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i. ANALYTICAL SPECTROSCOPY



I.I Analytical Service
(P.S. Murty and S.S. Biswas)

The Analytical Spectroscopy Section of the Division has

been rendering analytical service to various divisions of

BARC and also to other units of DAE. Table I.I gives the

details of the units and divisions for whom the service

was rendered, types of samples and the total number of

samples analysed during 1991. Occasionally analytical

services were rendered to other central government

organisations.

Most of the analyses were carried out on the Jobin-Yvon

spectrometer system (JY48 PC + JY3B MC) by employing both

Inductively Coupled Plasma (ICP) and D.C. arc excitation

sources. Some of the samples were analysed on the Hilger

large quartz spectrograph using photographic method of

detection. Various types of steels were analysed for C,

S, P etc.on the ARL Quantovac using spark excitation.

During the year, our analytical services were extended to

Naval Chemical & Metallurgical Laboratory (NCML), Bombay

and 25 marine samples were analysed for tin. At NCML,

studies were being made to evaluate the effect of Sn on

the marine life around the harbour; tin was expected to be

released into the sea water from the ship's paint. An

ICP-AES method was developed to determine Sn in the marine

samples. Some samples of copper were analysed for IIT,

Powai, Bombay.



TABLE I . I BREAK_yP_OF_SERYICE_ANALYSIS_CARRI|D,OyT-yPTO

Source Type of Samples No. of
Samplei

No. of
Determinations

(A) B.A.R.C. UNITS

UHP Rare earth oxides/nitrates,
uranium oxide, uranium
fluoride, magnesium
fluoride, magnesium metal, 1123
granules, yttrium oxide,
graphite powder

AFD Uranium

URBD Yttrium oxide, europium
oxide, Eirconium

Hat.Divn. Vanadium oxide, SS304L,
tin metal, laterite
powder, stainless steel,
Hone 1-500

TPPED Bismuth oxide, nickel,
bismuth germanate

»Other Graphite, aluminium metnl,
units of stainless steel, Austenitic
BARC steel, Od(NO, >3 6H2O, nctnllic

electrode, ingot Ni , Y2O3
graphite, EN-2 4, Bissmuth
germanate, KOH sol., CBSO 4,

mild steel, barium acetate,
strontium carbonate,
cerium dioxide

(6) D.A.E. UNITS

6ZT

59

19

31

69

Yttrium oxide
Stainless Steel, Plglead
samples
Stainless Steel
Uranium Oxide

IRE
NPC

CAT
AFFF

(C) OTHERS

IITtPowai Copper aample
NCHL
OHARDA Ash sediments, sulphated
Chemicals carbon ash, corrosion

TOTAL

e
26

6035

4359

284

137

396

234

1
40

3
7

36
25

32

1970 11,589

*Chemlcal Ingg. Divn., Solid State Phys. Divn., Neutron Phys.
Dlvn., Analytical Chem. Divn., Chemistry Divn., CIBUS, Hall 7,
R*«otor Ingg. Divn., Laser k Plasma Technology Divn.! Reactor
Projeot Oroupi Powder Metallurgy Dlvn., DRP, FRD, Poornima Labs.,
FRO, Central Workshops, RPO, NPD etc.



1.2 Determination of Excitation Temperature CT > and

Electron Number Density Cn 3 for Inductively

Coupled Plasma CICP)

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

The electron excitation temperature (T#xe) for plasma

generated by using 56 MHz RF generator at a forward power

1.5 KW, was measured by using the "two-line" method. Zinc

was used as the thernometric species and the lines at

307.206 nm and 307.590 nm were employed for intensity

measurement after nebulizing 100 fJg/ml Zn solution. T#ICC

was also determined by incorporating Na and Ca (easily

ionisable elements) in the Zn solution. The T#1CC values

obtained are given below.

Sample °

Zn (100 MS/ml) 6650

Zn (100 Mg/ml • Na (1 mg/ml) 6620

Zn (100 Mg/ml + Na (5 mg/ml) 6650

Zn (100 Mg/ml) + Ca(l mg/ml) 6580

Zn (100 jug/ml + Ca(5 mg/ml) 6570

The above data demonstrate that an easily ionisable

element doeB not lower the Taxc in the ICP.

The electron number density (n#) was determined by

employing two methods: 1) H/? Stark width method and 2)

ion-atom intensity ratio method.

The profile of H/3 (486.133 nm) line emitted in the ICP

source was recorded. The half width of this profile was

measured and corrected for Doppler and instrumental

contributions. A value of 5.4 x 10** cm"* was obtained

for n,.

The intensities of two Zn lines, 206.19 nm (ion line) and

213.86 (atom line) were measured and corrected for the

5



background contribution. Using these intensities and T#xe

(obtained by the "two-line" Method), n^ was calculated.

This procedure gave a value of 6.1 x 101* cm~* for n,.

1.3 Determination of Tm and Lu In Y,0, by ICP-AES

(S.N. Marathe, S.S. Biswas, P.B. Patel and P.S. Murty)

The Inductively Coupled Plasma-Atomic Emission

Spectroscopy (ICP-AES) method developed earlier in our

laboratory for the analysis of Y20a was extended to

determine TM and Lu also along with Eu, Qd, T,b, Dy, Ho, Er

and Yb. Tm 342.508 nm line and Lu 261.547 na line were

used for analytical calibration. The detection Halts

(3<7) obtained for these two elements are 5.2 and 0.6 ng/ml

respectively.

1.4 Determination of Nd In Y20, by ICP-AES

(S.M. Marathe, B.K. Ankush, S.S. Biswas and P.S. Murty)

Although heavy rare .earth elements are only expected to be

present at trace levels in yttrium, occasionally Nd (light

rare earth) was also found in some yttrium samples.

Therefore a method was developed to determine Nd in the

concentration range 10-1000 ppm. Nd line at 406.109 nm

was found to be interference free and hence employed .for

the calibration.

1.5 Determination of Minor Amounts of Al, Cu, Fe and Ni In Cr
by ICP-AES

(S.S. Biswas, I.J. Machado and P.S. Murty)

Using ICP-AES method Al (0.1 - 1.0%) and Cu, Fe and Ni

(0.01 - 0.1X) were determined in Cr. Analyte lines which

were free from interference from the complex spectrum of

Cr were chosen by recording the spectrum of Cr in the

spectral region of interest. The following wavelengths

were chosen for calibration. Al 237.324 nm; Cu 224.700

6



nm; Fe 259.940 nm; and Ni 221.647 na.

1.6 Analysis of Residue from Carbon Arc Experiment

(V.B. Kartha, M. Singh, M.D. Sakaena and V.S. Dixit)

It has been claimed (Oshawa, 1965) that when an arc is

struck either in air or in water between two carbon rods,

5<*Fe is forced via the transmutation scheme:

2 « C + 2t<s0 •» (2 Z 8 S i ) 4 5 tSNi) •* 5<sFe
<s a t* 2« 2<$

2<3oc) + 2(4a) + 2(7a> + 14a .# (13a +

We have carried out a few experiments to test the validity

of this claim. In our experiment two ultra high purity

carbon electrodes (UCC) of length 12" each were placed at

right angles to each other and clamped to the arc-stand.

The electrodes were dipped in nano purity demineralised

water kept in a pyrex trough and were connected to a d.c.

power supply.

The current was maintained at about 15 amps, the voltage

across the electrodes being 30 to 35 volts. Black

particles which were released from the arcing electrodes

were collected for analysis.

After decanting .the water the residue was dried under

infra red lamp. The residue carbon powder weighed about 5

mgs. This was spectrographically analysed using

spex-standards. An electrode blank was also run

sinultaneouly. Semiquantitative analysis showed presence

of Si (500 ppm), Fe (1000 ppm), Cr (50 ppm), Ni (400 ppm)

and Al (200 pp>), concentrations much higher than those

expected from blank materials.

The experiment was repeated to collect large quantity of

the residual powder for further analysis.



The graphite rods were weighed before and after the

arcing. One litre of demineralised water was kept in the

trough and a similar quantity was taken to check the

demineralised water blank. A residue of 46 mgs was

obtained whereas the consumed quantity of the electrode

was 600 Bgs. To check the electrode blank, the graphite

rod was crushed and pieces powdered. Out of this 600 mg

powder was ashed. After ashing for about 6 hra., 90 •( of

residue was obtained. The water blank, electrode blank

and the residue obtained during arcing under water were

spectrographically analysed.

The analysis of the residue showed Si (400 ppm), Fe (2000

ppm), Cr (1000 ppm), Ni (500 ppm) and Al (200 ppm).

Whereas the impurity contents in the demineralised water

and electrode blanks were less by two orders of magnitude.

Even though, it has not been possible to work out the exact

time of arcing and to keep the arc gap constant

during the experiment, data collected from each experiment

showed enhancement of the elements Si, Fe, Cr and Ni which

was more than the preconcentration factor, obtained by

conventional methods.

It was decided to test the isotopic composition of the

residue by mass spectrometric analysis. For this about

4.8 gms. of graphite-electrode material was arced which

resulted in only 120 mgs. of residue. The mass

spectrometric analysis of this residue did not show any

difference in isotopic composition as compared to the

natural Fe.

1.7 A Multipurpose Scanning X-Ray Crystal Spectrometer

(R.M. Agrawal)

A multipurpose x-ray spectrometer has been assembled which

can be used for several new types of experiments, in
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addition to the normal experimental studies. It has the

following special features:

Wide range of scanning speeds

Continuous scanning or step-wise scanning

- Options of scanning

(i) 0 and 20 together (Synchronized)

(ii) 0 only

(iii) 20 only.

Analysing crystals: Flat, rectangular

(i) Thick crystal (Surface planes for X-ray

dispersion).

(ii) Thin plate-like crystals

Surface reflecting planes or

.Transverse planes in transmission mode

One Analysing Crystal offers choice of several

sets of planes.

- Detector: Scintillation counter can be mounted in two

positions for instrument to be used in either

Conventional mode or Fluorescence mode.

The spectrometer has been tested for its performance and

has been used for a number of experiments such as

measurement of relative intensities of characteristic

x-ray lines, for experiments pertaining to multiple

diffraction of x-ray in an analysing crystal, recording

the absorption edges in the conventional manner

(transmission mode) or in the fluorescence mode etc. A

typical recording is shown in the figure 1.7.1.

1.8 Study on the Relative Intensities of Characteristic
X-ray Lines Under Excitation Conditions Close to the
Threshold Region

(R.M. Agrawal and S.N. Jha)

The Variation of the relative intensities of

characteristic L X-ray lines of Au with excitation
9
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CRYSTAL OF LlF ( 0 2 0 )

Frj.X.7.1
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conditions has been studied in and near the threshold

region for L-spectrum excitation. Electron beam

excitation as well as photon excitation modes have been

used. The observed changes can be attributed to the

variation in the relative number of electron-vacancies

(holes) created in different sub-shells an a result of

interaction of exciting electrons or photons with the

bound L-electrons belonging to different sub-shells.

Scofield data on L-eaission rates based on relativistic

Hartree-Slater values, have been used to deduce the

relative number of primary electron vacancies, created in

the Llf LJt and L m sub-shells under different conditions

of excitation.

1.9 Multiple Diffraction of X-rays in Analysing Crystal and
its Effect on the Experimental Results - Theoretical and
Experimental Studies on LiF Analysing Crystal.

(R.M. Agrawal and S.N. Jha)

Analysing crystals used in x-ray spectrometers are

three-dimensional gratings having several sets of planes

with different 'd' values and orientations. Although one

set of parallel planes is primarily used for analysing the

x-ray spectrum, it can happen under certain experimental

conditions, that in addition to the set of analysing

planes, one or more other sets of planes may

simultaneously satisfy the Bragg conditions for a

particular wavelength (\), resulting in multiple

diffracted beams at that X.. Consequently, there is an

'unexpected' drop in the intensity at that X in the

recorded x-ray spectrum. This can pose a problem in the

interpretation of the observations or may lead to wrong

results if such a possibility is not envisaged.

.LiF crystal is very frequently used as an analysing

crystal in crystal spectrometers. Important combinations

of planes belonging to the frequently used zone-axis

11



<020>, which can give rise to Multiple diffraction of

x-rays and the wavelengths and O-values at which it can

occur, have been computed from the structural parameters

of LiF and experiments were carried out to record the

profiles of the 'dip* or drop of intensity and measure

their magnitude and also observe the 'other' diffracted

beam whenever possible.

Experimental work to study other aspects of the phenomenon

is in progress.

1.10 K-Absorption Edges of Y and Zr and EXAFS Data on Copper
K-edge

(R.M. Agrawal and S.N. Jha)

Using the 'fluorescence' mode', K-absorption edges of Y and

Zr in their mixtures have been recorded. The aim was to

study the experimental difficulties likely to arise in the

study of the fine atructure of absorption edges when

neighbouring elements are simultaneously present) and to

evaluate the relative advantages and limitations of

conventional and fluorescence methods for recording the

spectra.

Cu K-edge and associated fine structures were also

recorded using the conventional 'transmission' mode and

EXAPS data at about 400 data points were collected for Cu

(in K-edge region) for use in the development of a

computer programme for processing EXAFS data.

1.11 Development of Computer Programme for Processing EXAFS

Data

(S.N. Jha and R.M. Agrawal)

As a part of developing a computer programme for EXAFS

12



data processing, the following subprogrammes are developed

to

- Convert experimental data I(counts) vs 2 6 to I vs

photon energy (ev)

- Generate Io values for each of the data pointB from the

experimental spectral distribution curve of the x-ray

source output, measured under identical experimental

conditions.

- Generate the experimental absorption curve.

- Smoothen the absorption curve using 'averaging method'.

- Substract the contribution of higher shells (and other

elements if present in the sample) from the absorption

curve using Victoreen Method, for obtaining EXAFS curve

corresponding to the edge being studied.

- Apply corrections for the free-atom background

contribution for obtaining EXAFS curve, exclusively due

to the structural environment around the concerned atom.

- Calculate EXAFS functions X(E) and X(k).

Further work is in progress.

1.12 Study on the Determination of Small Concentrations of Hf
in Zr Using Energy Dispersive X-ray Tertiary Emission
Spectrometry CEDXRTES)

(R.M. Agrawal, S.N. Jha, R. Kaimal and S.K. Malhotra)

Determination by EDXRF of small concentrations of

impurities in a highly fluorescing matrix like Zr, ia

difficult owing to the flooding of the detector with

matrix radiation in presence of which the measurement of

weak 'signal' due to analyte has to be made. However,

with EDXRTES set-up it is possible to selectively excite

Hf L-lines without exciting the Zr-K sadi&tion, e.g., when

KBr pellet is used as a secondary source, Br X-radiation

can create 'hole1 in the L shell of Hf but is incapable of

ionising Zr K-shell.

13



Using EDXRTE set-up, W-target x-ray tube operating at 40

kV 20 mA as the primary source and KBr pellet as the

secondary source standards containing Hf in Zr were

exposed to Br k-radiation and the resulting X-ray

fluorescence spectrum analysed with Si(Li) detector

system. Standards were in the form of double layer

pellets and covered the concentration ranges .01-1% and

IX-10% of Hf in Zr (on oxide to oxide basis). Data stored

in Multichannel Analyser were processed using a specially

developed computer programme and calibration curves

obtained.

The results obtained were found to be inferior when

compared with those obtained with WDXRF.

1.13 Development of a Computer Programme for Processing EDXRF
Data

(S.N. Jha and R.M. Agrawal)

Reliability of analytical results obtainable from EDXRF,

particularly for low concentrations depends upon the

correct estimations of the signal and the background from

the data stored in the Multichannel Analyser.

A Fortran Programme has been developed to conduct peak

analysis of EDXRF spectra in the following manner.

- Smoothing the spectrum with a 'nine-point least square

polynomial' method.

- Determining accurate energy per channel scale from known

spectral peaks.

- Finding peak centres in terms of channel number from the

known X-ray peak energy and energy per channel scale.

- Finding window-width for each peak from its energy using

• linear width vs energy relationship.

14



Computing window boundaries from the above information

and converting to the nearest integral channel number

and interpolating exact window boundaries and their

corresponding intensities.

Integrating the net peak area using Covell's method as

well as Covell's modified method.

16
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II. 1 Analysis of the High Resolution FTIR Spectrum of Acetylene

in the 3000-3400 cnr* Region

(B. D'Cunha and Y.A. Sarma)

The Fourier transform infrared (FTIR) spectrum of

acetylene is very complex in the 3000-3400 em"1 region,

since several combination and hot bands are expected in

this region. The hot bands in which both the

perpendicular modes v4 and vs are excited, are associated

with a quantum of either the C-H or C-C stretching modes.

The objective of the present studies was to identify the

band systems and study the effects of vib'rational and

rotational /-type doubling as well as Fermi resonance on

the levels of C2H2i in this region.

The bands under investigation are

(Vt + y4) (Fig) «• y5 (Ilu) (3240 cm"
1)

{vz 4 y4 + 2ua) (Tig, ng, <pg) «• vs (llu) (3300 cm"1)

(t>2 + 2v4 + vs) (Flu, Flu, <p\i) «• v4 (rig) (3300 cm'
1)

In the last two band systems, each bending mode is excited

by either one or two quanta. Since Eli = ± 1 and ± 3, two

sets of ri-H bands, each with their /-type doubling

effects, give rise to complex but interesting features in

the spectra. The expected sub-bands with upper states,

for example, in the case of

(vz + v4 + 2v5 ) «• v5 are

(1*2°)4#, (l*2°)lf with / = 1 <ng upper)

(1i2-2)-i»t <1i2-2rtf w i t h / s _j (n4 lower)

and (I42a)1#, (lW)* with / = 3

In the analysis <:f the bands (vt + i>4 + 2vg) *• v9 and (Vt

* 2v4 • v9) + V4, the two sets of Fl-FI bands each showing

effects of rotational Jf-type doubling have been presently
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identified and analysed. Even though 4> • FI transitions are

forbidden by selection rules, intensity borrowing due to

perturbations is possible and hence efforts are being mad*

to locate these bands for Baking a global fit of the

combined data.

II.2 High Resolution Spectra of Deutero Phosphines

(R.J. Kshirsagar, V.A. Job and V.B. Kartha)

The vz band of PHZD, which lie in the region ~ 800-S60

en"1 have been analysed with a standard deviation of

0.0005 cm"1. The spectrum was recorded with a BOMEM

DA3.002 Fourier Transform Spectrometer at an apodized

resolution of 0.005 cm'1, using Globar Source, MCT

detector and 10 m. multiplereflection cell.

PH2D is a nearly prolate asymmetric top molecule. The v2

band of PH2D is a hybrid band consisting of a- and c-type

transitions. Ground state constants were calculated by

the combined least square fit of the combination

differences of v2 band and microwave data. A standard

deviation of 0.0005 cm"1 was obtained for the Fourier

transform data and microwave values fitted to an accuracy

of 0.0000021 cm"1.

The Fourier transform high resolution spectra of PHjD in

the regions 1550-1800 cm'1 and 2100-2300 cm"1 have also

been recorded and are under study.-

II.3 High Resolution FTIR Spectra of Difluoromeihane CCH2Fp in
the 460-600 cm'1 Region

(N.N. Deo and R. D'Cunha)

The high resolution Fourier transform infrared absorption

spectrum of the v4 fundamental band of CHsF2 has been

analysed in the region 460 to 600 cm'1. More than 2700

lines (J" • 54; Ka" * 22) have been assigned in this
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B-type band of the lowest fundamental centred at S28.7

ca'1. The data have been combined with all the available

pure rotational measurements on the upper state in a least

squares fit. Accurate values for the band origin and

other molecular parameters have been obtained which fit

the data with an overall standard deviation of 3.7 x 10"4

cm'1. Final confirmation of the assignments were made by

computer simulation of the features in the various regions

of the band. In Fig. II.3.1 the observed and simulated

spectra are shown for a typical Q branch feature.

II.4 Recording of High Resolution FTIR Spectra of CHjF2 in the
Region 1145 - 1300 cm'1

(M.N. Deo, R. D'Cunha and V.A. Job)

The Fourier transform infrared absorption spectrum of

CH2F2 have been obtained in the region 1145 to 1300 cm"1

with the BOMEM DA3.002 FTIR instrument, at an apodized

resolution of " 0.0055 cm'1 and 0.007 cm'1. Spectra were

recorded with a multiple reflection cell having a path

length of 10 m with pressures in the range 0.2 Torr (1146

to 1205 cm'1) and 2.0 Torr (1210 to 1295 cm'1), using a

Qlobar source and a mercury cadmium telluride detector

cooled by liquid N2. The preliminary analysis of v7 band

(~ 1178 cm'1) is in progress.

II.S Laser Isotope Enrichment of CF9Br

(Anju Batra, M.N. Deo and R. D'Cunha k V. Parthasarthy
and S.K. Sarkar )

Carbon-13 has a wide range of research applications as a

tracer in medicine, chemistry, biochemistry, life and

environmental sciences. The natural C abundance is only

1.11X. Laser isotope separaion preferably decomposes

carbon-13 species rather than carbon-12 molecules with

*HDRS
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50M0 50900 509 50 510 00 cm*1

Fig. II.3.1 Typical Q-branch features in the u4 band
(a) simulated spectrum of Ka" » 8, PQ sub-band
<b> observed spectrum. Hot band transitions

mrm indicated by asterisks*
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efficient use of laBer photons. CF Br sample with 90 X C

content was prepared by the following two stage process

using a TEA CO2 laser.

Stage 1

Natural CF9Br

(10 torr) +

Chlorine Cl2

(40 torr)

Laser parameters

9P(32) line,

v =1035.5 cm"

fluence = 4.5J c*

Product Isolated

Enriched CFaCl

(40X "c content)

Stage 2

Enriched CF9C1

(3 torr) +

Br,

(18 torr)

9P(8) line,

l' s 1057.3 cm
-i

fluence = 1.75J cm
-2

Enriched CF3Br

<90% 19C content)

In each stage of enrichment the product was separated and

purified by a combination of cryogenic distillation at

-125 C and gas chromatography.

The high resolution IR spectra of 90X

have been recorded in the J-'t (Parallel

(Perpendicular band) regions with the

Fourier transform spectrometer in the
-1

CM .

enriched CFsBr

band) and v4

BONEM DA 3.002

region 1000-1200

II. 0 The 2i>£ Band of Propyne-d9

(K. Singh, Oeetha Rajappan, V.A. Job and V.B. Kartha)

High resolution Fourier transform spectra of CD,CCH at

room temperature and at 195 K have been recorded in the

2fp band region (1225-1285 cm*
1) at an apodized resolution

of 0.004 cm"1. The vibrational levels of the 2vft mode of

propyne-d, are perturbed by overtones of the degenerate

mode vio or its combinations with other modes. Two
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vibration-rotation interactions - Femi resonance with (ve

• 2v l o)
+ s (Aj) and a weak xy - coriolis interaction with

(vp • 2viO )~*(E) - have been identified. The observed

deviations of ~ - 0.033 cm"1 for K * 0, * + .009 cm"1 for

K = 1 and much smaller deviations for the higher K levels

of 2Vp, point to an energy level pattern in which K = 0 of

(Vf, + 2t>iO) (Aj) lies just above K * 0 of 2L>P (AJ) and the

higher K levels of 2v9 (&+) as a result of Z-axis coriolis

interaction with the A2 component. The localized shifts

noticed for K = 8, 9 and 10 indicate xy-coriolis

interaction with a level lying below 2t>p with a B value

larger than that of 2vd. We have been able to give a

satisfactory interpretation on the basis of the
+ o

interacting level being (z-'0 +2!->10 ) (E). The ground

state parameters were determined by a simultaneous least

squares fit of the ground state combination difference

from the perpendicular band V7, the few available

microwave transitions and the 2v& combination

differences. The perturbed energy levels of 2l-')> were

calculated by the diagonalization of a combined energy

matrix of, 2vfit (fa + 2fto)(A1) and (Wj, + 2yiO)(E) levels,

with appropriate off diagonal interaction matrix elements.

The parameters of 2v0(A1) and some of the parameters of

the interacting levels have been derived from the least

squares analysis of the 2Vp data. More than 1000 lines

have been assigned in the P and R branch region and the

standard deviation of the fit of the 2v0 line positions is

3.5 x 10 cm .

II.7 Fluorescence Spectra of Some Laser Dyes at High Pressures
* *

(S. Venkateswaran, A.P.O. Kutty, S.N. Vaidya and

V.B. Kartha)

The fluorescence spectra of the dyes Coumarin 1 and

Coumarin 102 in methanol were studied as a function of

pressure to about 4GPa. Both dyes showed large frequency
24



shifts with pressure. The pressure was monitored by ruby

fluorescence technique. A plot of the variation of

emission maximum (i'max) with pressure shows three distinct

regions of behaviour for C - 1 and two regions for C

-102.The planar configuration of the 2 molecules give rise

to a box-like solvent cavity initially, and as pressure

increases! these cavities tend to shrink changing

intermolecular forces.This brings about the initial

decrease in vmcM with pressure observed for both the

systems. At a critical pressure (<1 GPa) C-l goes into a

rigid conformation, something like a phase transition.The

energy involved in this process is the dominant factor at

this stage and this does not change during the absorption

and emission process and vma!(remains constant in this

pressure range. The sharp drop in Vmax above 3 GPa in

both dyes arises from the freezing of the solvent which

was confirmed by visual observation.

II. 8 High Resolution FTIR Spectra of Propyne dt -the 2up
and vB Bands at 9-11 pm

(S.B.Kartha, N. Sule, V.A.Job and V.B.Kartha)

The cold spectra of the 2v# band of CH9CCD wa3 recorded at

•olid C02 temperature on the BOM EM DA3.002 FT The hot

bands were found to be supressed to a certain extent and

transitions of K = 4 and 5 could be assigned upto J = 30.

Also, the perturbed nature of K = 4 and 5 was clearly seen

in the spectra. This perturbation could be arising from

the x-y coriolis coupling between 2v0 and vB which H O B at

~ 1034 cm'1. A combined least square fit was done by

introducing x-y coriolis coupling constant. Initial

calculations did not yield satisfactory results. In order

to do unambiguous assignments for the Zv^ band, it is

planned to record the cold spectra under better

conditions.

Chemistry Division
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II.9 Preparation of CH3CCD
(S.B. Kartha, N. Sule, and V.B. Kartha)

Propyne-d was prepared by an exchange reaction of the

parent compound with D2O in an alkaline medium. 99X D20

and 40% NaOD in D2O in the ratio 5:1 was taken in a series

of bubblers filled with Raschig rings. CH3CCH was bubbled

slowly through these traps and collected at the exit in a

2 litre flask cooled with liquid N2. By repeating the

deuteration once more with fresh D20 - NaOD mixture, we

could obtain >95X deuteration for the end product.

11.10 Low Temperature and Long Path Multiple Reflection Set Up
for Diode Laser and FTIR Instruments

(S.B. Kartha, R.P. Shukla and V.B. Kartha)

In continuation of the work reported earlier, further

tests were made with the optics design for beam size

reduction. A system of KC1 lenses of focal lengths 2S0 M

and 25 mm are used to get a collimated beam of about 10 mm

diameter. The beam diverged to about 40 mm over 2.5 meter

path length and hence this is the maximum pathlength

usable. An alternate set up was therefore tested taking

the focussed beam out of the sample compartment, passing

it through a long path cell and returning it back through

the cell for further focussing on the detector. The

necessary IR lenses have been designed and are being

fabricated. This set of optics can be coupled with the

low temperature cell which is under fabrication.

11.11 Laser Induced Reactions Using C02 Laser

(G. Rajappan, S.B. Kartha, Kuldip Singh and V.B. Kartha)

C02 laser induced reaction on methyl acetylene and D20 is

planned. For this purpose, a C02 laser which has been

fabricated earlior was set up and put into operation.
26



laser emission was observed in many lines in the 10.6 fJ

region with single line power of ~ 2-3 watts. An

absorption cell of 2.5 meter path length with necessary

detection facilities is being set up to study laser

induced reactions.

11.18 Normal Coordinate Analysis of CF^r and CFgCl Molecules

(Anju Batra and Homola D'Cunha)

Infrared spectra of CF3Br were recorded with the PE180 lfi

apeetrophotoaeter at a resolution of * 1 ci in order to

identity the various vibrational bands, and locate the

bands due to CF3Br present in natural abundance in the

saaple. The cartesian coordinates for the CFSC1 and CFjBr

molecules were calculated and the Basses and geometrical

parameters along with the constants of the General

Harmonic Force Field (QHFF) were used to calculate the

vibrational frequencies.The force constants were refined

using more recent data and the frequencies for CF9Br and

CFjCl were fitted with an average error of 0.2X. The

refined force constants obtained from the normal coordinte

analysis were used to predict the frequencies of the

various isotopic molecules such as CFS Br, CFS Br,

CF, Cl and CFj Cl. These studies were carried out

as a prelude to the high resolution spectroscopic studies

of C enriched CF9C1 and CF9Br generated by IB

aultiphoton dissociation with a CO2 laser .

11.13 Study of Vibrational Spectra of High Tc Superconductors
and Related Oxides.

(S.Narang, N.D.Patel and V.B.Kartha.)

Spectra Were recorded in 40-200 cm"1 region for CuO, Y2OJ(

Bi2O,, LajO, NdjO, GdjCuOj and Nd-doped LaCaBaCuO (1113)

series of high Tc superconductors,using the required

combination of source, detector and beamsplitter, at 300K

and ~90°K. .
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The DIGS detector which is usually used for the far IR

region (10 -750 cm ) does not have high sensitivity in

this range. Therefore a liquid He cooled Si-bolometer was

used for the spectun recorded in the 350-700 cm region.

For computing the normal modes of a crystal at the zone

centre of the Brillouin zone, the exisiting program

required a drastic change as the computation is to be done

in Cartesian coordinate system. The program was rewritten

with all the necessary modifications. To start with, the

Kinetic Energy matrix is made in terms of reciprocal

masses! whereas the Potential Energy matrix is framed in

terns of internal coordinates. To calculate the bond

distances and bond angles, a computer program was written

which takes into consideration the symmetry of the unit

cell and gives the position of each atom, and then

calculates the distances and angles for all possible

combinations, which are used in the normal coordinate

analysis. The program was tested using the KMF3 system.

Using the program we have started the analysis of Bi2Og

and CuO. We have set up the required K.E. and P.E.

matrices for Bi2O3 and CuO unit cell and framed the

symmetry coordinates according to the factor group of

respective spacegroups C2h
5 and C2h*. For the preliminary

calculations on CuO, the frequencies are given in Table

II.13.1. The force constants are being refined by fitting

the calculated frequencies to the observed ones.
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Table - II.13.1

The observed and the calculated frequencies (ca ) of CuO

froH preliminary calculations.

Species Observed value Calculated value

(cm ) (cm )

Ag 297 308

Bg 629 610

344 377

Au 515 461

323 307

148 134

0 0

Bu 598 611

410 405

163 183

0 0

0 0
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III.1. Dependence of Gaussian Half-Width on Hollow Cathode

Discharge Current and Bath Temperature

(S.G.Nakhate, S.A.Ahmad, Pushpa M.Rao, and O.D.Saksena)

We have studied the effect of discharge current and bath

temperature on Gaussian half-width (At>D) of Ne line at

3472.571 A excited in hollow cathode lamp (HCL) operated

at fixed pressure of neon (constant Ne number density).

The deconvolution procedure [1] was used to obtain the

Gaussian (AvD) and Lorentzian (AvL) width from the

recorded Fabry-Perot line profile. It was found that the

Lorentzian width remains almost constant with the varying

discharge current and temperature as expected because Ne

number density was kept constant. The Doppler temperature

(TD) of hollow cathode discharge was calculated from

Gaussian width AvD and was found to be more than the bath

temperature (77 K) for all discharge currents including

minimum current of 10 mA. The difference between TD and

the bath temperature (TD) is caused by the heating of gas

due to the discharge current. The plot of discharge

current (IQ) versus calculated Doppler temperature (see

Fig. III.1.1) shows the linear increase of Tb with respect

to ID.

We also studied the effect of bath temperature on Doppler

temperature of gas at constant discharge current. The

above mentioned study was carried out to see the

effectiveness of cooling of hollow cathode discharge lamp

from room temperature to 77°K on the Gaussian width.

Reference

1) E.A. Ballik, Applied Optics 5 170 (1966).
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III.2 Term Isotope Shifts CAT) in the Odd and Even Parity Energy

Levels of Yb II With Reference to the Level of 4f"6d
Configuration at 62559 CM'1

(Puahpa M. Rao, S.M. Afzal , S.A. Ahmad and G.D. Saksena)

In our earlier report on IS studies In singly-Ionised Yb

[1], tern shifts AT of odd and even energy levels were

evaluated assuming AT * 0 in the two levels 2Pi/2 * *Ps/2

belonging to 4fi46p configuration. But for high Z

elements relativistic calculations have shown that the

charge density jv(O)|* of the Plyz electrons at the

nucleus is finite ([2] and reference therin). A pure

level of 4f146d configuration should have AT *" O as the

value of |v(0)|2 is negligible for a pure configuration.

We therefore selected the even level at 62559 cm"1

assigned to 4f146d configuration as reference, and the IS

in two transitions from this level were measured using the

recording Fabry-Perot spectrometer 13]. Additional

measurements of isotope shifts in two lines as well as

recording of some of the lines with single isotope 17<sYb

was undertaken. Making use of these IS values and those

in spectral lines studied earlier [1,4] term shifts AT

were evaluated In 18 odd levels and 26 even levels of Yb*

assuming AT(t7*'1?<IYb) * 0 in the level at 62559 cm"1 of

4fu6d configuration.

The new values of term shifts AT for the pure

configurations of Yb II are given in Table III.2.1, It

may be pointed out that for the two terms of 4f**6p

configuration we find that AT(*Pt(,2) is smaller than

AT(zPJ/2) which is contrary to the theoretical

calculations as already mentioned by us in [2].

*D«partm«nt of Physics, Aligarh Muslim University, Aligarh 202002
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Table III.2.1 The term shift* AT (172 - 176) evaluated

for pure odd and even parity configurations of Yb II.

Parity

Even

Odd

Confugiration

4f"6s

4f"7s

4fla6s6p

4f"5d6p

4f**6d

4f ls6s*

4f"6 P (2P4/1)

4f"6p (2P9/,2)

4f195d6a

AT(ir«Yb-*7*Yb) x

1 0 - * cm"4

101

37

179

51

0

283

17

27

175

References:

(1] Pushpa N. Rao, S.A. Ahmad and G.D. Saksenat
Spectroscopy Division Progress Report for 1990 edited
by A. Sharma and S.N. Marathe : BARC/1991/P/003 p.11

[2] S.A. Ahmad, Pushpa M. Rao and O.D. Saksena, Seventh
National Workshop on Atonic and Molecular Physics,
Aligarh (1988), Abstract No.ASEX-2, p.73

[3] S.A. Ahmad, I.jr. Machado and G.D. Saksena, Spectrochim
Acta 3SB 215 (1980)

(4] I.J. Machado, M.Sc. Thesis, University of Bombay
(1980)

III. 3 Determination of Colllsional Broadening Coefficient for
He-He* Interaction

(S.O. Nakhate, S.A. Ahmad, Pushpa M. Rao and G.D. Saksena)

Pressure broadening and shift of. spectral lines are . a

valuable sources ot information about interaction between

the excited state and the ground state atoms. Recently w«

have initiated these type of studies in our laboratory.

The neon line excited in hollow cathode discharge lamp

(HCDL) at 3472.571 A (2ps4p - 2p°3s) was recorded on
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recently digitised PC-interfaced recording Fabry-Perot

Spectrometer at different neon pressures (1-10 torr)

keeping HCDL ourrent (20 mA) and bath temperature constant

(77 K). The recorded Fabry-Perot profile was then

separated into its respective Gaussian (AuD) and

Lorentzian (Ai->L) components using the deconvolution

procedure described earlier [1). Figure III.3.la shows

the Gaussian component of the line profile plotted against

the Ne pressure. As can be seen, the Gaussian width of

the line is practically independent of the perturbing gas

density. The Doppler temperature is found to be 273.50° K

(corresponding to mean line width) which is on higher side

of bath temperature (77°K). Figure III.3.1b shows the

plots of Lorentzian widths Al->L against number density of

Ne (N N #). The values NNft were determined from the

measured Ne gas pressure and the evaluated average Doppler

temperature of the gaa. The plot shows the linear

dependence of Av^ on NN6 according to the relation

AfL = AvL<°> + /?N (1)

where ft is the broadening coefficient, and A^L denotes

the "residual" Lorentzian width, confirming the prediction

of the impact broadening theory.

The collisional broadening coefficient J& is found to be

6.30 X 10 ca /atom/cm . This value is determined by

the least-square fit to linear equation (1). Our ft value

(at Doppler temperature of 273.5 K ) is close to the

value determined by Bobkowski et al f 2 J (At Doppler
O -2O "1 9

temperature of 311 X } which is 2.47 x 10 crj /atom/cm
5 5

for Ne line at 5341.1 A arising from 2p 3p - 2p 4d

transition. This difference in the /? value can be

accounted due to the difference in the Doppler temperature

and the cofigurations of the levels involved in the

transition studied.
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[1] S . Gi. Nakhate , S.A.Ahmad and G.D.Saksena, Spectroscopy
Division Progress Report BARC/1991/P/003 pl5.

[2] R.Bobkowski A. Bielski, J. Szudy and J. Wolnikowski
Acta Physica Polonica &1Z, 709 (1986).

171.1 Experimental Verification of Theoretical Calculations of
Configurations Mixing in Odd and Even Parity Levels of
Ybll

(Pushpa M. Raoi S.M. Afzal , S.A. Ahmad and G.D.
Saksena)

Among the even levels of Vb+, identified so far [1] few of

the levels have been assigned to mixed configurations on

the basis of parametric calculations. In the odd 4f195d6s

configuration Jji-u type of coupling gives rise to triplet

and singlet terms.

He have experimentally verified the configuration

assignments and also the percentage compositions of

configurations of the odd and even parity levels. From

the experimentally measured (2] isotope shifts of Yb* (Ac

i72-i?<sYb) t h e t e r m I S A T o f e v e n a n d o d d levels were

evaluated (see III.l in this report) and these are given

in Table III.4.1 and III.4.2 respectively.

Term shifts in the even levels of Yb II:

As is evident from Table III.4.1, the levels belonging to

4fla6s6p configuration assigned to (7/2,2) term show

nearly equal term shift AT " 179 mK, which confirms the

theoretical calculations. The term shifts AT.in 3 levels

of 4f135d6p(9F2) configuration designated to (7/2,2) term

decreases as the contribution of 4f19dp configuration in

these levels increases confirming the theoretical

calculations (levels of pure 4f19Sd6p configuration have

lesser AT value).
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According to theoretical calculations the level at S637S.9

CM'1 has a contribution of 24X 4fli5d6p configuration and

22% 4ft96s6p configuration. Using the sharing rule [3]

and the term shifts in pure 4f19Sd6p and 4f1>6s6p

configurations we obtain theoretical term shift of about

51 mK for this level which does not agree with AT "100 mK

observed experimentally. This shows that the

theoretically evaluated percentage composition [1] of this

level at 56375 cm"1 is incorrect.

Term shifts in odd parity levels

19 z

The odd parity levels belonging to 4f 6s ponfiguration

show a term shift AT"288 mK which is the highest AT value

observed for levels of Yb+ as the electron charge density

at the nucleus would be maxirim. The levels of 4f*46p

configuration show a shift of AT*17 mK for 2P1/2 level and

AT"27 mK in the case of 2Pg/2 level again contrary to

theoretical calculation [4].

The levels of 4f195d6s configuration designated to triplet

terms e.g., 3[3/2], »[ll/2] etc. have AT*175 mK (Table

III.4.2), whereas the singlet terms e.g. 1(3/2], '[11/2]

of 4f135d6s configuration show AT~145 mK. This shows a

dependance of term IS on the multiplicity of a term within

the 4fi95d6s configuration. The levels designated as

triplet show a higher AT than those belonging to singlet

terms.

References

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

[2] S.A. Ahmad, I.J. Hachado, and O.D. Saksena,
Spectrochim Acta 3_5_B 215 (1980).

[3] J. Bauche, R.J. Champeau : Advances in Atomic and
Molecular Physics, 12., 39 (1976).

[4) G. Torbohm, B. Fricke and A. Rosen : Phys. Rev. A
11, 4 (1985)
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Table III.4.1

Term Shift AT (172-176) in Even Parity Levels of Yb*

Level<ca~* ) Configuration
fc leading
percentage

Tera

0.0

52517.3

52938.0

53404.9

53715.2

53720.7

54304.4

58961.3

61051.0

61214.6

56375.9

59259.2

59618.9

59710.6

62559.0

4f"6s

4f196s6p

tl

It

11

II

4f"7s

4f"5d6p

It

tl

It

+ 4fia6a6p

It

ft

ft

4f"6d

95%

95%

89%

93%

95%

74%

64%

54%

24%

22%

78%

65%

82%

(7/2,2)

(7/2,2)

1
(5/2,1)

1/2

11/2

3/2

5/2

7/2

9/2

1/2

11/2

7/2

9/2

5/2

5/2

7/2

3/2

5/2

101

179

179

168

182

179

37

51

68

75

100

168

179

168

0
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Table III.4.2

Term Shift AT (172-176) in Odd Parity Levels of Yb+

Level (cm"*)

21418

31568

27061

30392

31979,

32371.

32981.

33052.

34389.

35059.

33494.

35019.

35831.

34575.

34784.

38342.

.7

.0

.8

.2

.9

. 1

,5

.2

7

0

6

1

6

3

9

0

Configuration
* leading
percentage

4f"6s*

It

It

II

4fiB5d6s

It

tt

tt

11

It

4fla5d6s

II

tt

II

tt

11

98X

90X

69X

66X

85X

71X

51X

56X

65X

6 7X

77X

53X

7 OX

8IX

Term

*F
It

*P
ti

'[5/2]

»

••

al7/2J
tt

11

9(9/2]

It

ti

tt3/2]

'[11/21

1f9/2]

J

7/2

5/2

1/2

3/2

7/2

5/2

3/2

9/2

5/2

7/2

7/2

9/2

11/2

3/2

11/2

9/2

AT<c.-*>

283

288

17

27

171

182

179

179

179

187

177

180

179

145

147

158

III.5 Optimised Design for Time-of-Flight Mass Spectrometer
in Mass Reflection Geometry

(S.G. Nakhate, S.A. Ahmad, A.Venugopalan, Pushpa M. Rao,
Q.D. Saksena and K. Krishnakumar*)

It is well established that non-magnetic time-of-flight

mass spectrometer (TOFMS) have a number of advantage* over

other types of mass spectrometer. Among the advantages

are: (1) the possible recording of complete mass spectrum

in few microseconds, (2) the unlimited mass range for the

ions being studied.

+ T.I.F.R., Bombay 400 005
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The main deficiency of TOFMS has been their poor BA S S

resolution, which can not be made greater than a few

hundred using space-time focusing technique {1}. The

principal factor which limits the resolution is the

existence of a spread in the initial velocities (i.e.

energy) for the ions produced in a single equipotential

plane of the source.

The mass-reflectron is a new type of TOFMS in which along

with usual space-time focusing, the energy focusing of the

ion packets ia achieved [2]. A diagram of the system is

shown in figure III.5.1. An ion bunch focused in plane 1

(because of space-time focusing) travels through the

field-free space 2, is slowed down in the field of the

first grid condenser 3, is reflected in the field of the

second condenser 4, is accelerated in the field of the

first condenser 3, travels through the field-free space 5,

and arrives at the detector plane 6. The idea of the

system is that variations in the transit time through the

field-free space 2 and 5 due to variations in ion energy

are compensated by corresponding variation in the transit

time of the ions through the decelerating and reflecting

gaps 3 and 4. Thus all the ions with a given m/q, despite

differences in initial energy, travel through the space 2

to 5 in identical times and the bunch arrives at the

detector plane with a thickness close to the original one

and thus achieving energy focusing. The mathematical

treatment of this problem is given in references [2] and

[3].

We have optimised the structural as well as operational

parameters (e.g. electric field in various condensers) for

maximum mass resolution using the computer code developed

by TIFR group. ' Some of the optimised parameters are given

in Table III. 5.1 and based on these we have finalised the
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Diagram for Ion Time-of flight mass spectrometer
in mass reflection.

Rg.m.5.1



design for TOFMS. The theoretical mas3 resolution is

300. The fabrication has already been undertaken.

Table III.5.1: Computer Print Out of Some Important Parameters of

Time-of-Flight Mass Spectrometer with Bend Geometry Designed by
us
(Optimised at mass 175) for Best Mass Resolution

Field gradient in the first acceleration

region (es)

Field gradient in the MAIN acceleration

region (ed)

Field gradient in the retardation/

reacceleration region (Vr/d4)

Mean angle of ion entry into the

reflectron (t2)

Angular deviation of the extreme left

or right ion (angle)

Voltage gradient to be applied to the

reflectron (Vx)

Maximum depth of ion penetration (dp)

Distance between entry and exit of ions

with mean energy (Xo)

Resolution Space Energy

Complete Separation 294 298

Mass (amu) 175

: 280.4921 volts/cm

: 1519.5079 volts/ca

: 1215.6972 volts/cm

: 70.3839 degrees

: 0.4447 degrees

: 219.4249 volts/cm

: 1.9095 cm

: 2.5605 cm

Total Practical

281 276

200 1

Flight time thru the first
accln. region (microsec) 0.7951

Flight time (microsec) 26.3754

Flight tine diff.between 0.0752
m and m+1 (microsec)

0.8491 0.0709

28.1956 2.0046

0.0704 0.8256
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III.6 Progress In Setting up of the Resonance Ionization

Mass Spectrometry Facility

(A. Venugopalan, E.G. Nakhate, Pushpa M. Rao, S.A. Ahaad
and G.D. Saksena)

The work of setting up a Resonance Ionization Mass

Spectroscopy (RIMS) facility in our laboratory, has Bade

good progress during the period of this report. As

mentioned in our initial report [1], the facility is being

set up to undertake high resolution spectroscopic studies

for investigating nuclear properties of short-lived

isotopes, produced either at the reactor or at the heavy

ion accelerator, Pelletron.

The RIMS facility basically has three parts: i) The laser

system consisting of two/three dye lasers and the pump

laser ii) The laser interaction vacuum chamber with the

atomic beam ovens and the Time of Flight (TOF)

spectrometer set up and other accessories and iii) The ion

detector and data acquisition and analyser assembly. The

progress made -in the setting of each of these assemblies

is briefly described in this report.

The Laser Assembly

For the step-wise selective ionization of the atoms

(isotopes) of interest, the RIMS set up usually has two or

three dye lasers, depending upon the particular species to

be studied. In our RIMS set up, the dye lasers will be

pumped by copper vapor laser (CVL) which assures high

ionization efficiency. A CVL frost CAT (Indore) has been
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procured and installed, giving a steady output of 16 watt*

with helium gas'. The output is expexted to go upto 25

watts with neon gas. A dye laser, pumped by CVL, has been

indigenously fabricated. The grazing incidence dye laser

is being installed now. A commercial Dye Laser (Lambda

Physik 3001), obtained from MDRS has been installed and

this is giving a conversion efficiency of around 10X with

Rh-6G dye. Presentlyt efforts are on to improve this

efficiency. One more dye laser is in the fabrication

stage, and a frequency-stabilising system for these dye

lasers is now in the planning stage.

Atomic Beam Laser Interaction Vacuum Chamber

Design of an interaction chamber, meeting all our

requirements has been completed and is now in the

fabrication stage. The chamber has provision for

accommodating various assemblies - two atomic beam ovens,

(cne for the sample and the other for a reference beam), a

confined-cavity type oven for handling very small sample

sizes and the time-of-flight mass spectrometer assembly

(TOFMS) for analysing ionised species. Fabrication of the

atomic beam oven has been completed and a confined cavity

oven is being designed. The chamber also has provisions

for carrying out laser induced fluorescence studies,

temperature measurements, ion current measurements etc.

The octogonal chamber along with the TOF assembly, is

expected to be ready shortly.

The detector/analyser assembly

Channeltron detector with effective detection area of 18

mm will be used with the TOF mass spectrometer and the

same is being procured from M/s. Philips, Netherlands.

The analyser to be used in the RIMS set up is a

multichannel acaler system (Stanford Research Systems)

with zero inter-channel dead time. With the multichannel

sealer, signals from various ionised isotopes could be
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collected in different channels simultaneously. The high

data-statistics possible with the arrangement will help us

in detecting short-lived and minute trace of isotopes

present in the sample.

With the present pace of progress we are hopeful to make

our RIMS facility operational by the year-end.

Reference

[1] A. Venugopalan, Pushpa M. Rao, S.G. Nakhate, S.A.

Ahmad and 0.0. Saksena BARC/1991/P/003 p.129

III. 7 Installation of a Commercial Dy» Laser Pumped by CVL and
Wavelength Calibration using Optogalvanlc Spectroscopy

(S.A. Ahmad, Pushpa M. Rao and S.G. Nakhate}

The commercial dye laser (Lambda Physik 3001) contains the

Littrow type oscillator in combination with one amplifier

stage. It has been modified presently by the removal of

the beam shaping lenses in the oscillator as well as

amplifying stages. A biconvex lens of l.Sm focal length

for converging the pump beam to the size of the oscillator

beam splitter has been uaed. This modification minimiaes

the pump beam losses and the efficiency obtained with

Rh-6G dye at \=590 nm was nearly 11.5%.

The technique of optogalvanic spectroscopy is extremely

useful for simple wavelength calibration. The

optogalvanic spectrum of Ne at S881.89A, 6944.83A and

5975.53A transitions were recorded with 60^sec tims

constant the buffer gas Ne was filled at 3 torr pressure

in a Nb hollow cathode and the discharge current was "20

mA.

Further work towards the improvement of the signal-to-

noise ratio is in progress.
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III.8 Experimental Set-up for the Spectroscopic Studies by

Selective Excitation of Probe Ion Luminescence CSEPIL)
Technique

(R.C. Naik, N.P. Karanjikar, K.H. Ayyar*, H.J. Kamath,
S.K. Kapoor, G.P. ShrivaBtava* and B.C. Majee*)

An experimental set-up for the spectroscopic studies by

SEPIL was planned and was described earlier [1]. The

following major parts for this system have now been set

up.

1) Liquid helium cryostat with a temperature controller
and the helium gas recovery line.

2) Detection system consisting of a cooled photo-
multiplier, pre-amplifier, lock-in-aroplifier, a gated
photon counter and a recorder or x-y plotter.

3) One-meter scanning monochromator.

4) Interfacing of the monochromator, gated photon counter
and dye laser to a personal computer.

The work relating to items 1 and 2 was completed earlier.

The one-meter monochromator which was designed and

fabricated in the Central Workshop was assembled and

tested. The spectra of standard mercury and iron-hollow

cathod lamps were recorded on the monochromator for

wavelengthcalibration. A practical resolution of 0.4 A is

achieved with 20 microns exit and entrance slits.

A stepper motor (Superior Electric Co., U.S.A.) with the

driver, microstep indexer, system controller, count and

compare and input/output cards were connected to the lead

•crew of the spectrometer to drive the grating. Each step

of the 200 steps motor is further microstepped in one

hundred microstepa and with each microstep the grating

moves through 0.01 A. The movement of the grating and in

turn the wavelength read-out on a seven digit

+ Reactor Control Division

* Expired in a tragic accident on 28.10.1991
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bidirectional counter can be displayed by counting the

encoder pulses. The stepper motor is controlled through a

PC. A computer programme for recording emission spectra

has been completed. The gated photon counter is also

interfaced to p.c. and emission spectrum can be recorded

on the monitor. The interfacing of the excimer-pumped dye

laser and the programme for the decay times measurement

are in progress. The interfacing and the programming work

is being done in collaboration with the Reactor Control

Division.

Reference:

[1] Spectroscopy Division Progress Report Jan. 1967 to Dec.

1988 (B.A.R.C.-1481 (1989) p.64

III. 9 Energy Transfer Studies Between Ce9+ and Tbs+ In LuP04

(N.P. Karanjikar, M.J. Kamath and S.K. Kapoor)

The energy transfer from Ces+ to Tb9+ in LuP04 has been

carried out as described below:

Polycrystaline LuP04 doped with Tb
9* IX, Ce9+ IX (Tb"+ IX

+ Ce3* IX) and the undoped LuPO4 were prepared by the the

flux method. The flux of lead pyrophosphate (Pb2P2O7) was

prepared by the chemical reaction of lead nitrate in

solution at 100°C with orthophosphoric acid. The

rare-earth oxides used were of spec-pure (Johnson-Mathey)

quality.

The fluorescence spectra of LuP04 (Tb
i+ IX) and LuPO4

(Tb>+ IX + Ce'+ IX) were recorded on the SPEX 1401 double

monochromator at room temperature. The prominent Tb>+

fluorescence transitions were observed. Excitation

spectrum of the Tb1+ fluorescence was recorded in LuPO4

doped with (Tb*+ + Ce 9 t). The different excitation peaks

in the UV region were studied. Excitation peaks which say

belong to C«ft were also seen. This gives an indication
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of the energy transfer froai Ces+ to Tb1+ in LuP04.

Further experiments with different concentrations of Ce'*

and Tb1* at liquid nitrogen and liquid helium temperature?

are planned.

III. 10 Emission and Excitation Spectra of LaOCl CPr»+) and
U0C1 CEr**>
(R.C. Naik, N.P. Karanjikar, K.H. Ayyar, M.J. Kamath and
S.K. Kapoor)

Oxyhalides of lanthanum are suitable hosta for studying

the rare-earth luminescence. Research on LaOF, LaOBr.

LaOI and LaOCl are now vigorously being pursued since

LaOBr doped with Tb9* proved to be a popular X-ray

intensifier. We report here some of our studies on Pr**

and Ers+ in LaOCl.

Powder samples of LaOCl doped with Prf+lX and Er"+1% were

obtained by dissolving the spec-pure (Johnson-Mathey)

rare-earth oxides in high purity HC1 and evaporating it to

drynesa. The residue was fired at 700°C in air for five

hours. The resulting products were tested and checked by

x-ray powder diffraction for its structure.

The emission spectra of LaOCl (Er1+) were recorded at room

temperature and liquid N2 temperature using the xenon-arc

excitation and Ramalog SPEX-1401 double •onochromator.

Many of Erf* lines were observed and they have been

analysed. Emission spectrum of LaOCl (Prs* 1%) was alao

recorded in a similar way. The emission spectrum showed

transitions from *Pt, *PO, and
 iD2 levels of Pr**.

The excitation spectrum of the *Dj fluorescence showed a

broad band excitation in the UV in addition to usual *Pt

and *PO excitation. The broad band excitation peaking at

239.6 nm and falling in the region of 226.0 to 252.6 nm

appears to be due to 4ft6d1 level of Pr*+ in LaOCl,

Further experiments to confirm this transition are

planned.
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IV. MOLECULAR ELECTRONIC SPECTRA
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IV.I Spectrum of GaCl

<R. Venkataaubramanian and H. Singh)

Three band systema are known for QaCl molecule in the near

UV. The apectra are very complex due to the fact that

gallium as well as chlorine have two stable iaotopea

(<»'?*Ga, 9S'97CDin good abundance. In order to get

simpler spectra using a single isotope of gallium,

experimental conditions were optimized for exciting the

spectrum of GaCl in a sealed electrodeless discharge lamp

(EDL) excited by microwave generator.

OaCl9 was synthesized in a vacuum system by heating

natural gallium metal I^Ga, 60%, 71Ga 40%) in the

presence of chlorine. The compound formed was condensed

in an EDL tube. A few torr of rare gas was also

introduced into the above discharge tube. Several EDLs

were prepared by varying the pressure of the rare gas,

quantity of GaCl9 and length of the discharge tube. In

all the cases, the A—»X and B—*X systems of GaCl were

excited nicely with good intensity with a microwave power

of >150 W. In addition to the above band systems, a

strong and diffuse emission feature spread over 200 A was

also observed in the green region around 5000 A. This

feature is accompanied by a few line like heads on the

high frequency side. The diffuse emission presumably

arises due to a transition from a singlet or triplet

higher excited state to the C*n state which is

predissociated for V>1. This bound-to-free (or weakly

bound) transition therefore holds the potential to be

developed into an efficient excimer laser medium, similar

to the rare gas halide systems.



IV.2 High Resolution Electronic Spectral Studies of 7iGaI

(K. Sunanda, M.D. Sakaena and G. Lakshminarayana)

Even though the electronic spectrum of gallium iodide has

been known for a long time, no high resolution studies

have been carried out so far. In order to reduce the

complexity of the rotational structure resulting from the

presence of two naturally occuring gallium isotopes,
71 0P

namely, Ga (40%) and Ga (60X), the enriched isotope of

Ga has been used for making Gal. The high resolution

studies of the Gal spectrum has been , taken up by

exciting it in a microwave discharge in a sealed quartz

tube containing Ga enriched metal, traces of iodine

vapour and neon at a pressure of about 2 Torr. The

spectra in the 3800-4000 A region have been recorded in

the third order of a 10.6 m Ebert grating spectrograph at

a dispersion of 0.2 A/mm.

The spectrum, consisting of a large number of bands, is

assigned to the A3no - X*2:
+ and B'FIJ - X^* transitions.

In most of the bands the rotational structure has been

well developed to J > 200. In some bands the lines are so

closely packed that it is impossible to carry out their

analysis. The bands useful for carrying out the

rotational analysis are: the 0-0 band of the B-X system

and 1-0, 0-0, 4-4, 5-5, 0-1,2-3,3-4, 1-3, 2-4 bands of the

A-X system.

0-0 band of the B-X sy3tem: The rotational structure of

this band is quite extensive. In this violet degraded

band, very intense P-head is formed at 0.2 cm away from

the Q head. After identifying the P, Q, and R branches

the correct J numbering has been obtained, by suitably

varying J wherever necessary, to produce the P,P ,Q,Q and

R heads. The rotational lines are fitted by a least
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squares procedure which uses B, D and H constants in both

the states. The contribution of H at high J values has

been found to be significant.

0-0 and 1-0 bands of the A-X system: Both these bands,

degraded to the violet, consists of simple P and R

branches. Both P and R branches form extra heads at high

J values. After assigning the correct J numbering, the

rotational constants have been obtained by fitting the

rotational lines in a least squares fit.

The rotational analysis of the remaining bands is

continuing.

IV. 3 The Spectrum of GaO In the Near UV Region

(M. Singh, G.S. Ghodgaonkar and M.D. Saksena)

There is only one band system known for the GaO molecule

and it lies in the near UV region, with its (0-0) band at

3890A. The rotational analysis of this band system,

arising from the B E-X Z transition, was continued. The

(0-0) band of GaO (which was photographed earlier) was

measured, with the help of Abbe-comparator. The

calculation of frequencies of the rotational Iine3 of the

(0-0) band was done by using ND-Computer. It is proposed

to do the rotational analysis of the band, by taking into

consideration the hyperfine structure of the lines.

Identification of branches and tentative N-numbering of

the lines is in progress.

IV.4 Broad-Band Emission Spectrum of Indium Bromide at 5200A

(M. Singhi G.S. Ghodgaonkar and M.D. Saksena)

Efforts were made to excite and to optimise the

experimental conditions for the green emission spectrum

observed at 5200A in the microwave discharge through a

flowing mixture of bromine and indium vapours and a rare

gas. A boat containing indium metal pieces and heated to
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500°K was kept inside the main quartz discharge tube of 10

mm diameter. The power used from the microwave oscillator

was 150 watts. The total pressure in the discharge tube

was about 1 torr, which was not very critical provided the

flow of bromine vapours was assured. These experimental

conditions lasted for hours and therefore it was possible

to record a clean spectrum on the monochromator. Further

work is in progress.

IV.5 Emission Spectra of InCl and InCl*

(M.D. Saksena and M. Singh)

The new spectral features in the visible region

(5500-5900A) observed in the electrodeiess discharge tube

through a flowing mixture of InCl3 vapour and rare gas

were recorded photoelect'rically on a 1/2 meter

monochromator. - However, a clean spectrum eould not be

recorded as the experimental conditions changed during the

course of recording. A few electrodeiess discharge tubes

were sealed with InCl3 and rare-gas. In sealed tube also

the visible bands were seen but were not intense.

However, the bands of InCl in the U.V. region were nicely

excited in one of the sealed tubes. Three bands, viz.,

0-5, 0-6 and 0-7 of the BZ£* - X2Z+ system of InCl* were

photographed on high resolution on the 10.6m Ebert

spectrograph. Efforts are being made to analyse the

rotational structure of these bands. Since they have a

common upper level v'=0, it should be possible to arrive

at an unambiguous analysis. The difficulty being

encountered pertains to the quality of the rotational

lines. There is smearing of the rotational lines- which

may be due to the hyperfine structure. Th:j preliminary

analysis is in progress.
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IV. 6 Emission Spectra of InO and InO*

(M.D. Saksena and M. Singh)

The emission spectra of InO and InO were excited in a low

pressure d.c< arc in oxygen atmosphere. As expected, the

spectrum of InO was very intense and higher members of the

progression could be recorded with good intensity.

Besides this, a few violet degraded bands were also

recorded overlapping the spectrum of InO at 430 nm. These

are yet to be identified.

Under the above experinental conditions the spectrum of

InO was excited with good intensity in the spectral

region 3700A-3900&. It was a clean Bpectrum free from any

impurity bands. Efforts were made to photograph this

spectrum under high resolution.

When indium metal was replaced by gallium, the spectrum of

GaO was excited with good intensity. Under this

experimental condition new spectral features were also

seen at,3040A in the U.V. region, which could not be

identified with any known bands. It is likely that they

may be due to GaO or a new system of GaO, as they were

also observed in the microwave discharge wherein GaO bands

were very intense.

IV.7 The Rotational Analysis of the A^-X1!* System of Sii9OTe

(Sheila Oopal, M. Singh and G. LakBhminarayana)

As a part of our programme to investigate the electronic

spectra of 10 valence electron diatomic molecules, e.g.,

SiO, SiS, SiSe and SiTe, we have undertaken the study of

the emission spectrum of Si Te. In the present work, we

have taken up the high resolution studies of the A*n -

X*E system of this molecule. In order to eliminate the

complexity of the rotational structure that results from

the isotopic composition of natural Te, we have used the
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enriched Isotope Te (99.96% enrichment).

The spectrum of Si Te was •xcited in a micorwave

discharge (2450 MHz, 100W) in an externally heated sealed

quartz discharge tube containing Si + Te (few mgms) +

Ne ("3 Torr). The spectra were recorded on Kodak SA1

emulsion in the third order of a 10.6m Ebert grating

spectrograph at a reciprocal dispersion of 0.2A/mm, with

exposures of 5-20 hrs. The rotational lines were measured

against Th atomic line wavelength standards with a

relative accuracy of ±0.05 cm . The relatively clean

bands involving 0<v'<9 and 0<v"<7 were" selected for

rotational analysis. The correct J-assignments of lines

of the P,Q,R branches in each band were made after many

consistency checks. The rotational constants and

vibrational term values were determined by a simultaneous

least squares procedure from which the equilibrium

molecular constants were subsequently determined. The

A-doubling constant for the ATI state was found to be

negligible, but the higher order anharmonicity constant

way# was needed to represent the vibrational levels in

this state. Unlike in the molecules SiO, Sis and SiSe

only a limited number of perturbations attributable to the

A*n state of Si Te were detected in the bands analysed.

IV. 8 Emission Spectroscopic Studies with BOMEM DA 3.002
Fourier Transform Spectrometer

(V.P. Bellary, M.D.Saksena, M. Singh, T.K.Balasubramanian,
Omana Narayanan and V..A. Job)

In order to use the BOMEM F.T. Spectrometer in the

emission mode, proper experimental arrangements were

worked out after repeated trials. Attempts were made to

record the emission spectra of N2 first positive, Sa, A10

and a few other diatomic species. Due to various factors,

spectra with good S/N could not be obtained except for th*
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N2 first positive bands.

Comparison of our experimental (spectral line positions)

data of N2 first positive bands (9340-9880 cm**) with the

published data showed good agreement.

The observed very poor signal-to-noise ratio for other

spectra recorded in the UV/Visible region is mainly

attributable to the multiplex disadvantage which arises

from shot and/or flicker noises at detected wavelengths

other than the wavelength of interest hitting the

detector. This disadvantage is more prominent in

FT-UV/Visible than FT-IR studies. To overcome this

difficulty suitable filters and detectors are very

essential, and we are trying to procure these components.

IV. 9 Emission Intensity Measurements on the BOMEM FTIR
Spectrometer t Analaysis of Branch Intensities in the
N2 First Positive CB

ang-A9Z ) 0-0 Band as a Test Case

(T.K. Balasubramanian, Omana Narayanan, V.P. Bellary
and V.A. Job)

In order to test the reliability of the emission

intensities recorded on the BOMEM FT spectrometer

operating in the Division, the emission bands of the

B n.-A Z (first positive) system of N, were recorded 'in

the region 5000-13000 cm'1, on this instrument at a

resolution of 0.07 cm . The relatively strong O-O band

(region 9340-9880 cm" ) was also recorded at a better

resolution of 0.04 cm . We used an InSb detector and

electrodeless discharge lamp excited by microwaves as an

N2 emission source. To correct the observed intensities

for any non-uniformity in the spectral response of the

instrument, the emission from a low wattage tungsten lamp

source (as an alternative to a black body source) was

seperately scanned and corrections were carried out using

the special alogrithm in the software.
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Out of the 27 branches expected for this transition! 9i±,

Q22 and Q91 are relatively more intense. In the initial

intensity study the observed and calculated intensities

for these branches generally agreed well for the Majority

of the lines. The preliminary intensity fits showed

rotational equilibration at a temperature of "980 K. Work

on the other branches is in progress.

IV. 10 Nature of the X2*n1/8-Xt*nS/,t Intra-Mulliplet State

Transition In the Tellurium Nonohydrlde Radical

(T.K. Balasubramanian, Onana Narayanan and V;P. Bellary)

Our systematic study of forbidden transitions in diatomic

spectra led us to consider intensity mechanisms in the
2 2

intra-multiplet state transition Xj n^j-Xj na/2 in the

TeH radical, discovered recently by Fink and co-workers

[1]. A careful analysis of the intensity distribution in

this band has revealed clear evidence of orbit-rotation

perturbation effects besides, of course, the spin-orbit

effects, expected naturally for such a high Z molecule.

Taking advantage of the sizeable A-doubling in the X2 (T1/2

substate, it was possible to aodel the line intensities

and derive generalized line strength formulas for

ni/2- ns/2 intramultiplet state electric dipole

transition on the basis of a i unique perturber. Since

such transitions are also intrinsically allowed by the

weak magnetic dipole mechanism, this case was also treated

which led to a different set of line strength expressions.

The magnitude and even the sign of the orbit-rotation

moment, resulting from the intensity fit, rule out a

magnetic dipole origin for the X2—*^t transition in TeH,

but support its electric dipole character.

Reference:

[1] E.H. Fink, K.D. Seitzer, D.A. Ramsay and M< Vervloet,

J. Mol. Spectrosc, 13£, 19 (1989).
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IV. 11 Rotation-Vibration Interaction in BZ Electronic States -

Theory of Herman-Wallis Correction Factors to Electric
Dlpole Rovibrational Intensities

(T.K. Balasubramanian, V.P. Bellary, Oaana Narayanan
and N.D.Patel)

Recently we initiated work on a concentration-independent

determination of the vibrational transition moment from

the rovibrational intensitiesi exploiting the Herman-

Wall is effect. This method is particularly suitable for

diatomic radicals. Due to the spin structure in higher

spin-multiplicity states, the extension of the theory

developed by Herman and Wallis for singlet states to the

case of Z state is non-trivial.

The eigenfunctions for the 3 rotational terms series of £

were first obtained by diagonalizing the effective

spin-rotation Hamiltonian

* * 2 2 2 2 • > • » • »

H = H#v + B(r)(J - S) + (1)X(3S2-S ) + H J - S).S ....(1)

in Hund's case (a) basis. The effect of

rotation-vibration interaction on the eigenfunctions was

subsequently incorporated using the Hamiltonian describing

the radial motion (including the centrifugal terns)

HvJ = Tn + Uo(r) + B(r)(J - S T (2)

Using the perturbed wavefunctions, linestrengths were

derived for the 14 branches occuring in the

rotation-vibration band in a Z state.

IV.12 Intensities of Zero-Phonon Single Transitions in
Ortho Hydrogen Dispersed in Solid Para-H2

(T.K. Balasubramanian and K. Narahari Rao )

As part of our ongoing efforts in the elucidation of the

Multipolc-field-induced infrared spectrum of solid Ha, we
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took up the study of the absorption intensities of

zero-phonon single transitions (Z-PST) in ortho-H2
molecule in solid para-H matrix. In order to keep the

mathematical complications within manageable limits we

considered transitions in ortho-H2 interspersed in a sea

of para-Hj solid and obtained the general expression

] v (1)}

.... (1)

for the integrated absorption coefficient of the general

type of single transition v'=v, J'=1+1 «— v"=0, J"=l (in

ortho-Hz). In the above equation! I is the order of the

nultipolar induction causing the transition. Qs is the 2

multipole moment, (with i=2, 4, 6.... for H 2), a is the

nearest neighbour distance, ?. is the phonon-

renormalization factor and S, is the lattice sum Z'
2

P. (cos 6»tj). (a/RLRj) in which 6VJ is the angle

subtended by the th and th (para) molecules at the

centre of the ortho molecule and RL and Rj are their

radial distances from the origin. Special cases of the

above formula for /=2,4 and 6 had been derived earlier by

Balasubramanian.

A comparison of the above formula with the corresponding

expression for the analogous transition in the para-H2

molecule (in solid p-H2, of course) gives the simple

relation

a{ortho) > (l+l)/(2l+l)] a[Para]. .... (2)
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V.I Laser Produced Micron Sized Particles-Dendritic

Aggregation) of Metal Hydrides and Oxides

(A. Sharma)

We have investigated a novel electro-chemical effect

involving laser ablation of metals in a gas environment of

either 02, H2 or H20 and the subsequent interaction of the

metal atoms with these gases to form hydrides and oxides.

Under a suitably applied electric field in the cell during

ablation, the hydride and oxide particles collect on one

of the electrodes to form a macroscopic dendritic

aggregation directly from the gas phase. Laser ablation

followed by coagulation produces electrically neutral

oxide and hydride aerosol particles which have permanent

electric dipole moments. The dendritic aggregation is due

to the migration of these electric dipoles in a spatially

varying electric field.

V.2 Laser Ablation of Zirconium

(V.B. Kartha, A. Sharma and P. Meenaki hi Raja Rao)

The emission spectrum of zirconium produced in laser

ablation plasma is being'investigated. XeCl excimer laser

radiation (X.=308 nm) was focussed on a rotating zirconium
-5

target contained in vacuum chamber operating at 10 torr.

About 200 aJ of incident laser radiation produced a plume

extending upto about 10-15 mm. The emissions from the

plume were recorded in a perpendicular direction using a

0.45 n Czerny-Turner monochromator and standard photon

counting system. The spectrum was recorded in the

wavelength region of 30O0-5O0OA at different intensities

of laser radiation.

The spectra were identified and from a careful analysis it

MAS concluded that the emissions were mainly due to

neutral and singly-ionised atoms (Zrl-II). A closer

examination of spectral line intensities revealed
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deviations fro* the intensity patterns observed in the

spectra excited in conventional sources like arc and

spark. The factors responsible for the observed

deviations are being examined.

V.3 The Ionization Potential of Ag2
* * *

(V. Beutel , Q.L. Bhale. M. Kuhn and W. Demtroder >

(*Physics Dept. University of Kaiserslautern, Germany)

Laser photoionization of Ag2 in a supersonic molecular

beam has enabled a very accurate determination of the

ionization potential of Ag2 for the first time. Silver

dimer Ag2 is formed during the adiabatic expansion of

silver vapour seeded in argon through a 60 pm nozzle from

a high temperature oven (Pressure of Ar is 4 Bar,

T = 2000K) into the vacuum chamber. The molecular beam is

collimated by a skimmer and then crossed perpendicularly

by the superimposed beams of two pulsed dye lasers. The

first frequency doubled dye laser (Coumarin 153) populated

levels (v' , J' ) in the Bfiu state of Ag2 and the second

dye laser (QuI) induces transitions from these levels into

autoionizing Rydberg states. Since silver has two natural

1O7 1OP

isotopes Ag2 and Ag of about equal abundance, the

excitation spectra of the three resulting molecular
1O? 1O7 1OP 1OP

isotopes Ag, Ag Ag and Ag2 partially overlap.

In order to achieve isotopic selective excitation of

defined intermediate levels, isotopic seperation by a mass

spectrometer is used. The Ag2 ions produced within the

crossing volume of laser and molecular beam are extracted

by an electric field and drift through a 75 cm long

time-of-flight mass spectrometer.

Prom limits of Rydberg series converging towards different

vibrational levels v in the ground electronic state of

Ag2 the vibrational constants of the ion ground state are
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obtained. These are

<i)# = 135.8 ± 0.3 cm and

= 0.50 ± 0.9c»"

With these constants the best fit values of the

vibrational tern were calculated which in turn yield the

adiabatic ionization potential of Ag2

IP (Ag2> = 61747 + 4 en"*

V.4 Radiative Lifetimes of the 29ng States of Cs2 Molecule
* *

(O.L. Bhale, A. Sasso and W. Demtroder >

(*Physics Dept. University of Kaiserslautern, Germany)

It is well known that the lowest triplet electronic state

of H2 is repulsive in nature. Electronic states of alkali

dimers like N&j, Kj etc., resemble those of H2 in many

ways. The lowest triplets of these diners, though not

repulsive like H2, are very poorly bound. The triplet

transitions of alkali diners involving the lowest triplet

state have been of special interest because of their

bound-to-free nature. One such transition 2 fig-1 Eu of

Cs2i was chosen for the present investigation. With tiae

resolved fluorescence study of this transition the

radiative lifetimes and the quenching cross sections o{Cl)

of the 2 ng (0*0,1,2) states have been determined. Short

pulses of a mode-locked cavity dumped argon ion laser

excite Cs2 Molecules in a heat-pipe into levels (v'J' ) in

different electronic states. At an average laser power of

40 mW the pulse width is 600 ps and pulse repetition rate

Is 4 MHz. The laser induced fluorescence is imaged onto

the entrance slit of a 1 • grating monochromator. A

photomultiplier behind the exit slit counts single

photons. Its output starts a time-to-amplitude converter
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(TAC) which Is stopped by the next laser pulse. The

monochroaator Is set to a wanted wavelength and the

time-resolved fluorescence of a selected upper level is

Monitored at a given cesium vapour pressure in the heat

pipe. The tine resolved study of the fluorescence gives a

typical decay curve which is fitted to the function I(t) =

a + be /T.ff. After measuring T#ff at different vapour

pressure a linear Stern-Vollmer plot given by the equation

—i- * -L + ncv

p
is obtained. The slope of such plot of 1 against

^77
gives the total deactivation cross section o while the

extrapolation to p=0 gives the value of T .. From the
raa

experiment the following results were obtained

T J (2Sno) * (22±2)ns; <7<0=0) = (685±50)Aa

rod

T _, (2'n. ) = (20+2)ns-, c (O=l ) = (888+200)A*
rod *

(29n2) « (21±3)ns; <7(0»0) = (700+150 )A
2

V.5 Determination of Ultratrace Levels of Deuterium and
Tritium in Water

(V.B. Kartha, M. Singh and R. Venkatsubrananian)

To determine ultratrace levels of deuterium and tritium in

water, laser excited fluorescence (LEF) from OD radical

was tried. The OD radical was produced by a microwave

discharge in a quartz tube through a few torr of D2O. The

pressure of D2O was controlled by cooling the side limb of

the discharge tube and LEF was recorded with a 0,5m

monochromator and RCA 931A photomultiplier. The

Zrotational structure of the (1,0) and (0,0) bands of

—• XTL system of OD was recorded. Further work is in

progress.
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V.6 Laser Enhanced Ionisation Spectrometry of Potassium

(L.C. Chandola and P.P. Khanna)

The Laser Enhanced Ionisation (LEI) spectrometry for

potassium (K) in aqueous solution has been studied in the

region 570-603 nm of Rhodamine 6G dye pumped by an XeCl

Excimer laser.

The effect on LEI signal of K in the presence of Li, Na,

Rb and Cs has been studied. It has been observed that the

signal is affected adversely by the presence of elements

Rb and Cs while Li and Na have no effect.

Matrix ioniaation impairment has been observed in the

signal of LEI spectrum of K. The impaired spectrum is

observed at concentrations higher than 50 fJg/ml. A

systematic study with different electric fields and

different concentration of K in water has been made. It

is observed that with the increase of electric field, the

linear dynamic range increases.

A new type of high voltage electrode cathode which sits on

the burner head (sitting electrode) has been designed and

fabricated. A comparison of this electrode assembly with

other electrode assemblies used by us earlier, showed that

the sitting electrode is more efficient in charge

collection. This electrode is not held by any handle bar

and the accompanying stand is not necessary. The sitting

electrode assembly was found to be useful in stabilising

the flame also.

An increase in LEI signal of atomic K has been observed

when argon is added to the slot burner flame (10 cm)

operated with acetylene-air mixture. A flow of 5

litres/min of argon is found to give maximum signal for K.
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V.7 Excitation of Iodine with Copper Vapour Laser

(S.D. Sharna, M.K. Singh and V.B. Kartha)

A copper vapour laser (CVL) (Centre for Advanced

Technology, Indore) was used to study the laser excited

fluorescence (LEF) from iodine vapour. The laser beam is

passed through an Iodine cell using a 50 cm focal length

lens. The LEF is detected with a half-meter monochromator

having a sensitive photomultiplier tube (PMT) attached to

its exit slit. The output of the photomultiplier is

processed through a boxcar averager which is externally

triggered by the synchronous output of the laser. The LEF

of iodine along with standard lines from a neon discharge

are recorded by scanning the monochromator. The boxcar

delay of around 30/Js is adequate to reduce the trigger

noise to an acceptable level. A portion of' the spectra

recorded at a fast scan rate is shown.in Fig. V.7.1.

There are 6 possible coincidences with the yellow and 16

with the green line of the Cu-vapour laser, as calculated

.from the rotational constants for the B and X states of Ix

given by Luc [1]. But fluorescence is observed from

V'=14, J'=52, V'=16, J'=30 and V'=20, J'=125 levels due to

the yellow line excitation and V'=47, J'=24, V'=51, J'*81,

V'=60, J'=67, V'=62, J'=76 due to the green line.

Reference:

[1] P. Luc, J. Mol. Spectrosc. 80 (1980) 41.

V. 8 Laser Excited Two-Photon Optogalvanlc Signals in Neon

(S.D. Sharma, Sunanda K and G. Lakshminarayana)

We have studied the laser excited two-photon optogalvanic

(OG) signals in neon using a tunable excimer pumped dye

laser. The laser radiation is passed through a Hollow

Cathode (HC) discharge tube operating in a dc stable

discharge mode with neon as carrier gas at about 4 torr.
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Ffg. V.7.1 Port of the fluorescence of I2 excited
by the two lines of copper vopour laser.
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The optogalvanic signal which is the impedance change

across the discharge is detected as a voltage change over

a ballast resister and is processed and recorded through a

boxcar integrator. A large number of one-photon

optogalvanic signals in Neon were detected by tuning laser

radiation in the 570-600 nm region. Very strong OG

signals originate from the Is. metastable levels populated

by the discharge but a few other weaker ones are also seen

from some of the higher lying 2p. levels. Besides these,

we have observed 15 two-photon transitions in the Rh 60

dye range. These transitions originate from the discharge

populated Is levels and terminate on the two-photon

allowed 4d levels. They are distinguishable from the

ordinary one-photon transitions in the same region because

they are narrower and their strength depends non-1inearly

on laser power. The relative strength of signals of two

sets of two-photon transitions originating from ls4 and

lss levels corresponding to one-photon wavelength of 592.5

nm and 599.9 nm but terminating at the common upper levels

is shown in Fig.V.8.1. Calculations of the two-photon

transition probability did not match the observed OG

signal strengths. This could only be explained by the

fact that OG signal strengths are to a great extent

affected by the ionization rates of the levels involved

and other discharge parameters need to be included while

calculating the transition probabilities.

V. 9 CS2 as a Chemical Laser

(T.V. Venkitachalam and A.S. Rao)

Multiphoton excitation and dissociation of carbon

disulphide in the region 285-305 nm has been studied using

the second harmonic of an Excimer pumped dye laser. ' By

absorbing two-photons, CS2 is excited to 3d Rydberg states
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which on dissociation produce the radical CS as well as 8

atoms. These phato-product» are detected by using (2+1)

REMPI technique. S atoms in the excited. 3 So state has

been observed for the first time and many new higher

excited energy states of S atom has been observed and

characterised. This observation indicates the potential

of using CS2 as a chemical laser as lasing action can be

obtained on the electric dipole forbidden transition

3 So-3 D2 of atomic sulphur at 772.5 nm.

V.10 Photodissociation Dynamics of CS2 In the Region 285-305 nm

(T.V. Venkitachalam and A.S. Rao)

Photodissociation of carbon disulphide in the gas phase

has been carried out in the region 285-305 nm using an

excimer laser pumped {308 nm) dye laser. It was observed

that CS2 undergoes multiphoton excitation/dissociation and

the photofragments S atoms and CS radicals were detected

in the excited 3 D2 and 3 So and - a fl states respectively

by the REMPI technique (same colour). The observation of

the photofragments in various energy states shows that

photodissociation is taking place from more than one

excited surface. It has been observed that CS2 is

excited to 3d Rydberg states by two photon excitation and

the excited states of CS2 have been tentatively assigned

by correlating with the photoproducts.

This study has identified three new photodissociation

channels in the two-photon photodissociation of CSj

molecule in this region.

S(*S2)

hi'

csaCxV) t » csgC^ng) > cs(a'n) + s("p»
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VI. SYNCHROTRON, BEAM FOL AND PLASMA SPECTROSCOPY
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VI.I Photophysics Beamline at INDUS-1

(V.B. Kartha, P. Meenakshi Raja Rao, N.C. Das,
S. Padmanabhan and B.N.Rajasekhar)

One of the beamlines at Indus-1 Synchrotron Radiation

Source is being designed for experiments on photophysics

such as time resolved photoabsorption and fluorescence

studies.

From a comparative study of the various possible optical

configurations, it was found that a combination of pre and

post focusing toroidal mirrors and a one metre ultrahigh

vacuum (UHV) monochromator in Seya-Namioka mount as

presdisper, is suitable for photophysics experiments.

Fig.VI.1.1 shows the side view of the mechanical layout of

the beamline.

The detailed engineering drawings of different sections of

the beamline have been prepared. Fabrication of the

beamline components have been started. All the equipments

required like UHV pumps, power supplies, gauges and

optical components such as mirrors and gratings are being

procured.

VT.8 High Resolution VUV Spcctroscoplc Facility at INDUS-1

(Q. Krishnamurty, Saraswathy Padmanabhan, A.P. Miahra,
N.C. Das and V.B. Kartha)

Pzjgress made during the year 1991 to develop a High

resoluton VUV beamline is as follows:

1. Fore Optics:

It was decided to use a 60 mrad divergence to utilise

the maximum flux. Based on this detailed ray diagram

showing beam cross-sections at various distances was

prepared and is shown in Fig.VI.2.1.

In order to develop low cost cylindrical airror

surfaces of required curvatures, an attempt is being

made, with the collaboration of CWS to bend thin glass
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plates in mechanical fixtures. Th»» bent, glass surfaces

will be coated with Al, for preliminary experiments.

2. UHV Components:

List of components to be used in HR VUV beamline was

finalised. Efforts are in progress to procure them.

VI.3 Beamfoil Spectroscopy with a 400 KeV Accelerator

(P. Meenakshi Raja Rao, G. Krishnamurty, S. Padmanabhan

and A.P. Mishra

I. Beamfoil spectrum of Argon:

Bean foil spectroscopic investigations of argon are

carried out using a 400 KV accelerator. The spectra
4O +

were recorded at Ar beam energies varying froa

160-320 KeV in the wavelength region of 2000-5000A.

Detailed analysis of the spectra revealed that the

spectral lines are mainly due to Arll-Ariv, Aril

species being predominant. A large number of spectral

lines involving states with high 'n' and '1' values

like 5f-7f have been observed with good intensity while

such spectral line have very poor intensity when

excited in conventional sources such as sparks, arcs

and electrodeless discharge tubes. A large number of

spectral lines due to ArilI and ArlV also were observed

during present investigations. The beam foil spectrum

of ArlV in the 2500-3000A region was reported for the

first time during the present investigations.

Excitation function studies were carried out for many

spectral lines belonging to Aril-ArlV. These

investigations revealed that as excitation energy is

increased the transitions due to ArilI and ArlV and

transitions of Aril belonging to high 'n' and '1*

values become predominant. Mean radiative life times

of excited levels of Arll-ArlV were determined during
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the present studies. Many transitions of Arlll-ArlV

are reported for the first time.

II. Target Chamber:

The fabrication of the target chamber for beamfoil

apectroscopic investigations is nearing completion at

CWS. The target chamber is designed to facilitate both

lifetime and atomic polarisation studies. A turbo

molecular pumping station has been procured to evacuate

the target chamber to a pressure of 10 Torr. The

pumping station is being tested and necessary

combination flanges are being procured or fabricated.
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VII.1 Laser Calorimeter for UV Absorption Measurement of

Dielectric Thinfilms

(K.V.S.R. Apparao and N.K. Sahoo)

Using a new principle a Laser Calorimeter has been

indigenously designed and developed for UV absorption

measurement of optical thin films. The calorimeter is

needed for developing optical thin film devices for high

power laser applications and such instruments are not

available commercially. The unique feature of this

instrument is its dual thermometer which enables the

calorimeter to measure the temperature rise of the sample

accurately. The thermometer essentially consists of a 50

pm dia. 0.3 mm thick fused silica disc with the sample

film deposited at the centre. When the sairfple film is

irradiated with a laser beam, the sample gets heated up

due to its absorption and the generated heat is sensed

with a thin annular gold film deposited around the sample

film. The change in resistance of the gold film, which is

proportional to the temperature rise of the sample, is

measured with a suitable electronic circuit. The

temperature rise is also measured simultaneously and

independently using a temperature transducer (ic AD590)

mounted on the disc at a convenient position. To minimise

the experimental errors, a bridge circuit is used with a

reference thermometer. Both the reference and sample

thermometers are mounted in a vacuum chamber to minimise

thermal losses. A software programme has been developed

for necesary temperature correction since the positions of

temperature generation and detection are different. The

resolution of the thermometer is found to be 1

milli-Kelvin and estimated accuracy in measuring the

absorption constants is about i 2%.

Using the calorimeter the absorption constant a and
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extinction coefficient k of ZrO2 films were measured for

the first time at 337 nm using nitrogen laser. The

minimum temperature rise recorded so far with the

instrument is 15 milli-Kelvin for fused silica with XeCl

excimer laser (308 nm).

VII.2 A New Method of Designing Optical Multilayer Thinfllm
Devices

(K.V.S.R. Apparao)

The problem of designing practically realisable multilayer

thinfilm devices which meet the required optical

specifications, is often a difficult task because of the

complex computations involved. Methods of automatic

synthesis of optical thinfilm devices using digital

techniques have not so far proved completely successful.

However it is possible to design certain types of thinfilm

devices using a suitable optimisation digital technique.

A new method of optimisation technique using Damped Least

Squares algorithem has been developed to design optical

multilayer thinfilm devices successfully. In this method

the partial derivatives (Reflection w.r.t. film thickness)

needed in the computation are derived by giving small

increments to film thickness. It is found that use of

such derivatives in the computation gives less defect in

the optimisation method compared to actual derivatives.

Using the new method a number of thinfilm devices namely

Broad Band Antireflection & Highreflection Coatings, Broad

Band 50/50 Beam Dividers and Beam Combiners were

successfully designed.
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VII. 3 An Interferometric Technique for Measuring the Tilt of the

Surface Normal with Respect to its Axis of Rotation

(B.P. Shukla)

An interferometric technique for Measuring the tilt of the

surface normal with reference to its axis of rotation has

been developed [1}. The proposed technique is found to be

useful for the precise optical alignment of the sample in

the Sommargren profilometer for surface roughness

measurements. Using this technique, the tilt of the

sample is eliminated in order to obtain the exact surface

profile. This technique has also been used for measuring

the wedge angles of nearly opaque plates. The Method is

alao found to be suitable for checking the wobble of a

rotary table.

Figure VII.3.1 shows a schematic diagram of a laser

Twyman-Green interferometer for measuring the tilt of the

surface normal with reference to its axis of rotation.

The reflected beam of collimated light from beam splitter

is incident on plane mirror Ht and this acts as a

reference arm of the interferometer. The transmitted

collimated light is incident on an aluminium coated plane

parallel plate Mj after reflection from a plane Mirror Mj.

This forms the test arm of the interferometer. The plane

parallel plate M2 rests on three small steel balls which

form a plane. This is the plane on which the sample is

mounted for measuring the surface roughness in the

Sommergren profilometer. This plane must be aligned

perpendicular to the axis of rotation of the rotary table.

In order to check whether this plane is perpendicular to

the axis of rotation, laser light is made perpendicular to

the surface of the parallel plate by tilting the

reflecting mirror M3 and observing the position of the

image of the pinhole on the focal plane of the microscope

objective. Now the mirror M4 is adjusted to set a fringe
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FIG.VII.3.1 SCHEMATIC DIAGRAM OF A LASER TWYMAN-GREEN INTER-
FEROMETER FOR MEASURING THE TILT OF THE SURFACE
NORMAL WITH REFERENCE TO ITS AXIS OF ROTATION. THIS
INTERFEROMETER IS BUILT INTO THE PROFILOMETER FOR
EOMINATING THE SAMPLE TILT.
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of uniform brightness in the interferometer. Then the

table is rotated slowly and the nature of the fringe

pattern is noted in all the orientations of the rotary

table over one complete rotation. Only when the light is

propagating parallel to the axis of rotation and the plane

defined by the three balls is perpendicular to the axis of

rotation is a fringe of uniform brightness obtained in all

the positions of the mirror Mj. If there is an angle a

between the surface normal and the axis of rotation, the

fringe pattern will vary from a minimum to a maximum

number of straight fringes in one complete rotation of the

surface. When the maximum number of fringes are obtained,

the tilt angle is given by

where \ is the wavelength of laser light and d the fringe

spacing.

The accuracy of measuring the tilt for an interferometer

of aperture 25 mm is about 1 arc second.

Reference:

[1] R.P. Shukla, G.M. Perera, P. Venkateswarlu, M.C.

George, Opt. & Laser Technol 23, 98 (1991).

VII. 4 Phase Conjugate Twyman-Green Interferometer for Testing
Spherical Surfaces and Lenses

(R.P. Shukla)

Aberrations are introduced into the Twyman-Green

interferometer while testing optical systems of large

numerical aperture using divergent illumination. The

ability of the phase conjugate wave to compensate (or

correct) for phase distortions has made the phase

conjugate Twyman-Green interferometer a valuable

instrument for testing large aperture optical systems. An
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application of phase conjugate Twyman-Green interferometer

for testing lenses, concave and convex Mirrors has been

suggested [1]. A single domain barium titanate crystal is

used as a self pumped phase conjugate mirror (PCM) in one

arm of the interferometer (see fig.VII.4.1). The concave

mirror under test is placed in the other arm of the

interferometer. The distance between the point source and

the concave mirror via beam splitter is kept equal to its

radius of curvature. The reflected light from the concave

mirror under test forma an aberrated image of the point

source if the mirror is defective. The interference

between the two beams produces a set of straight fringes

for a good mirror. For the defective mirror, the fringes

are curved. Similar optical arrangements can also be set

up for testing convex mirrors and lenses.

The phase conjugate Twyman-Green interferometer has the

following advantages over the earlier configurations of

the Twyman-Green interferometer.

1 ) There is no necessity of a reference spherical mirror

because the phase conjugate Twyman-Green interferometer

provides an ideal spherical wavefront for testing.

2) Compensating plate is not required to eliminate the

effect of aberrations introduced by the beam splitter

when it is used in a diverging beam of light for

testing concave mirrors. The effect of aberrations due

to thick beam splitter on the fringe pattern is

completely eliminated by the self focussing property of

the phase conjugate mirror.

Reference

[1] R.P. Shukla, Mostafa Dokhanian, Putcha Venkateswalu

and H.C. George, Opt. Commn., 78, 407 (1990).
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VII.5 Fabrication of Optical Components

Optical Workshop has fabricated several optical components

like concave mirrors of upto 200 mm, plane mirrors of upto

150 mm, plane parallel plates, Brewster windows, laser

mirrors, quartz lenses required for use in the

construction of monochromators, lasers and various R&D

activities of the division. Several infrared optical

components like KC1 windows and KC1 lenses ha\'e also been

fabricated for R&D activity of the division. Precision

optical components like parallel plates, concave mirrors

and plane mirrors have been te»st-ed for various divisions

of BARC and CAT, Indore. A few optical components have

been fabricated and supplied to various divisions of BARC.

S.No.

1.

2.

3.

4.

5.

6.

Division

Heavy Wat.er Di.vn.

-do-

TP&PED

D.R.P.

S.S.P. Divn.

Chemistry Divn.

Nature of Job

D-typc mirror of

din ~ 4 4 mm. and

R = 1 m.

M T-type mirror of

dia. - 14 mm and

R = 1 m.

B/iF windows of
2

dia. 25 mm

Germanium windows

Brewster ends

Grinding the ends

Quantity

4 Nos.

2 Nos.

7 Nos.

1 No.

8 Nos.

4 Nos.

LAPT Dn.

of pirex tube and
drilling a hole

Drilling a hole in
a flat glass blank

1 No.
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VIII.1 Data Acquisition System for Laser Enhanced Ionisation

Spectrometer

(R. Saapath Kumar and S.V.G. Ravindranath)

A suitable menu driven software in Microsoft's BASIC was

developed to acquire data from the LEI spectrometer in the

division. Here the Boxcar Averager which integrates the

spectrometer output is interfaced to an IBM-PC through the

GPIB card (PCL-848, Dynalog Micro Systems make). The

software triggers the scan in the Dye laser, collects the

data from the spectrometer and stores it on the hard disc

for further use, plots the collected data and displays it.

A spectrum of sodium has been taken with this system. The

peak positions are found to agree with the standard sodium

peaks at 589.0 nm and 589.6 nn. The system has been

handed over to the users.

VIII.2 Interfacing of the Raman Spectrometer of Solid State
Physics Division to an IBM-PC

(Manika Das, S.V.G. Ravindranath and P.K.S. Prakasa Rao)

For interfacing the Raman spectrometer to an IBM-PC a

stepper motor control card, an event counter card, a

digital I/O card, a driver board and an inverter Circuit

which constitute the interface hardware were tested

individually and assembled. A menu driven software was

written in Microsoft's BASIC for the control and data

acquisition purpose. The program can display the data

stored during the scan and plot it. The scale for Y-axis

can be selected by user. The fluorescence spectra of

various samples have been obtained by excitation of Ar

514.5 n* line using this system and peak positions are

found to be in agreement with those of standard spectra of

the samples. The system has now been handed over to the

users.
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VlII.3 Signal Detection and Data Processing for ICP Spectrometer

(P.K.S. Prakasa Rao, S.V.G. Ravindranath, M.N. Patil and
R. Sampath Kumar)

Linearity test for the Data Acquisition System waa

performed using current source and the linearity obtained
-5 -S

was better than 4X in the range 10 A to 10 A for all the

seven channels with O.lpF integrating capacitor.

Spectrometer and DAS were tested by arcing Uranium Oxide

(U30B) standards containing B, Cd, Mn, Co, Ni, Mg and Cr

in the range from 0.1 to 2 ppm. Counts for different

channels showed increase with increase in concentration

except when Uranium came in the arc.

To provide the thermostatic control for spectrometer, an

ON/OFF type temperature controller was fabricated and

tested. With this, the temperature beneath the

spectrometer housing could be set within t 0.3 C in the

range of 28" to 35°C. To Minimise vibrations, the

spectrometer legs are rested on Neoprene sheets kept in

Aluminium boxen filled with sand. Under this condition,

the spectrometer was operated at 30 C, tested for Cd

channel with air cooled Cd-Hollow Cathode Lamp (Regulated

Power Supply) and the readings obtained were stable within

9% over a period of five hours.

For signal detection and data processing of 22 channel ICP

spectrometer, indents have been raised to procure

necessary components like PMTs, OPAMPs, digital ICs, ADCs,

high voltage power supply, signal cables, BNC connectors,

etc.

Six integrator cards were obtained after fabrication a*

per our requirement and they are being wired. The control

circuit for data acquisition was designed, wired and ia

being tested.
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VIII. 4 Adjustable Waveform Spark Source

(P.K.S. Prakasa Rao and H.C. Goyal)

While testing the performance of the adjustable wavefora

apark source developed in our division, the problems

encountered namely, gradual fall in the r.f. discharge

current and irregular behaviour of the auxilary gap were

overcome by introducing a series resistance in the primary

of H.T. transformer and proper surfacing of the auxiliary

electrodes respectively. Then the source was tested by

burning plain carbon steel, low alloy steel and stainless

steel samples. The increase in intensity readings for

different elements (C,S,P,Si,Mn) in Plain Carbon Steel

samples is 60-100% while it is 33-98% for

C,S,P,Si,Cr,Ni,Mn and Ho in Low Alloy Steel samples, and

it is 27-76X for C,S,P,Si,Cr,Ni,Mn and Mo in Stainless

Steel samples. This improvement is observed with less

integration time of the order of 11-13 seconds as against

17-21 seconds required for the uni-arc source. As a

result of the improvement in sensitivity, even belt

polishing for Stainless Steel samples became sufficient so

that they could be sparked satisfactorily without going

for polishing on a lathe machine. The relative standard

deviation is calculated for each element and it is better

than 4%.

VIII.5 Servicing of Electronic Equipments

(M.N. Patil, H.C. Goyal and Rajiv Sinha)

Under servicing, Hilger and Watts X-ray generator Y-60,

Cryogenic Temperature Stabiliser used with SDL, Gated

Integrator and Boxcar Averager module type SR 250,

Universal Short-Arc Lamp Power Supply aodel LPS 255HR,

high voltage power supply make IMEC model 1453, Penning
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and Thermocouple vacuua gauge meter, Microwave Oscillator,

3 Pen Strip Chart Recorder, Hollow Cathode power supply,

Direct Reading Spectrometer model ARL Quantovac 31,000,

Electrometer Amplifier model EA 815, 4 KV, 100 MA power

supply, Jarrel Ash photoelectric setting device for

nicrophotometer model 23-510, PERKIN-ELMER IR spectrometer

model 180 High voltage power supply model HVU 4800D ECIL

make Hilger and Watts Densitometer, and Jarrel-Ash D-C Arc

Spectrograph, were attended to eliminate their defective

operation.
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IX. DESIGN/ FABRICATION/ WORKSHOP
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IX DESIGN/TABRICATION/WORICSHOP

(M.B. Guhagarkar and G.L. Bhale)

During the period of this report the workshop has designed

and fabricated following instruments.

IX.1 Moving Silt Mechanism Device for Polychromator of the ICP
Unit

Indigenous Polychromator was built earlier using fixed

primary slit employing 'Paschen Runge' setup. "or Direct

Reading Spectrometer of this type, it is required to move

the primary slit on 'Rowland circle1 to receive maximum

intensity at the secondary slit. Also secondary slits

mounted on Rowland circle should receive maximum intensity

for the particular position of the primary slit.

The moving slit mechanism device for the primary slit is

designed, fabricated and assembled on the Polychromator

using 0.001 mm micrometer and 0.5 mm pitch lead screw.

Within the span travel of 0.3 am satisfactory results are

achieved. All the 7 elements Cd, Mg, Co, Cr, Ni, Mn and B

are tested and there was considerable improvement in

intensity at all the secondary slit positions.

IX.2 Resonance Ionlsation Mass Spectrometer with Time-of-Flight
Assembly

a) Rotating Target Mounting

A rotating target is mounted from the opposite side

port of the Laser inlet port. Target is rotated using

1 rpm D.C. motor. The mount is provided with linear

motion along the Laser Beam axes for getting optimum

signal.

b) Capacitor Assembly

Designed and fabricated a capacitor assembly for

channelising the atomic beam to boost signal. The
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capacitor assembly is kept in between the electrostatic

lens and electrode plates.

c) Mounting for the furnace

A fixture is designed and fabricated to assemble the

quartz furnace. The furnace is positioned such that

the effusive beam comes in the interaction zone.

Heating coil is provided over the furnace.

d) Feed throughs and Thermocouple Mounting

Feed throughs and thermocouple are mounted on the

perspex flange which is mounted on one of the ports of

the chamber.

e) Lens Holder

The lens holder which is mounted in front of the laser

inlet port is provided with XYZ movement.

f) Signal Testing Device

For initial testing of the signal a copper plate

detector was mounted on a flange and kept very close to

the electrode assembly of TOF. After getting

satisfactory signal, it was placed about 250 •• away

from the electrode assembly. This also, gave good

signals. Then in the same position an SE'-l ion detector

was tested and was seen to give good results.

g) A suspended shelf for storing the instruments such as

recorder, amplifier, power supplies and oscilloscope

was fabricated for RIS Unit in the Excimer Laser Lab.

h) Designed and fabricated electrode housing assembly for

MCP detector to be used in TOF.

i) Prism mount holder is provided with axial rotation

and sweap in vertical plane. Micrometer head is

used for fine movement.

IX.3 High Vacuum Chamber for Turbo pump Testing

1) High vacuum chamber is designed for testing the Turbo

puap. It is fabricated at TPPED Workshop. It
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consists of 6" I.D. Chaaber with 198 OD flange at the

top and the bottom of the chamber. Its height is 130

am. Compatable 25 KF coupling is welded in the Middle ;

of the chaaber. The chaaber is tested with compatible

Teflon Gasket and Viton O-ring for Penning gauge. It

has given satisfactory vacuum of 10 millibar.

ii) Designed and fabricated a flange 198 mm in dia

compatible to Turbo pump with 25 KF Coupler at the

centre for Penning gauge,

IX.4 Modification work In Dye laser Assembly

For Indigenous Dye Laser Assembly the following work was

carried out:

a) The lens holder is provided with proper movements to

sweep the lens in the horizontal and vertical planes.

It is also provided with XYZ movements.

b) Dye cell holder is provided with proper sliding

movement and the movempnt to tilt the cell in a

vertical plane.

c) Cylindrical lens housing is provided with XYZ

movements.

d) Prism mounts height is increased to suit the height of

the cylindrical lens. Prism mount is also provided

with smooth X and V movements.

e) Grating mount is provided with smooth sweeping of the

grating in horizontal and vertical planes.

f) The mirror mount tilting is provided with smooth

functioning of three fine pitch screws.

g) The grating mount and mirror mount are fixed on the

turn table whose height is reduced to match with the

beamline. The smooth radial movement is provided with

proper fitting of ball bearing, fine micrometer head
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and tension spring.

All fine micrometer head tips are provided with ball

housings. The ball housings keep the ball in position for

proper & smooth functioning of the mounts. With correct

size balls and proper springs all the lounts are having

smooth movements for alignment of the beam.

IX.5 Accessories for Beam Foil Spectroscopy:

Designed and fabricated an enclosure unit for moving the

Polarisers and Lens housings. A bench is provided at the

base. The four pedestals are mounted on the bench for

mounting the pairs of polarisers and the lenses. The

Polarisers and Lens holders can be moved in X and Y

directions and can be locked at desired positions by the

locking screws. This assembly is being used in Beamfoil

Spectroscopy experiments, now in progress at TIFR.

IX. 6 Accessories for Bomem FTIR Unit

a) Designed and fabricated a flange with coupling and

O-ring sealing for the part of Bomem Unit.

b) Fabricated a Bomera Unit's port flange with adaptor at

the centre for fixing of glass tubing protruding from

both the sides.

c) Fabricated 10 nos. of Polyethylene windows for the cell

for FTIR work.

d) Designed and fabricated 2 1
/ 2 ft x l*/2 ft x 4 ft high

trolley for the Bomem FTIR accessories.

e) Fabricated an enclosure 600 x 250 x 250 in size out of

6mm thick perspex for long path cell.

f) Fabricated a frame for mounting vacuum glass system.

g) An attachment for samples which fits on the port of

BOMEM FTIR unit was designed and fabricated. A pair of

104



water cooled window holders were fabricated. The

window has provision to fix a thermocouple to measure

its temperature. The sample is kept between the two

BaF2 Windows.

h) Designed and fabricated the vacuum system accessories

for 100m White Cell.

a) using 40 KF coupling, elbow and 1" Diaphragm valve.

b) using 25 KF coupling, elbow, 1/4" Fluid coupling

valve and 1/2" coupling.

IX.7 AnalysisiSample surfacing-Routine work:

About 100 noB. of stainless steel samples and standard

blocks were machined to the smooth finished surface for

analysis on Direct Reading Instrument.
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1. A set of two 45°-90°-45° prisms equivalent to Fresnel Rhomb

M.V.R.K. Murty, K.P. Shukla and K.V.S.R. Apparao

Proceedings SPIE (Optic* a Metrology Pt.l) 332. 41 (1990)

2. Phase conjugate Twyman-Green interferometer for testing
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R.P. Shukla, M. Dokhanian, P. Venkateswarlu and M.C. George,

Optics Communications. IS, 407 (1990).

3. Measurement of birefringence of optical materials using a

wedged plate interferometer

R.P. Shukla, G.M. Perera, H.C-. George and P". Venkateswarlu,

Optics Communications, IS, 7 (1990).
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Experiment

F. Amen, H.J. Klutfe, B.M. Suri, A. Venugopalan, H. Riaka,

N. Trautaann, R. Kircbner

Resonance Ionisation Spectroscope 1990, Inst. Phys. Conf.
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J. Mol. Spectrosc. lifi, 270 (1991).
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15. Separation of some trace rare earth* from uranium by two-atap

liquid-liquid extraction and estimation by ICP-ACS

S.S. Biswas, P.S. Murty, A. Sethumadhavan, R. Kaimal and

A.V. Sankaran

Anal. Lett., 24, No.S, 887 (1991).
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L.C, Chandola k P.P. Khanna

Spectrochimica Acta (Accepted for publication).

53. Quasiprobability Distributions of Negative Binomial states

R. D'Souza'and A.P. Mishra

Phys. Rev. A, Accepted for publication.

54. Macroscopic squeezing from a regular array of three-level

atoms

R. D'Souza, A.S. Jayarao and S.V. Lawande

Mod. Phys. Lett. B6, 257 (1992).

55. Spectroscopy in India

Spectrochimica Acta A, Special Issue (ed. C.N.R. Rao,

G. Oovil, and V.B. Kartha (in press).

56. Time-development of fluorescence spectra of a three-level

•torn in a squeezed vacuum

A.S. Jayarao, S.V. Lawande and R. D'Souza.

Hod. Phys. Lab, B6, 891 (1992)
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67. Evaluation of wavelength of pulsed laser induced fluorescence

spectrum by simultaneous recording of standard emission lines

S.G. Nakhate, M.A.N. Razvi and S.A. Ahmad

Ind. J. Phys. ( in press )

58. Reinvestigation of some of the autonlonisinf levels in the

spectrum of Cu I

P. Meenakshi Raja Rao, Saraswathy Padmanabhan» G.

Kriahnamurthy and B.N. Rajasekhar

J.Q. Spect * Rad. Transfer £7, 113 (1992).

59. Laser optogalvanic spectroscopy of holmium

M.N. Reddy, S.A. Ahmad and G.N. Rao

J. Opt. Soc. America B9, 22 (1992)

60. The Rotational Analysis of the A ^ - x V system of Sil>OTe

Sheila Gopal, M. Singh and G. Lakshminarayana

(Communicated to Can. J. Phya).

61. Dendritic aggregation of metal hydrides and oxides in a

laser produced aerosol medium

A. Sharna

Phys. Rev. A: (Brief Reports) 4j>, 4184 (1992)

62. Two-photon Dissociation of CS2 in the Region 286-305 nm

T.V. Venkitachalam and A.S. Rao

(Spectrochimica Acta A, in press)
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XI PAPERS PRESENTED IN CONFERENCES, SYMPOSIA, WORKSHOPS ETC.
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1. Phase Conjugate Interferometer for Testing Optical Surfaces

R.P. Shukla, N. Dokhanian, P. Venkateswarlu and M.C. Oeorge

Symposium on "Non-linear Optical Materials." , October 25

November 2, 1990, University of Texas, El-Paso (U.S.A.)

2. A set of two 45°-90°-4 5° prisms equivalent to Fresnal Rhomb

M.V.R.K. Murty, R.P. Shukla and K.V.S.R. Apparao

ibid

3. Phase Conjugate Interferometer for Testing Optical Surfaces

R.P. Shuklai M. Dokhanian, P. Venkateswarlu and M.C. Oeorge

ibid

4. Heterodyne profilometer for Measuring Roughness of Cylindrical

Surfaces

R.P. Shukla, G.M. Perera, P. Venkateswarlu and M.C. George

Annual Meeting of Optical Society of America,

November 4-9, 1990, Hynes Convention Center, Boston, U.S.A.

5. A Compact In-line Laser Radial Shear Interferometer

R.P. Shukla, M. Moghbel and P. Venkateswarlu

ibid

6. FTIR and Laser Raman Spectra of Bismuth and Yttrium

Oxides

S. Narang, S. Venkateswaran, N.D. Patel and V.B. Kartha

(Presented at DAE Solid State Physics Symposium, Jan. 1-4,

1991, Bombay).

7. On the line shapes of saturated absorption profile in

discharge plasmas

B.N. Jagtap, O.K. Bhowmick, S.A. Ahmad and O.D. Saksena

International Conference on Quantum Optics, Hyderabad,

Jan. 5-10, 1991.
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8. Optical Double Resonance fro* a Regular Array of N

Three-Level Atoms: A source of macroscopic squeezed light

R. D'Souza, A.S. Jayarao and S.V. Lawande

ibid.

9. Time Dependent Spectra of a Three-Level Atom in Squeezed

Vacuum

A.S. Jayarao, R. D'Souza and S.V. Lawande

ibid.

10. Direct Spectrographic determination of Sub-ppm levels of Ba,

Li, and Sr and ppm levels of Cs, K and Na in nuclear grade

thorium oxide

R. Venkatasubramanian.

International Symposium on Radiochemistry & Radiation

Chemistry (Plutonium -50 years), BARC, Bombay, Feb.4-7, 1991.

11. Direct Spectrographic Determination of sub ppm levels of Ba,

Li and Sr and ppm levels of Cs, K and Na in Nuclear Grade

Thorium Oxide (ThO2)

R. Venkatasubramanian

ibid

12. "Collisional transfer of Energy in excited molecules"

Atomic and Molecular Physics Conference on

Lasers and Spectroscopy, Bodh Gaya, March 1991

S.D. Sharma

13. IR instrumentation: Basic principles of IR and FTIR

spectroscopy

R. D'Cunha

'Concepts of Research Synthesis and Analysis'. Workshop for

postgraduate students 8-13th July, 1991, Ruparel College,

Bombay.
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14. Application of IR spectroscopy in organic synthesis

R. O'Cunha

ibid

15. 6-d luminescence of Pa and U n Thorium Bromide Crystal

J.C. Krupa and R.C. Naik

19th Rare-Earth Research Conference at Lexington, Kentucky,

USA

July 14-19, 1991.

16. Optical pumping for investigation of properties of short-

lived isotopes/isomers

S.A. Ahmad

International Symposium on "Lasers in Nuclear Physics",

RIKEN, Japan, Sept. 9 & 10 (1991)

17. Laser interaction with metal aerosol: application to flow

visualization in gases

A. Sharma

Third annual conference of Indian aerosol science and

technology association, Oct.10-11, 1991, BARC, Bombay.

18. Laser enhanced ionisation (l.EI) spectrometry for ultra-trace

determination of sodium in water

L.C. Chandola, P.P. Khanna & M.A.N. Razvi

Proc. National Symp. on Modern Analytical Techniques in

Material Science, Bombay, Dec. 9-11, 1991, pp.10-12.

19. Laser enhanced ionisation (LEI) analysis of sodium - Effect

of laser power and presence of other alkali elements

P.P. Khanna, M.A.N. Razvi & L.C. Chandola

Ibid, pp.13-15.
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20. Determination of La, Ce, Pr and Nd in Steels by D.C.

arc atomic emission spectroscope

P.S. Murty, S.M. Marathe and R. Qeetha

ibid pp. 92-94

21. An ICP-AES Method for the rapid determination of Nb, Ta,

Ti, V and Co in stainless steels

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

ibid pp 95-97

22. Determination of adjacent rare earths in high purity Eu2O9

by ICP-AES

S.S. Biswas, I.J. Machado and P.S. Murty

ibid pp 161-163

23. Investigation of traces of gold in native bismuth

crystal from Bihar by ICP-AES

S.M. Marathe, S.S. Biswas, O. Narayanan and A.V. Sankaran

ibid 164-166

24. Synchrotron and Laser Spectroscopy with Reactors and

Accelerators

V.B. Kartha

International Conf. on Synchrotron Radiation Sources, Indore,

Feb.3-6, (1992).

25. Design and Development of Photophysics Beamline on INDUS-I

P.M.R. Rao, N.C. Das, B.N. Rajasekhar and V.B. Kartha

ibid (1992).

26. High Resolution VUV Facility at INDUS-I

0. Krishnaaurty, P. Saraswathy, P.M.R. Rao, A.P. Mishra and

V.B. Kartha

ibid (1992)
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27. Design of UHV Layout for the PES Beanline in INDUS-I

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

ibid (1992)

28. Design and evaluation of Beanlines on INDUS I synchrotron

source

N.C. Das and B.N. Raja Sekhar

ibid (1992)

29. Simulation of INDUS-I SRS for Beamline optical design

B.N. Raja Sekhar, N.C. Das and G. Basar Raju

ibid (1992).

30. Generalised distribution of negative binomial states

R. D'Souza and A.P. Mishra

1992 Shanghai International Workshop on Quantum Optics,

Shanghai, China, March 30-April 2, 1992.

31. Atmospheric pollution and global warming

R. D'Cunha

Science Forum for Women, June 16th, 1992, BARC, Bombay.

32. Laser Atomic Spectroscopy

S.A. Ahmad

Seminar on "Advances in Spectroscopy and Photochemistry",

BARC, Bombay

June 29, (1992).
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XI. MISCELLANEOUS

Following courses were taken by scientists of the Division:

1. 20 Lecture Course on Mathematics to the 34th Batch of

Chemistry Trainees.Dr. R. D'Souza

2. A course comprising of 15 lectures and 5 tutorials on

Electronics and Chemical Instrumentation was given to 35th

batch Chemistry trainees in the Training School by Shri.

S.V.G. . Ravindranath.

3. FTIR Spectroscopy

R. D'Cunha

2 lectures given for M.Tech students from IIT, Delhi: June,

1992.

4. Two lectures on "Synchrotron Radiation and its Applications"

to 35th Batch Physics Trainees

5. Three lectures on "Synchrotron Radiation and its Applications"

to M. Tech. students

6. A two-week project on "Studies with Tunable Dye Lasers and

Carbon Dioxide Lasers"

Dr. S.A. Ahmad coordinated this project for the Physics

Trainees of 35th Batch. Experiments were arranged on exciner

laser and copper vapour laser pumped tunable dye lasers to

study resonance ionisation mass spectroscopy and optogalvanic

spectroscopy. Small signal gain experiments were carried out

with CO2 laser. A 63-page Project Report was prepared.
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