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Small-Angle Neutron Scattering from

Micellar Solutions

VK. Aswal
Salid State Physics Division
Bhabha Atoinic Research Centre

Abstract

Micellar solutions are the suspension of the colloidal aggrogate of the surfactamt molecules in agueoss
mmm(»&mww}mr&mmqﬁumw».m
depand on the molees b of the surfa presence of additives, and the solution
conditions, such as temperature, conceniration efc. We bave studiod the structures of variety of micellar
mqw;nmwmwgmwmmmmumm
rmmmm it of iy and newly
d multi-beaded me-mwpmwgmmm
MMWWWMNmMHhﬂW»qumng

| geneini

Introduction

SCATTERING PROVIDES AN [DEAL
probe for investigating the structure and the
dymamics of the materials &t microscopic scale

[1]. This field consists of 1 whole family of techniques
and small-angle neutron scattering (SANS) is one of
these.  Unbike conventional diffraction experiments,
where the structure of @ matertul Is examined wt mtomic
resalution  (~ 1 A), SANS Is used for studying the

of fals with @ spatial resolution of -
100 & That is, SANS covers a length scale of particubar
interest 1o & number of applled problems refuting 1o
polymers, ceramics, biological systems etc.  SANS has
been successfully used 1o determine the shapes and
sizes of particles dispersed in a homogeneous medium.
The particke could be 2 macromolecule (e.g. biological
molecule, polymer, micelle etc) in a solvent, a
precipitate of material 4 in 2 marix of another material
B, a microvoid in certain metal or 3 magnetic
Inhomogeneity in a non-magnetic matrix [2], We have
used the technique of SANS at BARC for investigating
the structures of variety of micellar solutions. This
article gives a brief survey of the results of these
studies. The next section gives an introduction o the

small-angle neutron seattering. Section I gives an
Introduction o the micellar solution and the SANS
results from the micellar solutions are given in section
Iv.

Small-Angle Neutron Scattering
SANS is a diffraction experiment, which imvolves
scattering of 2 monochromatic beam of neutrons from
the sample and mewsuring the scatiered neutron
intensity as 1 function of the scanering unge (Fig. 1).

|

LETE ooul’ 5
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The wave vector transfer (= 4msinf/), where ). is
the incident neutron wavelength and 20 is the
scatiering angle) in these experiments s small,
typically in the range of 10" to 1.0 A", The wavelength

of neutrons used for these experiments usually being 4
- 10 & Since the smallest ) values occur ot small

scattering angles (- 17, the technique is called as
small-angle neutron scattering,

In SANS experiment one measures the coherent
differential scattering cross-section (dE/d0)) as a
function of wave vector transfer ). For a system of
monodisperse particles, |t is given by

dZ 1
5@ =nlp, -p 7 P@S©

where i s the number density of the particles, p, and
P, are, respectively, the scatiering length densities of
the paricle and the solvent, and ¥is the volume of
the particle. P(Q) ts the intraparticle structure factor
und is decided by the shape and size of the particle.
S(Q) Is the interparticle structure factor, which
depends on the spatial arrangement of  particles
and s thereby sensitive lomtu'plmdl' unmmom
In case of dilute soluti
effects ure negligible, and S(Q) - 1.

Scattered neutron intensity in the SANS experiment

between the averuge scatiering length density of the
particle and the average scattering bength density of the
solvent. This term is referred to us contrast factor. It is
equivalent (o the conlrast term in optics where it is
decided by the difference In the refractive indices of the
particle and the solvent Due o the fact that the
scattering length Is negative (= - 03723 x 10" em) for
bydrogen and positive (= 0.6674 x 10" em) for
mmumwmmm

| aspects of hydrog tals, such s
mmmmmmme
and the solvent can be easily enhanced devterating
either the particle or the solvent

Figure 2 shows a SANS diffraciometer installed a1 the
guide hall of Dhruva reactor 2t BARC.  Neutron beam
[ml'lllhgulﬂehmumdlmdhlhemh
[3]. The average ngth of the monoch

beam is 5.2 A, Thlsbeumpassts through two slits §
(2emx 3 cm) and §, (1 em x 1.5 cm) bedore it is
incident on the sumple. Distance between 5 and 8, is 2
m and this gives an angular divergence of £ 05" The
angular distribution of neutrons scatiered by the
sample is | using a one-d | position
sensitive detector. The sample 1o detecior distance I
185 m. The @ range of the diffrasctometer |5 0.018 -
0.30 &' and it is suitable for sizes in the runge 10 -
1504

depends on (p-p)"- the square of the difference
200 ¢m 165 ¢m ']
SAMPLEY | DETECTOR PSD
ENTRANCE g:n . SHIELD LONG
SLIT ; )

137.5cm

T
ELEVATION

Fig. 2 A layout of SANS diffractometer at Db reactor
2
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Micellar Solutions

Micellar solutions are the suspension of the colloidal
apgregates of the surfactant molecules in aqueous
solutions [4]. Surfa lecules |eg. cetylt

thylammonium bromide (CTAB)] consist of a polar
hydrophilic head group and a long hydrophobic chain
connected to the head group. The coexistence of the
wo opposie types of behavior (hydrophilic and
hydrophobic) in the same molecule leads 1o the self-
aggregation of the surfactant molecules in the solution,
The aggregates are called as micelles. The typical size
dlmhuﬂlmxﬂenﬂmmiﬂlmdumudcupn[

A

micellar solutions emerges from the fct that it s
possible w0 vary the contrast between the micelle and
the solvent by simply preparing the solution in DO
instead of 1,0,

The study of micellar solutions s of interest from both
the point of view of hasic research and the applications
[6]. The most important property of the micellar
solutions is their ability 1o solubilize the materials that
are otherwise insoluble in the water. This is relevant
for many industrisl and blological processes. For
example, the detergency involves the removal of oil or
:hn h-p the formation of micelles. Many colloidal

shout 100 surfactant !
representation of a surfactant molecule and a micelle is
shown in Figure 3.

Surfuctant Mollecule

¥ Polar Head
Bvater - loving)
ff
Hydrocarbon tall
‘Ovater - repeliing)

1—“‘-—.

are stbilized by the addition of surfactant
molecules, which are then adsorbed into the particle
surfaces amd form a  protective layer  against
coagulation. Micellar solutions are also used In tertiary
oil recovery in the petroleum industry.

Micelles are formed by the delicate balance of
opposing forces:  the attractive tail-til hydrophobic
interaction  provides the driving force for the
aggregation  of surfactant molecules, while the
electrostatic repulsion between the polar head groups
limits the size that & micelle can attain [7]. As a result,
the charateristics of micelles are easily contralled by
the changes in the architecture of the surfactant
molecule as well as in the solution conditions. The
micelles formed are of various types, shapes and sizes,
such as spherical, ellipsoidal, cylindrical or thread-
like, disk-like esc. We have studied the structural
aspects of variety of micellar solutions using SANS. The
emphasis in these studies was 1o understand the
reasons for the changes in the micellar shapes and
sizes under the different solution conditions, In this
connection, the micellar solutions of different types of
Maﬂhdmuﬂdmmmﬂmm
25 COnC , and presence of varions

g3 A scoemalic structure of @ surfacton molecule and &
mricelle

The surfactant molecule s referred 1o as joakc or
nonionic depending on whether its head group lonizes
or not in the aqueous solution. For example, CTAB and
sodium dodecyl sulfase (SDS) are jonic surfactants and
triton x-100 is a nonjonic surfactant, SANS has been
wed extensively to study the shapes and sizes of
the micelles (5], The sirength of SANS for studying the

Mﬁﬂmmlhesethmbunmmaim
structures of micelles when there are two differemt
types of surfactints in the solution have also been
examined. The surfactants, which we have studied, are
the ¢ iomal surf [8-11), mixed surfs

[12,13], block copolymers [14,15], and the newly
synthesized  gemini  [16-22] and  multi-headed
surfactants [23]. In the following, results of some of
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Results
Structures of lonic Micelles in Presence of
Hlectrolyles

The jonic micelles (.. CTAB) are nearly spherical in
pure micellar solutions. These micelles become
clongated and grow in length on addition of
electrolytes, such as KBr, sodiom salicylate (NaSal) eic.
The effect of different electrolytes is inerestingly quite
different. This provides one of the easlest ways for
practical applications w control the properties of the
micellar solutions by the addition of the electrolyles.
We have used SANS 1o address some of the specific
questlons in these systems [8-11]. For example, it was
not clear why CTAB or CTAC micelles grow with the
addition of small quantities of KBr, but pot with KCI
even al high concentrations? SANS results from these
systems in terms of the structures and interactions of
the micelles showed that differences in micedlar growth
of CTAB or CTAC in presence of KCl and KBr are
connected with the different counterion sizes of € and
Br jons [89]. The smaller the hydrated size of the
counterion, higher will be is tendency w screen the
charge on the micelle, and hence the kurger sie of the
micelles. The other example. where we have used the
SANS Is 1o understond the stroctures and the
interactions in the viscoelatic CTARMNaSal micellur
solutions [10,11], This system shows a striking double
peatk bahaviour of the zero-shear viscosity as a function
of NaSal concentration. 1t s found that beyond the first

- 0.1 M CTAC + € M KCI in 0,0
¥
§|n -
] ce.10
w
E L] o £=0.08
S
C=001
o
oo mn mu‘ s

viscosity maximum micelles behave as living polymers,
In the living polymer regime, micelles break and
coilesce on @ time scale smaller than time scale of
diffisional  moion. The micelles are  highly
polydispersed in this regime and their length
distribution is exponential. These swdies further
suggest that the variation In viscosity afier the first
viscosity maximum is connected with the change in the
intermicefle interactions,

Figare 4 shows a typical SANS data from a micllar
solution of 0.1 M CTAC 1o compare the effect of the
addition of KBr and KCI [9]. The correlation peak n
the data is an indication of strong, repulsive interuction
between  the  positively charged CTAC  micelles.
The peak usually occurs at Q, - 2x/d, where d s the
average distance between the micelles. The peak shifts
10 lower Q with KBr is an indication of the growth of
the micelles in CTAGKBr solutions. The broadening of
the peak is due to the screcning of the repulsive
interaction between the micelles in the presence of the
electrolyte. The same is not the case in the CTACKO
solutions, where the peak broadens withow a2
significant shift in the peak pasition, This shows that
CTAC micelles do not grow with the addition of Gl
The quantitative inf about the and
the interactions of the micelles is obained by fiting the
experimental data in serms of eq. (1) using suitable
models for P(Q) and §(Q). The solid lines in the
Figure 4 are the Ot 1o the experimental data

-
o

B.1 M CTAC + M ¥Br in 0,0

w
1

CROSS SECTION (e}
T

Figd Thw comparison of SANS data from 0.1 M CTAG with Kir awd Xci
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Micellar Structure of Gemini Surfactants

Gemini o dimeric surfactants consist of two
ydrophobic chains and two hydrophilic head groups
covalently connected by a spacer. Gemini surfactints
are called as the surfictants of the next generation
because of the number of exceptional properties that
they manifest. Addidonally, the gemini format allows
for expanded  structral  diversity o surfactant
chemistry, as head groups, hydrophobic chalns,
spacers and counterlons can be varled In search for
enhunced performance, We have studled in detall the
effect of (a) spacer leagth, (b) fesibility vs. rigidity of
the spacer, (¢) lydrophobicity v, hydrophilicity of the
spacer and (d) role of change of the head group from
cutlonle 1o anionic on the micellar structures of geming
surfactants [16-22]. Depending on the natre of
spacet and head groups, length of hydrophobic chalns
ind spacer Jengths, various types of aggregates, such as
spherical, ellipsoidal, rod-lke or disc-like micelles,
have been observed. As an example, Figure § shows
the SANS daua from 2.5 mM micellar soludons of 16-m-
16,2Na" geminl surfactants for spucer length m = 2, 4,
Gand 10 [20]. The measurements were carried out at

2.5 MM 18-m-16,2Na"

o 01 oz
a (k)
Fig.5 SANS deata from mricellar soletions of Gewinl surfactanis
it affferent spacer lengths

enough low concentration to ensure the micellar
solutions as dilute, Le. 5(Q) - 1. Fig. 2 shows the
cross section (dX/A02) and the slope of the SANS data
al the low Q reglon (Q < 0.05 A") decreases as the m
is increased. This suggests that micellar structures are
widely different in these systems. For m=2 and 4, SANS
distribations are straight lines in the low Q range of

0.01 o 0.05 A", For m= 2, dZ/d€2 varies as 10 and
for m=4, it varies as 1A). These observations on Q
dependence of the cross section sugpest micelles are
disc-like for m=2 and rod-like for m=4. The small
vilues of dZ/dC2 at low Q region for m=6and 10 i an
indication of smaller micelles in these systems than
those for m=2 and 4. It is found that micelles are
ellipsoidal for m=6 and 10,
Structural Studies of Mixed Micelles

Mixed micellization of surfactant is of practical interest
a5 surfactants used in applications are ofien mixtures
af homolog pounds or are insted by
impurities. SANS studies on these systems are useful 1o
find the composition of the mixed micelles, We have
studied the structural aspects of mived micelles with
different types of surfactani molecules [12,13]. These
include the mixed micelles of
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Radiation Chemical Studies on Biologically
Important Molecules in Model Systems:
Relevance to Biology and Medicine

Soumyakanti Adhikari
Radiarion Chemistry & Chemical Dynamics Division
Bhabha Atomic Research Centre

with the chemical changes induced by high-

encrgy radiatons. The main effect of radiation on
solutlons i i produce exclied states and froe radicals
depending on the nawire of the medium and energy of
ratiation, By judicious cholee of the medium and the
seavengurs one can generate the desired exclied stue
andd free radical. The lechniques of pulse radiolysis and
radiolysis have been employed (o generte and study
free radicals. Rudintion chemistry in model systems
including blological model systems (e, proteins)
sysdiem may throw light on three fundamenta queries:

11 Whether these media can provide novel catalytic

environment?

2) Can radiation chemistry provide some information
regarding the physical properties of micro dropless
(e, size of water pool, location of the probes,
e )i

3} Does the medinm mimic physiological sitsation?
in the present stwdy, emphasis has been given i
undersund  free  radical  reactions in  different
environment with 2 variety of bio-molecules to address
the aloresaid queries. While a good number of systems
were covered in the award-wining thesis’, only a brief
account of o few systems are included in this brief
wticle The search staned with the redox reaction of
bilirubin (BR), 2 good heme model, in micelles.

Bilirubin (BR), the tesrapyrrolic bile pigment is the end

product of heme catabolism.

This molecule has been chosen because other than its

property of protecting Bovine Serum Albumin (BSA)

from copper-mediated denamration’, it also exhibits

?rlﬂ‘- SUBJECT OF RADIATION CHEMISTRY DEALS

lIlIII oo
L} N’ II.
oy iy
. i ﬁ’k/ﬁ\‘x\
J—n s
(/
- 2
S iy
'{i':( RN
Structure of bilirubin (3]

antioxidant activity. Stocker et al. have shown that BR
can act as antioxidant i efeo al 2 micromolar
concentration and can inhibit lipid peroxidation by
peroxyl radicals”. Pulse radiolysis study of BR using
primary radicals was initiated"* before the report by
Stocker etal. Later several groups Including us have
taken up the issue and extensive studles have been
carried out on the redox reactions of BR in aqueous
homogeneows, micellar media and in presence of the
carrier profein, bovine serum albumin (BSA).
The hydrated electrons react with BR four times fster*
35 compared to that in the pure homogeneous aqueous
sofution. It is very interesting that the reaction of CO,
with BR is not detectable in homogeneous aquecus
solution under the pulse radiolysis condition. €0 |, a
strong reducing agent with E'(CO,/C0,)=18 V v NHE
ﬁmmmnhw‘d:m
megative potential for the couple BR'/BR " in aqueous
medium. BR, being 2 highly reduced product, is much
more prone 0 oxidation than reduction. In CTAB
micellar media this reaction proceeds at an almost
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5 A .
4 . 3 B

* -]
3 o
2 &

g 1 -
1
Y 3 2 a o 3 e} K

g [CTAB] bog [CTAR]

Fig ! Dependence of (4) the weld and (8) formation rate constant of the 88" species an the concertration of CTAS

diffusion comrolled rae’,  The bimolecular rae
constant being 5.4 x 10" dm'm’s', In a plot of A
Absorbance (at 520 nm) versus [CTAB] (Fig. 1) a
constant  dose  and fixed BR concentration A
Absorbance Increases as [CTAB] inceeases but it a very
high concentration of CTAB, the rate constants as well
#s A Absorbance decrease probably due o alterition
in the micellar structure ai a higher concentration of
CTAB. The rate constant for the reaction of hydrated
elecirons with BR in CTAB micellar medivm is more
than 10 times faster as compared 1o that of CO |
radical, This shows that these two species behave
differently in this medivm. Hydrated electrons can
penetrate the hydrocarbon core of the micelle and
attack the BR molecule dissolved in this region,
whereas 00, can noL.

The reaction of BR has been extended in BSA solution
(the protein s wsed a5 the  biological
microheterogeneous medium}. It has been obscrved
that BSA protects the bound BR molecule® from
axidative attack by free radicals like OH, CCLOO', N,,
etc, The competition kinetics plots can manifest the
protection of BR by BSA from free radical induced
damage. The equation by which the competition
kinetics is explained, is as follovs

0.D.q ke [Bsa]
on. " [eR]

(1}

where 0.0, and 0.0, are the ylelds of the seml-oxidized
BR species in the absence and presence of BSA. k and
K' are the himolecular rate constants for the reaction of
CCLOO radical with BSA and BR, respectively,

The open circles (Fip. 2} show the experimental
points, although @ steaight line can not be drawn
through these, comparison of these points with the
calenlaed Hne (ine @ of Fig, 2} is sufficien w show
that BR is protected 1o 4 considerable cxtent by BSA. Al
a molar ratio of 1:1, the apparent kK is 2.46, Le., in
the complex the reactivity of CCLOO radical wwards
thee B84 is more than double than that of BR bound 1o
the protein. N, radicals react in more or less similar
wity to that of CCLOO radicals with BSA-BR complex.
The protection of BR from the antack of this radical Is
less than that In case of CCLOO" radicals (Fig. 2b and
d). The caleulated ratio of K and K 5 0.28 as
compared with 1,78 in the complex, In the case od
Br," radical induced oxidation, the observed W% s
2.55 whereas the calculated ratio of k and K is 1.38
(Fig .2c). Hence, in this case the protection is less and
the lowest [n the series of CCLOO and N, radicsl
induced oxidation.
It has  been

L

concluded  that  biclogleal
1 | can induce even
negative catalyic effect for the destruction of bio-
molecules by different free radicals, which can
otherwise complicate the simation.
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To address the second poinl, a waler-in-oil
microemulsion has been used™”. Thcmh:rwmﬂsiu
Is d of SDSwaier/cycloh tanol. A
Mluddbmmmlhumw!mnwmnwln
a recent review article”, In & microemulsion, there are
mwo sources of hydrated eectroms; one s the
scovenging of excess electrons produced in the
hydrocarbon phase by the water pools and the other is
the direct radiolysis of water. Remirkably high lifetime:
(20 pas) for hydrited electrons has been oblained. In
generd), these are two arders of magninude higher than
those reported eardier in reverse micelles. The decay
ldnetics of hydrated electrons has been employed 10
determine the water pool size and Jocation of the
probes. The wariotion of hydrated electron
concentration with time i glven by :
bal-kd ekt 4, k:l):}w[—n[:-ml-t. rl]
«(2)
where |e,| and [e], are the hydrated electron
concentratlons at tme t and zero, respectively, k, is the
first order decay rate constant of the hydrated electron

in the absence of solutes, K is the bimolecular raie
constani for an exchange process that imolves water

pool collisions, k, is the hydrted electron decay
constant in the presence of solutes and n s the
average number of solutes per micelle,
Mmyywnﬂml.r_.kp&hﬂhyu[hdmum
solute per micelle is given by

Then following the Poisson distribution,
In P,=n=-[Q]/[wP] 4

where [Q] and [WP] are the concentration of the
solute und water pool, respectively. Hence a plot of In
P, versus [Q] gives o messure of the water pool
concentration which In mrn pives the radius of the
water pools, assuming these are of spherical shape. In
our experiment we have mesured the waler core radii
from the electron decay in the presence and absence of
solute a1 a parvculer Gme window. Different solutes
used for this purpose are  CuSD4,  NN-
dimethylformamide, ©Cly and BSA  Following
the procedure described, water core radii have
been determined for almost all w, (w, = [waer] /

[surfactant]) values using  different  solutes ws
mentioned. Earfier, an empirical relation between wy
and ras r = 1.5 w, had been proposed. In our
measurements the radii of the water pool are close 1o
15w,

Further, s the absorbance of the bydrated electrons is
directly proportional 1o the concentration of e,
equation [2] redoces o

(%) = kot + (Hap) [1 - 0l-iyt)] ©

where A, and A are the absorbances of the hydraed
electrons at time 0 and time 1, respectively. k_has been
nﬂwadnhsmdlfmgqmlmdbyphlumh
(A/A) wersus  [Q), ﬁmﬁ and A are the
:hwrhm:unfhydnﬂeﬂdmnuuthh
absence and p of As
nﬂauw wbmsolmla]owedlnhcmpod
lndvlrﬂ-slh when solute Is located a1 the
Interface we have determined the location of different
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solute in the microemulsion by following the decay
kinetics of the hydrated electrons [Fig. 3. It has been
shown that not only k, but himolecular rate constants
calculated from Kk for the reaction of the molecules
like BSA and lysozyme (Lz) increases steadily as w,
increases i @ NalS/H O/cyclohexane/1-pentinol
system”™. Hence it has been concluded that radiation
chemistry may be employed to determine the physical
of a i In addition some
information regarding the reactivity of bio-molecules in
4 bio-mimicking environment can also be predicted. It
mety be mentioned thal microemulsion can also be a
potential catalytic medium for preparation of small
mono-dispersed metal clusters™,

log w,

Fig. 3 Vartation of log b, with log w, for the solubes: (a) B34,
(B) N, ¥- dimetbyiformamide, (c) CuS0,, (d) CC1,

Third point is to evaluate whether the micro-
heterogeneous media can really provide a bio-
mimicking environment. For this purpose the afore-
said microemulsion has been chosen as the model. The
exact role of B-carolene in cancer prevention is stll
speculative, although it is known as an ubiquitous free
radical quencher, whereas retinol has drawn extensive
attention for its cancer prevention activity. [-carolene
is @ known ‘provitamin A’ due 10 its conversion into
retinol by the engyme dioxygenase via its central or
excentric cleavage. This has been demonstrated earlier
by in vive tests with vitumin A deficient animals,
Although the enzyme is present chielly in the intestine

L]

and possibly in the liver, accumulation of vitamin A has
been surprisingly noticed in many tissues in mice. This
leails to the speculation as 1o whether It is possible that
vitamin A may also be derived from P-carotene by
some purely chemical protocol. This question has been
ddtessed by focusi bt e ety

of f-carotene with resctive oxygen species in the
microemulsion”, The transient absorption spectra
recorded at 50 ps following the reaction of CCL00
radical with all frans f-carotenc are shown in Fig.4.

:-;“._-"'.
W

- @ T mK
Wanrenath s
300 300 T 200
‘Wavelength, nm

Fig 4 Transient absorption specira recorded from an air-
saturaled microemulsion (w, = 32) solufion containing f
carotene (a) 1% 10° mal dm’, (B) 1 x 10" mol dm”, § 3 10°

saturated wiicroemulsion (w, = 32) solution containing I 1
10" mol dm* 3 cavotene, 5 % 10° mol din* GG, at (a) 5; (B) 15;
and (¢} 80 g after the electron fulse.

Interestingly, in addition to the bleaching spectrum,
three distinct peaks were noticed. The difference in
kinetics for the formation and decay of these peaks
suggest that they belong 1o three independent species,
The first formed peak at 740 nm was ascribed to an
adduct of CCLOO radical and P-carotene. It is evident
in the inset that even at a higher time scale (15 ps),
growth of the i imued. At a comparativel
longer time scale (80 ps), when there was no CCLOO
radical present in the solution, the peak due 10 the
radical adduct started decreasing. However, the
growth at 840 nm due 1 [P-carotene] continued
suggesting that this is formed both by a direct route as
explained above and also through the intermediate
radical adduct,
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Fig § Absorption i rmw,hihrﬁw the tranients obbained from an ate saturstod microomdsion (w, = 33) solution containing § x 10°
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The most siriking feature of the present study was the
appearance of a new absorption band in the UV region
with the maximum at 345 nm. This peak was very
intense, appeared at @ comparatively longer time scale
and was stable upio 5 ms. The oscilloscope traces of
the peak are shown in Fig. 5 (A) € and (B) c. When the
solute was kept for 10 min, the solution staried
showing an absorption in the same region as the
transient spectra, thereby indicating the formation of 3
stable product.

afler continuous pulsy irradiation of an @ir-satursted

Suarescence spocina reconded
miicroemulsion (i, = 12) solution conbaining § x 10" mol dw’ 8 carotene, 5 x 10° mol dm’ OC1,. Cummulative dose 48 bGy
ihincyanale dosimetry)

To ch the product, radiolysis was carried out
mwmdwumwm,ﬁw
state-al specira  were

musamumm
specira obuined from the microemulsion solution
containing 5 x 10" mol dm" f-carolene and 0.1 mol
dm" O, with 3 total irradiation dose of 48 kGy. A
broad spectrum beginning at 280 nm and culminating
at 380 nm with the peak around 305 nm was ohserved.
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Spectral licated strong
with those due to retinol. In order 10 confirm this, the
product wis excited st 340 nm when a strong
flunrescence spectrum with 8 maximum a1 525 nm
(Fig. 6 b) was obtined, To optimize the maximum
yield of retnol, pulse radiolysis was carried out with
continuous pulse frradiation (1ol dose of 48 kGy
according 1o thincyanate dosimetry). A quantitative
assay of the product formation was also carried out
using standard calibradon technique and at best 16-
18% of retinol formation was noticed under the
f i condition, Micr lshons can be a very
wood moded for studylng bio-reactions for extrupolating
the results into physiology In some cases.  Our study
confirmed the possibility of formation of retinol from
B-C via 0 non-enzymatic oxidative pathway exhibiting
its role as an antioxddant. This might wlso explain the
presence of retinol In organs other than the Intestine
and liver as found earlier with mice Hence, it can be
concluded that in some cases the microemulsion can
really mimic the physiological sitwtion.

Future direction

Living systems are extremely complex and the final
biological effects of radiation are results of complex
processes occurring during and afier irrndiation. In
onder 1o get 2 clear understanding of acmal processes
occurring inside the living tissue it is necessary to have
specific models which can provide us with information
regarding  specific pathways. In  recent  times,
microemulsions are being widely used for hiochemical
studies. Sill there is ample scope for foture
rescarchers 0 smdy oxidaion reacions in
microemulsions, though several smdies are in
progress™ ™ in other model systems such 25 liposome,
microsome, eic.

However, there i5 one area of radistion chemical
research that can be of immediue help in medicinal
chemistry, The importance of this ares has stll not
been adequately understood. This field is the study of
pulse radiolysis of drugs and antioxidants in aqueous

can be made 10 react with other hinlogical molecules

In solution. This will give 4 very good ides of some
aspects of the physiology of these molecules. The next
stiep would be the study of the reaction of these
transients with living systems such as viruses and cells.
Instead of giving 3 number of examples, we will gve
wo single examples studied by the muhors This
should adequately illustraie the importance of radiation
chemistry.  The molecule, 3-azido-3-deoxythymidine
(AZT) is a derivative of thymine and is the most widely
used drug in AIDS therapy. Unforumately, the positive
ant -HIV effect of the drug is often accompanied by
sever side effects. Howeser, 0 understand the side
effects, it is necessary to study the resctions of the
origingl molecule. It has been shown” that AZT upon
reacting with primary free radicals produces transient
species which can destroy many important biological
molecules like bilirubin, rivoflavin, etc., that may have
some relevance with the side effiects associated with the
use of this molecule in AIDS therapy,

The next example is the widely used medicine, folate,

Glazer, BN, Ames. Science. 235, 1043,1987
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Geometric Phases, Foundations and
Quantum Information Theory

Arun Kumar Pati
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Abstract

Tuentieth

mast of which

century physics bas i
ww-mmgrﬁm mmquwdmmq

are not yet well undersiood. in spite of several difficulties, g

bave boen verified from time io H-m-qpx l'k-ﬁr‘s-qﬁwﬁw b broadly classified

into three

af Fhases, second is Foundational isiwes

faprics One is theory
o quanium theory and third is Quantsm Compuiation and Information theory.

Geometric Phases in Quantum Theory

BEAUTY OF A PHYSICAL CONCEPT LIES IN ITS

| simplicity with which it enters a theory and
elegancy with which it encompasses variety of
fields. A new major discovery really ok place in 1984,
when Sir M, ¥, Berry found a geometric phase or the so
called "Berry Phase” in adiabatic quantum systems, We
know that all the information about 4 physical system is

lucking. | have defined a gauge potential whose line
integral yields the exact geometric phase for arbitray
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not-eyelic evolutions [9,12]. Further, 1 asked if the
generdlized geometric phase can be defined from the
idea of paths. 1 introduced a new concepl called
“reference-distance”  function and proved that the
generalised geometric phase arises due to a basic
difference between “reference-distance’ and the usual
"distance” function [10]-

We have applied the non-adiabatic geometric phase
theory in dispersive fibers and argued that it can reveal
the statistics of the input light, contray 1o the general
belief that first order interference does not yield the
statistics of the input light {8]. In Josephson junction
system we have proved thar the supercurrent is
proportional to the “distance” function for a DC
junction. We have given geometric meaning o the
Cooper-pair density and relative phases and viewed
Josephson effect geometrically [16].

A long standing problem in many-body system is 1o
understand the damping of collective excitations.
Recently, 2 many-body Fermi system has been treated
[nlerms nfaxinglepnmdeinn.ueﬁ'mivemeﬁnﬁeld

d g adiabatic d jon. By the
qdjcaudmncydlcgmmmcphssensnme-
correlation functions, we have related the peometric
phases to the imaginary part of the susceptibility. Since
later quantity is related to dissipation, this work
provides a quantal origin of the damping in collective
excitations for the first time [17]. Further, we have
shown that geometric phase is related 1o quanmum
metric tensor and derived a Aucmation-correlation
theorem [21].

We have developed the theory of open-puth Berry
phase and provided 4 new gauge potential whose line
integral gives the Berry phase. We sidied s semi-
classical limit and established the connection between
Hinnay angle and Berry phase using  adiabatic-
coherenl stale formalism. By expressing the Berry
phase a5 a commutstor  between projection operator
and ts differential we have studied it classical limit
using Wigner formalism. Our theory provides for the
first time an operational definition of Hanmay angle for
open path [20].

All the previous work on geometric phases hus been
focused on quanmm systems deseribed by pure states.
Il & system bs {n @ pure state then one can associle 4

wanve function 1o it Recently, we have generalized the
concept of geometric phase for mixed states. If 2
quantum system has not been prepared in a definite
pure state but weighted sum of various pure stales with
appropriate probabilities (due to our ignorance), then
it is described by a mixed state. Mixed states can arise
in variety of siations, If we have @ composite systen
in an entangled saie and have access o only one
subsystem, then the subsystem is described by a mived
state, Using our definition of phase we define parailel
transport condition for mived state and Introduce a
notion of geometric phase. Further, in the special cases
our definition reduces 1o the pure state definition of
geometric phase [28].

Foundations of Quantum Theory

Nawral laws look comprehensible if formulated in a
simplest way with the help of fundamental constants, In
special theory of relativity we bave the fundamental
constant ¢. The existence of ¢ and principle of cansality
say that the maximum value of velocity for any material
particle is limited by the speed of light. In quantum
world also all the particles obey this universal speed
limit. However, there was no known limit on the
acceleration of @ particle either in special relativity or
in quantum theory, 1 have shown that by combining
uncertainty principle and principle of special relatviy,
there exists a fimit on the acceleration of 2 particle [2].
This fundamental limit provides understanding 10
several phenomena in quantum world, For example, it
explains for the first time Bohr's postulate that why
electrons in energy eigenstae do not radia [3].

Tnwas known that photon cannot be localized precisely,
If one could find a localized state of photon, then there
will be @ violation of the special theory of relativity,
Nevertheless, one can localize 4 photon only optimally.
For an optimally localised photon the position operaor
has non-commuting components. [ gave a new
interpretation to position operator and predicted non-
abelian At Bohm effect for optimally localised
photons, which can provide a direct test for the
existence of photon position operator and the extent of
localisability [14].

In the context of quantum Zeno effect, | have shown
that contdnuous observadon in Yon Neumann ype
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medstrement is nol possible. There is a limi on the
frequency of measurement coming from the geometry
of the quantm state spce [13]. Further, 1 hoe
predicted o new effect called quantum Zeno
effect 1t saps thai in the lmit of high Irequency of

measurement of some observable of the sysiem, the

i

There is & remarkable difference between 2 classical
and a quantum system. Por dassical sysiem the value of
& phrysical quantity exists prior 10 measurement--which
is an element of reality independent of any thing else.
However, in quantum world an element of reality is
o o exisence anly afier measurement. Prior 1o a
messurement only potential values of a observable
exst. Einstein, Podolsky and Rosen argued that reality
and locality leads 1o the conclusion that quanium
theary is incomplete. It was john Bell who pointed out
tha one can pul ceruin constraints on correlation if
locality and reaity criteria hold. It was found that
quanium theory vioksies these constraints (now called
Bell inedqualities). | have proposed an experiment on
how 10 test Bell's inequality for four spin-balf particles
using Aharonov-Casher (AC) effect. AC effedt refers in a
phenomenon where u particle carrying  magnetic
monent is influenced by a line charge ssed ot 3
distant point. Though, locally the particle experiences
10 lorce, the wave function acquires a phase shift. The
phae shift can be soen i the spin comdaton
messurements of two pulrs of entangled particles. This
commelation viokstes Bell s inecuality [18].

Quantum Information and Computation

Recently, there has Dbeen apother rewlution in
information processing capahility that arises due 1o the
llwlnl'q\mﬂmmeclulﬂu hleuuplﬁl!-pnhw

d exciting d
wmmmmw-ﬂ
quanum entanglement play bey role in information
processing Lincasity of quaniun evolution gves exira

paver o quantum compuier and a1 the sane dme puts
limitations on same basic operations. It tums out that if
the classical communication channel is supplemenied
with quantum channel, then there are certiin things
possible, which cannol be done only with clissical
channel.

1 have been working in this ares for last theee years As

berween August 1998 (o August 2000 25 | was abroad
duriny that time.)

In quantum information theory entangled state play 2
privileged role, I we have a composlie quanium sysiem
in o pure state consisting of muny subsystems, then a
generic pure stale is in an ermanged staie Entngled
stabe s & one that cannot be written as product
individual states for (he subsysiems, For
stems in general there alvap exis
decomposition for all wavefunctions suck
reduced density matrices have cqual specrum.
snma.nd

-4

place. ,
Bob's is in NewYork Alice wants to prepare an siom
in some definite stte in Bob's kaboratory. Instesd of
Kice can
prepare an wtom of her choke In Bob's place by
sending just one classical bit 1o Bob. | have put forward
the idea of remole state and remote state
méstsurement for quantom bits (qubits) [31] A qubit
is & Pwo-stale quanium system, soch a8 an stem, or 2
linear superposition of hortzontal and vertical photon,
or coud be linear superposition of neutron spia-up
and down stte. || was showm that with the use
of a spur-singlet stale and one chssical bit Alice can
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remotely prepare certain cluss of qubits. With the same
resource Alice can ask Bob 1o simulate any single
particle measurement ouleome 4t 4 remole place. This
will bee useful in many practical aplications.

Another mysterious feature of quantum world is the
Interference of a single quantom particle if it is passed
ﬂnwxhn\'wngsdmﬂedlummm
! that the particles
mqumwummodymhlko
behave like waves. This is the Emous wave-panticle
duality in quantum theory. As Feyiman has pointed out
“this is the only mystery™. In general if 4 quantum
particle finds aliernate possibilities then the total
possibility ts calculated by summing the amplitudes
ponding 10 each al and taking is
modulus. This reproduces the correct  quantum
interference but no body knows why it is so. The
qﬁﬂnnwhmuhd,lsllpnssﬂ:lemm
between two indep and
particles afier they have passed through two
independent double slits or two independent Mech-
Zender imerferometer set-ups? We found a way w0 do
that! We proposed & new interfermeter set-up to swap
the coberence from one set of interfering paths 10
other two paths that have no common origin, and yet
they behave as if they have come through a single
double-slit setup. This phenomenon is  called
coberence swapping, This will open up the study of
wave-parucle dudity from a new angle.

Our present research is an ongoing exploraion of
mpsteries and surprises in quantm world,
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Use of Modulation Transfer Function
in Determination of Focal Spot

Dimensions
P.R. Vaidya

Asomic Fuels Division
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Abstract

The modslation transfer function (WTF) bas been used in the imaging field to evaluate fidelity of imaging systems
in reproducing different spatial frequencies. 1t bas been used for similar purpose in radicgrapbic imaging also,
As the focal spol size bas an influence on the resolution of @ system it should be expecied io influence MTF ivo.
Such qualitative linkage between focal spot size and MTF bas been knoun. This paper demonsirates definitive
Mhmmmmw.mmnmmwmhmw
Jrequency at which MTF becomes zero or underg This apy b is applied fo conventional and
microfocus X-ray units mmmmth-ﬂuumwmmm.ﬂu
spread function (LSF) and from the devivative of the edge spread function Results were compared with resolution
(star) pattern metbod and were found in agreement, excepl with a bias lowards overestimation in the case of
microfocal spots when LSF metbod is used  The metbod pave lower valwes as compared fo pin bole metbod for

compeniional units

Introduction

HE MODULATION TRANSFER FUNCTION (MTF)

is a method of describing the response of an

imaging system to different spatial frequencies in
the image. It is closely refated 1o the line spread
function (LSF) which is the response function of an
imaging system 10 an impulse input. The MTF is also
Imown as frequency response function or the optical
mmuhmwmsm
linked with the freq
Mﬁ:ﬂ!kll’uﬁ#bﬂmmwm
and the MTF curve of 2 radiography system. This has
been imvestigated in some publications “** .
In the present work we have psed the first zero or the
first minima of the MTF curve to estimate the focal spot
dimension of the industrial X-ray whes, The method is
applied w conventional (macrofocal) as well as
microfocal X-ray tbes, for directional and panoramic
trgets. It is  also werified on X-ray whes of other

u‘_.‘..l

sires and had also provided MIF curves in their
Three different methods of drawing MTF curves were

adopted and all were found to satisfy the relasionship.

Theory

The frequency response function for a2 rectangular X-
ray target with 3 uniform intensity was shown by
Morgan ™ 10 be equal 10

R = sl @/d x4
= fldd +d)]... ... ...

Where d, and d, are respectively source-to-object and
object-to-film distances, a is the focal spot sive and f
is the spatisl frequency. This is similar w an optical
system becanse the Fourier transform of a slit with
width ais { sin m fa/nfa), an expression identical
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1o eq. (1). As the Fourier transform itself is 1 frequency
response spectrum, it can be sald that the X-ray focal
spol has the same effect as the slit has in an optical set-
up. ‘The value of FRF (or MTF) will be zero where
frequency is such that the argument of sine function is
equal lo 7 or its multiples. Let the frequency [ (at the
object plane) be [, for that condition :

then, = fald/d+d)=nn
hence a=nlld +d)d] 1L ... (2}

Conversely, it can be argued that if MTF s zero at a
frequency [, then [, must satisfy Eqn.(2). With [, d,
and d, being known, one can find focal spot size @,
Though any value of “n' should give the value of @, as
the frequency takes higher harmonic values, the first
210 (n=1} can be used for calculations of the focal
spot. Instead of the object plune frequency, one can
also use image frequency [ for calculation. E={/M
where M is the magnification factor and & equal 1o
(),
Therefore, focal spota = focal spota = Vxd/d,
R
This can also be wrinen as L ( M-1)

Here [jis the spatial frequency in the image plane when
MTF Is zero. This approach can be applied 10
determine the focal spot size of macrofocus @ well as
microfocus units,

MTF has a multiplicative property. In Xeray imaging
application, the total MTF Is composed of the MTF of
the focal spot and the MTF of the film. 1Lis given as:

MTF (total) = MTF (film) x MTF (focal spot)
For the purpose of finding focal spot dimension we

present  purpose. This will also be shown

experimentally.
Experiments and Results

Three different methods were used 1o get MTF curves
in order to verify the proposition,

o by fundumental method of taking amplitades of
warious spatial frequencies on lne pattern image,

* by wking fast Fourer transform (FFT) of line
spread function (LSF) obtained from u slit image,

® by obwining edge spread funcdon and
differentiate it 0 get ISF : then take FFT as (i)
above.

Bvery time, a star patiern was imaged with identical
parameters, (o compare the  MTF method results with
those obtained by the star resolution method . In
addition to the above, we tested the proposition oa the
MTF curves available in the published work of other
researchers, where focal spot size also was available.

By the basic convention, the optical density should be
comveried to radiant exposure for finding the MTF and
the LSF. However, we have confirmed that the dose-
density relationship s stricdy linear for typical
industrial radiographic films and hence linearisation of
density values is redundant as the smplimde axis in
MTF curve is to be normalised in any case.

Fundamental method

Huttner's line resolution pamern having  spatial
frequencies from 0.25 Ip/mm to 10 lpfmm  was
imaged on  medium speed fim a3 direct
entargement ratio of x2(d, = d). Conventional
twulocm]mhe mlcmfncusrodnm!elm

need to work with MTF (£s.) which can be found only
al & magnification greater than unity. This Is because
the focal spot influences the transfer function only
through geometric unsharpness, which occurs at a
non-unity magnification. The MTF (flm) is obtained
from # contact image. MTF(flm) does not undergo
magima or minima.  Therefore the fist zero or
minimum ohserved in the MTFliotal ) occurs
exclusively on account of MIF([s.). Hence it is
adequate to work with the MTF (lotal) rather than
separating MTF(film) and MTF (fs) ot Jeast for the

| urget were employed.  The
image was scanned using Joyce-Lochle scanning
microdensitometer at the slit width of 20um. This st
width satisfies the Nyquist criterion of sampling raic
even for the highest frequency of 10 lp/mm.

Figure 1 shows the OTF curves for the three X-ray
targels employed. The phase is shown to be negative
where the pattern image demonstrales reversal of
optical density, ( Such curves giving phase information
are actually called optical transber function rather than
MTF, which displays only absolue value of the
transform ™ )
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The focal spot was calculated by the eqn. (3), Take for
example, curve B for the microfocal rod anode, The
frequency [ in the imuge plane is 1.3 Ip/mm where the
curve cuts the x-axis, For the magnification of x2 |
source to object distance d, is equal o the object 1o
film distance d, Hence focal spot @ = 1/(1.35
Ip/mm}) = 0,74 mm. The other values obtained in
similar way are given in Table 1. 1t can be noted that
the MTF curve for the microfocal directional target
does not touch zere or minimum at 10 1p/mm, thereby
the focal spot is smaller than 100 pm,

Table 1 : Focal Spot Size obtained by
ical Transfer Function Method )

23mm

= WET
Microfocws | Directional | 30 | <g7p NA
Microfocus | Rod Anode | 50 | (.68 mm | (.74 mm

(KA THl the froquency covenvd, MTF did not show sero of mirima
tuifne beponad the seate |

Line Spread Function Method

LSF was obtained for three different types of X-ray units
by exposing a narrow slit onto a flm.  Slis of fve
different widths of 20 pm 1o 100um were employed,

which were made out of highly straight —and
rectangular siainless steel jaws  of 4 mm thickness.
Images were taken at magnifications x1 (contact), x1.5
and %2 . Slit radiographs were scanned on  the
microdensitometer with a slit of 20 um width to obtain
the LSF. The scans gave LSF which were digitsed and
MTF was obtined by using the fast Fourier transform
(FFT) programme on 4 personal computer using the
mathematical package ORIGIN - Microcal version 4.1.
A Hanndng window was used for taking FFT. The
Sampling interval for FFT was kept same as the interval
used for digitising the curve, The digitising interval for
the curve, in turn, was equal to slit widh used in
microdensitometer scanning.  This Is Important for
ohuining correct results because the highest frequency
contained {n FFT curve depends upon the sampling
interval

One of the X-ray units was of panoramic fype and
hence the projected focal spot was linear in shape —
very narrow in one direction and long in the other.
Sizes in both these directions were imaged by the slits
in the direction perpendicular o the dimensions of
interest. That is, the length dimension of the spol was
assessed by the slit transverse o the line and width by a
slit parallel 1o the linear dimension of the focus. Slits
with different widths were emploved for microfocus
unit for studying the effect of slit width on the result

FiTotal

i
.3 @3 B
Spatial fraquency (ip/mmi

Fig.2 MTF for microfocus wmil nsing LSF of 50 u st

Figure 2 shows the FFT of LSF for 50 pm sl at
comtact (x1) and x2 magnifications for a microfocus
unit. Contact FFT is MTF(film) whereas curve 2, a1x2,
gives MTF(iotal). MTF(s.) is obtained by dividing the
curve 2 by enrve 1, which is given as corve 3 As can
be seen, the minimum on curve 2 and 3 occurs at the
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Table 2 : Comparison of Resolution Method and MTF First Zero Method

0.36 mm
£ o
20p 9op
sop |90
Edge response NA 0616mm o
= 0.035
5 =l <5bp NA 40
same [requency, because the film alone has much rather than a slit. For » given focal spot size un
higher response at every spatial frequency ull the end. optimum slit width is required. The derivative of ESF
Figure 3 gives MTF curves for conventional X-ray tube yields the finest compatible slit for the given focus. An

focus size 0.4mm) where MTF (film} is
than MTF(Total ) which then is not

%:: Fn'l'm

oadl FFT

oa J|TETAL

T s

©
MAGE FREQUENCY fp/mm)

Edge has lesser inaccuracy as compared to fine slit if
the placement under the beam is not very accurae. A
vertical edge of highly polished surface having 4 mm
thickness was exposed and MDM scan was wken. It
was differentiasted on = PC afier digltal smoothening
wherever required. Figure 4(a) shows the edge trace
at X2 magnificaion which is differentiated 1o get the
LSF in Figure 4(b). Focal spot size for the micrafocus
unit then obtained from the zero as in Fgure 5. The
lower half of Table 2 gives the comparison of results
obtained by ESF route with the resolution pamern
method.

MTF curves of otber asithors

In onder io verify the method on larger number of X-
ray tubes with wider range, MTF curves walablo in the
literature were used to find the focal spot size. This
was | with the focal spot size mentioned in the

Fig 3 MTF far comentional snif ssing L of 100 st

Edge spread function route

An image trace of o knife-edge object is called edge
spread function (ESF). This is similar 0 siep a
function response in electronics. It has been shown™
that ESF is nothing but summation (or integration) of
the line spread functions across the edge. Therefore it
is possible 10 acquire ISF by wking derbvative of
the ESF, There are certtin advantages in using an edge

same papers. Gould and Genani™ while comparing
MTF curves qualimtively with the focal spots, have
measured spot sizes by pin-hole method a1 different
locations in the X-ray beam viz. &t centre, owards the
anode and towards the cathode, They have also
published corresponding MIF curves (for example
Figure 6). Using these published curves pertaining to
two different tubes, focal spot sizes were assessed by
the first zero method. Results are given in Tuble 3,
along with one other X-ray wbe from K Doi™,
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Table 3 : Application of MTF Method to X-ray Tubes of Other Authors

o= Cathode side =
~do- Anode side Pinhole | 300 260 -20
Pin hole 17 Beyond scale -
GE Transverse | - Catalogue | 180 9 +7
RST Axial Central beam Pinhole | 180 143 20
Cathode side Pinhole | 230 170 -26
Anode side Pin hole 150 135 -10
8 E . Catalogue | 2 mm 1.5 mm =53
vitlue
Discussion

Results from each of the four methods are discussed
here separaely.

The focal spot sizes found by the fundamental method
of plotting MTF, using line resolution pattern of various
frequencies, is in close agreement with values obtained
by star resolution method. This is expected as both the
approaches are based on the same principle. The
frequency at which the MTF is zero is the same where
ihe lines in the resolution pattern give blurred contrast.
Both the approaches are derived from the Morgan's
formula (eqn.1). The rod anode used was a panoramic
target; here as well as in LSF method; panorumic
targets do give variability of results, This is probably
due 1o ring shape of such trgets. The segments of
equal arc lengths on the ring give Increasingly smaller
projected lengths, from the centre towards the edge, as
seen by the slit. However, the change is not linear with
the linear distance. This gives rise 10 a corresponding
non-linear variation in radiation intensity received al
the object, from across the targel, thus affecting the
LSF. More work is required to study the behaviour of
panoramic largets as even in the star methed they ofien
give odd patierns,

The first part of the Table 2 gives FFT results of the line
spread function derived from the slit images.

14

Agreement is very good for conventional directional
targets. Even for panoramic target, the axial dimension
of the spot is in excellent agreement with the star
pattern value, For the transverse size of the spot, LSF
was taken at only x1.2 magnification. It gave a focus
size much smaller than expected. It could be due to the
small magnification used; the other reason could be as
discussed in 4.1. More work is required to stdy
behaviour of panoramic tirgets s even in the star
method they sometimes give queer patterns.

»  Foor different slit-widths were used (20, 50, 100,
500u) in the case of the microfocus unit, for
obtaining the LSFs. But all have given neary the
same result of 90y for focus size. This value is
higher than that observed by the star method.
The reason for this is the broad slits, Just as o
fine hole is required in the pin-hole method, a
very marrow shit must be used In the case of
microfocus bes a5 the focal spot is o fine. An
excessively broad shit has its own MTE which gets
introduced in the total MTF. Ideally the MTF
(focal spot) should be corrected for this
contribution; it was not done here. A finer slit
poses difficultics in  alignment and loss in
radiation intensity at the film plane. In the
absence of 2 very fine slit LSF can be obtained by
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the derivative of the edge spread function, which

would autormatically simulate the finest possible stic

This Is seen in the nest section,
The second half of the Table 2 shows the results
arrived mt by using the derbvative of the edge spread
function. It gave very good curves and results for the
microfocal  Xoray target (Figures 4 and 5).  This
suppocts the argument thut the edge can substitute for
4 very fine slit. Although it is not shown in the Table,
but we treted 100 jom slit ws two independent edges
and derived a focal spot sie by that route. It showed
the focal spot size 1o be S0, close 1o what single
edge has given,

«  In the case of o conventional unit, some noise was
observed on the LSF curve derived from ESF,
Either the ESF or LSF were digitally smoothened
1o get the result Five difierent combinations of
smoothening operations were used.  The result
ghven in the tble ts average of te five with the
standuard deviution, which is reasomably small.

Resulis in Table 3 pertain w the X-ray whes of other
authors as mentioned earlier.  Figure 6 gives MTF
curves for one such wbe  The dotied lne is
extrapolation done by us. The values obtained by MTF
first 2ero method are all smaller by abowt 20% as
compared to the pin-hole method. However, pin-hole
methad is known 1o give higher estimates. It ks not
known whether and what corrections the suthors have
applied.  Their method of ploting MTF is also not
known. The nuture of the MTF curve for ransverse
direction in GE targed is different in thar it has 2
minimum 2s well as & zero, A Similar graph was
obiained in the case of 2 LSF for 2 50 pm slit in our
laboratory for microfocal unit It indicates 3 bi-modal
shape of the source. This could have happened also
due 1o ihution of the dimension of the
focus, if the alignment is impedect As the zero s
distinct and follows immediately afier the minima
froquency valbe st the zero is considered for
calculations. This is oaly an empincal conclusion;
more work is needed 10 sort out such behaviour.

Sometimes the MTF curve does not take zero valoe, but
undergoes only & minima In these cases calculation
will be based on the frequency ai which the minima
occurs. One such example is given in the Figure 7

which is obuained from LSF of a 40 pm slit imaged by a
conventional panoramic target {axial direction). Here
the MTF curve does not take an exact zero value, but
runs quite close to it. As the magnification used was
x1.5 and 1 is 5.0 Ip/mm, the focal spot should be
(1/5.6) x (1/ 0.5) de 0.56 mm, the value obtained also
by the star method.

The presence of a minima tnstead of 2 2ero could be
due to many reasons. If the LSF is naoisy then the high
frequency component may be more in the MTF, not
permitting it to vanish, where otherwise it would have
been zero, The other likely source is the discree
sampling, Take for example, the dotted part in the
curve B in the figl. The solid curve B ouches zero
because it is an OTF curve waking negative amplitude
vilues also, The dotied extension is the MTF and hence
takes ooly absolute values. As the exact [requency
where it is 1o be zero is not the pant of the sample, MTF
begins o rise before touching the x-axis. This type of
situation can also come when the digind wransform is
taken on & computer. The FFT softwares do not
sample alf the points on the curve but &t discrete
Intervals.  Then the frequency corresponding to the
2ero response can be missed out and MTF can rise
again. Bt in amy case, it is observed that frequency of
the first minimum gives satisfaciory resuls if 2 sero
does not occur.

In general, dimensions obtained from nine difierent X-
ray tubes and 17 target arientations show tha the MTF
method ghes resuls reasonably cose 1o the other
methods. This method has an advantige over the
method based on resolution pattern, that it can be
employed even @ higher X-ray energies, where thin
lead sirips in the resol [patiern are p d

Conclusion

1t is passible w find the focal spot dimension of an X-
ray unit using the lowest spatial frequency m which
MTF is either 2ero or minimum. The MTF obtained by
three different methods, namely the fundamental route
of imaging varions spatial frequencies, tking FFT of
the line spread function (LSF) and obuining LSF by
differentiating the edge spread function (ESF),
generally showed similar results when compared with
the results obtained by resofution test method.
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Analogue with Potential DNA Targetting

Property

Mahesh Subramanian
Big-Oirganic Division

Bhabha Aromic Research Cenere
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Food Technology Division
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organic molecules that are capable of binding

and cleaving DNA a5 these can be used in the
design and development of new drugs, sythetic
restriction enzymes, DNA footprinting agents efc.™
Towards this end, the redox potential of a variety of
melal jons have been exploited for the development of
DNA cleaving agents.” However, possibly the organic
compounds play more important roles as they not only
provide multitude binding interactions with the target
DIKA but also ensures the required electron transfer via
their intrinsic  chemical,  electrochemical  and
photochemical properties.” Some of the well-known
DRA cleavers like DAPL, furamidine, bleomycin efc.
hind preferentially to the A-T rich sequences of DNA
and show mixed hinding interactions ar different
sequences. The polypyrrole natural eompounds like
the i Ikalolds and the microorg
derived plgmmls prodigiosing can efficiently cleave
DA v an oxidative process. Recently, a red pigment
was obtained from the Micrococens sp. isolated from
sterilized  debydrated  shrimp.  The  compound
possessed a novel wipyrrole structure where the third
pyrrole moiety was attached 1o the bipyreole nucleus
through its nitrogen atom, & N-alkytated analogue of
prodigiosin (1), Our interest in the compound 1
stemmed from its probable DNA trgetting properties.
Tt was envisaged that while its planer bipyrrole nuclens
may hind DNA by intercalation, the ring nitrogens and

rEiHERE 15 A BURGEONING INTEREST IN SMALL

the methoxyl subst provide hydrogen bonding
stes that could contribule o grooe binding mode’,
features  similar 0 bleomyein™ Due 1w the
susceptibility of polypyrroles for easy oxidation’,
compound 1 was expected to show nuclease activity in
the presence of a snitable redox active metal ion. Such
activity could then be used w0 determine whether it
interacts with DNA [n a sequence-specific manner. To
test our hypothesis, the DNA targeting activities of 1
were examined, 1t was found that 1 binds with DNA
efficiently and facilitates  copper-mediated  DNA
cleavage by a process that does not reguire any
external redocing agent. This behavior differs from that
of most of the well known DNA cleaving agents amd
implied thar DNA may be & therapeutic locus for 1.
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Results and Discussion
DNA Binding

Compound | has strong absorption bands (501 and
537 nm) in the visible region that are well suited for
DNA binding studies. The ability of 1 to hind DNA was
determined with UV-Visible spectroscopy. As shown in
Fig- 1-3, addition of poly[G-C], poly[A-T), and calf
thymus DNA (CT-DNA) in increasing amounts 1o & fixed
concentration of 1 (20 pM) led to gradual reductions
in the intensity of both the shsorption bands of free 1.
Ln addition, a misor red-shift (1.5-3 nm) of the bands
were also noted. All these data clearly suggested
eﬁdmthinﬂnguflmﬂ:hﬂﬂmdnm:xgmm
More ypochromicity induced by
hinding of 1 Inpuly[G-C] was significantly high while

those with CT-DNA and poly[A-T], were similar and
much less in magnitude. Based on these ohservations,
a G-C specific binding of 1 wis apparent. This was
confirmed by quantititive analysis of the UV-visible data
which permitied determination of the intrinsic binding
constant, based on the site-exclusion model’ The
equilibrium hinding constants (K} in respective cises
were derived (Fig. 4) by ttrating 20 pM of 1 with
increasing amounts of CT-DRA, poly[A-T), and poly[G-
€], added in different base pair aliquots as indicaed
in the Fig. 1-3. Regression analysis in all the cases
showed linear fits indicative of a single mode binding
of 1 with DNA. As anticipated, the K-value for G-C
domain binding was 4-6 fold than those for binding
with A-T domain.

ol

A & i) 00 T
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Fig. ¢ Interaction of 1 with poly[G-C},. Increaving amounts
of poly(G-C), (2.5 jaM aliguots) was added to 20 14 1 in 10
M HEPES busffor i 7.2 i presessce of 100 mM Nacl

Fig. 2 Interaction of 1 with poly[A-T],. Increasing
amounis of poly(A-T), (5 gl aliguots) was added fo 20
mmmwmmﬁimnmwm
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Wavelength{am]

Al of T with CT-D¥A Uy
amounds of CT-D4 (6 pM aliguots) was adddod 1o

20 1M 1 43 10wl Fiepes buffer ph 7.2 in presenice
of 100 mMl NaCl

Structural basis for DNA binding

Compound 1 possesses unfused romatic ring systems
bearing cationic charge at physiological pH. The
citlotiic property of 1 appears o be critical for its
efficient binding with DNA which is also reflected from
reduction of the binding constant values with increased
pH (6.5 v5 8.5). The binding constant values of 10" M*
was much lower than those of typical intercalators
which show K values 10-10" M""  This argued In
favour of a non-intercalative, groove binding of 1 with
DA via ion-pair interaction, Weakening of the binding
with increased NaCl concentration (100-500 mM)
further confirmed it All these results were consistent
with the impartance of the cutionic charge of 1 for its
DXA binding.

Binding of 1 © DNA was also accompanied by
precipitation which continued even in the presence of
organic solvents (20% wv) like DMSO and acetone.

kL)

B CFDNA
§ pviA-T)
b piyitiC)

il R
-

lse-a1 0 *

L Ty
-

-
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[DNA]
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o5 8 53 39
[E L ETET &

I Fig 4 Dwtormination of the binding constant a’
DNA K

LIxm
Poly(AT), LAXI0M!
PolyG-C),

67X 1M

These results were surprising as we anticipated that
DNA binding would faciliase water solubility. However,
in view of Rizzo's result’, it is iempting to speculate that
1 might show u conformational preference in binding
with DNA. Thus, if the 8 form of 1 is the preferred
binding conformation, then the pk, of the bound
compound would drop below the pH of the solution
causing its precipitation.

DNA Cleavage

The shility of 1 1 mediate DNA dleavage was assessed
using agarose gel electrophoresis and supercolled
plasmid pBR 322 DNA (Form 1). The assay were
carried out In the presence of several redox active
metals like Cu(Th), Fe(II), Nifl1) and Zo(1). As shown
in Flg. 54, strand scission of DNA could be effected only
In presence of Cu(IT) (lane 3). The data in lunes 2 and
3 demonstrated that both Cu(ll) and 1 were required
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Fig Sa Ability of different metal ions to induce DNA damage
in pregence of 1, Relaxation of Form | ONA by 1 in presence of
different metal ions. Reaction mrixiures (20 ul tolal volume)
contained 200 ng of Form | DNA in tomM HEPES buffer, pH
74, 75 mM NoCl and [0-rolume % CHLN. Clearage mas
carried out at 37 °C for 60 min

Lanel, D4 + 50 bt O™

Laned, DKA+ 50 M a1

Lane 3, DNA + 50 it f”

Lane 4, DNA + S0 M Fe"-1

Lane 5, WA + 50 M N7

Lane 6, DNA + 50 b M-

Lane 7, DA + 0 bt Zn”™

Lane 8 DRA + 50 pbf Zn"-1

e i — | -

Fig. 5b. Time dapendent DNA damage by cupric ion and 1.
Felavation plasmid DNA (Form [} by 50 pht
cu'-1 ar 37 'C Reaction mixtures (20 pl foal solime)
contained 200 ng of Form [ DXA in 10 mM HEPES buffer, pif
7.4, 75 m NacT and 10-volume % CHEN.

Lama 1, DA + 50 uM Cu™

Lo 2, DNA + 50 i 1

Lane 3-7, Clevage afler 0, 30, 60, %0 and 120 min incubation
with 50 M €1

for the clesvage. The cleavage was complele with
equimolar concentration of Cu(ll), while lowering the
Cu(ll) concentration progressively reduced the exient
of DNA strand scisson. Following the cleavage over a
period of 30-90 min (Fig. 5b }, it was observed that
single strand cleavage was complete within 30 min,
while significant double-strand DNA (dsDNA) cleavage
appeared afier ~90 min. Lanes 5-7 show all three
forms of DNA which is a classical evidence of dsDNA
cleavage.™*

To gain further insight into the mechanism of the DNA
cleavage especially with respect o the involvement of
oxygen-derived reactive species, the experiment was
also carried oul in the presence of various scivengers
of reactive oxygen species. Fig, 6a shows (lane 4) tha
the hydroxyl radical scavenger, DMSO could not
prevent the DNA cleavage, indicating non-participation
of this freely diffusible radical in the reaction. This was
further confirmed" from the fact that exient of cleavage
was dependent on the NaCl concentration (data not
shown). Superoxide dismutase wso had linle effect
{lane 6) on the course of the process. Thus, the
superoxide radical fon was neither directly responsible
for the strand scission™ nor in reducing Co(ID).™
(‘Alafsse the enzyme  responsible  for  the

portionation of HO, completely inhibited the
deaﬂse(haci)wonthmmaduhcdmage
was found to be oxidative wherein the intermediacy of
peroxo compound could be inferred. The metal
chelator EDTA could prevent the cleavage (lane 3),
while sodium azide, the singlet oxygen quencher'* had
2 marginal effect in preventing the DNA scission (lane
.

Al these duta indicated that the Cu(ll) binding by 1 is
essential and that H,0, is imvolved in mediating DNA

. Mechanistically, it appears that during its
mmtliunvﬂlhm{ﬂ} the polypyrrole moiety of 1
gets oxidized to a meradical cationic inermediate
generating Cu(). Since the rate constanis of
dimerization of bipyrrole radical cation in water are
~10" LM 's", one fate of the intermediate derived from
1 would be its dimerization. Oxidation Cu(I)
by molecular oxygen would furnish Cu(ll) and
superoxide radical fon, the later producing H,0, via
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Fig tia Mechanisim of the VA cloauage by cxpric fon and I,
Relavation of the Form | DNA by 50 MO0 Reaction
mixtures (20l iodal volume) contained 200 ng of Form | 0%
iy 10 M HEPES bufer, p 74, 75 mf NaCl and [0-vodumes.
CH N, Cleavage wis carred ot @t 37 € for 60 min
Lane 1, [NA alone

Lane 2, DA + S0 M Cu-1

Lame 3. Lane 2 + 100 mM EOTA

Lane 4, Lane 2 + | M DMS0

Lame 5, Lanie 3 + 1000 [mi Catalase

lane 5, Lane 2 + 1000 [iiml SOD

Lae 7, Lawe 2 + FO0 mM Na,

disproportionation. Finally oxidation of Cu(1) with H0,
would lead 1o a copper-oxo species that initistes the
DNA clemvage us Is known with prodigison and
tambjamine.” The involvement of Cu(l) was direcdy
proved by carrying out the DNA scission experiment in
presence of increasing amounts of neocuproine, 3
Cu(l)-specific chelator, As shown in Fig. 6b, presence
of neocuproine reduced the DNA damage in a
concentration ‘w“-
Considering that compounds that facilitse dsDNA
cleavage are known 10 possess cvtoloxic and ant
tumour properties, compound 1 appears o be a4
promising candidate as anti-cancer agent. Besides
cleaving DNA without the need of any reducing agents,
it induces dsDNA damage which is considered more
dificalt for the cells to repair than single strand
clervage. Furthermore, although a kirge number AT
wﬁcﬂk\hﬁﬂssmhwn,dﬁlmhgmmn:k
0 is more b
Hmmr,mmnfﬂmdneﬁ-ﬁspecﬁcbdndlmlmls
bind via intercalatve modes, From all these
the di v of 1 is very significant 45 it
hinﬁuiﬁﬁ-ﬂwqumniDMmMnm
Bused on the results presented in this paper,

1 1 might provide unique probe of nodeic
acid sequence-d dent molecular
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Fluxes and Residence Time of Different
Toxic and Trace Elements in Thane Creek

§. K. Jha, G. G. Pandit, 5. B. Chavan and B. 5. Negi

Envisonmental Assessment Division
Bhabha Aromic Research Centre

Introduction

[~ OXIC AND TRACE ELEMENTS ARE INTRODUCED
|| i aquatic environments s @ result of various
A processes.  The sowrces are  genlogical

wealhering, efflvent discharge from industries, use of

metal and metl components, leaching from dump and

Jeaching of (ertilizers, pherie and

about 4%/_. During the rest of the year the salinity is
maintained in accordance with the ingress of seawater
(maximum 387}, This area is also highly Bio
productive (Patel et al., 1979) and yields about 2 to 3
thousand metric tones of fish annually. This area was
developed by the stae lly for the

animal excretion and the discharge of human Sewge,
Tha,cumt. demmnsmdmhelmppulmcreekmd
in Elevated of
irace and toxic elements such as Cu, Fe, Pb, Zn in the
Creek water was reporied by several worker {Patel et
al, 1985b; Bosale 1991; Mirghkar et al. 1995).
Conceniration of heavy metals in sediments uswally
exceeds those of overlying water by 3 o § orders of
magnitude, There are various routs by which sediment
metals reach the biota. With such high concentrations
the bio availability of even a minute fraction of total
sediment metals assumes considerable imporance.

Taxic and trace elements enter Thane Creek from river
rn off and through direct indostrial and sewage
discharge from different discharge channels, While all
toxic and trace elements are naturally present in the
creek sediment it @5 their presence al elevaied
concentration, which presents 4 potential threat o
aratic life (Turner 1990). The present study has been
carried out in a creek near Mumbai City, which is one
of the most heavily populated and industrialized cities
of India. The creek, known as ‘Thane Creel’, separates
ihe Island City of Mumbai in the west from the
mainkand in the east and houses industrial area at a
distance of about 25 Km north—east of Mumbai city,
Thebwcnuldbemmldemdﬁmmmryrbmng

period {June-September, rainfall
20 em), when the land drainage and river run-offs are
considerable. During this period salinity drops down to

chemical industries towsirds the beginning of the sixties
and at present about 25 large industries and about 300
medium and small scale onits wsing hazardous
chemicals are located out of 2000 onits. The main
water source for the industrial consumption is MIDC.
‘The industrial area utilizes about 45000 m'/day of fresh
waler. The efffuent discharge —treated and wnireated
amounts o 26750 m'day Le. 64% of the ol
indusirial effluents generated In Thane Creek area
Except few major industries, medium and small scale
Indusiries discharge their wreated or untreated efluents
through the unlined surface drains w Thane Creek. In
addition to this domestc sewage discharges from
suburhs of Mumbai City meet the Thane Creek from the
west side. In addition, atmospheric fallowt from the
chimneys and stack and vehicle exhausts estimated 1o
be 22000 vday over the city, reach the creek after
washout

I an attempt 1o determine the pollution history and o
assess the fate of heavy metals detailed investigation has
been made in core samples collected from Thane
Creek.

and

The entire Creek was divided into three zones as shown
in Fig 1. The samples were collected using a gravity

corer, s inner and anter diameters heing 5 2 ond A0
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cm respectively. The length of the core collected with
the help of an adjustable piston rod with silicone
packing ranged [rom 21 1o 59 em. The gravity-coring
unit was lowered a5 slowly as possible into the
sediments to prevent kuerad motion of the pressure
wave created by the descent of the corer. One core
each was collected from zone-1 and zone-2, whereas
mwo core samples were collected from zone-3. The
collected cores were extruded vertically and sliced at 2
cm intervals and care was tken during coring 1o
ensure mink disturh of the sedi wiler

surface barrier detector connected 1o 2 multichanne!
analyzer.

The d dion of ¢ 1] in the
sediment core samples were carried out using Energy
Dispersive X-ray Fluorescence (EDXRF) technique for
elements Fe, Cu, Zn and Ph, which has been, described
elsewhere (Jha et al, 1999b). The Mn, Cr were
andlyred by AAS. The stndard APHA methods were
followes for analysis of toxic and trace elements in the
wilier by AAS (APHA, 1985)

Result and Discussion

LA oo

Fig.J Map of Thane crovh sbowing sampling locations

The determination of "“Ph content is based upon the
of the granddaughter "Po, which Is
assumed 10 be in secular equilibrium with its parent.
The hasic radiochemical procedure involved
leaching of the sediment samples with aqua regia, the
residual solids were filered off and solution was dried
and converted 1w chloride with concentrated HCL. The
final solution was taken in 0.5M HO and Po was
deposited spontaneousty on a siver disc. Yield tracer
“Po was wdlded 1o each sample prior 1o acid digestion.
Activities of "“Po along with the *"Po tracer were
measured by Alpha Spectrometry using a silicon

The concentration depth profile of Ph, Zn, Cu, Fe, Mn
and Cr s shown in Figure 2. The surfuce concentration
of Cr in zone 2 and zone 1 is 121120 ppm compared
w 37-71 ppm in zone 3 of Thane creek sediment
compaired 1o the average total Cr concentration in UK,
estuarine sediments (Bryan and Langston 1992) which
ranges from about 32-200 ppm. Apart from slight
deviation in zone-2 concentration profile velues of Fe is
constant throughout the entire core. The depth profile
of Cu, Zn, Mn and Pb shows gradual increase in
conceniration a5 we move from botiom 10 the top of
the core. This varfation in concentration is more or
bess similar in trend but magninde of variation ts more
in gne 2, We atribule these incresses mainly o
ih w the creck sedi from industrial
efffuent discharge and from sewage.
The deposition of clemental lux entering the creek at
diffierent location was calculated us a product of the
elemental concentration (my/g) in each section of the
core with average mass sedimentation rate (gem’y')
from the respective location. If the cores extended for
enough back in time beyond cultural pollution it would
be possible to derive local base level concentrations for
these elements and determine more recent fluxes 1o the
sediments. For Pb the total fux is 2.5 and 1.8 x 10°
gem’y" in zone 1 and zone 3 compared 1 119 x 10°
gem’y' in zone 2. Assuming that the net concentration
for the botom segments is close W the baseline
concentrations, we calculated recent net Ouxes for
these elements. The calculated recent net luxes sbove
the corrected background for Pb, Zn, Cu, Cr, Mn und
Fe are lised in Table-l The values for recent net
ds rates can be compared 1o those for ! Pb
(04— L1) x10" gem” y' and Cu of (0.6~ 1.4) x 10"




BARC NEWSLETTER

Founder's Day Special fryue 2000

£
S D b
/ h1 o
w4 4 /\\' b
/ :
i \,r
A
PR T L

Cencentration {ppmi

Figda Concenirasion of irace elements i cons collection
from zone-1 of Thane Croek

Dapetts fem)
—
-

T T
1@ 0
Concantration (ppm)

~entralion in %

Fgde Conceniration of trace elements in core collecled
S -3 of Thune Creek

T
m 15 m = wm

Cancestratinn |pam)

Fig 2B Concentratton of trace elements i cove collected

frow zone-2 of Thane Croek
T
104 re
. v b
aq L A
En
£ i
G i
'
a1
* Towd
J + Zmes
- + Tomd
E N R "N AR mn e g gy

Coeeeriration [ppm}

Flg.2d Comcentration of M in core collected from different
suniss oy Thane Grink



Founder's Day Special Issue 2001

Table 1: Description of lia

ions aloag with linear and mass

sedimentation rate and flux of *°Pb in Thane Creek

Zonez | 82 Opposile to proposed bridge 077 0.2 14
Zone3 | 53 Ghansoli [ 067 007
B Koparkhairane 025 0.05 0.06

‘Table 2: Recent net fluxes of different elements in Thane Creek

Zonez | 52 %6 | 185 86 68 1241
Zane-3. 53 0.18 249 <1 <1 13
= - Pl of flux i %oy

gem'y' obttined by Matsumol and Wong (1977) in
cores of marine Fjord in New Pacific with similar
sedimentation rates between 0.09 and 0.27 gem® y'
and "Pb fluxes of 1.9-5.1 dpm em’y", In case of Thane
creek with a sedimentation raie of 0.0640.20 g cm® y'
and “*Pb flux of 0.433 dpm cm'y' and calculate excess
flux of (0.12-0.86)x10° gem'y" indicates the highest
wulue of net fluxes about background are observed for
Ph in zone 2.

Under the assumption of constmt ““Pb deposition rate,
umsum sedammt aocumuhﬂun and with no post

the sedi rate from
vertical distribution of “Pb in core can
be obuined (Jha at al, 1999a). Table 2 gives the
Idescription of sampling locaGon and linear and mass
sedimentation rate (Jha a1 el, 1996) at each location,
From the table I mean ™Ph fux in the surfacial
sediment from the core is 2 times lower than the

reported values (Lewis 1977). The mean global
atmospheric "Ph is about 0.0165 Bg em'y' with 2
imentory of about 053 Bgem®.  The mean
atmospheric Mux of “Ph in Mumbai is ahout 0,025 By
em’ y' with an inventory of about 0.80 Bgem'. Lewis
shows that ™Ph effectively retained by the soil and its
removal is very low may result in the lower mean “Pb
fux because of preferential atachment of ™Pb with
soil in catchment area. The variation of P fux in the
creek might be caused by nearby watershed,

The most meaningful comparison Is obtained for the
flu ratio of stable lead and radio lead F, /F ™, by
normalizing the excess Ph Tuxes to the Duxes of radio-
lead, which have been corrected for decay, most
differences in sedimentation processes are eliminated.
Both should have behaved physically and chemically
similarly. Furthermore the “"Ph deposition appears 1o
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be constant for a region and probably for 2 broad
latitude band and indications are that atmospheric ""Ph
and pollutant Pb are well mived Thereby making “"Fh
as @ useful tracer. Fig. 3 gives the fux ratio B,/ F"™,

in the cores from different zones. The ratlo in the 2one
3 might be considered close w hackground value
reminder representing various stages of anthropogenic
contribution.

[

1 1
3

% |
!!l

11 -1

F - Excass $%'h dux bo Hie sedisen]
e

Fig.3 Campiarison of ratios Fo¥, . for cores fram
different locations in Thare Creek

Analysls of toxic and trace elements abundance in the
water column was carried out (Inter agency project
report 1998) at three different occasions Le, in the
maonth of Febriary, May and October of the same vear,
The variation of concentration found in these three
measurement in the water samples are 56,6 and < 10
pgd for Ph, <178 pg/l for Cu, 55.6 pg/l and 6.3 pg!
for Zn, 141 and 3 pgA for Cr, 117 and 5 pg/ for Fe
and 58,6 and 11 pg for Mn, Total residence time in
the waler column were esimated (Henson and
Gruendling, 1977) using the water column content
divided by wal flux to the sediment, iterately averaged
over several residence imes assuming the complete
mixing of the water column. The value of residence
time obtained show a low residence time for the Fe and
Ma followed by Ph und Cu. Which is consistent with the
assumption that particulate are main sequestering
agent. A high residence time for the Cr and Zn was
obtained,

Conclusion

The: data clearly shows that several chemically distinct
events huve eflfected Thane creek and the timing of
these events was reasonably well defined | The intensity
of deposition chronology differs in three zomes. The
observed pattern of variation in the concentrations of
Pb, Zn, Cu, Cr, Mn found greater than the sediments
from non-polluted areas, The increase In the
depesition rate of toxic elements above natural level
may be due 1o local Industrial effluent discharge from
Industrial belt of Thane Creek.
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Catalytic Properties of Uranyl Ions in
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S.K. Badamali, D. Kumar and N.M. Gupta

Applied Chemistry Division,
Blhabha Atomic Research Centre

Abstract

Ocelusion of wnanyl fons (00,") in the channels of mesoporous MCM-4] and MCM-48 molecular sieves was
dccomplisbod waing direct template fon-exchange niethod, and the samples were characterized by XRI, FT-IR,
DRUV-VIS, amd fluorescence spectroscopy. A shift in U=0 streiching IR band (dv = ~34 em™), and the
appearance of broad and diffused bands in the fluorescence spectra (480-620 nm) of the U0,"- exchanged
samples indicate @ definite electronic interaction of U0 species with the ilicate (=5i-0') surface. This
inference i corroborated by DRUV-VIS results. Calcination in air / N, at 820 K resulted in tbe formation of
well-dispersed a-U0/a-U/[), moteties, Wgammmmmmmqw

{ intact even afier

groups.  The binding of V0" ipecles to ¥

calcination. mmmwmmmwmwmm both for the

af GO and for ads i

Introduction

i ESOPOROLS MOLECULAR  SIEVES HAVE
\J’Emummmnf their

diversified applications as shape selective
catalpts, adsorbents, jon-exchangers and also in
removal of heawy metal jons, radionuclides and
organics from effluents [1-3].  The well defined
(mmable) pore sizes and the large pore openings of
these molecular sieves render them unigue host

of Gl D

serves @S an img sep In heterogenizing the
homogeneous catslyst sysiems.  In consideration that
uranium (Le, urand fons or uranium oxides) may
serve @5 promising oxidizing camlyst owing o s
varisble valence states vis-a-vis vacant forbitas [4,3],
we have anempied the encapsulation of uranyl species
(10,") In the mesopores of hexagonal MCM-41 and
cubic MCM-48 molecular sieves. The emphasis was
achieve 4 well-dispersed catalyst system for oxidation
rndm Earlier studies in this direction concern
P of vraniom oxides over dense ouide

b e horing of large
or that of reactive metal complexes in their channels.
The incorporation of specific functional groups onto
the wulls of the channels in these molecular sieves thus

supports such us ALD,, TiO,, §i0, M0, eic. [6].

In the present investigation, we adopled a direct
teniplate jon-exchange method | 7] for the entrapment
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of uranyl species (D0,") in the mesopores of MCM-41
IndM(‘M-{Snlmm 'l‘hesampleslntbens-
| i and g calcined
mmmwmm@am
as X-ray diffraction (MJ.mdumdmﬁedplﬁm
ﬂomic emission  spectroscopy  (ICP-AES), fourier
infrared sy py (FI-IR), diffuse

dsibl

T py  (DRLV-
VIS), and fluorescence spectroscopy. The catalytic
performance of these materials was evaluated for
model reactions, viz, oxidation of €O and
adsorption/decomposition  of CHOH over a
lemperature range 373-773 K.

Experimental
Symthesis of MCH-41 and MCM-48

The mesoporons MCM-41 and MCM-48 silicates were
synthesized hydrothermally as per the procedure
described elsewhere [89]. The typical gel {molar)
composition was 10 8i0,: 1.35(CTA) 0 : 0.75(TMA),0
: 13Na0 : 680HO for MCM-41, and 10500, :
3.0(CTA),0 : 2.5Na,0 : GOOH,O for MCM-48. The gels
werg  crystallized in  teflon-lined  stainfess  steel
autoclaves at 373 K for 1 and 3 days for MCM-41 and
MCM-48, respectively. The solid products obtained
‘were washed with distilled water several times, filtered,
and dried a1 353 K, and werc designated as as-
synthesized samples.

Preparation of U0,""- exchanged MCM~41 and
MOM-48

The entrapment of U0, ions in the mesoparous
materials was carried out by contacting | g sample of
as-synthesized MCM-41 or MCM-48 with 80 ml of
aqueous uramy] acetate solution (0.035 molar) ai a pH
of 4.0, under constant stirring @ 323 K Different
loadings of uranium were achieved by varying contact
time, 12-54 h. A saturation loading of U0,” jon was
reached in-around 20 h time using both as-synthesized
MCM-41 and MCM-48. The latter, however showed a
higher saturation uranium optake (- 53 wt % of
uranium a5 metal) compared to MCM-41 (43 wt %),
The details can be seen elsewhere [10], For the
experiments carried out in the present smdy, the

40

samples with the  saturation uranium  loading  were
utilized. The solid mass after decantation was washed
repeatedly, followed by filiration and drying at 353 K
for 5 h. The UO;" - exchanged samples were calcined
first in N, for 1-2 h and then for 6 h in air at 823 K
The effect of calcination in N, on the oxidation state of
oecluded L0, species was also evaluated.

Characterization

Powder XRD patterns of the jon exchanged and
calcined semples were recorded in 26 region of 1-10"
on Rigaku diffractometer using a nickel filiered Cu K,
radiation. The scan speed and step size was 0.2" min™'
and 0.02" respectively. The diffraction panerns were
also recorded in higher 28 region (10~60) in order
10 identify the bulk uranium phases. FI-IR spectra in
mid IR region were recorded on a JASCO model-610
spectrometer at a resolution of 4 cm”’ und using 6 wi %
of a sample in a compressed KBr pellet. For each
spectrum 100 scans were co-added. UV—{luorescence
spectra  were obwined on a  Hitchi, F-4500
il spectroph using @
monochromated 310 nm radiation for excitation and a
UV-35 filter w cut off this radiation in emission
spectrum.  DRIV-VIS spectra of uranium containing
samples were recorded on a Shimadm LV-260
spectrophotometer.

The catalytic activity was determined {n pulse mode
using @ tububar quartz reactor (8 mm o.d) oA
temperaure range of 473773 K and m ambient
pressure. A catalyst charge of ca. 150 mg was loaded
in the reactor in between quarz wool plugs. While the
catulyst was maintained under He flow (30 ml min"},
successive pulses (500 pl each) of feed mixure
00:0, = 1) were introduced al a desired
tempersture.  In the case of experiments imvolving
methanol decomposition, reactant feed mixture wis &
vol% of methanol vapor in argon. The tme interval
between two pulses was around 30 min. Prior o the
run, the catalyst was activated at 623 K under He and
0, flow. A Chemito model-8510 gas chromatogriph,
equipped with thermal conductivity detector and
Porapak-QS / Sperocarb column, was employed for on-
line anakysis of the reactant and product species.
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Results and Discussion

XRD studies

XRD patterns of both as synthesized and UO,"-
exchanged MCM-41 showed typical reflections 100,
110, 200, and 210 in the range 2—5°, characteristic of
MCM-41 [B]. Similarly, the XRD pattern of as-
synthesized MCM-48 and  corresponding  10,"
exchanged sample showed two meajor reflections at 211
and 220, in addition to six minor reflections 321, 400,
420, 332, 422, and 431 in the range 3.5 to 5.0°, typical
of MCM-48 [8]. However, a decrease in the intensity
of the reflections was observed in case of UO,"-
exchanged samples [10] indicating a partial loss of
crystallinity.  This could be atiributed to the partial
Iydrolysis of =Si-0-S8i= linkages of the mesoporous
silicate network during the exchange process, No
diffraction reflections due o oranium (bulk oxide)
phases were detected in the as-exchanged samples.
Upon calcination, weak reflections at & = 4.15, 3.39,
262, 207, 1.96, and 1.75 & were ohserved, which can
be indexed for ot-U,0, (JCPDS Card No, 24-1172). The
formation of this uranium oxide phase may be
atiributed 1o the  debydroxylation of the uranyl
aligomers, followed by oxidation, 1t may be noted that
in additon o U0 lons, abundance of other
hydrolysed speciesioligomers such as (U0,) (OH),"
and (U0,),(0H)," in uranyl solution has been reported

under the concentration and the pH conditions used in
the present smdy [11,12]. The samples calcined

fusively in N, phere indicated the formation of
a0, (d = 343, 3.13, 2.88, 2.71, 1.92, 1.63, and
1,54 &; JCPDS Card No, 15-4).

FT-IR studies

Typical FI-IR spectra of unloaded, U0,”- exchanged,
and U0, exchanged and calcined MCM-48 are shown
in Fig. 1. Corresponding data for MCM-41 are shown
in Fig. 2. In the IR spectra, the absorbance values of
the selected bands are reported in parentheses for 4
comparative evaleation of their intensiies. The IR
bands at ~2922 and 2852 cm' are ypical of CTA"(v,,)
group.  The major bands appearing between
1230459 e are auributed 1 various stretching (v,
4o and bending (8,,,,) frequencies of =Si-0-§i=
linkages. The band at 960 cm’ is due to defect sites
(=8i-07,,. X7 where X'=Na", CTA" or H'). All these
bands are characteristic features of the MCM-41 and
MCM-48 silicate framework [13]. An additional IR
band appearing at ~902 em” in the U0," exchanged
samples of MCM-48 or MCM-41 (Figs. 1b, 2b} may be
attributed o v,_, stretching vibrations of uranyl species
[14]. The bands appearing 4t 1543, 1460 e’ (v,)
and 676 cm” (8,,,) are characteristic of the scetate
ions [15].

Arnrhance {ai|

SRR .
A

l?\ﬂ_r‘ﬂ
ke 2sM0 2000 1500 10 S

wavenumber jem ')

‘ gy

Fig, | FT-IR specira of MOH-48 ax-synibestzed (a) U0, -
evchanged (), and 10, exchangedd and calcined (c). The

Abswetunce l,)

g
o f

3600

[T

2400

Wavenumber tem”' )

Fig. 2 FT-1R spectra of MCM-41: as-smibesized (a) 10,
beriged (B, amad B0, exehanged and caleined (¢).

Tl in beetis indicate rltes
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As reported widely [16], the D0, groups are linear,
and in urunyl acetate they exhibit 2 sirong ahsorption
band a1 =030 cm' due to asymmetric U=0 stretch; the
corresponding symmetric vibration expected at -856
em'is observed only in very thick samples. It is well
documented that the U=0 stretching frequency in a
urami compound changes with the ligand and a
relationship exists between this frequency and the U=0
bond disance [14]. A red shift of ~ 30 cm” in this
band, as seen in Figs. 1b and 2b, thus indicaes 2
perturbation of adsorbed wramyl lons, arsing from
mm(mmmdmmi with

a5 f kening the U=0
hond. oncaldmﬁm Mlmdsmmhme
neurly at the sume frequencies when the acetate groups
nmmwd:nmp]mlv{l’lp I¢, 2c). The intensity of
902 em' band, however, decreases marginally on
calcination (Figs, ¢, Ic), indicating that a part of
U0," groups transform w other uranium oxides during
the calcination process, as Is evident from XRD data,
From the relative intensities of v, at 2022 cm’ and
¥, 906 em’, 35 seen in an earlier sudy [10], it is
md.ulhlﬁeﬂachmldl.l'o“ lons s

d with the progr mo\ll of CTA
fons, Itmyﬂllﬁhlﬁmdlhlhemhﬁugellhe
uranyl group occurs ria direct replacement of template
fons, as is brought out in Ref. [10] in detsil.

UV-Fluarescence studies
The UV-fluorescence study (Fig. 3) provides imp

Intensity (a.0.)

400 00

Wavelength (nm)
Fig 3 Fuorescence spectra of MGM-48 00, - exchanged (a]

00"~ exchanged and  caleined (h), Excitation wrelenyth
310 mm.

600

which & an indication of weakening of the uraml
(U=0) linkages. This can be envisaged to happen us 2
result of an inweruction of VO,” jons with the silcate
(=8i-0" proups) matrix, a5 discussed above. A
decrease n the Intensity of the emission bands after

information regarding the form in which wranium is
present in the mesopores. Curves (a) and (b) present
the representative Ouorescence specira of U0,
exchanged MOM-48 before and afier calcination,

y Jy. For 3 comp the Auorescence
spectrum of uranyl acetste is shown in inset, It ghves
rise 1o several well defined and sharp emission bands
In the 470-590 nm range, which are assigned 1o
ransitions between vibrational leved of first excited
eleciranic state (v' = 0) to vibrational levels of ground
electronic stue (v = 0, 1, 2, 3, 4, 5) of uranyl jons
[17]. On the other hand, U0, exchanged MCM-48
shows considerably broad and overlapping emission
bhands between 484620 nm (curve). Apant from that,
all the band positions are shifted to higher wavelength,

I (Fig. 3b) is with our IR data
suggesting the transformation of some of the U0,"
species giving rise to non-fluorescent uranium oxides,
the presence of which is also revealed by XRD data. A
comparison between Figs. 3a and 3b show & small but
reproducible bive shift (Ah=-7 nm) in the
wavelength of the emitted radiation wier calcination of
the as-exchanged sample. This could be tentatively
wscribed to their less constrained environment afier the
removal of templaie jons, Further, as in case of IR
resull, similar fluorescence behaviour was observed in
the U0,"- exchanged MCM-41 samples.

DRUV-VIS stulios

The DRUV-VIS spectra of D0,”- exchanged MCM-41
and MCM-48 are shown in curves 2 and ¢ of Fig 4,
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{d)
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ib)

Absorbance [gul

00~ 300 ' b0 ' sbo | sbo | oo

Wavelength (nm)

Fig 4 DREOV-VIS spectra of 00, - exchanged MCH-41 (a),
10" exchanged and  calcined MCM-41 (5], U0, exchanged
MEM-48 {c), 00, exchanged and caleined MCM-8 (d), and
wram acetate dibwdrate ().

respectively. For 1 comparison, the spectrum of uramyl
acelate s included (curve e), which shows the
characteristic  structure  due to  electron-vibration
interaction, typical of U0, moiety [18]. The distinet
siructure of the uranyl spectrum with sharp bands is
aseribed 1o definite transitions from electronic levels
coupled to 0=U=0 vibrations [18]. The comparison
of spectra of the U0,"- exchanged sample with that of
uramyl acetate reveals that the U0, exchanged
sumples also exist in the hexavalent state in the form of
10," species. 1t is also observed that the spectra of
U0, exchanged samples may be atteibuted o the

[18]. Figures b and 4d show the DRUV-VIS spectra of
U0," exchanged and calcined MCM-41 and MCM-48
samples, 1t is observed that the maximum appearing at
~430 nm in U0,"- exchanged MCM-41 shifis 1o a
shorter length in the corresponding calcined
sample (~421nm). Similarly, a shift from ~ 430 to
~d24 nm is ohserved for the U0,"- exchanged MCM-
48, 1t has been generally agreed that the namre of blue
shift of the visible and the near infrared bands miy be
laken as a measure of the metal-ligand covalent
bonding [19]. This hypsochromic shifi seen in Figs.
4b and 4d could therefore be taken as a reflection on
the stability of the U0, species in the mesoporous
matrix due 1o 4 strong interaction between U0, and
the =8i-07 sites, as mentioned above.

Catalyst activily studies

In order to evaluate caalytic activity of the uranium
containing mesoporous molecular sieves, wo model
reactions, viz, oxidaton of CO and adsorption /
decomposition of CH,0H were chosen for study over
the temperature range of 373-773 K. Typical results
obtained for wranium containing (53 wt %) MCM-48
are presented here in bricf.

(b}

Conversion (%)
i
=

(a)

00 400 500 600 700 %00 900

Temperature (K}

bending of =8i-0 units to linear O=U=0 molecules in
the equatorial plae forming 4 uranate type of local
structure, similar 10 an observation reported elsewhere

43

Fig. § Catalytic coidation of 0 over MCM-48 (a) and 00,"-
excharped and calcined MCM-48 (B).
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C0 exidation : The uranium containing MCM-48
showed considerably high catadytic activity compared to
host MCM-48, as shown in data of Fig, 5. Around 60 %
of €O dosed in 4 pulse over uranium containing MCM-
48 converted to CO, at & temperature of 770 K (curve
b), the corresponding yield over host MCM-48 being
less than 10 % (curve a). Also the activity onset
temperature is relatively low in the uranium containing
molecular sieve,  This oxidative activity can be
aitributed o the definiie role of U0, jons andfor
oxides for the conversion of €O to CO,, in agreement
with the literature [20].

Yicld (mole %)

500 600 700 %00
Temperarure (K)

My 6 Reaction products formed on expossrs of methanol
pudses over U0, exchanged and colcined MON-48 ) CO, , B)
00, and ¢} I,
Wi '] I ot L Y ] ﬁ m
i oF mlaad vt dlbalA | o
uranium containing-MCM-48 compared to the host
matrix. While no unreacted methanol was eluted when
successive 6 1o 7 pulses of methanol (14.8 pmol each)
were dosed over uranium loaded sample
temperatures in range 470-770 K, about 25, 11, and 5
volume percent of methanol was eluted from each of
these pulses, when introdoced ower MOM-48 at
temperatures of 470, 570, and 770 K, respectively. The
reaction products were also different.  Thus, while
reaction over MCM-48 predominanty gove rise o
formation of dimethyl ether (-~ 17 mol %) at
temperamres above 670 K, the reaction products over

uranium containing MCM-48 were 00, €O, and CH
The product distribution for reaction of CHOH over
uranium  containing MCM-48 as a  function of
temperature is shown in Fig. 6. The difference in
catalytic hehavior of wo samples can be aributed 10
the difference in the catalyst nature. In case of MCM-
48, due w the presence of weakly acidic =Si-OH
groups, the products obtained are catalyzed by an acid
pathwary.  On the contrary, in uraniom containing
MCM-48, the reaction is catalysed by an oxidative

route, yielding €0, C0,, and CH, [21].
Conclusions
In the present investigation, the ful

of U0, ions within the mesopores of MCM-41 and
MCM-48 is demonstrated.  MCM-48 was found 10 be
trapping higher amount of U0, ions than MCM-41.
Under the experi d condi it was observed
that both MCM-41 and MCM-48 suffer 3 partial loss in
crystallinity, even though the srucmre does not
collapse.  Both FT-IR and (norescence smdies
indicated the binding of U0, ions onto the silicase
surface, possibly mia an interaction between =5i-0” and
the U0, jons. Upon calcination, U0, moieties are
partly converted to uranium oxide species {a-1,0./ a-
U,0,), which are dispersed within the mesoporous
matrix. Further, the results of catalytic oxidation of CO
and adsorption/decomposition of CHOH indicase that
the entrapped U0, jons and/or oxides may serve 15
reactions. Further smudy is in progress @ corroborate
these chaims.
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Molecular Dynamical Simulations of the

High Pressure Transformations in o

Cristobalite — SiO,
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Abstract

Static and dynamic bigh pressure experiments reveal thal mmqn-amuum dpln&mﬂtmnf

atress loading, To understand thly bebaviour we bave carvied ont

response fo shock [oading was d by raising the p d it fy and
10 the expected Hugoniot values. Shock simul along the Hug Mq’, f ,..,....‘...'ihu@k
cristobalite transforms fo a new six line pivise bayond 16 GPa, 1410.3 K This trangformation to

the erystalline phase is very shigpish and proceeds via a disordered phase. Our stmulations sbow that between 16 GPa

and 18 GPa, even afler equilibrating for a very long time, the disorder persists. On sudden rlease of pressure, this
discirdorod state is rotaingd in agrooment with the exporimental obsorvations wnder sbock conditions.

ILICA AND ITS POLYMORPHS ARE IMPORTANT
geological materials found abundanty In the
earth's mantle and therefore the high pressure

pressures, depending on the degree of non hydrostatic
siresses  present, low cristobalite displays  several

1nmme¢umwllm-omwlllnepm

Febiniee of ks pounds Is of Y
Importance, Al low pressures, most of these minerals
exist in corner linked [ rk and

it In & by {
ﬁumn]phmluhhvdleﬂh phnclllsﬁl‘l

display u typical intrinsic behaviour of 8i-0 linkages,
Cristobalite, the mineral of interest in the present study,
s 2 high temperamre polymorph of silica and (s often
found in volcanic rocks, 1ts idealized structure at high
ewmperatures is cubic ([-phase) which, on lowering
the temperature, completely and displacively converts
i a tetragonal form (ce-phase, also called low
cristobalite).

High pressure behaviour of o cristobalite displays
distinet differences when it is subjected to shock' and
stutic’ pressures. Gratz et af' observed that when
powder specimens of -cristobalite were shocked 1o
282 GPa, the recovered samples were almost
completely amorphous,  However the specimens
shocked to pressures lower than 229 GPa retained
their original structure’. In contrast, under static high

ly the high pressure behaviour of o-

itoballe has been investgated by moleculae
dynmlu.ldmldm tMlJ}"lndlwlm
l MD of Tsuney el al

showed Ih.t a-cristobalite, transforms W an
orthorhombic phase (Cmem) at 165 GPa which
further transforms o stishovite at 23 GPa. However
neither of these theoretical studies imply 4 pressure
induced amorphization of cristobalite.

To understand the atomic mechanism of some of these
structural phase transformations in cristobalite under
high pressure we have carried oul detaled MD
simulations, Our simulations are likely 1o be more
realistic and less sensitive to MD cell dimensions as we
use a large macrocell having an order of magnitude
mmlhn used in the earlier MD studies

(MD) p i here
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were carried out using a modified” Nose-Hoover (N, P,
1) algorithm for variable cell size and shape.
Equations of motlon were integrated cvery 2 I using
Verlet's algorithm. The MD cell was considered
equilibrated when the fluctustions in tempersure,
pressure, volume and total energy of the system were
less than 0.001%. To minimize the effect of periodic
boundary conditions most of the simulations were
carried out using a kirge macrocell having Bx8x6 unit
cells of ce-cristobulite (4608 atoms)". The starting o
crisobalite structure (P = 0.1 MPa and T = 300 K}
was obtined by equilibrating the experimentally
known coordinates of this strucmre”. At each
icmperature and pressure the system was equilibrated
for = 40ps and the alomic coondimates, volume and
pressure o the macrocell were averaged over several
thousand Ume steps. However ai pressures and
temperatures where a phase trapsformation tkes
place, equilibeation was carried out untl the

For representing the behaviour of shocked samples,
simulations were carried out st P and T corresponding
1o the shock Hugoniot of porous a-crisiobalite. P, T
along the Hugoniot were culculated using jump
conditions with the initial density of the samples as
1.4 gmvem' which is same as in the samples used by
Gratz et al', These simulations were carried out using
the BES" pair potentials. In these simulations, the
temperature and pressure were suddenly raised 1o the
required value. Table 1 gives the summary of P and T
conditions af which simulations have been carried out.
Also to make a contact with the results of recovered
samples aller shock loading one must evaluate the
ellect of residual temperatures on shock release, In
the absence of knowledge of these residual
temperaures we wrbliranily reduced the P oand T m e
and d 10 0.1 MPa and T = 1200 K, 1000 K, 500 K

Table 1 Simulation conditions along the Shock Hugoniot

[ SRR € o il
P (GPa)
(a) 10.0
(b) 134
(© 16.3
)] 181
(e} 199
] 209
® 4

From
() 18.1 GPa, 1542,6 K

0.1 MPa, 500K
199 GPa, 16829 K 0.1 MP2, 1200K
19.9 GPa, 1682.9 K 0.1 MPa, 1000 K
19.9 GPy, 16829 K == 0.1 MP, 500 K

_ Amorphous phase in sup (h) 7 1000 K

a7
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Results and Discussion
As mentioned ahove, the shocked state was generated
by sudden increase of p and fn

diffraction pattern. From these simulations it is evident
that a1 these lemperamres and pressures there are
several phases with comparsble energles. Once the

the values expected in the upﬂ'umm. As the
experiments were carried out on powder samples it Is
reasonable 1o treat the material as being under
isoiropic pressare.  In 3 semse this simulation
represents the effect of mean stress loading and thus
ignores the effect of the deviatoic stresses if any. Even
in doing so there is no way to ensure that the
thermodynimic variables P and T in the simulations
increase in the same manner (revebrations) as in the
experiments”, In this sense the present resuls should
be taken to represent the gross features rather than the
quantitative measure,

goes into the disordered stishosite phase it is
not able to aitain the ordered stishovite like structure
even on equilibrating for a Jong time. Since in shock
experiments the sample is subjecied o the pesk
pressure only for a few micro seconds, the material
may not have sufficient time for the emengence of the
stishovite phase, Therefore these results may be tken
1o correspond 1o the hous phase observed in the
shock experiments. These simulstions also show that
on release of pressure and temperature, the disordered
phase has 5.2 Si-0 coordination. However it ks
possible that if this recovered disordered phase s
annealed at 3 higher residual tempernture, this 8i-0

il may revert (o four fold.

Simulations were carried oul t a few rey
duudmmmimmmhmlmuhh:
Below the point ¢ (P=10.3 GPa, T= 1410.1 K the
macrocell  equilibeates  reasonably st and the
crystalline state continues 0 exist in the o-phase.
However ai  and d, (16.3 GPa, 1410.1 K and 18.1
GPa, 1542.6 K) the a-phase evolves very siowly to the
new structure. It ook - 750 ps for the new structure
1o stahilize. This new crysualline structure as well as all
the other equilibrated stroctures beyond the point ¢ in
table | have six Si-0 coondinstion. However various
structures differ from each other in terms of the
crystalline order.  Also the time taken for the final
staies 1o equilibrate reduces significantly 1 P, T polns
higher than 4. For example, a 22 GPa, 1869 K
equilibration could be achieved in - 60 ps.

The final state at 16.3 GPa, 1410.1 K had a disordered
Cmem structure despite equilibrating for 3 very loag
tme. This is shown in Fig.1{a). However it was
observed that on equilibrating the sysiem well beyond
500 ps there was the emergence of o disordered
stishowite like phase, This phase continues o remain
disordered on relense of pressure and afler annealing

that the disorder in the Cmem sirociure at 16.3 GPa,
1410.1 K increased on release of pressure, which was
indicated by a significant increase in the diffosed and

For thermodynamic conditions beyond d (18.1 GPa,
15426 K, the equilibrated states disply the
emergence of cryslline order. Though all these
phiases have séx $i-0 coordination, the degree of frazen
disorder decreases from e o g (Table 1), Fgs. 1(h)
and 1(c) show the results of smulations a1 19.9 GPa,
16829 K The equilibraled phase when projected on
(100) plane shows almest perfect onder.  However
when projected on (001) plane, one can discern the
remnants of disorder. The crystalline pani of this phase
is ‘stishovile like'. A1 still higher P and T (224 GPa,
1868.1 K) the remaining disorder reduces dramatically
s shown in Fig. 1(d), Here also the crystalline phase is
“stishowite like'.

Under compression, particularly the non-bonded
atoms, cannot be brought closer than some limiting
value withoul an excessive cost in terms of encrgy.
When the energy of compression of these distances
become comparable to the cobesive energy differences
between the structures, the initil structure becomes
unstable. A survey of large sumber of materials
indicate that the extreme limiting value of 0—0 is 1.6
& 1t is interesting 1o note that just before the transition,
the sites at which the transformation is triggered, were
those where the non bonded 0...0 distances were -
242 A ie lower than the extreme limiting disance.
Thereore, our simulations show that the nucleation for
mmmmmnummn-o

non Bragg like ing, of d in the puted

! are highly
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(B} [0 1] view af I6B2I K, 19.9GPa
fa) {1 00f viow at I4IOK, 163 GPa

{alt fo0 1] view af 18691 K, 22.4 Gl's
fc) |1 60f view at 1682.9 K, 199 GFa

Fig.d Structures of the new phases at differont F, T along the sbock Hugowiol

(e} M4 ps
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Fig2 ae)

Analysis of the evolutionary history of Fig.1b, 1c and 1d
shows that @ ibal forms 1o this ‘stish
like" phase through an intermediate disordered Cmom
like phase. Fig.2 shows the structural evolution from
@ - phase to stishowite as predicied in our
Fig. (24) shows that at 20 ps the structure is alpha
phase. One can clearly discern 2 bond making between
81 (silicon) and 05 (oxygen) and bond breaking
between $1 and 02 22 ps (Fig2b). Afier a time
interval of 26 ps 02 and 06 coordinate to §1 and the
structure then relaxes 1 almost perfect order a1 28 ps.
The structure is almost Cmem a 24 ps. It was seen that
after the transformation was initialed m 124 GPa,
1869.1 K it was over within 8 ps. These results show
that no diffusion is necessary W bring abow a
fi from e lite to stishovite phase
through the Cmem phase. A slight local stomic
rearrangement s all that is needed W cause the
structural change.

y of the at different th y
conditions has been plotted in Fig.3. It ts clearly seen
that though beyond 16 GPa alpha phase wransforms 10 8
disordered phase, and It transforms 1o a stishovike like
phase beyond 18 GPa. The difference In the observed

difference may also arise from the differences in the
rae of increase of pressure and temperature in two
different settings™

e pnes B
L

F—— P i |
Fig. 3 Simulations were carried out af fhe kemperaiures end
prossmres marked (A) (V) indicate the estimated P & T for
the xperiments’

and caleulated pressure of amorphization may dep
end significantly on the pair potentials, n addition this

Ll

subjected 10 sudden pressures beyond 163 GPa,
1410.1. 1 was also observed thut in contrast with the
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calculated behaviour of the disordered stae at 18,1
GPy, 15426 K the stishovite like structure at 19.9 GPa
became more ordered when annealed &t 1200 K, 1000
K and 500 K afer relesse of pressure. Caleulated
Bragg peaks are found 10 be the sharpest afier
annealing at 500 K These predictions should
encourage more experiments on shock loading of
cristobalite to higher pressures.
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In the recovery capsule of the experiments,
Impact pressure 1s  achieved through a
reverberating shock wave, Only 50 % of the (nal
pressure is achieved with the first shock wave. As
we used the single shock jump conditions 1o
simulate P and T, the temperatures used in the
present  simulaions may be  somewhat
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Biomedical Applications of Cell

Electroporation
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Abstract

JAaﬂmﬂmofb@Mmummpu&w mbm@dmk!mmcmr
. of oter by by aof microp This allows

of drugs, auynms,mﬂmmmbwmmksnfmfm“mm&mﬂqgnwpafbmwl‘amﬂ
loading for goal-oriented appiications in cell bislogy, medicine and biotechnedogy. More recently,
electroporation bas successfully been used to deliver anti- mmmmmmmmmm
known to display drug Combined af el and heraf drug lo
tumar colls vesults in enbanced killing, whick bolds a promise in imtproving cancer therapy. Eloctric field
fm&wedm&'nﬂgwm and fusion af cells in in vitro offers a novel technigue to achieve gfficient mﬂfmm
twhich bas found app in lonal antibody prods by bybridoma. fn addition, electroy

based gene trangfer bas opened a new approach for genetic of a vartety of biological cells
Followring electroporation several profein metabolites and other small molecules bave been incotporated inlo

arecipient cell affering a potential for many biomedical applications.

Introduction

ELL ELECTROPORATION INVOLVES EXPOSURE

uf cells to brief high intensity electrical pulses,

dovhich produces dramatic transient increase in
membrane permeability allowing entry of otherwise
impermeant molecules/drugs into cell interior. This
has become an important biophysical method for
introduction of @ wvariety of exogenous bioactive
molecules into a number of cells. Blectric field induced
increased L permeability is generally believed
1o arise due (o formation of micropores in the plasma
membrane, which are found to reseal within seconds
to minutes under controlled experimental conditions,
Using human red cells, Chinese hamster ovary and
ascites umor cells, we have d 1 Lhm

normal as well as mmor cells are actively heing
pursued in our laborawry including combination with
liation and/or chemotherap drugs. World over
research is rapidly progressing on electroporation of
mammalian, plant and miceobial cells for fundamential
understanding as well as for developing goal-directed
biomedical applicaions.  Present  communication
briefly describes electroporation based emerging
technologies for practical applications such us electro-
gene transfer, electrodelivery of anticancer drugs Into
tarpel umor cell and electroencapsulation of drugs.

Methodology and Instrumentation

A Blological Cell Electroporator  designed  and
leveloped In our lab has been used 1o

magnitude of induced I hili

permeabili lian cells such as erythrocytes,

governed by various factors such as feld pammehers
(e.. voltage, pulse shape and duration etc.) cell type,
suspension medium, thermal conditions during and
post pulse incubations. Studies on eleciroparation of

thymoeytes, wmor cells ete, which provides
exponentially decaying pulses of variable amplitdes
and pulse duration. The equipment is capahle
of delivering pulses of variable amplitades with pulse
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ranging from mic: d 10 millisecond. &
protoype of square pulse generating facility has been
developed for more efficient electroporation, which is
currently under testing. Moreover, design work has
been undertaken o develop o biphasic pulse
electroporator with operation in auto and manoal
modes 1o achieve symmetrical poration of cells for
efficient wmor killing especially for in vivo mmor
moded experiments.

A prototype cell fusion set up hus been assembled to
investigate effects of various AC and DC field
parameters on cell alignment and cell fusion. Present
studies are limited to fundamental aspects of fusion of
red hlood cells.

Electroencapsulation

In our laboratory electroencapsulation into human red
blood cells has been smdied extensively, which has
potential therapentic use In delivery of radio-labelled
and anticancer drugs into target organs. Encapsulation
studies on electroporated mouse red cells showed that
injection of loaded red cells encapsulated technetium
99m or anficancer drug, methotrexate (MTX)
substantially concentrated in the bver (>70%) of

d inositol (IHP) in
red cells in improving fissue oxygenation during
P bypass op in patients with

piralory p Another 7
in drug delivery in cardiology using loaded red cells is
encapsulation of antiproliferative agent such as PGI2
with the goal of reducing restenosis after blood vessel
injury.

Electrogene Transfer

Membrane presents a namrdl barrier for the entry of
foreign  molecule/gene  into  cells.  Translent
7 bilization of membrane by electroporation has
opened a new possibility of introducing D¥A/genes lnto
3 wariety of cell. Success of this method in cell
transformation in vitro has been amply demonstrated
and it has become a routine procedure In cellular
and malecular biological experi sl bl

research has been devoted 1o electroporation mediased
gene transfer in witro and returning the manipulated
cells 1o meet specific medical objective of correcting
the defects cells / organs of patients with certain
diseases. In weslern countries clinical trials are
mmmmmmwmm

of encapsulited defective factors X and VI in
hemophilia A & B human patients.

Electrofusion Of Erythrocytes

Usually two cells can be fused when they are brought in
contact by dielectrophoretic force, which aligns cells
into long chains cilled pearl chalns, This occurs when
weak but continuous Inhomogencous AC electric field
is applied in an appropriate medium conaining the
cells. Afier cells are aligned in tight contact  strong but
brie{DCwlsnblpplledwhichhiduwuﬂswﬁmby
the process of Intermixi ul' i

E in our | Ium.huwn
Mhrmemﬂddmrﬂllhmuupemhnulmﬂsln
isotonic sucrose and maniiol solutions aceelerated the
process of chain formation and increased the percent
efficiency of cell fusion. Pearl chain formation is
qu-lhmdy dependant on the M: ﬁdd parumeiers
such as freg voltage and of
mmnm-wmdmm
cells suspended in isotonic manitol exposed 1 AC field.

lectro.

Human rod colls suspended i ol and sabjected
:‘c;# Freg, 200 ki, Ampl 10 ¥ p-p .
Electro-Delivery Of Anticancer Drugs

Comblnation of e jion and drug af
wmor cells called dnumdlumlhmpy is 2 novel
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approach for developing more effective cancer therapy.
This method takes advaniage of membrane
permeabilization by electric pulses o facilitue the
entry of anticancer drugs inio the target mmor cell
Under controlled condifions it has been shown
possible 1o electrop hilize mmor cell b
making it more respansive to drug action both fa pifro
as well as i vivo,

of drug. and elciro

mi o tumor cell

In particular, electroporation has been shown
facilitate uptake of bleomycin (BLM) into recipient
cells in suspension and in culture cells, BIM s a
chemotherapeutic drug frequently used clinically in the
treatment of many suljd wmors and  malignant
Iymph In clinic, ic: eff of anti-
wmor drugs is limited by the low drug uptake into
mmor cells and efffux of drugs from the resistant
mmor cells. Therefore, a higher dose of drugs is
required to increase cylotoxicity in clinical practice for
more effective cancer treatment. Researchers aim 1o
pontentiate the effect of anti-cancer drugs at low dose
minimizing undesirable side effects.
Electrochemaotherapy allows to reduce the total dose of
drugs considerably and permits larger amount of drug

1o enter mmor cells producing maximum cytooxicity.
It is hoped that further active research will enable
apply this technology w human cancer patients,
Clinical trials using certain drugs are under progress in
several western countries for treatment of specific
tmaor,

Future Prospects
Cell electroporation has moved from laboratory to
practical  applications.  Electroporation  research
continues 1o witness rapid advances in fundamental
i g of the ph and of
newer tedlmhglﬁ for applications in biotechnology,
molecular biology and medicine. /n pifro research is
directed 10 determine and optimize Ficlors (hat
increase efficiency of membrane electroporation.
Medical applications, among others, are uming out
especially  promising.  Clinical  application  of
electroporation in cancer therapy s reaching close 1o
patient treatment and potential feasibility has been
shown in many other applications, However,
development of suitable electrode applicators and
electropulse enerators for clinical settings remains a
challenge. Research on transdermal electro-drug
delivery is becoming a hot topic in systemic and skin
medical research. Blectro gene therapy, electro-cell-
fusion, electrosterilizaion of foed, eleciro drug
delivery, electro-transformation of microbial cells are
some of the developing technologies based on
membrane electroporation. However, much remains 1o
be understood concerning molecular mechanism of
membrane permeabilizzation, which evidently s
necessary for the success of present technologies and
further new developments.

54
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Absiract

A fragmeni of Wy A ragion, essential in intracellular survival of Listeria monocylogenes was kabeled with
'mbymmmbwmmw“am»m Lmonocylogenes preseni in food by
colony Thix detection method was comp one by ing sixty heo
samples of vegetables, fish and meat procured from kuf markets. Food samples were examined at
mmthﬁdmkmmﬁﬂdkmﬁblulﬂﬁu

1o detect L by colony hybrid using the biyA gome probe by employing standard
miwum}bﬂfuwyafﬁnmdwﬂﬁﬁhﬂan
samples of rep and  cabbage it was detected ; but only after an

mm mdﬂly@ﬁh WWMMMWMWMM of Listeria as well

as mon Listeria cultures. Ay { to th { mathod of de of L. Jcolony
Wwﬁuﬂnhh and less time ing. However, to get positive signals in

g:dmumufwmmmmwm
samples, '."Mmhy technigue was more sensitive than the conventional metbod for

W
d‘vm.'fmq,fi Whmwg‘ employing mmmmmqq

s o iR CeRy like

Founder's Day Special Ismue 200,

foares

ISTERIA MONOCYTOGENES 15 A GRAM POSITIVE,
non-sporulating  foodborne  pathogen. It is
ubiquitous in natre. As @ result, L
monocylogenes  contamination occurs (noa
variety of foods, such as milk and milk products, fw
meal, seafoods and vegembles (Farber and
Peterkin1991). Consumption of contaminated loods
can canse severe and ofien fatal infection in the
susceptible people (Farber and Peterkin 1991).

Therefore, this onganism has been of major concem in
the food indusiry in recent years. A routine analysis of
food samples for detection of L monocylagenes is an
essential step in determining the quality of food. India
Is one of the major seafood exportng countries
(MPEDA1999)) and is concerned sbout the presence
dimuoqu as recently, more and more

examine for the
presence of this pathogen.
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The current methodology for detection or numeration
of L monocylogenes usually involve primary
enrichment, secondary selective enrichment, isolation
on selective medium and finally confi of the

complementation of a non hemolytic mutant (Cossan
et al 1989). Using southern hybridization technique
lhq' climed specificity of Al gene probe for

(™ d ef al 1988). In this sudy,

Idsteria by using a battery of hiochemical tests which
requires about 810 days. Also based on the
biochemical tests, it is often difficult to differentiate L
monocytagenes from L. innocua or vindent strains of
L W from avirulent omes. Thus, the
method is cumd sio]lndml
labour intensive as well as time T

lhls fact was further explored 10 detect
Lmonocytogenes in various foods using a simple
colony hybridization (CH) technique using b4 gene
probe. Total sixty two samples of vegetables | fish and
meat procured from local market were screened ot
various stages of enrichment for the presence of

there is a4 need to develop u rapid, relhblcmdwnple
method for detection of Lmnonocytogenes. Such a test
would be useful in screening al 9 time a number of
samples.  Our  experfence  during  small-scale
survelllance studies for Listerda by employing prevalent
standard methods like USFDA/PHLS (UK in various
foods is confusing. This organism was not detected in
food of animal source like meat, fish and their
products (Kamat and Nair 1994) but was found in
some samples of fce cream and vegetables (Warke e
al. 2000, Pingullur e . 2001)

DA probe hybridization wchnique provides a specific,
rapid and reliable way 1o identify the foodborne
pathogens (Datta 1990; Notermans and Wernars 1990;
Walcott 1992, Bandebar e a 1995). Colony
hybridization is more suitable method for ing 4

L by both I and CH
Ithsdhhmhdimwﬂieh
and in some les CH

lenhmqu:mnbuwdmhemmhh
conventional one.

Materials and Methods

Food samples : Ten samples of fish(mackerel, Bombay
mmd,ﬂnm 44 smples of

leaves, carmol,
ubhglnllﬁmd and 8 mesl samples were
obtained from different markets in Mumbai(lndis).

Fish and meat samples were brought to the laboratory
in ice containers. Samples, in 25 g were analyzed for
the o L wenes by -standard

dure given in logical Analytical Manmal (

large number of food samples &t a Ume. Although the
polymerse chain reaction (PCR) s also reported 1o be
u powerful technique for detection of Listeria
manocylogenes (Almeida & Almeida, 2000), it detects
both viable and non-viable cells. Practically this s less
mmwﬁqpﬂdm&m
all the above

FDA, 1984) as well as colony hybridiration.

Chlorine treatment : The fresh coriander leaves were
procured from local market These were then washed
in running tap water. One set of coriander lexves was
given Chlorine water (250 ppm) dip treatment for 10
min s ambient temperature. Coriander leaves of

mlhulmﬁhdi.llﬂlwﬂhbmhhh
few years on the use of recombinant DNA techniques w0
detect L monocylogenes (Datta et al. 1967). The Food
and Drug Administraion (USFDA) was the first 10
develop 2 DNA probe for L monocytogenes by using a
virulent gene, the hemolysin and has shown that non
hemolytic L momocytagenes  could not be detecied
by this probe (Datta et al 1987; Gavalchin et ol 1992).
ngd(lﬂi]dﬂduﬂ”’m
in pUCIS o get plis3 (Mengaud e al 1989) and
ﬁwdhuuﬂu*hhtﬂhmdml
in vindlence of L by gene

b

d and O, trested sets were air-dried and
packed, (25 g) in the polyethelene bags (212 cm x 15
cm) with bloting paper padding for sbsorbing
moisture during storage a1 8-10° C.

Gamma irradiation : Chlorine water treated and
untreated cortander leaves in pouches were expased 1o
gamma radiation at melting ice temperature at | kGy
dose in package irradisor (Alomic Energy. Canada
Limited., Canada) at the dose rae 0.06 kGy /
min. (IAEA 1977). Fresh washed wmatoes packed in
polyethelene bags were also irradisted at | kGy dose
and siored ut 8-10° C.
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Treated coriander leaves and tomawes were stored at
8-10° C for two weeks and were analysed by standard
procedure and hly A gene probe method.
Bacterial cultures : Cultures of Listeria were obtined
from Dr. Hol (Klinikum dr Stadi Manheim, Germany)
and Dr. Mclauchlin (PHLS Central PublicHealth
Laboratory, London, AW9 SHT UK) Fersinia
enterocolitica 5692 and Escherichia coli 0157 : H19
were obtained from Dr. Hitchins (USFDA) and the
Coechoslavak  Collection of micro-organisms Broo,
Cochoslovakia respectively. Bacillus cerens and other
organksms are food isolates from our collection. plis §
(pUCIS containing bly A gene ) was a kind glft from
Dr. Cossart {Pasteur instimte, France). Strains of all the
cultures were grown in Brain Heart Infusion (BHI)
broth snd muintined in the same medium =
refrigerating temperature.

of Listeria ® : For isolation of
Listeria from food samples standard USFDA /PHLS
procedures were adopied (Kamat and Nair 1994).
Food samples were subjected 1o cold enrichment in
BHI @t 410° C followed by selective enrichment in
Listeria Enrichment Broth (LEB) ai 37 C and plating
on Listerin  Selective Agir  (LSA). In case of PHLS
procedores primary  enrichment in 1% buffered
peplone water ut 30°C was followed by secondary
enrichment in Listeria Selective Broth (ISB). The
presumptive posilive Listerla colonies from LSA plates
were further identified to species level on the basis of
their biochemical reactions (FDA 1984).

inoculated by immersing it in the saline g 10"

agarose gel electrophoresis, This fragment was, -then
precipitated by alcohol, labeled with" by random
primer labeling method, and used as 2 probe
(Sambrook et al 1989),

DA colomy bybridization : For colony hybridization,
the bacterfal strains under test were grown overnight at
37C in the BHI broth and spotied (10l ) on the agar
plates. Afier overnight incubation at 37°C colonies of
various cultures (18-20 numbers) were transferred w0
nitrocellulose fillers (HATF.085 25, 0.45uM Millipore
Corporation, Bedford, MA 01730.) in a grid form und
subjected 10 hybridization procedure described by
Sambrook et al (1989). Probes with specific activity of
5%10" ¢ p m / mi were used

In case of samples; broth samples under enrichment
stages from various foods, 10 pl portions of the broth
were transferred  on  nitrocellulose  papers  and
processed for CH as mentioned above,

Results And Discussion

Specificity of the blyA gene probe : Resulls of colomy
hybridization using “P labeled plis 3 with 6 standard
Listeria monocytogenes, § lood isolates, other Listeria
species and non - Listeria organisms are show that in
(Tablel) all strains, hemolyc us well as non -
hemolytic L monocylogenes, were positive  whereas
all other Listeria species und bacteria of other genus
were negative under optimum bybridization conditions.
These results corroborate the findings of specificity of
By gene probe observed by Mengand et al (1988) in
detection  of L by  South

ofu / g cells of Lmonocytogenes (1708 &35152) at
Iee water emperature (Kamat and Nair, 1995). A 10%
homogenate of fish was dilted in saline and calcolated
amounts were used for CH experiment. The respective
ditutions were simultaneously plated on Standard Plate
Count Agar (SPCA), incubuied overnight at 37°C for
enumeration of bacteris,

Preparation of “P labeled DNA probe : The plis 3
plasmid contuining hly A gene was digested by
restriction enzyme EcoRl (Mengaud et al.1989) and
the fragment (<1kb) containing approximately 500 bp
coding region of blyd was separated by low melting

Inybridi Pumlcrﬂlemwmleﬂuyasmem
lnlm‘.d.ll.lll.r survival of Lmonocriogenes using gene

of 4 non-k ic mutant has been
revealed (Cossart etal 1989),

Semsitivity © The results of the sensitivity of
Lmonocytogenes 35152 & 1708 strains in saline and
fish homogenate show that to get positive signals in
autoradiogram, the 10'chwml were needed for both
sline and fish homogenate  samples These
observations coincide with the reported finding that P
labeled probes routinely detect approximately 10" o
10° bacteria (Walcon1991).
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Table 1: Response of bacteria to DNA colony hybridization using HI¥a gene probe

b~ ve; negative , mlﬂm
Table 2: Screening of food samples far £ momocyfogenes using colony hybridization and culture
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Screvning of food samples : Table 2 gives the results
of comparison of CH with culure method for
Idenﬂﬂmunf.mmﬁumdhﬂmﬂes

out of 4 unirradisied omato samples showed presence
of L. monocytogenes by CH method. However, ils
presememmdeumdhmwpluhyme

tested has shown p 8
dimﬂphﬂngonkSLlndbﬂhﬂumﬂhodsteqwnd
an enrichment step for @ positive detection of the
pathogen

Fish and meat : Listeria wis ot
isolated from any of the 6 fresh Bsh and 5 meat
samples tested by cither the USFDA/ PHLS method or
CH method. Thus, these findings support our previous
reports describing the absence of L. monocylogenes
in seafood and meat from local markets (Kamat and
Nair 1994).

- Bl

! The of L ogenes was
mdhylmhmemeﬂmda‘lnimdSum
samples and 1 out of 2 beet rools by both the methods.
On the other hand in case of other vegeiables such as
coriander leaves, cabbage, and tomatoes; overall
higher number of L monocylogenes positive samples
were found when  determined using CH procedure
verses the culture method. |t is pertinent o mention
here that many researchers have experienced the
difficulty in L agenes from food by
the prevalent rowtine procedures (Farber and
Peterkine 1991) because foods under aralysis contain
large " mixed microbial population which hamper

[ jonal method. On storage at 15° C for 15 days
n!mlwuwtaﬁumumplssb«wdﬂnptmznf

when d by CH method
hlnoihywuventlunn] method, Also applicaion of
both the methods, did not detect the pathogen in
irradiated tomatoes even after cold storuge.

Cariander leaves : As can be seen from Table 3 when
analysed by routine conventiona! method, 3 out of §
sumples of leaves (control) exhibited presence of
Lmonocytogenes. On the other hand by CH procedure
all the sumples Including other two were also noticed
10 be L. monocytogenes positive. Higher efficacy of CH
procedure In detecting L monocyiogenes was also
observed in Chlorine water treated leaves. However,
those corfander leaves which received radiation
(1kGy) did not show the presence of
L monocylogenes.

In conclusion the present study demonstrated that
detection of L. monocytagenes |n food by CHl method,
using by A gene probe, is a less laborious and less
time consuming lechnigue than the routine culture
method, The bly A gene probe method was more
sensitive in Identifying L monocylogenes in vegetables
nd can also be applied 1o other foods. The

recovery and identification of L e Some
reports  have revealed that the presence of
predominating Listeria species varfed with the method
adopted for the isolation ( Pini and Gllbert 1988;
Kamat and Nair 1994). A recent study demonstrated
that in the enrichment broths commonly used, the
growth of L. irnocua is fvoured when grown wgether
with L. monocytogenes (Petran and Swanson 1993).
On the other hand, CH procedure, as developed by
trgeting a specific gene in the pathogen, is more
specific (Table 1)

Treated/ Irradiated

Tomatoes : Table 3 shows the comparative results of
ﬂn&mdLWhémlﬁd

dinted as well as irradiated using both
CH and conventional method. 1t can be noticed that 3

61

d worldwide evidences of the presence of L
in raw vegetables and unimal origin
M:ﬂmmmm:mﬂdm
their ahility 1o grow at refrigeration temperature hus
given rise to the concern from public health point of
view ( Farber and Peterkin 1991). In this background
development of & sensitive detection method such s
CH method is significant in assessment of quality of
food for export as well for internal consumption.
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Modeling of Ductile Fracture by Gurson
Model

M.K. Samal, B.K. Dutta and H.S. Kushwaha

Reactor Safery Division

Bhabhas Atomic Research Cenre
Abstract

The most serious lmitation of the classical fracture mechanics is the non-transferability of the 5 data

to the component level This difficulty & largely by the damage mech which model the drop in

aad carrying capacity of & materia wih tbe increase i plastic sirain. Such modeling is dome considering

growth and ool of the voids in a material follnring large-scale plasticily The material

canstitutive model is modified to consider such phenomena. 4 finite loment in-bose BARC code MALM bas

MWWMM, iple The model duced by Gursom and modified by

i and Neeull bas boen in this code. The code bas been lesied, verified and used

mmgmmﬁmwumﬂlmm The [ndian and
Garman pifring materials bave been considernd in these analyses. Some of the results obtained by this code and

wilh exper { resulls are f { in this paper to show the usefulness of damage mechanics
hmﬂmmﬂmmﬁu

Introduction propagation occur with the local degradation of the
material loosing completely its load carrying capacity,
HE INFLUENCE OF CRACK TIP CONSTRAINT ON This is characterized using a critical valve of the void
ductle dracture resistance is of major concem in volume fraction { over  characieiticsdisance |, The
the as of qr Imicgrty employing ! of such modeling is that the di
fracture ¥ II‘IH parameters be used for lnllyq

is & structural feature, which inhibits plassic Bow and . _ﬂ_i““ i
causes 3 higher lity of stresses. Exg . Ihngid-h\ﬂmﬂ;iﬂlpnmm

results show that the comventional single-parameter determined from the simple tensile tests of noiched
criteria (such us Jintegral or crack-ip opening mw-ﬂ;dhmﬂ.m{

crack growth mitsiuctorlly. The specimen stze and mdmnmmm

i curve. The ¢ damage mechanics s A finte element BARC code MADAM (MATERIAL
one alternative approach 10 solve this problem. This BAMAGE MODELING) has been developed using the
involves simulation of the failure process using a Mdhﬂmmm

rupiure processes. As a resull, these models (ulso hmmmummmm
called micro-mechanical models) are able 1o consider and at MPA 10 analyse number of fracrure specimens
on the and piping components made up of Indian and German
and the materfals. In the following, some results are presented
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to demonstrate the stress stale dependency of
J-resistance curves with the help of this code. The
results are presented for two German muterials DIN
SE460 (ferritic muterial) and DIN N6CrNiNb 18 10
{austenitic material), The details of their properties are
given in references [1] and [5]. Five different types of
fraciure specimens have been analyzed. These are C(T)
{compact tension), SE(B) (single edged notched
bend), M(T) (middle tension), SE(T) (Single Edged
notched Tensile) and DE(T) (Double Edged Notched
Tensile) specimens respectively. The resuls of a
straight pipe having 2 122° circomferential through-wall
crack have been also presented (o show the analytical
capability of the code. This pipe has been tested a1 MPA
under an internal pressure of 16 MPa and increasing
hending moment. The analysis has been carried out on
a super-computer 4l MPA as part of an Indo-German
Bilateral project on ‘Transferability of specimen data o
component level’,

Modified Gurson Model
Tearing

Based on the work of Berg [2] (which shows tha a
porous medium is governed by the oormality rule),
Gurson [3] derived a constimtive model % for
materials containing either cylindrical or spherical
voids.

dﬂ”-amf}=ﬁ:+lfa. cmh[ﬂ}'a'w;v}‘i*u

for Ductile

Here o, .[2, ,"] s the macroscople effective

stress, ;. .0.0_35»5 represents the stress deviator.
and &, 1s the flow stress of the matrix material The
above yield function reduces to von-Mises yield
criterion for f equals o zero. Tvergaard [4]
introduced the parameters g, and q, in order (o bring
the predictions of Gurson model closer to the
experimental values. The function () was introduced
by Tvergaard and Needleman [4] to niodel more rapid
loss of material stress carrying capacity after the
occurrence of voids coalescence. This function s
expressed as follows.

65

f=f
e
= f+2—L(f-

g fi= 1 br-7%)
The function becomes more predominant once void
volume fraction T exceeds a critical value 'f". The
complete loss of load carrying capacity oocurs at {=f,
The ultimate void volume fraction in that condition is
1,'=F"(£)=1/q,. The increase in void volume fraction is
due 1o oomhmed effect of void nucleation and growth.

forf<f
forf=

The jcal ions for modeling these
processes can be found in referenice [41.

BARC Inhouse Damage Mechanics Code
‘Madam'

A finite element based computer code has been
developed in BARC for structural safety analysis of
power plant components. The code has been tested
and verified against number of case studies and also by
participating in an imernational benchmark round
robin exercise conducted by GRSS (Germany), Some of
the salient features of the code are as follows.

L. Finite element based code.

2. Considerations of 2D (plane strain and
axisymmerric) and 3-I structures,

3. Availability of 8-poded iso-parametric elements for
modeling 2D structures and 20-noded  brick
elements for 3-D structures.

4 Availabily of 2X2 and 33 gass point
integrations,

5. Analytical capability of elastic, elastic-plastc and
damage mechanics.

6. Use of von-mises yield criteria, Prandt-Reuss flow
rule  and isolropic  strain  hardening  for
comventional elastic-plastic analysis

7. Use of Gurson constitutive model and |
fow rule for damage mechanics analysis.

8. Solution of nonlinear equilibrium condition by
Rik's method (arc length method) or Newton-
Raphson method  depending upon the user's
choice.

9. Availability of following four solvers for solution of
simultaneous equations.

4. Active column profile solver.
b.  Frontal Solver,
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¢ Preconditioned conjugate gradiemt (PCG) solver.
d. Sparse Solver.

Ay one of these solvers can be used depending upon
the user's choice.

10. Availability of routines as post-processor for
computing 2-D/3-D J-imegral using method
and critical void growth using Rice-Tracey integral.

Gurson Material Parameters for Damage

Mechanics Analysis

The Gurson materidl parameters required for the

analysis wre as follows.

1. Initial void volume fraction *{,"

2. Crltical vold volume fraction at coalescence )",

3. Finul void volume fraction f)

4. Void volume fraction at sarated nuclestion ",

5. Meun value of strain for nucleation ‘e, (for strain
controlled nucleation),

6. Standard deviation of strain for nucleation ‘s,

7. The constants q,, q, and g,

8 Critcal length parameter ‘| (required for the

analysis of cracked specimens) and

9. The ulimate modified void volume fraction w

Tracture 1"

The values of the parameters §, {, €,, s, [ and f for the

present  muterials are  determined by a  hybrid
hodology of metallographic study, experiment on

tensile tests and subsequent numerical analysis. The

vatlues obtuined for materials SE460 and X6CrNiNb are

s follows.

mm and reduced diameter a1 groowe is 10 mm. The
sketch of the specimen is shown in Fig. 1, The fnite
element mesh of the specimen is shown in Fig. L The
analyses have been done for two different notch radii of
4mm and 10mm_The experimental results have been
taken from reference [1]. The parameter {, has been
determined focusing particularly the point of sudden
drop in load-diametral contraction (AD) curves for
bath the grooved specimens. This point in the load-AD
curve is primarily influenced by the valwe of f. A
C i of the i | load-di

contraction (AD) curve with the numerically simulated
curve for both the grooved specimens are shown in Fig.
3 and Fig. 4 respectively for StE460 materal. The value
of [ has been found to be 0.021 through this exercise.
For the stainless sieel X6CeNIND material, the noiched
tensile specimens have the same dimensions except
dmﬂned:menmd:mﬁldl-i,nni&mlmthcm

idered. Foll the similar i the
puﬂmaerfrlushemfnmdmﬂmbel}oﬁhrﬁm
matertal. A comp | and
mmammmmww
stainless steel material are also shown in Figs, 5, 6 and
7 for different groove radii.

Expressions used for  J-Integral
Determination

The J-imegral in damage mechanics analysis is
generally calculated using the energy concept. The
expressions for J-integral for a CT specimen, a TPB
specimen and 4 straight pipe are glven bedow.

T e T e ) T

Material_| f, L L & |5
00025 [00Z1_|002 |03 |01
KCENIND | 166 [ 0.05 | 0.0055 |02 |03

Analysis of  Notched  Tensile
Speci and Deter tion of Void
Volume Fraction at Coalescence

The valwes of critical woid volume fraction at
coalescence 'f' shown above have been determine
danahsing 2 mumber of roond noiched tensile bars
using code MADAM. This is a widely used practice for
the determination of {. The nominal cross section
af the grooved tensile specimens has a diameter of 18

019 (15 |10 | 225 | 0566 | 011
o015 [to [225 [0566 |00
For compact (CT) specis

The J-integral &5 evaluated from the area under the
load-displacement curve i & particular crack growth
using ASTM standard formulae given below,

J’J{ (WA:,)] a(;U..u;{ (wrﬁ,]]

Here U is the area under load ws deflection curve, W is
the width of the specimen, B, s the net thickness,
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Fig. 3 Load /s reduction in diameter curve for the notched Fig 4 Load v reduciion in diameter curve notched tensie
testsile specimen with dnmm notch radivs Apecimen with 10 mm wotch radius

&7




BARC NEWSLETTER

Founder's Day Special lsswe 2001

Load n Newton

L]
FEM analysis
IF+ 4 Liarson Pasarmian b FEM analy s
D=1 BE-NG
E=008
| B=00093
T4 -
.
O T — + T
o0 e 0 o a0

Diametral contrac bon i mm

Fig. 5 Load s (Hametral contraction curve of & wolched lewsile specimen of 2 mm gotch radius (Material TOCENING)

Load n Newton

wrm—.l—— = — —
sesos|
B |
provre %f
-
7
B4 1 ]
4
1 !
e r—_'imn-m- | ! ;.‘*‘ f [
| @=10B06 ; |
| -0 oess | |
oS FEM analysis v |
OFH00 —_— - — . ‘
00 10 30 40 e

20
Dinmetral contraction n mm

Fig 6 Load v/s Dametral comtraction curoe of @ notebed lensile spocimen of § mm noich radius (Material X5CrNING)
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AEHM

Load in Newton
:

B A

LB+ |

AEHRE T T T T
00 (K] 20 3a 40 5C
Diametral contraction m mm

Fig. 7 Lovd w5 Diamedral contraction crrve of o motched fensile specimen of 8 mm nofch radius (Material X6Crvint)

Hg. 84 Compact Tension specimen (W=S0mm, mymwmgamm:mmwm
a=33.25mm, B=25miwm, 5_w2iwmm, Hudinmm, Lad2 Smm,
20% side-grooved)

a9
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N=2+0522.(1-2/W) and y=(0.75. n-1).
E1152)
For three-point-bend (TPB) specimen
For deep cracked specimen, the expression is same as
shown above, except that the value of v fs aken as 2.
For other a/w specimens, the U is tken as the area
under load ws CMOD curve. In such cases, the
expression for ] is as follows,
AzF

- a,

Postegmr

Where 11=3.5-1.42* (a/w) whered ‘0’ is the current
crack length
For pipes with through-wall circumferential flaw
under four point bending load:

d

= p [pas,

Here 2P is the total load, B, is the plastic deflection,
B=-h(¢}fkth{¢) R is the mean radios of

o h(8)= oo/ 4)0.55in(4/2)] 14
the thickness in mm and ¢ s the tota) crack angle of
the through-wall circumferential crack.

Analysis of Compact Tension Specimens

All the Gurson material parameters shown above have
been wsed in the numerical simulation of C(T)
specimens baving 20% side grooved. The CT specimen
dimensions are in accordance with the ASTM standard.
The skeich of the C{T) specimen is shown in Fig. 8
The FE analysis has been done using MADAM code with
plane straln formubstion. The mesh is shown in Fig. 9.
The unknown critical length parameter ‘1" has been
determined comparing the numerically simulated J,
vilue with the experimental value. The J-iniegral at
each load step has been calcolated using the above
expressions. The results are shown in Figs.10 and 11
for the muterial SIE460. From these analyses, the
critical length parameter | has been found out
to be 0,1 1mm for SE460 and 0,10mm for XGCrNiNb

T

(ASTM materials. These have been used as the crack tp mesh

size in the subsequent analyses of other fracture
specimens and also in the analysis of a 3-D straight
pipe with circumferential crack.

Analysis of Other Fracture Specimens

A mumber of other fracture specimens of different
geometries have been analyzed w0 compare their J-
resistance curves. The various specimens considered
are M(T), SE(T), DE(T), and SE(B). The mesh near
the crack tip is simikar to that of (T} specimen shown
ahove. Appropriate boundary conditions have been
impaosed for various specimens. Few sample results are
presented here for demonstration, Fig. 12 and 13 show
the comparison of experimental and numerical |,
curves for SE(H) specimen for SIE460 and X6CrNiND
materiils . A similar comparison is shown
in Fig. 14 for M(T) specimen having SIE460 ferritic
steel material. All these figures show reasonahle
agreement between experiments and the numerical
simulations. Fig. 15 shows the comparison of all the
predicted ], curves for five fracture specimens for
SIE460 material. The crack tp stress triaxiality
dependency of |-R curve may be seen in this figure.

Analysis  Of Straight Pipe With
Circumferential Flaw

To d the usefulness of damage meck to
analyse real life power plant components, the results
are presented here for @ straight pipe with
circumferential flaw. The straight pipe, which was
tested ut MPA (Stungart), has a 122" circumferential
through-wall crack. The component i loaded with
internal pressore of 16 MPa and increasing bending
moment. The Gurson parameters for XG6CrNIND
material shown above are used for this purpose. &
simple sketch of the pipe & shown in Fig.16, The
fatigue pre-crack profile is shown In Fig.17. The skeich
of the experimental loading setup is shown in Fig. 18,
The finite element mesh of the pipe was prepared using
PATRAN software. One fourth of the pipe was analysed
due to symmetry. The finite element mesh of the pipe is
shown in Fig. 19. A comparison of experimental and

‘computed results of different parameters is shown in

Figs. 20(a-d).
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Conclusions

In the presemt work, the importnce of damage
mechanics has been shown over the classical fracture
mechanies in analysing cracked components. The
BARC in-house finite element code MADAM has been
used for this purpose, The code has the capabiliy of
currying out  elastic, elastie-plastic and  damage
mechanics analysis of 2-D and 3-D components, The
Gurson constitutive model has been Incorporated for
damage mechanics analysis, The code has been tested
and verified against number of case studles and also by
participating in  an  international round robin
benchmark study conducted by GESS (Germany). The
code has been also wsed mt MPA, Smiigart on
supercomputers for analysing aumber of straight pipes
with flaws tested m SERC and also at MPA Such
exercise hus been done as a part of an Indo-German
collabarative program.

A number of grooved tensile specimens have been
anillysed 1o wscertun the Gurson material parameters
for the Indian and German materials. These parameters
are then used to analyse number of fracture specimens.
to demonstrate the dependency of J-resistance curve on
the crack tp stress triaxiality condition. The results of 4
straight pipe with faws under internal pressure and
bending moment are presented. A close agreement
between the computed and experimental data of
various parameters shows the correctness of Gurson

parumesers and importance of damage mechanics in
analysing real life power plant components.
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Abstract

and

Cotton is infested by over 30 pests b g o lep

these insects, mrious

mdwﬂlﬂﬂwuwp ummnmmh

an essential componen! because they are used for detecting the af pest §
Jor mating disruption as a direct pest suppression measure. Pheromones of major pests b-vhuﬁuﬂnk

Sad

effective, oconomic and eco-friendly in agro-ecosystems in wbich cotion is cultivated

Introduction

Il THE GROWTH STAGES OF THE COTTON
/4 suffer from insect attack and details on the
L Reconomic importance of these insects; their bio-
ecology, population dynamics and methods of their
control, are well-documented (Frishie, 1989; Gahular,
1991; Matthews & Tunstall, 1994), Amongst the nearly
I!Smapﬁumm‘ulmmn‘mmm
dumage i caused by lep and

indiscriminate use of insecticides has  become

d, in both the d ped and the developing
collon growing countries. This excessive use of
mﬂmuw several

Be effects inchudi of
m»mmmmmm
seed; dangers to the environment, beneficial organisms
and man. As a result, the concept of Iniegrated Pest
Ihmmmm [IPM] &5 becoming  popular

Insects. The warious nm-plmomuml

n

(Sund: &Gahular, 1998) because it
wlh:mdmrdwmiudﬁepm
control sysiem in & harmonious combination, which
has 2 minimal impact on the environment.

When pheromones are used 35 2 wol 0 monilor pest
populations, it results in need-hased use of pesticides
(or any other pest management practice). As colion
cultivation s ridden with the large-scale use of
insecticides, any reduction in the pesticide requirement
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can make an economic impact in terms of 2 saving on
production cost Besides, pheromooes can be used
directly in the cootrol of insects through mating
disruption and can substitute for icide use for the
suppression of populations of certain cotton pests. In
cotion pest management, besides the sucking pests, the
majority of insecticide usage &5 directed against
lepidopierous and coleopteros insects that damage
of ph in the 12 of the most
damaging pest species of cotton. Some insect species
occur sporadically on cotton crops and are of minor
importance and utilization of their pheromones in IPM

is ot a preliminary stage and therefore has been
excluded from this review.

Pheromones, pheromone formulations
and traps

Ph of several b and cols
mwmmmuﬂmﬂ
only the primary references in this context are given in
Table 1. Once identified, the pheromone components
can be smthesized through varying  allernae/
improved/novel rowies and this does not form the
subject matter of this review, Experiments on some

Table 1. Pheromones of important insect pests of cotton.

*4+Ph 1)Cle-7 cs-1
4M, 1820 101 ratio

ele =11 hetrudeceny] acoiate
gm-m-u n-uhg
ﬁda-!.mu-wmn ) skl
a0d 6 n 1000 1-5 ratho
ﬁ::}wz.mwmnmm

2)0a-7 ra0s-11 hexadecatieny sceete (1)
“Ph - 1) eds- B drams=1 1< tetradecadionyd acetuse (35)
s

nmumu-mnm
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Tabie 1. {continued)
T Farias vitiels “FRL} framms- 10, frans 1 2-hexadecadiendl (10) *oppedye e al. 198
2) eig- 1 |-hevadecenal (2) Bl of @l 1981
3] hexadecenal (1}
4) octadecenal (2)
5) etg-11-octadecenal (4)
) trans- 10,trans 1 2-hexadecadienal (10}
+At- 1,2 and 5 In 10:2:2 ratio
10 Diparosis castanea *Fhi: 1) trans -5-11- dodecadienyl acetise (R.0) *Neshin of al, 1975
l}cﬁ-ﬂll-dnthﬂhﬂ +Marles 1976
) trams-4- dodeceny] aceese (0.5)
4} tran-1 -dodeceny acetue (2.5)
5) Dodecenyl acetate (5.0)
41,2 and 4 in 8.0 2.0 - 25 ratio
1 Awthonoimus gramdis P : In mbed seves *Tumnlinson ef al. 1961
prandis n ~Hedin of af. 1974

(Recis)- 1- methyl -2 (F-methylethenyl) -
eyclohutanesthanal (13)

3 g}-ﬁ-tsmmmmm ethenol - Ridgway ef al. 1990
31 (E)-(3 3-dimethyicpclohenylidene. acetaldehyde

)
4 (E)-

1 ratia

)
**Ph : In mutle Eecal matier | 23 and 4in6:6:2:

+M 1,23 and 4 most elfective in ratios of
2:6:1:0:3:5: 1 bandBi6:3:3

*Ph = Pheromoae ]

Jouph =

in mle ; + A = Fiehf altraction

insects show that more than one hlend of pheromone
components can be anractive, as in tobscco budworm,
ieliothis virescens (Fb.) (Vickers & Baker, 1997:
Ramaswamy ef al, 1985 Shaver ef al, 1989;
Hendricks & Shaver, 1990). 1t is also possible that any
insect species may show geographical variation in this
rcprdaslslhemwhhphﬂtbnllwrm.

gossypiella (Saunders) (Fline of al,
1979). I!wmr ushnu]:lbenmbcrullhulhma
always @ precise ratio that elicits maximum atraction,
a5 in P. gossypiella (Tamhankar ef al., 1993), and that
this ratio should always be used o obtain the best
results,

&mphmmnncsmvuiaulehmme slow release

lations huve been developed so that an effective
relesse rale s maintined over several days after
application.  Such pheromone  [ormulations  are
commercially available for several insect pests of
cotton crop (Hall ef al, 1980; 1992). Generally, the
formulations used for monitoring are in the form of
rubber septa, polyethylenevials or polyvind chloride

dispensers, while those for mating disruption purposes
include plastic hollow fbres, plastic laminate flakes,
Iyethylene be disp bag disp el Some
I'nrmulz.l.luns are also  availible a5 emulsifiable
concentritte {Downham ef al., 1995) or as polymeric
aerosol (Kehat & Dunkelblum, 1993). The micro-
encapsulated formulaion s wsed in  agueous
suspension and can be spraved by comentional
applicators, but the fibre and flake formubuions
require an adhesive o ensure that they stick 1o foliage.
Pol)ﬂhylene I.'uba hzw 0 he applled by hand
1 require  less
dtemmlmdmezsymmhmmconmuml
practices, but their effect does not last long, whereas
polyethylene bes which can be applied by hand can
be effective for months. For a long duration crop like
cotton, they are eminently suitahle.
Three types of pheromone traps viz., sticky, liquid and
dry, are used in cotton pest management. The most
widely used sticky wrap in cotton is the delta trap.
This trap, however, has limited trapping capacity, is not
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adequate for large insects like Helicoverpa spp. and
the scales of trapped insects and dust affect its trapping
efficacy. Liquid traps have the problem of falling liquid
levels due 10 evaporation and require carefol handling.
Currently, dry traps are in vogue as they are easy to
handle, are rugged and have a farge irapping capacity.
They include the funnel trap, sleeve trap, wire cone
trap, double cone trap (Texas model), sutomated trap
eic. These traps are sultable both for monitoring and
miass trapping. The rule of dumb for rap height in
cotion is that for small insects lke pink boliworm,
traps should be 60 cm above ground level in the early
season and 15 cm above the crop canopy in the late
season. For large and strong fiving Insects like
American bollworm, Helicoverpa armigera (Hihner),
the parameters would be | m above ground level in the
early sezson and | m above crop canopy in the Lue
Season.

Pheromones in the management of
lepidopterous and coleopterous pests

Detection and monitoring

Several studies have been conducted on cotton pests 1o
establish a quantitative relationship between the
pheromone trap catches of w particular pest and the
plant damage caused by it. This relutionship would be
used 1o define trap catch values that could be used 1o
identify the economic threshold level of a pest at which
control mexsures were necessary. For example, the
correlation between pheromone trap catches and the
level of egg or larval infestation were found 1o be highly
significant In most of the major pests of cotton, such
as, . virescons and Helicoverpa rea. (Boddie) (Lopez
et al,, 1988, 1990; Leonard ef al, 1989; Erisbie ef al.,
1989), M. armigera (Srvastva ef al, 1992;
Devaprasad ef al, 1993, Whitman & Rae, 1993),
Barias vittella Fabricivs (Qureshi & Ahmed, 1989,
Nalk et al, 1997), E. insulana Boisduval (Campion ef
al, 1981, Qureshi & Ahmed, 1989, Makdar &
Kostandy, 1995); P. gossypieila, (Page of al, 1984;
Dhawan & Sidhu, 1988, Moawad, 1993) and
Antbonomus grandis grandis Boheman (Benedict ef
al,, 1985).

#i

C jal  adh in p related
monitoring and control technology bave tremendous
potential (Kirsch & Lingren, 1993; Cardé & Minks,
1997). However, utilization of varlous types of traps
hwgvlmnﬂuq. different  dispensers and
quantities of pheromone in different agro-ecosystems

1988) Iulsllﬂusllnd&‘mglﬁ(l’:g!dd lm
Valuable i i ﬂﬂlﬁ 1 by B

and processed together 1 include the Jocal weather
variables and to determine whether uniform predictive
values of trap catches can be obuined for a pest, at
least for the initial infestation undur specified weather
conditions, ar there really exists 4 variation in this
regard. Such an experiment muy also help in proper

of the doubts expressed about the wility of
trap caich as a predictive tool for pest infestation levels
(Campion, 1994). There is also evidence w prove that
exposare 10 sub-lethal levels of insecticides alters male
sex pheromone response and female calling behaviour,
at least in the case of pink bollworm (Haynes et al.,
1986). This may result in 2 delsy in mating and also
subsequent oviposition by females (Lingren of al,
1980; Hutchison ef al, 1988). If this is the case, there
is a need o evaluate pheromone trap caich values
r:huns 10 lrfemuun Ievels following  insecticide
i may be
dyunhnmhlswmnmmmnhthmhdd
levels may be exhibited after implementation of pest
control measures. Most probably, because of the
foregoing reasons, though pheromone traps have
become @n important tool for monitoring pests, thelr
data are not easy o interpret and a lot still needs 1o be
done w establish this methodology as a rouline
management practice
While the impact of weather on trap catches &s
routinely studied (Beasley & Adams, 1994; Tadas etal,
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1994; Korat & Lingappa, 1995; Adams et al,, 1995),
not many siudies have been carried out on the impact
of other biotic or abiotc factors. For example, mixed
cropping or meno-cropping patterns may influence
pheromone-relted hehuviour of oligophagous Insects,
such 1, P. gossypiella, Earias spp., and Heliothis spp.
Thnk mumm«m

related behaviour of cotton
Insects ﬂ.nduh & Phillips, 197) such as
Helicorerpa/Heliothis spp. (Raina et al., 1972; Light
e al, 1993, Dickens ef al, 1990,1993), Earias spp.
(Tambankar, 1995), A grandis grandis (Dickens,
1986) and Trichoplusia ni Hiboer (Landolt & Heath,
1990). It appears that pure (as in monocropping
systems) or ahered (a5 in multi-cropping systems)
signals may infleence the patiern of trap caiches. In

Traps baited with anificial lures based solely on
pheromones and not properly integrated with the host
ecosysiem by including host  odours, wherever
m may = times give ermoneous resulis. A

luation of these is a real
ad.hwddd{lmuhq‘ﬂ-m

of planting and wind blocking fratures influenced
pheromone trap catches of A zoe and suggested the
use of this infe 1o modify ph trap-
based predictions of H = damuge These studies
need 0 be extended 1o other inscets also.

Pheromone traps have been of immense walue in

(particularly, owls) which were found feeding on the
M. armigera male moths near pheromone traps. On
the contrary, al. Meierrose ef af (199%) found light
trap data of these moths 1o be more efficient and
reliable.

Mass trapping/atiracticide approach

The aim of mass trapping is 1o deploy pheromane traps
in sufficient numbers over an ares for an insect species
to be o lled by g a significant prop

of pest population. lnﬂumol‘ldpidomm
degrees of success have been reported; o significant
reduction in egg laying in £ insulana (McVeigh ef al.,
1979) and Skittoralis (@ 5 traps/ha), (Campion ef
al., 1980) promising control of the third generation in
the case of H. armigera and suppression of the
population below detectable levels of P, gossypiella
moths (@ 20 trapsha) (Mafra-Neto & Habib, 1996).
However, in all these cases doubts — remain about the
area-wide and prolonged success, because (1) in
Lepidopiera, the female sex pheromone aitracts only
mabes and then ot all of them, and (1) since the males
are polygamous even a small proportion of untrapped
males can continue to fertilize 4 substantial oumber of
femnales which have high egg laying potential, thereby
ensuring the presence of the trgeted species In that
arei. In the case of the boll weovl, whero an

several other aress of cotion pest i A
classic example is the tracking of cotion boll weesdl,
A grandis grandis, as It spread 10 the southern parts of
American continent (Whiscomb & Morengo, 1985).
Pheromone traps were also used W evaluate the
success of sterile backcross releases on population
wpprewlnnulﬂﬂfmﬂ.lﬂuldﬁ 1996). Traps
dully employed for detecting the tob
bwhtumudidﬁuhww#mhhlw
1994, for i
Pm&{ﬂmdd :m}ﬂw
(Horowiiz ef al, 1993), and also in a0 evalustion
experiment of attracticide against cotion leafworm,
- littoralis  Boisduval. "

émﬁem-hmwm

L1

trapha (Loyd of ad, 1983). In reality, such 3 trap
density i not practical for high-demsity populations. On
the contrary, with low population levels, a density of
15 waps/ha resulied in a high rate of elimination of
boll weevils (Legget of al, 1988), and such trap
been wsed in the south-eastern boll
ﬂﬁ:liwmh*mﬂhm
It should, bowever, be remembered that
mmamwamm
fields would always be 2 handicap in the mass trapping
approach.
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et

A novel ph use is the approach.
Dean & Lingren (1982) used a series of fase trails of
gossyplure 10 lead pink bollworm males o an
insecticide-luced area with resultant fality 1 males.
This could reduce the insecticide requirement,
especially as the pheromone ucted like 2 synergist for
the insecticide, because male moths became agited
and thereby more susceptible to the lethal effects of the
insecticide. In Nicaragua, grandlure was used in
conjunction with an early sown coton trap crop
sprayed with insecticides o control cotton boll weel
(Sierling e, al, 1989). It has been a practice In some
parts of cotion growing countries 10 use pheromone
sources laced with insecticide in the mating disruption
method so as o inflict lethal/sublethal insecticide
doses on males as they come in contact with the
pheromone sources, the sublethal effect causing
redoced pheromone response in survivors. Another
innovation is the Boll Weevil Attract and Control Tube
(BWALT) that utilizes a coml of grandhure, 1

its life. In the mating disruption approach, pheromone
formulations are used to prevent mating of adults
through mechanisms discussed in detall by Candé &
Minks (1995).

Amongst insects infesting cotton, (he mating disruption
technique i praciced most widely against pink
bnnmmlinlhw ﬁbrcfnnnulnuunolplnkhlmm
was the first disruptant formulation 10 get
Bmmml'mmhmﬂamcymm registration in
1978 (Doane & Brooks, 1981). In 1981, over 40,000
hectares of cotion crop in California. received bollow
fibre mating disruption trestment whereby reducing
plant damage and giving enbanced yields compared 1w
ionul insecticide In 1985, twist-tie
palyethydene  formulstion  became  available  and
Siceahie thise W6 1

were f
continuously. Their use in an ares-wide approach in
Arizona during 1990-93, resulied in decreased boll
m&umagn-pmgmmnelndunjﬂ 0.0%,

Mn;mm.mdmumde.udw:sfnmﬂm
be three times more effective than traps alone in
removing  boll weevils from a local population
(Villovaso ef al. 1998). Jansen (1994) reported an
IPM strategy in which use of BWACT along with early
destruction of stalks resulied in about 40% reduction
in the use of insecticides aimed at boll weevil control,
large scale use of BWACT in Colombia, Brail and
Paraguay for successive years with a primary aim of
prevention of establishment of boll weevil In Argentina
and Bolivia has shown not only high levels of boll
weevil control, but also delayed first application and
minimised insecticide sprays, reduced crop damage,
Incressed square retention and gave economic profits
by way of swings in the cost of insecticides and
increased fibre production. It is therefore, evident that
the “muss trapping’ or “atracticide’ approach cannot
be a singular method of control, but can definitely be a

part of [PM strategy (n cotton fields.
Mating disruption
Insecticide-based reduction of populations of various

bollworms and also of the boll weevil is difficull
because the larae sre inaccessible, being lodged

quiring oaly an use of
insecticides (Cardé & Minks, 199'5} . Further, in an IPM
approach, use of pheromones in early crop season and
insecticides in late crop seuson proved successful both
in Egypt (Criwchley ef al, 1984; Camplon & Murlis,
1985; Moawad ef. al, 1991) where the area treaied
tnereased 1o several thousand bectares (Russel &
Radwan, 1993; E-Dech ef al, 1993), and also in
Paldstan (Critchley ef af, 1991; Ahmed & Attique,
1993; Chamberlain, 1994) with smaller losses in seed
cotton yield in pheromone ineated aress compared fo
comventional treastment. Because of these resounding
successes, use of pheromone gainst pink bollworm is
growing every year.
While i was thought in the earler diys that
pheromones have 10 be used singly us they were
species specific, their use in cotion crop protection has
proved otherwise, effecting cost reductions. A hand
npp]jed m']st—ﬂe gnayuhfh: mhe phcmmr.m

dFW&MM&MwM
in Pakistan during 1986-89 in plot sizes ranging from
28 10 60 ha Seasonal control was schieved using
pheromone alone or together with one insecticide
iunm'rhelemlol'cuntrullsw:llndnmd

B were ble 1o five soplications of

Inside the host tissue. In contrast, mating disruption is

ides (Chamberl d'.ai. 1992). This indicated

aimed a1 the adult seage. which is exposed through
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that combined pheromone treatment could be used
and tha it also was eflective in smaller areas.
Experiments  of Tambanksr and  co-workers
(unpublished observations) also showed that mating
disruption can be achieved in plots of 100-250 sq.m., il
the crop ks isolaed by a non-host crop or fallow land
for about 100 m on all sides. Combined pheromane
formulations have also proved successful in lsrael

should be developed 10 utilise this synergism in cotion
crop prolection. Female M. armigera moths are
attrcted by 2 steam distillate from pigeon pes plants. A
mixture of six sesqui mixed in the prog

found in the steam distille, elicits the same
behavioural responses. This s a highly promising
Mﬂmdﬂam@mhaﬂﬂaﬂhmuu

(Kehat & Dunkelbium, 1993). A combined ph

formulation of H armigera and P gossypiella
suppressed mating of both the species for more than
three months (Rehat  of al, 1998). They further
reduced the dose of pheromone as well as number of

ol

disp /ha 1o suppress mating of ind species,
Matbng/communication  disruption hs alsy bcm
successfully pled using the p

components of analogues n case of Digparopsis
castanea Hmps. and 8. litforalis (Beevor & Campion,
19749, Campion of al, 1980; Ellis ef al 1980) and S
exigua Hilboer (Mitchell ef al, 1997). Since area-wide
application is more effecive in mating disruption than
by individusl farmers, the weamment leads itsedf most
sultably 10 be used by governments or large farmers’
co-operalive  organisaions. However, there arc
difficulties in exploiting mating distuption on large
scale, Casagrande & Jones (1997) enumerated (hese
problems s ; il o . .
constraints, inadequawe knowledge of pest hiology,
particularly population density Nuctetions, number of
generationsvear  and  soclo-economic  consiraings.
There are also other constraints such as: interactions
berween  different populations of a pest species,
migration of males intor treated fields, males attracting
females for mating, the calling straegy of native
females (Cardé & Minks, 1995) which can make or
mar the results.

Research and Development
Semiochemicals

el

Host plants enk f ise ph
ndm:mmnﬁhmwpmolmmm:s
M. zea, H. virescens, H. armigera, A, grandis grandis,
(Dickens, 1986; 1989), £ vittella (Tamhankar, 1995)
und 7. mi (Landolt ef al, 1994). Reliable methods

K3

o imulant (Hartlieh & Rembold, 1996).
Ph for monitoring purposes have been
lored/explodied in cotton [PM. af nuting

dhrnphnduqinhdnmmaunmlmmpﬂmms
has its own place in pink bollworm suppression.
Several auempts have been made as in Egypt (Moawad,
1993) and in Pakdstan ([km‘berh‘nnf.d., 1992)
while i with avoid of needs
i ( hy & Mahad 1993).
mmrm mmwmw
females in cotion ficlds  (Landol, 1995).
I should he i 'lnrodu-mnnn
pu:s:kultslmidalmhufnnndamlmy
modifications in methodology wnd further
mphﬂmnemelncmnll'ﬂmm]nlmdlm-
further improvement.

Fheromones in collon pest management

At times, sudden dramutic increases in pheromone trap
catches occur for insects such s Helicorerpa spp. and
Heliothis spp. for which local populations alone
cannot account for the magnitude of these caiches. A
method of discriminating between local and migratory
captures needs 1o be developed so as 10 forecast the
ikely arrival of the migrants, which come In refatively
large numbers and can devastate the coton crop, as
happens in India in the case of H. armigera.

Auto-d of pathogens involves the
ddﬂ:enmnsedhmﬂmﬁddbmplﬂmgmsln
the insect habitat (ignoflo & Shapiro, 1978; Yu, 1996).
In this method, adull insects can be auracted 0 &
contaminant station, where they pick up the pathogen
and transfer it to the egps, the lemales doing this
direcdly and the males transferring it to the female
ovipositor while mating, The neonate karvae eat the
eggshell and ingest the inoculum. This is a very
atfractive proposition with the development of efficient
methods of dispensing and it could prove to be a good
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practice in cottion IPM. The initial experiments on this
approach in case of non-cotton infesting as well a5
cotion infesting insects (Nordin ef al, 1991; Jackson
ef al, 1992; Yu, 1996) using Nuclear Polyhedrosis
Virus inoculum (Yo & Brown, 1997) have given
promising results. The use of pheromones in
confunction with inundative releases of Trichog
chilonis Ishi nppuudpinlhﬂwrm:ndnpmed

level (Ahmad ¢
al., 1996).

Pheromone  application with  sterile-moth  release
programmes s wlso highly promising, as has been
observed in the San Joagquin valley by the California
Depariment of Food and for the
management of pink bollworm (Baker ef al, 1990),
This methodology needs 1o be cvaluated for other
Insects oo,

1tis indeed necessary o carefully evaluate whether the

produce a strain of moths immune to disruption of
cnmmmlmllonumdh'ﬂr ll mmwmuly
used for pink | n p
msmmuwwm&
Brooks (1980}, They found that male pink bollworm
would preferentlally orlent towstrds traps emitting high
mdmlmmﬂuh!s MMBmmpﬂ
need for the develoy of
dﬂmhm-ﬁmdﬂm.

Shorey of al. (1996) and Shorey & Gerber (1996)
eviluated “puffers’ for distributing large amounts of
pheromone. This technique is eminently suitable for
cotton  bollwerm  pheromones  with  aldebwde

P as in this que the pheromone
:hermuls are protected from oxidative degradation
until they are released inso air.

A fledd-portable electro-antennogram system used by
Farbert of al, (1997) indicated that dispensers

practice of adding insecticide 1o disruptant ph
formulation will create foci for development of
insecticide tesistance in insects, particulardy in pink
bollworm against which, it has been practised for a
hhwhwﬂmnfhenlmkgsﬂnmﬂdnhuw
one used n lunul:i A

deployed at the edge of the crop could provide effective
protection (o the cotton erop from pink bollworm,
Although mating disruption has proved to be un
wffective control strategy In cotton, improveménts und
optimisation in the methodology sull depend kargely on
irical fiedd tests, such as: the number of

Lt}

J'“" U
Based oo the observations of Flint ef &/ (1977), 1
fundsmentlly different approach 1o mating disruptl

pheromone refeasers, the distance between them and
other unknown factors including the actual serial
:onoemy-mhynfnrmhﬂnn the fine scale

was pursved by Flint & Merkle (1983, 1984) and Flint
adtam)mmmmwumu

of ph in treated plots etc.
In the case of cotion pests, which have developed
10 insecticides on a world-wide basis, there

Imbalance by releasing only
ﬁ:&lw«'m hnllwomphunmmr.'l’he
pheromone synthesis is generally expensive; however,
current rescarch in this area may help o bring down
the cost of pheromone treatment
Experiments 0 suady whesher there s potentl or the
of w0 the In the pink
bollworm were penerally m (Haynes of al,

will be a demand for enormous wiilization of bio-
reactors for culturing pheromone gland cells. This is
certainly o necessity becavse only the pheramone
glands produce the full and proper blend. Minks &
Candé (1988) indicated that such blends will achieve
total mating disruption with the minimum quantity of
]ﬁu\:munﬁ. Abemzdry o d (1996)  reported

of pl I jon in female H.

1984) As the use of pher in pest mangy

will undoubtedly increase, it would be prudent 1o
monitor whether insect pests of cotion are deseloping
resistance (o pheromones, For example, genetic
variation exisss for (he production end/or detection of
pheromone compound blends in naturad populations
of pink bollworm (Collins & Cardé, 1985, 1990 1, b).
Under such circumstances, selection may operate 1o

brwiﬂl pr of a pseodo-peptide
tﬂnﬂcdapﬁummwuplcmum-pepmnqhe
possible 1o develop future pest suppression techniques
based on the use of amphiphilic pseudo-peptides
designed 10 bind swrongly 1o recepiors therehy
continuously stimulating pheromone production so as
10 cause # depletion of the pool of pheromone
precursors,
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The discovery of Ph Biosynth i
Neuro-peptide (PHAN) (Raina ef al, Iw.hm:l
Menn, 1987; Ma ¢t al. 1996), has the potential to lead
w novel stiategles of exploiting cotion  plants
themselves o Interfere with the behaviour and
ultimasely the reproduction of insects, utilizing genetic
engineering lechniques (Keely & Hays, 1987; Menn ef
al, 1989). It has been possible w0 induce pheromone
production in 4. zea females by feeding PBAN or s
analogues as well as clone a synithetic PBAN gene
behind polyhedron promoter of ACMNPY and a cell line
infected with 2 recombinant baculovirus  vielded
pheromanotropic activity (Raina ef al, 1994; Vakharia
ef al, 1995). Then a major constraint would be the
defivery of the peptide 1o the target organism.

In 2 decade that ends up with increased difficulties to
suppress cotion pests with the present IPM tools
further work on narrowing of gaps in the present
techniques of utilizing pheromones for both conion pest
monitoring as well as mass-irapping, is warranted
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Emission from Charge Transfer State of
Dye-Sensitized TiO, Nanoparticles: A New
Approach to Determine the Back Electron
Transfer Rate and Verification of Marcus

Inverted Regime

Hirendra Nath Ghosh
Radiation Chemistry & Chemical Dynamics Division
Bhabha Atomic Research Cenre

Introduction
mmummrmm

derrd 1

i in 4 icles and suitabl
So far most of the electron trunsfer

nanoparticles has been a ﬂhiuad‘um
research interests for many years. The understanding
of this [ndimentsl process is essential for the

dymamics hove imolved dye molecules as the
adsorbates. In many of these studies the dye molecules
are excited wsing suitable wavelength of light and
dymamics of dectron transfer Is messured by their

g
E
g
i
%

sensitized nanocrystalline Ti0, thin flms have received
much attention in recent years because of their
potential applications as a cost effective alternative 1o
silicon based cells. Gratzel's group reported thay solar
cells based on Ru(dchpy) (NCS), [debpy=(44"-

transient absorpion or fuorescence decay and

electron transfer rate constants have been
measured from these analyses. Back electron transfer
rites have been also measured by monitoring the
bleach recovery of the ground stue ahsorption of the
dyes. Recently, f d mid-IR py has
hmmdbmﬁﬁehurﬁdﬂﬁlmh
d.lndy g the injected in the

Dicarboxy-2,2-Bipyridine) | (or Ru N3) sensitized
nanocrystalline Ti0, thin films could achieve a solar 10
&cﬁmmﬂmddmnflbuﬂlﬂm
high fliciency can be attributed to high
solar energy harvesting by the sensitizer and high
photon 1o current conversion efficiency. A high photon
o current conversion efficiency requires a fast electron
infection rate from the sensitizer to the semiconductor
and a much slower back electron transfer rate to the
sensitizer.

It is very important to understand the forwurd and
backward electron transfer processes, especially their

particles and also by observing the
vibrational spectral changes of the adsorbaws. IR
studies mostly eliminate the spectral overlap problems
that hinder the estimation of ET dynamics in the visible
reglon. This approach s favored for small adsorbates
such as SON and Fe(CN)," which have been wsed 10
study the hack electron transfer dynamics.

In the present artiche it is discussed that in the case of
coumarin-343 und xanthene dyes (Fluorescein (FL),
Di-bromo  Fluorescein  (DBF),  Fluorescein
Isothiocyanate  (FITC), 5(6) Carboxy Fuorescein
(5,6 CF) and Bosin Yellowish (EY)) (Scheme 1) when
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HOD :]
Commarin #14 Fnureecetn IN-hrams Muorescein
c-s ’L“
i i
E—og H ONa
Ha
(1] a
Flwrescrin budbic panate Fi)Cartory Fuorescein Fasin Vellowish
Scbwme |
adsorbed on the TiO, nanoparticle surface, a good fluorescence spectroscopy we get the dynamics of hack
portion of the molecules form charge transfer electron transfer reaction from nanoparticle 1o the dye
complex. On excitation of the systems (wo molecule.
p take place simultancously, First adsorbed
dye molecules go 0 the excited sate and then injecr ~ EXPerimental
electron into the conduction band of the nanoparticle. Time-resodved ab and emissi

were carried out using a picosecond laser pump-probe
spectrometer  and 8 ume-resolved  fuorescence
N size Ti0, was prepared by
lled hydrolysis of timiam(IV) tetrai Ry
in waler.
Results & Discussion

a) Assignment of charge transfer absorption and
CMISSion Specira;

To smudy the dye sensitized electron transfer reaction in
the excited state, it is very important to know the type
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of interaction of the dye molecules when they adsorb
on the nanoparticle surface. Shown n Fig.1, the steady-
state optical absorption spectra of Buorescein in water
and in Ti0, colloidal solution. On sddition of TiO,
nanoparticle, the optical density of the dye increases
dramatically and goes broad and red shified Fg 1a,
Fig. 1b and Fig Ic show the optical absorption spectra
of the dye in water, in Zr0, colloid and Ti0, colloid

0
Wavelength (nm)

Fig [ wiiznd (A) Optical spectra of |
aﬁ-{-}h_(&]-mnﬂ-ﬂ[‘c)bm‘m
v () Emdsvion specira of flucrescein dye (d) in waler, (v)
i 200, colloid, nd (1) i 790, collodd.

It is seen from Figore | that the optical absorption of
the dye goes litde red shified as it i adsorbed on 2r0),
surface. Here we have chosen Zr0,

because it is non-injecting surface (E, = 5.2 eV) for
these dyes and can see the optical behavior of the dyes
in the manoparticle surface. The above results indicate
that on adsorpion of the dye molecule on TiO,
nanoparticle surface, a new ligand 1o metal charge
transfer (CT) band is formed.

Ti0, + Dye—s [1i0," Dy

The experimental observation can be explained in the
following manner, When the dye molecules get
adsorbed on the surlace, a [raction of the dye
molecules get |ust adsorbed on the surface of the
manopartcle and the rest goes for charge transfer
interaction and gives a charge transfer (CT) complex.
Formation of charge transfer complex has been
observed in all the dye molecules studied when they get
adsorbed on Ti0, nanoparticle surface. Fig, 14, shows
the emission spectra of fluorescetn dye in water a1 pH

wlectron trangfer rate, by, and by, excilation and emission.

28 peaking at 515 nm (§= 0.072). Fig, lc shows the
emission spectrs of Buoresceln dye In Zr0, colloid =
pH 28 peaking at 518 nm (§= 0.068), To see the

nanoparticle surface. But, when the dve is adsorbed on
TiO, surfice, it gives a lower quantum yield red-shified
broader emission spectra (Fig.10) (9= 0.048) peaking
at 530 nm with 4 broad shoulder a1 545 nm. This

ission I$ buted to the bination of dye
emission, which does not inject electron in the TiO,
manoparticle and the charge transder (CT) emission.
Similar type of lower quantum yleld with broad and
rod-shified emission spectra has been observed for
coumarin 343 and in other xunthene dyes. On
excitation, the photon excites the free dye molecule
adsorbed on the surface and also the CT complex of
the dye-Ti0, nancpariicle. Some of he adsorbed dye
molecules, which get excited, inject electrons o the
conduction band of the nenoparticke while some does
not inject. The dyes, which do not inject, give emission.
On the other hand, excliation of the charge ransfer
complex goes for churge separution, which leads w0
direct injection 0 the conduction band of the
nanoparticle instead of via excited state of the dye. On
recombination of the charge separated CT' complex, the
electron comes back 1o the parent cation, As 1 result, it
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gives charge transfer emission. A schematic diagram is
given in Scheme 11 1o show the excitation, injection,
back electron transfer, charge ransfer emission of the
abowve dye-nanoparticle systems,

b} dssignment of transient absorption specira:

Transient absorption spectra in the pico-second tme
domain in the visihle region (500-900 nm) have been
earried out for all the dye-sensitized Ti0, nanoparticles
using 532 nm picosecond laser pulses. Figure 2 shows
the transient absorption spectra of C-343 sensitized
Ti0), nanoparticle. In this experiment a transient peak
at 635 nm with a shoulder at 580 nm is assigned to the
cation radical of C-343 and a broad positive feature in
the spectral region 700-900 nm is observed which is
atiributed to the conduction band elecirons in the
nanoparticles. The band at 635 nm shows decay (Fig. 2
inset) and is due to the back reaction involving
recapture of the conduction band electrons by the C-
343 cation radicals. The decay of the observed signal
can be fitted by a multiexponental function with tme

0.l

=
s

e
o

4 Absorhace

Fig 3 Transien! absortion spectna of 5(6)-carboxy fluorescein
sensitised Ti0, nanopearticle in water af (3} 0, (8) 33, (2) 66
{d) 330ps (e} 1.98 and (f) 3.2 ng afler excilation at 532 nm,
{Inset: Kinetic trace of the bleach recovery af 520 nmy.

nanoparticle in water. In this experiment a bleach peak
and a broad positive feature In the spectral region 550-
800 am are observed. The bleach peak appears due to
disappearance of the ground state of the dye-TiO,
complex, on excitation by the laser pulse. The broad
spectral absorpion in the 550-800 nm region is
atributed to the conduction band electrons in the

consants of 190 ps and =5 ns.

o 02

=

£

2

(%]

@

]

]

£

e

5 an

Wavelength (nmj

Mg 2 Transient coumarin 343

absrition specira of
semsitized Ti0, colloid in water at (a) 35 ps, (B) 130 ps, (¢)
660 ps, (d) 198 nr, and (e} 3.4 ns after 532 nm excitation.
(Insed : Rimetic decay irace of C-343 eation radical @i 636 nm|

We have also carried out transient absorption studies
for all the xanthene dyes sensitized Ti0, nanoparticles.
Fig. 3 shows the translent ahsorption spectra of 3(6)
Carboxy Fluoresceln (56 CF) sensitized TIO, In
the spectral region 500-550 nm peaking at 520nm
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icle. The reactions can be depicted in the
lo]lcvwlng scheme,

T, + Dye > (110, ~Dpel e Mo €,0110) + Dy’
Electron infection

where, Dye’ is the cation radical of the dye and e, s
the conduction band electron in Ti0, nunoparticle.
However, the hleach at 520 nm recovers (Fig 3 Inscl)
and B due w the beck reacdon invobang recapure of
the conduction band electrons by 56 CF cation radical.
The recombination reaction was found w0  be
multiexponential process with time constants of 122 ps
and > 5 ns.
Recombination

M0 + Oy — > [1i0, -Dye] o,

¢) Time-resolved luorescence measurements:

In the present reporl we are going 1o demonstrate
that dynamics of back electron transfer reaction for
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343 and anthene dyes itised TiO,

yparticle can also be investigated by monitoring the
red shifted emission bund. The red shified emission
band has been characterized a8 charge transfer (CT)
emission bund us described earlier. Lifetime analysts of
the CT emission gives the exact rate of buck electron
transfer reaction. The back electron transfer rate (s

from both the wechnigques masched very well.

Afier electron injection, recombination reaction takes
phace for the charge separated CT complex. When the
recombination takes place 2 charge transfer emission
is observed.

Recamdbination
le M0} o Dyl g [THO, ~Dye] s, v, (emisuion)

Intensity (a.u)

very high in energy (E = 5.2 o). Thus, eleciron
Injection is not possible although the dye is adsorbed

on the surfuce. The Muorescence lifetme of 56 CF on
20, surface is found 1o he 2.8 ns. On the other hand,
56 CF sensitized TiO, nanoparticle gives low quanium
yield emission band. The emission decay of the band at
550 nm was fitted by o mult-exponential function with
Iifetimes of 129 ps(77.5%), 573 ps (14.4%) and 2.35
ns (B1%). The fiest two decay components are
aiteibuted 10 the back electron wansfer rle constints
and the long component Is assigned to the radintive e
tme of 56 CF adsorbed on IO, surfuce, which does
not injeet electron (0 the conduction band. 1t is w be
noted that the fasier component of back electron
transfer  reaction  measured by pleosecond
spectroscopy b found o be very close o the values
measured by picosecond dme-resolved fluorescence

The most imp point is that time-
resolved fluorescence mewsurements can also be used
1o study the back electron dynamics of dye-sensitized
Ti0, nanopartiche systems.

d) Back electron transfer reaction and marcus
inverted regime:

Both classical and quantum mechanical theories of
electron transfer (ET) predicts that ET ruies should
ultimately decrease with increasing thermodynamic
driving force {-AG'). The back electron transfer rate
(Kyyp) cn be given as

27 I a2
kper= [_T "B'F mrupl_ -m:r

where A s the lotal reorganiztion energy, H,, i the
coupling element, AG' Is the overall free energy of
reaction = (E, — E_+), E, is the potential of electrons
in the conduction band of the semiconductor (-0.52V),
E+ 5 the redox potential of the adsorbed dye
{Scheme I1). The predicion of “imered” rue
behavior has convincingly demonstrated in  many
onganic, inorganic/ory llic and biological redox
processes in both fiquid and frozen homogeneous
solution bul not many reports are wvailable for
manoparticle surface. In the present observation we
have demonstrated the inveried behavior for the back
electron transfer reaction of xanthene dye sensitized

TiO, rticle system. The free-energy (-AG67) has

|
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been caleulated from E, of the charge-ransfer (CT)
mﬂumﬂemp&ﬂdewrﬁw;lnlttpm

gation £, s belng culeulated from the crossing
point of charge-iransfer excitation and emission
spectra and is shown, Figure 5 is the plot of back
electron transfer rate (k) vs E,. It has been observed
that with increasing E_, rate of back electron transfer

(k) decreases.
E EOY
. DEF
n .
?} 22 FITC
il *, FLU
#56 CF
214 1
23 A 25
E,, (eV)

Conclusions

Pico-second  transient  absorpion and  time-resolved
cmission  spectroscopy  have been used 1o sdy
phmindmmunn&d;mnﬂuhmumﬂn
and dye sensitized TiO, partickes fn
al]umussulnﬁml}nu:iuiuuihhﬂ'plkam
I been observed for xanthene/TiO, systems and cation
peak for C-343/Ti0, and a broad electron shsorption
(550-800 nm) in the nanoparticle have been found for
all the dye sensitized TIO, nunoparticle systems. The
dynamics of the injected electrons hive been measured
by monitoring the bleach recovery rate at the bleach peak
and also monitoring the cation peak in the transient
absorpion spectra. The electron injection dmes are
found 1o be pulse limiled but the subsequent back ET is
found to be 3 multi-exponential process.

On excitation of the xanthene dye sensitized TiO,
nanoparticle systems, electron injection takes place in
wo different ways. Electron injection to the conduction
band of Ti0), nanoparticle can take place through the
excited state of the dye. The other mechanism is
through direct injection 10 the conduction band on

Mim@'hﬂ“}mbh {E,) for back
sloctron trangfer o the cation radical of the dves. , is the
linear fanction of -6

The ohserved wrend of decreasing back electron
transfer rate (k) with increasing driving force would
be consistent with Marcus inverted region behavior if
the electronic coupling does not vary considerably in
these different xanthene dyes. Since all these xanthene
dyes have same anchoring group to Ti0, and similar n*
eectron donating orbital, we think that the substinution
1 the bearene ring should not change the electron
coupling much. We have stiributed the observed trend
1o the Marcus inveried region kinetic behavior. A mory
detalled analysis in the future would quantfy the
warlation of the coupling strength in these different
*xanthene dye sensitized Ti0, CT complexes. Our
ongoing experiments are carried out o find out the
buck electron transfer dymamics of charge transfer
complex I dilferent solvent, changing their polarity
and These will help us 10
dmmn:m:nydmmn transfer parameters for the
beterogeneous electron transfer reaction, which have
not been determined so far.

tatlon of the charge transfer complex. When the
recombination redction takes place, charge transfer
(CT) emission has been observed for all the dye
sensitized  nanoparticle systems, Monitoring the CT
emission, the back ET rate has been determined, We
have also found that back ET rate for the xanthene dye
sensitized TIO, CT complex decreases us the rebuive
driving force increases. Assuming 4 negligible change
in the electronic coupling, our results provide the
evidence for the Marcus imverted region kinetics
behavior for an interfacial ET process. Our oagoing
experiments are carried owt in  differemt dye
nanoparticle CT complexex to find out the back ET
dynamics on heterogeneous surface by changing the
polarity and temperature of the medis. These
mesurements will help us 1o determine many electron
transfer for the heterog electron
transfer reactions and also lead w new insights of the
Marcus inverted region interfucial ET kinetlcs.
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Automation and Control: Technology

Spin-Offs

Y.5.Mayya
Canwol Insrumentation Division
Bhabihs Aromic Research Centre

Introduction

HIS ARTICLE REVIEWS SOME OF THE
significant spin-off_technologies developed or
in the wrea of munmnﬂnn&mntml These projects
[ und of the
[dmmmgdﬂdnpmtsurﬂedaulhywwd\:
previous few decades, The article covers development
of control systems for the Giant Metre-wave Radio
Telescopes  (GMRT), vehicle mounted trackers,
airhomne tracking & stabilisation systems, traction
control  systems, real-ime networks and land
navigation systems. The applications span 4 wide wrex
and include scientific research, industry, defence and
transportation sectors.  The underlying technology of
computer hardware and software, used o realise these
systems is changing rapidly requiring comstant re-
skilling, This has also increased user expectations in
terms of performance, miniamrisation, autopomy,
maintainability  and  reliabilit.  Purpose-built
microcontrollers and DSPs make it possible now to
reglise hard-real time applications using computers-
which-unil now were monopalised by hardware
intensive solutions. Motor controllers, inverter and
converter control applications fall in this category.
In the following paragraphs, we look ai the ahove
developments from the perspective of  technological
challenges they pose and the opportunities they offer.

Servo control systems for Giant Metre-
wave Radio Telescopes (GMRT)

Giant Metre-wave Radio Telescope, near Pune,
isafront line research facllity for astronomy and

1M

E&%I
ﬁ‘ €

Hlectronic Circuit cards used in GMRT Servo

astrophysics almed at stmdying phenomena, such as,
sun, stellar flares, pulsars, quasars, radio galusies and
origin and evolution of the universe, GMRT consists of
30 fully steerable, 45 m. diameter parabolic dishes
arranged at the centre and 3 arms of a Y shaped array.
Twelve telescopes are located within the 1 km X 1 km
array centre and six each along the three arms of a Y’
shaped configuration extending to about 14 km from
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the array centre. The dish is mounted on a Elevation
aver Azimuth mount.

The challenges in the design and development of servo
control system for such a kirge telescope array were
munifold, The telescopes are operated remotely and
largely unmanned. Hence safety of the structure under
gusty winds is a primary concern and must be ensured
by the system autonomously, In addition to meeting the
servo  performance  spocificaons,  the  design
accommodates  malniainability  using  remote
diagnostics, fail-safe operation  without  degrading
mﬂablll(y and high degree of unnﬂguﬂhﬂly Cost wats
g concern, Reallsh Bjectl
nnmpule.r based station servo cumpulm along with
thyristor drive amplifiers were develaped Indigenously
and progressively commissioned during 90's,

GMRT Molar drive cabinets

An BOBG uP based Swmmnlﬁmpmbmdl
the hase of each el
program tracking of mbydlllnu:lswpamlh:
array as per the targel irajectory information
periodically sent by a central computer. Each mis is
driven by two numbers of 6 HP DC servo motors in
counter-lorque arrangement and are powered by SCR
power amplifiers. The control wopology adheres to the
classical three loop cascade: the outer position loop,
hllamihqudloopudmrrmtmmm

10", slew rates ol 30°/ min and precision tracking
rates of 150¢/min for Az.

for the
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requirements in successive models as the result of
experience gained during flight trials.

These vehicle mounted antenna control sysiems are
designed 10 track the airborne vehicles NISHANT and
LAKHSYA, The technology is indigenously designed
and developed and has been successfully demonstrated
during various Hight trials.

The NISHANT Remotely Piloted Vehicle (RPY) is used
for batlefield reconnaissance and is required 1o be
tracked from launch to recovery from a ground based

3

antenna vehicle. The antenna is a vehicle mounted, &'
dia, continuously steerable Az-only mount, fan beam
antenna, with tracking speeds of 20°/sec, tracking
acceleration of 20°/sec’ and tracking accuracy of
0.1°, The computer based Antenma Control system
incorporates anti back-lash drives, PWM amplifiers,
cascade control loops with torque, speed and position
control. Control system is interfaced 1o the ranging
system and performs range dependent sector scanning
il target is lost while tracking, The target is tracked
from a Ground control system (GCS) vehicle through 4
Remote Antenna Control Unit (RACU) which is linked
to the base unit through optical fibre links,

PTA is used for training ship or land based missile or
gun crew in weapon engagement. PTA is w be tracked
by vehicle or ship mounted, continuously steerable Az
only mouni antennas, with speed of 30%sec and
tracking acceleration of 20°sec’ and tracking
accuracy of 0.5°. The system incorporates auto-track,
scan, mantel positioning and slew modes of operation
in LOCAL and REMOTE control regimes.

The systems are based on 80286 processor, and are
designed for ]SS 55555 qualification. The software was
developed as per ESA sofiware engineering standards,
Software analysis and design was carried-out using
Object Modelling Technigque (OMT) methodalogy. This
provided deeper insights in to the art of applying 00
methods o real-time applications. The systematic
xpmchmsoﬂwmdm&apmmlmddncummm
vielded rich dividends during the subseq
10 the software.

Real-time Networks

Real-time networks form the back-bone of any
distributed  control  system.  High  throughput,
deterministic response-times even under varying load
conditions, robust protocols and medin  level
redunduncy are the defining characteristics of these
networks. In arder to suppart the integration of
distributed control systems in nuclear power phinls,
ddevelopment of real-time Local Area Networks based
on IEEE 8024 Token Bus Media Access Protocol was
undertaken during the early 90's. As part of this
development 80186 based network controller cards for
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: BT g

|
VME, ISA bus systems among others, dual redundant
carmier-band modem  cands, 8022 LIC software,
mmmwhrmmmms

PR

nere d and deployed

This technology was  transferred 1 FCIL Hyderabad,
and this forms the back-bone of the distributed
Programmable Logic Controllers supplied by them for
use in Kaiga and Rajastan amomic power stations.
Reactor cegukuing System and Boller pressure & level
control systems in these reactors also employ this
lechnology.

MIL-STD-15538 Data Bus

This avionics standard integration network forms the
Int.lbmnl' many of the engoing projects for defence
A new develop initiative s
launched with an aim 1o master all aspects of this
technology, Development and testing facilities were
created and 4 variety of interfuce cards and software
components were realised as part of this activiry.

Microprocessor-based Traction Control
System for 'I'llyrhtm-hed ACL i

windings of thre¢ motors of one group are connected
in series and is powered by a separate converter.

The challenges of developing the complex, state-of-the-
ant traction control system lay in many fronts- the
hard-real-time constraints imposed by thyristor fring
pulse control, the EMI environment of high current,
high voltage switching devices, the unforgiving hot and

dusty environment of a locomotive.

mmmnmmmmmmmmmple

micTo ¢ (80286 based supervisory
dual BOCI96KE based motor controller and 8044 BUPL
based i i i

CARNET network and feamwres dual redundancy. The
loco is controlled by two Traction Cootrol Computers
configured in  Master /Slave fashion. The control
system integrates loop and logic control with Gl
logging and satus moniloring

current control in three regimes (constant torgue,
constani power, constant 1D,  dynamic brake
control, two step sequence control, slip/slide detection
and control, software based loco Imerlocks and

Tl 1 ok !

mmdmmwmm
effort was targeted 10 retrofit the large number of @p-
changer AC locomotives of Indian Railways by thyristor
based power comverters and microprocessor based
controls, The loco is propelled by six numbers of
~700 HP, separately excited DC motors, each of which

| lnnll [oggmg and annunchiuton capability,
i d dates the harsh

emvironment of an Electric locomotive,

The control loops and loco logic are programmed
using a purpose-buill function block programming
language called Block Control Language BOL was o
slslﬂem wdmmiﬂm

relizble  control

is powered by a thyristor which is made-up
of two half bridges connected In sequence. The feld

q:pllcmnu
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Stabilisation & Tracking Antenna Control

Systems for Air-borne Applications

The ongoing development of airborne tracking and
bilisation sysiems represent an imp

of our activitles. In these applications, while tracking 4

target, the control system must also siabilise the

Inertial sensors such a5 rate gyros and IMUs are used
to stabilise the antenna using either feedback or feed-
forward compensation schemes. The antenna is
mounted on  two  degrees-of-freedom  gimbal
mechanism and tirget tracking is achieved by steering
the anlenmi so #4s 0 minimise monopulse tracking
errors. The tracker provides real-time updates on

antenma  in space against vehicle's |
disturbances in pitch, roll and yaw. The servo system
must reject disturbances induced by vehicle vibrations
and linear accelerations. The large linear accelerations
in all directions muke demands on mass balancing and
motor torque. The complexity is compounded by the
constraints of space, weight, power dissipation, heating
and servicing constraints.

106

I target and rates which are then
used in the vehicle guidance loops,
The demanding real-time computations require a high

performance  control  engine. This  provided
opportunities w employ foating point SHARC DSP for
the control task. The evolution of control strategy and
prediction of performunce s aided by modelling and
simulation smudies.
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ISP basad controlier and system block diagram

Antenna Platform Unit for Air-borne
Multi-mode Radar

Efforts are underway for !
wmmﬂaﬁnmumlform
airborne multi-mode Radar. This is a highly mult-
disciplinary venture requiring expertise in the ares of
control  systems,  inertial  systems, modelling &
simulation, motor  drives, Mil-1553, real-time
embedded sysiem  hardware & sofware and
mechanical design.

The 650 mm dia, flat plate antenna is scanned by the
APL in Azimuth and Blevation planes as per the scan
pattern commanded by the external Data processor,
The command angles are updawed by the Daw
processor at 200 Hx rate via 15538 data bus. The

107

measured antenna angles and errors are to be reported
back w DAP wt 200 He rate. The antenna should be
stabilised in space air-craft body attitudes & rates (roll,
pitch & yaw rates). The commanded angles are in the
North-East-Down (NED)  frame- these have 10 be
comverted by APL 1o the scanner frame and then used
for positioning the untennu. For this purpose, the
instantaneous aircraft body animdes (roll, pich and
yaw angles) are used. Additionally, the APL is designed
to function within specifications under increased load
mmdhymnﬁmderdmll“:bnqeﬁ
body d

The APL consists of two axis gimbal driven by brush-
less AC servo motors and gear reducers, Each axis is
driven by two motors arranged In counter torque mode
which eliminates the effect of gear buck-lash. Each of




BARD NEWSLETTER Founder's Day Special liswe 2001

STEERMN G MECHARTEM
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SHARC 21060 DSP BASED CONTROLLER.
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the four motors is driven by a four quadrant power
amplifier. Quick deceleration of the load is made
possible due to the regenerative braking supported by
the four quadrant operation, Regenerative braking is
also brought in to play under powered off conditions,
to arrest the antenna from gaining high scoderations.

The command input to the power amplifiers is
generated by the APL controller which is a SHARC DSP
based system with hosts the control software. The
motor power amplifier is being developed using
modern motor contral DSPs for 3 phase 1GBT bridge
control. Motor mounted resolvers are used us rotor
position sensars for realising sinusoldal commutation
of the brush less AC motor, The position of the
antenna is measured along AZ and EL planes by a pair
of high precision resolvers coupled 1o the respective
load axes. The APL controller receives commands
from und sends responses to the DAP via the MIL-STD-
15536 dita bus.

Fibre-optic Gyro based Land Navigation
System (GLNS) for Battle-tanks

This development is targeted 10 meet defence needs for
advanced land navigation systems for use in banle
tanks. The system Is required lo provide a position
accuracy of 1% of disnce trovelled and heading
accuracy of 1°. The design of the ALNS is based around
an Ineral Measurement Unit (IMU) consisting of a
triad of 0.1°/ hour fibre optic gyros (FOG) and 500
pg accelerometers. A SHARC-21060 DSP  based
mavigation computer performs in real-time, animde
computation, specific resolution and  navigation
computations.

While inertial navigation provides good short term
sccuracy and is amonomous, the errors in the long
term grow unbounded when sensor and alignment
errors are considered. For this purpose, the ALNS
integrates a distance transmiwing unit (DTU) and GPS
receiver for  improving the long-lerm navigaton
accuracy.

The navigation computer provides an estimale of the
vehicle position in LAT, LONG, Helght co-ordinates of
the reference ellipsoid. These are in turn comvented in
to UTM and MGRS co-ordinates and presented 1o the
user,

The user imteracts with the ALNS from a DDU

(Driver's Display Unit) and CDU (Control Display
Unit), The DDU facilitases viewing of  the vehicle

1o
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Determination Of *He / “He Ratio Using
Double Focusing Mass Spectrometer

K.AJadhav, N.Padma , K.KB.Nair and V.V.K.Rama Rao

Technical Physics and Prototype Engineeting Division
Bhabha Atomic Research Centre

Introduction

HE DETERMINATION OF ABUNDANCE OF

helium in Namral gas samples has been of great

interest in the geological applications. A few
Namural gas samples, from ONGC/ SRB(/ Chennai have
been amalysed for their total helium content using un
indigenously designed and built Double Focusing Mass
Spectrometer (DFMS)™, which is capable of a
resolving power uplo 6000, However, the j
and the geophysicists are also interested in He / "He
ratio in these sumples, in order to identify the source of
Helinm gas collected slong with the Natural Gas from

This also Increased the sensitvity thus helping in the
detection of the smull peak of 'He. A Nawral He
sumple, taken from the commercial He cylinder of
99.9% purity, was fed into the mass spectrometer and
tuned for ‘He peak The intensity of the peak was
measured on o Cary vibrating reed electrometer
amplifier, which can be operated at three resistance
vitlues = 10°€2, 10°0) and 1011€1 L.e., at three different
conversion gains of 10° Q2 AVolt, 10° AVolt and 10"
AVolt. The signal strength of ‘He was raised 1o the
maximum, 0 about 16V a1 10°Q2, by increasing the
source pressure under reduced pumping speed

dition 1o about 6x10 oy, and  operating the

ﬂmﬁtlnlhimm.m was

ducted w0 the percentage of ‘He in
NﬂnﬂHﬁm& [whdluﬁnﬂﬂmlﬂlwli
ppm) dly available in p

cylinders.
ﬂnﬁﬂﬂsn{hm‘lmumptumdhlﬂs
e

Determination of ‘He / 'H Ratio

A single focusing mass spectrometer can be used 1o
determine the ratio of ‘He / ‘He in  atmosphere.
Though the small peak of 3 am.u. can be measured
using these insiruments, the main problem will be due
1o the isobaric interference of ‘He by residual 1D and
H, molecules in gas source mass spectrometers. A
mass resolution of about 800 Is required 1o resolve
these peaks. Hence this work was carried on using the
DFMS, Indigenously developed In TPKPED, BARC.

Procedure of Analysis

The resolution of the instrument was adjusted 1o the
required value, by opening the adjustable source slit,

llnklpllﬂaugmnllo‘ u:muhhmhg! Under
the same o the mass sp
wumﬁh‘lknduzmalammdwmm
mV when the Cary was operated & 1070 range. The
ratio of the intensity of the two peaks was found 1o be
about 1.3 x 10" which is the true ratio. Since the
sample was of high purity, presence of H, was
negligihbe and the peaks corresponding © those of
Hydrogen { namely HD and H), due 10 the residual
gas in the source, were not detected and there was o
interference from these.

Problems Faced

While funing the mass spectrometer near about 3
amu, wo peaks were detected, one was  around
mass number 3 and the other, which was a broad peak
of much lower intensity, located near abont 3.3 wmu
Since there is no mass indication wvailable in ow
DEMS, the mass numbers could only be inferred from
the measured values of the magnetic field and the
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radivs of corvature. To identify which of these two are
really due to ‘He and also the magnetic feld for
“Hepeak exactly, a sample of pure “He was introduced
und the field value at which the peak due to the “He
sample occurs, was noted.  With the Natura He
sample, one of the two peaks around 3 am.u, was
found to be at the same field value while the other was
at a higher value, whose mass number was calculated
from the field data to be arcund 3.3 am.u. Also this
peak was found w0 be much broader (han the other
peaks. It was suspected thar while wming for mass
number 3, the highly intense peak of ‘He must have
been striking the walls of the chamber and a part of the
scattered beam must be giving rise to the spurious
peak at 3.3 amu. To confirm this, different gas
samples like N, and Ar were introduced into the mass
spectrometer raising the main peaks at 28 and 40
respectively to very high intensity, in the same manner
a5 said earlier. Spurious peaks | which were very
broad, at unexpected mass numbers around 24 and
3368 for N, and Ar (i.e. for the major peaks a1 28 and
40) respectively were found 1 oceur and the ratio of
the mass numbers of the spurjous peak 1o the major
peak was found w be the sume in each case, thes
supportiag the view point that it could be due 1o the
seatiered jons,

Determination of He Concentration

Alew samples of Nawral Gas, from ONGGC, were
analysed, to determine the concentration of He present
in the sample. For these measurements, initially 2
stindard He sample of known concentration wis
prepared by injecting the known quantity of Helium
taken through gas tight syringes, into a glass hottle of

lmown volume. The He stndard sample was
introduced into the mass spectrometer by opening the
varighle leak valve to a suitable level, and the peak
height of ‘He was noted. The Natural Gas sample,
collected from the petrolenm wells, over water In a
bottle, was transferred to another glass boitle, suitable
to be intoduced o the mass spectrometer, The
height of ‘He peak rising due to the presence of Helium
in the sample, for the same position of the leak valve
opening was noted and  compared o that obtzined
with the stndard sample and the unknown
concentration was determined,

Conclusions

The ratio of ‘He / ‘He (1.3 ppm) in Nawral Helium
sample, could be measured using the double focusing
mass spectrometer.  Analysis of o few Natwral Gas
samples, from ONGC, was curried out to determine the
percentage of Helium present in these swmples. To
measure  the "He / He ratio in these samples, it is
necessary (o introduce the sumples In the form of pure
helium o the mass spectrometer so that a detectable
ion current of "He could be obained,
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ICP-MS — Improvements in Detection

Limits

V.Mataraju, D.Ramanathan, V.C.Sahni, V.V.K.RamaRao, P.Raju and 5.R.Halbe

Technical Physics & Prowtype Enginesring Division
Bhabhia Atamie Rescarch Cenue

Introduction

s REPORTED EARLIER [1,2], TP&PED, BARC
had developed a prototype Ind.u:dwir (‘oupltd

Instrumentation

The basic mounting design of the instrument remains

nndnny:dle 4 three stage system with the plasma-
face region 45 first stage, the jon

A

Science and Technology spomuared pmln:l Here we
repart on some of the developments direcied 1o
Improve the performance of our instrument 1o reach
detection limits at pph levels.

mlmﬂnnmemmmdlﬁew
detector in the third stage. Fig. 1 gives 3 schematic and
F@lgjmnplumwhdﬁum Theinhnng
design changes/imy have been incory

ratoinG
wnit

Vacuum System,

Fig. | Schematic of the sysiem
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1) First Inferface region : The first stage inerface
flange has been modified by enlarging the pumping
channel dimensions and also huving two additiomal
pumplng channels (instead of one before). The higher
conductnce resulting from this modification, enables
jons 10 reach the second stage in larger numbers, The
present dimensions of cach channel are 16mm X Smm.
This new interface reglon i belng pumped by two 300
IVenin rowry pumps in parallel, o provide a speed of
B0V min. Care has been tken 1o ensure good surface
finish 1o the sampler cone 1o minimise the peripheral
leakage. The previously used sampler with 0.7 mm
digmeter aperture, 10mm length was replaced by one
with 08 mm aperture diameter and 1lmm  length
while skimmer cone of 0.7 mm aperture dixmeter is
Stk i wse.

it) The diameter of differential pumping aperture
(DPA), between second and third stages has been
Increased from 2mm o 4 mm. Though this increases
the gas load in the third stage, the pressure (5x10°
Torr) is siill adequate for the safe operation of the
Quadrupole Mass Analyser (QMA) and the Channel
Blectron Multiplier (CEM).

Fig 2 Poosograpb of the system

Fig 3 Deflector / Faraday cuf - Multipiier assembly

fii) A new deflector / Faraday cup (FC) subsystem, has
been incorporated in place of the existing deflector
assembly in the collector region. The CEM is mounted
at 90° to the axis of the sysiem, as shown in Fig, 3. In
the deflector mode, the FC is disconnected from the jon
current amplifier and a suitable voluage is applied to it
for deflecting the ion beam from quadrupole towards
the CEM. Alternately the FC enables the monitoring of
the ion beam exiting from the QMA. This arrangement
helps in determining the Gain-Voltage characteristics of
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the CEM. Fig. 3 also shows the trajectories traced by
the SIMION3D version 6.0

iv) A peristaltic pump (Miclins, India) has been
introduced in the sample introduction system to
provide 2 uniform feed rate of sample solution w0 the
nebuliser and hence the plasma.

v) The overall alignment of the system from the plasma
torch o the collector assembly has been improved by
checking it with a fine Laser pointer.

Performance

The improved interface fange has brought down the 1%
stage pressure. This pressure drop necessitated the
Increase in sampler length from 10mm to 1lmm to
provide an optimum skimming distance. The enlarged
DPA has helped In increasing the intensity of the ion
beam entering the QMA, These changes aloag with the

duction of the peristaltic pump, have progressively
enabled us to bring down the detection limits for
Cesium and Silver sofution samples to about - 1pph
level in the analog mode of operation (figs. 4a & 4b).
The detection capability of the instrument for other
samples viz, Arsenic, Yurium, Siiver and Indium has
been found 1o be in 1-10 ppb range. The working of
this equipment has been established a1 this level of
performance abd has been checked by routinely
operating with standard solutions. It is now being
readied for analyical spplications with the heip of
outside users. Figure 5 shows a spectrum of the
mixture of elements in 25ppb concentration range.
Other laborwiory made standards in mass range of 60-
160 amu are being analysed W check instrument
repeatability, regularly.

)

iaa

Pig 5 Mixture of & ¥, Ag, In & G

7
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The gain of the CEM (KBL2ORS) at —2100V, estimated
using the new deflector / Faraday cup, is 5x10". These
measurements were done by nebullsing Csl solution
and measuring the resulting current recorded on the
faraday cup, Presenty, efforts are on o switch over w0

rmdlﬂcauous. Ma Mndlmnﬂmﬁumml for her help in

the | fards and Mr. Amit
Bhuunl. @ lranee trullenl from 1T, Mumbal for
stmukiating the lon trajectories using SIMION.

o Vo Nataraju et al,, Proceedings of 7* NSMS 1996, p.

. ANGarud et al, 8" ISMAS Workshop on Mass

the pulse counting operation. References
Conclusions ;11
'l'.hudmcuun caplhdljlies of our Instrument have been 2

after  Inc ing  the §

mMmluﬂledalguoisomnflhzanhwm
Detection limits at ppb level for different elements have
been achieved, In the analog mode of operation of the
multiplier, These are expected o improve further in
the pulse counting mode of operation of the mulupl

P Y, 1997, p.58

Since this paper was presented in
1999, some probl d by way
of high RF. pickup at the collector have been reduced

Addendum

™ I
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flectively and the pulse counting mode of operation
has been made operational.
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Fabrication of High Density ThO,, ThO,-
UO, and ThO, — PuO,

Fuel Pellets for Heavy Water Reactors

U, Basak, M.R. Nair, R. R handran and 5. Majumd:

Hadiometallurgy Division
Bhabha Atomic Research Cenire

Introduction e

Trm, - Pu0,(<d%) AND ThO, — U0 (<4%)
are being considered as fuels for the proposed
advanced heavy water reactor(AHWR). ThO,
U0, and Pud), are iso-structural (FCC, CaF, ype),
mumsllysubdsoluhleandmsumlh:physmﬂmd
e properties. Fabri procedures of
thoria and thoria based fuels are also similar to tat of
U0, and (U,Pu}0, fuels. However, ThO, is a perfectly
sioichiometric compound with very hish melting point
and hence it is difficult 1o sinter to high density
(Z95%TD)  even .  reasonably  high
temperature(<1973 K) without any sintering aids.
Mg0, Ca0, Nb,0, ete. act as effective sintering aids for
ahtaining hlgh dmiﬂ; pellets ar relatively lower
sintering {emperature Even among the wmdditives,
Nb,O, is found to be the most effective for high
i

densification  (=95%TD)} al sintering temperature e e
<1773 Kin reducing atmosphere. Cuinpaction AR MEE

I= 0S-M P
11150 MEa

A modified fow sheet developed for the fabrication of Iy T v

ThO, pellets starting with thorium oxide powder sliterig "u_"‘_l o llyatm
containing high sulphur content is also discussed in the T i
paper, B e
Fabrication of High Density Pellets e

~¥isiaa]
-mierosinctune

H:ngdensiryThD Tho, - U0, .'md'l‘hl] [‘uD pellts

d by IWWESeI
of milling of MgO(-500 ppm) tlnped 1110 powder,

Clairucterbsaion

~chiemical

pre-compaction & granulation followed by high
temperature {S1973 K  sintering I reducing

ere. The conventlonal process flow sheet for
the fabrication of high densiy ThO, ThO, — O, M1 Comoenionnl Sowsbte o she fbcarson o TH0s
and THO, - Pu0, fuel pelless Is shown in Figure 1. Th,L}0, and (T Pu} 6,

120
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v
18738 Low Temp, i
Ehes Treatment In Air g
4 s
v h
Pensity-206%T.00 Sinterad High Temp WA s
Colour: Brown Pallets Simtering 23K
Sulphise =50ppm = B hr
v
Sintered Density =96% 1,1
Pellers Coler: Cirey
Sulphise 25 ppm
A r
Centrefess grinding
DHae 1450 mm
Hite- 17 mm
-visual
b <l -iniCrostryciure
Peliet Inspection imin i

For il

Hig. 2 Modifid portion of the process losh

A few lots of MgO doped ThO, powder (Q1y : 25 1)
supplied by M/s. Indian Rare Earths L'd. contained very
high sulphur impurities (8001200 ppm). Though
high sulphur impurity in ThO, powder did not affect
cither the powder simterability or pellet fabricability
bt considerable amount of sulphur (400 - 700 ppm)
remained in the sintered ThO, pellets as Th-0-§
compound even after high temperature sintering under

Jor e

121

£  froms 150, powder containing bigh sulpbur

N-B%H, atmosphere™. This caused shanering of
sintered and centreless ground pellets during air
drying process at 473-523 K before encapsulation,
Hence i l studies were undertaken in onder
whm:mmwmmmam&
:ﬂphmlmpndwmm‘;mwmmw
sulphur.  These included (a) re-calcination of

s received ThO, powders before further processing,
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Fig 3a T, puellets with bigh sulplbesr shatsened during drying

Hig 3b Accepied ThO, peeis fabricated by modified fubrication mule
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(b) high temperamre (21873 K) sintering of pellets in
alr, (c) low temperamre (£1523 K) treatment of
pellets in air followed by high temperanure (21923 K)
sintering in N, - 8%H, amosphere, (d) low
temperature (S1573 K) oxidative sintering using Nb,0,
dopant. Based on these investigations and keeping In
view of easy adaptation of the modified process in the
conventional process flow sheet for the fabrication of
high density peflets, two alterrative processes viz. (1)
high temperature sintering in air and (2) low
temperature treatment in alr followed by high
temperature sintering in reducing atmosphere were
finalized for the fabrication of high density ThO, pellets
with acceptable sulphur content (-50 ppm). The
process modification incorporated  in the
conventional  flow  sheet is shown in  Figure 2.
Air pre-sintering of green ThO, pellets mt 1523 K
brought down the sulphur content within acceptable
limit, However high density (295%TD) was achieved
only after the sintering of these peflets either in N-
B%H, atmosphere at 21923 K or in alr at 21873 K
Figure 32 shows the wpicyl photograph of the high

sulphur containing pellets which shanered during
drying process before encapsulaion and Figure 3b
shows photograph of good pellets obmined afier
incorporating the modifications in the process flow
sheet.

Conclusion

A modified flow sheet for fabrication of high density
Tho, pellets for PHWR, starting with thorium oxide
powder containing high sulphur impurity has been
developed. Already 2.5 tons of high density ThO, pellets
fabricated by this modified process have been supplied
1o Nuclear Fuel Gomplex, Hyderabad for use in five new
PHWRs.
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TRISUL — The Computational Tool for
Strategic Planning of Thorium Fuel Cycles

V. Jagannathan, R.P ]ﬂ-udk.xuﬁﬂwym
Theoretical Physics Division
Bhabha Atomic Research Centre

Abstract

A computer code called TRISUL for Thorium Reactor m
thermial M&Mdﬂlhﬁﬂ TRISUL code caters
mwwwwkqfwmmwaﬂ. 4 mmwgm) I this reactor
concepl, the sevd zone can be onrichod wuramiim, or fi 't/ seed in thorism or
in dapleted nranium. mmmqnmwuhmmmmhnﬂngaﬁam

Mmmmm“r&d&uﬂ)ﬂ

MwMﬁdMMMMM  fimction mmﬁumﬂwnrkm
Sfux bistory periaining lo a given location. The cross sections for the integraied fiel cluster, depends on the
Mﬁrummmmmﬁdwm rmr»mm;mmumq
thoria rods &5 carvied forward, as tbe integrated fuel cluster is shuffled from one location to anotber in every
Juwl cycle. TRISUL code incorporales @ semi-uutomatic reficiing schewe fo facilitate studies for
desigming the refueling pattern for a given sovd fisel t3pe, reload batch size and the

For tbe types of seed and batch size consladered, i is soen that the cycle length varies from 10 to as long as 22
maonths. The lomger cycle length is particalarly useful in @ closed fusel cycle option which would need a sizeable
time for aut of pile fuel bandling, Lo, W@.Wm&qﬂmﬂwwwamb

o conceptual reactor, the physics analysis of

such a reacior

is belpfid to identify a realtstic and

oftimum option to be followed for an effective wse of thorium. The resuits of the TRISUL analyses can serve ax
mmywmmnfmgﬂw.mmm*ﬁ-mmﬁmmmw
werattitenm thorium.

resaurees f

Introduction

NEW REACTOR CONCEFT CALLED °A THORIUM
Breeder Reacior’ (ATBR) has been evolwed

loaded. In situ production of ““U in one fuel cycle is
adecuate for these thoria rods to become Lke regular
fuel rods. These clusters after one cycle Irradiation are
Integrated with the seed fuel rod clusters in the

L on cerain physics design principles |1- subsequent fuel cycle. Thus the ATBR core consists of
6]. The design parameters of the ATBR core are o types of fuel clusters viz, namral thoria cluster
gven in the references 1-6. Some sulient

characteristics are given here for ready reference,
Table-1a describes the core design parameters. The
unique feature of ATBR design is the possibility to load
matural thorium, 50 to 60% by welght, with no external
feed enrichment. Along with every new batch of seeded
fuel one batch of seedless thorla rod clusters are also

122

(Fig. 1) and the two ring clusters of fresh secd fuel rods
which are integrated with the one-cycle-irradiated
thorla cluster (Fig.2). The seed fuel can be of different
types. The details of seed fuel design with seed
materials enriched U0, (eU0,), PuD, in ThO, and
"0, in ThO, are described in Table-1h. A typicul
optimized refucling paniern for a 3-batch core with 72
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assemblies per batch is shown in Fig.3. The study of the Segregated Uranium Loading. We will describe in this
ATBR concept required the development of a special paper the potential of TRISUL code as a tool for
caleulation ool called “TRISUL' whose acronym s strategic  planning  of  thorium  fuel  cycles.
derived from Thorium Reactor lovestigations with

Table-1a : ATBR core design parameters

Reactor Power 600 Mswe / 1875 MWth
No. of hatches 3/ 44 5
No. of fuel assemblies per baich 72/ 90/120
No. of Seedless Thoria Rods 91/109/ 145
No. of Seed + Irradiated fuel Assemblies 360/ 360 / 360

Table-1b : Description of seed materials

Parameter Seed Fuel Type
€0, Pud, in Tho, "0, in ThO,
Seed Enriched U Reprocessed Pu Reprocessed U
Inner Outer Inner Outer Lnner Outer
Fuel Clad IV0D (mm) WA | 10104 | 10104 | /104 | 1041 107114
No.of Puel Rods 2 30 24 30 24 30
Seed Content (We. %) % 5% 0% | 4% % 5%
m] hl“:ll mf mf
v "0 | inThO, | inThO, | inThO, in ThO,
Fissile fraction 0 0745 0041
Hexagonal Pitch (cm) 305 30 5
Cycle length (EFFD) 3307390/ 510 390 / 480 / 660 3307350/ 510
Note: 30 irradiased ThO, rods of IVOD 12.6/14 mm s considered in the ring ling the see
zone for all fod tpes.

\. i T o LT}
A\ /@ mmemaim
\ G o= ROz
\ \
Fig. ATHR - 30 matural Tho, rods fuel clester Fig2 ATHR - (34 sewd + 30 irvasdicated TH0,) fusl
cluster
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@ MovesbieThO2 -19

-72 @ I.IC)_'cle -7 (:} IV Cycle

@ Fixed ThO2

£ 1Cycle (Fresh) -72 () MCycle -72

-72

D) V Cycle (Last)- 12

Fig. 3 ATHR equiltbrium core: Typical cone doading pattern 360 (seed
Salient Features of TRISUL Code
and thermal bydvaulics model

The neutronics moded of TRISUL code is salution of few
group diffusion theory equations in hexagonal geometry,
The method of center-mesh finite difference with
I | or triangular right p meshes is used.
Presently TRISUL conslders 4 single hexagonal mesh per
fuel ussembly radiully. Since DO is considered as
moderator and reflecior, finite difference method of
solution with a hexagonal mesh size of 30 cm is found 10
be sofficiently accurate. A thermal hydraulics mode!
similar to that of Tarapur BWR simulitor code COMETG
|7] is used 10 caleulate coolant wxial void distribution in

126

diaied T clusters + 91 Tho, fuel clusters

each fued channel The phenomencn of sub-cooled
boiling i calcutated by Lew's model [8], flow qualiy
which is different from heat equilibrium quality &
calculated by Zuber-Findlay model [9), and the woid-
quality correlation Is a3 per Rel 10. Detailed pressure
drop calculations are not done. A tntative fow-power
correlation is used

TRISUL uses & two group lattice parameter base
generuted by CLUB [11] module of PHANTOM code
system [12], Cross sections for thoria clusters depend on
effective one group absalute flux level in foel, irmadiation
time in days, coolunt vold and temperature stite For
(seed + irradisted thoria rods) cluster, cross sections
depend on thoria red fux history or aceumuluied Noence
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in thoria rods during their first fuel cycle, cluster burnup
in MWIVT, coolant void, and other temperuture states.
The absolute fiux level is not known a priori. They are
therefore iteratively updated starting with some guess
value. Saturated xenon and Doppler feedback effects are
considered in every spatial mesh.

Additional capabilities of TRISUL code

TRISUL code models the equilibrium core following 2
mmdmmnmmomm‘mh

| with rotat Mmlcu!numberm'
fuel blies is present ponding 1o every fuel
cycle batch. Locations of natural thoria clusters are fixed.
A semi-automatic refueling scheme is used, In this
scheme, the burnups are arranged in sscending order
and the fuel assembly movement from cycle o cycle
follow this order number. The fuel cycle follow-up must
be repeated 2 few times o converged burnup and power
profiles.

Outprad from TRISUL aralysis

The TRISUL outpui consists of &, ﬂlrtedlmnstwv]
fux, power, burnup and Hi a4

qdc m&mﬁbdwmmuwwﬁm

are regular dips seen in the epithermal fux
Mnnwmalmomdwm.ﬂumi
fux peaks at these locations. 1t is interesting 1o observe
mwmmmgmmmmum

by refueling
pnuemﬂmt lhormﬂmdmlounﬁymdﬂuhr
uqdcdmuondalm;uﬁﬁodm features
are fypical of ATBR design concepl. Heny metal
composition in each fuel batch, seed inventory n fresh
charge and seed output in fuel are
computed by TRISUL. Fig.7 gives these results for the
three types of seed materials with 120 assemblies per
Imldl Diﬁawhdmmmmmbe
the discharge burmups
andltmmmdnmpulmupmmm

(tber types of TRISUL simulations

TRISUL code can evaluate the worth of moveable thoria

clusters and the worth of reactivity devices located a1 the

inter-channel W in DO oderaor |sce lhe
at this

[13]. nmmmummwmm

function of cycle burnup. Fig4 gives the typical &,
vur{lmndmmgal'ndqdeﬁmpuledﬁwlhem
iypes of seeds described in Table-1b. FigSa and Sb
give the radial plot of typical epithermal and thermal
flux profiles in axial plane 15 at the beginning of a fuel

, coolant void, saturated xenon and reactivity
eﬁect&lelnfnllmmdmd"‘hn“’tlml!h
| using the ap database d by
mmnmdmlsdwsu.mdeubumw
ouf in & BARC report,
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Conclusions

TRISUL code i specially developed for the ATBR (4
Thorium Breeder Reaclor) core analysis. Though the
siudies pertain to @ conceptual resctor, the amilyses
are useful in esolving optimum fuel management
strategies for Th-U-Pu fuel cycles in furure thermal
power reactor design.
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Effect of Diluent on the Transport of
Am(III) from Nitric Acid Medium Across A

Su

ported Liquid Membrane (SLM) Using

Dimethyl Dibutyl Tetradecyl Malonamide
(DMDBTDMA) as the Carrier

S.Sriram and V.K.Manchanda
Radiochemistry Division
Bhabha Atomic Research Centre

Abstract

The effect of diluents ltke n-dodecane, n-bevane, c-bevane, toluene, 1.2 dichlorovtbane, distyibeszens,
dmm‘mmd'mmémuemmm#Ammﬂwﬂ:mWﬁwuumﬂJm-ma

supported liguid membrane (SIM) using DMDBTINA a5 the

bas boen { The

distribution ratio of Am(1lf) displayed a good empirical correlation with some of the parameters based on the
mmmmmnﬁs q"md.w The experimental data for Am(lll) transpoes were guantitatively

d by rate transport &g

Introduction

ONG LIVED ALPHA EMITTING RADIONUCLIDES
preseni in aguepus raffinale waste streams
pmhilﬂrr?amrmmmﬂm
mzxmmmdm i

liquid membranes. Stodes on it hee SIM also

enables one 1o predia whether the hollowlibee system

anhensedmcammumdarwpwmmm
fow o 16]

concern. Partitioning of acGnides from such acidic
waste solutions using solven! extraction and extraction
chromatography has been stdied extensively over the
past two decades | 1-4]. Facilitaed transport of metal
jons through 2 suppored liquid membrane (SUM) has
great potential for the separation of radionoclides
epecially from waste solutions with a low mcul

Among the various reagents wsed in solvenr extraction
(SE) and ulnl:llun chromatography (EC), CMPO
{ocyiphenyl)-N N-d carbamo  mety

P W-ldll and Di decyl-1,3-
m:kmnnjd: (DMDBTDMA) hm:bcmsmi’:md foe
actinide partitioning  because of thelr ability 1w

content [5]. 1o liquid based sep fliciendy extract i, tetra, and hexa vident actinide
lechnique, the i and 1 ioms from acidic waste soluions [17], The main
operations could be cumbn'm‘l ina mﬂe stage. advaniages al DMDBTOMA over the

Mdditional advantages of this technique are low cost,
low energy consumption and minimum  solvent

argunophosphorous bifunctiona exiracunty lke CMPO
are: a) ease of synthesis b) complete inclierabiling wnd

inventory. Flar sheet SLM seems W rep a
convertent means for the systematic study of the effect
of varfous parameters on fux and cation selectvity In

132

o) liolytie wnd chemical degradation
products (namely carboxylic acids and  aliphatc
amines) |7].
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Focus of the present studies is 1o evalugie the effect of

mmmmmmumm

dilvent on the extraction and transport of Am(LI) b sirip interfaces, and rase

using DMDBTDMA a5 the extractant. An attempt has Mmmmﬂmm
been made 1o empiricall late the distrib dously for Am(111) from a feed solution of
ratio of Am with various properties of 3.0 M HNO, across  SLM contsining DMDETDMA in »-

the diluents. Thus for the fird time, 3 model for the
distribution ratio of Am(l1) employing & diamide in

dodecane us carrier and using 0.01M HNO, s the
strippant (8], The equation used for the determination

several diluents has been esmblished. The resulis of permeability coefficient is

obtained in the SLM experiments have been wsed o

verily 4 physico-chemical model proposed proviously P= (n
by our group [8]. Ld_'l.'.m]
Experimental (Du) (Do)
DMDBTDMA was synthesised and purified in our where P is the permeabilly coeflicient, K, is the
mwl I mpened " |7|_ i ctio, D, & the agueous diffusion

itahla  hud

RNYprOpY

(PP) membrune of pore adn: 05‘ m, porosity -

#4%. and thickness © 112 pum were used in all the
7 Effective b area puted from
the ical wrea and b porosity) was
[mmdmh-él]m

The supported liquid membrane studies were carmied
om by using 4 pyrex glass cell consising of two
compartments viz. the feed side of 25 mL separated by
1 strip side of 10 mL. The feed und strip solutions
were mechanically stred at ~700 rpm using a
magnetic stirrer at ambient lemperare (24 + 1C) 1o
suppress concentration polarisation conditions at the
mmmmsmdmmebu&ﬂdgm
bilities were 1 by assaving
wnmplcnﬁvmbnlhuniaednunnumm
radiometrically 2t 4 regubar interval
In case of liquid liguid exraction experiments, equal
volumes of “'Am tracer in aquecus phase aof desired
composition and pre-cquilibrated 0.6 M DMDBTDMA
dissobved in a dilsenl were agitaied In 2 15 mL glass
stoppered wbe for an hour m 25 + 0.1 'C. Afler
mﬁmmlmbmhﬂwphmm
for radicassay, The disribution o (K),
defined as the rutio of Am concentration in organic
phase to that in the squenns phase was determined.

Transport Equation
A model describing the transport mechanism which
consists of 4 diffusion process through a feed  aqueous
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fici ofAm(NOJ,.D s the membrane diffusion
coefficient of Am(NO,), A, complex, d, is the thickness
of aqueous stagnant fllm, d_ s the membrane thickness
and T is the wrmosiy Boor which s required ©
convert membrane thickness to effective diffision path
length in the membrane phase. Sobstiuting K, and R,
as the aquecus and membrane diffusion resistance
parameters in equation (1),

When P s fled by .
diffusion resistance wrm |.¢

)

da  dor
Kd—<<——| ,then (1} reduces o
[ Da<< Dn ] oyuation

pe KdDo

3
dor

In the present work an amempt was made (o obuin D,
using Wilke - Chang, Scheibel and Rutclifl equations
which are based on hydrodymamic / absoluie rate
theory and Stokes-Einstein and Eyring's equations [9].
The permeability coefficient can be  oblaned
experimentally by using following eyuation [5]:

In ([M]/[M], ) = - (QV) Pxi (S]]

where [M], and [M], wre the concentration of the
metal jon (M) In sgqueous feed st Gme 1 and initial
metal jon (a1 1= 0) fvely. Q =Ax
& where A is the geometrical area and ¢ is the porosity.
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V is the aqueous feed volume (in mL). The abowe
equation was only applicable when carrier was nol
saturated and flux was linearly decreasing with time
suggesting its validity in experiments where metal fon
tracers are used. An excellent agreement was observed
in our earlier work on P values of Am"-3M HNO, |
0.6M DMDBTDMA — n-dodecane | 0.01M HNO, system
obtained experimentally using equation (4) and those
computed using equation (3) [8].

Results And Discussion
Effect of diluent on the extraction of Am(II)

The membrane carrier (extractani) and solvent
(diluent) may Influence the transport of metal lon
through SIM in many different ways. As per equation 3,
the distribution ratio (K,) and the membrane diffusion
coefficient (D) are the two major carrier and solvent
dependent factors affecting the transport rate of metal
lon.

To understand the effect of diluent on extraction of
Am(Ii} from 3.0 M HNO, medium, it's distribution
ratio (K) was determined using varying extractant
concentrations (0.1M ~ 1M DMDBTDMA) in several
diluents. The K, {(Am) for various diluents varied in the
order nitrobenzene > n-dodecane > m-hexane > 1,2
dicholorethane (DCE} > decalin > e-hexane >
diethylbenzene (DEB) > wluene. The plot of log K,
versus [DMDBTDMA] resulted in slope values in the
range 3+0.3 thereby indicating the following extraction
equilibria for Am extraction:

A, +3NO, o+ 3A e AMINDD, 34, (5)

(where A is DMDBTDMA)

Novel empirical correlations between K, and diluent
[properties

Linear Solvation Energy Relationship (LSER) has been
propased for the correlation of physico-chemical
properties of diluents with solution processes like
solubiliy, distribution of a solute between two
immiscible liquids, free energy and enthalpy of
equilibria, etc. Selected properties of the diluents
utllised in the present work are obtained from
literature [10,11].
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A multiparameter approach of the general form
A=a+bB+eC+dD+ .. (6)

where a, b, ¢, d are solvent-independent but process
dependent coefficients. Latter three of these heing the
indicators of the sensitivity of the solvent parameters B,
Cand D [12].

In the present paper, an attempt hus been made to
correlate the experimentally observed K, with varlous
solvent parameters based on lnear solvation energy
relationship models proposed by Schmidi, Swain,
Koppel-Palm as well as by using combinations of
various other diluent parameters, using a Fortran
program for multi-dimensional linear fit [10-12]. The
computation involved the Stepwise Multiple Linear
Regression (SMLR), to meet desired statistical criteria
with respect to correlaion coefficient (r') and
standard deviaton (o) [13], Neither of the three
models (mentioned above) could be successfully
employed for correlating K, (Am) with the solvent
praramelers,

Further correlations were atempled using the two,
three and four parameter approaches with various
diluent properties given in the literamre [10,11]. The
best correlations in each of these approaches along
with correlation coefficient (") and standard deviation
(8.0} have been summarised in Table 1. The best
correlation of ©'=0.9327 in case of the two parameser
approach was ohined using parameter ¥ defined as
[Y= (g - 1) / (e +2)], where £ is the dielectric
constant) and DP (Schmidt dilvent parameter). In
case of the three parameter approach, the best
correlation of r'= 0.9466 was obtained using the
functions Y, DP and viscosity (). r' value of 0.9869
and S of 0.0O067 was obtained In case of the foor
parameter approach wilising the diluent properties ¥,
DP, n and E' (the normalised Dimroth and
Reichardt's polarity index).

An attempt was also made to ntilise equation (i) of the
4 parameter approach (see Table 1) to predict the K
values in case of some other diluvents not included for
calculating a, b, ¢ and d values. The results given in
Table 2 show excellent correlation between the
predicted and the experimentally chserved K, values for
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Table 1: Correlation with statistical validity obtained using various approaches
approach

(u) 2 parameter
e 7 T
(i) log K, = 2.67 Y= 0.31 DP = DAT 0.9327 01123
(ii) log K, = 244 Y = 0,58 3 + 4.23 08196 0.2120
{b) 3 parameter approach
Correlad [ Siandard doviation
(D) Iog K, = 2.65 Y — 0,30 DP — 1.54 P—0,145 19361 01264
(i} log K, = 3.17 Y= 0.28 DP - 1.30 &' - 0.56 0.9419 0.1205
(iii} log K, = 2.88 Y= 033 DP = 0,07 1 - 0.45 0.9466 0.1125
(c) 4 p pproact
| r | Sundard deviation |
(D logK, = 441Y-029DP- 0150 334 E 0667 | 09869 | 0.0067 |
‘Fable 2: Comparison of K, values obtained i lly and from equation (i) of the four
parameter agmauh [‘l’dale 3)
Dihieot Expected K, Experimental K,
n-decane 389 345
vylene 060 0.58
benzene 0.33 0.38
dllumfam 035 031
dichl L72 153
Table S.Cmnpmsiemdr_(hmm:] ily and computed using D, values
ed from Wilke Chang, Scheibel and Ratcliff equations in eqa. (3)

Feed : ™'Am in 3.0 M HNO, ; Carrier- (.6M DMDBTDMA and Strip : 1M Oxalic acid

Diluent Py Pscheiel Prace Pe

n-dodecane 1.80x107 LETI0T L75x10" 1801
toluene 0.73x10" 0.78x10* os4x1ot 0.90x10™
1.80x10° 212010 220x10* 1.63x10°
c-hexane 0.54x10° o610 0.66x10" 0.76x10°
DCE 1.99x10° 1.83x10° 2. 14x10* 1.80x10™
nitrobenzene 260x10° 2480107 2.62x1 241x10°
decalin 0.50x107 05010 0.50x10° 0.62x10*
DEB 0.65x10™* 066x10"* 0.66x10" 0.71x10*
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n-decane,  xylene,  benzene,  chloroform  and
dichloromethane.

Effect of dilisent on Am (1) transport

The membrane diffusion coefficients (D)) for all the
diluents used in the present work were calculated
using the Wilke-Chang, Schiebel and Rutcliff equations
reported in literature [9). The D, values obsained in all
the three cases for each diluent were in reasonable

agreement thereby suggesting lie difference in the
various models.

To d ine the ity of the b being
wed, p bili were d l:mn;h

4 X (peepared by | 5
mamadmmowmm
was done by g each by into
ummmmmmw
The figure of americium permeability . reciprocal
membrane thickness gives 2 linear plot, thus indicating
that vnder the present conditions, the metal jon
transport is membrane diffusion limited. The slope of
the straight line obtained is given as K, D, / 7 (eqn. 3),
The tormosity wvaue of 24 obtained using
operimentally observed K, (446 m 06 M
DMDBTDMA) and computed D, (average of three
different models mentioned above) was used 1o
calculate the P,, values.

P, was also determined wsing & feed
ﬂmd"ﬂmhj,ﬂ“m’.mﬁl.ﬂﬂm&
ackd and 0.6 M DMDBTDMA 25 extractant in various
diluents as the carrier. P varied a5 pitrobenzene > -
dodecane - DCE > n-hexane > toluene > c-hexane >
DEB > decalin (Table 3). An excelleni agreemem
observed berween the experimental and computed P,
values has been reported previously by our group for
Am transpont across an SLM using 0.6M DMDBTDMA
hsdodmuumls] Tahle 3 phes 2
between | lly obtained P value
MM(DGMDWHWMB
carrier) and those obtained from equation 3. A
ble agr in P, was ob d in all cases
suggesting the validity of the derived physico-chemical
model equation, In case of nitrobenzene, the P
decreased 1o more than hall of its initial value in shout
6 hours time. This instability could be explained on the
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basis of higher surface tension of nitrobenzene (46,34
dynessem) us compared to that of the critical surface
tension of PP (-35 dynesfom) [8].

Conclusions

Extraction of Am{lD) by DMDBTDMA in various
diluents, from 3.0 M HNO, waried In the order
nitroberizene > m-dodecane > n-hexane > DCE >
decalin > c-hexane > DEB > oluene. The best
empirical correlation for variation in distribution of
Am(HI) with diluents was observed with the four
p pproach involving diluent properties like
Schmidi's diloent parameter, dielectric constnt,
viscosity and the normalised Dimroth wnd Reichardy's
polrity index. It was possible 10 accurately predict the
K, (Am) for various other diluents by using this
approach. The results of the permeation experiments
through the SLM confirmed the validity of the physico-
chemical model derived previously employing factoes
like distribution coefficient, diffusion coefficient as wedl
as thickness of diffusion layer in both aqueous and
hrane phase along with
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Introduction

1 OLY(N-ISOPROPYLACRYLAMIDE) (PNIPAAM) 1S
4 thermally reversible hydrogel that exhibits 4
O fower enucal solution  temperature  (LCST)

around 34'C in squecus solutions and may find
applications in areas such 25 controlled droy delivery
devices, recyclable shsorbents and as actustors 1],
Radiation crosslinked hydrogels have been reported to
swellideswell at much Faster ﬁ.IE compared 1o

ity produced gels probably due to different
mdm#&m:.uwmyo(mar
microstruciure s of importince to equilibrium
dvnamic swelling behaviour, Positron  annihikution
spectroscopy  (PAS) has cmcch s 3 pwm‘ni

sensitive poly(N
gamma-treadiation has been siudicd using Positron Annibilation Spectroscopry. The effect of water content
of bydrogels on the lifetime and intonsity of 0-Ps in PNIPAAm was investipated, An attempt bay been made to
corrélate the observed positron Hfetime with the microstruciure changes taking place in the polymer during

fe) (PNIPAAm) bycroges prepared by

due its selectivity 10 probe the free-volume f
polymer, The probing entity ortho-positronium (g
vihich is a hound state of electron and pusitron by
their spins parallel is stabilised in the {ree-volume,
its life-time (1) bas been found o be proportional to
the free-volume hole size (2], While the o-Ps lifetime
cun give information about the free-volume hole size,
its intensity (L) may yleld informaton about free.
volume concentration. In the present work PNIPAAm
hydrogel synthesized by y-iradiation have been studied
using PAS to characterise its microstructure.

Experimental

PNIPAAm gels were prepared [rom 20 wi. % NIPAAm

technique lo explore mi nmu. y

salution by y-lrradiation, using 4 “Co
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radiation sotrce having a dose rate of 1.3 kGyhr'. The
samples obtined were cul into thin circular disks and
purified by repeated swelling/deswelling cvcles. The gel
pdmwmswaﬂentnwmermmdleqqmnummd

ly deswelled a1 a higher temg e
LCST) resullmp, in gel with different water content. The
positron source “NaCl deposited on 0.3 mil alumininm
foil was sandwiched between the two pieces of gels and
the whale of this assembly was wrapped in parafilm o
avoid any water loss during the measurement, Lifetime
measurements were carried oul using 4 fifetime
spectrometer that had a resolution of 285 ps. The data
were analysed using PATFIT code for evaluating the o-
Ps lifetime vilues,

Results and Discussion

The o-Ps lifetime (x,) and intensity (1) are ploted
against the polymer weight content in Fig L
Representation error on T, and 1, are shown in one
point and the lines are eve guides only in the figure.

Watar CBRLERL R %)

Hg. I Variation of t, aud 1, as a function of water content of
HiPAAm bydrogel

It is evident from the graph that as the water content of
the polymer increases, the o-Ps life time (1,) increases
from 1.89 ns to ~2.1 ns at ~ 94 wt. % water indicating
an increase in the free volume hole sice due 10
incorporation of water. On the other hand, the o-Ps
intensity (L) decreases linearly with water content from
24% before reaching @ constant value of shour 19% ut
94-wi.% of water, The proportional increase in T, with
water content up lo <'34%wlermduwesadesmmon
of hydrogen bonds between PNIPAAm chains, and the
polar water molecules probably exist s o phisticizer
below 94-wi. % water, This increases the mobility of the
polymer chains increasing the free-volume hale size.
Further increase in the water content leads to decrease
in the =, that approaches the lfetime observed in the
pure water (1.9 ns),
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Glassy Carbon Electrode
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o ETERMINATION OF GALLIUM BY ANODIC
Sripping  Volwmmetry  (ASV) [1] and
Adsorpuive Voltammetry &t mercury  electrode

|2 4] have been carried out in the past at trace and
sub-trace concentrutions.

It is koo that alkali metals form complex salt of the
form  Ga[Fe(CN), |, with ferrocyanide ions In
Iydrochloric acid solution of pH 2 1w 3. 1t was thought
ot determination of excess K [Fe(CN)] by
volammetry can serve a5 an indirect method for the
defermination of gallinm [5]. With this objective,
Linear Scan Vol (LSV) of p

k ide were studied employing Glassy Carbon
(GC) disc (2mm dia) elecirode.  The elecirode was
scanned i the positive direction from -200 1o SO0 mY
s Saturaed Calomel Electrode (SCE) ® a scan rate of
Wm\fsmllllm\‘fsn&lhﬂnlnm

of decrease in 1ol K [Fe(CN),] due 0 complexation by
gallium Vs the amount of gallinm  was found o give o
sirtight line with a good correlation cocfficient
(Fig.2).

"1 = Rotasng Disk Voltammetry
*  Swtionary Electrode Voramenstry

“ g
g‘
1 ;M?JHFE‘L w =

Fig.I Pt of (Fe(l}| Vs 1 in SEV and RDV

Volammetric (SEV) and Rotuing Disc
(RDV) (1600 rpm) modes, respectively. To get
reproducible resulss. the electrode was  nitially
polished metallographically with 0.05 pm alumina
slurry and resurfaced afier each experiment.

The anodic peak curremts (Ip) were observed w0
increase linearly with concentrations of K [Fe(CN), |
Also, in RDV Ip was found to be fve times of the
corresponding SEV ( Figl). Based on these
ot im ROV mode In these experiments, the
concentration of K [Fe(CN),] (0.1mM) and the cell
volume (50 ml of 0.005M HCL) was muintined
constant snd the amount of gallium was varied. A plot
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Table: Ga D Hydrodynami results obtained from lour different sets of experiments
v , 1600 2mm dia GCE carried out an different days. As can be seen, the values
[ were found to be within the experimental limits of
1 Amgfg) error,

la 300 5.58 500 1.66

ih 1500 [2358] 2113 | 1Al Acknowledgment
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For the detsermination of gallium, similar experiments .
et et oL A aad ’ 4 :T:;;) :ir? and Pablo Colre, Tulanta 40 (8)

lutions and the carresponding 1, of K[Fe(CN),] 2 )
were measured. From the decrease in 1, of K [Fe(CN), | » ]h:ﬂ.m B, ;ﬁ:‘;m o {th‘vlﬂl‘f‘k
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by Electroanalytical Methods
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| " LECTROANALYTICAL  METHODS, POTENTIO- mmm“mmmmmm
3‘ metry, Bi y and Coul are d for uraniom d
A dnormally employed for the determination of U ummmmumm
and Py in various nuclear foel materials such as U0, dewloped in our lborstory [3] for wranium
PO, (P00, (UPC (LO,+Pu0,+C), UC, PuC determination in ply bearing fuel materials is
eic.  Resuls of high sccuracy and precision are based on the reduction of U(YI) to U{IV) by Ticl, in &-
required for the purpose of Chemical Quality 7 M HS0, excess Ti(lll) is destroyed by HNO, and
Assurance of fuels, because an accurste knowledge of U(IV) is tirated with standard KCr 0, using ferric jon
i = inermediste. The end-point is detected using
Bamp y
Modiied Drummond and Granl method [4] s
routinely employed for the determination of Pu in
) diverse matrices of fuel sumples. The method involves
Becirosnalytcal methods: are simple bn operafion. g of py iy Pu(VD) with aegeesic cxkde in | M
HS0, The excess of argentic oxide is selectively
““’m;‘:ﬂ“]?"ﬂm“"dm“ reduced with sulpbamic acid. In the pext step, Pu(Vl)
mwi Igra. e m”‘-”"'? InRrunoiatiol is reduced 0 Pu(IV)/Pu(llD) by adding 3 known
" ! Y ! amount of standardised Fe(II). The excess of Fe(ll) is
Inexpensive and Indigenous, dtrmwed with dich ' pt
Severnl redox methods have been developed and biamperometric end point
modified in our laborwory in the past for the

&

determination of U and Pu in nuclear fuels, Uranium Injp & d Calomel Electrode (SCE) b
determination in uranium bearing foels i carried ou Mulrﬂwdﬂﬁuﬂspﬂmﬂnn
by well known modified Davies and Gray [1,2] an indicator electrode for sensing the potential of the

method, which imolves reduction of U (V) 1o U(IV) by redox couples undergoing redox change A digml
Fe (1) in >10 M phosphoric acid medium. Excess of Polentiometer directly monitors the potential of the
Fe(ll) s selectively oxidised und U(IV) is titrated with redox couple. In blamperometric method, o
standard potassium dichromate, afier dilution with identical platinum wire, embedded in o glass mbe,
dilute sulphuric acid. Potentiometric method s sense  the electrolysis curremt in the cell
employed for detecting the end-point of the tiration. Amperometer, having facilities for applying s suitable
This method is versatile in the sense that plutonium, if polential across the wo platioum elecirodes and
present, along with uranium, does not interfere. different Current ranges, is emploved for monitoring
However, because of the difficuly of plutonium the electrolysis current. In order w0 achieve higher

143



i Wl e 1 IEH

accuracy and precision, additon of the reagents is
done on weight basis,

Quantitative dissolution of the sample is an essential
requirement for  accurate determination. In acual
practice, 1 weight solid ( 200-500 mg } sample is
dissolved in a suitable dissolvent medium. U0, samples
are dissolved in nitric acid and Pu0, in conc, HNO,
contiining 0.05 M HF, Mixed carhide fuel samples
are dissolved in conc, HNO, + cone. 11,50, mixiure
(1:1], by direct dissolution procedure [5]. Dissolution
of Pu hearing fuel samples is carried out In Glove
Boxes. Aler the dissoluon, the solution s

tehidl i
1 v ml’ o

Founder's Dav Spacial froue 2000

{lasks and is taken to another glove box for aliquoting,
Quantity of Uand Pu is normally in the 3-5 mg range
in each aliquot, Analysis of these aliquots for Puor U
are carried oul i afumehood by the ahove mentioned
miethods.

During the fabrication of FBTR fuel, a large number of
samples of the finished product sintered (1,Pu)C, as
well us strting material, U0, Pu0, (UPu)0,
(U0,+Pu0,+C), UC and FuC eic., have been amalyed
for Pu and U, Typical U and Pu resuls obtained in 2
series of thirty FBTR Fuel samples are shown in figs, 1
and 2 respectively.

19 22

1 4 7 10 13 18 25 28
Sample No.
Fgt
1
44 1
_ 43 -
%42 ' | B f
a L l
40 i g
3 | AL i
- | 4 T 10 13 18 18 22 25 28
Sample No.
Fig 2

[istributiot of 7 & Pu du Sintered (I, )€ samples of FHTR fuel
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Redox chemistry involved in these methods is not only
interesting but wiso exciting. Al these aspecty with an
wphasis on the interfe of the impurities present
in the dissolved solution, reliability of the methods for
routing U, Pu determination, shall be discussed.
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Thermal Ionisation Mass Spectrometric
Analysis of Neodymium pre-separated by
High Performance Liquid Chromatography
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SOTOPIC COMPOSITION AND CONCENTRATION OF
Nd are important for the determination of burn-up

diode array detector was employed for monitoring the
eluted Innllmld.es ala wuvelengdl of 615 nm. Under

of nuclear fuel and also for geochronological
studies using Sm-Nd couple. Tt invalves three steps; (1)
separation of lanthanides from the major matrl, (i)
purificaion of Nd from other lanthanides and (fif)
mass spectrometric analysls of purilied fraction,
Several  methods  eg  sobvemt  extraction,
chromatographic separation on anjon and  cation
exchanger resin e, are avallable for matrix
separation. But separation of Nd from other
lanthanides s a difficult sk due to their similar
chemical behaviour. lsobaric overlaps like Sm-144,
Sm]«is Sm-150 and Ce-142 hamper the accurate

ination of isotopic composition Nd by Thermal
Ionisation Mass Spectrometry (TIMS) and therefore, an
exiensive chemical separation is required. High
Perfi Liquid Ch graphy (HPLC), a
promising separation method, offers the potential 1o
resalve all the lanthanides in & short time. Keeping
above aims in mind, 1 fast and efficient method for
separation of different lanthanides using HPIC was
invesiigated. Reverse phase dynamically modified ion
exchange chromatography was selected for carrying
omt the smdies becanse of its ability w alier the jon-
exchange capacity and selectivity rapidly. Hydrophobic
anion like camphor sulphonate was tested as a
modifier for C-18 reversed phase column and a-
hydroxy isobutyric acid (o-HIBA) was used a5 eluent.
Arsenazn  (II), 4 specific complexing agemt for
lanthanides, was used as the post-column derivatising
agent doring development of separation method. A

the ck g itons,the retenton times of
| ides were | and used for
prugmnnﬂnglnlhehmonmﬂmmemed
) was el i while collecting the

wwmhrmwﬁmtmﬂmnm
mixture of Ce, Nd and Sm in 1:1:1 proportion (by
w«mmwmmﬂmwmnﬂm
fraction collected i the organic comp i
¢, the elvent and the modifier used in chromatographic
separation. The application of this Nd fraction along
with the organic part on flament used in the ion
source of TIMS suppresses the yield of Nd” jons. Hence
the collected fracion was pretrested with
concentrated HNO, and HO, and evaporated W0
dryness. This was repeated 4 to 5 times to destroy the
organic part. The fraction free from organic maner was
concentrated and analysed by TIMS using 2 double
filament assembly. The isolope rafio messurements
were done 3l lemperatures corresponding o 4.54 and
254 for joniation and vaporisation flaments,

. No isobaric interferences were present at
142 (Ce), 144 (Sm), 148 (Sm) and 150 (Sm) a5 was
evident from the absence of peaks at m/z 140 (Ce’)
and ot miz 147, 152 (Sm"). Results of isolopic
composition of separated Nd fraction were compared
with those of natural Nd and were in good agreement.
Thus it s possible to determine the accurate isolopic
composition of Nd from a mixture of lanthanides by
TIMS and the developed HPLC procedure for
separation.




BARC NEWSLETTER Founder's Day Speclal fsiue 2007

M 8. M. Raat completed M. c. in Analytical Chemistry from Mumbas Univarsity in 1998, He foined BARC
in January 1999 as a funior Research Fellow under the Mumbal - [AE

Prasently, bo is working in the Mass Spactrometry Section of Fuel Chemistry Division for bis Pb.D. with Dr,
8 K Aggarwad, His resoarch fiold inchides the physico-chemical studies for determination of trace
olemamits using HPLC and Mass Spectromeiry.

Mr PG, faison bas oftained MSc. in Chemistry from Cochin University of Science and
Technology in 1997, He joined Fuel Ghemistyy Division, BARC, through the 41" batch of Training
School fn 1998, Presently, be iy working on HPLC and inorganic mass spectrometry.

Dr 8.K Aggarwal is the Head of the Mass 5 ry Section, Fuiel Chemistry Division, BARC. He bas been
working in the aroa of atomic mass speciromotry since 1973, Besides, be bas boen involved in
electroanalytical chemistry sinee 1994, He is the recipient of several Medals of Honour, He bas visited
migny countries in connection with selent{fic activities / meetings.

148



BARC NEWSLETTER

Founder's Day Special lsawe 2001
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Distinguishing between Races of Fusarium
oxysporum f.sp. Ciceris from India

A. Chakrabarti, P.K. Mukherjee, P. Sherkk
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and N.B.K. Murthy

Absiract

A simple, rapid and reliable metbod for studying the rariability and identification of races of the chickpea wilt
pathogen Fusarinm oxysporum [gh ciceris (FOC) is described bere, The mathod fmvolves selective
amplification of the interpenic spacer (1GS) region of the nuclear ribosomal DA, and ton digesti

with a set of enzymes. Ww#ﬁwmmqﬂﬁwnﬂﬂﬁq{mmﬁrm
Jrom India (Race! -Patanchers: Race2 - Kanpur, Raced - Gurdaspur, Race 4- Jabalpur.) was carried-out with
varions restriction ensymes. All the enzymes pave similar restriction pattern jor race | and race 4; which was
digtinctly different from race 2 or race 3. The present finding indicates that race 1 and race 4 are either the
same or very closely related to each other. It s sugpested that amplification of the IGS region and digestion
with restriction enzymes could e wsed to study polymorpbisn in FOC, and to identify the races existing in

Inddia

Introduction

VESARNN OXYSPORUM SCHLFR. FSP. CICERIS
(Padwick) Mauto & Sato, which incites will, is
one of the major pathogens of chickpes (Cicer
L) worldwide fally in the Indian

and the basin [ 1, 2], The

best available method for control of fusarium wilt is the
cultivation of resistant chickpea varietes [3]. However,
the exi of several physiological races of the
pathogen makes it complicated 1o contain this disease
through resistince breeding. Seven races of this
pathogen have 50 far been reported. Races 1-4 from
India; 0,1, 5, & from California and Spain; 1 and 6 from
Morocco and O from Tunisia [4,56]. Race 1 has
further been subdivided into three sub-groups viz. 1A,
1B and IC [6]. Of these races, race 1A, 2 through 6
cause typical fusarial wili and necrosis, whereas, races
0,1B and IC induce yellowing syndrome in absence of

wilting [6], The races are conventionally identified by
inoculation of u set of 10 differential varieties |3, This
method of race identification &5 expensive, tme
consuming (at least 40 days) and may be influenced by
variahility inberent in the experimental system (7,89,
In this regard, a rapid molecular method, therefore,
would be advantageous over conventional techniques
of race identification.

Using RAPDVAFLP analysis, Kelley ot al. [10,11] could
differentiate  between the two  groups/pathorypes
Mﬂh;dﬂmwmurydhﬁgm

phism in the mitochondrial DNA was detected
ummslhemrmmhymmxd
[12). To our knowledge, there is no molecular
method available that conld distinguish between the
wilt-inducing races of this pathogen. RELP analysis of
the nuclear ribosomal DNA (rDNA) was wseful in
demonstrating  species-specific differences in 10 xin-

No
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producing Fusaréum spp. [13]. The present paper
reports on the genetic variability within wilt-causing
pathotype  of F. oxysporwm fsp. ciceris using
molecolar methods based on the variability in the FDNA
region. The usefulness of this method in studying the
polymorphism in the wili-inciting isolates of FOC and
the rapid race identification has been discussed,

Materials and Methods

Fungal isolates

Pour isolates of £ oxysporum [sp.  cicerss,
representing four races from India were collected from
the International Crops Research Institute for the Semi-
Arid Tropics, Patancheru, Race 1 was originally
isolated from Hyderabad, 2 from Kampur, 3 from
Gurdaspur and 4 from Jabalpur. The cultures were
multiplied and maintained on potato dextrose mediom.

Isolation of genomic DA

High molecular weight genomic DNA from Fusarium
mycelium grown in potato dextrose broth for 3 days,
were isolated using a method described by Kim ef af
[14).  Briefly, the mycelium was harvested on
Whatman no. 1 flter papers, washed thoroughly and
ground in liquid nitrogen. Five ml of extraction buffer
(100 mM NaCl, 10 mM Tris, 1 mM NaEDTA, pH 8)
containing 1.0 % 5DS and 0.5% [-mercaptoethanol
was added 10 2 g of ground mycelium taken in 50 ml
Sorvall centrifoge twbes and mixed thoroughly. The
mixiure was incubated al room temperature for 30
minutes and extracted twice with equal volume of
phenol’ chloroformy/ isoamyl alcohol (25:24:1) and
twice with chloroform/ isoamyl alcohol. DNA was
precipitated with two volume of ice-cold ethanol,
spooled, washed with 70% ethanol and dissolved in TE
buffer (10 mM Tris, 1 mM Na,EDTA, pH 8},

PCR-amplification and resiriction analysis

Amplification of the 1GS region was performed using
the primer pair CLN 12(CTGAADGCCTCTAAGTCAG) and
CNS1({GAGACAAGCATATGACTACTG) designed by Apple
and Gordon [15] for Fusarium oxpsporum with
priming sites at the 3' end of the 285 gene and 5'
end of the 188 gene respectively. The amplification mix

contained 0.5uM primer, 10ng DNA, 0.1mM of each of
the dNTPs in 1X reaction buffer containing 1.5 mM
Mgfl, (supplied by manufacturer). After initial melting
at 95°C for Smin, temperature was held at 68°C and 1U
of Tag polymerase (Bangalore Genei, India) was added
per 25ul final volume of reaction mix. This was
followed by 30 cycles of amplification with the
following parameters: annealing at 55'C for 1min,
extension at 72°C for 2min, meltng at 94°C and a final
extension of 10 min at 72'C, The amplified products
were extracted twice with chloroformyiscamylaleohol
(24:1), ethanol precipitated, washed with 70% ethanol
and dissolved in TE. The products thus purified were
digested completely with Eeo RL Bam HI, Hind TII, Pst
1, Sac 1 (New England Biolabs), Tag 1 (Bochinger
mannheim), Al [ and Sau 34 1 (Bangalore Genei,
India) as per manufactorers’ instrections and size
separated on 1.5% agarose gels in 1X TBE buffer.

Results and Discussion

Our earlier experiments on RFLP analysis using
Neurospora crassa tDNA as probe indicated the
presence of a vartable EcoRl site. Amplification of the
178 region followed by FeoRI digestion did not produce
any variability and combining these two we could
locate the variable Feo RI site on the 163 region,

Using the primer pair CLN 12 and CNS 1, we could
amplify the 1GS region from all the 4 races, the
approximate size being 2.6kb (24 for Race 2)
(Fig. 1). Digestion of the amplified 1GS region with Bco
Rl produced similar bands for both Race 1 and Race 4
(one 1.9 and another 0.7kb). But individual and
distinctive banding pattern were observed for both
Race 2 (1.9 and 0.5 kb) and Race 3 (2.2 and 0.4 kb)
(Fig, 1). This conclusively proved that the variability in
the restriction patterns observed in  Southern
hybridization with rDNA repeat unit from V. crassa was
indeed due 1o variability of the Feo RI site within the
1GS region. When variability within the 1G5 region was
further studied using Hind 11, Bam Hl and Sac 1,
none of them did restrict the amplified fragment
indicating ahsence of these sites within IGS region in all
the four races. However, Pst 1 was found to have one
site only in case of Race 3 ( 2.0 and 0.6 kb fragment)
(Fig, 1). When tetrabase cutters (4l |, Tag | and Sau
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Race1
Race 2
Race 3

Kb Kb
5.0 5.0
40 4.0
3.0 3.0
20 2.0
15 1.6
10 1.0
a5 .15
50 .50

—_— —_—
UNCUT EcoRI Pst |

Fig.! PCR ampiified IG5 region and its BeoR and Patf restriction patterns of four races of FOC

H
§i
Kb &
50
10
.0 -
1.6

Taql Sau JAI Alu |

Fig 2 Restriction patters of the PCR amplified 1GS regioe of four races of FOC with Tag/, Alul and Sau 341
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34 1) were used number of restriction fragments were
produced, But in each case Race 1 and 4 had similar
profile where s that for Race 2 and 3 were always
different from each other and rest all (Fig. 2).

F. oxypsporum [sp. cleeris races were originally
classified based on wilt reaction on 10 differential lines
[4]. The disease reaction was scored based on percent
wilting {resistant 0-20%, moderately susceptible 21-
50%, and susceptible =51% wilt). While Races 1, 2
and 3 could be clearly identified based on distinct
regctions {either resistant or susceptible} on two
differential lines, race 4 was designated based on
reqmononmﬂyonedlﬂeremnlllneie CP&-1, s.nd
the reaction was "mod as

to *resistant” for race 1. This observation is indicative
of relatedness of race 1 to race 4. The data obtained in
the present experiment also indicate that races 1 and 4
are jdentical with respect to restriction pattern of the
1GS region of the rDNA, However, race 1/4 is distinctly
different from race 2 and race 3, which are different
from each other. The present investigation indicites
that the will-causing races of £ oaymum Lsp.
ciceris are ically distint, and g can
hesmdled.]nlhewﬂlMgmﬂmlypemlngme
variahility in the 1G5 region. We also suggest that afier
further verification with more representative isolates, it
could be possible o develop a simple, rapid and
relishle method of race identification in FOC by
amplifving the 1G5 region and restriction digestion of
the same with appropriate restriction enzyme(s).
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A Methodology

for the Estimation of

Mercury, Boron, Samarium and Cadmium
by Prompt Gamma Ray Activation Analysis

Yogesh Scindia, A.V.R. Reddy, A.G.C. Nair, A. Goswami, R.N, Acharya,

K.Sudarshan and 5.8, Manohar
Radiochemistry Divislon
Bhabha Awmic Research Centre

Abstract

Prompt Gamma ray Neatron Activation Analysis (PGNAA) is an gffective analysis technique especially for
lighter elements lihe boron, bydrogen, nitrogen and some rare earth elements. A PGNAA system was el up
mictking use of the guided neutron beam facility at the Dbruva Reactor for the first time in BARC. A motbod to
estimate bigh newtron absorbing elements like Hg. B, Sm and €d which eliminates the variations in newlron

S and geometric efficlency is discussed

Introduction

GNAA TECHNIQUE IS BASED ON THE RADIATIVE
mdmh'lhwdmhnlmp
¥ to the
Mwmmnuwﬁ:
wed for many clements, which are normally not
amenable 1o NAA [1]. Its sensitivities for elements like
B, Hg, Sm, Cd and Gd are superior due 1o their higher
neutron ahsorption cross section.  Routine assay of
these elements Is carried out by standard comparison
technique. This calls for double iradistion and
therefore requires corrections for the rreproducible
parameters like neotron flux and detection efficiency
mainly due o the variation in the sample geometry, self
aiienuation of the nestron flue In the present
approach, the sample containing elements of inlerest is
ll‘llml!]}‘ mixed with known amount of sandard

hloride) and irradiated, This obviates the
need for separae irradision of the sundard. In the
present work, a meth based on calit
wneollhedmlnﬂmmsrmmaedbydnwm
rate of “C1 as standsard is reported.
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Experimental

The thermal guided beam facility in 100 MW Dhruva
reacior, BARC, Trombay was used for the PGNAA work,
The neutron beam is transporied through the guided
bean mbe o sbout 30 meters away from the reactor
core. An experimental set up has been arranged for
PGNAA using this guided beam. The dimensions of the
beam are 15 cm x 10 cm The delecor was
surrounded by 30 cm thick lead bricks as shielding
material for reducing the gamma ray background. The
y-ray deiecior was localed ai about 40 cm distnce
from the sample and was a1 90" with respect 1o the
beam direction. A lead collimator of 3 cm dia and 30
«cm length was used in front of the detector 1o collimale
the gammsa rays coming from the sample.

Elements in their appropriate chemical form (wherever
possible the chloride sall) weighing in the range of
100-500 mg were mived thoroughly with known
amount of NHCl and wrapped in a thin Teflon tape.
They were exposed (o the neutron beam for sufficiently
long time, 4 22% HPGe detector connected 1o a PC
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based 8k MCA was used for assay of prompt gamma of efficiency fining are given clsewhere [2]. The
rays. The resolution of the detector is 2.4 keV at 1332 absolute efficiency plot is shown In Fig 2,

eV, The MCA has been calibrated in the energy region
of 0.1 to 8.5 MeV using the delayed gamma rays from
“Eu and “Co, and prompi gamma rays from *CL A
second order polynomial was used for the energy
calibration. Photo peak areas under the corresponding
gamma lines of “Cl (1951 keV), boron (478 keV),
mercury (368 keV), samariom (333 keV) and
cadmium (558 keV) were determined by analysing the
gumma ray specira wsing the software developed in
Electronics Division, Bhabha Atomic Research Centre.
The count rate per mg of 1951 ke gamma ruy from
*d in 2 sample was tahen as standard and count
rwe/mg of “Cl for other samples were normalised 1o
this walve, The same normalisation fctors were
applied 1o the count rate per mg of the element of
interest,

|

gy dnlyed
"l

Absolute Detection Efficiency

; Energy (keV)
| Flg. 2. Absoluiz efficlency curve of the PGNAA system
. -
o _- e A
G
i J .I L - e
1000 3000 20D ADDD 3OO 900 P04 MO B o B = -11-‘
L Chanse Nambar - . s
Fig.1 A typical promp gamsma ray spectrum of N £1 - =
Results and Discussions g 5 * i)
fig.1 shows & typical gamma-ray spectrum of NHC . i |
with the background. The defuyed gamma-rays from y -l
“n and the prompt gamma-rays from Ol and “Ti - w| .
were sed for efficiency callbraticn. The absolme =l -
efficiencies were determined for Jow energy region EAR— ......-...l
(L., upto 1500 ke¥) using "“Eu source, The relative e e

‘efficiency plot from 500 10 9000 KeV obtained from

the prompt gammaz-rays of 0 and “Ti were
normalized with absolute values from ™Eu. The details Fig. 3 Semsitivity jplot of B, G, Hg and S
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Fig. 3 shows the plot of the normalised count rate References
plotied s 3 function of the elemental weight for the

above mentioned elements. Good linearity between the I G L Molnar, Zs. Revay, R L Pal, R M.
normalised count rate versus weight of the element Is Linderstram, J Radioanal. Nucl Chem. 234, 21
observed with correlation coefficient values ranging (1998).

from 0,999 - 0,99 for the entire weight range studied, 2. K Sudarshan, AGC Nair, RN Acharys, Y.M.
‘The linearity of the CPS Vs weight over the wide range Scindia, AV.R Reddy, 5B. Manohar and A
shows the feasibility of this method for determining Goswaml, Nucl Instr. and Meth. A 457 (2001)
concentrations in unknown samples over this wide 180,

range.
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SF, Gas Handling System for FOTIA at
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5. K.Gupta, R.V. Pathar, P. Singh, E. Shallom, A, Agarwal, 5, Santra, Rajesh Kumar,

S.P. Sarode, P.J. Raut and B.K. Jain
Muchear Physics Division
Bhabha Atomic Research Centre

and

5.V. Gogate, RR. Patankar, M.G. Andhansare, A.C. Tikku and M.G. Khadilkar

Rescror Services and Maintenance Division
Bhubha Atemic Research Cenure

Introduction

| N INDIGENOUSLY BULLT FOTIA FACILITY HAS
. recently been commissioned at BARC. 1t involved
designing, procurement, fabrication, testing,
installation and commissioning of & 6 MV Folded
Tandem lon gccelerator (FOTIA} (Fig.1}, by utilizing 2
large part of the exising equipment such as the
pressure tank, the storage tank, the equipotential rings,
the high voltage dome and the accelerator room of the
old 5.5 MV Van-de-Graaff accelerator at the Nuclear
Physics Division, BARC.

The consiruction of the FOTIA involved development of
state-of-the-art  technologies for  several imporiant
components like dipole magnets, high  voltage
generator, SE, gas handiing system, vacunm systems,
magnetic and electrostatic lenses, computer control
system, efe [1]. A new accelerator [acility of this npe
would have costed arpund 18 crore rupees to the
department.  However, due 1o wvallabily of the
expertise at BARC and utllizatlon of Infrastructure from
the earlier Van-de-Graaff accelerator, it was possible w
set up the facility in 4 cost effective way &t about 3-4
crore rupees, The FOTIA has capability of delivering
accelerated light and heay lon beams up w0 A=40 and
beam energy up to 66 MeV. These accelerated beams
will be used both for research in basic and applied
science in the fields of nuclear physics, astrophysics,
material  science, accelerator mass  speciromelry,
ADMIC SPECiroscopy, ele.
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The high voltage column section of the FOTIA was
tested and a voltage of 3.4 MV was achieved on the
terminal with N+CO, pis mixture flled in the
aceelerator tank at @ pressure of 98 psig [2), The
terminal voltage would exceed 6 MV with SF, gas, as its
dielectric breakdown sirength is more than 2 limes that
of the N+CO, mixture at this pressure, A SF, gas
handling system was designed, fabricated, installed (3]
for FOTIA and has been used extensively for high
voltage operation. In this paper, some of the saliem
features of the gas handling system ire discussed.

Objective of Using SF, Gas in FOTIA

The FOTIA is an electrostatic accelerator in which
termingl is rafsed 0 o maximum voltage of & MY
whereas the accelerator tank is a1 ground poteatial.
While the lower portion of the terminal has coaxial
oilindrical geometry, the upper portion has spherical
geometry, The comxial cylindrical geometry is formed
besween cylindrical surfaces of the high voliage dome
and the accelerator tank, Simifarly cousial spherical
geometry is formed between spherical top end of the
high voltage terminal and the accelerator tank, The
typical voliage gradients berween dome and the
accelerating tank at the terminal voltage of 6 MV, for
cylindrical and spherical geomeiries, are 134 k¥/em
and 205 kVem respectively. These volage gradients
could be withstood by using  N,+00, gas mivmure as
insulating medinm only if accelerator tank pressure is
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maintained ot shout 240 psig. In FOTIA, since
compressed  geometry accelerating whes are used
which have a safe maximum operating gas pressure of
120 psig, achiesing 6 MV at the terminal with N,+CO0,
mixture would not be possible. Hence, an insulating
medium of higher dielectric strength was mandatory.
Design calculations indicated that SF, is the suitable
Insulating gas medium for this requirement. In addition
lo its excellent dielectric properties, SF, has good
chemical stability, thermal properties and is nontoxic.

Properties of the SF, gas
Chemieal and electrical properties

Under normal conditions 5F, gas is chemically inert,
stable and least reactive, It can be heated up 1o a
temperamre of S00C in quartz containers without any
decompaosition. The electrical discharges, however, can
cause decompasition of SF, gas. Under the influence of
an electric wre 2 portion of the SE, gas is dissociated
infe its whomic constituents,

SF, = §+ OF

This reaction is reversible. Afier the discharge, the
dissociation products may recombine to form the
original molecule. Both solid and paseous products
such as SOE, SOF, SOF, SE, can result from these
secondary reactions, These products are not harmful in
the ahsence of moisture. However, they hydrolyze in
the presence of moisture and form highly corrosive
acids like HF.

Up to 150°C, materials such as metals, ceramics, plass,
rubber and cast resins, normally wsed in the
acceleralor systems, are stable in SF, environment.
Pure SF, is chemically inert and does not cause
corrosion. However, in the presence of molsture, the
primary and secondary decompasition products of SF,
form corrosive electrolytes which may attack and cause
damage resulting in operatonal failure of various
devices. As it is practically impossible to avoid
formation of SF, decomposition products corrosion of
devices can be largely eliminaied by the careful
exclusion of moisture and selection of suitable
aterials.

The excellent electrical Insulating properties of SE,
are attributable to its strong electron affinity (electro
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negativity), SE, has a dielectric constant of 1002 at
20,

Physical and thermal properties of SF,

The SF, is a colorless, odourless non-toxic and non-
inflammable gas with a molecular weight of 146.05 and
Is about 5 times heavier tan air. Some of its physical
properties, used in the system design, are 4s follows:

Gas density (20°C) {607 g/litre
Thermal Conductivity S13x 10" Wrem k
Heat transfer coefficient (1 30 Wim' k

bar, 2m fsec flow rate)

Specific Heat (25' C) 1 97.26 Jimol k
Details of the SF, Gas Handling System

In view of the above mentioned electrical properties it
was decided 0 use SF, gas as the insubating medium
and @ SF, gas handling system [3] was designed,
[abricated, (nstalled and commissioned at FOTIA. It
consists of an oll free compressor,  centrifugal
blower, a heat exchanger, dust filiers, dryers and @
vacuum pump ete. The schematic diagram of the SE,
gas handling system is shown in Fig. 2.

It has been designed 1o achieve the following

objectives:

1. Transfer of 8F, gas from cylinders 1o the storage
tank.

2. Transfer of SF, gas from the storage tank to the
aceelerator tank before starting the accelerator.

3. Transfer of SF, gas [rom the accelerator tank to the
storage tank for repair/mainienance work.

4 Recirculation of SF, pas during the accelerator
operation for removal of moisture, decomposition
products and cooling of various devices in high
voltage terminal and accelerator tank area.

Detailed heat transfer calculations were done to arrive
at the recirculation flow in order to remove the iotal
heat foad of about 20 kW from the system and to
ensure that high voltage terminal, which is having a
maximum heat load of about 5 kW, s maintained
within the permussible temperamre Lmit of 50°C
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(Fig 3), It was estimated that a wtal flow rate of 5000
Ipm, at an operating pressure of 6.3 kg/em’ of SE, i
required to remove the above heat load. A blower with
suitable capacity (7000 lpm) was designed, fabricated
and installed in the system. Out of the wal fow of
7000 lpm passing through the chilled water heat
exchanger, 5000 lpm goes into the accel tark

N, + CO, gas mbxture as insulating gas at 100 psig for
terminal voltages of up 10 34 MV and found
stisfactory,

An alr compressor having capacity of 110 CFM, raed
for o maximum discharge pressure of 125 psig and a
suction pressure of 1 atm, Is used It Is a non

and 2000 Ipm is used to cool the motor of the blower.
It was also esumated that a total head of 5538 mm of
water column, for SF, gas ai pressure of 6.3 ky/cm', is
required to maintain the above mentioned Oow rate In
the main eireuit.

Fg 4 18 -MM& brigh roltage terminal

From the main recirculation circuit 1000 lpm of gas is
diverted to the terminal section inside the sccelerator
tnk for adeqmie cooling of the components (4] like
|80 folding magnet, 100 amp power supply,
controllers for strippers, Faraday cup and ion pump
eic. installed inside the dome (Fig. 4) and 4000 lpm is
directy blown on 1o the high voltage column section
for the removal of break down products produced due
i high voltage corona discharges. A globe wabwe is
provided in the gas line 1o regulase and control the gas
flow into the kerminal The sysiem has been tested with

16t

lubricating type, vertical double acung, single stage
compressor  (de-ruted for  SF, application). The
compressor s used for transferring the gas from
cylinders to the storage tank and also from the storage
tank to the accelerator tank and vice versa.

The recirculating blower &5 a centrifugal blower
designed for a flow rate of 7000 Ipm at 6.3 kgfem' with
an equivalent discharge head of 130 mm water columa
ata pressure of 1 atm of alr,

Heat exchanger is a shell & tube type with single pass
on shell side and ten passes on tube side. It has gas on
shell side and chilled water on the wbe side. The beat
exchanger is designed 1o remove u heat load of 20 kW
and has a transfer area of 134 m', The gas (at 31°C)
when passed through the heat exchanger gets cooled to
5'C

A vertical vessel win column activated alumina filled
dryer is used for removing the moisture and
breakdown products. Activation of alumina balls is
done by passing pre-heated air &t 150°C through the
alumina bed.

Coarse and fine fillers are provided 10 make sure that
dust free SF, gas is circulated through the accel
column, Coarse fillers are pleated bag type suitable for
filtering disst purticles of sires above 1.0 micron. A fine
filter assembly has been incorporated in the gas fine &t
the entry of the accelerstor tank. Fine filler & o
cartridge type and has four borosilicate glass fiber
cantridges mounted inside 2 88 housing and is suitable
for filtering dust particles of size above 0.1 micron.

Safety Features of the SF, Gas Handling
System

The gas storage and accelerator tanks of the old 5.5
MY Van-de-Graaff accelerator are used in the FOTIA
The operating pressure in the Van-de-Graaff
acceleraior was 225 psig. In FOTIA, 5F, pas operating
pressure will be 50 psig. The ultrasonic and “In-sim™
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metallographic examinations carried out by the NDT &
Quality Evaluation Section of the Alomic Fuels Division,
BARC to monitor the condition of the tanks for their
continued use showed that it is safe 1o use the existing
tanks in the new system [5]. Since the muin health
bazard from SF, gas is that of a simple usphyxiant,
oygen deficiency monitors have been provided at
several strategic points in the building. If the oxygen
content falls below the safe limit of 16.5% level, a loud
wailing inside the high voltage terminal siren will
be sounded in the building indicating that building
should be evacuated immediately. SE, Is 2 very
expensive gas and s not readily available, Being a
simple asphydiant small leaks of SF, which are not
likely 10 canse substantial oxygen deficiency and hence

are not generally considered hazardous. However, the
safe limit for SF, concentration is given as 1000 ppm
(TLV) which 18 abowt 100 tmes lower than the
suffocation level. Thus, from both economic as well as
safety considerations Joss of SF, should be minimized.
For this reason, the storage and accelerator tnks and
pipe lines were thoroughly leak tested. SF, monitors
ure installed at the varfous strutegic locations in the
accelerator room, beam hall, control room, gas.
handling room etc. In order o tike care of any
catastrophic leakage, forced ventiliion system s
provided o bring down the concentration of SF, within
safe limit. A typical safety loglc, as shown in Fig, 5, is
followed for safe handling of SF, gas.

Fig. 5 Safety lngic flow shoed for SF, pas hendling in FOTIA
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Discussion

The gas handling system of FOTIA Is in continuous use
and Its performance is satisfactory, During the beam
trials it was found necessary (o introduce an additional
filter at the entrance of the accelerutor tank, which
assured 2 dust free recirculation of the gas through
high woltage columa section thereby reduclng the
number  of sparks  substantially,.  However,
incorporation of the additonal Alier has resulled (n
reduction of re-circulating fow.

The PFOTA has now heen  commissioned by
mz]mlmglmmnf“tnplon:rmu:lmlugesnﬂ.’.
MV. In a typlcal iment beams were ch

by measuring the Rutherford Back Scamering from
several targets and the energies were found o be in

agreement with the terminal voltages and field values in
the analyzing magnet
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Influence of Neutronic Parameters on the
Stability of the Advanced Heavy Water
Reactor

AK. Nayak, P.K Vijayan and D, Saha
Rescror Engineeving Divighon
Bhabha Asmic Research Centre

Abstracs

mtwmqmwmm&mmwdmmm Water Reactar has
boen two-phase flow, @ point
mumﬁrm mmdawuwﬂﬁmﬁn‘m

lor study the out-of-phase instability in the boiling channels of the reactor, -wmmma
model s also applied The results indicate that botb Type | and Type i density-titve instabilities can
oecur in the ractor in botl in-phase and out-of-phase mode of oscillations in the boiling channels of the
reactor, The stability of the reacior is found 1o incroase with increasy in negative void reaclivity cosfficient
ar decrease in furl time constant unithe that pbserved previously in vexsel type BIWRS, Decay ratio map was
predicted considering the affects of charmel power, channel inlet subcooling, foed water temperature and
channel exit guality, which are useful for the design of the reactor.

Introduction

7y HIS STUDY FOCUSES ON THE STABILITY BEHAVIOUR OF THE ADVANCED HEAVY WATER REACTOR (AHWR)

being designed IN India. This is @ 750 MWih pressure tube type heavy water moderated and light water cooled

mhgwmhcwﬁnmmrhﬂgﬂhmm“mmmw.mm
nnmlupumngmndlunusnd ! This iates large tall risers (or outlt feeders) to achiewe
required natural clrculaton Jow rate, which in trn, may cause larger owo-phase pressure drop in the riser portions
thin in the single-phase portion of the reacior cookant system composed of the downeomers, header, Inlet feeders, and
the single-phase portion of the core. Dominance of iwo-phase pressure drop may induce thermohydraulic instabillties
In the reactor as observed in our previous studies (Nayak etal, 1998). Such thermohydraulic oscillations may (nduce
mmqnsduumdmu;wnuﬁ—mmmmuummhymtmhmdmugqjjnwum
there ure several incidents of such coupled in op B BWRs In the past
Spedalmewmhﬁham&nnbﬂnbpknﬂumdhﬂﬂﬁmmmdum&ﬂuﬂusmt.lmlm&
Conrso plants (Giabdi et al, 1985). Since then many investigators have aempied 10 model and understand the
instabilities in the above reactors by both tme domain (Taldguwa, e, al., 1987, Muto, et al,, 1990, Araya, et ol 1991)
and froquency domain analysis codes (March-Leuba, 1990, Rao ef. al,, 1995). March-Leuba and Blakeman (1991)
were the first 1o show that the domi of in-phase or out-af-ph illations in a BWR depends on whether
the gain of the nevtronic feedback or the inlet low feedback 14 more predominant, Hashimeto (1993) showed that the
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occurrence of out-of-phase mode oscillations in a BWR depends on the subcriticality and vold reactivity feed back.
Uehiro et. al. (1996) showed that the interactions among the channels due 1o nevtron diffusion influence the out-of-
phase oscilkations.

The above studies clarified that the BWR instability s 4 complex phenomenon which depends on the state of the thermal
bydraulic behaviour of the system, neutronic feed back effects due 1o the vold, fuel lemperature and foel tme constant
Looking at the geometry of the AHWR (Fig. 1), it can be seen that the reactor contains many parallel channels which are
connected between Mwmdumﬂqﬂmhdauﬂuwmmmw
With such long feeder pipes, the period of density is | to be very much longer than that of a
Mmd:ypemllisnfmuuhwh\ﬂmﬂnmmnmdfuddmmmm
frequency thermobydraulic oscillations occurring in the parallel chunnels of the AHWR. Further 1o this, the effect of
Mmmhmmmmmmmdm;mrwwﬂmmdm In

addition, the decay raio maps for the reactor will be predi , VIrious of itioms, which will be
useful in the reactor design.
Faor this purpose, the th | model developed | ly (Nayak, et al. 2000) was used. This solves the Unearised

conservation equations of mass, momentum und energy and the equation of state for the (luid, assuming homogeneous
two-phase flow alongwith 2 point kinetics model for the neutron dynamics and 2 lnmped best transfer model for the fuel
thermal dynamics. In addition, the model considers the thermohydraulic interactions of parallel multiple channels with
the inlet and outlet feeders together with the external loop (i.e. dovncoemers). The characieristic equation has been
derived and the stability behaviour for in-phase and out-of-phase mode of oscillations were investigated from the roots
of the characteristic equation.

Primary Heat Transport (PHT) System of the AHWR

The schematic of the PHT Sysiem of the AHWR is shown in Fig. 1. As shown in the figure, the PHT system contains many
paralle] channels (408 numbers) which are connecied berween the header und the steam drums (four numbers) by an
equal number of infet 2nd outlet feeders respectively, Each sieam drum ks connected 1o the header by four downcomers.
The channels have inside dimeter of 120 mm and contain fuel bundles consising of 52 number of fuel rods and &
number of water rods. The outer diumeter of fuel rod le 11.2 mm and that of the water rod i 6 mm. There are six
spacers located in the foel bundles and they are separnted by equal distances along the length of fuel. The active fuel
length is about 3.5 m and the height of the loop above the core is about 30 m. The inside diameter of inlat feeders is
about 97 mm and that of the oudet feeders is abour 122 mm. The steam drums have 2 length of 10 m and inside
dlameter of 3 m and are kept horimontal. During normal operating condition the sieam drum pressure is maintined al
70 bar. This is & typical design configuration of the AHWR considered In the present anslysis. Boffing takes place in the
core and the two-phase mixture leaving the core is separated into steam wnd waler in the steam drum. The separated
steam flows into the terbine and an equal mass rate of feed water enters the steam drom. The cookunt circulation (n te
PHT system takes pluce by natural circulation.

Analytical Model

The anshytical model consists of (i) a thermohydruulic sability model, (H) 2 paint kinetics or a4 coupled multipoint

Hmm:nﬁtﬁhhmedhﬂhmmdumdd The thermohydraulic stability model assumes the low 1o be
le and Boussi proxi tor he valid for variation of density with temperature In the single-phase

Wﬂhwﬁﬂmmmm:lmpmmuhnw Bplé In energy

conservation equation i neglecied, two-phases are in thermo-dynamic equilibrive, axial uniform hew fus profile
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(Nayak et al, 1998}, heat losses in the loop pipings are neglecied, carry-over and carry-under in the sieam drum are
neglected and mixing of feed water in the steam drum Is complete (i.e. no thermal stradfication),

With these assumptions the conservation equations of muss, momentum wnd energy for one-dimensional two-phase flow
are ghven by

dp o

et e
L,_"'.,_ v JL _.£_ ¥ .1,

N (w'v) (w'v) (2)

ah M {q. hmrm‘ region, @)

MR & |0 unheaied region.
The equation of state in the rwo-phase region is given by
p=fph) @

The frictional pressure drop in the wo-phase region was estimated using the Barocry (1966) correlation, The local
pressure drop due 1o bends, restrictions and spacers was estimated as

Ap, = Kw' [ 2p4*, (5)
The governing equaiions are lincarised by superimposing small pertwrbations of w ,  , p,v and g, over sieady
stale values where

W o= wizlee”; b = hz)ee"; p = pl)ee” s v =vizlee g, =g, 56" ()

In Eg. (6) € is 2 small quandity and w, &, p, v and g, are the averages of perturbed flow rate, enthalpy, pressure,
Mwﬂhmhhhmm’dishmﬂWm Substituting them

in the the solution of the permrbed equations for various segments of the loop can be obiined

hmuﬁﬂu

In the single-phase heated region,

-_w_‘_—m n
. 1 FouW -

N -_.q_]n-. -, (8
Pu.-’[ " ]

I N PP i b L Wy e
e ) o

where t_=(p, AL, /w,). (10)

In the adiabatic single-phase region, the permurbed equations for Slow rae, enthalpy and pressure drop can be obtained
from Eqs. (7) 10 (9) respectively by substituting ¢, ,, and g, 10 be rero.
mmmmm
=w, +-3—*’.'[P P ‘—c“"}wQ{c"" - '"‘)]. an
W =[pert +Qent ], 12)
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B A
g [_+ DA ]

[wf-f Asvk{ { ” _qu,)_eqa‘.‘,_m} {g{r_(,qa ey enL.LWHH
£

2
ol Zw,.JjI[ et - )_2(,% -e“"):| _;,\‘ﬁr x
f ry hy

S,
(v&a'k_@)[ Y 5T

[p{e'!k e )+ Q{eﬁh gl ,}

(13

whcrcP=[—ﬁ;,nr, L AP W) = gy Aw, WL+, A m,];(r, —ret, (14)
Q=(h, - Pe"ryiet>, (15)
na =6 2107 402, (16)
Ci=dslvyawy, {7
=G (VR HAT S Wy Phg ), (18)

and ,, Isthe perturbed enthalpy at the inlet of boling region of the channel which can be estimated from Eg. (8).

In the adiabatic wo-phase region

w'=w:,+{w,'.l’v_)[vﬁl"hmjh;ll—e""]. (19)
h =hae™, (20)

O L Wa¥y [ v Ve

~Ap =| = L L oy

v ["’* DA’ ][w, TV k'{ T f }H hy, (21
L ] [ TSI e -

[mq’ S fe — il - +7H{e -1}

where T, =(p, AL w, ). (32)

Similarly, the periurbed pressure drop due to hends, orifices, spacers and other restrictions in various regions are given
by,
in the single-phase region, Ap, ., =(K, /pd” b, (23)

in the two-phase region, Ap, , = (K, /24’ ;[w;“h;,t\- e TR )+ 2%.’,.“-,,] (24)
The perturbed heat added/unit volume of coolant (g, ) Uit appeurs In the above caleulation depends on the neutron
and fuel dynamics which are estimated as discussed below.

Neutron kinetics
The point kinetics approximation is adopted for the netron field dynamics as given by
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ki b -
? - wnm +Saco 25)
= |
o) knBa)
= 1 AGH: (26)

Egs. (25) and (26) are linearised by perurbing over the steady state 95 discussed in section 3 and the perturbed
equations can be easily solved alier eliminating the steady state conditions to obtain
R
»-— 27
Is+ S i"._
o 1+h,

ta|=-

where n' i3 the perturbed neutron dessity and & s the perturbed reactivity which is refated to the void reactivity
fHicient and Doppler coeflicient as
E=Crn+CuT; .- (28)

In Eg. (28) y,and 7, are the perturbed void fraction and fuel wemperature respectively averaged over the heued
channel length. They can be estimated from the coolant density and the foel heat transfer equations as discussed below.

Fuel beat transfer model
Assuming only radial heat transfer, the fuel heat transfer equation can be writien as
"‘fcf%'Q(U_Hr"fu}_..('}'r..:', (29)
where m, Is the mass of fuel rods; €, s the specific heat capacity of fuel; H, is an effective heat transfer coefficient;
Qtr) Is the heat generation rate in the fuel rods; 7, (1) i the length average fuel temperature; @ is the heat transfer
area of fuel rods and 7., is the coolant saturation lemperature,

Perturhing Eq. (29) over the steady state for T, ., (1) and (A) and canceling the steady stale terms, we gel
T;‘(MIC};J- H';q’]ag. (30)
where (0 is the permurbed heat generation rate in the fuel rod.

Applying the heat balance equation for the heat transfer from fuel 1o coolant

Hoa (T, -T.)=q,4.L,. (30
Perturhing Eq. (31) over the steady state and canceling the steady stite terms we get
=gy AL | Ha,. (32)

Substituting Eq. (32) into Eg. (30) and rearranging we get

b
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I ) I
L Q_[Ifn,(’,ﬂﬂ',a,]' (33)
Since the heat generation raie in fuel is proportional o the neutron density, Egs. (27) and (28) can be substitued into

Eqg. (33) 1o yield
@ =Gy (34)

C, /(1 +r sKis+ i—’-‘g’--]

A,
bk e AL ' L
Qo $f.
Hoa(l+ r,s){n‘ug” X )

€,
and v, =L is the fuel ime constant.
H,a,

The density of two-phase mixture is given by

pEyp, +(1-ylp, . (36}

Perturbing Bq. (36) over the steady state and canceling for steady state condition, we get

¥ =P lpg =5 py) R a7
"

The channel average perturbed void fraction can be obtained by imegration as

+ 1 .j anl
Fo=— | —XLhds, 38)
", Pty
which can be approximated afier some algebraic simplification as
P =W W Wl 39)
| 1
where , = dia 1 [_L{,'u. —ety s _J_ il g ] (40)
bk "‘n "m- f L1 [ )

o e T Boente gty Bfant _ 0t 41
‘""Lh, *” ’|l' € ‘,|+h[¢ ] }] (41)
X, .ﬁ.".g.'..[u[ g"-' i 1):,,_,'(“.“ 1 A)ry + "T':E-}]:[(r, -r})s'“"], (42)
X =[{ G X =D pas |- i1, (43)

“ty!
ﬂ'[['p_;l]{'! +£Es.]+,_]“,‘_,qu,. 40
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-

h[ﬂ + TV 1; P (45)
Pt

Substinnting Eq. (39) into Eq. (34) an expression for the perturbed heat added per unit valume of coalunt (g, ) 1o any
channe! i for a permrbation of inlet fow rate (w,_ ) in the i, chunnel can be easily oblained as given by

G;Vl
1-G,v,;

), =( ) (), (46)

Conpled multipoint kinetics model
During an out-of-phase instability, nevtron diffusion from channel to channel may be an important factor due w change
in void fraction among the channels which the point kinetics model does not take into account. This may result in o
differenit g, for any channel than that calculated using Eq. (46), For this purpose, 1 coupled multipoint kinetics model
was applied in place of simple point kinetics model for the neutron kinetics. The moded considers the reactor lo contaln
N’ no. of subcaces which are suberitical, isolated by refleciors and influenced each other only through leakige
neutrons number of which is proportional 10 the average neutron flux over each subcore. Each subcore may contain
one channel or group of channcls having the same power and resistances.

Taking the model as *N' bure homogeneous reactors, the coupled multipoint kinetics equation for the J, subcore is
given by
k() - B) -1 & > (
B0 B ) 3 s+ T g @
i

=i o1
i

where ., is the coupling coefficient that desermines the reactivity contributed by the interaction of j,, subcure with
the i, subcore. In the analysis, o, is assumed 10 be consunt which can be estimated from the sieady stue condition of
Eq. (47) as

[ o -tu,f-f:'-. )
“II
el o
=
For small excess reactivity
N
p,.-i,,.,-l--zu,:'—‘- “49)

Jal,
-

Perturbing Egs. (47) and (26) for the {, subcore and solving them together as before for the point kinetics equation,
the perurbed neutron density in the {, subcore can be obtained as

L

¥ ~
slbne Y w210, 0)
=1 P
o

M
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5 sf,
where 7=1- S
n E.,u,,' s1)
N 6 N
Mjax 5P WS
G =lis+(1- ) ay—=——) + ) @ . (52)
E "n,_,, .Z.|”"-J % "nu,
Il J=i
Similar expressions can be derived 10 obtain the perturbed neutron density in other subcores which can be substinmed
into Eq. (50) and simplified 10 obtain the perturbed heat g jon rate in the /,, subcore as
gl _ Sy,
=o an ) X ==, (53)
@, f 'Z v "
=1
m[‘rv]u.w '{I;]w-a" 54
G for i=jf
"“F{-a_:,ﬁ:r inj 65)

The perturbed heat added per unit volume of coolant for any subcore can be obtained by substinging Eq. (53 into Eg.
(33),
Charactoristic Equation

Far consuant inbet subcooling, the equations for perurbed fow rae, enthalpy and pressure drop for single-phase and
two-phase reglons of the AHWR loop cun be expressed us functions of perurbed flow rate in the sieam drum (wy,)
long, Since all parallel paths wre connected between the header and the steam drum so

L
()= Y (), (56)

=)
Also, the perturbed pressure drop for all parallel paths between the header wnd the steam drum is the same, ie.

Pie = Py = Mg = Gy (W Jy = Gy(Wy )y == G (), = =G, (W Dy (57)

where Glw,,), 15 the sum of the perturbed pressure drop in the single-phase and two-phase region of the
channel { assocluted with its inlet and outlet feeders,

Similarly, the perturbed pressure drop between the steam drum and header can be expressed as
Pw =Py = APy =Gy (We ). (58)

For the ch istic equation the condition s that the perturbed pressure drop around the closed loop is ero, which
can be obtained by adding Eqs. (57) and (58) and rearranging as given by
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IF"'D%‘ZHG%'“ (59)

The stability of the system s investigated from the roots of the characteristic equation, If any of the roots s having 2
pasitive real pan, the system is considered unstable and for 2ero real part the system Is considered 10 be neutrally
suable. The system is considered stable if all the roots have negative real part,

In the AHWR as shown in Fig, 1, both in-phase and out-of-phase oscillations may occur. The out-of-phase mode
oscillation has characteristics similar to parallel channel thermolydraulic oscillations with coupled spatial neutron
dynamics. But during an kn-phase mode of oscilkstion, oscillations oceur in the boiling channels 2nd in the downcomers
without any phase difference between them.

From By. (57) we can express the ratio of perturhid flow rate ascillation between channels i and j as

(w,), [{w,a), =(G, I G,)=Re” 60)
mnbmmammmuumm&mThmamu.umu in-phase or out-of-phase
can be i | by substituting the roots of the cl Eq. (59) into Bq, (60).
Results and Discussion

Pure thermobydraulic instability

Belore studying the characteristics of nuclear-coupled thermobydranlic oscillations, it is required 1o study the pure
thermohydraulic oscillations of both the in-phase and ouk-of-phase modes in the AHWR. This investigation will suggest
the nature of dependency of the neutronics on the thermal hydraulic behaviour of the system, For this purpose, the
above analytical model without neutronic coupling (i.e. g, = 0) was applied. Figure 2 shows @ ypical flow stability map
considering the hottest channels of the AHWR. The analysis considers two parallel boiling channels alongwith te
associated inles and outlet feeders of the reactor. The stability boundary has been plotted as in the reference (Nayak et
al, 1998) oo N, vs. N, plane. The results indicate that the out-of-phase thermohydraulic escillations is more likely 1o
occur among the boiling channels than the oscilkutions of the in-phase mode because of the dampening effect of the
extra single-phase friction in the downcomer which stabilises the in-phase mode oscillation. Also it can be observed that
the difference in Type-Il instability boundary between two modes of oscillation is much larger than that for Type-l
instability boundary which is in agreement with the results of Van Bragi and Van der Hagen (1998). However, the
difference in the Type-1 instability boundary between two modes of oscillation is also significant unlike that observed in

the: Dod 4 BWI. The frequency of oscillition has been calculated ai the threshold point from the imaginary pant of
the root of the characteristic equation and also shown for both modes of oscillation in the same figure, The frequency of
illasion for Type-11 instability is larger compared 1o that for Type-1 instability. This is because the Type-] instability

occurs at low power when the fow velocity is smaller under natural circulation conditions than that for the Type-Il
instability which oceurs at much higher power. Hence, the fuid takes longer time to pass through the two-phase region
compared to the Type-11 oscillation case. In general, it s also found that the frequency of oscillation & very much less
o the ABWR channels compared to that predicted for the Dodewaard natural circulation BWR (Van Beagt and Yan der
Hagen, 1998). This is because the period of oscillation in the AHWR channeds is very large due 10 large wo-phase
region of the outket feeder pipes whose length may be several times of the chimney beight of the Dodewsard BWR.
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Coupled neutronic thermobydraulic instability

Influence of void reactivity cogfficient on tbe stability: Figure 3 shows the effect of C, on the threshold of stability
for the in-phase mode of oscillations between two subcores of the reactor considering the point kinetics model for the
neutron dynamics. The results indicate that with an increase in negative C,, the threshold power increases for Type-I1
instabilities and decreases thai for Type-1 instabiliies. The stability of the reactor is found 10 Increase with increase in
negative C,, . Results from previous investigations for vessel type BWRs have shown that the stability of the reacior
decreases with increase in negative C, Mnummmaummmmmmug
(1996), Van Bragt and Van der Hagen (1998)), However, the thermohyd jon fi for the Type-1 and
mﬂmmmmmmwmﬁlmﬂmhmeMdmmHhﬂtﬂ
low fi of th iy il (<007 Hz) as observed in the AHWR, stabilises the reactor due i less
ﬁmhxbuwmﬂnhdhmwmﬂnnmmddmnd:hmhﬁwﬂcmﬂhﬂum

Influence of fuel time constant : Meﬂmdmummmmmmdmmmwhﬂmhm
above cuse is shown in Fig. 4. The fued time constant will vary depending on the fuel prop
nndha:lbtmupVmﬁ«m(lmInlluwnmwﬁhmnweulhmpedpanmmrmoddhmn]ﬂbemlwn
25, The fued time constant in the present analysis has been varied over a wide range from its normal operating value to
study its influence on the stabiliry, It can be observed from the above Bgure that with increase in t, the threshold
power for Type-11 instability decreases and that for Type 1 instability incresses. The stability of the reactor decreases with
increase in fuel tme constant. Previous studies by March-Leuba and Rey (1993) have shown that changes in fuel time
constant have both stabilising and destabilising effects. They found out that the stahilising effect Is due to the inherent
mdmm«h«h@mmmmmmmm@mmwummmw
the feed back. For the low freq hserved in the AHWR, the phase detay is more
mﬂaﬁwm&m&rmh:mmhﬂmmwmmeﬂlmgeﬂmasmmdmme
present case.

Effect of radial Power distribution and inlet orificing on the out-of-pbase instability : Figure 5 shows the effect of
interaction between two subcores having different RPF and inlet orifice pressure loss coefficients on the threshold of
oul-of phase mode oscillation. In the analysis, one of the sub is always dered and it conigins
chasnels of channel Type-3 (L.e. RPF = 1.231 and K,=0.0} and the other subcore is considered to be varied with same
oumber of channels having different RPF and inlet orificing coefficient in such a way that its ovtlet quality almost
remains the same as that for the companion subcore. It can be observed that by reducing the RPF and increasing the
inlet orifice coefficient in ooe subcore greatly stabilises the out-of-phase mode of oscillation occurring in the other
subcore having channels with higher REF thereby enhancing the suhility of the sysiem.

Study of out-of-pbase oscillations using the coupled multipoint kinetics model

As mentioned before, during an out-of-phase mode oscillation neutron diffasion from channel 1o channel due 1o
variation of void may affect the stability. This effect has been predicied by the coupled multipoint kinetics model. The
coupling coellicient which determines the degree of coupling between subcore 1o subcore because of neutron diffusion
was determined and found 1o be about 3.5 mk considering the reactor core 10 be divided in 10 two equal subcores.

Comparison of stability maps between the coupled multipoint kinetics model and modal point kinetics mosdel
In the recent past, the oul-of-phase instability is explained as a phenomenon in which the neutron higher modes are
exclted by the thermal hydraulic feed back effects. The higher modes are all suberitical, which could result1n out-of-
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phase ascilk Jepending on the subcriticality of the | mode and the void reactivity feed back. A dertvation
of the modal point kinetics model g g the higher b jc modes of oscillations wre given in reference
(Hashimoto, 1997). 1t is of interest 1o compare the stability maps between the coupled multipoint kinetics model and
liunddmmwhmamnl-wmmdlwnmbrhmmdﬁmmhmmu
the eigemvalue sep between the funds  and first h jc mode) was considered 10 be wice the coapling
mddmhdwhduowdmﬁhm(l”ﬁ)mmﬁsmmmuéﬂlnmhm
the models give practically the same threshold power for stability for the above condition. In fact, the coupling
coefficient is an indication of the degree of suberiticality during an out-of-phase instability. The coupled multipoi
kinetics model has better advantage over the modal point kinetics model in analysing the out-of-phase instability.
Because, when analysing the stability behaviour of a reactor with multiple channels or subcores with different
flux distributions, the coupled multipoint kinetics model can handle the problem by considering suitable coupling
coefficients. On the otherhand, the modal point kinetics model assign a single value of subcriticality 1o all the subcores
of thelr flux distril

Decay ratio maps for the AHWR

The contour lines of constant docay ratio for in-phase mode of oscillation at different thermal powers and inlet
subcooling are shown in Fig. 7. Also, the constant feed waler iemperature lines slongwith the constant channel ext
quality lines wre shown in the same figures. From these maps it is clear that the reactor can have sulficient stabiliey
muargin with DR less than .4 with core inlet subcooling of less than 10 K for operating power of 750 MWih. Also, it is
observed that the Type [ instability occurs in the reacior at channe] exit quality of less than 10 %. With increase in
channel exit quality at & particular subcooling, the DR increases. Increase of channel inlet subcooling 2t & particular
mmmummmauw&-mdwmmnm

power. With increase in feed waler temp the g which has destabilising effect since the DR
increases.

Conclusions

Analysis was carried out 1o study the nuckear-coupled density-wave instability behaviour of the AHWR. The lollowing
insights sre obtained from this study:

(1) Both in-phase and out-of phase thermobydraulic instbility may occur in the AHWR channels at 7 MPa operating
pressure depending on the channel power and core inlet subcooling The frequency of oscillation of Type-ll

thermohydraulic instability is larger than that for Type-1 instability. The difference of threshold power between in-phase
and out-of-phase oscillations for Type-11 thermohydraulic instabiliy is Larger than that for Type-! instability.

(2) With increase in negative void reactivity coefficient (C, ), the threshold power for stabilisy increases for Type-Il and
decreases for Type-1 instabilities. The stability of the reacior increases with an increase in negative C, .

(3) With increase in foed tme constant( v, } the threshold power for stability is reduced for Type-1I and increases for
Type-1 instahilities. The stahility of the reacior is reduced with increase in fuel time constant.

(5)The stahility of the reactor incresses by reducing the RPF and increasing the inlet orifice loss coefficient of the
companion subcore when two subcores interact with each other.

(6) The coupled multipoint kinetics model predicts the same threshold power for stability as that of & modal point
kinetics model if the coupling coefficient is half the eigen value separation between the fundamental and first harmanic
mode.
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(7) The DR increases with increase in channel exit quality, inlet subcooling and d in feed water temp ala
constant power. The reactor can have betier stability margin for subcooling of less than 10 K

Nomenclature

4, beat transfer area {m’)

A cross sectional area (m')

€, void reactivity coefficient (Ak/k/Ay)

€, Doppler coeflicient (AWW/AT)

€, (1) defayed neutron precursor
concentration of group m

G, specific heat (Vig-K)

D hydraulic diameter (m)
 Darcy friction factor

¢ acceleration due to gravity (m/s')
b enthalpy (Vkg)

h, latent heat of vapourisation (V/kg)

H, heat transfer coefficient (W/m'K)

ki) effective multiplication factor

K loss coefficient

| prompl neutron life time (s)

L Tength of section (m)

m, mass of fuel rods (kg)

nit) neutron density

N, (wiwhy) I

N, (Ahfm)

p pressure (Wm')

¢, heat applied/unit volume of
coolunt (W/m')

5 stability parameter

1 time (s)

T temperamre (K)

v specific volume (m'/kg)

% o (mkg)

w mass fow rate (ky's)

1 muial distance (m)

Greek Symbals

a  coupling coefficient

P delayed neutron fraction
o volumetric thermal
expansion coefficient (K')
A decay constant of delayed
neutron of group m

W power (W)

t  fluid residence time (s)
1, fuel time constant (s)
A difference

p density (kg/m’)

t woid fraction
Subscripts

av average

© core

ch channel

d  downcomer

I liuid

B 'apour

H header

in inlet of section

& loss due to restriction
sal salurabon

8D steam drum

sp single phase

58 sieady stale

s8,av average steady state
sub subcooling

t ot

tp two-phase
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