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IRIEF SURVEY OF R & D ACTIVITIES

A trieof review of the R & D activities wae prosented on January
11, 19T4. They are btrosdly -

I. ANALYSIS OF HIOH PURITY AND) REACT(R GRADE MATERIALS
II. ATOMIC, MOLECULAR AND S8OLID STATE SPECTROSCOPY
III. CPTICS

IV, SERVICE ELECTRONICS

The need arose for thw crgmisation of & Spectrcecopy laboratory
to provide enalyticsl sexvice for different resctor materisls. The main
sdvantage of espectroscopy is that it requires only minute quentities of
ssmplos snd enatlos ithe eatimation of & large number of impurities in

trace amounts simul fanscusly.

However, 1 may just mention here that the division bas added
x-ray fluorescence spectroscopy for analytiocal service during the year
under review. Ita potentialities are well-knowmn end have been abundantly
olear even with the few gnalyses carried out so far in the division. Some
of thess are highlighted.

It io0 proposed to add to the existing x-ray fluorescence epectro-
scopy, Auger~ and photo-elsciros speetroscopy. Desides their appliocation
in the analysis of elements of low atomie number, from fluorine downwavds,
photo-eloatron spectroscopy is extremely useful foxr the studiee of surface

propertiea of molids and electronio structure studies of molecular spooies.
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8o far, infrared speotrosoepy cosupied a prime pleoe in the
soalytiocal technigues. We did indved set-up, perbaps for the first time
an the country, sn infrared spsotrometer snd used it for snalysis of
~avy water, With the advent of high yowsr lasers, it ia Bew poasibie to
use Raman speotroscopy with equal or botter eansr for anslytical purposss,
¥e have recently acquired an argon iom laver with a Spex triple mono-
ohromator md a photon counting unié wvith cther acceasoriea. We also have
boen uilding He-Ne lasers of reascnable power.

¥ith these, it will nov be possitle to study low frequency
lattios vilrations and their interactions on the vilronie speciza. The
laser Raman spectrophotometar will ensbie the identification of several
iwpurities in micro sexples (as 1ittle as 0,002 ml) and in areas as ssall
as 10 microns. furface impurities csn be stadied ‘htm ty lessr Remsn
spectroenopy. ' :

We are sware that the rotation and vihration-rotation Ramen lines
are ideal for identifying minute poilutants several hlentors avay., Thia
requires an intense laser scurce and la=ge= light gathering and high
resolution Raman spectrophotometer. With the expertise and the initial
work cn lasers and menochromators that we had, we shall be able to tmild
mich instrumsats, If one were to look for an infrared instrument, it
*oald have to be ¢ type Connes used for deteation of CO and co, in plancts.

For isotoplo amalysis we hgve developad s unigue method for deter-
aining the ablundsnces of borom isotopes tased or the knewledge that in e
B0, wolecule, the 1sotopio molecules have widely different sero-point
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snsrgios in the ground and exoited eiectronic states. Thie does not,

therefors, require very highly resolving instrumenta. This is a spin-

off from moleculsr apeoctroacopy.

Panio rasearch in -pootrdmp.y 18 inportant, end th- divixion
undartakes researoh in atomio, molecular apd solid state spectroscopy.
Several senior soientists work on some scleot problems (shown undex II,
Atomio, Molecular snd Solid State Speotroscopy) in each of the above
areas with the co-operation of junior soientists., I must emphasise here

that research 4s taken up only after discharging ths analytioal responsi-
bility of the diviaion.

Of the sevars) areas; I shall just oite one or two ressarch
problems undexteken hy us., Studies of high resolution eleoctronie speotrs
give us the important data on the alootronic statss and the eleotron oon-
figuraticns whiah give rise to thess statss. A oorreet underatanding of
the spectra will tell us more of ths molecular struoture including the
molﬂ of atoms snd 2 preoise knovledge of the molecular parametars will

help in the determination of dissociztion energies, reactivities, eto.

Let us take a simple molegule like &,. Fig.1 illustrates the
importende of high resclution rotational strusture studies of 5, giving
the firet exparimental evidsnce far ihe spiz of 39 41 be serv. Fig.1 aleo
shows the sll important phenomencn of predisscoiation. In other words, if
one wvers to irradiate a mixture of all the possible isotopie diatomio
sulphur moleoules with the right wavelength, 1% is possiltle to dissooiate
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only those molecular apecies for whioh the energy matohes and no other.
The importance of auch spsotrosoopic information is evident.

We are presently plannimg to extend sush spsotroscopic investi-
gations to 6L1 71.1. 6!.12 and 71.12 omploying laser oxcited seleotive
moleoular fluore voenoe. Our owz wWork on boren conitaining moleoular spacies

and NH would slso be very intaresting in this regsrd.

Suffice it to say that such research work is of fundamental import-
ance to our own understanding and also for sny technological appliocatiom.

In this oonnection, I may mention that during the laat three years,
an extremaly powarful means of high precision speotroscopy hee emerged out
of saturation techniques using lamé. Bven whan one i3 able to achieve
very high resolutiones with grating monoohromators, Dopplur btroadening eots
the 1limit to precision spestromcopy. Thisz is got over Yy the noval tech~
nique of =~aturation or non-linear or Lamb Dip speotroscopy. This is
1llustrated 4n the studies of the \73 band of 08‘ known to be insotive -
bat made aotive - a prediotion made in early fifties found possidble aftwr
nearly twenty years.

IIT, Kanpur, is actively engaged in laser speotrossopy, though not
in utum'him" speotroscopy. It is propossd to eollaborate with them om
this aspeot of »nen-li.neu' speotrosoopy. On our part, we heve so far tuilt
a 2-motre He-Ne leser with good power cutput. The Electramios s=oup 1s
working on stabilising its frequency when it oan be ueed for saturation work.

There are other sreas like plagma cpeotroscopy end for shich
speotrosoopy i@ an ideal disgnostie {00l because it ia essentially am
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unperturtdng prote which sswples & system im space and time - and we are
aollaborating with the Plassa Physios group in this work, and Beam Foil
Bpeatrosacpy for the study of the speotra of highly stripped atome - we
shall be making use of the faoilities at Van-de-Oraaf laboratery for this
purpose,

Though, frem the begimning it was raalised that a good optics
laboratory ie an essentigl oomporznt Yo speotroscopy laboratory, it was
started only late in 1966, For several speotroseopic investigations, it
is neoessary 40 have instrurents using optios of high ¢zality and p&oo!.lion.
The spevtroscopy laberatory haa, therefore, undertaksa the preparation of
high quality and precision optios like Falwy-Pcrot plates, lens systeas,
large sphariocal surfaces sto. with which high resslution interferometers
and spectrographe of large light gathering pover omn be built - and are
actually uilt as described later.

Interfercmetry is one of the major research arsas in optica snd
the scientist in-charge, Ir. N.V.R.E. Nurty, is well-known for his work in
this field. Yo alm have s younger scientist trained cn thin filas at the
Imperial College of Soience and Technology who has been working on the
projsct, interferencs snd band-pass. tﬂmn:

In the R & D Profile, ce'tein specifio projects are identified and
are propossd in apllabvoration with Techniocal ¥hysics Divieica.  Thens
inolude spectrophotometers, monocohromstors, eto. Febrication of euch

initruments will btring cut the best of technical competence avaula’”. in
B-L‘R.OU
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I¢ has been a oursory glance, ut atill, I hope, 1t gives &
feoling of the amcunt of effort invelved. As mentioned earlier, ths
firet priority has always been 5 analydival service. Over the years,
thers has been an increasing demand for analytioal assrvices from various
divisions of B.A.R.C and other units of DAE ~ not to mention cutside
institutiens.

- H.A, Farasinham
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I. ANALYSIS OF HIGH PURITY AND REACTOR GRADE MATERIALS

1(a) EMISSION SPECTRQSCOPY
1. Spectrographic Determination of Boron in Uranium and its Oxides

(5.V. Grampurohit and V.8. Dixit)

Boron has a large abeorpiion oroass-eection for thermal neutrates
and hence it is necsassary io devect it at very low levels in nuclear
grads urenium. Further, during the proceesing of urenium, it ie likely
to be contaminated with boroo and hence it is important to determine boron
at various stagee of fabrication of uranium. Among the methods iried,
there are a numbsr of single and mixed spectroscopic carriers for borom
analyeis. A mizture of silver chloride apnd strontium fluoride in the retic
417 was found to be a suitahle carrier with which the sensitivity was
improved eppreciebly. A method was, therefore, developed using this
carrier for B-analysis. In this method, the spectra are excited using a
4.0. arc and recorded on 3A-1 emulsion uping Hilger large querte epectro-
graph. The beckground wap found t0 be quite low and it has been possible
to use multiple exposuree for malyus of one sample. With these modifi-
oaﬁmu, it hap baen possible to attain & detection 1imit of 0.01 ppm for
boron ~ & sensitivity of an order of magnitude greater thon the previous
methods. The reproducibility end accuracy of the method has been checked

and is found to be satisfactory.

2. Direct Bpect;'ogmphic Determination of Boron in Ul!'4

(P.8. Murty, S.M. Marathe and P. Rugmini Bai)

The stendardissticn of a method for the direct determination of

borm in UF4 hos been completed. UF, sample ims mixed with sodium fluoride

4



‘n the ratio 20:1 by weight and two hundred milligrams of the mixture is
- saded in a carrier-distillation electrode (U.C.C. type 1998). It ie
xcited at 5 amp. d.c. fur 6 seconde aud apectra are photos;'aphrad on a
Hilger lerge quaris spectrograph. Antimony is used as the intermsl
atandard element. Using the line pair B 2497.7 £/8b 2445.5 % woren ia
estipated with a scneitivity of 0.07 ppm. The precision of estimation
18 + 16%.

3. Spectrographic Anslyeie of Semiconductor Grade BQP_Z

(R.V. Subremenjan, R.M. Dixit and T.R. Sarenaihan)

An emission spsctrogrephic method for the eatimetion of trace
anounts of Al; Ca, Cr, Pa, Mg, ¥, Ni, Pb, Si'aml Sn in high purity boron
trioxide bas besn developed. The sample after cauversiun to boric acid
is mixed with a carrier consigting of sodiua ﬂuorideu and mphite in the
ratio 1t4. By use of this carrier, the baekground due to BO emission is
reduced. The deteotion limits 1ie in the range of 2-12 ppn for different
elemente. Tha pmci@ion of the method renges from 7,-18? f;)r thene

elemente while the relative erroar is + 15%.

4. Spectrographic Anslyeis of High Purity Aluminiun Metel
(L.C. Chandola and I.J. Machado)

Aluninium metal stendaxds are available commerocinlly but these
ocontain few impurity or alloying elements like Cu, Pe, Ma, 8i, Ti and
Zn. Por the aluminium used in reactors many more impurities like B and

Cd have also to be locked for. The analyeie hﬁs, thersafore, to be done
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indirectly by converting the metal to oxide and anslyeing by comparisan
with synthetic etandards. Pure aluminium oxide is available coumercially
for the preparation of standaxde, The problem wap {0 prepare aluminiuam
oxide from the metal and to lmow whether the impurities are retained or

loat during the conversion process.

A method wag developed to camvert the aluminium metal to alumi-~
nium cxide for this analysis. Por this, the metal is dissolved in hydro-
.chloric acid, the Al is precipitated with ammonium hydroxide, and the
supernatant solution and precipitate are svaporated o & water bath. The
dried hydroxids is then 4gnited to aiuminium oxide. The eluminium oxide

20 obtained is snalymed by the mathod developed uu-liar(‘).

To £ind ocut whether the iapurities are retained or loet during
ths conversicn to oxide, an aluminiuxz standard from AA peries supplied
by Johngon Matthey & Co. waa converted to oxide by the method described
above. It was found that impurities like Cu, Fo, Mn and.Ti were retained
but impurities like 81, which have volatile chlorides, are partially lost
during the proceoswm.

The ovarall stendard deviation for determmination cn aluminium
oxide was found to be + 115,

1« L.C. Chandola and I.J. Mackade, Spectroscopy iivieion,
Amnual Progress Report 1972-73, BARC-684, 16 (1973).



5 Spectrographio Analyeis of High Purity hh02

(V.A. Job, S.B. Kartha, G. Krishnamurty and Sheila Gopal)

Bmiesion apectrography provides & rapid method for the slmlta-~
necus eatimation of various impurities present in manganese dioxide which
is uBed as a depolaricer im dry cells. These impurities act as poiasonere

to the dattery system and therefore have to be unalysed in trace amount.

We have developed & d.c. arc emission method for the quantitative
sstimation of 20 impurity elements wsing preheated manganene dioxide. The
ain was to attain loweat possible oatimailon limits for as meny impurity
elements ss possibls. Several buffer combinstions have besn tried. It
was found that low detection 1imits cannot be attained slmltaneocusly for
all the lmpurity elements with any of the buffers we have siudied. There-
fore, two separate methods were developed. In one method, 5% BaF, ie
used as buffer to get good sensitivity for the elemenies such as Ags, B, 8n,
Cd etc. Por the elements like V, Ti, Cr and Pao, the sample is mixed with

an equal welght of graphite. Ga and Mn lines are used as intermal

standards.

A set of standaxds containing the impurity elements in the
oncentration range of 500 - 1 ppm were prepérad and mixed with the
buffers in the required ratio. 30 mgs of this mixture losded in the 3"
U.C.C. graphite electrode drilled to the reguired depth is excited in a
d.c. arc at 10 amp., current for 20 seconds. The spoqtm are recorded on

8 3.4 meter JACO grating spectrograph with 30,000 1.p.i. grating blazed




at 3300 X. The estimation renge for various elements are given below.

Sn,Bi,Ag,Pb,8b,In oo 2 - 100 ppm
AG,CO,B,MO,Cd .V,Cﬂ,l&,Zn,ni 8 10 - 100 "
Cr,Ti,PQ LX) e 20 - 500 "

The method is found to be reproducible within + 10% for most
of the slements. Recovery tests ahowed that preheating the sample did

not result in the loss of any of the impurity elsmentea.

6. Spectrographic Analysis of Wear Metels in Lubricating Oils
(S.V. Grampurohit ani P. Meenakshi Raja Rao)

An emisgion spectrographic method for the determination of
wear metals Si, Fe, Mg, Ni, A1, T1, Cu, Zn, Ag, Mo, Pb, Or end Sn in
aviation olle is being developed. The method consistas of two parts: one
for the analysis of all elemcnts except silicon and magnesium and the

second for the analysis of 51 and Mg.

FPart 1 - BSince aviation oils are practically ashless, conven-
tional ashing techniques are not applicable. In the present method,
therefors, 1 gm of o0il is ashed an 100 mg of gallium oxide which contains
10% of 1itbium fluoride as carrier, Standarde are prepared a gallium
oxide hase for concentration range ¢f 5 ppm to 100 ppm which aleo contain
10% Li? as carrier. The spectra were recorded at 10 amps d.c. on a large
qusrts spectrogreph in the region 2400-3450 X. Recovery tests showed

that recovery for 51 and Mg was poor. So a separate method is being



developed for the determination of Si and Mg.

Par® 2 - Varioua matrices were tried for the anslysis of B8i
and Mg in oils and lanthanum oxide with a 10% NaP-calcium carbonate as
carrier internal etandard mixture (9:1) === fourd most suiteble. Samples

are ashed on lenthanum oxide base to which the NaF-calecium carbonate

mixture was added. Carrier mixed standerds renging from 5 ppm to 100 ppnm

were al so prepared. To avoid the possibility of silicom contamination

samples and the standards were ground in boron carbide mortar. The specira °

were recorded at 12 amps. d.s. in a large guarts apectrograph in the
region 2400-3450 1. Recavery tests showed that 5i and Kg are completely
recovered in this case. By this method, most of the other elements of
interest aleo were recovered well but in lanthanum oxide metrix Al and Cr

do not get excited with good enough intensity. 8o the analysis nus t0 be

carried out in two atepa.

By adopting thespe methods the lowest detaction limit that could
be achieved was 1 ppm on sample basis, with 1 gn of sample being ashed.

it is obvioup that by increasing the amount of sample taken for ashing,

censitivity oculd be increased.

I Spectrographic Anslysis of Thallous Iodide
(P.S. Murty and P. Bugmird Bai)
A semiguantitative spectrographic method has been developed for
the analysis of thallous iodide. The semple is mixed with pure graphite

vovder in the ratio 111 by welght and fifteen milligrams of the mixture
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is aroed at 10 amp. d.0¢. The spectra are recorded an a Hilger large
quarts spectrograph in the region 2400-3350 2. Trace impurities like
Pb, Co, Ca etc. are determined with a wsensitivity renging from 5 to
25 ppm,

8. Spectrochemical Anzlysis of Phosphorus Compounds
(T.R. Saranatban, ¥.J. Kamat and 7.8. Sugandhi)

In sm effort tc make the existing semiquantitative mthod“)

for the determination of impurities in FC13 and !‘0(!13 quantitative, it
was necegsary to ensure easy removel of the eample after preconcentration.
Alz0, dus to the formation of phogphoric acid in the samples 1t was
diffioult to evaporats the sample cqmpletely on graphite. Hence it was
necessdyy to convert the finmal evaporsied sample into a phoaphate. Of
the two phosphates of Ca and Bi, the latter wau preferred due to its
denaencss. After oxpsrimenting witk LiP, NeF and graphite £a carriers
and buffers to be mixed with the phosphate, & mixture of LiF and grephite
was found to be moat suitable. Standarde of bismuth phosphate for 15
impurities were pnpanq- Their spectirs were recorded om lilger large
quarts spectrograph with d.¢. arc excitation and the working curves have

bsen drewn. PFMinal recovery experiments for samples are being carried out.

1. M.J, Kamat, T.R. Saranathan end 7T.S. Sugendhi, Spectroscopy Division
Amual Progress Repart, 1972-73, BARC-684, 12 (1973).



9. Determination of Borom in Caleium Fluoride Usming a
Carrier Distillation Technique

(S.V. Grampurchit @nd V.S. Dixit)

Calcium fluoride is used extonsively as lining material in the
reduction of uranivm tetrefluoride to uranium metal. It is necessary,
therefore, to0 snalyss caloium fluoride for impurities like boron which

possess high capture crosa-sections for thermal neutrona.

A carrier-distillation method is desoribed here for the estimation

of boron in calcium fluoride. The sample is mixed with 5% copper oxyfluoride

containing 500 ppm of gallium. Copper-oxyfluoride acta as carrier and

gallium as intermal standard. 5C mg of this mixture is loaded in pre~

arced U.C.C. 1990 electrode and excited using 15 amp. d.c. arc. The spectra
are recorded in the region 2200-2850 2 on SA-1 emulasion using & Hilger

large quarts spectrogreph. The sensitive line of boron at 2497.7 R is

uged and & detection limit of 0.1 ppm ie attained. The precision of the

uethod 1s + 128.

10 Analyeis of Trace Impurities in Strontium Cerbonate
by Spectrogrephie Technique

(B.R. Vengearkar and M.D. Sakeens)

In electronic industry, strontium carbonate is required in a
highly purified form for cathode spraying end thus it becomes neceseary
%0 develop an analytical method for the enalyeis of SrCO3 for trace

imourities. A spectrographioc method is, therefore, being developed for
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the analysis of 11 impurities.

Initial experimentz with direct sarcing of s;-coB

burning of 8:-{:03 was ermatic and efter a few aeconds the bulix of the

showed that

charge used to come into the arc. The volatilization etudies elasc showed
that the impurities like Fe, Al, Cu, 51, Mg take a prolonged time for
exocitation becaues of the low boiling point of src03. In order to improve
the volatilizetion and to have smooth burning, experiments wers caonducted
by mixing different retios of matrix with graphite as a buffer. It wes
experimentally found that mixing in equal propertions of SrCO

3
was moet suitable in increasing the sensitivity. Volatilizetim retes of

and graphite

differsnt impurity elemsnts were aleo studied to determine the time of

exposure.

A set of standards containing the impurity elements in two groupe
were prepared in the concentration yanges of 1 to 20 ppm end 10 to 200 ppm
and were then mixed with grephite in equal proportions. 50 mg of charge
is excited in a d.c. arc at 15 amp. current for a period of 30 seconds on
JACO 3.4 metre grating spectrograph equipped with 30,000 1.p.1i. grating
blazed at 3300 X. The following are the ranges of estimation for various

elementas
Al, Cu, PQ, k’ Pb’ Si X 1t0 20 ppn
Cd ve .e 10 to0 200 ppm
Zn, Na, Ba, Ca . 50 to 500 ppm

Chromium and biemuth are used as intermal stendard elements.
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Since the elements like Na, Ca and Be are having sensitive
lines in the region 4000 - 6000 ' experiments are conducted on Hilger's

large glase and quarts spectrograph to get higher eensitivity for theee

slementa. Purther experiments are in progress to determine the precieion :

and sengitivity of the method.

1. Spectrographic Analysis of High Purity Buropium Oxide
(P.S. Murty and S.M. Marathe)

A speotrographic method hes been developed for the estimation
of Nd and Dy in high purity eurcpium oxide. In order to make use of the
senaitive lines of Nd and Dy, most of which lie in the CN band region,
the excitation of 3\1203 hag been done in an oxygen atmcerhere using a
Stallwood Jet assembly. The spectra are recorded on Ebart 3.4 metre
plane grating spectrograph in the second order using a 30,000 l.p.i.
grating. The grating is blaged at 7,500 & in the firet order. Using

Nd 4061 X and Dy 4078 & the detection 1imit obtained for these slements
ia 0.005%.

12. Spectrographic Determination of Trace Elements in Basalt Rocks
(L.C. Chandola)

Bapalts are the main volcanic rocks in the Deccan Traps in
Mahareshtra. In order to find the history of association of this host
rock with various mineral pockets, it ie neceabary to do the trace

element apalyeis of this rock. The mein problem associated with spectro-

l



grephioc snalysis of rooks for treoe elements is the non-availabil ity of

standards. It wes found from literature that averege basalt composition

was as followss

810, - 50% Fe 0, - 104
00, - 15% Cal - 0%
Mg - 10% 10, - %
1820 - 3%

Etandards wers, therefore, prepared on the matrix described
above. 49 elomente contained in Spex Mix were added to the matrix at
various concentrations. These astandards and samples were then mixed with
pure graphite and pure sinc oxide inm the ratic 1:1111. One weak zinc line
weg used as ihtermal standard. The samples and standards were excited in
a d.c, erc ru: a% 10 amp. current end the spectrum was photographed in two
regions on large querts spectrograph. Anslysis of about 25 elememis could
be done by this technique. Of these B, Be, Co; Cry, Li, Mn, Ni, Sr and V

were found to be present iz tresce levels and m=are quantitatively estimated.

13, Determination of Iron in Di-Aumonium Hydrogen Fhosphata
(8.V. Grampurchit and V.N.P. Kaimal)

Direct spectrographic esgtimation of iron in purified di-ammoniua
hydrogen phosphate cald not be carried ocut us the meterial had a tendency
to be ejected from the electrode. In addition, ammonium compound itself
prevented the impurity spectrum from being suitably excited. On the other

hand, beceuse of the presence of phosphate radical, atomic absorption



method could not be emplayed. Hwnoe a spectrochemiaml method based en
t.. extraction of iron using solvent extraction technique followed by

a. trographic analysis has been worked ocut for this detormination.

Gne grem of di-ammonium hydrogen phosphate is diseolved in triply
distilled water and the pH of the solution adjusted to 10 using 25%
amonia. A Imown volume of 2.5% oxine is added dropwime to the above
solution end shaken slowmly. Iron forms @& complex with oxine and is
extracted using chlorofoxm. The sepamted organic layer is collected and
the aquecus layer is shaker again with another 10 ml of chloroform. The
organic layers are collected and svaporated over 200 mg of grephite and
oixed in an agete mortar.

15 mg of this mixture ie loaded in pre-arced graphite electrcde
(3" U.C.C) and excited using a d.0. arc at 10 amps. The epectra are
recorded on 8SA-1 esulsion in the region 2400 to 3300 g with the help of
Hilger large querts spectrograph. The iron line at 2598 R is chosen ay
the analytical line. It has been pcasible to estimate irom uptc 1 ppm
level.

14. Speotrocheniocal Analysis of Hoble Metal Allays
(L.C. Chandola end V. Mahajsm)

Noble motel alloys are used in the tips of foumtuin pen nibs.
A method was developel for the analysis of thess pen tipe. The tips
were dissolved in aque regia + hydrofluoric aoid and the salution was

dried on graphite. BSuiicile dilutions in graphite were prepared.
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Quantitative estizmations were made by comparing the spectra from theas
dilutiona with two sets of graphite bass standards. Oune set of standards
yontained 49 common impurities and the other set 10 noble metals. Analysie

by the above methods showed that the pen tips consist of Bu-Ni-Co alloy.

15. MISER - Mioro Spectral Emission Amlyser
(8.5.H.G. Erishnamachari and B.K. Vengsarkar)

In order to check ths efficiency of Micro Surface Bzission

uulynr( 1)

for unifornity of distribution of chromium in the sa=ples. The specira were

s the specira of copper-chromium alloy samples have been studied

recorded cu Hilger's Baby Quarts Spectrograph with an exposure of 2 minutes.
A sot of preliminery expsrimants sliowed that the sensitive lines of chromium
are easily excitnd with copper as cocunter eleoctrode inatead of tungsten and

the latter exhibited & more complex spectrum.

Since an exposure of 2 minutes leads to & consideruble large crater
en the mmple, it is decided to reduce the time of exposure by using e
speotrogreph of large sperture and medium resolut ioxi. For this purpose, a
quarter-met °r greting mmochromator fabrioated in the divimion is being
converted into a spectrogreph by incorpomting & camera sttachment to recond

the spectra.

1. 8.L.NK.6. Erishnamacheyl and B.R. Vengmarkar, Bpectromopy Division
Amnusl Progrese Report for 1972-T3, BARC-684, 28, (1973).



16. A Modified Method for Analysis of Rare Earths in
High Purity Gadolinium Oxide

(8.V. Grempurchit end V.¥.P. Kaimal)

Spectrogrephio methods are widely used for the anslysis of rare
sarths in high purity rare earth oxides. As the spectrz of rare sarth
eslemsntes are highly complex, one has to use high dispersion spectrographs
to carry cut the analysis. Anoiher difficulty that is encountered ia
that the sensitive lines of meny rare eaxrth olemsnts lie in the cyenogen
region end hence could not be used. To overcoms these difficulties, a
spectrographic method is worked out to determine trace rare earth impu-
rities in high purity gadolinium oxide. A Jarrell Asgh 3.4 meter grating
spectrogreph having a 1200 grooves/mm grating is used in the secand order
at a reciprocal linear dispersion of 1.2 x/m. A stallwood jet is umed
with cxygen flowing at a rate of 15 litre/minute. This helped in suppre-
agirg the cyanogen tcnds and with thease changes it has besn possible to
attain » detaction limit of 0.0025% for Sm, Dy end Y. The recovery of
the method was compared with X-ray fluorescence analysie and is found to

be quite satisfactory.

17. Spectrogrephic Determination of Trece Elements in Zeolites
(L.C. Chandols)

Zeolite mineral pocke:: are found in abundence in bagalt rocks
around Poona in Meharashira. In order to find the history of origin of

this guest mineral in the host rock, basalte, it is necessary to do the
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trace element annlyesis. The standards for these minersals are unot
availeble and, therefore, were prepsred in the laboratory. The following

averege cosposition of the seoclites was taken as the matrix:

810, . 60%

caco3 e 10%
EC1 e 1.5%

Al 203 e %%
llaz,co3 e 3.5%

2o the above matrix, the Spex Mix pomier comteining 49 elenments
wag added at various comosrirations renging from 10 ppm to 1,000 ppm.
Thess samples and stondards were then mixad with grephite and zinc oxide
in the retic 1:1111. The spectrum was ocbtained in & mamer gimilar to
vass2tsl!). In all, 25 elements were looked for end ut of thess, Ba, Cu,
Pe, I, llg..li, 8r and V were found to be present in trace levels. Thess
were quantitatively estimated.

1. L.C. Chandole, pege 10of thias Report.

1e. Spectrographic Determination of Trace Metals Collected
o Air Filters

(6. Eriehnamurty, M. Sareswathy snd O. Thomes)

Environmental air sample analysis has gained importence in the
- recent times in view of atmospheric pollution, especially in the indus-

trial and urfn.n areags. The poliutants have acute physiological effects
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on human health. 7The particulates in the polluted comunity exvironamt
.alete of a wide renge of metaliio elementas besides a wvariety of

(),

anic matter

As part of the progremme of the environmantal essmple enalysis,
we have developed &n emission spscirogrsphic method for the quantitative
estimation of trece mstals Mn, Pb, Cr, Ni, ¥V, Cd, As end Zn in atmospherio
particulates.

In this method, air is aspirated shrdugh & WVhatman No.41 filter
papar by means of the suction head of a high volung air sampler for two
bours. In order to avoid the losses of the traoce metals in the sample,
we have adopted the wet ashing method. The semple collected on the filter
paper is charred with 1 ml of sulphuric acid (@.R. grede) to decompose the
organio matter of the filter paper. 5 ml of concentrated nitric acid
(doubly distiiled) is added dropwise with subsequent stirring. The clear
golution left behind is then evaporated slowly to dryness an 2 hot plate
at about 250°C.

The weight of the residue left after charring ususlly varies
between 30 mg to 50 mg. This is made upto 75 mg by adding pure conducting
grapaite (UCC, 200 meah). 25 mg of pure grephite containing 0.2% of Ge,0;
which acts es the internal stendard is mixed with this and ground thorcughly.

25 mg of the charge 1s loaded in 3" U.C.C. grephite aleotrode (anode)|
apd is excited in 10 amp. d.c. arc for 30 geconds. Spectra are recorded om

a lerge quarts prism spectrograph in the waveleugth regiom 2500-3500 R



T .

Tie ooncentration renges of the various impurities are givea

" Alows
M, P, Or, K4, V oo i« 100 ppm
04 .o 10 - 500 ppm
As, In . 50 - 1000 ppm

The averege stzndaxd deviation of most of the elements is sbovt 11%4.

Detailed sxsmination of the speoctra of mamples collected over
f£ilter papers have shown that certain clements 1ike Mg, 81, Al, Cu, Ca end
Psy Af presmt at 0.2% or ebove, will suppress the intensities of trace

slements and hance the results may not be quantitative for such samplos.

1. Jae Young Buang, Aual.Chem. 44, 20A, (1972).

19. A Spdctrogrephic Methed fer the Analysis of Soil Samples
(V.P. Bellary, Y.B. Xartha and Y.A. Sarms)

The amalysis of trece elements in soil samples is of importance

for pollution studies as well as other purposes.

A 4.0. are spectrogrephic method for the analysis of trace elenemts
in soil samples im being developed for this purpose. Most of the organiec
ccnatituents of the sample is destroyed by dry ashing at 450°C in a fumrmace.
This dry ashed ssmple is mixed with 33% grephite and 6% 8b.0, comtaining
internal stsndard P4 at 0.02€. The ssmple snd aynthetic standards are

excited in & 4.,¢. arc at 15 amps. in m atmosphere of oxygen. The spectira
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wa. recorded on an Ebext 3.4 meter grating spectrogreph with 30,000 l.pei
&xr ' ‘ug blased at 3300 X, in the first order. A% present, the effect of
sajor components of soil like 8i, Al, Pe, Ca, Na and K on the common trace
clements is beiry studied. The following Table gives the range of analysioe
and other details for some of these traoce slements.

Elemmte and the special Present range of

Sr.Ho. line used in the present Averege amamt in detexmination
work in 2. soll in ppa. i ppm
1. Cr 4254.3 8 - 1000 5 = 1000
2. ¥ 3493.0 T - T00 5 = 1000
3. Mn 4030.8 200 - 6000 i0 - 1000
4. Pb 3639.6 2 - 120 5 = 500
5. ¥ 3185.4 20 - 800 5 = 1000
6. Zn 3345.0 10 - 30 5 "% 500
1. Ag 3280.7 0 w1 0.1 = 10
8. Cu 3247.5 2 - 100 1 - 500
20. Spectrographic Analyais of Trace Elements in Peod Materials

(.M. Dixit, G.L. Bhale and Armama Joseph)

The snalysia of trace elements in food materials is important for
blological as well as environmental pollution studies. A speotrogrephio
method was, therefore, developed for the analysie of food materials, mainly

whsat flour and potatoes for trace elemsnts.
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he food -t.rl.ui is ashed in a mufflie furnace at 550°C, and the
ash is nixed with pure grephite in the retio 112. 20 mgus of the mirture
is aroed at 10 ampe. 4.0. and the spoctra are recoxrded in the nﬁ:l.on
2700 = 330 Laa 5.4 moter Jarrel Ash speotrogreph at a dispersion of
2.5 8/-. |

Standaxds wers phnrd by mixing together a synthetic matrix
and the graphite baced spex standards in the ratio 1:2.

The elements As, 04, Or, Fe, Mo, Ni, Pb, V and Zn cen bo estimated

in the renge of 5 $0 50 ppm with an average standard deviation of + 15%.



1(b) X-RAY PLU OE ANALYSIS
1. A Systematic Study of the act of Vari
13 84 Vi B R &) A=A WY 1 XL

in High Purity Zroa.

(Jura Mohammad Qurbani*, P.P. Khanna,and R.M. Agrawal)

The IRF determination of treaces of nr02 in high purity zroz poma
difrioulty in the selaction of experimental parameters and snalytioal
lines for Hf owing to thes almost complete overlap of the second order of
2:X4 line with first order HfL,, line and substantial overlep of the
sscond order ZrkK P4 with the first order HIL p 1,6 line. A aystemtio
study of the effects of the wvaricus available experimental parameters on

the determination of treces of lﬂ'o2 in giromia wag, thexefore, undertdkem.

The Philips semisutomatic X-ray spectrometer PW 1220 with asso-
ciated equipment has been used in these studies. A master stendard of
2% HfO, in 2r0, bae been prepared by dry-mixing oaloulated amownt of HfO,
in the highest available purity zirccnia. This has been diluted by
requisite proportion of sirconia €0 give the standards in the rangs of
50 ppm to 1% HfO, in 2r0,. Theoe standards are mixed with equal propor-
$lon of boric acid as a binding material 'and briqustted to stendard 13"
dia. double layer pellets using boric acid as the backing pellet material.
These pellets have been used o study the effects of the following experi-

mental parameters om the lowest detection limits, sansitivity eand precision
of the resultsi-

* (n deputation from Faculty of Science, University of Kabul.
Kabul, Afghanistan.
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1) Tube voltage and current;
11) Collimators (Coarse and Fine);
111) Scintillation and flow proportional counters;

1v) Choice of enalytical lines HfL, , BfLg, o 8nd HfLp,
?

I1i#(200) analysing cryetal and pulss height discrimination has been used
in all the cases.

From these studies the optimum experimental paremeters tc give
the highest asensitivity and the loweat detesction Zimit have bsem abtained.
The limits of detection obtained was 150 ppm, which includes 100 ppm due
t0 residual Ht02 present in the highest purity ZrO2 vaed for the preparation
of standerds. This residual Hf02 content in Zr02 used, has been determined
by XRP only during the courss of these studies. Thus better detectiom
limit could not be obtained owing to the linmitation of the purity of the
siroonia available.

The preciaion of the method varies with the iange of Ef02 content

and a typical value ia + 5% for the range 0.05% - 0.1%.

2. An J-ray Pluorescence Mothod for Amalysis of Zn, 2r
and U in 'rho2

" (R.M. Dixit avd S.K. Kapoor)

An XRF method for the determination of Zn, Zr and U in thoria
has been developed. Thoria sample is mixed with 10% boric aclid as
binder end this mixture isc pressed into a double layer pellet. Tumngsten

target tube with power of 60 KV - 35 mA is used for exciting ZnK, , while



for 8rKy and ULy & power of 85 KV - 25 mh is used. The estimation
limits of Zn, U and Zr are 10, 50 and 100 ppm respectively. The inter-
ierence between the L“a and Zrk, is studied snd ZrKg in second order
of IiF(200) orystal ie used for analysis. The lower estimation limit
for U and 2r s likely to be improved by use of LiP(220) orystal.

The average precision of the method is about + 12%.

3. Analysis of Individ Rare Barths Rare re
(R.¥. Agrewal, P.P. Khanna and 8.X. Malhotra)

Two of the XRP methods for the determinatiom of imdividual rare-
earths in rare-earth mixtures are i) inert dilution with caloium as
onlato“) and, i1) solution dilution method of Rose et 51(2). We have
compared theaol two methods to assess their relative merits. The two

approaches are found to give results in good agreement,; the precisions

and acquraeiea obtained being equally good. However, the solution dilution }
method can be used with & musll quantity (a few mg) of the sample, wheress
the inert dilution by calcium requires relatively méor amount (a few
hundred mg) of the sample. As regards sensitivity also, thes solution-

dilution method has been found to be superior compared to the other.

1) Locelly developed for ease and rapidity
2) Harry J. Rose et al, Advan. in X~-ray Anal. 11, p.34-36 (Plenum Press 196

T

7 ere s
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4. I-ray Excited Optical Fluorescence of Rare Eerths in Minersls
(7.2, SBerancthan, M.J. Ksmat snd T.5. Bugandhi)

Studies on the XECF spectra of rare earths in minerals are being
omtinued. Preliminary sxperiments on three minerals - monasite, pyro-
chlors and urenamite ~ show luminescance only when thay are inocorporatad
in a suitable host after dilutiom with pure 0308' The aspectra with four
dilutions 1150, 1120, 1110 and 115 were recorded by exciting the quartoer-

nery oxide 2L4 0.8:0.002.2'0 with X~rays.

2 3

In the case of monasite, the fluorescence intensity increases witk
dilutim whereas for pyroochlore it deoreasca. Thie ies probably due to the
elimination of matrix offeet by dilutimm in the former and reduction of
the sotuwsl rare earth ommoentretion with dilution in the latter mineral. In
urenanite , the intensity of the lines of Gd and Dy increase with dilutioen
while for Sm end Pr it decreases. A detailed study of the intensity

pattem is in progress.

5 An XRF Methoi for Analysis of Sm, Bu, Gd, Dy, Ho #d Y in '!b40.l

(L.C. Cuandola, I.J. Machado and A.N. Mohile)

An IRF method hasz baen developed for the determinmation of 8m, EBu,
Gd, Dy, Ho and Y in terbiam oxide using the Philips modei F¥ 1220 spectro-
meter. The renge of determinatian is 0.01% to 1%. The terbium oxide is
converted to terbium oxslate and mixed with an equal amouni by weight of
Poric acid as binder. A double layer pellet of boric acid and sample +

boric acid ie pade. It was poseible to use L 44 lines for all the reare-



earths determined. PFor Y the K, linc was used. LiP crystal in the
fi_ .+ order was smployed for dispersion. Flow proportional coumter wes
u for rare sarths and scintillation counter for yttrium. An inter-
ference to Dy I‘ou line at 2 g= 56.53 was suspected from Bu L B1 line
at 2p=56.94. F asriments were done with aynthetic sampl se having

known amounts of Dy and Bu and no noticeable interference was oboaerved.

The precision of the method is + 5%,

6, Determinetion of Nb, Ta and T1 in Ore Concetrates
(R.M. Agrawal, P.P. Khanna and S.K Malhotra)

The direct XEF method!') for the determinstimm of tentalum in
neobate/tantalate minerel concentrates has been modified in ordsr ‘o
increase the precision and accuracy of the method and also to sxtend the
method for determination of Nb and Ti. The method consists in fueing the
sample with potagsium bi-sulphate followed by dissolution and subsequant
incorporaiion an an inert metrix. The resulting product ig then analysed
by IRF using ctandard procedure. The chemical tmémant and dissolution
elimipate the heterogeneity and particle sire effects resulting in better

precision and accuracy.

(1) Spectroscopy Divielon, Amual Progrems Report for 1972-73, BARC-684,
(1973), pp.39-40.

7. Determination of Thorium in Urenium by XRP Method
(R.M. Dixit end S.K. Kapoor)

Preliminary studies on XRP determination of Th im urenium in the

range of 50 to 1000 ppm have been completed. Th li.m1 line cen be easily
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resolved from U L4 , 1ine in first order of LiF(200) erystel, using
coarse (480 u) collimation. The lower estimation limit of thorium in
uranium in pulim:ﬁmry studies is found to be 50 ppm, which cen be
improved further by refinements in experimental conditions. Th L o

line is sxoited by tungsten target X-ray tube working et 85 KV - 25 mA.

8. Intensity Studies on XEOR of Bare Earths in Thorium
(?.B. Sarsnathen, ¥.J. Kamet snd 7.5, Bugandhi)

While applying the XEOF techmique for the anaiysis of rare earths
in thorium nitrate samples conteining 81 200 prm 1t waas necessary to
remove it with HFF treatmeni. It was obgerved ;hat the eddition of HF
inoreased the intensity of the lines of Gd, Sm, Dy, Bu end Pr by a factor
of 5 to 20. Apart from this the intense wide bend emission of !.‘luo2 at
4050 £ is suppressed completely with HP treatment. Figs. 1 end 2 indi-
cate these sbservetions. This will be useful in ennlysing compareatively
impure samples diluted with pure nitrate and still retain the required

sensitivity.

In the case of HOL and HByx additions, there ias no change in inten-
aity upto & certain stage (6.1 mi and 0.2 ml of como. HO1 apd HBr
reppectively in 2 gms of Ehoz) efier which there is considerable suppre-

ssice of intensities in the case of HC1 only.
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e JBP Detormination of Individual Alkmline Sarth Klements
An Double and Triple Alkaline Earth Carbonstes

(B.M. Agrewa) ané P.P. Khanna)

XAF methods have besn developed for the analysis of double and
triple carbanates of alkaline earths for individual allaline earth
d:llﬂil-. During the ccurse of analysis of triple cerbomates, it was
obasrved that the geometrical method of metrix effect correction by
concentzetion triangle technique of Taylor ot al!) is not applicsble in
ouch- systems. The method and ths approach has been modified, so that
they work resscvably well with such & temaiy system.

D%

' & systenatic stuly of the merits and limitations of tho modified
spprosoli t0 vivicus other fomq and pasudc termery systems is in
W‘Ics

1 - Saylor ot al, Anal.Chem. 33, 1699-1706 (1961)

0. Mtscna! mrom‘.u-mmmund Caloium
A Sulphete
(R.M. Agrawsl and P.P, Khaoms)

\

Using the procedure similar ¥o the determination of Dy end Pa in
CaB0, reperted nru-rm sn JEP method has beem developed fer the
detexmination of. ou-!.un in. thernoluminiseent grede 0aB0, (0e) in the ocm-
sentretien:renge: <005% - 2%,

1. "BARC Beport Wo.BARO-684 (1973), p.43.



11. Amalysis of As and Zn in High Purity Tin Oxide by an IRF Method
(R.M. Dixit and B.K. Kapoor)

As and Zn in high purity tin oxide have been determined in the
range of 10 - 1000 ppa by an XRF method.

™n oxide sample is pressed in the form of & double layer pellet
with 50% boric acid as & binder. 500 mg of tin oride was found adequate

to give adequate thickness and gptimum peak to bhackground matio.

Both As and Zn ocan be estimated upto 10 ppm in Fb free tin oxide.

The average precision and acouracy of the method is within + 15%.

A correction procedure for determining ersenic in tin oxide even

in the presence of 200 - 500 ppm of Pb has also been worked out.

12. Direct XEF Determination of Individual Rare Earths in !hoa

(R.M. Agraml end P.P. Khanna)

The XRF method for the determinatiom of individual rare-earths in
U3°B reparted -ruor“) has heen extended for the determination of trasoce
rare-eszths L3 mz also. Range of determination is .005% - 1%.

1. BABO Report No. BARC-G84 (1973), p.43.
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13, IRF Deteraination of tThe Platinum Ontent ef Chlersnlatinic
Acid Belution

(R.M. Agrawsl and 5.X. Malhetra)

Acourate determinstion of platinum comtent of ehloroplatinie
asid solukion 18 required im order to assocss the suitabllily of the
latter in the sleotroplating baths and alse for svaluating the cest.
Seell emount sf the soclutiocn could anly usually be spared fer such
analyses. Btendard solutiom-diluticn method of Rose ot al'') has been
nodificd and used for this mmalysis using standard _phtinun selutions
for addition sud standardisstiocn.

1. Harry J. Rose et al., Advan. in X-Bay Amel. 11, p.25, (Plemm
Tress, 1968).

“4. Analysis of Geges by IECF
(?.B. Saransthan, M.J. Xamat snd 7.8. Sugkndhi)

Vork on the XBOF study of treces of nitregem iz argen has been
initiated. A glass chamber has beosn Tabricated with nylar o aluminium
window for X-1ay uon;tm and quarts window for the study of the
um;tm optical fluerescencs. Further improvemsuts are phmnd with
the cxparienes acguired so far with this chamdber.
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I(c) INFRARED AND BAMAN SPECTROSCORY
1. Determination of Water in Organic Solvents by Infrarsd
Spectrophiotometry.

(Y.A. Sarma and V.B. Kartha)

The pregence of water and itse influsnce on the properties and
reaction of organic compounds mekes its quantitative determination
necespary to the snslyst. Of gpecific analytical importence is the need
to determine the water content of organic liquids like methanol, acetme,
carbon tetrachloride and n-propyl amine etc. A method has been standardised
for the analysis of trace smounts of water in these liquida. Using quarts
cells of 1 mm path length and the fundamental O-H absorption frequsncy at
3450 cm™ ', a detection limit of 100 ppm has been reached in the case of
n-propyl amine. The major problem in achieving lower detection limite in
this case arises from the possibility of emse of contamination at such low
concentrations. Special precautions have to be taken to reduce cmtamination%
and further work is in progress in extemding this method to the other liquidn?

ag well as to reduce the detection limit.

2. Infrared Ron-dispersive lsotopic ger
(V.B. Zartha, N.D. Patel and P.K.S. Prakasa Bao)

Though the use of non-dispersive infrared analysis for process
control, pollution detection, gas snalysis etc. is well-lmown, it has
never been recognised that the technique ecould be vexry edvantagscualy used

for isotoplc amnlysis by infrered methods. Ve have recently designed a
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system for the analyses of isotopic molecules by this method. The tech-
“lue depends on the uase of pneumaiic detectors filled with tne gas under

‘~vestigation, these detectors responding to a chopped source of radiaticn.

Depending upon the abmorption of the gas iun the detector, the detector can

be made sensitive to any required isotopic component. So far the design

of such pbcetic detectors hnev.boep smpirical and involved & lot of

trial and error mothods. ¥We have writtem a detailed computer programme

te optiminge the design of such detectors for any snalytical requirement.

The program camputes the wvariocus paremsters of the detector which will give

a maximm respase. Oce such calculation is illustrated in Fig.3, where

the respomse is plotted as a funotion of presswre of the gas in the detector.

A suitable instrument has been designed and 1s being fabrioca ted

for analysis of 1OB - 1‘IB mixtures.

3. Boron Isotopic Amalysis in Boric Aeid
(V.A. Job, V.B. Kartha end S.B. Eartha)

An infrared method is being developed for the analysis of boron
igotopeas in buric acid. Conventional infrared specira of the solid is
not very helpful in this case because in the borie acid =0lid the isctopic
bands overlap due to various broadening influences. Raman spectra tech-
nique: also is not ‘useful for isotopic analysis in this case; ainoe the
vibrational modes involving sufficient isotope shift do not appear or

appear only weak, in the Ramsn spectrum. The broadening effects in the
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solid could be reduced very much by incorporating the sample in a matrix,
vhan at vary low concentrutions sharp abzorption psaks are usuvally
oh-omd,(ﬂ especially in alksli halide matrices involving the heavier
ions. Speotra cbtained with ppa quantities of boric acid in KI show
isotope pesks which could be used for analysis. The effect of dilution
on the 1500 ca ' band is show in Mg.4 from which 1t is obvious that at
suitable dilutions the two pesks of 'UB snd ''B baric scid could be
identified. The standardisetion of a method for 10B snalysis besed on

these studies is under progress.

(1) V.B. Karthe, Proc.Nucl.Phys. & Solid State Phys.Svmp. 140, 375 (1972).



1(a) ABALYSIS OF GASES IN MHEPALY

1. Determination of Oxygen end Nitrogen in Argom
(P.X. Wahi and §.8. Biswas)

Argon is widely used as an inert medium in industry for widing.
The presence af trace amocunts of oxygen in argon has deteriorating effaocts
on the quality of the weld, particularly for aluminivm and itz allays. In
laboratory an inert medium mmy be needed for carrying out certain experi-
ments. Argon is the only inert gas being produced in bulk indigenocusly.
The gas has t0 be analysed for its oxygen and nitrogm contents, which are
the most likely impuritien.

The development of a sensitive F =reay icaisation detector of basglc
Sehin and Lipsxy design (Pig.5) by us has prompted us to take up this
development wark. A 3 ft. long and 4" O.D. copper tubing filled with 5A
linde's molecular sieve and maintained at 60°C served ss a colum. About
3 ml of sanple is fed imto thie column with the help of the sampling valve
described below. At a flow réto of 60 co/min. oxygen and nitrogen are

eluted after 75 and 133 seo. Mmapectively.

The gas chromatogrephic method developed is quick, simple and
sensitive. The standard curves obtaimed are shown in Pig.6 snd were dresm
for the present sssuming sir to be comsieting of cmly D2 and '2 in the
saxple ratio of 114. Microlitzes of air were injectsd into the wmowmm

chambex 211123 with argon et FTP. The intemal volume of the vacumun
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chasber is 5i0 ml. The day-to~dey variation in the sensitiviiy is negli-
givle. However, curves drawn using differant carrier gas oylinders (emly
of high purity Indian Oxygen maks) show a change in sensitivity towards
oxygen of =uout 10%, whereas the change in the nitrogen sensitivity ia
somewhat large. This is attributed to the chenge in the nitrogen contemt

of differet ‘oylindoro. The detection limites are 5 and 10 ppa for oxygen

and nitrogem respectively.

Gas sampling valve: A six point piston~type gas sampling valve
(#4g.7) was depigned, fabricated and inforporsted intec the gas sualyser.
The valve is working satiefactorily. The neoprene '0'-rings used are

to be replaced periodically owing to the wear and tear.
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II. ATOMIC, MOLECULAR AND SOLID BTATE SPECTROSCOPY

11{a) RYPERFINE STRUCTURE AND ISCPOPR SHIJ? STUDIES IN ATOMIC SPECTRA

. Isotope Shift Studies in Neodymium Spectrs
(8.A. Abmad eud G.D. Saksena)

lgotope shift measuremsnts in spectra of Hd with a view to obtain
informations about the canfigurations involved in the pariiculer transi-
tio wes initiated by Reo et a{) were av (142-144) was investigated in
51 1ines between the region 5200 - 5900 1 and almost e11 of them belong-
ing to N4 I spectre. Ahmad xad Slkam(z) studie” leotope ehiftes a M {142-144)
in 306 lines of N4 I end K4 1L which resulted ir assignmert of the lactope
shift to various energy levels of N4 I and Nd II, end eleo configuretions
were suggested for various energy levels.

The present study is the oontinuation of the earlier work
mentionsd above. The isotcpe shifts have been reocorded in 295 lines of
a4 I end Hd II between 47:0 - 5200 . Isctope shift date on earlier

measurements are available only for 27 lines.

-

The abar'o :lnvs"nusstioq wag garried out on the Recording MPebry-
Perot Speotromster (mi*os) aesoribed ohmoro(’). The source was a
liquid-air-cooled hollow csthoie smploging current batween 16 mA and 32 mb,
the carrier gas being Me at 2.5 mm of Hg. The grating employed is &
15,000 1pi ove, ruled over 107 x 4" aresa and hlased for 1.6 u. The
Fabry-Perot plates wers A/100 and costed for maximum refleotivity at
5000 £. Spacers of 10w (s = 501.48 k) and 12 mm ( ac = 415,73 mk)



-5
were ussd. All the lines wers recorded with entrance and exit alits of
100 u width for monochrometor recerding and the stme slit widths were

us for recording. the structuré through Pabry-Perot interferomster.

The isotopic ztruoctures in the linas wer¢ reccrded firgt with
natursl samples of Nd which consists of seven stable isotopes, A = 142,
143, 144, 145, 146, 148 snd 150. All the linee were investigated with a
single isotope Nd (A = 144) with 94.4% purity. This was done in order to
eatablish whether the lines in question were eingle lines or more than
one line. This helped in great way fur mnalysis < the structure recorded
with naturel samples. Iines showing small isotope Qlitt- ware rocorded

with 28 mn spacer and enriched isctopes, W2he (96.2%) end Wyea (94.4%).

The informetion deduced from the probut stuly are briefly
rsported below. Throughout the &iscussion isotope shift gtands for
a v (142-144). | |

1. Although en utemin« classification & ¥d lines have been
carried out by !yart“).thoro are still a good mumber of unglassified
lines and only the wavelengths have besn studied. The prerent study pro-
vides isotope ehift nv (142-144) in 43 such wmclsceified 1ines. A good
ousber of them my be due to trensition £3 dzp - ts dla as they show large
values of isotcpe shifts. A few of them could be classified taking the
ensrgy levels of Blaise et d(s) and supplemmnted by our meesuremsnt of
iesotopa shifts.

2. Tootope shifis have been measured in 109 oclassified lines of
Nd I. The classification is due to 'ym“)- The magnitule of isotope
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shift varies between +4C %o =110 mk. Most oy the lines show large value
~f isctope shift ghowing that in this region most of the Lrensitions are

aither of the t‘d - 1,4'2 oxr f’dzp - t’dnz type.

An interesting result has been obtainsd from the messurement of
isotope shifte in the transition r‘.p - f‘lz in K¢ I. 4As could be seen
in Table I the 51( (J=5,6, 7,8, 9) terms of t‘-p show an iasotope shift

of =25 mk with respect to the :E‘la configuration whereas 5I terms of

f‘sp configuretion shew isotope shift of ~ -10 mic with reapect to the
f‘lz asanfiguration.
able 1
1soraee SEIPY PGB £4sp - £*s” TRANSITION TNVOLVING K AND °1 TERNS
-1 (142-144) 1073 on"
Energy levels in cm avelength Present work Barlier work
(Re£.5)
°kg 20300.8 °1,0.0 4924.5152 - 31.6 - 317
kg 21543.3 11128, " 4896.9201 - 21.2 - 22.4
K3 22761.4 -21.2366.6 4901.8385 - 29.8
X3 24212.4 -P1,3681.7 4894.0536 - 21,5
Ky 25518.7 ~>1,5048.6 4863.8098 - 35,5 - 38.8
®1p 20360.6 =’1, 0.0 4310.0576 - 10
S RN 5198,0537 - 10.2
®12 21005.4 -1, 0.0 AT59.3412 0

" -5151123.1 5029. 4394 0
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3, There are aaly 24 lines which have been classified anm Nd II
and for which the isotope shift hava been measured in the present study.
Th. 20tope shift ay (142-144) in 5165.1261 £ 1e + 73.5 sk which 1s the
bi; st poeitive ahift reported for any of the Nd II lines. Thie ahows
that the level 24842.9 om ! is & £7ds ievel. This being £230 - %4 tren-

gition givem the isctope ahift of the level t}da 24842.9 am + T73.5 uk.

4. There are 33 new transitions which are not reported enywhexre
and heve baen found for the firast time. They appear along with other 33
lines which are reported earlier and the wavelength separation with 1“ld
for most of the trensitions are of the order of 0.028 £ which could be
repolved in this case because of uss of single isotope, photoeleotric
recording of sigpals and use of liguid-air-cuoled hollow cathodes. The
isotope shift in these lines have been measured using the "source exchange
technique" with WBa (96%) and '*4¥a (96%) in separate hollow cathodes.
An example of this technique is given in Fig.8. The isotope shift veluss

of these transi%ioms will be helpful in their elassifications.

%. The presest atudy has provided isotope shifts for 109 energy
levels of Nd I and also electronie configuration assignment has been mede
for many of these levels. Similarly isctope shift velues for 19 energy

levels of Nd IT bap been deduced and the configursticon sesigoments made.

Heferences

1. Bao, P.R., and Gluck, G., Proc. Roy. Soc.A 277 (1964), 540

2, Ahmad, S.A., and Saksena, G.D., (Under publication; also Annusl
Progress Report, Spectroscopy Divisiom, 1972-73, p.57).
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3. Mm| G-Da. and w' Bl‘-' m-290 (‘*7)0
4. Wyart, J.F., Thesis, University of Paris (1968).

5. Huailae, J., Cherillard, {.y Yerges, Jd., and m' J-’u'
Speotrochemioca Acta, 25B (1970), 333-381.

2. Isctope Shift Studies in Gadolinijum Specira
(S.A. Ahmad, A. Venugopalan and G.D. Sakeena)

Isotope shift in four lines in G4 I spectrum were reported by
Oinkenverg' V). Brix ot a1¢23) gtudied 1sotope shifte in large mmber

of lines of Gd I and G4 II spectre and evaluated the shirfts in Some

olectronie canfigurations of 6d. Kopfersemn et al'®) investigated tne
ieotope shifts in nine lines of G4 I between 5015 - 5617 £ and ten lines
between 4092 - 4401 2 using samples enriched in all the even isotopes of
.

The present work was undsrteken to make a more detailed study

16054, The isotope shift (IS)

of isotope ehifts invelving 2°Ga and
av (160 - 156) measurements have bewa oarried cut in 130 lines in G4 I
and Gd II spectre between 3930 - 4140 £. Isotope shift dats on earlier
Reasurensnts are uvaiubl_e only for nive lines in thie region. Many of
them have been clessified by Bussel'®) and ty Van Kieef ot a1(®). However,
with the help of enexrgy levels listing of Blaise et d.(") and tiie present
isotope shift measurements, it was possible to olsesify a mmber of

additional lines in the spectra of G4 I and G4 Il.
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The sbove m-mpugu wess sarried aut on the Recording
Fabyy«Perot Spectrometer described mmn(’) o The exporinental
- details are the ssue s givan there except that the hbu-@nvot platen
were scated for maxjmm nnoo\xuw at "ﬁ £. A 1017 ntxture of
054 (95.5%) ‘ena %04 (93.6%) with a 12 mm (o = 41573 aX) specer was
used for rooording I8 in el the lines. Whenever mors than two companents
(eme each due! %0 160 a2 156 uotm-) appeared in the nmtm of the
1imo (see P1gi9) 1% ws recorded with a single isctope '*%ga (95.5%) and
with 10 m (56 = 501,48 #K) and 12 = wpeosrs. Lines showing emll I8
were mtd with 28 ma spacer.
_ Frem ¥he present study, it bas beem possible 10 deducs the

Zollowing informstisms.

. I8 hag been suggested that the variation in isotope shifs (18)

© (160-156) valuss 1p differwt terse of £76% coafiguratim, i.e.,

n(: =1 2) 3y 4 % 6, 7) terms are @0 10 oon?igumiion sixing with
we Ip(s = 2, s.'- 4y 5,-6) terss of £'dsp cmfiguresicn, as there are
varisticss in I3 values of 99(7 = 2, 3, 4 5) Serme alse. They Lot
ooubine with the cosmen t u ecndigureticn.

t’a-’wwnmmn:;m:omu; eparted by Maise
nu"’mu-maum.umommmmmm. o
msuuamr't- £4s* tzemaiticn showe Wat there 10 & Jarge sorem-
mm::mammmunmm.uummamuu
« ' 1.a.munuutomm¢1.smumw

fa Ba IX.
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3. This is the first study which reports negative I8 values in
case of Gd. The negative shifte are expected only in case of Gd 11 lines
sua usually they are very weak in intemsity in hollow cathods spsctre.
.. with REFPOS it was possible to record IS in these weak lines. The
highest negative shift i1p of the order of -70 mKk for 16006 and 1566& for
£%p - £% trensition.

4. The usefulness of I8 in deciding ;bmt the cmfiguretion ias

evident from the data in Table I, which gives the isotgpe shifts in the

anergy levels which all cosbine with 1’7402 canfiguration. As can be seen,

the suggestion of Ruuol(S) that thess energy levels fora s multiplet

originating from t7dsp configuration is erronecus as ¢oly two energy levels

32020.38 c-.m"<l and 31847.51 cn-1 show large emough isotope shift $o be t7dlp.

1 1

The energy levels 31999.02 ca ', 32149.55 em ! and 32251.80 cm ' show

sindlar isotcpe shift and the g-values ag reported by Elalps ot .1(7) bas

made us to cuggest that they are ’p ’ 5!2 and 5P1 torms reapectively smd

3
they originetec from f7dsp canfigustion.
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Tabls 1

Energy levels Ruslcl(S) Blaige et 51(7) . Prepent studies
( en-1\ Term and configu- Perm and configu- oba- %tir tmqgg;;zgz); Suggested term and
' ration. ration. 7 2 canfiguration
to :E_gs )-
3179480 £7asp L - Je=6 1.485  + 106.9 ak £ dep confirmed
32020.38 " 735 54 735 1540  + 1272.3 fas ¢
]
31847.51 n s, o TR X 1,500  + 128.7 " " -
31999.32 " "2, - J=3 15T +109.7  flasp OB(g,, 1.666) y
‘ ° 149.79¢
7 5 )
32149.%5 " P - J =2 1.700 + 108.6 » “p( 1.833)
2 26w, 102.18% ca”!
1 5
n - 2. - ”
322%1.80 ?, J w1 2.230 + 102.3 P1(ath_2.500)
32341.16 " Tp - J=0 - + 99 LI
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11(b)  SPECTRA OF RARE RARTH IONS IN CHEYSTALS

1. Spectroscopic Studies on Trihydrated Neodymium Trichloromcetate

(R.0. Naik end K.H. Ayyar)

Previous spectroscopic atudica(” oarried out i our leboretory
on ihe rare sarth trichloroacetates 0f Eu, Th, Pr and ¥4 have sbhown that
there exists a new phase for theae ocomplexes with two molecules of water
of hydration, which was not known previcusly. Por identifying the
Aifferent states of hydrestion, selected groups of asbzorption and fluore-
scence gpectra of the particular complex were used. In case of Bu~
+richlorcecetate, however, a deteiled study of the absorption and fluore-~
scence spectra were made which showed theat the mite aymmetry arcund the
rare earth ion in Eja—tricbloroaeotata is very low and is likely to be
02 or C'.

As an extension of these studies, & detailed investigation of
the trihydrated phase of the Nd-irichlorcacetats was undertaken. The
abgorption spectrum of this compiex cGisists of groups of sharp lines
ex. nling from near infrered to ultraviolet region t:lil ligand absorption
ssts in below 2800 £. The groups of sharp iine spectra, ss is well-imown,
arise due to forbidden transitions between the emergy levels of the 4!3
cmfiguration of Ha°' lon. 4 detailed study of the absorption spectre

of Ha>'

in Na-trichloroacetste can net cmly telli about the aymmetry and
strength of the erystal fisld about the rare earth ion but can also give

information regarding the apin~-orbit ocourling, degres of co-valency,
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asphelauxetic effect etc. in the complex under study. Establishing the
energy levels of the rare sarth ion vis, N&°', from the sbsorption

Jpesctra is the first step in such studies.

Absorption spectra were recorded at 77°K betvesn 4000 - 5000 %
using a Steinheil spectrogreph with medium optics and also a Jarrel Azh
grating spectrograph with a 15,000 lines/inch grating blased at 4000 £.
Single orystals gromn from an agueocus solution of Nd-irichloroacetates,
and sealed in a vycor tubing with a few om of helium were used for all
absorption studies. ZThe various absorpiion groups obsexrved between
4000 -~ 9000 R have been assigned to different electronic transitions of
3+ n

the N& an. In order %0 locate the higher Stark leveis &f the ground

state, & knowledge of waich im quite essentiml for locating the Stark levels
of the excited states from the absorption spectral studies, spactra were
recorded by varying the temperature of the sample bstween liquid nitrogen
and room temperature. The most unambiguous information regarding the ground
state splitting came from the transition 21’,} —>419 /o> In this case, the
excited 21>* state with J = + } does not split under a crystal field and
therefore consists of a single level. Hence the additional lines which
appeared at higher temperature could be assigned to higher Stark levels of
the ground siate, vis, ‘19 /2" Analypis of the full abscorption spectrum to
establish the Sturk fine structure of individual J levels of Na ' im
la(cc13000)3.3n20 and the calculation of the Slater parameters, F,, 7,
1‘6 and the spin-orbit coupling comatent 4s in progresas.

1. R.C. Naik and K.H. Ayyar, Annml Progress Report 1972-73 (BARC-684),
Spectrosoopy Division, p.62-65.
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11(0) SCIL.ID STATE SPECTEA - LUMINESCENOB

1. The Design of & Vasuum Ultreviolet Monochromator
(7. Ramamurty)

For the study of optieal propertiss of solids below 1850 &, one
needs & wvacuum ultraviclet monochromstor. We have designed in instrument
with low dispersio which cen be used for low resolution studies. The
dotails of this instrument and considerations on which mechanical parts
are laid out are given below.

The mounting chosen i Richardsan Tousey type. In this the
emtrance and .ﬂ.lt-llitl are fixed on the Rowland circle and the greting
noves ou the Bowlend eircle. The sngle of emergence of the diffreacted

besn at the exit #lit therefore cherges with wavelength.

Pig. 0shows the optical layout of ikhe instrument. The culiine of
various mechanicel paris are also shown in the figurs. The grating is
fized at the end of &an arm with provision for adjusimenis of the plane of
the grating. The arm is fixed o the main flenge and provided with
bearings. Scanning is done by rotating the arm about the centre of the
Bowland eircle by pushing it by & wedge.. The wedge ridea on a screw roteted
by & motor from outside the vacwum chember. The vacuum in the chember
during scanning is maintained by O-ring seals. The instrument is focussed
when entrmoe snd exit slits and the centre of the grating all lie on the
Rowland circle. To achieve this, provision ie msde for moving the entrance
and exit slits elong the central optical lipe (as defined below) without

disturbing the vacuum by mounting the slits on telescopic tubing with
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O-ring sealo.

Bince the grating moves along ﬁt Rowlsnd circle, the intensity
¢ radistion falling on tF grating chsnges with wavelength. The rende
for which the Jnstrument is normally used is 500 o0 2300 R. The intensity
of 11lumination is meximised in the present cape for an intermediate wave-
length of 1145 . Tho intemsity of radistion emerging from the discharge
tubs will be maximun along the axis of the discharge tube. When the gruting
15 set for 1145 &, the central incident ray and the exis of the discharge
tube (and hence the mxes of the telescopic zlit holders) are coincident.
The principal ray in this posiiion of the grating defines the owntral opti-
cal lins menticned sbove. The telesocpic slit holders are therefore nos

pleaced symmetrically with respect to the main flmage.

Iet be the angle of rotation of the grating arym as show in the

figure. The engle of incidence (1) and diffrection ( ®) in the serc crder

are 10°.

14 9= 20°, 1.10--%-, 9"10""%'

-The grating oquetion in Dixet order it

Ae d(eini+ainp)

= 24 ain-i—%wg 00:%2-'

v 24 ein & Cos 10

£
2

-t ting with 600 1/m
2 (.98481) Tog s:ln..%..m for a greting

32827 sin -%»‘5 wiite



52

A® “» expression gives the output wavelength as a funetion of retatiom
0" "ugle of grating an the Rowland oircle. The valuss of the autput
wavelength for 4° and 8° rotaticn of the grating are 1145 X ana 2290 &
reapaoctively.

The omtrsl optical 1line, therefore, sorresponda to a xolatio of
the grating by four degrees frox the xero order. In thia poaitiocn the
inclination of the axes of the telescopio tubings oarrying the entrance
and exit alits are 12° and 8° respectively to the tuhe axis (axis porpen-
dicular to the main flenge). The redius of the Rowland circle is 20.03 cm.

and the reciprocal linear dispsrsion at the exit slit is 41 X/n.

The aysten is designed for wae with a windowless discharge tube.
The liquid nitrogen trep diffusion pump; valve, ste. are mcusted on the
main chamber. All these can be pushed on ralls to have access to the

grating mount, arm, drive, carriage for cieaning, alignment, etc.



11(a). ELECTRONID SPECTBA AND SPRUCTURE OF FREE RATECALS
AND SIMPLE MOLECULES

1. Reinvestigation cf the Band Syetems of ES
(T.X. Balapubramenisn and N.A. Naresimhem)

In continubtion of the reinvestigation of the vy and the /5 ~3yatens
of the N5'1) (waich was taken up in order o resalve the discrepancy bei-
ween microwave end optical spectroscopic dete) end snalysie of the O-1 band
of the v -gyetem has been completed. A close examination of the 0-0 band
revealed & breaking off of the Q" and P22 branches suggeating thet rota-
tional levels with F, (§ ) 56) end ¥, (¥ ) 67) belanging to the v = 0 level
of the initial 2 gtate are prodissociated. Although the O-1 band is much
gtronger then the 0-0; iits analysis could net provide sny confirmtory
evidence on the predissociation, as t9e '"lest lines", crucisl for the con-
firmation, were basdly overlepped. It is proposed. to take up the enalysis
of the mch wéaker 0-2 band. The predissociatiom provides & useful upper

1imit of De { 46204 om ! for the aissociatim energy of NS.

The anslysis of the 0-0 band of the B -gystem has now been completed
end revised rotational qonstentm fur ¢he initial 2A gtate have been derived.
Both F, end B, rotstional terms of the v = 0 level of the 25 state seem o
be perturbed,; the 1‘2 terms rather severely, for J values below 33.5 and
hence conld not be described by the usual 2 a formilee. For J > 33.5; how-
ever, the perturbation apparencly ceases and both ?1 and E2 could be fitted
+0 the appropriate Formulos. The velue of Bo 0969642 o™ thue derived

- 2
differs significently from the val.e 0.6925 om i reported by Barrow e¥ al( )a



Almo, the present analysis has, for the first time, enabled a quantitative
¢« .uation of the coupling cometant ‘o of the 2A state. It is proposed to
& 'y tho other banie of the system which might provide further olues in

the analysis of the perturbation.

(1) 7.K. Balasubremanien and N.A. Jaresivham, J.Mol.Spectrosocpy (Accepted
for publication).

(2) R.P. Barrow, G. Irummond and P.B. Zeemen, Proc.Phys.Soc.londem 67A,
365 (1954).

2. . Absorption Spectrum of 082

(C.6. ¥ohajan* and G. Iakshminarayana)

In the vacuum uliraviolet carbon disulphide bas & very strong
absorption band gystem in the 2200-1800 i region followed by & progression of
diffuse bands extending from 1750-1650 i. Another strong sbscrpticn ayastem
1ies in the 1625-1500 & region. Detailed vibrational sualysis of the last
gyatem haj not been done so far. litP the view to iavestigate this aystem
(alwost along the lines Kleeman did om 0S,) we undertook to sosm the OS,

abaorption in the vacuum ultraviolet region (2200-1500 £).

(A) 2200-1800 X System

This strong system, firetly photogrephed by Price and Simpmn(1)
wag shown to cansist of & single progression with a frequency differencs of
419 ca” ! (varies between 390 and 430 en")‘ correspanding teo the exoitation
of the totally symetric stretcning mods, J, which has & value of 658 ox '
in the groum mta, 1:;. Ramagagtyy =ni Bae(z) » besides the stromg progre-

gsion, observed mome weak bhands md'nm.d these bands to & progreesim

* DAE Junier Beseerch Pellow
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involving the transition (v,2,0)* (0,0,0)". Dougles ana Zanmb) phot o~
graphed & part of this gyetem (above 2100 £) e & high dlspersion spectro—
o.wpb (plate factor varied betwesn 0.35 end 0.23 5/mm). They evslysed

ve bands partislly, apd found thet most of the bende sbove 2100 & zere
hot banda corresponding to the excitation of entimymmstric benmding mods,

2
From isotupic studies they established that the molecule is strongly bemt

in the ekcited state and designated it to be a 13 state.

2
Vo observed these banis while scanning the 82 sbsorption gpectra
(for axperimental deteils, please refer "Rydberg Trensitians of B," glven
slsewhere in the Report).

Ve photographed this system at wariocus pressures ani observed that
each strong bend of P and 8 (Price cnd Sixpson) progressicn is always
accompanied by sbouté equally intense band lying on the lomger wavelength

side. In ocur plates bands are cbaerved only upto 47982 on". Probably, the

052 molecules in the absorption cell wers too small to photograph the very
weak bands lying in the regicn 45950 to 4761 ex . On arranging the new
bands we get a progression of frequemoy 392 on ! (varying between 379 and
410 om '), Dand head data of ell the banda obwerved in the present work
together with those of P and 8, Esmansaatyy sud Bao, and Douglas and Zanon
together with their sgaignments are given in Table I. New bands arrsnged in

& progresgiom are given in fable II.

The znew bYands oould rot Se.pbnrud without the appearancs ol the
P and 8 progression ani vice-vorse. %het is both the progressions appesr,
without fail, a@tmemh. In addition, thelr intensitioz are more o



less equal and the mv Wnde are lying o the lenger wavelength side of
the red degreded bands xeperted by P and B, theas new bands, very probadly
s he mb-hﬂ headas foruing a part of the rotaticual strvotwe of the
main progressicn sarrespanding $o the excitation e totally symmeiric

siretching mode "1.

TARIE 1

Presant work  Price & Simpoon  Ramessstry & Ree  Dougles & hmn(')

9 (en V) \)(ol-i) X Yew) \)(o-") I Assigoment
- 45950 00 45952 t 45943.0 8 =
45958.6 8 w}
- E3T0 [ 46368 46371.4 8 T}
- 46790 0 46762 { 46761.5 8 x)
46767.9 8 wf
 46768.0 N ni‘
- 471200 1 ame t 411500 B8 =f
amszr s 1t zh
472074 M —
- 47610 1 47599 47600.2 N vf‘
47962 i 8020 2 47981 ; 419628 8 b
48067 T | 48070.6 B .
48445 48440 L X , 484475 8 —
48417 - - j dodso -
48875 48370 5 48862 -
49279 49230 6 49274 -
49674 - | o
49710 43710 T i 49693 -
50062 - o
50109 -50110 7 ’ 57098 =



=5

PARLE I{Coutd.)

- e

Present work  Price & Sinpscn  Remssastry & Bso  Douglas & Zenon'>)
\)(Oﬂ=1 \3(0;1 1 ‘0(0:‘1 .;,(“"1) I Assigoment
50441 - - -
50478 50480 8 50477 -
50754 q - - -
500840 - - -
50869 - - -
50896 50900 9 50909 -
51221 - - -
51271 51280 10 51285 -
51608 - - -
51709 51720 8 51730 -
51996 - - -
52111 52140 7 - -
52431 - - -
52785 - - -

(8) The bands sre designated as=, T, A, according to value of 1 = k = 0,
132y «sev The superscripts a,b,0,... designated exoitsd otate and ite
subsoripte 0,1,2, ... iz the vibrationsal quantum number

lower state.

8 = Btrovg, M « Medium, W = Weok.

72 of the

Refer to the intensity of a band ocompared with ite closs nsighbours.

TABLE II

V™) INE
48067 410
48477 398
48875 404
49279 395
43674 388
50062 313
50441 399
50840 381
5122t 387
51608 352



{2) 1600 1 Bystea

Another strong system, poosvogisphed by Price and amm(‘) lie0
in _a region 1625-1500 £. Thia system consists of oondenssd greups of
sharp baxds snd each group shows well resolved structurs. The structure of
each group was atiributed to the rotatiomal structure assining that the

molecule vaocmes alightly bent in the exoited state.

We photogrephed thess bands in the counrvemtional way, that is,
keaping an absorption oell ~ 30 ca iong, 2.5 om disneter pyrex tube betweon
the oontimuum source and the spectrogreph. 082 vapour enter into the sbhacr-
ption cell from ita one end and are being oontinuously pumpsd out from the
other and. We photographed theme bdands under different expsrizmemtel ocondis«
tions, uping Xe continuum as the background, on a 3-meter normal incidence

conoave grating vacuum spectrograph. SWR plates wers used.

In addition to the bands reported by Price and Bimpaon, we bave
observed ssty more bandas. It =as cbgerved that with the ixoreass of pre-
ssure, the group of bants at A= 1612 £, 1595 £ 1ook 11xe patches aud the
nuaber 0f bands in each group is inoressed. The groas structure of thlo
gystem indicatea that both the totally symmetric stretching mods, Y, ad
satisymetric bending mode J, are excited im aghsrence to the vibrational
selection rules, vis,

T=0, +1, +2, -foir totally symmetrie
vibratim.
Val, +1, + 2, for antigymmetric

vibration.



A relatively week growp ef bands at 1577 £ having a separatiom of 1620 en” !
from thé min bend st 1595 ) ™ asruned to be correspanding to the anti-
«uasirie sirviching mode, ¥, vhich bas & value e 1532 en”' in the grount
otate. ZTnily speaking, thie is & forbidden transition. This transiticn
ssy be, a3 put forth by Price and Bimpson, explained assuming that the
diesymmstry is induced in the moleculs by the exeitation of BOS to SCB* im

analogous to BCO. This makes the symmstries of both the stretching medes
equival ent.

Aaguming the molecule retains its linearity in the excited ctate
and with the help of Klemsn's*) gromd state aste, we could partiaily
analyse the bands into seguences ¥ = Q, + 2, +icceveo.ss cOrrespanding to
the excitation of bepding mode, -»2'. Though Boltzmann factor prevents such
sequences, the intensity varistions with pressure supporte our analysis.

Only the main diegomal of Dealendres table (i.s. sequence V,= 0) could be
£itted undowbtedly which 1 4n agreement with the Prenck-Condon primiplel>),
viz, V = 0 i the most intense sequence and the imtensity decreases very
repidly with incresse o2 V. vhere Yy io the entisysmtric vibreticnal
guantun pumber.

Band ‘Hnd dats of all the bends md the tentative aspignments of
some of the hﬂn together witkh Price and Sispsch values are given in
E‘bl‘ nte



P=--nt work Prioe and Simpson Assigment
(') )
61734
61860 61865
61910 -
51955 61960
62012 62017
62079 62080
62342 -
62385 - 000 = 010 Pexbiddem
62407 - transibion
42454 - P40-040
62540 62550 030-030
62620 62626 020020
2700 62702 010010

- 62754 '

62774 62774 000-000
63110 - 140040
63204 63204 130-030
2;;*;"2’ l 63267 120020
63360 63360 110=010
63430 63430 100-000
43450 63448
63490 63512
63535 63550
641723 -
64272 - 021-020
64283 -
54324 64324 011=010
64398 64398 001=000
64421 64416
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PARLE I1I (Contd)

i’ruut work

(™)

Frice snd Bimpson
(™)

Asalpment

64445
GATST
64827
64885
64955
64979
65049
65120
65132
65202
£5261
65427
65486

64452

111=010
101-000

The exoited atete vidrationsl oonstants derived froam our snalysis,

togotaer with their sorresponding values in the ground state are listed in

Table 1V.

TAELE IV

Exsited state

v, = 656 on)

'2 » 324 on?

¥s

= 1624 om !

Ground state

657.” “-
396.7 om
1532,5 om
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3. Reinvestigation of Botational Struocture of 0; Bandas

(@.L. Saale)

The 5-3, 6=3, T-2 snd 8-2 bends of the seccnd negative (A 2 w- 211'5)
band ayotem of 0; were photographed under high resolution and dispersion
on & 3.4 metre Ebert grating spectrogreph. These were then analyaed for
their rotaticonel structure. It was found that the spie-orbit coupling con-
stant A of the upper state has negative sign for v' { 5. Howsver, fer v'  §,
A was seen to be positive.

In addition to this, the splittinga of the H-doublets in the upper
state A 2-n"‘l were carefully studied. Earlier workers did not carry out
these invesiigations and hence the spin-splitiing cametant + , which repreasent
the magnetic interaction between N and B was not determined. Recautly,
Albritton et al ( 1973)(‘) subjected the entire high resclution data of
pPrevious worksra t0 & non-linear lessti-squares fit and obtained a ocompliets

set of molecular constante. But eignificantly, ¥ was omitted im their
calculations toc.
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Present investigatime indiocate thet the observed splittings of
the F~foublets oan be xpleined anly if the comstant ¥ 1s introduced.

Valus of shis constsnt has besn determined grephically for all the v' levels
invelved.

(1) D.L. Albritton et al, J.Mol.Spectrose. 4§, 89 (1973).

4. Bare Gas Continuum Sources
(6. Lekshminareyana and C.Q. Mabsjen*)

Po study the abaorption of atome end molscules in the vacuum
ultreviolet, hydrogen emiseion comtimumm (5000-1700 %, Iyman continwum
(7000-300 £) end the Hopfield continuum (1100-600 £) were being commoriy
used in the past as the background. As hydrogen continumx is limited teo
1700 £ (verow 1700 & molecular hydrogen msny line spectrum comes uwp), there
was no continuum source mown except the Lywen continuva of hydrogen iz the
regiam from 1700 £ to 1100 £ 111 wid-fifiien. wnile Iymen contimwum bes
the advantage tbat it =ay be used in any rcgim right from TOOO E domn to
300 2, 1te disadvantages, vis., difficulty to use in the higher arders,
rapid wearing of capillery snd hence its frequsnt replacement, many impurity
exisuion lines and the irregular intemsity distridbuticn, the mest merious
disadvmtage, limit its use as the backgrownd.

In order to hare an eanily exoited ané cleen ocmtinus, Temeim and
otlior.‘“'z) had pmuzmphid the rare gases continue exoited either by &
mdexrowave dimcherge or mildly condenssd izansformer dlecharge and are new
being eemmonly employed for photographing the absorpticn spectre im the
¥ DAE Junior Reseaxch Fellow
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vaowmin ultreviclet regim. The useful ranges of them oamtimma are given

4 .akble I.

PABIB I

Cas Usaful ramge Preasure wed
¢9) __{vore)

He . 1100-600 40

Ar 1500-1100 180

Xr 1800-1250 180

Xe 2000-~1500 180

Vs kave made in our laboratory these rare gas ecntinua sourses ond ure boimg

routinely used to inveatigate the shsorption of various mclecules.

(o) Argon, Xrypton emd Xenon Continua

As a1l these continua have & vary oloss reseblanse with respent 4
their appearsnce, except their renges and asthed of excitation, & eommmn
type of discharge tube is used. The discharge tube, 18 em long eapillery
having a bore of. 2.5 =z provided with two sluminius alectrodes, was well
oleaned lnt. buked thoroughly for six te seven hours. The discharge tube 1s
£11led with & spoo-pure rare gas ttfor pessing through liquid nit=ogem,
allyl slecuol, and dxy ies ooeled trep for argm, kryptom and xenom gao
respectively, to & pressure of ~180 terr. A trensformr 15 k¥, 17 mk, to-
gether with o smell eondemser (0.005 p¥?) wes ussd for the wildly condewed
treasfermar diseharge exeitatimn of these omtimus. A 3-neter normal inoi
dsnes eomtave grating vaswum speotrograyh and Kodsk SWR plotes were used. 40
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photogreph ths ccatinua. Fig.1ichows & photometrioc trmoe of these continus.

As our aim wng limited %0 produce ths variocus éant:lnua tor the
molecular absorption stuiiens we did not go in dstail as to their sppearance

and variation of intensities with respect to pressuro in the discharge tube.

hmh(z) has observed several emisaicn and abmorption bende coming
wp along with these continua. In the cmse of kryptom, !nnm(z) has reported
£ive absorption bande at » = 1247.6 £, 1246.1 £, 1244.8 &, 1243.7 8, 1242.5 £
end one emission band et 1327 £, In our plates the absorption bands, pro-
bably becauise of high pressure we used, are so strong that they marge into
e another to form & continuous ibao_rpttcn paten (1250 ~ 1225 £). Ana
besides the emission bends at A » 132;1 X nﬁortq_q by Tanske, we have cbserved
six more diffuese emission bands lyimg on the lho;'tcr wevelength side of the
krypten rescasnce line A = 1236 2. As thess vands sppear slong with tho
kxypton estimmm culy, the carrier of these bande is assumed tobe keypiom
moleculs. Their band hesd data are given in Zable II.

PABLE 1I
@) (™)
1223.51 81732
1219.03 82032
1207.83 82743
1193.27 8380%
1162.16 §3381
1972. 19 85318

1158.27 86335
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(B) Hopfield Helium Contimuuml>**)

Since no known material trensmits in the helium region (1100=600 1)
wue light mdiation should go direcily on to the grating from the discharge
tube. This cortimmun is moet efficiently producel in a mildly condenased
disocharge through -¢ontinuously flowing highly purified helium gae 2t s
pressure of 40 torr. This requires the running of discharge in a tube thet
s separetod from the specirograph by & series of slits of varying widths.
That ia by sstting up a differential pumping syatea whica facilitates to
maintain the evacuation of the spectrogreph chamber t0 & very low pressure

3

( ~ 1077 torr) while a pressure of 40 torr is muintained in the discharge tube.

¥e have deaigned and fahricated such 8 differectial]l pumping arrenge-
ment and have protogrephed the hulium emission continwm {110-600 i). This
continvum is now being wsed Tor ebsorption spectral inwestigatien in this

region.
Referencei)

1. P.G. 'Hikinem and Y. Tsneia, J.Opt.Soc.dm. 45, 344 (1955)
2. Y. Tenskn, J.0pv.Sec.Am. 45, Ti0 (1955}
3. J.J. Hopfield, Puys.Rev. 35, 1133 (1930); 38, 784 (19%0)

4. Y. Pomaka, A.B. Jursa and P.d. Leflnns, J.0pt.Sac.dm. ﬂg
304 (may 1958).
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5e Rydberg Trancitions of 8

V)

(C.6. Matmjm*, G. Lekshminareyaps and N.A. Neresimham)

The vacuws uliraviolet spectrum of 82 is knowmn to bare three

ragions of absorption bands which belong to 03}:; 13 Z‘; (1)

(1850-1700 &), o°n « e £ (2) Gyatem (1760-1650 £) and E, P « x’z; (3

syaton

)

aystem (1550-1400 R). The firet and the last systems have been shomli o

balong to the firat two zambers of the Rydberg seriaes.

('1183p)2, 31'8' (11831)) (7 op)

were n = 4 for state C

n=5 for states E& P.

With a view to find the higher membere of this Rydberg series wa

have investigated the abeorption spectrum of S, in the 1600-1100 £ Te - .

2
The spectra warse recordsd by using the so-called "after-glow

mothod. A mixture of sulphur vapour end purificd helium or argomm wan

subjected to r~f discharge in a side tube. (The r~f lesads were so adjusted

that the r-f discharge glow did not extend into the main abmorptiom cell
and thie is why it is oalled the "after-glow” method). The diacharge
products from the side tube enter intc the abeorpiion cell end were being
continuouely pumped out. The absorption cell, 50 cm long and 2.5 cm dia.
pyrex tubs wes placed bohtween the spectrograph flusrite window and the

krypton or srgon coatimmm source. Fhae spectrn were reccorded on & J-meter

nermel incidence concave grating wacwum spectrogreph (pla't'e faotor 5.6 g./mﬁ).

+ DAR Jumicr Research Follow

l
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Kodak SWR amd Ilfexd Q2 plates were used.

In the present work, besides ths knows absorption bends of 8, in

2
the vacuun ultreviolet regisn, many new absorpsien bands kave been photo-

grophet 1n the tegien 1500-1380 R. 8, seens o be transpareat 1n the region
-1380-1200 2 as o abscrptim could de observed under various cenditions.
Pnotometrio trace of the B, abecrpiion bands in the 1520-1380 & region te
shown iz the Pigure.12, |

(A) Bydberg meries
cees ('183p)é, x’z; cess (1!'831:), 211‘ + (-nunp)

1) States B & P

E « X and P « X progressions, originslly photograpked by Daovan

ot 01(3)'“1'3 Anterpreted as the two apin wtates of s; core, vis, 20 o’

3/2
and 2"% heving & sepaveticn of 460 cal, ia thess states, 1ike meny

mce:ltoc’i sta%én-a& 02,- (& are epproximating t5 (.nop ) oouplins(s), each
bend should show the doublet structure. Because of the better resclution
smployed in tim presant werk, each _mﬁ could be seen to Love & very elear
doublet structure. In addition e this, eme could sasily seo the degradsiies
exhivited by some of the bundw. Tho bend head et ef these twe pregréssicae

sro given in Tahle X,

Progressten IV kse the imtensity smd vAbretionsl quamta very
similer o izt of progronsies B o= X, She 10,8) bené of e pew progrossic

i not abmwe@.g edeh 4o nat wnezpocted ow %@,@m@ value ip oomengcd frem
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~1 - -
725 om  for growd state, x"’ b3 s to 820 om ! for the excited state armd

bece the mazimm intensity is shifted awsy from the (0,0) band. %the

vend head data are given in Table II. Putting y,, = 69925 e-“, the expeot-
ed positica of (0,0) band together with the stomic date in the Rydberg
formule

B
Vm I.P = m)z where n = §

§ ; quantum defect = 1.67 ()

¥e get a value of 9:.39 eV for the first ionization potential of 82 waich is
in close agreement with the value of 9.36 + 0.02 eV obtained by Berkowits'l)
from the photoimization mass spectromeiry.

Thue from all the above ecnaiderations, this new prgressica is, in

-

all probabjlities, the third member of the Rydke-g series.

(B) Progressions I, II & III

Among the rew bande photogrephed we have tentatively classified
most of the bands intec thres differw. progressiore. The band head dete of
these progreceions are given in Table III. The intenmities, growith and
decay of theae progressions are aimilar o thet of B « X axd F «—X progre-
ssiong of 829 Thue the cerrisr of these progrossicns i3 wigo assumed to be
eulphur mclecule.

In addition to the above four progre..ioms, there are soms Landsg
whi®’. could ot be fittes in cne or the other progressicen. Their wavelength
ar oorrespanding wmvenumber velues are given in the ¥able IV. Further

anelyais 32 thope sexmds iz in progrens.



E«IX PIX
1"

purt
Aing Vem A6i°.1

v v Al yvea! AGi om

0,0 1517.90 65876 1506,38 66280
1515.60 65980 1504.2T 66384

818 827
1,0 1499.77 66676 1490.718 67081
1496.61 66817 1487.274 67237

789 155
2,0 1482.719 67443 1473.83 67850
1478.664 67628 1471.05 67978

188 818
3,0 1466.44 68192 1457.499 68610
1460.83 68454 452,333 68854

T46 780
4,0 1450.889 68923 1441.684 69363
144,773 69215 1435.501 69662

* 4 G{_ values ars calculated aftor taking the msan of the dcublets.
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TABLE II

7,7 Ain & Vom ! 26 1/2 o~
0,0 - -
1,0 1415.359 70653
1411.693 70836
787
2,0 1400.283 T1414
1395.689 71649
788
390 1385.60 72170
1379.90 72468

® A 01/2 values are caicvlated after taking the
nead of the doublete.



Sjo, o
Loee

A

Progression 1 Progression IT Pregression Il
vie"! A f vor ! a6y e | Adn § yem | a 6 en™™| Ain R Yin em” 8.6y St
a,0 1502.935 66535 1456.221 68670 1460.1130 68487

1500, 397 66649 1453. 777 68786 1457.499 68610

538 740 659
1,0 1488.38 67186 1440.334 69428 1446.834 69116
1486, 44 67274 1438.668 69508 1443.023 69298

627 695 | 643
2,0 1474.44 67822 1426.T41 70082 1433.307 69768
1472.909 67892 1423.725 70238 1429.946 69932

630
3:0 1420.614 TO392
1417.059 70568

603
4,0 1408.693 70987
1404 .893 T1179

*a G‘i‘ values are calculated after teking the mean of doublets.

oty mo—

_VL_
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1520.T73
1504.272
1498.328
1497.495
1482.330
1464.832
1464.110
1462.439
1428.669
1406.7682
1402.693
1401.283
1394.505
1391.060

=75~
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6. Flach Photolysls of Msthyl Pormate
(S.L.¥.6. Erishnamchari)

In continuation of the work o the flash p! 7talysis of msthyl
formate, d-methyl formate and methyl rormt%-g.j s the flash phoﬁol.ynl of
fully deuterated methyl formate (moocn3) has been completed. From
these studie; it is found that the methoxyl radicals (0350) formed during
the photodecomposition of the parent molecule are abeut four times a2

afficient ap the formyl raedicals (HCO) in prodwoing formaldehyde.
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7. Mercury Sml:l.ﬁnd Photodecomposition of Orgenic Compounds
(8.L.K.0. Krishnemacheri)

When hydrogen is photodecomposed in the presence of mercury
vapour, the absarption epectrum of the HgH redicel lying at 4000 2 ecould
be geen. The HgH, evidently, has been formed as & result of the rsaction
of the excited maroury atom in the 3? lave]l with hydrogen moleculs 2ni
the decomposition of the hydrogen moleculs hag taitem plase through the
senaitinsd photodecomposition. Experiments ere under way to determine
the lifetime of these esxocited mercury stoms and alsc to sxaming the
pospibility of utilieing the technique of amsnaeitised photodecomposition

to other orgenic molecules and obaervs the spectra of transient species.

8.

from Rotatimal Cmstanta. S-Ietm;g 'Y

(Vehs Job)

The somplete structure of a polyetosic molocule oan b determined
from 3§-6 independent parmeters where N is tha mmber of atoms in the
molacule. Vhen the molocule has some symutry and if fha symmatry gm‘:up
of the moleculs is known from other considerations, the number of para-
meters to bs determined reduces to the number of totally syumetric vibre-
ticpal modes. BEven this number i ususlly much laxger than the number of
independent rotationsl constenis.

4 complete ]derimti@m of the structure is pessible if we heve the

experimental detn on sufficient numbsr ef isotepic cpocies of the molecule.
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We have written a computer progream for the determination of the structure
of a mlecuh by & leaat squares i3 of the rotationsl constants of
warious isotopic species. The rotational ccnatants ocan be given as sny
nombination of I,, In, L,y Ay B, O, B and K. The rrogrem was used for
the determination of the structure of m~tatraszine in the grourmd 113 etats

and excited 1B state.
a

The structure of s-tetrazine was derived by Merer and Imea(”

from the B values of six isotopic species of tetresine, 1.s., tetramine-h

15 15 15

da, hd, H2 h2, !2 d2 and ll2 bd, with certsin approximtims. Since then

2'

more accurate vmlues of the rotatiocnal constants of totmsim-hz have bean

reported by Innes et 51(2). Wo have trisd to refine the structure by incer-

porating the new data in our least squares program and without using the

approximetions adopted by Merer and Innes.

It wes found that a unique structure cemnot be deturmined from B
values aloms. In order to determine a unigue ptructure fho K-value or
peparate values for two of the three rotational coustants have t¢ be given
for atleast one of the isotopic species. The structurea which give the

best f£it with the observed comstants are given beloil

1 1.

e By
r~CH 11152  1.056 %
r=-CN 1.330 1.387
TN 1.341 1.228
NOX 126.0° t17.1°

1. A.5. Merer and K.K. Tmes, Proo.Roy.Soe. A302, 271 (1963).
2. Innes et al, J.Weol.Speotry. 40, 17T (197T1)s 43, 477 (1972).
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9. Construction of & Renoseocond Flash Fhotolysie Unit
(8.L.¥.¢. Krishnamacheri)

The introduction of lasers in the flash photolysis techmique
extends the resolvable tims from the microsecond to the nanosecond rangs.
For this purpose, a lasar whose radietion is in the ultrn,ﬂolat region
is required to bring ebout the initial photodecomposition end another
lager which serves as & source of continucus rediation and the sppro-
priate deley machanism are also required. Frequency doubling of tke
ruby lassr radiation or a pulsed nitrogon laser which gives mdistion
in the ultraviolet region would sexve as & convenient source for
initiating the photodecompowition. The design of this 3¢t up is complet-

¢d and Sho regquired compoments are being procured.



11(e). YIBRARIONAL SPECTRA AND MOISCULAR STHUCTURE

1. Calculation of Centrifiyml Distortion Comstants of
large Molacuies
(R. D'Cunba)

A compuser progrem has bsen written for the evaluation of the
rentrifugal distortion constanta of subsiituted bensenes. Using the

(1)

foroe constants obtaimod by Long and Steele’ ‘', the centrifugsl distor-
tion camstants for pentafluorobenzene (06153) have been calculated and

compared with those obteined from the microwave spectrum.

It wes found that cemtrifugsl distortion constants were not

vary sensitivz to changea i the force constants.

1. D.A. Long end D. Steele, Spectrochim.Acta 19, 1947 (1953).

2. Hormal Coordimate Analyais of 033 SeCl and 0!'3 BeCX

(N.D. Patel apd P.K. Wehi)

A normal coordinsis enalysis is baing made for the molecules
CF,SeCl, CF,SeBr sud CF,Se0N. Recently, ane of us (P.K. vat ){1) pas
obtained infrared spectra of these molecules in gaseocus ptate and Baman
gpectra in liquid state for ihese compounds. The kinetic emergy matricaes
for thess molecules have heen computed using GMAT computer programms. A
liodified Valence Force Field is proposed to be utllized for the cal culation

and the initial set of force constants are transferred from the triflaoro-



methyl compound, such as P (013)3 and some selenium halidse.

3. Vibraticnal Spectre and Norma] Coorfinate Anelysis
of A-Methyl amd 5-Methyl imidines

(T.A. Barmn)

Berlier, we bave assigned the fundaments)l frequencies of pyri-
midine, pyrimidine-d 4 and 2-chloropyrimidine, by doing 8 normal coordinate
annlyo:l.l“). To test the wniquenesza of the set of potential energy com-
stants thus obtained, we are extending these astudiea to 4-methyl and
5-methyl pyrimidines for which the vibrational spectrs data is available.
The initial results show satisfactory agreement between the observed and

calculated frequancies. Refinement of force canstents is in progr-aase.

1« Y.A. Serza (Spectrochim. Acta — im press).

4. Vibrational Spectra snd Formal Ccordinste Analyamis of
Bensotrifliucride

(Vv.B. Eartha and R. D'Cunha)

In continuation of the stuldy of spectrs of substituted bmcnee“’z),

a detailed study of the infrared and BRemsn apectra of 6655(:!‘5 and 061)501'3

has besn carrisd out. Careful measursments, on purifiel ssmples, of band
contours in the infrared and depclarisetion ratios of Eaman specira have
given unambiguous assignmentz for the 0?3 modes, F - 013 stretching mode
and several in-plame end out-cf-plans bending medes. Hormal coordinate

analyeis imcorporating thepe revised sesignments hes now besp completed and



ahows very good agreement beiween calculated and observed frequencies.

As ‘- the studies with other subatituted bcnznnea(1’2), these quantitative
cal ~~lations have showmn very good correlation between the vibrational
modes of bensene and subatituted bsnzenes. Some of the redundancies over-
looked in calculation by othsr authors(a) have also been included in the

present studies.

1. N.D. Patel, V.B. Kartha and N.A. Narasimham, J.Mol.Spectry. 48,
185~201 (1973).

2. Ibid, pp.202-211 (1973).
1. ¢. Lalaw and B.G. Snyder, Spectrochim. Acta, 2TA, 2073 (1971).

5. Vibratiopnal Spectral Studies o Isotopic Borazines
(6.S. Ghodgaonkar and V.B. Kartha)

As discussed in earlier studiea(1'2’3), the structural informaticm
as well as vibrational spectral data of this important boron ring compoumd
i3 rather incomplete and we have understaken 2 detalled study of the various
isotopic borazines. Borasine end partially deuterated borazines have been
ayathesiged and their infrared spectra have bsen obtained. In oxdexr to get
information on structural paramsters & high resclution spectral study is
rleapned. The expected fine structure in rotationel Reamen gpectre and
vibration-rotation spectra have been oaluul;ted with an assumed lltsh stru-
cture, Ezperimsnial set up for obtaining such high resolution speactra is

Aow being plammed.
1. G.S. Ghodgaamkar end V.B. Eartha, 5.A.R.C.-684, 100, (1973).

2, V.B. Kartha, 8.L.N.G. Erishnemachari and C.R. Subramamiss,
J.MOl-Schtry-, _2_2' 1"9 (1967)0

3. V.B. Kartha and K.A. Harngisham, Interomational Conference om
Speciroacopy, Invised Palks, Bombay, Jawary (1967).
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6. Spectroscopio Studies on Eare BEarth Complexss
(v.B. Kartha and 7.8. Sugundbi)

Previows atudiea(1) on the ppectra of rere earth formstes heve
shova that the C-H frequencies in these formates &rs very senaltive to
their couordimmtion eirength. In order to correlate the two gquantities
nore acourately, a detailed study of the infrered and Raman spectra of
rare sarth formates have been undertaken. Ramen epectre (and aleo laser
induced fluorescence apectm) of several formates have now been obtainsd
on the Spex 1401 Raman Spectrometer using 4416 g excitation of a He-(Cd
lager at 15 MW power. The Raman studles have confirmed the resultas from
infrared date. Purther studies oo the complete interpretetion of the

speotra is being carrisd out.

1. V.B. Earthe and N.V. Thakur, Proc. Chemistry Symp. Vol.II,
165-167 (1972), Aligarh Muslim University, Dec. 21-23 (1972).
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11I(a) DESIGE AXD PAERICATION OF OPRICAL QOMPOMENTS

1. Cazy Principle in Momochramsier Desigm

(M. V.R.X. Marty)

Recently, several authora( 1-5) pointed out the existence of
maltiply d:l.npd-ngd light in existing commsroial momoshromitors of
Oserny-Turner type. Bome of the sarly refersmees to tho multiply dis-
perssd light ray be found in the papers by Stamm and aum(‘) and Iq‘
Alpcrt(7). The reasaa for this hag beer realised io be mminly dus te
the fact that the off-axis amgle of the concave sphericel mirrors ia
net large emough. In very high resolution type of imstruments, the off-
axis angle is invariably kept smll to keep the cmtributien af un-
compesated coms and e¢ther wberrations as low asm poszzitle. In thams
instruments the predlem of muliiply dispersed light is sometimes very
périones amd the thesry of thp phonomenc has been pressnted by
Mitteldor? axa Iandon'®) mad also by Pribrem and Penchina'®), Waitiply
dicperwed 1light is not pressnt for all positions of the diffraction
grating but omly in certeim regicus as disonssed in refs. (8) amd (9)s
We thall mot go inmio the abeve details for the predictian of miltiply
dispersed light here. Resomtly, Eill(m) and alse Chupp end Gmnﬂ(",
have proposed te cexvert the spherical mirraors of the conventionmal
Czermy~Turner msmoebromater inte off-axis parabeloids thereby imoreasing




the off-axis sngles on the mirrors to such & large value that the problem
of multiply dispersed light does not arise. However, the coma cancelia-
tican along the length of the alit requires ihat the U- omfiguration
swsner than - configuretiion be used for the manochromtor(”). Hawoa(12)
and alpo Chupp and Grnntl(") point out a principle, attributed to Cary,
which enables the determiuetion of the minimum off-axis engle required

in any in-plane monochrometor design o that multiply dispersed light
cannot occur. This principle im vexry elegani and simple to use. VWe
shall see how this principle can be used to davise a Cemy-Twrner monc-
chromator deeign in which the off-exie angles of the gpherical mirrors

ere kept very small.

Cary Principle

Cary principle may be stated in the following way: Arrange the
«aoliinator mirror and foocussing mirror in such a way that the normals
%0 the inner edges of these mirrors will not pass through the aperture
of the dispersing elerment. Thue for a given relative position of the
upherieﬂ mirror end the plane diffraction grating, there is & particular
ndnimm off-axis angle wijich should be used to avoid miltiply diepersed
1ight. Mg.1%1indicates ths geometry of suck a situation from which ws

oan derive the following relationship!

¥ o ) (4-K) /2 X (1)

Where ':r“' m P- number of the instrument im the plene eof diwpersiom,
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€ = off-axis angle of the oonoave mirrer as indicated in Pig.1,

and £ = feotor indicating the position of the plame grating rels-
tive t0 the conoave mirior.

Thus Kf iz the distance of the plane grating from the
spherical mirror of focal length f.

The sbove relation reduces tot

P & > 1.5 (2)

(1) vhen K = 1. Pig.i4 shows & plot of

given by Chupp and Grantisz
" @ vs. X vhere the renge of values chosen for K is from 0.8 o 2.0.
The value of K = 0.8 correspanda t¢ roughly the position chossm for the
plane grating in the commercial momochromators. It is semm easily from
HMg.2 that the minimun permissible off-pxis sangle comes stseply down for
a given 2* ea K increases to 2.0. The value of £* @ is 2.0 for

K = 0.8 vhile it i3 only 0.5 whed K =» 2.0. ZThus thers is a 4-f0ld re-
duction in the value of ainimum off-axis emgle. The value of E = 2.0
correspends %o the position of the plane grating being located dy the
#ide of the cemtrs of curvature of the spherical mirzor. Tuere is no

special sdvantage to go beyend the valus of X = 2.0.

Monaschromatyr

Utilizing the sbove principle, we may now see what is the
phiyaical arrsngesent for & monochremator using & peminal 100 x 100 em
plans grating and e pominal focal length of 750 mm. Uaing the valus of
Ko 165 and £ = 7.5 the minimm

eff-axig angle € o aveld mltiply
diffracted light 18 14.2° However, the off-axis angdle wsed im 8,



compercial instrument with the above paremeters is omnly 6.75°. Of course,

"_8 is dome to keep down the off-axia aberrations end maintein a higher
volution. Now let us ses what is the minimum off-axis angle whem K

2.0. This turnas out to be 3.82°. Thus the requirvment on the minimaum

off-axis angle has been drsstically cut domm when K = 2.0.

Of course, in this design the entrance and exit slits are some-
wnat awkwardly situated and also the p!wqical length of the instrument
is inoreased. 4leo, ;o clear the positione of the entrance and exit
slits from the collimated beams, ome should ao'tually use off-axis angles
slightly larger then the calculated cues from the relation (1). 4
schematic diagram of & monochiomator ie shown in Pig.18 based om. the
principles enuncimted above. (pe may be inclined to frown upon such a
design since the instrument is muwoh larger than the conventional Cserny-
Turner monochromator. But one should remember that pecple are putting
up with Schmidt camerss which are two times as long as their focal
lengthe. In fact, the propomed d'_anign of tha mmoeixromtor haas ths
resemblaace to the Schmidt system in so far as the plane grating (aperture
stop) is located at the plane of centres of ‘cuﬂatura. The two centres
of curvature of the collimating and focusasing spherical mirrors lie ca
elther sids of the dispersing element as though they are guards not
letting arny of the normals from the spherical mirrors hit the dispersing
element thus carrying the Cary principle to .its logicl ecreluzion. The
above precedure is recommended only when the ﬁi@est proesible resolving

power from an instrument with spherical mirrors is to be obtained without



BrotAR Lens
FIG.16.



the multiply disperaed light. Where such requirement is not needed as
for inetance in sams lllumination momochromatore c¢r wmonochromators used
in some specirophotomstere of low resolution, the ecnvenitionel velue for
X of about 0.8 should be chosen and the corresponding off-exis angle

used for the mirrors. Actumlly, it is aly necessary to choose for K
& value of about 1.5 t0 1.6 (not K = 2.0) and obtain reasonably smmll
off-axis angles. It ie probably necessary to use small plane mirrors
pear the alits to deviste the light by 90°. Thus in practice the instru-

zent will be omly 50 - 60% langer than the convantional monochremator.

Refereamces

1. 4. Fatansbe and G.C. Tabiss, Appl.Opt. 6, 1132 (1967).

2. C.M. Penchina, Appl.Opt. 6, 1029 (1967).

3. J.B. Tyler amd R.C. Smith, J.Opt.Soc.Am. 56, 1390 (1966).
4. A.B, Shafer and D.O. Landcn, Appl.Opt. 8, 1063 (1969).

5. A. Watanabe, Applied Spectroscopy, 22, 198 (1968).

6. R.F. Stam and O.F. Salzman, Jr., Opt.Soc.Am., 43, 126 (1953).
7. HN.L. Alpert, Appl.Opt. 1, 437 (1962).

8. J.J. Miterldorf and D.O. Landm, Appl.Opt. 7, 1431 (1968).
9. J.K. Priorem and C.M. Penchina, Appl.Opt‘. 1, 2055 (1968).
10. R.A. Hi11, Appl.Ort. 8, 575 (1969).

11. V.L. Chupp and P.C. Gremts, Appl.Opt. 8, 925 (1969).

12, R.C. Hawes, Appl.Opt. 8, 1963 (1969).
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Schemtic dlegram indicaiing the positicn of the
plane grating in elaticn Vo the sphericel mirrsr
for deriving the relation for minimuw off-exis
angle O ir terms of £ end the K-Zeeter. Kf is the
digtencs of the plane grating from the apherissl

mirror whose focal lengih is £ and ite £-E° is £ .

Filot of £ © vs K.

Schemm tic diagram of the proposed monochromater im
which very emall off-axis engles can e used for the
spheorical mirrors and still the multiply diepersed
light im kept eus.

H1 and Ez ~ Spherioel mirrorsi

61 and @2 - Centres of eurvature cf the mirrers)
G=plene greatings

B, and 8

1 2
Tae off-axis eangles are not o ecele. I% i poasible

- fﬂiﬁ ﬂit.o

to choose & value K = 1.5 to 1.8 to obtain a more
emmphet arrengsmant in proetics. At the pesitiems
of the elits; two plone mirrers at 45° my be wused

for comvenience (meo% ohsw im Zignre)s
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2. Deaign of & Double Geuss (Biotar) Lens System
(M.V.R.X. Marty and ¥.0. Daa)

This type of lens 2nngists of two divergent meniscus doublets
concave towards a centrel stop and two outer convergent ocomponents. It is
generally designed to cover a totel Tielu of 20° - 40° in focal lengths
1" - 6", I% ie poseidle to obtain 2 speed of £/1.5 for smmller field. Por
moderate and large fields speeds are generslly £/2.5 and £/5.6 reepsctively.
These lenses are gehwisaly ueed ag photogrepiic cbjsctives snd projection
lenses and have got excellent image quality near the central portion of
the field. The imege quality gradually falles towards the outer portion of
the field. Using India-made optical glaeses wo have deesigned & lens sult-
able for use in an cverhead projector with the following specifications
and design data. (M4g.16).

Pocal length 14", spesd £/4.5, plate sise 10" x 10" snd megni-
fication 5X.

Badius Thi ckness Glass Type
133!2
21.0 DBC 610573
448.4
2,0 AIR
114.2
21.0 IBC 613568
302.8
8.4 DP 605380
68.9
54.9 AIR
- T6.6
9.45 DF 605280
- 378-2
21.0 IBC 610573
- 116.7
2.0 &R
- 444.9
21.0 IBC 613568
- 122-"'

(Dimsnmions are im mm)



3 2 x B ° Fa for Use
Mmmiu_:g hbm!g.

(M.V,.R.X, Haxrty end A.L. Narasinkem)

PoxTo priss systea (first dype) is always udiliset iz the
telesoopes required for general terrestrial usage and slso for %Sale-
scopes fitted in bimosulars. Bat dosign of a #til]l more cempact
‘elescope 10 pcnibio by utilieing o porror prien systen (secosd type).
Figure 17 shows how ereotion of an inverted image is schieved. Ia
this aystem it is possible %o replace by plsae mirrers (ref. Fig.18)
the zight angled prizme vhich wers used esarlier for foldimg the light
path Yy total internal reflsetiens. Pigs. 15(s) ead 19(b) indicate the
usage of right sngle pricus for folding the peth of light besm througa
%0,



FIG. 17. PORRO PRISM SYIEM (SECOND TYPE)

4

Q\d

FIG.18. ARRANGEMENT OF THE OPTICAL
SYSTEM OF MIRRORS.
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F1G.19a RIGHT ANGLE PRISM USED WITH HYPOTENUSE
AS ENTRANCE AND EXIT FACE

16.19b. RIGHT ANGLE PRISM USED WITH
HYPOTENUSE AS THE REFLECTING FACE
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4. Direct Vieion Speatroscope Utilieing a Priem and e
Transmiesion Grating of 600 grooves per mm.

(M.V.R.K. Murty and A.L. Narasimhenm)

This instrument haps the merit of linear dispersion of radiations
having different wavelengthe, compared to non-linear dispsreion of the

instrument incorporating & single piece diagpersion prism.

A grating of 600 lines per mm 1s chosen a® the best aince there
ie en upper limit to the practicel number of grooves per mm for trane-
mieslon gratings. This arises from the fact that as the angle of diffra-
et!.qn approaches the face angle of the grocve, more and more of the light
is lost by internel refleciion.

Using for the grating a resin with index of refraction of
1.566, the critical angle is 39° 42'. Thus the mxisum pessible blece
angle for a transmission grating using such a resin is about 38°, at

naxanl lncidence.

From Fig.20, Sin? _ = 1.566
Sin 38°

A
» .

Therefore 7 = T4° 38!
and 6 = 74° 38' — 38°

-560 E'
dBin 5w @A
Therafore Sin 36' 38! 5‘%‘"’

where 4 is the groove apacing of the grating and m is the order of the
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spectrum. For the first oxder

1 6500 x 10”7 - 6500 x 10°T
8in 34° 38! 0.5967

taicing A = 6500 x 1077 .

Prom this it follows that 330 grooves per mm is the prmotical
upper limit for transmissitn gratings in vieills light. To effect a
caspromise between (1) light losses by internal reflection, and (i4)

achieving adequate disperzion, & greting of 600 groovas psr ma ia chossn.

Badiation of wavelength 5500 & gots aiffrected thraugh 19° 16'.
By inserting a prism of suitable sngle after the greting, this redistien
i asde to emerge in the same Jdirection as the incident beam. If the

angle of the prism is A and the index of refraction is 1.55,

Sin A = .
Sin (A + 19° 16' 1.55

Therefore A = 28° 34',

By plecing a priem of this sngle minst the greting the doviation in the
beam a5 & result of passage through the grating will be annulled but the
dispersion of the grating is -lubtl; enhanoed by an amount nearly equsl
to the dispsrasion of the prism. This is chown in Mg.21.
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I1x(®)  IETERFRROMETRY
le Janin Maizrferoneler Using o Laser Souxee

(M.Y.R.E. Marty sad R.P, Bmkla)

The courcniionsl Jamia imtexferometer comslots of two idemtiesl
parallel plates of glasa. It is generally uscd with an extandsd acurce
of vhite light. The instrumsn’ has besn found %0 bte exivemely wseful Vg
using & collimated besm of light. Whem the collimated Leam ia obtained
frem a white light source i% is neoossary %o sbtain sceplete compensatiea
in both beams. This version was ussd earlier for detszmininse axtremsly
emgll differences in refraotive indices of two liquids. %The Tassat
version io uesd with onrllisated ilight from a leser saurce axd it is foumd
to be useful for testing parsllelism of windows and other optioal clemants,
A high quelity oollimuting lems 48 required for this instrumsat. To
inoresase the versatility of the instrument a doadle waige arrangement i0
used in one of the bosme 0 that a background of straight fringes with
variatile separation and ainotiqa osz tw obisimed. A {ypiocal achematieo
diagrea of ﬂw< instrumnt 4s showm 4in Wig.22.

This intexfaremster is extremsly useful in various fislds of
ressarek such a8 asrodymamies, diffusion atudien, heatl tranafer stmdios
oto, im oddition to optical testing of spticsl avupommts.



MICROSCOPE PLANE
LASER OBJECTIVE ‘fﬂRROR

B
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FiG.22.SCHEMATIC DIAGRAM SHOWING THE JAMIN INTERFEROMETER USING A LASER SOURCE



I1I(e)  TEIN PILMS

1. EQuipmsnt for the Fabrioation of Multilayer Optical
Thin Pilm Devicen.

(K.v.8.R. Appareo)

Multilayer optical thin film devices such as Fabry-Farot
airrors, laser mirrors, interference filturs eto. are made by depoaiting
in vacuua a pumbar of thin films of different dielsctric materials of
specified thicknesses one over the other on a suitable substrete plate.
Bach film in such a stack should be very uniform and to fabricate guch
spectrally good quality thin film devices a big coating plant of satleast
19" chamber dismster end & good optical £ilm thickness monitor are
necessary.

A vacwunm coating plant of 19" chamber with different accessories
is deaigned and will be fabricated in A.tha divigion. Some major parts for
this unit are ready for assembly and some more accessories fo this wmit
are designed and the detalled working drawings for the following parts
are mede: 1) Beam guide 1ight tube for thicknees monitor; 2) Rotating
substrate holder; 3) Baffle plate with shutier assembly; 4) Vaiva bass
plates; 5) Substratc heater; 6) Gauge sdopter, smd 7) Multifileament turret.

Por monitpr:l.ng the thickuness of thin films acowrately &wring
deposition an optical momitor is desigued snd the cptical set up of this
unit ies fabricated, fitisd and aligned to the exicting 12" waocwum coating

plant. ZThis assenbly generates a modulated light beam end & guide tubs



takes ithis beam from outside through s subgtrate iz the vacuun chember
and lesds the beam out of the chamber to s photomultiplier. The
elentronice part ¢f thie unit ie febriceted snd ie being teasted for its

optimum performance.

2. An Improved Optimization Methed of Designing Thin Film Filters

(K.v.S.R. Apparac)

The problem of dgriguing a practically reallisable multilayer
Filter to meet the given optical specifications is often a difficult
task because of the complex calculations involved in solving the problem.
Methods of aubomatic ayntﬁeeis of filter design using digital camputers
have not go far proved completeiy succeseful. An alterpete approach
which ie more encouraging is to solve the problem by optimizetiom
(refining) methods. Method of demped lemst squares is applied for the

Tiret time bo the prssent problem of designing thin Tilm filters.

.hocording t¢ the present method, any f£il ter can be designed %o
the given optical specifications in three independent: stages. In the
ficst stage on initiel eiuple design whoss tranemittance characteristio
untches very approximately with the desired charscteristic is chosen and
this initiel design is mﬁmved using metehing techniques in the seccnd
stage by changing thicknesses of cerisin films. In the final stege
celled optimixation methed, the design is further improved by chenging

the thicknesses of mome more layers. Optimisaticom method consiote of



o
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calculating the partial derivatives of the reflectance of the filter
with respect to the individual film thiainezaes at sach wavelength and
«w=¥iDg for the thickness increments whioch provide & better rit. These
new thieckness inerememts are incorporeted im ithe initial deeign and the
performance of the improved design is obisined. The caloulations are
repeated, Laking the above design as a starting point, in ap iterative

way until the required optical specifications of thg filter arc obtained.

The present improved optimisation method is developed using
BESM=6 computer and is being applied succeassfully for designing edge

filters. PMg23 ﬂlustrntea the prinoiples of the present method of

O

design nnd the runlw for an odge i’iltor design., Curve A shows the
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FIG.23.PRINCIPLE OF THE METHOD OF DESIGN & THE TRANSMITTANGE

0F THE EDGE FILTER DESIGNS DESCRIBED IR TABLE 1.

(A INITIAL DESIGN, B:IMPROVED DESIGN, C:FINAL DESIGN}
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v 30
Opsical Descriptiam of the Bédge Filter Deaigoe showm in Fig.1

Wavelangth in mp st which the laye is Qqusrterwave thick
Iayer Index

Initial starting Improved Final Decign O
Dasign A Design B
1.0 Maseive Magsive Massive
1 1.38 600.0 300.0 325.0
2 2,30 600.0 600.0 630.0
3 1.38 600.0 600.0 619.0
4 2.30 600.0 . 600.0 611.0
5 1.38 600.0 600.0 613.0
6 2.30 600.0 600.0 598.0
7 1,38 - §00.0 60C.0 590.0
8 2.30 £00,0 §00.0 591.0
9 1.38 600.0 600.0 594.0
10 2.30 500.0 600.0 594.0
11 1,38 600.0 600.0 593.0
12 2.30 600.0 600.0 596.0
13 1.38 600.0 600.0 604.0
14 2.30 600.0 600.0 61540
15 1.38 600.0 600.0 629.0
16 2.30 600.0 600.0 670,60
17 1.38 600.0 300,0 780,0
1.52 Massive Maceive Maanive

(%'-1.58-l¢?2| -!-z.so-m)
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3. Thin Film Reflectometer
(K.V-B.R. ‘.pp.m)

The development of complex systems of multilaysr dielectric
thin 1.1lm devices brings with it a requiremsnt for precise measurement
of epectral reflectances of plane specular surfaces. Most existing
ﬁﬂeotomtera suffer from either or both of two major faults - reflecto-
meters are mostly meapured with the incident beam at an appreciable
angle to the normal, and many methods give comparstive rather than

abeolute reflectance valuea, necesgitating a reference swrfece to convert

the former %o the latter.

A refleoct meter le designed to measzure the abgclute reflectance
of dielectric filters and is being fabricated in the division. Fig.24
shows schemetically the principle of the reflesctometer. Light from the
exit mlit 31 of the momochromator is converged in a cane af small angle
(1ess than 1°) by & lenz I and falls on the zample X at normal incidencs.
Part of the inocidemnt fiux ie trenmmitted -and part reflected. Two identi-
cal ssai-reflecting mirrers M1 mﬂ!ﬁz equally inclined st an angle of
about 40° to the incident beam direoct equal amounts of the refleoted and
transmitted beaus to form images of 51 at & detector D. Yhe detector

ghould be of such mature and 00 poeitione! as o0 give equal sensitivity

for each direction M, D end H.‘, D end this can be achieved by uslug a

1

diffuser before the photemulitiplier. 82 is5 & shutter to interrupt elther

bsam E1B & HZB..



-1.¢-

SHUTTER

DIFFUSER e

SCHEMATIC DIAGRAM OF THIN FILM REFLECTOMETER
FIG.24.



Buppose thet the reflastanss of the mivssss ‘.'1 and l2 for the
set angle of incidence; state of polarization and wavelength of the
ipcident flux is r. Then for the sanple X of absolute reflectance B and
transmittance T with inoidence flux l‘o. the flux erriving at D via 1!1 is

PB - roaoro
aud the flux arriving ai D via l2 ie simllerly
IT - r.I'.]‘o

with the sample removad, the flux arriving at D via H2 in

1 ]
Hence R = 5
P‘l
and P - fp
F

-l

411 ths parts of this roflectomater are dasigned and ars being fabri-

cated in the division.
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IV. SERVICE ELECTRONICH

The service ¢lectronice group, in addition ta doing the regular

majntenance of all electronic equipments in the division, also carriea out

the fabrication of the electronio instruments required by the various groups.

During this period, ome signal amplifier, reference amplifier end
a phase sensitive ractifier for the infrared isotopic snalyser have been
fabricated. The valtage gain of the signal amplifier is 2500. The noise
referTed to the input ia 35 micro volta. Murther tests on the linearity,
atability etc. are in progress.

Two Zener stabilised power supplles capable of giving 25 md at

4.5 d.o. with 1 MV P.P.ripple for Jacophones have heen tabricated:

(ne highsr voltage d.c. power supply capable of giving 5 to 15 mi
aroumd 3600 V d.c. t¢ excite He-Ne lassr bhas deen fabricated. I% givea an

open circuit voltugs of 6800 V d.c. for the initiation of the Alscharge.

Meintenance spd serviocing of all the existing e¢lectronioc equip-

ments in the divigion have almso been done throughout the yesr.



APPRNDIY I

PARTIOIPATION IN SYMPOSIA, CONFEHENCES AHD SUMMER SCHOOLS

Te 4 roview of the R & D eotivities of the division wes held in
January 1974 in which @enior solentists of the divigion presented the

Researvh and Development work being carried out in thelr respective fielde.

2. Ir. N.A: Nareaishea delivered & series of lectures at ithe
Marathawada University, Aurangabad.

3. Dr. V.B, Esrths attended the "Workehop an Speotrophotometry®,
Indien Chemical Bociety, Bombay Brench, December 1973, snd gave a talk
cn 'Basic Pr:.ﬁciploo of Absorption Bpectrophotometry’.

4. Dr. 7.B. Karths gave two lectures on Ramsn Scattering and Motion
of Molecules in Candensed Systems, to the partioipants in the Courss ca
'Iasers aud light Scattering', Nuolear Paysios Division, BARC, July 1975.

5e Dr. V.A. Job gave 2 seminar to the Cheniocal FPhysics Group &t the
Tata Institute of Fundsmenisl Ressarch, (Ootober '73) cn 'High Resclutica

Electronio Spectre of Polystomio Molecules'.

6. Dr. P. RBamakotesware F20 gave e lecture on "Oommmication with
Extre Terristral Oivilisetion" st the 'Antiobsclence Lectures-XKXX',
September 1973.

To Dr. B.O¢ Faik and Sari K.H. Ayyer presented e paper entitled
"Absorption and Fluoreszcence Spectre of Burcpium sud Tervium Trickiore-

acetates" in tho Symposiun an Quantum and Opte-Elesotrouics, Debrusry 1574.
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Deputation

ve Dr. M.V.R.X. Hurty want an deputation to Institute Nacional de
strophisica Optica Y Electronica (INACE), Mexico, as a Visiting Profsssor
for a psriod of 4 months, from 4.2.73 t0 5:6.73 and to the University of

RBochester for a poriod of 2% months from 5.10.73 to 14.12.73.

2. Dr. Mahavir Singh, who wes m deputation to Belgium for training
under the Indo-Belgium Huclear Co-operatiem Programms for 1972-73,
retumed to India in May 1974.
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APFRIDIX 11

POST-GRADUATE TEACHING, RESEARCH AND TRAINING TO0 OOTSIDR FEF.A(NNEL

Dro l.‘- lmm and Dr. S-IA.I-G- Iﬁﬁmﬂm tunght the

spscial subject Spsotroscopy, compriwing cf papera Y snd VI of the M.83.
(Paysics) degree course of the Bombay University.

Dr. V.B. Kartha gave & courae of leatwrwe iL Infrured ani Ramen
spectroscopy to the Refreshar School im Chemistry for University lecturers
held by BARC.

Senior staff members of the divieion took part in the sslectim
of candidates to ths BABRC Treining School. They alsec gave lactures to
the 17th course trainees.

The following soientista continue t¢ carry out research work for
M.Sc¢/Ph.D degrees:

8l1.Ko. Name Subject Degres University Guide

1. ﬂu‘i 8.V. Gmpwt Pb’.- P.D m Dr. H.A. Narngimham
2, " I.0, Chandola n n n n

3; " B..l. Md " n " n

4. Smt. P.Meennkghi Rajarso n " n n

D Shrj. T7.RE. Sarapathan " n " "

6. C.G. Mahajsa¥ n n n n

7. " 2.Y. Yaak'itachalan " " ® Ir. S:L.¥.G.E. Chari
8. " M.D. Saksena " M.85. " n

9. Bum. M. Samaswetihy n " " n

10. ¥ Amamae Joseph " " " u

11. m I.;u hﬂhﬁdo n " " Dr. G.D. Sekeens
12. A, Venugapal n " " "

133. " P.P. Xisme " n " ®

1"5 " R.Y. S\Ibmﬂn chnn L s . ¥.B. Earths
%. " V.N.P. Eainml " n 8 "

6. * 0. Thomae n n " a

17. Kun, 2.8, Sugandhi w # n n

* DAE PFellow



Thesis submitted:

Ease
«_.1 @.1L. Bnale

Title: "On the Second Negative Bamd System of 1

Xraining
£ .¥No.

1.

2.

3.

4

5.

6.

and institution.

Degres

Ph.D.

Name of the sclientist

i
s
-
28]

|

Daiversity

Bombay
é

Fiaid of training

Shri M.R. Bdm|
Sri &¢.S.Ingtitute of
Technology & Science,
Indore-3.

Shri V.Panchapakesan,
Indian Institute of

Technology, Bonmbay.

Shri ¥.¥N. Snxm.
Holkar Science College;
Indore.

Shri J.M. Quarbani,
Faculty of Science,
Afghanigtan.

Shyi G.K. Bhatt,
PRL, Abmedabad.

ghrd J.M. Halem, &

Shxi B. mw’
Hindustan Photo Filus
Mfg.0o.itd, Octacamund

Spectrographio anslyesis
of minsreloc and ores-

Miorophotonetry

Bpecirochemical Amalysis
and I~ray Zluoresceace

Ana).gl:.\o (Under Colezkie
Fim ). )

Atoxic abgorption
speotrophotomatry and
wivgion spootronsepy
of metal sawmplen.

Spsctzrochemiszl Znaiysis

Sulde
Dr. B.d. Fasgesimhen

Duraiion

28.9:.73 to
12:.7-.T3

12.6.73 to
12,7.73

21.7.73 to
14:8.73

849,73 %o
7.11.73

15.10.73 %o
151273

18.3.74 %o
3.4.74



gl.¥0. Title of the Paper
1. A Caxrier Distilliztion Methed

3.

4o

5

6.

Bs

Se

10,

1.

for the Amlysis of Yitrium
Oxide for Non-Rare Earth
Inpurities.

Intermittent A.C. Arc Method
for Zpectrogrephic Avalysis
of Tentalum Oxlde.

Sharpening the Fringee in
the Ronchi Test.

Radlal Shearing Inter’erometer
uging ILaser Source.

Cary Principle in Monochro-
mator Deslgn.

Vibration-Rotation-Inversion
Hemjltonjan of Formaldehyde.

A New Electzronic Trensitim

¥ T .a% ot A0,

i
A Mogified Jamin Imterfarcmeter

Amlysis of Optical Multi-
layer Thin Mln Filters.

Thecry of Anastigmatic Mono-
chromator for Vacuum Ultra-
violet Reglon.

Spectrogrephic Analyaie eof High
Purity Niokel Oxide for Twemty-

e Trace Impurities uming &
Few Buffar.

APPENDIX IIi

Author/s

B.0. Naik and
P.,D. Karnik

L.0. Chandole
snd R.V.
Subraemanian.

M.V.R.X. Hm’.'ty
and A. Cornejo

M.V.R.K. Wy
and R.P. Shukla

M.V.R.E. lmrty

D.C. NMoule and
cheVlS. Ram-
chandra Rao.

M. Singh

M.V.R.K. m’
and R.P. Shukla

X. V.8 .R.App.m

M. V.B.K. ‘Irw

B.P. Kaxenjikar
ond M.D, Soksane

LISY OF PAPERS PUSLISHED XN JOURRALS/SUBMITIED 7(R PURLICATION

Jourrel

mum.Oh“c 265 ’
249 (1973).

2.Apal .Chem. 266,
127 (1973).

App.Opt., Vol.12,
No.10 (73), 223%0.

App.Opt., Vol.12,
N0011 (73)’ 27650

App.Cpt., Vol.i2,
No.9 (73), 2018.

J.Mol.Spectry., 45,

120-141 (1973).

J.Phye.B.Atom.Mol.
Phys. 6, 521 (1973).

Optical Engg., Yol.12,
No.4, P.121, (1973).

J3.0pt.Soc. Indie
(In Pross).

Proc.Ind.Hatl.Scl.
Acadamy (In Press).

Accepted for mubli-
eation in Talenta.



§1.n0. Title ¢f the Faper

12.

13.

14.

15.

16.

17.

18.

19.

20,

21.

22.

Spectrographic Analysis of High

Furity Aptimony far Seventesn
Impurities.

Theory and Principles of
Monochromators, Spectrometers
and Spectrograpls.

Spectrographic Determination
of Ruthenium in Siliocecus
Materiale.

A Bidliogrephy of verious
Testing Methods.

Direct Speatrographic Deler-

aination of Borom in 01'4-

Simul taneous Specirographio
Detarmination of Valatile mnd
Refractory Impuriiies in
Tentalum Oxide ueing & d.0.
arc Excitation.

. Plapar Vibrations of

2-Chl oropyrimidine.

Intermittent A.C. Arc Methoed
for the Spectrographie
Apalysis of Potassinm
Tantalofluaride.

Mechanisw of Formation of
Pormnldehyde in the Flanh

Spectrographic Aualysis of
Semiconductor Gmde 320 .

Spectrographic Analywis of
High Purity Manganese Dioxide

Authoxr/s Journal

P-ﬂ- ‘n‘t_!, S-Ho !.lml-Ohemn 268|
Marathe, 8.K. 285286 (1974).
Kapoor and M.

Baraswathy.

K.Y R X Murty Optical Engg..
V01-13, N0-1, -23,
(Jan-Feb. 1974).

P.8, Murty and Ind.J.Technology,
M.J., Kazat. an.!?, NO.‘, p\v41-42’
Januaxy 1974.

KE.V.R.X. Murty, App.Optics
D. Malacars and (In Prees).

A- OOI‘nCJo.

P.8. m,, 8.M. Aﬂmtiﬂﬂl Lettem,
Maraibe and 7(2), 147-151 (1974).
P. Rugnini Bai

L.C, Chandola & Current Science,
Bmt. V.S. Dixit Vol.43, No.12,
372-73 (1974).

Y.A. Barma Spectrochim. Acta
(In Press).

L.0. Chandolm, Chem.Anal itycezoma,

B.Ps Karanjiker Wareaw (In Press).

& v.s:; m"1t.

S.L.8.G. Xrighna- Photothemistry end
machari . Photobiology,

B.V.Subrarenisn, 2eit.Anal.Chem.
R.M. Dixit and (In Press).
T.B. Saranathan.

V.A. Job, 8.B. Zeit.Ana) .Chen.
Eartha, G.Krishua- (In Prees)
mrty & S.Gopel.



2.

3.

4.

6.

9.

10.
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BARC FEPOETS PRODUCED

Title of the Report

A New Carrier for Bpectrographio
Determination of Bilver, Maly-
bdanum end Caleium in Urenium.

Spectrographic Determination of
Trecs Impuriviss in Magnesium
Metal.

Annual Progress Report for
1972-73.

X-ray Fluorescence Determination
of Trace Impurities Nb, Pe, Mn
and Ti in High Purity !Ea205 and

xzm‘r,,.
I~rey Mluorssecence Analyelis of

Low Alloy Steela for Mo, Cu, Wi,
Cz‘, ¥n end V.

A Formal Coordimste Analycie of
Msthyl Amine and its Deuterstsd
Bpeclen.

Spectrographic Analyesis of Righ
Purity Antimony for Seventeen
Trace Impuxities.

Spectrographio Determination of
Rare Berthe Impurities in
Purified Ssuarium Oxide.

Determimation of Boron in Cmicium

Fluoride by Carrier Distilletion
Method.

Spectrographioc Anslyeis of High
Purity Manganese Dioxide.

Author/s

B.M. Dixit, R.V.
Bubrasmnian, P.P.
Khanna snd 8.8,
81Hdmc

(t 18 Krlshnnmurty,
Kum. Sheila Gopal
and §. Krishnan

Y.B. Eartha snd
N.A. Naresimhan

R.M. Agraﬂl and
eand P.P. Ehenne.

¢.8. Ghodgamkar

P. Sreeramamurty,
3.¥. Marethe,
3.K. Kapoor and
K. Sareswathy.

8.V. Grampurchit
& Y.K.P. Kaimal

8.V. Grempurohit
& Smt, ¥.5. Dixit

Veh. Job, Smt.S.B.
Karthe, G.Krieshna-
mrty and Xum., S.
Gopal .

ReEort No.

BARC-664

BARC~E69

PARC~684

BARC-698

BARC-£699

BAEC-TOO

BARC-680

BARC-T10

BARC-T14

BARC-T15
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12,

13.

4.
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Title of tbs Report

Direct Speotrographic Determing-

tion of Boron in U!‘.

Determination of Caleium in
Uranium by X-rey Fluorescemoe
Method.

A Modified Methcod for the
Detarmination of Rare Farths
in High Purity Gedolinium
Oxide using the Stallweod Jet.

Spectrogrephioc Determivation of
Noble and other Metalo in
Graphite.

Author/s

P.8recramamurty,
§.X. Narathe and
». Rugmini Bai.

R.M. Dixit, 8.X%.
Iapoor and 8.8.
Deshpende.

#.Y. Grampurchit
& V.K.P. Kaimal

1.0. Coandela &
Sut. V. Mehajan

Repoxt HNo,

BARC-703

BARC-T29

BARO-T40

BARC-T38
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Break-up of Service Asalyeis for the year 1973

8.¥o. Souzoe ~ W0, of Wo.of deter-
. tione.

B.A.R. O

1s Analytical Chemistry Divisiom 32 166

2. Atoaic Fuels Divigion 367 2513

B Centrel Workehops 2 10

4. Chemistyy Divielon 294 1484

5. Chemical !a:ginsgring Division 310 1594

6o Division of Radjological Proteotisn 2 18

7. Health Physics Divisicn 5 9
8. Hoavy Water Divieion 37 a7

9. Igatope Division 3 18
10, ¥stallurgy Division 8 110
11. Opto-Electronics Fection i 13
12. Reactor Bagineering Division . 1 7
13, Reactor Operatioms Divieion 7 86
14, Technical FPhysioce Division 8 59
15, Uraniun Mstel Flant 953 5078
16. Varisble Energy Cyclotron Projeet 3 3

17. Atomic Mimsrele Division 7 72
18, Indian Rere Eazxthe Idd. 7 130
12. . Power Projecis Engineering Divisien 1€ 129

20.  Reaotor Remearch Centre (FBFR Preject) 12 109
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¥o.of No.of deter-

S.H0. Source sasples minaticns
O....c Institutions
21, Caxton Chemical Indumiries, Boubay 10 10
22, Century Rayon, Kalyan, Maharashira 2 4
23. Chemicals & Fibres Indis Ltd., Bombay 23 46
24. Yertiliser Cucpn.of India Ltd, Bombay 3 3
25. Havero Industries Ltd, Bombey 11 121
26. Indian Institute of Technology, Kanpur 1 4
271. Indian Institute of Technclogy, Fowai 2 38
28. Indiarn Airlines 2 22
29. Ingtruczantation Lid., Kota, Resjasthan 4 i8
30. Mukand Iran and Steel Co.Ltd, Bembay 40 80
31, ihatre Pen & Flastic Industries, Bombay 1 1
32. Hational Refineries Pvt.Ltd, Bombay 1 7
33 Physical Research Iaboratoriss, Ahzadabad & 60
34. Puyeics Department, ?.]’.N.College, Ksnpur 1 4
35. 8.¥.I.R.P., Pamdicherry 14 70
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