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FOREWORD

During the period January, 1987 - December, 1988, the Spectroscopy Division

hiis carried out research and development in many advanced areas of analytical

spnctroscopy, atomic spectra and spectra of diatomic and polyatomic molecules. The

Division has acquired an ICP spectrometer and an excimer laser pumped dye laser

during this period. As can be seen from the report, both these equipments have been

used very fruitfully for research and development. Research in high resolution

atomic spectroscopy has continued to flourish. Beam foil spectroscopy and apectro-

scipy of l«w energy plasma focus sources have been put on a firm foundation. Setting

up of new experimental systems for solid state spectral studies at liquid helium

temperatures have been started. A good amount of theoretical work in forbidden

transitions, has been carried out. Diode laser spectroscopy has been used for high

precision intensity and frequency measurements. Service facilities like quality

control analysis of nuclear materials and supply of optical components and thin

film devices have performed with maximum productivity. The electronics and instru—

mentation group have developed several facilities for various experimental set ups.

Brief descriptions of all these and other activities of the Division are

given in the present progress report.

(V.B. Kartha)
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1. FEATURE ARTICLE

1.1 Laser Photodissociation of Molecules

A. Sharma

Introduction: Photodissociation of molecules forms a subset of a

variety of photochemical reactions one encounters in the investigation of

dynamics of molecules. The photochemical reaction comprises a series of

events starting from the absorption of or>i or more light quanta and ending

with the molecule being generally in a different state. In the laboratory

of nature one encounters a variety of such reactions. Photosynthesis, a

photo-reaction of prime importance to the plant world involves conversion

of simple inorganic materials into carbohydrates in the presence of light.

At a level more relevant to the review, the formation and destruction

of ozone by sunlight in the stratosphere around the surface of the earth is

of vital importance in environmental balance. Ozone is formed by photolysis

of 0. by solar radiation below 2420 8 followed by the three body combination

of ground state 0 atoms with 0~ molecules to form 0~ (l).

X42420
> 2

0 3 (ii)

0 2 > 20

Industrial pollutants like chlorofluoromethavies in the stratosphere serve to

destroy the ozone concentration by a reaction whose first step again involves

photolysis by sunlight (2,3).

A<2300 8

CC13F -> CC12F + Cl (iii)

Cl + 0 3 > CIO + O2 (iv)

In various other areas of research photodissociation of molecules is of great

significance. With the advent of lasers many new practical applications of

laser induced photodissociation have come to the fore.
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An important area is that of laser induced isotope enrichment. Clark

et al (4) have found that the photolysis of H2
 12C0 - H2

 13C0 mixtures near

3032 A has produced more CO than was present in the original mixtures.

3032 £

H2
 12C0 > H2 +

 12C0 (v)

A similar technique was used by Yeung and Moore (5) for D- enrichment

by the photolysis of H2CO - I^CO mixtures. A new class of lasers employing

photodissocia~:ion as a means of creating population inversion have been

discovered. Photodissociation of Til for example (6) populates the 7 S, state
2

of Tl which lases to 6 7^/2 s t a t e b v emitting 535 nm radiation. At a more

basic level photodissociation of a large number of simple molecules has been

investigated to study a variety of processes. The simplest of diatomic molecules

H? can be photodissociated by <Va800 8 photon through the reaction (7)

H2 •> H(1S) + H(2S, 2P) (vi)

A large variety of other diatomic molecules (8) that have been investi-

gated for photodissociation include hydrogen halides, COi Nji, NO, C^i S2i

halogens, inter-halogens, alkali halides, CH, NH and the relatively weakly bound

alkali dimers. In the recent spurt in the photodissociation of alkali dimers,

a variety of precise measurements have been made. Absolute photodissociation

cross sections have been measured for Na2 and K2 (9) and for Rb2 (10). Rothe

et al (11) studied the distribution of photofragments over fine structure states

in an experiment with argon ion laser to photodissociate Na_ and Rb2 using

supersonic molecular beams. From the distribution they could conclude that Na2

photodissociates in B TTU state and that Rb, is first excited to the C F u state

followed by predissociation into B TTU state. Similar experiment was done by

Feldman and Zare (12) with Rb2- Their work was the first example of the product-

ion of a single fine structure component in photodissociation. They have also

shown how the laser induced photodissociation might be useful for separation of

isotopes of rubidium. In our own laboratory apart from laser induced photo-

dissociation of alkali dimers, mixed alkali dimers like NaCs and NaRb have been

investigated quantitatively for the first time (14,15). These results are

presented in relatively more detail in the later sections of this review. By

studying the variation of relative photodissociation cross section with wavelength
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Callender et al (13) have measured the change of electronic dipole moment

with inter nuclear distance. Additionally, the dependence of photodissociation

cross section on the wavelength of light gives vital information about shape

of potential energy curves of lower and upper states involved.

Photodissociation of Diatomic Molecules: The phenomenon of photo-

dissociation and predissociation in diatomic molecules can he explained with

the aid of Fig.1.1

Fig. 1.1

Some schematic potential
energy curves for diatomic
molecules.

u

AB
r

A diatomic molecule AB in the ground state 1 which correlates with ground

state atoms A and B absorbs a photon of frequency V. If the photon energy

exceeds the bond strength of molecule AB in the ground state it could excite
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the molecules to the repulsive state 2 in which case the molecule dissociates

into the ground state atoms A+B. An example is the molecule HI where states

1 and 2 are £ and TT. respectively. If on the other hand bound state 3

is excited by light, it could still make a radiationless transition to state

2 and predissociate into ground state atoms. As an example the B TT state

of IT is predissociated into two ground state atoms via the "ft \u repulsive

st>ate (16). The photon energy could also be sufficient to excite the mole-

cule into the dissociative continuum of state 3 in which case, the molecule

breaks up into a ground state atom A and at; excited atom B. A large amount

of experimental data of this type exists and particularly for alkali dimers lot

of precise measurements have been made (17). As an example, argon ion laser

lines excite NaRb molecules into dissociative continuum of D if state (15).

The molecule breaks up into atom Na(3P) and Rb(5S). This is verified by

detecting B* - B radiative decay. This provides a simple way of correlating

molecular potential energy curves with states of separated atoms. Thus laser

induced photodissociation has established that the B fT state of Na«

correlates with Na(3S) + Na(3P3/2) and A
l*T + with Na(3S) + Na(3P^) (-7).

Our work with NaRb (15) has established that while D 1 ^ correlates primarily

with Na(3P3,2) + Rb(5S) it is strongly perturbed by the neighbouring d Tf and

e 21 states. Consequently photodissociation of NaRb in D (T state results in

the emission of both D.and D light of sodium. This can be represented by

the equation:
1 ^ ) + hiXAr+ laser)--* Na* (3P) + Rb(5S) (vii)

Additional information about the molecular states can be got by measuring

photodissociation cross section. Using this method Callender et al (13)

have studied the variation of electronic dipole moment with internuclear

distance. Janson et al (17) have measured the photodissociation cross

sections of Na and K and used this as an independent way of determining the

shape of internuclear molecular potential. Fig.2 shows our results of a

similar measurement for the NaRb molecule.
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1000

KX>

ft

10

Pig 1.2

Relative photo-
dissociation cross-
section of NaRb
versus the argon-ion
laser wavelengths.

5200 4800

WAVELENGTH (A)
4400

The figure shows the variation of relative photodissociation

cross section as the laser wavelenth is changed from 5145 A to 4579 A. The

peak around 4727 X corresponds to Che internuclenr distance where the difference

potential AU(R)=U(a,D " ) - U(R,X 2. ) is maximum. This can be explained

with the help of semiclassical theory of photodissociation (17).

Apart from alkali dimers a large number of other diatomic molecules

have been investigated to reveal many new developments in photodissociation

dynamics. The simolcstof all molecules H? has been studied by photodissociating
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it with synchrotron radiation (18) at 839 8. This wavelength excites the

D TT X i p transition in H.. These states.are known to predissociate
. 1 +

by coupling to the B1 £ continuum. If all photoproducts resulted from
adiabatic dissociation along B1 JT only H(l S) and H(2 S) would be produced.

The substantial fraction of H(2 2P 3^) production indicates that there must be

mixing of several other states.

Photodissociation of halogens like I Cl, etc. and interhalogpns like

ICI etc. have a long history of photodissociation studies because or their well

known molecular potential energy curves and because they exhibit many interesting

predissociation and potential energy curve crossing phenomena. These processes

in halogens have been extensively reviewed (19). Kistiakowsky and Sternberg (20)

have shown that in photodissociation of Br-, yield of Br atom production is

nearly independent of wavelength between 4800 8 and 6800 8. In I , Clear and

Wilson (21) have done a photodissociation study using a pulsed laser at 2662 A

yielding K 2P3/2) + I(2P^). The probable assignment of the upper state is

C J £ . A large number of experiments have been performed to study photo-
lu

dissociation of interhalogens, a unique one among them is the first reported

detection of population inversion 1

iating ICI with 532 nm light (22).

? 2
detection of population inversion between Cl C"p^) and Cl( ^^jl^ w ^ e n dissoc-

A large number of metal halides have been investigated for photodissoc-

iation and some of them like Til and Inl have been used to make photodissociation

lasers (23,24). Cool et al reported a two photon dissociation of HgX molecules

(X=halogen) with 193 nm light (25). Virtually all of the alkali halides have

been systematically investigated for photodissociation (26-28) and some of them

like Nal have shown population inversion and laser action on the resonance

lines (29).

The above list still does not exhaust all the diatomic molecules whose

photodissociation has been studied An exhaustive survey would be beyond the

nature of this writeup. An excellent review is by Stephen R. Leone (30).
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Photodissociation of polyatomic molecules: As compared to diatomic

molecules, photodissociation of polyatomic molecules offers a far greater

variety of possibilities due to their having more than one molecular bond.

At the 6ame time increasingly many possible modes of vibrations and inter-

ference between spectra due to them introduces its own complexities for

analysis. Polyatomic molecules can be classified in four broad classes -

spherical top, symmetric top, asymmetric top and linear. Thus in general

there could be three non-degenerate axes of rotation as compared to just one

in the case of diatomic molecules. Because of an enormous number of possibilities

we restrict ourselves to a very brief review of photodissociation of polyatomic

molecules with ju6t three or four atoms.

The photodissociation of triatomic molecules has been extensively studied

in recent years particularly of those molecules like carbon dioxide, water,

sulphur dioxide, nitrogen dioxide and ozone which form important minor constit-

uents in the earth's atmosphere. As mentioned in the introduction, photolysis of

ozone in stratosphere plays an important role in maintaining earth's environ-

mental balance.

For most of these molecules, photodissociation studies require a strong

source of light in the ultraviolet or vacuum ultraviolet region of the spectrum.

Early methods of investigation used resonance microwave discharge lamps filled

with either a suitable inert gas or mercury or mixtures of H2 , 0 2 , N 2, Cl2 etc.,

with He. In recent times coherent sources of light or orders of magnitude

higher intensities have opened up many new possibilities. Useful light sources

in the ultraviolet region are: the fourth harmonic of a neodymium laser at

2662 X, a pulsed nitrogen laser at 3371 8 and the second harmonic of ruby

laser at 3471 A*. In the shorter wavelength region increasingly many coherent

light sources are becoming commercially available including the ArF excimer

laser at 193 nm and synchrotron radiation which can be tuned continuously from

ultraviolet to the soft X-ray region.
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Photodissociation of 0- proceeds through different channels depending

on the wavelength of light. For wavelengths between 4400 & and 8500 8 the

dissociation results into 0 ( P) and 0 (x £ ) (31). For wavelengths 3000 8 -

3600 A the dissociation products are 0( P) and 0. ( £ or A ) (32) where as

between 2000 A to 3200 A the primary process results i.ito 0 2 ( A ) + 0 ( D)

(33). As mentioned earlier, the presence of more than one bond in polyatomic

molecules implies many more possibilities in photofragmentation as compared to

the diatomic molecules. This can be illustrated using photolysis of H 0 as an

example. For photodissociating wavelength between 1400 A to 1900 8 the primary

process results in the breakage of an 0-H bond and results in the production of

H and OH (X2|f ) (34). For wavelength below 1770 8 another possibility is the

breakage of 0-H bonds resulting in the formation of H a nd 0(
1D) (35). For

wavelength below 1357 R a possible photodissociation channel results in the

formation of an H atom and OH radical in the A j + excited state (36).

Photodissociation of a large number of other triatomic and four atom

molecules has been studied including that of PH,, NH^, H^CO, Some particularly

simple Van der Waals1 molecules like I^He, have been investigated by this method

(37). With the availability of more intense sources of light, multiphoton disso-

ciation of molecules has become an active area of study. This is briefly discussed

in the next section.

Multiphoton dissociation: Availability of increasingly intense sources

of radiation has made possible observation of a variety of non-linear phenomena

that one could not have observed with conventional resonance lamps. One euch

effect is the multiphoton dissociation of diatomic and polyatomic molecules. One

must make a distinction between diatomic and polyatomic molecules with respect

to multiphoton dissociation. While multiphoton dissociation has been observed in

diatomic molecules (essentially with two photons) using visible or ultraviolet
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light, such effects in the sufficiently long wavelength infrared regime are

observable only for polyatomic molecules. One of the most widely studied

molecules in this regard is SF^ which can get excited and photodissociate by

absorbing 20-30 photons of 10.6^-m CO_ laser (38). The anharmonicity in the

relatively simple vibrational energy structure of diatomic molecules and the

consequent mismatch between photon energy and the steps of this anharmonic

ladder explains why a diatomic molecule cannot absorb too many IR photons to

get dissociated. Simple arguments were advanced for polyatomic molecules and it

was an intriguing question why it can absorb as many as thirty monochromatic IR

photons required for dissociation where as a diatomic molecule cannot. The

answer to this question has only recently begun to be understood. After the

absorption of first few IR photons in a given vibrational mode of a large poly-

atomic molecule this excitation energy is rapidly dissipated to a bath or other

vibrational modes thus a) heating up the molecule and b) leaving the original mode

free to absorb more photons. The time for this very fast relaxation is about a

picosecond (39). Absorption of more IR photons thus rapidly increases its temp-

erature, continuously shifting its excitation energy upwards within the manifold

of a quasicontinuum of levels just below the dissociation limit. The observation

on the IR dissociation of many molecules, including SF^, SJF^Q, CF.3-CO-CF3I, are

all consistent with the picture of heating in the quasicontinuum (40). With the

availability of rare-gas-halide lasers it is possible to study multiphoton disso-

ciation effects in the ultraviolet wavelength regime. One such example is

photodissociation of CH^Br into CH + H,, + Br by the observation of atleast two

193 nm photons from a ArF laser (41).

Applications: We limit ourselves here to the areas of photodissociation

lasers, laser induced isotope separation and selective bond breaking in polyatomic

molecules.

The concept of photodissociatir.n laser was outlined first as early as

1963 by Zare and Herschbach (42). Around the same time the first photofrag-

mentation laser was demonstrated using photolysis of CH.^! o n t n e l(2P3/2
 2
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transition (43). Since then a large number of atomic and molecular photofrag-

mentation lasers have been discovered. Thus Inl and Til have been photodissoc-

iated with 193 nm ArF laser to produce lasing transition in In (44) and Tl (6)

respectively. !„ can be excited just above the dissociation limit to produce

laser action in I atom (45). Photodissociation of iodides of Na, K, Rb, Cs

at 193 nm results in superfluorescent lasing lines from atomic states (46).

Metal atom lasers have been discovered in the multiphoton UV dissociation of

Gal3 (47), Inl3 (48), A1I3 (48), Bil3 (48) and Hg2 (49). This still does not

exhaust the list of photodissociation lasers. For a more complete review Ref

30 and the references quoted therein may be consulted.

In 1974, Ambartsuraian et al. (50) demonstrated that the laser induced

dissociation process is isotope selective using BC13 molecule. Since that time

isotopically selective photodissociation has been demonstrated in a number of

molecules. As mentioned earlier Clark et. al. (4) have found th^t the photolysis

of H. CO - H. CO mixtures near 3032 8 has produced more CO than was present

in the original mixtures. Similar technique was used by Yeung and Moore (5)

for D enrichment in the photolysis of HOCO - D,CO mixtures. More recently
13
C has been separated in bulk amounts of 3-5gm/hr using lkw CO- laser to

13
dissociate CF-HC1 (51). Considerable effort has gone in isotopic enrichment

°35 2"*5 238°35 2"*5 238
of U starting from " UF, , J UF, mixture. The wavelengths of interest to

235
selectively excite UF,

7.74, 8.62, 12.1 and 15.9

235
selectively excite UF, and subsequently dissociate the molecule• centre around

In the area of IR multiphoton dissociation of polyatomic molecules

there was a lot of initial excitement about the possibility of bond selective

photochemical reaction. This has largely proved to be an elusive target for

IR laser photochemists (52). As explained earlier, in centre-atom-symmetric

molecules like SF,-, NH3, CH, the active mode for laser excitation is strongly

coupled to the heat bath modes. Thus the selective laser-heating of a specific

chemical bond becomes impossible unless one has ultraviolet pico-second laser

pulse. Non-centre-atom-symmetric molecules are more important from bond

selective photodissociation point of view.
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2. ANALYSES BY OPTICAL EMISSION SPECTROSCOPY (OES)

INDUCTIVELY COUPLED PLASMA ATOMIC EMISSION SPECTROMETRY

(ICP-AES) AND X-RAY FLUORESCENCE TECHNIQUES

2.1 OPTICAL EMISSION SPECTROSCOPY

2,1.1 Determination of Er, Yb, Lu and Y in High Purity Thulium Oxide

by Optical Emission Spectroscopy (OES).

L.C. Chandola, P.P. Khanna and V.S. Dixit

An X-ray Fluorescence (XRF) method for the analysis of thulium

oxide for Dy, Ho, Er, Lu, Y and Yb, developed earlier (1), needs about

500 mg of costly thulium oxide sample. To reduce the amount of the

sample consumed for the analysis, an alternate Optical Emission Spectro-

scopic (OES) method is developed which requires only about 15 mg of the

sample.

Standards for this method were prepared synthetically by first

precipitating rare earths as hydroxides and then mixing them with an

equal amount of pure graphite. The samplee/standards were excited in a

dc arc and the spectra were photographed on a 3.4 metre JACo grating

spectrograph having a grating of 30000 lines/inch blazed at 3300 A.

The detection limit achieved in the present OES method (3) is

0.0008% for Er, Yb, Lu and Y which is an improvement over the XRF (1)

and a previous OES method (2).

The precision of the method (RSD) is about i. 17.6%. The accuracy

of the method was ascertained by analysing spiked samples.
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2.1.2 Spectrochemical Determination of Metallic Pollutants at Sub PPM

Levels in Fresh Water samples.

R. Venkatasubramanian and N.P. Karanjikar

In our laboratory, a quantitative method to analyse fresh water

samples for ultratrace pollutants such as Cd, Cr, Mn, Fe, Ni, Pb, V and

Zn has been developed. The impurities in the water sample were precon-

centrated by the method of slow evaporation and collected on specpure

graphite which was subsequently analysed by d.c. arc excitation using

NaF as the carrier. The mean relative standard deviation of the method

employed is +_ 15%. The accuracy of the method has been found to be

quite satisfactory as borne out by the results of the Intercomparison

Run (1) conducted by the International Atomic Energy Agency (IAEA),

Vienna for the determination of trace elements in water. The simulated

fresh water supplied by IAEA was analysed by 58 laboratories of 28 member

countries. As can be seen from the Table 2.1, for most of the elements,

the values reported by our laboratory using the present dc carbon arc AES

technique are in good agreement with true value.

Table 2.1: Results of IAEA intercomparison run w-3/1

True value Value reported Detection Limits
Element of IAEA water obtained,

sample W-3/1
(ppb) (ppb) ng/ml

Cd 3.98 4.2 2
Cr 2.02 3.3 2
Fe 125.8 116.7 15
Mn 9.56 9.3 2
Ni 2.00 4.8 1
Pb 10.00 33.7 1
V 2.00 2.6 1
Zn 23.2 43 20

The detection limits obtained in the present method (Table 2.1)

are comparable with those obtained in other techniques(2,3,4). Also they are

well below the permissable amount as set up by Federal Water Pollution

Control Administration, U.S. Department of Interior, Washington, D.C.(5).
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2.1.3 Determination of General Impurities in Uranium, using JY-48

Simultaneous Spectrometer.

A.V. Sankaran, P.S. Murty, S.S. Biswas, S.M. Marathe,

A. Sethumadhavan, R. Kaimal and V.S. Dixit

A method has been developed to determine the general impurities

in Uranium by dc arc excitation using the photoelectric method of signal

detection on a JY-48 simultaneous spectrometer. The routine quality

control of Uranium from UMP/AFD has since been transferred to this system,

from the conventional dc-arc photographic emulsion technique. Certain

modifications of the experimental parameters became necessary for this

purpose.

Table 3.1: Modifications of Experimental Parameters

Conventional Present
Photographic Photoelectric
Method Method

Carrier 5% AgCl (1% G a ^ ) 3% AgCl (2% G a ^ )

Exposure* No Delayed Exposure 2.5 sees Delayed Exposure
technique programmed in
software.

No early shut off 2.5 - 7.5 sees early shut
off depending upon the
element.

Sample 100 mg 120 mg
Arc 10 A 8 A
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*Delayed exposure technique was used in photo electric detection

method, to prevent masking of the entire spectrum range by U-flash. Early

shut off was used to prevent high background due to carbon burning.

The intensity ration formula was modified to correct for the

intensity of the internal standard Ga channel in the blank.

i.e. , la - Ib la - Ib
from — ~ to •=— r-r

Ic Ic - Id

where la = Total intensity of the analyte in sample/standard
Ib = Total intensity of the analyte in blank
Ic = Total intensity of the internal standard line in sample/

standard.
Id = Total intensity of the internal standard line in the

blank.

The blank contained only 3% AgCl and no Ga-O..

The limits of determination were the same as in photographic technique

but RSD improved from 15% to 10%

2.2 INDUCTIVELY COUPLED PLASMA - ATOMIC EMISSION SPECTROMETRY (ICP-AES)

2.2.1 Determination of Boron in Demineralised Water at ppb Level - by

ICP-AES

S.M. Marathe, S.S. Biswas, P.S. Murty and A.V. Sankaran

UMP seeks to monitor boron contribution from various materials, used

during the processing of uranium metal. Demineralised water is one such

material requiring periodical check.

A rigorous ICP-AES method has been developed to determine boron in

demineralised water at the ppb level and the results were cross checked by

various modes of analysis available in the software namely, 1) manual profile

mode (ii) maximum peak mode and (iii) surface integration mode.

The range of determination of B in water is 50 ppb to 1000 ppb with

RSD of 3.5% in manual profile mode, 5.3% in surface integration and 12.5% in
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maximum i-eak modes. The experimental details are tabulated in Table 1.1.

In the manual profile mode both the forward and reverse scanning were

done with basic step of 0.002 nm, exposing for 400 millisecs around the

analyte line. The average background intensity is deducted from the gross

peak inensity to arrive at the net peak intensity. For the standards, this

net peak intensity is further corrected by the net blank, and the resultant

intensity plotted against concentration on a double log paper to trace the

working curve. The sample net peak intensity is read on this graph. In the

maximum peak mode. The monochromator plots three points on each side of the

peak, as registered in the table of elements and reads the maximum intensity.

In the surface integration mode, the monochromator plots thirteen points i.e.

six points on either side of the peak (in the Table), searches for the

maximum intensity, shifts the peak to this maximum and then takes an average

of seven steps of either side of this new maximum peak.

Table 1.1 ICP-AES experimental details

Spectrometer

Wavelength range

Dispersion

Monochromator

Wavelength range

Dispersion

RF generator - frequency,
forward power

Coolant argon flow rate

Aerosol argon flow rate

Sheathing argon flow rate

Plasma torch

Observation height

Data acquisition and processing

JY 48 Spectroanalyser (polychromator)
having 1 m concave grating with 2550
grooves/mm Paschen-Runge mount.

130 - 415 nm; I order

0.39 nm/mm

JY 38 THR 1000 sequential, 1 m tnono-
chromator (Czerney' Turner mount)
having a grating with 3600 grooves/
mm.

160 - 500 nm; I order

0.26 nm/mm

Model No. R-C. DURR - JY ICP-2255,
56 MHz, 1.5 KW.

16 1/min.

0.4 1/min

0.45 1/min

quartz demountable type

15 mm above top of load coil
APPLE - lie Computer.
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2.2.2 Determination of Boron in Magnesium by ICP-AES

S.S. Biswas, A.V. Sankaran, S.M. Marathe and P.S. Murty

Magnesium metal is used in the reduction of UF, to metallic uranium.

Concentrations of even 0.5 ppm of boron in magnesium metal can result in

about 1 ppm of boron in the final Uranium metal produced. Feasibility

studies of using ICP-AES for determining B in magnesium at low levels, without

pre-concentration were conducted.

Magnesium solutions 50 mg/ml to 0.5 mg/ml containing B in concentration

range from 10 jxg/ml to 0.01 j»g/ml were pneumatically nebulised into the Argon

plasma. The optical emission spectra were scanned under the experimental

conditions given in article 2.2.1. Some of the significant observations

recorded were

1. An increase in background signal due to increase in matrix

concentration nebulised.

2. The net signal (i.e. peak-background), unaffected by the increase in

matrix concentration is linearly proportional to the analyte concent-

ration over a range of four orders of magnitude.

3. Working curves drawn from aqueous standards can be used, provided

the gross peak intensity is corrected for the background i.e. the

net peak and further this net peak intensity is corrected for the

blank. This is true irrespective of any matrix concentration.

In real sample analysis, the Boron values differed from the values

obtained by the conventional dc arc emission spectrographic method. It is

attributed to the long memory effect of nebulising boron-containing solutions.

Hence clean out time has to be longer. Again, matrix concentration greater

than 5.0 mg/ml causes fluctuating background intensity due to non-uniform

uptake rate because of viscosity variation of the nebulised sample. High

background emission is caused due to recombination continuum of Mg ions.

The holographic grating drastically reduces the stray contribution to back-

ground .
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2.2.3 Determination of some Rare Earths Elements in High Purity r,A n~_hy
'' 2 3 " J

Inductively Coupled Plasma Atomic Emission Spectrometry.

S.S. Biswas, P.S. Murty and V.R. Nair*

High purity rare earths find various important applications in industry#

Optical Emission Spectrographic (OES) and X-ray fluorescence (XRF) methods,

developed earlier in the Division are being used so far to determine trace RE

impurities in Gd O^and Dv2°3" N o I C P" A E S work on the determination RE elements

in high purity RE oxides has so far been reported. An ICP-AES method has now

been developed for determination of trace rare earth elements in high purity

Gd2O3 and D y ^ .

Due to complex spectrum emitted by the rare earth matrix, in the plasma

excitation, a spectrometer with adequate dispersion and resolution is essential,

A combination of polychromator (JY-48 Dispersion 0.39 nm/mtn in I order and

monochrotnator JY-38 Dispersion 0.26 nm/mm I order) meet these requirement*

adequately. The ICP-AES plasma was used under the conditions given in 2,2.1.

Sm, Eu and Dy in Gd-O, and Y, Sin, Eu and Gd in TiyJ)~ have been

determined in the range 50-1000 ppm with RSD of 0.2 to 1.7%. The detection limits

were lower than those from dc arc OES method and comparable with those of XRF.

The precision is improved compared to DC-OES and XRF methods especially at lower

concentration- range.

* IRE Ltd., Udyoga Mandal, Kerala.

2.2.4 Determination of Chromium in Iron by ICP-AES

S.S. Biswas, S.M. Marathe and P.S. Murty

A method is described for the determination of chromium in Iron using
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the Inductively-Coupled Plasma Atomic Emission Spectrometry (ICP-AES)

technique. With the determination range from 50 ppm - 1000 ppm, by

nebulising 1 mg/ml of a solution containing the matrix (Fe) at an uptake

rate of 1.6 ml/min. Chromium and Iron spectra are excited by Argon

Plasma by a 56 MHz, 1.5KW, R-F generator. The general experimental

details of ICP-AES are given in 2.2.1.

The complex spectra, emitted by both chromium and iron, neceasi.*c;:d

the use of high dispersion/high resolution JY-38 THR 1000 sequential

spectrometer (a dispersion of 0.26 nm/mm in I order). The work was under-

taken for the Physical Metallurgy Division in their Iso-piestic studies

of Chromium Carbide. This was required for the investigation of carbor-

isation process in stainless steel used as cladding material in FBTR.

The chromium line at 205.55 nm was selected as the suitable

analytical line. The other prominent lines at 267.7 nm, 284.325 nm,

206.149 nm were too close to intense iron lines and affecting intensity

measurements. The method was operated on manual profile mode scanned at

a basic step of 0,002 nm.

The net peak intensity was arrived at, by deducting from the gross

peak, the average background counts, measured in the neighbourhood of tlu>

peak. This net peak is corrected for the "net blank" & plotted against

concentration on a double log graph. Intensity counts, corrected for the

background, but not blank, as obtained from the samples are read on this

graph to arrive at their respective concentrations.

2.2.5 An ICP-AES method for the Determination of V,Ti, Ta and Mb in

Vanadium doped SS-308

3.M. Marathe, S.S. Biswas and P.S. Murty

An ICP-AES method for the determination of V, Ti, Ta and Nb in
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V-doped SS-308 has been developed. The analysis was required by NPC for

Kakrapara project. The matrix constituents emit complex spectra in argon

plasma. Therefore JY-38 THR 1000 sequential spectrometer dispersion

0.26 nm/mm in 1st order was used. Solutions of standards/samples having

concentration of 2 mgs/ml of matrix were nebulised through teflon nozzle

at an uptake rate of 1.8 ml/min and excited in Ar plasma under experimental

conditions given in 2.2.1.

Each solution of the standard/sample/blank was scanned in manual

profile mode with basic step of 0.002 nm. The gross peak intensity and

the corresponding background intensity were noted. From this, net peak

intensity was calculated. For the standards the net peak intensity was

corrected for the net balnk intensity and was plotted against concentration

on log-log graph,, The net signal for the sample read on the graph, gave

its concentration The accuracy wae checked by running certified NBS

standards SRM-1152, SRM-1154 under identical conditions. The values agreed

within 85% - 100%.

2.2.6 Determination of Traces of Eu, Gd, Tb, Dy, Ho, Er and Yb in High

Purity Yttrium Oxide by ICP-AES.

P.S. Murty, S.M. Marathe, S.S. Biswas and P.B. Patil

High Purity Yttrium Oxide is a strategic material in high Tc super-

conductor research and in laser technology. An ICP-AES method has been

developed for determining traces of Eu, Gd, Tb, Dy, Ho, Er, and Yb in Y?0_

in the range of 5-1000 ppm. The RSD of the method ranges from 0.1% to 1.0%.

The standards and sample solutions having matrix concentration of 1 mg/ml

are aspirated into the plasma torch through a pneumatic nebuliser at an uptake

rate of 1.8 ml/min. The RE spectra are excited under experimental conditions

given in 2.2.1.

Programmed channels for Eu, Gd, Dy, Er and Yb are already available
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in JV 48 simultaneous spectrometer and thus measurements were made directly

by them through their programmed channels. Tb and Ho lines are scanned on

JY 38 sequential spectrometer, since these lines were not available in Jy 48

polychromator. The net signals are corrected for their average background

and triplicate measurements made at 10 seconds integration time each. The

average corrected intensities were plotted against concentration on a log.-

log graph to.establish the working curve from which the sample values are

read. The method is capable of analysing Y203of purity better than four

nines.

2.2.7 Determination of Major, Minor and Trace Elements in Copper Alloys

by ICP-AES.

P.S. Murty, S.M. Marathe, S.S. Biswas .and A.V. Sankaran

A method was developed to determine the major constituent copper,

the minor constituents Fe, Pb, Sn, Ni, Zn and traces of Mn, Sb in copper

alloys by Ir.ductivi.ty Coupled Plasma Atomic Emission Spectrometry (ICP-AES).

To determine Cu, Fe, Pb, Sn, Ni, Zn, ten milligrammes of the alloy

were dissolved in 0.5 H HN03 and made upto 100 ml. To determine trace

elements Mn and Sb, two hundred milligrames of the alloy were dissolved in

HNO3 and made upto 100 ml. Standard solutions were prepared in the concent-

ration range 1-10 j*g/ml for minor and 0,5 - 5 p.g/ml for trace elements. The

ICP-AES analysis was performed under the same experimental conditions as in

2.2.1.

Background corrections were applied to arrive at net peak intensities

of the analytical lines. Matrix matched standards were employed for calibration.

The relative standard deviation (RSD) for 1 j*g/ml standard containing
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Fe, Pb, Sn & Zn ranged from 0.2 to 0.9%. The RSD for Sb, Mn & Ni ranged

from l.l to 2.0%. This was evaluated using 0.5 j*«/ml standard.

Elements Fe, Pb & Sn were also determined by AAS. The agreement

between ICP-AES and AAS values was very good.

2.2.8 Determination of Cobalt in Special Type of Steels by ICP-AES.

S.V.N. Bhaskara Rao, S.S. Biswas and P.S. Murty.

Cobalt is added in the range 10-15% to prepare steels for certain

applications in industry. A rapid method which uses only 10 mg of the

steel sample, has been developed to estimate cobalt in the range 5-20%

by ICP-AES., The Co line at 345.3 nm has been scanned on the JY-38 mono-

chromator in order to cover the above concentration range. The relevant

ICP operating conditions are same as given in 2.2.1. The relative

standard deviation (RSD) is *_ 4%. With a view to see the effect of change

in concentration of Fe on the Co line intensity, three standards having

the same Co concentration but different Fe amounts, have been prepared.

The net peak intensity of the Co line in all the three standards remained

the same after applying background correction.

2.2.9 An ICP-AES Technique for the Determination of Trace Impurities in

99.99% pure silver.

R. Venkatasubramanian and P.S. Murty

A quantitative ICP-AES technique has been developed for the

determination of traces of Al, Co, Cr, Fe, Mn, Ni and Pb in 99.99% pure

silver. The salient feature of the method is that it does not involve

the separation of the matrix and hence the method is direct and rapid.

A solution of the sample in the form of powder or metal is

prepared using 1:1 HNO-j (electronic grade) to give a concentration of
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5 tng/ml solution of silver foil (Johnson Matthey L Co). The concentration

of each impurity element in the standard solutions is ranging from 0.0025

)j.g/ml to 0.1 >*g/ml. Standards and samples are run on Jobin-Yvon (JY-48)

inductively coupled plasma spectrometer using the instrumental conditions

mentioned in 2.2.1.

The following analytical lines are used. Al:308.200 nm, Co:243.200

nm, Cr:267.700 nm, Fe:259.900 nm, Mn:257.600 nm, Ni:231.604 nm and

Pb:283.300 nm. The method is being tested by analysing the samples obtained

from special materials plant, Nuclear Fuel Complex, Hyderabad.

2.3 X-RAY FLUORESCENCE

2.3.1 Heterogeneity Effects and the Reliability of X-Ray Fluorescence

Analytical Results : Study on Al2°3 Matrix with Ca, Y, Gd and Th

as Probe Elements.

R.M. Agrawal and S.K. Kapoor

Calibration standards obtained by dry-mixing of components in

appropriate proportions may be compositionally accurate but still may cause

major errors in X-Ray fluorescence analytical results owing to the mismatch

in the degree of their homogeneity with that of the sample. This has been

clearly illustrated in an earlier publication (1) which dealt with the study

carried out using UjOg as the matrix and Ca, Y, Gd and Th as representative

impurity elements. U_Og being a heavy absorber of X-rays, the heterogeneity

effects were expected to be pronounced. For a better understanding of

the problem, the study has been further extended to the light matrix A12O3-

Ca, Y, Gd and Th were retained as the probe elements representing different

atomic number ranges. Low concentration range (0-1500 ppm) of the probe

elements was also retained so that the absorption and enhancement effects

remained negligible and the relations between XRF intensity and analyte

concentrations also remained linear.

Two sets of standards were prepared viz. 'homogeneous' and dry-mixed
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and used to obtain XRF intensity data from which important analytical

parameters were computed.

It has been observed that large anamolies due to the mismatch in

the heterogeneity persisted even with the light matrix A1-0-. The sign

of the errors, however got reversed in going from low-Z analyte in high

Z-analyte in low Z matrix, the magnitude of the relative error depending

on the difference in the Z of the analyte and the matrix, more rigorously

on the differences in their effective absorption coefficients.
*

As a result of these studies, a much clearer picture has emerged.

This required the modification of some of the general inferences drawn

in the earlier study (1) in order to explain the results of both the

matrices.

The role of the binding material and/or the diluent and the

implications in the XRF analytical results of its dry-mixing with the

sample can also be predicted as a resulted of this study.

REFERENCE

1. R.M. Agrawal and S.K. Kapoor

X-ray Spectromet.ry ^6, 81 (1987)

2.3.2 X-ray Fluorescence Determination of Trace Level Rare-Earth in

Nuclear Pure Uranium : Determination on CaF2base after preliminary

Separation & Preconcentration.

R.M. Agrawal, M.J. Kamat, S.K. Malhotra and Rugmini Kaimal.

Rare-earths present at trace levels in nuclear grade uranium can be

chemically separated and finally collected on CaF,, base using calcium as a

carrier and HF as the precipitant. The base CaF offers several advantages

over other carriers such as Y, La etc. They are

- Its X-radiation does not interfere in the determination of any of
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che rare-earths (unlike Y, La and Th)

- Y can also be determined which is not possible when Y is used as

carrier.

- Calcium can be readily obtained in a high purity state particularly

free from rare-earths.

- Sensitivity for rare-earths determination is expected to be high

compared to Y, La or Th base.

- CaF is quite stable (particularly when compared with La-O~) towards

weathering & climatic effects.

Fluoride precipitation has an added advantage. Most of the undesirable

impurities, which are likely to interfere in the rare-earth determination and

if present along with the rare-earths even after their quantitative separation

from uranium, are eliminated during the final stage of coprecipitation of rare

earths as fluorides with Ca as a carrier.

With the above objectives in view, an XRF method has been developed

for the determination of all the rare-earths (14 lanthanides + yttrium) and

Thorium in CaF2> Set6 of 16 standards containing the above 16 analytes were

carefully prepared in a planned way so that the multivariate regression

approach developed earlier, can be used to quantitatively account for the

cases of spectral overlaps encountered in the XRF analysis of rare-earths.

Experimental conditions such as ignition temperature of the precipitate,

nature and proportion of binding material for thick and thin pellets., size

of the pellet and instrumental parameters were optimized and data were obtained.

Important analytical information such as sensitivity, signal to background

ratio, minimum detection & determination limits etc. was then obtained.

Thick pellets of 31 mm dia were used for the general study. Thin

pellets which make use of 20 mg of CaF,, a part of the quantity used as a

carrier with double the quantity of cellulose as binding material were also

prepared and used keeping in view the main objective mentioned earlier.

The information was useful in deciding the preconcentration ratio

required to obtain the desired detection limits of important rare-earths
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on uranium base. The sensitivity achieved with CaF_ base is comparable with

that obtained with Y20^ base. However, other advantages enumerated in the

beginning favoured the use of CaF_ base.

2.3.3 Corrections for Interfering Lines in XRF Analysis :of Thulium Oxide

L.C. Chandola and P.P. Khanna

In our earlier report (1), the line interferences in the X-ray

fluorescence analysis of thulium oxide were included. The present report

therefore gives the complete list of possible line interferences, and the

methods for correction of these interferences.

The true intensity of analyte line is obtained by subtracting the

intensity contribution of the interfering line at the analyte line position

from the total intensity measured at the analyte line position.

For this purpose analyte free standards are prepared and ratios of

intensities of interfering lines at analyte line positions to intensities

of L«(i lines of interfering elements, are determined. These intensity

correction factors are multiplied by Lo(, intensities to get the intensity

contributions of interfering lines.

Thus

IA = IT - Interfering line xI
*
x I t l . ,. .
*• L*<, (interfering element)

l>o( .(interfering element)

= I - K

Where K = Intensity correction factor

I. = True analyte line intensity

IT = Total analyte line intensity
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''interfering line = intensity contribution of interfering line at analyte
line position.

IL a
 ( i n t e r fering element) = Intensity of L a l line of interfering element.

Here it is assumed that L a i of interfering element is iteself inter-

ference free. Otherwise some other intense line of interefering element is

chosen for the purpose.

The intensity correction factors for Lutetium oxide under experimental

conditions (1) given in the Table below.

Table 3.1. Intensity correction factors for interfering lines in Thulium matrix.

Analyte
line

Interefering
line Intensity correction factor

Dy L C

Ko La,

Yb Ln

Lu Lo

Lu

Eu

Tb

Gd L3.

Tb

Ho H3

Eu L a i

Tb Lg1 at Er L a i position

Tb L a i

Gd Lg, at Ho La, position

Tb

Dy

Ho

Hi

Gd

at

Tb

at

Dy

at

Yb L a i

Lu L a l

Lu La,

position

position

position

0.08

= 0.615

0.5

= 0.047

= 0.075

0.2
Ho Lc

REFERENCE
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2,3,4 An X-ray Fluorescence method for the Determination of La, Ce, Pr,

Nd and Sm in plain carbon steels.

R.M. Dixit and S.S. Deshpande

Microalloying of steels with rare earths (RE) is used for desulpher-

ing, deoxidising and for improving the properties of lowalloy or plain

carbon steels. A rapid X-ray fluorescence method (1) for the analysis of

La, Ce, Pr, Nd and Sm in plain carbon steels is therefore developed.

The samples are converted to oxides and then mixed with boric acid

in the ration 1:1 (400 mg each). Double layer pellets are prepared by

pressing this mixture over a primary boric acid pellet. Philips PW 1220

a semiautomatic X-ray spectrometer has been used for the analysis. The

determination range is from 0.005% to 0.2% for all the analytes. The

precision and accuracy of the method have been determined.

The applicability of this method to other types of steels is being

worked out.

REFERENCE

1. R.M. Dixit and S.S. Deshpande

Report BARC No. 1415 (1988)

2.3.5 A Versatile Experimental Facility for the Energy Dispersive X-ray

Tertiary Emission Spectrometry (EDXRTES)

R.i.. Agrawal and B.L. Jangida*

*

A system for the energy dispersive X-ray fluorescence with fluorescer

excitation facility has been designed, fabricated and set up. It consists

of an excitation chamber in which any suitable target can be inserted and

can be irradiated by a high intensity primary X-ray beam from a sealed X-ray

tube powered by stabilised Y-70 (Hilger) x-ray Generator. The chamber is

radiation proof and has the necessary safety interlocks. The secondary

Analytical Chemistry Division.



- 31 -

X-rays from the target can be used to excite the sample placed on the sample.

holder and the tertiary X-rays produced can be indentified and its intensity

measurements can be made with a cooled Si(Li) detector (ORTEC 30 mm /3mm /170

ev resolution at 5.9 kev) with necessary FET preamplifier, spectroscopy

amplifier, 8K channel analyser and other accessories. Provision also exists

for tube collimation and insertion of suitable filters in the path of exciting

(secondary) and tertiary beams. Holders for handling samples in various forms

such as thin, intermediate thickness or thick pellets of different diameters,

films deposited on stretched mylar etc. have also been designed & fabricated.

This system is a versatile system which has the flexibility of select-

ing the energy and intensity of the exciting radiation (by selecting suitable

secondary target material and primary X-ray tube voltage and current) and

accordingly for optimisation of the excitation parameters.

The system has been tested and used in solving some of the problems

which cannot be tackled with the conventional isotope source excited EDXRF.

2.3.6 Determination of Manganese in Plain Carbon Steels and Low Alloy Steels

by Energy Dispersive X-Ray Fluorescence.

R.M. Agrawal

Determination of Mn in steels does not pose any problem with the wave-

length dispersive X-ray fluorescence instruments because they can provide

adequate resolution and dispersion with the use of proper analysing crystal.

However, its determination with EDXRF is problematic. The limited resolution

of Si(Li) detector makes the accurate measurement of the net intensity of Mn

K ^ line difficult, which appears as a small peak at the trailing edge of the

intense FeKo< , which simultaneously appears when the sample is photoexcited

using the conventional sources. Mn Ko is having an almost complete overlap

with FelO . Further complications arise if Cr is also present because of the

overlap of CrKa with
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However, selective excitation capability of the Energy Dispersive

X-ray Tertiary Emission Spectrometry set-up, rendered possible the determin-

ation of Mn in Fe-based alloys containing low percentage of Cr.

CoK^ was used for the excitation of the sample. It was obtained

by the irradiation of the cobalt metal secondary target with the primary

beam from a sealed W-target X-ray tube operating at 20kV 20mA and filtering

out the CoKp by inserting Fe-foil filter between the Co-target and the

sample. The tertiary radiation produced, was analysed with the Si(Li)

detector system equipped with 8k analyser. CoK^ excites Mn & Cr (if present)

withoutexciting the matrix Fe K-radiation, Small intensity peak of FeKo<

. did appear because of its excitation with the part of the continuum scattered

by the cobalt target and the residual intensity of CoKp remaining after

filteration. However, it did not poee any problem in the measurement of MnK,^

intensity and its background. The intensity of MnK^. was measured by collecting

the counts in the appropriate channels for 10 minutes line time. The contri-

bution of CrK^ intensity data of the sample & CrK^/CrKp intensity ratio

(predetermined earlier). The net intensity of MnK^ (after necessary correct-

ion for background and CrKp contribution) was found to vary linearly with Mn

concentration.

Sets of plain carbon steel and low alloy steel standards, obtained

from 'Bureau of Analysed standards' (in the form of discs of 31mm diameter)

were used for plain carbon steels. The accuracy and precision of the results

was found to be comparable with those obtainable with WDXRF. However, the

accuracy suffered as the Cr content of the sample increased and the method

was not applicable for the samples containing high percentage level of Cr.

2.3.7 Determination of Traces of Hafnia in High Purity Zirconia by Energy

Dispersive X-ray Fluorescence.

R.M. Agrawal

Determination of low level concentrations of hafnium in zirconium by
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wavelength dispersive X-ray fluorescence ie difficult due to the interference

of the matrix radiation diffracted in the second order by the analysing crystal

with the analytical lines of the analyte. Hf L<< has an almost complete

overlap with Zr K«< (II order) and Hf Lp has a partial overlap with Zr K A

(II order). Even after pulse height discrimination of the second order matrix

radiation considerably intense background remains against which the weak

signal of Hf-L analytical lines is required to be measured. One of the

methods to overcome this difficulty is to use excitation conditions so that

Zr K-lines are not excited. However, this approach results in the drastic

reduction of the fluorescence intensity of Hf L-lines also which makes

impractical its measurement with WDXRF: spectrometer. EDXRF is ideal for

such measurements as the detector accepts the radiation from a large solid

angle (unlike WDXRF where collimation is needed, resulting in heavy loss of

intensity).

A low power X-ray tube is quite adequate for EDXRF work. If it is

operated at voltages below 18 kV, Zr K-radiation is not excited. However,

the continuum from the X-ray tube scattered by the sample towards the detector

gives high background in Hf L * line's channels. This problem has been solved

by the monochromatic excitation of Hf-L lines with the help of exciting

radiation obtained from suitable secondary targets. Thus when Ge or As are

used as secondary targets, their K<^ lines are capable of exciting Hf LIII

levels only, whereas SeK^ excites only the L-J-J and L I T I levels of Hf. The

use of BrK^ excites all the three sublevels L,., Ljj & L T T T °^ Hf*

Using primary radiation from tungsten target sealed X-ray tube operating

at 40 kV 20 mA, BrK radiation was generated using the EDXRTES set up. Unfilt-

ered Br K-radiation was used to excite the fluorescence radiation of Hf from

the standard thick pellets of 31 mm dia and the XR£ intensity in Hf Lo< channels

was measured with the help of Si(Li) detector system equipped with 8k channel

analyser and other accessories. A set of standards containing 0.01% to 1% Hf

in Zr (on oxide to oxide basis by weight) was used. The multichannel Analyser



was programmed to give the best estimates of background and net intensity

data from Hf-L channels. A 25 minutes live time was quite adequate. Good

linearity was observed between the Hf concentration and Hf L intensity.

A detection limit of 50 pptn of Hf in Zr could be obtained, which compares

favourably with the limits obtainable with the help of WDXRF.

Small intensity of Zr K-lines was also observed because of their

excitation by the continuum scattered by the Kbr pellet but it did not pose

any problem in the measurement of Hf-L lines intensity.

2.4 SERVICE ANALYSIS

S.M. Marathe

Spectrochemical analysis continues to be an important activity of the

Spectroscopy Division. There is a steady increase in the number of samples

analysed each year. The analytical techniques employed are Optical Emission

Spectroscopy by DC arc or Spark excitation, X-ray fluorescence and Infra-red

Spectrophotometry. An Inductively Coupled Plasma (ICP) Atomic Emmission

Spectrometer (Jobin Yvon) with facilities for either simultaneous or sequential

estimation of elements has been installed in our Division in early 1987.

Uranium samples are now routinely analysed for general inorganic trace impurities

(B,Cd, etc.) in the. DC Arc mode on this spectrometer. 308-L type stainless

steels for Nb, Ta, Ti and V (received from Kakrapar), demineralised water for B

(from UMF), steel samples for Cr (from Metallurgy) are a few examples of the

types of samples undertaken for analysis in the Plasma mode. Y2O3, Gd2C>3 and

Dy_O_ are the other types of samples analysed in the Plasma mode for determining

traces of other REs.

The following table gives the break-up of the samples analysed during

the years 1987 and 1988.
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Table 1.1 Break up of service analysis for the years 1987 and 1988

Source

1

Type of Samples
1987

No. of
samples

No. of
Determinations

1988

No. of
samples

No. of
Datermin.it ions

A) BARC
Units

RE oxides U, U03,
UMP(UED) UF 4, Mg, HF, MgF 2

Demineralised
Water.

814

2 3

S.S.Ammo, Chloro
Platinate, Bi Ger-
manate Ni-resistant
material.

6153 932

AFD

Met.

Other
units

of BARC*

U, Al, A 1 2 O 3

Graphite,5.5 B^C

Ag, Ca, Co, Cr,
CuO, Eu 2O 3, Fe, Mg,
Mo, Sn, Ta 2Oc,
V 2 O 5 , WO 3, Quartz
HF residue.

Al, BN, CdO, C r 2 O 3

Cu alloy, Fe, Ni,
UF 6 , Y 2 O 3 , steels.

451

33

49

3108

304

214

461

39

38

462

3185

30 3

B) DAE
Units

IRE

NPC
NFC
KAPP

Oxalates and Oxides
of La, Pr, Nd, Sm,
Eu, Gd, Tb and Y.

j SS, Zn, Pb, Ag

64 341

46

153 92';

18

Total 1418 10166 1627 9446

* Chemistry Division, Engg. Division, Chem.Tech. Division, CWS, Dhruva, DRP, E & I
Group, FRD, Plasma Phys. Division, Phys. Met. Division, Process Instr. Section,
R.Cn. Division, TO & PED, Water Chemistry Division.
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3. ATOMIC, MOLECULAR, SOLID STATE AND LASER SPECTROSCOPY.

3.1 ATOMIC SPECTRA

3.1.1 Isotope shifts in Some Even and Odd configurations of singly ionised

Ytterbium

S.A. Ahmad, Pushpa M. Rao and G.D. Saksena

Isotope Shift studies by earlier workers in singly ionised ytterbium
14

(Yb+) are confined to only four lines (1,2) where transitions of type 4f 6p -

4f 6s and 4f 5d6s - 4 6s were studied and all the four lines studied involved

the ground state

In order to evaluate the isotope shift (IS) of the odd and even parity

levels of Yb+ we have carried out I.S. measurements in 32 spectral lines of Yb+

in the ultraviolet region (3200 - 4100) A. The IS studies were carried out with

highly enriched samples of Yb and Yb excited in the liquid nitrogen cooled

hoi.low cathode and the recording Fabry-Perot spectrometer with etalons coated for

the UV region. Isotope shifts in the following types of transitions were studied.

4f"6s

4f147s

4f136s6p

4f135d6p

4f145d

4f135d6p

4fU6d

4f136s6p

- 4f146P

- 4f146p

- 4f135d6s

- 4f135d6s

- 4f135d2

- 4f135d6s

- 4f135d6s

- 4f136s2

From the isotope shift in spectral lines we have evaluated the level

shifts AT ?172Yb - 17^Yb) in the odd and even parity levels of Yb+. The config-

uration assignements based on earlier experiments and theory are confirmed with
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the IS studies carried out presently. The values of^T for various config-

urations of Yb are summarised in Table 1.1 which are compatible with the IS

of the odd and even configurations of neutral Vb atom (5).

Table 1.1 AT (172Yb -
 176Yb) for odd and even configurations of Yb+

Configurations .&T(172Yb - 176Yb) 10~3 cm"1

Even
83

145

10

0

± 2

+ 10

± 3

Odd

4f136s6p

4f1"7s

4flu6d

4fI35d6p between 0 and 40
depending on configuration
mixing.

4fI36s2 255 ± 10

4fi35d6p • 145 ± 20

4fll46p 10 ± 5

For the odd parity level of 4f135d6s configuration at 38342.02 cm * the

configuration mixing indicated in ( 4) is reflected in its IS value, AT = 125

mk compared to 145 ink for pure 4fl35d6s configuration. The low value of AT

for the odd level at 34784 cm"1 is not compatible with the configuration assigned

to it in (4), on the basis of theoretical calculations.

The even level at 56375.91 cm~lhad been earlier assigned (3) to 4f 6s6p

configuration, which was later revised to 4f135d6p (4) configuration, and AT =

79 ink measured by us for this level indicates a considerable mixing
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of these two configurations,IS measurements in some more transitions of Yb+

in the UV region is in progress.
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3.1.2 Isotope shifts in Pi and D2 Lines of Yb and Relativistic J Dependence

of Field Shifts

S.A. Ahmad, Pushpa M. Rao and G.D. Saksena

Isotope shift studies in the spectrum of singly-ionised ytterbium (Yb )

is very scarce and so far measurements have been reported in only 4 lines,(l,2)

Recently we have carried out isotope shift studies in about 50 spectral lines

of Yb with the following objectives: i) to check the electronic configuration-

of the energy levels of Yb+, and ii) to evaluate the field shifts in Di and D2

lines of Yb in order to check the theoretical prediction of the magnitude of

difference in the isotope shift in 2P1/2 and 2P3/2 levels due to relativistic

effect (3)^ Presently we will be discussing only the question of relativistic J-

dependence of the field shifts in Di and Dz lines of Yb
+

The isotope shifts in heavy elements, due to nuclear volume effect is

mainly for levels involving s-electrons which have appreciable charge density
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at the nucleus. Due to relativistic effect(in high Z elements) there is contri-

bution from P1/2 electron; therefore it is expected that isotope shifts in the

transitions D 2 (ns
 2 S j / 2 - np 2Pi/ 2 ) and D2 (ns

 2Si/i; - np 2133 /2 ) will

be different. This difference can be attributed to a relativistic effect on the

Pi/2 wave function, whose small Dirac component has the character of a radial

s-wave function and thus exhibit a nuclear volume effect. This effect predicts

that the field shift in Di line will be smaller than that in D2 line. The experi-

mental verification of this effect was first shown in the case of Ba (4), and then

also in Fr (5) and Pb+(6),

We have carried out isotope shift measurements in the lines of Yb using

highly enriched isotopes, and the experimental set up is essentially the same as

described in Ref.7, except that etalons with dielectric coating, for UV were albo

used. The Yb transitions investigated are shown in Fig.2.1 and the values of

isotope shifts in Di , D2, Di", and Ci* lines are presented in Table 2.1.

(xl0»

60

50

40

) 30

20

10

0

2SX/2

— 2S1/2

2P3/2

2P1/2

Fig. 2.1 Transitions in which the isotope shifts were measured and the

relevant energy levels of Yb+.
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Table 2.1 Isotope shifts measured in Di, D2, Di', and D2* lines of Yb+

Wavelength Classification* Isotope shift** (10~ cm"

• 1 7 2 , 176Yb) (wzYb - 1 76Yb)

Di 3694.19

D2 3289.37

or 3669.69

D2 4180.80

(A6s, 2Si/ 2 - A6p,
 2P]/2)

(A6s, 2Si/ 2 - A6p,
 zP3/2)

(A7s, 2Si/2 - A6p, 2Pi/2)

(A7s, 2Si/2 - A6p,
 2P 3/ 2)

-83.0 ± 1.6

-74.2 ± 1.5

•10.3 ± 1.1

0

-135.6 ± 1.2

-123.0 ± 1.6

+ 14.7 ± 1.1

+ 3.2 ± 1.8

* "A" stands for 4f1".

** The sign of shift is based on usual convention; positive if heavier

isotope lies on higher wavenumber and vice versa. Our values for Di

and D2 agree with those reported in(l,2J.

As can be seen from the values of isotope shifts, we find that the isotope

shift in D, line is larger than in the Dj, line, which is contrary to the expect-

ation and unlike that in the case of Ba+ , Fr and Pb+ . According to Torbohm

et al(3) with relativistic Dirac-Fock calculations, the value of 4I1AJ MCO) |2

(in units of (a.u)"*3) are 472 and 488 for Di and D2 lines respectively, and

according to their calculations the ratio of the field shift in Dj and D2 lines

should be 0.967. As the specific mass shift is expected to be negligible for

s •*• p transition and not much different for Di and D2 lines (4,6j, with the

normal mass shift values for Di and D2 lines being 2.9 mK and 3.3 mK (1 mK =

10~3cm"1) for (172Yb, 1 7 6Yb) pair, we get the ratio of field shift in Di and D2

lines to be 1.096 which is just opposite to that expected theoretically.



One possible reason for this discrepancy can be that one of the levels

is perturbed and slightly mixed with other configurations. But the measured

Zeeman g-values for z?\/z and 2P3/2 levels are 0.667 and 1.333 which are

exactly identical to the calculated values , showing thereby that possibly

there is no configuration mixing in these levels. Further measurements

involving other stable isotopes of ytterbium is in progress so that the

field shifts in Di and D2 lines could be compared via a King-plot_ Some new

theoretical calculations may be needed to explain the present observations.
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3.1.3 Isotope Shifts and Nuclear Mean-Square Charge Radii of Stable Isotopes

of Gadolinium

A. Venugopalan, S.A. Ahmad and G.D. Saksena

The study of isotopic variation of nuclear mean-square charge radii

$<rz> of gadolinium (Z » 64) isotopes as a function of neutron number is of

importance because the nuclear structure theory predicts (1) a proton sub-

shell closure at Z « 64. Optical isotope shifts (IS) have been studied in the

long mass range 11.2-160Gd using the technique of collinear fast-beam spectro-
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scopy at ISOLDE (2) the isotopes A=142-150 being short-lived. The limiting

factor, in the evaluation of6<r 2> from optical IS, is the evaluation of

specific mass shift (3). So far no evaluation of SMS has been carried out

in optical transitions of Gd. Moreover, the transitions in Gd with expected

negligible SMS, ideally suitable for£<r2> evaluation, lie mostly in the ultra-

violet region not easily accessible by laser spectroscopic techniques.

We, therefore, selected four optical transitions of Gd which lie in

the UV region and expected to have negligible SMS, the transitions being of the

type np ->• ns. Isotope shift studies were carried out in four transitions of

4f75d6p -> 4f75d6s type in singly-ionised gadolinium (Gd+); the selection was

based on the criterion that the levels involved have purest electronic config-

uration possible.

The IS were measured in these four UV lines (Table 3.1), using highly

enriched isotopes and the experimental set up described elsewhere (4), except

that Fabry~Perot etalons coated for ultraviolet region were used. As can be

seen from Table 3.1, the maximum observed isotope shift is in the 3813.97 A

line which shows that the upper level at 26211.9 cm"1 is the purest of all

the 4f 5d6p levels of Gd+ studied so far (4). Therefore, this line at 3813.97

A was selected for investigating the IS of all the even-A stable isotopes of

Gd (A-152, 154, 156, 158 and 160).

Table 3.1 Isotope shift (IS) Aa (1S6Gd - 1 6 0Gd) in UV lines of Gd+

X

(A) Config. E odd

Classification

(cm"1) - Config. E even (cm'1)

IS

(MHz)

3671.20 100% f7ds 633.210D9/2 - f7dp 27864.5 1 0 F u / 2 -3012(45)

3768

3759

3813

.39

.00

.97

n

100%

II

f7ds

M

0

M

.O1 °D5/2 -
II _

it

it

it

27162

26595

26211

.2

.2

.9

I0F9/2

1 0F 7/ 2

1 0F 5/ 2

-3006(60)

-2848(45)

-3220(45)
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The values of IS measured in 3813.97 A line involving all the stable

even-even isotopes (including the rare 152Gd - natural abundance 0.2% and we

used 32.23% enriched sample) are presented in Table 3.2.

Using this data we have evaluated specific mass shift in 3813.9 A line

of Gd using the King plot method (5). We tried to evaluate the SMS in the

Gd line at 3813 9 by making a King plot of the modified X-ray IS values against

those of our measured values. But, since the X-ray IS values were available for

only three pairs of Gd isotopes, this did not give a good fit. A plot of our

modified IS values against the recently reported average &<r2> values (7)

(computed from a large number of IS values reported employing different methods)

for the corresponding isotope pair gave a very good fit. From this we evaluated

the SMS in the transition at 3813.9 to be -150 MHz.

We have evaluated the £ <r2> values using the method described in Ref (3).

We evaluated F 1 5 6' l 6 D + 12.007 GHz/fm2 and using the values of field shifts

obtained after correcting the observed IS for normal mass shift (NMS) and specific

mass shift (SMS), the values of <5<r2> for different isotopic pairs were obtained.

Slight mass dependency of F-factor was taken into account for the various isotopic

pairs. A comparison of our values of c5<r >, with those obtained from the elect-

ronic x-ray IS and the recent mean values of 6><r2> are also presented in Table

3.2 (Ref.7)

Table 3.2: Observed isotope shifts (IS) and field shifts (FS) in the 3813.97 A
line of Gd+; the nuclear mean-square charge radii S < r 2 > from the
present study and earlier studies.

Isotope

(160Gd,
(158Gd,
(156Gd,
(15"Gd,

pair

1 5 8Gd)
1 5 6Gd)
1 5 4Gd)
1 5 2Gd)

IS
(MHz)

-1628
-1577
-2113
-4808

FS*
(MHz)

-1512
-1462
-2000
-4691

6<r2:

Present work

0.
0.
0.
0.

126(4)
122(4)
166(4)
391(4)

>

0
0
0

(fm2)

x-ray6

.154(10)

.144(11)

.203(23)

Meanvalue

1 
O

 
O

 
O

 
O

132(9)
125(12)
165(17)
396(39)

* after correcting for normal and specific mass shift.
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As could be seen from Table 3.2 the values of 6<vz> derived from IS in

3613.97 A line, are in good agreement with the mean values (1) indicating that

our evaluation SMS in the Gd* line at 3813.97 A is correct. Estimation of SMS

in other optical transitions of Gd, taking the IS in 3813.97 A line as reference

and via the King-plot , is in progress. The present study will also enable to

calibrate the IS measured in the long isotopic chain lll2~1S0Gd.
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3.1.4 New Assignments of 4fs5d6s Configuration to Odd Parity Levels of Singly

Ionised Samarium

Pushpa M. Rao, S.A. Ahmad and G.D. Saksena

The known odd parity energy levels of singly-ionised samarium (Sm II)

have only tentative electronic configurations assignments (1) partly based on

the intensities of the spectral lines originating from these levels and partly

on the isotope shifts data reported by Schweighofer (2). With both these appro-

aches, the tentative assignments exist only for 57 out of 306 odd parity levels

known. Isotope shift data, which could be of great help in the classification
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of these energy levels, are available only for 22 odd levels (2).

We have carried out isotope shift studies in Sm II spectra and measure-

ments were carried out using the set up which is essentially the same as des-

cribed in (3). Isotope shifts involving ll<8Sm and 15**Sm have been measured

using highly enriched isotopes (enrichment >96%). The present study has enabled

to evaluate level shifts AT(148 - 154) for 87 odd levels and the detailed analysis

is being published elsewhere (4).

Presently we cover only the new assignments of 4f55d6s configurations to

the odd parity levels in Sm II. The levels at 24257 cm"1, 25385 cm"1,26540 cm"1

and 27263 cm" have been earlier tentatively assigned to 4f66p configuration (1)

and were based on the high intensities of the spectral lines originating from

these levels involving transitions to the levels of 4f 6s configuration as gene-

rally the s -*• p transitions are very intense. The isotope shifts of the four

levels mentioned above (Table 4.1) show that these levels have predominantly

4f55d6s configuration with considerable mixing of 4f66p configuration.

Table 4.1 New assignments of 4f55d6s configuration to the energy levels of Sm II
which were earlier tentatively assigned to the 4f66p configuration.

Earlier work Present work

'*) J Config. Intensity* AT(148 - 154)** Config.***

24257.37 9/2 4f66p? 1600* 411 4f^5d6s
25385.36 11/2 4f66p? 1900° 402 4f*5d6s
26540.12 13/2 4f 6p? 2100^ 382 4f 5d6s
27263.25 15/2 4f66p? 2200d 368 4fs5d6s

* Intensities of the wavelengths of Smll lines a,b,c,d (Ref,5). a = 4390.86 A,
b = 4318.93 A, c = 4256.39 A and d = 4280.79 A. The lower levels of lines
a,b,c and d belong to 4f66s configuration

** The AT values are in the units of 10~3 cm"1. These values are derived
taking the values of AT (148 - 154) in the ground state configuration
4f66s(8F) as 293, and in 4f66s(6F) as 303 (Ref.6).

*** with an admixture of 4f66p configuration.
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It can be seen from Table 4.1 that intensities of the lines increase as

the magnitude of AT goes down. This observation is well explained by the fact

that the decrease in the AT values of these levels of 4f55d6s configuration, is

because of increasing contribution of 4f66p configuration, and this increase is

in the intensity of transitions from these levels to the levels of 4f56s config-

uration.

In Table 4.2 we present those odd parity levels of Sm II which were not

having any configuration assignments earlier. We have arranged them in the incre-

asing order of J and energy values. All the levels listed in Table 4.2 have been

assigned to 4fs5d6s configuration on the basis of AT values evaluated by us.

Table 4.2 New assignments of 4fs5d6s configuration to unassigned odd parity
levels of Sm II.

Earlier work (1)

E (cm ) J

Present work

AT (148 - 154)*

411
415
381
413
406

Config.**

4f55d6s
4f55d6s
4f55d6s
4f55d6s
4f55d6s

26484.66
26974.67
27464.20
28191.96
29801.08

3/2
5/2
111
9/2
11/2

The AT values are in the units of 10~3 cm"1. These values are derived
taking the value of AT(148-154) in the ground state configuration 4f 6s ( F)
as 293, and in 4f66s(6F) as 303 (Ref.6).

Predominant configuration is 4f55d6s with possible admixture with 4f66p
' and 4fs6d2.

Most of these odd levels of Sm II belong to a group of four configurations

(4f66p + 4fs(5d + 6s)z ) for which no theoretical calculation exists. We hope

that the present study which provides the isotope shift values for the odd parity

levels will initiate some theoretical calculations which are needed for under-

standing these odd parity levels.



- 47 -

REFERENCES

1. W.C. Martin, R. Zalubas and L. Hagan, Atomic Energy Levels: the rare
earth elements NSRDS - NBS 60 National Bureau of Standards, Washington
(1978).

2. M.G. Henny - Shweighofer, Thesis (Third Cycle), Univ. Paris, Orsay (1970).

3. S.A. Ahmad, G.D. Saksena and A. Venugopalan, Physica 81C, 366 (1976).

4. Pushpa M. Pfl S.A. Ahmad, A. Venugopalan and G.D. Saksena being communi-
cated to *.. t'hys. D.

5. W.F. Meggers, C.H. Corliss and B.F. Scribner, Table of Spectral Line

Intensities. National Bureau of Standards (USA) Monograph No. 145 (1975).

6. S.A. Ahmad, Pushpa M. Rao/ G.D. Saksena, Z. Phys. D 6, 227 (1987).

3.1.5 Isotope Shift Studies in the Spectral Lines of Singly Ionised Neodymium

(Nd ) in Ultraviolet Region.

S.G. Nakhate, S.A. Ahmad, G.D. Saksena

Isotope shifts (IS) and electronic configuration assignments of as many as

28 even and 92 odd parity energy levels of Nd+ have been reported by us earlier

(1). Recently Blaise et. al (2) have carried out extensive analysis of the spect-

rum of Nd and they also reported IS for a large number of odd and even levels of

Nd based on studies carried out using Fourier transform spectroscopy (FTS). Most

of our IS values for the levels have been confirmed, but for 11 odd levels there

is some disagreement in IS values as well as in electronic configuration assign-

ments as reported by us (1). We have initiated studies to find out the reason

for this disagreement. Both these studies (1,2) were carried out in the visible

region of the spectrum of Nd . There are still a large number of odd and even

parity levels of Nd+ for which neither the isotope shifts nor the electronic con-

figurations are known and most of the transitions involving these energy levels lie

in the ultraviolet region (not covered in FTS studies (2) ). Therefore, we have

initiated IS studies in the UV region.
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The spectrum of Nd excited in liquid nitrogen cooled hollow cathode was

recorded in the 3300A - 3900A region using the grating monochromator of REFPOS.

More than 200 spectral lines mostly belonging to Nd+, have been identified by us

in this region. We have also identified the suitable transitions and energy

levels for which neither isotope shift nor electronic configuration assignment

exist. Further studies and measurement of IS are in progress.
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3.1.6 Energy Levels Isotope Shifts, Hyperfine Structures, Lifetimes, Transition

Probabilities and other Spectroscopic parameters of Neutral Uranium Atom

- Update 1987

S.A. Ahmad, Pushpa M. Rao and B.N. Jagtap

An exhaustive report (1) on the spectroscopic parameters of neutral uranium

tLom, which are relevant to laser isotope separation have been prepared.

Energy levels of neutral uranium atom, derived from both classical and

laser spectroscopy, are presented along with the electronic configurations, iso-

tope shifts, g-values and lifetimes for some of these levels, wherever known.

The energ/ level listings include large number of odd parity levels which have

been found in our laboratory using laser spectroscopic techniques and some of

the results included in this report are yet to be published. Parametric calcul-

ations carried out on low energy levels, and the electronic configuration assign-

ments to some levels based on pattern recognition, are also presented. A master

list of all the known odd as well as even parity levels of U I, with unique

assignment of total angular momentum J, has been compiled. Transition probabilities

relative and absolute values of oscillator strengths, known so far for the spectral

lines of U I spectrum between 2855 A and 9025 A, are reported. Lifetimes



- 49 -

of the odd and even levels, including the high-lying Rydberg and valence states

are listed. The experimental values known to date for photoabsorption and photo-

ionisation cross-sections are also included. Isotope shifts of the energy levels

reported so far are listed, and all the values are normalised to the isotopic pair
238U and 235U. Hyperfine structures investigated so far in the spectral lines of

U I, and the results of analyses of these hyperfine structures, are also presented.

Partition functions of U I as a function of temperature have been calculated using

the known energy levels; and the reported values of partition function calculated

ab initio are included for comparison. The errors and omissions, existing in the

published literature on the spectrum of U I, are pointed out and corrected. All

the known data on spectroscopic parameters of U I have been updated till the end

of 1987.
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3.1.7 Saturation and Polarisation Spectroscopy of Uranium in Hollow Cathode

Discharge.

G.K. Bhowmik, S.A. Ahmad and V.B. Kartha

In order to carry our Doppler-free high resolution spectroscopic studies

in atomic transitions of uranium in a hollow cathode discharge, several experimental

facilities have been set up in our laboratory. The experimental set up for carry-

ing out saturation spectroscopy has already been described earlier (1). Recently

the optics and the signal detection system has been improved. The saturation

signals appear as Doprler-free sharp peaks on the top of broad pedestal (Fig.7.2a).

These pedestals are attributed to velocity-changing relaxation collisions which

tend to redistribute the population of the ground or metastable level atoms over

the original Maxwellian distribution thus reducing the velocity selection of the
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saturating beams, consequently broadening the Doppler-free spectrum. Polarisation

i.'-actroscopy circumvents this problem with same two counter propagating laser beams

as described below.

The polarisation spectroscopy set up in our laboratory is shown in Fig 7.1.

TO CHART
RECORDER TO

RECORDER

Fig. 7.1 Schematic illustration of the experimental set-up for Laser
polarisation spectroscopy.

An atom with velocity Vz parallel to the laser beams sees in its rest frame one of

the laser beam at a frequency V* • V (1 + Vz/C), the other at v" = V (1 - Vz/C).

If the laser bandwidth is negligible, the atom can interact with both beams at

resonance frequency V and Vz • 0, thus eliminating the Doppler broadening. The

strong circularly polarized laser light (after passing through the V 4 plate,

Soleil-Babinet compensator in Fig.7-1) saturates the Am • +1 transitions in the case
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of right-handed circular polarization, consequently the vapour loses its absorp-

tive as well as dispersive power for right handed light and turns from an iso-

tropic to an anisotropic medium. A linearly polarised beam probes this anisotropy

medium. A linearly polarised beam probes this anisotropy in that its plane of

polarisation is tilted if it interacts with the same atom. This is observed

through an analyser (P3) crossed to the polariser (P2).

Saturation spnctroscopy studies, carried out in U t 5915 A transition using

a single mode dye laser with 50 mW power and uranium atoms excited in a hollow

cathode discharge, are shown in Fig 7.2a. The saturation signals obtained under

identical conditions except for different hollow cathode discharge currents of 25,

50,75 and 100 milliamps are respectively indicated as A,B,C and D. As can be seen,

the pedestal keeps on decreasing hollow cathode discharge current which is contrary

to the normal expectation. Further studies to understand this observation are in

progress.
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7.2a Saturation absorption spectrum of U at 591.5 nm.

Fig. 7.2b Polarisation spectra of 2 3 8U at 591.5 nm transition.
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The polarisation spectroscopy signal for the same line of U I (5915 ft)>

shown in Fig 7.2b, was obtained under the following conditions: single mode laser

power = 70 raw, hollow cathode discharge current = 50 milliamp, chopping frequency

= 440 Hz, and time constant of the lock-in amplifier = 30 millisecond. As can be

seen the Doppler pedestal is completely eliminated, and we have estimated that

signal-to-noise ratio is about 800. The full width at half maximum (FWHM) has

been found to.be 40 MHz. We have measured isotope shifts of 20Ne in some lines of

neon and initiated some studies of hyperfine structure of 235U.
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3.1.8 Analysis of Interacting Rydberg Series by Multichannel Quantum Defect Theory.

S.G, Nakhate, S.A. Ahmad, B.N. Jagtap and G.D. Saksena.

The analysis and the exact parametrisation of energies and wavefunctions

of levels pertaining to interacting Rydberg series can he very effectively carried

out using Multichannel Quantum Defect Theory (MQDT); a method developed by Seaton

(1) and by Fano and coworkers (2-4). This method is a bridge between spectroscopy

and collision theory. Since we are planning to carry out experimental studies on

Rydberg states of two electron atoms using laser induced photoionisation and therm-

ionic detection technique, familiarisation with MQDT is essential. With this in

view we undertook, as a test case, the analysis of reported Rydberg state data of

the rare gases Ar, Xe and also alkaline earth metals Ca and Sr. A brief description

of MQDT is given below.

The essence of MQDT lies in separating the effect of long and short-range

interactions between the electron and the ion core. The quantum defect theory
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assumes that there exists a minimum distance rQ between the excited electron and

the ion core such that for r> ro the interactions are purely Coulombic and are

described by Coulomb radial wavefunctions. The short-range interactions in region

r <ro are characterised by eigenquantum defect /-Vand matrix elements Uk*, which

describe the change of coupling between the core and the outer electron when their

distance increases. The "close-coupling" channels reflects the properties of the

inner region while "collision" channels" corresponds to the dissociated system.

For each enerjy level E, MQDT defines an effective quantum number vi for each

ionisation threshold Ii by the relation

E = Ii - R/v£
2 (la)

i = 1 N, for N ionisation limits

i.e. li - R/vf = Ij - R/V? (lb)
i J

where R is the mass corrected Rydberg constant. The set of N-l equations (eqn.

(lb)) determines a line/, in the N-dimensional space of v't.

The discrete levels correspond to a set of i)i values which also satisfies

an analytic relationship

det } Ui« sin (vi +/*<*) Il| - 0 (2)

which insures correct asymptotic behaviour of the wavefunctions. Equations (2)

determines the surface or curveS in the N-dimensional space. The plot between vi

vs. Vj is known as Lu-Fano plot.

We have developed a computer programme to get the values of quantum defects

vi's and to make a Lu-Fano plot. The initial values of ̂  and Ui<* which we will get

from Lu-Fano plot serves as input to an optimization programme which calculates

the exact values a£f*-a and U F by fitting in the experimental points. Optimization

can be done by steepest descent or non-linear simplex method. Using our programme

we have plotted Lu-Fano plots for s+p Rydberg series of Xe and Ar and also &+s and

Rydberg series of Ca and Sr as a test case and calculated the initial values

of eigenquantum defect. Development of optimization programme is under progress.
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3.1.9 Beam - Foil Spectroscopy

P. Meenakshi Raja Rao, G. Krishnamurty, S. Padmanabhan and B.N. Rajasekhar

(a) Spectra of ionized atoms :

Beam-foil Spectroscopic (BFS) investigations of atoms in ionized states

are pursued in continuation of the account of work mentioned in the earlier

reports (1,2) in order to determine the mean radiative lifetimes, oscillator

strengths and transition probabilities. In collaboration with Nuclear Phy-

sics Division, Spectroscopic studies of , 0 II, 0 III and 0 IV ions were

carried out using oxygen ions from 2MV tandem accelarator in the wavelength

region 2000-5000 8 and the results of these studies were published (3).

Efforts are in progress to carry out similar investigations using the ions

of carbon, fluorine and chlorine.

(b) Atomic Polarization studies using tilted foils :

Atomic Polarization studies form another class of experiments in BFS

studies which provide information regarding the polarized nature of the

emitted light. Measurements of light polarization are used in many branches

of science as probes of excited systems. The light being emitted from the

system may be just the scattering of incident light of a particular polar-

ization or the system may have been excited by some other means. The state

of polarization of the emitted light in general provides information on

various spectral anisotropies of the excited system.

It is well known that when accelerated monoenergetic beam of ions passes
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through a thin carbon foil (lO^g/cm2) the emergent beam is left in a very highly

ionized and excited state because of collision through the foil. When the beam

passes normal to the foil strong alignment of the emergent beam takes place. When

the foil is tilted with respect to the beam axis, the axial symmetry is broken and

results in strong orientation of angular momentum of atomic electrons. This anist-

ropy manifests itself as circular polarisation of light in the subsequent decay of

the excited atoms. The percentage of polarisation is proportional to sin" where

« is the tilt angle with respect to the beam axis. The observation and evaluation

of polarised light at different tilted angles provide information about the atomic

polarisation.

The basic polarisation elements of any polarisation measuring system are

retardation phase plate and linear polarizer. A schematic diagram of the proposed

experimental set up consisting of these optical elements is shown in Fig 9.1.
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Fig. 9.1

Schematic experimental
arrangement to measure
circularly polarised
light from an atomic
beam passing through a
tilted foil.
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These experiments are being set up in collaboration with TIFR using 300 keV

accelerator. Beam-foil spectrum of nitrogen ions at different excitation energies

was recorded. Suitable lines were chosen for polarisation studies and experimental

conditions are being optimised for maximum spectral intensity. Further work is

under progress.
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3.1.10 High Resolution VUV spectroscopic facility at INDUS-I

G. Krishnamurty, S. Padmanabhan, P. Meenakshi Raja Rao and B.N. Rajasekhar.

The Centre for Advanced Technology (CAT) at INDORE has taken up the major

programme to develop and construct the Synchrotron Radiation source (SRS) and start

research programme to utilize these facilities. The design and construction of a

450 MeV storage ring (INDUS-I) is already underway and is expected to be commissioned

in another few years. It is planned to utilize one of the beamlines for the High

Resolution Spectral studies for atoms and molecules in the Vacuum Ultra Violet region̂

In order to develop such a facility, efforts are now in progress to examine the

various stages, fore-optics, experimental facilities, Spectrometer data acquisition

systems and high vacuum accessories. Similar high resolution VUV facilities are

existing at the storage rings at SURF-II in NBS at Gaithersburg U.S.A. at Photon

Factory KEK, Japan and at BESSY in West Germany. The merits and demerits of these
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facilities are studied in greater detail to build a beam line to suit the require-

ments of VUV spectroscopists in the country.

1.1.11 Spectroscopic Investigations ona low energy Plasma focus source.

S. Padmanabhan, G. Krishnamurty, P. Meenakshi Raja Rao, R.K. Rout*.
S.K.H. Auluck*, A. Shyam*. '

Optical emission spectroscopy plays an important role in characterisation

of plasmas since the spectrum can give information on parameters like electron

density and temperature.

In our studies, the plasma was generated in a 2kJ low energy Z-pinch Plasma

focus device developed by Neutron Physics Division, BARC. Schematic diagram of this

Plasma focus device is shown in Fig. 11.1. The electrode configuration popularly

known as squirrel cage type consists of an anode (brass) of length 118 mm and 21 mm

dia and surrounded by 12 Copper Cathodes (150 mm long X 6 mm dia). The entire

assembly is housed in a vacuum chamber. Hydrogen at a pressure of 4 m bar was used

as filler gas. A 2.8f^F 50 kV Capacitor having an internal inductance of 40 nH was

used to drive the plasma focus.

The emission from the plasma focus was photographed using a one metre Czerny-

Turner Spectrograph cum monochromator, designed and fabricated in Spectroscopy Divi-

sion (1), This instrument is equipped with a 1200 grooves/mm grating blazed at l\*.

The spectra were recorded in the wavelength region 4000-6000 5 using ORWO NP7

emulsion.

The plasma focus discharge comprises of three phases i.e. 1) the lift off

phase near the insulator 2) run down phase along the anode and 3) the pinch phase,

off the end of the anode. Since the interest was to study the variation of optical

emmission in all these regions, the emitted light from the plasma was photographed

* Neutron Physics Division
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along the cathode to a height of 14 cm., from the base of the chamber at an

interval of 2 cm using a fibre optical light guide.

The spectral features obtained were studied in detail. It was observed

that maximum intensity was at a distance of 12 cm from the base of the chamber,

corresponding to the focus region. Identification of spectral lines showed that

the lines emitted were due to hydrogen, copper, and Zinc. All the lines showed

significant broadening. Besulta of these observations are summarised below.

Stark broadening of H£ anc 'At lines;

The Hg (4861.33 X) and Hr (4340.47 X) lines of hydrogen exhibited large

broadening due to stark effect, consequent of the interaction of radiation with

the electric field created by the ions and electrons in the plasma (2). The half

widths (FWHM) were evaluated for these lines from the densitometric traces which

were of the order 37 A for Hg and 45 A for Hjr" in the focus region. Variation of

half widths along the cathode is evident from the Fig.11.2. These half widths

were used to evaluate t'xe electron density n of the plasma using the following

relation.

= 2.5 X 10~9« h \ z h (1)

where L\k is the FWHM in Angstrom, cĉ  is the shape factor,

—16 ~3
A value of 5,2 X 10 cm was obtained for electron density.

In order to establish that the observed broadening of hydrogenlines was

mainly due to Stark effect, the experimental line profiles were compared with

theoretical line profiles obtained from the Hydrogen Stark broadening tables (3)

for the observed electron density, and it was found that they compare well..

Broadening of lines of the electrode material

Since the electrode material used was brass and copper, lines due to
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TO VACUUM GAUGE

PINCHEO PLASMA

OUTER ELECTRODE
(COPPER CATHODE)
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(BRASS ANODE)
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VACUUM CHAMBER (GLASS)

HYOROGEN (FEW TORfl)

CLASS INSULATOR JACKET

AIR SPARK CAP

CAPACITOR BANK

Fig. 11.1 Schematic diagram of a plasma focu8 device with squirrel cage
electrode configuration.



- 60 -

Znl (4610 534)

,(4861.33 A)
H, (4340 474)

HEIGHT IN cms
FROM CHAMBER BASE

K)

Fig 11,2 Profiles of Stark broadened Ho and Hr lines
(not to the same scale) showing variation
of FWHM with height.
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neutral and singly ionised Cu and Zn were observed in t.ie spectra. They showed

significant broadening. The half widths of the lines were evaluated from densito-

metric traces. Since the broadening of a spectral line can be due to different

broadening mechanisms like Doppler (or temperature) effect, Stark (collision)

effect, natural and instrumental effect (4) a detailed study was made to attri-

bute which of these effects really caused the broadening of lines in plasma. It

was found that the observed half width if attributed to Doppler effect, gave

temperature of the order of few hundred electron volts and Velocities 10 cm/s.

At this temperature and velocity it was difficult to visualise neutral copper and

zinc emissions; further a study of the time variations of intensities of various

spectral lines (5) showed that emission of these lines took place 25/^s after

focus formation, showing thereby the emission of Cu and Zn lines from a cooler

zone of the plasma. Temperature estimation of the source using spectral line pairs

of Cu (6) gave a value of 9000°K. At this temperature Doppler contribution to

line broadening is not significant.

The contribution to line broadening from natural and instrumental line

broadening was evaluated by determining half width of several Cu and Zn lines

emitted from a dc arc and hollow cathode discharge sources. It was evidenL .from

half widths that the line broadening observed in the plasma is significantly

larger than instrumental broadening.

Since contribution from Doppler, natural and instrumental widths were

negligible, it was assumed that the observed line broadening is due to stark

effect. In nonhydrogenic atoms, quadratic ecark -ffect dominates the linear stark

(7). From the half widths the quadratic stark coefficients were evaluated using

the expression,

AX k = 11.4 C 2h V l / 3 n A 2 / r - C~(n) where AX% is the half width,
* t

C quadratic stark coefficient, V is the mean velocity of electron, n is the

electron density and C is the velocity of light.
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It is proposed to continue similar type of studies using different filler

gases and electrode materials.
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3.2 SOLID STATE SPECTRA
3+ •» +

3,2.1 Energy Transfer Studies Between Sb and Ce in YPOu

N.P. Karanjikar and R.C. Naik

Energy transfer studies between ions in solids are useful for pumping

energy in certain levels to obtain efficient laser action. Energy transfer from

Sb3 to Dy3+ in GdPO. was studied by De Hair et al (1). Energy transfer from Pr3+

to Ce3+ in YPOi, by X-ray excited optical luminescence has been studied by us (2).

To study the energy transfer between Ce3 and Sb3 and YPOi,, multicrystals

of YPOi* doped with Ce +, Sb and (Ce + Sb ) were prepared by the method used

by Feigelson (3). The method involves dissolution and reaction of rare earth oxides
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in the flux of high temperature lead pyrophosphate (Pb P 0 ) in platinum crucible.

The flux with rare earth and antimony oxides is heated to 1300°C and after a soak

of 24 hours, wa9 slowly allowed to cool to 950°C and thereafter to room temperature.

The flux was leached out in hot dilute HNO,. Platelets of YPO. crystals contain-
3+ 3 +

ing Sb and Ce were obtained. The following crystals with starting concentrat-

ions of the dopant ions were prepared.

YPO,, (Ce3+ 0.5%)

YPO., (Ce3+ + Sb3+ 0.5% et-:h)

YPO.,

YPOi,

(SI 3+ 0.5%)

(Sb3+ 1%)

The optical absorption spectra of Ce : YPOn and Sb + : YPOi, were recorded.

Table: 1.1 shows the spectral data of these ions.

Table : 1.1 The Spectral Data of

Excitation
Peaks*

nm

Ce3* : YPO., 20J.0

227.1

239.1

252.1

325.1

Sb3*: YPO., 155.0

177.0

189.0

194.0

203.0

230.0

240.0

260.0

Sb3+ and Ce 3 + in YPOn

Absorption
Peaks

nm

214.1

236.1

248.3

283.9

320.6

203.0

230.0

244.0

•Literature data

Emission Peaks
XEOL data

nm

356.1

333.1

274.6

259.7

241.8

228.0

209.0

200.5

300.0

395.0
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XEOL spectra of all the four compounds were recorded at room temperature.

The intensities of Ce3 peaks at 356.1 and 333.1 nm did not show any observable

increase with the increase of Sb3+ concentration. Similarly the intensity of Sb2

emissions at 300.0 and 395.0 nm was not affected by the presence of 0.5% Ce . 1

is planned to carry out similar studies with optical excitation.
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3.2.2 An Experimental Set up for the Determination of Spectroscopic Parameters

R.C. Naik, N.P. Karanjikar, K.H. Ayyar and V.P. Bellary.

Rare-earth doped crystals in which the rare-earth ion cant substitute into

several crystallographic sites are difficult to study by optical spectroscopy.

The multiplicity of sites coupled with the number of optical transitions from

each site results in a complex composite spectrum. The advent of narrow band

tunable dye laser, has however not only made it possible to selectively excite

probe ion luminescence (SEPIL) from specific sites but also has led to the deve-

lopment of analytical methods with very high sensitivity and selectivity. In

the SEPIL method lanthanide ions are incorporated into crystalline lattices as

fluorescent probes by a variety of techniques. The intensity and wavelength

position of the transitions can be used for quantitative and qualitative measure-

ments of the probe ion. The SEPIL experimental set up Fig.2.1 under fabrication

in the Division, is going to be basically similar to what has been used by

J.C. Write et al.

An excimer laser (Lambda Physik EMG 201) pumped tunable dye laser (Lambda

Physik FL 3001/2) with suitable dyes and with frequency doubling will be used as

the primary excitation source. An Oxford instrument flow type liquid helium
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Fig 2.1 Block diagram of experimental apparatus (Dashed lines
indicate light path).

crystal (model F1204) with temperature controller (model 3120) will be used

as a cryogenic refrigerator for cooling the samples. A stepper motor driven

one meter monochromator with microstepping capability and precision motion

control is being fabricated in the Division. Other major components of the

system such as Detection system, box-car averager, pin photodiodes, oscillo-

scopes, X-Y recorder etc., are being procured. Many other minor components

such as different types of sample holders, cryostafc stand, beam splitters

etc., are being fabricated in the Division. A helium recovery line with the

necessary accessories is being laid and tested.

The SEPIL set up when fully developed will be capable of measurement

of the following spectroscopic parameters.
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1. Fluorescence decay times.

2. Radiative and non-radiative quantum efficiencies.

3. Absorbance and oscillator strength measurements of electronic transitions.

4. Detection and determination of site concentrations.

These parameters can be exploited both for the development of sensitive

analytical technique or can be used to get new insights into a number of funda-

mental problems relating to solid materials.

3.2.3 Mult^phonon Emission rate in Pr3+ doped YPOu

R.C. Naik, N.P. Karanjikar and M.A.N. Razvi.

The measured life time X of the excited state of an impurity ion in a

solid is determined by the sum of the radiative rate Wr ( »~~ ) the vibrational

relaxation rate between sucessive levels Wnr (^ ) and the rate of energy migration

VdiifsJJto similar or dissimilar neighbouring ions. Hence the measured rate

can be represented by

(la)

For rare earth doped crystals with a low dopant concentration (il% or lower) it

is generally a valic assumption to neglect the energy transfer term. Hence,

L
Xr

The non-radiative relaxation rate Wnr in dilute crystals is mainly governed by

single or multiphoton emission is ion pair relaxation due to diroers or cluster

centres are absent which is generally true in dilute crystals. The multiphonon

emission rate at temperature T can be expressed by the following formula.

Wnr - Be«*E ( 1-e -£- - * } ^ (3)
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whore B and « are characteristic of the host, hw m a x is the maximum energy of the

optical phonon available in the lattice. AE is the energy gap between the emit-

ting level to the nearest lower level. It requires a simultaneous emission of

P = number of phonons to briage the energy gap of AE.
hwmax

If M.P. emission is the dominant process the calculated W n r should match

the experimental observed rate which can be deduced from eqn. 2 when W and W_

are known.

The tunable range of the Rhodamine 6G laser falls in the *D2-«-
3Hi, trans-

ition of Pr3 which has enabled us to excite the fluorescence from 1D 2 level of

Pr3+ in YPO . The fluorescence decay curves were obtained by directly exciting

the *D2 level and monitoring the
 lD2"+

 3H 5 transition. The results are summari-

sed in Table 3,1.

From our previous excitation spectral studies it was concluded that unlike

in KCl, KBr, LaCla etc., strong multiphonon emission occurs in this lattice from
3Polevel which is separated by ^3500 cm

 1 from the lower lD 2 level. This is sub-

stantiated by the observed M.P. emission rate of M O 6 sec 1 from 3Po deduced

through decay time measurements of fluorescence from 3Po : YPOit . However, in

the present case ' D 2 level is separated by~6300 cm
 l from the lower '&, level.

A calculation using an extrapolated values of ot, B and AE = 6300 cm 1 showed that

M.P. emission rate calculated using eqn.3 turns out to be negligible. This suggests

that the observed life time should be governed only by radiative transitions in

low concentration crystals. This is further supported by the observed temperature

independent decay time for Pr3<f (.2%) : YPO,,. Hence our results leads us to the

conclusion that observed decay time of 140/asec corresponds to the radiative life

time of lD 2 level. This cnn be further confirmed through measurement of quantum

efficiency of fluorescence from 'DZ level which should be nearly unity if non-

radiative transitions from 'Da are negligible. In such a case no fluorescence should

occur from lGH level when !D 2 level is excited. This needn confirmation.
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Table 3.1 : The excitation wavelength (̂ ex ), th-e monitored wavelength

(X ) and observed decay times of Pr doped YPOi* crystals.

Crystal
(Pr +%)

Temper-
ature

exc
Transition Wave-

length
(nm)

Transition Wave-
length
(nm)

YPO,, (0.2%) R.T
2 «

595.4 ' *D •* 3H 705.9 135
2 5

L.N.T. 706.6 140

YPO (2%) R.T

L.N.T.

2 d
595.4 *D •+ 3H 706.0 78

2 5

706.55 94

3.2.4 Pulsed Laser Optoacoustic Spectra of Nd2O3 and Nd: YAG

N.D. Patel and V.B. Kartha

Neodymium is one of the important elements due to its applications as a

high power laser material. The spectral data are obtained from optical fluore-

scence as well as visible and infrared absorptions. With the availability of

the tunable fuised lasers, it has become possible to use pulsed laser optoacou-

stic technique to derive spectral information. The technique is highjj sensitive

and is useful for gaseous, liquid, solid, opaque and crystalline samples. The

OA spectra can be recorded for wide range of temperatures starting from liquid

helium to any higher temperature. It gives information on nonradiative relax-

ation processes.

In present studies, we have recorded OA spectra of Nd2O3 in powder form
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and Nd: YAG crystal at room temperature to record transitions to I*GS. and
2

G7/ states. The spectra have been recorded by using Excimer-laser-pumped

dye (rhodamine 6G) laser covering 571 to 606 nm spectral range with pulsing

rate of 10 Hertz and energy of about 25 mJ per pulse. The transient OA signal
is pre-amplified and is measured by a boxcar integrator. The signal has been

collected for a duration of 0.5 ̂ ts after a delay of 75/48.

For comparison, visible absorption spectrum of Nd:YAG crystal has also

been recorded. The spectra are shown in Fig.4.1.

600 590
WAVELENGTH (nmI

f.JO

Fig 4.1 Optoacoustic spectrum of Nd:YAG crystal using excimer
la«er pumped dye laser source.

Both the absorption and 0A spectra of Nd:YAG compare very well except that to
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some extent they differ in intensity for some of the bands. This behaviour

may be attributed to the characteristics of the upper states, especially to

non-radiative relaxation which generates OA signal.

The spectrum of Nd2O3 in powder form gives the absorption peak positions

for polycrystalline oxide form. The peak values are markedly different from

single crystal. The feasibility of using OA technique to study higher states

by multiphoton excitation is being tried. Also the facility to record low tem-

perature OA spectra is being set up.

3.3 ELECTRONIC SPECTRA AND STRUCTURE OF SIMPLE MOLECULES

3.3.1 Wignpr - Witnur Correlation Rules in Diatomic Molecules

T.K. Balasubramanian, V.P. Bellary and B.J. Shetty

The rules (1) for building the manifold of electronic states of a

diatomic molecule from those of the separated atoms were first enunciated by

Wigner and Witner (2) a long time ago. The validity of most of these rules

are readily demonstrated (3). An exception is the rule relating to the elect-

ronic terms of a homonuclear molecule resulting from two like atoms in identical

atomic states. Here, the important question of the u or g character of the

molecular term is not obvious. In the original paper (2) this point had been

settled by a recourse to group theory. The final conclusions are summarised in

Table 1.1.

Table 1.1 : Molecular electronic states resulting from identical states of
separated atoms.

s + s
\p +1/.
*

*D + *D Singlets AS for >J» + lD, triplets as for JD + '/) , Rnd
quintets like Binplcts

* Whether the Atomic utoto is even or odd is of no importance here, sine*
both «lomr. we in the n n o lUtc.
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We have recently shown (4) that the results of Table 1.1 may be reached

more readily by invoking a simple "model" for a homonuclear diatomic molecule.

In this model we replace the real multielectron atom in the stete |n, LM, Sl>

by a equivalent quasi atom consisting of a single hypothetical particle moving

in an (attractive) central field about a certain centre - the "nucleus". Let

this fictitious particle be endowed with a intrinsic spin S and be in the orbital

state.

LM^e' ^ ' W e m a y t h e n b r i n8 t h e t w o quasi atoms

together to form a quasi "molecule" that is equivalent in many ways to our ori-

ginal molecule. This artefact thus enables us to treat the actual homonuclear

molecule on lines similar to the Heitler - London (H-L) treatment of the H

molecule. It is evident that there exists a unique one to one correspondence

between the electronic terms of the quasi molecule and the real molecule. We

can th< • form the suitably symmetrized H-L wave function ¥ (1,2) * ¥ (1,2).

Xc • (1,2) for the quasi molecule so constructed. The g and u character of the
opm

molecular electronic term is then inferred from the behaviour of ¥ (1,2) under
UKD

inversion at the geometric centre. Following this procedure, we (4) could

derive the entire contents of TableM without explicitly invoking advanced group

theoretical ideas.
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3.3.2 Rotational Intensity Distribution in Orbitally Forbidden Singlet Transitions

in Diatomic Molecules.

T.K. Balasubraraanian and V.P. Bellary

In an earlier report (1), we discussed orbitally forbidden electric dipole

transitions (OFT) in diatomic molecules and the various mechanisms responsible

for their intensities. In this article, we present calculations of the intensity

factors for the orbitally forbidden transitions 1^ - 1̂ . + 1^ - 1_ +.

As pointed out before, the only mechanism that can impart intensities to

singlet OFTs is the Coriolies perturbation H_ + -B(r) (L,J + L J ) which
tor T •• — +

uncouples L from the molecular axis. By including H_ as a perturbation to

first order, we obtain the following perturbed wave function.

F

T ? ̂ * |'A 7 | >+ ci

cohere
Co =

ete.

If more perturbing states are involved appropriate sums over such states should

be used in the calculations. Starting with these, we have derived the rotational

intensity factors for 1- - lr. + and 1. - lj, + electric dipole OFTs. The

results are displayed in Table 2.1,
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Table 2.1 : Rotational intensity factors for lv - lv + and 1. - 1_ + OFTs.
L — It is L

Transition Branch Intensity factor

--V Q (J)

Q (J)

P (J)

R (J)

J(J+1) (2J 1)

(J-1) (J+2) (2J+1)

(J-2)

J(J+2)(J+3)

and l̂ t ™ )*• ± . p- (molecule fixed components of electric dipole
x l y

moment operator).
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3,3.3 Orbitally Forbidden Transitions in Diatomic Molecules;

Rotational Intensities in 3A - 3£ Transitions.

T.K. Balasubramanian and V.P. Bellary

The Herzberg III u.v. system of oxygen molecule (1) involves the trans-

ition A|3A - X3E~ . It obviously violates the electric dipole selection rule

A#L« 0, ±1 and thus constitutes an example of an orbitally forbidden electric
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dipole transition in the sense of our previous definition (2). As pointed out

therein (2) it owes its intensity to mixing of the A and 3£ states with 3TIu,g

states through spin-orbit and orbit-rotation perturbations. On these lines

Kerr and Watson (3) recently derived branch intensity formulae for a 3A(a) -
3£(int) restricting themselves to the Hund's case (a) limit of 3A. Their ex-

pressions contain a total of six intensity parameters - three vibronic trans-

ition moments from spin-orbit effects and three other rovibronic moments reflect-

ing orbit-rotation effects.

The theory developed by Kerr and Watson (3) needs to be supplemented in

two important respects. First, to enlarge the scope of applicability of the

line strength formulae, the Hund's case (a) restriction on 3A will have to be

removed. If this is not done the rovibronic parameters appearing in the branch

intensity formulae of Kerr and Watson (3) cannot be solely attributed to orbit-

rotation effects. Rather they assume the role of "effective" parameters that

would include contributions both from the extraneous orbit-rotation mixing and

from the spin-uncoupling effects originating entirely from within the 3A state.

Secondly, the lowest levels J = 1 and J = 2 of 3A and J = 0 of 3E are exceptional

in that they do not occur in all the three rotational term series of 3A or 3£.

Hence transitions involving these levels will have to be dealt, seperately. On

the other hand in astrophysical situations these low J transitions are of great

practical importance. The line-strength theory developed by Kerr and Watson (3)

does not treat these special cases.

We have therefore derived a fresh line strength expressions for the 27

branches of 3A(int) -3E(int) transition wherein an intermediate coupling treat-

ment of 3A (and, of course, 3I) is incorporated. Also, we have obtained seper-

ate formulae for the exceptional low J transitions. Further, for the sake of

completeness, we have included in our intensity expressions two additional,

higher order rovibronic parameters which enter the theory quite naturally. As

may be expected, the line-strength formulae of Kerr and Watson (3) may be obtained

from ours as a special case.
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3.3.4 Hund's case (c) Tendencies in Diatomic Spectra :

\ - % Electronic Transitions

T.K. Balasubramanian and V.P. Bellary

It is known that the rotational t rms belonging to Hund's case (a) sub-

states and Hund's case (c) states with the same Q can both be represented, to

a good approximation by F(J) = T + B (J(J+1) - £22) + 0 (J)

where 0 (J) takes account of A - or Q- doubling effects. The functional form

of 0 (J) is again to a large extent similar for both case (a) and case (c) sub-

states. It then follows that Hund's case (c) tendencies in the electronic states

cannot be inferred solely by examining the empirical rotational term values,

being indistinguishable from those of case (a) substates.

Theoretically, in a Hund's case (a) substate the spin S and E, the pro-

jection of S on the figure axis are constants of motion in addition to ft, whereas

in case (c) states only Q remains well-defined. Therefore, the distinguishing

characteristics of case (c) state have to be sought in the violation of those

selection rules that are incumbent on the conservation of S and E. It is thus

obvious that the case (c) nature of the electronic states leave their tell-tale

signatures on the rotational intensity distribution in the transitions involving

these states. Hence, there is a need to incorporate in the intensity theory

all the aspects occasioned by Hund's case (c) characteristics, should they be

present. We have initiated systematic work in this direction (1).

Somewhat on these lines, Kopp and Hongen (2) had, earlier, treated the
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intensity problem in |fi| = h "<-*• 1̂ 1 = ^ transitions. In their theory, only

spin-orbit effects were included which led to two intensity parameters (govern-

ing the fi "%••"*% and %•*-»•-% sub transitions) in the expressions. In heavier

molecules this treatment is adequate, the non-inclusion of orbit-rotation effect

being of less consequency because of the smaller rotational constants. In the

lighter molecules orbit-rotation effects are significant but spin-orbit effects

are not and case (c) coupling becomes rarer. Nevertheless, in molecules made up

of moderate Z atoms, situations are conceivable wherein case (c) tendencies become

manifest and spin-orbit and orbit-rotation effects are comparable. We have,

therefore, treated h - h transitions again from first principles wherein both spin-

orbit and orbit-rotation effects are included. The latter effect introduces two

additional rovibronic moments in the intensity formulae.
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3.3.5 Magnetic Dipole Radiation in Diatomic Molecules - Rotational Transitions

within an Electronic State.

T.K. Balasubramanian and V.P. Bellary

Pure rotational or rotation-vibration magnetic dipole transitions (MDT)

although intrinsically weaker than the electric dipole counterparts are important

for homonuclear diatomic molecules for which ordinary electric dipole transitions

are symmetry-forbidden. The high sensitivity that has become possible., by modern

methods of spectroscopic investigations has enabled the observation of such trans-

itions in the laboratory. It is, therefore, essential to update the status of the

theoretical knowledge regarding these transitions so as to elicit maximum inform-

ation from the observed spectra.
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The theire of MDT in diatomic molecules was treated originally by Van

Vleck (1) a long time ago. In that work the emphasis was on magnetic dipole

electronic transitions in oxygen molecule. Our recent investigation (2) of the

rotation intensity distribution in a alA - X3E~ MDT in 0 2 gave us an opportunity

to examine the theoretical aspects of MDT in greater detail. Our analysis re-

vealed several peculiar facets of MDT to which we called attention at a recent

symposium (3). In the present articlev we discuss some of the details pertain-

inj.: to rotational MDTs within a given electronic state.

A diatomic molecule in the vibronic state |As£ ; v j (r)> has a dominant

magnetic moment given by

V * (A + 2Z)uB n Eq. (1)

where u = eh/4ffmc and n is a unit vector along the molecular axis due to which

weak rotational MDTs in this state are possible. A necessary condition for their

occurence is Chat either A f 0 or S + 0, a condition satisfied by some stable

diatomic molecules and many diatomic radical in their electronic ground or quasi

ground states. Since, MDT intensities do not contain unknown parameters like

transition dipole moments, absolute intensities are predictable. Below we dis-

cuss MDT in specific electronic states.

*£ state has h - 0, S = 0 and hence no MDT is possible. 2E state has

S " \t A
 x 0 and hence only a "spin-reorientation spectrum" can result within a

given N doublet. The resulting line strength (3) is

I( QR12(J)) - 4 u£ N(N+l)/(N+%)

As regards rotational MDT in 3Z states (A = 0, S * 1) the intensity problem has

been treated by Tinkham (4). As the next simplest case we treat MDT in Hund's

case (a) and (c) substates which mimic singlets. The possible transitions are

shown in Fig.5.1.
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Fig. 5.1 Pure rotational magnetic dipole transitions within
a Hund's (a) sub-state.

We have derived the following expression for the line strength (3).

I(J+1, * -«-j, ®) « (A + 22)2 Pj (J+l-n) (J+l+fl)/(J+l). We have also derived

closed form expressions for pure rotational MDT in 2A, 3A(A f 0) states with

intermediate coupling. Some typical transitions for 2H(int) are shown in Fig.5.2.

It is worthwhile to note that the "parallel" component Lg + 2Szof the magnetic

dipole operator couples substates with same £2 giving rise to a parallel transition

moment whereas the perpendicular component L+ + S± can couple substates with

AE • AS? • ±1 rfhich gives rise to a perpendicular moment. Both these moments

contribute to the transition intensity. This should be contrasted with the
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J+1

TT[F2U)]

J+1

Fig.5.2 Pure rotational magnetic dipole transitions in a 2n electronic state
with intermediate coupling. Note that |zn Fi(J) > and I'll F2(J) >
are linear combinations of |2II^ J±> and |zII|/2 J±>

the situation for electric dipole transition. The electric dipole operator

i« essentially an orbital operator and the selection rule AS « 0 for the spin

projection excludes cross (perpendicular) moments.

Referring to relation (1), we note that the magnetic moment in the sub-

state |As£; v;(r)> has no dependence on the internuclear distant. This has the

consequence that rotation-vibration MDTs are actually forbidden in the basic

approximation and can occur, if at all, only through indirect mechanisms. These

are essentially of non-adiabatic origin and the details are being finalised.
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3.3.6 Quadrupole Rotation - Vibration Spectrum of Oxygen Molecule

T.K. Balasubramanian, Romola D'Cunha and K. Narahari Rao*

It has long been recognised that electric quadrupole rotation-vibration

spectrum, though intrinsically weak, may be important for the detection of homo-

nuclear molecules in planetary atmospheres,(1,2). Following the recent identi-

fication of a few quadrupole rotation-vibration lines of O2 in the atmospheric

window near 1603 cm'1 (3,4), Rothman and Goldman (5) reported calculations of

positions and intensities of prominent quadrupole lines in the fundamental band

of Oo• In the computation of line intensities these authors chose to treat the

X3£~ state in the limit of Hund's case (b). For transitions involving low rotat-

ional levels this constitutes a serious and yet completely avoidable approximation.

In this context it is useful to recall that in O2(X
3£ ) the spin-splitting para-

meter \Q has the value of 2.0 cm"1 (as against Bo = 1.4 cm"
1). Consequently the

low N levels will exhibit incipient or partial spin uncoupling warranting a rig-

orous intermediate coupling description. In the light of this we have developed

closed form line strength formulae for »Z± - 'I* quadrupole transitions with inter-

mediate coupling. Using these we have recalculated the line intensities in the

quadrupole fundamental band of 02. The results are discussed in this article.

As a first step in the line strength calculation we generalized the results

of Chiu (6) to obtain the 'master formula'

* Dept. Phys., Ohio State University, Columbus, - OH, U.S.A.;
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S.^J'.J) - (2J+1)|Z aiQa'jQ<n
lA'vI|Q2X|nAv> C(J2J;Q\Q'|

2 (1)

In Eq (1) s is the line strength for the transition 2S + ^'(F'U1))
2S+1 \

-*• A'(F^(J)), Q2^ is a component of the electric quadrupole nerator, C is a

Clebsch-Gordon Coefficient ".nd the a's are the elements of the transformation

matrix connection the rotational eigenfunctions |F.(J)> and the case (a) basis

states |nAs£;QJ>. The selection rules AJ • 0, ±1,±2; £Q(=AA for the spin allowed

transitions " 0 + 1, _ 2» g(u) <-+ g(u) a n d +(_) +.+ +(_) for rOvibronic parity

readily follow from Eq.(l),

For 3£~(int) - £~(int) quadrupole transition the selection rules predict

23 branches. It is worthwhile to note that the two branches with AN-±4 (the U-

form and M-form branches) are forbidden in the limit of pure case (b). Substit-

ution of the appropriate quantities in Eq (1) leads to the expressions for the

rotational line strengths 1 eing sought. The relative intensities are governed by

the single transition moment <3E'v*|Q2O|
3£v>. 'Sum rules' obeyed by the line

strengths have also been established.

A computer programme was developed to recalculate the positions and

absorpiton intensities of the rovibrational transitions in the 02 fundamental

from which a stick spectrum has been generated. Predictably, for low N trans-

itions the intensities calculated by us differ markedly from those reported in

Ref,(5). The necessity to incorporate an intermediate coupling treatment is thus

vindicated,
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3.3.7 Theory of W(AJ»6) Transitions in Solid Hydrogen and the 26 - Multipole

Moment of Hz,

T.K. Balasubramanian, R.D'Cunha and K. Narahari Rao*

Solid hydrogen being the simplest molecular quantum crystal provides

a testing ground for theories relating to the physical processes that occur

in such solids. It may be recalled that molecular hydrogen in the condensed

phases exhibits a multipole field induced dipole spectrum in the infrared.

In continuation of our work (1) on the induced i.r. spectrum we have developed

the theory for the absorption intensities of W transitions (2,3) in solid H2.

The results are briefly discussed in this article.

The symbol W stands for a transition in which AJ « J' - J" = +6. J

being the rotational quantum number. Such transitions are necessarily weak

and owe their intensities to the part of the dipole moment induced by the 26

- multipole moment. We have treated the zero-phonon single transitions

W(0) in solid p - Ha, W . (1) in the ortho component of solid n - Hz and the
v«-o v^°
double transition W (0) + Qv Q(0) in solid p - H2. Adopting standard

methods (3) we have derived the following expression for the integrated absorp-

tion coefficient of various W transitions:

3CwcoH =3«nyO/7IQ^IOJ/p-s^/iffi u l s
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Here p is the isotropic part of the polarizability of H2, Qj is the

2 - multipole moment and'a'is the nearest neighbour distance. S73 and S

are suitably defined lattice suma. It is worthwhile to point out that the

expression for £ in eq.(3) is quite general and contains the W+Q transition

as a special case.

The transitions W (0) and W .̂ ,(0) have recently been measured (4)

in solid p-H2. By relating the experimental intensities to the theoretical

formulae Eq.l we obtain

<0,6|Q$ |0,0> • 0.25 e a£ and <l,6|Q6|0,0> » 0.15 e a*

for the rovibrational matrix elements of the 26- multipole moment of the

H2.N0 ab-initio values for these matrix elements are available as yet.

We have also studied the modifications suffered by the line profiles

of W (0) or Wj (0) in the presence of traces (<U%) of ortho H2 impurity in

solid para H2> Like in the case of the UQ(0) or S^Co) transitions (1) the

electric quadrupole-quadrupole interaction between the J"l of ortho and the

J«6, the upper level for W transition in the para-H, host would broaden these

otherwise sharp lines and superimpose a fine structure on their profiles.

Our calculations predict a total of 21 - components. But this satellite

structure is still to be observed.
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3,3.8 High Resolution Studies of the A'lI-X'E* Bands of SiSe

G. Lakshminarayana and B.J. Shetty

The investigations of t'.ie electronic spectrum of silicon monoselenide

(SiSe) forms part of our programme to study the spectra of diatomic molecules

formed by silicon with Group VIA elements, namely SiO, SiS, SiSe and SiTe.

Each of these molecules possesses 19 valence electrons and a systematic study

of their spectra gives insight into their structure.

The electronic spectrum of SiSe consists of three band systems - A ^ -

X !E + (2800-3900A), E XE + - X XS + (2400-2800A and 4000-6200A) and a'lI-X^* (3900-

4200A).(1-3). We have already completed virbational and rotational structure
7ft 80

studies of the E-X bands of Si Se and Si Se. The isotope shift studies and

rotational analyses of these bands have yielded the correct virbational number-

ing and precise vibrational and rotational constants for both the electronic

states involved in this transition. In the present study we have focussed our

attention on the study of vibrational and rotational structure of the A'II-X'E
7ft 80

system of the isotopic molecules Si Se and Si Se.

The emission spectrum of SiSe is produced in a microwave discharge

(2450 MHz, 100 watts) in a sealed quartz tube containing milligram quantities
78 80

of pure elemental silicon and enriched isotopes of selenium ( Se and Se)

and neon gas at ^2 Torr. While the medium resolution spectra have been photo-

graphed on a 3.4 m Ebert grating spectrograph (5.2A/mm), the high resolution

spectra are obtained in the third order to a 10.6m Ebert grating spectrograph

at a dispersion of 0.2 A/nan. The entire A-X system comprising of more than

50 bands have been recorded under high resolution.

The rotational analyses of several bands have been taken up. The bands

whose analyses have been completed are 0-0(3089.31A), 1-0(3052.02A), 2-0

(3015.95A), 3-0(2981.00A), 4-0(2947.18A), 1-1(3106.61A), 0-6(3452.42A), 1-7

(3471.63A) and 2-8(3491.08A). By holding the rotational constants (Bys) of the
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lower state at the microwave values the band origins and the rotational

constants in the vibrational levels of the upper electronic state (A*II) have

been determined by a least squares fit.

Rotational perturbations: Several perturbations in the rotational structure

of the bands analysed have been observed. All these perturbations have been

found to occur in the rotational levels of various vibrational states A H .

No perturbations that could be assigned to the rotational levels in the ground

state '<[X Z ) have be jn observed. A brief description of perturbations observed

in various vibrational levels is given below.

V=0 level: Both the A-components of J=19 of this level have been found to be

perturbed. This implies that the perturbing state should also be a degenerate

singlet state.

V=l level: Several different types of perturbations have beenobserved in this

level. The Q(62) and Q(99) lines have been found to be perturbed, but not the

corresponding P and R lines, indicating that only one of the A-coroponents of

these levels are perturbed. On the other hand, at J=112, perturbation is obser-

ved in both R and P lines but not in the corresponding Q line which suggests that

only one of the A-components is perturbed. For J=87 level, both the A-components

have been perturbed, because the three lines R(86), Q(87) and P(88) involving

this level have been perturbed.

v=2 level: Several perturbations have been observed in this level as well, for

the rotational levels J=38, 76 and 85 both the A-components have been perturbed

as a consequence of which the rotational lines involving these levels,have been

displaced from their expected position for P.Q and R branches. In addition,

there is a perturbation at J-67 which is manifested in the shifting of only the

Q(67) line.

V=3 level: In this level, the rotational lines with J-59 and 73 have been found

to be shifted in all the three branches (P,Q and R). This implies the pertur-
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bations of both the A-components.

\f=U level: Both the A-components of J-61 and 70 have been found to be perturbed.

This perturbation is observed as shift in the corresponding rotational lines- of

P,Q,R branches.

From a detailed analyses of these perturbations the nature of the pertur-

bing states will be determined. Further work on the rotational structure study
78

of the A-X bands of Si Se is continued which will enable us to obtain the vib-

rational and rotational constants for the perturbing states.
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3.3.9 The Rotational Structure Analysis of A II - X E+ System of Silicon Mono-

telluride (SiTe).

G. Lakshmi Narayana, Sheila Gopal and Mahavir Singh

The high resolution study of the electronic spectrum of silicon mono-

telluride forms part of our program to study the ten valence electronic diatomic

systems : SiO, SiS, SiSe and SiTe. The electronic spectrum of SiTe consists of

two band systems, namely, A*II - X*E+ (3100-3900 A) and E1! + - XXZ+ (2400-3000A).

We have undertaken a detailed rotational analysis of the A-X bands.

The natural tellurium contains several isotopes, but only three of them

have significant abundances (i30Te : 34.5%, 128Te : 31.8% : 126Te : 18.7%). In

order to reduce the complexity of tha rotational structure that results from the

presence of several isotopic molecules (Si1 °Te, Si 28Te and Si Te) we have
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used single enriched isotope of tellurium (130Te enriched to 99%). w e have

excited the spectrum in a microwave discharge through a sealed quartz tube

containing milligram quantities of pure silicon, tellurium and noon gas at

a pressure at about 2 Torr. It is found necessary to heat the discharge tube

with an electrical furnace.

All the bands belonging to the A!II - X 2E + system have been photographed

in the 3rd order of a 10.6m Ebert grating spectrograph at a dispersion of

0.2 A/mm. The rotational structure analyses of these bands are in progress. To

begin with the nalaysis of the 2-0 band (3417 A) has been taken up and completed.,

From a least squares fit of the rotational lines, the following constants have

been obtained.

V Q = 29254.885 cm"1

B1 = 0:122476 cm"1 D' =0.843 X lO^cra"1

B" = 0.141259 cm"1 D" = 0.657 X lO^cm"1

The analysis of the remaining bands is in progress.

3.3.10 Spectrum of molecular Hg

M. Singh and R.V. Subramanian

Molecular Hg2 has been a potential candidate for laser-action since a

very long time because it gives an intense broad fluorescence at 3350 A when

excited at high pressures. Unfortunately it has not yet been found to lase.

In the process of understanding the nature of the various electronic states of

the molecule, which is unstable in its electronic ground state, a large number

of stable excited states in absorpition by flash photolysis of Hg-vapour and by

laser excited fluorescence have been discovered. There is a band system at

2343 A observed by earlier workers and also in our laboratory which has not yet

been assigned to any known electronic states of Hg2- We are making experimental

arrangements to study the band system at 2345 A and identify the electronic states
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involved in the transition. Besides this there are a few more weak systems

reported in emission by Takiyama (1952) which are yet to be assigned. For

absorption studies we got fabricated two quartz absorption cells and the fur-

naces and the necessary studies are in progress. We are also in the process

of observing the optogalvanic signals in the discharge products at Hg-vapours

when irradiated by tunable dye-laser pumped by excitner laser.

3.3.11 The B 2£* - X22,+ System of A10

M.D. Saksena, G.S. Ghodgaonkar and M. Singh

An exhaustive study of the rotational structure of a large number of

bands of the well known blue-green system of A10 ( B E - X I transition) has

been completed. In all eighteen bands are analysed. Making use of the data

of these eighteen analysed bands, and the eight bands analysed earlier by Singh

ejt al (1985) and six bands analysed by Sen (1932) - in all the data of 32 bands,

we have determined very precise terra values and the rotational constants of the
2 + 2 +

B I and X I states by a simultaneous least squares fit. These constants, re-

present the best values yet available.

3.3.12 The Spectrum of GaO

M. Singh, G.S. Ghodgaonkar and M.D. Saksena

We have been working on the electronic spectrum of GaO for quite some

time. There is only one band system ot GaO known whose 0-0 band lies at

3890 X. There is uncertainty about the rotational analysis done by earlier

workers. Because of the overlapping of the sequence bands, the rotational

structure gets crowded. Moreover, there are two stable isotopes of Ga nearly

equally abundant *̂  Ga (60%) and *Ga (40%), which make the rotational structure

more complex. In order to analyse the rotational structure unambiguously, it is

necessary to have a high resolution spectra of the single isotope molecules

69Ga0 and 71Ga0. We have photographed the 0-0 band and its sequence of these

two isotopic species on our 10.6 metre Ebert spectrograph and we hope to under-
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stand the rotational structure and give unambiguous analysis.

3.3.13 Broad Band Emission of InBr at 5200 ft

M. Singh, G.S. Ghodgaonkar and M.D. Saksena

Experimental conditions have been optimised to get the broad band

omission spectrum due to InBr at 5200 R in a microwave discharge through a

mixture of Br , N_ and the oxide of indium. From the spectra recorded on the

M.Q. spectrograph it is found that it has a regular line like heads at the

high frequency side. On the whole, the spectrum does not seem to be discrete.

Efforts are being made to record this spectrum on a 1.35 metre Ebert spectro-

graph, which is being recommissioned, so as to find the vibrational structure

lying on the high frequency side, that could help in identifying the emitter.

We have also to see whether this spectrum can be excited in a pulsed discharged

and whether population inversion can be created in the two states.

3.3.14 The Electronic Spectrum of Tellurium oxide

Sheila Gopal, M. Singh and G. Lakshminarayana

The electronic spectrum of tellurium oxide consists mainly of the

strong B3£~ - X3E~ system lying in the region 3000 - 5000 A. In addition

there is a group of weak bands in the region 5000 - 6000A which is attri-

buted to a transition between as yet unidentified excited electronic states

of TeO. On a close examination of the vibrational structure of these bands,

it appears that these weak bands may also involve the ground state (X 2 ).

In order to verify this inference, as also the characterise the electronic

states of these bands, we have undertaken a detailed study of the spectrum

of TeO. The spectrum is excited in a microwave discharge through a quart*

tube containing tellurium metal, oxygen and neon at a pressure of 2 Torr

each. The spectra have been photographed under medium dispersion. These

investigations are continuing.
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3.4 INFRARED AND RAMAN SPECTRA

3-4'1 The Hot Bands of 14NH3 and
 15NH3 in the 16um Region

R. D'Cunha and M.N. Deo

The importance of hot bands of ammonia in the investigation of planetary

and interstellar atmospheres is well recognised. Laser emission in ammonia

has also been reported at several frequencies corresponding to hot band transit-

ions. Correct interpretation of planetary spectra and modelling of the laser

gain require*information on the pump and laser frequencies, their intensities

and transition dipole moments.

Numerous hot band transitions originating from the a^ levels of ^

and NH3 have been assigned in the long-path Courier transform spectra of

ammonia recorded with a white-type multiple reflection cell. These include

transitions to the upper a2\>2, a\>, and sV^ levels. The assignments were carried

using accurate ground state and Vj state energy levels obtained from extensive

analysis of forbidden transitions (1,2). Several hot band transitions in the

16ym region, belonging to the s2V» "*" a\>« hot band were also identified. Laser

emission has been reported at several of these frequencies by Jacobs et al (3)

using two-photon pumping to the a2V2 levels.

Attempts to fit the data to a conventional power series expansion were

not successful and severe intensity perturbations were also observed in this

band. The major source of perturbations as discussed by earlier workers (4) can

be attributed to the x-y coriolis perturbation between the s2V2 and av^ levels

(which has a resonance character) as well as the 1-type interactions within the

V, state. The assignment of some of the high J and low K transitions where the

perturbations are severe, have therefore to be carried out on the basis of the

maximum contributions from the corresponding eigen-vectors. Fig.1.1 shows some

of the typical hot band transitions that have been assigned in the present

studies. Complete analysis of the data would require to take into account all

the perturbations.
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Fig. 1.1 Hot band transitions in 14NH»

(FTS 192m path length 0.1 Torr pressure)
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3.4,2 Analysis of the vg Band of

R. D'Cunha, P.K. Wahi, M.N. Deo, V.B. Kartha and A. Weber

The large dipole-moment of methylene fluoride along with the high density
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of spectral lines in the 10ym region have made it an ideal and efficient infra-

red laser medium. The only high resolution measurements on CH-F- are the laser

Stark spectral measurements on the V, and v~ bands by Tanaka (1) and the

IR-microwave double resonance studies by Petersen et al (2) in the lOjira region.

Taking advantage of the wide spectral coverage provided by Fourier transform

spectrometers, we have extended these studies to other vibration-rotation bands

of CH.F ' . The analysis of the Veband of CH2F- recorded with the Bomem DA 3.002

Fourier transform spectrometer at the National Bureau of Standards, USA is

reported here.

Spectra were recorded in the region 1400-1465 cm with a pathlength

of 5.25 tn and a sample pressure of 0.51 Torr, at an apodized resolution of

0.004 cm . The data were calibrated using water vapour lines in the spectrum.

The CH.F^ molecule is a near prolate asymmetric top with an asymmetry

parameter k= -0.926. The Vg mode ascribed to the CH2 wagging motion gives rise

to an A-type parallel band^ crowded due to overlap of several transitions.

Preliminary analysis was carried out in the P branch region which showed regular

features expected of an A type parallel band and assignments were gradually

extended to the R branch region. Upper state parameters reported by Hirota (3)

from limited microwave measurements were found to be extremely useful in the

initial stages of the analysis. The asymmetry splitting observed at low k*a

values increases with J and could be observed upto Ka=7 in the R branch region.

The data assigned in the P & R branch region upto J » 40 were fitted in the

Watson's A type reduced Hamiltonian in the Ir representation, to obtain molecular

parameters for the upper state. The data could be fitted within the limits of

the experimental accuracy which is ̂ 0.001 cm" .
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3.4.3 Infrared Studies of High Tc Superconductors.

R. D'Cunha and V.B. Kartha

Preliminary studies on the infrared spectra of superconducting samples

of YBa2Cu307, supplied by Metallurgy Division were carried out. Spectra of

sintered pellets were recorded using various techniques on a PE Model 180 1R

spectrophotometer. To determine the conditions for obtaining good quality

spectra that could be used for monitoring the superconducting transition,

attenuated Total Reflectance spectra (ATR), spectra in nujol mull, polythene and

CsBr pellets were recorded. Using a low temperature cell the spectrum of the

sample dispersed in nujol mull were also obtained at liquid nitrogen temperature.

To check the purity of the starting materials employed in preparing the sintered

pellets, infrared spectra of BaC03, Y2O3 and CuO were recorded. Spectrochemical

analysis of these materials confirmed the impurity levels to be below the

tolerance limit.

Infrared spectra of the sintered pellets showed only broad diffuse

features below 550 cm and no significant changes in the spectra could be

observed upto liquid nitrogen temperatures. IR and Raman spectra of a few

samplers doped with 1% copper phosphate were recorded to check the feasibility

of using changes in the spectral features of the phosphate group, to monitor

the phase transition.

3.4.4 Inversion - Rotation Interaction in NHjD - Intensity Perturbations in

the \>2 band.

S.B. Kartha, K. Singh, V.A. Job and V.B. Kartha

An experimental system was set up to do precision measurements of inten-

sities of the high resolution bands of NH- and its isotopic species using the

semiconductor diode laser. In continuation with our earlier high resolution work

on the v band of NH.D (1), intensities of 46 lines of NHnD were measured accur-2 2 Z

ately by direct method with an estimated error of •_ 10%. From a least squares

fit of these intensity data, the a*-s, s-«-a, s«-s and a>*-a transition moements of



- 94 -

NK-D were calculated. The molecular parameters of NtUD in the ground and v^

states were revised and a new set obtained by a simulataneous analysis of the

microwave (2), FTIR (3) and our diode laser data. Using these parameters, we

have calculated the wave numbers and intensities of all the transitions of the

% band of NH9D with an accuracy of +_ 0.0002 cm"
1 and +_ 5% respectively. This

data can well serve as a standard in the region 700 - 1100 cm

The dependence of the intensities of spectral lines on the relative

values of transition moments is illustrated in Fig.4.1. The observed intensit-

ies (Fig.4.1(a)) are very well reproduced in Fig.4.1(b), where all the transition

4O 078 45 878 SO

Fig 4.1 Dependence of the intensities of the spectral lines
on the relative values of transition moments.
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moments have the same sign. As a result of inversion rotation interaction, the

s+-s transition appear strongly even when yss = o, as shown in Fig A.l(c).
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3.4.5 Intensity Measurements of PH^ in the v and v. Sand Region*

R.J. Kshirsagar, Kuldip Singh, Romola D'Cunha and V.A. Job

The PH3 molecule has attracted much attention due to its prescence on

planets like Jupiter and Saturn (1,2) and also for making several theoretical

advances in the field of vibration-rotation spectra. The V-, and V/ bands of

PH~ which overlap in the 10um region have been the subject of earlier studies

(3,4). The two bands are strongly coupled through x-y Coriolis interaction

and Ak = ±3 n interactions with the result that many vibration-rotation levels

are perturbed and large A^ Aj splittings are observed.

Intensities of pure rotational lines of PH^ have been recently reported

(5), but no intensity measurements on the vibracion-rotation lines in the ^2>V4

band region are available. Such intensity data which are useful for several

astrophysical applications, also provide additional information which is normally

not available from the analysis of the frequency data alone. Quantitative measure-

ment of intensities of vibration-rotation lines pertaining to perturbed energy

levels enable the calculation of several interaction parameters and mixing

coefficient.

* Work undertaken in collaboration of J Heyrovsky
Inst. of Phys. Chem. and Electro Chera. Prague
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Intensity measurements of the vibration-rotation lines of PH in the

V2 a n d V4 ^ a n d re8ion were carried out by exploiting the high resolution capa-

bility of the semiconductor diode laser. Intensities were measured by the

direct method which measures the minimum transmission at peak absorption. A

90 cm length cell fitted with teflon stopcocks was used, PH, sample was pre-

pared by pyrolysing the phosphorous acid. Pressure was measured by a capa-

citance manometer and kept in the range of 0.01 to 0.1 torr in order to get the

Doppler limited line profile. For each line, measurements were repeated at

several pressures till consistant values were obtained. Purity of the modes

was checked by saturating each line at higher pressures. The intensities were

calculated from the following equation:

« - lu

where bp is the Doppler half-width Ir and I(o) are the 100% and minimum trans-

mission at the line centre of the absorption profile respectively, p is the

pressure of the gas and 1 is the length of the absorption cell. Values of Ir

and I(o) were directly measured from chart records and calculated values of

b n were used.

Intensities of 57 lines of the V 2 and V^ bands including several AjA2

components in the 906-1196 cm region were measured. The wave numbers and

assignments were taken from ref.(3,4). It is proposed to analyse the data

by taking into account the various vibration-rotation perturbation terms in thn

Hamiltonian.
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Intensities and N2- broadening Coefficients for the a2V2«- svz Band

Kuldip Singh, Romola D'Cunha and V.B. Kartha

Intensities of more than 30 vibration-rotation lines in the P, Q and R
14

branch regions of the a2̂ 2"*" sV2 hot D a n d °f NH3 have been measured using a

tunable diode laser operating in the 860*1025 cm"1 region. The intensities

were measured by employing the relatively faster direct method. The vibrat-

ional and rotational partition functions of ^ H . were also calculated in the

temperature range of 200-600 K and the values were fitted to give empirical

relations which reproduce the partition function with an accuracy of 0.01%.

From the measured intensities, the value of the transition dipole moment was

evaluated (0.274(5) Debye).

Intensity measurements were repated by the equivalent width method for

a few selected lines and were found to compare well with the values obtained

by the direct method (1). N, - broadening coefficients were also determined

for several transitions of the a2\>» *• sv» hot band, in view of their potential

application in the NH, laser development programme. Information on line

intensities and transition dipole moments obtained in these studies are expected

to be useful for modelling of gain in the ammonia laser system (2,3).
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3,4,7 Infrared Laser Multiphoton Dissociation of Thiophene

T.V. Venkitachalam and A.K. Nayak*

The UV photolysis of thiophene vapour ha: ; een widely studied using

* M.D.R.S. Section
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continuous source as well as by flash photolysis. In contrast, no work is

done on the IR photolysis of thes£compounds. In this study we have investi-

gated the IRMPD of thiophene in vapour phase using a TEA CO. laser (100 ns

FWHM).

Thiophene has strong IR absorption bands at 1083 cm~* (v, C-H in plane

bending) and at 1036 cm (v^) which can be conveniently used in the CO, laser

dissociation studiest The multiple photon excitation of this molecule was

studied using opto-acoustic spectroscopy, by tuning the laser thfo'v & v
5 6

bands. From this study the lasing frequency 9R (24) 1081.08 cm"* w a s selected

as exciting frequency in the dissociation experiments. The dependance of

dissociation yields on pulse energy, pulse durations, sample pressure and added

buffer gas was probed. The photo products were identified by both IR spectro-

photometry and Mass spectrometry.

Acetylene and propyne were the major hydro-carbon products under all

experimental conditions. Diacetylene and carbon disulphide were also found

on varying sample pressure and laser energy.

3.4.8 Transition Dipole Moments and Refined Molecular Parameters for the v?

band of OTyi

K. Singh, S.B. Kartha, V.A. Job and V.B. Kartha

On the same lines of our earlier work on NH2D (1), calculations of trans-

ition dipole moments and molecular Parameters were done for the V2 band of ND2H.

Line positions of more than 100 new lines of the V2 band of ND~H were measured

accurately by the diode laser spectroscopy concentrating our attention on those

lines which showed large discrepancies when calculated with the available para-
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meters (2) and the new set of parameters derived by us. The two sets of para-

meters gave widely different calculated values for most of the strong lines that

are not reported in Ref.(2). The other strong lines that are absent in the list

of Ref.(2) are either ,blended lines or those for which |AKa| or |A Ke|> 1. Such

transitions, though expected to be weak normally, derive intensity through inver-

sion-rotation interaction in this case.
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Fig,8.1 Observed and calculated spectra of deuterated ammonia.
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The intensities of several ND H lines were measured quantitatively keeping

the extent of deuteration at *W0% and taking all precautions to avoid any dilution

by the exchange with traces of moisture. The vibrational transition moments were

derived from least square fit of these measured intensities taking the inversion-

rotation interaction into account. A few of the assignments given in Ref.2 weve

revised on the basis of our intensity calculations. The parameters of ND H in

the ground and v« states have been refined by a simulataneous analysis of the

microwave, FT-IR and diode laser data. The calculated line positions of ND-H

using these new parameters have an accuracy better than +_ 0.0002 cm" (3) upto

J=10 and these can be used as excellent standards along with the already avail-

able NH3 (4,5) and NH2D (1) data. More over, the relative intensities of NH-j,

NHoD and ND-H lines can be used to determine the denterium content in partially

deuterated ammonia. Fig.8.1 shows the observed and calculated spectra of

ammonia with 69.5% D and 63.5% D.
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3,4.9 Computer programs for High Resolution Molecular Spectroscopy

V.A. Job

Several computer programs were developed for the analysis of high resolut-
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ion spectra of diatomic, linear, symmetric top and asymmetric top molecules.

Program LINFIT performs a simulataneous least squares fit of several sets of

data of linear and diatomic molecules. The program can handle all singlet

states, &- type doubling, and 2E, 2II, 2A, 3Z and 3IT states. Program SYMFIT

is for simulataneous least squares fit of symmetric top molecules. Perturb-

ation calculations included in the program are z-axis Coriolis coupling, x-y

Coriolis coupling, k~type doubling, Ak = ±3n type interactions, and "±2,+ 1"

"±2, ±2" 1-type resonances. Program SYMTOP calculates the symmetric top spect-

rum with all the above mentioned perturbations.

Program PERFIT carries out a simulataneous least squares fit of asym-

metric top rotational data, Fermi resonance, and x,y and z-axis Coliolis coup-

ling are included in the program. Calculations can be performed in Ir, I ,

IIir or ill representations and 'S1 or 'A' reduction upto 10th order distort-

ion terms included.

Program PERCON computes the frequencies and intensities of perturbed

asymmetric rotors. Output options includes spectrum plotting, partition fun-

ctions, and frequencies and intensities arranged in the increasing or decreasing

order of frequencies, intensities or any of the quantum numbers.

3.4.10 Laser Raman Spectroscopic studies and the Interaction of Drug Dap9one

Model Membranes.

V.B. Kartha, N.D. Patel and S. Venkateswaran

One of the most important factors governing the action of drug in bio-

logical systems is their interaction with lipids, proteins and membranes. We

have carried out infrared and Raman spectra1 studies under various conditions,

to understand the action of Dapsone in biological systems at molecular levels.

Raman spectra were recorded with a spex double monochromator coupled to
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a Wipro PC using 514.5 nm Ar+ laser excitation. Spectral slit widths of 2-4

0111 and powers 50-200 mw at the sample were used depending on the signal

intensity. All spectra were recorded in the step-̂ scan mode.

wave numbers •*

Fig 10.1 Laser Raman spectra of DPPC + Dapsone.

Fig. 10.1 shows the spectra of DPPC and Dapsone mixture which is compared by

adding the seperate spectra of DPPC and Dapsone normalised to 1300 cm band

of DPPC and 1600 cm~* band of Dapsone. The 1000-1300 cm~* bands show consider-

able intensity changes in the mixture. The Dapsone band at 1600 cm"1 also show

a noticeable change in the mixture.
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This is more clear in the difference spectrum Fig.10.2. The changes

wave numbers. •*

Fig 10.2 Laser Raman 'Difference Spectra'

A. DPPC + Dapsone - Dapsone

B. DPPC + Dapsone - DPPC - Dapsone.

in the Ring Vibrational mode, and NH^ rock of Dapsone, and shifts to lower

frequency of the C-H stretching bands indicate that the Dapsone is attached

through the NH- end to the DPPC. The overall increase in intensity in the

1060-1130 cm region indicates that the introduction of the drug stabilises

the lower temperature orthorhombic or monoclinic lattice. The above conclu-

sion is confirmed by the temperature behaviour studied for the C-H stretching

region . The pretransition seems to have disappeared from the drug

+ DPPC and only the melting transition seems to be taking place with the drug.
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3.4.11 Computer Data Acquisition & Processing for Raman Spectral Studies

V.B. Kartha, K.D. Patel and S. Venkateswaran

Raman spectra, studies of biomembranees and especially their inter-

action with drugs require good spectral data which should be processable to

record small shifts and changes in intensity. In order to make a detailed

study of such samples, Spex Ramalog 1401 spectrometer with an ^r+ ion laser

has been interfaced to a Wipro PC and the necessary software has been develop-

ed by our group. For recording a spectrum the starting position, step size,

time of signal collection at each step and range of scan are given to the

computer. The computer then positions the spectrometer to the starting

position and collects the counts at each step at the required interval. For

weak and very weak spectral regions, the spectra are recorded for 'n' number of

times and added automatically to avoid the effect of random fluctuations such

that weak bands could be seen. We have developed programs to find peak posi-

tions and get accurate frequency values using least square fit and quadratic

fit. Normalisation of band intensities and generation of unifrom background

for a set of spectra enables to study the small shift in the peak position

as well as the change in intensity which privdes the interaction effect. The

software for data acquisition, suitable transfer and final processing has been

developed.

We have recorded a number of spectra of model membranes like DPPC,

DPPE, DPLC etc., and DPPC+WATER+DRUG at room temeperature using the above

mentioned programmes and all the frequency values have been obtained.

3,4.12 Laser Raman and Infrared studies of Hydrotopes

S.B. Kartha, V.G.Gaikar*. V-B- Kartha and M.M. Sharma*

Hydrotropes and surfactants are important in many chemical and physical

phenomena such as direct energy conversion, catalysis, micro emulsions, micro-

*UDCT, Bombay
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electronics etc. It is essential to understand the structure-property

relations in such systems so that tailor made samples can be made for special

applications. Laser Raman Spectroscopy is convenient tool for understanding

the properties and interactions of surfactants/hydrotropes at a molecular

level.

Laser Raman spectral studies of two hydrotropes namely, sodium Butyl

monoglycol sulfate (NaBMGS) and sodium comene sulfonate (NaCS) are taken up

with a view to understand the structure-property relations in aqueous aggregates.

Raman spectra of these compounds are recorded both in solid and in aqueous

solutions of different concentrations using Ar excitation on a Spex Ramalog

spectrometer.

Earlier experiments in absorption showed that aggregation in NaBMGS

starts below 0.8M solution. Our studies of the Raman spectra in the CH stretch

region (Fig.12.1) shows that aggregation produces spectral changes. The solid

Fig 12.1

Laser Raman Spectra of
Sodium Butyl Monoglycol
sulfate.
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hydrotrope and the saturated solution show spectra which are very similar

where as a 0,5M solution show sytn.CH2 stretch very much different. This is

an indication that aggregation leads to packing closer to solid state packing.

To understand the nature of the aggregation further, CH,CN was chosen

as a probe molecule. Raman spectra of CH^CN in pure liquid, in water and in

an aqueous solution of the hydrotrope showed different environmental effect.

Further studies on relaxation processes were also started using depolarized

Raman Spectrum.

3.4.13 Core-size Sensitive Resonance Raman bands of Metallooctaethyl Proto-

porphyrin Complexes

Y.A. Sarma

It was observed that the high-frequency resonance Raman' bands of met-

allooctaethyl Porphyrins (MoEP) and metalloproto-porphyrins (MPP) are shifted

to lower frequencies as the metal-nitrogen bond distance increases. These

vibrations possess major contribution from C-C stretching and obey an inverse

linear relationship with core-size and consequently the methine-bridge stretch-

ing force constants also get affected. Various mechanisms were put forward to

explain this observation, like expansion of porphyrin core or doming of the por-

phyrin ring which occurs due to the out-of-plane displacement of the metal ion

from the plane of the porphinato ligand.

In order, to study these core-size effects, the high-frequency resonance

, . „ v v~ v,«. V,. and V)O of iron complexes ofRaman skeletal mode frequencies V2» 3' 10» 11 19 r

octaethyl and?«toporphyrins are examined for their dependence on core-size and

machine-bridge stretching force constants. The force constants of these com-

plexes are estimated from a plot between the centre to pyrrole distances and

the methine-bridge stretching force constants of Ni, Co, Cu and Zn (OEP).

Another plot between these constants and the skeletal mode frequenc.es of MoEP
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and MPP complexes confirm that as the porphyrin core-size increases, the

methine-bridge stretching force constants are reduced and the skeletal mode

frequencies are lowered. These structural correlations are used to determine

the possible expansion, doming or ruffling of the porphyrin core of the

complexes under study.

3.4,14 Laser Ramon Spectra of High Tc Super Conductor Samples and Related

Materials

S. Venkateswaran, S.B. Kartha, N.D. Patel and V.B. Kartha

Attempts were made to record the Raman spectra of sintered pellets of

the high Tc superconductor Bi2 Sr2 CaCu2Ox (prepared by the Chemistry Division

BARC) using Ar laser excitation. Different techniques like rotating disc,

back scattering etc., were tried for both single and multiphase samples.

Spectra of individual oxides that has gone into making the

sample showed excellent reproducible results as reported in the literature.

Fig.14.1 shows the spectra of BijO, powder obtained here using Ar laser excit
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Fig 14.1 Raman Spectrum of Bi 0 •
2 3
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ation and photon counting detection. But, no good spectrum of the super-

conductor pellet as such could be obtained using our existing detection

technique.

All the Raman spectra of these high Tc samples reported in the liter-

ature are recorded using the high sensitive OMA detection system because of

the extremely weak nature of the scattering signal from the superconducting

phase. The difficulty in our obtaining a good Raman spectra of these samples

is due to our less sensitive detection system available with the Ramalog

spectrometer,

3,4,15 Desien and Fabrication of a High Resolution Fourier Transform Spectro-

meter

N.C. Das, V.B. Kartha, R.J. Kshirsagar, C M . Medhekar*.
P.K.S. Prakasa Rao and S.V.G. Ravindranath

A project for developing a high resolution Fourier transform spectro-

meter has been undertaken in order to update the experimental facilities for

spectroscopic research in the division. The working range of the instrument

is 400 cm"1 to 4000 cm"1 with a resolution of 0.004 c m . The following

progress has been achieved.

The heart of the instrument is a scanning type Michelson interferometer

whose optical lay-out has already been finalised. Design and fabrication of

various optical components have been completed and some critical optical com-

ponents have been procured. The basic lay-out of the system is illustrated in

Fig.15.1. Radiation from 1 kW globar source(s) is collected by a high aper-

ture concave mirror (M.) and focussed at the central hole of the plane mirror

(M 9). It is then collimated by the concave mirror (M 2). This collimated beam

* Student, Bombay University
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after being reflected by the plane mirror (Mg) is split into two beams by the

KBr beamsplitter (BSj). One of the beams is retraced back via a plane mirror

(M^) and a cat's eye type of retroreflector consisting of a concave mirror

(M3) and a small convex mirror M?. The other part of the beam is reflected by

the plane mirror (M12> and is reflected by the second cat's eye type of

retroreflector consisting of the concave mirror (M,) and a small convex mirror

(Mg), The two beams reflected by the retroreflector are combined into a single

collimated beam by the beamsplitter (BSD and reflected by the plane mirror

(MjQ^ having a small central hole. This collimated beam passes through an

absorption cell placed between the plane mirror (M,Q) and the concave mirror

(M ). After passage through the absorption cell, the beam is finally focussed

at the MCT or TGS detector kept at the position (D,). In order to obtain the

interferometric signal from the detector one of the retroreflectors consisting

of the concave mirror (M^) and convex mirror (Mg) will be scanned along the

axis through a distance of 1.25 meter.

The reference beam from the stabilised He-Ne laser is passed through

a half wave plate H for adjustment of polarisation azimuth. The laser beam

follows the path of the radiation under study after being reflected by the

small plane mirror m.. The two quarter-wave plates Qj~Q2 *-n t n e two interfero-

meter beams produce right and left circular laser beams. The output laser

beam from the beamsplitter is thus a beam of constant intensity and linearly

polarised the azimuth of which makes continuous revolution during scanning

process. By splitting this beam into two, through the beamsplitter (BS2)

and analysing them with two polaroid analysers (PI) and (P2) at 45 to each

other, one can obtain two sinusoidally modulated light signals in quadrature

for actuating two silicon type photodetectors D 2 and U^. One period of each

signal corresponds to one wavelength path difference between the two arms of

the interferometer. Thus the signal from the photodetector will be used to

measure the path difference.

In order to support all the optical components, several precision mounts
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and a base plate with levelling screw arrangements have been designed and their

fabrication work is in progress in the Central Workshop. For complete stability

of the interference fringes, the whole instrument is to be isolated from ground

vibration. For this purpose a vibration isolation bench with six legs support-

ed on sand boxes has been fabricated. A heavy granite block resting on the

bench will act as a vibration isolation table.

In a-Michelson Interferometer, the detector sees the sum of the recombined

beams. At the zero path difference point, and only at this point, all the frequen-

cies present in the source interefere constructively and the largest signal in

the interferogram called the central fringe, is observed. AS the path difference

increases, the interference adds in a way characteristic of the frequencies pre-

sent and eventually reaches a steady-state DC level. The central portion of the

interferogram contains the low-resolution information about the source, and

the far extremes of the interferogram contains the high-resolution information.

For this reason, it is necessary that the detection electronics for the spectro-

meter have sufficient dynamic range to measure the large signal at the central

fringe as well as the small fluctuations at the extremes.

In order to measure the power requirements of the IR source and to test

the detector and the signal strength at the various points, an interferometer

was set with a lkW globar source and Ge(Au) detector. The input signal from

the detector was fed to a lock-in-amplifier referenced to chopper (600 Hz)

and the output signal observed was 8V p-p at input power of 400W from the source.

The negative bias voltage applied to detector was 200V. The detector system was

thus found to be suitable for our purpose.

The instrumentation required for FTS can be broadly divided into two

categories namely one for instrument servo control to drive the slave carriage,

as well as to position accurately the cat's eye of the interferometer, and the

other for collection and processing of the data. The carriage servo loop consists
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of a position transducer, carriage motor and a tachometer to position the

carriage within an accuracy of +5 microns. The interferometric servo loop

consisting of master oscillator,PZT modulator, SSB generator, DC error signal

generator, linear motor and a PZT, positions the cat's eye at the desired

position while collecting the data.

To generate SSB signal, an amplifier and a phase shifter have been

fabricated-and tested. The amplifier has a gain of 120 at an input of lOOmV

in the frequency range 1 KHz and falls to 112 at 105 KHz. The phase shifter

provides a phase change of 16 to 164 degrees at 70 KHz giving an output of 0.5

Vpp for an input of 0.8 Vpp.

A PZT type P-249.1 procured from M/s. Physik Instruments, GMBH has been

tested for its suitability as a path difference modulator.

A voice coil and a magnet of a loud speaker are procured and tested for

their suitability to move the cat's eye for a small displacement of the order

of few microns with the help of a LVDT and its read out unit. To move the cat's

eye from its inertia an initial power of 2 mWDC (200 mV at 10 mA) is required

by the voice coil and an additional input power of 0.25 mWDC is needed for a

displacement of 3 microns. A suitable power supply for the globar source is

being procured.

For the detection of the infrared signal, development of a suitable

amplifier to provide the required full scale input voltage to A/D converter,

identifying and procuring of suitable signal processing cards and computer

hardware is in progress.

3.5 LASER SPECTROSCOPY

3,5,1 Setting up of a Laser Enhanced Ionisation (LEI) spectrometer for ultra-

trace Analysis

L.C. Chandola, P.P. Khanna and M.A.N. Razvi

The laser optogalvanic (LOG) effect or laser enhanced ionisation (LEI)
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spectroinetry is an ultrasensitive method for detecting atoms and molecules.

The LOG effect is a change in electrical properties of a discharge or a flame

caused by illuminating the discharge or a flame by a wavelength corresponding

to an atomic or molecular transition. In a LEI experiment a sample is aspir-

ated into a flame and atomised. The analyte atom then absorbs its resonance

line provided by a tunable dye laser and is ionised by the collisional process

which are dominant processes in a flame. The collisional ionisation rate for

a flame is often considerably higher than the spontaneous emission rate. An

electric field is applied across the interaction region within the flame by a

high voltage D.C. source to accelerate the charges to a detection electrode.

The resultant current is found to be proportional to the concentration of the

analyte atoms in the sample.

A LEI spectrometer has been assembled in our Division for ultratrace

analysis. A simplified block diagram of LEI measurement system is given in

Fig.1.1. Radiation from an XeCl excimer laser (308 nm) pumps a tunable dye

CHART
RECORDER

ELECTRODE
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Fig 1.1 Block diagram of typical LEI spectrometer.
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laser which then interacts with the flame. When the dye laser wavelength coin-

cides with that of an atomic transition the atom gets excited and subsequently

ionised. The resultant ionisation current is collected by a system in which

the burner head itself is the anode. A double S.S. plate system on both sides

of the flame serves as a cathode to which negative high voltage is applied.

The current so obtained is amplified and fed into a box car averager. The box

car is triggered internally by the laser power source so that the repetitive

LEI signals are recovered from the noise and averaged over a period. The

spectrum is recorded on a chart recorder.

Using this spectrometer the spectrum of element Na was obtained in the

wavelength region 570 - 605 nm. The spectrum is shown in Fig.1.2.

I
o
S
m
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s

-WAVELENGTH (nmj-

Fig 1.2 Optogalvanic spectrum of Sodium

Preliminary experiments have shown a detection limit of lOng/ml of Ma in water.

3.5.2 Laser Optogalvanic Studies of Atoms and Molecules.

Sunanda K., S.D. Sharma and G. Lakstuni Narayana

Even though the optogalvanic effect has been known for a long time, it
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has received considerable attention as a means to study the structure of

atoms and molecules. It has already been demonstrated as a powerful tool

for the high resolution spectroscopic studies. It holds great potential for

the study of molecules under high resolution, especially of such states that

suffer from perturbations and predissociations. It is also eminently suited

for the study of transitions between Rydberg states in a molecule.

When an electrical discharge plasma is irradiated by light, the atoms/

molecules may absorb the incident radiation and thereby bring about a change

in the electrical impedance of the plasma. This is called the optogalvanic

effect (OGE). The change in the electrical impedance of the plasma produces

a corresponding change in the voltage across a resistor in series with plasma.

This voltage change either across the discharge column or the series resistor

provides optogalvanic signal (OGS). In other words, the optogalvanic signal

arises when the impedance of the electrical discharge changes in response to

the absorption of radiation by atoms/molecules present in the discharge. In

general, the OG signal strength and its shape depends on the discharge (current,

pressure, discharge tube radius and the length)of the discharge column. The

OGS also depends on the nature of the state from which the absorption origin-

ates - whether it is a metastable or a resonant state.

For the optogalvanic studies of atoms/molecules, the hollow cathode

discharge, DC discharge and rf discharge are commonly employed because the

electrical noise in all these discharges could be reduced to sufficiently low

levels.

We have employed in our studies hollow cathode discharge through neon-

gas at a pressure of about 4 torr.



- 116 -

Using copper hollow cathode discharge through neon gas we have

observed strong OG signals of the Ne atom lying in the region 570-600

tun, the strongest among them being at 588.190, 594.483 and 597.553 nm.

All these, neon lines exhibited negative OG signals. We have also observed

strong OG signals corresponding to two copper lines at 570.024 and

578.21 nm. These, however, show positive OG signals

Using Uranium hollow cathode operating at a current of about 40 mA

strong 0G signals corresponding to the uranium lines at 591.538 and

597.632 nm have been observed.

We are at present carrying out experiments to record the Optogalvanic

spectrum corresponding to the first positive system (B3D - A3EU) of N2.

3.5.3 Laser assisted excitation energy transfer in sodium dimer

A. Shanna, G.L.. Bhale, M.A.N. Razvi and M.N. Dixit

Extensive studies have been made of the excitation energy transfer

in alkali dimers induced by collisions with other atoms. The energy transfer

could be within the ro-vibrational manifold of the same electronic state

(1-3) or to a neighbouring electronic state (4-6). The cross sections for

all these processes could be quite significant. Thus only 5 Torr of argon

can cause extensive rotational mixing in the Al£u state of I ^ O ) . Similar

results were obtained for the B1!! state of Na2(3). In other instances

alkali dimers after having been pumped to a given electronic state collision_
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ally transfer their energy and one observes a broad emission from an

electronic state other than the pumped one. Examples of this type of

excitation energy transfer includes B-X and A-X emission in Li, after

exciting it to C and B states respectively (6). In a recent work on

, Astill et al (7) observed a quasi-continuous emission in Na2 due to

A1!!* - X Z+ transition following the laser excitation of the B1!! state
u g u

and the subequent B*II -»> (2)*E* excitation energy transfer. We have done
o g

a reinvestigation (8) of the above mentioned excitation energy transfer in

sodium dimer following laser induced excitation to the B̂ II state.

A stainless steel crossed heat pipe shown in Fig.3.1 was used to

Ar+ Laser

Gas inlet

Weld

- Fluorescent region

Monochromator

Fire brick cL=p=b

—- -Woter cooling

Mirror

Fig 3.1 Experimental setup of a stainless steel crossed heat pipe for
containing sodium vapour.
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cpntain sodium vapour around 500°C, The ends of the four arras are water-

cooled and covered with glass windows. A*X emission in 6000A0 - 75OOA°

region is monitored in a direction perpendicular to that of the incident

argon ion laser beam. Fluorescence in sodium vapour is observed when

excited by 5145A°, 4965A°, 4880 A°, 4765A0 and 4579A0 lines of CW argon

ion laser. All these lines excite Na2 molecules to the B
1 ^ state. In

addition to the usual B-OC fluorescence of Na2, a structured emission bet-

ween 6000 8 - 7500 8 due to A1!* - x*£* was observed. This is shown in

Fig S.Ŝ The coarse features of this emission are in agreement with the

observation of Astill et.al.(7). However, the better signal-to-noise

ratio in our measurements has made it possible to identify each of the

peaks in this highly structured emission as shown in Fig3-2. In contrast

20

10

0

o 1

7500 7000 6500
Wavelength (A)

6000

Fig 3.2 A-X emission in Na2 using 4880 8 laser line excitation.
(The running index on horizontal lines represents the vibrational
quantum in A state).
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3.5.4 Three photon resonant ionization in atomic pottasium

A. Sharma, G.L. Bhale, M.A.N. Razvi and M.N. Dixit

Multiphoton resonant ionization (MPRI) came into prominence with

the advent of high power lasers and is currently finding wide use in a

variety of spectroscopic investigations. One important area of its appli-

cation is in the development of a state-of-the-art technique for ultra-

trace analysis. The technique depends non-linearly on the light intensity

producing photo-ions and electrons following in general the In dependence

(I being the photon flux and 'n1 the number of photons absorbed per atom

or molecule). The first direct observation of multiphoton ionization

was reported by Vornow and Delone in 1962 in Xenon atoms(l). With the

introduction of tunable dye lasers the MPRI research has extended to a large

variety of atomic and molecular system.
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to the observation made by Astill et.al., we find tuat most of the A-X

emission can be explained by a few lowr-lying vibrational levels in the

A state< Under identical spectral resolution (10 cm** ) 5145 8, 4765 8,

4965 8 and 4880 A laser lines produce almost the same A*-X emission.

The most likely mechanism for populating the A Eu state is by

collisional transfer of B JIu state population to the (2) E* followed

by radiative decay to the A'2 state. The collisional transfer can be

represented by the equation:

Na2 (B
1^) + X •> Na2 « 2 ) V ) + X (1)

It was argued by earlier workers (7) that colliding partner X is to be

identified by Na atom, our work (8) however shows that argon atoms also

play a significant role in causing the excitation transfer. Under some-

what higher spectral resolution (5 cm ) the A-X emission induced by

4965 A and 4765 A laser lines remains almost the same as the lower resol-

ution of 10 cm"1. However, the A-X emission induced by 4880 8 and 5145 8

laser lines shows further rotational structure within each of the assigned

bands. This is because of the interesting coincidence (8) that 4880 8

and 5145 A laser lines excite mainly those levels that have odd values for

the rotational quantum number J in the ground state X I . These corres-

pond to electronic wavefunction which is antisymmetric with respect to

.the exchange of the two Na nuclei. Collisions do not change this symmetry

and so the Na2 molecules end up with odd J in the (2) E state after

B*n •*• (2)1E+ collisional transfer. Only P and R radiative transitions
U 6

are allowed in the (Z)1!*-* A1!!* decay. Thus only even J levels are populated

in the A E* state. The above explanation for 4880 8 and 5145 laser lines is

to be contrasted with what for 4965 8 and 4765 8 laser lines. These result in

population of both even and odd J values in the A E state and hence the observed

fine structure in A-X emission is last.
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In the present work we report the single colour three photon

resonant ionization (2+1) observed in potassium vapour, Using an exciraer

laser pumped dye laser, wavelengths between 570 nm and 603 nra were used to

populate various Rydberg states of potassium atom by two photon excitation.

Third photon of the same wavelength ionizes the atom. Potassium vapour is

contained in a stainless steel crossed heat pipe oven (2,3) described in

the preceding report. Each arm of the heat pipe oven is 20 cm long and 2

cm in dia. The ends of the three arams are covered with glass windows. Two

of them are for the entry and exit of laser beam. The thrid is for visually

observing the interaction region. Through the fourth port an electrode is

inserted to collect the ions. This is insulated from the body of the heat

pipe . Signal is processed through a box-car averager and plotted on a chart

recorder.

Fig.4.1. shews part of the excitation spectrum obtained by the

detection of electrons produced through photoionization of pottassium atoms

as the wavelength of dye laser is swept between 572 nm and 578 nm. As men-

tioned earlier, various 2S and 2D Rydberg states are populated by two photon

excitation of the potassium atom which the third photon of the same wavelength

ionizes it. Rydberg states upto principal quantum number n ̂  50 are observed.

Fig. 4.2 shows the photocurrent signal in the K ion detection mode.

The smaller background makes visible some additional resonant features which

are not so clear in Fig#4.l.These additional features appear at the position

corresponding to the Rydberg 2P and 2F state of potassium atom. It is well

known that Rydberg electron is easily perturbed by external electric fields.

Population of 2P and 2F states is explained on the basis of Stark mixing

of orbital angular momenta taking place when the Rydberg electron is perturbed

by the applied electric field. To a first order of perturbation, 2P state

mixes with components of 2S and 2D states. Fig 4.2.gives a qualitative way of

estimating the extent of this mixing. Here we compare the three photon
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ionization signal obtained with linearly and circularly polarized incident
2 2

light. Since circularly polarized light cannot excite 4 S - n S two photon

transitions, these resonances are absent as the polarization of incident

light is changed from linear to circular. However, the higher of resonances

due to Stark perturbed 2P states remain unchanged thus implying that the

Stark mixing of the 2F Rydberg state is mainly with 2D states and a vary

little with the 2S states. On the basis of a simple theoretical analysis

mixing coefficients have been quantitatively worked out for the Stark

perturbed 26P Rydberg state.
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4. OPTICS AND THIN FILMS

4.1 OPTICS

4.1.1 Determination of Dispersion of Liquids or Solid Transparent Materials

Using Scatter Plate Interferometer.

R.P. Shukla

An Application of scatter plate interferometer for measuring the

refractive indices of liquids or solid transparent materials is reported.

It has been possible to measure the refractive indices to an accuracy of
-4

about 3 x 10 due to high setting accuracy of the interferometer. By the

use of a set of optical filters, the dispersion of the materials is determined.

A concave mirror of R-number 6.67 and cell length 35 mm has been found to be

suitable for achieving this accuracy.

The scatter plate interferometer described by Shoemaker and Murty (1)

is shown schematically in Fig. 1.1.
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Fig 1.1 Schematic diagram of scatter plate interferometer.
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A collimated beam of white light along with an optical filter falls on the

scatter plate and gives rise to the direct beam and the scattered beam. The

direct beam is focussed on the central region of the concave spherical mirror

where as the scattered beam (I) fills the aperture of the mirror. The direct

beam is focussed back on the scatter plate while traversing the reverse path.

This beam gives rise to a bright spot of light and also a scattered beam (II)

in the reverse direction which in turn acts as a reference beam. The scattered

beam (I) is also focuesed on the plane mirror and it is focussed back on the

scatter plate while traversing the reverse path. This beam passes through the

scatter plate undeviated and acts as a test beam. The interference takes place

between the reference beam and the test beam to produce fringes of equal thick-

ness. The fringe free field of view is obtained for a good mirror when the

scatter plate is exactly located at the centre of curvature of the mirror. The

interferometer is mounted on a carriage or distance measuring device such as a

comparator. The interferometer is set for a fringe free field of view and the

its position is noted on the comparator scale. Now the sample, for example

glass in the form of a parallel plate or a liquid in a glass cell is introduced

in the path of the interferometer (Fig.1.2).
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Fig 1,2 Schematic diagram of the scatter plate interferometer for measuring
the refractive index.
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Consequently the fringe free field of view is disturbed. The interferometer

is now moved away from the mirror inorder to obtain the fringe free field of

view. The second position of the interferometer is noted. The difference

between these two positions gives the displacement D for the wavelength \ of

the opitcal filter. If I is the thickness of the parallel plate, the refractive

index N^ is calcutated by the following equation.

N

The thickness 4t is measured by a micrometer and D io measured by the interfero-

meter.

For measuring the refractive index at the other wavelengths, the above

procedure is repeated and the observations are taken by the use of another

optical filter of the desired wavelength. In this way, the dispersion of the

material is determined.
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4.1.2 Design and Evaluation of Holographic Grating Spectrograph

N.C. Das

Holographic diffraction gratings are now being extensively used in

spectrographs and monochromators due to their specific properities of producing

aberration reduced spectral images. In this report we discuss the construction

principle and resolution properties of two spectrographs using convex and plane

holographic diffraction guatings.

Fig.2.1 shows the construction principle of the convex holographic

gratings. A convex spherical surface M2is coaled with photoresist and is
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Fig 2.1 Construction principle of convex holographic grating.

exposed with two coherent light beams originating from the source points S and

S1 and reflected by the concave mirror M . After exposure and development the

spherical surface is coated with a reflecting material and is kept at the

original recording position M^ , so that it behaves as a diffraction grating

when illuminated by a polychromatic source at S. Then from holographic principle

an aberration-free image of the constructing wavelength \Q will be formed at S

and the zero-order image will be formed at the point S1. Images of other wave-

lengths will be formed on either sides of S and S1 situated OP the flat surface

SS\ Let H be the distance of the recording sources S and S1 from the common

axis AA1 of the concave mirror H1 and convex grating M2 . The image distance H1

for any wavelength * from the axis is given by ^

H- - H £ 2 < VXo > -J
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A ray tracing scheme of the above system has been formulated. Using

this scheme several tangential rays originating from the source point S have

been traced and their intersection points at the image plane SS1 have been

found out. From these ray intersection points image blur^H1 has been estimated

for various wavelengths and resolution AA has been computed by using the follow-

ing equation.

The design parameters of a medium sized spectrograph based on the geometry

of Fig.2.1 is specified as follow :

Speec of the spectrograph : f/10

Radius of the concave mirror M, : 1000 mm

Radius of the convex grating M, '• 500 mm

Distance between M, and M. : 500 mm

Distance of the source points S and S* from the axis : 50 mm

grating size : 50 x 50 mm

Diameter of the concave mirror M. : 220 mm

Construction wavelength : 3638 A

Table 2.1 shows the resolution of the g-pectrographs at various wavelengths

as obtained from ray trace data in which negative values of the wavelengths

indicate that the images are formed in the negative order.

Fig.2.2 shows construction principle of the plane holographic grating

using in-plane Ebert geometry. Two coherent sources are located at the two

points S} and S2 which are equidistant from the axis AA' and lie on the focal

plane of the concave spherical mirror M. Light diverging from the two coherent

sources are collimated by the concave mirror and produce interference fringes on"

glass plate G which is coated with photoresist. After exposure and development,

the glass plate is coated with a reflecting material so that it behaves as a

plane reflection grating when illuminated by a polychromatic beam of light coming

from the source S, . Then an aberration-free image of the constructing wave-

length will be formed at Si and the zero order image will be at S2 . Images of
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other wavelengths will be formed on either sides of S. and S« and will be

focussed on the flat surface S ^ . Image distance for any wavelength from the

axis AA' will be given by eqqation similar to (1). r'or this system also a ray

tracing scheme has been formulated and resolution of the spectral images has been

computed as discussed earlier.

The design parameters of a medium sized spectrograph based on the geometry

of Fig.2.2 has been obtained as follows:
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Focal length of the concave mirror M. : 1000 mm

Grating distance from the concave mirror : 840 mm

Distance of the source S, from the axis (H) : 100 mm

Grating size : 50 x 50 mm

Diameter of the concave mirror (M) : 270 mm

Speed of the spectrograph : f/14.1

Construction wavelength : 3638 A

Table 2.1 Resolution of the spectrograph. at different wavelengths

8 X S** &*

3638

4000

5000

6000

7000

8000

- 1000

- 2000

- 3000

- 4000

0.02

0.07

0.25

0.58

1.24

0.27

0.26

0.13

0.40

0.07

0.22

0.65

1.56

3.27

0.15

0.47

1.20

2.54

* Based on geometry of Fig.2.1.
** Based on geometry of Fig 2.2

Both of the spectrographs have been further evaluated by plotting spot

diagrams. It may be seen that the resolution of the spectrographs near the
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construction wavelength is quite high and they are very much suitable for

using UV-visible region of the spectrum. Detailed analysis of the aberration

properties of the two systems have been published (1,2).
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4.1.3 Design and fabrication of a direct reading spectrometer.

R.P. Shukla, P.S. Murty, S.S. Biswas, P.K.S.P. Rao,
A.V. Sankaran, S.L.N.G. Krishnamachari.

A direct reading spectrometer having seven secondary slits correspond-

ing to sensitive lines of Cd, Ni, Co, B, Mn, Mg and Cr (1 m radius of curvature)

with 2160 grooves/mm has been employed to cover the wavelength region, 2000 - 4000A

in first order . The Paschen-Runge type of mounting has been chosen to obtain

a wider spectral range in I order. Each secondary slit is made of two blades

which are fixed on a rectangular metal frame of lengths 25 mm,width 5mm and

opening 1 mm. The distance between the sharp edges is kept 100 fXm. Each slit

has been examined under a high power microscope for parallelism of its edges;

The slit width has been checked by a comparator which can measure the width to

an accuracy of 1 jxm. Accurate positioning of the seven slits has been done

with the help of hollow-cathode lamps for Cd, Ni, Co, B, Mn, Mg and Cr. Two

types of photomultiplier tubes, R-300 and R-427 (manufactured by M/s. Hamamatsu

Co. Japan) have been employed for the detection. The wavelengths of the seven

elements are : Cd 2288.0 X, Ni 2320.0 X, Co 2432.2 X, B 2497.2 X, Mn 2605.7 8,

Mg 2795.5 X and Cr 2843.2 X. The reciprocal linear dispersion of the spectrometer

in the I order is 4.6 fi/mm. This spectrometer will be used with an inductively

coupled plasma excitation source, the RF generator for which is being built by

TPPED.
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4.2 THIN FILMS

4.2.1 Multipass Absorption Cell for High Power Laser Applications in the

UV Region.

K.V.S.R. Apparao

A multipass absorption cell was designed and developed indigenously

for high power laser photochemistry application in Heavy Water Division.

The cell has a 50 mm aperture with 1 meter fundamental pathlength and 4 to 50 m

variable effective pathlength. The cell, essentially consists of three

spherical mirrors of specially designed shapes with identical radii of

curvature. The two side-by-side or D mirrors are separated from the T

shaped field mirror by a distance of 1 meter in a stainless steel tube. The

mirrors which form the resonator cavity are fitted in kinematic mounts with

necessary aligning, fixing and path adjusting screw controls. The entire

cell assembly consisting of s.s. tube and mirror mounts is designed to work

under high vacuum and it has all the necessary working and service vacuum

ports.

The resonator cavity mirrors of the cell are made of glass which
*

are polished and finished to very a high surface accuracy of better than

X/10 and are coated with absorption free multilayer dielectric films. The

film stack on each mirror surface consists of 41 layers of thin films of

ZrO, and SiO,. The film stack was developed by the method of reactive

evaporation using electron beam gun. All the process parameters were opti-

mised during the evaporation process to reduce the optical losses to less

than 0.5%. The optical thickness of each layer is around quarterwave thick.

The mirror8 thus developed were found to have more than 99.5% specular

reflection in the required 340-360 nm spectral region and the optical losses

were found to be less than 0.5%.

The general design of the cell and fabrication of the optical

components were carried out in the Spectroscopy Division while all the
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mechanical parts of the cell were fabricated, assembled and tested in

H.W.D. The dielectric mirrors were found to withstand ambient chemical

reactants as well as laser radiation of upto 30 MW/sq.cm.

4.2.2 Low Loas Dielectric Cavity Mirrors for 528.7 nm Argon Ion Laser

K.V.S.R. Apparao and N.K. Sahoo

It is well known that Argon ion laser cavity, under favourable

conditions lases at 488.00, 514.5 and 528.7 nm in the visible region.

Since the relative gain of the 528.7 nm transition is very low it is

normally difficult to get the lasing action at this wavelength unless

special measures are tken to reduce the losses to absolute minimum at

528.7 nm and at the same time reducing the gain of the other two competing

losing transitions. The conditions can be achieved in practice by using

cavity mirrors with very low losses (^0.2%) and very high reflection

< >99.8Z) at 528.7 nm and very low reflection (<50%) at 488.0 and

514.5 nm. Since dielectric mirrors with such specifications were not

available commercially a pair of laser cavity mirrors at 528.7 nm were

sucessfully designed and developed indigenously for a specific research

application in Nuclear Physics Division. The mirrors thus developed were

used sucessfully to get 528.7 nm laser output from the Argon ion laser

cavity. The mirrors developed have specifications as given in Table .

Table 2.1: Specifications of 528.7 nm Argon ion laser cavity mirrors
developed in the Division.

Mirror
Type

H.R. Mirror

Output Coupler

Silica
Size
dia(mm)

15

15

substrate
Radius
mm

400

Percentage reflection at
488.Onm

10

65

514.5nra

40

80

528.7 nm

99.8

99

Percentage
transmiss-
ion at
528.7 nm

0

1.0



- 134 -

4.2.3 Low Loss Soft High Index Optical Thin Films for UV Applications.

K.V.S.R. Apparao and T.C. Bagchi

Knowledge of optical losses and constants of thin films is essential

for the development of low loss thin film devices for different laser and

F.P. interferometer applications in UV region 200-400 ram. Such applications

require suitable high index (n>2.0) optical films with extinction coefficient

(k<5 X 10 ). Very few high index films are known to be suitable for UV

region and even those reported have to be developed using E.B. Gun and the

films are hard which cannot be removed easily without damaging the substrate

surface. For some applications one prefers a low loss soft film which can be

easily removed from the substrate after use.

Only one film material, namely S D 0,» is reported so far for such

applications in the UV region. The reported Sb2O~ films were in general

inhomogeneous and absorbing heavily below 350 nm. Since no possible reasons

were reported for such defective films, systematic investigations are being

carried out to determine the factors responsible for the defects and to

imporve the quality of Sb2Oj film, if possible, by preparing them with

optimized evaporation parameters. Experiments carried out so far are encour-

aging and indicate that SbjO, films prepared at controlled low rate of eva-

poration in presence of oxygen ambient, show less losses compared to the

normal films. Further work on the dependence of optical losses of Sb_O,

films on rate of evaporation, oxygen ambient and substrate temperature is in

progress.

4.2.4 Design, Development and Fabrication of Optical Thin Film Devices

K.V.S.R. Apparao, N.K. Sahoo, T.K. Kunchur and T.C. Bagchi

Indigenous development of thin film devices like dielectric H.R.

Mirrors, A.R. Coatings, beam combiners, beam reflectors, beam dividers,

laser mirrors etc., for different front line research applications using

lasers in the wavelength region from UV, visible to I.R. regions present

some problems. Selection of appropriate thin film materials having the



Table 4.1: Optical Thin film devices developed indigenously in the Division

S.No.

1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Type of Optical
Thin film device

2

A.R. Coating

A.R. Coating

A.R. Coating

A.R. Coating

H.R. Coating

H.R. Coating

Beam Combiner

A.R. Coating

50/50 Beam Splitter

40/60 Beam Splitter

50/50 Beam Splitter

40/60 Beam Splitter

Beam Combiner

H.R. Coating

50/50 Beam Splitter

MgF & SiO Coatings

H.R. Mirror

Output Coupler

Number
of

devices

3

8

8

6

2

2

1

2

8

2

2

2

2

2

3

2

6

1

3

Developed
for

4

MDRS

MDRS

MDRS

MDRS

MDRS

MDRS

MDRS

MDRS

MDRS

MDRS

MDRS

MDRS

MDRS

L.D.

L.D.

L.D.

N.P.D

N.P.D

Substrate

Material

5

B.S.C

B.S.C

Fused Silica

Fused Silica

Fused Silica

Fused Silica

Fused Silica

B.S.C

B.S.C

B.S.C

B.S.C

B.S.C

Fused Silica

Fused Silica

B.S.C

Fused Silica

Fused Silica

Fused Silica

Shape

6

Lenses

Prisms

Prisms

Prisms

Flats

Flat

Flats

Prisms

Flats

Flats

Flats

Flats

Flats

Flats

Flats

Flats

Flat

Concave

Working

Angle of
incidence
in degrees

7

0

0

0

81

45

0

45

0

45

45

45

45

45

45

45

0

0

0

Wavelength
range in
ntn

8

400 -

560 -

550 -

550 -

510 -

490 -

• 700

600

• 700

• 650

- 610

- 590

590/512

450 •

532

532

355

355

- 650

510/578

632

632

400

530

530

- 800

UI



19

20

21

22

H.R. Mirrors

40/60 Beam Splitters

Al, Au and Ag
Coatings

Al, Au and Ag
Coatings

6

5

>150

>100

H.W.D

I.I.T
(Bombay)

S.D, MDRS,
R.C.D, N.P.D,
H.P.D, D.R.P.

S.D, MDRS,
R.C.D, H.P.D,
R.C.D, N.P.D,
H.P.D, D.R.P.

Fused

B.

B.

B.

Silica

S.C

S.C

S.C

Concave

Flats

Flats

Concave

0

45

340 - 360

632

UV, Visible
and I.R.

UV, Visible
and I.R.
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required optical and mechanical properties, knowledge of their optical

constant* and their complex dependence on various process parameters are

some of the problems. Such details regaring the film properties and process

parameters, which are different for different thin film devices, are not

available readily in the literature and have to be evaluated for each

device.

To develop the required thin film devices, studies have been carried

out to evaluate all the necessary process parameters for different thin film

materials used for the device. Using the optimised parameters data, low loss

and hard thin film devices were designed, developed and fabricated to meet

the specific needs of different research activities of B.A.R.C. and I.I.T.

Bombay. Some of the devices indigenously developed successfully are listed

in Table . '

4.3 Fabrication of Optical Components

The optical workshop fabricated a number of optical components useful

for many research and development programmes of the division. These included

prisms of different sizes, optically plane parallel plates, optical flats,

spherical mirrors and lenses. High quality mirrors, windows, beam splitters

and Brewster windows were also fabricated for use in the development of lasers

and Fourier Transform Spectrometer.

A few jobs were done for various divisions of B.A.R.C, and others

as indicated below:
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Sr.No.

1

2

3

4

5

6

7

Division

Nuclear Physics Division

Nuclear Physics Division

Radio Metallurgy Division

T.P. & P.E.D.

Chemistry Division

Laser Division

School of Physics, Madurai
Kamraj University.

Nature of Job

Polishing of Laser mirrors

Polishing of Brewster ends

Polishing of CaF_ windows

Polishing of CaF2 windows
and Sodium Niobate crystals

Testing of Diamond Wedge
plates

Testing of optically plane
parallel plates

Cutting, grinding and polish-
ing of glass plates

Qty.
(Nos.)

6

10

2

10

2

30

16
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5. ELECTRONICS

5.1 ELECTRONIC INSTRUMENTATION

5.1.1 Semi-automation of Microphotometer

H.S. Dua, S.V.G. Ravindranath and P.K.S. Prakasa Rao

In continuation of the work reported in the Divisional Progress Report

for 1985-86 (BARC-1368, p223, 1987), an IBM compatible personal computer has

been procured and coupled to the Carl-Zeiss microphotometer through an inter-

face under the control of a software program written to facilitate the data

collection, storage and processing of spectral line intensities (1).

The block schematic of the IBM-PC based microphotometer is shown in

Fig.1.1

PHOTOCELL

MOTOR

1 ^

12 V X RELAYS
AND

LEVEL
TRANSLATOR

FOWMP

12 BIT
A/0 CARD

DIGITAL I/O
CARD

MICROPHOTOMETER IBH-PC

Fig 1,1 Block schematic of IBM-PC based microphotometer.
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The interface circuit controls the synchronous motor to drive the spectral

plate and reads the transmittance values of spectral lines. The amplifier

which employs opamps 8007 and LM308 converts the photocell's output current

to voltage and amplifies further to give the required full scale output of

9 volts to the following 12-bit A/D converter. This converter converts

the amplifier's analog output to digital form that can be read by PC directly.

The 12-volt relays along with hex inverter and a pair of transistors control

the forward and reverse movements of the microphotometer1s synchronous motor.

The user interactive BASIC program collects the data through the A/D card and

stores it on a floppy disk. The data collected is processed for the estimat-

ion of impurity element concentrations in the sample.

The performance of the system is studied by finding its ability to

detect the low optical density lines of boron as well as the reproductibility

of the results obtained in the case of chromium in uranium sample. The follow-

ing Table gives the concentration value of boron in PPM level measured with

the setup as well as with the manually operated Hilger-Watt densitometer. It

is clear from this table that concentration values below 0.1 PPM level are

easily detectable with the developed system.

Table 1.1 Comparison of concentration values of Boron in PPM level.

Measured with this unit Reported by existing method

0.108
0.092
0.112
0.137
0.058
0.059
0.098
0.076

0.164
0.146
0.136
0.091

too low to be detected
- do -
- do -
- do -
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The reproducibility results are tabulated in Table 1.2 given below.

The values shown in the column 7 indicate the average concentration of

chromium from six sets of readings taken with this setup while column 8 gives

the concentration values arrived at using the manually operated Hilger-Watt

densitometer.' The standard deviation expressed in percentage and indicated

in column 9 is calculated from the first six columns and is within the

acceptable limits.

Table 1.2 : Reproducibility of the results of the Cr concentation.

(1)
1st

17.099
19.908
11.427

10.660

14.810

17.812

(2)
2nd

18.175
21.465
13.541

12.994

16.376

20.057

20
21
12

13

16

19

(3)
3rd

.293

.480

.581

.658

.245

.353

17.
21.
13.

12.

16.

18.

(4)
4th

159
648
557

442

485 .

272

(5)
5 th

18.415
20.749
13.576

12.700

15.445

19.865

18
21
12

13

16

20

(6)
6 th

.625

.422

.990

.347

.328

.180

(7)
average

18.294
21.142
12.945
12.634

15.948

19.257

(8)
reported

19.
21.
13.

13.

16.

. 20.

084
051
885
932

008

275

6
3
6

8

4

5

(9)
%std.

.398

.160

.524

.395

.208

.156

This semiautomatic «etup with the instrument control, data acquisition

and processing has been found to be very useful to do the analysis in a more

efficient manner.

REFERENCE

1. S.V.G. Ravindranath & H.S. Dua, National Symposium on Personal

Computers in Science & Engineering, Bombay, February, 1988. *

5.1.2 Signal Detection and Processing For ICP Spectrometer.

P.K.S. Prakasa Rao, S.V.G. Ravindranath and M.N. Patil

In continuation of the work reported in the Divisional Progress
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Report for 1985-86 (BARC-1368, P43-55, 1987). Seven photomultiplier assem-

blies using Hamamatsu photomultiplier tubes type R427 and R300 have been

installed in the Spectrometer and tested their suitability for the detection

of the elements Ni, Cd, Co, B, Mn, Cr and Mg.

In order to facilitate the storage and processing of data, an IBM

compatibel PC is procured and interfaced to the Signal Detection circuit

through an ADC and an I/O Card. The block schematic of the Signal Detection

and Interface is shown in Fig.2.1

PMTiQ-
PHTSQ-

j

PMTiQ-

SPEllHinbltA

- L _ _

1

INT 1

1 w

1
r z
T 7

MULTIPLEXER
AND
ADC

•

v

12

/

| I /O CARO

im-n

Fig. 2.1 Block schematic of the signal detection and interface.

A software program is written to test the linearity of different
channels using appropriate Hollow Cathode lamps. The repeatability of the
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'detection system is tested by recording the channel readings at 3 minutes

interval without sample introduced into the ICP flame.

5.1.3 Shielding of the co-axial cable of R.F. generator and plasma torch

of the ICP spectrometer.

M.N. Patil, P.K.S. Prakasa Rao and Rajiv Sinha

The output cable of R.F. generator and the plasma torch were radiating

lot of unwanted R.F. radiation with field strength greater than 1000 V/m

affecting the personal computer, signal amplifier, control circuitary etc.

The magnitude of the field strength was confirmed by placing the fluorescent

tube near the co-axial cable which substains its glow only when the field

strength is greater than 1000 V/tn(i). A suitable shield (box) of GI sheet

of 1.76 mm thick for R.F. power cable and the plasma torch was fabricated to

minimise the R.F. radiation. With this shielding the R.F. power density

immediately close to the cable shield box is reduced to 1 mW/cm and less
2

than 0.1 mW/cm at all other locations. The recommended safety limit is less

than lOmW/craXi). Thus this radiation shield reduced the R.F. power density

from 250 mW/cm to less than 1 mW/cnr amounting to a reduction factor of 250.

An interference filter with a series inductor of 20 mH and a shunt capacitor

of 0.02 U.F has been fabricated and installed in the supply line of the R.F.

generator to prevent energy entering into the power line.

REFERENCES

1. Kjell Hansson Mild, Proceedings of the IEEE, 1980, Vol.68, (12).

2. C.A. Monnig & S.R. Koirtyohann, Applied Spectroscopy 39, 884 (1985)

5.1.4 PC based Jarre1-Ash microphotometer

S.V.G. Ravindranath, H.S. Dua, M.N. Patil and P.K.S. Prakasa Rao.

This consists of a Jarrel-Ash microphotometer, IBM compatible personal

computer and a suitable interface. It measures the distance between any two

spectral lines on a photographic plate. This system is required due to the
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non availability of the card recorder unit in the computer center. The block

schematic of the system is shown in Fig.4.1,

ENCODER

PUT

JARREL - ASH
HICROFHOTOCTER

LEUEL 1
SHIFTER 1

800T^> _

32 31T
COUNTER

12 BIT
ADC

IBM-PC

Fig 4.1 Block schematic of the system

A shaft position encoder which provides 200 pulses per rotation is

procured and coupled to the shaft of the plate carriage assembly. The level

shifter which employs LM339 converts the 12V encoder pulses to TTL level

required by the counter card. The output of photomultiplier tube (931A) which

detects the transmittance through the spec \l line is applied to the op-amp

8007 for current to voltage conversion. This output is fed to a 12-bit A/D

converter card to digitize the analog input. This A/D card and the counter

card occupy two free J/o slots in the PC^
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A D.C. power supply capable of giving + 12V and 5V for encoder,

amplifier and level shifter has been fabricated and tested. A suitable

software program is being written to record the peak and corresponding

position of eac spectral line on the photographic plate.

At present the system is capable of recording the position of the

strong lines and further work to record the weaker lines is in progress.

5.1.5 A FET chopper and R.F. amplifier

M.N. Patil and P.K.S. Prakasa Rao

An electronic ciruit consisting of a FET chopper and an R.F ampli-

fier to amplify the chopped output has been designed, fabricated and is

being tested. This circuit is required for observing the optical pumping

in an alkali cell in laser induced nuclear polarization experiment. The

schematic of the circuit is shown in Fig.5.1.

ASTABLE
MULTIVIBRATOR

LEVEL
CHANGER

FET
CHOPPER

R.F.
GENERATOR

R.F.
AMPLIFIER

Fig.5.1 The schematic of circuit of FET chopper and RF amplifier.
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The astable multivibrator (LM 555) shown in the above figure

provides TTL output with 50% duty cycle at the required chopping frequency.

The level translator (2N2369, 2N3251, 74C14) coverts TTL input to the level

required to drive the series and shunt FETs (2N4391). The R.F. input is fed to

these FETs and is chopped at the rate determined by the astable multivibrator

frequency which can be varied in the range 20Hz to 1KHz. For maximum input

of 8 Vpp in the frequency range 1MHz to 20MHz, the chopper provides an output

of 4.5 Vpp at 15 raA. Testing of the R.F. amplifier which amplified the chopper

output to -the required level of 15 Watts, is in progress.

5.1.6 Adjustable Waveform Spark Source

H.C. Goyal and P.K.S. Prakasa Rao

In continuation of the work reported in the Divisional Progress Report

for 1985-86 (BARC-1368, P-225, 1987). The High Voltage Spark Source fabri-

cated earlier was connected with the ARL Quantovac 31,000 to test its suitab-

ility aa an excitation source for the spectrochemical analysis. It was found

that the integration time increases with the increase of primary inductor

LI or with the decrease of inductor L2, connected in series with the analy-

tical gap. For carbon steel sample with LI at 150pH, L2 at 45j*.H and storage

capacitor of .015j*F charged to 15KV DC, the integration time was reduced to

18 seconds from 42 seconds, when the spark repitition rate was increased to

500 sparks per sec. from 100 sparks per sec. With alloy steel sample keeping

LI - 150pH, L2 » 45/*H and C • .05 MF charged to 15kv DC, with switching

rate of 300 sparks per sec, the integration time was 30 seconds. With the

carbon steel samples, the integration time and 'Burn' on the samples were

satisfactory, but the elements present in the sample were not sufficiently

excited to give the required signals. For alloy steel samples the integration

time as well as 'Burn' on the samples were not satisfactory and they have to be

improved further.
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5.1.7 Electronic Instrumentation for Fourier Transform Spectrometer (FTS).

S.V.G. Ravindranath, CM. Medhekar*, P.K.S. Prakasa Rao and

R.J. Kshirsagar

The instrumentation required for FTS can be broadly divided into two

categories namely one for instrument servo control to drive the slave carriage,

as well as to position accurately the cafe eye of the interferometer and the

other for.collection and processing of the data. The carriage servo loop

consists of a position transducer, carriage motor and a tachometer to position

the carriage with in an accuracy of ̂  5 microns. The interferometric servo

loop consisting of matter oscillator, linear motor and a PZT, positions the

cat's eye at the desired position while collecting the data. To generate SSB

signal an amplifier and a phase shifter have been fabricated and tested. The

amplifier has a gain of 120 at an input of 100 mV in the frequency range 1 KHz

to 70 KHz and falls to 112 to 105 KHz. The phase shifter provides a phase

change of 16 to 164 degrees at 70 KHz giving an output of 0.5 Vpp for an input

of 0.8 Vpp.

A PZT type P-249.1 procured from M/s. Physik Instruments, GmbH has been

tested for its suitablility at a path difference modulator.

A voice coil and a magnet of a loud speaker are procured and tested for

their suitability to move the cat's eye for a small displacement of the order

of a few microns with the help of a LVDT and its read out unit. To move the

cat's eye from its inertia an initial power of 2 mWDC (200 mV at 10 mA) is

required by the voice coil and an additional input power of 0.25 mWDC is needed

for a displacement of 3 microns. An indent has been raised to procure a

suitable power supply for the glowbar source.

For the detection of the infrared signal, development of a suitable

amplifier to provide the required fullscale input voltage to A/D converter,

identifying an<j procuring of suitable signal processing cards and computer

hardware is in progress.

* Student, Bombay University



- 148 -

5.2 INSTRUMENTS MAINTAINED AND SERVICED

H.C. Goyal, M.N. Patil, Rajiv Sinha, H.S. Dua, S.V.G. Ravindranath

and P.K.S. Prakasa Rao

All the electronic instruments of the Division are serviced and

maintained by the service electronic group. The following is the representative

list of the instruments that were serviced during this period:

(i) Perkin-Elmer IR Spectrophotometer model - 180

(ii) ARL Quantovac model - 31000

(iii) Laser Raman Spectrometer model - 14-1

(iv) Phillips X-ray Spectrometer

(v) SDL Source Spectrometer model LS - 3

(vi) ICP Spectrometer

vvii) Jaco Custom vari source

(viii) Jarre1-Ash recording microphotometer model 23-500

(ix) Lock-In-Araplifier Ithaco model - 391A

(x) Electrometer amplifiers model EA-810B, Ea-811 and VA-811

(xi) Oscilloscopes and Recorders

(xii) Power supplies for He-Ne laser, N2 laser, C02 laser, Xenon lamp

and Hollow cathode.

(xiii) Microwave power generators 100 Watts and 200 Watts

(xiv) Quartz crystal film thickness monitor
(xv) Pirani and Penning vacuum gauge

(xvi) High voltage unit EC make model HV4800D

(xvii) Barocel pressure censor type-600

(xviii) Hilger-Watts non recording microphotometer.
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6. P U B L I C A T I O N S

6.1 PAPERS PUBLISHED/ACCEPTED/COMMUNICATED FOR PUBLICATION IN SCIENTIFIC

JOURNALS ETC.

1. Effect of some important sample parameters on the X-ray fluorescence

determination of impurities in pure materials. Determination of Ca

Y, Gd and Th in uranium.

R.M. Agrawal and S.K. Kapoor

X-ray Spectrometry ljj, 81 (1987).

ft ft
2. Determination of crossed second order field shift in F and F terms

of 4f ( F)6s configuration of Sm .

S.A. Ahmad, Pushpa M. Rao and G.D. Saksena

Z. Phys. D6, 227 (1987).

3. Evaluation of changes in mean square nuclear charge radii of stable

isotopes of erbium.

S.A. Ahmad, Pushpa M. Rao, A. Venugopalan and G.D. Saksena.

Hyperfine Interactions 34, 1? (1987).

1 3 -
4. On the rotational intensity distribution with a Ag - X E g

magnetic dipole transition of oxygen molecule.

V.P. Bellary and T.K. Balasubramanian

J-Mol. Spectrosc. j_26, 436 (1987)

5. Determination of rare earth impurities in high purity lutetium oxide

by X-ray fluorescence spectrometry.

L.C. Chandola and P.P. Khanna

Ind. J. Pure & Appl. Phys. 2J5, 157 (1987)
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6. A sample transfer technique for the analysis of trimethy1 gallium by

ICP-AES with exponential dilution technique.

Z.Chen, P.S. Murty and R.M. Barnes

Appl. Spectrosc. 4K2), 333 (1987).

7. Holographic grating based Ebert spectrograph.

N.C. Das and M.V.R.K. Hurty.

Pramana - J. Phys. 29, 167 (1987).

8. The analysis of the a2v2 «- sv2 hot bands of 14NH3 and 15NH-

R. D'Cunha

J. Mol Spectrosc. .112, 130 (1987).

9. Inversion - Rotation interaction in NH D : Intensity perturbations

in the v2 band.

V.A. Job, S.B. Kartha, Kuldip Singh and V.B. Kartha

J. Mol. Spectrosc. .126, 290 (1987)

10. Book Review - 'Laser Analytical Spectroscopy'

Ed. V.S. Letokhov Adam Hilger Bristol (1986)

V.B. Kartha

Physics News .18, 53 (1987).

11. Rotational analysis of the a3H - X*E+ bands of GaD

G. Lakshminarayana and B.J. Shetty

J. Mol. Spectrosc. ±22, 417 (1987).

12. Optimisation of geometry for X-ray analysis in rare earth materials

Madan Lai, R.K. Choudhary and R.M. Agrawal.

X-ray Spectrometry 2£ (Di 23 (1987).
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13. Speccrographic determination of Si, Fe and Mn in nuclear grade

boron carbide.

S.M. Marathe, S.S. Biswas, 0. Narayanan and P.S. Murty .

BARC Report No. 1356 (1987).

14. Design and fabrication of Czerny - Turner monochromator - cum -

Spectrograph.

M.V.R.K. Murty, R.P. Shukla, S.S. Bhattacharya and G. Krishnamurty

BARC Report No. 1362 (1987)

15. Determination of trace elements in trimethyl aluminium by Iductively

Coupled Plasma - Atomic Emission Spectrometry

P.S. Murty and R.M. Barnes

Appl. Spectrosc. 41, 851 (1987).

16. Electron Spectroscopy for Chemical Analysis (ESCA) technique and

applications.

P.S. Murty

Bull, ISAS, 5, 19 (1987).

17. Observation of a long lived nitrogen beam afterglow and Life time

measurements on the N2(W Au) state.

D. Neuschaefer, Ch. Ottinger and A. Sharma.

Chera. Phys. ,U7, 133 (1987).

3 + 3
18. The third positive ( b E - a Hr) system of CO. Observation of the

v-2 level of b V 1.

C.V.V. Prasad, G.L. Bhale and S. Paddi Reddy

J. Mol. Spectrosc. 12_1» 261 (1987).

19. Bound-free transitions and the dissociation limit.

A.K. Ray, S.D. Sharma and G.D. Saksena.

Pramana - J. Phys. 29, 497 (1987)
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20. Rotational analysis of A1!! - X 1Z + bands of P14N and P15N

Perturbation studies in the A n state.

P. Saraswathy and G, Krishnamurty.

Pramana J. Phys. 2£, 53 (1987).

21. Laser induced photodissociation of NaRb molecule

A. Sharma, G.L. Bhale, M.A.N. Razvi and M.N. Dixit

Opt. Comra. £1(1), 21 (1987).

22. Isotope shift studies in the spectrum of BS

Sheila Gopal and G. Lakshminarayana

Pramana 28 (2), 159 (1987).

23. Measurement of refractive index of a liquid or glass using Murty

interferometer.

R.P. Shukla

Ind. J. Pure & Appl. Phys. 25, 90 (1987).

24. Optogalvanic studies in CO. discharges at low pressures.
Kuldip Singh, V.B. Kartha and R. D'Cunha

Spectroscopy Letters 20(1), 17 (1987).

25. Sudden change in the nuclear charge distribution of very light gold

isotopes.

K. Wallmeroth, G. Bollen, A. Dohn, P. Egelhof, J. Gruner, F.Lindenlauf,

U. Kronert, J. Campos A. Rodriguez Yanta, M.J.G. Borge, A.Venugopalan,

J.L. Wood, R.B. Moore and H.J. Kulge.

Phys. Rev. Letts. 58, 1516 (1987).

26. 'Nuclear shape transition in neutron-deficient gold isotopes'

K. Wallmeroth, G. Bollen, M.J.G. Borge, J. Campos, A. Dohn, P. Egelhof
J. Gruner, H.J. Kulge, U.Kronert, F.Lindenlauf, R.B.Moore, A.Rodriguez,

J.L. Wood, A. Venugopalan and ISOLDE Collaboration.

Hyperfine Interactions 34, 21 (1987).
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27. On the hyperfine structure and isotope shift in radium.

K. Wendt, S.A. Ahmad, W. Klempt, R. Neugart, E.W. Otten, H.H. Stroke

Z. Physik D4, 227 (1987).

28. Mean square charge radii of radium isotopes and octupole deformation,

in the 220-228 Ra region.

S.A. Ahmad, W. Klempt, R. Neugart, E.W. Otten, P.G. Reinhard, G. Ulm

and K. Wendt.

Nuci: Phys. A 483, 224 (1988).

29. Energy levels, isotope shifts„ hjoerfine structures, life times,

transition probabilities and some other spectroscopic parameters of

neutral uranium atom - update 1987.

S.A. Ahmad, Pushpa H. Rao and B.N. Jagtap.

BARC Report No. 1413 (1988).

30. Probing nuclear structure of short lived isotopes and isomers using

laser spectroscopy.

S.A. Ahmad,

Proc. Radio Chem. & Radiation Chem. Symp. IT-5 P 1-17 Feb 22-26 (1988).

31. Associative ionisation of laser excited uranium with molecular oxygen.

G.K. Bhowmick, R. Talukdat, P.N. Bajaj, V.B. Kartha and P.K. Chakraborty.

Chem. Phys. Lett. 14, 407 (1988).

32. X-ray fluorescence analysis of thulium oxide for rare earth impurities.

L.C. Chandola and P.P. Khanna.

J. Radio anal. & Nucl. Chem .121 (1), 53 (1988).

33. Optical emission spectrographic analysis of thulium oxide for rare earth
impurities.

L.C. Chandola, P.P. Khanna and V.S. Dixit.
BARC Report No. 1426 (1988).
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34. X-ray fluorescence method for the determination of La, Ce, Pr,

Nd and Sm in plain carbon steels.

R.M. Dixit and S.S. Deshpande.

BARC Report No. 1415 (1988).

35. An X-ray fluorescence method for the determination of Ba, Sr, Mo
and Bi in thorium oxide.

R.M. Dixit and S.S. Deshpande

BARC Report No. 1398 (1988).

1 1 2 -
36. Analysis of the 5f - 6d transitions in PaX^ (X=C1, Br) and

Pa**/ ThBr4.
N. Edelstein, J.C. Krupa, R.C. Naik, K. Rajnak, B. Whittaker and

D. Brown.

Inorg. Chem. 2J7, 3186 (1988).

37. Simple technique to measure transition probabilities: Application

to U I transitions.

Rakesh Kapoor and G.D. Saksena.

Phy. Rev. Letts. 61, 1481 (1988).

38. X-ray excited optical luminescence of Ce in YPO, and location of

Sd levels.

N.P. Karanjikar and R.C. Naik.

Solid State Communications 6.5(11), 1419 (1988).

39. High resolution spectroscopy. New Molecules, New Methods.

V.B. Kartha

Proc. Ind. Nat. Sci. Acad. pp 733-740 (1988).

40. Laser Raman and infrared investigations on hydrotropes, surfactants

and Model Membranes.

V.B. Kartha
Proc. Int. Ram. Conferences (Calcutta), World Scientific Publishing

Co. Pvt. Ltd., Singapore (1988).
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41. Transition dipole moments and refined molecular parameters for the

V2 t-nd of ND2H.

S.B. Kartha, Kuldip Singh, V.A. Job and V.B. Kartha.

J. Mol. Spectrosc 129, 86 (1988).

42. Transition dipole moments and intensity measurements of the

a2vz +. aV2 hot band of
 14NH3.

Kuldip Singh, R. D'Cunha and V.B. Kartha.

J. Mol. Spectrosc 122, 307 (1988).

43. Absorption spectra of normal and deuterated pyrazines formed

during the deuteration of oxazole.

S.L.N.G. Krishnamachari, R. Venkatasubraraanian and Geetha

Rajagopalan.

Ind. J. Pure & Appl. Phys. 26, 686 (1988).

44. The vibrational and rotational analysis of the E ! - X E system

of SiSe.

G. Lakshminarayana and B.J. Shetty.

J. Mol. Spectrosc. 130, 155 (1988).

45. Determination of some RE impurities in high purity yttrium,

gadolinium and dysprosium oxides by ICP-AES.

P.S. Murty, S.S. Biswas and V.R. Nair.

BARC Report No. 1430 (1988).

46. Measurement of excitation functions and radiative lifetimes of

Oxygen ions.

R. Mythili, P. Singh, P.K. Bhattacharya, A.B. Parvi, M.G. Betigeri,

P.M. Rjaj Rao, G. Krishnamurty and V.S. Raju.

Z. Phys. D 2» 311 (1988).

47. Spectroscopic studies on Billiary Calculi
U. Rajagopal, S.K. Mathur, V.B. Kartha and G.E. Prasad.

Ind. J. Gastroenterology ]_, 1 (1988).
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48. Rotational analysis of A*II - X*E+ bands of As14N and As15N :

Perturbation studies in A " state.

P. Saraswathy and G. Krishnamurty.

Pramana J. Phys. 3±» (1988).

49. Laser induced fluorescence detection of collisional transfer in

atomic rubidium vapour during collisions with noble gas and rubid-

ium atoms.

A. Sharma, H.A. Schuessler and R.H. Hill, Jr.

Phy. Rev. A. 37, 4649 (1988).

50. On the non-BoItzmann A-X emission in Na2 following laser excitation

of B 1 ^ state.

A. Sharma, G.L. Bhale, M.A.N. Razvi and M.N. Dixit.

Pramana - J. Phys. 30(4), 309 (1988).

51. Laser induced photodissociation of alkali molecules

A. Sharma

Physics Teacher 30(1), 5 (1988).

52. Determination of dispersion of liquids or solid transparent materials

using scatter plate interferometer.

R.P. Shukla and M.V.R.K. Murty.

Ind. J. Pure & Appl. Phys. 2(5, 9 (1988).

53. B2£+ - A2Hr system of MgCl.

M. Singh, M.D. Saksena and G.S, Ghodgaonkar.

Can. J. Phys. 66, 570 (1988).

54. Design and fabrication of polychromator using Pascber. - Runge mount.

R.P. Shukla. P.S. Murty, S.S. Biswas, P.K.S.P. Rao, A.V. Sankaran and

S.L.N.G. Krishnamachari.

BARC Report No. 1440 (1988).
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55. Non-thermal rotational and vibrational excitation of CN produced

in the flash photolysis of thiazole.

R. Venkatasubramanian & S.L.N.G. Krishnamachari.

Pramana : J. Phys. 30, 529 (1988).

56. Hyperfine structure and isotope shifts of neutron rich Ba

and 148Ba.

K. Wendt, S.A. Ahmad, C. Ekstrom, R. Neugart and E.W. Otten.

2. Phys. At. Nuclei A 329, 407 (1988).

57, Heterogeneity effects and the reliability of the X-ray fluorescence

results: Study on Al.O- Matrix with Ca, Y, Gd and Th as probe

elements (In Press).

R.M. Agrawal and S.K. Kapoor.

X-ray Spectroroetry (In Press).

58. Infrared diode laser study of free jets of NH», (Invited paper)

P.N. Bajaj, R.K. Talukdar, P.K. Chakraborti and V.B. Kartha

J. Mol. Structure, K.S. Pitzer issue (In Press).

59. Integrated absorption co-efficients of W(A J»6) transitions in solid

Hydrogen and the 64 multipole moment of H..

T.K. Balasubramanian, R. D'Souza, R. D'Cunha and K. Narahari Rao.

Cn. J. Phys. (In Press).

60. Laser Raman spectroscopy of surfactants.

V.B. Kartha, N.D. Patel, S. Venkateswaran and S.B. Kartha

Ind. J. Phys. Raman Centenary issue (1988) (In Press).
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61. Infrared laser multiple photon dissociation of Thiophene in gas

phase.

A.K. Nayak, S.K. Sarkar, V. Parthasarachy, K.V.S. Rama Rao,

J.P. Mittal, S.L.N.G. Krishnamachari and T.V. Venkitchalam.

Appl. Phys. B. (In Press).

62. Line broadening studies in the ions energy Plasma focus.

P.M.R. Rao, P. Saraswathy, G. Krishnamurthy, R.K. Rout,

S.K.H. Auluck, A. Shyam and L.V. Kulkarni.

63. Core size sensitive resonance Raman bands of Metallo-Octaethyl

proto prohyrin/Coraplexes.

Y.A. Sarma

Sp. Chira Acta (In Press).

64. Franck-Condon factors and r-centroids for the E Z* - X Z + bands

of SiS end SiSe.

Sunanda K., Sheila Gopal, B.J. Shetty and G. Lakshminarayana.

J. Quant. Spectr. & Rad. transfer (In Press).

65. Spectrochemical determination of metallic pollutants at sub-ppm

levels in fresh water samples.

R. Venkatasubramanian and N.P. Karanjikar

Anal. Letters (In Press).

66. Single colour photo ionisation studies in uranium I.

V.K. Mago, B. Lai, A.K. Ray, R. Kapoor, S.D. Sharma and P.R.K. Rao

J. Phys. B. Atomic & Molecular Physics (Communicated).
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67. Two colour three step photoionisation of Uranium.

V.K. Mago, B. Lai, A.K. Ray, R. Kapoor, S.D. Sharraa and P.R.K. Rao

J. Phys. B. Atomic & Molecular Physics (Communicated).

68. Isotope shifts and electronic configurations of the energy levels

of singly ionised samarium.

Puehpa M. Rao, S.A. Ahmad, A. Venugopalan and G.D. Saksena.

ZK Phys. D. (Communicated).

69. B 2£ + - X2Z" system of A10.

M.D. Saksena, 6.S. Ghodgaonkar and M. Singh.

J. Phys. B. (UK) (Communicated).

70. Three photon resonant ionisation in atomic potassium via S,P,D and

F series Rydberg states.

A. Sharma, G.L. Bhale and M.A.N. Razvi.

Z. Phys. D. (Communicated).
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6.2 PAPERS PRESENTED IN CONFERENCES, SYMPOSIA, SEMINARS, WORKSHOP ETC.

1. Determination of crossed-second order field shift in F and 6F

terms of 4f*>(?F) 6S configuration of Sm

S.A. Ahmad, Pushpa M. Rao and G.D. Saksena

LAMP, ICTP Trieste Italy March 9 - April 3 (1987).

2. Laser spectroscopic studies on pulsed hollow cathode discharges

S.A. Ahmad, G.K. Bhowmick and V.B. Kartha

ibid.

3. "Lasers in nuclear physics" (Invited talk)

S.A. Ahmad

ibid

4. "High resolution infrared diode laser spectroscopy of some simple

polyatomic molecules".

V.B. Kartha

Joint Indo-Hungarian Syrap. on Mol. Spectrosc.

Budapest, April 28-30, (1987).

5. Preliminary studies on the phenomenology of electrode plasma injection

in a Plasma Focus.

R.K. Rout, S.K.H. Auluck, Anuraga Shyam L.V. Kulkarni, P. Meenakshi

Raja Rao, Saraswathy Padmanabhan and G. Krishnamurty

Fifth International Workshop on Plasma Focus and Z-pinch Research

Toledo, Spain June 29-30 (1987).

6. Laser induced photodissociation in alkali molecules

A. Shanna

Young Physicists Colloquim. Indian Physics Association, Calcutta,

Spet. (1987).
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7. High resolution spectroscopy-new molecules-new techniques (Invited

talk)

V.B. Kartha

Symp. on Emerging Frontiers of Chemistry, BARC Bombay November (1987).

8. Laser induced photodissociation and excitation energy transfer studies

in alkali molecules

G.L. Bhale, M.N. Dixit, M.A.N. Razvi and A. Sharma

First National Symp. on Lasers and Applications IIT, Kanpur 2-5, Dec.

(1987).

9. 'Infrared multiphotons dissociation of Thiophene vapour'

A.K. Nayak, T.V. Venkitachalara, K.V.S.R. Rama lao &

S.L.N.G. Krishnaraachari

ibid

10. Laser level monitor for process control

M.N. Dixit, M.J. Sule, M.A.N. Razvi and S.L.N.G. Krishnamachari

Seminar on Lasers and Applications VJTI Bombay Dec. 16-17 (1987).

11. Non-thermal rotational excitation of CN produced in the flash photo-

lysis of Thiazole

R. Venkatasubramanian and S.L.N.G. Krishnamachari

Seminar on 'Radiation and Photochemical Sciences' by ISRAPS at IIT

Bombay Dec. 18-19 (1987).

12. Laser fluorescence spectroscopy (Invited talk).

S.A. Ahmad

National Workshop on Laser Spectroscopy & Laser Applications, B.H.U.

Varanasi, Jan. 15-20 (1988).

13. Saturation and polarisation spectroscopy of uranium in hollow cathode

discharge.

G.K. Bhowmicji S.A. Ahmad and V.B. Kartha
ibid
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14. Optogalvanic spectroscopy

C D . Saksena

ibid

15. Collision induced A-X emission in Na2 following laser excitation of

B state.

A. Sharma, G.L. Bhale, M.A.N. Razvi and M.N. Dixit

ibid

16. Determination of certain trace elements of Laterites and Bauxites

by optical emission spectroscopy.

S.V.N. Bhaskara Rao G. Srikanf.h and P. Sreerama Murty.

Fifth ISAS National Symposium, Hyderabad Jan 18-20 (1988).

17. On the determination of boron in magnesium by inductively coupled

plasma-atomic emission spectrometry

S.S. Biswas A.V. Sankaran, S.M. Marathe and P. Sreeramamurty

ibid

18. Optical emission spectrographic analysis of high purity rare earths

for rare earth impurities

L.C. Chandola

ibid

19. Laser techniques in analytical spectroscopy (Invited paper)

V.B. Kartha

ibid

20. X-ray fluorescence spectrometric and optical emission spectrographic
analysis of thulium oxide for rare earth impurities.

P.P. Khanna, V.S. Dixit and L.C. Chandola

ibid
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21. Spectrographic determination of Si, Fe and Mn in Boron carbide after

excitation in oxygen atmosphere

S.H. Marathe, S.S. Biswas, 0. Narayanan and P. Sreeramamurty

ibid

22. Recent advances in atomic emission spectroscopy (Invitied paper)

P. Sreerama Murty

ibid

23. Determination of major, minor and trace elements in copper alloys

by ICP-AES.

P. Sreerama Murty, S.M. Marathe, S.S. Biswas and A.V. Sankaran

ibid

24. A.D.C arc emission spectrographic method for the analysis' of trace
impurities in lead germanate

Omana Narayanan and K. Harihara Ayyar

ibid

25. Emission spectroscopic techniques for plasma diagnostics

P. Meenakshi Raja Rao, P. Saraswathy, G. Krishnamurty, R.K. Rout,

S.K.H. Auluck, Anurag Shyaro and L.V. Kulkarni

ibid

26. Data acquisition and control of a Raman spectrometer using an IBM-PC
compatible personal computer.

S.V.G. Ravindranath

ibid.

27. Precision intensities and frequencies. High resolution diode laser

spectroscopy for isotopic analysis.

K. Singh, S.B. Kartha, V.A. Job and V.B. Kartha

ibid
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28. Spectrochemical determination of pollutants at sub-ppm level in fresh

water samples

R. Venkatasubramanian and N.P. Karanjikar

ibid

29. C analysis in CH,I by diode laser spectroscopy

P.K. Wahi and V.B. Kartha.

ibid.

30. Applications of personal computers in spectrochemical laboratory

S.V.G. Ravindranath, H.S. Dua and P.K.S. Prakasa Rao

National Symposium on Personal Computers in Science & Engineering

BARC, Bombay Feb 3-5 (1988).

31. An IBM-PC based microphotometer

S.V.G. Ravindranath and H.S. Dua

ibid

32. Magnetic dipole transitions in diatomic molecules : Some neglected

aspects.I

T.K. Balasubramanian and V.P. Bellary

43rd Columbus Conference, Ohio State University, Ohio, USA.

June 13-17 (1988).

33. On the Wigner-Witner correlation rules in diatomic molecules

T.K. Balasubramanian and V.P. Bellary

ibid

34. Infrared spectrum of solid hydrogen. Theory of the integrated

absorption co-efficients of W(AJ=6) transitions

T.K. Balasubramanian, V.P. Bellary and K. Narahari Rao.

ibid
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35. Electronic spectroscopic studies at Bhabha Atomic Research Centre.

(Special Requested Lecture)

T.K. Balasubramanian and S.L.N.G. Krishnamachari

ibid

36. 'Forbidden transitions in ammonia' (Invited talk)

R. D'Cunha

ibid

14 15
37. The S2v2 «- av2 hof band in NH and NH

R. D'Cunha and M.N. Deo

ibid

38. Investigation of hot band transitions of NH in the 10>m

region.

R. D'Cunha, K. Singh and V.B. Kartha

ibid

39. High resolution spectroscopic studies of C H2 F2 VB band at 1435 cm*

R. D'Cunha, P.K. Wahi, V.B. Kartha and A. Weber

ibid

40. VUV Photophysics with sychrotron radiation

V.B. Kartha

Syrap. INDUS Utilisation. Indore, July (1988),

41. Isotope shifts-in atomic spectra of rare earths (Invited talk)

G.D. Saksena

1st Soviet-Indian Seminar for Rare EArths and actinide compounds

Inst. Chen. Phya. and Bio Physics Estonian Acad, Sc. Tallin, USSR

Sept. 19-21 (1988).
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42. Nuclear effects in atomic spectra (Invited talk)

S.A. Ahmad

Symp. Laser and Spectroscopy Society of India BARC Sept.31 (1988).

43. Some recent laser spectroscopic investigations in atomic and mole-

cular Physics.

A. Sharma

ibid

44. Spectroscopy of transient species.
M. Singh

ibid

45. Recent advances in analytical spectroscopy (Invited talk)

P.S. Murty

ibid.

46. Laser Raman spectra and free and restricted rotation in phenyl

silicates

M.N. Dixit, N.S.K. Prasad and V.B. Kartha

Int. Conf. on Raman Spectroscopy Calcutta Nov. (1988).

47. Laser Raman spectroscopic studies of surfactants

S.B, Kartha, V.G. Gaikar, M.M. Sharma and V.B. Kartha

ibid

48. Laser Raman and infrared investigations on Hydrotropes, Surfactants

and model membranes.

V.B. Kartha

ibid.

49. Laser Raman spectroscopic studies on the interaction of the drug

Dapsone with model membranes.

N.D. Patel, S. Venkateswaran and V.B. Kartha

ibid
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50. Laser optogalvanic spectroscopy of atoms and molecules (Invited talk)

G.D. Saksena

Laser Workshop, Dr. Harisingh Gaur University Sagar Nov.17-23 (1988).

51. Application of Energy Dispersive X-ray Fluorescence (EDXRF) technique

to the analysis of Zircon,

B.L. Jangida, F.S. Dhami, R.M. Agrawal and M. Sunderasan.

National Symp. on Anal Appln in Earth Sciences, North Eastern Hill

University Shillong Nov. 15-17 (1988).

52. Spectrochemical determination of metallic pollutants at sub-ppm

levels in fresh water samples

R. Venkatasubramanian and N.P. Karanjikar

ibid

53. Theoretical analysis of aberrations of some holographically produced

gratings

N.C. Das

Intl. Workshop on Adv. in Holography and Speckle phenonmer.jn and their

industrial applications. (HOSPIA). IIT Madras Dec.12-17 (1988).

54. Laser spectroscopy of atomic and molecular systems - Some recent

results (Invited talk).

V.B. Kartha

Symp. Current Trends in Pure and Appl. Phys. Cochin (1988),

55. The Raman effect

V.B. Kartha

C.V. Raman Centenary, BARC (1988).
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56. Isotope shifts in D, and D, lines of Yb and relativistic J dependance

of field shifts.

S.A. Ahmad, Pushpa M. Rao and G.D. Saksena

VII National Workshop on Atomic & Molecular Physics

A.M.U. Aligarh, Dec. 12-17 (1988).

57. Nuclear physics and particle physics via atomic physics (Invited

talk)

S.A. Ahmad

ibid

58. Some aspects of theoretical and experimental diatomic spectroscopy

(Invited talk).

T.K. Balasubramanian

ibid

59. Orbitally forbidden electronic transitions in diatomic molecules

T.K. Balasubramanian and V.P. Bellary.

ibid

60. Magnetic dipole transitions in the electronic spectra of diatomic

molecules. Some neglected aspects.

T.K. Balasubramanian and V.P. Bellary,

ibid

61. Three photon resonant ionisation in atomic potassium via S.P.D.F

series Rydberg states.

G.L. Bhale, M.N. Dixit, M.A.N. Razvi and A. Sharma

ibid
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2 + 2 +
62. Recent studies on the B Z - X Z system of A10

G.S. Ghodgaonkar, M.D. Saksena and M. Singh

ibid

63. Spectroscopic studies on the intra molecular energy transfer

processes.

G. Lakshmi Narayana and B.J. Shetty

ibid

64. Some interesting observations on emission spectrum from plasma-

focus device

P. Meenakshi Raja Rao

ibid

65. New assignments of 4f 5d6s configuration to odd parity levels of

singly ionised samarium

Pushpa M. Rao, 3.A. Ahmad and G.D. Saksena

ibid

66. Optical emission spectroscopic studies for plasma diagnostics

P. Saraswathy, R.K. Rout, S.K.H. Auluck and A. Shyam

ibid

67. Isotope shifts and nuclear mean square charge radii of stable isotopes

of gadolinium.

A. Venugopalan, S.A. Ahmad and G.D. Saksena

ibid

68. Role of PCs in spectroscope instrumentation

S.V.G. Ravindranath and P.K.S. Prakasa Rao

National Symp.on Current Trends in Process Instrumentation

and Control IGCAR, Kalpakkam (1988).



7. OTHER ACADEMIC ACTIVITIES

Name

7.1 Members registered for M.Sc/Ph.D degrees

Guide Title of the research Degree Year of
Award

Shri N.P. Karanjikar Dr. S.L.N.G. Krishnamachari

Shri K.Harihara Ayyar Dr. N.A. Narasimham

Shri R. D'Souza

Shri V.P. Bellary

Shri P.K. Wahi

Smt. S. Padtnanabhan

Shri N.C. Das

Shri B.J. Shetty

Shri Rakesh Kapoor

Smt. Pushpa M. Rao

Dr. S.L.N.G. Krishnamachari

Dr. S.L.N.G. Krirhnamachari

Dr. V.B. Kartha

Dr. N.A. Narasimham

Dr. S.L.N.G. Krishnamachari

Dr. S.L.N.G. Krishnamachari

Dr. G.D. Saksena

Dr. G.D. Saksena

Spectroscopic investigat- Ph.D.
ions of some rare earth Physics
crystals.

Spectroscopic investigat- Ph.D.
ions of some rare earth Physics
complexes.

Interaction of radiation Ph.D
with matter Physics

Spectroscopic investigat- Ph.D.
ions of some theoretical Physics
aspects in diatomic
molecules.

Infrared spectra of some Ph.D,
trifluoromethyl compounds Chemistry

High resolution studies Ph.D.
of simple molecules Physics

Design and evolution of Ph.D.
optical systems

Spectra of diatomic Ph.D.
molecules Physics

Spectrosccpic studies Ph.D.
using hollow cathode
discharge tubes.

Isotope shifts and hyper- Ph.D.
fine structure in rare
earth atoms.

1988

1988

1988

o
I



Name Guide Title of the research Degree
Year of
Award

Shri G.S. Ghodgaonkar 4>r. S.L.N.G. Krishnamachari

Shri G.K. Bhowmick

Shri Kuldip Singh

Shri P.P. Khanna

Kum. Charusheela M.
Medhekar

Shri R.J. Kshirsagar

Dr. V.B. Kartha

Dr. V.B. Kartha

Dr. G.D. Saksena

Dr. S.L.N.G. Krishnamachari

Dr. V.B. Kartha

High resolution studies Ph.D.
on the electronic spectra Physics
of simple molecules

(Title to be given) Ph.D.
Chemistry

Laser Spectroscopy of Ph.D.
polyatomic molecules Chemistry

Laser enhanced ionisation Ph.D.
spectrometry Physics

High resolution spectro- Ph.D.
scopy of polyatomic mole- Physics
cules.

High resolution diode Ph.D.
laser and Fourier Trans- Chemistry
form Spectroscopy of
simple polyatomic mole-
cules.

i
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7.2 Lectures Delivered at Divisional Seminar, Training School etc.

7.2.1 Lectures Delivered in the Divisional Seminar

Sr.No. Speaker Title Date

Dr. T. Oka
University of Chicago
Chicago.-

Dr. A. Weber

3. Dr. L.C. Chandola

4 Prof. K. Hulig
Institute for Atomic &
Molecular Physics
University of Hannovar
Germany.

5 Prof. K. Builough
U.K.

6 Dr. Anup Sharma

7 G.S. Ghodgaonkar

8 Dr. V.A. Job

9 Prof. S. George
U.S.A.

10 Shri M.J. Katnat

11 Pro*. K. Narahari Rao
Dept. of Physics
Ohio State University
Ohio, U.S.A.

12 Prof, I. Lindgren
Chalmers University
Sweden.

Infrared Spectra and molecular
ions

05.01.87

High resolution studies of Vander 27.01.87
Waal's bonded complexes

Rare earths - their preparation, 28.01.87
uses and analysis.

Nuclear charge radius from optical 02.02.87
spectroscopy

Quantum & collective effects from 05.02.87
Rydberg atoms in cavities.

Report on international conference 20.02.87
on Laser and Laser spectroscopy
held at Kanpur

High resolution spectral studies 08.07.87
of MgCl

Inversion rotation interaction 31.07.87

High resolution infrared Spectra 14.08.87
of atoms.

Detection in XRF; some recent 12.10.87
developments.

High resolution infrared spect- 04.11.87
roscopy, Archival publications;
Some general thoughts.

Many body effects in atomic 18.11.87
structure
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Sr.No. Speaker Topic Date

13 Dr. Dabrowsky
Head, Thin Films
Division, NRC
Canada.

14 Dr. A.H. Guntber
New Mexico
U.S.A.

15 Dr. Chandrasekharan

16 Prof. P. Venkateswarlu
Dept. of Physics
University of Albania
Alabama, U.S.A.

17 Dr. V.B. Kartha

18 Dr. G. Lakshroinarayana

19 Shri N.P. Karanjikar

20 Dr. G. Krishnamurty

21 Dr. P. Papousek
(Affiliation)

22 Dr. Hahavir Singh

23 Dr. K.H. Khan
Department of Physics
Jamia Hilia Islamia
New Delhi.

24 Dr. Wheaton
Chesla Instruments
England.

25 Dr. H.W. Schrotter
Ludwig Maxmiliana
Universitat
Munich.

Thin Films for Lasers 30.11.87

Status on optical thin films 16.12.87

Rydberg and valence states of 19.01.88
NO trapped in rare gas matrices.

Non-linear optical effects

Laser analytical techniques

Rydberg molecules

Site Selection Spectroscopy

High resoln VUV facility at
SURF II Electron storage ring.

A course on modern concept of
symmetry in molecular spectro-
scopy.

Spectroscopy of excimer Lasers

17.

23.

08.

09'.

15
27.

29.
31.

22.

,02.88

,04.88

,04.88

05.88

to
07.88

06.88 &
08.88

09.88Electronic Spectroscopy of
condenses ring aromatic
Hyderocarbon ions

FT-UV and IR Spectrometer 24.10.88

High resolution non-linear 27.10.88
Raman Spectroscopy
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Sr.No Speaker Topic Date

26 Prof. Eric H. Pennington Current problems in Beam foil
Oept. of Physics Spectroscopy.
University of Alberta
Edmonton, Canada.

07.12.88

27 Prof. F.H.M. Faisal
University of Bulefeld'
Bulefeld
F.R.G.

Atomic interaction with intense 26.12.88
laser fields

28 Prof. H.O. Lutz
Chairman
Atomic & Molecular Group
Universiey of Bulefeld
F.R.G.

Atomic clusters the missing links
between atoms and solid.

29.12.88

7.

Sr

2.2

No

Lectures Delivered

Speaker

at Training School

Topic

etc.

Year Auspieces

1 Dr.T.K. Balasubraroanian

2 Dr.(Smt) R. D'Cunha

1) Lasers and 1987
Applications

2) Quantum 1986
Mechanics

3) Spectroscopic 1988
Applns. of
Lasers

Infrared and 1987
Raman Spectro- 1988
scopy

9 lectures, 30th
Batch Training
School, Chemistry

12 lectures, 31st
Batch Training
School Chemistry.

3 lectures, 31st
Batch Training
Chemistry

30th and 31st Batch
Training School
Chemistry.
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7.2.3 Lectures Delivered outaide Spectroscopy Division

1) P.S. Murty Inductiverly Coupled Plasma as an excitation source

for optical emission spectroscopy.

National Chemical and Metallurgical Lab. Bombay (1987).

2) P.S. Murty Atomic Emission Spectroscopy

Inst. for Design of Electrical Measuring Instruments

Chunabhatti, Bombay (1988).

3) P.S. Murty Atomic Absorption Spectrophotometry

Inst. for Design of Electrical Measuring Instruments

Chunabhatti, Bombay (1988).

7.2.4 Training to outside persons

Sr.No. Name and Address Duration Field of Training

1 Shri V.R. Nair 2 weeks in October, RE analysis with ICP
I.R.E. 1988. technique.
Udyog Mandal
Kerala,

2 Shri Rajinder Singh 1 week October- Analytical Methods by
& 3 & Shri A. Dey November, 1988. ICP

Central Forensic
Science, Lab. of CBX
New Delhi.

4 M.N. Krishnamoorty ICP Spectrometry
Special Material* Plant
IRE Ltd. Yelwal
Mysore.
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fir. T . B . Kartfaa, Head, Speotroscopy D i v i s i o n

•FECTBOCHBMICA1 AIAIYSI3, DBTELOPaW OP AJULTTICAL METHODS AMD BASIC BBSEARCH IK 8PBCTROSCOPT

( I ) X a i s s l o n Spectroacopy

1.
2 .
3 .
4 .
5 .
6.
7 .
8 .
9 .

10.
11.
12.
13.

( I t )

29.
1 0 .
31.
32.
33.
34.
35.
36.

Dr. A.V. Saokaran
Dr. P. Sreeraaaaurty
Dr. L.C. Chandola
8brl 8 .3 . Blawas
Sbrl S.M. Maratha
Sbrl I .E. Macbado
Start A. Setbuaadhavan
Shrl P.P. Kbama
Sat. 3 .S . Desbpaode
flat. T.S. Dlxit
Sat. Oeeta Rajappan
Sat. Oaana •arayanan
Sat. P.B. t a t i l

sr
SP
SP
ssSB
3D
SD
SD
SC
SO

SAC
SAC
SAC

Atoale and Cryatal spectra

Dr. O.D. Sakeena
Dr. 3.C. Walk
Dr. S.A. Ataaad
Shrl I . P . Karanjikar
Shrl K.Harlhara Ayyer
Dr. A. Tenugopalan
Sat. Pushpa M. Rao
Sbrl S.G. lakhate

SO
SP
SP
SB
SB
SD
SD

C

14.
15.
16.
17.
18.
19.

X-ray Spectroacopy

Sbrl R.M. c
Dr. R.M. Dlxlt
Shrl M.J. Kaaat
Sbrl SJC. Kapoor
Sbrl SJC. Malhotra
Sat. Rugalnl Kalaal

8P
SB
SB
SC
SB
SB

(T) Molacular Elactronlc Spectra
37. Dr.TJC. Balaaubraaanlan 80
38. Dr. 0. Lakahalnarayana SP
39. Dr. Xabavlr Singh SP
40. Shrl T.r. Ballary SB
41. Dr. O.S. Ghodgaonkar SB
42. Dr.(Kua) Sheila Gopal SB
43 • Dr. R.Vankataaubraaanlan SD
44. Sat. Sunanda K. Kumar C
45. Dr. H.D. Sakaena SC
46. Shrl B.J. Shetty SC
47* Dr.(Sat)Kabaaa Raghureer SD

(III) Infrared. Raaan and PAS

20. Dr. V.A. Job sa
21. Dr.(Sat) R.D'Cunba SP
22. Dr. I.D. Patal SP
23. Dr. Y.A. Sana SB
24. Dr.(Sat) Shanta Kartha SB
25. Dr. Kuldlp Singh SD
26. Shrl R.J. Kahlraagar SC
27. Sbrl M.K. Deo SC
28. Sat. 3. Venkateawaran SB

lua. C M . Medhekar*
Kua. 3 jr. Harang*

(VI) laaer Spectroaoopy

48. Dr. M.H. Dlzlt SO
49* Dr. 6.L. Bhale SP
50. Dr. S.D. Sbaraa SB
51. Dr. T.V. Venkltachalaa SB
52. Dr. B. D'Sousa SB
53. Dr. Anup Sharaa D
54. Shrl A.Suryaprakaaa Rao SD
5>. Shrl H.AJI. Rani SD
56. Shrl F.C. Krlahnan Unnl SC
57. Shrl M.B. Ouhagarkar SC

(YII)Beaa Poll, Flaaaa and
Synchrotron Speetroacopy

58. Dr. 0. Krlahnanurty SP
59. Dr.(Sat)?.M. Raja Rao SB
60. Shrl S.T.R.Bhaakara Rao SD
61. Sbrl K. RaTlndran C
62. Dr.(Sat)S. Padaanahhan SC
63. Shrl B.N. Raja Sekhar SC
64. Sbrl S.S. Bhattacharya SC

65. Dr. K.V.S.R. Apparao SP
66. Dr.N.C. Das SB
67. Dr. R.P. Shukla SB
68. Sbrl T.K. Zunchur SC
69. Shrl T.C. Bagehi SB
70. Shrl B.S. Deahpande T'aan H

(IX) Electronics

71. Shrl F.K.S.Prakaaa Rao
72. Shrl S.V.G.Ravlndranath
73. Shri M.K. Pat 11
74. Shrl H.C. Goyal
75. Shrl RajIT Slnha

SP
SD
SB
SAD
SAB

Boabay University Junior Research Fellow
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