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This report is a record in outline of the work

carried out in the Division during 1985. The format of

the earlier quadriennial report is maintained.

The very nature of the work of the Division leads

to the development of analytical methodology which are

published. In such cases the abstract of the work and

the journals where they are published are included in

this report. There are many other cases where a certain

amount of analytical effort is involved but they do not

warrant a formal publication. One of the objectives of

the Annual Report is to summarise these studies as well.

Many of the analytical measurements arising from the samples

coming from our own projects are of a repetitive nature.

On the other hand the Division does provide the other

organisations analytical measurements, mostly at trace

levels of concentration. These are listed as a record

of the contribution of the Division for the development

of technology in this country (Appendix I). The list

of publications, training school activity, training of

staff from other institutions, degrees awarded and invited

talks are listed in Appendices II, III, IV; V and VI res-

pect i vely .

The Division initiated a project on 'Advanced

Analytical Chemistry with a Prototype Ultra Clean Laboratory1

Facility during the 6th Plan. The progress on this project
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as on 1984 was included in the 1981-84 report of the Division,

In 1985, the last year of this plan, an Elemental Analyser

for C, H, N, 0, S and halogens was added and an Atomic

Absorption Spectrometer with a Zeeman corrector was set

up for use both in the flame and furnace mode of operation.

Under the DOE funded project on Quality Assurance of the

work of six other National Laboratories involved in the

Ministry of Heavy Metals on the environment, a DCP-Emission

spectrometer with a facility for dynamic background correc-

tion was added to the existing facilities. The conversion

of a normal laboratory of the Training School into an

Ultra Trace Analytical Laboratory using the indigeneous

materials and technology is complete. This consists of

a Class'1001 working area inside a Class '1000' room. It is

a unique facility in the country. It will allow the handling

of critical samples without contamination.

A workshop in NAA was conducted (Feb. 4-22, 1985)

under the auspices of IAEA-RCA. Another workshop on Quality

Assurance of Analytical Data was organised in BARC (July

15-18) as part of an Integrated Environmental Programme on

Heavy Metals of the Department of Environment.

Many of the staff of this Division were involved in

the organisation of the postponed Second National Symposium

of ISAS or. Recent Trends in the Analysis of Foods, Drugs and

and Pharmaceuticals, June 27-29, 1985, held at Trombay and
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the Third National Symposium of ISAS on Separation Techniques

with Satellite Symposium on Solvent Extraction on Ion Exchange

held at Andhra University, Waltair during Jan. 9-11, 1986.

The staff if the Division participated in an UNESCO

sponsored workshop on 'Low Cost Equipment for the Chemical

Education1 at the C.C. Shroff Research Institute, Goregaon,

Bombay and demonstrated the use of the Mercury Analyser^ the

field kit for Mo detection, the surface area analyser and a

vapour pressure- osmomtfcer for molecular weight determinations.

The staff of this Division were also the backbone of

the workshop on Electrochemistry held at Bombay under the

auspices of the Society for Advancement of Electrochemical

Sciences and Technology.

In addition, they also had a significant role to play

in the activities of the other professional societies like

Mass Spectrometry, Indian Chemical Society (Bombay Branch) and

Vacuum Society.

While the Division has been engaging its available

human resources and facilities for the immediate task of

providing analytical services for the Atomic Energy Programme,

it has offered its competences to the Indian industry and

other research organisations. Recognition of these competences,

both at the National and at the International level is the

greatest satisfaction that the staff derive in their endeavour.



TABLE 1 a

NUCLEAR METHODS

(R.K. Iyer, H.B. Desai, R. Parthasarathy, K.R. Krishnamoorthy and S.R. Kayasth)

Matrix Element(s)
analysed

Concn. level Source Technique Remarks

1. Mica Arsenic

2, Aluminium Platinum
nitride

3. Tailings from Gold
auri ferrous
gravel & placer
sand

4.

5.

6.

7.

8.

9.

10.

11 .

12.

Ocean sediments

Minerals

Thorium oxide

Charnock i te
samples

Anor thosi te

Alkalisyenite

Fly ash samples

Iron formation

Glass

Gold

Gold

R. Earths

REE -, Hf

REE,Sc,Hf

REE,5c,Hf
Ta, Th

U & Th

REE

Pt

/ 1

Sudershan NAA
Chemicals

Chemistry Divn. "

/2-10

10-20 ng/g

/J jjg/g

0.1-750

0.1-350

0.1-900

6-20

n.01-20

/ 3

Kerala Mineral
Exploration &
Development
Corpn.

AMD Bangalore

IRE

I I T , Bombay

GSI

AMD

I IT

B.P.Radhaknshna,
Geol. Soc. India
Central Glass &

Preconcn
NAA

tl

It

NAA

II

tl

INAA

It

n

NAA
Ceramic Research Inst.
Lucknow



TABLE 1 b

NUCLEAR METHODS

(Rakesh Verma, J. Aruna._halam)

Matrix Element(s)
analysed

Cone.level

r
Source Technique Remarks

M6S, Ra 100 Metallurgy INAA

AlN Co

Cr

Fe

L a , Sm

D
20

130

ng

Chemistry Divn. I
to



TABLE 2

ATOMIC ABSORPTION SPECTROPHOTOMETRY

(M.M. Ali, P.A. Chainani, R. Kameswaran, H.P. Iyer, B.S. Manerkar
S. Natarajan, C.K. Pillai, S.S. Thantry)

Matrix Element(s)
determined

Concentration
range

Source Remarks

Brackish water

Rain water

Ground water

Lithium chloride
salt solution

Process solution

Electropolishing

ZrO2

MgO

Fe, Mn

Al,Ca,Mg,Ni,Pb

Li,K,Ca,Mg,Sr

Li , Fe , iMa , Ca
Cu, Ni

Zn , Cu,Cd,Ni,
Mn,Co,Sb

Fe,Ni

Al, Fe

Ca ,Mg,Fe

Ca.Fe,Al

AlO ng/ml-1 ug/

0.1-100 pg/ml

0.05-2000 pg/ml

50-500 pg/ml

1-100 pg/ml

5-10 mg/ml

0.01 - 0.5%

0.1-5%

0. 1-5?o

ml Desalination Divn,

AMS

Isotope Divn.

Chemical Engg.Dn.

Uranium Extn. Dn.

TPPED

Met. Divn.

Mn at /_10 ng/ml
determined by
Zeeman Furnace AAS.

I

(Failure analysis)



Table 2 Cont'd.

Zr-Sn alloy

Trunion valve
casting

Bronze

Beryllium metal

Molybdenum metal

Fe-V alloy

Ti-Nb alloy

Cadmium metal

High speed
diesel oil

Air India's
Engine oil

Sn

Cu, Al, Fe, Ni, Major & Minor
Mn constituents

Cd 0.05

10-1000 ppm

10-500 ppm

0.5-2%

0.01-0.05?o

Ag, Pb, Mn, Fe, Minor and trace
Cu, Ni, Zn constituents

Na, K, Ca, Mg 0.1-0.2 pg/ml

Mg,

Fe,
Ca,
Mg,

V

Fe,

A l ,

N i ,
Co,
Cu

Ta

Fe

Cr,
A l ,

Fe, Ni, Cr,
Al, Ti

0.5 -5 (jg/ml

Phys. Met. Division

Dhruva Project.

Ordinance Factory,
Kirkee

Beryllium Metal
Pilot Plant

Metallurgy Divn.

-do-

Atomic Fuels Dn.

Reactor Control Dn,

M.S.E.B.

Air India

Specification
analysis.

A.A. measurement
in organic solvent
using organo-
metallic standards.



Table 2 Cont'd.

V2°5 Al| Ca,Cu,Fe,Ni, Minor and trace
Na constituents

Metallurgy Divn.

Pd impregnated
activated
charcoal

Brazing alloy
powder

Sodium aluminium
silicate
(molecular sieve)

Metals and Alloys

Silicon(Industrial
grade)

Aluminium alloy
(LM-61, IS)

Cu-Be alloy
Brass
Solder

Pd

Cu,Zn,Mn,Ag ,
Sn,Na,K,Cd,Pb,
Ni,Ca,Mg,Fe

Ca

Fe, Al, Ca

Cu, Sn, Be
Cu, Zn
Pb, Sn

2-485

Major & Minor
constituents

1-5 jjg/ml in
leach soln.

0.1-1?,;

Cu, Zn, Ni, 0.01-28!
Fe, Pb, Ti, Mg,
Mn, Sn

Waste Management
Divn .

M/s. Modison Metal
Powders Ltd.

Chemistry Divn.

M/s. Hico Products Ltd

NPB (NAPP)

Major constituents Electronics Divn.
-do- -do-
-do- -do-

i
Cn
t



TABLE 2a

SPECTROPHOTOMETRY (MAS)

(M.M. Ali, H.P. Iyer, C.K. Pillai, P.V. Pandit, S.S. Thantry, V.S. Sarang & M.N. Tambwekar)

Matrix

NH Be F
MgO, ZrO*

Aluminium
alloy-(LM-6)

Duraluminium
metal

Uranium metal

Nb-Ti alloy

Herbal pre-
paration
Sallaki

Element (s)
determined

Si

Si

Si

Fe, Al

Ti

As

Concentration
range

0.02-0.5%

6%

0.1?,;

20-500 ug/g

47-49%

1-5 ug/g

Source

Met. Divn.
Beryllium Plant

NPB(NAPP)

Isomed

UMP, AFD

AFD

M/s. Gufic
Pvt. Ltd.

Remarks

-

Specification analysis

-do-

-

By' Differential
Spectrophotometry



TABLE 3

SPARK SOURCE MASS SPECTROf.tTRY

(P. Murugaiyan, R. Kameswaran and S.S. Thantry)

Matrix Elements
determined

Concentration
level

jample pretreat-
ment if any

Source

Silicon Pb, Au, Ba,
Sb, Ag, Mo,
Zr, Zn, Cu,
Fe, Mn, Cr, V,
P, Al, B, As,
Sr, Co, Ti

ppm-sub ppm Special Materials Divn.,
Regional Research Lab.,
Bhubaneshwar

Yttrium oxalate
Y2°3

La, Ce, Pr,
Nd, Sm, Eu,
Gd, Tb, Dy,
Ho, Er, Tm,
Yb, Ta, Pb,
Mo, Cu, Ni,
Co, Fe, Cr,
Mn, Sr, Ga, I,
Br & Zn

The sample is
ignited to its
oxide and/or
briquetted with
high purity
graphite powder
in the proportion
of 1:1 by weight

IAEC India Ltd. , Thane

Defence Science Centre,
Ministry of Defence,
Delhi.



TABLE 4

MULTITECHNIQUE ANALYSIS I

(T.P.S. Asari, V.R. Joshi, S.V. Gulavane, R.S. Chitre and Anandi Parameswaran)

Matrix Element(s)
analysed

Concn.
level

Source Technique

Dye-penetrant

High speed
diesel oil

Pot. Gold
cyanide

Steels

Steels

Tit(anium

Water samples

Organometallic
compounds

i) Tin com-
plexes of

ii) nitrogen
compounds

ii) Uranium
complexes

iii) Humic &
pulvic acids

Ionic halides,
sulphur

Sulphur

Gold

C, Cr, Ni, Mo,
Si, P, S, Cu

Boron

C, Fe, Ni, Mo

Na, Cl

C,H,N

ug/g M/s. Nicol & Andrew Engg.
' Pvt. Ltd.

" Chief Station Supdt.,
MSEB

% level TIFR

% to National Metallurgical
mg/g Lab.

mg/g M/s. Premier Automobiles

M/s. Vulcan Laval Ltd.

ng/g RAPP

macro 11T
level Chemistry Divn.

Solvent extraction
after using Bomb
calorimeter

Electrogravimetry

Gravimetry, inter-
laboratory

Distillation & MAS

Leco analyser

Ion Chromatography

Elemental Analyser

I

ao
l



Table 4 Cont'd

Various acids

Lithium
chloride &
impurities

Organic
solvents
(various)

Titanium -
Niobium alloy

Titanium metal

Aluminium
samples

Municipal &
Garden waters

Variety of
steel, non-
ferrous alloys

Copper-base

Assays

Ti,Fe

Si

SiO , Fe, Ca, Mg,

so,,; ci

inacrov.& Central Stores

(Stockpiling)

macro &
mg/g

macro &
mg/g

mg/g
level

fjg/g

mg/g,
Ppm

mg/g

Metallurgy Divn.

Atomic Fuels Divn.

Central Workshop,
Atomic Fuels Divn.
Reactor Control Divn.

Technical Services Divn,

DAE Units and outside
firms

Conventional

Differential
spectrophotometry

Cu, C, Fe macro, Desalination Divn.
micro Atomic Fuels Divn.

MAS

Conventional end
MAS

Conventional and MAS.

Leco analyser.

Electrogravimetry
and Leco.

f



Table 4 Cor.t'd.

RE+Si+Al
alloys

B.C samples

Inconel
Monel

S.S. High speed
mild steels
En-grade

Cupro-nickel

Cu+Be alloy

Leadware

Ni+Ge alloys

Thoria samples

Weld rod

RE,

B,

Mo,
Cu,

c,
Mn,

Cu,

Cu,

Sb

Ge,

s,

Nb,

Si

C

Nb
Ni

Cr,
Nb

Ni

Be

Ni

u,

Ti

, Fe, Al

Si, Mn

, Ti
, Fe

Ni
, Ti,S,P

, Co

Zr,

macro,
micro

it

mg/g

Macro-
micro

0/
/O

macro,
micro

macro

macro

micro

micro,
macro

Atomic Fuels Divn.
Metallurgy Divn.

Atomic Fuels Divn.
Metallurgy Divn.

Metallurgy Divn.
Desalination Divn.

DAE Units

Radiometaliurgy Dn.

Radiopharmaceuticals Dn.

Metallurgy Divn.

IRE factory

Nuclear Power Board

Conventiona 1
and MAS

Conventional
and MAS

MAS and
conventional

Conventional
and MAS

Electrogravimetry
& Conventional

Electrogravimetry,
Conventional & MAS.

Titrimetry

Conventional

Fluorimetry & MAS

MAS, Conventional

I

c



TABLE 5

(MULTITECHNIQUE ANALYSIS II)

(J.S. Adsul, S.C. Chaurasia, C.C. Dias, S.G. Iyer, K.V. Iyer, L. D. Nair
K.A. Prakas, P.K. Padmanabhan, Sudha Kamat

Matrix Element(s)
analysed

Concn. level Sources Techniques/remarks

Monazite

Water samples

Leach solution

NB alloy or
casseterite

Nickel steel

Beryl

ThO2 Major

Na, K, Ca, Mg Trace

In, Cd, Cu, Co, Trace
Sb, Mn

Sn, Nb, Ta, Fe, Major,Minor
Si, Mn, Al, Ti

AMD, Hyderabad Gravimetry

Ni, Cu

BeO

Major, Minor

Major

Electrical contacts Ag, Cd, Na, K Major
and bracing foils

Beryllium fluoride Be, Al, Si, Fe Major and
trace

Synthetic rutile Ti, Fe, Mn, Mg, Major, minor
Al, Cr, V, P, and trace
Si, Zr

Charge chrome

Tap water, boiler AAS, MAS
water, well waters
from Gujarat

Uranium Extn.Dn.

Atomic Fuels Dn.
Metallurgy Divn.

Nuclear Power
Board

AMD, Hyderabad

Jost's Engg. Co.
Larson & Toubro

AAS and MAS

Gravimetry, volumetry,
AAS and MAS.

AAS

MAS

AAS & Volumetry

Trace

Metallurgy Divn. MAS, AAS.

Indian Rare Earths Gravimetry, volumetry,
Itd. MAS and AAS.

Indian Metals &
Alloys



Tab le 5 c o n t ' d

Tin oxide

Nb, Ta oxides

Solutions

TiO~ coated mica

Silver screen
and granules

Cement samples

Beryllium metal,
swar of Be-am
fluorine graphite,
Mg metal and
slag

Magnesium oxide

Molybdenum
sulphide

Acid extract

Litharge

Niobate-tantalite

Chromite ore

Cu-Zn-Al alloy
G.I. sheet
Rock sample

Sn,
Mn,

K,

Pb,

Cu,
Al

si,
Fe,
and

Nb,
Al

-do-

Li

As,

Zn,

Al,
F, P
loss

ignition

Al,
F,

Si,
K,

Mo,

s,
Mo,

Ag,

Nb,
Mn

Cr,

Cu,
Zn

Si,
Mg,

Fe,
Be

Al,
Fe

Cu,
Si

Ag,

Bi,

Ta,Ti

Mg

Zn,

Al.Fe
Ti,

Ta,

Hg

Cd,

Ca,

, s
on

Mg,

Ca,

Ni,

As,

Sb

,Fe

Al

;,Ca
Na,

Fe,

Fe,

Mg,

Si,

Na,

Fe,

Sb

,Th,

K

Major,

1!

Trace

Trace

Trace

Major,

minor

»

minor
and trace

1 Minor
major

Minor

Major,

Trace

Trace

Major.

and

& trace

, minor

,minor
& trace

Major

Major

Major

Major & Minor

Metallurgy Divn.

Chemistry Divn.

Sudarsan Chemicals

Ages Chemical
Industries

Waste Management
Divn.
Civil Engg. Divn.

Be-Metal Plant

MHD Project

Metallurgy Dn.

RRL,Bhubaneshwar

Sudershan Chemicals

AMD, Hyderabad

Metallurgy Dn.
it

TSD

Waste Management
Divn.

Volumetry, MAS and AAS

AAS

MAS & AAS

MAS & AAS

MAS, AAS, volumetry,
and gravimetry

i

MAS, AAS and volumetry.'

MAS & AAS

ii

ii

II

Gravimetry, volumetry,
MAS.

Gravimetry, MAS & AAS

Volumetry

Volumetry, Gravimetry,
MAS & AAS



TABLE 6

CLASSICAL METHODS
(M.M. Ali, H.P. Iyer, C.K. Pillai & S.S. Thantry)

Matrix Element(s)
determined

Concentration
range

Source Remarks

Lithium
niobate

Li,Nb,H20

i) (NH4)2BeFy,Be

ii) Be metal Na, Si

iii) Sodium
silicate

PO4, so4

1 -

6-99.5%

Major, minor
and
trace constituents

T'PPED

Met. Divn,

Laser
Division

Compound used for laser

I

f

Tantalum
nitride

Stainless
steel

P, Si

Major consti-
tuent

0-1?̂

Chemistry
Division

TPPED



TABLE 7

ELECTROCHEMICAL TECHNIQUES
(M.M. Palrecha, S.V. Burangey, L.R. Zarapkar, A.V. Kulkarni, & R.G. Dhaneshwar)

Matrix Elements Concn. Source Remarks
analysed level,

Fish tissue Cu, Cd, Pb, 0.01 Bandodkar College Destruction
samples Zn of Science, Thane of organic

matter
essential i

I
Blood Pb 0.025 Air India "

Tellurium I 0.1 RT Divn., BARC I? Separation
by distillation



TABLE 8

LOW PRESSURE AND OTHER METHODS
(M.M. Mehta, B.W. Pantawane, K.V. Rajagopalan and A. Sankaranarayanan)

Sample

Uranium metal

Uranium metal

Uranium metal

Transformer,
submarine oil etc.

Miscellaneous
samples

Element
determined

Carbon

Carbon

Nitrogen

Moisture and
viscosity

Moisture

Concn.
level
fjq/q

50-100

500-1000

20-50

10-1000

10-100

Source

Uranium Metal Plant

Atomic Fuels Divn.

Uranium Metal Plant

Nuclear Power Board

Various units of
BARC



TABLE 9

(O.P. Srivastava and A.P. Walvekar)

Matrix Element Concn. level Source

1. Transformer oils H«,Co,CO?, CH.,

C2 H6' C2 H4'
and C,H^

ppm (V/V) MAPP, RAPP, NAPP, Dhruva etc.
Maharashtra Electricity
Board, Garware etc.

2. Aluminium nitride Carbide carbon

3. Purge gas

4. Natural gas

5. Samples of boron
carbide poison
rods

,, He, Ne, 0-2 4 N2

Q2, N2, CH4, C02,

C2 H6' C3H8 a n d

isobutane

He

ppm (V/V)

ppm (V/V)

Chemistry Division

Air liquefaction Plant
{National Fertilizers,
Panipet)

Chemical Engineering Divn,

Atomic Fuels Divn,



TABLE 10

SURFACE AREA MEASUREMENTS: CHARACTERISATION OF POWDERS AND POROUS GRANULAR MATERIALS BY DYNAMIC
SINGLE POINT BET METHOD USING OUR SURFACE AREA ANALYSER

Range 0.1 to 2000 m g

T.S. Krishnamoorthy, C.C.Dias and S.S. Desai)

Matrix Source Remarks

Active carbons M/s. Industrial Carbon (P) Ltd., Baruch

Fly ash Department of Earth Sciences,

Indian Institute of Technology, Bombay.

Ion Exchange resins Water Chemistry Division, BARC.

Active carbons Desalination Section, BARC t*

Phosphorus furnace slag Phosphorus Section, Ch. Engg. Divn., BARC.

Portland cement - do -



TABLE 11

ANALYSIS OF GASES IN METAL/OXYGEN, H 2 and N 2 IN METALS AND ALLOYS
Range ug/g - %

T.S.K. Moorthy , C.C. Dias and S.S. Desai)

Matrix Source Remarks

Titanium
LC Ferrochrome

Copper(Electrolytic and
Phosphorus deoxidised

Alloy Steels

Groved hard drawn copper
contact wire

AISI 304L and 316L steels

Am Zinc-1
Cu-'Sn alloy

Zircaloy

Steels

Ti-Nb alloy samples

Zr-Al alloy

Fe-V alloy

Copper

Austenitic steel 308L

Stainless steels

Ti-Nb alloy samples

IPCL, Baroda

Ferroalloys Corpn. Ltd.

M/s. Bralco Ltd., Bombay

M/s. Shama Engine Valves Ltd., Bhopal

Research, design and standards organisation,
Ministry of Railways, Lucknow.

Philips India Ltd.

AFD
-do-

AFD

AFD

AFD

Metallurgy Divn.

Metallurgy Division

TPPED

Project Dhruva

-do-

AFD

Failure analysis

To confirm the type
normal or nitrogen
bearing.

High conductivity, high
endurance materials

OD

Super conducting material



Ti-Nb alloy samples

Zr

SS 316L

Zircaloys

Garter spring material

-do

Low alloy materials

Ti-Nb hydrides

Vanadium

Zr-Sn alloy

Zr-2.5 Nb

Metallurgy Divn.

Metallurgy Division

Metallurgy Division

NFC

AFD

Chemistry Division

AFD

Metallurgy Division

Metallurgy Division

-do

-do

Failure analysis on material
fabrication for TAP5 suspected
to be due to high nitrogen
content - confirmed

Hydrogen pick up studies.

Corrosion studies
l
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2. RESEARCH AND DEVELOPMENT (PUBLISHED WORK)

2.1 Nuclear Methods

2.1.1 Trends and Developments in the Application of Nuclear

Activation Analysis,(S. Gangadharan in Artificial

Radioactivity, Eds. K. Narayana Rao, H.J. Arnikar ),

Tata McGraw Hill 1985, pp. 606-614.

Trends and developments in the application of nuclear

activation, based on the work in Analytical Chemistry

Division are discussed. The two major approaches, prompt

and activation using neutrons and charged particles as

projectiles are described. The application to materials

science, environmental and forensic science and develop-

ments in the interpretation of data for such applications

are highlighted.

2.1.2 Determination of Lithium and Oxygen using a Chain of

Nuclear Reaction,(Rakesh Verma, S. Gangadharan, S.

Yegnasubramanian ) International Symposium on Artificial

Radioactivity, Pune, 1985.

The concept of using a chain of nuclear reactions

ft £L 1 ft 1 fl

Li(n,t) He and 0(t,n) F involving the measurement
1 fl

of F has been applied to the determination of lithium

content of lithium niobate and oxygen in silicon nitride.

2.1.3 Compositional Characterisation and its interpretation

for Environmental Applications (S. Gangadharan), Work-

shop cum Symposium on Analytical and Environmental
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Instrumentation, JNU, New Delhi, 1985.

An overview is given of the developments in analytical

methodologies for compositional (inorganic) characteri-

sation of samples of environmental interest. Approaches

to the interpretation of the data for environmental

application are discussed, illustrated by our work on

the suitability of hair as a first level indicator of

environmental exposure and by our development of pattern

recognition approaches for the interpretation of our

data on hair and published data on air filters.

2.1.4 Trace element studies of the zircon separates and the

related host rock/sediment assemblage along Manimala

River, Kerala (R. Parthasarathy, A.V. Murali, M.Sankar

Das, A.M. Nair and Narayanaswamy), Jour. Geol.Soc. Indi^:

2j6, 390 (1985).

Zircon separates from a few whole rocks and sediments

along with the parent sources have been analysed for

Zr, Hf, Sc, REE, Th and U concentrations by the neu-

tron activation analysis technique. The major, minor

and trace analyses of rock samples and their modal

analyses are also presented. The chondritic normalised

REE patterns of rock samples show positive Eu anomalies

while the zircon samples show negative Eu anomalies.

The data have been used to explain the genetical

relationship among the rocks under study. This study



-22-

supports the hypothesis proposed from the laboratory

that the detrital zircons of Kerala beach are time

integrated cumulates from the whole rocks of this

region. The Sc data indicate the paragenetic sequence

of crystallisation of zircons in relation to Cpx and

magnetite.

2.1.5 Chemical ages of zircons: New results (H. Parthasarathy,

M.M. Palrecha and M.Sankar Das), Jour. Geol. Soc. India,

_2_7> 110 (1986).

Seven zircon separates from different geological en-

vironments have been analysed for U, Th and Pb contents.

U and Th are determined by neutron activation analysis

(NAA) and lead by differential pulse anodic stripping

voltammetry (DPASV). The elemental abundances have been

utilised to calculate the chemical ages of zircons.

2.1.6 Individual rare earth element determination in monazites

by neutron activation analysis (R. Parthasarathy, H.B.

Desai and S.R. Kayasth). This paper was accepted for

presentation at the International Symposium on Nuclear

Analytical Chemistry, held at Halifax, Canada, June, 1985,

Six monazite samples (four from India, one each from

Malaysia and Thailand) have been analysed for their

individual rare earth elements, except Tm, by radio-

chemical neutron activation analysis. Because of the

very low amounts of heavy rare earths, HREE from Ho
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onwards, these have been determined after the separa-

tion of the heavy and light rare earth fractions on the

irradiated sample and the heavys precipitated on Y.

Oxalate which is used for Ge(Li) spectrometry. The

variations in the rare earths from La to Sm among the

different samples are within ± 10%, whereas from Eu

to Lu, they are very significant. The chondritic

normalised REE patterns of all the samples show a

prominent negative Eu anomaly with different slopes

at the heavy rare earth end.

2.1.7 Determination of traces of rare earths in high purity

thorium oxide by neutron activation analysis (S.R.

Kayasth, H.B.Desai and M.Sankar Das),sent to Inter-

national Symposium on Nuclear Analytical Chemistry

held at Halifax, Canada, June 1985 but could not be

presented. Proceedings of the Radiochemistry and

Radiation Chemistry Symposium held at IIT Kanpur,

Dec. 9-13, 1985, p. 149.

The use of thorium as fertile material has necessitated

the determination of Q.08-1 ppm of individual rare earth

impurities in this matrix. NAA has the intrinsic sensi-

tivity for the determination of individual rare earths

but preseparation of the rare earths from the matrix is

essential. A method is standardised for the quantitative

separation of traces of rare earth from as large as

10-20 g of thorium oxide.
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Thorium oxide is dissolved in concentrated nitric

acid and a few drops of 2?o hydrofluoric acid; the

excess acid removed by evaporation. Thorium is then

complexed as carbonate with ammonium carbonate,

diluted to give overall strength of 0.2M with respect

to ammonium carbonate and passed through a 8 cc

column of pre-equilibrated Chelex-100 ion exchanger.

Thorium passes out unadsorbed while the rare earths are

adsorbed quantitatively. The rare earths are then eluted

out with dilute nitric acid, concentrated to a small

volume and irradiated along with standards. After

irradiation the rare earth activities are collected on

lanthanum carrier and analysed by gamma-ray spectrometry

using a 40 cc Ge(Li) detector and MCA.

Quantitative recoveries of rare earths were checked,

both with tracers and by standard addition to the thorium

matrix. Analysis of 1 g of a typical thorium oxide

indicates that the method can certify the material to

be of nuclear grade. The reproducibility of the results

for the high sensitive elements, La, Eu and Dy by

neutron activation analysis for two sample sizes 5g and

20g is quite satisfactory at 0.01, 0.003 and 0.002 ppm

respectively. Reproducibility of the analysis for all

the 14 rare earths added in the range of 1-4 ug to a

5g of thorium oxide was also found satisfactory.
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1 ̂ O
The carbonate complex of thorium having La tracer,

however, when passed through a pre-equilibrated 4 cc

column of carboxylic exchanger, zeocarb 226, showed

no adsorption of thorium but only 40-50?o retention of

lanthanum. A similar solution when passed through

8 cc.chelex 100 showed quantitative retention of La

and no thorium. A systematic study of this method

was therefore carried out and the results so obtained

are discussed in this work.

2.1.8 Intercomparison analysis on simulated air filters by

neutron activation and atomic spectrometry (M. Ramana-

murthi and K.R. Krishnamoorthy), Radiochemistry and

Radiation Chemistry Symposium, 11T, Kanpur, Dec. 1985.

In order to check the quality of the results obtained

by the different laboratories participating in the

integrated environmental programme on heavy metals, we

prepared a set of simulated air filters and distributed.,

them for analysis by the laboratories. Using neutron

activation analysis (NAA) as a reference method, we

evaluated the results communicated to us by the parti-

cipant laboratories. This paper reports our findings.
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2.2 Spectral and Mass Spectrometric Studies

2.2.1 Heterometallic Binuclear Chelates of Triethylene-

tetraaminehexaacetic acid (B. Maiti, S.Y. Shetty

and R.M. Sathe, Ind. Jour. Chem. 2Ab_, 970 (1985).

The addition reactions of Cu(II) and Ni(II) with

Th(IV)-TTHA and Fe(III)-TTHA have been studied

by spectrophotometry and potentiometry. Heterome-

tallic chelates of the type M-L-M1 are found to be

formed. A Cu(11)-sensitive electrode has been used

in the potentiometric studies where M1 is Cu(II)

ion. The equilibrium constants for the formation

of heterometallic chelates have been evaluated and

the solid Th-TTHA-Cu complex has been isolated and

characterised by elemental analyses.

2.2.2 Studies on the mixed ligand system H0 2
+ - TTHA-maltol2

(R.M. Sathe and S.Y.Shetty), Ind. J. Chem. (in press)

The decandentate ligand triethylene-tetra amine-hexa-

acetic acid (L) forms chelates of the type M9L. The

metal ions in these chelates are coordinately unsaturated
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and can add on ligands to give mixed ligand complexes

of the type M_LR?. Such attachment of ligand maltol (R)

to the holmium chelate HO-L has been investigated

using potentiometric and spectrophotometric technique.

The formation constants so calculated by two methods for

the reaction HO?L + 2R =̂i H0?LR2 showed good agreement.

2.2.2 Analysis of high purity samarium oxide by spark source

mass spectrometry (P. Murugaiyan and R. Kameswaran),

Preprint volume of Third National Symposium on Mass

Spectrometry - Research, Application and Instrumentation

held at RRL, Hyderabad, September 22-24, 1985.

Spark source mass spectrometry enjoys a unique place

as an analytical tool in the analysis of 4N+ purity

materials, because of high sensitivity and specificity.

It was observed that 4N to 5N purity samarium oxide

(when briquetted with graphite) could not be analysed

for Gd, Er, Tb and Lu due to the line interference

from carbides and oxides of samarium. Briquetting with

silver powder obviated the interference due to carbides,

but th_e interference due to oxide is still unavoidable.

However, because of poly-isotopic nature of several

rare earths, all of them could be analysed at ppb levels

by the suitable choice oT isotopes. Over 60 elements

could be analysed in samarium oxide. Possible spectral

interferences in the analysis of high purity rare earths

are indicated.
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2.3 Electrochemical Studies

2.3.1 Some thermochemical studies of caesium uranate,

*molybdate and chromate (D.K. Bose, M. Sundaresan,

R.P. Tangri, R. Kalyanaraman and G. Schumacher),

J. Nucl. Mat. 220, 122 (1985).

The present paper deals with studies on vaporisation

of caesium monouranate and enthalpies of formation of

cesium molybdate and cesium chromate. Vaporisation

st.udies of cesium monouranate using Krudsen cell in

combination with quadropole mass spectrometer at

the temperature range of 1000-1573K have indicated that

at a temperature above 1223K it decomposes to cesium

polyuranate and cesium vapour.Cesium ion current vs

temperature graphs have been plotted. The slope has

thus been experimentally found to be -4.1 x 10 which

compares well with the calculated value of the tempe-

rature coefficient of the decomposition reaction. The

enthalpies of formation of cesium molybdate and cesium

chromate have been determined by static bomb calorimetry

by reacting cesium carbonate with respective oxide in

ultra pure oxygen.

2.3.2 An Ammonium ion Sensitive P.V.C. Membrane Electrode

based on Cetyl trimethyl ammonium bromide (A. Sankara-

narayanan, S.P. Awasthi and M. Sundaresan), Transactions,

of SAEST 2£, 2-3 (1985)

The preparation and performance characteristics of an
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ammonium ion sensitive electrode based on cetyl tri-

methyl ammonium bromide are discussed. The electrode

can be used in the pH range 5-8 for the determination

-1 -4

of ammonium ions in the range 10 to 10 M. Sele-

ctivity of the electrode in the presence of various

ions have been studied and is of the order of

Li+^> Nhlt'y Na+y>- K +. The electrode performance

characteristics are compared with tris 2 nitroso-

4 chlorophenol Fe(II) anion liquid membrane electrode

2.3.3 Electromotive Force Measurements using CaF? cell -

Heats of Formation of Calcium Chromite ( K.V. Rajagopalan,

R. Kalyanaraman and M. Sundaresan), J. Electrochem.

Soc. of India, 34., 229 (1985).

Electromotive force measurements are reported on the

following galvanic Cell.
Pt, CaCr204,Cr,Cr203, CaF2/CaF2/Co, CoF2? Pt (1)

as a function of temperature between 700-1000K in an

atmosphere of pure dry argon. The components of the

two half cells were thoroughly mixed, pelletised and

sintered at suitable temperatures to obtain ready

pellets while the solid electrolyte was a single crystal

of calcium fluoride. The optimum proportion of each

component in the chromium composite pellet (left hand

side of the half cell) was chosen after several experi-

ments. The system was calibrated by checking the measured
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e.m.f. values of the cell.

Pt/Co, CoF2/CaF2/Ni,NiF2/Pt (2)

against literature values. The performance of the

cell (1) was improved up by using different reference

electrodes on the right hand side. E.m.f. measurements

were taken in both the ascending and descending order

of temperature. A linear relationship between e.m.f. and

temperature was obtained and this data was used to

compute the thermodynamic parameters associated with

formation of calcium chromite.

2.3.4 Polarographj.c Study of Zinc-thiocyanate Complexes in

Mixed Solvents (J. Rangarajan and R. Sundaresan),

Proc. Indian Acad. Sci. ST5, 327-331 (1985).

Complexes of zinc with thiocyanate were studied polaro-

graphically in aqueous mixtures of methanol, ethanol,

dioxan and dimethyl formamide (DMF). The reduction,

in most cases, was not reversible and the degree of

irreversibility increased with the percentage compo-

sition of the mixed solvent as well as with the nature

of the solvent in the order: alcohols <^ dioxan C^ DMF.

The 'formal' potentials for reduction, determined by

amalgam polarography at different thiocyanate con-

centrations in each solvent mixture, were used to

calculate the standard rate constant, k and the
s

transfer coefficient,oC for the reduction from the
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current-potential data. The stability constants of

the complexes, also evaluated from the 'formal'

potentials, varied linearly with the dielectric

constant of the medium.

2.3.5 Differential Electrolytic Potentiometric Titrations

of Thiourea, Phosphate, Bromide and Thiocyanate at

Trace Levels (R.G. Dhaneshwar, Mrs. M.R. Dhaneshwar,

S.N. Revankar and L.R. Zarapkar & S.S.Dhaktode ) ,

Anal. Proceedings, Vol. 22, 346 (1985).

Differential electrolytic potentiometric (DEP) titra-

tions have been carried out at trace levels at which

the conventional potentiometric method fails.

In the titraticn of thiourea versus silver nitrate

solution, employing a gold-gold electrode system, it

-9was possible to titrate thiourea down to the 10 M

concentration level in an aqueous medium. In aqueous

acetonitrile medium, the lower limit of thiourea

titration was 10" M. Thiourea titrations were per-

formed in the presence of a large excee of urea.

Thiourea, if present in urea, can be detected down to

the 10 ppm level by DEP titration.

DEP titrations of phosphate were studied by titrating

diammonium hydrogen phosphate against zinc sulphate,

using two identical zinc electrodes. By means of this

technique, 10~ M of phosphate could be titrated, as
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against the lower limit of 10 M achieved by the

conventional potentiometric titration. However, in all

of these titrations negative peaks were obtained. The

origin of the negative peaks is discussed below.

The DEP technique was made use of for separating

bromide and thiocyanate curves when both ions were

present together in the solution. The mixture was

titrated against silver nitrate using a gold-gold system

and it was possible to obtain two small, but separate,

peaks.

The role played by each factor responsible for affecting

the DEP technique, such as load factor current densities,

adsorption, etc., is discussed in each instance. In all

the three examples, DEP titrations proved to be more

sensitive than the conventional titrations.

2.3.6 The Uptake of Cathodic Hydrogen by Shim SteeKB.S.

Chaudhari and T.P. Radhakrishnan) , Corrosion Science

22, 1077 (1985).

Hydrogen damage can arise as a consequence of various

electrochemical metal finishinc operations or during

subsequent galvanic corrosions of steel in service. The

electropermeation of hydrogen through mild shim steel

has been studied under galvanostatic mode of charging

in 0.1M Na_S0. solutions of different pH values. The

dependence of permeation current and hydrogen concentra-
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tion in steel on pH, charging current density and

hydrogen overvoltage has been examined. During cathodic

charging of steel, a quasi-equilibrium exists between

adsorbed atomic hydrogen on the surface, hydrogen atoms

dissolved in interstics, atomic hydrogen adsorbed on

internal surfaces and molecular hydrogen formed in

microvoids. The results indicate that the hydrogen

evolution reaction and the entry of cathodic hydrogen

into mild steel do not follow independent reaction

paths, but proceed in a coupled manner. The Tafel

slope and also the dependence of steady state permeation

flux and hydrogen concentration on pH, current density

and overpotential are consistent with the model of

coupled - chemical/electrochemical desorption reactions

for hydrogen evolution reaction on shim steel.

2.3.7 The Role of Hydrogen Transfer Reactions on the Uptake

of Cathodic Hydrogen by Steel (B.5. Chaudhari and

T.P. Radhakrishnan), J. Electrochem.Soc. India (in press).

The role of electrodic factors and hydrogen transfer

rate constants on the uptake of cathodic hydrogen by steel

were studied by electropermeation technique under con-

ditions of galvanostatic charging. For mild shim steel

in 0.1M Na~S0., the dependence of permeation current

and hydrogen concentration in steel on pH, charging

current density and overpotential were consistent with
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the mechanism of hydrogen evolution reaction on steel.

In both acid and alkaline media the dependence of

steady state permeation rates on the thickness of ASTM

106D steel* membranes showed that diffusion rathsr than

surface process is rate controlling. The rate constants

for the transfer of hydrogen from the surface to the

bulk of steel (k ) and from the bulk to the surfaces

of steel (k. ) were calculated. In acid solution at

low overpotential of a linear dependence of log k,

on n was observed. The equilibrium constant for entry-

release reaction of hydrogen in ASTM 106D steel was

calculated.

2.3.8 Diffusion and Electropermeation of Hydrogen through

Steel (T.P. Radhakrishnan), Proceedings, Fundamental

and Applied Electrochemistry, SAEST (Bombay) 1985.

Fundamental aspects governing hydrogen metal inter-

actions are relevant to many technological applications

and in addition also play prominent roles in hydrogen

induced embrittlement. Hydrogen pick up by steel occurs

under various conditions and during galvanic corrosion

or during cathodic protection of buried steel struc-

tures. In metal finishing operations like pickling,

chemical etching or electroplating the source of

hydrogen is electrochemical. The mechanism of hydrogen

evolution reaction and the kinetics of hydrogen transfer
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reaction play important roles on the uptake of

hydrogen by steel. These and other aspects like the

nature of environment, pH, temperature, poisons,

inhibitors and metallurgical structure of the steel

or the absorption of hydrogen has been discussed in

some detail.

2.3.9 Use of Fluoride Ion Sensitive Electrode in the Study

of Mixed Ligand Chelates of Th(IV), Zr(IV) and

Ln(III) with HEDTA and Fluoride Ions (S.Y.Shetty,

N. Mahadevan and R.M. Sathe)

Indian Journal of Chemistry (In Press)

Potentiometric study of the mixed complexes of Th(IV)/

Zr(IV)/Ln(III)-HEDTA with fluoride ions indicates

that the Ln(III) complexes showed only a weak affinity

for fluoride. The polynuclear Th(IV)-HEDTA primary

complex is found to form a mononuclear Th-HEDTA-F-

complex in presence of fluoride liberating three

acetate protons from HEDTA.

Unlike in the case of Ln(111)-EDTA-Kojic acid complex

studied earlier, the enthalpimetiic study of the mixed

ligand complexes of Th(IV)/Ln(111)-HEDTA with fluoride

showed that they are entropy stabilised.
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2.3.10 Evaluation of hydrogen diffusivity in mild steel

from electropermeation transients - galvanostatic

mode of charging (B.S. Chaudhari and T. P.Radhakrishnan) ,

Surface Technology (in press).

The diffusion coefficient of hydrogen in shim steel was

evaluated by electropermeation method under conditions

of galvanostatic charging. Normalised experimental

rise decay curves were obtained for shim steel sub-

jected to pretreatments like vacuum annealing,

hydrogen annealing and presaturation with cathodic

hydrogen. Theoretical permeation curves were constructed

with a-computer for cases (i) a constant hydrogen con-

centration (ii) step-function in hydrogen concentration

with uniform hydrogen distribution and (iii) step-

function in hydrogen flux at the input side of the

membrane. The initial and boundary conditions prevail-

ing during charging were examined by matching the

normalised transients with dimensionless theoretical

curves. Phenomenological hydrogen diffusivity for

pretreated steel membranes was computed from break-

through time, time lag time for half-rise or half-

decay and also the *:ime constant for the rise-decay

curves and the results were compared. A pronounced

dependence of hydrogen diffusivity on charging current
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density was observed for vacuum annealed steel. The

results are discussed on the basis of trapping of

hydrogen in the steel.

2.3.11 Control of blank in the determination of lead in

blood samples by differential pulse anodic stripping

voltammetry (DPASV) (S.V. Burangey, L.R. Zarapkar,

R.G. Dhaneshwar and M.Sankar Das), Presented at the

International Symposium on Advanced Electroanalytical

techniques, Jodhpur, 22-28 Dec. 1985.

DPASV is one of the most sensitive techniques for the

determination of lead in blood. However, for getting

reproducible results a number of difficulties are

encountered, especially in the laboratories which are

not equipped for ultra trace analysis.

For storage of blood samples, heparin was found to be

a better anticoagulant than sodium citrate, since the

latter had a high lead content. Lead contamination

was avoided by storing blood in plastic tubes fitted

with plastic caps, rather than in glass tubes with

rubber corks.

Special care was taken at the stage when organic matter

in blood was destroyed. Wash bottles, glass beakers,

rods, watch-glasses etc. were leached with nitric acid,

before use to avoid lead contamination. There was no
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advantage in using quartz beakers or double distilled

water obtained from quartz distillation unit at this

level of lead blank. Possible lead -contamination from

tissue paper was also found to be high and was avoided.

Different decomposition methods for extracting lead

from.blood such as acid hydrolysis by HC1 or HNO,

followed by ceotrifugation were tried and found to

be unsatisfactory. A procedure was developed for the

complete destruction of organic matter by treating

blood with minimum amounts of ultra-pure HNO,, HC10.

and H-SO. with additions of a few drops of H-O™. It

was found that the teflon cell was a better voltammetric

cell for this work compared to the glass cell. For

every experiment, this cell and the glass capillary

of the Hanging Mercury Drop Electrode were leached

with nitric acid.

The effect of different deposition potentials on lead

estimation was studied. When zinc was present in high

concentrations, better anodic peaks of lead were

obtained for a deposition potential of -0.8V vs Ag/AgCl

electrode.

With the precautions mentioned above, blank values for

lead are always quite low so that the analysis becomes

reliable.
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2.3.12 Determination of chromium(VI) in water and air by

differential pulse polarography (M.M; Palrecha,

A.V. Kulkarni and R.G.Dhaneshwar), Presented at the

International Symposium on Advanced Electroanalytical

Techniques, Jodhpur 22-28 Dec. 1985.

The determination of Cr(VI) in water is important due

to its toxicity. Chromium(VI) is more easily adsorbed

in tissue than chromium of other valency states.

Out of various supporting electrolytes NH-, + NH.C1

buffer, containing sodium citrate and ethylene diamine

(pH 10.2-10.5) is found to be the most suitable

supporting electrolyte. This supporting electrolyte

takes care of various interfering ions normally

present in the water. And indirect interference by

coprecipitation of Cr(VI) with hydroxides of other

polyvalent cations also is avoided by the presence of

citrate complexing medium.

A well defined Cr(VI) reduction peak is obtained at

-0.30V. A good current-concentration proportionality

is obtained between 1 x 10 M (50 ppb) to 6 x 10 M

(300 ppb) of Cr(VI), using static mercury drop

electrode (5MDE), in presence of Cu(II), Pb(II),

Cd(II), Zn(II), all 50 ppb; Ni 300 ppb, Co(II) 600 ppb

and Fe(III) 1.2 ppm. The method is applied to water

and air particulate matter samples.
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2.3.13 Electrochemical studies using tantalum wire electrode

(Smt. M.A.. Rao, Smt. M . R.Dhaneshwar and R.G.Dhaneshwar ) ,

Presented at the International Symposium on Advanced

Electroanalytical Techniques, Jodhpur, 22-28 Dec. 1985.

Semiconductors electrodes like tantalum have not been

studied in depth from the electroanalytical view point.

-4 +

Its pH response is erratic down to 10 M H concentra-

tion and does not behave as pH electrode below this

concentration. However, it functions as a reference

electrode in redox and precipitation titrations at

constant pH.

As Ta did not respond to I" or Ag+ concentration

changes, the electrode system Ag/Ta was used in Ag+

— —8

vs I~ titration down to 10" M satisfactorily. Unlike

Mo electrode in Ag/Mo system, Ta did not get coated

with silver during titration. The lower limit of

titration was 10" M I" for Ag/Mo system, 10" M I"

for Ag/SCE system.

The performance of Ag/Ta system in 50 and 80% of

alcohols for Ag-I titration was studied. In 5085 of

methanol, ethanol, N-propanol and but^nol, the curve
8 7

heights for 10" M I" titration vs 10" M AgNO, were

10-0, 13, 18 and nil mV; whereas in 80?o of these

alcohols, these were 178, 45, 58 and nil mV respectively.

Methanol 50?o is the best solvent for lower concentration
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ti trat ions.

In voltammetric work also, Ta can be used successfully

as a reference electrode. For Au/Mo/Ta system, it

was observed that in aqueous solutions, the peak

potentials were nearly the same as those obtained

when Mo reference electrode was employed, e.g. in

0.1M K N 0 , supporting electrolyte, the peak potential

for 1.0 mM Pb + is -0.56V for both Ta and Mo reference

electrodes. However, when Pb + was reduced to 0.5 mM,

it shifted to -0.7V for Ta electrode but remained

nearly the same for Mo electrode. The irreversibi1ity

of the electrode reaction became more clearly defined

for Ta as compared to Mo electrode.
2.4 Separation Techniques
2.4.1 HPLC separation of Be, Co, Ni and Cr as B-isopropyl

tropolone complex and its application in the deter-

mination of chromium in air samples (B. Maiti and

S.R. Desai), Analyst (in press).

A new method has been developed for the quantitative

separation of Be, Co, Ni and Cr as their B-isopropyl

tropolone complexes on a reverse phase column Zorbax

CDS fixed to a DuPont 8800 series HPLC. The mobile

phase used was a mixture of acetonitrile^water and

methanol in the ratio of 65:10:25. The geometrical

isomers of the tris-chelate of chromium could also

be separated. The method has been applied in the
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determination of chromium in air samples collected

from the environment where the welding of stainless

steel is carried out.

2.4.2 Studies on the erroneous characterisation of Zn/Cd

citrate species by solvent extraction (M.Y. Joshi,

T.S. Krishnamoorthy and Ch. Venkateswarlu ), Indian

Jour. Chem. (in press).

Primene JMT extracts (Zn/Cd cit)~ from weakly acid

-3 -2

solutions and not (Zn.cit)" and (Cd.cit) as

reported by Gogia et. al. In presence of acetate and

succinate buffers mixed complexes are extracted.

2.4.3 Anion exchange study on Eu, Th, U and Pu ions on

weak' base Macroreticular Resin in aqueous and TBP

shell Sol-T-solutions (P.Achuthan, B.L. Jangida and

M. Sundaresan), Proc. Symp. on Chemical Behaviour

and Applications of Weak Acid, Weak base and Chelating

Exchangers, BARC, Bombay, Feb. 22-23, 1984.

Distribution ratios (K ,) for the anion exchanges of

Eu(III1, Th(IV), U(VI) and Pu(IV) ions on a weak

base macroreticular resin, Amberlyst-A21 were obtained
at different concentrations of nitric acid with and without

8M NH.NO,. K . data were also obtained for these ions4 5 d

after extracting them in 5 and 30 percent TBP shell

Sol-T from 8M NH.NO, with different concentrations

of nitric acid. K . values were found to be maximum
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in 5 percent TBP and the selectivity order was

Th y U^> Eu.

2.4.4 Ion exchange preconcentration of cationic impurities

for testing the purity of phosphorus (H.Parasurama

Iyer, P. Murugaiyan and Ch. Venkateswarlu), Procee-

dings of the National Symposium on Recent Trends in

Microanalytical Chemistry, held at Presidency College,

Calcutta 1985.

There is a necessity for the determination of cationic

impurities around one ppm level in phosphorus at

various stages of its purification for use in

Electronic Industry. Ion exchange technique is one

of the effective tools for the preconcentration of

these. In the present study, Dowex 50 (H ), Zeokarb-226

(NHT) are tried to preconcentrate Fe, Cu, Ni, Mn, Co, Cd

and Pb. These elements are subsequently determined by

atomic absorption spectrophotometry (flame).

1-5 ug of cationic impurities were added to 5 ml of

AR phosphoric acid (or phosphorus dissolved in

electronic grade nitric acid) and diluted

to 100 ml to give a working solution of 2N. "This

was passed through 6g of Dowex 50(H+)(1 x 12 cm)

at a flow rate of 1 ml/min. The column was washed free

of phosphate with water aid then the impurities are

eluted with 60 ml of 4N HC1. All elements are quantitatively

recovered.
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A similar experiment was carried out taking only

100 mg of chelating resin Dowex A1(0.6 x 2.5 cm).

When the pH of sample solution was adjusted to 3.0,

only copper was sorbed quantitatively, nickel and

lead partially. When the pH was raised to 8.0 all the

above mentioned elements were recovered quantitatively,

The main advantages of using Dowex A1 are (i) just

100 mg of the resin is adequate to sorb all the

trace elements, and (ii) 10 ml of 1N HC1 is enough

to elute the impurities quantitatively. This avoids

evaporation of effluent to a small volume and thereby

possible contamination. These elements are not sorbed

on Zeokarb-226 (NH*) even at pH 8.0. .

Using the above preconcentration and employing AAS

(flame), impurities around 0.2 ppm are easily deter-

mined .

2.4.5 Synergism in the extraction of europium in presence

of diphenylsulphoxide and B-diketones.(S. Raghupathy,

M. Sudersanan and M. Sankar Das), Fourth Annual

Conference of Indian Council of Chemists, Gorakhpur,

Dec. 1984.

Synergism in the extraction of europium has been

studied in the presence of a mixture of diphenyl-

sulphoxide (DPSO) and B-diketones like thenoyltri-

fluoroacetone, benzoyl trifluoroacetone and furoyl-
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trifluoroacetone (HFTA) using carbon tetrachloride

as diluent. The nature and the equilibrium constants

for the synergistic adduct was evaluated, taking

into consideration the influence of europium-HFTA

complex in the aqueous phase.

2.4.6 Diluent effects on synergism in extraction of

uranium(VI) (R.K. Malhotra and M. Sudersanan),

Indian J. Chem., 2£A, 223 (1985).

Synergism in the extraction of uranium (VI) by a

mixture of benzoyltrifluoroacetone and antipyrine

in benzene, chloroform, hexane, cyclohexane and

chlorobenzene media has been studied. The partition

of antipyrine as well as its protonation has also

been determined. The synergistic species changes from

a monoadduct in the case of hexane, cyclohexane and

benzene to a diadduct in the case of chloroform,

whereas a mixture of mono-and di-adducts is obtained in

chlori'benzene. A correlation of the nature of the

species with the partition coefficient of antipyrine

is observed as also between the partition coefficient

and stability constant of the adduct with those of the

participating ligands.

2.4.7 Synergism in the extraction of uranium (VI) by

a mixture of oxine and B-diketones (R.K. Malhotra?

M. Sudersanan and A.K. Sundaram), Proc. Indian Acad.
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Sci. (Chem. Sci.), £4, 515 (1985).

Extraction of uranium (VI) in presence of a mixture

of oxine and B-diketones, viz. benzoyltrifluoroace-

tone, trifluoroacetyl-acetone, thenoyltrifluoroacetone

and furoyltrifluoroacetone was studied. Extraction

was found to be higher than that for oxine or

B-diketone alone and the loss of uranium due to preci-

pitation by oxine was eliminated completely. The

synergistic species was found to be a mixed chelate

and the nature of the species and equilibrium constant

were evaluated. A correlation between the two phase

stability constants and dissociation constants and

partition coefficients of the B-diketones was also

established.

2.4.8 Synergism in the extraction of lanthanides, copper

and thorium in presence of HTTA and antipyrine

(R.K. Malhotra and M.Sudersanan), Proc. Indian Acad.

Sci. (Chem. Sci.), £5, 333 (1985).

Synergism in the extraction of lanthanum, europium,

lutetium, copper and thorium has been studied using

a mixture of HTTA and 2,3 dimethyl, 1-phenyl pyrazol-

5-one (antipyrine). Synergism was observed in all the

cases except copper. The nature of extracted species

has been determined on the basis of log-log plots and

the equilibrium constants for the adducts have been
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evaluated. Antipyrine has been found to be a good

donor comparable in strength to other alky1-phosphorus

donors.

2.A.9 Sorption discrepancies of metal ions in different

batches of chelex-100 (S.G. Iyer and Ch. Venkateswarlu) ,

Indian Journal of Chemistry, 24A, 805-806 (1985).

It is shown that batch No. 7494 of chelex-100 exhibits

amine functionality besides chelation through amino-

diacetate. This significantly enhances the hydrolysis

of the carboxylate besides exhibiting anion exchange

behaviour. The difference in the sorption behaviour

of different batches may be the result of this poly-

functionality. The batch 14930 and 20958 appear to be

free from this amine functionality.

2.4.10 Gas chromatographic determination of carbide carbon

in aluminium nitride (A.P. Walvekar and M.Sankar DAs),

Indian Journal of Chem. (in press).

A gas chromatographic method for the determination of carbide

carbon in aluminium nitride has been developed. The sample

was decomposed with 40% sodium hydroxide. The methane

evolved due to hydrolysis of carbide carbon was oxidised

to carbon dioxide and determined gas chromatographically

using a thermal conductivity detector. For an average

value of 26.6 ug of carbide carbon (8 determinations)

the standard deviation is 0.8 ug. The limit of detectionr
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is 1.3 ug and the limit of quantitation is 4 ug of

carbide carbon for 1g of a sample.

2.4.11 Parametric studies on boron controls in nuclear

power reactors (Usha Nathan, D.P. Rao, A.R. Chhokera

and C.S.P. Iyer), BARC/I-852.

This report briefly describes the salient features

of boron sorption characteristics on an indigenously

available strong base anion exchange resin, based on

the experimental data generated in the Chemical

Laboratory of Reactor Engineering Division.Analysis

of the data suggests the presence of polyborate ions

in the resin phase in significant quantities.

The report further examines the viability of boron

thermal regeneration system for PWRs to affect

on-line reactivity control.

2.4.12 Studies on boron controls in nuclear power reactors

significance and evaluation of basic resin properties

(Usha Manian, D.P. Rao, A.R. Chhokera and C.S.P. Iyer),

BARC 1/805.

In the nuclear power reactors, boron is added for the

purpose of reactivity control. In PHWR's it is added

to moderator system while in PWRs it is added to the

primary heat transport system. The boron concentra-

tions in the PHWRs are controlled by valving in strong

base anion-exchangers in 0D form while in PWRs same

can be achieved by resorting to Boron Thermal Regeneration
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System (BTRS). This system operates on the principle

of existence of different amounts of poJyborate ions

at different temperatures and reversible sorption

of these ions on the strong base anion exchangers. The

equilibrium and kinetic parameters of such system can

be best characterised by the basic properties of the

resins. In this report the significance of the basic

properties and methods of their determination have been

presented.
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3. RESEARCH AND DEVELOPMENT WORK IN PROGRESS

3.1 Nuclear Methods

3.1.1 Ion beam analysis (V.S. Raju, R. Verma, S. Gangadharan)

The proton beam at the Tandem accelerator (Nuclear

Physics Division) has been used to determine the con-

centration and distribution of fluorine on alumina pellets

treated with fluorine compounds for use in catalysis.

The concentration of fluorine in untreated and treated
2

pellets ranged from ^ 1 to 15 ug/cm .

3.1.2 Helium jet recoil transport (D.P. Chowdhury, S.Gangadharan &

J. Arunachalam in collaboration with A. Chakraborti4 R.M.

Iyer, Chemistry Division)

The gas jet system is now fully functional. The transport

time has been measured under different flow conditions

and ranged from 600 to 2000 msec. The transport efficiency

for three adjacent elements has been investigated for

several 'dopants1 in the carrier gas; this has brought

out the role/effect of oxygen containing low molecular

weight organic molecules on the efficiency of transport.

Trends in the differences in transport of Zn compared

to that for Cu and Ni isotopes have been corroborated

with those for Cd compared to Ag and Pd nuclides.

10 2 9 2Corresponding to the d S vs d S outer electronic

configuration. This trend is to be investigated for

the Pt-Au-Hg system.
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This transport system has been used to measure the

formation cross sections of Cu, Zn, Zn; the

value for the relatively longer lived Cu has been

measured by both gas jet and foil activation and

found to be in good agreement, thus validating the

gas jet methodology.

3.1.3 Charged particle activation (D.P. Chowdhury, J.

Arunachalam, S. Gangadharan& A. Chakraborti (Chem.Dn.)

The methodology for the determination of oxygen using

1 R
the pC bombardment giving rise to F has been worked

1 R
out. The method consists of separation of F by

distillation as H_SiF, and precipitation of PbCIF

prior to the measurement of the 511 keV annihilation

radiation. Silicon samples from different sources have

been analysed, with concentration of oxygen ranging

down to a few ppm. OFHC copper samples analysed by

vacuum fusion are being analysed to validate the

activation methodology.

3.1.4 Tribology (D.P. Chowdhury, S. Gangadharan, in collabora-

tion with B.B. Bhattacharjee and Jayant Chowdhury, VECC).

The programme in wear analysis has been initiated

through thin layer activation approach. A cylinder

housing and piston rings of an internal combustion

engine have been irradiated with 40 MeVcC and the

residual activity on the components has been measured
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as a function of the duration of operation of the

engine. The results show preferential wear; systematic

uniform irradiation and measurements are planned.

Yield measurements are planned to generate the data

needed on materials of interest to our engineering

systems/components.

3.2 Spectrochemical studies

3.2.1 Tellurium determination using Rhodamine B(S.G. Jadhav)

A spectrophotometric method for tellurium determination

using Rhodamine B as a reagent. An ion-pair of Te(IV)-

bromo complex with Rhodamine B was extracted into

cnlorobenzene-carbontetrachloride mixture from 4M

sulphuric acid. Combination of solvents and use of

acetone enhance the sensitivity of the ion pair.

Interference of Fe(III), Sb(III), Se(IV), Zn, Cd,

Sn(IV) on the colour system was studied. Fe(III),

Sb(III), Sn(IV) interfere at 10 ug level; whereas

Se(IV), Cd, Zn can be tolerated upto 100 ug level.

Interference of Fe(III) is reduced in presence of

ascorbic acid.

3.2.2 Studies on Microwave Induced Plasma Emission(MIP)

(S. Natarajan ) .

•i

Microwave induced plasma was generated at atmospheric

pressure, with argon as the plasma gas at 2.45 G.HZ

and at <̂  100 W forward power, using TMpin Beenakker
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type cavity. The plasma torch is an assembly of two

concentric quartz tubes with nitrogen flowing through

the outer tubeand argon in the central tube. A stable

single filament argon plasma was obtained. Because of

some problems in the cavity design only r*J 30W - 40W could

be applied (forward power - reflected power). But the

discharge was found to be stable even with the introduction

of aqueous aerosol through a frit-glass nebulizer. This

nebulizer was used to generate aerosol for a solution

uptake of about 100 ul per min. Sample was introduced

using a peristaltic pump. Detection limits were deter-

mined for some elements and found to be between 10-200

ng/ml. Further, effects of easily ionisable elements

on the analyte emission signal was studied. It was

observed that both atomic line and ion line emission

signals were enhanced considerably on the introduction

of sodium.

Using MIP-OES technique a method was standardised for

the determination of Hg in solution; by reduction,

aeration and amalgamation procedure. A calibration

plot in the range of 1 ng - 5 ng was obtained. Further

lowering of the calibration range is possible, but was

hampered by blank signals equivalent to *s/ G. 5 Hg of Hg.
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3.2.3 Some experiments with Air India's Kanishka Plane

pieces (B.5. Manerkar and P. Murugaiyan)

Nitric acid and benzene swabs wtre collected around

the holes suspected to have been caused by explosives

and from plane surfaces which are far away from the

hole. Sea water salt and paint flakes and pieces

found around the plane pieces were collelcted . These

were analysed for lead by AAS and antimony by NAA.

This work was taken up on the request of National

Aeronautical Laboratory. Because of the high back-

ground values, the results were not conclusive to

identify the nature of explosive.

3.2.4 Determination of Rh and Pd in Pt-Rh alloys by atomic

absorption spectrometry (R. Kameswaran, S. Natarajan

and Ch. Venkateswarlu).

A method was developed for the determination of Pt,

Rh and Pd in Pt-Rh alloy. The samples were dissolved

in HC1 + HC10. mixture, under pressure in seated

quartz tube kept at 250°C for two days. They were

cooled to liq. N_ temperature and opened. The frozen

sample was warmed and the solution transferred and

made up.

Studies on inter elemental interference of Pt, Rh and

Pd were carried out. Effects of acids, acidity, flame

conditions and observation height in the flame were
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also studied. The observed interferences were

eliminated by the addition of 10 mg/ml La in the

final solution. The analysis was cax-ried out in

air/C2H2 flame. The results at 10?o Rh, 80% Pt and

upto 30% Pd were found to have an RSD of •%-/ 2% .

The accuracy, checked by standard addition method was

found to be good.

3.2.5 Calculation of the binding constant of anthranilic

acid with Tx-100 micelles (Smt. S.S. Desai)

Work reported earlier on anthranilic acid, AA, in

aqueous solutions of triton X-100, Tx-100 has be^n

extended. Based on the enhancement of fluorescence

of AA in Tx-100 medium, binding constant for this

molecule with Tx-100 micelles has been calculated on

lines parallel to that reported by Demas et al.

Binding constant obtained is of the order of 8 x 10

litre mole" •

3.2.6 Determination of CmC of CPC1 and calculation of binding

constant for salicylic acid with CPC1 micelles

(Smt. S.S. Desai).

Fluorescence studies of salicylic acid, SA, aqueous

surfactant solutions of cetylpyridinium chloride,

CPC1, at a pH of 7.0 showed a decrease in the fluoie-

scence of SA with increasing concentration of the
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-4surfactant above 1 x 10 M. From the fluorescence

decrease as a function of the surfactant concentra-

tion, CmC of this surfactant has been computed as

1 x 10~4M and the binding constant for SA with CPC1

micelles has also been calculated. It is of the order

6 1

of 1.2 x 10 litre mole" .

3.2.7 Fluorimetric determination of europium with TTA and

mixed surfactants, Tx-100 and CPC1 (Smt. S.S. Desai).

Work on the fluorescence of Eu in TTA + Tx-100 reported

earlier was extended to see the effect of other

surfactants on the system. Sodium lauryl sulphate, SLS,

cetylpyridinium chloride and cetyl trimethyl ammonium

bromide, CTABr were studied. SLS decreased the

fluorescence of the Eu-TTA-Tx-100 system continuously
-4 -4

when present in the range of 4 x 10 M to 70 x 10 M.

CTABr showed a slight increase influorescence of the

system when present at concentrations above 1.9 x 10" M.

CPC1 was found to increase the fluorescence of the

system by over two folds when present in the concn.

range of 0.4 x 10"4 to 2.4 x 10"4M.

Calibration curves for Eu in the range of 10 ng to

20,000 ng in a volume of 25 ml have been obtained in

the mixed surfactant solutions of Tx-100 and CPC1.

Synthetic mixture containing 0.1?o of Eu in Sm matrix

has been analysed with a precision of about 10?o.
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3.2.8 Determination of zirconium in titanium oxide coated

mica (S.G. Iyer and S.C. Chourasia).

Zirconium: The presence of large amount of iron gives

positive interference in the spectrophotometric deter-

mination of zirconium with xylenol orange. Hence, iron

in the sample is removed by extracting it into CA-1,

a liquid anion exchanger in 6M HC1 and zirconium

is determined in the aqueous phase as its xylenol

orange complex spectrophotometrically.

3.2.9 Determination of beryllium in beryllium ammonium

fluoride (S.G. Iyer and K.V. Iyer).

A rapid spectrophotometric method for the determina-

tion of beryllium in beryllium ammonium fluoride has

been developed. The sample is dissolved in water and

to an aliquot of this solution containing 20-60 Lig BeO,

5 ml sat. boric acid is added to complex excess

fluoride. Beryllium is then determined spectrophoto-

metrically with thorin.

3.3 ELECTROCHEMICAL

3.3.1 Double layer and impedance studies (V.R. Chandrasekaran)

The reduction of Ni(II) to nickel amalgam in aqueous

solutions of chloride, bromide and iodide was investi-

gated by polarographic and impedance measurements.

The peak-potentials and half-widths of real component

a.c. polarograms were used for the computation of
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heterogeneous electron-transfer rate constants in

these media. The results indicated that the rates of the

slow electron transfer step increased with increase

in specific adsorption of the halide ion in the double

layer at the mercury electrode/solution interface.

3.3.2 Spectroelectrochemistry (S.S. Sawant, K.A. Khasgiwale

and M. Sundaresan).

A set up of a combined potentiostat sweep generator was

fabricated by the maintenance (electronic) section. The

instrument is useful for cyclic voltammetry, stripping

analysis, single and double potential steps, chrono-

absorptiometry etc. Potential steps can be adjusted at

any desired level in this instrument.

Using the above instrument and a recording double beam

spectrophotometer the redox behaviour of Fe /Fe

couple was studied in thiocyanate medium. The formal

redox potentials and n-values for the iron-thiocyanate

complexes were found out at different acidities. Again

the kinetics of the oxidation and reduction steps at

different applied potentials were also determined.

cC.-d£ ' dipyridyl complexes of iron have been

studied spectroelectrochemically. Cyclic voltammetric

studies of the same systems were first performed in

order to optimise the conditions for. the spectro-

electrochemical studies. The kinetics of the oxidation
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and reduction reactions of the complexes have also

been determined at different applied potentials.

3.3.3 Thermochemical and thermophysical constants for

mixed oxides of iron and chromium with calcium

oxide (K.V. Rajagopalan, R. Kalyanaraman and

M. Sundaresan).

Three compounds CaFe^O., CaFe_05 and CaCr^O., mixed

oxides of iron and chromium with calcium oxides,

were prepared, analysed and characterised. Thermo-

dynamic parameters like the enthalpies and free

energies of formation etc. were determined by measur-

ing the emf of 9 cells constituted as under in the

temperature range of 600-1000 K.

M1, Mjoy, CaM^0a, Ca F2/CaF2/M
IIF2, M

11

where M is either Fe or Cr, M Co or Ni and x, y, z

and a are the appropriate stoichiometric constants.

The thermophysical constants, viz. specific heat

capacities, thermal conductivities and thermal diffu-

sivities_of these compounds have been measured as a

function of temperature between 60Q-1000K using the

laser flash method. Theoretical considerations about

the measured properties have also been drawn.
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3.3.4 The influence of pH and complex formation on the

differential pulse anodic stripping voltammetry of

Pb, Cu and Cd(M.M. Palrecha and R.G. Dhaneshwar).

The work was done in 0.1M sodium acetate or sodium

citrate supporting electrolyte. The cation concentra-

tion was fixed at 0.05 yug/ml, deposition potential

being -0.8V and pH was varied between 2 to 9.0.

For copper, the peak current was constant between

4.2 and 6.2 pH, for zinc between 5.5 and 7.5 pH and

for cadmium between 4.2 and 8.8 pH. At pH ̂ 3 , zinc

peak was not obtained. At higher pH, the currents

decrease.

Different ligands like glycine and EDTA were added to

0.1M sodium acetate supporting electrolyte, ligand

to metal ratio being changed from 1:1 to 100:1. With

a slight excess of EDTA, no stripping peaks were

obtained for lead and cadmium, whereas copper peak

decreased by 50 to 33% for -0.8V deposition potential.

Copper peak current increased if deposition potential

was shifted to -1.2V but peak currents further decreased

if copper was deposited at -0.4V.

These results are important for optimisation of ex-

perimental procedures for determination of these

elements by DPASV.
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3.3.5 Differential pulse anodic stripping voltammetry

(DPASV) of In in presence of Cd (5. V . Burangey

and R.G. Dhaneshwar).

In + and Cd + give rise to overlapping peaks in

most of the common supporting electrolytes.

It was observed, that in zinc nitrate medium of 0.076M

of pH 1.08, In + peak gets separated from that of

Cd + and Pb +. This was noticed while developing

a method for the estimation of trace metal impurities

in zinc. It was also noticed that In peak is

better developed if Cd + is. also present in the solu-

tion, upto 0.0125 ug/ml. However, if Cd + is present

at and above 0.12 ug/ml, then the separation between

In + and Cd + peaks suffers. However, in presence

of 0.012 ijg/ml of Cd +, In + peak currents are pro-

portional to concentration of upto 4.3 ug/ml of In +.

Modulation amplitude affects resolution of peaks in

the DPASV. However, modulation amplitude favours

resolution at the cost of sensitivity and vice versa.

Anodic peak potentials of Cd +, In + and Pb + in zinc

nitrate at 50 modulation amplitude are -0.54, -0.43

and -O.33V respectively vs Ag/AgCl reference electrode.

3.3.6 Studies on Zn-Cu intermetallic compound formation

(A.V. Kulkarni, L.R. Zarapkar and R.G. Dhaneshwar).

During the anodic stripping voltammetric (ASV) deter-

mination of zinc, cadmium, lead and copper in fly
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ash samples using HMDE, it was observed in an earlier

report, that the known constant addition of zinc (II)

to different sample solutions did not yield equal rise

in ASV currents of zinc. This was attributed to inter-

metallic compound (IC) formation of Cu-Zn, as reported

in the literature. The Zn-Cu IC formation was reported

as quite significant at a thin mercury film electrode

and less so at HMDE.

Differential Pulse ASV experiments carried out at

both, a mercury film gold wire electrode and a HMDE

haave revealed that although the Zn-Cu IC formation

does occur at a mercury film gold electrode, it is

not at all formed at HMDE, which is contrary to the

observations reported in the literature. A large

excess of copper (II), about 0.5 mM, did not affect

the proportionality between a few ppm concentrations

of zinc(II) and its anodic stripping currents. There-

fore the observation of unequal rise in ASV currents

for equal zinc(II) spiking is to be attributed to

other causes.

3.3.7 Voltammetric study of oxygen reduction (A.N.Abhyankar

and R.G.Dhaneshwar ) .

The estimation of dissolved oxygen in water and

effluents is carried out. For oxygen determination,

voltammetric methods are suitable. The aim of the

study is to determine dissolved oxygen levels in
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presence of different substances, inorganic and

organic.

Oxygen reduction curves were recorded on gold and

platinum wire electrode in KC1 as well as KNO, medium.

In 1.0, 0.1, 0.01 and 0.001N KC1,, oxygen content

obtained on gold electrode was 8.2, 10, 9.7 and 9.8 ppm,

and in KNO.,, for the same concentration, the values

were 5.9, 7.1, 11.2 and 8.4 ppm. On both gold as well

as platinum electrodes, two waves were obtained,

but it was observed that the results calculated for

the first wave alone were true results.

The calibration was carried out in two ways, (a) Cali-

bration curve was drawn for different concentrations

of hydrogen peroxide and the oxygen content was found

out in presence of both KC1 and KNO, by Winkler's

method and plotted against the current of the 1st

oxygen wave, (b) Another method was that the oxygen

content of the aerated KC1 and KNO, solution as given

in literature was confirmed by Winkler's method and

from the value of the current, the oxygen content was

fixed in ppm. From this, recording the currents for

different solutions, oxygen content was calculated.

Both the calibration curves tallied with each other.

The values obtained for gold electrode are in agreement

with those obtained from Winkler'i method , whereas con-

siderable differences were noticed for platinum electrode,
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In presence of various quantities of methanol, oxygen

values showed a maximum e.g. in 1.0, 0.1, 0.01 and

0.001M KC1, the maximum.oxygen value was obtained in

50, 20, 20 and 20% methanol i.e. 17.2, 15.1, 19.2

and 11.7 ppm. At 80% methanol, the oxygen values are

less than those obtained in aqueous solution.

3.3.3' Direct potentiometric uranyl titrations (G.A. Inamdar

and R . G.Dhaneshwar).

So far uranyl-ferrous titrations are done indirectly,

by adding excess ferrous solution to uranyl solution

and then back titrating the excess ferrous amount.

A method is therefore attempted to perform direct

titrations of ferrous vs. uranyl ions.

The indicator electrodes used were gold and platinum

in conjunction with calomel reference electrode. The

end point is obtained only in the presence of phosphoric

acid and not other acids. The optimised experimental

conditions were established for Pt/SCE system, since

no end point could be obtained when gold electrode is

employed. Good results are obtained when ferrous

which is used as titrand, is ten times concentrated

than uranyl. For 15.0 ml of 0.01N uranyl solution,

it is necessary to add 0.15 - 0.25 ml of concentrated

phosphoric acid. Too less or too high a concentration

of phosphoric acid vitiates the end point detection.
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It was also observed that to get an end point platinum

electrode is required to be cleaned by cathodic

treatment in sulphuric acid. Any other pretreatment

fails to give rise to the end point.

From the analysis of end point data, it was revealed

that only one electron is involved in the reduction

and uranyl ion is reduced to uranium(V) and not to

uranium(IV).

3.4 Ion Exchange Solvent Extraction/Ion Chromatograph

3.4.1 Exchange of metal ions as a phosphoric acid exchanger,

BioRex-63 (Smt. L.D. Nair, P.K. Padmanabhan and

Ch. Venkateswarlu).

Studies on the exchange of large number of metal ions

(over forty) against H of BioRex-63 as a function of

initial pH of the aq. phase has been completed. The

data generated permit the possibility of working out

several important separations of analytical interest.

3.4.2 Studies in solvent extraction (S. Raghupathy, P.R.

Sangurdekar and M. Sudersanan).

Mixed chelate formation between thulium and some

typical B-diketones was studied by solvent extraction

technique. The stability constants of the mixed

chelates showed good correlation with the nature of

the participating ligands. Synergism in the extraction

of europium using a mixture of either thenoyl tri-
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fluoroacetone (TTA) or benzoyl trifluoroacetone

(BTFA) and donors like dibutyl sulphoxide, quinolines

and dimethyl pyridine were studied. The role of

diluents and pH on the extraction of europium and

the nature of the adduct extracted was also studied.

The extraction at a particular pH decreased as CCl.Cr:

benzeneJ^ chlorobenzene /> chloroform ^ nitrobenzene,

Likewise, pronounced synergism was also observed in

the extraction of Co with BTFA and donors like tri-

phenylphosphine oxide, trihexylphosphate, diphenyl

sulphoxide and pyrazolone. A considerable enhancement

in the extraction of uranium in the presence of both

BTFA and long chain amines was also observed, parti-

cularly at lower pH and can be exploited for pre-

concentration of uranium.

3.4.3 Ion exchange studies (P. Achuthan, B,L. Jangida and

M.' Sundaresan).

The distribution ratios (Kd) for the cation exchange

of Eu(III), Th(IV), U(VI) and Pu(IV) ions on the

macro reticular resin Amberlyst-15 were determined

after solvent extractions of these cations in 5 and

30% TBP-Shell Sol.T phase from 8M NH^NO^ solutions

having varying concentrations of HNO,. Similar studies

were made in TBP + HTTA-shell Sol.T and TOPO + HTTA-

benze media. The Kd values for the anion exchange of
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these ions on the weak base macro-reticular resins,

Amberlyst-21 were also determined in aqueous as well

as TBP-Shell Sol. T phases.

3.4.4 Thermodynamics of Ion Exchange (R.S.D. Toteja, B.L.

Jangid a and M. Sundaresan).

The standard free energy, enthalpy, entropy changes for

Mg +/Na+, Sr +/Na+ and Ba +/Na+ cation exchange systems

on Dowex 50 x 8 and Amberylst-15 resins were determined

by equilibrium measurements and calorimetric measurements.

Thermodynamic equilibrium constants for Mg +/Li + exchange

systems have also been determined in pure methanol

medium on Dowex 50W x 4.

3.4.5 Ion chromatography. Determination of hydrazine

(C.S.P. Iyer and S.N. Revankar).

Hydrazine is used in the treatment of secondary cooling

reactor water, as a scavenger of oxygen and its deter-

mination is therefore important. This is normally

carried out using oxidimetric titration with potassium

iodate. But for low levels of the order of 1-5 ppm, the

method is not sensitive.

A simpl.3 jr.1 elegant method is developed, based on

ion chroma.ography . The sample is passed through a

special cationic column 5-1 and eluted using 0.005M

HC1. The eluant along with the separated cations is

passed through the suppressor column of strong anion
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exchanger which effectively modifies the eluent

to low conductivity water. The solution containing

the cations in water is detected by a conductivity

meter. In the elution chromatogram hydrazine, as

N 2H 5
+ ions, separates out between Na and K+ ions

and can be quantitatively determined.

3.4.6 Determination of cyanide (C.S.P. Iyer and S.N. Revankar).

The determination of cyanide at low levels is generally

carried out by spectrophotometric methods using pyrozolone,

benzidine, phenolplthalein, barbituric acid, picric acid

etc.

But in all these methods, the blanks have high absorbance

and hence reliability at limits of detection is poor.

A method is developed for the determination of CN at

levels of 0.1 ppm - 5 ppm based on ion chromatography.

The sample is passed through a special anionic column

AS-1 and eluted using 0.005M NaHCO,. The CN~ elutes

first followed by Cl~ ions. The only interference is

to F~ ion as CN elutes almost at the same time as F~.

Using this method, the possibility of formation of CN"

from methyl isocyanate on heating was studied upto

a temperature of 150°C. No cyanaide could be detected

on the evolved gases.
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3.5 Other Techniques

3.5.1 Algorithm for the calculation of kinetic parameters

from thermoanalytical curves (P.V. Ravindran).

A computer program developed earlier for analysis of

thermoanalytical curves has been modified to effect

faster computation. The program enables calculation

of activation energy to a reproducibility of within

100 cal/mole, identification of reaction mechanism

from among twenty possible mechanistic interpretations,

calculation of preexponential factor and generation of

theoretical values of g( r^ ), a function dependent

on the reaction mechanism.

3.5.2 Determination of lithium and niobium in lithium

niobate (M.M. Ali and P. Murugaiyan).

A method is developed for the precise determination of

lithium and niobium in lithium niobate used to prepare

lasers. The sample is treated with HF + H«SO. mixture

and most of the sulphuric acid is fumed off. It was

taken in /^ 100 ml of 10% nitric acid and most of the

niobium was collected by hydrolysis and filtered. The

filtrate was made ammoniacal and small amount of

niobium was collected by filtration. The precipitates

were combined and ignited to obtain Nb-0,.. The solution

was evaporated to dryness, ammonium salts were volata-

lised off and the residue was finally ignited to c'ull

red heat and weighed as lithium sulphate.
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3.5.3 Rapid method for the determination of fluoride

in ammonium beryllium fluoride (S.G. Iyer and

K.V. Iyer).

0.200 g sample is dissolved in water and is passed

through a column (2.0 cm x 32 cm) of Dowex 50 x 8,

a strong cation exchanger, in the H+ form. The column

is washed with water (50 ml). The effluent and washings

are collected and made upto 250 ml. 25.0 ml of this

solution is titrated against 0.02M thorium nitrate

solution using methyl thymol blue as indicator.

3.5.4 XRF Analysis of MnO2 Samples (H.N. Bajpei and C.S.

P. Iyer).

For the determination of Ag, W and Mo in MnO? samples,

doped with these elements, an energy dispersive XRF

analysis method was standardised. Samples and standards

were prepared in the form of thin specimens in cellulose

and using Am(Sn target) as source fluorescent x-rays

were emitted and measured. Mass attenuation coefficients

for the energies of interest were found out and used

in the calculation of analytical results. The results

thus obtained were cross checked by conventional methods.
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3.5.5 Hydrolysis of chloroform (C.S.P. Iyer and T.P.S.

Asari).

Hydrolysis of chloroform in presence of water is

studied at a temperature of 150°C (and) in the

absence and presence of stainless steel.

Chloroform and water were taken in a teflon lined

Parr bomb and kept, in an oven at a temperature of

150°C. After a period of 120 mins. the bomb was taken

out, cooled and the contents analysed.

It is found that chloroform is hydrolysed to formic

acid and hydrochloric acid. The total conversion of

ChCl-j in a period of 120 min. is of the order of 0.01%

However, in presence of stainless steel the conversion

is quadrupled. This shows that stainless steel cata-

lyses the hydrolysis of chloroform to formic acid and

hydrochloric acid.
4. AUGMENTATION/INSTALLATION/INTERCOMPARISON
4.1 Setting up of a Prototype Module of Ultra Trace

Analysis Laboratory (S. Gangadharan).

The civil, electrical and airconditioning works have

been completed. Laminar air flow clean work benches,

fabricated with no metal component, have been installed.

Piping for water supply and drainage, sinks and taps

have been fabricated from polypropylene. The salient

feature of the facility is in the choice of materials

of construction (non-metallic) and exploitation, through
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persuation, of indigenous technology in providing

clean work environment for trace element analysis.

This facility would help evaluate the indigenous

capability in providing "metal free" background to

enable reliable estimation of nanogram and lower

amounts of .elements and provide the necessary input

information for the proposed centre for compositional

characterisation.

Precommissioning monitoring of the quality of air/

environment has begun prior to the commissioning of

the facility.

4.2 Installation of equipment at UTAL (S. Natarajan,

5. Jaikumar, S.V. Burangey, S. Gangadharan& N.S. Kapre)

Equipment for atomic spectrometry comprising of absorp-

tion with flame and graphite furnace and emission

with inductively coupled plasma in sequential mode

under computer control and for electroanalytical

chemistry have been procured, installed and tested

for their basic specifications.

4.3 Setting up of Hitachi Zeeman Atomic Absorption

Spectrophotometer. (P. Murugaiyan and Ch. Venkateswarlu)

Hitachi Zeeman Atomic Absorption Spectrophotometer

has been set up. Zeeman flame system and furnace system

with auto-sampler injection are working satisfactorily.

Sensitivities for Cd, Pb, Fe, Mn, Al and Sn are found
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to be comparable to that claimed by the manufacturer.

Mn at 10 ug/ml level in brackish water and Cd and Pb

in 1?o sodium chloride solution were analysed by

furnace AAS, Cu and Ni at 10 JJg/g in U^Oc by Zeeman

flame AAS. Also Cu at 0. 10-0.20 jug/ml was determined

in human blood plasma.

4.4 Installation of DCP Emission Spectrometer (R.K. Iyer

K.R. Krishnamoorthy and M. Ramanamurthy).

A Spectraspan V DCP emission spectio meter obtained

with the funds provided by the Department of Environ-

ment for this programme was installed in the room

which was equipped for the instrument. The installation

was completed in Sept. 1985.

There were a few teething problems which came in the

way of the continuous working of the instrument.

Recently the instrument has started working satisfactorily

The analytical.lines specified in the wavelength guide

supplied by the manufacturer were evaluated for seven

elements using solutions (Cd, Cr, Cu, Mn, Ni, Pb and

Zn) and for three elements (As, Se and Hg) using hydride

generation unit. This was necessary to find out the

reliability of the results obtained and the suitable

wavelength(s) for the determination of each element.
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4.5 Installation of Liquid chromatograph (S.R. Desai

and B. Maiti) .

A high pressure liquid chromatograph DuPont series

8800 was set up and its performance was tested using

various columns and detectors. The latter includes

spectrophotometric detector "Spectro 400", fluorimeter

and refractive index detector.

4.6 C,H,N Elemental Analyser (C.S.P. Iyer, V.R. Joshi and

S.N. Rsvankar).

The new analyser has been set up and standardised by

using standard compounds. The samples, enclosed in

tin foil were dropped into a vertical quartz tube,

maintaintained at 1030°C and continuously flushed

with helium. Momentarily the helium stream was enriched

with pure oxygen when flash combustion of the sample

took place. The gases thus formed were passed over a

bed of Cr~0, to achieve complete conversion of CO to

C0? and then through copper to remove excess oxygen

and to reduce oxides of nitrogen to nitrogen. The

mixture of N^-CO^-H-O was separated by a chromatographic

column and measured by a thermal conductivity detector.

A number of metallo organic compounds and some plant

products have been analysed for C, H and N.
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4.7 Analytical Quality Control Programme for IEPHM,

Department of Environment^.K. Iyer, M. Ramanamurthy

and K.R. Krishnamoorthy).

Many laboratories did not have the DCP spectrometer

functioning at the time of distribution of the first

set of samples as indicated in the earlier quadriennial

report. So a second set of simulated air filter

samples were prepared and distributed, followed by

freeze dried prawn samples to evaluate the performance

of the laboratories with regard to food analysis.

5. ADVISORY

5.1 Scientific-Investigations in connection with Bhopal

Methyl Isocyanate (MIC) leakage (C.S.P. Iyer).

Analytical expertise was provided in connection with

the scientific investigations in the following areas.

Coordination was done in the analysis of MIC stored

in the undamaged Tank 611, to confirm whether the

material was as per specifications as regards MIC,

phosgene, MIC thinner, hydrolysable chloride and water.

Analysis was also carried out for trace impurities as

Fe, Cr, Ni, Zn, Cu.

A detailed sampling programme was drawn for sampling

the residue left in T3nk 610, after the escape of

MIC.

To verify the theory of entry of water/sodium hydroxide
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from vent gas scrubles into the NIC tank, leading

to the exothermic reaction, traces of metallic ions

were analysed in the residue and compared with those

present in process water, Bhopal Municipal water and

sodium hydroxide solution.

Experimental studies were carried out on the effect

Fe+ ions on the hydrolysis of CHC1, to HC1 which con-

firmed that Fe+ catalysed the reaction.

In order to verify the presence/absence of CN~ in the

residues, an ion chromatographic method was developed.

5.2 Safety aspects of the Heavy Water Project (Kota): This '"vi-

sion participated in the committee constituted by DAE-SRC

for evaluating the safety aspects of the plant.

5.3 XLPE insulated C5P sheathed copper conductor cable

for the NAPP (C.S.P. Iyer, P.V. Ravindran and D.N.

Wagh).

Based on the experiments carried out in this Division,

it was confirmed that copper shield tape used in these

cables had tarnished, due to migration of sulphur from

the chlorosulfonated polyethylene (CSP) outer sheath

through the inner sheath of cross linked polyethylene

(XLPE). Since sulphide attack on copper would in the

long run lead to loss in electrical continuity of

the shield, the whole consignment of the cables was

rejected by the NPB. The company came out with a

modified CSP. This was subjected to accelerated testing
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testing at a temperature of 110°C continuously for a

month. The copper tapes were then analysed for the

sulphur pick up. Practically no sulphur could be

detected on the copper, showing that with the modified

CSP, there was no migration of sulphur on to the copper

tape.

Thermogravimetric studies were also carried out to

compare the original CSP with the new CSP.

5.4 Analysis of flux samples containing CaF2, CeO» and ZrO2

(C.S.P. Iyer and T.P.S. Asari).

The Defence Metallurgical Laboratory, Hyderabad,

sought the assistance of this Division in developing

of procedures for the analysis of flux samples con-

taining CaF«, CeO_ and ZrO«. This involved a proper

dissolution procedure followed by methods of deter-

mination for Ca, Ce and Zr.

6. WORKSHOP/EXHIBITION
6.1 Workshop on NAA

A three week workshop on neutron activation analysis

was organised during 1985 Feb. 4-22 under the auspices

of IAEA-RCA. Nine participants from Bangladesh, Indonesia,

Malaysia, Korea, Phillipines and Thailand and three from

India took part in the course. The Workshop was designed

to enable the participating research scientists to

develop and validate analytical methodology, with

emphasis on the finer details of the different approaches
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to, and steps in the analytical measurements

process. The use of modern techniques to improve and

evaluate the quality of results and mathematical

methods to enhance the information content of the

data for specific applications was highlighted.

The course consisted of 27 lectures, and 9 experiments

for practicals, in addition to some demonstration

experiments.

In response to a questionnaire circulated by IAEA,

the participants were very appreciative of the course

content arrd expressed that the duration could have

been a week longer to enable more experimental work.

6.2 Workshop on Quality Assurance of Analytical Data

(K.K. Iyer, K.R. Krishnamoorthy and M. Ramanamurthy).

In order to create an awareness in the participants

of IEPHM of the need for both internal and external

quality control and of quality control and quality

assessment methods, a workshop on the "Quality

Assurance of Analytical Data" was organised by this

Division in BARC between July 15-18, 1985.

Seven participants from the six laboratories in IEPHM

took part in this workshop. 10 lectures and four de-

monstration experiments were organised. The faculty

consisted of six members of the staff of Analytical
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Chemistry Division and one each from NEERI, Nagpur

and NIOH Ahmedabad. The lectures covered topics

ranging from sample preparation, sample handling,

DCP spectrometry to evaluation of data and quality

control and assessment procedures.

6.3 EXHIBITION

Surface area analyser, mercury analyser and vapour

pressure set up were displayed/demonstrated in the

workshop on low cost instruments and chemical education

at RC Shroff Institute, during December 1985 and in

the exhibition in Nehru Science Centre.
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APPENDIX I

During the year the Division completed the analysis of

2,197 different samples received from various Divisions from

BARC and sister institutions in the DAE family. Analytical

work undertaken for outside institutions in special cases

yielded a revenue of Rs. 55,105/-.

Source No. of No. of deter-
samples minations

BARC

1. Atomic Fuels Division 434 1340
2. Chemistry Division 402 554
3. Dhruva 20 45
4. Metallurgy Division 116 327
5. Electrical Works Section 4 4
6. Extractive Met. Seen. 57 133
7. Radiometallurgy Sec. 5 16
8. Uranium Metal Plant 225 727
9. Heavy Water Project 4 10

10. Reactor Operations Divn. 22 80
11. Reactor Control Divn. 9 25
12. Chemical Engg. Divn. 22 83
13. Water Chemistry Divn. 28 45
14. Beryllium Plant 38 124
15. Reactor Engg.Divn. 8 27
16. Isomed 1 4
17. Desalination & Effl. Engg. Divn. 24 41
18. Nuclear Physics Divn. 11 21
19. Air Monitoring Sec. 157 654
20. Radiation Tech. Divn. 5 5
21. Technical Services Divn. 15 78
22. Fuel Reprocessing Divn. 44 59
23. Reactor Safety Divn. 1 5
24. Waste Management Divn. 23 37
25. Isotope Divn. 11 35
26. KHD Project 7 24
27. Central Workshop 12 26
28. Central Stores 26 97
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29. Civil Engg.Divn. 62 71
30. CIRUS 5 27
31. Radiopharmaceuticals Dn. 32 62
32. Bio-Organic Divn. 3 6
33. BARC Hospital 5 10
34. Laser Divn. 1 5
35. Uranium Extraction Divn. 7 21
36. TP&PED 6 8

Other Units of DAE

1. PPED 55 131
2. Kakrapara Atomic Power Project 2 10
3. NAPP 6 48
4. RRC, Kalpakkam 2 5
5. MAPP 5 40
6. NFC, Hyderabad 5 10
7. AMD, Hyderabad 14 22
8. IRE 7 56
9. Tata Memorial Hospital 47 88

Institutions and Industries

Saugar University 5 14
Bandodkar College of Science,Thana 13 41
IIT,Bombay 19 19
IIS, Bangalore 2 2
Regional Research Inst., Bhavanagar 11 44
School of Studies in Chem., Ujjain 3 6
Grant Medical College, Bombay 2 4
Defence Science Centre 1 26
Ordinance Factory 2 2
Research, Design & Std. Orgn.,Lucknow 5 5
Petrochem., Baroda 6 12
School of Marine Science 4 8
KMED Project, Trivandrum 15 15
Defence & Met. Divn., Karad 2 16
RCF, Bombay 6 ' 12
DMRL 4 12
Defence Mat. Res. Lab., Hyderabad 4 18
Marc Associates 3 6
India Metal and Ferro Alloys 1 1
Central Electrochm. Lab., Karaikudi 1 5
Josts' Eng. Co., Bombay 3 6
Gas Power Station, Uran 2 8
Vulcan Laval 3 12
Aeiges Chemical Industries 8 40
Modison Metal Refiners 1 14
Dharangadhara Chem. Works 2 15
Philips India 2 2
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Gufic Pvt. Ltd.
Hico Products
Sudersan Chemicals
Bralco Industries
Nlicol Andrew Engine
IAEC
Air India
Garware Paint
MSEB
Larsen & Toubro
MIDC, Thane
Bombay Airport
Shama Engine Valver Bhopal
Industrial Carbon
Ferro Alloys, Srinagar

6
1
4
7
1
1
6
1
6
5
1

26
1
1
1

2197

24
3
9
17
1

30
8

48
10
22
30
1
1
3

5798
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APPENDIX II

PUBLICATIONS

1. Trace element studies of the zircon separates - Manimala river,
Kerala.

R. Parthasarathy, A.V. Murali, M. Sankar Das, A.M. Nair
and Narayana Swamy

Jour. Geol. Soc. India 1G_, 390 (1985).

2. Chemical ages of zircons: New results.

R. Parthasarathy, M.M. Palrecha and M. Sankar Das

Jour. Geol. Soc. India, 2_7,11O (1986).

3. Studies on mixed ligand system H 0 2
+ - TTHA - maltol^.

R.M. Sathe and S.Y. Shetty

Ind. J. of Chemistry (in press).

4. Some thermochemical studies of caesium uranate, molybdate
and chromate.

D.K. Base, M. Sundaresan, R.P. Tangri , R. Kalyanaraman
and G. Schumacher.

J. Nucl. Mat., J2£, 122 (1985).

5. An ammonium ion sensitive P.V.C. membrane electrode based on cetyl

trimethyl ammonium bromide.

A. Sankaranarayanan, S.P. Awasthi and M. Sundaresan

Transactions of SAEST, _2_0, 2-3 (1985).
6. L . M. F . measurements using CaF« cell - heats of formation

of calcium chromite.

K.V. Rajagopalan, R. Kalyanaraman and M. Sundaresan

J. Electrochem. Soc. of India 34_, 229 (1985).

7. Polarographic study of zinc thiocyanate complexes in mixed

solvents.

J. Rangarajan and R.Sundaresan

Proc. Indian Acad. Sci. 95, 327 (1985)
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8. Differential electrolytic potentiometric titrations of
thiourea, bromide and thiocyanate at trace levels.

R.G. Dnaneshwar, Mrs. M.R. Dhaneshwar, S.N. Revankar,
L.R. Zarapkar and S.S. Dhaktode

Analytical Proceedings, Z2, 346 (1985).

9. The uptake of cathodic hydrogen by shim steel.

B.S. Chaudhari and T.P. Radhakrishnan

Corrosion Science, lb_, 1077 (1985).

10. Role of hydrogen transfer reactions on the uptake of
cathodic hydrogen by steel.

B.S. Chaudhari and T.P. Radhakrishnan

J. Electrochem. Soc. India (in press).

11. Diffusion and electropermeation of hydrogen through steel.

T.P. Radhakrishnan

Proceedings of Fundamental and Applied Electrochemistry
SAEST (Bombay) 1985.

12. Determination of niobium, tantalum and titanium in niobites
and tantalites by flame emission and AAS.

C.K. Pillai, S.'Natarajan and Ch. Venkateswarlu

Atomic Spectroscopy £, No. 2 531 (1985).

13. Evaluation of hydrogen diffusivity in mild steel from
electropermeation transients - galvanostatic mcde of charging.

B.S. Chaudhari and T.P. Radhakrishnan

Surface Technology (in press).

14. Electrochemical studies of thiourea on gold electrode.

S.S. Dhaktode, R.G. Dhaneshwar and L.R. Zarapkar

Proc. of the ATM published by Electrochemical Society
of India, Bangalore 1985, pp 23-28.
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15. HPLC separation of Be, Co, Ni and Cr as B-isopropyl tropolone
complex and its application in the determination of chromium
in air samples.

B. Maiti and S.R. Desai

Analyst (in press).

16. Studies on the erroneous characterisation of Zn/Cd citrate
species by solvent extraction.

M.Y. Joshi, T.S. Krishnamurthy and Ch. Venkateswarlu

Indian J. Chem. (in press).

17. Heterometallie Sinuclear Chelates of TTHA
B. Maiti, S.Y. Shetty & R.M. Sathe
Indian J. Chem. 24£» 9 7 0 (1985).

18. Use of Fluoride Ion Sensitive Electrode in the Study of
Mixed Ligand Chelates of Th(IV), Zr(IV) and Ln(III) with
HEDTA and Fluoride Ions
S.Y. Shetty, N. Mahadevan and R.M. Sathe
Indian Jour. Chem. (In Press)

19. Ion exchange preconcentration of cationic impurities for
testing the purity of phosphorous.

H. Parasurama Iyer, P. Murugaiyan and Ch. Venkateswarlu

Proceedings of the National Symposium on "Recent Trends
in microanalytical chemistry. Pub. 1985.

20. Diluent effects on synergism in extraction of uranium(IV).

R.K. Malhotra and M. Sudersanan

Indian J. Chem. 24A, 223 (1985).

21. Synergism in the extraction of uranium (V) by a mixture of
oxine and B-diketones.

R.K. Malhotra, M. Sudersanan and A.K. Sundaram

Proc. Indian Acad. Sci . (Chem. Sci.) _94, 515 (1985).

22. Syiicrcjisrn in the extraction of lanthanides, copper and
Uiorium in presence of HTTA and antipyrine.

R.K. Malhotra and M. Sudersanan

Croc. Indian Acad.Sci. (Chem. Sci.) 95, 333 (1985).
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23. Trends and Developments in the Application of NAA
S. Gangadharan in Ar t i f ic ia l Radioactivity, Eds. K.N. Rao and H.J.
Arnikar), Tata McGraw Hi l l 1985, pp. 606-614.

24. Sorption discrepancies of metal ions in d i f f e ren t batches
of Chelex-100.

S.G. Iyer and Ch. Venkateswarlu

Indian J . of Chem. 24A, 805 (1985).

25. Gas chromatographic determination of carbide carbon in
aluminium n i t r i d e .

A.P. Walvekar and M. Sankar Das

Indian Journal of Chem. ( i n press).

REPORTS

1. Studies on boron controls in nuclear power sac tors: Significance
and evaluation, of basic resin properties.

Usha Manian, D.P. Rao, A.R. Chhokera and.C.S.P. Iyer

BARC/I-805 (1984)

2. Parametric studies on boron controls in nuclear power reactors.

Usha Nathan, A.R. Chhokera, D.P. Rao and C.S.P. Iyer

BARC/I-852 (1985).

PRESENTATIONS

1. Determination of lithium and oxygen using a chain of nuclear
reaction.

Rakesh Verma, S. Gangadharan and S. Yegnasubramanian

International Symposium on Artificial Radioactivity, Pune (1985).

2. Individual rare earth element determination in monazite
by NAA.

R. Parthasarathy, H.B. Desai and S.R. Kayasth

International symposium on Nuclear Analytical Chemistry,
held at Halifax, Canada, June 1985.
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3. Compositional characterisation and its interpretation for
environmental applications.

S. Gangadharan

Workshop cum symposium on Analytical and Environmental
Instrumentation, JNU, New Delhi, 1985.

4. Determination of traces of rare earths in high purity
thorium oxide by NAA.

S.R. Kayasth, H.B.Desai and M. Sankar Das

Proceedings of the Radiochemistry and Radiation Chemistry
Symp. held at 11T', Kanpur, Dec. 9-13 (1985).

5. Intercomparison analysis on simulated air filters by NA and AAS.

M. Ramanamurthi and K.R. Krishnamurthy

Radiochemistry and Radiation Chemistry symposium
IIT, Kanpur, Dec. 9-13 (1985).

*
6. Control of blank in the determination of lead in blood samples

by DPASV.

S.V. Burangey, L.R. Zarapkar, R.G. Dhaneshwar and
M. Sankar Das

International symposium on advanced electroanalytical
techniques, Jodhpur, Dec. 22-28, 1985.

7. Determination of Cr(VI) in water and air by differential
pulse polarography.

M.M. Palrecha, A.V. Kulkarni and R.G. Dhaneshwar

International Symposium on Advanced electroahalytical techniques,
Jodhpur, Dec. 22-28, 1985.

8. Electrochemical studies using tantalum wire electrode.

Smt. M.A.Rao, Smt. M.R. Dhaneshwar and R.G. Dhaneshwar

International Symposium on Advanced Electroanalytical
Techniques, Jodhpur, Dec. 22-28, 1985.
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PUBLICATIONS IN BOOK FORM

1 . Proceedings of Workshop on Electrochemistry, Institute of
Science, Bombay, Feb. 85.

Eds. R. Sundaresan and M.K.Totlani.

2. Proceedings of the Advanced Workshop on Thermal Analysis
held at ERDL, Pune, Nov. 1984.

Eds. P.V. Ravindran and A.K.Sundaram

3. Proceedings of the Workshop on Electrochemical Instrumenta-
tion held at TIFR, Bombay on October 1985.

Eds. R. Sundaresan, M.K. Totlani and K.S.V. Santhanam

4. High strength low alloy steels

C.S.P. Iyer

Metals 1985.

Participation in Intercomparison Development of Low Alloy
Steel Spectrographic Standards, Conducted by Defence
Metallurgical Research Laboratory, Hyderabad.

5. Neutron activation analysis in the monitoring of health-
related trace element pollutants.

S. Gangadharan, J. Arunachalam, K.R. Bhat, S. Yegnasubramanian

IAEA-TECDOC-33O p. 147-154 (1985).

6. Compilation of lecture notes for the RCA workshop on neutron
activation analysis.
R.K. Iyer
BARC/I-842

7. Workshop on Quality Assurance of Analytical Data, July 15-18,
1985.

Lecture notes edited by R.K. Iyer



APPENDIX III

COURSE ON ANALYTICAL CHEMISTRY TO THE CHEMISTRY TRAINEES OF THE BARC TRAINING SCHOOL
(COORDINATOR - DR R. SUNDARESAN)

As in every year, a course on Analytical Chemistry was imparted to the Chemistry
Trainees of the 29th Batch of the BARC Training School. This course of about 50 lectures
and 20 tutorials was given by the following staff members of the Division.

Name

1. Shri T.S. Krishnamoorthy

2. Dr P.K. Padmanabhan

3. Shri S.Natarajan

4. Dr S.K. Agarwal(Radiochemistry
Divn.)

5. Shri P.V. Ravindran

6. Dr A.V. Kulkarni

7. Shri K.R. Krishnamoorthy

Subject

General methods of trace
analysis; sampling

Complexometry; solvent extraction; 15
ioa exchange; chromatography

Spectrochemical methods - emission, 15
absorption and x-ray techniques

Mass spectrochemistry 3

Thermal Methods 3

Electroanalytical chemistry 9

Radioanalytical methods 5

No. of lectures

k

Besides these lectures, the course consisted also of 10 laboratory experiments on the
various aspects of analytical chemistry and 8 demonstration experiments arranged in Analytical
Chemistry, Metallurgy, Physical Metallurgy and Spectroscopy Divisions. Trainees were evaluated
by their performance in 3 tests and their laboratory work for a total of 300 marks.



APPENDIX IV

TRAINING

Name Institution Field of training

1. Or Kapoor

2. Dr Habib Shebut

3. Dr Bapat

4. Shri K. Sajan

5. Kum. Sujata

Institute of Nuclear Medicine and
Allied Sciences

AEC, Damascus, Syria

Sagar University

Cochin University

Siddharth College, Bombay

6. S.S. P.L. Garge and Pune University, Pune
M.P. Mulay

7. Postgraduate students 11T, Bombay
of earth sciences Dayalbagh University, Agra

Neutron Activation Analysis

Conventional methods of analysis
of uranium in minerals, ores
and concentrates.

DTA

DTA

Differential pulse stripping
voltammetry

Cyclic voltammetry

Radioanalytical chemistry
demonstration experiment

I
o
I



APPENDIX V

DEGREES AWARDED

Some of the staff of the Division are recognised guides of the Universities of
Bombay and Pune. The details of the cases where candidates have been awarded a degree
in 1985 are listed below.

S.No.

M.Sc.

1 .

2.

Name of the candidate

Smt. Pamela Alex

V.T. Kulkarni

Guide

Dr M. Sundaresan

Dr M. Sundaresan

Title of the thesis

Electroanalytical chemistry of
beryllium.

Studies on some copper, nickel
and cobalt ion selective electrodes.

Ph.D.

3. Shri K.U. Nair

4. Shri N.P. Bhat

5. Shri R.N . Sawant

Dr M. Sundaresan

Dr M. Sundaresan

Dr M. Sundaresan

Studies on oxychlorination of •
molybdenum sulphide by fluidised
bed technique.

Thermodynamic studies on ternary
oxides of chromium with sodium and
lithium.

Some low melting eutectics -
ThermGchemical studies - their
use in electrochemistry



APPENDIX VI

INVITED TALK

Speaker Place Subject

1 . Dr M. Sankar Das

2. Dr Ch. Venkateswarlu

3. Dr S. Gangadharan

Workshop on quality assurance of
analytical data for Dept. of Environ-
ment, BARC, Bombay 1985.

UGC National Symposium, School of
Chemistry, Andhra University,
Visakhapatnam, Aug. 1985.

IAEA-RCA workshop

International Symposium on Artifi-
cial Radioactivity, Pune, 1985

Intensive course on Metallurgical
quality control and assurance in
engineering industry, Bombay, 1985.

Workshop on quality assurance of
analytical data, Dept. of Environ-
ment, BARC, Bombay, 1985.

Workshop cum symposium on Analytical
and Environmental Instrumentation -
Recent studies and applications,
Delhi 1985.

Accuracy in Trace Element
Analysis.

Role of atomic absorption
spectrometry in multidiscipli-
nary research programmes.

Neutron activation analysis.

Neutron Activation Analysis.

Compositional chemical analysis.

Contamination and loss in
trace element analysis.

Compositional characterisaticn
and its interpretation for
environmental applications.

to
I

4. Dr C.S.P. Iyer Seminar on construction of lubricants, Turbine oil - analytical
1985, New Delhi. requirements and reclamation.



5. Dr R.K. Iyer

6. P. Murugaiyan

7. Dr S. Natarajan

8. Dr S.V. Burangey

Workshop on quality assurance of
analytical data for Dept. of
Environment, BARC, Bombay 1985.

IAEA RCA Workshop

Workshop on quality assurance of
analytical data for Dept. of
Environment, BARC, Bombay 1985.

-do-

-do-

Evaluation of trace element
data in environmental analysis
Analysis of Heavy Metals in
the environment and quality
assurance of analytical data.

Radiochemical separations
and preconcentration methods
for NAA.

Evaluation of analytical data
in activation analysis.

Purification of reagents for
trace element analysis.

HydT.ide generation technique

Analysis of heavy metals in
the environment; approach
through atomic spectrometry

C5
CO

Electrochemical methods in
the analysis of trace elements
in environmental samples.

9. Dr R.G. Dhaneshwar International symposium on advanced
electroanal. techniques, Jodhpur, Dec
1985,

Symp. on recent advances in instru-
mental methods, Roorkee, Feb. 1985.

RCA Workshop on NA A, BARC, Feb.86

Workshop on Electrochemistry, Inst.
of Science, Bombay, Feb. 1985.

Electrochemical studies in
mixed solvents.

Eleetroanalytical studies
with irradiated electrodes.

Electrochemical techniques
for trace element analysis.

Cyclic voltammetry, chrono-
potentiometry and differential
electrolytic potentiometry.



10. Dr K.A. Khasgiwale International conference on Electro-
chemistry at Jodhpur, Dec. 1985.

11. Dr T.P. Radhakrishnan Workshop on Electrochemistry,
held by SAEST, Institute of
Science, Bombay, Feb. 1985.

12. Dr V.R. Chandrasekaran "

13. R. Sundaresan

14. M. Sudersanan

15. Shri J. Arunachalam

16. Shri S.S. Thantry

Workshop on computer aided
instruction in chemistry, IIT
Powai, May 1985.

Centre for Earth Science Studies,
Trivandrum

Workshop on Glass to Metal Seals,
held at BARC, Oct. 1985.

SpectroelectrochemiLtry

Stripping voltammetry.

Double layer and electrode
kinetics

AC, Square wave and pulse
polarography

Polarography

Simulation of experiments.

Psychology of using computers jj,
in CAI. •ft

l

Petrogenesis of charnockites
through trace element data
and pattern recognition.

Glass electrodes.
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