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Abstract

The research and development activities of the

Radiochemistry Division during 1992 are briefly described under

the headings : (i) Nuclear chemistry, (ii) Actinide chemistry,

<iii) Spectroscopy and (iv) Instrumentation. Nuclear chemistry

work is devoted to studies on the fission process induced by

reactor neutrons and light and heavy ions on actinides and low Z

(Z < 80) elements, nuclear spectroscopy, nuclear data

measurements and synthesis and identification of transplutonium

isotopes. Actinide chemistry research work deals with studies on

the complexation behaviour of actinides, lanthanides and fission

products from aqueous media with a variety of organic reagents

such as amides, diamides, pyrazolones, and macrocyclic ligands.

Synthesis of double sulphates of Pu(III), partitioning of minor

actinides from high active waste of PUREX origin using octyl

phenyl N,N diisobutyl carbamoyl phosphine oxide (CMPO) and

selective carrier mediated transport of plutonium using liquid

membranes are the other studies described in this section. The

spectroscopic studies include thermally stimulated luminescence

(TSL) and electron paramagnetic resonance (EPR) investigations of

actinide and lanthanide compounds, photoacoustic spectroscopic

studies and development of methods for the estimation of trace

metallic impurities and rare earths in nuclear fuel materials

especially uranium silicide. On the instrumentation front,

microprocessor based temperature control programmers and a floor

monitor for detection of a-contamination were fabricated. A list

of publications numbering 95 by the scientific staff of the

Division is included in the report-
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I.NUCLEAR CHEMISTRY

1. Fission fragment angular momentum of Te, Te and Xe

in

H. Naik, S.P. Dange and T. Datta

Fragment angular momentum in low energy fission of actinides

arises due to pre-scission bending mode oscillation as well as

due to post scission Coulombic torque[1] between the separating

fission fragments for non-linear scission configuration. Studies

on angular momentum thus provide insight into the influence of

rotational degrees of freedom and the effect of nuclear structure

such as odd-even effect and shell closure proximity. As part of

our studies on fission fragment angular momentum, work has been

carried out on the fission product isomeric pairs Te, Te

and Xe in the thermal neutron induced fission of Cm.
245Electrodeposited targets of Cm( 2 ug) wrapped in 0.002b cm

thick aluminium foil were irradiated for 10-30 mins. in the
12 -2 -1

reactor APSARA at a flux of 1.2x10 n cm sec . Part of the

catcher foil was dissolved and tellurium was separated

radiochemically[2]. The other part o£ the catcher and

radiochemically separated aliqots were assayed for xenon and

tellurium using high resolution gamma spectrometry. The gamma

lines followed were 149.8 keV, 228.3 keV, 249.7 keV and 912.6 keV

of 131Te, 132Te, 1 3 5Xe g and 1 3 3Te m respectively. l32Te was used

as fission rate mon-itor. From 249.8 keV and 149.7 keV and 912.6

keV photo peaks activities, independent isomeric yield ratios of

135Xe, 131Te and 133Te were calculated using usual decay growth

equations and charge distribution systematics[3].

The independent isomeric yield ratios of Te, Te and



135Xe along with 123Sb, 130Sb, 1 3 2I and 1 3 4I from literature[3.4]

are given in Table 1. From the isomeric yield ratios Jrms were

deduced using spin dependent statistical model analysis[5]. This

Table 1:- Jrms of fission fragments in Cm

Fission Isomeric Jrms R&l. Deformation TKE

product Yield ratio fti) parameter(B) Expt. Cal.

b 0.551*0.094 10.7*1.4

130Sb 0.459+0.036 9.35*0.5
131Te 0.704+0.06 6.1 +0.7

133Te 0.563+0.049 4.6 +0.4
1 3 2I 0.482+0.044 8.9 +0.6

0.45 ±0.051 8.5 +0.7
135Xe 0.685+0.062 5.85+0.65

4

4

A

A

3

4

A

0 .92

0 .66

0.37

0 .01

0 .55

0 .44

0 .27

193 .5

134 .5

194 .5

193 .0

194.0

192 .0

190 .5

193 .5

195.2

194.9

198-4

194.6

192.8

190 .6

A. Present work.

code takes into account spin redistribution during fragment

deexcitat ion by neutron and cascade gamma emission. The Jrms data

are presented in Table 1. It can be seen from Table 1 that Jrms

values of 1 3 3Te, 1 3 4I and 135Xe are lower than that of 1 3 1Te,

Te, Sb and Sb which may be due to approach of spherical

82n shell. It can also be seen that Jrms o f odd-Z fragments

(128Sb, 130Sb, 1 3 2I and 134I) are higher than even-Z fragments

(131Te, 133Te and 135Xe) most probably due to polarization of

even-even core by the -odd proton or due to contribution from the

odd proton spin to that of the core indicating single particle

effect. These two observations indicate the effect of nuclear

structure on fission fragment angular momentum.

In order to investigate these aspects further, deformation



3

parameter(B) of the fragments at scission[3] were calculated from

Jrms values and experimental kinetic energy data using pre-

scission bending mode oscillation model and are given in Table 1.

The B-values for the specific odd-Z fragments eg.Sb and I

isotopes were seen to be extremely high. As mentioned above when

the same calculation was performed after taking into account the

single particle spin contribution 2h for the odd-Z fragments,the

B-values obtained were reasonable though higher than that of

even-Z fission fragments indicating core polarization. It is seen

that B values are very low in the shell region and are in

agreement with literature data evaluated based on static scission

point model[6].

References:-

l.J.O. Rasmussen, W. Norenberg and H.J. Mangs Nucl.Phys. 136,

465 (1962); M.M.Hoffmann: Phys. Rev. 133, B74 (1964).
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2. Angular distribution in alpha-induced fission of actinides

T.Datta, S.P.Dange, H.Naik and S.B.Manohar

Angular distribution of fission or heavy-ion reaction

products are investigated to understand the properties of the

fissioning nucleus in terms of the Transition State Model(TSM).

Strong correlation of angular anisotropy with mass asymmetry for



4

fission products was earlier reported from this laboratory in

232 233
Tn(a29MeV'fHI] and U(<X29 MeV'f)*2]. Preliminary results on

the mass resolved fission product anisotropy in Thla^g^Q^.t)

2 38
and U(<*29 and 39MeV >*) systems were also reported in parts in

earlier annual reports. Final results on angular

anisotropy,W(0)/W(90), as a function of mass asymmetry in these

systems are given in Table-2 and Figure-1.
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( 2 J + l ) e x p { - ( J + 0 . 5 ) - ' S i n ; - e / 4 K 0
3 } . J O t i ( J + 0 . 5 ) a S . : i " ' i . i .< . ?

erf [( J + 0. 5)/v'2K0J
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Table-2 :Anisotropy values for Symmetric and Asymmetric modes in
232Th(a,f) and 238U(a,f>.

Fissioning System:

E a (MeV)

E* (MeV)

<J> In

LAB. System:

W(0)/W(90)

:Symmetry

W(0)/W(90)

:Asymmetry

C M . System:

W(0)/W(90)

:Symmetry

W(0)/W(90)

:Asymmetry

1.

±0

1

•0

1
±0

1

±0

29.

23.

9.

38

.13

.68

.09

.26

.11

.55

.09

232Th +

0

5

1

1.

±0

1

•o

1
±0

J
±0

a

39.0

33.3

13.7

62

.10

.96

.11

.48

.09

.80

.10

1.

±0

1

±0

1

±0

1

+ 0

29.
23.

9.

37

.10

.66

.12

.25

.09

.52

.11

2 3 8u

0

4

8

+

1.

±0

1

±0

1

±0

1

±0

a

39.0

33.3

13.7

54

.06

.78

.09

.41

.06

.63

.08

where KoJ= IeffT/ti», Ieff~
1=I* 1-ll1 and T=*/(E-Bf-Erot)/a (2)

a(J) is the spin(J) distribution function, JO is the 0-th order

Bessel function with imaginary argument. Kn* is the variance of

the K-distribution at above-the-barrier(Bf) temperature(T) for

effective moment of inert ia(Ieff); 3j.and tyaxe the moments of

inertia for rotations perpendicular and parallel to the symmetry

axis respectively.

In the case of first chance fission with spin zero target and

projectiles the above equation is applicable directly with

o(J)*(2J+l)Ti(E) where TjtE) are the transmission coefficients

for J-th partial waves. With the onset of multichance fission.



7

successive chance fissioning nuclei are produced with modified

a(J) distribution at lower temperature i.e.,Ko*. The Kna for

these nuclei might be further reduced due to superfluidity below

a certain critical temperature(Tc). Consequently angular

anisotropy changes in successive chance fission. The angular

anisotropy for the symmetric and asymmetric modes might be

different due to the different extent of MCF on account of the

different barrier heights. The mass-asymmetry dependence of

anisotropy might also arise due to different Kg* values for the

two modes on account of different shapes as their saddle

configurations are different.

- Multichance Fission Contributions.
232The various chance fission contributions in Th(o,f),

23 8 2 3 3

U(a,f) and U(a,f) at different energies were calculated on

the basis of the ratio of fission to neutron emission widths

(rf/m) according to the standard statistical model [3J. The

relevant input parameters for fission barrier(Bf), neutron

separation energies and level density parameters(an) for

different nuclides are given[4] in Tables-3 to 5 along with the

results for the ratio of level density parameters (af/an)*1.0,

in agreement with the experimental average rf/rn data.

Table-3: % Multichance fission, Kn and various input

parameters in Th(a,f).

Fissioning Nuclide:

a n <MeV-»>

Bf (MeV)

S n (MeV)

E c (MeV)

2 3 6u

28.51

5.54

6.54

18.8

235U

29.05

5.90

5.31

6.8

234O

26.79

5.50

6.84

20.5

2 3 3U

29.05

5.80

5.79

6.5
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Table 3(contd.)

Fissioning Nuclide: 2 3 6U

Asymm. IJ.R eh /MeV)

Mode: I0 R (ii
2/MeV)

Symm. I 1 R (fi
2/MeV)

Mode: IftR Cfi2/MeV)

At Ea= 29.0 MeV,

E* (MeV)

<J> IT
%Fission

Ko : Asym.

: Symm.

At Ea= 39.1 MeV. ,

E* (MeV)

<J> "K
%Fission

KQ : Asym.

: Symm.

321.10

69.45

218.80

76.85

Jmax= 12.

23.5

9.1

42.8

69.6

93.1

Jmax= 19.

33.3

13.7

38.1

86.3

115.3

2

318

69

217
76

9 +f
15
8

7

48

64

4 *

24

12

8

69

92

.20

.18

.30

.31

.0

.6

.1

.6

.7

.6

.2

.5

.5

.5

2 3 4u

315.

68.

215.

75.

8.

7.

50.

13.

16.

17.
10.

44.

57.

75.

20

91

80

77

3

9

1

2
2

4
9

3

0

5

233O

312

68

214

75

-

-

-

8

9

9

22

29

.20

.66

.80

.23

-

-

-

.4

.9

.1

.5

.6

Table-4. % Multichance fission, Ko and various input parameters

238,
in 'U(a,f).

Fissioning

Asymm.

Mode .•

Symm.

Mode:

At Ea=

an
Bf

Sn
Ec

XMR
IXR

X,R

29.

Ea
<J>

Nuclide:

(MeV'1)

(MeV)

(MeV)

(MeV)

eh2/MeV)
(1i2/MeV)

(Ti2/MeV)

Cn"2/MeV)'

OMeV. Jmax

(MeV)

2 4 2Pu

29.00

5.10

6.30

16.9

335.40

72.23

228.20

80.14

= 13.8 "h"

23.4

9.0

2 4 1 P u

28.50

5.50

5.24

5.1

332.40

71.95

226.60

79.59

15.3

8.5

240Pu

27.41

5.07

6.52

14.1

329.40

71.68

225.10

79.04

8.6

7.9

239Pu

28

5
5

5

326
71

223

78

.00

.70

.66

.1

.40

.42

.50

.49

—



Fissioning Nuclide:

% FISSION

KQ '• Asym.

: Symm.

At Ea= 39.1MeV. Jtnax

Ea (MeV)

<J> IT
%Fission

Ko : Asym.

: Symm.

Table
242Pu

47.3

72.4

97.2

= 19.4 "ft
33.3

13.7

41.7

89.6

120.2

4 (contd.)
241Pu

9.2

52.9

70.6

24.9

12.5

10.4

74.2

99.1

240Pu

43.5

25.9

33.7

17.8

11.7

41.1

60.4

80.3

239Pu
—

9.7

11.0

6.8

30.6

40.5

Table-•5 % Multichance fission

energy in

Fissioning Nuclide:

A symm.

f-iode:

Symm.

Mode:

At 29.

an (MeV l)

Bf (MeV)

Sn (MeV)

Ec (MeV)

IXR (h2/MeV)

I(/R <h2/MeV)

ItR (h2/MeV

IWR (h2/MeV)

0 MeV. Jmax=

Ea (MeV)

<J> ti

% FISSION

Kg : Asym.

: Symm.

233U(a,f).

237Pu

29.05

5.20

5.90

5.20

324.10

69.72

220.40

77.40

12.5 t

22.8

8.8

84.0

68.5

92.0

and various input parameters

236Pu

28.51

4.50

7.36

19-.1

321.10

69.45

218.80

76.85

15.1

8.2

16.0

53.2

71.2

Calculations at lower alpha energies of interest showed the onset

of second chance fission at =18.5 MeV and third chance fission at

25 MsV in these fissioning systems. In ~ U(a,f) the first chance

fission was seen to be most predominant (87-84%), in excellent

agreement with the experimental average values. In this case the



10

«f/an ratio was U6ed as 1.1 due to higher fissility of 237Pu.

Tha calculated fission barriers for the symmetric mode are

usually 1.5-2.0 MeV higher than the corresponding asymmetric mode

barriers. MCF calculations showed the symmetric component to be

primarily due to the first chance fission as expected.

-Evaluation of Kg1 for the Symmetric and Asymmetric Modes.

Appropriate Kg' values for the symmetric and asymmetric modes

in each chance-fission nuclides are required to deduce the

angular anisotropies for the individual modes in the fissioning

systems 232Th<a,f), 238U(a,f) and 233U(a,f). For this purpose the

rigid body moments of inertia I^and I»for the individual modes in

each case were calculated using the " Funny Hills" shape

parameters { c,h;o }. In this approach the deformation energy of

the nucleus consists of the liquid-drop energy with the shell and

pairing corrections and the shape is described in terms of the

parameters: elongation(c), neck constriction(h) and mass

asymmetry(a)[5,6]. In the actinide region these shape parameters

are nearly constant and the fission barriers are essentially due

to the single particle effects. In view of these considerations

the { c,h } parameters used to define the shapes of all the

concerned nuclei were {1.60,-0.075} for the symmetric mode

. (a-0.0) and {1.75, 0.027} for the asymmetric mode with a-value

varying from 0.11 to 0.14. The rigid body moments of inertia IIR.

In R for the individual modes were then calculated in each case

as[6],

- 1/c + cJf(c3f-l)/7 + c5o'/7

' c»/2+l/2c+c*f(c3+c3f/6-0.5)-0.5c5a'(c3/5-l/7) (3)

f - 2h + c-1

in terms of IQ» the spherical moment of inertia.
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The KQ* values calculated using equations 2 and 3 need

corrections for superfluidity due to the BCS pairing interaction

depending on the temperature(T). In case T is below the critical

temperature(Tc) of a nucleus, the pairing interaction modifies

the spectrum of the independent particle states[9] reducing the

K(j" due to contribution of the states only above a minimum energy

i.e.. the pairing gap (6). In the superfluid condition(T<Tc) the

KQ* is given by [7],

IXR.IMR.f <T/Tc).A(T/Tc) T
K Q . = ( 4 )

.f (T/Tc)-IwR.A(T/Tc) "h
4/76 d h iR R

where Tc= 4/7.6 and the critical energy Ec=1.473 aTc .

The gap parameter,& and the integrals A(T/Tc) and f(T/Tc) were

taken from standard literature. The Tc, Ec and the KQ* values(for

the present alpha energies) are given for the different chance

fission nuclei in the Tables 3,4 and 5.

In each fissioning system at each energy the net

anisotropy for the asymmetric mode was evaluated as the weighted

average of the asymmetric mode anisotropies for the individual

chance fission nuclei. For the symmetric mode only the first

chance fissioning nuclide was considered. To calculate the

anisotropy in each case the appropriate K Q 1 values were used in

equation 1 with a modified spin distribution o(J) following

neutron emission (higher chance) but assuming the total spin(J)

perpendicular to the beam direction(M=0). The latter assumption

is valid as long as neutron emission is nearly isotropic. The

mass-averaged and .mass-resolved fission product angular

anisotropy from the literature and from this laboratory in the

fissioning systems 232Th(<x,f>, 238U(o,f) and 233U(a,f) in the

alpha energy range 16 to 40 MeV are compared with the

calculated anisotropies in the Figure-2 from which it can be seen
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1.0
20 28 36

Erf (LAB) IN MeV
44

FIG.-2 COMPARISON OF THEORETICAL & EXPERIMENTAL ANGULAR

ANISOTROPY IN 2 3 2 T h | d , f ) , 2 3 8U|tf . f ) & 2 3 3 U(cf , f ) .

EXPT. DATA : o THIS LAB.. • Ref.(5), *• R«f.(6), • R«f.{7)

THEORETICAL PLOTS.: ASYMM. MODE.

SYMM. MODE.



13

that: (a) Angular anisotropies at the different energies are

well reproduced by the theoretical calculations in all the cases,

(b) The agreement between the calculated and experimental

anisotropies for the symmetric and asymmetric modes in all the

three systems clearly show that the two modes have intrinsically

different angular distributions governed by the corresponding

configurations with characteristic shapes and barrier heights.

Such shape dependence is further apparent from the mass-asymmetry

dependence of anisotropy In U(a,f) where the multichance

fission (MCF) effect is not significant. (c) The stair-step

behaviour calculated anisotropy with input energy is seen to

decrease with increasing fissility. (d) Sharper fluctuations due

the MCF effect occurs in nuclei with high Ec("*U>"uPu) due to

the superfluidity. And (e) The symmetric mode angular

distribution is decided near the symmetric saddle (c =1.6 and h=-

0.03) while for the asymmetric mode the distribution is decided

much past the asymmetric saddle (c=1.75 & h=0.27) generally for

the actinides considered. In the light of the above analysis and

the observations (a to e), it is apparent that the present

approach based on T.S.M. is reasonably successful in the

interpretation of the mass-averaged and mass-resolved angular

distribution of fission products in medium energy fission of the

actinides.
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3. Fission fragment angular momentum at different kinetic

energy domains: entrance channel effect

T.Datta, S.P.Dange, H.Naik and S.B.Manohar

Fission fragment average angular momentum (Jav* i n

medium energy fission arises due to the collective rotational

degrees of freedom, dependent inturn on entrance channel angular

momentum and energy. While higher initial angular momentum

increases fragment Jav due to the rigid rotation and tilting

modes, statistical population of bending, wriggling and twisting

modes at higher temperature (excitation energy) also leads to

higher fragment Jav. For a given fragment, investigation on

fragment Jav at different kinetic energies or temperatures under

Varied entrance channel conditions provide indepth knowledge

about the role of collective rotational degrees of freedom. We

have earlier shown the effects of the tilting mode of rotation

through emission angle dependence of fission fragment spin and

entrance channel dependence of fragment spindl. In the present

work the effects of average emission angle and kinetic energy on

the fission fragment angular momentum are shown along with the

dependence on the entrance channel parameters.
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232 2

Electrodeposited Th target < 200 ug/cm )on 25pm

aluminium backing were irradiated with 18 MeV proton beam at the

VEC,Calcutta at typical beam currents of 1-2 uA.h Recoiling

fragments were collected on a stack of 7.6um and 25pm aluminium

catcher foils in the forward direction. Activities of 1 3 2
T e f

1 3 2 m!

and 132^j Were followed in both the catcher foils gamma-

spectrometrically as a function of time along with other fission

products. A 60 cc. HPGe detector coupled to a 4K MCA and with a

resolution of 2 keV at 1332 keV was used. Independent isomeric

yield ratios of m'0j were determined in both the catcher foils

after correction for precursor contributionCl]. Fragment Jav in

the 7.6pm and 25 pm catcher foils were deduced employing the

statistical model based code GROGI2 and the experimental

independent isomeric yield ratiosCll. The statistical model based

code calculates the spin redistributions during fragment

deexcitation by competitive neutron and gamma(dipole as well as

quadrupole) emissions and the Yrast level population.

Table-6 shows the fragment Jav in the 7.6 and 25pm thick

catcher foils for 132m'«i in
 232Th (Pi8MeV'f) a n d 232Th(a40MeV'f>

system[2]. The same table also shows the initial excitation

Table-6 .-Entrance and exit channel effects on fragment Jav-

System

E(MeV)
<I>ti

Ko2

Catcher

J a v <"fc>
7

12

232Z J ^Th

23

4

35

. 6 pm

.1+1 .2

+

. 2

.8

. 0

8

Pl8MeV

25 pm

. 9 * 0 . 5

7

15

232

.6

.6±

Th

33

14

65

pm

1.2

.2

.6

.0

<*40MeV

25 pm

9 . 5 + 0 . 5
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energy(E ), angular momentum <<I>) and variance (KQ ) of trte

tilting mode q. no. (k) in the two systems. It is seen that in

the thinner (7.6um) catcher, stopping higher proportion of lower

kinetic energy fragments, fragment Jav is higher as compared to

the 25um second catcher receiving a higher proportion of higher

kinetic energy fragments. Therefore fragment Jav decreases with

increase of kinetic energy or decrease of scission temperature in

232
conformity with our earlier observation in Th(a4ojvjev«f)

system. Another observation from Table-6 is lower fragment Jav in

23?
both the catcher foils in Th(pi8MeV'f compared to the same in
232 2 32

T n * a 4 0 M V f ) system. Such lower Jav in Th(p,f) system is

due to lower angular momentum and excitation energy available

initially compared to the Th(a,f) system. Accordingly the

available lowly spin states populated statistically in Th(p,f)
232lead to lower fragment Jav compared to the Th(<x,f) system.

Calculations were carried out to obtain the kinetic energy

distributions in the 7.6um and 25nm catcher foils on the basis of

observed activity ratios. In this calculation thin target-thin

catcher range-energy relationship was used[3] invoking

appropriate corrections for centre-of-mass velocity and fragment

angular distributions. The results indicate that the first (7.5

um) catcher contains 72% of the lower-than-average kinetic energy

and 60% of the higher-than-average kinetic energy heavy

fragments. As a consequence,the second catcher receives the

residual heavy fragments (28% lower kinetic energy and 40% higher

kinetic energy fragments). The kinetic energy distributions in

the first and second catcher foils are not significantly

different. The expected change of fragment Jav on the basis of

change in the kinetic energy distributions in the two catchers is

<2.5"n". The observed change in Jav is much larger perhaps due to
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emission angle dependence of fragment Jav sinceCl] in the first

catcher(7.6um) average e cut-off for transmission is <45°. Thus

first catcher attenuates fragments v:\th high Jav due to lower

kinetic energy as well as largt. angles of emission. As a

consequence, in the first catcher due to fragments of higher

temperature(low KE)>the statistical spin component is high and on

the other hand at large angles of emission due to the

contribution from larger average K-values the spin value

increases enhancing the total spin significantly as observed.

We therefore conclude that the observed effects of entrance (E

and <I>) and exit channels (kinetic energy and emission angle

dependences) on fragment Jav are clearly manifestations of the

interplay of the collective rotational degrees.
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4. Oxygen-16 induced fission of '"Bi at 89.5 MeV

S.S.Rattan and A.Ramaswarni

The fission of pre-actinides is mainly single chance due to

high fission barrier. The studies on the fission properties of

pre-actinides are very useful for testing the validity of

existing theoretical models. With this in view,fission studies on
209Bi were initiatedCl,2,3] using alpha particles with different
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energies. In the present work, o induced fission studies of

209
Bi have been carried out at particle energies of 89.5 MeV

using gramma ray spectrometry. The charge distribution in the O

209
induced fission of Bi has also been studied for the mass

chains 92, 97, 99, 101, 105, 112 and 117 using gamma ray

spectrometry.
209

Targets of super pure Bi were prepared by vacuum

evaporation on 7.6 um super pure aluminium foils. The targets of

0.8365 mg/cm of bismuth were used for irradiation. In order to

avoid the cross contamination of fission products due to large
209

activity of direct reaction products, the Bi target was

covered with a 0.76 pm super pure aluminium foil. The target

assembly was put in a target holder and irradiated for a suitable

length of time using 96 MeV O particle beam of * 100 nA

obtained at PELLETRON facility, Bombay. The energy of incident

O ions on the bismuth targets was calculated using the range

energy Tables[4]. The total charge collected on the target was

measured using an electron suppressed Faraday cup. The aluminium

catchers were mounted separately on perspex plates in suitable

geometry. The gamma ray counting of fission products was carried

out on a 8% HPGe detector coupled to a 4096 channel analyser.

The gamma ray spectrum analysis was carried out using program

SAMPOC5J. The cross section for the formation of fission product

is given by the standard equations[3]. There can be loss of

fission products in the 0.76 um aluminium foil, bismuth target

and transfer of momentum to the compound nucleus by the O

particles[23. So the net efficiency for the collection of fission

products was found as to be 0.535.

The peak area of the gamma ray peak of the daughter product

in the required mass chain can be related to the cumulative
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number of atoms of parent formed (per unit time) and independent

number of atoms of daughter formed (per unit time). The details

of the equation are given else where[3,7J. The slope (m) and

intercept (c) of the straight line gives the fractional

cumulative yield (FCY) of the parent by the equation:FCY =m/(m+c)

The data for the formation of fission products in the 0
' 209

particle induced fission of Bi at 89.5 MeV are given in Table

Table 7: Experimental cross sections in mb for the production of

fission products in the 16O induced fission of 209Bi at 89.5 MeV.

Fission

Product

85tnKr

9 1Sr
9 2Sr
9 5Nb
9 7Zr
9 8Nb
9 9MO

- 1 O 1TC
1 O 3RU
1 0 4Tc
1 O 5RU
106m R h

1 0 7Rh
U1Ag
112Pd
113Ag
115Cd
117ln

Cross

in mb

1.044

2.895

1.971

2.668

2.786

2.072

0.619

3.058

8.50

5.55

7.17

1.93

4.45

9.63

4.09

9.00

3-66

1.83

sect

± o.

± o.
± o.

± o.

± o.
± o.

± 1.

± 2.

± 3.

+ 2.

± 1.
+ o.

± o.

± r.
± 2.

± 1.

± o.

ion

392

934

609

973

305

198

290

50

84

06

79

76

94

41

39

88

46

Fission j Cross section

product I in mb

92,

97Nb

99
Tc

105Rh

112Ag

116m

117m;

In

'Cd

2.222 + 0.635

1.907 + 0.743

0.0154+ 0.0089

9.47 + 1.58

3.44 + 1.22

2.144 + 1.40

1.79 + 1.38
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7. The errors listed are the standard deviations between the

results from different irradiations and various gamma rays. From

a plot of the production yield distribution of the fission

products as a function of mass, yield was found to be symmetric

with peak near mass *107 and FWHM around 16. Table 8 gives the

values of FCY determined in the 16O induced fission of 209Bi at

89.5 MeV. The fall in the FCY values determined in 16O induced

209
fission of Bi as compared to the neutron induced fission for

the same mass chains indicates the charge distribution in 16,

induced fission of 209Bi is broader.

Table 8:Experimental fractional cumulative yields in the 16.

induced fission of 209Bi at 69.5 MeV.

1

|Parent

[Nuclide

|92sr
|97Zr

|99MO

|101Mo
105Ru
112Pd
117mcd #

i

|Gamma energy
jof daughter

|in keV

| 934.6

| 657.9 •

| 140.5

| 306.8

| 318.9

| 617.4

| 158.6,

1 553.0

i

0.563 +

0.589 ±

0.980 +

0.517

0.574 +

0.601 +

0.404 +

FCY

i

0.088 |

0.044 |

0.013 |

0.186 |

0.042 |

0.246 j

The FCY value of 7mCd is partial because here only m state

of 117Cd is involved.
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5. Mass distribution in 16O-induced fission of 232Th

A.Goswami, A.v.R.Reddy, B.S.Tomar, P.P.Burte, S.B.Manohar

and Bency John

Nuclear Physics Division

In order to systematically study the mass distribution with

different target projectile combinations at varying excitation

energy, mass distribution in 0 induced fission of Th were

carried out at Eiab= 92 and 105 MeV. Earlier, mass distribution
1 o 232

in C induced fission of Th was reported from this lab [1],

The cumulative/independent cross-sec • ns of 18 fission products

were measured with the recoil catcher technique followed by

direct gamma spectrometry. The measured cross-sections were used

to obtain the mass distribution, the fission cross sections and

the total number of neutrons emitted per fission.

The experiments were carried out with 92 and 105 MeV O

beam from the BARC-TIFR PELLETRON accelerator at Bombay. A self
supporting thorium target of thickness 2.5 mg/cm was covered
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with a 0.0025 cm aluminium catcher foil to collect the recoiling

fission products. The beam current on the target was measured by

an electron-suppressed Faraday cup and was in the range of 10 to

15 nA(particle). After irradiation, the target along with the

catcher was counted for fission product activities using an

efficiency-calibrated 60 cm HPGe detector coupled to a PC based

4k MCA. The resolution of the detector was 1.8 keV at 1332 keV.

The cross-sections (oc(A)) of the individual fission products

were calculated using the following equation

ac(A) = Ao(i)/[N<t>(l-exp{- AT))] (1)

where Ao(i) is the absolute disintegration rate at the end of

irradiation, N the number of target nuclei/cm , <|> the number of

particles/s calculated from the measured beam current, A the

decay constant of the radionuclide and T the time of irradiation.

In order to obtain the total cross-section (oik)) for the mass

chain, it is essential to correct the measured cross-sections for

the fractional cumulative yields, using charge distribution

systematics. With the usual assumption of a Gaussian charge

distribution, the measured cumulative/independent cross-sections

are related to mass yields by the following relation;

FCY(A,Z)= — — - — /exp[-(Z-Zp)2/2s2]dZ (2)

•ys? ""*

a(A)=oc(A)/FCY (3)

where Zp is the most probable charge and s the charge dispersion

parameter. It is assumed that Zp follows a unchanged charge

distribution (UCD) as given by the expression,

Zp<A)= A/UAf-tftWZf} <4>

where Zf and Af are the nuclear charge and mass number of the

compound nucleus and *t t n e total (pre and post scission) number
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of neutrons emitted per fission. Taking initial values of v£ and

s as 9 and 0.88 [1,2] respectively, the measured

cumulative/independent cross-sections were converted to mass

yields using the equations (2) and (3). These parameters were

used to obtain symmetric mass distributions with minimum

deviations from the measured yields. The best fit was obtained

with s = 0.90 and (Af - V^J/Zf = 2.47 at 92 MeV and 2.46 at 105

MeV. The mass yield curves are shown in figures 3a and 3b. The

solid lines are Gaussian fits of the mass distribution. The

centroids of the distributions were 119.8+0.75 and 118.9+0.80

amu and the FWHM 48.0+2.5 and 52.0 + 2.8 amu respectively. The

centroids lead to V\ values of 8.4 ± 1.5 and 10.2 ± 1.6

respectively. The fit parameters were used to obtain the total

fission cross-sections at these energies, i.e. 386 + 35 and 595 +

40 mb at 92 and 105 MeV respectively. They are in good agreement

Table 9:Data on mass and charge distribution and total number of

neutrons

System Projectile Excitation

energy energy

(MeV) (MeV)

FWHM

(amu)

ref

(mb)

2 3 2Th +

2 3 2Th +

2 3 2Th +

2 3 8U +

2 3 8U +

* This

12C
16O

1 60
16O

16O

work

79

92

105

101

135

52.11

49.53

61.69

56.31

88.17

6.0

8.4

10.2

9.0

11.5

45

48

52

50

52

0.

0.

0.

0.

0.

88

90

90

95

90

860

386

595

590

1265

4
*

*

2

3
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with reported values [4]. The data obtained in this work and from

literature for similar systems are summarized in Table 9. A

broad, symmetric mass distribution is characteristic for all

systems in the excitation energy range of 50 to 90 MeV. The FWHM

of the mass distribution slowly rises with the excitation energy

and the charge dispersion parameter is around 0.90, quite

independent of the excitation energy and fissioning system.
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6. Systematics of fission barriers: analysis of Tf/rn and Ef'-

Bn' for separation of symmetric and asymmetric fission

barriers

A.K.Pandey, P.C.Kalsi, R.C.Sharma and R.H.Iyer

As part of a long range and systematic program of

experimental work on the fission properties of low Z (Z<80)

elements at moderate excitation energies using He -ions from the

VECC Calcutta, we have recently extended the range of nuclides

for which fission excitation functions have been measured to

159Tb <Z=65) /1,2/. Our fission barrier data on the compound
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nuclei 163Ho, 171<3Yb, 169Tm and 1 7 7 < 1Hf along with similar data

available in the literature have been used to bring out some

interesting predictions concerning the trends and systematics of

symmetric and asymmetric fission barriers in lighter and heavier

nuclei. The results are discussed here.

One of the most interesting results arising out of the present

analysis is the striking linear relationship between the login

Tf/rn (normalised to a constant excitation energy of 40 MeV) and
2 1 6 3 2 1 3

Z /A for the compound nuclei from Ho to At. The linear

relationship extends over 7-8 orders of magnitude for the logio

Tf/rn values.It was observed that the logjo Tf/rn data in the

Ho to At region where symmetric fission is predominant can

be represented by the equation

Logi0rf/rn = 1.26Z
2/A - 44.77 (1)

However, in the actinide regions ranging from Th- '"Fm (all of

which are predominantly asymmetric fission nuclei), only a

relatively weak dependence of logjo rf/rn o n z /& w a s observed.

The logio ^f/rn data in the actinide region can be represented by

the equation

Log10 Tf/rn = 0.366 Z
2/A - 13.455 12)

A theoretically more meaningful analysis may be the

correlation of Ff/rn with Ef'-Bn' where Ef' and Bn' are effective

fission barrier and neutron binding energy respectively. The

values for Tf/rn at 40 MeV, and the effective fission barrier

Ef', were taken directly from the experimental determinations

because any necessar-y corrections to Ef are inherent in the

measured thresholds. The effective values for the neutron binding

energy Bn', were obtained by assuming

Even - Even Bn' = Bn + /\p
n + /\Sn

Even - Odd Bn' = Bn + /\S
n



27

Odd - Odd Bn' = Bn - A P " +

Where Bn is the ordinary neutron binding energy, /\pn is the

pairing energy correction (+11/A1/2), /\Sn is the shell

correction (taken as a positive value for ground states lying

below the reference mass surface) and the even-odd

characteristics refer to the residual nucleus after neutron

emission. The values of Bn and l\S
n were taken from literature

/3/. Based on minimum sum of squares of deviation, 50% shell

correction with pairing energy term was found to best represent

the data and can be represented by the following equation:

Log10rf/rn = 1.593 - 0.452 {Ef'-Bn') (3)

The results suggest that shell effects tend to persist even at

higher excitation energy .

On combining equation (1) and (3) the following equation is

obtained.

Ef' - Bn' • 102.57 - 2.79 Z
2/A (4)

If one neglects, or averages out shell effects, and assumes Bn*

is approximately constant, then

Ef = KX - K2 (Z
2/A) (5)

where Kj and K2 are constants. This is the same form given by

Cohen and Swiatecki /4/ for obtaining the barrier of a charged

liquid drop. Since the equation (4) represents symmetric fission,

the Ef' in the above equation can be assumed to be

Ef'(symmetric)• T n e symmetric fission barriers obtained from the

above equation were compared with the experimental symmetric

fission barriers available in the literature /5,6/ from

phenomenological analysis of the probability of symmetric and

asymmetric fission of nuclei (kinetic energy measurements) and

from analysis of fission excitation functions and are given in

Table-10. It is obvious from these results that the symmetric
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fission barrier obtained from equation 4 are reasonably close to

experimentally observed fission barrier. However, such type of

analysis is not possible for obtainining asymmetric fission

barriers by extrapolating fission barriers of actinides nuclides

(predominantly asymmetric fissioning nuclei). The main reason

behind this may be that although asymmetric fission barrier in

actinide region is lower than symmetric fission barrier , it may

be comparable in magnitude. Hence the average fission barrier

obtained by analysis of excitation functions may not essentially

represent the asymmetric fission barriers. The available

experimental data on asymmetric fission barriers was plotted

against Z /A. From the limited available data on asymmetric

fission barriers /5,6/, it is apparent that asymmetric fission

barrier (Ef'(asy) - Bn') is linearly dependent on Z /A. Based on

the available data, the asymmetric fission barrier can be

represented by the equation

Ef'Usymr Bn' = 235.11 - 6.65 Z2/A (6)

From Table-10, it appears that near A=200, asymmetric

fission barrier may become so much higher than symmetric fission

barrier that asymmetric fission may not be experimentally

observable below A* 200 and hence it disappears around A* 200/5/.
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Table-10: Symmetric aad asyometric f i s s ion b a r r i e r s

. fission Eip. syrai. Asymm. fission Eip. Asynm. Average Eip.

Huclide barrier f iss ion ' barrier fission fissioa

(From eq.4] barrier [Froa eq.6] barrier barrier

KeV HeV HeV HeV MeV

Ho

L 71.3 yb

173La

177.1H[

2 O 1I1

2 l 0Po
213At

226AC

227AC

31.66

30.01

25.00

27.62

27.01

21.47

20.67

15.43

11.69

8.65

9.59

--

--

--

-

--

21.2

17.3

9.3

8.8

8.5

8-5

57.90

53.90

51.14

47.68

46.57

28.02

23.51

17.04

12.06

5.98

7.45

228Ac

232

233

232

238n

Fa

9.02

9.93

9.50

6.87

8.26

9.2

7.47

7.71

7.87

1.65

3.54

--

--

--

--

--

--

24.4 •

19.6

7.95

7.80

7.40

7.30

7.0

7.2

--

--

--

31.5

29.8

27.8

28.7

26.7

22.5

20.4

16.8

--

—

-

—

—

5.95

6.44

6.18

5.30

* Obtained by analysis of excitation functions.
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7. Analysis of the fission excitation function of 87 F r

compound nucleus by using angular-momentum-dependent fission

barriers

A.K.Pandey, P.CKalsi, R.C.Sharma and R.H.Iyer

Studies on heavy-ion-induced fission have been an active

field of investigation in the recent years . In most of these

studies, the fission excitation functions have been measured and

analyzed within the frame work of the statistical model by using

angular-momentum-dependent fission barrier Bf (J) obtained from

the rotating liquid drop model (RLDM). These Bf (J) were

adjusted with angular-momentum-independent parameters Kf or /Af .

defined by Bf(J) = Kf BfLD(J) and by Bf (J) - BfLD{J) + A f ,

respectively. For an adequate description of the measured

excitation functions, Bf(J) values smaller than Bf (J) have

been found in most of the cases . Thus, for example Kf was found

to vary from about 0.55 to 0.85. However, a more recent Bf (J)

calculation by Rotating Finite Range Model (RFRM) has been shown

to give a good representation of data on the composite system

181
Re without the necessity for renormalizing the calculated

( 4 )barriers heights . In the present study we have analyzed the

213 16 197
fission excitation function of Fr formed by the O + Au
reaction, in terms of the statistical model using angular-

2 3

momentum-dependent fission barriers obtained by RLDM and RFRM .

We have also compared the experimental anisotropy and those

calculated by the Standard Statistical Saddle Point Model (SSPM).

Experimental details are given in some of our related

publications4'5. Briefly, the targets of Au-197 of about 700

ug/cm2 thickness deposited on high purity silver foils of 10-12
mg/cm2 were used. The fission fragments recoiling in the backward
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hemisphere were detected in a cylindrical lexan track detector

mounted in a specially designed target assembly which acted as a

Faraday Cup and which allowed measurements over laboratory angles

from 90° - 165°. The centre-of-mass transformation was done by

assuming symmetric fission with kinetic energy given by Viola

systematics . The absolute fission cross sections were calculated

by integrating the fitted anisotropy function and from a

knowledge of the integrated beam current and number of target

atoms.

1. Analysis of Excitation Function:

Statistical model fits to the experimental excitation

functions were performed by using angular-momentum-dependent

fission barrier Bf(J) from RLDM2 and RFRM3 at different <l>av

values (Fig. 4). We have included some experimental values from

Sikkeland also which he could not utilize for some reason for

obtaining the fission barrier systematics of Q-J Fr . The total

reaction cross sections (OR * OCF < where' OCF *s complete fusion

cross section) were calculated from the optical model using

parabolic approximation to the real part of barrier and

the experimental value for Tf/rn was calculated by

Tf / Tn = 1 / (oCF/Of - 1)

The af/an ratio was floated; the best fit was found to be

1.00. Another parameter i.e. the ratio of rotational energy at

saddle to equilibrium Rs°/Re° was also floated and the best fit

was to be 0.75. From Fig. 5, it is obvious that best fits to the

experimental data are provided by Bf(J) from RFRM and the

predicted cross seotions are smaller with Bf(J) from RLDM. From

this analysis, it can be concluded that experimental excitation

function is consistent with RFRM Bf (J=O) values of 7.62 MeV

for 213Fr.
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2. Analysis of experimental anisotropy:

The experimental anisotropies at different

energies of O were compared with those calculated by 5SPM and

are given in fig.6. The value? of Rs° and Bf, obtained by

analysis of excitation functions and Jeff. from Back et. al

=l-4) were used in the calculation. The level density

parameter was taken as Ac^/8. The experimental results from our

g

work and other published work are consistent with expected

values (fig.6) and indicates that there is no unusual entrance
channel effects in this compound nuclear system.
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8. Absolute fission yields In the fast neutron fission of

actinides

H.Naik, A.K.Pandey, A.Q.C.Nair, R.J..Singh, A.Ramaswamy, P C .

Kalsi and R.H.Iyer

The experimental work on the IAEA supported project

"Measurements of absolute fission yields in fast neutron fission

of act.nides* was continued with the emphasis shifting to <a)

measurement of low yield symmetric and asymmetric products and

(b) short-lived fission products.

The low yield products were separated using a specific single

or two-step chemical separation procedure to reduce/eliminate

gamma ray interference from high yield fission products. Using

this procedure the absolute yields of fission product isotopes

of silver, cadmium and antimony (representing symmetric fission)

and rare earths (representing asymmetric fission) were measured
2 38in the fast neutron induced fission of highly depleted U

(obtained from IAEA) and Np. A few other high purity actinide

isotopes were also procured through IAEA for this project. Now.

these isotopes are being used for further experimental work.

The absolute fission yields of several short lived fission

products of Np in the fast neutron fission were measured for

the first time using the pneumatic carrier facility in CIRUS

reactor.The uncertainty in the amount of actinidd in the target,

variation in the neutron flux ate. was eliminated by using a

single target assembly which served both as the fission rate

monitor and as the fission product monitor ,and measuring both

fission products activity and the fission rates simultaneously.

The absolute cumulative fission yields of 12 nuclides with half

lives ranging from 1 minute to 30 minute were measured. These
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fission products are Sr (7.3 M), Sr (76.1 Sec), *3Y (10.3 M)

, 104Tc (18.3 M) 108Fu (4.55 M), 137Xe (3.82 M) , 138Xe (14.2

M). 138Cs (32.2 M), 140Ce (1.06 M), 141Ba (18.27 M) , 145Ce (3.01

M) and 146Ce (13.52 M).

The experimental absolute cumulative fission yields of

symmetric, asymmetric and short lived fission products were

compared with the most recent fission products yield compilation

ENDF/B-VI and UKFY-2 obtained from the nuclear data section of

IAEA. The agreement of present experimental results with those

from above compilations was found to be excellent.

With a view to clearly defining the nature of the fast neutron

spectra being used for these measurements, the neutron spectrum

in the irradiation position in CIRUS reactor was measured using 8

threshold detectors like 155In(n,nf)155In, 58Ni(n,p)58Co/
56Fe(n,p)56Mn, 54Fe(n,p)54Mn, 27A1(n,a)24Na 238U(n,f),

"^Th(n,f), Np(n,f). The neutron spectrum at the irradiation

position in APSARA reactor was also rechecked using the above

threshold detectors.

The first progress report on this project covering the period

15th May 1991 to 15th Feb. 1992 was prepared and submitted to

IAEA.

9. Ultrasound - induced etching of Particle Tracks in Lexan

P.C.Kalsi, A.K.Pandey and R.H.Iyer

Charged particle tracks e.g. alpha, fission fragments etc.

in polymers can be developed/revealed by different methods

like chemical etching, electrochemical etching, decoration

techniques, grafting etc. High intensity ultrasound is an



38

important tool being used in various fields of scientific

research. High intensity ultrasound produces significant effects

in reactions involving heterogeneous systems and incidentally

chemical etching of particle tracks in polymer is also a

heterogeneous system (detector-etchant). Hence it was thought

interesting to study the effects of ultrasound on the chemical

etching of particle tracks in solid state nuclear track detectors

like CN, CR-39, Lexan etc. Preliminary results of the etched

tracks (profile) due to alpha particles in CN detector registered

from a solution of uranium in ultrasound induced etching had been

reported earlier by us elsewhere . The results of the ultrasonic

induced etching of fission tracks registered in Lexan from a

Cf source are described here.

252A planchetted Cf source was used in the present

experiment. The source to detector distance was kept ~6.5mm.

Fission fragments coming out of the Cf source wesfe recorded

using a cylindrical Lexan plastic track detector. The detectors

after the exposure were etched inside a beaker containing the

etchant with the beaker immersed in water in a Laboratory

Ultrasonic cleaner with an acoustic power of 250 Watts,, intensity

4 Watt per sq. inch 'and generating at a frequency of 20+3 KHz.

The detectors were also etched by the Conventional chemical

etching method for comparison purpose.

Horizontal strips of the detector at a fixed distance

from the base which corresponded to a fixed angle of emission of

the fragment with r.espect to the source were scanned under an

optical microscope (See Fig.7) to get the track density. The

track length was also measured. The results are summarized in

Table-11.

The bulk etch rate (Vj-,) of the Lexan detectors were
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determined by measuring Loss in weight and reduction in the

thickness of detectors after one hour etching in a) 6 U NaOH at

C0°C by the Conventional chemical etching method using a

thermostat and magnetic stirrer and (b) in 6N NaOH by using an

ultrasonic bath in ultrasound induced chemical etching. The

Table-11: Comparison of Ultrasound induced and conventional

chemical etching

Dist-

ance

from

base

mm

Angle of Ultrasound etching

incidence

Td Av.Track length*

Projected True

#/cm urn pm

Conventional etching

Td Av.Track

Projected True

um urn

6.9

9.9

13.3

14.9

50.19°

39.9°

30.78°

29°

4.88x10

2.76x10'

O.66xio'

6.05

6.95

0.49x10 5.60

9.00 1.56x10* 4.71 7.35

9.06 1.16xlO4 6.00 7.82

0.43xl04 4.50 5.24

6.40 0.43xl04 4.57 5.21

* Average track length is an average of 50 tracks

track etch rates (V"t) were also determined by making use of the

following expression involving track length (L), bulk atch rate

(Vfc,) of the etching time (t) Vt = L/t + V5.

The results are given in Table -12.

Table 12: Bulk etch rate and track etch rate determined by

conventional and ultrasound induced chemical etching

Bulk etch rate

(pm/hr)
Ultrasound Conventional

Track etch rate

(um/hr)
Ultrasound Conventional

0.40 0.64 13.90 12.02
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The other parameters derived from the V5 & Vt like the critical

angle of etching ( Qc = Sin"
1 Vb / V t ) , registration efficiency

(n - 1-Sin Qc ) and etching response (V = V^ / V^ ) are given in

Table 13.

From the above results, it is clear that high intensity

ultrasound can be effectively used for the chemical etching of

the particle tracks in Lexan. The possible advantages of

Table-13: Qc, n and V from both methods

Qc

1.65°

Ultrasound

n

0.971

V

34.74

Conventional

Qc n

3.05° 0.947

<

V

18 .77

ultrasound induced chemical etching over conventional chemical

etching were found to be :

a) Reduction in etching time

b) Bulk etch rate using NaOH as the etchant was found to be

less

c) The track etch rate was relatively high in ultrasonic

etching as compared to conventional chemical etching

(under similar conditions )

This indicates that Vt /V^ in ultrasonic induced etching

is higher than that in conventional chemical etching leading

to cleaner and better track profiles.
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12 9310. Recoil range measurements of evaporation residues C + Nb

and 16O +
 89Y

A.Goswami, B.S.Tomar, A.V.R.Reddy, S.K.Das, P.P.Burte,

S.B.Manohar and Bency John

We recently studied the excitation functions for the

12 93
formation of radioactive evaporation residues (ER) in C + Nb

16 8 9and O + Y systems with the projectile energy range of 4-6.5

MeV/amu which showed that the measured cross sections for some

alpha emission products are more than those predicted by the

decay of the compound nucleus (CN) formed by complete fusion (CF)

of projectile and target. With a view to investigating the linear

momentum transfer in these incomplete fusion (ICF) reactions we

measured the recoH range distribution (RRD) of the various

12 33radioactive products formed in the 63 and 77.5 MeV C + " Nb ana
1 (\ ft 9

68 MeV O + Y reactions.
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Thin targets of metallic niobium and yttrium of thickness

around lOOug/cm , prepared by evaporation onto thin aluminium

foils of thickness lOOjig/cm , were bombarded with 12C and 16O

beams for about 12hrs. A stream of 15 evaporated aluminium

catcher foils, having thickness around 100pg/cm2, was used to

stop the recoiling products. The thickness of targets and

aluminium foils were measured by determining the energy loss

241method using 5.49 MeV alpha particles from a Am source. The

beam current, measured with an electron suppressed Faraday cup

placed behind the target catcher assembly, was about 50 particle

nanoamperes. After the irradiation, the aluminium catcher foils

were counted for about ten days for the gamma activities of the

reaction products. From the measured activities, the cross

section for a particular product in different foils were

obtained using the well known activation equation. The measured

cross section of a particular product in each foil was divided by

its thickness and plotted against the cumulative catcher

thickness to obtain the recoil range distribution (RRD).

Typical recoil range distributions for ERs in 63 MeV C +

93Nb are shown in Fig.8(a & b). The RRDs for 101Pd and 100Pd are

found to follow a single Gaussian with the mean range equal to

that expected from full momentum transfer. On the other hand the

RRD for Rh (<x2n channel) shows two components. The higher

range component agrees with the range expected for complete

fusion product, while the lower range component corresponds to a

process involving incomplete momentum transfer associated with
99a

ICF. The data for the low spin isomer yRh in the case of 63 MeV

12C + 93Nb also shows two components while that in 68 MeV O +
8 9
Y system shows only low range component. The data for

12 93
technetium isotopes (2ctxn channels) in C + Nb system show a
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dominant low range component due to ICF while the CF part appears

as a long range tail. On the other hand the RRD of technetium

isotopes in O + Y system appear as broad Gaussians with mean

range equal to the CN value. The RED of 92mNb in 16O + 89Y

system shows only the low range component indicating its

formation only by ICF.

The detailed analysis of the experimental data, its

comparison with Monte Carlo simulation of RRDs for the formation

of ERs following CF, as well as comparison of mean ranges of ICF

products with the prediction of existing models is in progress.

Reference:

l.B.S.Tomar et al Z.Phys. A343, 223 (1992).

11. Single-nucleon transfer process in heavy ion reactions

T.Datta, S.P.Dange, H.Naik, P.K.Pujari and S.B.Manohar

Investigations on heavy-ion reactions(H.I.R.) provide a

wealth of information on a wide variety of nuclear reaction

mechanisms. One of the H.I.R. of recent interest in particular is

the single/multinucleon transfer reactions since these reactions

enable one to probe the single-particle aspects, collective

excitations and the features of giant quadrupole resonance in the

collisions between the two heavy nuclei. Apart from these

reactions the other important H.I.R. channels to study are the

complete and incomplete fusion processes, projectile break-up

process, the usual fusion-fission and ofcourse the deep inelastic

collision process( at higher energies). Presently we report the

results of preliminary investigations carried out on the single-

neutron transfer products in the system Au + O at near and
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sub-Coulomb barrier energies. The classical Coulomb barrier for

this system is 81 MeV.

The experiments were carried out at the pelletron

facility, TIFR. Stack-foil irradiation, recoil-catcher collection

and off-line high-resolution gamma spectrometric techniques were

employed to estimate the activities of the single-neutron

transfer (target-like) products 1 9 6 m a n d gAu and 198 m arvd gAu in

the reaction Au + O at the oxygen beam energies of 96 and 84

MeV. The corresponding average centre-of-mass bombardment

energies (E c m) were 81 and 74 MeV respectively. The irradiations

were carried out typically at an integral beam current of 200

n.Amp.h. Au-metal foil target and Al catcher foils used in the

stack-foil assembly were counted on a 80 cc HPGe detector coupled

to a 4k MCA system with a resolution of 2.0 keV at 1332 keV. The

gamma lines followed as a function of time were 147 and 188 keV

for 1 9 6 m A u , 356 keV for 1 9 6 < 3Au, 215 keV for 1 9 8 m A u and 412 keV

for the gAu. From the gamma activity of the °Au the
196isomeric yield ratiosd. Y.R. ) for Au were obtained as given in

Table-14. It was not possible to obtain the I.Y.R. for the

Table 14: Single neutron transfer reaction results in Au+ to

E c m(MeV) I.Y.R. for Au Cross-section ratio

)] 1 9 6 / 1 9 8 A u

74.0 0.027+0.005 691.6+100.0

81.0 0.260+0.031 347.7+55.3

1 98isotope Au due to much poor statistics. However, from the

final activities of the g-states (at large cooling times) the
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ratios of yields of Au and Au were deduced. The m-state

gamma-lines showed appropriate half-lives for the corresponding

isotopes.

It is seen that for both the isotopes resulting from single

neutron transfer the isomeric states 1 9 6 m a n d 198mAu of high spin

values 12- are produced. This indicates considerable amount of

single particle/hole effect in populating the high spin state.
1 no i Q/;

The formation of Au itself is much less compared to Au due

to the Qgg (Q value for ground to ground transition for binary
reaction) systematics. The change in the isomeric ratio for bAu

196/198
and cross-section ratio for Au with the input energy below

and at the Coulomb barrier(81 MeV) is not very sharp indicating a

peripheral type collision e.g., a quasi-elastic process as also

expected from detailed calculations at the energies concerned.

12. linear momentum transfer in a-induced reactions on ' Ag

R.Guin and S.K.Saha

The linear momentum transfer in a-induced nuclear reactions

is a subject of considerable interest. Since the linear momentum

transfer depends on the mechanism of nuclear reaction involved,

the study would provide insight into the mechanism of interaction

between the target and the projectile. The experimental quantity

to be measured for this study is the range for of the reaction

products. Self-supported thin silver foils were made into a stack

using aluminium degraders in between and irradiated with a-beam

of desired energy. The recoil energy of various products were

extracted from the yield distributions of the reaction products

in the target and corresponding catcher. The recoil range of the
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products formed by the reactions Ag (a,xn), x= 2&3, 107Ag

10 9(a,a2n) and Ag(a.yn), y=2-4 has been measured in the o-energy

range of 20-60 MeV. The measurement involved determination of y1-

ray energies, intensities and half-lives of products nuclei by y-

ray spectroscopy. Only the ranges of the radioactive products

were estimated. This energy range of o-beam was selected so as to

observe the effect of both equilibrium and pre-equilibrium

reactions in the linear momentum transfer process. Our

experimental results show a decrease in range of a product in

higher a-energy region. The preequilibrium processes occurring

at these energies is expected to be responsible for the decrease.

Theoretical calculations are being carried out to see how the

experimental results are reproduced by the model predictions.

13. The low-lying excited states of 197Hg (64.2 H) and the

isomeric transition and electron capture decay of

(23.8 H)

N.Chakravarty, S.S.Rattan, R.J.Singh and A.Ramaswami

The odd Hg isotopes (A=185-199) have shell model neutron

isomeric states that are fairly long lived. This indicates

a hindrance to transitions that could possibly be due to the non-

single particle nature of the low-lying excited states below it.
197

In Hg these states have been explored by hyper-fine

interaction techniques in the last two decadestl] but the

determination of their gamma intensities date back to the fifties

and sixties[2,3]. The total conversion electron coefficient (CEC)

of the transition from the isomeric state has been noted to

display some anomaly[4]. The present work updates the intensity
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dat- of these levels commensurate with modern day nuclear

electronics, determines the intensity and multipolarlty of the

hitherto unmeasured 18.18 keV photon and attempts to resolve the

question of the anomaly of the 165 keV CEC.

The 197T1, 197mHg & 197Hg activities were produced by

197
bombarding a thin Au foil with 50 MeV a particles from the

VECC cyclotron at Calcutta. The stacked foil technique in concert

with an 8% HpGe detector (FWHM 2 keV at 1332 keV) a 16K Canberra

MP system & standard ORTEC electronics were used. The details of

the experiment are to be found in [5]. The gamma ray spectra were

analysed using the program SAMPO[6]. The peak area was corrected

for the dead time losses arising from the spectroscopy

amplifier[7].

Using the principle of level intensity balance for the 3/2-

& 5/2- levels (cf. decay scheme in ref.8) & the standard

197
expression relating absolute intensity to dps for Tl, we

obtained the absolute intensities of the 152, 134 & the weak

18.18 keV photons [Table 151. In this way we also obtained the

relative intensity of the 165 keV gamma ray arising from the IT

of 197mHg & it's CEC, ones [Table 16]. In the determination of

Table 15-. Absolute gamma ray intensities and total CEC

165.0 keV 133.9 keV 152.2 keV 18.18 keV

% Inten- (8.51 i 1.80 ± 0.13 8.24 ± 0.56 (4.29±1.07)*10"3

Sity. 1.70)*10"3 &

Trans. Intens.[0.96 + 0.25 ]

Total CEC 320.94 • 64.19

8 Relative Intensity measured with the 133.9 keV photon of the
197mHg decay taken as 100%.
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these quantities, the values of 0134 & 0452 were taken to be the

experimental CECs[81. The IT & EC branching fractions were

obtained from a linear least square fit of the growth decay

197

equation pertaining to the activity of Hg. The log(ft>EC w a s

determined using the branching fractions and the log(f) valuesC9]

[Table 16]. The 18.18 keV peak was confirmed to be an Ml

transition by comparing the experimental intensity branching

ratio to that obtained for an Ml & E2 transition using the single

particle model of Moskowskl-Weisskopf[10]. Using the same model,

Table 16: branching fractions and log(ft)gc values for the decay

of 197mHg

197mHg Decay

IT Branching Fraction EC Branching Fraction log(ft)£c

91.4 ± 0.7 8.6 ± 0.7 6.21

the gamma transition probability for the 165 keV photon was

compared to the gamma transition probability obtained

experimentally whereby the hindrance factor was found to be only

about 4, strongly suggesting that the isomeric state is a single

particle 13/2+ state. This confirms the neutron i\3/2 assignment

given by other workers[11 & does not indicate a significant

anomaly of this level's characteristic.
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14. Electron capture probability in the decay of Po

S.K.Saha and R.Guin
208The study of K-capture decay of Po has been completed.

The Pj< value of 0.60 + 0.05 and ( L +M + )/K ratio of 0.67 for
208

the electron capture decay to the 925 KeV level of Bi have

been deduced from the intensities of x- and y-rays of the Pc

sample (spectrum shown in Fig.9). The total conversion

208coefficient for the 63 KeV transition in Bi was obtained as
208

7.17 + 0.65. The EC branch in the decay of Po was found to be

(0.0042 + 0.0004) % as compared to the reported value of

0.00223%.

Using the theory of Behrens and Buhring(l), the value of

(Li + L n + Mj + Mn)/K for the EC transition to the 925 KeV

208level in Bi was calculated to be 0.46. Thus the value of

+ Mjv)/ K ratio for this transition is 0.21 which

indicates that the contribution of higher orbitals like L J U ,

and Miv is significant as compared to the K-capture
2 0 8

probability in the 2nd forbidden EC decay in Po. However the

ratio of non-relativistic and relativistic nuclear matrix

elements was found to be 0.16 only. This indicates that there is
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no strong influence of the nuclear matrix elements in the orbital

208
capture probabilities in the EC decay of Po.

Reference:

l.Behrens and Buhring, Nucl.Phys.A 162,111(1971).

159
15. Electron capture probability in the decay of Dy

S.K.Saha and R.Guin

The electron capture probability in the decay of Dy has

been studied in order to determine the p^ values for its decay

159to the ground state and 58 KeV level in Tb and to compare the

experimental results with theoretical predictions. Both these

decays are known to be of first forbidden type. The pjc value of

the EC decay to the 58 KeV first excited state to Tb is

planned to be determined by x-y sum coincidence method, while

the P}c value to the ground state decay can be determined by the

measurement of total x-rays and the total feeding to the ground
i to i eg Icq

state of 133Tb by EC decay from 13yDy. The 13*Dy activity was

produced by irradiating Tb target foil with 11 MeV proton beam

for about 24 hours. The irradiated target was allowed to cool for

about a month to dscay the short-lived activities produced along

with Dy in the irradiation. The sample has been counted in

LEPS detector for a long time to obtain good statistics in the x-

y sum peaks. The detailed analysis of the spectra is being

carried out.

16. Synthesis and detection of .trace levels of Californium

isotopes

A.Ramaswami, G.K.Gubbi.J.N.Mathur,R.J.Singh and M.S.Murali
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As part of a program of research on the synthesis and studies

on the < nuclear and chemical properties of trans-plutonium

elements, short-lived Californium isotopes Cf (half-

iife:43.6m) and 246Cf <half-life:35.7h) have been synthesised and

detected in the 2 3 8U (12C,Xn) reaction(l) using the BARC/TIFR

Pelletron facility at TIFR Bombay.

Rolled natural uranium metal foils 25mg/cm thick were

12
irradiated with 87 MeV C ions. The ion current was measured

using a electron suppressed faraday cup. The average ion current

was 150 nA. After irradiation the foil was dissolved in 6M HC1
241with few drops of hydrogen peroxide. Am tracer was added to

this solution as an internal standard for the determination of

chemical yield and the detector efficiency.Bulk of the uranium

was selectively removed from this solution by extracting U(VI) in

tri lauryl- amine. The remaining traces of uranium were removed

by anion exchange separation. The resultant solution was

evaporated and the source was prepared for alpha spectrometry.

Alpha spectrum of the sample was taken on a silicon surface

barrier detector connected to a 4K analyser.The spectrum shows

the the events corresponding to 245Cf (Ea = 7.14MeV) and 24oCf

Eo= 6.75MeV) as a combined peak at 7.08 MeV. Fig-10 shows the

245

alpha spectrum after the decay of the short lived Cf.The alpha

energy peak at 6.68 MeV shows the events corresponding to
0 A A

Cf.The decay of the sample was followed for five days and the

estimated half-lives further confirmed the formation of these

isotopes. We could separate 10-20 Bq of Cf and Cf in the

present experiment. Preliminary values of the formation cross

section of 245Cf and 246Cf are estimated to be 6.9+0.7fib and

14.5+1.0 ub respectively. Spontaneous fission events from the
californium isotope were also observed on a Lexan solid state
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track detector.

Reference:

1. T.Sikkeland, J.Maly and D.F.Lebeck.

Phys.Rev. 169, 1000,(1968).

17. Radiochemical separation (carrier free) of vanadium from

titanium target

S.K.Saha and R.Guin

A method for radiochemical separation of vanadium from large

amounts of titanium, scandium etc. has been developed. The aim of

the work is to study the EC decay of V which will be useful to

search for and probably to estimate the mass of the massive

neutrino. A very thin source of vanadium will be required for

this purpose. Therefore a carrier free radiochemical separation

method for vanadium activity is required. The vanadium activity

was produced by different nuclear nuclear reactions using

helium ions, protons and deutrons available at VECC. It was

49
noted that V is most cleanly produced by the (o,n)

reaction on Ti. The reaction was carried out at 14 MeV of

deutron energy on natural titanium target when the cross

sections of other reaction channels are minimum and also the

cross-section of the reaction of our interest is sufficiently

high to produce the desired activity. The irradiated titanium was

dissolved in conc.HF. The solution was then oxidised by H2O2 and

evaporated to dryness. The residue was dissolved in 1.5M HF and

loaded in an anion exchange column (Dowex-lx 50) which was pre-

conditioned with 1.5M HF.It was then eluted with 3 column volume

of 1.5M HF, when vanadium comes out of the column with HF and
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other elements remain in the column. The Sc decontamination

factor was found to be about 100 and the radiochemical yield of V

was about 91%.

18. Separation of Lutetium from large amount of hafnium

S.K.Das and A.G.C.Nair

Lu is a versatile nuclear probe used in Perturbed Angular
1 75

Correlation Studies(PAC). This nuclide is milked out from Hf

which is produced, by Yb(o ,Xn ) reaction. A method has been
172 172

developed for milking out Lu from Hf making use of an
extraction chroma tographic technique. Di(2-Ethyl Hexyl)-

Phosphoric acid (HDEHP) was used as the extractant and Chromosorb

as the inert support.HDEHP has been a popular extractant for

di.tri, and tetra valent metals [1,2,3] and was used for the

first time by Peppard in the separation of lanthanides[2). At

acid concentrations > 0.01 M HDEHP provides a good separation of

the Lanthanides from mono, divalent elements. The property that

most of the tetra valent metals are extracted with high yields

from moderate acid concentrations while rare-earth elements are

extracted with low yield is made use of in the present case.

Hoffman and Michelson used the extraction chromatography to

separate Ce(IV) on a column of HDEHP adsorbed on

polytrifluorochloro ethylene and later replaced with PVC as the

inert support[3]. Extraction Chromatography offers many

advantages especially with respect to the higher separation

factors attainable and also in setting up a system to function

as a generator or Cow.

Spec-pure HfOCl2 and LU2O3 of about 10 mgs each were
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irradiated in Cirus reactor to obtain the Hf and Lu

isotopes. The irradiated salts were dissolved in cone.HNO3-HCI

mixture containing a few drops of HCIO4 and finally taken in 5M

HNO3. 50- 100 jil of these solutions were used as tracers. The

amount of Hf was varied from a few microgram to hundreds of

ings. The mixture of Hf-Lu was loaded on the column of 300 mg

HDEHP/gm Chromosorb and Lu collected in the washings of 5M to 10M

HNO3. The activities were gamma-spectrometrically assayed using

a HPGe detector connected to a multi channel analyser. Liquid-

liquid extraction was carried out by taking 3 ml each of the

aqueous phase in different nitric acid concentrations containing

the above tracers and equilibrated with 0.35 M HDEHP in Xylene.

The Lu fraction was found to be pure and quantitative

recovery could be achieved within 2-3 column volumes. The
A

decontamination factor was more than 10 . The Distribution Ratio

obtained for Hf and Lu at certain acid concentrations are given

in Table 17. Distribution ratio of Hf showed an increase from low

Table 17:- Distribution ratios of Hafnium and Lutetium

Acid Cone. Distribution Ratio.

Hafnium Lutetium

10M 97 0.57

5M 50.2 7.4

3M 33.9 3.9

2M 9.2 3.5

acid concentraction to higher acidity, wnereas Lu showed a

decrease in D.R with increasing acidity. The separation factor

at 10M HNO3 is about 200.Separation of Lu using 5 M HNC^t could

yield sufficiently pure fraction.
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19. Time differential perturbed angular correlation JTDPAC) study

of Hfo.85TaO.15*"e2

S.K.Das, B.S.Tomar and S.K.Kulshreshtha

Chemistry Division

The intermetal1ic compounds Hfi_xTaxFe2 with hexagonal Laves

phase structure are itinerant electron systems which undergo

first order ferromagnetic to antiferromagnetic transition for

0.15<x<0.2 before attaining paramagnetic stated) and for x=0.15

this transition occurs at 250K(2). Based on Mossbauer

investigations whereas for the antiferromagnetic state the spin

orientation is along the C-axis, in the ferromagnetic state the

spin orientation could not be established from these

measurements. Although the observation of large discontinuity in

the hyperfine fields at both sites suggests a spin orientation

from C-axis towards C-plane, no information is available about

the magnetic state of Hf atoms in this system. Time differential

perturbed angular correlation (TDPAC) is a. unique technique to

monitor the hyperfine interactions and spin orientation at Hf

site. With this in view we carried out the TDPAC measurements on

above compound at 77K and 298K.

The compound HfQ.85Ta0.15Fe2 w a s Prepared by arc melting of
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hafnium, tantalum and iron. The sample was confirmed by X-ray

diffraction to have hexagonal C-14 (MgZn2 type) Laves phase

structure. The transition from ferromagnetic to antiferromagnetic

in this sample was ascertained at 250K by AC susceptibility, and

DSC techniques(2). Nearly 50mg of this compound was sealed in

vacuum in a quartz tube and irradiated in APSARA reactor for 15

minutes at a neutron flux of 10 n/cm sec. so as to produce

181 180

Hf by neutron activation of Hf. The sample was then placed

in the fast-slow coincidence setup having three Nal(Tl) detectors

( one lHxl" and two 1.5"xl.5" crystals) coupled to high gain fast

PM tubes of RCA8575 ecruivalent. The time resolution of the setup

was 1.2 nanosec. for the gamma - gamma cascade of 133 - 482 keV

of 181Hf. The 1.5"xl.5" detectors were placed at 90° and 180°

with respect to the l"xl" detector. The TDPAC spectra at the two

angles were simultaneously collected in a series 88

multiparameter analyser system for a period of 12 hours so as to

accumulate 15000 counts in the peak. The calibration of the

analyser was kept at 400 pieco sec. per channel.

From the coincidence spectra W(90,t) and W(180,t) at the two

angles the attenuation factor G£(t) was obtained. Figures 11 and

12 show the G2<t) spectra at 298K and 77K respectively. The G2(t)

data were fitted into the perturbation function for combined

magnetic and electric interaction to obtain the electric

quadrupole- and magnetic- interaction frequencies denoted by WQ

and Wj4 respectively. The magnetic field strength was then deduced

from WJI using the equa'tion:

wM = g uN H

The perturbation factor at 298K data shows an exponential

decay and analysis of it gave WQ 33+3MHZ and internal hyperfine

field almost zero. Unlike this the 77K data clearly shows the
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oscillations In the perturbation factor. The data have been

analysed by assuming either B»0* or 90°, where B represents the

angle between Vzz and the hyperfine field direction. A value of

internal hyperfine field of 19.3tO.5kOe with WQ- 59+14 and

36±12MHz corresponding to 0-0* and 90* respectively were obtained

for Hf nuclei. Based on the errors associated with the fitted

values of WQ it is not possible to uniquely decide the spin

orientation in the ferromagnetic state. However the consistency

of WQ values obtained from the analysis of 298K and 77K data with

8*90° and the fact that there is a large change in hyperfine

field at Fe site without any change in the crystal structure, it

is inferred that the spin orientation at 77K is in the C-plane.
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20.Positron Annihilation Spectroscopy in High Tc Superconductors-

Investigations on some Zn doped superconductors

P.K. Pujari, T.Oatta and S.B. Manohar

Investigation on the nature of superconducting transition,

electronic structure and positron response of doped

superconductors might provide some insight in to the very

scheming behaviour of positrons in these materials as well as to

understand the mechanism of high temperature superconductivity.

As a part of this program, PAS studies have been carried out on
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CaBaLaCv^Oy, YBa2Cu3Oy and their Zn doped counterparts. The

results of some of these studies were presented in the last

Divisional annual report(1991). Presently, we report the results

of more comprehensive temperature dependent investigations on

these systems.

Doppler broadened annihilation radiation (DBAR) and Life-

time measurements were earlier carried out on CaBaLaCu30v (1113),

YBa2CU3Oy (123), CaBaLaZnxCU3_xOv and YBa2ZnxCu3_xOy (x=0.05,

0.1, 0.2. 0.3 and 0.4) at room temperature. Line shape parameter

'S' was evaluated for the DBAR measurements and the life-time t

were extracted as reported in the last annual report(1991). In

addition, temperature dependence of the S-parameters were

evaluated for 1113 pure, Zn doped 123 and 1113 (x=0.2) from 300K

to 15K, using a APD closed cycle helium refrigerator. The samples

were characterised using X-ray, AC susceptibility and resistivity

measurements. In addition EPR measurements were carried out to

check any Cu impurity phases.

The highlights of our investigations carried out so far in these

systems confirming also the conclusions drawn earlier are:

* Though 1113 and 123 are similar in structure and property, the

measured parameters (t and S) show different trends e.g. an

increase in x and S with x is seen for 1113 where as a sharp

decrease Is observed for 123. Some of the samples of 123, namely

x=0.3, 0.4, which were seen to be semiconducting are distinct in

their life-time behaviour.

* The t for pure 1113 (171 ps) is seen to be less than that of

pure 123 and the change in T with x for 1113 is seen to be much

less than 123. Also the parameters show a tendency to saturate at

x=0.2 and above.

* The S parameter is seen to be decreasing below Tc for the pure
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1113 compound, similar to reported behaviour of 123. The Zn doped

comounds of 123 and 1113 (x»0.2) were also seen to be similar In

their response to S parameter, which decreased below respective

Tcs.

Since oxygen depletion takes place with substitution in both

the compounds, oxygen vacancy trapping may not be the reason for

the increase in t with x for 1113. Other reasons i.e. positron

trapping in Zn precipitates or any impurity phase is also ruled

out. Therefore the observations can be rationalised only by

assuming preferential site occupancy of Zn between Cu(2) and

Cu(l) in 123 and 1113 respectively at lower concentration. In

addition the disposition of positron to these two sites is an

important parameter. The charge transfer process between Cud)

and Cu(2) sites are likely to be affected consequently reducing

the role played by the oxygen valence electron. This conjecture

also explains the steep decrease in Tc in 123 with Zn

substitution compared to 1113. At high concentration of Zn, a

saturation effect is seen and may be due to randomisation of site

occupancy. A detailed calculation of positron density

distribution and the measurement of annihilation parameters as a

function of temperature across Tc for these doped compounds are

required to get a better understanding of these findings.

In conclusion, the future of investigation of high

temperature superconductivity using PAS lies in the doped

compounds, which provide a variety of tailor-made alternatives in

terms of electronic structure vis-a-vis positron behaviour.

Therefore, these investigations not only help understand the

mechanism of high Tc superconductivity, but also could be a check

for any mechanism proposed.
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21. Preparation of Americium source for smoke detector

A.Ramaswarni, R.J.Singh and S.B.Manohar

Sealed americium sources are used for the detection of smoke

in its vicinity. The smoke is ionised by alpha or gamma radiation

and the change in the ionisation current gives an early

indication of the smoke. Very small amount of Am activity is

required for this purpose. This requires safe sources from which

the alpha radiations can come out and also the chance of alpha

contamination due to loose americium is negligible. Here we

describe the method developed for the preparation of such

sources.

Preparation of the sources involved three major steps:

(i) Deposition of americiumi Approximately 1.0 jic of Am was

deposited on the silver foils by electrodeposition from iso

propyl alcohol medium. The sources were washed with water and

acetone and dried under infrared lamp to remove any loose

contamination on the surface.

(ii) Fixing the alpha activity: The alpha activity was fixed to

the silver surface by heating the sources to 650° C for two

minutes and allowing it to cool. The alpha counting of the

sources before and after heating showed very little change in the

alpha activity.

(iii) Deposition of gold on the sources: A thin layer of gold was

deposited on the surface of the sources to make them safe for

handling. The gold plating was done by the standard gold -cyanide

bath method. The thickness of the coated gold was measured by

alpha degradation. It was seen that a gold thickness of 500ug to

1 mg is sufficient to make the source safe for handling and also

for the escape of alpha radiations from the source.
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The alpha spectrum of the heated amerlcium source ana the

alpha spectrum of the gold plated source were taken on a surface

barrier detector connected to a 4K analyser(Fig.13). The alpha

spectum of the gold deposited source was degraded but the alpha

particles were able to escape the source. The swipe test on the

sources were carried out and activity removal was seen to be

within the prescribed limits. These sources were used in the

actual smoke detector assembly and were seen to perform very

well. The performance matched with the imported sources.

22. Decontaminability tests on paint coated surfaces

P.P.Burte, A.G.C.Nair and S.B.Manohar

Decontaminabi1ity tests were carried out on Fifteen MS

plates and four concrete blocks (Batch no 7,8,9 and 10) coated

with commercial paints, received from Head DC & ESG of Nuclear

Power Corporation for such tests.

Central portion of 3.0 Cm dia of these samples was
L

contaminated in a systematic fashion with fission product

solution of PH in the range of 3-4, containing following

activities : 1 3 4' 1 3 7Cs, 105Ru-Rh, 144Ce 952r and 95Nb. The

solution was allowed to dry at room temperature and

decontamination testing was undertaken after contact period of

ten days for fixation of radioactivity.

Following decontamination steps were used :

a)Running water: The .plates were held under running water for

two minutes and dried with absorbent sheets.

b)Tap water : The contaminated surface was decontaminated by

giving 25 forward and 25 backward strokes of a wet brush with

moderate pressure. The sample was washed under running water and
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then dried with absorbent sheets.

c)10% teepol solution : The decontamination procedure is same as

above except for the reagent (10% teepol solution).

d)s* EDTA in 10% teepol : In case of this reagent the sample was

imme.rsed for 5 minutes, later washed under running water and

dried with absorbent sheets.

e)3M HNO3 solution : procedure used was exactly same as above,

except for the reagent.

A 100 cc HPGe detector coupled to a multichannel analyser

was made use of to estimate the activity levels of the above

nuclides at initial and after each decontamination step for paint

coated MS plates. The counting geometry of the plates with

respect to the detector was kept constant by use of a specially

designed sample holder. The ratios of residual activities to
original ones is a measure of decontaminability.

The testing of paint coated surfaces helps in taking

decisions regarding the suitable choice of the paints to be used

in reactors where there are chances of accidental

contaminations.

23. Passive gamma assay of plutonium in the solid waste: Effect

of plutonium isotopic composition on assay of solid waste;

P.P.Burte, N.Maiti and S.B.Manohar

The well established procedure for assay of piutonium in the

solid waste originating from glove boxes was modified so as to

indicate and take care of change in the 239-Pu content. The ratio
it 11

of 385KeV/210 KeV peak areas as seer, by a 3 * 3 Nal(Tl)
239

detector indicates the change of the Pu percentage in the
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Plutonium and appropriate calibration factor can be used during

the assay procedure. The peak to compton ratios of both these

peaks can predict the presence of non-plutonium gamma emitters

contributing to the peaks and also the presence of strong higher

energy peaks like say Cs, partially or totally masking the

385 KeV peak. During the current year solid waste samples from

both Radiochemistry and Fuel chemistry Divisions were assayed.

The ones containing more Pu than the prescribed limit were

returned to the respective laboratories. Also the modified

procedure had helped in sorting out the bags containing non-

plutonium gamma emitters having energies in the plutonium range

itself.
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II.ACTINIDE CHEMISTRY

24. Preparation and characterisation of double sulphates

of Pu(III) and lanthanides

P.N.Iyer

As part of a systematic study on the formation of double

sulphates of Pu(III) and lanthanides with monovalent cations, the

preparation and characterisation of Pu(III) and lanthanide double

sulphates with Tl (1) was continued.

Thallium Lanthanide (III) sulphate tetrahydrate TlLn(SC>4 >2 . 4H2°

The characterisation of TlLn(SO4)2- 4H2O (Ln=»Sm-Dy) reported

in the last year was continued. The I.R.spectra recorded with

samples dispersed in KBr disc were all similar and showed two

absorption bands around 1625 cm and 1675 cm suggesting that

the compounds contain both lattice as well as coordinated water

molecules. The x-ray powder diffraction patterns confirmed the

structural similarity shown by the I.R.spectra of the compounds.

The powder data were indexed on a monoclinic unit cell with space

group P21/c- T^ e crystal data are summarised in Table 18. The

crystal symmetry space group, the number of water molecules

together with I.R.spectra suggested that the compounds are

isostructural with NH4Sm(SC>4 )2 .4H2O(2) .

Thallium plutonium(III) sulphate tetrahydrate TlPu(SO4)2-4H2O:

Thallium Pu(III) sulphate tetrahydrate was prepared from

stoichiometric solution of TI2SO4 and Pu(III) in dilute H2SO4

medium by alcohol precipitation method. The fine light blue solid

was allowed to settle for half an hour, filtered, washed with

water, alcohol and ether and dried under flowing helium. Chemical

analysis for Pu(III) gave 33.98 + 0.5 % in agreement with the
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expected value of 33.78 % for the chemical formula of TlPu(SO4)2-

4H2O. The X-ray powder diffraction pattern of the compound showed

it to be isostructural with TlLn(SC>4)2- 4H2O. The I .R. spectrum

showed a broad band around 1600 cm" (H-O-H bend) confirming that

water of coordination/ crystallisation exists in the structure.

Thallium lanthanide (III) sulphate dihydrates TiLn(SO4)2.2H2O

(Ln= La to Nd):

The double sulphates were crystallised from dilute sulphuric

acid medium containing' stoichiometric proportions of Ln2<204)3

and TI2SO4 at ambient temperatures (22 ± 2)°C. The compounds

were analysed for Tl, Ln and SO4 by standard chemical methods.

The number of water molecules were determined from the weight

loss recorded during thermal dehydration. The I.R.spectra of all

the TiLn(SO4>2•2H2O compounds were identical and showed sharp

absorption bands around 1615 cm for the H-O-H bend owing to

water of crystallisation/ coordination in the structure. The X-

ray powder pattern confirmed the structural similarity of the

compounds. All the compounds could be indexed on a monoclinic

unit cell and were found to be isostructural with TlPu(SC>4) 2-2H2O

reported in the 1iterature(3).

Table 18: Crystal data on TlLn(SO4)i-

Metal a (A°) b (A0) c (A°) B° V <A°3)

Sm 6.581(3) 18.970(3) 8.730(6) 95.76(5) 1085.6(9)

Eu 6.560(3) 18.907(8) 8.716(4) 95.83(3) 1075.2(7)

Gd 6.557(4) 18.866(7) 8.702(7) 95.87(7) 1070.8(8)

Tb 6.523(3) 18.851(8) 8.676(4) 96.06(4) 1061.0(8)

Dy 6.464(3) 18.841(6) 8.666(3) 96.11(4) 1049.4(7)
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25. Extraction chromatography of U(VI) and Pu(IV) adsorbed on

amberlite XAD-7/ dibutyloctanamide

D.R.Prabhu, G.R.Mahajan, G.M-Wair and M.S.Subramanian

A number of high molecular weight long chain aliphatic

amides were synthesised, characterised and used for the

extraction study of U(VI) and Pu(IV) in our laboratory (1).

Recently some work has been reported*2) on the extraction

chromatographic behaviour of these ions on neutral adsorbants

impregnated with long chain amides. The present work was

undertaken to study the extraction chromatographic behaviour of

IHVT) and Pu(IV) on the neutral polyacrylic resin Amberlite XAD-7

impregnated with dibutyloctanamide(DBOA) with a view to

identifying the nature of species adsorbed and mode of separation

of these ions from the resin column.

The non-ionic polyacrylic adsorbent Amberlite XAD-7 (20-60

mesh) having a surface area of 450 M /gm was washed with acetone

and vacuum dried. This was equilibrated with DBOA and adequate

amount of water overnight. The amide-loaded resin was thoroughly

washed with 20% methanol and dried under suction to constant

weight. The percentage loading of the resin was calculated as the
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ratio of the weight of DBOA adsorbed to the total weight of DBOA-

(XAD-7) multiplied by 100. The maximum loading was found to be

59%. By varying the DBOA taken for equilibration, XAD-7 with

different percentage loading of DBOA like 30.70, 15.65 and 11.82
233 239

was prepared. U and Pu were used as the radioactive tracers.

Tetravalency of plutonium was maintained using 0.05M NaNO2 in the

presence of 0.005M NH4VO3 as holding oxidant(3).

Nearly 100 mg of the loaded resin were equilibrated for two

hours with 1.0 ml of aqueous phase of appropriate HNO3

concentration containing the tracer. D^ of the metal ion was

determined by a-scinti1lation counting of an aliquot of the

aqueous phase before and after equilibration. D^ was calculated

as follows:

Activity of metal ion per gram of dry resin

DM= : :

Activity of metal ion per ml of the solution

The DM of U(VI) and Pu(IV) as a function of HNO3 concn. in

the range 1 to 10M was determined which indicated a maximum value

around 6M in both the cases. It was observed that HNO3 species

adsorbed onto the resin phase was DBOA*HNO3, similar to that in

solvent extraction studies.

The DM values for U(VI) and Pu(IV) from 2M HNO3 were

determined at different concentrations of DBOA adsorbed on the

resin. Logarithmic plots of D^ against amide concentrations gave

straight lines with slope equal to unity indicating that the

adsorbed metal ion species has only one DBOA in the resin phase.

This observation is in contrast to the results obtained in

solvent extraction where U(VI) and Pu(IV) were extracted as di

and trisolvated species respectively into DBOA-dodecane. The

reason for this discrepancy is being investigated.
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The DM values of U(VI)and Pu(IV) were determined at 25,30,40

and 50°C using 15.65% DB0A-(XAD-7) resin. From the DM values, the

equilibrium constants(KM) of the adsorption reaction were

calculated after applying corrections for the nitrate complexIng

of the metal ions(4). Plot of log KM vs 1/T° gave straight lines

from the slope of which enthalpy change, A H was calculated. The

free energy change,AG of the adsorption reaction at 25°C and the

entropy change,AS were calculated from the standard formulae.

The least squares values obtained for the thermodynamic

parameters AG, AH and T ^ S at 25°C are given in Table 19 from

which it can be seen that the adsorption reactions are enthalpy

favoured with entropy counteracting.

Table 19: Thermodynamic data of U(VI) and Pu(IV)-15.65% DBOA-

(XAD-7) system at 25 #C

Metal Ion Log KM

0.702

PU4+ ' 2.464

AG

kJ/mol

- 4 . 0 0

±0.08

-14 .04

±0.29

A H

kJ/moi

-13 .77

±4.04

-29 .78

±4.40

TAS

kJ/mol

- 9 . 7 7

14.04

-15 .74

±4.41

U(VI) and Pu(IV) were adsorbed on a column of 11.82% DBOA-

(XAD-7). From this Pu(IV) was eluted with 0.04M U(IV) in 0.5M

HNO3. U(VI) was eluted with 0.1M H2C2O4. It was found that Pu(IV)

and U(VT) could be separated using the above elution procedure

with reasonable purity without much tailing.
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26. Methylbutylmalonamide as an extractant for U(VI),Pu(lV)

and Am(III)

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

The present work deals with the preparation and application

of N,N'-dimethyl-N,N'-dibutyl malonamide(MBMA) for the extraction

of U(VI), Pu(IV) and Am(III). Equivalent quantities of N-methyl-

N-butylamine and malonyl chloride were made to react in an inert

atmosphere in presence of triethylamine in methylene chloride

medium . The compound was characterised by elemental analysis and

IR spectra. MBMA was found to be somewhat soluble in water and

almost insoluble in n-dodecane. Since it was highly soluble in

benzene, a solution of MBMA in benzene was used for all the

experiments.

Equal volumes of pre-equilibrated MBMA solution and HNO3 of

appropriate concentrations containing the tracer were

equilibrated for one hour in a thermostated bath maintained at

the required temperature. D^ values were obtained as ratio of
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activity in the organic phase to that in an equal volume of

aqueous phase.

Nitric acid was found to be extracted into the MBMA solution.

By determining HNO3 concentration in the organic phase as a

function of MBMA concentration after equilibrating with 2M HNO3

and plotting this value against free MBMA concentration in the

organic phase , two straight lines with slopes 1 and 2 were

obtained. This indicated that two species HNC>3*MBMA and

HNO3*2MBMA were formed in the system. The equilibrium constants

for these species K m and KH2 were obtained as 0*13 and 0*40

respectively.

The DM values of U(VI), Pu(IV) and Am(III) were determined as

a function of nitric acid concentration in the range of 1 to

5M (Table 20). It was found that the DM values increased with

Table 20: Variation of DM as a function of nitric acid

concentration using 1M MBMA at 25°C

[HNO33M

1*0

2*0

3*0

4*0

DU(VI)

19*41

20*73

28*66

32*22

DPU.IV,

29*23

34*02

55*66

96*64

»Am

0

0

0

1

(III)

•04

•224

•942

•484

increase in nitric acid concentration. However, above 4M HNO3,

third phase formation was noticed.

The DM values for U(VI), PutIV) and Am(III) were determined

as a function of MBMA concentration in the organic phase, from

2M HNO3. By plotting log DM against log [MBMA]free, straight line

graphs were obtained in all cases.
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The slope for U(VI) and Pu(IV) was found to be nearly 2 in each

case while that for Am(III) was found to be nearly 3 indicating

that O(VI) and Pu(IV) were extracted to the organic phase

probably as their disolvates and Am(III) as trisolvate.

The DM values of Pu(IV) and U(VI) were determined with 0*5M

MBMA from 2M HNO3 at 25, 30, 40 and 50°C. Similar study with

Am(III) was not carried out because of very low values of D^m-

From the DM values, the equilibrium constant (KM) was calculated

after applying corrections for the nitrate complexing of the

3 4
metal ions . While calculating the KM* the concentration of the

diamide in the organic phase was corrected for the presence of

HNO3*MBMA and HNO3*2MBMA. It was assumed that the nature of the

species in the organic phase did not vary with temperature.

By plotting log KM against 1/T°K, straight line graphs

were obtained, from the slope of which the enthalpy change /\ H

was calculated in each case.

Table 21: Thermodynamic data on the extraction of U(VI) and

Pu(IV) by MBMA at 25 °C.

Metal

uojl+

Pu 4 +

Ion

1

2

log KM

• 09

•29

^ G
kJ/mol

-6*21
±0*12

-13*05
±0*26

AH
kJ/mol

-15*60
±1*68

-10*77
±1*33

TAS

kJ/mol

-9*39
±1*68

2*28
±1*35

The free energy ' changeAG and entropy change AS for the

extraction reaction at 25°C was calculated from standard

formulae. The least squares values obtained for the thermodynamic

parametersAG, AH and TAS at 25°C are given in Table 21.

It can be seen from Table 21 that the extraction of U(VI)
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is enthalpy favoured and entropy disfavoured while that of Pu(ZV)

is enthalpy and entropy favoured.

It was found that U(VI) extracted into the organic phase

could be quantitatively back extracted with 0»25M Na2CO3. Pu(IV)

from organic phase could be back extracted with 0*35M HNO3

containing 0»05M HF. Am(III) from the organic phase was easily

removed by equilibrating with 0«0lM HNO3 or 2M HCl.
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27. Radiolytic degradation of symmetrical mono-amides

P.B.Ruikar, K.K.Gupta*, M.S.Nagar and M.S.Subramanian

* PREFRE, Tarapur

In continuation of the studies on the extent of radiolytic

degradation of symmetrical mono-amides, three dihexyl derivatives

of monoamides Viz. DHHA, DHOA and DHDA were investigated in the

gamma dose range 0 to 184 Mrads. The decrease in amide contents

were determined using quantitative I.E. spectroscopic method by

me itoring the decrease in intensity of the carbonyl stretching

frequency at 1640 cm .The results indicate that DHHA is more

resistant to radiolytic degradation. It was observed that the
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amide contents decreased to 75.6% (DHHA); 42.2% (DHOA) and 41.7%

(DHDA) when irradiated to 184 Mrads.

28. Extraction behavior of Uranium (VI).Plutonium(IV) and some

fission products with gamma irradiated unsymmetrical and

branched chain dialkylamides

P.B-Ruikar, M.S.Nagar and M.S.Subramanian

The extraction behaviour of U(VI), Pu(IV) and some fission

products like Zr(IV) and Ruthenium from 3.5 M nitric acid with

gamma irradiated dibutyl- (DBEHA),methylbutyl- (MBEHA)

derivatives of ethylhexylamide and di-isobutyl octanamide(DIBOA).

in n-dodecane has been investigated as a function of absorbed

dose upto 184 Mrads. In this connection the radiation stability

of these amides have been determined.

The effect of aamma dose on D (distribution ratio) of Pu(IV)

and LJ(VI) were determined by subjecting the 3.5 M HNO3

equilibrated 0.5 M DBEHA,DIBEHA,MBEHA and DIBOA solutions in

dodecane to Co gamma Irradiations(upto 184Mrads) and then

determining the distribution ratios of uranium(VI) and

plutonium(IV).

Fig.14 shows that the D values of Pu(IV) increase

very little from 0.02 to 0.05 (DIBEHA); from 0.07 to 0.19

(DBEHA) and from 0.44 to 0.53 (MBEHA) upto a dose of 45 Mrads

beyond which extract-ion becomes remarkably enhanced indicating

synergistic effects of radiolytic products formed at higher

doses.In contrast, extraction behaviour of plutonium(IV) with

symmetrical amides DBHA,DBOA and DBDA where extraction first

decreases upto 45 Mrads and then increases rapidly at higher
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doses, the unsymmetrical amides show insignificant increase in

extraction due to very poor extractability of plutonium(IV).

However, the D value for Pu(IV) extraction with DIBOA (branched

chain symmetrical amide) decreases from 2.6 to 1.7 and then

increases rapidly beyond a dose of 45 Mrads as observed for

symmetrical amides. The D values of uranium(VI) on the other

hand gradually decrease from 1.8 to 0.8 (DIBEHA);from 1.5 to 1.0

(DBEHA); from 1.8 to 0.9 (MBEHA) and from 2.2 to 1.6 (DIBOA) upto

a dose of 45 Mrads, thereafter remaining almost constant. Similar

extraction behaviour was observed with irradiated amides. I.R.

spectra of irradiated branched chain amides indicate the main

degradation products are amines and carboxylic acids typified by

the emergence of peaks around 3480 Cm (amine) and 1725 Cm"

(carboxylic acid) respectively. However, when DBEHA and MBEHA

were irradiated upto 184 Mrads they do not show any amine

peak.The appearance of carboxylic acid peak at 1725 Cm" and

corresponding decrease in the amide peak at 1640 Cm suggest the

formation of volatile amine products which are not retained in

solution during long irradiation.The enhanced extraction of

plutonium(IV) beyond a dose of 45 Mrads arises due to the

extraction of synergistic complexes involving an acidic component

with amides. The increased extractability of plutonium(IV) is due

to effective charge and small ionic radii of tetravalent state.

Ruthenium and europium do not get extracted in the entire

range of 0.0 to 184 Mrads. Zr(IV) shows a gradual increase in

extraction upto a dose of of 45 Mrads and its D values

increasing from 0.03 to 0.7 (DIBEHA,DBEHA and MBEHA) and from

0.04 to 1.2 for DIBOA, thereafter increasing to a limiting value

at higher doses (Fig.14).The gradual enhancement of Zr(IV)

extraction can be attributed to the formation of a neutral
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complex between Zr(IV) and the acidic component produced during

radiolysis. Symmetrical amides (DBHA,DBOA,DBDA) show a rapid

enhancement of Zr(IV) extraction beyond a dose of 50 Mrads. At

doses higher than 50 Mrads, hydrolytic degradation of amides

becomes predominant making it impossible to ascertain radiolytic

/ hydrolytic products responsible for enhanced extraction.

29. Studies on solid plutonium<IV)-nitrato amide complexes

P.B.Ruikar,M.S.Nagar and M.S.Subramanian

Earlier studies on solvent extraction with dialkylamides

have established the extracted species of plutonium(IV) as tri

solvates . Eight uranyl nitrato complexes were synthesised and

characterised in solid form out of 19 amides investigated for

solvent extraction of actinides . Earlier studies on isolation

of solid uranyl amido complexes was undertaken to optmise the

conditions of preparation of corresponding plutonium(IV)-nitrato-

amide complexes.

Six plutonium (IV) complexes were prepared by

solvent extraction of 10 ml of 3.5 M HNO3 containing 100 mg of

plutonium(IV) with 10 ml of benzene solution containing little

higher than required amount of amide.The benzene layer was air

dried and the oily products thug obtained were repeatedly washed

with 70:30 ratio of n-hexane and dichloromethane to remove

the impurities. The green viscous product was washed repeatedly

with 20 ml of n-hexane and finally air dried. Out of the six

complexes which are mostly greenish oils the complex with TIBMA.

was mud coloured powder at room temperature. The carbon,hydrogen

and plutonium contents were determined using the normal
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analytical procedures. The analytical data establish that mono

amides have the stoichiometry as Pu(NO3>4.3A where A = DBHA,

DBOA, MBOA while diamides have Pu(NO3)4-2A where A «

THMA,TBMA,TIBMA (Table 22).

Table 22 : Analytical data of plutonium(IV)-tetranitrato amide

complexes

Colour/apt I Carbon I Hydrogen \ Plutonian

(firavisetric)

1.;B(I0]1(.10BEA Sympy greea (3.411(43.11) 7.19(7.44) 20.40(20.44)

2.Pfi!KOj)4.3EBHA Viscous 46.00(46.10) 5.62(5.62) 18.87119.121

Browc liquid

s.r.

3.PaiKO3)4.3HBOA Grsen oil 38.32(38.3) 6.4016.6) 23.3(23.5!

S.I

4 . P u ! S 0 3 l 4 . 2 I K J I A G i s e a o i l 4 7 . 2 0 ( 4 7 . 5 4 1 7 , J 5 I 7 . 5 2 ) 1 7 . 2 7 1 1 7 . 5 3 )

8 . 1 .

5.Pu(KO 3 )4 .2ra«A Dark Taa 3 5 . 6 5 ( 4 0 . 0 1 1 6 . 6 8 ( 6 . 6 7 ) 2 2 . 1 7 ( 2 0 . 9 7 )

s t i c k y s o l i d

6 .?a(HOj!4 .2TIBHA Hue c o l o u r e d 3 9 . J 4 I 4 0 . 0 1 ) 6 . 6 3 ( 6 . 6 7 ) 2 1 . 2 1 ( 2 0 . 9 7 1

powder

F i g u r e s i n p a r e n t h e s i s i n d i c a t e t h e o r e t i c a l v a l u e s . E l - r o o n

t e i p e r a t - i r e .
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30. Uptake of actinides and lanthanides by CMPO adsorbed on

chromosorb

J.N.Mathur,M.S.Murali,P.R.NataraJan and R.H.Iyer

*L.P.Badheka and A.Banerji

A.Ramanujam ,P.S.Dhami ,V.Gopalakrishnan.
** **

R.K.Dhumwad and M.K.Rao
Bio-Organic Division ** Fuel Reprocessing Division

Since extraction chromatography is an important tool in the

separation and preconcentration of various metal ions,a program

has been initiated to assess the feasibility of removal and

recovery of actinides from different waste solutions using CMPO

adsorbed on inert supports. The present study deals with the

batchwise uptake of U(VI), Pu(IV), Am(IIl) and a few fission

products from nitric acid solutions.Also,the effect of uranium

and neodymium in macroconcentration on the uptake of Am and Pu

has been studied.

CMPO has been synthesised and purified to the solvent

extraction grade in B.A.R.C. The inert supports were impregnated

with CMPO(in 1:1 w/w ratio) by contacting the three phase system-

inert support-CMPO-methanol/water(1:1) for 12 hrs.The supports

were then washed thrice with water containing 20% methanol,air-

dried and subsequently dried under vaccum.The batch distribution

experiments were done by contacting 10-50 mg of the chromosorb

adsorbed CMPO(CAC) with 1-2 ml of varying concentrations of

233nitric acid between 0.01 to 6 M containing U,Pu(mainly

239),241Am,152/l54Eu,59Fe,95Zr, 103Ru and 99Tc separately for 45

min. After settling, the tubes were centrifuged and aliquots of

aqueous phase were taken for radioassay. The batchwise loading

experiments of Pu and Am on CAC from 3.0 M HNO3 were carried out
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in the presence of 0.25-20.0 ing/ml Nd(III) or 0.2-34.0 mg/ml

U(VI) solutions. The distribution ratio(D) values of different

metal ions in the above experiments were determined as

D * [(Ai-Af)/Af](V/M). (ml/g),

where A^ and Af are the activities of the tracers in the initial

and final solutions,V and M are the solution volume and weight of

CAC respectively.

Four different inert supports XAD-4,XAD-7,chromosorb-W and

chromosorb-102 impregnated with CMPO were tried for the uptake of

Am(III) from 3.0 M HNO3. The D values obtained are

30.8,852.7,1434.4 and 2038.9 for XAD-4, XAD-7, chromosorb W and

chromosorb-102 respectively. Since the highest D values were

obtained using chromosorb-102 as the inert support,further

studies were done using chromosorb-102 adsorbed CMPO (CAC) only.

The kinetics of Am(III) extraction from 3.0 M HNO3 by CAC has

shown that the equilibrium is attained in about 30 min. The order

of D values (given in parenthesis) for the metal ions studied at

3.0 M HNO3 was found to be Pu(IV) (3.0xl05) > U(VI) (5.9xlO4) >

Am(III) (2.0xl03) > Eu(III) (1.5xlO3) > Fe(III) (3.2xlO2) >

Zr(IV) (1.7xlO2)> Ru(III)(47.4)>Tc(VII)(28.4). This suggests

that the actinide metal ions could possibly be separated from

many of the fission products by CAC extraction

chromatographically. With the change in nitric acid concentration

the D values for Pu(IV) increased upto 3.0 M HNO3 and then it was

found to decrease,whereas in the case of U(VI),Zr(IV),Am(III) and

Eu(III) the values were more or less constant between 1.0 and 6.0

M of HNO3. In the case of Ru(III) and Tc(VII) the D values

decreased with increasing HNO3 concentration.

The D values of Pu(IV) were also determined at a fixed

U(VI) concentration (1.13 mg/ml) while varying HNO3
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concentration^. 5-6.0 M). In general the D values, in the presence

of U(VI), ware over two orders of magnitude lower than those in

the absence of U(VI). In the case of U<VI) loading on CAC,the D

values were found to decrease drastically upto nearly 11 ing/ml of

U(VI) and then the decrease was very small at higher U(VI)

concentrations studied here (up to 34 mg/ml). In the case of

Am(III),the loading experiments were done using Nd(III) as

carrier and it was observed that the D values decrease

drastically up to 10 mg/ml and then between 10-20 mg/ml of the

Nd(III) concentration the decrease was very small. The loading of

Nd(III)(between 0.25-10.0 mg/ml) was also carried out in the

presence of a constant 1.13 mg/ml concentration of U(VI). The D

values of Am(III),of course,in these systems were lower than

those obtained in the absence of u(vi) at the same concentration

of Nd(III). The ratio of Djjd/DNd+u decreased drastically upto

~2.0 mg/ml of Nd(III) and then the decrease was quite small.

From these studies it could be concluded that at low

concentrations of Nd(III) (or total rare earths) and U(VI) the

uptake of Pu(IV), U(VI) and Am(III) are reasonably high.

Before loading the actual HAW solution on a .CAC

column, Nd(HI), U(VI) and Pu(IV) were separately loaded on a

glass column (8x115 mm) containing~ 2 g of CAC. It was observed

that ~30 mg Nd(III), 90 mg U(VI) and 0.6 mg Pu(IV) (on a small

column containing 100 mg CAC) could be loaded without any leakage

and the same could be eluted with 0.04 M HNO3, 0.25 M H&2CO2

and 0.C5 M oxalic acid respectively. The recoveries were in the

range of 99.9%. in the case of actual HAW solution a prior

treatment with 30% TBP was given to deplete the uranium content

and then 100 ml of this solution was passed through the same

CAC column (containing ~2 g of CAC). The analysis of the effluent
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did not show the presence of any alpha activity above the

background level. After washing the column, the activities were

eluted with 0.04 M HNO3 (Am, Cm and the rare earths), 0.05 M

oxalic acid (Pu) and 0.25 M Na2CC>3 solution (U(VD)

respectively. The last washing of the column did not show any

alpha activity. The results show the great potential of CMPO in

the partitioning of actinides from acid waste solutions.

31. Solvent extracted and extraction chromatographically adsorbed

complexes of bifunctional extractants with f-elements

J.N.Mathur, M.S.Murali, M.S.Nagar and P.R.Natarajan
* *

L.P.Badheka and A.Banerji
* Bio-Organic Division

With a view to get an understanding of the nature.of binding

of the bifunctional extractants with actinides and lanthanides

and also to get a comparative picture of the species formed by

these metal ions during solvent extraction(SX) and extraction

chromatographic(EC) processes,we have undertaken a systematic IR

spectral study of the SX as well as EC adsorbed complexes of

Nd(III), Th(IV) and U(VI) with dihexyl-M,N- diethylcarbamoyl

methylphosphonate (CMP) and octyl(phenyl)-N,N-

diisobutylcarbamoyl methylphosphine oxide(CMPO). The spectra of

similar complexes with TBP have also been taken for the purpose

of comparison.

IR spectra were recorded on a PU-9512 (4000- 200cm )

Infrared spectrometer.SX samples were prepared by equilibrating

pure (free of diluents) TBP,CMP and CMPO solutions of Nd(III)

(~50 g/1), Th(IV) ("58 g/1) or U(VI)(~57 g/l)in 3.0 M HNO3. The
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extractant was nearly saturated with metal ions,washed twice with

3.0 M HNO3 and centrifuged. Samples of TBP,CMP and CMPO were also

equilibrated with 3.0 M HNO3 to see the effect of extracted HNO3

on the spectra. A drop of the organic phases thus prepared were

placed between the KBr discs for recording the spectra.In the

case of EC,samples were.prepared by equilibrating TBP/chromosorb-

102{CH)(an inert support, 100-120 mesh styrene divinyl benzene

polymer,from John's Manvi1le,U.S.A.),CMP/CH or CMPO /CH resins

with 3.0 M HNO3 both in the absence and in the presence of the

metal ions for several hours.After drying ~2mg of the loaded

resins were thouroughly ground with 150 mg of KBr for about 30

minutes to get a uniform grain size powder for better pellet

format ion.The powdered samples were compressed and the pellets

thus obtained were subjected to infrared spectral analysis.The

spectra of CH,CH/TBP,CH/CMP and CH/CMPO were also measured in a

similar manner.

The IR spectra of CMP,CMPO and TBP shaken separately with

water and with 3.0 M HNO3 were recorded (Fig.15). Table 23 gives

Table 23: 0-H for Uptake of Water and P=O for Uptake of Nitric

acid by Neutral Donors.

Neutral donor O-H P=0
(cm"1) (cm"1)

TBP 170 30
CMP 180 30
CMPO 250 55

* Kex is the nitric acid extraction constant for these

extractants

** from Ref.2

K

0

0
2

ex

. 1 6

. 4 3

. 0 0

**
**
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Fig. 15. Comparison of infrared spectra of solvent
extracted and extraction chromatographically
adsorbed complexes of various CMPO systems.
(1) Neat CMPO, (2) CMPO-HNO3, (3) CMPO-Nd(NO,),,
(4) CMPO-Th(NO3)4, (5) CMPO-UO2(NO3)2#
(6) CH-CMPO,(7) CH-CMPO-Nd(NO3>3,
(8) CH-CMPO-Th(NO3)4, (9) CH-CMPO-UO2
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the shifts for the streching frequency of o-H (originally at

3640 cm"1) and that for P«O(at ~1270 cm"1).The order of shift

for the O-H and P«O bands was observed to be as

TBP<CMP<CMPO,which follows the order of basicity of these

extractants. Basicity, expressed as Kex,the extraction constant

for the uptake of nitric acid by these extractants is also

given in Table 23.

As far as the binding of HNO3 or the metal ions with

extractants is concerned the strong bands around 1270 cm

(p-O^ anc* 1 6 4 0 c m~ ( OO* a r e oi oreat relevance. The assignment

of these bands are given in Table 24(SX) and Table 25 (EC). In

general,the P=O band at ~1270 cm shifts to longer wavelengths

Table 24: P=O and C«O Streching Frequencies of Solvent extracted

Complexes.

system P-0 (cm ) C*O (cm )

TBP 1270(SS)
TBP/HNO3 1240(SS)
TBP/HNO3/Nd(III) 1215(SS)
TBP/HNO3/Th(IV) 1190(SS)
TBP/HNO3/U(VI) 1185(SS)
CMP 1260(SS) 1640(SS)
CMP/HNO3 1230 (B) 1640(SS)
CMP/HNO3/Nd(III) 1210(SS) 1600(SS)
CMP/HNO3/Th(IV) 1190(SS) 1595(SS)
CMP/HNO3/U(VI) 1190(SS) 1595(SS)
CMPO 1265(SS) 1630(SS)
CMPO/HNO3 1210(SM) 1630(SS)
CMPO/HNO3/Nd(III) 1155(SM) 159CHSS)
CMPO/HNO3/Th(IV) 1140(SB) 1575(SS)
CMPO/HNO3/U(VI) 1145(SS) 1580(SS>

S£-strong and sharp; B-Broad; SB- strong and broad; SM-

sharp and medium
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Table 25: P»0 and C*0 Ctretching Frequencies of Extraction

chromatographleally Adsorbed Complexes

system P=O(cm ) C=O(cm )

CH/TBP 1270 (SS)
CH/TBP/HNO3 1270 (SM)
CH/TBP/Nd(III) 1235 (Sh)
CH/TBP/Th(IV) 1190 {SB)
CH/TBP/U(VI) 1185 (SB)
CH/CMP 1260 (SB) 1640 (SS)
CH/CMP/HNO3 1260 (SS) 1640 <BM)
CH/CMP/Nd(III) 1200 <WB) 1605 (SS)
CH/CMP/Th(IV) 1175 (SS) 1600 (SB)
CH/CMP/IHVI) 1165 (SB) 1605 (SM)
CH/CMPO 1270 (SS) 1630 (BM)
CH/CMPO/HNO3 1270 (SM) 1630 (SS)
CH/CMPO/NdUII) 1160 (SS) 1590 (SS)
CH/CMPO/Th(IV) 1130 (SM) 1600 (SS)
CH/CMPO/U(VI) 1135 (SS) 1605 (SM)

CH-chromosorb; SS- strong and sharp;SM- sharp and

medium; SB-strong and broad; WB- weak and broad; BM-

broad and medium.

by formation of a complex with nitric acid or the metal ions.The

extent of shift gives information regarding the strength of the

bond between P=O and the added moiety. Similarly for CMP and

CMPO,the shift In C=O band at ~1640 cm suggests Its

involvement in the bond formation with metal ions.

The shifts in P=O streching frequencies for the uptake of

KNO3 or the metal ions in SX experiments (Table 26) give the

order as TBP ~ CMP < CMPO. It is interesting to note that the

shift in the C=O band for the nitric acid complexes of CMP and

CMPO samples is negligible.This suggests that when nitric acid

alone is shaken with these extractants,the acid binds only at the
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Table 26: Shifts in the P«0 and 0 0 Streching Frequencies of

Solvent extracted Complexes

system

HNO3

Nd(III)

Th<IV)

U(VI)

[
1

!TBP

!

30

55

80

85

P«O(cm" )
•

1 CMP 1
I t

30

50

70

70

CMPO

55

110

125

120

1

1

C=

TBP !
1

-

-

-

-

=O(cm"

CMP !
1

0

39
45

45

CMPO

0

40
55

50

Nd3+(a) + 3

P=O group

In the SX studies,using metal ion concentration at tracer

level, the extraction equilibria for tri-,tetra- and hexavalent

metal ions could be represented as

3 ' ( a ) + 3 S ( o ) **«^ Nd(NO3)3.3S(o)

4 NO 3" ( a ) + 2 S { o ) ? « ^ Th(NO3)4.2S(o)

2 NO 3" ( a ) + 2 S(O) ^ « * UO2(NO3 )2.2S(O)

where (a) and (o) represent the aqueous and organic phases

respectively and S * TBP,C " or CMPO. Formation of the same

species as in SX has been shown for the EC studies of the systems

Am(III),U(VI)-CH/CMP-HNO3 at tracer level concentrations(l) and

bonding of metal ions with P=O alone has been suggested. At

higher loading or near saturation of the extractant with metal

ions,as in the present SX study,the shifts in the P=O and C=O

frequencies suggest the bidentate nature of the extractants.a

conclusion similar to that reported in Ref.2. The shift in the

C=O frequencies are almost constant for CMP and CMPO and much

lower than the respective shifts for the P=O bands.The oxygen at

P=O is more basic than that at C=O,leading to a stronger binding
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of the former with metal ions and hence a larger shift. The

shifts in the C=O frequencies for the nitric acid complexes of

CMP and CMPO in EC studies (Table 27) are negligible and similar

to those observed in the SX studies of these systems.The 6hifts

in the P=0 frequencies of the above EC systems were also found to

be insignificant,which is contrary to our observations in SX

experiments (Table 26).The insignificant shifts in the position

of P=0 bands are attributed to the negligible uptake of nitric

acid by TBP,CMP or CMPO when adsorbed on chromosorb.Similar

conclusions were also arrived at, while estimating nitric acid

Table 27: Shifts in P=O and C=0 Streching Frequencies of

Extraction chromatographically Adsorbed Complexes.

system ! P=0 (cm~ ) I C-0 (cm )

t _ I

! TBP ! CMP ! CMPO I TBP I CMP • CMPO

J ! ! _l !_ !

0 0 0

35 40

40 30

35 25

titrimetrically in the samples of CH-TBP and CH-CMP equilibrated

with HNO3(l).The shifts in the P=O and C=O streching frequencies

of EC complexes of Nd(III),Th(IV) and U(VI) (Table 27) are

comparable with those obtained for the SX complexes (Table26).The

shifts in C=O bands ate almost constant while those for P»O bands

show an increasing trend with increase in the basicity of the

extractants.

At high loading as seen from the present work,metal

HNO3

Nd(III)

Th(IV)

U<VI)

0

35

80

85

0

60

85

95

0

110

140

135
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complexes both in SX and EC contain CMP and CMPO as bidentate

ligands.an observation similar to that reported in solid state.

Table 28 gives the nitrate streching frequencies for the SX

and EC complexes of Nd(III),Th(IV) and U(VI>.Distinct bands were

characterised at "1290(^4), 1O3OC^) and 830( lT6)cm~
l. Almost

similar position of these bands in SX and EC show the identical

nature of the nitrate ions bound with metal ions in the two

systems.Average difference between V4 and l^ w a s found to be ~250

cm which in conjunction with earlier IR data (3-8)

suggest that the nitrate ions act as a bidentate ligand in the

complexes studied.

Table 28: Nitrate Streching Frequencies of Solvent extracted and

Extraction chromatographically Adsorbed Complexes

system solvent extracted extraction chromatogra-

phical ly adsorbed

TBP/Nddl l )

TBP/Th(IV)

TBP/U(VI)

CMP/Nd(III)

CMP/Th(IV)

CMP/IHVI)

CMPO/Nd(III)

CMPO/ThdV)

CMPO/U(VI)

1295(SS)

1305(SS)

1310(SS)

1300(SB)

1285(SB)

1290(SS)

1290(SS)

1285(SS)

1290(SS)

1040(SB)

1040(SS)

1035(SB)

1020(SB)

1030«SB)

1025(SS)

1035<SS)

1030(SS)

1030<SS)

820(SS)

830(SS)

830(SS)

830(SS)

830(SS)

830(SS)

830(SS)

830(SS)

830(SS)

132CHSB)

1315(SM)

1275(SB)

1310CSB)

1270(BM)

1275(SB)

1270(SS)

1270(SS)

1035(SS)

1030(SS)

1020(SB)

1030(Sh)

1035(SS)

1035(SM)

1030(SM)

1030(SS)

835(SS)

835(SS)

830(SS)

835(SB)

830<SS)

830(SS)

835(SS)

830(Sh)

830(SS)

SS-strong and sharp) SM-sharp and medium;Sh-shoulder?SB- strong

and broad;BM- broad and medium

It can be concluded that the complexes formed under SX
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conditions are identical with those under the EC conditions.Only

P«0 binds with metal ions when they are used in tracer

concentrations whereas under high loading conditions both P«O and

C-0 bind with the metal ions.
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9032. Rapid estimation of Sr in environmental samples

J.N.Mathur,M.S.Muraii,A.G.C.Nair and R.H.Iyer

L.P.Badheka* and A.Banerji*

*Bio-Organic Division

90
The biologically hazardous long-lived radionuclide Sr is

of great concern in environmental samples. The classical method

of precipitating Sr from milk and other environmental samples

90
involves a waiting period of two weeks for Y to attain
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equilibrium followed by chemical separation and assay of 90Y.

This is time consuming and also it involves two chemical yield

measurements. A simple procedure has been developed for the

90
determination of Sr in milk samples by extraction

90 90
chromatographically separating Y from Sr as well as the other

metal ions normally present in milk using octyl(phenyl)-N, N-

diisobutyl carbamoyl-methyl phosphine oxide (CMPO) adsorbed on

chromosorb (CAC). The batchwise uptake of Y by CAC from 1-6M

of HNO3 was very high, the distribution ratio was ~lxlO . In the

present procedure, 5g of ashed milk was dissolved in ~70ml of 1:1

HNO3, filtered and ~10 mg of Sr(NC>3)2 carrier added. 90Y tracer

in 20-50 cpm level was also added. Sr was precipitated as

carbonate by adding NaOH and Na2CO3- The precipitate was washed

and dissolved in a minimum volume of 1:1 HNO3. The final acidity

was found to be in the range of 2-3M. To this solution, where

the volume was kept in the range of 20-25ml, lOOmg of CAC was

added and equilibrated by slow rotation on a water bath for 1/2

hour. This was filtered on a pretreated and weighed Whatman No.

42 filter paper, dried at 110°C and weighed after cooling it for

10 min. The filter paper was mounted on an Al plate and the

activity assayed in a low background beta (gas flow) proportional

counter. From the weight of CAC recovered, the chemical yield

was evaluated. Self-absorption and volume corrections (upto 15ml

the uptake is 100%, by increasing the volume to 25 ml, it

decreases to 62%) were computed and applied for each estimation.

90 90
This procedure of separating Y from Sr from the milk samples

is direct, selective, clean and the sample is ready for beta

90
counting in about 2 hours. Y recoveries were "90% based on

replicate measurements. Problems may arise if the sample of milk

is somewhat fresh and is likely to contain rare earths fission
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product contamination because rare earths will follow the

chemistry of Yttrium. Another problem may arise due to the small

amount of the sample (5gm) at present whereas much larger samples

gn

(50gm) are taken during conventional methods of assay for Sr in

milk. Experiments with larger samples are in progress.

33. Extraction of Am (HI) ,La(III) ,Eu(III) and Lu(lll) by

mixtures of HPMBP and BEHSO or CMPO

J.N.Mathur,M.S.Murali and R.H.Iyer,
* * *

P.B.Santhi ,M.L.P.Reddy and A.D.Damodaran

* Regional Research Laboratory, Trivandrum.

The extraction of Am(III), La(III), Eu(III) and Lu(III) by

HPMBP (l-phenyl-3 methyl- 4-benzoyl-pyra2olone-5) alone and its

mixtures with bis-2-ethylhexylsulphoxide (BEHSO) or CMPO has been

investigated in xylene at 25°C. With HPMBP alone the species

extracted was the self-adduct M(PMBP)3.HPMBP with all the metal

ions. The order of extraction is La<Am<Eu<Lu. In the presence of

BEHSO, the synergistic species extracted are M(PMBP)3.XS, where

X=l or 2, whereas, when CMPO was used as a neutral donor only the

first species was formed. The order of extraction for these metal

ions with mixtures of HPMBP and the neutral donors was

La<Am<Eu<Lu.
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34. Recovery of minor actinides from sulphate bearing

waste solutions using CMPO

J.N.Mathur.M.S.Murali and R.H.Iyer

A.Ramanujam ,P.S.Dhaini ,

V.Gopalakrishnan and R.K.Dhumwad

L.P.Badheka and A.BanerJi

* Fuel Reprocessing Division

** Bio-Organic Division

In continuation of the work on partitioning of minor

actinides from wastes originating from PUREX reprocessing of

thermal reactor fuels, work has been done with sulphate bearing

waste (SBW) solutions where the concentration of sulphate may

be~0.2 M, nitrate ~1.7 M and acidity in the range of "0.3 M, it

was decided to give two contacts with 30% TBP/dodecane solution

followed by four contacts with equal volumes of the organic phase

containing 0.2 M CMPO + 1 . 2 M TBP in dodecane. The results

(Table 29) suggest that the raffinate after four CMPO contacts

does not contain any alpha activity above the background level.

The uptake of Ce,Ru,Cs and Sr followed the same pattern as those

in the cases of HAH and HLW treatments with CMPO.

The stripping experiments with 0.04 M HNO3 removes most of

Am (+Cm ) and a small portion of Pu; 0.05 M oxalic acid

removes all the Pu and 0.25 M Na2CO3 removes U(VI)

The "lean organic" phase after stripping U(VI), Pu(IV), Am(III)

etc., contains very little of the metal ions as indicated in

Table 29.
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Table 29: Extraction and Stripping Data for Sulphate Bearing

Purex HLW Solution

Component

Acidity, M

Alpha Activity

(nCi/ml)

Uranium, g/1

Beta activity

Purex HLW Raff.

after

2 TBP contacts

0.35

1572.97

2.92

4.75

HLW Raffinate

after 2 TBP &

4 CMPO contacts

0.35

6.10

ND

4.11

Lean

Organic

phase

• • •

N

ND
0.05x10"

Gamma activity 1.92

( Ci/1)

Sulphate, g/1 12.02

Fission Products (mCi/1):

Ce 168.0

Ru 139.5

Cs 2065.4

Sr 790.0

1.87

.12.02

ND

117.3

2064.0

790.0

0.03x10-3

4.50x10

0.07

0.002

-3

ND- Not detected.
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35. Unusual separation behaviour of nctinides In the presence of

crown ethers

P. K. Mohapatra and V. K. Manchanda

In continuation of the earlier studies on the extraction

of Am and uranyl ion with crown ethers from aqueous picrate

medium[l,2] wherein the extracted species are reported to be the

ion-pair type and are found to be better , extracted by polar

diluents like chloroform and dichloromethane, in the present work

the separation factors (S.F.), defined as D^/Dy have been

evaluated (Table 30). It suggests that there is no dependence of

the S.F. values on the 18-crown-6 concentration.

Table 30: Separation of americium from uranium using varying

concentrations of 18-crown-6. Picrate cone. » 0.022 M;

pH » 3.0.

[18 crown 6] M Dam DM S.F.

0.0596

0.1192

0.1788

0.2384

0.2980

0.218

0.822

1.062

1.602

2.232

0.098

0.285

0.456

0.667

1.004

2.224

2.884

2.329

2.402

2.223

Table 31 gives the data for the picrate variation

experiments wherein a small increase in the S.F. values are

observed with the increasing concentration of the picrate

concentration. This is due to distinctly different picrate

dependence of the two metal ions being investigated (r° 3 for Am
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and co 2 for UC>22+>.

It is interesting to observe that the distribution ratios

as well as the separation factors are influenced significantly by

the ionic strength of the aqueous medium. Though the distribution

ratios for both the metal ions (UO2 and Am ) decrease with

Table 31: Separation of amerlcium from uranium using varying

concentrations of picric acid. [18 crown 6] * 0.2M;

pH « 3.0.

[picric acid] M O&m Dn S.F.

0.010

0.C20

0.030

0.041

0.051

0.219

1.003

2.037

3.155

4.077

0.177

0.556

0.891 .

1.361

1.713

1.237

1-804

2.286

2.318

2.380

2 +
Table 32t Separation of Am(III) and UO2 from LiCl medium.

Picric acid conc.= 0.01M; (16 crown 6] =0.3 M;pH = 3.0.

CLiCl] M

0.1

0.2

0.3

0.4

0.5

2.35xlO"2

5.50x*10~3

2.73X10"3

1.50X10"3

8.61X10"4

5.

2.

1.

1.

1.

40xl0'2

87xlO"2

77xlO"2

43xlO"2

14xlO"2

0.

0.

0.

0.

0.

S.F.

435

192

154

105

075



104

increasing ionic strength of the medium, the effect is more

pronounced for Am(III) resulting in drastic changes in the S.F.

values, favouring uranyl ion. Table 32 clearly shows this for

LiCl as the inert electrolyte. The decrease in D values as

observed here is characteristic of ion-pair extraction systems.

The above observations suggest that reversal in the

separation factor (D;^ /Dy) could be achieved by suitably

controlling the experimental conditions.

References:

1. P. K. Mohapatra and V. K. Manchanda, Radiochim.

Acta, 55, 193(1991).

2. P. K. Mohapatra and V. K. Manchanda, Radiochemistry Division

Annual Progress Report, 1991.

36. Ion-pair extraction of americiumdll) and uraniumtVI) from

aqueous picrate medium using neutral oxodonors

P. K. Mohapatra and V. K. Manchanda

The present work suggests a distinctly different extraction

behaviour of the oxodonors like TBP and DOSO as a reversal in the

extraction trend is observed. The extraction systems involved in

the present studies are Am3+/UO2
2+- picric acid- TBP/DOSO -CHCI3.

3+ 2+
The pH variation experiments for both Am as well as UO2

suggest no pH dependence of the distribution ratios (D). The

dependencies of TBP/DOSO concentration on the D values are 3 and

2 for Am3+ and UO 2
2 + respectively (Table 33). Similarly the

picrate variation experiments suggest a dependency of 3 for Am

and 2 for U.
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Table 33: LI grand (TBP/DOSO) concentration dependence of D. Picric

acid cone = 0.05M (for TBP system) and 0.01M (for DOSO

system); pH = 3.0.

IIBPJ

0.993

0.795

0.596

0.397

0.199

h

10.23

6.176

4.335

2.114

0.654

DA*

1

491,1

208.9

84.29

23.14

2.936

S.F.

»!•%>•

48.03

33.50

19.40

13.94 i

4.49 |

i

I (DOSOl

1

1

I 0 .502

| 0.402

| 0.301

| 0.201

j 0.101

h

26.17

16.71

9.447

3.767

0.958

31.79

15.31

8.200

2.628

0.394

S.F.

1.22

0.92

0.87

0.70

0.41

Table 34 lists the extraction constant values (Kex) and

other thermodynamic parameters for the extracted species A111L3X3

and UO2L2X2 where L is the neutral oxodonors and X is the picrate

ion. The Kex values appear to follow the expected trend on the

basis of the proton affinity constants of the oxodonors. It is

interesting to note that the TBP/DOSO adducts in the present

studies are stabilized by enthalpy as well as entropy

contributions suggesting the role of inner sphere interaction in

the complexation of these ligands with the actinide ions. This is

in sharp contrast to the interaction of polydentate crown ethers

with these actinide ions which has been observed earlier by us

[13 as entropy destabilised and predominantly outer sphere in

nature.

The presence of electrolyte in the aqueous phase

significantly affect the D values, showing a decrease in the D

values with increasing concentration of the electrolyte.

Different electrolytes affected the extraction to different
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Table 34t Thermodynamic parameters for the extraction systems

using TBP and DOSO.

system log K e x

(KJ/moi) (KJ/mol) <J/°K/mol>

Am-TBP
Am-DOSO

U-TBP

U-DOSO

7.
8.

4.

5.

305

418

340

865

-55.
-64.

-33.

-44.

69
17

09

71

-36

-38

-7

-21

.09

.43

.069

.06

65.73

86.35

87.26

79.32

extent, the decrease being greater for tetramethyl ammonium

chloride (TMAC1) than for NaCl (Table 35). This could be

explained on the basis of a) higher extraction of picrate ion by

TMA+ than with Na+ thereby causing effective decrease in the

total picrate concentration leading to the lower D values and b)

greater hydration of Na ion causing reduction in water activity

and hence leading to greater D values for NaCl system. The

absence of electrolyte has a marked effect on the dependence of
3+ 2+

D on picrate concentration ( ro 2 for Am and ^ 1 for U0>2 ).

Table 35: Distribution data in the presence of varying cone, of

TMAC1 and NaCl. [TBP] = 1.0M; [picric acid] = 0.005 M.

[NaCl] M

0.2
0.4
0.6
0.8
1.0

DAm

0.949
0.629
0.534
0.471
0.469

0.515
0.433
0.458
0.515
0.616

tTMACl]

0.2
0.4
0.6
0.8
1.0

DAm

0.599
0.269
0.159
0.110
0.085

0.298
0. 179
0.133
0.143
0.106

The thermodynamic parameters in the presence of inert electrolyte

< 1.0 M NaCl) are given in Table 36.
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Table 36: Thermodynamic parameters for the TBP/DOSO extraction

systems. |i » 1.0 M NaCl; [picric acid] * 0.01M;

[TBP] = tDOSO] = 0.05 M.

system log Kex

(KJ/mol) (KJ/mol) (J/K/mol)

Am-TBP
Am-DOSO
O-TBP
U-DOSO

6
7
4
5

.271

.555

.071

.840

-47
-57
-31
-44

.81

.60

.04

.52

-32.
-29.

4.
-25.

15
05
356
66

52.52
95.75
118.7
63.27

As seen from Tables 34 and 36 the decrease in log K e x

values in presence of salt is much less for U compared to those

in case of Am extraction. This is reflected in the G° values

given alongside. It significantly influences the separation

factors in these extraction systems as shown in Table 37.

Table 37: The effect of ionic strength on the separation factors

(S.F.); at pH = 3.0. [TBP] = 1.0 M

Salt added

[NaCl]c S.F. ETMAC1] S.F.

0.2

0.4

0.6

0.8

1.0

1.843

1.453

1.166

0.915

0.761

| 0.2

| 0.4

| 0.6

| 0.8

| 1.0

• i

2.010

1.503

1.195

0.769

0.802

c: [picric acid] = 0.005M.

It is clear from Table 37 that the S.F. values decrease with

.the salt concentration causing a reversal in favour of uranium
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beyond 0.8 M. In the absence of salt the S.F. values vary in

a much wider range and under suitable conditions, the

preferential extraction of either Am or U could be accomplished.

Reference:

1. P. K. Mohapatra and V. K. Manchanda, Radiochim. a.cta. H ,

193(199').

3+ 3+ 3+
37. Thermodynamics of the complexation of Ce , Eu and Er

with 1,4,10-trioxa-7,13-diazacyclopentadecane-N, N'-diacetic

acid and 1,4,7,10-tetraoxa-7,16-diazacyclo-octadecane-N,N'-

diacetic acid

V.K.Manchanda and P.K.Mohapatra

(In collaboration with C.Zhu and R.M.l2att,

Department of Chemistry, Brigham Young University, Provo,

Utah 84602, U.S.A.)

An attempt has been made in the present work to evaluate

the heats of complex formation of 1,4,10-trioxa-7,13

diazacyclopentadecane-N,N'diacetic acid (K21DA) and 1,4,10,13-

tetraoxa -7,16- diazacyclooctadecane- N-N'- diacetic acid (K22DA)

with few typical lanthanides in aqueous solutions using an

isoperibol titration calorimeter. Thermodynamic data thus

obtained may be helpful in understanding the structure of these

complex species in solution and rationalising the trends observed

In the equilibrium data.

K21DA as well as K22DA (Fig.16) were prepared according to the

method of Kulstad and Malmsten1 with minor modifications. The

calorimetric determinations were carried out in a TRONAC model

450 isoperibol titration calorimeter coupled to an advance
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\XM,-N N-CII/:

r | \

K21DA

CCII2-N N-CII/T

( )

K22DA

Fig.16: Structure of K21DA and K22DA
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digital multimeter. A 100 mL glass vacuum dewar was used at

titration vessel. A 2 mL precision constant rate burette waa

used as titrant delivery system. The thermostat was maintained

at 298.000+0.003°K with TRONAC model 40 precision temperature

controller. As shown typically in Fig.17, the thermometric

titration curves were all linear. 20 mL of the ligand solution

alongwith lmL of the metal/H solution at pH 5.0 was titrated

with the (CH3)4N.OH solution to determine the heats of

complexation/protonation of the ligands corresponding to the

following reactions:

L2~ + Ln3+ s=====^ LnL+

L2" + H+ 55====^ LH~

LH~ + H + 1=====^ LH2

Corrections were made for the heats of dilution/hydrolysis of the

metal ions and of the ligands (determined experimentally by

carrying out the titration in the absence of complexing agents /

metal ions). Computer program CALTIT-OPTDES was developed to

calculate the distribution of the species at each stage of

titration.

Table 38 summarises the heats of reactions obtained in

the present work along with the crystal ionic radii as well as

the equilibrium data for the complexation of K21DA and K22DA with

some typical lanthanides. Ce +, Eu and Er were chosen as

representative light , middle and heavy lanthanides of the series

respectively.

References:

1. S.Kulstad and L.A.Malmsten, Acta Chem. Scand. Ser. B , 1979.

B 33, 469 - 474.

2. R.M.Izatt and r.Zhu (Persona' Commun.)
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Table 38:Thermodynamlc data for the complexation of lanthanidea

with K21DA and K22DA. Solvent: water; T«np.«25*C.

K22DA K21DA

Cation Crystal Log K A H A s Log K A H

radius
A S

H+(l)

H+(2)

Ce3+

Eu3+

Er3+

1

1

1

.336

.260

.202

8.45

7.80

12.23

12.02

11.30

-7.16

-5.23

-7.79

-3.08

0.73

14.6

18.1

29.8

44.7

54.1

9.02

8.79

10.89

11.85

11. 15

-4.92

-6.73

3.02

1.32

3.69

24.8

17. i.

60.0

5u.6

63.4

Note: A H and A S are in units of kcal/mol and cal/mol/"K

respectively.

38. Complexation of Uranium(VI) with tris-bipyridine macrocyclic

li grand

V.K.Manchanda and P.K.Mohapatra

In the present work,, solvent extraction tracer technique

has been used to study the complexation behaviour of uranyl ion

with Iris bipyridyl cryptand (L).
2 33

Acetonitrile solution of LI was refluxed with

chloroform solution of L at 70°C for 12 hours. Residue left on

evaporation of the solution at room temperature was dissolved in

5x10 H HDNNS (dinonyl naphthalene sulfonic acid; in

toluene (pre-equilibrated with 1M HC1). Table 39 shov.

that the enhancement in the distribution ratios (D/Do) in the
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Table 39:Distribution data as a function of acidity. [L]:5xlO~5M;

[HDJ: 5xlO~3 M (in toluene)

[HC1]

M

0.2

1.0

5.0

0

0

0

Uranium(VI)

Do

.7900

.0370

.0024

I

1

0

0

D

000

084

024

1

2

10

D/Do

.3

.3

.0

Do

66.

0.

0.

Americium(III)

000

280

007

D

94

3

2

00

40

13

D/Do

1

12

322

.4

1

.7

presence of L is much smaller as compared to the enhancement

observed for Am(III) under identical conditions. In sharp

contrast to the Am(III) data (where D value decreases with time),

the two phase equilibrium is attained readily (Fig.18). Marginal

increase in D values over few days period is attributed to the

evaporation of the solvent causing increase in HDNNS

concentration.

These results indicate that the interaction of uranyl

ion with L is relatively weaker and the complex (if formed)

readily dissociates even in 0.2M HC1. It is proposed to carry out

some forward extraction experiments to understand the cause of

the enhancement observed.

References:

1. V. K. Manchanda and P. K. Mohapatra; Polyhedron, in

press (1993).

2. V. K. Manchanda and P. K. Mohapatra; J. Incl. Phen., in press

(1993) .
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39. Spectrophotometric determination of thorium

G.H.Rizvi

A spectrophotometric method employing alizarin complexone (AC)

was developed for the determination of thorium in microgram

amounts.

A stock solution of Th(IV) nitrate was prepared by dissoving

thorium oxide in conc.HCl and then evaporating the solution

almost to dryness thrice with 1 ml of conc.HNO3. This stock

solution was made upto 25 ml with 0.5 M HNO3. Dilute solutions

were prepared from this stock solution. 500 ml of pH 4.5 buffer

solution was prepared by mixing 250 ml of 0.1 M each of sodium

acetate and acetic acid. 2 mg/ml solution of AC was prepared by

dissolving 50 mg in 1 ml of 0.01 M NaOH and then making it upto

25 ml with double distilled water.Beckman DU-7 spectrophotometer

was employed for recording the spectrum and for measuring the

absorbance of the solutions using 1 cm quartz ceils.

An aliquot containing thorium in the range of 10-100 ug was

taken into a 10 ml standard volumetric flask. 1 ml of 2 mg/ml

solution of alizarin complexone and 4 ml of acetate buffer of pH

4.5 were added to it. The volume of the solution was made upto

the mark with double distilled water. A blank solution was

prepared without thorium similarly. The absorbance of the

solution was measured at 504 nm against the corresponding reagent

blank. The concentration of Th in the aliquot was then read from

the calibration graph -prepared in the range of 0 to 150 ug under

similar conditions. Thorium complex formed with AC absorbed

maximum at 504 nm. The absorbance of the reagent blank at this

wavelength was significant and hence corresponding reagent blanks

were used in further work. The absorbance of the thorium complex
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increased with increasing pH and became constant in the range of

4.1 to 5.0. Above pH 5 the absorbance decreased.

The absorbance of the thorium complex Increased with

increasing amounts of AC and became constant when 1 ml of 0.5 ma

per ml solution of AC was used for 50 ug of Th in a total volume

of 10 ml. Beer's law was found to be obeyed in the range of 5-120

ug of Th at 504 nm. The RSD obtained at 10 ug and 50 ug of Th was

found to be better than 4% and 2% respectively.

40. Studies on the extraction of palladium from high level liquid

waste of a reprocessing plant using alpha benzoin oxime in

solvesso-100

A.Dakshinamoorty*, R.K.Singh*, G.H.Rizvi and P.R.Natarajan

* PREFRE, Tarapur

In the present work, the application of alpha benzoin oxime

<ABO) for the recovery of Pd from HLLW has been studied.

5 mg/ml ABO solution in solvesso-100 was prepared after

purifying solvesso-100 by washing with NaOH, HNO3 and distilled

water. A dilute HLLW itself was taken to study the behaviour of

fission products during extraction. Pd In aqueous phase was

analysed by spectrophotometry using Arsenazo III. Fission

products were analysed using a high purity Germanium (HPGe)

detector with a resolution of 1.8 keV, connected to a 4K multi

channel analyser.

Extraction of *Pd from nitric acid medium was found to be

quantitative in the range of 0.1 to 8 M. Extraction of Pd was

found to be quantitative when the mole ratio of ABO concentration

to Pd concentration was more than three.

The decontamination from Pu, U and fission products were
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found to be better when extracted from lower acidity. The data are

shown in Table 40. Decontamination factors of the order of 10 ,

103 and 103 for Pu, U and Cs 1 3 7 respectively at 0.1 M HNO3 were

Table 40: Decontamination of Pd from Pu, U and fission products

Feed concentration

Pd = 125 ug/ml Cs = 0.63 uCi/ml Pu = 5 ug/ml

Ru = 0.07 uCi/ml U = 2.5 ug/ml Ce = 0.06 uCi/ml

Zr = 0.003 uCi/ml

Element

Pu

U

Cs-137

Ru-106

Zr-95

Ce-144

0.1

2xlO5

7xl03

2.1xlO3

>80

>150

>650

HNO3 concn., M

1

Decontaminat

lxlO3

5xlO2

2.1xlO3

>80

>150

>650

2

ion factor

1.8xlO2

3xlO2

1.8xlO3

>80

>150

>650

4

(DF)

lxlO2

0.8xl02

1.5xlO3

>80

>150

>650

obtained. The method can be used without adjustment of acidity of

HLLW and a high decontamination factor can be obtained by

giving wash with 0.1 M HNO3. Pd was quantitatively stripped from

the organic phase by 8 M HC1.

References:

1. G.H.Rizvi and P.R.Natarajan, Fres.J.Anal.Chem., 336, 498(1990).
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41. Carrier-mediated selective transport of plutonium(IV) cations

through liquid membranes containing bis(2-ethylhexyl)

sulfoxlde as mobile carrier

J.P.Shukla and S.K.Misra

In the present study, BESO dissolved in dodecane was

selected as the carrier in the facilitated transport of Pu(IV)

across an organic bulk liquid membrane (BLM) as well as a

supported liquid membrane (SLM). The bulk membrane system uses

small quantities of carrier and hence is a good system for

screening complexation agent properties. Effects of important

parameters that affect cation flux in LMs, such as the activity

of the permeant salt, feed acidity, carrier concentration in the

organic membrane phase,and identity and concentration of the

stripping agent in the receiving phase (RP) were investigated.

"Enka' Accurel polypropylene (PP) film was evaluted as the thin

flat solid support for the SLM.

Selective carrier- mediated transport of Pu against its

concentration gradient from aqueous nitrate solutions across

organic BLM and flat-sheet supported SLM containing bis (2-

ethylhexyl) sulfoxide (BESO), a novel branched- chain stericaily

hindered solvating extractant, as the mobile carrier and dodecane

as the membrane solvent was investigated. Extremely dilute to

moderately concentrated Pu(IV) nitrate solutions (ca.10 M) in

about 2M HNO3 generally constituted the source phase ISP). With

increasing carrier concentration in the organic membrane, both

the amount of Pu that could be extracted into the membrane and

the viscosity of the organic solution increased (Table 41). These

opposing effects resulted in its maximum permeation with about

0.4 M BESO in dodecane, while enhanced acidity of the RP
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adversely affected the partitioning of the cation into the strip

side. The cation flux decreased with an increase in SP acidity.

Among the several aqueous reagents tested, 0.5M ascorbic acid was

the most efficient stripping agent.

Table 41: Flux and permeation of Pu as a function of carrier

(BESO) concentration in the organic membrane

BESO

concentration

in dodecane

(M)

0.1

0.2

0.4

0.6

0.8

Visco-

sity*

(cP)

1.23

(1.50)

1.33

(1.55)

1.44

(1.65)

1.66

(1.90)

1.88

(2.41)

Time

elapsed

(h)

3

7

15

3

7

15

3

7

15

3

7

15

3

7

15

Plutonium flux.

(xlO~8mol/m2/s)

1.0

0.9

1.4

1.2

1.8

1.5

3.0

2.5

2.1

2.5

2.6

1.9

2.6

2.6

1.8

Plutonium

permeation

( % )

7.9

16.8

52.4

9.0

32.3

58.8

22.9

44.3

80.6

19.4

45.3

73.7

19.6

45.3

70.3

* Values given within parentheses denote those obtained with

BESO complexed by 4.35 g/L U which was necessary to avoid
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large handling of Pu; acidity = 2K HNO3.

References:

1. Shukla, J.P., Misra, S.K., 1989, Proc.Natl.Symp. on Uranium

Tech., Bombay, Dec.13-15.

2. Shukla,J.P.,Kumar,Anil.,Singh,R.K.,1992,

Sep.Sci.Techno1.,27,447.

42. Effect of solvent type on neutral macrocycle - facilitated

transport of uranyl ions across supported liquid membrane

using dicyclohexano -18-crown-6 as carrier

J.P.Shukla

The diffusion - limited transport of neutral macrocycle-

facilitated uranyl ion permeation across thin sheet supported

liquid membrane ( SLM ) was investigated to quantify the

membrane solvent effects on the important parameters such as

cation flux and diffusion coefficients. Also, results obtained

with the aim of optimizing the permeation fluxes, physical

stability ( loss of carrier ) and chemical stability of SLM's

using various aromatic and aliphatic diluents were evaluated in

detail. The uranyl ion transport was tested across SLM using

dicyclohexano-18-crown-6 as membrane carrier. The diluents

studied include chloroform, 1,2-dichloroethane, dichloromethane,

o-dichlorobenzene, toluene,ben2ene, xylene, and a mixture

containing varying proportions of toluene and o-dichlorobenzene

(Table 42). Among the various aliphatic and aromatic diluents

tested, the chlorinated hydrocarbons such as chloroform,1,2-

dichloroethane, dichloromethane afford much poor permeability
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Table 42: Flux and permeation of U in SLM using various diluents

Initial feed concn: 6.5 mg dm U in HNO3

carrier Concn.

Strippant : 0.3 mol dm

0.2 mo1 dm

-3

DC18C6

"3Feed acidity : 7 mol dm HNO3

Diluent Time
elapsed
(h)

Uranium
Flux, JM
(xlO~7

mol/ m /s)

Permeabi1ity
coeff.P

(10"7 m/s)

Diffus
Coeff.

(xlO~7

ion
D

DU
m/s)

Uranium
Permeation

(%)

1.2-Dich-
loroethane

1
2
3
4
5
6

1.1
1.6
11.2
0.5
0.4
0.2

5.9
8.7
6.5
2.9
2.0
1.3

8.4
12.4
9.3
4.1
2.9
1.9

37.0
40.0
48,
52.
53.1
53.4

.7
2

Dichloro-
methane

Chloroform

Benzene

Xylene

1
2
3
4
5
6

1
2
3
4
5
6

1
2
3
4
5
6

1
2
3
4

0.7
1.6
0.5
0.4
0.3
0.2

0.9
1.4
0.7
0.5
0.4
0.3

0.9
1.8
0.5
0.4
0.3
0.3

0.6
1.3
0.9
0.2

5.4
8.9
2.5
2.1
1.4
1.1

4.7
7.3
3.6
2.4
2.0
1.5

5.4
9. 9
2.8
2.0
1.7
1.4

3.5
6.8
4-9
1.0

2.5
4.1
1.1
1.0
0.6
0.5

2.5
4.1
2.0
1.3
1.1
0-8

10.8
19.8
5.6
4.0
3.4
2.8

7.0
13. 6
9.8
2.0

20.1
28.2
32.3
38.2
45.8
48.7

21.0
28.2
35.6
43.4
52.6
56.6

29-0
36.2
44.2
52.5
58.2
59.2

10.2
21.2
24.2
26.5



Diluent

o-dichlo-
ro benzene

Time
elapsed
(h)

5
6

1
2
3
4
5

Table

Uranium
Flux, JM
(xlO~7

mol/

0.
0.

1.
2.
1.
0.
0.

m/s)

.2
•2

.8
0
,1
9
a

122
42 (contd.)

Permeability
<soeff.P

<10~' m/s)

l
1.

9,
10.
5,
4.
4.

.0

.0

.8
,7
.7
,9
.3

Diffusion
Coeff. D

(xlO

2
2

2
2
1
1
0

P/Du
"' m/s)

.0

.0

.0

.1

.1

.0

.9

Uranium
Permeation

(%)

28.1
28.2

42.0
62.0
79.0
88.0
92.2

0.8 4.3 0.9 95.6

Toluene 1
2
3
4
5
6

1.9
2.4
1.3
1.2
0.8
0.8

10.2
12.9
7.0
6.5
4.3
4.3

20.4
25.8
14.0
13.0
8.6
8.6

48.0
69.0
85.0
91.2
95.0
99.0

compared to aromatic diluents like toluene and o-dichlorobenzene.

Among the various mixtures tested for membrane impregnation, a

good stability and efficient uranyl ion transport are achieved by

using toluene + o-dichlorobenzene admixtures.

43. Inf'uence of porous polymeric solid supports for supported

liquid membrane applications

J.P.Shukla and Anil Kumar*

*PREFRE, Tarapur
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The role of polymer support selection upon the performance

and stability of a supported liquid membrane ( SLM ) was

evaluated in detail. Permeation experiments were carried out

batchwise in a simple twin stirred cells. Several solid supports

such as polytetrafluoroethylene ( TE-35, TE-36,TE-37 ),

polypropylene ( HF-PP ), cellulose nitrate ( BA-S-83 ) of

different pore sizes and varying thickness were tested.

Dicyclohexano-18-crown-6 ( DC18C6 ) in toluene was employed as

mobile carrier in permeation of plutc>iium ( IV ) nitrate across

SLM. Selectivity of Plutonium transport from fission product

contaminants such as Cs-137, Ru-103 and Ce-144 was found to be

lesser with large pore size ( 0.45 pm ) support. Chemical

stability of these hydrophobic polymer membranes against organic

solvents and nitric acid was evaluated. Polytetrafluoroethylene

supports like TE-35, TE-36 and TE-37 and polypropylene HF-PP

membranes did not show any marked deterioration but cellulose

nitrate membrane such as BA-S-83 was attacked by organic solvent

solution. Such deleterious effects have been confirmed by the

Scanning Electron Microscopy which revealed that pore structure

became completely blocked. Radiolytic stability of these polymers

was also tested by irradiating them up to 3 Mrads using Co -60

irradiator. No serious damage due to radiation was observed as

micrographs showed undisturbed network of polymer structure even

after the irradiation. Of the different polymer supports tested,

both TE-35 and HF-PP thin -film solid membranes proved to be

quite suitable for SLM purposes as their optimum pore size, good

physical and chemical stability including radiation stability

render them relatively useful for varied applications in liquid

membranes.
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44. Comparative evaluation of acid values <kj|) of the

indigenous solvent tri-iso-amyl phosphate ,tri (2-ethyl)hexyl

phosphate and trlbutylphosphate

J.P.Shukla, S.H.Hasan* and D.C.Rupainwar*

* B.H.U.. Varanasl

Tri-iso-amyl phosphate ( TAP ) is an indigenous solvent

readily prepared from fusel oil, a by-product of Indian alcohol

industry. During recent years, it has established to be an

effective and efficient extractant for a host of metal cations.

To further extend the potential and applicability of this

novel and economically viable reagent, it is necessary to assess

the acid uptake of some common mineral acids generally employed

for solvent extraction purposes. Since nitric acid is most

preferred in reprocessing operations, it was worthwhile to

evaluate its uptake, i.e. its KH value with TAP. Experiments were

performed employing three different concentrations of nitric acid

at 25 C and the K value for this acid was computed to be 0.29.

For the sake of comparative evaluation of the KH value for nitric

acid with the other commonly used organophosphorous extractanc,

namely tri (2-ethyl) hexyl phosphate (TEHP), the same was

determined under similar conditions and calculated to be 0.21. A

comparison of these values with tributylphosphate ( TBP ), widely

used in nuclear industry, is presented below :

Table 42s Comparison of KH value for HNO3 with different

phosphate- solvents

Extractant * KH Ratio of solvent / acid

TAP
TEHP
TBP

0 .
0 .
0 .

29
21
19

1
1
1

.1.3
.09
. 00
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* Average of the values obtained by graphical aa well as

least squares methods.

Thus, efficiency of these extractants In relation to the KJJ value

follows the order t TAP > TEHP > TBP

45. Carrier Mediated Transport of Uranium(VI) Through Track-

Etched Immobilized Liquid Membranes Containing TBP as a

Carrier

S.K.Misra*, A.K.Pandey, P.C.Kalsi J.P.Shukla and R.H.Iyer

* Fuel Reprocessing Division

Immobilized liquid membranes <ILM> offer numerous advantages

over other separation techniques including high selectivity, the

ability to pump against concentration gradient, high fluxes

relative to solid membranes, low capital and operating costs, and

the ability to use the expensive extractants. High performance

membranes can be easily made by immoblising a membrane solvent

containing an efficent and suitable carrier in a thin porous

support. By judicious selection of membrane solvent, ionopore and

support, ILM's can have both high selectivity and high permeant

fluxes. However the widespread use of this technique is at

present partly limited by the scarce availbility of desirable

hydrphobic membrane supports. This prompted us to Initiate a

programme for the facile preparation and characterisation of

track-etched thin MAKRAFOL membranes (MF> and their subsequent

testing the flat solid support for ILM. Quninn et.al(l) have

already indicated the feasibility of production of such supports

by track etch method to provide membranes with uniform parallel

pores. Tri-n-butyl phosphate ( TBP ), in dodecane, a commercial
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extractant for U(VI) was selected as the mobile carrier- Chemical

stability of the MF membranes against the aqueous source and

receiving phases and membrane solvents was also evaluated.

The Track-Etched Makrafol membranes were prepared by

bombarding "Makrafol'(MF) thin sheets with fission fragments and

subsequent chemical etching. The MF plastic of 10 urn thickness

was exposed to fission fragments from Cf-252 source in 2n

geometry at a distance of 6mm from the source to avoid

contamination and entering of fission fragments at extremly low

angles. Since the range of fission fragments in polycarbonate

plastic is around 20 urn, the fission fragments could easily

perforate the membranes. The pore diameter can be enlarged by

chemical etching with €H NaOH at 60°C. The pore diameter in MF

film was controlled by specifying the etching time and number of

holes by controlling the exposure time to the source.

The etching conditions were optimised by etching the already

exposed MF polymer with varying time from 40 min to 2 hr

interval. By etching for ca.80 min, about 10 pores/cm could be

produced . Such MF support impreganated with 30% TBP in dodecane

was used for ILM studies.

Single-stage ILM measurements were carried out with two

compartment permeation cell which consisted of a feed solution
3 3

2.5 cm separated by a product solution chamber(2.5 cm ) by a

liquid membrane having an effective membrane area of 1.13 cm .

The source and receiving phases were mechanically stirred at room

temperature (24±1 °C) to avoid concentration polarization

conditions at the membrane interfaces and in the buik solutions.

Membrane permeabilities were determined by monitoring the uranium

concentration radiometrically, in the receiving phase, as a

function of time. Uranium flux .Ĵ r was computed with the
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equation >

JM " CU'receiving x V / A x t

where Cy,receiving * U initial concentration in the

receiving phase,mo1/dm , V * volume of receiving phase,dm3,

A = effective area of the membrane,m and t - time

elapsed,seconds. Uranium concentration in the source phase was

deliberately kept very dilute In the range of 15-16 mg dm" .

Its Initial acidity was adjusted to 0.5M HNO3 with total [NC>3~

]«2M adjusted with NaN03- based on an earlier finding [21, 1M

sodium carbonate was chosen as the strippant and receiving phases

were equllibriated with the organic membrane phase before use.

Filling the pores of MF support with the carrier

(30%TBP/dodecane) was accomplised by immersing the membrane in

the organic phase for at least 6-7h before use.

Preliminary results indicated that MF membranes could be

produced by simple track-etch method which are of uniform

parallel pores carrying out control experiments with no TBP in

membrane solvents proved that there was no permeation of U(VD

across the MF support by the membrane solvent itself. Similarly

negiligible transport of permeant across unbombarded but etched MF

took place proving its leak tightness. With increasing track pore

density (TPD) in the range 6.7 to 9.1 x 10 /cm maximum cation

transport could be easily accomplished. Uranium recovery of over

70 % and maximum flux of 7x10 was possible through 30 % TBP/

Dodecane as the carrier after about 4h of transport process from

a relatively low feed acidity of 0.5 M HNO3 with total NO3

concentration adjusted to 2M. NaNO3- Table -43 summarizes

the results of the uranium flux and permeability measured at

different intervals of time. Considerable increase of TPD to

about 1.4 x 10 caused a serious reduction in the over all uranium
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permeation to about 40 % probably owing to overlapping of the

pores. Thus a TPD of the order of 10 - 10 /cm seems to be the

optimum for cations diffusion. Attempts are underway to

maximise the pore density of a optimum level by avoiding the

overlapping of the pores.

Table 43 sFlux and Permeation of uranium as a function of time

Source Phase : 0.5M HNO3+I.5M NaNO3, Receiving Phase : 1M

Sodium Carbonate, Carrier concentration : 30% TBP/Dodecane,

Initial feed concentration : 15.31 mg/1 uranium. Membrane

support : Track-Etched Makrafol(TDP=6.7*105/cm2) Tensile

strength of The support material : 8.82 Kg/mm .

Permeat ionTime

elapsed

(h)

1

2

3

4

Flux

JM

(10"7mol

9.87

11.00

8.88

7.03

Uranium Transported

in Re.Phase

/m2/s) (mg/1.)

3.75

8.35

10.10

10.66

2 4 . 4 6

5 4 . 5 1

6 5 . 9 8

6 9 . 6 5

Fig.19 shows the uranium concentration in the acid feed and

in the alkaline strip phases as a function of time. Interestingly

concentration of uranium in both these phases become almost equal

after about 2h of transport which subsequently increased to

two fold in the permeant side as compared to the feed, thus

permeation of uranium still took place through this support

against a concentration gradient.
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Fig. 19= Transport, of uranium as a function of time
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46. Chelation Behaviour of Tervalent Lanthanons with

Some Fluorinated a-Diketones in Aqueous Dioxane Medium

J.P. Shukla and R.S. Sharma*

*Reactor Chemistry Section / RSMD/ RG / CISUS

TThe thermodynamic stepwise formation constants (log Kn)

of nine tervalent lanthanons, namely La3+, Pr3+, Nd3+, Sm3+,

Eu3+, Gd3+, Dy3+. Er3+ and Lu 3 + with three fluorinated ei-

diketones such as 1,1,1-trifluoro-2.4-hexanedione (HTFHD), 1,1,1

-trifluoro-5-methyl-2,4-hexanedion3 (HTFMH) and 1,1,1-trifluoro-

5,5-dimethyl-2, 4-hexanedione (HTFDH) were evaluated

potentiometrically in a 50% dioxane-water mixture at 25 and 35±

T
0.01 C. The thermodynamic formation constants, log Kn,

calculated on a high speed computer by weighted linear

least-squares, do not follow lineari.ty when plotted against

2 /r. The log K values obey the sequence: La + < Nd < Pr

< Sm3+ < Gd3+ < Eu3+ < Dy3+ < Er 3 + < Lu 3 + in all the instances.

The dependence of formation constant upon the mole fraction of

dioxane and on the basicity of the ligands was examined. Standard

thermodynamic parameters (AG°i , A H ° I , AS°i) associated with

their first stepwise formation constants have also been

calculated (Tables 44-46). The validity of activity coefficient

incorporation initially in calculation was tested by error

analysis using S (sum of the squared residuals)values and

slopes and intercepts of Abrahams-Keve type normal

probability plots. The speciation diagrams are depicted in three

dimensions (Fig.20).
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Table 44: Thermodynamic stepwise formation constants of tervalent

lanthanon complexes of HTFHO in a 50 vol.% dioxane-

water mixture

La3+

UMf' l

Prl4£2)

U

Si

Ea

Sd

Oy

Er
*

La

I4f3l

(4f5)

Uf6)

I4f7)

(4f9l

(4f U l

l 4 f U )

Teap.

C

25

35

25

35

25

35

25

35

25

35

25

35

25

35

25

35

25

35

25

35

7

7

5

6

6

6,

6,

(,

6,

6.

6.

6.

6.

6.

6.

6.

6.

6.

6.

6.

Weighted

Log

.48 tO

.26 tO

.88 tO

.22 tO

.to to

.33 t O

.05 t O

,19 t O

,18 t O ,

24 t O .

38 t O .

4 3 t O .

36 t O .

39 t O .

56 f O .

6 5 t O .

58 t O .

80 t O .

60 t O .

84 t O .

.03

.03

.02

,01

.02

.01

.01

,02

.01

02

,02

01

02

01

01

02

02

01

02

01

Least

Log

4

5

5

5

5

5

5

5,

5

5,

5,

5.

5,

5.

5.

5.

5.

5.

.86

.11

.06

.20

.16

.27

.34

,43

.45

.51

.49

50

,69

71

66

68

67

69

-squaw

V

t

t
t

t
t

t

t

+

t

t

t

t

t

t

t

t
t

t

0

0

0

0

0

0

0

0

0

o,
0

0,

0

0,

0.

0,

0.

0.

.02

.01

.01

.02

.02

.02

.01

.01

.01

.02

.02

,03

.02

,03

,03

03

01

01

Log

4

4

4

4

4

4

4

4

4.

4.

4.

4.

4.

4.

.4.

4.

4.

4.

.07

.51

.32

.58

.49

,78

.33

,62

,50

63

57

65

66

66

65

66

42

43

3

t

t
t

t

t

t

t

t

I

t

t

t

t

t

t

t
t

t

0

0

0

0

0

0

0

0,

0,

0,

0.

0,

0.

0.

o.
0.

o.
0.

.03

,01

.01

.02

.03

.01

.01

.01

,02

,03

,02

03

03

03

03

03

01

01

Abraham-Rava

SI 07a

0

I

1

I

1

0

0

0,

0

0,

1,

0.

1.

0.

0.

I.

0.

0.

.97

.01

.02

.01

.02

.98

.99

,92

.99

,97

,00

97

00

95

98

02

96

98

Iatar-

capt

+0

to
to

to
-0

t»
to

to
to

to
to

-0,

to,

to.
to.

to.
to.

to.

.22

.10

.08

• 02

.04

.20

.25

.41

.25

.30

.22

.22

.15

36

,22

12

27

29

1

1

1

1

1

4

1

8

1

1,

1,

1
4 •

1.

1.

I.

1.

7.

1,

s. i Q

.36E-5

.08E-5

.06E-5

.62E-5

•51E-5

.67E-6

•09E-5

.18E-S

.09E-S

•22E-5

.20E-5

87E-5

48E-5

60E-5

77E-5

60E-5

97E-6

06E-5
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Table.45: Thermodynamlc stepwise formation constants of

tervalent lanthanon complexes of HTFMH in a 50 vol.1

dioxane-water mixture

La

La

Pr

Rd

M

ED

Gd

Dy

(4£°l

nth

(4f3)

(4f5l

(4f6l

I4f7)

(4f9)

leap.

c

25

35

25

35

25

35

25

35

25

35

25

35

25

35

25

35

7

7

5

5

6

5

5

5,

6,

6.

6.

6.

i.

6.

Log

.53

.32

.91

.62

.D5

.90

.98

.76

,25

29

,40

49

17

22

6.56

6.60

£

t

£

£

£
£

£

£

£

£

£

£

£

£

£

lighted

\

0.04

0.03

0.01

0.02

0.03

0.01

0.01

0.02

0.02

0.01

0.02

0.01

0.03

0.01

0.02

0.02

5.

4

5.

5.

5.

5.

5.

5.

5.

5.

5.

5.

6.

5.

Least-squares

Log

.10

,98

44

20

58

40

75

55
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Table 46: Thermodynamic stepwise formation constants of

tervalent lanthanon complexes of HTFDH in a 50 vol.%

dioxane-water mixture

La

1*

Li

Pr

U

Sa

Eu

Gd

»y

Er

La

I4f°)

(4£21

(4f3l

I4£5)

I4£6}

(4£7I

(4f})

!4£lll

I4f14)

leap.

C

25

25

25

35

25

35

25

35

25

35

25

35

25

35

25

35

25

35

25

35

8

7

6

6

i

6

6

6

6

6,

7,

7,

6,

7.

7.

7.

7,

7.

7.

7.

Log

.27

.99

.50

.42

.58

.72

.55

.70

.86

,98

.00

,01

.98

.01

10

20

20

27

24

36

I

£

£

£

£

£

£

£

£

£

£

£

£

£

£

£

£

£

£

£

£

Weighted

*1

.0

0

0

0

0

0

0

0

0

0.

o,

o,
0.

0.

0.

0.

0.

0.

0.

o.

.04

.04

.03

.03

.03

.03

.04

,03

.04

.03

.03

03

.03

.03

03

03

03

03

03

03

Least-squares

5,

5.

6.

6.

6.

6.

6.

i.

6.

6.

6.

6.

7.

6.

7.

6.

7.

6.

Log

,96 t

95 £

,44 £

26 £

41 t

23 £

74 t

70 £

88 £

85 £

93 £

90 £

09 £

96 £

08 £

76 £

17 t

" t

'•i

.0

.0

.0

.0

.0

0,

o.

0,

0,

0.

0.

0.

0.

0.

0.

o.
0.

0.

.03

.03

.04

.03

.04

.03

.04

.03

.03

,03

,03

.03

,03

03

02

03

03

03

5

5

5

5

5

5

5

5,

5.

5,

6,

6.

5,

5.

5.

5.

5.

5.

Log

M

.50

.83

.71

.93

.90

.65

.62

,84

.74

.24

,10

,75

56

71

35

61

24

t

£
£

£

£

£

£

£

£

£

£

£

£

£

£

£
£

£

I

0

0

0

0

0

o.
0,

0.

0,

0.

0.

0.

0.

0.

0.

0.

0.

0.

«3

.03

.03

.05

.03

.04

,03

,03

,03

,03

03

03

03

03

03

03

03

03

03

Abrahaas-Keve

0

0

0

0

p

0

0

0,

0,

0,

1,

L.

1,

0.

0.

0.

0.

0.

Slope

.99

.97

.97

.96

.99

.96

.99

,97

.96

93

.00

00

.02

96

94

97

9a

99

Iater-

cept

to

to

.23

.21

+0.26

to

to

to

+0

to

£0

to

£0,

£0,

£0.

to.

£0.

£0.

to.

.30

.13

.34

.13

.32

.35

.41

.17

,21

.12

24

,39

30

28

29

7

6

1

9

I

8

2

I

1

1,

I,

1.

I,

1.

1.

1.

1.

I.

S

.78E-6

.54E-6

.28E-5

.97E-6

.48E-5

.66E-6

.65E-5

.40E-5

.02E-5

.21E-5

,44E-5

.89E-5

,71S-5

63E-5

O6E-5

62E-5

67E-5

56E-5



134

S3I03dS% S3I03dS%

to

W

a)

*— -H

41
>

CS U">

53103d

nw
r

CO <S>
CO

5% "'

I
n

in
CO

in

|
Q .

X
Q.

\ CO

o

S3

m oo

I03dS% ^

I

IT)
CO

in

i

X

rr
am

s
d

ia
«

ii
o

n
sc

ia
t

Pi
CQ

',.
20

:

1U
•H
fa

CM

E



135

47. Study of radiation effects in liquid phase

M.V.Krishnamurthy and R.Sampathkumar

Radiation induced decomposition of tri-butyl phosphate-

nitric acid as a two- component system has been studied.

Degradation products, dibutyl phosphoric acid (DBP) and mono-

butyl phosphoric acid (MBP) were determined by separation-

extraction method. 0.59, 0.78 and 1.38 are the G(DBP) values and

0.15, 0.17 and 0.13 are the G (MBP) values obtained for pure TBP,

TBP- 3M HNO3 extract and TBP- 5M HNO3 extract respectively.

G(--HNO3) values are 5.19 and 6.15 for 3M HNO3 and 5M HNO3

extracts. It is found that nitric acid plays a significant role

in enhancing the decomposition of TBP.
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III. SPECTROSCOPY

48. Thermally stimulated luminescence and electron paramagnetic
237resonance studies of Np doped alkaline earth sulphates

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

Thermally Stimulated Luminescence (TSL) and Electron

Paramagnetic Resonance (EPR) studies on 2 4 1Am, 2 3 9 P u and 2 3 8 U O 2 +

doped alkaline earth sulphates reported earlier from our

laboratory have clearly elucidated the role played by the SO3 and

SO4 radical ions in the TSL processes in the host lattices of

CaSO4/SrSO4. The present study is an extension of our earlier
2 37 6

work incorporating Np as dopant( 1\/2 ~ 2.1x 10 years with an

average a-energy of 4.7 MeV), wherein the temperature dependence

of EPR signals of radical ions have been used (1) to obtain trap

depth values also apart from the correlation with TSL glow peaks.

In freshly prepared samples of Np doped (0.1% by weight)

SrSO4/CaSC>4, no TSL glow peak could be observed. However on

samples stored for about 3 months (a-dose = 70 mGy/hr.), a peak

around 425 K was observed in Np doped SrSO4/CaSO4 (heating rate,

R = 2.5 K / s e c ) . On gamma irradiation of freshly quenched

samples, an additional peak around 395 K was observed only in
237

Np doped CaSO4. Figure 21 shows the TSL glow curve obtained in
237the 300-650 K range for gamma irradiated Np doped CaSO4 /SrSO4

samples. The spectral studies of the TSL glows carried out using

interference filters -had shown emission around 540, 580, 596 and

660 nm for the peaks in SrSO4/CaSO4. These are characteristic of

Np fluorescence as reported in the literature (2,3).

The EPR spectrum observed in freshly quenched sample of

Np doped SrSO4, is shown in Figure 22. The radicals SO3
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-—H (GAUSS) -

Fig.22. The EPR spectrum of SrSO4:
237Np (od-dose = 0. 5Gy)
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,2-= 2.003), SO4 (*/= 2.037 and gx= 2.008) and SH (gj = 1.980;

92 =1-981 and g3 = 1.983 ; A a v » 1.5 G) were produced due to

internal a-irradiation. No additional centers were observed on

further gamma irradiation of the sample up to a dose of 50 KGy.
237In samples of Np doped CaS0>4, the EPR studies showed the

presence of SO4 and SO3 centers (Fig.23)in both self-irradiated

and T-irradiated samples. The center SH ~ was absent in either

a/T irradiated samples in agreement with our earlier results on
239 2+ 241

Pu/UC>2 / Am doped CaSC>4 lattice. The EPR spectra of gamma
237

irradiated Np doped SrSC>4/ CaSO4 were recorded at different

temperatures upto 600 K. A sharp irreversible reduction of EPR

signal of SO4~ was found to occur around 415 K in both lattices.

SH radical ion was stable upto 600 K indicating that it does

not play any roie in the TSL process below 600 K.

The trap depth (E) and frequency factor (s) determined by

TSL (different heating rates method (4)) and EPR (1) techniques

are shown in Table 47.

237Table 47: Trap parameters of the TSL glow peaks in Np

doped CaSC>4/SrSO4

1

1 System

CaSO4:
237Np

!

SrSO4:
237Np

1

Peak Temp.
(K)

395

425

425

1

I Trap Depth
TSL(DHR)

0

0

0

0

0.

.70

89+

06

81i

10

(eV)

EPR

0.85+

0.08

0.78 +

0.08

1

| Frequency Factor |
| (DHR) (Sec"1) |

9

8.

.OxlO9 |

lxlO8 |

DHR = Different Heating Rates Method.
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Fig

H (GAUSS)

.23. EPR spectrum of CaR04:
237Np (oC-dô e = 1.0 Gy)
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From the TSL/EPR studies, the following mechanism has been

237
proposed for the peak around 425 K in Np doped CaSO^'SrSO*.

On T-irradiatlon at 300 K,

Np4+ + e > Np3+ and SO42" + h(hole) > SO4

On heating to 425 K,

SO4 + e > SO42" and

Np3+ + h -> (Np4+)* > Np4+ + hir.

However no change in EPR spectra could be observed in the

vicinity of 370-380 K to understand the mechanism responsible for

the 395 K glow peak in *4'5'Np doped CaSO4.

References:

1. R.Hu2imura, K.Asahi and M.Takenega, Nucl. Instr.. Meth. 175,

8(1980).

2. W.Philips and J.W.Feldman, J.Chem. Phys. 42, 2933(1965). 8.

3. K.K.Sharma and J.C.Artman Energy level scheme for Np4+ in

lead molybdate J.Chem. Phys. 50, 1241-1253.

4. W.Hoogenstraaten, Philips Research Report, 13, 515(1958).

49. EPR and TSL correlation studies on Th doped calcium chloro

phosphate

T.K.Seshagiri, V.Natarajan, A.G.Page and M.D.Sastry

Electron Paramagnetic Resonance (EPR) and Thermally

Stimulated Luminescence (TSL) studies were conducted on gamma

irradiated Th doped Calcium Chloro Phosphate (Cas(PO4)3Cl) to

elucidate the role of electron/hole traps in TSL emission. TSL

glow peaks were observed around 140, 183, 383 and 466 K with a

heating rate of 1 K/sec. The spectral studies of the TSL emission
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of the two prominent peaks at 383 and 466 K showed the presence

of spectral groups around 485, 547 and 569 nm. These have been

identified as due to Er ion associated as an impurity in Th

used in the preparation of the phosphor. This was confirmed by

the absence of these emission groups in undoped samples of

calcium chloro phosphate. EPR studies showed the formation of

radical ions PO4 , O~ and O2 on gamma irradiation at 77 K. The

build-uv of (CIO) was observed after the thermal destruction
2-

of PO4 around 170 K. On room temperature irradiation, all the
2_

radicals other than PO4 were observed in the samples. The TSL

glows observed around 183 and 466 K were found to be associated

with thermal destruction of PC>4~ and O2~ as revealed from EPR

temperature variation studies of the irradiated samples. (C1O)~~

radical ion was found to be stable up to 700 K. The activation

energy values were determined from both TSL studies and EPR

temperature variation spectra of the radical ions.

Table 48:- Trap parameters for the TSL glow peaks in gamma

irradiated Th doped

11 1 1 ]
Tm (K)I Tc (K)I Trap depth (eV) | Frequency factor (sec )

I i DHR I IR ; EPR ; s D H R j s N E P T

140 I 130 i I I 0.12 I I 4.4xl04 |
183 I 170 I 0.27 I .... j 0.31 i 4.4xlO6 I 2.0xl08 |

383 I ... j 0.67 I I .... . 4.9xl07 ! I
466 I 460 i 1.08 I 1.271 I 2.1xlO10 I 9.4X1011 I

1 1 1 j 1

Tm- Peak temperature;" Tc - transition temperature from NEPT /I/

model; DHR - different heatinq rates method; IR - initial ris =
method.

Reference:

/I/. A.G.I.Dalvi, M.D.Sastry and B.D.Joshi, Phys.Rev. B28,
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2441 (1983).

50. Investigation of Structural Phase transitions and Thermal

Properties using Photoacoustic Spectroscopy (PAS).

A.R.Dhobale, Mithilesh Kumar, A.G.Page and M.D.Sastry.

1) Pbse transition studies of Lii_xHxNbC>3 powder using

photoacoustic technique.

Photoacoustic (PA) signal contains information about thermal

properties like thermal diffusivity and thermal conductivity (1).

The present work refers to the investigation of phase

transitions in Lii_xHxNbO3 using PAS. A photoacoustic

spectrometer, fabricated earlier (2), was modified for carrying

out PA studies at different temperatures. The block diagram of

the spectrometer is shown in Fig.24. A small quartz tube with 3

mm inner dia. sealed from one side and coupled to the acoustic

volume of the PA cell, was surrounded with a kanthal strip

having a small opening on one side to allow light to fall on the

sample. A chroma1-alumel thermocouple was spot-welded to the

kanthal strip and connected to the temperature programmer along

with power supply. With this arrangement it was possible to heat

the sample in the temperature range of 300-700K. The sample was

loaded in the quartz tube and PA intensity was studied as a

function of temperature. The plot of PA signal intensity of

sample versus temperature is shown in Fig.25. The significant

change in the intensity at 423 K was indicative of a phase

transition and agreed well with the data reported from X-ray

structural studies (3). The change occurs due to the change in

thermal parameters around 423 K.
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2) Fabrication of variable speed chopper for' investigation of

the thermal properties of LiNbO3:U5+ and L i i _ 5 +

using photoacoustic spectroscopy.

In PAS, excited molecules in the sample, contributing to the

PA effect, can be treated as synchronised heat source

oscillating at the source modulation frequency. Magnitude and

phase of PA signal depend upon source modulation frequency which

in turn, is governed by thermal diffusivity and thickness of the

sample. This indicates that studies of frequency dependence of PA

signal intensity and phase can give excellent information

regarding thermal properties of the sample. Amplitude of PA

signal is determined by thermal diffusion length of the sample.

(Thermal diffusivity)

Thermal Diff. length =
/

("TT X Modulation frequency)

If the thermal diffusion length is less than sample thickness

(d), PA signal is independent of backing material. The amplitude

versus frequency plot shows a distinct change in the slope at the

cross over frequency, fc, characteristic of the temperature of

the sample and thermal diffusivity. Thermal diffusivity can

be obtained from 'fc' using the formula (fc X d ). Temperature

dependence of thermal diffusivity of superconducting samples has

been reported using the PAS technique (4). We have fabricated a

variable speed chopper for carrying out such studies and obtained

crossover frequencies for some samples at room temperature. A

small 12 V DC permanent magnet motor was used for making the

variable speed chopper unit. Its speed was controlled using a
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power supply with variable voltage and a dialed helipot. Two

chopping wheels with 2 and 8 slots were fabricated. The chopping

frequency was calibrated against voltage using a stroboscope and

could be varied in the range 20 to 400 Hz. Using the chopper

unit, crossover frequencies have been obtained for three

compounds viz. LiNbC>3:U5+, Lii_xHxNbO3tU5+ and YBa2Cu3O7_x as 50,

50 and 180 Hz respectively.

References -

1 C.S.Sunandana, Phys.Stat.Sol.(a) 105,11(1988).

2 Construction of photoacoustic spectrometer.; A.R.Dhobale

and M.D.Sastry, Solid state physics symposium, Madras

(1990).

3 C.E.Rice and J.L.Jackel; Mat.Res.Bui 1. H , (1984) 591.

4 Jonhey Isaac, J.Philip and B.K.Choudhari,- Pramana,

J.Phys.Vol 32, No 2, (1989), L 167-169.

51. EPR and DTA studies of phase transitions in Cu + doped

M. K. Bhide, M. D. Sastry and U. R. K. Rao

* Applied Chemistry Division

The EPR studies of Cu ' ( N H ^ S U F Q were conducted in the

temperature range 77- 430 K. The room temperature spectrum of

Cu is an isotropic quartet with giso= 2.124 and AjSO=74.5 G

exhibiting mj dependent linewidths. This feature is

characteristic of averaged anisotropies in g and A tensors (1).

As the temperature was lowered the lines got progressively

broadened and the isotropic spectrum nearly disappeared at
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2 2 3K. With further lowering of temperature an anisotropic

spectrum with g =2.237 and g *2.067 had built up at 213K. These

spectra are shown in Fig.26. As seen from the figure no hyperfine

structure due to Cu and Cu is observed in the axial spectrum.

When temperature was lowered to 77K additional lines at g

=2.261 and g =2.124 appeared. Microwave absorption studies using

detector current measurement in the temperature range 300-150K

showed ar intense peak around 210K. Changes observed in both the

studies are reversible on heating the sample back to room

temperature. The transition temperature observed by EPR

measurement coincided with the one observed in microwave

absorption studies suggesting a possible phase transition at 213K

in (NH4>3UF8. The temperature dependence of Cu EPR spectrum of

the parent compound in the region 300-430K did not show any

significant change. However, the DTA and microwave absorption

studies have shown reversible transitions at 353K and 382K

respectively suggesting structural phase transition at these

temperatures. The probe ion is expected to be present at NH4+

4-fsite of parent compound as compared to U site, considering the

larger charge imbalance. EPR investigations have revealed that
2+(i) Cu ions experience the fluctuating crystal field arising

from the rotational motion of (UFQ) anionic groups giving mj

dependent room temperature EPR spectrum, and <ii) the motion of

the anionic groups gets slowed down on cooling below RT resulting
2+ 2 +

in the axial spectrum of Cu at 213K. Thus EPR spectrum of Cu
essentially reflects the changes in (UFQ) ~ dynamics. The

transition observed in the temperature range 300-200K coincided

1 9with that reported in the analogous Na3UFg by F-NMR studies

(2). However, in the case of EPR, the dynamic to static

transition of the spectrum occured in the narrow temperature
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Fig.26: EPR
spectra of Cu**: (NH4)3UF8 in 200-300K range
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region (243K-213K), whereas in the NMR the changes in the

second moment were observed over broad (300K to 200K) temperature

range. The slight differences suggest that hydrogen bonding plays

a role in modifying the (UFs) ~ dynamics, even if it is not very

significant. Thus from the above observations we propose a

structural phase transition in (NI^^UFs at 213K. Transition is

attributed to changes in (UFs) " dynamics with temperature.

Reference :

1. A. Abragam and B. Bleany , Electron Paramagnetic Resonance

of Transition Metal Ions, Clarendon press, Oxford,

Ch.21, page 808, (1970).

2. Euchi Fukushima and Harry J. Hecht, J. Chem. Phys., B-54,

3411, (1971).

52. Dose determination in an accidental exposure by ESR

technique

V.Natarajan, M.D.Sastry, R.Venkataramani , S-K.Mehta and

M.R.Iyer*

Radiation safety and systems Division

Accidental exposure dose assessment by electron spin

resonance (ESR) technique from the free radicals generated in a

cotton handkerchief has been attempted in this investigation. The

cotton handkerchief, a common material carried by the

individuals, was taken as the medium for free radical estimation.

Cali-cloth cotton handkerchief was cut into pieces and wrapped in

a paper and irradiated in gamma chamber-900 / gamma eel 1-220.

The dose rates at various locations inside the gamma chamber were
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precalibrated by Fricke's method (1). After irradiation, the

samples were loaded into a quart2 tube of 3mm diameter. The ESR

spectrum of the sample was recorded using Bruker ESP-300

spectrometer at X-band frequency. DPPH was used as a field

marker.

The ESR spectra of unirradiated as well as 56 Gy gamma

irradiated cotton cloth are shown in Fig.27. The signal at g =

2.002'l is due to the free radicals formed after irradiation.

This was found to build up with higher doses of irradiation. The

free radical yield was measured as the peak to peak height of

this signal. The variation of the signal intensity for different

masses of irradiated cotton pieces was studied and it was seen

that the intensity of the ESR signal increases with the mass of

cotton piece upto 55 mg after which the signal tends to level

off. Hence for further studies, cotton pieces weighing 55 mg was

used to get optimum signal.

The dose dependence of the ESR signal was studied in the

range of 1-1000 Gy for the samples. The intensity of the ESR

signal (free radical yield) was found to be proportional to the

dose in this range. This is shown in Fig.28. In all these

samples, the ESR spectrum was recorded 2 hours after irradiation.

The signal was found to be suppressed in the cotton piece

soaked in water prior to irradiation due to reduction in Q factor

of the cavity. On drying with air, the signal increased.

Similarly the signal from a dry irradiated sample was suppressed

on sprinkling witji water ; on drying with air, the signal

intensity increased and was comparable to that from dry cotton

piece. The results are given in Table 49. This indicates that

radiation induced free radicals are stable even in wet sample and

they can be determined even in partially wet handkerchief after
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drying.

Table 49: ESR signal measurements on water soaked and dry cotton

pieces

i i r i
jSr.No |Irradiation | Dose
| (condition |given(Gy)

weight of | ESR signal

cotton piece| intensity

(mg) I (nun)

water soaked

cotton cloth

35 102

After drying

(with cold

air blower

35 56 17

2(a)

2(b)

Dry cloth 35 56 19

I—
After

sprinkling

water

35 82 13

|2(c) |After drying

i j with cold

I air blower

35 56 18

(EPR measurements were carried out 2 hours after irradiation)

The dose rate dependence of ESR signal was studied by

irradiating cotton pieces for the same dose (35 Gy) at gamma

chambers delivering 7, 20 and 35 Gy/ minute. The free radical

yield was found to be'independent of the dose rate.

The decay of the ESR signal was followed with storage time

at room temperature for a period of 6 days for samples irradiated

to 56 Gy and 15 Gy. The decrease in the intensity was 11% after
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1.2 hours and 28% after 2 hours of irradiation for 56 Gy

irradiated sample. After 72 hours, the intensity decrease was

constant at 43%. For 15 Gy irradiated sample, the intensity

decreased to 20% after 2 hours and 40% after 72 hours. From the

signal decay, the dose at the time of exposure can be back

calculated. From the ESR spectra of the free radicals produced in

the cotton handkerchief by radiation, the dose could be estimated

in case of radiation accidents in the range l-1000Gy at room

temperature.

Reference:

1. J.Weiss, A.O.Allen and H.A.Schwarz, Proc.Intern.Conf.

Peaceful uses of Atomic Energy 14 (1955) 179.

53. Structural phase transitions in TlSm<SC>4 >2.4H2© and

TlEu(SO4)2.4H2O crystals : an EPR study using Gd + dopant.

S.V. Godbole, Y.Babu, P.N.Iyer, A.G.Page and M.D.Sastry.

Trivalent lanthanides are reported to form double sulphate

tetrahydrates with monovalent cations with the general formula

MLn(SC>4)2• 4H2O. Extensive EPR investigations have been reported

for the isostructural ammonium series of these lanthanide double

sulphates as regards crystal field parameters and the occurrence

of structural phase transitions /I/. However, no report exists on

the Tl series. Here we report the EPR investigations of Gd

doped TlSm(SO4)2-4H2O (TSST) and TlEu(SO4)2•4H2O (TEST) in the

10-300 K temperature range.

Single crystals of TSST and TEST were grown from aqueous

saturated solution of corresponding Ln sulphate and TISO4 mixed

in the molar ratio in 0.5 M H2SO4 to which was added about 1% by
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weight of Gd2(SO4>3. The crystals were characterised by XRD,

chemical analysis and IR spectroscopy prior to EPR

investigations. EPR measurements were made on a Bruker ESP300

spectrometer operating in X-band. An APD closed cycle helium

refrigerator was used for temperature variation in the range 10-

300 K.

Single crystals of TSST Table 50

and T^ST have monoclinic Spin Hamiltonian Parameters

structure containing four , 1 , (

formula units per unit

cell. The lanthanide ion

is coordinated to nine

ions of which six belong

to sulphate ions and

three are from water

molecules. Room

temperature (RT) angular

variation studies in both < ' J '

TSST and TEST have shown

that the symmetry at Gd site is tetragonal with a small rhombic

distortion. The EPR spectra of Gd3+ recorded at RT for TSST for H

along Y-axis and for H in ZX plane are shown in Figure 29. The

spin Hamiltonian parameters at RT have been calculated for both

the systems using a spin Hamiltonian appropriate for orthorhombic

symmetry and are given in Table 50.

The temperature dependence of total zero field splitting for

H along Z-axis is shown in Fig.30 for TSST. The temperature

variation studies in the range 10-300 K have shown occurrence of

the following phase transitions in these two systems.

(GHz)

(GHz)

(GHz)

(GHz)

1.9929 | 1.9927 |

1.9840 | 1.9922 |

0.39308 ) 0-36994|

-0.00570 | -0.05195)

-0.00756 | -0.00403|

-0.00057 | -0.00037 j
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Fig.29: EPR spectra of Gd3+ recorded at RT in TSST crystals
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3OO

Fig.30: Temperature dependence of total zero field splitting

for H along Z-axis in TSST
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TSST : Phase I iS25 p h a s Q n 125K phage m UOK phage

TEST : Phase I 22S* phase II ̂ 225 phase III -^* phase lv

(Tci, TC2 and TC3 refer to the transition temperatures from

phase I to II, phase II to m and Phase III to IV respectively.)

The following conclusions can be drawn regarding the phase

transitions from EPR investigations.

1) Between RT and Tci the angular variation of EPR line

positions for H in ZX plane indicates that there are two

extrema which occur at orientations of H which are not

separated by 90°,corresponding to two magnetically non-
3+equivalent Gd ions. This implies that lathanide ions still

exist in pairs, however, they are no longer symmetrically

situated about inversion plane.

2) Between Tci and TC2 Gd ions still exist in pairs however,

the overall splitting changes.

3) Between TC2 and TC3 Gd ions no longer exist in pairs and

inversion symmetry is lost and one observes central line

splitting into four.

4) Below TC3, one observes further splitting indicating the

presence of eight magnetically noi

arising due to doubling of unit cell.

presence of eight magnetically non-equivalent Gd ions.

Reference:

1 S.K.Misra and X. Li; Phys.Rev.B 4S, 2927 (1992)
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54. Hyperfine interaction in 199Hg+ and 2 0 1Hg + (6sl)

EPS studies of Hg in NH4CI single crystals

M.L.Jayanth Kumar, S.V.Godbole, A.G.Page and M.D.Sastry

Hyperfine interaction for two odd isotopes of mercury viz.

199 201
Hg and Hg doped in ammonium chloride was investigated using

electron paramagnetic resonance (EPR) technique Mercurous ions

(Hg+) are produced by gamma irradiation of Hg .• ammonium

chloride single crystals. The EPR spectra were recorded on a

BRUKER ESP-300 X-Band Spectrometer. EPR investigations were

carried out in the temperature range 10 - 300 K using a closed

cycle helium refrigerator.

Mercurous ions have outer electronic configuration 6s with

sl/2 around state, which make its EPR easily observable over a

wide temperature range. The 's' character of the unpaired

electron results in very strong hyperfine interaction for odd

isotopes of mercury having nuclear spin I = 1/2 and 3/2 for

199 201

Hg and Hg respectively. Further, the large hyperfine

structure (h.f.s.) helps in the possible detection of 'volume

effects' in hyperfine interaction when the h.f.s. due to more

than one isotope is observed.

In samples gamma irradiated at room temperature, EPR

spectrum observed at 10 K is shown in Fig. 31. The four hyperfine
lines arising due to odd isotopes of mercury are marked B, C, D

and E in Fig. 31, in the order of increasing field. The

199 201
hyperfine coupling constant A for both Hg and Hg isotopes

being very large, it gives rise to the high field lines shown in

the Fig. 31. These lines were found to be angular independent,

both at room temperature and 77 K, establishing the isotropic

nature of the EPR spectrum. The absence of Cl-super hyperfine



MAGNETIC FIELD (K.G.)

Fig.31:EPR spectrum of gamma irradiated Hg2+:NH4C1 recorded at 10K
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structure and the isotropic nature suggests that Hg has entered

at a substitutlonal NH4 site experiencing a cubic symmetry.

The lines B and C are similar to those reported by earlier

workers for Hg ions (in different host lattices ) dua to

hyperfine coupling with I - 1/2 and I « 3/2 for 199Hg and 201Hg

respectively (1-2). .The high field lines D and E (Fir). 32) have

not been reported in any lattice. By comparison of intensities
1QQ 201

the lines D and E are assigned to " Hg and Hg isotopic

species respectively. The high field lines for odd isotopes of

mercury were identified by solving the spin Hamiltonian using

Breit - Rabi formulation (3) appropriate for A >> h case.

For calculations of energy levels, the g-value from even

Isotope is used and A has been varied between 25-35 GH2 for
I Q O Oft 1

Hg and 10-15 GHz for Hg so as to find suitable fit with the

experimental data. Figs. 32 (a) and (b) show the energy level

diagrams for the trip values as a function of xaagnetic field for
201 199

Hg and Hg respectively. In calculating these energy levels

the best fit values of EF'R parameters at 10 K were used. The

allowed transitions (A\mp = ±1) that can be observed at microwave

frequency 9.74 GHS2. are marked in Fig. 32.

It was observed that the positions of lines B and C are

relatively less sensitive to the changes in value of A in

contrast to the high field lines D and E. Thus the strong

dependence of line positions of D and E on A value enabled

reasonably accurate determination of A for these isotopes. The g
and A values for Hg at three different temperatures are given in

199 201Table 51. The free ion values reported for A and A are

40.507 and 14.995 GHz respectively. This shows that in NH4CI

lattice A value has been reduced by 21% at 10 K and 26% at 300

K for both isotopes with reference to their free ion values. This



+ 32-46 r-
199. (b)

13-5

-32-461-

MAGNETIC FIELD (K.G.)

Fig.32: Energy level diagrams for mp values as a function of

magnetic field for (a) 201Hg and (b) 199Hg
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difference 1B a measure of the degree of covalency In Hg-Cl

bond in the NH4CI lattice.

Temperature dependence of

"k' for the two Isotopes

are shown in Fig.33.

This shows a sharp

increase In A, below the

TABLE 51

g and A values

for Hg+ in NH4CI lattice

at different temperatures.

1

Temp.

K

10

70

300

1

1

1

g

.9995

.9985

.9910

199

MHz

1
• 1

32600

31800 i

29900 |

2 0 1A

MHz

11875

11810

11050

1
I

i
1
I
i

-transition (243K),

where the NH4 ions go

into an ordered state.

The order parameter

attains the value of

unity below 150 K (4);

therefore, the

temperature dependence of

A between 10 and 150 K arises due to only phonon induced mixing

as suggested by Walsh etal (5).

In case of isotopic hyperfine interaction s-electrons play

the most important role due to their penetration into nuclear

volume (6), however, for heavy elements when the relativistic

effects become important, a hyperfine anomaly arises. In the case

of Hg and Hg , the hyperfine anomaly was earlier reported,

by Dalai etal. (3), to be 0.16%. In view of the fact that

additional hyperfine interaction data obtained in the present

work give more precise values of A, we have reestimated the

hyperfine anomaly ~A.' and it was found to be 0.34%. This is

significantly more than* the reported value (3).

In conclusion, the present work provides conclusive evidence

about Hg+ ion entering substitutionally at NH4 site in NH4CI

matrix. The two additional transitions observed above 10 Kilo
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Gauss have been identified as IF - 1. mp * 1> to I F • 1, mp • 0>

for 199Hg and IP • 2, np • -2> to I F • I, % • -1> for 201Hg

ions. The temperature dependence of these line positions has

bean ascribed as due to configurational mixing. Thee* studies

have also enabled the precise determination of the hyperfine

199 201constants for Hg and Hg leading to recstimation of the

hyperfine anomaly.

References

1. N.S.Dalai, J.A.Hebden and C.A.Mcdowell, J.Magn.Res., 1974,

16, 289-311.
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55. Electron paramagnetic resonance studies of

K. S. Ajaykumar, R.M.Kadam, A.G.Page, M. D. Sastry and E. M.

Iyer

1) Evidence for cluster relaxation and spin glass behaviour of

Gd2Cu04-. EPR studies at (4GH2) and (9GHZ).

EPR studies of zero field cooled (ZFC) and field cooled (FC)
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samples of Gd2CuO4 at S-band (4GHz) and X-band (9-10 GHz) in 10

to 300 K region have clearly shown that the low field microwave

absorption depends not only on field cycling but also on

microwave frequency. The low field absorption signals in ZFC

samples at S-band are distinctly different from those of FC

samples and the system takes almost 24 hours to relax to its

normal state at room temperature after being subjected to field

cooling to 10 K at 12 KG. Furthermore, the microwave absorption

by FC samples at S band behaves more like that in ZFC samples at

X-band. This clearly shows that the compound exhibits Spin glass

like behaviour and it is inferred that the inverse of cluster

relaxation time is between 4GH2 and 9GHz.

2) Effect of lithium doping in Gd2CuC>4 : An EPR investigation.

The EPR studies on a series of single phase Li- doped

Gd2CuC>4 samples, viz., Gd2Cui_xLixOy (x=0.00 -0.10) were

conducted down to 10 K. The important observations in these

experiments are as follows :-

(1) The low field microwave absorption signal similar to

that of pure Gd2CuC>4 was observed in all the samples of this

series.

(2) The transition temperature as seen from Table 52 and

intensity of the low field microwave absorption signal was found

to be strongly dependent o»> the Li- content (Fig. 34) as well as

the method of preparation, i.e. semi-wet or dry method. There is

a drastic difference in transition temperature for the same

compound, depending upon the mode of preparation, it may be due

to the inhomogenity of the sample prepared by solid state method

as indicated by chemical analysis. However, the lithium content



Fig.331 Intensity o? low field microwave absorption as \

function of Li content
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of the samples prepared by semi-wet method was found to be close

to that of starting; composition. Here it is important to note

that in this series the low field signal intensity was found to

disappear around 10 K. Moreover, for the same amount of sample

(30 mg) the signal intensity and the extent of hysteresis at 77 K

were found to decrease with increase in the concentration of Li.
2 +

(3) No Cu EPR signal was observed in this series even at

the highest feasible sensitivity used for recording the EPR

spectrum.

(4) The low field signal intensity was found to disappear

around 10 K, but at the same time a drift in the base line was

observed near zero field at that temperature. The sample

containing higher Li content showed this drift in the microwave

response at relatively higher temperature.

Table 52 : Transition teperatures of

I I I ! I
| No | Starting Composition | Semi wet Method | Dry Method |

| 180° K | 50° K |

I 180° K | 50° K |

2 | Gd2Cuo.94Lio.o6°4 | 192° K | 40° K |

3 | Gd2Cuo.96Lio.O4°4 I 220° K | 50° K |

4 | Gd2Cuo#9gLio,02O4 | 2 30* K | |

5 I Gd2Cu1.00Lio.-oo04 I I 270° K j
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56. Photoreduction Studies of Uranyl Ion in. Perchloric and

Hydrochloric acids using a XeCl Excimer Laser

A.A.Argekar, V.Natarajan, S.V.Godbole and A.G.Page

The utility of a XeCl excimer laser at 308 nm was examined

for the reduction of uranyl ion with 1.7 M ethanol in 3M HCIO4

and HC1. The absorption spectra of the solutions were recorded on

a Beckman DU-7 spectrophotometer prior to and after irradiation
2+ 4 +

to monitor UO2 and U ion concentrations at their absorption

peaks. Using a series of standard uranyl solutions in 3 M HCIO4

and HC1, the extinction coefficients at the laser wavelength (308

nm) and at the absorption peak wavelength for UO2 + (421 nm in

HC1 and 414 nm in HCIO4) were determined. Molar absorption

4 +coefficients for U were determined at the absorption peak

wavelength (648 nm) using U solutions in HCIO4/ HC1. The

4 +concentration of U in these secondary standards were determined

by a biamperometric method. Potassium ferrioxalate (0.006M) was

used for actinometry. It was seen that after irradiation with the

laser at a pulse rate of 40Hz for 20 minutes, the conversion to

U 4 + was almost quantitative (>95%) in 3M HCIO4. However in 3M

HC1, the conversion was only about 10%. The quantum yields for

the photoreduction of UO2 to U with ethanol at 308 nm were

determined to be 0.54 + 0.04 and 0.006 + 0.001 in 3M HCIO4 and

HC1 respectively.
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57. Trace metal assay of high purity graphite by atomic

spectrometry

N.K.Porwal, S.K.Thulsidas, S.V.Godbole. Smt-Paru J. Purohit,

Smt.Neelam Goyal, A.G.Page and M.D.Sastry.

Analytical atomic absorption/emission spectiometric methods

have been developed for determination of 21 metal lies at trace

concentration levels in high purity graphite material required in

nuclear fuel Industry. Of these 20 metallics viz. Al, B, Be, Ca,

Cd, Cr, Co, Cu, Fe, Li, Mn, Mo, Mg, Ni, Pb, Sn, Si, Ti, V, and Zn

at trace concentration levels in high purity graphite material

using direct reading spectrometer equipped with D.C. arc

excitation source and PDP11/23 spectrochemical controller. A 6%

carrier mixture of AgCl and NaF in 5:1 proportion has been

found to be optimum to facilitate thermochemical reactions at the

electrode temperature and secure efficient volatilization of the

metallic elements into the D.C. arc. With a view to optimizing

the signal integration time for the detectors,

volatilization/excitation of the analyte elements have been

studied in detail. Due to the low density of qraphite powder,

the analytical sample charge was optimised at 35incj. Other

experimental parameters such as arc gap, current and the axial

viewing position of the arc have also been standardised to gain

optimum analyte intensity. Using the standardised procedure B,Be,

Cd could be determined at 0.1 ppm concentration while other

elements could be determined at 1-40 ppm concentrations. The

precision of the method, as determined from the replicate

analyses of a synthetic sample having intermediate concentrations

of the analyte elements in the analytical range has been better

than 20% RSD. The method can also be used for the analysis of any
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mi seellaneous type of samples by mixing the same with high purity

graphite serving as spectroscopic buffer.

In the case of Silver determination by AAS technique,

graphite was selectively removed by heating the sample in air, at

800° C in a Silica muffle furnace. The residual ash, containing

Ag was dissolved in concentrated HNO3 and was analysed for Ag. A

series of standards was prepared by mixing graded amount of Ag

with graphite and heating them in the furnace. The experimental

parameters were optimised by varying the temperature and time

duration for dry, ash, and atomize stages using a mid range

concentration standard. Optimized parameters are-

DRY ASH ATOMISE

200°C/60 sec 400°C/5 sec 2100°C/3 sec

The linear analytical range obtained, for the analyte was

0.001-0.08 microgram per ml. The recovery of Ag on removal of

graphite was confirmed by analysing 3 synthetic samples prepared

by mixing known aliquot of Ag to 100 mg of spec-pure graphite.

The precision of method as obtained by repetitive analyses

of synthetic samples was found to be better than 5% RSD. The

analytical data obtained using the present methods are given in

Table-53.
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Table 53

Analytical Data for Determination of Trace

Metals in Graphite

Sr.no.

1 1
2

3

*
5

6

7

8

* I
10 |

1 1 I
1 12 |

1 13 1
1 I* 1
1 I 5 1
1 16 1
1 I? 1

18 |

19 |

I 20 |

1 21 |

1 22 |

23 |

i

ELEMENT

1

Al

B

Be

Cd

Cr

Cu

Fe

Fe

Mn

Co

Li

Mo

Ni

Mg

Mg

Pb

SI

Sn

W |

Zn

V

Ti

Ag* |

i

WAVELENGTH

A°

3082

2497

2348

2288

4254

3247

2599

2617

2576

2424

6707

3132

3950

2852

2802

2883

2881

2421

2397

2138

3185 |

4981

3280 |

i

i . . .

| ANALYTICAL RANGE

| Ppm

1
1
j 10-1500

j 0.1-10

0.1-10

0.1-10

5-200

2-50 |

10-1000

10-1000

5-400

5-150

2-15

10-1000 |

5-150 |

5-500 |

5-500 |

5-1000 |

40-6000 |

1-100 |

*:o-iooo |
10-500 |

5-100 |

10-300 |

0.001-0.08 |

i

By AAS Method
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58. Trace Metal Assay of Uranium Silicide Fuel

Madhuri J.Kulkarni, Aparna A.Argekar, S.K.Thulasidas,

B.A.Dhawale, B.Rajeshwari V.C.Adya, Paru J.Purohit, Neelam

Goyal, T.R.Bangia, A.G.Page and R.H.Iyer.

A comprehensive trace metal assay of Uranium Silicide - a

fuel for nuclear research reactor employing low enrichment

uranium (LEU) has been carried out - using atomic spectrometry.

Of the list of specified elements, twenty one metallic elements

are determined by using d.c.arc -carrier distillation technique,

a group of rare-earths and zirconium are chemically separated

from the major matrix followed by d.c. arc excitation technique

in atomic emission spectrometry (AES), while silver is determined

by electrothermal atomization-atomic absorption spectrometry

(ETA-AAS) without prior chemical separation of the major matrix.

The detection limits for these elements vary in the range C.I- 40

ppm. The precision of determinations as evaluated from the

analysis of synthetic samples with intermediate range

concentration Is better than 25% R.S.D. for most of the elements

employing d.carc-AES while precision for determination of silver

by ETA-AAS is better than 7%RSD. Gamma radioactive tracers have

been used to check the recovery of rare-earths during chemical

separation procedure.

The analytical data obtained for all the analyte elements

are given in Tables 54-56. The analytical range obtained for

the analytes could cover the specification limits prescribed for

the fuel material, adequately.

In conclusion, a comprehensive approach for the trace metal

assay of U3Si2 fuel has been developed here by using analytical

spectroscopic methods. The salient feature of these studies is
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that as high as, twenty-two metallic elements and eleven

lanthanides of interest in fuel specification analysis can be

determined.

Table 54

Analytical range and precision by

emission Spectrometric method for

1

)Sr.no.

1 4

1 2

1 3

j 4
| 5

1 6
| 7

I 8 1
1 »' 1
1 io |
| 11 |

1 12 !
1 13 |

t 14 |

1 I5 1
1 i6 !
1 17 |

! i 8 I
1 is I
1 20 j
1 21 |

22 |
i

ELEMENT

Al

B
Be

Ca

Cd

Co

Cr

Cu

Fe

Li
Mg

Mn

Mo

Na

Ni

Pb
Sn

Ti

V

W

Zn

Ag
i

ANALYTICAL

RANGE(ppm)

10-100

0.1-10

0.1-5

5-250

0.1-10

5-250

5-250

2-100

10-500

0.2-10

5-250

2-100

10-500

2-100

5-250

5-250

1-50

10-500

5-250

40-2000

10-200

0.05-6
i

I

Precision

% R.S.D.

r • •• i

20 j

8 1
j 12 |

12 |
9 i
17 |

12 |

^ 11 |

I

6 I
17 |

20 |

10 |

12 |

16 |

20 |

22 j

8 1
9 i
22 |

12 !

8 !
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Table 55

Recovery of rare earths by tracer studies

|Sr.no.

| 1

! 2

3

4

TRACER

Eu

Gd

Tin

Yb
. ..

I

BEFORE

EXTRACTION

15,300

72,000

67,000

20,000

1

I
1
I
I

1
1
|
i

AFTER

EXTRACTION

14,800

71,500

66,000

19,200

i i

% RECOVERY

i
!i

97 j
99 |

99 j

96 |

i

Table 56

Recovery, Precision and Detection Limits

by Emission Spectrographic Method.

( i i r

| Sr.No.|Element| Anal.| Amount

| | |line. | added

Amount \% R.S.D.|Det.limit|

recovered | | |

ug I I u g I

1

2

3
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1V. INSTRUMENTATION

Apart from looking after the service and maintenance of

various sophisticated instruments that are in use in

Radiochemistry and Fuel Chemistry Divisions, the instrumentation

group has carried out the following development jobs which are

relevant to the Divisions' work programme.

59. Digital control programmer for temperature control

P. B. Rajore and S. Vikram Kumar

Fuel Chemistry Division

A PC based digital control programmer was developed for

controlling and programming temperature of a Leybold-Heraeus

high vacuum resistance heating furnace . The software using PID

algorithm was developed to control the power. An amplifier was

developed to suit the input requirement of the non-standard W5

thermocouple.

The process variable is sampled periodically and digitized

using a thermocouple input card. The PID algorithm processes

this data as per the user program and converts the PID output

into a 4-20 mA controller signal using a digital-to-analog

converter card. Both hardware and software burnout protections

are provided. Any type of control strategy can easily be

implemented by modifying control algorithm. The software was

written in QuickBASIC. The performance of the system was found to

be satisfactory.
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60. A floor monitor with solid state detectors for alpha

particle monitoring

Md. Yakub All, D.B. Gurav, J.K.Samuel and R.V. Srikantiah*
*

Technical Physics and Prototype Engineering Division

A floor monitor for detecting alpha contamination

incorporating indigenously developed large area solid state

detecto s was designed and fabricated. The monitor is mounted on

an easily manouverable trolley and has a detection efficiency

of ~ 8 %. The unit operates on a 6 V rechargeable battery pack.

General design :

While designing the instrument the following criteria

were kept in view:

a) Large sensitive area,

b) High detection efficiency,

c) Simplicity of operation with minimum drain in the battery and

d) Good manouverabi1ity of the trolley.

Fabrication:

Detector assembly: Three surface barrier detectors (each of area

~1200mm ) mounted side by side in a line cover an area of

approx. 150 mm X 50 mm. The ground clearance of the base of the

monitor is set at 8 mm and the distance between the floor and

detectors is "10 mm.

Detectors: N -type silicon single crystal of 40 mm dia., 1 mm

thickness, <111> orientation and 14K ohms-cm resistivity was used

as the starting material. After lapping and chemical polishing,

they were mounted in, ceramic ring. Edge protection was provided

with suitable epoxy. 40 jig/cm of gold and aluminium were vacuum

evaporated on to the surface at 10~ torr. to provide rectifying

and ohmic contacts. Gold contact is the particle-entry side.
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Detectors were encapsulated in metal containers provided with

microdot connectors. Active area of the detectors is "1000 nun .

Gold silicon surface barrier detectors are highly light

sensitive. For the present work since detectors are required to

be operated in ambient and dusty atmosphere, they were covered

with 1 micron aluminised mylar films at the surface.

Trolley: A three-wheeled trolley has been designed with two

wheels in front and one at rear for easy manouverabi1ity. The

detectors are mounted at the front edge and electronic circuitry

is kept behind them with control-switches and count-rate panel

meter mounted on the top for convenient operation.

Electronics: Minimum possible circuitry has been used so that

power consumption from the battery can be kept low. A simplified

block diagram of the system is given in Fig. 35.

Preamplifier - count rate meter circuits: Three identical

channels are made with each detector having its own preamplifier

and discriminator. A gain of 27 mV/MeV has been obtained. The

preamplifier output is fed to a discriminator circuit to cut

off noise. Outputs from the three discriminators associated

with the three detectors are OR-ed so that when an alpha

paticle is detected in any of the detectors, an output pulse

appears at the OR junction. This pulse is then fed into a

monostable resulting in an output pulse of height 8 V and width

1 msec which in turn is used as input to a piezo-electric buzzer

and an averaging amplifier. The buzzer serves the purpose of an

audible indicator of the counts and the averager provides a

visual display of the count rate on a panel meter.

Power supplies: A 6 volt rechargeable battery pack is the source

of power for the monitor. Power supplies of +5V , -5V and +15V

are generated using DC-DC converter. 15V is used as bias supply
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for the surface barrier detectors.

Performance of the monitor:

The detection efficiency of the monitor has been

determined using known alpha sources. Point sources kept below

the rectangular sensitive area produce the same number of counts

even if they are not directly underneath any one of the

detectors. An alpha source distributed over a rectangular area of

15 cm x 5 cm has also been used to measure the efficiency of the

monitor. A detector efficiency of ~ 8 % has been obtained for the

system. The count rate meter is calibrated to show full scale

reading of 50 cpm. The maximum permissible contamination level of

2.5 dpm/cm will show up as ~ 15 cpm which is about one third the

full scale of the rate meter and hence is far above the minimum

detection limit of the monitor.

61. Microprocessor programmable temperature controller

J.B.Mhatre

A microprocessor based temperature control unit has been

designed and fabricated to use for the thermoluminescence

studies. As the instrument is microprocessor based, it renders

flexibility in programming. It is also possible to modify the

instrument to suit any need in respect of selection of

thermocouple, ranges of temperature, rate of rise of temperature

and the power output for heater. Heating of materials at

constant rates and maintaining temperature at fixed points with

an accuracy of ± 1°C are possible.Programming of cycles for

initial temperature, I, at heating rate, Rj upto the final

temperature, Fj followed by a hold time, Hj, is possible. This
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cycle can be repeated for a large number of times. The

temperature of the heater Is displayed on a digital panel

meter.The analog output of temperature can be fed to a strip-

chart recorder.User can feed the required parameters through a

21 keyed keyboard provided on MF1 kit.

The specifications of the instrument are as follows!

1.

2.

3.

4.

THERMOCOUPLE

HEATER

HEATER

USER * S

SUPPLY

PARAMETERS

:Chrome1-Alum©1

:Kanthal Strip

Dimensions 3cm.

:5 Volts A.C.

:In hexadecimal

(K

X

Type

lcm.

5. TEMPERATURE RANGES »-200.0°C to 500.0°C

6. HEATING RATES :0.l°C/Sec.to 25.5°C/Sec.

in steps of 0.1°C/Sec.

7. HOLD TIME :0.0 Sec. to 64 Sec.

Description of functioning of the instrument:

The instrument makes use of the microprocessor

development kit MF1 from Dynalog MicroFriend.The following IC

chips have been used on the kit MF 1:-

1. The CPU of the system : 8085;

2. The keyboard / display controller : 8279;

3. The I/O port controller s 8155;

4. The Programmable Peripheral Interface : 8255.

5. Two EPROMs s 2732 and 2716

6. One RAM « 6116

Two EPROMs 2732 and 2716 of 4kb and 2kb capacities

respectively store the monitor programme required by the system.

One RAM 6116 of capacity 2Kb is available to store the user's

parameters. The 16 bit ramp generated by the microprocessor (as

per specifications supplied by the user) is output through the A
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& B output ports of the I/O Port Controller 8155 and fed to the

thermocouple look-up table consisting of two EPROMS 2764 each of

capacity 8K bytes. The addresses of the EPROMs correspond to

temperatures over a range of -200.0 C to +500.0°C with a

resolution of 0.1°CThe contents of the memory represent the

corresponding E.M.F.s over a range of - 5.6 mV to + 20.0 mV. The

13 bit E.M.F. read out of the thermocouple look-up table' is

converted into analog output.This analog output is compared

against the E.M.F. of a themocouple in contact with the

heater.The difference is used as error and is used to control the

firing angle of a pair of back to back S.C.R. Thus though the

programming is completely digital, the control circuitry is

completely analog.

The instrument is in use for last six months and the

results are found satisfactory.

62. Adaptation of personal computer for thermal ionlsatlon mass

spectrometer mat-261

S.Venklteswaran and K.L. Ramakumar
A

Fuel Chemistry Division

A dedicated Hewlett-Packard computer system 9000/300 is

attached to the thermal ionisation mass spectrometer MAT-261

through HP-IB bus for on line control, data acquisition and

analysis. In order to bring down the cost of maintenance and

quick service in the event of a breakdown, efforts were made to

replace the existing computer system with a locally available

computer system. The main considerations were a) to keep the down

time of the instrument as low as possible, b) make maximum use of
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ens existing software supplied along with the system and c) keep

:hs software development time to a minimum during the switch

over. The best available option under these circumstances is to

run the existing software in HPBASIC under DOS environment in an

IBM compatible PC. Hitech BASIC (HTBASIC) developed by Trans-Era,

USA is almost fully compatible with HPBASIC and runs under DOS

environment. Hence it was decided to replace the existing system

with a ?C / AT and HTBASIC having a locally available IEEE 488

card.

The existing programs and data (in HPBASIC) files in

LIF format were transferred and converted into DOS compatible

HTBASIC files using the HPCOPY utility. The HTBASIC was

customerised using the 'CONFIGURE' commands to simulate the

HPBASIC environment. The relevent IEEE 483 driver was also loaded

using 'AUTOST' facility. The mouse driver was loaded at DOS level.

The three main areas where software modifications were

needed were »

a) RAMdisc creation and initialization: As this is not supported

by HTBASIC, this was created at DOS level using SMAETDRV utility

in Config.Sys file.

b) Video display: As the graphic resolution and no. of text

lines of our video system are different from that of HP computer,

those statements had to be modified to suit our present screen.

In addition, necessary changes to take advantage of the colour

display were also incorporated.

c) Keyboard U Timing : Since the PC / AT keyboard is different

from the HP keyboard, modifications were required on statements

pertaining to function key commands of the programs. Similarly we

found it necessary to increase the time period of WAIT staements

in the program to account for the higher speed of the PC /AT.
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We have successfully installed and run all the programs

and acquired data on 486 based PC at 16 MHz using a locally

available IEEE 488 card. However some more fine tuning is

necessary to run the PC at 33 MHz speed.



186

V. SEHVICES:

l.The following samples were received from various Divisions of

B.A..R.C. and universities during the year 1992 for their trace

metal assay by atomic absorption / emission spectroecopy.

Type of sample Nos. Source

U02 4 3 RMD, FCD, AAAF

PuO2 30 RMD, FCD

(U-Pu)O2 41 RMD, Spectroscopy Division

(U-Pu)C 7 RMD

Miscellaneous 89 FCD, FIPLY, Spectroscopy,

URED, Dayal bacfh University

2. Supply of Actinide sources:

Fourty electrodeposited sources of actinides i.e. Th,

230Th. 232Th, 232U, 233U, 235U, 2 3 8U. 237Np. 239Pu. 241Am
252and Cf were supplied to different units of D.A.E.,

Universities, Industries etc.. These sources were of different

dimensions (0.4cm to 1.5 cm dia.) and were deposited on different

backing materials (Al,Ni, Ag, Au and stainless steel Planchettes)

as required by the users. The strength of these sources varied

from 100 dpm to 5 uCi.

(R.J.Singh)

3.Training Programs:

(i) Lectures on nuclear chemistry, radiochemistry, spectroscopy

and instrumentation for the 35th and 36th batch of training

school were given by B.S.Tomar, P.K.Pujari, S.K.Das, M.L.Jayant

Kumar, A.G.Page, S.Venkateswaran and S.B.Rajore.

(ii) B.S.Tomar and P.K.Pujari served as members of the written
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test committee and selection committee respectively for the 36th

batch of training school.

(iii) S.P.Dange, P.P.Burte, A.G.C.Nair, P.C.Kalsi and R.H.Iyer

conducted practicals in Nuclear and Radiochemistry for the

chemistry trainees of 35th batch. The laboratory course of

practicals in Nuclear and Radiochemistry consisted of experiments

designed to acquaint the trainees with different counting

techniques for radioactivity, basic practices in radiochemical

work and certain fundamental features of decay processes and on

the application of solid state detectors.

(iv)S.P.Dange, A.G.C.Nair and P.P.Burte provided the necessary

guidance in conducting experiments in activation analysis to a

student from Nagpur University which formed part of his Ph.D

program.

(v) B.S.Tomar, S.Venkateswaran and P.P.Burte served as Resource

persons at the 13 National Workshop . on Radiochemistry and

Applications of Radioisotopes held at Nagpur during July 1992.

(vi) Experiments on the application of solid state track

detectors were conducted by P.C.Kalsi and R.H.Iyer for the

students from Utkal University and S.V.University.

4.Expert assignment / International conferences /deputations /

Visits abroad etc.,

(i) R.H.Iyer served as an IAEA expert on Nuclear Chemistry at the

University of Yangon, Myanmar under the IAEA technical co-

operation expert mission program for one month during Dec.1991-

Jan.1992.

(ii) V.K.Manchanda participated in the 17th international

symposium on Macrocyclic chemistry held at Brigham Young

University, Utah, U.S.A. from August9-14, 1992 and presented a
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talk on complexation of Am(III) and Eu(III) with tris-bipyridine

cryptand. He also vi&ited Thermochemical Institute of the Brlgham

Young University.

(ill) A.V.R.Reddy was deputed to University of Mainz, Germany on

a research fellowship under bilateral scientific technical

agreement between India and F.R.G from October 92.

(iv) M.D.Sastry has gone on extraordinary leave to Alabama A & M

Universi y as a visiting scientist for a period of 15 months.

5.Miscellaneous:

(i) B.S.Tomar served as the secretary of the Nuclear and

Radiochemistry symposium held at Visakhapatnam during Dec. 21-24

1992.

(ii)J.P.Shufcla served as Ph.D.thesis examiner of R.S.University,

Raipur and Bhavnagar University, Bhavnagar. He also served as

examiner for M.Sc.(Chemistry) practicals for Ravishankar

University. In addition, he successfully guided one student for

the award of M.Sc. degree from Bombay University.

6.BARC Newsletter highlights:

(a)The work on the extraction of actinides from high active

aqueous raffinate waste as well as high level waste solutions

arising from PUREX reprocessing of thermal reactor fuels using a

mixture of CMPO and TBP has been cited in BARC Newsletter, 102,

June 1992.

(b)The work on synthesis and detection of trace levels of short-

lived 245Cf and 246Cf in heavy i

BARC Newsletter, 105, Sept.1992.

lived Cf and Cf in heavy ion induced reactions was cited in
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V. Publications!

A. Journals

209
1. Alpha particle induced reaction of Bi at 55.7 and 58.6

MeV.

S.S.Rattan,A.Ramaswami,R.J.Singh and SatyaPrakash

Radiochim.Acta 57,7(1992).

2. Lecture notes on High Resolution Gamma Spectrometry by

S.S.Rattan in "Radiation Detector Systems", ed-

Dr.S.K.Kataria,Oxford & IBH Publishing Co.,New Delhi,1992.

3. Mass distribution in 72 MeV 12C induced fission of 232Th

S.B.Manohar, A.Goswami, A.V.R.Reddy, B.S.Tomar, P.P.Burte

and Satya Prakash

Radiochim. Acta 56, 69 (1992).

4. Mass resolved angular distribution in alpha induced fission

of 2 3 3U

A.Goswami, S.B.Manohar, A.V.R.Reddy, S.K.Das, B.S.Tomar

and Satya Prakash

Z.Phys. A342, 299 (1992).

5. Complete and in' ^plete fusion in 12C + 93Nb and 16O + 89Y

reactions

B.S.Tomar, A.Goswami, S.K.Das, A.V.R.Reddy, P.P.Burte,

S.B.Manohar and Satya Prakash

Z.Phys. A343, 223(1992).

6. Perturbation of the gamma ray angular correlations by an

Ornstein-Ulhenbeck Process

A.K.Dhara and S.K.Das

Phys.Rev.B45(9),4745(1992).

99 233
7. Carrier free separation of Mo from U fission products.
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A.G.C.Nair,S.K.Das,S.M.Deshmukh and Satya Prakash

Radiochim.Acta 57,29(1992).

8. A rapid and selective separation of palladium,

A.Dakshinamurthy, A.G.C.Nair, S.K.Das, R.J.Singh and

SatyaPrakash

J.Radioanal. and Nucl.Chem.162,155(1992).

9. Emission angle dependence of fission fragment spin

T.Dfita, S.P.Dange, H.Naik and Satya Prakash

Phys.ReV. C 46, (4), 1445(1992).

10. Effect of Entrance Channel Parameters on Fragment Angular

Momenta in Medium Energy Fission

H.Naik, T.Datta, S.P.Dange, R.Guin, P.K. Pujari and

SatyaPrakash

Z.Phys. A-342,95 (1992) .

11. The electrochemical etching of fission fragment tracks in

Tuffack1 polycarbonate

I.Othman, G.Raja, M.Al-Hushari and R.H.Iyer,

Nucl. Tracks and Radiation Measurements, Vol. 20, (4),

555(1992)

4 +
12. Thermally stimulated luminescence studies of L1YF4:U

single crystal

S. V. Godbole, A. G- Page and M. D. Sastry

Nucl.Tracks and Radiation Measurements 20 (4), 487 (1992)

13. Fluorescence and excitation spectral studies of t&travalent

neptunium ions in Cs2ZrClg system

A. G. Page, S. V. Godbole and M. D. Sastry

J.Lumin. 51, 335 (1992).

14. EPR and DTA studies of phase transitions in Cu doped

triammonium uranium octafluoride

M. K. Bhide, M. D. Sastry and U. R. K. Rao
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Phase Trans. 18. 237 (1992).

15. Thermally stimulated Luminescence and electron paramagnetic

resonance studies of actinide doped Calcium chloro phosphate

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

Pramana, J.Phys., 39 , 131 (1992).

16. Photochemical reduction of uranyl ion in nitric acid medium

using a XeCl excimer laser

V. Natarajan, S. V. Godbole, A. Argekar, A. G. Page, M. D.

Sastry and P. R. Natarajan

J. Radioanal. Nucl. Chem. Lett. 115, 255 (1992).

17. Preparation and characterisation of ammonium lanthanide

double sulphate monohydrates

P. N. Iyer and P. R. Natarajan

Thermochimica Acta 210, 185 (1992).

18. Ferroelectric-antiferro electric fluctuataions in the

dipolar glass Rb],_x(NH4 )x
H2po4: A n electron paramagnetic

reson&nce study

Y. Babu, M. D. Sastry and B. A. Dasannacharya

J.Phys.sCondens. Matter 4, 1819 (1992).

19. Effect of zinc ion interaction of some aminoacid compounds

of Cu(II) with H2O2.

M. S. Sastry, S. S. Gupta, V. Natarajan and A. J. Singh

J.Inorg.Biochem. 45, 159 (1992).

20. Characterisation of high critical temperature

superconducting materials by ICP-AES technique

Madhuri J. Kulkarni, Aparna A. Argekar, S. K. ThulasIdas,

A. G. Page and M.' D. Sastry

Fresensius J.Anal Chem. 3423, 367 (1992).

21. Direct determination of Be, Cu and Zn in Al-U matrices by

eletrothermal atomization AA spectrometry.
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Neelam Goel, P. J. Purohit, A. G. Page and M. D. Sastry

lalanta 39, 775 (1992).

22. Radiation-induced decomposition of the Tributyl phosphate-

Nitric acid system: Role of nitric acid

M. V. Krishnamurthy and R. Sampalkumar

J.Radioanal.Nucl.Chem.Letters, 166 (5), 421 (1992).

23. The effect of temperature on the extraction of plutonium

(VI) from niti-tc acid into n-dodecane by di (2-ethylhexyl)

sulphoxide

G.R. Mahajan, D.R. Prabhu, J.P. Shukla and G.M. Nair

Thermochimica Acta, 196, 357 (1992)

24. Polarographic study of U(VI)-succinate complexes

G.M. Nair and D.R. Prabhu

J. Radioanal. Nucl, Chem. Articles, 162, 79, (1992).

25. Di(2-ethylhexyl) sulphoxide as an extractant for plutonium

(IV) from nitric acid medium

D.R. Prabhu, G.R.Mahajan,M.S. Murali, J.P.Shukla, G.M.Nair

and P.R.Natarajan

J.Radioanal.Nucl. Chem..Articles, 162,91 (1992)

26. Extraction behaviour of uranium, plutonium and some fission

products with Gamma irradiated N,N'-dialkylamides

P.B.Ruikar, M.S.Nagar and M.S. Subramanian

Journal of Radioanal. and Nucl.Chem.Art. 959 (1) 167(1992).

27. Laboratory studies on the adsorption behaviour of Americium

P.K. Mohapatra and V.K. Manchanda

Journal of Radioanal. and Nucl. Chem. Art., 106,

215(1992).

28. 3-phenyl-4-benzoyl-5-isoxazolone: A novel extractant for

Pu(IV) and Am(III)

V.K. Manchanda and P.K. Mohapatra
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50th Anniversary of the discovery of Transuranium Elements,

American Chemical Society, monograph, Chapt. 33, p.331(1992)

29. Extraction of Am(III) and Cm(III) with l-phenyl-3-methyl-4-

acetyl pyrazolone -5 in the presence of neutral oxodonors

P.K. Mohapatra and V.K. Manchanda

Radiochim Acta, 57, 25 (1992)

30. Extraction of actinides and fission products by

octy'(phenyl)-N,N- diisobutyl carbamoyl methyl phosphine

oxide from nitric acid media

J.N. Mathur, M.S. Murali, P.R. Natarajan, L.P.Badhekar and

A. Banerji

Talanta 39, 493(1992)

31. Uptake of actinides and lanthanides from nitric acid by

dihexyl-N,N-diethylcarbamoylmethyl phosphonate adsorbed on

chromosorb

J.N. Mathur, M.S. Murali and P.R. Natarajan

J. Radioanal. Nucl. Chem. Art. 162, 171 (1992).

32. Tail-end purification of Americium from plutonium loading

effluents using a mixture of octyl(phenyl)-N,N-diisobutyl

carbamoyl methyl phosphine oxide and tri-n-butyl phosphate

J.N. Mathur, M.S. Murali, P.R. Natarajan, L.P.Badhekar, A.

Banerji, K.M. Michael, S.C. Kapoor and R.K. Dhumwad

J. Radioanal. Nucl. Chem. Letters 165, 219 (1992).

33. Estimation of Natural Thorium in Low Level Effluents from

Reprocessing Piants

J.P. Shukla, S. Kalaiselvan and M.V.R. Prasad

J. Radioanal. Nudl. Chem.Art., 156, 75 (1992)

34. Solvent Extraction of PlutoniumdV) into Dodecane by Bis (2-

ethylhexyl) sulphoxide from Mixed Aqueous Organic Solutions

J.P. Shukla and C.S. Kedari
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Radiochimica Acta, 56, 21 (1992)

35. Bis (2-ehtylhexyl) sulfoxide as an extractant for Americlum

(III) from Aqueous nitrate media

J.P. Shukla and C.S. Kedari

J. Radioanal. Nucl.Chem. Art., 157, 355 (1992)

36. Ligatlonal behaviour of ethyltrifluoroacetoacetate towards

some tervalent lanthanons in aqueous - dioxane Mixture,

J P. Shukla and R.S. Sharma

Thermochimica Acta, 196, 155 (1992)

37. Macrocycle-mediated selective transport of Plutonium (IV)

nitrate through bulk liquid and supported liquid membranes

using dicyclohexano - 18 - crown-6 as Mobile carrier

J.P. Shukla, Anil Kumar and R.K. Singh

Separation science & Tech., 27, 447(1992)

38. Thermodynamics of acid proton dissociation of 5 - hydroxy-

1,4-naphthoquinone in Dioxane - water, mixtures

J.P. Shukla and S.K. Arora

Thermochimica Acta, 198, .33 (1992)

39. Studies on the selective carrier - mediated transport of

plutonium(IV) ions through tributylphosphate/dodecane

liquid membranes

J.P. Shukla and S.K. Misra

Indian J.Chem., 31A, 323 (1992)

40. Effect of solvent type on neutral macrocycle-facilitated

transport of uranyl ions across supported liquid

membrane using dicyclohexano - 18 crown as carrier

J.P. Shukla, Anil Kumar and R.K. Singh

Radiochimica Acta 57, 185 (1992)

41. A Thermodynamic study of chelation of tervalent lanthanoids

with 5 -Hydroxy-1,4-naphthoquinone in aqueous dioxane medium
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J.P. Shukla and S.K. Arora

Bull. Soc. Chlm. France 129, 247 (1992)

42. Macrocycle-facilitated transport of uranyl Ions across

supported liquid membranes using Dioyctohexano -10-crown -6

as mobile carrier

A. Kumar, R.K. Singh, j.p. Shukla, D.D. Bajpai and M.K.T.

Nair

Ird. J. Chem. 31, 373(1992)
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