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Some of the studies connected with nuclear pow*>r plants are performed 
in cooperation and coordination with the Ministry of Energy and Infra
structure which has ministerial responsibility in this field. 
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This report presents brief summaries of the 

research carried out at the Israel A.E.C. laborato

ries during 1983. 



FOREWORD 

This annual report of the Israel Atomic Energy Commission presents 

an overview of the research activities in 1983. Its content covers, 

once again, a broad spectrum of theoretical and experimental programs 

in basic and applied physics, chemistry, materials and life sciences 

and environmental studies. The list of topics shows no major departures 

from previous years and represents a continuing and developing process 

of in-depth studies in well established directions. 

The preparatory work related to the construction of nuclear power 

plants in Israel was continued in coordination with the Ministry of 

Energy and Infrastructure, and its recently appointed Nuclear Power 

Plant Program Steering Committee. Most of the effort was devoted to 

safety and security problems, site evaluation and reactor studies. A 

long term program for the enhancement of local technological and 

engineering capabilities in the field of nuclear power was submitted 

to the steering committee. 

Another major field of endeavor concerns medical, industrial and 

agricultural applications of nuclear and radiation-based techniques 

and technologies. Following are some examples of the extent and 

success of this program. 

- The steadily growing demand of the Israeli nuclear medicine community 

for radiopharmaceuticals is being met almost entirely by products 

developed and manufactured under the auspices of the Israel Atomic 

Energy Commission. 

- A large number of labeled compounds for medical and biological 

research have been synthesized. 

- Radioactive tracers have been applied to a wide variety of hydro-

logical, industrial and environmental problems. 

- Advanced radiographic and other NDT techniques are finding increasing 

uses in industry, and have been successfully applied to the study of 

unique archeological artifacts. 

- Radiation sterilization of medical disposables is carried out on a 

commercial basis. • 



- A very recent development is the establishment (in cooperation with 

enterprises abroad and a leading animal feed producer) of a large 

scale demonstration plant for the radiatior. treatment of poultry feed, 

to obtain pathogen-free poultry products. 

- Processes for the production of improved plastic materials by 

radiation-induced crosslinking or grafting techniques have been 

developed. Some of them have already been licensed to industries 

for full scale implementation. 

The IAEC considers these non-power applications of nuclear energy 

as an important and highly beneficial aspect of its activity, and hopes 

to continue and expand its work in these areas. 

Tel Aviv Viz.? Eilam 
July 1984 Director General 

IAEC 
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APPROXIMATE GREEN FUNCTION FOR A SEMI-INFINITE SOLID WITH VARYING 

PROPERTIES^ 

R. Englman 

An expression was derived for the spatially dependent Green 

function or response function in a solid occupying a half-space and 

having generally varying properties. The expression is valid in the 

same range as the WKB approximation, namely for slowly varying prop

erties. Some generalization is indicated and the time-dependent 

Green function or the resolvent is obtained as a Fourier transform. 

REFERENCE: 

1. Englman, R., J. Phys. A 16, 2939 (1983) 

NONRADIATIVE TRANSITIONS BY PATH INTEGRAL WITH THE USE OF SEMICLASSICAL 

APPROXIMATIONS^ 

R. Englman, A. Agresti ' , D. Mugnai and A. Ranfagni 

Tunneling transition rates were evaluated for a two-mode system 

in the semiclassical (WKB) approximation with inclusion of contribu

tions of neighboring paths to the classical one, connecting two given 

points, or by considering a distribution of classical paths. Neigh

boring paths increase the transmission coefficient in the cases of a 

single-saddle-point barrier by about 6%, while in the case of two 

or three saddle points this rise can reach 100%. Thus the considera

tion of several classical paths is important if there are several 

least-action paths, e.g., for symmetry reasons. This formalism was 

then applied to nonradiative transitions occurring in color centers. 

In particular, we reconsidered temperature dependence of the A and 

+ 
A^ emissions in Tl centers, which is a typical case of a three-
saddle-point barrier. 

REFERENCE: 

1. Englman, R., Agresti, A., Mugnai, D. and Ranfagni, A., Phys. 
Rev. B 28., 4307 (1983) 

* 
Istituto di Ricerca sulle Onde Elettrotnagnetiche del Consiglio 
Nazionale delle Ricerche, Firenze, Italy 

&& * 
Dniversita degli Studi di Firenze, Firenze, Italy 
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INCLUSION OF NEIGHBORING PATHS IN THE EVALUATION OF NON-RADIATIVE PROCESSES 

BY SEMI-CLASSICAL APPROXIMATIONS^ 

R. Englman, D. Mugnai ' and A. Ranfagni 

In the normal application of semi-classical procedures one 

calculates configurational changes of impurity centres in solids in 

terms of transition along a single pathway (the classical path) only. 

In our extension of this procedure we included neighboring-path contribu

tions to the classical one. In doing so, we encountered a problem of 

normalization of the (WKB-) wave function. Having proposed a suitable 

normalization criterion, we were able to obtain simple expressions 

for the tunneling transition in the semi-classical approximation. 

One differentiates between cases of one, two and three saddle-points 

along the trajectories. 

REFERENCE: 

1. Englman, R., Mugnai, D. and Ranfagni, A., Phys. Lett. 94A, 12 

(1983) 

TUNNELING CONTRIBUTION IN NON-RADIATIVE PROCESSES^ 

R. Englman, A. Ranfagni , D. Mugnai and A. Agresti 

A semiclassical formalism, previously introduced to treat non-

radiative processes in multidimensional spaces, was extended to 

compute total non-radiative transition rates. A simple approximate 

analysis results in simple formulae which discriminate between quantum-

tunneling contributions and classical ones. Applications to diffusion 

processes of vacancies in solids were made and temperature regions 

were distinguished where tunneling is comparable to or exceeds barrier 

jumping. For the (111) jump of the vacancy in lithium metal, the 

motions of six neighboring ions were taken into account to simulate 

vacancy jumps. Below 25K the tunneling contribution dominates and 

remains comparable to the classical process up to about 335K (the 

Debye temperature of the metal). 

REFERENCE: 

1. Englman, R., Ranfagni, A., Mugnai, D. and Agresti, A., Solid 
State Commun. ,4_7, 723 (1983) 

__ 
Scuola di Perfezionamento in Fisica dell 'Universita di Firenze, 

Aj).Firenze, Italy 
Istituto di Ricerca Sulle Onde Elettromagnetiche del CNR, Firenze, 
Italy 
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COMPETITION BETWEEN RADIATIVE AND NON-RADIATIVE DECAYS LEADS TO A DIP IN 

THE EMISSION LINESHAPE^ 
* * 

R. Englman, A. Ranfagni and D. Mugnai 

In this work an anomalous lineshape in the emission spectra of 

defects was theoretically predicted. The anomalous shape may have 

been seen by us previously in the low temperature magnetic-circular 

polarization spectrum of K1:T1 . It almost certainly appears in the 

W and M„ bands due to molecular excitons in rare gas crystals. We 

computed the emission spectra of relaxing excited-state systems in 

solids as a function of the rates of radiative decay from excited-

to-ground state and non-radiative decay within the excited state. 

When these are comparable, a pronounced dip is obtained in the 

central region of the spectrum, which then may have the appearance 

of two,distinct, independent emission bands. 

REFERENCE: 

1. Englman, R., Ranfagni, A- and Mugnai, D., Radiat. Eff. _7_3» 
291 (1983) 

SURFACE MODES AND OPTICAL ABSORPTION OF A SMALL SPHERE ABOVE A SUBSTRATE 

R. Ruppin 

The electrostatic surface modes of a sphere above a substrate 

were derived exactly. The absorption spectrum of the sphere was 

calculated and compared with that of an isolated sphere. The inter

action with the substrate causes the main absorption peak to shift 

to the low frequency side, and also gives rise to additional absorp

tion peaks. The deficiencies of the dipole approximation, which is 

often used, were considered. 

REFERENCE: 

1. Ruppin, R., Surface Sci. 127, 108 (1983) 

Istituto di Ricerca sulle Onde Elettromagnetiche del CNR, Firenze, 
Italy 
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FORMATION OF GAS BUBBLES IN GAS SUPERSATURATED WATER 
* 

Y. Finkelstein and A. Tamir 

The phenomenon of bubble formation in gas supersaturated water 

solutions is a transport process, which results in the separation of 

phases. In spite of its widespread appearance in industry and in 

nature, there is neither a clear mechanism which is capable of 

explaining this phenomenon, nor a predictive model for the degree 

of supersaturation which a gas-water solution can tolerate before 

bubbles are formed when the pressure above the solution is released. 

The objective of this study was to fill this gap and, indeed, the 

salient results of this investigation were the establishing of such a 

model, as well as providing simple, reliable and accurate means for 

predicting the tolerable degree of supersaturation a solution can 

withstand before the eruption of bubbles occurs. 

RELATION BETWEEN SCATTERING PHASESHIFTS AND EIGENVALUES OF BOX PROBLEMS-

APPLICATION TO RESONANCES^ 
* 

M. Friedman, A. Rabinovitch and R. Thieberger 

Resonance scattering of electrons from atoms and molecules has 

been treated in the past by various theoretical techniques. In a 
(2) recent publication an interesting connection was implied between 

scattering resonances off a given potential and the eigenvalues of 

a related potential confined to a box. In this work the above 

mentioned implication was generalized by treating the connection 

between eigenvalues of potentials confined in space and the solution 

of the related scattering problems. A one-to-one correspondence 

between the box results and the scattering phaseshifts as given by 
(3) the Calogero method was established. Thus, resonances existing 

in the continuum can be detected. 

REFERENCES: 

1. Friedman, M., Rabinovitch, A. and Thieberger, R., J. Phys. B 16, 
L381 (1983) 

2. Maier, C. H., Cederbaum, L. S. and Domcke, W., J. Phys. B 13, 
L119 (1980) 

3. Calogero, F., Variable Phase Approach to Potential Scattering, 
Academic Press, NY, 1967. 

_ 

Benr^Gurion Unive r s i ty of the. Negev, Beer-Sheva 
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THE INFLUENCE OF AN ELECTRIC FIELD ON A HYDROGEN ATOM CONFINED TO 

DIFFERENTLY SHAPED B O X E S ^ 
T" 

M. Friedman, A. Rabinovitch and R. Thieberger 

The problem of the confined hydrogen atom is an old one, applied 
(2) 

as an approximation for a pressurized atom by Michels et al. . In 

recent years there has been renewed interest in this problem, one of 
(3) the applications being the hydrogen atom trapped in condensed phases 

The influence of a constant electric field on a hydrogen atom confined 
(4) 

to a spherical box was studied in connection with the Stark effect 

in a pressurized system. The influence of an electric field on an. 

atom trapped in condensed phases is also of recent interest , in 

this case the box is nonspherical. 

The ground state energy of a hydrogen atom confined to a box in 

the presence of an electric field was calculated. Boxes of various 

shapes were applied in order to demonstrate the influence of the shape 

on that energy level. The procedure consists of numerically solving 

the two-dimensional Schrodinger equation using a finite element 
. (3) 

package 

REFERENCES: 

1. Friedman, M., Rabinovitch, A. and Thieberger, R., Z. Phys. A, 
in press. 

2. Michels, A., de Boer, J. and Bijl, A., Physica 4., 981 (1937) 
3. Goshen, S., Friedman, M., Thiebergcr, R. and Weil, J. A., 

J. Chem. Phys. 79_, 4363 (1983) 
4. Friedman, M., Rabinovitch, A. and Thieberger* R., J. Phys. B. 

j.4, 4737 (1981) 
5. Weil, J. A., Can. J. Phys. 59_, 841 (1981) 
6. Arteca, G. A., Fernandez, F. M. and Castro, E. A., Z. Phys. 

A308, 115 (1982) 

MODELS FOR THE HYDROGEN ATOM CONFINED WITHIN CRYSTALLINE QUARTZ^1^ 
** 

S. Goshen, M. Friedman, R. Thieberger and J. A. Weil 

In studies of irradiated a-quartz, atomic hydrogen has been 
(2) 

reported trapped in given sites at liquid nitrogen temperatures 

* 
Ben-Gurion University of the Negev, Beer-Sheva 

University of Saskatchewan, Saskatoon, Canada 
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The approach used previously in calculating the experimental effect 

was to confine the atom in a spherical box or paraboloidal box 

More recent and nore detailed experimental results call for improved 

calculations of this problem. 

Simple cylindrical models of a hydrogen atom confined in crystal

line quartz were considered. The isotropic and anisotropic components 

of the hyperfine splitting were evaluated by numerically solving the 

appropriate two-dimensional Schrbdinger equation, utilizing an adapta

tion of a finite element package previously described . The results 

show good agreement with electron paramagnetic resonance data , and 

give an estimate of d-orbital admixture in the H-atom ground state 

orbital. 

REFERENCES: 

1. Goshen, S., Friedman, M., Thiebergei, R. and Weil, J, A., J. Ch-aiu. 
Phys. 79, 4363 (1983). 

2. Perlson, B. D. and Weil, J. A., J. Magn. Resonance 15, 595 (1974). 
3. Weil, A. J., J. Chem. Phys. 71> 2803 (1979). 
4. Ley-Koo, E. and Rubinstein, S., J. Chem. Phys. 73> 8 8 7 (1980). 
5. Isoya, J., Weil, J. A. and Davis, P. H., J. Phys. Chem. Solids 

44, 335 (1983). 
6. Friedman, M., Rosenfeld, Y., Rabinovitch, A. and Thieberger, R., 

J. Comp. Phys. _2j6, 169 (1978) 

PRESSURE INDUCED ROTATION-LIBRATION TRANSITION IN MOLECULAR SOLID HYDROGEN: 

A COMPARISON BETWEEN INTERACTION POTENTIALS AND EQUATIONS-OF-STATE^1-3^ 

I. Aviram, S. Goshen and R. Thieberger 

In a series of papers on the pressure induced rotation-

libration transition in solid para-H and ortho-D„, we used an 

interaction potential of the form 

V. . = I C (r. .) Y 9 (Q.) Y. (a) 
in u m ±2 2 m ~i 2-m ~i m 

where fi. is the orientation of molecule i with respect to the i-j 

intermolecular axis. The contribution to the energy of various m 

terms was investigated. It was found that, for a trial wave func

tion of the Jastrow type, the expectation of the m=l term vanishes, 

University of Saskatchewan, Saskatoon, Canada 
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while the ratio between the expectations of the m=0 and m=2 terms is 
(4) 

a rational numerical constant. The potentials of Ree and Bender and 

of Van Kranendonk and Nakamura were compared with each other. 

The trial wave function incorporates two variational parameters and 

the variational integrals were evaluated by a Monte Carlo procedure. 

From the calculations, the density at the transition was obtained. To 

compare with experiment an equation-of-state is needed to obtain the 

pressure at the transition. Two such equations were used, the Silvera-

Goldman equation and the Ross-Ree-Young equation. The Ree and 

Bender potential with the Ross-Ree-Young equation-of-state gave the 
(9) 

best fit to experiuent . Adding a P,(cos6) term to the Ree-Bender 

potential did not produce any significant change in the; results. 

REFERENCES: 

1. Aviram, I., Goshen, S. and Thieberper, R., J. Low Temp. Phys. 
52, 397 (1983). 

2. Aviram, I., Goshen, S. and Thieberger, R., J. Low Temp. Phys. 
55, in press. 

3. Aviram. I., Goshen, S. and Thieberger, R., J. Chem. phys., in 
press. 

4. Ree, F. H. and Bender, C. F., J. Chem. Phys. TL, 5362 (1979). 
5. Gush, H. P. and Van Kranendonk, J., Can. J. Phys. .40, 1461 (1962). 
6. Nakamura, T., Prog. Theor. Phys. (Kyoto .14., 135 (1955). 
7. Silvera, I.F. and Goldman, V. V., J. Chem. Phys. 69_, 4209 (1978). 
8. Ross, M., Ree, F. H. and Young, D. A., J. Chem. Phys. _79_» 1487 

(1983). 
9. Silvera, I. F. and Wijngaarden, R. J., Phys. Rev. Lett. ̂ 7 , 39 

(1981). 

PULSE PROPAGATION IN TURBULENT ATMOSPHERE IN THE CASE OF A NON-MARKOV 

PROCESS 

I. Last and M. Tamir 

The intensity of light pulses propagating through a turbulent 

atmosphere varies in a stochastic manner. In the case of weak 

turbulence the distribution of the logarithm of the light intensity 

I is described by a Gaussian function 

P(X) = (2Tta)-Js exp[-X2/2a2] (1) 
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where 

X = lnl - < lnl > = ln(I/I ) (2) 
o 

CT
2 = < X2 > = a2/4 (3) 

2 
and a is considered as a propagation parameter. 

2 
The correlation function in a weak turbulence case (a < 0.3) 

(1) L 

depends only on the parameter 

s = vt/ax)^ (4) 

where v is the velocity of the wind, t is the time interval between 

pulses, X is the wavelength, and x is the distance. For s « 1 

C(s) = 1 - 10.9s5/3 + 10.7s2 (5) 

If s is not small, additional terms are introduced into Eq. (5). 

The exponential dependence of the correlation function on time 

is an indication of the Markov process. However, the dependence of 

the correlation function (s) on time (Eq. 5) is not exponential, 

therefore the pulse statistics is described by a non-Markov process. 

In the case of a Markov process the n-th pulse is completely 

dependent on the intensity of the previous (n-l)-th pulse, so it is 

enough to consider a 2-dimensional distribution. In the case of a 

non-Markov process the n-th pulse depends on all previous pulses, 

so the multi-dimensional distribution has to be taken into account. 

After several manipulations, the log-intensity of the n-th pulse is 

expressed by 

Xn ° k~ (/2y " A CiX±) (6) 
'n i=l 

where 

r -Y(-2P+1), 0 $ P $ 1/2 

y = s (?) 

Y(2P-1), 1 > P > 1/2 
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Y is an inverse function of the error integral, P is a random number 

5. =-^^2- (8) 
1 °i JR 

nn 

0. is the variance on the i-th pulse and R.. is the determinant of 

the inverse matrix of the correlation matrix Z(s..). 
Calculations were performed to study the level-crossing and 

(2) 
the fading of pulses . In the case of strong correlation, the 

level-crossing saturation probability obtained with a multi

dimensional distribution differs significantly from that obtained 

by the Markov process. 

The prediction of fading was shown to be improved by taking 

into account more than one previous pulse, however, only in some 

cases is this improvement essential. In most cases it is enough to 

use a two-dimensional distribution to predict the fading probability. 

REFERENCES: 

1. Fante, R. L., Proc. Inst. Electr. Eng. jv3, 1669 (1975) 
2. Pincus, P. A., Elliot, R. A. and Kerr, J. K., J. Opt. Soc. Am. 

68, 756 (1978). 

ON THE STATIONARY PHASE EVALUATION OF PATH INTEGRALS IN THE COHERENT 

STATES REPRESENTATION^1" 

Y. Weissman 

The extremal paths that arise in the stationary phase evalua

tion of coherent state path integrals do not seem to have a simple 

physical interpretation, in contrast to the extremal paths that 

occur in the conventional path integrals. On the other hand, a 

recently derived semiclassical formula for the coherent state 

propagator involves a path that is determined in exactly the same 

manner as the extremal paths of the conventional path integrals. 

Since both the semiclassical and the stationary phase analyses 

yield asymptotic (h-»0) approximations, the stationary phase and 

f 
This work, performed at the University of California, Berkeley, 
CA., was supported by the US National Science Foundation, 
Washington DC, U.S.A. 
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the semiclassical expressions for the propagator should be identical. 

In this work we presented a simple and direct proof that, in spite of 

the apparent differences, this is indeed the case. The simplifica

tion in the semiclassical formula is due to the utilization of an 

appropriate set of canonical variables to describe the classical dynamics. 

The usefulness of the semiclassical formula was demonstrated by 

an application to the problem of tlie degenerate parametric amplifier, 

which had been treated before by operator ordering and path integral 

methods. The semiclassical approach hrs a simple classical inter

pretation that is absent in the alternative treatments. 

REFERENCE: 

1. Weissman, Y., J. Phys. A16, 2693 (1983). 

DETERMINATION OF ATOMIC CROSS SECTIONS FOR ELECTRON IMPACT EXCITATION USING 

EFFECTIVE FEYNMAN DIAGRAMS AND EINSTEIN COEFFICIENTS^ 

S. Eliezer and D. Salzmann 

An 'effective Feynman diagram' technique was introduced to obtain 

relations between the cross sections of various atomic processes. The 

technique was used to obtain a simple relation between the cross sections 

of electron impact excitation and resonant photon absorption. The method 

is important because calculations of complicated atomic wavefunctions are 

eliminated. 

REFERENCE: 

1. Eliezer, S. and Salzmann, D., Laser Part. Beams jL, 97 (1983) 

THEORETICAL STUDIES OF REACTIONS IN A LASER FIELD*1* 

I. Last, M. Baer, I. H. Zimmerman and T. F. George 

(2) 
Recently, Zimmerman, George and Baer presented collinear 

quantal results for a laser induced electronic transition in the F + H 

reaction. In the present work results obtained by a quasi-classical 

trajectory (QCT) surface hopping method are given. Both calculations 

were performed employing a two-surface model in which the surfaces 
(3) 

are those applied in the field-free case (but the lower one is 
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shifted by a quantum (hoi) of the laser field) and the coupling is due 

to the permanent transition electric dipole moment. Results for the 

inelastic process 

P ( 2 pi/2> + H 2 - F ( 2 p 3 / 2 ) + H (1) 

are shown in Fig. la and those for the reactive process: 

F( P1/2) + H 2 -y HF + H (2) 

in Fig. lb. For reaction (1) a good fit is obtained mainly in the 

0.08 

- 0.04 -

_S 0.02 

0.50 0.60 0.70 
E trans (eV) 

0.80 

Fig. 1 

Electronic inelastic and reactive transition probabilities: 

( ) quantal results ; ( ) QCT results 

(a) F ( 2 P 1 / 2 ) + H 2 •*• F ( 2 P 3 / 2 ) + H 2 + hu 

(b) F ( 2 P 1 / 2 ) + H 2 •*• HF + H 
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high energy region, although both treatments yield small transition 

probabilities in all cases. A better fit is obtained for reaction (2) 

where, except for the threshold region, the fit is very good. 

REFERENCES: 

1. Last, I., Baer, M., Zimmerman, I. H. and George, T. F., Chem. 
Phys. Lett. 101, 163 (1983) 

2. Zimmerman, I. H., Baer, M. and George, T. F., J- Phys. Chem. 87, 
1478 (1983) 

3. Zimmerman, I. H., Baer, M. and George, T. F., J. Chem. Phys. 71, 
4132 (1979) 

THEORETICAL STUDIES OF REACTIONS IN A LASER FIELD. A TEST FOR A REACTIVE 

CURVE-CROSSING MODEL 

Y. Shima, I. Last and M. B a e r ^ 

While studying the electronic transition for the reaction 

|F(2P3/2) + H2 

F( P1/2) + H2 

induced by a laser field, we found that the quasi-classical trajectory 

(QCT) method yields very good results when the laser photon is either 
(2) 

a Nd:glass photon or an HF photon , but seems to fail for a C0„ 

photon. In the framework of our efforts to resolve this discrepancy we 

constructed a reactive curve-crossing model. It was found that the 

results due to this model are qualitatively close to those obtained 

by an exact quantum mechanical treatment and deviate significantly from 

the QCT results. This fact supports our belief that an electronic transi

tion caused by a CO- photon is of a more quantal nature than a transi

tion caused by a Nd:glass or HF photon. 

REFERENCES: 

1. Shima, Y., Last, I. and Baer, M., Chem. Phys. Lett., in press. 
2. Last, I. Baer, M., Zimmerman, I. H. and George, T. F., Chem. 

Phys. Lett. 101, 163 (1983) 
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A QUANTUM MECHANICAL STUDY OF THE D + H? •* HD + H REACTION^
1" 

N. AbuSalbi* D. J. Kourit Y. Shima and M. Baer 

A quantum mechanical study was made of the 

D + H.(v =0,1) -* HD(v = 0,1,2) + H reactions within the Infinite 

Order Sudden Approximation (IOSA) for the total energy interval 

E = 0.28 - 1.28 eV. Results at various stages of the calculation 

ranged from most detailed reactive transition probabilities, through 

opacity functions and y-dependent cross sections, to total and state-

to-state integral and differential cross sections as well as rate 

constants. The cross sections and rate constants were compared with 

other available theoretical results and experiments. It was found 

that the IOSA total cross sections for v =0,1 overlap very 

-trans 

Fig. 2 

Total integral cross sections as a function of translational energy 
for the reaction D + I^Cv^O) ->• HD + H 

(—) £-av results,( )£-in results, (I) quasiclassical trajectory 
results, (•) DWBA results. 

University of Houston, Houston, TX, U.S.A. 

Carried out at University of Houston, Houston, TX. 
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(2) 
nicely with the corresponding quasiclassical trajectory cross sections 

except for the tunneling region (see Fig. 2). A less satisfactory fit 
(3) 

was obtained with the Distorted Wave Born Approximation results . The 

calculated rate constants were compared with experiment and a rather 

good fit was obtained, in particular with rate constants from the ground 

state( ' . 
REFERENCES: 

1. AbuSalbi, N., Kouri, D. J., Shima, Y. and Baer, M., Chem. Phys. 
Lett., JL05, 472 (1984) 

2. Mayne, H. R. and Toennies, J. P., J. Chem. Phys. 15_, 1794 (1981). 
3. Jung, Y. Y., Choi, B. H. and Tang, K. T., J. Chen. Phys. T2L> 

621 (1980). 
4. Westenbergj A. A. and de Haas, N., J. Chem. Phys. ji7_, 1393 (1967). 

SHOULD THE BENDING MOTION IN THE H(D) + H2(v.=0,l) REACTIONS BE QUANTIZED?^
1" 

N. AbuSalbi, M. Baer, D. J. Kouri and E. Pollak 

In this work a time delay analysis of the collinear 

H(D) + H (v =0,1) -»- H(D)H + H reactions was performed. The aim of the 

study was to determine whether the three-atom system stays together 

long enough to justify the assumption concerning the quantization of 
(2) 

the bend . In Fig. 3 four curves are presented which describe the 

time delay as a function of the energy for the four above-mentioned 
(3) reactions. The time delays were computed using the Smith method. 

All values are seen to be negative. In order to extract the absolute 

time delay from these figures the plateau region was used as a base 

line zero. In no case is the absolute time delay (the differences 
-14 between the maxima and the base lines) ever greater than 2x10 sec. 

Since the bend eigen-time of the three-atom system, in all four 
-14 -14 

cases, is 5x10 £ T £ 7x10 sec, the three atom system never 

stays together long enough to complete even one cycle. This fact 

lead us to believe that the assumption concerning the quantization 

of the bend does not seem to be justified. 

* 
University of Houston, Houston, TX, U.S.A. 
t Carried out at the University of Houston, Houston, TX. 
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REFERENCES: 

1. AbuSalbi, N., Baer, M., Kouri, D. J. and Pollak, E., J. Chem. 
Phys., in press. 

2. Garrett, B. C. and Truhlar, D. G., J. Am. Chem. Soc. 100, 4534 
(1979); Walker, R. B. and Hays, E. F., J. Phys. Chem. j$7_, 1255 
(1983); Schats, G. C , Chem. Phys. Lett. 94., 1»3 (1983); 
J. Chem'. Phys. J9_, 5386 (1983). 

3. Smith, F. T., Phys. Rev. 118, 349 (1960). 

BKLT EQUATION FOR REACTIVE SCATTERING. PART II. EXTENSIONS AND APPLICA

TION TO NONSYMMETRIC SYSTEMS^1'1" 

N. AbuSalbi, D. J. Kouri, Y. Shima and M. Baer 

The BKLT (Baer, Kouri, Levin, Tobocman) integral equations 

were recently considered again with the aim of applying them to 

(2) 

.University of Houston, Houston, TX, U.S.A. 
Part of this work was performed at University of Houston, Houston, 
TX, U.S.A. 
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numerical studies of exchange collisions 
(3,4) 

In all our previous 
(4) 

studies the method was applied to symmetric reactions, i.e. H + H 
(3) 

and HF + H . In this work the treatment was extended to nonsymmetric 

systems (D + H» and F + H„) and '.he results were compared with those 

obtained by more established methods. Such a comparison for the 

F + H2(v =0) -»• HF(v = 2,3) reactions is shown in Fig. 4. 

Etrans<eV> 

Fig. 4 

Reactive transition probability for the reactions 
F + H2(vi=0) -> HF(vf = 2,3) + H. Smooth curves are 
due to an established method^), points are due to the 

BKLT equations 

So far there have been two versions of the BKLT equations. 

In this work a third version is discussed which was also tested 

numerically and found to yield correct answers. 

REFERENCES: 

1. AbuSalbi, N., Kouri, D. J., Shima, Y. and Baer, M., J. Chem. 
Phys., in press. 

2. Baer, M. in: Advances of Chemical Physics, edited by I. Prigo-
gine and S.A. Rice, Wiley, NY, 1982, vol. 49, pp. 191-309. 

3. Shima, Y. and Baer, M., Chem. Phys. Lett. .91, 43 (1982); 
J. Phys. B16, 2169 (1983). 
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4. Shima, Y., Kouri, D. J. and Baer, M., Chem. Phys. Lett. _94, 
321 (1983); J. Chein. Phys. I£, 6666 (1983). 

5. AbuSalbi, N., Shima, Y., Kouri, D. J. and Baer, M., unpublished 
results. 

REACTIVE DIATOM - SOLID SURFACE COLLISION. A QUANTUM MECHANICAL APPROACH*1^ 

M. Baer 

In this work a quantum mechanical approach to the study of re

active diatom (stationary) surface collisions was presented (see Fig. 5). 

Fig. 5 

The coordinate system for the diatom-surface 
system. The coordinates are appropriate for 
the diatom-surface arrangement channel, the v 
coordinates are appropriate for the atom-atom 

surface arrangement. 

After consideration of the general theory, a more detailed study 

of the reactive infinite order sudden approximation (RIOSA) fol

lows . This treatment yields the corresponding physical S-matrix 

element in explicit form. Particular attention was paid to the 

case of noncorrugated surfaces. Here a more detailed expression 

for the S-matrix elements was derived from which also an inter

esting quasi-selection rule follows. According to this rule a 
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reaction between a molecule and a surface is not likely if the molecule 

posseses a non-zero angular momentum component perpendicular to the 

surface. 

REFERENCE: 

1. Baer, M., J. Chem. Phys., in press. 

PHASE-SPACE CALCULATIONS OF CROSS SECTIONS OF GASEOUS ION-MOLECULE 

REACTIONS^ 

A. Cohen1" 

Cross sections were calculated for a number of gaseous ion-

molecule reactions using the phase-space model. The calculated re

sults of both the [H? + He] and [H + Ne] reactions were compared 

with those of published quantum dynamical calculations as well as 

experimental work. Cross sections for the following reactions were 

calculated: the isotope exchange reaction [" N 0 + N O ] , the 

reactions [N* + N ^ J O * + 0^ and [CO+ + CO]. The [H* + H2] re

action, for which phase-space calculations have been published by 

several authors, was recalculated as a control. Gaps in polariza-

bility data as well as vibrational frequencies were filled by cal

culations using an empirical model and an ab initio method, respec

tively. 

REFERENCE: 

1. Cohen, A., NRCN-487, 1983, in Hebrew. 

ON CALCULATION OF COLLISIONAL ANGULAR-MOMENTUM MIXING OF RYDBERG STATES^ 

J. Oreg, M. Strauss and G. Hazak 

Exact solutions of the coupled differential equations for col

lisional mixing probabilities were given for a sodium-helium system. 

The results show that complete mixing is not reached in this model. 

The main contribution to the collisional mixing cross section of the 

sodium 'nd' state comes from impact parameters b within the range 

Ph.D. thesis, Weizmann Institute of Science, Rehovot, 1980, in 
Hebrew. 
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2 2 
n £ b $ 2n . The total cross sections obtained are in agreement with 

(2) 
the experiment 

REFERENCES: 

1. Oreg, J., Strauss, M. and Hazak, G., NRCN-544, 1983. 
2. Gallagher, T. F., Edelstein, J. A. and Hill, R. M., Phys. Rev. 

Lett. 35, 644 (1975) 

SPHERICAL MODES IN N-LEVEL SYSTEMS^1" 

J. Oreg and S. Goshen 

(2) 
A new representation of the SU(N) coherence vector was in

troduced. N-level systems with 2 or more independent modes were found, 
(3) using simple group theoretical considerations. The Cook Shore system 

is shown to contain N independent modes, each providing an additional 

constant of motion. 

REFERENCES: 

1. Oreg, J. and Goshen, S., Phys. Rev. A, in press. 
2. Hioe, F. T. and Eberly, J. H., Phys. Rev. A25, 2168 (1982) 
3. Cook, R. J. and Shore, B. W., Phys. Rev. A .20, 539 (1979) 

ON REALIZATIONS OF A VIRASORO ALGEBRA BY USING REALIZATIONS OF A VINBERG 

ALGEBRA 

Y. Ilamed 

A right Vinberg algebra is a nonassociative algebra for which 

(ab)c-a(bc) = (ac)b-a(cb) is an identity. A centerless Virasoro 

algebra is an algebra in which there exists a basis f...,e(-l),e(0), 

e(l),...} so that, (**) e(m)e(n)-e(n)e(m) = (m-n)e(m+n), for all the 

integers m,n. We have obtained realizations V or W of right Vinberg 

algebras by using multilinear symmetric or alternating polynomials 

in noncommuting variables, respectively, as a basis; these realiza

tions are obtained by defining appropriate compositions in V and W. 

Let V(-) denote the algebra with the same vector space as that of V, 

but with the commutator in V as a new composition. Then V(-) and a 

subalgebra of W(-) are realizations of a centerless Virasoro algebra. 

Part of this work was carried out at Laboratoire Aime Cotton, CNRS, 
Orsay, France 
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Remarks: 1) For inn 5 0 the commutation relations (**) are 

realized by using free noncommuting variables as arguments of the multi

linear polynomials; 2) For mn < 0 the commutation relations (**) are 

realized by assuming that the arguments of the symmetric or alternating 

polynomials are elements of a basis of a Clifford or a Heisenberg algebra, 

respectively. 

STIFF DIFFERENTIAL EQUATIONS - CONCEPTS AND METHODS OF INTEGRATION 

Y. Shraga 

Given the system of differential equations, 

y(t) = f(t,y(t)), y(tQ) = yQ, tc[tQ,tf] 

stiff differential equations are such equations where the linearized 

system has widely spread eigenvalues. 

The problems associated with stiff differential equations are two

fold: stability and accuracy. If a method with a finite absolute 

stability region is used, large negative real parts of some of the 

eigenvalues will force the integration step size to be excessively 

small. If an infinite absolute stability region (an A-stable method) 

is used the stability problem is avoided but for a reasonable step 

size h»the solution component corresponding to the smallest eigen

value will be approximated inaccurately. Moreover, stability 

requirements force some degree of implicitness, which cannot be handled 

by fixed point iterations; the more expensive Newton or Newton-like 

method is necessary. 

Linear multistep methods were considered for solving this kind 
(1 2) 

of equation. As a result of work by Dahlquist ' , the low order of 

accuracy of such methods was pointed out. As a result two approaches 

were adopted: imposing a weaker stability property or considering some 

other class of higher order multistep methods. 

REFERENCES: 

1. Dahlquist, G., Trans. Roy. Inst. Technol., Stockholm, Nr. 130 (1959) 
2. Dahlquist, G., BIT 3, 27 (1963) 
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RECENT DEVELOPMENTS IN THE DSNP* SIMULATION LANGUAGE 

D. Saphier 

Development of the DSNP was continued during 1983 in the U.S., 
(2) 

Germany and Israel . At present Rev 4.1 of the DSNP is in the process 

of being released. This revision has many improvements over the pre

vious release, Rev 3.3. The major improvements .include the following. 

1) The DSNP language was extended to include new statements and the 

range of applicability of existing statements was expanded. 

2) The precompiler was modified so that it can be easily adapted to 

different computer environments (presently IBM and VAX computers 

only). 

3) Several new modules were included in the DSNP libraries. These 

included a lumped parameter general purpose steam generator with 

improved features to account for inherent delays, an improved 

feedback reactivity model, an improved decay heat module, a new 

water steam mixture cavity, an accumulator module, a new module 

capable of simulating a large variety of valves, a general 

purpose controller, and several minor operational modules. 

4) Additional material properties and heat transfer correlations 

to cover a wider range of heat transfer regimes was included 

in the level-4 library. 

5) An improved stiff integration scheme developed by Gear was 

added to the available integration schemes improving overall 

speed for some stiff simulation cases of up to two orders of 

magnitude. 

DSNP is now actively being used for HTGR, LMFBR, PWR and 

general purpose transient analysis. 

REFERENCES: 

1. Saphier, D., The simulation language of DSNP, Argonne National 
Laboratory, ANL-CT-77-20, Rev 2, 1978. 

2. DSNP Users' Letter, edited by J.T. Madell, Vol. 3, 1983. 

DSNP stands for Dynamic Simulator for Nuclear Power Plants. It is 
a block oriented simulation language for nuclear power plants. 
DSNP is available from the NEA and NESC code centers. 
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IMPROVED INTEGRATION SCHEMES IN DSNP 

D. Saphier, Y. Bartal and Y. Rodnizky 

A new stiff integration method was added to the DSNP simulation 

language. The method is based on an algorithm developed by C.W. Gear 
(2) 

and a subroutine package developed by A.C. Hindmarsh . The package 

(1) 

includes the Adam's implicit method and the Gear's backward differentia

tion formula. Both methods gave improved integration times of up to 

two orders of magnitude as compared with some of the other integration 

schemes previously available in DSNP. 

The reactor kinetic equations with six groups of delayed neutrons 

were solved using all the available integration schemes. The results 

are presented in Table 1. The eigenvalues in this particular set of 

equations were spread over nine orders of magnitude. A step change 

in reactivity initiated the system transients. The solution was fol

lowed for 20 sec. 

As can be seen from the table, the fastest integration scheme is 
(3) the collocation method developed by Kaganove next comes Gear's method 

(4) and then a first order exponential fitting stiff method by Fowler 

The nonstiff methods were two orders of magnitude slower than Gear's 

method. 

Table 1 

Comparison of the execution times to solve the neutron kinetic equations 

by different integration methods 

Method 

CPU time 
(sec) 

Last At 
(sec) 

Kaganove 

0.9 

1 

Gear 

2.8 

1 

Adams 

2.7 

1 

Fowler 

22.66 

0.006 

Simpson 

361 

1.6xl0~4 

Trape
zoidal 

372 

1.6xl0~4 

Runge-
Kutta-4 

515 

6.25xl0~4 

Milne 

750 

ID'4 

REFERENCES: 

1. Gear, C. W., Numerical Initial Value Problems in Ordinary Differential 
Equations, Prentice Hall, Englewood Cliffs, NY, 1971. 

2. Hindmarsh, A. C , GEAR: Ordinary Differential Equation System Solver, 
Lawrence Livermore Laboratory, UCID-30001 Rev. 3, (1974). 
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3. Kaganove, J. J., Numerical Solution of the One-Group Space-Independent 
Kinetics Equations for Neutron Density, Given the Excess Reactivity, 
Argonne National Laboratory, ANL-6132, (1960)• 

4. Fowler, M. E. and Marten, R. M., A Numerical Integration Tecboi-qoe 
for Ordinary Differential Equations with Widely Separated Eigenvalues, 
IBM, Res. Div. IBM 537, 1967. 

IMPROVED DECAY HEAT MODEL FOR DSNP 

D. Saphier and D. Gal 

The decay heat model used in DSNP was based on solving a set 

of differential equations for any number of fission-product groups. The 

solution resulted in a sum of exponents, the constants of which were pre-

generated to fit some known decay curve. The same method is used in 

other dynamic codes, such as RELAP and TRAC. Because of the difficulty 

in generating these constants and because of the importance of the 

amount of decay heat in analyzing reactor accidents, two new options 

were included in the DSNP decay heat module GAMARI . 

One option permits the use of polynomial approximation, so that 

various simple formulae available in the literature can be used; the 
(2) 

second option uses the ANS standard curve and equations to account 
239 239 

for the decay contribution of U and Np. This option assumes 

constant decay heat until reactor scram, at which time the decay heat 

is obtained from 

WW - VW + WV + WV 
where t is the reactor operating time in sec, and t is the reactor 

o s 
cooling time. 

The exponential fit and the ANS standard curve methods were 

compared for different reactor operating periods. The results are 

summarized in Table 2 for up to 10 sec after reactor shutdown. It 

is seen that the difference between the methods ranges from 1% to 

10% for up to 1000 sec, beyond this time the differences are much 

larger. 

REFERENCES: 

1. Saphier, D., Level-One Modules Library for DSNP, ANL-CT-77-22 
(1978) 

2. Decay Energy Release Rate Following Shutdown of Uranium -
Fueled Thermal Reactors, ANS - STANDARDS 1974, p. 292-299 



Table 2 

Decay power and total released DH after shutdown, calculated for different operating periods 

Time (sec) 
after shut
down 

t 
s 

Power (W) 

Exponent 
fit 

101 6.019xl04 

102 3.435x104 

103 1.944xl04 

10 4 1.710xl04 

105 6.953xl03 

106 8.581X10*"1 

,+ 20%. 
M S curve (_ ^y) 

t=3 years t=l year t=l month 

5.264xl04 5.260xl04 5.230xl04 

3.541xl04 3.533xl04 3.472xl04 

2.033xl04 2.022xl04 1.934xl04 

1.053xl04 1.040xl04 9.354xl03 

5.267xl03 5.121.103 4.012.103 

2.150xl03 2.004.103 1.032.103 

Total released energy up to time t (A) 
s 

Exponent 
fit 

5.786xl05 

4.415xl06 

2.514xl07 

1.864xl08 

1.201xl09 

1.869.109 

+ 207 
ANS curve (_ ,fip 

t=3 years t=l year t=l month 

5.219xl05 5.216xl05 5.197xl05 

4.191xl06 4.185xl06 4.137xl06 

2.628xl07 2.618xl07 2.541.107 

1.462xl08 1.450xl08 1.352x10® 

7.533x10® 7.392x10® 6.307x10® 

3.473xl09 3.326xl09 2.281xl09 
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SIGNI: A SIMPLIFIED LUMPED-PARAMETER STEAM GENERATOR MODEL 
D. Gal and D. Saphier 

In the course of developing a full scale PWR plant simulation 

with the DSNP , a new lumped-parameter steam generator (SG) model 

was developed. The need for this development was twofold: 

1) to creat a simple, fast, dynamic SG model compatible with 

advanced models in the following aspects: 

a) The calculated primary and secondary exit temperatures 

at steady state (SS) should be identical to the results 

calculated by more elaborate models. 

b) The time delays involved in attaining a new SS condition 

following a perturbation should be compatible with more 

detailed models. 

c) The new SS temperatures achieved following a perturbation 

should be within 1% - 2% of those of the more advanced models. 

2) to create a first estimate, general purpose SG model to be 

used in the first stage of the simulation. 

The SG is lumped into three nodes: the primary side, the 

secondary side and the metal wall. The SS variables: exit tempera

tures, densities and steam quality, are calculated using heat balance 

and thermodynamic equations. The major difficulty in this model is 

the achievement of proper time delay and time response for the SG 

exit temperatures. It was found that the best results were achieved 

by the simultaneous solution of the following differential equations 

dT U 
-T-2- = [W (T . - T ) - -£ (T - T )1/M (1) 
dt p pi px C p w p 
dT 
-r-^ = [U (T - T ) - U (T - V > ] /M C 
dt p p w s w w w 

dH 
S = [U (f - T ) - w (H - H .)]/M (3) dt s w s s sx si s 
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H • 
s 

U 
P 

V 
V 

- H s x 

- U s 

C 
w 

W 
s 

dH dH 

dT*=2dT (^ 

dT_._ W 

-lT"f^(Tpi-W (5) 

T = 2T - T ._ ,,,. 
px p piD (6) 

where: 

T , T , T - average primary wall and secondary temperatures 

m , M , M - primary wall and secondary masses 

- average and exit secondary side enthalpies 

- primary and secondary heat transfer coefficients 

- primary and wall heat capacities 

- primary and secondary fluid mass flows 

T , T , T - primary inlet, exit and delayed temperatures 

Equation (5) in this model represents a deviation from standard pro

cedures. It introduces a delay in calculating the primary exit 

temperature by delaying the input to Eq. (6). The magnitude of the 

delay is dependent on the transition time T = M /w and a user 

supplied factor f. The total delay hence becomes T' = -r/f and is 

adjusted by the user for a proper response of the SG. 

REFERENCE: 

1. Saphier, D., The Simulation Language of DSNP,Argonne National 
Laboratory,. Argonne, ANL-CT-77-20, .1978 

THERMOHYDRAULIC TRANSIENT ANALYSIS OF THE HTGR PEBBLE BED REACTOR1" 
* 

D. Saphier, J. Rodnizky and G. Meister 

A dynamic simulation of the heat removal system of a typical 

HTGR plant was performed . For this purpose a number of program 

This research is partly supported by the National Council for Research 
^and Development, Jerusalem and KFA Julich, Germany 
KFA, Julich, Germany 
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modules describing specific components of a gas cooled reactor were 

developed and included into the DSNP program library. Preliminary 

results show good agreement with other calculations and theoretical 

predictions. 

The power plant investigated in the study is a HTGR pebble bed 

reactor designed to supply process heat for chemical processes such 

as coal gasification and the generation of process heat, and electricity. 

A schematic description of the power plant is shown in Fig. 1. 

The core of the. reactor is a packed bed of spherical fuel 

elements consisting of graphite in which the fuel is embedded in the 

form of small coated particles. Heat removal is achieved by forced 

flow of helium through the bed in a downward direction. The gas outlet 

temperature will be about 950 C under normal operating conditions. 

Several transients were analyzed with the DSNP simulation of the 

pebble bed HTGR. A typical response of the core to a step change in 

reactivity is presented in Fig. 2. The major observation from this 
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Power and average core temperature response to a step 
change in reactivity. 



- 33 -

result is the very slow thermodynamic response of the core to any 

change in power production. This is due to the very large heat 

capacity of the graphite core. 

REFERENCES: 

1. Saphier, D., "Dynamic Simulation of the Pebble-Bed High-Temperature 
Reactor with the DSNP Simulation Language" RASG-103-S2, Soreq Nuclear 
Research Centre, 1982. 

2. Saphier, D., "The Level-One Modules Library for DSNP", Argonne 
National Laboratory, ANL-CT-77-22, 1978. 

NUCLEAR DATA EVALUATION OF PLUTONIUM-242*^^ 

M. Caner and S. Yiftah 

242 
An evaluation of Pu neutron data was performed in which all 

—3 6 
significant cross sections in the neutron energy range 10 to 15x10 eV 

were considered. The experimental data were complemented by spherical 

optical model and statistical theory calculations. 

Plutonium-242 is produced by successive neutron captures (and 

B-decays for U) in U and Pu fuels. Pu-242 data are needed for thermal 

and fast reactor calculations. The importance of Pu-242 lies in its 

effect on: reactivity in thermal reactors at high burnup and in fast 

breeder reactors; neutron emission during Pu fuel fabrication, storage 
244 

and handling; and Cm buildup. 

Our recommended data were compared with those of ENDF/B-V (which 

is the latest version of the U.S. nuclear data file). Our recommended 

data are transmitted to the IAEA Nuclear Data Section in the KEDAK 

format (in collaboration with the Karlsruhe Nuclear Research Center). 

A neutron nuclear data evaluation for reactor calculations 

involves the following steps: (a) compilation of the available experi

mental data; (b) analysis of the data to reveal inconsistencies 

between different measurements, to reject the doubtful data, and to 

renormalize the data to a common standard; (c) filling-in the missing 

data using reaction models, systematics, and interpolation; and 

This research was partly supported by the International Atomic Energy 
Agency 
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(d) producing, as an end product, complete and consistent microscopic 

nuclear data files for neutron-induced reactions, in computer-readable 

form. 

REFERENCE: 

1, Caner, M. and Yiftah, S., IA-1400, 1984 

COMPARISON BETWEEN WIMS AND ANISN-CINDER CODE SYSTEMS 

Z. Shayer, D. Saphier and A. Radkowsky 

In order to verify the lattice code WIMS , it was compared 
(2) 

with an alternative set of calculations using the ANISN and 
(3) 

EPRI-CINDER computer codes. ANISN solves the differential trans
port equation by the discrete ordinate S method, and CINDER is a 
point depletion burnup code analytically solving the linear burnup 
chain equations. 

The comparison was made on two levels. First ANISN and a 

transport code WDSN built into the WIMS system were compared, second, 

the burnup calculations were compared by using the WIMS library for 

a typical PWR rod. 

A PWR unit cell was calculated by S , S , S._ and S.., approxima

tion codes. The difference in multiplication factor ranges from 

0.12% to 0.15%. It was found that 0.1% of these differences result 

from differences in the representation of the discrete angles and 

associated weights. We performed a transport calculation by the 

ANISN code with different sets of angles and weights (WIMS and angle-

weight sets that are taken from WANL-PR-(LL)-08). The results are 

presented in Figs. 3 and 4. From these figures, particularly from 

Fig. 4, we see that there is some advantage of WANL sets over WIMS 

sets. 

The burnup calculation was made for the PWR rod up to 29500 MWD/ML 

with 60 day steps. The difference in multiplication factor as a func

tion of burnup is shown in Fig. 5. The multiplication factor changes 

linearly between 0.15% at the B.O.L. to 0.50% at the E.O.L. These 

differences result from different sets of fission product cross 

sections used by the two codes. 
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It can be concluded that the agreement between the two codes is 

reasonable for both the transport and burnup calculation. The advan

tage of the ANISN-CINDER system is that it is more flexible and trans

parent for the users. It is easier to perform a calculation and dif

ferent sets of cross section libraries can be used while at present 

WIMS is limited to its given library. 
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THE EFFECT OF NEUTRON SPECTRA ON THE PLUTONIUM DISCHARGE COMPOSITION 

Z. Shayer, D. Saphier and A. Radkowsky 

In this study the change in plutonium composition during re

actor burnup (BU) resulting from hardening the neutron spectra was 

investigated. To increase the conversion ratio in light water 

breeder reactors operating on the U-Pu cycle, the neutron spectrum 

should be hardened as much as feasible to take advantage of the 

increasing n with increased neutron energy. In addition, the 
240 241 

fraction of Pu and Pu should be increased as much as possible 
240 

to take advantage of the better breeding characteristics of Pu 
O O O O / 1 

compared with those of U and the higher n of Pu compared 
239 

with that of Pu. 

The effect of the neutron spectrum was investigated by 

changing the ratio of V ^ /V , from 0.5 to 1.2. The study was & e water rod J 

performed using metal PuZr fuel rods (r.. , =0.24 cm, r , , = 0.30 cm) 
" fuel clad 

irradiated up to 720 days with a power density that varied linearly 

from 530 MW/MT of Pu to 364 MW/MT of Pu. The burnup calculation 

assumed the following initial plutonium isotopic composition 
239 240 241 242 

'Pu: Pu: Pu: Pu = 55.3:22.1:17.7:5.0. 

Tel Aviv University, Ramat Aviv 
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The results are presented in Fig. 6 
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In the LWBR concept investigated in this study the dis

charged fuel will be reinserted into one of the next fuel cycles, 

after a suitable reprocessing time. A comparison of the re

sulting fuel compositions shows that the fuel that burned with a 

harder spectrum produced fuel with a larger breeding potential, 
240 i.e. more Pu, while BU with a softer spectrum produced fuel 

241 
with a larger k , i.e. a larger fraction of Pu. 

720 
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CORE DESIGN AND OPERATION OPTIMIZATION METHODS BASED ON TIME-DEPENDENT 

PERTURBATION THEORY^^ 

E. Greenspan 

A general approach to the optimization of nuclear reactor core 

design and operation was outlined based on a newly developed time-

dependent (or burnup-dependent) perturbation theory for nonlinear 

problems and a successive iteration technique. The resulting ap

proach permits handling realistic reactor models using computational 

methods of any degree of sophistication desired, while accounting 

for all the constraints imposed. Three general optimization strategies, 

different in the way the constraints are handled, were formulated. 

REFERENCE: 

1. Greenspan, E., NRCN-536, 1983. 

EIGENFUNCTION EXPANSION OF PERTURBED POWER PROFILES IN MULTIGROUP REACTOR 

MODELSW 

D. Gilai 

The present work was an attempt to apply the higher order 

perturbation formulation to power profile studies, using a two-

group diffusion theory model in one-dimensional geometry. To this 

end, a diffusion code was written that permits calculation of all 

necessary eigenfunctions of the K-type. This was accompanied by 

another code that performs the necessary perturbation calculation 

and constructs the perturbed power profiles. 

To check the ability of the perturbation code to predict 

perturbed power profiles, many cases with a variety of perturba

tions were examined. It was found that in most cases the per

turbed power profile, andj- in particular, the power peak could be 

predicted to within 2 to 3%, even in cases where the profile was 

markedly distorted (compared with the reference power profile). 

Figures 7 and 8 illustrate this for two typical cases. The cal

culations were performed for a heavy water reactor model in slab 

geometry. In the first case, a "depletion perturbation" was 

simulated by decreasing the fission cross section zone-wise and, 

correspondingly, decreasing the absorption cross sections. 
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The perturbed power profile could be almost exactly predicted by a 

fifth-order expansion. 
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In the second case, shown in Fig. 8, a strong localized per

turbation was introduced near the center of the reactor. Here, the 

prediction of the power distribution in the perturbed region deviates 

by several percent from the exact shape. This is due to the fact that 

the K eigenfunction expansion cannot properly predict flux spectra that 

are strongly distorted, as in this case. It should be noted, nonethe

less, that the power peak of the perturbed system was still accurately 

predicted. 

To conclude, despite its mathematical incompleteness, the K 

eigenfunction expansion may be used in many cases as a powerful tool 

for prediction of perturbed power profiles. 

REFERENCE: 
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A RECURSIVE DISCRETE ORDINATES (RSN) METHOD FOR ESTIMATING IMPORTANCE 

FUNCTION DISTRIBUTIONS^ 

E. Greenspan, M. Goldstein and A. Kinrot 

A difficulty in the practical application of the recursive 

Monte Carlo (RMC) method developed for estimating importance function 

distributions lies in the accumulation of statistical errors. Based 

on our experience, it is expected that many 3-D deep-penetration 

problems could be broken down into two-dimensional problems. Con

sequently, it is proposed to use a deterministic (S ) method for the 

estimation of the importance function distribution, thus avoiding 

the above mentioned difficulty. The recursive discrete ordinates (RSN) 

method was applied to the solution of two simplified problems using 

the two-dimensional S code DOT. It was found that the RSN method is 
n 

applicable and can be very useful for estimating the importance func

tion distribution. 
REFERENCE: 
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A HISTORY-ROTATION TECHNIQUE FOR MONTE-CARLO CALCULATIONS IN AZIMUTHALLY 

SYMMETRIC GEOMETRIES^ 

M. Goldstein 

Many transport problems contain geometries which are symmetric 

about an axis. For this class of problems, a simple and "easy to 

implement" technique was developed which significantly increases the 

efficiency of the Monte Carlo calculation. According to the new 

approach a collision point (X,Y,Z) is not fixed in space, but is 

rotated on a ring of height Z (provided the system is symmetric 
2 2 ^ 

around the Z-axis) and radius r = (X +Y ) 2. The selection of the 

collision point after the rotation reduces to the selection of the 

"rotation angle". The rotation angle is selected in such a way 

that: (a) sampling near the detector is increased and (b) the singu-
2 

larity (1/R ) for collisions very near the detector is completely 



- 41 -

removed. The use of the history-rotation technique improved the solu

tion efficiency of the sample problems considered by a factor of 3-5. 

REFERENCE: 

1. Goldstein, M., Trans. Nucl. Soc. Israel, vol. 11, 1983, p. 210. 

EVALUATION OF HEAT TRANSFER COEFFICIENT IN AIDING MIXED CONVECTION ON A 

VERTICAL FLAT PLATE WITH UNIFORM HEAT FLUX 

Y. Barnea and I. Shai 

In a loss of cooling accident (LOCA) in a nuclear reactor the 

heat transfer by forced convection is of the same order of magnitude 

as the heat transfer by natural convection. The effect of this 
*2/5 

coupling is characterized by the non-dimensional parameter YT
 = Gr /Re 

Li Li Lt 

and the regime is called mixed convection. When the fluid is forced 

in the same direction as the buoyant motion the regime is an aiding 

mixed convection. 

Two simple theoretical solutions for evaluating the heat trans

fer coefficient were given, assuming a combined velocity and tempera

ture profile of natural and forced convection, within the boundary 

layer. Theoretical solutions and experimental results, which were 

obtained in an experimental device, were compared. The fuel element 

was simulated by a stainless steel heater and heat was supplied by 

dc current generators. Experiments were performed in water at 50 - 80 C 

for several Y values: 1.8 < y < 4.2 in a laminar flow regime. 
Lt Lt 

The convective heat transfer coefficient for uniform heat flux 

boundary condition was found to be: 

3 ^1/3 

Re 
x 

0.616 
f R a * 2 / 5 

X 
Re 

X 

1 / 2 T> 

1 f f 1 J (Prf + 0.8 

1/5" 
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FORCED HEAT CONVECTION IN SEMI-OPEN CHANNELS WITH EQUILATERAL TRIANGLE 

LATTICE ROD A R R A Y ^ + 

G. Meron and I. Shai 

The nature of nuclear physics and technology led to unusual 

channel shapes and geometric designs, far different from those known 

as closed cross section. This is, for instance, the case of fuel 

rod clusters in a nuclear reactor core. Fuel units of this kind 

are composed of parallel rod bundles, arranged in a proper lattice 

position. Heat, which originates in these fuel elements as a 

result of nuclear fission is removed by coolent flowing in an axial 

direction. 

An experimental study was carried out in which the influence 

of flow conditions, geometry of semi-open channels and thermal con

ditions of heat transfer were investigated. Three equilateral 

triangle lattice array test sections were designed and constructed, 

having pitch-to-diameter ratios of 1.09, 1.15 and 1.30. Fuel ele

ments were simulated by stainless steel (type-304) and brass heaters. 
/ 0 

They supplied constant and uniform heat fluxes of 3.5x10 W/m to 
5 2 

3.4x10 W/m . The hydraulic system supplied steady flow demineralized 
4 5 

water, in Reynolds numbers from 2.5x10 to 1.5x10 . Prandtl numbers 

were in the range of 2.7 to 5. All measurements were carried out 

under steady state conditions. Experimental results were investigated 

to find the influence of geometry on local heat transfer values and 

were analyzed by computer programing to get the heat transfer co

efficient by means of Nusselt number. The Nusselt number was found 

to be dependent on the geometry of the channel and thermohydraulic 

conditions. A correlation was then found: 

Nu. = 0.0177[l+151.58(^)
2]Re?-8U

 P r°-*
4fHk 1 

b L b b Pr 
"• w ' 

Results of this work correspond to those of other experimental and 

theoretical investigations which were carried out in different ways. 

REFERENCE: 

1. Meron, G. and Shai, I., NRCN-471, 1983, in Hebrew. 

Based on the MS thesis of G. Meron, Ben-Gurion University of the 
Negev, Beer-Sheva, 1982. 
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ON THE PROMISE OF FUSION BREEDERS1" 
* 

E. Greenspan and G. H. Mi ley 

A number of alternative approaches to the design and/or operation 

of fusion breeders (FB), hopefully enabling them to compete with the 

uranium enrichment route to nuclear energy production, were assessed'i»'i' 

These alternative approaches include: a) improving the overall neutron 

utilization of the tandem mirror fusion breeder (TMFB)'- LWR energy 
(3) system by utilizing for tritium production, neutrons otherwise lost 

in the control of the client fission reactors; b) increasing the power 

density of the TMFB bv using polarized plasmas; c) using for the FBs, 
(4) 

the fusion drivers of the recently designed STARFIRE tokamak and 

compact reversed field pinch reactor (CRFPR) , and (4) using tokamaks 
(2) 

with less-than-full tritium breeding 

A preliminary analysis indicates that either tritium-assistance 

from the client LWRs or use of polarized plasmas might reduce the cost 

of fuel production in TMFBs by more than 20%, potentially making the 

TMFB economically competitive with alternative sources of fissile fuel 

(such as uranium enrichment plants) when the price of U_0 is $100/kg 

(1980 dollars). Combining T-assistance with the use of polarized 

plasmas promises to make the economic prospects of the TMFB signi

ficantly more attractive. In addition, alternative (to TM) fusion 

drivers, and particularly compact drivers, may improve the economic 

prospects of FBs even more. The use of tritium-lean plasmas offers 

a higher fissile fuel production, but does not improve the economics 

of fusion breeders. 

Thus, it appears that it might be possible to arrive at FB 

designs which will make the FB-LWR energy economy more attractive 

than the enrichment plants - LWR (or any other nuclear) energy 

economy "right-a-way" (i.e., as soon as FB technology is developed). 

For the prospects of the FBs to be realized, it is essential that 

* 
University of Illinois, Urbana, II, U.S.A. 
f 
This work was performed at the University of Illinois, Urbana, II, 
U.S.A. 
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a thorough feasibility study of the promising systems (and modes of 

operation) identified be carried-out. 
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HIGH ENERGY - MULTIPLICATION BLANKETS FOR CAT-D FUSION REACTORS 

E. Greenspan and Y. Kami 

All of the catalyzed deuterium (Cat-D) fusion power reactors 
(1-3) designed in recent years call for the use of steel for the primary 

neutron absorbing material, because steel offers a high blanket energy 

multiplication (M = total energy deposited in the blanket per fusion 

neutron/fusion neutron initial energy) while permitting a relatively 

simple blanket design. 

The purpose of the present work ' was to search for materials 

having the promise of increasing the blanket energy multiplication 

beyond that attainable so far and to estimate their effect on the 

performance of Cat-D reactors. The three most promising materials 

identified are sodium, aluminum and manganese. Each of the three 

materials considered undergoes a neutron capture reaction followed 

by a beta decay of a relatively short half-life leading to a total 

recoverable energy release of 11.65, 10.75 and 9.79 MeV per neutron 

capture for, respectively, Na, Al and Mn. 

Even though offering the lowest of the three Q values, manganese 

is found to be the most promising material due to its relatively 

high thermal neutron capture cross section. A Be-Mn blanket concept 

offering ^23% higher energy multiplication than the reference WILDCAT 
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blanket was identified. With this type of blanket WILDCAT is 

estimated to offer a 15% increase in the power output and approximately 

11% reduction in the cost of electricity. 
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OPTIMAL SHIELDS FOR FUSION REACTORS 

D. Gilai, E. Greenspan and P. Levin 

Optimal composition of iron-water shields which minimize dif

ferent radiation effects in the superconducting coils of fusion re

actors were determined in an earlier study using the perturbation 
(2) 

theory based optimization code SWAN . One purpose of the present 

study was to investigate possibilities for further reducing the shield 

thickness by using additional and/or alternative constituents, 

including Ti, TiH , W, Pb and IT ' . Another aim was to investigate 

the sensitivity of the optimal shield composition to the neutron 

source spectrum . A third purpose was to illustrate the usefulness 

of perturbation theory based optimization methods for radiation shield 

(and blanket) optimization. 

It was observed that W-TiH shields attenuate the radiation 

effects by two orders of magnitude more than equal thickness Fe-H„0 

shields, and up to a hundred times more than equal thickness TiH„-H„0 

shields. Thus, for example, the thickness of W-TiH_ shields providing 

the same shielding properties as 100 cm Fe-H 0 shields is 76, 72 and 

68 cm for, respectively, minimum displacement rate, dose rate and 

heating rate. 

In Fig. 9 a comparison of the composition of the W-TiH_ shields 

optimized against the 14 MeV D-T and 2.45 MeV D-D neutron sources is 
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given- The difference in the optimal composition against the D-D 

and D-T neutrons is remarkable both in shape and in amplitude. 
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Optimal TiH distributions for various sources 

It was concluded that: (1) A proper mix of W-TiH_ could 

provide a given radiation attenuation with a shield of the minimal 

possible thickness. (2) The optimal shield composition and its 

attenuation properties can be very sensitive to the neutron source 

spectrum. 
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DENATURING PLUTONIUM WITH FUSION BREEDERS 

E. Greenspan and A. Kinrot 
2*3 0 (I C\ 

Pu is being suggested as an effective denaturant of 

fissile plutonium because it is a strong a emitter and heat source. 

The present woi 

breeders (FBs) 

The present work assesses the Pu production ability of fusion 

and 

238 Three schemes for the production of Pu in FBs were explored: 

237.. , vs238 8 , 238„ n . 
Np(n,Y) Np > Pu (1) 

241 V N 2 4 2 . S , 242^ a . 2380 (2) Am(n,Y) Am , , . > Cm ,go -; > Pu J.o n io-3 a 

238TTr 237TT g 237m , ^ 2 3 8 M B . 238., ,,,. 
U(n,2n) U y~8"~d"~ Np(n,Y) Np 2 ^ d > Pu (3) 

The recently designed "fission-suppressed" FB blanket consisting of 

a helium-cooled packed bed of beryllium pebbles is used for 

carrying out schemes (1) and (2). The blanket considered for 

carrying out scheme (3) is tailored after the uranium fast fission 

blanket of Ref. 7. The concentration of Np in the Pu 

producing zona is adjusted to make its rate of transmutation equal 

its rate of production. 

It was found that FBs have uniquely high capability for 
238 producing Pu. In fact, shortly after their commercialization, 

238 
FBs could provide the amount of Pu required for denaturing all 

the fissile plutonium to be accumulated by that time. 

It was concluded that, if successfully developed in due time, 

FBs offer attractive ways for utilizing plutonium and uranium re

sources efficiently and safely, first by permitting the nuclear energy 

economy to keep running with LWRs in the once-through mode for about 
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40 years, then by denaturing with Pu all the fissile plutonium 

accumulated, and finally by offering an essentially unlimited supply 

of denatured plutonium (as well as denatured uranium ' ' for the 

makeup and initial inventory for LWRs. 
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IMPLICATIONS OF VARIOUS CONFINEMENT LAWS ON SOLUTIONS OF STEADY SELF-

BURNING PLASMA IN TOKAMAKS^1" 

M. Sapir 

The behavior of the steady state parameters for self-sustained 

burning plasma in tokamak reactors was investigated on the basis of 

various confinement laws. The studies included the trapped-ion-mode, 

the trapped-electron-modes, the pseudoclassical confinement law, 

empirical confinement lawa and laws with a range of constant con

finement times. Specifically, the generated power and refueling rate 

behavior was determined as a function of temperature and magnetic 

field for the various confinement laws. Since these solutions can 

be found only in a limited range of parameters, it is of interest to 

determine this domain and study its dependence on geometry. In 

particular, the minimum magnetic field which is necessary to achieve 

a steady self-sustained burning plasma was found as a function of 

This work was performed at Argonne National Laboratory, Argonne, IL, 
under the auspices of US ERDA (1976) 
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its minor radius and consequently some parameters are suggested for 

small size tokamak reactors. 
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GUIDELINES FOR QUALITY ASSURANCE REQUIREMENTS. SITE RELATED INVESTIGATIONS -

UPDATE*1^ 

P. Ramati, H. L. Striem and E. Zell 

These guidelines are meant for applicants for a nuclear power 

plant to aid them in the preparation of a Quality Assurance Program 

for site related investigations. The Quality Assurance Program 

established by the applicant shall be reviewed and audited by the 

IAEC prior to initiation. 

The guidelines deal with organization, project control, investiga

tion methods and tests, document control, procurement control, Q.A. 

records, personnel control and audits. The areas of investigation -

geology, geomorphology, seismology, hydrology, foundation engineering 

and meteorology - are briefly described. 
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NON-LOCAL CONTRIBUTION TO THERMAL TRANSPORT 

D. Shvarts and T. Bar-Noy 

In typical laser-plasma interaction experiments the temperature 

gradient at the heat front is steep enough to cause significant non

local energy transport. In order to study the effects of such non

local energy transport on the temperature profile at the heat front 

we have used the hybrid model which describes both the fastest 

electrons of the thermal distribution (above ̂ 4 kT ) and the supra-

thermal electrons via a multi-group treatment. 

Simulations of 1 um laser experiments show a large bi-oadening 

of the temperature profile at the base of the heat front, compared 

with simulations using an effective flux limiter. Low temperature 

contours (such as 200 eV) penetrate deeply into the target, while 

the penetration of higher temperature contours (such as 800 eV), 

which better represent the position of the main heat front, is com

parable to that described by a flux limiter of 0.06. 
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ELECTRON HEAT TRANSPORT OF NON-MAXWELLIAN DISTRIBUTIONS^ 

M. Strauss, G. Hazak and D. Shvarts 

Electron heat transport was studied for a variety of presumed 

non-Maxwellian distribution functions in the presence of steep tem

perature gradients. For a representative group of distribution 

functions, the heat flow in the region \/^T - 0.1 relevant for 

laser plasma interaction (A is the thermal mean free path, L is 

the temperature gradient scale length) was found to be much smaller 

than the free streaming value. 

REFERENCE: 

1. Strauss, M., Hazak, G. and Shvarts, D., J. Phys. D., Y]_, 327 
(1984) 



- 54 -

COMPARISON OF EQUATION OF STATE (EOS) MODELS FOR ALUMINUM 

H. Szichman, A. D. Krumbein and S. Eliezer^ ' 

Hydro codes which simulate laser plasma interactions require the 

use of EOS models describing the thermodynamic properties of both 

electrons and ions. Since the generally accepted tabulations of EOS 

such as SESAME do not separate electron and ion functions, methods to 

do this have to be found. We have compared several such methods for 

Al using the corrected Thomas-Fermi (TFC) model for the electrons and 

one of several models for the ions. The ionic models used were (1) 

perfect gas law, (2) Gruneisen solid-perfect gas interpolation, 

(3) separation of the ionic portion from the SESAME table by weighting 

with the average ionization (Z). Z is obtained from a comparison 

between TFC theory and the average atom ionization model. Results 

show good agreement between methods (2) and (3) and it would appear, 

therefore, that SESAME tables can be used in this manner in laser 

plasma codes. 

REFERENCE: 

1. Szichman, H., Krumbein, A. D. and Eliezer, S., Bull. Amer. Phys. 
Soc. 2£, 1124 (1983) and IA-1390, 1983. 

AN ANALYTICAL MODEL FOR CREATION AND DECAY OF STRONG SHOCK WAVES CAUSED 

BY A TRAPEZOIDAL LASER PULSE 

A. Loeb and S. Eliezer 

An analytical hydrodynamic model for the formation and decay of 

strong shock waves (0.1 - 10 TPa) was derived by using self-consistent 

and well-defined assumptions. A trapezoidal pressure profile, as a 

function of time, applied to the target surface was used as the initial 

condition. This model permits the calculation of the pressure, velocity 

and acceleration of the shock front as well as the calculation of the 

pressure gradient immediately behind the shock front, as functions of 

time and position. 

This model was applied to laser-generated shock waves with maximum 

intensities of 5x10 and 5x10 W/cm . Good agreement with previous 

computer simulations of solid-laser interaction was obtained. 
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STABILIZATION OF THE RAYLEIGH-TAYLOR INSTABILITY BY A SHAPED ION BEAM 

M. Sapir and D. Havazelet 

Ion beam targets are vulnerable to Rayleigh-Taylor (R-T) 

instability at the ablation front during the acceleration stage, 

as well as at the gas-pusher interface during the deceleration of 

the pusher. We suggest that stabilization of the ablation front 

might be achieved by appropriately shaping the ion beam voltage. 

The aim is to raise the voltage so that the deposition front is 

just behind the density peak. Consequently the highest pressures 

are generated almost at the density peak leaving little room for 

R-T instability. 

In order to study the idea, detailed 1-D computer simulations 

were performed . In conjunction with the simulation, the per

turbation growth rate was calculated. The target examined was simply 

a gold shell of inner and outer radii of 0.5 and 0.72 mm, containing 

50 vg D-T . The shaped voltage was also taken from Ref. 1 since 

it had been programmed there according to the same principle. 

The calculations indicate that perturbations throughout the 

gold layer (apart from a small region near the gas interface) grew 

by a factor of less than ten. At the same time comparison calcu

lations for a constant 10 MeV proton beam indicated a growth factor 

of several thousands. 

The situation is also improved at the pusher-gas interface. 

It turned out that in the shaped case, fusion had been completed 

before the 'free fall' to the center. This is not the case for the 

constant voltage alternative. This behavior is the consequence of 

the much higher densities achieved in the pusher and especially in 

the fuel in the shaped case. 

REFERENCES: 

1. Havazelet, D., Sapir, M. and Bar-Noy, T., J. Phys. Dll5, 315 (1983). 
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EXPERIMENTAL OBSERVATION OF LATERAL HEAT TRANSPORT IN THIN PLANE FOILS 

IRRADIATED BY A Nd: LASER P U L S E ^ 

J. L. Borowitz, B. Arad, S. Eliezer, Y. Gazit, I. Gilath, M. Givon, 

S. Jackel and A. D. Krumbein 

A thin foil (6 to 20 \m) was irradiated with our Nd:laser pulse 

of a few nanoseconds duration and intensities in the range of 
13 15 2 10 - 10 W/cm • The rear surface of the target was observed with 

a streak camera. A ring-shaped source of light was observed which 

expands in time. This expansion has a velocity about twice that of 

the measured shock wave velocity inside the target. This phenomenon 

is related to lateral heat transport. The expansion of the incan

descent area is dependent on the foil thickness and the shape of the 

laser pulse. 

REFERENCE: 

1. Borowitz, J. L., Arad, B., Eliezer, S., Gazit, Y., Gilath, I., 
Givon, M., Jackel, S. and Krumbein, A. D., Bull. Amer. Phys. 
Soc. .28, 1151 (1983) 

MEASUREMENT OF SHOCK WAVES GENERATED BY A TRAPEZOIDAL LASER P U L S E ^ 

B. Arad, A. Borowitz, S. Eliezer, Y. Gazit, I. Gilath, M. Givon, S. Jackel, 

A. D. Krumbein and H. Szichman 

Rear-surface luminosity measurements of shock waves generated by 

trapezoidal laser pulses were made using a streak camera. A new phenom

enon of a luminous ring structure surrounding the central focal spot 

region was observed. Examination of the structure of the luminosity 

within and around the shock heated region appears to indicate unloading 

of the rear free surface into vacuum and significant obscuration of 

the high density, shock heated target. 

REFERENCE: 

1. Arad, B., Borowitz, A., Eliezer, S., Gazit, Y., Gilath, I., 
Givon, M., Jackel, S., Krumbein, A. D. and Szichman, H., 
Plasma Phys., in press, and Bull. Amer. Phys. Soc. J28, 1108 (1983) 
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LASER LIGHT ABSORPTION IN HIGH-IRRADIANCE EXPERIMENTS USING TRAPEZOIDAL 

SHAPED PULSES^ 

B. Arad, A. Borowitz, S. Eliezer, Y. Gazit, I. Gilath and S. Jackel 

A Nd-YAG oscillator with trapezoidal pulse shapes was con-
(2) structed . The rise and fall times are 1-200 psec with the flat top 

varying between 1 and 3.5 nsec. High irradiance absorption experi-
(3) ments were carried out with the same technique as reported previously 

15 2 
For 3.5 nsec flat top pulses at laser intensities of 5x10 W/cm 

impinging on planar Al and Au targets at 0 , the total absorption 

yielded 70% with the other 30% being lost to stimulated scattering. 

Similar experiments carried out with 3.5 nsec FWHM Gaussian shape 

(2) 
pulses yielded losses higher by 50% or more. The stimulated scat
tering losses were 45% while for Al an additional loss of 8% occurred 
due to specular reflection. 

REFERENCES: 

1. Arad, B., Borowitz, A., Eliezer, S., Gazit, Y., Gilath, I. and 
Jackel, S., Bull. Amer. Phys. Soc. 28, 1196 (1983) 

2. Arad, B. et al., J. Phys. E 15, 255 (1982) 
3. Arad, B. et al., Appl. Phys. Lett. 37, 774 (1980) 

DOUBLE LAYER (DL) FORMATION IN LASER-PRODUCED PLASMA^ 

S. Eliezer and A. Ludmirsky 

It was shown in this work that appropriate conditions for DL 

formation might be created in laser produced plasma. In particular, 

a "feedback" mechanism is suggested: 

Wave instabilities -* absorption of laser energy -»• inward heat flux 

DL formation -> heat flux inhibition -*• wave instabilities 

Plasma-target potentials and plasma currents, produced by our 
12 15 2 

Nd laser intensities (I ) between 10 and 10 W/cm , were measured 
(2) 

in situ . These measurements seem to be the first direct evidence 

of DL in laser produced plasma. Electric fields of E ^ 5x10 to 

5x10 V/cm and widths of 10 to 100 Debye lengths were estimated for 

the DL. 

Scaling laws were derived for the measured extremum poten-
ct 6 

tials (V) and currents (I): V <= I , I « I . Two different slopes 
Li LI 
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were obtained experimentally, one slope equal to a = 3 = 1.0 for 

I < 10 W/cm and another of a = g = 0.4 for I > 10 W/cm . These 
2/3 

data were explained for temperature scaling laws T tt I_ for the 
0.27 e 

low irradiance and T « T for the high irradiance. While the 
e L 

first scaling law is consistent with inverse bremsstrahlung absorption, 

the second scaling necessitates other absorption processes. Our 

potential and current probes may possibly be useful devices in 

detecting plasma wave instabilities. 
REFERENCES: 
1. Eliezer, S. and Ludmirsky, A., Laser Part. Beams 3̂ , 251 (1983) 
2. see next abstract 

EXPERIMENTAL EVIDENCE OF CHARGE SEPARATION (DOUBLE LAYER) IN LASER 

PRODUCED PLASMAS 

A. Ludmirsky, S. Eliezer, B. Arad, A. Borowitz, Y. Gazit, S. Jackel, 

A. D. Krumbein and H. Szichman 

Simultaneous measurements of the plasma-target potential and 

plasma charged particle currents were made for Nd laser irradiances 
12 15 2 

between 4x10 and 10 W/cm . The results appear to give the 

first direct indication of double layers (DL) in laser produced 

plasmas. From the measured current and computer simulations we 

estimate the size of the DL to be about 15 A . 

DEPOSITION OF SILICON NITRIDE FROM SILICON TETRACHLORIDE AND AMMONIA 

IN A LOW PRESSURE rf PLASMA^ 

Y. Ron, A. Raven, U. Carmi, A. Inspektor and R. Avni 

(2) 
In continuation of the work previously reported , silicon 

nitride coatings were deposited in a low pressure (1-10 Torr) rf 

plasma from gas mixtures of silicon tetrachloride and ammonia in 

the presence of argon, on martensitic stainless steel grounded 

and floating substrates, at 300 C and 440 C, respectively. The 

heating of the substrates depended mainly on their position and 

the induced rf power. The coatings were identified as silicon 

nitride by X-ray and were found to contain chlorine by EDAX 

analysis. The growth rate, microhardness and chlorine concentra

tion of the coatings were determined as a function of the total 
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gas pressure, rf power input and the NH /SiCl, ratio. It was found 

that the coatings on the floating substrates have higher deposition 

rates and are of superior quality. 

REFERENCES: 

1. Ron, Y., Raveh, A., Carmi, U., Inspektor, A. and Avni, R., 
in: Proceedings of the International Conference on Metallurgical 
Coatings, San Diego, April 1983, p. 181. 

2. Ron, Y., Raveh, A., Carmi, U., Inspektor, A. and Avni, R., 
in: IA-1386, 1983, p. 83. 

THE ROLE OF HYDROGEN IN THE RADICAL POLYMERIZATION MECHANISM OF HYDRO

CARBONS AND CHLOROSILANES IN A LOW PRESSURE MICROWAVE PLASMA 

R. Avni, U. Carmi, A. Inspektor and I. Rosenthal 

The introduction of hydrocarbons, such as CH., C„H and C_H , 
4 / z J o 

or chlorosilanes, such as SiCl, and SiHCl_, in concentrations of 
4 3 

3-10 v/o, into a microwave (2.45 GHz) plasma of Ar or mixtures of 
Ar + H_, at low pressures (1-10 Torr) and flow velocity in the 

3 - 1 
range of 10 cm s results in the formation of solid carbon 

(pyrocarbon) or silicon, respectively. In the plasma state, hydro

carbons and chlorosilanes dissociate and polymerize to C H and 

Si CI forms respectively, with x > 1 and x > y. It was found that 

the polymerization process in the Ar (without H„) microwave plasma 

was mainly propagated by an ion-molecule mechanism, while additions 

of H„(6-20 v/o) to the Ar plasma propagate the polymerization 

mainly by a radical mechanism. The two mechanisms were determined 

by sampling the microwave plasmas with a quadrupole mass spectro

meter (QMS), by indirect measurement of the plasma free radical 

concentration in an electron paramagnetic resonance (EPR) spectro

meter and by measuring the deposition rate of pyrocarbon and silicon 

on substrates floated, grounded or biased to minus 100 V. 
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DISSOCIATION MECHANISM OF CHLOROSILANE TO SILICON IN LOW PRESSURE MICRO

WAVE PLASMA OF ARGON AND ARGON WITH HYDROGEN MIXTURES^ 

R. Avni, U. Carmi, I. Rosenthal, R. Manory and A. Grill 

(2) 
The previously reported investigation of the dissociation 

mechanism of silicon tetrachloride to silicon by plasma with argon 

or in mixtures of argon and hydrogen was continued by sampling the 

microwave induced plasma and its chemical components by: (i) electro

static double floating probe system (DFPS), (ii) quadrupole mass-

speccrometry (QMS) and (iii) electron spin resonance (ESR). Plasma 

diagnostics, i.e., mean electron energy and positive ion density, 

were performed by DFPS. The reaction rate for chlorosilane fragmenta

tion, polymerization and silicon formation in the plasma state were 

evaluated by QMS sampling of the plasma along the gas flow. ESR was 

used to investigate the amounts of free radicals adsorbed on solid 

alumina from different regions of the plasma. 

Comparing the two plasmas, (SiCl, + Ar) and (SiCl, + Ar + H„) , 

it was found that the dissociation of SiCl, to Si in the argon plasma 

is mainly controlled by an ion-molecule mechanism, while the dis

sociation in the presence of H_ is mainly controlled by the radical 

mechanism, 

REFERENCES: 

1. Avni, R., Carmi, U., Rosenthal, I., Manory, R. and Grill, A., 
Thin Solid Films 107, 235 (1983) 

2. Grill, A., Grossman, E., Manory, R., Carmi, U. and Avni, R., 
in: 1A-1386, 1983, p. 82. 

LOW TEMPERATURE DEPOSITION OF PYR0CARB0N COATINGS 

A. Inspektor, U. Carmi, A. Raveh and R. Avni 

Pyrocarbon, due to its special physical-mechanical and chemical 

properties, is a very attractive material for use in bioengineering, 

aeronautic, nuclear and semiconductor technologies. This work deals 

with the formation of pyrocarbon coatings at relatively low tempera

tures (300-500°C). 

* 
Ben-Gurion University of the Negev, Beer-Sheva 
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The deposition process takes place in a nonequilibrium, low 

pressure rf plasma (of argon and propylene) which is well suited for 

surface treatments as well as for deposition of thin films on 

thermally sensitive materials. The coating adheres well and is 

homogeneous and uniform over the whole surface of the substrate. 

Its properties are similar to those of coatings prepared by the 

CVD method at high temperatures (T > 1000°C). 

REACTIONS OF CARBONYL SULFIDE IN A RADIO-FREQUENCY PLASMA 
* 

S. J. Bezuk , L. L. Miller and I. Platzner 

Carbonyl sulfide was flowed through the plasma zone of a 13.6 MHz 

inductively coupled discharge. The active plasma was sampled by mass 

and emission spectroscopy. Typical conditions were as follows: 
3 -1 

power: 5-25 W, pressure: 0.1-0.3 Torr, flow rate: 4 cm min . Mass 

spectrometry showed the neutrals CO, S, and S as products. The major 

+ + - • - + + + 
ions were COS , S , S * S , CO and CS„ . The variations in the 

2 3 2 

ionic composition as pressure and power were changed were studied. 

Reaction products coat the reactor walls after some time and it was 

shown that this deposit could be sputtered with a CO or Ar plasma to 

produce sulfur-containing ions. Experiments using a small amount of 

2-butyne as coreactant with COS suggested that this hydrocarbon re

acted with sulfur atoms. Comparison with the chemistry of butane 

plus COS was made. Emission spectroscopy showed major bands due to 

CO and CS . S emission had a lower intensity. It was shown that 

5 mol % of SF, quenched much of the CS emission. It is suggested 
* 6 + 

that CS is formed from electron-COS recombination. 

REFERENCE: 

1. Bezuk? S. J., Miller, L. L. and Platzner, I., J. Phys. Chem. _87_, 
131 (1983) 

• * 

University of Minnesota, Minneapolis, MN, U.S.A. 
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RAY TRACING FORMULATION FOR PROPAGATION OF A NEARLY RESONANT PULSE OF 

LIGHT IN ATOMIC VAPOR - THE ADIABATIC FOLLOWING APPROXIMATION 

G. Hazak, M. Strauss and G. Erez 

A perturbation scheme based on the slow variation of the radia

tion field characteristics was applied to the Maxwell-Bloch equa-
(1 2) 

tions ' . The two leading orders in the perturbation expansion 
->• -> ->-

yield a set of partial differential equations for k(r,t), ai(r,t), 

a(r,t) (the local wave vector and frequency and the field amplitude). 

All the coefficients of these equations are derivable from a single 

dispersion function H(k,u),a) . This feature is used to further reduce 

the equations to a set of Hamilton-type ordinary differential equa

tions (ray equations). Unlike the linear geometric optics case,the 

properties of the "local lens" seen by a ray depend also on the 

amplitude of the field propagating along neighboring rays. A method 

for deriving additional equations for the evolution of the "local 

lens" along a single ray and to decouple the equations for different 

rays was described and the resultant enlarged set of ray equations 

was derived. 

REFERENCES: 

1. Allen, L. and Eberly, J. H., Optical Resonance and Two Level 
Atoms, Wiley, NY, 1975. 

2. Crisp, M. D., Phys. Rev. AJ3, 2128 (1973) 

APERTURE AVERAGED SPECTRAL CORRELATIONS OF BEAMS IN A TURBULENT 

ATMOSPHERE^ 

M. Tamir, E. Azoulay, S. Tsur and U. Halavee 

The investigation of intensity and phase spectral correlations 

of beams propagating in turbulent atmosphere can serve to improve line-

of-sight communication and differential absorption remote sensing 

techniques. An analysis of such processes yields their sensitivity to 

factors such as intensity and phase bi-chromatic correlation functions 

at two separated observation points, aperture averaged spectral cor

relations and level crossing probabilities. 

In this work we provided an analytical scheme to evaluate the 

above mentioned factors. The procedure results in practical expressions 
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for the spectral correlation coefficient as a function of integrated 

turbulence, receiver aperture, range and wavelength separation. 

Aperture averaging of the correlation function was performed using 

a modified scheme for apertures larger than the transverse correla

tion length. 

Given the aperture averaged spectral correlation coefficients, 

we calculated the level crossing probabilities. We evaluated the 

joint probability of exceeding given energy thresholds in both wave

lengths simultaneously and the conditional probability of exceeding 

the given energy threshold in one wavelength, provided that a specified 

energy threshold was exceeded in the other wavelength. 

These probabilities are very useful for turbulent noise reduction 

in line-of-sight communication channels or for accurate data extraction 

in long path differential absorption spectroscopy experiments. 

REFERENCE: 

1. Tamir, M-, Azoulay, E., Tsur, S. and Halavee, U., Appl. Opt., in 
press. 

MEASUREMENT OF THE APERTURE AVERAGED SPECTRAL CORRELATION ALONG A LASER 

BEAM 

Z. Azar, M. Loebenstein, M. Tamir and U. Halavee 

The application of laser remote sensing and line-of-sight com

munication techniques requires knowledge of the spectral intensity 

correlations within the beam. The influence of the receiver aperture 

size on this correlation function was investigated both theoretically 

and experimentally. 

Basically, this study deals with a beam composed of two wave

lengths, X and X_, propagating in the turbulent atmosphere of the 

earth. The spectral (time-delayed) correlation coefficient is then 

defined as: 

0 o2(A ,\ ,AT) 
C2(VX2,AT) • g ( ^ v 
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where 

a2a±) 
<I(X± ) - <L(X±)>) > 

< I ( X ± ) > 2 

2 < [ I (X 1 , t ) - <I(X1)>] - [ i a 2 , t + A T ) - <I(X2)>]> 
a <VVA T ) <i(x1)><i(x2)> 

and AT is the time lag. 

Closed expressions were recently derived that represent the 
2 

aperture averaged C (X..,X ,AT) in the weak (short path) intensity 

fluctuation regime. Measurements were carried out under both weak 

and strong fluctuation conditions for X.. = 1.06u , X„ = 0.63u. 

The time lag correlation results are shown in Fig. 1. It is 

evident that the correlation reduces from M).9 to M3.6 as the 

- 2 - 1 0 1 2 

Time lag «I0"3 (sec) 

Fig. 1 

The dependence of C(X ,X ,AT) on AT 

o - L = 1000 m, D = 10 mm e. = 1 ms 
'S 

x - L = 2600 m, D = 10 mm e1 = 3 ms 

A - L = 2600 m, D = 20 mm E, = 3 ms 

D - L = 2600 m, D = 15 mm ej = 3.5 ms 

Ej, = 0.707 C(X1,X2, AT)i max 
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path length increases from 1.0 km to 2.6 km. However, the same results 

demonstrate that in the 2.6 km path, correlation holds over longer time 

lags. Finally, for the longer path there seems to be an optimal receiver 

aperture size for which both C and AT are maximal. 

THE EFFECT OF APERTURE AVERAGING ON LASER POWER FLUCTUATIONS IN STRONG 

TURBULENCE 

E. Azoulay, U. Halavee and M. Tamir 

It is well known that power fluctuations of a laser beam propagating 

through the atmosphere are log-normally distributed as long as the tur

bulence is weak. Unfortunately in many practical applications (i.e. 

optical communications, lidar experiments, etc.) there is a need for long 

propagation distances in which the integrated turbulence becomes very 

strong and the log-normal distribution does not describe the fluctuation 

spectrum adequately. The nature of the probability distribution governing 

the power fluctuations in this regime is still uncertain. However most 

of the efforts to characterize such distribution yielded quite complex 

and cumbersome formulas which make the calculations of useful quantities, 

such as the probability of exceeding certain detection thresholds, very 

complicated. 

Luckily in such applications one uses detectors with finite 

apertures rather than point receivers. This fact turns the problem 

of finding the point power distribution function and using it into 

a problem of finding the aperture averaged energy distribution func

tion. This problem cannot be solved analytically due to the complex 

nature of the power distribution and correlation functions, but it can 

be solved numerically. 

We adopted a simulative approach to the problem. The receiver 

area was divided into a grid of squares, the dimension of each of them 

being the correlation distance. The second stage of selecting random 

intensity from the intensity distribution function for each cell in the 

grid is complicated by the fact that the intensities are correlated 
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through the correlation function. In order to overcome this difficulty 

we divided the distribution function into a sum of two independent 

distribution functions, the variance of the first is chosen to be the 

"tail" correlation for distances greater than the correlation distance. 

Using this scheme we were able to perform multiple iterations, 

each yielding the power distribution and total energy collected by 

the receiver aperture. The result of this simulation gave the energy 

distribution function as a function of integrated turbulence and the 

receiver aperture. The results show a gradual departure from the point 

distribution function toward the log-normal distribution function, so 

that for rather small apertures one can use the log-normal function as 

a good approximation even in the strong turbulence regime. 

EFFICIENT, HIGH POWER DYE LASER PUMPED BY A COPPER VAPOR LASER 

S. Lavi, M. Amit, G. Bialolonker, E. Miron and L. A. Levin 

We have constructed and characterized an efficient multimode 

dye laser pumped by a 4 kHz repetition rate, 5 mJ/pulse copper 

vapor laser (CVL) . The envelope bandwidth of the dye laser could 

be changed within the range 0.4-2 GHz. The configuration chosen was 

a master oscillator-power amplifier. The oscillator was of the 

Hansch type with various options of Fabry-Perot etalons inside the 

cavity to set the desired bandwidth. The single pulse spectral dis

tribution of the oscillator was investigated. 

The oscillator was pumped by a small fraction of the CVL out

put. It was found that for a 2 GHz average bandwidth the oscill

ator efficiency did not exceed 17% for either of the two laser dyes, 

rhodamine B (pumped by both 511 and 578 nm copper vapor laser lines) 

or rhodamine 6G (pumped only by the 511 nm line). The transversely 

pumped amplifier received most of the pumping energy. The beam 

from the oscillator passed through spatial and spectral filters 

before entering the amplifier dye cell. The dependence of amplifier 

output on all relevant parameters was investigated in order to 

achieve maximum system energy and efficiency. Amplifier efficiency 
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was found to be independent of oscillator bandwidth over the range 

studied. Efficient amplification required an input energy of at 

least 40 uJ/pulse from the oscillator and a CVL pump energy of at 

least 1 mJ/pulse. Under optimum conditions we achieved a total 

system efficiency of 46% for rhodamine 6G (50% amplifier efficiency) 

and 30% for rhodamine B (33% amplifier efficiency). 

The output beam divergence was less than twice the diffraction 

limit. The bandwidth and spectral distribution of the dye laser 

followed those of the oscillator. Less than 2% of the output energy 

was in the form of amplified spontaneous emission. 

REFERENCE: 

1. Amit, M., NRCN-531, 1983, in Hebrew. 

EFFECTS OF SHOCK WAVES ON THE PERFORMANCE OF A CW SUPERSONIC HF CHEMICAL 

LASER 

J. Strieker and K. Waichman 

The effects of oblique shock waves on the gain and the output power 

of a CW supersonic HF chemical laser were investigated theoretically. 

A one-dimensional model was used to solve the flow of a premixed 

H -SF..-H or H -F--H mixture through the resonator, allowing the 
£ O 6 dm £• 6 

presence of oblique shock waves in the flow. It was shown that a 

shock wave significantly affects the laser performance due to the 

gas compression at the shock front and due to acceleration of the 

chemical and energy transfer processes. It was found that immediately 

behind the shock front the gain coefficients and the photon energy 

sharply increase and further downstream they fall off rapidly; thus 

the profiles of the gain and radiation flux become narrower along 

the flow direction. Integration of the radiation flux along the 

cavity coordinate reveals that in some cases the total available 

power is significantly higher than the available power obtained in 

the undisturbed flow. For HF lasers pumped by the chain reactions 

it was found that choking occurs over a wide range of flow para

meters and for very weak shock waves. This is due to the large 

amount of heat released by the exothermic reactions. 

Technion, Israel Institute of Technology, Haifa 
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SOLUTION PROPERTIES OF DYE LASERS. PART 1. RHODAMINE-B IN ALCOHOLSv'' 

M. Faraggi, P. Peretz, I. Rosenthal and D. Weinraub 

Absorption spectra measurements of rhodamine-B in methanol and 

ethanol solutions in the absence and presence of several buffers con

firmed the presence of two absorbing species, depending only on 

the acidity of the alcohol solution. These are the protonated and 

the neutral forms of the monomeric solute. 

The earlier concentration-dependent studies in alcohol solu

tions are explained by the acid-base equilibrium, rather than by the 

monomer-dimer equilibrium,as previously proposed. It was further 

shown that the quaternary ammonium group of the protonated form of 

rhodamine-B associates a chloride anion, resulting in a red shift 

of the absorption band. 

REFERENCE: 

1. Faraggi, M., Peretz, P., Rosenthal, I. and Weinraub, D-, Chem. 
Phys. Lett. 103, 310 (1984) 

GENERATION OF SINGLE LONGITUDINAL MODE PULSES IN PASSIVELY Q-SWITCHED 

LASERS VIA PASSIVE PRE-LASING^ 

S. Jackel, R. Laluz, B. Arad, A. Borowitz, S. Eliezer, M. Givon, 

A. Ludmirsky and H. Szichman 

Greatly improved control over the production of single longitu

dinal mode (SLM) laser pulses was obtained by applying pre-lase 

techniques to passively Q-switched oscillators- Passive but con

trolled pre-lasing is obtained by forming a sub-cavity within the 

main Q-switching cavity. Use of pre-lasing and a single solid low-

reflectivity etalon resulted in 96% SLM production over 5 hour 

periods during which the oscillator fired intermittently several 

thousand times in a non-stabilized temperature environment and 

without any active feedback. 
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ADVANCED AMPLIFIER CONFIGURATIONS FOR LASER FUSION RELATED LASER SYSTEMS^ 

S. Jackel, R. Laluz, B. Arad, A. Borowitz and M. Givon 

Multiple pass laser beam configurations were applied to large 

diameter Nd:glass rod amplifiers (64mm) in order to convert moderate 

gain (10) single pass amplifiers into high gain units (»100) . Design 

considerations and experimental results for 2,3 and A pass configura

tions were discussed. Multi-pass amplifiers have proven in the labora

tory to reduce laser system complexity and cost significantly, while 

increasing output energy and system reliability, with little reduction 

in beam quality or system firing rate. Multi-pass amplifiers should 

find a place in high energy solid state laser systems devoted to laser 

fusion related research. 

REFERENCE: 

1. Jackel, S., Laluz, R., Arad, B., Borowitz, A. and Givon, M., 
Bull. Amer. Phys. Soc. ̂ 8, 1222 (1983) 

2T, PUMPING OF THE R LINES IN R U B Y ^ + 

ic if * 

R. Englman, B. Champagnon , E. Duval and A. Monteil 

2 
We have compared the effects of excitations into the T.. lines 

4 x 

and into the T_ broad band in ruby. The ratios of R and R.. 

emissions before and during bottleneck were compared. The results 

led to approximately equal feeding ratios (before and during bottle-
2 

necking) when the excitation took place in the T levels, though 14 
they were strongly different for excitation into T?. The transition 

2 2 
time from the T levels to the E levels was estimated 2.5 ns. 
REFERENCE: 
1. Englman, R., Champagnon, B., Duval, E. and Monteil, A., Phys. 

Lett. 93A, 241 (1983) 

EXCITATION PROCESSES LEADING TO RUBY EMISSI0N(1J+ 

R. Englman, B. Champagnon , E. Duval and A. Monteil 
2 

We excited the Tj-levels in ruby by tunable laser light, 

The experiments were performed at Universite Claude Bernard -
Lyon I, Villeurbanne, France 
* 
Universite Claude Bernard - Lyon I, Villeurbanne, France 
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pumped by a pulsed YAG:Nd^" laser, and observed the low temperature 
- - 2 

emissions from the 2A and E sublevels of E in the mild bottle-

necking regime. The R -line decay time was about five-fold longer 

and the ratio of intensities R„/R1 higher (by up to a factor 10) 
4 ** 4 

than after pumping into T„. It was suggested that when T is 
pumped the relaxation is nonadiabatic, so that transitions betweeen 

2 
the sublevels occur while the E state relaxes to its normal 

(trigonal) configuration. The time-development of the relaxing 

state was studied. It was shown that its coherence between the 

2A and E sublevels leads to a narrowing of the spectral width in 

transition between the sublevels. 

REFERENCE: 

1. Englman, R., Champagnon, B., Duval, E. and Monteil, A., 
J. Lumin., .28, 337 (1983) 

NEW CuI-LIKE LINES OF CdXX AND InXXI IN LASER PRODUCED PLASMA^1) 

N. Spector and Y. Gazit 

We have observed seven out of the eight possible Cul-like 
+19 +20 

transitions in the spectra of Cd and In in laser produced 

plasma. The lines fall in the 40 A - 70 A wavelength region. 

The observed wavelengths (in A) and relative intensities (visual 

estimates from SC-5 plates) are given, along with the corre

sponding designations, in Table 1. Theoretical calculations agree 

well with these observations. 

Table 1 

Observed Cul-like lines of Cd and In 

Designation 

2 2 
4s S 1 / 2 - 5p P 1 / 2 

2„ 
p3/2 

5s S 1 / 2 - 4p P 1 / 2 

2p3/2 

CdXX 

A (A) 

49.18 

48.41 

67.64 

Int. 

1 

3 

4 ' 

InXXI 

A(X) Int. 

45.59 8 

44.75 10 

59.25 4 

62.17 3 c 

REFERENCE: 

1. Spector, N. and Gazit, Y., Ann. Israel Phys. 
1983, p. 92. 

Soc., vol. 6, 
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CLASSIFICATION OF CuI-LIKE 3p-4s AND 3p-4d TRANSITIONS IN X-RAY SPECTRA 

FROM LASER-PRODUCED PLASMAS OF ATOK5 FROM Tm TO Re IN THE RANGE 4-8 8 ^ 
-j? *k "A* "A* 

P. Mandelbaum, M. Klapisch , A. Bar-Shalom , J . L. Schwob and A. Zigler 

Cul—like satellites of the Nil-like 3p-4s and 3p-4d resonance 

transitions were observed in the X-iray spectra emitted from laser-

produced plasma of tungsten &nd neighboring atoms (Tm, Yb, Ta, Re). 

The classification is based on both isoelectronic sequence analysis 

and comparison with ab-initio relativistic calculations. 

REFERENCE: 

1. Mandelbaum, P., Klapisch, M., Bar-Shalom, A., Schwob, J. L. and 
Zigler, A., Phys. Lett. A 9±, 84 (1983) 

CLASSIFICATION OF X-RAY SPECTRA FROM LASER PRODUCED PLASMAS OF ATOMS 

FROM Tm TO Pt IN THE RANGE 6-9^ 
"ic Jc * * 

P. Mandelbaum , M. Klapisch , A. Bar-Shalom , J . L. Schwob and A. Zigler 

X-ray spectra of highly ionized tungsten and neighboring atoms 

(Tm, Yb, Hf, Ta, W, Re and Pt) were observed from laser produced 

plasmas in the X = 6-9 A range. Beside the prominent lines of the 

Nil-like ions, lines belonging to Col (3d9-3d84p), Cul (3d104s -
9 10 Q 2 1 0 9 9 2 

3d 4s4p, 3d 4p-3d 4p ) and Znl-like ions (3d 4s -3d 4s 4p. 
10 9 2 

3d 4s4p-3d 4s4p ) were identified. Classification was based on 

isoelectronic sequence analysis and on comparison with ab-initio 

relativistic calculations. A collisional-radiative model of the 

Cul-like ions in the plasma was used to show that the contribution 
10 9 10 9 

of the 3d 4d-3d 4p4d and 3d 4f-3d 4f4p transition arrays to the 

3d-4p spectrum is small. The importance of configuration inter

action was pointed out. Computations agree with measurements within 

experimental uncertainty. 
REFERENCE: 
1. Mandelbaum, P., Klapisch, M., Bar-Shalom, A., Schwob, J. L. 

and Zigler, A., Phys. Scr. 2]_> 39 (1983) 

* 
Hebrew University, Jerusalem 
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THE SECOND SPECTRUM OF ERBIUM - DESCRIPTION AND CLASSIFICATION*1^ 

S. Held and N. Spector 

This work presents a comprehensive list of nearly 6800 lines 

belonging to the second spectrum of erbivim, covering the wavelength 

region 2141.823A* - 11420.800A*. Two different light sources were 

used for excitation: dc arc in air and sliding spark. More than 

50% of the lines are classified between known energy levels, with 

an accuracy generally better than +0.030 cm , except for the two 

extremes of the wavelength region. 

REFERENCE: 

1. Held, S. and Spector, N., IA-1385, 1983. 

THEORETICAL TREATMENT OF THE NEW OBSERVATIONS OF Nai BELOW THE Is 

IONIZATION THRESHOLD*1^ 

* * 
N. Spector, M. H. Tui"Her and C. Bonne!le 

The newly observed Is photoabsorption spectrum of sodium vapor 

was interpreted theoretically with the use of the conventional Recah-
2 

Slater model. The transitions Is 3s-ls 3s3p were treated in detail. 

Only electrostatic interactions are significant. It was shown how 

the three Slater parameters G (ls3s) , G (3s3p), and G.. (Is3p) govern 

the line positions and their relative intensities to give good 

agreement with the observed spectrum. 

REFERENCE: 

1. Spector, N., Tuilier, M. H. and Bonnelle, C , Phys. Rev. A _27, 
944 (1983) 

SPECTROCHEMICAL DETERMINATION OF IMPURITIES IN ALUMINUM ALLOYS BY 

A dc ARC TECHNIQUE*1) 

A. Hare!, A. Segal, E. Charvit and Z. Goldbart 

Two spectrochemical methods were developed for the determina

tion of 12 impurities in aluminum alloys. These methods are 

suitable for the determination of traces of the following elements 

* 
Universite Pierre et Marie Curie, Paris 
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in the range of 5*400 ppm: B, Cd, Cr, Cu, Mg, Mn, Ni, Pb, Sb, Sn, Ti, 

Zn. The methods permit simultaneous deteimination of these elements 

both in nuclear grade aluminum and in aluminum alloy 6063. Various 
(2) 

standard reference alloys, prepared by Alcoa were analyzed and 

results were compared with certified values. 

REFERENCES: 

1. Harel, A., Segal, A., Charvit, E. and Goldbart, Z., NRCN-532, 
1983, in Hebrew. 

2. Aluminum Company of America, as cited in ASTM data series DS-2. 

ELIMINATION OF DRIFT FROM ANALYTICAL SIGNALS IN MULTIELEMENT ANALYSIS BY 

THE GENERALIZED INTERNAL STANDARD METHOD (GISM)^1'2^ 

A. Lorber and Z. Goldbart 

An internal standard is added to samples during analysis to 

stabilize the analytical signal in emission spectroscopy, by referring 

to the ratio of signal-to-standard as analytical signal. The method 

was used widely in emission sources, such as dc arc and spark, but 

to a limited extent in the relatively new sources, ICP and DCP. 

The internal standard method needs, however, a pair of spectral 

lines having similar physical parameters. When simultaneous multi

element determination is performed, the error might increase instead 

of decrease due to a variety of spectral line parameters. 

A method for correction of drift based on a few internal 

standards was developed. Experimental data show reduction in drift 

from 10% to 0.1% using the ICP emission system. The spectral lines 

were chosen independent of physical parameters. 

REFERENCES: 

1. Lorber, A. and Goldbart, Z., Anal. Chem. j>6_, 37 (1984) 
2. Lorber, A., Goldbart, Z. and Eldan, M. Anal. Chem. 56, 

43 (1984) 
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NEUTRON DIFFRACTION STUDY OF THE MAGNETIC STRUCTURE OF THE INTERMETALLIC 

COMPOUND DyRh2Si2 

M. Melamud, H. Pinto, I. Felner and H. Snaked 

The compound DyRh Si , like many other REM Si intermetallic 

compounds (RE=rare earth, M=transition metal), has the ThCr Si 
(1) tetragonal structure , with space group I4/mmm. Magnetization 

(2) 
studies reveal two magnetic transitions, interpreted as due to 

antiferromagnetic order of the Dy sublattice below 55K with a 

moment of 10.6u,,, and ordering on the Rh sublattice with a moment 

of M).002u , indicating long range itinerant electron magnetic order. 

Neutron diffraction (A=2.46A) patterns were measured at 300K 

and 4.2K on a flat powder sample of DyRh„Si . The 300K pattern 
(1) agrees with the reported crystallographic structure. The 4.2K 

pattern exhibits additional reflections. This pattern is consis

tent with a type-I antiferromagnetic structure of the Dy sublattice, 
(3) similar to the structure of DyCo Si . The intensities of the 

strong magnetic reflections (h+k+£=2n+l) are consistent with a mag

netic moment of ^9.4u lying along the c axis. The existence of a 

weak (001) reflection is evidence of a small magnetic moment com

ponent perpendicular to the c axis. This can be a result of a 

canting of ^12 of the Dy moment from the c axis. Intensity vs 

temperature of the (001) and (010) reflections exhibit two transi

tion temperatures, 15K and 52K. The (001) does not exist above 15K, 

and its appearance can be interpreted as a spin reorientation of 

the Dy sublattice. This result is in agreement with the magnetiza-
(2) 

tion measurements , which also report a change detected in the 

rare-earth site at the lower transition. 

REFERENCES: 

1. Ballestracci, M. R., C. R. Acad. Sc. Paris, 282B, 291 (1976) 
2. Felner, I. and Nowik, I., to be published. 
3. Pinto, H., Melamud, M., Gal, J., Shaked, H. and Kalvius, G. M., 

Phys. Rev. B27, 1861 (1983). 

* 
Hebrew University, Jerusalem 
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STRUCTURAL STUDY OF HNCyGRAPHITE INTERCALATION COMPOUNDS BY NEUTRON 

DIFFRACTION 

H. Shaked, H. Pinto, M. Melamud and I. Aviram 

Neutrons (X ̂  1.0, 2.4X) were used to study the structure of 

the intercalant HNO_ in graphite above and below the disorder-order 

transition (T ^ 240K). The intercalant layers are translationally 
C (1) 

disordered at 300K- It was confirmed that the HNO molecules are 

aligned perpendicular to the layers. After several months it was 

found that the stage II sample transformed completely into a stage IV 

sample. The disorder-order transition was studied via the change 

in the lattice constant c with temperature. The ordering of the 
(2) 

intercalant below T gives rise to incommensurate reflections 
c 

This is an intralayer order with no interlayer ordering. The inter

calant orders in (7/8)^3 * 4/3 rectangular unit cells. The periodic

ity of the 2D lattice formed by these cells is modulated by a 

rectangular network of domain walls which forms llv/3 * 38 rectangular 

supercells. The corresponding incommensurabilities of the intercalant 

lattice are 4.1% (along (7/8/3) and 1.8% (along 4/3). 
REFERENCES: 

1. Pinto, H., Melamud, M., Shahal, 0., Moreh, R. and Shaked, H., 
Physica 121B, 121 (1983) 

2. Shaked, H., Pinto, H., Melamud, M. and Aviram, I., J. Appl. Phys. 
(1984), in press. 

X-RAY DIFFRACTION STUDY OF NpAl„ AT HIGH PRESSURE^1"'1"1" 
ic it ic ic jc "k 

J. Zankert , W. Potzel , J. Moser , M. Wunsch , T. Obenhuber , G. M. Kalvius 

and J. Gal 
The lattice parameter variation of the fee Laves-phase NpAl« 

was measured up to 10.4 GPa at room temperature. The pressure was 
(2) 

applied to the sample by two BC anvils within a high pressure cell 

The NpAl„ powder sample had a diameter of 2 mm, a thickness of 
2 

'VLO mg/cm and was enclosed in scotch tape. A NaCl standard was 

employed for pressure calibration. 

Technische Universitat Munchen, Garching, Germany 

Supported by the Bundesministerium fur Forschung und Technologie 

This work was carried out at Technische UniversitSt Munchen, 
Garching, Germany 



- 81 -

The X-ray diffraction studies were performed with an angular 
(3) dispersive system of the Guinier type . MoK. radiation was chosen 

for high transmission since the L edge of Np lies just above the 

MoK energy. Our system features an enlarged focusing circle 

(b = 259 mm) which allows the insertion of the fairly large high 

pressure clamp. A Johannsson type monochromator (Si) is used. In 

a high pressure experiment an angular range of 29 = 20 can be 

automatically x-ecorded by a position sensitive detector coupled to 

a multichannel storage device. The whole spectrometer is fully 

computer controlled. 
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X-ray diffraction pattern of NpAl2 
and of a NaCl calibration standard 
at zero pressure (a) and at 9.25 GPa 
(b). Fits are preliminary. 

Fig. 2 

Variation of the lattice parameter 
of NpAl£ with pressure, o pressure 
increasing, •: pressure decreasing 
The solid line is not a fit, but 
meant to guide the eye. 
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Figure la depicts the results obtained at zero pressure: the 

(200) (9 = 7.22°) reflection of the NaCl standard together with the 

(220) (8 = 7.38°) reflection of NpAl2- Figure lb shows the corres

ponding reflections at 9.25 GPa. Due to the relatively low compressi

bility of NpAl_ the two peaks appear in reversed order. The variation 

of the lattice constant a with pressure P is given in Fig. 2. The 

results are startling. The curvature of a vs. pressure is of opposite 

sign to that seen e.g. for NaCl. For the initial compressibility of 
_2 

NpAl„ we derive K = (0.3 ± 0.1)*10 /GPa, whereas we get an approxi
mately 5 times larger value around 8 GPa. 

Our results may suggest a crystallographic phase transition. 

This, however, is unlikely, since the (111) reflections behave in a 

similar way. Clearly, this point needs further experimental clarifi

cation. We take our results as evidence that the decrease of atomic 

spacing reflects a gradual transformation towards more itinerant 

electron behavior due to derealization of 5f electrons. This notion 
(4) 

is fully supported by Mossbauer data on NpAl„ and Np0s_ which 

demonstrate a decrease of the ordering temperature, the hyperfine 

field and the s-electron density at the Np nucleus in both compounds 

with decreasing Np-Np separation. From our X-ray results a strong 

non-linearity of K is expected to be even more pronounced already 

at lower pressures in Np0s2, which has a smaller lattice constant 

with respect to NpAl„ at ambient pressure. 

REFERENCES: 

1. Zankert, J., Potzel, W., Moser, J., Wunsch, M., Obenhuber, T., 
Kalvius, G. M. and Gal, J., in: Abstracts of the 13eme Journee 
des Actinides, Eilat, Israel, April 1983, p. G3. 

2. Moser, J., Gal, J., Potzel, W., Wortmann, G., Kalvius, G. M., 
Dunlap, B. D., Lam, D. J. and Spirlet, J. C., Physica 102, 
199 (1980) 

3. Jagodzinski, H. and Hoffmann, E. G., Z. Metallkd, ̂ 6, 60 (1955) 
4. Potzel, W., Phys. Scr. Tl, 100 (1982) 
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MAGNETIC PROPERTIES OF NpM.Al INTERMETALLIC COMPOUNDS( M = Cr, Cu) STUDIED 

BY MflSSBAUER EFFECT, MAGNETIC SUSCEPTIBILITY, AND NEUTRON DIFFRACTION^"1" 

J. Gal, M. Kuznietz, S. Fredo, M. Melamud, H. Pinto, H. Shaked, 

R. Caciuffo , W. Potzel , L. Asch and G. M. Kalvius 

A new intermetallic system of the general formula AnM,Al„, where 

An is an actinide and M is a transition metal that belongs to the 

tetragonal space group 14/mmm was reported here for the first time. 

The Mossbauer absorption spectra of NpCr,AlR and NpCu.Al,, at 

various temperatures are depicted in Fig. 3. The solid lines in Fig. 3 

represent a preliminary attempt to fit the experimental spectra 

assuming relaxation phenomena. The derived hyperfine interaction 

constant, B __, and isomer shift, IS, as well as the magnetic character 
err 

from magnetic susceptibility and neutron diffraction measurements, are 

summarized in Table 1. 

Table 1 

Hyperfine interaction constant, B _,., isomer shift, IS, and magnetic 

character of the tetragonal intermetallic compounds NpM,Al„ 

Compound 

NpCu,Al. 

NpCrAAlg(phase I) 

NpCr.Al (phase II) 

NpFe4Alg 

Lattice parameters 
at 300K 

(A) 

a c 

8.76 5.06 

8.93 5.15 

8.80 5.10 

8.74 5.02 

Hyperfine 
interaction 
constant 

(T) 

300 

290 

Isomer. 
shifta) 

(mm/sec) 

+14.3+0.7 

- 0.5+0.7 

- 0.5+0.7 

+ 1.0+1.4 

Ordered 
magnetic 
momentb) 

(PB) 

1.5 

Ordering 
tempera
ture 

(K) 

nonmagnetic 

52 5 

nonmagnetic 

nonmagnetic 

a) relative to NpAl, b) as predicted by the Mossbauer effect measurements 

** 
Institut von Laue-Langavin, Grenoble, France 

t 
Technische Universitat Munchen, Garching, Germany 
f-
This research was supported by the Federal Ministry of Science 
and Technology (BMFT) and the KFA, Julich, Germany, and the National 
Council for Research and Development, Israel. 
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Mossbauer absorption spectra at various temperatures of (a) NpCr,Al_ 
and (b) NpCu,Alg 

10 

From Fig. 3(a) it is clearly seen that a fairly well-resolved 

Zeeman pattern is observed, suggesting magnetic ordering. NpCr.Alg 

exhibits a normal collapse of the Zeeman pattern. From the magnetic 

susceptibility measurements we conclude that an antiferromagnetic 

transition occurs at 52±5K. . A second phase of NpCr.Al is observed 

in the experimental spectrum, which could be reproduced and identi

fied separately, and appears to be nonmagnetic (phase II). 

The Mossbauer spectra of NpCu.AlQ, seen in Fig. 3(b) in the 

temperature range of 4.2 to 45K , are more complex. Our neutron 

diffraction and magnetic susceptibility measurements indicate no 

magnetic ordering in the 4.2 to 300K range. We thus conclude 

that the observed Zeeman pattern arises from slow paramagnetic spin 
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relaxatior phenomena. It is the first time that paramagnetic relaxa

tion phenomena are reported for a metallic neptunium compound. 

REFERENCE: 

1. Gal, J. et al., in: Proceedings of the 13eme Journee des Actinides, 
Eilat, April, 1983, p. C3 

THE DEBYE TEMPERATURE OF Ti IN TiC, Ti02 and TiH2 

0. Shahal, R. Moreh, I. Jacob , A. Wolf and M. H. Mintz 

A new nuclear resonance scattering technique was used for 

measuring the Debye temperature 6 of Ti in various compounds. A 

significant increase in 6 of the Ti atoms was observed in TiC and 

TiO„ while no detectable change in 9 was observed in pure Ti upon 

hydrogenation. The present results were compared with data obtained 

by other techniques. 

NMR STUDY OF HYDROGEN IN FERROMAGNETIC 8-UH ^ 

Y. B. Barash, 0. Barak and M. Mintz 

NMR of protons in ferromagnetic B-UH was observed at 4.2K and 

85K in zero external magnetic field. The line was centered at 

v =19.4 MHz (T = 85K). This frequency yields a value of 

n = 1.45+0.1 v for the uranium ion magnetic moment. The large 
f B 

linewidth (Av = 6 MHz) could be explained by a distribution of the 

dipolar fields at the proton sites. The spectrum was also measured 

with external field. The lineshape agrees well with measurements 

made previously for paramagnetic g-UH„. Line broadening in an 

external field is due to distribution of demagnetization fields. 

Spin-spin relaxation time T = 90 usee (at 4.2K) is well explained 

by the proton-proton dipolar interaction. T becomes shorter at 85K 

and is field dependent. 

REFERENCE: 

1. Barash, Y. B., Barak, J. and Mintz, M. H., Phys. Rev. Bl, in press. 

* 
Ben-Gurion University of the Negev, Beer-Sheva 
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NMR STUDY OF THE MAGNETIZATION OF FERROMAGNETIC GdA12 AND DyAl2 ^ 

Y. B. Barash and J. Barak 

NMR of Al, Gd and Gd in ferromagnetic GdAl„ and of 
27 

Al in ferromagnetic L«.: .„ was measured over a wide range of tempera

tures at zero external magnetic field. The NMR frequencies were found 

to follow the magnetization in these two compounds. The temperature 
3/2 

dependence of the NMR frequencies for GdAl, agrees with Bloch's T 
law up to 0.5T , while that for DyAl„ is explained in terms of molecular 

and crystal fields. 

REFERENCE: 

1. Barash, Y. B. and Barak, J., J. Phys., in press. 

APPLICATION OF NMR TO THE STUDY OF HYDROGEN IN INCONEL^1^ 
* 

A. Raizman, J. Barak, D. Zamir and D. Eliezer 

The very low solubility of hydrogen in steels has thus far 

prevented the application of NMR to these materials. This difficulty 

was overcome by cathodic charging: enough hydrogen was introduced 

into Inconel 718 to obtain a measurable NMR signal. The NMR 

absorption line of H from one foil of Inconel 718 with dimensions 

10mm x 30mm * 0.1mm was determined by a paramagnetic shift K , 
P 

the Lorentz field 4TM/3 where M = XH , and the demagnetization field 

2 ° 
IL = -4TrMsin 0. 6 is measured from the foil plane. The NMR 
frequency is given by 

f = YH [1 + K + 4uM(3cos28 - 2)/3] 
o p 

with Y = 4257 Hz/Oe. The experiments give K = -0.0027(5) and 
-3 3 P 

X = 1.5x10 emu/cm . 

The large linewidth ^200 G might come from a distribution of 

K values and local dipolar fields, due to different H sites. 
P 

The measured transverse relaxation was found to be exponential 

and T independent below 220K. T_ depends on the charging conditions. 

Ben-Gurion University of the Negev, Beer-Sheva 
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A typical value for Inconel charged for 48 hours is T„ = 200 usee. 

The mechanism proposed for the relaxation is the nuclear dipole-

dipole interaction in diluted samples. Lattice sums for the octahedral 

sites in the fee structure of Inconel yield T = 2.07x10 c. This 

gives c - 0.25% for the above sample. 

The spin lattice relaxation at 85K exhibits a nonexponential 

behavior, with slope varying between 2 msec and 7.5 msec. The NMR 

features indicate interactions of hydrogen with paramagnetic centers 

in the metal. 

NMR of a. was alsc observed in stainless steels type-316 and 

type-321, with similar results. It seems that the NMR technique 

might become an important tool in studying hydrogen in steels. 

REFERENCE: 

1. Raizman, A-, Barak, J., Zamir, D. and Eliezer, D., Bull. Magn. 
Resonance _5, 210 (1983) and J. Nucl. Mater. 119, 73 (1983) 

EPR SPECTRA OF TETRAGONAL COPPER CENTERS IN CaO^1^ 

J. Barak, A. Raizman and J. T. Suss 

We report on an electron paramagnetic resonance (EPR) study 

of three types of tetragonal copper centers in single crystals of 

CaO. The centers were observed in CaO crystals (grown in an 

electric arc furnace) into which Cu was incorporated by diffusion 

at 1400 C. A cubic Cu spectrum , as well as a spectrum due to 

Cu pairs , could also be observed, the latter only in heavily 

doped crystals. 

9 2+ 
The ground state of the 3d Cu ion in an octahedral crystal 

1 6 3 
field is the orbital doublet E(t 2

e ) . This doublet is further 

split by a tetragonal crystal field into two singlets |e> and |e>. 

The nature of the tetragonal distortion determines which singlet 
9 . 

becomes the ground state. For a d ion it will be |e> with g > g, 

for an elongated octahedron and |0> with g.^g. for a compressed 

octahedron. Two of our spectra have an |e> ground state, designated 

here as e and e„, and the third has a |8> ground state. 
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The spectrum can be f i t t e d to an a x i a l sp in Hamiltonian 

* = Si.VA +
 SLW*

 + W + A"Izs 
Bx x x y y 

z V 

Z Z 

+ A , ( I S + I S ) + Q[I? - ^ 1 ( 1 + 1 ) ] 
• J - x x y y •• z 3 

with S=l/2 and 1=3/2. 

Two c h a r a c t e r i s t i c s p e c t r a a r e shown in F i g . 4- The resonance 

parameters a re given i n Table 2 . 

Table 2 
2+ 

Resonance parameters for tetragonal Cu centers in CaO at 93K 

Center 

G l 
E2 
e 

*il 

2.446(5) 

2.434(5) 

1.99(1) 

8x 

2.125(5) 

2.31(1) 

All 

56(3) 

65(3) 

145(5) 

(10"4cm_ 1) 

10 

42(5) 

Q 

11(2) 

63 Note: A and Q refer to the Cu isotope. 

The e and 8 centers were observed in "as diffused" crystals. 

Following X-ray irradiation, the e0 centers are produced and the 

intensity of the 0 centers is reduced below the level of detection. 

This is demonstrated in Figs. 4a and 4b. Reducing the "as diffused" 

crystals in hydrogen at 1000 C for 36 hours caused the disappearance 

of both e and 9 centers. Heating the "as diffused" crystals in 

oxygen at 1000 C for 36 hours did not have an appreciable effect on 

the spectra. We also observed V centers (a hole trapped at an oxygen 
2+ 

ion neighboring a Ca vacancy) in our "as diffused" crystals. 

The behavior of the centers under the above treatments indicates 

that they are associated with a next nearest neighbor impurity ion, 

whose valency is changed upon treatment,thereby producing or cancelling 
2+ 

the axial distortions and converting a cubic Cu center into an 

axial and vice versa. Further experiments are in progress. 
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Fig . 4. 
2+ EPR spectra of Cu centers in CaO. T=93K, f=9.1 GHz, H, [100]. 

(a) "As diffused" crystal: e^, 8 and cubic spectrum. 
(b) Crystal irradiated with X-rays: e^, G2 and cubic spectrum. 
(c) Stick diagram of the reconstructed spectra. The solid and 

broken lines refer to the 63cu and 65cu isotopes, respectively. 
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CARRIER TRANSPORT IN STRIPE-GEOMETRY Ga-, A! As DOUBLE HETEROSTRUCTURE 

DIODE LASERS AND BROAD AREA HETEROJUNCTION 0 ) f 

•k "k ~k 

A. Zemel, H. W. Willemsen , K. D. Anderson and F. R. Shepherd 

The current-voltage characteristics of stripe-geometry double 

heterostructure diode lasers and broad area heterojunctions of 

Bell-Northern Research, Ottawa, Canada 

This work was performed at Bell-Northern Research,Ottawa, Canada. 
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Ga, Al As prepared by liquid-phase epitaxy were extensively studied 

as a function of temperature and diode area to perimeter ratio. For 

stripe-geometry lasers, current-voltage measurements were made up to 
k 2 

the lasing threshold if^ 10 A/cm ) . The carrier transport mechanisms 

in different ranges of current densities were identified and inter

preted on the basis of existing models for p-n junctions. It was 

found that 2-kT current in combination with a tunneling current of 

the form I a exp(T/T )exp(AV), where T and A are constants essentially 

independent of temperature, are the major contributions to the diode 

current at low forward bias. The 2-kT current is most probably due 

to surface recombination occurring at the junction perimeter and the 

tunneling current is most probably related to defects generated in 

the diode depletion region during epitaxial growth and/or sample 

processing. At medium forward bias, pure 1-kT current limited by 

the rate at which electrons can diffuse in the narrow gap p-type 

semiconductor is dominant. In the laser devices 2~kT current 

consistent with high injection conditions is found at current den

sities near threshold. To the best of our knowledge, this is the 

first time high injection behavior has been recognized and demons 

strated in diode laser- devices. 
REFERENCE: 
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THE GROWTH OF SINGLE CRYSTALS OF Sr-PtO-^1^ 
* 4* o 

L. Ben-Dor , J. T. Suss and S. Cohen 

Single crystals of Sr.PtO,, were obtained by a reaction between 
o 

SrO and platinum metal at 1150 C. SrO was formed in situ from the 

hydrolysis of SrCl . 

A 15 ml platinum crucible was loaded with ^5 g SrCl„.6H 0, 

placed inside a quartz tube and inserted in a furnace. The re

action was carried out under the flow of wet air. Various runs were 

performed at vL150 C and at a flow rate of 1 £/min. Growth periods 

* 
Hebrew University, Jerusalem 
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varied from 1-2 weeks. High temperature hydrolysis of SrCl„, which 

yielded SrO, occurred via the release of HCl gas. SrO, in turn, 

attacked the platinum crucible to give Sr,PtOfi. 

Crystals of Sr,PtOfi were embedded in the white residual flux 

and also grew on the wall and rim of the crucible. Typical crystals 

had average linear dimensions of 1-2 mm. The thick crystals were 

dark and opaque with a luster while the thinner crystals and cleaved 

platelets were transparent and greenish-yellow in color. The thick 

dark crystals grew at the bottom of the crucible and displayed an 

hexagonal habit. The smaller and thinner crystals grew on the wall 

and on the rim. 

From the X-ray diffraction pattern, the material could be 

indexed as having rhombohedral symmetry and space group R3C (167), 

being very nearly cubic. The lattice parameters were found to be: 

a=9.74G(2)X and C=11.900(2)A\ There are six molecules to the unit 

cell; the site occupancy is given in Table 3. 

Table 3 

Site occupancy for Sr PtO 

Atom 

6* Pt 

18* Sr(l) 

6x sr(2) 

36* 0 

X 

0 

0.3676(10) 

0 

0.186(6) 

y 

0 

0 

0 

0.031(6) 

z 

0 

0.2500 

0.2500 

0.103(4) 

REFERENCE: 
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LOW TEMPERATURE SYNTHESIS OF PSEUDOBINARY CHALC0GENIDES(1* 
* 

L. Ben-Dor , N. Yell in and H. Shaham 

Solid solutions of nine pseudobinary metal chalcogenides: 

(PbSn)Te, (PbSn)Se, (HgCd)Te, (HgCd)Se, (HgZn)Te, (CdZn)Te, (PbGe)Te, 

_ 

Hebrew University, Jerusalem 
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Cd(TeSe) and Pb(TeSe) were prepared. Complete reaction was observed at 

temperatures significantly lower than the respective melting points 

in 3-7 days, except for the Cd(TeSe) system. Homogenization required 

higher temperatures, but still below the melting points, and dura

tions of up to 14 days. The alloy compositions were determined by 

X-ray diffraction. 

REFERENCE: 

1. Ben-Dor, L., Yellin, N. and Shaham, H., Mater. Res. Bull., 
in press. 

LOW TEMPERATURE SYNTHESIS OF Hg, Cd Te, 0 $ x $ 1 ( 1 ) 

JU I ~ A A 

L. Ben-Dor , N. Yellin and H. Shaham 

Solid solutions of Hg Cd Te with 0 S x $ 1.0 were prepared 
-L X X 

at low temperatures, where Hg pressure is about 1 atm. For the 

composition x < 0.7, complete reaction was observed within 72 h at 

420 C. For x = 0.7, 0.9 and 1.0, minimum synthesis temperatures 

of 460°C, 490 C and 760 C, respectively, were needed for complete 

reaction. Homogeneous solid solutions of Hg „ Cd Te, as determined 
X~^ x 

by X-ray and atomic absorption analyses, were obtained after 168 h 

at 420 C for x < 0.7, the temperature increasing for x 5 0.7. 
REFERENCE: 
1. Ben-Dor, L., Yellin, N. and Shaham, H., Mater. Res. Bull. 18, 

1229 (1983) 

SOLID STATE FORMATION OF YgAlgO-jg^ 

Y. Shimony 

The solid state formation of Y AL0 „ (YAG) was obtained by 

mixing the starting oxides in the presence of ethyl alcohol in a 

vacuum rotary evaporator, drying, isostatically pressing in a rubber 

bag and sintering at room temperature. The presence of YAG single 

phase was confirmed by X-ray powder diffractometry. 

REFERENCE: 

1. Shimony, Y., NRCN(TN)-068, 1983, in Hebrew 
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INTERFACE SHAPE CHANGES DURING THE CZOCHRALSKI GROWTH OF GARNET SINGLE 

CRYSTALS 

Y. Shimony 

In the growth of garnet single crystals by the Czochralski 

method, a sharp change in the weight of the growing crystal was 

observed (Fig. 5), which, as it turned out, corresponds to inversion 

of the shape of the crystal melt interface. In the initial stage 

of growth the crystallization front is convex toward the melt while 

convection currents are directed from the hot walls of the crucible 

toward its center. When the diameter of the crystal reaches a 

critical value, forced convection becomes dominant and there is a 

sudden reversal in the character of the fluid flow. 

Fig. 5. 

Power (P), crystal weight (W) and differential 
weight (AW) vs. growth time. 
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PROGRAMMING OF CRYSTAL DIAMETER IN CZOCHRALSKI GROWTH BY A COOLING PLOT: 

APPLICATION TO I n S b ^ 

Z. Burshtein and M. Azulay 

It was shown that under thermal "stiffness" conditions the 

dimensions of a crystal grown by the Czochralski method may be 

programmed by a cooling plot. The cooling plot is calculated from 

the measured longitudinal and radial thermal gradients, involving 

also the melt-to-solid densities ratio. Utilization of the principle 

could make unnecessary sophisticated expensive automatic diameter 

control systems. In the present work the principle was successfully 

applied to the growing of InSb single crystals of diameters around 

2 cm. One of the grown crystals is shown in Fig. 6. 

Fig. 6 

InSb single crystal grown by 
the cooling plot method 

REFEEENCE: 
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SYNTHESIS OF Sb 1 3 1I 3 CRYSTALS 

D. Ilzycer and R. Weingarten 

131 
A small quantity of radioactive Sb I crystals was prepared 

to be used as a tracer in the study of the distribution of iodine 

in the normal freezing growth (Bridgman technique of n-type thermo

electric materials. Activated Sbl_ could not be used as the radia

tion spectra of Sb cover the iodine spectra. Due to radiation 

hazards, only aqueous solutions of radioactive iodine salts, among 

them sodium iodide solutions, and not iodine crystals, are available 
131 

commercially. Therefore, a method for the synthesis of Sb I, 
131 

from an aqueous solution of Na I was developed, taking into 

account the hazards involved in the manipulation of radioactive 

iodine. 

A RADIOACTIVE TRACER STUDY OF SEGREGATION IN GROWN n-TYPE THERMOELECTRIC 

ALLOYS 

D. Ilzycer, R. Dukhan, J. Levinson and M. Shiloh 
•y c 10/ 1*5T 

Radioactive tracers, Se, Sb, I, were used to study 

the segregation of the components of the ternary n-type thermoelectric 

alloy (Bi2Te3)90(Sb2Te3)5(Sb2Se3)5, doped with Sbl^ grown by the 

Bridgman technique. The distribution coefficients of Sb Te and 

SbSe„, calculated from the measured concentration of the Se and 
19/ 

Sb along the ingot, fit in with the trend derived from available 

phase diagram data. The distribution of the tracers in relation to 

the thermoelectric properties measured on samples taken along the 

ingot was considered. 
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A KINETIC MODEL FOR HYDROGEN-METAL REACTIONS CONTROLLED BY A PHASE 

TRANSFORMATION S T E P ^ 

M. H. Mintz and J. Bloch 

A probabilistic kinetic model for gas-solid (particularly 

hydrogen-metal) reactions, controlled by a phase transformation step 

was developed. The transformation is assumed to occur in small 

aggregates of atoms (structural transformation units) with a transi

tion probability which depends on the occupation of the structural 

unit by the gas (e.g., hydrogen) atoms. The weighed contributions 

of all possible occupancies are considered. The model predicts the 

pressure-temperature dependence of the product-reactant (hydrogen-

metal) interface growth rate. The general properties of the growth 

rate functions that are derived and the evaluation of the various 

parameters which appear in these functions were given. 

REFERENCE: 

1. Mintz, M. H. and Bloch, J., J. Chem. Phys. 78.. 6569 (1983) 

THE MORPHOLOGY OF THE REACTION OF URANIUM WITH HYDROGEN^ 
* 

J. Bloch, F. Simca, M. Kroupp, A. Stern, D. Shmarjahu, 1. Hadari and 
M. H. Mintz 

Uranium metal reacts with hydrogen to give uranium trihydride. 
(2 3) 

The mechanism of this gas-solid reaction has been shown recently * 

to involve the development of a surface hydride layer advancing into 

the bulk metal at a constant rate. In the present work, the initial 

stages of the uranium-hydrogen reaction, taking place on the metal 

surface were Investigated utilizing a hot-stage microscope. The 

results were compared with the kinetics of the bulk reaction in order 

to obtain a better understanding of the whole reaction mechanism. 

Cylindrical uranium samples were electrolytically coated with 

a thin film of copper. The protective film was mechanically removed 

from one side of the cylinder, which was then polished to 1 urn. The 

Ben-Gurion University of the Negev, Beer-Sheva 
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samples were placed on a special sample holder inside the hot-stage 

chamber with the polished surface oriented towards the microscope lens, 

so that the reaction with hydrogen was restricted to the surface being 

examined with no undesired attack on the rest of the sample. The 

samples were exposed to high-purity hydrogen at a pressure of about 

1.2 atm and then heated rapidly to the desired temperature. The 

changes which occurred on the uranium surface were followed with a 

TV camera and recorded on a video-tape. 

It was found that the reaction starts with nucleation of a 

hydride phase at a limited number of nucleation sites located at 

preferred regions, especially grain boundaries and slip lines. For 

the lower-temperature range (130 C and below) the rapid nucleation 

process was followed by a long incubation period during which the 

hydride nuclei did not grow (or grew at a very slow rate). At the 

end of that stage, a detectable reaction started with the formed 

nuclei growing inside the sample more rapidly than over the sample 

surface (i.e. a pitting-type progression). 

For the high-temperature range (above about 200 C) the incuba

tion period is considerably shorter and the hydride nuclei grow 

linearly and rapidly on the surface of the metal (Fig. 1), until they 

overlap and form a continuous hydride surface layer. The continuation 

Fig. 1 

Hydride nuclei growing on the uranium metal surface 
at 350°C and 1.2 atm hydrogen 
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of the reaction into the bulk is seen in the cracking and spalling 

of the hydride layer. The results are in good agreement with the 
(3) metallographic study of the bulk reaction 

The growth rate of the surface hydride is higher than that of 

the bulk-reaction interface in the high-temperature range (Fig. 2). 

In the lower-temperature range, however, the surface-hydride growth 

rate falls below that of the bulk hydride, giving rise to the pitting-

type hydrogenation. 

c 
'E 
E 

r 
£ -I 

Growth rate of 
D hydride into bulk 
O surface hydride 

i I i L . J i L 
14 1.8 2.2 2.6 3.0 

000/TOC1) 
3.4 

Fig. 2 

Temperature dependence of the reaction-interface propagation 
rate of the hydride of uranium at 1.2 atm hydrogen 

The temperature variation of the two growth rates (Fig. 2) is 

accounted for by the different strains, applied on the reaction-

interface by the oxide layer, in the case of the surface hydride, 

and by the external hydride layer, in the case of the bulk hydride 

propagation. 
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THE TOPOCHEMISTRY OF HYDRIDE FORMATION IN RARE-EARTH METALS{1) 

J. Bloch, Z. Hadari and M. H. Mintz 

The topochemistry of hydride formation in the rare-earth 

metals was investigated by metallographic examination of partially 

hydrogenated samples. The effects of surface overlayers ("oxides") 

on the development of the hydride phases was considered and related 

to measured overall reaction rates. Four different types of hydride 

topochemical forms were identified. The development of each of 

these types was accounted for by the interplay of hydrogen diffusion 

rates in the metallic matrix and nucleation and growth rates of the 

hydride phases. Temperature induced changes in the type of progres

sion of the hydride phases were considered. The effects of higher 

(trihydrides) phases were illustrated. A method for the estimation 

of the diffusion constants of hydrogen in the a-phase metallic solid 

solutions was given. 

REFERENCE: 

1. Bloch, J., Hadari, Z. and Mintz, M. H., J. Less-Common Metals, 
in press. 

TIME-OF-FLIGHT ANALYSIS OF DIRECT RECOILS APPLIED TO THE STUDY OF 

HYDROGEN-METAL INTERACTIONS^ 

M. H. Mintz and J. A. Schultz 

Time-of-flight (TOF) analysis of direct atomic recoils produced 

by pulsed rare-gas ion irradiation of a solid surface permits the 

identification of surface hydrogen, as well as other surface atoms. 

In this procedure, an ion beam (with a primary energy in the keV 

range) and a detector are positioned to create forward scattered 

and directly sputtered (or recoiled) particles. Unlike conventional 

sputtering which produces low-energy secondary particles (with 

Ben-Gurion University of the Negev, Beer-Sheva 

University of Houston, Houston, TX, U.S.A. 
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energies mostly below about 20 eV), the direct-recoiled (or direct-

sputtered) particles (referred to as DRs) possess considerable kinetic 

energies (a few hundreds of electronvolts). Consequently, the 

detector (which is a conventional multiplier) probes the DRs regardless 

of their charge state (i.e. either as neutrals or as ions). This 

permits the quantitative estimation of surface concentrations of the 

DRs, including hydrogen and its isotopes. 

The utilization of the present technique for the study of gas-

metal (especially hydrogen-metal) interactions was demonstrated by 

some recent work performed on polycrystalline magnesium. The fe?si-

bility of quantitative determination of surface hydrogen was, 

exploited to study the room temperature adsorption of gaseous hydrogen 

on sputter-cleaned and on oxidized magnesium surfaces. Also, the 

first direct observation of oxygen-induced surface segregation of 

hydrogen in magnesium was made with this technique. The determina

tion of ion fractions in the DR atoms and in the scattered primary 

ions can also be incorporated in the present method. The latter 

possibility has recently been applied for different rare-gas ions 
+ + + 

(Ar , Ne and He ) scattered from a polycrystalline lanthanum 

surface. 

Ion survival probabilities were strongly dependent on the type 

of irradiated ion and on the cleanliness of the metal surface. These 

results were interpreted qualitatively in terms of Auger and resonant 

neutralization mechanisms and were correlated with the electronic 

band structure of the clean and the contaminated metal surfaces. The 

possibility of measuring ion fractions in the DRs and in the scatter

ing peaks of the TOF spectra makes the present technique not only a 

useful analytical method for estimating surface concentrations, but 

also a probe into the chemical state and electronic band structure 

of the surface. 

REFERENCE: 
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THERMALIZATION-REACTION-CAPTURE MODEL FOR LOW DOSE ACTIVE ION BOMBARDMENT. 

PART I. DIFFUSJONLESS C A S E ^ + 

M. H. Mintz, Y. Jo* and J. W. Rabalais* 

A diffusionless t'hermalization-reaction-capture model was developed 

and applied to active ion bombardment experiments. The model describes 

the product concentration distributions in the target as a function of 

active ion dose and energy, specifically for low ion dose or initial 

bombardment conditions. Analytical expressions were derived for the 

reduced slopes of the AES or XPS intensities versus ion dose curve?. 

Comparison of these theoretical reduced slopes with experimental plots 

yields a reaction probability for the specific ion/target combination. 

Plots were rroduced in the form of reduced parameters so that they can 

be used to predict the experimental slopes for various reactant ion/ 

target combinations. Qualifications of the model as well as experi

mental examples were considered. 

REFERENCE: 
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0UT-0F-PLANE ORIENTATION OF N2 MOLECULES ADSORBED ON GRAPHITE 

R. Moreh and 0. Shahal 

A new nuclear technique utilizing nuclear resonance scatter

ing of photons from the 6.324 MeV level of N was used to study the 

orientation of the adsorbed N„ molecular axes with respect to the 

adsorbing Grafoil planes in the temperature range 300K < T < 16K. 

The ratios o /a of the scattering cross sections with the 
cL C 

photon beam parallel (a ) and perpendicular (a ) to the Grafoil planes 
3. C 

were measured as a function of T. 

In the region T ^ 160K, a coincides with a . The deviation 
3. C 

begins at M.60K and increases towards lower T. Below 60K the measured 

* 
University of Houston, Houston, TX, U.S.A. 
+ 
This work was carried out at the University of Houston, Houston, 
TX, U.S.A. 
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value of a drops sharply, while o goes slowly into a minimum around 

40K and Increases gradually towards 30K. 

The fact that a and a vary in the region 293K - 160K in 

identical manner to that of a free gas indicates that the angular 

librational amplitude of the adsorbed molecules is very large 

resulting in a random average angle of orientation of the N„ molecular 

axes with respect to the graphite planes. Here, it is tacitly 

assumed that in the adsorption process, one atom of the molecule 

'sticks' to the graphite plane while the other atom moves 'freely' 

performing librational, rotational and vibrational motions of the 

whole molecule. As T is reduced, the librational amplitude decreases, 

resulting in an average tilt angle <f> < 45 which explains the measured 

result a > a at T < 160K. The most significant fact is that while 
SL C 

in the vapor phase, namely, at 85K < T < 160K, the adsorbed N„ 

molecules have a preferred orientation parallel to the graphite planes. 

This trend of decrease of the librational amplitude with T continues 

down to 30K where the. molecular axes are expected to be nearly 

parallel to the graphite planes. Another very interesting feature is 
the behavior of a below 40K where a gradual increase in a sets in. 

a a 

This increase could only be explained by assuming that the N~ molecular 

axes undergo a gradual 'freeze' of the liberational amplitude. This 

may be viewed as a new phase transition occurring at 3OK where a 

reaches a local maximum which corresponds to the alignment of all N„ 

molecules parallel to the graphite planes. 

A TEM STUDY OF ACTIVATED FeTi SURFACE^1* 

A Venkert , M. Tali anker and M. P. Dariel 

The intermetallic compound FeTi is among the most promising 

hydrogen absorbing materials. Contrary to some other hydrogen 

absorbing compounds,e.g. LaNi-, air-exposed FeTi has to undergo an 

activation treatment by heating to above 400 C in vacuum or under 

hydrogen before hydrogenation can take place. Initially oxygen in 

* 
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the course of the activation treatment was thought to react with Ti 

and lead to the formation of microscopic Fe clusters on which the 

dissociation of hydrogen molecules took place. According to another 

view, the activation treatment promoted the formation of oxygen 

containing species that readily absorbed hydrogen. Indeed, it was 
(2) reported that Ti„Ni - type oxygen-stabilized compounds in the 

ternary Fe-Ti-0 system absorbed hydrogen requiring no prior activation 
(3) treatment. Schober and Westlake used TEM in order to determine the 

species formed on the surface of FeTi samples which had been subjected 

to several activation-like treatments. They reported the presence of 

Ti0o rutile, an ordered suboxide FeTiO isostructural with FeTi but 2 ' x 
no oxygen stabilized compounds. On the other hand, Reilly and 

(4) Reidinger observed by X-ray diffraction the presence of such 

compounds in FeTi powders annealed at 800 C. Y.n view of the con

flicting reports, we undertook a TEM study of FeTi samples which had 

undergone treatments similar to the actual pre-hydrogenation activa

tion treatments. 

Arc-melted FeTi samples were thinned down and heat-treated at 

550 C under oxygen pressure of 0.1 to 30 Pa and examined by TEM. 

Selected area diffraction patterns revealed the presence of diffrac

tion rings and spots. Analysis of the spot pattern showed the presence 

of the FeTi matrix and two distinct oxide phases, namely Ti02, rutile 

and cubic TiO. The latter phase appeared only in samples heat treated 

at low oxygen pressure. Analysis of the diffraction rings indicated 

the presence of finely dispersed oxygen stabilized Ti» Fe~ 0 and 

Fe_0,. The orientation relationship of the overlying TiO„ with 

respect to the matrix was determined. The results support the model 

according to which hydrogen penetrates bulk FeTi through the oxygen 

stabilized Ti„. Fe_ 0 formed in the course of the activation treat-
3+x 3-x y 

ment within the surface layer of FeTi. 
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HELIUM IMPLANTED TITANIUM HYDRIDE. INFLUENCE OF INITIAL STRUCTURE ON 

IMPLANTATION-INDUCED PROPERTIES 
* 

Y. Lifshitz, E. Cheifetz and S. Shamash 

Titanium hydride films of different g^ain size and surface 

roughness were prepared. He ions having energies of 25 and 45 keV 

were implanted at room temperature in doses ranging from 1x10 to 
17 2 + 9x10 ions/cm . Surface morphology prior to and post-implantation 

was investigated by scanning electron microscopy. He release rates 

from implanted samples were also measured. 

Some of the samples (type I) were specially prepared so that 

there was a mixture of flat and rough areas which appeared as dark 

and light patches under low magnification. The average grain size 

of these films was 0.4 urn. After irradiation with He ions the 

resulting surface erosion was found to be dependent on the amount 

of surface roughness. Flat areas showed marked erosion, while in 

rough areas of the same sample exposed to the same He flux, surface 

erosion was totally suppressed (Fig. 3). Other samples (type II), 

having a 0.15 um average grain size and uniform roughness, exhibited 

marked surface erosion, including 1 um blister formation, 1 um 

craters and cracked blisters, (Fig. 4). 

It was concluded that the mechanism of suppression of the 

surface erosion does indeed depend on surface roughness (i.e. 

surface roughness reduces erosion effects) but other factors, such 

as He distribution (both projected range and distribution standard 

deviation) and roughness magnitude (defined as the average height 

of single bumps and often equal to the grain size), also have an 

effect. The mechanism by which roughness suppresses He surface 

erosion is effective when the He distribution standard deviation 

is smaller than the roughness magnitude. This mechanism is further 

enhanced when the He projected range is smaller than the roughness 

magnitude. 

Weizmann Institute of Science, Rehovot 

Implanted at MEIRA - High Power Isotope Separator by courtesy of 
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Fig. 3 
17 2 

Surface erosion of type I samples implanted with 6x10 He ions/cm . 
No erosion on rough surface, marked erosion on flat surface. 

Roughness magnitude = 4000£ 

Fig. 4 
17 2 

Surface erosion of type II samples implanted with 6x10 He ions/cm 
Roughness magnitude = 1500& 
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He release rates of all samples showed the same dose dependence 

regardless of the marked surface erosion differences between samples. 

This implies that He release is not directly related to surface erosion. 

COERCIVITY AND SQUARENESS RATIO IN Co-W THIN FILMS 
* ** 

U. Admon, M. P. Dariel, E. Grunbaum , G. Kimmel and J. C. Lodder 

Thin magnetic films of Co-W can be electrodeposited in a variety 

of non-equilibrium structures. One can obtain either an hep, an fee 

or an amorphous phase, as well as mixtures of these phases. Since 

magnetic properties are determined primarily by the microstructure, 

it is interesting to make the appropriate correlation in Co-W films. 

Co-W films, 200-500A thick, were electrodeposited under a 

variety of plating conditions, and their magnetic properties measured 

by a vibrating sample magnetometer. The films, which exhibit a 

crystalline structure, have a medium to high coercivity in the 100-

600 Oe range. Amorphous Co-W films show much lower coercivities, of 

the order of 20-30 Oe. H is low for films containing a high propor

tion of the fee phase and increases with increasing content of the 

hep phase. H decreases with increasing degree of perfection of 

texture of the hep phase ([00.2] perpendicular to the film phase). 

The squareness ratio R, I /I , is highest for the fee and 

the amorphous films. Values as high as 0.9 were measured. R de

creases with increasing fraction of the hep phase and its perfection. 

The behavior of the coercivity and squareness ratio was 

explained in terms of the microstructure. 

IRREVERSIBLE MAGNETIZATION IN CO-W THIN FILMS 

U. Admon, M. P. Dan'el, G. Kimmel and E. Grunbaum 

The irreversible magnetization process in ferromagnetic 

materials can occur either by wall displacements, accompanied by 

Barkhausen jumps, or by coherent rotation. The latter mechanism 

Tel Aviv University, Ramat Aviv 

Twente University of Technology, Enschede, The Netherlands 
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requires higher fields, and is by 2*4 orders of magnitude faster 

than the former. Determining the character of the reversal mechanism 

is of prime importance for any magnetic memory device application. 

In ferromagnetic thin films, the nature of the irreversible 

magnetization process can be determined by measuring the dependence 

of the critical field, Hn, required to induce the process, on the 

angle 0 between the field direction and the plane of the film. 

Regardless of the exact details of the mechanisms, it can be shown 

that Hn is proportional to l/cos0 whenever the irreversible 

magnetization process occurs by wall displacements. On the other 

hand, when coherent rotation is the dominant mechanism, H_ is texture 

dependent and varies with 6 between a minimal value and twice this 

value. 

We studied Co-W thin films, electrodeposited at various bath 

compositions, temperatures and pH values. They showed a variety 

of phase compositions and textures which are reflected in their 

coercivity and remanence. By using a vibrating sample magnetometer 

and measuring the angular dependence of H~, a l/cos6 behavior was 

established. Thus it was concluded that in Co-W thin film wall 

displacement is the dominant mechanism responsible for the irre

versible magnetization process. 

REFERENCE: 

1. Chikazumi, S., Physics of Magnetism, Wiley, NY, 1964, Chap. 14. 

THE STRUCTURE OF R(1_x)
Ga2(1+x) (0 * X * °-33^ AND ITS RELATI0N T0 

RGac AND Ga 
0 * * 

G. Ktmmel, D. Dayan, L. Zevin and J. Pell eg 
X-ray diffraction studies were used to investigate the wide 

solubility range of Ga in RGa~ type compounds (R = rare earth 

element) observed in several systems of light rare-earth metals 

with Ga. A model was suggested based on pairwise substitution of 

R atoms by Ga atoms to explain the observed wide range of 

solubility. The model explains the change in lattice parameters 

Ben Gurion University of the Negev, Beer-Sheva 
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of the E phase having the formula R,, .Ga,,., . with the addition 
(1-x) 2(l+x) 

of Ga. 

The structural relation between the phases RGa„, (R n_ ,Ga„,, O , 

RGa, and pure Ga was shown and the common feature of these phases 

which belong to widely different crystal systems was detailed. 

STRESS INDUCED TRANSFORMATION IN URANIUM-5 at% TITANIUM MARTENSITE (1) 
* G. Kimmel, M. Tali anker , J. Sari el and A. Landau 

It is generally recognized that there is a close analogy between 

the formation of S-U„Ti precipitate (C32 structure type) in U-Ti alloys 

and the formation of the metastable id-phase from the (3-phase (A2 type) 
(2) 

in zirconium or titanium alloys . Such analogy is supported by the 

striking similarity of crystallographic orientations cu/g and a/(5 in 

zirconium or titanium alloys with relationships between <5-U„Ti, 

y-uranium (A2 type) and a-uranium (quasihexagonal, A20 structure type). 

Indeed, for Zr (or Ti) alloys the orientation relationships are ' : 

(0001) J | (111)3 and [I10]g||[ll20]a3, (0001) n_ Z r| | (110) g and 

[1120] I|[ill! and for U-alloy [000l]„ „. and [lOO] form parallel to 
CX p U „ 11 Oty 

the [111] , (2llO)u and (001) are parallel to the (101) (5>6'. 

It can be anticipated that the crystallographic relation of the U„Ti 
— (6^ 

to the a-matrix is to be (0001)TT 11(100) and (0110).. _.||(010) 

U-Ti an U Tx a^ 

All these findings characterize the diffusion controlled Y"*"<5 or super

saturated a'-nS transformations. The model for a' -HD diffusionless 
(7) 

transition, proposed recently led us to the attempt to record the 
analogous diffusionless formation of the 6-phase in the U-Ti system. 

For this purpose the U-Ti alloy was water quenched from the Y-state 

and metastable a' was formed. The metastable a' has the same A20 

structure as an but a' dissolves more Ti. X-ray diffraction analysis 

unambiguously shows that plastic deformation of a' 5at% Ti alloy 

results in a'-xx transition. It can be deduced therefore that the 

diffusionless formation of 6-phase should accompany the a'-Hx trans-

* 
Ben-Gurion University of the Negev, Beer-Sheva 
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formation in order to accept the abundance of Ti. On the other hand 

the atomistic model for aT'.-*S transition which is similar to that for 

a' ->to shows that the misfit between a' and 6 is even less than the 

misfit between a and w. Thus the emergence of 6 in the metastable 

a1 should be easier than that for a> in a„ . There is a difference 

between transition a,*-»-6 in comparison with a -HO. The former trans-
u ^r 

forms orthorhombic structure into an ordered alloy, the latter 

involves the transformation of hexagonal structure into a disordered 

phase. Thus it should be expected that in the uranium-titanium 

alloy there are fewer variants by which 6 can be oriented with 

respect to the uranium parent crystal. 
REFERENCES: 
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TENSILE FLOW AND FRACTURE BEHAVIOR OF AUSTENITIC STAINLESS STEEL AFTER 

THERMAL AGING IN HYDROGEN ATMOSPHERE 
+ * 

Y. Rosenthal, M. Mark-Markowitch, A. Stern and D. Eliezer 

The introduction of a hydrogen content of about 300 appm, by 

concurrent sensitization and precharging from the gas phase at 

60O°C, in 304L and 316L austenitic stainless steels induced 

noticeable degradation of mechanical properties, changes in fracture 

mode or morphology, and an increase in the amount of deformation 

martensite. The various changes in properties were revealed upon 

* 
Ben-Gurion University of the Negev, Beer-Sheva 
t In partial fulfillment of the requirements for a M.Sc degree, 
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post-treatment tensile testing in air at ambient temperature, SEM 

fractography and X-ray diffractometry. The degradation in mechanical 

properties was described quantitatively by a detailed examination 

of the entire range of uniform deformation. The relevant effects were 

ductility losses of the order of 30%, flow stress increases (hydrogen 

hardening) of the order of 7% (304L) to 10% (316L) at moderate and 

large strains, and a decrease in strain-hardening capacity of the 

order of 30% at moderate strains. The yield stress and UTS of both 

steels were little affected by hydrogenation and thus shown to be 

of doubtful value as criteria of hydrogen effects, when examined 

out of the context of overall plastic behavior. Strain-induced 

martensite was suggested to be the dominant factor in the behavior 

of the 304L steel. The large susceptibility to hydrogen effects 

shown by the 316L steel was considered in terms of Ni content, 

surface and geometry effects, as well as void growth. 

PLASTIC FLOW AND FRACTURE OF Ti-MODIFIED TYPE-316 AUSTENITIC STAINLESS 

STEEL AFTER HIGH TEMPERATURE AGING IN HYDROGEN 

M. Mark-Markowiten, Y. Rosenthal, A. Stern and D. Eliezer 

Design studies and early materials evaluation conducted over 

the last decade have led to the choice of type-316 austenitic stain

less steel (ASS) as a candidate material for the "first structural 
(I 2) 

vail" of fusion reactors ' . Small Ti additions are known to 

improve the performance of this steel under the expected operational 

conditions of the first wall. 

The objective of the present work was to study the influence 

of thermal aging in a hydrogen atmosphere on room temperature 

tensile properties and fracture of 316-Ti-ASS. Preliminary results 
(3) of this study were published elsewhere 

Tensile specimens, either annealed or annealed and 22% cold-

worked, were hydrogenated at 780 C, for aging times of 24, 96 and 

170 h. The H„ pressure was kept constant at 0.5 MPa-gage. Tensile 

ductility was tested in air at room temperature. 

Ben-Gurion University of the Negev, Beer-Sheva 
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Hydrogen-induced changes in tensile ductility, Ae, are summarized 

in Table 1. Table 2 shows the values of the strain-hardening exponent 

n, and the true plastic strain e marking the onset of stages 2 and 
Pi,3 

3 of the true stress - true strain curve in double log coordinates. 

The results suggest that the nature of the deformation mechanisms was 

affected by the presence of small amounts of hydrogen. 

Table 1 

Hydrogen effects on ductility, Ae, % 

Aging time 

Condition 

Annealed 

Cold worked 22% 

24 h 

Ae u 

-2.4 

Aef 

-5.2 

slight 
embrittlement 

19.1 12.1 

ductilization 

96 h 

Ae 
u 

10.3 

Aef 

13.3 

170 h 

Ae 
u 

17.1 

Aef 

10.1 

ductilization 

-6.5 -7.8 

slight 
embrittlement 

7.3 7.9 

reductilization 

Table 2 

Hydrogen effects on strain hardening 

Parameter n 

Condition Aging (96 h) 

Annealed 

Cold 
worked 22% 

H2 

Ar 

H2 

Ar 

0.094 

0.068 

0.037 

0.034 

n2 

0.234 

0.212 

0.104 

0.085 

n3 

0.376 

0.382 

0.208 

0.214 

e 
Pl,2 

8.5 x 10~3 

8.5 x 10~3 

8.2 x 10~3 

1.0 x 10~2 

p2,3 

6.5 x 10~2 

7.0 x 10"2 

4.0 x 10"
2 

4.3 x 10"2 

REFERENCES: 
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MECHANICAL PROPERTIES DEGRADATION OF HYDROGENATED AUSTENITIC STAINLESS STEEL 

I. Gil ad, Y. Katz and H. Mathias 

The influence of gaseous hydrogenation on the mechanical proper

ties of austenitic stainless steel (SS) was investigated over a wide 

range of temperatures from 77K to 1030K. A series of standard tensile 

specimens of types 304L and 316L SS was used to characterize the 

strength, ductility, structure stability and the mode of fractures. 

These specimens were strained at various temperatures and at a rate 

of 0.06 min . The influence of strain rate, and welding on the metals 

were also examined. Hydrogenated and non-hydrogenated specimens were 

compared during the course of the study. Hydrogen charging was carried 

out at 800 atm, 300K or 500K, and definite periods of time. 

The results show the existence of a temperature range between 

200K and 300K in which ductility decreases. Transgranular cracking 

and brittle fracture at complex stress regions are caused by hydrogen. 

Improvement of properties was observed at 77K. No detrimental proper

ties were detected at other temperatures. 

The relations between martensitic transformation, brittleness 

and degradation of the mechanical properties were considered. 

HYDROGEN EMBRITTLEMENT OF AUSTENITIC STAINLESS STEEL (ASS) LASER WELDS 
* 

F. Simca, A. Stern and D. Eliezer 

Preliminary results concerning the effects of cathodic pre-

charging on the microstructure, surface cracking, and mechanical 
(1 2) 

properties of ASS and TIG welds have been reported elsewhere ' 

In this work the effects of cathodic precharging on the tensile 

properties of 304L and 316L ASS laser welds were studied. 

The welds were made with a C0„ continuous wave laser system, 

1.5 kW, perpendicular to the rolling direction with a welding speed 

of 900 cm/min and an output energy of 600 W. 

Tensile specimens were machined from 0.2 mm thick sheet. The 

welds were located at the center of the specimens. Cathodic pre

charging was conducted for 48 h in 1-N H„S0, containing 0.25 mg/X. 

Ben-Gurion University of the Negev, Beer-Sheva 
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NaAsO„ under a current density of 100 mA/cm . The yield points 

(S at 0.2%), ultimate tensile stress (a ) , uniform elongation (£yTS), 

fracture stress (Sf) and elongation to fracture (ef) and an arbitrary 

parameter of the hydrogen induced property (AS) are summarized in 

Table 3. 

Table 3 

The effect of hydrogen precharging on the 
tensile parameters of 304L and 316L ASS 

Material 
condition 

Parameter 

S 0.2% (kg/mm2) 

2 
°UTS ^S/™ 1 > 

£UTS ( % ) 

2 
S (kg/mm ) 

ef (%) 

As received laser weld 

304L 

26.6 + 0.9 

66.5 + 1.0 

48.8 + 1.5 

65.6 + 0.5 

51.0 + 7.1 

316L 

28.4 + 0.1 

58.4 + 0.8 

33.9 + 3.2 

53.3 + 1.2 

34.3 + 2.7 

Laser weld, 48 h 
cathodic precharging 

304L 

24.2 + 3.4 

-

-

48.7 + 1.4 

22.0 + 0.9 

316L 

26.4 + 0.3 

-

-

52.8 + 3.2 

25.1 + 3.7 

AS (%) 

304L 

-8.9 

-

-

-25.7 

-56.8 

316L 

-6.8 

-

-

-1.0 

-26.9 

.„ Laser weld cath. prech. - Laser weld 1rir. 
AS = c , , x 100 

Laser weld 

It was concluded that laser weld specimens of 316L are consider

ably superior to 304L in an hydrogen environment. The relationship 

between the microstructure, tensile parameters and mode of fracture 

was considered. 

REFERENCES: 

1. Simca, F., Stern, A. and Eliezer, D., in: IA-1364, 1981, p. 124. 
2. Simca, F., Stern, A. and Eliezer, D., in: IA-1375, 1982, p. 111. 

TRANSITIONS IN FATIGUE PROCESSES AT LOW TEMPERATURE 

Y. Katz, A. Bussiba and H. Mathias • 

The fatigue crack propagation stage in AISI 4340 bcc material 

and AISI 304L austenitic stainless steel was studied. An electro-
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hydraulic closed loop set-up was utilized in order to establish the 

steady state fatigue crack propagation rates (FCPR) vs. the nominal 

stress intensity factor range (AK) at 77K and 298K. Pre-cracked 

compact tensile specimens were used, and the fatigue curves were 

determined from the near threshold up to the critical stress intensity 

factor. A preliminary study included the standard mechanical 

properties and the critical fracture toughness parameters at ambient 

and low temperatures. In fact, the selection of the mentioned 

materials permitted a comparative investigation with emphasis on the 

effect of the ductile-brittle transition (DBT) on FCPR curves. For 

a more complete picture the phase stability aspects in 304L 

(particularly at low temperatures) were added to this experimental 

s tudy. 

Microstrueture and fractographic studies were also performed in 

order to elaborate on metallurgical parameters, plastic zone dimensions, 

fatigue mode classification and the formation of induced martensitic 

phases. For the latter, X-ray diffraction was applied to uniform and 

fatigue specimens at the crack tip vicinity and fracture surfaces. 

The fractographic work was carried out by scanning electron microscopy. 

The modes along the FCPR curves were tracked with special attention 

to the low temperature behavior. 

The fundamental approach of normalized FCPR curves was emphasized. 

The nature of the DBT in fatigue processes was analyzed for low and 

relatively high stress intensity factor amplitudes, with an attempt to 

describe the important controlling parameters above and below the DBT 

temperatures. 

Experimental results were analyzed in terms of the proposed 

theoretical background and fatigue crack propagation laws. First, the 

more fundamental level, concerning fatigue processes and mechanisms 

below the DBT temperature, such as microcleavage, burst extension, 

crack nucleation and arrest stages were analyzed. Here, the plastic 

zone size, or the crack opening displacement, clearly represents the 

dominating parameter for the cumulative damage potential. Second, 

the results were evaluated in terms of design requirements, by taking 

into consideration crack growth control and life prediction methods. 
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THE REFLECTION OF WARM PRE-STRESSING ON THE LOW-TEMPERATURE FATIGUE CRACK 

GROWTH CURVE 

Y. Katz, A. Bussiba and H. Mathias 

The low temperature fatigue crack extension stage was studied 

in pre-cracked single edge notched specimens of AISI 4340 steel, with 

particular emphasis on steady state crack extension in tension-

tension fatigue and cyclic loading in conjunction with warm pre-

stressing (WPS) . The effects of WPS on the fatigue crack growth 

curve was demonstrated. Special attention was given to the cleavage 

fracture mode which actually dominates the typical features of the 

fatigue crack growth curve below the ductile-brittle transition (DBT) 

temperature. In AISI 4340 steel, which is characterized by DBT, the 

WPS affects the alternative fracture mode occurrence and may therefore 

alter the lower and upper bound values K , and KTf. , respectively. 

For a more complete view, comparison was made with low temperature 

fatigue behavior in 304 stainless steel. The experimental results 

at low temperatures were mainly interpretated in terms of a transi

tion in the cumulative crack tip damage process, induced by 

characteristic values of the stress intensity range amplitudes (AK). 

THE ROLE OF GRAIN BOUNDARIES IN THE STRESS CORROSION CRACKING OF SINGLE 

PHASE MATERIALS(1^ 

R. Plottel1" 

Although the phenomenon of stress corrosion cracking was 

recognized almost 100 years ago, and has been the subject of extensive 

research in the last 35 years, the mechanism involved is still not 

well understood and remains a major unsolved problem of corrosion 

research. This is due to the complex interplay of metal, interface 

and environmental properties. In this paper the literature since 

1950 is reviewed with regard to the role of the grain boundary in 

the stress corrosion cracking (SCC) of single phase materials. 

Submitted in partial fulfillment of the requirements for the 
MS degree in metallurgical engineering, Polytechnic Institute of 
New York, NY, U.S.A. 
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First, some of the theories advanced to describe the structure and 

character of the grain boundary are presented. The relevant general 

features of SCC, especially of alpha-brass, are then discussed. As 

there is very little experimental work reported specifically on the 

role of the grain boundary, the problem is considered in terms of the 

type of failure - intergranular or transgranular - and the factors 

influencing the path. Finally some of the many theories proposed to 

describe the mechanism of intergranular SCC are reviewed. Studies 

on transgranular SCC and reversion from intergranular to trans-

granular cracking are also reported. 

From this review it is evident that the role of the grain 

boundary in SCC of single phase materials has not been given much 

attention. Failure by stress corrosion cracking occurs intergranularly 

or transgranularly and most research has been directed at trying to 

explain what it is that influences the direction of the crack, but 

very little has been aimed at the nature, structure and behavior of 

the grain boundary under the influence of corrosive environment and 

stress. New ideas and experiments on grain boundaries per se have 

not been applied to, or incorporated into, research on SCC. 

In general there appears to be a need to simplify the 

problem by reducing the number of variables. Sophisticated experi

mental devices are now available which can provide new data on grain 

boundary structure and behavior, nature and types of surface films, 

morphology of cracks, and other features of SCC about which there is 

much to be learned. It is suggested that these findings be used to 

develop new theories and models, instead of continuing to relate to 

old models developed on the basis of less sophisticated work done in 

the past. 

REFERENCE: 
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PERCOLATION THEORETICAL TREATMENT OF TWO-DIMENSIONAL FRAGMENTATION IN 

SOLIDS(1)+ 

R. Englman, Z. Jaeger and A. Levi 

The fracture of solids was idealized as the formation of frag

ments by randomly distributed cracks on a network. A percolation 

problem in the post-critical regime was defined for the dual lattice 

of the network (Fig. 5) and a count of connected clusters was made 
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Fig . 5 

Normal and dual lattice for fragmentation problems. 
Left upper panel: Dual lattice of a regular square 

lattice obtained by a (-r, -x) displacement of the 
lattice sites. 
Left lower panel: Definition of the dual (sites and 
honds) for a general planar graph. 
Right panel: Relations between the fragmented lattice 
and its dual ("d-"). 
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to obtain the fragment distribution. For a two-dimensional material 

we compared the fraction of fragments whose size exceeds s with the 

h 
Mott distribution function, namely an exponential decrease with s . 

We found that high crack densities led to a faster decrease than this. 

Most experimentally observed exploding cylinders exhibit such behavior. 

In the asymptotic region of large sizes our results yielded an 

exponential drop in the number of fragments with size. 

REFERENCE: 
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FRACTOGRAPHY OF IRRADIATED NUCLEAR FUEL ELEMENTS 

A. Munitz, Z. Livne and C. Carlos 

Radiation effects in nuclear fuel elements were studied by 

fractography. Fuel elements were experimentally irradiated at various 

doses at the IRR-2. Irradiated as well as unirradiated elements were 

bent till fracture with a bending press. The fracture surfaces were 

examined by a standard replication technique. The structures reveal 

the same morphological zones as in standard tensile fractures. 

The crack origin zone (fibrous) appears near the fuel indent. 

The radial marks zone starts near the origin and covers about 2/3 

of the cross sectional area. The third zone (shear rupture) has a 

bump, sometimes 1 cm high. 

The crack origin zone is mainly brittle. As the crack propa

gates in the radial marks zone it becomes more ductile and turns 

entirely ductile at the bump top. Beyond the bump it becomes brittle 

again. Fractures from irradiated and unirradiated fuel elements 

exhibit structural differences in all three zones. 

FATIGUE CRACK PROPAGATION MECHANISMS IN POLYMERS 

A. Bussiba, Y. Katz and H. Mathias 

Polymers, which are known to be poor conductors of heat, are 

much more sensitive to the frequency of cyclic loading than metals. 

Two types of polymers were investigated in order to study the effect 
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of the frequency on the fatigue process, and to evaluate the fatigue 

crack propagation (FCP) behavior (information which is useful from 

an engineering viewpoint). 

An electro-hydraulic closed loop set-up was utilized. The steady 

state FCP rates vs. the nominal stress intensity factor range (AK) were 

determined at room temperature. The applied frequencies ranged between 

0.1 Hz and 80 Hz. Pre-cracked single-edge notched specimens were used. 

Fatigue curves were established from the near threshold up to the 

critical stress intensity factor. Mechanical properties and critical 

fracture toughness parameters were determined as well. 

Morphological features on the fracture surface were interpreted 

by means of optical and electron microscopic techniques. Here, atten

tion was paid to the fracture surface markings in order to determine 

whether crack growth occurs continuously or discontinuously. Experi

mental results were analyzed in terms of proposed theoretical back

ground and fatigue crack propagation laws. In addition, a special 

effort was made to identify the fatigue mechanisms. Finally, design 

requirements were outlined. 

THE MICROSTRUCTURE OF RAPIDLY SOLIDIFIED Fe-Cu ALLOYS 

A. Munitz and Z. Livne 

The impact of cooling rate on the microstructure of Fe-Cu alloys 

was investigated. A variety of solidification techniques was employed 

in order to achieve cooling rates of several orders of magnitude 

variation: (a) induction melting followed by melt dropping on water 
1 2 - 1 

cooled copper (cooling rates between 10 and 10 K sec ), (b) electron 

beam surface melting of iron covered with a thin Cu film (cooling 
3 5 - 1 

rates between 10 and 10 K sec ) , (c) Fe-Cu alloy resolidified molten 

pockets in explosive bonded Fe-Cu plates. 

The experimental results reveal an extension of copper solid 

solubility in iron. The cooling rates have a drastic influence on 

the microstructure. At cooling rates of 10 K sec a dendritic solidi

fication mode was observed, while at high cooling rates the iron has 

an acicular appearance and is embedded in a copper-rich matrix. The 

similarity of the microstructure of an electron beam surface melt and 
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that of a molten pocket in explosive bonded Fe-Cu plates suggests that 

cooling rates as high as 10 K sec could be effected during resolidi-

fication of molten pockets. 

ON THE H0M0GENIZATI0N PROBLEM IN SINTERED ALLOYS 

L. Levin and A. Stern 

In the present study a detailed analysis was made of the 

sintering process at temperatures at which one of the components is 

in the liquid state. Experimental results were obtained for the 

Fe-Cu system, containing different amounts of copper. The completion 

of the sintering process is accompanied by achievement of homogeneity 

in composition. The different stages of homogenization were observed 

by methods of optical microscopy, including interference techniques, 

hot stage metallography, scanning electron microscopy + EDAX and 

microprobe analysis. At small amounts of copper (up to 2 w/o) the 

process consists of the following stages: dissolution of iron in the 

liquid copper, covering of iron granule surfaces by liquid solution, 

penetration of Cu into the Fe matrix, dgration of the copper atoms 

towards a uniform distribution. At hignor amounts of copper the 

process is complicated by penetration of the liquid phase at the 

granular interfaces and along grain boundaries. It was shown that 

the duration of each stage of the process can be calculated by solu

tion of the diffusion equation, when the amount of copper, the 

geometrical characteristics of the powder and mode of penetration 

are known. The model used can be applied to any system with limited 

solubility of components. 

SILICON NITRIDE - FABRICATION, FORMING AND PROPERTIES (LITERATURE SURVEY)^ 

0. Yehezkel 

Based on a literature survey, this work gives a description of 

several methods for the formation of silicon nitride, and five methods 

of forming: reaction-bonded silicon nitride, sintering, hot pressing, 

Technion, Israel Institute of Technology, Haifa 
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hot isostatic pressing, and chemical vapor deposition. Data on 

mechanical and physical properties of silicon nitride and the relation

ship between the forming method and the properties are also included. 

REFERENCE: 

1. Yehezkel, 0., NRCN(LS)-015, 1983, in Hebrew. 

HOT ISOSTATIC PRESSING OF S i ^ WITH Y ^ ADDITIONS^ 

0. Yehezkel, Y. Gefen and M. Talianker* 

The effect of Y-O. additive on the properties of hot isostatically 

pressed (HIP) Si„N, was studied. The addition of a small amount of 

Y„0 is sufficient to form an intergranular liquid phase which promotes 

the densification of Si_N,. Figure 6a shows the increase in relative 
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density of Si0N. versus the 0-10 w/o Yo0_ addition. The effect of 
3 4 2 3 

Y„0, addition on the elastic moduli of Si_N, is seen in Fig. 6b. The 

elastic moduli increase systematically with the Y„0_ addition, at a 

rate which is much more rapid than the increase in density. This 

indicates that the elastic moduli are governed by the surface of contact 

between adjacent particles. The influence of different outgassing 

temperatures prior to the HIP on the density and the elastic moduli of 

the final material was considered. The HIP pure Si„N, consists of 

a-Si-jN B-Si-N and S i ^ O ; the phase content of the HIP Si3N, with 

10(w/o) Y_0, addition consists of B-Si,N, yttrium oxynitride, similar 

to Y,.(SiO, )_N, and traces of Y_Si_0 N.. The a->8 phase transformation 

was partial for pure Si^N, and complete for the specimens containing 

10(w/o) Y203-

REFERENCE: 

1. Yehezkel, 0., Gefen, Y. and Talianker, M., J. Mater. Sci. _1£, 745 
(1984) 

ELECTRICAL RESISTANCE AND AUGER ELECTRON SPECTROSCOPY CHARACTERISTICS OF 

INTERDIFFUSION IN GOLD-METAL BILAYER FILMS 

A. Munitz and Y. Komem 

Diffusion of Cu or Co through polycrystalline Au thin films 

in Au/Co and Au/Cu bilayer structures was studied by measuring change 

in electrical resistance and accumulation of Cu or Co on the outer 

surfaces via Auger electron spectroscopy. The mass transfer of both 

Cu and Co through Au was shown to be dominated by diffusion through 

the gold grain boundaries. Diffusion activation energies were 

obtained by the two methods and were compared with previously 

published data. The importance of electrical resistance measurements 

as complementary to the other method was demonstrated. 

Technion, Israel Institute of Technology, Haifa 
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A MICROSCOPIC THEORY OF GIANT ELECTRIC ISOVECTOR RESONANCES^1^ 
* 

N. Auerbach and A. Klein 

The electric multipole isovector (x = 1) giant resonances for 

AT = 0, ± 1 were studied using the self-consistent HF-RPA theory. The 

distribution of strength, energies, the isospin compositions and other 

properties of the J = 0 , 1 , 2 resonances in the Ca, Zr, Sn and 
208 

Pb regions were calculated. Sum rules for the charge-exchange 
AT = ± 1 excitations were derived. 
z 

REFERENCE: 

1. Auerbach, N. and Klein, A., Nucl. Phys. A 395, 77 (1983) 

TRANSITION DENSITIES FOR CHARGE-EXCHANGE COMPONENTS OF GIANT ISOVECTOR 

RESONANCES AND THE PROTON-NEUTRON DENSITY DISTRIBUTIONS IN N U C L E I ^ 
* 

N. Auerbach and A. Klein 

Sum rules that hold in the case of a self-consistent charge-

exchange random-phase approximation theory were used to derive transi

tion densities for the charge-exchange components of isovector giant 

resonances. The derived transition densities were then employed in a 
± 0 

calculation of (n , ir ) cross sections. 

REFERENCE: 

1. Auerbach, N. and Klein, A., Phys. Rev. C27_, 18 (1983) 

EXCITATION OF GIANT ELECTRIC ISOVECTOR RESONANCES IN PION CHARGE 

EXCHANGE REACTIONS^^ 

N. Auerbach and A. Klein 

Pion single charge-exchange reactions exciting giant electric 

isovector resonances were studied for a series of nuclei. The re

action mechanism was treated in the distorted-eave impulse approxima

tion. Emphasis was placed on the nuclear structure aspects probed in 

these reactions. Transition densities for charge-exchange excitation 

were calculated using the sum-rule method and microscopically, in the 

Hartree-Fock-random-phase-approximation framework. The resulting cross 

sections are sensitive to the nuclear structure input. Double differen-

* 
Tel Aviv University, Ramat-Aviv 
t 
Supported by the National Science Foundation and the United States 
Israel Binational Science Foundation, Jerusalem 
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tial cross sections as functions of the nuclear excitation energy 

were calculated. 

REFERENCE: 

1. Auerbach, N. and Klein, A., Phys. Rev. C _28, 2075 (1983) 

PROBING THE MICROSTRUCTURE OF THE GDR IN Pb-208 

Z. Berant, S. Kahane* R. Moreh and 0. Shahal 

The highly monochromatic photons generated by the Ni(n,y) 

reaction using thermal neutrons were used to probe the micro-
208 

structure of the giant dipole resonance (GDR) in Pb. This 

was done by measuring the differential scattering cross section 
208 

of photons from a 50 g isotopic target of Pb. The photon 
4 6 

beam intensity on the target position varied between 10 and 10 
2 

photons/cm -sec depending on the particular Y line, and was obtained 

by placing metallic nickel discs near the core and along a tangential 

beam tube of the reactor. The effective resolution of the present 

measurement is ^ 25 eV which is the typical width of a Y line at 

around 10 MeV. This width or energy spread is primarily caused by 

the thermal Doppler broadening of the Y-emitting Ni isotope. The 

Ni(n,Y) photon source contained, apart from the known 8999 keV y 

line, another two lines at 10055 and 11388 keV originating from the 

Ni(n,y) reaction . The energy of the last two lines happened 

to almost coincide with the peaks of the known small bumps occurring 
208 

at the low-energy tail of the GDR in Pb. These anomalous bumps 
( o / \ 

were studied in the past using the (e,e') and the (Y,n) reactions 
(5) 

They were also studied using the (Y,Y') reactions with an energy 

resolution of AE ^100 keV. It is thus of interest to compare those 

earlier (Y>Y') results with the present high resolution measurements. 

In particular, we found that the scattered radiation at 10055 and 

11388 keV is a pure dipole, as evidenced by measuring the scattered 

ratios at 90 and 145 . The scattered radiation at 8999 keV contained 

an appreciable contribution from Delbruck scattering and hence modified 

the expected intensity ratio for a pure dipole. Further, the measured 

elastic differential cross section at 10055 keV was higher, while that 

at 11388 was lower than that reported in the low-resolution (Y,Y') 
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data . These fragmentary data indicate, beyond any doubt, that the 

relatively narrow resonances occurring at the low-energy tail of the 
(4 5) GDR ' involve an underlying fine structure which requires a detailed 

high resolution (Y»Y?) measurement to resolve. 

REFERENCES: 

1. Moreh, R. and Bar-Hoy, T., Nucl. Instrum. Methods 105, 557 (1972) 
2. Kuhner, G. et al., Phys. Lett. B 104, 189 (1981). 
3. Sherman, N. K., Ferdinande, H. M., Lokan, K. H. and Ross, C. K., 

Phys. Rev. Lett. _35_, 1215 (1975). 
4. Veyssiere, A., Beil, H., Bergere, R., Carlos, P. and Lepretre, A., 

Nucl. Phys. A 159, 561 (1970). 
5. Starr, R. D., Axel, P. and Cardman, L. S., Phys. Rev. C 25, 780 

(1980). 

INTERFERENCE BETWEEN RAYLEIGH, DELBRUCK, AND NUCLEAR RESONANCE SCATTERING 

PROCESSES^^ 

S. Kahane, R. Moreh and 0. Shahal 

The forward scattering cross section at 8 = 1 and 1.7 of 

E = 4 - 10 MeV monoenergetic photons from Pb and Bi targets was 

measured. The photon beam was obtained from the Fe(n,y) reaction. 

The elastic cross section at such angles, being dominated by Rayleigh 

and Delbruck scattering processes, was measured relative to the 

Compton cross section. The fact that one of the y lines of the 
208 

Fe(n,y) reaction happens to overlap the 7.28 MeV level in Pb, 

yielding a strong nuclear resonance fluorescence signal, enabled us 

to observe, for the first time, an interference effect with the 

Rayleigh and Delbruck scattering processes. A theoretical expression 

of the nuclear resonance scattering amplitude for the specific case 

of the random photoexcitation process was derived. The interference 

effect of this latter process with Rayleigh and Delbruck scattering 

was calculated and excellent agreement with measured values was 

obtained. 

REFERENCE: 

1. Kahane, S., Moreh, R. and Shahal, 0., Phys. Rev. C28, 1519 (1983) 
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RELIABILITY OF RESONANCE-AVERAGED NEUTRON-CAPTURE MEASUREMENTS^1" 

S. Raman , 0. Shahal, M. J. Kenny and R. E. Chrien 

In this work we showed that well established levels (within a 
146 limited spin range) in Nd below 2.2 MeV are indeed populated by 

primary transitions in '2 keV neutrons' resonance averaged capture 

(RAC) measurements. Therefore, an apparent failure to identify crucial 

levels in Nd from previous 'reactor neutrons* RAC measurements is 

not a valid basis for questioning the general reliability of the RAC 

method for level identification. 

REFERENCE: 

1. Raman, S., Shahal, 0., Kenny, M. J. and Chrien, R. E., 
J. Phys. G9, L137 (1983) 

GAMMA-GAMMA ANGULAR CORRELATION STUDIES FOR 1 4 2 C e ^ ' t + 

A. Wolf, C. Chung , W. B. Walters , R. L. Gill , M. Shmid , 

R. E. Chrien and G. Peaslee 

142 
Gamma-gamma angular correlations for several cascades in Ce 

were measured using a four-detector system. The experiment was 

performed using the TRISTAN fission product separator at Brookhaven 
(2) 

National Laboratory. In a recent publication the level at 
142 + 

1219 keV in Ce was assigned 2„ in disagreement with a previous 
+(3) 142 

assignment of 41 . This would indicate that Ce is completely 

different from any known nucleus in the same region. The results 

of the present experiment, however, are completely consistent with 

a 4. assignment for this level, and are in agreement with systematics 
+ 

of 4 levels in neighboring nuclei. 
REFERENCES: 
1. Wolf, A. et al., Phys. Rev. C28_, 352 (1983) 
2. Michelakakis, E. et al., J. Phys. G8, 111 (1982) 
3. Basinger, G. T., Schick, Jr. W. C. and Talbert Jr., \J. L. 

Phys. Rev. Cll, 1755 (1975) 

^Oak Ridge National Laboratory, Oak Ridge, TN, U.S.A. 
AAVtBrookhaven National Laboratory, Upton, NY, U.S.A. 
*aafcUniversity of Maryland, College Park, MD. U.S.A. 

SUNY at Stony Brook, Stony Brook, NY, U.S.A. 
This work was performed at Oak Ridge National Laboratory, 

f+0ak Ridge, TN, U.S.A. 
This work was performed at Brookhaven National Laboratory, 
Upton, NY, U.S.A. 
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MAGNETIC MOMENTS OF 2^ STATES AS A PROBE OF THE EFFECTIVE PROTON BOSON 

NUMBER^ 1^t 

A. Wolf, Z. Berant, D. D. Warner , R. L. Gill? M. Shmid , R. E. Chrien , 
~icjc 'ft'k'Je 'Jcie'Je TfcSb^t "frJcJcJC 

G. Peaslee , H. Yamamoto , J. C. Hill , F. K. Wohn , C. Chung 

and W. B. Walters 

The g-factors of the 2. states in ' Ba were measured using 

the perturbed angular correlation method. The values obtained are 

g(2*) = 0.34+0.05; 0.28±0.07 for 144Ba and 146Ba respectively. These 

results were combined with existing experimental data for the neutron-

rich Nd, Sm and Gd isotopes and considered in the framework of the 

neutron proton interacting boson model. It was found that the assump

tion of a drastic change in the effective proton boson number around 

N = 88 allows all the results to be explained in a simple framework 

involving constant values of the boson g-factors. 

REFERENCE: 

1. Wolf, A. et al., Phys. Lett. 123B, 165 (1983) 

PROPOSED DIRECT pR MEASUREMENT BY CHARGED PARTICLE ACTIVATION^1* 

A. D. Krumbein, Y. Paiss, H. Zmora and M. Rosenblum 

It is proposed to measure the compressed fuel areal density 

(pR) in ICF targets by the absorption of fusion charged particles in the 

target shell material forming a detectable radionuclide. Several 

such reactions suggest themselves though, in general, reactions with 

light elements such as Li, Be and B appear to be most suitable. 

While 14 MeV neutrons escape almost completely from low to moderately 

compressed pellets, the charged particle spectrum reaching the pellet 

outer wall is strongly dependent on the fuel pR. Thus, the ratio 

of the charged particle reaction products to the number of detected 

neutrons is a univalent function of pR. Calculations were performed 

for a D-T pellet surrounded by a wall of lithium silicate and the 

ratio of Li(p,n) Be reactions to the number of fast neutrons was 

* 
^Brookhaven National Laboratory, Upton, NY, U.S.A. 

AA^SUNY at Stony Brook, Stony Brook, NY, U.S.A. 
^AAAIowa State University, Ames, IA, U.S.A. 

.University of Maryland, College Park, MD, U.S.A. 
This work was performed at Brookhaven National Laboratory, 
Upton, NY, U.S.A. 
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obtained as a iunction of pellet pR. The results show a strong 

dependence of this ratio on pR for pR values of 0.01 to 2.0. The 

results are somewhat dependent on fuel ion temperature. 

REFERENCE: 

1. Krumbein, A. D., Paiss, Y., Zraora, H. and Rosenblum, M., 
Bull. Amer. Phys. Soc. ̂ 8 , 1151 (1983) 

NEUTRON YIELDS FROM URANIUM-FLUORINE COMPOUNDS^ 

Y. Boneh, S. Goshen, Z. Karpas, 0. Shahal and A. Wolf 

In the production of uranium fuel rods, uranium metal is 
(2) 

prepared from UF, by reduction with magnesium or calcium . The 

presence of oxygen, particularly in the form of uranyl fluoride, 

may interfere with this process, due to the formation of alkaline 

earth oxides. A simple way for nondestructive assay (NDA) of UF, 
4 

and other uranium compounds, such as U0„F„, may be of use in the 
production process. This can be achieved by monitoring the 

(3) neutrons emitted by these compounds 

Simple rapid NDA methods have been devised for the verifica-
(4 5) 

tion of the UFfi content of cylinders, using neutron counting ' 

Walton et al. reported the neutron yield from UFfi, resulting from 
19 22 238 

the F(a,n) Na reaction and from spontaneous fission of U, 
as a function of the quantity and isotopic composition of the 

(4) 
compound . Clearly, neutrons are expected to be emitted through 

(a,n) reactions also from other uranium-fluorine compounds. The 

number of neutrons emitted may vary from one compound to the other, 

due to the differences in the "stopping power" of the atoms involved 

and in their (ct,n) productivity. An accurate knowledge of the 

neutron yields from such compounds should supply an NDA method for 

quantitative assay, or even to detect the presence of one compound 

within the other. Furthermore, experimental verification of the 

number of neutrons emitted from other uranium-fluorine compounds, 

besides UF , is expected to give more data with respect to the 
(5) 

specific yields of the (a,n) neutrons 

The neutron yield from (a,n) reactions, in a given compound, 

depends on the number of alpha particles, on the reaction cross 

section, and on the "stopping power" of the compound. 
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Table 1 lists the calculated neutron yields from several natural 

uranium compounds. The yields are given per one-kg content of uranium 

in the compound, and include the neutrons resulting from the spontaneous 

fission (15 sec kg ). In Table 2 the calculated and measured neutron 

yields from U, UO , UO F , and UF, are compared. As absolute yields could 

Table 1 

The calculated neutron yield of some 
compounds of natural uranium, in
cluding the spontaneous fission 

Compound 

UF6 
UF5 

UF4 
UF3 

U02F2 

uo3 

U 

Neutron yield 

[neutrons.sec .kg(U) ] 

59.07 

56.10 

52.27 

47.31 

34.2 

15.4 

15 

Table 2 
The neutron yield of some 
natural uranium compounds, 

relative to UF, 

Compound 

U 

uo3 

U02F2 

UF4 

Relative yield 

measured 

0.32+0.02 

0.31±0.02 

0.65+0.03 

1.00 

calculated 

0.287 

0.295 

0.654 

1.00 

not be measured with the simple apparatus used ( He detector housed 

in a specially designed paraffin block), the results are given relative to 

UF,. Table 2 demonstrates good agreement between the measured and 

calculated neutron yields. The same method of calculation can, 
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therefore, confidently be used to predict neutron yields from other 

compounds, for which experimental data are not available. 

REFERENCES: 

1. Boneh, Y., Goshen, S., Karpas, Z.. Shahal, 0. and Wolf, A., in: 
Proceedings of the 13—emes Journees des Actinides, Eilat, Israel, 
April, 1983, p. K-2, and Nucl. Sci. Eng., in press. 

2. Briggs, G. G., Reduction of UF4 to metal at the FMPC, NLCO-1169 
(Spec), National Lead Co. of Ohio, Cincinnati, OH, U.S.A., 1981. 

3. Shaw, R. S. T., J. Radioanal. Chem. 64, 337 (1981) 
4. Walton, R. B., Reilly, T. D., Parker, J. L., Menzel, J. H., 

Marshall, E. D. and Fields, L. W., Nucl. Technol. _21, 133 (1974) 
5. Sampson, T. E., Nucl. Sci. Eng. _54_, 470 (1974) 

MODEL FOR IDENTIFICATION AND QUANTITATIVE ANALYSIS OF MATERIALS BY X-RAY 

FLUORESCENCE 

D. Segal1" 

X-ray fluorescence (.XRF) is today an accepted method for the 

quantitative analysis of materials, based in many cases on calibra

tion curves obtained by measuring standard samples, and correction 

procedures. Theoretical models for the estimation of characteristic 

X-ray intensities from multi-element samples are not complete, since 

not all photon transport processes are expressed. In this study, a 

model for calculating the energy spectrum of photons reaching the 

detector in a practical, X-ray or gamma excited XRF system was de

veloped and tested. The model simulates all principal transport 

processes in the entire measurement system for complex three-

dimensional geometries. It is a powerful tool for the optimization 

of design parameters, and the estimation of sensitivity and detection 

limits for various elemental compositions. 

The model is based on a multigroup Monte-Carlo neutron-photon 

transport code, MORSE , originally developed for nuclear reactor 

calculations, and a photon multigroup cross section generating code, 
(2) 

DINT . Both were modified and extended to include production of 

all relevant characteristic X-rays. The energy spectrum of photons 

reaching the detector is presented-as group averages for the scat

tered photons, plus line intensities of each relevant characteristic 

X-ray. 
_ . 
This work was done as partial fulfillment of the requirements for the 
degree of Doctor of Science, Technion Israel Institute of Technology, 
Haifa. 
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To test the model, an actual measurement system was simulated. 
241 2 

The system included a 5 mCi annular Am source, a 30 mm x 3 mm thick 

Si(Li) detector placed in a cryostat having a 0.05 mm thick beryllium 

window and cooled by liquid nitrogen. Comparison of the model results 

for scattered and XRF fluxes from various samples with experimental 

results showed agreement within 20%. This accuracy is sufficient for 

system optimization and preparation of measurement procedures. The use 

of more accurate cross sections and longer computation time should narrow 

down the uncertainty of the model results. 
REFERENCES: 
1. Straker, E. A., Stevens, P. N., Irving, D. C , Cain, V. R., 

ORNL-4585, 1970. 
2. Adams, K. G., Biggs, F., Renken, J. H., RS1C SC-RR-72-0684, 1972. 
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CHROMIUM FORMYL COMPLEXES IN AQUEOUS SOLUTIONS'1" 
- * • 

H. Cohen, D. Meyerstein, A., Shusterman and M. Weiss 

The radical *CH(OH) (which is produced by the reaction of 

hydroxyl radicals, OH, with hydrated formaldehyde) reacts with 

chromous ions in aqueous solutions to form a complex with a chromium 
2+ 

carbon bond. The specific rate of formation of (H 0) ,_CrCH(OH)„ 
8 —1 —1 

is 1.0x10 M s in acidic solutions. The latter complex in 

acidic solutions has a spectrum with X = 305 ia (E=2300 M cm ) 
r , max 

and a shoulder at 375 nm (e=410 M cm - 1). In acidic solutions 

pH 1.0, and 0.1 M CH (OH)2, (l^O^Cr-CHCOH)^ or C^O) Cr-CH0
2+, 

whichever is the intermediate observed, decomposes in a pseudo 

first order process with k = 0.034 s . At pH 6.0 the formation 
2+ 

of (H 0) Cr-CH(0H)„ is followed by two consecutive reactions 2 - 1 obeying pseudo first order rate laws, with k = 1.5x10 s and 

k = 0.35 s , respectively. The first reaction is probably the 

dehydration reaction (H 0) Cr-CH(0H)2
+ -»- (H 0) Cr-CH02++H 0 as 

the spectrum of the second intermediate indicates that the chromium-

carbon bond is kept intact. In the second reaction the chromium-

carbon bond decomposes yielding chromium(III) . Carbon monoxide 

is a final product at both pH values though no dihydrogen is 

observed. The mechanism of decomposition was considered. 

OXIDATION OF TERVALENT URANIUM U ^ BY FREE RADICALS IN AQUEOUS SOLUTIONS1* 

H. Cohen, D. Golub and D. Meyerstein 

Tervalent uranium is a strong reducing reagent, 

e, (U /U ) = -0.63 V vs NHE, and has been used extensively as 
*£ 
an outer sphere electron reducing reagent in aqueous solutions. 

3+ The specific rates of oxidation of U in 0.5 M HC10. by OH, 
- - - a<* 4 8 

Cl2, Br2, I2, (SCN)2, -CH2C02H and -CH(CH3)C02H are 4.1x10 , 

4.2xl09, 3.4xl09, 1.2xl09, 1.4xl09, 1.2xl08 and 2.1xl07 M""1s_1. 

respectively, The oxidations by the X~ radicals proceed 

This study was supported in part by the U.S.-Israel Binational 
Science Foundation, Jerusalem. 

* 
Ben-Gurion University of the Negev, Beer-Sheva 
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via a short-lived intermediate, thus indicating a bridged mechanism. 

The same mechanism probably describes the oxidation by the 'CH(R)CO„H 

radicals which are poor outer sphere oxidants. Two mechanisms have 

been suggested for the oxidation of aquo complexes by hydroxyl 

radicals: the bridged mechanism and hydrogen abstraction from one 

of the aquo ligands. The present results seem to indicate that 
3+ 

the U is oxidized via the bridged mechanism, i.e. the OH pene-
aq 

trates the inner coordination sphere of the central cation. 

THE MECHANISM OF HYDROLYSIS OF THE ALKYL-CHROMIUM(III) BOND IN AQUEOUS 

SOLUTIONS1" 

A. Rothman , H. Cohen and D. Meyerstein 

Recently it was reported that the kinetics of hydrolysis 

of the metal-carbon bond in the complexes (edta) Cr(III)-CR R„OH , 

where R, »R9 = H or CH„, obeys the rate law 

d[(edta)Cr(III)-CR R 0H~2] 

dt = [kH 0+kH 0
+]xtCedta)Cr(III)-Cr1R2OH

_Z] 

The fact that the specific rate constants k^ n are identical 

^ 2 ° to those reported for the analogous hydrolysis reaction of the 
2+ 

(H.O) Cr(III)-CR R„OH complexes, though the free energy gain in 

the former reactions is larger, was interpreted as suggesting that 
2+ 

the hydrolysis reaction of (H 0) Cr(III)-CR R OH involves the 
(2) 

participation of the cis H O ligand . We measured the kinetics 

of hydrolysis of [N(CH2C02)3]Cr(III)(H20)-C(CH3)2OH~ and found that 

the rate of reaction is pH independent between pH 4.0 and 7.0 and 
2+ 

that k^ _ is identical to that reported for (H 0) Cr(III)-C(CH ) OH 

and (edta)Cr(III)-C(CH3) 0H~ . This result clearly indicates that 

the cis H„0 ligand has no major role in the hydrolysis process. 
(3) Furthermore, as trans acetate ligands enhance the rate of hydrolysis 

it is suggested that the -Cr R.OH ligand is trans to a tertiary 

f 
This work was supported by the U.S.-Israel Binational Science 

Foundation, Jerusalem. 
A 
Ben-Gurion University of the Negev, Beer-Sheva 
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nitrogen in (edta)Cr(III)-CR1R2OH
2" and [N(CH2C02)3]Cr(III) ( H ^ - C R ^ O H " 

REFERENCES: 

1. Ogino, H., Shimura, H. and Tanaka, N., Inorg. Chem. 2^, 126 (1982) 
2. Espenson, J. H., Advances in Inorganic and Bioinorganic Mechanisms, 

Vol. 1, Academic Press, London, 1982, p. 1. 
3. Cohen, H. and Meyerstein, D., Inorg. Chem., in press. 

A MECHANISTIC STUDY OF THE B-HYDROXYL ELIMINATION FROM 

{(H20)5Cr-CH2C(CH3)20H}
2+ IN AQUEOUS S0LUTI0N+ 

H. Cohen, D. Meyerstein, A. J. Shusterman and M. Weiss 

The alkyl chromium complex, {(H 0) Cr-CH C(CH ) 0H} 2 + A., 

undergoes a rapid rearrangement to another organochromium species, 

B_. This second species, B_, decomposes at a lower rate generating 

isobutene and chromium(III). When the overall conversion of 

A -*• B -*• isobutene is carried out in deuterated media, the isobutene 

obtained is found to contain deuterium at the natural abundance 

level only. This result is inconsistent with any mechanistic 

proposal involving generation of isobutene via protoanalysis of 

a chromium-carbon bond. Rather,it is proposed that the metastable 

species B_ is the unusual electron-deficient alkene chromium 

complex, {(H20)Cr(CH2 = C(CH3)2)}
3+. 

EFFECT OF pH AND ACETATE ON THE RATE OF HYDROLYSIS OF THE CHROMIUM-

CARBON BOND IN a-h'YDROXYALKYLCHROMIUM(III) COMPLEXES 

H. Cohen and D. Meyerstein 

The kinetics of the hydrolysis of [(H20) CrC(CH ) OH]
 + in 

the pH range 0.0 - 5.6 was reported in this work. The results 

indicate that the hydrolysis reaction is faster for 

[(H„0)„ (OH) CrC(CHn)„0H]
2"n. Furthermore the rate of hydrolysis 

^ 5_n n 3 2 

of [H20)5CrCR1R-0H]
2+ is accelerated by acetate anions. The 

mechanistic implications of these results were considered in detail. 

This study was supported in part by the United States-Israel 
Binational Science Foundation, Jerusalem 

i: 
Ben-Gurion Universi ty of the Negev, Beer-Sheva 
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LIGAND METAL INTERRELATIONSHIPS. PART II. THE EFFECT OF THE CHANGE 

FROM SQUARE PLANAR TO OCTAHEDRAL COORDINATION ON THE pKa OF THE LIGAND 

IN UNSATURATED TETRAAZA-MACROCYCLIC NICKEL COMPLEXES. A PULSE RADIO-

LYTIC STUDY1" 
•k * 

H. Cohen, M. Nutkovich , D. Meyerstein and A. Shusterman 

The pKa for the ligand in the nickel complexes with 11-methyl 

13-trifluoromethyl-l,4,7,10 tetraazacyclotrideca-10,13 diene are 

0.84 and 5.1 for the di- and tervalent complexes, respectively. 

This unexpected result stems from the special stabilization of 

the HOMO of the IT system of the deprotonated ligand by interaction 

with the 4p orbital of the nickel in the planar divalent complex 

which is much weaker in the octahedral tervalent complex. 

CHEMICAL PROPERTIES OF WATER SOLUBLE PORPHYRINS. PART 5.THE REACTION 

OF A PICKET FENCE IRON(III) COMPLEX WITH THE SUPEROXIDE OXYGEN COUPLE. 

M. Faraggi, P. Peretz and D. Weinraub 

Solution properties of the iron(III) "picket-fence" 

porphyrin Fe(III)-a,a,a,6 -tetra-ortho (N-methyl isonicotinamido-

phenyl) porphyrin (Fe(III)PFP) were investigated. These were acid/ 

base properties with a pK of 3.9, aggregation (formation of dimer 
-10 a 

with K = 1x10 ), complex formation with cyanide ions and 1-methyl 

imidazole (l-Melm), spectral properties of the three iron prophyrin 

complexes in their ferric and ferrous forms, and one electron reduc

tion potential of these complexes. 

The reactions of the ferric complexes, aquo, dicyano and 

bis (l-Melm), with the superoxide radical and other reducing radicals 

were then studied using the pulse radiolysis technique. The second-

order reaction rate constant of 0? with the iron (III) aquo complex, 

which governs the catalytic efficiency of the metalloporphyrin upon the 

disproportionation of the superoxide radical was 7.6x10 M s , two 

orders of magnitude faster than the reaction of each of the other 

complexes. The reduction of other radicals with all iron(III) com

plexes had similar second-order rate constants (10 to 10 M s ). 

t 
This study was supported in part by the United States-Israel 
Binational Science Foundation, Jerusalem 
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Ben-Gurion University of the Negev, Beer-Sheva 
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The reduction reaction In all cases produced Fe(II)PFP and no intermediate 

(a metalsuperoxide complex) was found. The oxidation reaction of Fe(II)PFP 

by 0_ was one order of magnitute faster when compared to the reduction of 

Fe(III)PFP with the same radical. Since the reactivity of 0_ toward the 

three Iron(IIl) porphyrin complexes follows their reduction potential, it 

is suggested that these reactions are governed by an outer-sphere mechanism. 

The reactions of the Fe(II)PFP complexes with dioxygen were also studied. 

The aquo complex was found to be first order in CL and second order in 

Fe(II)PFP, suggesting the formation of a peroxo Fe(lII) porphyrin as an 

intermediate. The intermediate formation was corroborated by evidence 

of the CO binding reaction to the aquo complex of Fe(II)PFP. Other com

plexes reacted very slowly with dioxygen. This may reflect the inability 

of these reduced iron complexes to incorporate dioxygen in their coordina

tion sphere. 

ELECTROCHEMICAL BEHAVIOR OF WATER IN IMMOBILIZED SALT ELECTROLYTES. PART I. 

ELECTRICAL CONDUCTIVITY AND THERMAL MEASUREMENTS 

R. Parash, F. Broitman, U. Mor, D. Ozer and A. Bettelheim 

The meaning of moisture content of a pelletized LiCl-KCl-MgO 

mixture was considered in terms of different states of interaction 

in which water may exist in the specimen. According to electrical 

conductivity measurements, differential thermal analysis and 

thermogravimetric experiments in the ambient to =400 C range, water 

comes off the pellet by an endothermic process that involves the 

migration of water to the surface of the pellet where it vaporizes 

(25 $ T $ 130 C). Exothermic reactions involving oxide ions and 

traces of water and hydrogen chloride are suggested in the 130-250 C 

range, followed (T > 250 C) by a hydrolytic and endothermic reaction 

which converts chloride ions to hydroxide ions and hydrogen chloride. 

SEPARATION OF ISOTOPES BY ELECTROCHEMICAL PARAMETRIC PUMPING - A THEO

RETICAL STUDY 

Y. Oren and A. Soffer 

Electrochemical parametric pumping is a novel separation process 

in which cycles of reversible electrochemical processes on high surface 
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area electrodes are conducted in synchronization with cycles of solution 

flow through the separating column. In the present work, isotope separa

tion by electrochemical parametric pumping was studied theoretically. 

The proposed model is based on the similarity between parametric pumping 

and counter current processes and on the division of the separating 

column to "cells" when dispersion processes are neglected. Steady state 

isotopic concentration gradients were calculated and process optimization 

was performed with respect to system parameters such as the fraction of 

the isotopes bound to the electrode, the solution displacement volume and 

the fraction of the isotopes withdrawn as product. The model may also 

be applicable to other types of parametric pumping. 

THE EFFECT OF SURFACE POLARITY AND PORE DIMENSION ON THE ADSORPTION OF POLAR 

MOLECULES ON ACTIVATED CARBON CLOTH 

J.E. Koresh, A. Soffer and H. Tobias 

The adsorption of cyanogen chloride on carbon cloth activated to 

various degrees was studied. At intermediate activation time, maximum 

adsorbent-adsorbate interaction is manifested, corresponding to a fit 

of the pore size to the dimension of the adsorbate molecule. Comparison 

of the maximum interaction effect of this highly polar molecule with that 

of nonpolar molecules and with water shows that, unlike the polar and 

hydrogen bonding water molecule, only minute clustering occurs with 

cyanogen chloride at the pore size that corresponds to maximum inter

action. Carbons enriched with surface oxygen groups bring about slightly 

smaller pore size of maximum interaction, as compared with oxygen depleted 

carbon. The effect is attributed to greater dipole-dipole interaction 

with the polar surface. The possibilities of optimizing adsorption 

isotherms and estimating the average ultramicropore size by utilizing 

the maximum interaction effect were considered. 

It was found that the pore size of maximum interaction provides 

an estimate of the average pore size of the molecular sieve carbon 

which, quite probably, cannot otherwise be obtained, while the mole

cular sieving effect discussed in previous papers may serve to 

assess the pore constriction or aperture dimensions of the molecular 

sieve. 

REFERENCE: 
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2457 (1980); ibid 2472; ibid 77̂ , 3005 (1981) 
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CHEMISORPTION OF HALOGEN ON CARBONS. PARTI. STEPWISE CHLORINATION AND 

EXCHANGE OF C-Cl WITH C-H BONDS 

H. Tobias and A. Soffer 

The amount of HC1 released in the stepwise chlorination of 

carbons at 400 C can be interpreted by assuming that saturation of 

olefinic bonds by chlorine is the most preferred reaction. This is 

followed by exchange with C-H bonds and, lastly, by slight dehydro-

genation of the adsorbent, yielding HC1 and olefinic bonds. High 

temperature chlorination-hydrogenation cycles may be performed many 

times to a depth of 3.4 mg/g without appreciable weight loss or 

change in pore structure of the carbon. 

THE ELECTRICAL DOUBLE LAYER OF CARBON AND GRAPHITE ELECTRODES. PART I. 

DEPENDENCE ON ELECTROLYTE TYPE AND CONCENTRATION^ 

Y. Oren, H. Tobias and A. Soffer 

The electrical double layer capacity per unit of the true 

surface area of graphitized carbon cloth and carbon black was investi

gated under various conditions. It was found to be independent of 

the type and valency of cations and anions as long as these are not 

specifically adsorbed. It was also independent of concentration 

and did not show the typical deep minimum at low concentrations. 

The only feature observed in the capacity-potential curve is a flat 

minimum. In order to interpret the results, surface heterogeneity 

and the existence of localized H electron states at the outer gra

phitic layer of the electrode had to be assumed. 

REFERENCE: 

1. Oren, Y., Tobias, H. and Soffer, A., J. Electroanal. Chera.. 
162, 87 (1984) 

NEW DEVELOPMENTS IN THE TECHNOLOGY OF URANIUM RECOVERY FROM PHOSPHORIC 

ACID 

Z. Ketzinel, Y. Volkman, M. Hassid, Y. Melamud, A. Elbaz, M. Pasi, 

M. Abda, Y. Toor, M. Azaria, M. Gafnir, V. Amsalem and M. Barak 

In continuation of work presented previously on the 

recovery of uranium from phosphoric acid, it was found that the 
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most promising development is based on ion exchange. Newly developed 

ion—exchange resins, some of them commercially available, were used. 

The basic flow-scheme of the process is very simple. Reduced uranium 

ions (U ) are loaded selectively from the "wet-process" phosphoric 

acid (WPA) medium on a suitable ion-exchange resin bed. It is then 

eluted with a solution of ammonium carbonate, and precipitated by 

partial evaporation of the rich eluate solution. 

Following extensive laboratory and bench-scale tests with fresh 

industrial phosphoric acid, a pilot-plant adjacent to the phosphoric 

acid plant of Rotem Fertilizers Ltd. was constructed for process 

demonstrations and for evaluation of optimal design parameters on 

a semi-industrial scale. 

Preliminary cost estimates of a full scale plant have been 

carried out for typical Israeli conditions. The estimated figures 

represent a reduction of almost 50% in both investment and 

operating costs, as compared to solvent extraction uranium recovery 

processes, of similar size plants. 

REFERENCE: 

1. Ketzinel, Z., et al. in: IA-1386, 1983, p. 156. 

ELECTROCATALYTIC REDUCTION OF DIOXYGEN BY COBALT TETRA (4-NN'N"-

TRIMETHYLANILINIUM) PORPHYRIN 

D. Ozer, R. Parash, F. Broitman, U. Mor and A. Bettelheim 

The cobalt-tetra(4-NN'N" trimethylanilinium) porphyrin 

(CoTMAP) was studied in aqueous solutions using cyclic voltammetry, 

differential pulse voltammetry as well as the RRDE and spectro-

electrochemical methods. The Co /Co TMAP couple dissolved in 

0.1N H„SO. has a redox potential of +0.14V. The X of the Soret 
2 4 III II m a x 

band is 427 and 412 nm for Co and Co TMAP, respectively. The 
rate constant for the reaction between Co TMAP and dioxygen in 

0.1N H„SO, was estimated to be 3x10 M_1s_1. The CoII:[TMAP has 
I 4 

been found to adsorb at monolayer levels on glassy carbon surfaces 

and to have a catalytic effect on dioxygen electroreduction in 

aqueous solutions. This catalytic effect is strongly dependent 
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on electrolyte pH. The overvoltage of 0_ reduction is reduced by 

insignificant amounts of H„0„ are produced at pH 1 while an 

Lt 

at pH 8. 

overvoltage decrease of 300 mV and a H O yield of 70% are observed 

HYDROGEN TRANSFER REACTIONS CATALYZED BY SUPPORTED TRANSITION METAL 

COMPLEXES^^ 

J. Azran+ 

Chlorocarbonyl bis(triphenylphosphine) iridium(I) was reacted 

with diphenylphosphine anchored to a 2% crosslinked styrene-divinyl-

benzene copolymer. The resulting polymer bound catalyst, which may be 

represented by (?) - (PPh2)x Ir(Cl)(CO)(PPh3>2_x, (1), is a very 

efficient catalyst for hydrogen transfer to the olefinic bond of 

a,6-unsaturated ketones. The most effective hydrogen donor was 

formic acid: 

RCH = CHCOR' + HC02H —> RCH^H COR' + C02 (1) 

The catalyst (1) is stable in air and can be reused for thousands of 

turnovers without leaching and without any diminution in its catalytic 

activity. The reaction does not involve the decomposition of formic 

acid with the formation and catalytic addition of dihydrogen. The 

mechanism of hydrogen-transfer in the presence of a large excess of 

formic acid was investigated by kinetic methods and by mass spectral 

and infrared analysis. With benzalacetophenone, the reaction was 

first order in the substrate up to concentrations of 0.7 M. At higher 

concentrations, the reaction rate obeyed the following equation: 

rate = aS(l-S) where a is a constant and S is the concentration of 

substrate. Below a catalyst/substrate ratio of 0.012, there was a 

linear correlation between the rate and the amount of iridium 

employed. A primary isotopic effect ktr/kj* ~ 3.8 was observed when 

formic acid and dideuterio formic acid DCOOD were used in process (1); 

Ph.D. thesis, Hebrew University, Jerusalem, 1982, in Hebrew. 



- 150 -

HC00D gave only a secondary isotopic effect K./K. = 1.17. From these 

results it appears that the rate determining step is the transfer of 

the formyl hydrogen to the metal site of the catalyst. The thermo

dynamic values for the reaction using benzalacetophenone as a sub

strate proved to be identical for the homogeneous and the heterogeneous 

systems (E = 18.3 kcal/mol), suggesting that the reaction mechanism, 

as proposed, is similar and is not diffusion-controlled. 

REFERENCE: 

1. Azran, J., NRCN-524, 1983, in Hebrew. 

PHOTO-INDUCED CLEAVAGE OF WATER WITH RADIOLYTICALLY PREPARED COLLOIDAL 

PLATINUM CATALYSTS 

G. Baruch, Y. Haruvy, L. A. Rajbenbach and R. Rafaeloff 

Platinum colloidal solutions of very high stability and low 

polydispersity were produced by radiolysis of aqueous solutions of 

H.PtCl. and acrylamide (AM) or N-methylol acrylamide (NMAM) . The 

diameter of metallic Pt particles anchored to poly-NMAM was found 

to be 17+4 A and their size and homogeneous distribution were found 

to be practically unaffected after 1H years storage. 

The catalytic effectiveness of the Pt, supported on poly-N-

methylol acrylamide, on visible light induced hydrogen generation 
2+ 2+ (1) 

from water was investigated using the Ru(bipy) /MV /EDTA system 
The hydrogen evolution rate was found to be slightly affected by 

-6 -4 -3 
varying Pt concentrations in the range 8.2x10 to 4.1x10 mol dm 

The rates of H_ formation were found to be at a maximum at pH 5 

and only a slight decrease was observed at higher pH. This finding 

was interpreted in terms of the low specific activity of the Pt 

2+ 

catalyst used to mediate MV hydrogenation. The catalytic effec

tiveness was found to be unaffected by water purity and to increase 

upon raising the temperature from 15 to 50 C. The observed temper

ature dependence of the H evolution rates implies an overall activa-
1 -1 

tion energy of about 4.5 kcal mol , a magnitude which most likely 
reflects a pronounced contribution of diffusion activation effects. 
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The catalytic effectiveness of Pt was compared with that of radiolyti-

cally prepared Pd, Os and Ru hydrosols. Pt was shown to be the most 

effective catalyst, its activity surpassing that of Os and Pd by a 

factor of about two and that of Ru by a factor of three. No synergetic 

effects could be detected in 1:1 mixtures of Pt and Os. The surprising 

observation is that 1:1 mixtures of Pt and Ru exhibit a much lower 

activity than could be expected from the individual effectiveness of 

each compound. 

REFERENCE: 

1. Rafaeloff, R., Haruvy, Y., Binenboym, J., Baruch, G. and 
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PHOTO-INDUCED CLEAVAGE OF WATER WITH RADIOLYTICALLY PREPARED HETEROGENEOUS 

PLATINUM CATALYSTS 

G. Baruch, Y. Haruvi, L. A. Rajbenbach and R. Rafaeloff 

Recoverable platinum catalysts anchored to a polymer film were 

prepared by Y-irradiating nylon-acrylamide copolymer films immersed 

in aqueous solutions of H PtCl., and acrylamide. The diameter of 
I o 

metallic Pt clusters embedded in the polymer film by this process 
o 

was found to be 34.3+1.5 A. Electron spectroscopy of the polymeric 

fragments, which were subjected to rigorous rinsing with water 

prior to analysis, confirmed that the H0PtCl,, embedded in Ny-g-Am 
/ o 

was completely reduced. The catalytic effectiveness of the polymer-

embedded catalyst on visible light induced hydrogen generation from 
2+ 2+ (1) 

water was investigated using the Ru(bipy), /MV / EDTA system 
The hydrogen evolution rate was found to be slightly affected by 

-3 
varying Pt concentrations in the range 2 to 60 mg dm . The rates 

of H formation were found to be optimal and equal within the pH 

range 5 to 6.4. It is suggested that the finding tnat H„ formation 

rates in-the macro-heterogeneous system are only slightly lower than 

in colloidal solutions at equal Pt concentrations can be partly 

ascribed to the adsorption of reactants onto the films in close 

proximity to the catalytic sites. The reactivity trend, 

Pt > Os > Pd > Ru is similar to that observed in. the microhetero-

geneous system. 
REFERENCE: 
1. Baruch, G., Haruvy, Y., Rajbenbach, L. A. and Rafaeloff, R., 

J. Mol. Catal., in press. 
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PHOTOINDUCED BROMINE GENERATION FROM OXYGEN-SATURATED BROMIDE SOLUTIONS 

WITH A W03/Pt CATALYST SYSTEM
+ 

G. Baruch, L. A. Rajbenbach and R. Rafael off 

The recently developed method for the preparation of a colloidal, 

water-soluble, noble metal polymer catalyst was used for the preparation 

of a powder WO /Pt catalyst. The catalytic potential of this system 

was tested in bromine generation when oxygen saturated bromide solutions 

are irradiated with a Xe lamp. The platinized WO powders are considered 

to be many short-circuited platinum-semiconductor electrodes on which the 

photo-assisted reactions take place, i.e., the reduction of oxygen on 

the platinum sites by the photoproduced electrons and the oxidation of 

the bromide ions by the photoproduced hole on the WO~ surface, a de

pletion region which is important for the efficient charge separation 

of the photoproduced electron-hole pairs. 

The influence of various parameters, such as platinum, bromide 

and HpSO, concentrations, time of irradiation, water purity and 

As 0 addition on the rate of bromine production were tested. It 

was found that the optimum conditions for bromine generation are 

2% hours irradiation, with a 450W Xe lamp, of an oxygen saturated solu

tion containing.3M KBr, IN H SO, and 100 mg WO /Pt catalysts (7% Pt). 

The experimental quantum efficiency (i.e., electrons per absorbed 

photons) for bromine production was ^0.9%. For the ideal case, where 

every bromine produced is instantly removed by the As 0 present in 

solution, the quantum efficiency was ̂ 10%. 

INVESTIGATION OF THE AMMONIUM-URANYL-CARBONATE ROUTE FOR THE PRODUCTION 

OF SINTERED U02 PELLETS^
1"1" 

S. Vaknin, A. Lorber and M. Halachmy 

U0~ pellets for LWR reactors are usually produced by the 

conversion of UF, feed material to a precipitate of ammonium di-
b 

uranate (ADU). The ADU is decomposed to U0, which is then reduced 

to U0_ powder. This powder must undergo additional operations in 

t 
This work was supported by the Israel National Science Foundation, 
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order to obtain it in a form which can be pressed and sintered. In 

the ammonium - uranyl - carbonate (AUC) process, however, in which 

the UF,. is precipitated as UAC, a sinterable UO powder is obtained 
o 2 

directly after decomposition and reduction. Therefore, the AUC 

process involves fewer stages than the ADU process. 

It is important to be able to determine and control the 

characteristics of the U0» powder in the fabrication of sintered 

pellets in accordance with the LWR reactor fuel specifications. In 

the ADU process these properties are determined in the additional 

operations needed to convert the U0_ to a sinterable powder. In the 

AUC process, the effect of each step on the properties of the sintered 

pellet must be studied. Results of such a study indicated that 

the changes the individual crystals undergo in the different steps 

of the process are minor, and that it is possible to determine the 

sintered pellet characteristics in the first step, i.e. precipita

tion of the AUC. 

REFERENCE: 
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BACTERIA REMOVAL FROM WATER BY ELECTROADSORPTION ON POROUS CARBON 

ELECTRODES 

Y. Oren, H. Tobias and A. Soffer 

A significant reduction in the E. coli content of saline and 

phosphate buffer solutions was achieved by electroadsorption of 

the bacteria on a positively charged porous carbon electrode mounted 

in an electrochemical flow cell. Desorption of live bacteria was 

induced upon reversal of the electrical double layer charge of the 

electrode. 

MEASUREMENT OF ACTIVE PORE SIZE DISTRIBUTION OF MICROPOROUS MEMBRANES -

A NEW APPROACH"1" 

A. Mey-Marom and M. G. Katz 

Recently, a new method for evaluation of pore size distribution 

This work is supported by the National Council for R&D, Department 
of Energy, Israel 
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in microporous selective membranes was reported . The measurement 

is based on the fact that the vapor pressure of liquids depends on the 

radius of curvature of their surface, as expressed by the Kelvin 
(2) 

equation . This method is specific for the "active pores" in the 

dense layer of the membrane (i.e those pores through which the selective 

transport takes place) and is insensitive to the pores in the supporting 

porous layer. By this method accurate measurement of active pore size 

distributions down to molecular size orders of magnitude is made possible, 

under nearly isostatic conditions. 

Since at atmospheric pressure this method is too time consuming, 

an attempt to reduce the measurement time by working at subatmospheric 

pressure conditions was undertaken. An experimental setup capable of 

performing this measurement at absolute pressures in the range of 

30-200 mm Hg was designed and constructed. Preliminary results indicate, 

as expected, that a considerable reduction in measurement time can be 

achieved at subatmospheric pressures. 

REFERENCES: 

1. Katz, M. G., in Proceedings of World Filtration Congress III, 
Downingtown, PA, September 13-17, 1982. 

2. Thompson, W. (Lord Kelvin), Phil. Mag. 42,, 448 (1871) 

STUDY OF THE MECHANISM OF SELECTIVE TRANSPORT OF WATER AND SALT THROUGH 

MODIFIED MICROPOROUS REVERSE OSMOSIS MEMBRANES* 

M. G. Katz, T. Wydeven , H. Ronen and H. Z. Sar-El 

In continuation of the study of the effect of plasma grafting 

on the surface of asymmetric cellulose acetate (CA) membranes on their 

selective transport properties , grafting from styrene plasma was 

investigated. The plasma treatment was performed in a glow discharge 

system specifically designed for this study. This system allows pre

cise control of the treatment conditions at very low power output 

levels (in ranges between 0.5 - 10 W). All the styrene plasma grafted 

samples gave improved fluxes relative to the untreated samples, while 

-This work was supported by a grant from the United States-Israel 
Binational Science Foundation, Jerusalem 
* 
NASA - Ames Research Center, Moffett Field, CA, U.S.A. 
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their salt rejection was unchanged. Further investigation of this 

phenomenon is under way. 

REFERENCE: 

1. a) Katz, M. G. and Wjrdeven, T., 49th Annual Meeting of the Israel 
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ALTERNATIVE ROUTE IN THE FLAME RETARDANT MECHANISM OF POLYESTER FABRIC 

GRAFTED WITH BROMINATED AROMATIC COMPOUNDS^ 

A. Mey-Marom, L. A. Rajbenbach and M. Levy 

Radiolytically grafted polybromostyrene was chosen as a model 

compound for studying flame retardant mechanisms in polyester 

fabric treated with brominated aromatic compounds. 

(2) 

Previous studies emphasized the role of HBr as an effective 

flame retardant intermediate under conditions of LOI or dynamic 

combustion measurements. Though in the latter case the HBr yields 

were found to be higher than in the former, they were still low 

enough to indicate the possibility that other chemical species may 

be involved in the flame retardation mechanism. Thus, a study of 

thermal decomposition of the grafted model compound was undertaken. 

Experimental findings showed that when the environment was inert, 

the major decomposition pathway was depolymerization to the original 

monomer, bromostyrene. Under conditions of dynamic combustion the 

released monomer reacted with oxygen and the heat of combustion was 

reduced. These findings pointed outa. mechanism similar to the 
(3) 

"physical-mode" mechanism suggested by Larsen . However, analysis 

of heat of combustion data introduced modifications in the suggested 

mechanism taking into account chemical interactions occurring in the 

course of the combustion of the grafted fabric. 

The modified "physical-mode" mechanism sheds some light on 

Weizmann Institute of Science, Rehovot 
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fire retardance processes in other systems of polyester fabric treated 

with brominated aromatic compounds. 

REFERENCES: 

1. Mey-Marom, A., Rajbenbach, L. A. and Levy, M., J. Appl. Poly. 
Sci. 18, 2411 (1983) 

2. Mey-Marom, A., Behar, D., Rajbenbach, L. A. and Levy, M., in: 
IA-1375, 1982, p. 171. 

3. Larsen, E. R., in: Proceedings of the Annual Conference on 
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PURIFICATION OF LOW-LEVEL RADIOACTIVE EFFLUENTS BY MEMBRANE-BASED PROCESSES 

Z. Boger, H. Cikurel, S. Trigerman and I. Hodara 

The possible application of an ultra-filtration (UF) membrane 

purification process for low-level radioactive effluent treatment 

was studied using laboratory and industrial scale equipment, at 50 l/h 

capacity. The UF tubular units and non-radioactive process technology 
t 

were supplied by Memtek Corp. as part of a joint research program. 

The low-level effluents chosen for initial testing were "hot" laundry 

effluents and spent fuel storage pool water, spiked with radio-elements 

to the uCi/& concentration level. A precipitation-adsorption process 

using lime and zeolites, followed by cross-flow ultra-filtration, gave 

decontamination factors of all tested radioisotopes sufficient for 

their safe discharge without any further treatment. The use of such 

a process seems economical in nuclear power stations, instead of the 

evaporation of "dirty" radioactive effluents. A pilot plant scale 

test unit is scheduled for operation in 1984. 

LITERATURE DOCUMENTATION IN ANALYTICAL CHEMISTRY 1963-1983^ 

R. Levin and S. Sherf 

This work describes the card file in the analytical laboratory 

at the Nuclear Research Center Negev. A list of periodicals from 

which information was taken and a list of index terms dealt with were 

included. Each card contains a summary of the original paper. 

Memtek Corporation, Woburn, MA, U.S.A. 
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Detailed guidelines for the compiling of a card file are given. The 

aim of the publication is to bring the contents of the card file to 

the attention of those who may be interested in it. The card file 

contains about 50,000 cards of which 4,000 deal with atomic absorp

tion spectroscopy. 

REFERENCE: 

1. Levin, R. and Sherf, S., NRCN (LS) - 017, 1983, in Hebrew. 
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METHOD OF PREPARATION OF TRITIUM LABELED RITALIN AT HIGH SPECIFIC ACTIVITY 

J. Kaner, 0. Buchman, I. Pri-Bar and M. Shimoni 

A method to prepare high specific activity tritium-labeled 
3 

Ritalin (piperidyl- H) was developed. Ritalin (methyl phenidate) is 

a sympathomimetic agent with a stimulant effect on the central nervous 

system. It is used for hyperkinetic states in children with hyper

activity and learning disorders 

H-Ritalin(v) was prepared by catalytic reduction of the pyridil 
(2) 

ring of a-benzyl-a-pyridil-2-methyl acetate (IV) with tritium gas 

and PtO„ as a catalyst. The synthesis of (IV) involves several steps 

as shown in scheme A. Phenyl acetonitrile (I) was converted to 

a-phenyl-2-pyridine acetonitrile (II) by condensation with 2-chloro-

pyridine and sodium amide in toluene as a solvent. 

a^ CH2CN NaNH, 

Toluene o- CH2CN 

II 

H2S04 

Benzene 

CHC(0)NH, 
HC1 (g) 

CH30H 

III 

CHC(0)0CH, 

0 

Pt02-T2(g) 

Acetic acid 

CHC(0)0CH, 

T 

N-T 

T - ^ J - T 

T 

IV 
Scheme A 
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The nitrile was subsequently hydrolyzed to the corresponding 

acetamide by cone. H„SO, and this intermediate compound converted to 

the methyl ester of a-pyridil phenyl acetic acid (IV) by reacting it 

with a solution of HC1 gas in dry methanol. This ester was isolated 

and recrystallized from 50% aqueous ethanol. Finally, the pyridine 

ring of the compound (IV) was reduced to the piperidine (V) employing 

gaseous tritium in the presence of a PtO„ catalyst. The reaction was 

carried out at ambient temperature in an acetic acid-dioxane mixture 

as a solvent. 

Tritium consumption continued for about 5 hours, yielding 
3 

Ritalin-( H) with a specific activity of 10 Ci/mM. Impurities were 

removed by preparative thin-layer chromatography on silica gel plates, 

using chloroform, methanol, acetic acid (30:5:1) as a solvent system. 

The final product, 99% pure, was compared with an unlabeled commercial 
(3) 

material by TLC and by UV spectrophotometry . The rate of decomposi
tion due to self-radiation damage in methanol solutions at concentra
tions of 1 mCi/ml was found to be negligible in a period of two weeks. 

REFERENCES 
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TRITIUM LABELING OF CATECHOLAMINE BY A CATALYZED REDUCTIVE DEBROMINATION 

0. Buchman, M. Shimom", A. Cohen, Y. Hagag and I. Pri-Bar 

Catecholamines, frequently used as sympathomimetic drugs , 

are substituted derivatives of S-phenylethanolamine with various 

substituents on the aromatic ring, the a- and g-carbons and the 

terminal amino group. Tritium labeled catecholamines are often 

required for the study of their clinical use as a- and 3-receptors 

and in the central nervous system. Despite the fact that these 

compunds have a benzylic hydrogen that is known to exchange with 
(2) 

tritium gas in a palladium catalyzed reaction , the specific 

activities obtained by the H-T exchange reaction are too low for 

use in receptor studies. 
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Most of these compounds have hydroxyl groups substituted on the 

benzene ring. Such groups would activate the ring for an electro-
(3) philic attack . Thus, bromination performed at room temperature on 

two model molecules, 4-tert-butylphenol and 3-tert-butylphenol, gave 

almost quantitatively the corresponding dibromo-tert-butylphenols. 

Catalytic debromination of these dibromoderivatives gave tritiated 

phenols of high specific activity: 15.3 and 31.8 Ci/mmol, respectively. 

In a similar manner, bromination of some catecholamines showed 

mostly ring bromination (determined by NMR). Tritiation of the crude 

bromoderivatives provided us with a means to prepare a series of 

high specific activity tritium labeled catecholamines (Table 1). 

Table 1 

Specific activity of labeled catecholamines 

Compound 

Salbutamol 

Dopamine 

Tyramine 

Octopamine 

Phenylephrine 

R 1T-\ 
2 \0)-CH - CH - NH 
R " 1 1 1 

R3 R4 R5 

R1 

4-OH 

4-OH 

4-OH 

4-OH 

3-OH 

R2 

3-CH20H 

5-OH 

H 

H 

H 

R3 

-OH 

-H 

-H 

-OH 

-OH 

R* 

-H 

-H 

-H 

-H 

-H 

R5 

-C(CH3)3 

-H 

-H 

-H 

-CH3 

Specific 
activity 

mCi/mmol 

17.1 

5.8 

5.0 

16.6 

17.9 

The stability of the labeled compounds stored at +4 C was 

periodically checked after 1-3 months and the percentage of decompo

sition was found to be 0-10% after 3 months. 
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PREPARATION OF HIGH SPECIFIC ACTIVITY 2,4-DICHLORO PHENOXY ACETIC ACID 

(5-3H) 

J. Kaner, 0. Buchman, I. Pri-Bar and M. Shimom* 

2,4-Dichloro phenoxy acetic acid is useful as a synthetic plant-

growth regulator. Tritium labeled compounds of high specific activity 

are required for prolonged investigations; thpy can be synthesized 

by means of the procedure described in scheme B . This method used 

catalytic deiodination of 2,4-dichloro-5-iodo-phenoxy acetic acid (V) 

by tritium gas, with PtCL as catalyst. 

OCH2C02H OCH2CO H 

^ r C l 

OCH2C02H 

II III 

0CH2CO2H OCH2C02H OCH2C02H 

^rci 

IV VI 

Scheme B 

2,4-Cl2C6H3OCH2C02H (I), was converted to 2,4,5-Cl2(N02) 

C.H.0CHoC0oH(II) by the method of Wolfe et al. . The nitrogroup 
o Z i. / 
was reduced to the amino (III) as described by Jacobs and 

(3) Heidelberger . This was followed by diazotization and finally by 

iodination with sodium iodide to obtain 2,4,5-Cl2(I)C6H2OCH2C02H (V), 

which was purified by recrystallization from 50% ethanol solution. 
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Deiodination of the product (V) with tritium gas, at room temper

ature using PtO„ as catalyst, gave the desired product (VI). The de

iodination reaction is continued for about one hour until no more 

tritium is absorbed. During the tritiation process some of the 

product decomposed. Impurities thus formed were removed by prepara

tive thin-layer chromatography on silica-gel plate, using isobutanol 

saturated with 10% (V/V) aqueous ammonia solution as eluant. 

The final product (VI) was compared with a non-labeled 

commercial sample by TLC and UV spectrophotometry and no significant 

chemical or radiochemical impurities were detected. 

A specific activity of 20.0 Ci/mM was obtained. The rate of 

decomposition due to self-radiation damage in methanol solution at 

concentrations of 1 mC/ml was found to*.be negligible over a period 

of one month. 

REFERENCES:' 
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SYNTHESIS OF TRITIUM LABELED TRIGLYCERIDES 

0. Buchman, M. Shimoni, A. Cohen and I. Pri-Bar 

Tri-n-butyrin(I) and tri-n-laurin(II) are two important tri

glycerides influencing the metabolism of the human body. Such 

labeled compounds could be used as tools in medical research and 

particularly in arteriosclerosis diagnosis. 

We attempted the radioactive synthesis of (I) by the adapta

tion of a three-step procedure reported previously 

• 1. Labeling . - • , - . 
• T 

CH_-CH=CH-C00H . „ ?——> CH_-CHT-CHT-C00H (III) 
3 Catalyst 3 . . . 

2. Chlorination 
soci2 

CH3-CHT-CHT-C00H — > CH3-CHT-CHT-C0C1 
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3. Es terification 

CH_OH CH_-0C0-CHT-CHT-CHo 
,2 , 2 3 
CHOH + 3 CH_ - CHT - CHT - C0C1 > CH-OCO-CHT-CHT-CH„ (I) 

I 3 I 3 

CH2OH CH2-OCO-CHT-CHT-CH 

The three steps of the synthesis were performed, on a micro-scale 

level using a vacuum manifold. Highly labeled tritiated n-butyric 

acid-2,3-T(III) (step 1) was obtained at a specific activity of 

58.0 Ci/mmol. 

Synthesis of (II) was accomplished by a similar esterification 

of tritium labeled n-lauric-acid-12-T(IV) which was prepared by de-

bromination of 12-bromo-n-lauric acid according to: 

T gas 
BrCHo(CHo).nC00H——-. rr—=-. — > CH0T (CH.)1-C00H (IV) 

2 V 2'10 catalyst, alkalxne pH 2 2 10 

The tritiated n-lauric-acid-12-T(IV) was obtained at a specific 

activity of 13.5 Ci/mmol. The labeled products (III) and (IV) were 

separated and purified before continuing the procedure with the 

chlorination and esterification described in steps 2 and 3. In 

order to perform these steps the labeled compounds (III) and (IV) 

had to be isotopically diluted with the unlabeled derivatives. 

Therefore the tributyrin(I) and trilaurin(II) were obtained at a 

specific activity of 3.5 and 9.0 Ci/mmol, respectively, after puri

fication by solvent-solvent extraction. 

REFERENCE: 

1. Shimoni, M. and Buchman, 0., in: IA-1386, 1983, p. 196. 

SYNTHESIS OF CARBON-13 LABELED COMPOUNDS 

I. Pri-Bar and 0. Buchman 

The fragmentation pathways of [C,H,oT, are currently being 
(1) studied intensively . The use of deuterium labeling in attempting 

to determine if methylene fragments cleave symmetrically failed due 

to the existence of an H-D exchange route. In order to solve this 

problem carbon-13 labeled propylene oxide (V) was prepared according 

to the process: 
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no C1„,F0C1_ , ~ PhOH 13 
CI^CH^ C02H ^ —> CH3CHC1 CC^H g | g > CH3CHC1 C O ^ h 

I II III 

LiAlH, . ._ 
-> CH„CHC1 JCH„OH ~%-> CH„-CH- CH 95% -"3-"-- ~"2~ 35% 3 

IV 

13 Starting with C labeled propionic acid (I) (which is easily 
13 

prepared in a Grignard reaction of EtMgBr and C0„) the a-position 

is selectively chlorinated in POC1- solution with chlorine gas at 

60 C, giving (II) in 90% yield. This modified procedure for 
(2) ct-chlorination of carboxylic acid is especially suited for cases 

where a volatile acyl halide is formed; losses of this intermediate 

are avoided by using a sealed reaction vessel and lowering the 

reaction temperature. The crude product (II) is reacted with phenol 

in P0C1- to give the phenyl ester (III) which is much more reactive 
(4) toward LiAlH, hydrogenation . In fact, a quantitative reduction 

of the ester to halohydrine (IV) occurs at room temperature in less 

than 1 h. Crude (IV) is treated in a specially designed glass 

manifold, with an aqueous solution of sodium hydroxide to give the 

desired propylene oxide (V), which is purified by distillation from 

the reaction mixture, through a tubing filled with 3X molecular 

sieve, into a cold trap. 
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SYNTHESIS OF (-)- 125I-I0DOPIND0L0L 

D. Solenchek, N. Hirshfeld, A. Canfi and Z. Teitelbaum 

(-) Pindolol, one of the most potent beta-adrenergic receptor 

antagonists, has been radioiodinated by the Ch-T me thod^. In 
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this Work the rather complicated procedure previously employed to 

purify the iodopindolol following the termination of the iodination 

reaction was replaced by simple gel-chromatography. The reaction 

mixture was applied to a Bio-Gel P2 column which was eluted with a 

0.1 M ammonium formate buffer. This system allows satisfactory 

separation of iodopindolol from pindolol and from inorganic iodide. 

Thus, purified iodopindolol has a specific activity of ̂ 2200 Ci/mmol 

and is suitable for autoradiographic visualization of serotonergic 

nerve terminals in rat brain. 

REFERENCE: 
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PURIFICATION OF 1 2 5I IODOHISTAMINE 

A. Freud, A. Canfi, D. Solencheck and Z. Teitelbaum 

125 
Coupling of I-iodohistamine (via its amine group) to a 

precursor is a widely used method of synthesizing radioiodinated 

tracers. Other primary amines present in the reaction mixture will, 

in general, also react with the precursor, yielding by-products 

which adversely affect the tracer. Thus, for example, excess of 
125 

histamine, usually present in non-purified I-iodohistamine 

preparations, strongly diminishes the immunoreactivity of the 

labeled tracers obtained by such a synthesis. 

Recently we have examined several simple chromatographic 

methods in an attempt to separate iodohistamine from histamine and 

thus eliminate those detrimental side reactions. Two of the systems 

examined provide the desired separation. One is a TLC system using 

a silica gel plate and a mixture of n-butanol, acetic acid and water 

(2:1:1 v/v) as solvent. The other uses a Bio-Gel P2 column and a 

0.05 M NaPi pH 8.0 buffer as eluant. Both systems are now being 

optimized to yield iodohistamine suitable for synthesis of labeled 

tracers. 

IODINATION OF THE ANTI-ESTROGEN TAMOXIFEN VIA ORGANO-METALLIC SUBSTITUTION 

A. Canfi, D. Solencheck and Z. Teitelbaum 

Tamoxifen (TMX) is an anti-estrogen with strong anti-tumor 

activity . It is used for chemotherapy of hormone dependent breast 
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cancer. It binds specifically to estrogen receptors "both in normal 

and neoplastic tissue carrying neoplastic tumors. Attempts to synthe

size a TMX derivative radiolabeled with a gamma-emitter are aimed at 

the preparation of a "double action" agent, which would concentrate 
(2) 

in the neoplastic tissue and exert cytotoxic and radiation effects. 

Since the tissue distribution of such an agent should be detectable 

by external scanning, it should also ~.-,a useful for tumor localization. 

Radioiodination of TMX bv the conventional vse^hods (Ch-T, LPO, 
(3) 

etc.) results in complete decompobltion of the molecule . We have 

therefore attempted radioiodination using a modification of the 
(3) approach suggested by Seitz and Hanson . Tamoxifen was reacted 

with n-butyl-Li which was followed by a second reaction with tri-n-

butyl-Sn, to obtain an activated TMX derivative. Reaction of this 

derivative with radioiodine (I_ in CCl,) results in rapid substitution 

of the tri-butyl stanyl with iodine. Upon analysis by TLC only two 

radioactive entities were detected: unreacted iodine and iodo-Tamoxifen. 

The latter was purified from the reaction mixture by preparative TLC 

and is presently being evaluated in vivo for its suitability as a 

tumor localizing agent. 

REFERENCES: 
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A COMBINED HYDROGEN TRANSFER AND CARBONYLATION REACTION CATALYZED BY 

TRANSITION METALS 

I. Pri-Bar and 0. Buchman 

A new palladium catalyzed forraylation reaction of aromatic 

halides was developed. The reaction takes place at low carbon 

monoxide pressure (3-4 atm), using polymethylhydrosiloxane (PMHS) 

as the hydrogen donor 

CO (4 atm) 
Pd catalyst 0 
base | | 

Ar-x + CO + PMHS > Ar-CH (1) 
30-100°C 
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The use of a soluble hydrogen source avoids the need for a high 
hydrogen pressure (M.00 atm) which was found to he necessary in 

(1 2) catalyzed water-gas formylations ' . 

Fair to good yields of various aromatic aldehydes were prepared 

as demonstrated in Table 2. 

Table 2 

Fortnylat ion of a romat ic h a l i d e s v i t h PHKS a s a hydrogen donor' 

En t ry 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 

Halide 
(tnmol) 

CfiH5I 

(5 .0) 

4-BrC6H4I 

(1 .0 ) 

W r 

(1 .0 ) 

4-ClC,H.Br 
6 4 

(1 .0 ) 

2-CH3C6H4I 

( 1 . 0 ) 

2-CH3C6H4Br 

( 1 . 0 ) 

4-CH3C6H4Br 

( 1 . 0 ) 

2-CH,0C,H,Br 
3 6 4 

( 1 . 0 ) 

4-CH,0C,H.Br 
3 6 4 

( 1 . 0 ) 

CglUCH.Br 

( 5 . 0 ) 

1-Bromo-
naph tha l ene 
( 1 . 0 ) 

2-Bromo-
th iophene 
( 1 . 0 ) 

4-NCC,H.Br 
6 4 

( 1 . 0 ) 

C a t a l y s t 
(mmol) 

Pd(PPh 3 ) 4 

(0 .05) 

Pd(PPh 3 ) 4 

(0 .01) 

Pd(PPh 3 ) 4 

(0 .03) 

Pd(PPh 3 ) 4 

(0 .03) 

Pd(PPh 3 ) 4 

(0 .03) 

Pd (PPh 3 ) 4 

(0 .03) 

Pd (PPh 3 ) 4 

(0 .03) 

Pd (PPh 3 ) 4 

(0 .03) 

Pd (PPh 3 ) 4 

(0 .03) 

Pd (PPh 3 ) 4 

(0 .15) 

Pd (PPh 3 ) 4 

(0 .03) 

Pd (PPh 3 ) 4 

(0 .03) 

Pd (PPh 3 ) 4 

(0 .03) 

Base 
(mmol) 

HMPA 

(15) 

HMPA 

(3) 

(C6H5CH2)3N 

(1 .4) 

(C6H5CH2)3N 

(1 .4) 

(C6H5CH2)3H 

(1 .4) 

(C6H5CH2)3N 

(1.4) 

(C6H5CH2)3N 

(1.4) 

(C6H5CH2)3N 

(1.4) 

(C6H5CH2)3N 

(1.4) 

(C6H5CH2)3N 

(7.0) 

(C6H5CH2)3N 

(1 .4) 

(C6H5CH2)3N 

(1 .4 ) 

(C6H5CH2)3N 

(1 .4) 

PMHS 
(ml) 

2 .0 

0 .4 

0 .4 

0.4 

0 .4 

0 .4 

0 .4 

0.4 

0 .4 

2 . 0 

0 .4 

0.4 

0.4 

Reac t ion 
temp. 
(°C) 

80C 

80C 

110 

110 

110 

110 

no 

no 

no 

110 

125 

125 

125 

Produc t , 
(% y i e l d ) " 

C6H5CH0(96)(68)d 

4-BrC6H5CH0(95) 

C6H5CH0(59) 

4-ClC6H4CHO(54) 

2-CH3C6H4CHO(23) 

2-CH3C6H4CHO(2) 

4-CH3C6H4CHO(48) 

2-CH3OC6H4CHO(14) 

4-CH3OC6H4CH0(35) 

C6H CH2CHO(36)d 

1-Naphthaldehyde(61) 

2-Thiophen-
carboxaldehyde(82) 

4-NCC6H4CH0(48) 

. / . . 
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Table 2 (contd.) 

Entry 

4 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Halide 
(mmol) 

Vs1 
(1.0) 

C,HcBr 
0 3 
(1.0) 

w 
(1.0) 

w 
(1.0) 

w 
(1.0) 

C6H5I 

(1.0) 

C6H5I 

(1.0) 

w 
(1.0) 

C6H5I 

(1.0) 

C,HCC1 
0 D 
(1.0) 

Catalyst 
(mmol) 

Pd(OAc)2 

(0.1) 

PdCH2PdCl(PPh3)2 

(0.1) 

PdCl2(PPh3)2 3% 

on polymer. 
1st run 

PdCl2(PPh3)2 3% 

on polymer. 
2nd run 

((Co(CO)3PPh3))2 

(0.03) 

Pd(PPh3)4 

(0.03) 

Pd(PPh3)4 

(0.03) 

Pd(PPh3)4 

(0.03) 

Pd(PPh3)4 

(0.03) 

Pd(PPh3)4 

(0.03) 

Base 
(mmol) 

(C6H5CH2)3N 

(1.4) 

(C6H5CH2)3N 

(1.4) 

(C6H5CH2)3N 

(1.4) 

(C6H5CH2)3M 

(1.4) 

(C&H5CH2)3N 

(1.4) 

(C6H5CH2)3N 

(1-4) 

Pyridine 

(2.0) 

H3CH(Oct)2 

(2.0) 

Ca(0H)2 

(2.0) 

(C6H5CH2)3N 

(1.4) 

PMHS 
(ml) 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

Reaction 
temp. 
(°C) 

110 

110 

110 

110 

110 

110 

110 

110 

110 

110 

Product . 
(% yield)0 

C,HCCH0(95) 
O J 

C,HCCH0(69) b D 

C6H5CH0(85) 

C,H,-CH0(94) 
0 D 

C,HCCH0(18) 
O J 

C6H5CH0(96) 

C,HCCH0(16) b j 

N.R. 

N.R. 

N.R. 

(a) CO initial pressure 50 psi, reaction time 18 h. 
(b) Yields determined by GC or HPLC, unless otherwise stated. 
(c) Reaction time 20 h. 
(d) Isolated yield. 
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SYNTHESIS OF SELENONIUM SALTS CONTAINING Se-75 FROM SELENIUM-CONTAINING 

ALIPHATIC 

DISORDERS* 

ALIPHATIC ORGANIC ACIDS: POTENTIAL DIAGNOSTIC AGENTS FOR CARDIAC 
:0) 

T. Sadeh, N. Lavi and I. Kirson 

The work on the development of a heart scanning agent which 
(2) 

utilizes more than one binding mechanism was continued . The 

compounds to be used are long chain fatty acids containing Se in 

the carbon chain in the form of a selenonium ion. This choice is 

based on the fact that the major source of energy of the heart is 

from the g-oxidation of long-chain fatty acids. This oxidation is 

stopped by a hetero atom, producing degradation products which are 

retained in the tissue. In addition, heart muscle and erythrocytes 

normally bind significant amounts of potassium ion in their 

membranes. Subnormal amounts of K indicate some metabolic impair

ment, such as deficient blood supply. Receptor sites in membranes 
4. 

which specifically bind K will also show affinity for other large 
(3) univalent cations, such as thallium . It can be safely assumed 

that other large univalent cations would be similarly bound. Kirsch 
C4) et al. introduced into a carbon chain a tellurium atom, which 

is oxidized in the tissues to hydrated telluroxide, and then shows 

enhanced retention in the tissues as compared with the analogous 

selenafatty acids, or their selenoxides. 

By alkylating selenafatty acids to their selenonium salts, a 

cation center was introduced into the fatty acid chain. This was 

accomplished by reacting them with an alkylating agent of adequate 

reactivity, such as methyl iodide or methyl sulfate, in ether, 

which permits isolation of the reaction product from the starting 

materials. It is expected that the retention of this kind of 

derivative will be enhanced by interaction with K -specific receptor 

site. 
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THE EVALUATION OF BENZO [b] SELENOPHENE GLYCINE AS A POTENTIAL IMAGING 

AGENT FOR NUCLEAR MEDICINE 
* * 

T. Sadeh, R. Weingarten, 0. Even, A. Levi, M. Guillaume , L. Christiaens 
ick 

and W. Zoller 

The only successful approach to the external y-ray imaging of 

the pancreas with selenium-containing amino acids has been through 
(1) the use of selenomethionine labeled with selenium-75 . An evalua-

(1 2̂  
tion of benzo Cb] selenophene glycine ' as a potential imaging 

agent for organ scanning was undertaken. 

Se 

benzo [b] selenophene glycine (I) 

Doses of 1.36 mg/kg body weight of compound (I) were injected 

into the tail vein of white laboratory mice. The mice were then 

sacrificed and each organ was dissected and neutron-irradiated. 

Selenium-75 activity was measured with a y-ray counter after a 

waiting period of about 3 weeks, to permit the decay of interfering 

short-lived radioelements. Selenium content of each of the 17 organs 

studied was calculated. The distribution ratios of selenium between 

the pancreas and the liver, and the kidneys and the liver were found 

to be in the range of 6:1 and 45:1, respectively. Optimization of 

the measurements showed that these ratios reach a maximum within 

2-10 minutes after injection. These results, combined with the fact 

that compound (I) was found to be largely excreted in the urine 

* 
Liege University, Liege, Belgium 
Haifa University, Kiryat Tivon 
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during about 90 min indicate that the substance can serve as an 

alternative to the presently used selenomethionine for organ imaging 

in nuclear medicine. 
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PREPARATION OF BENZO [b] TELLUROPHENE GLYCINE, A COMPACT HETEROCYCLIC 

a-AMINO ACID OF POTENTIAL INTEREST TO RADI0PHARMAC0L0GY 
"k ic "k 

T. Sadeh, J. L. Piette , M. Renson and M. Guillaume 

Recently the preparation of benzo £bj selenophene glycine was 

described . This compound is presently being evaluated as a 
(2) 

potential imaging agent for application in nuclear medicine . Like 

selenium, tellurium 7-ray emitting radioisotopes are also of use 

in nuclear medicine . Therefore, the preparation of benzo Ijb] 

tellurophene glycine was undertaken. It was synthesized from 

a-hydroxy-N-(benzyloxycarboxyl) glycine and benzo £b] tellurophene 

by sulfuric acid catalyzed condensation in acetic acid to afford, 

in fair yield, N-benzyloxycarbonyl benzo [b] tellurophene glycine (I). 

By careful hydrolysis with barium hydroxide, and subsequent neutraliza

tion of the filtered hydrolysate, with perchloric acid, benzo [b] 

tellurophene glycine (II) could be obtained, although in lesser yield 

than in the analogous preparation of benzo £b] selenophene glycine (I). 

Results of elemental analysis of I and II were in excellent agreement 

with calculated values. 
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Tc-99m ANTIMONY TRISULFIDE COLLOID FOR LYMPHOSCINTIGRAPHY 

J. Weininger and J. Trumper 

Lymphoscintigraphy constitutes a safe, simple technique for 

visualization of lymph node groups inaccessible for study with radio

contrast lymphography . A small volume (0.3 ml) of radiocolloid of 

suitable particle size is injec'.̂ d subcutaneously for visualization of 

lymph nodes along the drainage pathway of the injection site. Since 

direct intralymphatic injection is not required, the radiocolloid 

lymphoscintigram is applicable to many more anatomic sites than the 

contrast lymphogram. The lymphoscintigram is the result of the up

take of the radiocolloid by the nodal reticuloendothelial cells. The 

colloid is both passively transported via lymph flow, and actively 

transported by macrophages to the lymph nodes. The procedure may 

therefore reflect, in addition to anatomic changes, physiological 

parameters which may be of clinical significance. 

The quality and value of the procedure are determined mainly 

by two factors: the size of the particles (optimum size 3-15 nm) and 

their uniform and discrete configuration. Antimony trisulfide colloid 

(ATC) fulfills these requirements and is therefore used for radio

colloid lymphoscintigraphy. 

Starting from the classical preparation of technetium labeled 
(2) 

antimony colloid , we developed the following kit preparation in 

which isotonicity and pH assure that local anesthesia is not required 

to diminish discomfort or hyaluronidase to promote dispersion from the 

injection site. The kit contains: 

1) Reaction vial with 2 ml of stabilized antimony trisulfide colloid 

(0.71 mg Sb„S-, 0.78 mg potassium bitartrate, 4.70 mg polyvinyl

pyrrolidone and 1.35 ml 0.3N HC1) 

2) Syringe with 2.25 ml 0.25M Tris buffer, pH 10.7. 

Biodistribution studies in mice after the subcutaneous injection 

of Tc-99m ATC show that the lymph node uptake expressed as recovered 

dose (KD) is 87% RD/g, resulting in a scan having excellent contrast. 
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Re-186 HEDP: A POTENTIAL THERAPEUTIC BONE AGENT1"*1) 
* * 

0. Weininger, A. R. Ketring and E. A. Deutsch 

This study is part of a larger investigation to develop radio

active metal-diphosphonate complexes with high specificity for meta

static bone lesions. These agents could be used for both diagnosis 

and therapy depending on the nuclear properties of the radionuclide 

employed. 

The radionuclide rhenium-186 has the following properties 

which are optimal for both applications: 

Y emission 0.137 MeV 

B~ emissions 1.07 and 0.93 MeV 

Tx 3.7 days 
•3 

Re-186 was prepared by the neutron activation of Re-185 metal, and 

was then chemically converted to perrhenate. 

The preparation of Re-186 diphosphonate agents by reduction of 

excess diphosphonate ligand was investigated as a function of the 

identity and concentration of both the diphosphonate and the reductant. 

Best results were obtained at pH 6-7 using HEDP as the diphosphonate 

and SnCl- as the reducing agent. Chromatographic check of these 

preparations showed high labeling efficiency and stability against 

re-oxidation to perrhenate. However Re-186 perrhenate proved to be 

much easier to oxidize and more difficult to reduce than Tc-99m 

pertechnetate when used under the same conditions. 

HPLC analysis on an Aminex A-27 anion exchange column shows 

that the Re-186 HEDP agent is a mixture of as yet unidentified 

components. Preliminary in vivo studies in several species show that 

both the Re-186 HEDP mixture and the HPLC purified main peak are bone 

seeking agents, but with slow blood and soft tissue clearance rates. 

University of Cincinnati, Cincinnati, OH 

This work was performed at the University of Cincinnati, Cincinnati, OH 
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Maximum bone uptake is observed 48-72 h after injection. The HPLC 

purified fraction gives a slightly improved image and is less toxic. 

HPLC isolated Re-186 HEDP comlexes should be quantitatively evaluated 

for uptake on normal and on metastatic bone lesions. 

REFERENCE: 
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SPECIAL PROTEIN IODINATION, PART 2. THE RADIOIODINATION OF y-GLOBULIN 

FRAGMENTS (FACTOR VIII FAB' FRAGMENTS) 

A. Canfi, D. Solencheck, N. Hirshfeld and A. Zislin. 

Factor VIII of fractionated antibodies (Fab* fragments) is a 

most important standard used routinely in hematological laboratories 

to detect and monitor pathological conditions . In most cases a 

gel electrophoresis method is sensitive enough for determination of 

factor VIII concentration in the blood. In abnormal cases however, 

either the concentration of this factor is very low or its composi

tion and structure are abnormal. In these cases, only RIA procedures 

are sensitive enough to detect its presence. 

We were requested by the Hematology Dept. of Ichilov Hospital 

to radioiodinate Fab' fragments taken from a hemophilia patient for 

RIA. Preliminary experiments were conducted with normal Fab' frag

ments and only when a satisfactory procedure was developed was the 

abnormal sample labeled. 

125 (1 2) 

Two I iodination methods were suggested ' . However.none 

gave a biologically active product. We therefore modified the reaction 

conditions until an active and stable product was obtained. In 

Table 3 the differences between the 3 methods along with the perform

ances of the final product are shown. It is obvious that the molar 

relationships of iodine/protein/oxidizer/reducer to each other are 

of prime importance and cannot be altered even slightly without a 

reduction in the quality of the end product. 

Ichilov Medical Center, Tel Aviv 
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Table 3 

Comparison of radioiodination conditions for Fab* fragments 

Synthesis specification 

Iodine/protein (uCi/g) 

Oxidizer/protein (tng/mg) 

Reducer/oxidizer (mg/mg) 

lodination yield 

Specific binding to 
antiserum 

Ref. 2 

33.3 

7/1 

1.92/1 

60% 

•V.5X* 

Ref. 1 

20.0 

0.5/1 

2.4/1 

20% 

^5%* 

Our method 

20.0 

4/1 

2/1 

50% 

>40%* 

Results reported by A. Zislin 
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RADIOIMMUNOASSAY FOR 17B-ESTRADI0L 

A. Freud, A. Canfi and M. Zafran 

An antiestradiol antiserum was produced in rabbits in our 

laboratory . A RIA system using this antiserum and E2-6B-CMO-
125 

histamine- I has a sensitivity of 50 pg/ml. However, in order to 

establish a reliable and sensitive RIA system for estradiol, we sepa

rated 7-globulins from the anti-E„ antiserum by means of (NH/)oSO, 

precipitation and dialysis against water. The final lyophilized 

material was used at a working dilution of 1:80000 in our RIA system. 

The specificity of the purified antiserum was determined by 

measuring its cross reactivity with various steroids (Table 4 ) . The 

binding of iodoestradiol to the antiserum was 100% by definition and 

cross reactivity was measured at 50% displacement. Intra- and 

interassay variations were measured in our RIA system and are pres

ented in Table 5. Purification of the antibody did not increase 

the sensitivity of the assay system compared with that of the full 

serum. 
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Table 4 

Cross reactivity of anti-E„ with different 
structure related steroids . 

Steroid 

Estradiol 
Esterone 
Progesterone 
Testosterone 
17a-Ethynyl estradiol 
Norethisterone 
Pregnenolone 
Cortisone 
Corticosterone 

Cross reactivity (%) 

100 
0.5 
0.3 
0.3 • 
0.1 
0 
0 
0 
0 

Table 5 

Intra- and interassay coefficient of variance (CV) values 
versus different expected concentrations of 173 estradiol 

Expected value 
(ng/ml) 

0.2 
1 
2 
5 
10 

Interassay CV 

20.7% 
14.2% 
8.8% 
14.8% 
6.5% 

Interassay CV 

22.8% 
14.9% 
-

16.9%. 

•» 

A typical standard curve for a competitive binding assay 

obtained from the-results of five experiments is presented in Fig. 1. 

The sensitivity of the assay depends on the antibody and on the spe

cific activity of the radiolabeled estradiol. When the iodoestradiol 

was checked with other antibodies, it was found that the sensitivity 

was increased. Thus,-it was concluded-that the above-mentioned 

purified antiserum is suitable for only a limited range of estradiol 

concentrations. 
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I0"2 10"' I 10 
Estradiol (ng/ml) 

Fig. 1 

A typical standard curve for a com
petitive binding assay. The values 
depicted are percent of the ^25x 
estradiol bound to the antiserum (B/T) 
vs estradiol concentration in the 
assay tube. The results presented 
are an average of 5 experiments. 

REFERENCE: 

1. Canfi, A., Solencheck, D., Zafran, M. and Teitelbaum, Z., in: 
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MONOCLONAL VS. POLYCLONAL ANTI-STEROID ANTISERA IN RADIOIMMUNOASSAY 

SYSTEMS. SYSTEMS FOR TESTOSTERONE, PROGESTERONE AND 176 ESTRADIOL 

A. Canfi, M. Zafran and N. Moav 

During the last 2 to 3 years advanced techniques have been 

developed for the production of monoclonal antibodies for clinical 

and diagnostic uses^ . We are cooperating with the only commercial 

source of monoclonal antisteroids: Inter-Yeda Ltd., Kiryat Weizmann. 

In our laboratory we evaluated three of their monoclonal antisera: 

1. mouse anti-T-3CM0:BSA - testosterone 

2. mouse anti-E„-6CM0:BSA - estradiol 

3. mouse anti-P-3-CM0:BSA - progesterone 

We compared RIA systems, using radioiodinated steroids uti

lizing 5 different antisera: 

Inter-Yeda, Kiryat Weizmann, Rehovot 
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a. goat anti-T-3 CMOtBSA polyclonal (PC) 

b. rabbit anti-T-7cxME-BSA (PC) 

c. monoclonal anti T-3CM0:BSA 

d. polyclonal rabbit anti p-llaHMS:BSA 

e. polyclonal rabbit anti E„-6g CMOrBSA 

The following performances were compared: 

- Sensitivity, i.e. least detectable amount of the steroid 

- Amount of steroid at 50% displacement 

- Specificity, i.e. cross reaction with interfering steroids 

- Possibility of steroids determination directly in serum samples. 

The results are shown in Tables 6-8. All RIA experiments 
(2 3) 

were performed as previously reported ' . In light of our results 

Table 6 

RIA performances of the various anti-steroids: minimal 
detectable dose (significantly different from Bo (bio-
maximal binding)) and steroid dose that displace 50% 

of the bound tracer 

Steroid 
determined 

Progesterone 

Testosterone 

Estradiol 

Antibody 

d 
3 

a 
b 
1 

e 
2 

Minimal 
detectable dose 

(pg/tube) 

20 
10 

5 
0.5 
0.5 

20 
0.5 

Dose at 50% 
displacement 

(pg/ml) 

68 
90 

200 
20 
70 

120 
25 

Table 7 

Cross reactivity of the various anti-testosterone 
antisera with dihydrotestosterone (DHT). The 

values are determined at 50% binding 

Steroid 

Testosterone 
DHT 

Antiserum 

a 

100% 
45% 

b 

100% 
2.5% 

1 

100% 
11% 
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Table 8 

Determination of steroids in serum samples, directly and after 
ether extraction. Values are given in ng/ml 

Steroid 

Progesterone 

Testosterone 

Estradiol 

Antiserum 

d 

3 

a 

b 

1 

e 

2 

Expected values 
(ng/ml) 

1.0 - 1.4 
0.30 - 0.40 

35.0 

1.0 - 1.4 
7.8 - 13.4 

0.3 - 0.5 
5.0 - 7.0 
40 - 50 

0.3 - 0.5 
5.0 - 7.0 
40 - 50 

0.3 - 0.5 
5.0 - 7.0 
40.0 - 50.0 

0.07 - 0.17 
0.15 - 0.24 
0.90 - 1.3 

0.07 - 0.17 
0.15 - 0.24 
0.90 - 1.30 

Found values 
(ng/ml) 

Extracted 

1.26 
0.35 
32.7 

1.0 
14.0 

0.50 
6.18 
36.0 

0.27 
6.40 
43.4 

0.30 
3.80 
34.0 

0.085 
0.350 
0.80 

0.085 
0.241 
0.910 

Direct 

2.80 
6.10 
45.0 

32.0 

0.63 
6.24 
43.0 

0.30 
7.10 
41.8 

0.48 

34.0 

0.57 
0.69 
2.30 

0.40 
0.797 
1.390 

it is obvious that the anti-T 7a ME:BSA gives excellent performance 

when used with the iodinated derivatives. It is also obvious that 

the monoclonal anti T-3 CMO, although a little less sensitive than 

the anti 7a, is much better than its polyclonal analog. 
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CHEMICAL AND BIOLOGICAL RADIOPROTECTION: PERSPECTIVES*^ 

E. Riklis 

With the development and utilization of nuclear energy, and the 

increased use of isotopes in medicine, it has become more important 

than ever to develop protective measures against possible exposures to 

radiation. Such protection should provide a certain measure of defense 

against short-range radiation damage, and should promote the recovery 

process and diminish the possibility of long-term, late effects. 

As early as 1954 Harvey M. Patt demonstrated a possibility of 

chemical protection at Argonne National Laboratory, showing that 

injection of the amino acid cysteine into mice, prior to exposure to 

X-radiation, provided protection with a dose reduction factor of 1.6 

for survival. The developments which followed added support to the 

notion that protection is attained by and due to the thiolic group. 

Other compounds proposed as better protectors were almost all 

derivatives of cysteine, with amino-thiolic active groups. These, 

and compounds of other structures, are all believed to exert their 

protective properties by their ability to scavenge free radicals 

or to reduce target molecules, preventing the formation of damaging 

oxidized forms. Thus, protection against free radical mediated cell 

injury may involve prevention of radical formation, radical scavenging, 

radical repair by hydrogen transfer, or a completely different and 

complex series of biochemical events described as biochemical enzymatic 

repair pathways. 

If the chemical steps are all aimed at preventing damage from 

oxidized molecules, and can therefore yield a degree of protection 

equal to or smaller than the degree of damage related to the "oxygen 

effect", biochemical repair may change the sensitivity of a living 

cell by several orders of magnitude. The magnitude of the oxygen 

enhancement ratio (OER) is limited by a factor of 3, and for that 

reason all the chemical protectors which act as radical scavengers 

could yield a "dose reduction factor" of no more than 3, while bio

chemical repair pathways can repair damage to DNA which is produced 

In memory of Prof. Harvey M. Patt 
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either by free radicals, indirectly, or by direct interaction with 

radiation and are therefore not limited by OER. 

The sensitivity to radiation of cells which are deficient in 

repair capability is not only much greater than that of cells which 

are repair-proficient, but is believed to be expressed in several 

severe genetic diseases and to lead to an increased risk of cancer. 

Since in recent years similarities in the mechanisms of action of 

ionizing radiation and of chemical carcinogens have been revealed, 

it is important to note that some radioprotectors are also efficient 

anticarcinogens. WR-2721, one of the more effective radioprotectors, 

has recently been shown to positively affect DNA repair capacity in 
(2) 

mammalian cells and is therefore currently under study for its 

possible role as a link between chemical and biological protection. 

Compounds which will act on both the chemical and the biological 

damage and repair systems may prove to be the most powerful pro

tectors against immediate and long-term effects of radiation. 
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THE MECHANISM OF ACTION OF RADIOPROTECTORS: PART I. EFFECT OF WR-2721 

AND CYSTEAMINE ON DNA STRAND BREAKS 

A. Prager, M. Green and E. Riklis 

The observation that the radioprotective compound WR-2721 is 

effective in protecting mammalian cells in culture, not only through 

radical scavenging, but also by increasing their DNA repair capa

bility , raises several interesting possibilities and questions as 

to the mechanisms of action of the radioprotective compounds and the 

possibility of affecting survival by employing the drugs therapeu

tically, rather than just prophylactically. 

In order to elucidate the mechanism, the mode of the effect on 

the different types of damage and on the repair pathways needs to be 

clarified. It is important to determine how much of the protective 

phenomenon is a result of prevention of damage and how much is due to 

increased repair. 
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A major type of damage from ionizing radiation is in the form of 

single and double strand breaks in DNA. Single strand breaks were 

analyzed in Chinese hamster V-79 cells which were exposed to 50 krad 

gamma radiation, lysed for 16 h and centrifuged for 90 min at 36,000 rpm 

at 0 C. Fractions were then collected and analyzed in alkaline sucrose 

gradients. The sedimentation profiles obtained showed that the presence 

of WR-2721 during irradiation protects the DNA against the formation of 

single strand breaks. Heavier DNA was obtained following irradiation in 

the presence of concentrations of WR-2721 between 0.05 and 5 mM. Higher 

concentrations did not change, or even decreased, the protective effect. 

Cysteamine also showed a large protective effect. 
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INCREASED SURVIVAL OF IRRADIATED MAMMALIAN CELLS AFFORDED BY WR-2721 AND 

ACTIVATED MICROSOMAL PREPARATION 

M. Green, A. Prager and E. Riklis 

While the radioprotective compound WR-2721 markedly affects the 

survival of mammals, with a dose reduction factor (DRF) value of about 

2.3,its effect on the survival of mammalian cells in culture is much 

smaller, with a DRF value of only about 1.2. Recent work showed that 

the addition of activated microsomal preparation to irradiated 

bacterial cells increases the effect of WR-2721 to a DRF value of 

over 2. This was presumably due to enhanced penetration of the drug 

into the cells, as a result of enhanced dephosphorylation caused by 

the microsomal phosphatases. 

Similar results have now been obtained with mammalian cells. 

In Chinese hamster V-79 fibroblast cells in culture, the addition of 

microsomes plus WR-2721 yielded a DRF value of 1.45 measured at the 

10% survival level in phosphate buffer saline (PBS). The addition 

of WR-2721 alone yielded a DRF value of 1.2 and only 1.13 was obtained 

with WR-2721 plus non-activated microsomes. 

The radioprotective compound cysteamine caused an increase in 

the survival of V-79 cells with a DRF value of 1.6. Cysteamine is 

known to penetrate into mammalian cells at a faster rate than WR-2721, 
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and indeed the addition of activated as well as non-activated micro

somes did not alter that result. 

REFERENCE: 

1. Green, M. and Riklis, E., in: IA-1386, 1983, p. 209. 

PSORALEN PLUS NEAR-ULTRAVIOLET LIGHT: A POSSIBLE NEW METHOD FOR MEASURING 

DNA REPAIR SYNTHESIS^ 

Y. M. Heimer, R. Kol, Y. Shiloh* and E. Riklis 

A new method is proposed to inhibit semiconservative DNA 

synthesis in cultured cells while DNA repair synthesis is being 

measured. The cells are treated with the DNA-crosslinking agent 

Trioxalen (4,5,8-trimethylpsoralen) plus near ultraviolet light. 

Consequently 99.5% inhibition of replicative DNA synthesis is 

achieved. Additional DNA damaging agents induce thymidine incor

poration into the double-stranded regions of the DNA. The new method 

gave results very similar to those obtained with the benzpylated 
(2) 

naphthoylated DEAE (BND)-cellulose method , using three human 

fibroblast strains, of which one had deficient capacity for DNA 

repair synthesis following treatment with gamma rays and methyl 

methane sulphonate. The advantages of the new method are its sim

plicity and rapidity, as well as the high extent to which replicative 

DNA synthesis is inhibited. 
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2-AMINOETHANETHIOL EFFECTS ON CELL KILLING AFTER BrdUrd AND NEAR-UV 

TREATMENT^ + 
** 

M. P. Hagan and E. Riklis 

Previous observations of the recovery after near-UV irradiation 

of cell proliferation of V79 Chinese hamster cells labeled with 

Hadassah-Hebrew University Medical Center, Jerusalem 

Armed Forces Radiobiology Research Institute, Bethesda, MD, U.S.A. 

This work was performed at the Armed Forces Radiobiology Research 
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5-bromodeoxyuridine (BrdUrd) have provided evidence for the existence 
(2) of two types of lesions . One is associated with the irradiation 

of cells actively replicating DNA on a BrdUrd-labeled template. Here, 

the irradiation produces exponential survival curves regardless of 

the fraction of the genome that is BrdUrd-labeled. As previously 

observed by others, near-UV irradiation of BrdUrd-labeled cells in 

the presence of 20 mM 2-aminoethanethiol (AET) show a two-fold 

increase in the D value and a halving of the number of alkali-labile 

lesions in the DNA. 

The second type of BrdUrd/near-UV lesions is sensitized by 

the presence of 1 - 2 mM caffeine regardless of the cell-cycle 

position. This lesion is repaired slowly, if at all. In direct 

contrast to the effect described above, 20 mM AET in the presence 

of caffeine not only fails to enhance cell survival but in fact 

significantly decreases the D value. This enhanced cell killing 

may be associated with the appearance of DNA adducts of the AET, 

under conditions where repair is inhibited. 

REFERENCES: 

1. Hagan, M. P. and Riklis, E., in: Proceedings of the Radiation 
Research Society Meeting, Salt Lake City, 1982, p. 96. 

2. Hagan, M. P. and Elkind, M. M., Biophys. J. _34, 367 (1981) 

CELLULAR LEVELS OF NAD AS A LIMITING FACTOR IN ABILITY TO REPAIR DNA 

RADIATION DAMAGE 

E. Riklis, R. Kol and R. Marko 

The enzyme poly (ADP-ribose) transferase is activated by the 

formation of DNA strand breaks and is presumed to be involved in 

the repair of strand breaks, at the ligation step. The substrate 

for that enzyme is NAD, the precursor of which is nicotinamide (NA). 

The response of cells to different concentrations of NA in terms 

of survival and repair capacity is therefore of interest in studies 

on modifiers of response to radiation and the connection between 

their protective or sensitizing effect and repair pathways. 

The survival of mouse melanoma cells following gamma radiation 

at different doses was increased by the presence of 3 mM NA. Other 

studies have shown that at higher concentrations, NA acts as a 
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sensitizer to radiation. Its concentration is therefore a crucial 

factor in either enhancing survival or decreasing it. 

In measuring the repair capability of cells by thymidine in

corporation into PUVA-treated, DNA synthesis inhibited, cells, it 

was verified that at high doses of radiation, a 3 mM NA concentra

tion caused the highest favorable effect on DNA repair capability. 

The possibility that the level of NAD in the cells changes 

with radiation and that the role of added NA is to sustain that 

level was confirmed. With increasing doses of gamma radiation the 

level of inherent NAD decreases drastically within 10 to 20 minutes 

following exposure. The addition of 3 mM NA keeps the initial 

level constant, up to a dose of 20 krad. However, a concentration 

of 10 mM and higher causes a gradual drop in NAD concentration, 

although less of a drop than that obtained without the addition of 

NA. These results indicate that the inherent level of NAD is a 

limiting factor in enabling the cells to repair gamma-irradiated 

DNA, and that supplying the precursor (NA) to the substrate (NAD) 

which results in increased survival is a result of increased repair 

activity. 

INHIBITORS OF POLY(ADP-RIBOSE) SYNTHESIS ENHANCE X-RAY KILLING OF LOG-

PHASE CHINESE HAMSTER C E L L S ^ f 

E. Ben-Hur, H. Utsumi and M. M. El kind 

Postirradiation incubation of V79 Chinese hamster cells with 

inhibitors of poly(ADP-ribose) synthesis was found to potentiate 

the killing of cells by X-rays.. Potentiation increased with 

incubation time and with concentration of the inhibitor. Pre-

irradiation incubation had only a small effect. The enhanced 

response correlated well with the known extent of the inhibition 

of poly(ADP-ribose) synthesis. A radiation sensitive line, 

V79-AL162/S-10, was affected to a lesser extent than the normal 

* 
Kyoto University, Kyoto, Japan 

Colorado State University, Fort Collins, CO, U.S.A. 

This work was performed at Colorado State University, Fort Collins, CO, 
U.S.A. 
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cells. Cells repaired the radiation damage, with which the inhibitors 

interacted, within one hour; the kinetics of this process is similar 

to that observed when a postirradiation treatment with hypertonic 
(2) 

buffer is used *" . However, the sectors of damage affected by 

inhibitors of poly(ADP-ribose) synthesis and hypertonic buffer do not 

entirely overlap. The inhibitor nicotinamide enhanced the killing 

mainly of late S-phase cells and did not affect cells at the G,/S 

border. It was concluded that the repair process(es) involving 

poly(ADP-ribose) synthesis is important for cell survival in repair 

competent cells and that the radiation sensitive cells that were 

examined are partially deficient in a repair pathway in which . 

poly(ADP-ribose) participates. 

REFERENCES: 

1. Ben-Hur, E., Utsumi, H. and Elkind, M. M. Radiat. Res., in press. 
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POLY(ADP-RIBOSE) PLAYS A ROLE IN THE REPAIR OF 5-BR0M0DE0XYURIDINE 

PHOTOLYSIS DAMAGE IN DNA OF CHINESE HAMSTER CELLS+ 

•k -k 

E. Ben-Hur, K. Lindquist and M. M. Elkind 

Exposure of Chinese hamster cells to near UV light following 

incorporation of 5-bromodeoxyuridine (BrdUrd) into their DNA 

resulted in exponential cell killing. An inhibitor of poly(ADP-

ribose) synthesis, 3-aminobenzamide (3-ABA), enhanced the cytotoxic 

effect of near UV when present after light exposure. The dose 

modifying factor was 1.4. Cellular NAD , the precursor of poly(ADP-

ribose) synthesis, was rapidly depleted after exposure. This 

depletion was largely prevented by 3-ABA. The activity of ADP-

ribosyl transferase (ADPRT) increased as a function of near UV light 

fluence, parallel to the decrease in NAD level. ADPRT activity was 

maximal immediately after exposure to near UV light and then decayed 

within 30 min at 37°C. The enhanced cytotoxicity of BrdUrd + near UV 

when followed by 3-ABA disappeared at a rate similar to that of the 

Colorado State University, Fort Collins, CO, U.S.A. 

This work was performed at Colorado State University, Fort Collins, CO, 
U.S.A. 
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decay in ADPRT activity. We conclude from these results that poly(ADP-

ribose) synthesis is important for the recovery from BrdUrd photolysis 

damage in DNA. Because this damage and its repair are relatively 

simple and easy to control, it could serve as a model system to study 

the role of poly(ADP-ribose) in the repair of DNA damage. 

THE ROLE OF POLY(ADP-RIBOSE) IN REPAIR OF ALKYLATION DAMAGE in DNA: 

STUDIES WITH ALKYLATION SENSITIVE MUTANT OF CHINESE HAMSTER CELLS1" 

E. Ben-Hur 

Recent studies suggested that DNA strand breaks induced by 

radiation and alkylating agents are a trigger for poly(ADP-ribose) 

synthesis, using NAD as a substrate. Using a mutant cell line 

derived from V79 Chinese hamster fibroblasts that is moderately 

sensitive to ionizing radiation and extremely sensitive to 

alkylating agents, the role of poly(ADP-ribose) synthesis in the 

response of mammalian cells to methyl methanesulfonate (MMS) 

was studied. Inhibitors of ADP ribosyl transferase (ADPRT), the 

enzyme catalyzing the production of poly(ADP-ribose), e.g., 

3-aminobenzamide, caused a pronounced sensitization of wild type 

cells to the cytotoxic action of MMS. Very little sensitization 

occurred when the mutant cell line was incubated with these inhibi

tors following MMS treatment. Intracellular NAD levels were 

drastically lowered during the first hour after MMS treatment, and 

returned to normal levels 6-12 hours later. The presence of ADPRT 

inhibitor after MMS treatment prevented the drop in NAD level to 

some extent and facilitated its recovery. Similar results were 

obtained using the alkylation sensitive mutants, although NAD 

depletion was somewhat less pronounced than in wild-type cells. 

These results are consistent with the suggestion that poly(ADP-

ribose) synthesis is necessary to ameliorate MMS-induced cell 

killing. The MMS sensitive mutant does not appear to be deficient 

in ADPRT but is probably deficient in another step of the excision 

repair pathway. 

This work was performed at Colorado State University, Fort Collins, CO, 
U.S.A. 
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A STUDY OF THE INTERACTION OF INSECT TOXIN WITH INSECT NERVOUS TISSUE^ 

Z. Teitelbaum 

We have investigated the binding of insect toxins derived from 

scorpion venoms with membranal preparations from insect nervous tissue. 

In these preparations two, non—interacting- binding sites were detected. 

None of the toxins examined binds specifically to non-innervated 

insect tissue, or to membranal preparations from crustacean or mamma

lian CNS. The binding of the toxin derived from the venom of the 

scorpion Androctonus australis hector to membranal preparations from 

insect CNS is characterized by complex kinetics, which correlate with 

the existence of multiple binding sites. The dependence of the 

binding on membrane potential was also examined. The data were 

considered with reference to preexisting information concerning the 

mode of action of insect toxins. 

REFERENCE: 

1. Teitelbaum, Z., NRCN-523, 1983, in Hebrew. 

FUNCTIONAL MEMBRANE VESICLES FROM THE NERVOUS SYSTEM OF INSECTS. PART 2. 

BINDING OF THE SCORPION VENOM INSECT TOXIN 

Z. Teitelbaum, D. Gordon , B. Kanner and E. Zlotkin 

The interaction of the insect toxin derived from the venom of 

the scorpion Androctonus australis with insect nervous tissue was 

studied through a series of binding assays using the radioiodinated 

toxin and a recently developed plasma membrane vesicular preparation 

derived from the synaptosomal fraction of locust CNS 

The association of the toxin to this preparation exhibits a 

triphasic kinetic pattern. Dissociation experiments revealed the 

existence of two reversibly binding sites and one site which binds 

the toxin irreversibly. The binding was found to be potential 

sensitive. Depolarization of the vesicular membrane by three 

different methods (dissipation of ion-concentration gradients, 

inclusion of CCCP in the incubation medium and increase of [K+]out) 

t Ph.D. thesis, Hebrew University, Jerusalem, 1982, in Hebrew 
* 
Hebrew University, Jerusalem 

** 
Hadassah Medical School, Hebrew University, Jerusalem 
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caused either partial or full inhibition of the binding. It was 

found that r_K+]out has a rather complex influence on the binding, ex

hibiting a binding optimum at 20 mM [K+]out. 

Competitive binding assays yielded linear Hill plots with 

slopes close to unity and curvilinear Scatchard plots, indicating 

the presence of two classes of binding sites: 

K, .... = 103nM, n,... + 11.06pmol/mg protein 

K. „. = 8.93pM, n,„. = 77 2pmol/mg protein 

No specific binding to membrane vesicles derived from rat-

brain synaptosomes was detected. The binding to the insect prepa

ration was unaffected by a large excess of a mammal toxin derived 

from the same venom. 

With the background of the preexisting information concerning 

the mode of action of the insect toxin and the binding of the 

scorpion venom mammal toxins to mammalian neuronal preparations, it 

was concluded that the binding to the high-affinity, rather than the 

low affinity, binding site is responsible for the neurotoxic activity 

of the insect toxin. 

REFERENCE: 

1. Teitelbaum, Z. , Zlotkin, E. and Bohar, D., in: IA-1395, 1982, 
p. 195. 

CALCULATION OF BINDING CONSTANTS AND OF CONCENTRATION OF BINDING SITES 

FOR A SYSTEM OF HETEROGENEOUS BINDING SITES 

Z. Teftelbaum 

A method was developed to calculate the association constants 

and the concentrations of binding sites in a reaction of a ligand 

with a heterogeneous system of binding sites. The Scatchard plot 

for such a system is curvilinear. For our calculation we used 

previously established relationships between the parameters of 

the limiting slopes to such a curve and the above mentioned associa

tion constants and concentrations of binding sites. 

The special case of a system with two separate and noninter-

acting groups of binding sites was solved. The equations obtained 

were used to characterize the reaction of a polypeptide neurotoxin 
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with its specific binding sites in a membranal preparation from insect 

central nervous system. Moreover, it is evident from these equations 

that the widely accepted method of analyzing such systems by an intui

tive generalization of the method applicable to homogeneous systems 

is erroneous and should be avoided. 

NEONATAL, LOW DOSE Y-IRRADIATION INDUCED FERTILITY DISORDERS IN MATURE 

FEMALE RATS 
* 

A. Freud and E. Bedrak 

It is well documented that high doses of Y~irradiation cause 

damage to the reproductive system of female rats resulting in 

partial or total sterility. However, less is known on the damage 

induced by low doses. In continuation of work previously reported , 

the objective of this study was to determine the effect of a single 

low dose, given during the neonatal period, on the endocrine system 

controlling reproduction in the mature female rat. 

Immature female rats were exposed once to whole body 

Y-irradiation (Ir-192 source, 5 R) at the ages of 6,7,8,9 and 21 days. 

At the age of 3 months these rates were subjected to 4 consecutive 

pregnancies. Afterwards, blood samples were withdrawn from each 

rat on the day of estrus and the ovaries, pituitary and hypothalamus 

were excised for further analysis. 

The results indicate that animals irradiated on day 8 of life 

were smaller in size at the age of weaning and had a delayed vaginal 

opening (P < 0.01). Their body and ovarian weights were consistently 

lower (P < 0.01) than controls throughout life. Only 77% of them 

conceived resulting in a smaller litter size (P < 0.01) and lower 

body weight of pups at weaning time. While plasma levels of 

progesterone, FSH and prolactin were similar to the controls, there 

was a decrease in the plasma LH concentration (P < 0.01) and in the 

hypophyseal content of FSH (P < 0.02). No fertility disorders or 

hormonal changes were observed in the offspring of neonatally 

irradiated rats. 

Ben-Gurion University of the Negev, Beer-Sheva 
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It was concluded that on day 8 of life the rat is very susceptible 

to y-irradiation and future reproductive failure results from oocyte 

destruction (as revealed from histological analysis) and impaired 

hormonal balance. 

REFERENCE: 
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LOW-DOSE IRRADIATION OF FRESH NON-FROZEN CHICKEN TO EXTEND SHELF-LIFE AND 

ELIMINATE PATHOGENIC BACTERIA 

E. Eisenberg, M. Lap ido t , I . K l inger and D. Baskar 

Dark meat broiler chicken was irradiated up to 450 krad in poly

ester trays and then stored at 4 C for 35 days. Microbiological plate 
2 

counts per cm of skin surface gave the following results. 

A. Total aerobic mesophiles (See Fig. 2). 
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Total aerobic mesophilic count/cm of skin surface. 
of broiler chicken as a function of storage time 

for various irradiation doses 

Veterinary Institute, Beit Dagan 
** Ministry of Agriculture, Agricultural Research Organization, Beit Dagan 
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B. E. Coli. The count of E. Coli on control samples during storage 

was found to correlate with the following formula, log (count) = 

3.22 + 161 log (days). No colonies were found in any of the 

133 tests of irradiated chicken at all dosages and during the 

entire storage period. 

C. Coagulase - positive staphylococcus. All samples of irradiated 

meat were free of coagulase — positive staphylococcus during the 

entire storage period, compared with contaminated controls. 

D. Enterococcus sp. Only 2% of irradiated samples were contaminated 

with Enterococcus sp., compared with 100% contaminated controls. 

E. Sulphite - reducing Clostridium Spp. No colonies were found on 

irradiated meat, compared with 7% contamination in control samples. 

F. Salmonella. Tests made after up to 15 days storage showed 44% 

contamination in control samples, compared with 0% in all samples 

of irradiated meat. 

ATTENUATION OF HIGH ENERGY PHOTONS IN PLANT TISSUES^ 

B. Ben-Shachar and N. Degani 

The evaluation of dose distribution patterns within plant tissue 

is becoming increasingly important because of growing interest in 

(2) 

radiation research in plants and commercial applications of radia

tion to plant material. Dose distriDution is most important when 

effects of small doses of the order of a few hundred rads are studied 

in bulky tissue, such as tubers or relatively large volumes of 

dispersed material like grains or pollen. 

In this work the theoretical attenuation factors (e~p ) were 

compared with those calculated from dose measurements with thermo

luminescent dosimeters (TLD), in different types of plant materials, 

namely: potato tubers, eggplants, wheat grains and pollen, irradiated 

by a Co source. The calculations were based on the relationship 

D = DQBe
 p 

D is the dose rate at the depth of x cm, D.. is the initial dose rate, 

u is the attenuation coefficient; and p is the density of the tissue. 
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The results clearly show that plant tissues can considerably 

attenuate a dose rate of relatively high energy (1.25 MeV) radiation, 

at a thickness of even a few cm. This implies careful preparation and 

positioning of plant tissue in radiation facilities, for radiation 

research and applications. This is most important in research with 

low radiation dose and tissue having a density greater than 1. 
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OLFACTORY MARKER PROTEIN: STUDIES OF STRUCTURE AND PRIMARY SEQUENCE1" 

W.Sydor , Z. Teitelbaum, R. Blacher , W. Leung , Y-C.E. Pan , L. Brink 
* 

and F. L. Margolis 

Olfactory marker protein (OMP) is a major acidic, 20K Dalton 

soluble protein uniquely present in the olfactory mucosa, bulb and 

nerves of many vertebrate species. It is absent from other brain 

regions and non-neural tissue. Immunocytochemical studies have 

demonstrated it to be present solely in the primary olfactory 

neurons throughout their cytoplasm including their terminals in the 

olfactory bulb. OMP has been purified to apparent homogeneity by 

polyacrylamide electrophoresis (PAGE). OMP isolated from the 

mouse and rat have similar amino acid compositions, lack cysteine 

and cross react immunologically. OMP concentrations in olfactory 

receptor neurons have been previously correlated with the maturation 

of these cells. This protein has a relatively long half-life in 

vivo and is transported slowly from the cell bodies to the terminals 

in the olfactory bulb. However, little is known about its function. 

The major purpose of this study was to gain additional insight 

into the primary structure and function of OMP by homology with 

known amino acid sequences of other proteins. Reverse phase (RP) 

Roche Institute of Molecular Biology, Nutley, NJ, U.S.A. 

This work was performed at Roche Institute for Molecular Biology, 
Nutley, NJ, U.S.A. 
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HPLC of mouse and rat OMP (homogeneous by PAGE) revealed that each 

is composed of two closely related but clearly separable components, 

a and 3. The relative proportions of a and g in the mouse and rat 

are 1:2 and 1:13, respectively. Both forms in the mouse and rat 

react with antisera raised against the PAGE homogeneous OMP and 

have similar, but not identical, amino acid compositions. 

Preliminary studies indicate that both the mouse and rat 

OMP molecules are blocked at the amino terminal implying post-

translational modification. Since direct amino acid sequencing of 

the intact OMP was not feasible, HPLC purified trypsin was used 

to generate sequencable peptides from rat OMP. The number of 

separable fragments obtained by RP HPLC of this digest correlates 

well with the number of Arg+Lys residues in the molecule as 

determined by amino acid analysis. These tryptic fragments were 

purified to homogeneity by RP HPLC and subjected to amino acid 

analysis and gas phase amino acid sequencing. 

The peptide sequences determined to date represent about 25% 

of the OMP molecule and are being evaluated by computer search to 

establish structural as well as possible functional homology with 

known proteins. 

BACKGROUND SUBTRACTION FOR IN-VIVO QUANTITATIVE DETECTION OF THYROIDAL 

IODINE BY STATIC X-RAY FLUORESCENCE^ 
* 

M. Margaliot, T. Schlesinger, S. Friedland and E. Lubin 

An X-ray fluorescence (XRF) system for the quantitative 
(2) 

detection of thyroidal iodine was developed . A typical spectrum 

obtained by this system is shown in Fig. 3. This spectrum consists 

of the iodine X-ray lines and of a high energy tail, which originates 

241 

from multiple Compton scattering of 60 keV Am y-rays, the radia

tion which excites the iodine. The tail constitutes the background 

for the iodine lines and therefore must be accurately evaluated and 

subtracted from the spectrum in order to obtain a reliable iodine 

quantification. 

Tel-Aviv University, Ramat-Aviv 
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Fig. 3 

XRF spectrum obtained from a phantom 
containing normal human iodine quantity 
(VL0 mg). The iodine X-ray lines are 

in regions 2 (K ) and 4 (Kg) 

Since the observation probability of these multiple scatterings 

falls off exponentially with increasing scattering order, an exponen

tial equation was fitted to the background 

2 
Background = A+B exp(E-EjX + C exp-(E-E1) (1) 

where E = energy (keV), E_ = 21.14 keV (energy of the lowest intensity), 

E1 = 30.4 (coherent scatter of a weak Am y~ray). A, B, C and X are 

experimental fitting parameters. 

Fitting is performed on regions 1, 3 and 5 (Fig. 3) and the 

fitted equation is then applied to the iodine lines (regions 2 and 4 

in Fig. 3). 

This method was applied to 50 XRF spectra obtained from an 

iodine-less phantom, and in 46 of them fitting was satisfactory 

(one a- fit). The system is being clinically applied. 
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A METHODOLOGY FOR COMPARING INTERCEPTING RISK CURVES 

E. Stern and J. Tadmor 

(1,2) 

The mortality hazard of two types of power plants may be compared 

probabilistically (1) by means of complementary cumulative distribution 
(2) 

function (CCDF) curves . In some instances, the CCDF risk curves 

intersect each other. The problem is illustrated in Fig. 1. Curves A 

and B may represent the risk of early or late fatalities obtained by 

probabilistic risk analysis of two PSC (plant-site combinations). Risk 

curve A seems to be less severe than risk curve B up to point M, but 

more severe beyond this point. Can one of these curves be distinctly 

preferred over the other from a safety point of view, or is it a matter 

of individual preference? A similar issue has been dealt with in the 
(3) field of economics, concerning portfolio analysis and selection 

I M O 
10° D1 10 

X, No. of fatalities 

Fig. 1 

Hypothetical intersecting CCDF risk curves. 
P is the probability of X fatalities or 

more per year 

Here, similar curves represented the uncertainties in the returns 

(profits) of different investment alternatives. The solutions given 

in portfolio analysis were based on Utility Theory considerations. 

Applying this methodology to the intersecting plant-site combina-
(4) 

tions risk curves, two criteria have been developed according to 

which preferences can be established. 
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EFFECTS OF IONIZING RADIATION^ 

J. Tadmor 

A sound evaluation of the consequences of releases of radio

activity into the environment, especially of large releases, and of 

the effectiveness of different protective measures, calls forth 

concern about the various aspects of the radiological effects. 

The effects of ionizing radiation were reviewed according to 

the following characterization: 

- Affected subject represented by somatic, genetic or psychological 

effects 

- Duration of irradiation (acute or chronic) 

- Latent period (early and late effects) 

- Dose-effect relationship (stochastic and non-stochastic effects) 

In addition to the lethal effects which are generally considered 

extensively in all the evaluations of the consequences of radio

activity releases, effects such as early symptoms and morbidity are 

emphasized in this review. The dependence of the effects on dose 

rates, repair mechanism and medical treatment is discussed, and the 

uncertainties involved in their evaluation is highlighted. The 

differences between QF (quality factor) and RBE (relative biological 

effectiveness) of different radiation sources are interpreted. 

Synergistic effects and the effectiveness of various types of medical 

treatment are discussed. 

It is suggested that all radiological effects, including those 

resulting from relatively low radiation doses, e.g. fetus deformations, 

fertility impairment, prodromal effects leading to psychological 

effects, should be considered in the evaluation of the consequences 

of radioactivity releases and of the effectiveness of protective 

measures. 

Limits of the repair factors to be considered in the evaluation 

of the effects of chronic exposures are proposed. 

REFERENCE: 
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RADIOLOGICAL RISKS TO THE POPULATION OF ISRAEL FOLLOWING PENETRATION OF 

RADIOACTIVE FALLOUT INTO FOOD CHAINS 

J. Koch and J. Tadmor 

The dynamic model RADFOOD, reported previously , was used to 

calculate the long-term radiation doses resulting from the consumption 

of contaminated food. Crops were assumed_to start growing about one 

year after fallout deposition, at the levels described previously 

Individual radiation doses were found to be of the order of tens of 

millirem for one-year food consumption. Strontium-90 contributed 

about half of the doses. The predominant contamination mechanism 

was found to be root uptake. 

REFERENCE: 
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ENVIRONMENTAL PROTECTION AS A FACTOR IN REDUCING THE RADIOLOGICAL EFFECTS 

DUE TO AH ACCIDENT IN A NUCLEAR POWER PLANT 

J. Koch and J. Tadmor 

A severe accident in a nuclear power plant may result in serious 

radiological effects in an unprotected population. A research project 

was initiated to investigate the alleviation of radiological effects 

by different protective actions designed for application in populated 

areas. An arbitrarily chosen reference case was studied. Individual 

and collective radiation doses were calculated for an unprotected 

population, as a function of distance from the nuclear power plant 

and of irradiation mechanisms, for a PWR-1 type accident occurring 

in a 1,000 MWe plant located at the B'ssor site. 

(2) 
The REMAND computer code is used for these computations. The 

following parameters were included up to now in the calculations: 

height of release (0, 90 and 270 m) and irradiation mechanisms (cloud 

immersion, contaminated ground and inhalation). 

The radiation doses calculated in the present study were compared 

with normalized radiation doses calculated in other studies. They were 

found to be within the "envelope" of radiation doses as a function of 

distance from a nuclear plant, obtained from the other studies. 
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A preliminary analysis was performed on the contribution of 

other irradiation mechanisms (elevated cloud, resuspension, direct 

radiation from reactor building and skin deposition) to the radiation 

doses. It was found that elevated clouds and skin deposition are 

important contributors to the external radiation. Direct radiation 

from the reactor buildings containing the released fission products 

may contribute significantly to environmental doses, up to a distance 

of about 1 km from the plant. 

It was also found that the time dependence of the cloud and 

inhalation doses for an instantaneous release may become a significant 

factor at distances greater than about 10 km, due to the increase in 

the cloud dimensions as a function of distance. 

REFERENCES: 

1. U.S. Nuclear Regulatory Commission, 1975, Reactor Safety Study -
An Assessment of Accident Risks in U.S. Commercial Nuclear Power 
Plants, WASH 1400 (NUREG - 75/014). 

2. Stern, E., Stark, M. and Kaufman, J., in: IA-1375, 1982, p. 37. 

CONCENTRATION OF 222Rn IN OPEN AIR IN SOME SELECTED LOCATIONS IN ISRAEL^ 

Y. Shamai, E. Schlesinger, S. Faerman, 0. Even and T. Schlesinger 

222 
Preliminary measurements of Rn concentrations in open air at 

five selected locations in Israel were carried out in 1982. Three of 

the locations, Arad, Oron and Nahal-Zin, are in the area of Israel's 

large phosphate deposits in the central Negev. In two of them, Oron 

and Nahal-Zin, phosphate is currently being mined and milled. The 
238 

phosphates in these fields include up to 200 ppm U in equilibrium 

with its daughters. 

222 

The Rn concentrations were measured by conventional track 

etch detector. Both CR-39 and polycarbonate foils were used for the 

measurements. At each station about 20 cups, 10 with each detector 

type, were placed in a wooden box with free air circulation at a 

height of about 1 meter above ground for about 100 days in the 

open air. The detectors were calibrated in a 300 liter calibration 
222 

cell filled with a known Rn activity. The results obtained with 
the polycarbonate foils are listed in Table 1. 
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Table 1 
222 

Measured Rn concentrations (polycarbonate foils) 

Location 

Oron 
Arad 
Nahal Zin 
Hazorim 
Soreq 

Geographical area 

Negev, phosphate industry 
Northern Negev, residential 
Negev, phosphate industry 
Northern Israel, residential 
Seashore 

222 
Rn concentration CpCi/£) 

2.25 + 0.45 
0.95 + 0.46 
1.4 + 1.02 
1.04 + 0.62 
0.5 + 0.72 

REFERENCE: 

1. Shamai, Y., Schlesinger, E., Faerman, S., Even, 0. and 
Schlesinger,T., Trans. Nucl. Soc. Israel, vol. 11, 1983, p. 123. 

OCCUPATIONAL EXPOSURE OF RADIATION WORKERS IN ISRAEL DURING THE PERIOD 

APRIL 1982 - MARCH 1 9 8 3 ^ 

D. Vartsky, Y. Eisen, T. Schlesinger and S. Malchi 

As in previous years, a statistical analysis of the occupational 

exposure of radiation workers was carried out in order to identify 

groups which are exposed to a radiation dose of above 5.0 mSv/year, as 

recommended by ICRP. Exposures studied include external radiation 

and internal contamination. The external radiation was monitored using 

TLD dosimeters and the internal contamination by examining the urine 

of the workers. For the external radiation a computer program was used 

which permits processing the exposure of about 8000 radiation workers. 

It was found that the average total body dose equivalent per 

year for 8064 workers was about 0.30 mSv. About 77.5% of the workers 

were not exposed above the minimum detection limit of the dosimeters 

(about 0.15 mSv/month). About 22.2% of the workers were exposed 

during 1982 to a total dose of between limit of detection and 15.0 mSv, 

while 0.32% of the workers (26 workers) were exposed to a dose of 

between 15.0 - 50.0 mSv and 2 workers were exposed to a dose of over 

50.0 mSv. 

Table 2 shows the distribution of the doses according to type of 

work. The doses are expressed as an average dose. The table includes 

only workers whose dose was above the detection limit. 
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Table 2 

Distribution of occupational doses according to type of fork 

Place of work 

University research laboratories 
Industry (nuclear gauges) 
Industry (radiography) 
Nuclear medicine departments 
Radiotherapy centers 
Cardiology departments 
X-ray departments 
Dental clinics 
Agriculture (moisture and 
density monitoring) 

No. of workers 

315 
134 
142 
160 
211 
188 
538 
86 
40 

* 
Average annual 

(mSv) 

1.38 
0.99 
2.49 
1.97 
0.87 
2.34 
1.11 
0.56 
1.45 

dose 

Sum of individual doses divided by number of workers 

As can be observed the exposure is not distributed uniformly 

among different working groups. The industrial radiography workers 

and the members of cardiology departments were exposed to much 

higher doses than the average, followed by workers in nuclear medicine 

and university research laboratories. This distribution is similar to 

those observed in previous years. 

REFERENCE: 

1. Vartsky, D., Eisen, Y., Schlesinger, T. and Malchi, S., Trans. 
Nucl. Soc. Israel, vol. 11, 1983, p. 127. 

INVESTIGATION LEVELS OF RADIOISOTOPES IN THE BODY AND IN URINE FOLLOWING 

INHALATION OF RADIOACTIVE MATERIALS - CONSEQUENCES OF THE 1977 ICRP 

RECOMMENDATIONS^ 

Y. Shamai and T. Schlesinger 

(2) In an earlier work we calculated investigation levels (IL) 

of radioisotopes in the body following ingestion of radioactive 

materials. These calculations were necessary due to the changes in 
(3) the basic recommendations of the ICRP and the introduction of the 

dose limitation system and the concept of the annual limit of 

intake (ALI). In this work similar calculations for the investiga

tion levels in the body and in urine following penetration of radio

active materials into the body via inhalation were performed. The 
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dosimetric model of the ICRP for the respiratory system was used as 
(4) 

a basis for the calculations 

A computer code was written which includes the clearance para

meters from the respiratory system to the body fluids directly or 

via the Gl-tract. The computer code receives as input for each 

isotope the ALI value, parameters related to transfer of the material 

from the respiratory system and Gl tract to the various organs (via 

the body transfer compartment), retention times in the organs and 

the fraction excreted through the urine. The program uses these 

data to calculate investigation levels of the radioisotopes in the 

body and in urine. IL values in urine for some selected radio

isotopes calculated by the program are presented in Table 3. 

Table 3 

Investigation levels (IL) in urine for some radioisotopes 
following inhalation 

Isotope 

3H 
32p 

35s 
90Sr 
125I 

Class 

W 

W 

W 

Y 

D-NS 

IL in urine (uCi/£) 2 - 180 days after inhalation 

2 

87 

0.23 

1.8 

2.7xl0~5 

0.023 

7 

62 

0.054 

0.17 

5.7xlO~6 

lxlO-3 

14 

38 

0.023 

0.13 

1.6xl0~6 

8.8xl0~"4 

30 

12 

0.0064 

0.084 

7.7xl0"7 

6.8xl0~4 

90 

0.19 

8.3xl0~5 

0.018 

5.1xl0-7 

2.6xl0~4 

180 

3.7xl0~4 

2.3xl0-7 

0.0026 

4.4xl0~7 

6.2xl0-5 

W = weeks, D = days, NS = nonstochastic limitation, Y = years 

REFERENCES: 

1. Shamai, Y. and Schlesinger, T., in: Trans. Nucl. Soc. Israel, 
vol. 11, 1983, p. 125. 

2. Shamai, Y., Tirkel, M. and Schlesinger, T., 5th IRPA Congress, 
Jerusalem, 1980, vol. 1, p. 197. 

3. Annals of the ICRP, ICRP 26, 1977. 
4. Annals of the ICRP, ICRP 30, Part 1, 1979. 

THE REASSESSMENT OF RADIATION DOSES MEASURED BY TLDV'; 

B. Ben-Shachar, U. German and G. Weiser 

It is well known that one of the main drawbacks of thermo

luminescent (TL) dosimetry, especially for routine personal dosimetry, 
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is that the radiation dose cannot be reassessed accurately after the 

initial read-out. This is the main reason why some institutes and 

nuclear centers do not use TL dosimeters as the only dosimetry system. 

There are two known ways to reassess the initial dose (especially 

in the case of high doses): by measuring the residual dose through a 

second reading of the dosimeter and by phototransferred thermoluminescence 

using ultra-violet light. 

(2) 
We previously described the measurement of the residual dose 

(without UV excitation) of LiF TLD-100 cards which had been irradiated 

to 5 to 200 R. We concluded that the second dose is a constant 

percentage of the first (+30%) for a range of 10 to 200 R. These 

results established the fact that the high first reading is not due 

to a malfunction of the reading system. 

When a TL card (LiF or CaF„:Dy) is irradiated, to a bigh dose and 

the first dose is evaluated, some of the charge carriers (electrons) 

remain in the deep traps, when the crystal is irradiated by UV 
(2) 

photons , luminescence is created by the transfer of the electrons 

from the deep traps to the lower one, and not by direct transfer of 

the electrons from the valence band to the conduction band, because the 

energy gap of the forbidden band is larger than the energy of the UV 

photons. The luminescence created by the UV can be measured and 

related to the first dose. 

We irradiated a set of LiF:Mg Ti (TLD-100) cards to high doses 

(10, 30, 150 and 214 R). After the first reading, the cards were 

irradiated by a UV lamp (A = 253.7 nm) for 15 minutes. The readings 

(the UV excited residual dose) are presented in Table 4. If we compare 

the results of the third and fourth columns we can conclude that: 

a) The UV photon induced residual dose is greater than the 

residual dose by one order of magnitude. 

b) The ratio of the UV induced dose to the second residual 

dose is greater for lower irradiations (10 R). 

c) It is more accurate to reassess a high dose (10 to 200 R) 

by UV excitation; these readings will be the same several days after 

the irradiation. 
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Table 4 

The first, second and UV excited residual doses 
for different exposure fields 

X (R) 

10 
30 
150 
214 

M3 (raR) 

205.5 + 29.2 
636 + 90.2 
5135 + 158 
7374 + 682 

SI (%) 

2.1 
2-1 
3-4 
3.5 

S2 (%) 

0.11 
0.15 
0-24 
0.27 

X - exposure field (roentgen) 
M3 - The UV induced residual dose (mR) 

(mean and standard deviation) 
51 - M3/X x 100 
52 - residual dose/X * 100 
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EXTERNAL MEASUREMENT OF 239Pu IN HUMAN LUNG WITH A Nal-Csl PHOSWICH 

DETECTOR 

Y. Laichter, U. German, E. Rom and G. Weiser 

239 
The external assessment of Pu in the human lung for radia

tion protection purposes is difficult because of the minute quanti
ties that have to be measured (several nanocuries) and because this 

radionuclide lacks intense high-energy y-lines and K X-rays. The 
239 

L X-rays accompanying the a-decay process of Pu are the only 

electromagnetic radiation available for external measurement. The 

intensity of these X-rays is about 4.6% per disintegration with an 

average energy of about 17 keV. 

We operated a NaI(Tl)-CsI(Tl) phoswich system for the measure

ment of low-energy (10 - 100 keV), low-intensity photons for 
239 (1) 

assessing the. content of Pu in human lung . The detector 

consists of a 0.15 cm Nal(Tl) primary detector optically coupled 

to a 5 cm CsI(Tl) scintillator both having a diameter of 20 cm 

and viewed by three 7.5 cm photomultiplier tubes. The CsI(Tl) 
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detector serves as an anticoincidence mantle for the Nal(Tl) primary 

detector. In the anticoincidence mode, the background radiation inten

sity of the system is lower than 0.2 cpm/keV for energies higher than 
239 

15 keV. The minimum detectable activity of Pu was found to be about 

15 nCi in the lung of a person having a wall chest thickness of 2.5 cm. 

The background radiation intensity of the system up to 70 keV 

is given in Fig. 2. The triangles represent the results in the anti

coincidence mode, while the circles are for the normal mode. The 
(2) 

crosses are the background results of a similar system 
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The background pulse height spectrum of the system 
in anticoincidence (A) and normal (o) modes 
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239 
The conversion factor from measured counting rate to the Pu 

activity in the lung (nCi/cpm) is given in Fig. 3 as a function of the 

weight-to-height ratio of a measured male. 

0.25 0.30 0.35 0.40 0.45 0.50 
W/H (kg/cm) 

0.55 0.60 0.65 

Fig. 3 

Activity conversion factor vs weight/height ratio 
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in press. 

2. Gary, S. P. and Newton, D., Health Phys. J32, 113 (1977) 

THE INFLUENCE OF AVERAGING ATMOSPHERIC CONDITIONS ON DOSE LEVEL 

CALCULATIONSt1,2) 

S. Ron 

The values of the atmospheric parameters change during a contin

uous release of radionuclides. The dose levels obtained from the 

atmospheric conditions were averaged according to their probabilistic 

weight. The results were compared with the dose levels obtained from 
(3) 

the extreme hypothetical class 9 accident , resulting in an instanta
neous release (a puff release) of fission products to the environment. 

The dispersion following a puff release to the atmosphere depends 

on the momentary combination of the initial atmospheric conditions, 
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i.e. wind direction, wind speed and atmospheric stability, and their 

subsequent changes with time. Therefore, the corresponding radiation 

levels are significant only within a specific section around the nuclear 

plant. In a continuous release, the dose levels of all the atmospheric 

conditions in each direction are averaged according to their probabi

listic weight. Due to the periodic behavior of atmospheric conditions, 

a release over a day can be considered as a continuous release. When 

the dose levels are calculated considering only the radiation decay 

Fig. 4 

Whole body dose compared for 
continuous (CR) and instan
taneous (IR) releases. Curves 
(1) IR-F (1.5 m/sec), (2) IR-D 
(3.5 m/sec), (3) IR-B (1.0 m/ 
sec), (4) CR-NNW direction, 
(5) CR-SSW direction. 

0 50 100 150 
Radial distance (keV) 



- 213 -

factor for a 48 hour release time (a continuous release), and compared 

with the levels calculated for a 0.5 hour release time (a puff release), 

a reduction of a factor of 2 is obtained. The influence of averaging 

the atmospheric conditions is much higher, compared with the radiation 

decay, as shown in Fig. 4. The calculations were done using the 
(4) consequence code DISP , and the exposure levels corresponding to the 

effective whole body dose within a 10 km radial distance. 

Three initial atmospheric combinations of puff releases were 

chosen for the comparison, each of which was changed after 4 hours to 

a moderate atmospheric condition. The. results were compared with dose 

levels calculated for two representative directions, corresponding to 

a continuous release. The large difference is reasonable because the 

radial sum of the dose levels in each direction in a continuous release 

is the weighted average of all their atmospheric parameter combinations. 

Moreover, the comparison was made with specific sections, and not with 

their sum, in order to compare exposure levels. Therefore the contin

uous release leads to a large decrease in dose levels over long radial 

distances from the nuclear plant. Since nuclear plants are built far 

from population centers, the risk to the population health is decreased. 

REFERENCES: 
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METEOROLOGICAL GUIDELINES FOR PLANNING BUILDINGS IN THE UVDA VALLEY AREA(1) 

D. Skibin, E. Asculai and H. Ohaion 

Preliminary analysis of meteorological measurements in the Uvda 

valley (in the southernmost part of Israel) was made. The ventilation 

of buildings as well as the necessity for heating and cooling were 

considered. It is recommended that single rows of buildings be built 

on ground level (and not elevated), and with the wide fronts and rears 

of the buildings facing the east and west directions, respectively. 

Adjacent buildings should preferably be positioned along a south 

west - north east axis. Protection of the passages between the 

buildings against the wind and good sealing is required, mainly from 
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the western sector. Heating is required during the winter. It is 

also recommended to continue the meteorological measurements for use 

in the detailed planning of housing in the neighborhood. 

REFERENCE: 

1. Skibin, D., Asculai, E. and Ohaion, H., NRCN(ER)-009, 1983, 
in Hebrew. 

A SIMPLE METHOD FOR DETERMINING THE STANDARD DEVIATION OF THE WIND 

DIRECTION 

D. Skibin 

The discontinuity point at 360 wind direction causes problems 

to which some solutions were suggested in this work. Several methods 

of obtaining the standard deviation of wind direction (a.) were 
D 

considered. A procedure for calculating oQ that does not have any 

a priori assumptions was suggested for use with digital computers. 

It is a simple, once through procedure, that does not require large 

memory storage. The importance of proper caution when calculating 

afl in cases of large wind direction range, multimodal frequency 

distribution of the wind, pronounced nonstationarity cases, step 

changes of the wind direction, front passages, etc. was emphasized. 

AERIAL RADIOMETRIC SURVEY OVER ISRAEL 
"k "k ick 

M. S. Rapaport, U. Vulkan, A. Itamar , G. Bear and R. Aviv 

A detailed radiometric airborne survey over Israel has been 

undertaken by the Israel Uranium Exploration Project (IUEP). The 

main aims of the survey are: (a) to map and evaluate the abundance 

of the natural radioelements U, Th and K in the earth's surface and 

(b) together with other survey data, to identify areas warranting 
(1 2) 

a follow-up uranium exploration program ' 

The data acquisition flights and the reduction of system-

calibration data were completed in Feb. 1982. Since, then, the 

extensive task of radiometric data reduction and interpretation in 

* 
Geological Survey of Israel, Jerusalem 

Everyman's University, Tel Aviv 



A map (scale 1:100,000) of U content along flight lines over a region 
in the northern Negev. The length of the lines perpendicular to the 

flight lines indicate the concentration of U 
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terms of the relevant available geological information has been under 

way. To date, analysis of 4 out of the 10 flight regions has been 

completed (43% of the total data). 

Analysis of the flight data includes the following 2 main steps: 

(a) reconstruction of flight lines and determination of the net 
40 2*̂fi 232 

Y-radiation due to K, U and Th and (b) statistical analysis 

to define data sets anomalous in yradiation. The results are then 

presented in several types of maps and in tables. 

The results for U content in an area in the northern Negev are 

shown in Fig. 5. The amount of U is indicated by the lengths of the 

lines drawn perpendicular to the flight lines. Parts of this 

area are known to contain marine phosphorite deposits (in minable 

concentration) which are clearly observable in the right side of the 

figure since the deposits are known to contain uranium in amounts 

ranging from 50 to 150 ppm. The uranium is associated with the 

mineral apatite, either through replacement of Ca in the apatite 
(3) structure or by being adsorbed onto the apatite crystal surfaces 

Thus, the analysis of the radiometric airborne survey will also be 

a useful tool in mapping phosphate deposits. 

REFERENCES: 
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THE DISPOSAL OF WASTES IN ANCIENT BEER-SHEVA^1* 

Z. Goffer 

Chemical analysis was used to study the composition of the 

fill of earth pits from the Persian Period (5th and 4th centuries 

B.C.E.). The carbon, nitrogen and phosphorus content in the fill 

was determined and compared with that found in soil from the 

surroundings. It was concluded that they originally contained 

organic town refuse. The pits were probably used for making compost. 
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ELIMINATION OF THE IMAGE CURVATURE IN THE MEIRA ISOTOPE SEPARATOR 

I. Chavet, M. Mel nick and Y. Tsaidi 

In the MEIRA electromagnetic isotope separator, the image, 

about 90 mm high, has a curvature radius of about 1000 mm, or an 

arrow of 1 mm. This feature complicates the fabrication and mounting 

of the collector slits, which must frequently be replaced during 

production separations- To eliminate this curvature in the image, 

it is necessary to provide the virtual object at the ion source with 

an appropriate curvature in the vertical plane normal to the beam. 

Originally the emission and extraction electrodes already had a 

curvature in the vertical beam plane for producing the beam crossing 

in this plane. This curvature was produced by a special fixture 

on the milling machine. In order to produce the additional curvature 

in the plane normal to the beam, an appropriate attachment was 

designed and built and attached to the original fixture. Electrodes 

fabricated with the required calculated new curvature indeed yielded 

straight images where no arrow could be detected (< 0.1 mm). 

Following this result, a new multicollector with 8 pockets 

for tellurium isotope production was designed and built taking 

advantage of the straight images to improve the collection efficiency. 

At the same time other design features were improved allowing easier 

and quicker handling of this equipment. 

EFFECTIVE ABERRATIONS IN ELECTROMAGNETIC ISOTOPE SEPARATORS (EMIS) 

I. Chavet and J. Camp!an 

Programs presently available for computing the characteristics 

of any trajectory in an ion optical system at a chosen profile plane 

to the third order are not useful as such for the special case of 

EMIS because of particular properties of the emitted ion beam and 

special image requirements. For this application, equations were 

developed for transforming the trajectory characteristics obtained 

by these programs into values of effective aberrations. Provided 

real orders of magnitude are considered for the trajectory parameters, 

Laboratoire Rene Bernas, Orsay, France 
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only five types of effective aberrations are found for EMIS with an 

emission slit and four for EMIS with an emission orifice, including 

the usual second and third order aperture aberrations. Other image 

characteristics were also calculated, namely: location of images for 

masses different from the principal one, image curvature and image 

height. 

The program TRIO , kindly supplied by Prof. Matsuo, which 

calculates the trajectory characteristics of any ion optical system, 
(2) 

was further expanded to include the effective aberrations and other 

image characteristics for the case of EMIS, according to the equations 

developed in this work. 
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ION IMPLANTATION IN METALS 

G. D. Lempert and M. Kanter 

A variety of steel tools have been implanted with 45 keV nitrogen 

ions, in order to improve their wear properties. The isotope separator 

MEIRA is being exploited at the accelerator in these experiments. 

The preliminary results of the first industrial trials are encouraging. 

Examples of these results include: 

(i) Press tools, of AISI D2 steel, for forming parts of security 

locks. These press tools have a normal life of 20,000 operations. 

Following nitrogen implantation they have performed 50,000 operations 

with no significant signs of wear. These trials are continuing. 

(ii) High speed steel taps, used for cutting threads in martensitic 

s;tainless steel. According to the specifications of a certain user 

they normally produce about 35 threads. After nitrogen implantation 

under different conditions, results have shown an increase in effec

tive life of the taps up to a factor of 13. These tests are con

tinuing . 
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The scope of these trial implantations is increasing in order 

that the industrial implications of this new technology may be assessed. 

REFERENCE: 

1. Chavet, I., Kanter, M., Levy, I. and Sar-El, H. Z., in Proceedings 
of the 8th EMIS Conference on Low Energy Ion Accelerators and Mass 
Separators, SkSvde, Sweden, 1973, p. 191-198. 

HOMOGENEOUS MAGNETIC FIELD IN A CYLINDRICAL SHELL^* 
M. Friedman, R. Avida, J. Brandstadter and G. Erez 

(2) 
A magnetically focused ribbon beam electron gun was developed. 

Ideally, a perfectly uniform magnetic field is needed to obtain a 

straight, constant density electron ribbon on a target by 180 magnetic 

focusing. Deviations cause a wavy nonuniform ribbon. The aim of this 

work was to establish and meet criteria that would minimize these 
(3-5) effects. Previous works expressed uniform fields in the form of 

a Taylor series, then nullified as many of the leading terms as possible. 

This procedure emphasizes the origin alone. 

As we are interested in the homogeneity of the magnetic field 

along the entire region of electron motion, our criterion was to 

minimize the RMS deviation of the field from a constant value through

out that volume. The magnetic field generated by four coils each of 

radii r ,r and end points R ,R ,R_,R, (see Fig. 1) on the axis of 

symmetry is given by 

B(z). = I 
i=l 

where z. = p.-z. 
i X 

9 9 t- 9 9 1» 
4 r t, + ( r f + O a r + (r*+zf J a 

z2i l g 2
 + , 2, 2 % ~ zlilg ~ S-TT;I <« 

r2 * C r2 + Zli J 1 

ri + ^Xi^ 

Garrett ' showed that the field can be described by 

B (R,0) = - | - y h ..R11? (cosS) (2) 
z i. n n-rJ. n n=0 

Both (1) and (2) are exact. 
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Schematic cross section of the setup of the four coils. 
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Computed field for pj = 4-2 cm, p = 9.2 cm, p 3 = 19.3 cm 

p4 = 29.4 cm, r1 = 20 cm, r2 = 22 cm, G = 0.985. 
r = (distance from axis)/r^ 
(a) The radial component B 
(b) The axial component B 
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On the axis R=z, 6=0, P (0)=1 and Eq. (2) becomes 
n 

CO 

B (z,0) = 1 h Z
n _ 1 (3) 

n=l n 

In order to optimize the field parameters to get the best RMS 

fit to a constant value, one has to rearrange the power series into 

a Legendre series in znorm (z.jis normalized so that the region of 

interest is -1 £ znorm s 1) J, C P (znorm), and minimize 
£=0 * * 

N 2 
F = I 2(C./Cnr/(2A+1) (4) 

1=1 * ° 

The electron cloud in the electron gun moves in a cylindrical shell 

of radius p. To reach a uniform field here one first converts 

Eq. (2) to a power series in z (and constant p) rather than in R,9 

and then repeats the steps described above. 

The calculations (see Fig. 2) were successfully implemented 

experimentally. 
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2. Avida, R. et al., Rev. Sci. Instrum. _55, 1577 (1982) 
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ESTIMATION OF THE FIGURES OF MERIT OF MERCURIC-CADMIUM-TELLURIDE 

DETECTORS*1* 

Z. Burshtein 

In this work a procedure was proposed for the calculation of 

the figures of merit of a photoconductive mercuric-cadmium-telluride 

detector in the far infrared (8+14um), (i.e. the responsivity, 

detectivity, active resistance and response time), on the basis of 

the basic physical properties of the crystalline material: molar 

composition, conductivity type, carrier mobility and carrier density. 
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How to design the detector to obtain maximal detectivity and 

responsivity values for a given material was also specified. 

REFERENCE: 

1. Burshtein, Z., NRCN-515, 1983, in Hebrew. 

FADING OF LiF AND CaF^-Dy^ 

B. Ben-Shachar, U. German and G. Weiser 

The fading of LiF and CaF_:Dy was investigated and the results 

were compared with those reported in the literature. The effect of 

thermal annealing was studied in order to reduce the fading in both 

phosphors and to minimize the effects of the environment on CaF?:Dy. 

Minimizing the fading and knowing its time dependence make possible 

exact personal and environmental dosimetry. 

REFERENCE: 

1. Ben-Shachar, B., German, U. and Weiser, G., NRCN-495, 1983, 
in Hebrew. 

NEW THERMAL-NEUTRON SOLID-STATE ELECTRONIC DETECTOR BASED ON Hgl2 SINGLE 

CRYSTALS(]) 
•k "k 

M. Melamud, Z. Burshtein, A. Levi and M. M. Schieber 

The use of Hgl„ as a thermal-neutron solid-state electronic 

detector, in particular its application for neutron diffractometry, 

was demonstrated for the first time. A single crystal Hgl„ detector 

was used to count prompt gamma emissions (0.2-5 MeV) from (n,Y) 

nuclear reactions in Gd or Cd foils. The neutron counting efficiency 

depends on the Hgl detector thickness. For a 1 mm thickness of Hgl 
10 

the efficiency is about 10% compared to the efficiency of a BF„ gas 

detector. 

REFERENCE: 

1. Melamud, M., Burshtein, Z., Levi, A. and Schieber, M. M., Appl. 
Phys. Lett. 43, 275 (1983) 
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SUPPRESSION OF X-RAY FLUORESCENCE BACKGROUND IN X-RAY POWDER DIFFRACTION 

BY A MERCURIC IODIDE SPECTROMETER^ 
* * * * 

J. Nissenbaum , A. Levi , A. Burger , M. Schieber and Z. Burshtein 

We have explored the merits of using a Hgl_ spectrometer as a 

detector in X-ray diffraction systems instead of a proportional 

gas counter, or a scintillation counter. The ^ull width at half 

maximum energy resolution of the Hgl„ spectrometer used was about 

1.1 keV for the CuK line (8.1 keV), and about 1.5 keV for the 

MoK line (17.4 keV). The energy resolution was utilized to 

eliminate X-ray fluorescence background from powder diffraction 

spectra. We demonstrated the suppression of Fe X-ray fluorescence 

in diffraction patterns of ErFeO. obtained with a Cu X-ray tube, and 

of Y X-ray fluorescence in diffraction patterns of Y 0 obtained 

with a Mo X-ray tube. The peak height-to-background ratios were 

improved by about an order of magnitude in both cases. 

REFERENCE: 

1. Nissenbaum, J., Levi, A., Burger, A., Schieber, M. and 
Burshtein, Z., Adv. X-ray Anal. 2]_, in press. 

MEASUREMENTS OF THERMOELECTRIC PROPERTIES OF A THERMOELECTRIC COOLER^ 

D. Ilzycer, A. Sher and M. Shi "Ion 

The effective thermoelectric parameters (thermal conductivity, 

electrical resistivity and Seebeck coefficient) of a single stage 

cooler were measured as a function of temperature and compared with 

those of the n- and p-type materials from which the thermoelements 

were prepared. The performance of the cooler was calculated by a 

computerized iterative process using the measured parameters and 

compared with the experimentally determined characteristics. The 

influence of the electrical contact resistance on the performance 

of the cooler is not negligible. 

REFERENCE: 

1. Ilzycer, D., Sher, A. and Shiloh, M., Energy Convers. Manage. 
23 (1983), in press. 
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COMPUTER-BASED TEMPERATURE PROGRAMMER 

D. Barak and A. Kahan 

A computerized temperature programmer was developed for the 

automatic control of a crystal growing furnace. The programmer 

controls the furnace temperature by supplying a time dependent 

control voltage to the power supply of the heating elements. The 

main features of the unit are up to 10 preprogrammed stages; for 

each stage the operator can program the duration (1 min to 100 h) 

and the temperature slope. The output voltage accuracy of the 

instrument is better'than 0.1%. Programming is done in an inter

active mode via the keyboard and 9" CRT. During operation the 

various parameters and program status are displayed continuously 

on the CRT. A block diagram of the system is seen in Fig. 3. 

The programmer was based on a small personal computer 

(Commodore model VIC-20) with an interface containing the analog 

output with 12 bit resolution, battery backed CMOS RAM for non

volatile parameter storage and a ROM for program storage. 

CRT 

Keyboard 

To furnace 
control _ 

Audio* video out 

VIC 20 computer 
I6K R0M.5K RAM 

Watch 
dog 

12 bit 
DAC 

ROM I6K 

RAMI6K 

Digital 

Fig. 3 

Block diagram of the system 

The incorporation of a personal computer in the design of 

the unit enabled us to combine low cost, short development time 

and a very flexible and user friendly instrument. 
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MICROCOMPUTER CONTROL OF PWM INVERTER 

N. Tal, Y. Gabay, Y. Cohen and A. Matmor 

A,three phase, microcomputer controlled, PWM inverter-drive was 

developed. The inverter is powered by a 127 V dc power supply with a 

battery back-up. The load is an ac induction motor rated at 20 hp. 

The power stages are based on power transistors, capable of delivering 

up to 450 A. The inverter is controlled by a microcomputer which takes 

care of the system management, close loop control of v/f ratio,moni

toring, and display. 

AN INTERACTIVE COMPUTERIZED MECHANICAL TESTING SYSTEM 

R. Frenkel and G. Adam 

In a mechanical metallurgy laboratory equipped mainly with 

Instron universal testing machines and a Tinius Olsen model 64 

impact tester, the Instron machines are designed for manual 

operation, and the data are accumulated on strip chart recorders. 

Detailed data analysis is time consuming (8 hours per specimen or 

more) and tedious and therefore it was decided to computerize data 

acquisition and analysis. The computer used is a PDP-11V03 machine 

with 32K memory and two floppy disks as permanent storage devices. 

It is connected to a line printer, a VT101 video terminal, and to 

a VT100 video terminal with Retro-Graphic enhancement. It is con

nected to the Instron machines via an ADC card. 

The software package which was built for data acquisition and 

analysis was written in FORTRAN and consists of the following 

programs: 

1) Program INSTRON. This program accepts and records data 

from an Instron machine. 

2) Utility programs. This is a set of very short programs 

that permit the inspection and editing of the data file produced by 

program INSTRON. With the aid of these programs one can add, 

change or delete any data point and any information in the file's 

header. The set was built as a collection of short programs and 

not as one larger menu driven program because of memory limitations. 
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3) Program YOUNG. The input to the program is a data file 

produced by the INSTRON program. Using the graphic terminal, the 

program displays a graph of engineering stress vs engineering strain. 

The operator uses a cursor to define the elastic range of the specimen. 

The program then does a least squares fit to a straight line over this 

range and thus calculates the Youngs modulus of the specimen. The 

operator then marks with the cursor the proportional limit as deter

mined by him from the graph and this is also stored by the program. 

The program then determines (by searching for a maximum on the graph) 

the load and elongation at the UTS point and, in addition, it accepts 

from the operator the load and elongation data at the fracture point. 

A new file containing all this information is then produced for the 

specimen. 

4) Program WRITER. This program accepts as input the data 

file produced by program YOUNG, and produces, using the line printer, 

a typed report for the specimen. The report consists of a header, 

giving the specimen's code and treatment, followed by its Young's 

modulus, proportional limit, and the intercept of the elastic straight 

line. The program then (optionally) prints a table giving for each 

data point the measured elongation and load, the calculated true 

stress and strain (total and plastic) as well as the engineering 

stress and (plastic) strain. It next prints a table of engineering 

stress at a set of predetermined points of engineering strain. The 

values are determined from the data table using Lagrange interpola

tion. The report ends with printing the stress/strain data for the 

UTS and fracture points. 

In the near future it is planned to expand the computer to a 

PDP-11V23 system with a core memory of 128K and a RL02 hard disk. In 

this configuration, a software package will be developed, so that the 

operator, sitting at a computer terminal, will be able to control the 

operation of more than one Instron machine at a time, as well as to 

check the results on-line and modify the original plan of the experi

ment according to the results. At the electronics workshop a fast 

(1 MHz) data logger is now being developed which will be able to store 

data from the impact testing machine, and transmit it at a rate accept

able to the computer for analysis and storage. Suitable software will 

be developed for this, as the need arises. 
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ON-LINE READING FROM AN INSTRON MACHINE TO A PDP/03 LSI COMPUTER WITH A 

RTIIFR SYSTEM 

R. Frenkel 

A system was developed to accept inputs from an Instron machine 

and, through an ADC, open a file on a disk and enter the inputs. The 

program is able to accept these inputs either on-line or manually. Such 

a system needs at least three sets of inputs. One from the load cell 

which is translated to load [s]; one from the extensometer to calculate 

the linear deformation [dl/1]; and at least one more input to interrupt 

the system. An additional extensometer clamped transversally to the 

specimen can be added to the system. 

The computer is a PDP/03 LSI with 32Kb memory, which limits the 

programer to small programs or files. The system contains nine programs. 

PROGRAM NAR, an iterative program, enters information about the specimen, 

the test and the treatment and, through the ADC, inputs the stress-strain 

values into the computer. The other programs change, insert, delete and 

print the values. 

LAGRANGE INTERPOLATION FOR REPRODUCIBLE STRESS-STRAIN CURVE VALUES 

R. Frenkel 

It is desirable to get selected values (not directly meas

ured) from stress-strain curves. After having calculated each 

entry in program Master, selected points (e.g. 0.2% pi, 5.0% pi, 

....30.0% pi...) must be interpolated in order to compare various 

specimens and treatments. A Lagrange interpolation routine was 

built for this purpose. 

The routine can interpolate up to ten points. The main 

program calls subroutine LGRNGE with the desired strain value, 

enters four to ten sets of experimental values, and then calculates 

the desired stress. This routine saves a lot of search time and 

supplies reproducible values. 

The main problem in this sort of interpolation is that the 

low values in the micro-yielding range are strongly affected by 
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Young's modulus and the intersection "b". More than four points of 

Lagrange interpolation are needed because of the extreme changes in 

the stress-strain curve near the yield point. Taking into account 

the fact that the program inputs discrete values, sharp yielding can 

be regarded by the interpolation as a singularity in the stress-strain 

function. 

This routine can be called from a main program by: CALL LGRNGE 

(X,Y,N), where X is the desired strain value, Y is the calculated 

value (stress), and B is the number of interpolation points. 

NONDESTRUCTIVE TESTING AND THE DISCOVERY OF FAULTS 

S. Addess 

Isotopes are obtained for medical purposes by exposing the 

desired element, inside a small cylinder, to radiation. In a set of 

nondestructive tests on a new series of cylinders, some unexpected 

results were observed. The cylinders, 30 mm diam x 3.5 wall thickness, 

were made of 6063 aluminum and were intended for testing at 180 atm 

A circumferential stepped joint was planned for electron beam welding. 

Double wall X-ray testing of five cylinder joints showed one 

with wide lack of root penetration and another with full internal 

penetration. Ultrasonic testing with a 70 probe showed lack of 

fusion in a number of cylinders. Two of the cylinders were pressure 

tested and one started to leak at 50 atm. 

All five cylinders were cut open and the welds sectioned and 

single wall X-rayed before being prepared for macrographic examina

tion. The results showed total lack of fusion and penetration in 

four joints with the electron beam weld misaligned by 0.5 mm, the 

width of the step. In addition, a different grain structure was 

found in the two halves of the cylinder, showing that the parts 

were made from different raw materials. 

The above results demonstrate the need for strict supervision 

of raw materials, processes, alignment of equipment, direction of 
(2) testing and the correct choice of the types of tests carried out 

REFERENCES: 

1. ASME Pressure Vessel Code. Section VIII, 1980 
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Economy, 1975. 
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TEMPERATURE AND STRESS DISTRIBUTION IN TIG WELDED CYLINDERS 

A. Grill , G. Kohn and A. Stern 

A mathematical model for the calculation of the temperature 

distribution of a composite stainless steel cylinder during TIG 

welding was previously developed . Experimental results indicated 

that the mathematical model predicted cooling rates at the interior 

surface of the cylinder that were faster than under real conditions. 

The present work was threfore performed in order to improve the 

mathematical model and its fit to experimental results. One assump

tion, used in the model, was that the temperature across the cylinders, 

beneath the copper heat sink, remains constant at 40 C during welding. 

However, measurements indicated that this is not true for the inner 

surface of the cylinders. The composite cylinders consist of two 

concentric cylinders. The heat flow between the two is controlled 

by the heat transfer coefficient at the contact surfaces. Due to 

this contact resistance to heat flow, the assumption of the constant 

temperature of 40 C in the inner cylinder is not justified, and it 

appeared that this assumption caused the calculated fast cooling 

rates. 

The mathematical model was therefore revised assuming: 

1. The temperature is constant at 40 C across the outer cylinder, 

beneath the heat sink. 

2. The temperature across the inner cylinder remains at room 

temperature, at a relatively large distance from the welding line. 

Calculations performed with the modified model showed a 

much better fit to experimental results. In addition, the model 

was modified to allow the calculation of temperature distribution 

during pulsed TIG welding of the composite cylinder. 

The calculated temperature distribution is being used in 

order to calculate the stress and strain distribution in the 

cylinders considered, employing a specially developed computer 

Ben-Gurion University of the Negev, Beer-Sheva 
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program. This program is based on finite element analysis. The 

calculated results will be compared to experimental measurements 

carried out on the welded cylinders. 

REFERENCE: 

1. Grill, A., Final report, NRCN contract 2222/0-6, 1979, in Hebrew. 

LASER BEAM WELDING OF ZR2 AND Z R 4 ^ 

V. Ram, G. Kohn and A. Stern 

An investigation of the laser beam welding (LBW) of zircaloy 2 

and zircaloy 4 was undertaken. A 1.5 kW continuous wave CO« laser 

was used to obtain bead on plate, tube-to-tube and end cap-to-tube 

welds. As a result of the strict tolerances needed in LBW and the 

high sensitivity of zircaloys to the presence of oxygen, special 

mechanical devices, including an inert atmosphere box, jigs, fix

tures and laser nozzles, had to be designed to achieve optimum 

welds. The mechanical properties of the welds were determined by 

hardness and tensile strength measurements. The fracture surfaces 

of tensile specimens were examined with a scanning electron micro

scope and fracture modes were established. The microstrueture of 

the different zones was investigated. 

REFERENCE: 

1. Ram, V., Kohn, G. and Stern, A., in: Proceedings of 3rd Inter
national Colloquium on Welding and Melting by Electrons and 
Laser Beam, Sept. 1983, Lyons, France, Vol II, p. 653. 

DEVELOPMENT OF A MACRO CAMERA WITH AN f=800 mm LENS TO PHOTOGRAPH 

FRACTURES IN IRRADIATED FUEL ELEMENTS^ 

A. Munitz, Z. Livneh and M. Leaf 

A camera was developed employing a lens of 800 mm focal length 

to take macrophotographs of irradiated fuel elements through "hot" 

cell observation ports. The advantages obtained are: 

(a) The entire surface of the fractured fuel element is covered 

in one high quality macrophotograph; the saving in work time is 

appreciable and the results are immediate. 
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(b) It is possible to take the photograph from various angles so 

that different crack formations can be emphasized. 

(c) A depth of field of approximately 2 cm is obtained, thus 

ensuring sharpness of image of the whole fracture area. 

REFERENCE: 

1. Munitz, A., Livneh, Z. and Leaf, M., NRCN(TN)-076, 1983, in 
Hebrew. 

TEMPERATURE MAPPING IN FLAMES USING THE MOIRE EFFECT 

E. Bar-Ziv, S. Sgulim and D. Manor 

The aims of the present study were: (a) to investigate the 

effect of diffraction on the moire technique, and on the uncertainty 

in obtaining temperature profiles of flames in order to determine 

the suitability of the method for combustion studies, (b) to define 

the best experimental operation of the technique and (c) to illustrate 

the use of the technique for obtaining temperatures of flames. 

It was found that diffraction effects play a major role in the 

accuracy of the results. In order to minimize their effect the 

distance between the grids must be exactly one of the Fourier image 

planes of the grid. Even with this condition fulfilled there is an 

inherent error that can be precisely calculated for a given case. 

The error of the calculated temperature profile of a flat flame with 

axial symmetry was determined. It was found that large errors are 

obtained at the center of the flame and that the error has an 

oscillating behavior. The best experimental procedure was found to 

be the measurement of the transmission pattern of a single grid, 

followed by the generation of the moire image entirely within the 

computer. The temperature of a cylindrical flat flame was deter

mined . 

TEMPERATURE MAPPING IN FLAMES BY MOIRE DEFLECTOMETRY^1 * 

E. Bar-Ziv, S. Sgulim, 0. Kafri and E. Keren 

The theory of moire deflectometry was derived using the 

Fourier series approach. The advantages and disadvantages of the 
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infinite fringe limit were demonstrated. The approach of fringe 

deviation was compared to the intensity measurement, which was 

selected as being more suitable for flames. An experimental tech

nique based-on pointwise scanning was developed to obviate the 

deficiencies of the video system used previously. Moire data of 

CH./air flame were interpreted, and a full map of the temperature 

and gas density in the flame was produced. A comparison was made 

between moire deflectometry and related techniques. 

REFERENCE: 
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PHYSICAL STUDIES OF ARCHAEOLOGICAL MATERIALS^ 

Z. Goffer 

The application of physics to archaeology has flourished in 

recent years to such an extent as to warrant a distinctive name -

archaeometry. The contribution of physics to the study of archaeo

logical materials was reviewed in this work. Particular attention 

was paid to investigations concerned with the manufacture and 

provenance of those materials that are most actively being examined. 

Accounts of techniques and case histories are given. The review 

concludes by considering the application of physical principles 

to the conservation of antiquities. 
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