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1.1.1

DETERMINATION OE TRACES OF Y, £>m, Eu, Ud, Dy, Ho AND Er IN HIGH

PURITY TERBIbrf OXIDE BY ICP-AEii.

S.S. Biswas, A. Sethumadhavan, P.S. Murt-y

Hign Purity rare ear bit:? (li.Kn) arc iiiuiin/j increasing and

strategic use in materiaJs research and .induobry. Terbium oxide

being one of them is required bo be analysed for its adjacent REs

as well as Y, which occurs alongwith heavier REs. Earlier,

optical emission specLrographic methods (OES) and X-ray

fluorescence (XR1<') mcbhods (13) wore employed. Presently

inductively coupled plasma atomic emission spectrosnetry (ICP-AES)

is employed in the analysis of geological materials for trace REs

(4-5).

The analysis of high purity REs for brace REs by ICP-AES has

however not been extensively employed. The complex nature of the

RE matrix spectrum in the plasma and the consequent difficulty in

the proper identification/selection of interference-free lines due

to REs is the reason. A spoctrometer/monochromator with adequate

dispersion and high resolution was able to resolve this problem

and this has been done in our laboratories for several systems.

Trace amounts of Y, J3m, Eu, Gd, l)y, Ho, Er were thus determined in

high purity terbium oxide by dissolving it in 0.5 M HN03 and

nebulising this Tb solution (1 mg/ml) into an argon plasma

generated under experimental parameters given in Table 1.

The spectra were scanned on a Jobin-Yvon, JY-38 THR 1000
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monochromator, around the chosen anaJyto 1 i ties in the manual

profile mode with a basic scan step ol 0.00?. run, integrating the

intensity for 400 ms per stop.

Each line was checked for spectral "interference by sequential

scanning of the spectrum around the analyte wavelength of interest

by nebulising 1) 1 i»g/mJ Tl> solution and then 'A) I me/ml Tli i lpg

of RE solution; superimposing (1) over {?.). Figs. 1 & 2. are

illustrative of the procedure followed for Eu 1)93.048 nra and Y

371.023 nm.

Thus, lines which are mutually interference free, as well as free

from interference from the matrix were selected for all the seven

analytes. Due to complex and intense spectra generated by REs,

the background correction to the gross analyto line intensities

becomes essential to obtain linear calibration plots. Table 2 and

Fig. 2 indicate the background factors and background positions

for various selected analyte lines. The lines used along with

their figures of merit ami precision data are indicated in Table

3.

The calibration curves were drawn by a set of synthetic standards

prepared with analytes concentration ranging from 0.01 - 1.0 /Jg/ml

incorporated within the matrix concentration of 1 mg/ml Tb.

The present method offers improved limits than those obtained by

OES and XRF teclmiques, as indicated in Table 4.
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Table i. ICP-AiSS experimental details

PIasma generator

Frequency

Forward power

Reflected power

Coolant argon flow rate

Aerosol argon flow rates

Sheathing argon flow rate

Plasma torch

Observation height

Monoehroma tor

Grating

Wavelength range (I order)

Dispersion in I order

Minimum scan step

Data handling

111*' cone r;i tor, Model No K-C

Dl.'kR JYICP ZZbb

!>(i Mils

1 . it kW

<1W

J B 11 Lros/mimrbe

0.4 litres/minute

0. 4b litres/minute

Quarts, demountable type

i J> mm above top oi: load

coil

1 itioUro ((Jaerny—Turner)

scatining, raonochromator,

Mode! No JY-3& TUB 1000

Holographic jiratinK with

160 b00

0.002 nm

Tlirouch APPLE - lie

computer
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Table 2. Background factors and background yositions for the KE

lines

Y

Srn

Eu

Gd

Dy

Uo

E r

Element

(nm)

371.030

446.734

393.04«

310.050

387.211

345.600

390.631

Background

factor

3. UZ

1.80

{>. tt!>

3 . BY

Z.bli

3.30

1.83

Hack/.; round

Distance on the
lower r.tdo of
t/lic jin<: (rim)

0.01 ' !

0 .0J3

0.W15)

0.01Z

0.0J.JJ

0.0JJ4

0.010

position

Distance on the
higher side of
the line (nm)

0.024

0.012

0.014

0.012

0.010

0.024

0.012

Background factor in expressed, ua the ratio ol' the average

background intensities measured Cor the RE line ucan of two

solutions - otie containing Î g/»<1 lili; with IMJI/BJI Tb and the

other containing 1 t-tg/ial Kli only.
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Table 3 Figures of merit and precision data for UEs determined

Y

Sm

Eu

Gd

Jiy

Ho

Er

Element

(nm)

371.030

446.734

393.048

310.050

387.211

345.600

390.631

Detection

acqucous

solutionl

ng/ml

0.4

4

0.7

3

3

7

6

11 in 1 ts

matrix

solution
ng/ml

1.2

3

U

12

7

2

8

Dctcnni tiat

M«/ml*

0.01

0.05

0.05

0.10

0.05

0.10

0.05

ion limits

A'K/g«

10

50

50

100

50

100

50

RSI)

(%)

4.6

G.8

2.8

4.5

1.9

4.9

2.0

a) Calculated from 3 times the standard deviation of the

background using aqueous solution containing the KEs (each 1

Mg/ml).

b) Calculated from 3 times the standard deviation of the

background using solution containing the REs (each 1 /Jg/ml) and

matrix Tb (i mg/ml)

* Concentration of the RE present in the lowest aqueous

calibration standard containing 1 mg/ml Tb.

# Concentration of the RE expressed as ^g/g of Tb.
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Table 4. Comparison of 1CP-AISS tie terminal, ion l imits with those

of OES and XRF methods.

Element

Y

Sm

Eu

Gd

£y

Ho

Er

Determination limits
(Mg/fi)

lUl'-AES1 QtiSf OEif

10

50

50

100

50

100

50

200

500

%

300

500

— *

*

250

**•
'T'

*

200

200

— *

*£

50

100

100

100

100

100

— *

1. Present work

2. Data from Ref. 1

3. Data from Ref. 2

4. Data from Ref. 3

* Not reported.
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1.1.2

Determination of trace amounts of Ce, Pr, Nd and Sin in High Purity La2Oa

by ICP-AES.

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

An Inductively Coupled Argon Plasma Atomic Emission spectrometric

(ICP-AES) method was developed to determine Ce, Pr, Nd and Sm in

high purity La20g. A3 the spectrum of La wa3 relatively less

complex, it was incorporated at 2 mgs\ml in the standards, after

dissolving Laj-Qj in 0.5 M HNOg . Samples were also prepared in

the same manner. Nebulising thie solution at 1.6 ml\mt., the

plasma was generated under the experimental conditions given in

Table 1 in 1.1.1.

The selection of lines of the impurity elements were arrived at

'ifter adopting similar procedure described earlier in 1.1.1.

Their wavelengths, the concentration range and the precision data

are. given below:

Element

Ce

Pr

Nd

Sm

Wavelength
(nm)

413.380

414.314

406.100

442.432

Concentration
Range (ppm)

10-500

••

••

..

Average (RSD
(*)

5.5

7.4

b.8

6.8

ICP-AES Procedure: Adopting the sequential scanning mode on JY-38

THR 1000 monochromator as described earlier, wavelength of



selected analyte lines were accurately located, by nebulizing 10

i-'g/ml solution of each of the pure RE element. A 3et of

calibration standards (0.02 pg/ml-0.50 Mg/ml) and samples

prepared as per the procedure outlined above, were then

nebulised. The subsequent procedure was same as for Terbium oxide

as in 1.1.1.



1.1.3.

Standardisation of an 1CP-AES technique for the estimation of 8

RE impurities extracted from 10 gms uranium.

S.S. Biswas, P.S. Murty, A. Sethumadhavan, Kugmini Kaimal, A.V.

iiankaran and V.N. Krishan.

An iCP-OES method has been developed for the determination of

0e,8m,Eu,Gd,Er,Yb and Y extracted from 10 gms. uranium instead of

the present 50 gms. This has effected in considerable economy

with respect to time and consumption of nuclear materials.

The earlier method of cellulose column extraction followed by-

overnight fluoride preciptation using La as the carrier has been

replaced by the present solvent extraction method.

10 gms uranium dissolved in dilute nitric acid is subjected to a 3

step TBP/CCL4 extraction procedure. This is followed by TOPO/CCl*

extraction for the removal of traces of uranium.The REs are

concentrated in 40 ml extracted solution, which is nebulised into

the plasma.

The analyte lines free from spectral intereferences, are selected

after studying the effects of U,Th,Fe and Mg when present in the

extracted solution. Their wavelengths together with their range

of determination are listed below:



1

3

4

b
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7

8
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Co

iin.

Eu

Gd

Dy

S r

Yb

Y

399. 92 tun

:iU0.9b "

4Z0.b0 '

33b.05 "

3b3.60 •

323.06 "

328.94 "

360.07 "

0.

It is important to mention that the presence of uranium at

concentration 10fjR/ml, markedly enhances the background of the

entire spectrum, around the above analyte wavelengths.

Consequently, there are indication of interference due to spectral

overlap as well as overlap due to the background/cont i nun), arising

out of U excitation. Hence the TOPO/CC14 extraction step has been

introduced to bring down the Uranium concentration below

The subsequent procedures namely the mode of the plasma excitation

of the extracted solution, the subsequent scanning by the JY-38

THR 1000 monochromator and calibration for the working curve, arc.

similar to those described earlier in 1.1.1, on T^O?.

Tho required limit:; of determination for Gd and Eu, i.e. 0.04 ppm

an.; reached in this method as in thic earlier 0£l> method. for all

other lU'ln t.he limits arc further lowered from 0.1 - 0.04 ppra.

For Co the L.OD is 0.08 ppm.
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1.1.4.

Determination of Boron in Iron/Steel by ICP-AES

S.S. Biswas, A.V. Sankaran

Aii ICP-AES method has been developed for the determination of

total B in Fe/steel matrix.

Nebulising 5 mgs/ml matrix solution, [dissolved in H3P

(9:1 v/v)] at an uptake rate of 1.4ml/minute, B was determined

from 10 ppm - 100 ppm using the 249.7nm line for analysis. Using

the JY-38 THR raonochromator and adopting the manual profile

scanning mode, as detailed earlier in 1.1.1, B line at 249.678 run

was seen to be well resolved from the adjacent Fe lines at

249.653nm and 249.699 nm. The more intense line of B at 249.773

inn could not be used due to spectral overlap from Fe 249.782 nm.

A word of caution during B determination must be mentioned. The

"memory effect" within the nebuliser system, during B

determination is considerable. Hence 'clean-out' time has got to

be increased till the intensity counts monitored at the B peak

wavelength comes down to the "blank" value, when nebulising

de ionized water and before introducing the next sample/standard.

This is observed to bo about 3 to 4 minutes as compared to the

general 20-30 sees required in other cases.
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1.2 SERVICE ANALYSIS

S.M. Marathe

Materials covering a wide range are being routinely analysed in

our division. Uranium samples from UMP and from AFD are analysed

in the DC arc mode on the ICF spectrometer. Conventional

spectrographic, X-ray fluorescence, spark emis.-ion direct reading

spectrometric and infrared techniques are being employed as and

when needed. Methods have been developed for analysing Tb4O? and

LazOa samples by ICP-OES.

The following table gives break-up of the samples carried out
during the year.

Break-up of service analysis for 1989.

Source Type of Samples. No. of No. of
samples deter-

* minations

A) BARC Units

OMP (UED)

AFD

Metallurgy

*Other

Divisions

R.E. Oxides, U, UO,, UF4, 599 2530

Hg, MgF2, Demineralised

Water

U, Al, AlzOg, B4C 487 3255

A12O3, V, WOb, S.S., 23 208

Methanol, Sn

S.S., CaSO4, Al Metal, 31 146

Globule, Zr, Pd alloy,

Y203, Molecular sieve

zeolite, CaO, Trichromatic

white powder, La203, Mineral,

CaFZl MgF2, Powder



Source Type of Samples No. of No. of
samples deter-

minations

B) DAE Units
IRE DyzOa, GdzQa, Tb^Oy, L a ^ , 60 367

KAPP Zinc wire 4 20
NPC S.S. 2 8

C) Non-DAE Units

BHEL Metallic oxide 2 8

TOTAL 1208 6542

^Analytical Chemistry Division, Biochemistry Division, Chemistry
Division, Chemical Engineering Division, Central Workshops, DRP,
Nuclear Physics Division, Neutron Physics Division, Uranium
Extraction Division.



2.1.1 i

Isotope Shift Studies in the Spectral Lines of Singly Ionized

Neodyiaium (Nd+) in Ultraviolet Region.

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

Isotope Shifts (IS) and electronic configurations for many known

high odd parity levels of Nd* are not known, and most of the

transitions involving these levels lie in the ultraviolet region

in which the IS studies are scanty. Therefore, in order to check

the existing theoretical parametric calculations of the odd

parity levels of Nd* as well as to get information on electronic

configuration of unassigned levels we have initiated the IS

studies in the UV region. From the spectrum recorded on

Recording Fabry Perot Spectrometer (REFPOS) more than 200

spectral lines, mostly belonging to Nd*, have been identified in

3300 - 3900 A region. Isotope shifts ("2Nd - i5°Nd) in about 60

lines of Nd* have been measured on REFPOS using the isotopic

mixture of enriched isotope Nd (98%) and Nd (95%)as well as

the source-exchange technique with individual isotopes. Level

isotope shifts AT evaluated for some of the levels of Nd* from

the line shift values, are given in Table 1. Possible electronic

configurations have been suggested for some levels on the basis

of our AT value. Further work is in progress to obtain new

information on high lying odd levels of Nd*.



Table 1: Level Shift (AT) in High Odd Level3 of Nd* and suggested

predominant configuration on the basis of AT values and

observed intensities.

E (cm"1) T(142-150)
ink

Predominant H
Configuration

26759.225

27694.620

27934.515

28298.462

28340.549

29336.730

30037.077

30681.265

30927.600

30990.485

31179.755

31451.299

31900.596

32095.740

32253.730

32423.843

32444.090

32581.320

33526.500

33809.180

9/2

7/2

9/2

9/2

9/2

11/2

5/2

7/2

9/2

9/2

9/2

9/2

11/2

13/2

9/2

15/2

11/2

13/2

17/2

13/2

250

354

313

320

346

351

347

197

353

255

288

155

348

244

242

317

254

185

232

325

4f 5d6s

4f35d6s

4f35d6s

4f35d6s

4f35d6s

4f35d6s

4f35d2

4f35d6s

a

4f35d2

4f 5d6s

a

4f35d6s

4f*6p

4f 5d6s

a - These levels have mixed configuration 4f46p + 4f35d2+4fB5d6s



2.1.2

Hyperfine Structure and Isotope Shift in 165-171 Lu Isotopes and

evaluation of nuclear spins, moments and charge radii.

M. Rao, R. Neugart, Peter Lievens and Cri3topher Schulz.

Laser spectroscopic investigations of atomic Hyperfine Structure

(HFS) and Isotope Shifts (IS) have played an important role in

providing information on nuclear spin3 (I) and electromagnetic

moments (M, Qs) and also about changes in the nuclear charge

distribution & <rz> between isotopes, of short lived nuclei.

These information on (* <r >, I, ̂  Qs) serve as a valuable aid in

understanding the single-particle and collective aspects of

nuclear structure, especially in the region of shell closure or

shape transition. In the case of lutetium the nuclei of several

short lived isotopes with neutron number N>90 are expected to show

strong nuclear deformations. In addition most of the Lu isotopes

involve isomeric states as well, a study of which would provide

isomeric shift which could help in the understanding of nuclear

structure. The hfs and IS in Lu isotopes has been

investigated using the technique of on-line collinear fast beam

La^cr spectroacopy at the ISOLDE facility at CERN (1). For most

of the Lu isotopes studied presently, neither the nuclear magnetic

moment M nor the electrostatic quadrupole moment ^ is known.

The lutetium isotopes investigated presently in the mass range

Work done at CERN, Geneva, Switzerland.



l o 5" mLu was produced by Spallation reaction induced by the 600

MeV protons on a Ta foil target (122 gm/cm2). The atoms produced

are ionised on a hot (2402^0 tungsten surface which are later

mass separated and transmitted to the set up for collinear fast

beam laser spectroscopy. The production yield of most of the

isotopes ranged between 1G^ and 1ST atoms/sec. The collinear

fast beam set up shown in Fig.l essentially consists of an

electrostatic deflector wherein the mass separated ion beam is

deflected to be made collinear with the laser beam (2). The beam

is then focussed by an electrostatic triplet, and neutralised in

a sodium charge exchange cell maintained at a variable potential

to Doppler tune the transition to the laser frequency. The

fluorescence of the neutral Lu atoms excited by the laser is

focussed by a cylindrical mirror and lense combination on to the

aperture of a light guide the end of which cover the window of

the photomultiplier.

The optical spectrum of Lu I is that of a three electron system

with completely filled f-shell, the ground state configuration

being 4f 5d6s . The hfs and IS were investigated in the

2 2 2

.ransition at 4519.8 A connecting the 5d( D)6s D3/2 ground state

bo the 5d6s( D)6p T%,sZ excited state. The laser system consisted

of a frequency stabilized CW dye laser with stillbene 3 dye,

pumped by an Argon-ion laser in the UV region.

The observed resonances of 1<S5Lu are shown in Fig.2, along with

the hfs splittings of excited and ground state of the transition
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studied. The observed line width of 40 MHz arise from the natural

line width, residual Loppler width and some power broadening. For

evaluation of IS, the hfs of all other isotope3 have beeen

measured with
1<S5 Lu as the reference isotope.

The peak position of all observed hf3 components were determined

and after transformation from the voltage to frequency scale,

these positions were fitted with the hfs formula describing them

in terms of nuclear spin I, the ground and excited state dipole

interaction constants (Ag, Ae) and quadrupole interaction

constants (Bg, Be) and the centre of gravity of the hfs

components which gives the IS. The evaluated values of these

constants for isotopes Lu and Lu and the isomer Lu are

given in Table 1.

Table 1; hfs constant of the ground (Ag, Bg) and excited

states (Ae, Be) evaluated from the measurements in the

[5d(2D)6s2
4519.8 A

transition of Lu I.

5d6s( D)6p

(MHz) A^CMHz) a, (MHz) 6v

(MHa)

165

167

167

1/2

7/2

1/2

-12

202

-61

.7

.1

.0

114

-1484

+447

.5

.2

.0

1420.9 -467.1

0.0

-3095.7

-2850.0
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The total number of hfs components observed in the spectrum of

AtS?Lu were 13, out of which 9 could be assigned to lo?Lu( 1=7/2)

with half-life of 52 minutes; the other four components has been

tentatively assigned to an isomeric state of

so far no isomer of ° Lu has been reported.

Lu. In literature

The evaluation of A and B factors from hfs data obtained for other

isotopes ALu (A=165, 166, 167, 168, 169, 170, 171) including 6

isomeric states of some of the isotopes are in progress; This

would enable one to get for the first time the magnetic dipole (/J)

and electric quadrupole moments (Qs) of these isotopes and

isomers.

References:

1. Ravn, H.L.,: Phys. Rep. 54, 201 (1979).

2. Mueller, A.C., Buchinger, F., Klempt, W., Otten E.W.,

Neugart, R., Ekstrom, C., Heinemeier, J.: Nucl. Phys.
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2.2.1

Energy Transfer Studies In Pr3* in YPO4

N.P. Karanjikar, R.C. Naik and M.A.N. Raavi

Fluorescence decay times of rare earth ion3 in solids contain

information about the relaxation and the energy transfer

processes. The measurement of the decay times of the 1D2

3 + 9 +

fluorescence of Pr in YPO4 as a function of Pr concentration

and sample temperature is reported here.

Preparation of the concentration series:

In order to find out the change in "the decay time of Dj. level

with different concentrations, a concentration series with 0.01,

0.05, 0.1, 0.2, 1, 2, 5, 10 and 20% concentration of Pr3 + in YP04

was prepared. The multicrystals of YPO* with these

concentrations were prepared by the method described by Feigelson

(J. Am. Ceramic Soc., 17, 257, (1964).

Measurement of the decay times of the D2 level

The excimer pumped dye laser was used to excite the *D
2

fluorescence of Pr . The line at 595.4 nm was used to excite

the fluorescence. The Dg* Hg fluorescence transition at 706.2

rim was used for measurement of the decay times. A 0.5m

monochromator and a box car averager were used to record the

decay pattern. The following table gives the decay time

measurement of the D2 level with different concentrations.
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TABLE -1

The decay times of *"Di level of Pr3 in YP04

Concentration of Decay Times (A*S)

Pr3+ in YPO4<%) R.T. L.N.T.

0.01

0.05

0.1

0.2

1

2

5

20

160

130

180

180

145

75

35

4

195

160

190

190

150

95

40

>4 and <10

Radiative Life Time of iDz Level

As was described earlier, an observed decay time T̂  for an

initial excited state is governed by the equation

Where Z^ • and EW^f are the probabilities of all radiative and
i 1J 1 J

NT2.
nonradiative transitions. Here E**< consists of the

j 1 J

non-radiative decay taking place by multiphonon emission and also
the ion-ion energy transfers of all kinds.



-2B-

The muitiphonon emission decay is independent of concentration

but depends on the energy gap between the levels, the phonon

spectrum of the host and the temperature. In term3 of the

radiative and non-raditive decay times the equation (1) can be

expressed as

Tt TR T N R

wh~.re TR is the radiative life time. Here we are considering the

*D2 level, and the muitiphonon emission rate from this level to

the next low lying level at iG4, which is at nearly 6850 cm * in

this case, is negligible. This is due to the fact that the

energy gap of 6850 cm" is too large for any non-radiative

muitiphonon relaxations. Hence if we consider the decay times at

lower concentrations right from 0.01 to 0.2% (Ref. the table

no.l) it is seen that the decay tines are nearly constant. It is

only at cone, of 1% and onwards that the decay times are

decreasing giving an indication of the energy transfer due to

ion-ion interactions. Hence it can be assumed that at lower

concentration the decay time represents the radiative time as the

energy transfer as well as the muitiphonon emission is supposed

to be absent in this case. Hence the radiative life time of 1D2

level comes out to be nearly 200

Energy Transfer Rates with Concentration

Once the radiative decay time for D2 level is decided, it is

easy to find out the energy transfer or the increase in

non-radiative decay with concentration as the muitiphonon

relaxation rates are independent of the concentration and in this

particular case are nearly zero.
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Table-2 shows the increase in energy transfer rates due to

ion-ion interaction and the change in quantum efficiency which

are calculated by using the formulae.

Energy Transfer rate = ^ — - ip— where Tx is the decay time with

X% concentration and TR is the radiative lifetime which is 200

Msec in the present case.

TThe quantum efficiency n = M* .

Table 2 : Changes in the Energy Transfer rates and quantum

efficiency with changes in concentrations of Pr * in

YFO* for the iDz level at LNT.

Concen trat ion Energy transfer
rate
(Sec )

Quantum efficiency
of Da level

(17)

0.2%

1%

2%

5%

20%

2.63 x 102

1.666 x 103

5.526 x 103

2 x 10*

<2.4 x 10s and

>0.95 x 10s

Nearly unity (0.950)

0.75

0.475

0.20

Nearly 0.025

The ixicrease in energy transfer rates with increase in

concentration can be attributed to the various ion-ion

interactions leading to cross-relaxation of the energy and other

quenching processes.
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2.2.2 Fluorescence spectra of Pr*3:LaFg

S.K. Kapoor, K.H. Ayyar, D.K. Palit*, M.J. Kamat and R.C.

Naik

LaF being a laser host has attracted considerable

attention in the past. In particular Pr* doped LaF is an

interesting system having five strong fluorescing levels viz. SQ

3 1 i.

in the ultraviolet region PQ and D in the visible and G and

F3 in the infrared region.

Energy transfer and relaxation and other co-operative

phenomena from each one of these levels will be differently

affected when other rare-earth or non-rare earth impurities are
+ 3

incorporated in LaF -Pr system.

With a view to study some of these properties we have

prepared multicrystals of Pr+ in kaFg with varying
concentrations of Pr+ and mixed crystals of (Ce + La)F with IX

The samples were prepared by the method reported by D.D.

Ensor and C.G. Pipin et al (Anal. Chem. 1882, 54, 2636-2637).

The structure of the compound (LaF3) wa3 confirmed by x-ray

powder pattern and the presence of Pr*3 was confirmed by

recording the fluorescence spectra.

The decay time measurements of Pr*3: LaF3 were made by

using Time domain Fluorescence spectrometer: Model 199 (from

Edinburgh Instruments, U.K.) of Chemistry Division. Laser

radiation from a coumarine 480 dye in a cuvette pumped by an

excimer laser provided the excitation energy.

* Chemistry Division, BARC
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The measured life time data agrees with the reported

values. XEOL spectra of LaF3 doped with different Pr*

concentration were also recorded. The XEOL spectra showed

fluorescence from So i Po and Da levels of Pr* .

From a study of the relative intensity variation of

fluorescence originating from the fluorescing levels, it was

evident that with increase in Fr+ concentration intensities of

fluorescence originating from *Sc increases while there is a

decrease in intensity of 1D2 luminescence and also 9P O

luminescence.

+•3

As ion pair relaxation can set in with increase in Pr

concentration from *D and Po levels (both of which have

favourable ion-pair levels to facilitate ion-pair relaxation)

concentration quenching of fluorescence from these levels will be

more pronounced than from S level. Fig.(l).

Quantitative measurements of radiative and non-radiative

rates from all the fluorescing levels with other impurities like

Ce.Yb etc., are planned.

Table: Pr*3 doped LaF3 and (La+Ce)F3 crystals.

:Pr (La+Ce)Fa:Pr
+ 3

1. LaF.

2. LaF

3. LaF

4. LaF

5. LaF

Pr*3(0.1%)

Pr*3(0.2%)

Pr*3 (0.5%)

Pr+ .0%)

Pr* 3 (2.0%)

6. LaF3 : Pr (5.0%)

1.

2.

3. (Lao 4j)Ceo 5Pr o

4.

5.

6.

7.
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2.3.1 Intensities of some zero phonon double transitions in the

infrared spectrum of solid para hydrogen.

T.K. Balasubramanian, R. D'Souza, R. D'Cunha and K. Narahari Rao

The recent spurt of experimental activities (1,2) relating to

the (induced) infrared spectrum of solid hydrogen has renewed our

theoretical interest in some of the observed features. During

the last year we developed expressions (3) for the absorption

intensities of some W-type single and double zero-phonon

transitions and correlated them to experimental findings rather

successfully. Subsequently we went on to tackle other aero-phonon

double transitions in which the multipolar induction proceeds via

the anisotropic part of the polarizability of Hg. This endeavour

has led us to derive a general formula for the integrated

absorption coefficient a of a general double transition of the

kind (AJ = 1 ) + S (0) [in solid para H2] in which two para

molecules are simultaneously excited - one undergoing the

transition (v' = v .J' = 1 ) (v" = o, J" = o)

S transitions (v1 = v2, J = 2) (v" = o, J" = o), following the

absorption of a single (infrared) photon. The resulting

expression is

« - [8n2(l+l)/27f>a2l+4]|<v1Il|Qi|0,0><v2>2|?'|0,0>|
2S1+/1+t Eq.l

where a is the nearest neighbour distance, Q is the 2

multipole moment of Hz, r is the anisotropic part of the

polarizability of H2. s1+i is the lattice sum = s:'

which, for a h.c.p. lattice, has a value slightly larger than 12

and ?, is a phonon renormalization factor (to take account of



the non-rigidity of the real latice.) The above relation is

valid for 1=4, 6 but not for 1 = 2 .

For 1 = 4 the expression above reduces to the ones used in

Ref.(l) for correlating the measured intensities of D (o) +

SQ(o) and Uo(o) + S1<0(o) with theory. For 1=6, Eq. 1 yields the

intensities of various W+S type transitions which have not yet

been measured. Indeed Eq.l predicts a [Wo(0)+Sb(0) = 8.7 x

10'21cm9 sec"*, a [Wt^ (0)+So (0)]=2.9 x 10~"cm>sec~1 anda

[Wo(0)«-Si+O{0)]7.8 x 10~
zzcm3sec~i which are three orders of

magnitude smaller than the corresponding 0+S transitions. This

perhaps explains why the W+S transitions have eluded observation

so far. A further calculation predicts the widths of the first

two transitions above to be about 20 ca while the third one nay

be considerably sharper (width 2 cm"1).

References:

1. M.C. Okumara, M.C. Chan and T.Oka

Phys. Rev. Lett. 62, 32 (1989)

2. M.C. Chan,

J.Chem. Phys.(in press).

3. T.K.Balasubramanian, R. D'Sousa, R. D'Cunha and K. Narahari

Rao

Can. J. Phys. 67, 79 (1989).



2.3.2

Line Intensities in Rotation-Vibration Spectra of

Diatomic Molecules.

Omana Narayanan, N.D. Patel, T.K. Balasubramanian and

V.P. Bellary

It is well known that in the Dunham expansion

TVJ = Te+ Z S Ytj (v+i/2)1 [J(J+1)JJ

t> Oj>O

depicting the rotation-vibration term values of a diatomic

molecule in a given (singlet) electronic state, the higher terms

(j - 1) provide a series of corrections to the rovibrational

energies occasioned by rotation-vibration interaction or, what is

the same thing, the centrifugal term in the radial (vibrational)

Schrodinger equation. But what is perhaps less known is how this

interaction term affects the line intensities in

rotation-vibration spectra. A long time ago, Oppenheimer (1)

considered this aspect within the precincts of the harmonic

approximation. A significantly more refined version of the

theory was developed by Herman and Wallis (2), subsequently.

Essentially, in the presence of rotation-vibration interaction,

the absorption intensities of the P and R lines in the infrared

fundamental band of a diatomic molecule are given (in the

simplest approximation) by

I [P( J ) ]=* KNĵ  [P(J)] [Sp (J' , J)/( 2J+1) 3Mf

where S is the rotational line strength, Mto - <v=l/u/v=0> is the



transition dipole moment and p=4(^o/plo) (B«/W©) , t-to being the

permanent dipole moment of the molecule. In each of these

expressions the last squared term (in square brackets) represents

the so-called Herman-Wallis correction factor to the line

intensities.

From the above relations it is clear that the centrifugal

perturbations affect the intensities of the P and R lines in an

asymmetric manner. This suggests the possibility of determining

the ratio PoA'io (contained in p) from the ratio of suitable

pairs of P and R lines from which we can then retrieve the

transition dipole moment uiO > since the permanent dipole moment

(Uo is usually known. The determination of Mio in this fashion

does not call for a knowledge of the molecular concentration

since the only experimental input data needed are the intensity

ratios I [R (J) ]/I [P (J) ], which are largely independent of

the population factor. This method is thus pre-eminently suited

for deriving the vibrational transition dipole moments of

transient diatomic species whose concentrations are notoriously

difficult to estimate.

Keeping this goal in view we have initiated relative line

intensity measurements in the fundamental bands of HC1 and CO

recorded on Perkin-Elmer Model 180 infrared spectrophotometer

that has been in operation for several years in our laboratory.

We have also evolved a graphical procedure for analysing the

quality of the intensity data and have tested its efficacy on the

fundamental band of CIO for which accurate line intensity data



have been published. Further work is in progress.
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2.3.3

ROTAT]
FORBIDDEN ELECTRIC DIPOLE TRANSITIONS
ROTATIONAL LINE STRENGTHS FOR 8r* (int) - 3£ + (int) ORBITALLY

V.P. Bellary and T.K. Balasubramanlan

The Herzberg I (U.V.) system (1,2) of the oxygen molecule is

known to involve the transition A3E* -x'Zg. It typifies an

"orbitally forbidden" electric dipole transition as it

contravenes the rule £*«-|-» £ . The recent recognition of the

importance of this system of 0 2 in nightglow emission spectra

prompted Heustis and Slanger (3) to study the relative branch

intensities in some of the A-X bands. Their intensity analysis

gave unequivocal evidence for the importance of orbit-rotation

perturbation effects in the intensity theory, in addition to the

role of the spin-orbit mechanism first invoked by Present (4)

several years earlier. To our knowledge, however, the details of

the work of Heustis and Slanger do not appear to have been

published. It happily turns out that the branch line strength
3 + +

problem relating to E~- Z transitions is amenable for a closed

form analytical treatment of sufficient generality. We have

therefore developed formulae for the line strength factors of the

13 branches which can arise in this case. The procedure is

outlined below.

We evolved two independent approaches to the line strength

derivation. In the first approach the calculations were modelled

on the assumption that the (upper) A S state was mixed with
^ — 3 1

other triplet states E and n states (of right symmetry)



through spin-crbit or orbit-rotation perturbation, with a similar

assumption for the (lower) X3^ state. With sufficient

generality built into the calculation, the various subtransition

amplitudes and finally, the branch line strengths were obtained

in the manner described by Bellary (5). The present theory shows

that, in general, the line intensities are governed by 13

transition moments - 3 vibronic moments due to spin-orbit

interaction, 6 rovibronic moments reflecting orbit-rotation

perturbation and 4 higher order cross-moments of relatively

lesser significance.

The expressions so derived were verified by approaching the

problem along an alternative route in which the A £ and u

substates were allowed to mix with other substates treated as

Hund's case (c) states, through vibronic and orbit-rotation

perturbations.

Finally, a few useful "sum rules" obeyed by the line strengths

have been established.
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2.3.4

The Vibrational and Rotational Analyses of the Axn -

System of SiSe

G. Lakshminarayana and B.J. Shetty

By devising a new method for exciting the electronic spectra of

the isotopic molecules of silicon monoselenide, the Ain-X1£:+

system of Si7eSe and 5iso Se has been investigated under medium

and high resolutions. The vibrational isotope shift studies have

confirmed the present vibrational assignments. The rotational

analyses of 22 bands belonging to the A-X system of SiBO5e have

been carried out which yielded accurate rotational constants in

the v=0-4 levels of A*n and v = 0-10 levels of X*Z+. The

rotational constants determined for the v=0-10 levels of the X*£+

state are in satisfactory agreement with those calculated from

the microwave data. The rotational constants of the V=0-4 levels

have yielded the following equilibrium rotational constants

(cm 1 jior the A*n state.

B* = 0.16814 (1) ot. =0.00104(1) ^=-0.000037(2)

The following vibrational constants (cm 1) in the A*n and X1^

state have been obtained by fitting the band origin data of 22

bands analysed in a least-squares program:

State Te wo w^Xe

X*n 32449.29(6) 398.76(4) 1.726(9)

X*S:+ 0 579.03(1) 1.675(1)

Numerous rotational perturbations have been observed in all the

five vibrational levels of the A^n state. The electronic states

responsible for these perturbations have been identified.



2.3.5

Vibrational and Rotational Analyses of the Electronic

Spectrum of SiTe.

G. Lakshminarayana, Sheila Gopal and Mahavir Singh

A new method has been developed for producing the electronic

spectrum of isotopic silicon monotelluride molecules (Si13OTe and

Si Te). In this method the electronic spectrum is excited by

running microwave discharge (2450 MHZ, 100 watts) in a sealed

quartz tube containing milligram quantities of silicon and

tellurium isotopes together with neon at a pressure of 2 torr.

In the electronic spectrum of SiTe two band system have been

identified A*n - x V (3100-3900A) and E V - x V (2800-3100A).

Vibrational analysis : In the present studies a large number of

new bands belonging to the A-X and E-X system has been found.

The vibrational assignments of all these new bands have been

made. From least squares fittings of all the bands belonging to

these systems, improved vibrational constants (in cm"*) have been

rr , A

To

34003.

28659.

0

n and s

16

74

£ states.

Wo

229.86

238.21

480.77

1.

1

1

190

.691

.309

The vibrational constant of the E*s:* state was determined by

Barrow to be 240 cm which is in error. It is corrected in the



-Xpresented studies and the correct value is 230 cm ,

Rotational Analysis of the A*n - X*Z* System of Sii9oTe

More than 30 bands of this system have been photographed in the

3rd order of a 10.6 m Ebert grating spectrograph at a dispersion

of 0.2A/mm. The electronic spectrum of Si Te has been obtained

under high resolution for the first time. The rotational

analysis of several bands have been completed including 2-0, 0-2,

1-2, 2-3 and 2-4. This analysis has yielded accurate rotational

constants (cm ) in the vibrational levels involved in these

bands.

Band

2-0

1-2

2-3

0-2

2-4

Band
origin

29254.88

27829.09

27635.95

27359.10

B'

0.1225853

0.1236033

0.1229332

0.1242878

0.1240027

D'xl0 B"

0.7243 0.1413664

0.7896 0.1404536

0.1070 0.1401258

0.6806 0.1402961

0.5171 0.1390222

D"xl0

0.5376

0.5921

0.8946

0.4867

0.3151

The analyses of the remaining bands are in progress.



2.3.6

Estimation of helium at trace levels.

G. Lakshminarayana and Sheila Gopal

We have taken up work to develop a spectroscopic method for the

detection and estimation of helium at extremely low

concentrations (101 atoms/ml or less). Detection of He at trace

level assumes importance in the context of cold fusion

experiments. In the studies carried out so far, the He spectrum

has been excited by microwave radiation (2450 MHz) and recorded

on a medium quartz spectrograph and on a double monochromator.

Helium has three strong lines at 6678.149A, 5875.618A and

3888.65A which could be used, firstly, to indicate the presence

of He and eventually, to determine its concentration.

To start with, pure He was diluted with pure neon to very low

concentrations of less than 1ST atoms of He/ml. The emission

spectrum of these samples showed clearly the presence of 5876A

line even at the lowest He concentrations. It has been found

that the presence of Ne does not inhibit the excitation of He

spectrum. Furthermore, He lines are strongly excited even at low

pressures (0.01 torr) of (He+Ne) mixture. It is also observed

that increased microwave power enhanced He line intensity. It

has been noticed that the presence of argon suppresses completely

the spectrum of He at all concentrations. The presence of

nitrogen was not found to affect the He line intensities

adversely, but has very extensive emission in the entire visible

region of interest (3000-8000A).



While the 667 8A line was found to be absent, the 5876A and 3888

lines are clearly seen even at very low concentrations of 10*z He

atoms/ml in t^. In order to go down to still lower levels of

detection, we have prepared samples of He in Ne with He

concentrations of 108 atoms/ml. We have recorded the 5876A line

on the double monochromator in photoelectric mode. It has been

found that even in the sample of lowest He concentration the

5876A line could be detected strongly. He was found to be

present, by this technique, even in 'Specpure' Neon gas.

Further work to develop a quantitative method for the estimation

of He is in progress.



2.3.7

Auto Ionisation Effects in the Spectrum of Cul

P. Meenakshi Raja Rao, G. Krishnamurty, S. Padmanabhan and 8.N.

Raja Sekhar

During the course of our investigations of the emissions from the

2 KJ plasma focus it was observed that the atomic lines of Cul

and Znl were broadened which was attributed to quadratic Stark

effect . But the spectral lines arising from 5s'4D . . ,
3/2,5/2

5s'2D . .„ and 5s"2Do/, ̂  ,, exhibited much larger broadening
3/Z,5/2 3/2,S/^

than rest of the Cul spectral lines. The diffuseness or

broadening of these spectral Iine3 is due to the inherent

(natural) breadth of the energy levels. Such a broadening of the

energy levels is consequent of their interaction with the

adjacent continuum. With a view to investigate the auto

ionisation effects in detail studies on the spectrum of Cul in

the visible and ultraviolet regions were taken up.

The spectra were generated in a DC arc at different currents

ranging from 3-10 amps and were photographed in the second order

of a 3.4 metre Jarrell Ash spectrograph at a dispersion of 1.25

A/mm Kodak SA1, 103 a-0 and 103 a-F plates were used to

photograph the spectra in the region of 3800-6500A. Exposure

times ranging from a few seconds to 3 min. were required to

obtain spectra with measurable intensity. In general the diffuse

lines were weak and required longer exposures and higher

currents.



A detailed study of auto ionisation effects involves measurements

of half-widths of spectral lines (FWHM). For this purpose a

recording microphotometer facility is set up. This equipment

consists of a microphotometer which can be operated both in

percentage transmission mode and optical density mode. The

movement of the plate carriage is controlled by a reversible

single speed motor. The signal from the phototube is amplified

by an electrometer amplifier and the line profiles were recorded

on a strip chart recorder. The optical densities of the spectral

lines can also be measured on the same instrument.

Using this instrument the half-widths of Cul spectral lines in

the 3800-4500A region were evaluated. The values thus obtained

agree well with those reported in the literature . The present

investigations are exhaustive and involve measurements on both

diffuse and sharp lines. Since line broadening is correlated to

the natural breadth of the energy levels involved in the

transition, an extensive study helps in a better understanding of

the auto ionisation effects and in calculating the interactions

theoretically. Further, the line broadening studies of

transitions involving 5s* D^.are carried out for the first time

which enable us to understand the nature of the 5s"ZD , level.
3/2

It was also observed that ^s'*D3/2
 a n d 5 S > 2 D

3 / 2
 a n d 5s"ZD5/2

level showed much larger broadening than 5s'*D . and 5s'2D ,
5/2 S/-Z

and bs'^D ., levels. Similarly, the width ox 5s'4D . level was
3/2 1/2

much less than that of 5s' D? . . These aspects are being studied

in detail.
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2.3.8

Emission Spectrum of Se

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

Among the known electronic transitions of the Se2 molecule the

most intense system involves the transition B Z - A £ . The

band system is readily obtained in all the emission discharges

and extends from 3250-6700 A. Although it is known for a

longtime in emission, absorption, and in fluorescence there are

still several features both in gross as well as in fine structure

to be understood. The band system consists of bands which are

red shaded, some bands have discrete heads some are diffuse and

some show sharp cutoff in the rotational structure in emission.

Identification of the band heads show that they belong to two

systems 80 -X0 and Bl -XI . In addition to already reported
* u g u g ^

bands there are quite a few bands which are not known so far, but

which were also observed during the present experiments. They

appear to belong to the same system. In order to confirm the

nature and vibrational structure of these bands isotopic studies

of Se and Se are being pursued. The molecule Se^ is

analogous to O2, S2, SeO and SO and is expected to have £g as

the ground state. The spin-spin interaction constant is larger

compared to the lighter molecule Qj. Hence electronic states of

this molecule follow Hund's coupling case (C). Consequently, the

band system involving the transition B £u - A 2 9 is expected to

exhibit two group of parallel transitions B0£ - Xc£ and Blu-Xlg.

In the earlier work carried out by Barrow et al (1)

predissociations and perturbations were reported.



However, it was found that it is worth reinvestigating the

spectrum of Sej. to explain the complexity of the system. With

this motivation the electronic spectra of 8°Se2 and 78Se were

excited in an electrodeless discharge tube containing trace

amounts of selenium isotope with neon at a pressure of 2 torr

using microwave oscillator. The bands were recorded on a 3.4

metre Ebert-grating spectrograph using 600 grooves/mm grating

blazed at 4000 A in the region of 3000-6700 A. Band head

measurements were made on Zeiss-Abbey comparator and using

standard computer programs frequencies were calculated. Analysis

is under progress.
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2.3.9

M. Singh and R.V. Subramanian

The electronic spectra of the molecule Hg2 are being studied in

absorption and in emission. A few new feature are observed in

the ultra violet region, and these are being looked into in more

detail. In emission, not much success has yet been achieved.

Efforts are being made to develop an excitation source which will

give a neat spectrum of Hg , and thus assign the unanalysed bands

first reported by Takayama. For recording the spectrum in

absorption, we had to modify our furnace so that the absorption

spectrum can be recorded at different pressures of the rare

gases. Some new features in the u.v. region can then be better

understood. We also have a plan to observe the O.G. spectrum of

Hg2.
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2 . 3. 10

A New Emission Spectrum of InBr at 5200 A

M. Singh, G.B. Ghodgaonkar and M.D. Saksena

During our studies of the electronic spectra of InBr, Inl, InCl

and InO, we have observed, under certain experimental conditions,

a very intense green emission around 5200 A spread over 150 A

while exciting the spectrum of InBr. This spectrum has close

resemblance with the emission spectrum of XeCl at 308 nm, which

is due to an electronic transition from a bound electronic state

to a weakly bound ground state, and therefore high laser power

has been obtained on the 308 nm band. We expect similar

behaviour with the new spectrum of InBr at 5200 A. In order to

determine the wavelengths of the spectral features we have

recorded it photoelectrically on a half metre monochromator.

The line like heads in the most intense part of the spectrum form

a progression of bands involving the lower state frequency of 180

cm , while the weaker bands on the higher frequency form a

progression involving the upper state frequency of Z 165 cm *.

The results of these studies will be communicated shortly.



2.3.11

The A21 - X2 nj- Transition of SiBr and SiCl

M. Singh and R. V. Subramanian

A number of band systems are known for SiBr and SiCl in

absorption and in emission. There are some interesting features

in the A2£ - X 2 ^ band system which is known in emission only.

The vibrational frequency in the A state is roughly half of that

of the X state and consequently there is a large change in the

inter-nuclear distance in going from X state to the A state. The

situation is similar to that of the B*£ - X2^ system of HgEr and

HgCl which have been made to lase in a pulse-discharge. He are

trying to investigate whether we can excite the A-X system of

SiBr/SiCl intensely and create a population inversion in the

relevant vibrational levels, a necessary condition to obtain

laser-action.



2.4.1

High Resolution FT spectroscopy of the Zvt, Band of CD3CCH

K. Singh*, G. Rajappan+, V.A. Job+, V.B. Kartha+, A. Weber and,

W.B. Olson*

A high resolution Fourier transform spectrum of CDgCCH recorded

at an apodized resolution of 0.004 cm in the region of the 2'»p

band has been analysed. The spectrum is heavily overlapped with

strong hot bands as a result of which many lines are blended.

More than 1100 lines of the parallel component of the 2vv band up

to J=59 and K=13 were fitted with a standard deviation of 0.0009

cm to derive molecular parameters. Several extra lines arising

from the two hot band transitions were also assigned.

Spectroscopy Division, Bhabha Atomic Research Centre,

Bombay - 400 085., India.

Molecular Physics Division, National Institute of Standards

and Technology, Gaithersburg, MD, 20899.



2.4.2

Perturbations in the u7 state of CDt,CCH

R.J. Kshirsagar+, C. Medhekar+, V.A. Job+, V.B. Kartha+,

A. Weber* and W.B. Olson*

Kotational line assignemnts of the 1048 cm (<->•?) perpendicular

band of the CD3CCH molecule have been made and molecular

parametears derived, taking into account various

vibration-rotation interactions. The dominant perturbation is an

xy Coriolis interaction with a non-degenerate state at 1111 cm *

which is most probably v4. Transitions to the latter 3tate are

weak and could not be identified. The crossover of the K(+^)

component of the degenerate state and the K-l level of the

non-degenerate state takes place after K=9 of the degenerate

state. It was possible to derive approximate molecular

parameters of the unseen level from the magnitude of the

perturbations. The AtAz splittings of K=2 {-£•) component of the

degenerate level have been observed for J>32 and accurately

measured with a diode laser spectrometer. These splittings

originate mainly from K-type doubling interaction between 0° and

2 * levels. XY Coriolis interactions between 0°and 1 levels and

^-type "+2, -1" resonance between 1 and 2 levels also

contribute to the splittings.

Spectroscopy Division, Bhabha Atomic Research Centre,

Bombay - 400 085., India.

Molecular Physics Division, National Institute of Standards

and Technology, Gaithersburg, MD, 20899.



2.4.3

High Resolution FTIR and Diode Laser Spectra of Propyne-D in the
9-11 Mm region.

S.B. Kartha+, V.A. Job+, V.B. Kartha*. A. Weber* and W.B. Olson*

Methyl acetylene (propyne) is of interest because of its presence

in planetary atmospheres, application in optically pumped lasers,

and possible isotope enrichment. Almost all the energy levels of

the isotopic propynes interact strongly giving a variety of

perturbation effects, which make their vibration-rotation spectra

very complex. An understanding of the spectra is possible only

by a detailed study of the various transitions in the different

isotopomers. In this paper we present the results of our high

resolution Fourier transform and diode laser spectral studies on

CH3CCD in the 9-11 via region. The 2vp and vB bands fall in this

region. It has been conjectured by earlier workers (1,2) from

indirect evidence that the K-numbering of Thomas and Thompson (3)

for the vB band of CH3CCH requires a revision by 3 units. Our

studies give direct evidence for such a numbering in CHgCCD also.

This and other interesting features of the 2vo and ^B bands,

together with detailed assignments and analysis of the lines in

the 9-11 wm region have been carried out.
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2.4.4

Infrared and Raman Spectra of Oxides and Carbonates used in High

Tc Superconductors.

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

The high Tc superconductors are prepared using varieties of

oxides and carbonates in definite proportions. In order to

understand the superconducting nature of these materials, it is

essential to carry out the spectral studies of these materials

and their basic constituents. With this aim, the infrared

spectra for CuO, B^O,, Y2Oa, SrCO,, BaCQa, CaCO, etc., have been

recorded. The various techniques employed are the KBr pellet,

paraffin mull, the diffuse reflectance and the photoacoustic

techniques. The spectra obtained by the various techniques match

very well. With this experience, it will be possible to employ

the techniques like diffuse reflectance and photoacoustic

spectroscopy for typical compounds where conventional method may

not help. The spectra recorded on BOMEM DA3 FTIR instrument are

shown in fig.1.

A low temperature ceil which has been fabricated earlier was used

to record thespectra have been recorded on the IR

spectrophotometer Model 180 for the mixture of Bi2C>3, CaCO,,

SrCCXj and CuO (2:1:2:2) at liquid nitrogen temperature. The

broad band structure splits and the band at 450 cm is clearly

separated as evident from the spectra shown in fig.2.

Raman spectra have also been recorded for BizQ, and Y2Q3. The
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detailed analysis will be carried out using Raman shift and

absorption spectral data on the high Tc superconductors and the

constituent oxides and carbonates.



2.4.5

IR Raman and Photoacoustic Spectra of Model Membranes

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

For studying the interaction of drugs on membranes, small shifts

which arise from the interaction has to be measured accurately.

For this purpose SPEX Ramalog 1401 spectrometer was calibrated

using an Argon lamp in the region 21000-18000 cm 4, everytime

incorporating Hg line at 18312 cm *, which helps in correcting

the setting error. Raman Spectra of DPPE, DPEL etc. were

recorded in the • ugicn 4000-100 cm

Raman spectra of DPPE in the region 800-1500 cm is shown in

Fig.(l) and 2600-3100 cm"1 in Fig. (2). IR spectra of DPPE in the

region 700-200 cm"1 is shown in Fig.(3). The bands below 600

cm i arises from the longitudinal acoustic modes (LAM) which

change the zigzag polymer in accordion like fashion (1). The

region 100F-1150 cm contains three bands which exhibit marked

changes in disordering of the hydrocarbon chain. The region

2800-3100 cm contains C-H stretching modes from the methylene

and methyl groups of phospholipids. The C-H region is sensitive

to confj-rmabional changes (2).

FTIR spectra of the above membranes have been recorded in the

regions 200-1000 cm *. A comparison of the spectra of DPPC and

DPPC after the interaction with drug shows only a slight change.

Difference spectra are being computed to see the changes more

clearly.
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Photoacoustic Spectroscopy

A photoacoustic system has been set upfor spectral studies in the

UV-VIS region. It consists of a cell fitted with a Bruel and

Kjar 4133 1/2" side vented microphone and irradiation is carried

out with a dye laser system. Photoacoustic signal from the

absorption of graphite samples at 578 nm has been recorded as a

function of time. The absorption spectra of graphite is shown in

fig. (4). :

References:

1. Schaufele R.F. and Shimanouchi T. (1967)

J. Chem. Phys. 47, 3605

2. Bulkin B.J. and Krishnamachari N. (1972)

J. Am. Chem. Soc. 94, 1109



2.4.6

Line Parameter Measurements in the Infrared Bands of CHgD, C2H2,

NH3 , and NH2D at Low Temperatures

S.B. Kartha and P. Varanasi (SDNY at Stony Brook)

Analyses of the. observed infrared lines of CHgD, QzHz, NHg, and

NHZD in planetary atmospheric spectra require intensity and

half-width data at low temperatures on the lines broadened by H2,

He, N2 and, perhaps, Ar. Using a tunable diode laser

spectrometer, we have measured the intensities and half-widths of

several lines in the thermal infrared bands of 1 ZCHBD, "CzHa,

i2CldCH2,
 l4NH9, 1SNH3 and " N I ^ D at several temperatures between

150 and 296K.

Supported by the Planetary Atmospheres Branch of the Solar

System Explorationn Division of NASA under Grant-in-Aid No.

33-105-139.

Presented at the DPS meeting, Rensselaer Polytechnic Institute,

New York, Nov.1989.
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2.4.7

Interpretation of the high resolution FTIR spectrum of CJJHZ in

the 2.4pm region.

R.D'Cunha, Y.A. Sarma, G. Geulachviii*, K. Farrenq*, K Qing Li*,

and K. NaraharjL Rao* .

Absorption bands of acetylene have been identified in the FTIR

spectra of several cool carbon stars and are found to be quite

intense in the region around 2 . 3 - 3 pm. These bands are an

important source of opacity in the upper atomspheres of cool

carbon stars and molecular parameters derived from laboratory

based measurements are required in model atomspheric

computations. Acetylene is also being considered as a

calibration standard in the 2-3pm region.

We report here the interpretation and analysis of the Fourier

Transform spectrum of acetylene in the 2.4pm region. The spectra

have been recorded with a lm base White cell at an apodised

resolution of 5.4 x 10 cm , and have been calibrated using CO

and CQ2 lines recorded simultaneously.

The spectrum in this region is dominated by the Oi+'-s)1

combination band and its associated hot bands (J-^H^ H-'̂  ) "u «- i-i4

and (v1+2i-'5) ° *• *•» • The upper states of the hot bands are

severely perturbed by 1-type resonances. For a satisfactory fit

of the data it was found necessary to include the various

off-diagonal matrix elements due to vibration and rotational

1-type resonances in the parameterization of the excited

Laboratoire D'infrarouge, Or~ay, France.

'Ohio State University, USA.



vibrational states. Several Q branches overlapping in the

4070-4076 cm region have been resolved and assigned to

transitions to the different sublevels split by resonance

effects. The (̂ t+'-'s) band of 13C12CH2 present in the sample in

its natural abundance has also been identified and assigned.



2.4.8

Rotational Analysis of the v4 Band of

M.N. Deo, R. D'Cunha, A. Weber* and Bruce Olson*

CH2F2 is known to be an efficient medium for far IR laser

emission due its large dipole moment. Correct modeling of the

laser gain however requires precise information on the pump and

laser frequencies and their intensities. We have been carrying

out systematic investigations of the fundamental bands of

methylene fluoride and the analysis of the v4 band recorded with

a Bomem DA 3.002 Fourier transform spectrometer is reported here.

The IR spectra were recorded with a pathlength of 5.25m and a

pressure of 0.51 Torr, at an apodized resolution of"0.004 cm1 in

the region 500-560 cm'. The data were calibrated with water

vapour lines.

The i--4 band centred around 528.7 cm corresponds to the lowest

lying CFZ bending mode and gives rise to a B type band. The

analysis of the band was considerably facilitated by the

availability of the extensive far IR and submm data (1,2).

Watson's A type reduced Hamiltonian in the Ir representation has

been used in a combined weighted least squares fit of the FT1R,

microwave and far IR data to obtain upper state molecular

parameters. The experimental data have been fitted with a

standard deviation of "0.0004 cm"1 which is well within the

National Institute of Standards and Technology, Gaithersburg,

MD, USA.
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limits of the experimental accuracy. Band contour simulation in

various regions of the spectrum was also carried out to confirm

the relative intensities of the rotational transitions.

1. Eizi Hirota, J. Mol. Spectrosc., £9., 409 (1978).

2. M. Carlotti, G.D. Nivellini, F. Tullini and B. Carli, J.

Mol. Spectrosc. .132, 15» (1988).



2.4.9

Optogalvanic Studies of Nft, with a line tunable CCfe laser.

Kuldip Singh, R. D'Cunha and V.B. Kartha

Infrared laser optogalvanic (OG) studies in molecular discharges

have been reported for several molecules (1-4).The OG effect in

ammonia has been studied using diode lasers (2) and CQg lasers

(3) in D.C. as well as R.F. discharges.

We have recorded the OG signal of Nt^ in a D.C. discharge in the

10.6 and 9.4 urn region at various COz laser wavelengths using a

line tunable CW COj laser. The design of the OG cell and the

experimental set up were similar to that reported in Ref (4).

signals from excitation of ground as well as excited vibrational

states have been studied using both transverse and axial

irradiation of the discharge. The vibrational and rotational

temperatures within the discharge were calculated by taking the

ratio of the OG signals measured on appropriate pairs of CQz

laser lines under similar experimental conditions. Stick

diagrams of the OG signals in the negative glow region and for

axial excitation in the positive glow region are shown in figs 1

a and lb respectively.

The average value of the vibrational temperature in the negative

glow region was found to be 603 (± 31) K which was substantially

higher than the value of 354 (±14) K estimated in the positive

column. Rotational temperatures were also calculated for the two

cases of transverse and longitudinal excitation of the discharge.
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The rotational temperature in the negative glow region was found

to be 464 K whereas a lower temperature of 338K was obtained for

the positive glow region. From these studies it is concluded

that for direct irradition of the region near the cathode,

increase in the vibrational energy of the molecules is mainly

responsible for the negative signals. While for irradiation

outside this region increase in the translational energy of the

discharge species resulting from V-T and V-R-T relaxation is

expected to influence the processes leading to decrease in the

discharge current.

The variation of the signal with the discharge current and sample

pressure were also studied for various fundamental and hot band

transitions. It is shown that photon enhanced dissociative

electron attachment is the principal mechanism for the 06 signals

in the negative glow region.

References

1. C.T. Rettner, C.R. Webster and R.N. Zare, J. Chem. Phys., 85,

(1981) 1105.

2. C.R. Webster and R.T. Menaies, J. Chem. Phys., 78, (1983)

2121.

3. C. Hameau, E. Arimonodo, J. Wascat and F. Glorieux, 0ptics

Comia. 53 (1985) 375.

4. Kuldip Singh, Romola D'Cunha and V.B. Kartha, Spectrosc.

Lett., 20 (1987) 17.



iz-

2.5.1

STUDY OF EXPERIMENTAL PARAMETERS FOR OPTIMUM SENSITIVITY IN LASER

ENHANCED IONISATION (LEI) SPECTROMETER.

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

The Laser Enhanced lonisation (LEI) spectrometer is a

powerful tool for determining elements at ultratrace level (1).

For the spectrometer set up in our Division (2), various

experimental parameters were studied to obtain the lowest

determination limits for the analytes. For this purpose, sodium

(Na) solution obtained by dissolving sodium chloride in water was

selected for experiments as its D lines (viz. 589.0 and 589.6 run)

fall in the most sensitive region of Rhodamin 6G dye being used

at present in the excimer pumped dye laser In the Division.

The effect of laser power in signal strength was

investigated by aspirating a 0.01 mg/ml solution in burner and

changing the Ia3er voltage from 14 to 19 kV in steps of 1 kV.

The results are plotted in Fig.l. For analytical purposes the

laser is operated at 18 kV since above this value there are some

other problem with the laser.

The effect of different voltages applied on the ion

deflection electrode on the sodium line intensity was studied by

aspirating 1 mg/ml solution in the burner and observing the

intensity of 589.0 run line. The results are given in Fig.2.

Operating the instrument at a voltage of 2 kV was found useful

for the analysis of samples.

The load resistance at the high voltage electrode (head of

burner) for signal collection has effect on LEI signal which is
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shown in B*ig.3. There is no increase in signal after 7.5hfJ value

which is therefore selected for the studies.

References:

1. G.C. Turk, J.C. Travis, J.R. DeVoe and T.C. 0'Haver

Anal. Chem. 51(12), 1890-96 (1979).

2. L.C. Chandola, P.P. Khanna and M.A.N. Razvi

Report BARC-1510 (under Publication).



2.5.2

LASER ENHANCED IONISATION (LEI) SPECTROMETRIC ANALYSIS OF WATEK

SOLUTIONS FOR SODIUM.

L.C. Chandola, P.P. Khanna and M.A.N. Raavi

Using the Laser Enhanced Ionisation (LEI) spectrometer set

up of the Division (1)f water solutions have been analysed for

its sodium content. A straight line working curve (Fig.l) has

been established in the concentration range 1-1000 ng/ml of Na.

The precision of Na determinations was calculated from replicate

values of a single standard and was found to be ± 6%. The

accuracy of the analysis was tested by analysing four water

samples by the methods of LEI, Atomic Absorption

Spectrophotometry (AAS) and Inductively Coupled Plasma-Atomic

Emission Spectroscc«jy (ICP-AES). Same set of standards was used

for analysing the samples by the three different methods

mentioned. The results are given in Table 1. The results

suggest that there are some systematic errors involved in all or

some of these methods. The trend of high or low sodium is

however maintained in all methods within experimental errors

involved.



Table 1: Analysis of Water Sample by Three Methods

Sample

A

B

C

D

LEI

10.5

11.0

10.5

8.5

AAS
(Values in g/pml)

13.0

12.0

13.0

10.9

ICP-AES

17.5

16.0

17.0

14.0

Determination limit for Na can be lowered when the water

blank is reduced and atmospheric pick up is eliminated.

References:

1. L.C. Chandola, P.P. Khanna & M.A.N. Rasvi

Spectroscopy Division Prog. Rep. for Jan.1987-Dec.1988,

Ed. R.M. Dixit, Report BARC-1481 (1989) pp 112-114.



2.5.3

LASER ENHANCED IONISATION (LEI) SPECTRUM OF POTASSIUM IN FLAMES.

L.C. Chandola, P.P. Khanna and M.A.N. Raavi

Potassium solution obtained by dissolving KC1 in water was

aspirated in a premix type air-acetylene flame to obtain its LEI

spectrum in Rhodamin 6G dye region (570-603 nm) of a Lambda

Physik Tunable Dye Laser available in the Division. The spectrum

is given in Fig.l., which consists of four distinct peaks at

578.3(4P1,.24s), 580.2(4P3/24s), 581.3(4P1V25D) and 583.2

(4P3/25D)nm. Except 581.3 run line which is

of comparatively lower intensity the other 3 lines are suitable

for K determination in water solution. Preliminary experiments

have shown that a detection limit of 10 ng/ml can be obtained

easily with the line 583.2 nm. Suitability and detection limits

obtained with other lines for chemical analysis are being

determined.
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2.5.4 Temperature measurement in the Laser ablation plasma.

G.L. Bhale and M.A.N. Raavi

It is observed that when a laser pulse in megawatt power

range is tightly focused on a metal target, it causes intense

heating at the focal spot and consequent ablation of the surface

material. The high temperature generated at the surface

'-apourises the solid and electronically excites the resulting

atoms. A measurement of intensities of the atomic lines can give

a quick estimate about the plasma temperature. Such temperature

studies were carried out on the laser ablation plasma generated

by excimer laser radiation by focusing it on various metal

targets.

The metal piece is inserted into the centre of the crossed

heat pipe oven used only as a evacuated chamber. Excimer

radiation of 308 nm (pulse energy 100 mJ) is focused on the

metal target. Resulting fluorescence from the ablation plasma is

studied at right angle by a 0.5m Zer»y-Turner monochromator. Its

photonultiplier output is fed to a box-car averager and then to a

strip chart recorder.

The emission intensity of an atomic line is given by

1 K Ag i e , where A is the transition probability, g

the degeneracy of the excited level, i- the frequency of the

emitted photon, E the energy of the excited level, K Boltamann

constant, T the temperature and K, a constant.
I

A graph of log (~T~ ) versus E is a straight line, whose
5040 A g

slope is- - ^ — i f E i s expressed in eV and T in °K. Here I, A, g

are expressed in completely arbitrary units. Using bismuth as



Si-

the target, the temperature of plasma was found to be 3850 K.

In a separate experiment with magnesium target the temperature

obtained was 12500 K. Obviously the plasma plume, which extends

to 4 - 6 mm, has a temperature gradient. In order to verify this

point further, a careful experiment was carried out in a separate

vacuua chamber with facility to slowly rotate the disc shaped

copper target. Also the pressure in the chamber was kept low so

that the plasma plume now extended considerably in length. Under

these conditions, the temperature was determined at two points in

the plasma; one very close to the target and the other a few

millimeters away. The temperatures in the two cases were found

to be 11630 K and 2990 K respectively. This clearly showed the

prescence of a strong temperature gradient in the plasma.
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2.5.5

High resolution laser spectroscopy of Hz in a supersonic nozzle

beam

A. Sharma,*Ch. Ottinger, T, Rox

The experiment involves sub-Doppler laser spectroscopy of

molecular hydrogen in a supersonic molecular beam using Ctf single

mode dye laser.

From a fundamental point of view, molecular hydrogen is a very

interesting system. It is probably the most abundant molecule in

the universe. Because it consists of only two protons and two

electrons, the physics of a diatomic molecule is reduced to its

essentials in B2.

Despite the apparent simplicity of the Hj molecule and despite

the enormous advances made in both theory and experiment in the

last few decades there remains a number of complicated and

perplexing problems. The origin of many of these problems can be

traced to the inadequacy of the Born-Oppenheimer approximation

for describing the B^ molecule. From this point of view the most

complicated array of states are the 6 states belonging to the n=2

3+ '•}+ 3 i 3 i

complex i.e., g £g, h'2g, i ng, J Ag. Among other things, this

work is an attempt to study these states with reference to the

Born-Oppenheimer approximation and understand the various

interactions upto the level of hyperfine interaction which

determine their energy levels.

A Mach number a= 10 supersonic beam of hydrogen was generated.

The first stage in the spectroscopic work was the production of a

beam of c nu metastable state molecules. The c nu state is the



- 9S-

only metastable state in Ha with v=0 having a lifetime of about

lasec. c n* is prediasociated by b 2* with a lifetime of about

5nsec. and so is not metastable. c nu state i3 produced by the

electron bombardment of the ground state of ffe. c3n~ state is

roughly 12 ev above the ground state. In the forward direction

the source emits a lot of ultra violet photons due to short lived

Hat excited states as well as light from the electron-gun cathode.

To determine the fraction of open multiplier signal due to

metastable Hz as compared to that due to ultra violet photons, a

ti»e-of-flight study was made. The laser spectroscopy of Hg in a

molecular beam has begun only recently and is still continuing.

On the theoretical side there exists little understanding of

various molecular interactions upto the level of fine structure

and hyperfine structure interactions for the excited molecular

states under investigation. The source of problems in our

understanding of these excited state interactions can be traced

basically to the break-down of the Born-Oppenheimer

approximation. Hydrogen being the lightest of the neutral

diatomic molecules rotates the fastest. Thus the A component of

orbital angular momentum along the internuclear axis is not a

good quantum number for these excited states. The ground state

X*£g is a good example of case b coupling and A is a good quantum

number. For excited states above the n=2 complex, L is a good

quantum number to a very good approximation. The L uncoupling is

complete and the molecule can be described by Hunds case d

coupling scheme to a good approximation. The most complex array

of states to describe theoretically are the 6 states belonging to

n=2 complex which form the subject of this investigation i.e.



g ^ , hlg, i rig, j Ag . Because of L uncoupling they have to be

treated collectively. For these states L is only beginning to

get uncoupled with the internuclear axis and the scheme for

coupling of various angular momenta is intermediate between Hunds

case b and Hunds case d. To add to this complexity the hyperfine

structure in B^ which is primarily due to the Fermi contact

interaction of Is electron is big and comparable to the fine

structure in these states. Thus the angular momentum J is not a

good quantum number. It turns out that the total angular

momentum F = I + J is the only good quantum number for these

molecular states. A full theory based on the diagonalization of

L uncoupling hamiltonian with fine structure and hyperfine

structure treated together and not as successive perturbations

was developed by us for the first time. One conclusion from it is

that one needs 19 independent interaction constants to describe

the fine-structure and hyperfine-structure interactions

completely. This should be of enormous help in analysing the

data from the sub-Doppler laser spectroscopy under investigation.

* At the Max-Planck Institute for Stroemungsforschung,

Goottingen, West Germany.



2.5.6

RIS Experiments in the "Centre of Ultrasensitive Trace Analysis"

of the Institute of Spectroscopy, Troisk, USSR.

M.N. Dixit, G.I. Bekov, U.N. Radev, U. Gulevish.

The Centre develops and guides other laboratories, in USSR and

abroad in the development of methods of analysis of trace

elements at ppt and ppb levels, using RIS.

The methods are based on Laser Resonance excitation of atoms in

two or three steps to high Rydberg states, and effecting

ionisation by pulsed electric field. The detection of ions is

done by Time of flight Mass spectrometer (TOFMS). The Centre has

three Laser Resonance Ionisation Spectrometers, two with Excimer

pumped dye lasers and one with twin cavity nitrogen pumped dye

lasers. All the three have TOFMS.

The development work as well as the laser photoionisation

spectroscopic studies were carried out on these spectrometers.

The U&D involved.

(a) Improvement of sensitivity of detection and

(b) finding an alternate effective scheme of excitation by

proper choice of the excited states in the step wise

excitation and photoionisation.

(c) improving the resolution of the TOFMS.

The elements under investigations were the platinum group

elements rhodium and ruthenium and iron. These elements are of
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great interest for geology and geochemistry and oceanology and

(Fe) in fibre glass industries.

(A) Ruthenium:

The analysis of ruthenium is done with the three step

excitation to Rydberg state n ~16 and photoionisation of the

atoms by pulsed electric field. The efficient photoionisation

has been realised by employing X1=392.6nm; X2=633.05nm;

\3=567.3nm. Geological samples collected from various sources are

being analysed by this method.

(B) Rhodium:

The analysis of rhodium is beset with the problem of high

non selective ion background even with the use of time of flight

mass filter. So experiments were directed primarily

(a) to get increased (large) ion signal by photoexcitation

of the rhodium atom directly to some autoionising state.

Spectroscopic search for the autoionising state is

being made by changing X2, and tuning X3 in a broad

range, and

(b) to suppress the non selective background by

introducing a small corrective field to effect a field

free aone for the Rh ions, but a suppressor zone for

the interfering ions. Even though this attempt,

increased the sensitivity 3 times the aim of

attaining an order of magnitude improvement could not

be achieved.

It was decided to introduce an Ion mirror to attain the high

resolution needed in this particular case.



(C) Iron:

Different ionisation schemes like

1) 4S2 5D. 4 3 5 8 - " » 4S4p5tf ^ u 3. 4s5s5D« — g ^ 4snP

2 ) 4S
2 5D.

Autoioni3ing State

3) 4SZ 5D4 4S4p5D« AAA.;. A> 4S5<fF5 -Trrnjjr+Autoionising State
JOOD t> D9D0

have been tried for the resonance photoionisation of iron atoms,

and two combinations have yielded a very large signal due to

resulting autoionising states.

These experiments enabled us in reaching a sensitivity of ppb level

for Fe.



2.5.7

MOLECULAR EMISSION FOLLOWING LASER EVAPORATION OF COPPER AEROSOL

A. Sharma

Copper aerosol is formed by laser evaporation of copper

metal followed by sudden cooling of this vapour in either H2, N2

or Ar environment at room temperature. Subsequently, single

laser pulses evaporate the aerosol and at the same time excite

both atomic and molecular emissions. In contrast to the

predominant atomic emission from laser ablated plasma from metal

surface, the laser induced emission from copper aerosol is

primarily molecular in nature. This is shown to be due to Cua: X

+ II •> X laser induced fluorescence by 308 run excimer laser light

(fig.l). In H2 environment additional emission of rotationally

*2: +resolved 0-0 band of A*2:+ •* X*£* is also seen (fig. 2). Because

of slow Brownian motion of aerosol particles the laser produced

molecular emission can be observed even 30 minutes after the

production of aerosol is discontinued. The method provides a

uovel quasi-steady state source for molecular spectroscopy.

Reference:

A. Sharma, Opt. Comm. (in press).
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2.5.8

MULTIPHOTON IONIZATION OF BARIUM WITH TUNABLE PULSED LASER

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

Multiphoton multiple ionization processes in alkaline earth

elements is not yet fully 'understood. The question remains to be

settled whether the double ionization is a direct process through

the spectrum of doubly excited states above first ionization

limit (i.e. auto-ionizing states) or a two step process via

formation of singly ionised species and then double ionization

through the spectrum of singly ionized species (Fig.l). The

experimental evidences till now show that both the channels are

possible 1>z and direct double ionization, although it is a weak

channel, can be favoured under certain experimental parameters

such as laser frequency, pulse duration and also on structure of

the concerned species. In order to get better understanding of

MPI in alkaline earths, we have undertaken the specific case of

Barium, because of its richness in doubly excited states below

first ionization limit, and thus the expected large density of

autoionizing states through which direct double ionization is the

favourable channel. Also the experimental data on width f- of

some autoionizing states show that, ^aZ~2 where Z is the atomic

number of the element . Thus among stable alkaline earths, Ba is

the heaviest element for which auto-ionizing width will be

smallest and this will favour the transition between autoionizing

states due to its comparatively large decay time.

Previous studies on multiphoton ionization were done by crossing

atomic beam with fixed frequency or tunable5 laser beam
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orthogonally and analysing the electrons and ions formed using

electron spectroscopy*5 and time-of-flight detection2 technique

respectively.

In the present work the ionization pathways are studied via the

fluorescence from excited ions formed in multiphoton process.

The goal of our irork is

1) to probe the weak channels, in which Ba atom is taken over to

very high autoionizing state by four or more laser photons

(in R6G dye region) which then decays to high excited states

of Ba* to give fluorescence.

2) to obtain J-sublevel resolution which is usually not possible

with electron spectroscopy due to its poor resolution.

A schematics of experimental set up is shown in Fig.2. The

excimer pumped pulsed dye laser output (pulse duration 40 ns) is

focussed into a crossed heat-pipe oven, the laser power at the

focus is around 2.0 GW/cm2. The vapour pressure of Ba in the

heat pipe operated at 700° C is 0.02 torr and Ar at 5 torr is used

as a buffer gas. Fluorescence light is collected at 90° to the

laser beam direction and analysed with a *•/+ meter monochromator.

Photoions generated also detected simultaneously using the heat

pipe itself as a thermionic diode. A tungsten rod of 1.0 mm

diameter is used as electrode. The transient signals are gated

with a window typically 10-20 nsec and are boxcar averaged.

Scanning of laser was done in region 569-610 am using R6-G dye.
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Photgionization_Spectrum:

Laser photoionization spectrum obtained by collecting the ions

formed using thermionic diode is shown in Fig.3a. The resonances

observed along with their assignment in the laser wavele.î t/n

region 569-610 nm are listed in Table 1. Resonances in (he

photoionization spectrum can be explained by referring to Fig-i.

When laser frequency is in resonance with the transitions in Bai,

the ionization probability is enhanced. Among the observed

photoion peaks, there are four strong peaks at laser wavelength

579.66, 581.73, 591.6 and 606.91 nm which could be assignrd tc

the two-photon transitions to doubly excited states in Bai ua

given in Table 1. After the two-photon absorption, one more

photon is required to ionize the Ba atom. The resonance peaks at

X = 579.6 and 581.73nm shows sharp dip at the peak. Similar dip

in ionization signal has been observed by Haberland et al' in

ionization of metastable He. This is expected when the lifetime

of the intermediate state is less than or equal to laser pulse

duration. We found that lifetime of energy level 6p Po and 6p

1S O is 3.3 ns and 10 ns respectively which is less than laser

pulse duration of 40 ns. Another interesting observation 13 that

in the photoionization spectrum there are few inverted peaks,

which shows the sudden decrease in ionization signal. We fina

that the laser wavelength at which these peaks occur corresponds

to one-photon transitions from metastable states of Bai. Further

investigation for understanding the nature of these peaks are

under progress. Some additional photoion peaks, some of which

are broad and weak iou.16 be tentatively assigned to the three or

four-photon resonances in Ba-II. Minimum four photons are
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required for the atoms from the ground state of Ba I to reach the

autoionizing 3tate above {6Ply,Zl3yz) which ultimately decays to

6P9. 2.î 2 giving some observed resonances in Ball. These

resonances in Ball provide evidence in favour of two-step double

ionization.

Fluorescence spectra observed by fixing the laser wavelength at

one of the resonances (eg. X2 = 579.66 nm, 6s
z 1S O * 6pz 3P O)

is given In Fig.4. Similar fluorescence spectra were obtained at

other excitation wavelengths. Some of the observed strong

fluorescence lines, along with their assignments are given in

Table 2. In addition to the fluorescence in Bal which emerges

from radiative decay of the excited level 6P2 2F O to the lower

state we observed the fluorescence lines froa the excited levels

of Ball such as 6p zPa/2>±sz and al3o 7s 2S 4 / 2. These results

show that additional one or two photons are getting absorbed in

the continuum due to the resonances in autoionizing states and

the decay of these autoionizing states populates a variety of

final ionic states to give fluorescence. J sublevel resolution

which was not possible by previous studies by electron

spectroscopy is achieved is our work very easily a3 the

fluorescence from P3/2 and Pt^2 i3 quite separable. The

branching ratio to the S ground state versus the D state is

2.85 for Ba*{2P3/Z) and 2.77 for Ba
+(2rV2). Thus the relative

emission at 4554.0 A and 4534.0 A in a good indication of the

relative population of the J = 3/2 and 1/2 sublevel. Fig. .3_b

shows change in fluorescence intensity for transition 6P P3^2 6s
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2St, 2 while scanning the laser. The spectrum is similar to the

photoionisation spectrum. This shows the multlphoton ionization

processes can be studied by monitoring fluorescence from excited

states of ionic species formed.

Conclusion

The technique presented here to study multiphoton ionization

processes is rather simple and complementary to ion and electron

spectroscopy studies of MPI. The optical measurements are

sensitive to rather weak channels and the exploration of emission

from higher ionic states is under progress.
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Table 1:

S.No.

1.

2 .

3 .

4 .

5 .

6 .

7 .

6 .

9 .

10 .

1 1 .

12 .

13.

14 .

Xair (nm)#

573.8

578.42*

579.66

580.6*

581.73

591.5

590.75*

595.15

595.67

596.88

597.44

599.71*

606.314*

606.91

E (cm"1)

17422.483

17281.683

17246.7

17218.8

17185.34

16898.631

16922.945

16797.834

16797.834

16721.133

16733.448

16670.109

16488.648

16472.347

6s2 'So

6s5d 3D

6s2 'So

6s2 'So

6s5d SD

6 p Ptx-j

6P Pixa

5d ZHa/i

5d 2Dti

6s5d 'D

8s5d 'D

6s2 'So

Assignment

2hv |

2hvt

hv.

3hv)

, £%+
/ 4 h v >

hv (

hv>

2hv)

6P2 a P o ,

5d6p 'F a ,

6p2 'So,

5d7s ' i t -

5d6p 9P2 ,

9d 2IXjX2,

9d2D. / a ,

11s S4/2,

7g ZG?sz>t

5d6p aP f t .

Sd6p *P t ,

5d7s, *Vz

Bal

Bal

Bal

Bal

Bal

Bal l

Ball

Ball

v, .BaII

Bal

Bal

, BaJ

# -• An asterisk (*) represents the wavelength of n«_uative peaks
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Table 2: Fluorescence l i n e s observed \ u - 579.66 am (6S2 *S»

>-air Assignment Bal/Ball

(A)

4524.9 7S 2 S i X , * 6P 2P 1 / 2 Ball

4554.0 6P *P3/2 • 6S St/a Ball

4573.8 6P2 3PO • 6S6P 3P4 Bal

4899.9 7S 2S1/2 =t 6P 2 F 3 / 2 Ball

4534.0 6P ZP1,2 » 6S ZS</2 Bal l

5853.6 6P 2 P 3 / 2 > 5d ~IX 2̂ Ball

6141.7 6P 2 P 9 / 2 > 5d 2I)5X2 B a l l

6496. 8 6P z P t / , * 5d 2BU.2 Ba l l



2.5.9

Development of an on-line Laser Ion Source for the ISOLDE III

facility at CERN.

H.J. Kluge , A. Venugopaian, F. Ames and the Troitzk (Moscow) and

ISOLDE collaboration Group.

Ion beams of extreme elemental as well as lsotopic purity

are required at the accelerator facilities for conducting

sensitive nuclear physics experiments. Though high-resolution

mass seperators like ISOLDE III at CERN,(Geneva) routinely

provide ion beams of reasonable isotopic purity, isobaric

contamination of these beams is a major problem, especially in

the medium heavy and heavy mass range like that in the case of

the rare earths. Development of Laser Ion Source as an

alternative to the existing conventional ones has been taken up

at ISOLDE III mass separator facility at CERN, to meet this

challenging requirement. The idea makes use of the intrinsic

elemental and isotopic selectivity of resonance ionization

achieved by stepwise multiphoton excitation and final ionization

by high-power pulsed lasers.

Such a laser ion source was installed at the off-line mass

seperator at ISOLDE and its performance tested. Ytterbium was

chosen as the test element for these experiments, as it falls in

the rare-earth region of immediate interest and also because the

excitation scheme for the ionization could be easily reached by

the available laser system.

*University of Mainz, FRG



Ytterbium, introduced as metal in small quantities at the

t«rget assembly was evaporated over to the tantalum ioniser tube

where it was ionized in a three step two colour photoionlzation

scheme. The excitation scheme is shown in Fig.l. The two dye

lasers required for this is pumped by copper vapor lasers,

operating at 10 KHz repetition rate. The combined beam is

focused in to the ioniaer tube by proper optic3 through the hole

in the extraction electrode, and the photo ions are extracted and

accelerated to 60 KV and fed to the mass seperator. The

efficiency of the photoioni2ation scheme was estimated by

introducing known amount of activity as Yb at the target and

collecting the photoions at the collector tank of the mass

spectrometer on an aluminium foil and then estimating the

collected activity after a suitable time. Repeated measurements

showed the efficiency of the photoioniEation to be above 15%.

Selectivity of the technique was determined by measuring

the ratio of photo-ion current to surface ion current, obtained

by measuring the ion-beam current with lasers on and off. The

measurements were carried out at different temperatures and it

was seen that the selectivity depends critically on the source

temperature as well as on the ion-beam current. At 2000°C, the

selectivity was more than 50. But at lower temperatures of the

order of 1800°C, the selectivity was of the order of 2000 for a

few nanoamperes of ion current. Different materials were tested

for the fabrication of the ioniaer tube and the use of tantalum

carbide and neobium carbide were found to enhance the selectivity

considerably, as could be expected from the low work function of

these materials. The time structure of the extracted photoion
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beam was tested and was seen to be rather sharp pulses of 10-20M3

duration.

The selectivity and efficiency achieved so far by the laser

ion source is sufficient for installation of this source at the

on-line facility.
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2.5.10

Trace Analysis of Technetium Isotopes using a High Temperature
Laser Ion Source

F. Ames*, H.J. Kluge*, E.W. Otten , A. Venugopalan, B.M. Suri

G.Hermann*, H. Rimke* , N. Trautmann and R. Kirchner .

The inverse f?-decay reaction of high energy solar neutrinos with

molybdenum yields teohnetium isotopes *"*'**To. Henoe it has been

suggested (1) that the trace analysis of P7Tc/>-Tc in a sample

chemically isolated from thousands of tons of molybdenite ore

from a molybdenum mine of known history could throw light on the

average solar neutrino flux (arising from the aB-decay in the

fusion cycle of sun) over the past several million years. But a

sample prepared chemically from several thousand tons of

molybdenite is expected to contain about 10° atoms of &7><>eTc

along with about 1011 atoms of P£>9Tc from the spontaneous fission

cf uranium present in the ore and more than 10*9 atoms of

isobaric molybdenum still present in the chemically separated

sample. Hence high elemental selectivity, high mass resolution

and above all a very high detection efficiency is a prerequisite

for the method of analysis to deal with this sample.

Resonance Ioniaation Mass Spectrometry (RIMS) fulfils all these

requirements (2,3). The technique involves the stepwise resonant

excitation and ionization of the sample atoms using appropriate

lasers and mass-selective detection of the photoions so formed.

Because of the very high sensitivity required for detecting

Tc isotopes, and because of the refractory nature of the

University of Mainz, FRG
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sample and its high ionization potential (IP of Tc = 7.3 eV), a

normal atomic beam set up could not be used. A high temperature

laser ion source has been developed at Mainz tc handle this

problem**>5>.

The experimental set up is shown in Fig. 1. It consists of a hot

cavity, where the atoms are evaporated and photoionized, the ioa

extractor and accelerator system, the mass spectrometer and laser

system. The hot cavity is a 10 BUS long tungsten cylinder,

covered with end plates on either ends with a 2 mm orifice on the

front side, meant for introducing the lasers and also for

extracting the photoions. The cavity could be heated to above

2200° C when the technetium atoms evaporate from the sample

filament introduced in the cavity. The photoionization scheme of

technetium is shown in fig. 2. The three dye lasers (DL)

required for this are pumped by two copper vapor lasers (CVL)

operating at 6.5 KHz repition rate(model CO-40, Oxford Lasers).

The UV light required for the first step is obtained by frequency

doubling the dye laser beam with a BBO crystal. The three beams

are combined and transported through UV-optical fibre several

meters long and focussed into the cavity with a focal spot size

of around 2 mm. The photoions formed are extracted through the

orifice by applying a voltage of 10 KV at the extraction

electrode. The ion beam is focussed on to the entrance slit of a

Hettauch-Herzog mass spectrometer (6). The mass-separated

Tc-ions were detected by the secondary electron multiplier tube

and amplifier system. To reduce the background from the thermal

dc ions, gated detection was used which reduced the background by

a factor of 2000.



Overall efficiency of the system was measured by introducing

known amount of vS>"Vc at the cavity (of the order of 10*1 atoms)

and this was found to be 2 x 10 (talcing into account the known

transmission of the mass spectrometer). This results in a

detection limit of 10* atoms, in principle sufficient for

handling the solar neutrino sample. But the detection of ' Tc

is hampered by the high isobaric background contributed by

molybydenum isotopes. Use of extra pure tungsten could eliminate

the molybdenum contribution from the cavity material, but this is

of not much help because the sample to be handled itself contai/ss

a high amount of molybdenum. Use of a material with low work

function for the fabrication of the cavity could reduce the

surface ionization and hence the thermal background considerably.

Tantalum carbide is one such material and a cavity of this

material was made by carbidising a tantalum cylinder. A

reduction of surface ionisation by a factor of more than 1000 by

the use of such a cavity could be demonstrated. Another

candidate we tried was thoriated tungsten which also gave similar

results. In the experiments reported here, we were not able to

saturate all the three steps involved in the ionization process.

As there is sufficient scope for improving the power output of

the dye lasers, we can safely expect an improvement in the

efficiency. This coupled with the background reduction made

possible by the new cavity material, should make the presently

developed method capable of analysing the sample for solar

neutrino abundance.
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2.6. 1

ELECTRON SPECTROMETER FOR FES OB' SOLIDS AND GASES

S.V.N. Bhaskara Rao, W.C.J. Carvalho* and P. Sreeraina Murty

The ultra violet photoeleotron spectrometer (OPS) which was

built in collaboration with T.P & P.E.D (Ref.) was shifted to our

Division for carrying out installation and testing. The

spectrometer (Figs.la & lb) consists of a UHV chamber, a light

source of Hel and Hell lines, an electron energy analyser, an

electron multiplier and counting systems.

Testing:

The analyser was tested with a thermionic emitter source

initially at a vacuum of 10" 7 Torr. Subsequently, the helium

light source was attached and trials were made to obtain the

valence band photoelectron spectrum of gold. A standard scan of

UPS of gold using Hel line (21.2 eV) is shown in Fig.2. There

are three peaks corresponding to kinetic energies 2.3, 10.7 and

12.4 eV of which the second and third peaks only are

characteristic of gold. The one at 2.3 eV is generally seen in

any sample and is due to the scattered low energy electrons. The

FWHM of 10.7 eV peak is 0.4 eV.

The spectrum obtained with the present instrument is 3hown

in l'ig. 3. It shows only one peak at about 2 eV. The reason for

this is that the pressure in the chamber is in the 10~7 Torr

range. At this pressure the Au surface must have got

contaminated. Later on the pumping system was modified. The

ultimate vacuum in the chamber was obtained in three stages. In

the first stage, a fore vacuum of 10~B Torr was obtained by two

•Technical Physics & Prototype Engineering Division
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sorption pumps. Next a sputter-ion-pump (14 lps) to get 10~5

torr and another one (140 lps) to get UHV were used. By this

method a pressure of 10"" could be obtained. At this pressure,

the scans on gold specimen were taken. The spectrum obtained

again resembled the one shown in Fig.3. An argon ion sputter gun

is attached to clean the sample in-situ. Further work is in

progress.

Reference:

Spectroscope Division Progress Report for Jan.1985-Dec.1986.
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2. V . 1

Emission Spectroscopic Studies from 2KJ Plasma Focus Source.

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

R.K. Rout and A. Shyam .

Emission spectroscopic studies on the 2KJ plasma focus device is

an ongoing programme in collaboration with Neutron Physics

Division of BARC. The experimental details and the results

obtained on hydrogen plasma were already reported . A brief

description of the experiments in progress is given below.

1. Behaviour of plasma with different filler gases, gas mixtures

and electrode materials.

a) Preliminary experiments were carried out on plasma generated

in deteurium gas at 4 mbar pressure and titanium anode. In

addition to atomic lines of deteurium several sharp and diffuse

atomic lines as well as molecular bands were observed. These

spectra are being identified and the emitters established.

b) Experiments are carried out on plasma generated in hydrogen

+ acetylyne mixture and also on hydrogen plasma with anode

covered with a graphite cap. These studies are taken up to

understand the behaviour of lighter elements in plasma

environment. All the lines of carbon (CI-CIV) were observed with

good intensity. But the evaporation of copper and ainc from

brass anode could not be completely suppressed and hence Cu, Zn

spectral lines were also excited. Since most of the carbon lines

had interference from Cul and Znl lines, these spectra could not

be used for quantitative measurements. Since aluminium does not

Neutron Physics Division.



HlB-

have strong emission spectrum in 4000-6000 A region an aluminium

electrode assembly is fabricatead and further experiments a u in

progress.

References:

1. S. Padnanabhan, G. Krishnamurty, P. Meenakshi Raja Rao,

P K. Rout, S.K.H. Auiuck and A. Shyam. BARC-1481,57,1989.

2. P. Meenakshi Raja Rao, P. Saraswathy, G. Krishnamurty,

R.K. Rout, S.K.H. Auiuck and Anurag Shyam, I.V. Kulkarni

and Dipak.H. Oaa, Pramana-J.Phys. 32, 627, 1989.
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3.1.1

DESIGN AND EVALUATION OF HOLOGRAPHIC GRATING SPECTROGRAPH.

N.C. Das

In this report we discuss the construction principle and

resolution properties of plane holographic grating using

Czerny-Turner mounting.

Fig.l shows the construction principle and image properties

of the plane holographic grating. A well polished glass plate G

is coated with photoresist and is exposed to the interference

fringes formed by two coherent wavefronts originating from two

point sources Sj and Sj* and reflected by two concave mirrors \\

and Mz. After exposure and development the glass plate is coated

with aluminium so that it behaves as a plane reflection grating.

In order to record the spectrum, the grating is mounted at

its original recording position G and a polychromatic source is

kept at Sx. Onder this condition an aberration-free image of

constructing wavelength Xo will be formed at Sj,. Image of any

other wavelength x will be focused at some other point s£ whereas

the zero order image will be formed at S*. In order to compute

the resolution of the spectral images image blur around Ŝ  was

computed by actual ray tracing.

The design parameters of a medium sized spectrograph using

plane holographic grating have been specified as follows:

Focal length of concave mirror '• 1400 mm

Grating distance from the concave mirror: 1176 mn

Construction wavelength xo : 3638 A

Source distance from the axis: 140 ma.

Grating size: 70 x 70 mm

Mirror diameter: 100 mm.
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Table 1 shows the resolution of the spectrograph using

holographic grating and conventional grating. The resolution of

the holographic grating system (A\)H in the neighbourhood of the

constructing wavelength is better than the resolution (AX)c of

the conventional grating system. Thus the holographic system is

very much suitable for recording narrow band Raman spectrum.

Table 1:

X (AX)H (A\)c

A A A

4000 0.09 0.22

4500 0.22 0.33

5000 0.35 0.44

5500 0.49 0.55

6000 0.64 0.62

6500 0.82 0.65

7000 1.02 0.78
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3.2.1

Optical Loaaea of St̂ Og Fllm3 in the UV Region

K.V.S.R. Apparao and T.C. Bagchi

Optimisation and evaluation of optical losses of thin films are

essential for the development of efficient low loss multilayer

dielectric thin film devices for different laser applications in

the UV region. Very few high index films are known to be

suitable for DV applications. High power laser applications

require thin films of high index (n >2.0) with minimum extinction

coefficient (K <5xl0~*) in the UV region.

Our aim is to study and establish the dependence of optical

losses and constants, in the UV region (200 - 400 nm), of SbzQ,

films with various process parameters. Using the method of

evaporation the dependence of optical constants on the rate of

evaporation, substrate temperature and ambient oxygen are being

investigated. More than 50 sample films of SbgOa with different

process parameters were prepared so far for such studies. For

all these samples it is proposed to evaluate and optimise film

constants using their transmittance spectra.

Experiments carriedout so far indicate that films prepared at

relatively high rate of evaporation (> 90 A/Sec) and high

substrate temperatures (> 60° C) show low optical losses (< 2%)

in the UV region. Further work on the dependence of optical

constants on other process parameters and detailed optimisation

work is in progress.
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3.2.2

Multipass Optical System for Spectral Investigation of Solid

Hydrogen

K.V.S.R. Apparao

Hydrogen lacks a dipole allowed Infrared spectrum in the free

state, but displays Induced infrared spectrum in the condensed

phase. Such spectrum is of interest for the prediction of weak

transitions in the hydrogen rich atmospheres of large planets.

To investigate such weak solid hydrogen spectrum it is necessary

to grow long crystals of parahydrogen. Growing such crystals of

optical purity is expected to pose practical problems. As an

alternate solution a Multipass Optical system is designed and

developed for such investigations. The system developed at the

University of Glessen, BUG, increases the effective absorption

pathlength of hydrogen crystal from 20 mm to more than 600 mm.

The Multipass Optical system essentially consists of a modified

White's cell coupled to the liquid helium cryostat cold foot.

Different system configurations using various windows and thin

film coatings are proposed to suit the experimental requirements.

Theoretical calculations indicated that for some configurations

it is possible to get more than 50% system transmission after

fifty passes.

The Multipass Optical system developed consists of nine mirrors

and six windows which were coated with multilayer dielectric

films to reduce absorption and reflection losses to minimum.



Thin film coatings specially designed and developed for this

application reduced the system optical losses from 40% to 0.5% in

one pass. All the mirrors are located in adjustable kinematic

mounts fixed on a base plate which along with cryostat cold foot

go in a pre-aligned position into the sample compartment of a

Bruker IFS 120 HR FT-IR spectrometer. The effective absorption

pathlength can be adjusted from outside with a calibrated

micrometer screw. The system can be used successfully to record

weak infrared spectrum of solid hydrogen.



3.2.3

Design, Development and Fabrication of Optical Thin Film Devices

K.V.S.R. Apparao, N.K. Sahoo, T.K. Kunchur and T.C. Bagchi

Indigenous development of multilayer dielectric thin film devices

like high reflecting mirrors, beam combiners, beam reflectors,

antireflection coatings, laser cavity mirrors etc., for different

laser applications in wavelength region from UV, visible to near

infrared requires some R&D efforts. To develop the required thin

film devices, studies have been carried out to evaluate all the

necessary process parameters for different thin film materials

used for the devices. Making use of the data thus obtained, low

loss thin film devices were designed, developed and fabricated to

meet the specific needs of different research activities of

B.A.R.C. Some of the devices indigenously developed successfully

are listed in Table I.



Table 1: Optical Thin Film Devices developed indigenously in the
Division

s.
No.

Type of Optical
Thin Film
device

No. of
Devi-
ces

Devel
oped
for

Substrate Working
Mater- Shape Angle ffave-
ial of in- len-

cidence gth
in deg- in
rees nm.

1.

2.

3.

4.

5.

6.

7.

8.

9.

H.R. Mirrors

Beam Splitter

H.R. Mirror

A.R. Coating

Beam Splitter

H.R. Mirrors

20/80 Beam
Splitter

Zonal Mirror

Al, Au and Ag
metal coatings

8

2

2

6

1

10

2

2

>100

MDRS

PMS

PMS

MDRS

NPD
CAT

LD

LD

SD.BD
MDRS,
MD.DRP,
FRD.

use

Fused
Silica

••

BSC

BSC

BSC

BSC

BSC

Flat

Flat

Flat

Prisms

Flat

Flat

Flat

Flat

Flat
& Con-
cave

0

0

0

0

0

0

45

0

510-
578

254

254

550-
700

500

500-
600

1060

1060

uv,
Vis-
ible
& IR
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4.1.1

Development of interface hardware and software to couple

Jobin-Yvon Sequential Spectrometer with an IBM PC.

S.V.G. Ravindranath and P.K.S. Prakasa Rao

This interface consists of an Intel's programmable

peripheral interface (PPI) chip of the digital I/O card, a 12 bit

ADC card, a level shifter and a pul3e shaper as shown in Fig.l.

The occurence of the strobe pulse which corresponds to the

position of the monoehromator during a scan, is recorded with the

help of the PPI chip and is U3ed to initiate the A~D conversion

of the PMT output. The software written in BASIC stores the

spectral data on a floppy and displays it on line. Tests have

shown the system's ability to resolve the Boron line 248.678 nm

from the neighbouring iron lines 249.653 nm and 249.699 nm very

distinctly, when scanned at a step size of 0.002 nm.

&
AMPLIFIER

STEPPER
DRIVE V

LEVHL
SHIFTER —>

PULSE
SHAPER

y

s

ADC CARD

(12 BIT)

DIGITAL
I/O CARD

JY 38 SPECTROMETER IBM-PC

'CS >4_ Block Schematic of Interface to Couple JY38
0 Spectrometer with IBM-PC,



4.1.2

Interfacing of Jarrel-Ash microphotometer with an IBM-PC.

S.V.G. Ravindranath, H.S. Dua, H.N. Patil and P.K.S. Prakasa Rao

In continuation of the work reported in the Divisional Progress

Report for 1987-88 (BAKC-14B1, P143-145, 1989) a channelising

circuit has been included between the level shifter and the

up-down counter to convert the encoder output pulses into

clockwise and counter clockwise pulses depending upon the

direction of plate carriage movement. These pulses are counted

by the up-down counter whose output count is proportional to the

displacement of the carriage. This count output is read and

stored on a floppy disk by the PC for the spectral lines of

interest. The data recorded on the floppy is further processed

to calculate the wavelengths of the spectral lines. This set up

allowed the wavelength measurements of the spectral lines with a

maximum deviation of 0.008A against the requirement of 0.01A

between the observed and calculated wavelengths, in a set of 25

readings.



4.1.3

Signal detection, processing and control for the

indigenously developed Fourier Transform Spectrometer.

S.V.G. Ravindrath, C M . Medhekar*, P.K.S. Prakasa Kao and

R. 0. Kshirsagar.

In continuation of the work reported in the Divisional Progress

Report for 1987-88 (BARC-1481, P147, 1989) a band pass filter

having a band width of 62 KHz centered at 65 KHz has been

fabricated and tested. Indents have been raised to procure

suitable programmable gr'i amplifiers, universal active filters

and PC compatible 16-bit data acquisition card.

Student, Bombay University.
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High Resolution VUV Facility at INDDS-1.

G. Krishnamurty, F. Meenakshi Raja Rao and B. Padmanabhan

The facility ia> going to be set up and used with 450 MeV storage

ring being installed at Centre for Advanced Technology, Indore.

A brief description of the different stages of the beamline and

the efforts put in by us for the development is given below.

a. Fore-optics:

This is required to focus the diverging beam of radiation

emanating from the tangent point of the synchrotron storage ring

onto the slit of the spectrometer or spectrograph. Various

aspects of fore-optics such as number, size, geometry and

mounting of the mirrors suitable for our experiments were

considered. A three mirror optical system consisting of three

cylindrical mirrors is found to be most suitable since, it

preserves the polarization characteristics of the beam.

b. Absorption-cells:

Absorption oells and high temperature furnaces are very

important oomponento of the experimental set up of

photoabsorption experiments. Efforts are being made to design

and fabricate suitable absorption cells and high temperature

furndces for the planned experiments with synchrotron radiation.

c. Spectrographs and Spectrometers:

In order to carry out high resolution atomic and molecular
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spectroscopy in the VOV region, a suitable spectrometear is

necessary. Technical and scientific information about the

commercially available spectrographs/spectrometers was gathered.

It is found that a 6.65/6.07 metre normal incidence spectrometer

in Off-plane Eagle mount with horizontal slit and vertical

dispersion is most suitable. Such an instrument has the

capability of providing a resolution of 2 x 1ET or of resolving

two lines seperated by 0.00BA at 800A. At present this

information is being scrutinised to finalise our requirements.

A layout of the beam-line including fore-optics, experimental

area and spectrograph/spectrometer suitable for high resolution

VUV work is shown in fig.l. The layout also includes beam-ports,

pumping systems and high vacuum valves. Possibility of designing

and fabricating some of the equipments is being explored.
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5.1.2

Fabrication of Major Equipment & Instrumentation

G. Krishnamurty, S. Padmanabhan and F. Meenakshi Raja Rao

1. Target Ion Chamber

A versatile target ion chamber to be used with the available

accelerators for polarization and life time studies of the

excited states of atoms and ions is under fabrication in CHS.

Certain modifications such as reduction in the size of the

chamber, fixing the position of the Faraday cup, and insertion of

a fibre optical wave guide adjacent to the foil to monitor the

emitted light in the downstream of the foil, were made in the

original design and the final drawings were completed. The

optical wave guide servos two purposes, (a) light transmitted by

the wave guide can be used for normalizing during the course of

the experiment & (b) absence of any signal from the wave guide

will indicate rupture of the foil. Electrical and rotary feed

throughs compatible to ultra high vacuum are being procured.

S.S. 304L pipes and plates of various dimensions were procured as

per the requirements given in the bill of materials. Efforts are

in progress to procure an optical encoder and display unit to

facilitate precise measurement of foil displacement on micron

scale, and a Turbo molecular pumping station to be coupled to the

Target chamber to achieve fast and oil free pumping.

2. Seya-Namioka Monochromator

A one metre Seya-Namioka monochromator fabricated by our

division has been modified for improving its performance. For
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better reproducibility and minimum backlash, the synchronous

motor was replaced by a 7 kg/cm2 torque stepper motor. An

optical encoder and display unit was coupled to the lead screw

for reading the wavelength setting with better accuracy. The

entrance and exit slit assemblies were reassembled after

replacing the old slit jaws with new ones. The monochromator was

evacuated using a pumping station consisting of oil diffusion

pump backed by a rotary pump and the level of vacuum was measured

by standard gauges and found to be 10 torr. Calibration of the

monochromator in the UV and visible region was done using Hg and

Ne calibration lamps. This monochromator will be used for the

atomic and molecular spectroscopy experiments in the 500-3000 A

region Sodium salycilate is being used to extend the detection

limit upto VOV region. A photomultiplier useful upto 1000 A is

also being checked.



I3S--

5.1.3

Divisional Workshop Activities

M.B. Guhagarkar, G.L. Bhale, M.N. Dixit

During the period Spectroscopy Divisional workshop has

carried out following jobs:

I. DESIGN_AND_FABRICAT1QN

1) Site Selection Spectroscopy

a) Liquid Helium Cryostat Holder

Designed and fabricated a holder for the liquid helium

cryostat of Oxford Instrumentation. The holder is fixed on the

X-Y-Z translation mounting to facilitate the cryostat to be

aligned with the laser beam in all the three directions. The

holder is provided with a fixture for quickdetaching or

reassembling the cryostat on the X-Y-Z mounting.

b) Sample Holders

Designed and fabricated 3 types of sample holders for

liquid helium cryostat.

i) 3 Nos. Assemblies of powder sample holder,

ii) 2 Nos. of single cryostat holder,

iii) 2 Nos. of sample holders for absorption studies

c) An Adapter

Designed and fabricated an adaptor to couple the

photomultiplier tube housing and monochromator with the shutter

arrangement.



d) Full out for storing the instruments

Designed and fabricated 2 Nos. of sliding pull-outs

underneath the working tables for storing the instruments like

recorder, experimental accessories etc.

2) Laser Spectroscopy

a) Experimental Chamber

Designed and fabricated an experimental chamber. It is

constructed out of a single brass block having 6 ports. 4 Nos.

of connection are provided for a gauge, sample, rare gas and for

the evacuation. This is used for laser photo physical studies of

free radicals.

b) Crossed Heat Pipe Assembly

A crossed heat pipe assembly was designed and fabricated.

The assembly was made out of 38 mm ID 304 S.S. pipe. Two

diagonal cuts were taken through the centre of each pipe at an

angle of 45° with pipe axis. 4 Nos. of water cooled jackets were

provided near the end window housings. Pressure gauge and gas

inlet adaptors were provided. This assembly is being used for

studying aerosols.

c) Vacuum Chamber

Fabricated a vacuum chamber for the study of highly excited

speoies. The vacuum chamber is of 300 mm internal diameter and

260 mm in height with six nos. of ports and corresponding

flanges. The vacuum chamber is assembled on vacuum system and

tested for the satisfactory vacuum.



d) X-Y-Z Translation Mounting for Lens Housing

Designed and fabricated a fixture to mount 3 nos. of

translation mounts to have the precise movements in X-Y, and Z

directions. The lens housing is designed, fabricated and

assembled on Z movement translation mount. Thus lens can be

aligned precisely with laser beam in all the three directions.

3) Accessories for X-ray Lab

a) X-ray Excitation Chamber

Fabricated a x-ray excitation chamber. Provided the sample

holders to accommodate sample of l1/
4" and 1" in diameters, a

base for keeping the filters, a base for sample heating, a

fixture for electrical wires to come out of the chamber.

b) Safety Switch Adapter

Fabricated an adoptor for fixing the safety switch in water

flow line for the x-ray generator.

c) Shielding and Shutter Assembly

Designed and fabricated a shielding and shutter assembly

for the x-ray tube.

d) Mount for the stepper motor

Designed and fabricated a mount for coupling the stepper

motor with the monochromator.

4) F.T.I.R. Units

a) Indigenous

The Fourier transform spectrometer is being installed in



the division. Some of the parts are getting fabricated in the

Central Workshops. The vibrationless table was arranged out of

ERW tube frame, m.s. plate, rubberised coir sheets and plywood

and then the spectrometer base plate was kept over the table.

The base plate with the vibrational table is ready for

setting up the instrument.

b) Accessories for Bomem Unit

Device for liquid helium can

Designed and fabricated a device for the liquid helium can

for fixing the transferring line for transferring liquid helium

from the can to the FT1K unit.

5) Accessories for Atomic Beam Assembly

a) Stepper Motor Mounting

Designed and fabricated a mount for the stepper motor. The

mount has got the provision to adjust and fix the aotor in

linear and vertical directions.

b) Lens Housing

Designed and fabricated a lens housing with a mounting

flange which is fitted on the port of the atomic beam assembly.

c) Pellet Housing

Designed and fabricated a pellet housing which coupled on

to the shaft of stepper motor.

6) Jarrel Ash Comparator Attachment

a) Designed and fabricated a fixture with front perspex panel



and the coupling out of insulating material for mounting the

optical encoder in a line with gear box shaft of induction motor

of the comparator.

b) Mounted a new D.C. motor with extended shaft to the gear

drive mechanism of the unit.

c) Fabricated the brass and steel casings for the D.C. motor

to eliminate the R.F. signals.

II. Routine, Maintenance and Kepairs

a) Analysis : Sample Surfacing

About 100 Nos. of stainless steel sample and standard

blocks were machined for the analysis work on the direct reader

instrument.

b) Hilger Arc Stand Assembly

Overhauling and repairing work was carried out for Hilger

arc stand assembly. Repaired the electrode holders and provided

a base to the arc stand assembly.

c) D.C. Arc Chamber

Overhauling and repair work was carried out for D.C. arc

chambex for plasma spectroscopy work.



6. PUBLICATIONS

6.1 PAPERS PUBLISHED IN SCIENTIFIC JOURNALS IN 1969.

1. The B V - x V system of A10
M.D. Saksena, G.S. Ghodgaonkar and M. Singh
J. Phys. B: At. Mol. Phys. 22 (1989) 1993.

2. Spectrochemical determination of metallic pollutants at
sub ppm levels in fresh water samples
R. Venkatsubramanian and N.P. Karanjikar
Anal. Lett. 2Z (1989) 9U1.

3. Heterogeneity effects and reliability of X-ray
fluorescence analytical results: Study on Al2Qa matrix
with Calcium, Yttrium, Gadolinium and Thorium as probe
elements
R.M. Agrawal and S.K. Kapoor
X-ray Spectrometry IS (1989) 151-155.

4L On the nou-Boitzmann A-X emission in Na2 following
laser excitation of the B state
A. Sharma, G.L. Bhalo, M.A.N. Razvi and M.N. Dixit
Praraana - J. Phys. .30 (1989) 309.

5. Laser Raman Spectroscopy of Surfactants, Micells and
model membranes
V.B. Kartha, N.D. Patel, S. Venkataaubramanian and
S.B. Kartha
Indian J. Phyu. Q3. (1989) 583.

6. Time dependant spectra of a strongly driven three-level
atom
A.S. Jayarao, G.V. Lavande and R. D'Souza
Phys. Rev. A3_9_ (1989) 3464

7. Integrated absorption coefficients of W(AJ=6).
Transitions in solid Hydrogen and the Sixty Fourth
Multipole Moment of llz
T.K. Balasubramanian, R. D'Souza, R. D'Cunha and
K. Narahari Rao
Can. J. Phys. (1989) 679.

8. Infrared Laser Multiple Photon Dissociation of
Thiophene in Gas phase
A.K. Nayak, S.K. Sarkar, R.S. Karve, V. Parthasarthy,
K.V.S. Ramarao, J.P. Mittal, S.L.N.G. Krishnamachari
and T.V. Venkitachalam
Appl. Phys. M S (1989) 437.
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9. Relative probabilities of neutral-uranium transitions.
Rakosh Kapoor and U.I). Saksena
J. Opt. Soc. Am. 13, & (1989) 1623.

10. Line broadening studies in the low energy plasma focus.
P. Meenakshi Raja Rao, P. Saraswathy, G. Krishnamurty,
R.K. Rout, S.K. Auluok, Anurag Shyam, l.V. Kulkarni and
D.H. Oaa.
Pramana - J. i'hyu. 3& (1909).

11. Laser Raman and Infrared investigations on hydrotropes,
surfactants and model membranes.
V.B. Kartha
Recent trends in Raman Spectroscopy (1989) 241-255.

6.2 BARC REPORTS

6.2.1 High Resolution VUV Spectroscopic facility at Indus-1.
to
6.2.4 G. Krishnamurty, P. Meenakshi Raja Rao, S. Padmanabhan

and B.N. Rajasekhar.
Report SRSOT No.l, October, 1988
Report SRSUT No.2, January, 1989
Report SRSOT No.3, June, 1989
Report SRSUT No.4, December, 1989



6.3 PAPERS PRESENTED IN CONFERENCES, SYMPOSIA, SEMINARS,
WORKSHOP ETC., IN 1989.

1 Review of the existing high resolution VUV facilities
at electron storage rings
G. Krishnamurty
Indo-USSR Seminar on SRS, Jan.30-Feb.3, CAT Indore.

2. A beam line for photoeiectron spectroscopy of solids
and gases in Indus-I
P.S. Murty
ibid

3. VOV-Photophysics
V.B. Kartha
ibid

4. Optical Components in beam lines of SRS
K.V.S.R. Apparao
ibid

5. Isotope shifts for probing electronic charge densities
and nuclear charge distributions
Pushpa M. Rao, S.A. Ahmad and G.D. Saksena
7th Colloquium for the Young Physicists, Calcutta.

6. Multiphoton resonance ionisation in atomic Potassium:
Stark mixing of Rydberg states
M.A.N. Razvi
ibid

7. Nuclear Physics and Atomic Physics via the nuclear
effects in atoms
S.A. Ahmad
LAMP Conference ICTP, Trieste, Italy.

8. A new spectrum of indium bromide around 5200A
G.S. Ghodgaonkar, M. Singh and M.D. Saksena
2nd IPA/DST Symposium on Lasers and Applications,
Dec.11-15, BHU, Varanasi.

9. Pulsed laser photoacoustic studies of some rare earths
and transition metal compounds
N.D. Patel and V.B. Kartha
ibid

10. Precise intensity measurement of vibration-rotation
lines using semiconductor diode lasers
R.J. Kshirsagar, K. Singh, R. D'Cunha, V.A. Job and
V.B. Kartha
ibid



11. Determination of trace rare earth impurities in high
purity rare earth oxides by X-ray fluorescence
spectrometry
L.C. Chandola, S.S. Deshpande, R.M. Dixit, P.P. Khanna,
S.K. Kapoor and I.J. Machado
Third National Seminar on X-ray Spectroscopy and Allied
Areas, Regional Engineering College, Srinagar,
Oct.9-12.

12. Spectroscopic determination of B, Cd and Ni in MgF2
A. Sethumadhavan, V.S. Dixit and P.S. Murty
National Symposium on Uranium Technology, BARC, Bombay,
Dec.13-15.

13. Standardisation of a D.C.arc carrier-distillation
procedure on a direct reading spectrometer for the
determination of B, Cd etc., in nuclear grade Uranium
S.S. Biswas, P.S. Murty, S.M. Marathe, A.
Sethumadhavan, V.S. Dixit, R. Kaimal and A.V. Sankaran
ibid.

14. Interfacing an IBM compatible personal computer with an
automatic comparator for data acquisition and
processing
S.V.G. Ravindranath, M.N. Patil and P.K.S.P. Rao
National Seminar on Instrumentation, Nov.7-8, Cochin
University of Science and Technology, Cochin.

15. Vibrational Spectroscopy, Introduction and Applications
In Catalysis
V.B. Kartha
Fifth National Workshop on Spectroscopic Methods in
Heterogeneous Catalysis, BARC, Bombay, Dec.20-22.

16. Introduction to Photoacoustic Spectroscopy and
Applications to Catalysis
N.D. Patel
ibid

17. Introduction to Electron Spectroscopy
P.S. Murty
ibid

18. Line parameter measurement in the IR bands of
CzQz, NHg and NHzD at low temperatures
S.B. Kartha and P. Varanasi
DPS meeting Rensselaer Polytechnique Institute, New
York, Nov.



19. Quantum Jumps in a three-level system - some general
features
R. D'Souza, A.5. Jayarao and S.V. Lawande
Workshop on Quantum Optics, Panaji, Goa, March 18-22.

20. Sideband correlations in the strongly driven
three-level atom
A.S. Jayarao, S.V. Lawande and K. D'Souza
Symposium on Lasers and Applications, BHU, Varanasi,
Dec.11-15.

21. Transient squeezing and time-dependent spectra of a
strongly driven three-level atom undergoing quantum
Jumps
S.V. Lawande, R. D'Souza and A.S. Jayarao
VI Rochester Conference on Coherence and Quantum Jumps,
June.



7. OTHER ACADEMIC ACTIVITIES

7.1 - Members registered for Fh.D degree

Name Guide Title of the research Degree Year of
Award

Shri. N.P. Karanjikar

Shri. K. Harihara Ayyar

Shri. V.P. Bellary -

Shri. B.J. Shetty

Shri. Rakesh Kapoor

Srat. Pushpa M. Rao

Shri. G.S. Ghcdgaonkar

Shri. G.K. Ehowmick

Shri. Kuldip Singh

Shri. P.P. Khanna

Kum. Charusheela M.
Medhekar

Shri. R.J. Kshirsagar

Dr. S.L.N.G. Krishnaraachari

Dr. N.A. Narashinham

Dr. S.L.M.G. Krishnamachari

Spectroscopic investigations
of some rare earth crys-als."

Spectroscopic investigations
of some rare earth completes.

Spectroscopic
of some theoretical aspss-is
in diatomic molecules.

Dr. S.L.H.G. Krishnamachari Spectra of diatomic molecules

Dr. G.D. Saksena

Dr. G.D. Saksena

Dr. S.L.M.G. Krishnacachari

Dr. V.E. Earths

Dr. V.E. Kartha

Dr. G.S. Saksena

Dr. G.D. Saksena

Dr. V.B. Kartha

Spectroscopic studies '-sirs,
hollow cathode discharge
tubes.

Isotope shifts and hyp-=riir.e
structure in rare earth atcas.

High resolution studies en the
electronic spectra of simple
molecules.

I Title to be given)

Laser Spectroscopy of fcly-
atomic molecules.

Laser enhanced ionisati."
spectrometry

High resolution spectrosco?y
of polyatomic molecules.

High resolution diode laser
and Fourier Transform Epect-
roscopy of simple polyatomic
molecules•

Ph.D.
Physics

Ph.D.
Physics

Ph.D.
Physics

Ph.D.
Physics

Ph.D.

Ph.D.

Ph.D.
Physics

Ph.D.
Chsaistry

Ph.D.
Cheaistry

Ph.D.
Physics

Ph.D.
Physics

Ph.D.
Chemistry

1939

1989



Name Guide Title of the research Degree Year of
Award

Shri. M.A.N. Raavi

Sat. £.S. Deshpande

Shri. M.N. Deo

KUE. Savita Nararig

Smt. Geetha Rajappan

Sat. Omana Narayanan

Sat. S. Venkateswaran

Dr. P.ft.K. Bac-

Dr. G.D. Saksena

Dr. V.B. Kartha

Dr. G.D. Saksena

Dr. V.B. Kartha

Dr. G.D. Saksena

Dr. V.B. Kartha

(Title to be given)

(Title to be given)

(Title to fre given)

Infrared, Raman and Photo-
acoustic studies of solids
and crystalline materials.

(Title to be given)

(Title to be given)

(Title to be given)

Ph.D.
Physios

Ph.D.
Physics

Ph.D.
Chsmistry

Ph.D.
Physics

Ph.D.
Chen.

Ph.D.
Phys.

Ph.D..
Chen.

e-
i



7.2.1 LECTURES DELIVERED AT TRAINING SCHOOL

1. Dr. R. D'Souaa 15 lecture course on Quantum
Mechanics to the 33rd batch of
Chemlatry Trainees.



7.2.2 LECTURES DELIVERED OUTSIDE SPECTROSCOPY DIVISION IN
1989

1. Dr. V.B. Kartha Raman Spectroscopy - Recent
Trends, Indian Chemical Society,
Bombay branch.

2. Dr. R. D'Cunha Molecules
Workshop on the Atom
Bombay Association for
Education, BARC.

Science

3. Dr. R. D'Cunha Infrared, FTIR and Raman
Spectroscopy, General Perspectives
Workshop for Post-Graduate
Teachers in Chemistry;
University of Bombay.

4. Dr. G.L. Bhale

5. Dx. L.C. Chandola

"Molecular Spectroscopy"
Institute of Armament
Technology, DRDO, Pune.

X-ray fluorescence Spectrometry
for determination of Trace
Rare-Earth Elements in Rare
Earth materials.
IRE, Udyogmandal, Kerala.

6. Shri. S.S. Biswas Inductively Coupled Plasma
Atomic Emission Spectroscopy
(ICP-AES) in Rare Earth
Analysis.
ibid.



SPECTROSCOPE DIVISION
BHABHA ATOMIC RESEARCH CENTRE

Dr. V.B. Kartha, Head June 30, 1990

SFECTROCHEHICAL ANALYSIS, I3VELOPMEHT OF ANALYTICAL METHODS AUD BASIC RESEARCH IN SPECTROSCOPY

(I ) Analy t i ca l Spectroscopy

1. Dr. A.V.Sankaran Phys.
(Sec t ion Head) Geol .

. Sreeranseunurty Phys.

. C.Chandola Phys.
S.S.Biswas** Chem.
S.M.Karathe** Phys.
I.J.Kachado** Chem.
A.Sethuaadhavan** PhysV
P.P.Khanna** Phys.
S.S.Deshpande** Phys.
V.S.Dixit** Chem.
Geetha Hajappan**' Chen.
Omana Narayanan** Phys.
P.B.Patil** Phys.
B.K.Ankush** Chem.

(IV) Atomic Spectra and Optics

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Dr. E
Dr. I
Shri.
Shri.
Shri.
Shri.
Shri.
Smt.
Set.
SEA.
Snt.
SEt.
Shri.

ss
SG
SF
SE
SE
SD
SD
SD
SC
SC

SAC
£AC
SAC
SAC

Phys.
Phys.
Phys.
Phys.
Phys.
Phys.
Phys.
Phys.

SG
SF
SF
Si
SD
S£
C
SC

38.
39.
40.
41.
42.
43.
44.

29. Dr. G.D.Satsena Phys.
(Section Head)
Atomic Spectra:

30. Dr. S.A.Ahmad
31. Dr. R.C.Naik
32. Shri. N.P.Karanjikar
33. Shri. K.Harihara Ayyar**
34. Dr. A.Venugopalan**
35. Smt. Fushpa M. Rao
36. Shri. S.G.Nakhate
37. Shri. S.K. Kapoor**

(VI) Laser Spectroscopy

55. Dr. H.N. Dixit . Phys. SG
(Section Head)

5G. Dr. G.L. Bhale Phys. SF
S.D. Sharma Phys. SF
T.V. Venkitachalan Phys. SE
R.D'Souza Phys. SE
Anup Sharasa Phys. SS
A.Suryaprakasa Rao** Phys. SD
. M.A.N. Rasvi Phys. SD
. P.K.Krishnan Dnni

Glass Blowing SC
64. Shri. M.B. Gubagarkar Bech D'aan SC

(II) X-ray Spectrcscopy

15. Shri. R.M.Agrawal Chem. SF
16. Shri. M.J.Kemat** Phys. SE
17. Shri. S.N.Jha Chem. C
18. Eiat. Rugir.ini Kaiiaal** Chen SC
19. Shri.S.K. Maihotra** Chem. SB

(III) Infrared, Raman and PAS

20. Dr. V.A.Job
(Section Head)

21. Dr.(Smt) R.D'Cunha
22. Dr. N.D. Patel
23. Dr. Y.A. Sarma
24. Dr. (S.-nt) Shantha Kartha
25. Dr. Kuldip Singh
26. Shri. R J. Kshirsagar
£7. Shri. M.N. Deo
23. Smt. S.Venkateswaran**

Kum. C.M.Medhekar +
Kum. S.N.Narang +

+Boinbay University Junior
Research Fellow.

Molecular Electronic Spectra

Chem.

Chem.
Chem.
Fhys.
Phys.
Chem.
Chem.
Chem.
Chem.

SG

SG
SF
SE
SE
SE
SD
SC
SB

Optics:
Dr.K.V.S.R.Apparao Phys. SF
Dr.N.C. Das (Optics) Phys. SF
Dr.R.P. Shukla S (Optics) Phys. SE
Shri.T.K.Kunchur Phys. SC
Shri.S.S.Bhattacharya Mech.D'man SC
Shri.T.C.Bagchi(Electron ics)Phys. SE
Shri. B.S. Deshpande

Glass Blowing T'man H

iV)

4s. Dr.T.K.Balasubramanian
(Section Head)

46. Dr. G.Lakshminarayana
47. Dr. Mahavir Singh
45. Shri. V.P. Bellary
49. Dr.G.S. Ghodgaonkar
Z3. Dr.(Kum) Sheila Gcpal
51. Dr. R.Venkatasubramanian**
52. Sat,. 'Sunanda K. Kumar
53. Dr. M.D. Saksena
54. Shri. B.J. Shetty**

Phys. SG

Phys.
Fhys.
Fhys.
Phys.
Phys.
Chem.
Fhys.
Fhys.

57.
58.
59.
60.
61.
62.
63.

Dr.
Dr.
Dr.
Dr.
Shri
Shri
Shri

(VII) Beam Foil, Plasaa and Synchrotron (VIII) Electronics
. Spectroscopy

55. Dr. G. Krishnamurty Phys. SF
66. Dr.(Smt) P.M.Raja Kao Phys. SE
67. Shri. S.V.N.Bhaskara Rao Phys. SD
58. Dr.(Smt) S.Padmanabhan** Phys. SD
59. Shri. A.P. Mishra Phys. C
70. Shri. B.N.Raja Sekhar Phys. SC

SF
SF
SF
SE
EE
SD
C

SC
Fhys. SC

71. Shri. P.K.S.Prakasa Rao (Electronics) SF
72. Shri. S.V.G.Ravindranath(Electronics) SE
73. Smt. Manika Das (Electronics) C
74. Shri. M.N. Patil (Electronics) SB
75. Shri. H.C. Goyal (Electronics) SAD
76. Shri. Rajiv Sinha (Electronics) SAC
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