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Conference Reports

Second U.S.-Sweden
Workshop on Photochemistry

of Polymers

Ann Christine Albertsson® Bengt Ranby3, and Otto Voglb. ¢

The second U.S.A.—Sweden Workshop on “Photochemis-
try of Polymers was held in the board room of the California
Institute of Technology (“CalTech™), Pasadena, California,
from December 5 to B, 1984, The participants were lodged
in the Atheneum, the faculty club,

The workshop was cosponsored by the U5, National
Science Foundation (NSF) and the Swedish National Board
ol Technical Development (STU). Profescor Bengt Ranby,
Stockholm, and Dr, Field H. Winslow of the ATET Bell
Laboratories cochaired the workshop, Dr. Amitave Gupta of
CalTech’s Jet Propulsion Laboratories was responsible for
the arrangements. Twelve schentists from the United States
and another dozen from Sweden comprised the formal
participants, and & further Mumber of speakers and observers
were involved in special deliberations.

Dr. Terry Cole, Chiefl Technologist of the Jet Propulsion
Laboratories, opened the meeting with greetings from his
administrative officers: he summarized the objectives and
importanee of the workshop and emphasized its significance
to the Jet Propuldon Laboratories.

The program of the workshop was divided into three parts:
(1) the introductionsl overview of polymer photochemical
research in both the United States and Sweden; (2) the actual
discussions of important developments In both countries;
and (3) discussion of programs presently in progress between
the United States and Sweden and plans for future coopera-
tion. The |dentification of specific ohjectives In polymer
photochemlstry and the determination of priorities were to
be the poal of discussions in subcommittees.

The first overview on “Energy Transfer Processes” was
given by Professor N.J. Turro, Columbia University, present-
I Visiting Professor at the California Institute of Technology.
He discussed important aspects of the use of photochemistny
for energy transfer processes and photoinitiation of poly-
merization. In particuler, he pinpointed moethods that have
been developed to Initiate free radical polymerizations by
photechemical means which approach living polymerization
conditions. Charge transfer and electron transfer processes
involving the initiation of polvmerization reactions were
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also discussed: they involve various sspects of radical poly-
merizations of photo-cxeited species which can be effected
by magnetic fields.

Dr. 5. 5. Labana of the Ford Motor Company discussed
the pholochemistry of coatings, especially the present
status of the current research and of research needs He
pointed out present setivity in the photochemistn: of coat-
ings and mentioned that a vast amount of research & cur-
rently being done in application; the work does not now have
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a proper focus. One of the moit important arvai of the
photochembitry of coatings b tion. The pre-
diction of the service life still needs improvement. Weather-
O-meter, oxypen uptake, ATRAR, NMR studies and =i
troxide emsays are still the mest reliable techniques, ESR
also gives reliable results if carried out properly.

The third overew was given by De, C. G. Willson of IRM

the vendors of the resists, and wheee
are vements in univendly laboratories and in labora-
tories of the wmiconductor Industrien. The current area of

L
;
|
|
{

Starting with the main program, Professor N, J. Tumo dis-
cussed the use of “Photochemical and Photoluminescent
Probes of WaterSoluble Polymers™ He pointed oul the
importance of mical reactions that can be utilized

on the excilalion energy tramsfer in & micelle and pointed
out that a pood charscterization of the micelle size snd the
migration of lons and small molecales between micelles and
vesdcles In an agueous soap is most important. “Flucoeicence
Probes of Polymer Structures and Folymer Chain Dynamici”
was discussed by Professor C. W. Frank of Stanford Univer-
sity. An Inuml.‘q talk was given by Dr. H. D. Becker of the
Chalmers Univenity of Technology In Gotenburg, Sweden,
who discused the intramolecular excited state interactions

state properties of the molecules can be deduced from the
Nucrescrnor spoctra of vadous bianthracene derivatives
“Flectric Singlet Energy Transfer and Quenching In Aro-
matic Polymerns™ was presented by Dv. A Gupta He has
very careflully studied copolymens of 2(2hydroxy-S-vinyl
phenyl)ZH-benzotrigzole and styrene, determined the excita-
tlon spectra and the quenching effects that are obtained by
the benzotriazole molety of the macromolecules. A mosl

Surfeces”™ Ultraviolet grafting of volatile mosomeni [rom
soetone wlution, with benrophenone as the senaitiner, gave
effective surface grafting. A very bow level of grafting (mono-
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molecular layer) and rather thick (up to 1000 A) layers of
photografting of monomers onto a variety of polymers could
be achieved. These gralt polvmers were characterized and the
surface propertied of the polvmer flms studied.

“Recent Developments in Resist Chemistry™ were dis-
cussed by Dr. C. G. Willson: this talk concentrated on both
positive and negative resbits. It was concluded that the future
in the resiit polymer arca appeans (0 be in positive resiste
Some mew polvmen, parthouledy uld.u poly-
mers, have been the focus of recent research in this area
Some organometallic polymers are also of interest for Lhis
application. Dr, P. Klemchuk of the wc«wmm
presented some “Recent Hescarch in Polymerization and
Polymertabilization Systems” He mentioned briefly nmovel
sutoxidants and abo new HALS stabilizers and the mech-
anbm of their action. New 2{2-hydroxyphenyl)2H-benzo-
triszoles of low molecular weight and HALS stabllivers of
oligomeric and polymeric structure were alio mentioncd.
“Fhotodegradation of Aromatic Folyestens™ was briefly
discuised by Professor J. Kops of the Department of Polymer
Techrology, Technical University, located in Lyngby, Den-
mark. He it interested primarily in liguid crystalline aromatic
polyesters and thelr degradation under various thermal and

conditions. An interesting talk was given by
Profesmsor C. E. Hoyle on the “Photodogradation and Photo-
stabilization of Polyurethanes.™ He has studied the photo-
Fries rearmangements of polyurethanss leading to polymeric
amines and other degradation The pholostabilizs-
tlon of polyureihanes is still one of the most difficult pasks
in polymer degradation, even though autoxidation of poly-
urethaned | alio a problém.

“Application of Polvmers In Solar Energy Technologiea™
wat the mbject of Dr. J. F. Rabek's lecture: he emphmized
the pevd to know loog-term properties of polymeric ma-
terials which have potential spplications in solar eoergy
technology and solar energy convendon sach & passive solar
heating syatems, solar colleclon, solar lumincsicence, solar
concenlrators, encapsulation of photovoltale cells with poly-
meric materisls, and solar snergy storage. The polvines
hrﬂﬂdmtl solar energy application must maintain optlcal,
che and mechanical properties during long sxposure to
solar {ultraviolit, visible, and infrared) radiation.

In sddition to these more formal talks, 3 numbser of short
presentationt were given by Ls and Swedish scientists,
'I‘Iu:r.'in:hﬁd “Photoinitiated, Cationic Polymerizations,”

were carmied out on polymeric sur
hmud-m‘ibedhyl)r A. Hults of the Roval Institute of
Technology. The proper of polymer wriaces
by photochemical techniques is novel and potentially very
important. Polymérs can be deposited on or cose o a
polymer surface by allowing the monomers to peneirate the
surface together with an initistor: in the slightly swollen
uﬂl:l. Irhllhm was. photolnitlated using sulfonjusm
ion initistors. Iradiating the polymer samples caused cat-
hﬂﬂuhlﬂpd?uﬂlﬂlu of the monomers and surface
gra

Dr. . Lucki of the Royal Institute of Techaology dis-
cusied “lateraction Between HALS Compounds and Anti-
oxidants” for the photostabilization of polybatadiens. Dr. R.
Jaffe of the Ames NASA Laboratory described his work on
“Elucidation of " by quantum mechanical
calculations. Dy, R. Liang of the Jet Propulsion Laboratories
preseated his work on “Time Resolved ESR Studies”™ during



the photodegradation of materiale Dr. J. Hilbom
of the Royal Institute of Technology discuwsed *'Crosalinking
of Elmstomers,” and Dr. K. Abbas of Bofors Plast AR, the
“Aging of Keflar/Epoxy Composites” Professor A, C.
Albertsson from the Hoyal Institute of Technology presented
her work on “Polymerizable and Polymeric Ultraviolet
Stabilizers.” Finally, Professor 4. Guillet from the University
of Toronto gave a futuristic talk with novel speculations on
the prospects of chemical synthesls using photochemisiry,
and the direct preparstion for organic compounds using
natural sunlight.

In addition to these presemtations which varied in length,
three subcommitiess convened to cvaluate the consequences
of the recommendations of the firt US.—Sweden Workihop
and the resulis to date of the cooperative programs that
were inftiated at that time. The subcommittees alsa tried Lo
define important sreas of research in photochemistry of
polymers and possible areas of continuing cooperation be-
tween American and Swedish sclentists and their research
groups. The three subcommittess were headed by Professar
Otte Vogl, Polytechnic Institute of New York, on “Photo-
degradation and Photostabilization,” Professor M. Almgren,
University of Uppsals, on *Photolnitiation and Photoehemis-

of Polymens,™ mhtﬁwuhmtm&nlm-um
otoresist Materials ™

Th: wbcommittee on  “Photodegradation and Photo-
stabllization™ reported thel iwo cooperative programs based
on the recommendations of the fint workshop are conlinu-
ing between the Royal Institute of Techrology and the Poly-
technle Institute of New York. One area of research focuses
on “‘Polymerizable and Polymeric Stabilizers™ and the other
on “Detection of Permanently-Linked Stabilizers [ polymer-
bound stabilizers] by ESCA and ATR.IR.” Both
have been working very effectively and have already led to
seversl publicatlons and lecture presentations, [t was pre.
dicted that additional work will be between the
two research groups on “FPhotochemical Grafting of Poly-
merieable Stabilizers on Polvmenc Surfsces,”

Exchanges of scientisis are being planned In the form of
visiting professo and industrial sabbaticals of 6 to 12
months’ duration. eisor Turro I8 scheduled to give &
short course at the Royal Institute of Technology, as Pro-
fessor Vogl had done over ten years ago.

The subcommittes on and Photosts-
bilization™ has concluded (as a similar committee did at the
end of the fimt U.S.-Sweden Workshop) that research on
“New and Mo Efficient Technigues to Predicl Sepvice Life
of Polymers™ Is of coatlnulng interest and most important.
Other areas of research, which were considered Important,
but leas wrgent, Include “Polymerizable and Permanent
Ultravlolet  Stabilizers," *Photophysics lqu.mhbnﬂ of
Novel Stabilizers and Stabilizing Systems.” “Photo-Induced
Eovironmental Aging,” "Combined [synergistic andor
..qt,uonlﬂic] Effects of Additives for Photostabilization,”
and “Stabilization and Modification of Polymer Surfaces.”

The subcommiiliee on * and Photolnitis-
tion of Polvmer Heactions™ concluded that various types of
cooperation belween individual scientists and between res
search groups should be pumued, and the fint contacls were
initiated for cooperative It was established that
wisiting professors and scientists from both countries could
be sccommodaled In various laboratories during the coming
wear of two.

In the “Fhotoresist Arca,” & definite cooperative effon
between laboratories of the two countries has been estab-
lished: especially effective ls the invelvement of the IBM
laboratory in San Jose, where young Swedish scientists
have been spending a few months to a yoear.

This second US.-Sweden Workshop was considered very
successflul o several ways, A number of new and younger
participants were welcomed, while continulty betwoen
the firit and second workshops wai carefully maintained
by retaining some of the most important senior scientists
in key positions fo guarantes continued cooperation be
tween the scientifle communities of the two counires In
the area of photochemistry of polyvmers,

It wai recognized that this second US-Sweden Workshop
on Pholochembitry of Polymers has been an Imporiant
scientific wvent, especially on the Swedish side. Dr. K.
Lindmen, representing the STU, was an important partici-
pant during the entire meeting and played an imporiant
and active zole in all deliberations. Helen Albom from the
Swedish consulate in Los Angeles and Van der Stamm, the
science allache of the Swedish consulate, were present at a
reception given by the Chembiry Department of CalTech on
one of the evenings of the workshop meeting.

The consensis wis that Lhe inberaction beiween sclentlsts
of the United States and Sweden who are interested in
photochemistry of polvmens hes been effective; new [riend-
ships have been eslablished and old ones have been Intensd-
fied. It was pmlml.my gratifying to see how much activity
hes evolved from the recommendations of the fOrst work:
shop, and it Is expected that Interaction beiween American
ond Swedish scientists In this field will continue and will
gather momentum. The participants have already expressed
their desire to meet agaln In about three years ln Sweden,
when all the pew cooperative programs will have been put
Inte offeet and some of the results can be discused, Lo
gether with new ideas, new prospecis and opportunities in

the area of photochemistry of polymen.

Workshop Participants

USA.: C. C. Bard {Emstman Kodsk Company); C. W.
Frank (Stanford Univemity); C. E. Hoyle (Univerity of
Southern Missisalppi); . E. Guiltet {University of Toronlo,
Canada): A. Gupta (Jet Propukion Laboratories): P. P.
Klemchuk (Ciba-Geigy Corporetion); S. 5. Labana (Ford
Motor Company); M. J. Tumo (Columbia University);
0. Vog! (Polytechnic Institute of New York): C. G. Willson
{IBM Research Laboratories): F. H. Winslow (AT&T, Bell
Laboratories); A. H. Zewall (California Institute of Tech-
nology).

Sweden: K. Abbas (Bofors Plast AB); A, C. Albertsson
{Roval Iestitute of Technology); M. Almgren (Uppsala
University}; H. . Becker (Goteborg University); W. Garrett
(University of Quecnsland, Australia); 3. Gothe (A B.
Wilk. Becker): J. Hilborn (Royal Institute of Technology);
A, Hults {Roval Institute of Techmology): J. Kops (The
Technical University, Lyngby, Denmark); J, Lucki (Royal
Institute of Technology): J. F. Rabek (Royal Institute of
Technology); B. Ranby (Roya! Institute of Technology).
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