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Editor's Note:

Welcome to ISAS News Letter Volume 2, No 2. | take this opportunity to request
members of ISAS to kindly send articles for publication in the newsletter. Articles may
please be sent to the editor by e-mail. | would like to thank all the contributors for the
time and effort they have spent preparing articles for this edition which | hope will be
both informative and interesting.

In November 2009, the quality science of analytical chemistry was on show at the IASC
2009 at Lonavala, Maharashtra State. Of the 200-odd who attended this conference,
more than one-third of the registrants were students, which shows that analytical
chemistry is still a career of choice. I'm hopeful that this high student turnout and clear
interest in analytical chemistry can be converted into a higher proportion of student
members in ISAS, which at the moment stands at only 10% of the 2000-odd member
total. Apart from increasing overall membership of the society, increasing the number of
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students will also help address the aging demographic of ISAS. In terms of student
interest, ISAS members who hold academic positions are particularly important, as they
are well placed to both foster analytical chemistry, and encourage students to join ISAS
The issue of membership numbers is not unique to our associgfieveral scientific
societies in the country are going through consultative process with members about the
possibility of an amalgamation . Amalgamation results in a large member base,
economies of scale, save running costs, etc. However, several organizations are shying
away from amalgamation because of the fear of loss of identity. Members of ISAS have
also expressed their satisfaction at being members of a small yet vibrant association
with its own charter rather than becoming part of a large society losing its own identity.
We have decided to maintain links with other chemistry-focused organizations, but
retain ISAS in its present form.

Message from President-ISAS

With the beginning of the April 2010 , it's now just over seven months until the
International Congress on Analytical Scieff€AS 2010 , which will be convened in

Kochi, Kerala State, India. The theme of the congress is ,”Analytical Science in Advanced
Material Processing and Environmental Impact Assessment.” The conference is being
held in the IMA house at the centre of the City of Koklaichi (Colonial name Cochin) is

an active location of the Analytical Scientists community in India. Several R&D
organizations such as Naval Physical Oceanographic laboratory(NPOL), Central Institute
of Fisheries Technology(CIFT), Central Marine and Fisheries Research Institute
(CMFRI),National Institute of Oceanography(NIO),Amrita Institute of Medical Science
(AIMS), Cochin University of Science and Technology(CUSAT), Marine Products Export
Development Authority(MPEDA) ,etc are located in Kochi. Major chemical industries of
India like Fertilizers and Chemicals Travancore(FACT), Travancore Cochin Chemicals
Limited(TCC). Hindustan Insecticides Limited(HIL), Indian Rare Earths Limited (IREL),
Binani Zinc limited, Sud Chemie (India)Limited , Indian Aluminium Company(IAC), BPCL
Kochi Refineries, Hindustan Organic Chemicals Limited, Synthite Chemicals, AVT
Industries have their production plants located in Kochi. In addition, Spices Board,
Coconut Development Board, Cashew Export promotion Council, Export Inspection
Agency, etc. have their offices and laboratories at Kochi. Kochi is one of the biggest
ports in India and has an international airport. Kochi is an attractive international tourist
destination.Kochi known as the “Queen of Arabian Sea” is a vibrant city situated on the
southwest coast of the Indian peninsula in the breathtakingly scenic and prosperous
state of Kerala, hailed as “God’'s Own Country”. Informally, Kochi is also referred to as
the Gateway to Kerala. Kerala is rated in the top three tourist destinations by the World
Travel & Tourism Council and featured in National Geographic Traveler's “50 greatest
places of a lifetime”.The international congress is planned during November 24-27,
2010.

Although November 2010 seems a little distant, | request all members of ISAS and
readers to plan attending this congress and periodically check the website
(www.isasinternational.com). The ISAS conferences offer one of the best opportunities
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for members of ISAS to gather in one place, and the meeting in Kochi will no doubt
continue the tradition of high quality science and social activities that have
characterized previous conferences. As with the day to day running of the ISAS, the
success of the ISAS conferences relies on the commitment of its members who
volunteer their time to ensure the conferences are well organized and run, and | thank
the local organizing committee for their efforts.

Looking forward to see all members of ISAS at KochC#es 2010

Dr VR Nair
President-ISAS
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The focal theme 0iCAS2010 is ,” Analytical Science for Advanced Materials Processing
and Environmental Impact Assessment”. This conference is organized to highlight the
relevance of analytical science as a new and effective tool in meeting the challenges and
needs of the society and intends to bring together scientists from across India and the
rest of the world to discuss and assess the current state of research and development in
the various fields of analytical science. It also aims to forge an active cooperation among
the participants in harnessing analytical science for economic growth, environmental
management and health protection. Whether it is the discovery of elements or novel
materials, characterization of high purity strategic materials, analysis of air or water for
environmental pollutants, identification of toxic metals analytical scientists have an
important role to play. The continuous development of analytical techniques, especially
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instrumentation has been the main driving factor in meeting the challenges in various
fields of science, technology and environment. To be stewards of these technologies
analytical scientists will have to maintain state of the art capabilities (both equipments
and expertise) in analytical chemistry and instrumentation. This needs continuous
upgrading of their knowledge. The conference is expected to help analytical scientists in
achieving the above objectives. The conference will also provide a forum both for senior
as well as young scientists, technologists and academics who are actively involved in
research to come together and share their experience of advances made in their areas
of specialization. The relaxed atmosphere of Cochin will not only provide the
participants an ideal venue for exchanging ideas but also will help to forge active
cooperation among the participants. It is hoped that the conference will enable the
participants to enhance their contribution towards enhancing their knowledge in
applications of analytical science for Advanced Materials Processing and Environmental
Impact Assessment . This conference presents a great opportunity to establish a global
community of practice specifically focused on the challenges facing scientists involved in
the analytical science and technology today.
Major topics to be discussed at the conference:

Sampling and Sample Treatment

Pre-concentration (Including Solid Phase Extraction)

Organic Analytical Reagents

Chemometrics

Quality Assurance / Quality Control

Chromatography (GC, HPLC, IC, TLC etc.) and Related Techniques

Hyphenated Methods

Spectroscopic methods

Separation methods in Analytical chemistry

Sensors

Mass Spectrometry

Nuclear analytical Methods

Electroanalytical Methods

Geoanalytical Chemistry

Thermal analysis

Process Analytical Chemistry

Molecular Probes for Analyte Sensing and Imaging

Surface analytical methods

Analytical Microscopy

Bioanalytical Chemistry

Environmental Analysis

Characterization of Nano Materials

Analysis of New Materials (including High-Purity Materials)

Analysis of Food and Agricultural Products

Clinical/Forensic Analysis

Online analysis /Process analytical Chemistry

Novel Analytical Techniques

Lab on Chips



LIMS

Trace metal analysis and Speciation
The conference will be held @he IMA Convention Centre is situated in the heart of the
city of Kochi and just 60 minutes drive from Kochi International Airgadt10 minutes
drive from Ernakulam Town Railway Station.

GAC

GREEN ANALYTICAL CHEMISTRY

Green Chemistry is a not a new concept. In the history of chemical industry we can find
numerous examples of the stoppage of the use of chemicals because of their polluting
effects on the environment. One example is stoppage of the use of lead and chromium
additives in paints due to concerns that their use impacts negatively on health. Petrol no
longer contains tetraethyl lead. Green chemistry approach to the production and use of
chemicals in our society is that it is proactive rather than reactive. In green chemistry
consideration is given to all aspects of a chemical, from its synthetic process, to its fate
once it has left the manufacturer and to the impact on the resources of the earth. Towards
the beginning of the green chemistry era there were many who believed that having a
green chemistry outlook is not economically viable; but the experience of companies
who adopted the concept suggested otherwise. There were significant economic benefits
for the companies who adopted the concept of green chemistry . The slogan ‘benign by
design’ has proved to be very effective and has become even more so when we are
facing the combined challenges from climate change and resource depletion.

The first definition of green chemistry was provided by Paul Anastas and John ¥Warner
‘Applying fundamental knowledge of chemical processes and products to achieve elegant
solutions with the ultimate goal of hazard-free, waste-free, energy efficient synthesis of
non-toxic products without sacrificing efficacy of function.’

They also proposed twelve principles of green chemistry, intended as guidelines for
practical chemistry:

x It is better to prevent waste than to treat or clean up waste after it is formed.

1 Anastas, P. T. & Warner, J. C. (1@98gn Chemistry: Theory and @xémtic&niversity Press: New York
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x Synthetic methods should be designed to maximize the incorporation of all materials
used in the process into the final product.

x Wherever practicable, synthetic methodologies should be designed to use and
generate substances that possess little or no toxicity to human health and the
environment.

x Chemical products should be designed to preserve efficacy of function while reducing
toxicity.

x The use of auxiliary substances, e.g. solvents, separation agents, should be made
unnecessary wherever possible and innocuous when used.

x Energy requirements should be recognized for their environmental and economic
impacts and should be minimized. Synthetic methods should be conducted at ambient
temperatures and pressure.

x A raw material feedstock should be renewable rather than depleting, whenever
technically and economically practical.

x Unnecessary derivatization (blocking group, protection/deprotection, temporary
modification of physical/chemical processes) should be avoided wherever possible.

Catalytic reagents (as selective as possible) are superior to stoichiometric reagents.

x Chemical products should be designed so that at the end of their function they do not
persist in the environment and break down into innocuous degradation products.

x Analytical methodologies need to be further developed to allow for real-time in-
process monitoring and control prior to the formation of hazardous substances.

x Substances and the form of a substance used in a chemical process should be chosen
S0 as to minimize the potential for chemical accidents, including releases, explosions
and fires.

These twelve principles essentially fall into four groups.

x Efficient use of energy.

x Hazard reduction.

x Waster minimization.

x Use of renewable resources.

As can be seen green chemistry emphasizes sustainable chemicals and processes,
chemicals which are "benign by design,"” and pollution prevention at the molecular level
rather than remediation of chemical waste. Green chemistry is relevant to all types of
chemistry, including analytical chemistry. However, historically analytical chemists have
not often used the terminology green or clean until more recently, so a relatively under-
examined area of green chemistry is analytical chemisiitye Twelve Principles of
Green Chemistry, as developed by Dr. Paul Anastas and Dr. John Warner, provide the
foundation for green analytical chemistry. However, only some of these principles apply
to green analytical chemistry. The detection, measurement, and monitoring of chemicals
in the environment through analytical chemistry have long been a tool for environmental
protection. Some of the analytical methods , including those that analyze environmental
samples, often contribute to further environmental problems through the chemicals used
in the analysis. This is because many analytical procedures require hazardous chemicals
as part of sample preservation, preparation, quality control, calibration, and equipment
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cleaning. These procedures create wastes in larger quantities and with greater toxicity
than that of the original analyzed sample. The aim of green analytical chemistry is to use
analytical procedures that generate less hazardous waste and safer to use and more benign
to the environment. One of the key drivers for the greening of analytical chemistry is the
economics. Preventing waste can significantly reduce the costs associated with waste
treatment and disposal. Other cost reductions can come from reduced energy usage and
reduced chemical usage via greener methods. Stricter environmental control and effective
process monitoring have created considerable demands for innovative analytical
methodologies. New devices and protocols, with negligible waste generation or no
hazardous substances, and in situ real-time monitoring capability are particularly needed
for addressing the challenges of green analytical chemistry.

The American Chemical Society Green Chemistry Institute has done pioneering work in
the field of green analytical chemistry. They conducted studies to identify and apply
green chemistry to approximately 850 analytical methods in the National Environmental
Methods Index (NEMI; www.nemi.gov)With these metrics, called "greenness" profiles,

the users of the online NEMI database can easily compare the greenness profiles of
analytical methods, in addition to other method performance criteria, to make more
informed decisions when choosing an analytical method. The greenness profiles take
into account many aspects of an analytical method, such as sample preparation,
measurement/detection, chemical reagents, solvents, preservatives, and waste quantity
generated. Additionally, the greenness profiles can aid a researcher in identifying
methods that use fewer harmful solvents, use safer chemicals, and prevent waste. Four
criteria were developed for generating greenness profiles of analytical methods. These
four criteria, called PBT (persistent, bioaccumulative, toxic), Hazardous, Corrosive, and
Waste, are defined with threshold levels that must not be exceeded for a method to be
considered green. Making use of NEMI database the greenness profiles of several
analytical methods can be compared .The information in NEMI can also be used to

develop greener analytical procedures

The revolution of green chemistry has also provided new challenges and exciting
opportunities for analytical scientists for developing greener analyses . Advances in
chemical analytical instrumentation and techniques are required to insure that the
measurement of environmental impact doesn't actually contribute to environmental
degradation caused by the use and generation of hazardous substances. In addition, new
analytical methods are to be developed for use in industry to measure the generation of
toxic by products in real time, in-process rather than wait until the generation is complete
and measure the result after the fact .The Indian Society of Analytical Scientists also take
active interest in the area of green analytical chemistry and has taken a decision to
promote green analytical chemistry in India. Some future programmes on green analytical
chemistry have been planned. Top on the priority list of ISAS is to spread the awareness
of green analytical chemistry among research workers and young students by organizing
workshops, conferences, providing scholarships, and awards. Simultaneously, there is a
need to persuade industries to collaborate with academia and government for effective
practice of green analytical chemistry. ISAS also plans to enter into global partnerships
in this field. In the present scenario in India the practicing of green chemistry is a
necessity rather than an option . ISAS has already initiated action for promoting the
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practice of green analytical chemistry on priority basis, since it is the moral
responsibility of all analytical scientists to protect our fragile environmen
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CP-1

ION CHROMATOGRAPHY DETERMINATION OF ANIONIC
IMPURITIES IN CESIUM IODIDE

Ayushi, Sangita D. Kumar and A.V.R.Reddy
Analytical Chemistry Division, Bhabha Atomic Research Center, Mumbai 400085, India
ayushi@barc.gov.in

Abstract

Cesium iodide finds wide applications in scintillation detectors, X-ray imaging systems,
infrared prisms and cell windows. Scintillation characteristics of Csl crystals depend on
both the crystal purity and perfection. The presence of unwanted impurities in the crystal
can modify light emission of scintillator, thus affecting its performance in terms of
energy resolution. However, little work has been done to determine the complete
spectrum of anion impurities in Csl crystals. Hence a simple, rapid and accurate method
for the determination of all the anions in Csl has been developed. The method employs
ion chromatography in suppressor mode using sodium carbonate-bicarbonate mixture as
eluent and conductometric method of detection. The mass of the sample to be dissolved
was determined by the concentration of anions in the sample. In the present set of
samples 1% solutions of the sample was found suitable. Using on-guard Ag cartridge the
interference of iodide in the determination of anions was eliminated. The limit of
detection was in the range 0.01 - 0.03 ppm and RSD was < 2% for the overall method.

CP-2
INVESTIGATIONS OF SPECTRAL INTERFERENCE OF AMERICIUM
DURING TRACE ANALYSIS OF PLUTONIUM BY ICP-AES
Arijit Sengupta, V.C.Adya, and S.V. Godbole
Radiochemistry Division, B.A.R.C., Trombay, Mumbai-400085, INDIA
Email of corresponding author: svgod@barc.gov.in




Abstract

Trace metal characterization of Pu based fuels by atomic emission spectroscopic
technique is generally carried out using carrier distillation technique. Rare earths having
low specification limits are analyzed after chemical separation. In case of power reactor
grade Pu based fuels which contain appreciable amounts of Am, the americium remains
in the aqueous phase along with rare earth analytes which can lead to overestimation of
these elements due to line-rich emission spectra of americium. Typically about 50 mg of
241Am is generated from about 1 g of power reactor grade plutonium per year. To study
the spectral interference of Am on other analytes, high purity Am is essential. Since high
purity Am is not easily available, a three-step separation procedure (1) has been
developed for obtaining high purity Am for spectrochemical investigation. The present
work involved the purity checking of the high purity Am and the study of the spectral
interference of Am on analytes using a glove box adopted Jobin-Yvon Ultima High
resolution-ICP-AES instrument having resolution 0.005 nm. For distinguishing between
the acual concentration of due to the presence of the analyte and the apparent
concentration due to spectral interference on analytical channel it was presumed that
whenever analyte concentration in purified Am sample varied with different analytical
lines for a given element, the analytical line providing lowest concentration is least
interfered and in general the analytical lines showing the presence of elements below the
limits of quantification were chosen as interference free. Based on these criteria, it was
observed that up to 100 pg/ml of Am, there is no appreciable contribution of Am on the
regularly used analytical lines of Eu, Sm, Dy, Ca, Na, Fe, U, Cr, Ag, Al, Co, Mn, and Ni.
For Gd, Cu and Zn, it was observed that using different analytical lines of these elements
the concentration of each individual element was nearly same suggesting their presence
as impurity. The Gd, Cu and Zn was observed to be present as 1, 0.38 and 0.38ug/ml
respectively in 100 pg/ml of Am solution indicating the purity of Am is in the order of
98% as no other impurity elements could be detected. In order to quantify the spectral
interference for a given sample it is necessary to estimate Am simultaneously along with
other analytes. Therefore analytical method was also developed for determination of Am
by ICP-AES during the course of these studies. These studies have revealed that Am
could be determined in the estimation range 0.05-100 pg/ml with 2% RSD using
283.236nm and 408.93 nm. No interference was observed due to presence of concomitant
analyte elements.

References:

1. Arijit Sengupta, V.C.Adya, P.K.Mohapatra, S.V.Godbole and V.K.Manchanda

National seminar on "Solvent Extraction’, June 23-24, 2009 at IGCAR, kalpakkam
kalpakkam Symp. Paper

2. X. Claudon, J.C.Birrolleau, M. Lavergne, B. Miche, C. Bergey, Spectrochimica

Acta,vol. 42B, 407-411, 1987.

CP-3
EFFECT OF SAMPLE CONTAINERS ON THE EDXRF

DETERMINATION OF U IN AQUEOUS SOLUTIONS
N.S.Hon, N.K.Porwal, M.K.Bhide, V.Natarajan and S.V.Godbole
Radiochemistry Division, B.A.R.C., Trombay, Mumbai-400085, INDIA
Abstract
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Uranium metal is used as fuel in research reactors. During the production of fuel
materials, it is necessary to determine the uranium content in the base materials.
Normally conventional techniques like volumetry, spectrophotometry, potentiometry and
coulometry are used for determination of uranium in these samples. EDXRF
spectrometry is known to be a fast and non-destructive technique for estimation of
uranium [1] and is being used for monitoring actinide contaminated waste streams and U
bearing fuels. In the present work, the effect of sample containers on the EDXRF
determination of U in aqueous solutions was studied. This work was undertaken with a
view to explore the utility of plastic /glass containers (in sealed form) for the
determination of U in low active waste solutions. A series of uranium standards in
aqueous phase (concentration range 1-100 mg/ml) were prepared by disse¥ng U
M nitric acid. A Jordan Valley X-ray fluorescence spectrometer, equipped with a Rh
anode X-ray tube and Si(Li) detector, was used for the analysis. Initially a plastic cup,
open at both ends and covered with thin mylar film at the bottom was used for
measurements. The solutions were covered with suitable lid during measurements. After
optimizing the instrumental parameters for good sensitivity for uranium, calibration was
done using these parameters. A linear relation between concentration and intensity was
observed for U concentration between 1-20 mg/ml, while for higher concentrations upto
100 mg/ml, there was a non-linear trend, indicating matrix absorption effects. The
reproducibility of the measurements was within 0.5- 2%. Subsequently uranium standard
solutions were transferred inside PVC vials and counted under identical geometry. In this
case, a similar behaviour of intensity of U L X-ray Vs concentration was observed.
However the matrix absorption effect was found to be less, compared to that observed for
U in plastic cups with mylar base. This can be explained as due to the reduction in the
range of U X-rays due to the finite thickness600 B of bottom of the PVC vials as
compared to the negligible thickness of mylar film (§.6T'he intensities of the standard
solutions got reduced considerably (between 10-25% for U 1-100 mg/ml), though the
precision of the measurements was within 1-3%. Later the effect of counting U solutions
in sealed PVC vials on the intensity of U peak was investigated. For this purpose, the
PVC packets containing PVC vials (with U solutions) were counted under identical
geometry. The results indicated that the reduction in the intensities of standard solutions
after sealing was within 35- 65 % of those for U in unsealed vials. In this case, a near
linear plot of intensity against U concentration could be obtained, though with reduced
precision (r 10 - 20%). Finally the U standard solutions were counted in glass vials. It
was found that the intensities of U X-rays dropped by 95 - 98%, in comparison with the
corresponding values for U in cups with mylar film. The studies suggest the utility of
sealed PVC vials for the determination of uranium in low active process /waste solutions.
Reference
[1] Determination of uranium in various matrices, P. Hoffman, N. Pilz, K.H. Leiser

J. Radioanal. Chem. 132, 121(1989).
CP-4
DIRECT DETERMINATION OF GALLIUM IN (U-Ga) MIXED
OXIDE USING ENERGY-DISPERSIVE X-RAY FLUORESCENCE

SPECTROMETRY

P.J.Purohit V.Natarajan, N.K.Porwal, Neelam Goyal, S.V.Godbole and V.K.Manchanda
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Radiochemistry Division,
Bhabha Atomic Research Centre, Mumbai-400085.
Email:vnatra@yahoo.co.in

Gallium readily alloys with most metals and hence it is used as a component in low-
melting alloys. Actinide-gallium alloys are of interest in the pyro-chemical processes for
the recovery of actinides from spent molten salts by equilibrating them with liquid Ca-Ga
alloys. In particular, Ga-U alloy system has been studied for the development of new
metal fuel reactors. Significant amount of Ga (1-5%) is added level to stabilize U in
normal atmospheric conditions. Therefore accurate determination of gallium content is
important for chemical characterization of U-Ga alloys. Generally atomic absorption
spectrometry, neutron activation analysis and atomic emission spectrometry are used for
this purpose. While neutron activation and atomic absorption spectrometric methods are
applicable to subR) levels, detection limits for methods based on molecular absorption
or fluorescence are higher. Determinations using ICP-AES, ICP-MS and fluorimetry
involve separation of interfering ions. Electrochemical techniques

are reported to be good and sensitive for determination of Ga B/a0 level.
These techniques, though sensitive, are time consuming and have disadvantages such as
the need for dissolution, chemical pre-concentration treatment of samples and other
manipulations. Energy Dispersive X-ray fluorescence (EDXRF) spectrometry is a simple,
fast, non-destructive technique with adequate sensitivity for many elements. Earlier the
application of EDXRF method for the determination of Ga in aqueous uranium solutions
at concentration greater than Zg/ml was reported in our laboratory. In the present
work, feasibility studies on the direct determination of Ga in (U-Ga) oxide mixture in
powder form have been carried out.

Present studies were carried out using a Jordan Valley EX-3600M EDXRF
spectrometer equipped with a Rh X-ray source and Si (Li) detector. The samples in the
form of powder (200 mg) were kept inside a Teflon cup assembly, covered at the bottom
with a thin mylar film. A series of synthetic powder standards (Ga concentration -0.02 -
5%) was prepared by mixing and grinding of stoichiometric amounts of high purity
U30g and GaOs. The optimum parameters for the determination of Ga were obtained by
varying X-ray tube current, voltage and counting time using the highest standard.( Mo
filter,. 25 kV, 500 A, 120 sec.). The KOX-rays of Ga were used for calibration. The
calibration plot of Ga KDX-ray intensity against its concentration was non-linear at
concentrations greater than 0.5%. The intensity of Ga K X-rays increased more at higher
Ga concentration. This is attributed to the significant change (reduction) in effective Z of
the matrix, resulting in enhanced intensity of Ga X-rays. The precision of the
determinations varied between 0.5 - 5%. Three synthetic samples were prepared and
analysed by the developed method. The agreement between the added and determined
values was good. In summary, an EDXRF method has been developed for the fast routine
determination of Ga in (Ga-U) oxide mixture over a wide concentration range with
reasonable precision and accuracy, without involving any chemical separation.

CP-5

DETERMINATION OF Se, As, Pb, In, Sb AND Hg IN AQUEOUS
SOLUTIONS USING EDXRF
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M.J.Kulkarni P.J.Purohit, A.Sengupta and V.Natarajan
Radiochemistry Division,
Bhabha Atomic Research Centre, Mumbai-400085

Toxic elements such as Se, As, Pb, In, Sb and Hg are present in trace levels in
soils, ground water, plants and animals. In view of these, the determination of these
analytes in water, soil and food samples is important. Further since As and Sb are added
in some steel / nickel alloys, their analysis are important, since they can get accumulated
in grain boundaries and weaken the microstructure. Normally techniques such as
neutron activation analysis, X-ray fluorescence spectrometry (XRF), spectrophotometry,
voltametry, hydride-generation inductively-coupled-plasma atomic emission
spectrometry, hydride-generation atomic absorption spectrometry and electro-thermal
atomic absorption spectrometry are being used for determination of these analytes. Pre-
concentration of these analytes and separation of interfering elements are often necessary
to obtain low detection limits. In the present work, the possible application of EDXRF
technique for the analysis of these analytes in agueous medium has been examined.

Methods were developed for the individual determination of Se, In, Sb, As, Pb
and Hg in aqueous solutions. Master standards of the analytes were prepared by
dissolution of specpure reagents in quartz double distilled water. Working standards in
the concentration range 20-100@/ml were prepared by appropriate dilution of the
master standards. The optimum instrumental parameters for each analyte were obtained
by counting the highest standard under different X-ray tube current, voltage and time and
filters. By counting the standards under optimum conditions and calibrating the data,
methods were developed for analysis of the chosen elements. Using synthetic solution
samples, the precision of the methods were evaluated. The results are shown in Table 1.

Table 1
Peak energy, concentration range of standards and precision of the optimized methods
Analyte. Peak Filter Conc. Range Precision
Energy (keV) ( Ry/ml)
Se Kp-11.22 Rh 10-1000 r 1-5%
Sb K-26.36 Mo 50-5000 r 2-10%
In K-24.21 Mo 100-1000 r 2-10%.
As K(-10.54 Cu 20-1000 r 1-5%
Pb L.-10.55 Rh 20-1000 r 1-5%
Hg Li- 9.98 Cu 20-1000 r 1-10%

Since both As and Pb have theilDX-rays around 10.5 keV, the effect of presence of As

on the determination of Pb and vice versa were investigated using two sets of synthetic
standards containing either As or Pb (20-1080nl) along with 100Ry/ml of the other
analyte. It was found that when concentration of one of the analyte was 5 times more, the
interference from the other analyte was negligible. In summary, EDXRF methods can be
used for fast preliminary survey of these elements in aqueous samples.

CP-6
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EFFECT OF URANIUM AND/OR THORIUM ON THE EDXRF
DETERMINATION OF ZIRCONIUM IN AQUEOUS SOLUTIONS

P. J. Purohijt M.J.Kulkarni, V.Natarajan and S.V. Godbole
Radiochemistry Division,
Bhabha Atomic Research Centre, Mumbai-400085

Zirconium has a low thermal-neutron cross section and uranium alloyed with Zr
has excellent corrosion resistance and dimensional stability during thermal cycling.
Hence uranium-zirconium fuel elements are being developed for reactor use. U-Pu-Zr
alloy is a prospective metallic fuel for fast breeder reactor and U with higher Zr content
is a potential candidate for dispersion fuel. The hydrogenated alloy phases of U-Th-Zr
alloy are currently explored for use in research reactors. Normally zirconium content in
U-Zr alloy samples is determined by inductively coupled plasma atomic emission
spectroscopy (ICP-AES),.after its chemical separation from uranium. EDXRF
spectrometry is well known to be a fast, non-destructive and versatile technique for
characterisation of alloy samples. In the present work, the feasibility of determination of
Zr in agueous solution samples and the effect of the presence of uranium, thorium or both
on its determination has been investigated.

A Jordan Valley EDXRF spectrometer equipped with a Rh X-ray source and Si
(Li) detector was used for measurements. The solutions were kept inside a Teflon cup
assembly having thin mylar film at the bottom and were covered during the analysis. A
set of six aqueous solution standards, with Zr concentration between 20-Rj00I0
were prepared by diluting high purity Zr standard solution (E Merck, 1mg/ml). The
optimum parameters for the determination of the analyte were obtained by varying X-ray
tube current, voltage and counting time, using the highest standard (Rh filter, 35kV,
50FA, 180sec.,air). Linear calibration could be obtained for ZbD Keak in the
concentration range 50-100@/ml. The method was validated using synthetic samples
with a precision ofr 0.5 - 5%.

The effect of uranium, on the determination of Zr by the present method, was
studied with solutions containing 10@/ml of Zr along with varying amount of U (20-
1000 Ry/ml).The variation of intensity of Zr KB peak (or the determined Zr
concentration) was withinr 5 %, as compared to the corresponding value for Zr in the
absence of uranium. However in the case of analysis of synthetic samples containing 100
Ry/ml of Zr along with varying amount of Th (20-1008/ml), the intensity of Zr peak
increased with increasing concentration of Th. When Th concentration was between 20-
100 Ry/ml, the determined concentration values of Zr were higher by 2-10%. When the
amount of Th was greater than 168%/ml, the determined Zr values were very high (+ 50
-+110%). This was due to the interference of nearby Hdeak with Zr KDpeak,
which becomes significant at Th concentration > HF0nl. In summary, an EDXRF
method has been developed for the determination of Zr in aqueous solutions. It is tolerant
to the presence of U and Th in the solutiorde@0 Ry/ml. The method may be useful
for fast routine determination of Zr in solutions of Zr-U alloy samples.
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ESTIMATION OF TOTAL AMINOTHIOL CONTENT IN BLOOD
PLASMA USING A MOLECULAR PROBE
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Interdisciplinary Science and Technology (NIIST), CSIR, Trivandrum, India-695019

Cysteine (Cys) and homocysteine (Hcy) are the thiol containing aminoacids present
in human blood plasma. Elevated Hcy level in blood plasma is known to lead higher risk
of coronary heart diseases, stroke and peripheral vascular diséasesnerous studies,
the total Hcy concentrations in blood is found to be high in patients with atherosclerosis.
Various factors like unbalanced dietary intake of high calorie food, smoking etc. will
result in increased amount of thiol containing aminoacids in blood. In the present study,
we illustrate a new strategy for the detection and estimation of aminothiol content in
human blood plasma using a NIR squaraine Syé.

OCH; N _ N SN\ 4 b
N an 5 .
73 Ve, d H,CO
N Hyco
| -
R Sq1 R= <CH,—CH,—0-CH,
[ s for-on Jl
R—SH i
—_— s A
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in blood plasma

gq1 " .
NIR absorption UV-absorption =~ "\
Weak emission Strong emission at 600 nm

Figure 1. Mode of detection of aminothiols in blood by chemical activationSgfi to an active
fluorophore.

The probeSql selectively responds to thiols and aminothiols which allow their
ratiometric detection due to the generation of new, non-interfering absorption and
emission bands. Aliphatic thiol addition to the central cyclobutene ring breaks the
conjugation inSqgl (Figure 1). This process ultimately results in the generation of a
strong visible fluorescence in the thiol adductSefl. Since the detection is based on
absorption and emission changes due to the analyte specific generation of new
chromophores, other impurities do not interfere with the sensitivity. Application of the
probe is illustrated with the quantitative detection of the total aminothiol content in
human blood plasma in several physiological conditions which has tremendous biological
and clinical relevance. Using the probe we proved that the aminothiol content is high in
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the blood of heavy smokers which is responsible for many heart diseases. Details of the
experiments for aminothiol content determination ussgfi will be presented in the
poster.
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The group separation of trivalent actinides and lanthanides is still one of the most
difficult processes due to great chemical and physical similarity between these two
groups of element. Nevertheless, extractants containing soft donor atoms (N or S) have
favoured selectivity for actinides(lll) over lanthanides(lll). Amongst various soft donor
ligands studied, purified Cyanex-301 (bis(2,4,4-trimethylpentyl) dithiophosphinic acid)
has claimed the highest separation between Am(lll) and Eu(lll) at pH 3.2 [1]. Recently,
we have reported that the addition of N-donor synergist such as 2,2’-bipyridyl with
Cyanex 301 has increased the separation factor between Am(lll) and Eu(lll) from 5000
to >40,000 [2]. In the present work, hollow fiber supported liquid (HFSLM) technique
has been used to develop a method for the selective separation of trivalent actinides
fraction from the lanthanides.

A commercial hollow fibre module measuring 2.5"x8” with about 10,000
polypropylene lumens was used in the present work. The specification of the module has
been described elsewhere [3]. The feed solution was passed through the lumen side while
strip solution was passed through the shell side of the module in recirculation mode.
Assay of “*Am and Eu were carried out using HPGe detector interphased to a
multichannel analyzer.

Being a weak acid (pKa = 2.6), Cyanex 301 is an effective extractant only at
higher pH region of aqueous solutions (> pH 3). However, studies have revealed that
addition of synergists to Cyanex 301 not only increases the SF values but also bring
down the working agueous solution to lower pH region. In this context, 0.25 M TBP and
0.03 M bipyridyl has been used as synergist along with 0.5M Cyanex 301.

Studies on the effect of aqueous feed acidity on the transport of Am(lll) by
Cyanex 301-HFSLM system indicated that the transport of Am(lll) decreased with
decreased aqueous phase pH. In the present work, selective transport of Am(lll) was
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observed even at pH 2.5 after addition of synergist, viz. TBP and Bipyridyl. However,
further reduction in the pH value (pH 2) reduced the transport rate of Am(lIl).
Nevertheless, >85% transport could be observed in 6 h. Interesting feature of the present
study was that at lower pH (pH 2), addition of sulphanillic acid was avoided for
complexity of feed acidity adjustment. Some amount of Eu(lll) was also co-transported
with increased time of operation, thereby decreasing the DF values. However, with
bipyridyl the DF value was sufficiently large for any process application.
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Out of the various reagents proposed and tested for ‘Actinide Partitioning’,
TODGA (N,N,N’,N’-tetraoctyldiglycolamide) has been found to be one of the most
promising [1]. The solvent extraction studies using TODGA have indicated that diluent
plays an important role in the extraction process. Apparently, the nature of the extracted
species varies for a particular metal ion in different diluent along with transport
properties. Detail investigation on the effect of diluents on the extractability and
transport of Am(lIl) was carried out using TODGA as carrier molecule in present work.

TODGA was synthesized by slight modification of an earlier method [2].
Characterization of TODGA was done by elemental analysis, NMR and IR
spectroscopy. PTFE membranes used in the present study were procured from
Sartorius,Germany. All the other reagents were of AR grade and were used without
further purification. The transport experiments were carried out according to the
procedure reported earlier [3].

The transport behaviour of Am(lll) was investigated from a feed containing 1.0
M HNOs; into a receiver phase containing 0.1 M HN@rross a PTFE flat sheet
supported liquid membrane(SLM) containing TODGA (N,N,N’'N’-tetraoctyl
diglycolamide) as the carrier solvent in various diluent such as n-dodecane, toluene,
hexone, carbon tetrachloride, chloroform, 1-octanol, tert-butyl benzene (TBB),
kerosene and nitrobenzene. The nature of the extracted species from solvent extraction
measurements varied from diluent to diluent. Though tetrasolvates were found to be
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extracted for n-dodecane, the number of TODGA molecules associated with the
extracted species decreased to <2 for nitrobenzene. Transport experiments showed
varying transport rate (from ~ 24% for MIBK to ~91% for toluene in 5h time).
Permeability co-efficient values also varied from 1.8 ¥ctfi/s for MIBK to 22.6 x 10

“cm/s for toluene. Pore size was also varied for each diluent and its effect on transport
investigated. Correlation of the transport data was made with the diluent properties and
the results will be presented.

References:

1. S.A.Ansari, P.N.Pathak, M.Hussain, A.K.Prasad,V.S.Parmar,V.K.Manchanda;
Solv. Extr. lon Exch. 23(2005) 463.

2. S.A. Ansari, P.K. Mohapatra, D.R. Prabhu, V.K. Manchanda; J. Membr.
Sci., 282, 133-141 (2006).

3. S.Panja,P.K.Mohapatra,S.C.Tripathi and V.K.Manchanda; J. Membr. Sci.,
337(2009) 274-281.

CP-10
DETERMINATION OF IMPURITIES IN HIGH PURITY
AMERICIUM MATRIX BY NEUTRON ACTIVATION ANALYSIS

Arijit Sengupta, V.C.AdyaR. Acharya, P.K.Mohapatra, S.V. Godbole and
V.K.Manchanda
Radiochemistry Division, B.A.R.C., Trombay, Mumbai-400085, INDIA
Email of corresponding authanpatra@barc.gov.in

In the quality control step of Pu based fuels, present&rh may over estimate
the analyte ions having stringent specification limits in ICP-AES technique due to rich
emission spectra of Am. For quantification of the spectral interference of Am towards
other analyte channels during ICP-AES analysis, high purity Am is required. A three-step
separation procedure was developed in our laboratory for achieving high purity Am from
nuclear analytical waste generated during trace metallic impurity analysis of Pu based
fuels. It is necessary to ascertain the level of impurities in the high purity Am matrix to
consider it as a standard reference material. Neutron activation analysis (NAA) technique
being a sensitive, multi-elemental and non-destructive analytical technique was used for
analysis of impurities in Am matrix.

In the present studies, relative method of NAA was employed. In this method, a
multi-element standard is co-irradiated with the sample and the activities from both
sample and standard were measured. Using the mass of the element in stangard (m
and count rates of the standard (gppand sample (CRsampd, the mass of the element
in sample (Msampid Was determined by the following equation.

mx,sample= My std X ( Cp&,sample/ CpS(,std) X (Dstd/DsampIe)

To prepare sample, 17 ug of Am solution was dried on a filter paper and was used
for INAA after triple sealing in PVC. Relative method of NAA was used for the analysis
of common impurities, e.g. Na, Ca, Fe, Cr, Ag, Al, Co, Mn, Cd, Zn, Cu and rare earth
elements, e.g. Eu, Sm, Gd, Dy having stringent specification limits in Pu based fuel
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samples. For common impurities, sample was irradiated in Apsara at E-8 position in a
neutron flux 5x16" n/cnf/s for seven hours along with appropriate standards and blank.
After 24 hrs of cooling, the counting was carried out and the values obtained were found
to be below the detection limits. All the counting was carried out in high purity Ge
detector. For Dy*°Dy short-lived isotope) and other rare earth elements (Eu, Sm, Gd)
and Mnf®Mn-t,, = 2.579h), the irradiation was carried out in Dhruva using Pneumatic
Carrier Facility (PCF) for 1 min at a neutron flux 5x1cnf/S.

Gd (*°Gd, t,-18.56 hrs, 364 keV line) was estimated as 0.2@6018 pg while
Dy (**®Dy, t,,- 2.33 hrs, E-94 keV) and Eu*f°"Eu, t,- 9.3hrs, E-842 keV) were found
to be 0.0119r 0.0006 pug and 0.0264 0.0005 pg, respectively using the PCF. Similarly,
Mn (*®Mn; peaks at 846.8 keV and 1810.7 keV) was obtained as 0.0303 ug.
Detection limits were calculated using sample background under characteristic peaks
using the formula, D.L. (ug) =8 ENG &RXQWV VHQVLWLYLWY DQG 6HQV
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%Y is a pure beta-emitter with a high.&of 2.3 MeV and a rather short half-life
of 64.1 hours. Because of its favourable nuclear and chemical prop@fiesmpounds
are considered suitable as radiopharmaceutical for therapeutic applichltjNmne:,N’-
tetraoctyldiglycolamide (TODGA) displays unique extraction behaviour as the rare earths
are extracted to a much higher extent as compared to the tetra- and hexa-valent actinide
ions and alkaline earth ions such a$ §t]. Based on these results, we have developed a
solvent extraction method for the separation”®f from °°Sr and reported relatively
lower separation factor (S.F.) for nitric acid feeds as compared to HCI feeds [2]. In view
of poor decontamination observed for nitric acid medium, an extraction chromatographic
separation method was developed and the results are presented here. The present work
deals with the relative sorption behaviour of Y(IlI) and Sr(ll) in nitric acid and
hydrochloric acid.

The batch sorption data of Sr(Il) and Y(Ill) from nitric acid and hydrochloric acid
media indicated that the sorption of Sr(ll) was insignificant with nitric acid as the feed
and slightly higher K values were reported increased with HCI. Highgrvidlues of
Y(Ill) were obtained with HN@as the feed as compared to HCI and for both the cases, a
peak value was attained at 4 M acidity. up to 3 M and decreased thereafter. This is
reflected in the S.F. (separation factor, defined as the ration of thalies) values
which also show peak value at 4 M acid. In view of the higher separation factor values
observed at 4 M acid as the feed solution, separation studies using columns were
attempted subsequently at this acidity.

The breakthrough profiles of Sr(Il) and Y(lll) from HCI and HN®edium using
a 0.4x10 cm column containing about 1 g of resin material suggested that the
breakthrough of Sr was immediate suggesting no uptake in the resin which is in
conformity with the batch sorption data presented above. On the other hand, about 20
column volumes were required before any breakthrougiofThe reusability of the
extraction chromatographic resin material was also studied and the breakthrough profiles
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indicated that the breakthrough capacity decreases steadily with continuous use
suggesting possible leaching of the loaded extractant. It is required therefore to develop
resin materials with TODGA moiety being grafted to the resin surface. Effect of
irradiation dose was also studied up to an absorbed dose of 50 MRad conclusively proved
degradation of the resin with increasing absorbed dose.
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Abstract
With an objective to extend the scope of characterization of the dissolver solution of the
spent PHWR fuel with respect to elemental composition, an ICP-AES method for the
determination of total Cesium and Rubidium is developed and standardized. The method for
Cs separation using the inorganic ion exchanger, AMP (Ammonium Molybdate Phosphate)
followed by its determination by ICP- AES has been reported [1]. Nevertheless, ICP-AES is
generally not a preferred analytical technique for the determination of alkali elements,
especially heavier alkali elements, owing to very poor detection limits as a consequence of
their low ionization energies. Therefore, to improve the detection limit of Rb and Cs by
ICP-AES, an ionization buffer was employed. In the developed method, prior to the
determination of Rb and Cs, uranium and plutonium from the diluted sample aliquot were
selectively removed by solvent extraction with 30% TBP-5% TRPO in NPH at 4M;HNO
The aqueous phase containing Rb & Cs were then assayed by ICP-AES employing Rb |
420.185 nm and Cs | 455.532 nm emission lines respectively. The intensity of atomic
emission spectrum of Rb and Cs was enhanced by addition of 2% KCI solution as
spectrochemical ionization buffer that causes significant improvement in the detection
limits. The detection limits were further improved by optimizing argon sheath gas flow
rates. Sequential spectrometer of Ultima-C spectroanalyser system (procured from Jobin
Yvon, France), suitably modified for handling radioactive samples, was employed for the
analysis. After allowing the instrument to stabilize for 30 minutes, three point calibration
was carried out using 0 pg/mL, 50 pg/mL, 100 pug/mL aqueous Rb & Cs standards in 2%
KCI matrix solution. The working curves for both Rb & Cs were linear with correlation
coefficients better than 0.999. The evaluated spectral interference data indicate no spectral
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interference due to U & Zr in the determination of Cs up to Cs:U ratio of 5:2 & Cs:Zr ratio

of 1:2. Similarly, no interference of U & Fe was observed in the determination of Rb up to
Rb: U ratio Of 5:1 & Rb: Fe ratio of 1:2. The validation of the developed method was

accomplished by spiking a known amount of Rb & Cs to the sample aliquot and finding
their analytical recovery. The recoveries were found quantitative within experimental error
(better than 99%). The determination limits achieved for Rb and Cs were 8ug/mL and
14pg/mL respectively for the dissolver solution. The precision of the developed method at
10pg/mL level was found to be better than 5% (RSD).
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ABSTRACT

The present paper describes a method for estimation of copper in copper nitrate solutions
employing Wavelength Dispersive X-ray Fluorescence Spectrometer (WD-XRFS).
Nuclear Fuel Complex, a Government of India premiere organisation, is engaged in
manufacturing of nuclear fuel sub assemblies for Pressurised Heavy Water Reactors and
Boiling Water Reactors. The nuclear fuel namely Uranium di oxide pellets are
encapsulated in zircaloy clad material to form fuel elements. Zirconium alloys are most
preferred material for the fabrication of reactor components such as fuel clad, etc., owing
to its favourable properties under reactor conditions. Hot extrusion is one of the important
processes in the fabrication of zircaloy clad material. Copper is being used as a jacketing
material for the purpose of hot extrusion of zircaloy ingots. After the hot extrusion copper
is dejacketed using 60% Nitric acid solution. The resultant copper nitrate solution is
analysed for copper content before its disposal. The disposal of copper nitrate solution
generates a considerable revenue for NFC. The method involves calibration of
wavelength dispersive X-ray Fluorescence Spectrometer with copper nitrate solutions
having different concentrations of copper. A comparison with classical titrimetric method
has been carried out and a good agreement is observed between the two methods. A
relative standard deviation of<+0.5% at desired level has been achieved in this method.
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ABSTRACT

Zirconium is obtained from nature in the form of Zirconium silicate (Zgsg@mmonly

known as Zircon Sand. Zirconium in the form of zirconium alloys is the most suitable
material for cladding of nuclear fuel and structural in Pressurised Heavy Water Reactors
(PHWRs). It has low thermal neutron absorption cross-section combined with high
mechanical strength and exceptional corrosion resistance under the conditions prevails in
the reactors which makes its suitability for use in thermal reactors.

Zircon containing 65% Zrowith 33% silica and other impurities is the raw material at
Zirconium Oxide Plant (ZOP) of Nuclear Fuel Complex. Since most of the impurities
present in zirconium oxide are retained during its conversion to zirconium metal, the
nuclear grade purity desired for the metal has to be ensured at the oxide stage itself.
Hafnium which occurs along with zirconium has high thermal neutron absorption cross
section (105 barns) is the main impurity which has to brought down to 100 ppm. Thus
Zirconium Oxide (ZrQ) is the starting material for the production of zircaloys which are
used as structural materials. Therefore ascertaining the quality of zirconium oxide is
mandatory as part of quality assurance programme. For this purpose zirconium oxide
Certified Reference Materials (CRMs) are essential for validating the analytic techniques
employed for the analysis of zirconium oxide.

The present paper is a part of preparation of Certified Reference Materials (CRMs) grade
ZrO,. The present paper discusses precipitation behaviour of different impurities
elements added to Zp@uring the preparation of zirconium oxide CRMs.

The zirconium oxide CRMs are prepared by addition of different elements at different
concentrations levels to zirconium nitrate pure solution. Subsequently zirconium
hydroxide is obtained upon precipitation with ammonium hydroxide and followed by
drying and calcination to get zirconium oxide with different impurities elements. Small
amount of salicylic acid has been added to get desirable properties of zirconium oxide.

In order to know concentrations levels of different impurities elements in zirconium

oxide CRMs, Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) has
been employed for the analysis. Similarly analysis of pure zirconium nitrate, puge ZrO

also carried out by ICP-OES to know the retaination behaviour of different impurities

elements added to zirconium nitrate.
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ABSTRACT

Selenium (Se), a non-metal is widely used in various industrial and laboratory syntheses.
It is used as a catalyst in many chemical reactions. It is also used in structure
determination of proteins and nucleic acids by X-ray Crystallography. The largest use of
Selenium worldwide is in glass and ceramic manufacturing, where it is used to give a red
colour to glass, enamels and glazes as well as to remove colour from glass by
counteracting the green tint imparted by ferrous impurities. Apart from this, because of
its photovoltaic and photoconductive properties, selenium is used in photocopying,
photocells, light meters and solar cells. At Special Material Plant of Nuclear Fuel
Complex, impure selenium is subjected to vacuum distillation, zone refining etc. and the
purified selenium is supplied to research institutes, industries and other parties. The
presence of impurities like Al, As, Bi, Co, Cr, Cu, Fe, In, Mg, Mn, Mo, Ni, Pb, Sb, Sn,
Te, Ti, V make selenium unsuitable for its various applications. Therefore, it is essential
to monitor the concentration of these elements in selenium before its application.

The present paper describes the methodology for the analysis of these impurities in
selenium by Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES).
This method involves dissolution of selenium in nitric acid and sulphuric acid mixture
(3:2). Subsequently suitable standard mixtures (low, medl1, med2, high) containing above
18 elements at different concentration levels are added to aliquots of sample solution and
made up to required volume. Then, solutions are aspirated into the plasma for peak
search, auto-attenuation and profiling. The suitable wavelength having minimum spectral
interferences and adequate intensity for each element is chosen and backgrounds at both
sides of the peak are recorded. After obtaining a linear calibration graph between
concentration of elements and intensity, the concentration of each element in the sample
is obtained from the graph. A relative standard deviation (RSD) of less th@% -has

been achieved in this method.
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ABSTRACT

Modern analytical era is flooded with an array of powerful and elegant tools for gathering
gualitative and quantitative information about the composition of materials. For
intelligent selection of any analytical method, it is essential to define clearly the nature of
the analytical problem. Such a definition invariably requires the answers to the following
guestions like accuracy needed, availability of sample, concentration range of analyte,
components that can cause interference, physical and chemical properties of sample
matrix and throughput, etc. Though instrumental analytical technique offer the benefits in
terms of speed, ease of operation, ability to meet the concentration ranges from ultra trace
to a few percentage levels, certain pitfalls associated with instrumental techniques
sufficiently attunes to the limitations in sensitivity, precision and accuracy of any
measurement more so when the analyte concentration is in high percentage level and
closer to 100%. In that scenario, the classical methods still are the ultimate panacea for
some of the typical analytical requirements. Although the extent of their general
applications are decreasing with the passage of time and with the advent of modern
instrumentation to supplant them, it should be borne in mind that classical methods such
as gravimetry and volumetry are still most relevant in a laboratory particularly for
qualifying the material where analyte concentration lies in a close range and hence they
can not be treated as extinct.

Thus in our laboratory too, classical methods like volumetry and gravimetry are routinely
followed for matrix analysis like the assaying of Fe, Cr, Ni and Sn that are being used as
alloying constituents for the fabrication of nuclear clad structurals and they meet the
desired accuracy level of £ 0.2%. Besides for qualifying certain grades of steels that are
extensively used in nuclear and strategic industries, gravimetry and volumetry are the
most preferred techniques, particularly with respect to determination of some of the close
range alloying ingredients like Cr, Ni, etc. A typical case study with respect to D9 alloy
and some of the heat steels involving application of these techniques are also discussed in
the paper.

KEY WORDS: Classical methods: Instrumental technique: Nuclear clad: D9 alloy:
strategic material.
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ABSTRACT

Cyanate esters are a family of aromatic pre-polymers, which contain highly reactive
(-OCN) functional groups whereas epoxy resins are thermosetting prepolymers
containing reactive oxirane moiety. Cyanate esters have been used as curable resins in
conjugation with epoxy resins to obtain the products with superior synergestic properties
that arises from the characteristic properties of these two components. The
interpenetrating network system of co-cured cyanate ester-epoxy blend system possess
excellent dimensional stability, resistance to irradiation, low dielectric constant, low out-
gassing property endowed with a wide range of physical, chemical, electrical and thermal
properties. The characteristics properties make them amenable to produce advanced
composites for applications in aerospace, microelectronics, fusion relevant prototype
magnetic winding packs as well as in space craft structures. Bauer [1] had proposed for
the first time the co-reaction mechanism existing between cyanate ester and epoxy.
However, the fundamental aspects associated with curing, cure kinetics and reaction
modelling etc are still not completely studied and are of immense research interest. New
hypotheses continue to emerge and the actual mechanism and the product distribution are
still subjects of much debate [2]. Control of reaction kinetics is desirable in order to attain
desired properties in the end product. The primary reactions occurring during cyanate-
epoxy curing are (1) trimerisation of cyanate to form trazine ring (2). insertion of epoxy
group into cyanurate (3) isomerisation of alkyl substituted cyanurate to isocyanurate and
the formation of oxazoline (4) build-up of oxazolidinone. These phenomena can be
influenced by the ratio of epoxy to that of cyanate ester, curing temperature, rate of
increase of curing temperature and the nature of catalysts. Amongst the reported
techniques, differential scanning calorimetry (DSC) is a convenient tool for monitoring
cure kinetics and mass transfer conversion as it monitors the reaction during the entire
range of curing. The heat of reaction evolved at any time in these reactions is
proportional to the number of moles of reactant consumed. Specific heat of the material
varies linearly with scanning temperature and the degree of curing changes
simultaneously. From the dynamic and isothermal DSC experiments, empirical rate
expressions and activation energy can be calculated. Fourier Transform Infrared
Spectroscopy (FTIR) technique is an analytical tool for probing the composition of
chemical constituents in a system.

In the present collaborative joint initiative between IPR and NIIST, we have envisaged
the co-curing studies of Arco L-10 cyanate ester and PY 306 bisphenol- F blend system
using manganese acetyl acetonate in nonyl phenol as the catalyst. Mixtures have been
investigated at different stoichiometric ratios and were cured together at several
temperatures and under varying heating rates. Activation energies have been determined
using Ozawa and Kissinger method and they agree well. FTIR investigation allowed us
to analyze the reaction pathway of these reactive systems and also differentiating the
mass transfer in the end product. FTIR spectroscopy studies revealed that curing
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reactions are dependent on the stoichiometric ratio of the mixtures and the curing
temperature. Mass transfer during curing was investigated by measuring enthalpy
changes, while performing isothermal and non-isothermal curing studies. DSC Attempts
have been made for differentiating the autocatalytic and diffussion controlled mechanism
and reaction constant that is operating pre and post gelation processes. Thus the
combination of FTIR and DSC techniques are found to be excellent towards studying the
curing kinetics and associated mechanisms. It turns out to be an excellent technique for
controlling the formation of the desired product with appropriate properties towards the
final cured product.
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The prior separation of long lived fission products viZCs and™ Sr from high
level radioactive waste facilitates its safe disposal in the deep geological repertories by
preventing the deformation (due to high heat output, 0.42W/d%f6s) in the glass
matrices. Also, theses separated radionuclides find many applications, for example, Cs
can be used as source of gamma irradiation for sterilizations of foods, medical accesaries
etc. Calix-crown-6 ethers were found to be having potential application in selective
separation of*’Cs as revealed by many researchers [1]. Our solvent extraction studies
with simulated high level waste (HLW) solutions were promising [2]. Therefore, it was
extended to recovery from actual HLW.

In the present work, we have attempted to recover radio-cesium from 100 times
diluted actual HLW and the objective was to see the decontamination from other
radioactive fission products present in the HLW. The extraction was found to be driven

by the ion pair mechanism as given by the following extraction equilibrium:
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CS+(aq) + NO3i(aq) + Nl (org) \:::\ (CSI’]L)+-N03 i(org.) ............. (1)

where L represent the calix-crown ligand. The extraction data is presented in the
following Table. In the Table, the cps of organic (Org) and aqueous (Aq) phases are
given after each contact. It is clear that in 3 contacts near quantitative extraction of Cs is
possible with almost no contamination from other fission products. Though some amount
of ®Ru activity was detected in the organic phases, the raffinaté oértact indicated

almost entire amount 6f°Ru as observed in the feed

Table: Feed = 100 times diluted HLW in 2.0M HNPhase ratio = 1:1, Volume = 2 mL, Contact
time : 1h, Extractant = Cs selective Calix-Crown-6 ether,

/ VDPSOHV ZHUH XVHG IRU DQDO\VLV E\ +3*H GHWHFWRU
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Relations between ash yield and chemical composition of coal samples from
different parts of India have been studied. In addition its mineralogical composition was
also evaluated from X-ray data and correlated. It was observed from its mineralogical,
chemical, and ash yield data that most of the coal samples showed high ash content (> 20
wt. %) and enriched with minerals such as quartz, illite, calcite, pyrite and gypsum while
their ashes are enriched in $i@\l,03, FeOs, TiO, and CaO. Based on the chemical

composition of these coal ashes their utility as cement constituting compounds have been
discussed.
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Abstract

The natural radioactive series contain physically and chemically different elements. If a
chemical system behaves as isolated for a long period of time, compared to the longest
half-life of the radioactive daughters present in the system, secular radioactive
equilibrium is reached. Then the activity ratios (ARs) of daughter and parent are equal to

unity [1]. Many geological settings do not behave as closed systems for radionuclides of
natural radioactive series and are amenable to certain geological processes [2]. Surface or
near surface environments are open to elemental exchanges due to geochemical processes
and radioactive equilibrium is not attained here. Radioactive disequilibrium arises due to
recent fractionation events (continuous or instantaneous processes), like weathering and
other alteration processes [3]. In the present study Natural Radioactive disequilibrium has
been investigated in different matrices from the Singhbhum Shear Zone of Eastern India.
Surface soil samples and uranium ore samples were collected from Singhbhum Shear
Zone, which is a mineralized region hosting uranium deposit [4, 5]. A high-purity vertical
germanium detector was used for all measurements. Details of sample collection, sample
processing, instrumentation and radioactivity measurement can be found elsewhere [5].
From Figure 1 it is observed that ARs are deviant from unity in ore samples. A near
secular equilibrium condition fd*®Raf*®U (AR = 1) is observed in uranium ores from
Bhatin and Turamdih uranium deposits. Th®Ra”**Th ARs are significantly different

from unity for samples from Narwapahar and Jaduguda, indicating the system was not
closed to groundwater movement for a maximum time period of 8ky**#P&*°U and
22I6c/*™U ARs indicate that in most samples this daughter-parent pair is not in secular
equilibrium. The®®*'Paf**"Pa ARs indicate loss of secular equilibrium (values

as previously observed [6].

For soil samples, most samples shigWRa’*®U AR greater than unity. This indicates a
preferential retention or enrichment &¥Ra as compared t6®®U. Top soils can be
considered to be open systems, where the conditions may be oxidizing, leading to
uranium mobility and/or radium retention [7]. TH&"Paf®U AR is comparable to 1 in

all the samples whered¥Pb /*°Ra ARs indicate disequilibrium. TR&Th/”*U ARs are

greater than 1 in all samples.
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Figure 1. Activity ratios of the natural radioactive series radionuclides in Ore samples
(a,b,c) and Soil samples (d,e,f) from the Singhbhum Shear Zone
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Abstract
A new, rapid, and sensitive liquid chromatography — tandem mass spectrometric method
is developed and validated to separate and quantify R & S (£) enantiomers of sibutramine
and its active metabolites mono desmethyl sibutramine (M1) and di-desmethyl
sibutramine (M2) using propranolol as the internal standard in human plasma samples for
pharmacological studies. The method involves protein precipitation followed by solid
phase extraction from plasma. The enontiomeric separation of sibutramine (x) and its
active metabolites (+) was performed using HPLC on Chiral K@8lumn(100 mm x
4.0 mm, id.) 5um particle size, analyzed by mass spectrometry in the multiple reaction
monitoring mode. The method has an LOQ of 250 pg/ml for all analytes with a
chromatographic run time of 12.0 min. The method is validated with a linear range of 250
pg/ml - 40000 pg/ml for sibutramine and its active metabolite M1 and M2, with good
correlation coefficient (2 0.9990). The method is sensitive and specific having intra-
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and inter- assay precision at three different levels covering the entire linearity range. The
validated method as per the ICH guidelines has been applied in bioequivalence study
with great success.
CP-22
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Introduction :

Siddha Nagarjuna has been considered to be the father of Rasa Sastra which is the
methodology of preparation of Ayurvedic medicines. Bhasmas are preparations in which
metals after purification are reduced to their oxide or sulfide form. Bhasmas are obtained
by thermal treatment process applied to bring about thermal decomposition, phase
transition, purification, detoxification and their conversion into a digestable form. Copper
(Tamra) bhasma preparation involves the following steps [1] Sodhana , Marana ,
Pelletisation, Puta paka , Pelletisation, Kukut Paka finally forming the Tamra Bhasma
which is copper in its oxide form. Tamra bhasma is used as astringent, antispasmodic,
antiseptic. It is used to treat painful dyspepsia and anemia.
Objective:
Standardization requires that the composition of every formulation be a part of the label
claim. It has been seen that the amount of metal present in the bhasma is not mentioned
by the manufacturers. Hence the experiment is done to estimate the amount of copper
present in Tamra Bhasma prepared by different manufacturers and also different batches
of the same manufacturer. Formulations containing Tamra Bhasma mention the amount
of Tamra Bhasma per tablet .However the amount of Tamra is not mentioned.
Formulations were analyzed and amount of copper per tablet was quantified and
correlated with their label claim for Tamra Bhasma.
Materials and Methods:
Tamra Bhasma of two different manufacturers and formulations containing Tamra
Bhasma like Chandrakala Rasa, Sootashekhar Rasa and Arogyavardhani were analyzed
for copper content
Copper content and presence of Lead was estimated by Atomic Absorption Spectroscopy
(AAS) [5]. The oxidation state of copper was analyzed by UV- Visible Spectroscopy.
Observations:
Part |
Tamra Bhasma by Manufacturer A contained 42% copper
Tamra Bhasma by Manufacturer B contained 48% copper in Batch A (Jan 2005) and 45%
copper in Batch B (Oct 2007)
Part Il
Formulations made by manufacturer B
Chandrakala Ras&opper content was found to be 3.8 mg per tablet.
Label claim: each tablet contains 20.833 mg of Tamra Bhasma. As per results of Part |
the Tamra Bhasma of Manufacturer B contains 48% Copper. Thus 20.833 mg of Tamra
Bhasma should contain 9.99 mg of copper.
Sootashekhar Ras@opper content was found to be 7.7 mg per tablet.
Label claim: each tablet contains 15.625 mg of Tamra Bhasma. As per results of Part I,
each tablet should contain 7.5 mg of copper.
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Arogyavardhani Copper content was found to be 2.9 mg per tablet.

Label claim: each tablet contains 6.944 mg of Tamra Bhasma. As per results of Part I,
each tablet should contain 3.33 mg of copper.

Lead was found to be absent in all the samples.

Conclusion:

Copper content in Tamra Bhasma showed variation amongst different manufacturers and
in different batches of the same manufacturer.

In the formulations containing Tamra Bhasma, for Chandrakala Rasa , the copper content
did not match with the calculated label claim while for Sootashekhar Rasa and
Arogyavardhani, the copper content matched with the calculated label claim.

Future Prospects:

Further analysis needs to be done for other formulations from different manufacturers to
check their label claim and evaluate the stringency of respective standardization
procedures across different manufacturers and batch to batch variations.

Further investigations on the physical properties of the bhasma like particle size, phase
identification will help in gaining better insights about the properties of the bhasma
which can be correlated to its bioavailability
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Abstract:

This paper deals with the study on the solid-liquid extraction behavior of mixture of
seven heavy rare-earths(HRE’s) such as terbium(Tb), dysprosium(Dy), holmium(Ho),
yttrium(Y), erbium(Er), ytterbium(Yb), and lutetium(Lu) using Tulsion CH-96
(macroporous bifunctional phosphinic acid resin). The objective of the study is to
determine the extraction efficiency of HREs from their mixtures in order to determine
'LVWULEXWLRQ &RHIILFLHQW ' VHSDUDWLRQ IDFWRU
group of metals from others in the acid range 3- 4 M similar to actual Wet Phosphoric
Acid concentration obtained from rock phosphate mineral. The parameters studied
include time, acid concentration, and ratio of volume of aqueous phase to mass of resin,
metal concentration, and temperature. Effect ¢® concentration from 0.5 Mto 5 M
in the aqueous phase containing 25 mg/L of each metal using Tulsion CH-96 indicated
that the percent extraction of metals decreases with increase in acid concentration. For
instance, variation of phosphoric acid concentration from 0.5 to 5 M, the percent
extraction decreases from 99.8 to 73.4% for Lu, 99.7 to 66.5% for Yb, 96.5 to 33.4% for
Er, 95.9 to 27.4% for Y, 94.4 to 25.2% for Ho, 93.4 to 22.6% for Dy, and 92.8 to 20.2%
for Tb at a mass of 2 g of Tulsion CH-96. On the other hand, at a particular acid
concentration the percent extraction of HREs increases with increase in mass of resin. For
example, at 3 M phosphoric acid with increasing mass of resin from 0.1 g to 2 g, the
percent extraction increases from 24.6 to 87.7% for Lu, 18.8 to 82.8% for Yb, 7.8 to
48.3% for Er, 5.4 to 40.5% for Y, 4.5 to 36.3% for Ho, 3.4 to 32.3% for Dy, and 2.9 to
28.1% for Th.

At low acid concentration, 0.5 M, there was a separation factor of 16.7 for Lu with Tb
using 0.1 g of Tulsion CH-96 whereas it is 5.1 only with 2g of Tulsion CH-96. The
separation factors for Lu with other metals are also following the same decreasing trend
with mass of resin. It was clear that the decrease in separation factors following their
increase in ionic radii except for Y may be due to the closeness of their ionic radii. The
same phenomenon was also observed for Yb with other metals.

At high phosphoric acid concentration, 4 M, interestingly, the separation factor trend
is reversed with mass of resin as observed above (table 1). It was observed that a
separation factor of 15.1 for Lu with Tb using 2 g of Tulsion CH-96 whereas it is 9.6 only
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with 0.1 g of Tulsion CH-96 and similar behavior for Lu with other metals also. The case
is same for Yb too.

From this investigation we arrive at the possibility of binary separation of Lu with
Tb/Dy and Yb with Th/Dy and we can separate Th/Dy from solution containing Lu or Yb
or both or we can separate a solution containing Lu, Yb, Tb and Dy into two concentrates
of Lu, Yb and Tb, Dy. The separation factor values are small to separate Lu, Yb from
other five metals (Tb, Dy, Ho, Y, and Er) by using 0.1 g of Tulsion CH-96 at 0.5 M acid
concentration or using 2 g of Tulsion CH-96 at 4 M acid concentration. Based on the
separation factors, we can conclude that, in order to get high separation factor at high

acid concentration, the resin amount needs to be raised.
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Abstract

The platinum based minerals can be divided in to three classes namely native
platinoides and their native alloys; intermetallic compounds between PGM’s and other
metals and semi metals such as Sn, Pb, Bi, Sb, and Te; and sulfides, arsenide and
sulfoarsenides of the plotinoides. Sperrylite (platinum arsenide), mineral cooperate
(platinum sulfide) is a major sources of platinum. All most all known deposits of
platiniferous ores are related to basic igneous rocks. In many of the deposits, including
those in South Africa, Canada, and the CIS, the PGM- containing ores occur in
association with nickel, copper and sulfides. The palladium, platinum is extensively used
in jewelry, dentistry, electrical contacts, corrosion resistant apparatus, bio medical area

etc. More over, there also much current interest in the use of platinum or palladium as a
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catalyst in fuel cells and as anti pollution devices for automobile industry. PGM based
catalysts after a certain period of active life gets deactivated and at this stage it is
considered as a waste/ or secondary source for PGM recovery. Hydrometallurgical
leaching of spent automobile catalysts with mineral acids in the presence of oxidants such
as hydrogen peroxide, ozine etc, results in leach liquors containing Pt, Pd, Rh with base
metal impurities and free acid about 2-3 M. The Liquid-Liquid extraction has been
considered as a most effective technique for the recovery and separation of PGM

In the present paper, we report the separation and recovery of palladium and platinum
from hydrochloric acid leach liquor spent automobile catalyst. The typical composition of
leach liquor contain about Pd-150, Pt-550, Mn-500, Ni-1000, Fe-1500, and Cr-100 in
mg/L and 3M acid. Initial experiments, on base metal impurities removal with dilute
alkali in the pH range from 1-7, indicated complete removal of Fe around 3-3.5 pH. The
loss of Pd and Pt was about 8-14%. As a result, further studies were taken up for recovery
of Pd and Pt by solvent extraction with P and amine based extractants. The parameters
studied for optimization of conditions are extractant concentration, phase ratios, McCabe-
Thiele plot for determination theoretical number of stages at a chosen phase ratio,
Scrubbing step to remove impurities from loaded organic, selection of stripping reagent
and their concentration.

Palladium was selectively extracted by 0.1 vol %of TBP (tri butyl phosphate) in
kerosene, and other metals left in the raffinate.The re-extraction of palladium was
performed with 1.0M thiourea in 0.1 M HCI. The over extraction and stripping efficiency
Pd was >99.9%. Pt separation and recovery from Pd free raffinate was tried with using 1-
5Vol.% TOA (tri n- octyl amine) in kerosene. The results indicated co-extraction of Pt
and Fe to more than 99% with 3Vol.% reagent. The co-extracted Fe was selectively
scrubbed with 0.01 M HCI to remove iron quantitatively and then platinum from
scrubbed organic was re-extracted with acidified thiourea solution. Finally, complete

flowchart of the process is demonstrated.
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Abstract Separation of Co and Ni from sulphate solutions by solvent extraction method

is technologically importance due to its versatility to treat low grade ores/ wastes and
produce high metals. Organophosphorus based extractants such as D2EHPA, PC88A and
Cyanex 272 have been exploited widely to determine their suitability in terms of high
extraction efficiency, high separatiodfF WR U V DQG FRVW RI UHDJHQW
that the separation factor follows the ordeEEPA< PC88A< Cyanex 272, where as the

cost of reagent follows similar order. In order to decrease the cost of reagent for
separation of Co from Ni, there are few reports on solvent extraction of Co and Ni from
equimolar concentrations using mixed extractant systems. The present study involves the
use of less cost TOPS 99 as an extractant and Cyanex 471 X as synergist for the solvent
extraction separation of Co and Ni at different Ni/Co ratios of 1 and 16.

Studies on solvent extraction separation and recovery of Co from Ni were carried out
from a typical synthetic feed solution containing Co: Ni ratio1:16, using 0.1 M TOPS 99
as an extractant. Variation of equilibrium pH of the feed from 1 to 7 using 0.1 M
extractant increased the percentage extraction of Co significantly from 2.3 to 32% up to
pH 5 and a further increase to pH 7 resulted in a marginal increase to about 37.8%.
Where as in the case of Ni, it increased from 0.9 to 9.7% up to pH 5 and 49.1%,
respectively. Fig.1la shows 6.5 YDOXH DW DQ HTXLOLEULXP S+ ZLWK
Ni co-extraction. There is no extraction of Co and Ni using 0.05 M Cyanex 471 X.

In the case of Co:Ni ratio 1:1 using 0.1 M TOPS 99 as the extractant in the equilibrium
pH range 1 to 6, it was observed that Co extraction was marginal up to an equilibrium
pH of 3.0 (0.4-2.4%), increased to 34.4% at pH 3.0 and reached 96.6% at pH 6. The
percentage co-extraction of Ni also increased from 2.6 to 87.7% in the equilibrium pH
region 1 to 6. The G H Wetlwad.11.2 at an eq. pH 4.5. The percentage extraction of

Co /or Ni using 0.05 M Cyanex 471 X alone under the present aqueous phase conditions
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was very less (Co: 0.3 -2.3% and Ni: 1.6 -3.8). Extraction behavior of Co and Ni with 0.1

M TOPS 99 was observed, indicating a low separation factor for Co over Ni.
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Fig.1. Equilibrium pH vs. separation factors using (a) 0.1 M TOPS 99 and (b) 0.1 M
TOPS 99 + 0.05 M Cyanex 471 X in kerosene. Co and Ni ratios 1:1 and 1:16.

Percentage extraction of a metal by combination of two extractants can be generally
more than the combined percentage extraction of metal by individual extractants, which
is termed as synergism. The increase in percentage extraction is probably due to the
formation of mixed adduct, there by increasing the percentage Co extraction. At the same
time, when Co extraction increases with the addition of Cyanex 471 X as synergist, the
co-extraction of Ni is bound to be decreased by the displacement reaction, there by
decreasing the concentration of Ni in the loaded organic phase and increasing the
percentage extraction of Co.

In the case of Co and Ni ratio 1:16 with 0.1 M TOPS + 0.05 M Cyanex 471 X, the
percentage extraction of Co increased from 8.8-46.8% in the equilibrium pH from 1-6. Ni
co-extraction increased from 4.3-90.6% in the same equilibrium pH réhgdd KLIJKHV W
value of 2.1 as obtained at an equilibrium pH 2 there the percentage extraction of Co
4.8% with co-extraction of Ni 4.3% [1].
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In the Co: Ni ratio 1:1 system is the use of 0.1 M TOPS 99 + 0.05 M Cyanex 471 X.
The results indicated maximum percentage extraction of 98% Co with co-extraction of Ni
varied from 0.5 to 5% in the equilibrium pH range 1-7KH KLJKHVW YDOXH DFKLI
12245 at an equilibrium pH 1.1 (Fig.1b), where Co extraction is 98% and Ni co-
extraction being 0.48% [2].

Finally, we conclude that metal and extractant concentrations play a prominent role on
separation factors and possible separation of cobalt and nickel from sulphat leach

solutions.
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ABSTRACT

The rapid increase in the level of environmental pollution over recent years has
resulted in increasing concern for people’s well-being and for global ecosystem. The
growing awareness of the environmental pollution has lead to an increasing interest in the
gualitative and quantitative determination of pollutants. Recent advances in
environmental technology have increased the demand for highly sensitive, sturdy and
simple analytical devices and are expected to provide the necessary improvements in
convenience cost and turn out time and to have a major impact on environmental
monitoring in the new millennium. One field that offers great potential in this respect is
the chemically modified electrodes (CMEs). Recently considerable interest has been
focused on the environmental monitoring based on chemical sensors.

Among the environmental pollutants, hydrazine is an important pollutant.
Hydrazine and its derivatives have found wide applications in industry, agriculture,
explosives, fuels and other fields. Nevertheless, hydrazine is a toxic material, which must
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be treated with caution. Because of the toxicological significance of hydrazine, there is a
growing need in industrial laboratories for the development of highly sensitive online
sensor for the determination of low levels of hydrazine in different samples, such as
water and industrial effluents.

Many methods have been proposed for the determination of hydrazine and its
compounds which include spectrophotometric, coulometric, potentiometric, titrimetric
and chemiluminescence. In recent years, interest has grown in the electrochemical
oxidation of hydrazine with modified electrodes. Over the years, new trends and rapid
improvement in electrode modification have been reported ranging from simple
chemisorption to recently emerged sol-gel technique. The sol-gel technique seems to be a
simple and promising approach. The modified electrode using sol-gel technique are
exceedingly easy to fabricate and can be readily prepared.

Among the different mediators used for the electrode modification, metal
hexacyanoferrates (MHCFs) offer the most complete range of interesting property
required at an electrochemical interface, including shape, size and charge selectivities,
physical and chemical stability, and high ionic exchange capacity in the
microenvironment. They are ionic conductors, with the redox active sites. The oxidation
and reduction of their redox sites can proceed without dissolution of the solid compounds
as the ion diffusion from the solution maintains charge neutrality inside the solid
compounds.

In the present investigation, a new approach was attempted to prepare a CME
using NiIHCF as the redox mediator using sol-gel technique and its stability and
electrocatalytic activity for hydrazine oxidation was evaluated. The basic principle under
the electrode modification is the co-ordination of nickel ion with the amino nitrogen of
the sol-gel matrix. This surface was subsequently derivatized with ferrocyanide to get
NiHCF film on the electrode surface. The NiIHCF modified electrode as prepared above
was characterized using cyclic voltammetry. The effect of scan rate, supporting
electrolyte and pH of the medium on the performance of the modified electrode was
investigated. The modified electrode exhibited good electrocatalytic activity towards the
oxidation of hydrazine with a wide linear range with a small detection limit.
Hydrodynamic voltammetry and chronoamperometry studies for the oxidation of
hydrazine were also carried out. The electrode was highly stable and exhibited good
reproducibility.
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Gold nanoparticles (GNP) show easily tunable physical properties, including
unique electronic properties, optical properties, robustness, and high surface areas,
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making them ideal candidates for developing chemical sensors and biosensors. There is
an increasing demand for simple, inexpensive and rapid analytical tests to determine the
concentrations of biological and environmental compounds. One such field that offers
great scope is chemically modified electrodes (CMES) [1]. In recent years there has been
immense work carried out for the fabricati@maracterization and application of redox
mediators such as NiIHCF, CuHCF and CoHCF along with nanoparticles such as gold
nanoparticles using gold electrode and glassy carbon electrode to enhance the sensitivity
as well as selectivity of the modified electrode [2].

Parkinson's disease involves a breakdown of the nerve cells in the motor area of
the brain. As the cells break down, there is a shortage of dopamine. Dopamine is a
neurotransmitter, or chemical that carries messages to the body. Parkinson's disease
happens when nerve cells (neurons) in a part of the brain called the substantia nigra
gradually die. These cells normally produce dopamine, a chemical that helps to relay
messages between areas of the brain that control body movement.

L-Dopa (levodopa) the metabolic precursor of Dopamine provides symptomatic
benefit in most patients with Parkinsonism and is often particularly helpful in relieving
bradykinesia. Dopa decarboxylase is administered along with levodopa that converts
levodopa to dopamine. Administration of levodopa in combination with an extracerebral
dopa-decarboxylase inhibitor also reduces the incidence of peripheral side effects. And
hence L-Dopa is routinely administered with carbidopa (dopa decarboxylase inhibitor).
The most common side effects of L-Dopa are nausea, vomiting, postural hypertension,
occasionally cardiac arrhythmias, abnormal movements (dyskinesias) and restlessness
(akathisia). Because of these above side effects even trace level determination of L-Dopa
iS necessary.

In the present work, gold nanoparticles were synthesized by sodium citrate
reduction method and characterized using UV-Vis and Cyclic Voltammetry. Fabrication
of paraffin wax composite electrode with GNPs and Nickel hexacyanoferrates (NIHCF)
with the help of 2-mercaptoethylamine as cross-linker was carried out. GNP-NIHCF
paraffin wax composite electrode was characterized using cyclic voltammetry and the
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GNP-NiHCF modified electrode showed an increased current response and lower
detection potential for the determination of L-Dopa. Differential Pulse technique was also
used to study the electrocatalytic response of L-Dopa and the Fig.2 shows the differential
pulse voltammograms for the determination of 0.5ml successive addition of L-Dopa.
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Fig.2 Differential Pulse Voltammograms of (a) modified GNPHCF electrode
(h-A\ si1ccessive additions of 0.5ml of c-DonF

Real sample determination of the L-Dopa was also done for the commercial

tablets with the help of GNP-NIHCF composite electrode. Cyclic Voltammetry,

Differential Pulse voltammetry, Chronoamperometry and Hydrodynamic studies were
used for electrocatalytic oxidation of L-Dopa.
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ABSTRACT
Phenol and substituted phenols such as chlorinated phenols and related aromatic

compounds are known to be widespread as components of industrial waste. They are all

important intermediate products used widely in the area of organic synthesis, dyestuff,

pesticide, cosmetics and medicine. Many of these phenolic compounds have toxic effects

on animals and plants and induce a broad spectrum of genotoxic, mutagenic, and

hepatotoxic effects, also affecting the biocatalyzed reaction rates in respiration and

photosynthesis. Such toxic effect puts the compound in the list of environmental
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legislation [1]. Determination of these compounds in trace levels thus acquires prime
importance. There are different methodologies adopted for the determination of phenol
compounds, for example, ultraviolet spectrophotometric analysis, gas chromatography,
liquid chromatography, and capillary electrophoresis. However, these are time
consuming, complex to perform, require samples pre-treatment, and may not be suitable

for in situ monitoring.

Simultaneous detection of phenolic compounds especially catechol and resorcinol
is a problem of critical importance in industrial application. Electrochemical detection
typically operated in the amperometric mode can provide high sensitivity and selectivity
for the determination of electro-active substance. One of the major difficulties in
electrochemical detection of phenolic compounds is the interference or the overlapping of
signals between the isomers. Electrochemical techniques with modified electrodes may
be a suitable alternative method of analysis.

Metal hexacyanoferrates have been considered for applications in many
technologies including charge storage, corrosion protection, electrocatalysis [2] and
analytical methods including development of sensors [3]. The introduction of sol-gel
technology has drawn interest in the fabrication of sensors and sol-gel modified electrode
incorporated with metal hexacyanoferrates in particular attract more attention as it
overcomes the problems of poor long-term stability due to scratch, leakage,
contamination and passivation durability under stress operations, such as hydrodynamic
conditions.

In our present investigation interest has been focused on the fabrication and
electroanalytical application of sol-gel-derived Copper Hexacyanoferrate (CuHCF)
surface modified electrode. CUHCF was surface coated on the graphite sol-gel electrode
surface by a new technique. Sol-gel derived graphite composite electrode (SGCE) was
prepared using the amine adsorbed graphite powder with methyltrimethoxysilane
(MTMOS). The surface modified CuHCF SGCE was used for the simultaneous detection
of catechol and resorcinol. The modified electrode was able to differentiate the signals of
catechol and resorcinol with a potential difference of nearly 80 mV between them. DPV
technique was used for the simultaneous determination. Flow injection analysis of the
isomers (catechol and resorcinol) spiked in industrial waste water was also performed.

The Fig.1 shows the DPV response of the modified electrode with (b) 2.68x 10
M and (c) 5.32 x10 M of catechol and resorcinol. As seen the current response to
addition of both the analytes increased linearly.
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Fig.2. shows the FIA response of the surface modified CuUHCF SGCE with successive
additions of increasing concentrations af ¢atechol andk) resorcinol. A well defined

and sharp response was obtained within a short response time of 4s for both the
substrates.
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Fig.2. FIA response of the surface modified CuHCF SGCE for three replicate additions of 8.0 x
10° M,1.26 x10* M and 1.95x18 M of (a) catechol and (b) resorcinol in 0.1 M KCI (PBS pH
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ABSTRACT

Since the discovery of carbon nanotubes (CNTSs), there have been rapidly expanding
researches for one-dimensional nanostructures [1]. The interesting electrical, optical, and
catalytic properties of these types of nanostructures have potential applications in
nanoscale devices, sensors, and catalysts [2]. The unique electrical and mechanical
properties of CNTs make them especially promising materials for the construction of
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electrochemical sensors and biosensors [3]. Over the past few years, extensive research
has been focused on the modification and possible application of the CNTs. The
synergistic action between CNTs and other electroactive materials in enhancing the
electrocatalytic activity has also fostered a growing interest. Materials for such purposes
include metal nanoparticles, conducting polymers, and redox mediators [4]. However, the
insolubility of CNTs in most solvents and their hydrophobicity limit their application in

the design of CNT-based sensing devices. The challenge of solubility of CNTs has been
addressed by chemical oxidation and functionalization with carboxylate or sulfonate
groups, which facilitates covalent binding to specific target molecules.

Ferrocene and its derivatives are well-known substances as mediators due to their various
very desirable properties, e.g., relatively low molecular mass, reversibility, regeneration
at low potential and generation of stable redox forms. Ferrocene is well-studied as a
mediator for electrochemical biosensing due to its good stability, high degree of
characterization, and application potential for electroanalysis [5]. Nevertheless, there are
still several challenges concerning immobilization of electron-shuttling mediators on the
electrode surface since low molecular weight soluble mediators can easily diffuse away
from the electrode surface into the bulk solution when the sensor is used continuously,
which would lead to significant signal loss and greatly affect the performance and
lifetime of the sensor.

L-cysteine has an important role in many biological processes. In electrochemistry,
special significance is given to its oxidation to cystine, catalysis of hydrogen evolution,
and complexation of ions. L-cysteine also has several pharmaceutical applications; it is
used in some antibiotics, for the treatment of skin damage, and as a radioprotective agent.
Therefore, measurement of cysteine in body fluids is very important from the biological
and pharmacological standpoints.

In this work, we report the construction of amperometric sensor using the amino-
functionalized multiwalled carbon nanotubes covalently bound with ferrocene
monocarboxylic acid (FMCA) as building block. FMCA was covalently bound onto the
MWCNTs with ethylenediamine as cross-linker to achieve FMCA-MWCNTSs conjugate.
The prepared FMCA-MWCNTSs composite possessed high surface area, good mechanical
stability, and good conductivity, which provided a compatible microenvironment for
maintaining the activity of the immobilized mediator. The spectra and electrochemical
properties of the synthesized FMCA-MWCNTs conjugate were investigated. The
designed FMCA-MWCNTs modified electrode was successfully applied for the sensitive
and selective determination of L-cysteine. The present approach promises an interesting
and facile method for electrochemical sensors fabrication.
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In recent years, modification of electrode surfaces with various electroactive
materials is an interesting area of research in designing electrochemical sensors.
Electrochemical sensors have eliminated slow preparation and the use of expensive
reagents, and have provided low cost analytical tools. Nevertheless, the electrochemical
sensors offer numerous applications in clinical diagnosis, environmental monitoring and
food analysis.

Among the various mediators used for electrode modification, solid metal
hexacyanoferrates have attracted attention of electrochemists as excellent electron
transfer mediators. These materials show interesting redox chemistry that is accompanied
by changes in their electorchromic, electroanalytical, ion-exchange, and electrocatalytic
properties [1].

Hydrazine has been recognized as a neurotoxin, carcinogenic mutagenic and
hepatotoxic substance, which has adverse health effects such as liver, brain [2], DNA
damage [3], creation of blood abnormalities, and irreversible deterioration of the nervous
system [4]. On the other hand, hydrazine and its derivatives have wide applications in
industry and agriculture, as explosives, antioxidants, photographic developer, oxygen
scavengers, insecticide, plant-growth regulators and propellblytdrazine is also
considered as a base product in fuel cells. Because of the great importance of hydrazine,
its accurate and economical determination is still a challenging research in analytical
chemistry. Therefore, easy and fast analytical tools are the pressing need to effectively
determine hydrazine in real samples.

In the present work, nickel hexacyanoferrate nanoparticle (NIHCF-NP) was
synthesized and characterized by UV-Vis, and XRD. NIHCF-NP was mechanically
immobilized on a paraffin wax impregnated graphite electrode. The NiIHCF-NP modified
electrode was characterized by cyclic voltammetry and differential pulse voltammetry.
The various experimental parameters influencing the electrochemical behavior of the
modified electrode were optimized by varying the supporting electrolytes, scan rates and
pHs. The electrocatalytic oxidation of hydrazine by NiHCF-NP modified electrode has
been investigated in an attempt to develop a new sensor for its determination. It was
found that the mediator catalyzed the oxidation of hydrazine with reduced the
overpotential of 540 mV. Figure 1 shows the electrocatalytic oxidation of hydrazine at
the modified electrode. The anodic current increased linearly with increase in the
concentration of hydrazine in the range of 1.53 X*B08 x 10° M with a correlation
coefficient of 0.9954. The detection limit was found to be 5.1 ¥ M and based
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on (S/N = 3). The analytical utility of the modified electrode as an amperometric sensor
for the determination of hydrazine in a flow system was evaluated by carrying out
hydrodynamic and chronoamperometric studies.

Figure 2 shows the amperometric response of the modified electrode at 0.45 V to
successive addition of ImL of 2mM hydrazine in NgN©lution was recorded which
showed a rapid increase in current after each addition of hydrazine.
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