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Lectori sz2lutem!

The first international conference on radiation chemistry in Hungary was
organized in 1962 in Tihany, on the northern shore of the Lake Balaton. The
86 participants came from 9 countries and from the International Atomic Energy
Agen-y.

The topics were research and development in radiation chemistry and
technology, without any further limitattons. We believed and believe since that a
meeting where basic problems of radiation research can be discussed along with
applications, even with :ndustrial questions and, in spite of all this, attendance is limited
and ample time is given to informal exchange of views, may be regarded as an asset
even if the calendar of radiation chemistry meetings is heavily packed.

The success of the Symposium can be attributed not only or no. mainly to the
papers given but rather to the possibilities for the above inentioned informal discussions
of scientists arriving from both western and eastern countries, utilizing the
geographical and partly political situation of Hungary.

Falling the demand the second "Tihany" Symposium was organized in 1966
followed by the further ones in every 4-6 years. Due to the increasing number of the
participants from 1971 the symposia were iiot organized in Tihany any more but in ail
cases al the shore of the Lake Balaton (1971: Balatonfiired, 1976: Keszthely,
1982: Siofok). In 1986 and 1990 our Symposium were located at Balatonszéplak, i. e.
at the same spot where the 8th one in the series is going now to be organized.

In the last dec: "2 of our century the "determining role" of the Tihany Symposia
to be a bridge between East and West is - fortunately - not longer a point of view. At
the same time, however, to strengthening connections with scientists of development
countries.

When we think about the previous symposia it is my sorrowful duty to
remember two key person of earlier "Tihany” Symposia: Professor Malcolm Dole from
the United States and Géza Schay from Hungary who are no longer with us.

At ihe 8th "Tihany" Symposium more then 100 scientists participate from
23 ccuntries from all region of the world. After the plenar opening we will have
14 oral sessions to present the 68 lectures (generally with 5 minutes discussions) and a
poster session for 19 written texts.

As by the last meeting, an upswing of lectures on radiaiion biology and, partly,
on photochemistry can be seen also now.

And last but not least in the spirit of the previous meetings also this Symposium
is gouing to give an opportunity to free exchange of expericnces and opinions
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General informations

Registration will take place at the Symposium site on Saturday, September 3
from 4.00 p.m. to 10.00 p.m. and on Sunday, September 4 from 8.00 am. to 1.00
p.m.. A.. information service will be at your disposal in the lobby of the hotel during
the whole Sympos.an.

Maeals will be served at the restaurant of the hotel.

Coffee ard soft drinks will be available in the buffet of the hotel in each break.

The swimming pool will be at your disposal from 6.00 am to 9.00 pm. free of
charge.

The half-day excursion for all participants will take place on Tuesday,
September 6, by buses starting in front of Hotel Eziistpart. Participants will be taken to
the northern shore of the Lake Balaton and the tour will include sight-seeing and
cultural programrie. The excursion will be followed by the conference dinner in a
country pub.

A full-day Ladies' programme will be organised on Wednesday, September 7
to Veszprém (sight-seeing), Herend (china factory), Zirc (monastery).



Scientific programme

Saturday, September 3
16.00 - 22.00 Regstration
19.00 Welcome
Sunday, September 4
9.00 Opening
1. S. Machi: New Trends of Radiation Processing Applications.
10.00 - 10.20 Break
10.20 - 12.20 Sesston | Chairman: v. Markovic
2. P. Mittal: Radiation Chemistry of Fullerenes: Pulse Radiolysis and
Steady State Studies
3. D. Trifunac, E. Piocos, D. Werst: Radical Cations in Zeolites
4. S. Tagawa: Application .f Pulse Radiolysis to Polymers for
Microelectronics
5. L Kaetsu: Biomedical Materials by Radiation Techniques
6. J. McKeown: Waste Treatment Revisited - Curiosity or Opportunity?
7. N. Sheik: Application of Radiation Chemistry for Image Restoration of
the Ancient Iranian Potteries
13.00 - 14.00 Lunch
14.00 - 16.00 Session 2 Chairman: A. Charlesby
8. J. Mayer, M. Szadkowska-Nicze, J. Kroh. Charge Transfer Processes
in Polyethylene
9. N. Betz, E. Petersohn, A. L.e Moel: Electron Spin Resonance Study of
Swift Heavy lon Irradiated Fluoropolymers
10.  H. Mirzaden , A. A Katbab, M. T. Khorasani, R. P. Burford: Laser
Induced Surface Grafting of Acrylamide “1to Ethylene-Propylene
Rubber-111, Effect of P.:lse Repetition Rate on Surface Morphology
11.  T. Cavikovszky: Electrce-Beam Processing of Wood Fiber Reinforced
Polypropylene
12. D, Lebedev: Radiation ard Photochemical Chlorination of Paraflins in
Liquid Phase
13. K. Friese, B. Hosselbarth, J. Reinhardt, R. Newe: The Radiation-
Induced Solution Chlorination of PVC
16.00 - 16.20 Break



16.20 - 17.40 Session 3 Chairman: R. H. Schuler

14.  C. Hueber, C. Chuaqui, S. Dickinson, D. Jacquemain: Radioiodine
Chemistry in Light Water Reactor in Severe Accident

15. L. Dvornik, S. Miljanic, Z. Deanovic: The Probability of Lethal
Radiation Effects as Related to Nuclear Acctdent Dosimetry Data

16. Y. Katsumura, G. R. Sunaryo, D. Hiroishi, K. Ishigure: Radiolysis of
Water at Elevated Temperatures with Gamma-Rays and Fast Neutrons

17. M. Domae, Y. Katsumura, K. Ishigure, V. Byakov: The Model of

Initial Intratrack Chemical Processes of Water Radiolysis



Monday, September 5
9.00-11.00 Session 4 Chairman: J. Dobo
18.  J. L. Garnett: Curing review
19. P. Hedvig: Mechanical and Dielectric Relaxation of Radiation
Crosslinked Polymers
20. V. L Feldman:Fundamental Aspects of Selectivity of the Radiation-
Induced Processes in Hydrocarbons and Reiated Polymers
21.  E. Takacs, L. Wojnarovits: Pulse Radiolysis Studies on Polymerization
Kinetics
22. Y. Berlin: Randomly Affected Kinetics Applied to Reactions of
Chemically Active Species in Irradiated Condensed Media
11.00 - 11.20 Break
11.20 - 12.40 Session 5 Chairman: S. Tagawa
23.  R. Schaudy, J. Wendrinsky, R. J. Beer, J. Eberhardsteiner: Irradiation
of Polymers for Photoelastic Investigations
24.  A. A.ElMiligy, E A Hegazy, H Kamal: Physico-Chemical Properties
of Membranes Obtained by Radiation Grafting Onto FEP Films
25. El-Sayed A. Hegazy, H Kamal: Ion - Containing Membranes
Obtained by Radiation Grafting of Indiviaual and Binary Monomers
Onto Polymeric Substrates
26.  S. Aliaoui: Immobilization of Antibodies on Polymers Grafted by
Irradiation
1300 - 14.00 Lunch
 14.00 - 16.00 Session ¢ Chairman: 1. Dvornik
27.  Z. P. Zagorski. Emission Spectra and Decay Kinetics of Pulse
Irradiated Pelycrystalline Tryptophans
28. L Gydrgy, K Gonter, A. Kovics. Decomposition of Halogen
Containing and Phenolic Pesticides: Pulse Radiolysis Investigations
29. K. Bobrowski, C. Schoneich: Decarboxylation Mechanism of N-
Terminai Glutamyl Moiety in Methionine Containing Peptides
30. M. I Cshtrakh, E. A Kopelyan, V. A, Semionkin: Mossbauer and
Positron Annihilation Study of Oxyhemoglobin Exposed to Gamma-
Rays and Electrons
31. M. Durchschiag, B. Feser, C. Fochler, S. Hausmann, E. Swoboda, T.

Seronen, P. Zipper: Effects of X- and UV-frradiation on Proteins. 1.
Probing the Stability of Proteins by Different Techniques



32.

33.

16.00 - 16.20
16.20 - 18.00
M.

35.

36.

38.

39.

H. Durchschlag, C. Fochler, M. Swientek, A. Winkimair, C. Wicek, P.
Zipper: Effects of X- and UV-Irradiation on Proteins. II. The
Medification of Irradiation of the Enzyme Lysozyme

C. Fochler, H. Durchschlag: Effects of X- and UV-Irradiation on
Proteins. 1II. The Interaction of Radiation with Eye Lens Proteins

Break
Session 7 Chairman: A. Miller

Lj. Josimovic, M. Radojcic, B. H. Milosavljevic: Radiation-Induced
Effects in Protein-Rich Organic Matter the Thin Fraction of Egg White

M. Szczepanik, S. Ignatowicz: ldentification of Irradiated Insects:
Change in the Midgut of the Confused Flour Beetle, Tribolium
Confusum Duv. , Induced by Gamma Radiation

S. Farag, G. Schulzki, K. Bogl, G. Schreiber: Detection of Irradiated
Frusts by Cas-Chromatographic Methods

O. A Emam, S. Farag, A 1. Hammad: Comparative Studies Between
Fumigation and Irradiation of Semi-Dry Date Fruits

L. G. Gazs6, A. M. Dam, M. Rétlaki: Determination of Radiation
Sterilization Dose of Health Care Products Based on ISO Standards

A. M. Dam, L G Gazso, S. Kaewpila, I. Miaschek: Radiation
Treatment of Pharmaceuticals



‘ Tuesday, September 6

9.00-10.00 Session 8 Chairman: J. Mayer
40. J. L. Garnett: The Role of Partitioning of Reagents in Grafting and

1.

42.

10.00- 11.00
Pl

P2

P3.

P4

Ps.

Pé.

P’

Ps.

P9.

Pi0.

rii

P12

ri3

Pl

Curing Reactions Initiated by Ionising Radiation anl UV
L Cazajtik, P. Hedvig, A. llle. , J. Dobd: Calorimetric Study of Cationic
Photopolymerization

R. Vabrik, A llle, A Vig, 1. Czajlik: Thermomechanical Investigations
of UV Cured Epoxy Coatings

Session 9 (Poster Session) Chairman: W. L. McLaughlin
V. Zubarev, O. Brede: Kadiation-Chemical Peculiarities of Spin
Trapping

L. Goebel, O. Brede, T. Zimmermann: Photochroism of a New
Spiroindoline Compound

V. 1. Feldman, F. F. Sukhov, N. A. Slovokhotova, V. P. Bazov:
Radiation-Induced Degradation of Alkane Molecules in Low-
Temperature Matrices

B. Vekic, A. -M. Dogic, D. Razem: Nonthermal Electron Scavenging
in n-Hexane

M. Jonsson, J. Lind, G. Merényi, T. E. Eriksen: Redox Chemistry of
Substituted Anilines

O. Brede, R. Hermann, H. Orthner. Charge Transfer to a Semi-
Esterified Bifunctional Phenol

Y. Keheyan, R. Bassanelli: Ion-Molecuic Reactions Studied by Nuclear
Decay Technique. Tritiated Naphthylium Ions

B. Mihaljevic, D. Razem: Free Radical Chain Oxidation of Fe2* by
Hydroperoxides

G. Chlebosz, ). Kalecinski: Stability of Trapped Electrons in Thermally
Modified Alcohol-Alcohol and Alcohol-Water Glasses

B. K. Razem, D. Razem The Modelling of Radiation-Induced
Hydroperoxidation in Solid Systems

H. Sprinz, O. Brede: Lipid Oxidation in Bilayer Liposomes Induced by
Radicals from the Surrounding Water Phases

E. Kalecinska, J. Kalecinski: Reactivity of Imidazoles in Pulse and
Gamma-Irradiated Liquid and Frozen Systems

W. Knolle, R. Mehnert: On the Mechanism of the Electron-Initiated
Curing of Acrylates

G. Burlinska, J. Bojarski: ESR Studies of Irradiated Polypropylene and
ITS Copolymers



Pis.

Ple.

Pi7.

Pis8.

Pi9.

G. Burlinska, D. Pogocki, K. Bobrowski: ESR Study of Radiation
Induced Radicals in Polycrystalline Methionine and ITS Homopeptides

O. L Shpotyuk. A P. Kovalsky: New Radiation Dosimetric Systems
Based on Amorphous Chalcogenide Semiconductors

I. Pucic, F. Ranogajec: Influence of Electrical Field and Dose Rate on
Radiation Cunng of Unsaturated Polyester Resins

A. P. Shvedchikov, E. V. Belousova, A. V. Polyakova, A. Z.
Ponizovsky: Oxidation of Ammonia in Moist Air by Use of Pulse
Corona Discharge Technique

E. Rémi, O. Horvith, A. Vig, A. Rockenbauer, L. Korecz, I Rusznak:
Studies on Photofading and Stable Free Radical Formation in Reactive
Dyed Cellulosic Systems Under Their Exposure to Light

12.00 - 13.00 Lunch

13.00 - 23.00 Excursion, conference dinner



Wednesday, September 7
9.00-11.00 Session 10 Chairman: A. D. Trifunac
43.  T. Bandyopadhyay, G. Nagy, R. Schiller: Energy Distribution of Slow
Electrons in a Hard-Sphere Liquid
44.  Sz. Vass, B. Molnar, Cs. Szeles, K. Siivegh, A. Vértes: Positron
Annihilation in Liquid Normal Hydrocarbons
45. L. Wojnarovits, J. A. LaVerne: Radical Reactions in the Radiolysis of
Cyclopentane
46. J. A. LaVerne, L. Wojnarovits: Heavy Ion Radiolysis of Cyclooctane
47.  G. Foldidak, M. Roder, L. Wojnarowits: Iniluence of Linear Energy
Transfer on Reactions of Cycloalkyl Radicals
48. P. G. Di Marco, N. Camaioni, V. Fatton, G. Giro, J. Kalinowski:
Electroluminescence in Organic Solids
11.00-11.20 Break
11.20 - 13.00 Session 11 Chairman: P. Sharpe
49.  A. Miller: Uncertainty of Dose Measurements in Radiation Processing
50. A Kovacs, L. Wojnarowits, S. E. Eid, W. L, McLaughlin, A.  filler:
Radiation Chemical Reactions of Triphenyl-Tetrazolium Chleride in
Liquid an” Solid State
51. K. K. Mehta, I. Janovsky: Measurements of Electron Depth-Dose
Distribution in Thick Plastics and Effects of Accumulated Charge
52.  R. Yefsah: Development of Silver Dichromate on Dosimetry
53. V. G. Shpak, M. L. Yalandin, S. A. Shunailov: Desktop Repetitive
Sources of Powerful Electron Beams, X-Ray and Microwaves for LAB
Investigations on Radiation Chemistry, Physics and Biology
13.00 - 14.00 Lunch
14.90 - 15.40 Session 12 Chairman: H. Yoshida
54. Y. Chen, R. H. Schuler: Oxidation of Benzoquinone by Radiolytically
Produced OH Radicals
55.  Qun Sun, G. N. R Tripathi, R. H. Schuler, D. A. Armstrong: Redox
Chemistry of Some Phenyl Thiyl Radicals
56. K. Kishore, G. R. Dey, P. N. Moorthy: Pulse Radiolysis of 2, 5-
dimercapto Thiadiazole
57. K. Sehested, J. Holzman: A Pulseradiolysis Study of the OH Radical
Induced Autoxidation of Methanesulphinic Acid
58.  A. Bird, L. Wojnarovits: Reaction of Diethyl Maleaie and Diethyl
Fumarate with Hydrated Electrons and Hydroxyl Radicals
15.40 - 16.00 Break



16.00 - 18.00 Session 13 Chairman: J. P. Mittal

59.  J Kumagai, T. Ichikawa, H. Yoshida: Radical lons of Oligosilane and
Polysil>ne

60. T. Nishida: Gamma-Ray Induced Crystallization of Oxide Glass,
Nitrate Glass and Egg-White Glass

6/. D. D. Lebedev, 1. V. Dobrov, S. E. Pavlov: Radiation-Chemical
Synthesis of Monochloroexchanged Methylchlorosilanes

62. J. Kalecinski: Scavenging of Elecirons and Radicals in Frozen
Chloride-Alcohol Glasses

63.  H. Bahadur: Radiation Effects on Aluminium and Hydrogen Defects in
Natuial Quartz

64. H. Bahadur: Radiation Effects on Hydroxyl Defects in Ge-Doped

Quartz



Thursday, Sepember 8
9.00 - 10.00 Session 14 Chairman: K. Sehested
65.  G. Merényi, J. Lind: Some Aspects of Bromine Atom Chemistry

66. R. Zhao, J. Lind, G. Merényi, T. E. Eriksen: On the Kinetics of One
Electron Oxidation of Thiols and Hydrogen Abstracti>n by Thiyl
Radicals from -Amino C-H Bonds

67.  D. B. Naik, W. Schnahel: Studies on Laser-Induced Photoionization of
Tris-2, 2'-Bipyridyl Ru(ll) Compi.: :es in Polyelectrolyte Solutions

10.00 - 10.20 Break

10.20-11.00

8.  A. Charlesby: Radiation, its Nature, Interactions and Potential
Applications

Closing
12.00 Lunch
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NEW TRENDS OF RADIATION PROCESSING APPLICATIONS

S. Machi
Internaticnal Atomic Energy Agency, Vienna, Austria

Major fields of radiation processing applications are: polymeric materials, food
processing, sterilization of medical products, and environmental conservation. These
applications are growing and new ¢ :velopments are being studied in both developed
and developing countries. There are about 200 Co-60 gamma irradiation facilities and
700 electron beam accelerators mainly for commercial purposes throughout the world.

Radiation cross-linking and grafting techniques of polymeric materials have
been providing many unique products including heat and chemical resistant insulaiion
materials, heat shrinkable sheet: and tubes, foamed plastics, curing of coatings, battery
separators, and bio materials.

Currently 27 countries, half of which are developing countries, are using
radiation technology for treatment of food for commercial purpose to decrease post-
harvest food losses, to avoid food-borne diseases and enhance international food trade.
Public acceptance of irradiaied food has been improved.

Removing SO2 and NOx by electron beams is a good example of radiation
processing applications for environmental protection. in Japan, USA, Germany, and
Poland pilot scale plants, using electron beam accelerators, have been successfully
operated to simultaneously remove 80% NOx and 95% S$0O2. An industnal
demonstration piant for this technology is planned under an IAEA TC project in
Poland.

Extensive studies have been devoted to the development of bio-medical
materials using radiation processing to prepare tio-compatible materials and controlied
release of drugs. New wound dressings have been successfully developed in Poiand for
commercial clinical use.



Abstract was not submitted



Radical Citions in Zeolites
A. D. Trifunac, B. Plocos, D. Werst
Chemistry Division

Argonne National Laboratory
Argonne, 1L 60439

Zeolites are convenient and relatively rigid matrices allowing radiolytic production and stabilization
of a wide variciy of hydrocarbon radical cations. The study of several radical cations illustrated the
possibility of turning the interaction between the matrix and the ion, allowing observation of many
diverse and otherwise not observable radical cation transformations, which do not occur or are
photodriven in other matrices. Many transformations occur in the low temperature zeolile matrix.
A iemarkable stabilization of otherwise higher electronic Jevels of ions and/or a significant

lowering of reaction barriers must be occurring.



Abstract was not submitted
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Biomedical Materials by Radiation Techniques

Isao Kaetsu

Department of Nuclear Engineerinf. Faculty of
Science and Technology, Kinki University
Kowakae 3-4-1, Higasﬁluosaka, Osaka, 577 Japan

Radiation polymerization of supeircocled monomers was
studied systematically and applied to the immobilization and
controlled release of biofunctional materials, The degree of
firmness and looseness of immobilization can be controllable
widely, This technique has beenvariously modified and applied
extensively to bioreactors, biosensors, artificial organs,
diagnostic systems and drug delivery systems.'ﬂspecially, the
application to drug delivery systems has been carried out success-
fully for local chemotherapy and hormone therapy.

Recently, the target of our research interest has
turned to the function of brain-nervous system from the cancer
therapies., The reasons are : (1) DPrug delivery system is tending
to a new generation, to have an intelligence function, Thus, a
combination of sensor and delivery system ha: Lecome the important
subject for this purpose., The most ideal model of intelligent
system is the neuron-synapse system and the meural network,

(2)As well known,smell substances cause remarkable physiological
and psychological effects on the brain, Therefore, the controlled
release technique of smells can contiibute to the clarification
resaarch of brain-mental functions with the intelligent smell
delivery system, (3) Recently, various non-invasive measurements
for mental and psychological actions have been developed. Those
means can be used effectively in combination of intelligent smell
delivery system and drug delivery system for neuro-drug and neuro-
transmitter,

The scope and strategy for brain research with biomedical

means and materials would be reported in the symposium,



WASTE TREATMENT REVISITED - Curlosity or Opportonity?

J. McKeown

AECL Accelerators
436B Hazeldean Road, Kanata, Ontario, K2L 1T9 Canada

The seventies and early eighties provided high expectations '? for the adoption of electron
treatment of waste. Despite unassailable evidence of assured disinfection, more than a decade
has passed and work continues to be concentrated in the laboratory. The potential for
displacement of chewmical oxidants vy radiation on scientific grounds, remains insufficient 10
trigger the building of municipal systems. Reascns for the lack of commitment are complex.
An indication may be found from AECL's experience with a recent proposal on a Siudge
Management Plan submiticd to the City of Edmonton, Canada. A study of this case provides
economic assessments of competing technologies and could provide incentives for renewed
research at the basic radiation chemistry level.

1 Tremp J.G., "Disinfection of Municipal Wastewaters and Sludges by lonizing Radiation”,
Proc. Conference on Disinfection of Wasiawater Effluents and Sludges, pp. 125-151,
University of Miami, NTIS No. PB 87-206223/AS (1984).

2. McKeown J., "Electron Accelerators - A New Approach”, Radiat. Phys. Chem. Vol. 22,
No. 3-5, pp. 419-430 (1983).



APPLICATION OF KADIATION CHEMISTRY FOR IMAGE RESTORATION
OF THE ANCIENT I1RANIAN POTTERIES

N. Sheikh
Gamma !r-adlation Center, Atomic Energy Org. of Iran
P. 0. Box 11365 - 8486, Tehran, 1. R. Iraa

One of the problems with ancient colored potteries,
which have been obtained by excavation, is disappearance
of their superficially figures. In this cases,
archaeologists wet the surface of these pieces with
water then the wunderlying flgures temporarily become
vigibLle with their original appearance.

This disappearance of the figures 1Is formed after
excavation due to the movement of the artifact from Iis
original ambient conditions to a new environment.

Thls results in the disruption of the equilibrium
conditions of the artifact.

1t has been reported in previous investigation that this
disappearance is due to partial or total loss of the
water of bhydration of the inorganic dyes or pligment.
used in the preparation of these objects (Guven, 1983).
This interpretation does not appear to be entirely valid
beacause in a majority of cases these dyes or pigments
are metal oxides and so lack water of hydration. It is
the author’s considered opinion Lhat this defect perhaps
hae more to do with the deterioration of the tog glaze.
It is beljeved that a special chemical reaction, thermal
shock, pressure or an impact may have led to the loss
of transparency of the top glaze and therebv the
underlying figures of glaze may have disappeared.

On the other hand polymeric materlals with the aid of
radiatlon processing provide a satisfactory sclution to
this problem. In this method by superficial application
of some of the oligomers (o the samples and subsequent
frradiation with gamma-rays, complete polymerization of
oligomers Js achieved and a thin transpzrent polymeric
layer is formed,

In the present work some of colored potteries belonging
to the Elkhany period, excavated at Soltanieh, an old
Iranfan city, have been restored by this method.
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CHARGE TRANSFER PROCESSES IN POLYETHYLENE
J.Mayer, M.Szadkowsha-Nicze and J.Kroh
institute of Applied Radiation Chemistry
Technical University, t6dZ, Poland

Pulse radiolysis of pu:, -thylene (PE) conlaining aromatic compound
(pyrene, Py; dimethyldiphenyl, DMD) generated corresponding radical ions. In
the case of Py two well separated absorption banas were observed: at 450 nm
and 500 nm altributed to Py radical cation (Py+) and Py radical anlon (Py" -)
respectively. The maxima at 420 nm and 650 nm In absorption spectrum of
pulse irradiated PE conlaining DMD represented DMD radical ions.

Analysis of the ion decay curves showed that the kinetic model with time-
dependent rate constant salisfactorily described the experimental resuits. For
both, Py and DMD radical ions comesponding Arhenius plols were
characterized by two linear paris which inlersected in the Tg, glass transition
temperature range 220-240 K, for PE. The activation energies, for decay of
both kind of ions, calculated from two paris of Arrhenius piot were equal {o ca.
79 kJmol-1 and ca. 2 kJmol-1 for T>Tg and T<Tg respectiv:ly.

The recombination of radical tons in PE produced solute exciled slales
(singiet and triplet ones).

Pulse radiolysis of PE containing two soiutes, Py and DMD, generated both
kind of ions.

The charge transfer from DMD ions to Py was observed and analysed.
Aclivation energy of this process was found to be similar fo those obtained for
ion-recombination in temperature range higher than Tg. The mechanism of
primary and secondary events in pulse irradiated PE conlaining aromatic

solutes will be presented.



HUES 239y,

Electron Spin Resonance Study of Swift Hewvy fon Ireadiated Fluoropolymers

N. Betz_ L. Petersolin, A. Le Moél
Commissniat & FErcrgic Atomige. DSM/AURECAM/Seivice de Itecherches sur bes Swifaces of Flrradintion de la
Maticre. 91191 Gif-sur Yveite Cedex. France

Heavy ion inadiation of polymers induces deep modilications in the physico-chemical
propentics of polymars Tons create on their wake through the solid a high densily of’ excitations and
innisations which changes the polymer properties in a small cylindiical damage zone, the latent track.
This leads to an anisotiopic composile in opposite 1o traditional irradir tions with electron or y-ray.

in the last yems, the eflects of ion beams on poly(vinylidene fluoride) (PVDF) have been
accwealely investigated in our labmiatory. Only a few studies have been reporied on electron spin
resonance measurements of PVDE in ifs o phase alter swifl heavy ion irradiation in the vange of high
inadiation doscs, though the 1adical distribution which occuts by means of election or y-irradiations
was well investigated

We present here a study of swifl heavy ion inadiated fifms of PYDF in its a phase and its bi-
sietched ferioclectric |3 phase. Moreover we dinw a paraliel with the qualitative and quantitative
infoymation obtained on fice radical specics in fon irradiated copolymer films of vinylidene fluoride
and Billuoro ethylene (P(VDF/T1F12)).

We have comparcd the shoctme and the concentration of radicals in the polymers afler
inadiation with swill heavy ions (oxygen, tin,.) it a dose tange up 1o 600 kGy. The spectrum of
imadiated o PVDF is reasonably atibuted to adicals of alkyl and peroxy type due to chain scission
and finther sadical seactions with oxygen. In inadiated 8 PVYDF, the structures of the radicals are
mute resolved, this bebaviow can be attributed 10 the bi-strelching of B PVDF which leads 1o a more
ardered stiucture in the polymer. Despite the fact that the copolymer P(VDF/TiFE) crystallises in
the same orthorembic shucture as the [ PVDYE, the spectia exhibit only the asymmelric peroxy
tadical. The evolution of the cafculated radical concenliation per icn.wilh absotbed dose or fuence
shows diffoences depending on (lte type of polynier. The exponenlial decreasing indicates an
incieased possibility of adical recombination may be overlapping of Iatent ion tracks for high -

inadiation doses.

We also studied the effeet of temperature on adical siability. Additional radical shuchwes
appenr in the temperature vange: of 298 K 10 453 K besides (he weakening of radical concentration.
The kind of stimcime observed was never 1epmted in ESR studies of inadiated polymers. il is
characieristic of swill heavy ion inadintion. 1 his ellect is explained by the variation in the < vstalline
suchne of the inadisted polymers leading 1o differences in radiation ineriness and resistance to
heat. A study of temperature amnenling at 333 K conlinms the 1esults and interpretations by

dilTerences in the structure of the polymers,
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LASER INDUCED SURFACE GRAFTING OF ACRYLAMIDE ONTO
ETHYLENE-PROPYLENF. RUBBER-III, EFFECT OF PULSE REPETITION
RATE ON SURFACE MORPHOLOGY

H. Mirzadeha, A. A. Katbabb, M. T. Khorasania, R. P. Burfordc

a, Polymer Research Center of Iran, Tehran, Iran
b, Department of Polymer Engineering, Amirkabir University, Tehran, Iran
¢, Department of Polymer Science University of New South Wales, Sydney, Australia

The status of the polymer surface is important for many properties and
applications, including chemical resistivity, adhesion, wettability, permeability and bio-
compatibility. Therefore, surface modification of a polymer with optimum bulk
properties is an efficient way to make it suitable for the desired application.

To improve bio-compatibility, attempts have been made to provide hydrophilic
sites onto the surface of ethylene-propylene rubber (EPR) by grafting acrylamide
(AAm) as hydrophilic monomer onto the surface of hydrophobic EPR, using CO5-
pulsed laser as excitation source. This surface specific technique should allow substrate
bulk properties to be retained.

Scanning electron microscopy (SEM), energy dispersive x-ray analysis
(EDXA) and attenuated total reflectance infrared (ATR-IR) spectroscopy performed
on the modified samples revealed the formation of grafted poly(AAm) on the surface
of EPR. The modified samples showed improved surface hydrophilicity. Surface
morphology of the modified EPR can be controlled, by varying the lasing parameters
such as repetition rate.

The morphology and property of the grafted samples by laser-initiated
polymerization are highly dependent on the laser operating parameters. In this paper
we focus on the critical role of laser pulsing frequency in the morphology of the
grafted EPR samples. In general, as the interval between successive laser pulses is
decreased, the overall graft yield is diminished and the hydrophilic’/hydrophobic
balance is also varied.

Tissue compatibility (in vivo) of the modified EPR has also been investigated.
Better tissue compatibility was observed for the laser-modified samples compared with
the unmodified controls.



Electron-Beam Processing of
Wood Fiber Reinforced Polypropylene

Tibor Czvikovszky

Department of Polymer Engineering and Textile Technology
Technical University of Budapest, Hungary

High aspect ratio (L/D>100) cellulosic fibers can be used as efficient reinforcement for
different thermoplastics.

A procedure has been developed for wood fiber reinforced thermoplastic composites,
applying a refatively small amount of reactive additive that compatibilize the synthetic and
natural polymer components. Electron Beam (EB) treatment is a productive method of
creating active sites on both matrix polymer and fibrous reinforcement, bound together
through reactive additive.

The EB-processed, wood fiber reinforced polypropylene composite has not only a high
modulus of elasticity, but also significantly higher flexural and tensile strength and improved
thermal tolerance over the conventional wood fiber - polypropylene blends. The relatively low
melt viscosity of our wood fiber reinforced polypropylene makes it easily processed not only
by extrusion but also by injection molding. In the procedure recycled raw materials (e.g. fibers
from recycled paper pulp or byproducts of the woodworking industry) can be used and the
product is a fully recyclable composite.

The original procedure eiaborated in Hungary was further developed and tried out in
pilot scale at Canada. EB treatment, extrusion and thermoforming of the extruded sheets has
been performed and applied to produce internal automobil parts, with the cooperation of
Atomic Energy of Canada Ltd. (AECL) Whiteshell Research Laboratories. Technical feasibility
and improved product quality has been demonstrated. The justification of high upfront
investment costs of the EB processing line remained in discussion.

References:

(1] T. Czvikovszky et al.: US Pat. 4,464, 510 (Aug.7, 1984.), and other patents pending.
[2]) T. Czvikovszky: Chapter 7 in "Radiation Processing of Polymers®

(Ed.by A. Singh and J. Silverman)

Hanser Publ., -Oxford Univ. Press, Minich-Vienna- New York, 1992,
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RADIATION AND PHOTOCHEMICAL CHLORINATION OF PARAFFINES
IN LIQUID PHASE
D. D. Lebedev

Branch of Physico-Chemical Institute n. a. L. Ya. Karpov, Obninsk, Russia

By chlorination of the same paraffin under gamma-radiation and UV the
following ratio is kept: WpH/Wrag=(Woph/Worad)?->. The reaction of chain
propagation of n-stage process irrespective of the initiation method are given by
following scheme:

) RH+Ch -k;—RHCI+C]

n+ 1) RHy+ Cl k41— RH + HCI

2n)  RHCI+ Cl—kn— RCI + HCI

Having differentiated the current concentration by an initial comiponent we
have the equations which include kp+] _2p-constants only, determining the selectivity
of chlorination. The constants of chain termination and ki 5 are not included in the

differential equations.
In a liquid phase kn+] 2p 1s 2.5-3 orders less than in gaseous phase, because

in the liquid phase during the disintegration of the transfer state by the scheme:

C8* -H3- Cle> C HO+-CI5-
the probability of the reversible process increases. The cause is reorganization of
surroundings, i. e. the change of geometry of the structure; molecule — radical and
redistribution of the charge, but not the formation of complex or solvatation. The
decrease of preexponent in a liquid phase as against a gaseous phase is the evidence of

this. The calculation of A, for CoHCls is equal to 4.2 x 100 and 4.5 x 109 I/Ms
respectively. The elementary rate constants of the reaction RH+Cl —» R* + HCI,

RH=C,HClj5 etc.:
CHCls (2.4+0.2)x104 (209) I/Ms;
CsHjCI (1.5 +0.1)x 105 (249) 1/Ms,
Ci4H30 (2.3+ 0.1)x 105 (20°) 1/Ms
has been found from the experiment.
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The radiation-induced solution chlorination of PyC

K. Friese!), B. 1158elbartht®, J. Reinhardt 0, R. Newe @

Fer more than 50 yeais the solution chlorination of PVC has been an indusirial process.
The result is a chlorinated PVC with chlorine content between 61 and 65 %. The high
solubility in the usual solvenis makes the chiwinated PVC mos! suilable for laguers,
adhesives and fibrcs.

f a great number of possitle, bul mostly toxic sofvents, only letrachlorocthane was uscd
for the industrial production of cllosinated PVC. The chlosination of this solveni
produces hexachloroethanc as an unwanlted waste product.

For this reason, the solution chiarination of PVC in methylene chloride was studicd.
Because of the low boiling point, the reaction between chiorine and PVC dissolved in
methylene cldoride must be carried opt under pressure.

The fisst expetiments with thenmal iniliation were 5.0 s0 succesful, so the investigation of
the radiation-induced chlorination of PVC was slasted.

‘The apparatus for chlotination will be described, and in addition: to this the main para-
metess of the reaction will be reported.

‘The results of many experiments show that during the reaction between chiorine and
PVC the solvent (methylene chloride) is chlorina:=d only in a small pcreentage to chloro-
form (9.5 %) and finafly to tetracldoromethane (0.1 %).

Some details conceming the optimun reaction conditions and the influence of PVC-type
and solution concentiation will be presented as well as the properties of the radiaiion-
induced clifminated PVC in comparison witls the conventionally produced CPVC.

It was found that the radiation-induced cllorinated PVC has the same structure as e
thermally chiosinated polymer, while the thenmal slability and the speed of degradation of
the radiation producis show the beller data for application purposes.

(1) Institut fiir Obesflscheninodifiziesung e V. J.cipzig
Peimosersuale 15
D-04303 Leipzig

(2) Organotin Cheinie Ginbll
D-06749 Billesfeld
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RADIOIODINE CHEMISTRY IN LIGHT WATER REACTOR IN SEVERE
ACCIDENT

C. Hueber?, C. Chuaqui®, S. DickinsonS, D. Jacquemain3

a, IPSN/CEA Cadarache, France
b, AECL Whiteshell, Canada
¢, AEA Winfrith, England

In the event of a severe accident of a light water nuclear reactor, the core
overheats and releases radioactive materials, including fission products. These materials
are transported into the pnmary circuit, finally reaching the containment building,
which is the last barrier to keep radioactivity under control.

Jodine radioisotopes, notably 1311 are major components of the fission
products released during the accident. This element can form volatile species that are a
biological hazard during the first few days after the accident. As a consequence, iodine
chemistry is one of the most important subjects of research in the chemical field of
reactor safety.

We will present in this paper the main aspects of iodine chemistry in the
containment building after a severe nuclear accident.

Aerosols containing caesium iodide, formed in the primary circuit, are
transported into the sump of the containment building. Yodine is in the aqueous phase
initially in the form of the iodide ion, I , which is transformed by y-radiolysis
(produced by fission products) into molecular iodine, I. This latter species participates
in a disproportionation reaction via hypoiodous acid, 1101. I, can be also transferred to
the atmosphere and absorbed by surfaces. lodine is very reactive and can react with
organic sources of the containrient (i. e. painted surfaces) to form organic iodides,
which are also volatile.

These phenomena are modelled in ccmputer codes, which are validated by
means of experimental programmes performed at different scales.
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The probability of lethal radiation effects
as related (o nuclear accident dosimetry data

I. Dvornik, 8 Miljani¢, Z. Deanovi¢
Ruder Bodkovi¢ Institute, 4 1500 Zagreb, Croatia

Nuclear accident dosimetry is the most fthportant source of
data for the early diagnosis and prognosis ol acute radiation sickness
(ARS). The problem of the relationship between expected acute
radiation effects (probability of death or recovery, LDgg) and radiation
dose (dose on the body surface measurable by personal dosimeters,
depth dose distribution, dose to critical orgaus} is described for some
{yplcal radiation fields produced by catastrophic or accidental
radiation events. For two different neutron plus gamma radiation
fields the depth dose distributions were measured by "DL-M4”
chemical persor:al dosimeters. ‘The diagnostic value (advaatages,
limilations) of the maximum tissue-equivalent total neutron plus
gamma dose direclly measured by personal dosimeters on the budy
surface is analysed by applying the Gozemmbuk/Keirim-Markus model
(1988, of our paper for ‘e Seventh Tthany Symposium, pp. 5649-66,
refs. 8-14) of dose dependence of acute rarliation eflects.
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Radloiysis of Waler al Elevated Temperatures
with y-Reys and Fast Neulrons

¥. Katsuwura, G. R. Sunaryo, . Hircish{ and K. 1shigure

Department of Quantum Engineering and Bystems Science,
Faculty of Ergineering, The University of Tokyo
Nlorro 7-3~1, Bunkyo-Ru, Tokyo 113, Japan

Determination of G-valicc of waler decomposition products inneutral
water produced by Irradiatlon with y-rays and fast neutrons at elevated
temperatures up Lo 260°C was carrled out by a combination of NaNoO,,
acelone + mathanol and HCI1O, + methano!l solutlons. From the measurement
of the H, ylelds for Lhese solutlons, the U, Uy,tU,, and U,,, +Uy+GH,
regpectively, have been determlned. From a mass Lalsnce relatlion, the
value for waler decomposition, U, was calculated. The ylelds of MN,0,,
formaldehyde and etlhyleneglycol produced as a function of dose In the
NaNO, and lC10, + methanol solutlons were chosen to derlve the 0.. and Gyyop
from the simulatlon of the experimental results.

In the y-radiolysis, the G-valucs obtalned In the present experiment
are 1n good agreement with recently reported ones except Uopy and Gyey. The
.- fOr y-radlolysls 1s In a good agreement with the reported values up
L0 200°C, but slightly flower at 260°C. The water decomposition glves a
slml tar pattern with 4,,, ylelds. in the fast neutron radioiysis, although
agimilar change of the Q-values with temperature was obgerved, the higher
molecular products of U, and G,y and the lower radical yleld of d, and,
especlally, d,,. were delermlned. 1t was made cliar that the LET effect
gtlll remalng even at elevated temperatures. Concerning the experimental
results, it 1s suggesting Lhat Lhe spur slze would espand at higher
temperatures and the fraction of t.ue Intraspur reactlions decreases.
Consequently, Lhe amount radicals diffusing out from the spur Increases.
To conflem Lhis suggeslion, an additional experiment was made.

In order Lo clarlfy the characterletics of the determined Q-values,
compuler simulatlons under Lthe simplifled conditions In nuclear reactors
have been also carrled out. The recent U-values for y-radlolysls reported
by Elllot, by Rent and Sims, snd by us are nearly egqulvalent from the
point of slmulatlons. On the conliary, U-values for fast neutron
radlolysls glve aslgnlficant Influence Lo the result, which arises from
the higher molecular ylelds and smaller radical ylelds of water
decomposiilion In fast neutron radlolysls, and it has been revealed that
the dose evalualion In the reaclor 15 Inevitably Importent, In additlon,
It was polnted out by Lhe simuiations that reverse reactions for M, + .-Oll
- ite 4+ 1,0 and e, + W' -> *J)I, which can be neglected at room temperature,

become Imporlant at higher Lemperatures,
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The model of initial intratrack chemical
processes of waler radiolysis

M. Domae, Y. Katsumura and K. Ishigure (Universitly of Tokyo)
V. Byakov (Institute of Theoretical and Experimental Physics)

According to current concept, the primary products of waler
radiolysis are radical-cation 11,0 and quasi-free clectron ¢” with energy
lower than ionization potential of liquid water. In the convcitional
diffusion kinetic model, these species are supposed o transform into Ot
radicals, 11,0" and Coy within 1 ps, and their diffusion are not accounted
for. Whereas thal model has succeeded to some cxleat, it cannot give any
answers to the [ollowing problems; (i) small amount of solute(for exansple,
NO;") reduces the initial yicld of ¢,,” as well as the yield of H,, (ii) the
origin of 1},

‘Then, we think the importance of diffusion and reactions of H,0* and
¢, and propose the model of initial chemical processes of waler radiolysis,

which conlains the following reactions;

11,0 MW~ 1L,0' + e
1,0 + ¢ 1 + Ol
E H, +  20H
1,0
1,0* + 1,0 — O}l +  1L0*
c - ey

This model has rather many paramelers: diffusion coeflicients of H,0* and
¢ which determine the upper limits of above rate constants, width
paramelers of initial distribution of 11,0* and e and the encrgy nceded to
produce a lypical spur. However, we think it pussible to determine such
paramelers by accounting for following; (i) reproducing the inZial condition
in the couventional model at 1 ps, (ii) explaining the decrease in the initial
yield of ¢, in the presence of special solute such as NOy , and
considerable decrease in the yield of 11, in the presence of such solutes. We
examine the possibility of this model to expisin cxperimental results, and

report the calculated resulls,
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MECHANICAL AND DIELECTRIC RELAXATION
OF RADIATION CROSSLINKED POLYMERS
Féter Hedvig

Plastics Research & Development Ltd
Budapest H-1143 Hungdria krt 114 ,llungary

Mechanical properties of crosslinked polyme. networks are
usually characterized by their modulus plateau, related to the
average molecular mass in-hetween crosslinks <Hc>,and the Mooney
Rivliin constants derived from stress-strain experiments. The
distribution of Mc, however, is usually not studied. From the
statistical theory of rubber elasticity it follows that
distribution of MC is related to the distribution of mechnical
or dielectric relaxation times.

In this paper the effect of -'crosslinking on these
relaxation Lime distribution spectra are dfscussed for mnatural
rubber, polyethylene, polyvinyl chloride, unsaturated polyester
resins and for some cligomer-monomer systems.

Relaxation time distributions are derived from mechanical
st ;ess relaxation and dielectric measurements wusing the
Kohlrausch response function & = exp(-(t/r)n) which is found
appilicable to mechanical as well as electric actions.Exponent n
of the Kohlrausch function characterizes the broadness of the
distribution which, in turn, is related to the distribution of
Lhe inter-crosslink molecular mass Mc,while parameter v is the
temperature dependent averagye relaxation time. Computer
programs w2re developed for determining distributions from
results of time-domain, frequency domain and temperature domain
mechanical and dieleclric measurements.

The relaxation ULime dJdistribution 4is found to broaden by
increasing crosslink density, 1i.e decreasing <Mc> in the case
of radiation crosslinked mnatural rubber above glass transition
and polyethylene above crystalline melting temperature. In the
case of oligomer-monomer mixtures the situation becomes morsz
complicated Dbecause of the plasticizing effect of the
monomer, but still tractable by the developed f{ormalism,
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FUNDAMENTAL ASPECTS OF SELECTIVITY OF THE RADIATION-
INDUCED PROCESSES IN HYDROCARBONS AND RELATED POLYMERS

V. I Feldman
L. Ya. Karpov Institute of Physical Chemistry, Moscow, Russia

The results of systematic studies of selectivity of radiation-induced effects in

hydrocarbons, polymers, and microheterogeneous polymer systems irradiated at low
temperatures (down to 10 K) are analyzed. Three principal aspects are considered:

@

(i)

(iii)

The selectivity of primary radiation-induced events in macromolecules and
prototype hydrocarbon molecules. It was concluded that the selectivity of bond
scission in many cases correlated with the structure and reactivity of the
corresponding radical cations. Direct evidence for localization of the primary
events at conformation defects were obtained for linear polyethylene (PE)
irradiated at 15 K. This was explained by selective deprotonation of the primary
hole trom gauche position. The conformation of the parent molecule and
association were found to control selective reactivity of the radical cations of
alkenes, aromatic hyd:ocarbons, and related polymers.

The role of local molecular dynamics, which controls the selectivity of
reactions in irradiated polymers under the conditions of inhomogeneous
distribution of active species. In particular, selective intrachain recombination
cf the radical pairs in crystalline region of PE was found to occur at ca 65 K
due to one-dimensiona! H-atom tunneling, which is replaced by classic
interchain three-dimensional radical site migration in disordered amorphous
region or at higher temperatures. Selective dynamic effects are generally
significant for high-ordered sysicms or at low temperatures.

The peculiarities of radiation-induced processes in microheterogeneous
polymer systems. These features were studied using a serie; of styrene-
butadiene block copolymers with microdomain size of ca 10 nm and their
homogeneous analogues. Positive hole transfer was found to occur only
between neighbouring component molecules (units), whereas interdomain
electron migration proved to be important for microheterogeneous systems.
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Pulse Radlolysis Studies on the Pclymerization of Acrylates and
Methacryiates
E. Takacs and L. Wojnarovits
Institute of Isotopes of the Hungarian Academy of Sciences, H-1525

Budapest, P.O Box 77. Hungary

The real time kinetic analysis of high energy initiated polymerization is
very difficult, partly because of the high rate of these reactions resulting in
reaction times of the microsecond scale and partly because of the difficukies
of detection under the hard conditions of the electron beam irradiatio. Puise
radiolysis together with kinetic spectroscopic detection seems to be a proper
method to estimate kinetic parameters of high energy initiated polymerization
[1]. By this method the actual radical concentration can be monitored and the
actual average termination rate parameter [2] can be calculated.

The transient light absorption of puiscd electron beam irradiated
cyclohexane solution of methyl acrylate (MA) and methyl methacrylate
(MMA) were investigated. In both solutions a transient light absorption was
observed with a maximum around 290 nm that was attributed to «-
carboxyalkyl radicals. As the structure of the growing radicals does not
change, the shape of the spectra measured at different time after the
puisewas found similar.

The values of second order rate parameters of termination ki were
determined as a function of dose for the two monomers and were
compared.

[1] Wojnarovits L., Takacs E., Dobé J., Féldiak G. (1392) Radiat. Phys.
Cihem. | 39(1), 5§9.

[2] Wojnarovits, L. Takacs, E. Bir6, A. (1995) Propagation and size
dependent chain termination rate parameters in the polymerization of
acrylates in aqueous solution as studied by pulse radiolysis J. Macromol.
Sci. Pure and Appl. Chem. A32(3), to be published.
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RANDOMLY AFFECTED KINETICS APPLIED TO REACTIONS OF
CHEMICALLY ACTIVE SPECIES IN IRRADIATED CONDENSED MEDIA

Yuri A. Berlin
Institute for Molecular Science, Myodaiji, Okazaki 444, Japan
and
N. N. Semenov Institute of Chemical Physics, Russian Academy of Sciences,
vl Kussygina _, Moscow 117334, Russia

Fluctuations, static disorder and other external random imp:icts are known to be
important facturs affecting mechanism and kinetics of chemical r actions in condensed
media. Such randomly affected reactions are discussed here in tie framework of the
general theory [1] covering the entite range of physical conditions making influence on
processes of this kind. To illusuate the application of theoretical result3 to radiation
chemistry, two particular aspects of the problemn are considered in detail. They include
the influence of static disorder on recombination kinetics of charged species in glassy
solids [2] and the effect of stochastic surroundings on the monomolecular decay [3). It
has been shows that bth processes cannot be adequately described in terms of classical
(formal) kinetics. The Jatter is established 10 be one particular limit of the general theory
proposed. Another limit corresponding to the so-called polychromatic approximation
appears (o te useful only at extreme low temperatures. It has been den:onstsated that our
approach seems 1o be useful for the unified description of geminate and homogeneous
reactions. for studying the elementary step of charge carrier transport in polymer
material; as well as for deducing statistical characteristics of stochastic media from

experimental kinetic data.

References
1. Yu. A. Berlin, D. O. Drobnitsky, and V. V. Kvzmin, J. Phys. A: Math. Gen. 26, 5973

(1993).

2. Yu. A, Berlin, Mol. Cryst. Lig. Cryst. 228, 93 (1993).
3. Yu. A. Berlin, D. O. Drobnitsky, and V. V. Kuzmin, J. Chem, Phys. 100, 3163 (1994).

22



Hu PS5 13 351
23

Bih "Tihany" Symposium on Radiation Chemistry
3 - 8 September 1994

Irradiation of Polymers for Photoclastic Ivestigations

R. SCHAUDY, J. WENDRINSKY, R.J. BEER, J. EBERHARDSTBINER

‘The siessless fixation of three-dimensional states of deformation in polymers allows the
analysis of "special states” of elastic sticsses even in the interior of coniplex constructional
units and machine paris. This is the reason for the fact that in spite of the development of
modern experimental nicthods of the analysis of deformation, which are in general resuricted
to the defosmation of the surface of the badies, the classical "photoelasticity” is still an
adequate procedure for solving technical problems. However there are several restrictions on
the applicability of the presently used proceduses. A potential way to overcome these
restrictions is the use of ionizing radiation, which in sevesal polymetic inatesials causes a
more or less perfect fixation of thiee-dimensional states of deformation, ‘The search for
suitable polymers includes the modification of well-known materials like epoxy resins
(Asaldit I3 type) as well as the application and development of materials not yet used in this
field of engineering. Peliminary results of the search for such new aterials are presented as
the Austiian comtribuition to an infesnational project, in which scientists from Hungary,

Croatia and Austria ate co-operating.
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PIIYSICO-CHEMICAL PROPERTIES OF MEMBRANES OBTAINED BY
RADIATION GRAFTING ONTO FEP FILMS

A A ElMiligy, E. A. Hegazy, H. Kamal
National Center for Radiation Research and Technology, AEA, Cairo, Egypt

Physico-chemical investigations were carried out on the membranes prepared
by radiation-induced graft copolymerization of methacrylic acid and vinyl acetate
individually and/or in binary mixtures onto poly (tetra-fluoroethylene - nexa-
fluoropropylene) (FEP) films. The change in thermal properties of the polymenc
substrates and graft copolymers was determined by differential scanning calorimetry
(DSC). It was found that the prepared membranes possess good thermal stability and
can be used at relatively high elevated temperatures. These membranes showed also
good electrochemical and hydrophilic properties to elucidate the possibility of their
practical use as ion-containing membranes.
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ION-CONTAINING MEMBRANES OBTAINED BY RADIATION GRAFTING
OF INDIVIDUAL AND BINARY MONOMERS ONTO POLYMERIC
SUBSTRATES

El-Sayed A. Hegazy, H. Kamal
National Center for Radiation Research and Technology, AEA, Cairo, Egypt

The preparation and characterization of different ionic and hydrophilic
membranes, obtained by radiation grafting of individual and binary vinyl and acrylic
monomers onto polymeric substrates, were carried out in this study. The post and
direct radiation grafling methods were used as techniques for the membrane
preparation processes. The effect of controlling factors and appropriate reaction
conditions on the yield and homogeneity of grafting was investigated. The possibility
of practical uses for the prepared membranes were investigated by measuring some of
their selected properties such as thermal stability, electrical conductivity, swelling
behavior and reverse osmosis properties (water flux and salt rejection).
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ERISSION SPECTRA AND DRCAY KINETICS OF PULSB IRRADIATIBD
PULYCRYSTALLIRE TRYPTOPHANS

Z.P.Zagorekl

Department of Radiation Chemiatry and Technology,
nstitute of Nuclear Chemistry and Techmnology
03-185 Varaaw, Poland

Sunmary

Presented study has been performed mainly bx gulse radiolysis
method without external analytical light but wit he measurement
of lifbt emitted by the irradiated eample. OUn the background of
usuall Cerenknv light, the non-Cerenkov emissions were recorded,
thelr decays analysed and spectra constructed. The general
techulgque of pulse radiolysls of solid samples ie in print as a

monographic paper.

Contrary to the majorlty of biogenic ami-~o acidse, tryptophan
shown, after the pulae of jonizing radiation, a comparatively long
laat0n§ {hosphoreecence vwith the maximum at 580 nm. The bhalf 1life
time o he main first order decay 1le 2.2 pe, the ener8{ of
nctivation in the range of 188-393 K {ia J.020 eV/mnlecule. The
pulse radlolyale plcture of light emjissions from solid tr;ptopbun
Teveals alsn the eteady etate of well known singlet emission of
tryptophan in UV (350 nm). The decay of it le faet, in the order of
nanoseconde en that with microsecond resolution, thie mode of
fluorescence is8 observed unly as the increment of Cerenkov euiseion
during the pulse as a eteady state concentration.

The origin of long lived emimsion from excitéed tryptophan is
discuaged (possibilities of excitation by Cerenkav radiation or by
singlet emission mentioned above, as well as experimental attempte
to excite the 580 nm emiesion by UV). The working hipothesia of
mechanisme of observed fhenomenn looks for explanation b{ epirs in
solids. The existence of cuch form of diasipation of ionizing
energy (/s as renl as in liquide; ca 30% of energy Je deposited in

apure originating from more than one ifonization. Therefore the main
primary proucess of radiolysis of tryftnphnn is a single ionization
of a molecule nf tr ptoghan givirg rlse to singlet excitationa. At
least 30% of molnscules aking part in the Yrimary procees are
double nr more ionlzed ylelding double radicale or triplet states

which decay sluwly in comparison to singlets mentionsd above.

The guestion why th 580 nm, ionizing radiation induced
emizssion has not been observed ¥et may be answered that the
crystalline state only may permit the specific excitation by high
ener5¥ quanta and electrons, The vccurence of the diascussed
emisaion in aqueous splutions ia not saible, because
mil ti-1onizat{on spurs cause the formatinn of molecular products in
water. Attack by radical producis of water radiolyeis may cause
only einglet excitation, and 101 and N1 from multi-{onization
apure are prectically not reactive at all.

Premented shenomena exhibit unuvsual aspecte of enerqy tranafer

in evlide. + and » enantiomers give practically identical effects,
vat deacribed, but the o1 tryptophan racemate shows much weaker

80 nm emission. Conelderation of basic differencee between
enantiomeric Aand racemnte crystals, and higher daneity of the
racemate mny suggest radistionless deactivation in the latters.
Closely packed moleculea in the »y variety create bstter conditione
for energy transfer, cuntrar¥ to the enantiomare wlhich emites energy
as phosphDreacence. The einglet emisaion is identical in ¢, ¢ and
01 varieties. Obuerved effact of difference ip 580 nm emimselon has
nort a direct connection to chirality, but certainly an indirect
nne, beceumse chirality determines completaly different arrangement

of mplecules in the racematae,
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Decomposition of llalogen Containing and Phenolic Compounds Related to
Pesticide Pellulants of Susface Waters: Pulse Radiolysis Investigations

I. Gytigy, K. Goiter and A, Kovécs

Institute of Isotopes of the HHAS, Budapest, Hlungary

Recemnt envisonmental contsol examinations have indicated that pesticides and products
of their paitial degradation failing under severe environmental protection regulations
appeared in surface watess, "[hese include non-bivdegiadable halogenated and/or pheno-
lic compounds, not allowed to be found in rivers in detectable concentrations by using
standard pollation control test methods.

‘Ihe objectives of the present study were to contribute to finding free radical reaction
pathways 1o eliminale dangesous pollutanis from aqueous systems. Aromatic com-
pounds substituted with (1, Br and/or OH, C(O)Cll3 groups were used as models for
pollutants, Oxidising and reducing free 1adicals were produced in the absence or pre-
sence of airfuxygen by subjecting aqueous solutions of the compounds to pulses of 4
MeV election beams f10m a Jinear eleclfon accelerator. ‘Transients were detected by fasi
kinetic spectrophotometsy.

Substituents effects on formation and decay of free radical intesmediates are discussed
in terms of the electson donating or withdiawing psoperties. The reactivity of free radi-
cals and the state of protonation of substituted phenols is vasied also by changing pH of
the solvent, and these give rise o variations in the reaclion snechanism.



DECARBOXYLATION MECHANISM OF N-TERMINAL GLUTAMYL
MOIETY IN METIHONINE CONTAINING PEPTIDES

Kizysztof Bobrowskil-2 and Christian Schoneich?

nstute of Nuclear Chemistry and Technology, 03-195 Warsaw and Institute of
Bi.chemistiy and Biophysics, Polish Academy of Sciences, 02-532 Warsaw, Poland

2Radiation Laboratory, Universily of Notre Dame, Notre Dame, In. 46556, U.S.A.

*Universily of Kansas, Lawrence, Ks. 66045, U.S.A.

The reaction of hydroxyl adicals with y-glutamyl-metlionine and y-ghitamyl-
glycyl-methionyl-glycine at ncutial pH sesults in similar N-terminal decarboxylation
efliciency. The underlying mechanism mvolves an intramolecular proton transfer from
the protonated N-terminal amino group of the glutamyl moiety to an initially formed
hydioxy sulfuranyl radical at the methionine residue. This process leads lo the
formation of a thiee-electron bonded [>S.. N1, | -peptide intermediate subsequently
decaing into CO, and u-amino radical of the stiucture 11,N-Cil-Cll-CH,-C(=0)-
NH-peptide. This radical has been identified via reduction of moderately good electron
acceptor such as p-nittoacciophenone (PNAP). Mechanistically, the formation of CO,
suggesls the occurence of an intiamolecular electron transfer from the carboxyl group
to the election-deficient center at the nitroger followed by carbon-carboxyl group
bond breakage. ‘The decaiboxylation benefils in paiticular from stabilization of the
arising cartbon-centered radical by a fiee lone pair from the a-amino group. The
artangement within a sterically favotable 5-membered ring, as observed with
methionine, is not a necessary prerequisite for the formation of [>S..NH,]*-ype
intermediate. This process seems to oceur equally well in farger peptides pirovided they
contain N-terminal carboxyl group o to an amino function and they «re flexible enough
1o allow protonated amino function to interact with hydroxyl sulfuranyl radical at the
methionine residue. Such contact might not necessarilly require a proximity through a

covalent bonds sequence. A proximily through secondary or higlier structure might

equally well be sullicient.
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MOSSBAUER AND POSITRON ANNIHILATION STUDY OF
OXYHEMOGLOBIN EXPOSED TO y-RAYS AND ELECTRONS

MLL Oshitrakly, E.A. Kopelyan and VA Semionkin

Division of Applied Biophysics, Ural State Technical University - UPl,
Sverdlovsk, 620002, Russian Federation

Preliminary analysis of oxyhemoglobin radiolysis was made by Mossbauer spectroscopy and
positton amihilation technigue.

Oxyhemoglobin in red blood cells irradiated by y-rays with average enesgy of 15.5-i6 MeV
in doses of ~100, ~300 and ~600 kGy was stidied by Mossbauer spectroscopy. It was found
several products of oxyhemoglobin 1adiolysis which were related with deoxylemoglobin,
aquomethemoglobin, hemichromes and/or methemogiobin hydroxide, hematin and/or p-
oxodimers, and the high spin Fe(l1l) complexc- formation. Basing on Mossbauer parameters
the changes of these products versus doses were shown and possible pathways of
oxyhemoglobin radiolysis were supposed.

Oxyhemoglobin in concentrated solution irradiated by y-rays with average erergy of 9 MeV
in doses of ~16.5, ~22.5 and ~33.0 kGy was simultaneously studied by Mossbauer and
positron life-time (PLT) spectioscopies. Mossbaver spectra showed oxyhemoglobin
devxygenation process only in contrast with red blood cells irradiation. Moreover,
oxyhemoglobin deoxygenation versus doses appeared to be different in both cases. Parameters
of PL'T spectia vaiied with doses and likely chaiacterized structural changes in protein
molecules resulted fiom oxyhemoglobin deoxygenation and irradiation.

Oxyhemoglobin in concentrated solution irradiated by elections with average energy of 10
MeV in doses of ~), ~3 and ~5 kGy was studied by Mossbauer and PLT spectroscopies.
Mossbauer spectium of oxyhemoglobin itradiated with dose of ~5 kGy showed oxyhemoglobin
deoxygenation amd hemocin ‘mes formation. Parametess of PLT spectra of oxyhemoglobin
inadiated in doses of ~1 and ~3 kGy appeared almost the same and their comparison with
those of y-itradinted oxyhemoglobin permitted to explain oblained results as the presence of
oxyhenoglobin deoxygenation and some other structural changes in hemoglobin molecules.

The results ¢i this study demonstrated variations of oxyhemoglobin radiolysis in red blood
cells and soluiion as well as dependence of radiolysis process on the type, energy and doses of

radiation.
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EFFECTS OF X- AND UV-IRRADIATION ON PROTEINS
1. PROBING THE STABILITY OF PROTEINS BY DIFFERENT TECHNIQUES

H. Durchschlag!, B. Feser!, C. Fochler!, S. Hausmann!, E. Swoboda!,
T. Seroneit!, and P.Zipper2

L Institute of Biophysics and Physical Biochemistry, University of Regensburg, Germany
2 institute of Physical Chemistry, University of Graz, Austrie

The radiation damage of many proteins has been investigated in aqueous solution. The proteins in-
vestigated differed in their molecular characteristics, such as molar mass, number of subunits, amino
acid composition, and nature of the actlive center in the case of enzymes. By various measures and
acditives (e.g., use of protectives and repair substances) we aclieved modifications of the radiation
action of X-rays and UV light.

For @ comprehensive analysis of dilferent radiation effects we had to apply a gamut of diiferent
methods of physical biochemistry [1-3). By use of different techniques we succeeded in revesling
numerous changes of the micro- and macrostructure of proteins as well as their functional ability. UV
absorption, Puorescence, and CD spectroscopy unveiled changes of aromatic snd othar chremo-
phores {e.g., heme group) and helix content of proteins; these methods were also able to indicate the
formation of bityrosines and large aggregates, and to show the exposure of buried groups and the
axtent of unfolding. Enzymic tests allowed statements on the extent of inactivation and the success
of repair attempts. Size exclusion chromatography monitored changes of the protein structure and
the integrity of aromatics; when coupled to fluorescence detection, the method turned out to be a
powerful screening tecimique for disclosing the protective efficiency of differant additives. Electro-
phoreses allowed statements on fragmentation, unfolding and crosslinking of protein subunits. Smali-
angle X-ray and light scattering, densimetry, viscometry, and analytical uitracentrifugation reflected
changes of the protein overall structure and the gradual progress of aggregation phenomena. Analyti-
cal methods of (bio)chemistry rendered changes of amino acids and epecial groups {e.g., SH and S§S),
and provided information regarding the occurrence of stable deleterious spacies {e.g., H,0,).

The parameters derived from various techniques were compiied, normalized, and presented In sev-
eral correlation and stability plots, combining functional and structural properties of the proteins as
well as the irradiation conditions. To allow clear-cut correlations: of the rsdiation effects monitored by

the different technigues, the derivation of several nove! evaluation procedures was required.

{1} Durchschlag, H., Witek, C., Zipper, P., Wilfing, R.: Proc. 6th Working Meeting on Radiation
Interaction (Mal, }i., Brede, O., Mehnert, R., eds.}. Z1l, Leipzig, 1991, pp. 123-130,

(2] Zipper, P., Durchschlag, H.: Proc. 7th Tihany Symp.on Radiat. Chem. (Dobd, J., Nyikos, L.,
Schiller, R., eds.}). Hung. Chiem. Soc., Budapest, 1991, pp. 437-447,

{3) Durchschlag, M., Zipper, P.: Proc. 7th Tihany Symp, on Radist. Chem. (Dobd, J., Nvikos, L.,
Schiller, R., eds.}. Hung. Chem. Soc., Budapert, 1991, pp. 449-4568,
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EFFECTS OF X- AND UV-IRRADIATION ON PROTEINS
H. THE MODIFICATION OF IRRADIATION OF THE ENZYME LYSOZYME

H. Durchschlag!, C. Fochler!, M. Swientek!, A. Winklmair!, C. Witek!,
and P. Zipper2

1 Institute of Biophysics and Physical Biochemistry, University of Regensburg, Germany
2 jstitute of Physical Chemistry, University of Graz, Austria

The investigation of enzymes has a long tradition in radiation biology since enzymes sre usefid
objects for studying both structural and functional changes caused by radiation. Enzymes containing
SH or SS groups are calling for special attention (1-2]. Lysozyme is a widely occuiring enzyme con-
sisting of a single pofypeptide chain. The tertiary structure of the enzyme is known, it Is stabilized by
4 disulfide bridges. The miolecule has a clelt which houses the active center; several amino acids
{e.g.. Afa, Asn, Asp, Glu, Tip) are Involved in enzyme-substrate interacticns.

For our expreriments lysozyme was dissolved in dilute bufier and was irradiated with X-rays (0 - 20
kGy) or UV-C fight {0 - 200 kJyn'2) under a great variety of conditions. Several physico-chemical and
biochemical techniques were applied for monitoring a series of different radiation damages, reflecting
changes in primary, secondary, tertiary, and quaternary stiucture of tha enzyms: e.g., change/
destruction of aromalic amino acids and cystins, inactivation, dimerization and aggregation, fragmen-
tation, unfoliding, decrease of helix comtent, etc. When using X-rays, some of the radiation effects in-
tensilied in the post-irradiation period.

Ouwr investigations were focussed mainly on several modifications of the radiation conditions. A
considerable influence was found by variation of dose, gassing conditions, enzyma concsritration, na-
ture and concentration of additives. The additives screened comprised many radical scavengers, re-
ductants and oxidants including reduced and oxidized forms of thiols as well as common antioxidants
and antioxienzymes, inorganic salts, chelating agenis, drugs, etc. Many -OH scavengers, thiols,
thiourea, dithionite, ascorbate, NADI, NAD *, and EDTA protected the enzyme effectively against X-
irradiation Some of the compounds exhibiting absorption in the UV range, such as thiourea, ascor-
bate, NADH, and NAD', tumed out to be potent protectives against UV light. The different protec-
tive elficiency ol the additives against X- and UV-irradiation is due to differences In the primary reac-
tions caused by these two types of radiation. fesults were surmnarized in dose-effect curves and
saveral correlation plots. Nornmalization of the molecular parameters allowed a quantitative compari-

son of the radiation damages registered by different techniques and of the protective sfficlency pro-

vided by different additives.

11} Durchschiag, V., Zipper, P.: In: Anticarcinogenesis and Radiation Protection Z {Nygsard, C.F.,

Upton, A.C., eds.}. Plenum Press, New York, 1991, pp. 269-274,
(2] Duschschiag, 11., Teser, B., Focller, C., Seroneit, T., Swoboda, E., Witek, C., Zipper, P.: Progr,

Collold Polysn. Scl. 93, 223-224 {19923).
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EFFECTS OF X- AND UV-IRRADIATION ON PROTEINS
. THE INTERACTION OF RADIATION WITH EYE LENS PROTEINS

C. Fochler and H. Durchschlag

Institute of Biophysics and Physical Biochemistry, University of Regensburg, Germany

The lens of the eya has the function of focussing light entering the eye on the retina. The lens is »
transparent tissue made up largely of proteins called the crystaliins, the remainder being essentially
water. Three major classes of crystaliing (o, B, 7) have been identilied in marnmalian lensez [1). The
molecular properties of the crystallins such as molar mass and thiol content vary considerably. Signif-
icant changes of the lens proteins can occu as a consequence of aging and irradiation, finally learding
10 several pathological aiterations of the iens including cataractogenesis |2,3).

The axamination of lens proteins damaged by nonionizing and ionizing radiation is of particular in-
terest for many fields of research {radiation biology, medicine, pharmacology, etc.). There is some
evidence that the occurrence of holes in the ozone layer of the atmosphere as well as X-irradiation
may lead to an enhanced formation of human cataracts. Therelore the investigation of irradiated lens
proteins and the search for radioprotective substances is of pressing importance at the present time.

Our investigations are concerned with the radiation interaction {UV light, X-rays) with the crude ex-
tract and individual fractions of calf iers crystafiing in agueous sofulion. Expariments made use of UV
absorption and fluorescence spectroscopy, size-exclusion chromatography, SDS-PAGE, determination
of Sti and SS conte, etc. Several radiation damages could be registered {destruction of aromatic
amino acids and cysteins, agyregatio phenomena, etc.), the eflacts depending on the crystaliin class
and the nature of radiation used for the investigation. The radiation effects could be influenced by the
irradiation conditions {e.g., oxic or anoxic solution, presence of certain additives). Especially a variety
of ditlerent classes of additives were applied, allowing a systematic search for efficient radioprotec-
tanis against both sorts of radiation. We succeeded in finding vavlous‘ substances protecting the
crystalling effectively against UV fight and/or X-iradiation, some of them being also of medical

relevance.

11) Berman, E.RN.: Biochemistry of the Eye. Plenum Press, New York - London, 1991,
{2) Lerman, S.: Radiant Enerpy and the Eye. Macmillan Publ. Co., New York - Toronto - London,

1980.
(3§ Harding, J.: Cataract- Biochemistry, Epidemiclogy and Pharmacology. Chapmen & Hall, London -

New York - Tokyo - idelbourne - Madras, 1991,
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RADIATION-INDUCED EFFECTS IN PROTEIN-RICH ORGANIC MATTER
THE TIIIN FRACTION OF EGG WIIITE

Lj. Josimovié, M. Radojti¢ and B. H. Milosavljevié
Institute of Nuclear Science "Vinta®
. 0. Box 522, 11001 Belgrade, Yugoslavia

Preservation of the nutritional and organoleptic characteristics of protein-rich natural
products during radiation sterilization is the primary technological problem of the foodstuff
industry. Further, under natural conditions, protein components of the living organisms are
permaneilly exposed to damages by free-radical species originating from normal cell
metabolism, as well as from natural sources of radioactivity and UV portion of the solar
spectrum.  Consequently, unveiling of the mechanism underlying genesis of these
impairments is of equal significance for industrial aspects, as for the understanding of the
fundamental biological processes such as aging and carcinogenesis. For the mentioned
studies, we chose the model sysiem of hen egg while thin fraction, whose composition is well
defined and which proved suitable for viscosity measurements. Alsv, comparalive studies
were undertaken using agueous ovalbumin solutions of various concenirations.

The N,O saturated thin fraction of egg while was irradiated using a y-source of “Co
in the dose range up to 60 kGy. Analysis of the radiation produced damages of protein
components was performed by discontinuous SDS-polyacrylamide gel elecirophoresis
(SDS-PAGE) and viscusily was measured using an Ostwald viscomeler at 20° C. SDS-
PAGE revealed that both kinds of prolein damages, scissoring and crosslinking, took place,
the former being more p:onounced. ‘The G-value varied with the dose applied and was
estimated lo be 0.25 at 10 kGy. The abrupt inuial viscosity decrease in the dose interval up
to 6 kGy was altributed to the degradation of coinposile structure through the hydrogen bonds
cleavage. Further increase in the radiation dose resulted in the gradual increase in viscosity
owing (o the crosslinking of the egg white proteins. The initial value was reached around
50kGy. On thr contrary, 10 times diluted, irradiated egg white samples showed the absence
of initial absupt decrease in viscosily. This observation poin‘ed out that the egg white
compusite structure was destroyed oa dilution, releasing most of the beund water molecufes.
‘The sample persisted marked crossiinking and the gel dose was estimated to be 70 kGy.
Further, the viscosity of 1% solution of purified ovalbumin increased with the dose in a siep-
function manner. The corresponding gel-electrophoretogram indicated that the jonizing
radiation caused marked crosslinking and minute scissoring of ovalbumin. Radiation initiajly
caused dimerization with the G-value dependent on the dose applied. Further isradiation
causes generation of larger agglomerales (trisnmers, letrameres elc.) whose molecular weights
exceeded JMDa at a dose of 3kGy. The crosslinking process was continued up (o the profein
condensation. The respective gel-dose was estimated to be 8.5 kGy. It is pertinent (o note
that the measured egg while protein damages were one order of magnijtude smaller than
expected from the radiolysis of aqueous solutions of its purified constituent,

Air saturaled egg while samples were irradialed in the same dose range, It was found
that the overall G-value was 0.3. Egg white ovalbumin was more damaged under the air
than under N,O saturation conditions. The dominant process in that case was scissoring.
Opposile 0 the N,O salurated egg white samples, the air saturated ones were fragmented to
discrele molecular weight species indicating sirict peroxy radicals discrimination of protein
epitops in the scissoring reaction. The air saturated samples showed the similar initial
decrease in viscosily coinciding with the N,O samples viscosily decrease,

Cosmpifation of the resulls obtained in our study enabled proposition of criteria
discriminating contribution of direct versus indirect radiation effects on the studied protein
damages. Also, we proved the existence of the protective mechanism and explained to

details the resulting fmpacls.

34
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IDENTIFICATION OF IRRADIATED INSECTS: CHANGES IN THE
MIDGUT OF THE CONFUSED FLOUR BEETLE, TRIBOLIUM CONFUSUM
DUV.,INDUCED BY GAMMA RADIATION

M. Szczepanika, S. Ignatowiczb

a, N. Cepernicus University, Institute of Biology, Torun, Poland
b, Agricultural University of Warsaw, Department of Applied Entomology, Warsaw, Poland

At the doses of ionizing radiaticn suggested for a quarantine treatment, death
of insects and mites is generally not immediate. Alive pests may be present in the
agricultural commodities for several days. This can be a disadvantage if the product is
for immediate export and there is a ml insect requirement. Shipments of these
agricultural products may be rejected when alive pests of quarant...e importance are
found. A simple test 1s needed to ensure the quarantine personnel that the pest of
quarantine importance has been irradiated and it does not pose a quarantine risk.

Development of a practical technique for the identification of irradiated pests
was recommended by the ICGFI Task Fcrce Meeting on Irradiation as Quarantine
Treatment (Chiang Mat, Thailand, 17-21 Febr. 1986).

The midgut is the main site for digestion and absorption of the products of
digestion. Thus, it is a very active tissue me:abolically. The old epithelium is replaced
by new cells produced by the regenerative nidi. Regenerative cells are very sensitive to
radiation. Damage of them results in loss of the midgut epithelium in irradiated insects.

The following changes in the midgut structure of the confused flour beetle were
observed: (1) destruction of regenerative nidi; (2) elongation and enlargement of
epithelial cells; (3) vacuolization of the epithelial cells; (4) fading of cell boundaries in
the epithelium; (5) damage of nuclei (chromatin grains scattered throughout the
cytoplasm of epithelial cells); (6) loss of the brush border; and (7) desintegration and
further loss of the epithelium. The most pronounced effect of irradiation treatment was
the destruction of regenerative cells of the midgut. Their destruction by radiation
prevented the replacement of the secretory cells of the epithelium. As a result, the
epithelium disappeared and the gut lumen enlarged. Causes other than ionizing
radiation producing disintegration of the epithelium in the midgut of insects are
unknown. Because the degenerative changes in the midgut are positively correlated
with both dose and time elapsed after irradiation exposure, a pathological syndrom of
irradiation effects on the midgut may te used for a rapid and efficient method of
identification of irradiated insects.
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DETECTION OF IRRADIATED FRUITS BY GAS-CHROMATOGRAPH!C
METHODS

S. Farag? G. Schulzki® K. Bogl®, G. Schreiber®

a, National Center for Radiation Research and Technelogy, AEA, Cairo, Egypt
b, Institute for Social Medicine and Epidemiology, Federal Health Office (BGA), Berlin, Germany

To detect the irradiated fruits with applied low doses (0.5-30 kGy), two
methods of chromatography (GC-MS and LC-LC-GC) were used to determine the
radiolysis compounds of lipids after irradiation such as alkanes and alkenes. Extraction
ot volatile hydrocarbons was done from some parts of irradiatec fruits e. g. flesh part
{avocaun), sceds (papaya) and kernels (mango and apricot).

The analysis of hydrocarbons by GC-MS proved the suitability of using C17:1,
C16:2, C15:0, Cl4:1 as markers for irradiated avocados even 0. 75 kGy. Same
indicators appeared in analvsis 0" ‘rradiated papayas and mangoes with 1.5, and
3.0 kGy. Also, C15:0, C14:1, Ci6:3 can be used to identify the irradiated apricots with
low dose (0.5 kGy).

The detection of alkenes was only improved by a more selective isolatior. e. g.
dienes or trienes by LC-LC-GC-FId. Through few minutes the irradiated apricots and
avocados with low doses (0.5, 0.75 kijy) respectively can recognize with the products
as C16:2, C17:2, C16:3 without interfering peaks.

In all cases, using C16:1, C16:2, C16:3 besides significant amounts of C17:2

can be use as markers for irradiated fruits,
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COMPARATIVE STUDIES BETWEEN FUMIGATION AND IRRADIATION
OF SEMI-DRY DATE FRUITS

0. A Emam3, S_E. A. Faragb, A. 1. Hammad®

a, Faculty of Specified Education, Banha, Egypt
b, Nationai Center for Radiation Research and Technology, Cairo, Egypt

This experiment was carried out on Egyptian semi-dned date fruits "El-Seidie
CV." which use to process pasie or dates. It is aimed to compare the effect of
iradiation (1.5, 3.0 kGy) and fumigation with methyl oromide (MB) on physical,
chemical and mycological characters especially production of aftatoxins during storage
the dates for long time (8 months).

Irradiation was more eflective in de-infestation of dates than MB, but caused
significant loss in weight of dates. No changes were observed in irradiated samples as
well as in MB samples for moisture content, pH-values and titratable acidity but less
significant changes were observed in browning and sugars, either total, reducing or
sugar/acid ratio.

Irradiation (3.0 kGy) was more effective than other treatments for inhibition
the growth of fungi and prevention of aflatoxin production in synthetic borth media or
date fruits.

Therefore, irradiation dose (3.0 kGy) can be recommended to use than
fumigation (MB) to keep date fruits with good quality, free from infestation,
contamination and more safe for human consumption during long storage period.
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DETERMINATION OF RADIATION STERILIZATION DOSE
OF HEALTH CARE PRODUCTS BASED ON 1SO STANDARDS

L. 6. Gazsé, A.M. Dam, M. Rétlaki

National Research lnstitule for Radicbiology and
Radiohygiene, Budapesl, Hungary

The use of ionizing rediation for the steriliz-
ation of heallh care products has increased during the
last 30 years. The choice of sterilizalion dose depends
on three paramelers, namely the bioburden, tne
radiosensilivily of microorganisms and the assurance of
sterility required. The Lerms of slerility represents an
absolute condition in which no life-form is present. It
is also clear thal no existing system can detect such an
absolute condiltion Lherefore sterility or non-sterility
represents always a theoretiral probability. 1ISO
"Sterilization of health care products - Validation and

routine control - Gamma and electron beam radiation
sterilization" sltandard recommends various methods
which can be used to determine the radiation

sterilization duse for a chosen sterilily assurance
level. All melhods recommended in this standard require
sterilily Llesting of samples of product, that have
received lower doses of radiation than the final
sterilization dose. Sterilization dose was calculated by
"Dose Selting Using Bioburden Information " for
hypodermic needles, occlusive dressing. material and
hydroxy-apatit (dental implant). Sterilization doses for
Lhese produclts were 16.6 kGy, 15.1 kGy and 19.5 kGy,
respeclively. We calculated the sterilization dose for
hypodermic needle by "Dose selling wusing fraction
posilive information from incremental dosing to
delermine an esxlrapolation faclor". This method has
offered us 15.04 kGy sterilization dose at SAL 1079,

38
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RADIATION TREATMENT OF PHARMACEUTICALS

A.M. Dam, L.G. Gazsb, S. Kaewpila®, I. Maschek®*

National Research Instilute for Radiobiology and Radiohygiene,

Budapest, Hunyary

* Office of Atomic Energy for Peace, Biological Science Division,
Bangkok, Thailand

*+ Gedeon Richler Fharmaceutical Factery, Budapest, Hungary

The jonizing radiation is widely used for sterilization of
disposable medical products and supplies. The advantageous
experiences have given considerable possibility for radiation
treatment of phatmaceuticals too, particularly where conventional
sterllizing processes have been proven inadeguate. Because of the
sensitive chemical sbtructure of most druygs and basic materlals
difficoity arises Lhat undesirable chemical and physical changes
may accompany Lhe radiation lreatment. The most crutial point is
the radiaticn dose for the treatment. The choice of the dose
depends on the bicburden, the desired final microbial count, the
radiosensitivity of bioburden and the chemical stucture of the
materiais. Following the new recommendations of 1SO and AAMI the
real possibility arises to work out product specific dose setting
procedure for dilferent kind of pharmaceuticals,
Some heat sensilive enzyme powders were investigalted (Pancreaton,
Neopancrealtin, Duodenum}) to carry out feasibility study of
radiopasteurization Lreatment for these row materials. The initial
count was ranging between 101 - 106 microorganisms/g and some
samples contajined spore formers too, havlng Djg values of 0,843 -
1.798 kGy. The radiation douse Lo reduce the initial contamination
level Lo 102 microbes/q was found between 12-15 kGy. The protease,
amylase and lypase activity of irradialed samples were also tested
and its reduction were [ound within the acceptable level.

Product specific steriliziny doses were worked out for Aprotinin
solution and Hepatin according to 150 Method 1. (bose setling
using bioburden information) recommendations. Regarding the
requirted slerilily assurance level (SAL:1070) the sterilizing dose
for Heparin was found Lo be 24.7 kGy and f[or Aprotinin 11.0 kGy.
The biological activitly of samples irradiated by calculated doses
were Lested accotding to FIP directives and USP XXII. Some
reduction was found in the activity, but all of the irradjated
samples comfirm to Lhe acceptable level.

Dose setling procedure for pharmaceuticals differs from those,
applied for disposable medical products. Dbetermination of product
specific dose should tregard all of the physical, chemical and
biological paraweters which could influence Lhe quality of the
radiation treated medical products. Adapting the new 150, NMWMI
standards for medlcinal products wlll meet the requirement of GMP
and it can heip ln the wldespread application of this technoloyy

in industrial scale.
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The Role of Partitioning of Reagents in Gialting and Curing
Reactions Inifiated by lonising Radiation and UV

J.L. Garnett
School of Chemical Engineering and Industrial Chemistry,
the University of N.S.W., Kensingion, N.S.W. 2033 aud
Ballina 'y Ltd., Longueville, N.S.W. 2066, Australia

Grafting and cuting processes initiated by ionising radiation (cobalt-60 and clectron
beam) and ultavivet light (UV) ase now extensively used in industry. In the inks and
coatings fickls particularly, radiation curing is growing rapidly in importance. Grafting and
curing ate 1chited processes, the time scale of events being one of the parameters WlliCII‘
separates the two systems. Grafting reactions can proceed over a time scale from scconds
to days, whereas curing processes occur in a fraction of a second. In gralting, a chemical
bond is forined between polymer and substiate whereas in curing, the cured polymer film
is usually bonded to the surface being coated by essentially physical forces. However there
is the possibility thit concurrenmt grafiing with curing can also occur, leading to products
with unique propetties.  Corrently, even though radiation processing is being used
commcrcially, theic is a nced 10 expand basic research into the refevant chemistry of
oligomers and monomers used in such systems, paticularly coring. In both grafting and
curing, there is also a need (o shorten reaction times such that substrates are exposed to a
mininmum of radiation. In this tespect, the use of additives to accelerate grafting and curing

reactions is impottanl,

I the proposed paper, new additives found to enhance grafting initinted by ionising
radiation and UY will be discussed, using styienc as model monomer with cellulose and
polyptopylene as sepiesentative backbone polymers. The vole of certain of these additives
in accelerating anslogous curing processes will also be examined. A novel mechanism to
explain the reactivity of these additives in grafting initiatcd by fonising radiation and UV
will be discussed in depth. The mcchanism involvers the concept of partitioning of
tcagents duing scaction. Extension of the coneept to curing processes will also be

considered. ‘The use of the theory in predicting additive cffects in practical applications of

grafting and curing will be evaluated.
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CALORIMETRIC STUDY OF CATIONIC PHOTOPOLYMERIZATION
LCZAJLIK, PHEDVIG, A. ILLE, 1.DOBO
Plastics Rescarch and Development Lid. Budapest H-1143 Hungaria kit. 114, lungacy

The photopolymerizaton of penla-erytlnitol teha-glycidyl ether ( initiator Degacwe KI - 85, a
51 % solution of bis -(diphenylsulphonio) -phenylsuifide bis-hexalluosophosphatein in propylene
carhonate ) was shinlied =t different tempesatme and initiator concentiation by a du Pont 910
type dilleiential secaming calmimeler equipped with a 2.4 mm thick quarfz window on the top
of the calotimeter body. The heat llux al given time is taken to be propottional with the global
inclantancons ate of polymerization.

RESULTS
I, According to isuthermal calotimelsic studies duting iiradiation the heat flux increases rapidly

aller lighl-on then, through a maximum, decreases approaching zero.

The heat Hux versus tince cimves exhibit a marked temperatwe dependence: the maxima are
shilled to shotler time with incicasing temperatwe and increase np (0 a cerlain lemperature (1,.,)
Al higher reaclion tempeiatnes the maxima of the flux curves decrease.

2, The decay cutves oblained aller switching the light off are found v Le exponential. These
decay cutves also exhibit a marked temperatwe dependence; as the lemperature increases, the
heat thux decieases more amnd mote 1apidly approaching zero. At lower temjpreratures the heal
llux decteases sfowly. At higher temperatmes by inlesrupling the radiation anywhere the heat
Nux decays rapidly to zero.

By switching the light on the heal {lux incteases again.

From ous experimental results the folfowing conclusions can be drawn:

I, During the polymesizatinn reaction the lifetime of the initialing centers are long compared o
the lifelime of fiec iadicals in case of radical pulymerzation.

2, 'The sate of deactivalion of the initinting cenfers incieases wilth increasing temperature,

‘The shape of the isothetm:l heat flux curve can be desciibed by the following equation
- AMAR = K, COO)(I/ (k) expi-Igt) - esp(-k,))MO)esp(- k, CO)(k/(k,-k))
{ (L-exp(-k ) /h,)-¢1 -exp(-k0))k, )
where C(0) = initial initiatos concenliation
M(0) = inilial monomes  concentration
k, = ralc constant of the mononer consumpiion
k, = is the 1ate constant of the formation of the initiation cenlers
k, = 1ate constant of the decay of the initiation centers

The sate of polymerization alter switching off the light is:

-AM/dE = (-dB), exp(- k,t.) esp(- ( k, 1k T-exp(- k,t))
whete M, = monomer concentration at the time of swilching off the light
I, = is the initistion center’s concenliration al {he lime of switching off the light
(, = elapsed time after the switching off the light
(-dM/dt), = polymerization rate at the tinte of switching off the Hght
VThis work was supporied by 1lungarian National Scientific Research Foundation ( OTKA)
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Thermomechanica! investigations of UV cured epoxy coatings
Robert Vabrik*, Attila Ille**, Andras Vig*, Istvan Czajlik**

* Technical University ol Budapest, Department of Organic Chemical
Technology
** Plastics Research and Development Ltd. Budapest H-1143 Hungaria krt. 114

In this study the thermomechanical properties of UV cured epoxy coalings
werc investigated. The aim was to eslablish the dependence of the
thermomechanical features of the irradiated samples from the temperature of UV
curing, the clapsed time afler the irradiation and from the photoinitiator
concentration.

LEpoxy polymers were obtained by UV irradiation at 366 nm of the samples
previously applicd in a thin layer on a polyester film and covered with a quartz
glass. The UV source used was a UVIX low pressure mercury lamp produced
by Desaga Gmbll.

The glass transition temperatures (Tg) of the irradiatcd samples were
measured by a Du Pont Thermomechanical Analyser.

We have found that the Tg values of the samples increase witli the storage
time, the phenomenon which we explain by the post-polymerisation of the
irradiated samples. The samples also became more homogenous afler several
days in the dark due (o the post-polymerisation.

+This work was supported by Hungarian National Scientific Research
Foundaiion (OTKA) and by Pentacolor Ltd.
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ENERGY DISTRIBUTION OF SLOW ELECTRONS IN A HARD-SPHERE
LIQUID

Tusar Bandyopadhyay’, Gabor Nagy and Robert Schiller

Central Research Institute for Phys:scs
Atomic Energy Research Institute
P.O.B. 49 Budapest I1-1525 Hungary

Energy fluctuations in ahard-sphere liquid iscalculated for differently-sized subsystems.
‘The absolute deviation of the total energy of a subsystem from the average, as a function
ol the size of the subsystem, is seen to exhibit a maximum in the range of about three times
the hard core radius. This result, together with the distribution function also evaluated,
implies that the cnly energy exchiange process which fluctuations can eflect between the
liquid and a H-like atom, is the excitation frem the 3-rd to the 4-th Ryd'-=rg state. The
relevance of (his result to the ion-electron recombination probability in irradiated or

illuminated nonpolar liquids is discussed.

‘Permanent address:

Chemistry Group, Bhabha Atomic Research Centre, Trombay, Bombay 400.085 india
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FOSTPRUN ARNIHLLATION LN L1QUID NORMAL HYDROCARBONS

(1) (2) (3)

$7. Vass , U. Molnar , Cs. Szeles

(3) (3).

K. Siivegyh and A. Vértes

Atomiic Eneryy Research Institute
1-1525 Budapest, P.O.Box 49, llunyary
2 Resciarch Institubte for Particle and Nuclear Physics
Y H-1525 pudapest, P.0.Box 49, Hungary
J Deparlment of Nuclear Chemlstry
EBLvis L,0rGind Unlversity
M-1518 Budapest, P,0.Box 32, llungyary

Systomallic pusllron lifetime studlies were made in normal

hexgne, octane decane and docecane vs. Lemperature in the range

10 - 85 %C. Lifetime specirs contaln 1 - 3-107 events; they were
evalualed by assuming exponential decay with constant parameters
fov each annihtlation chamel. Evaluatjon was made with and with-

out source correcllon: increasing eflect of source correction on
the puslitron paramelers was [ound for increasing alkyl chain

length.
Exover imenl s iindicate that positron decays significantly

In four amnihilation channels wlth charactexistic lifetlimes

aroumt 0.12, 0,35, L and 53 ns, Propertles of lifetime- and rela-

Live Intensily functions vs. Lemperalture suggest that the 0.9 and

>3 ns componentls correspond Lo different decay mechanisms of o-Ps.

The nalure of Lhe vavlaljon of Llthese two lifetimes vs. temperature

tg slmilar Lo that found In the molar volumes of the —C"z— and

'0”3 groups, vespectively., The probabll ity of posltronium formation
was (ound tou lnerease in each system wlti, bemperature.
Stnce Lifetimes and relalive intensities are results of

complicate thermalization-, lLonlzation~ and electron/positron/po-~

sltroniwe transporl processes Lhat strongly and, as recently, un-
prediclably depend on Lhe mlcroscople struclure of the liqulid, we
abstrain from glving even a quallitative erplanation for the ir-

regular trends shown vs. alkyl chain length.
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Radical Reactions in the Radiolysis of Cyclopentane

Laszlo Woinarovits® and Jay A. LaVere

Radiation Laboratory, University of Notre Dame, Notre Dame, Indiana, U.S.A.

* permanent address: Institute of Isotopes of the Hungarian Academy of Sciences, P.O.
Box 77, Budapest, H-1525, Hungary

The Cs and Cyy end products produced in the gamma radiolysis of cyclopentane
were investigated at very low total doses (25 - 50 krad) in the presence and absence of
iodine radical scavenger. The hydrocarbon products as well as the ivdine containing
compounds formed indicate the following main radical species: cyclopentyl G=4.9, 1-
pentyl G=0.2, cyclopentenyl G=0.07, and H atom G=1.3 radicals/100 eV. About 79% of
the cyclopentyl radicals react in the bulk mcdium with a disproportation to combination
ratio of 0.97. ‘The 3-cyclopentenyl radicals decay in reactions with cyclopentyl radicals
forming cyclopentyl cyclopentene as the primary product. The 1-pentyl radicals end up a
n-pentane, 1-pentene, and n-pentyl cyclopentane. Radical precursors account for about
50% of the total eml product yields which is much smaller than found in the radiolysis of
cyclohexanc and cyclooctane. The radiolysis mechanisins for the three cycloalkanes are
compared and discussed. A general scheme is vsed to describe the hydrogen and alkyl
radical formation in all three compounds.
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Heavy Ion Radiolysis of Cyclooctane

Jay A. LaVeme and Laszlo Wojnarovits®

Radiauon Lavocatory, University of Notre Dame, Notre Dame, Indiana, U.S.A.

* pernanent address: Institute of Isotopes of the Hungarian academy of Sciences, P.O.
Box 77, Budapest, 1-1525, Hungary

The variation in the yields of the major end products produced in cyclooctane have
been used to probe the radiation chemical effects of the track structures of gamma rays, 1
- 10 MeV protons (LE'Y 47 - 12 eV/nm), and 5 - 20 MeV helivm ions (LET 147 - 72
eV/nm). Todine scavenging techniques were used 10 show that in gamma radiolysis 70% of
the cyclooctyl radicals swvive until about 10 microseconds and therefore react in the bulk
solution. For 10 MeV protons (LET = 12 eV/nm) only 41% of the cyclooctyl radicals
survive unil these times and the valve drops to 8% for 10 MeV helium ions (LET = 106
cV/nm). With increasing particle LET there is significantly more reaction of the radicals in
the track. The yield of bicyclo|3.3.0Joctane (pentatane) was also found to be dependent on
particle LET. This cross bridged product is produced exclusively by the unimolecular
decomposition of the excited singlet state of cyclooctane. The yield of the singlet state
probably decieases with increasing LET because of an increase in cross combination
reactions of the electron-cation pairs in the particle track.
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INFLUENCE OF LINEAR ENERGY TRANSFER ON
REACTIONS OF CYCLOALKYL RADICALS

F6ldidk, 6., Roder,M. and Wojnérovits,L.
Instilute of Isotopes of the Hungarian Academy of Sciences
11-1525 Budapest, P. 0. Box 77

the ratios of diflerences of ylelds of cycloalkanes to yields of
bicycloalkyls produced by gamma- and alpha-irradiation are gene-
rally independent from the molecular mass of cycloalkanes and
from the LET (up to 200 eV nm~'). Transient spectra of cycloalkyl
radicals of ¢,--C _ cycloalkanes obtained by electron pulse ra-
diolysis were measured. The reaction rale coefficients of combi-
natlon of cycloalkyl radicals and yields of bicycloalkyls are

ring size and slrain dependent.
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ELECTROLUMINESCENCE IN ORGANIC SOLIDS
P. D1 Marco, N. Camaioni, V. Fatton, G. Giro, J. Kalinowski
Istituto di Fotochimica e Radiazioni d'Alta Energia del CNR, Bologna, Italy

The electroluminescence in organic solids, a phenomenon of basic and practical
interest, was discovered by Helfrich and Schneider in anthracene crystals almost thirty
years ago(1). In 1987 Tang and VanSlike realized a novel organic electroluminescent
device(2) having high electroluminescent emission efficiency, fast response, low
voltage drive and simplicity of fabnication. This result was the stimulus for an
increasing interest in this topic among the scientists. Since then, many different
materials and device configurations have been proposed. In this communication the
state of the art in this field and some preliminary results obtained in our Institute will be
bnefly presented.

(1) W. Helfrich and W. G. Schneider. Phys. Rev. Leut. , 14, 229, (1965).
(2) C. W. Tang and S. A. VanSlike, Appl. Phys. Lett. , 51, 913, (1987).
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8th Tihany Symposium
Uncertainty of dose measurements in radiation processing

Ame Miller
High Dose Reference Laboratory
Rise National Laboratory
DK 4000 Roskilde, Denmark

The major standard organizations of the world have addressed the issue of reporting
uncertainties in measurement report and certificates. There is, however, still some
ambiguity in the mind of many people who try to implement the recommendations in real
life. This paper is a contribution to the running debate and presents the authors view,
which is based upon experience in radiation processing dosimetry. The origin of all
uncertainty components must be identified and can be classified according to type A and
type B, but it is equally imporiant to separate the uncertainty ccmponents into those that
contribute to the observable uncertainty of repeated measurements and those that do not.
Examples of the use of these principles are presented in the paper.
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RADIATION CHEMICAL REACTIONS OF TRIPHENYL TETRAZOLIUM
CHLORIDE IN LIQUID AND SOLID STATE

A Kovacs?, L. Wojnarovits3, S. E. Ebrahimb, W. L McLaughlin®, A. Millerd

a/ Institute of Isotopes of the Hungarian Academy of Sciences, H-1525 Budapest, Hungary
b/ National Center for Radiation Research and Technology, POB 29, Cairo, Egypt
¢/ National Institute of Standards and Technology, Gaithersburg MD 20899-0001 USA
d/ Riso National Laboratory, DK 4000 Roskilde, Denmark

Tetrazolium salts are known as possible dye agents for radiochromic dosimeter
films. An example is 2, 3, 5-tnphenyl-tetrazolium chlonde (TTC), since its irradiation
results in the formation of the pink coloured tnphenyl formazan in aqueous or
alcoholic solutions.

The radiation chemical behaviour of TTC has been studied both by eiectron
pulse and gamma radiolysis. In the course of the pulse radiolysis investigations the fast
formation of an intermediate product, absorbing at around 360 nm, was observed
under both oxydizing and reducing conditions. In the latter case i. e. in deoxygenated
solution, however, the formation of the formazan, absorbing at around 490 nm, was
observed probably through a quinonoid type intermediate due to a radiolytic reduction
process.

Due to this radiation chemical phenomenon a polyvinylalcohol-based TTC film
containing radiochromic dye was produced and tested for dosimetry purposes. A
suitable concentration of the components gave a measurable response in the 1-100 kGy
dose range by evaluating the irradiated 100 um thick TTC film at 493 nm, i. e. at the
peak of the absorption maximum. Several investigations, such as the study of the effect
of light, dose and dose rate, irradiation temperature and humidity, have been carried
out to characterize this film system with respect to its potential practical application.
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MEASUREMENTS OF ELECTRON DEPTH-DOSE DIiSTRIBUTION
IN THICK PLASTICS AND EFFECTS OF ACCUMULATED CHARGE

K.K. Mebta
1AEA, Dosimetry Section, P.0O.Box 100, A-1400 Vienne. Austria
1. Janovsky
Nuclear Resesrch lnstitute, 250 68 Re2, Czech Republic

When an electrically non-conducting plastic block is irradiated with electrons, whose range is
less than the block thickness, these electrons come to rest within the material after expending all their
energy. These electrons are trapped within the material, except for those near the surface which leak
out. This stored negative charge peaks near the end of the electron range and creates an electrostatic
field within the material.

The influence of such a field on the dose distribution has been a subject of many research
papers in past with sometimes contradicting conciusions. McLaughlin', Harrah? and Tanaka et al.’
have reported shortening of the electron range. Mehta»! . ~ported an increase in the peak/surface
dose ratio in PMMA for a particular irradiation geome. v. the other hand, Janovsky and Miller’
did not observe any appreciable effect on the depth-dose distribution in PMMA. Also, using the
intrinsic properties of polyethylene as a dosimeter, Janovsky et al.* have recently shown that there
is no significant effect of accumulated charge on the dose distribution in poiyethylene. With the
recent availability of 10-MeV linacs larger pieces of plastic are being electron-processed; thus, a
thorough understanding of this effect is urgently needed.

In the present study, we have conducted several experiments in an attempt to clarify these
seemingly contradicting results. We have measured the depth-dose distribution in polyethylene and
PMMA for a scanned electron beam from the 10-MeV/1-kW linac under typically radiation processing
conditions. Three different irradiation geometries were studied: a horizontal stack of plastic sheets
interleaved with film dosimeters; and a thin strip of the dosimetric material along the beam axis
sandwiched between (wo vertical stacks of plastic sheets and also between two solid blocks of plastic.
Other variables were the surface dose and the radiation history of the plastic.

We have observed that the measured depth-dose distribution depends on the irradiation
geometry; for certain geometries, the effect on the dose distribution of the accumulated charge is
significant. Also, the extent to which the observed distribution is affected depends on the absorbed
dose and the material. A hypothesis is offered that attempts to expiain the seemingly contradicting
resnlts; it is based on the shape of the electrostatic field present in the non-conducting plastic due to
the accumulated charge.

I.  McLaughlin W.L. (1983) Radiation processing dosimetry. Radiat. Phys. Chem. 21, 359,

2. Harrah L.A. (1970) Stosed charge effects on clectron dose-depth profiles in insulators. Appl. Phys. Lett.
7, 421,

3. Tanaks R., Sunaga H. and Tamura N. (1979) The effect of sccumulated charge on depth dose profile
in poly-(methylmethacrylate) irradiated with fast electron beam. I.E.E.E. Trans. Nucl. Sci. NS-26,
4670,

4. Mehta K.K., Chu R. and VanDyk G. (1988) Electron dosimetry fos 10 MeV linac. Radiat. Phys. Chem.
M, 425,

5. Janovsky 1. and Milier A. (1986) Depth-dose profiles in polymethy! methacrylate and in aluminium
irradiated by 8 MeV electrons. Appl. Radist. Isot. 37, 1251,

6. Janovsky I., Mehta K.K. and Lopata V.J. (1994) Dose distribution in pol:ethylene irsadiated with a 10-
MeV electron beam. in press (Radiat. Phys. Chem. 44, No.6)
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DESKTOP REPETITIVE SOURCES OF POWERFUL ELECTRON BEAMS,
X-RAY AND MICROWAVES FOR LAB INVESTIGATIONS
ON RADIATION CHEMISTRY, PHYSICS AND BIOLOGY

Valery G. Shpak, Michael 1. Yalandin, Sergey A. Shunailov
Institute of Elecirophysic, Russian Academy of Sclences
34, Komsomolskaya Str., Ekaterinburg, RUSSIA, 620219

The Report presenis the results of an implemented research and development
progrmn that has made it possible to creale compact repelitlive sources of powerful
electron beains, X-my and microwaves. The basic unit of such devices represents the
high -voliage repetitive driver RADAN 303B which permits one fo generate 4-nanosecond
accelerating voltage pulses energized the vacuum diodes (direct-aclion accelerating
tubes) based on the explosive-emission cathodes. For the laboratory investigations it
is only needed that specific paramelers of the e-beam, x-ray and microwaves be high.
Our practice has shown that, in most of lab’s experiments , the driver’s stored energy
of vp 1o 5 1 is quite sufficient. It is energetically profitable 1o increase the
average power by using a repefitively operating devices.

The backbone of the high-voltage driver is a fitled Tesla transformer with an
open core made of a sieel. The driver is a Blumlein generator and comprises a high-
pressure gas spark gap. ‘The oulpul vollage with a 150-Ohm accelerating tube can be
conirolled at ‘'a range of 30-300 kV. So, the maximum peak power of the e-beam
generated exceeds 500 MW. The special designed connection-to load :nodule permits
mounting sealed-off and evacunting x-rays tube and e-beams tube, as well as k-band
back-wave oscillator by the user himself.

Sealed-off industrial-made e-beam Ilube permits to inject the dense (up to 1

kA/cm? across the foil window of 1 cm? area) e-beam through thin beryllium foil into
ambient air. The accelerator allows the connection in parallel of two iubes. Two-e-
beam device is necessary for the double-side treatment of polymeric film samples,
biological objects, and for the surface sterilization. We used a specially designed
calorimeter 10 measure the e-beam energy absorbed by a sample. This valve Is about
0.1-0,2 J per pulse and corresponds to 1-2 W average power. Such energy abscrption
permits one to rich a lethal dose for number of microorganisms for a few seconds. We
also presents another source of high-current e-beam, as follows: ribbon-beam diode.
This device permils to increase (he acceleralor’s efficiency because of the maiched
operation mode of the ribbon diode and high-vollage driver. So, the the peak eleciron
current arriving through the Al-Be foil window was as high as 300 A/cm? wiile the
beam’s area was 0,5 x 11 cm?. The average ribbon e-beam power exceeds 40 W when
operalion at reprate 25 p. p.s..

The biological and likes object’s response with a non-thermal shoot of the
powerful microwave can be studied when applied relativistic back-wave oscillators
(frequency region 35-70 GHz). These oscillators can generate the nanosecond microwave
puises at a peak power as high as 10 MW both in single and repetitive mode. 'The
strenigth of the electrical flelds of ouvlput microwave ranges from 10 kY/cm wp lo
breakdown value for a ambient air (of 100 kV/cm for the nanosecond pulse duration).

Our recently developed devices meet the below lisied aulonomy requirements:

- operation safely and local protection from the accompanying x-rays;

- small overall dimensions and no special requirements to supply lines;

- ease 1o operate and maintain and rendiness lo operute at any time.
The commerciat versions of RADAN-devices may be of interest for those research groups
that by any reason, have no access to unlque and expensive superpowerful facilities.
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OXIDATION OF BENZOQUINONE BY RADIOLYTICALLY PRODUCED
OH RADICALS

Y. Chen, R. H. Schuler
Radiation Laboratory, University of Notre Dame, Notre Dame, USA

In the present study we have used product analysis and time resolved
absorption spectroscopy to examine the mechanism for attack of radiolytically
produced OH radicals on benzoquinone in aqueous solution. It is found that OH
radicals add to benzoquinone at a diffusior controlled rate. The initial adduct, which
has a lifetime of ~500 ns, eliminates a proton to form an anion which subsequently
undergoes electron transfer with the benzoquinone io produce benzoquinone radical
anicn. This semiquinone radical then disproportionates to produce hydroquinone as a
by product. Reaction is essentially quantitative. The studies described here illustrate the
power of radiation chemical reactions, particularly those involving radical
intermediates.
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REDOX CHEMISTRY OF SOME PHENYL THIYL RADICALS
Qun Sun®, G N R Tnpathi®, R H. Schuler®, D. A. Armstrong?

a. Department of Chemistry and Radiation Laboratory. University of Notre Dame. USA
b. Department of Chemistry, University of Calgary. Calgarv. Canada

Rates and equilibna for electron transfer between para substituted phenoxyl
radicals and phenyl thiylate anions in the following reaction:

X-CgHyg-O- + X-CgHg-S" = X-CgHq-O- + X-CgHg-S (1)

have been investigated by pulse radiolysis. Examination of the rates in terms of the
Marcus theory indicates that the reorganisation energies are similar for H-, CH3- and
CH30- as para substituent. However, for HoN- and O--para substituents the
reorganisation energies are larger. These observations are in accord with structural
information from resonance Rainan and ESR studies of the radicals.

Reduction potentials tor the phenyl thiyl radicals, EO(X-CgHg-S' /X-CgHg-S"),
were denved from the equiibrium constants of reaction (1) and the known reduction
potentials of the phenoxyl species, EQ(X-CgH4-0-/X-CgHg4-07). Both of these
reduction potentials decrease as the electron donating power of the p substituent rises.
However, the effect is much stronger for the oxygen-substituted species. This is also
true for Dg.y4 and Dg_g the gas phase bond dissociation energies of the two types of
radical. These observations demonstrate that the interaction between the oxygen atoms
and the aromatic nng system is much greater than that which occurs with the sulphur
atoms.
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A Pulseradiolysis Study of the Ol Radical induced Autoxidation of
Methanesulphinic Acid

Knud Selic..ted and Jerzy Holcman,
Section for Chemical Reactivity, Department of Environmental Science and Technology
Riso National Laboratory, DK-4000 Roskilde, Denmark

Methanesulphinic acid, CH,SO,H, reacts with OH radicals at pH 7 forming CH,SO,
radicals with a rate constant of (6.0+1.0)x10° M~'s™!. The CH,S0, radical absorbs at
325 nm with an extinction coefficient of 900+ 100 M~'cm ™! and disappears in a second
order self-reaction with k = (1.0+0.2)x10° M~ 's~!,

This radical reacts with oxygen forming a peroxyradical which absorbs in the UV below
300 nm. The peroxyradical reacts in turn with methanesulphinic acid reforming the
CH,SO0, radical whereby a chain oxidation of sulphinic acid takes place. During the
course of the chain oxidation a peroxyacid, presumably methaneperoxymonosulphonic
acid, is formed and accumulated. This acid absorbs in the UV and eventually decays by
reaction with excess methanesulphinic acid (or hydrolysis).The final product of the chain
autoxidation is methanesulphonic acid. The chain is very efficient and proceeds until
either oxygen or methanesulphinic acid is exhausted. The mechanism is compared to the
chain autoxidation of sulphite.
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REACTION OF DIETHYL MALEATE AND DIETHYL FUMARATE WITH
HYDRATED ELECTRONS AND HYDROXYL RADICALS

A. Bir6 and L. Wojnarovits
Institute of 1sotopes of the Hungarian Academy of Sc'cnces, H-1525 Budapest, POB. 77. Hungary

The reaction of two dicarboxyl acid esters the diethyl maleate (cis, DEM), and
the diethyl fumarate (trans, DEF) with hydrated electrons and hydroxyl radicals were
investigated in dilute aqueous solutions in the whole pH range.

The rate constant of electron capture for both esters are 2.2x1010 mol-1dm3s-!,
which is in the diffusion controlled range. The intermediates formed in the electron
capture reaction of DEM have an absorption maximum at 340 nm. The shape of the
spectra obtained in higher and lower pH range were found slightly different due to the
protonated and unprotonated form of the intermediates. DEM- reversibly protonates
with pK = 5.2. For DEF we obtained similar electron adduct spectrum, but the pK, of
DEF- is below 4. The electron adducts decay in second order reactions.

The hydroxyl radicals add to the double bond of DEM and DEF with a rate con-
stant of 5.9x109 mol-1dm3s-1. During this reaction 5-carboxy-alkyl radicals form with
absorption maximum at 300 nm, the £300,m extinction coefficient is 400 mol-!em-1
In alkaline solutions the spectra were found changing in time, and below 300 nm
remaining absorbance was observed. This remaining absorbance is due to the ionized
form of oxalacetic acid ethylester with absorption maximum at 270 nm, and €y is
12000 mol-tdm3cm-!. In acidic solutions the OH adducts decay without remaining
absorbance, with second order kinetics.
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RADECAL TONS OF OLI1GUSii.ANE AND PCLYS [i.ANE

Jun KUMAGAL, Tsunekl 1CHIKAWA, and Hiroshl YOSHIDA

Facully of Englneering, Hokkaldo University,
Kita-ku, Sapporo 080, Japan

In order Lo examlne eleclronlce propertles of polysilane S1-Si
skejeton, the radical lons generated by y-lrradlation of polycyclo-
hexylmethylsl lane and polymethylphenylsliane have been studled by
meni's of Lhe electron spln resvnance (IESR) and electronlc absorption
speclroscople methods. The lon radlcals of permethyloligosllanes
[S1n(CH3)a2n.2, N=4~6] hnve also been studled for comparlson.

Polysilane and oligosllane samples were synthesized by Wurtz-type
reactlon and purifled by dlstillation (oligomers) or repeated pre-
clplintion (polymers) from chloroform scolutlon. The average number
of S1 In Lhe polymer maln chaln was approximately 80. The radical
anlons were generated by irradlatlng deaerated 2-methyltetrahydro-
furan solutlons of polysllane or ollgosllane at 77 K or 4.2 K with
°°Co y-rays. ‘the radical catlons were generated by lrradlating the
samples In Freon mixture (CFCla:CFBraCFBra=1:1) solution in the same

way .

The radlcal anlons of both ollgosilanes and polysilanes gave a
simllar absorptlon spectrum composed of a UV band (ca. 4 eV for
ollgomers and 3 5 eV for polymers) and an IR Dand (1.65-2 eV for
ol lgomers and 0.8 eV for polymers). The pulysllane radical anions
shoy an axlally-symnelric ESR spectrum wltCh gi=2.0023 and g.=2.0084.
Thegse resulis are explalned by an unpalred electron of the polymer
radlienl anjons ovceupying a pseudo-n{p) orbital composed of antl-
bhonding S§-S1 and nntlbondlng SI1-C orbltals. 1 18 strongly suggested
Lthat the polymer radleal anlon ls loeallzed on a pre-exlsting defect
probably composed of an elungated S$1-Si bond, while the ollgomer
radical anfon g delocallzed over Lhe S1-S1 Bkeleton. It is also
shown that Lhe positive hole of Lhe polymer catlon radlcal is loca-
Hzed on §1-81 o-orbliat{s) cor.espondlng Lo the o-bonding orbital
of the Intactl polystlane, while Lhe posltive hole 19 delocnllized on

the whole S1-581 skeleton In Lhe ollgomer.



http://gj.-2.0023

Hu 65433 o 60

Gamma-Ray Induced Ciystallization of Oxide Glass, Nitrate Glass
and Lpg-White Glass

T. Nishida
Department of Chemistry, Faculty of Science, Kyushu University
Hakozaki, Higashiku, Fukuoka 812, Japan

Crystallization of inoiganic glass takes place by ®Co 7 -ray irradiation
at toom temperature. - X~Ray diflraction (XRD) pattern of calcimn gallate
glass, O0Ca0*40Ga, 0y, irradiated with 7 -rays of 107 Gy indicates a
precipitation of CaQ, Ga,0; and CaGa,0, phases etc., whereas heal
trcatment at 760-780 °C for 50-100 min results in a precipitation of
thermally stable CaGa,O4 phase which has a CaO/Ga,04 ratio of unity.
An Ar’-laser irradiation of 60Ca0°40Ge,0, glass for 32 s under the
output power of 1.0 w results in a formation of the CaGa,0O,4 phase and
thermally metastable Ca;Ga, 0, phase which has a CaO/Ga,0; ratio of
O0/40).  “This ratio is the same as that of 60Ca0°40Ga,0, glass. It is
considered that the 7 —ray induced crystallization takes place as a result of
"decomposition” of three-dimensional network structure composed of
covalently bounded GaO, tetrahedra, to which Ca?* is ionically bonded at
interstitial sites.  The >'Fe-Mossbauer spectra prove the crysiallization,
since Fe?t is substituted ior Ga®* and forms the network struclure.
Cryslallization results in a quantitative decrease in the optical transparency
in the IR region, as was observed in aluminate and tellurite glasses.

Nitrate glass, KNO;~St(NOj),, is comprised of a random packing of
K', se?t and NO,™. ‘The XRD pattern of 7 -~ray (5 x 10> - 5 x 10° Gy)
inadiatea nittate glass is similar to that of heat-treated KNO;-Sr(NO,),
glass.  ‘The FI-IR spectinm of 7 -ray irradiated KNO;-S1(NOy), glass,
especially the stictehing vibration of K~ONO,, bonds, is scnsilive to the
crystallization.  An egg-white glass piepared by drying egg-while gel
widergoes a crystallization by the 7 -ray (I()(’ Gy) irradiation at room
temperatuie and also by the heat-treatment at 60 °C for 10 - 210 min.
The XRD pattern indicates that the crystalline phase is matched with the
"hypothetical stincture A" proposed for 3 -keratin by 1uggins (1980).
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RADIATION-CHEMICAL SYNTHESIS OF MONOCHLOROEXCHANGED
METHYLCHLOROSILANES

D. D Lebedev, 1 V. Dobrov, S. E Pavlova

Branch of Physico-Chemical Institute n. 2. L. Ya. Karpov, Obninsk. Russia

Radiation-chemical method of production of monochlorodenvatives
methyichlorosilanes as compared with the known ways of synthesis allows to increase
the yield of end-used product by 1, 5-2 times, the high selectivity being remained. The
process 1s proceeding at low temperature under pressure of 2-4 atms. The steam
pressure of initial methylchlorosilanes decreases by 5-6 times as compared with the
known methods of synthesis. The increasing of the yield of monocloroderivatives
reduces the volume of recirculated imtial product and decreases the amount of wastes

Conversion by | Monochloro- Polichloro-
Compound pnitial product, %] derivative, % | derivative, % Selectivity
CH;3S:Cl3 5.03 423 0.79 0.84
(CH3)2SiCl» 215 18.1 3.4 0.84
(CH3)38i1Cl 215 19.0 21 0.90

The synthesis of chloromethyithreechlorosilane was carried out by using a pilot
plant. The process is estimated as ecologically pure.
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SCAVENGING OF ELECTRONS AND RADICALS IN FROZEN CHLORIDE-
ALCOHOL GLASSES
J. Kalecinski

W. Trzebiatowski Institute of Low Temperature and Structure Rescarch, Polish Acadecmy of Scienccs.
50-950 Wroclaw, POB 937 (Poland)

Chloride-alcohol glasses frozen at 77K and irradiated with y-rays produce the
stable pnmary products: Cl> and e~ which could be measured spectrophotometrically.
The products have been mobilized by increase of temperature particularly in the
presence of scavengers. In the case of e;” light is also a very efficient mobilizing factor.
Such processes with added scavengers: p-nitrosodimethylaniine (pNDA), p-
benzoquinone (pBQ), hydroquinone (HQ), chromates and nitrates have been examined
using both temperature and light as a mobilizing factor. The kinetics of electron
photobleaching as well as electron scavenging efficiences of the above scavengers have
been studied. It has been shown that these efficiences could be ordered in the following
sequence: pNDA(acid)>pBQ>chromate>pNDA(neutral)>nitrate>>HQ.
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RADIATION EFFECTS ON ALUMINUM AND HYDROGEN DEFECTS LN NATURAL QUARTZ

tiarish Bahadur
National Physical Laboratory
Hlilside Road, New Delhi-1100i2, INDIA.

Aluminum and hydroxyl defects in crystalline quartz are known to directly affect
the performance of a quartz containing device in a number of industrial applic-
ations. Hydrogen whic is found in all quartz [1] In the form of OH molecules
trapped at d&iferent defect sites lnfluencesbgearly ever§+ application of the
materfal. Al Is found at substitutional Si sites. Al therefore needs a
charge compensatlon which i{s provided by monovalen; alkalls, Electrodiffysion
(swecglng) under hydrogen amblent removes the Al-M (where M 1is elither LI or
or Na ) centers and proches Al1-Ol centers which shoe a near *nfrated absorp-
tion at 3306 and 3367 cm . Natural crystals exhibit both Al-M and A1-OH
centers in thelr as received state._H-sweeping also removes the Al-H centers
and increases the strength of A1-OH centers in thelimit to compensate all the
aluminum with hydrogen [2]. Irradiation beyond 260 K converts the Al-M" centers
into a mixture of Al-hole and A1-OH~ centers [3}. Thus, during irradiation the
elastic modulus c” which represents a type of Interatomic force constants, under-
goes a change due to modification of impurity related defect censfrs. The hydr-
oxyl defects act as a source of hydrogen to replace alkalis at Al”" with H {ions
[4]. In the present work, we have used our near infrared absorption results obt-
alned upcn irradlation at ‘77 K before and after 300 K-irradiation on good quality
alkall- and H-swept natural quartz with similar Al-and widely different alkall
and H levels. Using the irradiation cycle and defect dynamics consideration, a
quantitative estimation of Al-M , Al-OH and Al~hole defect centers has been
presented. The resnits would have a direct application in evaluating the contri-
bution of these centers separately in the total transient and steady state
frequency offset in natural quartz resonators due to passage of radfation through
the bulk of the material. Such studies are of direct Industrial and space
applications.
1. Harish Bahadur, J. Appl. Phys. 66 4973 (1989).
2. Harish Bahadur, J. Appl. Phys. 73, 7790 (1993).
3. L.E. Halliburton, N. koumvakalis, M.E. Markes and J.J. Martin, J. Appl.
Phys. 52, 3565 (1981).
4, Harish Bahadur, IEEE Trans, Ultrason. Ferroelec. Freq. Control, July 1994-
in press.
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RADIATION EFFFCTS ON HYDROXYL DEFECTS IN Ge-UOPED QUARTZ
liarish Bahadur
Natlonal Physical Laboratory
Hillside Road, New Delhi-110 Q12, INDIA.

Radiation effects ln quartz resonators are knr-'n to be due to the presence of
impurlties. Trivalent aluminum {3 th~ most pe..asive Iimpurity that replaces the
tetravalent silicon substitutionally. Another impurity known to substitute the
silicon sfites {s the tetravalent germanium. While the contribution of Al-centers
in the radiation response of quartz Ils well studied, such effects on Ge-centers
has been less studies. llowever, most commercial quartz contains buoth Ce and Al
i{n varylng proportlons. Recently, we have shown that the Ge-doped quartz can be
differentiated with the conventionally grown quartz by using the near Iinfrared
abscrptlon_lll. It has been shown that the Ce-doped quartz exhibit the presence
of 3481 ¢m ° band which has been related to the presence of Ge in gaartz lattice.
At high Ge concentration ( 3000 ppm) another small band at 3656 cm =~ was found
to occur. In thls paper, we report our results on radiation induced modification
of hydroxyl defects In these crystals. Irradiation was done in a sequence at
77 K, 300 K and finally again at 77 K. Irradiation was done using a van de Graaff
electrostatic accelarator »f Okalhoma State University. A detailed description
of irradiation and measurement techniques is available from a previous paper [2].
The results show that at the stage of 300 K-irradiation, the 3481 c--l band 1in
the as grown Ge:qoped quartz is completely removed and a new radiation-induced
band at 3525 cm ~ s observed. Thls band s expected to represented a possible_
conflguration of [GeO,e-/L1+}° center with a proton in the vicinity. The Al-OH
bands produced after frradiatlon show a larger long-bond to short-bond (Al /Al,)
intensity ratio in the Ge-doped quartz than that usually observed In the conve-

ntionally grown cultured 7uartz crystals.

1. Harish Bahadur, J. Appl. Phys. 75(9), 1 May 1994 - in press.
2, Harish Bahadur, J. Appl. Phys. 66, 4973 (1989).



Some Aspects of Bromine Atom Chemistry.
GAbor Merényi and Johan Lind

Department of Chemistxy, Nuclear Chemistry.
Royal Institute of Technology

$-10044 Stockholm, Sweden.

Rate constants of hydrogen abstraction reactions between the
bromine atom and several hydrogen donors, RH, were determined
in water, using Br~ and promethazine as monitor substances.
Comparison of the aqueous rate constants with those measured in
acetonitrile and some alcohols reveals the hydrogen abstraction
rate to be largely unaffected by the polarity of the solvent.
In particular, the reaction does not utilise the potential rate
enhancement that would result were the free energy gain of HBr
dissociation in water to lower the transition state. Thus, the
rate-determining step of the reaction seems to produce
molecular HBr. For a number of oxygen-containing organic
substrates the aqueous rate constants were found to display an
excellent linear correlation with the equilibrium constants of
the hydrogen abstraction reactions. However, at similar
thermochemistry the rates for alkanes are significantly lower
than those for alcohols and similar heteroatomics. This was
interpreted in terms of a polar Lransition state, where the
tonisation potentia! of the radical, R+, rather than that of
the parent RH, is the main descriptor of charge transfer
component.. The (inding of the absence of noticeable solvent
effect on the rates suygests that the act of hydrogen transfer
may be Loo fast for the solvent to adapt to the polarisation of

reacling sp2cies Lraversing Lhe reaction path.

h
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On the Kinetics of One Electron Oxidation of Thiols and Hydrogen
Abstraction by Thiyl Radicals from a—Amino C-H Bonds

Rong Zhao?, Johan Lind, GAbor Merényi and Trygve E Eriksen
Departiment of Chemistry, Nuclear Chemistry, Royal Institute of Technology
S-100 44 Stockholin, Sweden

Abstract

One electron oxidation of cysteine, homocysteine and glutathione by
azide radical in alkaline solution (pl1 10.5), where both the amino and Sl
groups are deprotonated, has been investigated by pulse radiolysis. Reducing

CO;
o-aminoalkyl radicals -CR (H;N-C-R) which are formed via intramolecular
rearrangement of thiy! radicals was detected using methylviologen (MV2+) as
oxidant in the kinetic analysis. The general scheme of the reactions is sketched
as:
k

. 1 .
NJ + RS- T RS + N'J
2
RS° + RS- =—= RSSR¥
k.
k_ali ks,
.CR

Thiyl radicals either equilibrate with RSSR-- in reaction 2, or undergo
intramolecular transformation via equilibrium 3. At pH 10.5, equilibrium 3 is

completely shifted to the right resulting in a—aminoalkyl radical formation.
The rate constants in the reaction scheme for cysteine, homocysteine and
glutathione were measured. With the rate constants obtained, the decay

kinetics of RSSR-- into -CR was simulated and it agreed with the one measured
at 420 nm. At pli 10.5 the first order rate constants for the transformation (k3)
were deiermined to be 2.5x104, 1.8x10° and 2.2x105 s-1 for cysteine,
homocysteine and glutathione, respectively. The rate constants for
intermolecular hydrogen abstraction by thiyl radicals from a-amino C-H bonds
of alanine and glycine were determined at the same pH to be 7.7x105 M-1s-1
and 3.2x10% M-Is-1, respectively. Thermodynamic estimation places the
reduction potential E°(11NC(CO27)CH3-, HY/H2NCH(CO27)CH3) atca. 1.22 V,
which implies a rather weak tertiary C-11 bond in the anion of a-amino acids.
Thus an intramolecular hydrogen abstraction mechanism for the
transformation of thiyl radical to oa-amino carbon-centered radical is

postulated. Molecular geometry plays an important part in deciding the
transformation rates (k3) of different thiyl radicals.

66
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Studies on Laser-Induced Photoionization of Tris-2,2"-bipyridyl Ru(11) Complexes in
Polyelectrolyte Solutions.

D.B.Naik* and W.Schnabel
Bereich Physikalische Chemie, Hahn Meitner Institute
Glienicker Str. 100, 14109 Berlin, Germany

Many photophysical and photochemical studies have been reported on the tris-2,2"-
bipyridyl Ru(lI) complex as it can act as mediator for the photodecomposition of water using
solar light [1]. Studies in micelles, polyelectrolytes etc. also have been carried out with the aim
of slowing down the back reaction between the redox products formed. We observed a stsong
increase in the (biphotonic) photoionization yield of the Ru(lf) complexes in the presence of
polyanions viz. polymethacrylate and polyvinylsulphate compared to that in neat water. The
results are reported in this paper. Tris-2,2’-bipyridyl Ru(ll) chloride from Aldsich, sodium
polymethacrylate from Polymer Standard Services and potassium polyvinyl sulphate from
Aldrich were used. Solutions were prepared in water cleaned by a Millipore system and
pHi~9.3 was adjusted by the addition of NaOH. On photolysis of a 3.75x10-* mol din-? solution
of Ru(l) complexes in water by a 347 nmm light flash emitted froin a ruby laser, at high light
intensity, the hydrated electron absorption was observed as has been reported earlier [2]. On
addition of sodium polymethacrylate or potassium polyvinyl sulphate (2x10-* mol dm™?) the
yield of the hydrated electrons increased by 140-150% compared to 45-50% in anionic
micelles [2]. Also the halflife of the hydrated electrons increased nearly 5 times. At pH~9.3 the
binding of the Ru(11) complexes to polyanions is electrostatic in nature. it was observed for the
first time that binding of cationic Ru(1l) complexes to polyanions causes a strong increase in
the photoionization yield. The reason for increased photoionization might be partial charge
neutralization of the complexes bound to polyanions with the consequence of a change in the
ionization potential. Lithium chloride added to solutions containing Ru(ll)-complexes and
polyanions was found to decrease both the yield and lifetime of hydrated electrons. This is
probably due to the fact that Ru(ll) complexes are displaced by Li* ions. The released
complexes are less ionizable and possess a higher reactivity towards the hydrated electrons than
the bound ones.

Acknowledgements: One of the authors (D.1B.Naik) expresses his sincere thanks to Alexander
von Humboldt-Stitung for giving him a research grant.

References

1. K Kalyansundaram, Coord.Chem Rev., 46 (1982) 159.

2. S.J.Atherton, J.Phys. Chem , 88 (1984) 2840.

* On leave from Applied Chemistry Division, B.A.R.C., Trombay, Bombay-85, India.
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RADIATION, ITS NHATURE, INTERACTIONS AND POTENTIAL APPLICATIONS
A Charlesby Silver Spring Watchfield Swindon SN6 BTF UK

The subfect of radiation covers an immense range of scientific
interests, from the basic guesticn, what is radiation, how does
it interact,with materials and how can this be modified and
controlled then onto potential uses in such varied fields as
physics, (as in semiconductors) through radiation chemistry with
such well-tried applications as polymer modification and grafting
or gelected chaln reactions and on to radiobiology where we may
expect both baslc research leading to a better understanding of
the' processes involved and to radiobiological applications such
as sterilisation and then to medical appplications with the
production of novel materials to meet new objectives.

In all this vast arena one must take fullest advantage of the
unique properties of high energy radiations,such as the immense
range of intensities and penetrations together with the
mapping,of surfaces and depth possible with a fine electron beam
of controlled voltage and beam pattern.

I do not feel that the fleld of potential applications has yet
been sufficiently explored. How many experts in biclogical and
medical developments who know the required aims and objectives
know what new powers the radiation technigue can confer; and how
many radiation physicists and chemists are familiar with these
very practical and highly desirable objectives

A few examples will be given of where an increased overlap
between radiation physicists and chemists with biologists and
medical experts may be highly desirable. We know what is accepted
as a lethal dose and also have at least an approximate idea of
the number of chemical reactions this dose may produce. What is
in fact the sensitive species modified by this dose? How does it
select one of these very vulnerable sites? Or is the lethality
due to some simple mechanism already studied in polymer research
eg random crosslinking or scission of DNA? Much of the required
information and techniques is already available from our simpler
polymer studies but not yet transferred across

By irradiating polymers in a suitable solvent such as water we
can produce swollen gel structures with a wide range of
properties, even within the same specimen.Can we find a medical
or blological need in which this ability can be utilised

Many of us are famillar with laser light and claim to
understand 1ts fundamental nature. It can be used to initiate
macromolecular reactions already closely studled with high energy
radiation. Parallel work with laser 1l1ight and the analysis and
comparison of products may provide us with a deeper understanding
of the real physical nature of the laser and the multiphoton
reactions to which it can give rise.

We can go back even further and query the nature of radiation
itself and the two physically contradictory models, wave or
particle to which it has glven rise. Each individual unit must
show both very extensive wave properties as in radio waves and be
able to react with individual molecules reguiring it to have
subatomic dimensions.. This wave/particle inconpatibility has
been a major problem in present-day physics.

1t is intended to raise a number of these considerations in
the lecture and eapecially elicit a summary of the remarkable and
often unexpected features which can be utilised in future

radiation applications.
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Radiation-chemical peculiarities of spin trapping.

V. Zubarev and 0. Brede

Max-Planck Society, Group Time Resolved Spectroscopy
al the Uaniversily of Leipzig
Permoserstr. 16, 04318 Leipzig, Germany.

The application of spin trapping in radialion chemical studies makes it possible
to idenlify short-lived radicals and thus provides a deeper insight into radiolysis
mechanisms. Using lime- resvlved pulse radiolysis and pulse photolysis lechniques
as well as EPR, we have shown Lhat the spin trap a-phenyl-N-tert-butylnitrone
(PBN) efficiently scavenges short-lived primary radical precursors in the radiolysis
of polar and nonpolar systems. It is shown that solvated electrons in aqueous or
alcoholic solulions react, [eqn.(1)], dissociatively with the spin trap PBN (a-phenyl-
N-tert-butylnitrone) forming the anion-radical O~ and N-teri-butylbensaldimine

(PhCH=N-Bu'}:

4
@—Cll:lil—lsul + ey, 2 07 + PhCH=N-Bd* (1)

PBN 0

In the pulse radiolysis of PBN solutions with nBuCl as solvent, or by low
temperature y-irradialion in alkyl halide matrices spin trap PBN will be ionised
by sulvent derived posilive holes in on electron transfer reaction (2):

PBN + h* o —CH—N—Dut 2)

PBN* was characlerised by its ahsorplion spectrum (A, =420 nm in nBuCl) and
by low (emperalure EPR. Being an a-nitroxylcarbenium ion PBN™* reacts,
legn.(3)}, with varivus nucleophiles (Nu’) forming stable nitroxide radicals:

PBN* + Nu - @—T‘H—T—-Buﬂ 3
Nu O

" Nu=Hg0, CI, PBN

The observed reactions of the spin trap PBN with primary transients of radiolysis
are of importance in spin trapping applications in both radiation chemistry and

biology.
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Phtuchroism of a New Spiroindoline Compound

L. Guebel, O. Brede* and ‘T, Zimmermann®

*Max-Planck-Society, Uroup "Time-Resolved Spectroscopy” at the University of Leipzig,
Permoserstr. 13, 04348 Leipzig, Germany

*Department of Organic Chemistry, University of Lelpzig,
'esmosesstr. 13, 04303 Leipzig, Germany

Spiro{indoline-pyrans] ae known to be photochiomic compounds and are anticipaied to be

us=f:s; a8 mateddals for reversible data stomnge'.
The spirofcyclohexadiene-indolines) (like 1) with a related structure represent a nev: class of

spitoindoline componnds and me ensily synthetized by ting Wransformation of 2,4,6-ttiarvlpy-
tyHum salts with 1,3, 3-ttimethyl-2-methylenindoline?. ‘They undergo res zrsible photoisoneri-

sation (v a merocyanine dye (2) on irradiation wilh light,

266 nn

——

532 nm

>~

yellow

I laser fash photolysis expetiments ring-opening and photobleaching reactions have been
investigated and are fuund to be dependent on the solvent used. Ring-opening contpeles with
Intersysicm crossing to the lowest uiplet siate and Is even In nonpolar  solvents like cyclo-

frexane the only reaction patinvay,

', L. letingn, W. I'. Jeger and B. de Lange, Tetrahedron 49, 8267 (1993)
2, Zimmermann and M. Vink, S Prakt. Chem./Chem.-Zig. (In p1ess)
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RADIATION-INDUCED DEGRADATION OF ALKANE MOLECULES IN
LOW-TEMPERATURE MATRICES.

V. 1. Feldman, F. F. Sukhov, N. A. Slovokhotova and V. P. Bazov
L. Ya. Karpov Institute of Physical Chemistry, Obukha str. 10, Moscow, 103064, Russia.

The radiation-induced degradation of n-alkane molecules in rare gas matrices
irradiated with fast electrons at 15-17 K was studied by IR spectroscopy in order to
identify the basic pathes of hydrocarbon molecular ions and excited states conversion
in rigid inert media. The charge and/or energy transfer to hydrocarbon solute was
found to be very efficient in rigid argon and xenon matrices, which results in high
yields of parent alkane molecules degradation at matrix:solute mole ratio ca 500:1.
Trans-vinylene and vinyl alkenes, methane, and other short alkanes were detected as
principal products of radiation-induced destruction of pentane and heptane molecules
in rare gas matrices immediately after irradiation at 15 K. Some tronsient bands, which
decay upon annealing the sample to 30-45 K (in argon) or to 60-9G K (in xenon), were
also observed.

The primary processes wee found to be essentially different in argon and
xenon . In particular, C-C bond scission in alkane solute molecules in argon matrix is
more efficient. This was explained by the difference of ionization potentials (IP) of the
matrix molecules, which results in different population of excited ionic states of the
hydrocarbon molecules. It we : suggested that the ground electronic state of the parent
radical cation of alkane was mainly populated as a result of charge transfer in xenon
matrix (IP = 12,1 eV), whereas electronically excited cations of alkanes were formed in
argon (IP = 15,75 eV) due to excess energy in highly exothermic charge transfer
process in this matrix. In the latter case an excited cation dissociates even in rigid
medium at very low temperature.

Irradiation of alkanes in xenon matrices containing electron scavengers (carbon
tetrachloride, Freon-113) at 15 K leads to less efficient destruction of hydrocarbons.
Possible identification of transient bands and the fate of primary cations are discussed.
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NONTHERMAL ELECTRON SCAVENGING IN n-HEXANE
‘Drnnko Vekic, Ana-Marija Dogi¢ and DuSan RaZem

Ruder BoZkovi¢ Institute, Zagreb, Croatia

The radiativn-chemical yield of Ci~ ions resulting from a dissociative
electron attachment to chlorobenzene has already been used as a measure
of scavengeable electron yield in radiolysis of liquid. The competition
between chlorobenzene and a secondary scavenger can be used to
discriminate the reactions of nonthermal and thermalized electrons. At
higher concentrations of secondary scavenger the reactions of thermalized
electrons are complelely supressed and the competition belween
thermalization and nonthermal ele:lron scavenging by both scavengers
takes place. By extrapolating the concentration of the secondary scavenger
to zero, the ratio of thermalization and attachment can be obtained, as well
as the ionization yield.

The present work was carried out in deaeraled solutions of
chlorobenzene in n-hexane. Nitrobenzene was used as a secondary
scavenger. The concenliration of radiolytically produced chloride was
measured spectrophotomelrically.

The ionization yield of 2.93 was obtained. Taking the value of 9 - 1012
s (9 ps) for thermalization time in n-hexane, the rate of dissociative

electron attachment 1o chlorobenzene follows as 3.1 + 1012 dm3 mof-1s-1,

P4
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Redox Chemistry of Substituted Anilines

Mats lonsson®, Johan Lind, Gdbor Merényi and Trygve E. Eriksen
Department of Chemistry, Nuclear Chemistry

Royal Institute of Technology

5-100 44 Stockholm, Sweden

Anilines can easily be oxidised by radiolytically formed one-electron
oxidants, e.g. N3¢ and SOg*-. The primary product is aniline radical cation
(reaction 1) which can deprotonate yielding anilino radical (reaction 2).

PhNI; = PhNH,** + ¢ 1)
PhNH,** <—== PhNIie +I1' 2)

Thus the aniline radical cation is characterised by its one-electron reduction
potential, E°(PhNIHj** /PhNI13), and its pK,. These properties have been

determined for a number of substituted anilines in aqueous solution by
means of pulse radiolysis with optical detection. The major reference

PS

substance used in the reduction potential measurements was promethazine

and the pKa delerminations were based on the spectral differences between
aniline radical cations and anilino radicals. Using thermodynamical cycles
the N-II bond dissociation energies of the corresponding anilines were
calculated from the one-electron reduction potentials and the pKa:s.

The effects of ring substituents on the aniline radical cation one-
electron reduction potentials and pKa:s as well as on the aniline N-H bond
dissocialion energies were found lo follow linear free energy - elationships

(equation 3).
a=h+pto’ 3)

a in equation 3 denotes the reduction potential, pKa or bond dissociation
energy, b is a constant, p* describes the substituent dependence and o* is the
Brown substituent constant. These relationships were also found lo fit inlo
a family of linear free energy relationships holding for the one-electron
reduction potential of arbitrarily substituted benzene radical cations and for
the X-Y bond dissociation energy of arbitrarily ring substituted molecules
with the general formula Ph-X-Y, respectively.



Charge Transfer to a Semi-Esterified Bifunctional Phenol

O. Brede, R. Hermmann and H. Orthner

Max Planck Society, Group Time-Resolved Spectroscopy at the University of
Leipzig, Permoserstr. 15, 04318 Leipzig, Germany

Phenol radical cations are very unstable species and have not been observed
before, with the exception of the radical cation of p-aminophenol /1/. In polar
solutions, phenol! radical cations are easily deprotonated so that only the phenoxyl
radicals can be detected. However, in non-polar systems (alkanes, alkyl chlorides)
it should be possible to generate these species by electron transfer from phenols
(ArOH) to radiolytically formed solvent cations /2/.

RH'™* + ArOH - RH + ArOH* — RH* + Ar0° (D

Nevertlieless, even under these conditions, in the case of monofunctional phenols,
only phenoxyl radicals have been found.

During our studies of the stabilizer action modes of sterically hindered phenols,
we pet formed charge scavenging experiments (1) with 2-tert-butyl-6-(3 -tert-butyl-
2’ -hydroxy-5-methylbenzyl)-4-methylphenyl acrylate (Sumilizer aMm?® ), a sub-
stance used industrially as a stabilizer for polybutadiene /3/.

CH=CH;
/

0=C__
(CHQ)3C©/ \<j/C(CH3)3

In the pulse radiolysis of GM in butyl chloride solutions , we found two species of
cationic origin - a phenoxyl radical and a radical cation localized at the acrylate
group. The phenoxyl radical was generated according Lo reaction (1) in a concen-
tration range in which ionic processes dominate (c<0.02 M). Small amounts of
ethanol removed it, and tl:e acrylate cation also. The latter species decays by
charge neutralization, preswumably forming radicals which react subsequently
with the intact phenol group and thereby producing more phenoxyl radicals.

The same reactions are observed in the case of similary structured bifunctional
stabilizers, and give some insight into the ionic processes taking place in phenols

with more than one functional group.

/1/ R.H. Schuler, Q. Sun and G.N.R. Tripathy, J.Phys. Chem. 94 (1990) 6273
/2/ Q. Brede, R. Miehnert and W. Naumann, Chem. Phys, 116 (1987) 279
/3/ 8. Yashigo et al., Polymer Degrad. Stab. 22 (1988) -33
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ION-MOLECULE REACTIONS STUDIED BY NUCLEAR DECAY
TECHNIQUE. TRITIATED NAPHTHYLIUM IONS

Y. Keheyan, R. Bassanelli

Istituto di Chimica Nucleare, Area della Ricerca di Roma, Roma, Italy

Naphthylium ions generated by B nuclear decay of 1,4 bitritionaphthalenel,2
vere allowed to react in the gas pliase with benzene, and benzene/MeOH mixture.

The reaction was studied at benzene pressures ranging from 5 to 60 torr, in the
presence of a thermal radical scavenger [02]. The effect of a gaseous base [(CH3)3N]
and of an inert gas (Ar) on the reaction were also investigated.

The naphthylium ions react with benzene in the gas phase, yielding o and p
phenylnaphthalenes, whose ratio markedly increases with the pressure of benzene and
the concentration of the base. At the higher benzene pressures, and in the presence of
the base, the isomeric composition of the products appears to be kinetically controlled
and corresponds to a o:ff ratio ~5.75. This value reflects the remarkable positional
selectivity of the gaseous naphthylium cations.

furthermore, thr naphthylium ions display a significant substrate selectivity, as
indicated by a kBenzene/kMeQH ratio ~1.2 in tlie competition experiments.

The mechanism of the gas phase naphthylation will be discussed.

1, G. Angelini, Y. Keheyan, G. Lilla, A. 1. Segre: Radiochemical preparation and 3H NMR analysis of
[1, 4-3H2] naphthalene, precursor of a free naphthylium ion, Gazz. Chim. It. 107, 119, 1989

2, G. Angelini, Y. Keheya,, E. Lilla, G. Percz: Isomerization and self-condensation reactions
ubsequent the P-decay of tritiated naphthalene in the presence of liquid and gascous benzere,
Radiochimica Acta 51, 173, 1990
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Free radical chain oxidation of Fe2+
by hydropcroxides

Branka Mihaljevi¢c aud Dusau RaZent
Ruder Boskovic Institute, 41000 Zagreb, Croatia

Hydroperoxides arc decomposed by ferrous jons with a
concomilant oxidadon of the latlex Into ferric fon:

ROOLI + Fe2+ _» RO® + Fe3+ + OlI-

In the absence of a reducing ageut for ferric jous, chain
oxidation of ferrous fons occurs as a resull of the subsequent
reactions with alkoxyl radicals RO’ and other oxidizing secondary
radicals cusuing in Uie interactions of alkoxyl radicals and the
medfum.

‘The amount of ferric jons formed was measured as thilocyanate
complex in a chloroform methanol (2:1) mixture. Hydrogen peroxide
IR = 1) produced 2.0 molecules of ferrie Uifjocyanate per molecule of
11,04; alkyl and aryl hydroperoxides gave about 3 molecules of
complex, while lally acid hydroperoxides produced more than 4
molecules of ferrie tinjocyanate complex per molecule of
hydroperoxide.

‘These resulls are contrary to Uic expectations based on
radiation chemistry experience: liydioxy! radicals generated from
H Oy would be expeceted to be most reactive and therefore least
seleclive. However, 2.0 molecules of ferric thiocyanale produced peor
one moleeule of 1150, can be explained as il hydroxyl radicals
reacted exclusively with IFe2+:

IFe2t 4+ Ol - Fedt + O1F
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STABILITY OF TRAPPED ELECTRONS IN THERMALLY MODIFIED
ALCOHOL - ALCOHOL AND ALCOHOL - WATER GLASSES

G. Chlebosz, J. Kalecinski:

W. Trzebiatowski Institute of Low Temperature and Structure Research, Polish Academy of Sciences,
50-950 Wroclaw, P. O. B. 937 (Poland)

Absorption spectra of e;, DTA and dielectric losses measurements of frozen
irradiated tnatrices of different composition alcohol-water and alcohol-alcohol have
heen studied as a function of temperature.

In the system ethylene givcol -water and glycerol-water with more than 50% of
water content the increase to maximum and then decay of e;absorption has been
observed. The strung decay of e~ always takes place before the system reaches the
glass transition temperature.

On the basis of DTA and particularly dielectric lesses measurements one can
assume that the electrons have been trapped on specific aggregates composed with
molecules of water and ethylene glycol or glycerol. The increase of temperature brings
about the retrapping of electrons that is measured as the increase cf electron
absorbance.

The phenomenon has not been observed for other composition of alcohoi-
aicohol or alcohol-water thermally modified glasses.
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‘The modelling of radiation-induced
hydropcroxidation in solid systemns

DBranka Kaludin-RaZzemn DuSan RaZem
Ruder Doskovié InsUtule, Zagreb, Croalla

‘There is a formal parallelism belween autoxidation and
radiation-induced oxidation of lipids if ptimary s >ducts, lipid
hydroperoxides (LOOLH), are followed with thie aud tfrradialion dose,
respeclively. ‘The accumulation of LOOI1 1s proportonal lo Ume/dose
as long as there is an unlimiled supply of oxygen in bulk lipids, their
homogencons solulions and microhiclerogencous asseniblices: fally
ackls, monolayers, micelles, liposomes and membrancs, as revealed
by Wie lileratune. ‘The addition of anUoxidauts to both autoxidizing
and radiolyzing lipids in homogencous and microhelerogencous
phascs resulls in Ure (cmporary inhibition of lipid oxidalon (lag
Ume/lag dosc).

Nalural lipid-contaiming materials often contain natural
anljoxidants which prolect Hipids. In the presenl work we describe
radiation-induced hydroperoxidation of thin layers of lipids in natural
and synthelic model systems, consisting of powders coaled with oleic
acid, with or without. the additon of anUoxidants. While Uie lag Ume
in autoxidation could be extended by the addition of antioxidants, the
Iag dosc in radiolysis could nol be extended in Uie same way. ‘The
addillon of anlloxtdanis Lo frradialled syslems only reduced the dose
gradient of tho posl-Iag oxidation. ‘I'he lag dose appeared (o be
characteristic of the substrate and was not affected Ly the dose rate.
Al the samce tme, the amount of LOO1L was inversely proportonal Lo
dose rale in both natural and synthele model systems.
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LIPID OXIDATION IN BILAYER LIPOSOMES INDUCED BY RADICALS
FROM TIIE SURROUNDING WATER PHASES

H. Sprinz and O. Brede

Max Planck Suciely, Group Time-Resolved Spectroscopy at the University of
Leipzig, Permosersir. 15, D-04318 Leipzig, Germany

Some features of the radiation chemistry of organized assemblies were studied in
aqueous dispersions of small unilamellar vesicles of egg yolk lecithin.

Free radicals were generaled by irradialion in a gamma-radiation facility
(PANORAMA/IOM, Leipzig) with duses up to 13 kGy, and by ns-puise radiolysis
uging the pu‘se accelerator ELI'T.

By means of *H-NMR spectroscopy (AM 260/BRUKER) the radiolytic degradation
of some chemical groups of phospholipids in the irradiated samples were
delermined. Using the CARR-PURCELL-pulse sequence it was possible to obtain
information aboul the radiation-induced restriction of the choline head group
mobility for each individual lipid layer. By the same pulse sequence, some
hydrophylic radiolylic products could be detected, which escape from the liposome
into the water phase.

The concentration of the peroxides was determined by a sensilive iodometric

method.

The radical attack on the bilayer was examined under different experimental
conditions, including the addition of sodium azide or sodium chloride.

The yield 3 = 3.8 for the degradation of the allylic methylene group is smaller
than published values for an equivalent homogeneous system. However, the
conversion of Ol radicals into N3 radicals resulls in an enhancement of G by 36
%. This fact is an indicalion of a more specific attack of Ng on the lipid core of the
vesicle. In agreement with this interpretlation, we have found a smaller restriction
of the head group mobilily in such samples which were irradiated in the presence
of NaN.,.

By meﬂ?‘ns of n «ipnuiel,i tion experiment using p-nitroso-N,N-dimethylaniline a valu~
of k ¢; =hx10” 8" wns determined for the product of the rate constant k of OH
radicals with lipid molecules and the concentration of lipids ¢ (tot. lipid: 0.6 %).
Thig value, which characterizes the attack of Ol radicals on h)e lipid bilayer, is
smaller hy more than one order of magnitude in comparison with published data
for homngeneous syslems concerning the same radivsensitive fatly acid residues,
From 'T'y-measurements of the outer and inner lipid head groups it could be
deduced that the preferred site for radiation damage is the ouler lipid layer. This
may be a consequence of differences in radical fluxes froin both waler compart-

menis lowards the memnbrane,

The results confirm the hypothesis Lthet the approach of radicals io the vesicle
surface is a rate conlrolling feature in the process of lipid oxidalion.
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REACTIVITY OF IMIDAZOLES IN PULSE AND y-IRRADIATED LIQUID
AND FROZEN SYSTEMS

E. Kalecinska3, J. Kalecinski®;

a, Institute of Chemistry, University of Wroclaw, 50-383 Wroclaw (Poland)
b. W. Trzebiatowski Institute of Low Temperature and Structure Research, Polish Academy of
Sciences, 50-950 Wroclaw, P. O. B. 937(Poland)

The yields of decomposition and reactivities of imidazole as well as methyl,
ethyl and propyl imidazoles have been studied in methanol and aqueous methanol
solutions.

The yields of decomposition in liquid systems for all examined imidazoles are
low and equal to 0,15 to 0,30 molecules per 100 eV.

It has been shown by pulse and y-radiolysis that the above imidazoles are
medium reactive towards electrons (second order rate constants near 108 M-1s-1). In
the contrary, the reactivity of imidazoles towards oxidizing radicals are extremely low
as it has been shown using pNDA as a competitive scavenger.

The above i. e. the medium reactivity of imidazoles towards the electrons and
low reactivity towards oxidizing radicals have been supported in the frozen chloride-
methanol glasses applying the spectrophotometric measurements.
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On (he Mechanism of the Electron-Initinted Curing of Acrylates

W.Knolle and R.Mehnert

Institute of Sutlace Modification, Permosesstr. 15, D-04303 Leipzig, Gesmany

Abstract - Using electron pulse radiolysis with oplical detection the mechanism of the
radiation induced polymetization of tiipropyleneglyculdiacrylate (FPGDA) was studied in n-
butylcivuride (n-BuCl) solutions at room tempetature. The dose per pulse was 50 or 13u Gy
curresponding 1o the electron pulse lengths of 5 and 15 ns, respectively. Short- and long-lived
transients, such as TPGDA radical cations and different types of radicals were observed.

‘The chmge tiansler fiom n-BuCl primaty cations to the TPGDA solute is diffusion controlled
wilh a tate constant of k= 9x10° Lmol"-s”, The TPGDA cations produced undergo both rapid
deprotonation and jon-molecule reactions with TPGDA. Deprotonation (ke3..5x107 s') leads
to TPGDA vinyl-type sadicals. As products of the ion-molecule reactions two types of dimeric
cations were observed: a covalently bonded dimer, and a chaige resonance stabilized structure.
The covalently bonded dimer reacts with TPGDA (k=10° Linol"s™") and forms a species in

which excess chaige and unpaired spin are separated by one molecular unit.
Addition of the vinyi-(ype radicals to TPGDA leads to the chain siart of the radical

polymesization. An upper bound of 10° I-mol"-s" was estimated for the siasting reaction.
In the presence of oxygen the formation ol vinyl peroxyl radicals is observed, and the

polymerization is inhibited.
Semi-empitical quantum chemical calculations of eleclronic specira performed for methyl

actylate cation and radical structures support the assignment of the varivus transient optical

spectia Lo the species mentioned.
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ESR STUDIES OF IRRADIATED POLYPROPYLENE AND I'TS
COPOLYMERS

Grazyna Builinska and Jerzy Bojarski

Department of Radiation Chemistry and Technology, Institute of Nuclear Chemistry
and Technology, Dorodna 16, 03-195 Warsaw, Poland

‘The following polymer materials; (i) isotactic polypropylene, (ii) low-density

polyethylene, (iii) compositions of polypropylene and polyethylene with various

“content of polyethylene, and (iv) natuval copolymers wilth the same composition, were

irradiated and subsequently investigaled using electron spin resonance technique.

Polymer samples have been iiradiated by applying high-energy electrons from 13
MeV linear electron accelerator (LAE 13/9) over the dose range 10 - 40 kGy. For the
sake of (i) controlling radiation degradation of polymiers, (if) radiation sterifization of
medical equipment, and (ii1) evaluation of radiation resistance of the investigated
malterials, the following dose 1anges have been applied: 10 - 25 kGy, 20 - 35 kGy, and
~ 40 kGy, respectively.

‘The natuie and the yield of primary radicals has been analyzed as a function of
the absotbed dose and of the type of the polymer by means of EPR using a8 Bruker
1i181-360 spectiometer. The yicld of petoxyl radicals for various polymers and for their
different composition has been also evaluated. On that basis, we are going to conclude

about the mechanism of 1adiation-induced copolimerization of polyners in solid state.
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ESRSTUDY OF RADIATION INDUCED RADICALS IN
POLYCRYSTALLINE METHIONINE AND I'TS MOMOPEFTIDES

Grazyna Butlinskal, Dariusz Pogocki! aud Krzysztof Bobrowski2
Hustitute of Nuclear Chemistry and Technology, Dorodna 16, 03-i95 Warsaw, Poland

Zistitute of Biochemistry and Biophysics, Polish Academy of Sciences, Rakowiecka
36, 02-532 Warsaw, Poland

The radicals foimed on y-radiolysis of L-methionine and its homopeptides (L-
methionyl-L-methionine and L-methionyl-L-methionyl-L-methionine) in the poly-
crystalline state at 77 K and on subsequent warming over the temperature range 77-
293 K are 1epuited. For methionine and two homopeptides (L-Met-L-Met, L-Met-L-
Met-L-Met) the radical species present at 77 - 95 K are the anion radicals formed by
the addition of an electron to the carboxyl group (L-Met) or to the cartbonyl oxygen of
the peptide bond(s) (L-Met-L-Met and L-Mel-L-Met-L-Met). On warming o 180 -
230 K, the deamination radicals which were previously observed in polycrystalline X-
Met peptides, w-re not detected. Instead, only H-abstraction radicals in the sid= ~hain
of methionine residue formed by the cationic pathway (when the sulphur-centre
tadical cation undergoes deprotonation at the o-position to sulphur atom) are
observed. On further wamming to 293 K, the recorded ESR spectrum indicates the

presence of methyl 1adicals (Cly) for L-idet and its homopeptides, and additionally of

decasboxylation radicals for L-Met-L-Met and L-Mei-L-Met-L-Met. The latter

observation is consistent with the higher yields of CO, determined in y-irradiated

polyciystalline L-methiony! homopeptides using GC technique. The absence of
deamination radicals accompanicd by the presence of the relatively hign yields of
methyl radicals suggests that the cleavage of sulphur-carbon bond is the compelitive

process with the cleavage of nitrogen-catbon bond in the anionic pathway for

methionine and its homopeptides.
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NEW RADIATION DOSIMETRIC SYSTEMS BASED ON AMORPHOUS
CHALCOGENIDE SEMICONDUCTORS

O. 1. Shpotyuk, A. P. Kovalsky:
Lviv Scientific Research Institute of Materials. Lviv, UKRAINE

Possibilities of practical application of amorphous chalcogenide semiconductors
(AChS) as radiation-sensitive elements of solid state dosimetric systems are analyzed.
In comparison with well-studied oxide glasses(1) these materials are characterized by
less temperature threshold of radiation information bleaching (2).

Functioning technical principle of investigated dosimeters consists in rough
monotonous dependence of spectral position of AChS optical absorption edge on
ionizing radiation dose. Dosimetric characteristic of AsyS3, AsyS3-SbpS3 and
AsyS3-T1S vitreous and thin films samples in the case of gamma-irradiation with
Co60 radioisotope source (E = 1.25 MeV) and accelerated electrons irradiation with
energy 1 - 3 MeV are considered. Post-radiation effects in irradiated AChS of various
chemical composition are studied.

Physical principles of functioning of AChS based dosimetric systems are radia-
tion-stimulated of co-ordination defects formation, switching and annihilation caused
by disturbance of intramolecular covalent bonds balance (3). Nature of these processes
are studied using differential Fourier spectrometry technique in 400 - 100 cm-1 region.
1. Pikaev A. K. Modern radi stion chemistry. Main states, experimental technique and methods. -
Moscow: Nauka, 1985. 375 p.

2. Shpotyuk O. ]. Temperature stability of effects induced by gamma-irradiation in vitreous arsenic
trisulphide // Zh_ prikl. spektroscopii. -1987.-V. 46. No. 1. -P. -126.

3, Budinas T. , Mackus P. , Savytsky I. V., Shpotyuk O. 1. Spectroscopic investigations of induced
processes in arsenic sulphide chal:ogenide glasses // J. Non-Cryst. Solids. -1987. V. 90, No. 1-3 -P.
521 - 523.
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INFLUENCE OF ELECTRICAL FIELD AND
DOSE RATE ON KADIATION CURING OF
UNSATURATED POLYESTER RESINS

Irina Pucié and Franjo Ranogajec
Ruder Boskovi¢ Institute
Zagreb, Croatia

The course of radiation ciing of unsaturated polyester resins was followed
by electrical onductivity change. Both the electrical field strength and dose
tate influenced the crosslinking. The electrical field somewhat increased the
reaclion rate possibly due to the orientation in a polar system. To
investigate the effect of electrical field, the samples were irradiated to
different doses at different field strengths. The electrical fields under the
consideration ranged from 2.5 kV/m to 250 kV/m. The results of the
extraction analysis of irradiated samples confirmed the influence of the
electrical ficld.

The electrical field effect depended on the dose rate. Three dose rates were
applied: 3,05 kGy /h, 0,354 kGy /h and 0.096 kGy/ h. The mediuin dose rate
gave the highest reaction rate (on dose scale). On basis of the obtained
1esulls, the clectrical field and dose rate effects could not be simply
explained. Both the orientalion of sample molecules and changes of

reaction mechanism could occur.

P17
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OXIDATiON OF AMMONIA IN MOIST AIR BY USE OF PULSE CORONA
DISCHARGE TECHNIQUE

A. P. Shvedchikov?, E. V. Belousova?, A. V. Polyakova?, A. Z. Ponizovsky®

a, Institute of Chemical Physics Russian Academy of Sciences Moscow, Russia
b, DB Horizont, Moscow, Russia

Experiments by pulse corona discharge (PCD) induced gas-phase oxidation of
NH3 (concentrations 5x10-3 - S vol.%) in moist air (~ 2 vol.% HpVO) at room
temperature has been studied.

High voltage generator enables generation of DC-voltage up to 35 KV and
pulse voltage with duration 150-350 ns up to 100 KV and frequencies 2-100 sl

Stainless-steel reactor chamber in the form of cylinder with diameter 60 mm
together with UV-source (mercury lamp of middle pressure) with coaxial system of
coronating electrodes (stainless steel, Pt, etc.) has been used.

It has been shown that in static and flow conditions (flow rate 0,3-10 I/min)
oxidation of NH3 took place with production of Ny or NH4NO3 The probability of
these channels depends on material and shape of coronating electrodes.

The rate of NH> decay is proportional of DC-and PCD-current. In the aosence
of NHj increasing of O3 concentration considerably decreases of DC-and PCD-
current values.

Combination of PCD and UV-irradiation considerably (2-5 times) increases the
efficiency of NH3 removal. By UV irradiation O3 decays by light:

03 + hu(254 nm) - O (ID) + 0,
Very active singlet oxygen atoms reacts with water vapours:
o(ID) + Hy0 - OH + OH K9g =3.5x 1610 ¢m3s-1

with production of OH - radicals.
The mechanism of PCD-and UV induced oxidation NH3 in gas phase has been
considered. The role of different intermediates (oxygen atoms, OH, NH» radicals, etc.)

has been analyzed.



Studies on Photofading and Stable Free Radical Formation in
Reactive Dyed Cellulosic Systems under their Exposure to
Light.

Edit Rémi*, Olga Horvéth*, Andrés Vig*, Antal Rockenbauver*®,
Lészl6 Korecz**, Istvén Rusznék*

Abstract

The formation of stable free radicals could be detected earlier in the course of

exposure to light of reactive dyed coiton fabrics.
To obtain more detailed information the changes of the stable free radicals were

imeasured in function of the wavelength of ligit on azo-reactive dyed cotton fabrics and
cellophane films,

Samples were exposured to light in a device named Spectrotest (Original
Hanau). Photofading was followed on cotton fabrics by means of measuring of colour
difference and on: cellophane films by measuring changes in optical density. Correlation
was sought for between ihe kinetics of photofading and that of stable free radical
formation. Under exposure to low energy light photofading slowed down significantly
while the formation of stable free radicals rem-ined well detectable.

It could be assumed that photofading was preceded by the formation of stable

free radicals.

* Technical University of Budnpest, Department of Organic Chemical Technology
*% Cemral Research Institute for Chemistry, Budapest
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