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FOREWORD

This is a report on the various research and developmental

activities carried out in the Materials Science Division during the

period 1986-88. Most contributions have been presented in the form of

abstracts and wherever possible results of several contributions on a

related problem have been consolidated into one. Papers published in

journals, presented in conferences/symposia and books have been

referred to in the list of publications with a prefix J, C and B

respectively. We hope that this report will provide readers an

overview of the work done in this Division.

Editors
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PREFACE

The three years 1986-88 covering this fourth activity report have

been a period of important developments and excitement in the physics

of materials. The discovery of the quasicrystalline phase and the

high temperature superconducting behaviour in metal oxides, led to an

international effort in investigating these materials. The Materials

Science Division has actively involved itself and shared much of the

excitement of research in these areas. In other fields as well, in

which the Division was involved, there have been significant

contributions and new perceptions. Studies on radiation effects in

materials have shifted their emphasis from simple metals to more

complex alloy systems and inert gas behaviour in metals; areas more

closely related to engineering materials used in radiation

environments. Equally significant have been the developments in the

physics of colloidal suspensions, behaviour of materials at high

pressures and production of crystals, particularly of volatile

semiconducting compounds, which have important technological

implications.

Looking at the specific problems studied during this period, in

the area of superconductivity, major efforts have been in the

standardization of the method of preparation of YBCO and careful

characterization by x-ray techniques and measurement of

superconducting parameters. Results on oxygen-vacancy ordering in

these compounds are also noteworthy. Some interesting and original

results have been obtained on the kinetics of oxygen desorption, the
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nature of vacancies obtained from positron measurements and associated

theoretical calculations. In quasi-crystals the main emphasis has

been in investigating the electronic structure of these materials

theoretically as well as from measurements of electrical resistivity

under pressure. A few important contributions relating to the

structure, magnetic properties and diffusion have also been made.

Sustained efforts in understanding defects in materials have led to an

important development in the gauge theory of defects which deals with

the classical problem of dislocation core energy. A book "Beyond the

Crystalline Order" has also been a valuable contribution from the

Division. Work on colloidal suspensions (as model systems for metals)

studied by light scattering has emerged as a very comprehensive and

detailed work making an important contribution to the subject.

Positron annihilation experiments have yielded valuable information on

helium clustering and bubble growth in metals like Ni and stainless

steel containing Ti impurities. Use of positron technique to

understand phase separation effects in concentrated alloys has been a

unique contribution. In the area of crystal growth, crystals of some

difficult and highly dissociable systems like GaP and GaAs as well as

CugMogSeg and large size crystals of alkali halides like NaCl have

been successfully grown.

Developmental work was continued with vigour during this period

and several new activities were also undertaken. These will

strengthen the future programmes of the Division. Automation of

several experimental set-ups was completed and some experiments were

connected to the mainframe computer for data processing. Among the
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new facilities, 3 Siemens powder diffractometer and a 5 W Ar laser

have been installed and a high pressure Raman set-up built. These

facilities have been advantageously used in some of the work presented

in this report. A small angle x-ray scattering unit has been procured

and is being installed.

It would also be appropriate to briefly present an overall

perspective of the future R & D effort of the Division since

considerable planning was done during this period. The results and

experience gained from the work on high temperature superconductors,

and the earlier work on conventional superconducting materials, has

enabled the laboratory to take up a major programme on development of

SQUIDs technology in the country. The experience gained in the area

of positron annihilation studies, is now giving way to the development

of low energy positron beam and two dimensional positron angular

correlation spectroscopy which will significantly add to the research

capabilities of the group. Good progress has also been achieved in

the particle irradiation facility and the addition of a secondary ion

mass spectrometer will enable the group to plan more quantitative

experiments. The high pressure and materials development laboratory

is taking up a programme on actinide studies at high pressures and

this involves the design and development of a new facility for x-ray

diffraction using more intense beams. It is also planned to develop

instrumentation for one of the beam lines at the synchrotron radiation

facility coming up at the Centre for Advanced Technology, Indore. In

the coming years, these developments would provide a new dimension to

the research programmes of the Division.
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The programme of the Division during this period have been guided

by Dr. P. Rodriguez, who has now taken charge of the Materials and

Metallurgy Programme of the Centre. I would also like to express my

appreciation to the Editors, Dr. Vijay Kumar, Kum. D. Vasumathi and

Shri N.V. Chandra Shekar for the difficult task of compiling and

editing this report. They have also been ably assisted by Shri S.S.

Liaquat Ali Khan. Shri R.S. Nair and Shri T. Edwin in preparing the

figures. I would also like to record my appreciation for Shri T.D.

Sundarakshan for his able and dedicated typing. To all of them and to

the other members of the Division, in particular the technical staff,

I owe a deep sense of gratitude.

If
Kanwar Krishan

Head, Materials Science Division
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HESEARCH ACTIVITIES - 1986-88

Problems Studied Techniques

Defects and Radiation
Effects

Inert gases in metals, alloys, steels
and glasses; microstructure and
stability; dislocations and disdina-
tions in condensed media; defects in
colloids.

PAS, x-ray, TEH, SEM,
theoretical studies and
computer simulations,
optical microscopy.

Alloys Solute clustering, precipitation and
GP zones; diffuse scattering.

PAS and lifetime calcula-
tions, TDPAC, Mossbauer
spectroscopy, x-rays.

Superconduc tivity Superconducting properties of Nh-Ti
alloys, Chevrel phases and high Tc
superconductors; Synthesis, oxygen-
vacancy ordering, thermal decomposi-
tion, oxygen diffusion and high
pressure studies of l~2-3 compounds.

X-ray, PAS and lifetime
calculations, resistivity
and susceptibility, TDS,
IAS and EN.

Quasicrystals Structure, stability, electronic
and magnetic properties, diffusion.

Theoretical studies,
electrical resistivity,
high pressure studies,
x-rays and Mossbauer
spectroscopy

Colloids Structure and elastic properties. Light scattering and
computer simulations.

Phase transitions
Under Pressure

Phase transitions in U, Th and
tetracyanoethylene under pressure
and temperature; LiKSO.

X-ray, electrical
resistivity; Raman
scattering.

Crystal Growth GaP, GaAs, Chevrel phases, 1-2-3
compounds, large Al crystals and
alkali halides.

Liquid encapsulated
vertical Bridgman
technique, zone leveller.

Abbreviations:

PAS - Positron annihilation spectroscopy;
TDPAC - Time differential perturbed

angular correlation;
IAS - Infrared absorption spectroscopy;

TEH - Transmission electron microscopy;
SEM - Scanning electron microscopy;
TDS - Thermal desorption spectroscopy;
EM - Electromigration.
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DEVELOPMENTAL ACTIVITIES - 1986-88

1. 2 MV Tandem Accelerator and 400 KV Heavy Ion Accelerator.

2. Irradiation Creep Set-up.

3. A Set-up for Studying Kinetics of Load Relaxation.

4. Closed Cycle He Loop.

5. Beam Sweep System for Variable Energy Cyclotron.

6. High Resolution Positron Lifetime Spectrometer.

7. Three Detector Time Differential Perturbed Angular Correlation
Apparatus.

8. Microprocessor Based Hossbauer Spectrometer.

9. Resistivity Cell for Electromigration Studies.

10. Liquid Encapsulated Vertical Bridgman Technique for Crystal
Growth.
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1. METAL PHYSICS LABORATORY

1.1 Positron Annihilation Studies on Solute Clustering and

*
Precipitation in Al Alloys

A. Bharathi, C.S. Sundar, D. Vasumathi and K.P. Gopinathan

The utility of positron annihilation in the study of clustering

of solute atoms and precipitation in binary Al alloys has been

examined both theoretically and experimentally. The theoretical work

consisted of a study of the positron response and annihilation

characteristics as a function of solute atom cluster size. The systems

investigated were AV-Zn,AL-Ag, Ah-Mg and Al-Cu.

The essential theoretical results are summarised in Figs.1.1 and

1.2. A plot of the positron binding energy versus cluster size for the

different systems (Fig.1.1) indicates that all solute clusters

considered are attractive centers for the positrons. The magnitude of

the binding energies indicate that clusters of Zn,Cu and Ag are more

effective positron traps as compared to Mg clusters. Further, with the

exception of Mg, large solute clusters are as effective positron traps

as monovacancies in the Al-matrix. The variation of positron lifetime

Z with cluster size in Al alloys is shown in Fig.1.2. With the

increase in cluster size in Alj-Ag, AV-Zn and Al^-Cu, it is seen that

the "C values decrease to the bulk Ag, Zn and Cu values respectively

for clusters containing 43 or 54 atoms of the solute. In the Al-Mg

system on the other hand, the z value increases towards the bulk Mg

value.
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To facilitate the interpretation of experiments on quenched

alloys, theoretical calculations of annihilation characteristics at a

monovacancy decorated by various types of solute atoms have been

carried out. Calculations have also been carried out for clusters with

plate like geometry, including lattice relaxation around the plates,

apart from spherical clusters in the AI-Cu system. Results suggest

that both positron binding energy and annihilation characteristics are

sensitive to the geometry of the cluster.

Doppler broadening measurements done as a function of temperature

in the as quenched Al-1 at% Ag and Al-6 ath Ag alloys are shown in

Figs.1.3a and 1.3b respectively. In the starting sample the value of

the I- parameter indicates that positron annihilates from Ag rich

clusters. The I parameter is seen to increase with increase in

temperature. The I parameter in the alloys is seen to merge with that

in Al at a certain temperature, and this is identified with the GP

zone solvus line for the two concentrations considered. In the lower

temperature region, assuming that once trapped in the GP zone, the

positron samples both Al and Ag atoms with equal probability, the

concentration of solute, x, in the GP zone is evaluated using.

KT) = I (x) + IM (1-x) (1)

where, I(T) is the measured I parameter at temperature T and I. and

I., are the I parameters in pure Ag and Al respectively. A plot of the

variation of x with temperature is shown in Fig.1.4, which agrees well

with the already known GP zone solvus line in the system.
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The isochronal annealing measurements have resulted in the

determination of the precipitation sequence in the Al^-Ag and Al-Cu

systems. The kinetics of solute clustering has been monitored by in-

situ Doppler broadening measurements done at different temperatures as

a function of time. The variation of I parameter with time is

analysed using Eq.(l) to obtain the enrichment of solute in GP zones

with time.

Refer /Jl,J2,J9,J10,C13,C27/

* This work is a part of the Ph.D. thesis submitted by A. Bharathi.

1.2 Positron Studies in YBCO

A. Bharathi, C.5. Sundar, D. Vasumathi, Y. Hariharan, V.S.

Sastry, M.P. Janawadkar and A.K. Sood

Positrdn lifetime and the Doppler broadened llneshape parameters

have been measured as a function of quench temperature (TQ) in

Y BaJZu 0 /Jll/. The mean lifetime Z and the peak parameter, I

are observed to decrease as T is lowered from 1198 K to 598 K. The

variation in z. and I with TQ are observed to correlate with oxygen

deficiency, x, measured at various quench temperatures. The positron

lifetime, «„ attributed to trapping at oxygen vacancies is observed

to decrease from 200+1 ps in the tetragonal phase (x > 0.5) to 190+1

ps in the orthorhombic phase (x~> 0.0) (see Fig.1.5). The results

suggest that the nature of oxygen vacancies is different in the

tetragonal and orthorhombic phases.



0.6

C.2

0

20b

Ul

3 195

185

205

- . 195
a

= »85

175

0.402

0.396

0.394
300

i i

i I
500

* •

700 S00

186
55 75 95

TEMPERATURE (K)
300

0.355

0.353 -

1

1

1

1

_ t

i r J
f \

1

i,

I

1

1

1

1

1

-

55 75 95
TEMPERATURE <K)

300

Fdgtl.5 Variation of the peak parameter I}

mean lifetime x. , the positron
lifetime x z and x as a function
of TQ in YlBa2Cu3O7_x.

Fig.1.6 Variation of positron parameters as a
function of temperature in Y.Ba,.Cu,07 _.



• a =

Positron lifetime and Doppler broadened lineshape measurements

have also been carried out on Y.BaJCuJJ- as a function of

temperature from 300 K to 58 K /J12/. The positron lifetime and the

peak parameter are observed to decrease on lowering the temperature

below the superconducting transition temperature (T ) of 90 K. T was

checked by a.c. susceptibility measurements. From Fig.1.6, it is

seen that the variation of the positron parameters with temperature in

the superconducting state is significantly larger than that observed

in the normal state. These experiments clearly indicate that unlike

in usual superconductors, positron spectroscopy is sensitive to

superconductivity in the oxide superconductors.

The positron distribution and lifetimes have been computed for

model structures of Y.BaJZuJ}-, Y.BaJCuJ)-, c and Y^BanCuJ)et known to
1 Z o / 1 Z 3 b.O 1 Z o o

consist of different arrangements of oxygen vacancies using a simple

real space scheme /J5/. The positron potential was obtained as the

sum of full lattice electrostatic potential and correlation potential,

treated in the local density approximation. The positron

wavefunctions and eigenvalues for the lowest lying itinerant positron

state were obtained by solving the Schrodinger equation using the

finite difference scheme under appropriate boundary conditions. The

computed positron wavefunctions display maxima at oxygen vacancies in

the basal plane as is shown in the contour plots in Fig.1.7. These

results clearly indicate that the positron samples the oxygen

vacancies in the basal plane. Computing the overlap of the positron

density with core and valence electrons results In the determination

of positron lifetime as 190 ps, 222 ps and 23U ps in Y.BaJZuJO-,
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Y Ba Cuo0c _ and Y.BaJCuJ}. . respectively. A similar calculation has

also been carried out for positron localised at an isolated oxygen

vacancy (0 ) along the Cu-0 chain in Y.BaJCu.O-. The positron

eigenvalues in Y^a^u^j Q, Y1Ba2Cu306 fi/ i ^ B a ^ u . ^ and 0 y are

respectively -0.85 eV, -1.28 eV, -1.7 eV and + 3.5 eV, which suggests

that an isolated 0 is not as favourable a positron trap as the

underlying oxygen vacancy lattices in all the three structures.

The phase decomposition of oxygen off-stoichiometric Y.Ba0CuJ)

into the tetragonal Y Ba^Cu^O and orthorhombic Y.BaJCuJO has been

suggested by mean field calculations. In view of the large

differences in the computed positron lifetime in the 0. and 0-
o /

structures, measurements of the positron lifetime and angular

correlation of positron annihilation radiation have been carried out

in Y.Ba CuJ)- (x = 0.25) as a function of ageing time at U23 K, U73

K, 523 K and 573 K to study the phase separation. The experiments

clearly show evidence for the formation of the oxygen deficient phase

of oxygen stoichiometric close to 6. A two component analysis of the

positron lifetime data indicates that the volume fraction of the

oxygen deficient phase increases with ageing time. A plot of the

time required for half the transformation as a function of

temperature, termed the time-temperature-transformation diagram shows

a C shaped curve, indicative of a nucleation and growth type of

mechanism for the phase decomposition.

Refer /J5,J11,J12.Cll,C12,C19,C20,C26,C28/
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1.3 Helium Bubbles i£ Ni_ and^ Ni^Ti_ Alloys j_ Effect o£Ti_on_ Bubble

Growth in Ni

G. Amarendra and B. Viswanathan

The study of the effect of Ti alloying on helium bubbles in

materials is of both basic and technological interest. High resolution

positron lifetime and Doppler broadened lineshape measurements on

helium implanted pure Ni /J4/ and N±-Ti alloys /JU,C23/ containing 0.5,

1 and 5 ath Ti (He dose : 100 appm in all samples) have been carried

out as a function of isochronal annealing temperature. Measurements

have also been done on helium free alloy to delineate the

contributions of positron trapping arising from helium and damage. In

the as-implanted state of pure Ni containing 100 appm of He, two

lifetimes have been resolved, whereas only a single lifetime component

of 160 ps has been observed in all Ni_-Ti alloys. The latter indicates

complete positron trapping at one particular defect structure

associated with Ti. Beyond 700K, two lifetimes have been observed in

Ni^-Ti alloys. Between 700 and HOOK, the sharp increase in t tends

to saturate with a concomitant decrease of !„. This behaviour in Z-

and I2 similar to that in Ni is indicative of helium bubble growth.

An analysis of the experimental positron lifetimes shows that the

bubble radius decreases with the addition of Ti. Also the bubble

concentration and the helium atom density per bubble increases as a

function of Ti concentration. The bubble swelling (total bubble volume

V ) shows a considerable reduction beyond 1 ath Ti, as compared to

that in pure Ni. These results are shown in Fig.1.8.
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The present study has been supported by atomistic calculations of

helium binding energy for clusters upto 6 He atoms in Ni with and

without Ti. The results for the calculated Binding Energy per He atom

are shown in Fig.1.9 as a function of the number of helium atoms in

the cluster. As seen, helium clustering around a vacancy is stable in

pure Ni while stable clustering can also take place around a Ti-V

complex in Ni-Ti.

The above results can Jbe understood as follows. An oversized

substitutional Ti impurity with smaller electron density in the host

Ni, acts as an efficient trapping site for He atoms. Thus alloying Ni

with Ti increases the nudeation centres for helium bubble formation

with increased helium occupancy.

Refer /J4,C5,C23/

2.4 Can Positrons Provide a Defect-Spectroscopy in Special Alloys

Such as Reactor Steels ? - An Assessment

B. Viswanathan

The question of whether positron studies can provide a detailed

and quantitative understanding of defect properties in special alloys

such as reactor steels, is examined with specific reference to helium

effects in irradiated materials. On the basis of our recent under-

standing of positron states in gas bubbles, the positron lifetime in

°Q-irradiated stainless steel are analysed to deduce parameters such
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as helium atom density, bubble radius and bubble concentration. These

deduced bubble parameters are compared with independent TEM results on

the alloy. The determination of activation energy for bubble growth

at high annealing temperatures is discussed. Effect of Ti-alloying on

bubble growth in nickel (Ni - chosen as the model metal for steelj is

discussed with reference to positron results in Ni^-Ti alloys. A

comparative assessment of the positron method, in relation to other

prevailing techniques in the study of helium in metals, is made.

Refer /J7/

1.5 Nucleation and Growth of Helium Bubbles in Pure Copper Studied by

Positron Annihilation Spectroscopy

G. Amarendra, R. Rajaraman and B. Viswanathan

Copper of 99.997% purity has been homogeneously helium implanted

at 373 K with 40 MeV o(.-particles at VECC, to two different doses of

100 appro and 400 appm He. Post-irradiation isochronal as well as

isothermal measurements of positron annihilation parameters have been

carried out. Figure 1.10 shows the isochronal annealing curve for the

Doppler broadened lineshape I and mean lifetime Z for Cu with 100

appm He. The occurence of a shoulder observed around 600 K in the

present study, not seen in the earlier reported e~ irradiated and n-

irradiated Cu, can be associated with the behaviour of helium. Figure

1.11 shows the results from a two component analysis of the lifetime

spectra for Cu with 400 appm He. In the as-irradiated state, X =
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180 _+_ 10 ps of 92% intensity is explained as due to the combined

effects of positron trapping at dislocation loops and subsdtutional

He-V complexes. The longer lifetime Z = 475 jj; 25 ps of 8% intensity

is explained as due to helium free voids formed during irradiation.

The sharp reduction in Z-, accompanied by an increase of I till 700

K, is understood in terms of the formation of bubble nucleus,

controlled by a thermally activated process of helium migration to

vacancy traps. The behaviour of t- an<* •*? * e / o n d ?00 & * s indicative

of the post-nucleation growth of helium bubbles, where there is an

increase of bubble size with a decrease of its density.

The kinetics of bubble nucleation has been studied on the basis

of isothermal annealing curves (X vs time) measured for three

different temperatures shown in Fig.1.12 for ^-irradiated Cu (with

100 appro He). The effective activation energy, deduced from the

measured isothermal curves by the cross-cut method is 1.28 eV. This

value compares satisfactorily with the value of the activation energy

given by

B M F
= EHe,V + EHe " EV

where E is the binding energy between He and V; £„ - interstitial

migration energy and Ev - vacancy formation energy. This agreement

might well support the fact that trap-hindered helium migration is the

rate-controlling process for bubble nucleation.

Refer /C22J
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1.6 Helium Bubbles in_ Neutron-Irradiated Copper-Boron Studied b%_

Positron Annihilation

B. Viswanathan, G. Amarendra and K.P. Gopinathan

10 7
The influence of helium, introduced by the B(n,<*) Li reaction,

on the evolution of defect structures in copper containing a few

hundred appm boron has been studied by detailed positron lifetime and

two-photon angular correlation measurements, supplemented by TEM

studies /J6/. In the as-irradiated state of Cu-B, two lifetime

components have been resolved. The shorter lifetime, K. = 167 ps of

97% intensity, has been understood due to positron trapping at small

he Hum-vacancy complexes, while the longer lifetime t- = 450 ps of 3%

intensity is explained as due to helium-free voids. Marked changes in

the annihilation characteristics observed at 670 K are interpreted in

terms of the nucleation of microbubbles, controlled by thermally

activated helium migration to vacancy traps. Corroborative evidence

for the onset of helium clustering is obtained from the change in the

average size of positron traps as deduced from the smearing of the

measured angular correlation spectra. Helium bubbles and helium-free

voids coexisting in the system have been distinguished by a three-

component analysis of the lifetime spectra. Bubbles are found to be

stable beyond the temperature of dissociation of voids. The size and

concentration of bubbles, determined independently by TEH

measurements, are in accordance with the positron annihilation results

in the growth stage. The observed positron lifetime at higher

annealing temperatures has been analysed by relating the annihilation

rate to helium atom density and helium pressures in the bubbles are
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evaluated. These pressures are in satisfactory agreement with the

estimates of equilibrium pressures, leading to the conclusion that

bubble relaxation occurs by the mschanism of thermal vacancy

condensation.

Refer /J6/

1. 7 Critical Behaviour of the Ising Model on a_ Two-Dimensional

Penrose Lattice

G. Amarendra, G. Ananthakrishna and G. Athithan

We have carried out detailed Monte Carlo calculations of the

critical properties of the Ising model on a two-dimensional Penrose

lattice. The critical exponents ft and * are found to be 0.128 _+

0.007 and 1.80 _+ 0.09 respectively, which are similar to those of

crystalline systems. The critical temperature of the system is shown

to lie between that for the square and the triangular lattice.

Refer /J13, C12h/

+ Computer Centre, IGCAR, Kalpakkam.

1.8 Clustering of Defects in Metals and Alloys

C.S. Sundar

We present a review of the clustering of defects such as

vacancies in metals and solute atoms in quenched alloys. The main
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emphasis is given to the study of the evolution of clusters with time

and temperature. Various experimental methods such as transmission

electron microscopy, small angle scattering and positron annihilation

spectroscopy, which provide detailed information about the structure

of small clusters, the cluster distribution and the kinetics of

clustering are discussed. In particular, the application of positron

annihilation technique to the study of defect clustering is

illustrated through selected examples such as vacancy clustering in

nickel, nudeation and growth of helium bubbles in metals and the

formation of Zn clusters in quenched Al-Zn alloys. Finally the

theoretical modelling of defect clustering through kinetic rate

equations and Monte Carlo simulation is discussed and a comparison is

provided with the existing theories of nucleation and growth of

clusters.

Refer /C2,C18/

1.9 Production and Application of Variable Low Energy Positron Beams

B. Viswanathan

The recent works on the production and behaviour of low energy

positron beams in solids are reviewed. Since the early pioneering

experiments, the subject of low energy positrons has been intimately

connected with our understanding of positron interaction with

surfaces. This knowledge has contributed significantly to the

development of efficient slow positron moderators yielding sufficient

beam strengths for the study of surface and near-surface effects as
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well as scattering by atoms and molecules. The recent advances made

in the development of positron beam techniques are briefly discussed.

A number of interesting processes occur when a monoenergetic positron

beam of tunable energy strikes a solid target. Our present

understanding of positron interaction with surfaces includes various

inelastic processes, trapping and de-trapping at surface bound-states

and positronium dynamics at surfaces. The problem of extracting

information about atomic defects in the near-surface region of metals

is discussed on the basis of a positron diffusion model. It is also

pointed out how this model can be useful for the characterization of

thin films and interfaces. Investigation of defect structures, formed

at submicron depths from the surface of metals bombarded with low

energy helium ions, is illustrated through examples on depth profile

measurements. Finally, the question of brightness enhancement of slow

positron beams is discussed. Brief reference is made to future

prospects and speculations on the experimental possibilities offered

by low energy beams of high flux and brightness.

Refer /C6/

1.10 Investigation of Neutron and Alpha Irradiated Reactor Pressure

Vessel Steel bj/_ Positron Annihilation and Electron Microscopy

B. Viswanathan, R. Rajaraman, G. Amarendra, R.V. Nandedkar and D.

Pachur

Positron lifetime, annihilation lineshape, hardness and electron

microscopy measurements have been carried out on n-irradiated pressure
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vessel s teel (HSST plate 03) meeting ASTM specification A533-B /C9/.

The material, prior to irradiation, was quenched and tempered for

initial hardness. The positron parameters for specimens irradiated at

18 2 "8

1*23 K to a dose of 1.5 x 10 n/cm (damage rate: 3 x 10 dpa/sec)

are found to decrease sharply during the post-irradiation annealing

interval 473-623 K. This correlates well with the stage seen in the

recovery of Vickers hardness. The results are shown in Fig.1.13. The

microstructure of the alloy before and after n-irradiation is shown in

Fig.1.14. The black particles seen in the micrograph, have been

qualitatively identified as carbides of the type FejC and MOJC based

on thei r morphology and lattice spacing. There is a reduction in the

average size of the carbide particles by about 10% under irradiation,

suggesting a partial dissolution of the precipitate. The dislocation

structure formed as a result of irradiation i s seen in Fig.1.14c.

Figure 1.15 shows the results for the resolved positron lifetime

parameters t.t Z and !„ . The shorter lifetime "CL (154 ps) is

attributed to positron trapping at dislocations. Longer lifetime 'CV

(240 ps) i s explained as due to the formation of carbon-vacancy

agglomerates. The formation of this complex is understood as follows.

Carbon atoms, displaced from the carbide during irradiation, undergo

interstitial migration and get trapped to irradiation-induced

vacancies or their c lusters . The observed strong positron trapping

would suggest that the carbon is located off the vacancy-centre in the

complex. The enhancement and recovery of radiation hardening in the

material have been qualitatively understood in terms of the formation

and dissociation of carbon-decorated vacancy complexes. A change of

defect structure indicated at 623 K from the behaviour of "C is not
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clearly understood as yet.

Figure 1.16 shows the results for mean lifetime Z in the

ferritic steel A-533B after irradiation at VECC with 40 MeV <*-

part icles at 373 K. The total dpa under <* -irradiation was smaller by

nearly a factor of four, as compared to that of n-irradiation while

the damage rate was more or less the same. A comparison of results in

Figs.1.15 and 1.16 shows that the second lifetime component "&„,

characteristic of the carbon-vacancy complex seen in n-irradiated

steel, is absent in the <*-irradiated steel. This indicates that no

carbon dissolution from the precipitates takes place at smaller dose

levels to s t ab i l i se the carbon-vacancy complex. The decrease of mean

lifetime v in Fig.1.16 till 973 K can be simply explained by the

annealing out of cascade-induced dislocation loops. The interesting

feature in Fig.1.16, however, i s the sharp rise and fall in V around

1000 K. This is due to the <*•- • structural phase transformation in

the ferritic steel. The sensitivity of positrons to such

transformations has been reported in literature for pure iron. The

present study demonstrates that positron annihilation technique is a

good complementary tool for the characterization of pressure vessel

steels.

Refer /C9/

+ IFF, KFA, Julich, FRC.
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1.11 Helium in Ti-stabilised Stainless Steel Investigated by Positron

Annihilation Spectroscopy

B. Viswanathan, R. Rajaraman and G. Amarendra

There has been an active interest recently on the behaviour of

helium in the presence of precipitates such as TiC in austenitic

steel. Here, nudeation and growth of helium bubbles have been

studied by positron annihilation spectroscopy in Ti-stabilised

stainless steel f+5% Ni, 15% Cr, Mo 2.2% and Ti/C - U). One set of

Ti-steel samples (referred as TS ) has been solution annealed to

produce Ti partly in solid solution and partly distributed at primary

TiC precipitates. The second set of steel samples (TS.) has been

solution annealed at 13U3 K for 30 mins, followed by 20% cold-work and

subsequent aging at 1073 K for 12 hrs. This thermomechanical treat-

ment is believed to produce small secondary TiC precipitates. Both the

samples TS. and TS2 have been homogeneously helium implanted at 373 K

at VECC with UO MeV «-partides to a dose of 80 appm He. Positron

parameters have been measured on the helium implanted samples as a

function of isochronal annealing temperature from 300 K till 1200 K.

Figure 1.17 shows the variation of Doppler lineshape with

annealing temperature for both TS. and TS2. As seen in Fig.1.17, a

shoulder is exhibited between 673 and 973 K after an initial decrease

in I . I again decreases beyond 1000 K. Figure 1.18 shows the

detailed lifetime results for steel TS . A single lifetime (180 ps)

is observed till 800 K. Two components have been resolved beyond 873

K and a third component of weak intensity also develops in the range

1000-1200 K. The single lifetime with 100% intensity is attributed to
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positron trapping at.Ti-V complexes (Tl in solution). Its decrease to

160 ps at 673 K is explained as due to the multiple helium decoration

of the complex. The behaviour of Z , I and T, I at higher

temperatures is in accordance with the post-nudeation growth of

helium bubbles. The near-saturation value of V (280 ps) is close to

that observed in Atf-Ti alloys. Figure 1.19 shows the lifetime results

for steel TS . Here, two lifetimes have been resolved from 300 K till

1000 K, with t of dominant intensity. The behaviour of t and !„

in Fig.1.19 is similar to that in Fig.1.18 with the notable exception

that the near-saturation value of t- is found reduced (240 ps) for

TS as compared to that for TS . Beyond 1000 K, 3 components have

been resolved. The lifetime t of 2U0 ps is qualitatively understood

in terms of helium bubbles bound to small TiC particles.

An analysis of the lifetime results indicates that the helium

atom density nw in the bubble is increased for the case of TS , as

compared to that in TS . These values in turn are found higher than

that of Ti-free steel. These results seem to lead to the conclusion

that substitutional Ti-complex enhances helium trapping in steel TSj

while small TiC particles are the efficient trapping centres for

helium in TSp. The observation of two bubble components (apart from

the bulk) in both steels is indicative of a bimodal-like bubble

distribution. It is perhaps interesting to point out that the present

positron results are in overall agreement with the microstructural

results reported in recent literature. Further work planned includes

positron studies with different Ti/C ratios in the steel.
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1.12 Positron Lifetime Study of Helium Bubbles in Aluminium

G. Amarendra, B. Viswanathan and K.P. Gopinathan

Helium has been homogeneously implanted at 350 K in Al to a dose

of 100 appm using 40 MeV oC-partides from VECC. Post-implantation

isochronal annealing measurements of positron lifetime have been

carried out from 300 K to 900 K. The resolved lifetimes and their

intensities are shown in Fig.1.20. The increase of lifetime t with

a concomitant decrease of I„ in the interval 500 to 900 K, have been

understood in terms of helium bubble growth aided by thermal vacancy

condensation. Using the relation between He density and lifetime on

the basis of the positron surface state model for the bubble, helium

pressure has been obtained from the measured lifetime. By equating

this to the equilibrium pressure the bubble radius is obtained. The

deduced bubble parameters are given in Table 1.1. As is clear from

the table, helium retention in bubbles is stable even upto the melting

point. The present results are in good agreement with those reported

in Al, irradiated with 600-800 MeV protons.

Table 1.1 Annealing temperatureT, lifetime V , He atom density n

pressure p, bubble radius rn and bubble density Co.
a if

T

(K)

500

800

900

Refer

Z
2

(ps)

320

415

450

/CIO/

nHe

(nm )

77

36

21

P

(MPa)

4000

800

400

rB

(A)

5

26

52

CB

(m~3)

22
1.4x10**

6.0X1020

2.8X1020
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1.13 Characterisation of Defects in Metals by Positron Annihilation

Spectroscopy

K.P. Gopinathan

The annihilation characteristics of a positron trapped at a

defect, which provide a unique signature for characterising the defect

are discussed. The application cf positron annihilation spectroscopy

to the investigation of a variety of defect related problems such as

the determination of vacancy formation energy in metals and the study

of annealing behaviour of defects are presented. Particular emphasis

is given to the study of defect clusters such as vacancy clusters and

helium bubbles in metals and solute atom clusters in alloys with

examples drawn mainly from the work in our laboratory.

Refer /C21/.

1.1k Positron Annihilation and Perturbed Angular Correlation Study o£

Al-1.5 wt% Hf Alloy

D. Vasumathi, C.S. Sundar, G. Amarexdra and K.P. Gopinathan

Positron angular correlation and Doppler broadened lineshape

measurements have been carried out in conjunction with time differen-

tial perturbed angular correlation (TDPAC) experiments to study the

formation of vacancy-type defects in quenched Al-1.5wt% Hf alloy

/C25/.

Results of in-situ Doppler broadened lineshape measurements (1

parameter) as a function of sample temperature is shown in Fig.1.21.
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The I parameter shows a sigmoidal variation with increase of

temperature indicating trapping of positrons at the thermally

generated vacancies. An analysis of the results in terms of the two-

state trapping model, leads to the estimation of the binding energy

between Hf and vacancy in the Hf-V complex as 0.2 eV.

TDPAC data were analysed in terms of i* the quadrupole

interaction frequency, S , the width of the frequency distribution and

f, the fraction of Hf probe muclei that experience the quadrupole

interaction ** . The variation of S , t> and f are shown in Fig. 1.22

as a function of isochronal annealing temperature. The initial

decrease in & and f, indicates partial annealing out of radiation-

induced defects. Beyond 573 K, »> increases to 326+7 MHz while f

increases to 0.4. These TDPAC parameters show an increase in the same

temperature range where the I parameter shows an increase. By a

comparison of PAC with PAS results, the interaction frequency V =

326+7 MHz can be associated with Hf probe atoms that have trapped

vacancy-type defects.

Refer /C25/

1.15 Iron Precipitation in Cu-Fe Alloys Studied by Positron and
*

Mossbauer Spectroscopy

Padma Gopalan, CM. Chittaranjan, C.S. Sundar and B. Viswanathan

A study of the clustering of Fe atoms and precipitation has been

made by combined positron and Mossbauer measurements in Cw-Fe alloys.
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which exhibit a rather simple phase diagram with a small solubility of

Fe in Cu ( 0.027 at% at 673 K). Two-photon angular correlation

measurements have been carried out in slow-cooled (T. = 1273 K ) as

well as quenched (Tn = 1273 K) Cu-Fe alloys, with Fe concentration

ranging from 2 to 23 wt% . The variation of the peak height, H

parameter, as deduced from the angular correlation spectra is shown in

Fig.1.23, as a function of Fe-concentration. In the case of furnace

cooled £u-Fe (Fig.1.23a), //-parameter decreases till about 4% Fe and

increases again for higher concentration. Its value at 3.85 wth is

close to that of pure Fe while the value at 23 wt% is close to that of

the cold-worked metal. The behaviour in Fig.1.23a is explained as due

to the formation of coherent a -Fe precipitates at low Fe

concentration, their conversion to semi-coherent and finally

incoherent oC -Fe precipitates with increasing Fe-concentration. The

loss of coherency with the Cu-matrix results in the formation of

interfacial defects. In the case of quenched Cu-Fe (Fig.1.23b), the

opposite behaviour for the H-parameter i s observed as a function of

Fe-concentration. The initial increase is explained as due to

positron trapping at quenched-in vacancies and the subsequent decrease

as due to the vacancy-assisted formation of Fe precipitates. The

angular correlation results have been supported by positron lifetimes

measured for pure Fe, Cu-3.85 wt% Fe and Cu-23 wt% Fe.

Supplementary evidence on the / - * transformation of the Fe

precipitates has been obtained by Mossbauer measurements on the heat-

treated alloy as a function of Fe concentration. The Mossbauer

spectra corresponding to 1, 3.85, 11 and 23 wt% alloys are shown in

Fig.1.24. The shaded central line is characteristic of the
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paramagnetic /-Fe precipitates while the six finger pattern i s

characteristic of the ferromagnetic <*-Fe precipi tates. The

normalised area fraction of the tf-Fe shows an increase in the range

1 - llwth and a sharp decrease beyond 11%. This indicates the growth

and dissolution of o-Fe precipitates. At higher Fe-concentrations,

pf-Fe precipitates are found to be stable. The isomer shifts of the

single central line in the alloys studied are found different, as

compared to that for Fe in solid solution. The linewidth shows an

increase with increasing Fe concentration, indicating a distribution

of Fe sites in the precipitates.

* A part of the work for M.Sc. Thesis by Padma Gopalan.

1.16 Mossbauer Studies of_ Al-Fe Ouasicrystals

* +
C.5. Sundar, S. Karthiyayini , G. Amarendra, V.S. Raghunathan

and K.P. Gopinathan

Mossbauer spectral measurements have been carried out in

conjunction with transmission electron microscopy and x-ray

diffraction in melt spun A1-1A at% Fe, Al-18 at% Fe and Al-9 at% Mn-5

at% Fe guasicrystals. In the quasicrystalline phase, the Mossbauer

spectra are characterised by broad doublets (Fig.1.25) indicating a

distribution of Fe sites. On crystallising at 773 K, the Mossbauer

lines narrow to natural linewidths indicating unique Fe distribution

characteristic of Al Fe and Al-Fe phases. In A1-9Z Mn-5% Fe,

Mossbauer spectra have been measured as a function of isothermal

annealing time at aging temperatures 773 K and 873 K. The variation
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of the " iinewidtti as a function of annealing time provides an

indication of the kinetics of crystallisation of the quasicrystal.

The observed changes in the Mossbauer spectra have been explained in

terms of the evolution of microstructure with heat-treatment.

Refer /C30/

* Presently at Department of Nuclear Physics, University of Madras.

+ Metallurgy Division, IGCAR.
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2 . SUPERCOHDUCTIVITY i APPLICATIONS AND X-RAY LABORATORIES

2.1 Structural Instability in Niobium-Titanium

Y. Hariharan, S. Kalavathi, U. De, M.P. Janawadkar, V.S. Sastry

and T.S. Radhakrishnan

Niobium-titanium alloys are the most widely used superconducting

materials and extensive studies are available on the influence of

microstructure and composition on the critical current. The influence

of structural instability on the superconducting properties is not

widely discussed although many hints are available as to their

importance. These studies are important in view of the fact that the

structural instabilities can trigger a quench of an operating magnet

with a release of large amount of stored energy with catastropic

conseguences.

The most dominant instability in the Nb-Ti system is the

instability associated with the to phase formation from the bcc G

phase and the competition with martensitic transformation. This is

influenced not only by the relative composition of Ti to Nb but also

depends on other parameters like stress.

A manifestation of the instability is in the behaviour of the

room temperature resistivity (or even the normal state resistivity

just above T ) as a function of Ti concentration in the range above

60%. JPN increases with Ti concentration but suddenly drops for Ti

concentration in the region of 84% owing to the occurrence of

martensitic transformation.
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An alloy with 83 at% Ti was studied with 1 at% Nitrogen added by

plasma nitration method. This increased the fN three fold to about

150 y i t cm, highest known for a Nb-Ti alloy. TEM/x-ray revealed

that the alloy had not undergone the martensitic transformation but

had been retained in the bcc /3 phase and showed incipient o* phase

instability (prone to « phase formation) as seen by characteristic

streaking in selected area diffraction. The R vs T behaviour of this

Ti 83% N - Nb alloy showed negative temperature coefficient of

resistance as shown in Fig.2.1. Thus it is established that if the

alloys are retained in the fi phase without the intervening

martensitic transformation, j3
f. would increase and df* /dT would

decrease as Ti concentration increased. It has also been shown in the

literature that this structural transformation (p with bi instability

to martensite) can be brought about by stress.

It is evident that compared to the martensitically transformed

alloy, /3 phase alloys with high Ti concentration possess high P^.

This has been ascribed to the dynamical u fluctuations. These

fluctuations scatter electrons as the lifetime of the fluctuations

(10 sees) is large compared to the electronic lifetimes. The excess

resistivity (due to <*> instability) has been quantitatively understood

in terms of a two level system (TLS) representing fi and <*>

con figurati ons.

Heat treatment influences the PN of high Ti content alloys.

Although detailed understanding is yet to come, this can be understood

in terms of the incipient instability leading to actual <w

precipitation (athermal o> ) and consequent growth of thermal u> .

Detailed R vs T behaviour as well as H -T behaviour has been studied
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and analysed. The expected enhancement in H (T) was not noticed

although values were comparable to the enhancements reached in the

literature by ternary additions using Ta upto 10%. In the case of R

vs. T studies, no noticeable special feature developed as a function

of P' . Nevertheless, these studies were in contradiction to the

prevalent view in the literature that in general for all

superconductors (also applicable to Nb-Ti) P(T) varied as r" for T <

O.I $ , n depending on the value of f and the strength of the

electron-phonon interaction A . Specifically for NbTi, this picture

predicted n = 2 initially and entered the classical n - 3 to 5 region

at a higher level of disorder because of decreasing Pi . In our

studies on aged Nb-65 at% Ti alloys, this picture was not borne out.

Refer /J1U, J15, C3U, C36, C37, C45, W8, C61, C64/.

2.2 High T Superconductors Based on Y-Ba-Cu-0 System
— £ ; • •• • " ' u " ' ' " • "

+ + *

G.V. Subba Rao , U.V. Varadaraju , R. Srinivasan and T.S.

Radhakrishnan

Preliminary studies on the high T superconductivity encountered
c

in the yttrium or rare earth-barium-copper-oxygen system are carried

out. Zero resistance T of 95 K has been realised.

Refer /J17/

+ Materials Science Research Centre, IIT Madras
* Dept. of Physics, IIT Madras
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2.3 Thermogra vimetric Study of Superconducting YBajCuJO- i £

Hydrogen

K. Swaminathan , J. Janaki, G.V.N. Rao, O.M. Sreedharan and T.S.

Radakrishnan

The thermogravimetric curve of YBaJZuJ3a in hydrogen exhibits

five steps, the first two corresponding to the reduction of copper

oxide to copper by about 683 K (as identified by XRD on quenched

samples) followed by three more steps predominantly due to hydration-

dehydration behaviour of BaO. The need for blank corrections and the

choice of 1223 K as the temperature for the determination of oxygen

stoichiometry are discussed.

Refer /J26/

+ Metallurgy Division, IGCAR

2.it Thermal Stability of Superconducting YBa-CuJ^ in Different

Environments

K. Swaminathan , J. Janaki, G.V.N. Rao, O.M. Sreedharan and T.S.

Radhakrishnan

The controlled atmosphere thermogravimetric analysis carried out

on the superconducting YBanCuJ3 o phase shows the transformation of

an orthorhombic I (0 ) to 0 phase over the stoichiometric range 6.79

(1033 K) and 6.68 (1173 K) in oxygen, followed by a narrow range of

single phase 0 . The 0 phase then goes to the tetragonal phase

(T). In the 0- /T phase boundary the relationship log p 2 = 68.9-
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8.252 x 10^/T is found to hold. The stoichiometric limit of the

tetragonal phase and the 0TJ/T phase boundary are discussed.

Refer /J27/

+ Metallurgy Division, IGCAR

2.5 Cation Composition Variation Observed in Y.BaJEuJ)-
— — — .. . •, " ' —— ~Z~"tf-~17~/~X

U. De, J. janaki, G.V.N. Rao, V.S. Raghunathan+ and T.S.

Radhakrishnan

The cation concentration in the individual grains (1 to 25 pm)

of four Y Ba Cu 0 pellets was investigated by EDX spectroscopy. A

spread in the cation composition was observed even in a sample showing

a narrow superconducting transition. The concentrations of Y, Ba and

Cu were in the ranges 12-20, 30-35 and 48-53 at%. respectively. It

is, therefore, likely that the Y.Ba Cu~O structure covers a finite
X /, O / "X

area on the YO1 -BaO-CuC? phase diagram.

Refer /J28/

+ Metallurgy Division, IGCAR, Kalpakkam

2.6 On the "Naive" Model of EFG in hep Metals

N. Ravi+ and V. De

In the "naive" but fairly successful model by Bodenstedt and

Perscheid, the electric field gradient (EFG) in a hep s-p metal is
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first evaluated by the lattice sum method, postulating a conduction

electron charge shift and approximating the new conduction electron

distribution by point charges. Adding to this EFG, a contribution due

2 2

to the anisotropy of lattice virbations, i.e. (<z > - <x >), was

presumed to give the total temperature-dependent EFG. We find,

however, from the EFG results of the present calculation for CdCd

and the original result for ZnZr^, that the experimental data are

better represented without the addition of the anisotropic vibration

term. This finding, as well as the outline of the present evaluation
2 2

of <z > and <x > and hence the EFG for Cd, are discussed.

Refer /J29/.

+ Radiochemistry Programme, IGCAR

2.7 Oxygen Vacancy Ordering and Superconductivity in YBaJCuJO-

Y. Hariharan, J. Janaki, C.S. Sundar, A.K. Sood, G.V.N. Rao, 5.

Kalavathi, A. Bharathi, M.P. Janawadkar, V. Sankara Sastry, R.

+ * *
Baskaran, K. Sankaran , P. Parameswaran , S. Vijayalakshmi , K.

*
Govinda Rajan, O.M. Sreedharan and T.S. Radhakrishnan

The superconducting and normal state properties of the high

temperature superconductor YBaJZuJ)- (YBCO) depend significantly on
is o / X

the overall oxygen stoichiometry (x can be varied in the range 0 to 1)

and the arrangement of oxygen atoms in the basal plane of the

structure (for review see /J34,C63/). Thus the sample with x = 0 which

shows a metallic behaviour with high T becomes insulating and non-
c
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superconducting for x *~ 1. The variation in x is all accommodated by

the removal or addition of oxygen atoms in the basal plane only. The

0 orthorhombic structure has all the 0(4) sites completely occupied

with the 0(5) sites being totally empty. Removal of oxygen atoms

brings about disorder by allowing for occupancy of 0(4) and 0(5) sites

(high temperature disorder). This usually occurs for cases where the

oxygen deficiency x assumes value in excess of 0.3. For lower values

of x > 0, the vacancies, introduced into the system as a result of the

deviation of x from the ideal value zero, are accommodated in the 0(4)

sites only. Randomly distributing these bring about a oxygen-vacancy

disorder along the chains (low temperature disorder). If one

postulates an attractive interaction between oxygen atoms in the two

adjacent 0(4) sites and a repulsive interaction between the oxygen

atoms at 0(4) and 0(5) nearest neighbour sites (experimental and

theoretical evidence point out to the essential truth of this

postulate) then it can be readily seen that the energy of the system

can be minimised by isolating and positioning the vacancies along one

chain only. The other chain has to be necessarily filled completely

with oxygen atoms. The ratio of vacant to intact chains, whether they

are arranged in some specific ordering sequence along the 'a'

direction etc. depend on the overall oxygen stoichiomstry, the details

of sample preparation, low temperature annealing treatments etc. A

number of theoretical and experimental works exist which seem to

suggest specific ordering seguences for the vacancy filled chains.

Out of these those corresponding to 0 , 0 and 0. _ are only specific

/ 5 6 .5

examples. In the work to be described below, the effect of this high

temperature and low temperature disorder on the superconducting and

normal state properties of YBCO will be dealt with briefly.



2.7.1 High Temperature 0(U) - 0(5) Disorder

Two series of well oxygenated samples with identical initial

physical properties were chosen in this study. Oxygen stoichiometry

was varied by heat treating in air (PO - 0.2, T ' PO = l.o, TQQ)

and oxygen at specified temperatures and subsequently quenching them

into liquid nitrogen, thereby retaining the stoichiometry and disorder

present at high temperatures. It was found that the final oxygen

stoichiometry did not depend upon the partial pressure of oxygen under

which annealing was done but only on the temperature prior to

quenching. However, the measured physical properties showed

remarkable differences between the Tm and T'. series of samples.

1) The room temperature resistivity is higher for the air annealed

(T- ) samples compared with the oxygen annealed (IV^J ones.

2) The superconducting transition curves are much sharper for the TQ-

samples compared to 2\.. ones.

3) Interpreted differently the relative volume fraction of the sample

which regain their lost superconductivity as a result of 1173 K

quenching and further annealing at lower temperature is much higher

for the oxygen annealed samples. For example 96% of the sample

become superconducting again in the case Tnn as against 83% for T-.

for a reference temperature of 4 K (T « T ). When this reference

temperature increases to 80 K these numbers respectively are 93h

and 17%.

U) Irrespective of the partial pressure of oxygen in annealing

environment, there is a universal correlation between T onset and

•'300'
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5) On the other hand the T vs x curve depends very much on PO.
c *

6) The intensity and width of the (103) reflection (a set of planes

with these Miller indices span the 0(5) sites at the exclusion of

0(U) sites) showed large changes as a function of x for T ^ samples

compared to T ^ ones for which no significant changes could be

observed.

It is well established in literature that the 0(U) - 0(5)

disorder when it occurs is by far the most dominant scatterer for

charge carriers. As such the higher -/L,-, for Tn. sample arise from a

higher degree of 0(4) - 0(5) disorder. This disorder manifests itself

in a much broadened superconducting transition for TQ. samples

suggesting very strongly that superconductivity in YBCO is dependent

not only on the oxygen stoichiometry but also the state of its order

in the basal plane. In similar situations where T is dictated by

ordering of particular atom species (e.g. A15 compounds) universal

correlations are found between the normal state resistivity and T .

c

It is indeed therefore not very surprising that such a correlation

exists in YBCO also as exemplified in Fig.2.2. This curve which is the

most significant finding in this work seems to suggest that disorder

as probed by resistivity depresses T at two distinct rates. The 90 K
T drops off much more rapidly with disorder than the 60 K T .c c

2.7.2 Low Temperature Disorder - Oxygen-vacancy Ordering or
Decomposition Off-stoichiometric YBCO into Tetragonal
and Orthorhombic Phases

In these studies off~stoichiometric YBCO prepared by heat-quench

method with x in the range 0.2-0.3 were investigated in detail. As
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pointed out in the introduction, for these values of x, not much 0(4)-

0(5) disorder occurs. The sample however contains frozen in oxygen-

vacancy disorder in the chains, which under favourable conditions can

decompose or order into 0_ and 0_ phases. To hasten the kinetics of

this ordering reaction a temperature of 473 K was chosen for the

following reasons. A number of anomalies in physical property

measurements were found to occur /J30,C55,C56/ for samples quenched

from 573-473 K. This temperature i s not high enough for exchange of

oxygen atoms with the annealing atmosphere. This was confirmed by

doing detailed oxygen content estimation, fJesults of measurements in

two stoichiometries namely 6.73 and 6.78 are discussed below.

2'7-3 °6.73 '

Annealing was done in air at 473 K for periods upto 100 hours.

(1) For the 0 and the 1 hour aged sample the structure was

orthorhombic. But for the 100 hour aged sample the diffraction

lines could neither be fitted to pure orthorhombic nor to pure

tetragonal phases. It was therefore concluded that the sample in

this state is a mixture of orthorhombic and tetragonal phases.

(2) In the infra red absorption spectra /J56/, a characteristic mode

at 590 cm is present in the tetragonal state of YBCO. This

mode which arises due to defects in the vicinity of the 0(4)

sites is absent in the orthorhombic phase. The latter, however,

is characterised by a strong electronic background which

increases with wave number and a mode at 575 cm . In the present

experiments the absorption spectra for the 0 and 1 hour aged

sample could be reconciled with that of the orthorhombic phase in



= 52 =

200 C ANNEAL AIR

40 80

TEMPERATURE (K)

Fig.2.3 Superconducting transition curves measured
by a.c. susceptibility for YBajCujOj.^
samples aged at 473 K in air. For the 100
hrs heated sample a sharpening of the
transition curve near onset as well as a
reduction in the Meissner fraction occurs.
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agreement with x-ray. The 100 hour heat treated sample however

showed unambiguous presence of the 590 cm mode and also

simultaneously the electronic background. These strengthen the

conclusions reached from x-ray that the 100 hour heat treated

sample is a mixture of orthorhombic and tetragonal phases. From

the intensities of the modes, a 3:1 ra t io of the orthorhombic to

tetragonal fraction could be estimated.

(3) The consequence of this decomposition on the superconductivity

is rather drastic as shown in Fig.2.3. As a result of aging, the

T onset shifts from 80 K to the vicinity of 90 K, the transition

curve near the onset becomes much sharper and the relative

Meissner fraction reduces by a factor of approximately 2. All

these happen with no change in oxygen stoichiometry.

This is the first experimental evidence for the decomposition of

an off-stoichiometric YBCO into orthorhombic and tetragonal phases.

2 - 7 ' 4 °6.78 •

Annealing was again done in air at 473 K. Due to the increased

value of oxygen stoichiometry the kinetics of decomposition reaction

was much slower. The salient features of this work /J33,C60/ are:

(1) As a function of the aging time, the room temperature resistivity

increases with no signs of saturation even after 4 weeks (see

Fig. 2A)

(2) The superconducting transition curve measured on powders shows

an initial broadening (upto 2 weeks aging time) but sharpens
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considerably (90 % of transition completed in a temperature

interval ** 3 K) when aging is continued for upto 4 weeks.

(3) Detailed analysis of x-ray data revealed that after 4 weeks

aging, a sample (0c na) which is 100% orthorhombic splits up into

15% tetragonal with oxygen stoichiometry 0_ . and 85%

orthorhombic with oxygen stoichiometry 0 „. These numbers are

also corroborated by invoking the fact that the total number of

oxygen atoms be conserved. Further, assuming a reasonable number

for the resistivity ratio namely 100, between the decomposed

tetragonal phase (0c 1C;) and orthorhombic phase fO_ o), the

resistivity behaviour also indicates a volume fraction for the

tetragonal phase to be 15%.

The sharpening in the superconducting transition curve was

understood as a manifestation of the proximity effect induced

depression of superconductivity of the host by non-superconducting

tetragonal phase. As aging proceeds the tetragonal domains form and

grow beyond the coherence length dimensions. That this can bring about

sharpening in superconducting transitions was checked by doing semi-

quantitative proximity effect calculations /J32,C62/ using standard

formalism. A typical result of such calculations is shown in Fig.2.5

from which it can be seen that the tetragonal domains growing in size

can indeed lead to sharpening in T .
c

Refer /J30, J32, J33, J34, J56, C55, C56, C60, C62, C63/.

+ Radiochemistry Programme, IGCAR
* Metallurgy Division, IGCAR
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2.8 Intergranular Coupling for Current Transport in_ 'Non-Metallic'

Superconducting Materials

T.S. Radhekrishnan, Y. Hariharan, B.K. Guha, H.P. Janawadkar and

V.S. Sastry, S. Kalavathi, R. Baskaran, U. De, J. Janaki

The effect of hydrostatic pressure on La-Ba-Cu-0 was found to be

very interesting with dT /dP = +0.64 K khar~ . Similar experiment

with sintered Y-Ba-Cu-0 gave dT /dP = +0.043 K kbar . Powder samples

of few high T materials were studied under quasihydrostatic pressure

(QHP). In the case of QHP R vs. T curve determined resistively

differs from that in the case of hydrostatic pressure. These data and

the data obtained from Chevrel phase compounds (CPC) under QHP have

the common feature of broadening the resistive superconducting

transition. It is argued that weak intergranular coupling is

responsible for the observed behaviour in both these systems and may

account for the poor transport current densities observed in bulk

materials.

QHP upto 10 GPa is generated between two opposed tungsten carbide

anvils. The sample is surrounded by a solid pressure transmitting

medium like steatite which is contained within a pyrophyllite gasket.

T is determined resistively. Superconducting Pb manometer is

employed for the determination of the pressure.

QHP upto 10 GPa were employed on the samples for these studies.

Specifically Cu. 0MocS0, VBaoCu,0_ and HoBa0Cu00,, were studied. The P
l.o O O 4 J / 4 J I

vs. T on powder compact of Cu. 0MocS0 under QHP is shown in Fig.2.6.
l.o bo

It is seen that the transitions are broad at low pressures and are
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even incomplete down to the lowest temperature at higher pressures.

However, the sintered pellet at ambient pressure gives a sharp

resistive transition at 10.6 K. In the case of AgMo65 the R vs. T

(on powder compacts) under QHP exhibit qualitatively similar features

but the transitions are always complete.

La1 pSro 2 C u 0 / ' witn a T °f 4° K, which was among the first HTSC

material investigated under pressure, exhibited large increase in T

as a function of pressure, which is still to be understood. On the

other hand, YBaJZuJ)- and those with substitution of rare earth ions

at the Y site, exhibited no hydrostatic pressure dependence of T .

However, the resul ts of QHP studies are guite different.

Figure 2.7 shows the f> vs T behaviour of powder compacts under

QHP of both YBa Cu30 and HoBaXu^j. The transition at 93 K is

suppressed; nevertheless there is a signature of the superconducting

transition occuring at a lower temperature. The pressure soaked

sample in a QHP study was retrieved and studied for T inductively

which is shown in Fig.2.8. In the inductive T determination where
o

the grain connectivity is not involved, a fairly sharp transition is

exhibited showing no pressure effects.

The reduced crystal symmetry leads to an increase in anisotropy

of the physical properties of the system. In the case of CPC, the

crystal structure can be viewed as a slight rhombohedral distortion of

a cubic structure. In the case of high T oxides having tetragonal/

orthoihombic structures with large c/a ratios this anisotropy of

physical properties i s much more obvious. One must point out here that

the anisotropy manifests itself not just in quantities like
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resistivity, upper critical field, coherence length, critical current

densities etc., but also in the efficacy of intergranular couplings.

Refer /J18,J19,J21,C39,Chi, C42,CU7,C53,C58/.

2. 9 EFG _in hep metals from _a Phenomenolooical Approach

U. De and N. Ravi*

Variation of the electric field gradient at Cd nuclei in

disordered Mg Cd1_ with x, at two constant temperatures and the

temperature dependence of the EFG in Cd and Tl was theoretically

investigated in the framework of a naive model of the EFG in hep

metals developed by Bodenstedt and Perscheid /J20/.

Refer /J20/

+ fladiochemistry Programme, IGCAR.

2.10 Superconductivity Studies on the High T Phase in the Y-Ba-Cu-0

.System

G.V. Subba Rao , U.V. Varadaraju , K.A. Thomas , R. Vijayashree ,
* *

N.P. Raju , R. Srinivasan , U. De, J. Janaki and T.S.

Radhakrishnan

Synthesis, characterization and superconducting behaviour of the

phasss (i) Y2_xBaxCu205 (0 < x < 1.6) and (ii) YBa2Cu3+x0? (0 < x <
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2.0) are reported. The composition YBa Cu.O shows a T (zero

resistance) of 94 K.

Refer /C38/

+ Materials Science Research Centre, IIT, Madras
* Dept. of Physics, IIT Madras

2.11 Superconductivity Studies on Pure and F -containing Ln-M-Cu-0 (Ln

- La,Y; W = Sr,BaJ System

T.S. Radhakrishnan, S. Kalavathi, V.S. Sastry, K.

Chandrasekharan , C.R. Venkateswara Rao , M. Paranthaman , U.V.

Varadaraju and G.V. Subba Rao

Efforts to partly substitute fluorine for oxygen in the high T

oxide superconductors La^CuO and YBa CuJOy showed that under the

preparative conditions employed (1223 K, air and oxygen), F does not

replace 0 in the lattice.

Refer /C40/

* Materials Science Research Centre, IIT Madras

2.12 H (T) Measurements on. High T Oxide Superconductors

S. Kalavathi, U. De, T.S. Radhakrishnan and G.V. Subba Rao

Upper critical field H AT) measurements were done by tracing the

resistive transition under magnetic fields upto 12 Tesla on
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Yn oLnn rfiaJOuJO^ , (Ln = Dy, Er, Tm /CUU,C59/. The samples were

prepared by the standard ceramic route and x-ray characterisation

indicated essentially single phase material with orthorhombic

splitting.

Figure 2.9 shows the R vs T data for Y DyQ Ba Cu30 from 0

to 12 T field. The salient points of this measurement are:

1. The transition which was originally sharp (AT a. 2 K) broadens

under magnetic field (AT ~ 10 K).

2. dfic2/dT is -1.7 T/K at low fields and about -4 T/K at high fields.

The extrapolated H (0) is in accordance with the values reported

in the literature.

The broadening in AT observed in our polycrystalline samples

has also been observed in single crystals /!/. For polycrystals it

can be attributed to the distribution in the orientation of various

grains. This gains ground from the fact that AT remains constant

above 8 T implying that the grains with c axis oriented perpendicular

to the field alone continue to be superconducting at these fields.

An alternative explanation is given by Tinkham /2/. For fields

greater than H , a flux line lattice is formed. If the activation

energy U is overcome by the thermal energy then there results a flux

line motion *n€. hence a resistance. Yeshurun et al /3/ define the

activation energy

B
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where <po -flux quantum

/& - Abrikosov parameter for a flux lattice

X - Current density at zero field

B - Applied field.

The broadening in T is explained to be due to the slipping of

fluxons with a high rate (d8/dt) resulting in a time average dc

voltage. Ambegaokar and Halperin have arrived at an expression for

R/R by a simplified calculation. Instead of considering the

complicated network of fluxons slipping past one another they consider

thermally activated phase motion in a single heavily damped current

driven Josephson junction as

where I is the modified Bessel function. A is the fitting parameter

and is related to the current density of the material.

We have fitted our data for Yn oDyn -BaXuJ}- upto a field of
u. o Um a & J /~x

12 T and obtained a value for A as 1 x 10 Gauss. Tinkham while

admitting that data on ceramic pellet i s expected to be variable

quotes A at 1.2 x 10 Gauss from the data of Dubson et al

So the broadening observed in our measurement can also be

explained by the thermally activated flux motion and we also speculate

that for material of lower T the broadening under field will be

smaller.

/I/ T.K. Worthington et al., Phys. Rev. Lett. 59, 1160 (1987)

/2/ M. Tinkham, Phys. Rev. Lett. 6JL, 1658 (1988)
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/3/ Y. Yeshurun et al., Phys. Rev. Lett. 60, 2202 (1988)

M.A. Dubson et al., Phys. Rev. Lett. 60, 1061 (1988)

Refer /C44,C59/.

+ Materials Science Research Centre, IIT, Madras

2.13 Synthesis and Characterization of YBa£Cu307 x

J. Janaki, R. Pankajavalli , O.M. Sreedharan , J.B.

Gnanamoorthy , G.V.N. Rao, V. Sankara Sastry, M.P. Janawadkar, Y.

Hariharan and T.S. Radhakrishnan

Considering the complexities of the relationship between the

physical properties on one hand and the structure and phases on the

other hand it is essential to improve the quality of YBaXuJJ-

Assessment of some synthetic methods including ceramic, modified

copredpitation and citrate incineration methods indicates that the

last method leads to reproducibility of the characeristics of the

final product.

The citrate incineration method is essentially a sol-gel method,

in which the cations, taken in stoichiometric proportions are first

dissolved as nitrates. Conversion into metal citrate complexes is

effected by adding citric acid, the pH being precisely adjusted to 6.8

by neutralization with 25% liquor ammonia. The deep blue viscous

solution so formed also contains some ammonium nitrate. On heating,
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the homogeneous solution swells into a foam of fine flakes which

nearly fills the entire vessel, when the fire was triggered by self-

ignition of ammonium nitrate. After the pyrolysis was complete at f*

573 K the green powders were pelletized and fired at 1223 K in two

cycles in oxygen atmosphere, followed by a low temperature treatment

at 653 K to effect oxygen ordering.

The green powders were characterized by x-ray diffraction,

chemical analysis and thermogravimetry and were found to have the

required 1:2:3 stoichiometry. Although no precursor compound was

formed as indicated in the x-ray pattern, these exhibited increased

activity as evidenced by T.G. studies which indicated an inception

temperature as low as 1023 K for the formation of the YBaJCuJO-

although the reaction was complete only at 1223 K. Particle size

analysis on the green powders indicated that they were monodispersed

and very fine (< 5 pm). This estimate was carried out using two

methods namely the light scattering method using model Malvern C-3600

particle size analyser and BET method using Quantasorb J r . Surface

area analyzer.

The quality of the 1-2-3 compound prepared by this route can be

assessed by listing its physicochemical characteristics. X-ray

diffraction patterns taken in the step scanning mode indicate CuK^ ,

K^ doublet of the (103) reflection which is an index of structural

homogeneity. Samples of the 1-2-3 compound prepared from either 99.99

or 99.9% pure Yn0 were found to be almost identical in terms of

physical properties measured. This information may be useful for

commercial scale production, since 99.9% pure Yo0 can be made on a

larger scale by liquid-liquid extraction where as 99.99% pure Y~0 i s
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prepared by ion exchange which is not readily amenable for scaling up,

The physicochemical characteristics of the 1-2-3 compound indicating

the sample quality are given in Table 2.1 and are shown in Fig.2.10.

Table 2.1 Physicochemical characteristics of 1-2-3 compound from

citrate routea /C57/.

Property Typical values

1. Lattice parameter a = 0.382 nm, b = 0.389 nm,
c = 1.168 nm.

2. Texture Preferred orientation along
a - b plane.

3. X-ray density ' 6.33 Mg.m

4. Oxygen stoichiometry 6.90 +_ 0.0U

5. Electrical resistivity < 1000 micro ohms.cm
at room temperature''

6. Transition temperature 92 K
and width AT = 2 K

7. Volume fraction of 65-70%
superconducting phase

8. Grain size 30-200 micrometers

Phase analysis by extensive XRD shows that impurity phases if any
are less than 2 mass % and orthorhombic splitting is observed in
all (-100)samples tested.

Measurement on as sintered pellets with roughly 75% of the
theoretical density.

Refer /J31, C57/

+ Metallurgy Division, IGCAR
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2.1 h Studies oin Josephson Junctions and Interferometers

+ + *
C. Camerlingo , M.P. Janawadkar, M. Russo , G. Paterno and B.

Ruggiero

Josephson junctions and interferometer structures based on Nb-

Nb 0 -Pb and Pb-CdS-In have been fabricated. Process parameters for
x y

deposition, patterning and RF plasma oxidation of niobium thin films

have been standardized. For the interferometer structures, the

niobium base layer was anodised to grow a thick anodic oxide ( ~ 1000

A thick) layar excepting the junction areas defined by

photolithography. Over these Josephson junctions with Pb

counterelectrode were fabricated, employing either the natural oxide

or light sensitive CdS as the tunneling barrier. The junction areas

were varied to realize both symmetric and asymmetric interferometer

structures. These were characterized by carrying out measurements of

the critical current of the structure as a function of external field.

Analysis of the data in the framework of the theory of Tsang and van

Duzer helped to obtain diagnostic information about geometric and

magnetic configuration of the structures. In structures employing CdS

as the tunneling barrier, light sensitivity of the Josephson tunnel

current density could be demonstrated. Such structures are of

interest since they permit the tunneling parameters to be modified by

an external optical input.

Refer /C33,C49,C50/

+ Instituto di Cibernetica del Consiglio Nazionale delle Ricerche,
Naples, Italy

* Associazione EURATOM-ENEA sulla Fusione, Frascati, Italy
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2.15 PbMocSa Wires from HIP Prereacted Material

W. Goldncker', S. Miruglia*. Y. Hariharan, T. Wolf* and R.

Flukiger

We present a new preparation method producing very large

quantities of PbMo-S0 (PMS) Chevrel phase material (several kg in one
o o

sample) performing the reaction heat treatment by means of the hot

isostatic pressing (HIP) method. This provides fully densified

homogeneous PbMocSB blocks, which were directly used for the

b o

fabrication of monofilamentary wires by cold-working. The presented
method is thought to be a convenient way for producing
multifilamentary wires of PbMoc50 at an industrial scale.

o o

Thermal expansion studies of PbMo^S^ for T = 10-12C0 K by means
o 8

of x-ray diffraction have been performed and are a prior condition for

an optimized matrix core composition of the wires with respect to

mechanical stability and prestress. J measurements ere presented and

compared to published data. The present results are very promising

for the further optimization of this wire preparation method.

Refer /C51/

+ Institut fur Technische Physik, KFK, Karlsruhe, FRG

2.16 Structural Evolution in Alumina Gel

V. Saraswati*, G.V.N. Rao and G.V. Rama Rao+

Thermal treatment and consequent dehydration modifies the

structure of boehmite gel, which transits from a polymeric, partially
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disordered state to the crystalline <x -alumina via several transition

phases. We have investigated the evolution of the microstructure and

structural order in the lattice. The significance of particle

morphology is brought out in the sintered gel powder pellet. The

transparency of the gel glass, despite the large porosity confirms the

absence of long range order upto the & -phase.

Refer /J23/

+ Materials Development Division, IGCAR

2.17 X~ray Diffraction in ^-Alumina Whiskers

V. Saraswati and G.V.N. Rao

o -alumina whiskers were grown from copper doped alumina gel

solution at room temperature. X-ray diffraction measurement indicate

a cubic structure in agreement with our earlier results on powder.

Refer /J2U/

+ Meterials Development Division, IGCAR

2.18 Investigation of the State of Helium and_ Radiation Defects in He-

irradiated Copper b%_ Glancing Angle X-ray Diffraction

Rita Khanna, R.V. Nandedkar and G.V. Narasimha Rao

Damage caused by low energy helium implantation in copper was

investigated for the first time by glancing angle x-ray diffraction
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/J25/. The damage confined only to the near surface region,

(typically a few thousands A) comprises of displacement type damage

and implanted species. X-ray penetration depth (for 99% absorption)

can be continuously varied as a function of angle of incidence and x-

ray wavelength. Accurate lattice parameter measurements (back

reflection) can be used to obtain cumulative information regarding

short- and long-range strain field of defects. High purity copper

foils (3 mm dia, 1 mm thick) were irradiated at room temperature with

100 keV helium ions to fluence levels ranging from 10 - 10

2
ions/cm . In copper, the projected range of these ions is about 0.25

o
jxm. CrK-o( a n c ' ^ u ^ f x - r a y s incident at 1 can respectively probe 0.6jx

and 2.0 urn depth. The r e s u l t s a r e : (a) for CrK^ a small
7 A 7 fl

contraction is observed in the entire fluence range (10 - 10
2

ions/cm ) which does not change much as a function of dose or x-ray

penetration. (b) With CuKg, lattice swelling is observed which also

does not show any well defined dose dependence. This swelling^however,

17 2

disappears beyond 1 x 10 ions/cm . Wo lat t ice contraction is

observed with CuKA . Two well marked regions of strain fields are

observed. The first region, very slightly lattice contracting type,

is very close to the surface. The second region, of lattice swelling

type, is much deeper in the bulk. These results are very different

from those observed in He-implanted nickel.

fiefer /J25/.
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2.19 Diffuse Scattering from Disordered Molecular Crystals

Rita Khanna and T.R. Wei berry

Diffraction equations were developed for diffuse scattering due

to static substitutional and orientational disorder in molecular

crystals /C52/. Scattering due to displacements, both static and

dynamic, and molecular librations is treated separately. Librations

shift the position vectors of various atoms constituting the molecule

by different amounts, thereby affecting the molecular structure

factor. Examples of a pair of isostructural isomers of

dibromodiethyl- dimethyl benzene which show very different disorder

diffuse scattering are considered. The data analysis scheme for

separating various components of diffuse scattering has been

developed.

The separation of components is severely handicapped by the

presence of different molecular orientations in the different

sublattices. The assumption of treating the various displacement

coefficients ( j, o and £ ) as K independent could be a major source

of error in the processed data. However, this error can be evaluated

and rectified to some extent by making measurements at two different

temperatures. Terms higher than quadratic in K have also been

neglected in the present treatment and may be an additional source of

error.

Unlike the case of alloys, the concept of the minimum-volume cell

is not particularly useful for molecular crystals. These crystals in

general have low symmetry and the diffuse scattering data need to be
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measured in extended regions of reciprocal space. Investigations of

size effect distortions were carried out in molecular crystals. The

'size-effect' is the name given in alloys to the effect that in a

disordered mixture of atoms of two different atomic radii, the atoms

relax away from the average lattice sites so that the smaller atoms

move closer together on average and the larger ones further apart. In

molecular crystals an analogous effect takes place as the result of

the different 'shapes' of molecules which take part in forming a

disordered crystal. The effects are much more complicated than the

analogous alloy problem because each molecule is free to relax from

the average position by orientational as well as translational

displacements. Although the displacements may be small, the effect or.

the total diffuse scattering pattern may be quite large.

In order to investigate this effect we have undertaken a computer

study using Monte Carlo techniques of a model system representing the

pair of isostructural isomers BEMB1 and BENB2 (dibromodimethyldiethyl-

benzene) for which previous studies have ignored the 'size-effect'.

Preliminary results indicate that although the magnitude of the

distortions are quite small, there are large correlations between the

displacements of neighbouring molecules and significant diffraction

effects can be expected. The results indicate that the effects are

larger for the unsymmetric BEMB2 molecule than for BEMB1 which has a

centre of symmetry.

fiefer /J22, C52/

+ Research School of Chemistry, Australian National University,
Canberra, Australia.
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2.20 Computer Simulations of Size Effect and Local Arrangements for

Disordered Molecular Crystals

Rita Khanna and T.R. Welberry

Local molecular arrangements have been generated by a computer

using experimentally measured short-range order parameters in two

isostructural isomers of dibromodimethyldiethylbenzene. The program

was based on the Gehlen-Cohen simulation scheme. It is seen that the

atomic contact distances play an important role and the nit e first

short-range order parameters were required to get a reliable picture

of the structure of the disordered molecular crystal. The size effect

distortions were computed using a modified Monte Carlo method. The

distortions include the displacements of molecular centre of mass and

moleculsr librations. The results are discussed in terms of size

effect contribution to diffuse scattering from disordered molecular

crystals.

Refer /J35/

+ Research School of Chemistry, Australian National University,
Canberra, Australia.

2.21 Equations for Diffuse Scattering from Disordered Alloys with hep

Structure

Rita Khanna

General equations have been developed for diffuse scattering due

to local atomic arrangements and displacements in disordered alloys
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having hep structure /J22/. Scattering due to static and dynamic

displacements is treated separately. Dynamic displacements modify

diffuse scattering all over the reciprocal space by affecting atomic

form factors. The calculations show that second order terms in

displacements are sufficient for observing direct effect of

temperature factors, common to all contributions o±~ diffuse

scattering. A new data analysis scheme, using asymmetry of diffuse

scattering around superlattice reflections, has been developed for a

complete separation of various contributions.

fiefer /J36/.
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3. PARTICLE IRRADIATION LABORATORY

3.1 Solid Argon Bubbles in Aluminium

A.K. Tyagi, Rita Khanna and G.V.N. Rao

Heavy inert gases like Ar, Kr and Xe when implanted into metals

at room temperature are known to form three dimensional precipitates

(referred to as solid bubbles) /I/. In this work we report an x-ray

diffraction study of solid argon bubbles in Al /J37/.

3 mm diameter and 0.5 mm thick discs of 5N purity Al were

irradiated at room temperature using 100 keV argon ions using a Sames

J-150 ion accelerator. The samples were irradiated to various doses

13 ~22 2

ranging from 1 x 10 to 1 x lu ions/m . X-ray diffraction

measurements were mad*, using a Philips 114.6 mm Debye-Scherrer camera

and CUKQ, radiation. Diffraction patterns of both the irradiated and

unirradiated surfaces of the sample were simultaneously recorded. (The

projected range of 100 keV argon ions in aluminium is about 88

nanometers.) The aluminium diffraction peaks were considerably

strained and rather broad indicating a range of strain field in the

matrix. In contrast the diffraction peaks from solid argon bubbles
19 19

were well defined and sharp. In the dose range 1 x 10 - 5 x 10
2

ions/m , nine diffraction peaks arising from solid argon bubbles were
observed (Table 3.1). These peaks could be unambiguously indexed to

two fee structures having lattice parameters, 'a', as 0A42 nm (Arl)

21 2
and 0.471 nm (Aril). At higher doses (upto 1 x 10 ions/m ) the set
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of peaks belonging to Aril disappeared and was replaced by an

amorphous-like band. At still higher doses, only an amorphous band

was observed and no peak from solid argon could be detected. This

indicates that, at such high doses, argon in bubbles was in a fluid

like state and was no longer solid. The lattice parameters 0.442 and

0.1*71 nm for Arl and Aril correspond to fee argon packing densities of

4.6 x 10 and 3.8 x 10 atom/m respectively. The earlier

investigations of Vom Felde et al /2/ using electron-energy-loss

spectroscopy measurements on solid argon in aluminium thin films (200

nm) were interpreted in terms of a broad, asymmetric (111) peak with a

lattice parameter of 0.473 nm. This matches well with the lattice

parameter 0.471 nm (Aril) in our experiments. It is possible that Vom

Felde et al could not resolve the two peaks since they did not observe

higher order reflections.

Table 3.1 Diffraction pattern of solid argon in aluminium at 300 K

Interplanar Miller indices Lattice
spacing parameter
'd' (nm) h k 1 'a' (nm)

Arl

0.2543
0.2161
0.1578
0.1336
0.1293

Aril

0.2692
0.2359
0.1684
0.1353

1
2
2
3
2

1
2
2
2

1
0
2
1
2

1
0
2

.2

1
0
0
1
2

1
0
0
2

0.440
0.432
0.446
0.443
0.448

a =0.442

0.466
0.472
0.476
0.468

a =0.47J
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/I/ C.J. Rossouw and 5.E. Donnelly, Phys. Rev. Lett. 55_, 2960 (1985)

/2/ A. Vom Felde, J. Fink, Th. Muller-Heinzerling, J. Pflunger, B.

Scheerer, C. Linker and D. Kaletta, Phys. Rev. Lett. 53_, 922

(1984)

Refer /J37/.

3.2 Surface Damage of Ferritic Steels by Helium Jon Irradiation

B. Panigrahi, A.K. Tyagi and R.V. Nandedkar

Surface damage, viz., blistering, on two ferritic steels,

prepared by casting and powder metallurgy, is studied by scanning

electron microscopy after 100 keV helium ion irradiation. The critical

dose for blistering in both alloys is the same, though the blister

morphology is different /J38/.

Refer /J38/.

^'^ Surface Damage of Metallic Glasses by Argon Ion Bombardment

A.K. Tyagi and R.V. Nandedkar

The surface damage of metallic glasses Fe,nNi, JF\/Bfi,

Fe Ni Mo.B , Fe,QNi,0B20 and Ni^Zr under argon ion bombardment

at room temperature has been investigated /J39/. Blister formation

was observed in the dose range of 1 x 10 to 1 x IP ions/cm . At

higher doses, blisters disappeared with concurrent roughening of the
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bombarded surface. Erosional features like cones and pyramids are not

observed. Argon induced blisters also disappeared on room temperature

aging without any further bombardment after blister formation. Post-

irradiation annealing at high temperatures (673 and 873 K) resulted in

blister formation, severe surface exfoliation and pin-hole formation.

The precipitation of the implanted argon into bubbles is also

observed.

Refer /J39/.

3.it Hydrogen Blistering and Bubble Formation in Metallic Glasses

A.K. Tyagi and R.V. Nandedkar

Metallic glasses Fe, Hi, P ,Bg and Fe Ji «o fljg were irradiated

with 100 keV hydrogen ions at room temperature. Irradiated specimens

were examined for surface blistering and gas bubbles using scanning

and transmission electron microscopy, respectively /MO/. The

critical dose for blister formation in metallic glasses is determined

19 2
to be 1.5 x 10 ions/cm . A comparative study of the alloy

Fe.Ni-P.Bg in amorphous and thermally crystallized states showed

that the critical dose for blistering in the amorphous state is nearly

three times higher relative to that in the crystallized state. TEM

investigations revealed the precipitation of implanted hydrogen into

gas bubbles in metallic glasses as well as the crystallized alloy.

Refer /J4Q/.
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3.5 Recent Developments in_ Alloys for Use in_ Reactor Radiation

Environments

Kanwar Krishan

The progress made in modelling alloy behaviour for radiation

environments has so far met the challenge posed by the rather

demanding reactor design requirements. In thermal reactors the

performance at times has even been better than expected. In fast

reactors many of the limitations forseen a decade ago have been

overcome. Fusion reactors pose a new demand and here too the

solutions seem to be emerging. However the search for new materials

has to continue. One of the problems visualized with austenitic

stainless steels and Ni based alloys is the limited world resources of

Wi and this could introduce new cost factors in nuclear power

generation. New developments therefore are taking place in producing

low Ni steels with increased content of tin and N which also act as

austenite-stabilizing elements. Here too ferritic stainless steels

may emerge as a universal materials for radiation and non-radiation

applications. The absence of Ni avoids the production of helium and

it has a unique dislocation loop structure which inhibits void

swelling and also has very good compatability with other materials.

At a somewhat more futuristic level, major technological developments

are being made in the preparation of rapidly quenched alloys with very

interesting microstructure whose radiation response has not been fully

evaluated. In this class also fall the new alloys like metallic

glasses, some of which like ZrNb and NiNb are stable till quite high

temperature and have good neutronic properties. However they are
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susceptible to inert gas damage like helium which precipitates into

bubbles and can lead to blistering and surface erosion effects. Here

too the critical doses required to induce these effects are nearly a

factor of two higher. Interesting effects have also been observed

regarding the capability of some of these materials to store with

19 —3 - 7
densities as high as 10 cm and 3 x 10 cm diameter have been

observed in 100 keV helium ion implantations. The pressures in these

bubbles approach 1000 MPa and gases like Xe, Kr, Ne, Ar can even

solidify. These developments may provide a solution to some of the

pressing problems like the control and storage of tritium and

radioactive gases.

Refer /J41/.

3.6 Kinetics of Oxygen Desorptlon in YBa Cu-0„

K. Krishan, D.V. Natarajan and B. Purniah

The kinetics of oxygen desorption from YBa Cu<3- has been

investigated and measurements carried out in the temperature range

623-1023 K /Ji*2/'. It is shown that the oxygen desorption is diffusion-

controlled (and not surface-controlled), and is characteristic of

diffusion from small grains in a loosely coupled porous matrix. At

every temperature a number of time constants with well-defined ratios

appear and have been identified and measured. These time constants

can be related to the average bulk diffusion constant which shows an

Arrhenius behaviour with deviations around 1023 K which are ascribed

to the well-known orthorhombic to tetragonal transition. We establish
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the basic underlying physical mechanism of oxygen desorption in

YBa2Cu3°7-x-

Refer /JA2/.

3. 7 Influence of Boron on Creep and Micros true t ura1 Behaviour of

Neutron Irradiated Austenitlc Stainless Steels

R.V. Nandedkar and W. Kesternich

Two austenitic stainless steels, one with composition of DIN

1.4970 containing about 40 ppm boron and another with a chemical

composition close to DIN 1.4970, except having extremely low boron

content of « 2 ppm are irradiated with thermal neutrons at a

25 -2
temperature of 850 K to a thermal fluence of 2.6 x 10 m . The post

irradiation creep behaviour of these two steels is investigated at 973

K in vacuum and the results are correlated with the irradiation

induced microstructural changes, as studied by transmission electron

microscopy /J43/. It has been observed that the steel having less

boron, and eventually less helium produced as a result of the

B(n,oc)Li reaction, exhibited higher losses in creep strength than the

steel having more boron. The results indicate the possibility of

another embrittling mechanism, besides helium embrittlement.

Refer /J43/

+ IFF, XFA Julich, FRG
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3.8 Compositional Fluctuations and Stability o£ Alloys Under

Radiation

K. Krishan and C. Abromeit

Composition fluctuations arising from thermal effects are known

to influence the spinodal decomposition in concentrated alloys.

However, at very low temperatures these effects slow down because of

the very small diffusion rates. We examine the possibility of having

such fluctuations induced by radiation via the fluctuations in the

supersaturated defect concentration /C67/. Various mechanisms are

discussed. In particular, it is shown that the interstitial exchange

with lattice atoms combined with diffusion leads to fluctuations that

grow linearly with time. An estimate of this effect indicates that it

has a significant contribution to the decomposition of an alloy. A

detailed mathematical analysis of the phenomenon is presented and

application to some alloys that show spinodal like decomposition

during irradiation is discussed.

Refer /C67/

* Hahn-Neitner Institute, Berlin, FRG.

3.9 Helium Ion Implantation Induced Damage in Metallic Glasses

A.K. Tyagi and R.V. Nandedkar

The precipitation of implanted helium into bubbles, blistering,

flaking, and exfoliation in metallic glasses, such as FeoJB r,.
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FU0mU0B20> Fe40Wi40P24S6' FU0
Ni38M°4B18' N164Zr36' Ni33Zt67

Ni Mb are investigated. A systematic study as a function of

relevant irradiation and material variables is carried out. The

effects of projectile energy (50 to 250 keV), total dose (1 x 10 to

1 x 1019 ions/cm2), dose rate (10 to 100 yA/cm2), cold-work (30%

thickness reduction), and thermal crystallization have been studied

/C68,C82/. The changes in surface topography caused by post-

irradiation annealing for 2 h at 473, 673 and 873 K are also examined.

The results on metallic glasses are compared with similar results

reported for crystalline materials. The similarities and differences

in the damage behaviour of metallic glasses and crystalline materials

are discussed. The main difference observed for metallic glasses is a

relatively higher (50 to 100%) resistance against blistering or

flaking or both as compared to their crystalline counterparts. Helium

trapping, bubble nudeation, and bubble growth in metallic glasses are

also briefly described.

Refer /C66,C68,C82/.

3.10 Anelastic Relaxation of Oxygen in Pure Niobium and Vanadium

* * +
B P i h K S h l

+ * +
J. Diehl , G. Haneczok , G. Hbrz , B. Purniah, K. Schulze and M.

Weller+

Internal friction experiments on Nb-0 and V-0 alloys (0.1 to 0.85

at%) using the same samples for oscillations at about 1 Hz and 1 KHz

were performed to accurately determine the Snoek relaxation
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parameters /C69/. With increasing 0 content, the Snoek peaks for Nb-0

and V-0 for both frequencies are shifted to higher temperatures

accompanied by a continuous and almost symmetric broadening. This

broadening is accounted for by a continuous distribution in relaxation

times and in the case of Nb-0 it is shown to originate from a

distribution in activation energies. A detailed analysis of the Nb-0

data demonstrates that the predictions of the clustering model for the

interstitial interaction deviates strongly from the observations.

Refer /C69/

+ Max Planck Jnstitut fur Netallforschung, Stuttgart, FRG.

* Institute of Physics & Chemistry of Metals, Silesian University,
Pol and

3.11 Electrochemical Applications in Preparing Samples for

Transmission Electron Microscope (TEM) Studies

K. Varatharajan

Different classes of metallic materials are now-a-days possible

to manufacture mainly because of the choice of different chemical

compositions. Among the advanced, modern techniques, electron

microscopy has been recognised as one of the best methods in

characterizing the structure. One can, therefore, suggest an

appropriate modification in a particular chemical process to obtain a

better microstructure. In the steel industry, for example, it plays a

major role in developing different types of s tee ls .



= 87 =

Sample preparation for observation in transmission electron

microscope (TEM) needs special care. This includes handling these

samples which are in the form of thin foils (thickness 100 nanometers

to 500 nanometers) and whose cross-sectional diameter is less than 3

mm. Among vsrious techniques of preparation of these samples,

chemical and/or electrochemical methods are preferred. In this

article, the mechanism of electropolishing during thinning of a

metallic sample for TEM studies is explained /C71/. Some of the

features of a simple jet electropolisher developed in our laboratory

for preparing TEM samples are presented with an emphasis on its use in

radiation damage studies in metallurgy and materials science.

Refer /C71/.

3.12 Mechanisms of Irradiation Creep Under Tensile and Compressive

Stresses

H.K. Sahu

Time dependent deformation due to the combined effect of

irradiation and stress on materials is termed as irradiation induced

creep. Irradiation produces point defects which then follow

anisotropic kinetics as guided by the applied stress, resulting in

time dependent creep deformation. The anisotropy of microstructure,

both pre-existing and the radiation induced component, further aids

the creep processes. There are severaJ mechanical models of

irradiation creep based on complex interaction and development of the

microstructure, irradiation produced point defects and the applied

stress field. Almost all of them exhibit a linear stress and dose
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rate dependence in accordance with the experimental observation under

uniaxial tensile stress. However at high stresses some experiments

show a stress exponent as high as n = 2. This is also modelled as a

two step process each of which depends linearly on stress. It has

been possible to examine these detailed microscopic aspects through

elaborate basic experimental research. We re-examine these creep

models under both compressive and tensile stress conditions /C72/.

Experiments with compressive stresses ar« associated with severe

practical problems and therefore had not been conducted until recently

when these difficulties have been overcome. This development will

widen the scope of the basic parametric study of irradiation creep.

Refer /C72/

3.13 Recent Observations and Theoretical Approaches for Ordering of

Micro-defects and Clusters

Kanwar Krishan

Formation of ordered arrays of defects has been observed during

irradiation for different irradiation conditions and in a wide class

of materials. These range from ordering of void cavities, gas

bubbles, solid inert gas bubbles, precipitates and formation of

periodic walls of defect clusters. We give a brief summary of these

experimental observations and outline the main features of the

theoretical approach based on non-equilibrium stability of the

irradiation process.

Refer /C74/.
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3.24 Self Organization and Stability of_ J?ate_ Processes During

Irradiation

Kanwar Krishan

Irradiation phenomena are modelled using a system of coupled rate

equations. These equations describe the evolution of the

rnicrostructure arising from the delicate balance between various point

defect fluxes. The general nature of solutions are discussed /C75/

and a scaling argument is given vthich can be used to examine the dose

dependence of irradiation phenomena. In the second part, the problem

of spatial instabilities is examined and new analytic results

presented for the problem of void lattice formation. Thase results

can also be extended to other examples of ordering like vacancy loops,

periodic defect walls and bubble lattices. The parameters involved

are identified and it is shown that these microstructural

instabilities arise due to a common inherent mechanism involving the

bias and a difference in defect production rates.

Refer /C75/.

3.15 0n_ the Role of Helium in High-Temperature Embrittlement of

Irradiated Austenitic Steels

W. Kesternich* and R.V. Nandedkar

Helium which is produced by nuclear transmutations can cause

severe degradation of the mechanical properties in structural
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components of fusion and fast fission reactors. For studying the

mechanisms of irradiation embrittlement, the helium effects have been

simulated by helium implantation from cyclotrons or by making use of

(n,<x) reactions from thermal neutron fluxes. The results from

neutron irradiations and helium implantations are contradictory with

respect to the helium levels at which helium embrittlement appears.

In order to study the combined effect of helium and neutron

irradiation on embrittlement, two Ti-stabilized austenitic steels of

identical composition, with the exception of their boron content of 40

and 2 ppm, respectively, have been neutron-irradiated /C77/ at 845 K

25 2to thermal neutron fluences of 2.6 x 10 n/m . The precipitate and

helium bubble microstructure has been quantitatively characterized by

TEM and has been correlated with the embrittlement behaviour, studied

in post-irradiation creep experiments at 973 K. Contrary to the

expectation the material with the lower helium content was found to

exhibit ths higher reduction in creep strength after irradiation.

This result and the differences between low-dose neutron and

alpha irradiations can only be explained if a new assessment of the

role of helium in high temperature irradiation embrittlement is made.

Helium embrittlement and a proposal for an additional embrittling

mechanism being operative under neutron irradiation are discussed.

Refer /C77/

+ IFF, KFA Julich, FRG.
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3.16 Microhardness-Microstructure Study of Aged Wi_mgnlg_ 90 Irradiated

with Helium

K. Varatharajan and R.V, Nandedkar

Changes in microhardness of an aged Nimonic 90 alloy containing
,f

i -precipitates are monitored as a function of dose after 50 keV

helium ion irradiation at room temperature in the dose rar.ge from 3 x

°0 22 2

10^ to 3 x 10 helium ions/m . The microhardness showed an

oscillatory behaviour. Transmission and scanning electron microscopy

studies were performed to investigate the microstructural changes and

surface modifications due to irradiation. An attempt is made to

correlate the variations in the microhardness with the microstructural

changes and surface damage caused by irradiation /C78/.

Refer /C78/.

3.17 Ordering of Microstrueture During Irradiation

H.K. Sahu and K. Krishan

The performance of a material depends on the internal

microstructure it contains. This internal structure could consist of

point defects like vacancies, interstitials, impurity atoms and

extended defects such as dislocations, grain boundaries, second phase

particles, compositional inhomogenities and gas filled or empty

cavities. Apart from their concentration, the specific arrangement of

these extended microstructural defects is also important. Under
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irradiation conditions the extended defect structure evolves by

absorbing the point defects generated by atomic displacements. These

point defects migrate and interact with the rest of the microstructure

which grows with time. The difference in interaction strength of

different extended defects towards vacancies and interstitials forms a

basic and essential step in the evolution of the extended defects.

Under certain conditions, periodic arrangement of dislocation

loops, voids, gas filled bubbles or compositional variations are

observed in irradiation experiments. The present work analyses the

irradiation parameters and their interrelations that lead to ordered

growth of extended defects. This is done by using rate theory where

the production of point defects and their loss to different sinks are

coupled. It is shown that a general theoretical framework based on

stability analysis can be developed to examine the microstructural

ordering that is observed during irradiation. A few examples of

spatial ordering of extended defects are also discussed /C79/.

Refer /C79/.

3.18 Ion Beam Modification of Precipitates in Nimonic 90

K. Varatharajan

An ion beam study of phase stability has been done in the

representative precipitation hardenable alloy, Nimonic 90. 50 keV He

ion beam from a 150 keV Sames J-15 accelerator has been employed in

this experiment /C80/. The specimens, in the form of 0.3 mm thick 3
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mm diameter discs, have been heat-treated to obtain a well distributed

precipitation microstructure as observed by TEM. These precipitates

are known to impart the extra hardness and strength to such alloys.

The stability of such precipitates under room temperature irradiation

is an important consideration for use of these technologically

important alloys in radiation environments. This aspect is the main

theme of the present study.

Because of the high damage production rate, this ion beam

experiment has been carried out to understand the irradiation effects

on the precipitates. The damage range of about 200 nm is very

conveniently probed by TEM.

In the thermally aged specimen the average size of the

precipitates is about 70 nm. However, the aging is not complete as

seen from the increase in the precipitate volume fraction by about a

IB 2

factor of 2 in the early stage of irradiation (3 x 10 He ions/cm ).

This increase is only transient and the precipitates eventually

dissolve during subsequent irradiation. The process of precipitate

dissolution under room temperature irradiation can account for such

observations. But at different higher doses the precipitate size and

volume fraction appear to oscillate. We speculate this to be

happening because of the repeated blistering and exfoliation of the

specimen during high dose irradiation at such low energy (50 keV) as

has been employed in our studies. This can be confirmed by

corroborating the results with SEM observations of the exfoliation

process. This work is in progress.

Refer /C80/.
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3.19 Radiation Effects on_ Mechanical Properties o£ Reactor Materials:

A_ Review o£ Studies Under Indo-FRG Exchange Programme: Present

and Future Plans at_ ICC, Kalpakkam

H.K. Sahu

The study of radiation effects on the mechanical properties of

reactor materials is important both technologically and from the point

of view of basic understanding of the underlying processes. Phenomena

such as void swelling, irradiation creep, stability of alloy

composition under irradiation and effect of irradiation on fatigue

life are some of the important areas of research. It is essential to

carry out these studies under precisely controlled conditions of

temperature, stress and surrounding atmosphere. Light ion simulation

is a convenient technique for these studies because it not only offers

scope and possibility of achieving these conditions, but also scales

the experimental time quite favourably. Within the Indo-FRG Exchange

Programme, research in these areas has been carried out through

exchange of scientists. This has strengthened the potential and the

team working in this Important field in India. Consequently, the

Radiation Damage Studies Group in our laboratory has started making

use of the experience and expertise so acquired. A light ion

irradiation creep apparatus is being built for conducting experiments

on void formation under stress and irradiation creep. The present

paper briefly reviews the experience obtained by Indian scientists and

presents the status of our efforts in pursuing the light ion

simulation experiments /C81/.

Refer /C81/.



= 95 =

3.20 Concentrated Alloy Behaviour During Irradiation

Kanwar Krishan

The effect of radiation on the decomposition of a concentrated

alloy is described /C83/. This includes (1) direct processes due to

collision sequences, (ii) indirect processes due to defect reactions,

(iii) synergetic effects due to nonlinear coupling in various kinetic

reactions, and (iv) effects arising due to fluctuations induced by

irradiation. The last aspect is discussed in greater detail and it is

shown that it could have a significant contribution when the alloy is

in a metastable state during irradiation.

Refer /C83/.

3.21 Effect of_ 50_ keV_ d-particle Irradiation on_ Al-40 at.% Mn_ Alloy

K.G.M. Nair, K. Krishan and M. Vijayalakshmi

We have studied the effect of 50 keV <* -particle irradiation on

AZ-40 at.% Mn alloy at room temperature /C101/. The well-

characterised alloy was prethinned for TEM and irradiated to various

15 17 2

doses ranging from 5 x 10 to 1 x 10 ions/cm . This alloy shows

very low vacancy mobility at room temperature and interstitials

produced by irradiation are the only mobile defects. An important

property of this alloy is the formation of a high density of

transformation twins caused by the polymorphic transformation from the
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high temperature cubic phase to room temperature rhombohedral phase,

as discussed by M. Vansande et al. /I/.

Several interesting features have been observed by TEM in this

alloy after irradiation. Presumably due to the low vacancy mobility,

a highly mottled structure is observed which increases with

irradiation dose. This structure appears to be related to the

displacement damage effects, since the pre-thinned sections less than

1000 A are transparent to the ex -particle beam at this energy. The

immobile vacancies and their clusters appear to be responsible for the

highly strained structure formed. The transformation twins formed in

this alloy gradually become less sharp and finally disappear with

increasing dose. Irradiation produced dislocation loops have also

been identified and studied. These loops are found to grow with

irradiation dose and are therefore expected to be interstitial in

character.

The presence of two dissimilar atoms with different masses namely

Al and Mn affects the relative displacement probabilities of these

atoms. Also the mobility of the irradiation produced defects

influences the dynamic irradiation behaviour of this alloy.

/I/ M. Vansande, J. Vanhanduyt and 5. Amelinckx, Phys. Stat. Sol.(a)

55, hi (1979)

Refer /C101/.
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4 . LIGHT SCATTERING LABORATORY

4.1 Rayleigh Surface Waves JM Ultraheavily Doped n-type Silicon

A.K. Sood and W. Cardona

The effect of free carriers on the velocity of surface Rayleigh

waves (SRW) in n-type Si has been studied o> Jrillouin scattering.

The samples prepared by ion-implantation followed by laser annealing

21 -3
have carrier concentrations upto 3 x 10 cm . The SRW velocity is

observed to decrease significantly on doping (-18% for the heaviest

doped sample). The large softening of the velocity has been

quantitatively explained on the basis of the decrease of all the three

independent elastic constants C^., C,_ and C,, in n-Si due to the
11 12 4+

presence of free-carriers.

Refer /Jb5/.

+ Max-Planck Institute of FKF, Stuttgart, FRG.

H.2 Structure Factor for a Two Component Mixture of Dilute Colloidal

Suspension

B.V.R. Tata, R. Kesavamoorthy and A.K. Sood

The structure factor of binary mixtures of dilute aqueous

colloidal suspensions of polystyrene particles of different diameters
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is measured for different compositions using polarized light

12 -3
scattering. The particle concentration was 1.5 x 10 cm . The

suspensions were de-ionised using a mixed bed of ion-exchange resins.

The polarized light scattering was measured using a set-up described

earlier /!/. A 10 mW He-Ne laser was used as the source.

In the case of completely miscible atomic liquids, the

substitutional model is known to yield good agreement with the

experimental structure factors. This model assumes all the partial

pair correlation functions to be identical to each other which can be

shown to be equivalent to the mixture being regarded as an effective

one component system with interaction potential given by the weighted

average of the two particle interaction potential. The S(Q) is

calculated by solving Ornstein-Zernike eguation under rescaled mean

spherical approximation /JU6/. The charges on the 0.091 and 0.109 urn

diameter particles were taken to be 500 e and 700 e respectively

were e is the electronic charge. The impurity concentration (in the

range of 2 x 10 to 6 x 10 cm ) was used as a parameter to fit

the height and position of the first peak of the structure factor

which appears reasonable. The good agreement between the experimental

structure factors and that calculated from substitutional model

suggests the miscible nature of the mixtures /J53/.

/I/ A.K. Arora, J. Phys. E: Sci. Instrum. J7, 1119 (1984)

Refer /J46,J53/.
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4.3 Resonance Raman Scattering by Optical Phonons in GaAs Near the £p

Band Gap_

+ + +
A.K. Sood, W. Kauschke , J. Menendez and M. Cardona

The resonance of the firs^-orcfer Raman scattering by longitudinal

and transverse optical phonons in GaAs very near to the E band gap at

100 K has been studied. The resonance enhancement observed at E for
o

deformation-potential (TO, LO) and Frohlich-interaction-induced (LO)

scattering is about 100 times larger than calculated for uncorrelated

electron-hole pairs. The effect is attributed to the Coulomb

correlation af discrete and continuum excitons and agrees with

Martin's calculation of these effects. The Faust-Henry coefficient is

found to be nearly independent of freguency in the region of our

measurements (C = -0.6 *_ 0.2).

Refer /JU7/.

+ Max-Planck Institute of FKF, Stuttgart, FRG.

4.4 Resonance Raman Scattering in GaAs-Al Ga As Superlattices:

Impurity-induced Frohlich-interaction Scattering

VI. Kauschke*, A.K. Sood, M. Cardona* and K. Ploog+

Raman scattering from LO phonons in resonance with quasi-two-

dimensional excitons in a 104 A GaAs-125 A Al o£-^
an 7c As

superlattice has been studied. Incoming (incident laser freguency

matches the electronic transition) and outgoing (scattered laser
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frequency equals the electronic transition) resonances are observed at

discrete excitons formed from first and second conduction and valence

subbands. As already pointed out by Zucker et al /!/, the resonant

Raman profile shows a stronger outgoing resonance as compared with the

incoming one. We present a quantitative explanation of the observed

asymmetry of both resonance channels by invoking the impurity-induced

intraband Frohlich scattering mechanism, an effect also observed in

bulk semiconductors. This analysis differs from that of Zucker et al

/!/, which was based on the details of the quantized quasi-two-

dimensional excitons. We believe that the latter mechanism may

explain resonance asymmetry for a special range of superlattice

parameters, while the one proposed here should be more general,

extending all the way to the two-dimensional case.

/I/ J.E. Zucker, A. Pinczuk, D.S. Chemla, A. Gossard and W. Wiegmann,

Phys. Rev. Lett. 51_, 1293 (1983)

Refer /J48/.

+ Max-Planck Institute of FKF, Stuttgart, FRG

4.5 flesonance Raman Scattering from Defects in CdSe

Akhilesh K. Arora and A.K. Ramdas

There have been a number of investigations of resonance Raman

scattering (RRS) in many III-V and II-VI semiconductors. These

studies have been mostly concentrated on longitudinal optical (LO)
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phonons. Defects present in undoped single crystals even in

concentration as low as 10 cm can manifest themselves in the

photo-luminescence spectra and, under a suitably resonant condition,

in the Raman spectra. Raman modes due to defects are also expected to

exhibit the resonance enhancement similar to those of intrinsic

phonons. The RRS in wurtzite type semiconductor CdSe has not been

well understood /I/.

The RRS in CdSe is investigated in the region of A exciton

transition. Three new Raman lines at 182, 195 and 208 cm are

observed which exhibit resonance enhancement (RE) that are even larger

than that of LO phonon. Modes at 182 and 195 cm exhibit RE at

1.8206 eV whereas the mode at 208 cm and LO phonon do at 1.8222 eV.

Polarized photo-luminescence spectra show that these energies

correspond to the excitons bound to two different donors D and D

having different site symmetry. Tne peaks at 182 and 195 cm are

assigned to electronic Raman scattering from the levels of a donor

complex D which does not have the full symmetry of the lattice. The

mode at 208 cm is perhaps a local mode of a defect constituting the

donor D..

/I/ P.Y. Yu and C. Hermann, Phys. Rev. B23, 4097 (1981)

Refer /J49/.

+ Physics Department, Purdue University, West Lafayette, Indiana, USA
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4.6 Raman_ Scattering Study of High-pressure Phase Transition in_

Diluted Magnetic Semiconductors

A.K. Arora, A.K. Ramdas*, D.V. Bartholomew and E.-K. Suh

Zone-centre optical phonons in the mixed crystals exhibit one

mode, two mode or an intermediate mode behaviour depending on the

vibrational characteristics of the end members. The new class of

mixed crystals of II-VI compound semiconductors where a fraction of

cations is replaced by magnetic element like Mn, known as diluted

magnetic semiconductors (DMS), have received considerable attention

due to their unique combination of semiconducting and magnetic

properties /I/.

A number of tetrahedrally coordinated III-V and II-VI

semiconductors and group IV semiconductors undergo a high pressure

phase transition to fi-Sn metallic phase (body centred tetragonal)

around or above 100 kbar /2/. However, the Cd-chalcogenides are found

to undergo this transition through an intermediate NaCl phase. X-ray

measurements show that the DMS Cd Mn Te, a mixed crystal of CdTe and
JL m'X X

MnTe also shows this transition. The high-pressure phase transitions

in a number of DMS mixed crystals like Cd, Mn Te, Zn, Mn Se and
1-x x 1-x x

Cd Mn Se, are investigated using Raman scattering. Measurements are
±m"X X

made while increasing as well as decreasing the pressure. The

transition pressures are found to depend on the composition and show

hysteresis. The behaviour of zone-centre optical phonons as well as

that of zone-boundary acoustic phonons, which appear in the first

order Raman spectra due to substitutional disorder in the mixed
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crystals, are investigated /J50,J58,J59/. Mode Gruneisen parameters

of various modes are obtained.

The mixed crystals were grown by the Bridgman method. Raman

scattering measurements at high pressure were carried out in a

gasketted diamond anvil cell in the back scattering configuration.

Pressure in the diamond anvil cell was measured by the ruby

fluorescence technique. Raman spectra were excited with 100 mil of

power at several lines from Kr and Ar lasers. A computer controlled

triple monochromator was used to analyse the scattered radiation.

4.6.1 Cdi xHaxTe

The DM5 Cd, tki Te has cubic zinc-blende structure in the
1-x x

composition range 0 < x < 0.7 and exhibits a two mode behaviour.

Figure 4.1 shows the behaviour of CdTe-like and MnTe-like LO and TO

frequencies in the mixed crystals of different composition while

increasing and decreasing the pressure. Note that in pure CdTe while

decreasing the pressure the LO phonon frequencies match with those

observed while increasing the pressure, whereas in the mixed crystals

there is a marked difference. The CdTe like LO frequencies are

higher than those before cycling through the transition whereas the

MnTe like LO phonons show an opposite behaviour. This change in the

LO-TO splitting of CdTe-like and MnTe-like modes implies a

redistribution of mode effective charges associated with these modes

as a result of cycling through the transition such that the net charge

remains unchanged /J50/. Zone-boundary acoustic phonon TA(X) is found

to show softening similar to other compound semiconductors. This

phonon has been identified to be the soft mode for the transition from



Fig.4.1 The behaviour of CdTe-like and MnTe-Iike
LO and TO frequencies in the mixed
crystals of different compositions while
Increasing and decreasing the pressure.
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Fig.4.2 The behaviour of zone-centre optical
phonon frequencies in the mixed crystal
as a function of pressure across the
intermediate transition.
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zinc-blende to p -Sn structure in the tetrahedral semiconductors.

4.6.2 Zn Ma Se

The mixed crystal Zn. tin Se occurs in a cubic zinc-blende

structure in the composition range 0 < x < 0.3 and in wurtzite

structure for 0.33 < x < 0.57. The mixed crystals in the zinc-blende

phase are found to show a mode behaviour intermediate between the one

mode and two mode situations. The pure ZnSe undergoes a transition

from zinc-blende to p> -Sn structure only at 137 kbar whereas the mixed

crystals experience an intermediate transition to an unknown phase at

much lower pressures. The transition pressure ranges from 28 to 52

kbar depending on the composition. The behaviour of zone-centre

optical phonon frequencies in the mixed crystal is shown in Fig.A.2 as

a function of pressure across the intermediate transition /J58/. In

the high pressure phase a new mode labelled A appears which shows

marked softening. The LO mode frequency shifts slightly whereas the

mode B has a frequency close to that of TO phonon in the zinc-blende

phase. When the pressure is reduced, the frequency of the peak B

initially reduces and then s tarts increasing in a manner similar to

that of peak A. Across the reverse transition, both these peaks merge

into a single peak C whose frequency continues to increase as pressure

is reduced further. The LO and TO phonons of the zinc-blende phase

also reappear below the reverse transition pressure. The behaviour of

these modes under pressure suggests that below the reverse transition

pressure the mixed crystals exist probably as a mixture of zinc-blende

phase and another phase which is closely related to the high pressure

phase. The high pressure phase appears to be a lower symmetry

modification of the low pressure phase resulting into the splitting of
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Raman line C into A and B. The luminescence peak at 2.1 eV associated

with the I\ -#• A , transition of the 3d levels of Mn is found to

show a negative pressure coefficient similar to that in other DMS

mixed crystals.

4.6.3 Cd. Mn Se
~~i~x x—

The mixed crystal Cd. Mn Se has wurtzite structure in the
' 1-x x

composition range 0 < x < 0.45 and exhibits a two mode behaviour. As

mentioned earlier pure CdSe undergoes the high-pressure phase

transition to J3-Sn structure via an intermediate NaCl phase at 29

kbar. The mixed crystals also experience this transition between 22

and 29 kbar depending on the composition. In the mixed crystals with

x > 0.4 a new Raman peak appears under hydrostatic pressure which lies

in between CdSe-like LO and MnSe-like TO phonons /J59/. This mode

behaves in a manner similar to other zone-centre optical phonons and

continues to exist even when the pressure is fully released after

cycling through the phase transition. The new Raman peak could be due

to a vibrational mode of a defect complex involving a Cd-Mn pair. The

zone-boundary acoustic phonons are found to show softening as observed

in other mixed crystals.

/I/ J.K. Furdyna, J. Appl. Phys. 53, 7637 (1982)

/2/ B.A. Weinstein and R. Zallen, in Light scattering in solids IV,

ed. M. Cardona and G. Guntherodt (Springer-Verlag, Berlin, 1984)

p. 463

Refer /J50,J58,J59, C85,C87,C95,C96/.

+ Physics Department, Purdue University, West Lafayette, Indiana, USA.
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4.7 Interface Vibrational Raman Lines in GaAs/Al Ga._ As

Superlattices

Akhilesh K. Arora, A.K. Ramdas*, M.R. Melloch and N. Otsuka

Interface phonons are the surface vibraticral modes of thin

dielectric slabs. These have been observed recently in semiconductor

superlattices (SL) which have large number of interfaces /I/.

Interface phonons, which do not propagate into the bulk, are expected

to be observed in the frequency range where the ratio of the

dielectric constants of the two media is negative. In GaAs/AlAs SL

both the interface modes have been observed in between transverse

optic (TO) and longitudinal optic (LO) phonons of GaAs and AlAs as

predicted by theory. However, in GaAs/Al Ga^_ As SL's only one

interface phonon was observed by high resolution electron energy loss

spectroscopy /2/, perhaps because of the inherent resolution (56 cm )

of the technique, although the theory predicts three interface

phonons. We investigated various GaAs/Al Ga As SL's using Raman

spectroscopy and could observe all the three interface phonons, two in

the region of GaAs-like optical phonons and one in that of AlAs-like

optical phonons. The Raman intensities exhibit resonance enhancement

when the incident photon energy is close to the exciton energy in the

GaAs quantum wells. The asymmetric line shape, the resonance

enhancement and the dependence of the mode frequency on the incident

photon energy are found to be the important factors in distinguishing

the interface modes from the bulk optical phonons /J51/.
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/!/ A.K. Sood, J. Menendez, M. Cardona and K. Ploog, Phys. Rev. Lett.

54, 2115 (1985)

/2/ Ph. Lambin, J.P. Vigneron, A.A. Lucas, P.A. Thiry, M. Liehr, J.J.

Pireaux, R. Caudano and T.J. Kuech, Phys. Rev. Lett. 56, 1842

(1986)

Refer /J51/.

+ Physics Department, Purdue University, West Lafayette, Indiana, USA.

4.8 Confined Optical Phonons in GaAs Single Quantum Wells in

GaAs/Al Ga, As heterostructure
—x—1-x-

+ + *
Akhilesh K. Arora, E.-K. Suh , A.K. Ramdas , F.A. Chambers and

*
A.L. Moretti

Vibrational properties of semiconductor heterostructures are

determined by the phonon dispersion curves of the constituent layers.

In multiple guantum well structures (superlattices.) acoustic phonons

propagate through both layers exhibiting zone folding effects due to

new periodicity, whereas, optical phonons show "confinement" when the

dispersion curves do not overlap and "propagation" when they do /I/.

The phenomena of confinement of optical phonons .thus basically arises

due to individual quantum wells and hence in principle one should be

able to observe the effect in a single guantum well (SOW) also. In

order to confirm this Raman scattering from different GaAs/Al Ga1_ As

SQWs was investigated. Confined longitudinal optic (LO) phonons upto

n = 8 were observed. These could be detected only under strong out-

resonance condition as the Raman signal from a 50 A SQW is too weak
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otherwise. The resonance was achieved by temperature tuning of the

electronic levels o£ the SQW as well as using a Dye laser. The

confined LO phonons observed in the first order Eaman spectrum have

wave vectors extending upto a significant fraction of the Brillouin

zone and their frequencies agree well with those deduced fvom the bulk

dispersion curves /J52/.

/I/ A.K. Sood, J. Menendez, M. Cardona and M. Ploog, Phys. Rev. Lett.

54, 2111 (1985)

Refer /J52/.

+ Physics Department, Purdue University, West Lafayette, Indiana, USA
* Amoco Corporation, Amoco Research Centre, Naperville, Illinois, USA.

h . 9 Interpolation Model for Molecular Reorientation in Gases and

Liquids

S.K. Deb+ and A.K. Sood

The most successful model to understand molecular reorientation

dynamics in liquids and gases has been the M and J- extended diffusion

models (EDM) proposed by Gordon /I/. An improvement on EDM was

proposed earlier /2/ for linear molecules in which one could calculate

the reorientation correlation function intermediate between the M and

J diffusion models by varying an interpolation parameter. Here the

work has be°n extended to the case for symmetric top molecules /J54/.

It has been compared with experimental correlation functions for

linear as well as prolate and oblate symmetric top molecules. The
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agreement is excellent for systems where the intermolecular torque is

small. With increasing torque, there is discrepancy at short times

whereas at intermediate and long times the decay is described quite

well.

/I/ R.G. Gordon, Adv. Mag. Reson. 3, 1 (1968)

/2/ S. Dattagupta and A.K. Sood, Pramana - J. Phys. 13, b23 (1979)

Refer /J54/.

+ Nuclear Physics Division, BARC, Bombay

4.20 Effect of Iron Doping and Oxygen Stoichiometry on Infrared

Absorption in Y Ba CuJ3

A.K. Sood, K. Sankaran , Y. Hariharan, S. Vijayalakshmi , V.

Sankara Sastry, S. Kalavathi and J. Janaki

W(- have studied infrared absorption of Y^Ba Cu 0 as a function

of oxygen stoichiometry (0 < X < 1) and copper substitution by iron in

the spectral range of A50-700 cm . The strong bands associated with

Cu-0 vibrations undergo significant changes in their frequencies and

intensities as x is variec across the orthorhombic to tetragonal

phase. These changes coupled with those arising as a result of doping

with iron has helped in identifying the nature of the vibrational

modes.

Refer /J55/

+ Raaicchemistry Programme, IGCAR
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4.11 Reentrant Phase Transition JLn Charged Colloidal Suspensions

Akhilesh K. Arora, B.V.R. Tata, A.K. Sood and R. Kesavamoorthy

An unconventional phase separation in monodispersed aqueous

suspension of polystyrene particles has been studied as a function of

ionic impurity concentration C which controls the range and the

strength of interparticle interaction. The system phase separates

into dense and rare phases only for a restricted range of C depending

on the particle concentration n. The system is homogeneous for values

of C on either side of this range. As the ionic impurities are

reduced (by the action of ion-exchange resins) the homogeneous, non-

interacting suspension becomes unstable towards the formation of dense

and rare phases. For very low C, the colloidal suspension once again

becomes homogeneous and shows a liquid-like order. Such a behaviour

of reentrant homogeneous phase is not commonly seen in atomic systems.

In order to understand the phase stability theoretically, free

energies of the homogeneous (Fl) and the phase separated systems (F2)

are calculated. An effective potential W(r) between the charged

polystyrene particles is used for calculating the internal energy.

W(r) consists of the conventional screened Coulomb repulsion A exp (-

kr)/r and an attractive term B exp (-kr) which arises due to

macroion-small ion interaction. Here k is inverse Debye screening

length. The position R and the depth of the minimum in W(r) depends

on ka where a is the particle radius (2a = 0.109 urn in the present

experiments). The entropy is obtained from the number of ways in

which N particles, each of volume v, can be distributed in volume V
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(n=N/V) . In the phase separated system F2 is calculated as a function

of the number of particles xN in the dense phase which are assumed to

occupy the minimum in W(r) and hence are dictated by the position R.

The condition Fl = F2 specifies the phase boundary and the minimum in

(F2 - Fl) gives the optimum fraction x. Figure 4.3 shows the

calculated phase diagram which can be understood as follows. The

variation in C causes ka to change which in turn alters R and depth of

W(r) becomes much smaller than the thermal energy and the potential

well can no longer trap the particles (i.e. entropy dominates over the

interaction energy). The system reenters the homogeneous state for

low C when R becomes more than the average interparticle distance L

and hence L lies on the repulsive edge of W(r). The prediction of the

two phase boundaries and the particle density in the dense phase as a

function of C are in qualitative agreement with the present

experimental results /J57/.

Refer /J57/.

.12 The Split in the Second Peak in the Structure Factor of Binary

Colloidal Suspensions: Glass-like Order

R. Kesavamoorthy, A.K. Sood, B.V.R. Tata and Akhilesh K. Arora

When two monodispersed suspensions having particles of different

diameters ar° mixed the system may evolve into any one of the

following phases: a liquid mixture, a disordered crystalline alloy, an

ordered crystalline alloy (compound), a glass or a multiphase system.

A glass-like order has been speculated in binary suspensions of 0.109
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and 0.22 jim diameter particles from the presence of finite shear (on a

time scale of 0.1 to 1 sec) and the absence of Bragg diffraction /I/.

In this study we have investigated the structure factor of binary

colloidal suspensions of various compositions, particle diameter

ratios and ionic impurity concentrations using polarized light

scattering. For the first time, a split in the second peak of the

measured structure factors is observed. Splitting in the second peak

in the pair correlation function and consequently in S(Q) is known to

occur in conventional amorphous systems due to two topologically

different positions for the second neighbours /2/. The diffusion of

dust particles (estimated from the rate of fluctuation of scattered

intensity in the near forward direction 6 < 5 ) was found to be an

order of magnitude slower in the suspension showing the split second

peak in S(Q) than that in the suspension having liquid-like order,

confirming the solid-like behaviour of the glass-like order. Figure

4.4 shows the structure factor of the binary suspension (0.11 urn and

0.12 urn diameter particles in the ratio 42:58 and particle

12 -3
concentration ~ 2 x 10 cm ) at two different heights. In the

lower part of the cell which is close to the ion exchange resin, 5(Q)

shows a split second peak and an associated large intensity

fluctuation time 'C^. The time evolution of the structural order

indicates that a liquid-like order continuously evolves into glass-

like order as the strength of interparticle interaction is increased

by reducing the impurity concentration. The glass-like order is found

to be unstable towards formation of the crystalline state above a

critical volume fraction (which depends on the impurity concentration)

of the particles /J60/.
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/I/ H.M. Lindsay and P.M. Chaikin, J. Chem. Phys. 76, 3774 (1982)

/2/ J.F. Sadoc and C.N.J. Wagner, in Glassy Metals II, Ed. M. Been

and H.J. Guntherodt (Springer, Berlin, 1983) p.51

Refer /J60, C8h/.

4.13 Raman Scattering from Quasi-One-Dimensional Charge Density

Wave System (TaSeJ^I

A.K. Sood

A detailed Raman study of quasi-one-dimensional conductor

(TaSe,) I below and above the charge-density-wave (CDW) phase

transition temperature T of 263 K has been carried out /J61/. Our

main emphasis has been on the temperature-dependence of the CDW

related TO phonons near 190 cm . Figure 4.5 shows Raman spectra of

(TaSe ) 9I at six different temperatures. The doublet structure (near

185 cm and 195 cm ) arises due to the interaction between modes at

2 k and -2k^. (k^ is the Fermi wavevector). The damping constant of

the high frequency component of the doublet increases significantly as

the T i s approached. This temperature dependence is similar to that

of the amplitude mode near 90 cm . The peak position of the mode

also shows an anomalous behaviour. The observed temperature-

dependence has been understood on the basis of interaction of the mode

with phasons. Second-order Raman scattering has also been observed

whose strength increases at low temperatures.

Refer /J61/.
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Fig.4.5 Raman spectra in the limited spectral range.
The smooth solid lines are least-square
fitted curves. The dotted lines in the
spectra for T = 275 K and 300 K are fitted
curves with one-oscillator.
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4.24 Raman Scattering from GaSb-AlSb Superlattices - Acoustic, Optical

and Interface Vibrational Modes

+ + + *
A.K. Sood, P.V. Santos , M. Cardona , K. Ploog , Y. Ohmori and

*
H. Qkamoto

Raman study of folded acoustic phonons, confined optical phonons,

and interface vibrational modes in GaSb-AlSb superlattices has been

carried out. A number of unusual features are observed in the

intensity dependence of the Raman lines on the incident laser energy,

for laser excitations ranging from the electronic transition energies

£, of GaSb to E of AlSb.1 o

Refer /J62/.

+ Max-Planck Institute of FKF, Stuttgart, FRG.
* Musashino Electrical Communication Lab., NTT, Tokyo-180, Japan.

4.15 Freezing Criterion for Liquid to Crystal Transition in Charged

Colloids

R. Kesavamoorthy, B.V.R. Tata, A.K. Arora and A.K. Sood

Depending on the particle concentration n, the impurity

concentration C and the temperature T, colloidal suspensions exhibit

liquid-like or crystal-like order. At fixed n and T, the liquid to

crystal transition is achieved by decreasing C which increases the

total interaction energy with respect to the thermal energy kDT. On
o

the other hand, in monoatomic systems this transition is brought about

by decreasing T. The liquid to solid transition has been
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characterized, among many other features, by Lindemann criterion or

Verlet criterion. The latter criterion states that, at freezing, the

height of the first peak, 5 , in the structure factor S(Q) of liquid

is around 2.85 /I/. This has been verified experimentally in atomic

systems.

To investigate the freezing phenomena in monodispersed dilute

charged colloids, S(Q) of colloidal suspensions of different n ranging

12 -3 13 -3

from 2 x 10 cm to 1.5 x 10 cm and 2a ranging from 0.091 urn to

0.16 urn have been measured very close to the liquid-crystal (bcc)

interface using polarized Rayleigh light scattering. We observe for

the first time that the value of 5 is 2.1+0.1 and S (the value of

max — n

S(Q) at Q corresponding to (211) reflection in bcc crystal) is

1.2*0.1, the former being very different -from that in atomic systems

(e.g. in liquid Na, S = 2.94). Fujita and Ametani /2/ have
ffldX

reported the liquid-crystal phase boundary for monodispersed colloidal

suspensions of 0.168 urn diameter particles over a wide range of n and

C. We show using rescaled mean spherical approximation, that all

along the phase boundary 5 is 2.1 which further corroborates the
tnsx

present direct measurement of 5r max
We have calculated the phase diagram as a function of the order

parameters S and 5 in the framework of the density wave theory of
* max n 7 J

freezing /3/. Our observed values of S and 5 near the liquid-
Ifl&X it

crystal interface are found to be consistent with the theory /CB7/.

The small value of 5 at freezing in colloids may have the origin in

the softness of the interparticle potential or in large value of

three-body correlations.
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/I/ J.P. Hansen and L. Verlet, Phys. Rev. 184, 150 (1969)

/2/ H. Fujita and K. Ametani, Jap. J. Appl. Phys. 16, 1091 (1977)

/3/ T.V. Ramakrishnan and M. Yussouff, Phys. Rev. BIS, 2775 (1979)

Refer /J63, C89/.

b.16 Computer Simulation of Liquid-like Ordered Aqueous Colloidal

Suspensions

B.V.R. Tata, A.K. Sood and R. Kesavamoorthy

The experimentally observed structure factors S(Q) in liquid-like

ordered colloidal suspensions have been compared with those calculated

from rescaled mean spherical approximation (RMSA) using a pure

repulsive screened Coulomb (Yukawa) potential /!/. It has been shown

recently that an attractive term in the potential is necessary in

order to explain the reentrant phase transition in these colloids.

However, theoretical calculation of S(Q) using RMSA for the Sogami

potential, which has been used to understand the phenomena, is not

straight forward. In order to confirm whether the Sogami potential

can also explain the measured S(Q) of the liquid-like order, Brownian

dynamics and Monte Carlo simulations (MC) were carried out with 128,

256 and h32 particles for Sogami as well as Yukawa potentials. It is

found that with different values of the parameter C, the impurity

concentration, both the potentials give satisfactory agreement with

the experimental S(Q) /C90/. The value of C in the two cases is

within the experimental accuracy.
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MC simulation with parameters favourable for phase separation

have also been initiated to understand the equilibrium properties of

phase separated state and the kinetics of phase separation.

/I/ J.P. Hansen and J.B. Hayter, Molec. Phys. ^ 6 , 651 (1962)

Refer /J64, C92/.

4.17 Precipitation and Dissolution Kinetics in NaCl:Pb2+

N. Rajalakshmi, A.K. Arora, U.R.K. Rao and R. Kesavamoorthy

In ionic crystals aliovalent impurities • dissolve

substitutionally. The impurities form precipitates when their

concentration exceeds the solubility limit which is temperature

2+
dependent. In NaCl:Pb system PbCl„ precipitates are found more

stable than the Suzuki phase. Recently aggregation and precipitation

stages have been reported from the isochronal annealing studies /I/ in

this system. However, their kinetics has not been investigated. We

have investigated the kinetics of the precipitation and the

dissolution of precipitates and obtain the enthalpy of solution. The

fraction of unprecipitated lead ions was measured from the UV peak

absorption at r* 273 nm arising due to 'A' band absorption associated

with free lead ions and impurity vacancy dipoles. NaCl single

crystals doped with 82 _+ 4 ppm of lead were grown by Eiridgman-

Stockbarger method and samples of 5 mm x 4 mm x 1 mm size were

obtained by cleaving and used for UV absorption measurements.

Precipitation and dissolution stages were identified from isochronal
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annealing experiments (Precipitation: 463 K to 508 K; dissolution: 508

K to 573 K). The kinetics of precipitation and dissolution processes

were investigated from the isothermal annealing at various

temperatures in these regions.

The fraction Y(T,t) for precipitation kinetics at a given

temperature T and at various times t was obtained by taking the ratio

of the peak ab^orbance after annealing to that of initial homogenised

state which was obtained by annealing at 873 K. Y(T,t) was fitted to

a first order kinetics /2/ given as

yfr.t; = Ym * (YQ - Ym ) exp(-Kpt) d)

where K is the kinetic rate constant for precipitation. The

temperature dependence of this thermally activated process can be

regarded as Arrhenius, i.e., K = K exp (-H /kT) where H is the
p po p B p

activation enthalpy of precipitation process. From this H was

estimated to be 0.83 _+ 0.15 eV. As the procest of precipitation is

governed by the migration of impurity ions, H is the migration energy

E of lead ion which has been reported as 0.98 eV /3/ and the present

value of H from UV absorption technique is consistent with this

value.

To investigate dissolution kinetics initial state was prepared by

annealing the crystals at 493 K for a long time. The dissolution

kinetics data was analysed by fitting the Y(T,t) to the equation /2/

Y(T,t) = YQ + (Y^ - YQ) [l - exp(-Kdt)] (2)

where K, is the kientic rate constant, for dissolution. Temperature

dependence of K can also be written as K = K exp(-H /k T) where
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H is the activation enthalpy of dissolution process. H was

estimated to be 2.0 _+ 0.2 eV. Since the dissolution process requires

the removal and migration (away) of the impurity ion from a

precipitate, H, can be written as H , = E + X where X i s the
d dm

enthalpy of solution. From this X. is estimated as 1.02 +_ 0.2 eV.

/I/ A.K. Arora, R. Kesavamoorthy and A.K. Sood, Solid State Commun.

49, 871 (198U)

/2/ A.K. Arora, Phys. Stat. Solidi (a} 85_, 491 (1984)

/3/ J.L. Krause and W.J. Fredericks, J. Phys. Chem. Solids 32^, 2673

(1971)

Refer /088/.

+ Water Chemistry Division, BARC, Bombay.

U.13 Structure and Elastic Properties of Dilute Charged Colloids

R. Kesavamoorthy

Polystyrene spheres suspended in water order thermselves like

liquid, crystal, glass or compound. They interact predominantly via

screened Coulomb repulsion (r~> exp (-kr)/r) where k is the inverse

2 2
screening length given by k = 4 77" e (nz + C)/koT. Depending on the

D

particle concentration n, the impurity concentration C and temperature

T, the colloidal suspension exhibits different order. The

interparticle separation in colloidal suspensions can be varied over a

wide range by simply varying n, but in atomic systems it cannot be
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varied over such a wide range. The latent heat of melting per

particle and the ratio of elastic constant to the particle

concentration are nearly the same both in colloidal system and atomic

system. These rare features make the colloidal systems very

interesting.

The structure factor, S(Q) for a liquid-like ordered monodisperse

colloidal suspension is measured by angle-resolved polarised light

scattering. The position of the first peak (Q.) in 5(Q) is used to

estimate n following the practice in atomic systems. Also, n is

determined by weighing the residue after evaporating water from a

known volume of the suspension. These two estimates disagree. The

reason for the disagreement is found to lie on the effect of

gravitational compression and the dependence of Q? on n as well as C.

S(Q) is calculated using rescaled mean spherical approximation (RMSA)

and the radial distribution function g(r) is obtained by Fourier

transformation. The effects of n, C and z on S(Q), g(r) and

coordination number (N ) are investigated in detail. As C increases,

N decreases, the structure weakens, and Q , shifts to higher values.

Such a behaviour is due to the increase in k when C is increased. The

liquid to crystal transition is investigated by observing the peak

heights in S(Q). In atomic systems, the first peak height (S ) is

around 2.85 at the transition whereas in colloidal systems it is

observed to be lesser. This is found to be consistent with the order

parameter theory of freezing. S(Q) for a liquid-like ordered binary

colloidal suspension is measured and calculated using RMSA under

substitutional model. This model is found to be adequate because the

colloidal particles are completely miscible. When C is reduced S(Q)
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develops split second peak, suggesting the appearance of glass-like

order.

The bulk modulus of colloidal liquid with different n and C is

measured by measuring 5(Q) at different height of the column. Since

the particles are heavier than water, gravity causes a change in n

along the height depending on the bulk modulus of the suspension. The

measured bulk modulus is explained on the basis of RMSA calculation.

The theory of elastic constants of crystalline solids is generalized

for glass. Analytic expression for the elastic constants are obtained

in the NN approximation. This theory is applied to binary colloidal

glass to explain the measured shear modulus.

Refer /C90/

* Work submitted for Ph.D. thesis.

h.19 Light Scattering from Colloids

A.K. Sood

Light scattering results on static and dynamic properties of

ordered colloidal suspensions of charged polystyrene particles and

fractal colloidal aggregates are reviewed. Our studies on static

structure factor, S(Q), of ordered monodisperse colloidal suspensions

and binary mixtures of particles with different particle diameters,

measured by angle-resolved Rayleigh scattering are discussed. This

includes determination of bulk modulus using gravitational compression

and observation of colloidals glass (inferred from splitting of the

second peak in S(0)). Dynamaic light scattering, with real time
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analysis of scattered intensity fluctuations, is used to get

information about Brownian dynamics of the particles. Recent advances

in the field of light scattering from colloidal aggregates which show

fractal geometry are also discussed.

Refer /C91/

4.20 Phase Separation in_ Charged Colloidal Suspensions: Brownian

Dynamics Simulation Method

B.V.R. Tata, A.K. Sood and Akhilesh K. Arora

Aqueous charged colloidal suspensions can develop structural

orders /C91/ similar to those in atomic systems when suitably

deionised and hence are model systems to study cooperative behaviour

in condensed matter. In addition to this structural ordering Arora et

al /J57/ recently observed a noval reentrant phase transition in

colloidal suspension of polystyrene particles as a function of

impurity concentration n.. This phenomenon has been understood

qualitatively on the basis of free energies of homogeneous and phase

separated systems calculated using a pair potential proposed by Sogami

/I/. This potential has the form U(r) = Aexp(-Kr)/r-Bexp(-Kr), where

K is the inverse Debye screening length which is a function of

particle concentration n and impurity concentration n.. U(r) has the

secondary minimum whose position (R ) and depth strongly depends on K.

If R is shorter than the average particle separation (R) clusters can

form leading to phase separation with dense and rare phases. However

the mechanism of phase separation and cluster size are not yet known.
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In the present work to understand this phenomenon Brownian dynamics

(BD) simulation /2/ using 432 particles is done for suspensions

parameters favourable for phase separation at different n. values

keeping n , Z and particle diameter (0" = 0.109 pm) fixed. The

simulation results show a homogeneous phase for n. = 2n Z and phase

separation at n. -• 150 n Z as expected. The position of the peak in

g(r) occurs at a distance which is much smaller than R suggesting

clustering. The clustering is also seen in the projection plots of

particle coordinates. The peak position in g(r) agrees well with the

R . To understand mechamism of the phase separation, simulation

studies are under progress.

/I/ I. Sogami and W. Ise, J. Chem. Phys. 81_, 6320 (198U)

/2/ K. Gay lor, I. Snook and W. van Megan, J. Chem. Phys. 75, 1682

(1981)

Refer /C93/.

4.21 Raman Scattering Study of High Pressuce Phase Transitions in

LiKSO, . . . . .

Akhilesh K. Arora, T. Shakuntala and M.L. Bansal

In LiKSO a number of phase transitions have been reported as a

function of temperature /I/ as well as pressure /2/. Though the phase

transitions as a function of temperature have been well characterised

and understood, some of them being associated with reorientations of

sulphate tetrahedra /!/, the transitions under hydrostatic pressure
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are relatively less understood. Raman scattering investigations have

revealed three transitions upto 100 kbar /2/ which are also believed

to be arising due to nonequilibrium orientations of sulphate ions.

Recently x-ray investigations seem to suggest a transition to a

noncrystalline phase which gets completed at 130 kbar /3/.

We have carried out Raman scattering investigations of high

pressure phase transitions in LiKSO . Raman scattering measurements

were made in the back scattering geometry in a diamond anvil cell

(DAC) using 4880 and 5245 A lines of an Argon ion laser. The pressure

in the DAC was measured using Ruby fluorescence technique. 4:1

methanol:ethanol mixture was used as pressure transmitting medium.

Slight amount of water in the pressure transmitting medium showed a

tendency of partially dissolving the sample (single crystal) into i t .

The appearance of the crystal (contrast against the background) as

observed in the transmission geometry changed across each transition

(<* -/3, ft - / and /- & as assigned by Melo et al /2/) as a function

of pressure. When the crystal was brought back to ambient pressure

after cycling through the transitions, it appeared to have shattered

into tiny piece ,. This is known to happen in the case of crystals

which undergo large volume changes across structural transitions

/J50/.

The phonon frequencies of all the sulphate internal modes

increase as a function of pressure. Some modes showed splitting also.

The full width at half maximum (FWHM) of the Ut internal mode of

sulphate ion after correcting for the spectrometer resolution

increases from 5cm to 17cm as pressure is increased from the ambient
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to 135 kbar. The change in the FWHM was found to be discontinuous

across ° - S transition when Raman line exhibited marked asymmetry

with a shoulder which smeared out as pressure was increased further.

A rapid increase in the line width observed above 100 kbar may either

be due to nonhydrostaticity of the medium or be correlated to the

appearance of the reported noncrystalline phase /3/. More experiments

are planned to ascertain its cause.

/I/ M.L. Bansal and A.P. Roy, Phys. Rev. B3Q, 7307 (198$)

/2/ F.E.A. MeJo, V. Lemos and F. Cerdeira, Phys. Rev. B35, 3633

(1987)

/3/ H. Sankaran, 5.K. Sikka, M. Sharma and R. Chidambaram, Phys. Rev.

B38, 170 (1988)

Refer /C9h/

4.22 Raman Scattering from Phonons in GaAs-AlGaAs and GaSb-AlSb

Supsrlattices

A.K. Sood

Semiconductor super lattices, composed of alternating layers of

two semiconductors with nanometer spatial periods, exhibit a variety

of novel electronic and vibrational properties. Raman scattering has

played a unique role in understanding their physical properties. In

particular, Raman studies have clearly brought out how the new

periodicity in the superlattices affects acoustic and optic phonons in
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different ways. The acoustic phonon branches of the two constituent

materials of a superlattice overlap in frequency and, hence, acoustic

phonons can propagate normal to the interfaces. The additional

periodicity of the superlattice results in (i) folding of the

"effective" acoustic branch at the new Brillouin zone boundary, TT/d

and (ii) opening of gaps at zone-center and rr/d. Here d = ^ +£*„ is

tAe superlatt ice period; d is the thickness of one layer, say GaAs

and d is the thickness of another layer, say, AlAs. The optical

phonons can be described as folded or confined depending on the

overlap of the optical mode frequencies of the two constituent

materials of the superlattice. When the phonons are confined in

either slab , one can treat each layer as a phonon quantum well

analogous to the case of electrons and holes confinement in the

superlattices or multiple quantum wells. The existence of interfaces

results in new vibrational excitations in addition to the "bulk"

confined or folded phonons. These electrostatic interface vibrational

modes exist which propagate along the layers as well as in the

direction normal to the interfaces. The vibrational amplitude of the

interface modes decays exponentially in the direction perpendicular to

the interface plane and is non-zero in either layer. The latter

aspect distinguishes them from the confined optical phonons whose

vibrational amplitude is localized only in one layer.

The most extensively studied superlattices have been those

composed of III-V zincblende structure semiconductors such as

GaAs/Al Ga. As. Here we review Raman scattering from folded,

confined and interface phonons in GaAs-Al Ga._ As and GaSb-AlSb

superlattices. The latter system belongs to the class of strained-
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layer superlattices because of lattice mismatch ( r-> 0.65%) between its

constituent materials. In the former category most of the discussion

is limited to our work on the binary superlattices GaAs-AlAs. These

systems are attractive from the point of view of Raman scattering

since the different electron-phonon interactions can be probed by

tuning the incidert and scattered laser frequencies in resonance with

the electronic subband structure of the superlattice. These

interactions are electrooptic (also called photoelastic) and

piezoelectric for the acoustic phonons and deformation potential and

Frohlich interaction for the optic phonons. The symmetry properties

of the phonons and their coupling to light are brought out in

resonance Raman studies.

Refer /C97/.
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5 . ADVANCED OkTERIALS LABOBATMY

5.1 Growth of Low Dislocation Density Single Crystals of Nickel

S.K. Khanna and K. Govinda Raj an

Low dislocation density single crystals of nickel have been grown

at high ambient pressure by the Czochralski method. X-ray Laue

picture shows that the crystals are strain-free. The dislocation

3 2
density was determined to be < 10 /cm by the etching procedure. It

was found that the necking and cone regions are very critical in the

dislocation introduction in the crystals. An increase in the ambient

pressure used during the growth seems to aid the crystal quality.

Refer /J68/

5.2 Growth and Characterization of Cu-Al Alloy Single Crystals of

Various Compositions

S.K. Khanna and K. Govinda Raj an

The phase diagram of Cu-Al system indicates that alloying of

copper with upto 18 at% Al will form an oC -phase. Single crystals of

b(-phase Cu-Al alloy have been grown by the Czochralski technique with

the aluminium composition kept at 8 at. percent. The crystals were

grown in an .inert gas environment with the gas kept at a pressure

which was slightly higher than the ambient pressure. The back

reflection x-ray picture shows that the grown crystals are single
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crystals. Growth conditions have been established for their single

crystal growth. Their surface microtopography have been studied by

the chemical etch technique followed by optical examination. The

results on the microstructure and che homogeneity of these crystals

are reported.

Refer /J70/

5.3 0n_ the anisotropic and anomalous behaviour of quasicrystals

Mohammad Yousuf, V.S. Raghunathan , G. Ananthakrishna, K. Govinda
* * **

Rajan, N. Victor Jaya , S. Rajagopalan and E.S. Raja Gopal

Several models have been postulated to explain the unusual

electron diffraction by quasicrystals. Pauling suggests that the 5-

fold symmetry observed in certain rapidly solidified aluminium-

transition metal systems is a consequence of the icosa- or deca-

twinning of large unit cells possessing cubic symmetry. Coefficient

of linear hydrostatic compression is a second rank tensor which for a

cubic symmetry reduces to a scalar. Our high pressure x-ray

diffraction studies on some guasicrystalline systems such as Al-Mn,

Al-Fe and Mg (Al,Zn) /Q show that the coefficients of linear

hydrostatic compressure - blnd/tP exhibit a strong directional

behaviour and hence excludes the existence of cubic symmetry.

Normal behaviour of volume (V) and resistivity (f) of a material

under pressure (P) is given by ~b2V/bP > 0 and <>2f/~dP2 < 0. We

have observed exactly the opposite situation in a number of
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quasi crystals. This type of anomalous behaviour observed in some of

the crystalline rare earth system is connected to the 4f electron

delocalisation or valence transition under compression. We speculate

that the delocalisation of the virtually bound electron levels of the

transition metal atoms are responsible for the observed pressure

effects in quasicrystals.

Refer /J71,J72,J78,C111,C115,C116,C129/.

+ Metallurgy Division, IGCAR
* Physics Department, Anna University, Madras
** InJian Ins tute of Science, Bangalore

5.4 Sample Cell to Measure the Electromigration of Tritium in Metals

K. Govinda Raj an and R. Lasser

The features of a cell with which the electromigration of tritium

in metals can be conveniently measured are described. The

concentration profile due to the electromigration is monitored by a

resistometric technique. The main requirements incorporated in the

design of the cell are good thermal homogeneity and stability around

the specimens, possibility of housing many samples in one run so as to

generate more data during the long waiting times, and the safe

containment of the radioactive tritiated samples. The cell has been

used up to 573 K. Results on the electromigration of tritium in

niobium are presented to demonstrate the cell performance.

Refer /J73/

+ Institut fur Festkorperforschung, KFA, Julich, FRG
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5.5 Effect of Pressure on Electrical Resistance of Transition Metal

Based Amorphous Alloy: Example of_ Fe . Jtfi ,QP. JBg

Mohammad Yousuf and K. Govinda Rajan

Measurement has been made of the effect of pressure to 120 kbar,

at room temperature, on the electrical resistance of amorphous alloy

2826. Based on the Ziman theory for liquid metals, an attempt is made

to understand the observed electrical resistance under pressure.

Refer /C106/

5.6 Electromigration of Hydrogen, Deuterium and Tritium in Niobium

K. Govinda Rajan and R. Lasser

Experimental studies on the electromigration (EM) of hydrogen and

its isotopes, with emphasis on tritium, in group Vb metals (V, Nb, and

Ta) were initiated at the IFF, KFA and the work done so far on the EN

of tritium in niobium is presented. An electromigration cell in which

the concentration profile of H, D and T can be measured by a

resistometric method was built. Care was taken to make the cell safe

for handling the radioactive tritiated samples. The composition

studied were chosen to ensure that the Nb metal remained in the o< -

phase after charging with the gas. The first results obtained on the

On of T in Nb are compared with the results reported in the literature
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on H and D, and the interesting isotope effects which can be inferred

are discussed.

Refer /C122/

+ Institut fur Festkorperforschung, UFA, Julich, FRG

5.7 Electromigration in_ Y8a2Cu 0 x

K. Govinda Rajan, P. Parameswaran , Janaki Jambunathan, G.V.N.

Rao and T.S. Radhakrishnan

Electromigration (EM) in conventional materials is used to

produce directed particle fluxes within the material and can be used

to change the composition of a given material, or to purify it.

Applied to YBCO, the question arises: oxygen being the lightest ion,

can EM produce a gradation in the oxygen concentration ending up, in

particular, with phases such as YBJZu.O^ ?

The EM experiments performed on sintered YBCO subsequently

analysed by magnetic susceptibility and x-ray diffraction showed that

the oxygen does migrate towards the cathode in this material, but also

revealed an unexpected feature. The oxygen ions migrating towards the

cathode in the presence of the electric field, seem to produce a

decomposition of the material at anode end. The principal phases

found are: YBCO (tetragonal), CuO, 7,0 and BaCO . It appears that
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such a decomposition effect produced by EM will pose an important

problem for future superconductors operating near room temperature.

Refer /C123/

+ Metallurgy Division, IGCAR

5.8 Electrical Resistivity of Thorium to 10 GPa and 1300 -K

P.Ch. Sahu, R. Barathan and K. Govinda fiajan

In Th, the 5f states are itinerant, lying about 0.07 Ry above the

Fermi level (Ej-.). However, due to strong f-d hybridization, about 28%

of the total density of states at F,p has the 5f contribution. Hence

the effect of pressure on the role of the 5f band on different

physical properties like electrical resistivity, magnetic

susceptibility and specific heat are interesting. We have studied the

high pressure and high temperature electrical resistivity of pure

Th upto 10 GPa and 1300 K. The resolution of the different parameters

measured with the experimental set up used here are: 1 in 10 for

electrical resistivity, +0.1 GPa for pressure and +JL K for

temperature. Figure 5.1 depicts the pressure variation of J* upto 10

GPa. As can be seen, both f and its pressure coefficient continuously

decrease with pressure. Electrical resistivity of thorium is 15.85

jidcm at 1 bar and this decreases to 13.50fiSlcmat 10 GPa. Figure 5.2

depicts the temperature variation of p at atmospheric and 2 GPa

pressure. It is clear from the figure that the resistivity follows a
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linear behaviour upto 800 K, above which the slope starts decreasing,

showing a curvature towards the T-axis. Also the slope of the f vs.

T curve is found to increase with pressure.

Band structure calculations indicate that under pressure, the

number of sp electrons decrease and the number of df electrons

increase at the Fermi level. It is well known that if V£ is the

Fermi velocity, then v« > v / for I < I . Here I and I are the

angular momentum quantum numbers Therefore the increase in d and f

states at Ep may give rise to a positive contribution to f under

pressure. The usual lattice contribution due to electron-phonon

scattering decreases under pressure. The combined effect is to give a

ne: decrease in f . This may explain the pressure variation of

resistivity. The temperature dependence of P may be explained by

interband phonon scattering, and taking into account the variation of

£p and the density of states at Ep with temperature.

Refer /C108/.

5.9 High Pressure-High Temperature Electrical Resistivity of Uranium

P.Ch. Sahu, R. Barathan and K. Govinda Rajan

The electrical resistivity of pure uranium is measured upto 10

GPa and 1300 K /C127/. The oxidation of the samples at such high

temperature is overcome by using pure boron nitride as the pressure

transmitting medium in the high pressure-high temperature resistivity
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measurement cell. Figure 5.3 shows the variation of resistivity with

pressure. The resistivity as well as the pressure coefficient of

resistivity decrease continuously with pressure. The resistivity

decreases from 28.7 ji£l cm at atmospheric pressure to 21. 4 pSl cm at

10 GPa. The temperature dependence of resistivity at various

pressures has been obtained and, in Fig.5.A, data taken at 1.5 GPa is

shown. Uranium exists in three allotropic forms as shown in Fig.5.5.

In the ex -phase, the resistivity increases parabolically with the

curvature towards the temperature axis. The c( -»p and /3 —• /

transitions are seen by sharp resistivity drops. At atmospheric

pressure the T and T^^y are found to be 938 K and 943 if

respectively. Both T „ and T j increase with pressure. In the

8 and / phases, the resistivity rises linearly and the temperature

coefficients of resistivity in these two phases are found to be 1.22

-4 -4
x 10 /K and 3.19 x 10 /K respectively. The hysteresis during the

<X—*ji and J3 -* / transitions are studied systematically as a function

of pressure. Whereas the hysteresis during of-^3 transition

decreases with pressure, that during the /3~*/ transition does not

show any systematic pressure dependence.

The pressure and temperature dependence of resistivity may be

explained by electron-phonon interband scattering by taking into

account the associated change in density of states at the Fermi level.

Refer /C127/.



Fig.5.5 The phase diagram of uranium.
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5.10 Isobaric Electrical Resistance Along the Critical Line in Nickel:

An_ Experimental Evidence of_ Universality

*
Mohammad Yousuf, P. Bhaskar Rao , P.Ch. Sahu, K.Govinda Rajan
and A. Kumar*

One of the major characteristics of critical point phenomena is

the concept of universality according to which the critical parameters

depend only on general quantities such as spatial dimensionality d,

spin dimensionality n and the symmetry of the Hamiltonian. If a field

variable does not alter the above quantities, then the universality

requirement is that the critical parameters should be invariant of the

field. Pressure experiments have been done on nickel, a Heisenberg

ferromagnet with d = 3, n = 3, and the observation that the critical

line is smooth (inset Fig.5.6) is a reflection of the fact that the

universality class is unaltered under this field. Quantitative

confirmation is obtained by the analysis of the data at various

pressure. Typical results obtained at 20 and SO kbar are indicated in

Fig.5.6. The expression

R = C + C.t + Cnt
2 + A t^^il t f l t 4 ) (1)

0 1 2

for T —*• T and similar expression with primed coefficients for

T —*• T~ characterise the singular regions. In order to account for

the distribution of T 's in solids as a consequence of the inherent

presence of imperfections and lattice strains, Eq. (1) i s convoluted

with a Gaussian. Detailed least sguare fit programmes yield the

critical parameters for resistivity: eX = <*'= -0.115 +_ 0.005, A/A' =

1.13 ± 0.07 and D/D1 = 1.2 j* 0.1. These values are in close agreement

to those predicted by the renormalisation group (RG) theory. What i s
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most str iking is that these values, in accordance with the requirement

of the RG theory prediction, are insensitive to the pressure

variation. Figure 5.7 depicts this aspect clearly.

Refer /J74, C107,C110,C112/.

* Reactor Physics Division, IGCAR
+ Physics Department, IISc, Bangalore

5.11 Preparation and Characterization of Boric Oxide for Single

Crystal Growth of GaP and GaAs

K. Govinda Rajan, N.V. Chandra Shekar, M. Sekar and D. Champion

Christodoss Selvakumar

Boric oxide is used as an encapsulant to prevent the loss of

volatile component in the growth of compound semiconductors. The

moisture content of boric oxide used is an important parameter that

has to be properly characterized. As the material readily absorbs

moisture and as the moisture content has to be kept below a certain

level, preparation and handling of this material becomes an involved

process. It was found that boric oxide was not available locally and

has to be imported. Also i t i s supplied in double vacuum sealed

containers to avoid moisture attack. An in-house facility for making

boric oxide was thought very useful.

Boric oxide is prepared in the following sequence. The starting

material is the readily available boric acid (H B0-). Boric acid is

heatsd in air slowly upto 1273 K and held at this temperature for



= 14* =

several hours. Care is taken to avoid excessive bubbling due to

moisture liberation. After the melt becomes clear of moisture

bubbles, the temperature is reduced to 773 K, and clear rods of BJ)^

are pulled out of the melt. The transparent, moisture free rods of

B20 are immediately transferred to a vacuum dessicator. It is

reported in the literature that bubbling of dry nitrogen through

molten Bo0 enhances efficient drying of the melt. Also it is planned

to use shaped dies to get cylindrical rods of required diameters. A

systematic method for the preparation of BJ)^ cylindrical rods, in a

glove-box has been identified, and is shown as a flow diagram

(Fig.5.8).

The moisture content in freshly prepared BJ3 could be determined

using thermo-gravimetric analysis. Freshly prepared boric oxide

exposed to air gets saturated with 3 wt% water, partly on the surface

and the rest in the bulk (Fig.5.9). It is interesting to see that the

surface moisture is released at 378 K whereas the bulk moisture is

liberated at h23 K.

The rapidity with which water reacts with B00 is clear from the

infrared absorption spectra taken on a freshly prepared Bo0 and after

exposing it to air for 2 minutes as shown in Fig.5.10. The spectra

also show 3580 cm bulk water absorption and the

3220 cm surface absorption bands. The moisture content is

estimated from the relation: water concentration (expressed as water

in ppm by weight) = log (I /I) x 18 x 1000/E.d.t. where I /I is the

o o

ratio of intensity of incident radiation to the intensity of

transmitted radiation, E is a constant for BO (1.41 mol" cm ) , t is
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sample thickness (generally approximately 0.5 mm) and d is the density

of boric oxide (1.8U gm/cm ).

Refer /J76/.
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* American College, Madurai

5.12 Electromigration £f Hydrogen in_ Zircaloy-2

P. Parameswaran , K. Govinda Rajan, U. Kamachi Mudali and V.S.

Raghunathan

Electromigration (EM) is a potential purification process for

metals like Ta, Nb, Zr to remove impurities like oxygen, hydrogen,

carbon and nitrogen. Due to the unique combination of nuclear,

mechanical and chemical properties, zircaloy-2 has been widely used in

thermal nuclear reactors. As can be noted from the phase diagram (see

Fig.5.11), hydrogen content is very low in the & -phase. During

reactor operation, corrosion occurs and results in the formation of an

oxide layer and the release of hydrogen. Since hydrogen embrittles

the material by forming hydrides, care is taken, during fabrication of

the zircaloy structurals, to provide a texture which will favourably

orient the hydrides. It is, therefore, required to reduce the

hydrogen content in the zircaloy clad tubes after all metallurgical

treatments are imparted. Electromigration which can be carried out at

moderate temperatures, 373-523 K, for the removal of hydrogen

interstitials from metals is thus a relevant technique for

purification of zircaloy of its hydrogen content.
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Fig.5.11 Phase diagram of Zr-H system.

Fig.5.12 EM cell with related instrumentation. (1) Electro-
mjgration cell, (2) microvoltmeter, (3) constant
current source, (4) temperature controller, (5)
specimen holder and (6) resistance furnace.
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The initial specimens were t^'-en in the form of strips of 50 mm

length, 100 urn thick and 3 mm width. Since the initial hydrogen

content in the specimen was of the order of 70 ppm, the specimens were

charged with hydrogen electrolytically using a potentiostatic

technique, in order to get reliable signals. The concentration was

estimated from the hydrogen induced resistivity increase.

The cell for carrying out EM consists of an oil bath which is

maintained at temperatures ranging from 333-473 K using a power

proportionate temperature controller. The electric potential gradient

is applied to the sample through insulated copper wires and a set of

five copper wires attached to the platinum potential leads carry the

voltage signals from the specimen to the nanovoltmeter (Fig.5.12). An

2
experiment conducted at hl& K, using a current density 45 A/cm

indicated that steady state occured after 90 hours. The voltage

versus time curves (Fig.5.13) for the four sections 12, 23, 34 and 45,

where 1 refers to anode end and 5 to cathode end, indicate depletion

of hydrogen at 12 and 23 sections and a corresponding increase in 34

and 45 sections.

From the data obtained at t = 0 and t = » , the effective charge
*

number, Z was calculated using the formula

ez* = -kDT (
B

where e, k and T have thiir usual meaning. C(C.) is theo x

concentration of H in the steady (initial) state and <fi is potential.



= 150 =

Fig.5.13 Voltage (concentration) profile
of H migration as a function of
time.

2 3 L
PRESSURE(GPa)

Fig.5.14 Pressure variationof resistance of TCNE. The
inset shows the time evolution of resistance
in a separate experiment after applying a
pressure step.



= 151 =

Z was found to be +1.5. This confirms that the H migration is

towards cathode.

Refer

+ .Metallurgy Division, IGCAR

5.13 Pressure Induced Electrical Resistivity Behaviour o£

Tetracyanoethylene

P.Ch. Sahu, R. Barathan, Hohammad Yousuf, K. Govinda Rajan, R.

Mukhopadhyaya , 5.L. Chaplot and K.R. Rao

Tetracyanoethylene (TCNE) shows peculiar phase transitions under

pressure and temperature. Depending on the growth conditions, it can

be obtained either in the cubic or monodinic phase. The cubic phase

transforms to the monoclinic phase at r* 318 K on heating and this

transition has been found to be irreversible on cooling down to 5 K.

The monoclinic phase undergoes irreversible transformation to the

cubic phase via an amorphous phase at ~ 2 GPa as seen by insitu high

pressure XRD /C109/.

High pressure electrical resistivity measurements have been

carried out to throw light on these transitions. Since the resistivity

of TCNE is very high, two probe AC technique was used to measure its

resistivity. The measurements were carried out upto 6.5 GPa in a

metal anvil cell using mica as the gasket. Since the sample was in

the powder form, no pressure transmitter was used and the electrical

contact to the sample were obtained through the steel anvils. Ths
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resistivity of TCNE was found to be constant in the frequency range

0.5-5 kHz and the measurements were carried out at 3.9 kHz.

The resistance vs. pressure of TCNE is shown in Fig.5.14.

Starting with the monoclinic phase, the resistance (R) decreased

continuously with pressure and at 2.1 GPa a change in slope was

observed indicating the onset of a phase change. Here, the soaking

time for each pressure step was 10 minutes only. The onset of the

transition at this pressure was further confirmed by a separate

experiment in which the time evolution of R for each pressure step was

monitored. As shown in the inset in Fig.5.14 until <^ 2 GPa, R did

not show any time dependence after applying a pressure step. However,

above r-> 2 GPa, quite interesting time dependent features appeared.

Immediately after applying the pressure step. R increased with time

for about 4 hours. Then it started falling and attained a steady

value after about 40 hours. The initial rise in R with time may

correspond to the transformation from the monoclinic to the

intermediate amorphous phase. The decreasing part of R with time may

correspond to the transformation from the intermediate amorphous to

the stable cubic phase. Recycling the samples after soaking them for

about 50 hours in the pressure range 2.1 GPa -6.5 GPa did not show

the above features. The x-ray diffraction taken at atmospheric

pressure on the pressurised samples (above 2.1 GPa) showed cubic

structure, indicating the irreversibility of the above transition. In

Fig.5.Ik, R of the cubic phase (obtained by pressurisation) is also

plotted upto 6.5 GPa. As expected, it is always smaller than the

monoclinic phase. In conclusion, the high pressure resistance
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measurements corroborate the results obtained by the high pressure x-

ray diffraction experiments.

Refer /C109/

+ Nuclear Physics Division, BARC.

5.14 Preparation of Single Crystals of YBe^CujO- from

Nonstoichiometric Melts

N.V. Chandra Shekar, K. Govinda Rajan and G.V.N. Rao

We have developed a method in which certain nonstoichiometric

compositions are heated and subsequently slow cooled to yield several

platelet single crystals of YBCO. From the phase diagram of the

system Y 0 -BaO-CuO it is clear that YBCO single crystals cannot be

grown by the melt method as no stoichiometric melt is available and

hence the task requires trying out the flux method /J73/ as used in

the present work. A BaCO and CuO mixture was choosen for the flux.

The starting materials used were Y 0 (3N), EaCO (2N) and CuO(2N),

Various compositions were tried in order to arrive at an optimum

composition of 25 parts by weight of YBCO (stoichiometric mixture) and

75 parts of flux containing 30 mol% of BaCO and 70 mol% of CuO.

Around 25 g of YBCO and flux were thoroughly mixed and loaded in a 20

ml alumina crucible which was placed in a vertical tubular furnace.

The temperature was slowly increased until melting was observed, which

for the above composition was around 1293 K. The crucible was held at

this temperature for at least 15 hrs after which a slow cooling at the
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rate of 5-7 K hr~ was started. When the temperature fell to 1153 K

the crucible was quickly removed from the furnace.

Inspection of the crucible top under a microscope showed shining

platelets. No simple method could be identified for separating the

crystal from the frozen mass. However, by sectioning the crucible

into smaller bits a sufficiently large number of YBCO sing.le crystals

were obtained in the range of 0.5-1.2 mm. A photograph of a typical

crystal appears in Fig.5.25.

The Laue pattern obtained using one of these crystals is shown in

Fig.5.16. The d values calculated from powder x-ray diffraction

results were found to match with d values reported in the literature

for tetragonal phase YBCO. The single crystals were subjected to the

usual oxygen annealing and superconductivity was confirmed by

observing Meissner effect at liquid nitrogen temperature.

Refer /J75, C124/.

5.15 Synthesis and Single Crystal Growth of Gallium Phosphide by the

Liquid Encapsulated Vertical Bridgman Technique

K. Govinda Rajan, N.V. Chandra Shekar, G.V.N. Rao, A.J. Singh*

and R.M. Iyer

Synthesis and crystal growth of technologically important III-V

compound semiconductors pose problems especially when the group V

component is highly volatile as in the case of GaP. When preparation

of the single crystals from the melt is attempted, vapour pressure has
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Fig.5.15 A typical photograph of a
YBCO single crystal.

Fig.5.16 A Laue picture of a single crystal of YBCO.
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to be contained in order to prevent the loss of volatile component and

the consequent deviation from stoichiometry. We have used the liquid

encapsulated vertical Bridgman (LEVB) technique to grow CaP crystals

/J77/. The synthesis of GaP directly from the elements is also

performed. This proceeds according to the reaction

Ga,. ., + P > GaP ....
liquid vapour solid

Phosphorus starts reacting with gallium at 973 K and complete reaction

occurs once the melt temperature is raised above the melting point of

GaP (1740 K). For congruent melting, it is essential to have a

phosphorus vapour pressure of at least 36 bar. For that purpose an

indigenously fabricated reactor was used.

Before taking up crystal growth, the encapsulant, boric oxide,

was prepared from boric acid in a crucible and rods were pulled out of

the melt using the standard crystal pulling technique /J76/. The

transparent moisture free rods of boric oxide were stored in an oven

at around i*73 K and transferred to crucibles at the time of growth.

Figure 5.17 shows the cross-section of the crystal growth equipment

and the configuration of the Bridgman furnace. Both silica and boron

nitride (BN) crucibles were tried. The growth temperature was around

1793 K and the growth rate was 0.2 mm/min. The GaP crystal was

extracted from the crucible by placing it in hot water and dissolving

the boric oxide.

It was found that with silica the crucible was invariably

cracked, resulting in fragmentation of GaP crystals but with BN

crucible an ingot could be extracted without cracking (Fig.5.18). A
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Fig.5.17 Layout of the high pressure single
crystal growth station. (1) crystal
shaft, (2,4,5) graphite radiation
shields, (3) graphite resistance
heater, (6) crucible charged with
GaP and B O , (7) thermocouple, (8)
crucible shaft with translation and
rotational movement, (9) electrical
feedthroughs, (10) low voltage high
current power supply for heater,
(11) digital temperature indicator,
(12) control panel. Not shown in
the figure are the gas lines in the
bell jar shaped pressure vessel.

Fig.5.18 Photograph of a typical wafer cut from
the GaP single crystal ingot produced
using BN crucible (A grid indicates l x l
mm).
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Fig.5.19 Forward-reflection Laue picture of GaP single crystals.
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typical Laue picture (Fig.5.19) shows that the quality of the crystal

is very good.

Refer /377,£125, C128/

* Chemistry Division, BMC, Bombay

5.26 ^ New Method to Melt Chevrel Phase Superconducting Compounds

K. Govinda Rajan and N.V. Chandra Shekar

The synthesis of homogeneous single crystals of Chevrel phase

compounds is very difficult because of the instability during melting

which results in a comparatively large dissociation pressure caused by

the chalcogen and/or metallic components which also results in

degradation of stoichiometry. Some successful crystallization of

Chevrel type phases have been reported /I,2/ by direct melting under

argon pressure. We have adopted the well known liquid encapsulated

melting technique used extensively for semiconductors, to the present

superconducting materials. The encapsulant was prepared in our

laboratory and has been successfully used for crystal growth of GaP.

The technique was tried on a typical Chevrel phase compound CuJto_5efl.

This was prepared from Cu (UN), Mo (5N) and Se (5N). The starting

materials were taken in stoichiometric ratio and powdered and mixed

thoroughly and subjected to repeated sintering and mixing. XRD

confirmed that the sample was in the single phase. The growth

parameters and conditions are as follows: crucible - Mo, temperature -

2073 K, pressure - 60 bkar, encapsulant - BJ) . When the melt was

finally cooled no significant loss of Se was found. Also SEM
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(Fig.5.20, 5.21) pictures of the material showed large single crystal

portions displaying cleaved faces and fracture surfaces typical of a

brittle material. The energy dispersive x-ray analysis showed uniform

relative composition. Bulk density measurements by the standard

Archimedes principle gave the value for the melted CuJto 5efl as 7.25 _+_

0.02 g/cc. The a.c. susceptibility measurements showed that the

material exhibited the superconducting transition.

/I/ R. Flukiger and R. Bailiff, Topics in Current Physics,

"Superconductivity in Ternary Compounds I", Chap.4, p.113, Eds. 0.

Fisher and M.B. Maple (Springer-Verlag, Berlin Heidelberg, 1982)

/2/ H. Taki, T. Takshashi and T. Muira, Jap. J. Appl. Phys. 23_, 420

(1984)

5.17 Growth of Dissociable and Liqht Sensitive Silver Halides

R. Krishnaswamy and P. Sekax

The growth of silver halides both individual and mixed, by the

melt method with homogenizer for dopant uniformity presented several

problems like decomposition, light sensitiveness and bubble formation.

These were solved using a pyrotically coated graphite crucible after

repeated trials with inert gas suppression and vacuum sealing /I/. The

inert gas suppression using deoxygenated and dehydrated argon at 1

atmosphere resulted in less number of bubbles compared to vacuum

sealing, showing that the decomposition is suppressed significantly in
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the former case. It was found that, if the decomposition pressure is

not exactly matched with the suppression, there is still a possibility

of bubble formation as the inert gas gets trapped resulting in bubble

and blow hole formation. Thus the suppression was reduced gradually

in steps of 0.1 atmosphere each time and at 0.5 and 0.4 atmospheres,

there was absolutely no bubble or blow hole formation. The process

was standardized. The pyrolytic coated crucible also solved the light

sensitiveness problem satisfactorily. The crystals are shown in

Fig.5.22. The neutron diffraction pattern and the back reflection x-

ray Laue pattern were also satisfactory.

/I/ R. Krishnaswamy and P. Kuppusami, Proc. Nucl. Phys. and Solid

State Phys. Symposium, Delhi (1980)

Refer /C121/

+ Madurai Kamaraj University, Madurai

5.18 Large Diameter Strain-free Alkali Halide Crystals

R. Krishnaswamy and G. Vijayakumari

Large diameter (50-100 mm dia) strain-free alkali halide crystals

are used in our Centre as infrared windows in the Fast Breeder Test

Reactor and also as IR lenses in thermal imaging systems for non-

destructive testing at UPEND. As such crystals are not commercially

produced in India, their indigenous development is a potential foreign

exchange saver. The problems in large diameter NaCl are (a) furnace

design with maximum inertia, (b) supercooling assisted nucleation, (c)
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heat transfer problems from circumference to center, (d) thermal

fluctuations, (e) adhesion to the wall of the crucible, and (f) strain

removal. These problems were solved using minor modifications of the

existing Bridgman with homogenizer. Two 50 mm dia and 75 ram long NaCl

crystals were successfully grown as shown in Fig.5.23. Their

characterization by x-rays was satisfactory and they were acceptable

to DPEND. IR testing at DPEND is in progress. An IR transmission

efficiency study of a crystal of the size 25 x 25 x 6 mm was

undertaken using the facility available at MSD. The crystals were cut

using twin solvent crystal cutting machine. The required mirror

polishing and plane surfacing is in progress. IR transmission

efficiency as an advanced characterization method is being pursued.

5.19 Long Strain-free Aluminum and Aluminum-Zinc Alloy Crystals bj£

Zone-levelling

R. Krishnaswamy, M. Rajaiakshmi, G. Viiayakumari and Padma

Gopalan

Hemispherical and long (120 mm) strain free crystals of aluminum

and aluminum-zinc alloy crystals were grown using the zone-leveller

with the required improvements. The problems were (a) mild oxidation,

(b) entrapment of gases at the molten stage, and (c) ingot formation

difficulty. These difficulties were overcome by a flux treatment with

"coverall II" and a degasifer (CnClJ treatment at the fag end of the

melting before solidification. The scum was poured off. The

technique was successful and ingot formation in hemispherical form was
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reproducible. The step of obtaining long aluminum crystals by the

existing zone-leveller presented problems of voids and strains. An

additional in-situ homogeniser and an after-heater solved the above

problems satisfactorily /C118/. The characterization by x-ray Laue

and ultrasonic methods was satisfactory. The final long aluminum

strain-free crystal is shown in Fig.5.24. These crystals are to be

used for creep studies. Further work is in progress. The other area

of work in this scheme of long crystals is the production of shaped

crystals of aluminium as a tensile creep sample. A new split crucible

design was used. This split crucible design eliminates adhesion

problems and the difficulty of crystal removal.

Refer /C118/.
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6. THEORETICAL STUDIES SECTION

k"̂  Beyond the_ Crystalline State: An Emerging Perspective

+ *
G. Venkataraman , D. Sahoo and V. Balakrishnan

"Beyond the Crystalline State" is a book which weaves together

into a coherent picture, various recent studies of the different

phases of condensed matter. Particular stress is laid on the role

played by symmetry and symmetry breaking, and the ground is prepared

for the possible future development of a gauge field theory of the

condensed state. The treatment is substantially descriptive. The

various chapters included in the book cover the areas such as variety

in structures, order out of disorder (Landau theory), defects and

topology, structures by projection, beyond simple geometry, tilings in

one dimension, ergodicity breaking and symmetry breaking. In the

appendix are covered special topics such as hydrodynamics, curved

space and parallel transport of vectors, DRD structures, polytopes and

the tiling of S , some aspects of group theory, e brief introduction

to homotopy and Lie groups and local gauge invariance and gauge

theories.

Refer /B3/.

+ ANURAG, DRDO, Hyderabad

* Physics Department, IIT, Madras
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6.2 Discommensurations in Icosahedral Phases

Bulbul Chakraborty , A.K. Sood and M.C. Valsakumar

The nature of the icosahedral phase is studied in the presence of

competing commensurate ordering terms in the free energy. It is shown

that the phase is a discommensurate one with a periodic array of

domain walls (discommensurations) separating regions with long-period

structure. These Long-period structures have local icosahedral

symmetry and their diffraction patterns closely resemble those of the

icosahedral phase. In the discommensurate state the coherence length

of the icosahedral phases would be determined by the doaiain-wall

spacing. Recent experimental observations of antiphase-boundary-type

defects in such systems probably indicate that the discommensurate

state of the icosahedral phase is the one that is experimentally

observed. We discuss the possibility of the discommensurations

getting pinned by the lattice and the appearance of metastable states

with random distribution of domain walls. These states are known to

exhibit certain characteristic properties of glass.

fief /J83/.

+ NORDITA, Denmark

6.3 Calculation of Coverage Dependence of Electronic Density of

States and Binding Energy for Chemisorbed Oxygen on_ Ni(OOl)

S. Mukherjee , Vijay Kumar and K.H. Bennemann

A tight-binding calculation of the electronic local density of

states (LDOS) and binding energy for chemisorbed oxygen on Ni(OOl)
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surface at various coverages is presented. The electronic structure

is determined by treating explicitly the 4s and 36-electrons of the

substrate Ni atoms and their hybridization with the oxygen 2p-

electrons. The continued fraction technique is ussd to determine t'o<~

LDOS. The obtained LDOS for p(2x2) and c(2x2) structures is in good

agreement with photoemission measurements. Our calculation shows that

with increasing oxygen coverage, the binding &neigy of oxygen

decresses, whereas the charge transfer on oxygen increases. 2'ftess

results are discussed in connection with oxidation of the surface

nickel layer occuring at high coverages.

Refer /J8U/

•*• Freie Univarsitet, Berlin, FEG.

6,4 Characterizetion and Decoration of the Two-tfimensional Ps/ircse

lattice

Vijay Kumsr, Debendraneth Sahoo and G. Athithan

The self-similarity property of the two-dimensional Penrcs?

lattice is utilized to characterize it in terms of tha distribution of

different kinds of vertices, the Voronoi cells, and their nearest

neighbourhoods. Striking similarities are observed between the layer

structures of the crystalline S-Al.^Mn. , Al.Mn, Al,~Fe,r Pt^P.., ana

Ni^Sip with a sublattice of the Penrose lattice. The latter can bo

described, in terms of cells vkich need not have iive-fold rotational

symmetry. Following the atomic distributions in ths crystalline

Al Mn and Al^^Fe. . decorations of such lattices :r>?
6 ;-:' l!;
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suggested to model the T phase of Al-Mn and other related

quasicrystals. We find two types of layers with five-fold rotational

symmetry in the T phase. This is in agreement with the electron

diffraction from such quasicrystals.

Refer /J85/.

+ Computer Centre, IGCAR

6.5 A_ Perturbative Approach tio_ the Spectral Properties of £ quasi -

crystalline Chain

M.C. Valsakumar and G. Ananthakrishna

The vibrational and electronic properties of a one-dimensional

quasi-crystal are analysed. The spectra are seen to be Cantor-like

sets. Expressions are obtained for the positions and magnitude of the

band gapz, the densities of states and the fractal dimensions of the

excitation spectra. These are shown to be in good agreement with the

numerical results in the range of validity of the analytic results.

Refer /J86/.

6.6 Spatially Chaotic Spin Patterns in a Field-Perturbed Heisenberg

Chain

+ *
G. Ananthakrishna, Radha Balakrishnan and Hao Bai-Lin

Starting from a one-dimensional Heisenbsrg Hamiltonian with an

external field term, we derive a new area-preserving map associated
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with planar spin states, study the nature of the trajectories, and

show that the spin profiles display a spatially chaotic behaviour for

small parameter values. In the continuum limit, the map results in a

static double sine-Gordon equation.

Refer /J87/.

* Institute of Mathematical Sciences, Madras
* Centre of Theoretical Physics, Academia Sinica, Beijing, China.

7 Local -environment D3£endence _of the Electronic Structure of £

Penrose Lattice

Vijay Kumar and G. Athith&n

The electronic structure of the Penrose lattice is studied using

s tight-binding model. The local densities of states are calculated

for 15 vertices having distinct nearest neighbours and the averaging

is done exactly. The density of states shows a strong dependence on

the local environment of a vertex and consists of several peaks and

gaps but shows no self-similar behaviour. In conformity with a recent

study, we also find a & -function like localized state lying in a gap

at the center of the band.

Refer /J88,C1'*1/.

* Computer Centre, IGCAR
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6.8 Electronic Structure of a Quasiperiodic Superlattlce

Vijay Kumar and G. Ananthakrishna

The electronic structure of a quasi-periodic superlattice with

slabs of A- and B-type layers is studied within a tight-binding model

by use of the transfer matrix and a perturbative approach. It is

found that the band gaps vary strongly within the two-dimensional

Brillouin zone and, in the case of more than one layer in a slab,

there are a few eigenvalues for each k for which the eigenstates

appear to be extended in the guasiperiodic direction. The latter is

true even for the Fibonacci chain with more than one atom per cell.

It is shown that extended states exist for all allowed values of the

site energies. Their number is estimated as a function of the size of

A and B slabs. Multifractal analysis of the wave functions and cross-

over from extended to chaotic states is being carried out.

Refer /J89,J91,C133,C150/.

6.9 Stimulated Amplification of_ Acoustic Emission Signals During

Deformation

BaJdev Raj , C. Ananthakrishna, P. Kalyanasundaram , P. Barat

and T. Jayakumar

Acoustic emission (AE) is defined as a phenomenon whereby

transient elastic stress waves are generated by a rapid release of

energy from localised sources. Proposed sources of AE during

deformation include activation of dislocation sources and their rapid



arrest at obstacles, sudden breakaway of dislocations from pinning

centers, crack initiation and its propagation.

RefBr /J92/.

+ DPJEND, IGCAfi

S*-1 0 5jim»^ation of Solid_ Inert Gas Bubbles in Metals

5, Srinivasan, A.K. Tyagi and K. Krishan

Recent work on precipitation of inert gases in metals has shoim

that heavier inert gases such as Ar, Kr and Xe implanted into metals

at ambient temperatures can form three dimensional solid precipitates

(referred to as solid bubbles). Tke> formation of solid inert gas

bubbles in Ni, Al, Cu, Au, Ag, Fe, Ti and Zn has been reported, lie

heve examined some of these experimental results and found a strong

correlation between the solid inert gas lattice parameter and that of

the host matrix. In particular we have carried out an atomistic

computer simulation study of solid argon bubbles in nickel. The

general features obtained from these results are however applicable to

other gas-metal systems also.

Three different types of defect configurations in nickel are

reported: (a) three dimensional argon bubbles; (b) ergon platelets in

(111) planes; (c) small clusters of argon atoms ai'td vacancies. The

relaxation fields of argon and nickel atoms, surface energy at the

bubble-matrix interface and bubble pressure have been cemputod. The

results show that argon atoms can show both inward and outward
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relaxation with a very strong relaxation field at the surface. The

hydrostatic stress shows strong variations at different shells in

solid argon though the average bubble pressure is consistent with the

experimentally determined pressures. We have also examined the

possibility of large relaxation fields in the nickel matrix which

could lead to loop punching but do not find any evidence for this.

Refer /C76/.

6.11 Gauge Theory o£ Defects in Elastic Continuum

M.C. Valsakumar and Debendranath Sahoo

A gauge theory of defects in an elastic continuum is developed

after providing the necessary background in continuum elasticity and

gauge theories. The gauge group is the three-dimensional (3D)

Euclidean group (semi-direct product of the translation group T(3)

with the rotation group 50(3)). We obtain both dislocations and

disclinations by breaking of the translational invarlance. Breaking

of the rotational invariance is shown not to lead to any interesting

effects in a linear analysis. These results are shown to be

consistent with the topological analysis which is briefly discussed.

Any defect given by the present theory acguires a core which removes

the singularity of the stress field at the origin. The stress field

agrees with the continuum result asymptotically, as expected.

Geometrical aspects of the deformed state of the condensed matter are

also briefly touched upon.

Refer /C134,C138,C145/.



= 175 =

6.12 An Atomistic Model for the Decarjonal Phase o£ Al_~.£e AJloy

Vijay Kumar

An atomistic model for the decagonal phase of Al-Fe alloy is

developed following similarities between a sublattice of the 2-d

Penrose lattice and the layer atomic arrangements in crystalline

Al.^Fe . While the crystalline phase can be described in terms of the

packing of pentagonal hiprisms, the decagonal phase involves packing

of pentagonal prisms. There are two types of layers which are stacked

alternatively. A large number of relatively open regions in the

structure are expected to lead to some disorder as observed in the

electron diffraction patterns. The role of the electronic structure

for the decoration of the Penrose lattice is discussed from model

calculations of the local density of states for a tight binding

Hamiltonian.

Refer /C137/.

6.13 Atomic and Electronic Structure of Quasicrystals

Vijay Kumar

After the discovery of guasicrystals in 1984 much attention has

been focussed on the understanding of the atomic and electronic

structure of these materials. We survey the atomic models that have

been developed by decorating Penrose lattices in the light of the
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electron microscopy, Mossbauer, EXAFS, neutron and x-ray diffraction

and high pressure studies. Electronic structure calculations for a

tight-binding model Hamiltonian are then described for one and two

dimensional quasiperiodic systems. While in 1-d the spectrum is a

Cantor set, calculations on a 2-d Penrose lattice show the importance

of local environment on decoration. Effects of the fragmented band

structure on some physical properties like resistivity are discussed.

Refer /C139/.

6.14 Co-operative Temporal Phenomena in Metals Under Stress and

Irradiation

G. Ananthakrishna and K. Krishan

Two examples namely, repeated yielding and void ordering, are

discussed as co-operative nonlinear effects which arise when s tress

and irradiation respectively drive the systems away from equilibrium.

The former is an example of temporal ordering while the latter is an

example of spatial ordering. The common underlying features of these

two otherwise different phenomena are discussed. A dislocation

dynamical model is proposed to explain a single yield drop (in simple

systems), and an analysis in terms of the Gaussian decoupling and

Monte Carlo methods to investigate the ncA-Debye nature of the

fluctuations is presented. Another model is given to explain the

repeated yield drops and associated features. A hard mode instability

and a limit cycle solution are shown to exist . A method of analyzing

the fluctuations is discussed. A similar approach i s followed for the
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case of void ordering. On the basis of a rate theory model it is

shown that a soft mode instability in the coupled nonlinear equations

is responsible for the ordering. The presence of defect trapping

sites plays an important role and the non-Debye response of the system

to fluctuations is discussed for different sink strength conditions.

Refer /C140/.

6.15 Gauge Theory of Disclinations in a_ Micropolar Continuum

Debendranath Sahoo

A gauge theory of disclinations in a micropolar elastic continuum

is proposed. Gauging the Lagrangian of a perfect micropolar elastic

continuum with respect to the translational group T(3) as the internal

symmetry group, we demonstrate that the field equations admit a

solution corresponding to a wedge disclination. The core of the

disdination appears naturally and the singularity of the couple-

stress field at the disclination line is removed.

Refer /C1U2/.

6.16 Dislocation Dynamics and^ Cooperative Behaviour of Dislocations

G. Ananthakrishna

We present a theoretical aodel of repeated yielding which

reproduces many experimentally observed features apart from
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demonstrating how the temporal behaviour emerges as a natural

consequence of the cooperative behaviour of defects. The starting

point for building such a model is our earlier work on a statistical

description of dislocation dynamics which explains creep in simple

materials. The model leads to an alternate but equivalent description

which allows us to quantify the mobile dislocation density in terms of

a coupled set of equations for the mobile and the immobile components.

We then include another type of dislocation and some transformations

between them. This leads to a coupled set of nonlinear differential

eguations for the three dislocation densities. We show that for a

range of values of the rate constants, limit cycle solutions are

exhibited leading to jumps on creep curve. Approximate closed form

solutions are also obtained. The model is extended to the constant

strain equation. The temporal ordering of repeated yielding naturally

follows. Several such features as bounds on the strain rate, bounds

on the concentration of solute atoms, the negative strain rate

dependence of the flow stress, the dependence of the amplitude on the

strain rate, strain etc., emerge from the model. The model also

exhibits period doubling bifurcation with an exponent value same as

that for the quadratic map. Finally we report the effect of

fluctuations during a single yield drop.

Refer /C143/.
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6.17 Random Walk on a Fibonacci Chain

G. Ananthakrishna and T. Balasubramanian

Random walk on a Fibonacci chain is studied both numerically and

analytically. We demonstrate that the long-time behaviour is

diffusive.

Refer /C1UU/.

+ HASL, IGCAR

6.18 Defects on Surfaces

Vijay Kumar

A brief review of the various types of defects on surfaces and

their role in surface reactions is presented. Particular emphasis is

given on defects like steps/kinks and additives (promoters and

poisons).

Refer /C146/.

6.19 Microclusters and Surfaces ̂  Electronic and Atomic Structures

Vijay Kumar

A brief review of the results obtained for microclusters of rare

gases and metals from mass spectrometry is presented. The mass
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spectra show abundance of microclusters with certain number of atoms.

These magic numbers have been understood in terms of icosahedral

packing of spheres or on the basis of a simple electronic spherical

shell model very similar to the shell model of nuclei. Results on

microclusters of two components are also discussed and their relevance

for understanding the recently discovered quasicrystals is pointed

out. The importance of the structure of the microclusters for surface

reactions is illustrated by giving an example of the Pd on Nb (110)

interface for which structural transition changes the hydrogen uptake

rate by several orders of magnitude.

Refer /CU8/.
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7. DEVELOPHENTAL ACTIVITIES

7.1 _A Single Board Computer for Control and Data Acquisition in Two

Photon Angular Correlation Experiments

D. Vasumathi, A. Bharathi and K. Neelakantan

An INTEL 8085 based single board computer has been made for the

control and data acquisition from a long-slit angular correlation set

up. The experiment consists of measuring the coincidence counts

versus the angle between the stationary and moveable detectors.

The microcomputer provides a control pulse for initiating stepper

motor movement, a gate pulse of preset width for three G digit

sealers, reads the sealer values into RAM and collects the data for

various angles constituting a scan.

The microcomputer consists of an 8085 with 2 KBytes of RAM

(2114), 4 KBytes of EPROM (2716) and an 8155 Port besides buffers and

interface circuitry. The moveable detector position is set by a

custom-made stepper motor controller. A simple interface logic

provides for sequentially reading 2 digits of the sealers at a time

through a parallel PORT.

The system is connected to an APPLE compatible personal computer

(MICRO II) through 20 mA current loop lines. The experimental

parameters are fed to the system through the PC. The system software

activates the stepper motor through a PORT line. The end of the motor
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movement pulse is sensed using the RST 7.5 input using a RIM

instruction. The gate pulse for the sealers is activated using

another PORT line. The sealer values are stored in RAM. At the end

of the scan, the system waits for a control character from the PC,

before transferring the data to the MICRO II PC for further

processing.

Refer /C7/

+ Electronics & Instrumentation Laboratory, ICCAR

7.2 Development of a Microprocessor Controlled Mossbauer Spectrometer

T.V. Karthikeyan , C.S. Sundar, G. Amarendra and K.P. Gopinathan

The sensitivity of the Mossbauer technique for the study of

magnetic effects, local atomic distribution and defect-related

problems is well known. With a view to enhancing the scope of the

technique for these studies, a microprocessor controlled Mossbauer

spectrometer has been developed. A block diagram of the spectrometer

is shown in Fig.7.1. The main feature of the spectrometer is the data

acquisition system which is based on INTEL 8088 microprocessor. This

has 16 Kbytes of program memory and 16 Kbytes of data memory. The

former stores the entire software required for the operation of the

spectrometer, while the data memory stores the data acquired during a

spectral run. The system behaves like a 102U channel MCA in the

multiscaling mode (MCS). A double buffered sealer is used for data

collection in the MCS mode with minimum dead time. A digital function
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generator provides the required drive signals for the Mossbauer drive.

The dwell time, which is linked to the sweep frequency of the function

generator varies from 50 us to milliseconds. All the options can be

chosen from an interactive menu-driven console interface. The data

acquisition system is linked to the mainframe computer DPS-8 through a

modem unit. The data acquired is directly transferred to the computer

for analysis of the spectra. The data analysis is carried out using

the computer program FLEXIBLE MOSSBAUER FIT ROUTINE. Figure 7.2 shows

the natural iron spectrum using Co source. The six finger pattern

of the fitted Lorentzian lines is shown in the figure. The line

positions, widths and intensities match well with the standards

reported in literature. The spectrometer is currently in operation

for the study of problems in metal physics.

•*• Electronics and Instrumentation Laboratory, IGCAR

7.3 High Resolution Positron Lifetime Spectrometer Using RCA-C31024

Photomultipliar Tubes

G. Amarendra, C.S. Sundar, J. Jayapandian and K.P. Gopinathan

Positron lifetime technique is a powerful tool for defect

spectroscopy. The positron lifetime in metals and alloys is in the

range of 100 to 200 ps. In defect spectroscopy, detection of small

changes in lifetime, with accuracy, requires high time resolution. We

have developed such a spectrometer using fast photomultiplier tubes

RCA-C 31024. These tubes are mounted with 25 mm diameter x 25 mm

thick and 25 mm diameter x 12.5 mm thick NE111 cylindrical plastic
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scintillators and are used as detectors for 1280 keV (START) and 511

keV (STOP) 7-rays. The rise time of the anode pulses is about 1.6 ns

at an applied voltage of 2.8 KV. The spectrometer uses a fast time to

pulse height converter. A dual constant fraction discriminator (VECC

make) is used to shape tfte anode pulses from the photomultipliers and

for driving the time to pulse height converter, which is gated by the

slow-coincidence between the energy selected pulses from the

detectors. The performance of the spectrometer is optimised by

careful adjustment of the walk and delay of the constant fraction

discriminators. The variation of the time resolution (FWHM) as a

function of dynamic range is shown in Fig. 7.3 The time resolutions of

60 22
the spectrometer with Co and Na gates are found to be 150 ps and

190 ps, respectively as shown in Fig.7.4.

Refer /C16/

7.i* k_ Three Detector Time Differential Perturbed Angular Correlation

Apparatus

D. Vasumathi, C. Amarendra, J. Jayapandian and K.P. Gopinathan

Time differential perturbed angular correlation (TDPAC)

measurements provide a very sensitive tool for the study of impurity-

defect interactions on a microscopic scale. The experiment consists

of measuring the perturbation of the angular correlation of two

successive V-rays in the decay of a radioactive nucleus, caused by

the hyperfine interaction between the nuclear moments and the extra
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nuclear fields. A three detector TDPAC apparatus (shown in Fig.7.5)

has been set up for measurements on the 133-U82 keV Y- / cascade of

131

Ta. The spectrometer is a twin fast-slow coincidence system. With

this three detector set up, the time distribution between the 133 and

-rays corresponding to the two angular positrons 90 and

180 of the STOP detectors are obtained simultaneously. These are

stored in two different quadrants of a multichannel analyser through a

gated analog router.

The time resolution of the spectrometer as measured by a Co

source was found to be *v> 2.3 ns. Results of the measurements in pure

Hf metal are shown in Fig.7.6. The experimentally measured anisotropy

factor AJ2?(t) has been fitted to a pure quadrupole interaction

frequency ^ = 290(2) MHz with an asymmetry parameter *^« 0. This

quadrupole interaction corresponding to an electric field gradient of

17 2

U.BxlQ V/cm is interpreted as the field experienced by an isolated

Ta atom at a substitutional site in the hexagonal close packed lattice

of Hf metal.

Refer /C17/

7 # 5 A 5 e t UP f o r studying Kinetics of Load Relaxation at 77 K

B. Panigrahi, H.K. Sahu and K. Krishan

The plasticity of a metal results from dislocations moving

through a crystal under stress and influence of drag and impedence by

barriers. This dislocation dynamics is conveniently studied by load
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relaxation experiments j t low temperatures and at constant

microstructure. We have built a set-up for studying relaxation

phenomena at 77 K and experiments have been done on polycrystalline

aluminium.

In the load relaxation experiment, the specimen is deformed at a

constant rate upto a given strain after which the load relaxation is

monitored as a function of time. By measuring the change in load, the

plastic strain rate is calculated. The set up consists of a tensile

testing cryostat which is coupled to the moving crosshead of a

Shimadzu model DCS-5000 Universal Testing Machine. As the moving

crosshead descends down, the wing nut gets seated at the bottom of the

load chamber and the sample sees a tensile load (see Fig.7.7). A

temperature stability of about 0.1 K has been achieved to maintain

load drift of IN per hour caused by differential thermal gradients.

This is achieved by using copper PCB boards in place of conventional

copper shields /I/, good surface finish of pull rod assembly and

extremely low evaporation rate for the cryostat. The load cell output

is fed to a transient analyser having a resolution of 12 bits and a

sampling rate of 0.25 ms. This and load suppression gives a

resolution of 10 at the maximum load of 5 kN.

Polycrystalline aluminium rods of 25 mm diameter, with 5N nominal

purity, were cold swaged to 10 mm diameter from which dumb-bell shaped

specimens, having a gauge length of 20 mm and a diameter of 4 mm, were

prepared. Heat treatment for one hour at 473 K resulted in a grain

size of 300 microns. Load relaxation tests are performed on these

-4 -1
samples at a strain rats of 4 x 10 sec at 77 K and room

temperature. Data are plotted in Fig.7.8. The data show two
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distinct relaxation modes and the temperature has a pronounced effect

on the slopes. These two relaxation modes correspond to different

mechanisms of dislocation motion /2/.

/I/ M.C. Valsakumar, N. Kannan and T.5. Radhakrishnan, Trans, of

Indian Institute of Metals 32_, 405 (1979)

/2/ J.M. Galligan, Scripta Metall. 21, 537 (1987)

Refer /C73/

7.6 Development of Accelerators and Associated Systems

N.S. Thampi, 5. Panchapakesan, K.G.M. Nair, R. Dhandapani, V.

Baskaran, P. Magudapathy and K. Suresh

The completion of the civil, electrical and air-conditioning work

for the building extension formed a significant accomplishment during

this period. This has solved the additional space reguirement for

experimental facilities, control room and for the low energy heavy ion

accelerator. Procurement of additional beam handling equipment for

the heavy ion accelerator, design and fabrication of several

components and testing of newiy acquired units like pumps, power

supplies, etc. were carried out.

The 150 KV accelerator was shifted to its new location and

commissioned by late 1986. It has been coupled to a desorption study

set up. A turbomolecular pump system and target chamber are also

fixed to the beam tube for implantation work. Since the machine is to
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be used also as a neutron generator, the present location has

provision to pile concrete shielding blocks for biological shielding.

Necessary high density concrete bricks have been fabricated.

The commissioning of the 2 MV tandem Van de Graaff accelerator,

held up because of building construction, was started again. The

accelerating tube end flange mounting was modified and installed in

position. The gas stripper canal along with gas feed control, was

also coupled at the high voltage terminal. Two large vacuum systems

were coupled at either ends of the accelerator tank for evacuating the

accelerating tube. Using a laser beam, the tubes and stripper canal

were axially aligned. The gas pressure control for the stripper canal

was then calibrated against the base vacuum readings at the pumping

unit.

An r.f. charge exchange negative ion source procured from NEC,

was commissioned. In this, rubidium vapour is used for charge

exchange and conversion of positive ions into negative ions. The ion

source operation was optimised for use with helium and hydrogen ions

giving a yield of upto 5 uA of negative ion beam. The belt charging

system of the accelerator was also commissioned and a maximum voltage

of 1.8 MV was obtained. A locally developed generating voltmeter was

installed for high voltage measurement and this was calibrated with

the bleeder resistance chain current. Another subsystem, which could

be fully commissioned during this period, is the insulating gas

handling system. With this a dew point better than 233 K could be

achieved for the commercial gases after recirculating for 8 hours.

All ion optic elements like the guadrupole magnet doublet, X-Y
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deflector assembly, einzel lens and viewer were installed at the low

energy side of the accelerator and the entire system, including the

accelerating tube, were aligned using a laser beam. With all the

above systems commissioned a current of 100 nA of proton beam was

obtained at the high energy end, with the terminal at 500 KV. Later,

the energy analysing magnet, quadrupole lens and additional vacuum

systems were coupled at the high energy side of the accelerator.

Preliminary trials gave a current of 5 nA of analysed beam current.

Alignment of equipment at the high energy side has been completed

to improve the beam transmission. Safety valves are getting

installed, in the vacuum line, before the insulating gas pressure in

the tank is raised, for raising the terminal to higher voltages.

Experimental set up for energy calibration using standard nuclear

reaction, is ready. The machine will soon be put to use for back

scattering studies. A nuclear microprobe facility is also being set

up by the Radiochemistry Programme to use the machine for studies

involving NRA and PIXE. Installation of a corona feed back stabilizer

set up is about to commence for energy stabilization of the

accelerator.

The low energy side of the accelerator including the ion source

is shown in photograph 7.9. Photograph 7.10 shows the high energy side

with the analysing magnet.

The installation of the U00 KV heavy ion accelerator has reached

an advanced stage. The high voltage terminal aluminum box has been

polished and fitted with insulated legs and the internal structure.

All the inside subsystems like ion source, magnet, turbomolecular
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Fig.7.9 Photograph of the low energy side of the
accelerator including ion source.
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FJg.7.10 Photograph of the high energy side of the
accelerator with the analysing magnet.
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pumping system, power supplies and measuring instruments have been

fitted inside and they are being integrated after testing.

This accelerator is housed in a separate room and is provided

with a dehumidifier for maintaining the humidity level less than 45%.

Control wiring for both the tandem accelerator and the 400 KV

machine is in progress and several controls have already been brought

to the control room. Photograph 7.11 shows the 400 KV accelerator

assembly and photograph 7.12, the control room panel assembly. The

tandem accelerator is expected to be operational soon for

regular experiments and the heavy ion accelerator by December 1989.

Refer /C98,C99,C100,Cl02/.

7.7 Development of Facility for Studying Irradiation Creep and Other

Radiation Effects Under Applied Stress

Kanwar Krishan, U.K. Sahu, B. K. Panigrahi, K.V. Thomaskutty, K.

Sankari and A. Subramanian

The light ion simulation technigue has been chosen for studying

radiation effects like irradiation creep, void swelling and

microstructure evolution during irradiation under stress. This will

use a light ion beam from a cyclotron. The irradiation creep

apparatus has been fabricated at the Central Workshop and is in an

ad-anced stage of testing. This apparatus will be used for loading

foil specimens uniaxially during irradiation and for measuring the

creep strain continuously. In these experiments control of specimen
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Fig.7.11 Photograph of the 400 KV
accelerator assembly.

Fig.7.12 Photograph of control room panel of
2 MV tandem accelerator.
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temperature is very important. A temperature stability of 0.1 K at

about 773 K is necessary in order to resolve the creep deformation

from the specimen deformation due to thermal expansion. This has to be

accomplished by employing (a) a closed cycle ultra pure helium loop

and (b) a fast (1 msec) electronic temperature control circuit. A

prototype helium loop using oil lubricated compressors for circulation

of the gas has been made. This loop was used to establish the

feasibility of this method and in order to fix important parameters

like flow rate and volume of the adsorbent in the purifier. Based on

these observations the design of the final ultra high purity helium

loop is in progress. The design of the temperature control circuit is

based on monitoring the variation of the electrical resistance of the

specimen when the beam current fluctuates and correcting for it by a

proportional error signal which controls the power supply employed for

heating the specimen. The control will be performed by using a

single board microcomputer based controller. This also requires a

high resolution dividing voltmeter and an externally controllable

power supply with about 1 ppm resolution. Procurement of these

subsystems has been initiated. The development of the software for

the temperature control is in progress. In order to ensure uniform

irradiation the ion beam is swept across the specimen area. This is

performed by using a pair of X and Y deflection coils driven by

triangle wave generators and current amplifiers. These have been

designed and fabricated. Simulated load tests have been performed and

in the next beam time at VECC "beam- on" tests of system will be

carried out. The other electronics for remote control of loading and

valve motors, strain measurement and data collection etc. are being

fabricated.
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7.8 Closed Cycle Helium Loop for Specimen Cooling During VEC

Irradiation Experiments

B.K. Panigrahi and D. Ghosh

A closed cycle helium loop has been built for cooling specimens

for insitu VEC irradiation experiments where normal means of cooling

are either not possible or insufficient. In order to avoid oxidation,

the helium is required to be continuously purified during

recirculation. The loop consists of a recirculating compressor, a

helium purifier and a heat exchanger. A loatlly available

refrigerator compressor has been modified and is being successfully

used In the loop. The flow rate achieved was 60 Std.ltrs/min at an

inlet pressure of 1 atm. at the compressor. The purifier uses

activated molecular sieves at 77 K with a freon 12 operated precooling

heat exchanger to reduce the liquid nitrogen consumption. The oxygen

impurity level in helium is brought down from an initial 350 vol.ppm

to about 5 ppm using this purifier. The cooling power of the loop is
2

IS W/cm at a sample temperature of 523 K. A photograph of the loop

is shown in Fig.7.13. Experience gained in the design, fabrication and

operation of this loop will be used to design the ultrapure helium

loop for the irradiation creep apparatus.

+ VEC Centre, Calcutta.
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7.9 Beam Sweep System for VEC

K. Sankari and H.K. Sahu

A beam sweep circuit to scan the VEC ion beam has been developed.

This circuit can work upto energies of 30 MeV and enables the beam to

be scanned uniformly over an area of about 2 cm x 2 cm. A facility to

vary the scan frequency and amplitude has also been provided. The

circuit consists of two identical parts for the X and Y deflection

coils, each with a variable frequency, variable amplitude oscillator,

the output of which is amplified to the appropriate power level before

being applied to the deflection coil. A prototype has already been

successfully tested at VEC, Calcutta. The final model is also wired

and being tested before installation at VEC.

7.10 A 500 MT Press for High Pressure Studies

K. Govinda Rajan, Mohammad Yousuf, P.Ch. Sahu, L. Pathak , V.P.

Amirtha*', K. Vijayabhaskar* and S. Kalavathi*

A commercial 500 MT capacity hydraulic press has been

commissioned for high pressure, high temperature studies (Fig.7.14).

It is operated by an electric pump and the oil pressure is read by a

digital pressure indicator. It houses a high pressure-high

temperature cell in Bridgman anvil geometry for measuring electrical

resistivity of metals and alloys under simultaneous action of pressure

and temperature. The pressure and temperature capability of the cell

are 10 GPa and 1500 K respectively. Recently, an automation system
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for measuring resistivity under pressure and temperature has been

coupled to this. A glove box assembly will be built around the

working area of the press in order to be able to work with elements

and compounds involving the higher actinides.

+ Electronics and Instrumentation Laboratory, IGCAR

7.11 Resistivity Cell for Electromigration Studies

P. Parameswaran , K. Govinda Rajan and V.S. Raghunathan

To follow the electromigration of hydrogen in zircaloy an

electrical resistivity cell was designed and fabricated.

A cylindrical stainless steel vessel forms the cell. It has

provisions for voltage and current leads, thermocouple and the

specimen holding rods. The vessel is filled with silicone oil and it

serves as an oil bath for heating the specimen to a specific

temperature.

A constant current source supplies the required current to the

specimens and the voltages are measured through a nanovoltroeter. The

temperature of the bath is held constant by a temperature controller.

Figure 7.15 shows a photograph of the cell mounted inside a fumehood

to vent the oil fumes.

+ Metallurgy Division, IGCAR



= 203 =

7.12 A_ Puller for Preparing Boric Oxide Rods

K. Govinda Rajan, N.V. Chandra Shekar ana M. Sekar

The liquid encapsulation technique for the growth of III-V

semiconductor crystals requires moisture free, cylindrical rods of

B-O.. The properties of B-03 makes its preparation and storage

somewhat involved. BO is highly viscous even at 1173 K which makes

it difficult to pour into any required mould. It absorbs moisture

very rapidly making its proper storage, as soon as it is prepared,

very important. The puller is designed for making cylindrical rods of

moisture free BO of the required diameter from the molten BJ}^.

The approach was to prepare boric oxide from boric acid in a

crucible, and pull rods from the melt using the standard crystal

pulling methods. Nichrome wire wound resistance furnace with a

temperature controller was used. It was found that the silica

crucibles could be used only once since they cracked when B^O froze

in them. Stainless steel crucibles were used instead with

satisfactory results. BJ3- melts at 7U3 K, but to get rid of moisture

it was found necessary to raise the temperature to 1273 K and leave it

overnight.

A stepper motor was used to drive a pulley which in turn drove a

lead screw up and down. A copper rod, attached to the lead screw was

used for pulling BO rod from the melt. A stepper motor driving unit

was used for varying the speed of the motor. The diameter of the BJO-

rod coming out of the melt could be varied by changing the speed of

the motor. Typical parameters were: pulling speed 9 mm/min, BJ3- rod
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diameter 10 mm. The layout of the apparatus is shown schematically in

Fig.7.16.

7.13 An_ Automation System for Measuring Resistivity Under Pressure and

Temperature

V.P. Amirtha*, L. Patha. +, K. Vijayabhaskar*, P.Ch. Sahu,

Mohammad Yousuf, V. Sankara Sastry and K. Govinda Rajan

Electrical resistivity can be used as an important tool to study

phase transitions, electronic structure, defects etc. under pressure.

Time dependence, of changes under pressure require fast data

collection. Here, we present a brief description of an automation set

up using 8085 microprocessor to study electrical resistivity under

pressure in a programmed manner using DC techniques. The layout of

the system is shown in Fig. 7.17.

On start up, the system does self-checks and comes out with

message "HELLO". The user enters parameters such as initial pressure,

P., final pressure P c, step increment of pressure A P , pressure

deviation, time duration for one reading lit and number of readings n.

The sample voltage V1 and calibrant voltage V2 are read by controller

through HPIB interface of the nanovoltmeter. After every interval of

n At, the pressure is raised by AP and a set of n readings taken.

During the time n At the controller checks that the pressure is kept

within the specified deviation. As and when the data is acquired a

print out of all the above parameters is obtained in a formatted

manner. Once P is reached the experiment is terminated. To avoid
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undue build up of pressure in case of controller failure two

independent safety mechanisms are provided to put off the pump, one by

using the relay contacts of the pressure indicator and the second by

using a timer.

The system is adaptable to AC measurement by using AC current

source and loc -in detection. The system can be used for resistivity

measurement under temperature with suitable modification in hardware

and software. A SCR based temperature controller is being developed

for this purpose and linked with the automation system for measuring

resistivity under the simultaneous application of pressure and

temperature.

Refer /C105.C113/

+ .Electronics & Instrumentation Programme, IGCAR

7.1^ Instrument for Characterization of Zone-refined Zone-levelled

Materials

R. Krishnaswamy, K.V. Thomaskutty and G. Vijayakumasri

A ten point resistivity measuring instrument for in-situ checking

of resistivity parameters of zone levelled and/or zone refined

metallic crystals or materials respectively was fabricated using local

design and technology. It gave good results for zone refined

commercial zinc. The results on zone levelled aluminum crystal were

ambiguous as the small change of resistance could not be measured
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accurately and reprodudbly. Measurement of low resistance and its

change are to be done in collaboration with TIFR.

Computer based data reduction and simulation was done as needed.

Research work in programmed mode of mixed crystal growth using a

solution to the rate equation was started and is being continued.

This research will eventually allow programing the final

stoichiometry of the mixed crystal. Initially K-Cr alums are to be

taken up.

An ion-implantation chemistry work as a research area was

proposed. Equipment fabrication is being done in EIL. Particle

Irradiation Facility will be used for this and it is expected to be

commissioned shortly.

7.15 Zone-leveller and Improvements

R. Krishnaswamy

For the zone leveller, an after-heater attachment and a

controlled argon inert gas atmosphere with an oxygen measuring device

and with an in-s i tu purification set-up was completed. The growth of

large aluminum crystals presented several difficulties. The latest

improvement in 1988 were an in-s i tu homogenizer for removal of voids

and an after-heater to remove strains. This indigeneous equipment was

used to grow large (5-120 mm long) aluminum crystals for three times

and 65 mm long aluminium-zinc alloy crystal in a reproducible manner

with good results.
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The crystal grown using this facility were characterized by

strain free Laue patterns /J82/. Growth of oriented crystals are also

possible in this facility and presently <110> oriented alkali halide

crystals are being attempted. The unit is shown in Fig.7.18. This

equipment can also operate as multipass zone-refiner /J80/.

Refer /J80,J82/.
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Proc. Solid Stats PhysS.cs Symposium, Bombay (India) 3PC, 187
(1987)

44. Upper critical field measurement on Dyo.g i'jj ^/Ja.-Cu^Oj
S. Kalavathi, V. De, T.S, Rsdhakrishnan and G.'V. tubba Rao, Proc.
Solid. State Physics Symposium, Bombay (India) 30C_, 182 (1987)

45. A'ormal s t a t e resistivity of agod Nb-65 at% Ti alloy
V. Sankaro. Ssstry, S. Kalovathi and T.S. Radhakrishnan, Proc.
Solid State Physics Symposium, Pant Nagar (India) 2SC, 146 (1986)

46. Superconductivity upto 100 K
U. De, Proc. Ni.neth National Symposium on Cryogenics, Calcutta
(19B7) to ba published

47. Low temperature electrical resistance of Co., ~Mo., Sq at high
pressure
M.P, Janawadkar, V. Sank-irs Ssstry and T.S. Rc-ti.hskrishnan, Proc.
Solid State Physics Symposium, Pant Nagar (Intfiv) 23C, 43 (1986);
see Phase Transitions _9, 66 (1987)

46. Upper critical field in best treated Nb~Ti alloys
U. Da and T.S, Radhikrishnan, Proc. Solid State Physics Symposium,
Pant Nagar (India) 23C, J.?5 (1986)

49. Planar interferometers with anodic oxide window jwcLxGns
C. Camerlingo, M.P. J,u:airar!kart G. P<at.?n?or D. Rvggiero and N.
Russo, Proc. Second Italian Soviet. Symposium on Superconductivity,
Naples, Italy (19G7) to bo pun i.is bed



= 223 =

50. 'Regular' barrier nonuniformity in optically controlled Josephson
tunnel junctions
C. Camerlingo, M.P. Janawadkar and M. Russo, Proc. 18th
International Conference on Low Temperature Physics, Kyoto, Japan
(1987) Jap. J. Appl. Phys. Suppl. 26-3, 1S85 (1987)

51. Pb/togSg wires from HIP prereacted material
U. Goldacker, S. Miruglia, Y. Hariharan, T. Wolf and R. Fluekiger,
Proc. International Cryogenic Materials Conference, St. Charles,
USA (1987) Adv. Cryogenic'Engineering 34, 655 (1987)

52. Diffuse scattering from disordered molecular crystals

Rita Khanna and T.R. Welberry, III International Congress of
Crystallography, Perth (1987)

53. Superconducting transition at 60 K in HoBaaCu30j,x at high
pressures
V. Sankara Sastry. B.K. Guha, M.P. Janawadkar, Y. Hariharan and
T.S. Radhakrishnan, Proc. International Conference on High
Temperature Superconductors and Materials and Mechanisms of
Superconductivity, Interlaksn, Switzerland, 1988; see Physica C
153-155, 355 (1988)

54. Micromechanical inhomogeneities in Y^Ba^Cu^Of-x compounds
U. De, J. Janaki, G.V.N. Rao, V.S. Raghunathan and T.S.
Radhakrishnan, Proc. Indo-US Workshop on Microstructural
Characterization, Bombay, India (1988) in print

55. Effect of oxygen ordering on the superconductivity of

Y. Hariharan, M.P. Janawadkar, V. Sankara Sastry and T.S.
Radhakrishnan, Proc. International Conference on High Temperature
Superconductors, Srinagar, India (1988) Eds. A.K. Gupta, 5.K.
Joshi and C.N.R. Rao (World Scientific, Singapore) (in print); see
Rev. Sol. Stat. Sci. 2, 181 (1988)

56. X-ray studies on the oxygen ordering in Y^Ba^Cu^pf..^
V. Sankara Sastry, Y. Hariharan, M.P. Janawadkar and T.S.
Radhakrishnan, Proc. International Conference on High Temperature
Superconductors, Srinagar, India (1988) Eds. A.K. Gupta, S.K.
Joshi and C.N.R. Rao (World Scientific, Singapore) (in print); see
Rev. Sol. Stat. Sci. _2, 195 (1988)

57. Assessment of methods of synthesis of Y^Ba^Cu,Oy by physico
chemical measurements
R. Pankajavalli, J. Janaki, O.M. Sreedharan, M.P. Janawadkar, Y.
Hariharan and T.S. Radhakrishnan, Proc. International Conference
on High Temperature Superconductors, Jaipur, India (1988)

58. Intergranular coupling for current transport in non-metallic
superconducting materials
T.S. Radhakrishnan, Y. Hariharan, B.K. Guha, M.P. Janawadkar and
V.S. Sastry, presented at the International Conference on
Cryogenic Engineering (ICEC-12), Southampton, UK (1988)
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59. Upper critical field in T /C i g £rio.2 Ba?CuJJf_x : L« = Dy,£r,Tln
U. De, S. /^Javatfii, 2\S.'Radhakrishhsn'and'C.V. Subba Rao, Proc.
International Conference on Magnetism, Paris, France (1986)

60. Decomposition of YBaJCu^Oj^ into orthorhombic and tetragonal
phases at 200 C
T.S. Radhakrishnan, J. Janaki, S. Kalavathi, Y. Hariharan, K.
Govinda P.ajan, P. Parameswaran and O.M. Sreedharan, Proc. Solid
State Physics Symposium, Bhopal (India), 31C_, 175 (1988)

61. Enchanced upper critical fields in binary Nb-Ti alloys
Y. Uariharan, V.S, Sastry, M.P. Jaaawadkar and T.S. Radhakrishnan,
presented at the International Conference on Cryogenic Engineering
(J.CEC-11), Berlin (1967)

52. Proximity effect controlled Tc in Y^Ba2Cu30'-f_„,,
R. Baskaran, Y. Hariharan, M.P. Janawadkar, V. Sankara Sastry ana
T.S. Radkaki'ishnnn, Proc. Solid State Physics Symposium, Bhopal
(India), 31C_, 176 (1988)

63. Phase stability and superconductivity in Y^BapCu^Q-,^^
Y. Hariharan, Proc. Solid State Physics Symposium, Bhopal (Indie)
31C, 188 (1968)

54. Structural instability in high field superconducting materials
T.S. Radhakrishnan, Y. Hariharan, M.P. Janawadkar, V.S. Sastry,. V.
De and S. Kalavathi, Proc. Indo-German Seminar on "Trends ano
Techniques in Modern Material Research, Kalpakkam, 1987, Eds. P.
Rodriguez, Kanwar Krishan and B. Purniah, IGC-99C, 101 (1988)

65. Development of an apparatus for the analysis of gases in solids
Sitaram Dash, D.V. Natarajan and B. Saha, Proc. Solid State
Physics Symposium Pant Afagar 29C, 266 (1986)

66. Helium implantation damage in metallic glasses
A.K. fyagi, Proc. Int. Conf. on Metallic and Semiconducting
Glasses, Hyderabad, India, 1986, Ed. A.K. Bhatnagar

67. Compositional fluctuations and stability of alloys during
irradiation
K. Krishan and C. Abromeit, Proc. 13th ASTM International
Symposium on Effects of Radiation on Materials,Seattle, USA (198&)

58. Helium ion-implantation~induced damage in metallic glasses
A.K. Tyagi and R.V. Nandsdkar, Proc. 13th ASTM International
Conference on Effects cf Radiation on Materials, Seattle, USA
(1986)

69. Anelastic relaxation of oxygen in pure niobium and vanadium
J. Diehl, G. Haneczcok, C. Horz, B. Purniah, K. Schulze and M.
Weller, Proc. 5th European Conference on Internal Friction and
Ultrasonic Attenuation, Antwerp, Belgium (1987); see J. Physique
Colloqus C8, 239 (1987)
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70. Anelastic relaxation in disordered solids
B. Purniah, in Non-Debye Relaxation, Ed. T.V. Ramakrishnan and M.
Raj Lakshmi (World Scientific, Singapore, 1987),, p.217

71. Electrochemical applications in preparing metallic samples for
electron microscope (TEM) studies
K. Varatharajan, Proc. National Seminar on "New Polymers, Metals
and Alloys in Chemical Process Industries IE(D", Calcutta (1987)

72. Mechanisms of irradiation creep under tensile and compressive
stress
H.K. Sahu, Proc. Workshop on Creep, Fatigue and Creep-fatigue
Interaction, Kalpakkam (1987) in the Trans, of IIM (1988)

73. A set up for studying kinetics of load relaxation at 77 K
B. Panigrahi, H.K. Sahu and K. Krishan, Proc. Solid State Physics
Symposium, Bombay (India) 30C, 451 (1987)

74. Recent observations and theoretical approaches for ordering of
micro defects and clusters
K. Krishan, presented at the Discussion Meeting on Physics of
Extended Defects, Roorkee (1987), see Bull. Mater. Sci. 10, 175
(1988)

75. Self organization and stability of rate processes during
irradiation
K. Krishan, in Proc. International CNRS Meeting on Nonlinear
Phenomena in Materials Science, Aussois, France (1987); see Solid
State Phenomena 3^±, P.67 (1988)

76. Simulation of solid inert gas bubbles in metals
S. Srinivasan, A.K. Tyagi and K. Krishan, Proc. 14th ASTM
International Symposium on Effects of Radiation on Materials,
Andover, USA (1988)

77. On the role of high temperature embrittlement of irradiated
austenitic stainless steel
W. Kesternich and R.V. Nandedkar, Proc. 14th ASTM International
Symposium on Effects of Radiation on Materials, Andover (1988) in
print

78. Microhardness-microstructure study of aged Nimonic 90 irradiated
with helium
K. Varatharajan and R.V. Nandedkar, Proc. 14th ASTM International
Symposium on Effects of Radiation on Materials, Andover, USA
(1988)

79. Ordering of microstructure during irradiation
H.K. Sahu and K. Krishan, Presented as invited talk at the
National Workshop on Modification of Materials by Ion Beams,
Bombay (1988)

80. Ion beam modification of precipitates in Nimonic-90
K. Varatharajan, National Workshop on Modification of Materials by
Ion Beams, Bombay (1988)
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SI. Radiation effects on mechanical hehavioiur of mstorisls: A revim.
of studies under the Indo-FRG exchange programme and present anc
future plans at IGC, Kslpakksm-
H.K. Sahu, Proc. Znd.o-Gersr.an Seminar on "Trends and Techniqques in
Modern Materials Research'7, Kalpakkam , 2957, Eds. P. Rodriguez.
Kanwar Krishan and D. Purn.iah, XGC-99C, 93 (19C8)

62, Inert gases in metals and metallic glasses
A.K. Tyagi, Proc. Indo-GeTmsn Seminar on "Trends and Techniques in
Modern Materials Research", Kalpakkam, 1937, Eds. P. Rodriguez,
Kanwar Krishan and 8. Purr.iah. IGC-99C, 49 (1988)

33. Concentrated alloy behaviour during irradiation
K. Krishan, Proc. Indo-Gcrmcin Seminar on "Trends and Techniques in
Modern Materials Research", Kalpakkam, 1937, Eds. P. Rodrigue?,
Ksn*3r Krishan and B. Purniah, XGC-99C, 229 (J.'J.-SS)

84, Split second peak in the structure factor of binary colloids!
fixtures: Glass-lika ordering ?
R. Kesavamoorthy, A.K, Sood and B.V.Rao Tata, Proc. Solid State
Physics Symposium, Pant L'zgar (India) 29C, 76 (15SC)

85, High pressure Ram&n scal:tsving study of phase transition in

A.K. Arora, D.U. Bartholomew, D.L.Peterson and A.K.Ramdas,.in Proc.
Tenth Int. Conf. Ramon Spectroscopy, Eugene,OR, USA (1986),F.d.
I'J.L. Peticolas end 8. Hvtizon (Oregon Univ. Press,Eugene,OR) p.7-1.",

86, Optical phonons in GaAs-AlGaAs superlattices
A.K. Sood and !•!. Cardona, Proc. Tenth International Conference on
Rsxan Soectr*.-scopy, Eugens, Oregon, USA (1906) Ed, W,L. Peticolas
and B. Hudson (Oregon Univ. l.'re.os, Oregon) p.9-5

67. A P.aTi',3.i scattering study of high pressure phase transition in
Zn^./mr Se
A.K. Arora. E.~K. Suh and A.i'. Ramdas, in Meeting of the Am. Phys.
Soc... New York (1957); ss-3 Bull. Am. Phys. Soc. 32, 801 (1987)

_ <?- +

68. Precipitation ox dissolvir. c•n kinetics in NaC.l:i'b
M. Rejalakshmi, A.K. Aror.?., U.R.K. Rao and R. Kessvamoorthy, Solid
State Physics Symposium C-itiie), Bombay 30C, 52 (1987)

69. Freezing criterion for Liquid-crystal transition in chargea
co11oias
R, Kessvcmoorthy, B.V.F:. Tat-i, A.K. Arora and A.K. Sood, Soli?
State Physics Symposium (Tn.iia), Bombay 30C, 3.10 (1987)

90. Structure and clastic prvptrties of dilute charged colloids
R. Knsavemoorthy, Solid, ."t-̂fcfi Physics Symposium (Tnditt), Bombay
3QC, P.P. (1987)

31. Light scattering from colloids
A.K, Sc-oti, invited talk at the Workshop on Modern Optics, Lasers
and Laser SpRCtsoscopy. 1IT Kanpuv, 1987; see Hyper fine.
Intorocti.ons 37, 355 (J~9£~)
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92. Computer simulation of charged colloidal suspensions -.Comparison of
Yukawa and Sogami pair potentials
B.V.R. Tata, A.K. Sood and R. Kesavamoorthy, Proc. Solid State
Physics Symposium, Bhopal (India) 31C, 86 (1986)

93. Phase separation in charged colloidal suspensions: Brownian
dynamics simulation method
B.V.R. Tata, A.K. Sood and R. Kesavamoorthy, Proc. Solid State
Physics Symposium, Bhopal (India) 31C, 87 (1988)

94. Raman scattering study of high pressure phase transition in

A.K. Arora, T. Shakuntala and M.L. Bansal, Proc. Solid State
Physics Symposium, Bhopal (India) 31C, 274 (1988)

95. Raman scattering investig; ion of high pressure phase transition
in semiconductors
A.K. Arora, Invited talk at the Solid State Physics Symposium,
Bhopal (India) 31£> * (1988)

96. Raman scattering study of high pressure phase transitions in
diluted magnetic semiconductors
A.K. Arora, presented at the International Conference on Raman
Spectroscopy, Calcutta (1988)

97. Raman scattering from phonons in GaAs-AlGaAs and GaSb-AlSb
superlattices
A.K. Sood, invited talk at the International Workshop on Advanced
Raman Spectroscopy, IIT Kanpur (1988) in Vibrational Spectra and
Structure, Ed. J.R. Durig and H.D. Bist (Elsevier) (1989)

98. Accelerator development for particle irradiation facility at
ICCAR, Kalpakkam
N.S. Thampi, K.G.M. Nair, S. Panchapakesan, R. Dhandapani, V.
Baskaran and P. Magudapathy, Proc. Seminar on Physics and
Technology of Particle Accelerators and Their Applications,
Calcutta, 1987, Ind. J. Phys. 62A, 655 (1988)

99. Ion-optics of a 2 MV tandem accelerator
K.G.M. Nair and P. Magudapathy, Proc. Seminar on Physics and
Technology of Particle Accelerators and Their Applications,
Calcutta, 1987, Ind. J. Phys. 62A_, 593 (1988)

100.Development of a nuclear microprobe at IGCAR
C. Ramesh, K.G.M. Nair, N.S. Thampi, B. Saha and C.K. Mathews,
Proc. Seminar on Physics and Technology of Particle Accelerators
and Their Applications, Calcutta, 1987, Ind. J. Phys. 62A, 659
(1988)

101.Effect of 50 keV <*-particle irradiation of AZ-40 at% Mn alloy
K.G.M. Nair, K. Krishan and M. Vijayalakshmi, Proc. Solid State
Physics Symposium (India) (1987)
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102.Beam handling system for the 2 MV tandem accelerator at IGCAR,
Kalpakkam
5. Panchapakesan, K.G. Muraleedharan Nair, N.5. Thampi, R.
Dhandapani, V. Baskaran and P. Magudapathi, in National Workshop
on Modification of Materials by Ion Beams, Bombay (1988)

103.A study of Cr + interference in estimation of mixed crystals of
chrome potash alums in a solution
R. Krishnaswamy and M. Rajalakshmi, Annual Symposium in Chemistry,
IIT, Madras (1986)

204.Growth and characterization of Cu-Al alloy single crystals of
various compositions
S.K. Khanna and K. Covinda Rajan, Symposium on Crystal Growth, VEC
Centre, Calcutta (1986)

105.An automation system for measuring resistivity under pressure
V.P. Amritha, A.P. Babu, P.Ch. Sahu, L. Pathak and Mohammad
Yousuf, Proc. Solid State Physics Symposium, Pant Nagar (India)
29C, 271 (1986)

106.Effect of pressure on the electrical resistivity of transition
metal based amorphous alloy - Example of PS^QNI^QP^B^

Mohammad Yousuf and K. Govinda Rajan, Proc. Int. Conf. on Metallic
and Semiconducting Glasses, Hyderabad, 1986, Ed. A. Bhatnagar;
Key Engg. Mat. 13-15, 467 (1987)

107.Evidence for a change in Fermi surface and an experimental test of
universality under pressure across the magnetic transition in
nickel
Mohammad Yousuf, P.Ch. Sahu, P. Bhaskara Rao and K. Govinda Rajan,
in "Current Trends in the Physics of Materials", Ed. M. Yussouff,
World Scientific, Singapore, 1987) p.55-60

108.Electrical resistivity of thorium upto 10 GPa and 1300 K
P.Ch. Sahu, R. Barathan and K. Govinda Rajan, Solid State Physics
Symposium (India), Bombay 30C, 138 (1987); to appear in Physica B
(1989)

109.High pressure electrical resistivity measurement in
tetracynoethylene
P.Ch. Sahu, R. Barathan, Mohammad Yousuf, K. Govinda Rajan, R.
Mukhopadhyay, S.L. Chaplot and K.R. Rao, Proc. Solid State Physics
Symposium, Bombay (India) 30C, 36 (1987)

HO.Isobacic electrical resistance along the critical line in nickel:
An experimental test of universality
Mohammad Yousuf, P. Bhaskara Rao and Anil Kumar, Proc. XI-AIRAPT
International Conference on High Pressure, Kiev, USSR (1987)

111.Pressure-induced transition in quasi-crystalline Al-18 at% Fe
Mohammad Yousuf, V.S. Raghunathan, N.V. Chandra Shekar, S.
Baranidharan and E.S. Raja Gopal, Proc. XI-AIRAPT International
Conference on High Pressure, Kiev, USSR (1987)
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112.Effect of pressure and temperature on band magnetism
Mohammad Yousuf, P.Co. Sahu and K. Govinda Rajan, Proc. XI-AIMPT
International Conference on High Pressure, Kiev, USSR (1987)

113.SCR based AC power controller for automated electrical resistivity
measurement system under pressure and temperature
K. Vijayabhaskar, P.Ch. Sahu and R. Barathan, Proc. Solid State
Physics Symposium (India), Bombay 30£> **1 (1987)

114.Electromigration of hydrogen in zircaloy-2
P. Parameswaran, K. Govinda Rajan, U. Kamachi Mudali and V.S.
Raghunathan, in Proc. 4!sfc Annual Technical Meeting of Indian
Institute of Metals, Trivandrum, 1987; see Trans. IIM (1988)

115.Anisotropy of the thermal expansion and the hydrostatic
compression in quasicrystals
Mohammad Yousuf, K. Govinda Rajan, S. Rajagopalan and N. Victor
Jaya, in Int. Conf. on Recent Advances in Materials and Processes,
Varanasi (1987)

116.On the anomalous behaviour of quasicrystals under pressure
Mohammad Yousuf, K. Govinda Rajan and E.S.R. Gopal, in Int. Conf.
on Recent Advances in Materials and Processes, Varanasi (1987)

117.A study of the anomalous behaviour of mixed crystals stoichiometry
R. Krishnaswamy and M. Rajalakshmi, presented at the Annual
Symposium in Chemistry, IIT Madras (1987)

118.Growth of large aluminium and its alloy crystals by zone-levelling
R. Krishnaswamy, M. Rajalakshmi and Padma Gopalan, presented at
the 3rd National Symposium on Crystal Growth, Madras (1987)

119.Crystal growth and characterization of some mixed crystals and
doped crystals
R. Krishnaswamy, invited talk at the 3rd National Symposium on
Crystal Growth, Madras (1987)

120.Crystal growth kinetics
R. Krishnaswamy, invited talk at the National Seminar on
Crystallography, Changanacherry (1987)

121.Some aspects of crystal growth of individual and mixed crystals of
silver halides
R. Krishnaswamy and P. Sekar, Proc. Solid State Physics Symposium,
Bombay (India) 30£, 442 (1987)

122.Electromigration of hydrogen, deuterium and tritium in niobium
K. Govinda Rajan and R. Lasser, Proc. Indo-German Seminar on
"Trends and Techniques in Modern Materials Research, Kalpakkam,
1987, Eds. P. Rodriguez, K. Krishan and B. Purniah, IGC-99C, 295
(1988)
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123.Electromigration in ^ ^ ^
K. Govinda Rajan, P. Parameswaran, Janaki Jambunathan, C.V.N. Rao
and T.5. Radhakrishnan, presented at the National Symposium on
Electrochemical Materials Science at CECRI, Karaikudi (1988)

124.Single crystal growth of YBa&Cu3)0?.x
N.V. Chandra Shekar, J. Suresh, K. Govinda Rajan and G.V.N. Rao,
presented at the National Symposium on Electrochemical Materials
Science at CECRI, Karaikudi (1988)

125.Synthesis and single crystal growth of GaP by liquid encapsulated
vertical Bridgman technique
K. Govinda Rajan, N.V. Chandra Shekar, M. Sekar, G.V.N. Rao, A.J.
Singh and R.M. Iyer, presented at the National Symposium on
Electrochemical Materials Science at CECRI, Karaikudi (1988)

126.On the curious electrical resistivity behaviour in icosahedral

3 5
R. Raju, Mohammad Yousuf and G. Ananthakrishna, presented at the
National Symposium on Electrochemical Materials Science at
CECRI, Karaikudi (1988)

127.Electrical resistivity and phase transformation behaviour of
uranium under pressure and temperature
P.Ch. Sahu, Mohammad Yousuf and K. Govinda Rajan, Proc. Solid
State Physics Symposium, Bhopal (India)31C, 30 (1988)

128.Single crystal growth of GaP
K. Govinda Rajan, N.V. Chandra Shekar, A.J. Singh and R.M. Iyer,
Proc. Solid State Physics Symposium, Bhopal, (India) 31C, 375
(1988)

129.Stability of microstructures in quasicrystalline Al alloys
V.S. Raghunathan and Mohammad Yousuf, Proc. Indo-German Seminar on
"Trends and Techniques in Modern Materials Research", Kalpakkam,
1987, Eds. P. Rodriguez, K. Krishan and B. Purniah, IGC-99C, 239
(1988)

130.A study of flux used in aluminium crystal growth
R. Krishnaswamy and M. Rajalakshmi, presented at the 13th Annual
Symposium in Chemistry, IIT Madras (1988)

131.On the growth of long aluminium strain free crystals by zone
levelling
R. Krishnaswamy, Proc. Solid State Physics Symposium, Bhopal, 31C,
386 (1988)

132.Coulostatic impulse studies - A tool in basic research
R. Krishnaswamy, Proc. National Symposium on Electrochemical
Techniques and Instrumentation, Kalpakkam (1988) p.59
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133.Electronic structure of (001) face centered cubic quasiperiodic
super lattices
V. Kumar and G. Ananthakrishna, Proc. International Conference on
Metallic and Semiconducting Glasses, Hyderabad, 1986, Ed. A.K.
Bhatnagar, Key Eng. Mat. 13-15, 527 (1987)

134.Gauge theory of defects in an elastic continuum
M.C. Valsakumar, in Proc. of the International School on
Geometrical Methods in Theoretical Physics, Ferrara, Italy (1987)

135.Instabilities and chaos in plastic flow
G. Ananthakrishna, Proc. Summer School on Chaotic Phenomena in
Nonlinear Systems, Beijing, China (1987), Ed. H. Bai-Lin

136.Critical magnetic properties of two dimensional Penrose lattices
G. Ananthakrishna, G. Amarendra and G. Athithan, Proc.
International Workshop on Quasicrystals, Beijing, China (1987),
Ed. K.H. Kuo; see Mater. Sci. Forum 22-24, (1987)

137.An atomistic model for the decagonal phase of Al-Fe alloy
V. Kumar, Proc. International Workshop on Quasicrystals, Beijing,
China (1987), Ed. K.H. Kuo; see Mater. Sci. Forum 22-24, 283
(1987)

138.Gauge theory of defects
M.C. Valsakumar, Proc. Solid State Physics Symposium, Bombay
(India) 30A 127 (1987)

139.Atomic and electronic structure of quasicrystals
V. Kumar, Solid State Phys.Symposium,Bombay (India) 30C,20 (1987)

140.Cooperative temporal phenomena in metals under stress and
irradiation
G. Ananthakrishna and K. Krishan, in Non-Debye Relaxation, Eds.
T.V. Ramakrishnan and M. Raj Lakshmi (World Scientific, Singapore,
1987) p.323

141.Electronic structure of a two-dimensional Penrose lattice
V. Kumar, in Current Trends iii the Physics o£ Materials, Ed. M.
Yussouff (World Scientific, Singapore, 1987) p.365

142.Gauge theory of disdinations in a micropolar continuum
D. Sahoo, presented in the International Conference on
Mathematical Modelling in Science and Technology, IIT Madras
(1988) World Scientific, Singapore (1989)

143.Dislocation dynamics and cooperative behaviour of dislocations
G. Ananthakrishna, in Proc. International CNRS Meeting on
Nonlinear Phenomena in Materials Science, Aussois, France (1987);
see Solid State Phenomena 3^4, 357 (1988)

.Random walk on a Fibonacci chain
G. Ananthakrishna and T. Balasubramanian, presented at the
"Discussion Meeting on Physics of Extended Defects", Roorkee
(1987); see Bull. Mater. Sci. 10, 77 (1988)
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145.Gauge theory of defects in the elastic continuum
M.C. Valsakumar and D. Sahoo, presented at the "Discussion Meeting
on Physics of Extended Defects", Roorkee (1987); see Bull. Mater.
Sci. 10_, 3 (1988)

146.Defects on surfaces
V. Kumar, presented at the "Discussion Meeting on Physics of
Extended Defects, Roorkee (1987); see Bull. Mater. Sci. 1£,161
(1988)

1^7.The Indian synchrotron programme
G. Venkataraman, Proc. Indo-German Seminar on Trends and
Techniques in Modern Materials Research, Kalpakkam, 1987, Eds, P.
Rodriguez, Kanwar Krishan and B. Purniah, IGC-99C, 1 (1988)

148.Microdusters and surfaces: Atomic and Electronic structure
V. Kumar, Proc. Indo-German Seminar on "Trends and Techniques in
Modern Materials Research", Kalpakkam, 1987, Eds. P. Rodriguez,
Kanwar Krishan and B. Purniah, IGC-99C, 165 (1988)

1U9.Theoretical work on quasicrystal at Kalpakkam
D. Sahoo, Proc. Indo-German Seminar on "Trends and Techniques in
Modern Materials Research", Kalpakkam, 1987, Eds. P. Rodriguez,
Kanwar Krishan and B. Purniah, IGC-99C, 235 (1988)

150.Spectral properties of quasiperiodic superlattices and study of
wave functions
G. Ananthakrishna, in Proc. of International Conference on
Modulated Structures, Polytypes and Quasicrystals, Varanasi
(1988).

151.Neutron and x-ray diffraction from quasi-crystalline Al-Mn-Fe
system
K.R. Rao, A. Sequeira, S.K.Paranjpe, M.K. Sanyal, V.S. Raghunathan
and Vijay Kumar, Proc. Solid State Physics Symposium, Bombay
(India) 30C_, 115 (1987)

152.Anomalous behaviour of quasicrystal Al-10% Mn
N. Victor Jaya, Mohammad Yousuf, K. Govinda Rajan and S.Natarajan,
Proc. Solid State Physics Symposium, Bombay (India) 30C, 97 (1987)

153.Thermal stability and oxygen stoichiometry of the superconducting
oxide YBa2Cu307)C

K. Swaminathan, J. Janaki, G.V.N. Rao, O.M. Sreedharan and T.S.
Radhakrishnan, Proc. Solid State Physics Symposium, Bombay (India)
30C, 18U (1987)
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8.3 Books Published

1. Journey Into Light - Life and Science of C.V. Raman
G. Venkataraman, Indian Academy of Sciences, Bangalore (1988)

2. "Trends and Techniques in Modern Materials Research", Proc. Indo-
German Seminar, IGCAR, Kalpakkam, 1987, Eds. P. Rodriguez, K.
Krishan and B. Purniah; see ICC Report 99C (1988)

3. "Beyond the Crystalline State: An Emerging Perspective"
G. Venkataraman, D. Sahoo and V. Balakrishnan, Springer-Verlag
Series in Solid State Sciences, Vol.84 (1989)

8.i* Theses submitted

1. Structure and Elastic Properties of Dilute Charged Colloids
R. Kesavamoorthy, Ph.D. Thesis, University of Madras (1987)

2. Positron Annihilation Studies of Precipitation in Aluminium Alloys
A. Bharathi, Ph.D. Thesis, University of Madras (1988)

3. Study of Aggregation and Precipitation in Doped Alkali Halides
M. Rajalakshmi, M.Sc. Thesis, University of Bombay (1987)
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9. SEMINARS

Date Speaker Topic

03.01.86 L.F. Dona' Dalle Rose
Padova University, Italy

10.01.86 Prof. A.L. Laskar
Clemson University,USA

26.02.86 Dr. G. Ananthakrishna

05.03.86 Dr. G.C. Stirling
Rutherford Appleton
Laboratory, UK

lit.03.86 Dr.D. Sahoo
Dr. G. Ananthakrishna
Dr. Vijay Kumar

21.03.86 Dr. Rita Khanna

27.03.86 Prof. M.N. Shetty
117, Kanpur

09.0U.86 B.V. Rao Tata

23.04.86 Dr. U.R.K. Rao
CD, BARC, Bombay

06.05.86 Dr. R. Asoka Mani
Anna University, Madras

1U.05.86 Prof. V. Balakrishnan
IIT, Madras

Heat and mass transfer in
pulsed laser heating.

Diffusion and defects in
ionic crystals.

Spectral properties of
quasi-linear chains.

Neutron scattering research on
pulsed neutron source ISIS.

Seminar on "Physics of Posi-
tionally Disordered Materials"
Varanasi, Feb. 1986 - A Report

Investigation of He-irradiated
nickel and copper by glancing
angle x-ray diffraction -
Some new results.

Some aspects of dislocations
in materials.

Structure factor for liquid-
like ordered colloidal
dispersions.

Phase transformations and
structural studies of vanadium
oxyfluoride anionic compounds.

Comparison of band structure
methods.

Equilibrium configurations in
a model of interacting
dislocations.

21.05.86 Dr. Kanwar Krishan

28.05.86 Mohammad Yousuf

Non-equilibrium periodic
decomposition in alloys
by irradiation.

Effect of pressure on the
critical exponents of phase
transition.
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04.06.86 T. Balasubramanian
SRL, IGCAR

06.06.86 Prof. Rohit Trivedi
AMES National Laboratory
USA

13.06.86 Dr.T.S. Radhakrishnan

18.06.86 A.K. Tyagi

Dr. B. Viswanathan

25.06.86 Dr. R. Nagarajan
University of Madras

02.07.86 Dr. C.S. Sundar

R. Kesavamoorthy

09.7.86 Dr.G. Venkataraman

16.07.86 Dr. Vijay Kumar

23.07.86 Dr. K.P.N. Murthy
RPD, IGCAR

30.07.86 Dr. G. Ananthakrishna

06.08.86 Dr. Kanwar Krishan

13.08.86 N. Murali
EIL, IGCAR

20.08.86 S. Kalavathi

27.08.86 Dr. Udayan De

Coagulation in aerosols

Directional solidification
studies on the model system -
Suzcinonitrile-acetone system.

Impressions from visit to
Institute of Physical Problems
Moscow, USSR.

Helium ion implantation
induced damage in metallic
glasses.

Investigation of reactor
pressure vessel steels by
positron annihilation and
electron microscopy.

Aspects of general theory
of relativity.

Positron-surface interactions.

Diffusion limited
polymerisation.

Neutron scattering -
Historic overview.

Periodic quasicrystals: Atomic
and electronic structure.

Random coagulation

Symbolic dynamics for low
dimensional attractors.

A report on some papers
presented at the ASTN Confe-
rence on Effects of Radiation
on Materials, Seattle, USA.

Microcomputer operating
systems - An overview.

Heavy fermion systems

Vanishing of the systematics
in electric field gradients
in metallic systems.
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10.09.86 Mohammad Yousuf

16.09.86 Prof. G. Marest
Universite Claude Bernard
Lyon, France

Prof. I. Berkes
Universite Claude Bernard
Lyon, France

17.09.86 Dr.P.J. Goodhew
University of Surrey, UK

18.09.86 Dr. K. Schroeder
KFA. Julich, FRG.

19.09.86 Dr. K. Schroeder
KFA, Julich, FRG

01.10.86 D. Vasumathi
Dr. Udayan De
Dr. N. Ravi

10.10.86 A. Bharathi

15.10.86 Dr. A.K. Sood

22.10.86 Dr. D. Sahoo
V. Sankara Sastry

29.10.86 V. Sridhar

Dr. G. Ananthakrishna

05.11.86 Prof. Arun Bansil
Northeastern University
Boston, USA

06.11.86 M.C. Valsakumar

11.11.86 Prof.D. de Fontaine
University of California
Berkely, USA

Highlights of the fourth
colloquium for Young
Physicists,Calcutta, Aug. '86.

Nitrogen implantation in
steels studied by nuclear
reaction spectroscopy, conver-
sion electron Mossbauer spec-
troscopy and glancing angle
x-ray diffraction.

Nuclear spectroscopy using new
developments in low tempera-
ture nuclear orientation.

Inert gas implantation of
Cu-Zr metallic glass.

Dynamics of mode selection

Atomic motion studies by
nuclear methods.

Report on "International Con-
ference on Hyperfine Inter-
actions",Bangalore, Sept. '86.

Response of positrons to
clustering in Al-Zn alloys.

What happened in the recent
International Raman Conference
1986 ?

Aharonov-Bohm effect and
its implications.

Phase diagrams from molecular
dynamics simulations - Recent
advances.

Cross-over from phonons to
fractons.

Recent 2D-ACAR results in
CuPd and CuGe disordered
alloys.

Geometrical phase factor in
quantum mechanics.

Alloy phase diagrams from
first principles - A
possibility.
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28.11.86 Prof. F. Pobell
Universiiat Bayreuth, FRG

19.11.86 Dr. V. Saraswati
MDL, IGCAR

26.11.66 R.V. Subba Rao
Dr.V.S. Raghunathan
MD , IGCAR

05.12.86 Dr. G. Venkataraman

09.12.86 Dr. K. Govinda Rajan

15.12.86 Dr. M. Muthukumar
IISc, Bangalore

19.12.86 Prof. V.A. Tatarchenko
Institute of Solid State
Physics, Moscow, USSR

22.12.86 Prof. P. Boolchand
University of Cincinnati,
USA.

Superconductivity at Ultra low
temperatures.

Gel glasses

Nobel Prizes in Physics for
the year 1986:

1. Scanning tunneling microscope
(G. Binning & H. Rohrer)

2. Electron microscope
(Ernst Ruska)

INDUS-1.

Electromigration of tritium
in niobium.

Random walks in polymer
physics.

Shaped crystal growth:
Theoretical and Experimental
approach.

Molecular structure of
network glasses.

Prof. E. Gmelin
Max-Planck Institute
Stuttgart, FRG

23.12.86 Prof. D. Greig
University of Leeds, UK

Ballistic carrier transport
and thermoelectricity in
submicron one dimensional
semiconductors.

Electrical properties of
nonmagnetic metallic glasses.

02.01.87 Dr.C.S. Jayanthi
Max-Planck Institute,
Stuttgart, FRG

06.01.87 Prof. S.V. Pappu
IISc, Bangalore

12.01.87 Dr. Ravi Mehrotia
NPL, Delhi

15.01.87 Dr. S.K. Sinha
Exxon Research & Engg.
Co., USA

28.01.87 Dr.T.S. Radhakrishnan

A new approach to lattice
dynamics of noble metal
surfaces.

Photonics - Emerging
competitor to electronics.

Experiments on two dimensional
electron solids.

Neutron and x-ray scattering
from fractals and random
interfaces.

Electron localization and
superconductivity.
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29.01.S7 Dr.Neelima Gupte
Pune University, Poona

03.02.87 Dr. J.L. Maul
Atomica, FRG

04.02.87 Dr. S. Ramaswamy
IISc, Bangalore

05.02.87 Dr. A.K. Arora

05.02.87 Dr. S. Rmaswamy
IISc, Ban galore

06.02.87 Dr. S. Ramaswamy
IISc., Bangalore

18.02.87 R. Bask a ran

25.02.87 S. Kalavathi

04.03.87 Dr. Vijay Kumar

05.03.87 Prof. O.V. Lounasmaa
Helsinki

11.03.87 P. Sekar
Madurai University,Madurai

18.03.87 V. Sridhar

27.03.87 5. Srinivasan

02.04.87 Dr. Mohammad Yousuf

08.04.87 M.C. Valsakumar

16.04.87 M.C. Valsakumar

22.04.87 M.C. Valsakumar

Characterization of scaling
sets.

SIMS (Secondary Ion Mass
Spectrometry) depth profiling.

Shear induced melting of
colloidal crystals.

Raman scattering study of high
pressure phase transitions in
dilute magnetic semiconductors

Hydrodynamic description of
condensed matter systems - I

Hydrodynamic description of
condensed matter systems - II

Josephson junctions and
its applications.

High temperature supercon-
ductors: Very recent advances.

Quantum structural phase
diagrams

Vortices in rotating
superfluid helium.

Point defects in ionic
crystals.

Is there or is there not a
fifth force ?

Relaxation processes in
crystalline polymers.

Quasi-crystals: Pressure
effects.

Gauge theory of defects - I

Gauge theory of defects -
Geometric and topological
aspects - II

Gauge theory of defects -
Geometric and topological
aspects - III
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28.0it.87 Dr. G. Ananthakrishna Renormalisation group approach
to properties of one
dimensional guasicrystals.

13.05.87 S.K. Ray
MDL, IGCAR

20.05.87 Dr. T.5. Radhakrishnan

28.05.87 Dr. H.K. Sahu

03.06.87 Dr. A.K. Tyagi

12.06.87 B.K. Panda
Institute of Physics
Bhubaneswar

17.06.87 Dr. K.P.N. Murthy
RPD, IGCAR

24.06.87 Dr. Udayan De

01.07.87 Dr. G. Sundar
MIT, USA

06.07.87 Dr.R. Suryanarayanan
CNRS, France

08.07.87 M.P. Janawadkar

17.07.87 R. Kesavamoorthy

22.07.87 C.S. Sundar

29.07.87

13.08.87 Dr.Bulbul Chakraborty
NORDITA, Denmark

Deformation dynamics at low
and ambient temperatures.

On the nature of high tempera-
ture superconductors.

Highlights of the "Advanced
Summer School on Electron
Microscopy in Materials
Research", IISc,Bangalore,
May, '87.

Solid inert gas bubbles.

Compton scattering and
positron angular correlation
studies on oriented semi-
conductor crystals.

Fluctuation phenomena in
model nonlinear systems.

Structure and magnetic
properties of some high Tc
superconductors.

Three phase equilibrium and
tricritical points in multi-
component systems.

Superconductivity in Y~Ba-Cu-0
system.

Fabrication of niobium based
Josephson junctions.

On liquid to solid transition
in colloids.

Positron studies of precipita-
tion in Al-Ag alloys.

Helium story - Study of
properties of matter at low
temperatures (Video film
produced by Doordharshan
Kendra).

From qvasicrystals to
icosahedral glass.
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20.08.87 Mohammad Yonsuf

27.08.87 M. Rajalakshmi

OU.09.87 Y. Hariharan

10.09.87 Dr.Mohammad Yousuf

16.09.87 R. Dhandapani

23.09.87 V. Sankara Sastry

30.09.87 Dr. Vijay Kumar

06.10.87 Dr.Radha Ranganathan
University of Utah,
USA

15.10.87 Dr. B. Purniah

28.10.87 Dr.T.S. Radhakrishnan

30.10.87 Prof. K.V. Ramanathan
IBM, USA

OU.11.87 Dr. 5. Ramasamy
IISc, Bangalore

11.11.87 Prof. G. Bhaskaran
MATSCIENCE, Madras

17.11.87 Prof. K. Lingamurthy
North Corolina State
University, USA

20.11.87 Dr. Nataraj Sarma
NPD, BARC, Bombay

Highlights of XI International
High Pressure Conference,
Kiev, USSR, July '87.

Study of aggregation and
precipitation in doped
alkali halides.

Advances in Chevrel phase
superconducting wires.

Quasicrystals: Some recent
results.

Measurement and control of
high voltage in tandem
accelerator.

Highlights of the LT18 confe-
rence: High Tc superconductors

A report on the International
Workshop on Quasicrystals,
Beijing, China.

New technique for measuring
weak absorption in thin films
- Amorphous silicon.

Anelastic relaxation of oxygen
in pure niobium and vanadium.

A report on the National
Symposium on New Materials,
Trichy, Oct. '87.

Thin films and
superconductivity.

Preparation and characteriza-
tion of nanophase materials.

Resonating valence bond state
and high temperature
superconductivity.

Study of dislocation dynamics
during creep of NaCl using
in-situ NMR.

Irradiation of diamonds and
other gemstones.
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24.11.87 Dr. R.M. Iyer
CG, BARC, Bombay

03.12.87 Dr. A.K. Arora

11.12.87 Dr. K.M. Knowles
University of Cambridge,UK

16.12.87 Prof. A. Campaan
Kansas State University
USA

18.12.87 Dr.M.V.N. Murthy
MATSCIENCE, Madras

23.12.87 Dr. A. Jayaraman
AT & T Bell Labs., USA

Chemistry of high temperature
superconductors.

A novel phase separation in
colloids: Reentrant
homogeneous phase.

Quasicrystalline materials.

Raman studies on heavily doped
ion-implanted laser annealed
GaAs.

Supernova 1987: SN 1987a.

Raman scattering from high Tc
superconductors

01.01.88 Dr. M. Yousuf

06.01.88 Prof. H. yollenberger
Hahn-Meitner Institut
Berlin,FRG

08.01.88 Prof. H. Wollenberger
Hahn-Meitner Institut
Berlin,FRG

14.01.88 Prof. Yu. A. Izyumov
Institute of Metal Physics,
Sverdlovsk,USSR

19.01.88 Dr. R. F. Fleming
National Bureau of
Standards, USA

19.01.88 Prof. V. Balakrishnan
IIT, Madras

20.01.88 Dr. M.S. Hedge
IISc, Bangalore

21.01.88 Dr. A.K. Singh
University de Geneve
Switzerland

Highlights of the Int. Conf.
on Recent Advances in
Materials & Processes,
Varanasi '87

Early stages of alloy
decomposition

Phase stability under ion and
neutron irradiation

Superconductivity via solitons

Elemental analysis using
neutron beam techniques

The first passage time in
non-Markov process

Electronic structure of solids
by electron spectroscopy.

Study of electronic properties
using the angular correlation
of positron annihilation
radiation: Theory and
experiment.
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28.01.86 Dr. B.N. Singh
RISO National Lab.
Denmark

29.01.88 Prof.T.R. Anantharaman
Banaras Hindu Univ.,Varanasl

19.02.88 V.S. Sastry

Dr. A.K. Sood

Dr.Y. Hariharan

Dr.C.S. Sundar

2U.02.88 A. Bharathi

04.03.88 Dr. D.D. Sarma
IISc, Bangalore

09.03.88 Dr. Kanwar Krishan

25.03.88 A. Bharathi

25.04.88 Dr. Bikash Sinha
VEC Centre, Calcutta

20.0U.88 S. Srinivasan

27.0U.88 Dr. H.K. Sahu

06.05.88 Dr. R.V. Nandedkar

Consequences of concurrently
produced helium atoms and
lattice defects by fast and
fusion neutrons.

Quasicrystals or complex
crystals ?

Field induced orientation of
superconducting YBCO.

Raman study of rare-earth
barium copper oxide.

Effect of oxygen ordering on
the superconductivity of YBCO

Mossbauer spectroscopy in
YBCO.

Positron annihilation studies
on high temperature super-
conductors.

Electronic structure of high
Tc oxide superconductors from
high energy spectroscopy.

Kinetics of oxygen absorption
and desorption in yttrium
barium copper oxide.

Highlights of the Int.Conf. on
High Temperature Superconduc-
tors & Materials & Mechanisms
of Superconductivity,
Interlaken,Switzerland, 1988.

Quark-Cluon Plasma - The
new frontiers.

Simulation of solid inert gas
bubbles in metals.

Use of VEC beams for study of
effects of radiation on
mechanical properties.

High temperature irradiation
embrittlement of austenitic
stainless steels.
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13.05.88 Dr. M.A. Subramanian
E.I. du Pont de Nemours
& Co., USA

03.06.88 Dr. G. Ananthakrishna

Synthesis and structure
property relationships in
Bi-Sr-Ca-Cu-0 and Tl-Ba-Cu-O
superconductors.

Cross-over behaviour from
extended to critical states
and their characterisation.

22.06.88 S. Srinivasan

G. Amarendra

K. Varatharajan

29.07.88 B.K. Guha

11.08.88 Prof. V. Balakrishnan
IIT, Madras

02.09.88 Dr. U. De

Simulation of solid inert
gas bubbles in metals.

Helium bubbles in Cu studied
by positron annihilation.

Microhardness-microstructure
of irradiated Nimonic-90.

Effect of pressure on
superconductors.

On the certainty of first
passage in diffusion processes

Microdecomposition and upper
critical field in single phase
YBCO high temperature super-
conductors.

07.09.88 N. Victor Jaya
Anna University, Madras

20.09.88 Prof. S. Ranganathan
IISc, Bangalore

30.09.88 Dr. B. Viswanathan

18.11.88 N.V. Chandra Shekar

21.11.88 Dr. R. Pandey
Michigan University of
Technology, USA

2h.ll.88 B.V.R. Tata

01.12.88 Prof. A.K. Ramdas
Purdue University,
USA

Quasicrystals: High pressure
effects.

Quasicrystals : II

Highlights of the 8th Int.
Conf. on Positron Annihilation
Gent, Belgium and the Int.
Positron Workshop, Munich,FRG.

Crystal Growth of
dissociable compounds.

Fuel element modelling: Oxygen
potentials in mixed plutonium-
uranium oxides.

Computer simulation of
dilute charged colloids.

Diluted magnetic semiconduc-
tor: An interface of semicon-
ductor physics and magnetism.
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05.12.88 Dr.G. Venkataraman
DRDO, Hyderabad

06.12.88 Dr. G. Venkataraman
DRDO, Hyderabad

07.12.88 Prof. V. Heine
Cavendish Laboratory
UK

09.12.88 Dr. U. Poppe
KFA Julich, FRG

Parallel computers

Reading secret messages

Towards a microscopic under-
standing of some incommen-
surate structures.

Tunnelling in high temperature
superconductors.

16.12.88 Discussion on papers presented in the DAE Symposium.

Dr. A.K. Arora Raman scattering investiga-
tion of high pressure phase
transition in semiconductors.

Dr. Y. Hariharan

P.Ch. Sahu

Dr.T.S. Radhakrishnan

D. Vasumathi

Phase instability and super-
conductivity in YBaoCu 0 .

Electrical resistivity and
phase transformation behaviour
of uranium under pressure
and temperature.

Decomposition of Y Ba Cu 0
into orthorhombic and tetra-
gonal phases at 200 C.

Positron annihilation studies
of decomposition of

R. Baskaran

T. Shakuntala

B.V.R. Tata

Proximity effect controlled Tc
in YlBa2Cu3O7_x.

Raman scattering study of
high pressure phase transition
in LiKSO,.4

Computer simulation of charged
colloidal suspensions: Compa-
rison of Yukawa and Sogami
pair potentials.

Phase separation in charged
colloidal suspensions:Computer
simulation method.

N.V. Chandra Shekar Single crystal growth of GaP
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Dr.fi. Krishnaswamy On the growth of long
aluminium strain-free crystals
by flux zone levelling.

28.12.68 Prof. M.V. Jaric Structure and stability of
Texas A&M University,USA quasicrystals.

* Affiliation is indicated only for the speakers from outside the
Materials Science Division, IGCAR.
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