BARC-P--1 (Vol.2)

St
ek R

PROCEEDIN(.-‘._S OF THE
CHEMISTRY SYMPOSIUM
1969

VOLUME I
CONTRIBUTED PAPERS

ORGANISED BY
THE CHEMISTRY & METALLURGY COMMITTEE OF THE

DEPARTMENT OF ATOMIC ENERGY

GOVERNMENT OF INDIA
1970

-




PROCEEDINGS OF THE
CHEMISTRY SYMPOSIUM

LEDPTLcF=26,100

VOLUME II
CONTRIBUTED PAPERS

CRGANISED BY
THE CHEMISTRY & METALLURGY COMMITTEE OF THE
DEPARTMENT OF ATOMIC ENERGY
GOVERNMENT OF INDIA



CONTENTS

Page

Electric Polarization and Structure of Molecular 1
Complexes of Silver Perchlorate with Aromatic
Hydrocarbons: V. N. Krishnamusthy and

S. Soundararajan

A Study of Beryllium 2-Methyl Oxinate Precipitated 5
frormn Homogeneous Solution: T.P. Prasad and
M. N, Sastri

Addition Compounds of Aldehydee with Some Group 1
(1V) Halides: Ram Chand Paul, Hem Raj and
5. L. Chadha

Coordination Compounds of Tributoxysilylamines: 15
Ram Chand Faul and Suraj Prakash Narula

Coordination Compounds of Organo-Tin Halides 19
with Basges Adducts of Phenyl Ethyl Tin

Dichloride with Amines: K. L. Jaura, N.S. Khurana

and V.K. YVerma

The Electronic Spectra of Trigonal Bipyramidal 25

Vaiunadous Complexes: M. N. Sankarshana Murthy and
A.P.B. Sinha

IR Study of Cr(1ll) Complexes with Aminopyridines: 31
P.S. Relan, S.L. Chopra and 1. S. Bhatia

The Nature of Molybdenum{Ill) Species in 34
Agueous Solutions: 5. R. Sagi and P. R. Mohan Rao

Substituted Molybdenum Carbonyl Complexes with 39
Nitrogen Donor Ligands: S.C. Tripathi, S.C. Srivastava
and R. D. Fandey

Quadrupole Splitting in Some Mixed Anion 45
Compounds of Iron(il{): A.I. Almaula, M. K. Venkita-
krishnan and C. K. Mathews

Spectral and Magnetic Invesiigations on Some 49
Novel Faramagnetic Systems: P. S. Zacharias and
A, Chakravorty



it

Infra-Red Absorption Spectra of Metal Complexes
of Some Sulphur Containing Ligands: H. L. Nigam,
A.N. Kumar and K. B. Pandeya

Sorne Complexes of Ruthenium (II): M. M. Taqui Khan
and S, Vancheesan

Nature of the Solutions in Fluorosulphuric Acid:
R. C. Paul, Krishan Kart Paul and K. C. Malhotra

Nature of the Complexes of Sulphurtrioxide with
Iodine Chlorides: R. C. Paul, C. L. Arora and
K. C. Malhotra

A Study in Some Outer Sphere and Mixed Ligand
Complexes: D. C. Patel and P. K. Bhattacharya

Infrared and N. M. R. Spectral Studies of Some
Transition Metal Hydride Complexes: G. K. N. Reddy
and E.G. Leelamani

Determination of Nitrogen in Iron Meteorites:
P.S. Goel

Studies on Lead-210 Activity in India: L. U. Joshi,
C. Rangarajan and (Smt. ) Sarada Gopalakrishnan

Study of Adsorption of Fhosphate Ions on Cerium
Oxide: B. M. Shukla and R. S. Tripathi

Separation of Caesium-137 from Fission Produect
Solution Using Phospho-Tungstic Acid: T.S5. Murthy,
K. R. Balasubramanian and M. Ananthakrishnan

Separation of Iodine~131 from Neutron Irradiated
Tellurium Using Hydrogen Peroxide: T.S. Murthy,
V.C, Nair and S.G. Naik

Studies on the Stability and Shelf-Life of Somne
Labelled Radiopharmaceuticals: C. N. Desal,
R.S. Mani and T. P. Prabhu

High Specific Activity Trace Labelling of Hormones
and Proteins: R.J. V. Prabhakaran and C. N. Desai

Production of Tritium Targets and Sources:
R.N. Indra and B, A, Kulkarni

Page
53

58

64

68

74

79

85

90

95

102

109

112

118

121



i

Emission Mossbauer Spectroscopy in Co°? Doped

Trisacetylacetone Mn(Ill): K. S. Venkateswarla and
V.Ramshesh

Thermoluminescence of Barite: N. M. Gupta and
J. M. Luthra '

The Effect of Electric Field and Irradiation on the
Tracer Diffusion of Alkali Earth Ions Through
Calcite: H.J. Arnikar and B. D. Chaure

Self-Diffusion of HPOj and 5032 Ions in 2.5% Agar
Gel at 35°C: R. Tripathi

Tracer-Diffusion of H; 32P0; lons in Different

Electrolyte Solutions: V. N, Singh, R. K, Tewari and
B. M. Shukla

Separation of BiPO4 Carried Actinides by BiOCl
Precipitation; R. 5. lyer and P, R. Kamath

Even Electron Species in the Y-Radiolysis of
Liquid Hydrocarbons: Jai P, Mittal

The Pulse NRadiolysis End Products in Allyl

Bromide-Cyclohexane System: P. K. Bhattacharyya
avel FoJ, Bureell Jr.

The Tisture nf the Mobile and Trapped Species Formed
During the Y-Radiolysis of Frozen Systems:
P. N. Moorthy

A Homogencous Kinetics Model of Aqueous
Racdiulysis: Chakrapany Gopinathan

Radiation Decomposition of Cobalt Hexamine Nitrate
in Solid Matrices: S. B. Srivastava and A. S. Sarpotdar

Radiolysis of Solutions Containing Tris(Acctylacetonato)
Cobalt(lll) in Different Solvents: K. V. S. Rama Rao,
A_V.Sapre and L., V. Shastri

Oxidiscd Product Yields in the Garmnma Radiolysis of
Frozen Glassy Sulphuric Acid: Chakrapany Gopinathan

Hydroger T'croxide Yields in Y-Radiolysis of
Deaerated Cysteine Solutions: Manohar Lal

129

134

144

150

162

169

174

180

185

196

200

205

212

219



iv
Page

*(n, ¥) Radiolysis of Solid lodic Acid": H. J. Arnikar, 222
V. G. Dedgaonkar and Kamal K. Shresths

Isotope Effect and Secondary Reactions of Recoil
Br-82 and Br-860m Atoms Under (n, ¥) Process in
Alkylbromides: S. P. Mishra and B, M. Shukla

227

Investigations on the Process Chemistry of 239
Neptunium: N. Srinivasan, M. V. Ramaniah, S.K. Patil,
V. V.Ramakrishna, Rajendra Swarup and Ashok Chadha

~ Analysis of Flutonium. Part I. Chemical Methods: 244
R. T. Chitnis. and others

Analysis of Plutonium by Chemical and Radiometric Z52
Methods. Part Il. Detersination of Specific Activity

and Isotopic Composition of Plutonium:

N. Srinivasan, M. V. Ramaniah and H. C. Jain

Optical, Electrical Transport and Dielectric Studies 257
on Rare Earth Perovskites: G. V. Subba Rao and
C. N.R. Rao

Thermodynamics and Kinetics of Oxidation of 259
Pr,03 and TbyO3: S. Ramdas, K. C. Patil and
C.N.R. Rao

The Kinetics of Oxidation of NN-Dimethyl Formamide 261}
with Ceric Ammonium Nitrate: S, 5. Krishnamurthy and
S. Soundararajan

Infrared Spectra of some Rare Earth Compounds: 265
C.R. Kanekar and V. R. Marathe

Multidentate Azomethine Complexes of Thorium(IV): 270
N. 5. Biradar and V.H. Kulkarni

Temperature Dependence of Fluorescence Spectrum 276
in Uranyl Solutions: Hari D. Bist

Some New Complexes of Uranium(V) Chloride: 279
Ram Chand Paul, Gurdev Singh and Mangal Singh

Laboratory Investigations in Non-Aqueous Process 283
Chemistry: A, V. Hariharan and others



Page
Spectrographic Determination of Some : 290
Lanthanidee and Actinides in Uranium and Plutonium:
B.D. Joshi and B. M. Patel
Spectrographic Method for the Determination of 298

Rare Earths in Plutonium - Use of Trilauryl Amine:
R. K, Dhumwad, M.V. Joshi and A, B. Patawardhan

Studies in Rare Earth Complexes of Some Substituted 303
Salicylic Acids: D, V. Jahagirdar and D. D. Khanolkar

Diphenyl Sulphoxide Complexes of Uranyl and 308
Thorium Nitrates: S. K. Ramalingam



ELECTRIC POLARIZATION AND STRUCTURE OF MOLECULAR
COMPLEXES OF SILVER FERCHLORATE WITH
AROMATIC HYDROCARDONS

V.N. Krishnamurthy and S. Soundararajan
Department of Inorganic and FFhysical Chem!sti'y,,
Indian Inptitute of Sclence, Bangalore 412

The infra-red apectra of a polycrystalline sample of silver perchlo-
rate-benzcne complex shows the absence of any intense band near 1000 cm"l,
typical of TT-complexes of benzene with centrosymmetrical arrangement for
the metal atom({1). In the ultra-violet absorption spectra of silver perchlo-
rate in benzenel?s 3), the benzene band *oubles in intensity but is unzhanged
In energy. Also, a new band appears at 2300 A (€ = 1500) which has been
attributed to charge transfer transition. The charge transfer transition
energy has been calculated to be ~15,7 kcal/mole. (4)

The gross geometrical features of the silver perchlorate benzene has
been predicted by Mulliken(5: ®) and Dewar(7?) and verificd by Smith and
Rundle(4) from X-ray investigations, According to these authors, the silver
atom is si{tuated approximately above one of the C-C bonds of the ring.

Measurements of electric polacjzation have, thqré[ore. been made on
a few of the aromatic hydrocarbon-silver perchlorate complexes using ben-
zene as solvent and interpreted in terms of Mulliken's theory. 3,

PREPARATION OF THE COMPLEXES

The complexes of toluene and tetralin were prepared by dissolving
silver perchlorate in tcluene and tetralin respectively and the complexes were
isolated using dry petroleum ether dried over silica gel in a vacuum desic-
cator for an hour, All the operations were carried out inside a dry box in
a dark room.

Apparatus and Methods of Measurement

The dielectric constant measurements were made with a.c. mains
operated heterodyne beat apparatus. Densities of solutions were obtained
using an Ostwald-Sprengel pyknometer. The molar polarization of the solute
at infinite dilution was calculated using the mean values of the Hedestrand's
constants o and-f. The molar refraction of silver perchlorate in aqueous
solution was determined for the sodlum D line using Brice-Phoenix differ-
ential refractometer at 35°C. Molecular weights of these complexes were
determined cryoscopically in dry benzene.
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Calculation of fonic Character Uning Mulliken's Theery

Muluken'n(g' 6) theory can be.applied te a wide variety of donor(D)
and acceptor(A) entities, The amount uyy which is equal to the experi-
mentally determined up 1) of the molecular comipound {s given "y the

equation
/W’JN M yFN 71\,

al i + b% My + abS (M - M) + 2abS Mg

i

AN

1

where Mo 18 the vector sum of the component moments of A and D,

,U-l = e YAD (e, the electronic charge and YA p, the equilibrium distance
between Ag*? and the benzene ring, From the values of A4, Mo, MN and
S, the coefficients a and b have been caleulated. The values b2/(a+ bz)
may be taken as corresponding to the fonic character of the compound as
defined by Mulliken,

RESULTS AND DISCUSSION

The observed moments of silver per;:hlorate in benzene (5. 36D)
and in toluene {4. 41 D) are comparable with thnse reported for silver pera-
chlorate in benzene (4. 70D)(8) and for aluminium bromide in benzerec
(5. 2D)(?), indicating the presence of molecular complexes in line with
other physical measurements, (10)  This moment is less_than that calcu-
lated for uncomplexed silver perchlorate, suggesting that the bond involve

a strong M-type bond superposed on a weak {i-type bond, as suggested
bv Dewar.

For the application of Mulliken's theory to the complexes, the
silver ion has been taken as the donor and the benzene ring as the accep-
tor in view of the above discussion. From the values of a and b it is
seen that a2 > b2 for Hoth the complexes and the ionic character for ben-
zene and toluene complexes are respectively 15.55% and 32, 95%.

In line with the above dipole rmoment, data are the observations of
Turner and Amma(ll) on the crystal data of silver perchlorate-benzene
.complex. According to them, if the acceptor were a 58 orbital or sp3
hybrid orbital, the most advantageous position would be at the point of
grentest electron density of the ring directly above one of the carbon atomis.
On the other hand, using the inner d-orbitals of the metal as donor, the
most iikely position would be above and symmetrically between two carbogx .
atoms of the ring. The closest carbon-metal distances of 2.50 and 2. 63 A -
observed by Smith and Rundle(4) indicate a compromise between the accep-
tor and the donor properties of the silver ion.
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Determinations of molecular weight of toluene and tetralin com-
plexes of silver parchlorats in benzene show a dissociation of the com-

plexes into more or less two specics {observed molecular welight being
{ of that calculated) as follows:

ARC104. Ar 284 AgC10,. Colty + A
g 4- AT Solvent g 4:-Colle + Ar.

{.e., the benzene molecule displaces the aromatic hydrocarbon from the

coordination sphere. Se, the observed polarization values for toluene and

tetralin complexes agree with those calculated applying the mixture rule.

Polarization Data for Sllver Perchlorate and its Complexes
in Benzene at 35 - 0,02°C

{ AgC104 in ii E

:' benzens toluene ; AgCl04-Toluene : AgCl04-Tetralin
Total polariza-
tion{cm?) 585.38 400,56 604,86 645,29
Polarization of
the ligands(cm3) - - 33.50 50.63

618. 88 636.0

Folarization of

AgCl04 in - - 585. 38 585. 38
bcsnzen(:(cm3)




™

lIonic Character of the Complexen®*

Y Moment of
Molecular compound the a bé b2 /(a4 b2)
complex
Silver perchlorate- 5. 36 0.8588 0, 3685 0.1555
benzene
Silver perchlorate- 4.41 0.7518  0.5258 0. 3295
toluene

* The value of the overlap integral E‘Rh taken to be 0.2,
Ag =6.08 Dand M) = e x2.57 =2 12.34 D,

# Mainly becaure of its strong dependence on the unceriain quantity S, the
value of b can only be relative,
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A STUDY OF BERYLLIUM 2-METHYL OXINATE PREC'IITATED
FROM HOMOGENEQOUS SOLUTION

T.P. Prasad® and M. N. Sastri
Department of Chemistry, Andhra University, Waltair

In this paper, we report our gbservations on some anpects of
the beryllium-2-methyl oxinate complex obtained from homogenous

solutions using the well-known urea hydrolysis and mixed solvents
technicques.

EXPERIMENTAL

Beryllium nitrate solution was prepared from analytical
reagent grade sample and was standardized gravimetrically.

A 5% solution of 2-methyl oxinita {rzagent grade) waa prepared
in acetone.

19 triethanolamine (reagent grade) (W/V) in water.
All other reagents were of reagent grade.

ABEratus

Thermogravimetric analysis was carried out in air at atmo-
spheric pressure with the Stantan Model TR-1 thermobalance. The
balance has a sensgitivity of 1 mg., a linear heating rate of 40C per
minute, und a chart speed of 6'" per hour.

The infra-red spectra were taken as mujol mulls using Pe rkin
Elmer-237 Spectrophotometer.

X-ray spectra were taken with a Philips 114. 6 mm Cameara.

Precipitation of the Complex

Priliminary investigations showed that the complex cannot be
precipitated from acetic acid medium. Hence, the precipitations were
carried out from ammonical medium. A large excess of the reagent
was found to be necessary 10 get a well crystallized complex and the
precipitation was incomplete under all the experimental conditions
studied. The procedures described here give the maximum yleld.

*Present Address: Regional Research Laboratories, 8hrbaneawar-4
rissa.



a) Urea Hydrolysis Method

To the solution containing not more than 9. 0 mg. beryllium
(25.0 mg. BeO) in a 100 ml. beaker, were added 8 ml. of the reagent
followed by 5.0 gme. of urea. The volume was adjusted to 50 mi. The
beaker was immersed in a hot water bath at 70°C until the precipita
tion started and then the temperature was raised to 90 to 160°C. The
solution was kept at thias temperature until the precipitate ssttled down
leaving the supernatent solution clear. (Total time of precipiiation
is approximately 90 to 100 mins.). The solution was filtered hot
through a sintered glass crucible of porosity 3, and washed several
times with small porticns of hot distilled water, The precipitate re-
rmxiuing in the beaker was removed by a jet of hot water. The preci.
pitate was then dried at 110°C to conntant weight and weighed as
Be(C oHgNO);. The filtrate showed a pH of 8.0 to 8.5. The results
are rhown in Table I.

b) Mixed Solvents Method

To the solution containing not more than 9.0 mg. berylium in
a 100 ml. beaker, were added 8 ml. of the 2amethyl oxinate reagent,
25 ml. acetone and 2 ml. of triethanol amine (1% W/V) in water. The
volume was adjusted to 50 ml. with water. The beaker was immersed
in a hot water bath maintained at 70°C. The volume of the aclution
lost during heating was replaced by the addition of hot water. When the
precipitation was complete as indicated by the clear orange-yellow
superratent solution (total time is 90 mins. ), the filtration was carried
out while hot through a sintered glass crucible of porasity 3. The
precipitate remaining in the beaker was removed by a jet of hot water.
The precipitate was washed several times with small portions of hot
water, dried at 1109C to constant weight and weighed as Be(CIDHBON)z.
The results are given in Table II,

Thermogravimetric, X-ray, and IR studies were carried cut
on samples dried at 110°C.

RESULTS AND DISCUSSION

The results of Tables I and II clearly show that the precipita-
tion of the complex as represented by the formula, Be(C,oHgONj3,
is not quantitative. The precipitate obtained by urea hydrolysis
technique is in the form of shining green crystals, the shape of which
is not clear to the naked eye. The complex obtaired by mixed solvents
method was in the form of shining green needies. However, under
microscope both of them appeared as large euhedral crystals. The
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precipitetes obtained by both the methods showd yellow-green fluore-
scence under ultra-violet light. It wes observed that a thin white

layer remains on the walls of the beaker. This layer, on dissolving

in acid and testing gave positive test for bery'llum. Thus, it Appears
that firet beryllium hydrexide is formed which in turn reacts with the
precipitating agent to give the complex. The hydroxide forme d on the
walls loses its capecity to react with the reagent and hence remains
unattacked. This leads probably to the incomplete precipitation. Freshly
precipitated beryllium hydroxide when mixed with the solid reagent and
kept under ultra-violet light, at first shows no yellow-green fluorescence.
But, in a few minutes, the yellow-green fluorescence can be noticed. Aged
beryllium hydroxide falis to show such fluorecence.

The analysis of the precipitate clearly shows that the complex
conf{lrms strictly to the formula, Be(CqHgNO),.

The complex easily dissolves in common orgarnic solvents as
chloroform, acetone and alcohol.

The differential thermogravimetric curves of the substances
obtained {from homogencous solution, together with that obtained Motojimsz ‘s
procedure, are given in Figures 1,2 and 3. It can be seern that all the
curves are more or less similar. The complex is stable upto about
2200C showing a sharp maximum in the 450-460°C region (that obtained
by Motojuma's procedure 4) shows at 410°C). The decomposition above
4600C is complex, and probably represents oxidation of carbonaceous
matter with simultaneous adsorption and desorption of the gaseous
products on the solid phase. The complexes obtained from homogeneous
solution are converted to oxide at 700°C wherear that obtained by the
direct addition method(4) is converted to oxide at 760°C.

-

The complex was found to have & melting point at 250 + 1°C.
The thermogravimetric curves show that the complex undergoes some
loss before the melting point is reached. When a small amount of the
compound was taken in an ignition tube and heated slowly, it melted,
first giving highly viscous oily liquid which on further heating decomposed.
During melting, a pale yellow liquid condensed on the mass on cooling.
This crystalline mass melted at 72°C, indicating that it is 2-methyl
oxine,

In view of the absence of coordinated water in the complex, the
formation of free reagent from the complex seems to be peculiar and
cannot b(- szxp!alned on the lines we suggested for the case of Be oxinate
complex 1),



Infra-red spectrum always indicateé the presence of moisture
in the complex. It {8 presumed that water {s present only in trace
amounte a¢ micro-analysis does not indicate any deviation from the for-
mula. In fact our attempts to get IR spectrum of perfectly dry compound
failed. It is noteworthy that the complex takes only trace amounts of
water from atmosphere (or probably retains) irrespective cof the time of
presarvation (that is, the mcro-analysis shows the same result even
after one month).

On this basis, an attempt is made to explain the evolution of free
reagent from the complex on heating. It is suggested that the complex
undergoes solid state hydrolysis utilizing moisture from the atmosphere
which 18 initiated by the traces of adsorbed or retained moisture already
present in the complex (as indicated by the IR spectrum), according to
the reaction: '

Be(C0HgNO), + Hz0 = Be(CygHgNO) OH = + CjgHgNO ...... 1

the hydroxy complex further undergoes decomposition at higher tempersa-
ture to give beryllium oxide and carbondioxde etc., according ae

Be(C,oHgNO),OH = BeO + Decomposition products of the .....2
complex.

The reaction 1 is represented by peak I of the thermogravimetric analysie
while the peak II indicate the reaction 2,

X-ray examination was carried out uaing Philips 114, 6 mm. camera.

On anzlysis of the X-ray results, it was found that the uni? cell containin
four molecules is primitive ortho-rhombic witha = 9.348 4, b = 13. 03
and ¢ = 15,12 8. X-ray and pyknometric densitives were 1.17 and 1,10
respectively.

REFERENCES

1. T.P. Prasad and M. N. Sastri; Talanta 14,481 (1967)
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TABLE I

Precipitation of Beryilium 2-methyl Oxinate by Urea Hydro-
l!nll technique

Thaoretical weight Welght obtained
mg. mg.

-----------------------------------------------------------

109.70 95.6

109.70 100.3

109.70 97.8

165, 49 150.5

165. 49 | 155. 6

165. 49 155.2
TABLE II

Precipitation of Beryllium 2-methyl Oxinate Complex from Mixed
Solvents (Acetone-Water)

Theoretical weight Weight obtained
mg. mg. )
i09.70 104.6
109.70 105, 2
109.70 105.0
109.70 104. 8 (\
165. 49 161.6
165. 49 161. 6
165. 49 157.5
165. 49 157.2
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ADDITION COMPOUNDS OF ALDEHYDES WITH
SOME GROUP (IV) HALIDES

Ram Chand Paul, Hem Raj and S. L.. Chadha
Department of Chemistry, Punjab University, Chandigarnh

INTRODUCTION

Literature records the preparation of a few addition compounds
of aldehydes with some group (IV) halides, (1-3) Howsver, not much
has been indicated regarding the astructure of these adducts. Instead,
there appears some discrepency regarding the nature of bonding based
on the lowering of carbonyl stretching frequency of aldehyde on co-
ordination. Terenin et al. (4) have suggested a strong coordination
between tin (IV) halides and acetaldehyde while Schwartz and Bernd(s)
pointed out a very weak force present between titanium (1V) halides and
benzaldehyde. The presen® study, therefore, has been undertaken to
throw some light on the nature of the adducts of aldehydes such as
naphthaldehydes, phthalaldehyde, henzaldehyde, ealicyldehyde and
furanaldehyde with some group (IV) halides, by examining their infra-
red spectra (4000-250 cm'l). dipole moment, melecular weight, molar
conductance and heat of formation.

EXPERIMENTAL

Purification of Aldehydes“’) and metal hali.dés('z' 8) has already
been described. The additioﬁ_ compounds have bren prepared by a
method similar to one already described for analogous antimony (V)
chloride adducts. (6) The details for the physical measurements have
also been described already. (

RESULTS AND DISCUSSIONS -

Group (IV) halides such as tin (IV) chloride and bromide, tita~
nium (IV) chloride and bromide and zirconium (IV) chloride form solid
addition compounds with aldehydes having 1:2 stoichiometry except for
phthalaldehyde which forms adducts having 1:1 composition. The ana-
lytical data suggest that possibly the coordination number six is at-
tained by tin, titanium and zirconium in these adﬁucta. The molar
conductance of milimolar solutions of these adducts in nitrobenzene is
between 2-5 cmZ ohm~! mole~! which suggests them to be predomi-
nently covalent. (9) Molecular weight deterrination of some of these
adducts in benzene or nitrobenzene indicate thermn to be monomolecular
in these solvents. ‘
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Infra-red spectra of the adducts reveal the lowering by 50-150
cm'l of the carbonyl stretching frequency of pure aldehyde on complex
formation which indicates the coordination of carbonyl oxygen of alde-
hyde to the metal atom. It may be mentioned that the carbonyl stret-
ching frequency of naphthaldehyde at 1700 em=~! shifts to 1550 cm-1lin
{te adduct with titanlum (IV) chloride and such a larie shift does not
agree with the earlicr work by Schwartz and Bernd, 5) New bands in
400-460 cm=] epectral region in these adducts are assoclated with the
oxygen ~— metal vibrations. (7.8) Strong inteneity bands present in
300-330 cm~) spectral region in tin (IV), titanjum (IV) and zirconium
(IV) chloride adducts, respectively are due to metal-halogen vibrations
and they compare well with those of other hexacoordination compounds
of these metal chlorides. (10-1

Dipdle moment of a {ew tin (IV) halide adducts have becn deter-
mined. The dipole moment of pure tin (IV) chloride is nearly zero
while that of aldehydes lie between 2 - 3. 5D, (13) The dipole moment
of the adducts of iin (IV) chloride and bromide with naphthaldehyde ia
zero, while those of phthalaldehyde, bengaldchyde and furanaldehyde
is of the order of 6 - 7.5D, It is suggeated by Beattie et al.(14) that
bulky ligands prefer to acquire a trans-position and small ligands a cis-
position in six coordination adducts of tin (IV) chloride and the zero
dipole mement of naphthaidehyde adducts justifies its trans-octabedral
structure.

The thermogravimetric analysis of a few adducts have been
carried out and the data indicate that the adducte atart decomposing
between 200-250°C, From the relative initial decompodition tempera~
tures, it appears that the adducts of chlorides are more stable than
those of bromides. Nothing definite could be said about the mode of
decompcesition of these adducts since iiie process of decompesition
appears to be continuoue one and metal oxide is left as the final pro-
duct in some of the adducte while in a few others, it appeare that the
maxima in the temperature versus percentage weight loss curve, indi-
cate the loss of component cf the adduct leaving behind the residue to
correspond to 5nO,X; (X = halogen) in tin (IV) halide adducts.

Heats of formation of tin (IV) chloride and bromide with naph-
thaldehyde and cinnamaldehyde have been found to be (27.6 + 0.2 and
22.2 4+ 0.2) and (23.1 # 0.6 and 20.3 + 0. 4) k.Cal. /Mole, respectively.
This data establishes that the chlorides are stronger acceptor than
bromides and naphthaldehyde is stronger donor than citmamaldehyde.
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DISCUSSION

S. Boundararajan t What will be the ordor of the strength
of the metal oxygen bond in tarmse of the
heats of formation and 1. R, shifts?

8. L. Chaéha : The order of strength of O-M bend (where M=

Sn) from . R. data {s:
Naphthaldehyde 3> Benzaldehyde » Fhthalzsldehyde
V Furanaldehyde

> Cinnamaldehyde

While from heat of fermation, data ceiiectod
{s only for two aldehydes which may be
arranged as Nzphthaldehyde :» Cinnamaldehyde



COORDINATION CCMPOUNDS OF TRIBUTOX YSILYLAMINES

Ram Chand Paul and Suraj Prakash Narula
Department of Chemistry, Panjab University, Chandigarh

The formation of l?dit&on complexes of scme organosilyl-amines
has already been reported 1-3), However, addition compounds with
organoxysilylaminee have not so {ar been studied. Addition compounds
of tributoxysilylamines with tin (IV) and titanium (IV) chlorides have been
isolated and their structures studied with the help of infra-red spectro-
scopy.

When equimolar quantities of tributoxysilylamine or ethyl, tribu-
toxysilylamine in dry carbon tetrachloride was added to the ice ccld
solution of tin (IV) or titranium (IV) chlorides in the same solvent, a
white precipitate separated out. It was filtered in the atmosphere of dry
nitrogen, repeatedly washed with dry carbon tetrachloride, dried in vacuo
and analysed. Molar conductance of these compounds was measured in
nitrobenzene. All the relevant data are recorded in Table 1.

TABLE 1
----- §ng'!--"' “—----QL------ Mohr
Complex Calcu- Found Calcu- Found condu-
lated lated ctance
(C4H90)3Si NHZ' SI:CI4 22.8 22.50 27.9 26.8 14.0
(C4Hy0) St NH,. TiCl, 10.6 10.66 3i.4 30.6 . 7.5
(C4H90)3Si NHCZ’.Hs‘ 5nCl, 21.5 22.00 25,7 25.3 17.0

------------ P e R R P R R L R R R AR e ol o il

Infra-red spectra were recorded on Perkin Elmer model 337
having sodium chloride optics.

DISCUSSION

N-H Stretching vibrations in organoauyhmineu“) generally OCC\l-li
between 3550-3280 cm~!. Occurrence of a doublet at 3350 and 3100 cm ™",
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for tributoxysilylamines shows that the amino group is bonded. From
the structure of these compounds, the existence of hydrogen bond may

be expected. Frequencies assigned to different bonds in tributoxyellylamines -
mines and their addition compounds are recorded in Table II.

TABLE II

Assi (BuO),SINH, (Bu0) SINHC,Hg SnCl. A TiCl A SnCl4. B
A B

T em 1 em L em -l eml em.ol

N -H 3355 w 3350 w 3350 w - 3197 w
3110 m - 3107 m 3150 m -

C -H 2925 & 2920 s 2915 8 2910 8 2950 s
2900 = 2895 s 2880 s 28758 2870 s
2810 » 2800 s 2850 & 2850 8 2850 s K

CH3 1440 s 1440 & 1445 » 1440 o 1440 »

CH, 1350 » 1350 s 1352 m 1350m 1352 m

5§1-0-C 1080 vs 1075 b 1060 b 1050 b 1060 b
1030 » 1040 » 1020 b - -

Si-N 980 » 975 s 950 b 950 b 940 b

L el e e I I I I R W W R I W A R P e XY

The characteristic frequencies of NH, group normally experi-
ence shift in lIower spectral region in infra-red spectra on coordination.
On the other hand, hydrogen bonds in 2 donor molecule b-eak on coor-
dination and the characteriatic frequencies of the group appear in the
higher spectral region than in the original base molecule(ﬁ? In coordi-
nation compounds of the hydrogen bonded ligand, the spectral shift of
the donating yroup, therefore, may be the net result of two oppesing



phenomena,

In tributoxysilylamine, tin (IV) chloride complex, there i8 a
slight negative shift (—~5 cm, "l) in the stretching vibrations of the NH
group from the original silylamine, In a similar complex with titanium
(IV) chloride, the stretching modes appear in the higher apectral region
(40 em. ~1). 1t may be concluded ihat while in the first case both positive
and negative shifts mostly cancel each other, in the second case posi-
tive shifts is morec than the negative shift. In ethyl tributoxysilylamine,
the extent of hydrogen bonding is small and the tendency to shift to higher
apectral region on account of the breaking of hydrogen bond wiil, threfore,
be small, As expected, the stretching modes of NH, group suifer a

negative zhift of the order of 153 cm, -1, 1t is thue Elear that coordination
Is through amino group,

Sl-(g bond ig known to absorb between 9bq-1000 em. ~! in drgano-
silylamines ) The bands between 970-980 ¢m. ~ in the present silyla-
mines may, therefore, be assigned to Si-N bond. These bands also suffer
negative shift of the order of 35 to 40 tm. -1 these compounds. This further
supports the formation of N —> M dative bond.

The absorption band assigned to 51-0-C bond(7) (1050-1100 e¢m. ~})
shifts to lower frequencies in the complex formation which suggests the
presence of 0 —> M bond, as well. Since relatively stronger Lewis acids
were used, the pTT _ (] i7.bonding between oxygen and silicon may be

broken, leaving oxygen atoms comparatively free to donate the lone pairs
of elecirons.

Tin (IV) and titanium (IV) chlorides are known to form hexa-
coordinated compounde. Moreover, the compourds formed are solids and
ineoluble in commen organic solvents which may suggest that these com ~
pounds are polymeric in natture. Molar conductances reve al that these are
non-electrolytes. On the basis of the above data, the compounds may be
assigned the following structure:

Cyla
Fet? a b

Hy O R Sen ‘
FHas, 2 \/“"’\D;S'f—wn.

=~ gl——-‘N“} Mo
~ o
+—— 0 /\ /” A
- e b <M

Gba
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COORDINATION COMPOUNDS OF ORGANO-TIN HALIDES WITH BASES
ADDUCTS OF PHENYL ETHYL TIN DICHLORIDE WITH AMINES

K. L. Jaura, N.S. Khurana and V.K. Verma
Department of Chemistry, Punjab University, Chandigarh

Tin in the hexa coordination state involving sp3 d? hybridised
orbitals has been studied quite extensively during the recent yearsfl"").

In the present communication, phenyl ethyl tin dichloride has been reported
to form 1:2 addition compounds with organic bases such as pyridine,
quinoline, isoquinoline, o¢, 3 and Y-picolines, morpholine, piperidine and
aniline., The stoichiometry of these complexes has been established from
their halogen and tin contents. Their molar conductance studies have been
carvied out in nitro-benzene at 25°C and the i. r. data mainly in the region
(600-200) cm =! have been utilised to establish their possible structure.

EXPERIMENTAL

Triphenyl ethyl tin employed for the preparation of phenyl ethyl tin
dichloride was prepared by the method of E. Krause and M. Schmitz 7" with
some modifications{8). Dry hydrochloric acid gas was bubbled through a
refluxing solution of triphenyl ethyl tin in benzene for about an hour(cﬁ.
benzene was distilled off and the resulting phenyl ethyl tin dichloride was
racrystallised from petroleum ether (60-80°). It was reacted slowly with
freshly distilled amines and the adducts mainly solids were separated out
in some cases instantaneously and in some by chilling.

RESULTS AND DISCUSSION

Infrared Spectra N

As is evident from the work of Poller(lo) on phenyl tin compounds
and of Berghe and coworkers(11) on ethyl tin compounds that phenyl ethyl
tin dichloride sheuld give two tin-car bon stretching frequencies corres-
ponding to phenyl and ethyl groups in the region below 600 cm-l. The
strong absorption bands detected at 255 cm=1 and at 520 cm~! (Table III)
may thus be assigned to Sn-CgHg and Sn-CHg respectively. The changes
in the Sn-C frequencies on the formation of adducts are not significant
(Table H.}), and therefore, are in a&reement with the observation of Poller
et al. (10) 3nd Clark and Willia.ms(l ) in the sense that the Sn-C stretching
frequencies are almost insensitive to complex formation. The Sn-Cl
absorption frequencies have been reported to fall in the region 300-

360 em=1 (6,10,13) A strong absorption band at 320 cm=' and a shoulder
at 305 cm~! in the spectrum of diorgano-tin dichleride may thus be asei-
gned to the Sn-Cl stretching frequencies. On coordination through nitrogen
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in these adducts, lengthening of the Sa-Cl bond and subsequently a fall in
the Sn-Cl stretching frequencies to about 100-110 cm~! 1s observed. A
medium intensity band followed by other weak bands alinost in all the
adducts indicates splitting of the Sn-Cl band.

N-H stretching frequencies in case of piperidine, morpholine and
aniline on coordination with pheny! ethyl tin dichloride also I?l.l s'l‘able ).
This may also be the effect of coordination through nitrogen. 14

Stereo Chemistry

Phenyl ethyl tin dichloride has been found to form 1:2 coordination
compounds with amines. Tin, in all these adducts, appears in the hexa~
coordinated state involving sp3 d2 hybridisation and the compounds possess
octahedral structure as has been reported earuer (5,13,15) The splitting
of the Sn-Cl bands in the region (200-230) cm~! provides evidence that the
two chlorines are in the cis configuration. Beattie(13) in his work on
(CHj)2 SnCl,. 2Pyridine has reported that the complex possesses an octa-
hedral structure with methyl groups in the trans position. In the present
case, both the organic groups being different and quite bulky, their ten-
dency to exist in the trans position is expected to be far greater than that
in the methyl complex. Appearance of absorption bands around 500 cm=~1,
which may be assigned to Sn-C2Hg symmetrjc stretching frequencies,
further suggests that C-Sn-C is a non=linear mrrangement 15) as 18 ax-
pected because of the different sizes of the organic groups, phenyl and
ethyl. Concluding therefrom a distorted octahedral structure as

L C2Hg
N |_a
I ~a
CeHs
may be proposed for these adducts.
The molar conductance values determined in nitro-benzene being

invariably below 20 cm? ohm=l mole~! suggest that these complexes
cannot be classified as true éalectrolytes.
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TABLE 1

Complexes_of Ph‘Cz&iSnClz with Nitrogenesus Basss

N

L Y ¥ 3 4 1 ¥ ¥ 1}

Complexes Mbolar % of Cl % of Tin
(m.pt. ) conductance 1 :
oc em?2 o™ ! mele” Found Raquired Found Required
Ph(C,Hg)SnCl,. 2 3.89 15.25 15.60  25.82  26.21
Pyridine (88-90)
Ph(C,Hjg)SnCl,. 2 9. 08 12,62 12.81  22.05 21.48
Quinoline (95-96)
Ph(czHS)SnCIz. 2 .85 13.10 12.81 21,03 21.48
Iso-quincline (114-116)
Ph(Czﬂs)SnClz. 2 10. 88 ' 15,12 14,73 25.12 24.68

o« -Picoline (64-65)

Ph(C,Hg)SnCl;. 2 4.73 13.21 14.73 24.23 24.68
A-Picoline (88) .

Ph(C,H,)SnCl,. 2 3.51 14.92  14.73  24.17  24.68
Y-Picoline (102)

Ph(C,Hs5)SnCl,. 2 6.52 15.00 15,11 24,93  25.32
Morpholine (112-114)

Ph(C,Hg)SnCl,. 2 2.59 15. 56 15.23  25.09  25.53
Piperidine (decom-
posed at 162-165)

*Ph(C,H;)8nCl,. 2 . 14.43 14.73  24.06  24.68
Aniline (90)

LI I LY LYY Yy Yy} (XIS A L EI Y A Y LRI L L L R R L L L R YN L L D g U L L Ll

® Molar conductance could not be detormined as the complex
was sparingly solubie in nitro<-bsnsene.
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TABLE II
Amine Y (N-n)em"l Adduct v (N-H) —
Piperidine 3290 s Ph(C2Hg)SnCl;. 2 3120 m
Piperidine
Meorpholine 3340 ¢ Ph(Czﬂs)SnClz,. 2 2910 m
Morpholine
Asniline 3390 8 Ph(C,Hg)SuCl,. 2 (2875-2800)e. br.
3315 s Aniline

3180 m

where x = strong m = medium, s.br. =strong

broad.
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TABLE I

L. R. spactra of ite adducte of Ph(C2Hg)SnCl, with amines

P I LTI I LYY ceacsnmacsscssemasaas Smwmnmm=n —eene- P Y P T L T T L g

v(Sn-06H5) v(Sn-CzHS) v(Sn-CzHS) Unassig- v(S5n-Cl)

ned stre-
Compound em, <% em A-y. cm Sym tching cm”
frequen-
cles.
Ph(CzHS)SnCIZ 255 v. £. 520 » 320 ».
Ph(CyHs)SaCl2. 2 250 v. 8. 560 m 508 m 400 m 218 sh
Pyridine 555 m 500 w 2i2m
207 w
*Ph(CH5)SnCl,. 2 540 m 515 m
Quinoline
Ph(C,Hg)SnCl,. 2 255 v. s. 530 s 510 m 410 ¢ 210 w
Isoquinaline 202 m
*Ph(C,Hg)SnCl,. 2 540 s 505 m
oC-Picoline , .
#Ph(C,H5)SnCl,. 2 | 530 m 500 m 405 m
J5-Picoline
Ph(C,H.)SnCl;.2 255 v.s. 540 m 512 w 410 s 220 w
Y-Picoline 212 m
208 w
Ph(C,Hg)SnCl;. 2 255 v, a. 540 » 505 w 408 ¢ 230 m
Morpholine 244 w, 225 w
. 220 w
210 w
200 w
Ph(CZHS)SnClz. 2 253 v. 8. 520 m - 400 o 225 w
Piperidine 215 w
210 w
205 w
200 m
‘Ph(CZHS)SnClz. 2 540 m -
Axiline

atcdvescscnscccacacsaces L R R R L W X X ¥ XY Y 2 T 2 ¥ N X J eTwecatetatede®

where v.8. = very strong, s = strong, m = medium w = weak
and sh = shoulder

*the {. r. spectrum was not studied below 400 em™!,

ESeeeeaeesneTacavEeeoleradsinessdsdenteceoasceetsecondesttsssdENTenee aeeoeeanne - .




w2be

THE ELECTRONIC SPECTRA OF TRIGONAL BIPYRAMIDAL
VANADOUS COMPLEXES

M. N. Sankarshana Murthy and A, P, B. Sinha
National Chemical Laboratory, Poona

A strong-field treatment of the vanadous ion in D3h symmetry
is lacking at preseat, though weak-field treatments of the subject
have been given. (1) The five-fold manifold of d-electrons in 2 free

ion breaks up in a field of D3 symmetry into the following terms in
the order of decreasing energy:

a} spanned by d 2 (which we will call a))
e' spanned by dyy and de_YZ (€ and B say)

e" spanned by dyz and de_YZ ( f and M )

let A) be the energy interval =’ to e" and A4, that between a{ and e'\.

Table I gives the allowed strong-field terms resulting from the
a2 configuraticn in D3), symmetry, as also their basis functions.
Table II gives the corresponding matrices of electrostatic and orbital
energy. From these matrices, we get energy level diagrame of the
type of Fig. (1) for the vt jonin D3}, symmetry. We draw these
energy level dlagrams as a series of constant energy contours for
each set of degenerate tarms, with 4;/B and 4, /B shown on the
abscissa and ordinate respectively, We mark the energies on the
contours, taking the energy of the ground state, 3A% ae zero and in
units of the Rucah parameter B.

On the basis ?f such energy level diagrams, we interpret the
absorption spectrum 2) of VCl,. 2ZN(CH;), as per Table Il assuming
A,/B=8, A&/B =21, B=732 (i.e. 15% reduction in the free ion
va}ue for V3+),
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TASLE I

Stro?-ﬂeld basis functions for @ in D,y symmetry

P Ly r e xR N N e N N N e Y T L P I I YT YYYS

----------------------------------------------------------------
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TABLE II

Energy matrices for tlz in D,, symmetry

'e! (e? (ag) (¢!) ()2
(@2  Asmizc 0 0
(al)(e') 0 A+2C+(A144)) 0
(e")? 0 G A+4B42C+2 4,

Ign (en)(el) (e..) (al)

(e)e') A-2B+ 4, B3 Ve

(e")(a‘) B3/ 6 A+B+A,

lAi (eu)z (ai)z (e.)z
(em)2 A+TB+4C . (B+C)/ z 2(3B+C)
(ag)? (B+C)/ 2 A+4B4+3C42 4, (4B+C) /2
(e")? 2(3B + C) (4B + C)/, A+4B+4C+24,
3A$ (QM)Z (e.)z

(em)? | A-5B 6B
(e')? 6B A+4B4Z A |
fer (e")e) (e")(af)

{e") (e') A-;BJZC:&- _X,- -“""".;2;"

(e @)  -B/% A+3B+2CH,

“; 3AY  with energy A-8B+))

3

A
(e')(e") <: :'l' 1

A,, "Ap  with energy A+4B+2C+Ly

(e')(a}) 3E' with energy A-8B + (A +4,)
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TABLE I

Assignments of the electronic apectrum of VCl;. 2N(CH;),

Tran-itions from Calculated frequency Oburvod frequerxicy
(e") ' to in cm’l(to the nearest in
integral multiple of ten)

(a')e™) 3Ay Ay

6.37 x 732 = 4660 4800(60)
(e')(e") 2EM 9.5 x732 = 6950 7000(16)
(e")? g 17.05 x 732 = 12, 4890 12, 700(W)
(e)e") 'E" §  21.72 x 732 = 15, 900 16, 600(10)
(en)2 Ay : 22.25 x 732 = 16,290
(e")? 3A'z §  27.74 x 732 = 20, 310 19, 700(60)
(a)) (e") 3g: : 27.32 x 732 = 20, 030

(e et Yy r e R Y R T R R LT L L R R R L L R R o o ol ol
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IR STUDY OF Cr (III) COMPLEXES WITH A MINOPYRIDINES

P.S. Relan, S. L. Chopra and 1. S, Bhatia
Department of Chemistry and Biochemistry,
Punjab Agricultural University, Ludhiana.

Chromium (m)(l'” is known to form a number of complexes
with many ligands. In the present investigation, some of the complexes
of aminopyridines with Cr (III) sait have been given,

The complexes of aminopyridines with chromium chloride have
been synthesised by taking equimonlar ethanolic solutions of ligand and
metal salt and refluxing for 3-4 hours, The solutions were concentrated
on a water bath and then crystalized in vacuum. The crystals were
washed with absolute alcohol and again dried in vacuum. The purity of

the complexes was tested by estimation of Cr, N and Cl, The structure
was determined by IR~ studies.

RESULTS

The results of analysis of the complexes of aminopyridines are
given in Table I.
TABLE L

ANALYSIS OF AMINOPYRIDINE COMPLEXES

1. Penta-aquo-2 ampy % of metal 15.063 Reqd. i5.18
chromium (III) % of nitrogen 8.15 " 8.17
chloride % of halogen 31,04 " 31.09

2. Penta-aquo-3 ampy % of metal 15, 08 w 15.18
chromium (I1I) % of nitrogen 8.15 " 8.17
chloride % of halogen 31,08 " 31.09

3, Penta-aquo-4 ampy % of metal 15,08 " 15.18
chromium (II) % of nitrogen 8.15 " 8.17

chloride % of halogen 31.09 " 31.09
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TABLE @I

IR DATA OF COMPLEXES OF AMINOFPYRIDINES WITH Cr (III)

Ligand Complex Ligand Complex Ligand Complex
2 ampy 3 ampy 4 ampy
3478 (S). 3374 (B) 3454 3450 (B) 3492 3490 (S)
3190 3175 (B) 3375 - 3405 -
2924 (B)
1619 (S) 1666 (B) 3340 - 3216 2898 (B)
1626 (B)
1640 (B) 1640 (B)
1570 (S) 1545 1623 1629 (B) 1626 1628 (B)
1487 1487 1586 1552 (V) 1601 -
1340 1483 (S) 1485 1485 (W) 1572 1515 (W)
1290 (W) 1243 (W) 1290 - 1508 1449 (B)
1170 (S) 1165 1170 - 1340 1369 (B)
1005 (S) 1025 1005 - 1170 1197 (B)
- a7o - 850 - 870
755 (S) 770 755 773 (B) 755 750 (B)
DISCUSSION

The characteristic frequency 1600 cm'l remains almost the same
except that it gets broadened up more as compared to that in free ligand.
Some of the frequencies are also modified and we get broad bands indi-
cating that complextion has taken place from ring nitrogen atom!?) The
ligands contain another centre of complexation, that is, free amino group
in the ring. This gives an equal probability of co-ordinating this nitrogen
to the metal. The NH, group in complexes shows a frequency band in the
vicinity of 3474, 3450 and 3490 cm=~! while the non-coordinated- NH;
group has the absorption spectra at 3478, 3454 and 3492 cm-! in 2-aminc-
pyridine, 3-aminopyridine and 4-aminopyridine respectively. The nega-~
tive shift in the position of the band is due to the co-ordination of the -NH,
group of the ligand to the metals but we find the bands at the same position,
It is, therefore, evident that it is the nitrogen of the ring and not the
nitrogen from free amino group, that takes part in complexation. The
co-ordinated water is indicated by the M-O bonding frequencies at 870,

850 and 870 cm-1.
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THE NATURE OF MOLYBDENUM (II1) SPECIES
IN AQUEOUS SOLUTIONS

S.R. Sagi and P. R. Mohan Rao
Chemistry Department, Andhra University, Waltair

INTRODUCTION

In view of the conflicting views expressed in the literature(l' 2,3)
on the species of trivalent molybdenwn obtained by electrolytic reduction
of molybdenum trioxide in hydrochloric acid medium, we have attempted
a study of these species by reducing ammonium molybdate in hydre-
chloric and sulphuric acid media with metallic and amzalgamated metal
reductors.

EXPERIMENTS AND RESULTS
Reagents

A 0. 05 M molybdenum(VI) solution is prepared by dissolving
A.R. ammonium molybdate in water and standardising it, after reduction
in a mercury reductor(4), against standard cerium(IV) sulphate using
rhodamine-6G as a fluorescent indicator(3)., Hydrochloric acid, sul-
phuric acid and other metals used .:re oi re- ont quality.

Reduction of Molybdenum(VI)

10 ml of 0. 02M molybdenum(VI1) solution in XN. acid is shaken
in a conical flask under carbon dioxide atmesphere with 1 gm. of metal-
lic powder, or granules, or amalgamated granules for 2 - 3 minutes.
The extent of reduction is checked after decanting the ferrous formed,
The results cobtained, together with the standard oxidation potentlals(6)
of the metals used, show that only powerful reducing agents like alumi-
nium and zinc are capable of reducing molybdenum(VI]) to the green
molybdenum(Ill) when the acid concentration is below 4M and to orange-
red molybdenum(JII) when the acid concentration is 5 M and above. The
remaining metals either alone or when amalgamated reduce the moly-
bdenum(V1I) te orange-red molybdenum(IIl) alone irrespective of the acid
concentration.

Absorption Spectra of Molybdenum(IIl) Solutions

The absorption spectra of the green and orange-red of molyb-
denum(III) in 2N hydrochloric acid medium show that the green variety
has = major peak at 370 m A& and a minor peak at 630 mu while orange-
red variety absorbs mainly at 390 m 4 with a smaller peak at 470 m .
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Further, it has been observed that the optical density values of the

orange red form are quite stable while those of the green form decrease
with time.

Inter Conversions

The green molybdenurn(I11) solutions change their colour to
orange-red slowly in lower acid media and rapidiy in higher ones, while
the orange-red variety does not change its colour even when the acid
concentration is reduced to 0.5 - 1. 0N and kept over-night under carbon
dioxide atmosphere. Thus, it i3 evident that the conversion of the
green form to the orange-red is not reversible. However, it has been
observed by us that if the orange-~red solution in media of 4N acid,
could be converted to the green variety either by adding a little of alu-
minium powder or by passing it through a Jones reductor,

Ion Exchange Studles

Ion exchange studies with ar anion exchanger (Dowex 1X8) and
a cation exchanger (Amberiite I, R. 120) have shown that i) the green
form is a cationic species ii) the orange-red form is an anionic species
and iil) the ion exchange behaviour of these two forms of molybdenum(III)
afford a method for the separation of the two species.

Behaviour of Molybdenum(11l) Solutions on Oxidation

According to Rius et. alr(7' 8,9,10) molvbdenum(III) exists in
two forms, one at lower temperature and arother at higher temperatures.
The form that is stable at higher temperatures gives on nxidation moly-
bdenum(IV) and then molybdenum(V), while the other form stable at
lower temperatures gets oxidised directly to molybdenum(V). These
conclusions were drawn by these authore from the results of their
potentiometric titration of molybdenum(IIl). Since potentials are atta-
ined very slowly in the molybdenum systems, we followed the oxida-
tion of molybdenum(III) by various mono, and multi de-electronators by
an absorptiometric method. Some of the results obtained are given in
Table I. These results show that the green and orange-red varieties of
" molybdenum(III) follow different paths during oxidation with certain
oxidants. The table also shows the existence of species corresponding
to the oxidation states of 3.5 and 4.5. These are presumably mixed
species of 3 and 4 and 4 and 5 respectively. More than that no serious
conclusions can be drawn at this stage about these breaks observed in
the absorptio-metric titrations.

DISCUSSION

From the behaviour of the two species of trivalent molybdenum
seen above, it is evident that they are not simply the isomeric neutral
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specles as suggested by Wardlaw et al" but the green form is a cationic
specien and the orange-red form an anionic species. These soluticns
may be probably given one of the following structures or may possibly
be a mixture of them,

Molybdenum (II1) (green)

(1) [ Mo(H,o)g 7 3* (2) [ Mo(H,0),C17 2+
(3) [Mo(H,0)4Cl, T* (4) [ MoO(Hp0)g T *

Molybdenum (N1) {orange-red)

(1) [MocCly 7 3- (2) [MoClH,0 7 2-

(3) [ MoCly(H,0) ] - (4) [MoOCly J 2~

(5) [MoOCl,, H,07 3=  (6) L MoOCl,;(H,0), 72~
(6) [ MoOCL,(H,0)y 7

All these structures are in conformity with the octahedral nature of
molybdenum(Ill), which is exhi_bited in its known compmmda(z' i1,12, 13).

The slow conversion of the green variety to the orange-red which
i{s catalysed by hydrogen ions may be due to the gradual replacement of
the water molecules and, or, the oxygen atom by the chloride ligands.
The lability of the green variety for substitution and the inertness of the
orange-red variety for the revereal of the reaction might indicate that
the chloro-complexes are more stable and probably also that these com-
plexes are more symmetrical than the other. In this connection similar
work deme on chromium(Iil) and chromium(II) may be referred(14-17),

Tke fact that simnple reduction in acid strength does not convert
the orange-red form to the green form, while the addition of a powerful
reductant like aluminium or amalgamated zinc does, suggest that pro-
bably the transfer is being effected through the formation of traces of
molybdenum(Il). Molybdenum(Il) by virtue of itz tg electronic confis
guration, might give rise to an unsymmetrical ngagd field, and hence
an unsymmetrical complex. This on electron exchange with molyb- -
dexum(II) (orange-red) gets oxidised to an unsymmetrical molybdenum(ill)
species, possibly the green form.
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TABLE 1

OXIDATION OF MOLYBDENUM(III) SOLUTIONS WITH VARIOUS OXIDANTS AND THE TRANSITIONS
CORRESPONDING TO THE BREAKS IN ABSORPTIOMETRIC TITRATIONS IN HY DROCHLORIC ACID MEDIUM

e P P W N S T R e e M D U e S e e O e e R e e e e e B R e L e A e e R R R e e R

E Orange-red form ? Green form
Nature of : Concentration of acid E Concentration of acid
axidant ' (M) ¢ (™M)
| e messccccero~- yreesrerseceanen - b ety L Sttt sttt ekl g bbbk il -
: 1 H 2 : 3 : i ‘ 2 : 3
Ce(IV) ; Mo(II)» Mo(V) } Mo(I-»Mo(V) | Mo(II}» Mo*>5 | Mo(I)+ Mo(IV) | MolII}s Mo(IV) !
' - Mo(VI) ! Mo(V)sMo(VI) ! = Mo({IV)}dMo(V) | = Ma(VI) ! = Mo(V)» Mo(VD) !
; ' 1 = Mo(V]) ; '
Fe(lll) : | Mo{iI)® Mo(V) | - ! Mo(m)+ Me(Iv) | Mo(mm)s Mo ° i - L Mo(mpems S,
! Mo(VI) ! {3 Mo(VIPMo(VI) | < Mo{IVy*Mo(V) | {9 Mo(IV)p Mo{V) p
: ' ; ; -4 Mo(VI) 5 §~ouo(vx)
Cr(vl) : ; Mo(LLI}4 Mo(V) ; Mo{[II}» Mo(V) ; Mo(On)9 Mo’ >3 ; Mo(III}- Mo(V) ; Mo(III)4 Mo(V) 5 Mo(IIT}+ Mo(V)
1 P Mo(VI) i = Mo(V]) ¢ 9 Mo(IVHMo{V) 1 2 Mo(VI) » 2 Mo(V1) ! - Mo(VY)
' 3 E - Mo(VI) : 5 E
v(V) : Mo(III)» Mo(V) : Mo(1)-+ Mo(IV) : Mo(Il)= Mo 3.5 : Mo(II)}+ Mo(VI) | Mo(I)% Mo(VI) fuo(m)-em(vn
! Mo(VI) i = Mo(V)}+Mo(V]) i »Mo(IV)-Mo(V) i : ’
s s P Swem : e
' ' ; ' ! i 3.5
Ma(vIl): | Mo(ImP Mo(IV) | Mo(tmpMe'> > | yo(me Mo(v) | popmpa e > | Mo(mmpeme' P | Mo(t) Mo
i 9 Mo(V)*Mo(VI) | = Mo(IVP»Mo(V) | 3 Mo(V)*Mo(VI) & - po(1V)aMo(V) i > Mo(IV#Mo(V) | - Mo(IV)» Mo(V)
E { PMo(VI) : ! = Mo(VI) ¢ > Mo(V1) i Mo(VI)
Mo(VI) 5 Mouﬂa Mo(IV) * - : Mo(I0)> Mo(IV) ! Mo(II) » Mo(V) ! - : Mo{TT)+ Mo(V)
E - Mot4. 5 :' ! Mo 4.5 ' ' E
! : : ; ‘ D eeeaemem
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SUBSTITUTED MOLYBDENUM CARBONYL COMPLEXES WITH
NITROGEN DONOR LIGANDS

S.C. Tripathi, S.C. Srivastava and R. D, Pandey
Department of Chemistry
University of Gorakhpur, Gorakhpur (U. P)

Ethylamine, isopropylamine, butylamine, benzylamine and cyclo-
hexylamine react with molybdenum hexacarbonyl to give eimple substituted
products [L Mo (C0)6-xJ » where x = 1,2 and 3. Diisopropylamine,
quinoline an)& o -picoline yield only monosubstituted derivatives, ELMo(CO)?]
Piperazine gives a novel compound bis (Piperazine) molybdenum tricarbony
and 2, 2'-diquinolyl replaces only two CO molecules from molybdenum hexa-
carbonyl under all conditions of reactions. The infra-red spectra have been
measured and proper assignments have been made.

In the complexes of the type, LMo(CO)s, Table I each I.R. spectrum
showed normally four bands in the carbonyl region. A single weak band
(1) arising from the A| mode of the trans pair of carbonyl groups. Band
(2) could be assigned due to B; mode, which was only Raman active. It
gained some infra-red intensity because the molecules did not possess per-
fect C4,, symmetry due to the structure of the ligands. Band (3) may be due
to the E mode and band (4) due to A} mode from cis carbonyls, which was
just visible as a shoulder or weak peak. In Ect-picoline) Mo(CO)_|and
[(quinoline) Mo(CO)g] , it was observed that the two modes E and Ay of
lower frequency were accidentally degenerate or so nearly degenerate due
to which the bands were entirely unresolved.

The banrds in the infra-red spectra of complexes of the type
ELZMO(CO)4] Table II having C,, symmetry agreed well with the assign-
ment made for cis configuration. Band (1) might be due to mode A} which
mainly involved trans carbonyl groups. Band (2), (3) and (4) might be
assigned to modes By A} and BZ respectively. ~

Infra-red spectra of complexes of the type [L3Mo (CO)aTable nI
suggested to be the cis derivatives having C3, symmetry. Bands (1) and
(2) were assigned to A| and E modes respectively.
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TABLE I

CO Stretching Frequencies for LM:.':(CO)i Complexes

Complex Band Frequency Mode
1 2062(w) Al
2 1972(sh) B,
(CZHSNHZ)MO(CO)S 3 1923(s) E
4 1887(sh) Al
1 2062(w) Ay
2 1961(sh) Bl
(1s0-C ;H,NH,)Mo(CO)s . 3 1923(s) E
4 1887(w) A
1 2062(w) Al
2 1961(m) B,
iCH:,)zCszNH Mo(CO)5 3 1923(s) E '
4 1887(sh) Ay
| 2062(w) Aq
z 1961 (m) B,
(C4H9NHZ) Mo(CO) 5 i 1923(s) E

4 1887(sh) A
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TABLE 01

COI Stretching Frequencies for cll-LzMo‘CO) 4 Complexes

Complex Band Frequency Mode
i 2000(w) Al
2 1923(sh) B,
(CZH_r,NHz)zM‘)(:CO),t 3 1869(m) Al
4 1818(m) B,
1 2012(w) )
2 - -
(ise-C3H,NH,),Mo(CO), 3 1862(s) A,
4 1818(w) B,
1 2000(w) A
2 1923(sh) B,
(C4H9NHZ)2M¢>(CO)4 3 1869(m) A,
4 1825(m) B,
1 2000(w) Ay
2 1894(s) B,
(C7HyNH, ), Mo(CO) 3 1818(m) A
4 1770(s) B,
1 2000(w) A,
2 1869(s) B,
1818 A
(C"H1 INHZ)ZMO(CO)4 3 (m) 1
4 1779(s) B
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TABLE 111
CO Stretching Freguencies for ch-L:,h_d_o‘CO):s Complexes

Complex Band Frequency Mode

2 1709(s) E
1 1862(s) A,

(10-C 3H, NH, )4 Mo(CO), 2 1709(s) E
1 1869(s) A

(C4HgNH;)3Mo(COj , 2 1718(s) E
1 1887(s) Al

(C7H,NH,) ;Mo(CO), 2 1724(s)
1 1862(s) |

(CgH,  NH_) Mo(CO) -

23 3 2 1709(s) E

1 1880(s) A 1

(C4H, gNz), Mo(CO),

2 1709(s) E



(is0-CyH,NH,)Mo(CO);

(150-63H7NH2)3M0(C0)3

(G 3H7)2NHMo(CO)s

(C,HgNH,) Mo(CO),

(C 411y NH,), Mo(CO)

(C4HgNH,); Mo(CO),
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Sealed tube

Sealed tube

Sealed tube

TABLE IV

80°C. /6 hrs.

125°C. /8 hrs.

1559C. /20hrs

U. V. irradia- 15 hours

tion in tetra-

hydrofuran.
Sealed tube
Reflux in

tetrahydro-
furan

Reflux without

solvent

110°C /6 hrs

11l hrs.
2

3 hrs.

~

Characteristics

Yellow solid
dec. above
62°C.

Yield

Pale yellow solid 64.2

dec. above
122°C

Dirty white

Yellow solid

Yellow scales
m. p. 69°C(d)

Yellow scales
dec. 132°C

\N’hite fibrous

solid dec.
above 1559C

75.8

14.8

38.9

73.1

80.0

MmO mam o =m0

O moG

!

e

h

32.1
36.8

36.4

40. 4
40.1

39.1

5.5

5.4

7.5
7.4

4.4
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8.5

8.4

11.7
11. 6

10.5

10.4
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QUADRUPOLE SPLITTING IN SOME MIXED ANION
COMPOUNDS OF IRON (I11)

A.I. Almaula, M.K. Venkitakrishnan and C. K. Mathews
Radiochemnistry Division, Bhabha Atomic Research Centre, Bombay -85

The Mdssbauer spectra of high spin ferric compounds are chara-
cterized by small quadrupole splitting. The spherically symmetric
charge distribution of the ferric ion does not produce any electric field
gradient at the nucleus and, therefore, any quadrupole splitting that is
observed is attributed to the asymmetric arrangement of ions around the
iron atom in the crystal lattice. However, covalent effects have been
tnvoked(1:2) to explain the quadrupole splitting in some iron(I1I) com-
plexes. To investigate further the magnitude and origin of the quadru-
pole splittings in high spin ferric compounds, the Mtssbauer spectra of

a number of mixed anion compounds were measured. The compounds
studied were:

(1) Ferric chlorosulphate i—FeClSOJ

(2) Ferric hydroxysulphate /__Fe(OH)SO4_-_/

(3) Ferric oxychloride [ FeOCl /

(4) Ferric chloroformate hemnihydrate [ FeCl(HCOO),. 1H,077
(5) Fetric arsenate dihydrate /| FeAsOg4. 2Hp0 /

EXPERIMENTAL

FeCl504 was prepared by passing chlorine through a slurry of
ferrous sulphate heptahydrate in water until most of the solid was dis-
solved. After filtering off the unreacted ferrous sulphate, the filtrate
was allowed to stand overnight, when FeClS04 slowly crystallized out.
Fe(OH)SO4 and FeCl(HCOO),. $H0 were prepared by methods given by
Mellor(3). FeOCl was prepared following the method of Brauer(4) and
FeAsOy4. 2H0 after Pascal(5). All these compounds were confirmed by
chemical analysis.

The Mdssbhauer spectra were obtained using a constant velocity
spectrometer described elsewhere\®). The spectra were measvred both
at room temperature as well as at liquid nitrogen temperature. Typical
apectra are shown in Figures 1 and 2.

RESULTS ANL DISCUSSION

The Mossbaver parameters are summarized in Table 1. All the
compounds studied gave doublet spectra, with the splitting varying from
0. 14 mm/sec in FeCl(HCOO), }H20 to 1.15 mm/sec in FeClSO4. The
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individual lines were wide as is characteristic of ionic ferric compounde.
The isomer shifts relative to sodium nitroprusside were in the range of
0.6 to 0. 8 mm/sec. which is also characteristic of high spin ferric com-
pounds. However, the values of quadrupole splitting in the case of
FeCl504 and Fe(OH)SO4 are outside the range reported for ionic ferxic
aalts. ,

In ionic ferric compounds, the electric field gradient at the iron
nucleus is given by (1 -Ya )qpat, where qyz¢ i8 a lattice contribution and
Yoo 18 the Sternheimer anti-shielding factor. (7) The spherically sym-
metric charge distribution of the ferric ion does not contribute to the
slectrit field gradient.

In order to understand the quadrupole splitting in these compounds
on the ionic model, one must therefore start from their crystal structure.
Ferric oxychloride is orthorhombic(8) and has a layer structure. The
nearest neighbours of the iron atom are four oxygen and two chlorine
atoms, arranged around the iron in the form of a distorted octahedron.

The distortion from the octahedron and the differences in the charges and
the polarizations produced by the oxide and chloride ions must be res-
ponsible for the observed quadrupole splitting. Coneidering the fact

that Fe-O distances are 1. 88 A and 2. 15 X and the Fe-Cl distance i5 2, 291.
the quadrupole splitting does not appear to be large.

Ferric hydroxysulphate is also orthorhor:gbic(” with the tetra-
molecular unit having ag = 7. 331 &, bo = 6.419 A and ¢ = 7.142 A. The
iron atom is surrounded by an octahedron of axygens with Fe-O distances
ranging from 1. 954 to 2. 035 X; of these the Fe-OH distance is the
shortest. The distortion of the octahedron is thus less here than in
FeOCl. It is not clear whether the larger quadrupole splitting in Fe{(OH)SO4
arises from the coutribution from the more distant parts of the lattice or
whether some other factors such as covalancy are involved, The tempe-
rature dependance of the quadrupole splitting is, however, typical of
ionic ferric salts. The crystal structure of FeClSO4 is not known, but
similar considerations may apply in this case also.

Ferric chlorcformate gives the lowest quadrupole splitting in this
series. The crystal structure ie not known. The Mossbauer parameters
of ferric arsenate dihydrate is included for comparison.

A point-charge lattice-sum-calcu'stion is being attempted to find
out whether the quadrupole splitting ix these compounds can be explained
on the basis of the ionic model.

Small quadrupole splitting bas been used by some authors as a
criterion to distinguish high spin ferric fons. The large values observed
here indicate that such criteria muest be used with caution.
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TABLE 1

MEssbauer Parameters

Temp
Compound
pou oK
FaClS504 296

‘ 78
Fe(OH)504 296

78

FeOC} 296

FeCl(HCOO),. {H,0 296

FeAsOy4. 2H;0 296
78

Quadrupole

splitting

(mm/sec)

1. 1240.
1.1540.

1. 1240.
1. 0430.

0. 70+40.
0. 1440,

0. 39+0.
0. 3140,

Isomer shift®

(mm/sec)

0. 61+0.
0. 66+0.

5.6640,
0. 7940,

£ 8 8 23

+0. 05
+0. 05

04

* Relative to sodium nitroprusside
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SPECTRAL AND MAGNETIC INVESTIGATIONS ON SOME NOVEL
PARAMACNETIC SYSTEMS

P.S. Zacharias and A. Chakravorty
Department of Chemistry, Indian Institute of Technology, Kanpur

Triazene-1-oxides react with metal acetates to give the corres-
ponding metal cheiates, When a substituent (X) is put in the ortho-po=zition
of the phenyl ring, it has been observed that the metal chelates formed
from the ligand exhibit some interesting phenomena in eolution.

R
N\ 40 -
N M = Ni, Co, Cu, Mn, Zn etc.
[
N /p{h X =F, Cl, Br, I, OCH,, OCH,
N X SCHj etc.
5\ /S ;

All these compounds can be isolated as crystalline solids.

When M = Ni and X = OCH,, OC,H, SCH, etc., the complexes
are fully paramagnetic in solid and solution phases (Table I). The elec-
tronic apectra of these compounds are characteristics of an pseudo-
octahedral geomnetry (Table II).

When M = Ni and X = halogen, an intramolecular equilibrium of
the type, plansr == octahedral is obtained. In solid state these com-
plexes -

=0 (s=1)

are diamagnetic, while in solution they become partially paramagnetic

(Table 1). This type of coordination by the halogen atom is a novel feature
in structural chemistry.

i

The electronic spectra show two transitions at ~» 1095 mau and
- As720 mye (Table ). Froem a comparison with the extinction coeffici-
ents of the unsubstituted chelates it has been concluded that the population
of the planar species is ~~60% in solution at 30°C. The ~~1095 mu
band in all these nickel (II) chelates is assigned to the 3A;; —» 3Tz (W)
transition assuming an effective octahedral symmetry.
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" TABLE -l

Magnetic Moments Meu\grementn

R X M Solid Solution

CH, OCH3, Nt 3.25 B. M. 3.21 B. M.

" OC2Hg " 3.33 3.1 "

" F " Diamagnetic 0.86 "

" Cl " " l. 41 "

" OCH4 Co 4,85 B. M. 4.78 B. M.

" OC,Hg " 4.90 v 4.80 "

" Cl " 4.8 " 4.71

" OCH3 Mn 6.27 * -

TABLE-II
Electronic Spectra

R X M >\Banda > €
CH, OGH3 Ni 1180 (46.63) 695 (18.137)

n ( Cl " 1090 (12.86) 725 (84.48)
CH,4 OCH4 Co 1260 (26.54)

" Cl1 " 1270 (31.54)

When M = Co, all the complexes are paramagnrtic in solid and
solution phases irrespective of the substituent at the ortho position.
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The magnetic momert s for these compounds show that these are occtahe-
dral, high spin compounds (Table I). The electronic spectra show a band

~~ 1260 mu (Table 1I) which can be assigned to 4'!‘18 —’4T28 assuming
an idealised octahedral geometry.

In the above octahedral complexes, depending on the disposition of the
tridentate ligand, the complexes can assume a cis (meridionally span)
or trans (facially) geometry. It has been found from the dipole m»oment

mensurementa { moments less than 1 Debye) that they assume x trans octa-
hedral geometry.

The nmr spectra of these complexes are indicative of the structural
features. All the nickel complexes show isctopic contract shifts.
Assignments can be made unambiguously based on the weli resolved
spin-spin splittings of the peaks. Further work ie in progress.
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V.V. Savaat
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1) Ni(lI) complex which ie considered to be
octahz2dral should give three d-d bands.
But only 2 bands are shown. What about
the third band.

2) If equilibrium occurs in solution, whether
solid spectra would have given any information.

1) Equilibrium exists.
2) Not recorded.
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INFRA-RED ABSORPTION SPECTRA OF METAL COMPLEXES
CF SOME SULPHUR CONTAINING LIGANDS

H. L. Nigam, A.N. Kumar and K. B. Pandeya
Department of Chemistry, University of Allahabad, Allahabad

' INTRODUCTION

Structure determination of coordination compounds particularly in
regard to metal-ligand site attachment(!: 2, 3) has been increasingly
pursued in recent years by the study of infra-red ubsurption spectra of
the complexes. The most expedient way of doing so is based on tl.e group-
frequency-concept of the observed i, r., bands. However, very little has
bean achleved even by the application of this method towards understanding
the nature of metal-sulphur link, which has aroused considerable interest
due to the enigmatic donor properties of sulphur on the one hand and

increasing use of theae compounds in biology, medicine and industry on
the other.

We have, therefore, examined the 1. r. spectra of some transition
metal complexes involving sulphur-containing ligands, namely, thiovanol,
thiosalicylic acid and thioproplonic acid. The ligande have been so chosen
that the active sulphydryl-group in each case is present in a different
environment. Tables I and il contain relevant data on I. R. bands observed
in the spectre of complexes under study.

DISCUSSION

H;C~ SH Thiovarol has a propane chain with a sulphydryl group

H ‘C-OH in the o -position and one alcoholic group each in - A~ and
Y-positions and may act, therefore, as a mono-, bi- or

H,C - OH tridentate ligand involving either the sulphur or/and oxygen

(Thiovarol) atoms in coordination.

A perusal of the infra-red spectral data (Table I) reveals that the
V5.4 band, which appears at 2550 cm-! in the ligand spectrum, disappears
in the spectra of the compleéxes. Further, appearance of additional bands
in the 400 - 300 ¢m=] region, assignable to VM-S, appears to establish
the presence of metal-sulphur link in the complexes.  This is zalso
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TABLE I

1.R. Absorption bands (cm"1) of Thigvanol (thin liquid film) and its Com-

plexes ]KBr gglletl[ Recorded on Perkin-Elmer 521 in the Region
4000 c.”~ to 300 ecm™

---------------------------------------------------------- F XN TN

'— vV

Compounds Ys-H J:f)-H Yc -0(p)vC ~Of a')\}C -8 M-0 VM-S
ref. 4,5 ref.h ref.6 =ref.6 rei.8 ref.9 ref. 12,

10,11 13,14

[c::(m)('rV)é‘. 2HO - 1392 1080 1015 632 445 340
1320

Eux(m)('rv);] - 1390 1085 1010 - 430 320
1310

[Ni(H)(TV)z]z-lﬂip - 1390 1085 1020 - 450 365
131¢

PA()(TV), Jo2H,C - 1400 1085 1025 - 430 350

PHIN(TV), | T 1330
1392 1085 1020 - 460 385
1330 338

Leum(Tv)] - 1400 1085 1010 622 445 365
1320 325

[Ag(l)('l’\r)] - 1405 1092 1025 632 462 358
1320 328

Em((I)(TV)] . 1396 1080 1020 632 465 380
1320 350

\Thiovanct (xvj] 2550 1392 1085 1028 635 - -
1320 '

et

w

S e R Rt T A A S




urutm)(TaA) 2i1,0]
H,0
HzE'!(N)(TM) ‘Clz}
~ L.2H,0
# [Pa(m(raa); 21,0
{Eum(TaA);] 22C2H50R
(Yellowioh .l;illl,

H,{hi(m)(TBA)]2CHyCOOH
{Bleck)

u{ium)(T8A) J 2 ns0H
HyO(Muddy Grean)

1, [Culmi(TaA) zu,o]
«2H0.

(Sotmyran) an,0]

Thiewalicylic acid
(%

MERCE:
ntd{. ral.T ref.?

= 1278
- 1275
- 1268
- 1290
- 1285
~ 1287
- 1278
- 1250
270 1275

)6-0 Compounds *—H %-0

1690 [Ru(mv(TPAKCI -
zuzojz

1698 [PHIvITRPANCL,) -

1697 (Pam)(TPAIZHLO] -

1590 (NUI)(TPAR 21,0 -
{Green)

1708 (mmyrea),) -
(Red)

1660 [Crim)(TPA)s] -
1690 [Celm)(TPA) 210 -
1718 [Co(m(TPA} Z40] -

163 Thiopropionic acid
(TPA)

1241

1308

1266

1316

1290

1290

276

2377 1250

Ye-0

"g" ref.T ref.7

1712

1587

1601

------------------------------------------------
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supported by lewering in the position of ¥ (-5 in the complexes. Bands
alao appear in the regioa 500 - 400 em-~l atitribuiable to ¥ M-O ard
indicate the presence of metal-oxygen boud in the complexes. Coordina-
tion through the oxygen o1 prima.y alcoholic group is indicated by the red-
shift of the VC-0O Iprimary alcoholic). Thiovanos, thus, seems to be acting
a3 a mopo-negative-bldentate ligand, coordinating tnrough the anionic sul-
phydryl group and neutral primary alcoholic greup.

HoC - 5H - SH
| 3
| O G
=z
i,C - ¢ c”Z
(Thic:ronionic reid) {Thio salicylic acid)

From the strurture of the acids it is evident that they may coor-
dinate through the sulphydry! proup and for through the carboxyl group.
The VS-H band appearing at 2570 em™! for thiosalicylic and at 2577 cm”™
for thiopropionic acid dieappears !n the specira of their complexes, indi--
cating the protonation of the sulphydryl hydrogen followed by the formation
of metal-suiphur bond.

Ab regards coordindtinng through the carboxyl group the acids may
show the {ollowing threes types of behaviour: -

(i No coordination takes place through the carboxyl group., This type of
behaviour is sliown by thiosalicylic acid in Its complexes with Rh(II},
Pt(IV), Ni(I1) (violet) and Cu(ll), where the position of YC-0O andVC=0
bands show no considerable change in the spectra of the complexes; the
ligand acting as mono-negative mondentate.

(i1) Coordination Takes Place Fhrough the Carbonyl Oxygen of the Carboxyl
Group - In the complexes of thiosalicylic acid with Ni{II) muddy green and
yellowish green),a red-shift for VC=O band position and a blue -shift for

Y C-O band pesition is observed. Similar shifts for these band positions zre
also observed inthe spectra of the complexes of thiopropionic acid in the
complexes with Cr(IlI}, Pt(IV), Ni(@l) green, Ni(II) red, Cu(II) and Co(II).

The acids in these complexes seem, therefore, to be acting as mono-negative
bidentate ligands,

(iii) Coordination Takea Place Threigh the Hydroxyl Oxygen of the Carboxyl
Grour Thicsalicylic acid in its Co(ll) and Pd{ll) complexes and thiopro-
pionic acid in itz Rh{Ili) and Pd(I) romp!rxes show this type of behaviour,

ap evidenced by the chaerved lowering in the position ¢f C-O band.
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SOME COMPLEXES OF RUTHENIUM (I1)

M. M. Taqui Khan and S. Vancheesen
Departmen2 of Chemistry, indian Institute of Technology, Madras-36

Tristriphenylphosphine dichlororuthenium(Il) and tristriphenyl
phoaphine hydridochloro«(uthrnium(u) have been recently reported by
Wilkinson and Coworkerell: 2) to be very good catalysts for the homoge-
neous hydrogenation of alkenes, As the part of & programme to study the
catalysis by Ru(ll) complexes in the homogeneous hydrogenation of alkenes,
the following complexes of ruthenium(Il) have heer prepared.

1. Tristriphenyl arsinedichlozo-ruthenium(Ir)

Triphenylarsine reacts with a methanolic hydrochloric acid aclu-
tion of aquo-trichloro-ruthenium(lil) in nitrogen atmosphere to give a
browinsh balck oil which crystallises slowly to a brownish black crystalline
solid. (m.p. = 210 - 2119).

Infra-red spectrum of the compound gives a very strong peak at
320 cm~! which can be assigned to Ru-Cl stretching frequency, The assign-
ment of 320 an -1 peak to Ru-Cl stretching is supporied by a peak at 315 cm~]
in the tristriphenyl-phogphine dichloro-ruthenium(ll) complex assigned to
Ru-C} stretch by Hallman et al(2), The shift in the Ru-Cl frequency in
triphenylarsine complex may be explained on the basis of a weaker Ru-As
bond as compared to the Ru-P bond, The structure of tristriphenyl arsine
dichloro-ruthenium(Il) may be similar to the analogous phosphine complex
as shown in Figure 1.

II. Bis (1,2-&1213“11 g&osMeﬂx&ne[ ciichloro-ruthenlumgn)

When an chanol-benzene solution of 1, 2 bisdiphenyl-phosphiono-
ethane is refluxed with a methanolic hydrochloric acid solution of aquotri-
chloro-ruthenium(Ill) in an atmosphere of nitrogen, bis (1, 2-diphenyl phoe-
phinoethane) dichloro-ruthenium(ll) (A) separates as a pale yellow amor-

phous powder. The complex is recrystalliced from benszene under nitrogen.
(m. p. 295 - 297°)- :

The infra-red spectrum >f A skows absorption at 320 em=~! which
mAy be assigned to Ru-Cl stretching frequency and supports a trans dis-
position of the coordinated halogens as in the case of triphenyl phosphine
complex. Hydrogenation of A has yielded a hydride {B) with Ru-H stretch-



ing at 1615 cm"l. The drastic reduction in M-H stretching frequency in

B may be explained on the basis of the formation of a dihydrido complex
from the displacement of the two coordinated chloride fons in (A). The
assignment of the Ru-H frequency is supported by the work of Chatt et afd
who has reported a metal-hydrogen stretching fre quency of 1615 cm-1

for the bis(l, 2 dimethyl phosphixoethane) dihydrido-ruthenium(il) complex,
The structure of A may be thus represented with a trans disposition of the
phosphinoethane and chloride ligands as in Figure 2.. The structure of the
complex is further supported by a low dipole moment of 0.5 D.

N. M. R. spectrum of the complex at 27° gives a sharp intense
peak at 7/ = 7.21 and a quartet of low intensity centered at T = 2.8. The
intense peak at</T = 7.2Z1 may be assigned to the methylene protons on the
phosphinoethane rings. Due to rapid changes in the configuration ol the
metal-chelate rings in solution, the methylene protons may become cqui-
valent and give rise to a single peak. The quartet of low intensity centred
at = 2. 8 may be assigned to the phenyl protons on the phosphorus atoms.
The multiplet may be due to different degreee of rotatior of the phenyl
groupe in solution around the P-C bond.
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;. Bie Nf N'-diﬂ:enylethylenedhmlnechlorotrlchlorontumnte-rut.he
nlum{l).

To an beiling solution of aquotrichloro-ruthenium(II1) in methano-
lic~hydrochloric acid, s solution of SnCl3 in HC1 (10 times excess) is added
in nitrogen atmoephere. On the addition of an aqueous sol ution of N, N'-
diphenylethylene-diamine, an orange red crystalline complex separates.
(m.p. 292 - 2940),

The infra-red spectrum of the complex ehows a weak peak at
560 cm~! which may be nulfned to M=N atretch. A vfry broad peak is
observed from 280-310 cm~' which may be au!gned“ to Ru-5nCl; and
Ru-Cl stretch. The complex may have 2 cis or trans disposition of chloride
and stannous cﬁoride groups and may be a cia or trans isomer. Based on
the red colour'\”/ of the complex it may probably have a cis structure.

A summary of the infra-red peak 700-250 em™! in the complexes
studied are presented in Table 1.

TABLE I
Complex Frequency (700-250 cm'l)
RuCL,(AsPh,), _ 690(s), 465(s), 320(s).

RuCl, {(c,snskpcnzcnzp(céﬁs)z} , ::gﬁ -;g,o(so;i(sgézz)og-).
s), w), w).

RuCl ((céns)ncnz-cuzn(céﬁs)]_‘ 560(w), 280-310{broad peak)
, ' 270(sh) '

EXPERIMENTAL

All the preparations are carried ovt in an atmosphere of nitrogen
freed from oxygen, by passing the gas thrcugh a solution of vanadium(Il)
sulphate.

i) Tristriphenylarsinedichloro-ruthenivm(II)

0.2 g of aquotrichloro-rutheninm(fll) in 50 ml concentrated HC1
and méthianel {1:1) raixture is refluxed for an hour. To the hot solution is
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added a solution of triphenylarsine {1.2 g) in methanol (20 mi) and re-
fluxed for another 30 minutes. A brownish-bleck oily liquid separates
which slowly turns to a crystalline solid of the same colour. The complex
is highly soluble in benzene. The solution of the complex in benzene when
exposed to air turns darker due to oxidation of the complex.

Analysis
RuCl, (AsPhj),

Requires C = 59.45% H =4.13%
Found C = 57.37% H =5.12%

1) Bis(l, 2-diphenylphosphinoethane) dichloro-ruthenium (II)

0.2 g of aquotrichloro-ruthenium(IIl) in 50 ml of concentrated HC1
and ethanol (1:1) is heated over 3 water-bath for one hour. A hot soluticn of
(1, 2-bisdiphenylphosphinoethane) (1.2 g) in 15 ml of ethanol-benzene mixture
(1:1) 1ie added. A pale yellow amorphous powder is obtained which is
recrystallised from benszene.

Analy_sil
RuClz {(C(,Hs)z PCHZ-CHZ P(C6H5)z} 2" C6H6

Reguires C

Found C

66.54% H=5.14%
69.38% H=6.2%

1) Bis N, N* diphenylethylencdiaminechlorotrichlorostannate ruthenium(II)

0. z g of aquotrichloro-ruthenium(Iil) in methanolic-hydrochloric acid
solution is refluxed for one hour with SnCl; in HC1 (10 times excess) followed
by the addition of 1.2 g of N, N'-diphenyiethylenediamine in 15 ml of water.
An orange red crystalline complex separates which is recrystsilised from
hot metharol.

Analysis
Ru ((C6H5) - HCHZ-CHZ-N(C6H5)} 2 SnCls. Cl1

Requires C’ = 43% H 3.6%
Found C =39.7% H 3.9%

i



-62-

ACKNOWLEDGEMENT

The authors thank Prof, C,N.R. Rao, Senior Professor and
Dean of Development and Research, I.1. T. (Kanpur),for his valuable
aid in getting the far 1. R spectra of the complexes in his lahoratory.
The authors also thank Dr. G.S. Siddhu, Director, R.R. L., Hyderabad,
for the n. m. r spectrum of complex A.

REFERENCES

1. D. Evane, ).A. Osborn, F.H. Jardine and G. Wilkinson;
Nature 208, 1203-4 (1965)

2. P.S. Hallman, B.R. McGarvey and G. Wilkinson; J. Chem. Scc.
(A), 12, 3143 (1968)

3. J. Chatt and J. M. Davidson; J. Chem. Soc. pp. 843 (1965)

4. M. Sakakibara, Y. Takahashi, S. Sakal and Y. Iohii;
Inorganic Nuclear Chemistry Letters 427, May (1969)

5. ¥. Young, D. Gillard and G. Wilkinson; J. Chem. Soc. 5176(1964)



-61.



-64 -
NATURE OF THE SCLUTIONS IN FLUOROSULPHURIC ACID

R.C. Paul, Krishan Kant Paul and K. C. Malhotra A
Chemistry Department, Panjab University, Chandigarh-14

A lot of interest has been shown in the solution chcimistry of
strong protonic acida such as sulphuric(l). fluorosulphuric'“/ and di-
aulphuric acide(3:4) a5 these are very weak acceptors and, therefore,

5 capable of ntahihzing strongly electrophilic cations of the type 1T,

Se and Te* etc. Fluorosu (l uric acid has been shown to be even
nger than sulphuric acid It is, therefore, of some intereat to

lnveatlgate the solution chemnistry in this medium, Furthermore, its
dielectric constant is even higher than that of water and sulphuric acid;
in addition to it, this acid is less viscous than sulphuric acid.

It has been demonstrated by Gillespie and co-workers(5) that the
strength of fluoresulphuric acid is further enhanced by the addition of
sulphurtrioxide and antimony pentafluoride; the acid formed may ionize
asi

350, + SbF, ~——p SbF,(SO,F),

. + =
2HSO,F + SbF,(SO,F), ——> H4SO,F + [svF,(s0,F), ]

Olah(6) and co-workers have profitably used this medium for (1
the protonation of very weak bases. It has also been shown by Gillespie
and co-workers that there is slight protonation of very weakly basic
compounds like carbondioxide etc,

Waddington and co-workers(s) have investigated the solution
chemistry in liquid hydrochloric acid and a large number of reactions have
been explained in terms of the autolonization of the medium as:

3HC1l - H,Cl + HCL;
-

Though a large number of experimental evidence is available
for the anionic species HC15, the literature lacks evidence for the
cationic species HtCl, We have investigated the bzhaviour of hydro-
chloric acid (gas) “in fluorosulphuric and also in "super acid" to show
the existence of acidium hydrochloric acid species.

Hydrochloric gas is only slightly soluble in fluorosulphuric acid. %
There has been no evidence to show that there has been any loss of sulphur
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trioxide as a result of the decompoeition of the solvent when hydro-
chloric gas was passed through fluorosulphuric acid. It has also been
found that hydrochloric acid gas obeys Henry’'s Law when dissclved in
fluorosulphuric acid, indicating no iateraction between the solvent and

he gaa. It has further been fourd that there is no change in the conduc-
:ance of the solution indicating that it is not protonated in fluorosulphuric
acid. The posesibility of its behaving as an acid of the system has been
ruled out as when potassium fluorosulphate, a strong base of this solvent
system is added to the above solution, the slope of the conductance~com-
position curve is exactly the same as that of pure potassium fluoro-sulphate
in fluoro~sulphuric acid indicating that hydrochloric {acid) gas behaves as

a nonelectrolyte in fluorosulphuric acid. This seems to be quite reasonable,
as sulphuric acid, which is a stronger acid than hydrochloric acid, behaves
as a weak base of fluoro-~sulphuric acid solvent pystem.

The behaviour of hydrochloric gas in fluorosulphuric acid has been
further confirmed by the behaviour of triphenyl chloromethane which is sol-
volysed in it. Conductance of the sclution has been found to be of the same
magnitude as potassium fluorosulphate irdicating that triphenyl chloro-
methane is solvolysed in it as:

(CgHj) ,CC1 + HSO5F (cf,x-xs):‘c’r + HCL + SO, F~

From the value of V', the number of fluors-sulphate ions, it is observed
that there is no contribution of hydrochloric acid towards the conductance of
the solution. The extent of complete solvolysis of triphenyl chloromethane
in fluoro-sulpburic acid has been confirmed from the molar extinction
coefficient of triphenyl carbonium ion. The observed molar extinction
coefficlent is comparable to that of reported value in literature(9) indi-

cat ing the complete solvolysis of triphenyl chloromethane and that
hydrochloric {acid) gae is only slightly soluble and behaves as a non-elec-
trolyte in fluoro-sulphuric acid.

Howeve r, when hydrochloric (acid) gas is passed in super-acid
system HSO3F SbF « SO,, it has been found to be fairly soluble. The
conductance of the Boluuon steadily decreases as tha gas is passed which
jndicates that hydrochloric acid behavec as a bage in super-acid. The
decrease in the conductance of the solution by the passage 'of hydrochioric
acid shows the decrease in the concentration of fluoro-sulphuric acidium
ion HZ+SO3F. The reaction may be represented as:

+
2HSO ,F + SbFy + 350, —» H;50;F + [8bF,(s0,¥F), |

- +
HC1 + H5503F {stz(so3F) 4]—-; H, Cl1 + [SbFz(SO3F) 4]+ HSO,F.

When the complete neutralization of the acid takes place, there is no further
incrense in the conductance of the solution as HC1 i 8 passed. Conducto- .
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motric titration has been represented graphically, For comparison,
conductometric titration between potassium fluoro-sulphate and super-
acid has also been reported. Unlike potassium fluoro-sulphate, there

is no sharp break in the conductance composition curve in case of hydro-
chloric acid which suggests that hydrochloric acid is a weak base.

All attempts to isolate a compound of composition utc1fsbr
(SO3F) |have falled because of the high viscosity of the super-acid medium.
Proton N. M. B. studies of the solution could not be carried out to chara-
cterise the species H;’Cl because of the rapid exchange of the proton with
the solvent, However, the conductometric titrations definitely indicate
the presence of the species H'Cl. Further attempts are being made to
characterise the hydrobhloriczacidium species,
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Have you examined aromatic hydrocarbons in
in flurosulphuric acid? I expect carbonium
iane to be formed relatively easily.

Aromatic hydrocarbbéns have not been studied,
however, we have studied some diketones and
polyketones and there is definite evidence from
w Vv spectroscopy and conductometry ihat
carbonium ionse are formed.
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NATURE OF THE COMPLEXES OF SULPHURTRIOXIDE WITH IODINE
GHLORIDES

R.C. Paul, C.1L. Arorz and K. C. Malbotra
Departmernt of Chemietry, Panjab University, Chandigarh

It has recently been established that sulphurtrioxide cambines
with ionigable chloride ions of metal chlorides to form chloro-aulphates“ -3)
which are all?htly polymerized through chloresulphate bridging. Iodine
monochloride(®) and trichloride(5) have been shown to be feebly self-ioni-
sed which has been illustrated by the solvo acid-baee studies in these media
by Gutmann and co-workers. It is, therefore, of interest to investigate the
nature of the adducts of sulphur trioxide with these chlorides which may be
helpful to understand the nature of these chlorides. In the presert cominu-
nication we have isolatedc compounds of compositien ICl3. 504, IClj. 350,
and ICl. S5O3 and have investigated their behaviour in strongly acidic me=dia.

When excess of sulphur trioxide 18 added to a cold suspension of
lodine trichloride in carboen tetrachloride at C°C, a yeliowish orange
crystalline comneund of the composition ICl3. SO4(I) (m. pt. 89) separates
out. its molar conductance and cryoscopic studies in nitrobenzene indicate-
it to be a uni-univalert electrolyte. Infra-red spectra of (I) shows the
presence of six absorption bands at 1160, 1030, 840, 750, 640 and 560 cm-!
which correspond to chlorosulphate group (C3y) and thue conform the
presence of chlorosulphate ion 6). which suggeste that sulphur-trioxide

combines with one chiorine atom of iodine chloride to form mono-chloro-
sulphate ion.

Iodine dichloridemonochlorcsulphate (I) has a high conductance
in chloro-sulphuric acid. It may behave as an acid [according to equation
'‘a') or a base (a:cording to equation ‘b'j in this medium.

iC1250;Cl + 2HS03C1 —» H4S0,C1 + IC1,(SO4CL),  ..... (a)

1C1250;3C1 —>  ICL} +80,61° ..., (b)

Acetic acid, a strong base of chlorc-sulphuric acid aystem(7)
when added to the solution of (I) in chloro-sulphuric acid causes an
increase in the conductance of the same magnitude as would have been pro-
duced in the absence of iodine dichloridemonochlorosulphate indicating
it to behave according to equation (b) and rules out ite behaviour as an

acid. It is solvolysed in disulphuric acid like alkali metal chlorosulphates
ae:

+ -
IC1,504C1 + 2Hp5,07 —» ICI3 + HSO4Cl + HS307 + H,50,
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ICl+ cation, being a strong electrophile, is quite stable in weakiy nucleo-
philic media. The exiatence of !Cl% fon in the solid state has already been
established by x-ray(e) and infra-red studies(9) of the solid complexes of
IC1,. SbCl5 and IC13. Al Cl; which have been found to be ionic in nature.

But, when suiphur trioxide is treated with iodine trichloride at
room temperature, an orange coloured compound of composition IC13. 3504
is obtained. Infra-red spectrum of the compound shows the presence of chloro-
sulphate group. Because of the limited transparency of the window used,
absence of I-Cl bond could not be observed. Ite conductance in chloro-sulpu-
ric acid is quite low {Fig. 1) showing it to be a weak electrolyte. In order
to ascertain whether 1(SO3Cl1)3 ionizes as an acid or a base, conductivities
of the solution obtained by adding successive amounte of acetic acid to
1(50301)3 solutions were measured. There {8 no decrease in the conductance
of the sclution but the slope of the conductivity curve is less than that for ace-

tic acid in HSO4Cl, indicating that I(SO3Cl); behaves'as a weak acid ir chlo-
osulphuric acid as:

I(SO3Clj3 + SO,Ci° == 1(50361)'4

The lower values of conductance may be attributed to the removal of SO4C1”
ion by I(SO3Cl1)3 as shown in the above equation. Water was also added to
the solution of I(SO4Cl)3 in chlorosulphuric acid. There was no change in
the conductance of the solution. By analogy with the reaction of water on
jodine trifluoroesulphate in flucrosulphuric acid(10), the reaction may be
represented as:

{SO3Cl); + HOH ——> IO (SO4Cl) + 2HSO,CL

At higher concentration of water, these ions disproportionate and the colour

of the solution changes to green. Tri-positive oxidation state of iodine is exten-
rively disproporticnated in agqueous solution, however, it Bas also been found to
be quite stable in sulphuric acid{11) and fluoro-sulphuric acid(12),

In case of iodine monochloride, when excese of sulphur-trioxide is
removed under vacuum, a viscous deep orange red coloured fuming liquid
of composition ICL. 50, is left behind. Infra-red spectral analysis of the
compound shows the presence of chloro-sulphate group, suggesting that
sulphur trioxide hac not oxidized iodine monochloride, but has combined with
chlorins to form mono-chlorosulphate. On exposure to moisture, it de-
velopa green colour. It is a thermally stable ionic compound. Its conducti-
vity in chlorosulphuric acid is quite low. It is about one-fourth of that of
potassium chlorosulphate. Ultra viclet spectrum of the sclution shows the
presence of r* cation!!3). From the value of molar extinction coefficient
and ite condugtance in chlorosulphuric acid, the mode of dissociation of iodine
monochlorosulphate in chlorosulphuric acid may be represented as:

+ -
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A slightly lower value of ¥ (SO3C1” ion is the labile ion in chlorosul-
phuric acid), than required by the abave equation may be due to feeble

aci dic character of 1{SO3Cl) 3- In disulphuric acid iodine monochlorosul-
phate ie solvolysed to form greenish blue solution. Here +1 axidation

state of lodine disproportionates to form ¥, 1t and to some extent 1*3.

Iits conductance in disulphuric acid is ccmiara%le to that of iodine mono-
chloride in disulphuric acid(14). Visible spectrum of the solution gives a
characteristic spectrum of I' with a strong band at 640 mu and weaker bands
at 510 and 420 mpv. Here there is also a slight characteristic peak due to
It fon at 300 mu . Butits concentrati(on is quite low. By analogy with
ladine monochioride in disulphuric acid 14). the behaviour of lodine mono-
chlorosulphate in disulphuric acid may be postulated as:

51503C1 + 6H,5,07 —» 213 +I* (HSO,), + 3HS,07

2 0 4

Freezing point and conductance data are in good agreement with ?ﬁ above
ecuation where chlorosulphuric acid behaves as a non-electrolyte )

+ 5HSO 3CH-HzSO

Some of the chlorosulphates are known to be polymeric in character,
polymerisation occuring through chlorosulphate bridging. However, in the
present case there is no polymerisation because of the absence of & orbitzls
in fodine. On the other hand, the chlorosulphates (1. SO;Cl, ICl,.S04Cl)
show ionic character, while 1(SO4Cl) 3 acts as  wesk Lewis acid in chloro-
sulphuric acid,
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CAPTIONS AND LEGENDS FOR FIGURE-1

Acatic acid.

o
IC1,50,Cl ®
1C180, 4
1(80,Cl1)4 ®
Acetic acid in solution of I(SO,CI), A
Water in solution of I(8O 3C1)3 =
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A STUDY IN SOME QUTER SPHEPRE AND MIXED LIGAND
COMPLEXES

D.C.Patel and P.K. Bhattacharya
Chemistry Department, M.S. University of Baroda, Baroda- 2

Nickel and copper complexes have received attention of various
investigators. Formation of mixed and poly-nuclear complexes have
been reported(l -3). However, study of the exchange of ligand has not
been very wide. In a recent communication from thie laboratory, the
effect of addition of catechol and pyrogaliol on bis or tris ethylenediamine
nickel complaxea was studied. The addition of very small amount of the
ligands reaults in the formation of solids having composition [Ni(L) ]
(enHZ)z . The compounds have been characterised and it has been
argued that catacholate and pyrogallolate ions being more complexing
replace the ethylenediamine to the cuter sphere even at a high pH., In
extensicn of the work reaction of gallic acid on bis or tris ethylenediamine,
nicke! dichloride has been investigated. The additon of small amount of
the ligand does not result in any reaction. On the addition of excess of the
ligand, a solid is obtained The analysis corresponds to the composition
{ Ni(L) ) (en}-lz)z . The.same compound is obtained on the addition of
ethylenediamine to a mixture of nickel dichloride and gailic acid. This
indicates that gallic acid cannot replace ethylenediamine at high pH, but
on the addition o{ exceas gallic acid, the pH goes down and the [Ni(en)zl
and [Ni(en) 1 *¢ dissociate Immediately, there is formation of
[Ni(ganic)z 4- and two enH?" jons come in the outer sphere. The re-
action can be represented as follows:

R g - 2+
[witen); ] c1z + 2 (Om);CqH,C00M—>  [Ni(C4H;0,0007), | (entty);

+ 2 HCl

This indicates that coordination takes place from 2-OH groups
in the gallic acid. That the solid is a monomer iz determined by ito
amorphous nature and partial solubility in water. The magnetic moment
corresponds to two unpaired spin possible in an outer orbital square planar
or a distorted octahedral structure. The visible spectrum in the region
400-300 rnp correspends to a square plannar structure. The IR spectrum
showe the absence of M - N stretching frequency confirming that ethy-
lenediamine in the outer sphere.

Similar reaction with protocatechuic acid was tried. The acid
decomposes [_Ni(en) ]Cl but the formation of the solid does not take
place. It is probably %ecause the protocatechuic acid is unstable at low
pH. The reaciions were repeated with [_Cu(en)z ] S504. Addition of
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catechol and pyrogallol resuits in the formation of greenish and brownis:
compounds having composition r_Cu(en) (L)]ZHzO. The compounds arec
paramagnetic with mp 1.8. corresponding to one unpaired spin. Thie
indicates the absence of Cu-Cu interaction and thus the absence of poly.

merisation. The visible rpectra of the compounds show peaks corresp..:
ing tc diatorted octahedral structure.

The addition of ethylenediamine to copper catecholate and pyro-
gallolate solution does not however give the same solids. In case of the
former, a very small amount of solid is obtained for which analysis
could not be carried out. In the case of latter, a brown compound is
obtained corresponding to fermula (:_Cu(pyrogallol)z] Cu 4H,0. Protu-
catechuic acid and gallic acid under similar condition yield reddish brow.
and reddish black solids. The colour indicates charge transfer frem the
ligands to the metal. The compounds on analysis agree with the compo-
sition [Cu(L)z]_ Cu,'3H_O. They are insoluble in water and also in
organic solvents. eir nature ig, however, amorphous. They are par.
magnetic and hence do not appear to be pelymers. Polymeric complexes
of Cu with oxy-compounds have been reported ). Ir most cases, howev.
Cu - Cu interaction results in the diamagnetic compounds. Addition of
ethylenediamine therefore serves only to increase the pH.

Addition of gallic acid to [Cu(en)z} 504 results in the formation
of a green compound.. The analysis, however, does not correspond to
any definite composition. Protocatechuic acid, however, does nnt yicld
any solid on addition to I_Cu(en)z ]SO4. This is because Cu-protocatechu..
is less stable at lower pH. Gallic acid probably forms a mixture of
L Cu(gallic)z:](Cu)2 and some mixed ligand complex with ethylenediamiuic.

Mix-d ligand stability constant has been determined in case of
copper ethylenediamine with catechol and pyrogallol. Reaction of the ty; ¢
ML + A —» MLA, where L is phenol and A is ethylenediamine. The
formation constant is lower than in case M + A —» MA reaction. The
coordination of catechol and pyrogallol will reduce the tendency of the M!
to bind with ethylenediamine. The value is less in catechol and more
in pyrogallol. This is in agreement with the fact that metal catecholate
being more stable,there is greater accumulation of charge in metal cst.
cholate than in metal pyrogallolate.

EXPERIMENTAL

Catechol (G. R) and pyrogallol (M. B) used were A. R. pure. Iu
order to avoid the complexing tendencies of ihe anions, metal perchlo:
Cu(C104)2 has been prepared and its metal content has been determh?ed.
Other reagents used were sodium perchlorate (Fluka), perckloric acid
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(B and A.) and ethylenediamine (Riedel), All the solutions have been
prepared in conductivity water.

Metrohm pH metar, type E 350A (accuracy + 0. 05), was employed
for all pH measurements. The titrations were carried out at 30°C uding
a constant temperature bath ({ 0. 1°C).

PROCEDURE

The mixed ligand formation ¢onstantes were determined by
Irving -Rossotti methoed. The follo¥ing solution were prepared.

1 HCIO, (0. O5M, 12 ml.); NaCl0, (1M, 9.4 ml.); conductivity
water (28. 6 ml. ); vol. 50 ml.

I1 HC104 (0.05M, 10 ml.); NaClO, (1M, 9.45 ml. ); catechol

(O.O1M, 5 ml.); copper perchlorate (0. OlM, 5 ml.); conduc tiw
vity water (20.55 ml.) vol. 50 ml.

[l HClO, (0.05M, 10 ml.); NaClO4 (1M, $.45 ml ); pyrogallol
(0. OlqM 5 mli. ); copper perchlorate (0. OlM, 5 ml. ); conductivi-
ty water (20.55 ml. ) vol. 50 ml.

The titration cell was a lipless Pyrex beaker fitted with a perspex -
cover through which were admitted the electrode, burette tip and glass atirrer.
The beaker was kept immersed in the thermostat maintained at 30°C for
sufficient time and then titrated against standard ethylenediamine (0. 2M).

The lonic strength was maintained in all cases at O, 2M. The ethylenediamine
was added {n portions and the above three solutions were titrated. The pH
thus obeerved was plotted against the volume of ethylenediamine added.

From the two curves & and pl. were calculated by using the standard
equations.
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TABLE 1

Nickel and Copper Com e were Prapared and Analyced, ]

Percentages Obtained Correspond with the following Formulae
% Calculated % Found out
Substances NI N Ni N ,U..
[Su(gamc)z J(entt,), 11.36  10.%4 1L 21 10. 54 2.84
Cu N H0 Cu N H0
[(Cule:)(satechol) f2H,0  23.75  10.47 13.47 23.74 10.05 13.37 ~1.8
[cu(en)(pyrogation]2r,0  22.42 9.877 12.7 22,25 9.71 12.50 ~i.8
[Culpyrogattol); ] Cu. 41,0 28. 42 - 16,14 28.25 - 16.28
[ca(ganic)]cu,. 31,0 32.94 o 9.33 32,90 - 9.12 ~1.4 .
[Cu(protocatechuei) ] 34. 86 - 9.87 3451 -  9.97 ~1.4

.Cuz. 3H,0



-79-

INFRARED AND N. M. R. SPECTRAL STUDIES OF SOME TRANSITION
METAL HYDR DE COMPLEXES

G. K. N. Reddy and E. G, Leelamani
Department of Chemistry, Bangalore Univeresity
Central College, Bangalore

Though several complex hydrides of rhodium and iridium stabi-
lized by tertiary phoa'phineu are known(l: 2) corresponding complexes of
these metals stabilized by tertiary arsines are comparitively few in number,
Such complexes inciude these containing methyl diphenyl lrline(3). diethyl phenyl
arsine(4) and triphenyl-araine(5). The authore have recently prepared
complex hydrides of rhodium and iridium stabilized by ethyl diphenyl
arsine(6). Some physicochemical investigations on these complexes is
being reported here.

RESULTS AND DISCUSSION

The complex hydrides of rhodium andiridium that have been pre-
pared have the general formula MXzH(AsEtPhZ)3 where X is Cl, Br or ],
M i=s Rh or Ir {Table ). They behave as non-electrolytss in nitrobenzene
and monomeric in dichloromethane and show metal-hydrogen bands in the
2000 cm-! region in the infra-red (Some of them also show M-H bending
modes around 800 em~-1). Substitution of the hydrioic hydrogen with deu-
teriwm produces the metal-deuterium band at the expected position in
the infra-red confirming the presence of M-H bond in the complex hydrides.
N. M. R. spectral studies with some of the compounds show an M-H peak
with very high positive values characteristic of hydrioic hydrogen (Tabie
I1). These facts together with the micre- inalytical results for eome of the
elements in the compounds suggest the above mentioned general formula
MXZH(AaEtPhZ)3 for the complexes. Complexes of this formula can ex-
ist in the following three isomeric forms,

X b N
A % fis H Rs _.] H
s As Ps Rs fs X
H X Bs
Ta N wmY
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In several cases {Table I) two isomeric forma o« and 5 have been
obtained. These differ in their colour and infra-red and N. M. R. spectra.
The o forms are lighter in colour when compared to the 4 compounds
and show M-H bands in the infra-red at a frequency 100 cm-! hig*  ‘han
the corresponding b compounds. It is suggested that the o& compounds
have structure I, wherein the hydrogen ie . trans to a halogen,of low trans
effect, resulting in a stronger M-H bond and a higher M-H stretching fre-
quency as compared to the f compounds which could have structure II or
I with the hydregen trans tc an arsine of stronger trans effect resulting
in a weaker M=H bond and a lower M-H stretching frequency. It is
likely that the b -compounds will have structure il rather than II on ste-
ri¢ grounds. Structure III where in all the arsines are cis to one another
would be aterically less stable. A knowledge of the M-X frequencies in
the far-infra-red region would perhaps help to fix the correct structure
for the ﬁ-compounds.

Measurement of the infra-red frequencies in different solvents for

the oC and % compounds has been carried out (Table [II). It ia found that
the M-H stretching frequency of the @ -compounds is solvent sensitive
while that of the # -compounds is not. The shifting of the stretching fre-
quency of the M-H bond in & -compounds to higher regions (by 10 to 15
wave numbers) in polar solvents like chloroform as compared to the values
in nonpolar solvents like benzene has been attri buted to the stronger sol-
vition in chlorof orm solutions of the halogen trars to the hydrogen. Such a
solvation would weaken the M-H bond with a corresponding strengthening of
the M-H bond and hence 4 higher M-H stretching frequency. In the §&-
compounds the arsenic which is in trans position to the hydrogen is compara-
tively poarly solvated and hence the nature of the solvent does not have any
perceptible infiuence on the M-H frequency(7). These results also support
the view that the ¢C-compounds have structure I and the 3 -compounds
strucutre II.

Measurements of the chemical shifts due to the hydrioic proton in
the N. M. R. spectra (Table II) of the compounds further support the above
conclusions. It is seen that the 6C -compounds show higher positive shifta
when compared to the ﬁ -compounds suggesting a greater screening of
the hydridic proton in the oC-compounds. This is explained as due to the
presence of a halogen with a poor Ti- bonding capacity trans to the hydrogen
in the 0 compounds as compared to an arsenic with a stronger ¥ bonding
capacity in the A-compounds.

EXPERIMENTAL

The infra-red apectra were recorded in a Carl Zeiss UR 10
spectrophotometer. Conductivity measurements were done with a conducti-

-

T



vity bridge, Electronice and Electricals model C. B. 102,

-81-

Molecular

weights were determnined in dichloromethane by the isopiestic method.
The hydride complexes were prepared as reported elsewhere(6),
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TABLE I

---------------------------------- »
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Complex Colour

RhHCI1,(A aE:tth)3 (a) Yellow

‘o (® Yellow-orange
RhHBr,(AsEtPh;); (] Orange

‘e (p) Orange-brown
IrHCIZ(ABEtPhZ}3 (@) Colourless

. (p) Yellow
IrHBr, (A sEtth)é (@ Pale-yellow

o (p) Orange
Irmz(ABEtth) 3 () Pale-orange

P* = ratio of hydride to deuteride.

e 0 S A S WG R W WS MR KR A e SR e D TR AR D AR AR G D S PR P AR e e SR M R WD AP e A M D E Ee RS MR M A AP R M P s e SR G R e e T G OGN W D W R R G e e G R e D D S S e G S e M A T e W S Y S e e R ST Gm G S GO G O WD R W e W

134
111
141
148
194
175

196

201

174

M. P. (°C)

- 136

- 114

- 143

- 149

- 197

- 177

- 198

- 202

- 175

Y M-H

2077
1980
2070
1995
2198
2080

2194

2088

2198 -

779

802

818

808

782

** Nujol mull

§M-H YM-D v

1450 .40

1490 1.40

1495 1.40

Molecular Wt

Calc.

949

1038

1038

1127

1221

Found

919

1150

1187

1158

e e e M B e e e e er e e e e B e e e e e e NS G M R R T A W e e e o W

Molar condu-
citivity in 5
ohm-! cm” mele”

0.2

0.9
very low
very low
very low
very low

very low

1

.28-
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TABLE II
Nuclear Magnetic Resonance Data foy Hydrido [ridium (III) Complexes in

CDC], Solution, Values Relative to SiMe, as Internzl Standard, Meagured
at 60 :i\d/c on a Varian A60 Instrument at 259,

Compound T
Ix’HClz(thEtAm)3 () 31,62
IrHBrz(thEtAn)s () 30. 72
IFRCL,(Ph, EtAsjy  (A) 25,23
TABLE III
Compound M-H cm™} in M-H cm"} mAV‘VH-H(CHC!;;)-
VM-H
CHC13 C6H6 cm-1
IrHCl,(PhyEtAs); (€) 2194 2180 14
' (p) 2112 2110 2
IrHBry(PhyEtAs); (¢) 2190 2180 10
i (») 2110 2110 0
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DETERMINATION OF NITROGEN IN TRON METEORITES

P. 5. Goel A
Chemistry Department, Indlan Institute of Technology, Kanpur

Not much work his been done on the measurements of nitrogen ia
iron meteorites (see e.g. Mason's boqk“). e 156). The first careful
determinations were made by Nash and Baxter{(2) in 1947. They dater~
mined dissolved nitrogen in a number of iron meteorites and found quite
low values for its contents, viz., 0.5 ppm. More extensive and reliable
megsuraments are, however, available for stone meteoritea(3: 4, 5).

Urey(é) has pointed out that the nitrides of titanium and silicon might
be produced in the formation of meteorites at some stagea of the contraction
of the gar-spheres postulated in bis cosmogony. If molten iron, together
with silicon etc, were indeed exposed as "'pools' of molten matter on the
surface of "primary objects' buried under the pressure of the order of 100

kilobare, it is surpriring why the concentration of nitrogen in iroa meteo-
rites is so low, : '

It {s desired to have more information on the distribution of nitrogen
in iron meteorites eince it plays an important role in the early chemistry
of meteorites. We undertook its determination by neutron activation analy-
sls taking advantage of the fact that the reaction Nl4(n, p)C14 is excergic
and has high cross section. In addition to its high sensitivity and spscificity,
the method is reliable for the determination of total nitrogen contents
Excellent methods for the recavery of carbon (C14) from steel exist. )
The results are given in Table L

TABLE 1

Results from Activation Analzlls

14 60 Nitrogen

Run Mateorite Mass (g) C 1 -1 Co "(mc) (ppm)
No. (103 dis min g ")

2s Canyon Diablo 1,65 2.26 1,0 340

2b 1,56 i.18 1.0 177

3b Canyon Diablo 1. 46 2.1 1,1 315

3 1.61 1. 64 1.1 246

3c 1,37 0.17 l.1 25

id 1.52 0.28 1.1 42

contd...)
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4a Odessa 1.11 0.75 1.2 112
4b 1.11 1. 06 1.2 162
4c 1.42 1.10 1.1 165
4d 1.68 0.34 1.1 50

Kieldahl Method

The results of neutron activation indicated a high value of nitrogen
contents. It appeared feasible to measure nitrogen using clzssical methods
without serious problems of contamination, Seversl runs were made fol-
lowing the meathod described in Furman(8) for the analysis of steel taking
appropriate care to use arnmonia free reagents. The metal was dissolved
in HCi. To the sc'ution was added NaCH solution and NHj was distilled in
a closed system. The distillate was collected and ammeonia in the aqueous
solution ‘was detzrmined colorimetrically ueing Nessler reagent. The
results are given in Table II.

TABLE 11

Resgults of Kjeldahl Method

Meteorite Mass (g) Nitrogen (ppm) Blank (ppm)
Odessa 2,02 168 10

1.73 64

1.76 60

2.08 17 20
-Inclusion 1.72 40 7
-Incl. powder 0. 31 30 7
Canyon Diablo 1.77 26 12

2.74 28 10

Fusion Method

It has been reported that the Kjeldahl method is not suitable for
steels corntaining titanium because it fails to decompose TiN or other simi-
. lar compounds. The low results obtained by us using the Kjeldah! techni-
que as compared to those by the neutron activation analysis led us to think
on these lines. The metal samples were fused in a platinum boat after the
chips had been mixed with NaOH + Na;CO3. The fusion was carried ont in

4n atmosphere o1 .i3 in a combustion furnace made of nickel tube at about
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1000°C. The results of fusion analysie are given in Table III.

TABLIL 111

Results of the Fugsion Method

Meteorite Mass (g) Nitrogen (ppm) Blank (ppm)
Odesea 0.51 t12 16 to 20
0.223 180
0.105 284
0.222 190
Odessa-~inclusion 0.20 81 5
-(Crushed)
-( Intact } 0. 267 84 5
DISCUSSION

The results by various methods are eummarized in Table IV,

TABLE IV A

Summary of Nitrogen Results

Nitrogen concen- Blank

Method tration (ppm) (ppm) Remarks

Activation 40 to 340 Low Large variations, abso-
lute valu=c inay be
unreliable

Fusion 80 to 300 €10 Varlaticns verified, trio-

lite inclusions do not
give high valuea

Kjeldahl 30 to 100 % 10 Variations not large; low
Distillaticn values; low values in the
Inclusions
Mild Dissolution 0.2to 1.6 - Glives only dissolved
(Nash and Baxter) (several nitrogen
meteorites)

it ctntalll eeattiSnclir -




The data show that the nitrogen present in iron meteorites 1s in the
form of more than one compound. The fueion technique decomposes the
compounds completely and gives total nitrogen. The same 18 true for the
activation analysis. The most striking résult of our work, however, in the
finding of large variations in nitrogen contents in samples of the same
meteorite taken {rom nearby regions. Such variatione are not found in stone
meteorites. Different stone meteorites belonging to one class show 5) re-
markably constant value of nitrogen concentrations. The nitrogen minerals
in iron meteorites are distributed non~uniformly.
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DISCUSSION

R. Tripathi : (1) Why did you prefer to estimate nitrogen only
and not other elements ?

(2) Did you measure the gradient of concentration

of nitrogen compounds in meteorites ?

P.S. Goel : (1) For the following three reasons:

a) Nitrogen plays a very important role in the
problem of the origin of meteorites
b) Nitrogen has not been studied in iron
meteorites so far
c) We had experience in ¢l measurements and
activation analysis could be applied to nitrogen.
(2) The answer is no.
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(a) Are the large variations obtained in the nitrogen
contént of semples furnace and the same meteo~
rites, also shown {f samples are taken just from
the surface ?. :

(b) From your answer to (a), is it not preferable to
carry out analysis of various surface samples of
the meteorites before it is assumed that it will not
show any variations and that it {s only the atmos-
pheric nitrogen which will have larger role to play
when the meteorite passes through atmosphere ?

(a) We have not done analysie on the near surface
reglons.

(b) The answer is 'no’. Meteorites remain un-affected,
thermally, physically and chemically below a few
milimeters of surface. The question of atmosphere
nitrogen diffusing into the interior does not there-
fore arise.

(1) What kind of processing of the sample was done
after neutron irradiation ?
(2) What counting system was used ?

{1) The metal sample was burnt in a stream of oxygen
at 1000°C and CO; was recovered as BaCOj3 for
counting.

(2) We used 1'" diameter Sharp Laboratory end-window
counter. The background was 0.Z cpm and the
sample counting rates ranged from 10 to 100 cpm.

What is the nitrogen content in the various types
of rocks (earth~bound) ?

: A thorough work on nitrogen determination in rocks has

pot been done and we would like to undertake this work
in the near future.
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STUDIES ON LEAD-210 ACTIVITY IN INDIA

L. U. Joshi, C.Rangarajan and (Smt, ) Sarada Gopalakrishnan
Health Physics Division, Bhabha Atomic Research Centre, Bombay 85

INTRODUCTION

Lead-210 is one of the long lived daughter products of radon which
diffuses out from the soill. The decay scheme of 210pp to the stable 206py,
is as given below: '

210, I3 210 A 210 e 206
P iy Bi 504 Po—770d Pb (Stable).

The daughter products of radon which contribute a large amount of
dose to the population are 210pyp and 210 po,

Measurements of the levels of 210Pb at number of places situated
in the iatitude band 8°N to 34°N have been carried out: These observations
have shown that (a) the winter maxima are prormninent at most siations in
India, (b) the specific activity of rain water increased at about 30°N and

(c) in general, the activity of 210Pb at Gangtok was much higher than at the
other stations

SAMPLE COLLECTION

a) Air Filters: Hollingsworth and Vose H-70 filters were used for
the collection of samples. Large volumes of =iz ~f the order of 5-50 x 10°m
were sucked  per month using powerful ciowere,

b) Surface Deposition Samples: Rain water samples were collected
in stainless steel funnels 12" in diameter., These funnels are kept on the
polythene vessels.” Collections are made every month and these monthly

collections are pooled together depending on the amount of rainfall to give
detectable activity.

EXPERIMENTAL

The collected samples of (a) air filters and (b) surface deposition
are ashed at 400°C prior to chemical analysis. To the ashed samples,
30 mg of lead are added as lead nitrate, digested in aqua regia a number
of times and then the residue is dissolved in 1. 5M hydrochioric acid. Use
is made of anion exchange resin Dowex-1 x 8% (50 - 100 mesh) for the che-
mical separation of lead. The maximum adsorption of lead is observed at
1.5M hydrochloric acid concentration. The adsorbed lead is eluted with
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8M hydrochloric acid. The separated lead is precipitated as lead sulphate
and counted in end-window Geiger counters with a background of five counts

per minute, {(1,2) The samples ave counted to an accuracy better than
+ 5% 8.d.

¥

RESULTS AND DISCUGSSIONS

The alr concentrations of %! ®Ph at a wumber of atations in India are
resented in Tigures 1 and 2. Figure 3 shows the latitudinal variation of
10pp in surface air and deposition and Figure 4 gives the location of

sampling stations in India. ‘

The significant features of the spatial and seasonal variations ef
210pPb are summarised below:

a) Surface air activity shows maximum levels from December to
February and minimum values trom July to August at almost evely station
in India although this is not very pronounced at Srinagar. Spring maximum
of stratospheric 137Cs was also nbserved in the month of April each year,
but 210Pb levels reduced significantly by April from the peak values obser-
ved in mid-winter. This shows that there i8 no poussibility of the presence
of significant amount of 210py from upper atmosphere in the surface air.
Measuremeats of radon daughters at 9, 00 hours in the morning and 15. 00
hours ia the afternoon at Bombay showed that there is a seasonal variation
of radon which closely fo'lows the variation observed in the case of 210pp,
This similarity shows that 210pb concentrations are mainly dependent on
radon levels.

The greater prevalence of inversion conditions during winter is
probably the main reason for the winter maximum although part of the
surmnmer minimum could be due to the south-west maritime winds in summer.

b) Figure 3 shows the variation of specific activity with latitude.
Significant increase of specific activity of rainfall was observed at higher
latitutde stations. This is due to the difference in the precipitation at high
latitudes where the rains during winter season due to "Mediterranean dis-
turbances' are more prominent than the summer monsoon rains. Lower
latitude stations have no precipitation in winter when the levels in surface
aly are maximum. :
Measurements of Zl()Pb at Nainital shows that the winter maximum
is not very pronounced at Nainital, It is rather difficult to draw any defi-
nite conclusion with the little available data from this station but it is pos-
sible that the seasonal cycle for radon may not be effective at high altitudes
gince inversions phenomenon is confined to surface layers.

. ¢) The Gangtok values, particularly during 1963 and 1964, are higher
by a factor of two compared to the other stations. Most probably the high
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values in winter rs:sult from ineteorological conditions. Measurements
made by Mishra 3) ghowed that at Gangtok 226R, content is higher by 50 to
1007% in the s0il than at the other stations., However, the fact that higher
levels are in winter only, seems to suggest that the cause for the higher
concentrations could be the comparatively higher stability of the lower
atmosphere at Gangtok. A larger body burden of 210pp and daughters as
a result of this increased levels mav he nf some radlological significance
at Gangtok, This needs to be investigate& by the analyses of the autopsy
samples of this region,
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DISCUSSION

P.5. Goel : Did you not try electroplating lead ?

L.U. Joshi : It 18 not necessary. The samples contained 30 mg of
lead as lsad nitrate and counted for 1.17 Mev betas of

210
of Bi .

G. M. Nair : In what form was lead held in the anion exchange column
during loading from 1.5 M HCI and in what form is it
eluted at 8 M HC17

L.U. Joshi  : Lead is held as PbCly and eluted as H,PbCly.

R. Tripathi : Does the estimation of radon help you in prospecting the
uraniurn ores in the localities where the measurements
are being made?

L. U. Joshi : Unless radon leveis are vnusually high, it may not be of

much help in prospecting for uranium since several
meteorological factors control radon levels. If Ra226
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content of the soil is alao high at the places of measurement,
then it may be possible that uranium content may be high,

(a) Since you have conclusions based on your study of lead-
210 actlvity in India, could you throw some light whether
your results with regard to seasonal and especially latitude

studies, in conformity with results obtained elsewhere in the
world?

(b) On your reply to (a), is it not correct to say that the
study involves a lot of parameters like wind velocity etc., and
to make certain conclusions, it will be better to chcose

place and conditions of experiment so as to keep many. para-
meters constant and vary only one,

: (a) Our values are in conformity with those in the U.S. A,

and somewhat higher to the values reported in the U, K.
This is possibly due to the greater prevalence of maritime
air masses over the island of the U. K,

(b) The study of the type reported here does invelve a number
of parameters, but it is difficult to eliminate any of these
parameters by the choice of sample location. In spite of
thezse difficulties, by study of these parameters it is possible

to relate the variations in levels to ‘the meteorological con-
ditions,
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STUDY OF ADSORPTION OF PHOSPHATE IONS ON
CERIUM OXIDE

B. M. Shukla and R.S. Tripathi
Nuclear and Physical Chemistry Laboratory,
Banaras Hindu University, Varanasi

INTRODUCTION

Many workers have studied adsorption on oxides. The methods
used by earlier workers for studying adsorption of ions on varicus oxides
and metal surface failed to investigate the nature of adsorption at micro
and tracer concentrations. Tracer technique has solved this difficulty
to a great extent and has given valuable results on adsorption studies.
Thin technique has been auccessfulle' used for studying adsorption on

crystalline subﬂtances(l'z)', oxides(3), metals(4'5). glass(é) and other

adsorbents . Rutner and coworkers have studied the surface exchange
adsorption by this method.

This paper embodies the study of adsorption of phosphate fons
on cerium oxide (CeQ3) in aqueous solution at 30.5°C,

EXPERIMENTAL

Cerium oxide (-300 B.S. + 350 B.S.) has been prepared by
heating cerium oxalate B.D.H.(A.R.) at 800°C for twenty four hours.
Solutions of sodium dihydrogen phosphate NaH;PO,4. 2H,0, B.D.H.(A.R.)
of varicus strengths (10-1M . 10-12M) were prepared in conductivity
water. 10 ml of each solution were taken in Jena glass tubes and label-
led with carrier free P32 obtained from Bhabha Atomic Research Centre,
Trombay, and thermostated at 30, 5°C for twenty four hours. A drop
(o 0.033 ml. ) of each solution was taken with the help of capillary tube
in separate aluminium planchet and dried under infra-red lamp. The
radio-activity (counts/min) of each sample was recorded with the-help
of G. M. tube and utility scaler of the type SS 361A (AE. Instruments,
India) fér zZere time. Later, 0.5 gm of cerium oxide was added sepa-
rately to each of the solutions, stirred gently and thermeostated at 30. 59C.
At intervals of 5, 10, 15, 20, 3G, 60 minutes, the solutions were
centrifuged and one drop (~0. 033 ml) of the supernatant liquid from each
sample was taken in clean aluminium planchets and the activity {counte/
min) noted as before. The background (counts/min) was taken prior and
was substracted from each observation for different time intervals are
recorded in Table I,
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RESULTS AND DISCUSSION

Table I shows the amount of phosphate in aoiution with reapect to
time for the concentrations 101 M - 10-12M. A plot of concentration
of phosphate versus time (Table I, Fig. 1) indicates that equilibrium is
obtained within a period of about twenty minutes for higher concentrations
(10-1M - 10-2M) and about fifteen minutes for lower concentrations
(10-3M - 10-12 M), It has been found that, at higher concentratione,
adsorption is followed by desorption, i.e., phosphate ions adsorbed on
CeQ; exchange with the phsophate lona in solution. Hence, the period of
equilibrium is less at lower concentrations (10-3M - 10-12M),

From Table I, and Fig. 1, it is clear that adsorption is rapid and
drastic. This tremendous adsorption can be attributed to {(a) the fineness
of oxide, i. e. to the greater surface area of oxide, (b) the presence of
active centres on its surface, {c) chemisorption, i. e. formation of
compounds. The last one appears to be more effective and is supported
by the work of earlier workers on oxide. On the surface of oxide, tetra-
valent cerium cations form insoluble salt, ceric hydro-orthophosphate,
with phosphate anions,

4Cet* + ZH* + 6PO2” + 25H;0 --»2CeH(PO,)3. 25H,0

Second pessibility of formation of cerous phosphate is also there.
But as reduction of Ce%* to Ce3* in solution takes place 1-2% in one
hour at 200C according tc H. F. Walton and coworkers’. Therefore,
following reaction

Cedt e” maucapreldt

Ce¥* 4+ PO ---.-3CePO,

{soluble)

takes place in a very amall amount, {f it occurs.

In the Table II are shown the values of the initial concentration
of phosphate, the amouni of phosphate adsorted and the amount of phos-
phate adsorbed per gram oxide. A plot of log x/m versus log C is a
straight line where x/m is the amount of phoaphate adsorbed per gram of
oxide and C, the initial concentration of phosphate in soiution. This
shows that 2dsorption obeys the Freundlich {sotherm:

x/m = KC”“ where 1/n =}

in the concentration range 10-1M - 10-12M.
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IABLE L

3
ABSORPTION CF PO;~ IONS ON CeO;

Volume of solution - 10 ml,

Weight of axida -0.5 gm.
Temperature - 30.5°%.
Steengtn toslm  102m 1073m 107%M 105 1076 10°Tm 107w 107 10710y 107y
Awmount of 10!  gx10 gmx107} geml0  gmmi0S grmi0d gamioT go10? gremi0m?  gmm1o-l® gmmeio-il
ascrearmens P - — - o ———————————— -~ ———— - ——
Time ta
Tdmites )
*-_ n 0.9539  0.9539  0.9539  0.9539 0.9539  0.9539 0.9539 0.9539  0.9539  ©. 9539 0.9539
5 0.7324  0.3154  0.1467  0.1582 0.2561 0.1586  0.1940 0,155  0.1309  0.2121 0.1126
10 0.7161  0.1696 G.1113  0.1331 0.2314 0.1559 O.17T9  0.1253  0.1278  0.2046 0. 0968
15 0.6937  ©.1458  6.1113  0.1536 0.2578  ©.1457  0.1756  ©0.120T  ©€.1278  0.1885% 0.0933
20 5.6826  0.1354 0.1094  0,1434 0.2719  0.1525 ©€.1802 0.1126  0.1465  0.1848 0. 0959
10 0.6884  Q@.r351  0.1127 0.1395 0.2640 0.1529 0.1734 0.1198  0.1464  0.1997 . 0.1047
60 0.6846  6.1389 0.I115  0.1348 0.2457 G.1549 0.1741 0.1228  0.1278  O.1848 0.0933

- —— . - -~

- i o - -

.mlb'lz

- e — - - - - -

10712

0. 9339
0. 1521
0. 1427
0.1364
D. 1238
0. 1154
6. 1154

- e .- . —

-.6-



TABLE II

VARIATION OF POI- IONS ADSORPTION ON CeO; WITH CONCENTRATION

Volume of solution - 10 ml

Weight of oxide - 0.5gm
Temperature - 30.5°C
Stremgth ... Gl TITITTTTTITITIITIITITT IO P72 U
of soln, Ini:ialsAmcunt Log C Equilibrium amounts Total amounts Amount adsorbed Log x/m
of FO4" in gm of POi' in gms, adsorbed in gmas. per gram oxide
10-Im 0.9539 x 10! 2. 9795 0.6846 x 1071 0.2693 x 10~} 0.5286 x 10~1 z.7231
16 2Mm 0.9539 x 102 3.9795 0.1339 x 10~% 0.8200 x 10-2 0. 6400 x 10~2 2.2148
10-3M 0.9539 x 10~3 1. 9795 0.1115 x 1073 0.8424 x 1073 0.6848 x 107> 5.2158
10°4M 0.9539 x 10-4 5. 9795 0.1368 x 10-% 0.8171 x 10™*% 1.6342 x 10~% T1.2133
1030 0.9539 x 10~ €. 9795 0.2457 x 107 0.7082 x 107> 1.4164 x 103 5. 1461
1076 0.9539 x 10™° 7.9795 0.1549 x 10°° 0.7990 x 1079 1.5980 x 10-6 . 5.2038
10-TM 0.9539 x 1077 B.9795 0.1741 x 10°7 0.7798 x 10°7 1.5596 x 1077 7.1925
10-8x 0.9539 x 1078 7.9795 0.1228 x 1078 0.8311x 1078 i.6622 x 1078 8. 2206
10-9Mm 0.9539 x 1077 10.9795 0.1278 x 109 0.8261 x 1079 1.6522 x 1077 3.2180
107100 0.9539 x 10~1%  TI.9795 0.1848 x 10-10 0.7691 x 10719 1.5382 x 10-10 10.1870
1o~ ne 0.9539 x 10-11 12. 9795 0.0933 x 1011 0.8606 x 10° 11 1.7212 x 10-1! TT. 2358
12 . 12 - 12 -12 -1z -
10-1%m 8.9539x 10 13.9795 0.1154 x 10 0.8185 x 10 1.6770 x 10 17, 2245
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SEPARATION OF CAESIUM-137 FROM FISSION PRODUCT
SOLUTION USING PHOSPHO TUNGSTIC ACID
s .

T.S. Murthy, K. R. Balasubramanian and M. Ananthakrishnan
Isotope Division, Bhabha Atornic Rezearch Centre
Trombay, Bombay-85

High intensity radiation scurces of long-lived fiasion pro-
ducts like caeesium-137 and strontium-90 find extensive uses as
power sourges in SNAP systems, as irradiation sources in large
irradiators and teletherapy units 1),

Various methods have been reported in litcrature for the
chemical separation and purification of these isotopes in different
countries, These include co-crynulliution(z), solvent extraction(:’).
ion-exchangz on organic reeina(4) and precipiution(5) techniques.
The choice of a particular method in each country has been greately
izfluenced by the nature and composition of the waste solutions and
the operational facilities available.

The precipitation of caesium as the phospho-tungstate and
decomposition of the precipitate with baryta had been pre'viouﬂ% gm-
ployed at Saclay. In this method reported by Raggenbass et. al 3
caesium was selectively precipitated from 2 M nitric acid solution
uping phcespho-tungstic scid. The precipitate after washing was
decomposed with baryta which precipitated the inscluble barium phos=-«
phate and tungstate. One of the major disadvantages of the method
is that it involves multipie precipitation which complicates the
handling. The action of atmospheric carbon dioxide on barium hydro-
xide also interfe res with the complete precipitation necessitating
further purification steps.

The subsequent aeparation of phosphate and tungstate by anion
exchange on orgenic resins (De-acidite FF) has been rcported 6),
However, because of the n%bghty of hydrous cxides towards large
doees of lonising radiations 7 » the possibility of separaticn on
alumina was hence investigated.

EXPERIMENTAL

Reagents : Alumina - Brockman chromatographic grade
1006-200 mesh was used fo. the experiments. All the other reagents
used were of E. Merck (G. R. ) grade. Radioactive tracers csl37,

b e et R
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Sr85+89 187

, &nd Celdl were all avajlable with the Isctope Division,
BARC,

Apparatue : Glass columns of dimensions 21 cms. (length) x
1 cm (dla) were used for the ion exchange studies. The spentra of the

samplas were taken using a 512 channel analyser Type NTA-512
(Hungarian Model).

PROCEDURE

a) Caesium was precipitated as phospho-tungstate in the pre-
sence of tracer caesium-137 from solution containing 1.0 mg. of
carrier caeslum using 0. 01 M phospho-tungstic acid. The solution
was maintained at ZM with respect to nitric acid in a total volume of
25.0 ml. The precipitate wage allowed to settle for about ! hour.
After settling, it was filtered, washed well with water and subsequen-
tly dissolved in minimum quantity of 0.1 M sodium hydroxide. About
1 pCi each of tracer phosphorus-32 and tungsten-187 as sodium
phosphate and sodium tungstate respectively were added. The pH of
the medium was adjusted to about 4 with 0.1 M hydrochloric acid.

This was passed through a column of alumina conditioned
with hydrochloric acid at pH 4 and the gamma spectrum of the efflu-
ent taken.

b) The interference, if any, in the selective precipitation of
caesiurn using phospho-tungstic acid by other multi-valent ions like
Sr, t.et?, etc. was checked by carrying out the precipitation in the
presence of tracer Sr85+89 and cel4! and subsequent purification
on alumina as above.

c) The above procedure was also tested on simulated fission 8)
product solutions having the composit'hon reported by J. M. Fletcher( '
and spiked with tracer csl37, 5rB85¢ 9 and cel%l

RESULTS AND DISCUSSION

Since the published literature di¢ not give complete experi-
mental data fo- the various factors affecting the precipitation of
caesium by phospho-tungstic acid, these were ascertained in detail
by a series of experiments.

From the preliminary experiments carried out, it was secen
that caesium can be effectively and almost quantitatively precinitated
as caesium phospho-tungstate from 2 M nitric acid solution ueing
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61.6 mg. of phoepho-tungsiic acid for every milli-gram of caesium.

At acidities > 1M tha precipitate was obtained in a very fine micro-
crystaliine form difficult to filter. However, the pracipitate from 2. 0-
5.0 M solution was easily filterable with an ovarail yield > 95%.

Caesiurm phoepho-tung state is quite resistant to attack by strong
hydrochloric and nitric acide >ut dissolves in alkall hydroxids forming
caesium hydroxide, alkali phoephate and tungstate. (9) To prevent
reprecipitation of the phospho-tungstate, the medium should be main-
tained at pH > 2.

Fxperimenta using tungsten-187 and phosphorus-32 as tracers
confirmed almosat quantitative uptake of phosphate and tungstate ins
in the presence of each other on a column of alumina conditioned with
hydrochloric ar'd at pH 4.

After the precipitation and purification an alumina, the gamma
spectrum eof the product caesium showed only the presence of 0. 66 MeV

peak due to ceasium-137. Peaks corresponding to 0.51 MeV 5r85 and
0.145 MeV Cel4l were absent.

Appendix-]1 shows 2 typical epectrum of the product after puri-
fication.

CONCLUSION

The precipitation of cae2ium as caesium phospho-tungstate and
subsequent ue}paratlon of caesium on alumina can be effectively used to
separate Ce!37 from fission product waste solution free from other
radioactive impurities. This method is also easily adaptable for re-
mote operations on a plant scale,
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Why do you use such a high core of PTA (61, 6 mgms)
for \mgm of Cs?

i

From the reaction experiments carried out we have
arrived at thie {figure for complete precipitation
with overall yield averaging > 95% assuming

the formula of the product formed under the con-
ditions to be Cs;HPW;,04pn. 2H;,0.

Have you tried all three forms of alumina (i=.
alkaline, acidic & neutral) for separation of Cs-1372?

Only the neutral form was tried and this was given
subsequent treatment with 0, IN NH4CH, H;0
and HC1 at pH 4.

" In your method of separation of csl3? could you

tell something about decontamination factor from
other fisaion products etc. ?

The interference from other fission products have
been checked using respection tracers like Sr85+89
and Cel4! and the spectrum examined ueing a S12
channel analyser. The spectrum showed the
complete absence of other impurities.

How Y -emitting Csl37 is suitable for isotopic
power sources? Usually absence of Y-radiation
is desired?

Many of the power sources are in fact 7 -emitters
like Cs8-137 and Ce-144, The particular use
depends on the properties like specific power,
power demsity of the sources. In fact even f-
emitting sources like sr%90 also have associated
brehmstrahlung which has to be shielded
properly,
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SEPARATION OF IODINE-131 FROM NEUTRON IRRADIATED
TELLURIUM USING HYDROGEN I'EROXIDE

T.8. Murthy, V.C. Nalr and S. G. Naik
Isotope Division, Bhabha Atomic Research Centre, Trombay, Bombay-85

INTRODUC i ION

Iodine-131 is one of the most widely used radioisotopes in medicine
for diagnostic and therapeutic purposec, either directly as sodium iodide cr
in the form of lodine-131 labelled compounds. Hence, the production of this
isotope assumes top pricrity in any isotope programme. Iodine-131 is pro-

duced during nuclear fission or by the pile irradiation of tellurium and its
rampounds.

A" (A7)
Tel30(nY) T3l o 130 L xel3l quable.
24.8 m 8.05 d

When the former method ts employed for production, enriched uranium ir-
radiated for 2-3 weeks in the nuclear reactor is dissolved in nitric acid and
the iodine-13] is distilled and collected. (1) But separaticn of iodine-131 from
pile irradiated telluriumn targets is the most commonly used method of pro-
duction. The methods o Sseparation varies for different targets. With metal
tellurium the target is dissolved in a mixture of sulphuric acid and chromic
acid and the iodine is distilled off after reduction with oxalic acid. (2) A dry
distillation method is generally used when tellurium dioxide is used as the
target. (3,4). The metnodsof separation take a little more than a day for com-
pletion and it was of interest to develop a speedier method. In the Isotope
Laboratory at Trombay, we have developed a new method(5) based on the dis-
solution of neutron irradiated tellurium in hydrogen peroxide and sodium
hydroxide .ollowed by acidification and distillation of the iodine-131. The
present (paper is an extension of this work in line with a method reported by
Gleason 6) wherein tellurium isdirectly dissolved in hydrogen peroxide and
sulphuric acid.

EXPERIMENTAL

E. Merck tellurium and all other reagents of analytical grade were
used in the experiments. In the dissolution experiments 5 grams of tellurium
and 30 ml. of 100 vol. hydrogen peroxide containing the required amount of
sulphuric acid diluted to 100 ml. were refluxed in a round bottom flask. In
the distillation studies the total volume of the reaction mixture was maintained
at 300 ml. The apparatus consisted of a two necked 1 litre distillation flask
and a 3 necked ] litre receiver flask with an iodine trap, connected by a
right-angled bridge having a eplash head at one end and a water condenser at
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the other end. In the modified version the two ilmbs of the bridge were
replaced by two feet long water condensers. The yield of iodine-131 was
estimated by counting the initial and final samples in a well type thallium
activated sodium iodide scintillation detector at the 0. 36 MeV iodine photo-
peak and comparing the values after accounting for dilution.

RESULTS AND DISCUSSION

a) Dissolution of Tellurium in Hydrogen Peroxide and Sulphuric_Acid

While studying the distillation of iodine-131 from acidified solutions
of sodium tellurate prepared by dissolving tellurium in sodium hydroxide and
hydrogen peroxide, the effect of adding tellurtum was investigated. It was
found that tellurium dissolved compiete!y and the yleld of {odine-131 remained
unaffected so long as there was enough hydrogen peroxide present(s). Hence,
the dissolution of tellurium in hydrogen peroxide at various concentrations
of sulphuric acid was studied, with a view to developing it as a method of
production. Very little tellurium dissolved when the acid concentration was
below 7N. Addition of more hydrogen peroxide, prolonged refluxing or
increasing the total volume did not have any effect in bringing the tellurium
into solution. In the concentration range of 7-13 N the tellurium dissolved
completely in about 10-15 minutes. Above 13 N tellurium did not go into
solution. This may be due to the formation of a thin film of telluric acid ever
the tellurium powder.

b) Distillation of lodine-131 from the Dissoiution Mixture

In our studies reported earlier(5) the distillation of iodine-131 from
sulphuric acid solutions of telluric acid containing hydrogen peroxide the
yield was found to be independent of the concentration of sulphuric acid
beyond 5N. Considering various factors like smooth dissolution of tellurium,
time of distillation and acid carried over, the acid strength was fixed at 9N
and a few experiments were carried out doing dissolution of tellurinm and
distillation of iodine-131 simultaneously. The distilled iodine was absorbed
in sodium hydroxide. The yield was found to vary fram 40-609 for the same
75 minutes distillation period. Tn view of the fact that nearly 90% of the
todine distilled under identical conditions in the earlier work(3), this result
wae a little unexpected. The only probable reason that could be attributed to
this low fluctuating yield was the carry-over of iodine-131 along with the de-
composed oxygen from hydrogen peroxide. This was confirmed by the un-
usually high iodine-13] activity recovered from the todine-131 trap over the
receiver flask. To counteract this the limbs of the bridge tube were replaced
by two 2 feet long water condensers and the mixture was refluxed for about
25 minutes before distillation to ensure complete dissolution of tellurium and
decomposition of bulk of the excess hydrogen peroxide. With this modification,
an yield of about 887, was obtained for 75 minutes distallation in a series of
experiments at 9 N, The distillate tcok about 5 ml i N sedium hydroxide for
adjusting the pH to about 8. The time of distillation can be reduced with
increasing acid concentration. But there will be the disadvantage of increased
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acld carry-over in the distillate.

Two experiments at production scale werec carried out using 25 grams
of tellurium. The total volume of the dissolution mixture was maintained at
500 ml. and acid normality 9 N with the volumr of 30% hydrogen peroxide
added being 150 ml. Here again the yield over a period of 75 minutes distil-

lation was about 859%, with practically very little iodine distilling in the next.
15 minutes.

¢) Purity of the Froduct Solution

Distillate from production scale runs were concentrated to about
20 ml. and were analysed for radiochemical purity as well as the presence
of other elements. More than 957 of the iodine-131 was found to be ir the form
of iodide by paper chromatog raphy(7). Spectrographic analysis showed that
the elements Al, As, Ag, Be, Mn, Sn, Te, B, Ca, Cs, Cr, Fe, llg, Ni and
FPb were all present in less than 2 ppm. Only cilicon was found to he of the

order 10 ppm. These purity conditions are satisfactory for its use in medicine
for oral administration(8).
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DISCUSSION

B. M. Patel . What is the purity of your starting chemical Te?

V.C. Nair : Chemically pure tellurium supplied by E. Merck Chemical
Company was used for irradiation.
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STULGMES OGN THRE STADILITY AND HHELF-LIFE OF SOME
LARFLLED HARIOPHARMACLUTICALS

C.N. Desai, R.5. Mani and T. P. Prabhu
Isctope Division, Bhabha Atomic Research Centre, Trombay, Boembay-85

Radiopharmaceuticals a: e routinely used in diagnostic nuclear medi-
cine. For this purpoee they are required to be of the highest purity and high
specific activity, Thease products, however, undergo decomporition during
storage due to seli-irradiatien and radiolysis. The consequences of this pro-
blem are encountered by the radlopharmaceutical manufacturer and also the
users. In view of this, stabllity sturdies of radiopharmaceuticals are carried
out 50 that the degree of decomposition and preventive measures to minimise
the latter ars known!}+2),

In the case of radioactive pharmaceuticals, in addition to chemical
and pharmaceutical stability, onc needs to examine their radiation stability
alsc. This ts malnly because radiations are sufficiently energetic to degrade
the chermnical compounds through thielr ionizing and oxidising effects which are
known 2a primary and secondary effects. As a consequence of this, radio-
pharmaceuticale are usually less s'able than their non-radicactive counter
parta.

The decompoeitiorn of labelled compounds depends on the armount of
radiation energy absorbed Ly the compound itgelf or its environs during its
useful life. The percentage decomposition can be correlated with the "G{-M)"
values - defined as the molecules permenantly altered or decommposed per
100 ev (energy) of {fonizing radiation absarbed. "G{-M)" value of some of the
labelled compounds has been determined 3. 4) Generally, high "G(-M)"
values indicate less stability.

In addition to radiation, facters such as oxidation, hydrolysis in-
fluences chemical decompoesition of the labelled ¢ompeounds, since the latter
are often used in very dilute solution. It is also essential to guard against
photochernical, microbiological decomposition and also the decomposition
caused by inactive Impurities. Several of the iodo-organic compounds
(Rose Bengal, Hippuran, Hypaque,choiographyn etc.) are eensitive to light,
and their labelled preparations should be stored in amber-glass containers
to prevent photochemical decomposition(s).

This paper reports the stability studies carried out on radioclodine
labelléd radiopharmaceuticals such as Tetrachloro-(P)-tetra-iodo-(R)-
fluorescein (Rose Bengal), sodium orthoiodo hippurate (Hippuran), Glyceryl-
trioleate (T riolein), oleic acid,Human serum albumin (HSA), L-Triiodo- '
thyronine (TIT), Thyroxine (T4) and sulfobromophthalein (BSP). Table I
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illustrates the specifications and diagnostic use of some of the radio-

pharmaceuticals sus:nplied by the Isotope Division, Bhabha Atomic Research
Centre, Trombay(6 .

EXPERIMENTAIL,

Several lots of the individual radiopharmaceuticals ware stored under
different conditions of temperature, pH, epecific activity and radioactive con-
centration and examined over a regular interval of time for several weeks.

In a few cases, trace concentration of (i} known metallic impurities
and (ii) oxidising agents were added and their effect on radiochemical purity
was studied e, . Rose Bengal, Hippuran, Cholographyn and BSP,

It has been observed that metallic impurities such as silver, copper
and cadmium as well ae oxidising agents such as H202 have deteriorating
effects when thelr concentrations exceed thc optimum valuel?).

The samples of radicactive pharmaceuticals were checked {or free
iodide by paper electrophoresie using veronal buffer pH 8,6 for 1 hour at
200 volts. The free iodide migrates 10-12 cms from the point of spotting
whereas the labelled compounds remain very near the point of spotting. The
percentage free iodide was calculated by counting and/or scanning the electro-
phoretograms.

The integrity of labelling defined by the radiochemical purity was
ascertained by ascending paper chromatography using Whatman No. 3 paper,
e.g.. Rose Bengal 1131 on paper chromatographic analysis in ethanol: ammonia:
water moves with Rf = 0. 42 while the lower halogenated fluoresceins have
different Rf values(8),

Hippuran-113! has the Rf = 0.5 while the probable impurity O-iodo-
benzoic acid and {ree iodide have the Rf values 0.8 and 0.1 respectively in
benzene: acetic acid : water(‘?:l:l)(g).

Thr absorption spectra of the labelled compounds and the molar
absorbance values were determined over a period of storage. This gave
some indication of radiatio: induced dccomposition in a few cases e.g. Rose
Bengal {Amax 550 mm ) and BSP (Amax 585 mu ).

In the case of labelled iodo-thyronines their radiochemical purity was
also determined by thin layer rhrornatoP raphy ueging silica gel(lo) in addition
to the paper chromatographic 1alysie( 1), These techniques reveal the
presence of the possible contarmn nating impurities such as MIT, DIT etc.

Triolein-ll“, oleic acid-113! were chromatographed on a standard-
ized silicic acid column and their elution patterne were compared 12),
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Radio-iodinated human serum albumin was examined for degraded
labelled (polypeptidea using DEAE sephadex A-50 and DEAE-~cellulose
columns

In a Jew specific instances, electivity teste and other suitable biole-
gical tests were also carried out to evaluate the presence of biologically
unacceptable trace impurities produced by radlelysis e.g., denatured protein
tn RIASA and labelled hormones(i4).

REMARKS

l. Even under ideal conditions of storage, the labelied radiopharma-
ceutical formulations show contamination of small percentages of labelled im-
purities, essentially of an organic nature. However, these are yet to be
characterized in detail. Quantivatively speaking the main impurity is free
iodide. The latter could be controlled to less than 5% by storing the com=
pounds (i) at 0-29 (ii) by keeping the pH 6-8 (iii) mairtaining the radioactive
concentration upto 3.0 mCi/ml (iv) having the sp. activity exceeding in

many cases lc/m Mduring the storage period of 4 weeks for (I-.31)and i2
weeks for (I-i125) labelled compounds.

2. Stabiliity studies heip us (i) to seiect suitable iabelling radio-nuciide

for specific biological studies, (il) to supply and use betier radlopharmaceutl-
cals with high purity euitable as genuine tracers, {iii) to assign acceptable
sheli-life for the radiopharmaceuticals, However, it must be noted that due -
to the limited sensitivity of analytical methods and lack of complete knowiedgs
of radiation chemisiry of these Jabelled compounds, the exact nature of the
break-down products becomes difficult to be predicted.

3. The shelf-life of iodine labelled radiopharmaceuticals can be prolonged
by (1) adding protective agents (e. 3., inactive human serum albumin in 113:
and 1125 1abelled RIHSA (ii) sequestering free iodide using silver sait impregna
ted silver saddles e.g., 1! 31 radio hippuran (iii) continuous remowal of zree
iodide using sterile ion exchange resins enclcsed in dialysis membrane

4, Insufficient purification procedures decreanse the stability and hence
the shelf-life of radicactive pharmaceuticals.

5. 1125 1abelled compounds are rnore stable than the corresponding i3t
iabelled compounds mainly because of absence of ﬂ:-emis sion which indicates
that p-rays accelerate the radjation decomposition of labelled compounds.
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DISCULSION

J. P. Mittal : (1) What do you think is the mechanlsm of frez {odids
production in the aystem ({.e., I7) ?

(2) Do you think I” is produced via a free radical or lonic
mecharnism? I arn asking this question because, if we
know the mecahnism by which I~ {8 produced, {t may be
easier for you to develop or find betier so calied
‘preservatives’

(3) If it i due to dissoclative electron capture by iodo gp
{.a, RI + e“—» R + 17, then variouo electiron ecgvengsrs
can be tried as potential 'protectora’.

6. N. Desal : (1) & (2). 1Itis not possibie to say exactly whether it in
a free radical or ionic mechanism in the cases we have
studied since the radiation chemlestry of these compsounds
has not been adequately studied. But it is quite probable
that free radical and/or lonic mechanismn muei be {nvolved
in all the cases.

(3) 1 agree with you.
idanchar Lal : What is the purpoase of using cystaine HC! in your studies?

C.N., De:zal : It serves s a preservative, probably by acting as &
reducing agent and/or by sequestering the freze radicals.

P.N. Moorthy : What is meant by free {odide? Fres indine or inorganic
iodide fon?

C.N. Desai : Of course, inorganic iodide.



TABLE

1)

++ From the date of analysis
** S.oplied 1o sterile, pyrogen-free aquaous
tutiered solution at pH -9 on special reguest
* “upplied 1n sterile, pvrogen-iree zqueous
. liered colution ar pH -2

Chemical &

Sp. Act

Radioactive

Magriestic use and
!Dose 1a uCi}

Recoammended
shelf-life”"

“ere

s No Froduct FPharmuaceutical mCi mgm concn
Jorm mCi. mi

N Rose Bengal- Rose Rengal® i H pto 5.7 LUpta ' 90 Liver runction 10-25; 4 weeks at 0.29C

3 injection

2 Hippuran RN Hipouran® ih Upto 2.0 Upto 2. ¢ Kidney function /10-50} 4 weeks at -2
itnjection

3. Radioiodinated 1 isa® il Upto 5-10 'nto 3 i’ Plasma & biood volume 4 werens ar .. %0

Human serum irjection atoms of t3.200
albumin iodine/ male- i1} Cardiac out put i10-10)
cule of 1} Detection & localization
protein of brain tumaors 1 300-500}

4. RI'ISA-1125 RiHsa= 112°
injection -da- Upto 0 5 -do- !2 weenns at 3-2°C

5. Trio]cin-[l 3 Triolein !l 31 yn alive Upto 207 Upta 5 0 Fat absorption studies 4 weeks at 0.20C
o1l (non-injectable) saturation (25-50"

6. Cleic acid-1131  Oleic acid Il 3y, -do- Upto 5. 0 -do- 4 weeks ar 1-2°C
oleic acid {non-injectable)

7. Trioletn 11253 Trioleln 1125 in olive -do- Upto 2.5 -do- 12 weeks at 0.20C
oil (non-injectable)

8. Oleic actd 1125 Oleic acid 1125 in oleic -do- Upto 2. F -do- 12 weeka at 0-2°C
acid (non-injectatle)

] L-TIT Tl” L-TlTl‘“ in 507 Upto 20 Upto 5 0 ‘thyroid function studies 4 weeks at 0-2°C
aqueour propylene {less than | uC;y}
glycol (pH 6-7)

10, L-Tg-1i31 L-T4-1125 Upto 20 Upte 5.0 -do- {20-35D) -do-

it L-TIT-1 25 L-TIT-1125 yn 507 Upto 10 Upto 2.0 Thyroid function studies 12 wesks at 5-2°C
aqueoud propylene (lens than 1 uCi)
2lycol (pH 6-7)

12. L-T4-1425 L-T4-1125 in 50 - do- -do- Thyroid function studiss 12 weeks at 0-2°C
aqueous propylene (20-150)
glycol {pH 6-7)

L1
13 Bsp-1t3! pspr.h 3l Upo 2.5  Upto 1.0 Liver function '30-50) 4 weeka at 0 29C
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HIGH SPECIFIC ACTIVITY TRAGE T.ABLT.{,ING OF
HORMONES AND FROTIINS

R.J.V. Prabhakaran and C. N. Desai
Isotope Division, Bhabha Atomic Research Centre, Trombay, Bombay-85

For thyroid metabolism studies, 3,5, 3' Trilodo-L -thyronine (TIT)
and L-thyroxine (T4) labelled with 1131 and 1125 have been uced extensively.
Direct synthesls of TIT and T, labelled with radiolodine by lodination of
di-lodothyronine have been employed 1), However, methods based on
direct exchange between pure non-radioactive TIT and T4 and radiolodine have
been reported. (2,3, 4) Preparation on a commercial scale of TIT and T4
labelled with 1131 and 1125 with high specific activity and maxirnum purity
are attended with considerable practicel difficulties. We have been able to
prepare both these hermones with high specific activities in a singie pre-
paration by an exchange method involving addition of carrier {odine in trace
amounts and purification by gel filtratior.

The need {or radiolodinated proteins of high specific activity arose
from the desire of detecting them at the levels found in blood. The radio-
immuno assay technique developed for insulin 5) has been extended to Human
Growth Hormone (HGH) 6). Methods involiving lodination under mild conditions
are adopted for radioiodination of proteinz and hormones 8o that the blochemi-
cal specificity of these sensitive molecules is not altered after labeiling. An
elegant method using chloramine-T("). a mild oxidizing agent, for iodination of
HGH is now being widely used for a variety of hormones and proteins. After
evaluating the published methods in our present study, we have essentially
adopted the chloramine-T method(7) for the routine preparation of 1131 and
1125 1abelled HGH. The same method , suitably modified for 1131 jabelling of
acid soluble proteins(a) has been extended for labelling Bovine Serum Albumin
(BSA) with 1131, waich is used as a tracer in protein metabolism studles.

EXPERIMENTAL

a) 1!3! and 1125 Labelled Thyroid Hormones

To 40-50 mc of reducing agent, free and carrier-free NaI131 in a
minimum volume is added 200-500 ugm of TIT (sodium salt) in alcoholic
ammonia solution. Immediately, tracer amount of carrier iodine in alcohel
ia added. The reaction mixture is set aside for a few minutes. Then, the
solution is directly placed on a column of Sephadex G-25 (1.5 x 30 cms) which
has been previously conditioned with dilute alkali. 2.0 ml fractions are
collected with dilute alkall as the eluting solution. The elution pattern is as
follows: upto 30 ml, unreacted free iodide fbllowed by well separated
fractions of TIT-1131 anad T4-1131, Finally, pH is adjusted after adding pro-
pylene glycol so that the solution is 50% in propylene glycol, the pH 6.0 and

-

M
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‘the activity 200-500 Jc /ml. A similar pracedure is adopted for the prepara-
tion of 12> labelled TIT and Ty,

The radiochemical purity of the final products is confirmed by paper
e‘lgctrophoresia, paper and thin layer chromatography, The unbound iodine-
I" 7" activity is estimated by  .per electrophoresis in 0. 07 M barbitone
buffer, pH B. 6 at 200 volts for 1-2 hr, The labelled individual thyroid hérmones
are determined by ascending paper chromatography with t-amyl alcohol-2 N,
ammontia (1:1) as the developing solvent and thin layer chromatographic
separations on silica gel coated plates with isopropanol-ethylacetate-acetone~
ammonia (35:30:25:20) as the developing solvent, The radiochemical purity of

the products are »957% with specific activity 30-40 mc/mg. The specific
activities of 1125 Jabelled products are 15-20 mc /mg.

b) 1131 and 1125 Labelled Human Growth Hormone

To 3-4 mc (20 pl) of reducing agent, free and carrier4ree Nall?!
taken in a amall Pyred tube added one drop of 0.5 M phosphate buifer, pH 7.5
followed by 25 pl of HGH (5-10 pgm). Then, 25 ul of chloramine-T (50 pem)
18 added and gently mixed. After 10-15 sec., 100 ugm of sodiurmn metabisul-
phite in 25 pl are added. The reaction mixture is transferred to a column of
Sephadex G-50 {1.5 x 20 ecms) previously conditioned with 0, 07 M barbitone
buffer, pH 8.6 and pre-saturated with human serum albumin. Elution is
carried out with the same buffer collecting I ml fractions. The labelled HGH
fractions are directly collected in 0.5% human serum albumin,

Paper electro-phoresis of the labelled HGH was carried out as
mentioned under TIT., Nearly 40-507 of the original activity is recovered
as I3l lavelled HGH with epecific activity , 300-400 e /}ng.

A similar precedure was adapted for the preparation of 1125 jabelled
HGH except the HGH content was varried from 10-20 pgm. Specific activity
was of the order of 50 puc/pgm.

c) 113! Labelled Bovine Serum Albumin (BSA)

The chloramine-T method has been sultably modified for labelling
BSA with 1131,
To 5-10 mc of Na 1131. reducing agent free and carrier-iree, ina
minimum volume, 0.75 ml of 0. 5 M phosphate buffer, pH 7.5, 5-10 mg of
BSA, 16-15 mg of chloramine-T in 0.2 ml are added and gently mixed. After
1 mt. 20-25 mgs of sodium metabisulphite in 0.2 ml are added. The whole
reaction mixture was dialyzed in a cellophane bag for 4 hrs. agains: two
changes of 2 litres distilled water. The dialyzed sample was placed on a
Sephadex G-~25 column (1.5 x 30 cms) conditioned with 0. 07 M barbitone buffer,
pH 8.6, 1.0 ml fractions were collected. Protein fractions were pooled which
constituted 80-907% of the original activity.
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The final product was analysed by paper electro-phoresis and paper
chromatography for free iodide activity Electro-phoresis was carried out
as mentioned under TIT, Less than 1% of the activity was found to be un-
bound free iodide. Ascending paper chromatography with 85% methanol as
the developing solvent showed that more than 98% of the activity stayed at the
point of epotting.

REMAERKS

a) 113! 4ng (123 Labelled Thyroid Hormones

Exchange methods reported earlier, though workable at tracer level,
offer problems on a preparative scale, By taking advantage of the method
ueing Sephadex gel filtration {9) we have prepared thyroid hormones on large gcale
in the highest possible state of purity. The method hae the following
advantages: (1) Less radiation hazard since the whole column can be enclosed
in a lead jacket and iodine Is always handled at an alkaline pH. (2) 1tis
very simple, rapid and eliminates the use of a rotary film evaporator which is
generally required in the earlier reported methods. (3) The levele of organic
impurities are reduced to a bare minimum.
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PRODUCTION OF TRITIUM TARGETS AND SOURCES

R.N. Indra and B. A, Kulkarni
Isotope Division, Bhabha Atomic Research Centre, Trombay, Bombay-85

INTRODUCTION

Tritium, absorbed in thin metallic layers deposited on suitable back-

inga, can provide radiation sources, and targets for accelerated deuterons to
produce monoenergetic neutrons.

Various authors(ls2,3,4,5,6) have reported the preparation of these
targets. The procedure, in general, consists of vacuum evaporation of zirco-
nium ortitanium on diecs of metals like Cu, Au, I't, Ta, Mo, W, stainlees
rteei, etc.: and subsequently heating the discs in the atmosphere of tritium to
achileve its impregnation in the coated layers. The details of procedure are

important for obtaining satisfactory targets.

Such targets have B0 far been imported in Indta. This paper reports
the weork undertaken to develop the production of these targets indigenously
with copper as substrate and zirconium as coating material. Difficulties

arising due to use of conventional vacuum material, and imperfect degassing
and cleaning are discussed.

DESCRIPTION OF EQUIPMENT

Vacuum !ivaporation Unit : Figure | shows the main features of the unit

(EFR-001, SR-2), built by the Technical Physics Division of BARC,which wa
nbtaired for this work.

Our subsequént modifications to this unit are: replacement of the
neoprene 'L gpasketl with the one of 'Viton': replacernent of neoprene gaskets
and insulators for the lead-in heating electrodes with silicone rubber and
teflon reepectively, modification of the heating electrodes to provide water
cooling; addition of copper baffle to the liquid N trap; and the provision of
an assemblyv to introduce air into the bell jar or alternatively flush it with
arpon,

The pivoted cage (Fig.4) to hold the discs for degassing, the cage
(Fig. 6) to hold the disce for vapour deposition and the reflector (Fig.5) were
designed and added to the anit.

Impregnation Unit: Fig.7 shows the glass line used for impregnation. The
impregnator (Fig, 8),excepting the glass joints on the upper part, ir made of
transparent quartz.

The line is evacuated by a silicone-oil diffusien pump backed by a
rotary pump. A ceramic crucible, wound with nichrome wire and housed in
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a metallic can with asbestos packing, serves as heater for the U-H3 trap.
The heater for impregnation ie a resistance-tape wound mica sheet, sand-
witched between two 'Syndanyo' (hard compressed asbestos) plates with a
clear hole in the upper plate to accommaodate the hottom of the impregnator.

PROCEDURE

Vapour Deposition: Two or three tungsten strands, each 40 mil thick and 6
cm. long, held in close contact with each other between two 8. 8, holders
mounted on water-cobdled heating electrodes, form the filament. At a preesure
less than 10-3 torr a heavy current is passed through the filament, for a few
gzconds, to clean the tungsten surface,

Eight or ten copper discs,(Fig. 2).cleaned and polished with fine grade
emery, degreased with trichlorethylene and washed with diatilled alcohol, and
pegged on to the pivoted cage,are now introduced into the bell jar. This cage
{s &0 positioned that any diac brought against the filament is 12-15 mm away
from it. The advantage of this cage is, that rotated with magnets held out
side the jar, it permits bringing discs, one by one, againsgf the fllament with-
out breaking the vacuum. A reflector (Fig.5) made from 1.5 .am thick and
35 mm wide e. 8. strip, is placed on the other side of the filament, to reinforce
radiatione on the disc facing the filament.

At pressures less than 3 x 10-5 torr, degasnsing of the discs,as well as of
the filament,is started raieing filament upto 25009C, Each disc is heated for
24 hrs. But, to prevent over-heating of the bell jar and the basc p.ate, heating
at a time is limited to a maximum of 30 minutes followed by an allowance for
cooling of the same duration.

With all the discs and the filament well degassed, the rate of pressure
rise, in the chamber,isalated from the pumps, is [ x 1075 torr /20 seconds
Oor even less.

Argon is now let into the chamber to open it. A plece of Zr foll, 5 mil
thick and weighing about 300 mg. is folded at an angle and gently put on the
filament. The rotating cage and the reflector are removed. The degassed
discs are weighed and loaded with masking rings (Fig. 3) on the hemispherical
8. 8. cage. The cage is 80 positioned over the filament that each masked disc
has its exposed central part about 5 cm: . away from the filament fully view-
ing the foll loaded on it.

The bell jar is re-placed and the pumping started. During the initial
stages of pumping, the chamber is flughed with argon. When the chambe¥
vacuum reaches 103 torr range, currents in gradually increasing step4 are
passed, to degas the foil. As earlier, the heating is intermittent to prevent
over-heating of the system. After 4-5 hours of heating with increasing
currents, evehtually a stage is reached when the chamber pressure is in
10-6 tor~ range and doos not rise with further increase in current, indicating
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thorough degassing of the foil. Finally, the current is slowly raised till Zr
melts and evaporation commences. The chamber pressure falls due to the
initial clean up by Zr vapours. Most of the metal evaporates off within
10-15 mins, When the evaporation is over, the system is allowed to cool
for 2 hours under continuous pumping. Then, the chamber is isolated from
the pumps and argon admitted to open it. The discs are removed and re-
weighed to determine the quantity depoaited on each.

Impregnation: Temperature versus applied voltage calibrations, for the U-H3
trap and the impregnator heaters, arec obtained using thermocouple pyrometers.

H3 ia trapped in finely divided uranium contained in ‘T (Fig. 7} by the usual
pracena(7~ B), The impregnator, holding a disc with the depoeit facing upwardg
is connected to the vacuum line. Thke whole line, including the impregnator
and the U-H3 trap, is evacuated for a couple of hours. Then, raising the
impregnator heater to 400°C, the disc is degassed for one hour. After switcha
ing off this heater and closing valves 1 and 2, T is heated to r=ziease H3 into
the line. Valve 5 is closed and the trap heater swiltched off, as soon as the
manometer M) indicates a pressure of 25 cms of Hg. Allowing cooling of the
released HY, the steady pressure in M is noted ar.d the valve 2 opened.
Pressures in M; and M, are noted when they become steady. Then valve 2

is closed and the H3 left over in the line is allowed to return to the trap by
opening valve 5.

Now, the impregnator heater is switched on and its temperature
alowly raised. As indicated by M,, the gas pressure rides with temperature,
but at heater temperature around 500°0C, the rate of pressure rise suddenly
diminishes or even becomes negative, indicatlng the cornmencement of im-
pregnation. Heating is continued at this temperziure for 15-20 mts. and then
the heater is switched off. When the pressure indicated by M, drops dowx to
a steady value, it is noted and the valve 2 opened to allow the unused H3 to
return to the trap.. After retrapping is completed, valve 2 is ciosed and the
impregnator opened at room temperature to take out the impregnated disc.

The quantity of H3 impregnated {s calculated from the known internal
volume of the impregnator and the difference in steady pressures noted in M
before and after the heating.

RESULTS

Very shiny and adherent Zr deposits of thickness around 1.3 mg /cm2
have been obtalned in single evaporations, using the procedure described
above. Reducing the disc to filament distance to 2.5 cm' has, at times,
given nice deposits slightly more than 2 mg/cmz thick. But, this is rare
and in most casee the deposit surface has cloudy or blistery appearance.

Zr to H3 atomic uptake ratio in impregnation varies from disc to
disc. It is around 1:i, though some times, much better ratios are observed,
The best ratio observed sc far is 1:2.
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DISCUSSION

1) Most of the troubles are due to high melting point (2127°C) of Zr and
ite extraordinary gettering properties. Neoprene is stable upto 80°C and if,
usad for gaskets »..d insulators, it gives out a lot of vapours at raised tem-
perature due to high electrode currents and intense filament radiations. As
evaporation of Zr atarts, ite vapours chemically combine with vapours from
neoprene to give blue powdery deposit which does not let the subsequent
metallic deposit to adhere firmly to the metal of the discs. Replacements of
neoprene with 'Viton', dilicone rubber and teflon and providing water-cooling
to the heating electrodes largely =liminated this trouble.

i) Grey deponits, often occurring on discs while degassing, indicated
significant back steaming of silicone oil vapours from the diffusion pump 9).

It was coneiderably reduced by !ntroducing a copper baffle (Fig. 9a) into the
Hquid N, trap.

144) Condensation of Zr-vapours considerably heats the disc which, if not
degassed well, gives out gases. These gases, reacting with Zr, give coloured,
biietery and peorly adherant deposita. Continuous pumping for 5-6 hrs. is
necessary before evaparation is commenced; otherwise traces of oxygen, re-

acting with Zr vapours, give bluish instead of natural coloured pure Zr depo-
gite.

iv) Introducing argon and flushing wizh it eliminate the possibilities of
moisture condensing on disce and of oxidation of their surfaces or of Zr
when heated icr degaseing.

v) The filament, if not degassed well, fuses quickly when Zr melts on it,
Gases,coming out in bursts from filament,fly off small lumps of molten metal.
This effect is also observed,if filament temperature is raised too high above
the melting point of Zr, due to burst of Zr vapoure formed in immediate con-
tact with the filament.

vi) No satisfactory method exists to estimate H? in the discs, once the
impregnation is over. This estimation is possib.e by known volume of gas in
the ‘impregnator together with the fall in pressure due to impregnation. The
impregnator is designed to hold less than 50 ml of gas to enable significant
fall in pressure to be cbserved and yet to keep the greased joints away from the
heater below. There is a provision for water cooling in case the quartz conical
Joints tend to get over-heated.

vii) If the discs are nct well degasased or if their suriraces contain thin

oxide layer= under the coating, metal embrittlement(10) may be caused during
impregnation, renderins the impregnated Zr film poorly adherent and non-
unirofm in appearance. A

viil) The exact micchanism involved in impregnation is not well understood.

It is not known whether there exists a temperature at which the impregnation

{e maximum. Qui'. often, after heating, when the heater is removed, a very
rapid fall in pressure is observed. This suggests that heating only breaks

down a sort of surface barrier and impregnation actually occurs at much lower
temperatures,
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ix) Noting the steady pressures in M; helps to know and estimate if any
impregnation occure at room temperature on introducting H3 into the im-
pregnator.

x) Varlation in atomic uptake ratio of Zr to H3may be due to the
variation in texture and purity of the deposit.
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DISCUSSION

J. P. Mittal : Upto what temperature your targets can be used?

R. N. Indra : Radiochemical Cziatre, Amersham recommend their
targets to be used below 200°C. For our targets,

desorption rate studies for various temperatures are
still being made.
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EMISSION MOSSBAUER SPECTROSCOPY IN Co®' DOPED
TRISACETYLACETONE Mn(III)

K.S5. Venkateswarlu and V. Ramshesh
Chemistry Division, Bhabha Atomic Research Centre
Trombay, Bombay-85

In 1965 the existence of isotopic exchange in the solid state was
shown independently by Coiiins et al(1) for pota'ssium chromate and by
Amar Nath et al(2) for cobalt(Ill) complexes. This fact has been used by
these authors and serveral others to interpret thermal annealing processes
following radiative capture of neutrons in these solids. This work was
extended by Ramsheuh(3) to dilute dispersed systemng, where it was shown
that if cobalt (C057 or Coss) activity is dispersed on to Mn{Ac Ac), in the
solid state, the activity is found incorporated as Co(Ac Ac);. This clearly
shows the exiastence of atom transfer processes in the solid state.

However, the method of analysis vie., dissolution and separation
are destructuve in as much as the identity of species in solid state and in
solution may not be the same. It was, therefore, decided “to use M8ssabauer
technique to determine the exact  nature of species formed during the ex-
change of Co°’ with Mn(Ac Ac),.

EXPERIMENTAL

Fe(Ac Ac)3 a&d sbf.n(Ac Ac), were prepared and thoroughly purified

by literrf)ure methods . Mn(Ac Ac); was doped with Co?7 as described
earlier'd). A convg&tional cam drive set-up was used for taking
Mossbauer spectra'"/. For low temperatures a glass cryostat with thin

mylar windows wae used. The gamma rays were counted using a thin
Nal(T1) crystal followed by conventional electronics.

RESULTS AND DISCUSSION

The spectrum of Fe(Ac Ac)4 at -196°C against a 6057(Cr) source
was taken. A single line abeorption curve with a chemical shift of
0. 46 + 0.05 mm/sec was obtained. The emission spectrum of Co®? doped
Mn{Ac Ac), (used as a source) at -196°C against an enriched K4 Fe(CN)
absorber at 25°C is shown in Fig. 1. This curve has been drawn as if the
substance is used as the absorber. The curve coneists of three peaks
centred at 0.28 mm/sec, 0.9 am/sec and Z.22 mm/sec (10.05 mm/sec)
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respectively.

To convert this data to ce37(Cr) source we must add 0. 15
mm/sec and this gives us the values 0.43 mm/seg, 1.11 mm/ser and
2. 37 mm/sec respectively. The identity of the first peak is now obvious
and it corresponds to ferric acetylacetonate. Crystallographic data(7)
gshows that there is not much difference in the cell dimensions for metal-
acetylacetonates of Co and Mn and in fact they are isomorphous. The
formation of Co’7{Ac Ac); is, thus, accounted for easily.

Werthetm ot al{8) have atudied the emission spectrum of 6057(Ac
Ac)3 and our plot is similar to the one obtained by them. The values of
chemical shifts are also almost identical (with due corrections for the
different source temperatures). They have argued that the other two peaks
correspond to the {ormation of Fe(ll) resulting from the Auger ionization
during the decay of Co57 to Fed7 followed by charge stabilization. They
have based this conclusion on the fact that no {errous complexes has so far
shown an absorption at 2. 27 mm/sec. Recently Herber(9) has interpreted
these results on the so called 'pressuve effect’. As the unit cell of Co(Ac
Ac), is more compact (denvity 1.42 g/uxa?) than that of Fe(Ac Ac), (den-
nity 1. 33 g/ecm?), the ferric complex as a substitutional impurity is
accommodated in a strongly compressed lattice. This compression is com-
parable to that obtained in tha pressure experiments on ferric complexes
by Champion et al(10) whe showed that under high pressure a Fe(lll) complex
gives a spectrum similar ta the corresponding Fe(lll) complex.

Irrespective of the mechanism for Fe(ll) formation either free or
complex) there seems to be a preferential stahilization of Co®' as Co(Il)
acetylacetonate. We may, therefors, conclude that an atom transier
exchange takes place, possibly via an exciton mechanism. The dopant
and a lgy molecules of Mn(Ac Ac), surrounding it are coliectively excited
and Co™* exchanges with Mn of the complex in the excited state.
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DISCUSSION

A. Chakravarty : You have invoked John-Teller effect
in Mn(acac),. But the detailed crystal
etructure has been worked out and there
is no evidence for J-T effect In the ground
state.

K.S. Venkateswarlu : Ihave been speaking o the distortion

of Mn(ac ac), in its excited state and not
in its ground state. John - Teller distor-
tion in the excited state {s most probable.
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THERMOLUMINESCENCE OF BARITE

N. M. Gupta and J. M. Luthra
Chemistry Division, Bhabha Atomic Research Centre, Bombay 85

INTRODUCTION

Barite hae been reported to be a thermoluminescent materlai“' 2\7,
but verg little work has been done on its thermoluminescent behaviour.
Moore(d) and Medlin{% 5) have found that glow curves of carbonates
sulphates of calcium and bariurmm are markedly affected by the impu-
rities in the solution from which the material is precipitated. The
present studies were carried out to find the role of different impurities
in the thermoluminescent behaviour of BaSO4. In the present commu-
nication we have described the thermoluminescence of BaSO, samples
doped with Agt, Mn**, Mg*t, pPbtt, Co*t and Zn** prepared in
oxygenated nitrogen atmosphere,

EXPERIMENTAL

(A) The thermoluminescence set-up was egsentially the same as
described in previous paper( ). It was modified to achieve different
linear heating rates, by introducing a 0-260 volts variac in the primary
of the atep-down transformer and driving it contineously with the help
of a 2rpm motor and a set of suitable gears. Arrangement was made
to take the glow curves in different gaseous ambients. A fixed amount
of samples was taken for studies with the help of a powder dispenser
which dispenses 1.2 mgmse of powder with an accuracy of 3-4%.

(B) PREPARATION OF SAMPLES

The impurity doped eamples were prepared by co-precipitating
various concentrations (from 0. 001 mole % to | mole %) of each
impurity with a fixed amount of BaSO4. The required amount of
Impurity was volumetrically added to weighed amount of BaCl;,. 2H,0
(From E. Merck. A.G., Darmstadt; Pro analysi purity) solution and
then 5 cc of 50% H3504 (S. Merck) were added. The solution was
thoroughly shaken and kept over a water-bath to drive off the water.
The excess of sulphuric acid was removed by heating at 300 - 350°9C.

The samples were ground and fired for 2 hours at 900°C and then left
in the furnace for slow cooling.

Different samples were prepared in oxygen contaminated
nitrogen atmosphere. The powers were sieved through a 100 mesh
Endecotts sieve to get the particle size of less than 150
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All samples were exposed to X-rays for 10 min from Raymax
unit with Cu(Ky) tube operated at 30 kv and 9 ma.

Glow curves were
recorded after 5 to 10 min. of irradiation.

RESULTS

According to the spectrographic semi-quantitative analysis, the
concentration of main impurities present in the natural barite sanple
used for these studies are Ca 200 ppm; Mn, Al, Fe and Ni 10 ppm;
Pb, Ag, Cu, Bi & Sn less than 10 ppm and Sm & Ce less than 50 ppm.
Matural barite gives a glow peak at 370°C; however when studied In
nitrogen atmosphere, its intensity is considerably reduced, X-ray
irradiation induces peaks at 80 - 1002, 175% and 210°C in natural
marite / Fig.l /. Low temperature peak decays at room temperature
within four days ef irradiation. The position of this peak shifts to
high temperature side with increasing dose and energy of radiations,
suggesting that it is not due to single energy traps. Pre-irradiation
annealing at 400°C for 2 hours increases the intensity of this peak by
a factor of ocne and a half while the other peaks are not much affected.
The intensity of all the peaks increases with the dose. However, no
definite dose-intensity relation could be established. Ratic of intensity
of 175° and 210°C peaks increases continuously with the dose of radia-
tion. Peaks at 110 - 1152 and 170 - 175°C are observed in the sample
in which no additional impurity was added (named as undoped sample)
and are present 1n ull the impurity doped samples also with increased
intensity. Mn*t induced two peaks at 80% and 225° and two other
common peaks [ Mg 2 /. IrlAg+ doped samples these new peaks are
observed at 700 and 230°C [ Fig. 3__7. With no other impurity studied
so {ar, these praks were ohserved. In the case of HuS()4(Mn++), the
intensity of plow peaks increases suddenly when concentration of Mntt
is more than 100 ppm and increases upto 10000 ppm concentration.
With Agt as dopant, the peak intensities are maximum when concen-
tration is 10 ppm, it reduces suddenly when concentration is increased
to 100 ppm and then on further increase of concentration the intensity
again increases. In glow curves of Pbtt .nd Mgt doped samples the
area of 115°C peak is proportional to the logarithm of dopant ion con-
centration. Glow curves of Pbtt doped sample is shown in Fig. 4.

Out of all the samples, the intensities of 115°C anrl 170°C peaks are
maximum in Pbtt doped samples for the same dose of radiations. In
BaSO4(Zn++) samples slight increase in intensity is observed when the 4
concentration of Zntt is more than 1000 ppm. In Co** doped samples,
the peak intensity increases when the concentration is 100 ppm and _
with higher concentration than this, quenching takes place / Fig.5_/.

The appearance of low temperature peak at 80° and 70°C and
another peak at 230°C in Mntt and Ag* doped samples suggests that
these two impurities could probably be responsible for thermolumi-
nescence of natural barite, since no other impurity studied so far
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introduces these peaks obsarved in glow curve of natural barite also.
The 115°C peak obscrved in synthetic samples and in undoped sample
might be due to some unidentified impurities which are not prasent in
natural barite or ctherwise their effect is quenched by the presence
of small amount of Ni or Fe. Any definite conclusions regarding
role of impuritiee could be drawn when the study of sffect of other
impurities is completed.
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DISCUSSIOKNS

P.S. Goel

N. M. Gupta

B. M. Shukla

N. M. Gupta
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Did you see a sample without adding
any external impurity ?

Yes.

Only in the case of Co, you mention

(a)

(b)

(a)

{b)

that it has a quanching effect at a
concentrations above 100 pprn. Could
you think cof the possible reason for this ?

Based on your answer to (a), may I suggest
that one of the important contributions from
your 'work could be a detailed study of the
conditions responsibie for the quenching
eifect.

This is what is known as ‘concentration
quenching' effect which is the decrease in
efficiency when the concerntration of the
'‘activator' centre (generally an impurity)
increases to a sufficiently high value. We
cannot say at this moment why only cobalt
shows the ‘concentration quenching effect’.
It may be poseible that 100 p. p. m. con-
centration in the case of cobalt is threshold
for its effect while in other we might have
not reached that concentration.

Yea, 1 agree with your suggestion
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LEGENDS

Fig.1 Glow curves for natural barite samples
exposed to diffarent doses of X-raye

Fig.2 CGlow curves for synthetic barite sampley —
containing different concentration of Mn't

Fig.3 Glow curves for synthetic barite samples
contalning different concentration of Agt

Flg. 4 Glow curver for synthetic barite samples
containing different concentrations of Pbt+t

Fig.5 Glow curves for synthetic barite sampleas
containing different concentrations of Cott
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THE EFFECT OF ELECTRIC FIELD AND IRRADIATION ON THE
TRACER DIFFUSION OF ALKALI EARTH IONS THROUGH CALCITE

H.J. Arnikar and B. D, Chaure
Department of Chemistry, University of Poona, Poona-7

INTRODUCTION

It {s well established that the defects produced by irradiation may
lead to the enhanced diffusion, which is not conclusive always, as irra-
diation may anneal some pre-existing defects, leading to a decrease in
the diffusion rates.(!) These defects may disappear on heating by mutdal
recombination. In many systems(z' 3) it has been observed that diffusion
constant {8 unaffected by an external electric field. The present study
deals with the effect of irradiation and external electric field on diffusion.

EXPERIMENTAL

The tracer technique used here is similar to the one employed by
Arnikar and Chemla. (4) The single crystals (spar) were cleaved into
rectangular blocks. The isotope layer was sandwitched between two cry-
stals and was kept between two electrodes. Applying a d. c. potential the
system was heated at 300°C. After desired time, the samples were
sectioned (10 microns) with the microtome and activity was measured
with a end window G. M. Counter.

RESULTS AND DISCUSSION

From Table I, it i8 seen that Dg,y > Dy > D, §.e. the diffusion
constant decreases with increase in the ionic size. The D-values through
irradiated samples show decreasing trend as, during irradiation some
interstitial atoms may be deprived of electrons, thua becoming tempora-
rily unstable. This will lose {ts energy colliding with the neighbours
resulting in a localised high temperature region. This thermal spike
forces the material to expand inte surrounding regions of low thermai
stress and can be balanced by self-stress, thus resulting in a loop. As
the spike cools, the stress systemn dies out and the loop contracts again
which may be greater than lattice spacing, leading to a decrease in D-

values. The unegual expansion coefficients may also be operating
almultaneously.( )
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TABLE 1

EFFECT OF Y-IR.R.ADIATION ON THE TRACER DIFFUSION OF
ALKALI EARTH IONS INTO SINGLE CRYSTALS OF CALCITE AT 300°C

D values in units pf_LQ'll cm?, sec-!
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D-values, through bleached samples, approach to origimal
values. So it appears that the point defects are destroyed by heat treat-
ment . e, while bleaching the interstitials move = to it's original or
near by positions by absorbing the thermal energy, still some of the
strain centres remaixns unblecached.

The results of electro-diffusion (Table II) in and against the fleld
differ (about 10%). The non-Gaussian distribution showed a slight
shifting of a scew maximum in the field direction and two D-valuee are
indicated by unequal slopes of the plot of log C versus 2 which are in
marked contrast with those of Redington(” and Chemlal3) as in their
cases D-values are unaffected by an external electric f e}d. In fused
salts of nitrates and agar-agar gel media,Arnikar et al'®) had observed
D; > Dj, assigning it az a field induced asymmetry due to unecbual charge
distribution and relaxation effects. On the basis of Manning's( inter-
pretation, it appears that the jump probabilities are dieturbed due to
external electric field i. e. more in the field direction which were euqal
in the abeence of the field. The potential energy curve also gets dis-
placed with a non-zero slope, The external electric field may alao act

as a driving force on sach diffusing ion increasing it's drift in the fielid
direction.

This simple interpretation of resuits on diffuseion in crystals where
the "lon atmosphere'' of oppositely charged ions is rigidly held by lattice
forces cannot hold good for fonic diffusion in an electric field -~ in aqueous
media. Here the ion atmosphére retarde movement of ion in the field
direction as in the well-known relaxation effect ir ionic conduction in

aqueous solutions. This explains the reverse asymmetry observed by
Arnikar et al.
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How you measure the actlivity in different
lengths of the crystal ?

Are you evacuating the furnace whils
heating ?

Are you correlating the diffusion with
crystal defects ?

Sections of 10 mi_rons in the form of a
powder were coliected in aluminjum
planchete and activity of each section was
meabsured with end-window type G. M. counter,
It ie not necessary to evacuate the furnace,
0 the samples were heated in air
atmosphere only,

The correlation is only qualitative 1. e. if
the crystal contains more defects one
shouid expect more diffusion. We have
not calculated the defects quantitatively.
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SELF-DIFFUSION OF H,PO; AND SOz2 IONS IN
2.5 % AGAR GEL AT 35°C

R. Tripathi
Nuclear and Physical Chemistry Laboratory
Banaras Hindu University

INTRODUCTION

For the study of diffusion mainly capmary(l' 2) and porous diaph-
rugm(3"6) methods under the boundary conditions of 'front' diffusion have
been employed by earlier workers. Agar-agar gel by immobilizing the
diffusion medium in a three dimenesional gel net-work(?) of sermi-rigid
form seermns to provide and ideal stationary phase (or studying self-diffu-
sion by Fick's(8) Il Law. Slade(9), Felicetta et all10), Lauffer(11),
Marignan(12) and others have used gele to study the self-diffusion of ions
where diffusion proceeded from solution to gel. Here we report the re-
sults on the self-diffusion of H,PO4 and SO.;z ions at various molar con-
centrations of NaHPO4 and (NH4); SO4 respectively, the solution being
{mmobilized in 2.5 % agar gel. The effects of concentration variation of
the supporting electrolytes and that of gel net-work on the coefficient of
self-diffusion of these ions are discussed.

EXPERIMENTAL

2.5 % agar gel containing NagHPO4 (3. 33 x 106 to 0. 1666 M) and
(NH4), SO4 (1676 to 1.0 M) solutions was allowed to set in 30 cm long
Pyrex tubes of 1. 0 crn diameter. A thin 'zone' (0.1 cm) containing either
the labelled Hz 32P0j or 35501% ions was deposited at the middle of the
gel column having the respective electrolyte sclution and the tube was
thermostated at 35°C. At the end of 24 hours, the tube was taken out and
the gel column was carefully sliced into 0.5 cm samples. These samples
were accurately weighed and determined their exact.iengths by com-
paring their weights with 10. 0 cm long gel colurnn of identical dimen-
sions and composition. Radioactivity (a) in each of the dried samples was
measured by an end-window G. M. counter. A plot of radicactivity (a)yvs
dietance from the origin (x) gives a symmetric Gaussian distribution
fitting to the Fick's Il law integral,

- Ao e 7-1,41){',
AL BN ==t

under the conditions of the experiment. The typical plots of the dis-
tribution of radiocactivity in the self-diffusion of HyPO4 and SO,;z ions
are given in Fig. 1.

(1)
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From the slope of the plots (log a) vs x% self-diffusion coeffi-
clents of HPO4 and 8042 ions in aqueous NaZHPO4 and (NH4), SO4 are
calculated at the concenirations studied. The slope {8 given by the
foHawing equation,

1

slope = = 03 x 2 Dt -+ (2)

where D i8 the coefficient of self-diffusion and 't' the period of diffusion.
Fig. 2 represents the plots of (log a) vs x% for Fig. 1.

RESULTS AND DISCUSSION

Self-diffusion coefficients of tracer amounts of HZ3ZP02 and
35503 ions in purely aqileous FEI (containing no electrolyte) are 1.28 x
10-5 and 1. 33 x 1077 respectively but in the concentration
ranges 5.00 x 107° to 6. 25 % 10-50 Na,HPO4 and 5 x 1076 to 5 x 105 M
(NH4)2 SO4 solutions in gel phase, the observed coefficients of self-
diffusions for both the ions are higher than the corresponding theoretical
values (Tables I and II). The theoretical values of diffusion coefficients
of these lons were calculated from Gosting' 1g(13) equation obtained from
Onsag-r-Fuoss(M 15) theory,

_RTAS AV L 9 iqx1d 11_‘?‘ 1- Jdwy |x[Serzt
IREITEEEYAN ) [ J]
CL Zy |X
A i tiow
e ll.:\ 1zv (8

The symbols in these equations have their usual sjgnificance and on sub-
stituting the values of these terms, equation (3) reduces to

D=1.10x10"5 - 2.849 x 10-6 J¢

H

and D =1.320x10"5 -9.13 x'lO"6 Je

for H2PO4 and SOfiz ions respectively. A comparision ofz the theoretical
and experimental diffusion coefficients of HpPOJ and SO4“ ione over the
concentration ranges 6, 66 x 10~3 to 6. 66 x 10-3M NazHPO4 and

6.25 x 10-3 to 10-3 M (NH4)2 SO4 solutions, shows a quantitative agree-
ment {Tables IIIl and IV, Fig. 3 and 4). It {s clearly seen from Tables

I and II that at relatively low concentrations, self-diffusion coefficients
increase with it contrary to Onsager-Fuoss Jc law and also to the
results of Slade(9) and Lauffer(1!) who showed a definite obstruction

o ®)
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effect of the gel on diffusion rates whereas Felicr#all0) reported an
absence of gel effect on the diffusion of even bipger dyc molecules in
agar gel.

Agar-agar gel 18 a polysaccharide carrying polar sulphonyl group
in its molecules. It immobilies(lé" 17) more than 55 % of water in its
network by H-bonding, sorption, adsorption and dipole - dipole inter-
action. This is called 'bound' water and the remaining 'free’ water is
mechanically held up. This loose gel-water structure at different con-
centrations of the supporting electrolytes is melted to different extents-
and the states of varying magnitudes of distorted structure of lower vis-
cosity are obtained with increasing concentrations of these electrolytes
at least in this range. This clearly shows that the gel structure enhances
the diffusion rate contrary to the rrsults of earlier workers., The partial
desolvation effect of the gel is inappreciable in these cases.

The above envisaged gel-water structure is completely melted at
relatively higher concentrations of NaHPO4 and (Nliy), SO4 and the dif-
fusion medium, in both the cases, returns to normal state, This is con-
firmed by the quantitative agreement between the theoretical and experi-
mental diffusion coefficients of H;POZ and SO,}Z ions {Tables III and 1V;
Figs. 3 and 4).

At concentrations higher than 6,66 x 1072 M of Nas;HPO, and
10-3 M of (NH4)2 SO4 solutions, the observed self-diffusion coefficients
are higher than the reepective theoretical values. The scli-diffusion of
H,PO] ions could not be studied beyond 1. 66 x 1071 M of Napl{FOy be-
causc the gel starts degelling and similarly for (NHy), 504 the maximum
permissible concentration in the gel is found to be 1. 0 M. Thc plots of
D yjfg for both the ions show the validity of Onsap~r-Fuoss equation
at dilute concentrations of the supporting electrolyten il at moderate
concentratione a clear divergence from the theory is noticed. In both
the cases D vs Jc plots ghow a rise at higher concentrations. The
hump in D vs /€ plot (Fig. 4) of SO;Z ione is similar to the effects of
concentrations on the self-diffusion of Nat in NaCl reported by Wang and
coworkers(18: 19) and K+ in KI by Mills(ls), usin caéwillary method and
was found absent in self-diffusion of Rb* in RbCl&o' b) Diavhragm
method showed an absence of this hump in D vs /c plot for Na' and Ci~
ions in NaC1{18,19), Mills and co-workers attributed this to be the cha-
racteristic of the capillary methad. Present data on the self-diffusion of
55042 in (NH4)2 SO4 solutions of various concentrations by a different
experimental technique show that the 'hump' is the characterintic of the
lorl~ properties rather than the experimental errors as suggested by
Miils. In concentrated solutions, microscopic 'ice-berge' structure due
to water dipole interaction is destroyed by the intense jonic fields and
also the solvent molecules are dielectrically saturated at about 2.0 N
electrolyte solutions. This decreases the viscosity of the selutions and
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by decreasing the dielectric constant of the medium, Increases the seif-
energy of the ions. These two éffects due to the increase in ionic con-
centrations enhance self-d{ffusion where as ion-atmosphere relaxation
force (Xx/c ) always retards it. From the Elot D vs /¢, itis obvious
that in the concentration ranges 6. 66 x 10-< to 1. 66 x 10-1m Na,HPOy4
and 10-3 to 10-1 M (NH4); <504 the acceleration effects increase more
rapidly than the retardation. This satisfactorily explains the rise in

the diffusion rates of these ions at moderately higher concentrations of
electrolytes. But with further increase in the ionic concentration, rela-
xation force yeems to dominate the retardation as is indicated by the fall
of diffusion rates of SO3% beyond 0.1 M (NHg4); 504. This implies that the
changes in dielectric constant and water structure reaches either a
saturation value or are comparatively smaller than the retarding forces,
This provides a qualitative explanation of the 'hump' in the concentration
dependence of coefficient of self-diffusion of So,i2 jons at relatively
higher concentrations.

However, the eifecte of concentration variation on the self-diffu-
sion coefficients of lons in concentrated solutions are very complicated
and far from clear. Moreover there is no theory which takes into account
the changes in dielectric constant and viscosity of the medium at higher
molar concentrations. A correction foy ion size parameter 'a' and vis-
cosity of the medium was made by Stokes et a1(22) and mi11s(20) in the
self-diffusion of I~ lone in alkali metais jodides and chlorides, and this
resulted in satisfactory agreement with the theoretical values at high
concentrations of the electrolytes.
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TABLE 1I

Self-diffusion of HPO4 Ions in 2,5 % Agar-agar Gel with
and without a Trace of Supporting Eiectrolyte

-----------------------------------------------------------------

Diffusion medium D x 10°cm? sec”! Dx 10°cm? sec™?
agar-agar gel (2.5%)
containing NaHPO4 Experimental Theoretical
nil 1.28 .
3,33 x 10-M 1.43 1. 099
6.66 x 10""M i.40 1. 099
3.33x 10°°M 1.23 1. 098
6.66 x 107°M 1. 11 1. 097
TABLE 11

Self-diffusion of SO7% Jons in 2.5 % Agar-agar Gel with
and without a Trace of Supporting Electrolyte

Diffusionn medium D x 10°cm? sec'i Dx 105cm2 aec'Il

agar-agar gel (2.5%)

containing (NHy),50, Experimental Theoretical
nil 1. 33 -

5.:00 x 10-6M i.48 1. 318

5.00 x 10™°M 1.51 i.314

6.25 x 1072M 1. 30 1. 313
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TABLE 11

Concentration-dependence of Self-diffusion Coefficlents
of Ho PO4 Ions in Na;HPO4 Solutions Immobilized
in 2.5 % Agar-agar Gel at 35°C by 'Zone' Diffusion

Y L L N N P R R R Y] L R L L]

Concentration D x 105 ¢m2 sec-! D x 10° cm? sec-!
moles/litre
NazHPO4 Experimental Theoretical
nil 1.28 -
3. 33x10"0 1.43 i, 099
6.66 x 1070 1. 40 i.099
3,33x10"° 1.23 i.098
6.66 x 107° 1.10 1. 097
3,33 x 1074 1.09 £. 095
6.66 x 1074 i.08 1.093
3.33x10-3 1.06 1.083
6.66 x 1073 1.08 1.074
3,33 x 1072 1.03 i.048
6. 66 x 1072 1.05 1.026

1.66 x 107! 1.14 .
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TABLE 1V

Concentration-dependence of self-diffusion Coefficients of Sof'

Tons in (NH4),504 Solution Immobilized in 2.5 % Agar-agar
Gel at 35°C by 'Zone' Diffusion

D M e W T W W e M M e e TR R G MR AR M N 3 e % S 4 B e Y D YR v Gn AE W R GE A e MR M W e Ye o e W M O e e

Concentration D x 105 em? gec-! Dx 10° cm? gec-!
moles/litre .
(NH,4),504 Experimental Theoretical
nil 1.33 -
6.25 x 10°3 1. 30 1.313
3.40 x 104 1.28 1.304
1.00 x 10-3 1.29 1.291
1.25 x 10°3 1. 34 1.288
2.00 x 1073 © 1,39 1,272
2.50 x 1073 i. 39 1.271
5.00 x 1073 1. 40 1. 255
1.00 x 10°2 1.54 1,229
1.00 x 107! 1.55 -
0.50 1. 18 .

RN SN SR Uv R S MR Mm M SR NGB B M B SN M E e EE L MR R AP MD e 4 UR S W e AR AR B AR R AR A M e Ap AT AN e e M T am um N K WD P W % o e E w e
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TRACER-DIFFUSION OF H,32POg IONS IN DIFFERENT
ELECTRQLYTE SOLUTIONS

V.N. Singh, R.K. Tewari and B. M. Shukla
Nuclear and Physical Chemistry Laboratory,
Banaras Hindu University, Varanaai-5

INTRODUCTION

Earller atudies on tracer diffusion of & radioactive ion in salt
solutions were carried out mainly by capillary(l +2) and diaphragm(3'6)
cell methode. In these experimental techniques, the diffusion of ions

is supposed to take place in stream-lines along with the capillary channels.

However, the inherent convection and streaming effecta due to the flow
of solvent could not be reduced to a satisfactory extent. In our work
these effects have been eleminated by using agar-agar"gél as diffurion
medium. This last has the remarkable property of immobilizing the sol-
vent in a semi-rigid form and provides an ideal stationary medium for
studying the tracer diffusion of ions. The present work deals with the
studies of tracer-diffusion of H232P0Oj ion in LiCl; NaCl and KC1 solu-
tions (at various molar concentrations) immobilized in 2. 5% agar gel at
30°C. The experimental techniques adopted for these studies are des-
cribed as under,

EXPERIMIENTAL

2.5% agar grl containing the electrolyte (LiCl, NaCl, KC1) at
desired concentrations (10‘6 to lO“lM) was allowed to get in a Pyrex
tube of 30 cm. length and of uniform diameter of 1.0 cm. A thin ‘zone!
(0.1 cm) containing the labelled H232PO; ions was carefully deposited
at the middle of the gel column containing the salt solution. Necessary
precautions were taken to exclude air bubbles in the gel column and to
maintain a good contact between the diffusing 'zone' and diffusion
columns. - The tube was then thermostated at 30°C for 24 hours. There-
after the diffusion column of either side of the central 'zone' was sliced
into a series of 0.5 cm. thick samples, These samples were accurately
weighed and their exact lengths were determined by comparing their
weights with th: weight of 10. 0 ctn. long gel column of identical di-
mensions and compoasition. Radicactivity (a) in each of the dried samples
wasr determined by an end-window G. M. counter. Under the conditions
of the present experiment, Fick's II law of diffusion takes the form,

Ao ~x*ypt

DT e < ()
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A (xpis the radioactivity at a distance X from the 'zone' at time t and
Ao is the total activity in the initial 'zone' at t = 0. Experimenta] values

® of tracer difiusion coefficients (D) were calculated from the slope of the
plot log @ vs x1, where

1
slope = (2
2.303 x4 x Dn (2)

RESULTS AND DISCUSSION

Tracer-diffusion coefficient of H2P0:; ion in purely aqueous
agar gel {(containing no electrolyte) is found tc be |. 05 x 10-5cm?/sec.
at 309C where a8 in 10~® and 10-5 M LiCl, NaCl and KC1 solutione immo-
bilized in 2.5% agar gel, the observed values of tracer diffusion coeffi~
clents are greater than the corresponding theoretical values (Tables I,
Il and Il and Figs. 1,2). Further, in the concentration range 10-4 to
10-2M of each electrolyte solutior, a fair agreement between Dy, 0y and
Dipheo. 18 observed and at 10-1M 2 greater divergence between the two
values is obtained. The decrease in the values of diffusion coeificients
with increasing concentration (10'6 to lO'ZM) is due to the relaxation
effect of ion-atmospheres. The theoretical values of tracer-diffusion
coefficients of HZ32PO; ions were caliculated from Gosting(7) equaition
obtained from Onsager-Fuoss'\™' 9) theary,

R VT L b a7 (ool X/ ks
D - lzJiFl W«Z @’4}([0 {FE‘/&“U)]X\/ZC‘B‘E ‘.63)

where | B cL lZ‘g i}\o‘..
A(wdz z—=1 2. A, A
Z.¢i2, m* zi e (4)

and the other symbols have their usual significance. The equation(3) on
sybstituting the values of 31l terma, reduces to

D=0.990x10-5 -~ 2,106 x10°8 JC  for LiC1
D:=0990x10"5 -- 1.924%x10"% JC  for NaCl
amd D=0.990x16-5 -- 1.657 x10% JC for KCl1

It iz seen from the results (cf. Tables I - ITI, Fige. 1 & 2) that
the observed tracer diffusion coefficients of H232P0; ions at all con-
centrations of the electrolytes studied have the following order.

Dexpt. in LC1  Dexpt. in NaCl{ Doype, in KCI
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where as theoretically determined values in LiCl, NaCt and KC}
solutions are almost the same. This can be explained on the vasis of
order producing nature of the lons and electrolytes, being the maximum
in case of LiCl and the minimum for KC1l. Thus, the presence of LiCl
in aqucous agar-gel will increase the viscosity of diffusion medium to a
greater extent as compared to that in the presence of NaCl and KCl, The
present results show an accelerating effect of the gel on diffusion
whereas Sladn(lo), Allen(l 1) and Lauffer(lz) in thelr studies have shown
that the gel has definitely an obstructing effect on diffusion of the ions
contrary to the results of Felicetta and co-workers(”), Friedmann(”)
and Eversole et al.(15), who stress that the value of diffusion coefficient
is independent of gel concentration. The acceleration effect of the gcl"
in the present work can be explained in the light of partial desolvation
effect of the gel. Agar-agar gel immobilizes water mgleculeg in its
net-work by H-bonding adeorption and dipole-dipole interactions between
the polar sulphonyl groups and water molecules and thus forms a loose
gel water structure containing "bound' water and "free' water. This
loose gel-water structure is melted to different extents at different
concentrations of the electralytes, Thus, the viscosity of the medium
decreases depending upon the degrce of distortion. This fact clearly
explaina the abrupt increase in the tracer diffusion coefficient of H232PO.§
jons at 10-1 M concentrations of the electrolytes studicd. Wang(l(’) stud-~
icd the tracer diffusion of Na ion in agueous KCI solutions and observed
that the tracer diffusion coefficient increases above 0. 2M concentration
of WC1 solutions and below this concentration the observed value decre-
ases with the incrcase of concentration but agrecs fairly well with the
theory. In the concentratica range 104 to 107¢M of these electrolyte
solutions therce is a better agreement between the obeerved and theoretical
values of trace r diffusion coefficients of HZ‘&PO; ions, but at con-
centration 10-1Af of the vlectrolyte solution the observed value is sig -
nificantly greater than the theoretical value. 7This can be explained in
the light of diclectric polarisation. ielectric constant fails linearly with
concentration upto N solution. The decrease in the dielectric constant
will increase the relaxation force and consequently the tracer-diifusion
coefflicient will decrease. But at the same time, the scli-energy of the
ions increases with the decrease of the dielectric constant which envi-
sages the faster d.fusion of the ions at moderate concentration (lO'lM)
of these electrolyte soiutions, where sel{-energy of the ions dominates
the relawation force,.

At very low concentrations of the supporting electrolytes in agar
gel, D vs f-(.': plot shows a maximum at 10-6M of these salts. Another
finding of interest is that the diffusion coefficients of purely tracer
a'»ount of HZRPO; in agar gel containing no electrolyte at all is less
than the diffusion coefficient in presence of a tracer amount of the elec-
trolytes in gel. These two findings are explirable in the light of gel-
water structure. This loose structure melts to the normal water
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structure as concentration of the electrolyte increases from 0. 00 to
10-6M which posbibly resulta in the decrease of viscosity of the im-

mobilized system.

This causes a faster diffusion rate atleast in this

concentration range,

REFERENCES

—

11,
12.
13.
14,
15.
16.

D 0 ® N W R W N -

J.S. Anderson and K. Sadington; J. Chen:, Soc. 5381 (1949)
J.H. Wang; J. Am. Chem, Soc. 73, 510, 4181 (1951)
J.H. Northrop and M, L. Anson; J. Gen, Physiol, 2,543 (1929)

J. W, McBain and C. R. Daweon; Froc. oy, Soc., 148A, 32(1935)

G. 5. Hartley and D. F. Runnicles; Proc. Roy. Soc. 168A, 401(1938)
R.H. Stokes; J. Am. Chem. Soc. 72, 763(1950)

L.J. Gosting and H. 5. Harned; J. Am. Chem. Soc, 73, 159(1951)
L.Onsager; Ann. N. Y. Acad. Sci. 46, 241 (1945)

L.Onsager and R. Fuoss; J. Phys. Chem. 36, 2689 (1932)

A.L.Slade, A.E.Cremers and H.C. Thomas; J. Phys. Chemn.
70, 2840 (1966)

G.F.Allen et al.; J. Phys. Chem.67(7), 1402-7 (1963)
M. A. Lauffer; Biophys. J. 1, 205 (1961)

F. Vincent et al; J. Am. Chem. Soc. 71, 2879 (1949)
L. Friedmann; ibid., 52, 1311 {1930)

Eversole et al; J. Phys. Chem. 39, 289 (1935)
J.H.Wang; J, Am. Chem. Soc. 74, 1182-86 (1952)



-166-
Table I

Concentration Dependence of Tracer-diffusion Coefficients

H, 32POj iona in LAC! Solutions Immobilized ion 2.5% Agar Gel
at 30°C by ""Zone" Diffusion

---------------------------------------------------------------

Concentration

mole/litre Dexpt. x105Cm?/sec. Dtheo. xlOSCmZ/sec.
LiCl

0. 00 (water) 1,05 ————

10-6 1.19 0. 989

1079 1.09 0. 989

1074 1.00 0.988

10-3 0.99 0.983

1072 0.98 0. 969

10~} 1. 04 0. 924

- T M W AN R M M W R MR R M e R M M M AL R T S e M e e o AN YR T TR T MR M S mw a ew w e e

Table II

Concentration Dependence of Tracer-diffusion Coefficients

HZRPO; lone in NaCl Solutions Immobilized in 2.5% Agar

Gel at 30°C by " Zone'" Diffusion

T e W E W m M e e o R MR e e W ™ WA M M S M G N W oe e o= m o

Concentration

moles/litre Dexpt_xl(‘SCmZ/aec. Dtheo_leSCmZ/Bec.
NaCl

0. 00 (water) 1.05 ——--

10-0 1.22 0. 989

10-3 1. 14 0.989

10-4 1.04 C. 988

10-3 1.01 0. 984

107" 0.99 0.971

107! - 1. 06 0.930
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Table Il

Conceniration Dependence of Tracer-diffusion Coefficients of
H;32PO; jons in KC1 Solutions Immobilized in 2.5% Agar Gel
,At 30°C by "Zone' Diffusion

" o P e Em B W N W E CH e Em R R TR B W W MR r W S Gm GR W G 4 MR e M e dm e e ey 4R PR M e e W e e TR M M M A M e A e

Concentration

moles/litre Dexpt, * 10°Cm? /sec. Dtheo_xIOSsz/sec.
KCl

0. 00 (water) 1.05 ———-

10-6 1.25 0. 989

107> 1.18 0. 989

10-% 1. 07 0. 988

i0-3 1.03 0. 984

10°% 1. 00 0.970

10-! 1. 08 0.937

U U T N S I R St il edi e
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SEPARATION OF BiPO4 CARRIED ACTINIDES
BY BIiOCl PRECIPITATION

R.S.Iyer and P. R. Kamath
Health Physics Division, Bhabha Atomic Research Centre,
Trombay, Bombay-85

INTRODUCTION

Health monitoring of persons engaged in plutonium processing
plants for accumulated body burden is routinely carried out by radio-
analysis of body excretions. 1,2

Alpha emitters in the process effluents of uranium which has under-
gone short-term irradiation are predominantly plutonium, uranium and
to a minor extent ionjum and americium. Long irradiated fuel will con-
tain higher amounts of trans-plutonium elements. The present study was
carried out to evolve a rapld determination of urantum, thorium and
americium sequentially in a single urine sample. The excretion rates
of these heavy elements in urine are of the order of 0. 01% (except for
uranium) and it is required to take the full volume of urine sample for
determination of each element. Sequential analysis avoids repetitive
urine collection and processing.

OUTLINE OF METHOD

Measure the volume of urine (16 hours collection). Use ! ml. for
creatinine determination{(1).

Add 15.6 ml. HNOj (for each 500 ml. urine) to the urine sample
and 2 ml. calcium carrier (200 mg). Add 2 ml. H3PO4. Heat. Add
NH4OH to precipitate calciumn phosphate. Stir well and keep {or settling.
Centrifuge.

Dissolve the precipitate in 10 ml, 0.5 M.HNO3;. Add5ml. 5%
NH;OHCl. . Keep for 10 minutee, Add 1.5 mi H3PO4. Heat to boil.
Precipitate BiPO4 by adding one ml. Bi carrier (100 mg) drop by drop.
Stir and keep for settling. Centrifuge. (Uranlum goes in the supernatant,
thorium, plutonium and americium remain with the precipitate).

Uranium (supernatant)

Evaporate supernatant; add 0.5 ml. HNOj3, 2 ml. water and 2.5ml
Fe(NO3)3 (122 mg Fe/ml.). Transfer the solution to a 100 ml. separa-
ting funnel. Add 30 ml. ether-nitric acid mixture (100:5) and extract U.
Separate, repeat cther extraction. Filter cambined ether extracts
through a cellulose powder column, eoaked previously in ether-nitric



-170-

acid mixture, into a beaker and evaporate off the ether. Transfer re-
sidue with ! N, HNOj to a platinum planchet for fluorimetric deter-
mination of U, (3. 1)

Thorium and Plutonium (precipitate)

Dissolve BiPO4 in 4 ml. HNOj and add 3 ml. water and 1 ml.
NaNO; (1 M. solution). Pass through 2.5 gm. of Dowex 1 x 8 anjon
exchangs column conditioned with 8 N. HNC3. Wash with 20 m}. 8
N. HNO3. Collect together effluent and washings (containing americium).

Thorium: Elute Th from the column by passing 20 ml. B N. HCl. Deter-
mine Th (Ionium) by alpha counting in the eluate. 4

Plutonjum: Elute Pu with 1.5 M. NH,OH HCI in 1 M. HCl. (Eluate i&

taken up with iron for precipitation and alpha counting 5) or for electro-
deposltion.(6))

Americium: Evaporate to dryness effluent and washings trom 2. 2. 1.
Dissolve residue in 10 ml. 2 N. HC] and add 80 ml. 0.01 N. HC1 to hy-
drolyse. Centrifuge off BIOCl. Evaporate supernatant tc dryness and
take {n 10 ml. 4 N. HCl. Add ! ml. 1.3 carrier and 2 ml. conc. HF.".
Centrifuge and wash the precipitate. 1} Transfer toa welghed stainless
steel planchet, weigh and count for alpha activity.

Table I gives analytical results for urine spiked with different
alpha emitters.

TABLE I

Results of Urine Samples Spiked With Different Alpha Emitters

Tracer Spiked activity Actual recovery* Recovery
' (cpm) (cpm) (%)

Pu 69 58.7 85

Th 16 14. 3 89

Am 22 18.3 83

u 392. 6 mugm 338. 0 mugm 86

* Average of 3 sets of urine samples
=109
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DISCUSSION

The listed references describe methods {for the determination of
uranium, thorium and plutonium adopted in the laboratory.

The dissolution of 3i1PO4 and hydrolysis were studied as follows:

BiPOy4 precipitate is dissolved in 10 m]. 2 N. HC] and warmed.
80 ml. 0.01 N, HCl are added. The precipitate and supernatant are col-
iected. The precipitate is weighed. Table II gives the recoveries of
BiOCl. Supernatant is made upto 100 ml. and divided into two parts for
determination of phosphate and bismuth.

The above experiment is repeated with 0. 1 M. NH4C! and water
for hydrolysis. The results obtained for PO4 ''' and B{ content are

tabulated below. High (POy4)''" and low Bi in the supernatant, and high
BiOC1 recovery are considered most favourable for separation.

TABLE 11

Results of Hydrolysis of BiFPO, Using Different Reagents

e 2 e e e = e e ML e = e s s em e e e e = 4 e M MR M S M e T s e e e m M W e e e e e e e

Reagents used Supernatant Analysie for Bi. in

for hydrolysis Fhosphate Bi {as BiPOy) precipitate. Wt. of
(as Mg NH4PO4) BiOC1 (ppt)

0.01 N. HC 42. 2 mgm G, 68 mgm 1i7.5 mgm

0.1 M. NH4ClI 40.6 mgm 4.4 mgm 114.1 mgm

Water 38. 6 mgm Nil 120.2 mgm

o a R e - . - e e M e WE = e e = e e e 8 Be M e e M o W M M M M N e M W e TR A e M= @ w e m

Of the three techniques, 0.01 N. HCIl dilution was the most eff-
ective and was adopted for final separation. Low(PO4)'"' in the aqueous
treatment are likely to resuit in the hold-back of Am recoveries.

Tracer separation by the hydrolysis method was carried out
for BiPOy4 carried thorium, plutonium and americium. Results are
given in Table Ili.
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TABLE 1l

Tracer Recovery in Single Precipitation of BIOCl from BiPO,

L L L L XY P R L b L T I N I T I

Tracer in Tracer in

Spiked activity BiOCl1 supernatant Totai
Tracer (cpm)present in  precipitate after BJOCl (a) +

BiPOy (cpm) (a) precipitation

(cpm) (v) ()

WO mmmee - ~a L LIC R B R R R B Rt Rl e i Rl A il e R R L )
Pu 66.7 4+ 10% 6.7 60.2 66.9
Am 21.9+10% 0.9 21.3 22.2
Th 24.34+10% 2.7 20.3 23.0

I B I e I I R I I R L L LT Y

High recoveries indicated that the BiOCl1 separation technique
could be recommended for aseparation of actinides fromn bulk carrier
bismuth phosphate used in collection of the individual trace element,
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Did you observe any difference in the urine of
worker in the Uranium and Fiutonlum plants as
compared to con-worker ?

1f the questions refer to routine monitoring, there
would be hardly any significant variations. If moni-
toring is done after an incideni causing internal ex-
posure, one would see Pu in urine proportional to
intake. But such {nstances are rare and the exposures,
if any, have always been very much below the permis-
sible levels. The objective of routine monitoring of
urine {8 to detect any internal exposure which was not
as a result of a known Incident.
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EVEN ELECTRON SPECIES IN THE ¥ -RADIOLYSIS
OF LIQUID HYDROCARBONS

Jal P. Mittal
Chemistry Divieiocn, Bhabha Atomic Research Centre, Bombay 85

The radiation chemistry of ilquid hydrocarbona has been studied
extensively with respect to formation of {ree radicals and their reactions,
but there are few instances in which any attempt has been made to cor-
relate the ultimate products with poeitive lon precureors 1-4) " positive
ion intermediates in radiation chémistry can be classified into odd and
even electron species. - Recently, more than 150 radical lonic species
have been identified or partly characterised and various ionic processes
demonstrated in Y -irradiated organic salids using optical and esr spec-
troacopy(S- 6). The presence of carbonium ione has been well documented
in the mass spectrometric studles{7+ &) and reactions such as

+ +

+

4

are well known. The extent of positive jon fragmentatior in condensed
phase is not known but is presumably smali because the process

RHY" —» RY + H

is, In most cases, endothermic for ground state radical ions. On the
other hand, the above reaction can occur spontaneously if there {8 initial
fonic excitaticon. Libby(q) has postulated that carbonium ions are formed
by ionizing radiations very readily. Willlams(10, 11) nag given theore-
tical reasons for expecting the formation of conventional carbonium ions.
The main characteristics of the carbonium ion are its strong acidic cha-
racter and its ability to form salt like complexes. The only earlier \
measurement of radiation ylelds of carbonium ions is of Ward & Hamit1{12)

RY + R'OH -—» ROR' + HT

and found G values of 0.1 - 0.2 for several hydrocarbons (neo-Pentane
exception). Some time age, Burrell 13) reportec that an absorption
spectra with a maximum of 297 nm could be detected in ieobutylene after
pulse radiolysis. This spectrum was attributed to the t-butyl cation
(trimethyl carbonium ion) on the basis of a previous assignment by Rosen-
baum & Symons. However, more recently, Olah and collaborators 14
have definitely shown that the t-butyl cation does no* absorb in this region.

In this work, an atternpt has been made to count these even electron
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positive speclies {carbonium ions) by derivatising them with suitable
negative specles X~ produced in situ.

RH A —— RH+ + e”

aut — rY' 4+ Hm

-

e + R'X —s R' + X~

R + X~ — RX

RX produced in the presence of a radical scavenger has been taken as

a measure of carbonium ions produced in the radiolysis of correspond-
ing hydrocarbons.

EXPERIMENTAL

Ail saturated hydrocarbons were Phillips pure grade, purified
by passing through two 6 foot columns of Fisher 80 - 200 mesh silica
geil. VPC analyses on two different columns indicated that unsaturaties
were less than 10~-3M. All other reagents were Fisher certified re-

agents and were used as received. Jodine used was resublimed J. T. Baker
reagent grade.

All rampien were outgassed by the freeze, purmp and thaw
technique,

All irradiations were done by a 10 kC{ 6060 7 -source. The

dose rate wans deterrnined by Fricke dosimetry using G(Fe+z to Fe+3)=
15,5,

All the gas chromatographic analysis was done oaa F & M model
60% - I instrument equipped with a flame lonisation detector. A 10 ft
column of Silicone Grease on Chromosorb P was used for most of the
product analyses. All the samples containing iodine were treated wiik
mercury to remnove unreacted lodine before injecting into the gas chro-
matograph.

RESULTS AND DISCUSSION

- On thermochemical grounds, recombination of a positive 1on with
an eiectron should lead to decomposition. However, primary reactions
oi t.ectrons with puitable reagents such as RBr, ROAc etc. can dissi-
pate as much as 3 - 4 ev of this recombination energy, thereby reducing
the possibliity of a dissociative charge recombinaiion. Even in a low
dieiectric rnedium, an additional 2 ev per ion pair will be dissipated by
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polarisation of the medium. Columbic energy of the separated ion pair
partially converts to kinetic energy during recombination and is ex-
pended io overcome viscous drag, dissipating an additicnal~2 ev.

On the basis of above consideration, this device of ion - ion re-
combination has been used to convert the carbonium ions into their
stable derivatives. For comparison sake, two sat _..ed allcyclic com-
pounds cyclohexane and cyclopentane along with one heavily branched
hydrocarbon neo-hexane were tested for the production of carbonium icns.
Three different sources for giving the appropriate negative species ware
used. They were benzyl acetate, carbon tetra chloride and sec. buty!l
bromide. Organic halides have been shown by Hamill et al?) to be very
zfficient electron scavengers utilizing dissociative electron capture.
They have been used here to convert electrons into a corr- “nonding ne-
gative ions as follows:

CCly + e° - -CCly + Cy’
RBr + e~ —_— R + Br~

The runs with benzyl acetate which gave eimilar values as other
solutes suggest the reactions

CeHs CH, CTOOCH; + e —» CgH5CHp. + CH3;CO0"
CgHp;t + CH3C007 —— CH3COO0CH,,;

The large electron affinity of 3. 3 ev for acetoxy radical(IS) moderates
the energy of recombination. The ingtability of acetoxy radical pre-
cludes the possibility of radical - radical combination. A small amount
of iodine was added to every sarmple to make sure that none of the pro-
ducts came from any radical - radical reactions.

The results are given in Table I. The results clearly indicate
that carbonium ions are not very important in the condensed phase
radiolysis of saturated normal hydrocarbons. These results agrea ver
well with earlier work of Ward & Famil1(12), Recently Samuel et al(l g
utilising an independent method have aisc reached to the same conclusion.

In case of neo-hexane, we find a surprisingly higher G value
obtained with the help of all the three solutes used. Here, we are count-
ing the tertiary carbonium ions produced. The dominant ion in the mass
spectrum of (CH3)4C is C4H9+. presumed te have the tertiary configu-
ration while the abundance of C5H12+ is only ca 0.1%.

The higher G value (0. 8) is understandable in terms of the general
theoram(!7) that hyperconjugation effects due to attached methyl groups
operate much more strongly in the even electron carbonium lons than in
the odd electron parent ion. This gives the maximum stability to t-butyl
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carbonium ions. In the production of these from the parent radical jon,
dissociation is accompanied by a gain in resonance energy. Thie gain
will obviously be greater the greater the number of alkyl groups atta-
ched to the electron deficient carbon atems. From the rule that the re-
sonance energy of carbonium ions exceeds that of corresponding neutral
radical{18) it followe that the dissociation path naturally tends to favour

the formation of the most stable carbonium fon from any particular al-
kane molecular ion.

One very interesting observation is that the trend of the produc-
tion of these carbonium ions runs parallel to the values recently obtainad
for "free ions' obtained by conductivity experiments of Schmidt and
Allen(19) 1t strongly indicates that the axplanation of different values
(structure dependent) of "free ion' yield may be correlated with their
carbonlum ion yields obtained from the raspective hydrocarbon's 7-
radiolysis. It will have very interesting theoretical implications. Fur-
ther work is in progress, details of which will be published elsewhere.
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TARLE 1

Yields of Jon Recombination Products

Source of X~ G(RX)? b
Solutes used © Solvents used (RH)

(R'X) Cyclohexane Cyclopentane Neo-hexane*
Benszyl acetate 0.21 0. 14 G.8:
Carbontetrachloride 0. 25 0.17 0.B4
Sec. butylbromide 0.19 0.12 0.78

Dose: 1.52 x 1020 eV /ml; all runs were at room temperature

a

b. All runs are in the presence of 5 x 10-3 M todine
c. All solutes used were 2% in concentration (v/v)
*

The values are for t-butyl acetate, t-butyl chloride
and t-hutyl bromide
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THE PULSZ READIOLYSIS END PRODUCTS IN ALLYL BROMIDE-
CYCLOHEXANE SYSTEM

P.K. Bhattacharyya®™ and E.J. Burrell Jr.
Bhabha Atomic Research Centre, Trombay, Bombay-85

INTRODUCTION

The exiastence of ally) free radical has been postulated in several
radiation chemical reactions!ls 2). The electronic absorption apectrum
of this radical has also been(;egog}ed by aeveral authors with different
absorption maximum values‘”’ ™’ Recently, the ally radical transi-
ent spectrum and the kiretic studies was carried out by us'"' with an
absorption maximum of 310 mu. The present investigation was carried
out to understand the reaction mechanism of the formation of transient
allyl radical and other important radiolysis products in allyl browmide
solution in cyclohexane. The pulse radiolysis products were determined
by gas liquid partition chromatography. On the basis of the reaction
mechanism and the product analysis, the allyl radical molar extinction
coeffizient at 310 mu was determined.

EXPERIMENTAL

. Pulse Radiolysis for the Product Analysis

The detalled aspects of experimental set-up of pulse radiolysis
and transient studies can be obtained in several publications'™ . A
total of 200 pulsc s of 4.5 u sec duration with maximum current of 150 mA
of 13.5 MeV electrons was introduced in the sample solution in a 4 cm
cell. To avoid the heating effect and other radiation effects, irradia-
tion was carried out at the rate of one pulse per 20 sec.

2. Sample Preparation for Irradiation
2

A solution (1.5 x 10"“M) of allyl bromide was made in cyclohex-
ane (Philips research grade). The eolution was deaerated by passing
pure argon gas for 2 hours through 2 porous glass {rit. The sample was
introduced in a 4 cm cell with quartz windows having two openings with
teflon plug stopcocks.

* This work was carried out at Argonne National Laboratory, Argonne

(USA) and was the part of the Ph. D. thesia submitted to the Loyola
University, Chicago, in 1967,
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3. Gas Chromatographic Analysis

An aliquot of irradiated solution was injected in the preparative
gas chromatograph (F & M Scientific Corporation, Model 770). The
column used was 20% carbowax 20 M of 12 ft long and 3/4" diameter.

4. Free Radical Scavenging by DPPH

Diphenyl picryl hydrazil obtained from Aldrich Chemical Co.
(USA) was dissolved in cyclohexane (7.7 x 10-2M) by constant shaking
for several hours. The solution was deaerated and irradiated by a single
electron pulse. The absorption spectrum of DPPH solution before and
after irradiation was studied by Cary-14 absorption spectrophotometer.
The blea.ching of 520 mu band with DPPH(molar extinction coefficient

=1,03x1i0 )waa used for determination of the total radical scavenged
by DPPH in cyclohexane.

RESULTS AND DISSCUSSION

The pulse radiolysis of allyl bromide solution in cyclohexane
showed an absorption spectrum of the transient with X\ .. =310 mu,
The transient was assigned to a& 1 free radical which was found to decay
with second order rate constant From the DPPH scavenger study,it
was found that 4.4 x 10-9M free radical in cyclohexane was involved per
electron pulse. The gas chromatographic results are shown in Tables I
and II. The identification of the chromatographic peak was carried out
with standard solutions of compounds in cyclohexane. The results are
consistent in several experiments, Thus, the quantitative estimation of
the products and the decrease of allyl bromide in the irradiated solution
along with the kne-vledge of total radical formation in cyclohexane (1. e.
4.4x10°°M per pulse) helps to propose the following major reaction
mechanism involved in the system.

Primary Procesas

G

O" ......... (1

—--——PH+O

Secondary Process

O* ﬁ@*’ HZ ....... R ) |

() +CH, = CH - CH,Br  ----=- > CH,=CH-CHj (YBr (4)
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2 CHp = CH - CHpBr ————% CH,=CH-CH,-CH,-CH=CH; .. (5)

2 O —_— 00 . (6)
2 H ranem— Hz N EEE R (7)
The reaction (4) was assumed on the basis of forriation of (O Br

which le comparable to decomposition of allyl bramide (0. 89 x 10-5M)
and hence the concentration of allyl radical should be 0.89 x 10-5M.

Since we determined C. 45 x 10"°M 1, 5-hexnadiene, this proves
the reaction (5). The consumption of () radical by reaction (4) and (6)
account for a total of 2.1 x 10-°M. If ()’ radical was formed by
reaction (2), then we should have 2.1 x 10-5M, H atom. Thus, the
4.2 x 107'M total radical by the primary process was responsible for
reaction with DPPH (4. 4 x 10'5M). Since H, hae been determined by
mass spectrometry to be 3.26 x 107°M, and the reaction (7) can account
for only 1. 05 x 102 M, the reaction (3) is assumed 8 molecular disso-
ciation which can give 2. 33 x 10‘5M G and2.33x 10-5M, H;. Thus,
3.38 x 10"°M H, is also accounted for. A slight difference of values is
possibly due to experimental errore. Thus the product analysis gave a
complete understanding of the mechanism of radiolysis of allyl bromide
in cyclohexane. Fron& the knowledge of allyl radical concentration with
the 16 cm path length ) and the optical density as determined by the
traneient specirum at 310 mu, the molar extinction coefficient was calcu-
lated to be 2. 93 x 10-3M™ ! .em™1,

REFERENCES

1. E.J. Lawton, J.S, Balwit and R.S. Powel; J. Chem. Phys. 33,
395 (196G)

2, C.A. Heller and A.S. Gordon; J. Chem. Phys. 42, 1262 (1965)

3. H.C. Longuet-Higgins and J. A, Pople; Proc. Phys. Soc. A68
+ 519 (1955)

4. D.M. Bodily and M. Dole; J. Chem. Phys. 44, 2821 (1966)
5. D.A, Ramsay; J. Chem. Phys., 45 488 (1966)

6. E.J. Burrell Jr. and P. K. Bhattacharyya; J. Phy. Chem. 71,
774 (1967)

7. J. Rabani, W.A. Mulac and M. 5. Matheson; J. Phya. Chem. 69
53 (1965)



DISCUSSION

Jai P. Mittal

-183-

1) I hope you are aware of the high electron

affinity of DPPH and a high rate constt.
of the reaction: DPPH + e~ —» DPPH"

2) Does it not indicate that DPPH should not

P. K. Bhattacharya : 1) I am aware of the fact that DPPH can

2

——

be used as a solute whi¢h is specific
only to radicals? DPPH is known to
give many times wrong values of G(R)?

1

capture an electron in steady state
radiolysis. In pulse radiolyais,the DPPH
concentration in cyclochexane solution was
2210-5M hence electron capture can be
neglected. Moreover, it was shown by
McLachlan that ir pulse radiolysis of
cyclohexane ' is predominant. We
have also observed that in allyl halide
solution in cyclohexanol [except Allyl
Bromide) no allyl radical transient is
involved hence

e +Rx —» R +x~

reaction are not considered. These
indicate that in pulse radiolysis of cyclo-
hexanol electron has very little to do.

It is also true that using DPPH correct
conclusion can be obtained. It all
depen:ds on systems concentration of
solutes, Douse and so on.

Since free radica! mechanism could
explain our results, the use of DPPH in
low concentration is justified.
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Allyl Bromide
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Allyl Bromide
Soluticn

Allyl Bromide
Solution

Allyl Bromide
Solutian
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Diallyl

Conc. in
Cyclohexane

TABLE [

Pulse Radiolysis Product Analyeis by GL.C

Column Carricr-
Temp Flow
150°C €
150°¢C I
150%¢ S
150°C u
75°C 3
75°c 3
75°C $
15°¢ 3

Aliquot
Injected

] ml

I mi

Retention
Time

5 min

4 min

per

1.2x10°¥m

1. 76xt 0" 3IM

0. 910" 3M

4. 57x10" I

Prodnct
per

Single
Pulse

0.88x10"98¢

3. 45x10°5M

2. 33x1073

P T T T T T R T L L R e I

Dialiyl

“rel-



TABLE X

Decormrpoeition of Allyl Bromide ln Pulse Malyd. by GLC

. Allyl Bromida ) D of
Cendition Salution in, Column  Carrler  Aliguot Retention K::f Estimated Cone. of ecomposition
Cyclohexans T Fl ed Tim Cooe. of Allyl Br of Allyl Br
(3 emp ow Inject o io Allyl Br Decomposed per Pulse
mg 200 Pulsse
Before 2
Dessration - 1.15x107° M 759C 3 1 ml 17 min T.1
After
Deasrzticn
(for 1-2 hr) - 75°C 3 1 ml 17 min L7 2. 715x10"3
After 3 3 5
200 Pulse - 13°%C 3 1ml ITmin 0.6 0.9Txl0" 1.78x107'M  0.89x107°M

Seme - - n - moeeecsseneees Y T Ty —-anea- P Y e e L T - - - " e G L S D A R R P D D A D D el b s W P U e D P D S ap W Mk D

-sel-
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THE NATURE OF THE MOBILE AND TRAPPED SPECIES FORMED
DURING THE Y-RADIOLYSIS OF FROZEN SYSTEMS

P.N. Moorthy
Chemistry Division, Bhabha Atomic Research Centre, Bombay 8%

INTRODUCTION

The role of ionic processes in the radiation chemistry of both
{rozen aqueous systema( »2) and frozen organic systems 3,4) {5 now weil
established. Investigations of the Y-irradiated frozen systems at tem-
peratures in the region of 77°K by the techniques of electron spin resona-
nce (ESR), light absorption and luminescence have all conclusively shown
that the primarily formed chemically signficicant species in these systems
are an electron {e”) and a positive hole (h*), that these species are mobile
even in the frozen matrix at these low temperatures and that they can re-
act with suitabie acceptor solutes {scavengers) present as minor compo-
nents in the system to give product species unambiguoualy identified as
the reaction products of the electron and holell Besides, the
electron has also been identified in its 'trapped' state (T") in both frozen
aqu-ous(5 6} as well as organic 7.8,9, systems. In the case of the
positive hole, there is proof of its identification in the trapped state (T1)
in photolysed frozen aqucous systemS\“) Hole trapping in Y-irradiated
frozen organic systerns has also been repcn"ted(‘5 4). The purpose of
this paper Is to propose a modei for the physical nature of the electron
and hole, both in their mobile and trapped states, and to extend some of
these ideae to explain certain aspects of the radiolysis of aqueous solutiona.

THE SOLVATED ELECTRON CONCEPT

In the literature, the mobile electron (and some times the trapped
electron also) is often referred to as a solvated electron and tha hole a
positive ion. According to the classical polaron model of the solvated
electron developed by Davidov(12) and Diegen(l 3) and more recently by
Jortner(14), the energy necessary for electron binding in a (polar) medium
arises as the result of orientation of the pre~existing solvent molecular
dipoles around the electron. Can the radiation produced electron and hole
be solvated in a frozen matrix? The relaxation time for orientation of
H2O dipoles in ice at -196°C can be calculated to be 1022 gec. (15). The
conerjuence of such a long relaxation time is that neither the hole nor the
electron can polarise the surrounding medium by reorientation of the
matrix dipoles which are, so to speak, 'frozen in' and therefore, the con-
cept of solvation by 'self trapping' in a potential well created by oriented
H;O dipolee as in the case of liquid water is not valid for ice. However,
polarization of the electronic clouds on the HO molecules around the
positive hole or electron can still take place as the relaxation time for
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such a polarization is very short (wlO"15 sec) and is independent of tem-
perature. The golaron model of the solvated electron has been recently
reconsidered(16) and it is concluded that both in water and ice only the
electronic polarization of the medium molecules is of significance in de-
termining the binding energy of the solvated electron, or polaron. Pre-
sumably, the same would be the case with the hole also. A picture of the
‘solvated' electron is depicted in Fig. 1.

With regard to the other radiolysed frozen systems, some consist
of dipolar substances such as the alcohols and the ethers, and others non-
polar e.g. the hydrocarbons. For the former, considerations similar
to ice would apply. In the case of the non-polar ones, there is no ques-
tion at all of solvation of the electron or hole by orientation of the matrix
dipoles arcund the radiation produced species. So, for all the frozen
systems, our conclusion is that solvation of the electron or hole cannot
occur. 'n both cases only electronic polarisation of the matrix molecules
around the charged epecies is posnible.

INTERDEPENDENCE OF ELECTRON AND HOLE REACTIONS

During the course of our study of the radiolysis ¢f frozen aqueous
systemns, we have found that the reactions of the mobile electrons and
holes with the appropriate scavengers are interdependent. That is, no
observable reaction takes place when the system contains a scavenger
only for either the electron or the hole. Thus, e.g. the electron reacts
with the powerful electron scavenger CrO4" (or Ci'207=) only in either an
alkaline (e.g. aq. NaOH) or acidic (e.g. aq. H»SO4 or H3PO4) system
wher('ein the hole can simultaneously react with OH” or H504~ or Hp PO4~
fonsll);

e” + Cr(Vl) —> Cr{V)

h* + OB~ —» OH OHl 07 +H,0
bt + HSO,"—» H' + 504~

h* + H,PO4~ — HPO,

Similarly, alcohols like ethanol and isopropanol, which are good hole

acceptors, scavenge that species in the frozen aqueous system only in
presence of an acid, in which case the protonated alcohol species Ee. ?
CH3CH,0H,;. HZO)+ simultaneously acts as the electron scavenger 17},

(CH3CH,OH,. H,0)" + e~ —» CH3CHOH + H0 + H,
CH43CH,OH + h* —» CHCH,0oH*

CH}CHZOH
CH;CHOH + CH3CH;OH}
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In Y-irradiated frozen crganic (1. e. non-aqueous) systems also it has
been observed{3: 4) that the vield of reaction product of the electrons ia
enhanced in presence of a hole scavenger and vice versa.

These observations can be explained on the hypothesis that the
primarily formed electron and hole are not randomly distributed in the
systemn but instead they move about as correlated electron-hole pairs.
Thus, when a Bcavenger for only one of these speciees is present, the
reaction product will be in such close proximity with the canjugate speciesn
as to immediately react with it; as a result no net change is observable:

e.g. X + e — X} X~ + ht — X

If the electron and hole are in Buch close proximity to each other, one
would expect themn to mutually recombine as a result of strong coulombic
attraction. What is it that makes trapping in the matrix or chemical re-
actions with appropriate acceptor solutes possible in preference to such
a recombination? One is immediately reminded of the hydrogen atom
problem. Here, in the classical (Bohr) picture, the electron does not
fall into the nucleus (protcn) because the coulombic attraction between
the nucleue and electron is balanced by the centrifugal force arising as a
result of the motion of the electron in a closed orbit around the nucleus.
The same idea can be extended to explain why the electron and hole pre-
fer not to recombine at least over time intervala long enough for chemi-
cal reactions with scavengers to take place. Such a species viz., an
electron rotating around the hole is known as an exciton in solid state
physics.

Depending on their radii (i.e. electron-hole separaiion) excitons
can be troadly classified into three types:

Separation between hole and electron Resulting species

Very large Separate or free hole-electron

(? about 100 Bohr radii) pair or ionized exciton

Large or intermediate Bound or neutral exciton -

(¥ 5- 100 Bohr radii) Wannier type (weak binding)-
Possibility of polarexciton

Small or very small Lowest bound exciton state -

( < 5 Bohr radii) Frenkel type (tight binding) -

localized excited molecule -
no poseibility of polarexciton.

THE RADIATION PRODUCED MOBILE SPECIES

To which category do the excitons formed as primary species
during the radiolysis of frozen systems belong? As is apparent from
the experimental results mentioned earlier, they are not likely to be
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eeparated or free hole-electron pairs. They are also possibly not of the
Frenkel type, for in that case they would be equivalent to excited mole-
cules in which case it would be difficult to explain the observed charac-
teristic reactions of individual electrons and holes. Besides the excited
molecule (or Frenkel exciton) concept cannot explain the formation of
individual trapped electrons and trapped holes, for, in order to explain
this, the excited molecule has to subsequently ionize and it is doubtful
whether it will be endowed with enough energy to do s0. The Wannier
exciton does not meet with these difficulties and we conclude that the
radiation produced mobile reactive species in the frozen systems belong
to this category. In the case of the Wannier exciton, the electron and
hole can individually polarise the matrix - the result being a negative or
electron polaron bound to a hole polaron. One may call this a polar-
exciton. A picture of this species in frozen systems {s depicted in Fig. 2(b).

In the case of ice (and probably also water) one can give a more
realistic picture of exciton motion. The dielectric properties of water
and ice have been recently explained(la) on the basis of the existence of
D- and L- defects in the medium (Fig. 3). An electron can get trapped
at a D-defect and a hole at an L.~defect (Fig.4). As the D-and L- defects
move about in the medium as correlated paire so 2180 would the electron-
hole pair or the exciton move among pairs of D- and L- defects.

NATURE OF THF TRAPPED SPECIES

The results of thermal and photolytic (i. e. following light absorp-
tion) decay of the trapped electron in both the Y -irradiated {rozen
aqueous and {rozen organic systems(3' 4) indicate that majority of the
total number of {trapped) electrons are trapped close to the trapped hole.
Several different mechaniems have been put forward to explain this trap-
ping process(5- 19,20). Without going into the details of these we propose
here a mechanism that is immediately obvious from the nature of their
precursor mobile species which we consider to be -podlarexcitons. When
the polarexciton encounters a 'trapping site' wherein the matrix mole-
cules exist pre-oriented (forming a sort of cage) the hole undergoes the
reaction:

(RH is any molecule in general; not necessarily a hydrocarbon)

h* + RH — RH*
. +
RH* + RH(RH), —> R + RH; (RH),

and *he resulting species RH2+(RH)n can trap the electron in an expaned
orbital, the positive charge on RH,+ inducing electronic polarization of
the neighbouring pre-oriented RH molecules in a manner favourable for
trapping the electron. This is pictorically depicted in Fig. 5. This pic-
ture is rather similar to the one we have proposed(s) to explain the trap-
ped electron in Y -irradiated frozen alkali hydroxide systems and can
also account for the cffect of plassy phare on electron trapping.
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Finally, we would like to mention very briefly our recent finding
which suggests that the radiation produced mobile species (polarexcitons) may
be triplet excitons. On 7Y-irradiation of frozen aqueous HpS504 solu- »
tions one finds ESR signals attributable to H atoms (product of electron
reaction) and SO4" ions (product of hole reaction)(l). But in presence of
paramagnetic transition mc’al ions such as Co*? and NitZ, both of these
signals were not found. It is known(21) that pararnagnetic ions can de-
activate a triplet excited state by spin exchange. Our experimental re-
sult would be explicable if the species formed by the radiation and res-

ponsible for the formation of H atoms and SO4" ions in the absence of Co*? '
and Nit2 are triplet excitons.

'SPURS' AND EXCITONS

Does all the radiation energy absorbed by a system give rise to
Wannier excitons only? It is possible that in every case all the three
types of excitons mentioned above are formed, their relative proportion
depending on the physical properties of the system such as state of aggre-
gation, intermolecular interactions etc. What are usually referred to
as 'spure' in radiation chemistry may consist of Frenkel excitons. For

example, in water, the interaction between two Frenkel excitonse can
explain the formation of the 'molecular' products:
F + F = H;0* + HO" —> H; + H;0, (in 'spurs')
On the other hand, the reaction between a Frenkel and a Wannier exciton:
F+W=H,0"+e”, h*>H +OH™ + h* —> H + OH
| S— t— 1
{some distance away from 'epurs')

or that between two Wannier excitons:

W+W=e, h"+e”, ht —» e, h* + h*, e~ (in 'bulk’)
L

(no change)

would not lead to the 'molecular’ products. Wannier excitons, on the
other hand, can react with solutes in the 'bulk’'.
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FIGURES

1. Solvated electron: (a) with orientational polarisation
{b) with electroric polarisation, (density of dots indicates

electron density).

2. The polarexciton (2) with orientational polarisation
(b) with electronic polarisation, (density of dots indicates
electron density).

3. D- and L-defects in water and ice.

4. Trapping of electron and hole at D- and L - defects in water
and ice.

5. The trapped electron.
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It is not quite correct to say that H20+ and
e"galways act as a pair and whenever one is
removed you see the reaction of the other.
H' ions seem to be necessary to see the pro-
duction of SO4~ radical; for example, In

a frozen Na3504 solution common electron
scavenger like MnO4~ does not seem to be

sufficient to produce SOZ iona on gamma irra-
diation.

This can be explained on the assumption that
it is the HSO4" ion (and not SO4~ ion) that
reacts with the holes according to :

h* + HSO4™ —» Nt + 80,"

(1) If I remember right, did you say that, one
never sees solute reactionna in the radiolyeis 1{f
the solute reacts only with one of the transients
i. e. either with e, or hole ?
(2) But it does not seem to hold good for organic
systems. One example which comes offhand' to
mind is production of CO, anion in 3 methyl
pentane.
(3) No, No, ion molecule reaction:

RH' + RH —» RH,* + R.
is about BOkcal/mole endothermic in case of
3 MP or cyclohexane.

(1)} Yes, that is right, at least in the case of
frozen aquecus systems studied by us. (2) Here,
1 guess, the holes are trapped in the matrix
itself, and this can be formally considered to be
a reaction of the holes with the matrix itself.,
the electrons react with CO,. (3) That refers to
gas phase, I believe. In a frozen matrix this
reaction as depicted in Fig. 5 may not be
endothermic.
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A HOMOGENEOUS KINETICS MODEL CF AQUEOUS RADIOLYSIS

Chakrapany Gopinathan
Chemistry Division, Bhabha Atomic Research Centre, Bombay 85

Until recently, molecular product formation in aqueous radio-
lysis was explalned on the bagia that the radicals H and OH diffused out
of the initial "apur" - the diffusion kinetics model, originally due to
Samuel and yngee. A detailed review of this has been given by
Kuppermann(l After the discovery of the solvated electron, this was
ircorporated into the original model by atizitvt:~ part of the H, yield
to reactions involving solvated electrons (e. g. )(2).

There has heen a considerable amount of critisism recently of
the above model. The most important of these is the fact that the effect
of solutes on the molecular product yields ia not properly explained.
Thia discrepancy has been clearly pointed out by Sworski. 3)

Recent nanosecond pulse radiolysis work(4) also appears to throw
some doubt on the existence of spurs, atleast as far as solvated electrons
are concerned. After 0.5 nanoseconds, there does not seem to be any
decrease In solvated electron concentration. This means that the spur
reactions shouild be over by this time limit.

The diffusion model can also be criticised on the ground that it
involves too many "a priori" assumptions. The initial radius of the
"spur', for example, has to be about 13A° 2) to get reasonable agreement with
the solute results. This should be compared with the de Broglie radius
of the thermalised electron of ~ 60 A

Some attempts have been made in recent years(3' 5,6) to develop
a madel which does not involve diffusion kinetics. The model being pre-
sented here {5 thought to be an improvement on the earlier models.

The present model involves mobile energy as the main source of
molecular products. One well-known way by which energy transfer takes
place in ordered solids is the exciton mechaniam. The general definition
of an exciton is a quantum of mobile electronic excitation. Of the two
types of excitons known, only Frenknel, or tight bound excitons are ex-
pected to be involved in aqueous radiolysis since the Wannier, as loose
bound excitons, would need conduction bands for migration.

Water is a relatively ordered structure because of strong hydrogen
bor.ding. 2/3795 of jce structure is said to persist in liquid water at room
temperature. From a short time point of view, water is essentlally a
crystalline solid with a large number of defects. Therefore, the range of
excitons in liquid water is likely to be short. Moreover, their lifetime
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will be less than the time needed for rotational relaxation in water,

i, e.
10-11 geconds.

Molecular product formation is envisaged as follows:

it +
exciton exciton —» HZOZ + HZ

It is postulated that two excitons produced close to each other migrate
across the ice structure and encounter each other, producing a highly
localised concentration of energy re sulting in the rearrangement of two
neighbouring water molecules to produce H; and H 20 If an exciton
can be regarded as a periodic wave in an ordered ma.rbc then the en-
counter of the two waves can produce a standing wave which is stationery
for a sufficiently long period to transfer its energy to the vibrational
modes of water molecules close to it, resulting in bond rearrangement.

e st
(H,0 + H,0) — HZ + HZOZ
The excitons might arise in three ways. (a) from the simple
neutralisation of HZO+ by the electron or (b) from the energy released
by the fast proton transfer reaction,

HZO+ + HZO —_— H30+ + OH, or from the neutralisation reaction,

1-130+ + OH™ —» 2H,0. In any case, triplet excited states are
likely to be involved rather than singlet excited states because of energy
considerations,

The probability of an exciton-exciton encounter will be high only
where these are produced close together. Two types of such encounters
are envisaged. The first inside the classical "spurs' and second along
the track of the ionising particle. This second type of encounter also has
to be considered because wherever there is a chain of hydrogen bonded
water molecules connecting together two exciton producing events, their
encounter becomes possible. Those of the excitons which do not encounter
other excitons move on untii they encounter a defect in the ice structure
when they undergo unimolecular decay by either getting converted into
phonons or by fluorescent radiation emission.

The decrease in molecular product yield with increasing solute
concentration arises by the scavenging of excitons. This need not neces-
sarily arige only through a transfer of excitation. The presence of a
solute provides a 'defect' point in the water structure which enables
unimolecular decay to take place, It is easy to see how molccular pro-
ducts car ncver be completely eliminated by scavengers, while long range
encounters (relatively) such as track interactions and those in outer part
of the spur can be prevented. Very short range encounters where a high
localised deposition of energy has occurred cannot be prevented. Small



-198-

localised water structures are likely to exist even in the presence of
high concentrations of scavengers.

It is obvious that ejected secondary electrons can have a wide
spectrum of energy from hundrede of Kev to a few ev. Recent attempts
to remedy this defect in the earlier Sarnuel-Magee model, tried to
split up the electrons intc a number of arbitrary groupe for purposes of
calculations. In the present model only two kinds of electrons are re-
cognised i. e. (i) those which return to the site of creation and (1i) those
that do not, The very wide range of energy distribution makes it necen-
sary that such a distinction should exist. The returning electrons give
rise to excitons as deacribed earlier, Those that do not, give rise to

golvated electrons whose only non-uniformity in listribution is along the
tracks.

The net increase in water decomposition at high solute concentra-
tions is caused by exciton + solute reactions, e.g.,

hy + H,O + CICH,COOH — C1” +. CH,COOH + H' + OH
A wsimilar reaction in frozen systems has been postulated recently. (7)
LLETeffects are also explainable on the basis of the present model as a
merger of track exciton interactions with the spur interactions.

At the moment the model is admittedly semi-quantitative. But

by fitting i{n the necessary parameters, it is hoped that it can be made
rigorously quantitative.
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(1) Do you choose to think that all the excitons

in frozen aqueous .vstems are of the
Frenkel type ?

(ii) If so what is your mechanism for the trapped

electron formation in frozen aqueous alkali
hydroxide ?

Chakrapany Gopinathan: (i) Yes. I have chosen Frenknel excitons and

ignored the Wannier excitons because the
latter require conduction bands which may
not exiat in liquid water. Moreover,
elegant rmathematical treatment is possible
with the concept of Frenknel excitone.

(i1) Trapped electrons have nothing to do with

excitona. They are formed in the con-
ventional way from the electrons that do
not return to the parent site, but get
trapped. So, their formation dces not
affect the model.
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RADIATION DECOMPOSITION OF COBALT HEXAMINE NITRATE
IN SOLID MATRICES

S.B. Srivastava and A. 5. Sarpotdar
Chemistry Division, Bhabha Atomic Research Centre, Bombay 85

INTRODUCTION

Earlier(l' 2) it has been reported that the radiolysis of substances
{e conslderably influenced by the matrix, but so far no quantitative cor-
relatlion has been shown between the radiatlon damage produced in the
matrix and the sensitised decomposition. The present study attempts to
evaluate quantitatively the role of various sensitising species produced
in the matrix and measure their yields,

EXPERIMENTAL

Cobalt hexamine nitrate was prepared by known methods. Alkali
halide matrices employed were of A. R. quality. Pellets were produced
in a die by applying pressure of 200 kg/cm? for a few minutes. No
measurable decomposition was observed on compression.

Irradiations at 77°K were carried out in Dewar flasks. Y -doses
were me~ndured using ¥Fricke dosimeter. Appropriate corrections were
applied to calculate the dose absorbed by the sample.

Nitrite yields were estimated by Shinn's method(3) threugh dia-
zotisation and measurement at 538 nm and Co“* by thioryanate method
in methyl isobutyl keteone at 620 nm.

RESULTS AND DI{SCUSSION

Nitrite yields obtained on undoped samples and those doped with
99% KBr in powder as well as in pellet form at 300°K are given in Fig. 1.
It is seen that the yield vs dose curve is linear upto a dose ~35 Mrads.
Also, the relative yields in doped samples are 1 - 2 orders higher than
those in undoped samples. When the samples were irradiated in pellet
form at 779K, the nitrite yields in both the undoped and doped samples
werr -4 times higher than those at 300°K. Similar studies were also
made using KI and KCIl matrices in powder iorm at 300°K. Reerults are
shown in Fig. 2. It would be seen that the efficiency of sensitisation
follows the order KCl { KBr < KI. For example, at a dose ~30 Mrads,
the corresponding ratios are 1:5-40.
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Samples of complex containing variable % of KBr (0-90} were
expoeed to a fixed dose of 15 Mrads and the G(NO}) and G(Coz") values
were evaluated. These are tabulated in Table I. It is seen that Co<t
yield is relatively insensitive to the presence of matrix.

TABLE 1

G{NO37) and G(Co%?%) in KBr Matrix Irradiated in
Powder form to 15 Mrads at 300°K

- Em e m EmE " e —- .- -
P I R R R
.............

7%KBr in the sample G(NO,) G(Cot)
0 0. 06 2.10
10 0.23 1.63
20 0. 39 1,12
30 0.55 0. 84
40 0.71 0.58
50 0.74 0. 45
60 0.62 0. 36
70 0. 54 0. 30
80 0. 47 0.20
90 0.33 0.17

Similarity of kinetics in the doped sample (Fig. 1) observed in
the present study to that reported earlier in undoped nitrate'”/ suggests
similar modes of decomposition. Recent studies ) have shown that
the primary excited especies formed in the radiolysis of nitrate are:

NO3* + ¢ —» NO3** (1)
-

—» NOj (2)

e + NO3”  —— NO3°7" (3)

where * and #* represent allowed and forbidden states respectively.
These on decomposition yield NO and NO; which are estimated by Shinn's
method ae nitrite.

The above mechanism implies that the presence of excess elec-
t1uus would promote in our system radiolysie of nitrate,. Irradiation of
alkali halides produces electrons, holes and excitons. In case electrons
and holes are captuved by impurities, the radiolysis of impurity is nro-
moted. Otherwise, either they are stabilised by defects or else recom-
bine with each other. Since the defect concentration is less in more
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ordered systems (pellet form as compared to powder form) more elec-
trons are likely to be arailable for electron attachment to nitrate anion
and hence a higher yleld of nitrite is expected in pellet form. Also,
Jaccknrd(7) has shown that NO-;Z‘ yield in halide matrix follows the
order KC1 ¢ KBr < KI. This again implies that the relative availability
of electrons in these matrices also foliows the same order. Consequ-
ently, NO; yield at a fixed dose should foliow a parallel order. Fig.2
confirms this assumption,

Furthermore, if G{NO)) = G(e) untrapped, the extrapolation of
G(NO;) vs % KBr plot to 1007 KBr would yield G(e) untrapped. This
value has been found to be ~1.75 (at 300°K).

Cobalt hexamine cation could also react with electrons or holes
(present as dihalide anion X7 at 77°K) as follows

pl
CO(NH3) %" + ¢ ——> CO(NH;j),"' (4)
CONH ' 4 X,” —» CO(NH3*Y + X, (5)
CO(NH3) 3t + X,” —= CO(NHy)?" + 2x” (6)

Reactions (4) and (5) would yield Colt whereas reaction (6) would
give product which could stabilise as cobaltic hexamine on dissolution.
Since the radiolysis of cation has been found to be insensitive to the pre-
sence of matrix, reactions {(4) and (5) do not seem to occur in this

system at 300°K. Localisation of exciton, if at all, also seems to be
ineffective. :
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What 18 the mechanism of energy transfer [rom
major constituent ? Do you consider it can be
"FY center from KBr or they are i{onic In nature 7

Energy transier appears to be through iocalization
of electrons and holes on cobait hexan.ine niirate
in preference to their recombination or heing
trapped on defect centres in the host matrix. The
latter {s obviously responslible for production of
colour centres in alkall halldes.
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RADIOLYSIS OF SOLUTIONS CONTAINING TRIS(ACET YLACETONATO)
CCBALT(III) IN DIFFERENT SOLVENTS

K.V.5. Rama Rao, A.V. Sapre and L., V. Shastri
Chemistry Divielon, Bhabha Atomic Research Centre, Bombay 85

INTRODUCTION

On 7'-radiolysis, the ionisation of the medium molecules leads
to the production of lon-paire the geminate recombination of which depends,
amonyg other influences, on the dielectric constant of the medium and the
Init{al intermediate distance between the components of the pair. The
latter does not seem to have a unique value but ranges from a few mole-
cular distances to a few hundred of angstroms. Thermalisation of suh-
excitation electrons is not a well understood process below 0.4 ev and
probably {involves wide angle scattering leading to varying degrees of
separated lon-pairs. Conductivity experimenta(l) show that ione do
egcape recombination and the escape probability is satisfactorily given by
the Onsager's expression 2) exp ~Te/r. The escape distance re is given
by rp = e“/e kT where e 1is the electronic charge and € the dielectric
constant of the medium. For a dipolar medium, the statlc and high fre-
quency values of € are greatly different and the choice of one or the
other for defining the {ree lon formation is not unambiguous. 1In this paper
we will consider the results of radiolysis of solutions of tris-(acetylace-
tonato) cobalt(Ili) to experimentally define the problems of ion escape and
recombination and attempt to partially answer these questions.

EXPERIMENTAL

Tris-{acetylacetonato) cobalt(Ill) and Bis (acetylacetonato) cobalt
(11) were pr=pared following standard techniques of aynthesls(3). In this
paper, Co(Ill) complex is impiied unless otherwise stated. Triple dis-
tilled water, Fluka spectro grade cyclohexane and racrystallisred benzene
were used. Fluka MTHF was purified by bulb to bulb distillation on
sodium mirror and sealed in ampoules which were opened only for pur-
poses of immediate use. A 2-kilo curle cobalt source of 0. 4 megarad
intensity was used as irradiation source.

RESULTS AND DISCUSSION

Solutions of the cobalt(ITI) complex in water and cyclohexane are
quite stable and the absorption spectra show the characteristic peaks
which have been recently characterised{4}. MTHF solutions of the com-
plex are unstable and show shifte in absorption spectra on keeping over=-
night, The sclvent replacemcnt of the ligand is a possible reason. Only
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fresh colutions of MTHF were therefore uesed and the solutions were kept
for a maximum cumulative period of 30 minutea at room temperaturs
while degassing by freeze-thaw technique, irradiation and analysis. Un-
irradiated blanks showed negligible decomposition of the complex during
this time., Figure 1 compares the spectra of irradiated and unirradiated
solutions of the complex in cyclohexane and the differential spe« um
ghows an abeorption maximun at 280 mae characteristic of bis .cetyla-
Cetonato) cobalt(ll) in this soivent. .

The total cobaltous has been determined as G(Co++) =5.71in
mter(s) and agrees with the relation 3{Cott) = Geiq + Gy + Goy-

G(Co++) in the solvents under study are summarised below:

Solvent Cofacac), G{Cott) G(H,)
Water pH = 6.5 4.0t08.4x 1074M 5.7 0. 45
50% Water + 1x10°3M 4, 5% 2,5 (4. 9)
50% ethanol

6x 10°4Mm 1.7 3.6
MTHF 1.0x 10~3M 2.8 (3.8)
1.7x 10°3Mm *3.5 3.6
Cyclohexane 4% 10"°M 0.2 5. 4
, (5. 6)
1 x1073M 0.24 5.3
10% MTHF + 6 x10"4M 0.29 3.0(3.6)
90% Cyclohexane
Benrzene 5 x 107°M 0. 03 6. 037 (0. 03%

N N L L L Ll L E L e N R T e I I T "

G(H;) values in bracket refer to those for the solvent.

*Inciudes contribution from the reduction of the complex by the orga-
nic free radical. The electron contribution is estimated as 1.5,

*Includes contribution due to the reduction of the complex by the

organic free radical. The electron contribution is zstimated as
~ 0.8 frorn experiments at 779K,

HE s e er @ D R En N e N R TR R SR MR R R m G e R T MR R M M e LS MR W Y B W MR e L e Se W M BB ER U M AR M R M e M N S R M R de R s e e e

The rate ceonstants for the reduction of the complex by e¢”.  and H
have been evaluated in aquecus solutions as 4,0 x 1010M-1 gec-f and
7 4x10IM"1 pec-! by competition kinetics(® . Allowing for the change
in the former with the dielectric constant in another solvent we surmise
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that the reduction of the complex in both cycichexane and benzene could
only be due to electron reaction since the solvents are quite capable of
reacting with ali the H in the presence of low concentrations of the com-
plex. The lack of influence of the complex on C—(HZ) from benzene ia
understood because the excited state responsibie for H, productien is
different from the one responsible for luminiscence in p-terphenyl solu-
tions of benzene(f), The precursor of the latter lB?_U state is possibly
an lon-pair which ts susceptible to an inefficient scavenging by our pre-
sent eolute. The lack of influence of the complex on G(H;) from MTHF
solutions is surprising but conforms to some of cur other results with
N,O solutions of MTHF. For cyclchexane solutions AG(HZ) 2G(Co H')
and for the mixed solvent system of 10% MTHF + 907% cyclohexane
AG(H,) = 2G(Co't). Further, the obeerved decrease ir G(H,) from 5. 6
fer pure cyclohexane to 3.6 for 10% MTHF solution is much lower than
the expecied value of 5.4 for the latter based on electron density consai-

derations and this departure from the cxpected mean is almost certainly
due tov

CeHi2"t + MTHF —= CgH;; + MTHFH' (1)

and verifies Toma and Hamill'e{7} proposed reaction

CeHypt  + &7 — 2H + CeHy g (2)
which is replaced to the extent of reaction (1) by
MTHFHY ¢ " —» H + MTHF {3)

Thnus the difference 5.4 - 3.6 = 1.8 is G{proten exchange) if all

G(H3) = 5.6 In pure cyclohexane arises as a consegnhence of (2)

The observation that G(e~) is enhanced to its upper limit in 10% MTHF
sclutions in 3-methyl pentane glass at 170K (8) supports this view.

The remarkable difference in the degree of electron scavenging
by a very efficient solute such as this complex at comparable low con-
cantrations in these solvents clearly indicates a considerable electron
escape in dipolar solvents such as water and an efficient geminate re-
combination in rnon-polar hydrocarbons. Further, presence of 10%
MTHF in cyclohexane is ineffective in markedly enhancing G{Co*t) al-
though in a frozen glass of 10% MTHF + 90% 3-methylpentane, the im-
mobilisation of proton apparently enhances G(e~). In liquids, the solute
competes very inefficiently with the geminate reaction (3) of the corre-
12t ' palr. Since the electron contribution to the total reduction of
G(C ot?) = 5.7 is at least 2.8 - ""-'er( ), which is the lower limit for
the electrons escaping g=minate reaction, it appears that the low fre-
quency dielectric constant €. = 80 should make a significant contribution
in evaluating the escape probability \1sing Oneager equation. 'Since the
escape distance r, for €. = 80 is 7 A and for “op” 4.91is ~ 100 A, 2
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significant formation of peresistent ion pairs undergoing geminate recom-
bination in presence of solutes would be erroneously predicted if the
optical dielectric constant only applies. The basis for using ¢ 18
understandably the fact that electron thermaliaation ensues within 10-13
sec. while the dielectric relaxation time leading to electron solvation is
ae high as 10-11 sec. However, € op leads tq an untenable result and
does not explain the hydrated electron formatian. A recent suggestion
from Mozumder(?) {a that electron solvation occurs in 10-!3 gec. Once
the electron is solvated, the static dielectric constant needs to be applied,
This does not necessarily rule out all geminate reaction as the times for
electron return and electron solvation and consequent escape are now
comparable. Whether the molecular yields and independent H indeed
result from such geminate reaction or correlated ion pair formation(5s 10)
is a debatable point but they are the most likely products to have such
precursors. An interesting corollary is the trapping of electron as a
metastable exciton and there seems to be some justification for such a
view for MTHF radiolysis and to a lesser extent for water radiolyslis. We
may point out that not yet thermalised but relatively hot sub-excitation
electrons are particularly susceptibie for such trapping as Wannler type
excitons if they {ind themselves at favourable distances from holes where
the Couloumb force balances the outward centrifugal force.
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DISCUSSION

J. P. Mittal : I would like to point out that recently we have also

obtained strong evidence for reactions like
CgHy2t+ MTHF —» CgHy| + MTHFH*. In fact
this happens witn many bases like ethanol, acetone
etc.
Ref: (1) J A CS, 89, 548 (1967) footnote 12.

(1) J.P.Mittal;; Ph.D. Thesis, University

of Notre Dame, Sept. 1967.

K. V.S. Rama Rao : Tha large decrease in G{H2) observed in 10% MTHF
solutions in cycloh&xanec not only supports the view
of proton exchange to bases (Cf. F, Williams,
J.Am. Chem. Soc. 86, 3954 (1964))but alsc presents
evidence for the reaction CgHy,t + e” —» 2H+CgH) g
which was proposed by Hamill only on the basis
of indirect data.

P. N. Moorthy : 1) Even in the case where the electroa is within a
distance of ~ 7 A from the positive ion, we can
still conceive of a Wannier exciton

ii) Perhaps, by way of a general picture, one can
assume the presence of all the three types of
species, viz. Frenkel and Wannier excitons and
randomly distributed free holes and electrons,
their relative proportion depending on the phy-
sical properties of the medium,

K.V.S. Rarna Rao : Neutralisation process of an ion-pair may lead to
a Frenkel exciton but morz likely to excited mole-
cule. One can concelve of a Wannier exciton for-
mation as the secondary electron thermalises. But
whether excitons are actually formed in liquid
systems(ci.S. A, Rice and J. Jortner J. Chemn. Phys.
44, 4471 (1966))and whether they have any meaningful
life times are highly speculative ideas lacking
experimental evidence of firm theoretical basis,
As of now, most radiation chemistry seems to be
satisfactorily explained by the fon-pair and excited
molecule mechanisms,
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OXINDISED PRODUCT YIELDS IN THE GAMMA RADIOLYSIS OF FROZEN,
GLASSY SULPHURIC ACID

Chakrapany Gopinathan
Chemistry Diviaion
Bhabha Atomic Research Centre, Trombay, Bombay-85

Considerable interest has been shown in recent years in the gamma
radiolysis of glassy sulphuric acid at 77°K“' Z). This subatance showe
the remarkable property of being able te transport radiation produced
electrons over long distances. Exciton and hole reactions are also
posgible in frozen sulphuric acid systems under certain conditiona(2. 3).

Even though products of electron and Il atom reactions have been
estimated in frozen, glassy (~5M) sulphuric acid, so far oxidised
products of radiolysia 8uch as H,O, and per acids have not been
measured. The present work is an attempt te remedy this gap.

EXFERIMENTAL

All chemicals used were of analytical reagent grade. The water
used was triply distilled in the normal vvay. A.R. grade ceric sulphate
wasa dried in a hot air-oven at 80°C for 3 hours before being dissolved
in sulphuric acid. The stock solution of cet? was kept wrapped in alu-
minium foil to exclude light. Cet? concentrations were measured by
measuring the O. D. at 315 m u and 320 m u. The difference in the
optical densities at these two wave lengths was negligeble.

All irradiations were done at 77°K with tlge samples immersed
inside liquid nitrogen. The dose rate of the Co 0 gource used was
measured with a fricke dosimeter and was corzected for electron

dengity and decay. Unless otherwisd mentioned, all samples were
undegassed.

' H,0, was measured by adding a standard Cet4 golution to the
melted sample and measuring the decrease of [Ce+4 ] . Per acids
were measured by adding a known amount of a atandard ferrous
ammonium sulphate solution and measuring Fe“'}!‘l’nrmed.\, spectropho-
tometrically, after a minimum peried - of I hr. Per mdnosulphuric
acid reacts very quickly with Fet2. However, par disulphuric acid
reacts only slowly and there is some slight uncertainty whether the
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results completely show the per disulpuric - yield.

RESULTS

In 5M HZSO gamma irradlated at 77°K(Dose ~ 1.5x 102"‘“/1).
the HpOz yield was surprisingly emall.

In the undegassed system, G(H,O,) was € 0.1. In the degassed
system, it was somewhat higher with G% H,0,) = 0.19.

The low yield of H,0, was also confirmed by irradiating these
systems in the presence of Ce +4, The results are given in Table I and fig. '
Each G value 18 the mean of atleast 3 values with times of irradiation
varying from 10 to 40 mts. (Dose rate = 5.3 x 1020 ev/1/min.).

TABLE

Gamma Radiolysis of 5M H,504 Containing Ce*4 at 779K

I i e R R R I i e I e e N L

Initial [ cet* | M G(-Ce'4)
-3
1 3,05 x 10 0.63
2. 1.85 x 10-3 0.54
3 9.6 x 10 0.063

L I I e R R e e e A R AR P I I I R X

The above G values are based on the initial decrease of [_Ce+4 ] .

Obviously, the reduction of Cet4 18 strongly concentration de-
pendent, These G values are considerably lower than the G values
obtained in similar solutions irradiated at room temperature 4

Per acid yields, as measured by the production of Fet3 on adding
Fet?, are shown in Table II.
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TABLE 1I

Per-Acid Production in 5M H,50, Irradiated at 779K

(Shown as the amount of Fe'3 produced on adding Fet?)

Time of irradiation M [Fet3] x10% Mean
minutes 0(504-)

LI R I T T T R T I R e i T T T N S Sy

30 1.3

45 2.1
0. 68

60 .8
99 4.9

B E e e e R R E T ® e e E B e T ® ™ e e ™™ E N o ™ Mo A 4w MmN e e W e W o wmwe

DISCUSSION

Obviously, the major oxidised products are the per-acids. Not
only ia the H,0, yield is low, but G(- cet? ) is only about 1/379 the
room temperature figure. The reduction of Cet +4 probably occurs
mostly through electrons and hydrogen atoms. The low yield of HZOZ
suggests that the OH+OH reaction is almost absent, leading one to

suspect whether "spursa' are existent at all in these systems. The :
rapid mobility of energy might be responsible. The OH radicals )
probably disappear mostly by reaction with sulphuric acid. The :
complicated kinetics of Cet4 reduction will be dealt with in a more
detailed publication,
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The fact that low concentrations of electron
Scavengers c.g., N,O do react with electrons
in 5M sulfuric acid glass suggests that the
miolecular H 0, which may have initially been
formed is destroyed by electron reaction with
the final result your posrt irradiation analysis
shows only a little net 11,0,. Hence, an
apparently low G(11,0,) should not been taken
any evidencs against spurs and does not
warrant any postulate of exciton formation

or ita transport.

The question is, in my humble opinion self-
contradictory. 1f spurs exist und 11,0, is
formed hy CIH radicals diffusing and reacting
rmutually, then H>O, cannot be formed at 77°K
gince Oll radicals are immobile at this tem-
perature. So there is no question of electrons
reacting with H,0,. Therefore I argue that
either apurs do not exist or at leasl the bi-
molecular combinatinn of OH does not take
place. The exciton mechanism is orne way

of explaining the small H,0, yield.

1} 1 arn not at all sure how in 5M 12504
€coly don't react at ail in your system?

2) How do you say at one place that (H*) are
absent in 5M H 504 because of condensation
polymer present in 5MH ,504 glags. But

on the other hand. you could go back and say that

in 0.5 M (H*) are present in that system.

3) Dor't you think this process of e“gry not
reacting with [{! can be explained on Prof.
Hamills idea of portulating a‘'dry electron’
whose rate constant with H' is extremely
small compared to e; ;. + H*.

1) Solvated electrons cannot be for:ned at 77°K
The electrons are either mobile electrons,
e, or e7p, trapped electrons. In acid
systems e} is unlikely to be found. Therefore
all observed reactions are due to mobile
electrons, which make use of conduction

pathways such as 5SO3-, ..SO3 polymer chains.
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{(2) 1 say that (H') 1s drasticaliy reduced ag a result
of condensation polymerisation, I have
not quoted any figures for (H?') aince thie
might vary from system tc system. In pure
H,50,4 glasses and in N>O containing suj-
phurlc acid glasses, I believe this is very
low. Low enough not to he abie to compete
{effectively) with 1072 M N;O. 1In srome other
systems it may be somewhat higher, in which
cage higher concentrations of scavengers .
would be neceesary to pick up all the eiectyons,

{3) No. Some reasons are, (i) If the dry eiectron
cannot react with, or reacts only very slowly
with H*, then the large yields of H atoms at
77°K in frozen acid systems cannot he
explained. I do not belive solvated electrons
can be formed at 77°K. (ii} if the dry
eiectron, on the other hand can react
readily with scavengers iike N9, CICH;COOH
as postulated by Prof. Hamill, why does it
take such a large concentration ci scavenger
in alkaline glasses to significantly reduce
trapped electron yieid? In fact, in 6 M NaOH
giags at 77°K, i0"2juof scavenger has no
effect on [e~¢ ). One has to put in about
. 05 M CICH,COOH before significant decrease
can be Seern.
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HY DROGEN I'FROXIDE YIELDS IN ”/‘R{\ DIOLYSIS OF DEAGLRATED
CYSTEINE SCLUTIONS

Manohar 1.nl
Chermistry Division, Bhabha Atomic Research Centre, Bomhbay 85

On the haris of the study of radiolysis of an aquecous solution of
cysteine Fl Samahy reported that its reaction with hydroger peroxide is
very fast in neutral solutions. Since our results in a similar study
indicated that this reaction is slow, we studiced the thermal reaction bet-
ween air free 1072M cysteine and 0.9 % 10-4M hydrogen peroxide in
neutral solutions{#) and found that at the end of 24 hours this reaction was
only 75 - 80% comiplete and thereafter procceded at ar imperceptable rate.
In view of our resulls, we allowed all irradiated samples to stand for 24
hours before analysis, and assumed, for practical purposes, that 0.5 + 0, |
molecules of cystine /100 ¢v were formed due to reaction (9) in the follow-
ing reaction scheme, which could axplain most of the results in the radiec-
lysis of cysteine 2},

CySH + H == CyS + H, (1)
CySl{ + H —* Cy + H3S (2)
CySitl « OIl — Cy§ + H,0 (3)
CySH + caq —% Cy + SH'H\L (4)

5 H, & (5)
CySHl + Cy ——» CyS + CyH {6)
Ht + eaq —>» H 7}
2 Cys ——* (CyS - SCy) (8}
2 CySH + 10, —» (CyS - 5Cy) + 21,0 19)

/"Ir this scheme, CySH, CyH and {CyS - SCy) represent cysteine,

[

alanine, and cystine respectively /

If, however, the air-{ree cysteine solutions are irradiated at a
high dose rate for & short time (10 - 20m)} and the sarnples analysed for
cystine and hydrogen peroxide irnmediately after irradiation, one would
. et the hydrogen peroxide vields in acid as well as neutral solutions;_
since its reaction with cysteine is very siow, we would then get a value
of G(CyS - SCy) inver than that reported earlier(z). This study was
undertaker to establish that in irradiated air-Iree cysteine solutiona the
reaction (9} is in fact very slow and can be cropped from the above scheme.
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The experimental techniques used in this work are the same as
described earlier, z,3) All irradiations were carried out with a Co
source at a dose rate ol ~ 0.4 x lOlB ev.m~! m1-

Hydrogen peroxide yields were me?surcd spectrophotometrically
at 410 nm by the titanium sulphate method and the cystine yields at
248 nm as rveported carlier 3), Estimations were made immmediately
after irradiation of the samples.

G values for hydrogen peroxide and cystine as calculated from the
slope of the straight lines obtained from yield dose plots are presented
in Table 1. For comparison, are shown in brackets the G{cystine) as

reported in our earlier papers, 2,3)
TABLE I
[“CysH_] pH G(H,0,) G(CyS - SCy)
103 0.0 0.71 3.2+40.1 (3.1)
15° 5.4 0.71 3.040.1 (2.9)
10° 0.0 0. 675 3,440,1 (3. 3)
152 5.4 0. 675 3.0+0.1 (3. 4)

Table I shows that the cystine yields (column 4) agree well with
those reported earlier for 10-3 and 10°% M cysteine at pH 0.0 and for
10-3 M at pH = 5.4, indicating that there is no effect of the high dose rate
[dos: rate of Co 0 source used earlier =~ 6 x 1015 ey, m-1 ml’L7.
However, with 10”2 M cysteine at pH 5. 4, the present G(CyS-SCy) =3.0
is significantly lower tkan that reported earlier (3. 4) 2), The higher
G(CyS - 5Cy) indxcates that during the 24 hours of storage, reaction bet-
ween cysteine (10°2M) and hydrogen peroxide had taken place. The fact
that for 1073 M cysteine in neutral solutions the earlier& and the present
value of G(CyS - SCy) are nearly the same shows that hydrogen peroxide
does not react with cysteine at this low concentration. From the present
data, it may be concluded that at 10-2 M cysteine and under the conditions
of this study there is no reaction with hydrogen peroxide.

Further, column 3 of the table shows that for both 10'3 M and 10-2M
cysteine at pH's 0.0 and 5.4, G(H,0;) =~ 0.7. This agree? ‘Sery well
with the hydrogen peroxide yield reported for other systemns and con-
firms that hydrogen peroxide produced has not reacted with cysteine,



-221-

The reaction mechanism presented above requires that eaq” , H
and OH. each eventually produce a thiyl radical (Cy3). Conesequently the

total yleld of cystine should be given by reaction (8) only [eliminating
reaction (9)/ and B

G{CyS - SCy) = ! [ Gy + Gy * Seaq™) (1)

Substituting the experimental G(CyS - SCy) = 3.0 in (1), one gets

GH + GOH + Geaq- =6,0

which agrees reasonably well with our earlier reported(z) total radical

vield of 5.8 as well as with other reported values(6), Subtracting (G +
Geaq') = 3.3 for neutral solutions(2: ©) one gets

GOH =2.7

This again is in agreement with many other reported valuas(b).

The results reported above provide confirmation of the radiolytic
mechanism based on reactions ! to B and suggest that it is safe to elemi-
nate reaction (9) from the scheme.
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"(n,y) RADIOLYSIS OF SOLID IODIC ACID"

H.J. Arnikar, V.G. Dedgaonkar and Kamal K. Shrestha
Department of Chemistry, University of Poona, Poona-7

INTRODUCTION

Our carlier work on bromates showed an increase in retention
from 17 to about 607 on heating the irradiated sample(l). In iodates however, the
initial ret?E’ion as high as 67% increases to about 90% on thermal
anneali . It appeared to be of interest to extend our work on hala- .
teall 35%:0 study the distribution of 1128 activity in neutron irradiated
fodic acid and of the effects thereon of thermal annealing and of pre- and
post-irradiation by gammas from Cob0 source.

EXPERIMENTAL

The procedure followed for the irradiation, extraction, correction
for observed activities in solid and solution states and subsequent thermal
annealing in solid state were in accordance with our earlier work on LﬂO3@.
In case of irradiation at higher temperatures, care was taken for the
samples to attain the desired temperature prior to nectron bombardment.

In the readiation-annealing experimente, the samples were first expused
to a kilocurie Co®0 source for varying doses (upto 15 Mrad) both prior and
subsequent to (n, Y) irradiation. Each value reported is the average of

atleast 3 independent experiments, the reproducibility of individual deter-
mination of retentlon being within 2%,

RESULTS AND DISCUSSION

The following are the major observations in brief:

(1) The retention of crystalline lodic acid at room temperature (31°C) is 67%,
(11) The saturated retantion values for the samples irradiated at different
temperatures but annecaled at certain temperature show an appreciable
difference, the one irradiated at higher temperature being lower (Fig. 2).

(11) A minimum constant value of retention appears when the irradiation
temperatures is lowered, the retantion decreasing slowly to this constant
value (Fig. 3),

(iv) Both pre-and post-iiradiation treatment by intense gammas increase
the (n,y ) retention markedly.

{v) Retention increases with the concentration in the case of (n,Y’) irradia-
tion ot aqueous iodic acid (Fig 4) =
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It is seen from Fig.l that retention approaches almost hundred
per cent within the first few minutes of thermal annealing at 90°C, unlike
in other iodates(2: 3) suggesting the recombination processes to be very
susceptible to annealing temperature. Howcver, at lower temperatures
(below -80°C), the initial retertion decreases, attaining a minimum value.
At these low temperatures, the recombination processes in HIO; appear
to be independent of thermal annealing and contribute about 53% of the
initial retention.

The lower retention value of iodic acid when irradiated and anne-
aled at 70°C (Fig. 2) as compared to irradiation at room temperature and
annealing at 75°C is believed to be due to the removal of inherent crystal
defects during pre-heating inavolved in the irradiation at 75°C. The follow-
ing summary gives comparative retention values due to thermal annealing
at different temperatures, the irradiation also being carried out at the
same temperatures.

:Temperature : Irradiation at : Irradiation at : Difference
of annealing annealing temp, 31°C Ry - R (%)
(°c) Ry(%) R, (%)
60 76.0 80.5 4.5
75 81.0 90.5 9.5
90 88.0 99.5 11.5

The increase in difference in retention values with the temperature suggests
that more crystal defects are eliminated as the temperature is raised.
Further, along with the removal of defects, greater recombination also
takes place at the elevated temperatures, These two processes have
reverse effects on retention; the former tends to decrease retention while
the latter tends to increase the same, The maximuin difference between
these opposing fs:tors is observed to be around 90°C.

Inducing additional defects in HIO3 by gammas from a Co60 prior
to the neutron bombardment increases the retention but the results are at
variance from those of Maddock et al.(6) on K,CrO,4 crystals where a de-
crease in retention was reported. Post-exposure of neutron-irradiated
iodic acid to gammas to a dose of about 0. 1 Mrad at 31°C has veen found to
induce a transfer of recoil radio-iodine to iodate by about 3 - 4% in addition
to the effects of the thermal a e3ling at 31° 5 Similar results ha(&e) been
reported in alkali metal iodates 2 , bromates''/ and other systems\”/,

The retention values observed in irradiated aqueous solutions of
jodic acid are considerably small. As expected, the nature of the plot in
Fig. 4 is very similar to the corresponding one we obtained in the case of
lithium iodate{4). The minimum concentration appears to be around
0. 08M giving 307% retention, as suggested by the extrapolation of the curve.
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Could you tell me the reason for a much
lowar retention value in aqueocus solution
as compared to the solid,

In all probability, it may be due to the wide
separation of the recoll species, when
surrocunded by water moiecules, so that the
possibility of recombination is greatly reduced,
as compared in the solid state. The minimum
retontion value in the lowest concentration {rra.-
diatea in our work al so juetifies this probability.
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ISOTOPE EFFECT AND SECONDARY REACTIONS OF RECOIL Br-82
AND B2-80m ATOMS UNDER (n, Y ) PROCESS IN ALK YLBROMIDES

S.P. Mishra and B. M. Shukla
Nuclear and Physical Chemistry Laboratories
Banaras Hindu University, Varanasi-§.

INTRODUCTION

Studied on chemical effects of nuclear transformatione accompanying
{n, Y ) process have shown that the behaviour of radioactive isotopes of
one and the same element in a series of cases is not always the same. Suck
e difference in the behaviour comes up in the dissimilarity of the degree of
retention of each isctope, indicated as 'isotope effect'. A definite effect
was firei observed between recoil Br82 and Br80m atome in n-irradiated
liquid halo-bromomethanes(1-3}), The appearance of AR% in pure organic
halides containing only one species of the halogen (bromine) has been the
subject of many contradictory reports(3-10). Merrigan, Willard and
sthers{11-16) have recently reported the role of Bragm isomeric transition
process for the observed isotope effect.

In view of the earlier works and their controvertial characier, it
was desirable to search carefully the posasibility of an isotope effect betwean
Br82m 3nd Br80m ynder (n, ¥ ) process in liquid phase of organic come
pounds containing bromine atom(s) only. The effect was observed in bro-
mobenzene after a series of careful experiments(”). Experimental
success with bromobenzene ancouraged the authors to study the effect with
other alkylbromides and findings on 1, 2-dibromoethane and ethylbromide
bave aiready been reported by us(18,19) similar studies have been ex-
tended to other organic bromides and the influence of added diluents (bensers,
carbontetrachloride and cyclohexane) on the isotope effect and secondary
reactions has also besn carried out. The present paper deals with some
of the results of our siadles on isctope effect and secondary reactions of
recoil Br82 and Br8'™ atome during liquid phase n-irradiation of
propylbromides.

EXPERIMENTAL

The experimental technique employed in the present investigations
was similar to one reported in our earlier works(17-20). Pure samples
of n-propylbromide (Fluka AG/Whiffen and Sons England) and i-propyl-
bromide (E. Merck) used were purified by main procedure as described
by Schuler and McCauley
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Ethylbromide (E. Merck/Riedel) used as carrier was purified
by main procedures as described by Milman(21), 1-2-dibromoethane
(E. Merck), 1, l-dibromoethane (E. Merck) were purified by a method
similar to that of ethylbromide. Methylenebromide (E. Merck) and
1, 2-dibromopropane {Fluka AG) were redistilied (98. 0°C; 141, 0°C
respectively).

A. R. quality bromine (E. Merck) used as scavenger was emplo-
yed as such without further purification,

Tables | and 2 represent the results (established on the basis of
atleast 3 experiments) on variation of the retentions of recoil Br82 and
Br89™ atome with added bromine concentration in n-propylbromide and

i-propylbromide. The above results are also shown graphically
(Figs. 1 and 2).

RESULTS AND DISCUSSION

As can be seen from the results (cf. Tables 1,2 and Figs. 1, 2)
that isotope effect between recoil Br82 and Br80m atoms was observed
in n-propylbromide and i-propylbromide with values of 7.4 and 6. 4
respectively where no bromine was added initially ae scavenger. With
the increasing concentration of obromine from 0. 00 to 0. 03 m. . AR%

did not change significantly. PBut as the scuvenger concentration incre-
ased from 0. 03 m.{. to 0.20 m.{. AR% decreased markedly (Figs. 1 and
2). On further addition of the scavenger (0,20 - 0,50 m. {. ) in both the
target compounds, a near disappearance of the effect is observed. Pre-
sent results are similar to those reported earlier in bromobenzens 17),
1, Z-dibromoethane(ls) and ethylbromide(19).

The marked decrease of isotope effect and its near disappearance
at higher concentration of bromine is in conformity with some of the
earlier results{1-3. 7,8, 17-20) However, it may be mentioned that in
the works of some of the earlier authors, nct only (n, ¥ ) but ( ¥, n),
(Y.2n) and (Y, 3n) processes were carried out for obtaining a desired
isotope. Further, it has been concluded that the isotope effect is not
directly/wholly connected with the initial recoil energy(7v 22,23),

Recent discovery of Br82™ {gomer (24.25) 31d some works of
Merrigan, Willard and others 11-16) show that the enhanced retention of
Br8 in organic systems may be chiefly due to the secondary interactions
of Br8Z formed as a result of Br82m igomeric transition process. They
have further reported that the observed isotope effect between BrB2 and
Br80™ atoms is a function of time of irradiation plus the time for which
the samples were left in the liquid state while isomeric transition process
was occuring. Also, it has been suggested by Willard(10) that higher
organic retentions observed for Br82 than Br89™ jn the halo bremo-

2
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methanes, studied by Nesmeyanov, etal may be due to the Br82m'} g.82
process rather than the Br8! (n, y ) BrB2 activation. Furthermore, it is
to be mentioned that (n, r) activation of bromo-compounds mainly
produce Br82m (919) of which 99.8% decay to the ground state i. e.

Br82 and only about 9% of BrB2 is formed by (n, ¥ ) proceas(24). Hence
most chemical reactions which determine final stabilisation of Br32 are
induced by I. T. activation rather than (n, Y ) process. Chemical effects
of the Bx82m (1, T.) Br82 uctivation in liquid carbontetrachloride was
investigated where substantial amounts of Br82 was found organically
combined from mixtures of carbontetrachloride and reactor irradiated
bromine. The observed iaotope effect, in some studies by Mirrigan

and others(12.13) has been indicated as ‘pseudo-isotope effect’.

Available evidence indicates that the elastic collision model can-
not account for all the high energy organic retention (e.g. H substitution
by Br) in the liquid phase(”. Nesmeyanov ﬂ_l(?’.v 26) assumed that re-
coil Br atoms collide to the struck molecule as a whole, which latter
then breaks at a C-H bond as a result of excitation. This should imply
that the yield in H-substituted molecule will be a function of the ratio
of the mass of the hot bromine atom(s) to the mass of the molecule (M).
Fig. 3 (cf. Table 3) shows RH7% (the yield in the mono-brominated pro-
duct by recoil BrB2 atom) as a function of M/m+M, i.e. as a function oi
the maximum possible proportion of the energy of the hot Br82 atom
that can be taken up as excitation energy in an inelastic collision. The
yleld ig clearly a linear function of M/(m+M), which supports the assum-
ption for formation aB a result of dissociation in excited molecules.
Assuming the C-H bond energy to b= 3 eV and using the observatien that
the substitution starts when MAm+M) is 0.55, it will mean that the k. e.
needed in the bromine atom i8 6 eV; this is in good agreement to the hypo-
thesis(3) that epithermal atoms undergo inelastic collisions with the
surrounding molecules. Further, the inelastic collision mechanism may
result in the formation of many other molecules than H-substituted
products e.g. polybrominated products, molecules formed by G-C bond
cleavage followed by receil substitution and even the production of tagged
parent molecules.

Figure 4 {cf. Table 4) represents isotope eifect as a function of
A Rp (difference between the diffusion controlled reactions of recoil Br82
and Br80m atomz) at zero bromine concentration for propylbromides and
other alkylbromides studied by the authors. The nature cf the curve
shows a direct proportionality between AR% and ARp. The curve may
be assigned the equatior of a straight line: y=mx + c, where 'x' is
abscissa and represents ARD, 'y'ie ordinate and designates AR%, 'm'
the slope of the line and 'c' the intercept on ordinate. The value of 'c'
comes out to be 4 and is ciosely the pame as A Rp for all the compounds
studied (cf. Table 4). According to the above relationship, it is evident
that the observed isotope effect is a linear function of ARp. Thus, the
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effect seerns to be dependent on  ARp and a constant term C (1. e. ARp).
The above interpretation is supported from the fact that Br82 arising

out of Br82m (1. T.) Br82 process enters organic combination 50% via
hot and 50% via thermal processes(27),

Rack and co-workers(zb‘ 28) have reported that 1. T. of Br8Zm
caused much higher organic yields than those produced by (n, 7 ) proces-
ses. In another work(15) from the same laboratory it was found that
the Br82 organic yields from Br82m (1. T.) Br82 activation are generally
1.7 to 1.8 times the yield of Bx80m B¢82m 3nd Br82 from (n, 1)
induced reactions in liquid carbonatetrachloride, cycichexane and the
isomers of hexane at bromine concentration above 0.05m. f. The orga-
nic retentions of Br82 reported in the present work arc in fact an
average of Br8l (n, ¥) Br82 and Br82m (1, T.) Bx82 processes. The
organic retentions of Br8Z only due to I. T. process will be more than
the reported values and in fact in the light of Rack etal's(10) calculation
the organic ylelds of Br82 arising only due to 1. T. grocess can be
obtained. Table 5 lists the values of R{BrB2)/R(Br Om) in all the stud-
‘ied compounds at lower bromine concentrations. It is clear that the
ratio values in all cases are leas than 1.7 where in the organic retention
values of Br82 are the observed one. The ratio values (after correcting
Br82 retentions for I T. process only) will come out to be slightly more
than the values given in Table 5, but will be less than 1.7. This fact
demonstrates that the relative difference in the organic retentions of
recoil Br82 and Br80™ atoms in alkylbromides is less than bromine-
hexane systems studied by Merrigan n_t§_1(15), It is quite apparent that
in bromine-hexanes there will be only undirectional process of uptake
of Br82 from inorganically bound Br82m following I. T. process.

The nature of the reactive species, its control, and the possible
role of Br82m towards the effect under consideration need extensive
study. If a long-lived thermally reactive species is formed as a con-
sequence of 1. T. reactions as well as by (n, ») reactions, the observed
pseudo-isotope effect may be due to an increase in the concentration of
the species formed by the Br82m | T, reaction.

Nesmeyanov _eLa_i(-l'J) confirmed the origin of AR% in halo-
bromomethanes as a result of high energy processes. In one work(2)
they also speculate that an isotope effect may occur during neutron
irradiation of alkyl bromides as a result of thermal reactions of recom-
bination diffusion type. The present authors are successful in observing
the effect in pure alkylbromides; but a2ffect is not only as a result of dif-
fusive reactions. As has been mentioned earlier, the observed isotope
effects are, of course, a function of ARp, but over a constant term
C(i... ARE). Thus, it may be concluded that obaserved effect between
recoil Br82 and Br80™ atoms in bromoalkanes is partly due to high
energy and partly due to thermal processes regardless of the history of
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recoll bromine atome. In the light of the discovery of Br82m jgomer
and works of Rack etal(lz"“" 27,28) obaervations of Nesmeyanov,

etal -3 may be re-evaluated to get the exact data for BrB2, Br80m

and Br80 arising as a rcault of (n, ' ) process and Br82 and Br80
coming out purely as a result of I. T. process. It may now be recognised
that the observed isotope effect between recoil BrBZ. and BrBOm' atoms

are in fact 'pseudo-irotope effect’ in the sense that enhanced organic
retention of Br82 is attributable to Brb2m (1. T.) Br82 process rather

than (n, y* ) activation. Thus, it is the type of activation which may give
rise to an lsotope effect.

ACKNOWLEDGEMENT

The authors are grateful to Dr. G.B. Singh, Professor and Head
of the Department of Chemistry, Banaras Hindu University, Varanasi-5,
for providing necessary facilities. Our thanks are also due to
Dr. Sujan Singh, Mr, B. N, Vohra and Mr. K. N. Vohra, Lecturers,
Department c¢f Chemistry for their assistance in the purification of some
of the organic compoundsa used in the present investigation.

REFERENCES

1. A.N. Nesmeyanov, E.S. Filatov, E.A. Borisov, V.I. Kondratenko,
C.H. Chang, K. Panek, and B. M. Shukla; Radiokhimiya 1, 712 {1959)

2. A.N. Nesmcyanov and E. S, Filatov; ibid, 3, 601 (1961)

3. A.N. Nesmeyanov, E.S. Filatov, E. A, Borisov, and B. M. Shukla;
‘Chemical Effects of Nuclear Transformation, ' IAEA, Vienna,
1, 259 (1961)

4. P.C. Capron, etal; Froc. Second Inst. Conf. (Peaceful Uscs of
Atomic Energy), Geneva; 240 (1958)

5. W.F. Libby; J. Am. Chem. Soc. 69, 2523 (1947)

6. J. M. Miller and R, W, Dodson; J. Chem. Phys. 18, 865 (1959)

7. R.H. Schuler and G. E. McCauley; J. Am. Chem. Soc. 79, 821 (1957)
8. M. Milman, etal.; J. Chem. Phys. 1303-1332 (1957)

9. J. E. Willard; 'Chemical Effects of Nuclear Transformation'.
IAEA, Vienna, 1, 215 (1961)

10. J. E. Willard; ibid, IAEA, Vienna, 1, 221 (1965)
11. R.M. Iyer and J. E. Willard; J. Am. Chem. Soc. 87, 2494 (1965)



-232-

12, J.A. Merriganand E. P. Racki J. Phys. Chem. 69, 2795 (1965)
13. J.A. Merriganand E, P. Rack; ibid, 69, 2806 (1965)

14, J.A. Merrigan, etal; ibid, 44, 174 (1966)

15. J.A. Merrigan, etal; Radiochim, Acta 6, 94 (1966)

16. J.A.Merrigan, etal; J. Chem. Phys. 44, (1) 174 (1966)

17. B. M. Shukla and S. P, Mishra; Sympoeium on Chemical and
Non-chemical Interactions, UGC-Gorakhpur Uaiversity,
Gorakhpur, Feb, 13-15 (1965)

18. B. M. Shukla arnd S, P. Mishra; Proc, Y 'Nuclear and
Radiation Chemistry’, Deparlment of Atormnic Energy, Govt.
of India, Poona, p,37-48 March (1967)

19, B. M. Shukiz and S. P. Mishkra; Proc. Indian Science Congress,
Yaranasi, Jan. (1968)

20. B. M. Shukla, and S. P, Mishra; Proc, Symp. 'Nuclear and

Radiation Chemistry', DAE, Govt. of India, Bombay, pr. 128-133,
March 16-19 (1964)

21, M. Miiman; J. Phys. Chem. 67, 537 (1963)

22. A.E. Richardeon and A.F. Viogot; J. Chem. Phys. 28,
854 {1958)

23, F.S. Rowland and W. F. Libby, ibid; 21, 1495 (1753)

24, J.F. Emery; J. Inorg. Nucl. Chem. 27, 903 {i965)

25. O.U. Anders; Phys, Rev. 138, Bl (1965)

26. A.N. Nesmeyanov and E. S. Filatov; Radiokhimiya 3, 614 (1961)

27. J. Blair Nicholes and E. P. Rack; J. Chem. Phys. 48,
4085 (1968)

28. J. A. Merrigan, etal; J. Phys. Chern. 70, 2417 (1966)
29. B. M. Shukla, and S. P. Mishra; (Unpublished data)



TABLE 1

Organic retentions of recoil Br82 and BrBOm atoms aB a function
of bromine concentration in liquid n-propylbromide

B e e M E A e e e e W e e M e m e e e va e em A T W T e B M e B ae e e e e e T e e o e e e e

Mole fraction % Organic Retention Isotope
of bromine 82 80 effect
log N R(Br R(Br°YmM

(Ng:) Br ) B Cara
0, 000 - 42.5 35,1 7.4

0. G601 3, 0000 41,6 34,2 7.4

0. 004 3.6021 37.0 30.2 6.8

0, 01 2.000 32.5 27.4 5.1
0.03 2.4771 30.2 23.2 7.0

0. 04 2.6021 28.1 22.4 5.7
0.10 1. 0000 23.1 18.8 4.3
0.20 1.3010 19.1 16.2 3.9

0. 30 1.4771 16. 4 14,5 1.9

0. 40 1.6021 15.0 13.5 1.5

TABLE 2

Organic retentions of recoil Bx'82 and Br80m atoms as a function
of bromine concentration in liquid i-propylbromide

- e e & W W W T e - e == We e e e e B AR e 4m e M M Mk MR G M M M M R W e W e Y W TSN W YOS MM ST e =

Mole fraction log Np . % Organic Retention Isotope
of bromine R(Br82) R(br80m) effect
(Npr) (A R%)
0. 00 - 31.5 25.1 6.4
0.03 2.4771 23.2 17.3 5.9

0. 05 2.6990 21.4 15.3 6.1
0.10 1. 0000 19.5 13.7 5.8
0.20 1.3010 15.1 10.2 4.9

0. 30 1.4771 11.6 8.0 3.6

0. 40 1. 6021 9.9 7.5 2.4
0.50 1.6990 7.9 6.0 1.9

- em - e ek M R E o em o Mo
- = wm e m A S W W W M E M e e M EEmm WS~ - N
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TABLE 3

Br82 recoil yield in monobrominated product (Ryy %) as a

function of (M/m + M) in alkylbromide targets

- e e E e EmE S L M S T M U Gk e A T em s Em e W N G W S WD Er em g em mm NS TR AL W e M e e

Target M
compound m+M
1. CH;Br; 0. 6797
2. C,HgBr 0.5707

3. 1,2-C,H Br, 0.6963

4. n-C3H7Br 0.5923

5. CHBr; 0.7553

13.0

Shukla & Miuhra(zg)
Shukla & Mishra(w)

Hilman, Shaw s2ad
Simpson 8

Present work

Nesmeyanov e ul( 3)

e G B M e (. R e G e W M SR S W Em L R e BN R MR R M EE M e e Ae W S WP s v O /e em G D M e S L S e db e @b m o o a

4
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TABLE 5

e e e W s M W W T e M S M TR 4 N Gy N e TS A MW WA oo e e W e - =

Targets Mole fraction
of bromine

1, r-CaHyBrp
n-C3H7Br
i-C3H.Br
n-CyqHqoBr

CeHsBr

R(Rr82) / R(Br80mM)

1.52
1.36
1,21
1.25
1.21

1.13

0.05

1,25
1,26
1.27(a)

1. 2slc)

i.213
1.42
1.22

1.10

B e e e e e E e e E W R W WA W W M W e R G e e e M M e M e s v W T S M MR Gy e M e W om

(a) - at 0.0839 m.f.
(b) - at0.1239 m. £

(c) -at0.04 m.f.
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INVESTIGATIONS ON THE PROCESS CHEMISTRY OF NEPTUNIUM"l

N. Srinivasan, M.V. Ramaniah, S. K. Fatil, V. V. Ramakrishna,
Rajendra Swarup and Ashok Chadha
Bhabha Atomic Research Centre, Trombay, Bombay-85

I. INTRODUCTION

Neptunium-237 ie formed in smail but significant amounts during
the irradiation of uranium fuel in nuclear reactors, This can be reco-
vered as a by-product during the reprocessing of irradiated fuels.
Neptunium-237 serves as a starting material for the production of Pu?38
which is one of the most suitable isotopes used in isotopic power seurces,
Kilogram quantities of sz 37 are produced in power reactors, thus
making its recovery a matter of considerable interest. For example, in
Tarapur Atomic Power Reactors about 5-8 Xg of Np237 may be produced
annually 1),

The present work was undertaken with a view of arrive at suita-
ble conditions like feed adjustment, selective extraction of neptunium ete.
for the recovery of neptunium along with uranium and plutonium. At
Trombay, purex process is used for the reprocessing of irradiated ura-
nium fuel. In the purex process, neptunium accompanies fission pro-
'h;cts(z), uranium&‘; or plutonium 4), or is distributed among the three
depending on the chosen or imposed conditons. It was, therefore. for-~d
necessary to analyse the purex process solutions at various stages fo:
total neptunium content to know the path of neptunium in the process.

It was also considered necessary to investigate some factors which

affect the extraction of neptunium by TBP under purex process conditions.
In the present work the effect of aqueous nitric acid concentration and
organic phase uranium concentration on the extraction of Np(IV) and
Np(VI) into 30% TBP has been studied.

2. EXPERIMENTAL

2.1 Analysis of Purex Process Soluticns

The TTA extraction method(5) was used for analysing the nep-
tuniurmn content of the purex process solutions. A known volume of the
solution to be analysed was initially spiked with a known aliquot of pure
Np239 to facilitate the chemical yield determination. Normally, three
cycle TTA extraction was necessary to get complete decontamination
from plutonium., Recovered Np237 was measured by alpha counting
using alpha proportional counter of known geometry and its radiochemical
purity was ascertained by alpha spectrum using 30 mm? silicon surface

» Condensed from the report BARC-428
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barrier detector and 400 channel analyser. The percentage recovery

in each anlyeis was obtained by comparing the areas under photopeaks

of Np239 (228 Kev and 278 Kev) in the recoyered sample and the standard v
Np239 sample, obtained by using 3!' x 3" Nal (T1) detector and 400 channel
analyser, The calculation of percentage recovery by comparing areas

under photopeaks with and without subracting Compton tailing and by beta
counting in a few cases was done. For a typical sample, recoveries cal-
culated by all the three methods agreed within a few percent. In the

present analyeis, however, the efficiencies obtained by comparing the

areas under photopeaks without correcting for Compton tail were used.

2.2 Extraction of Np(VI) and Np{IV) with Varying Nitric Acid and
Uranium Concentration

2.2.1 Purification of N}ﬁ37

The neptunium stock solution prepared from sz 3702 obtained
from OCak Ridge National Laboratory was purified by TTA extraction(5).
The radiochemical purity of Np237 was ascertained by alpha spectrum.,

The chemical purity was checked by spectrographic analysis uaing the
method given by Wheat(6),

2.2.2 Neptnium-239 Stock Solution

Neptunium-239 was separated, each time, from uranium irra- i
diated either in Apsara or in Cirus, using La¥F 3 precipitation followed by
TTA extraction. The radiochemical purity of the separated Np239 was
checked by gamma apectrum and by determining the half-life.

2.2.3 Estimation of Uranium

The concentration of uranium in the stock solution was deter-
mined volumetrically by reducing a known aliquot of uranium to U(IV)
with Jone's reductor followed by titration with ceric sulphate using
Feryroin indicator(?). The concentration of uracium in the aqueous and
organic phase after equilibration with 30% TBP in Shell sol-T was
measured spectrophotometrically using thiocyanate method(8, 9).

2.2.4 Extraction of Uranium

Five ml of aqueous solution with known nitric acid and uranium
concentration were equilibrated with 5 ml of 30% TBP in Shell s0l-T for
1¢ n.inutes using a Votex mixer. The two phases were separated after

centrifugation and the concentration of uranium in both phases was esti-
mated.
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2.2.5 Extraction of Np(1V) and Np(VI)

Neptunium-237 prior to its use was purified from its daughter
product Pa233 by TTA extraction of the latter from 7 M nitric acid.
Neptunium-239 was added to Np237 to enable the estimation of neptunium
by gamma counting. The initial agqueous concentration of Np237 was
kept at 1-2 pg/ml. 0.01MK;Cr;07 wase used as a holding oxidant in the
experiments with Np(VI) and 0. 01 M ferrous sulphamate was used as a
helding reductant for Np(IV).

A suitable aliquot of Np(IV) or Np(VI), as required, was added
to 5 ml of aqueocus solution of khown uranium and nitric acid concentra-
tion and waz equilibrated for 10 minutes with an equal volure of 30%
TBP. The neptunium concentration in both the phase after equilibration
was determined by gamma counting. The neptunium count rate was
corrected for the contribution from uranium and its decay products.

3. RESULTS AND DISCUSSION

3.1 The Path of Neptunium in the Purex Process

As it was difficult to follow the same feed in the fir.t cycle
through all the three cycles, scamples were analysed cycle by cycle,
The ratio of nept unium to uranium jin the feed of the same cycle was
found to be roughly constant and hence it was taken as an apprximate
measure of neptunium "moving'" from one cycle to the next one. The
results of the present analyses, though not very quantitative, roeveal
that in the co-decontamination cycle (1st cycle), neptunium is extracted
along with plutonium and uranium, into TBP almost quantitatively while
in the partitioning cycle (2nd cycle) the extraction is reduced to about
50%. In the uranium purification cycle (3rd cycle), most of the neptunium
follows uranium irto TBP as neptunium to uranium ratios in the feed and
the product (uranium) of the third cycl ¢ are comparable,

In & few cases, for the corresponding samples of the feed and
the raffinate in a particular cycle, the volume ratios were available. These
volume ratlos are approximate as the feed and the raffinate ramples were
usually not drawn simultaneously. However, these data were used to
calculate the percentage extraction of neptunium in each cycle. The
extraction of neptunium in the first cycle was around 80-90% while that
{n the second cycle was about 50%. Less than 20% of neptunium acco-
mpanies plutonium stream during partitioning. The extraction of neptu-
nium {in the third cycle was about 60% when the neptunium content of the
feed and the product were used for calculation while it was 90% when the
ne um content of the feed and the raffinate were used for calculations.
The diiference in the values calculated by these two methods may be due
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to the uncertaintizs in the volume ratics, Thus, although these results
are approximate, the conclusions drawn from them are comparable with
those drawn by comparing neptuniurn to uranium ratios.

3.2 Extraction of N2§IV! and N2§VI§

The distribution coefficients of Np(IV) and Np(VI) were deter-
mined at different initial aqueous nitric acid concentrations and uranium
saturation of 30% TBP. The results show that for initial agqueous nitric
acid concentration ranging from 1 to 4 M, the distribution coefficient
(K4) of both Np(IV) and Np(VI) decrease with increasing saturation of the
organic phase with uranium. Similar effect has been observed in the
extraction of pl utonium{10: 11, 12) and urantum(13,14,15) a150. The
extraction of Np(VI) is higher than that of Np(IV), for the same aqueous
&cidity and TBP saturation. From the plots of log K4 vs percentage
saturation of TBP, it appears that the rate of decrease of log Kq of Pu(lV)
and Np(IV) with increasing TBP saturation by uranium is 2 wroximately
same though the extraction of plutonium is higher than that { neptunium,
The same is true for the deciease in the log Ky of U(VI) and Np(VI).

4. CONCLUSIONS

From the data reported here it appears that under the usual
loading of 30% TBP with uraniurn (viz. about 657% saturation) both Np(IV)
and Np(VI) get extracted to an appreciable extent, particulariy at a nitric
acid concentration higher than 2M. At lower nitric acid concentrations,

however, very emall amounts of Np{IV) may be extracted at 65% satur-
ation or more.

Thus, a flow shect could be designed either to force neptunium
as Np(IV) (or preferably as Np(V)) with raffinate at low nitric acid con-
centration in the feed and high uranium saturation of TBP or to co-extract
neptunium along with uranium and plutonium preferably as Np(VI) at feed
acidities greater than 2 M. Mixer-settler experirnents ueing synthetic
mixtures containing reptunium, plutonium and uranium and under con-
trolled conditions are planned. The datz: obtained from such experiments
would help to draw more quantitative conclusions, which would be useful in
the design of neptunium recovery facility,
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ANALYSIS OF PLUTONIUM PART 1. CHEMICAL METHODS

R.T.Chitnis, T.S. Laxminarayanan, B. P. Nalk, B.V.Prajapathi,
R. K. Singh, K. Vijayan, A.V. Jadhav, J.K.Joshi, V.V. Marathe
Keshav Chander, G. M, Nair and N. P. Singh
Bhabhs Atomic Research Centre, Bombay 85

INTRODUCTION

In order to evolve a suitable method for the accurate estimation
of plutonium which does not depend on the isotopic composition of the
element a few of the well known chemical methods were taken up for
detailed investigation. The techniques chosen for detailed study were
the potentiometric, volumetric and coulometric titration procedures
making use of the redox reactions of plutonium between its main
valency states viz; IlI, IV and VI. All the studies were carried out on
solutione prepared at Fuel Reprocessing Division by dissolving pluto-
nium oxide in HNO 3.

PLUTONIUM SOLUTION

At least 3 samples were taken from each plutonium oxide lot
selected for plutonium estimation. For each sample, nearly 500 mg
of plutonium oxide, obtained by heating plutonium oxalate at 500°C
for several hours, was taken, accurately weighed and dissolved by
heating in concentrated HNO3 containing about 0. 15 MHF. The solution
was evaporated tc a low volume severai times with concentrated HNO3
to remove the HF. This solution after cooling was diluted with
0.5 M HNO3 and transferred te a calibrated 50 ml flask and made up
to the volume with 0.5 M HNO3. Aliquots of this solution were used
for the analysis.

POTENTIOMETRIC ESTIMATION
Procedure

Two methods, one by Milner et al(l) and the other by Drumrnond
and Grant(z). reporied in literature were tried and found tc be not
satisfactory. The procedure given below was developed after intro-
ducing some modifications ir some of the steps in the reported methods.

500 micro-litres aliquot of plutonium in dilute HNO 4 (~ 2 M)
containing nearly 5 mg of the element were taken in a cylindrical vessgel
of about 50 ml capacity. This was diluted tc about 2 ml with 1 M H2504
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and AgO (prepared by mixing AgNO3 and K;5,08 uolutlom)“) was added
in small quantities till the solution remained deep brown in colour due

to excess oxidant for at least 5 minutes. One ml of 1.5 M sulphamic
‘acid was added to this followed by 10 ml of | M H,504. After a lapne

of 5 minutes nearly 20 to 30%, excess of the calculated quantity( ) of
0.2 M ferrous ammonium sulphate in 1 M HZSO4 wasp added to the so-
lution with the help of an Agla micrometer syringe. The excess of
Fe(II) was titrated with standard Ce(IV) sulphate solution (0.05 M in

3 M H3504, taken in an Agla micro-meter syringe) potentiometrically
using a platinum indicator electrode and a calomel reference electrode
connected through a saturated NH4NO3 bridge to avoid the formation of
AgCl at its fibre junction. Figure 1 shows the set-up used for the poten-
tiometric titration. A Beckman model G pH meter was used as the milli-
voltmeter to record the changes in the potential.

The platinum electrode was cleaned after each titration by boiling
with concentrated HNO,, washing with distilled water and heating to rzd
heat in a Buneen flame. The Fe(lI) and Ce(IV) solutions were standardised
daily against KZCrzO_, primary standard.

RESULTS

In the analysis of more than 40 plutonium oxide lote follewing the
progedure given above an overall precision of 0. 14% was obtained. The

accuracy of the estimation procedure was checked by using a standard
plutonium solution prepared from pure Pu(S04),. From preliminary
studies the accuracy of the estimation was found to be within the preci-
sion of the method. More work is in progress for confirming this result,

¢

VOLUMETRIC TITRATION

Procedure

An aliquot of plutonium solution in nitric acid medium containing
nearly 2 mg of the element was evaporated to furnes with 1 ml of 15 M

to remove the nitric acid, After cooling, the solution was diluted
with ; ml of 1% Ag,504 sclution in IM HySO,. This was then treated with
small quantities o % AgO till the solution remained dark brown due to
excess AgO for at least five minutes. It was then heated to about 85°C
till the solution became colourless. The solution was then cooied and
about 20% to 50% excess of the calculated quantity of 0. 025 M ferrous
ammonium sulphate in 0.5 M H,S04 was added to this using a micro~
burette. After diluting to about 10 ml with 0. 05M HZSO , the excess
Fe(ll) was titrated with standard K,Cr,0, (0. 02 N) using 5, 6 -dimethyl
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ferroin as the lndlcator(4) or with standard Ce(IV) sulphate solution
(0.02M in 0.5 M HZSO4) using ferroin as the indicator. In both cases

the colour change of the indicator at the end point is from pink to pale
blue. The blanks for ferrous ammonium sulphate as well ag the indicator
were determined separately under identical experimental ¢conditiona
without taking plutonium. The stirring of the solution .during the experi-
ments was done uning a magnetic stirrer.

RESULTS

From the titration resuilts on a few plutonium samples i wae found
that the titration with K,Cr,0. ueing 5, 6 -dimethyl ferroin gavd sharp end
points, The precisiomeo tained wap also good (better than 0.1%). However,
the titration with Ce(IV) solution uaing ferroim as the indicaior gave less
sharp and points. The precision obtained was around 0.3%. Because of
the difficulty in procuring 5, 6 ~dimethyl ferroin indicator, titration using
cerium (IV) and ferroin indicator is being followed at present.

COULOMETRIC ESTIMATION

Apparatus

After testing various.cells(5s 6:7) used for coulometric ﬁt
of plutonium a combination of the model uased by Scott and Peekem:

Hanford and the cne employed by Shuits(3) at Oak Ridge was used h\ t.he
present work, The dlagram of the cell used in this work is shown in

figure 2. This cell was used in conjuction with an Automatic Electronic Con-
trolled and Potential Coulometric Titrator(d: 9) of the ORNL Model

Q-2005 and a portable precision potentiometar Rubicon Nc. 2730 supplied

by Minneapolis Honeywell Regulator Co,, USA.

PROCEDURE

An aliquot of plutonium containing about 2.5 mg of the element was
taken in the titration cell and about 20 mg of sulphamic acid was added to it.
The solution was stirred with a fractional horse power motor and purified
argon gas was pasaed over the solution to maintain an inert atmeesphere.
The reduction of plutonium to Pu(Ill) was carried out at + 0. 45y~ ve saturated
calomel electpode {S.C.E.) (or + 0.56wva S. C. E. if appreciable amount of
iron is present) till the current decreased almost to zero. The recording
of the readout voltage was continued at two minute intervale to check the
completion of the reduction and to correct for background current and
amplifier drift. After this the electrolysie was stopped and the integrator
was zeroed. Then Pu(lil) was oxidised to Pu(IV) at + 0. 88v va S.C. E. until
the current again decreased almost to zero. The voltages for controlled
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potential reduction and oxidation of plutonium were obtained from

a study of the coulograms of plutonium and iron separately for each
atep. The readout voltage Q corrected for background current and
amplifier drift was recorded. From the plutonium factor deter-
mined using a standard plutonium solution prepared from pure PuO,,
and the readout voltage Q the quantity of plutonium in the aliquot taken
was calculated. Plutonium factor is generally expressed as milligram
of plutonium per read out volt,

RESULTS

Controlled potential coulometry as given above was found to be
quite fast and higly reproducible when the quantity of plutonium taken
wa® in the range of Z to 5 mg in each aliquot. Since the plutonium
samples analysed were almost free from iron the reduction was done
at + 0.45 vvs S.C. E. prior to its oxidation at + 0.88 vvs S.C.E. The
precision of the method as calculated from the analysis of more than
40 plutonium oxide lots was 0.18%. The accuracy as determined in a
preliminary study using standard Pu(SO4), solution was found te be
0. 5% when the quantity of plutoniurmn tk en was about 2. 5 mg per analysis,

CONCLUSION

Since potentiometric and coulometric titration methods were
found to be very simple and gave high precision, these methods were
employed for the analysis of a large number of plutonium samples. The
volumetric method was also used in analysing many samples. In the
potentiometric and volumetric methods employed, impurities such as
iron and uranium commeonly present in plutonium donot interfere. Though
fron, if present in large quantities, interferes in the coulometric
estimation, steps can be taken to minimise the error. The results of
analysis of the same samples by the three methods showed an agreement
within 0,5% as can be seen from Table I which gives the results of
analyois of & few typical plutonium oxide samples.
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TABLE 1

Results of Analysis of Some Typical Plutonium Samples by Potentio-
metry, Coulometry and Volumetric Titrations

L R e P I e e e e e L T T -

S. Ne. Potentiometry Coulometry Volumstric
titrations
8/1) (g/1) (g/1)

5. 11.746 { 0. 015 11.738 ¢ 0,008 *]11.700 ¢+ 0.005
2. $.770 ¢ 0. 007 6.775 £ 0. 005 * 6.774 ¢ 0,002
3 7.588 + 0. 002 :7. 57i + 0. 005 * T7.569 +0.010
4 5.557 + 0. 007 5.53Z2 + 0.002 @ 5.496 ¢+ 0.012
5 9.472 + 0. 901 9.471 + 0. 015 @ 9.397 £ 0.015
6 8.596 + 0. 017 8.572 ¢ 0. 006 @ 8.642 £ 0.020
7 9.347 { 0.012 9.348 + 0.012 @ 9.397 ¢ 0.005
8 10. 458 + 0. 017 10.520 + 0.012 @ 10.580C £+ 0. 015
9 7.847 + 0.016 7.856 t 0. 032 @ 7.825 ¢ 0.022
10 8.841 + 0. 007 8.793 + 0.015 @ 8.836 +0.018

- BT E N EABS R E @S e R RN R RS RA e e . ERAr e fE TR AEm A Ar st ardasAaaresransas

* Titrations with standard K ,CrO using 5, 6 -dimethyl ferrcin as
2
‘internal indicator,

@ Titrations with standard Ce(IV) using ferroin as internal indicator.
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ANALYSIS OF PLUTONIUM BY CHEMICAL AND RADIOMETRIC
METHODS. PART U, DETERMINATICN OF SFECIFIC ACTIVITY
AND ISOTOPIC COMPOSITION OF PLUTONIUM

N. Srinivasan, M.V. Ramaniah and H. C, Jain
Bhabha Atomic Research Centre, Trombay, Bombay-85

1. INTRODUCTION

This paper describes the details of the method used for determi-
nation of specific activity and isotopic composition of plutorium, The
isotopic composition of plutonium and the extent of transuranium
elements formed, depend on the burn-up and cooling time, A knowledge
of the specific activity and isotopic composition of plutonium are of
great importance for inventory and accounting ol the material and also
from the point of its utilisation as a nuclear fuel.

2. EXPERIMENTAL

2.1. Determination of Specific Activity

2.1.1 Sample preparation

The plutonium samples used in this work were obtained after
the disgolution of plutonium oxide and plutonium sulphate {or which the
total plutonium contents was determined as described in Part I. These
samples usually had concentration of about 10 mg of plutonium per gram
of solution. A dilution factor of 10% was necessary to take suitable
aliquots for making samples for counting. This was achieved by two
dilutiens. First dilution was carried out in a glove bax on a rnicro-
balance dnd the seconqd was done using a fumehood and semi-micro
Mettler balance. All dilutions and preparation of samples for counting
were carried out by weight transfer technique. This avoids pipetting
errors and calibration errors of volumetric flasks and micro-pipettes.
A 10 ml capacity polythene dropping bottle with a fine long capillary tip,
weighing 3 to 4 grams, was used as aweight-burette, All dilutions and
samples for couniing were made in triplicate or quadruplicate. Repro-

ducibility of better than 0.1% was obtained for about 100 mg weight
transfers.

2.1.2 Comnting

The samples were counted in an argon-flow proportional counter as

well as in an alpha liquid scintillation counter. Accurately weighted samples

~3
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(about 100 mg) were either evaporated on electro-poiished stainless
steel planchets or mixed with 5 ml of liquid scintillator and counted.
The composition of the liquid ecintillator was dioxane containing 0.03%

FOPOP 0( % PPO,and 107 napthalene all measured (W/V) as uaed by
Thle et alll),

2.1.3 Counter Efficlency Determination

The efficiencies of the counters were determined using two inde-
pendent calibrated standards, viz. a 24l A disc source from Harwell and
a 241 Am solution supplied by the I. A. E. A. The efficiency of the alpha
proportional counter was found to be 49. 47% with an uncertainty of 0. 3%

using electro-polished stainless steel planchets . and that of alpha liquid
scintillation counter te be 100 t 0, 4%.

Total plutonium present in the original solution was estimated as
described in Fart I

2.2. Determination of Isotopic Compesition

2.2.1 Sample preparation

Thin u. iform and weightless sources were prepared for alpha
spectrometry oy eiecirodepositing plutonium on electropolished stainless
steel or platinum discs. The electrodeposition was carried out either
from nitric acid medium (<) or from isopropy! alcohol medium 3),

2.2.2 Ailpha Spectrum

The alpha spectrum was obtained using a 400-channel analyser with
surface barrier silicon detector in vacuum chamber. The reaolution for
a 30 mm? detector was 20 keV FWHM at about 5 MeV. The alpha spectra
were recorded for the two types of electroplated sources, which were
pfepared frorn the criginal plutonium samples and from plutonium, puri-
fied through twec znion-exchange microcolumns.

2.2 3 Calculatior.

The alpha spectra of the original plutonium sample (Figure IB) and
that of plutonium purified from americium {Figure IC) show two mair
peaks, namely, 5.1i5 MeV and 5.50 MeV. The 515 MeV peak is due to
239pu + 240py in both cases. In the case of the original plutonium sample
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the 5.50 MeV peak ie¢ due to alpha particles fromn 238py and 24lAm
whereas in the case of the purified sample it i& due to 238py alone.
From these data the percentage of 238Pu and 241 Am in the sample were
calculated. From the specific activity due to 239pPu + 240py only, the
perceantage of 240py was calculated using the data in Figure 2.

3. RESULTS AND DISCUSSION

Table 1 gives the specific activity values of plutonium samples.
Pure plutonium sulphate refers to the ''standard plutonium sulph-te'
prepared from 2B, 2C, 2D and 2E by standard procedure. The specific
activity values from the two independent counting systems (alpha pro-
portional counting and alpha liquid scintillation counting) compare well
within 1%. The standaxd deviation obtained was less than 1%. The
accurate determination of specific activity depends on several factors
such as counting efficiency, calibration of micro-pipettes and volumetric
flasks and determination of the total plutonium content. As described
in the 'Experimental’, the counting efficiencies were determined uaing
two independent standards and these were found.to agree very well with-
in 1% of the values quoted for the standard. Electro-polished or mecha-
nically polished stainless steel planchets . uged in thie work, gave
counting rate which agreed well with the alpha liquid scintillation counting.
The efficiency was reproducible using these polished planchets. In
case of dull surface of stainless steel the counting rate was always less
by about 2% and in the case of platinum it wae higher by about 2%. This
has also been emphasised by Schneider et. all4).” The inaccuracies in
the volume measurements were avoided by weight transfer technique.

Table I shows the isctopic composition uf the plutonium samples.
The mass spectrometric method is considered to be more precise for
the isotopic analysis, but in the case of 238py, the radiometric method
is atill recommended for the accurate determination{5) since in the mass
spectrometric method it is difficult to account for 238U interference and
the limitations on the amount which can be used ag sample on account
of its very high ep. activity (about 300 times than that of 239P’u). In
order to check the complete removal of 441Am which will otherwise con-
tribute to 238Pu at 5.50 MeV peak, analysis wad carried out on synthetic
mixtures of Am241 and plutonium at tracer acale in the ratios 1 : 10
and 1 : 100. The alpha spectrum on the sample after anion exchange
purification showed that the peak at 5.50 McV ia due to pu?38 only, It
is advantageous to determine Pu240 magss p(;)ectrometricauy since usually
it ie present in comparable amount to Pu?39 and is a direct determin-
ation, whereas in radiometric method it involves an indirect determin-
ation based on specific activity and the presence of other alpha emitting
nuclides. However, the values obtained for Pu?40 in this work can be
checked with that of the mass spectrometric values in due course. An
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approximate idea of the burn-up particularly in the case of low burn-up,
is obtained from the amount of Pul4l present ), which in turn gives the
approximate amount. The direct estimation of Pu?4! is difficuit because
of its low energy beta radiation (20 keV). However, effort is being made
to standardiee the counting efficiency for the low energy beta in the
liquid scintillation counter. No detectable amount of Pu42 could be

observed in the alpha spectrum in the energy region from 4. 86 MeV teo
4,90 MeV.
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TABLE |
* Specific activity x 10-5 Isotopic composzition

Sample (dpm /pg) %

Number ~—"°@°s-s-=osmnes=ssesssesss 7770 I e
Alpha propor-  Alpha liquid Am>4l  py238 p 240 py241 py239
tional scintillation
counting tounting

I- A 1.5545 1.5499 0.019 0.010 4.2 0.3  95.47
+ 0. 0094 (7) £0.0050 (14) [0.887 [2.43]

Pure 1.5595 1.5637 0.004 0.012 4.3 0.3 9538
£0.0105 (23) 10,0002 (23) p.1a] [z.787

PuO, 1.5398 1.5554 0.015 0.011 4.2 0.3 95.47
$0.6116 (11)  +0.0042 (12) [.617 [2.57]

1-D 1.5440 1. 5425 0.016 0.011 4.1 0,3 9557
£ 0.9061 {(10) 4 0.0043 (12) [0.73] [2.56]

2-B 1.5904 1.6159 0.006 0,015 5.1 0.4 94.48
+0.0087 (15)  + 0.0067 (11) [0.25] [3.44_1

2-C 1.5834 1.6028 0,006 ©0.014 5.0 0.4 94.58
$0.0141 (1)  +0.0069 (12) [o.28] [5.37]

2-D 1.5827 1. 6057 0.004 0.014 5.0 0.4 94.58
4 0.0090 (8) 1+ 0.0110 {6) g [3.21]

2-E 1.5798 1.6105 0.00A 0.014 5.0 0.4 94.58
+ 0.0177 (8) +0.0047 (12) [0.26] [3.31]

Pure 1.6090 1. 6080

Pu(504), +0.0110 (18)  + 0.0080 (18)

B R e i T T T Tt T T e U A

* Am2H! contribution hzs been subtracted.

The number in the parenthesis ( ) indicates the number of independent determinstions,
i. e. the number of counting samples prepared from various dilutions. The value in
the parenthesisa /. 7 indicates the isotopic composition in terms of the 7% alpha activity.



-257-

OPTICAL, FLECTRICAL TRANSPORT AND DIELECTRIC STUDIES
ON RARE EARTH PERQVSKITES

G. V. Subba Rac and C. N. R. Rao
Department of Chemistry, Indian Institute of Téchnology, Kanpur

The rare earth perovskites of the general formula LnZO3 where
Z =Cr, Mnor Fe and Ln is a rare earth element or Y, form a novel
series of substances having interesting crystallographic, magnetic, dielec-
tric and electrical transport properties. All the pervoskites except the
heavy rare earth manganites are orthorhombic and LnCrOj and LnFeO;
are anti-ferromagnetic with superimposed weak ferromagnetiam. The Neel
temperatures, Ty, of LnCrO3 are low (below room temperature) whereas
LnFeO3 possess relatively higher values (~~370°C). Although the crystal-
lographic and magnetic properties of these perovekites have been well
investigated, only limited information is availahle on the optical and elec-
trical properties of these materials. In the present study we have carried
out a systematic examination of the electronic spectra (in the range 30, 000-
11,000 cm~-1), the infra-red spectra (range 4, 000-30 cm=-1), electrical
conductivity, 6~ and Seebeck coefficient, A (as a function of temperature and
oxygen partial pressure) and dielectric (hysteresis and pyroelectric current)
properties of these three series of perovskites in the form of polycrystalline
materials (and singlc crystais in some cases) not only as an aid to supple-
ment the available literature data but also to gain insight into the mechanism
of conduction in these Boiid state materials.

The elecironic and infra-red spectra of the rare earth perovskites
indicate that they are characteristic of the parent transition metal oxides
slightly modified Ly the presence of the rare earth ion in the lattice.
Characteristic variations in the observed spectra have been interpreted in
termes of the variation of metal-oxygen covslency effects of Z-O and Ln-O
bonde. The covalency of the Z-O bond decreases with increase in the
atomic number from Cr to Fe and within the rare earth series the same
trend is shown whereas Lin-O covalency seems to increase from La to Lu,
THere is some indication from the spectra that there is distorticn in the
ZO, polyhedra in the heavier rare earth chromites and manganites.

The LnZO, perovsakites (Z = Cr, Mn or Fe) are p - type semi-
conductors with conductivity in the range exhibited by the parent tranei-
tion met2! oxides (10-4 - 10-! chm-1. em=-!), but considerably higher than
thr parent rare earth sesquioxides. Among the three series, the ortho-
chromites have the highest conductivity at a given temperature. Within
the rare earth series, however, & decreases with increase in the atomic
number of the Ln as in the case of Ln-sesquicxides and the energy of acti-
vation for conduction, E,, increases. La-perovskites possess compara-
tively higher value of o~ than the other Ln-cempounds which may be due to
the departure from stoichiometry. Small ionic contribution to the total
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conductivity seems to he existing in all the perovskites presently exa-
mined. Breaks in log ¢ -1/T plots were noted at known cryetallog raphic
and dielectric transtion temperatures. The measured Seebeck coeffi-
cients ( ~ 0.3 mV/°C and almost independent of temperature), the low
E, values (0.05 - 0.25 eV), the estimated mcbilities 5 10°5 - 10-3 em?/
v, sec) and optical spectra (bands characteristic of Z3+ jon) all point to
the fast that these LnZO4 compounds are narrow band materials exhibiting
localized electron behaviour; no intrinsic conduction was encountered
upto the maximum temperature investigated (~ 850°C). For all practical
purposes, the d-electrons of the transition element control the optical
and electrical properties of theae perovekites and Lin plays only a minor

role. The conclusions are in accord with the Goodenouqh-lcheme proposed
recently,

The heavy rare earth manganites which are hexagonal and
ferro-electric showed breaks in log ¢ -1/T plots at the known ferro-
electric Curie points. In the heavy rare earth chromites we noted similar
breaks at high temperatures ( ~» 500°C) which could nat be identifiad as
invblving crystaliographic or magnetic transition; we suspected that these
may represent ferroelectric — paraelectric transitions and further in-
vestigated the dielectric hysteresis loop and pyroelectric current behaviour
as a function of temperature. The results iead to the conclusion that theee
materials are alse associated with ferroelectricity just as the manganites.
This observation, however, calls for a revision of the reported space group
for the heavier rare earth chromitesa. At present, detajled dielectric
hysteresis and pyroelectric current studies on single crystal materials
of the orthochromites are in progress in this laboratory. '

h
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THERMODYNAMICS AND KINETICS OF OXIDATION
OF Pr203 AND Tb203

5. Ramdas, K.C, Patil and C. N. R. Rao
Department of Chemistry
Indian Institute of Technology, Kanpur

Praseodymium and terbiumn oxides form a wide range of non-
stolchiometric phases, between 400-1000°C and Pg_ = 2 - 200 mm; the
compositions ranging from LnG,; ¢ - LnG,; ¢ (wheré?' Ln = Pr or Th).

The stable compositions of these oxides can be given by a general formula
Ln, Oz,.2 (n > 4) and at a constant temperature they can be expressed
as a function of oxygen partial pressure. The Pr,0, exists in two forms
C (or ¢ ) and A(or @ ). A form is a close-packed hexagonal structure
and C form has a fluorite derived cubic structure with one fourth of the
anion positions vacant.

The oxidation reaction of Pr;04 to the different stable phases can
be written as

pr01‘5 + UOZ — Pr01_5+2\) e e e ’1)

Kuznetsov and Rezukhina from their emnf measurements base on solid
electrolyte cell have reported that AS% = -26 eu/mole or O, for reaction
(i) with w=0.167. For a metal oxidation reaction

M4u+ W O, --» MQ.&V : ASC = _a4 eu/mole of O2

From the plots of RTlnpy  versus temperature for each composition

we could estimate the standard entropy change and these are found to be
roughly 25-30 eu/mole of G, for v = 0,105, 0.15, 0.16, 0.165 and

50 eu/mole of C, for V- 0.125, 0.09. It should be pointed out that

the forrner composiiions are stable ordered ptases and the latter ones

are disordered nmietastable phases. The increase in entropy must arise -
from the microstructural behaviour contributing to configurational entropy.
In the evaluation of configurational entropy the different phases are
derived from PrOZ, with fluorite structure. Because of the varying ratios
of Prit/prit , the different cations can be arranged in a random manner
giving rise to electronic disorder, whose contribution to configurational

entropy being Ascond Besides, the anion vacancies alsc contribute

elec
& Sconf In the estimation of these quantities one assumes randem

dlstrlbutai(c:m of cations and anion vacancies. This is not valid for stable
compositions since there is evidence for vacancy ordering. Thus, the
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contribution to configurational entropy arise mainly due to electronic .
disorder and hence AS® for reaction (i) with VL = 0.165 can be written
as AS®= Ag° A sconf = [32 en/mole of O,. But, in the case
of the meta-stéblg%ix‘;‘saes. wheFe C there is only a minor perturbation

of the electronic structure from the well -ordered phase of PrO , one
can expect the hormal entropy change of oxidation. Even in the case of
wustite and Nb,O5_ 4, higher entropy values are reported. Thus, we can
conclude that the entropy of oxidation from atoichiometric to non-stoich-
iometric ph&aes involve configurational factore, especially due to the
electronic disorder in such systems,

In order to understand the mechanism of gross oxidation of the
szsquioxides, we have carried cut the kinetic studies. The kinetic data
can be Intgrpreted by assuming that the reaction consists of fast initial
oxidation of the reactant, fast nucleation, slow and rate determining pro-
pagation of the product phase and fast uniphasic oxidation of the product
phase to the aquilibrium composition. The rate equation is 6f the form:

1/3
(Xeo - xt)’ =kt +c

Ceenaaen (2)

where k = - R (¥Xqp - Xt)lnlr and C = (Xap- X¢)1/3, X{ and X g denote the
compositions at time t and 9 respectively, R is the velocity of advancement
of the reactant product interphase and r is the particle radius. From our
kinetic plots, we find that the activation energy for Prp03 (C) =% FrgOg 18

smaller than for PryO3 (A) —» PrgO)y; this i what we would expect on the
basis of the defect (open) structure of Pr;04{C).

In conclusion we can say that for such grossly non-stolchlometric
compounds the configurational factors influence the thermodynamics of
reactions and that the rates of ractions are phase boundary controlled.
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THE KINETICS OF OXIDATION OF NN-DIMETHYL FORMAMIDE WITH
CERICAMMONIUM NITRATE

S. 8. Krishnamurthy and S. Soundararajan
Department of Inorganic & Physical Chemistry
Indian Institute of Sclence, Bangalore-i2

The kinetics of exidation of dimethyl formamide (DMF) with
CelV in nitric acid medium was studied by the usual titrimetric procedureﬂ)
When the DMF concentration is in (40-50 times) excess of GelY, the dis-
appearance of CelV follows a first order rate law. The apparent first
order rate constants, k' were determined in this way, varying the con-
centrations of DMF (0. 4-0.7M), acid (0,5-2. 0M} and nitrate (1-2M).
The results are shown in Table 1.

The kinetic data are consistent with the inner sphere mechanism
of formation of an intermediate coordination complex between Celv and

DMF(Z). The observed appareht rate constant k' varied with DMF con-
centration according as:

i 1
! = 3 ok K(DMF)3

where k and K are clieprogprtionation and the equiiibrium (formation)
constanis of the complex( /. A plot of % vs 1/{DMF)" gives a straight
line indicating that a 1:3 complex betweeh Celv and DMF is formed as
the most predominant species. From this plot the values of K and k

were determined.

Keeping (H') constant at iM, increase in the nitrate concen-
tration from 1M to 2M produces no significant change in the quilibrium
constant K showing that nitrate ion is not displaced from the coordi-
nation sphere of the cerate complex 4). At the same time the Epecific

rate constant k shows an appreciable change (from 4. 35 x 10-4 Sec-! in
1 MNC3~ te 3.33 x 10-45ec-! in 2 MNO3"). The retarding efiect of
added NC ;™ on the rate of reaction shows that a cerate complex richer
in nitrate is formed in solutions of higher nitrate ion concentration and

this decomposes at a rate slower than that of the cerate tomplex with
iower nitrate content. .
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At constant nitrate ion concentration (2M) increase of (H')
from 1.0 to 2, OM increasees K by about 1.5 times. Since no nitrate fon
is displaced, a reaction such as (A) 15 indicated:

Xg Ce(OH) + n (DMF) + HY == X¢.n Ce(DMF) +H,0 ...... (A)

If ahe OH~ were diaplaced fr 1 each molegule éf the complex, K would

be doubled by increasing (H .rom 1.0 to 2. 0OM. Since the increase in

K is only 1.5 times, we conclude that mpre than one cerate species may
participate in the rate determi ning step 4). The decreass in the dis-
proportionation constant k on increasing acid, is explained on the bagis of a

higher disproportionatign rate for the hydroxy cerate-DMF complex than
for the DMF complex with unhydrolysed:_cerate species,

In summary, the retarding effect of NO, and H' on the rate of
the req"ction enable us to conclude that an hydroxy cerate species (X
CeOH) imthe most reactive one while the higher nitrate cerate m irtv

(x5 CeNO,) is theleast reactive(3: 5), (X here represents coordinate N
or H;0).

The oxidation process can thus be written as:

CH P
3INN. 7 44+ fast | CHx 4+
7 Nt Ce == N-GC=0—yGCe
CH H - !
3 ' CH, H J
Complex
CH o]
3\N ) C,“\CE‘H slow CH3\N . Cllo CH s Ce3+
/g2 / ‘
CHj3 CH3
Free-radical
CH =0 c
/ N\
CH, CH, OH

CH
3 NH + cO,

CH,4
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Here for simplicity, the reactive cerate specles is represented by celt
"and coordination of only one DMF i3 shown.

That a free radical mechaniam is involved in CelV oxidatio
of organic Bubstances has been demonstrated by several authorsils 2),

The low activation energies obtained in the ‘sruent case (~18, Okcal/
mole) support the free radical mechanism(),
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TABLE- 1

The Rate Constants in the Oxidation of DMF by Celv Under

Various Experimental Conditiona

(Cel) = 0.01M Temp. = 35 § 0. 02°C
k' x 105 lee‘l at various DMF concentrations uc'l
ut NO3  o4Mm  o0.5M  0.385M 0.60M  0,70M
DMF DMF DMF ' DMF DMF
1.0M 1.0M 3. 642 6.083 7,693 9.435 13.49
1,0M 2.0M - 4. 976 6.250 T.713 10.75
2. 0M 2.0M - 2. 874 3.570 4,255 5.686
1.5M 2.0M - - . 5.204 -
0.5M 2. M - - - 9,620 -
TABLE- 11

The Temperature Dependence of the Rate Constant and the Apparent Acti-

vation energy in the CelV . DMF system

celv = 0.01M, HY - 1.0Mm, NO, = 1.0M
DMF k' x 105 sec-! st various temps. Apparent
Conen 305,20 308. 20K 316.2°K activation enzrgy
Kcal/mole
0. 40M 1. 908 3. 642 9.210 17.9
0.50M 2.884 6.083 i5. 35 18. 2
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INFRARED SPECTRA OF SOME RARE EARTH COMPOUNDS

C. R. Kanekar and V.R. Marathe
Tata Institute of Fundamental Research, Colaba, Bombay-5

and

N. V. Thakur
Chemical Engineering Division
Bhabha Atomic Research Centre
Trombay, Bombay-85

INTRODUCTION

Burvey of literature shows that conflicting eonciusions re-
garding bonding in rare earthe acetates have been yeached from the
infrared spectra of these compounds. Edward et al 1) concluded that
the t{fe of bonding in these compounde is bidentate. Soundararajan
et all2 3) recently studied the infra-red data of mono-chloracetates and
trichloracetates of some rare earths and also concluded that the type
of bonding in these compounds is bidentate. On the other hand Rao et
al(4 proposed A monodentate bonding in lanthanum acetate. A syste-

matic study of the infra-red spectra of the acetates, therefcre, seemned
necessary.

This paper reports the data obtal ned on the azymmetric and
symmetric O-C-0O streiching frequencies in the acetates, chioracetates
and salicylates of sodium, lanthanum, cerium, gadoliniui and ytterbium,

RESULTS AND DISCUSSION

Acetates: In the various acetates studied, the following facts are observed:

(Table 1). Asymmetric O-C-O stretching frequency increases in the order
acetate < rnonochloracetate <€ dichloracetate { trichloracetate
while symmetric O-C-O stretching frequency decreases in the
same order. Four possible structures, as shown below, are
possible for acetates

-5
0 % -
- C.'( M+L Q ,-o‘\ D
R \o- 8 R‘C<o-n g.cé..o, M g-c.{-.o_ M

(a) ionic (b) monodentate (c) bidentate (d) bridge type
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Following Mehrotra et al( ). the bridge atructure need not be
considered in the case of rare earths acetates as these species are <t
found to be monomeric. Structures (a) and (c) do not disturb the Cav
.. symmetry of 0-C-O group _Hence, any increase in covalency of M-O
" bond will decrease both the symmetnc and. asymmetric stretching
~frequencies for structure (c). 'On the other hand, in structire (b) Caw

- symmetry of O- C-O group will be conmderably 'altered on account of the
fact that the metal atorn ie: linked'to one.of the oxygen-atoms of the
0-C-0 group Hence. as covalency of M-O bond increases, asymme-
tric frequency should increaae while the symmetric frequency should de-
crease. The data observed for the rare earths acetates, however, show
that as covalency 'of M-O bond increases (from trichloracetates to ace-
tates) asymmetric frequency decreases and symmetric frequency incre~
ases. The results indicate a marked increase in symmetry of 0-C-O
group with increase in covalency of M-O bond. In other,words, ring
type structure (c) is favoured with increasing covalency of M-O bond.

The two factors, covalency and symmetry, have opposite effect
“on symmetric O-C-0 stretching frequency and a uni-directional effect
on asymmetric O-C-O stretching frequepcy. Hence, variations in asy-
mmetric frequencxes are quite prominent while variations in symmetric
frequenctes are small and for some of the compounds, random. The
" trend in -;ymmet,nc 0-C-0 stretching frequency from trichloracetates to
acctates shows that the "symmetry factor" is more prominent than ”
“covalency factor''. . “

For the acetates of various metals, the asymmetric O-C-0O
stretching frequency decreases in the order

. Lat3 Cet? 7 Gdt3 ~ ypt3

while the symmetric stretching frequencies are not markedly affected .

From the changes in the asymmetric frequency, it may be
concluded that the covalency of M-QO bond increases in the order

Nat < Lat3 £ cet3 < Ga*3 ~ ypt3
Saliczlates

The salicylates of lanthanum, cevium and gadolinium are of
the type

M (CgHy. OH. COO),

While ytterbium salicylate has the composition

o
Yb, (CgH,.©.CO00),.4H,0 :
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INTRODUCTION

Survey of literature shows that conflicting conclusions re-
garding bonding in rare earths acetates have been reached from the
infrared spectra of these compounds. Edward et al 1) concluded that
the t(fe of bonding in these compounds is bidentate. Soundararajan
et all2, 3) recently studied the infra-red data of mono-chloracetates and
trichloracetates of some rare earths and also concluded that the type
¢f bonding in these compounds is bidentate. On the other hand Rao et
all4 proposed A monodentate bonding in lanthanum acetate. A syste-

matic study of the infra-red spectra of the acetates, therefore, seemed
necessary.

This paper rreports the data obtal ned on the asymmetric and
gymmetric O. C-0 stretching frequencies in the acetates, chloracetates
and salicylstes of sodiurn, lanthanum, cerium, gadolinium and ytterbium.

RESULTS AND DISCUSSION

Acetates: In the various acetates studied, the folloiving facts are observed:

(Table 1}, Asymmetric O-C-O stretching {requency increases in the order
acetate < monochloracetate < dichloracetate < trichloracetate
while symmetric O-C-O stretching frequency decreases in the
same order. Four possible structures, as shown below, are
possible for acetates

._S

0 ,

2 +2% o 0- M
R~ C‘( M ~ “Ao\ 4
- No-§ R—C.<O_M R-C g ™M R-C(f.o_. M

(a) ioric {b) monodentate (c) bidentate  (d) bridge type
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Following M’*hrotra et al( ) the bridge structure need not be
considered in.the case of rare earths acetates as these species are
found to be monemeric, Structures {(a) and (c) do not disturb the Cav
symmetry of O-C-O group. Hence, any increase in covalency of M-O

.. bond will decrease both the symmetric and asymmetric streiching.
g"v"f:frequencies for structure (c). . On the other hand,_in structure (b) Cav

- symmetry of 0-C-0O group w1ll be consnderably altered on: ‘account of the
-fact that the meta.l atom is: linked to one of the oxygen atoms of the
- 0-C-0 group.’ Hence. as covalency of M-O bond increases, asymme-

' "’tnc Irequency should increase ‘while tho symmetric frequency should de-

crease, “The' data observed for the rare earths acetates, however, show
thatas covalency of M-O' boml increases (from trichloracetates to ace-
tatea) asymmetric frequency decreates  and symmetric frequency incre-
ases; The results indicate a marked increase in symmetry of O-C-O
group with increase in oovalency of M-C bond. In other,words, ring
type structure (c) is favoured with increasing covalency of M-O bond.

The two factors, covalency and symmetry, have opposite effect

- on symmetric O-C-0 stretching frequency and a uni-directional effect
on asymmetric Q-C-O stretching frequepcy. Hence, variations in asy-

" mmetric frequernicies are quite prominent while variations in symmetric
frequenc:es are small and for some of the compounds, random. The
trend in symmetric O- C-0 stretching frequency from trichloracetates to
acetates shows that the "symmetry factor" is more prominent than
"covalency factor', -

A

For the acetates of various metals, the asymmetric O-C-0
stretching frequency decreases in the order

wh’ile the symmetric stretching frequencies are not markedly affected .

From the changes in the a.symfoetric frequency, it may be
concluded that the covalency of M-O bond increases in the order

Nat < La*3 Lcet3 < Gat? ~ yp*3
Salicylates

-+ The salicylates of lanthanum, cerium and gadolinium are of
the type

M {CgH,. OH.COO0),

While ytterbium salicylate has the composition

N Yb, (CgH,.O.COO0),. 4H,0
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It is observed that in the caee of the salicylates of lanthanum
cerium and gadalinium the asymmetric O-C-O stretching frequency is
shifted to lowet WAV Atimber: and: tha® Symmeétricistretching frequency is
shifted to higher wave number compared to sodium salicylate (Table ).
It appeais that the covalency.of M-O bond increases appreciably from
sodium to lanthanum but’ thereafter in the rare earths series it remains
practlcanyrunaltered The atabtlity gonstant (log,k ) values also show
that the: atabillty of lanthanum and cerium salicylates are very nearly
equal, as reported by Cefola et a1(6),” (La: log k) = 2.64; Ce 3 log ky =
2, 66) indicating that M-O .bond has nearly the same ionicity,

" 'The O-H stretching frequency has beén observed at 3510 cm-1
in sodium salicylate; thie band shifted to 3330, 3340 and 3290 cm~! in the
salicylates of laithanum, :cerium and.gadolinium respectively. The shift
indicates that the OH group also takes part in bond formaticn through oxygen.
The data thus euggest that-salicylic acid acts as-a tridentate ligand and it
appears that ln/theae complexes, coordination number may be at least nine.

Yttez]bium salicylate is formed by replacing H' from the - COOH

group and the phenolic -OH group. Replacement of the phenolic proton
by the metal should result in a strong O - M bond since log k (phenolic H)
is quite high (11.72), This would reduce the distance between the metal
and the carboxylate oxygen, - Consequently, ‘both-the asymmetric and
symmetric O-C-0O stretcning frequencies should increase compared to
other lanthanide salicylates studied. "Exactly this has been observed.

The band observed at 3290 cm™! in ytterbium salicylate may be

due to O-H stretching frequency arising from the coordinated water mole-
cules,
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TABLE 1

0-C-0O Asymmetric Stretching Frequencies (cm'l)

Na(I) La(111) Ce(IIl) Gd(III) Yb(III)

Acetate 1560 1562 1560 1550 1548
Monochleracetate 1592 1577 1575 1563 1563
Dichloracetate 162¢ 1621 | 1618 1613 1608
Trichloracetate 1675 1669 1653 1631 1631

Na(l) La(I1) Ce(lll) Gd(III) Yb(II)
Acetate 1408 1399 1400 1416 1410
Monochicracetate 1397 1399 1395 1393 1399
Dichloracetate 1379 1381 1381 1393 1399

Trichloracetate 1351 1351 1359 1389 1389
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TABLE II

Infrared Data for Rare Earth Salicylates

R e i i T e T TR L 1 Gy,

0-C-0O stretching Frequency (cm'l) O-H stret-
symmetric symmetric ching fre-
quency (em” )

W e M e e m e e e e e R e e TR W R Y e W WP M YD YR M G B R M W W M W W M S Gm Em A AR M e A e N e R e oW W

Sodium salicylate 1575 1370 351G
Lanthanum salicylate 1550 1379 3330
Cerous salicylate 1550 1383 3340
Gadolinium salicylate 1550 1379 3290
ytterbium salicylate 1600 1393 3290*

o - o = Er = e =t T e = am am mn e e s M e M Am A B M M R MR M M T e T W W e W W T ST ® o m e e ® = W - -

* Due to water of crystallization.
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MULTIDENTATE AZOMETHINE COMPLEXES OF THORIUM (IV)

R

N.S. Biradar and V. H. Kulkarni
Department of Chemistry, Karnatak University, Dharwar, India

The recent publications on the azomethine complexes of
thorium (IV)(1-4) have given an impetus to publish some of our results
in this field.

The complexes were prepared by the reaction of a slight excess
of azomethine with Th‘Cl4 in absolute ethanol. The mixture waa heated
at 70-80°C till the soivent vapourised away. The temperatwr e was raised
to 180°C and heating was continued till the evolution of HCl gas ceased.
The product wae cooled, extracted with ¢thanol, filtered and dried over
fused calcium chloride.

The complexes are sparingly soluble in DMF and DMSO. Their
limited solubility in the organic solvents did not permit us to determine
the molecular weight. The elemental analyses (Table I) correspond to
the composition ThCl,(L) where LH, stands for the ligand. The complexes
behave as non-electrolytes in DMF. However, in view of the hexa-
covalency of Th(IV) these can be regarded as octa-hedral. m
Electronic Spectra - The figures I and Il show the plots of log €
values against wavelength in mp  of the ligands and the complexes.

The intense bands in the region 300-380 mpu (Fig. I) of the
ligands are replaced by more complicated bands of varying intensity
when they are coordinated with the metal ion (Fig. 11). The spectra of
the complexes do not resemble thr spectra of the ligands. This can be
taken as an evidence fur the complex formation.

The band in 'he region 240-260 mp appearing in thz ligands as
well as in their comploxes can be considered as z T -7  benzenoid band
in view of the assignment made by Chatterjee and Douglas(s).

The spectra of the ligands show an ingrease in the intensity of
absorption as we replace CHZ-CH2 hydrocarbon bridge successively by
phenyl, biphenyl and biphenyl sulphide systams (Fig. 1). In the complexes,
the same trend is maintained excepi bis (salicylidene) pp'-diaminodipkeny
sulphide complex (Fig. iI), which falls betwzen bis (salicylidene)-s:-
phenylinediamine and bis (salicylidene) benzidine complexes. This may
be due to the weak coordination of sulphur with thorium.
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Infrared Spectra - The ympertant infra-red frequencies and their
assignments arc given in Table II.

A strong band arcund -~ 1610 cm-1 aseigned to the C = N stre-
tch of the free Schiff base(®) jg observed in the region 1615-1598 ¢cm-} in
the complexes, The siight shift observed in the frequency suggests the
coordination through the azomethine-nitrogen.

The broad band in the region 2800-2600 cm-l assignable to the
intra-molaecular hydroeren bonded -0H(7:8) ts not observed in these com-

plexes. This prover that the hydroxy groups of the ligands have taken
part in the complex formation.

600-250 ecm ! Region

In this region one would expect to find the vibrational modes due
to the M-N, M-O and M-C}, stretchings. However, the bands appearing
due to the ring deformation vibrations complicate the band assignments.

M-N Stretching - In these complexe:. two bands appearing in the region
580-550 cm~! are assigned to the M-N stretching vibration. It appears to

us that the band appearing between 580-560 cm=l is scusitive to the ligand
size.

M-O Stretching - The mredium intensity band in the region 450-420 cm™}
is assigned to the Th-O stretching vibration in view of the assignments
made by the other authors{?-14), We observe regular increase in the
Th-O stretch from bis-(salicylidene) ethylenediamine Th (IV) to bis-(Sali-
cylidene)-pp'-diam:nodiphenyl sulphide Th {TV). This change in frequency
may be due to the increase in the size of the complex.

M-Cl Stretching - We have assigned a medium intensity band around
360 ecm~! to the Th-Cl stretching vibration. This agrees well with

the assignment made by others(14-16) 1t is obvious from Table II that
there is no considerable change in the Th-Cl stretching vibration. This
leads us to the conclusion that the oxidation state of the thorium and the
coordination number have not been affected.
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ABSORPTION SPECTRA OF THE LIGANDS

BIS (SALICYLIDENE)ETHYLENEDIAMINE .
BIS (SALICYLIDENE)-0-PHENY LENEDIAMINE,
BI1S (SALICYLIDENE)BENZIDINE,

B1S (SALICYLIDENE)-pp'-DIAMINODIPHENYL SULPHIDE.

Fig.U

ABSORFPTION SPECTRA OF THE COMPLEXES

BIS (SALICYLIDENE)ETHYLENEDIAMINATE Th (IV).
BIS (SALIC YLIDENE)-o-PHENYLENEDIAMINATE Th (IV).
BIS (SALICYLIDENE)BENZIDINATE Th (IV).

BIS (SALICYLIDENE)-pp'-DIAMINODIPHENYL SULPHIDE Th (IV)



TABLE 1

Elemental Analysis %Th % N % Cl
Calc. Found Calc., Found Calc. Found

D e . L X I T R O I R A L I IR IR I R I A I e B I I

1. bis (Salicylidene}

Ethylene diaminate
Th (1V) 40.70 39.52 4.92 4.56 12.48 12.12

2. bis (Salicylidene) -

o-phenylene diami-
nate Th (IV) 37.60 37.00 4.54 4.6! 11.51 10.95

3. bis (Salicylidene)-
benzidinate
Th (IV) 33.48 32.5 4.04 4.15 10.24  9.38

4. bis (Salicylidene)-
pp'-diamino-diphenyl
sulphide Th (IV) 32.01 31,02 3.86 4.05 9.79 9.02

TABLE II

Inirared Frequencies (in cm’l) of
the Coinplexes

VC = N , VYTh-N, YTh-O. VTh-Cl
1600 s 560 s. 420 m 360 m. br.
1598 s, 580 s 430 m. 365 m. br,

550 m
1610 sh. 580 m:. 435 m. 360 m. br.
160C s, 550 m.
1615 s. 590 s, 450 m. 365 m.
570 s.
V= stretching. £ = strong
m=medium. w = weak

sh = shoulder. br = broad

yLz2-
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TEMPERATURE DEPENDENCE OF FLUORESCENCE SPECTRUM IN
URANYL 50OLUTIONS

Hari D. Bist
Department of Physics
Indian Institute iof Technology, Kanpur

The chemistry of uranyl solutions is complex and hence interesting,
A number of physio-chemical m\restigationa(l) based on potentiometric
and conductometric titrations: pH, cbulioscopic and cryoscopic measure-
rnents, and extinctiometric and thermochemical studies have helped in
eatablirhing the presence of various anionic complexea (at low pH and high
uranyl concentrations) and poly-nuciear hydrolytic species {at high pH and
low uranyl concentrations) in these solutions. Pantand Khandelwal(Z)
have correlated the various spect ral changes in the fluorescence and
absorption spectra at roomn temperature with the ionic 8specics present
under specific cxperimental conditions. A close connecticn has also been
established between the room « temperature and snap-frozen liquid-nitrogen
temperature absorption and fluorescence spectra of these solutions over a
wide range of variations in their pH and concentrations(3 4

More detailed quantitative studies were considered necessary to
confirm the obscrvations(3) that for a solution of given pil and concentra-
tion the spectrum depended not only upon the temperature but also the o
manner in which the solution was brought to that temperature.

While studying the fluorescence specira - with a monochromator,
931A photomuitiplier and galvanometer arrangement - of the urany!
solutions kept in thin-walled test tubes, a particular lernperature could be
attained by seven different methods: {1) Snap-freezing from rcom-temp-
erature (RT = 25°C) to any temperature, ©, in general and to the liquid
nitrogen temperature {(LNT = -1939C) in particular, (2) Slow cooling
irom RT to LNT, (3) Slow warming of a snap-frozen solutions from LNT
to RT, (4) Slow warming (upto RT) of a solution previonsly slowly cooled
to LNT, (5) Slow warming of a snap-frozen solution to an intermediate
temperature, ©, and again rapid snap-freezing to LNT, (6) Warming of
a slowly cooled solution to an intermediate temnperature, &, and sub-
sequently, recooling rapidly to LNT, and (7) Slow-coocling to an inter-
mediate temperature, ©, with subsequent snap-freezing to LNT.

A typical dilute (O. 2M) solution of uranyl nitrate hexahydrate
{abbreviated UNH hereafter), shows ¢ and Y bands attributed(4) to
the UO;{H ion and the- species(s) UO;_OH+. respectively. On raising the
temperature, the changes taking place in the spectrum are the following:
(a) The overall intensity is associated with the intensities of of and ¥ %
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series of bands, (b) The temperaturc-mtenqny (T- I) curves for ¢l bands -
show three peaks - P;(-75°C), P,(-20°C) and P3(-2°C, melting point),

(c) The T-Icurve for the Y bands also shows thrce humps - H,(-120°C),
H(-60°C) and Hé( -29C) - but their intensity is vanishingly sm.all in the
range -359 to -57C. The changes for more concentrated solutions are
almost sirnilar Lo thoee described here,

A curve showing the variation of temperature, 7, with time, t
taken during warming of a snap-frozen 3.5M aqueous solution showed
three discontinuities: K ( 3°C), indicating an exothermic change, K 5(- 20PC)
indicating an endotherrmc change, and K, {(-17°C) corresponding to mnltmg
in this case. The correspondence between Ky and the stcep fall in ¥ band
intensity and also between Kz and pcak P, in d_intensity is established

A snap-frozen UNH melt, which forms txansparen. glaosry minss at
LNT, gives prominent o{’ bands (attributable to UO NO3) species) in the
absorption spectrum, while j n fluorescence it gives [5 and bands corres-
pondirng to UOZN03 and UO,  species respectively. During warming of
this eample, the disappearance of [» bands, after hump H, in T-I curve
curve (-60°C), is slower as compared to the disappearance of 'y bands
In dilute solutions. One extra stage in the spectrum before the exclusive
appearance of the J\ -series of bands is the prescnce of & bands even in
fluorcacence near -30°C., The spectrum of snap-frezen melt is indicative
of complex-formation mechanism in UNH for its melting in contraat to
the alternative model of crystal-lattice expension, which may be applicable
for molten uranyl perchlorate.

During slow cooling, the intensity rises only after -40°C where
an endothermic trans{ormation takes place which could be confirmed by
a T-t curve during this process. After this change at -40°C, the spectrum
at LNT consists of resolved solid like B-C componmls(6) along with the
prominent ¥/ bands. During warming of this slowly cooled solution, only
the  bands are present in the temperature range -359 to -20°C. The
hystrresis type loop for the variation in the intensity of A band.: in this
temperature range may be associated with the stabilizing action of ur ny!

ion (well settled in the cavities of large polyhedra formed by Jays v of thn!
péntagonal dodecahedra, rach of which is composed of 20 water niolecule ")
in the clathrate hydrate type structure of solid crystalline water. _.his

view seems to bc supported by other methods of attaining a particular
temperature mentioned in an carlier paragraph.

The author's thanks arce duc to Prof, D. D, Fant for his kecen
interest on the problem and to the C. 5. L. R, for financial assistance.
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SOME NEW COMPLEXES OF URANIUM(V) CHLORIDE

Ram Chand Paul, Gurdev Singh and Mangal Singh
Deparitment of Chemistry, Panjab University, Chandigarh-14

A few compl exes of uranium(V) chloride with SOC1,, SOC12(14);
PCl.. UCI,.PCI(3-6); phosphine oxides, UCI .(C¢Hy);PO &nd UClg,
(Caa”):’Pa“) and trichloroacrylylchloride, UCl,. CCl, = CCICOC! (3)
have been reported in literature, Hexachlorouranate(\/% compounds of
the type MUCl, [ M = Ca% MeyN*, Me,H,N*, PhyAs*, Rb* and
(nC3H7)4N+J and an octachlorouranate(V) compound, (Me4N)3UC1418)
have also been characterised. We report the preparation of nineteen
new stable complexes of uranium(V) chloride with nitrogen donor
ligands such as pyridine, quinoline, isoquinoline, o -vicoline and
P -picoline and oxygen donor ligands such as anthrone, benzalanthrone,
benzil and dioxone. These complexcs have been characterised through
the study of their ESR, reflectance and infra-red spectra and magnetic
susceptibilities.

A stable solution of uranium(V) chloride in SOCl;, obtained by
refluxing UO3 with SOCl,, was uéed as the starting material. The com-
pounds of the type UCl52 nitrogen base and UCl;. 3 nitrogen base (Table I)
have been isolated by the dropwise addition of nitrogen base to an ice-
cooled solution of UClg in SOCl,, followed by the addition of dry petro-
leum cther (40-60°), when solid compounds separated out. In the case
of 1:2 compounds, UCls and the base were mixed in the stoichiometric
ratio, while for 1:3 compounds a {ive to ten fold excess of the base, with
respect to UClg was added, Since & and f picolines reacted violently
with thionyl chloride they were diluted with 50 times their volume of dry
CCl, before addition to UCl, solution. As the UCl; compounds are
highiy susceptible to decomposition by moisture, all the manipulations
including filtration and drying, were carried out in completely dry atmos-
phere.

In the case of oxygen bases reddish brown solid complexes
having UClg: base molar ratio 1:1 and 1:2 were i solated when ice-cooled
thionyl chloride solutions of oxygen bases and uraniuni(V) chloride in
correct stoichiometric quantities were mixed followed by the addition
of dry petroleum ether, With dioxane, however, a 1:3 compound was
formed (Table I).

All the compounds reporte.’ above are stable under anhydrous
conditions, However, they disproportionate instantaneously giving
rise to greenish yellow solids on exposure to moisture. The complexes



-280-

are in-uluble in most of the common non-polar organic solvents but
are £t »le in formamide and dimethylformamide giving organge red
soluticns which immediately change to greenish yellow due to diapro-
portionation of uranium(V) into uranium(IV) and uranium(VI). Thermo-
gravimetric analyses show that the compounds start decomposing just
above room tempcrature and on heating, continuously lose weight till
they are converted to U3Og at about 500-520°C.

Varicus workcrn(z' 3.6,7,8,9,10) have studied the absorption
spectra of uranium(V) complexes in solution. From a study of the absor-
ption spectra of a large number of uranium(V) complexes, Bagnall(ﬂ
has concluded that in the range of 16,600 to 11, 000 cm=! uraniurm(V) shows
only one characteristic peak (11,500 - 11850 cm=1 ) for various solutions,
The presence of amall amounts of uranium(lV) is, therefore, readily
detected by the appearance of peaks around 15, 000 cm-l, The reflect-
ance spectra of UClg. 2 pyridine; UClg. 3 pyridine; UClg. 2
quinolinc; UCXS. 3 quinoline; UClg. 2 isoquinoline; UClg. 3 isoquinoline;
UCl.. anthrone; UClg. benzil and UClS. 3 dioxane show strong absorption-
pcaks in the region 11,500 to 11, 900 cm'l, thus proving unambiguously
that the complexes arc genuine uranjum(V) complexes,

ESR measurements on UClg. 2 pyridine; UClg. 3 pyridine; UClg. 2
quinoline, UCIS. 3 quinoline, UC]S. 2 isoquinoline, UCIS. 3 isoquinoline,
UCY. henzil and UCL. 2 henzanthrone produce extremely broad signals at
5955, 59.°, 5340, 2715, 215, 5875, 5970 and 61205420 gauss at liquid
nitrogen temperature and the 'g! values calculated are 1. 124, 1.129,
1.129, 1,120, 1.'29, 1.138, 1.122 and (1,11 and 1. 25) respectively.
These 'g' values may b compared with average 'g' values of 1.1 for
powdered samples of UCl. SOCI;, UCls. PClg and RbUCI,(3). The
agreement of the latter values with our experimental values give further
support that the cormpounds are definite uranium(V) complexes and are
not equimolar mixturc of U(IV) and U{VI) complexes.

The infra-red spectra of uranium(V) chloride complexes with
nitrogen bases in the region 400-4, 000 cm-l indicate that al} the nitro-
geén atoms of the base molecules are coordinated to uranium atom of
UClg. Thus, in these complexes uranium atorn may be seven or eight

coordinated according to the numnber of base molecules complexing with
UCl..
5

A study of the infra-red spectra of the anthrones and their
complexes with UClg in the region 1700-1500 cm~! shows downward
shift; . the carbonyl stretching frequencies, which suggests the

coordinate of carbonyl oxygen of the anthrones to the uranium atom of
UCls.
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Magnetic sueceptibility meaeurements on hexachlorouranate(V)
'complexu( - and UClg, triphenylphosphine oxide complex(-’) have besn
reported in literature. The compounds show Curie-Weiss dependence
with very large values of @, Magnetic susceptibilities of UCl;. 2 pyridine,
UClg. 3 pyridine, UClc.2 quinoline, UCls. 3 quinolir,. UCIl;.2 isoquino-
line, UCls5.benzanthrone, UCl;.2 benzanthrone and UCls. benzil from
86°K to 300°K show Curie-Weiss dependence with large values of the
Weiss Conntant, @, namely, -416, -416, -147, -168, -98, -132, -184
and -44 respectively. Magnetic susceptibilities of UClg. 2&-picoline,
UClg. 3 -picoline, UCl5. anthrone, UCl;. methylene anthrone an? UCL,3
dioxane were measured at room temperature only, giving M (efg) values of
1.703, 1.792, 1.923, 2.182 and 1. 658 B. M. respectively. These values
of magnetic susceptibilities of uranium(V) ions can be compared with
1.73 B. M. calculated for the spin only paramagnetism, 1,56 B. M. for a
6d! configuration and 2.54 B. M. for a 5¢l conﬁgurnﬂon“’. Conductome-
tric titrations of solutions of UClg in thionyl chloride against the solution
of nitrogen bases in thionyl chloride have also been carried out. The
curves show sharp breaks at UCl.: base molar ratio of 1:1, 1:2 and 1:3
indicating the existence of anionic species UClg, UCI%' and UCIB‘.

TABLE-I

Uranium(V) Chloride Complexes with Bases

S. No. Complex S, No. Complex
1. UClg. 2 pyridine 11 UCl5. Anthrone
2. UCl;. 2quinoline 12 UCl,. Benzanthrone
3. UClg. 2 isoquinoline 13 UCls. Methyleneanthrone
4, UClg.2 & -piccline 14, UClg. Benzalanthrone
5. UClg.2 f-picoline | 15, UClg. Benzil
6. UCl;. 3 pyridine 16. UCls. 2 Anthrone
7. UClg. 3quinoline 17. UCls.2 Benzanthron
8. UCls. 3 isoquinoline 18, UCls. 2 Benzil
9. UClg. 3 x-picoline 19. UClg. 3 Dioxane

10. UCls. 3 i -picoline
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LABORATORY INVESTIGATIONS IN NON-AQUEOUS PROCESS
CHEMISTRY

A.V. Hariharan, D. D. Sood, S.P. Sood, Rajendra Prasad and
R. Sampathkumar
Radiochemistry Division, Bhabha Atomic Research Centre
Trombay, Bombay - 85

l. INTRODUCTION

Halide volatility and pyrochemical methods of fuel reprocessing
are being investigated at a number ot laboratories for application to a
variety of uranium based fuels{!-4), Chlorination volatility processes
have been explored for their application to a variety of fuels, but no com-
plete fuel reprocessing scheme utilising the volatility characteristics of
higher chlorides of uranium has been reported. Feasibility of such a scheme
has been demonstrated by present laboratory scale investigations on 'rho,_-

UC; and UOZ - PuO» *vpe  fuels. Details of this investigation are reported
elsewhere (5-8),

Fyrochemical processes coneist of high temperature non-zqueous
procedures for the decontamination and recovery of fissile and fertils consti-
tuents in irradiated reactor fuels. These procesaes have been used fot the
reduction of oxides like 'rhoz(" and UOZ(IO) and at present a salt-transfer
process, for reprocessing UO, - PuO; type fast reactor fuels is under deve-
lopment. (11), Possibility of reprocessing ThO; - UO; type fuels by such
methods is being investigated and some of results obtained are reported here.

2. PROCESS CHEMISTRY

2.1. Chlorination Volatility Process

ThO,, UO; and PuO; can be converted to chlorides at reasonable
rates by chlorinating agents like chlorine-carbon tetrachloride gae mixture
at 500-606°C. Under such conditions it is expected that most of the con-
stituents of irradiated fuel will be converted to chlorides and the highest
chlorides stable at chlorinating temperatures would be present. Large
differences in the volatility of these chiorides form the basis of the separa-
tion procedure. Boiling peints and vapour pressures at 700°C, 500°C and
300°C for some of the pertinent chlorides are presented in Table1(5,12, 13),
Chlorides having different volatility are separated by use of refractory
alumina filter bads maintained at controlied temperatures. Separation of
UCls - UCly from fission product chlorides having high volatility has been
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achieved by reactions {n heated sodium chlcride bed. It has been observed
that UClg - UClg vapoure in the chiorinating gae stream are effectively
retained by Nafll bed at 250 - 3100°C, in a sharp orange red band, possibly
as 2 binary coinpound NaUCL6 8). The orange compound can be converted
to a green compcand UCly. 2 NaCl, by direct reduction with hydrogen or

by pyro-hydrolyeia and rechlorirailon. The green compound is highly stable
and does not give off any volatile species of uranium upto 600°C even in the
presence of strong chlorinating agents. These data have been used for de-
veloping the separation procedures,

Chlorination of UO, - PuOZ fuels i8 complicated by the reaction
indicated by equation (1)

PuCl, (s) + écxz (g) = PuCl, fg) ......(1)

At high chlorinating temperatures an appreciable amount of plu-
tonium is carried by chlorine ae PuCl, and is retained in NaCl bed. Chlo-
rination at a lower temperature, which was possible when UO., was con-

verted to U304, has been used to avercome this problem. As UO,; - PuO,
solid solutions having less than 20 wt pct PuO,, could be easily oxxdised to
U3045-Pu0O, mixture, further work has been carried out using such mixtures.

2.2. Pyrochemical Processes

For reduction of reactive metal oxides eg. ThOZ(g). uo (10) in
liquid metalfused salt media, the oxide, suspended in a molten halide flux, -
is contacted with liquid metal by constant mixing at about 800°C. 7The liquid
metal is normally an alloy of a reductant metal e.g. Mg and a solvent metal
e.g. Zn. The reaction {for the process is given by the equation (2),

UO, (flux) + 2 Mg (Zn) - U (Zn-Mg) + 2 MgO (flux) .......... (2)

The rate and extent of this reduction depends on the activity and
so6lubility of reduced metal in the liquid alloy, and on the composition of
the salt. By suitably sclecting the media it may be possible to work out
a separation procedure for ThO, - UO, type fuels. Rare earths and
alkaline earths fiasion products, by virtue of their highly electropositive
nature, prefer the salt phase in such a process and can be separated.

Another method for reprocessing oxidic {fuel materials could be
selective dissolution in certain molten salt media. In the present investiga-
tion, chlorination of ThO, and UO, in MgCl, - KCI eutectic melt is being
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studied.

3. RESULTS AND DISCUSSION

3.1. Chlorination volatility process

A Cl, - CCl, - N2 mixture in the ratio of 4:1:1 was found to be an
¢fficlient and clean chlorinating gas for oxidic fuel materials. Complete
chlorination of ThO, - UO, was achieved at 700 - 750°C. Chlorinating
gases carried the '1%1014 and UCl5 - UCl6 vapour onto the filter and sorpticen
beds. ThCl, could be filtered off by an AIZO3 filter bed at 300 - 350°C,
Another filter bed at 200 - 250°C prevented any carry over of ThCl, to NaCl
bed. UClg - UCly were quantitatively retained in NaCl bed at 250 - 3000C.
Fission product behaviour under similar conditions was studied by chlori-
nation of inactive simulated fission product material tagged with tiacer
activity, It was observed that rare earths, Ba, Sr etc. remained as resi-
dues in the chlorination zone, caesium and ruthenmium clorides were held
up in A1203 filter bec at 300 - 350°C and ZrCl4, MoCl5 and NbCl_ passed
through the two AIZD3 filter beds, onto the NaCl sorption bed. oClg and
NbClg were not retained in MaCl bed. In the case of ZrCl,, quantitative
sorption took place with the bed at 2509C while at 300°C more than half of
ZrCl, leaked out. Protoactinium behaviour was checked by chlorination of
Pa23302 precipitated with various carriers such as Nb, Zr, Ce, Th and U,
under the same experimental conditions. Essentially, all PaCl. transpired
ontc the sorption zone and was retained in NaCl bed at 250 - 3000C. Partial
hold up of PaClgs was observed when the filter bed II temperature was less
than 2500C,

Based on these observations, experiments with irradiated ThO, -
UO, were carried out with chlorination zone at 750°C, Al,04 bed I at
3500C and Al04 bed II at 250°C and NaCl sorption bed at 250°C. Over
99 pct. ThCl, collected in filter bed I and more than 90 pct. UCl;-UClg
was absorbed in NaC] bed. Thorium and uranium fractions were subjected
to secondary purification. ThCl, was purified by distillation in a stream
of chlorinating gas and use of Al,04 filter beds at 7000C.and 500°C. Uranium was
purified by converting UCI..NaCl to UCl4.2NaCl by pyro-hydrolysis at
30Q°C and rechlorination at’500°C. The decontamination factors are given
in Table II.

In the case of U308-Pu02. mixtures containing 1 to 17 wt pct
PuO2 were studied with chlorination zone at 350°C, A1203 filter bed at 200°C
and NaCl bed at 300°C. In experiments with irradiated U30g4 mixed with
PuO, and inactive fission product material, all fission products except Nb,
Mo and Zr stayed in sample boat with plutonium. NbCls, l‘v‘loC‘.5 and ZrCl
accompanied UClg-UClg onto NaCl sorption bed. Secondary purification
of uranium was carried out in the manner described earlier. Recovery and
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purification of plutonium fraction was not tried. The decontamination
factors for uranium arc listed in Table III.

4.2. Pyrochemical Processes

Reduction of U30g and ThO; in MgCl, - 5 mole pct MgF, by Pb - 10
wt pct Mg were carried out in a tilt pour furnace(14). The experiments in-
dicated very similar reduction behaviour for U3O and ThO,. Also, the
solubility of uranium and thorium in the alloy was observed to be lower by
a factor of bur, than in pure lead; and it was felt that this system could not
be used for separation procedure. During reduction of ThOZ-IO wt pct
U30g mixture with Zn-10 wt pct Mg alloy using MgCl,-5 mole pct MgF,, as
flux it was observed that 80% U308 gets reduced in 10 minutes where as
only 30% ThO, is reduced in the sarnc time. At present the solubility of
U + Th in Zn-Mg solutions is being studied, as a function of magnesium
concentration, at various temperatures. The data for solubility in Zn-10
wt pct Mg and Zn-20 wt pct Mg is presented in Table IV, It is seen that the
solublility of Th in Zn-Mg sclutions is higher than that of uranium. Also,
the solubility of thorium increases with magnesium concentration whereas
the solubility of uranium decreases and it may be poseible to preferen-
tially precipitaty uranium from these solutions.

In the study of chlorination of oxides in MgClZ - KCl melts, it was
observed that sintered UG, and ThO, do not dissolve in the salt, to any appre-
ciable degree, at 650°C. Addition ozf graphite to the salt increased the
chlorination rate of sintered UQ,, and upto 40 pct UO_ could be dissolved in
salt in four hours at 650°C. By addition of active chatcoal in the salt,
melt upto 70 pct UO, would be chlorinated in the same time. Dissolution

rates of sintered ThQC; in presence of reducing agents and that of ’I‘hOz-UO2
solid solutions will be investigated.

5. CONCLUSIONS

Reasonable decontamination factors obtained in laboratory investi-
gations of chlorination volatility process indicate that such a process could
be developed. It is expected that the decontamination factors will improve

in scaled-up experiments. Preliminary results on pyrochemical investi=-
gations show hopeful trend.
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TABLE 1

Yapour Pressure of Chlorides

.....................................................................

Boiling /sublimation YVapour Prtlaur._!_l_t mm [‘!.
Chlaride point 7100°C 500°C 300°C
oC
Thel, 92 to.8 4.0x10°%  5.9x10°9
PaCly 7 » 760 520 4.6
Ucty LTy »1760 510 é.b
uch, n > 760 »160 » 768
PuCly 1130 1. 1x10"3 2.0x10-8 T.9x10°%
EeCl, 1] pALL) > 160 128
NbCly 247 »760 >760 >760
MaCly 150 »780 >740 >760
IaCiy 19 160 760 0.1l
CsClg 1300 0.70 2.0x10-3 6.3x10-8
RuCl, decompones 0.30 3, 1x10+3 3. 4xl0-12
RhCly decompoens 2. 0x10-4 1. 7x10-% 2.5x10-17
BrCly 2027 3. 5x10-7 2.5x10-11 2. 3x10-18
BaCl, 2100 1.5x10"3 1. 6z10-9 1, 8x10-16
CeCl, 1730 1. Txio-4 6.8x10-9 1. ox10-16
adcy, 1580 1. Tx10-3 ).5x10°7 8.3x10"15
TABLE 11
Decontamination Facters for 1 hrorjum and Uranium
in ThO; - UD, Processing
Thorlam Fraction Uranium Fraction
Activity Primary Distillation Primary Rechiorination
Separation Purification Separation Puriflcation
Gross 2 x10% 42104 - "
Gamma
Gross 20 axi0d - 6y
Beta
Ce 1.6 9x 102 104 104
Ba 1 x 102 103 103 104
Hu 1.3 10? 20 -
Zr 6 xto? 104 1.8 322102
Nb in10? 104 50 103
Pa 2 x 102 T 1.5 51
u 25 103 - -
T - . . 5 x 103 3 x 103
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TABLE il
Decontamination Factors for Uranluym in UJQB'P“OZ Processing

Activity Primary Separation Rechlorination

e mmecmmeecmeeem—n—————— rveammsescerraneeaciurification
Gross Gamma 6.7 4.7x10°2

Gross Beta‘ - 2.8x10%

Zr 14 z.1x103

Ce i.4x103 5.1x 103

Fa 2.7 62

Pu 2.0x 103 2.0x 103

TABLE [V
Solubility of Uranium and Thorium in Zinc-Magresium Sojutions

------------------------------------------------------------------

Mg. Conc. Solubility wt. pct.
wt pct Solute Temp °C
650 700 750
10 u 0,23 0. 31 0. 47
Th 0. 31 0. 431 2. 15
20 U 0.35 0. 37 0. 38
Th 2.22 4.74 6. 55
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SPECTROGRAFHIC DETERMINATION OF SOME LANTHANIDES
AND ACTINIDES IN ITRANIUM AND PLUTONIUM

B. D, Joshl and B. M. Patel
Bhabha Atomic Research Centre, Bombay -~ 85

INTRODUCTION

Certain rare earths have high capture cross-section for thermal
neuirons. The maximum permissible amounte of these in nuclear fuels
like uranium and plutonium are in the range 0.04 to 0.1 p. p.m. Emis-
sion spectrographic methods are suitable for their estimation in thie
range.

The s=pectra of uranium and piutonium are complex and their
lines interfere with the weak lines of impurities. Hecnce in the methods
adopted, the rare earths are separated from uranium or plutonium using
ion-exchange or solvent extraction methods. The separated rare earths
are then estimated by emission spectrographic method using d.¢. arc
or a.c. spark.

The "Copper-spark' and the "Graphite spark” methods(l' 2) have
higher sensitivity compared to d.c. arc method. In spark methods
sensitivity becomes low and estimation errors become large in the pre-
sence of other elements. A “carrier distiliation" method reported by
Radwan Z. et al.(3), using CsF carrier and d. c. arc gives sensitivity
romparable to the snark methods, This paper describes the results
obtained with the LiF-AgCl carrier and its use for analysis of rare
earths in uranium and plutonium.

PREPARATION OF CARRIER -BUFFER

Specpure LiF, AgCl and graphite powder in the proportion 1:1:2
were ground in an agate mortar. The difficuity in grinding was overcome
by moistening the mixture with a small amount of liquid nitrogen.

After grinding, the mixture was dried under infra red lamp.

PREPARATION OF STANDARD SOLUTIONS

Specpure rare earth oxides were used for preparation of standard
sclutions. The rare earth oxides were ignited prior to dissolution in 3IM
HCI for the preparation of individual stock solutions. Two sets of seven
standard solutions were prepared from these in the concentration range
0.01 to 1.0 microgram for 20 microlitres. An aliquot of 20 microlitres

of the first set of standard solutions contains varying amounts cf rare
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earth elements and 0.5 microgram of thuiium, which serves as internal
standard. An aliquot of 20 microlitres of the second set of standard so-
lutions contains 0.5 mg of lanthanum in addition to the elements mentioned

in the first set. The first set of standards is used for plutonium samples.
The second sat is used for uranium samples.

CHEMICAL SEPARATION PROCEDURE

(a) Preparation of Uranium Sample

2.5 micrograms of thulium internal standard element are added to
5 g uranium solution prior to the separation of rare earth elements using
cellulose pulp and ether-nitric acid mixture(2:4:5,6), The rare earths
adsorbed on the cellulose column are isolated and finally precipitated
as hydroxides using Janthanum carrier and ignited to oxides. The oxide
sample is diesolved in 1 ml con. HCi with addition of a few drops of
dilute HF. The sAmple solution is evaporated to dryness and dissolved
{n 200 microlitres of 3M HCI.

{b) Preparation of Plutonium Sample

2.5 micrograms of thulium internal standard are added to 100 mg
of plutoniurn solution bel)ore separation of lanthanide impurities by anion
exchange separation\’’ 8), using Dowex 1 x 4(20-50 mesh) resin and
7.2M HNO3. The effluent containing rare earths,U and Am is evaporated
to dryness and finally dissolved in to 200 microlitres of 3M HCI.

SPECTROGRAPHIC PRGCEDURE

An aliquot of 20 microlitres of each standard is loaded on gra-
phite electrode containing 19 mg charge of carrier-buffer in the elec-
trode crater, after wetting it with a drop of ethanol. It is then dried
under af infra-red lamp. 40 microlitres of the sample solution are
loaded on the graphite elactrode already containing 10 mg charge of car-
rier buffer and dried.

The spectra of standard and samples are photographed on the
Hilger 3.4 M Ebert spectrograph with 30, 000 lines per inch grating
blazed at 1 micron. The spectra are recorded in 3160 - 3500 A region
at a diapersion of 0. 65 A/mm in the third order, on Kodak B-10 plates.
Ult ra purity graphite electrodes of diameter 4.8 mm and 3.2 mm are
used an sample and counter electrodes respectively. The spectra are
photographed with an exposure of 60 seconds and 12 micron slit width
ueing 13 amp current.
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RESULTS

The detection limits of tha rare earth elementa uaing Li32C03,
NaCl and LiF - AgCl carriers are shown in Table I. The sonsitivities
with the LAF - AgCl - graphite powder carrier - buffer arc fanwnd to be
the highest. The analysis lines of the rare earths, the detection limite
and the range of estimation are shown in Table II. Table IIT thows the
detection ilmnite cbteined by this metkzd, in comparisou with those re-
ported in the literature. It is observed that the detection limits by the
present method are lower for the elements Dy, Ho, Er, Yb and Lu com-
paréd to copper spark detection limits, which are lowest limits reported.
As compared to the detection limits by CsF carrier method, the detec-
tion limits by this méethod are lower for all elements except Sm. The
detection limits for Am and U wera found to be 0.1 microgram. The
standard deviations of the estimations rangeé {roem 8% to 14%. A typical
working curve is shown in Fig. 1.

In the chemical separation methods adopted, it {s observed that
emall amounts of commeon impurities like Fe, Ca, Al, Mg, St and U,
Pu follow the rare earth elements. - !{ence, the influence of these impu-
rities on the intensities of rare sacth lines was investigated. It is ob-
served that upto 20 micrograms each of uranium and plutonium and 50
micrograms each of cther impurities mentioned do not affect the datec-
tion limits or the inteneity ratios of the analysis lines.

By this method, using only 100 mg of piutonium sample, lantha-
nides, uranium and americium can be estimated at concentration of 0.5
to 12 p.p.m. Using 5 g of uranium, the lanthanides can be estimated at
concentrations of 0,01 to 0,25 p.p.m. Hence, this method is suitable
for the estimation of the rare earih siements at the maximum permis-
sible levels in uresium and plutonium, using only 5 g and 100 mg samples
respectively.
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TABLE 1

Effect of Different Carriere on Detection Limits
of Rars Earth Elements

Amounts in microgram

LI T Y Y YT YT LR LY 28 L YL L YRS N IR X W R Soemaasaven L X 3 ¥ X ¥ )

Lith;um fluoride
Element Lithium carbonate Sodium chioride and

Sllver chloride
Cerium 0.5 1.0 0.25
Samartum . 0.28 0.8 0.1
Europium 0.1 - 0.1 0.01
Gadolhl\u;: 0.25 0.1 0.01
Dysprosium Q.1 0.1 C. 025
Holmium 0.1 - 0.05
Erbium 0.1 0.1 0.0}
Lutetiuom 0.1 0.5 0. 05

OSSN AU tEAPESSADRG NS E o saosssansa ScSooeoes Aspeacesveweosamsasens
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TABLE 11

Analytical Line Pairs, Detection Limits and
Estimation Ranges

Analytical Internal
Element Line Standard Detection Estimation Estimation
A thulium  limit in range in range in
line microgram microgram p.p.m.*
A
Cerium 3201.71 3425.63 0.25 0.25-1.0 12.5-50
Samariom  3321.18 3425.63 0.1 0.1 -1.0 5 .50
Europiumt 3971.99 4242. 15 0.01 0.01-0.25 0.5-12.5
Gadelinium 3350. 48 3425.63 0.01 0.01-1.06 0.5-50
3422. 47 3425. 63 0.01 0.01-0.5 0.5-25
Dyprosium 3407, 80 3425, 63 0. 025 0.025-1.0 1.25-50
Holmium 3398. 98 3425. 63 0.05 0.1 -1.0 5 =-50
~ 3456. 00 3425.63 6. 05 0.05-0.5 2.5-25
Erbium 3264.78 3425, 63 0. 01 0.01-1.0 0.5-50
Ytterbium  3289. 37 3425.63 0.005 0.01-0.05 0.5-2.5
Lutetium 3385.50 3425.63 0,05 0.1 -1.0 5 -50

% The figures are based on 100 mg of U and Pu
+ Photographed in second order with different range setting
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TABLE Il

Comparison of the Lowast Detection Limits
Obtained by Difierent Methods

"Carrier Distillation"
Element "Copper spark" "Graphite spark" CeF LiF - AgCl
B Present
"Ref. 1. Ref. 2. Ref.3. Investigatione
Corium 0. 05 0.2 0.24 0.25
Samarium 0.02 0.2 0.04 0.1
Europium 0. 002 0.03 0.04 0.01
'Gadolinjum 0. 05 0,013 0 16 6. .01
0.0!
Dysprosium 0.05 0.03 0.16 0. 025
Holmium 0.1 - 0.04 0. 05
Erbium 0. 05 T e 0.02 0.01
Ytterbium 0.0l - 0. 04 0. 005

Lutetium 0.2 - 0.04 0.05
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SPECTROGRAFHIC METHOD FGR THE DETERMINATION OF RARE
EARTHS IN PLUTONIUM - USE OF TRILAURYL AMINE

R. K. Dhumwad, M.V. Joshi and A. B. Patawardhan
Fuel Reproceising Division
Bhabha Atomic Research Centre
Trombay, Bombay-85

INTRODUCTION

The spectrochemical determination of impurities in plutonium
presents a number of problems. In addition to ite spectrum being very
complex, it is highly toxic. Impurities are generally separated from
the plutonium sample prior to the spectrochemical analysis. For the
determination of rare earths in Pu, icn excﬁa.nge(l- 2) and T. T. A. (3)
extraction methods have been used.

This report describes a spectrographic method based on the pre-
separation of rare earths by extracting plutonium into trilauryl amine in
Shell sol-T and photographing the spectra on a large quartz prism spec-
trograph by arcing the aqueous phase containing rare earths,

PREPARATION OF STANDARDS AND SAMPLES

Using M/s. Johnson & Matthey spec-pure chemicals, a high con-
centration composite standard solution (1 ml) cortaining 1.5 mg Gd, 3 mg
each of Sm, Dy and Er, and 6 mg Ce was prepared and by suitable dilu-
tions the lower standards were obtained. An aliquot of 200 micro-litre
of rare earth standard solution contained one microgram Sc which was
added to serve as internal standard.

An aliquot of the plutonium nitrate sample (containing 100 mg Pu)
was evaporated to near dryness and made upto 20 ml by adding 4M nitric
acid. Plutonium was kept in the tetravalent state by adding a few drepe
of hydrogen peroxide and removing the excess by heating. Plutonium

was extracted into the organic phase by contacting the sample solution with'

a 20 ml aliquot of the pre-equilibrated 20% TLA V/V in Shell sol. T
After adding internal standard Sc to the aqueous phase, the volume was
reduced to | ml and 200 micro-litres of this solution was transferred,
dried and arced to obtain the spectra of the rare earths. Each sample
was analysed in tripiicate. |
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EXPERIMENTAL

The parameters for sprctrographic . v itior roecording and

photometric analysis are as follows:

Spectrograph Hilger large quartz and glass prism
spectrograph fully automatic E. 478-304,

Slit width 0.020 mm

Emulsion Kodak B. 10

Wave length range 2850 - 5000 &

Excitation unit Hilger and Watts BNF source unit F.S. 131,

Type of excitation D.C. Arc; 220V; 104,

Electrodes Anode; 6. 35 mm dia. U.C.P. graphkite rod

with a cavity 1.5 + 0.5 mm deep and wall
thickness of 0.5 mm.

Cathode: 3. 05 mm dia U. C. P, graphite
rod tapered.

Exposure 15 seconds.

RESULTS AND DISCUSSION

The details of the results are given in Table I. The overall
standard deviation of the method is 14% at 67% confidence level. The
typical working curves are shown in Fig. 1.

Spectrographic ana.lyalys of a number of plutonium samples for
non-rare earth impurities by another method 4) showed that some of
them contained appreciabld amounts of Fe and Ca. When such samples
were aralysed by the presént method, these impurities were found to
accompany the rare earths in the aqueous phase. A study of the effect
of these impuritiee on the estimation of rare earths has been made which
indicates that the present method is applicable to the routine analysis of
plutonium samples containing major non-rare earths impurities like Ca
and Fe even to the extent of 1000 ppm each (without any subsequent
separation of rare earths from tnese impurities).
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JTABLE 1

Line Faivs, Congentration Range and Reproducibility

Line Pair? Concentration range 8. D. at

' Eatimation 67%
--------- .----a.--.---0»----—---------’--------.G-CQOOOconf’denc‘
Rare Earth - Internal it pPPmM level

standard on electroda 100 mg Pu

Gd 3350, 482 8 Sc 3359.6mK 0.2 - 2.0 10 - 100 14%
sm 3382, 407 } " 1.0 - 4.0 50 - 300 11%
Dy 3385,027 } " 0.1 - 2.0 5.100 11%
Dy 3388.863 & " 0,4 - 4.0 20 . 200 15%
Er 3264.781 & " 0.1 - 4.0 5.. 200 14%
Ce 3201.714 R " 2.0 - 8.0 100 - 600 189

Jg. on electrode

Ppm on 100 mg Pu

The amount of rare eartks
in 200 micro-litre deposited

on the electrode for spectro-
graphic analysie.

For a 200 micro-liire aliquct
of effluent from 100 mg Pu

sample concentrated to 1 ml.
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STUDIES IN RARE EARTH COMPLEXES OF SOME SUBSTITUTED
SALICYLIC ACIDS

D. V. Jahagirdar and D. D, Khanolkar
Department of Chemistry, Marathwada University, Aurangabad

A potentiometric study of formation of lanthanide complexes of
sallcylic and sulphosaiicylic acids is reported in the uteraturerl). How-
ever, a systematic study of rare earths complexes with various substi-

tuted salicylic acids ia atill lacking. This paper aims at such a study by

the Calvin-Bjerrumn titration technique with a view to understanding some
structural aspects of these complexes.

EXPERIMENTAL

Chemicals: All the chemicals such as sodiurmn hydroxide, sodiam
perchlorate and perchloric acid were of analytical reagent grade.

Chelating agents: 3-bromo, 3:5-dibromo, 4-hydroxy, 3-nitro,
5~nitro, and 3:5-dinitro salicylic acidz (AnalaR grade) were obtained
from B. D.H. (India). All the substituted acids were recrystallised and
their purity was checked before their use in potentiometric measurements.
Rare earths nitrates (AnalaR) obtained from the Bhabha Atomic Research
Centre, Bombay, were used {for potentiometric study.

All the solutions were prepared in double distilled water.

pH meter: Beckman model H-2 pH meter was used for the
measurement of pH. The accuracy of the pH meter is of + 0. 02 pH unit.
It was calibrated by buffer solutions at pH 4.0 and 9. 0.

Calvin-Bjerrum Titration: The experimental procedure involved
potentiometric titrations of solutions ot (1) free HC104 (3. 67 x 107% M),
(1) free HC104 (3. 67 x 10-3M) + reagent (1.0 x 10-> M), (iii) free HC104
(3.67 x 10-3 M) + reagent (1.0 x 10-3 M) + rare earths ion (2.0 x 10-4 M)
and (iv) free HC104 (3. 67 x 10-3M) + rare earths ion (2.0 x 10-4 M),
against standard sodium hydroxide ( 0.2 N) added from a microburette.
The ionic strength of the solutions was maintained constant at 0.1 M by
the addition of 1 M sodium perchiorate solution. The titrations were
carried out in an inert atmosphere by bubbling 0; free nitrogen gas through
an assembly containing the electrodes in order to prevent atmoepheric
oxidation.
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Maintenance of temperature at 31°C: The titration vessel of
100 ml capacity was dipped more than two thirds, in water contained in
a 4 litre glass heaker. Water at a fixed temperature pumped {rom uitra- b,
thermostat manufactured by VEB Prufgerate-Werk Medingen/Dresden
(Germany), was continuously circulated through the metallic coils imme-
reed in the beaker. The accuracy of temperature regulation was + 0. 02°C,

RESULTS

For all the systems, the deviation of the metal complex titra-
tion curve from the reagent curve wae observed around pH 4.5. The pH
of hydrolysis found from the deviation of metal titration curve from that
of acid curve for all the rare earths ions was around pH 7. 0 which indicated
complex formation in solution.

Values of ;‘A (preton-ligand formation number), and n (metal-
ligand formation number )were calculated by using the Irving and Rossottl
expression'<). n values were calculated upto the pH of precipitation of
rear earths ions as observed in metai complex titrations. The highest
value of n is 1. 7. This showed the formation of 1:1 and 1:2 complexes.
3:5-dinitro salicylic acid, however, does not show the formation of a 1:2
complex,

Values of pL, = =log EL]. where [L] is free ligand concentra- 4
tion, were calculated are various i values by employing Irving and
Rossotti's expresnionf’-). Approximate vaiues of log K, and log K, were
obtained by half integral method. The accurate values of log K; and log K,
(Table I) were then calculated by pointwise calculations. In some cases
the method of least squares was adopted to determine log K, and log K
values. The calculated values by this method are given in brackets. ft
can be seen that the values of log K; and log K, obtained by the two methods
are in good agreement.

DISCUSSION

In the rare earths metal jons the 4f ¢rbitals are effectively
from interaction with ligand orbitals by electrons in the 58 and 5p orbitala.
If hybridisation is to occur, it must involve normally unoccupied higher
energy orbitals (e.g. 5d, 6s, 6p) and is expected with the most strongly
coordinating ligands. Rare ezrths, therefore, ordinarily form ionic com-
pounds which should obey the following relationship given by Born for the

energy change on complexation of a gaseous ion of charge 'e' and radjus
‘r! in a medium of dilectric constant D.

' E = &2 ) ¢
= t-1)
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Since the stability constant is related directly to this energy, one
expects that the log K values should increase linearly with &2
Moeiler ot al{l) have observed, in general, a regular increase in
stability with an increase in atomic fiurnber or a decrease in crystal

radius from lanthanum to europium and a discontinuity at gadoiinium
(the gadolinium break).

The plots of log K, log K, and log Kle against _ei were
approximately linear in nature. Vzﬁuea of crystal radii of T rare
earths ions have been taken from Cotton(3). The observed gadolinium
break in all systemes may be related to discontinuity in the crystal radii
of rare earths at gadolinium. The decrease in log K,» log K, and log
K)K, for complexes of rare earths beyond gadolinium probably
arises because of the fact that the progreasively smaller radii impose an
increasingly greater steric hindrance on the ligands on account of the
metal-ligand interaction. This effect should become more pronouned for
1:2 complexes because of formation of two chelate rings. This is borne

out by the more pronounced maxima observed in the log KIK?, plot than that
for the log K, plot.

VALIDITY OF LOG K = a pk + b RELATION

The relatior,, log K = a pk + b first given by Bjerrum(4) has been
found te hold for transiti?g_rg)etal complexes of a series of closely related
ligands by many workers'~ /. The authors have obtained a linear relation
for 1:1 and 1:2 complexes of rare earths. The values of slope 'a’ are
given below:

1:1 complex, 1:2 complex
Ce(11I) 0. 80 0. 88
Pr(II1) 0. 80 0,88
Nd(111) 0. 80 0.90
Sm(111) 0. 84 1. 00
Gd(111) 0. 80 1.00
Dy {111) 0. 61 1. 00

Jones et al(5) suggest on the basis of a purely statistical model that the
slope will increase with increasing cationic charge and decreasing dis-
tance of separation (equal to the radius of the cation plus a constant)., The
slope for 1:1 complexes of rare earths was less than that for the corree-
ponding trameitition metal complexes {the slope values observed by the
authors for Cu(ll), Ni(1I), Co(ll), and Zn(I) complexes are, 0.85, 0.95,

1. 00 and 1. 00 respectively). Though the higher charge on rare earth
cations is expected to give a higher value for the elope, the observed lower
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value may be explained as due to the higher val ues of cationic radii of
rare earths, The cation-ligend distance is also expected to be greater for
the rare earthe complexes because of their greater ionic nature.
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TABLE 1

Stability Constants of Rare Earth Complexes

Gh W e W R M MR R A R M S TR D W W W A M M AR R BN L GRS M R R e N e fm e e G s e B AR N B T W S G S T M M D en e N W R e e R e M SR A AR G D MR P S W S T e e M e N AR WD R o MR e MR B W e e o R

3-brome 5. A. 3i5-dibromo S.A. A-hydroxy S.A.  3-nitro S.A. 5-nitro S. A. 3:5-dinitro
log Kl log KZ log Kl log KZ log Ki log KZ log K1 lcg KZ log Kl log K2 log Rl
Ce(l) 6.59 5.60 6. 65 5.72 5.77  4.26 7.07 5.82 6.64  5.44 4. 05
(6.62) (5.54) (6.54)  (5.95)  (5.63) (4.29)
Pr(lll) 6.46 5.50 6. 82 5.82 5.91 4. 36 €.80 5.79 6.91  5.50 4.29
(6.53) (5.54) (6.92)  (5.81)  (5.83) (4.47)
NA(II) 6.56 5.58 6. 90 5. 68 5.67 4.45 6.76 5.92 6.81  5.82 444
(6.62) (5.54) (6.93)  (5.70)  (5.69) (4.69) .
(-]
-3
Sm(Ill) 6.85 5.84 6.91 5. 85 6.20 4.69 6.92 5.99 6.92  5.77 4. 42 )
(6.85) (5. 85) {6.88)  (5.87)  (6.10) (4.61)
Gd(Im) 7.36 6.24 7.17 5.97 6.14 4.67 6.88 6.0l 6.92  6.01 4.57
(7.28) (6.11) (1.15)  (6.12)  (6.16) (4.63)
Dy(lm) 7.27  6.01 7.33 6. 00 5.10 4.55 7.08 6,07 6.85 S.88 4.54

(7.23) (6.10) {1.15) (5.98)  (6.10) (4.59)
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DIPHENYL SULPHOXIDE COMPLEXES OF URANYL AND
THORIUM NITRATES

S. K. Ramalingam
Department of Chemistry
Madurai University, Madural, Tamil Nadu,

INTRODUCTION

Diphenyl sulphoxide complexes of many transition metal salts
and of lanthanide parchlorates have been reported(l, 2}, DPSO complexes
of uranyl and thorium salts are of particular interest in that, the metal
ions show better coordinating abilitics than the lanthanides and also
exhibit large variations in their coordination numbers. The nitrate
rnalts were chosen since these anions have the capacity to bind to mectal
ions not only as monodentate groups but as bidentate as well, thereby
enhancing the coordination number of the metal ion.

PREPARATION OF THE COMPLEXES

A solution of 1| gm. of the hydrated metal nitrate in 5 ml. of
methanol was added dropwise to a solution of about 1.2 gm of DPSO in
10 ml of methanol. The solutiaon was stirred well and allowed to cry-
stallise under cold dry conditions. The crystals were filtered, washed
with drv benzene and dried in vacuurmn. The details of analytical tech-
niques employed are given in an earlier work(2),

DISCUSSION

Analytical results show that the complexes have the formulae
UOZ(NO3)Z. 2DPSO and Th(NO3)4. 3DP5S0. The low molar conductance
values for the two complexes in nitrobenzene and acetonitrile which are
solvents of poor donors suggest that the complexes have non-ele ctrolytic
structures. This means that the nitrato groups are covaiently bound to
the metal iona and there is no free nitrate ion. The infra-red spectra
support these observations. In the spectra of the compiexes therec are no
intense bands in the regions 1350-1390 or 1040-1060 cm-! att ributable to
vibrations of ionic nitrate 3 . On the otherhand, the strong absorptions
occurring at 1527 and 1277 cm-! for the uranyl complex and at 1506 and
1302 cm™! for the thorium complex can be atrributed to the V; and UV,
vibrations of the covalent nitrate group('”. 1f the Ul - \)4 difference
can be taken as an approximate measure of the covalency of the nitrate
bonding(“). then in the present cases, values of 250 and 204 cm=} for the
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uranyl and thorium complexes suggest strong covalence for the metal
nitrate bonding,

A remarkable feature of the IR spectra of the complexes is the
considerable shift of the S-O stretching frequency towards the lower
frequency side. (from 1043 in free ligand to 966 and 971 cm=1 in complexes).
This clearly indicatee that it is the oxygen atom and not sulphur atom of
the ligand that is involved in the bonding(z).

The occurrence of asymmetrical stretching vibration ( V,) of
2+ -1 ‘
UO,™" at 925 cm™" as compared to the same vibration occurring above
945 cm=~! for the free uranyl ion suggest that the ligand groups presumably
lie in a plane nearly perpendicular to the axial O-U-O direction(5,9), Also,
the absence of a bond around 775 ¢m~! (sym. stretch of the uo, gToup)
indicates the Iinearity of the O-U-0O bond.

Molecular weight data of the complexes in nitrobenzene show
them to be monomeric (cf. Table). The possible structure of the complexes
assignable from the foregoing arguments will be UO,(NO,),. 2DPSO and
Th(NO3)4. 3DPSO. The coordination number of U and Th would then be 8
and 7 respectively.

The conductivity data in the solvent DMF, however, suggest a
1:1 structure for the U complex and a 1:2 structure for the Th complex
(Ref. Table). This means that in the former case, of the two nitrato groups
only one is displaceable from the coordination sphere and in the latter,
of the four NOj groups only two are displaceable. DMEF being a monodentate
ligand, it can be presumed that the displaced NO, groups are monodentate
while the undisplaced NO, groups are probably bidentate. The coordi-
nation number for the U and Th ions would now become 9. From detailed
X-ray studies on dioxodinitrohis (triphenylphosphineoxide) uranium (vi)(7)
and on Th2{OH)z (NO3)¢(Hz0)g, it has been clearly shown that the nitrato
groups are coordinated to the metal in a bidentate manner in these complex-
es. It is, however, diffcult to find further evidence for bidentate nitrato
group from IR spectra on account of their extreme complexity.

Molecular weight studies in the solvent DMSO show that the com-
plexes dissociate almost completely suggesting that DMSO is a better donor
than DPSO ir respect of the uranium and Thorium metal ions (cf. Table}.
But the partial chargea on oxygen atom of DMSO and DPSO (Ea) calculated
by the method of Sanderson("g (uming stability ratios of atoms) suggest that
the two ligands have comparable basicity (€4in DMSO is -0.2975 and in
DPSO is -0.3073). The experimentally observed lower ligating strength
of DPSO must, therefore, be attributed to the resonance interaction of the
phenyl rings with S = C bond with a consequent reduction in the electron
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availability at the coordination site and also to the steric effect arising

out of the greater bulk of the phenyl group compared to the methyl group
in DMSO.
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TABLE

Physical, Analytical, Cryoscopic and Conductance Data.

% Metal % Nitrate Molar conductance Mol. Wt.
Complex Colour M. P ) Am Obm"! cm? mote-!
°C  Expt. Calcd. Expt. Caled. Nitro  Acetoe DMF  In  In  Cald. for
benzene nitrile DMSO Nitro monomeric
benzene structore
UOZ(Noa)z. 2DPSO  Yellow 152 29$.85 29.84 15.17 15.55 3.89 10.65 105.6 175 726 798
w
L]
Th(NO:;)‘. 3DPSO White 175~ 21.77 21.36 22.21 22.84 17.31 23. 60 170.5 134 992 1086
178



