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SUMMARY

NUCLEAR CHEMISTRY
The work reported under this section covers research areas such as (a) Nuclear

fission (b)Nuc!ear reactions, (c)Nuclear spectroscopy, (d)Nuclear Probes and
(e)Radioanalytical techniques. These activities are being carried out using research
reactors, cyclotron facility at VECC, Calcutta, Pelletron facility at TIFR with class A
radiochemical laboratories at each of these centers. The modern state of art instrumentation
required for alpha, gamma spectrometry and 6 counting and required expertise has been
generated over last three decades.

Nuclear fission was discovered fifty years back but still it is a fascinating field of
research and is full of surprises to researchers even today. The studies on mass and charge
distribution in fission induced by neutrons, light charged particles and heavy ions lead to
understanding the process of equilibration of mass and charge as well as dynamics of
evolution of fissioning system from saddle to scission. Mass and charge distribution studies
in heavy ion induced fission of actinides were aimed at delineating the contribution of
transfer induced fission from the total mass distribution. In this regards our studies on
fission of 232Th with heavy ions such as n B , 12C, 19F have shown that a substantial part of
the fission arises from transfer induced fission especially with heavier ions and with
energies close the Coulomb barrier. The fraction of transfer fission was found to decrease
with beam energy. The mass resolved angular distribution in alpha induced fission of 240Pu,
which leads to the same fissioning system as that in 12C + ^ ^ h (studied earlier by us)
showed no dependence of anisotropy on mass and as expected slightly lower aniostropies.
The studies on charge distribution in thermal neutron induced fission of 229Th, ^'Pu, 245Cm
and ^ C f (SF) indicated strong odd-even effect which decreases with fissility parameter.
The fragment angular momenta, determined via measurements of isomeric yield ratios in
thermal neutron induced fission of 229Th, 233U>

 235U, ^'Pu, ^ P u and ^ C m showed inverse
correlation with elemental yields.

Heavy ion reactions with low Z projectiles and medium mass targets were studied
with the aim to investigating the mechanism of incomplete fusion reactions. The energy
spectra and angular distribution of outgoing particles were measured in 19F + 93Nb reaction.
The study showed continuous evolution of reaction mechanism from quasielastic transfer
reactions to more dissipative massive transfer (incomplete fusion) reactions. In case of
heavier projectile induced reactions such as ^Si + "Nb and 37C1 + 45Sc transfer of mass
from target to projectile was observed. In the reaction of l2C on "Y at energies across the
Coulomb barrier it was observed that the angular momentum of compound nucleus
decreases with decreasing energy and remains constant at energies close to the barrier most
probably due to the centrifugal barrier being too small compared Coulomb barrier. Recoil
ranges of products in alpha induced reaction of Ag & In targets were measured in the
energy range of 30 to 55 MeV. It was observed that the momentum transfer is much lower
than expected from theory (PACE-2) indicating that processes involved are predominantly
non-equilibrium in nature.

Nuclear probes such as perturbed angular correlation, the positron annihillation
spectroscopy as well as Compton scattering are very useful in understanding important
physico-chemical properties. Studies were carried out on Nafion-117 to understand its
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microstructure using Positron annihillation spectroscopy. PAS studies on CaLaBaQfeO^gs a
high Tc compound showed that the transition temperature is associated with charge
transfer from plane to chain.

Diffusion properties of Cs+ & Zn+ 2 in Nafion-117 were studied using radio-
tracers. Importantly co-ion transport through the Nafon-117 was observed with tracers
36C1 and 131I. In neutron activation analysis, the Ko NAA method was standardised which
involved measurement of important parameters "f' and "a" in order to characterise the
neutron spectrum at the irradiation position. The capability of the method was checked by
analysing the large number of multielement standards. This method was used for obtaining
characteristic elemental profiles of natural ruby samples. The determination of elemental
profile using Ko NAA in samples of serpentines and associated minerals dolomite and
dolerites was carried out in order to understand the processes involved. The elemental
profile in samples of sediments from Nainital lake as a function of depth was carried out
which indicated relatively recent (last 30 years) increase in Cu & La concentrations. Use of
radiochemical separation followed by neutron activation of leaf samples allowed to
measure larger number of elements with improved sensitivity. The solid state track
detectors are very useful in detection and assay of trace levels of actinides and a method
based on measurement of ratio of alpha and neutron induced fission track ratio has been
developed for identification and assay of fissile isotopes.

ACTINIDE CHEMISTRY
Actinide chemistry related research in the Division is centered on a) the

development of novel procedures for the separation of actinides relevant for process /
analytical applications and b) guest-host chemistry of lanthanides, actinides and fission
products. Large number of extractants (most of them commercially not available) viz.
pyrazolones, isoxazolones, amides, diamides and bifunctional organophosphorous
compounds were indegenously synthesized and characterized by physico-chemical
techniques.

Octyl-phenyl-N,N-di-isobutyl carbamoyl methyl phosphine oxide (CMPO) was
employed successfully for the development of a flow sheet for the partitioning of actinides
from different types of HLW solutions on a laboratory scale. Kinetic distribution data of
Np was generated using AKUFVE apparatus. Mixer-settler runs on simulated PHWR-
HLW, FBR-HLW, SB-waste and actual (research reactor) HLW performed under the
experimental conditions standardized earlier were quite satisfactory. CMPO was also
employed to develop efficient solvent extraction and extraction chromatographic methods
for the recovery and purification of Pu and Am from laboratory acidic waste solutions.
Synthesis and characterization of four pentaalkyl malonamides, another class of promising
reagent for actinide partitioning was carried out.

To enable the utilization of Th for the nuclear power programme, it is imperative to
develop efficient methods for the recovery of U-233 from irradiated Th. In this connection,
results obtained by preliminary investigations on organophosphorous esters and N,N-
dialkyl amides with bulky acyl groups were quite encouraging. Solvent extraction
behaviour of U(VI) and Pu(IV) using di-2-ethylhexyl butyramide, di-2-ethylhexyl
isobutyramide and tri-iso amyl phosphate was also investigated.
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Basic extraction data on large number of lanthanide and actinide ions with CMPO,
isoxazolones and pyrazolones was generated. 3-Phenyl-4-benzoyl-5-isoxazolone (PBI) and
l-phenyl-3-methyl-4-benzoyl-5-pyrazolone (PMBP) in particular were found to be efficient
extractants of actinide ions under strong acidic and complexing conditions. Versatile nature
of PMBP was demonstrated in view of its application in the i) extraction of Pu(IV) from
the PUREX process feed solution at the prevalent acidity (3.5M HNO3) and ii) recovery
of Pu from oxalate supernatant (in the presence of 0.2M oxalic acid and 3M HNO3). PBI
was found to be a useful reagent for the purification of Th-234 from its parent nuclide U-
238. Synergistic mixtures of PBI with tri-n-octyl phosphine oxide, dibutyl-n-octanamide
and tri-n-butyl phosphate were observed to be very promising extractants of Am and other
actinide ions (at 1-2 M HNO3) with almost negligible extraction of Cs, Sr, Pd and Ba.
PMBP in the presence of 18 crown 6 in nitrobenzene was found to selectively extract La
over the heavier Yb which has been ascribed to the size selective complexation of La with
the crown ether. Mechanism of extraction of Cs with dibenzo 18 crown 6 and its
derivatives (viz. di-t-butyl, diacetyl, dihexanoyl and dinonanoyl) from HNO3 medium was
investigated. Relatively novel concept in the metal ion separation viz. PEG based aqueous
biphasic systems was explored for the distribution of Am in presence of phosphotungstic
acid.

Due to increasing importance of Y-90 based radiopharmaceuticals, ionizable
macrocyclic ligands have drawn the attention of co-ordination chemists as they form inert
complexes with La(III) ions. In this connection, thermodynamic equilibrium constants as
well as kinetic rate constants of Y(ITJ) with diacetic acids of polyaza polyoxa crown ethers
were determined. Work related to the separation of ^Sr-^Y mixture employing Sr-Spec.
resin was also initiated.

SPECTROSCOPY
The main activities of the spectroscopy section are: (i) Basic research in the solid

state chemistry and spectroscopy with a special emphasis on: (a) spectroscopy of actinides
in condensed matter (b) radiation effects in actinide doped solids (c) EPR and microwave
absorption studies of high temperature superconductors and photo-refractive materials,
(ii) Development of analytical spectroscopic methods for the trace metal determination in
nuclear materials, (iii) Chemical quality control at different stages of 239Pu, ^ 'U and Th
based nuclear fuels.

Significant progress has been achieved in these areas during this period. The home-
built photoacoustic spectrometer (PAS) unit was computer- adapted and the PA spectra of
a number of Pu compounds have been recorded and investigated. Radiation induced
stabilisation of U5+ (5f̂ ) in octahedral symmetry in CaO was observed and was found to be
associated with a second neighbour Ca-vacancy. EPR investigation of UMo6Ss in the 10 -
100 K temperature range revealed the resonance due to LT*+ with strong temperature
dependent g-shift, which was explained as due to dynamic averaging of EPR signals
between that of static 5? state of lf+ and that of conduction electron. EPR studies of
73iUi* in LiNbCfe showed the hyperfine structure due to 233U5+ at octahedral sites and
photo- induced charge transfer involving uranium. Kinetics of the decay of U5+ with
copper vapour laser illumination and restoration of U5+ in the absence of light were studied
between 10 -100 K.
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Trap-level spectroscopic studies on self-/- gamma irradiated K2Ca2(SO4>3 revealed
the role of SO4' ion in the glow peak at 433 K for which Pu3+ was identified as the
luminescent centre. EPR studies on barley seeds exposed to normal and deuterated
moisture and gamma irradiated at 77 K indicated the presence of two distinct radical
species (e"«^ N-centered radical) in these seeds. EPR evidence was obtained for the
existence of neutral H° atoms with slight differences of chemical bonding in gamma
irradiated SrSO4:UO22+ Work on CaF2 doped with Gd3+ and U3+ has revealed that
saturation transfer (ST) - EPR can be used for delineating overlapping EPR lines arising
torn two centres having different relaxation behaviour. EPR work on KO2 revealed the
role of O2" in the tetragonal to orthorhombic transition reported in KO2. Microwave
absorption studies conducted on high temperature superconductors Tl - 2212 have shown
the positive role of K in neutralising non-stoichiometry. The first report of PAS of CdS
semiconductor quantum dots (SQD) in nafion matrix showed clearly the presence of
excitonic bands in contrast to unresolved optical spectra and also confirmed strong
interaction between SQD and the polymer matrix resulting in high non-radiative transition
probability. Ho3+, Er3* and Sm3+ doped PVA films were grown and their PA spectra
showed that in PVA samples, PAS sensitivity is more as compared to pure rare earth
oxides and in polymer matrix, electronic - vibration interaction is much stronger than in
ionic oxides.

A new atomic absorption spectrometer (GBC - 906) equipped with flame and
electrothermal atomisation modes was set up. The operation of this unit and data
acquisition is completely computer controlled. This has the provision to obtain absorbance
data as a function of temperature. This is an important input for understanding the
atomisation mechanisms. Further, this unit has the facility for hydride generation of some
metallics and also an auto-sampler. An important aspect of R & D in analytical
spectroscopy is the progress made in the sample introduction into ICP. A method has been
developed to introduce into running plasma, a graphite electrode containing spectroscopic
buffer - carrier (graphite + AgCl in 4: 1 ratio) mixture onto which analyte rare earth
solution was loaded. The rare earths were separated from U and/or Pu by solvent
extraction. This gave an improvement in the sensitivity by a factor of 5 compared to
conventional sample introduction method into ICP.

Furthermore, significant stress was given to chemical separation procedures for
the removal of impurities from TI1O2. Experiments were carried out using a number of
extractants such as HDEHP, Cyanex-272, Cyanex-923 etc., In addition to usual analytes,
phosphorous has been included and chemical separation procedures were examined for its
quantitative separation. Most of these experiments gave encouraging results.



1. NUCLEAR CHEMISTRY

1.1 NUCLEAR FISSION

1.1.1 MASS DISTRIBUTION

1.1.1.1 Mass Distribution in 1 9 F , n B and 1 2 C induced fission of 2 3 2 Th

G.K.Gubbi, A.Goswami, B.S.Tomar, B.John1, A.Ramaswami, A.V.R.Reddy,
P.P.Burte and S.B.Manohar.
' Nuclear Physics Division

Recent studies at near and sub-barrier energies [1-3] have shown that a
significant fraction of total fission cross section arises from transfer induced fission (TF).
The mass distribution for TF is expected to be asymmetric because of low excitation
energy of the targetlike fissioning systems formed in the transfer reaction. Therefore, the
mass distribution in the case of fission of actinides at near and sub-barrier energies may
not be symmetric due to the superposition of asymmetric TF and symmetric complete
fusion fission (CFF) components. However, mass distribution studies are rather scarce for
such systems having significant fraction of TF. Therefore we carried out a detailed study of
the mass distribution at near and sub-barrier energies for 19p+232>rh system to
elucidate the effect of TF on overall mass distribution. The significant differences in
charge distribution parameters for CFF and TF were used to apportion the contribution
of each fissioning system to the measured yields to obtain the mass distributions for
both components. Our method of apportioning the TF and CFF cross sections in case of
19p+232xh system established a new approach. This was also studied for * *B+232Tn and
12c+232xh systems in the beam energy region of 0.9<Ec m/E3<1.3, where E c m is the
center of mass energy and E3 is the Coulomb barrier.

The experiments were performed at BARC-TIFR 14UD pelletron accelerator,
Mumbai, using 19F beam at E ^ = 95 and 112 MeV, 1 *B beam at Eiab= 55,60,72 MeV
and l^c beam at Ejat,=72 MeV respectively. Thorium metal targets of thickness in the
range of 1.8 mg/cnvMo 2.2mg/cm2 were used. Aluminium catcher foil of thickness 6.75
mg/cm2 were used to collect the fission products in the forward direction. After the
irradiation, the targets along with the catcher foils were monitored for fission product
gamma rays using a 20% efficient HPGe detector coupled to a PC based 4096
channel analyser. The unambiguous detection of fission products was ensured by matching
half life and gamma ray energy. The activity (Aj ) of a fission product at the end of
irradiation was determined from the peak areas of characteristic gamma rays at different
cooling times. The cross section for a fission product,( a\ ) was obtained by applying a
correction factor for the fission products not collected in the backward direction by
separate forward to backward ratio experiments for typical fission products in light and
heavy region. The main features of the analysis of * ?F+232jh data were as follows.

Unusually high mass yields were obtained for neutron rich fission products in the
mass region 132-143 for the charge distribution parameters corresponding to CFF,
indicating that fission products were originating from more than one fissioning system. This
was further corroborated by the plot of measured yields of some of the isotopes of Te, I,



Sb and Cs vs. Z/A for 112 MeV 19F + 2 3 2Th fission which gave two distinct Gaussian
distributions having centroids at Z/A=0.411 and 0.397, corresponding to CFF and
TF respectively. It is required to apportion the measured independent/ cumulative
yields into two components and then apply appropriate charge distribution
correction to arrive at CFF and TF mass distribution. The procedure adopted in this
work for fractionating the yields is described in our paper[4]. The CFF and TF components
of the mass distributions in 112 MeV 19F+232Th system are given in Figure 1.1.

The transfer fission
is 28% and 14% of the
total fission at energies of
95 MeV and 112 MeV
respectively. The significant
values of the cross sections
of targetlike residues 2 3 2Pa
and 233pa suggested that
there is competition
between fission and residue
formation in the decay of
targetlike nucleus 2 3 3Pa.
The evaporation residue
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by PACE code to estimate
the proportion of proton transfer in the total transfer reaction and fission cross section.
Proton transfer dominates over alpha transfer in l^F induced reaction of 2 3 2Th at sub-
barrier energies. However, the majority of the proton transfer events lead to residue
formation and proton transfer fission is only about 20% of TF at both bombarding
energies indicating that alpha transfer fission is dominant in the energy range studied.
The experimental formation cross sections determined for * lB+232Th system at 55,60,72
MeV are given in Table 1.1. This data also shows significant admixture of TF and CFF
components. The detailed analysis of the data is in progress. However the data on
l2C+232Th does not appear to indicate the presence of TF component. The details of the
analysis are given in [5].
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Table 1.1
Cumulative (C) and independent(I) formation cross sections of fission products in

*B induced fission of " ^ h at different energies."

Nuclide

96 Nb

1 0 4Tc

"'Cd

»4'Ba

72MeV
Cross Section(mb)

60MeV
1.0 ± 0.3
7.1± 0.3
6.7 ± 0.7
9.54± 0.74
10.9 ±0.5
13.7 ±0.3
12.4 ±2.3

13.77 ±0.52
2.35 ± 0.7
15.7 ±1.2

0.91 ±0.04
15.3 * 0.55
2.57*0.3
22.1 ±0.7
24.1 * 1.0
22.9 ±0.6
16.8 ± 0.4
17.15*2.4
25.9 ± 2.0
30.0 ± 1.8
29.6 ± 0.6
25.5*1.0
24.1*1.4
22.4 ± 2.0
3.1 ± 0.5
8.3 * 0.7
11.1*0.8
14.94*0.5

0.79* 0.09
3.98 * 0.2

2.55 ±0.32
7.6 ±0.4
7.5 ± 0.8

19.7 ±0.8
4.5 ± 0.40
11.0± 1.0
2.53± 0.6
8.93 ± 0.6
1.2*0.2
4.5 ±0.6
4.2 ±0.7
7.8 ± 0.6
5.7 ± 0.6
14.3± 0.4
6.9± 0.6
3.9± 0.6
5.0± 0.4
16.0*0.6
8.7± 0.6
12.1±0.4
3.0 ±0.2
3.0 ± 0.2
1.64 ±0.4

55MeV

2.34± 0.13
2.52± 0.52

3.90± 0.1
4.69± 0.4

6.1 ±0.6

4.05±0.7

7.8 ± 0.30
7.4 ± 0.9

8.18* 0.29
6.90* 0.30

9.1* 0.3

11.6* 0.7
8.35* 0.18
11.14* 0.9
7.33± 0.6
0.48± 0.1
1.94± 0.08
3.26± 0.11
5.15* 0.14

2.75* 0.06

7.86* 0.46
2.41* 0.2

5.32*0.08

2.98*0.2

3.10* 0.16
3.04± 0.33
6.52*0.50

1.16* 0.2
6.25* 0.4
3.88* 0.3
4.95* 0.2

0.61* 0.03
0.45* 0.05

1.61* 0.3

1.72* 0.11

2.0*0.1
1.59*0.1

2.27* 0.08
2.56* 0.2
1.9* 0.2

1.84* 0.07

1.64* 0.1

0.66* 0.07
1.41* 0.07

0.52* 0.02

2.06*0.03
0.61* 0.05

1.33*0.05

0.8* 0.06

1.51*0.06
0.87* 0.02

1.02*0.12
1.08*0.08



1.1.1.2 Absolute Fision Yields In The Fast Neutron Fission Of Actinides

H.Naik, A.G.C. Nair, P.C. Kalsi, A.K.Pandey, RJ.Singh, A. Ramaswami and
R.H. Iyer

Measurements of absolute fission yields in the fast neutron induced fission of
actinides with known neutron energy spectrum is important not only for the understanding
of the fission process itself but also for meeting the increasing needs of nuclear data for a
variety of calculations in fast reactor technology in areas such as reactor design, fuel
handling processes, waste management etc. The yields of the short-lived fission products
and the independent yields of various fission products are important for decay-heat
calculations and are also needed for testing the adequecy of models used for mass and
charge distribution studies and for the prediction of unmeasured yields. The present work is
a part of an ongoing IAEA research contract work for the measurement of absolute fission
product yields in the fast neutron induced fission of several actinides.

The absolute fission yields in the fast neutron induced fission of 99.9997 atom %
pure 238rj w e r e determined using a track etch-cum-gamma spectrometric technique
developed in our laboratory. It is very simple and applicable to volatile (Kr, Xe, Br, I) and
very short-lived fission products and eliminates the need for measuring the neutrons flux,
cross section and the exact number of target atoms, thereby eliminating the errors
associated with these measurements. The yields of 45 fission products in 39 mass chains
were determined for the first time. The unusually high yield of 11% for !38£ s m t n e f^
neutron induced fission of 238TJ ls attributed to the deformed 86n shell in the fragment
corresponding to mass 138 and deformed 62n shell in its complementary fragment mass
chain. The fine structure for the fission products in the mass regions 132-135, 137-140 and
142-145 and their complementary mass regions in the interval of 5 mass unit is due to the
proton pairing effect which reduces significantly from light-Z fissioning system to higher-Z
fissioning systems. The better fine structure in the fast neutron induced fission of 238TJ

compared to the thermal neutron induced fission of 232rj} 233TJ and 235TJ j s attributed to
the higher N/Z value for 2^U [1].

Absolute Fission Yields in the Fast Neutron Fission of 2 3 7 } ^ 23 8 ] ^ 2 4 0 ^
243Am, 244cm w e r e ^ ^ determined by the same technique with some modifications
required for handling highly radioactive actinides.The mass yields are reported elsewhere
[2,3,4].
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1.1.2. CHARGE DISTRIBUTION

1.1.2.1. Charge distribution in 125 MeV 1 9 F induced fission of 2 3 2Th.

Saryaprakash1, G.KGubbi, AVRReddy, S.P.Dange, A.G.C.Nair, RN.Acharya, Alok
Srivastava2 and S.B.Manohar
1. Dayalbagh Educational Institute, Dayalbagh
2.Chemistry Department. Allahabad University, Allahabad

The mass distribution work on 19F induced fission of 232Th at 61^=95 and 112 MeV
carried out earlier has shown that the fraction of transfer fission cross section decreases as the
projectile energy increases across the coulomb barrier. The energy region of 120-140 MeV is
interesting because of possible onset of massive transfers in addition to proton and alpha
transfers. It is necessary to have knowledge about the charge distribution parameters in order to
arrive at the mass yields from the measured independent and cumulative cross sections of
fission products and to investigate the effect of transfer fission on overall mass distribution.
With mis objective, present work on charge distribution were carried out in 125 MeV 19F
induced fission of 232Th by determining the independent yields of various iodine isotopes. Self
supporting targets of thorium metal foils (l.S mg/cm2) covered with 6.75 mg/cm2 aluminium

foils on forward side were bombarded with
125 MeV 19F beam at NSC pelletron
accelerator at New Delhi. Duration of
bombardment varied from 55-600 minutes to
cover the short lived as weU as long lived
fission products. Beam current on the target
was about 20pnA as measured by an electron
suppressed Faraday cup. The targets along
with the catcher foils were monitored for
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Fig. 1.2 Imopic distribution of Iodine Yield*
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fission products on an efficiency calibrated
HPGe detector coupled to a 4K multichannel
analyser.

The independent yields of
126,128,130,131,132,133,134! determined by
the analysis of gamma ray spectra by S AMPO
code and parent daughter decay growth are
given in Table. 1.2. The measured cross

sections correspond to fission products collected in the forward direction and were corrected for
fission products emitted in the backward direction by using a correction factor of 1.81 [1] to get
the total cross section. The isotopic yield distribution of iodine isotopes is shown in Fig. 1.2. The
yields fitted to a single gaussian distribution lead to a large width parameterfc^ having no
physical significance. It was clear mat yields were originating from more man one fissioning
system. The independent yields of neutron deficient iodine isotopes 126,128,130j w e r e

assumed to be originating from Complete Fusion-Fission (CFF). The width parameter
(02=1.019) and most probable mass number (Ap=128.3) were computed for CFF by assuming
the standard Gaussian distribution. The independent yields of 13i,132,133,134j for transfer
fission were deduced by subtracting the extrapolated CFF yields from the measured yields.
These yields were fitted to a Gaussian distribution to evaluate A« and o z for the fissioning



systems formed by noncompound processes. The value of az=0.67±0.2 and Ap=132.5 were
obtained The value of width parameter indicates that the processes are still dominated by low
energy fissioning systems formed by proton and alpha transfers. However Ap=132.S indicates
more massive transfers leading to fissioning systems formed at higher excitation energy. The
average number of neutrons emitted in the fission was estimated as ( A C N - A P ) = 1 1 ± 1 , a
reasonable agreement with the extrapolated value of 10.43 from the data of Hinde et.al.[2].
Transfer fission fraction was estimated by assuming a linear correlation between following
parameters.

Mass yield (A=l28)
vs TF fraction (%)

Mass yield (A=128) + TF mass yield (A=135)

Table 1.2 : Isotopic yields of iodine

Nuclide Cross section (mb) cross section (mb)
(Measured) (Deduced TF)

128j
130!

133!

1.30 ±0.151
1.99 ±0.201
1.58 ±0.201
1.61 ±0.201
2.89 ± 0.30 C

1.20 ±0.151
0.98 ±0.101
0.49 ±0.061
1.06 ± 0.10 C

0.51 ±0.07

0.55 ± 0.07
0.66 ±0.08
0.35 ±0.07

I: Independent yield C : Cumulative yield

The parameters were evaluated for
Elab= 95 & 112 MeV. The ratio of
the mass yields for the present
system was calculated by using
appropriate independent yields of
iodine and charge distribution
systematics. The estimated TF
fraction at 125 MeV was 10%. The
TF fraction of Hinde et.al.[2] is
about 8% at 120 MeV.
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1.1.2.2 Systematics of charge distribution in low-energy fission of actinides

H. Naik, S.P. Dange, RJ.Singh and S.B. Manohar

Charge distribution studies were carried out in the thermal neutron-induced fission
of 2 2 9 Th, 2 4 1 P u and 2 4 5 c m as well in the spontaneous fission of 252Cf. The width
parameter (cr^ <*A)» t n e m o s t probable charge/mass (Zp/Ap) and the charge polarization
(AZ) as a function of fragment mass were deduced. The slope of charge polarization as a
function of fragment mass (d(AZ)/d(A')), average charge dispersion parameter ( o£ and
proton odd-even effect ( 5p) were also obtained for these fissioning systems. These data



along with the literature data for even-Z fissioning systems such as 2337^ ^ 233TJ ^
2 3 4U*, 2 3 6U*, 239Pu*, 2 4 0Pu* and 250Cf* are discussed in terms of nuclear-structure
effects and dynamics of descent from saddle point to neck formation and the scission
point.

The experimental data along with literature data on charge distribution in low
energy fission of actinides were analysed and following important conclusions have been
arrived at.

-1.0
120 125 130 135 140 MS

FRAGMENT MASS (A' )
1SS

(i) The charge dispersion
parameter ( o^) is lower for Z
= 50 (A = 128-130) and N = 82
(A = 132-136) indicating the
effect of proximity of shell
closure. On the other hand, the
oscillating nature of o z and
AZ with fragment mass reflects
the odd-even effect, as shown
in fig. 1.3.
(ii) In all the fissioning
systems the AZ-values decrease
with approach of symmetric
split besides their oscillating
nature. The slope of charge
polarization with fragment mass
(d(AZ)/d(A)) increases with
increasing mass of the
fissioning system (Fig 1.4) and
is explained on the basis of

larger time taken by the
heavier fissioning system to
reach the scission shape due
to a more compact saddle
shape. On the other hand,
the systematic increase of
the charge variance ( o ^
with Ap is explained on the
basis of zero-point
oscillation in the charge
equilibrium mode and is
thus related to the necking
velocity (dc/dt). These two
O b s e r v a t i o n s t o g e t h e r F « lA. The plot of the dope of chute pohritatkM [«<AZ)/4V4'1 u function of the I

indicate that the dynamics uotka> {Afh

of descent from saddle to formation of neck is slower with increasing Ap and once the
neck is formed it is faster with increasing Ap. (iii) The odd-even effect decreases

Fig, 1.3
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exponentially with the Coulomb parameter (Z^/A^3) with the exception of the
spontaneous fissioning system 2^2Cf. This indicates that the intrinsic excitation energy
increases with increase of Z ^ / A ^ (Fig 1.5) and it is low for spontaneous fissioning
systems. On the other hand, the correlation of In 8p with < a2z> which includes
spontaneous fissioning systems indicates that quasi-particle excitation and snapping of neck
occur non-adiabatically.

Details of these studies including relevant literature data are published elsewhere[l].
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Fi& 1-5 The plot of the amplitude of the proton odd-even effect (£p) as function of the Coulomb parameter
2 I / 3
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1.1.3 FRAGMENT ANGULAR MOMENTUM

1.1.3.1 Systematic! of fragment angular momentum in low energy fission of actinides

H. Naik, S.P. Dange and R.J. Singh

Studies on fragment angular momentum in low energy fission of actinides provide
an insight into the influence of rotational degrees of freedom since it arises due to statistical
population of various collective modes such as wriggling, bending and twisting[l,2]
besides contribution from post scission Coulombic torque [2,3] and/or single particle
excitation. Fragment angular momenta (Jons) °f various fission products were deduced
from radiochemically determined independent isomeric yield ratios in thermal neutron
induced fission of 2 2 9Th, 2 3 3 U, 23$U, 2 3 9Pu, 2 4 1Pu and 2 4 5Cm as well as in



spontaneous fission of 252C f [ 4 . 6 ] T h e j ^ v a l u e s w e r g d e d u c e d from t h e m e a s u r e d

isomenc yield ratios and those from literature in 245C m(n t hf) and i n 2 4 9 c ^ n t h ^

The yield weighted average values of fragment angular momentum as well as
elemental yield of various elements as a function of of fragment charge and as a function
of Zjf/A in thermal neutron induced fission of 229T h t 0 249C f md i n s p o n t a n e o u s fission
of ^ C f were computed I t c a n b e s e e n from F i g { 6 ^ o d d z fr ent j} j ^ w .

ar ._ -7 TT:^U
e r momentum of odd-Z

fragments is probably due to
single particle effect and or
higher deformation resulting
from polarization of even-Z
core by the odd proton. It can
be seen from Fig. 1.7 that
fragment Jr™ for fission
products (132sb, l33Te, 1 3 4 I
and 13$Xe) having 82
spherical neutron shell are
lower than that for the fission
products (128Sb> 130Sb

1 3 1 ^ 1 3 2 ^ 136^133x6 and
I^Rxr .. ' . . .

Fig. 1.6 CoroUtooflniiiiemupdiimaiiieiUBm^ekoiraulykldin11^^ lJOX&) dWdy from Shell

configuration indicating the
effect of shell closure

proximity. The effect of shell configuration/deformation is also observed from Fig 1 8
showing decrease in several odd-Z fragment J ^ such as 128sb, I32sb, 1 3 2 I , 134! md

Cs with the approach of 66 deformed neutron shell in their' complementary
fragments[5]. This effect is, however, less pronounced for even-Z fragments such as

44 44 JO 51 54 16 M
ATOMIC HUM»[«

60 62

This may be due to the fact that
the even-Z fragments are less
deformable and, therefore, the
fragment J^^ practically
remains constant throughout.
Deformation parameters (B) for
different fragments at the
scission in above mentioned
fissioning systems were
calculated as prescribed by
Datta et al. [4] using
experimental kinetic energy
data. It was observed that B-
vaiues ior uie even tragments
having 82n shell are lowest.
The B-values for fragments
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having 82n shell and deformed 88n shell are in good agreement with the estimates based on
static scission point model. Important conclusion of these studies are:
(i) The fragment angular momentum strongly depends on nuclear- structure effects such as
shell-closure proximity (e.g. 66n, 82n and 88n) and the odd-even effect. Higher angular
momenta of the odd-Z fragments are either due to a single-particle effect or to their higher
deformation resulting from the strong core polarization of the even-Z core by an odd

proton.
(ii) Fragment scission-point deformations deduced from fission- fragment angular
momenta are seen to be in good agreement with the theoretical value obtained from the
static scission-point model.

(iii) The general trend of the nearly inverse
correlation between the fragment angular
momentum and elemental yields as a
function of fragment nuclear charge in a
specific fissioning system as well as for a
particular fragment in different fissioning
systems indicates a coupling between the
collective and intrinsic degrees freedom. •
(iv) From the systematics of the inverse
correlation between the fragment angular
momentum and elemental yields it appears
that fragment deformation is responsible for

„ <* * w" <• »> 72 » » this correlation.
HUMMI Of COMA UUNTAtY F1AGMENT |HCI

F'ig. 1.8 EflKte<tfc»4«(Dra>edW&aiid(b)664^rtn<iHi]oaiU angular momentum.
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1.1.3.2 EFFECT OF ODD Z FISSIONING SYSTEM ON FRAGMENT ANGULAR MOMENTUM

H.Naik, S.P.Dange and RJ.Singh

Fission fragment angular momentum (Jrms) in low energy fission of actinides arises
due to mutual Coulomb interaction of the fragments for non-linear scission configuration
[1]. It provides information about the effect of nuclear structure [2,3]. The correlation of
fragment angular momemtum with deformation and the elemental yield has been recently
reported in number of even- Z fissioning systems[l] and has been explained in terms of
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coupling between the collective and intrinsic degrees of freedom. With the objective of
examining the validity of such observations in odd Z fissioning system , fragment angular
momenta (Jnns) °f *"^Sb, 131,]33xe ^ j 134T j^yg 5 e e n deduced from radiochemically
determined isomeric yield ratios in the fast neutron induced fission of 237]sjp using spin
dependent statistical model analysis and are shown in Table 1.3 along with the literature
data for *32j reported earlier from this laboratory[2].

On the basis of bending mode oscillation model it is expected that the Jrms value of
fragment corresponding to products 1 3 3Te and 1 3 4I should be more than the fragments
corresponding to products ^ *Te and ^ 2 j respectively. However from table 1 a reverse
trend is observed. This is most probably due to the presence of spherical 82n shell in the
fragments corresponding to the products ^ 3 j e ̂ ^ 134j indicating the effect of shell
closure proximity. It is also seen from table 1 that fragment angular momentum of the odd-
Z products e.g. ^255 a^j 132,134j gj-g higher compared to the neighbouring even-Z
products e.g. 131,133rpe indicating the odd-even effect on fragment angular momentum.
The higher Srms values for odd-Z fragments may be due to single particle spin contribution
and/or due to the higher deformation resulting from the polarization of the even-Z core by
an odd proton. This aspect was confirmed by evaluating the scission point deformation of
various fragments in 237^(^1) as prescribed by Datta et al.[3] based on statistical and
pre- scission bending mode oscillation model and using experimental kinetic energy data
[4]. The deformation parameters (B) evaluated from experimental Jfms are shown in table 1
from which it can be clearly seen that the B-values for odd-Z fragments are higher than the
neighbouring even-Z fragments. These B-values for the odd-Z products in odd-Z fissioning
system (H%Np ) are higher compared to the same in even-Z fissioning systems as reported
earlier[3]. Earlier an inverse correlation of fragment ]rms and the elemental yield was
observed in even Z fissioning systems and was explained on the basis of coupling between
the collective and intrinsic degrees of freedom and odd-even effect. 23?Np(n,f) being an
odd Z fissioning system the odd-even effect on the elemental yields profile is not expected.
Hence the observed variations in fragment Jrms as a function of the Z in odd-Z fissioning
system is most probably due to the single particle spin contribution and/or due to the
fragment deformation as mentioned above.
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Table 1.3 J r m s values of varius fission products in

Nuclide Yb/(Yh+Y,) Jrms(h) 6 c(F) T(MeV) K.E.(MeV) Yz(%)
Cal Expt

1 3 2Sb 0.377±0.085
1 3 1Te 0.653±0.056
1 3 3Te 0.570±0.027
l32I 0.484±0.044
134I 0.429±0.071

7.6±1.0
5.5±0.4
4.7±0.3
8.9±0.7
8.2±1.1

0.63
0.14
0.001
0.89
0.74

1.07
1.06
1.11
1.08
1.07

0
0
0
0.
0.

.74

.53

.44
88
79

181.0
178.0
180.0
181.0
179.0

181.1
178.2
180.6
181.1
179.4

10.0
16.0
16.0
19.0
19.0

1.1.4 MASS RESOLVED ANGULAR DISTRIBUTION

1.1.4.1 Mass resolved angular distribution in alpha induced fission of 2 4 0Pu

A.Goswami, B.S.Tomar, G.K.Gubbi and S.B.Manohar

Angular distributions of fission fragments in proton and alpha induced fission are in
general explicable in terms of saddle point statistical model of Halpern and Strutiniskyfl].
According to this model, angular anisotropy of fission fragments are governed by the
parameter p=<I2>/4Ko2 where <I2> is the mean square angular momentum of the

100 120 140

Mass number of fission product
160

Fig. 1.9 plot of angular anisotropy vs mass number of the
fission product.

fissioning system and KQ2 is the variance of the K distribution, K being the projection of I
along the fissioining axis. While <I2> is mainly determined by the entrance channel
parameter viz. target projectile combination and beam energy, K Q 2 is determined by the
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saddle point configuration and excitation energy at the saddle point and hence is the
property of the fissioning nucleus. Variation of anisotropy as a function of mass asymmetry
is regarded as an indication that mass distribution is determined at saddle point [2-4].

We report here the result of work carried out on mass resolved angular distribution
in alpha induced fission of 240py we compare the data with the ^ c + 2 3 2 j n system that
forms the same compound nucleus 244cm Experiments were performed using 32MeV
alpha beams at VECC, Calcutta. Recoil catcher technique, followed by gamma
spectrometric assay of fission products was used to determine the angular distribution of
fission fragments. A description of the experimental arrangement is given elsewhere[2],
240pu targets of thickness about 75 jigm/cm^, electrodeposited on 0.0025 cm thick
aluminium foil were used for irradiation. Irradiations were carried out for about 8 hours.
Counting was carried out using a 60cc HPGe detector coupled to a 4K MCA. Gamma ray
spectra, collected over a period of about 30 days, were analyzed for peak area
determination of different radionuclides using a PC version of the code S AMPO. The end
of irradiation activities (A;) of gamma rays of the fission products, collected at different
angles were converted to laboratory angular distribution using the equation

W(9)=Ai/ cos(e1)-cos(e2)
where 0i and 02 are the two extreme angles for each strip such that the denominator
corrects for the solid angle of the strip. The observed W(0) values were converted to
center of mass distribution using the standard procedure[5] and fitted to the equation.

W(9)= a+ b cos2G
The angular anisotropies were extracted as W(0)/W(90)= 1+ (b/a).

The values of angular anisotropies as a function of fission product mass number are
plotted in Figure 1.9. It is seen that, contrary to the results of alpha and proton induced
fission of thorium and uranium targets, angular distribution in the present system does not
show any clear dependence of fragment mass. Fission of 12c+232jn aiso shows similar
result [5] though at much higher excitation energy and angular momentum. The result
probably indicates that, with increase in Z^/A of the fissioning nucleus, the fragment
anisotropies are still decided at the saddle point while the basic feature of mass distribution
is decided beyond the saddle point and hence they become independent of each other.
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1.2 NUCLEAR REACTIONS

1.2.1 Study of incomplete fusion in 1 9F + 93Nb reaction

B.S.Tomar, A.Goswami, G.K.Gubbi, A.V.R.Reddy and S.B.Manohar, Bency John
1 S.K.Kataria1

' Nuclear Physics Division

The formation of projectile like fragments in heavy ion reactions has drawn
considerable attraction in the recent past[l]
owing to lack of a clear cut mechanism of
these processes. The energy spectra and
angular distributions of alpha particle, protons
and projectile like fragments in 95 and 73
MeV beam energy measured previously were
analysed with a view to understand the
mechanism of incomplete fusion in l^F +
9 3 Nb reaction. The angular distributions were
obtained by integrating the energy spectra.
The spectra observed at backward angle were
used to deduce the angular distribution of
alpha particles emitted in CF. The center of
mass angular distribution for CF, obtained
from backward angle data was used to deduce
the angular distribution for CF emitted alpha
particles and protons. Figure 1.10 shows the

20 40 60 80 100 120 140 160 160

Rgurei .10 Angular Oistribuluion of a and p in 95 Mev

angular distribution of alpha particles and
protons at 95 MeV l 9 F + 93Nb. The
experimental angular distribution at
forward angles showed higher cross
section than the CF cross section
indicating the presence of another
component at forward angle. This is
attributed to fast particles emitted in
incomplete fusion reactions. The energy
spectra for these ICF particles were
obtained by subtracting the CF spectra
from the experimental spectra as shown
in Figure 1.11. The CF spectra are shown
as dashed curves while the ICF spectra
are shown as dotted curves in the energy
spectra. The total cross section of CF
and ICF in alpha and proton spectra was

0 10 20 30 40 50
Alpha Energy (M«V)

Figure 1.11 : Energy »pectra of a In 85 Mev "F+ "Nb
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obtained by integrating the corresponding angular distributions by expressing the angular
distributions as,

da/dH = (a + 3bCos2G + 2c/7iSin9)/47t
Thus o = (1/4TC) / da/dO. Sin9 d6 = a + b + c

The data show significant
contribution of ICF in alpha spectra
at forward angles. In case of protons
too the ICF components are seen but
not as significant as in case of alpha.

The kinetic energy spectra and
angular distributions of PLFs (Z>2)
were analysed in terms of the direct
surface transfer reaction model
proposed by Mermaz et al[2]. The da
/dQ and d2a/dEdn of PLFs were
calculated theoretically in the
framework of the diffractional model
for massive transfer reactions based
on the DWBA formalism of Mermaz

' et al.[2]. The d2a/dEdQ is given as,

d2c/dEdQ= 1 1 J a(8, Ef,LT)
P2(E2V2) Pl(E*-E2*,Ji)dE2*
where a(Q,Ef,Lj) is the reduced
transfer reaction cross section which
is given by the difiractional model, p
is the total level density with spin
distribution as given by,

Angle
Figure 1.12 :Angular distribution of projectile

in 95 MeV 1 ¥ + "Nb reaction

(continuous lines are theoretical curves)

p(E*,J) = p(E*)
The density p(E*) is the total level

density of the particles and holes with respect to target or projectile core and was
calculated using the formula due to Williams[3]. The only parameters that need to be
supplied are rg, d and A9 which were fixed by fitting the elastic scattering data on l^F +
9^Nb measured experimentally in a separate experiment. The values obtained are 1.525 fin,
0.35 fin and -0.165 radians. However the agreement between the experimental and
calculated spectra was obtained by varying values of A9. Figure 1.12 shows the angular
distributions of PLFs along with the calculated data. The calculated values are shown as
dashed lines. The calculated spectral shapes for oxygen and nitrogen isotopes agree with
the experimental spectra but not for fragments with Z<7. This shows that the nitrogen and
oxygen fragments are formed in direct transfer reactions populating the target like products
in continuum states which can subsequently deexcite by particle and/or gamma emission.
On the other hand, the fragments with Z<7 are formed in more damped ICF reactions. At
present it is difficult to explain the formation of all the PLFs in the framework of a unified
model. However, it appears that there is a continuous evolution of reaction mechanisms
from less damped direct transfer reactions to more damped incomplete fusion reactions.
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Thus the present study has shown the occurrence of three reaction mechanisms in the low
Z heavy ion induced reactions, namely, (i) complete fusion of projectile and target nuclei
forming a compound nucleus which deexcites by particle/gamma emission. The dominat
components in alpha and proton spectra are due to CF, (ii) quasielastic transfer reactions
leading to target like residues and projectile like fragments with narrow angular
distributions peaked sideways and the kinetic energy spectra peaking at Qopt> and (iii)
incomplete fusion of a part of the projectile with the target nucleus with emission of the
remaining part of the projectile ( protons, alpha particles etc.) at forward angles with
approximately beam velocity. The yield of nitrogen fragments is the same as that of
technitium products which are complementary products of the binary reactions of the type
9 3 Nb( 1 9 F,* 5 N) 9 7 Tc. The agreement between nitrogen and technitium yields shows the
binary nature of these reactions.
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[2] MCMermaz, R.Dayras, J.Barrette, B.Berthier, D.M.De Castro Rizzo, O.Cisse,

R.Legrain, A.Pagano, E.Pollacco, H.Delgrange, W.Mittig, B.Heusch, G.Langano, and
A.Palmeri, Nucl. Phys. A441, 129(1985).
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1.2.2 Study of incomplete fusion reactions using heavy ion beam with A>20.

KKDwivedi, ASrivastava, Salya Prakash, D.K.Awasthi, B.S.Tomar, A.Goswami,
A.V.R.Reddy and S.B.Manohar

Heavy ion reactions involving projectiles with A>20 are dominated by complete and
incomplete fusion (ICF) with ICF fraction dominating the reaction cross section at
E>10MeV/nucleon. In case of projectiles with A>20, deep inelastic collisions (DIC) are found
to dominate the reaction cross section. There has been no attempt to understand the ICF and
DIC in a unified picture though bom of these processes are believed to occur above 1 -̂. The
only study on these lines has been carried out by Babinet et al[l] in ^ N , 20Ne and ^ A r
induced reaction on silver target. According to them the Z-distribution of projectile like
fragments is shifted towards Z<Zp or Z>Zp depending upon whether the injection asymmetry is
lower or higher than the Bussinaro-Gallone asymmetry defined as,

<XBG = 0 fo rX<X B G
= P(X-XBG)/(X-XBG+q) for X > X B G

where X B G =0.396, p=l. 12 and q=0.24. a =(AT-Ap)/(Ax+Ap).
With this in mind, we initiated a work programme on measurement of excitation

functions of evaporation residues and taget like products in various heavy ion reactions, such as,
1 2C, 1 9 F, 2 8Si + 9 3 Nb and 37C1 + 4 5Sc. Excitation functions for target like residues in 2 8 Si +
9 3 Nb reaction were measured by recoil catcher technique followed by off line gamma
spectrometry of radioactive products using the Pelletron facility at NSC, Delhi. The beam
energy was varied between 137 and 156 MeV.
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Figure 1.13 shows a plot of the cross sections for the target like residues against their
mass numbers. The cross sections are found to decrease as one moves away from the target
mass. The high yield at mass number 95 may be due to cluster transfer. The residues with
A<Aj are formed in pick-up reactions of the type 93Nb(28Si,32S)89Y. Such reactions
involving mass transfer from target to projectile were not seen in the case of 12C[2] as well as
2®Ne{3] induced reactions on 93Nb at the same relative velocities, vrej defined as,

Both these systems have entrance channel mass asymmetry (a) less lhan a g o where a
BG the mass asymmetry corresponding to the Bussinaro-Gallone mountain. Consequently one
observes mass transfer from projectile to target. For the system 28Si + 93Nb a is more than a
BQ. Thus one expects a drift in the mass flow towards symmetry. This observation shows the
influence of entrance channel mass asymmetry on the massive transfer reactions. These
observations indicate that these massive transfer reactions are diffusion controlled and not one
step direct reactions. Thus it seems likely that ICF and DIC both have the same mechanism but
the features change depending upon whether a is less or more than OQQ.

References.
[1] HBabinet et al. Nucl. Phys. A258,172 (1976).
[2] B.S.Tomar et al. Phys. Rev. C49, 941 (1994).
[3] D.J.Parker et al.Phys.Rev.C39,2256(1989).

123 Excitation functions in 37CI + 45Sc

S.Chakrabarty, B.S.Tomar, A.Goswami and S.B.Manohar

With a view to investigate the entrance channel mass asymmetry dependence of
incomplete fusion, work was initiated on measurement of the excitation functions of evaporation
residues in a large number of projectile-target combinations leading to the same compound
nucleus. In the first such study, excitation functions of evaporation residues produced in S'Cl +
4^ were measured using the recoil catcher technique followed by gamma-ray spectrometry at
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the pelletron accelerator at Mumbai. The beam energy was varied in the range of 100- 130
MeV. The analysis of data showed broad excitation functions of evaporation residues formed in
the decay of die compound nucleus as shown in Table 1.4. The experiments on other projectile-
target combinations is planned in future.

Table 1.4

Cross sections of evaporation residues in "*7CI+ 4$SC reaction.

Nuclide 100 MeV 120 MeV 132 MeV

79Kr 324.3±8.6c 136±9c —

79Rb 71.6±0.4 42.2±0.93 9.6 ±0.5

78mRb 20.6 ±0 .7 55.9 ±6.3 3.3 ±0.1

77Kr 6.6±0.1c 63.2 ± 0.2 c 13.3 ± 0.06 c

7 7 m Br 5.7 ±1.6 15.9 ±1 .7 4.2 ±0.4

76Kr 42.1 ± 1.6 70.1 ±4.6 3.3 ±0.3

7%Br 9 0 . 1 ± 0.5 c 168.5 ± 1.6 c 6.4 ± 0 . 1 c

7SBr 32.2 ± 0.9 c 254.1 ± 8.6 c 26.0 ±0.7 c

73gSe 15.0 ±0.7 88.1 ±2.3 7.7 ±0.2

c: cumulative
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1.2.4 Angular Momentum tUstribtftiaa ia mfcharrier fusion of 1 2 C with 8 9 Y

B.Bindukumar1, S.Chakraborty, B.S.Tomar, S.Mukherjee1, A.Goswami, S.B.Manohar
and B.John
' Physics Department, Vtkram University, Ujjain.

Measurement of fusion cross section and angular momentum distribution in subbarrier
region has been a subject of renewed interest [1] owing to the observation of enhanced fusion
cross section compared to die prediction of one dimensional barrier penetration model. The
enhancement is attributed to the coupling of inelastic and transfer channels to the fusion
channels, and static and dynamic deformation of projectile and target nuclei. Angular
momentum distribution provide valuable information in understanding the subbarrier fusion
enhancement. The angular momentum distribution of the compound nucleus can be obtained
by gamma ray multiplicity measurements and measurement of isomeric cross section ratio of
evaporation residues and fission fragment angular distributions in case of heavier systems.
While the isomeric cross section ratio method has been widely used in deducing fission
fragment angular momenta, it has been scarcely used in subbarrier fusion reaction [2 ]. In this
paper we report on the measurement of angular momentum distribution of the compound
nucleus ^°^Rh formed in I2c+89y reaction. The angular momenta were deduced using the
statistical deexcitation code GRQCH2. The data were compared with those calculated from the
one dimensional barrier penetration model calculation.

The experiments were carried out at the BARC-TIFR Pelletron facility. The cross
sections of the two isomers of ^ R h were measured by recoil catcher technique followed by
gamma ray spectrometry of evaporation residues. The yttrium metal target having thickness
around lOOug/cm^ were prepared by vacuum evaporation onto lOOug/cm^ thick aluminium
foils. The targets were bombarded with ^C beams with energy between 30 and 45 MeV. The
recoiling evaporation residues were stopped in 4mg/cm? thick gold catcher foils. The duration
of bombardment was varied from 2 hrs at highest energy to six hours at lowest energy. Figure

1.14 shows a plot of isomeric cross section
ratio and <J> against the beam energy. As the
quantities N and <p are common for both
isomers, the error on om/og is due to counting
statistics. From the cr^Og values the average
angular momentum, <J>, of the compound
nucleus was deduced using the statistical
model code GROGI2. The sharp cut-off
approximation was used for the spin
fractionation of the yrast line population into
" m R h and "gRh. . It is seen mat the <J>
decreases with decreasing beam energy until
the Coulomb barrier is reached below which it
remains constant. Similar observations have
been obtained by Gregorio et al. [2]. The
angular momentum distribution of the CN was
also calculated using the one dimensional
barrier penetration formula of Hill and

32 M 16 Jl 40 42 44
Beam Energy (M*V)

t'g, 1.14 komertc Cros* Section Ratio* »nd
Average Angular Momenta in cue barrier
fusion of 12C with **Y
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Wheeler. The calculated values are also shown in the figure. The constancy of the average
angular momentum below can be explained in view of the fact mat the centrifugal bamer is
negligible compared to the Coulomb barrier. Thus the system can retain a certain amount of
angular momentum even below the barrier.

References
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1.2.5. Recoil ranges of nuclei produced in alpha-induced reactions

R. Guin, S. K. Das and S. K. Saha

The experiment discussed in this report is a part of systematic study of the recoil
range distributions of heavy residues produced by the alpha-induced reactions on medium
mass nuclei around A = 105-115. The present work relates to the measurements of the
recoil ranges of residual nuclei with a view to get experimental information about the
linear momentum transfer for (alpha, xn) as well as (alpha, alpha xn) reactions
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and to infer, if there is any difference in the reaction mechanism for the above reactions
as indicated in the isomeric yield measurements [1,2]. Here we report the
experimental recoil ranges for the "5In (alpha, 2n), "5In (alpha, 3n) and ll5In
(alpha,alpha n ) reactions. A comparison of the experimentally determined linear
momenta for all the residual nuclei with the theoretical [3] predictions based on
statistical model calculations are also presented.

The mean recoil ranges, projected on beam axis, were measured by
conventional thick target thick catcher foil technique. Indium targets of about 2
mg/sq.cm thickness were prepared by vacuum deposition on high purity Al foils. The
irradiations were carried out in the energy range of 20 - 60 MeV of alpha particles at
VECC. The beam duration was varied between 1 to 3 h depending on the cross sections
and half-lives of the products of interest. Target stack for any irradiation was
prepared in such a way that the total energy degradation of the beam in the target
assembly never exceeded 15 MeV. The product activities in the targets as well as in
the catchers were monitored separately using HPGe detectors. Gamma spectra were
recorded and analysed in a PC based analyser. In most of the cases the residual nuclei
formed by the nuclear reactions studied here consist of two isomeric states. However,
it was observed previously that for alpha or 3He induced reactions, the mean recoil ranges
for the ground or the isomeric state of the residual nuclei are almost identical. Therefore,
in the present study, for experimental convenience the recoil ranges have been determined
only for the longer-lived isomeric states of the residual nuclei.

Figures 1.15 and 1.16 show some of our experimental results along with their
theoretical predictions using the computer code PACE-2 [3]. For (alpha, xn)
reactions, the agreement between experimental results and theoretical calculations is
quite satisfactory particularly in the low energy region indicating compound nuclear
reaction mechanism, which involves full linear momentum transfer. At higher
projectile energy, the observed incomplete momentum transfer from the projectile to the
target can be explained on the basis of preequilibrium particle emission. For (alpha, alpha
xn) reactions, however, a large discrepancy is observed between the theory and
experiment. The observed momentum transfer are much smaller than that expected from
theory even at low incident projectile energy. This clearly indicates that such reactions
on medium mass targets take place predominantly by nonequilibrium process even at low
incident energy.
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1.3 NUCLEAR SPECTROSCOPY

1.3.1 K-capture probability in the decay of 143-Pm and 144-Pm

R.Guin, S. K. Das and S. K. Saha
The K-electron capture probabilities (Pk) in the decay of 143-Pm and 144-Pm

have been determined from the measurement of intensities of x-rays, y-rays and x-ysum
peaks. The decay properties of these nuclides are well established, but their K-capture
probabilities are not well known. From the decay scheme it is known that 143-Pm
decays only to the 3/2(-) 742 keV state and the 7/2(-) ground state of 143-Nd. On the
other hand, 144-Pm decays to a number of states of its daughter 144-Nd out of which
only the 6(+) 1791 keV and the 4(+) 1315 keV states are strongly populated. All these
transitions are non-unique first forbidden type. For the determination of Pk values of
these transitions, the Pm activity was prepared by ( cc,xn) reactions of 141 -Pr. A thin
pellet of promethium oxide was irradiated with 30 MeVa-beam of 500 nA current for
about 48 hours. From the irradiated target Pm was radiochemically separated in
carrier free form. This was required to make a thin source of the Pm activity so as to
minimise the self attenuation of x-rays in the sample itself. The separation was carried out
from the HC1 acid solution of the irradiated target by a Dowex 50x8 resin column
using hydroxyisobutyric acid (HIBA) as the eluant. The pH of HIBA solution plays an
important role in the separation of rare earths. In the present case the pH of the eluant
was maintained at 4.5 to obtain the most effective separation of Pm from the target
material Pr. The intensities of x-rays, y-rays and x- y sum peaks of the Pm sample were
measured by a 25% HPGe detector. The detector was calibrated using the standard
sources of 133-Ba, 152-Eu and 241-Am. For the determination of Pk(742) of 143-Pm
the sum peak Ka - 742 keV could not be used due to the interference from the 779 keV
y-line of 144-Pm. Hence only the Kp* - 742 keV sum peak was used for this Pk
measurement. For 144-Pm, Pk(1791 keV) and Pk(1314 keV) were determined from
both the Ka -y-ray and KJ3- y-ray sum peaks. For 143-Pm the Pk(742keV) value was
found to be 0.73 ± 0.06 and for 144-Pm the Pk(1791 keV) and Pk(1314keV) values
were obtained as 0.771 ± 0.05 and 0.842 ± 0.04 respectively. The K-capture
probabilities were also computed theoretically using the formalism of Martin and
Blicher-Toft [1]. The theoretical values were found to agree reasonably well with the
experimental data.
References
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1.3.2 Continuum Electron Capture Decay Rate of 7Be

S. K. Saha, S. K. Das, P. Das' and A. Ray '
; VECC, Calcutta.
The observed deficit of electron neutrinos coming from the sun is an interesting

problem of current interest. To account for this deficit in measured Solar neutrino flux, a
model [1] based on neutrino oscillation has been proposed. An analysis of the
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experimental results from different Solar neutrino experiments show [2] that the neutrinos
which should have been produced due to continuum electron capture (EC) of 7Be + e —>
7Li + v are missing. So far no body has experimentally measured the continuum
electron capture rate in 7Be. The present experiment is an effort to measure the continuum
EC decay rate of 7Be which has been produced by the bombardment of 7.5 MeV proton
beam from VECC on LiF target. 7Be thus produced was implanted in Au metal as well as
in alumina insulator. The EC decay rate of 7Be in Au is expected to be slightly higher
than in alumina insulator due to the presence of free electrons in Au conductor. Due to
the presence of free electrons in Au matrix, the continuum electron capture decay would
lead to overall enhanced decay rate as compared to that in alumina. Therefore, in the
present expriment we plan to determine accurately the difference in the decay rate of 7Be in
these matrices.

To reduce statistical errors in our experiments, 7Be sources of about 0.3 Curie
strength have been produced. Two 25% HPGe detectors are being used for counting 478
keV gamma ray emitted by 7Be. To reduce systematic error, the count rate in each
detector have been kept almost identical. Dead time in each detector is being monitored
continuously with the help of appropriate electronic set up. First set of experimental
data (consisting of 90 days run ) has been completed. Second set of experiment has
started by interchanging 7Be sources ( 7Be in Au and in alumina ) and detectors.
Preliminary results clearly indicate that the total decay probability of 7Be is more in Au
matrix and shows 0.1% enhancement of the overall EC decay rate in Au as compared to
that in alumina.
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1.4 NUCLEAR PROBE

1.4.1 Probing the microstructure of Nafion-117 using positron annihilation
spectroscopy

US. Sodaye, P.K. Pujari, A. Goswami and S.B. Manohar

Polymers containing a small amount of bound ionic functionality are known as
ionomers, and exhibit unique mechanical and transport properties. Nation ionomers are
composed of polytetrafluoroethylene backbones with perfluorinated side chains terminated by
sulfonic acid groups. Ion aggregation of the polar groups leads to a supermolecular clustered
morphology, which is thought to be responsible for the unusual properties exhibited by Nation
and other ionomers. Despite a large body of experimental data, no attempts have been made to
study the free-volume structure and its possible influence on the cluster morphology which is
intrinsic to amorphous polymers influencing polymer dynamics which in turn determines
mechanical and transport properties. The basic idea underlying this is that molecular mobility or
conformational state is dependent on the available free-volume.

Positron annihilation spectroscopy has been established as a powerful probe of
microstructures of polymers. When an energetic positron enters into a condensed medium, it
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diffuses through the lattice and thermalises in a few picoseconds, much shorter than its mean
life-time in the medium. After thermalisation, the positron either annihilates via free-annihilation
or forms a bound state with an electron, i.e., a neutral entity called positronium(Ps). The most
important property of o-Ps in a polymer is its preferential trapping or formation in regions of low
electron density or the so called free-volume holes. Ps signal originates solely from the free-
volumes and being the smallest probe, provides direct information about their size and
concentration In the present work, Doppler and Life-time techniques are used to study a
number of Nafion membranes under different conditions[l]. The highlights are as follows.
0 A direct correlation between the cluster morphology and free-volume structure has been
established via conformational changes brought about by absorption/desorption of water.
0 The likely location of the free-volume holes has been addressed and evidence found for their
localisation in the interfacial regions between the cluster and the hydrocarbon backbone.
0 Swelling behaviour in alcohol and water are different with respect to free-volume structure.
0 Positron annihilation being the only technique for obtaining quantitative and direct
information on holes as small as 1A° radius, our results will throw new light in the
understanding of microscopic basis for gas diffusion and viscoelastic properties of this material.
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1.4.2 Positron annihilation studies on tetragonal CaLaBaCiyO^jjs superconductor

P.K. Pujari and J.V. Yakhmi1

' Chemistry Division

Since the discovery of high Tc superconductivity, positron annihilation spectroscopy has
been extensively used to understand the nature of superconducting transition as well as to
investigate the presence of Fermi surface. Although the presence of Fermi surface is now
confirmed, a consensus is yet to emerge on what exactly is the reason(s) for the observed
temperature dependence of annihilation parameters across Tc. Recently, we have demonstrated
in Bi-Ca- Sr-Cu-0 system mat charge-transfer from CuC>2 plane to Bi-0 plane would explain
the temperature dependence of S-parameter and x across Tc. However, further studies are
required to understand the scheming behaviour of positron in these materials, and, we believe,
cation substitution at different lattice sites is one of the important approaches to achieve it. This
approach provides a spectrum of new materials for studies with interesting combination of
electronic and structural properties. The compound studied in the present work,
CaLaBaC^O^ 35 (CLBCO), is a case in point. Doppler and life-time study as a function of of
temperature across Tc has been carried out and the highlights are given below.
0 A distinct increase in the electron density in the chain region is seen for CLBCO compared to
YBCO. This has been interpreted to be due to the presence of electron donor La3+ at Ba2+ site
close to the chain.

0 Positron localisation at chain region is seen similar to YBCO.

0 A charge-transfer process from plane to chain at he onset of Tc can explain the observed
behaviour of life-time and S-parameter.



25

0 Evidence of a structural transition at Tc suggesteted by experimets using other techniques is
explained to be consistent with the charge-transfer process invoked to explain the temperature
dependence of annihilation parameters. Further details are given elsewherefl].

Reference

[1] P.K. Pujari, R. Gunasekaran and J.V. Yakhmi, Phy Lett. A219.117(1996)

1.43 Low temperature phase transition in Nafion-117: a positron study

H.S. Sodaye, P.K. Pujari, A. Goswami and S.B. Manohar,

Nafion-117 is a cation selective membrane and has vast industrial application due to
its excellent chemical and thermal stability as well as mechanical properties. Structurally, it has
PTFE backbone with pendent side chains terminated by sulfonic acid groups. It readily absorbs
water and ionic-aggregation of side chains leads to a supermolecular structure called clusters.
The low-temperature investigations reported in mis material are, NMR studies, which show a
phase transition at 170 K attributable to glass transition in the cluster region and mechanical
relaxation studies indicating a y-transition at -170 K which is attributed to the short-range
excursion of PTFE backbone. It is known that the microscopic free-volume holes in polymers
influence the mechanical and transport properties because polymer dynamics is greatly
influenced by the available free-volume. Since positronium is known to provide valuable
information about free-volume hole structure, we have carried out low temperature positron
annihilaton studies in this membrane using Doppler brodened annihilation radiation
measurements and life-time spectroscopy using a APD closed cycle helium refrigerator. The
objective of the present work is to understand the molecular dynamics involved in this
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interesting low temperature relaxation process.
The temperature dependence of S-parameter and Ortho-Positronium life-time is given in

Figure 1.17. The S-parameter data shows two distinct transitions, at ~170 K, as reported by
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other techniques, and at -140 K, which is not reported so far. Drastic increase in the free-
volume hole concentration is evident at each of these transitons consistent with the onset of
molecular motion. The transition at 170 K is ascribed to the short range excursion of the PTFE
backbone. We believe, the transition at 140 K is associated with the motion of side chains,
which is expected to have lower activation energy.

In conclusion, we have reported a new phase transition in Nafion-117. Our work also
demonstrates the sensitivity of this technique in probing the microscopic basis of phase
transition in ploymers.

1.4.4 Surface Characterisation Of MFI Type Zeolites Using Positron Annihilation

Spectroscopy

P.K. Pujari, H.S. Sodaye, R. Vetrivel1 and R.C. Dekka1

1NCL, Poona.

Positron annihilation spectroscopy is established as an in situ probe for characterisation
of hidden surfaces in porous materials such as zeolites. Zeolites offer a wide range of catalytic
applications in die oil refinery and chemical industries which depend, among other things, on the
internal surface properties. In the present work we have measured positron life-time in well
characterised silicalite(Sil-l), Ti-doped silicalite (TS-1) and Zt doped silicalites (ZrS-1) with the
objective of characterising the internal surfaces and find correlation, if any, to its selectivity in
catalytic processes. Li addition, ab initio surface electron density calculations are also carried
out to complement out experimental life-time measurements. The O-Ps life-time, identified to
be originating form the pores and sampling the electron density on its surfaces, are seen to agree
well with the theoretical calculations. We have also identified a definite correlation of their
selectivity for a particular process with the observed trend in the electron density on the internal
surfaces. Our approach of experiments supported by theoretical calculations will help enhance
the understanding of positron behaviour in these materials as well as make this technique widely
acceptable in catalysis research.

1.4.5 Compton Scattering Studies in Niobium Carbide and Vanadium Carbide

S. K. Saha, R. Guin, A. Deb1 and A. K. Chatterjee1

' Base research Institute, Calcutta

Compton back scattering studies have been established as a highly reliable method
for obtaining electron momentum distribution in various elements and their compounds
in solid state. The experimentally accessable Compton profile is the projection of the
ground state electronic momentum density on the scattering vector. Due to this direct
relationship, it becomes possible to investigate the solid state electronic momentum
distribution of different metals and their alloys. In the present work we report the results
of Compton scattering of polycrystalline niobium carbide and compare the experimental
results with the theoretical calculations (based on linear combination of gaussian orbital
method) on NbC andVC.
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The Compton scattering experiment at a mean scattering angle around 165°
was performed using 59.54 keV gamma-radiation from a 241-Am source. The Compton
scattered gamma-rays are detected in a high resolution HPGe LESP detector and
analysed using a PC based multichannel analyser. High purity ( 99.99% ) niobium
carbide powder was pressed to form a pellet of diameter 15 mm and thickness 1.63 mm.
The background radiation in the experiment was measured after removing the sample
and keeping the source in position. The absorption correction due to the attenuation of
the incident beam in the sample was calculated for the 60 keV radiation.

Compton scattering studies provide a direct access to both spatial extent and
occupation of the electronic ground state wave functions in terms of electron
momentum density. Compton line shape is very sensitive to the valence electrons.
Therefore one would prefer to compare the experiment with theory on the basis of
electron momemtum density. The compounds chosen (vanadium carbide and niobium
carbide) in the present experiment have similar rock salt (NaCl) structure. The main
difference between them is the presence of 3d electrons in case of vanadium as against 4d
electrons in case of niobium. A comparison of the Compton profiles of these two
compounds indicates a profound change in the non-metal p and metal d interactions
between them. This can be explained in terms of differences in the binding
mechanism between these two compounds. In going from NbC (with 4d valence
electrons) to VC (with 3d valence electrons) no pronounced change in the charge density
for s and p bands could be observed. This is not unexpected since in case of V, the
decrease in the number of s and p orbitals are compensated by the decrease in the
volume causing the partial local electron density to increase and so they are comparable
to that in Nb. In case of d band, however, they are quite different. The present results
indicated higher metal d and non metal p interaction in NbC than that in VC.

1.4.6 Electron Capture After-Eflects of u lIn-u lCd Decay in Semiconductors:
Perturbed angular correlation study

S.K. Das, R.Guin and S.K. Saha

All nuclear decay processes affect the extranuclear electrons. Among others,
EC decay produces strong after-effects(AE) due to Auger charging following EC decay.
These AE are the atomic relaxation or atomic recovery processes which follow the
creation of an electron hole in the inner core. Its diffusion towards the atomic surface
produces additional holes through Auger process. The recovery of the inner holes is fast
and independent of the matrix. However, the life time of the holes on the atomic surface
depend the availability of the electrons around the probe. If this neutralisation process
takes place within the life-time of the intermediate state of the cascade, the angular
correlation experiences a time dependent perturbation due to the fluctuating field caused
by the recovery process of several charged states of the daughter atom formed following
EC decay. In this present work the recovery time of the daughter following EC decay of
In in two semiconductors viz. CdTe and CdO with wide difference of band gap(Eg) have
been determined.
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CdTe films and CdO pellets were irradiated with 11 MeV proton beam to
produce the probe atoms. Both samples were counted on the coincidence set up
mentioned above and the respective attenuation factors[G2(t)] were obtained from the
coincidence counts at two angles. G2O) values were fitted on a modified theoretical
function[l] on the basis of Abragam and Pound theory[2]. The modified function is:

Experimental G2 (t) data have been least square fitted in this equation to obtain
\j arises from the fluctuating field due to spin lattice relaxation, atomic recombination and
electronic deexcitation around the probe. It is difficult to identify the reason for the
dependence of X*, on the matrix. Recovery constant, "kg, essentially measures the time
required by the highly ionised atom to neutralise to normal atom by capturing electrons
from the conduction band. Recovery time (kg'1 ) for CdTe and CdO are 22.3 ns and
55.4 ns respectively. This observation can be explained by the fact that the availability of
free electrons in CdO (Eg=2.5 eV) is less than that in CdTe (Eg=1.44eV).

References
[1] V. Baverstam, R. Othaz, N. de Souza and B. Ringstrom, Nucl. Phys. A186,

500(1972).
[2] A. Abragam and R.V. pound, Phys. Rev. 92, 943(1953).

1.5 RADIOAJVALYTICAL TECHNIQUES

1.5.1 Diffusion of Cs+ and Zn2 + through Nafion-117 Ion Exchange Membrane

H.S. Sodaye, P.K. Pujari, A. Goswami and S.B. Manohar

Ion exchange membranes can act as a separation wall between two solutions with the
chemical and electrochemical properties of ion exchangers. When in contact with electrolytic
solutions, they allow counter ions to pass through while co-ions are efficiently excluded from the
membrane. This is called Donnan exclusion, which gives rise to permselectivity behaviour of
these membranes. The semipermeability of these membranes has been exploited in Donnan
dialysis for preconcentration of ions, recovery and separation of ionic species and in fuel cells.
Nafion, a perfluorinated cation exchange membrane.is widely used in industry for separation
processes. However, though significant amount of work has been carried out to illustrate its
microstructure, limited work has been done in diffusion of cations and anions through mis
membrane. Such studies are important for possible analytical applications qf the membrane in
Donnan dialysis. In the present work, radio-tracer technique has been used to study the co-ion
and counter-ion diffusion through this membrane, the highlight of which is given in the
followings.

The details of eperiments are given elsewhere[ 1], Fig 1.18 and 1.19 show the kinetics of
approach of Donan equilibrium, where in the activity ratio in either compartment is dictated by
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the ratio of concentration of solution in respective chambers.In general, the rate for attaining
exchange equilibrium is seen to be faster for monovalent cation compared to the divalent cation.
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Figure 1.18: Diffusion of l 3 3 C s + through Nafion-117 Figure 1.19: Diffusion of 6 5 Zn 2 + through Nafion-117
membrane. It shows the ratio of tracer radioactivities in membrane. It shows the ratio of tracer radioacti
compartment 1 and 2 as a function of time. The solid vities in compartment 1 and 2 as a function of time.The
lines are eye fitted and the arrow indicates the approach solid lines are eye fitted and the arrows indicate the
of exchange equilibrium. approach exchange equilibrium.

Studies on co-ion transport through Nafion i.e. diffusion of 3 oCl and 1 J 1 I tracers in
CsCl and ZnCl2 solutions, show interesting results.
Donan exclusion prevents co-ion migration as seen
in CsCl solutions. In ZnCk solution, however, co-
ion migration is significant(Fig 1.20). This can be
possibly due to the effect of speciation of Zn ion,
namely, formation of canonic species like ZnCl+ or
ZnT in the solution, which can pass through the
membrane as counter-ion.

Reference
[1] H.S. Sodaye, P.K. Pujari, A. Goswami and S.B.

Manohar, J.Radioanal.Nucl.Chem.Letters
214(5)399-409(1996)
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Figure 1.20: Diffusion of 131I" and 36C1" through Nafion-
117 membrane. It shows the ratio of tracer radioactivities in
compartment 1 and 2 as a function of time. The solid lines are eye
fitted.
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1.5.2 Ke NAA Method for Elemental Analysis in Various Matrices.

R.N. Acharya, A.G.C. Nair, P.P. Burte, A.V.R. Reddy and S.B. Manohar.

Instrumental neutron activation analysis (INAA) is one of the important techniques for
trace element analysis due to its relative simplicity, inherent selectivity and high sensitivity.
Availability of high flux reactors alongwith high resolution germanium detectors (HPGe) and
sophisticated data analysis softwares have rendered this techique a powerful analytical tool for
multielemental analysis, with or without the aid of radiochemical separation methods.
Theory.

In Ko NAA method (single comparator method), a single element like gold is used as
comparator for multielemental analysis. Ko is a ratio of four constants and is calculated using
equation(l)

K«,tb = [ M*. 6. o. y] / [ M. 9*. a*, y ] (1)
where M, 6, a and y are the average atomic weight, isotopic abundance, thermal neutron
capture cross section and gamma ray abundance respectively. The symbol '*' refers to the
parameters of the comparator Au.

Peak areas corresponding to different photo peaks (gamma-lines) were calculated by
summing the counts under the peak and subtracting the linear Compton background The peak
areas were converted to specific count rate (Asp) by the equation:

CL PAxX

Agp = — (2)

LT [ 1-e-^i ] .e " ^ . [1-e - ^ C L ] w

where, ti = time of irradiation, tc = cooling time, CL= clock time,

LT = live time, X = decay constant of radionuclide of interest, PA - Total photo peak area and
w = weight of the element in micrograms(ug).

The concentration of the i m element (p;) in ppm was calculated using the relation,
Pi (ppm) = f Ap^ j / ( Agp* Kanai) ] (3)

Where, Ap^ j = the specific count rate of the iy, element per gram of the sample,
= the specific count rate per ug of the comparator (198 Au) and

^ t n e specific count rate ratio of individual element in sample and compactor (gold),
and is calculated using following expression (4) .

Kanai = K<),exp • [ ( f + QotoV ( f + Qo*<«))] • (e / ** ) (4)

where, 8 is the detection efficiency of the detector for the gamma ray energy used, T
is the sub-cadmium to epi-cadmium neutron flux ratio and Qo(a) is equal to Io(<*)/c?m, where,
Io(a) is the infinitely dilute resonance integral corrected for the non-ideal epithermal neutron
flux distribution and o& is the thermal neutron cross section, a is the measure of deviation of
epithermal neutron spectrum from ideal distribution. The expression in eqn. (4) is the simplified
form of Kanai assuming negligible contribution of neutron self shielding. Sample size is chosen
such that the self shielding correction factors for thermal (Gth) and epithermal (Ge) are equal to
1 . We have used the experimentally obtained a value and effective resonance energy (Ej-) to
arrive at the Io(a). Ko, «q> values are taken from the compilations of experimental KQ values of
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De Corte et al.[l). K ^ was calculated by substituting K^exp » measured sub-cadmium to
epicadmium flux ratio (f), Qo ( a ) and the detection efficiency values in eqn. (4).
Determination of ' f * and * a ' :

The two important parameters used in Ko method as input parameters are f and a.
They were measured experimentally for E8 position of APASRA reactor. The sub-cadmium to
epi-cadmium flux ratio (f) was measured by cadmium ratio method using 197Au as the neutron
flux monitor and the value of f was found to be 52.2± 2.7. The parameter a which is a
measure of deviation of the epithermal flux distribution from the ideal one, was measured by
"cadmium ratio for dual monitor" method using 197Au and **Zr. The value of a was found to
be -0.016±0.004, which indicated mat the epithermal neutron flux distribution was very close to
the ideal one (i.e., 1/E shape) on harder side.

For the last two and half years, NAA using Ko method has been successfully applied
for multielement analysis by measuring major, minor and trace elemental concentrations in the
study of ruby samples from Africa, geological samples (serpentines and other varieties) from
Cuddapah basin, AP, sediment samples of lake Nainital, biological (leaves) and soil samples.
The method has been standardised by determining major, minor and trace element
concentrations of standard reference materials (SRMs) of USGS (W-l and AGV-1), NIST
(SRM-1571) and IAEA (SL-3, Soil-7).

Experimental:

Samples (20-100 mgs) with standard gold (5-15ug) packed in polypropylene tube and doubly
sealed in alkathene were irradiated in E8 position of APASRA reactor. For short lived nuclides,
pneumatic carrier facility of CIRUS reactor was used. The neutron flux at E8 position of
APASRA reactor is ~ 1012 a cm*2, s'1 and of CIRUS reactor is ~ 1013 n. cm"2, s'1. The
duration of irradiation was 30 sec. to 7 hours. The activation products were assayed gamma
spectrometrically using a 20% efficiency HPGe detector coupled to a PC based MCA.
Reference:
[1] A. Simonites, F. De Corte and J. Hoste, J. Radianal. Chem., 24, 31 (1975)

1.5.2.1 Multielement Analysis of natural ruby samples using Ko method.

R.N. Acharya, A.G.C. Nair, P.P. Burte, A.V.R. Reddy and S.B. Manohar.

The KQ NAA method has been applied for multielement analysis of two types of
natural ruby samples from Africa and one set of synthetic ruby obtained locally. Twenty two
elements were estimated including the seven key elements (Mg, Al, Sc, V, Cr, Mn and Fe) in
the two natural rubies. On the other hand only 6 elements were detected and estimated in
synthetic ruby. The elemental concentrations of natural and synthetic rubies are given in Table
1.5.. The absolute concentration profiles were used for source identification and
characteriasation of natural and synthetic rubies. The elemental profile of the ruby originating
from Tanzania showed higher levels of trace elements compared to Kenya ruby. The presence
of Fe and V which serves as the markers of natural rubies confirmed that the two rubies studied
were of natural origin. Samples corresponding to different parts of the rubies were taken for the
investigations to understand the inhomogenity in a given ruby. The range and mean values are
given in case of natural rubies, while average values and standard deviations arrived from
four independent determinations are quoted for synthetic ruby because of the expected sample
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homogeneity. The study on the analysis of ruby by K« NAA method has clearly shown the
supremacy of the method for multielemental analysis compared to methods like XRF and PDCE
that have been used for similar purpose, where limited number of elements could only be
determined. Recently attention has been paid to elemental analysis of gem stones along with
routinely used physical methods. Present analysis showed that NAA using Ko method is very
effective for source identification and characterisation of ruby, sapphire etc.

Table 15: ]
avera

Element

AS%

Fe%

Crt4

MJ5%

Na%

K%

Cl

Sc

V

Mn

Co

Cu

Zn

Ga

Rb

Sr

Cs

Ba

La

Eu

Tb

Dy

Hf

Elemental concentration ranges and mean values of Natural ruby samples and
e elemental concentration of synthetic ruby (in ppm unless % indicated).

Ruby-

Ran§e

39.5-45.8

0.19-0.265

0.076-0.085

0.188*

0.017-0.019

0.003-0.0055

326465

0.62*

19.87*

2.1-4.7

14.1-44.8

7.20-46.2

27.2-37.6

6.6-8.25

0.59-1.33

0.01*

4.13-5.52

0.04-0.12

Kenya

Mean value

43.9

0.231

0.079

0.188*

0.0189

0.004

395

0.62*

19.87*

3.0

ND

24.9

26.8

34.1

ND

ND

ND

7.84

1.05

0.01*

4.83

0.81

ND

Ruby-

Range

34.94-60.0

0.103-0.164

0.219-0.590

1.924*

0.201-1.533

0.611-4.92

440-14182

1.25-7.90

14.7-367

5.1-162

22.6-174

76.0-229

152.1*

284.3-1341

38.55-44.2

492-590

4.3M7.43

0.13-0.98

1.47-2.46

0-22.08

54.03*

Tanzania

Mean value

47.47

0.134

0.447

1.924*

0.540

2.335

7311

4.57

191

60.8

ND

75.7

ND

139.2

152.1*

812

42.87

541

26.05

0.42

1.97

8.27

54.03*

Synth-Ruby

AvuConcn.

ND

0.423*0.015

7.38±0.32

0.0110.001

ND

0.033±0.007

13.3±1.1

ND

1.33±4

ND

ND

$ - Single tttennbutioa, ND - Not Detected,
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1.5.2.2 Study of Serpentines in the Asbestos Mines in the Cuddapah Basin.

R.N. Acharya, A.G.C. Nair, P.P. Burte, A.V.R. Reddy, S.B. Manohar., L.K. Reddy1

and N.B.Y. Reddy2

' Department of Chemistry &1 Applied Geology S.F.U.P.G. Centre , Cuddapah, A.P.

The place Cuddapah basin is world-wide famous for the long fibrous chrysotile asbestos
(magnesium silicates). There are many mines in this region that are rich in chrysotile variety of
asbestos. Serpentines are a class of secondary minerals derived by alterations in magnesium rich
silicate minerals. To understand the process of serpentinisation, it is essential to investigate the
composition of dolomite, dolerite and serpentines from the same site of a mine. The serpentines
studied were of class B type which are formed in metamorphosed dolomites and dolomitic lime
stone. The main rock is dolomite or dolomitic lime stone into which dolerite is intruding and
around the contact place of dolerite, serpentine black or gray, serpentine green and serpentine
yellow are formed. The sequence depends on the extent of migration of minor and trace
elements as a result of heat, pressure and chemical properties. The three varieties of
serpentines are distinguished by physical observation and are confirmed by the elemental
profiles.

Twenty three geologically important elements were measured and results are given in
Tables 1.6 and 1.7. The elemental concentrations were measured and their variations were
analysed for characterisation of these minerals. Traces of gold (33-44 ppb) were observed
which could be due to the erosion process from nearby gold mines, Kolar, Ramgiri and Hutti.
Mg, Ca, Fe and Al were present in macro amounts and Mg content was in increasing sequence
from dolomite to serpentine yellow where as Ca content was in decreasing sequence (Table 1.6
& 1.7). The amount of Fe present is more in serpentine grey compared to the other varieties
which may have been contributed by the dolerite sill during the process of serpentinisation. Our
results are in agreement with the study of serpentines by Faust et al.[l] for minor elements
including elements of diagnostic values(Sc, Cr and Co). Faust et al.[l] reported that minor
elements of serpentines are of unusual interest, because they were partly inherited from parent
rock that was serpentinised and partly introduced from external sources.

The accuracy and precision of the K<> NAA method was established by analysing two
geo standards namely, AGV-1 and USGSW-1. The results of measured elemental
concentrations are given in Tablel .8.

Reference

[1] Faust, George T., Geochim et, Cosmochem. Acta. (1963), 27, 665.
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Table 1.6: Elemental Concentrations of three Serpentine Samples (ppm unless %
indicated).

S. N.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Element

Na

Al%

a
K

ca%
Sc
V
Cr
Mn
Fe%
Co
Zn
A*
Br
Ba
La
Ce
Sm
Eu
Dy
Au

Serpentine

Range

53.5-128.4
9.84-19.73
1.92-3.75
215^*80

1.64-2.34
21.1-55.8
10.8-29.3
81.8-335
26.9-35.68
97.6-178.6
0-46.3
4.2-4.7
0-0.55
190-288

0.0154.104
0.194.24
0-0.037

Grey

Avg. *
Cone
103.5
13.83
2.66
398
ND
1.61'
2.11
40.5
20.1
208
32.6
134
42.3
4.52
0.55
238
ND
ND
ND
0.06
0.214
0.037

Serpentine

Range

166-208
30.13-34.0
2.41-3.6
2028-2600

1.4-3.93
94.5-116.6
0-2.67
236-329
2.56-3.19
0-13.1
0-73.7
1.6-8.7
0.7-2.43
280-485
04.36

0.284.45
0.11-0.17
0.41-0.72
0-0.037

Green

Avg.*
Cone.
189.2
31.11
3.0
2276
ND
ND
2.8
108.5
2.67
282
2.94
13.1
73.7
4.66
1.64
388
0.36
ND
0.35
0.14
0.57
0.037

Serpentine

Range

272-400
29.6-35.8
0.144.18
145-344
0-338

5.23-8.15

250-306
0.414.69
2.2-7.2
0-89.2
2.6-7.9

306-1560
0.9-3.74
0-1.65
0.064.25
04.07
04.26
04.041

YeUow

Avg.* Cone

332
32.4
0.16
247
338
0.15'
ND
6.98
ND
285
0.51
4.69
89.2
4.79
ND
788
2.32
1.65
0.16
0.07
0.26
0.041

ND = Not Detected $= Single Determination.
* Avg. Co nc. ( Average Concentration) is calculated, excluding "0' values

Table 1.7; Elemental Concentrations of dolomite and dolerite (ppm unless % indicated)
S.N.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Element

Na
Mg%
AI%
Cl
K
Ca%
Sc
Ti%
V
Cr
MD

Fe%
Co
Zn
At
Br
Ba
La
Ce
Sm
Eu
Dy
Au1

Dolomite

Range
32-57.2
2.21-3.4
0.114.31
208-223

31.8-41.7
0.384.46

12.8-26.4
161-193
0.064.112
0.73-1.5
0-18.6
0.96-1.74

113-185
3.1-5.0
3.95-t.85
0.254.31
04554.098

04.038

Avg.Cone*
42.3
2.86
0.19
214
ND
35.3
0.42
ND
9.18*
17.8
181
0.093
1.24
18.6
1.33
ND
140.5
3.83
4.3
0.28
0.07
ND
0.038

Dolerite

Range
334-481
11.9-15.5
3.63-8.87

61.02-116
5.54-6.38
30.3-35.2
0.85-1.18

46.6-88.7
1100-1700
8.4-9.6
25.6-60.5
0-200.7
0.554.62

238-741
14.1-17.0
25.2-38.9
3.3-3.8
1.11-4.68

04.033

AvftConc.*
430.7
13.3
6.25
ND
86.3
5.92
32.6
1.02
391.2*
20.1
1500
9.06
42.5
200.7
0.58
0.55*
445
15.6
32.25
3.6
1.8
2.15*
0.033

ND - Not Detected $= Single Determination.
1 Avg. Cone (Average concentration) is calculated excluding '0' values
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Table 1.8: Elemental Concentration (ppm unless % indicated) of two geo standards.

S.N.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Element
Na%
Mg%
Al%
K%
Ca%
Sc
Ti%
V
Cr
Mn%
Fe%
Co
Ga
Ba
La
Ce
Nd
Sm
Eu
Tb
Dy

AGV-1
Measured
3.37±0.15
1.1310.06
8.32H.07
2.5610.23
3.9310.23
9.8710.9
0.6710.03
139.317.2
9.8810.5
0.07610.005
4.6310.2
18.211.2
19.111.3
1242.2127.3
39.116.1
-
-
7.211.7
1.910.5
-
3.3710.25

Reported
3.15
0.922
9.07
2.41
3.53
12.1
0.634
125
12.0
0.07
4.73
15.1
20.0
1221
38
-
-
5.9
1.66
-
3.8

USGS-W-1
Measured i
1.6710.21
4.110.7
7.810.82
0.5610.04
8.0510.72
38.610.8
0.5810.05
26915.3
114.0114
0.14610.03
8.5010.2
49.912.7
15.111.1
-
9.7711.1
28.612.7
16.9711.0
3.3610.05
1.410.2
0.5510.03
2.8610.4

Reported
1.58
3.99
7.93
0.53
7.82
35.0
0.641
264
120
0.13

Ll.79
46
17.4
-
10.9
23
15
3.5
1.11
0.65
3.91

The symbol ' - ' for Not detected.

1.5.2.3 Analysis of Sediment Samples.

R.N. Acharya, A.G.C. Nair,P.P. Burte, A.V.R. Reddy, SB. Manohar, S.K. Jha\

V.S. Kumar2 and T.M. Krishnamoorthy1.

'Environment Assessment Division,, 3 Isotope Division, BARC

The studies of the determination of elemental concentration of sediments from lakes and
other water bodies are of prime importance for geological as well as environmental studies. The
profiles of different elements with prior knowledge of sedimentation rates might provide clues to
the knowledge of their possible origin. In the present investigations single comparator method
has been used to analyse sediment samples collected at different depths in Nainital lake, UP.
Core samples upto the depth of 46 cm were collected at few representative locations from the
lake by a gravity corer. Seventeen to twenty one elements were estimated by this method. The
elemental concentrations measured by this method were those of Na, K, Sc, Cr, Mn, Fe, Co,
Zn, Ga, As, Br, Rb, Sr, Ba, La, Ce, Sm, Eu, Dy, Yb and Hf. The IAEA sediment standard,
SL-3 has also been analysed simultaneously to assess the applicability and the validity of the
method. The results are given in Table 1.9. The sedimentation rate was found to be 0.32
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cm/year and the corresponding age of the seven samples studied was estimated to be between
137 and 6 years. Concentrations of Na, K, Mn, As, Sm, Dy were found more or less constant
in seven different section of the 46 cm height samples. However, concentration of La and Cu
showed decrease with depth from 20 -30 cm. indicating recent load of these elements to the lake
body. Amongst the rareearth elements(REEs) Ce showed positive anomaly and Eu showed
negative anomaly. Results on more core samples from different locations would be worth
while for further chronological profiling of elemental concentrations.

Table 1.9: Analysis of IAEA Lake sediment SL - 3(ppm unless % indicated).

Element

Na
K%
Sc
Cr
Mn
Fe%
As
Br
Rb
Sr
La
Ce
Sm
Eu
Dy
Yb
Hf
Ta

IAEA SL-3
Measured
6830±450
0.88310.06
3.8610.16

46.3±3.32
416121.0
1.3510.07

3.31±0.23
3.8210.23

38.111.16
480.2122.3
23.911.9
46.211.32
3.7810.29
0.70±0.06
2.25±0.13
1.7810.11

9.4210.80
0.7010.02

Reported
6690
0.874.
3.91
New
New
New
3.2
5.63
38.8
470
22.5
45.5
3.73
0.66
2.22
1.89
9.10
0.70

New = Consensus value not reported.

1.5.2.4. Multielement Analysis of Biological Materials (Leaves).

R.N. Acharya, A.G.C. Nair, P.P. Burte, A.V.R. Reddy, and S.B. Manohar.

T. Balaji1 and G.R.K. Naidu1

1 Department of Chemistry S. V. U. College of Science, Tirupati.

In recent years ah increasing interest has been manifested in the determination of trace
elements in biological and environmental studies to understand the role of trace elements in
plant life cycle. The elemental concentration in plants is of importance from the point of the
nutrient aspect of the biological system, bio-accumulation and bio-monitoring of toxic and
non-toxic elements present in the environment. NAA plays an important role owing to its
accuracy, sensitivity and specificity. As a part of environmental studies vis-a-vis the uptake of
elements by plants, a set of total 10 medicinal and edible plant leaves and an orchard leaf
standard of SRM1571 were analysed by Ko NAA method. The experimental results along with
the reported values of elemental concentration of SRM 1571 is given in the Table 1.10. About
20 elements were determined in present study. The concentrations of Al, Mg, Ti, and V in the
standard are reported for the first time. The gamma ray spectrum of neutron activated biological
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material, especially leave samples are dominated by the gamma rays from Na, K, Br and Cl
activation products. The resulting Compton continuum masks the peaks of other gamma ray
signatures. A post radiochemical separation technique was employed to remove Na, K, Br and
Cl from lhe plant matrix without affecting other elemental concentrations. Br and Cl were
removed at the wet ashing stage by oxidising the bromide and chloride with KMnC»4 in HNO3
medium. Hydrated antimony pentoxide(HAP) column was used to absorb Na and K . The
effluent was assayed gamma spectrometrically for other elements. More than 10 elements which
were not amenable for analysis otherwise could be analysed with improved sensitivity by this
technique.

Table 1.10: Elemental concentrations of Orchard leaf (SRM-1571) by INAA and
Radiochemical neutron activation analysis (RNAA) [ ppm unless % indicated].

Element

Na
Mg%
Al
Cl
K%
Sc
Ti
V
Mn
Zn
As
Br
Sr
Sb
Cu
Hg
La
Nd
Sm
Eu

INAA
Measured
88.916.83
0.5910.02
330.5±7.5
65O.O±30.O
1.42±0.09
0.086±0.005
J6.9±4.2
0.52*0.02
87.018.2
29.314.3
8.24±0.63
11.4±0.91
34.1±1.5
2.64±0.26
13.511.1
0.12±0.02
J.13±0.07
0.84±0.14
0.13±0.0I
0.05610.002

Reported
82.016.0
0.62±0.02
310-410
690
I.47±0.03
0.09
New
New
91.014.0
25.010.3
10.010.2
10.0

37.011.0
2.910.3
12.0

1.110.07

New
0.06210.002

RNAA using HAP
Measured
RM
-
-
-
RM
0.084±0.003
-
-
88.015.0
25.010.6
9.312.1
RM
91.014.0
2.510.2
12.011.0
0.1010.02
1.1210.03
0.9210.16
0.1310.02
0.04610.002

(-) RNAA not carried out due to short half lives, New = Consensus value not reported, RM = Removed by RNAA.

1.5.3 Solid State Nuclear Track Detectors

1.5.3.1- Measurements of alpha to fission branching ratio of Plutonium isotopes using
SSNTDs

A.K.Pandey and P.C.Kalsi

For measuring the a/SF branching ratio, a new technique, sequential etching of alpha
and fission tracks in CR-391 was developed in our laboratory. It was men successfully used for
measuring the a/SF branching ratios of 252cf ^ ^ 244Qm which c a n o e considered as reference
nuclides for mis technique of measurement. In continuation of our efforts to determine the a/SF
branching ratios of heavy actinides, the alpha to spontaneous fission branching ratio of
plutonium isotopes were measured. In the present measurement, the sequential etching
procedure could not be used because of extremely large spontaneous fission half life of
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plutonium isotopes. For registering the fission tracks, lexan plastic detectors of 75 micrometer
thickness were exposed to the 238py s o u r ce of approximately 49 ug and 240pu source of
approximately 7ug electrodeposited on platinum planchets. The lexan detectors were exposed
to the sources at 2n geometry for known periods of time ranging from 62 to 273 days for
recording the fission tracks. The alpha tracks were recorded from the same source at the same
geometry by using CR-39 (DOP) detectors for much shorter duration of 1 to 5 minutes. The
results show that the experimental alpha to fission branching ratio of 238pu (5.348 x 10%) is in
good agreement with the value obtained from die reported alpha and spontaneous fission hah7

lives in the literature. However, experimental alpha to fission branching ratio of 240pu (j 449 x

10?) is lower than the expected value. Further experiments are being carried to confirm mis
observation. The present work extends the use of SSNTDs for measuring the ct/SF branching
ratios of actinide isotopes with very high specific alpha activity and extremely low spontaneous
fission rates.

1.5.3.2 Estimation of uranium in solution medium using spark counting of alpha-
tracks in LR-115

P.C.Kalsi, A.KPandey and RSampathkumar

The objective of present work is to develop the methods for uranium estimation in
different matrices by solid state nuclear track detectors, more amenable to routine automatic
counting. In order to standardize the procedure of uranium determinations in the solutions by
spark counting method, the alpha-particle tracks in the LR-115 foils were registered by
immersing the LR-115 in uranyl nitrate solution (4-800 (ig/ml uranium in 1 M HNO3) for 2-
15 days depending on the concentration of the solutions. The LR-115 films were men etched in
3 N NaOH at 55°C for 1 hr. to 1.5 hr in steps of 15 min. After the chemical etching, the
detectors were spark etched using an indigenously developed spark counter having circular
stainless steel polished electrode of 1 cm^ area on which 1400 V was applied. The experiments
were carried out to study the variation of spark counts as a function of voltage. The chemically
and spark etched alpha tracks in LR-115 were counted at 500 to 800 volts. The results indicate
that spark counts increase as a function of voltage but the consistency of counting becomes
poor. Hence 500 volts were found to be the best counting voltage. The efficiency of spark
counting was evaluated by counting the alpha tracks in the optical microscope and men by the
spark counter. The efficiency was calculated as the ratio of spark counts to optical track density.
It was observed that after 1.5 hr etching, the LR-115 foils became very fragile and could not be
counted. The spark counting efficiency obtained after 1.25 hr. etching was found to be 25%.

This procedure was used to estimate uranium contents in solution medium by a comparison
method. The overall error in this method was estimated to be of the order of 10% for the
uranium range of 4-800 microgram of samples.

1.5.33 Direct determination of microgram quantities of uranium in organic phase by
the fission track method

P.C.Kalsi and A.K.Pandey

A method based on the registration of fission fragment tracks from the solution media
on Mica', solid state nuclear track detector has been developed for the direct determination of
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microgram quantities of uranium in organic phase (Uranium range 100-850 ug). The results of
the method were found to agree within ± 3 % with the expected values.

1.53.4. Effects of Gamma irradiation on the Thermal Degradation of Lexan
Polycarbonate Polymer

P.C.Kalsi, K.D. Singh Mudher1, A.K. Pandey and RHIyer
' Fuel chemistry Division

Thermogravimetric (TG) and Differential thermal analysis (DTA) studies of the
unirradiated and gamma irradiated Lexan polycarbonate film were carried out in order to
investigate the degradation behaviour and kinetics of degradation. Influence of radiation dose in
the range of 5.93-15.5 Mrad of Co-60 gamma rays shows that the irradiated sample decompose
more readily and the decomposition is enhanced by the increase in the irradiation dose. The
kinetic parameters evaluated from TG curves show mat the degradation of the unirradiated and
gamma irradiated films follow the first order reaction kinetics. Activation energies of the
various degradation steps calculated using Horowitz and Metzger method show that the
activation energy decreases with the increase in the irradiation dose thereby indicating that
Lexan polycarbonate degrades by chain scission on irradiation with gamma rays upto 15.5 M
rad in an air atmosphere.

1.5.3.5 Chemical etching of fission fragment tracks in Tuffak polycarbonate nuclear
track detector

P.C. Kalsi

Tuffak has been in use as a detector for alpha particle detection. However no
systematic work on this detector for fission fragment detection seems to be reported in the
literature. Therefore, experiments were done to find out the optimum etching conditions for the
detection and identificatioin of fission tracks in the Tuffak detector. In all the experiments, the
detector pieces were exposed to a planchetted Cf-252 source at a distance of about 3 mm to
register the fission fragments as well as alphas. Etching of all the exposed detectors were done
in 6 N NaOH for a maximum period of 6 hrs. The etching temperatures were kept 60°C and
70°C. The optimum etching time for etching of fission tracks in Tuffak detector were found to
be 30 mins at 60°C and 20 mins at 70° in 6N NaOH as the etchant Under these conditions,
alpha tracks are not appearing even after 6 hours, of chemical etching. These studies indicate
that the new polycarbonate Tuffak is a good detector for fission fragments and under identical
etching conditions, there is a significant reduction in the etching time for the development of
fission tracks as compared to other detectors like lexan and CR-39. Experiments were also
carried out to find out die bulk-etch rate of the Tuffak detector. The bulk-etch rates in 6N
NaOH at 60°C and 70°C, determined by weight loss method are found to be 0.56±0.05um/hr
and 1.03±0.05unVhr respectively. The detection efficiency of the detector for fission fragments
was determined by comparing the no. of fission tracks recorded on the Tuffak detector with that
recorded on the Lexan detector (having known efficiency) when irradiated under the same
conditions. The efficiency is found to be comparable.
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1.5.4 Radiochemical separations

1.5.4.1. Study of Anion Exchange Behaviour of Te and Sb for the development of

118Te/118Sb Generator

R.Guin, S.K. Das and S.K. Saha

Requirement for a radioactive isotope generator is that the parent should have
longer half life compared to that of the daughter. This gives a long shelf life to the
generator. Also, it would be desirable to have the parent activity in the carrier free state so
that the size of the generator would be small. If the ion exchange separation technique is
followed, the breakthrough of the parent would be negligible if the activity is in the carrier
free form. U8Te/118Sb with suitable parent (6d)/ daughter (3.5m) half-life and the daughter
having very weak gamma lines has been identified as a potentially useful biomedical
generator for for positron emission tomography studies[l]. Short half-life makes nsSb
suitable for angiography. However, the development of this generator system to the point
of clinical use has not yet been realised. In view of developing this generator, a detailed
ground work for the anion exchange behaviour has been carried out for Te and Sb
isotopes in their different oxidation states. The elution characteristics of Te and Sb
were studied separately on a Dowex 1x8, 200-400 mesh ion exchange resin column. Te
activities were produced by the bombardment of 40 MeV alpha particles on natural Sn
target. Te activities were separated [2] from Sn target and loaded onto the resin. For the
determination of elution characteristics of Te, the gamma-rays of long-lived t21Te was
monitored using HPGe detectors. Te was eluted with HC1 of different normalities. It
was observed that above 2.5N HC1 concentration, the elution of both Te(IV) and
Te(VI) was negligible. Kd values were measured and are 95.7 and 31.1 respectively
at 2.5N HC1. At HC1 concentration less than 2.5N, Te break through was significant. At
higher acid concentration the elution of both Te as well as Sb become more and more
difficult. Therefore for the study of Te/Sb generator system, the optimum HC1
concentration was chosen to be 3N. At this acid concentration the elution charateristics of
Sb activity in the resin column was studied using 12SSb tracer. It was observed that using
3N HC1, the Sb activity could be eluted out completely within three column volumes of
3N HC1 when Sb activity was in Sb(V) state only. If antimony remains in +3 state, its
elution in 3M or in any HC1 concentration is extremely difficult. The above separation
procedure of Sb from Te was tried for the development of Te/Sb generator. Initially
we tried with u7Te/117Sb system since 117Sb has suitable half-life ( 2.8 hrs ) and gamma-
rays compared to 118Sb which has very short half-life and the intensity of its
characteristics gamma-ray is very weak (2.5% ). Therefore mTe/ l l7Sb system was used
to finalise the elution conditions assuming that the ion exchange behaviour of117Sband
mSb are identical. Te activity was taken in 4N HC1 and loaded on ion exchange column
preconditioned with 4N HC1. The column was first washed with 4N HC1 and then eluted
with 3N HC1. The eluate was monitored for the 159 kev gamma-ray of n7Sb. The same
procedure was repeated in which initially Te was completely oxidised to Te(VI) by using
NaBiO.



41

Gamma spectroscopic data indicated that under the present elution condition the
breakthrough of the parent Te was almost negligible. However, only about 5% of the Sb
activity could only be eluted. It has already been indicated that Sb in Sb(III) form can
not be eluted out. Therefore the present expriment indicated that by the electron/beta
decay of Te in the ion exchange column, Sb is mainly produced in Sb(IH) state which can
not be eluted out by 3N HC1. Thus though the Dowex 1x8 resin is useful for the
separation of Te and Sb mixture, it can not be applied for the development of

Te/ Sb generator. Suitable modification of the chemical procedure has to be
developed so that Sb(III) produced due to the decay of Te activities can be oxidied to
Sb(V) state in the column. Sb(V) can then be efficiently eluted by 3N HC1.

References
[1] Richard M. Lambrecht, Radiochim. Acta. 34,9(1983).
[2] S. K. Das, R. Guin and S. K. Saha, Appl. Radiat. Isot., 45,1077 (1994).

1.6. NUCLEAR DATA PROCESSING

1.6.1. Application of digital signal processing and Modified Discrete Fourier
Transform to gamma and alpha spectrometry

Sarbjit Singh Rattan and V.K. Madan1

1 Electronics Division,
Most of the nuclear spectral processing programs rely on the least squares fittings.

These methods are widely used for spectrum analysis and have certain limitations as the
user plays an important role in the analysis of the results. These techniques do not pose a
big problem when used for the analysis of singlets. Spectra containing complex peaks,
particularly with low statistical precision, are difficult to analyse. Doublets are the most
commonly occurring complex peaks. Peak fitting methods are, however, popular and have
generated a wealth of knowledge. In the digital processing method, the principle of the
method rather than the skill of the user plays a major role in determining the quality of the
analysis.

Modified Discrete Fourier Transform (MDFT) for the analysis of the doublets,.
A nuclear spectrum is generated in two steps. Firstly the photons produce fast

electrons by losing energy. The fast electron energy (E) is converted to electric charge and
is governed by the following convolution.
g(E)=j(E)*h(E) (1)
where,
g(E) = Data collected in a multi channel analyzer,
j(E) = Incident spectrum
h(E) = The unit impulse response function of the detector system
Let j(E) be the incident spectrum with impulse areas Aj and A2 at energies E] and E2
respectively.
j(E) = A! 5(E-E]) + A2 8(E-E2) (2)
8(E) is the Dirac delta function.
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By taking MDFT of Eqs. (1) and (2), we get the distribution of the power spectral
ratio corresponding to the doublet. From the coordinates of the first relative maximum and
minimum, it is possible to extract the information of the peak ratio and energy difference of
the components of a doublet. This method for the determination of peak differences and
peak ratios was used to develop a computer program (DSPG.EXE) for the automatic
analysis of the gamma ray spectra. This program requires a spectrum from a standard
source which contains some suitable number of singlet peaks which are used to determine
the Fourier parameters for the required energy regions. The same spectrum can be used for
the energy calibration of the detector used. An 152E U source is ideal for this purpose, as
this has got about ten good singlet peaks in the energy region up to l.S MeV. The program
was used for the analysis of gamma ray spectrum taken from a source of l^Eu. The
spectrum was analysed using the present program and using SAMPO. The results have
been found to be comparable within the statistical limits. The advantage of this program is
that here the analysis of doublet peaks is carried out using MDFT which is an independent
of user, the program was further modified to have the provision of using multiple files at a
time for a given calibration data file in one cycle of execution. This improvement reduces
the time of analysis (CPU) considerably when a large number of spectra are to be analysed.
In addition to this, option was added to use the program in FAST mode and SLOW mode.
This option is very useful in case one has to analyse a large number of spectra of similar
types. Initially analysis is carried out using SLOW mode to see the intermediate results.
Later on the FAST mode option can be used to carry out the analysis of the remaining
spectra. This facility helps to carry out the spectrum analysis for a bulk of data in a short
time with minimum queries from the user. The provision of automatic testing of the peak
for its being a doublet from the width was also added to eliminate the manual bias of taking
the peak as a doublet. Further improvements were also incorporated to make the program
more user friendly.lt has also been used for analysing alpha spectra.
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2.0 ACTTNIDE CHEMISTRY SECTION

2.1 BASIC STUDIES:
2.1.1 COMPLEXATION / SEPARATION OF LANTHANIDES AND FISSION
PRODUCTS USING MACROCYCLIC LIGANDS.
2.1.1.1 Thermodynamics and dissociation kinetics of the complexes of Y(III) with
ionisable macrocyclic ligands
P.N. Pathak and V.K. Manchanda

Due to the growing interest in ^Y (p™* = 2.25 MeV(100%), T1/2 - 64 hrs) based
radiopharmaceuticals, there is a need to develop kinetically inert chelates of Y(III) to

Table 2.1: Resolved rate constants of Y-
K21DA complex

Temp.
(°C)
15
25
35
45

kaxlO2

(s1)
1.35
1.43
1.51
1.55

K'xlO""
(M"J)
0.53
1.01
1.41
1.83

kwclO2

(s1)
3.76
3.38
5.37
5.55

constants of Y(HI) - EDDA
complex

overcome the associated toxicity problems [1]. Rigid
stereo-chemical arrangements of the donor atoms in
1,7-diaza-4,10,13-trioxacyclopentadecane-N,N'-di-
acetic acid (K21DA) and l,10-diaza-4,7,13,16-
tetraoxa cyclooctadecane-N,N'-diacetic acid
(K22DA) result in the formation of
thermodynamically stable cationic complexes with
lanthanides [2].

Dissociation rates of the complexes were
obtained under varying conditions of [it] and [acetate] by stopped flow technique
employing Cu2+ as a scavanger of the free ligand. Y(III) - K21DA complex exhibits two
reaction pathways: acid independent with rate constant ka = Table 2.2: Resolved rate
1.43xl0'2 s"1 and the acid dependent showing saturation
curve with limiting rate constant k ^ = 3.38x10"2 s"1 at 25°C
(table 2.1) in the acidity range 2.95x10'5 to 10"3M . On the
other hand , Y(IU)-K22DA complex follows linear [H4]
dependence with the rate constant, kH = 1.20 NT's"1

(fig.2.1) suggesting that it is relatively inert as compared to
that of Y(m)-K21DA complex in the acidity range
mentioned above. As expected , the dissociation rate
constants for Y(III) - ethylene diamine diacetic acid (EDDA, an acyclic ligand)
were found to be larger by several orders than their corresponding values with ionisable
macrocyclic ligands (kj = 0.35 s"1 ; kH = 3.5 x 104 NT1 s'1) as shown in table 2.2.
Dissociation rates with K21DA were observed to be independent of the Cu2+

concentration (in the range 5.0x 10"4 to 2.0 x 10 *3 M) as well as of acetate concentration (
in the range of 1.25 x 102 to 3.75 x 10'2 M). It appears that the Cu2+ attack is preceded by
the formation of an intermediate in a rate determining step leading to the dissociation of
macrocyclic complex. Lack of acetate catalysis suggests that Y(III) behaves similar to
heavy lanthanides like Yb(III) and Lu(III) rather than like lighter lanthanides viz. La(III)
and Eu(III) which differ significantly in their ionic potential as well as the maximum
coordination numbers. Complexation constants of Y(III) with K21DA as well as K22DA
were evaluated by potentiometric titration.

Temp.
(°C)
15
20
25
30

k<,
(S 1 )
0.30
0.32
0.35
0.40

ICHXIO-4

(NT'S1)
2.1
2.9
3.5
4.8
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Iflfy/J.M
Flfl.2.1 .OuodtOon rate constants of Y-K22DA complex

The titration was carried out by taking
1.2 x 10'3 M concentration of both Y(III)
and ligands at 25°C . Ionic strength was
adjusted to 0.1 M using tetramethyl
ammonium chloride. Standard solution
of tetramethyl ammonium hydroxide was
used as titrant. It was interesting to
observe that in spite of vast difference
in their kinetic stability, thermodynamic
stability of these macrocyclic complexes
were similar (log K = 10.83 ± 0.05).

References
[1]. D. Parker, Chem. Soc. Rev, 19,271 (1990).
[2]. V. K. Manchanda, P. K. Mohapatra, C. Zhu and R. M. Izatt, J. Chem. Soc. Dalton
Trans, 1583(1995).

2.1.1.2 Extraction of cesium from nitric acid medium using substituted crown ethers
Amar Kumar', P. K. Mohapatra and V. K. Manchanda
* Waste Management Projects Division

137Cs, due to its long half-life (-30 years) and reasonable thermal output (0.07 w/g)
has been of great concern from nuclear waste management point of view. It also has
potential applications as a gamma radiation source. Liquid-liquid extraction based on the
use of substituted cobalt dicarbolide and crown ethers seems to offer good prospects for
the recovery of cesium from acidic solutions. Schulz et al.[l], have proposed the use of a
mixture of TBP, dinonyl naphthalene sulfonic acid and kerosene containing 0.05 M bis-
4,4'(5')[ 1 -hydroxy-2-ethyl-hexyl]
benzo-18 crown 6 for the
effective extraction of Cs from
simulated waste solutions.
However, this method suffers
from a few drawbacks viz. a)
crown ether used is not available
commercially and b) re-extraction
of Cs from the organic phase is
difficult. Dicarbolide, on the other hand, has limitations due to its high solubility in water.
An attempt has been made in the present work to evaluate the basic data on extraction
behaviour of Cs from nitric acid medium employing few commercially available crown
ethers viz. dibenzo 18 crown 6 (DB18C6), 4,4'(5')di-t-butyl benzo 18 crown 6
(DTBB18C6), 4,4'(5') diacetyl benzol8 crown 6 (DAB18C6), 4,4'(5') dihexanoyl benzo
18 crown 6 (DHB18C6) and 4,4'(5') dinonanoyl benzo 18 crown 6 (DNB18C6).
Nitrobenzene was used as the organic diluent due to the ease of solubility of DB18C6 and

Table 2.3: The effect of the nature of the extractant on
Dc.; fHNOjl: 2M; Ligand concentration » 0.1M.

Extractant
dibenzo 18 crown 6

4,4>(5')diacetylbenzo 18 crown 6
4,4'(5')dihexanoylbenzo 18 crown 6
4,4*(5')dinonanoylbenzo 18 crown 6
4,4'(5')di-/-butylbenzo 18 crown 6

Dc,
1.80
1.17
0.78
0.80
3.34

10.1
6.35
4.23
4.34
18.15
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its substituted derivatives employed in the present work. The relative extraction ability of
various substituted dibenzo 18 crown 6 derivatives vary as DTBB18C6 > DB 18C6 >
DAB18C6 > DHB18C6 ~ DNB18C6 (table 2.3). It was observed that whereas the tert-
butyl group favours extraction, acetyl group suppresses it due to its electron withdrawing
nature. Table 2.4 shows the variation of D c , with nitric acid for DB18C6, DAB18C6 and
DTBB18C6. The extraction is maximum at 2 M HNO3 for each ligand. It appears that at
lower acidity lack of adequate concentration of the nitrate anion and at higher acidity the
protonation of the crown ether is responsible for the poor extraction of Cs. This
observation is in sharp contrast to the behaviour of Sr(II)-HNO3-DCH18C6-octanol where
D& was found to increase continuously with HNO3 concentration [2]. Competition
between Cs* and H* for the crown ether appears to be significant particularly at the
acidity > 4M.

A linear dependence of Table 2.4: Effect of aqueous acidity on DCi; (Ligand]
D c with log DB18C6 with unity ^ M M i diluent: nitrobenzene,
slope was observed in the ligand
concentration variation exper-
iment. Though there is no
feasibilty of encapsulation of the
metal ion with the 18-membered
ligands employed in the present
work, only 1:1 M:L species seem
to dominate at 2M HNO3. The
two phase extraction equilibrium
is represented as:

[HNO^l/M
0.0]
0.1
1.0
2.0
3.0
4.0
6.0
8.3

DB18C6
0.095
0.34
1.42
1.86
1.48
1.01
0.26
0.23

DAB18C6
0.021
0.13
0.57
1.17
1.04
0.72
0.42
0.35

DTBB18C6
0.18
1.47
3.17
3.33
1.67
0.89
0.32
0.27

Table 2.5: Effect of gait concentration on DCr

NO3"(a
(a)

CsNO3L(O)

A1(NO3)3/M
3.3xl03

6.7xlO3

1.3xlO'2

2.0xl02

2.6xlO2

D a

0.37
0.42
0.52
0.56
0.68

Al(NOj)3/M
3.3xl02

8.3xlO'2

1.7xlO2

3.3xlO"2

Dc.
0.73
0.97
1.27
1.29The two-phase extraction constant

values are listed in table 2.3.
DTBB18C6 appears most promising
Cs extractant. It was interesting to observe that the presence of A1(NO3)3 enhanced the
D c values only marginally (table 2.5). This is in sharp contrast to the observations made by
us during studies on Sr extraction employing DC18C6[3J. It was observed that the
extraction of Cs using DB18C6 is exothermic in nature where the AH and A.S values are -
3.94 kcal/mole and -8.70 cal/deg/mole respectively.
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2.1.1.3 Extraction of strontium from nitric acid medium py 4,4'(5') di-t-
butylcydohexano 18 crown 6 (DTBCH18C6) employing solvent extraction as well as
extraction chromatographic methods.
A. Kumar*, P. K. Mohapatra and V. K. Manchanda
* Waste Management Projects Division

In recent years crown ethers have been found to be selective complexing /
separating agents for metal ions particularly alkali metals and alkaline earths. Extraction of
strontium from nitric acid medium by dicyclohexano 18 crown 6 (DCH18C6) as well as
4,4'(5')di-tert-butyl cyclohexanol8 crown 6 (DTBCH18C6) in n-octanol medium has been
reported eaiiier [1]. It was also reported that a mixture of 80% butanol and 20% octanol as
diluent (in comparison to n-octanol) enhances the extraction due to increased water activity
in the organic phase [2]. The present work is about the extraction behaviour of Sr(D) from
nitric acid medium employing DTBCH18C6 in various aliphatic alcohols as the organic
diluents. 80% Butanol - 20% octanol mixture was found to give higher DSr values as

compared to other alcohols
investigated. A linear correlation
between the organic phase water
content and D a was observed.
Extraction profiles obtained with
varying ligand concentration
suggested 1:1:2 M:L:N03'
stoichiometry for the extracted

5-

tf'

2-

0-

species where L is the crown
ether. The two-phase extraction
constant value obtained for the
present system (k^ = 132) was
found to be much larger as
compared to both DTBCH18C6-
octanol extraction system (km =
48) and DCH18C6 (dicyclohexano

18 crown 6) - 80% butanol - 20% octanol mixture system (ket = 32). Distribution

Btactot QOMDIHXieCB h KM UmJ - ZM cetand

behaviour of Sr(II) was also studied as a function of mineral acid ( such as HC1, HCIO4,
HNO3) as well as inert electrolyte concentration ( such as LiNO3, Mg(NO3)2 and Al(NO3)3

) (figures 2.2 and 2.3). The extraction with various mineral acids studied follows the order
HNO3 > HCIO4 > HC1. D& at lower acidities show an increasing trend with acidity for all
three mineral acids but it follows different trends beyond 4M. The Dsr values increases with
inert electrolyte concentration, the order of extraction being A1(NO3)3 ~ Mg(NO3)2 >

>LiNC>3. Though similar tendency was observed during the studies employing DCH18C6
[2], the extent of enhancement in the present case is significantly larger. Selectivity studies
on Sr(II) with respect to fission products (obtained from irradiated natural uranium
target) such as Mo-99, Ce-143, La-140, Ru-103, Te-132, Zr-97, Cs-137, 1-133 and Ba-
140 were carried out and compared with the corresponding data obtained with DCH18C6.

A procedure was standardized to determine the solubility of a mixture of butanol
(80%) and octanol (20%) in water. Sample containing unknown amount of alcohol was



47

50-

45-

40-

35-

30-

25-

Sr 20-
D

15-

10-

5-

0-

-6-

0 UNQ

0 Mg<Nft

A AKN9,

y

L

//
/

• B — • — n

2 3 4 5

Nitrate concentration (M)

oxidized with the help of a known amount of acidic (H2SO4) dichromate solution. The
unutilised dichromate was reduced by a known excess of ferrous ammonium sulphate. The
excess ferrous was titrated against standard ammonium eerie sulphate. It was observed that
nitric acid, present in the sample, interfered by oxidising ferrous ammonium sulphate
partially. Samples were therefore treated with required amount of NaOH before the
addition of K2Cr207 solution. Solubility of butanol, octanol and the butanol (80%) -
octanol (20%) mixture were found to be 8.14%, 0.092% and 6.82% respectively.

With a view to develop a
method for separation of Sr from Y
and other cationic impurities,
preliminary investigations were
carried out using Sr.Spec resin
material (which contained DTBCH
18C6 in octanol impregnated on
XAD-7 as the extractant) and Sr-
85,89 tracer by extraction
chromatographic technique (using a
column of 1 = 35mm; i.d. = 4mm and
containing 200 mg of the resin
material). Breakthrough curves were
generated at 0.1M, 1M and 3M nitric
acid. Elution curves are obtained on
column loaded with Sr-85,89 activity
at 3M HN03, employing distilled
water, 0.1M and 1M HN03 and the
corresponding peak elution volumes were 2, 3.5 and 15.5 mL respectively. Interference of
Li, Na, K, Ca, Cd, Al, Co, Fe, Mg, Ni, Pd and Zn was also investigated using ICP-AES
technique. In all the cases 3 mL of 3M HNO3 was sufficient to wash out the interfering
cations whereas Sr held onto the column even when washed with 7.5 mL of the acid.
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2.1.1.4 Role of 18 crown 6 on the extraction of lanthanum(IH) and ytterbium(III) in
the presence of l-phenyl-3-methyl-4-benzoyl-5-pyrazoIone
V.K.Manchanda, D.K.Pant*,K.K.Gupta*,P.G.Kulkarni*andRK.Singh*
* Process Control Laboratory, PREFRE, B.A.R.C, Tarapur.

The mutual separation of trivalent lanthanides is a challenging task due to their almost
identical chemical behaviour. Several solvent extraction studies on the trivalent lanthanides
with a combination of a p-diketone and a neutral oxodonor like TBP or TOPO have been
reported in the literature. These extraction systems have generally resulted in the large
synergistic enhancement of metal extraction without producing much improvement in the

Fig. 2.3: Ext/action of SrflO u a function ct w)u nttratt
Extradant 0.01 M DTBCH18C6 in 80% butanol - 20%
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separation factor. Crown ethers which behave as neutral oxodonors in weak acidic
solutions, are known for their size selective complexation with metal ions which may lead
to improved selectivity along with extractability of trivalent lanthanides. The present study
deals with the extraction behaviour of La(III) and Yb(III) with HPMBP and 18 crown 6
(CE) in nitrobenzene, a well known polar solvent.

The composition of extracted species formed and the values of the equilibrium
constants of the various equilibria involved in the extraction system of metal ions were
evaluated by the slope analysis method. La(III) and Yb(III) are found to be extracted into
nitrobenzene with HPMBP alone as La(PMBP)3. HPMBP and Yb(PMBP)3 according to the
following equations:

La3V, + 4HPMBP(O) oLa(PMBP)3.HPMBP(0)+ 3HV) (1)
kcx

Yb3\., + 3HPMBP(0) o Yb(PMBP)3(o) + 3H+
W—(2)

In the presence of the CE, the synergistic enhancement was observed for both the
elements. The synergistic effect was significantly larger for La(III) compared to Yb(HI).
The synergistic species formed by La(III) was identified as a 1:2:1 monovalent complex,
La(PMBP)2CE+, which was extracted as ion-pair with CIO/ as a counter anion. On the
other hand Yb(III) is extracted synergistically due to adduct formation between
Yb(PMBP)3 and CE in the organic phase. The stoichiometry of the adduct is established as
Yb(PMBP)3CE. Thus the extraction of La(III) and Yb(HI) with HPMBP in the presence of
CE can be written as:

K
) oLa(PMBP)2CE+ClO4'(o) + 2H*—(3)

K
Yb3+

(.) + 3HPMBP(O) + CE(O) o Yb(PMBP)3CE(O) + 3lTw —(4)

The equilibrium constant data for La(III) and Yb(III) are given in Table 2.6. It is
interesting to observe that the equilibrium constant values for ternary systems (log K) are
reversed as compared to the equilibrium constant values of the corresponding binary
systems (log k^). It can be explained as due to the difference in extraction mechanisms of
these elements which in turn depends on the size encapsulation effect of the crown ethers
[1]

Due to the size compatibility between the ionic radius of
Table2.6: Extraction Constants ^ ( J ^ A ) d ^ & f l g fi ( 1 4 5 ± 0 1 5

for the binary (1O *» well as . . / , , „ / , J , , . ,« ^
ternary (K) systems. *)» La(III) is complexed more strongly by 18 crown 6

which may cause steric hindrance to the coordination of
three PMBP molecules thereby resulting in the formation
of La(PMBP)2CE+. However, the ionic radius of
Yb3+(1.04 A) is too small to be compatible with 18 crown

6 cavity and therefore there is no steric hindrance for PMBP molecules to form
Yb(PMBP)3 and Yb(PMBP)3CE complex species. Here CE appears to act as a polydentate
oxodonor. The overall extraction constant for La is 2.13 log units larger than that of Yb.

Metal ion
La*
Yb*

logk«
-2.84
-1.79

logK
0.86
-1.27
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This observation is in sharp contrast to that reported for Ln(III)-PMBP-benzo 15 crown 5
where extraction constants for Yb(III) were found to be larger than those of early
lanthanides in CHCb [2] suggesting size non-compatibility of 15 membered ligands with
early lanthanides.

The enhancement in extraction in the TTA-l,2-dichloroethane system has been
reported to be much larger for higher lanthanides [1]. On the other hand, enhancement in
extraction is lower for PMBP-nitrobenzene system suggesting larger steric hindrance in the
coordination of PMBP over TTA as reported in our earlier work [3].
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2.1.2 AKUFVE STUDIES ON EXTRACTION OF NEPTUNIUM.
2.1.2.1 AKUFVE studies on extraction behaviour of neptunium in 30% TBP
J.N.Mathur, A.G.C.Nair and MS.Murali
(In collaboration with RRChitnis of PESDD)

The extraction behavior of Np with 30 % TBP in n-dodecane as a function of time
using AKUFVE (Swedish abbreviation for "Apparatus for Continuous Measurement of
Distribution Factors in Solvent Extraction") has been studied. The experimental details are
given in ref. [1],

Extraction of Np from 3.0 M HNO3: The distribution ratio (D) for the extraction
of Np from 3.0 M HNO3 solution in presence of 0.02 M Fe2+ has shown that the extraction
of Np by 30 % TBP gives almost a constant D value of around 2.4. When 0.01 M
K2Cr2O7 is added to 3.0 M HNO3 containing Np(IV) tracer, an initial lowering of D,
followed by a steady increase in it has been observed. This is due to the formation of
inextractable Np(V) followed by its conversion to extractable Np(VI). The oxidation
reaction is very slow (D~2.6 in 60 min.). An addition of either 0.001 M or of 0.05 M
NaN02 did not have any effect on the D values of Np suggesting that there is no
appreciable oxidation of Np(IV). However, in the presence of 0.01 M VC*2+, a large
increase in the extraction of Np was observed (D~10) indicating the formation of highly
extractable Np(VI). Starting with Np(V) tracer, with 0.01 M VO2+ and 0.01 M K2Cr207
as the oxidising agents, the D value for Np reaches _ 13 within 5 and 2 min., respectively,
suggesting thereby that VO2

+ and K2Cr207 are equally effective oxidising agents for Np(V)
to Np(VI).

Extraction of Np from simulated PHWR-HLVV For Np loaded on 30 % TBP from
simulated PHWR-HLW solutions containing 0.01 M K2Cr207 or 0.01 M VO2

+, it is
observed that the D values stabilise between 7 to 9 in about 3 min.

Stripping of Np from TBP phase loaded from 3.0 M HNO3: For the efficient
stripping of Np from the loaded TBP phase, it is desirable to reduce Np(VI) to the
inextractable Np(V) for which the reagents for stripping should be only moderately strong.
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The results of the stripping of Np, when Np(VI) from 3.0 M HNO3 was loaded into 30 %
TBP has shown that with 0.01 M ascorbic acid, D is "0.05 within 3 min. and is

reduced to aboutTable 2.7 : Stripping of Np from TBP phase (loaded from simulated
PHWR- HLW containing 0.01 M K2Cr207); organic to aqueous phase
ratio: J l; acidity; 2 M HNO,

to
QQ\ m 35 r n j n of

operation. However,
with 0.05 M ascorbic
acid, D value remains
at about 0.1 between
3 to 25 min. and
steadily increases to
_ 0.3 at the end of 60
min., probably due to
further reduction of
Np(V) to Np(IV).
With 0.1 MH2O2 the
reduction of Np(VI)
appears to be slow,
the D value being as
high as 0.25 at the
end of one hour of
operation. This may
be due to the
incomplete reduction
of Np(VI) due to the

dual behavior of H2O2 as oxidising as well as reducing agent. With the mixture of H2O2 and
ascorbic acid, the stripping is found to be satisfactory, though the D values are higher than
those with ascorbic acid alone.

Stripping of Np from TBP phase loaded from PHWR-HLW solutions: The
stripping studies were also carried out where Np from simulated PHWR-HLW solutions
containing 0.01 M K2Cr207 or 0.01 M VO2

+ was extracted into 30 % TBP (30 % TBP
was precontacted with simulated PHWR-HLW solutions containing the respective
oxidising agents). It can be seen from Table 2.7, that 0.01 M ascorbic acid continues to be
the best strippant with D value of- 0.1 upto 60 min. With 0.05 M ascorbic acid, however,
D increases after initial lowering to about 0.12, and reaches to 0.24 in 20 min. and 0.38 in
60 min. which is similar in the case when Np was extracted from 3.0 M HNO3. With 0.1 M
H2O2, although D goes on decreasing with time, it does not go below ~ 0.4 in one hour.
With a mixture of 0.1 M H2O2 and 0.01 M ascorbic acid in 2.0 M HNO3, D shows an
increasing trend with respect to time after 5 min.. A mixture containing higher
concentration of H2O2 and ascorbic acid was also used to ensure the complete destruction
of K2O2O7 from the loaded organic phase but it also leads to higher D values for Np
indicating probably further reduction of Np to the tetravalent state.

Experiments were also carried out with TBP loaded with Np from simulated
PHWR-HLW solution containing 0.01 M VO2

+. While using H2O2 alone, it can be seen
that the reduction of Np to the pentavalent state is not complete, (D =0.27) at the end of

Time

(mts)

1

2

3

5

10

15

20

25

35

45

60

D

0.1 M

H2O2

5.087

5.458

5.836

5.421

4.438

2.800

1.134

0.430

0.346

0.394

0.398

in the presence of different stripping agents

0.01 M

ascorbic acid

0.390

0.139

0.113

0.103

0.104

0.117

0.121

0.119

0.108

0.094

0.099

0.05 M

ascorbic acid

0.178

0.121

0.115

0.119

0.133

0.145

0.237

0.304

0.346

0.356

0.378

0.1MH2Q,+

0.01 M

ascorbic acid

—

0.154

0.088

0.083

0.093

0.106

0.121

0.106

0.118

0.151

0.213

0.25MH2O2 +

0.05 M

ascorbic acid

0.290

0.139

0.160

0.175

0.281

0.286

0.284

0.273

0.236

0.209

0.177
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the run. Also while using ascorbic acid aione, the D value initially decreases and then starts
increasing, being >0.3. Low and comparatively stable D values (-0.1) are obtained at
concentrations of 0.1 M H2O2 and 0.01 M ascorbic acid, while at higher concentrations of
H2O2 and ascorbic acid, D values are above 0.2.
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2.1.3 PYRAZOLONES AND ISOXAZOLONES AS NOVEL EXTRACTANTS.
2.1.3.1 Separation of americium(III) from nitric acid medium using 3-phenyI-4-
benzoyI-5-isoxazoIone.
P.N. Pathak, R. Veeraraghavan, P.K. Mohapatra and V.K. Manchanda

Work carried out in our laboratory earlier has shown that due to its low pK, value
(1.12), 3-phenyl-4-benzoyl-5-isoxazolone (PBI) is capable of extracting U(VI) and Pu(IV)
from wide range of acidities [1,2]. However, extraction of Am(III) from even 1M HNO3 is
poor ( D = 6.24x10'3 for 0.12 M PBI in xylene). Addition of an oxodonor like tri-n-octyl
phosphine oxide ( TOPO ) enhances Am(III) extraction significantly ( D = 35.6 for 0.12 M
PBI + 0.01M TOPO) and it has been reported that a synergistic combination of PBI with
TOPO can extract Am(III) quantitatively from 1 M HNO3 [3]. In continuation, the effect
of U(VI) and Nd(III) loading on Am(III) extraction as well as the distribution behaviour of
fission products in this system was investigated. Further, the possibility of using PBI-
oxodonor mixture in carbon tetrachloride ( a non-inflammable solvent) and dodecane ( a
process solvent) medium for the removal of Am(III) from a synthetic HLW solution has
been evaluated and the results are described below.

Extraction profiles of Am(III) at 1M HNO3 with Nd(III) concentration in the
aqueous phase varying in the range of 0.5 to 10 mg/mL and with U(VI) concentration in
the aqueous phase varying in the range of 1 to 20 mg/mL were obtained with 0.05 M PBI
+ 0.2 M TOPO mixture in carbon tetrachloride medium. Quantitative extraction of Am(III)
is observed upto 2 mg/ml of Nd(HI) as well as upto 4 mg/ml of U(VI). The distribution
ratio of Am(III) from a synthetic high level waste solution at 1 M HNO3 is- 30. No third
phase was observed under the maximum loading conditions. This suggests the possibility
of quantitative extraction of Am(III) from high level waste solution in 2 contacts if the
acidity is maintained at 1 M.

The distribution behaviour of fission products obtained on an aluminium catcher foil
from the spontaneous fission of 252Cf source indicated that lanthanides present in the
solution (Ce, Nd, Sm and La) were quantitatively extracted. Ba and Ag were not extracted
at all while >80% each of Zr, Mo, Cd and Tc were extracted. Ru, Pd, I and Te were
negligibly extracted (<6%). Thus PBI in combination with TOPO in CCU has shown
promise for the separation of Am(III) from acidic medium and exploratory work was
therefore planned for Am(HI) partitioning from synthetic HLW solutions. The scope of
using dodecane as diluent in place of carbon tetrachloride to meet these objectives was
therefore evaluated. The solubility of PBI in dodecane is very poor but the presence of an
oxodonor was seen to enhance the solubility of PBI in dodecane medium. Three different
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oxodonors viz. tributyl phosphate (TBP), dibutyl octanamide (DBOA) and TOPO were
used in combination with PBI (0.1 M). While the use of TOPO (0.2 M) at higher acidity (6
M HNO3) led to the formation of solid material after equilibration, the ability of DBOA in
solubilising PBI was poorer than that of TBP. Further the DAH, values obtained with PBI-
TBP mixture were larger than those obtained with the other two mixtures. Therefore PBI-
TBP mixture was used in all subsequent studies.

It was observed that with increase in acidity, the extraction decreased at all TBP
concentrations (for 0.02 M to 0.1 M PBI); the decrease was more pronounced at lower
TBP. Thus D value decreased by a factor of about 1100 at 15% TBP (D values were 29
and 0.026 at 1 and 6 M HNO3 respectively), while the corresponding factor at 50% TBP
was only about 40 (D values were 6.82 and 0.016 at 1 and 6 M HNO3 respectively). With
increase in TBP content (at 0.02 M PBI), extraction decreased at lower acid (D = 29 and
6.82 at 15% and 50% TBP for 1 M HN03) whereas the reverse was observed at higher
acidity (D = 0.0274 and 0.16 at 15% and 50% TBP for 6 M HN03). With increase of PBI
concentration in 40% TBP, the increase in extraction of Am(III) was more pronounced at
lower acidity (D = 8.9 and 153 at 0.02 M and 0.1 M PBI with 1 M HN03), while at higher
acidities the extraction was insensitive to PBI concentration (D = 0.22 and 0.23 at 0.04 M
and 0.1 M PBI at 6 M HN03). The above observations could be explained on the basis of
the competing interactions of TBP with PBI and HN03.

The maximum concentration of PBI obtainable in 50% (v/v) mixture of TBP in
dodecane was measured as 0.175 M. Using this nearly saturated solution, the DAB, was
determined at various acidities with different amounts of U(VT) in the aqueous phase, since
it is known that HLW of PHWR contains nearly 15-20 g/1 of U(VI) and a host of other
metal ions including rare earths of varying concentrations ( from 0.2 mg/1 Dy(III) to 0.86
g/1 for Nd(HI) with the total rare earth concentration being 2.13 g/1) in 3M HNO3.

Therefore the distribution behaviour of Am(III) in the presence of U(VI) and
Nd(III) was investigated using 1-8M HN03 and the results are shown in Fig.2.4. The
substantial fall in Am(IH) extraction in the presence of U at lower HNO3 (1-4M) can be

-«-Amirae«rcniy attributed to the coextraction of U(VI)
-*-Amincar+20gA.u(vi) which can take up substantial part of the
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E 40-
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concentration in the feed. On the other
hand, Nd(HI) has only marginal effect on the
Am extraction. Fig. 2.4 clearly indicates that
only about 60% of Am(III) can be extracted
in the presence of 20 g/1 of U(VI) and 2 g/1
of Nd(III). It was therefore thought of
interest to obtain the Am(m) extraction
profile under varying U loading conditions at
different acidities (1-3 M). It was observed
that the tolerable uranium contents in
aqueous phase at 1M, 2M and 3M HNO3 for

T—, , , , , achieving a DAD, >10 are 15 , 10 , and 6 g/1
0 2 4 6 8 respectively. Attempts were made to

[HNOJ. M remove bulk of U from a solution comprising
Fig. 2.4: Effect of U(VI) and Nd(lll) loading on Am extraction
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of 20 g/1 of U by equilibration with TBP-dodecane solution. One contact with 5%, 10%
and 20% TBP in dodecane brought down the U content from 20 g/1 to 9.75 g/1, 4.25 g/1
and 1.6 g/l in 3 M HN03 respectively.

An acid solution containing 20 g/1 of U and other metal ions corresponding to the
concentration encountered in PHWR-HLW solution in 3 M HNO3 was prepared and
spiked with "'Am. This solution was equilibrated with 20% TBP-dodecane. The aqueous
phase after the above treatment was converted to varying nitric acid concentrations in the
range of 1 to 10.5 M HN03 and contacted with the reagent solution of saturated PBI in
50% TBP-dodecane. D values of 5.5 and 0.04 were obtained at 3M HNO3 and 8M HNO3

respectively suggesting the possibility of extracting and stripping Am(III) by adjusting the
aqueous acidity suitably.

The possibility of using beta-diketone for quantitative extraction of Am(III) from 1-
2 M HNO3 has been demonstrated for the first time in the present work. As regards the
selectivity, trivalent lanthanides and iron present in the solution are expected to accompany
Am(III) and this could influence the distribution values of Am(III) adversely.
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2.1.3.2 Extraction of thorium(IV) by a mixture of l-phenyI-3-methyl-4-benzoyl-5-
pyrazolone (PMBP) and tri-n-octyl phosphine oxide (TOPO).
P.K.Mohapatra, R.Veeraraghavan and V.K.Manchanda

Due to their low pKa values pyrazolones are excellent reagents for metal ion
extraction from relatively high acidic and complexing media. Though an inverse linear
relationship of the extraction constant (kex) with the pKa value of the extractant is
expected, the literature value of ka of Th(IV) with l-phenyl-3-methyl-4-benzoyl-5-
pyrazolone (PMBP) is anomalous [1]. The extraction of Th(IV) from nitric acid medium
was re-investigated employing PMBP in xylene as the organic extractant and 234Th as the
radioactive tracer which was separated from natural uranium using aliquat336 in
chloroform. Synergistic extraction studies were also carried out in the presence of tri-n-
octyl phosphine oxide (TOPO) as the neutral oxodonor.

The D° (distribution ratio of Th in the binary extraction system) varied with PMBP
concentration with a fourth power dependence which was changed to third power
dependence in presence of 4 x 1 0 ^ TOPO. When TOPO concentration variation
experiments were carried out at a fixed PMBP concentration of 1.25xlO'2M, a linear plot
was obtained between log (D-D°) and log[TOPO] with a slope of 1.1. The experiments
carried out with the varying concentration of [H+] (with both HN03 and HC1O4) yielded a
dependence of - 3 for D both in the presence as well as absence of TOPO suggesting
extraction of species of the type Th(X)(PMBP)3.S where X - NO3' or C1O4' and S =
TOPO. The extraction of the species containing nitrate or perchlorate ion is presumably
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due to high X:M ratio. It was therefore, thought of interest to carry out some experiments
in presence of Th-carrier.

In the presence of Th carrier ([Th] = 1.25xlO*5 M), the stoichiometry of the
extracted species changed to Th(PMBP)4 for the binary extraction sysem and
Th(PMBP)4.S where S = TOPO for the ternary extraction system. This was also reflected
in the hydrogen ion concentration variation experiments where the slope changed from - 3
in the absence of carrier to - 4 in the presence of added carrier for the binary as well as
ternary system.

Th (1) + 4HPMBP(0) O Table2.8: The comparative data on the extraction
Th(PMBP)4<o) + 4H+

(1) and adduct formation with various P-diketonou
[Th(PMBP)4](o)[Pr]4

(.) Extractant
HTTA
HPBI

HPMBP

logk»
2.25
8.26
7.32

logK.(TOPO)
7.50

8.56,4.14
5.49

Ref.
2
3

present work

The two phase extraction constant
(log ka) for the binary extraction system was found to be 7.32 ( as against the reported
value of -1.0) which lies between those for thenoyJtrifluoroacetone (TTA): 2.25 and 3-
phenyl-4-benzoyl-5-isoxazolone (PBI): 8.26 (table 2.8).

For the ternary extraction system Th(IV)-PMBP-TOPO
K

Th%,, + 4HPMBP(0) + TOPO(O) O Th(PMBP)4.TOPO(o) + 4tf(t)

K,
Th(PMBP)*(0) + TOPO(o) o Th(PMBP)4.TOPO(O)
the overall extraction constant (log K) was 12.81 and the organic phase adduct formation
constant (log K.) was 5.49. Though electronic factors of adduct formation suggest it to be
larger than the log K, value for TTA (7.50), the abnormally low value could be ascribed to
steric factors.
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2.1.4 EXTRACTION STUDIES WITH CMPO
2.1.4.1 Tbe extraction behaviour off-elements and yttrium with octyl(pbenyl)- N,N-
diisobutylcarbamoyimethylphosphine oxide (CMPO)
J.N.Mathur, M.S.Murali, M.V.Balarama Krishna and R.H.Iyer
(In collaboration with RRL, CSIR, Trivandrum)

CMPO is an extractant used for selectively removing actinides from nuclear waste
solutions. The lanthanides are also readily extractable with CMPO. In this study, the
extraction behaviour of yttrium and selected f-elements have been investigated from nitrate
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Table 2.9: Two-phase equilibrium
constants of trivalent f- elements and
yttrium - CMPO/xylene systems.

and thiocyanate solutions under comparable conditions using CMPO as the extractant.
Also, the separation factors between these metal ions have been evaluated and a process
for separation of Y from the f-elements has been suggested. The experimetal details
regarding preparation of tracer solutions, reagents used, equilibration studies and assay of
the tracers are given in ref. [1]. The species extracted into the organic phase were found to
be M(NO3)3.3CMPO from nitrate medium and M(SCN)3.3CMPO from thiocyanate
medium for all the metal ions studied. The equilibrium constants of the above species were
deduced by non linear regression analysis and are given in Table 2.9. In the thiocyanate
system, the equilibrium constants of the trivalent lanthanides follow the order La<Eu<Lu
which is the order of the decrease of ionic radii for these metal ions. The log K for Am and
Cm are nearly same but higher than that of Eu. This is possibly due to the participation of
5f-orbitals in cases of Am and Cm, in the metal-SCN" bond formation. The log K for Y is
lower than that of La. In the case of nitrate system, the K for the trivalent lanthanides do
not increase monotonically with Z, but has a maxima at Eu. In the case of trivalent
actinides,the extraction constant of americium is nearly same as that of curium and
comparable with Eu, which suggests the non-participation of 5f-orbitals in the case of Am
or Cm - NO3 bond formation.

The D values of trivalent Y, Am, Cm,
La, Pm, Eu, Tb, Ho, Tm, Yb and Lu have
been determined from 1.0 M thiocyanate
solution at pH 2.7 using 0.01 M CMPO. The
order of the D values for trivalent lanthanides
and Y is Y<La<Ho<Tb<Eu<Tm<Pm<Yb
<Lu. The D values of heavier lanthanides start
increasing from Tm onwards but the increase
in D value for Yb and Lu is very high.
However, the increase in D values in the
present study is much higher than those with
the TBP system probably because of the
bidentate nature of CMPO under such
experimental conditions. The itinerant
properties of these trivalent metal ions in
thiocyanate solutions are probably caused by

delocalization of 5 f-orbitals as against the 4f-orbitals in the inner-sphere thiocyanate
complexes.

The separation factors (SF) among trivalent lanthanides (Lu/La=37.5) while using
CMPO are at least four orders of magnitude lower than the SF value reported for the same
pair while extracting with di(2-ethyl hexyl)phosphoric acid (HDEHP) in n-dodecane (SF =
1.2xlO6) keeping the aqueous medium same i.e NH4SCN = 1 M . The present SF values
are close to those reported while using Adogen464 as the extractant (SF = 35.4).
However, the present values are definitely higher than those reported for the same pair with
the TBP system (SF=3.2). Of course, the reasons for very high SF (Lu/La) in the cases of
HDEHP or Adogen 464 may be different but the higher SF with CMPO as compared to
that with TBP could be due to the bidentate nature of the former extractant. Better

Metal
ion M*

Y

La

Eu

Lu

Am

Cm

log K

M*-SCN~
CMPO

6.16±0.01

6.65±0.01

7.17±0.01

8.1010.02

8.04±0.01

7.92±0.01

M^-NCV-
CMPO

3.77±0.01

3.92±0.02

4.74±0.01

3.53±0.O2

4.62±0.01

4.56±0.04
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selectivities among yttrium and heavy lanthanides (Lu/Y=48.8; Tm/Y =5.5) have been
achieved with CMPO from thiocyanate solutions as compared to the HDEHP system
(LuAr=19.6; Tm/Y=3.4). Thus it can be concluded from the above study that from
thiocyanate medium, yttrium can easily be separated from heavy lanthanides in fewer stages
of counter-current extraction using CMPO as the extractant as compared to the normally
employed solvent HDEHP.

The existance of maxima in nitrate medium indicates that as the cationic radius
decreases beyond a certain size, steric considerations become more important than
electrostatic effects. Here the behaviour of yttrium lies between erbium and thulium which
is explained on the basis of its hydration energy and ionic radius.Trivalent actinides behave
similar to the heavy lanthanides in these systems. The SF among these trivalent metal ions
in nitrate medium are not of much significance as compared to those found in the
thiocyanate system.
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2.1.4.2 Utilization of ferrocyanide ion for stripping of actinides and lanthanides from
CMPO phase and aqueous completing of these metal ions with ferrocyanide ion
G.H.Rizvi and J.N.Mathur

In connection with the stripping of minor actinides from CMPO phase, efforts are in
progress to strip most of the metal ions from the CMPO phase together and also to reduce
the volumes of secondary waste generation. In this connection direct precipitation of
actinides, lanthanides and a few fission products extracted into the CMPO phase is being
tried using ferric ferrocyanide as the carrier precipitate. Also, the aqueous complexing of a
few actinides and lanthanides with ferrocyanide ion is being carried out.

U(VI), Np(VI), Pu(IV), Am(m), Eu(ffl), Zr(IV), Ru(III) and Fe(III) were
extracted separately into 0.2M CMP0+1.2M TBP in dodecane from 3M HNO3 medium.
After centrifugation, the phases were separated and assayed. It was found that the back
extraction of most of the cations was nearly complete in four contacts. In the case of
Zr(IV) -94% was stripped in four contacts and in the case of U(VI) ~97% came down in
six contacts. In both these cases, it was very difficult to strip the remaining amounts from
the organic phase. In the case of Ru(III) -90% was stripped in three contacts and the
remaining amount could not be stripped at all. Probably with Ru two types of species are
present in the organic phase, of which only one gets stripped. Table 2.10 gives the results.

Different amounts of Fe(III) in the form of ferric nitrate were added after
ferrocyanide addition and shaken for about 5 min. The solution mixture was centrifiiged
and aqueous and organic phases separated for assay of the radionuclide. It was observed
that most of the activity had gone along with the precipitate. The volume of the precipitate
was very small showing thereby that the activity could be concentrated to a very high
degree from the wastes containing actinides, lanthanides and some other fission products
by using this procedure. Using the present method, the activity can be contained in a
volume about 1/100* of the original volume of the organic phase.
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Table 2.10: Stripping of metal ions with 0.05 M

No. of

Contact

I

11

III

IV
V

VI

Oganic

phase

% of stripping

Am

51.09

45.82

2.89

0.08

-

-

0.02

Eu

52.56

44.25

2.96

0.00

-

-

0.31

U

6.48

38.89

37.42

15.23

-

-

2.12

Np

73.92*

-

-

-

-

-

1.57

Pu

0.73

5.55

86.30

7.11

-

-

-

Zr

73.88

17.91

1.94

0.79

-

-

5.63

Ru

80.63

10.22

1.38

-

-

-

9.50

Fe

58.24*

8.86

4.64

-

-

-

-

*ppt

To assess the complexing behaviour of lanthanides and actinides with
ferrocyanide ion, the complexing of Eu3* with the above ligand was studied using sodium
form of dinonylnaphthalene sulphonate. Formation of 1:1 Eu3+ to ligand complexes has
been observed. A very high Bi value (-100) as compared to those with Cl\ NO3* and SCN"
(between 1 and 2) suggests the reasons for the usefulness of ferrocyanide ion for the
stripping of these metal ions from loaded organic phases.

2.1.5 NOVEL EXTRACTANTS FOR U(VT) AND Pu(IV)
2.1.5.1 Influence of the nature of some organic diluents on the extraction of U(VI)
and Pu(TV) by tri-iso-amylphosphate (TAP) from nitric acid solutions
J.P.Shukla and M.MGautam*
* Reactor Operation Div.

Extraction efficacy of U(VT) and Pu(IV) from nitric acid solutions by tri-iso-amyl
phosphate (TAP) was examined using a host of inert organic solvents in order to establish
the correlation between their distribution coefficients (DM) and some intrinsic physico-
chemical properties of the diluents. Proper selection of an optimum diluent can be almost
as important as choosing the organic extractant and often influences the kinetics and
therefore equipment type, stages required, economy of equipment and solvent inventory,
etc. [1].

Results for the extraction of U(VT) and Pu(IV) by 0.2 M TAP in various organic
solvents from nitric acid solutions of varying molarity at ambient temperature are
summarised in Table 2.11. Values of Du and D^ enhance with increasing acidity to a
maximum which occurs at initial HN03 concentration in the range of 2-5 M for all solvents
except nitrobenzene and subsequently falls again after 7 M. At lower acidities, the increase
in the Du and D^ is ascribed to the salting out effect, while at higher acidities the decrease
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in the extractability arises from the competition between metal cations and HNO3 for
association with TAP.

The extracted solvated species is shown to be UO2(NO3)2.2TAP for U(VI) and
Pu(NO3)4.2TAP for Pu(IV) irrespective of the solvent nature.The extraction rate is lower
in halogenated hydrocarbons as compared to other diluents used. Among benzene
derivatives, extraction is found to increase with number of substituted methyl groups with
a few exceptions particularly in case of xylene; nitrobenzene proved to be poorest.
Among the properties showing good correlation with DM S are Hansens three- dimensional
solubility parameters and Dimroth empirical solvent polarity parameters [E-rpo)] [1].
Polarizability indices are most satisfactorily applicable to a wide variety of solvents.

The DM S for the extraction of U(VI) and Pu(IV) from nitric acid media into
different diluents show certain dependency on solvent polarity which is expressed in terms
of ETOO) values. However, this correlation is not valid with diluents of varying composition.
By assuming a regular solution, the DM S of U(VI) and Pu(IV) from acid solutions can be
expressed in terms of the solubility parameter of TAP, diluent and the complex formed in
the organic phase and their molar volumes. Also, a linear correlation between the
polarizability index and D s of U(VI) and Pu(IV) with TAP normalised to the water
solubility in the solvent is

Table 2.11: Extraction of U(VI) and PuflV)
aqueous phase nitric acid concentration

Diluent

Benzene

Hexane

Nitrobenzene

Toluene

Xylene

Sbell-sol(2046)

Cumene

Dodecane

Monochloro
benzene

l,2dichloro
ethane

Carton
tetrachloride

into various diluents by TAP as a function of

HNO3, M

1.3

Du

0.98

0.95

Neg.

1.36

1.16

1.04

0.83

0.84

0.69

0.23

0.48

D^

0.26

0.31

0.06

0.36

0.41

0.38

0.24

0.33

0.24

0.07

0.11

2.0

Du

2.71

2.20

Neg.

3.22

3.06

2.67

2.18

1.78

1.75

0.56

1.51

Dp,,

0.71

0.71

0.16

0.86

1.03

0.71

0.75

0.51

0.48

0.23

0.26

5.1

Du

6.19

4.16

Neg.

6.15

5.71

5.58

3.30

4.59

4.26

2.3

4.48

D.H,

1.60

1.60

0.38

2.07

2.71

1.91

2.48

3.15

1.82

1.23

1.30

7.3

Du

5.10

3.48

Neg.

5.01

5.31

5.19

4.53

3.87

3.38

1.99

3.86

DPU

2.08

1.41

0.47

2.26

3.01

2.26

3.12

2.79

1.58

1.58

1.6

8.0

Du

4.64

2.91

Neg.

4.14

3.92

4.61

. 4.06

3.29

2.28

1.66

3.55

Dpu

1.92

1.20

0.48

2.30

2.94

2.26

2.80

2.61

2.06

1.54

1.59
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obtained. Lowest DM values in halogen substituted hydrocarbons are not unexpected as the
protons in these molecules are most likely to form H-bonds with the phosphorylated
oxygen of TAP than those in other solvents studied herein.

Reference
[1J. J.P.Shukla and C.S.Kedari, J.Radioanal.Nucl.Chem.Art., 207,93 ( 1996)

2.1.5.2 Di(2-ethyl hexyl) butyramide and di(2-ethyl hexyl) isobutyramide as
extractants for Uranium(VI) and Plutonium (IV)

D.R.Prabhu, G.R.Mahajan and G.M.Nair

Fig 2.5 )̂ Values as a function of aqueous nitric acid
concentration in the extraction with 1 M D2EHBA.

Long chain aliphatic amides are known to be applicable for the extraction of
actinides. The isomeric amides are able to extract plutonium(IV) and uranium(VI)
selectively, depending upon the acidity and the functional group [1]. Musicas et al., have

used the mixture of these two
amides for the separation of
uranium and plutonium using
branched n-dodecane (TPH) as
the solvent [2]. It was decided to
try this experiment using n-
dodecane as the solvent.

Both the amides extract nitric
acid. The equilibrium constants
(kH) of the acid extraction by
D2EHBA and D2EHTOA, were

obtained by titrimetric method [3]. The variation of Du and Dn, with the nitric acid
concentration is graphically shown in figures 2.5
and 2.6. It was observed that uranium(VI) and
plutonium(rV) are well extracted by D2EHBA
where as plutonium(IV) is poorly extracted by
D2EHEBA at all acid concentrations. D»

The log-log plot of DM against the amide
concentration showed that U(VI) is extracted as
disolvate by both the amides, whereas Pu(IV) is
extracted as disolvate with D2EHIBA and
trisolvate with D2EHBA. The equilibrium Fig 16 JX, as a function of aqueous nitric arid
constant (K) values were derived from DM. The conoentraticnHithcodiacticnvHthlMD2EHia4
distribution data were also obtained by carrying out the extractions in the temperature
range 15°C to 45°C. From the plot of the log K against 1/T°K (fig. 2.7), AH values were
evaluated from their respective slopes. The thermodynamic parameters of the uranium and
plutonium extraction reactions in the D2EHB A / D2EHIB A - n-dodecane system are given
in table 2.12.

10
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LogK
3.

2.

1-

0-

0.0031 0.0032 0.0033 0.0034 0.0035

1/T

Fig 2.7: Enthalphy evaluation of extraction reactions
involving U(VI) and Pu(IV) amide

1M HN03.

The mixtures of these
two amides were used to
extract U(VI) and Pu(IV) at
one acidity and separate them
at the other acidity. The
results showed that a mixture
of 0.8M D2EHBA and 0.2M
D2EHIBA in n-dodecane
could be used to extract
U(VI) and Pu(IV) at 4M
HNO3 and separate them at

Table 2.12: Thermodynamic parameters of the U(VI) and Pu(IV) extraction

system

U{VI)-D2EHBA

PutfV)-D2EHBA

U(VD-D2EHTOA

PuaV)-D2EHIBA

AGkJ/mol

-1.45±0.04

-7.3&±0.22

-0.78±0.02

-0.40±0.01

AH kJ/mol

-29.17±1.95

-25.15±1.47

-17.06±2.16

-32.00±2.03

TASkJ/ mol

-27.72*1.95

-17.77±1.49

-16.28*2.16

-31.6O±2.03
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2.1.6 LIQUID MEMBRANE STUDIES
2.1.6.1 Development of liquid membrane processes for decontamination of radiotoxic
actinides from acidic wastes
J.P.Shukla, MM.GautanT, A.K.Pandey and R.H.Iyer
(*Reactor operation Division)

Generation of low level liquid waste (LLLW) / medium level liquid waste (MLLW)
is unavoidable in radiochemical laboratories and in spent fuel reprocessing by the PUREX
process. Such wastes are generated in nuclear facilities by decontamination of active
equipments or of active liquid effluents. With a view to seek a process which is both
technically efficient in removing the contaminants from such LLLWs and MLLWs and also
feasible for large scale operations, active transport of actinides like uranium, plutonium,
americium and associated long - lived fission products across various membrane
configurations, viz. bulk, supported and emulsion liquid membranes was systematically
studied. Efficacy of a host of commercially available organic extractants like
organophosphorus compounds, macrocyclic crown compounds, liquid cation / anion
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exchangers, amides, sulfoxides, cyanex group of reagents etc. was evaluated in detail for
their potential applications as carriers. An efficient decontamination of radiotoxic cations -
ladden LLLWs / MLLWs could be easily accomplished in some of the systems while
affording high volume reduction factors (VRF) and large permeant concentration factors.
Feasibility of employing track - etched membranes (TEM) as a support in flat - sheet
supported liquid membranes (FSSLM) was also systematically tested. TEMs are unique
since all the pores, with well defined pore geometry, are formed by the same mechanism.
These were made by bombarding Makrofol-N (30 um thickness) with l61 Dy
tons of 13 MeV / nucleon energy and subsequently enlarging the pore diameter by suitable
chemical etching. TEMs were also prepared by bombarding Makrofol plastics (10 am
thickness) with fission fragments from 2S2Cf. Preliminary studies so far performed indicated
that more than 90% Am could be transported in ca. 8Hrs by using TEM support having
17% porosity and 27.9 um pore length. The permeability coefficient decreased with
increasing pore density up to 10% and thereafter it remained virtually constant whereas
very small and large pore sizes caused a decrease. Life time (maximum stability) was seen
to be dependent on the pore size; SLMs with smaller pore size were found to be stabler
than those with large pore size.

A comparison of TEMs with commercial membr-anes as given in Table 2.13,
Table 2.13: Comparison of transport of americium (HI) across FSSLM indicated that these
having different polymeric supports could be used as

Elapsed time : 8hr supports for the
Carrier. (0.2M CMPO + 1.25M TBP) in dodecane FSSLMs with the
Strippant : 1.0 M oxalic acid . . . ~

— " ^ same magnitude of
permeability of
Am(III) besides
improved properties
like reusability, well
defined pore
geometry, high
tensile strength,
uniform pore density
and pore geometry,
unit tortuosity and
radiation stability.

Experiments demonstrated that pore characteristics, viz. pore length, pore diameters (inner
and outer) and porosity influence both the permeability coefficient of Am(HI) across the
FSSLM containing the TRUEX extractant (0.2M CMPO + 1.25M TBP in dodecane) and
the FSSLM stability.
2.1.7 POLYETHYLENE GLYCOL BASED AQUEOUS BIPHASIC SYSTEMS
2.1.7.1 Partitioning of americium(III) in a PEG based aqueous biphasic system in
presence of phosphotungstic acid.
C.S.Pawaskar*, P.K.Mohapatra and V.K.Manchanda
* Waste Management Division

Membrane

2 - E P P

PTFE(TE-36)

TEM

Specifications

Pore diameter = 0.2 um
Thickness - 130 -180 um

Porosity = 70%
Pore diameter = 0.4S um
Thickness = 160 \aa

Porosity «84%
Pore diameter = 1.6 um (inner)

= 2.1 um (outer)
Porosity = 17%

Recovery of Am
(%)

80

90

92
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Polyethylene glycol (PEG) based aqueous biphasic systems are of particular interest
as they offer a novel approach in metal ion separations.The major advantages are i) the
possibility of partitioning of metal ions from aqueous media containing high salt
concentration, ii) volatile, expensive, inflammable organic diluents ( a few toxic) are
avoided completely and iii) organophilic extractants are not required. The use of water
soluble complexing agents such as Arsenazo III, Xylenol orange and Alizarin complexone
are often used for PEG based metal ion separations [1,2]. Phosphotungstic acid a
heteropoly acid capable of metal ion complexation is used in the present work as an
alternate counter anion.

Distribution studies of Am(III) were carried out in aqueous biphasic systems
consisting of 40% (wt/wt)
ammonium sulphate and 40%
PEG-2000 in presence of
phosphotungstic acid ( >10"6

M) as the counter anion.
Though a single phase was
obtained after equilibrium,
phase disengagement was

Table 2.14: P A , as a function of PEG molecular weight
PEG Type

PEG 1000
PEG 2000
PEG 3400

DAH, (without
PTA)
0.02
0.03
0.02

Dtotwith
PTA')

182
67.9
16.1

equilibrium
pH b

4.80
4.27
4.45

a: [PTA] = lxKT* M; b: pH was initially adjusted to 4.00.

500

400

300

200-

100-

0-

no PTA added

in presence of 1x10* M PTA

possible after centrifuging for
about 10 minutes. The volume ratio of the PEG-rich phase to that of salt-rich phase
changed significantly after equilibration thereby changing the composition of each phase.

The equilibrium was attained only
after three hours of agitation.

A linear correlation with 1.2
slope was observed between the
distribution ratio of americium (DAK)
and the phosphotungstic acid in the
concentration range lxl 0"*M to
lxl0"3M suggesting the formation of
1:1 M:L species. The experiments

carried out at different pH values
showed sharp increase in DAB with
increase of pH in the range 3.0 to S.O
(with a slope of 2.7), beyond which

the slope decreases.
The extraction equilibrium can

be represented as:

-?=
20

=?= =?=
30 36 40

vrt. percent (NH^SO,

Fig. 2.8: Am(in) extraction as a function of ammonium
sulphate concentration; [PEG-2000] - 40%; pH - 4.

Am3+ + H3PTA —AmPTA + 3H*

A linear relation was observed in the PEG variation experiments with a negative
slope. This is explained on the basis of the unfavourable destabilization of water structure
in the PEG-rich phase by the extremely bulky PTA complex of Am(IH) with increasing
PEG concentration. The salt concentration variation experiments suggest that though the
increasing salt content favours ion association and hence increased partitioning, at still
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higher sulphate ion concentration the aqueous complexation has an opposite effect. The net
effect was an extraction maxima at a salt phase composition of 30% (fig. 2.8).

The effect of polymer molecular weight on Am extraction is shown in table 2.14.
The extracting ability of the different PEGs employed in this work followed the trend:
PEG-1000 > PEG-2000 > PEG-3400 though the equilibrium pH values were different in
each case (table 2.14). This trend remained unchanged when the experiments were carried
out using a buffer solution at pH 4.00, though the DAB, values decrease significantly.

References:
[1]. R.D.Rogers, A. H. Bond and C.B. Bauer; Sep. Sci. Tech., 28,1091 (1993).
[2]. ILD.Rogers, A.H.Bond and C.B.Bauer; Sep. Sci. Tech., 28, 139 (1993).

2.1.8 INORGANIC ION-EXCHANGERS
2.1.8.1 Characterization and applications of some inorganic ion-exchangers for
fission product separations
J.P.Shukla, K.L.Narasimharao'and B.M.Pande**
* Isotope Division; **Chemistry Division

Effects of electron beam irradiation on the inorganic ion-exchangers such as
ammonium molybdophosphate (AMP) and hydrous manganese dioxide (HMD) were
investigated by subjecting the exchangers to electron doses from 0.1 to 400 MGy and
subsequently studying electron paramagnetic resonance (EPR), X-ray diffraction (XRD),
scanning electron microscopy (SEM), energy dispersive X-ray microanalysis (EDX) and
ion exchange capacity of the control and irradiated samples.

The EPR spectra of AMP samples were recorded at 77° K. An isotropic EPR signal
was observed at g = 1.9S78 in the sample of AMP, both control and irradiated and
identified as Mo(V). A steep increase in the signal in the dose range O.S to 1 MGy and a
saturation from 1 to 2 MGy suggests that AMP exhibits radiation resistance at a dose levels
less than 0.5 MGy and reduction of Mo(VI) to Mo(V) takes place predominantly in the
region 0.5 to 1 MGy. Radiation annealing may be responsible for the limiting concentration
of Mo(V). The colour of AMP changed partially from yellow to green on irradiation upto
50 MGy and to black and white on irradiation in the range 100 to 400 MGy. In the sample
irradiated to 400 MGy, the most predominant colour was white. Increasing doses of
radiation changed the colour of AMP from yellow to green, black and finally white.

The SEM analysis showed an increase in the particle size of irradiated AMP. The
mean areas of particles obtained using the photographs were 3.50 urn2 for the control, 3.65
um2 for the sample irradiated to 2 MGy, 107 um2 for the sample irradiated to 100 MGy
(black) and 1.45X103 um2 for the sample irradiated to 100 MGy (white). White particles
had a longitudinal shape without any microstructure unlike all the others which had
irregular shapes and also microstructures. The P / Mo weight ratios as determined by the
EDX technique for the different coloured samples of AMP irradiated to 200 MGy were
found to be 0.0127 for yellow, 0.006 for black and nil for white respectively as against
0.0146 for the control. High doses of electron irradiation probably cause decomposition of
AMP, molybdenum being retained preferentially compared to the other constituents.
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The XRD of AMP irradiated to 1 MGy showed slight changes from that of the
control sample, the most

Table 2.15: X-Ray Diffraction patterns of AMP control and mp0Ttant b e i n g m m c r e a s e m

the ratio of the intensity of the
peak due to [110] plane to
that of the peak due to [222]
plane from 0.465 to 0.504
indicating a decrease in
porosity. The samples of
AMP irradiated to 100 and
200 MGy with black colour
show amorphous nature, the
degree of amorphization
increasing with the radiation
dose. The XRD of the
samples irradiated to 200
MGy showed the peaks of
M063 in addition to those of
AMP, but the inter planar
spacings (d) were enhanced
in some of the instances.
Electron irradiation of AMP
caused its partial dissociation
with the formation of MOO3.
The XRD patterns of AMP
control and samples
irradiated to 200 MGy (both
black and white portions) are
shown in Table 2.15.

Since irradiation to
high doses may cause a
localized rise in temperature
and an indirect rise in pressure
due to release of gaseous
products of radiolysis,
experiments were carried out

to investigate whether high temperature and pressure bring about changes similar to those
caused by electron irradiation in AMP. Heating caused an increase in crystallinity while
pressurization caused the onset of long range disorder. It seems that the transitions to
amorphous states in AMP brought about by electron irradiation and high pressure are
caused by different mechanisms. The ion exchange capacity of AMP was found to decrease
by almost 95% on irradiation to a dose of 100 MGy.

The sample before irradiation was found to be amorphous while it was crystalline
after irradiation. This may be attributed to: (i) reduction of higher oxidation states of Mn

irradiated to 200 MGy {

Control

d(°A)"

8.227

6.730

5.826

4.120

3.365

3.115

2.915

2.748

2.609

2.487

2.288

2.0628

1.9447

1.8927

1.8446

1.8001

1.6503

1.6456

1.5877

1.5833

I/Io"

46.5

2.4

29.4

25.9

100.00

3.9

28.5

7.6

3.0

21.1

11.7

7.9

3.6

8.5

2.9

6.5

12.0

7.0

3.4

1.6

[Black

Irradiated

Black

dTA)

6.9051

3.7946

3.46%

3.2293

2.3159

2.1480

1.9419

1.9239

1.9151

1.7555

1.3885

I/Io

100.0

64.00

95.06

85.56

64.00

64.00

64.00

64.00

64.00

64.00

64.00

and White)

to 200 MGy

white

dCA)

8.5360

6.9483

3.7914

3.4676

3.3885

3.2577

2.9300

2.6426

2.3082

1.9486

1.8390

1.6849

1.5660

1.5259

1.4309

1.3867

I/Io

14.17

93.07

21.05

100.00

17.94

21.05

14.17

14.17

62.13

14.17

14.17

14.17

14.17

14.17

14.17

14.17

*dC°A) = Inter planar spacing; **I/IO =relative intensity
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present as impurities in HMD to Mn(IV) bringing in more uniformity and the return of the
excited species to the groundstate, occupying stable lattice positions, and (ii) the water of
hydration is deforming the crystal structure of HMD and its loss during irradiation is
restoring the lattice. This hypothesis is supported by the fact that the peak positions in the
irradiated and heated samples of HMD are similar.

On plotting break through curves of AMP ( control and irradiated) for Cs+,
no significant difference between the two curves was noticed upto a maximum

dose of 2 MGy over a period of 1000 sec. using the ILu-6 electron irradiator. The
1% breakthrough capacity was calculated to be 0.32 meq/g for both control and

irradiated samples. Similarly, the total exchange capacities of the respective samples
under the same conditions were found to be 0.330 and 0.359 meq/g respectively.
Contrary to this, the ion exchange capacity of this exchanger is lost by about 95%
on irradiation to a dose of 100 MGy. This can be attributed to changes in the
chemical and structural properties of AMP brought about by relatively higher doses.

2.2 APPLIED WORK
2.2.1 ACTINIDE PARTITIONING BY CMPO
2.2.1.1 Partitioning of Actinides from HLW solutions
J.N.Mathur and M.S.Murali
(In collaboration with PESDD and FRD)

For the recovery of Np from HLW solutions, obtained after the treatment of
aqueous raffinate in the PUREX process, the following procedure has been developed.
Np was oxidised to the extractable(VI) state using 0.01M K2G2O7 in synthetic high
level waste (HLW) solutions. The extractant used was 30% TBP in dodecane. Very high
extraction of U(VI), Np(VI)(D~15) and Pu(VI) (D~7) were obtained for both PHWR and
FBR-HLW solutions, whereas for the sulphate bearing SB-HLW solution, these values
were about 6 and 3 respectively. The stripping of the metal ions from the loaded organic
phase was done with 0.1M H2O2 + 0.01M ascorbic acid in 2.0M HNO3 at the organic to
the aqueous phase ratios of 1:1, 2:1, and 4:1. Quantitative recovery of Np has been
achieved.

Based on the above data, a flowsheet (fig. 2.9) for the removal and recovery of Np and
plutonium was prepared and employed while using the actual HLW solution
generated during the reprocessing of research reactor fuels. The solution was spiked with
23*Np. Extraction of U, Np and Pu was carried out in presence of 0.01 M K2O2O7 at an
organic to aqueous phase ratio of 1: 1. The D values were found to be 17.7, 14.4 and 9.3
for U, Np and Pu, respectively, suggesting thereby removal of more than 90 % of these
actinides in a single contact (table 2.16). Stripping of the metal ions from loaded TBP
phase was carried out with the mixture containing 0.01 M ascorbic acid, 0.1 M H2O2 in 2.0
M HNO3 at an organic to aqueous phase ratio of 4 : 1. Nearly 99 % of Np and Pu have
thus been recovered (table 2.16). The mixer-settler run for the extraction of U(VI), Np(VI)
and Pu(VI) from synthetic FBR-HLW containing 0.01M K2Cr207 by 30% TBP/dodecane
was carried out with a 4-stage unit. The extraction of these metal ions was >99.5%. The
stripping of Np and Pu from the loaded organic phase was done with a mixture contaning
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0.01M ascorbic acid, O.IMH2O2 in 2.0MHNO3. Due to the reaction of H2O2 with
potassium dichromate in the organic phase, Np and Pu got refluxed and could not

HLW + 0.01 M
K2Cr207

Extraction
30% 1 TBP

Organit Phase
U(VI), Np(VI), Pu(IV)

stripping with 0.1
M H2O2 + 0.01 M
ascorbic acid
(HNO3 : 2.0 M)

Aqueous Phase
Am(III), Cm(III)
Fission Products

Organic Phase
U

Aqueous Phase
np, Pu

Stripping
Dil HNO3

with

1
Organic phase
for
recycling

Fig.2.9 Flowsheet for partitioning of neptunium, plutonium and uranium from high level waste solution.

be stripped. The stripping procedure was therefore modified for the recovery of these
metal ions. For the next mixer-settler run, the synthetic PHWR-HLW was used arid H8Np
tracer was added while keeping the Np concentration in mM range. Np and Pu were
oxidized to the hexavalent state using potassium dichromate and extracted into the 30%
TBP-dodecane phase. A six-stage mixer-settler having 4 stages of extraction and 2 stages
of scrubbing was used keeping the organic to aqueous phase ratio of 1:1.

Greater than 99% of U and Pu and nearly 100% Np was extracted into the organic
phase. Np and Pu were almost quantitatively stripped by a mixture containing 0.05 M
ascorbic acid, 0.25 M hydrogen peroxide in 2 M HNO3. Recovery of Np, Pu and U was
almost quantitative. The next mixer-settler run was carried out where V O / was used as
an oxidising agent. In the extraction, the concentration of uranium in the synthetic PHWR-
HLW was brought down from 18g/L to ~9mg/L whereas quantitative removal of Np and
Pu was observed.
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Table 2.16: Extraction and stripping of uranium, neptunium and plutonium from actual
HLW (Research reactors) by 30 % TOP

Stripping :

stripping reagent = 0.1 M H2Oj +
0.01 M ascorbic acid + 2.0 M HNO>; organic to

aqueous phase ratio - 4 : 1

Extraction:

organic to aqueous phase ratio = 1 :1

Metal ion

U(VI)

Np(VI)

Pu(VI)

Distribution ratio

17.91

14.46

9.338

Thus VO2
+ can also be

>ed as an oxidising agent. S

% Extraction

94.71

93.53

90.33

efficiently
tripping of

Contact no.

I

II

III

IV

TOTAL

U stripped

(%)

2.31

1.80

1.11

0.53

5.75

Np stripped (%)

65.43

21.60

8.18

3.55

98.76

Pu stripped
(%)

67.62

27.29

3.74

0.81

99.46

the loaded organic phase was carried out
using a mixture of H2O2 and ascorbic acid
in 2.0 M HNO3. Np could be stripped only to ~ 90% and Pu to about 98% at an aqueous
to organic phase ratio of 1:1. Uranium was later on stripped quantitatively by washing
with very dilute nitric acid solution.

Reference
[1]. Annual Progress Report, Radiochemjstry Division, (1994), p62, BARC/1996/P/001.

2.2.1.2 Degradation, clean-up and reusability of CMPO during partitioning of minor
actinides from HLW solutions
J.N.Mathur, M.S.Murali, P.B.Ruikar and M.S.Nagar
[In collaboration with Bio-Organic Division*]

Safe disposal of the nuclear wastes especially those containing long lived alpha
emitters is a matter of great environmental concern. Because of these nuclides, the wastes
even after vitrification and storing in deep geological repositories will require several tens
of thousands of years for surveillance. Octylphenyl-N,N-diisobutylcarbamoyImethyI-
phosphine oxide (CMPO) has been proposed as one of the most promising reagents for the
recovery of MA (minor actinides ) from HLW solutions. During this process the extractant
mixture, 0.2 M CMPO + 1.2 M TBP in dodecane has to go through a moderately hostile
environment, like high concentration of nitric acid, high temperature and above all massive
radiation dose. In order to assess the gamma radiolysis and die reusability of the extractant
mixture, the present work was undertaken. Also, the various degradation products are
identified employing GC and GCMS techniques. The details regarding the experimental
procedures used in this study have been given in ref. [1] and [2].
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Under dynamic conditions, the D values of Am(III) for pH 2.0 at different gamma
radiation doses (table 2.17) are found to be much higher than those under the static
(unstirred) conditions. The experiments carried out under dynamic conditions are much

Table 2.17: Distribution ratios of Am(III) at pH 2.0 and 0.04M HNOj before and after primary
and secondary clean-up for varying doses (under dynamic conditions)

Dose,
Mrad

Ref.
0.55
3.5
5.3

7.04
10.7
15.8
21.1
26.4
36.9

Distribution ratio, D

without any treatment

pH2.0
0.016

-
-

0.55
-

2.77
5.92
16.4
32.7

96.04

0.04M

•

0.23
.

0.38
0.48
0.8
1.21
2.75

after primary
clean-up*

(O/A=l:l)
pH2.0

-
0.02

0.045
0.12
0.17

-
-

0.26
-
-

after
secondary

clean-up**
pH2.0

-
0.017
0.015
0.015
0.02

-
-

0.054
-
-

after primary
cleanup*

(O/A = 4:1)
PH2.0

-
-
-

0.22
-

0.28
0.45
0.85
1.72
2.17

after
secondary
clean-up**

pH2.0
-
-
-

0.05
-

0.06
0.09
0.14
0.24
0.29

• 0.25M Na2CQ3 wash thrice
** 5% basic alumina (W/V) treatment

closer to mixer-settler or pulsed column operations employed for the treatment of large
volumes of HLW. DA,,, at pH 2.0 for irradiated-unwashed solutions under dynamic
conditions, at comparable radiation doses, are much higher and the increase in D values
with increasing doses is higher as compared to the values obtained under static
conditions [3]. The DA* values at 0.04 M HN03 in ref. [3] are more or less constant.
This is contrary to the results obtained in the present study . For Am(HI), the D value of
0.48 with 0.04 M nitric acid at 15.8 M Rad suggests favourable back extraction of Am(UI)
when the extractant mixture is exposed to such high doses.

In order to recycle the extractant mixture to minimise its inventory, a primary
cleanup procedure of washing the degraded solvent mixture with 0.25 M sodium carbonate
was carried out at organic to aqueous phase (O/A) ratios of 1:1 and 4:1. This is followed
by the secondary clean up by treating the mixture with basic alumina to restore it to the
reference condition. While treating with 0.25M Na2CO3 solution at an O/A ratio of 1:1, the
DAHI at pH 2.0 drastically reduces but does not come to the reference value. However,
when treated with basic alumina (not more than 5 % (w/v) as shown by varying
amounts of alumina ), the D values come very close to the reference value. When N&£O$
wash was given at the O/A ratio of 4:1, the DAD, at pH 2.0 are definitely higher than those
at phase ratios of 1:1. After one contact with basic alumina, the D values drastically reduce
(table 2.17, last column) but did not reach the reference value. One or two more contacts
with basic alumina may achieve that value. This information will come handy for deciding
the clean-up operations involving large volumes of the extractant mixture.

Table 2.18 gives the effect of number of contacts of 5% basic alumina on
the restoration of the extractant mixture used in different cycles consisting of irradiating the
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extractant mixture to 10 M Rads and subjecting it to the primary clean up, followed by the
secondary clean-up. Even though the mixture is not restored to reference condition after

Table 2.18: Reusability of solvent mixture using synthetic PHWR-HLW irradiated to 10 M Rad
and subjected to primary and secondary clean-up procedures: DofAm at different
conditions

Cycle No

Ref.
I

n
m

Distribution ratio of Am(UI)

Without any

treatment

pH=2.0

0.016

2.7

2.6

2.9

Primary

clean-up

(CVA=4:1)

pH=2.0

-

0.28

0.49

0.63

Primary
clean-up

(O/A=4:l)

0.04M

HNO3

-

0.22

0.24

0.21

Secondary clean-up; pH=2.0

Contact No.

I

m

0.026
0.049

0.064

II

-

0.022

0.032

0.038

III

-

0.017

0.018

0.017

one contact of alumina, the back extraction of Am(III) is still almost quantitative.
Experiments concerning the retention of Am(IH) in the organic phase have shown a
maximum retention of only 0.8% even before washing with sodium carbonate. GC and
capillary GC-MS profiles of irradiadted n-dodecane has shown the appearance of minor
amounts of degraded products in the retention time range of 8-16 min. The MS of the more
prominent products, arising in the 8-10 min region were found to be similar to 2-methyl-5-
undecanone, 4-undecanone, 3-undecanone and 3-dodecanol.

Further GC-MS studies, in the region of 24-32 min., showed four different
radiolytic products of CMPO, which are identified as octylphenyl phosphinic acid (1) ,
methylphenyl- N,N-diisobutylcarbamoylmethylphosphinic acid(2), octylphenyl- methyl
phosphine oxide (3) and phenyldiisobutylcarbamoyl nitro-methyl phosphine oxide (4).
The detection of (2) and (4) is reported for the first time and their identification is based on
the MS profiles.

References
[1]. J.N.Mathur, M.S.Nagar, KH.Iyer, A.T.Sipahimalani and A. Banerji; 7th National

Symposium on Mass-spectrometry, NSMS-96, DRDO, Gwalior, p.581 (1996).
[2].M.S.Murali, P.B.Ruikar, M.S.Nagar, J.N.Mathur, R H.Iyer, A.K.Bauri,

AT.Sipahimalani and A.Banerji, Nuclear and Radiochemistry Symposium NUCAR-97,
SINP, Calcutta, p. 311 (1997).

[3]. R.Chiarizia and E.P.Horwitz; Solvent Extr. Ion Exch., 8,07 (1990).
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2.2.2 NOVEL REAGENTS FOR URANIUM-THORIUM SEPARATION.
2.2.2.1 Tris(2-ethylhexyl)phosphate and di(2-ethylhexyl) isobutyramide: new
extractants for U-Th separation.
R. Veeraraghavan, P.N.Pathak and V.K. Manchanda

In view of the utilisation of our vast thorium resources, it is desirable to develop
efficient processes for the separation of ^ 'U from irradiated ^ ^ h . Thorex process which
has been developed for the separation and purification of Th and U is based on using TBP
in a kerosene type diluent [1] as the extractant. The poor solubility of extracted Th species
in organic phase and the fall in throughput at lower concentrations of TBP are some of the

problems encountered in using the above
extractant. Work on tri-sec-butyl
phosphate (TsBP), tri-iso-butyl phosphate
(TiBP), as well as higher homologues of
TBP e.g. tri-n-hexyl phosphate (THP) and
tri ethyl hexyl phosphate (TEHP) has been
reported in the literature [2-5]. It was
reported that the limiting organic
concentration (LOC) of Th in dodecane
increases in the order THP > TAP (triamyl
phosphate) > TBP > TiBP [3]. Hence the
extraction behaviour of TEHP, a higher
homologue with branched chain has been
investigated for the first time in the

present study from the point of view of U-Th separation. Since amides are considered as
substitute for TBP in separation of hexavalent uranium and tetravalent plutonium and
particularly di(2-ethylhexyl) isobutyramide (D2EHIBA) is known to extract uranium
selectively leaving plutonium in aqueous phase, the distribution behaviour of D2EHIBA
has also been studied in dodecane medium.The Dm values obtained with varying amount of
Th in the aqueous nitric acid (0.5 - 6 M) and 1 M TEHP in n-dodecane are shown in
fig.2.10. The increase in Dm with HNO3 can be attributed to salting-out effect. Although a
similar effect is expected from an increase in Th(NO3)4 concentration, the decrease in
available free extractant at higher Th content leads to decrease in the Dm values. While
Dm values obtained for 1 M TEHP are similar to those for 1.1 M TsBP, these values are
significantly lower than Dm values for 1.1 M TBP. The decrease could arise due to the
role of steric factors in accomodating bulky branched chain ligands in thorium complex
thereby affecting the stoichiometry of the extracted species [5]

The extraction behaviour of U by 1 M TEHP in dodecane is also shown in fig.
2.10. It is seen clearly that the extraction of U(VI) by TEHP is better than the extraction by
TBP, TsBP and TiBP. Thus, it appears that TEHP is a better choice for selective extraction
of U from irradiated Th matrix. However, the acceptability of TEHP would depend on
other aspects like effect of radiolytic degradation products, limitations of organic phase
loading etc. which are yet to be ascertained.

Rg.2.10. Variation* Du n d DT» a* a function of HNO i concentration
at oWtnnt loading condaom.
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The extraction behaviour of 1 M
D2EKDBA in dodecane medium for
U(VI) and Th(IV) has been investigated
from a wide range of nitirc acid
concentrations using H3U / ^ ^ h as
tracers. It has been observed that
whereas Du varied from <10'3 (pH
2.0) to 4.4 (6M HNO3), Dn, values for
the corresponding acidities were 1.5
xlO"3 and 4 x 10"2 suggesting
D2EHIBA as a potential extractant for
U/Th separation (fig. 2.11). Presence
of Th upto 10 g/L has marginal effect
on Du. In presence of 250 g/L of Th,
Du values were 8.1 (pH 2.0) and 2.4

(6M HNO3) indicating a strong influence of salt effect particularly at low acidity (fig. 2.11).
Separation factor values (Du/Dn,) at pH 2.0, 2M HNO3 and 6M HNO3 were evaluated as
1800, 370 and 60 respectively. Thus, D2EHIBA is found to be promising extractant for
U/Th separation.

References:
[1]. N.Srinivasan, G.R. Balasubramanian, R.T. Chitnis, S. Venkateswaran and R.T.

Kulkami, BARC - 681 (1973)
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(1994)
[3]. A.Suresh, S.Subramaniam, T.G. Srinivasan and P.R. Vasudeva Rao, ibid 13(3), 415,

(1995)
[4]. DJ.Crouse, W.D. Arnold and F.J. Hurst, Proc. Lit, Sol. Extn Conf; Denver,p. 90,

(1983)
[5]. TRSiddaU. Ill, J. Inorg. Nucl. Chem. 13,151, (1960)

2.2.3 SYNTHESIS OF DIAMIDES AND AMIDES FOR ACTINIDE
PARTITIONING AS WELL AS U-Th SEPARATION.
2.2.3.1 Synthesis of pentaalkyl malonamides.
D.R.Prabhu, G.R.Mahajan,V.K.Manchanda and L.P.Badheka*
* Bio organic division

The pentaalkylpropane diamides (RRINCO)2CHRM (where R, R* and R" are alky]
radicals) are found to be excellent extractants of trivalent, tetravalent and hexavalent
actinides from nitric acid medium [1,2]. Diamides are completely incinerable resulting in
the formation of reduced secondary waste in the process unlike organo phosphorous
reagents. They are also reported to be radiolytically and chemically inert as compared to
the organo phossphorous extractants. Hence, the synthesis of substituted malonamides was
carried out to study the efficacy of these ligands as extractants.
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The synthesis of pentaalkyl malonamides was carried out in two parts. Tetra alkyl
malonamides were prepared and then the middle carbon atom was substituted with
required alkyl radical.

(I) Synthesis of N.N.N'.N'tetraalkyl malonamides.
The corresponding amine (RRTSTH,0.5mole) and triethyl amine (0.5mol) were dissolved

in dichloromethane (300mL) in a three necked round bottomed flask (2 lit). The flask was
equipped with a nitrogen inlet delivery tube, a dropping funnel (500 mL) and a calcium
chloride guard tube. The solution in the flask was cooled to 5°C and freshly distilled
malonylchloride (0.25mole) in dichloromethane(300 ml) was added dropwise via dropping
funnel with constant stirring. The mixture was refluxed for four hours after bringing the
temperature of the bath to 40°C (which is the boiling point of CH2C12). The product was
washed thrice with chilled water to remove triethylamine hydrochloride salt. Subsequent
washing with 5% NaOH and 5% HC1 removed any unreacted amine and malonyl chloride
respectively. This was followed by washing with distilled water and drying the washed
product over anhydrous sodium sulphate. The diamide was purified further by vacuum
distillation after removal of the solvent. Finally recrystaUisation of the distilled product
using n-hexane was carried out. Two malonamides namely (1) N.N'-dimethyl, N,N*-dibutyl
malonamide (DMDBMA) and (2) N,N,N\N'-tetra butyl malonamide (TBMA) were
synthesised using the above method.

(ID Synthesis of R" alkvlated N.N.N'.N'-tetra alkvl malonamides.
In a three necked round bottomed flask sodium hydride (5.0g, 50% suspension in oil)

was taken and washed with dry pentane to remove oil. The free sodium hydride was then
dissolved in dry dimethyl sulphoxide (DMSO, 200mL) at 70°C The colour of the solution
was greenish blue. The corresponding tetra alkylated malonamides (0.1 mole in dry
DMSO; 100 mL) was added drop wise and the solution was further stirred for three hours.
The alkyl halide (R"X , 0.1 mol) in dry benzene (100 mL) was added drop wise to this
solution and stirred overnight. To this solution 200 mL of petroleum ether and 300 ml of
chilled water were added. The organic phase was separated and the final product was
obtained by vacuum distillation after removing the solvent. In all, the following four
substituted malonamides were prepared.

(1) N.lSP-dimethyl, N,lsT-dibutyl-2-undecyl propane-1,3 diamide (DMDBUDMA)
(2) N,N>-dimethyL NrN

1-diburyi-2tetra decyl propane-1,3 diamide (DMDBTDMA)
(3) N,N,N1,N'-tetrabutyl-2-undecyl propane-1,3 diamide (TBUDMA)
(4) N,N,N\N'-tetrabutyl-2-tetradecyl propane-1,3 diamide (TBTDMA)

III. Characterisation of the diamides
Elemental analysis:- Carbon and hydrogen were determined by the combustion method.
Nitrogen was determined by Duma's method.
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Table 2.19: Elemental analysis data, amide content(estimated volumetrically),
boiling point and infrared stretching frequencies for -C=O group.

Determination of amide content - The amide contents were determined by non-aqueous
potentiometric
titration in
acetic anhydride
using perchloric
acid in dioxane
as titrant. The
diamides
reported here
have been found
to behave as
monoacidic
bases. The
analytical data
of the various
diamides are
given in table

2.19.
Infrared spectra:- The carbonyl stretching frequencies of the diamides were deterimined by
measuring their IR spectra as thin films between KBr pellets using a PU-9512 infrared
spectrometer and are listed in table 2.21.
PMR Spectra:- PMR spectra are obtained for all the diamides in CDC13 using FTNMR
(Bruker200) and interpretations are listed in table 2.20.
KH detemination:- These diamides extract nitric acid when equilibrated with nitric acid
solutions. The relative basicities can thus be evaluated by determining the equilibrium
constants for the uptake of nitric acid by these amides (3). The average values of the
equilibrium constants for HNO3 uptake (KH), aqueous nitric acid concentrations
corresponding to third phase formation as well as D̂ m (as a function of initial [HNO3])
observed are given in table 2.21. In view of the particularly poorer distribution of

Table 2.20: lH chemical shift data (in ppm) of tetra alkyl and penta alkyl malonamides.

Amides

DMDBMA

TBMA

DMDBTDMA

DMDBUDMA

TBTDMA

TBUDMA

% amide

100.7

101.2

99.1

99.5

99.5

100.2

%C

64.4
(64.5)
69.4

(69.9)
74.4

(73.9)
73.5

(72.7)
76.3

(75.9)
75.9

(75.0)

%H

10.1
(10.2)
12.0

(117)
6.8

(6.4)
6.5

(7.1)
4.4

(5.4)
5.9

(6.0)

%N

11.7
(11.6)

8.5
(8.6)
11.6

(12.1)
13.1

(12.1)
12.4

(12.6)
11.9

(13.0)

B.P. (°C)
(0.1mm)
200-210

235-240

210-220

220-225

240-245

235-240

Veto (cm1)

1640

1637

1629

1637

1637

1632

Amide
DMDBMA

TBMA
DMDBTDMA
DMDBUDMA

TBTDMA
TBUDMA

-C-CH3

0.91
0.87
0.83
0.86
0.86
0.86

-C-CHr-C-
1.27
1.25
1.24
1.20
1.22
1.23

-N-CHr-CHr
1.43
1.46
1.43
1.40
1.45
1.45

-N-CHj
3.03
—

2.87
2.90
—
—

-N-CH2-
3.35
3.27
3.24
3.27
3.22
3.22

-OOCH-CO-
3.46
3.39
3.45
3.50
3.44
3.40

trivalent actinides by conventional extractants like TBP, TOPO and HDEHP, performance
of ligands specially designed for actinide partitioning is evaluated by their ability to extract
Am from nitric acid medium. KH values indicate that the basicity is influenced largely by the
N-alkyl groups rather than C-alkyl groups. Combination of a small alkyl group (-CH3) and
a large alkyl group (-C4H9) as N-substitutents appear more favourable than the
combination of two long alkyl groups (-C4H9) for the over all basicity of the diamides.
Whereas the long alkyl group increases the basicity due to the +1 effect, short alkyl group
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facilitates the co-planarity essential for the resonance effect. Presence of bulky R" group
enhances the solubility of the ligands in n-dodecane as well as metal chelation process.
Third phase formation is influenced largely by the solubility of the diamide-HNC>3 adducts.

Table 2.21: KH values of pentaalkyl diamides and D A . at different concentrations of nitric acid

Diamidcs

DMDBTDMA
TBTDMA
TBUDMA

DMDBUDMA

KH values'

0.32
0.26
0.27
0.39

DA,,,

1M
0.66
0.33
0.10
0.22

2M
2.87
1.20
0.87
3.2

3M
9.17
2.05
2.22

b

4M
16.87
5.12
6.61

5M
20.24
8.37
8.04

b

6M
16.81
11.88
12.96

b

7M
11.78
15.02
11.46

b

8M
7.59
7.49
4.62

b

a: at 3M HNO3; b: third phase formation.
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2.23.2 Synthesis of N,N' dialkyl amides
D.RPrabhu, G.R-Mahajan and V.K.Manchanda.

L Synthesis of N,N-di(2-ethylhexyl)isoburyramide (D2EHLBA)
D2EHDBA has been found to be a promising extractant of U(VI) over Pu(IV). To

explore its potential in the separation of a 3 U from irradiated 232Th, it was synthesized as
follows:
0.5 mole of di (2-ethylhexyl)amine was adjusted as 1.25M by adding 400 mL of CHCU. To
this, 0.5 mole of triethylamine was added and the temperature was brought down to 5°C. In
a separating funnel, 0.5 mole of isobutyryl chloride was taken and to it was added 50 mL
of CHCI3. The separator was capped by a guard tube and its content was added gradually
(20 drops/min) to the reaction vessel with constant stirring. After the addition was
completed, the separator was replaced by reflux condensor and the temperature of the
mixture was raised to ~ 60-62°C. The mixture was refluxed for two hours. After cooling
to R.T., the triethylamine hydrochloride and the unreacted reactants were removed by
washing with 5% NaOH solution, 1.2M HC1 and finally, with water until it was free of
acid.

Table 2.22:
-N-CH2

3 . 2

PMRdata
-CO-CH-

2.76

for
-N-CH

D2EHIBA
2-CH

1.55

(chemical shifts in
-C-CH 2 -C-

1 . 2 1
CH3-CH-CH

1.08

PP

1
m).
C-CH3

0.83

Traces of moisture were removed by keeping the organic phase over anhydrous
overnight. The excess of chloroform was distilled off and the thick liquid was vacuum-
distilled (0.3mm of Hg). The pure monoamide was obtained at 160°C (0.5mm ) as a
constant boiling fraction (yield = 86.7%).
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D2EHTOA was characterized by elemental analysis C: 77.7 (77.2); H: 13.4 (13.2);
N: 4.6 (4.5) and non-aqueous titration (99.5% purity). PMR spectra is summarized in
table 2.22 and the vc=<> was observed at 1637 cm'1 in the purified product.

2.2.4PROCESS ANALYTICAL SEPARATIONS USING PMBP
2.2.4.1 Extraction of Pu(IV) in PUREX process samples using a pyrazolone
V.K.Manchanda, K.K.Gupta*, N.Varadarajan* and R.K.Singh*
* Process Control Laboratory, PREFRE, BARC, Tarapur.

The measurement of Pu(IV) proportion in the PUREX process feed solutions prior to
co-decontamination and Pu purification cycles is an important process control parameter
for plant operation. The method currently in use involves the quantitative chemical
separation of Pu(FV) by solvent extraction using thenoyltrifluoroacetone (HTTA) solution
in xylene as an extractant and it's subsequent determination by alpha-radiometry [1]. There
is however, a drawback of this method viz. the ability of HTTA to extract Pu(IV)
efficiently only from weak acidic solutions ( up to 1 M ). This necessitates the adjustment
of acidity of sample aliquots to 1 M HNO3 prior to HTTA extraction. It is well known that
the rate of disproportionation of Pu(IV) increases with decrease in acidity and a measurable
disproportionation of Pu(IV) occurs at HNO3 concentration below 1.5 M [2].It is therefore
desirable to explore alternate extractants capable of extracting Pu(IV) under acidity
conditions prevailing in the process. An attempt has been made in the present work to
explore the use of l-phenyl-3-methyl-4-benzoyl-5-pyrazolone (HPMBP) for the
determination of Pu(IV) in the PUREX process samples without effecting any change in
acidity.

Pu4+
(.) +4HPMBP(O) <=>Pu(PMBP)4(o) .) (1)

Table 2.23: Distribution ratio data
of PuflV) between 3.5M HNO, and
various concentrations of HPMBP

Extraction constant of Pu(IV)-HPMBP system for the two phase equilibrium shown in
equation (1) is distinctly larger (log k« = 12.90) as compared to that for Pu(IV) -HTTA
system (log k« = 6.62) [3]. It has been observed in the present studies that 0.05 M
HPMBP is capable of extracting tracer concentrations of Pu (~1.0xl 0'5 M) quantitatively
upto 4M HNO3.

On the other hand, 0.05M HTTA extracts about 80%
Pu(IV) at 1M HNO3 and it is ineffective if the sample
acidity is raised to 3M. Apart from being
thermodynamically a better extractant, HPMBP is
kinetically too a versatile extractant [3]. As the PUREX
process solution is usually maintained at -3.5M HNO3,
the extraction data was obtained as a function of HPMBP
concentration at this acidity. It is clear from table 2.23
that 0.05M HPMBP is sufficient to extract >99.5% of

Pu(IV).

HPMBP(M)

0.0125
0.025
0.05
0.1

DpudV)

12.03
119.5
277.0
794.0

%E

92.32
99.17
99.64
99.87
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Table 2.24: Analytical data of few typical process solution samples
HNO3

(M)

3.49

3.84

2.85

4.06

3.49

U(g/L)

19.16

18.19

33.5

18.26

17.26

Gross
f.p.'s

activity
(mCi/L)

2.30

1.32

6.38

1.56

2.30

Pu
Total

(mg/L)

208.60
+1.96

493.23
+2.16e

g/L
1.04+
0.09

325.52
+1.96

336.19
+2.32e

Dpu(iv> with
0.05M

HPMBP8

207.96+
2.12

485.19+
1.99

493.32+
2.10
g/L

1.04+
0.08

326.26+
2.62

292.07+
1.96

335.86+
2.19

Dpu(iv) with
0.1 M

HPMBP3

208.68+
1.86

486.20+
2.69

493.10+
2.22
g/L

1.05+
0.01

325.62+
2.32

291.89+
2.12

336.29+
2.10

Dpu(iv) with
0.1 M

HPMBPb

208.36+
2.36

485.86+
2.19

493.93+
2.32
g/L

1.04+
0.01

325.86+
2.20

291.73+
2.00

335.92+
2.30

DpU(iv) with
0.5M

HTTAC

208.56+
2.36

485.39+
2.92

494.06+
2.30
g/L

1.04+
0.01

325.82+
2.90

292.26+
1.96

336.39+
2.42

Dpu(iv)With

0.5 M
HTTAd

179.28+
2.36

436.85+
3.21

439.71+
3.61

936.31+
3.12

286.72+
2.91

254.27+
2.92

292.66+
2.36

a Sample aliquots were diluted with HNCbofthe same concentration as that of the original sample,
b Sample was extracted without dilution; c 1.0 M HNO,; d 1.5 M HNO3; e These values were obtained after

treating the sample with 0.005M NaNCh

Table 2.24 shows the distribution data obtained with the actual process solutions
for co-decontamination as well as Pu purification cycles. Samples contained varying
concentrations of U (range: 18.19g/litre to 33.5Og/litre), fission products (gross P,y activity
varies from 1.32 mCi/litre to 6.38 mCi/litre) and acidity (2.85M-4.06M HN03). Each
sample was analysed in duplicate by following five different approaches:
(a) without any dilution of the process sample using 0.1M HPMBP,
(b) on dilution with nitric acid corresponding to the process sample and using 0.1M
HPMBP,
(c) on dilution with nitric acid corresponding to the process sample and using 0.05M
HPMBP
(d) on dilution with 1M HN03 and using 0.5M HTTA
(e) on dilution with 1.5M HN03 and using 0.5M HTTA.

Excellent agreement of the first four sets suggest (i) as low as 0.0SM HPMBP is
sufficient to quantitatively extract Pu(IV) from process solution and (ii) disproportionation
of Pu(IV) is not significant at 1M HNO3 during the course of present experiment. Under
the experimental conditions employed, disproportionation appears to be a kinetically slow
reaction.

Table 2.24 also shows that D values drop significantly when 0.5M HTTA is used and the
acidity is increased to 1.5 M HNO3. Obviously the decrease is related to the increase of
JTHT] and [NC^l concentration rather than any disproportionation of Pu(IV). It is concluded
that HPMBP is a promising extractant of Pu where as low as 0.0SM ligand can be
employed for the determination of Pu(IV) in the process samples.
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2.2.4.2 Recovery of plutonium from oxalate supernatant using l-phenyl-3-methyl-4-
benzoyI-5-pyrazolone.
P. K. Mohapatra and V. K. Manchanda

The supernatant after the oxalate precipitation of plutonium recovered in the
PUREX process contains about 100-200 mg/L of Pu and 10-20 gm/L of U in 0.2M oxalic
acid and 3M nitric acid. Apart from ion-exchange, solvent extraction methods employing
aliquat 336 or a mixture of CMPO and TBP have been reported in the literature [1,2]. In
both the ion-exchange and the solvent extraction methods, the distribution ratio values of
Pu drop sharply at oxalic acid concentration > 0.1M. In addition, both methods require
high nitric acid concentration for quantitative extraction of Pu(I V). The present method
employing PMBP in xylene as the extractant is relatively insensitive to nitric acid
concentration in the range 1-3M and can tolerate oxalic acid concentration upto 0.4M.

The valency state of Pu in the tracer experiments ( carried out in the absence of
uranium) was adjusted to +4 by H2O2 and NaN02 and subsequently extracted by 0.5M

Tabk 2.25: Extraction of Pu(IV) as a function of HNO3 and TTA in xylene. The Pu(IV)
oxalic arid concentration; fPMBPl»0.05M. thus extracted, was stripped

into an aqueous solution
containing 0.2M oxalic acid
and 3M HN03, which was
subsequently used as the
aqueous phase. The ligand
concentration variation
experiments suggested that
0.05M PMBP in xylene
extracts PufTV) >96% in a

single contact indicating that in two contacts Pu can be extracted from the aqueous oxalate
medium quantitatively. Table 2.25 shows the distribution data as a function of oxalic acid
concentration as weU as nitric acid concentration indicating that at a fixed oxalic acid
concentration of 0.2M there is a sharp fall in Dpu value after 4M HNO3 though
it remains constant in the range of 1-3M. On the other hand, when experiments were
carried out at varying HNO3 concentration in the absence of oxalate ion, there was a
continuous drop in Dpu upto 8M HNO3. The steady Dpu value at lower acidity with 0.2M
oxalic acid is attributed to the fact that with the increase of HNO3 concentration the
effective oxalate anion concentration drops significantly thereby countering the effect due
to nitrate complexation and increased acidity.

iHNar
1.0 M
2.0 M
3.0 M
4.0 M
6.0 M
8.0 M

2357
450
125
91.7
1.75

0.002

fHNQjl"
1.0 M
2.0 M
3.0 M
4.0 M
6.0 M
8.0 M

24.7
25.6
26.8
18.8
0.%
—

[oxalic acid]"
0.08 M
0.10 M
0.12 M
0.20 M
0.40M

—

DPU

68.6
58.4
35.6
26.8
8.1
—

a No oxalic acid in aqueous phase; b [oxalic acid]
HNO3 concentration = 3.0 M.

0.2M;c



Table 2.26: Extraction of
PuflV) under U loading. Aq.
phase =0.2 M oxalic acid +
3M HNO3; Org. phase =
0.05M PMBP

# precipitation
phase.
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Quantitative stripping is observed with a mixture of 0.4M oxalic acid and 0.4M
ammonium oxalate as well as with 8M HNO3 while > 98%
stripping is achieved with 0.1M hydroquinone in 6M HC1. It
may be noted that there was loss of Pu from the aqueous
phase by adsorption onto the glass surface when no nitric
acid was added to the strippant mixture of 0.4M oxalic acid
and 0.4M ammonium oxalate. This tendency was observed to
decrease with the addition of nitric acid to the aqueous
phase.

Table 2.26 shows the data on the extraction of Pu
employing 0.05M PMBP from 3M HNO3 and 0.2M oxalic
acid under loading conditions. Under the given experimental
conditions no extraction of U was observed while there was a
steady drop in the DPU with the increase of aqueous phase U
concentration upto 8.2 mg/mL. Precipitation was observed at
U concentration of > 8.2mg/mL. Studies pertaining to the Pu
loading are in progress.

uranium content
(mg/mL)

2.5
4.3
8.2
12.3
17.7
22.6

DPU

11.9
8.7
3.2
5.1"
5.6*
2.2*

in aqueous
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2.2.5 RECOVERY OF PLUTONIUM AND AMERICIUM FROM LABORATORY
WASTES
2.2.5.1 Recovery of plutonium from assorted aqueous acidic, alkaline and organic
laboratory wastes
P.B.Ruikar, M.S.Nagar and J.N.Mathur

The present work is concerned with the utilization of TRUEX solvent (0.2Mr

CMPO + 1.2M TBP in n-dodecane) for near complete recovery of Pu and Am from
assorted laboratory generated waste arising from solvent extraction studies and synthesis of
solid plutonium complexes work with a variety of ligands like substituted dicarboxylic
acids, sulphoxides, amides, pyrazolones and trifluoro substituted p-diketones along with
moderate concentrations of complexing anions such as SO42" and F . The presence of
such diverse organic and inorganic ions together makes the assorted waste almost non-
recoverable by usual recovery processes.

CMPO was synthesised indigeneously. For extraction and stripping studies
waste solutions have been segregated in five categories. The acidity of the aqueous waste
was adjusted to ~ 3M HNO3. Its total a - (Pu + Am) and y- (24lAm) activities were
radiometrically assayed. The valency of plutonium in each batch of about 100 mL was
adjusted to tetravalent state by addition of NaN02 and the presence of F was masked by
addition of 500 mg of Al(NOs)3. This aqueous phase was contacted with 25 mL of
TRUEX solvent. The extracted organic phase was then repeatedly saturated with fresh
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lOOmL batches of the conditioned waste. Finally the loaded organic phase was washed
twice with 5 ml of 3M HNO3 and successfully stripped with three contacts each of 25 mL
of 0.5M Na2CO3 solution. The raffinate after extraction invariably showed the presence
of 1.97 mg Pu + 0.053 ug Am/L which was further passed through a lg CAC column at a
rate of -lml/min which removed the activity quantitatively and ultimately lead to almost a
-free waste solution. In the case of organic waste which was treated with alkali, the
raffinate after CAC column contained -1.5 jag Pu/L. This plutonium was suspected to be
polymeric form. It was confirmed by evaporating to dryness an aliquot, treating with
concentrated HNO3 and finally with a few drops of concentrated H2SO4. This was taken in
3M HNO3 and treated with Truex solvent, which finally gave a raffinate where a - activity
was found to be negligible (90 dpm/L).

2.2.5.2 Recovery of plutonium and americium from laboratory acidic waste solutions
using tri-n-octylamine and octylphenyl-N-N-diisobutyl- carbamoylmethylphosphine
oxide (CMPO)
G.H.Rizvi, J.N.Mathur and RH.Iyer
(In collaboration with Shri K.M.Michaei of FRD)

During the processing of plutonium, several types of acidic liquid wastes are generated
through different routes, containing Pu and Am in the ranges of 10 to 600 mg/L and 0.2
to 0.5 mg/L respectively in 6-12 M nitric acid. A two step solvent extraction and extraction
chromatographic procedure was developed for the recovery of Pu and Am from highly
acidic laboratory waste.

Solvent Extraction Studies: The distrbution ratios (D) for Pu (33.4 mg/L) in 7.5 M
HNO3, equilibrated with 20% TnOA/xylehe at various intervals of time were found to
range between 200-400 and the equilibrium was attained in about 10 min. The D values of
Pu at varying concentrations of HNO3 were found to increase upto 3M, thereafter it
decreased slowly upto 7.5 M and then sharply at higher acid concentrations.

The D values ofPu at its varying concentrations (16.7 to 150.3 mg/L) in7.5M
nitric add, were almost constant indicating nearly 99.8% extraction of Pu under these
conditions. Table 2.27 gives the data for loading of Pu (in 7.5M HNO3) into 20%
TnOA/xylene at various organic to aqueous phase ratios (1:1 to 1:10). Very high
extraction (-99.7%) even at the ratio of 1:10 was achieved. These results suggest that at
such Pu concentrations TnOA does not get loaded to any significant extent to influence the
decrease in the percentage extraction. The D values of Pu with varying concentration of
TnOA (5-20%), keeping Pu concentration at 33.4 mg/L were found to increase with
increasing concentration of TnOA. The extraction of Pu was -98% even at 5% TnOA.
Thus, for near complete recovery of Pu from such solutions about 10% TnOA/xylene could
ideally be used.

Stripping of Pu with 0.5 M HN03 even after five contacts was only about 46%.
With acetic acid in three contacts almost entire Pu comes to the aqueous phase. Ascorbic
acid was found to be the best stripping agent since 99.9% of Pu gets stripped in just one
contact. Ascorbic acid stripping has an added advantage since Pu gets reduced to the
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Table 2.27: Loading of Pu on 20%
TnOA/xytene at various organic to
aqueous phase ratios; [Pu] =33.4

trivalent state during this process which is the ideal valency state for its precipitation as
oxalate.

The D values for Am in 7.5M HNO3 at varying Am concentration (0.1 to 0.6 mg/L)
using 0.2M CMPO+1.2M TBP in dodecane as the extractant, remained almost constant
(-0.5 ) at all the concentrations of Am studied. The stripping of Am was quantitative with
0.008M HNO3 in three contacts.

When the actual waste solution (Pu: 541 mg/L and Am: 0.3 mg/L) was contacted
with 20% TnOA/xylene, -99.8% of Pu was extracted into the organic phase in two
contacts. The raffinate was subsequently contacted twice with equal volumes of 0.2M
CMP0+1.6M TBP in dodecane to avoid third phase formation and the loaded CMPO
phases collected together were found to have the entire Am.

Stripping of Pu from the TnOA phase with equal volume of 0.2M ascorbic acid in
0.3M HNO3 in two contacts gave nearly complete recovery of Pu (99.99%). Combined
CMPO phase was given three contacts with equal volumes of 0.008M HNO3 to give Am

recovery in the aqeous phase as 99.9%.

Extraction Chromatographic Studies: The D values
for the uptake of Pu at various acidities between 1 to 12
M HNO3 with TnOAC (TnOA adsorbed on
chromosorb) were high and they increased upto about 5
M HNO3 and then started decreasing. The D values for
the uptake of Pu in the range of 20 to 70 mg/L in 7.5 M
HNO3 were found to decrease from ~ 6500 to ~
1400 with increasing Pu concentration.

Uptake of Am at various acidities by CAC
showed a gradual increase in D value upto 3 M,
remained almost same upto 5 M and then it decreased
at higher acidities. The D values at varying
concentrations of Am (0.1 to 0.6 mg/1) at 7.5M HNO3

were found to be almost constant ( D ~ 1000). -

10 mL of the actual waste solution ( Pu = 5.41 mg and Am = 0.003 mg ) was
passed through the TnOAC column with a breakthrough of 0.009 mg/L of Pu. Thus, 5.4
mg of Pu was loaded on the TnOAC column. This could be quantitatively eluted in 10 mL
of 0.2 M ascorbic acid. 9.5 ml of the raffinate (which did not contain any Pu) was passed
through the CAC column and 2.8 ug of Am was loaded without any breakthrough. This
could be eluted in 8 mL of 0.008M HNO3.

The purity of the products was checked by alpha and gamma spectrometry and also
by analysing the solutions for metallic impurities using ICP-AES and was observed that the
product, Pu and Am were radiochemically pure and also free from the common metallic
impurities.

Slope analysis and spectrophotometric studies of Pu(IV)/TnOA system: The slope
analysis method suggests that each Pu ion is attached with two molecules of TnOA. To
confirm this, visible spectra of Pu in 3, 7.5 and 12M HNO3 (using corresponding acid

Phase

Ratio(o:a)

1:1

1:3

1:5

1:7.5

1:10

% Extraction

99.74

99.72

99.73

99.72

99.73
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blanks) and Pu extracted from these solutions into 20% TnOA were recorded on a
Beckmann DU-7 spectrophotometer using 1-cm quartz cell. It can be seen from the spectra
that Pu species in 12 M HNO3 (absorption peaks at wavelengths 785, 744, 683, 648, 608,
535 and 492 nm) are different than those formed in 3.0 M. At 7.5M nitric acid the peak
positions are nearly the same as those in 3 M HNO3 but the peak at 659 nm gets broadened
and further at 12 M HNO3 it splits into a triplet. The peaks at 608 and 744 nm are due to
the formation of hexanitrato complex of Pu(IV) [1]. In the case of the species extracted
into the TnOA phase from all the three acidities, the nature of spectra was similar to that
observed in the case of aqueous Pu in 12 M nitric acid. This suggests that the species
extracted (between 3 to 12 M) are the same and similar to those formed in the aqueous 12
M HNO3. At 12M HNO3 considerable amounts of the acidic species H2Pu(NO3)6 and
HPu(NO3V will be present and when extracted with TnOA it seems that Pu(NO3)6

2" is
converted to the form (R3NH>2Pu(NO3)6 • Thus from the slope analysis as well as Pu
spectral studies it could be concluded that the species extracted into the organic phase is

Thus, Pu and Am from high acid laboratory waste solutions could be
recovered quantitatively using TnOAinxylene forPu and then 0.2MCMPO+ 1.6 M
TBP indodecane for Am. The loaded Pu from the TnOA phase could be stripped
quantitatively either by 0.5 M acetic acid or 0.2 M ascorbic acid. Am from the
CMPO phase could easily be stripped by 0.008 M HN03.

Reference
[1]. J.L. Ryan, J. Phys. Chem.,64, 1375(1960).
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3.SPECTROSCOPY

3.1. BASIC RESEARCH IN
SPECTROSCOPY OF ACTINIDES

SOLID STATE CHEMISTRY AND

3.1.1. Photoacoustic spectroscopic studies of Pu(III), Pu(IV) and Pu(VI) Fluorides,
Oxalates and Hydroxides
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AR.Dhobale, M.K.Bhideand M.D.Sastry

Electronic absorption spectra of
actinide ions in solutions and
crystalline solids are well studied
[1]. However, such data on solid
plutonium compounds is not widely
available due to non - availability
of optical quality crystals. The
actinide ions are attractive
candidates for photoacoustic
spectral (PAS) investigations as
PAS primarily monitors the non -
radiative de-excitation processes.
Thus Pu(III, IV and VI) fluoride,
oxalate and hydroxide compounds
were prepared from pure PuO2 by
using the standard methods [2] and
their photoacoustic spectra (PAS)
were recorded in the range 350-850
nm, using an indigenously made

PAS unit [3,4] consisting of 250 W tungsten- halogen lamp as an excitation source along
with 0.25 M Jarrell Ash monochromator in conjunction with PAS cell and
microphone detector inside the glove box. Spectra were normalized with respect to carbon
to correct for the source intensity. Normalized PA spectra of Pu3*, Pu4t and PuO2++ in
solids had shown a good agreement with the spectra of the respective ions in solution (in
1M HCIO4) [1]. PA spectra of Pu(III) fluoride, oxalate and hydroxide are shown in
Fig.3.1. The presence of prominent peaks around 560, 596, 656 nm with one of moderate
intensity at 783 nm were observed in Pu(III) fluoride and oxalate while band around 560
nm (J=9/2) was nearly absent in Pu(III) hydroxide spectrum. The absence of 560 nm band
in the latter is attributed to electron - vibration coupled transition. The photoacoustic
spectra of Pu(IV) fluoride, oxalate and hydroxide is shown in Fig.3.2. The PA spectra
showed good agreement with that of Pu4+ in ZrSiO4 single crystal data [5] and some of the
Stark components (T5 and T2) could be assigned for Pu4+ ions under study as shown in
Fig.3.2. The absence of 540 nm peak in Pu(IV) hydroxide spectrum which was quite
intense in other two is suggestive of relaxation through radiative decay. The bands
corresponding to T5 are intense and T2 are weak in fluoride and reverse trend is observed

SSO 650
WAVELENGTH. M

Fig.3.1 .PAS sp&ln of Pu(IH) oorapounds.The inset g i v e standard absorption
spectrum of Pu(IIl) in solution.
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in oxalate compound.The intensity reversal of H and F2 bands in going from fluoride to
oxalate indicated that f2 lies low in the former and f5 lies low in the latter case. The PAS
of PuO2" fluoride, oxalate and hydroxide is shown in Fig.3.3. The intense absorption at
816 nm in PuO2(OH)2.H2O is attributed to electronic transition with strong coupling to Pu
- O stretching mode. The evidence for weak vibronic coupling of electronic states of
PuO2 ' was obtained from plutonyl fluoride spectrum. The coupling in case of oxalate
compound was intermediate. These observations suggest distortion of the high symmetry
field around plutonyl ion in going from hydroxide to oxalate to fluoride. Thermal
properties of these compounds were studied from frequency dependence of PA signal
intensity [6], The plots of I vs. ca'1 were linear with slope nearly equal to one suggesting Pu
(III, IV and VI) compounds to be thermally thin (n*> 1).

375 470 565 660 755 850

(A)-Pu(IV) fluoride
(B) - Pu(IV) oxalate
(C)-Pu (IV) hydroxide

(C)

375 470 565 660 755 850
Wavetength(nm)

Fig.3.2: PAS spectra of Pu(IV) compounds
REFERENCES
[1] W.T.Carnall and H.M.Crosswhite, Optical spectra and electronic

structure of actinide ions in compounds and in solution. ANL 84-90 report (1985).
[2] J.J. Katz, G.T.Seaborg and L.RMorss, Chemistry of actinide elements,
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[3] A.RDhobale, T.P.Chaturvedi, S.Venkiteswaran and M.D.Sastry, Solid State
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[4] A.R.Dhobale, Mithlesh Kumar, A.G.Page and M.D.Sastry, BARC/93/E/0205 (1993).
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[6] A. Rosencwaig and A. Gersho. J.App.Phys. 47 (1976) 64.
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(A) Pu(VI) oxalate
(B) Pu(VI) fluoride
(C) Pu(VI) hydroxide

375 470 565 680

Wavetength(nm)

Fig.3.3. PAS of Pu(VI) compounds

755 850

3.1.2. Radiation stabilisation of U5+ in CaO matrix and its thermal stability:
EPR and TSL studies

V.Natarajan, T.K.Seshagiri and M.D.Sastry

Among the different oxidation states of uranium, U5+ ion with 5f* electronic
configuration is a very attractive ion for magnetic investigations. This can normally be
produced by irradiation of U6+ / U4+ doped crystals. CaO lattice is an ideal one for
stabilising Us~ in perfectly octahedral symmetries in view of its NaCI like structure. In this
work, uranium doped calcium oxide has been investigated using electron paramagnetic
resonance (EPR) and thermally stimulated luminescence (TSL). Samples of CaO doped
with if" were prepared by the standard methods.

EPR signals from Mn2+, Cu2+ and Fe3+ were observed in unirradiated samples.
These ions were the residual impurities in the CaO matrix. Temperature dependence
studies of the EPR spectra of the irradiated samples did not show any significant change in
these impurity resonances in the 300 - 650 K range. On gamma irradiation to a dose of 4
KGy, a new EPR signal at g = 1.236 was observed at 77 K in uranium doped samples.
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HgJ.4: EPR tpectrnm
recorded at 77K

This was assigned to U5 ' [1] at near octahedral symmetry (Fig.3.4) in CaO matrix. On
annealing these samples to 540 K, drastic reduction in the intensity of this signal was

observed. In y- irradiated CaO:U pellet
sample, a signal at g± = 2.065 characteristic
of O" ion was observed upto 55 K. The
TSL glow curves of CaO samples gamma
irradiated at room temperature to a dose of
4 KGy showed weak peaks around 403 K,
443K and 485 K (p = 5 K/ sec.). In
uranium doped samples, an additional
intense peak around 540 ± 3 K was also

KO. IGMMI "" observed (Fig.3.5). From spectral studies of
or gamma irradiated c:»o:u the TSL peaks, Mn2 ' was found to be the

luminescent centre for the glow peaks
around 403, 443 and 485 K. For the peak at 540 K , emission characteristic of U*+ ( 550,
580 and 598 nm) was observed.

CaO matrix has NaCl type of structure and uranium entering in 4+ or 6+ oxidation
state would go substitutionally associated with lattice defects for charge compensation.
The charge compensation can be achieved either by cation vacancies or interstitial anions,
O2 ' in the lattice. The g value for U5+ in perfectly octahedral symmetry (U5+ at Ca site with
no nearby charge compensating defect) would be 1.1 [2]. The present value of 1.236
shows that the local symmetry has small perturbation of axial distortion. The g value
greater than 1.1 for U5" suggests that it is more likely due to cation vacancy at second
nearest neighbour site which produces local C4v symmetry. Interstitial O2* ion in close
neighbourhood would have increased the coordination number and resulted in a much
lower g-value.

When the sample is heated to 540 K, U5+

intensity is reduced. This suggests that e" or
hole released from a trap elsewhere
recombines at U5 ' site. The probable
mechanism for the peak around 540 K is as
follows:

On gamma irradiation,

o2- 0
r5+U° + c -> U

On heating to 540 K,

O- ->O2- +hole (iii); U5++ hole

(0;
(ii)

141 4*3 561
TtMM'K)

641
(iv); (v)

Kig.3.5:TSL glow curves ofCaO and CaOU (A.B,C)sampla>

In summary, evidence has been obtained for
the radiation induced stabilisation of U5+ in
calcium oxide.
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3.1.3. Electron paramagnetic resonance studies in photorefractive crystals I:
hyperfine interaction and photo-induced charge transfer in ̂ U5* AND ""U5* doped
UNbO3

N.K.Porwal, Mithlesh kumar and M.D.Sastry

Electron Paramagnetic Resonance studies were conducted on the photo induced
charge transfer and also hyperfine interaction of U5f stabilized in photorefractive matrix
LiNbO3 were investigated. This work deals with : (i) first observation of hyperfine
structure due to 233U (1=5/2) in its pentavalent state at octahedral sites and comparison
with other possible site symmetries, (ii) photoinduced charge transfer as observable by
EPR and its relevance to photorefractive behaviour of LiNbO3. The effect of chemical

bonding on the hyperfine interaction of 5?
configuration was also studied by converting
the existing literature data on a5U5* to that of
233U5t by standard methods. This suggests
that progressive substitution of oxygen by F ,
in the series UO6

7", (UO5F)6- and (UO4F2)5"
drastically decreases the hyperfine coupling
constant 'A//, along the local distortion axis.
This trend is explained as being due to
absence of ligand ion along the distortion axis
at U5+ site in trigonal LiNbO3. The EPR

FigJ.6. EPR spectra of (a) " ^ L i N b O j and
(bfWilSNbO,

spectrum of ^U^LiNbOs and
^U^iLiNbOs are shown in Figure 3.6:

The effects of illumination by Copper
Vapour Laser (CVL) on the intensity of the

U5" signal was studied in 10-300 K region. The kinetics of decay and restoration of U5+

was also studied between 10-100 K range. The decay kinetics was found to obey double
exponential. The reduction of concentration of U5+ with CVL-illumination and its
restoration in the absence of light shows that penta- valent uranium takes part in photo-
refractive effects in LiNbO3. The logarithmic temperature dependent decay constant vs.
1/T yielded a straight line with slope of 2.9. The following mentioned photorefractive
mechanism is suggested in this case:

hv
U5+ U4+) -> (U6+
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3.1.4. EPR studies or intrinsic semiconductor UMo6S8 : evidence for dynamic
averaging of U4+ conduction electron resonance and gap determination

R.M.Kadam, M.D.Sastry,R.M.Iyer**, I.K.Gopalakrishnan* and J.V.Yakhmi*
• *Chemistry Division **I.A.E.A., Vienna

Rare earth based ternary molybdenum chalcogenides (chevrel phase compounds),
have an interesting structure facilitating magnetic order
in rare earth channel and simultaneously
superconductivity in the molybdenum channel. The
possibility of coexistence of magnetic order and
superconductivity made them subject of extensive
investigations [1]. Among these, EuMo6S» has the
highest transition temperature (Tc = 12 K) to
superconducting phase. It is reported that
superconductivity arises due to clusters of
molybdenum while the magnetic moment on rare-earth
ion contributes to magnetism. These compounds
exhibit rhombohedral structure (deformed CsCl
structure with R atom at Cs site) consisting of a cube
with S atom on the corner and Mo atoms at the face
center. The Mo atoms form a deformed octahedron .
In addition to this, these compounds undergo
structural phase transition from rhombohedral
structure to triclinic structure at very low temperature
and high pressure [2]. Such lattice instabilities in these
compounds are believed to play an important role in
their superconducting behaviour.

The electrical transport properties of these
compounds depend primarily on the valence of R
atom, which in turn controls the occupancy of 4d
conduction band in the sub-lattice of MO6 clusters.
When the R is di/tri-valent ion, the Mo-4d conduction
band ( eg - band ) is not completely filled and the

H{GAUSS) compound exhibits metallic behaviour with a transition
to superconducting phase. However when R is a
tetravalent ion, as in the case of UMo«S8 four
electrons are transferred to Mo-4d band and the

compound exhibits semiconducting properties. Electron Paramagnetic Resonance
(EPR) of suitable probe ions is highly sensitive to the changes in site symmetry at phase
transitions. If R ion is paramagnetic, the EPR technique offers an opportunity to
investigate both local moment at R site in the semiconducting compounds and the effect of
interaction with conduction electrons whose density increases with increase in
temperature. In the present case, evidence is presented for such a phenomenon in UMo6Sg
which is manifest as a strong temperature dependent g - shift, which is the result of

3920

Fig.3.7: EPR spectra of U"(marked U) in
UMatSt between 10 and 75 K. The other lines
are due to impurities in sapphire rod



dynamic averaging between conduction electron resonance and that of local moment on
U4 . Figure 3.7 shows the EPR spectra of UMo6Ss, consisting of a symmetric line with g =
2.9522 ± 0.0002 without any hyperfine structure at 20 K. This is assigned to U4* (^U, I =
0 is 99.3 % abundant). EPR investigations in the temperature range 10 - 100 K has
revealed the resonance due to U4* with strong temperature dependent g-shift. The g -
factor varies almost by 30% as temperature was varied from 10 K to 80 K.This was
explained as due to dynamic averaging of EPR signals between that of static 5? state of
U4~ and that of conduction electrons. The band gap, AEg in UMoeSs was estimated from
the temperature dependence of g-shift. It was found to be 0.0165 eV.
REFERENCES
[1] O.Pena and MSergent; Prog. Solid State Chem.; 19, 165 (1989).
[2] K.Yvon, Current topics in material science; 3, 55 (1979).

3.1.5. Electron paramagnetic resonance (EPR),
luminescence (TSL) and photo acoustic
investigations on 239Pu doped K2Ca2(SO4)3

T.K.Seshagiri, V.Natarajan, A.R.Dhobale and M.D.Sastry

thermally stimulated
spectroscopic (PAS)

300 500

Actinide ions incorporated in solid matrices offer excellent opportunities for EPR
and TSL studies due to internal a irradiation, leading to information on a-induced defects,
unusual valence states and their thermal stabilities. Double sulphates offer interesting
possibilities for these investigations. In the present work on ^'Pu doped K2Ca2(SO4)3, we
have combined EPR, TSL and PAS techniques to get an insight about the radiation

damage centres produced due to internal
irradiation. Samples of ^'Pu (0.5 % by
weight) doped K2Ca2(SO4)3 were
prepared by the method similar to those
reported by us earlier [1].
In freshly prepared samples of
K2Ca2(SO4)3, no TSL could be observed.
On samples stored for about 2 weeks (
a- dose rate =10 KGy/hr.), a weak TSL
peak around 433 K was observed (0 = 5

K/ sec). On gamma irradiation of freshly quenched samples, an intense peak around 433K
was observed with a shoulder around 400 K (Fig.3.8). The spectral studies of the TSL
glow carried out using narrow band interference filters revealed emission groups
around 580 and 485 nm characteristic of Pu3+ ion. The photoacoustic spectrum of the a- /
y- irradiated sample has shown absorption bands around 560, 600 and 665 nm associated
with PU3T and also at 470, 720 and 815 nm associated with Pu4* ion as reported in
literature.

The EPR spectrum of ^'Pu doped K2Ca2(SO4)3 recorded at room temperature
three days after preparation showed signals due to SO3', SO4" and O3'. These radical ions
were found to build up in a period of 15 days and leveled off in intensity afterwards. In
samples subjected to y -irradiation, the same radical ions were observed. From the

400
TEMPERATURE, {K}

Fig,3.8:TSL glow curves of (a) gamma irradiated KjC
gamma irradiated and annealed at 400 K

550

Pu (b)
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temperature dependence studies of the EPR spectra of irradiated samples, it was found that
SO4" gets destroyed in the temperature range 423 - 443 K suggesting its role in the glow
peak observed around 433 K. The radical ion, O,' was found to get destroyed around
473 K. SO3" was stable upto 573 K.
The following mechanism is proposed for the prominent glow peak around 433 K from
TSL and EPR results:
On self/ gamma irradiation,
SO4

2' -> SO," + e ; Pu4t

On heating to 433 K,
SO4' + Pu3t ->SO4

2* + Pu4' ;
Pu3+* -> Pu3t + hv

3+

SO4
2* Pu3* SO4

2';

REFERENCES
[1]T.K. Seshagiri, V.Natarajan and M.D.Sastry, Pramana, J.Phys. 44,211 (1995).

3.1.6. EPR studies of gamma-irradiated barley seeds: identification of hydrated
electrons and nitrogen centered radicals

JLata IsranT, V. Natarajan, M.D.Sastry, T.P.A.Devasagayam" and P.C. Kesavan"
'School of Life Sciences, Jawaharlal Nehru University, New Delhi,

"Biosciences Group

With a view to understanding the primary radiation damage centres in different
components of barley seeds, electron
paramagnetic resonance (EPR) studies were
conducted on seeds exposed to normal
(H2O) and deuterated (D2O) moisture and y-
irradiated (dose = 750 Gy) at 77 K. Pure-
line barley seeds of hull-less strain (IB 65)
were used for these experiments. The seeds
were desiccated over fused calcium chloride
to reduce the moisture content to -2.4%.
Thermoluminescence (TL) experiments
were performed on these seeds. For EPR
studies, some of the seeds were cut into two
halves to yield one half containing only
endosperm. From the other half, embryos
were carefully removed and stored. The dry
seeds (2.4% moisture), endosperm and the

embryos were carefully removed and stored. The dry seeds (2.4% moisture), endosperm
and embryo were placed in desiccators saturated with D2O vapour (99.4%) for five days.
The moisture content of seeds and endosperm was found to be -25%. Some of the
deuterated seeds and endosperm were lyophilised to reduce the moisture content to ~5%
and -7.8%. The EPR spectra were much sharper in the dry seeds exposed to D2O
vapour as compared to those with normal moisture (Fig.3.9). The EPR spectrum for the

Fig.3.9: EPR spectra of (a) deuterated and (b) non-deulerated
seeds gamma nradiated and Tecorded at T7K_.



deuterated seeds shows a sharp central line with line width of A H = 5.8 ± 0.1 G and g
= 2.0025. Due to higher relative intensity of the sharp singlet the spectral features of other
centres were not clearly observable. The intensity of this central line increased with
increase in initial seed moisture content. This centre was identified as due to the unpaired
electron bound to H2O/D2O molecules (e^') in the seeds. This signal disappeared on
warming upto 110 K indicating that the trapped electron gets released from such co-
ordination at 110 K recombining with a radical cation giving intense thermoiuminescence
emission at this temperature. Another radical with its EPR spectrum containing five line
hyperfine structure and having a binomial distribution of intensity arising from two

equivalent N14 nuclei each with spin 1=1 was
also detected (Fig.3.10). These EPR signals
were detected mainly from the endosperm
part of the seed. From these observations,
it is inferred that quintet EPR spectrum of
the seeds might arise from the damaged
arginine and/ or histidine in protein part
and/Or DNA present in the endOSpeim Of

H(9AUSS)—.
Fig.3.10: EPR spectra of barie>seeds gamma irradiated at 77K

a,-a, refers to the quintet lines from N-centred radical; bl>2 are t h e bar ley Seeds. O u r r e su l t s ind ica te that
doublet lines probably arising from >CH fragment. . . . . .

there are atleast two distinct radical species
in gamma-irradiated barley seeds possibly responsible for radiation damage.

3.1.7. Electron paramagnetic resonance evidence of H°
inequivalent sites in gamma irradiated SrSCV.UCh3*

S.V.Godbole and M.D.Sastry

at three chemically

Paramagnetic neutral hydrogen (H°) has been reported in a large variety of
host lattices such as alkali halides, calcium fluoride, acid glasses, phosphates, solid

noble gases, quartz etc. Its EPR
spectrum is reported to be consisting
of two lines arising due to
hyperfine coupling with the proton
(1= 1/2) having a typical magnitude
of the order of 500-525 gauss [1-3].
However, due to 2Sm character of the
ground state, it is not known to be
sensitive to chemical bonding. In the
present work, evidence is given for
the existence of neutral hydrogen in
gamma irradiated SrSO.«:UO22+ with

slight differences in chemical bonding.
The EPR spectra were recorded on a Bruker ESP- 300 spectrometer

operating in X-band region. Temperature variation studies were carried out using a
Varian temperature controller in 300 - 573 K temperature range. Fig. 3.11 shows the two

Fig.3.11:EPR spectraofthetwoh-f.compon«ntsofH°at different
modulation amplitudes
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hyperfine (h.f) lines of H° observed at different modulation amplitudes. Additional
components were observed on each of these h.f. lines on lowering the modulation
amplitude. At least three major components with some additional satellites could be
observed on each line. In order to ascertain the origin of the resolved components,
saturation behaviour and thermal stability of these resolved components was also
investigated at low modulation amplitudes. It was observed that all the components
associated with H° center show similar saturation behaviour. The thermal stability was
also observed to be similar within ± 5°K.

The three sites were identified to be substitutional ones from their A values.
Amongst the three sites, one is at an isotropic site with A-value of 500.5 ± 0.1 G and
the other two are anisotropic sites having values A//(l)= 500.8±0.1 G; A1U)= 501.4±0.1
G; A/2 - 498.9±0.1 G and A±A(2) = 499.5 ± 0.1 G. The g-value is same for all sites and is
equal to 2.003 ± .001 as obtained using the Breit-Rabi formula. The A-values observed,
however indicate that neutral hydrogen atoms may be stabilised at substitutional sites
with weak bonding or association to a lattice anion. The observation of SO/ and SCV
radicals alongwith H° centre suggests that possibly the three sites are arising due to
bonding of H° centre with different sulphate groups, viz., SO4~, SOV and SO3*.

The observation of the anisotropic spectra suggests that there is a slight but
varying extent of non-s character to the unpaired electron on the H° center brought
about by differences in chemical bonding involving neutral hydrogen atoms.

REFERENCES
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3.1.8. Saturation transfer electron paramagnetic resonance (ST-EPR) studies in
inorganic materials

S. V.Godbole and M.D. Sastry

The methodology and theoretical development of ST-EPR have been reported by
Hyde and his colleagues [1-3]. They have shown that if it were not for the stochastic
motion of lattice modulating interactions inducing spin-lattice relaxation, the spin response
would be coherent and in phase with applied modulation. The molecular motion
modulating Zeeman and hyperfine interactions produces changes in phase and amplitude of
the observed signal under the condition of near saturation. The important aspect of ST-
EPR investigation is to monitor the changes in the line-shape of quadrature (out-of-phase)
signal either in first harmonic dispersion mode or second harmonic absorption mode as a
function of phase angle in the near saturation region. ST-EPR has been used for
investigating slow motion of macromolecules in viscous media. In this report, we present
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some of the interesting results of our investigations on gamma irradiated SrSC>4
and SiCh, CaF2 doped with Gd3* and U3^ and MgO doped with Mn2t.

These investigations were carried out using a Bruker ESP - 300 EPR spectrometer.
An important parameter of relevance in ST-EPR is the phase angle between the modulating
wave form and observed signal. Different values of phase angle can be conveniently chosen
on the Bruker ESP - 300 EPR spectrometer. In all the samples, it was found that (i) no
quadrature signal was observed for any of the samples in linear response region, (ii) The
null phase angle setting of phase sensitive detector (PSD) was found to be different for
various paramagnetic centres coexisting in the sample. This observation clearly suggests
that the changes in null phase angle and therefore observation of quadrature signal is
related to saturation characteristics of paramagnetic centres.

The changes in null phase angle were
monitored for these samples with varying
microwave power at different modulation
frequencies. The results of these investigations
have revealed that the changes in null phase
angle setting were found to be dependent on
applied modulation frequency at the same
microwave power in saturation region, while at
constant modulation frequency, change in null
setting of PSD increased with increasing
power to a maximum of 90°.

In the absence of molecular dynamic
effects in these cases, it suggests that violation
of the condition y2Hi2TiT2 « 1 in saturation
region leads to loss of phase coherence in the
phase sensitive detection method and as a
consequence, quadrature signal is observed.
The investigations of CaF2 codoped with Gd3+

and U3+, have revealed that the methodology
applicable in ST-EPR can be effectively used to
delineate completely overlapping EPR lines
(Fig. 3.12) arising from two centres having
different relaxation behaviour [4].

MOD J4»

MAGNETIC FEU) <G)

Fig.3.12: EPR spectra of Ca^Gd^.U3' at different REFERENCES
tenve^es^mph^spectra^outofphase^cmft [JJ D.D.Thomas, L.R.Dalton and J.S.Hyde;
may be noted that 35 K spectrum (b) is similar lo the 300 k L J ' ' '

spectrum (a), therefore 35 K out ofphase recording would J.Chem.Phys. 65 ( 1 9 7 6 ) 3006 .
eUnunate the intense klafam* from U" *eara. [ 2 ] j g H y d e ^ L D a l t o n ; C h e m . PhyS. Lett.

16(1972)568.
[3] J.S.Hyde et al; Ann.N.Y.Acad.Sci. 222 (1973) 680.
[4] S.V.Godbole and M.D.Sastry, J. Mag. Reson.A 122 (1996) 78.
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3.1.9. Molecular dynamics and structural phase transition in KO2 : an EPR
investigation

R.M.Kadam and M.D.Sastry

The discovery of magnetic order in molecular organic materials is of immense current
interest due to soft nature of their spontaneous magnetization and its possible application
in memory devices [1]. The typical example of analogous situations in inorganic materials
are superoxides and ozonides of alkali metals. The superoxides of alkali metals are
coloured and paramagnetic in nature. The paramagnetism in alkali superoxides is due to
the unpaired electron on O2' molecular ion which is free to reorient at higher temperature.
Inspite of the incompletely filled K orbital of O2", KO2 is not reported to show metallic
character, but it is more like a semiconductor and also no magnetic order is reported [2].
Apart from the paramagnetism these superoxides are reported to exhibit a sequence of
structural phase transitions [3].

373 K 198 K 153 K
Phase I -> Phase II -> Phase III -+ Phase IV
(P KO2) (a KO2)
(cubic) (tetragonal) (orthorhombic (orthorhombic

disorder) order)
The EPR spectra of KO2 sample was recorded in the temperature range 77 - 200 K. The
EPR signal due to O2" was not observable at room temperature (Phase I and phase II) and
was observed only below 200 K, that is in phase III. The g value and line widths were
found to be highly temperature dependent in the range 100 - 200 K. The g value varied
from 1.6500 at 190 K to 2.0500 at 100 K. In the same temperature range, line width has
decreased from 3250 G to 750 G. The EPR signal in second harmonic mode of detection
revealed that asymmetric line in first harmonic mode of detection is indeed a composite
line with gu = 2.1508 and g l = 2.015. These values of O2' agreed well with those reported
for superoxides by Bennett et al [4].

The temperature dependence in 120 - 77 K was studied in natural warming cycle, with
the sample in liquid nitrogen insert and the temperatures above 77 K were measured by
using a thermocouple. This is shown in Figure 3.13.
The electronic configuration of O2* ion is (lsOg)2 (lsou)2 (2sag)2 (2sau)

2 (2pjiu)
4 (2pOg)2

(2p;tg)3 with unpaired electron in 2pjtg orbital which is both orbital and spin degenerate. If
the molecular ion O2' is freely rotating and is at a cubic or a tetragonal site in a crystal, the
orbital degeneracy of 2n&n is not removed and the large orbital contribution to magnetism
reduces the spin-lattice relaxation time Ti and the line would get broadened beyond
recognition. As the free molecular motion gets frozen and the site symmetry gets lowered
the Jig orbital gets split with a separation of A. The g value and its anisotropy will depend
strongly on the magnitude of A and spin orbit coupling constant X [5]. The principal
components of the g tensor are given by :

gyy = gc (A2 / (X2 + A2) f5 -X IE [-(X21 (X2 + A2))0S - A /(X2 + A2 )o s + 1]
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(A21 (X2 + A2) )05 -XIE [(A2/ (X2 + A2))0'5 - A I{X2 + A2)05 -1 ]
Where X is the spin orbit coupling constant (0.014 eV)
and 1 is the correction of angular momentum about Z
axis caused by crystal field. As A —>• 0, the g values take
the form gn = 4.0 and gi. = 0 and as A —> large value gn
= g l = 2.00. In addition to this, if the molecule is
reorienting at a rate faster than [(gn - g l )3H]"', the g
value will be isotropic with values ranging from 1.33
(A -> 0 ) to 2.00 ( A -> larger value).
Therefore the presence of isotropic line between 200 to
133 K implies O2" is dynamic and it is reorienting ( 90°
jumps can't be distinguished from free rotation ). It may
be noted that EPR spectrum of O2" appeared below 198
K. This temperature coincides with the tetragonal to
orthorhombic transition reported in KO2. In the
temperature range 198 K to 153 K, the g value has
varied continuously from 1.6500 to 2.0500
concomitantly with the sharpening of the EPR line.
These changes are the manifestations of widening of
energy gap A due to distortion of lattice from tetragonal
to orthorhombic or lower symmetry and it continued
down to 153 K. The energy gap A varies from 0.00 to a
large value due to continuous distortion of lattice in
phase III. The g value in this phase are related to that in
high temperature phase (T > 120 K) by the equation giso

= (gn + 2g±) /3 suggesting that the molecular dynamics
slowed down to a stage where the criterion for

averaging is no longer satisfied. In the low temperature phase IV, the molecular motion
got frozen.and the g value was found to be temperature independent.
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3.1.10. Positive role of potassium in neutralising the non-stoichiometry effects in TI-
2212 : synthesis and microwave investigations

R.M.Kadam, K.Gangadharan*, G.M.Phatak*, M.D.Sastry, R.M.Iyer**and
P.V.P.S.S.Sastry
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Iig.3.13. The EPR spectra of KO, in second
harmonic mode of detection in the temperature
range 77-120 K.
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Among the cuprate superconductors, the thallium based cuprates exhibit high critical
temperatures next only to the recently discovered mercury cuprates [I]. As compared to
rare earth and bismuth cuprates, thallium cuprates are reported to be highly non-
stoichiometric with sufficient disorder at the cation site such as Tl site [2]. Specific cation

sites could either be vacant or may be occupied by
other cations present in the lattice. For example a Tl
site may be occupied by calcium or copper [2,3,4]
and / or a calcium site may be occupied by thallium
[2,3]. The latter disorder could be up to a maximum
of 15% [2,3]. In our earlier studies [5,6], we have
demonstrated that the Tl deficient and Ca rich
composition yield Tl-2223 with highest transition
temperature (Tc=130K) and incorporation of 25%
stoichiometric Tl is sufficient to stabilize the 2223
phase. However there are no reports on defects at
Ba site and their influence on superconductivity,
except for the reported partial substitution of
monovalent Tl at Ba sites in non-superconducting
Tl-Ba-La-Cu-0 system [7]. It is well known that
thallium exhibits mixed valence (probably land III),
in thallium double layer compounds. In view of the
similarity in ionic sizes of K\ Tl+ and Ba2+, it

would be of interest to examine :

1) Whether Tl-2212 can be stabilized by redistribution of Tl+ from Tl site to Ba site by
thermal means ( during this process Ti vacant sites are being created as Tl+ fills Ba sites by
using Ba deficient nominal compositions) and

2) the effect of potassium incorporation in the nominal compositions deficient both
in Tl and Ba on the formation of Tl-2212.

Direct microwave absorption can detect more than one superconducting phase
present in the sample and this is particularly significant while investigating non-
stoichiometric compounds with various substitutions. Microwave investigation is useful in
investigating potassium substituted compounds which have a tendency to corrode the
silver contacts in conventional resistivity measurements.

Tl2Ba2CaCu2On (designated as Tl-2212) has been synthesised using precursor
matrix reaction method. The superconducting phase with Tc=101 K was confirmed by
microwave methods. A series of compounds Tl2Ba2-yCaCu2On, with barium deficiency ( y
= 0.0 - 0.75 ) were also prepared by the same route. The value of Tc was found to
monotonically decrease with deficiency of barium. Typically the value of Tc reduced by
about 20 K when barium concentration per formula unit reduced from 2.0 to 1.25
(keeping the concentration of all other components constant). The whole series of
compounds were found to exhibit single superconducting transition by microwave
investigations. The direct microwave absorption data are given in Figure 3.14 (a) and (b)
for samples with y = 0.0 and y = 0.5. For y = 0.0, the Tc was found to be 101 K and for y
= 0.5 the value of Tc was found to be 83 K. It was found that potassium substitution in
barium deficient compounds enhanced the Tc nearly to its original value. Further it was
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shown that even in thallium deficient compounds the lowering of Tc was arrested and
restored to its original value by substituting it with potassium. Thus it was shown that
presence of potassium in Tl-2212 has unique role of stabilising the Tc against the
deteriorating effects due to possible Tl/Ba nonstoichiometry. X-ray diffraction data
suggests that thallium substitution occurs at barium site in the former case, whereas
potassium substitutes at both barium and thallium sites and the extent of substitution is
dependent on the relative concentrations of thallium and barium in the starting
composition.
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3.1.11. Photoacoustic spectral studies of CdS semiconductor quantum dots in nafion
matrix

A.R.Dhobale, P.Nandakumar", Y.Babu, M.D.Sastry, C.Vijayan*,
Y.V.G.S.Murti", K.Dhanalakshmi" and G.Sundararajan"*

* Department of Physics & ** Department of Chemistry, IIT, Madras

In semiconducting quantum dots (SQDs), the three dimensional confinement of the
carriers gives rise to many important new phenomena which are absent in the bulk. When
the confinement size is commensurate with the exciton Bohr radius, quantum confinement
effects become quite pronounced. A knowledge of the optical properties of SQDs based
on large bandgap semiconductors such as CdS is particularly important in view of their
potential for device applications in photonics.

Even though there are some reports on the optical absorption and photo-
luminescence of SQDs, there are no reports on photo- acoustic spectral studies. These are
important because they implicitly contain information on the energy transfer from the SQD
to the matrix in which the SQDs are stabilized. In this report, we describe the results of
PAS investigations of CdS semiconductor quantum dots stabilized in Nafion matrix. We
believe that it is the first report of PAS on SQD systems. The cluster sizes of CdS in
Nafion polymer were determined through a detailed analysis of the X-ray powder
diffraction spectra. Figure 3.15 shows the PAS of samples with mean crystallite sizes (a)
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6 run, (b) 1.5 nm and (c) one sample with cluster size less than 1.5 nm. It can be seen from
the figure that the absorption peak shifts towards lower wavelength with reduction of

cluster size. According to the effective mass
approximation (EMA) model, the valence and
conduction bands in the quantum dots are
split into a series of levels with the energy of
the lowest excitonic transition given by
E = Eg + (h2 K2/ 2 R2) (me-1 + nVl) - (1.786
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e2/s R) - (0.248 e4)/ [(2e h2) (m.'1 + m,,1)]
where R is the crystallite radius and the other
symbols have their usual meaning. The PAS
spectral shifts agree in general with that
predicted by the EMA model. The presence
of excitonic bands is shown up clearly in the
PA spectra whereas these bands are not well
resolved in the Optical Spectra. More
interestingly, it gives evidence for strong

interaction between SQD and the polymer matrix resulting in high non-radiative transition
probability and thereby PAS intensity.
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Fig.3.15. PAS spectra ol samples with different mean crystallite

3.1.12. Photo - acoustic spectroscopic studies of Ho3*, Er3*, Sm3* doped poly vinyl
alcohol films

Mithlesh Kumar, A.R.Dhobale, Mukesh Kumar and M.D.Sastry
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Polyvinyl alcohol (PVA) films doped with rare-earth ions are of current interest
as the organic films are potential candidates for optical image storage and holography(l).
In such cases photo-induced electron transfer from an impurity ion/ chemical bond plays
the key role for image storage purpose. These properties can be investigated using photo-

acoustic techniques^). In the present work,
Holmium, Erbium and Samarium (10% By
weight) doped in polyvinyl alcohol (PVA) films
were grown by slow evaporation method at
room temperature(3). PVA was dissolved in
quartz double distilled water and then heated
on a hot plate for a few minutes. Subsequently
the rare earth oxides dissolved in HC1 were
mixed with PVA solution. The solution was
spread on a plain surface of a glass. The films
were pealed off from the glass surface after 48

hours. The electronic absorption spectra of Ho3+ (Fig.3.16), Er3+ (Fig.3.17) and Sm3+ in
polyvinyl alcohol films were obtained using PAS after correcting for the source (T-H
lamp) intensity profile.
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Fig.3.16: Normalised PA spectra of (A) holmium oxide (B)
hobraum doped PVA



The PAS spectra were obtained on a home built photoacoustic spectrometer
operating in 350-800 nm range using 250 W Tungsten-Halogen (T-H) lamp as a source.
The light beam is chopped at 33 Hz using a mechanical chopper unit which can also
provide a reference voltage needed for lock-in-amplifier. PA spectra were also obtained for
oxide (HO2O3, Er2O3 and Sm2O3) for comparison.

In general, it was observed that in PVA samples, the PAS sensitivities are much
larger compared to that in pure rare-earth oxides. This becomes apparent by noting that
rare earth concentration in PVA film is about 3-orders of magnitude smaller as compared
to that in pure oxide samples. Further it may be noted from the PA spectrum of Ho3+:PVA

sample that the peaks at 540 nm ( E-group
of lines) and 637 nm ( D-group of lines)
have considerably higher relative intensity
compared to the intense absorption at 445
nm (I-group of lines). This clearly shows
that D and E-group of excitations have
enhanced non-radiative relaxation
probability in PVA matrix. This reveals
that in polymer matrix electronic-vibration

iio MO «o wo interaction is much stronger than in ionic
WM/IUM01H, • • . ,

Fig.3.17: Normilised spectra of(A)obium oxide (B)efbium doped OXldeS.
PVA The dependence of PA signal on

chopping frequency contains important information on the thermal difrusivity properties of
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the sample. The PA signals at different wavelengths is Ho in HO2O3 and also Ho PVA
were monitored at different chopping frequencies '&'. They were all found to follow co1

dependence. Holmium samples are only typical representatives. The other samples also
followed a similar behaviour. Detailed work however, was carried out only on Ho3+

samples in oxide form and in PVA matrix. Logarithm of PA signal intensity of D-group of
lines (at 637 nm) when plotted against that of© gave a slope very close to -1 indicating
co"1 dependence of PA signal in both cases-pure oxide form as well as in PVA matrix. In
view of the relatively low optical absorption in f—>f transition, rare-earth solids can be
classified as optically thin samples. The present experimental findings of ©"' dependence in
both oxides and PVA clearly show they are also thermally thin (2).
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3.2. ANALYTICAL SPECTROSCOPY

3.2.1. Solid sampling approach in ICP-AES for determination of rare earths in
uranium and plutonium matrices

P.J. Purohit, S.K. Thulasidas, Neelam Goyal and A.G. Page

In ICP - AES, poor efficiency of sample introduction into the plasma using
conventional nebuliser has been one of the bottle necks in improving the sensitivity of the
technique. We had earlier shown that combination of carrier distillation, along with direct
sample introduction into running plasma has great potential to improve the performance of
ICP - AES for the analysis of uranium oxide for common metallics. In the present work,
this approach is extended to rare earths, after chemical separation from the major matrix,
loaded on a buffer-carrier mixture in a graphite electrode. The sample tube of standard
plasma torch was modified to enable introduction of the sample loaded in a graphite tube
for its volatilization, dissociation and excitation. These studies were carried out for four
critically important lanthanides viz. Dy, Eu, Gd and Sm in nuclear fuel materials.

A number of experimental parameters such as electrode dimensions, crater depth,
carrier composition/ proportion as also carrier amount, pre-burn and signal integration
time, effect of presence of matrix and concomitants etc. were optimized to yield maximum
signal to noise ratio. The optimal amounts of buffer-carrier mixture is 20 mg of (graphite
and AgCl) mixture in 4:1 ratio. The sample amount of 20 uJ with 45 seconds exposure
period gave the best results. Combined with the above set of optimised parameters,
centrally symmetric position at 10 mm above load coil gave maximum signal to noise ratio
using Scribner-Mullin carrier distillation electrode with 12 mm long pedestal electrode.

Calibration curves for the four analytes were obtained using a series of standards
with graded amounts of analytes by introducing all the standards in quadruplicate into
running plasma. The best fit values of the constants for the calibration curve for each
element was fed into an analytical software program which enabled the standardization of
the method using only two intermediate standards. This was followed by determination of
the analytes in the synthetic sample. The precision obtained using low voltage test card as
an internal standard was 30 % and it was improved to 10 % by the use of Tm (at 346.2
nm) line as internal standard. The lowest absolute amounts determined for the RE's are :
Dy, Eu- 0.4 ng, Gd - 1.0 ng and Sm- 2.0 ng using 1 g U/Pu separated by 30%
TBP/Xylene/HNO3 system. The reduced sample effectively improves the detection
sensitivity by a factor of 5, compared to conventional sample introduction into ICP. This
approach has enabled the use of 1 g of Pu sample, in stead of 5 grams to meet the required
limits.

3.2.2 Chemical separation techniques for trace metallic assay of nuclear fuel
materials.:

S.K.Thulasidas, M.J.Kulkarni, A.A.Argekar, V.C.Adya, B.A.Dhawale, B.Rajeswari,
N.S.Hon, T.R. Bangia, A.G.Page and M.D.Sastry
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Trace metallic assay of nuclear fuel materials viz. oxides and carbides of uranium ,
plutonium and also their thorium analogues, is an essential part of fuel characterisation and
certification. The trace metals of interest for this purpose are categorised into two types
depending upon the methodology adopted for their determination: (a) Rare earth elements
(b) all others termed as common metallic elements e.g. Ag, Al, B, Be, Cd, Co,Cr etc.,

The common metallic elements are most often determined using carrier distillation -
DC arc- atomic emission spectrometry. This is a simultaneous multi-element determination
method. A few elements like Cd and Ag are determined by atomic absorption
spectrometry for logistic convenience and / or cross checking.

The rare earth group of elements are chemically separated from the major matrix
and determined using ICP - AES and / or DC-arc AES. The chemical separation of the
major matrix U/Pu for AES is important as these elements have line rich emission spectrum
which normally interferes with the analyte spectral lines. Whereas the physical properties
of common metal oxides (less refractive) vis-a vis UO2/ PuCV ThO2 facilitate efficient use
of carrier distillation method , the refractive nature of rare earth oxide do not permit their
determination by carrier distillation method and hence one has to resort to chemical
separation procedures.

It should be pointed out that carrier distillation method can be used only with
classical excitation sources like DC - arc which has a precision of around ± 20% and also
has poorer absolute detection limits. On the otherhand, more modern techniques such as
ICP offer a much better precision and also improved absolute detection limits. These
techniques however can be used with full advantage only after separating the analytes
major matrix. Therefore considerable effort was directed towards testing the suitability of
different chemical separation routes for quantitative separation of analytes from U / Pu/Th.
This required a large amount of effort in terms of man power and time. The extractants
examined are: TBP, HDEHP, Cyanex-272, Cyanex-923 and cyanex-925. These
extractants have given encouraging results for certain groups of elements. These are
summarised in the following table:

Table 3.1. Results of chemical separation methods for assay of common metallics
/rare earths
Matrix

ThC*

UQ.

Extractant (in
xylene/3MHNO,

HDEHP

Cyanex- 272

Cyanex -925

Cyanex -923

Cyanex- 923

Analytes

Al, Cd, Ca, Cr, Co, Cu,
Mn, Mo, Pd, P

Cd, Cr, Cu, Co, Fe, Pb,
Mn,Ni,Sn,V,

rare earths
rare earths

P
Al, B. Be, Ca. Cd, Cr,

Cu, Fe, Mg. Mn. Ni. Co,
Ce, Dy, Er, Eu. Gd, Sm

rare earths
Na, K, Mg, Ca, Ni, Mn.

Fe, Co, B, Al, Cd. Cr. Cu

Concentration range

=Hg/ml

0.05-5 n g / m l

0.02 -4.0 Hg/ ml
10 jig/ml
100 ppm

1-10 ug/ml

0.1-1 ng/ml

1-10 ng/ml

1-10 ng/ml

recovery (%)

95 ±16

9O±15

95 ±10
100 ±15

90
100 ±15

100±50
80±5

95 ±20
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3.2.3. ICP-AES determination of some concomitants in SIMFUEL

B.Rajeswari, B.A.Dhawale, T.R.Bangia and M.D.Sastry

Simulated high burn up nuclear fuel (SIMFUEL) replicates the chemical state and
microstructure of irradiated fuel so that detailed experiments on fission gas release, thermal
conductivity and leaching can be undertaken. Rare earth elements like Ce, Nd and also a
few stable elements such as La, Y, Ba, Sr etc. are added to simulate the compositions of
UO2 based fuel. An ICP-AES method has been developed for the determination of a few
elements viz. Ce, Nd, La, Y, Ba, Sr, Rh, Ru, Mo and Pd in SIMFUEL. Synthetic samples
containing one gram uranium and known aliquots of the analyte elements were prepared.
Uranium was chemically separated using 30% TBP / xylene extractant in 3M HNO3

system. The aqueous solution containing the analytes was analysed by ICP-AES method
using a Jarrell Ash Mark III Atom Comp multichannel Direct Reading Spectrometer
equipped with DC. arc and ICP. A two point standardisation was carried out using quartz
double distilled water and 50 ug/ml of each of the analyte solution as lower and higher
standards respectively. The estimation range for the analytes were found to be in the range
0.1-100 ppm with a precision better than 10% R.S.D. The following table shows the
recovery of rare earths as obtained by the above method.

3.2.4.Detennination of Indium in Aluminum alloy samples

B.A.Dhawale, B.Rajeswari, T.R.Bangia and M.D.Sastry

Indium activated aluminium alloys containing 5% Zn, 2% Mg and 0.03% In are

Table 3.2: Results of
synthetic samples

analysis of

sample
no
1
2
3

Amt.added
(ppm)
100
150
300

Amt. recovered
(ppm)

93
140
275

used for the protection of mild steel
structure submerged in sea water. Hence
quantitative determination of indium is
important. In view of this, synthetic
samples containing 5% zinc, 2%
magnesium, 0.03% indium and rest of
aluminium were prepared. In these
samples, indium was determined by

ICP-AES method. Indium line at 230.6 nm was monitored using 100 ug/ml indium
solution on the variable wavelength channel associated with Direct Reading Spectrometer.
A two point standardisation was carried out using a solution containing a mixture of Zn,
Mg and Al serving as blank treated as lower standard and the same matrix with 100 ug/ml
indium as higher standard. The indium content in the synthetic samples could be
determined with a precision better than 5% R.S.D. The recovery of indium obtained from
the analysis of synthetic samples are given in Table 3.2. A systematic error of -7% was
observed in the present determination. Work is in progress to identify the source of bias.
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3.2.5. Trace metallic assay by atomic absorption methods

3.2.5.1. Direct determination of Ca and Mg in thorium matrix by flame Atomic
Absorption Spectrometry

M.J.Kulkarni, Neelam Goyal and A.G.Page

Few metallics, viz., Ca and Mg are difficult to be determined at trace concentration
levels by carrier-combination optimized in the AES method developed in our laboratory. A
different approach based on the use of AAS with flame atomization mode has been
adopted for these determinations. Ca and Mg are determined using nitrous oxide-
acetylene and air-acetylene flames respectively. In view of the varying signal suppression
effect observed for the two analytes due to thorium matrix, its concentration have been
optimized at 2.5 and 0.5 mg/ml for determination of Ca and Mg. The analytical range for
Ca and Mg are in the range 0.025-0.4 and 0.2-4.0 ug/ml. Effect of 15 concomitant metallic
impurities viz. Ag, Al, B, Ca, Cd, Co, Cu, Fe, Mg, Mo, Ni, Si, Sn, V and Zn has been

studied and the same is found to be with in the experimental errors which are characterised
by the precision of the methods and determined as 2 % R.S.D.

3.2.5.2. Atomization of Al, Cs and Sr in Pu-U solution with 25 % Pu under ETA
conditions in graphite furnace:

Neelam Goyal, Paru J.Purohit, and A.G.Page

The atomization processes for Al, Cs and Sr have been studied in the presence of
uranium-plutonium oxide using ETA-AAS. The studies were undertaken to see the effect
of matrix by varying the proportion of Pu in the range 0-100% in (U-Pu) matrix. The effect
of the matrix accumulation in furnace over successive atomization cycles and the role
played by partial pressure of oxygen released from the matrix during the process of
atomization and its effect on the analyte absorbance were studied. Based on these studies,
analytical methods have been developed for the direct determination of Al, Cs and Sr in 20
mg/ml matrix solution with U-Pu in 3:1 proportion. The 'build-up' effect due to matrix
was significant in case of Al and Cs while Sr did not exhibit any such effect. Such an effect
was overcome in the former case by loading a large amount of the matrix in few
atomization cycles to ensure better reproducibility of the analyte absorbance. Optimization
of other experimental parameters have led to determination of these analytes at the ppm
levels with linear analytical range of 10-500, 2.5-50 and 0.5-2.5 ppm for Al, Sr and Cs
respectively. The precision and accuracy of the analyte determination measured by
analyzing three synthetic samples and found to be better than 10% R.S.D.
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3.2.5.3. Direct determination of Co, Cr and Mn in high purity gallium by ETA-AAS
technique

S.K.Thulasidas, Neelam Goyal and A.G.Page

High purity gallium has an important usage in electronic industry. Electrothermal
Atomic Absorption Spectrometry (ETA-AAS) being a sensitive technique for a number of
metallics, has been used for the direct determination of Co, Cr and Mn in gallium without
prior chemical separation. The non-specific absorbance associated with release of gallium

oxide formed as an intermediary during the atomization process results in erroneous
absorbance signal for a given concentration of the matrix. The ashing parameters have been
optimized to ensure total release of the matrix in the pre-atomized stage with minimal loss
of the analytes. Using 1300° C /50 sec. as the ashing parameters for 10 mg/ml Ga solution
and on optimization of other parameters (Table 3.3), the analytical range for the analytes
has been obtained as: Co: 0.02-0.2 mg/ml, Cr: 0.01-0.2 mg/ml and Mn: 0.005-0.1 mg/ml,
with 5 ml sample aliquot. Repetitive analyses of synthetic samples prepared with mid-range
concentration of the analytes have led to the precision of 10 % R.S.D.

Table 3.3: Opimum parameters for determination of Co,Cr and Mn in high purity
gallium

element

Co
Cr
Mn

wavelength
(nm)

240.7
425.4
279.5

lamp curr.
(mA)

8.0
6.0
7.0

slit width
(u)

0.2
0.2
0.2

sample
aliquot
(mg/ml)

10
10
10

Atom,
(temp.)
CC)
2700
2700
2450
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4. INSTRUMENTATION

The Instrumentation group has offered service and maintenance of the
electronic instruments of the Radiochemistry and Fuel Chemistry Division. In addition
some development works are also carried out as per the needs of both the Divisions.

(4.1) MAINTENANCE WORK
The Instrumentation group services and maintains most of the electronic

instruments in the two Divisions. These are state of the art systems most of which are
imported and AMC or local support are not provided. These include systems like

• Radiation detectors
a) HPGe gamma ray detectors
b) SSB detectors
c) Nal(Tl) detectors
d) He3 Neutron counter

• Spectrophotometers
e) Atomic absorption spectrometers,
f) ICP coupled direct reading spectrophotometers,
g) IR spectrophotometer
h) UV/Vis - spectrophotometer

• Mass spectrometers
i) SSMS
j) MAT 261
k) CH5

• X-ray Fluorescence/diffraction systems
1) Diano

• Thermal analysers
m) Ulvac
n) Setaram
o) Micro-calorimeter

• EPR systems
p) ESP-300

• Other instruments
q) PC-based MCA
r) Modular instruments; Amplifiers, HV, SCA etc
s) Induction furnaces
t) APD cryogenic system

Often proper spare parts for these instruments are not available and suitable parts
have to be procured from the local market.
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(4.2) DEVELOPMENT WORK

4.2.1. PC based data station for IR spectrophotometer

M Y ALI, S Venkiteswaran and M S Nagar
Software procedures for the following facilities as required by the user were added to

the soft/ware already developed.
Any stored IR spectra (foil) can be retrieved on the screen and the Y-axis can be

expanded or contracted and its position on the screen can be adjusted and fixed by the
user. Similarly more spectra can be displayed to fill the screen and then get printed on the
printer. This facility enables user to project spectrum properly, especially when the
transmission gets attenuated after many irradiations on the same sample. Text characters
can be inserted on the screen for spectrum identification. The wave number on the X-
axis can be printed wherever required.

4.2.2. Workstation for Positron Annihilation studies:

T P Chaturvedi, S Venkiteswaran and P K Pujari
By this development, a certain degree of automation was achieved in P A studies.

This system allows the user to define a set of temperatures from 325°K to 10°K and
MCA spectra can be acquired & stored on each of these temperatures automatically
without any user intervention.

A master program, USER.BAT developed in PCAII environment, controls three
programs. Once executed it calls DATSEG.EXE to create a data file, TEMPSEG.DAT
and stores the temperature points on which MCA acquisition is required. After preparing
the data file, it calls the TEMP33O.EXE and PCA.EXE in loop till all the temperature
points are over. TEMP330.EXE was developed to interface the Lakeshore 330 model
temperature controller through IEEE 488 bus from a PC using an IBM compatible IEEE
488 card from National Instruments. This program sets the temperature and other
parameters for the programmer. After attaining and stabilizing the temperature, this
program returns to the master program which calls the PCAII.EXE, a software for data
acquisition for a preset time and storing the spectrum file in PCA-II environment. After
this, program switches back to the temperature programmer and sets the next temperature.
This cycle is repeated till all the set temperature values are over. Flow chart of the
program TEMP330.EXE is given at the end.

During program, the user can change any parameter and all parameters of the PID
controller are displayed on the screen. The system has been tested for polymer sample
and will be very useful for the studies in high Tc superconductor.

4.2.9. Interfacing of a Personal computer to the Photo-Acoustic Spectrometer:

T P Chaturvedi, S Venkiteswaran and A R Dhobale
In PA system the sample is excited with variable monochromatic light

source and response is observed through an acoustic signal produced in chamber. The
intensity of tungsten halogen lamp which is used as an excitation source for the PAS is
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not uniform throughout its spectral range. Secondly the PA signal is very small and there
are many sources of noise. To overcome these problems, the system was interfaced to a
PC using an ADC card.

Two signals, PA signal from detector through amplifier and wavelength signal from
monochromator are received from the system. These analog signals are digitized using
a low cost 12-bit ADC, Dynalog PCL 207, at Channel #1 and #2 respectively.

Software program is developed in QBAS1C ver 4.5 environment for acquisition,
storage & display and analysis of the spectrum. The user interactive program receives the
parameters from user for control and analysis of the spectrum. Using timer interrupt ten
data are collected per nm and each is an average value of ten points which improves the
S/N. Program displays on-line spectrum building up on monitor. Another program
converts the acquired spectrum into a normalized spectrum comparing with carbon
spectrum stored already.

The relative peak intensities in spectrum of holmium powder normalized with carbon
black are in excellent agreement with reported ones.

4.2.4. Sol-gel Pilot plant:

S.B.Rajore, D.B.Gurav, R.S.Kanoje
In continuation of the work carried out in last year the following modifications and

development were carried out. In auto mode operation of the Sol-Gel Pilot plant, after
the completion of the dispersion process, it is necessary to wash the feed tank immediately.
So it was required to have the facility of manual intervention in auto mode operation.
Therefore a facility have been provided to enable user to activate manual mode window
in auto mode environment & enable him to activate or deactivate the loads of the process
which is not in progress in auto mode.

Display software has been extensively modified. The different processes can now be
selected from the menu-driven window. Graphical user interface has been provided to
display the status of the process parameters in related process window. A parameter
window have been provided enabling user to feed parameter data for selected process. A
check-list of the selected process have been provided in checklist window. This helps the
user to check for initial setups before starting any process. Graphical user interface
provided for each process was tested. Testing of dispersion and carbon tetrachloride
washing processes are over. Batch operation was also carried out. Now user can
operate the plant by selecting each process.

Two pressure monitoring units from Syscon Instruments were procured and tested.
Digital I/O card installed in the PC was used to receive BCD data from the instrument.
Software was developed to

a) read data from all 20 channels
b) read data from desired channel.

AD/DA add-on card (PCL-208) was tested for its different function. This
card is to be used for receiving analog signals of process parameters, Software is being
written in Turbo C++.
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START

1. PREPARE THE SCREEN SETUP FOR LAKESHORE-330
2. PRINT KEY DEFINITION-BOX (Fl TO F6), STATUS-BOX DIALOUGE-BOX

1. ESTABLISH IEEE-»88 LINK TO TEMPERATURE- CONTROLLER (LAKESHORE-330)
2. READ AND DISPLAY SET TEMP, SAMPLE TEMP, HEATER RANGE, HEATER%, PIP VALUES etc.

1. OPEN tempseg.file
2. READ totalseg, cur-seg
3. READ settemp AT cur-seg
4. WRITE cur-seg = cur-seg + 1
5. CLOSE lempseg.fde

1. PUT ON TIMER INTRPT
2. WRITE settemp TOLS330
3. SWITH ON THE HEATER
4. ECHO ON THE MONITOR
5. ENABLE SOFTKEYS (Fl TO F6)

YES

BEEP, ECHO AND
DISABLE SOFTKEYS

NO

ONSOFTKEY
Fl:SETTEP
F3:SETRANG
F5 : SETREM

GOSUB
F2:SETPID
F4:SETLOC
F6:SETEXrr

ON RETURN, ENABLE SOFTKEYS

1. GOSUB'reading1

2. DISABLE SOFTKEY
3. ENABLE STATUS REPORT
4. READ STATUS BYTE
5 FIND STATUS OF CLIM

NO

TESTPT = TESTPT + 1
NO TESTPTM)

ENABLE SOFTKEYS _J

YES
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5. TRAINING AND SERVICES

One of the important activities of Radiochemistry Division is rendering services to
other units of DAE and Universities and imparting educational training in the field of
Radiochemistry and Nuclear chemistry. The various service activities of the Division are as
follows.

5.1 Preparation and Supply of Actinide Sources

Thin sources of Actinides are required for basic Research studies using Neutrons
and Charged particles irradiation and for the Calibration of the Detectors. Radiochemistry
Division is the sole agency at present catering to the needs of Different Units of DAE and
Universities in our country for the supply of the actinide sources. These sources are
prepared according to the requirement of the users. Thin Actinide sources are generally
prepared by electrodeposition on various backings depending on the requirement of the
users. Following is the list of the sources supplied during the year 1995-96.

S.No.

1.

2.

3.

4.

5.

6.

7

Source

2 5 2 a

244Cm

24lAm
239pu

237Np

238u

232-n,

Total sources supplied

Total cost

No.of
sources
3.

1

14.

15.

1.

4.

16.

56.

To whom the souce(s) is/are supplied

B ARC, BHU & Defence Lab

BHU

BARC, DAE & Defence Lab,

BARC, DAE, ECIL & Defence Lab,

BARC

BARC

BARC, DAE

5.6 lacks(app.)

(Drs.RJ.Singh, A.Ramaswami and S.B.Manohar)

5.2 IR Spectropbotometric analysis

P.B.Ruikar and MLS.Nagar

During 1995 and 1996 the Infrared spectra of 197 samples received from various
divisions of BARC were recorded and analysed. Earlier developed user friendly software
was extensively employed for printing number of spectra (full spectra and/or different
preselected regions of wavelength) in different formats. Details of the nature of
sample, name of the division requisitioned and number of samples are given as
follows.
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Nature of the Name of No. of

Sample Division samples

Pt and Pd complexes Chem. Div.

UranyJ nitrate complexes

with Amides and Sulphoxides

Uranyl complexes

Irradiated membranes

Ba-U-O and Sr-U-O type

compounds

Cs2Th3(MoO4)7 (alpha phase)

and Cs2Th3(Mo04)7 (beta phase)

RCD

FCD
WMD

FCD
FCD

Qrgano-Pt and Pd complexes Chemistry

with substituted phosphino-,

bydrazino- and thiolato- ligands

PC-88A loaded chromatographic

XAD resin diluted with KBr

(in pellet form)
Mixed borohydrides in KBr

pellet form

Alumina gels at different

temperatures

ZnJdnXu & Co complexes with
Sugers for biomedical study

Organic compounds for synthesis

of radiophannacuticals

PC-88A loaded chromatographic
XAD resin

Polymer samples

Division

PREFERE

SSPD

FCD

IIT,

Bombay

. ID

PREFRE

RCD

7

3

7

6

7

2

18

6

4

4

6

6

6

2

Nature of the

Sample

LiNbG) crystal samples at

different stages of preparation

Uranyl anilide complexes

Uranyl - diketone complexes

PdCl2 and PtCl2 complexes

with organometallic ligands

Uranyl complexes

Cu, Ni, Co, U complexes with

substituted aminophenol ligands

Cs6Th(MoQ,)5

Diethylhexyl phosphinic acid

complexes with Mo

Nation polymer film under

different conditions

Irradiated organo-phosphorous

extractants at different doses

Name of No. of

Division samples

RCD

FCD

FCD

Chem. Div.

FCD

Isotope Div.

FCD

Isotope Div.

RCD

FCD

XAD-4 resin loaded with PC-88A FCD

at various concentrations

Lanthanide complexes of

HPBI and crown ethers

Th and Nd complexes with

with amides & diamides

Anilide and nitroso ligands

Alumina gel pellets heated at

different temperatures

Uranyl - diketone complexes

Bhubaneshwar

University

RCD

FCD

FCD

FCD

3

3

2

10

4

14

2

6

5

14

8

6

3

2

2

6

5.3. Analytical Services (Spectroscopy section)

5.3.1. As apart of the quality control programme of nuclear fuel materials, trace metallic
assay of ThO2, UO2 and PuO2 and also other samples were carried out using (I) DC arc
atomic emission spectrometry, (ii) ICP-AES and (iii) AAS. A total of 263 samples
received from RMD, FCD and other divisions of BARC and also from different
institutions were analysed for trace metallic constituents. The details are given below:
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Type of sample
UO2

ThO2

PuO2

Misc.

No.
27
51
66

119

5.3.2. EPR services:
EPR spectra of 80 samples received from different divisions of BARC and also from other
institutions were recorded.
(R.M.Kadam, Y.Babu, V.Natarajan and M.K.Bhide)

5.4 Teaching at Training School

Our Division continued to participate in the Training Program of BARC Training
School. Lectures were given and Practical conducted for the 39th and 40th batch of
Chemistry Trainees of the Training School, during the year 1995-96. Lectures taken each
year is shown below.

S.No.

1.
2.

3.
4.
5.

Topic covered

Interaction of Radiation with matter
Nuclear and Radiochemistry

Applied physics
Reactor Physics
Computer Techniques

No.of lectures
delivered
10
40

15
15
15

Name(s) of lecturers

A.Goswami
A.V.R.Reddy, B.S.Tomar &
PXPujari
P.P.Burte and R.N.Acharya
(Tutorials)
S.V.Godbole
MX.Jayanthkumar
M.L.Jayanthkumar

In addition Practicals were conducted in the discipline of Nuclear Chemistry and
Radiochemistry for the chemistry trainees to introduce to them the handling and counting
of the radioactivity and various analytical techniques and counting systems used in the
separation, detection and estimation of Radioactivity. Dr. S.S.Rattan, Dr.H.Naik, Dr.
P.K.Mohapatra and P.N.Pathak were involved in conducting the practicals.

5.5 Radiochemistry education in schools

One of the important activity started during 95-96 by our Division is the One day
Lecture cum Demonstration Programme for the school children so as to popularise this
subject in school level.. Twenty five such work shops were conducted for the benefit of
the DC to XII standard students. About 3000 students and 150 teachers have been
benefited by these programmes. About fifteen scientists from our division (listed below)
were involved in these workshops. This activity was initiated by Dr.S.B.Manohar on
behalf oflANCAS.
(S.B.Manohar, H.Sodaye, M.K.Bhide, A.Ramaswami, N.Goyal, T.P Chaturvedi,
G.KGubbi, P.P.Burte, M.L.Jayantkumar, V.K.Manchanda, P.K.Pujari &
R. Veeraraghavan)
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5.6 Workshop on Radiochemistry and Applications of Radiolsotopes

Indian Association of Nuclear chemists and Allied Scientists (IANCAS) organises
periodically Workshops at different Universities and Research Institutions to popularise
the Teaching of Nuclear and Radiochemistry at University level. Our Division participates
in conducting these workshops. The curriculum of the Workshop includes both lectures
and practicals. The lectures cover the basic aspect of Radiochemistry and Application of
Radioisotopes in different fields. The practicals are designed to acquaint them in handling
and counting of Radioactvity. Following nine workshops were conducted during the year
1995-96 in which members of our Division participated as resource persons.

S.No.
1.

2.
3.

4.

5.

6.

7.

8.
9.

Name of the Institution
CPDHE, Delhi University, Delhi

Y.S.Parmar University, Nauni,H.P.
Mysore University, Mysore

Lucknow University, Lucknow

Tamil Nadu Agriculture University,
Coimbatore *
Punjabi University, Patiala

S.V.University, Triupati

Goa University.
NEHU, Shilong

Date
Oct. 95

July, 95
Nov, 95

Jan, 96

July, 96

Oct,96

Nov, 96

Nov, 96
Dec, 96

Names of Persons involved
V.K.Manchanda, S.B.Manohar,
A.V.R.Reddy & D.R.Prabhu
A.V.R.Reddy & G.K.Gubbi
A.Ramaswami, B.S.Tomar &
V.K.Manchanda
P.P.Burte, S.V.Godbole, P.K.Mohapatra
and S.K.Das
G.K.Gubbi, ML.Jayantkumar,
S.B.Manohar and P.K. Pujari
A.Ramaswami, V.K.Manchanda &
V.Natarajan
A.V.R.Reddy, S.P.Dange, A.G.C.Nair&
S.B.Manohar
P.P.Burte & R.N.Acharya
S.B.Manohar, S.K.Sana & S.K.Das

5.7. Publications

Scientists of our Division were involved in briging out the following publications during
the year 1995-96.

S.No.
1.
2.
3.
4.
5.
6.

Name of the Book
Principles of Radioactivity
Experiments in Radiochemistry
Marathi Book on Radioactivity
Introduction to Radiochemistry
Frontiers in Nuclear Chemistry
IANCAS Bulletins:
(I) Trace Element Analysis,
(ii)Solvent Extraction - New Perspectives,
(iii) Radiopharmaceuticals and Nuclear
Medicine
(iv) Radioisotope in Earth Sciences.

Edited By
D.D.Sood, N.Ramamoorthy & A.V.R.Reddy
D.D.Sood, S.B.Manohar & A.V.R.Reddv
S.B.Manohar, RP.Burte & V.Sagar
D.D.Sood& A.V.R.Reddy
D.D.Sood, A. V.R.Reddy & P.K.Pujari
P.K.Pujari
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5.8 Training programme for the university students:

University students and Research scholars are given practical training in the
field of Radiochemistry, Gamma ray spectrometry and Neutron activation analysis in
Radiochemistry Division. Each year training is conducted for roughly ten such batches.
The details of the these training programmes during year 95-96 is given below.

S.No.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Name of the university

Dept-Of Aquatic Biology And

Fisheries, University of Kerala

S.V.Untversity, Tirupati

Shivaji University, Kolhapur

R.R.L. Trivandrum

NCL,Pune

Osmania University

S.N.Bose National Centre of Basic

Research, Calcutta

Utkal University

Guru Nanak Dev University.

IGCAR, Kalpakkam

Nagpur University

AMD Hyderabad

Date & Duration

23/1/95 to 12/2/95

9/1/95 to 20/1/95

1/3/96 to 23/3/%

15/7/% to 3/8/%

23/2/95 to 23/3/95

17/7/95 to 29/7/95

12/8/96 to 24/8/%

4/9/95 to 17/9/95

11/9/95 to 16/9/95

18/9/95 to 20/9/95

3/12/95 to 30/12/95

15/5/% to 5/7/%

3/12/95 9/12/95

31/7/95 to 3/8/95

4/3/% to 23/3/%

1.8.96 to 11.8.96

Sections involved

Nucl. Chem.

Nucl. Chem.

Actinide Chem.

Actinide Chem.

Nucl. Chem.

Spectroscopy

Nucl.Chem.

Nucl. Chem.

Actinide Chem.

Nucl. Chem.

Nucl. Chem.

Nucl.Chem.

Nucl.Chem.

5.9 Miscellaneous

In addition to all the above mentioned activities many scientists from our division
served as members of Training School Selection Committees and as Experts for the
promotion of the departmental candidates. Many were also involved in the evaluation of
PhD theses, delivering invited talks in different universities, review of manuscripts for
publication in journals, review of research proposals of CSIR, DST, BRNS, organisation
of RONBEC, NUCAR symposia and DAE essay contests.
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S.10. Ph.D. Programme .

1. Electron paramagnetic resonance studies of structural phase transition in solids (1995)
Student: Y.Babu
Guide: B.ADasannacharya

2. Photoacoustic spectropscopy of actinides (1996)
Student: A.R.Dhobale
Guide: M.D.Sastry
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6. PUBLICATIONS

A. Journals
1. Mass asymmetry dependence of angular distribution in 237Np(a29 * u Mev): Single

particle effect. T.Datta, S.P.Dange, H.Naik and S.B.Manohar Z.Phys. A351, 305
(1995).

2. Systematics of fragment angular momentum in low energy fission of actinides. H.Naik,
S.P.Dange, RJ.Singh and T.Datta Nucl. Phys. A587,273 (1995).

3. Emission angle dependence of fragment spin: Effect of single particle spin and tilting
mode. T.Datta, H.Naik and S.P.Dange Phys. Rev. C51, 3104 (1995).

4. Mass resolved angular distribution in 10B, 12C and 16O induced fission of 732T)x. B.John,
A.Nijasure, S.K.Kataria, A.Goswami, B.S.Tomar, A.V.R.Reddy and S.B.Manohar
Phys. Rev. C51,165(1995).

5. Fourier based analysis of complex nuclear spectra using singlets. S.S.Rattan and
V.K.madan Bull. Radiation Protection 18, 87 (1995).

6. Preservation of information in Fourier theory based deconvoluted nuclear spectra.
V.K.Madan, K.RGopalakrishnan, R.C.Sharma and S.S.Rattan Bull. Radiation
Protection, 18,91 (1995).

7. Thermal studies on unirradiated and gamma irradiated polymer of allyl diglycol
carbonate, P.C.Kalsi, K.D.Singh Mudher, AK.Pandey and R.H.Iyer, Thermochimica
Acta, 254,331 (1995).

8. Application of gamma-ray spectrometry for the assay of uranium in crude UF4- An
input material used for producing nuclear grade U-metal at the natural uranium
conversion plants. P.C.Kalsi, A.K.Pandey and R.H.Iyer, J.Radioanal. Nucl. Chem
Letters, 201,165 (1995).

9. Mixed-ligand chelate extraction of trivalent lanthanides and actinides with HPMBP
and CMP; MX.P.Reddy, A.D.Damodaran, J.N.Mathur, M.S.Murali and R.H.Iyer, J.
Radioanal. Nucl. Chem. Articles, J98,367 (1995).

10. ICP-AES determination of silver after chemical separation from uranium matrix;
A.A.Argekar, MJ.Kulkarni, J.N.Mathur, A.G.Page and R.H.Iyer; Talanta. 42, 1937
(1995).

11. Mixed-ligand chelate extraction of trivalent lanthanides and actinides with 3-phenyl-4-
benzoyl-5-isoxazolone and neutral donors; M.L.P.Reddy, RLaxmi, T.RRamamohan,
T.PrasadRao, C.S.P.Iyer, A.D.Damodaran, J.N.Mathur, M.S.Murali and R.H.Iyer,
Radiochim. Acta 69, 55 (1995).

12. Extraction and extraction chromatographic separation of minor actinides from
sulphate bearing high level waste solutions using CMPO; V.Gopalakrishnan,
P.S.Dhami, A.Ramanujam, M.V.BalaramaKrishna, M.S.Murali, J.N.Mathur, R.H.Iyer,
A K Bauri and ABanerji, J. Radioanal. Nucl. Chem. Articles, 191,279 (1995).

13. Extraction chromatographic separation of promethium from high active waste solutions
of purex origin; A.Ramanujam, P.V.Achutan, P.S.Dhami, V.Gopalakrishnan, R.Kannan
and J.N.Mathur, Solvent Extr.Ion Exch.,13, 301(1995)

14. Extraction Chromatographic separation of minor actinides from Purex high level
wastes using CMPO; J.N.Mathur, M.S.Murali, R.H.Iyer, ARamanujam, P.S.Dhami,



115

V.Gopalakrishnan,M.K.Rao,L.P.Badhekaand ABanerji;Nuclear Technology 109.
216 (1995).

15. Extraction behaviour of Uranium (VI), Plutonium (IV), Zirconium (IV), Ruthenium
(IE),Europium(IH)with gamma irradiated N,N'-methylbutylsubstituted amides;
P.B. Ruikar, M.S.Nagar, M.S.Subramanian, N.Varadarajan, K.K.Gupta and
R.K.Singh, J. Radioanal. Nud. Chem., Letters, 201 (2), 125(1995).

16. Extraction behaviour of uranium(VI), plutonium(IV) and some fission products with
gamma irradiated N, N'-Dihexyl substituted amides; P.B.Ruikar, M.S.Nagar,
M.S.Subramanian, K.K. Gupta, N. Varadrajan and R.K. Singh ; J. Radioanal! Nucl.
Chem., Articles, 196 (1), 171 (1995).

17. Synthesis and characterisation of some new mono- and diamide complexes of
Plutonium (IV) and Dioxouranium (VI) nitrates; P.B.Ruikar and M.S.Nagar;
Polyhedron, 14,20 (1995).

18. Utility of conventional analytical methods in characterisation of organo-plutonium
complexes; P.B.Ruikar and M.S. Nagar; J. Radioanal. Nucl. Chem. Articles, 191, 15
(1995).

19. Thermodynamic of the complexation of Ce3+, Eu3+ and Er3+ with 1,10-diaza- 4,7,13,16
etraoxacycloocta decane-N,N1-diacetic acid and 1,7-diaza- 4,10,13 trioxa
cyclopentadecane- N^NP-diacetic acid. V. K. Manchanda, P. K. Mohapatra, C. Zhu and
R. M. Izatt;J. Chem. Soc. Dalton Trans., 1583 (1995).

20. Complexation of americium(III) with a diaza-crown ether. P.K.Mohapatra and
V.K.Manchanda, Polyhedron, J4, 1993 (1995).

21. An unusual extraction behaviour of americium(III) and dioxouranium(VI) from
picric acid medium using neutral oxodonors. V.K. Manchanda and P. K.Mohapatra,
Radiochim. Acta, 69, 81 (1995).

22. Measurement of void volume of a fuel rod and the exchange of ocluded gas from
mixed carbide fuel with filling gas helium. G. A. Rama Rao, S. G. Kulkarni,
V.Venugopal, V. K. Manchanda and G. L. Goswami, J. Nucl. Mater., 218, 231
(1995).

23. Reversed - Phase Partition Chromatographic Separation of Minor Actinides with Bis
(2- ethylhexyl) sulfoxide from Acidic Nitrate Purex Waste Solutions, J.P.Shukla,
V.G.Katarni and R.K.Singh, J.Radioanal. Nucl. Chem. Art., 191,291 (1995)

24. Extraction Characteristics of Uranium(VI), Plutonium(IV) and Some Fission
Products with Radiolytically Degraded Bis ( 2-ethylhexyl) sulfoxide, J.P.Shukla
and C.S.Kedari, Nucl. Sri. Journal, 32,92 (1995).

25. Electron Irradiation Studies on Ammonium molybdophosphate, K.L.N.Rao,
J.P.Shukla and B.Venkataramani, J.Radioanal. Nucl. Chem. Art.,189, 107 (1995).

26. Carrier - Facilitated Transport of Plutoniun(IV) through Tributylphosphate /
Dodecane Liquid Membranes, J.P.Shukla and S.K.Misra, Indian J Chem., 34A,
778 (1995).

27. Extraction of U(VI) and plutonium(IV) with some high molecular weight aliphatic
amides from nitric acid medium, G.M.Nair, G.R.Mahajan and D.RPrabhu.,
J.Radioanal. Nucl. Chem. Articles 1£1, 323 (1995)
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28. Thermally stimulated luminescence and electron paramagnetic resonance studies on
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