as Initiators of Vinyl Polymerization, 
Ibid., 75, 3846 (1953). 
With W.S. Anderson: "Copolymerization of Anthracene with 1,3- 
Butadiene," bid., 75, 4600 (1953). 
With John J .Tys&le :  "Synthesis and Polymerization of 6- 
Hydroxy-4-hydroxymethylhexanal Diethyl Acetal and 5-Hydroxy- 
4-hydroxymethylpentanal Diethyl Acetal," Ibid., 75, 4601 (1953). 
With H. R. Synder and K. Chadwick Murdock:"l~Cyano-1,3- 
butadienes. VI. Copolymerization of the cis-  and t rans- l -  
Cyano-l,3-butadienes with Butadiene," Ibid., 75, 4742 (1953). 
With Herman Wexler: "The Addition of DithioEto Dibenzalke- 
tones," bid., 75, 6318 (1953). 
With W.FPe&son,  H. K. Inskip, John E. McCorkle, W. K. 
Taft, and B. G. Labbe: "Copolymerization of Alpha, Beta-Un- 
saturated Ketones Benzalacetophenone and Other Ketones Co- 
polymerized with Butadiene and Other Monomers," Jhd. Eng. 
Chem., 45, 1532 (1953). 
WithLC. Clarke, H. K. Inskip, W. K Taft, and B. G. Labbe: 
"Polybutadiene Modified by Addition of Thiols Containing Polar 
Groups," Bid., 45, 2090 (1953). 
With G. H . E C a Z  Moses Passer, W. K. Taft, and B. G. Labbe: 
Vopolymerization Reactions of Cinnamic Acid, I ts  Derivatives, 
and Some Related Compounds," Ibid., 45, 2311 (1953). 
With H. Z. Friedlander and S h e r K k  Swann, Jr.: "Attempts a t  
the Electrolytic Initiation of Polymerization," J. Electrochem. 
SOC., 100, 408 (1953). 
With Eugene A. Kraiman: "Polythiolesters. II. Preparation 
in Emulsions," J. Org. Chem., 18, 707 (1953). 
With Eugene A. Kraiman: "Pol$hiolesters. III. Further Studies 
on Preparation in Emulsions," Ibid., 18, 1664 (1953). 
With J. M. @inn and J. S. Showell: "Copolymerization of Con- 
jugated Unsaturated Carbonyl Systems Containing Thiophene 
Units," Ibid., 18, 1730 (1953). 
With E. T W e z  "The Structure of Propylene Polysulfone," 

_ _ -  

- _  

J. Am. Chem. SOC., 76, 61 (1954). 
With E. A. Sienicki. %f. Passer .  and Charles N. Robinson: "A 
Twenty-Six-Membered Cyclic Dimercaptal,17 bid., 76, 933 (1954). 
With W. S. Anderson: rlCopolymerization of 1 T B u K d i e n e  with 
Some Polynuclear Aromatic Hydrocarbons, I' - -  bid., 76, 5434 
(1954). 
With C. W. Hinman: "The Synthesis of Indone and Some Re- 
lated Compounds,Tr bid., 76, 5435 (1954). 
With R. Thomas Stiehl.WTK. Taft. and B. G. Labbe: "CoI)olv- 
mers  of Alpha-Alkylacronitriles with 1,3-&tadiene," Ind, Er&. 
Chem.. 46, 804 (1954). 
WithJ: Z'Drysdale:  .%westigations of Crosslinking in the 
Emulsion Polymerization of Butadiene," J. Polym. Sci., - 13, 513- 
534 (1954). 
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270. 

271. 

272. 

273. 

274. 

275. 

276. 

277. 

278. 

279. 

280. 

281. 

282. 

283. 

284. 

285. 

286. 

With E, E. Ryder, Jr.: "An Attempted Synthesis of 3,4-Di- 
methylenethiophane," J. Am. Chem. SOC., 77, 66 (1955). 
With R. M. Potts and Charles King: "Thecopolymer of Ally1 
Alcohol and 1,3-Butadiene," Ibid., 77, 177 (1955). 
With P. deRadzitzky and J a m F J .  Trader:  "An Improved Pre- 
paration of Dithioesters and Some Reactions and Spectral Prop- 
er t ies  of These Compounds," Ibid., 77, 5997 (1955). 
With W. S. Anderson, B a r b a r a r W x l ,  E. E. Ryder, H. K. 
Inskip, Moses Passer, W. K. Taft, and B. G. Labbe: "Polymers 
of Butadiene with Monomers Containing Nitrile, Carboxyl and 
Nitro Groups," Ind. Eng. Chem., 47, 344 (1955). 
With R. M. Potts, G. P. Scott, J a m e s  Economy, W. K. Taft, and 
B. G. Labbe: "Butadiene-Acrylic Acid Copolymers," Ibid., 47, 
2221 (1955). 
With Arjeh B. Galun: "Copolymerization of trans-Methyl p -  
Benzoylacrylate,?' J. Org. Chem., 20, 587 (1955). 
With L. E. Coleman, Jr., and G. PrScott: "Pyridine Analogs 
of Chalcone and Their Polymerization Reactions, I' - -  Ibid., 20, 
1785 (1955). 
With Arjeh B. Galun: Y3ome Copolymerizations of c i s  and t rans-  
Dibenzoylethylene," J. Polym. Sci., 16, 251 (1955). 
With A. J.  Costanza, R. J. Coleman, z. M. Pierson, and C. King: 
"Bis-Type Modifiers in Polymerization. II. Comparison of 
Effectiveness of Various Compounds in Emulsion Butadiene and 
Bulk Styrene Polymerizations," Ibid., 17, 319 (1955). 
With Robert M. Nowak, Moses P%er,W. K. Taft, and B. G. 
Labbe: "The Copolymer of 2-Methyl-3-m-butyl- 1,3 -butadiene 
and Styrene," J. Polym. Sci., 19, 51 (1956). 
With S. L. Jacobs, W. K. T a f t , z d  B. G. Labbe: "Alkyl Thiol- 
acrylates: Their Preparation and Polymerization," - _  bid., 19, 
59 (1956). 
With L. E. Coleman, Jr., G. P. Scott, W. K. Taft, and B. G. 
Labbe: T o p o l y m e r s  of Pyridine Analogs of Chalcone with 
Butadiene," Ind. Eng. Chem., 48, 214 (1956). 
With John W. Johnson, Jr., JaEes Economy, G. P. Scott, W. K. 
Taft, and B. G. Labbe: 'Copolymerization of Trialkyl Aconitates 
with Butadiene and Some Vinyl Monomers," J. Polym. Sci., 20, - 
437 (1956). 
With John W. Johnson, Jr.: "Copolymerization of 1,3-Butadiene 
with 1- and 2-Chloro-anthra~enes,~'  Ibid., 21, 251 (1956). 
With S. Alan Aspey and E. A. Dudley-"Quadridentate and Sexa- 
dentate Chelates. Some Preliminary Studies in Their Prepara-  
tion and Thermal Stability," J. Am. Chem. SOC., 78, 4905 (1956). 
With Thomas H. Shepherd, Charles King, J a m e s  Economy, and 
Eugene D. Vessel: "The Preparation of bis-(Ethyl 3,5-Dimethyl- 
phenoxya~etate)-4,4'-disulfide,~' J. Org. Chem., 21, 1173 (1956). 
With J. K. Stille: "The Boron Fluoride Catalyzercondensation 
of Pyridine-2-aldehyde," - -  Ibid., 21, 1313 (1956). 

- -  
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287. 

288. 

289. 

290. 

291. 

292. 

293. 

294. 

295. 

296. 

297. 

298. 

299. 

300. 

301. 

302. 

303. 

304. 

305. 

With Veronika Sziraky and James Economy: "Reactivity Ratios 
of 2-Methyl-5-cinnamoylpyridine, 3-Cinnamoylpyridine and 3- 
Pyridalacetophenone with Styrene," - bid., 21, 1314 (1956). 
With Robert M. Nowak and James Economy: "Further Attempts 
to Prepare 3,4-Dimethylenethiophane and Its Sulfone," J. Am. 
Chem. SOC., 78, 6171 (1956). 
With Ralph CrFa r ra r ,  Jr.: "Copolymerization of Methyl trans- 
/3-Benzoylacrylate with Butadiene," J. Polym. Sci., - 22, 223 
(1956). 
With A. T. Tweedie and James  Economy: "Copolymerization 
Reactions of trans-l,2-Di(2-pyridyl)ethylene," J. Org. Chem., 
21, 1420 (1956). 
m t h  Ralph C. Farrar, Jr.: f7Cyclic Dimercaptals and Dimer- 
captols from Alkylene Dithiols," J. Am. Chem. SOC., - 79, 986 
(1957). 
With L. Elmer Olson: "Polyalkylene Disulfides," - -  Ibid., 79, 3089 
(1957). 
With Wendell W. Moyer, Jr.: "The Synthesis of a Polyampholyte 
of Regular Structure," x., 79, 4990 (1957). 
With Wendell W. Moyer, Jr.: "Some Derivatives of epsilon- 
Caprolactam," J. Org. Chem., 22, 1065 (1957). 
With L. Elmer Olson: ffPolvalk?lene Sulfides. XIIL Polymers 
from 4-Vinyl-l-cyclohexen;! and d-Limonene,7' J. Polym, Sci., 
26. 23 (1957). 
r i t h  R: D. Vest: "The Formation of a Cyclic Recurring Unit in 
Free Radical Polymerization,'' J. Am. Chem, SOC., - 79, 5771 
(1957). 
With N. Tarkdy: "Heat Stability Studies on Chelates from Schiff 
Bases of Salicylaldehyde Derivatives," - Ibid., 79, 6000 (1957). 
With Roland Schwen: "Some Reactivity Ratiosof Es te rs  of 
Acrylic Acid," bid., 79, 6003 (1957). 
With J. K. Stille-Preparation of the Pyridalacetones and the 
Inductive Effect of Nitrogen on the Dehydration of the Interme- 
diate Aldols," J. Org. Chem., 22, 1451 (1957). 
With W. G. DePierri: I'ReactivTy Ratios of Vinyl Es t e r s  of 
Aliphatic Acids and Some Common Vinyl Monomers, I' J. Polym. 
Sci., 27, 39 (1958). 
With michael M. Martin: "Polymeric Basic Beryllium Carboxyl- 
ates," J. Am. Chem. SOC., so, 619 (1958). 
With R. G. Woolford: "Lead Tetraethyl as Initiator for  Polym- 
erization Reactions,71 Ibid., 80, 830 (1958). 
With N. Tarkdy: 1fHeatStabi13y Studies on Chelates from Schiff 
Bases of Salicylaldehyde Derivatives. a'' - -  Ibid., 80, 832 (1958). 
With J. H. Rassweiler: "Polymeric Phthalocyanines, I t  w., so, 
1197 (1958). 
With J. K. Stille: "Intermolecular-Intramolecular Polymeriza- 
tion of Alpha-Diolefins by Metal Alkyl Coordination Catalysts, '' 
Ibid., 80, 1740 (1958). - -  
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306. 

307. 

308. 

309. 

310. 

311. 

312. 

313. 

314. 

315. 

316. 

317. 

318. 

319. 

320. 

321. 

322. 

323. 

324. 

325. 

With Eloisa B. Mano: "Copolymerization of Trialkyl Aconitates 
with Vinylidene Chloride,11 J. Polym. Sci., 31, 165 (1958). 
With B. D. Wilson: "Attempts to Copolymerize Pyrene with 1,3- 
Butadiene and with p-Chlorostyrene," J. Org. Chem., - 23, 1384 
(1958). 
With B. D. Wilson: "Copolymers of Anthracene with Styrene and 
p-Chlorostyrene," Ibid., 23, 1479 (1958). 
With B. D. Wilson: "Synthetic Studies in the Dihydropyrene 
Series," Ibid., 23, 1483 (1958). 
With R. G-oolford: "2-Phenyl-l,3-butadiene and Related Com- 
pounds," Ibid., 23, 1658 (1958). 
With MichxMYMart in:  "Polymeric Phthalocyanines. II,?! J. - 
Am. Chem. SOC., 80, 6600 (1958). 
With Roland Schwex R. W. Hobson, and R. J. Coleman: "Poly- 
mers  and Copolymers of Hydronopyl Acrylate," J. Polym. Sci., 
33, 27 (1958). 
with Gordon E. Hartzell: "Preparation and Aromatization of 
Poly-l,3-cyclohexadiene," J.  Am. Chem. Soc., 81, 448 (1959). 
With J. F. Porter: "Dimethyl Dithiolfumarate ayd Some Co- 
polymerization Reactions," J. Org. Chem., 24, 137 (1959). 
With R. D. Vest: "The Formation of a CyclERecurring Unit in 
Free Radical Polymerization. II," J. Am. Chem. SOC., - 81, 984 
(1959). 
With Eugene D. Vessel and F. C. Magne: "Vinyl Pinonate-Vinyl 
Chloride Copolymers," J. Polym. Sci., 36, 35 (1959). 
With Thomas H. Shepherd: TIPolymerizzion Reactions of Itaconic 
Acid and Some of Its Derivatives," J. Org. Chem., 24, 599 (1959). 
With P. V. Bonsignore: "Heat Stability Studies on Chelates from 
Schiff Bases and Polyazines of Salicylaldehyde Derivatives, J. - 
Am, Chem. Soc., 81, 2668 (1959). 
With Donald J. CaGy: "Structure of the Reaction Product of 
Phenyl Vinyl Ketone and Hydroxylamine," J. Org. Chem., - 24, 
1022 (1959). 
With Donald J. Casey: "Preparation of Polymers Containing 
Pyridine Units from Polyvinyl Ketones," - _  bid., 24, 957 (1959). 
With P. E. Kiener and E. D. Vessel: "Polyallo6cimene," J. Am. 
Chem. SOC., 81, 4694 (1959). 
With W. E. Garrison, Jr.: "Polymerization of Higher a-Diolefins 
with Metal Alkyl Coordination Catalysts," - -  bid., 81, 4737 (1959). 
With E. J. Gall: "Pyrolytic Cleavage of 2,6-Diphenyl-1, 'I-diacet- 
oxyheptane and 2,6-Dipheny1heptadiene,l1 J. Org. Chem., - 24, 1494 
(1959). 
With James R. Hanley, Jr., and Daniel T. Longone: ''Polymeri- 
zation of p-Pinene with Ziegler-Type Catalysts," J. Polym. Sci., 
40, 551 (1959). 
with P. V. Bonsignore and Sahadeb Banerj ee: "Polyalkylene 
Disulfides and Polysulfides Containing Silicon,," J. Org. Chem., 
- 25, 237 (1960). 
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326. 

327. 

328. 

329. 
330. 

331. 

332. 

333. 

334. 

335. 

336. 

337. 

338. 

339. 

340. 

341. 

342. 

343. 

344. 

345. 

With David M. Paisley, Ghazi M. A. Khattab, W. G. Bickford, 
and Sara P. Fore: "Polvmerization Reactions of the Acrvlate 
and Methacrylate Ester; of- Alcohols from Jojoba Oil," J." Polym. 
Sci.. 44. 289 (1960). 
With E'G. Woolford: "The Formation of a Cyclic Recurring 
Unit in the Polymerization of Diallyldimethylsilane, It J. Org. 
Chem., 25, 1641 (1960). 
WithYukio Shimura and F. C. Magne: "Copolymers of Vinyl 
Chloride and Some Vinyl Es te rs  of Acids Derived f rom Pinene," 
J. Polym. Sci., 45, 13 (1960). 
With Charles C.Z. Hwa: t7Polymyrcene,tt - -  Ibid., 45, 25 (1960). 
With E. J. Gall: qlIntramolecular-Intermolecular Polymeriza- 
tions of Some Phenyl Substituted Non-Conjugated Diolefins," 
J. Org. Chem., 25, 1784 (1960), 
tTntramolecular-%termolecular Polymerizations of Non-Conju- 
gated Diolefins," Polym. Technol., 1960, No. 7-8, 130 (1960) 
(in Russian). 
"Intramolecular - Intermolecular Polymerizations of Non-Conju - 
gated Diolefins," Chemistry, 1960, - No. 11 45 (1960) (in Japanese). 
With J. E. Mulvaney: "The Structure of Polydiacrylyl-methane," 
J. Polym. Sci., 46, 546 (1960). 
With J. F. DunpG: "Vinyl Octadecyl Ether Copolymers," x., 
46, 542 (1960). 
r i t h  G. L. DeTommaso: "The Synthesis of a Regular Polyampho- 
lyte," J. Org. Chem., 25, 2207 (1960). 
With J. F. Dunphy: "&tionic Copolymerization of Some Alpha- 
Methylstyrenes with Vinyl 2-Chloroethyl Ether. Solvent Effects," 
Ibid., 25, 2209 (1960). 
With J.F. Dunphy: "Reactivity Ratios of Vinyl 2-Chloroethyl 
Ether in Cationic Copolymerization with Vinyl Alkyl Ethers and 
Para-Substituted a-Methylstyrenes," J. Polym. Sci., 47, 1 (1960). 
~fIntramolecular-Intermolecular Polymerization of Nonconju- 
gated Diolefirqfl bid., 48, 101 (1960). 
With Claude J. Abxre:7'Some Oxadiazole and Triazole Poly- 
mers," Makromol. Chem., 44-46, 388 (1961). 
With J. E. Mulvaney: "Synthesis of Polymers Containing Re- 
curring Thiazole Rings," J. Org. Chem., 26, 95 (1961). 
With John R. Rogers: "The Preparation and Polymerization of 
Some Long-Chain Mono-, Di-, and Triolefins with Metal Coordina- 
tion Catalysts," J. Polym. Sci., 49, 335 (1961). 
With Herward Vogel: t7Polybenzimidaeoles, New Thermally Stable 
Polymers," - Ibid., 50, 511 (1961). 
With J. E. Mulvaney: "Disiloxane Benzimidazole Polymers," 
Ibid., 50, 541 (1961). 
With David M. Paisley: "Copolymerization of Dimethyl Propene- 
2-Phosphonate and Styrene under Anionic Initiation," - -  bid., 55, 
259 (1961). 
With David M. Paisley: ttSome Polymers and Copolymers of 
Vinyldiphenylphosphine,tt - -  Bid., 56, 533 (1962). 
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346. 

347. 
348. 

349. 

350. 

351. 

352. 

353. 

354. 

355. 

356. 

357. 

358. 

359. 

360. 

361. 

362. 

363. 

364. 

365. 
366. 

367. 

With David W. West: Trossl inking Polyepichlorohydrins with 
Dimercaptans," bid., 60, 149 (1962). 
With P. E. Kiene?rPxyallo3cimene Ibid., 61, 311 (1962). 
With J. E. Mulvaney and J. J. Bloomfield: TolyFenzborimid-  
azolines," Ibid., 62, 59 (1962). 
With T. K D y k s t z  and F. C. Magne: "Some Polymers and Co- 
polymers of Vinyl Ketostearates," Ibid., 62, 369 (1962). 
With Herward Vogel: "Polybenzimidazol% 4" Ibid., - -  Al, 1531 
(1963). 
With T. Shono: "Polymers Derived from Unsaturated Es te rs  of 
Hydronopoxyal kanols, '' Ibid., A1 , 15 4 3 ( 19 63). 
With D. A. Frey and m x i  Hasegawa: "Preparation and 
Aromatization of Poly-l,3-cycloh&adiene It,'' - -  Ibid., Al ,  2057 
(1963). 
With T. Shono: "Preparation and Polymerization of Vinyl 12-  
Hydroxystearate," Ibid., Al,  2067 (1963). 
With Bernd Reicheland R.S. Greenley: "Transannular Polym- 
erization of 1,5-Cyclooctadiene," Ibid., Al ,  2935 (1963). 
With W. DeWinter and Abdul-Karim:'P~lydiacrylylmethane," 
bid., Al,  3261 (1963). 
'TTnerzally Stable Polymers with Aromatic Recurring Units" 
(SPE Award Lecture), SPE J., p. 219 (March 1964). 
With J. C. Hill, J. C. C q  J. P. Friedrich, and J. L. 
O'Connell: "Preparation and Polymerization of Vinyl Es te rs  
of Cyclic and Polychloro Fatty Acids," J. Polym. Sci., A2, - 
2523 (1964). 
With L. Plummer: "Polybenzimidazoles Qf' - -  Ibid., A2, 2559 
(1964). 
With K. Hayashi: "a, w-Glycols and Dicarboxylic Acids from 
Butadiene, Isoprene, and Styrene and Some Derived Block 
Polymers, Es te rs  and Urethans," - -  bid., A2, 2571-2594 (1964). 
With J. M. Wilbur, Jr.: "Homopolymers and Terpolymers of 
5, ?-Dimethyl- 1, 6-octadiene,l1 bid., A2, 4415 (1964). 
With F. Dawans and B. R e i c h e ~ 2 , ~ D i s u b s t i t u t e d - l ,  3,6,8- 
Tetraazopyrene and Related Polymers," bid., A2, 5005 (1964). 
WithR. A. Malzahn, J. H. Griffith, G. W.=drick, J. B. Lewis, 
C. R. Mobley, and F. C. Magne: "Polymers and Copolymers of 
Vinyl Pinolate and Some Reactions with Isocyanates," - -  bid., A2, 
5047 (1964). 
With W. Dewinter: Y3ynthesis and Cyclopolymerization of 4,4- 
Dimethyl-l,6-heptadiene-3,5-di0ne,~~ Ibid., A2, 5123 (1964). 
With E. B. Jones: "a,u-Glycols from Isobutylene and Some 
Derived Block Copolymers,'' - -  bid., A2, 5313 (1964). 
"Polyaromatic Heterocycles," SPE Trans., 5, 29 (1965). 
"The Place of Polymers in Beginning Organrc Chemistry," J. - 
Chem. Educ., 42, 3 (1965). 
With J. P. Allison: "Experiments with a Synthetic Polyampho- 
lyte," J. Polym. Sci., - A3, 137 (1965). 
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368. 

369. 

370. 

371. 

372. 

373. 

374. 

375. 

376. 

377. 

378. 

379. 

380. 

381. 

382. 

383. 

384. 

385. 

With R. T. Foster:  "Polybenzimidazoles. JY. Polybenzimida- 
zoles Containing Aryl Ether  Linkages," Ibid., A3, 417 (1965). 
With Mario Modena and R. B. Bates: ' 'Some LFw Molecular 
Weight Polymers of d-Limonene and Related Terpenes Obtained 
by Ziegler-Type Catalysts, ' '  - -  Ibid., A3, 949 (1965). 
With R. A. Malzahn and J. L. Comp: TtHomopolymerizations of 
Hydronopyl Vinyl Ether and 2-Hydronopoxyethyl Vinyl Ether," 
bid., A3, 961 (1965). 
With P.E. Cassidy and S. Ray: "Preparation and Aromatization 
of Poly- 1,3 -Cyclohexadiene and Subsequent Crosslinking. III, I' 
bid, ,  A3, 1553 (1965). 
With K. Mitsuhashi: "Poly-2,6 -( m-phenylene) -3,5 -dimethyl - 
diimidazolebenzene," bid., A3, 1661 (1965). 
With Naoya Yoda: "Ba%Catalyzed Polymerization of Aromatic 
Sulfonamides with an  Activated Double Bond. I,Tf -_. Ibid., A3, 2229 
(1965). 
With J. H. Griffith, J. L. Comp, J. C. Cowan, and J. L. O'Donnel: 
"Preparation and Polymerization of Vinyl E s t e r s  of Nonhydroxy 
Carnuba Wax Acids and Acrylic E s t e r s  of Carnuba Wax Alcohols," 
bid., A3, 2877 (1965). 
With J.H. Griffith, J. L. Comp, T. H. Applewhite, and L. A. Gold- 
blatt: "Preparation and Polymerization of Vinyl E s t e r s  of Chloro- 
and Hydroxystearic and Eicosanoic Acids, - -  Ibid., A3, 2991 (1965). 
With J. H. Griffith: "Polymerization Studies with Vinyl E s t e r s  
Derived f rom Agricultural Products," J. Agric. Food Chem., 13, - 
402 (1965). 
With F. Dawans: "Polymers f rom Ortho Aromatic Tetraamines 
and Aromatic Dianhydrides," J. Polym. Sci., A3, 3549 (1965). 
With J. H. Griffith and J. L. Comp: "Polymerization of Vinyl 
E s t e r s  of Cyclic Acids," Ibid., A3, 3659 (1965). 
With Ralph Magin and E d w T d  FTJohnson: "Terpolymers of 
Ethylene and Propylene with d-Limonene and p-Pinene," Ibid., 
A3, 3815 (1965). 
with A. Konishi and N. Yoda: "Base Catalyzed Polymerization 
of p-Styrenesulfonamides. II. n-Methyl and n-Phenyl Deriva- 
tives," Ibid., A3, 3833 (1965). 
With W . T S t u b b s  and C. R. Gore: "a,u-Glycols f rom Polyiso- 
butylene," Ibid., Pa r t  A-1, 4, 447 (1966). 
With K. Kojima and N. Yoda? "Base Catalyzed Polymerization 
of Maleimide and Some Derivatives and Related Unsaturated 
Carbonamides," Ibid., P a r t  A-1, 4, 1121 (1966). 
With W. H. Stubbs and C. R. Gore: cr,u-Glycols f rom Butadiene," 
Ibid., P a r t  A-1, 4, 1898 (1966). 
With J. H. Griffit. ,  G. W. Hedrick, and F. Magne: "Preparation 
and Polymerization of Some Vinyl E s t e r  Amides of Pinic Acid, 
Ibid., P a r t  A-1, - 4, 1993 (1966). 
With R. Liepins: "Polymers f rom Vinyl E s t e r s  of Perhydro- 
genated Rosin," Ibid., Part A-1, - 4, 2003 (1966). 
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386. With K. Kojima and C. R. Gore: "Preparation of Polysiloxanes 
Having Terminal Carboxyl or Hydroxyl Groups," Ibid., Part A-1, 
4, 2325 (1966). 

387. Qith H. Jadamus, F. DeSchryver, and W. Dewinter: "Model 
Compounds and Polymers with Quinoxaline Units, I' Ibid., Part 
A-1, 4, 2831 (1966). 

388. Wi th  c. H. H. Neufeld: "The U s e  of Dialysis in Polymer Purifi-  
cation," Ibid., Part A-1, 4, 2907 (1966). 

389. With J. R. Sowa: "Preparation of Homopolymers and Copolymers 
of Vinyl Maleopimarate Acid Anhydride," Ibid., Part B, - 4, 431 
(1966). 
"Thermally Stable Polymers with Aromatic Recurring Units, 390. 

391. 

392. 

393. 

394. 

395. 

396. 

397. 

398. 

399. 

400. 

401. 

402. 

403. 

J. Macroniol. Sci.-Chem., A l ( l ) ,  7 (1967). 
With C. H. H. Neufeld: "Svzhesis  and Evaluation of a Series  of 
Regular Polyampholytes," J .  Polym. Sci., Part A-1, 5, 537 (1967). 
With F rans  De Schryver: "Polymers with Quinoxalirie Units. 
II," Ibid., P a r t  A-1, 5, 545 (1967). 
With F. E. Arnold an3 S. Cantor: "Aromatic Polysulfonamides," 
Ibid., Pa r t  A-1, 5, 553 (1967). 
With J. K o z s :  "New Synthetic Route t o  a-Alkylacrylonitriles 
and a Study of Their Homopolymerization and Copolymerization 
Reactions," Ibid., Part A-1, 5, 563 (1967). 
With J. K. Hecht: "Preparatron of Hydroxyl-Terminated Poly- 
siloxanes by Diborane Reduction of Corresponding Acids, '' Ibid., 
P a r t  A-1, 5, 686 (1967). 
WithTV.-Lakshmi Naraydn: "Polybenzimidazoles. VI. Poly- 

__ 

benzimidazoles Containing Aryl Sulfone Linkages, " Ibid., P a r t  
A-1, 5. 1113 (1967). 
With ?. Kovacs: "Synthesis of 1,4,5,6,7,7-Hexachloro- and 
Hexabromobicyclo-[2,2,1] -5-heptene-2-carboxylic Acid Vinyl 
E s t e r s  and Copolymerization with Acrylonitrilc," Ibid., Part A-1, 
5, 1279 (1967). 
with J. K. Hecht: "a-w-Glycols f rom Copolymers of Isobutylene 
and 2,5-Dimethyl-2.4-1iexadiene,~' Ibid., Part A-1, 5, 1486 (1967). 
With R. Liepins: "Homopolymers and Copolymers %f Acrylates 
and Methacrylates of Homoterpenylmethyl Carbinol and @-Cam- 
pholenol," Ibid., Pa r t  A-1, 5, 1489 (1967). 
With J. R. Sowa: "Polymer?zation of Methyl 12-Acryloxystearate, 
N,N-Dimethyl 12-Acryloxystearamide, and Methyl 14-Acryloxy- 
eicosanoate," Ibid., Pa r t  A-1, 5, 1501 (1967). 
With R. Liepins and C. K. LyoE "Polymers of the Vinyl E s t e r s  
of Perchlorocyclopentadiene Adducts of Petroselinic and Oleic 
Acids," Ibid., Part A-1, 5, 1809 (1967). 
With R. Liepins: "Reactyon of Triethyl Phosphite with Vinyl 
Esters , ' '  Ibid., P a r t  A-1, 5, 2453 (1967). 
Polyaromatic Heterocycles (Proceedings of the Robert  A. Welch 
Foundation Conferences on Chemical Research, X, Polymers,  Nov. 
21, 1966), published in 1967, pp. 59-87. 
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404. 

405. 

406. 

407. 

408. 

409. 

410. 

411. 

412. 

413. 

414. 

415, 

416, 

417. 

418, 

419, 

420. 

421. 

With R. Liepins and F. C. Magne: "Homopolymers and Vinyl 
Chloride Copolymers of Vinyl Esters  of Chlorinated Fatty Acids 
from Umbelliferae and Limnanthes douglasii," J. Polym. Sci., 
Par t  A- 1, 5, 2899 (1967). 
With R. Liepins and F. C. Magne: "Vinyl Chloride Acrylate of 
Methoxy Poly(ethy1ene Glycol) Copolymers,fr Ibid., Par t  A-1, - 5, 
2946 (1967). 
With Roberta C. L. Chow: "Copolymers of Methyl 12-Acryloxy- 
stearate and Vinyl Chloride," Ibid., Par t  A-1, 5, 2949 (1967). 
With W. Fukuda: "Polymers from the Vinyl E a e r s  of Different 
Samples of Hydrogenated Rosins," Ibid., Par t  A-1, - 6, 1050 
(1968). 
With Masahiko Okada: "Polymers with Quinoxaline Units. III. 
Polymers with Quinoxaline and Thiazine Recurring Units, I'  

Ibid., Par t  A-1, 6, 1259 (1968). 
With Roberta C. %. Chow: "PreDaration and CoDolvmerization 
of Vinyl lO,ll-Epoxyundecanoate," Ibid., Par t  A-1," 6, 1273 (1968) 
With Wakichi Fukuda: "Polymers from the Vinyl E&er of De- 
hydroabietic Acid," Ibid., Par t  A-1, 6, 1281 (1968). 
With Rainer Wolf and Masahiko Okad:: "Polymers with Quin- 
oxaline Units. W .  Polymers with Quinoxaline and Oxazine 
Units," Ibid., Par t  A-1, 6, 1503 (1968). 
With Roberta C. L. Chow: "Copolymerization of Ally1 Es ters  
of Some Fatty Acids," Ibid., Par t  A-1, - 6, 1515 (1968). 
With Wakichi Fukuda and Motoo Saga: "Homopolymers and Co- 
polymers of Vinyl Ethers of Rosin-Derived Alcohols," Ibid., 
Par t  A-1, 6, 1523 (1968). 
With Masahiko Okada: "Polytriphenodithiazine," Ibid., Par t  A-1, 
- 6, 1774 (1968). 
"Thermally Stable Polymers," Pure Appl. Chem., - 16, 351-368 
(1968). 
With William Bracke and Joseph A. Empen: ''Polyacrylonitrile 
with Reactive End Groups,TT Macromolecules, 1, 465 (1968). 
With Roberta C. L. Chow: "Homo- and Copolymers of Vinyl 
Esters,  Acrylates, and Methacrylates of Some Derivatives of 
Fatty Acids," J. Appl. Polym. Sci., 13, 1545 (1969). 
With Toshinari Nakaj ima: "Polysilo%anes Having Aromatic 
Heterocyclic Units. I. Polydimethylsiloxane Benzimidazole 
Polymer. J. Polym. Sci., Par t  A-1, 7, 1295 (1969). 
With Motoo Saga: ffPolymers from 12 a-Hydroxymethylabiet- 
7,8-enoic Acid and Vinyl 12 a-Hydroxymethylabiet-7,8-enoate," 
Ibid., Par t  A-1, 7, 2135 (1969). 
With A. Banihash%mi and D. Fabbro: "Self Condensation Reac- 
tion of Aromatic Tetraamines in Polyphosphoric Acid," - Ibid., 
Part A-1, 7, 2293 (1969). 
With Motorsaga: "Polymers from 12-Hydroxymethyltetra- 
hydroabietic Acid and Its Vinyl and Acrylate Esters," bid., 
Par t  A-1, 7, 2365 (1969). 
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422. With Rainer Wolf: "Polymers with Quinoxaline Units. V. Poly- 
m e r s  with Quinoxaline and Dioxin Units," Ibid., Par t  A-1, - 7, 
2481 (19691. ~~ 

423. With A. Bahihashemi: "Polymers with Recurr in  Quinoxaline 
Units. V. Poly(6H-imidazo [4,5-g] oxazolo[4,5-b~quinoxaline- 
2,7-diyl-m-phenylene)," Ibid., Par t  A-1, 7, 2746 (1969). 

424. With J. Szita: 'IPolymers Derived from 2T5-Diamino-p-benzo- 
quinonediimide andkelated Compounds, If Ibid., Par t  A-1, 7, - 
3203 (1969). 

425. 

426. 

427. 

428. 

429. 

430. 

43 1. 

432. 

433. 

With J. Szita: "Sulfoalkylation of a Polybenzimidazole with 
Propanesultone," J. Appl. Polym. Sci., 8, 2019 (1970). 
With J e r r y  Higgins: "Benzimidazole Polymers from Aldehydes 
and Tetraamines," J. Polym. Sci., P a r t  A-1, 8, 171 (1970). 
With Roberta C. L. Chow and Frank C. Magne- "Copolymers 
of Vinyl Chloride with the Vinyl E s t e r s  and Acrylates of LOW 
Molecular Weight Polyesters of Hydroxyacids," Ibid., Part A-1, 
8, 1247 (1970). 
With Prabir  K. Dutt: "A Polvamide from Anthrauuinonediketene, I' 
Ibid., Par t  A-1, - 8, 2611 (1970). 
With W. Bracke: "Polymers Containing Anthraquinone Units: 
Polymers f rom 1,2,5,6-Tetraaminoanthraquinone," Ibid., Par t  
A-1, 8, 3177 (1970). 
With R. Pense: "Polymers Containing Anthraquinone Units: 
Polyimidazoles and Polypyrrolones from 1,2,5,6-Tetraamino- 
anthraquinone," bid., P a r t  A-1, 8, 3189 (1970). 
With H. Kokelenberg: "PolymersContaining Anthraquinone 
Units: Benzimidazole and Benzothiazole Polymers, I' Ibid., 
P a r t  A-1, 8, 3199 (1970). 
With A. Bafihashemi: "Polymers Containing Anthraquinone 
Units: Polycondensations 1,2,5,6-Tetraaminoanthraquinone with 
Some Tetrachloroquinoxaline Compounds, If Ibid., P a r t  A- 1, - 8, 
3211 (1970). 
With P. K. Dutt: "Polymers Containing Anthraquinone and 
Quinoxaline Units: Polypyrrolones," Ibid., Par t  A-1, - 8, 3225 
(1970). 

- 

__ 

434. With H. Kokelenberg: "Benzimidazole, Benzothiazole, and 
Benzoxazole Polymers with Anthracene Recurring Units, I' %, 
Par t  A-1, 8, 3235 (1970). 

435. With Z. Janovic: "Copolymers of Vinyl Chloride and Vinyl Ethers,  
Acrylates, and Methacrylates of Some Fatty Acids," bid. ,  Par t  B, 
- 8, 607 (1970). 

436. "This-The Polymer Age," kid. Chim. Belge, 35(11), 994 (1970). 
437. With J. Szita: "Partial Ladder Polymers wi thhthraquinone  

Units. Reaction of -1,2,5,6-Tetraaminoanthraquinone with p- 
Benzoquinone Derivatives,1T J. Polym. Sci., P a r t  A-1, - 9, 415 

438. With J. Szita and L. H. Brannigan: "Ladder Pyrrolone Structures 
with Anthraquinone Recurring Units,"lbid., Part A-1, - 9, 691 (1971). 

(1971). 
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439. 

440. 

441. 

442. 

443. 

444. 

445. 

446. 

447. 

448. 

449. 

450. 

451. 

452. 

453. 

With M. A. Osman: "Polyesters from 12-Hydroxymethyltetra- 
hydroabietic Acid and 12 -Hydroxymethyltetrahydroabietanol," 
Ibid., Par t  A-1, 9, 1213 (1971). 
With J a n  A. HoefGaels: "Preparation and Properties of Some 
Disiloxane and Tetiasiloxane Compounds," Ibid., P a r t  A-1, - 9, 
1755 (1971). 
With Z. Janovi6, M. J. Diamond, D. J. Kertesz, and G. Fuller: 
"Copolymers of Vinyl Chloride and Vinylidene Chloride with 
Some Acid Chlorides," Ibid., Par t  A-1, 9, 2639 (1971). 
With Roy M. Mortier, P. K. Dutt, and J.-Hoefnagels: "Polymers 
Containing Anthraquinone Units: Polymers from 1,5 -Diamino- 
anthraquinone and Aralkyldiketones," Ibid., Par t  A-1, - 9, 3337 
(1971). 
With John F. Bingham: "Polymers Containing 12-Hydroxy- 
methyltetrahydroabietanol," J. Polym. Sci., Polym. Chem. Ed., 
10, 489 (1972). 
r i t h  John F. Bingham: "Polyamides from 12-(,3-Aminoethyl)- 
abietan-18-amine," Ibid., 10, 497 (1972). 
With John F. Bingham:"Preparation and Polymerization of a 
Diisocyanate from the Diels-Alder Adduct of Levopimaric Acid 
and Acrylic Acid," Ibid., 10, 921 (1972). 
With S. A. Hurley andPraTir K. Dutt: "New Thermally Stable 
Polymer with a Graphite-Type Structure,ft E., 10, 1243-1261 
(1972). 
With K. Parameswar Sivaramakrishnan and L. H. Brannigan: 
"Ethyl 3 -Ox0-2,2-dimethylcyclobutanecarboxylate, I' J, Org. 
Chem., 37, 4206 (1972). 
WithA. Xnihashemi:  "Self Condensation of Aromatic Tetra- 
amines and Their Polycondensation with Some Tetrachloro 
Compounds," Iran. J. Sci. Technol., 2(3), 203 (1972). 
With A. Banihashemi: "Self Condensation of Aromatic Tetra-  
amines and Their Polycondensation with Some Tetrachloro 
Compounds," J. Polym. Sci., Polym. Symp., 42, 361-468 (1973) 
(International Symposium on MacromoleculesTHelsinki, 1972). 
"Thermal Stable Polymers," Appl. Polym. Symp., 22, 47-56 
(1973) (Polymeric Materials for  Unusual Service Conditions, 
Held at Ames Research Center, NASA, Moffett Field, California, 
November 29-30 and December 1, 1972.) 
With J. Verborgt: "Aromatic Polyethers, Polysulfones, and 
Polyketones asLaminating Resins, J. Polym. Sci., Polym. Chem. 

with E r a h i m  Haddad and Shaun Hurley: "Poly(ary1ene Sulfides) 
Ed., 11, 261-273 (1973). 

with Pendant Cyano Groups as High-Temperature- Laminating 
Resins," Ibid., 11, 2793-2811 (1973). 
With K. Prnvazmakr ishnan:  "Aromatic Polyethers, Poly- 
sulfones, and Polyketones as Laminating Resins. Ibid., 
12, 651-662 (1974). 
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454. 

455. 

456. 

457. 

458. 

459. 

460. 

461. 

462. 

463. 

464. 

465. 

466. 

467. 

468. 

469. 

With L Haddad: "Poly(ary1ene Sulfides) with Pendant Cyano 
Groups a s  High-Temperature Laminating Resins. II," - Ibid., 

r i t h  K P. Sivaramakrishnan: "Aromatic Polyethers, Poly- 
sulfones, and Polyketones as  Laminating Resins. III," - -  Ibid., 12, 
1945-1952 (1974). 
With M. Bruma: "Synthesis of a Pyrrolone-Type Polymer Con- 
taining Anthraquinone Units in Molten Antimony Trichloride, I' 
lbid., 12, 2385-2389 (1974). 
With F.L. Hedberg: "A New Single-Step Process  for  Poly- 
benzimidazole Synthesis," - -  lbid., 12, 1823-1828 (1974). 
With F, L. Hedberg: "Preparation of Polvbenzimidazole in 

12, 1301-1311 (1974). 

Solutions," Nuova Chim., 5-0, 51-54 (1974j (in Italian). 
"New Thermally Stable AdTesive Resins, I '  Pure Appl. Chem., 
39. 57-63 (1974). 
with C. Samyn:' "Polymers from 4,4'-Thiodiphenol," J. Polym. 
Sci., Polym. Chem. Ed., 13, 701-706 (1975). 
With K. P. Sivaramakrish-an, C. Samyn, Ira John Westerman, 
and Daniel Ting-man Wong: "Aromatic Polyethers, Polysul- 
fones, and Polyketones as Laminating Resins. IV. Polymers 
with p-Cyclophane Units for  Crossliilking," -- Ibid., 13, 1083-1094 
(1975). 
With C. Samyn: "Aromatic Polyethers, Polysulf ones, and Poly- 
ketones as Laminating Resins. V. Polymers Containing Acetyl- 
enic Side Groups," bid., 13, 1095-1106 (1975). 
With R. Kellman: f t p o l y m ~ r s  with a Graphitic-Type Structure. 

W i t h x n i e l M .  Chang: "Aromatic Polyethers, Polysulfones, 
and Polyketones as Laminating Resins. VII. Polymers With 
[2.2] -p-Cyclophane Units,'I bid., - -  13, 2507-2515 (1975). 
"Trends in High-Temperature Stable Polymer Synthesis, I t  

J. Macromol. Sci.-Rev. Macromol. Chem., C13(2), 219-233 
(1975) (ACS, North Redington Beach, FloridaTDecember 11, 
1974). 
With Maria Bruma: "Aromatic Polyethers, Polysulfones, and 
Polyketones as Laminating Resins. VL Polymers from 2,5- 

bid., 13, 2125-2131 (1975). 

Dicyanoterephthalic Acid," J. Polym. Sci., Polym. Chem. Ed., 
14. 1-6 (1976). 
with Daniel Ting-man Wong: "Aromatic Polyethers, Polysul- 
fones, and Polvketones as Laminating Resins. VIIL Arvl Di- 
sulfide Units i s  Crosslinking Agents-' - -  Ibid., 14, 1637-1644 
(1976). 
With Raymond Kellman: "Oligomeric Polyaromatic Ether- 
Ketone-Sulfones with Acetylenic End Groups. M," bid. ,  _ _ -  14, 
2033-2042 (1976). 
With Frank Huang: "Oligomeric Polyaromatic Ether-Ketone- 
Sulfones with Acetylenic End Groups. X," - -  lbid., 14, 2785-2790 
(1976). 
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470. 

471. 

472. 

473. 

474. 

475. 

476. 

477. 

478. 

479. 

480. 

481. 

482. 

483. 

484. 

485. 

486. 
487. 

Interview with Carl  S. Marvel by J. E. Mulvaney, J. Chem. Educ., 
53. 609-613 (1976). 
With Ahmad Banihashemi: "Aromatic Polyether, -Ketone, -Sul- 
fones as Laminating Resins. XL Polymers Derived from 2,2'- 
Diiododiphenyl-4,41-dicarboxylic Acid," J. Polym. Sci., Polym, 
Chem. Ed., 15, 2653-2665 (1977). 
With Ahmadxanihashemi: "Aromatic Polyether, -Ketone, -Sul- 
fones as Laminating Resins. XII. Derivatives of 2,2'-Diphenyl- 
ethynyldiphenyl Which Cure by an Intramolecular Cyclization," 
Bid., 15, 2667-2670 (1977). 
With Raymond J. Swedo: "Biphenylene as a Crosslinking Unit 
in Polyaromatic Ether-Ketone-Resins. XIII,l' J. Polym. Sci., 
Polvm. Lett. Ed.. 15. 683-686 (1977). 

- -  

"Pi&eers of Polymers: Wallace H.' Carothers, 
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