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F O R E W O R D

This ib the first H--tailed yvr,.ly report (1970-71) of the
work of the Chemistry Division. The work has been described
section-wise. Being the first report of the kind, many items
described In it have introductions which give the background against
which work was undertaken.

The report shows that there is a mixture of basic and applied
research, some of which has direct relevance to the atomic energy
programme, some was undertaken to build the infra-structure and
some wholly unrelated to either.

The high-light of this report is the considerable progress that
has been made in the Division in work in the general field of radia-
tion-chemistry, both basic and applied. The Becond thing worthy of
mention in work which has been initiated during the last few years
in the field of high temperature chemistry and the rather sophisti-
cated techniques which have been developed and set up in the
Division.

Much of the work carried out in the Division on the pre-
paration of ultra pure materials is now being transferred to the
Special Materials Plant being set up at Hyderabad. The trained
Bcientist in the section, however, will continue to work in this
general field developing materials for compound semi-conductors,
phosphors and such other pure materials ae may be required in the
country.

I hope that it would be possible to bring out such yearly
reports in the future and that they will serve a useful purpose, both
to scientists within the Division and those outside it in BARC and
elsewhere.

( J. Shankar )
Head, Chemistry Division
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1.2 SUMMARY

The primary objectives of The Preparation of Pure Materials
Section were (i) the process development and preparation of various
high purity materials which find applications in the field of semi-
conductors, scintillators, phosphors, liquid lasers, etc. , (ii)
preparation of various special compounds required by rjLfferent
divisions in BARC and other institutions, (iii) extraction of rare
metals of interest from indigenous mineral sources, and (iv)
fabrication and testing of proto-type equipment for Special Materials
Plant being set up at Nuclear Fuel Complex, Hyderabad. In
addition, basic research in inorganic chemistry has also been
carried out.

The Special Materials Plant which is based on the know-how
generated in this Section, is coming up according to schedule with
regard to civil works and procurement of equipment and is expected
to go on stream by end of next year.

Purification techniques such as crystallization, distillation,
Bublimation, electrolysis, solvent extraction and zone refining were
employed to obtain high purity metals such as Sb, As, Bi, Cd, Co,
Ga, Au, In, Ni, Pb, Se, Ag, Te, Sn, and Zn and to prepare high
purity compounds such as I^TaFy, BB^, Mn(NG"3)2, SeOC^.
Nal, Csl, etc. While the methods developed and reported earlier
were scaled up, improved methods for the preparation of high
purity As, M^NOg),, Se and Te were developed and tried out
successfully.

Considerable quantities of fche above high purity materials,
some of them in kilogram quantities, have been prepared and
supplied. The total cost of various high purity materials prepared
and supplied to various divisions in BARC and other institutions in
the country is estimated at about PI. 1.5 lakhs resulting in consi-
derable saving of foreign exchange.

In addition, research work was done in the section in the
field of inorganic chemistry. A list of papers published is given
at the end.

1.3 HIGH PURITY METALS

1.3.1. Antimony
(Chemical processing:- R, K. Iyer and S. G. Deshpande
Zone refining: A. J. SingL and P. Sur yanar ayana)

Ultra pure antimony metal tinds use in the electronics
industry &B a component for making thermoelectric devices,
infrared detectors and also - ̂  a diffusant.
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Physical methods such as vacuum distillation and zone
refining are inadequate to purify commercial, grade antimony
because of the presence of arsenic impurity, and chemical methods
have to precede physical methods for purification.

Commercial metal was converted to SbClg by chlorinating in
a vertical chlorir>ator (1 - 1.2 litres of Cl2/ minute). The crude
SbCI- was dissolved in 6N HCl and pure SbClg obtained by fraction-
al distillation- Purified SbCl, was electrowinned from tartrate
Lath using graphite electrodes" An anode compartment provided with
a sintered glass disc was used to prevent oxidative reaction of
Sb(lII) to Sb(V) in the electrolyte. A heavy duty polythene tank
served as the container. The composition of the electrolyte giving
optimum yields was: SbCI- 80 g/litre; tartaric acid 240 g/litre;
Ŵ UK b!3 g/litre; sucrose 1 g/litre. Current density at the
cathode was 5 - 7 mA/cm^ and at the anode ^. 250 mA/cm .

Antimony metal having an average spectrographic analysis:
Pbv^ 5; Sn "̂* 3 and Bi **s\ 1 ppm, was subjected to zone refining
for ultra purification. Specially designed and fabricated ultrapure
graphite (99.999%) boats were used as container for the metal. A
graphite boat 300 x 40 x 30 mm holding 750 g to 1000 g metal
charge v/as slid into an evacuabie quartz tube. Resistance heating
furnaces mounted on an automatic zone refining unit (reported
earlier) served to produce narrow molten zones of length 40 -
45 mm in the metal ingot.

15 molten zone passes at a traverse rate of 50mm/hour
gave 80% of ingot having purity 99. 999%. A typical spectrographic
analysis of such a product is : As ^ 5 ; B <C1; Pb<0. 2;
Sn <L 0. 2 and Bi < 0. 1 ppm.

1,3.2. Arsenic
(K. M. Abubacker and B. P. Pillai)

The need of arsenic in the electronics industry is mainly
for doping and intermetallics preparation such as GaAs. Electro-
nic grade material was prepared earlier in this laboratory from
commercial grade arsenic trioxide (95 - 96% pure) by a four-
stage operation, namely; i) sublimation of crude oxide, ii) carbon
reduction of the oxide to metal, iii) sublimation of the metal in
nitrogen atmosphere and iv) vacuum sublimation and ampouling.
In a modification introduced during the year, steps (i), (ii) and
(iii) were combined into a single operation, resulting in enhancement
of both efficiency and ease of operation.
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The latest set-up to obtain ultrapure arsenic consisted of
an al5.-qua.rtz assembly and a pyrex ampouling assembly. The
quartz assembly was a long vertical tube having three sections.
The lower most section acted as a sublimation tube for crude
arsenic oxide kept at 500°C by means of a resistance furnace.
The middle section contained carbon granules (10 mm) and was
separated from the lower section by a column of quartz wool. The
carbon granules were maintained at 650°-700°C. The uppermost
part of the quartz assembly acted as a condenser for elemental
arsenic mixed with small amount of oxide. During the whole
operation a flow of nitrogen gas was maintained through the quartz
assembly. The product was removed from the condenser and
subjected to a three-stage sublimation in the pyrex assembly; the
first fraction collected at 200°C was mostly unreduced oxide and
the subsequent collections (in ampoules) made at 375°C and 5 x 10"
tori- were of pure arsenic.

Further studies to determine, the effectiveness of change of
experimental parameters such as the size of carbon granules,
carrier gas flow rate, height of the carbon column and temperature
on the reduction efficiency are in progress. For large scale
operation fabrication of an all-stainless steel assembly is contem-
plated.

1. 3. 3 Bismuth
(Chemical purification: K. M. Abubaker, C. T. Mehata and
Smt. K. B. Drona. Zone refining A.J.Singh and
P.Suryanarayana)

In electronics industry, high purity bismuth is used for
making thermoelectric devices and solders. Metal of 99- 999%
purity was initially prepared in this laboratory in kilogram quanti-
ties by chemical methods. However, such methods were not found
suitable for large scale applications as they involved many stages
of operations and were highly time consuming. In view of the fact
that commercial grade bismuth metal is available in fairly pure
(99. 95%) state, direct zone refining of the commercial material
was adopted. It w&s observed that iron impurity in bismuth was
not so effectively removed by zone refining compared to other
impurities. An initial concentration of Fe > 10 ppm lowered the
purification efficiency considerably. Whenever in the commercial
grade bismuth, Fe was <C 10 ppm the metai was directly zone
refined and when the Fe content was > 10 ppm, the commercial
bismuth was chlorinated prior to zone refining.

In a typical chlorination step, the metal was kept in a •
graphite crucible at to 400 - 450°C and chlorine gas was bubbled
through the molten metal using a porcelain tube" which also acted
as a stirrer. Fe along with other impurities and a little amount
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of bismuth metal got chlorinated and volatilized or formed a slag
with the ZnCl, flux, which was periodically added and laddled out.
The chlorination assembly was then sealed by suitable flanges and
evacuated to about 0. 5 to 1 x 10"2torrand the temperature was
raised to v/> 800°C. This operation facilitated removal of traces
of chlorides from the molten metal.

To ascertain the optimum conditions a series of chlorination
experiments were conducted with bismuth metal doped with 100 ppm
each of Sb, Pb, Fe, Zn and Sn. The following factors were studied
i) temperature of ciilorination, (ii) time of chlorination, iii) amount
of flux required and iv) time of vacuum heating. It was found that
increasing the amount of ZnCl2 did not materially affect the puri-
fication efficiency. Increasing the chlorination time resulted in
slight improvement of purity but at the cost of losing bismuth
metal. One and half hours chlorination was considered quite
adequate for a 2 kg batch of bismuth. The removal of impurities
was found to be satisfactory even if larger amounts of these
impurities were initially present. Traces of Ni Zn and Cu were
occasionally detected in commercial bismuth.

Zone refining of bismuth metal (having ^ 1 0 ppm Fe) was
carried out in ultrapure graphite (99. 999%! pure) boats 600 x 30 x
30 mm. Each boat held 2 to 3 kg metal charge. The graphite
boats were filled by pouring the molten metal from a graphite
crucible under vacuum. For this purpose a vacuum pouring
assembly fabricated and described earlier was employed. Pouring
under vacuum was essential to prevent oxide formation on the mol-
ten metal. The charged boats were kept into horizontally positioned
50 mm O. D. pyrex tubes and evacuated to 10 - 50 yu pressure.
Molten zones of 50 -55 mm length were then produced by means of
suitable split type resistance heaters. 15 passes at a molten zone
traverse rate of 30 mm/hour gave about 80 - 85% of the ingot
having a purity of 99. 999%. Spectrographic analysis carried out
on the zone refined Bi showed that Pb, Ga, In, Ni, Sb, Al, Fe, As
and Zn all were below their respective detection limits. Sn and
Cu were 1 ppm each.

An additional automatic zone melting unit to handle 15-20 kg
metal charge was specially designed, fabricated and tested for
Special Materials Plant. This unit was also employed to sone
refine Bi metal, the metal being poured into six graphite boats
for simultaneous zone refining. A total of 37 kg of commercial
Bi metal was zone refined to get about 28 kg ultrapure metal.

1.3.4. Cadmium
(A. J. Singh and P. Suryanarayana)

The importance of ultra pure Cd in the electronics industry
iB its application as its application as solder for semi-conductor
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processing and for compound semiconductors such as CdS.

Commercial grade Cd metal of purity 99. 95% was directly
zone refined in ultra pure graphite boats of the same size as for
Bi described above. Nitrogen atmosphere was used during the
operation. The large automatic zone refining unit was employed
for this metal also, to process 12-15 kg cnarge in a single batch,
20 molten zone passes at a travel rate of 30 mm/hr gave a
product having the following spectrographic analysis: As<25; Co<2;
Sb<2; Mg<2; Pb<T5; Sn<2; Ni<2; :Fe <10; Bi<l; Al<2; Cu <1 and
Zn <10 ppm.

A total of 25 kg cadmium metal was processed.

1.3.5. Cobalt:
(K. M. Abubacker and Smt. K-B. Drona)

High purity cobalt metal powder which finds use in making
various high purity alloys was prepared through the hexammine
cobaltic complex, [Co(NH^)^J CI3 which was re-precipitated before
making a solution in HC1. Subsequently cobalt oxalate was preci-
pitated and ignited to pure CoO.

About 3. 5 kg of cobalt metal was obtained during the year
by the reduction of CoO with hydrogen at 600°C. The metal gave
the following spectrographic analysis: Ni <10; Fe <10 and
Cu < 10 ppm.

1.3.6. Gallium
(T. Keshava Das, M. B. Kokare and G. S. Rao)

Gallium metal is an important material for the semicondactior
industry. In elemental form it is used for doping and for the
preparation of compound semiconductors such as GaAs, GaP,
GaAl, etc. For all its applications gallium should have purity of
99. 999%.

Commercial grade Ga metal was chlorinated at 200-300°C
to obtain GaCl,. The fractional distillation of GaCl, was carried
out under a set of optimized conditions. The optimum conditions
used were: reflux ratio 1; theoretical plates 16; boil-up rate
7 ml/min; packing, single turn glass helices (5 mm 0} in a
fractionation column of 13 mm I. D. and 600 mm height. About
90% of the material obtained was spectrographically pure (Fe <10;
Pb <5; Cr <10; Ni <5\ Bi <5; Al <Z\ Ge < 5; In <2j
Mg < 1 0 ; Cu <2; Zn <50 ppm).

The conversion of GaCl- to Ga metal was carried out by
electrolysis using an alkaline bath. The deposition was made at
45-55°C; gallium concentration 1. 35 M (saturated solution); cell
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voltage 4-5 volts; cathode current density ^ 12 amp. /dm2,
gallium anode and graphite cathode.

Since gallium, is rather a costly material, it was recovered
from waste solutions as follows: Ga(OH) was precipitated from these
solutions and washed free from chloride ions. It was then diss-
olved in NaOH and Ga electrolytic ally deposited on stainless steel
electrodes.

1.3.7. Gold
(K. M. Abubacker, and B. P. Pillai)

High purity gold is required for physiological preparations in
radiotherapy and in electronics industry for ohmic contacts, surface
barrier radiation detectors, plating and alloys. A chemical method haa
besn standardized for the preparation of high purity gold.

Dissolution of bullion gold (99-99. 5%) in. aquaregia precipi-
tated AgCl which was filtered off. Passing of SO^ gas through the
filtrate resulted in spongy precipitate of metallic gold which was
washed with ammonia and subsequently with dilute HNOg. The
spectrographic analysis showed the metal of (—->> 99. 999% purity.
Further purification was carried out by dissolving the sponge in
minimum quantity of aqua regia. Dilution to an appropriate volume
and addition cf saturated ammonium oxalate solution resulted in
gradual precipitation of spongy gold which was 99. 999+% pure.

1. 3. 8. Indium
(Electro refining: G M. Phatak, K. Gangadharan, anrl G. S. Rao,
Solvent extraction, M. S. Sastry and A. D. Damodaran)

Indium finds applications in alkali resistant solders, and in
semiconductor technology for making compound semiconductors, and
as a dopant.

Commercial grade indium metal (containing Cd, Tl, Pb, Al,
Cu, Fe, Zn, Ni, etc. as impurities) was refined by electro-
deposition using indium electrodes from a sulphate bath at a
cathode potential -0.65 to -0.70 V w. r. t, S. C. E. The optimum
conditions employed were: concentration of indium 5 0 - 5 5 g/litre;
supporting electrolyte (NaCl) 80 - 100 g/litre; glue 1 g/litre;
pH 2-2. 5; and cathode current density 1 amp. /dm2, the overall
current efficiency was v^ 95%. A three stage electrolysis yielded
a product which was 99. 995%. 2 kg of indium mefal was obtained
by the above process.

Purification of indium by a multistage counter current
*oi*«et extraction method has also been studied. The optimum



conditions were feed solution of indium chloride (200 gm IQ 2 O 3 /

litre) organic phase 50% TBP in xylene (V/v), aqueous-organic
ratio 1:3, a three stage extraction from an aqueous feed of 6N HCl,
a five stage scrubbing with aqueous feed of the same acidity and a
two stage stripping with IN HCl. Solvent extraction studies were
also carried out with feed solution of indium chloride containing
1% cadmium, 0. 1% thallium and other impurities (such as copper,
zinc, nickel, aluminium, lead etc.) about 0.9% It was found that
the impurities were greatly reduced (Cd, 10; Tl, 20; and other
impurities 70 ppm.)

The pure indium chloride solution obtained after extraction
was subjected to electrodeposition of the metal using tantalum
cathode and graphite anode at pH 2. 5. The maximum current
density was 2.5 amp/dm". The metal obtained was found to be 99.99''"%
pure, comparable to that obtained by multistage electrolytic purification.

1.3.9. Nickel
(K. M. Abubacker and D. G. Maniar)

High purity nickel finds use in the preparation of non-
ferrous alloys.

Preparation of high purity nickel powder involved ion-exchange,
precipitation as oxalate, and hydrogen reduction of the oxide.

A concentrated solution of commercial grade nickel chloride
(5M) was ps.£.aed through a column loaded with an anion exchange
reein, to .retain impurities such as Fe, Co, Mn, Cu, Zn, etc. on
the resin. The effluent nickel still containing impurities such as
Mg and Ca was treated with a saturated solution of ammonium
oxalate to precipitate the nickel oxalate, which after drying was
ignited to the oxide. This was leached with 1% HCl to remove
Ca and Mg, and then reduced in hydrogen at *-^ 700°C to give
Ni metal powder. Precipitation characteristics of oxalates of
various metals which are expected as impurities in commercial
nickel chloride have been studied to determine the optimum condi-
tions for the precipitation of nickel oxalate. About 8 kg of nickel
powder was prepared during the year.

1.3. 10. Lead
(Chemical purification:- K. M. Abubaeker, C. T. Mehata and
Smt. K. B. Drona
Zone refining: A. J. Singh and P. Suryanarayana)

High purity lead is required for the preparation of compound
semiconductors such as PbS, PbTe, etc.
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A dry process involving roasting, sulphurization and zone
refining was developed.

Commercial grade lead was first heated at 460-480°C for
3 to 5 hours with occasional stirring in a graphite container. This
operation removed some of the impurities in the form of oxide
slag. The temperature of the melt was brought down to about
340°C and more slag was removed. Sulphurization of impurities in
Pb was carried out by adding small lots (few grams) of sulphur
powder in the melt at v^ 450°C, while stirring vigorously.
Sulphide slag was removed after the operation. The vessel contain-
ing the graphite crucible was then sealed and evacuated to about
0, 5 x 10-2torr while the temperature was raised to 800°C. The
impurities were thus brought down to a very low level and the product-
was found suitable for zone refining.

Zone refining was carried out in ultrapure graphite boats
as described for bismuth metal, A total of 4 kg lead metal was
refined in two batches. Spectrographic analysis of the cental
portion of zone refined ingot was: Cu ^ 5; Ag < 5; As < 250;
Sb <• 10; Bi < 10; Sn <. 10; B <. 10; Fe < 25 and Ni < 5 ppm.

Work was also continued on a wet process which too yielded
very high purity lead. Starting with commercial grade lead
acetate, purification was achieved by (i) recrystallizing the acetate,
(ii) refluxing with finely divided lead and then with thiourea, and
(iii) decomposing the pure acetate at -̂̂ > 700°C in graphite cruci-
bles. About 10 kg of Pb metal was prepared by this method.
Spectrographic analysis of the final product showed that Fe, As, Sb,
Bi, B, Sn, Cu, Ni and Ag were below their respective detection
limits.

1. 3. 11. Selenium:
(Smt. N. S. Kunte, S. N. Ranade, D. S. Mungekar)

High purity selenium finds wide application in photoelectric
cells and rectifiers on account of its photo-sensitivity and asymmet-
ric conduction. It also finds use as a minor constituent in ther-
moelectric devices.

Preparation of pure selenium was carried out by the
following process: i) treatment of commercial grade selenium with
nitric acid for conversion to SeO2 and seleniotis acid, ii) distilla-
tion of selenious acid with sulphuric acid as a Carrier, iii) repre-
cipitation of elemental selenium by SO2 and (iv) vacuum distillation
of selenium. About 10 kg selenium was thus purified during the
year.

Due to requirement of large quantities of ultrapufe selenium
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the purification procedure was modified and mostly dry method was
adopted. This consists of i) subliming crude SeO? in a current
of oxygen at 350 - 375°C and ii) reprecipitation of Se by SO, gas
from a 40% HC1 solution of the pure selenium oxide ( *-̂  300 gm
of SeO2/l).

1.3. 1Z. Tellurium
(chemical processing : Smt. N. S. Kunte, S. N. Ranade,
D. S. Mungekar
Zone refining: A. J. Singh)

Requirement of high purity tellurium is mainly for thermo-
electric devices. Work has previously been reported for the ultra
purification of tellurium. Crude tellurium was treated with HNOo,
and the oxide plus nitrate mass so obtained was dissolved in HCl.
Selenium was removed by passing SO2 in the ION HCl solution and
the tellurium was precipitated by SCs after dilution to 2-3 N HCl
acidity; The precipitated tellurium was -vacuum distilled or zone
refind.

Studies were made to scale-up the batch operation from 1 kg
to 5 kg by modifying the design of the vacuum distillation assembly.
In a stainless steel vessel, a silica crucible contained the charge
and an alumina tube acted as a cold "finger" to deposit the product.
Use of cold "fingers" made of stainless steel and copper contami-
nated the product.

To avoid the chemical steps mentioned earlier, zone
refining of once distilled crude tellurium was attempted. In such
experiments 25 molten passes (40 mm long) were made at a speed
of 55 mm/hour using quartz container and a hydrogen atmosphere.
Spectrographic analysis of the purified ingot gave the following
result: Pb < 5. 0; Bi «£ 0. 5; Cr < 2. 5; Co < 2. 5; Ni -C 0. 5;
Zr < 5 , 0; Mo < 0. 5; As <10; Sb ^10; Ba ^.5.0; Fe < 2. 5;
Cu < 2. 5 and Ti < 5. 0 ppm. These results showed that direct
distillation of the crude tellurium followed by zone refining would
give a product of high purity.

1.3. 13. Silver
(K. M. Abubacker and B. P. Pillai)

High purity silver finds application in the electronics industry
for making electroplating contacts, high frequency conductors, cases
for high quality electrolytic capacitors, solders, conducting pastes,
etc. Silver of two grades i.e. 99.99% and 99.999% purities were
prepared.

Preparation 99.99% silver was carried out starting from
bullion silver metal ( v* 99. 5%). The metal was dissolved in
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30% HNO, and filtered to remove the insolubles, if any. The
silver chloride was then precipitated, washed, dried and reduced
by hydrogen in graphite trays at v̂~> 500°C. The silver was melted
at 1000°C to obtain 99.99% pure ingot.

To prepare Btill purer metal, the AgCi obtained in the above
process was converted to silver-ammonia complex and crystallised.
The complex was dried, reduced by hydrogen to metal which was
melted to an ingot* A typical spectrographic analysis showed: Cu <1
5; Si <5; Al < 5; Ni < 0. 5; Bi < i ; Pb < 2; Mg < 0. 5;
Fe < 1; and Sb < 5 ppm.

1.3 14. Tin
(Chemical processing: Y. W. Gokhale and S. S. Gupta)
Zone refining: A. J. Singh and P. Surayanarayana)

The main use of high purity tin in the eloctronics industry
is for making solders.

The process for the purification of tin was the same as
reported earlier. The crude metal was chlorinated in a chlorination
assembly and the resulting chloride was fractionated at 113.5 -
114. 5°C in a current of chlorine gas to collect the pure chloride. .
The chloride was diluted by an ammoniacai soluti6n to precipitate
the hydroxide, which was ignited to the oxide and reduced to metal
by hydrogen at 750-800°C, using graphite containers.

A total of 10 kg metal was prepared by this method.

Ultrapure tin metal was produced by zone refining of the
chemically purified metal with 20 passes at a traverse rate of
50mm/hour. Analysis of zone refined ingot was: Sb < 10;
Bi <10; Fe < 10; Cu < 10; Zn < 100 and Ni < 10. A total of
8 kg of metal was refined.

1.4. HIGH PURITY COMPOUNDS

1.4.1. K2TaF?

(A. D. Damodaraxi, S. Balachandran, A, A. Iviazumdar,
T. V. Rao, and K. B. Bhat)

Requirement of pure K2TaF is for making tantalum metal
powder for electrolytic capacitors. Starting from indigenous columbite-
tantalite ore making high purity potaBsium tantalofluoride involved
the following steps.
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i) Crushing and grinding the ore to -100 mesh,
ii) Dissolution of the ore in hot 40% HF in a specially

designed dissolution assembly.
iii) Solvent extraction with 50% TBP in kerosene, at an

aqueous to organic ratio of 1:4. This involved a two
stage extraction from an aqueous feed (200 gm/litre of
total oxides) of IN HF. 2N H,SO4, a four stage scrubbing
with an aqueous feed of the same acidity and a single
stage stripping with 1% NaOH,

iv) Conversion of the extracted tantalum solution into K,TaFy
by precipitation with a 40% KF solution.

In the present year a high-density mixer-settler of about
15 kg/day capacity was employed. The same scaled up process
will be used for the production of I^TaF- at Special Materials
Plant.

A total of 150 kg pure KJTa.Fj was prepared. 250 kg of
crude Nb,C> was obtained as a by-product,

1.4. Z. Nb205

(A. D. Damodaran, A. A. Mazumdar and T. V. Rao)

High purity niobium is required for making Zr-2. 5% Nb
alloy for use in future power reactors.

Studies were carried out to prepare high purity niobium
pentoxide required for production of the pure metal by solvent
extraction from the feed raffinate from the solvent extraction of
tantalum. The optimum conditions established for the recovery
of niobium were organic phase 50% TBP in kerosene; aq.:org.
ratio 1:10, a three stage extraction from aqueous feed (110 gm/1,
total oxides) of acidity 3N HF. 7N H2SO4, a five stage scrubbing with
aqueous feed of the same acidity and a two stage stripping with
0.5NH. F.2NH2SO4.

1.4.3. BBr3

(H. S. Ahuja, I. A. Khan and Smt. P .P . Kunte)

Boron tribromide is used as a dopant in silicon. It is
also used for the preparation of ultrapure elemental boron.

The process for the preparation of BBr, was the same as
reported earlier. Elemental boron and bromine were reacted at
700°C when crude BBr, of 96-97% purity was formed. This was
fractionated in a quartz column (height 200 cm). Analysis of
BBr, sample showed; Si 20-65; Fe <10; Pb <2; Al <10;
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Mg 10-30, Mn < 5 and Ca < 20 p,

1.4.4. M".fNO,)2

(K. ?,!./• Ki:1 ac.v,r, C T. Mehta and KumP.R Kulkarni)

Electronics grade manganese nitrate is used for producing
capacitors from tantalum slugs.

Starting with commercial pyrolusite, silica was removed as
an insoluble by dissolving the ore in HCl followed by evaporation to
dryness. The dry mass was leached with water and iron precipita-
ted by adding freshly prepared manganese carbonate. The resulting
solution was pas Bed through a column of strongly basic anion
exchanger to remove the last traces of iron, if any. The affluent
was made ammoniacal to precipitate Mn(OH)z. The hydroxide was
then dissolved in HNO, and concentrated to give the required con-
centration about 60% w/w of Mn(NO3)2.

In an alternative method which proved to be more convenient
pyrolueite was dissolved in H^SO,, evaporated and ignited to 700°C
to convert all the iron into f^Og which was left as an insoluble
when the ignited mass was leached with water. Traces of iron were
removed by the addition of manganese carbonate into the leached
MnSO4 solution. From the iron free manganeous sulphate solution
manganese was precipitated as carbonate by ammonium bicarbonate,
filtered, washed free of sulphate, dissolved in minimum quantity of
nitric acid and evaporated to the requisite concentration.

1.4.5. Selenium oxychloride
(Smt. N. S. Kunte and D. S. Mungekar)

SeOCl-, was required for the development of liquid lasers by
the Electronics Division. 4kg of SeOCl, was prepared and supplied,
^he preparation involved i) the conversion of Se to SeO, by HNO-,
ii) conversion of dry SeO2 to SeC>2. 2HCI by passing dry HCl gas
over it, iii) dehydration of dichloroselenious acid by H^SO^ to give
SeOCl2. The final purification of SeOCl- was carried out by disti-
llation at 40-50°C under reduced pressure.

1.4. 6. Phosphorous Oxychloride
(H S. Ahuja and M. S. Gill)

99- 99% phosphorous oxychloride is used as a doping material
for silicon and germanium. It is also used as a non-aqueous solvent
for inorganic compounds because of its excellent solvent properties
and convenient liquid range.
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The purification of POC13 is carried out by fractional dis-
tillation. In the earlier work FOCI used for purification was pre-
pared in the laboratory either by thr reaction of P2O5 a n t * PCL
or by controlled oxidation of PC13 with oxygen. Later POCI3 obtained as
a by product in the industry, was used as starting material for
preparation of high purity POClg. Commercial POC13 contained
large quantities of suspended impurities which however settled down
on prolonged keeping. The clear yellowish liquid was subjected to
a two stage distillation using a column of glass (19mm ID and
220cm high) packed with single glass helices (6 mm). The column
had an efficiency equivalent to 24 theoretical plates. In the first
stage 60% of the middle fraction was collected and used as the
charge for the second stage. About 70% of this was collected as
a middle fraction in the second distillation. A reflux ratio of
10 was employed for both the stages. The product obtained was
found to have the following analysis: Ti < 25; As <10; Pb < 2;
Sn <T 10; Bi <T0. 6; Ca and Mg (as Ca) < 50; S <10.

1.4.7. Nal
(H. S. Ahuja and Smt. R. A. Sineh)

Single crystals of high purity Nal are used in scintillation
technology. The methods employed to produce high purity sodium
iodide have already been described and reported.

HI was prepared from H , J and I_. The crude was fraction-
ally distilled in an inert atmosphere at 127°C, and then reacted with
stoichiometric amounts of NaOH dissolved in minimum quantity of
water. Two stage crystallization of the solution yielded Nal, 211̂ 0
which was dehydrated at 200°C under vacuum.

33 kg of Nal was prepared during the year and supplied to
Technical Physics Division.

1.4.8. Csl_
(H.S. Ahuja and Smt. P.P. Kunte)

Freshly prepared HI reacted with purified Cs2CO3 and the
solution concentrated to crystallize Csl which was dried under vacuum,
A typical analysis of the product was: Fe <10; As <T 10;
Pb < 5; Ca < 50 ppm.

4. 0 kg of Csl was prepared and supplied to Technical
Physics Division.
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1.4.9- Rare Earth Oxides
(T. V. Rao)

About 2 kg YJJO, of spectrographic purity waa produced by ion
exchange method from the rare earth concentrates obtained from
the samarskite ore after extracting tantalum and niobium. Other
heavy rare earths were obtained as binary fractions which will be
processed for future.

1.4.10. Miscellaneous Preparation of High Purity Compounds

In addition to the high purity materials mentioned above wliich
were prepared routinely, several special high purity compounds
required by various Divisions in BARC and other institutions were
also prepared and supplied. These include complex fluorides,
K NiF4, TlMnF3, RbMnF3; Ferric oxide, antimony pentbxide,
silicon monoxide, lanchrome (L^Og. Cr^O-); Y^O^-ThO., pellets;
vanadium trioxide; tungstates of calcium and neodymium; Li-,CO,;
L1C1O4; LiF; PbS32; Li&F; stannous and stannic oxides, sulphates
and halides; compound semiconductors 2AS2SC,. 3AS,Te, Gei/TeR,
Sft̂ , etc. Special experimental methods and techniques 'involved In
preparing these compounds were worked out.

1.5. DEVELOPMENT WORK

During the year, development work was carried out on the
extraction of tungsten from the scrap and grinding residues from
carbide industry; optimising the operating conditions of a medium
temperature fluorine cell; preparation of boron metal and boron
nitride, as well as of calcium fluoride based phosphors for use in
thermolumine scence dosimetry, and of electronic grade acids.

1. 5. 1. Tungsten
(Y. W. Gokhale and S. S. Gupta)

Development work was carried out to extract tungsten from
slimes obtained from the tungsten carbide industry. These slimes
averaged ^ 46% tungsten, 10% titanium, 15% cobalt and 8% niobium/
tantalum as oxides.

The slimes were roasted and leached with water to obtain a
clear solution of sodium tungstate, from which tungstic oxide was
obtained by acidification. Pure WO3 was obtained through ammonium
tungstate.

Pure tungsten metal was obtained by reducing WO, in two
stages, i .e. , first at 500°C and then at 800-850°C.' A typical
spectrographic analysis of recovered tungsten metal was; Ni < 2;
Cr < 5 ; Al <10; Si < 20; Fe < 5; Sn <5; Mn < 1 and
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AB < 50 ppm.

1.5.2. Elemental Boron
(H. S. Ahuja and I. A. Khan)

Elemental boron is used as semiconductor and as dopant for
silicon and germanium.

A method is being developed for decomposing BBr, on a
hot filament (Ta) to give elemental boron of high purity.

Hydrogen gas bubbled through pure hot BBr^ (Sec 1.4.3)
to carry its vapour into a chamber containing tantalum wire heated
to 1150-1200°C, on which the decomposition took place and elemental
boron deposited. However, the x-ray analysis showed that the
product was contaminated with tantalum boride. Therefore experi-
ments were carried out at 800-1100°C whereby the formation of
TaB? was brought down to < 2%. Once the conditions for obtaining
boride free boron are established, other parameters will be studied
in detail to obtain high purity boron.

1.5.3. Boron Nitride
(H. S. Ahuja and I. A. Khan)

Boron nitride is an important refractory material. It is
also of industrial importance owing to its high heat capacity and
electrical resistivity.

Two methods were tried for the preparation of boron
nitride, (a) the reaction of ammonium chloride with borax in pre-
sence of ammonia at 950°C and (b) the reaction of urea with
borax at 950°C in presence of ammonia. Because of low yield
( ^-^ 15%), the first method was given up and the latter was
developed since it gave high yields. Conditions were established
to give yields upto 95%. The method consisted of heating an
intimate mixture of boric acid and urea for 4 hours and continue
heating in NH3 at 950°C.

1.5.4. Fluorine Cell
(T. Keshava Das and M. B. Kokare)

The importance of fluorine in nuclear industry is quite well
known for its use in fuel reprocessing and production of enriched
uranium. Lately, it has become a familiar chemical in the inor-
ganic laboratory. Since no indigeneous supply of fluorine gas is
available at present it was considered worthwhile developing a
small fluorine cell.

The salient features of the cell designed and fabricated are
as follows:
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The electrolyte (10 kg) a mixture of KF + HF (mole ratio
1:2), is contained in a monel vessel kept at 80 +_ 2°C. The
cylindrical cathode is made of mild steel with a surface area of
5. 5 dm2 and the anode is a nickel sheet (0. 9 dm2). Separating
the two electrodes, there is a mild steel skirt dipping about one
inch into the electrolyte, and a perforated (v^60 mesh) monel
diaphragm fitted to it extends into the electrolyte to the same
depth as the electrodes. The electrodes, skirt and diaphragms are
fitted to the cell cover with suitable insulations, and outlets are
provided in the cell cover hydrogen and fluorine. An inlet was
provided to supply hydrogen fluoride to the electrolyte.

The cell was operated at 5.5 to 9.0 volts, 2.0-7.5 amps
with over 70% current efficiency.

Further work is in progress for ascertaining the purity of
fluorine generated. " It is also contemplated to develop a carbon-
anode fluorine ceil.

1. 5. 5. Phosphors for Thermoluminiscence Posimetry
(B. S. Mathur)

Calcium fluoride doped with rare earth fluorides was
required by Health Physics Division for their thermo-luminescence
dosimetry programme.

Calcium fluoride phosphors doped with 0.5 and 0.1 mole %
of La, Ce Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu
and Y fluorides were prepared and BuppLied.

1.5.6. Electronic Grade Acids
(A. D. Damodaran and T. V. Rao)

High purity HNO3> HC1 and H2SO are required in the
electronics industry.

So far, it has been possible to standardize procedures for
producing HCl ( ̂  8N) arid H2SO4 (98%) of the specified purity.
The process involves a double stage surface evaporation of the
analytical grade acids. The production rate achieved so far is
1. 5 litres/hour for both acids.

1.6 RESEARCH

In addition to the preparative and development work,
research work on the following topics has been carried out.
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1.6.1. Metal-Forphyrin Complexes
(Smt. Radha R. Das)

It is ir the form of metal complexes that the tetrapyrrol
pigments exert their most important biological activities. Very
little work however has been done on the in' orporation of metal
ions into porphyrin in an entirely aqueous environment, the main
hurdle being that the majority of the porphyrins are Insoluble in
water. Studies in determent-solubilization technique show that the
incorporation of divalent ions follows a simple bimolccular dis-
placement mechanism.

The porphyrin obtained by the addition of four ethylene
diamine molecules into protoporphyrin is water soluble in the
entire pH range. Fast reaction kinetics 2 o n this porphyrin
showed that it exists in a monomer-dimer equilibrium.

It was of interest to study the details of incorporation of
metal ions into this porphyrin. In aqueous environments Cu(II),
and to a lesser extent Zn(II) show appreciable incorporation into
porphyrin. There was no appreciable difference in the absorption
spectrum with respect to ^ m a x and £ in the soret region
of the free porphyrin and its complex. Preliminary studies showed
that free porphyrin fiuoresces and the copper complex did not.
Fluorescence spectrophotometric technique was therefore used to
follow the course of reaction.

Studies done at different initial concentrations of porphyrin,
copper and H"*" showed that the initial rate of the reaction was
first order with respect to the total porphyrin and between half
and first order to copper ion concentration depending on the con-
ditions. Higher concentrations of porphyrin and higher pH resulted
in a half order dependence on copper. Buffering with acetate -
acid and use of alcohol-water solvent shifted the copper dependence
nearer to 1. It showed a general increase of rate with increasing
pH between 3. 7 and 5. 7. There was no definite order for the

H7 dependence.

Acetate ions increased the rate of incorporation, and so also
addition of alcohol. The conclusions are summarised below:

i) Copper is incorporated into the free and protonated
species. The rate of incorporation is greater in the
former.

ii) Monomers and dimers react with different rates.
The rate constants k, and k^ for the two steps.

1 - T. P. Stein and R. A Plane, J. Amer. Chem. Soc. , 91., 607

(1969)
2-R. R. Das, R. F. Pasternack and R. A. Plane, ibid, _9_2, 3312 (1970)
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k,
p + Cu l

 > Cu P
kl C

P + cu > Cu P , 2L^,Cu_P7

fast

at 25°C in 0. 05M NH4C1 at a pH = 5. 2 arct-

ic = 150 M"1 min"1.

k2 = 2.30 M"1 min"1

In presence of 0. 05 M NaAc/HAC buffer they increase respectively
to 300 and 5.3 and in 15% v/v alcohol-water to 750 and 6.3.

Preparation of the zinc porphyrin and studies of displacement
reaction with copper under varying condition will gtve added insight
into the mechanism of the above reaction.

1.6.2. Studies on Rare Earth Tartrates and Propionates (including
Monochloro and Dichloro Propionates)
(G. M. Phatak, K. Gangadharan, R. K. Iyer and G. S. Rao)

In continuation of earlier work tartrates of lanthanum,
praseodymium, dysprosium, gadolinium, erbium .and neodymium
were prepared by mixing Ln:T in 1:1 ratio (where Ln = rate
earths and yttrium, T - tartrate) and precipitating the complex by •
the addition of 3 equivalents of alkali. Chemical analysis showed
them to be LnT. XH2O (X = 4-6)

Infrared and thermal analysis of the compounds are being
carried out.

The propionates, and the substituted monochloro and dichloro
propionates were prepared by dissolving the freshly precipitated rare
earth carbonates in respective acids recrystallized and analysed.

Thermal analysis revealed that propionates dehydrated
between 130-l60°C. The decomposition of lighter rare earths
(La-Sm) proceeded via oxycarbonate, and of heavy rare earths
directly. The thermal stability and melting points decreased from
lighter to heavier members in the series, Melting points of the
propionates of the rare earths heavier than neodymium could not
be determined due to decomposition.

The end product in the thermal analysis of dichioropropio-
nates was oxychloride for lighter rare earths and mixture of oxide
and oxychloride for the heavier members.

Further work is in progress.
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1.6,3. Studies on Potassium Antimotiy(III) Tartrate
(R. K. Iyer, S. G. Deshpande, G. S. Rao)

The formation of potassium antimony(lll) tar t ra te and its
behaviour in solution were examined by potentiometric, anion
exchange, thermogravimetric, polarimetric and infrared studies.
The composition of the complex after drying over anhydrous calcium,
chloride corresponded to K [Sb. C^H^^S-^ ^ 2 ^ ' P** titration data
indicated the liberation of 4 protons from tartaric acid on complex
formation. The charge on the complex was found to be -1 from
anion exchange data. Infrared studies indicated that the metal-
oxygen bonds in the complex had a high degree of covalency. The
results , showed that the complex existed in solution as

in preference to other structures reported in literature.

Passage of potassium antimony(III) tartrate through a
strongly acidic cation exchanger in the hydrogen form showed that
30% of the antimony gets loaded in the column. Possible reactions
of the complex salt with the cation exchanger resulting in the
decomposition of the complex are

2HR + H O SbOR + KR +
COOH
CHOH

COOK
HOH

COOH

2SbOR + H O Sb,O, + 2HR

1. 6. 4. Estimation of Selenium and Copper in Tellurium
(Smt. N. S. Kunte and S. N. Ranade)

It was necessary to develop methods to estimate traces of
Se and Cu in pure tellurium.

A new method was developed -where selenium present to
the extent of 10 /ug/g in tellurium could be estimated. Tellurium
was converted to TeO2 , dissolved in HCl and Te + 4 oxidised to
Te+6 by K2Cr2O_. After adding sodium citrate and adjusting the
pH to 1. 5 +_ 0 .1 , freshly prepared o-phenylene diamine hydro-
chloride was added and the complex extracted in toluene and
estimated spectrophotometrically.
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For the estimation of copper it was complexed with diethyl-
dithiocarbamate (DDTC) at pH 8-10, extracted with CC14 and
estimated spectrophotometrically.

1.6.5. Rare earths Segregation in Eutectics by Zone Melting
(A. J. Singh and J. Shankar)

Eutectic mixtures have the unique property of not under-
going any change in their composition even on repeated zone passes
during zone melting. Eutectic mixtures of LiNC^-NH^NO^ and
LiNO -NH NO -NH4Ci are good solvents for rare earths, thorium
and uranyl nitrates. These nitrates were taken to the extent of
5% by weight in the aforesaid eutectics and their segregation
behaviour on zone melting studied. The determination of distribu-
tion coefficients (k) of rare earths were calculated and when
plotted against their atomic number, showed a break in the tendency
at gadoLinium.

Zone melting studies were also made to study the effecti-
veness of zone melting on separation of mixtures of rare earths
or of rare earths with yttrium or uranium and of uranium and
thorium dissolved in the eutectics under varied experimental
conditions.

r

1. 6. 6. Complexes of Diethylenetriamine witVMn, Co, Ni, Cu and
Zn
(S. N. Tripathi)

Complexes of diethylene-triamine were prepared by reacting,
metal chlorides with the ligand in absolute ethanol medium and
were found to have the composition 1:1. Reflectance spectra of
these complexes were studied in the visible region (400-700 rryi)
and are found to be similar to those were the metal is penta-
coordinated. Magnetic measurements at room temperature show
that they are high spin complexes and their magnetic moments con-
form to the spin only-values.

1.6.7. Complexes of Beryllium with Organic Ligands
(P C. Das and G. S. Rao)

The beryllium ion has a high ionic potential and is, there-
fore, expected to form strong complexes. However, its small
ionic size and its maximum coordination number of four have
considerable influence on the stability of its complexes. Very
little data is available on its complexes with bidentate phenolic
and poiydentate ligands. Therefore, work was taken up on com-
plexes of oeryllium with phenolic ligands and amino acids.
Studies were also extended to complexes of aluminium and
magnesium with the above ligands.
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In studies with salicylaldehyde and related compounds pH
titrations were carried out adopting the Irving and Roosotte method.
Since salicylaldehyde and other ligands are sparingly soluble in
water, dioxan-water mixture was used. The stability constants of
the complexes of beryllium, magnesium and aluminium with salicy-
laldehyde, o-hydroxy acetophenone, methylsalicylate, salicylamide
and salicylic acid were determined at 35°C in 50% (v/v) dioxan.
The results obtained have been explained in terms of the ionic siz-
and charge of the metal ions. It is found that the stability constants
increase with pK values. The observed deviation, in the case of
salicylic acid, is explained in terms of difference in the nature of
bonding in this complex.

The study of the effect of composition of the medium
(5-75% dioxan) on the pK values of ligands and log K values of
beryllium complexes showed that the former increase with the
organic content of the medium which in turn increases the stability
of the complexes.

In the case of amino acids which are not very soluble in
water, Schwarzenbach1 s method as modified by Martell was used
for determining the stability constants. The stability constants of
complexes of beryllium, magnesium and aluminium with glycine,
iminodiacetic acid, nitrilotriacetic acid and ethylenediaminetetraa-
cetic acid were determined in water at 35°C. It was found that
they increased as the number of donating groups in the ligand
increased.

These studies showed that the stability of the complexes
increased, by and large, in the order Mg^+ *£. Bê + <C Al^+.

1.6.8. Addition Compounds of Nb{V) and Ta(V) Halides with
Aromatic Ketones and Dinitriles

(M. S. Gill, H. S. Ahuja and G. S. Rao)

The 1:1 molecular addition compounds of NbX and T&X_
(where X = Cl" and Br~) with acetophenone C^Hg. CO. CHj and
benzophenone C/HLCOCiH- were prepared and studied. These
compounds were obtained when near stoichiometric quantities of
the* halide and the ligand were reacted in dry CCl,. The infrared
spectra of these compounds showed that "~? (C=o) was considerably
lowered thus indicating the linkage through the ketonic groupi
(J. Less Common Metals, 2J_, 447 (1970).

Studies on the molecular addition compounds of NbX5 and
TaXg with potentially bridging nitrogen containing ligands showed
that both malonoitrile (NC)2(CH2) and succinonitrile (NC)2(CH?)2

formed 1:1 and 2:1 (halide : ligand) compounds when suitably
reacted in dry CC1. and/or CF^Cl^. Sixteen such complexes
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were isolated using pentachlorides and bromides and their infrared
spectra and molecular conductivity studied. The infrared spectra
showed an increase in the (C=N) stretching frequency (30 - 50 cm"*)
over the free nitrile frequency in the ligands. In the case of 1:1
compounds no 'free1 (C = N) stretching frequency was observed
showing that both nitrile groups in the dinitriles participated in the
bonding. The molar conductance in acetonitrile medium was found
to be between 19.0 and 30.0 (cm^mol* * ohm'*) for 10" 3 molar
solutions, indicating that these compounds in acetonitrile are non-
ionic. This was confirmed by conductance measurements over a
concentration range in acetonitrile.

From the data it is proposed that 1:1 compounds are seven
coordinated having a polymeric structure,

-MX5 - NC(CH2)3t CN - MX5 - NC(CH2)XCN -

and 2:1 compounds are six coordinated with one ligand molecule
bridging between two halide molecules.

MX5 <e- NC(CH2) ^ CN > MX5

Further work is in progress. ,

1.6.9. Studies in the Recovery of Germanium from Indigenous
Sources and Industrial Wastes
(N. S. Krishnan, K. M. Abubacker and G. S. Rao)

Studies on chlorination of germanium dioxide were carried
out to establish the optimum conditions for extraction of germanium
from indigenous sources such as flyash, flue dust and minerals
containing germanium in which the element is present in the oxide .
form. The results show that chlorination of the oxide, in presence
of a reducing agent such as carbon, occurs at 575°C and above.
In the industrial wastes of germanium, especially from the electronics
industry, it is present in the elemental form. Therefore studies
were also carried out on the chlorination of germanium metal to
optimise conditions for its extraction from industrial wastes. The
results show that impurities like arsenic, antimony and tin can
be removed by preferential chlorination at 200°C, and bulk of
germanium can be recovered as chloride by chlorination at 275°C

1.7. SPECIAL MATERIALS PLANT, HYDERABAD

The Special Material Plant, which is being set up at
Hyderabad is an outcome of technical know-how developed in this
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section.

High purity antimony, arsenic, bismuth, boron tribromide,
gallium, gold, indium, lead, phosphorus oxychloride, selenium,
silver, tantalum, tallurium, tin and zinc wil. be produced on a
commercial scale in this plant. The estimated capital outlay of the
plant and cost of production are PJ. 40 and 54 lakhs respectively.
The civil works at the site and procurement of equipment and
machinery are progressing. The plant is expected to go into
operation in 1972.

Work was continued on designing, fabrication and testing of
various prototype equipments required for Special Materials Plant.
The following are some of the assemblies or equipments developed
or modified during this year.

1.7.1. Mixer Settler Assembly
(A. D. Bamodaran and his group)

An ail polythene assembly was designed and fabricated in
the divisional workshop. The unit was automated to a great extent
to enable unattended operation. The assembly was operated round
the clock so as to give 15 kg pure K,Ta Fj per day. A total of
150 kg pure K2TaF7 was prepared while 250 kg of crude Nb2O5
was obtained as by-product.

1. 7. 2. Automatic Zone Melting Unit
(A. J. Singh)

An automatic zone melting unit to process 15-20 kg metal
charge was specially designed, fabricated and tested for continuous
run. A special feature of this unit is an all-gear drive mechanism
with an electromagnetic clutch arrangement to connect and disconnect
the fast reversing motor for the 18 heaters installed on the unit.

The unit accomadates 6 graphite boats 600x30x30 mm loaded
with a total of 15-20 kg metal for zone refining. The boats are
slid into three glass tubes of 50mm OD arid 1500 mm length. The
glass tubes have flanges to facilitate evacuation and filling with
gases. 3 molten zones per boat, i .e. , a total of 18 molten
zones, are produced simultaneously. The spe^d of molten zone
movement is 30mm/hour.

It is contemplated to assemble about ten such units at
Special Materials Plant. Therefore, the unit assembled in this
section has been despatched to Hyderabad as a model for fabrication
of more units.
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1.7.3. Hydrogen Reduction Assembly
{A. J. Singh)

A prototype hydrogen redaction vessel and a matching
furnace ( v% 6. 5 KW; 850°C) was designed and fabricated from
stainless steel, for the reduction of oxides of 5a, Bi and Cd and
AgCl to their respective metals. This assembly was used for
production cf Sn and Ni metals using graphite tray containers.

1. 7. 4. Designs of Equipments

The following equipments were also designed for the Special
Materials Plant:

(i) Apparatus to pour ^^ 50 kg molten metal in inert
atmosphere/vacuum into 20 graphite boats (600x30x30 nun)
for zone refining,

(ii) A variety of furnaces for use in zone melting, reduction,
distillation, etc.

$ii) Vacuum distillation assembly to distil about 20-25 kg metal
per batch.

1.8 TRAINING SCHOOL

Three officers from the section (Dr. G. S. Rao, Dr. K. M. Abubacker
and Dr. H. S, Ahuja) delivered lectures on general chemistry and
chemistry of special materials to the engineering and chemistry
trainees of the 13th batch of the BARC Training School.

1.9. REPORTS, PUBLICATIONS AND COMMUNICATIONS

1. Preparation of electronics grade Bi, Sb, Te, Cd and Zn by
vac cum distillation and zone refining
A. J. Singh, B. S. Mathur, P. Suryanarayana and S. N. Tripathi
Proceedings of Symp. on Non-ferrous metale Technology,
Vol. Ill, p. 82-91. ,1968 (Pub. 1970)

2. StudieB of maleic acid complexes of rare earths and other
metals. Part I - Preparation and thermal behaviour
T.R. Bhat, B. S. Mathur, J. Shankai, Ind. J. Chem., Vol.8,
p. 275-281 (1970)

3. Infrared and nmr spectra of five-coordinate complexes of
Bis (N.N1 - diethyldithiocarbonato) zinc with pyridine and other
related nitrogen donors.
S. K. Gupta and T. S. Srivastava
J. Inorg. Nucl. Chem., 32(5), 1611 (1970)
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4. Determination of trace amounts of selenium in pure
tellurium
S. N. Ranade and N. S .Kunte
Ind. J. Chem.. Vol.8£4), p 370 (1970)

5. Catalytic effects in reactions of chromium(III). I -Kinetics
of reaction of chromium(IIl) with ethylene- diamine tetraacetate
in the presence of carbonate, nitrite and sulphite catalysts.
G. M. Phatak, T.R. Bhat and J. Shankar
J. Inorg. Nucl. Chem., _3£. 1305-1311 (1970)

6. Complexes of Nb(V) and Ta(V) halides with acetophenone and
benzophenone
M. S. Gill, H. S. Ahuja and G. S. Rao
J. LeBS Comm. Metals, 21, 447 (1970)

7. Complexes of Nb(V) and Ta(V) halides with dinitriles
M. S. Gill, H. S. Ahuja and G S. Rao
Communicated to DAE Symposium, Madras, Nov. 25-27, 1970

8. Infrared studies on c he late s of antimony(lll) and Bismuth(III)
with some Aminopolycarboxylic Acids
R. Krishna Iyer and J. Shankar
Submitted to Ind. J. Chem.

9. Studies on complexes of Tartaric Acid. Part I. Antimony(IH) -
Tartaric Acid System
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2.2 SUMMARY

The Radiation Chemistry section is actively pursuing basic
and applied aspects of radiation chemistry, water chemistry, isotope
effects and chemical problems that come within its purview in advanc-
ing the general objectives of BARC.

In the area of fundamental studies primary products of radiation
interaction with several systems, their characterisation and their
relationship to final products are being investigated. For example, in
water radiolysis experimental evidence has been adduced for the exis-
tence of H2O+; for molecular products formation a theory has been
advanced involving the role of excitons; rLz®2 Y^e^B have been measured
accurately for y'-irradiated ice at 77°K; interaction of hydrated
electrons with numerous solutes have been studied and theoretical
models have been advanced for this species. Certain aspects of pho-
tochemistry, hot atom chemistry and energy transfer are also under
study. In an effort to apply radiations to chemical processes polymeri-
sation reactions are being investigated and conditions have been worked
out for the complete conversion of trioxane monomer to polymer which
was hitherto considered unattainable.

Problems of interest to power reactor water chemistry have
been taken up for study. Besides standardising the methods of trace
analysis for impurities which are undesirable in reactor water, studieB
are in progress on the estimation of trace amounts of corrosion pro-
ducts and adsorption of transition elements on inorganic ion exchangers.

A thermodynamic theory has been developed for ion exchange
equilibria in non-aqueous solvents which has been very successful in
correlating the ion exchange equilibrium data in aqueous and mixed
solvents (water and organic solvent). Helfferich theory of ion ex-
change kinetics has been confirmed for binary exchange processes in
aqueous and mixed solvents. The problem of diffusion cum chemical
reactions on ion exchangers has been examined and the experimental
results have been found to be in agreement with theoretical predictions.

Another area of interest has been the application of Mossbauer
spectroscopy and the r mo luminescence to the behaviour of solid metal
complexes.

For carrying out the above studies the radiation chemistry
section has been equipped with: a 2500 curie cobalt source, 150 KV
x-ray source, Spectrophotometers, a mass spectrometer for volatile
materials and an amino acid analyser. In addition to these, gas liquid
chroma tog raphs have been fabricated with a variety of detectors
whose "Iknow-how" have been transferred to M/s Toshniwal Bros Pvt Ltd
and M/s Associated Instrument Mfg. Ltd. for commercial production. The
Mossbauer spectrometer and the thermoluminescence assembly were designed
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built and fabricated.

The section has provided specialised analysis service to
several divisions of 3ARC and also to industries.

Several scientists of this section have participated in the
teaching of regular courses of study to the trainees of BARC
Training School and also at the Summer Institute run by BARC.

2.3 RADIATION POLYMERISATION

2. 3. 1 Gamma Radiation Induced Polymerisation of Trioxane
(M. H. Rao and K. N. Rao)

Polyoxymethylene is an important polymer and the Y^ray
induced preparation of it is being studied in several countries.
Trioxane which is the starting material could be converted to the
polymer only to the extent of 40% by V-radiation and several
theories had been put forward for the limiting conversion based on
the role of defects in the solid and also the role of disorientation of
the molecules. Experiments in our laboratories showed that if the
monomer is purified rigorously the polymer conversion proceeds -upto
100% and this happens not only near the melting point but even at tem-
peratures far below the melting point (Fig. 2. 3.1). The purification
procedure adopted by us consists of vacuum sublimation followed by
passage of the vapours under vacuum through molecular sieves 5A
which had been preconditioned at 400-450°G for 24 hours under high
vacuum (10"5 - 10 mm Hg).

The polymerisation rates at different temperatures fall into
two groups, below 40° and above 40 . Both above 40 and below 40
the rates are independent of temperature and the value above 40 is
about twice that below -40 . This has been attributed to the phase
transition taking place at 40° and the reaction being ionic the tempe-
rature effect in any one phase is negligible. The dose rate exponent
obtained from our results is 0.53 which is an indication of the bi-
molecular termination of the polymer chain, i. e. , neutralisation, of
counter ions. This has clearly established for the first time that the
defects play only a minor role in the termination step and it Is the
impurities which are in trace amounts that are responsible for the
limiting conversion.



-34-

to
o>

CM

UO!SJ8AU00



-35-

2. 3. 2 Radiation Induced Polymerisation of Vinyl Benzoate
(V. Kumar, K. N. Rao and J. Shankar)

Unsaturated compounds can be polymerised by gamma radiation.
The rate of polymerisation and the nature of the polymer depends upon
the structure of the monomer. Vinyl benzoate is interesting as a
monomer since it is composed of both aromatic and vinyl groups. Its
kinetics of polymerisation and the nature of the polymer formed by
gamma radiation has been investigated. The polymerisation has been
carried out in the liquid state at several temperatures. The percen-
tage conversion of the monomer has been measured by dilatometry and
also precipitation of the polymer. The results show that the rate of
polymerisation is intermediate between styrene and vinyl acetate. The
rate of polymerisation is also proportional to (dose rate)^* ^6# The
energy of activation for the propogation step is between 3 - 3 . 5 Kcal.
Radical yields from two different methods give GR values of 5 and
0.94 which can be interpreted as the total radical yield and the effec-
tive yield for polymerisation respectively. It appears that the radicals
formed on the ben-.ene ring are not active in initiating polymerisation.

The molecular weight of the polymer has been determined by
vapour pressure osmometry. They range from 4,000 to 14,000 depen-
ding upon the dose of gamma radiation. From the degree of polymeri-
sation it has been deduced that there is both degradative and nondegra-
dative chain transfer of the growing radical.

Infrared studies of the polymer has shown additional absorption
peaks which were not in the monomer, i . e . , 1920 cm"', 1970 cm"1

and 820 cm-1, which have been attributed to meta aDd para substitu-
tion of the aromatic ring. The 'high percent conversion1 polymer was
insoluble in the usual solvents and showed a sharp medium intensity
peak at 1378 cm' 1 due to CH3 indicating a high concentration of C -
CH3 groups. Thus there must be a number of branched chains.

2.4 RADIATION CHEMISTRY OF ORGANIC COMPOUNDS

2.4.1 Radiation ChemiBtry of Organic Compounds - Ion Molecule
Reactions in the Condensed Phase - Proton Transfer Reactions

(Jai P. Mittal)

The reaction of an ion with a molecule to form a new Ion has
been commonly referred to as an ion-molecule reaction. This is a
form of charge transfer A+ + B > C+ + D. Stevenson has pointed
out that an ion may undergo as many as 10** collisions before neutrali*
Batten in atmospheric gas if the dose rate is 300 R/sec. In other
words, if ion molecule reactions can oc and if the results of theee
reactions &?e chemically significant to *. U results, these
reactions should not be neglected.
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Until quite recently these reactions have been postulated for
radiolytic processes in the gaseous state. It 1B not as evident that
ion molecule reactions occur in condensed phase, although they are
not unlikely and have been postulated to account for several experi-
mental observations in the liquid phase radiolysis.

We have, recently, re-examined this problem and gathered
further evidence for a well known ion-molecule reaction, i. e. a
proton transfer reaction. We utilised the approach of examining
neutral product formed in an ion molecule reaction. A proton
transfer reaction can be written as

RH+ + B -> R + BH+ (a)

Everytime the base, B abstracts a proton from the parent ion, RH+,
one radical R is produced. In theory, if one can count the neutral
radicals produced, one should be able to study the extent of the pro-
ton transfer reaction. But, it is well known that in the radiolyses •
of hydrocarbons radicals and predominantly parent radicals are
produced even in the absence of any added solute. This interference
was overcome by adding a known efficient radical scavenger (such
as I2) to the sample and irradiating with and without added bases.
If one studies only the increase of radicals, R produced in the presence
of added bases, this increase in radical will indicate the minimum
yield of radicals produced via proton transfer reaction (a). The G-
value of R will then be a measure of proton transfer reaction.

Five different hydrocarbons, cyclohexane, cyclopentane,
methyl cyclohexane, 3-methyl pentane and benzene, having a range
of ionization potentials have been studied. Six bases, methyl al-
cohol, isopropyl alcohol, acetone, acetonitrile, methyl tetrahydro-
furan and pyridine, having different thermochemical parameters such
as proton affinity, electron affinity etc. were tried. The extent of
proton transfer was shown to be directly related to the energetics of
the reaction (a), i. e. whenever the energetics were such that

I. P. (donor) + P. A. (acceptor)>D (H-C^Hn) + I. P. (H*)

proton transfer did take place. It was also shown that whenever
I. P. of denor was kept constant the ion-molecule reaction was
directly proportional to the proton affinity values of various proton
acceptors. The various acceptors can be arranged in order of
decreasing proton affinity as: Pyridine >methyl alcohol > isopropyl
alcohol > acetone >acetonitrile^>methyl tetra hydrofuran.

Further work on this interesting problem is in progress.
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2.4.2 Radiation Chemistry of Organic Compounds: Even Electron
Species in the Gamma Radiolysis of Liquid Frdrocarbons-
Carbonium Ions in Radiation Chemistry

(Jai P. Mittal)

An attempt has been made to determine the importance of
positive ion intermediates of even electron configurations (such as
carbonium Ions) in the gamma radiolysis of hydrocarbons. These
even electron species have been counted by derivatizing them with a
suitable negative species X produced insitu.

G-values for various primary and secondary hydrocarbons
range from (0.1-0.3). But in the case of tertiary and branched hydro-
carbons higher G-values (upto 0.8) are obtained. The very interest-
ing observation, that the trend of the production of these carbonium
ions runs parallel to the values obtained for "free ions" (obtained by
conductivity measurements) lor various hydrocarbons, indicates tha^
the explanation of different values (structure dependent) of "free ions"
yields may be correlated with their carbonium ion yields obtained. ,,
from respective hydrocarbon"s gamma-radiolysis.

?.5 RADIATION EFFECTS IN ORGANIC GLASSES ;

2.5.1 Studies on CH3I Radiolysis in 3MP Glass at 77°K
(S. K. Saha and R. M. Iyer)

It was found that the yield of free l£ observed on thawing
3MP + CH3I irradiated at 77°K, depended on the rate of freezing of
the original mixture before irradiation. Thus rapid freezing of the
samples at 77°K gave much lower I^ yields as compared to gradual
cr slowly frozen systems. The yield of I2 is linked up.with the
extent of aggregation of CH3I molecules in the glass, since no I2* was
observed in 3MP + CH3I on irradiation at room temperature or in
presence of polar compounds like MTHF or ethyl alcohol. The yield
of CH3 radicals as shown by ESR was also lower in rapidly frozen
systems a? compared to slowly frozen systems while the half life
namely, 16 minutes was unaffected. Similarly on product analysis
it was found that CH4 yields were lower in rapidly frozen systems.

2.5.2 Formation of CS2" in the y -Radiolysis of CS2-3MP
Glassy Matrix at 77°K .

(S. K. Saha and R. M. Iyer) ,

Studies on V -radiolysis of frozen hydrocarbon glasses have
yielded considerable evidence that a significant fraction of electrons
escape from their parent positive ions and diffuse thousands of angs-
troms before neutralisation and trapping. It is also known that groups
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lfbe 6*8 alra highly reactive with hydrated electrons. In order to
determine the Species produced by electron attachment to C S 2 J we
have Stadied the / -radiolysis of 3 methyl pentane (3MP) glasses con-
taining C8j aft 7?°K and the species produced have been sought to be
observed by lew. temperature absorption spectrophotometry.

Gas ehromatogra-phically pure CSj;, 3MP, 2-methyl tetrahydro-
fttnn (2MTHF) were used throughout the studies and the absorption
•pectrm recorded at 77°K using a B t L spectrophotometer.

CSj I on 1-irradiation at 77°K produced sharp absorption bands
at 275 Bfflii 372 tun and another broad one in the region 550 - 575 nm.
Electron scavengers like carbon tetrachloride when present in the
system alolfeg with CS2 removed 275 nm and 575 nm bands. CS2 when
irradiated in matrices like 2MTHF, ethanol gave an enhanced peak at
275 am as compared to 3MP system while the 372 nm band was
absent. I , '

the above experiments indicate that species responsible for
275 SRDSne 575 nmtbands are negative iori or it's precurser. C-S
bond efiergy and the^electron affinity value of GS2 suggest that dis-
sociative (jeflectron/capture.processes should, not take place, in this
system. I he Zlt nm a^d 575 nm bands ha\'e4>een assigned to CS2'
and i s prolaWy^due to following electronif transitlqns:

y' " ' "''•• V't '

- nm band

Tha S72 am band has positive ion character. Ionisation potential of
C8|2 and 3MP being almost idifentical positive charge transfer from
ground state 3MP+ to CS2 may not be a very efficient process. Only
excited 3MP+ i s expected to transfer positive charge to CS2 molecule
in this system. The probable electronic transition could be

For a fixed dose of 1.06 x 101 8 ev/ml O. D. of 275 nm peak as
a ftnwMirn of CS> concentration has been studied in both 2-MTHF and
3MP matrices. H?«*tlts show that at CS2 concentrations 0.4 mole%
and above. &L. sac ^ ^ » o n s produced by /-radiolysie are captured by
C89. Since G, . . in 2MTHF is 2.6 at 77 K, € 2 7 5 rim of CS2" at 77°K
in ZaflTHF was1 found to be 2.2 x 104 litre mole-1 cm"1. Assuming^.
of CSg* ftt 275 nm is same in both 2MTHF and 3MP medium, G ê-^ in
3MP at 77°K was estimated to be 1.12 ± .02.
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2.6 ENERGY TRANSFER STUDIES

2.6.1 Radiolysis of Cobalt Ilexamine Nitrate in ilkali Halide
Matrices

(A. S. Sarpotdar and S. B. Srivastava)

It is reported that solid matrices sensitize the decomposition of
impurities. In order to understand the mechanism of energy transfer
and sensitization in solid systems, studies were initiated on radiolysis
of cobalt hexamine nitrate in alkali halide matric3s. G(NO2~)and
G(CO2+) obtained at 300°K as a function of comDcsition of alkali
halides are given in Fig. 2. 6. 1. It is seen that G(Co2+) riecreased with
dilution and was relatively insensitive to the nature of alkali halide
employed as matrix. On the other hand G(sensiti5er) on extrapolation
for the decomposition of nitrate, was found to be 1.28, 1.75 and 2.3
for iKCl, KBr and KI respectively indicating the order of efficiency to
be KC1 < KBr < KI.

At 77°K G(Co2+ + NO2") = 3.65 for pure complex whereas the
corresponding values are 1.18 and 1.33 for 1:1 KC1 and KBr diluted
samples respectively. Preliminary electrophoretic and mass spectro-
metric studies have revealed similarity oi the mode of decomposition
of cobalt hexamine nitrate in both the cases.

Data appear to suggest that electronic rather than excitonic
mechanism of sensitization is operative.

2.6.2 Energy Transfer Studies: in Benzene Solutions of Metal

Acetylacetonates: Fluorescence Quenching

(late) O. P. Kalantri and S. B. Srivastava

Quenching in benzene solutions containing scintillator PPo and
quenchers Al(acac)3, Fe(acac)o and Co(acac)3 was studied using both
Co-60 y-rays and 250 nm as sources of excitations. Linear Stern
Vplmer relationships were obtained for Al(acac)3 which yielded
y"S, O = ^54 M and 63& M corresponding to specific rate of

quenching (kq) = 3. 16 x lC^M-isec"1 and 2.56 x lO^M^sec" 1 for
high energy and photoexcited cases respectively. No effect of NgO and
Oi 1M CHCI3 was observed indicating that the donor species is predo-
minantly ^B^y state of benzene. Addition of Al(acac)3 showed de-
creases in phosphorescence intensity of benzene with concomitant
increase in phosphorescence emission from the quencher suggesting the
possibility of energy transfer to 4. 32 ev level of quencher from
^BgQ (4.71 ev) state of benzene.

On the other hand Stern Volmer plots for Fe(acac.)3 and Co(acac)3
are concave in nature for both the types of excitations. On extrapola-
tion of initial points, / s — 9 x 103M-1 and ~3 x 104M"1 was obtained
for Co(accc)3 and Fe(acac)3 respectively for high energy excitation.
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Relatively lower values, though of the same order, were obtained for
250nm excitation. These values correspond to anomalously high kq
values - much in excess of the prescribed rate of delusion controlled
reactions.

Data have been analysed in terms of Forster model of long
range resonance transfer and a critical distance (Ro)~ 2 2 A evaluated
for Al(acac;3. Since the overlap integrals for Al(acac)3» Fe(acac)3 and.
Co(acac)3 are of the same order viz. 8x lO"1^ 7,2 x lO"1^ and
7. 1 x 1C"'5 respectively, one expected kq of the same order for d l
the three quenchers. Further quenching experiments carried out as a
function of viscosity have revealed the possibility of diffusion controlled
mechanism of quenching in the present system.

2. 6, 3 Study of Energy Transfer Phenomenon from J -Irradiated
Solids to Various Aqueous Systems

(Jai P. Mittal, D. Prasad and J. Shankar)

To probe deeper in to the matter of possible existence of neu-
tral excited triplet states in the radiation chemistry of water, experi-
ments were conducted in which the neutral excited state of water and/
or various added appropriate solutes were populated by adding various
j-irradiated solids such as alkali halides. Stored energy from these

solids gets transferred to the solvent. Earlier jesultsU) of light
emission from the above process have been verified and extended.
These results are interpreted in terms of a triplet excitonic state of
water which is populated either via an exchange type resonance inter-
action with low energy electrons liberated on dissolution or via an
intermolecular energy transfer from triplet excitons produced in
irradiated alkali halide crystals.

The presence of such an excitonic species (K^O* . . . e") in tri-
plet multiplicity explained many of our observations; as examples we
will quote a few:

(1) Evidence for triplet multiplicity:

(a) The light emission obtained gets quenched with many para-
magnetic species such as C>2, Co+Z etc. all known triplet quenchers.

(b) By adding % -irradiated alkali halides to the aqueous solu-
tions of certain solutes, well known triplet induced chemical reactions
such as cis-trans isomerisation of solutes whose triplet level is lower
than the triplet level of water could be achieved,

(c) Light emission has long life time and the energy can be
transferred to other solutes whose phosphorescence spectra is known.



-43-

(2) Evidence for hydrated electrons

(a) One gets N, if one adds ^ -irradiate .-laCl to a N2O
saturated aqueous solution via N2O + e"—-> N2 *- O".

(b) When \ -irradiated NaCl was dissolved in 10~3M solu-
tion of tetra nitromethane (a well known e~ scavenger) in water,
nitroform ion having the characteristic absorpt'on maxima at 350 nm
is obtained.

C(NO2)4 + e"q '-> C(NO2)3- + NO2

(3) Evidence for the oxidising species (H^O)

(a) When / -irradiated NaCl was added to a CH3I saturated
solution in water, I2 and methyl hydro peroxide were obtained.

CKUI + e" ^ ^*3 + *~ (dissociative electron capture)

H2O
+ + CH3I ?H2O + CH3I

+ (charge transfer)

I"

(CH3I
+ I") > CH3

CH3O?

CH3O-, + I2

(b) The most striking observation was the production of
Wurster's blue (TMPD+) when -irradiated sodium chloride is
added to a dilute solution (1 x 10"3M) of TMPD. 2HC1 (Tetramethyl
phenylenediamine). Since this compound's ionisation potential is
about 7.0 ev the involvement of Cl. atoms is energetically not
favourable, whereas ionisation potential of water being 12.6 ev, such
a production of TMPD+ is quite feasible via charge transfer from
H2O+.

H2O+ + TMPD > TMPD+ + H2O

It is seen from the above that the postulated existence of
(H2O

+ . . . . e") explains why this can act both as oxidising and
reducing species keeping the energetic straight.

References:
(1) (a) G.Ahnstrom et al; Acta. Chem. Scand. 1_3, 855(1959);ibid. .19.. 300(1965)

(b) T. Westermark et al; Arkiv kemi, JJ\ 139(1961);
Nature 2M- 395(1960)
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2.7 RADIATION CHEMISTRY - AQUEOUS SOLUTIONS

2.7. 1 Radiation Chemistry of Aqueous Sulfanilic Aci_ (SA)
(K.N.Rao and (Kum) A.R. Rajeshwari)

The radiation chemistry of aqueous sulfanilic acid has been
studied with the view of determining the rate constants for OH, H,
e" with sulfanilic acid in aqueous solution. In order to determine
the OH radical rate constant with sulfanilic acid, isopropanol (IP) was
used as a competitor for OH radicals when 0. 8 N H2SO4 solution
containing different proportions of SA and isopropanol were irradiated.
The product acetone was estimated colorimetrically using salicylal-
dehyde.

SA + OH > SA(OH)
k2

CH3CHOH-CH3 + OH »

CH3COHCH3 + O2 >

One can now derive the relation

CH3COHCH3+H2O

CH3COCH3+HO2

(1)

(2)

(3)

1
GAc

1
GOH [ • •

4 , SA
<2 l IP

By plotting against (— ), the ratio of _-i. has been

determined. The rate constant k2 i s known from the literature as
1.2 x 109M"1sec"1 and hence ^ becomes 1.02 x 109M"1Sec"1. The
rate constant for H atom reaction

CH3CHOHCH3+H CH3COHCH3+H2 (4)

with SA can be determined by determining G(H2) for various propo.r-
tions of SA and IP and the study is in progress.

G(H2O2) has also been determined for different concentrations
•of SA in acid solution. At very low concentrations of SA, this should
be equal to GH Q + \ (GH - GQH) in aerated solution. The results
in Table I show tne expected concentration dependence.

TABLE I

Conc.SA in M

l O ' 2

5xl0" 3

10-3
5x10"4

10-4

G(H2O2)

2.77
2.61
2.40
2.28
2.12
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2.7.2 Hydrogen Peroxide Yield in / " -Irradiated Ice at 77°K
(P. N. Moorthy and K. N. Rao)

For the elucidation of the radiation clismistry of any system
one needs to know precisely the radiation chemical yields (G-values)
for the species formed or consumed in the system. Although con-
siderable work has been done on the radiolysis of ice and frozen
aqueous systems^' -*) the agreement between the G-values reported by
different authors is rather poor (see Table 2.7.2/]). We have there-
fore undertaken the problem of determining the precise G-values for
the different species in Y'-irradiated ice at 77°K. The work per-
taining to determination of G ĵ ~ is complete and is reported here.

Ice made by rapidly freezing aerated triple distilled water in
a liquid nitrogen (temp. 77°K) bath was irradiated at 77°K to different
doses and at different dose rates in a BARC made Co^° if-cell. The
doses were determined by the Fricke dosimeter. The H^O, concen-
tration in the irradiated samples was determined by the Ghormley
method' K The experimental results are given in Table 2.7. 2/2.
It is seen that the calculated GH_Q,aPP' decreases with increasing
dose, and hence no unique value for GJJ Q comes out from these
results. Nor can this be arrived at byTinear extrapolation of the
results, as the H2O2 concentration does not vary linearly with dose
even at the lowest doses. In fact, we find the log of H2O2 concen-
tration (C) to vary linearly with the log of dose (D) with a slope of
0. 84, suggesting a relation of the form C = KD^- ^ 4 . In order to
arrive at the GH^O? value we have tried to fit the experimental data
to various empirical equations, using the Honewell Automath 400
computer facility at BARC to optimise the adjustable parameters in
these equations. Of these, the equation: C = £(1 + «CD) -1 J IB
gave the best fit with cC = 60.1, /?= 15.57, /"= 0.84 and it can be
seen that this also agrees with the experimentally observed expo-
nential variation of C with D at high doses. From the constants of
this equation the extrapolated GJJ_Q, value comes out to be 0. 325.

References

1. The G -value is defined as the number of molecules formed or
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TABLE 2.7. 2/1

Comparison of GJJ Q? ^°- "^-irradiated ice (Irradiation of 77°K,

measurement after thawing) as reported by different authors.

Author/s Reference Purity of
water used

Variation of
yield with dose

at 6 x 1019 ev/g

extrap.
GH2O2

Siegel and 8
Remick

Siegel 7

Gunter 10

Kroh et al 8

Ghormley and 5

Stewart

Henriksen 9

This work

Nonlinear

C

B

0.066

(0.29)

(0.24)

(0.15)

0.086

(0.38)

0. 11

0. 1

(0.3)

(0.4)

(0. 16)

0.33

A : Water purified as described in the text
B : Water distilled over alkaline permanganate then over acid permanganate
C : Water double distilled and refluxed before use
D : Water purified by distillation and passing through mixed resin, then through mixed Linde

6x and 13x molecular sieves and finally through millipore filter into a poly-ethylene
storage bottle

? : Not mentioned
- : Data not available

( ) : In/erred from OH-data
GaPP : Apparent G-value

Gextrp . Extrapolated G-value
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TABLE 2 .7 .2 /2

Hydrogen peroxide yields In -irradiated ice at 77°K
at different doses and dose rates (Selected data)

No

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

Dose rate
(1017ev/ml/mln)

0.348

"

3.58

0.348

3.58

0.463

. 0.364

3.58

«

»

Dose
(101 6 100 ev/tol) GH2O2

(I01 5mole-
cules/ml)

1.023

1.645
it

4.937
it

0.383

0.602

1.039

1.70

3.346

6.636

9.926

14.86

56. 16

2.054

3.089

2.895

7.600

7.544

0.891

1. 330

2.087

3.003

5.395

9.986

14.00

18.89

61.03

r
a PP

(molecules/I OOev)

0.

0.

0.

0.

0.

0.

0.

0 .

0.

0,

0.

0.

0,

0

20

19

18

15

15

23

22

20

18

16

. 15

. 14

. 13

. 11
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2.7.3 Effect of Temperature on the Yield of Primary Species
in Water Radiolysis
(P. N. Moorthy and A,V. Sapre)

Recently a model has been proposed' ' for water radiolysis
taking into account the hydrogen bonded structure of water. BaBed
on the flickering cluster theory(2) of water structure, the model pre-
dicted the yields of primary species in quantitative agreement with
the experimental values obtained with low LET radiations. As the
relative prooortion of water clusters to nonclustered water varies
significantly with external influences such as temperature and pres-
sure and inasmuch as the radiolysis model takes into account the
relative proportion of clustered water in predicting the primary yields,
we thought a rigorous test of the model would be to investigate the
influence of these external parameters on the primary yields. Al-
though such investigations have been done in the pastw) we considered
it important to repeat them in view of the importance of the model
and its dependance on the extent of water structure for quantitative
agreement with experiment. In 0. 8 N H2SO4. medium, we studied the
ferrous sulfate and eerie sulfate systems over the temperature range
25°C - 90°C. In agreement with earlier results(3), we find that the
yields vary only slightly with temperature, indicating that the model
under consideration is not sound. More experiments in systems
close to pure water are being planned. '

References

1. C. Gopinathan, BARC-489, p. 28 (1970)
2. G. Nemethy and H.A. Scheraga; J. Chem. Phys. , 36, 3382(1962)
3. C. S. Hochanadel and J. A. Ghormley; Rad. Res., j£, 653 (1962)

2.7.4 Electron Solvation and the Polaron Model
(P.N. Moorthy and J. Shankar)

The solvated electron is now well established to be an impor-
tant chemically significant species in radiation chemistry. The clas-
sical picture of electron solvation is similar to the solvation of ions
and involves the physical orientation of the solvent dipoles around the
electron. According to this, therefore, one can expect the formation
of solvated electrons only in fluid polar media such as water, ammo-
nia, alcohols etc. On the contrary, however, there i3 ample experi-
mental evidence for the participation of the electron in radiolytic
chemical reactions even in non-polar substances such as the hydro-
carbons and in deep frozen systems at temperatures around 77°K. In
the former there are no permanent molecular dipoles, while in the
latter such dipoles, even if present are frozen in fixed positions
prior to irradiation and cannot physically orient around the electron.
Therefore, a rethinking on the problem of electron solvation is called
for. For this purpose we have considered the polaron model of the
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flolvated electron and its extension by Jortner'*/. We have calculated
the ground state and optical transition energies o. the solvated elec-
tron in different media, and also in water and ice over a wide tem-
perature range taking into account all the three different possibilities,
viz. electronic polarisation only, orientational polarization only and
both. The results of these calculations are given in TableB 2.7.4,
1,Z & 3. It is found that the best agreement between the calculated and
experimental values in respect of both the absolute value of the optical
transition energy and the slope of its temperature dependence is
obtained in the case of the simple dielectric continuum polaron model
taking into account only electronic polarisation. This readily explains
solvated electron formation in both non-polar media and in frozen
systems.

References

1. J. Jortner, J. Chem. Phys. 27, 823 (1957); 3£, 839 (1959)



TABLE 2.7.4/1

Optical transition energies ( AE in ev) of the solvated electron in different media
in the simple dielectric continuum polaron model at 25°C (The subscripts E, O

and T signify electronic, orientational and total polarisation)

Medium (Do p)2 D£ E ( ( Exptl.

Water
Ammonia

Ethylene glycol

Methanol

Ethanol

1 -Propanol

2-Propanol

1.33

1.33

1.43

1.33

1.36

1.38

1.38

80

,22

38.7

33.6

25. 1

20.8

19

1.93

1.93

2.67

1.93

2.15

2.30

2.30

3.12

2.76

2.19

2.93

2.56

2.32

"?..28

9.95
9.30

9.69

9.61

9.41

9.25

9.16

1.72

0.84

2.14

1.97

1.77

1.68

1.51

o



TABLE 2.7.4/2
Summary of results (x : no corrections in dielectric continuum model; - : no experimental data to compare).

(The letters E, O and T stand for electronic, orientational and total polarisation respectively).

Behaviour of Wj for different cases Behaviour of JE for different caseB

E O T E O T

Temperature Water(20°C) Increases Increases Increases Decreases Decreases Decreases

cavity radius
increasing

Ice Dor.ey's

Auty & Cole'a
data

Cavity radius Water
constant(sO),

Decreases Increases

temperature Ice Dorsey's
increasing data

Decreases Increases

Auty & Cole's Constant Increases Increases Constant Decreases Decreases
data

Cavity radius Water
constant l c e
(=0.5A)
temperature
increasing

Increases Decreases Decreases Increases

Dorsey's
data

Decreases Increases

Auty b Cole's Constant Increases Increases Constant Decreases Decreases
data

Absolute magni- Water(20°C
tude at sero ~—————————
cavity radius #

I c% % Dorsey's
compared with (*14°C) ? ^
experimental Auty & Cole's
value data

Comparable Too high Too high

Too high Too low



TABUS 2.7.4/3

Slopes (d -AE/dt x 10^ ev/°C) of the temperature dependence of the optical transition energies
of the solvated electron at different cavity radii in water and ice (The subscripts E, O and
T represent electronic orientational and total polarisation respectively; - : not calculated ).

System Cavity radius (dJE/dT)E (d4E/dT)o (d^E/dT)T x 103 ev/°C
A

+ ive - 1 . 36

11 -0.02
i

+ ive + ive NJ

Water

(exptl.

Ice

(exptl.

-2.9)

-0.93)

0

2

10

0

2

10

-1.33

' -0.29

-0.03

-0.28

-0.07

-0.01
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2. 7. 5 Reactions of COO" Radical -Anion with some Transient Metal Ions
(L.V. Shastri)

Reactions of COO" with unstable valency ions were explored in
some detail in the radiolysis of aqueous solutions of formate ion .and
divalent metal ions Cu2 + , Co 2 + , Ni2+, Cd2* and Mn2 + . Unstable M+
ions were formed by e" attachment to M2+ and COO" resulted from the
reaction of OH and H racicals with formate ion. In many cases it appe-
ared that almost all COO" reduced the M* ion to give the respective
metal atom at pH > 5. By vir tue of this fact the metal ion + formate
system was further studied to a s se s s ths reactivity of the stable valency
ions (i. e. ,, M2 +) towards OH and H free radicals . Hydrogen and carbon-
dioxide yields were measured at various relative concentrations of the
solutes. Taking Kpj + i j coO" — 2. 5 x 10° M~^ Sec"* and KQJJ + HCOO"
C> 2. 5 x lO^M"^ Sec"l rate constant values given in table 2. 7. 5 were
obtained from the preliminary resul ts .

TABLE 2.7 .5

M2+ K H + M2 + KOH + M 2 +

Cu2 + 5 x 108 rJ2x!0

Co2+ <. 107 < 108

Ni2+ < 106 < 107

2.7.6 Gamma Radiolysis of Cyeteine in Aerated Solutions
(Manohar Lai)

y-radiolysis of aerated cysteine solutions has been studied.
Taole I gives the yields of hydrogen peroxide and cystine for variouB
cysteine and oxygen concentrations at acidic as well as neutral pH.
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TABLE 2.7.6

CCySHj

1 x 10"Z

5 x 10"3

1.5xlO"3

1 x 10~2

5 x 1O"3

1 x 10"3

1 x lO-3

2 x lO-3

5x 10-3

1 x 10-2

Z&2-7

32 PPM
it

it

II

'•

II

10 PPM
-II

»

it

pH

5 . 7

5 .6

5.6

0 . 0

0 . 0

0 . 0

5 . 7

II

-'

II

G (CyS-SCy)

10.0 (3.2)

7.8 (3.2)

5.6 -

8. 0 (3. 2)

6.6 -

4.3 -

>.2

5.8

8.0 (3.0)

1 0 . 2 ( 3 . 1 )

G(H2O2}

3.75

3 .5

2 . 9

5 .6

5 . 0

4.6

G fCyS-SCy}+G(H2O2)

13.75

11.3

8 . 5

13.6

11.6

8 . 9

i) The cystine as well as hydrogen peroxide yields show that a
chain reaction involving oxygen is operative, though the chain length
appears to be small. ,

ii) With increasing cysteine concentrations, the formation
yields of hydrogen peroxide and cystine, increase both at acidic and
neutral pH.

iii) GfS^O )̂ + G(CyS-SCy) at any cysteine concentration (column
6 of table J) are pH independent, indicating that there appears to be
some common mode for the formation of cystine and hydrogen peroxide
in acid as well as neutral solutions.

iv) The cystine yields (column 4 of Table 2.7.6) at neutral pH
for all the concentrations, is higher as compared to acidic pH, where-
as hydrogen peroxide yield (column 5 of Table 2.7.6) is higher at
acidic pH, showing that there may be some reaction, which produces
hydrogen peroxide in acid solutions and cystine in neutral solutions.

v) G values have been calculated from the initial slope of the yield-
dose plots. Hov/ever at higher */ -dose, another straight line with a slope
corresponding to G(cystine) = 3. 2 (column 4 of Table 2. 76 within brackets)
is observed. This value is equivalent to G(cystine) in deaerated solutions.
This again shows a chain reaction in the presence of oxygen. Once the
oxygen is consumed, the system becomes similar to that of deaerated
solutions.

Using the amino acid analyser the yields of cysteic acid,
serine, alanine and cystine (the products of aerated cystine
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radlolyBis) have been measured. It has also been observed that there
is a competition between cyateine and oxygen for hydtated electrons.
This has been indicated by tho absence of alanint ^eak in low
cysteinc and high oxygen concentrations and its presence in high
cysteino and low oxygen concentration,

2.7. 7 Study of Very Early Events in the Radiation Chemistry
of Water and Aqueous Systems
( Jai P. Mittal, D. Prasad and J. Shankar)

The existence of two types of reducing species in water is now
well documented and understandable in terms of H atoms and recently
discovered e& . It is quite clear that when an electron is produced in
primary ionisation act, there must also be a simultaneous formation
of a positive hole. However, it has uptil now been assumed that in
contradistinction to electrons, the holes are very short lived ( 10"^
sec) and would react very fast as H2O

+ + HgO > F̂ O"1" + OH
leading to the formation of OH radicals as the sole oxidising species.

Some of our work, with Y-irradiated alkali halides led us to
the conclusion that after the initial process of ionisation and excitation,
the majority of the active species could be represented as a bound
electron-hole pair from which the electrons and/or holes could be
scavenged by suitable scavengers even before the above mentioned
proton transfer reaction has occurred.

Various suitable scavengers were tried to capture H2O
before it reacts with H2O. It was found that if a solute is present to
simultaneously capture the 'dry' electrons produced in the system,
reactions corresponding to H2O+ could indeed be observed. One such
reaction which was verified was the one electron oxidation of solutes
like TMPD. It was also established that TMPD+ formation is not
inhibited by adding some well known . OH radical scavengers such as
isopropyl alcohol and bromide ions.

The presence of an earlier precurser (in the time of 10" l0

see) of the uptil now well accepted primary oxidising species (OH) in
the radiolysis of water opens up an entirely new field for study.
While on the one hand work has been started to get additional con-
firmatory evidences for HgO"*", a program has also been started to
study the chemistry of this hitherto missing species H2O

+.

Presence of H2O+, if confirmed, will be as exciting to che-
mists and biologists as was the discovery of hydrated electrons in
I960'a. It will also be helpful to us in the understanding of upper
space chemistry.

Further work to get quantitative yields of H2.O
+ etc. is in

progress. Initial results indicate an yield of 3. 9 to 4. 1 for the
very primary and early oxidising species H2O .
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2.8 HYDRATED ELECTRON REACTIONS

2.8.1 Rate Constants of Reactions of Photogeneratt•••
Solvatcd Electrons with Monomers
(P. N. Moorthy, Vijay Kumar, K. N. Rao and J. Shankar)

In radiation induced anionic polymerisation the initiating
species ie a negative ion formed by addition of an electron (produced
by the primary act of radiation on the medium) to the monomer
molecule. For the corelation of the polymerizabilities of different
monomers by radiation by this mechanism one needs to know the rate
constant for this initial addition reaction. We have measured the rate
constants for the reaction of the solvated electron with a number of
monomers, employing the flash photolysis apparatus and technique
developed by Hart et al(1). The results are given in Table 2.8.1.
As discussed below, these rate constants show good qualitative core-
lation with the structures of the monomers.

A non vinylinic monomer such as s-trioxane is rather un-
reactive. So is ethylene itself. But styrene in which the ethylenic
double bond is conjugated with the benzene ring exhibits high reacti-
vity towards electrons. This can be explained as due to the strong
electron attracting property of the benzene ring:

CH2 ='"l~H^£y<e>

When one of the hydrogen atoms in ethylene is substituted by a weakly
electron attracting group as in vinyl isobutyl ether, the reactivity with
electrons is not vastly increased as compared to ethylene. The
acrylates, methacrylates, acrylamide and acrylonitrile all show a
high reactivity because of the conjugation of the strongly electron
attracting carbonyl or cyano group with the ethylenic double bond:

CH2 = C - C - X or CH2 = CH - C = N

R O

where R = H or CH3 and X = OCH3, OC2H5, OH or NH2. Among
these compounds methyl acrylate is more reactive than methyl metha-
crylate, because in the latter the electron donating methyl group
reduces somewhat the effect of the electron attracting CO2CH3 group
attached to the same carbon atom. Also the methacrylate ion is less
reactive than methyl methacrylat•.-, because the CO2" group in the
former is. lesB electron attracting than the CO2CH3 group in the
latter. When the carbonyl group is not directly conjugated with the
ethylenic double bond as in vinyl acetate or N-vinyl pyrrolidone, the
reactivity is less as empared to a compound with direct conjugation
of the carbonyl group. Presence of a second electron attracting
group enhances the reactivity. This can be seen by a comparison of
the rate constants for vinyl acetate and vinyl benzoate.
Reference

1. K. Schmidt and E.J. Hart. Adv. in Chem. Ser., Bl, 267 (1968)
2. M. Anbar and P. Neta, Int. Jl. Appl. Radiation and Isotopes, 1£, 493 (1967)
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TABLE 2.8. 1

Rate constants for the reaction of the solvated electron
with different monomers at pH 11.

Monomer

Acrylonitrile

Methyl aery late

Ethyl acrylate

Methyl methacrylate

Vinyl isobutyl ether

N-vinyl pyrolidone

Vinyl acetate

Vinyl benzoate

Methacrylic acid

Acrylamide

s-Trioxane

•Ethylene

•Styrene

•from Ref. (2)

2.8.2 Structural Correlation with the Hydraced Electron
Reactivity Towards Organic Compounds
(Lalitha J. Mittal and Jai P. Mittal)

Rate constants of various perfluoro organic compounds with
eaq w e r e determined, with the aid of a photo electron generation unit
(on loan from USAEC). On careful examination, one fact clearly
emerged that electron reactivity seems to be very much dependent
upon the geometric configuration of the molecule. We found that all
the cyclic perfluoro carbons reacted much faster than the correspond-
ing straight chain compounds. These results have corraborated the
earlier results (J. P. Mittal and W. F. Libby, Nature, 22£, 5171 (1968)
where a concept of intramolecular electrostatic electron traps was
introduced. It appears that in all the cyclic perfluoro carbons some
kind of potential wall is established electrostatically giving rise to an
electrostatic cavity for the electron to occupy. These experiments
done in aqueous phase also indicated the similarity of these compounds
towards hydrated (e£_) and thermal (dry) electrons.

Rate <constant

1. mole "

1

9 . 4

8.7

6.3

2

1.7

7.1

3

9.7

2 . 5

1 . 1

X

X

X

X

*—>

X

X

X

X

X

1 ~l

X

X

w-
ioio

l O '

109

1 0 '

1 0 7

109

109

109

109

109

v l O 6

1 0 6

ioio
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Work on the determination of rate constants of various iso-
mera of benzene series with e^q was also started. Initially two com-
pounds, hexamethyl benzene and its "Dewar" isomer have been tried.
A correlation of molecular structure with the rate constants towards
e^q is aimed at.

2. 8. 3 Flash Photolysis of Sulfydryl and Pi sulphide Compounds in
Aqueous Solutions and Their Rate Constants with e^n
(Manohar Lai)

Using the machine for photogeneration of hydrated electrons
designed by Schmidt and Hart, the rate constants of the reaction of
hydrated electrons with certain sulfydryl and digulphide compounds have
been determined. The results are presented in Table 2 .8 .3 .

It will be seen from column 3 and 5. of the table that the
values for cysteine and cysteine HC1 are appreciably higher than those
reported by pulse radiolysis technique. The rate constant for reduced
giutathione alsoiappear to be higher than expected. The higher values
of the three compounds could only be due to the fact that the decaying
curve8 are the result of more than one species decaying simultaneously.

t

Fhotogeneration of electrons from cysteine and glutathione:
One important observation made during the course of this study

was that the electrons could be optically generated in alkaline solutions
of sulfydryl compounds according to the reaction,

Cys-(Gus-) + hy —• Cys(Gus) + e&q" •• • ( ! )

This was achieved by placing a corning CS-930 filter in front
of the cell containing a very clean matrix solution, so as to prevent
the passage of light below 225 nm, which is responsible for the ioni-
sation of OH" ion.

OH" + hy > OH + e a q -

The decay curve(C) in Fig. 2. 8. 3 after injecting small quanti-
ties of (/- 50p.m) of reduced glutathione in the clean matrix solution
show that hydrated electrons are definitely produced due to reaction (1).
The rate constants of eaq~ with cysteine and cysteine HC1 calculated
from such decay curves are shown in column 6 and are in excellent
agreement with those reported by pulse radiolysis technique. The rate
constant of reduced glutathione shown in column (6) i s very close to that
of cysteine and is within expectation.

Table 2. 8.3, column 3 also shows the average of a number
of determinations of the rate constants of eaq" with cystine and oxidised
glutathione at pH = 11.0. It can be seen that the rate constant of
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Fig. 2.8-3
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e " with cystine is in very good agreement with those reported from
pu?se radiolysis technique. The rate constant of eaq" with oxidised
glutathione is also within expectation

Table 2 .8 .3

k x M^sec"1

Compounds Cone, range •
Studied M/lxlO6 Photogene- pH Pulse radiolysis (Photogene-

ration ration)with
Corning
CS-930 filter

Cysteine-HCl 2 8 - 1 0 0 3.5xlO8 11.0 7.5xlO7(4) 7.65+0.7
at pH= 11.6

Cysteine 50-90 3.7xlO8 11. 0 <7.5xlO7(4) 4.48+0.5
at pH=11.0

Reduced 60-110 1.5xl08 11.0 7.73+0.9
Glutathione

Cvstine

Oxidised
Glutathione

0.5 to 1.2 2.46+0.3x109 11.0 2.5xlO9(4)
at pH 10.7
3.0x109(4)
at pH 12.0

0.5 to 1.4 1.15+0.15xl09 11.0.

2.8.4 Reactions of Hydrated Electrons with Pertechnetate and
Tetraphenyl Arsonium Ions
(P. K. Mathur and K.S. Venkateswariu)

Rate constants for the reactions of hydrated electrons with
pertechnetate and tetraphenyl arsonium ions were determined by using
flash photolysis unit for the photogene ration of hydrated electrons.
They were found to be 1.15+0.1 x 101 0 .M^cec"! and 5.4+0.5x109
M^sec"1 respectively, relative to the rate constant of 1.18+0.25x1010

M^sec"1 for MnO4" determined with the same experimental set up
under identical conditions.



-61-

2. 9 PHOT OCHE MISTR Y

2. 9. 1 Molecular Mechanisms in Radiation & r obiology I -
Electron Transfer Reaction in the Rad:-ion Chemistry of
Cystine and other Disulphide Compounds of Biological Interest
(B. Lalitha and Jai P. Mittal)

Much interest has been focussed in the last decade or so on
the radiation chemistry of sulphur containing organic compounds. This
Interest arose after the knowledge that many of these compounds were
radio-protective substances. It has clear.' y been demonstrated that
many of these compounds, such as -SH compounds like thiols, mer-
capfcans and organic disulphides, exert a definite radioprotective effect
on the biologically important biomolecules, microorganisms, cells
and whole organisms. The organic disulphides which are frequently
used are cystine, cystamine, thioglycol and glutathione. Even though
considerable experimental data is available about their relative pro-
tective abilities, the study of radioprotective action is still predominated
by "trial and error" methods only.

A study was undertaken to understand more about the nature of
the protective ability of these disulphide compounds at molecular
level by learning their behaviour towards primary species produced
in the radiolysis of water, which is the most abundant constituent
of all biological systems. The familiar radiolytic oxidation of ferrous
ions in the Fricke dosimeter solution was taken as the indicator
solution.

It was found that many of these well known protective agents
such as cystine, cystamine and glutathione behaved in an unique way
when they were added in small amounts to the Fricke dosimetry
solution. On irradiation, it was noted that addition of these organic
solutes reduces the G(Fe+2 ^ Fe+3) yield instead of the usual
increase found in the case of most other organic compounds. It is
argued that these compounds behave as sacrificial radiation protective
agents. The observation has been explained on the basis of an
electron transfer reaction between the disulphides and OH radical or
its precurser ^ 0 + . The resulting

OH + RSSR ^ RSSRX + OH"

H2O+ + RSSR ^ RSSR+ + H2O

radical cations of these compounds then dissociate into non-chain pro-
pagating species. An attempt was also made to correlate the protec-
tive ability of such compounds towards (Fe+Z ^ Fe+ ) system with
their biological radiation protective abilities. The electron transfer
mechanism also seems to operate in their radiation protective action
towards biological systems.
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2. 9. 2 Molecular Mechanisms in Radiation and Photobiology II -
Intersyatem Crossing Efficiencies in a Few Aromatic
Amino 'Acids
(Smt. Lalitha J. Mittal, Jai P. Mittal and J. Shankar)

Since the importance of triplet states in solution photochemistry
has long -been xecognised, an attempt was made to measure the quan-
tum yields for the singlet ^triplet crossing process ,in acetoni-
trile solutions ©f aromatic amino acids which are quite significant in
the study of radiation and photobiology of proteins. Use was made of
a simple and accurate method for determining the quantum yield of
these molecules In their lowest triplet state after excitation to their
lowest singlet level. The compound in question was used as triplet
photo sensitizes for the cis-trans iaoxnerisation of 1:3 pentadiene
(piperylene). The olefin molecules quench all the triplets of the
seiisitizer molecules and undergo subsequent isomerisation. The yield
of isomerisation was measured by vapor phase chr,oinatography. The
quantum yield pf the induced process is measured relative to that
obtained using a sensitizer (triphenylene) whose triplet yield is already
known. The correlation of these <^j,sc w a s tried with their efficien-
cies towards biphotonic ionisation processes. Some of the values
obtained were tryptophane (0.189), tyrosine (0.127), phenylalanine
(0. 03). Further work is in progress.

t

2. 9. 3 Study of the Possible Isotopic Separation of Sulphur Isotopes
Using Photochemical Techniques
(Jai P. Mittal)

Most methods of separating isotopes depend on slight variations
of a physical property, variations which are some function of the
ratio of the masses. For high mass numbers this ratio approaches
unity and separation is difficult. However the absorption spectrum of
isotopic molecules in a banded region is completely distinct. Light
of a given frequency may excite one isotope but not another. If the '
excited molecule undergoes a photp-chemical reaction then the isotopes
can be separated. Several people'*' ^) have propounded upon this
theme. The general idea struck Merton and Hartley way back in 1920.
Two years latfip Merton(3) et al tried to separate the chlorine isotopes
using reaction/with hydrogen.

One method of selecting the useful wavelength would be to
pass light .from a continuous source through a filter consisting of the
cornmpn isoj^jte. The transmitted beam would be capable of exciting
only die rare isotope. This may undergo photochemical reactions and
hence produce'a separation.

^ and Martin'4' used the fortuitous overlap of the spectrum
; o f S 9 P 2 SSk'*1*6 2 8 1 6 A liae £rom a condensed discharge between
Al e l ec trod^^The photodecomposition gave Cl2 enriched in Cl3 5 .
A thebretic%yf?asibility study was undertaken to test this principle on
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the Isotopes of sulphur. Several factors influence this choice. To
begin with, SO^ exhibits a banded spectrum. There are three band
systems, centered on 3740 A, 2900 A and 2100 Photochemical
reactions induced by the 2900 band have been smdied extensively, A
high pressure mercury arc emits well in this region. The 3740 band
is weak and no reactions stimulated by this band have been reported.
For the 2100 A band a suitable lipht source is not available.

The reactions of SO2 giving the highest quantum yields are
with hydrocarbons2. SO, excited in the 2900 band, has a quantum
yield of 0. 26 in its reaction with pentane.

In the proposed experiment light from the arc would be passed
through a filter. This would contain SO2 with the sulphur isotopes
either in natural abundance (S32 = 95.06%, S3 3 = 0.74%, S 3 4 = 4.18%,
S36 = 0.02%) or preferably depleted in S3 4 . The filtered light would
then pass into the reaction vessel, containing SO^ and pentane. In
the photochemical separation the SO2 will be preferentially converted
into a product, a sulphinic acid. This will be separated and the sul-
phur retrieved. The unreacted SO2 may be isolated for use later in
the filter.

In a theoretical study various parameters such as optimum
path length, the quality of light sources the chemical separation
techniques, and the flow rates etc. were calculated.

The enhancement factor was calculated utilising various
parameters, Although it is difficult to predict theoretically the best
conditions, the information most required is the absorption versus
path length curves. From this we can estimate how much energy
the S32O2 absorbs in the reaction vessel. Let this be X% compared
to 5% absorbed by the S34C>2. As the ratio of the two isotopes is
95 ; 4. 18 the ideal enhancement factor will be = 5 * 95 _ 115

4. 18X X

A photochemical reaction is a more aeethetic way of sepa-
rating isotopes than the present methods involving a million sieves.
Using' the special light source now being thought of and developed it
may become practical too. Perhaps more important is the possible
application of the method to the separation of U235 . UFg, is reported
to have a banded spectra in the region 3400-3800 A. The reduction
of UFfc by H2 is induced by UV light. A theoretical study of this
system is also being made.

References

1. B.H. Billings, W. J. Hitchcock and M. Zelikoff, J. Chem. Phys.
21, 1762 (1953)

2. H.E. Gunning, and P.O. Strans, Adv. in Photochem. 1_, 209(1963)
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5. C. Liuti, S. Dondes and P. Harteck; J. Chem. Phys. 44,

4052 (1966)

2.9,4 Photo Freiss Rearrangement
(M. R. Rohra and K. N. Rao)

Pheryl acetate in solution undergoes rearrangement to ortho
and para hydroxy acetophenones when exposed to ultraviolet light.
This reaction was studied in a son polar solvent like benzene and the
quantum yields for ortho hydroxy acetophenone, para hydroxy aceto-
phenone and phenol were determined as Oor{.no = 0.01, O ^ ^ =
0.0023 and Opnenoi = 0.013 using potassium ferri oxalate dosimeter.
The products are approximately in the same ratio as was found in the
alcoholic solution although the yields in benzene are lower than that of
alcohol solution.. Comparison of initial yields with yields after long
irradiation shows that the ortho compound initially formed further
rearranges to the para form.

2.10 GAS CHROMATOGRAPHY
f

2. 10. 1 Gas Chromatography
(N.V. Iyer, K.A. Rao and R. M. Iyer)

a) Detectors for gas chromatography:

During the year the following detectors and accessories were
developed for use in gas chromatography, in addition to the existing
flame ionlsation detector.

i) 4 filament thermal conductivity detector
ii) Electron capture detector

iii) /3 - ray ionisation detector
iv ) Pyrolyser attachment for the analysis of paints, plastics

other organo nonvolatiles
v) Gas sampling valve.

Consequent to our advertisement in "Nuclear India" on the availability
of 'know-how1 for the manufacture of these items in the country,
enquiries and offers have been received from various parties. Fig.
2.10.1 is a display of the various detectors mentioned above.

b) Moving wire FID for the detection of nonvolatile
compounds:

One of the handicaps of gas chromatography is that it is sui-
table only for materials which can be converted into their vapour form.
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Tig. 2.10.1
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However, the detectors developed for gas chromatography are perhaps
the most aensitive known so far. With a view to d~\>elop a method of
detecting very small quantities of non volatile products of radiolysis of
hydrocarbons, a moving wire flame lonisation detector was designed
and fabricated. The sample was separated on a conventional chroma-
tog raphic column of alumina or silica gel with, hexane as the eluting
agent. The eluate drops as they emerged from the column were allowed
to fall on a moving stainless steel wire of diameter 0. 1 mm. The
wire was passed through a low temperature (100°C) furnace where the
solvent hexane would evaporate off, leaving behind a deposit of the
eluted sample on the wire. The wire, which was continuously moving in
thf? form of a closed loop, then entered a flame ionisation detector
(FID) wher. the burning of the deposited material: in the hydrogen
flame produced a signal which was amplified and recorded. The rate
of movement of the wire could be varied in such a way that the output
signals could be optimised. Extensive tests were made with this
equipment for its long term behaviour and suitability. The stainless
steel wire after some usage tended to snap, thus requiring periodic
replacement. Gold and platinum wires were less satisfactory because
of their ductility.

c) Automatic hydrogen monitor using gas chromatography:

Gas chromatographs, because of their high sensitivity of detec-
tion, high separation capabilities and short times of analysis, would be
suitable for continuous monitoring of process streams in chemical and
other industries. A gas chromatograph was designed and a prototype
fabricated with a view to use it as an on stream monitor of helium
blank gas in heavy water power reactors like RAPP and MAPP. The
system consisted of a gas sampling device, which would at predeter-
mined intervals extract a small volume of the blanket gas and transfer
it into the stream of the He carrier gas supply of a gas chromato-
graph. The detector signal could be used to trip an alarm when the
level of HJJ or O^ exceeded a predetermined value. Extensive tests
have been undertaken to find the unit's reliability under various
operating conditions.

2.11 WATER CHEMISTRY

2.11.1 Chemical Analysis for Moderator and Coolant Water Systems
(P. K. Mathur, A.S. Gokhale and K. S. Venkateswar1'!)

The specifications of the high purity water employed in water
cooled reactors are very stringent. A strict control and regular
monivoring of some of the specific dissolved impurities is extremely
essential. Procedures for the quantitative determination is extremely
microgram amounts of the dissolved impurities were developed and
standardized, and a summary of the same is presented in Table 2 . H . 1 / 1 .
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T A B L E 2. 1 1 . 1 / 1

Species Estimated Technique used Limit of
Est imat ion

Dissolved

Cl

NO3"

Boric Acid

A l 3+

3+F e

N i 2 +

Cu 2 +

Z r 4+

Modified Winkler ' s method. F r e e iodine
equivalent of Og i s measured as Ig~
ion at 287.5 nm.

10 ppb

Decolorization of zirconium xylenol 0.01 ppm
orange chelate in 1.2 N HC1 medium
measured at 545 nm.

Reaction with Hg(CNS)2 to give free CNS" 0. 1 ppm
ions, their complexization with Fe^+ and
absorbance measurement at 460 nm.

Reduction to ammonia by Devarda alloy in 1.0 ppm
alkaline medium, i ts condensation, com-
plexization with Ness l e r ' s reagent and
absorbance measu remen t at 370 nrn.

Made to r e a c t with d-mannitol to produce 2. 5 ppm
acid complex of medium st rength, and
t i t rated potent iometr ical ly against NaOH
solution.

Complexed with hematoxylin at pH 7.0. 0.05 ppm
Absorbance measurement at 610 and 730 nm.
Difference cor responds to amount of Al
present .

Oxidized to Cr by permanganate in acid 0. 05 ppm
solution (pH = 1.0). Complexed with
diphenyl ca rbaz ide . Absorbance m e a s u r e -
ment at 540 nm.

Complexed with butanolic thiocyanate. - 0. 05 ppm
Absorbance measu red at 480 nm.

Extracted as dimethyl glyoxime complex 0. 05 ppm
in chloroform. Absorbance measured at
375 nm.

Extracted a s 8-hydroxy quinoline complex 0.05 ppm
in chloroform. Absorbance measured at
410 and 580 nm. Difference corresponds to
amount of C u 2 + present .

Complexed with xylenol orange in highly a c i - 0. 05pprn
die medium. Absorbance m e a s u r e d at 535 nm.
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About fifty loop water samples from Reactor Engineering
Division were analysed for the quantitative determination of free Cl"
and dissolved C*2 concentration.

An effective collaboration was established with RED for con-
trol and monitoring of dissolved O2 content in water from 'make up
system1 and make up tank of the type testing loop.

A systematic study of lanthanum-xylenol orange system was
undertaken. pH - extinction curves were obtained between pH =3.0
and 10.0. Compositions of the complexes formed were studied in
detail by Job's method, molar ratio and slope ratio methods. While
at pH 5.0, the composition was found to be 1:1, it was 1:2 (M:L) at
pH 9. 5. The developmental work was later used for the estimation of
DBP (Ref. p. 43).

A review was made on the possible use of pertechnetate ion
(TCC>4~) as an effective corrosion inhibitor of iron and steel in
aerated waters at temperatures upto 250°C. This was issued as a
report BARC/I-82 (1970).

A literature survey in general on chemical aspects of steam
generating heavy water reactors (SGHWR), CANDU boiling light water
reactors and pressurized heavy water reactors -was also undertaken.

2.11.2 Studies on Inorganic Ion Exchangers
(B. Venkataramani, H. S. Mahal and K. S. Venkateswarlu)

The search for ion exchange materials for full flow deminera-
lisation of the reactor feed water at temperatures near 300°C, has
centred on insoluble inorganic ion exchangers. In ibis connection work
on the preparation and study of the exchange properties of some in-
organic ion exchangers is in progress.

Since cobalt is one of the major corrosion products found in
the primary heat transport system at Douglas Point, it is anticipated
that, the same may be encountered in RAPP and MAPF. It was de-
cided to test synthetic magnetite, thoria and thorium oxide doped with
calcium and uranium for the adsorption of cobalt from aqueous solu-
tions. A summary of the results is given in Table 2.11.2/1*
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TABLE 2. 11.2/1

Percentage adsorption of ^Co on different exchangers
from neutral aqueous solution

Concentration
of cobalt

M

1 x 10~2

5 x 10"3

1 x 10 - 3

5 x 10"4

1 x 10"4

5 x 10"5

1 x 10"5

*Composition

ThO2 =
CaO
UO2

of

4.
2.
2.

Magnetite
% adsorp. per

0. 1 gm.

-

8.03

11.75

20.17

25.79
40. 1

doped ThO2:

2 x 10~z mole
35xl0-3 mole
6 x 10"4 mole

Thoria
^o adsorp. per

0. 1 gm;

-

9.67

-

16.76

26.70
47. 1

Doped ThO2*
% adsorp.per

0. 05 gm.

8. 91

13.2
72.45

98. 13

98.83
-

-

It is apparent that all the substances tried have good adsor-
ption chsrac te ris tics for cobalt. The choice of one of these as high
temperature filter material involveB a few other considerations and
further work is in progress.

Cbddes of the ABO3 type when suitably doped with ions of
different valence might act as ion-exchangers, provided the crystal
structure permits the free movement of ions. To teat this idea,
lanthanum ferrite (LaFeO3) was doped with strontium during its pre-
parative stage. The exchange of a number of elements was studied
with this substance. Table 2. 11. 2/2 gives the capacities of some of
the ions studied, at pH 2.

TABLE 2.11.2/2

Elements H+ Na + Cs 1

Concent. (M) 0. 01 0. 05 0. 05

Capacity
in eq. per gram. 3.6 2 .8 1.5

0.05

0.65

0.05

2.5

0.05

0. 35
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In order to test the suitability of this substance for possible
pick up of corrosion products, the adsorption of Ni, and Cu was studied.
The concentration* of the metal ions were kept in ppm level only. The
percentage adsorption of Ni was 13.9 per 0.1 gm and that of Cu was
71.7 per 0.1 gm at pH 2.

2. 12 MOSSBAUER AND THERMOLUMINESCENCE STUDIES

2. 12. 1 Thermal Decomposition Studies of NaaNrU lFe(CN)t;NH?7
Using Mossbauer Spectroscopy
(V. Ramashesh and K. S. Venkateswarlu)

Based on preliminary TGA-D.TA Btudies the complex Na2NH4
£"Fe(CN)5NH3J was heated in air at 100°, 120° and 200°. The
Mossbauer spectra were taken with a conventional cam drive spectro-
meter using S^Co^pcl) a s source.

Fig. 2. 12.1 gives the results. The parent complex gives a well
resolved quadrupole split pattern corresponding to low spin Fe(Il). On
heating at 100°C for 1 hr. a new species appears ( £ - -0.20 mm/sec,
A£q = 1.80 mm/sec) . The values suggest this to be Na2£"FeH*(CN)5
NH3.I7. Longer heating produces more of the new complex.

t

On raising the: temperature to 120°C, yet another species
appears. This is a single line species centered at -0.20 mm/sec but
overlapping on the original complex. At 200°C, the single line alone
remains along with a small kink at 0.30 mm/sec. This and x-ray
evidence suggest the final product to be a mixture of £~Fe(CN)/ J^~
and ZTFe(CN)6l7 ion;, while the small kink may represent ionic Fe .

On the basis of above results one can give a tentative mecha-
nism for oxidative degradation of Na2NH4ZrFe(CN)5NH3I7. BY a

series of oxidative degradations this complex gets converted into a
mixture of ferro and ferri-cyanide.

Na4rFen(CN)6I7 + Fe I U

2.12.2 Emission Mossbauer spectroscopy in ^Co doped Metal
Acetyl-Acetonates of Al(lII), Cr(ni), Mn(lll), Fe(ni) and Co(in)
(V. Ramshesh and K. S. Venkateswarlu)

Metal acetylacetonates of Al(in), Cr(ni), Mn(lH), Fe(lII) and
Co(m) were doped with high specific activity 57Co and their Mossbauer
spectra taken against enriched Na4Fe(CN)^ absorber.

For "c-> doped Al(AcAc)3 a quadrupole split pattern is
obtained, the peaks being centered at 0.10 mm/sec and 2.45
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5ho doped Mn(ACAC)j vs. Nĉ  FetCNi
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The central peak corresponds to Fe(AcAc)j while the outer two are
due to ionic Fe^+ arising due to Auger ionization during the decay of
5?Co(AcAc)o followed by charge stabilization. A similar pattern is
shown by 57co doped Fe(AcAc)o.

It is thus clear that 57Co exchanges with Mn(AcAc), and
Fe(AcAc)3 while in the case of Al(AcAc)3 or Co(AcAc)3 it shows
little or no exchange. This confirms the earlier observations inferred
by wet techniques^).

The case of exchange will probably be determined by a) relative
ionization potentials of M+^ and M ions and b) whether the metal
chelate is a high spin complex.

Reference

1. V. Ramshesh, J. Inorg. Nucl. Chem., 3U 3878(1969)

2. 12. 3 Thermoluminiscence Studies in Cobalt (ITI) Chelates
(S. Sarup and S. Sengupta)

It is well known that electrons (or holes) take part in the
process of annealing of recoil damage and thermal isotopic exchange in
the solid state. Thermoluminiscence (TL) is one of the physical
methods to investigate the energetics of trapped electrons. Prelimi-
nary TL. results in sodium hydrogen ethylene diamine tctraacetate
nitro cobaltato moAohydrate /Na (CoHYNO^)^ HgO are being reported
here.

An indigeneous temperature programmer was set up independ-
ently by virtue of which different heating rates from 4 - 12°/sec can
be achieved by changing a set of gears. In all the experiments, finely
powdered samples of the complex and a heating rate of 4 to 5 C/sec.
was used.

Effect of irradiation with ionizing radiation:

In order to find out whether the observation of TL. in this
complex was electronic in nature, the complex was irradiated with
different ionising radiations. Fig. 2. 12. 3/1 shows the typical glow
curves of the complex irradiated with p , f and x-rays with a dose of
rv 2 x 105 rads at 30°C. It is observed that there are two peaks in
all these cases, one at rJ 100°C and the other at ~ 200°C.

Effect of neutron irradiatioji: *

Fig. 2. 12.3/2 shows TL glow curve from a sample irradiated
with thermal neutrons in a rabbit pneumatic transfer facility of CIRUS
to an integral neutron flux of ~ 10*2 n / cm 2 . Here the first peak at
100°C is not observed while two peaks at ~~> 200° and 235°C are
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SiGNAL (arbitrary units)

Fig ,2 . 1Z. 3/1
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obtained. In order to find out the effect of concomrnittant Y- dose
(-N/ 10^ rads), an aliquot of the complex was irradiated with this amo-
unt of •V- dose. The record clearly indicates the p sence of a peak
at 100°C (Fig. 2. 12. 3/2). Thus it establishes that neutron irradiation
bleaches this peak and is responsible for a fresh peak at 235°C.

Effect of doping:

Doping the sample with Fe2+, Fe3 + , Co2+ did not affect the
TL signal whereas doping with water increased the TL signal by a
factor of twenty as compared to the undoped sample but the second
peak was bleached out completely (Fig. 2. 12. 3/3).

Effect of preheating:

It was also observed that preheating the complex prior to
ionizing radiation enhanced the TL signal compared to the untreated
sample (Fig. 2. 12.3/3).

Effect of ~Y dose:

Linearity in TL signal intensity is observed in the range of
104 to 6 x 106 rads.

The energies of electron traps calculated comes out to be
0.8 ev, 1.01 ev and 1.1 ev. It was found by using* colour filters that
the wavelength of emitted light was in the range of 550-600 nm.

The observation of glow curves in the irradiated complex ifl due
to depopulation of traps which get filled up during X or "Y- irradiation.
The presence of traps has been postulated earlier in cobalt chelates.
Thus the peaks at 100° and 200°C correspond to traps already present
in inactive complex whereas the one at 235°C may be due to recoil
donors and/or displaced atoms produced during neutron irradiation.

The effect of water doping may be due to some phaee change
occuring in the complex which was indicated by x-ray diffraction
pattern as well as by ESR studies.

2.13 HOT ATOM CHEMISTRY

2.13.1 Chemical Effects of Nuclear Transformation in Metal Complexes
(K. Kishore and K. S. Venkateswarlu)

Though considerable work has been carried out on the chemi-
cal effects of nuclear recoil in chromates and dichromates, very few
Cr(m) complexes have been studied. Similar is the situation regard-
ing the solid state exchange of 51Cr doped complexes. We have
made use of paper ele^trophoresis to separate the intermediate pro-
ducts in neutron irradiated potassium trisoxalato Cr(III), trihydrate as
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well as in the 51Cr doped complex. The neutron irradiated complex
yielded four species containing 51Cr. These are 5 1 Cr 3 + , /A

5lCr(OX)2.
(H2O)2Z7"i ^1Cr(OX)373* and a dinegative specie*;. The presence of
ligand deficient species and the subsequent change in its yield on annealing
at lower temperatures suggests a stepwise mechanism for the annealing
process. Doping the unirradiated complex with 5 iCr and following its
solid state exchange also indicated the presence of ligand deficient inter-
mediate species. A few comparative results are given in Table 2. 13. 1
The proposed mechanism for exchange or annealing involves the disso-
ciation of the matrix to provide oxalate groupings. The final step in the
process is postulated to be,

C51CT{OX)Z.(H2O)ZJ~ + OX2"—> E51Cr{OX)^7Z- + 2H2O

TABLE 2. 13. 1

Distribution of ^ C r in neutron irradiated or doped potassium
tris oxalato Cr(III) trihydrate

Experimental condition Cr3+ ^r(OX)2 Possibly • /Cr(OX)3^3"
(H2O)27 dinegative

Initial distribution after 8.8 22.0 13. b 55.7
neutron irradiation

Annealing of irradiated 6.3 24.2 11.0 58.5
complex for 4hrs. at
100°C

Initial distribution in the 72.4 6.2 0.7 5.9
doped complex

Solid State exchange in 2.7 14.2 6.1 77.0
doped complex for
4 hrs. at 100°C

*In this study ~ 15% of 51Cr appeared as / jC r ( o x ) (

Mixed crystal containing Z£o(NH3)6 J7C13 and K£TCo(glycine)2.
(NO2)2-7 in the xatio of 1:3 were prepared and irradiated with thermal
neutrons. The distribution of 60Co in different complexes was investi-
gated by paper electrophoresis. The total yield of amino complexes
(cation type) and the yield of the anionic complex are almost equal
despite the abundance of the anionic form. This observation suggests
that the reformation of the ammonia containing species following nuclear
recoil is easier than the anionic species. However, a« shown earlierO),
exchange in doped systems leads only to the anionic complex.

Reference

1. Kamal Kiehore, M. Sc Thesis, Bombay University (1969)
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?. 13.2 Reactions of Br8 0 m(l . T) Br 8 0 in Inorganic Bromide-
Hydrocarbon Systems
Hari Mohan and R. M. Iyer

(a) Variation of organic yield with Inorganic bromide:

When Br 8 0 t n present as NH4Br, MgBr2, ZnBr2, SrBr2 or
HfeBv"2 undergoes isomcric transition reactions in vu-hexane. the obser-
ved organic yields were in the order 15.7(CaBr2) «C 29. 0(ZnBr2}<.
30. 7(NH4Br)< 31.6(HgBr2) < 3 8 . 3(SrBr2)<48. 2(MgBr2).

If the organic yields were to arise from kinetic energy differences
of ihe ejecl -d Br^" from the various bromides, they should have been in
the order NH4Br < MgBr? <L CaBr,-< ZnBr2 < . SrBr2 - ^ HgBr2>

Therefore, it is suggested, the resultant +ve charge on Br80 at the time
of its break from its original partner rather than the kinetic energy
acqu'rf.il by it, determines the; final chemical stabilisation of the radio-
active ato.n,

(b) Variation of organic yield with solvent:

When B r o u m present as SrBr2 undergoes isometric transition
reactions in aliphatic and aromatic hydrocarbons, significant differences
in organic yields have been observed as shown in Table 2. 13. 2/1. Studies
in mixtures of aliphatic hydrocarbons and benzene show drastic reduction
of organic yields at low concentrations of benzene indicating protective
action of benzene. The results are shown in Fig. 2. 13. 2/2. It is concluded
that charge stabilisation of the Br8^ occurs through its interaction with
benzene resulting in lower organic yields.

TABLE 2.13.2/1

Effect of different solvents on the organic yield

Solve O. Y.

Carbon tetrac. iide 5. 1
Chloroform 13.9
Benzene 6.8
Toluene 10. 1
(o, m, p)-xylene 15.2
Mesitylene 22.8
Ethyl benzene 1 i. 1
Cyclohexane 15.5
Phenyl cyclohexane 15.7
n-Heptane 38.8
n-Hexane 38.3
Tetradecane 39.4
2 Methyl tetrahydrofuran 16.8
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2. 13. 3 (n, \ ) Reactions of Iodine in Aqueous Methyl Iodide Solutions
(Hari Mohan and R. M. Iyer)

When aerated dilute solutions of CH,I in H,O containing
scavenger 12 undergo (n, j ) reaction, about 12% of radioactive I128
is found in organic combination. In order to assess various factors
contributing towards the observed organic yield (O. Y.) and to under-
stand the physical and chemical processes preceding the organic
fixation of radioactive iodine atom, we have studied the effect of added
O2, I2 and H2O2 on the O. Y. in the (n, / ) reaction of I1 2 7 present
as CH3I in H2O. On the basis of these experiments a plausible
mechanism for the observed O. Y. has been worked out.

As a result of (n, j ) activation on CH3I, kinetically energetic
iodine atoms and ions produced would cause ionisation and excitation of
water molecules in the immediate vicinity of (n, / ) reaction. ll28
produced would geminately recombine within the nuclear reaction zone
with CH, radicals and get fixed as CH^I12**. jf j t j_s n o t geminately
fixed as CH3I128 or I" or I2 then I 1 2 8 or the ion would drift out of the
reaction zone. Similarly a part of electrons, H and OH radicals and
also CH3 radicals (which are geminately not scavenged) would also
diffuse into the surroundings. The increase in O. Y. with O2 concen-
tration is indicative of the fact that CH3O2 radicals are formed which
in turn react with I12** atoms to form Cr^I12**.

«
Analysis of data suggests that

a) approximately 7.5% of the radioactive iodine end up in
geminate recombination unaffected by radical scavengers.

b) the O. Y. due to reactions of electrons is about 12% and

c) the O. Y. due to H atoms or CH3 radicals diffusing out
of the nuclear reaction zone is approximately 11%.

Thus the overall O. Y. in the system would be in the
neighbourhood of 7.5 + 12 + 11 = 30.5%.

2.13.4 Investigations on Chemical Effects Induced by Nuclear
Reactions in Organic Media : Part I : (n( tf ) Reactions
of Iodine in Hydrocarbons
(R. M. Iyer and Hari Mohan)

To assess the total radiation datuage caused as a consequence
of (n, / ) reactions of iodine in hydrocarbons, the extent of added
scavenger l£ consumption per nuclear event has been sought to be
estimated in the systems CH3I + I2 + hydrocarbon and I2 + hydro-
carbon, using I1^1 labelled I2, gas chroma tog raphic analysis of the
product iodides and by spectrophotometry. The results conclusively
show that a fantastically large number (1 x 10^) of I2 molecules
are consumed for every (n, / ) event on I1 2 7 . It is also shown that
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even at 77°K in the solid matrix, about 2 x 108 moleculeB of I2 take
part in chemical reactions for every (n, y ) event. On neutron
irradiation of CH3I alone, I2 is produced at the rate of 1010 mole-
cules per (n, ^ ) evt-nt. The various sources of energy deposition
in the aystem as a result of the nuclear reaction have been assessed
and It is concluded -hat the existing ideas on recoil chemistry of
halogens are inadequate to explain the phenomena reported.

2.14 SOLVENT EXTRACTION

2.'4.1 A New Method for the Estimation of Dibutyl Phosphate and
a Study of the Parameters Involved in the Extraction of
Molecular Iodine by Tri-n-Butyl Phosphate
(R. Shanker and K. S. Venkateswarlu)

The work described hereunder arose out of the discussion
between the staff members of Fuel Reprocessing Division and Chemistry
Division.

A new method for the estimation of dibutyl phosphate (DBP)
or a mixture of dibutyl phosphate and monobutyl phosphate (MBP) has
been developed. The method is based on the decoiourisation of
larthanum xylenol orange (La-Xo) complex by DBP at ipH 5. This is
applicable even in the presence of nitric acid which will be neutralised
in obtaining this pH. The quantity of DBP produced by different doses
of Y -radiation and estimated by the decoiourisation of La-Xo com-
plex is shown in figure 2. 14. 1.

Studies were also carried out on the tributyl phosphate (TBP)
molecular iodine system. The effects of iodine sensitisation of TBP
degradation and the parameters involved in.the extraction of molecular
iodine by TBP were investigated. The extraction showed a maximum
at 2M nitric acid concentration while it showed a minimum when
uranium concentration was about 300 gtn/1. In addition to DBP, other
radiolysis products like dibutyl ether also exerted a positive influence
on iodine extraction.

2. 14. 2 Extraction of RU(m) by Long -Chain Aminefi and Tetra-Alky 1
Ammonium Halides from Hydrochloric Acid Solutions
(V. N. Saraiya, K. S. Venkateswarlu and J. Shankar)

Results of studies on extraction of ruthenium(in) from hydro-
chloric acid solutions by long-chain amines and a long-chain tetia-
alkyl-ammonium chloride (Aliquat 336) are reported here. The depen-
dence of the extraction coefficient on the concentration of the amines
in the organic phase and the concentration of hydrochloric acid and
chloride in aqueous phase was studied. Some of the data are shown
in figure nos. 2.14.2/1/2.
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The organic diluent was also varied. Compared to benzene
and toluene, extraction with chloroform and cyclohoxanol as diluents
was found to be negligible. The nature of the ey. ties extracted was
inferred to be £ R*iCl4, 2H2O ].~

It was observed that the addition of n-octanol to the organic
phase resulted in an antagonastic effect, namely a decrease in the
extraction of the anionic chloro-complex of Ru(Ill) in these systems.
The effect is shown in figure 2.14.2/3 curve A (Aliquat 336;
1.0% w/w).

These studies have been extended to cover a solid-liquid
system also. Kieselguhr was soaked with ethereal solution of amine•
hydrochloride and was allowed to dry. With the reactive ainino groups
fixed on solid support, the distribution of the anionic ruthenium(lll)
chloro-complex was studied between an aqueous phase and the solid
phase. The variables investigated include the change in chloride ion
concentration in aqueous phase and on the amine content on the solid
support. The effect of the presence of n-octanol in the solid phase
was also studied. The results obtained are similar to those reported
earlier in liquid-liquid system.

The effect of n-octanol is shown in figure 2.14.3 curve B
(1.0 gm x 10% w/w extractant).

2. 14. ? Study of Substitution of Coordinated Chloride Groups in
Cis-Dichlorotriethylene Tetramine Cobalt(III) Chloride by
Thiocyanate

(S. H. Satyal, K. S. Venkateswarlu and J. Shankar)

Kinetics and mechanism of substitution reactions of £~Co
trien Cl-^J^1^ are being . tudied in aqueous and nonaqueouB media.
Nonaqueous solvents used were dimethyl sulfoxide and dimcthylfor-
jnamide. The progress of substitution is followed by spectrophoto-
metry.

Studies in aqueous solution:

In aqueous solutions water molecules are likely to replace the
coordinated chloride as a first step. Therefore first aquation was
studied. The changes in the spectral characteristics of the complex
dissolved in water 5 x 10"^ M was followed as a function of time. The
equation appears to proceed in two steps, with times of half reactions
as given below:

tj.
[Co trien C12J+ + H2O 4=± [Co trien (H2O)C1 72+ + Cl"

1 hr

[Co trien H2O ClJ2** H2O ^± Zpo trien (H2O)2 7
3 + + ci"

10 hrB.
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A study of substitution of chlorides by thiocyanate in water
gave a tJL value of 25 hrs. The substitution process was studied during
and after completion of aquation.

The complex in DMSO has an absorption maximum at 530 -
540 nm. After addition of KCNS solution a new peak appears at 620nm
The growth of this new peak as a function of thiocyanate concentration
was followed. It was observed that the plot of optical density at
620 nm against £ CNS J" gives a better linear fit. Thus the rate of
substitution showed a first power dependence on thiocyanate. This would
indicate that SN1 type mechanism might be operative.

[ Co trien Cl2 J+ ^=* [Co trien Cl J 2 + + Cl"

[_ Co trien Cl JZ+ + /CNS 7 " — £ / t o trien Cl CNS J+

A study of the kinetics gave the time for half reaction as 56 hrs.
which is much more than that for water (25 hrs.)

The studies were extended to a solvent mixture (90% DMF +
10% DMSO) by volume. Here the time of half reaction was 168 hrs.
Optical density at 630 run was followed as function of thiocyanate cone.
Linear plot was obtained for O. D. vs £ C N S j 2 , Both the slow rate
and the dependence on /"CNSj^ indicated a second order bimolecular
process in DMF + DMSO mixture.

2. 15 ION EXCHANGE EQUILIBRIA AND ISOTOPE EFFECTS

2.15.1 Thermodynamic Theory of Ion-Exchange Equilibria in Mixed
Solvents
(A.R. Gupta)

A thermodynamic theory of ion exchange equilibria in mixed
solvents (organic solvent and water) has been developed (A. R. Gupta,
to appear in J. Phys. Chem. June 1971). It correlates the equilibrium
constants of ion exchange reactions in mixed solvents and water, using
the concept of free energies of transfer of ions and resinates from
one medium to another. For the exchange reaction, AR + B+ ^*BR +
AT, the expression relating the equilibrium constants in the two media
is :

mix mix
RT In m i x = A G ? (AR) - A G ° (BR)

mix ix n .
A G ° ( A + ) . . . ( 1 )

The equilibrium conntants Kn, ix and K^, are referred to the standard
states of the ions (Uyic !<,:tj-al one molal solution in the solvent) and the
resinates (mono ionic form of the resin in equilibrium with the solvent)
in the mixed solvent and water and can be evaluated from the experi-
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tnental data In the usual way. The free energies of transfer of the
electrolytes are well defined quantities and have been experimentally
determined for many ions for a number of solvent pairs. The free
energies of transfer of the resinates, m*3%j? (i K.), can be evaluated
in terms of the free energies of swelling of the resin in the two
media, i . e . ,

...-CO

Substituting eq. (Z) in eq. (1) and rearranging, we get

y K w

j^dto,-, - J

This expression has been used for computing log K m j x for
uni-univalent exchange systems in methanol-v/ater mixtures on resins
of different crosslinkings.

2.15.2 Simultaneous Diffusion and Chemical Reaction in Ion Exchangers
(A. R. Gupta and S. K. Sarpal)

The diffusion of ammonia into Ni -form of Dowex 50W-X8
and Dowex 50W-X4 resins is the basic process in thr experiments
conducted to study the nitrogen isotope effects in / NifNl-̂ Jf, /resin/
/ NH3 / a _ exchange system (A.R. Gupta and S. K. Sarpal, J. Phys.
Chem., 7I_, 500 (1967)), This diffusion process IIPP been .ntudicd and
the intrinsic diffusion coefficients of ammonia (D^u^) in i.ho exchangers
were computed from the. data on the basis of thp theory of diffusion-
cum-chemical reactions developed earlier. A direct way of obtaining
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theue intrinsic difftiHion coefficients is to study the diffusion of
ammonia into a Bystem where ammonia molecules arc not involved in
a chemical reaction. A study of the diffusion of ammonia into Na -
form of Dowex 50W-X8 and Dowex 50W-X4 vas, accordingly, under-
taken. As this was a Bystem where diffusion of ammonia was not
accompanied by any chemical reaction, the simple theory of diffusion
into a sphere could be applied to the experimental data for computing
DNH . These directly observed values of DJ^J.^ are compared with
D N H

3 values derived from diffusion studies with Ni and H-form of
these resins in Table 2. 15. 2.

There is good agreement for D N H 3 values for Dowex 50W-X4
resins. For Dowex 50W-X3, however, D N H 3 obtained for Ni-form of
the resin in much lower than DN H for Na- or H-forms of the resin.
This discrepancy arises because the diffusion equations, used for com-
puting DNH_ in the Ni-case, are strictly valid for those chemical
reactions which are governed by linear adsorption isotherm and the
absorption of ammonia by Ni-form of Dowex 50W-X8 does not obey
this in the concentration range used in these experiments.

TABLE Z. 15.2

DNH-i values for different ionic forms of
Dowex 50W- resins at 0.2 M NH4OH.

Ionic form 4% DVB B,v DVB

D (cm2/sec) xlO"5 DNH3(cm2/Hec)xl0"5

Na+-form 1.3 1.1

Ni2+-form 2.0 0.26

H+-form 2. 1 1 4

2.15.3 Ion Exchange Equilibria in Mixed Solvents: Li+/H+ , Na+/H*
and K /H Exchange Systems on Variously Crosslinked Ion
Exchangers in Methanol-Water Mixtures
(A.R. Gupta and Deoki Nandan)

In the past, Li+ /H+ , Na+/H+ and tC ,H+exchange systems in
methanol water mixtures on Dowex 50 W- of Z1,'. , 4%, 8% and 12%
DVB content Bad been studied. Along with these studies, swelling
behaviour of HR, LiR, NaR and KR forma of these resins in methanol.
water mixtures had also been investigated. From these solvent
sorption data, water and methanol 'sorption isotherms' of the various
resins, needed for the evaluation of the integrals in equation 3 (given
in the previous section) were constructed. Free energies of transfer,

G° (mix), of the ions, involved in these exchange systems, for the
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different solvent mixtures were taken from the literature. All the
quantities needed for the calculation of log K . by equation 3 were
thus available. The computed and experimentally ooserved values of
log Kjnix for the various systems are given in Table 2.15.3.

The good agreement between computed and observed values of
Kmix i o r Na+/H+ and K+/H+ exchanges on different resins in all the
solvent mixtures, provides an excellent experimental proof to the
thermodynamic theory. However, eome of the computed values of
log K—ijj for Li /H+ exchanges show considerable differences from the
observed values. These discrepancies, in the light of the agreement
for Na*/H+ and K+/H+ exchange systems have to be attributed to
experimental errors and uncertainties in the other terms used for the
computation of log



TABLE 2. 15.3

Computed and observed values of log K m i x for Li+ /H+ , Na+ /H+ and K+/H+
exchanges on variously crosslinked exchangers in different water-mothanol

mixtures

log Km i x

Exchange
System

L1+/H+

Na+/H+

K+/H+

Solvent
wt % methanol

20.8

44.1

70.3

87.7

20.8

44. 1

70.3

87.7

20.8

*4. 1

70.3

87.7

2%

calc.

0.012

0.26

0.52

-

0.30

0.41

0.86
n

0.37

0.64

1.52

-

DVB

obs.

-0.015

0.12

0.33

-

0.18

0.42

0.89

-

0.38

0.79

1.63

-

4%

calc.

0.056

0.28

0.49

-

0.34

0.63

1.10

-

0.41

0.84

1.79

-

DVB

obs.

0.006

0.17

0.41

-

0.29

0.59

1.08

-

0.48

0.95

1.84

-

8.fa

calc.

0.025

0.18

0.46

0.40

0.53

0.92

1.49

1.75

0.84

1.29

2.22

2.99

DVB

obs.

0.051

0.30

0.68

0.62

0.46

0.91

1.61

1.69

0.76

1.45

2.36

3.06

12%

calc.

0.056

0.28

0.67

-

0.64

1.12

1.75

-

0.93

1.48

2.49
-

DVB

obo.

0.081

0.35

0.84
vO
f"
1

0.50

1.06

1.83

-

0.84

1.56

2.50

-
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2. 15. 4 KtnettcB of Ion-Exchange in Mixed Solvents
(A.R. Gupta and Deoki Nandan)

The ion exchange resins usually exhibit enhanced selectivity
In mixed solvents (organic solvent and water). However, this
advantage could be offset by the decreased rates of ion-exchange pro-
cesses in mixed solvents. For this reason, along with the equili-
brium studies of ion-exchange in mixed solvents, a programme of
studying the kinetic aspects of ion-exchange in mixed solvents had
been under progress in these laboratories. During this period the
kinetics of the exchange reaction,

HR + M+ > MR + H+ (M = Na+ or K+),

on Dowex 50 W-X8 in 20.8%, 44.1% and 70.8% (w/w) methanol-water
mixtures was studied. The experiments were conducted at room
temperature (•~^2°c) at an ionic strength of 0. 1M and under infinite
bath conditions. A centrifugal stirrer was used for the diffusion
experiments. Helfferich theory of ion exchange kinetics (F. Ilelfferich
and M. S. Plesset, J. Chem. Phys. , 2_8, 418(1958)) was applied to these
systems. This is the first time that this theory has been applied to
ion-exchange in mixed solvents. The ratio of the diffusion coefficients
( <K ), Dpj+ and D|yja+ or DJJ+ and Dtr+, in the various solvent mixtures
was computed from the available data on the conductivity of these ions
in these media. The derived values of DH+, in the various solvent
mixtures, are given in Table 2.15.4.

TABLE 2.15.4

Diffusion coefficient of H+ in Dowex 50 W-X8 in different
methanol-water mixtures.

Medium
/oW/Vf methanol

10.8

44.1

70.3

H+

6

5

3

/Na+

*

.5

.00

.75

Exchange system

DH+ x 10-6

(cm2/sec)

6.0

4.6

3.2

H +

4

3

2

/ K +

*

.75

.75

.75

Exchange system

DH+ x 1O"6

(cm^/sec)

7.

4.

3.

2

9

2

The results show that the diffusion coefficient of H diminishes
as we progressively add methanol to the solvent mixture. Further,
remains constant within experimental error for both the exchange
reactions in all the solvent mixtures, as required by the theory.
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2.15.5 An Experimental Verification of Helfferich's Theory of Ion
Exchange Kinetics
(A.R. Gupta and S. R. Biswas)

Helfferich theory of ion exchange kinetics (F. Helfferich and
M.S. Plesset loc. cit. ) predicts that the rates of the forward and
backward exchange reactions should be different. The parameter °< ,
the ratio of the diffusion coefficients of the two ions involved in the
exchange reaction, relates the rates of the forward and backward
reactions. So far this theory has not been verified for a ppherical
assembly. As commercially available ion exchange materials come
in the form of spherical beads, a verification of the theory for such
systems was undertaken. The kinetics of the simple exchange reaction

namely
forward

HR + Na+ ^ = ^ NaR + H+

backward

was studied using Dowex 50 W-X4, Dowex 50 W-X8 and Zeokarb
225-X8. The following value? of K , on the basis of available infor-
mation in the literature, were used to compute the diffusion coefficients:

o( = 7, forward reaction for computing D-V-f

o( - 111, backward reaction for computing

The values of the diffusion coefficients, EU-|_ and Dĵ  +, in the various
ion-exchange materials are given in Table 2.15.5.

TABLE ?.. 15.5

H and Na diffusion coefficients in various ion
exchange materials

Ion Exchanger DH+(cm2/sec| DNa+(cm2/sec) o(

Zeokarb 225-X8 4. 65 +_ 0. 46 x 10"6 0.81+0.08xl0~6 5. 9+_l.l

Dowex SOW-X 8 9. 37 + 0. 93xl0~6 1. 11+0. llxlO"6 8.3+_1.7

Dowex 50W-X4 18.84+ 1.88 x 10'6 2. 25+ 0. 22xlO"6 8 .3+1 .7

The data in the above table indicate that the computed values
of °( for all the resins lie within the region 7+1. As the estimated
errors in the experimental determination of diffusion coefficients and
c< are within this range, it can be concluded that the predictions of
Helfferich theory regarding the forward and backward reaction rates
are fulfilled within the limits of experimental error. In this connec-
tion, it should be pointed out that the diffusion coefficients are rather
insensitive to changes in c<. values, if K < 1.
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2.15.6 Nitrogen Isotope Effects in Glycine/Glycinate System:
A Theoretical Calculation
(A.R. Gupta and S. K. Sarpal)

The nitrogen isotope effects in the equilibrium between aqueous
solution of glycine and glycine absorbed on OH"-form of Dowex 1-X8
resin had been studied earlier. The chemical specien involved in this
exchange are: (N+H3. CH2. COO")aq and (NH-,. CH2-

 c o o " ) R e a i n - For
the nitrogen isotope effects in the above exchange reaction, R-N H3
and R-NH2 groups are the significant OIIPS. Accordingly, a theoretical
computation of the nitrogen isotope effects using the models XNH3(C3V)
and XNH2(C5) was carried out. A computer programme was written
for calculating the vibrational frequencies of the isotopic species:
XN14H3, XN15H3, XN14H2 and XNl5H . The observed frequencies of
N14H3.CH2COO" and CH3N14H2 (as vibrational data for NHj,. CH2. COO"
was not available) were used in thin computation. The nitrogen
isotope effect, o(|^i was computed using these calculated isotopic
frequencies. The experimentally observed value ( "(.14 1. 025) of the
glycine/glycinali system was a little lower than the calculated value
( ̂ l l = 1- 0 2 8) f ° r t h e model system. It is attributed to the fact that
CH3NH2 vibrational frequencies were used instead of NH2CH2. COO"
frequencies. All the same, the reasonable agreement between the theore-
tical and experimental *C 14 values shows that the assumed models
adequately describe the vibrations of the groups involved directly in the
isotopic exchange reaction.
2.15.7 Oxygen Isotope Effects in bynthetic Reversible Oxygen

Carriers: Cobaltous Hexammine - Oxygen System
(A.R. Gupta and M. Jeevanandam)

The oxygen isotope effect in the synthetic reversible oxygen
carrier, cobalt dihistidine were found to be abnormally large (M.
Jeevanandam and A.R. Gupta, J. Inorg. Nucl. Chem. , 3Z_, 1749(1970)).
Such studies have now been extended to the much simpler cobalt com-
plex, namely cobaltous hexammine, which acts as a reversible oxygen
carrier under certain conditions. The chemical species involved in
the exchange reaction are: / Co(NH3)5 O2(NH3)5Co /^t and (O-,) gas.
The experiments were conducted at an ammonia concentr .Lie*.
7. 3M. The oxygen isotope effects were determined at two different
temperatures. The values of the single stage reparation factors,
•K , are: 1.032+0.004 at O°C and 1.022+0.004 at 25°C. These values

are slightly greater than the <K values obtained for cobalt dihistidine -
oxygen system. The reasons for these large values of the oxygen
isotope effects in such systems, are not yet understood. Further
work on such systems is needed.
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2.16 SERVICE

2. 16. 1 Mass Spectrometry
(K. N. Bhide)

For the stable isotope group of the Chemical Engineering
Division, about 50 samples of argon, carbon dioxide and nitrogen were
analysed for A^ , C , O^° and N ^ abundance by mass spectrometry.
About 10 samples of hydrogen, helium and nitrogen mixtures were
analysed.

About 10 samples (flavouring components) were analysed for
their crackit', pattern for the food technology division by mass spectro-
metry.

2.16.2 Servicing, Maintenance and Operation of Instruments
(S. Ramaswamy, T.S. Hari Rao and K. N. Bhide)

Nuclear counting equipments, UV/visible spectrometers,
infrared spectrometer, mass spectrometer, x-ray generator and
recorders were serviced and maintained by the servicing group. A
power supply and triggering circuit was built by this group.

2. 16. 3 GaB Chromatographic Analysis
(N. V. Iyer, K.A. Rao and R. M. Iyer)

No. of samples

1. T.I.F.R. Methane for CO2 and H2 8

2. A. F. D. T.L, A. for degradation products 18

3. Isotope Division Sulphonated compounds for purity 6
4. Analyf ;al Division Water for traces of CO 3

(T.A. -.P.)

5. " TBP for MBP & DBP 3
6. Biology Division Garlic essence 6

7. I .A.R.I . , Delhi Essential oils for hydrogenation
efficiency 3

8. Toahniwal Xylenes and cresols 3
Instruments

9. " Wood essence 2

10. M/s. Techno Mono-methyl piperazine 3
Chen, Bombay

11. M/s. Acme Methyl esters of fatty acids 2
Synthetic Chemicals
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Z. 17 TEACHING

2. 17. 1 Lectures and laboratory courses organized * y the
Training Division

Participation during 1970 and upto 31-3-1971

a) Chemistry Trainees

1. Chemical Kinetics , . . . Dr. K. N. Rao

2. Radiation Chemistry . . . . Dr. J. P. Mittal and
Dr.R. M. Iyer

3. Fundamental of Chemistry III Dr. K. S. Veiii.ateswa.rlu
Molecular Stereochemistry

4. Practical Work . . Dr. B.C. De Souza
Dr. S. Sarup
Dr. P. K. Mathur

b) Engineering Trainees

General Chemistry Dr. K. S. Venkateswarlu

c) Refresher course in Nuclear and Radiation Chemistry

Radiation Chemistry Dr. K. N. Rao
Dr. R. M. Iyer
Dr. J. P. Mittal
Dr. P. N. Moorthy
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Z. 18 PUBLICATIONS

2.18.1 Publications (a) Journals (b) Conference Proceeding a

Publications (a) Journal :

1. Electron release from gamma irradiated silica gel
K. V.S. Rama Rao and R. M. Iyer
Radiation Effects, 5_, 269 (1970)

2. Radiation induced polymerisation of trioxane
M. H. Rao and K. N. Rao
Polymer Letters £, 643-644 (1970)

3. Kinetics of radiation polymerisation of vinyl benzoate
V. Kumar, K. N. Rao and J. Shankar
Radiation Effects 5_, 227 (1970)

4. Radiolytic oxidation of 2-methyl tetrahydrofuran
K. V.S. Rama Rao and A.V. Sapre
Radiation Effects, Z, 183 (1970)

5. Radiation chemistry of tris acetylacetonate cobalt III in
aqueous solutions
K. V. S. Rama Rao, L. V. Shastri and J. Shankar
Radiation Effects, 2_, 193 (1970)

6. Reactions of COO" radical-ion with M+ and M states produced
in the radiolysis of aqueous solutions
L. V. Shastri
Radiation Effects, 7_, 283(1971) •

7. Electron transfer reaction in the radiation chemistry of some
biologically important disulphide compounds
B. Lalitha and Jai P. Mittal
Radiation Effects, 7_, 159 (1971)

8 Even electron species in the gamma radiolysis of liquid hydro-
carbons
Jai P. Mittal
Radiation Effects, 7_, 279 (1971)

9. Light emission from the dissolution of gamma-irradiated
alkali Iialides in water and aqueous solutions
Jai P. Mittal
NATURE (Physical Sciences) 23£, 160 (1971)

10. Comments on the paper "Aquoluminescence - an alternate mode
of release of energy stored in gamma irradiated crystals"
Jai P. Mittal. and J. Shankar
Radiochemical and Radioanalytical Letters 6_, 115 (1971)

11. Gamma radiolysis of deaerated cysteine solutions
Manohar Lai
Radiation Effects, 2_, 225 (1970)
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12. Radlolysifi of cobalt hexamine nitrate in KC1, KBr and Kt
ma trice a
S. B. Sri'/astava, A.S. Sarpotdar and J. Shankar
Indian Journal of Chemistry, 8, 426 (1970)

13. Radiolysis of cobalt hexamine nitrate in alkali halide matrices
S. tl. Srivastava, A.S. Sarpotdar and J. Shankar
Indian Journal of Chemistry, % 144 (1971)

14. Energy transfer studies in radiolysis of benzene solutions of
metal acetylacetonates - Fluorescence quenching Part I.
aluminium acetyl acetouate
O. P. Kalantri, S. B. Srivastava and J. Shankar
Indian Journal of Chemistry, 8_, 984 (1970)

15. Annealing of recoil effects in CQ(III) complexes: A new
hypothesis on the role of ambient gases
K. S. Venkateswarlu and K. Kishore
Radio Chimica Acta, 1J5. 70(1971)

16. Mossbauer studies on some iron(lll) complexes
V. Ramshesh and K. S. Venkateswarlu
Indian Journal of Chemistry, 8_, 104(19/0)

17. Thcrmoluminiscence studies in cobalt chelates
S. Sen Gupta and S. Sarup
Indian Journal of Chemistry, 9, 171(1971)

IS. Enrichment of Europium from Didymium carbonate by solvent
extraction
K-S. Venkateswarlu, R. Shanker and K. Kishore
Indian Journal of Technology, 9, 58 (1971)

19. A comparative study of dono: properties of sulphoxides and
phosphine oxides in solvent extraction
Ramendra Shankar and K. S. Venkateswarlu
J. Inorg. Nucl. Chem. , 3£, 229(19/0)

20. Solvent extraction of some transition elements with eulphoxidss
and phosphine oxides
Ramendra Shanker and K. S. Venkateswarlu
J. Inorg. Nucl. Chetn. , 32_, 2369(1970)

21. Equilibrium isotope effects in metal-ammine /ammonia ByBtem
M. Jeevanandam and A. R. Gupta
Ind. J. Chem., £, 436 (1970)

22. Oxygen isotope effect in synthetic oxygen carrier systems -
Cobalt dihistidine-oxygen eyEtem
M. Jeevanandam and A. R . Gupta
J. Inorg. Nucl. Chem., 32_, 1749 (1970)

23. Diffusion in ion-exchangers accompanied by chemical reactions:
Neutralisation of strong acid exchangers by weak bases:
A. R. Gupta, S. K. Sarpal and J. Shankar
Ind. J. Chetn. 8, 989 (19?0)
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24. Theory of simultaneous diffusion and chemical reaction in a
sphere and its application to ion exchange problems
A. R. Gupta
Ind. J. Chem. , £, 1026 (1970)

25. Ganuna RadSolysis of Trichloroethylene
R.K. Datta and K. N. Rao
Radiation Effects 7. 153(1971)

26. A. therrnodynamic theory of ion exchange equilibria in nqn-
aqueous solvents
A.R. Gupta
J. Phys.Chem. 75, 1152 (1971)

27. Hydrated Electrc~. its structure and some studies of its
reactions
J. Shankar
J. Ind. Chem. Soc. , 48, ?7(197l)

(b) Conference Proceedings

28. Experimental techniques in radiation chemistry
R.M. Iyer
Proceedings of the symposium on Radiation Chemistry,
p. 109, BARC-489 (1970)

29. Radiation induced polymerisation
K. N. Rao, M. H. Rao and Vijay Kumar
Proceedings of the Symposium on Radiation Chemistry,
p. 69, BARC-489 (1970)

30. Primary processes in radiation chemistry
K. V.S. Rama Rao and P. N. Moorthy
Proceedings of the Symposium on Radiation Chemistry,
p. 9, BARC-489

31. Evidence for triplet excitons in the radiolysis of frozen aqueous systems
P. N. Moorthy
Proceedings of the Symposium on Radiation Chemistry,
p. 37, BARC-489 (1970)

, 32. Excitons and molecular product yields in liquid water ••Part I,
C. Gopinathan
Proceedings of the Symposium on Radiation Chemistry,
p. 28, BARC-489 (1970)

33. Reaction of hydrated electrons with pertechnetate
( P. K. Mathur and'K. S. Venkateswarlu

Proceedings of the symposium on Radiation Chemistry, BARC-489,
p. 137 (1970)

34, Secondary processes in radiation chemistry'
Jai P. Mittal
Proceedings of the symposium on Radiation Chemistry,
BARCr489, p. 41 (1970)
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35. On the primary species involved in the energy transfer from
gamma-irradiated alkali halides and other solids to water -
Possible involvement of triplet state of v/ater
Jai P. Mittal
Proceedings ci the symposium on Radiation Chemistry,
BARC-489, p. 40 (1970); also communicated to the International
meeting on primary radiation effects in Chemistry and Biology,
March 1970, Buneous Aires (Argentina)

36. Thermal decomposition studies on Na2NH4./ Fe(CN)5NH3 /
using Mossbauer Spectroscopy
V. Ramshesh and K. S. Venkateswarlu
Proceedings of Chemistry Symposium, DAE, Vol.1, 123 (1971)

37. Emission Mossbauer spectroscopy in 'Co doped metal acetyla-
cetonates of Al(ni), Cr(Ul), Mn(lH), Fe(III) and Co(lll)
V. Ramshesh and K. S. Venkateswarlu
Proceedings of Chemistry Symposium, DAE, Vol.1, 129 (1971)

2.18.2 Thesis

1. Ph.D. thesis on 'Isotope Effects - transition metal complexes and
other system1

S. K. Sarpal
Bombay University (1970)

2. Ph. D Thesis o\i 'Thermodynamics of ion exchange equilibria in
mixed solvents'
Deoki Nandan
Bombay University (1971)

3. Ph. D thesis on 'Radiolysis of water and aqueous solutions
L. V. Shastri
Bombay University (1970)

2.18.3 P»ARC Reports (Both external and internal)

1. Water chemistry studies I - Inhibition of corrosion by the
pertechnetate ion - A review.
P. K. Mathur and K. S. Venkateswarlu
BARC/I-82 (1970)

2. Water chemistry studies II - Chemical analysis manual of
moderator and coolant water systems
P. K. Mathur, A. S. Gokhale and K. S. Venkateswarlu
BARC-515 (1970)

3. Water chemistry studies III - Use of hydrazine for scavenging
dissolved oxygen in high temperature water - A review.
H. S. Mahal and K. S. Venkateswarlu
BARC-530
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4. Water chemistry studies IV - pH and conductivity of reactor
ccolant water at elevated temperatures
P. K. Mathur and K. S. Venkateswarlu
BARC/I-108 (1971)

5. Water chemistry studies V: pH and conductivity of reactor coolant
reactors - A status report
P. K. Mathur and K. S. Venkateswarlu
BARC/I-116 (1971)

6. Selectivity in polystyene-eulfonic acid type cation exchangers
A.R. Gupta and B.L. Jangida
BARC-514 (1970)

2. 18. 4 Oral presentations at any national or international scientific
meetings:

1. Estimation of trace impurities by gas chromatography
R. M. Iyer
Oral presentation at the 58th session of Indian Science

Congress, January (1971)

2. Hydrogen peroxide yield in f -irradiated ice at 77°K
P. N. Moorthy and K. N. Rao
Convention of Chemists (1970). Madras

3. Rate constants of reactions of photogenerated Bolvated electrons
with monomers
P. N. Moorthy, Vijay Kumar and K. N. Rao
Convention of Chemists (1970), Madras

4. Study of the vinyl benzoate polymer produced by gamma radiation
K. N. Rao and Vija> Kumar
Convention of Chemists (1970) Madras

5. Electron accelerators and Chemical Research
Jai P. Mittal
Panel discussion on the 'Use of electron accelerators in science
and technology1, Trombay (1971)

6. Extraction of Ru(m) by long-chain amines and tetra-alkyl
ammonium halides from hydrochloric acid solutions
V. N. Saraiya and J. Shankar
Convention of Chemists (1970), Madras

7. Ligand substitution reaction in CIS-dichloro-triethylene tetramine
cobalt(lH) chloride - A comparative study in water and non-
aqueous solvents
J. Shankar and S. H. Satyal
Convention of Chemists (1970) Madras
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8. Studies on the conductivities of saline waters
H. S. Mahal and K. S. Venkateswarlu
Convention of Chemists (1970), Madras

9. Equilibrium nitrogen and oxygen isotope effects in glycine/
glycinate and glycine/glycinium systems

*S.K. Sarpal, A.R. Gupta and J. Shankar
Presented at Convention of Chemists (1970), Madras

10. Extraction of molecular iodine by tributyl phosphate
R. Shanker and K. S. Venkateswarlu
Convention of Chemists (1970), Madras

11. Radiation induced sulfochlorination
K. N. Rao and P. N. Moorthy
DAE Chemistry Symposium (1970), Madras

12. Molecular mechanisms in radiation and photobiology, Part II -
Intersystem crossing efficiencies in aromatic amino acids
Smt. Lalitha J. Mittal, J. P. Mittal and J. Shankar
DAE Symposium on "Basic mechanisms in radiation biology and
medicine", (1971), Delhi

13. Thermoluminiscence studies in cobalt chelates
S. Sen Gupta and S. Sarup
Symposium on Radiation Physics (1970), Trombay

14. Solid State Polymerisation
M. H. Rao
Seminar in the Department of Nuclear Engineering Department,
University of Tokyo, Tokyo, Japan (1970)

15. Industrial applications of electron accelerators
K.N. Rao
Panel Discussion on "Electron Accelerators in Science and
Technology", Trombay (1971)

16. Experimental techniques in pulse radiolysis
R.M. Iyer
Panel Discussion on "Electron Accelerators in Science
and Technology", Trombay (1971)
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3. SOLID STATE STUDIES SECTION

3. 1 Staff

3.2 Summary

3. 3 Fuel and Fertile materials

3. 3. 1 Fission gas release from urania-thoria pellets
3. 3. 2 High temperature volatility of U3OQ
3. 3. 3 Thermal expansion of uranium oxides
3. 3. 4 Phase transitions in U-OQ
3. 3. 5 Thermal decomposition 01 UO,
3.3.6 System UO 2 -Sr0-0 2

3. 4 Cladding materials

Diffusion

Radiation induced defects

Solid State Science

Phase transitions in solids
Crystallographic Transitions
Magnetic transitions
Thermodynamics of high temperature materials
Radiation damage and thermoluminescence
Preparation and properties of thin films
Semiconductor s
Thermal Analysis
X-ray crystallography
Mossbauer studies
Solid State Theory

Molecular Orbital Theory

Design and construction of equipment

Service analysis and training
X-ray diffraction techniques
Thermal analysis
Other services
Training

3t g Reports, publications and oral presentations
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3. 1 staff

Section in-charge : M. D. Karkhanavala

Fuel and Fertile Materials

M. D. Karkhanavala
M. S. Chandrasekharaiah
V. V. Deshpande
A. C Momin
M. C. Naik
S. R. Dharwadkar
A. B. Phadnis
M. D. Mathews
K. No G. Kaimal

Cladding Materials

R. P. Agarwala
M. S. Anand
B. M. Pande
A. R. Paul
V. C. George

Solid State Science

1. Phase transitions in solids

(a) Crystallographic transitions

M. D. Karkhanavala
V. V. Deshpande
A. C. Momin
Q. R. Goyal

(b) Magnetic transitions

U. R. K. Rao
J. V. Yakhmi

2. High temperature materials

M. S. ChandraBekharaiah
S. R. Dharwadkar
O. M. Sreedharan
G. Chattopadhyay
E. S. Ramakrishnan(Bombay University student)
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3 Radiation damage and thermolumineacencc

J. M. Luthra
N. M, Gupta
A. Satyamoorthy

4 Thin FilmB

R. P. Agarwala
A.K. Dua
V. C. George

5 Electrical Properties

A. M. George
3 . K. Rajput
I. K. Gopalakrishn%n

6 Thermal Analysis

V. V. De shpande
Sxnt. E. B. Mirsa
A. B. Phadnis

7 X-ray crystallography

P. G. Khubchandani
V. Amirthaiingam
V.S. Jakkal
K. V. Muralidharan

6 Mossbauer studies

F. G. Khubchandani
Prithvi Raj
S. K. Kulshreshtha

9 Solid State Theory

P. G. Khubchandani
C, Manohar
A. P.'G. Kutty
M. G. Ramchandani
C, Karunakaran

10 Molecular Orbital Theory

P. G. Khubchandani
K. C. Bhalla
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V. K. Kelkar
D.D. Pruthi

Service Facilities

(a) Instrumentation and electronics(fabrication and maintenance)
P. S.Malhan
S. B. Thatte

(b) General Laboratory Services
A.S. Kerker,
B. R. Ambekar,
M.F. Kuriakoae
J.. B. Shinde
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3. 2 SUMMARY

The Solid State Studies Section is engaged on long range
research problems pertaining to fuel, fertile and -cladding materials
as well as on researches on allied topics in the general field of
solid state science.

In support of the general programme of materials for thermal
reactors, study was completed on fission n;as (Xe-133) release from
thoria-urania pellets of different densities. The thermogravimetric
study of the decomposition of different crystallographic modifications
of UO3 was also completed. This revealed extremely interesting
dependence of the thermal behaviour on the crystal structure.
Attempts are being made to explain this dependence on the basis of
the crystal structure of these modifications of UO3. Studies on the
volatilization of U3OQ at high temperatures have revealed an enhan-
cement in the volatilization rate in presence of water vapour.

Programme of work on diffusion studiss in cladding materials
centred round the transport of fission fragments and the alloying
constituents in zircaloy 2. The effect of alloying elements (Ni and
Sn) on the diffusion process has been evaluated. The effect of
different methods of deposition of the solute on the impurity
diffusion in aluminium was studied. This showed that a surface film
of the oxide might be responsible for the observed low
diffusivities. A study of the lattice and grain boundary diffusion
of rare earths in nickel was also carried out. It threw light on
the mechanism of diffusion in materials having low solid solubility
of the diffusing species.

Studies on crystallographic phase transitions in solids have
revealed an uncommon effect in anhydrous sodium sulphate whera
a phase transition was induced by grinding of the sample.
Mossbauer1 studies of nickel-zinc ferrites have shown an interesting
dependence of the line shapes on the permeability of the sample.

Staff-members participated in the teaching of formal courses
both at the University of Bombay and at the Training School, BARC.
In pursuance of the general policy to afford opportunities to the
staff-members to further their a-ridemic standings, i Fh. D. and
1 M. Sc; theses were accepted by the University of Bomoay for the
award of these degrees.
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3.3. FUEL AND FERTILE MATERIALS

3. 3. 1 Fission Gas Release From Thoria Pellets
(M. D. Karkhanavala, M. C. Naik and K. N. G. Kaimal)

The main objectives were to estimate the fission gas
release from and to calculate the pressure build up under long
term irradiation of thorium oxide pellets in CIRUS.

For this purpose ThO2-0. 1%UO2(93% enriched in 2 3 5U)
pellets were studied. This composition was selected as it would
approximate the composition of thoria pellets after long irradiation
and at the same time produce sufficient Kr and Xe during short
term irradiation (about 10 min) to enable the post-irradiation
anneal experiments to be carried out (1) without any elaborate
shielding after a cooling period of about 7 days. Sintered pellets
of 67%, 79% and 90% T. D. were used.

The pellets were characterised for density, surface area,
particle siie, open and closed porosity and grain size. After
characterisation the fractional release (f) of Xe-133 was studied for
different annealing times using the He sweep gas method as well as
closed-loop forced circulation method. Following the Booth model,
initial burst release, fQ and apparent diffusivity, D, were evaluated.
The results showed that fQ and D decreased considerably in case
of 90% T. D pellets which showed an abnormal increase in closed
porosity and a sharp decrease in open porosity.

Arrhenius plots, log D1 vs "̂  , for the steady state thermal
release of Xe-J.33 from 67% and 79% T. D. pellets were linear below
600°C and above 800°G but exhibited non-linearity in the temperature,
range 600° -800°C(Fig. 3. 3. 1). In the case of 90% T. D. pellets,
release below 800°C was found to be negligible. The apparent
activation energies in the temperature* range'400°-600°C were 5.5
and 8. 8 kcal/mole for 67% and 79% T. D. pellets respectively. The
corresponding values in the high temperature range ( > 800°C)
were 46. 8, 49 and 58 kcal/mole for 67%, 79% and 90% T. D pellets
respectively. The non-linearity (as observed in Arrhenius plots)
was explained on the basis of dual mechanisms - one operating above
800°C and the other below 600°C. The Q value for the higher
temperature range ( > 800°C) was smaller compared to the corres-
ponding cation and anion self-diffusion values in ThO2. The low
Q values have been explained (2) on the basis of diffusion of Xe in
neutral atomic state through interstitial position in ThO2 lattice.
The extremely low value of Q for the low temperature range
( ^ 600°C) suggested a non-lattice diffusion phenomena.

The initial burst release was found to be dependent on
specific surface area, particle size and temperature. This was
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explained as due to a kind of activated extrication from the superfi-
cially damaged layer upto a few atomic layers.

These studies on release of Xe-133 from ThO2-0. 1% 2

sintered high density pellets showed that th« release was negligibly
small at temperatures developed in ThO2 pellets irradiated in the
'J1 rod positions.

Studies of the release of Xe and Kr from ThO2-0. 1% UO2 by
recoil and knockout process are in progress.

References

1. O P . Chawla, M. C. Naik and M. D. Karkhanavala, BARC
Report-538 (1971)

2. M. D. Karkhanavala, M. C. Naik, K. N. G. Kaimal and O. P. Chawla,
BARC Report-513(1970)

3. 3. 2 Volatility of U3Og

(M. S. Chandrasekharaiah and S. R. Dharwadkdr)

Vapour pressure of ^ U,Og^ in the temperature range 1200
to 1450°C was determined in presence of dry oxygen and with oxygen
containing known amount of water vapour using the transpiration
technique! 1). From the temperature coefficient of PuOi(g)» *ke
enthalpy change A HIJ, for the reaction

I < U 3 ° 8 > + i ° 2 = UO3(g)
3 6

was found to be 85. 0 +_ 1 kcal/mole compared to 83. 6 kcal/mole
reported by earlier workers(2). The measured pressure PTJO a*
1300°C was 1.93 x 10" 5 atm, in good agreement with the value3

1.78 x 10"^ atm reported by Ackermann, et al. (2).

The preliminary vapour pressure measurements carried out
in presence of water vapour indicated that the volatility of the oxide
is enhanced. At 0. 3 mm PJJ?O

 no measureable increase in
volatility was noticed at 1300OC, at 3 mm pH Q the increase was
significant and at 23 mm pH Q the total pressure of the uranium
bearing species was almost aouble that obtained in dry oxygen
(3.5 x 10-5 atm).

Detailed quantitative studies of the dependence of volatility
on the partial pressure of water vapour, as well as the characteri-
zation of the uranium bearing vapour species are in progress.
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References

1. M.S. Chandrp sekharaiah, O. M. Sreedharan and S. R. Dharwadkai
Volatility of U-jOg in different atmospheres at high temperature,
Proceedings of the symposium on "Materials Science Research",
vol. H, 119(1970)

2. R. J. Ackermann, R. J. Thorn, C. Alexander and M. Tetenbaum,
J. Phys. Chem. 64, 791(1960)

3. 3. 3. Thermal Expansion of Uranium
(M. D. Karkhanavala, A. C. Momin and M. D. Mathews)

Due to technological importance of UO£ and ThO, as fuel and
fertile materials (1,2), (a) the high temperature behaviour of U3O0
and UgOg-ThC^ mixtures in the temperature range 1200-1500°C, (b)
the kinetics and mechanism of solid solution formation, and (c)
composition limit and the volatility of the solid solutions, were
investigated (1,2).

Dense compacts of urania-thoria solid solutions cannot be
formed from UO2 and ThO? mixtures heated in air due to large
volume expansion during initial oxidation of UO2 to U?Og. While
the oxidation behaviour of UO2 is well known, very little is known
about the thermal expansion characteristics of the intermediate
uranium oxides formed during the oxidation, especially in the com-
position range of. UO2 33 to UO3.

Thermal expansion studies of uranium oxides in this com-
position range were therefore undertaken and the measurements
were carried out by dilatometric s.nd high temperature X-ray
diffraction technique in the temperature range of stability of each
oxide.
(a) Dilatometric: The average linear expansion coefficient of
UO2,33 and UO3 was found to be positive in their respective
stability ranges of 25° to 250°C and 25° to 500°C. Stoichiometric
and non-stoichiometric t^Og showed an anomaly in the temperature
range 25° to about 250°C where the average linear expansion
coefficient was negative, above about 250°C it was positive
(fig. 3. 3. 3.).
(b) High temperature X-ray studies: From high temperature
X-ray studies, the expansion coefficients of U3Og and other oxides
along the different crystallographic axes are being determined. In
the course of this investigation, it was essential to determine the
thermal expansion of the platinum - 40%Rh alloy which is used
as a strip resistance heater and also as a specimen stage in the
MRC high temperature X-ray diffractometer attachment. The
thermal expansion studies of this specimen stage and hence the
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alloy of this composition were, therefore, carried out by high
temperature X-ray diffraction technique in the temperature range
of 25° to 1200°C in air.

The composition of this heating element was first checked
by determining the room temperature cell parameters of pure Ft,
Pt + 10% Rh, Pt + 13% Rh, Ft + 20%Rh and PT + 40%Rh alloys and con-
structing a working curve.

References

1. A. C. Momin and M. D. Karkhanavala, Ind. J. Chem. £, 926,

2. A. €„ Momin, M. D. Mathews, M. O. Karkhanavala, Proceedings
of DAE Chemistry Symposium, Madras, jl, 75, (1970)

3. 3. 4. Phase Transitions in U3O0
(M. D. Karkhanavala and A. C. Momin)

Hoekstra and Siegel had shown (1) that orthorhombic ( o£ )
U3Og converted to hexagonal ( /!> ) U3Og beyond about 500°C.
Since then other phases of UoOR have been shown to exist but con-
troversy exists both with regard to the nature and number of the
phases as well as the transformation temperatures. A possible
cause for these divergent results could be the effect of non-stoi-
chiometry. Hence the present study was undertaken to determine
the effect of non- stoichiometry on the phase transitions in U-jOg.

From high temperature X-ray diffractornetry the cell dimen-
sions of an initially stoichiometric U3Og were determined in the
range 25° to 1000° (fig. 3.3.4/1). This clearly showed the orthor-
hombic ( eC ) — • hexagonal ( /& ) transformation in U3Og. The
variation with temperature of the unit-cell volume per molecule of
U3O« (fig. 3. 3. 4/2) not only confirmed the dilatometric results
(sec. 3.3.3.) but also helped explain why the average linear
expansion coefficient was negative in the region 25° to 250°C.
This could be attributed to the sharp decrease in the unit cell
volume, which in turn was due to the sharp decrease in the b-axis.
Ths gradual decrease in the c/a ratio in the range 400° to 1000°O
was partly due to the anisotropic expansion but largely due to
increasing non-stoichiometry (2,3).

Preliminary results with noa-stoichiometric U3Og has given
indications that the temperature at which the transition is complete
tends to increase with increasing non- stoichiometry.
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3. 3. 5. Thermal Decomposition of UO^-and UO^-hydrate
(M. D. Karkhanavala and A B. Phadnis)

UOo and UO3, H2O are intermediates in the preparation of
UO-> from different sources. Depending upon the source and the method
of preparation, uranium trioxide exhibits different crystal structures
with the same stoichiometry. Also on hydration these different
modifications give hydrates of different crystallographic habits.
They therefore provide a very convenient series of compounds to
study the effect of crystal structure during thermal decomposition.

The decomposition of the different modifications of UO3 and
UO3. H2O was studied by TG and D. T.A. It was found that not
only the stability (i. e . , highest temperature at which the compound
begins to decompose) but also the pathways by which it decomposed
and the kinetics were different for the different modifications.
Further, even for the same crystallographic modification the thermal
decomposition behaviour was different depending upon the source
material from which it was derived. Thus when all the operational
parameters were kept constant, the following observations and
conclusions were made:

(a) The thermal stability of different modifications of UO3
increased in the sequence

0C < t < Amorphous < y*>< 8 < V

The activation energy, the specific reaction rate constant,
the frequency factor and the heat of decomposition increased in the
same sequence.

(b) Amorphous and oC-UOv decomposed to U3Og through an
intermediate UO2# 9 phase; fi>, d and Y -UO3 decomposed
directly to UjOg,' while £ -UO3 decomposed through an interme-
diate composition UO2#7i. This latter composition which yielded
an X-ray diffraction pattern resembling normal hexagonal ( /I )

3̂*̂ 8 ^a B n o t been reported earlier. Its properties are being
investigated.
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(c) During the decomposition of amorphous UO~ in air to UO?
simultaneous crystallisation of the product took place leading first
to the formation of OC -

(d) The heat of decomposition for V -UO3, the thermally most
stable modification, was determined by DTA to be 2. 56 kcal/moie.

(e) The hydrate obtained from y -UO3 behaved differently from
hydrates of the other forms in that it did not reform the anhydrous
trioxide on dehydration but decomposed directly to U^Og.

(f) The thermal stability and activation energies for decomposi-
tion of different hydrates increased in the sequence

Monohydrate from Y-UO3 <̂  Monohydrate from < / 6 u O 3 <
Monohydrate from t -UO3

(g) Thermal behaviour of P -UO, depended on whether it was
prepared from uranyl nitrate or ammonium diuranate. The decom-
position of amorphous UO? depended upon the method of preparation
of its precursor, uranium peroxide dihydrate, which on decomposition
gave the amorphous UO?.

3. 3. 6. System UP?. -SrO-O?
(A. C. Momin and M. D. Mathew )

Ceramic additives are used with enriched uranium dioxide to
produce fuel material for high temperature and high burn-up appli-
cations. Considerable research effort is being directed to provide
better quality fuel material by additions of oxides of suitable tetra-
valent, trivalent or divalent metals to the uranium oxide fuel.

Studies in the system UOj-SrO-C^ were, therefore initiated
with a view to determine the equilibrium phase compositions and
the thermal stability of these compositions.

Various compositions of UC^-SrO in the composition range of
10 to 100 mole% UO2 have been prepared. Room temperature X-ray
diffraction patterns of these compositions reacted in air in the range
800 to 1300° for various time intervals have been recorded and a^e
being analysed.

3.4 CLADDING MATERIALS

The objectives of this group are to study

(a) The diffusion of fission products in cladding materials and
to obtain an understanding of the processes governing self and
impurity-diffusion in these and related materials,
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(b) compatibility of other materials with cladding materials and
(c) the effects of radiation damage In cladding and related
materials, the nature of the defects produced and the processes
governing propagation and annealing of such defects.

3.4.1. Diffusion Studies

3.4.1.1. Diffusion of Nickel and Tin in Zircaloy-2
(B. M. Pande and R. P. Agarwala)

Diffusion of nickel and tin in zircaloy-2 was studied using
iadioactive tracer (63Ni and 113Sn) and residual activity technique
The temperature dependence of diffusivitjr in the range 650°-780°C
lor the c<t -phase and 980°-1250°C for the ft -phase of zircaloy-2
was found to be: '

(1) for Ni in ĉ  -phase D=(l. 00+0. 17)xl0"7 exp-(29, 339+296)/RT

(2) for Ni in (S-phase D=(7. 30+1. l6)xlO"3 exp-(47. 960+581 )/RT

h) for Sn in o(-phase D=(3. 31+0. 56)xl0"6 exp-(36; 630+377)/RT

(4) for Sn in ]}-phase D=(2. 80+0. 57)xlO"1 exp-(55, 905+809)/RT

The results have been discussed from the view point of solid
stabilities and their alloying characteristics. It was found that the
activation energies were higher in zircaloy-2 compared to zirconium
f&? the same solutes. This increase was accounted for as due to the
rUffnesfl of the lattice resulting from the presence of alloying
constituents.

A non-linearity in the Arrhenius plots of log D vs 1/T has
been observed in the transition region (780°-980°C) of zircaloy-2.
This has been explained on the basis of the statistical average of
diffusivities in both the phases present at a particular temperature!1).
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3. 4. 1. 2. .Impurity Diffusion in Aluminium(l)
(M. S. Anand and R. P. Agarwala)

Recently it was reported that the ion bombardment technique
yielded high Do and Q values for the diffusion of iron in aluminium
compared to the earlier results. In view of this, the results
reported earlier were reexanrined with special reference to the
technique of preparation of samples. In all earlier experiments,
the technique of deposition of the tracers on aluminium had been
either by electrodeposition, or by oxide method wherein a very
dilute solution of nitrate or oxalate containing the active species was
spread on the surface of the sample and dried. The latter technique
had been adopted because of negligibly small or no effect of oxide
barrier on aluminium diffusivity.

In the present investigations, diffusion of indium and tin in
aluninium was studied using H^In and H^Sn vapour-deposited at
nearly 10"6 torr. The penetration profiles were determined using
Gruzin's residual activity and serial sectioning technique. The
results could be expressed as

DIn/Al = °-1 2 3 exP (-27, 600/RT)

DSn/Al = ° - 2 4 5 exP (-28, 500/RT)

The results showed that the oxide of the solutes might be responsible
for the hold up phenomenon yielding low diffusivities as reported
earlier(2).
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3.4.1.3. Grain Boundary and Lattice Diffusion of Cerium and
Neodymium in Nickel
(A, R. Paul and R. P. Agarwala)

Diffusion of rare earth impurities in face contred cubic metals
has yielded anomalous results (1, 2). This anomaly has been attri-
buted to the limited solid solubility of the diffusing species in the
solvent, which is believed to control the flux through dislocations.
On the other hand Balluffi(3) suggested that solid solubility of the
impurities was generally enough to enable the diffusing atoms to
move through vacancies. Recently, Anand and Agarwala(4) have
pointed out that low diffusivities in aluminium (f. c. c. metal) was
due to the hold-up phenomenon at the surface rather than represen-
tative of true diffusivity through the solvent.
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In view oi thiB, grain boundary and lattice diffusion of 141Ce
and 147Nd in nickel was carried out using vapour deposition technique.
The penetration profiles were determined using serial sectioning
technique which yielded.

D N d / N 1 = m\
\ RT

where the percentage of error in the value of D was roughly 10%.

The interpretation of results showed that diffusion took
place through vacancies and not through dislocations. The theory
based on charge effect(5) was applied and it was found that the
calculated values agreed very well with the experimental ones.

Grain boundary diffusivity was calculated using Whipple ̂  6)
and Suzjuoka(7) method and was found to agree well within the limits
of experimental error.
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3.4.1.4. Mass Transport Studies in Nickel-Liquid Tellurium System
(A K. Dua, M. C. Naik and R. P. Agarwala)

Mass transport studies in solid nickel and liquid tellurium
system have been carried out between 530-770°C(l). The four
distinct phases in the diffusion zone observed microscopically were
identified to be e£ , fo , £ and 6 phases by electron micro-
probe analyser, The overall growth kinetics of interpenetration
obeyed parabolic relation with time. The temperature dependence
of penetration coefficient, K (Cm/S1/11, n ** 2) could be expressed
as

K = (0. 36 + 0. 05) exp ( 2 0 4 8 2 ± 2 1 0 )
n RT

Tfce results have been explained on the basis of volume diffusion.
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The relative width of different phases was approximately constant
and was independent of temperature and time of anneal.
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3. 4. 2. Radiation Induced Defects

3 .4 .2 .1 . Studies on isochronal annealing of defects introduced by
cold working using electrical resistivity measurements
(B. M. Pande, M. S. Anand and R. P. Agarwala)

An apparatus for the measurement of isochronal annealing
of defect resistivity above room temperature has been set up. It
has been standardised by measuring isochronal recovery of cold
worked molybdenum.

The isochronal annealing of cold worked zirconium above
room temperature is being studied. The results indicate that
a continuous recovery takes place above room temperature.
The recovery for irradiated zirconium samples is being investigated.

3, 4. 2. Z, Defects in Neutron Irradiated Molybdenum
(B. M. Pande and R. P. Agarwala)

Electron microscoped studies are being made of the
defects introduced in molybdenum irradiated to ^ 3 x lO1"' nvt *.
The preliminary results show typical black spots of defects caused
by irradiation. The nature of these defects is being investigated.

3.5. SOLID STATE SCIENCE

3.5 .1 . Phase Transitions in Solids

The programme aims at obtaining an understanding of the
processes taking place especially at the atomistic level during phase
transitions in solids. Work was therefore initiated on (1) studying
crystallographic transitions in ionic solids, employing TG, DTA,
DSC, dilatometry and high temperature X-ray diffractometr/ and
(2) studying magnetic transitions in binary metal- metalloid compounds
using electrical conductivity and magnetic susceptibility measurements.

* These irradiations were made at Mol, Belgium when BMP was
on deputation (1969-70).
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3> 5. 1. i Crystaliographic Phaae Transitions of Sodium Sulphate
(M. D. Karkhanavala, V. V. Deshpande, A. G. Momin,
Q.R. Goyal)

Phase transitions in Na2SO4 were studied by DTA, thermal
expansion and high temperature X-ray diffractometric techniques.

(a) DTA studies:

Order and activation energy for the transition were respecti-
vely determined by the methods of Kissinger and of Filoyan.

The DTA showed the transitions reported by Kracek(l).
viz . , Na2SO4 (V) 2 0 7 » Na2SO4(ni) _248°^ Na2SO4(l) and
Wa2SO4l. ,244^ Na2SO4II . 2 3 6 > Na2SO4 m . This led to the earlier con-
clusion that the original Na2SC>4(V) —?-Na2SO4(lII) transition observed
during first heating is not reversible. It was however found that the
Na2SO4(lH) phafie. is meta stable and reverts back to the original
Na2SO4(V) on keeping for a few days.

An unexpected effect due to grinding was observed when
Na2SO4(V) was ground. The DTA curve showed only one peak at
246°C even during first heating. This implied that during grinding
Na2SOa.(V) was converted into Na2SO4(III) and the peak at 246° was
due to'the Na2SO4(HI) * Na2SO4(I) transition. This is understan-
dable since the activation energy for the Na2SO4(V) > Na2SO4(HI)
transition as determined in the present study was only 36.6 Kcal/mole
whereas that for Na2SO4(III) * Na2SO4(I) transformation was 114.4
Kcai/mole. This is also consistent with the crystal structures.
Na^SO^V) and (ill) are very- much similar both being orthorhombic;
while Na2SO4(I) is hexagonal.

(b) Thermal expansion (dilatometry) and high temperature X-ray
diffraction studies:

(i) Cell constants of sodium sulphate were determined at various
temperatures from high temperature X-ray diffraction data. The
cell constants increase gradually upto about 200°C, followed by an
abrupt change in the cell dimension. This change is attributed to
the phase transition in Na2SO4. After 260°C the expansion of the
cell was again gradual.

(ii) The thermal expansion curves obtained from dilatometry of
Na2SO4 pellets showed only one break in the curve at about 250°C.
This was in contrast to two distinct transitions at 207° and 247°C
observed in DTA studies. It was confirmed subsequently, that
Na2SO4(V) during pelletization gets converted into Na2SO4(III) and
hence only one break corresponding to the Na2SO4(IU) —*• Na2SO4(I)
transition was observed. Also the trace on first heating corres-
ponds to the trace observed with Na2SO4(lIl)as the starting material.
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The conversion of Na^SO^V) into (HI) during compaction has
been verified by OTA studies.

(1) Kracek F. C., J. Phys. Chem. 33, 1281 (1929)

3 .5 .1 .2 . Magnetic Transitions
(U. R. K. Rao and J. V. Yakhmi)

Magnetically ordered compounds are characterised by a
critical temperature below which ordering of the electron spins on
the atom takes place. The process of magnetic ordering is consi-
dered to be one of second order and hence the physical properties
euch as electrical resistivity, specific heat etc. are expected to
show anomalies in the neighbourhood of the transition temperature.
Work has therefore been in progress to study such transition in
binary metal metalloid systems.

Equipment was(l) set up to measure electrical resisitivity
of these binary compounds in the shape of rods of about 6 mm
diameter. Voltage drop across the sample can be measured to
better than _+ 0.01 jaV. It was tested using CrTe as reference
material.

Fe-SegJ This is known tc have the NiAs type of structure with an

ordering of the iron vacancies, in the lattice (at room temperature).
It has different superstructures, e. g., hexagonal or triclinic depen-
ding upon the heat treatment the sample received. In addition to
these crystallographic transformations, there is a magnetic transition -
f̂ erri to para at 460K. An attempt was made(2) to follow these
transitions by electrical resistivity measurements using pressed
pellets. A perceptible anomaly attributable to the magnetic transition
alone could be detected in the resistivity vs temperature curve.

FeGe?; This compound has a tetragonal structure. Recent neutron
diffraction work by several independent groups has conclusively
shown that it is antiferromagnetically ordered. But earlier magneti-
sation data did not show evidence of ordering. To investigate this
discrepancy both electrical resistivity and magnetic susceptibility of
this alloy were measured near its critical temperature. The
resistivity goes on increasing and the slope changes in the neigh-
1 mrhood of TN . . Above T™ measurement of P at close intervals
jf 2K revealed two peaks (fig. 3. 5.1. 2. /I ) . The X vs T
(fig. 3. 5. 1. 2/2) exhibited one faint peak attributable to antiferro-
magnetic transition. The peaks in f and X v* T c u r v e B shifted
down to lower temperatures with each thermal cycling. It i s
suggested that magnetic field application in susceptibility measurement
is responsible for the apparent paramagnetic behaviour of the alloy
in the ordered state.



.126-

0-1890

0-1850
295

— TEMPERATURE (K)
Fig. 3-51-2/1 Electrical intensity vs. Temperature of Fe6e2



-127-

SO 140 190 240
—T(K)

300 305

— Temperature (K)
Fig. 3-5-12/2. Mognetic susceptibility vs. Temperature

of FeGe2 (susceptibility is in arbitrary units)



References

1. U.R. K. Rao, J. V. Yakhmi and M. D. Karkhanavala, BARC
Report-545 (1971)

2. U.R. K. Rao and J.V. Yakhmi, BARC Report-546 (1971)
3. U, R. K. Rao and J.V. Yakhmi, Proc. of the Nuclear Physics

and Solid State Physics Symposium, Madurai, Vol. Ill,
Page 683 (1970).

3.5.2. Thermodynamics of High Temperature Materials

The objective of the group is to provide the necessary basic-
thermodynamic data and to collect and critically evaluate the avail-
able thermodynamic data for materials of interest in high temper-
ature technology.

The experimental techniques adopted for the present for
collecting the data included (a) transpiration technique for deter-
mining the vapour pressures of materials at high temperatures in '
controlled atmospheres and (b) solid state galvanic cell measurement
for determining the free energy changes for various cell reactions.
It is also proposed to carry out the phase equilibrium studies in
oxide-oxygen systems using microbalance technique.

3,5.2.1. Transpiration Studies
(M. S. Chandrasekharaiah. S. R. Dharwadkar, and
E. S. Ramakrishnan*)

Two transpiration furnaces with uniform temperature zones
and capable of operation upto 1100°C and 1500°C respectively in
controlled atomospheres were constructed. The ancillary equipment
for use in the experiments, such as flow meters, thermocouples,
etc., were calibrated and the equipments were standardised by
studying the vapour presure of (i) <U3Og>in dry O2 (see sec.
3.3.2) and (ii) ^Ge-GeO, *> system in dry argon gas, for which
earlier data is available (1).

It has been reported that quite a few oxides showed increase
in volatility rates in presence of water vapour presumably due to
She formation of hydroxides or hydrates in gaseous phase(2). A
project has been initiated to carry out a systematic study of the
influence of water vapour on the volatility of different oxides. Data
obtained for < U3Og> is given in sec. 3. 3. Z. The study of the
influence of water vapour on the following is in progress ( )
(ii) <T1ZO3>, (iii) <SnO2>.

* University of Bombay Ph. D. student
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2 : The vapour pressure (pGeO) in the univarient system
de-GeDj at 450°C in presence of dry argon gas was found to be
8. 5 x 10*^ atm compared to 8. 7 x 10"^ atm reported in literature
from the mass spectrometric measurements(3). Further studies are
in progress.

TI2O3 and SnO2; The starting material i s being characterized by
chemical analysis, TG, DTA and X-ray analysis.
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3 .5 ,2 .2 . Solid State Galvanic Ceil Studies I
(M. S. Chandrasekharaiah, O. M. Sreedharan and
G. Chattopadhyay)

E. m. f. measurements of solid state galvanic cells are inva-
luable in obtaining reliable thermodyanic data of aolids(l-3)and
particularly of oxides(4) at elevated temperatures. A programme
has been initiated for the evaluation of these data for the materials
suitable for high temperature applications.

3. 5. 2» 2. 1. Standardization of the experimental set up

In view of the wide range of oxygen chemical potentials to
be encountered with systems under study it was imperative to have
reference electrodes which are compatible with respect to the
oxygen chemical potentials of the system/2). The reference electro-
des, namely, Cu-Cu2O, Ni-NiO and Fe FeO 1 + x were chosen since
they cover a wide range, and their oxygen chemical potentials are
established^).

Helium or argon, purified as reported, are found to be
satisfactory between 1350 - 1600K. The e. m. f. of the following open-
cell-stacked pellet assemblies agreed well with the literature values(4).

Pt I Fe, F e O 1 + x \ ZrO2-CaO' 1 Ni, NiO I Ft . . . . I

Pt I Ni, NiO \ ZrO2-CaO j Cu, Cu2O 1 Pt II

Pt I Fe, FeO | ZrO,-CaO | Cu, Cu O J Pt HI
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The electrolyte di8cs(ZrO2-CaO and ThO2-Y2O3) were pre-
pared by coprecipitation and decomposition followed by repeated cold
pressing and sintering at appropriate high temperatures(4). Electro-
lyte pellets which were prepared from either coprecipitation and
firing at 1500°C or firing oxide mixtures above 1800°C were found
to be satisfactory, while other methods yielded lower e. m. fs showing
that sintering above 1800°C was a necessity for oxide mixtures(4).

3. 5. 2. 2. 2. System Co-O

The binary system of cobalt and oxygen has two known oxide
phases CoO and CO3O4 whose equilibrium oxygen potentials have been
measured using the following open-cell-stacked-pellet assemblies

Pt I Fe, F e O 1 + x | . ZrO2-CaO I Co, CoO | Ft . . . . I

Pt ) Co, CoO I ZrO2-CaO 1 Ni, NiO | Pt II

Pt I t o , CoO I ZrO2-CaO I CO3O4, CoO ) Pt III

The e. m. f s of cells I and II in the range 800-1000°C and of
cell III in the range 900-1150°C have been fitted by least square
analysis into the respective expressions

emf(mV) = (130. 2 + 8. 2) + (0. 0594 + 0. 0087) t (1)

emf(mV) = - ( 1 2 . 8 . ^ 1 . 5 ) + (0.1063 ± 0. 0155) t (2)

emf(mV) = (784. 3 ± 23. 2) - (0. 321 ± 0. 022) t (3)

It is expected that further experiments on these cells at lower
temperatures and with different electrode £< Ni, NiO > , and
< Cu, Cu 2 O^] will help in the characterization of the system
C o - O .

3. 5. 2. 2. 3. System

The cation doped lanthanum chromite iB considered
(sec. 3. 5. 5) to have potential application as high temperature electrode
material. However its thermodynamic stability is yet to be esta-
blished. To find Z\G° of lanthanum chvomite a series of measure-
ments were made on the cell

Pt I Cr, Cr2O3 \ ZrO2-CaO \ Cr, La2O3, LaCrO3 I Pt . .

the results after least square analysis gave the relation,
emf (mV) = (396 ± 35) - (0.350 ± 0.033) t
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3. 5. 2. Z. 4. Refractory Alloys

Zr-Nb alloys in the Zr high region have been prepared by-
electron beam melting and their thermochemistry is being studied.

To enhance the sensitivity^ isothermal galvanic cells with
single crystal CaF£ as electrolyte are being set up.
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3. 5. 3. Radiation Damage and Thermoluminescence Studies

A programme was initiated to study the thermoluminescence
behaviour of different inorganic materials(minerals and phosphors)
in order to understand the mechanism underlying the thermolumine-
scetice phenomena and the role played by various chemical impurities
and lattice imperfections. Caicite and bari,te are being studied.
The basic set up used in these studies has already been described
in detail(l).

3. 5. 3. 1 Thermoluminescence of Barite
(J. M. Luthra and N. M. Gupta)

In continuation of the earlier work(2) on the role of different
impurities on the glow curves of barite the nature of emission and
trapping centres was studied using emission spectra and E. S. R.
techniques. Synthetic samples were prepared by co-precipitating
various concentrations of each impurity with a fixed amount of
BaSO .̂ It was observed that Eu^+ and Pb^+ doped samples gave
the maximum luminescence intensity. All these samples gave main
peaks at 110°, 170° and 230°C. Ag+ and Mn2+ doped samples
gave an extra peak at 80° while in Sm3+ doped samples extra peaks
were obtained at 300° and 400°C. The effect of ambients in the
preparation of samples was also studied. The samples prepared
in air gave higher light output than those prepared in nitrogen
atmosphere.

Emission spectra of these samples were recorded and it was
observed that activators added to BaSC>4 produced their own chara-
cteristic emission bands quite distinct in structure and wavelenghts.
It has been concluded that these impurity centres act as luminescence
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or recombination centre and thermoluminescence is due to transi-
tions between the different energy levels of the added impurities.

In order to identify the trapping centres ESR spectra of
these samples were recorded at room temperature after 2 Mr of
60(3o Y -radiation. It was observed that all the impurity doped
samples gave ESR spectra similar in shape but differing in intensity.
Three signals were obtained at g values 2.0048, 2.0024 and 1.9966
due. to formation of SO4 and SO3 radicals and cations with trapped
electrons (3, 4). These centres provided by host lattice along with
rome oftier structural defects form the trapping centres(5). Further
work is in progress to correlate the thermolumine scence glow peaks
>vvth ESR signals and to study the mechanism of electron-hole
recombination fiom studies of thermally stimulated current.
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',6.3. I, Trapping Parameters for Thermolumine scence in Natural
Calcite
(J. M. Luthra and A. Sathyamoorthy)

Thermolumine scene glow curve technique affords an important
'.nd convenient method for studying traps in crystals. There are
two important problems with which one is concerned in glow curve
analysis: (i) determination of the trap for each thermolumine scent
transition and (ii) determination of the kinetic parameters for each
peak of the glow curve.

Trapping parameters for the 538 and 623K glow peaks o£
natural calcite have been determined by numerical analysis of glow
curves. Theoretical glow curves were generated on the basis of a
simple model assuming transitions via the conduction band and
taking into consideration the retrapping effects. These were
compared with the observed curves. The parameters of the theore-
tical curves best fitting with those experimentally observed
(4. 5°C/sec heating rate) were

For 538K peak : R = 0. 1; K - 1 0 9 / s e c , E = 1.04 eV
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For 623K peak : R = 1. 0; <X. = 1010/sec ; E = 1.33 eV

It was observed that changing the retrapping parameter R between
(0) and (l) had negligible effect on the maximum of the glow curve for
a given value of E and A£ . The effect of initial occupancy of the
traps en the shapes of glow curves was also studied.

3. 5. 4. Preparation and Properties of Thin Films
(A. K. Dua and R. P. Agarwala)

A vapour deposition unit was designed and constructed(l)
which permitted deposition of six films of different thicknesses and
at different substrate temperatures in a single pump down ( 10 torr).
Provision was also made for carrying out flash evaporationC?}.

Using the above unit NiTe films were deposited on micros-
copic glass slides. Electrical resistivity, temperature coefficient
of resistance and Hall coefficient of the film as a function of its
thickness were measured. Assuming spherical Fermi surface,
carrier concentration, Hall mobility and other relevant parameters
were computed.

Carrier density in NiTe was found to be of the order of
10^2 per c. c. and Hall mobility of the order of 1 cm^/volt. sec.
Conduction electrons per ato:*i were evaluated to vary between
2 tc 3 depending on the thickness of the film,
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3. 5. 5. Semiconductors
(A. M. George, B. K. Rajput, I. K. Gopalakrishnan)

The objective:: were to investigate the semiconducting pro-
perties (conductivity, Hall coefficient and thermoelectric power) of
oxide compositions with a view to assess their suitability for high
temperature applications.

3.5.5.1. Electrical Conductivity of LaCrO^-LaAlO^ System

Because of the low electrical resistivity and high fusion
point of lanthanum chromite, the material has attracted considerable
attention as electrode material in several high temperature power
conversion systems. However, above 1800°C the properties of the
oxide degenerated due to preferential volatilization of chromium
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oxide. In order to overcome this problem, solid solutions of the
chromite with the aluminate were developed which extended the
operational temperature range above 2000°C. That the oxides form
a complete series of solid solutions, as indicated by conductivity
measurements, is being confirmed by X-ray diffraction.

Doped solid solutions (upto 40% LaAlC^) exhibited resistivity
r.*iaracteristics (Fig. 3. 5.5. 1) suitable for high temperature applica-
tions. Attempts were made, in collaboration with Metallurgy
Division, to assess the extrusion and sintering characteristics of
kilogram quantities of the oxide powder.

Z. 5. 5. 2. Dependence of Activation Energy for Conduction on the
Dopant

In hopping semiconductors the activation energy for conduction
•'a a function of the concentration and the electronic polarizability of
the dopant. Investigations were carried out on doped nickel oxide
and lanthanum chromite. It was found that the activation energy
decreased with the logarithm of the dopant concentration; and the
higher the polarizability of the dopant ion the greater was the
decrease in activation energy (Fig. 3. 5. 5-. 2). Studies on potassium
doped nickel oxide and barium doped lanthanum chromite are in
progress

5. 5. 3. Concentration Dependent "Semiconductor to Metal"
Transitions in Oxides

Since for a given crystal the probability of overlap of ionic
V.VA c functions increases with decrease in the lattice parameters,

.'.ides containing certain cations can be made to undergo semicon-
ductor to metal transition as a function of the dopant concentration.
In order to verify this possibility, the study of electrical conducti-
vity of pure and doped rare earth copper oxides was taken up.
Lanthanum copper oxide showed metallic conduction above 4 atom-%
of calcium (Fig. 3. 5. 5. 3. )

To measure the high conductivity of the rare earth copper
oxides, a 4-probe set up workable upto 1200°C was fabricated.

3.5.6. Thermal Analysis

3.5.6.1. Effect of Experimental Conditions on TG/DTA
(M. D. Karkhanavala, V. V. Deshpande, A. B. Phadnis)

It is known that operational variables (sample size, geometry,
bating rate, etc) have profound influence on the TG/DTA curves and

isrr-by on the data calculated from such curves. In earlier stud-
'••"••"•{\)» it !-ad been, shown that the values of activation energy for the
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same reaction varied by more than hundred per cent when the heating
rate was varied from 2° to 8°C/min, other conditions remaining the
same. Similar effects due to variation in sample size and geometry
had been demonstrated (1, 2). Also, in reactions involving a gaseous
product or reactant the restricted movement of the gaseous species
In and around the sample and the sample holder suppressed the
reaction rate to a considerable extent, thereby influencing the
TG/DTA curves and the data derived therefrom.

Work was directed towards three aspects:

a) development of a sample holder permitting easy
access or escape of the gaseous reactant or product:

Sample holders (crucibles) were designed for use with con-
ventional -equipment for both TG and DTA, but which would enable
free movement of the gaseous species in and out of the sample and
sample holder (3). These crucibles were made of fine platinum
wire gauze and were of dimensions normally used. The TGA/DTA
with these crucibles were found more representative of the reactions
occuring and the curves exhibited extremely sharp and 'well defined
peaks.

b) effect of bulk and sample holder geometry:

The effect of buik and sample container geometry were
studied by following the dehydration of CaC2C>4. H2O. The former
caused a drag on the cruve, while the wire gauze or polyplate
sample holders lowered the reaction temperature. In both cases
serious errors were introduced in the kinetic parameters. It was
shown that the method of Karkhanavala and Dharwadkar (1) led to
consistent set of values even in these curves, since the method was
based on normalizing of both the temperature and the reaction axes.

c) effect of the method of sample preparation:

The effect of crystal structure and of sample preparation on
thermal decomposition was studied. This is discussed in detail in
section 3. 3. 1.

References

K S. R..Dharwadkar and M. D. Karkhanavala, Thermal Analysis,
Vol.11, p. 1049, Academic Press, New York (1969)

2. A. B. Phadnis, M. Sc. Thesis, University of Bombay, 1971
L\ M. D. Karkhanavala, V. V. Deshpande and A. B. Phadnis, J.

Thermal Analysis, 2, 259, (1970)



-139-

3. 5. 6. 2. Thermal Decomposition of Rare Earth Formates
(V. V. Deahpande and Smt, E. B. Mirza)

Earl ier it had been shown(l) thai, formates of lighter rare
earth elements, Y and Yb decomposed in the following steps

Ln(HCOO)3 > L.n2O2CO3 > L.n2O3 (Ce goes to CeO2)

From the thermogravimetric data it was observed that
generally the activation energies as well as the temperatures of
decomposition decreased with increasing atomic number. The acti-
vation energies for decomposition of these compounds ranged from
32. 4 Kcal to 70. 86 Kcal/mole.

The above study was extended to formates of heavier rare
earths, v iz . , Dy, Ho, Er and Tm,. Unlike the lighter r a re earths
and Yb, these formates decomposed in the following steps

Ln(HCOO)3 *• Ln2O(CO3)2

The temperatures of decomposition and activation energy calculated
from the TG data were as given below:

Formates of Temp, of decomposition Activation Energy
element ( K) Kcal/mole

Dy 553 32.4
Ho 513 29.8
Er * 523 35.0
Tm 553 39.7

When the work of evaluating the data on Tb and Lu formates is
completed this work will be terminatsd.
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3. 5. 7. X-ray Crystallography

Because of the interest in potential radioprotective compounds
studies were undertaken on the following compounds supplied by
Biology Division, BARC.
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3.5.7.1. 3-Methyl 2 Thiono! 4-oxo 1,3 Thiazane
(V. Amirthalingam and V. S. Jakkal)

(i) CrystalLographic data: a = 8. 02A°, b = 7.11 A°, c=15.47 A°,
fi - 124.5° Sp. group - VZ^JQ and Z = 4 per unit cell.

(ii) Structure: The structure was solved by Patterson and
Fourier methods using 680 visually estimated reflections. Refinement
was done with anisotropic temperature factors for four atoms giving
lowest P.-factor 11.5%. Bond lengths and bond angles agree with
sported values. A partial double bond character was observed for
atorna C\ - S\ and Cy- S2 where Sj is in the ring and S2 outside.

Least square planes were fitted for atoms in the ring and
it was observed that the six membered ring assumed nearly boat-
shaped conformation. This conformation waB due to packing inside
the crystal as carbon atoms Cg and Cg of two neighbouring mole-
cules were related by a point of inversion. Chair shaped confor-
mation gave too short distance between C- - Cg .

3.5.7.2. 2, 4Dlthiono 1,3 Thiazane

(i) Crystallographic data: a = 14. 96A0, b = 6. 85 A°, c =13. 53A°

$ = 92°; Sp. group C2/c or Cc; Z = 8.

(ii) Structure: Wilson's N(Z) test waB used for determining
whether a crystal belongs to centric space group or not. A com-
puter program for this test was written and used successfully to
arrive at the non-centrosymmetric space group Cc-

Since there are six sulphur atoms in asymetric
unit the Patterson method was not successful. Direct methods are
being attempted.

3. 5. 7. 3. Z-Imino 4-Thiazolidinone 5-Acetic Acid
(V. Amirthalingam and K. V. Muralidharan)

Ci) Crystallographic data: a =10.29 A°, b= 7.32 A°, c=12. 64 A©
/&= 128°; Sp. groups P 2 1 / c ; Z = 4.

(ii) Structure: Visually estimated intensity data for 957 reflections
were used in Patterson and Fourier synthesis to arr ive at the
structure. The structural parameters were refined by full matr ix
least squares with anisotropic temperature factor for sulphur. The
lowest R-value obtained was 114 8%. The structure had the following
features:

(1) The carboxyl group was planar
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(2) The five membered ring with one nitrogen and one
oxygen outside was planar.

(3) The carbon-carbon chain was zig-zag,
(4) The molecules were linked up ry a system of hydrogen

bonds o£ the type NH O a.id OH.. . . N. Their bond
le nfiths are NH O = 2. 8RA° and 2. 84 A°

OH N = 2. 60 A°
(5) The system of hydrogen bonding and the partial double

bond character of S-N and N-*C in the five membered
ring indicated clearly that the compound was mo-e
2-Amino than 2-Imino in character.

3. 5. 7. 4. 2-Imino 4-Thiazolidinone

(a) Crystallographic data:a= 4.11 A°, b=9. 06 A°, c=12. 73 A°

and ft = 92°: Sp. group = P21yn; Z = 4.

(b) Structure" Visually estimated intensity data for 129 reflections
in the okl zomi were used for Patterson and Fourier syntheses. The
structure arrived at by these methods was further refined by least
squares. The lowest It-value obtained in this zone was 11%.
3-Dimensional work is in progress.

3. 5. 7. 5. Crystallographic Studies
(V. S. Jakkal)

Pyran Compounds Containing Fluorine

(1) 2e, 4e, 6e Trifluromethyl 4-hydroxy 6-acetoxy,
2-methyl pyran.

This compound crystallized as prisms and belonged to
orthorhombic system with space group P 2 J 2 J 2 J

a = 8. 566 A°, b = 9. 814 A°
c = 18. 220 A° and Z = 4.

(2) 2e, 4e, 6e Trifluromethyl 4, 6-dihydroxy 2-methyl pyran.

The crystals are prismatic and belong to monoclinic system
and space group P2j/C

a = 8. 080A°, b - 9.758 A°
c = 19. 761 A°; £ = 12Z°
Z = 4
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3.5.8. Mo'ssbauer Studies
(P. Raj and S. K. Kulshreshtha)

Small energy perturbations arising as a result of hyperfine
interactions can be investigated using Mossbauer effect. Hence
efforts were made to investigate the magnetisation characteristics of
several mixed ferrites.

3, 5. 8. 1. Time and Mechanism of Relaxation in Nickel-Zinc Ferrites

Mossbauer studies of Ni1_xZnxFe2O4 for x = 0.5 and 0.75
have been carried out at various temperatures for samples on which
the neutron diffraction measurements are already reported (1).
Studies revealed that the reduction of the nuclear hyperfine field, with
increasing temperature, was much steeper than that predicted by
the corresponding decrease in sublattice magnetisation. At temper-
atures considerably below the reported Neel temperatures, well
resolved nuclear Zeeman splitting was not observed; the observed
spectral shapes were characteristic of relaxation behaviour over a
wide range of temperature. This behaviour was explained on the
basis of collective spin flipping due to the relatively smaller spin
flip barrier of these soft ferrites. Relaxation times were calculated
based on the Markoff stationary spin flip formalism. Fig. 3. 5. 8. l(a)
and (b) give the computed and experimentally observed Mossbauer
spectra for NiQ ^Z,aQ 5Fe2C>4, showing a definite difference between
the computed and the* experimentally observed spectra. No assymme-
tric quadrupole splitting was obtained while passing from the magne-
tically ordered state to the paramagnetic state which is expected on
the basis of relaxation formalism ussd for the computation.

This shows "the inadequate theoretical understanding of the
machanism and an attempt is being made to compute relaxation times
based on a different time dependent hyperfine interaction. Hamiltonian
patterns characteristic of paramagnetic substance have been observed
at temperatures well below the reported Neel temperature
Fig. 3. 5. 8. l(c) gives such a representative spectrum for
Ni0 25Zn0 75Fe2°4 a t 2 9 7 K f o r which the reported Neel temperature(l)
is i75K.
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Fig. 3. 5. 8. l(a) Computed spectrum for Ni0> 5Zn0 5Fe-04 for the
flipping frequency = 0.282 mm/sec.

(b) Observed Mossbauer apectrum for Nip gZn^ gFejl^at
297 °K.

(c) Mossbauer spectrum for Ni0 25Zno 75Fez°4 at 297°K.
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3.5.8.2. Effect of Micro-Structure on Mossbauer Line Shapes in
Nickel- Zinc Ferrite

Mossbauer spectra of several samples with the composition
Nin }Zn0 7Fe204 but with varying initial permeability values have
been found to exhibit different line shapes (fig. 3.5.8.2). Curves(a)
and (b) correspond to two samples whose permeability values were
2000 and 360 respectively at a frequency of 1 kc/sec. The differ-
ence in the magnetic characteristics of the samples with the same
composition arose due to the difference in the heat treatments given
to them. The fabrication parameters like calcination time and
temperature, grinding time and sintering time and temperature,
determined the cation distribution and the micro-structure. The
latter accounted for the large difference in the permeability values
of the different samples. A larger value of the permeability implied
a lower anisotropy value and the fact that the anisotropy became
zero as the temperature approached Tj^ explained the relaxation
behaviour of the Mossbauer line shapes of different samples. The
difference in the spin-flip barrier, at a given temperature, for
different samples, explained the observed difference in the line
shapes. The results support our views(l) about the relevance of
super-paramagnetic relaxation behaviour in nickel zinc ferrite
system.

Reference
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3. 5. 8. 3. MSssbauer Studies of Lithium Ferrite Gallate System

In continuation of our earlier work (1) on mixed ferrites,
Mbssbauer studies of lithium ferrite-gallate were conducted for low
gallium contents at various temperatures. A central doublet
appeared in addition to the usual sextet for all gallium substituted
compounds. The origin of the central doublet was explained(l) in
terms of the dilution of exchange interactions. In the spinel lattice,
gallium randomly occupies the tetraheadral sites and hence some of
the Fe+3 ions at octahedral sites are deprived of the A-B exchange
interaction, which is the most prominent one. When the number of
nonmagnetic species in A site around any B site Fe+3 i o n becomes
quite large, Fe3+ starts behaving as a paramagnetic ion. The
hyperfine field at the Fe57 nuclei and the Neel temperature reduce
with increasing gallium content. Lithium gallate having 5. 2 atomic
percent Fe 5 ' has been studied at various temperatures and from the
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temperature dependence of the isomeric shift, the lattice specific
heat has been calculated to be = 4. 85 cal/deg. mol.

Reference
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3, 5. 9. Solid State Theory

3.5.9.1. Theories of Dilute Alloys
(C. Manohar)

(A) The Screening of a Transition Metal Impurity in a Metal

In the many body theory of screening of an impurity the
induced charge density is given by (1)

while theories of Friedel and collaborators(2) which are based on
one electron theory give

Both equations (1) and (2) give similar results for non-transitional
impurities, where K3J is small, and are in agreement with
experimentB(3). However for transition metal impurities oi?ly
Equation(2) gives satisfactory results because (D-3X. .

• a.
This failure of the many body theory was traced (4) to the fact

that Langer and Vosko(l) have used a first order perturbation
treatment of the impurity-electron potential.

Ah attempt was made to calculate P (r) by treating
electron impurity potential exactly. A successful calculation was
possible only for the case where the impuj. 'ty- electron potential
was localised and the electron-electron interaction was treated in
first order. The result obtained was similar to (2). It was
noticed that the presence of the |Sin2KFr\ term reflects that the

^ r3 /
Kohn anomalies weaken on addition of impurities.
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(B) The Kondo Effect and Spin-Flip Scattering

The spin flip scattering of conduction electrons by impurities
as measured by Asik, Ball and Slichter(l) could not be explained (2)
oa the basis of the Kondo effect. On the contrary, the results(2)
showed that there is no spin flip scattering of conduction electrons
below the Kondo Temperature. This calculation was done by calcu-
lating the Green function

T
and the s-d interaction Hamiltonian using the decoupling procedure
of Nagaoka(3).
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(C) Hartree-Fock Theory and Kondo Effect

The absence of spin-flip scattering below the Kondo
Temperature mentioned above indicated why the single particle
theory of Friedel(l), which neglects the spin flip scattering right
at the beginning, worked for non-magnetic alloys. But it is known
that the Friedel theory worked well(l) even for magnetic impuritieB.
This raised the question whether a theory of the Kondo Effect could
be developed in such a way that it resembles the Hartree-Fock
theory. The clue to this work came from the work of Schrieffer and
Mattis(2) who have defined a U ^(o) at zero temperature, and had
showed that Ueff(o) is too small to retain a magnetic moment on the
impurity. In the present study it has been shown(3) that

(1) Ue£f(T) at high enough temperatures becomes large and
equal to the limity value and thus leads to the possibility of a
magnetic state at higher temperatures.

(2) The zero temperature resistivity of transition metal
impurities for a host should show a peak in the middle of the
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series.

(3) The impurity contribution to resistance, &P and the
JU -. the magnetic moment on the impurity should be related by

^ p = a - b 2

at sufficiently low temperatures.
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3. 5. 9. 2. Band Structure Calculations
(M. G. Ramchandani)

(A) Effect of Exchange Potential on the Band Structure of Gold

In the Augmented Plane Wave (APW) method for band structure,
the potential consists of the coulombic part and the exchange partc
The latter is given by the expression due to Slater(1)

where / - ' ( V J i9 *^e charge density at r.

Gaspar(2)and Kohn and Sham'(3)have arrived at expression
similar to Slater's but which yield a value two thirds of Slater's.
It is not known which is a good approximation for gold. Calculations
were therefore made in the case of gold using the following
exchange potentials

1. Slater approximation
2. Kohn and Sham approximation
3. An average of (1) and (2) which yield a value 5/6the

of that obtained in(Q.

In calculating the band structure the Relativistic Augmented
Plane Wave(RAPW) method of Loucks(4) was used. Earlier(5) it
has been shown that for a metal with large atomic number like gold
(atomic number 79) relativisitic effects are quite prominent and
relativistic calculations have been made to study the effect of
exchange potential.
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The various calculated and experimental values of the Fermi
surface parameters, are given in Table 3. 5. 9. 2.

It is seen that the original Slater method gives better overall
agreement with the experimental data on the Fermi surface of gold.
This should in fact be expected as gold is in the first group of the
periodic table and electron density is low enough for the local free
electron approximation to hold true.
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TABLE 3.5.9.2/1

The various calculated and experimental Fermi surface
parameters for gold. All the values are in momentum
units(10~19 g m cm sec"*). Symbols see fig. 3. 5. 9. 2

EXPERIMENTAL

Shoenberg"

Bohm & Easterling7

Morse et al8

THEORETICAL

Slater

Kohn and Sham

Average

k

0.

1.

1.

1.

1.

,95

,00

00

18

12

k

1.

1.

1.

1.

1.

:d

,10

09

.11

18

14

K100

1.435

1.38

1.26

1.42

1.55

>1.63

1.20

1.18

1.21

1.18

1.11

1. 15

0.

0.

0.

0.

48

41

37

51

k

0.

0.

0.

0.

0.

0.

r

228

229

22

22

32

29
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Fig. 3 . 5 . 9 . 2
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(B) Effect of Pressure on Fermi Surface of Gold

The motivation for this work comes from the availability of
the experimental data of Templeton(l) on the effect of pressure on
the de Haas van Alphen frequencies of noble metals and a need to
explain it theoretically. The band structure of gold has been
calculated (as above) using Relativistic Augmented Plane Wave (RAPW)
method for three lattice spacings viz,, a, 0. 995 a and 0. 99a where a
is the normal lattice constant. Relavant Fermi surface data.is given
in table 3. 5. 9. 2/2

Table 3. 5. 9. 2/2

Fermi surface parameters in units of TT /4A for different
lattice spacings.

k100

k110

k m

A n

6.

5.

1.

3 .

951

805

046

435

0.995a

7.094

5.925

1.220

3.713

0.99a

7. 130

5.915

1.252

4.922

Templetori(l) has measured the change with hydrostatic pressure
of dHvA frequencies of the neck end Oll^ belly orbits of the Fermi
surfaces of the noble metals, and has shown that the neck area
increases with applied pressure. Qualitatively the calculations also
showed this trend for the neck area. As a is decreased to 0. 995a,
the calculated pressure coefficient of neck area was about seven times
the experimental value (1.97 x 10"° cm2/kg). Below 0.995a, the
valrc it ?it<-'- larger than the experimental value. It seems that the
effect of pressure is not linear, atleast in the range of pressures
that can change lattice constant from a to 0. 995a.

Zalles(2) experimentally determined the shift in the reflectivity
;dge for gold, to be less than 1 x 10"° eV/bar and he interpreted
that the reflectivity edge in the noble metals is due to the transition
from a band to Fermi level near L. Assuming this interpretation
to be correct this shift has been theoretically estimated(3) to be
about 1 x 10"° eV/bar. The agreement can be taken as an evidence
that direct transitions are responsible for reflectivity edge.
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3,5 ,9 .3 . Dielectrics
(A. P . G. Ku t tyandP .G. Khubchandani)

/A) Dielectric Response and Electron Correlation.

The dielectric function is a special case of a general c lass of
functions termed generalised susceptibility.Kubo(l) has applied the con-
cept of generalised susceptibility to the study of electrical, magnetic
and thermal properties of solids.

This was studied through the response function method. All
the derivations are for zero temperature. The dielectric function
£ Qtf,tS) was calculated and the various sum rules were derived.
The relation of fc £<#,&) to $Q$,vS). has been obtained.

No new results have been derived, as this was a part of
the program which led to the equation of motion method (part B(l))
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(B) Use of Equation of Motion Method to Improve the Dielectric
Function in Electron Gas

Diverse attempts have been made to improve the random phase
approximation result of dielectric function. One such result is due
to Hubbard(l). In the present work the equation of motion method
was used to derive an expression for the dielectric function. The
approximation made amounts to treating in a new way the ladder-
bubble diagrams considered by Hubbard. The following resul ts were
obtained.

ja) The dielectric function was similar to that obtained by
Langreth(2) using the variational method.
b) A new result was derived for the quasiparticle energy. AB
a by-product a dielectric function is obtained which screens the
electron-electron interaction.
c) The dynamic eusceptibility(magnetic) i s derived by a t r ivial
extension of the procedure adopted by Wolff(3). The uniform •
susceptibility has been calculated and compared with- experimental
values. The static susceptibility has been computed as a function
f>( wave vector and compared with the work of Hamann and
Overhauser(4).
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3.5.10. Molecular Orbital Theory

3. 5. 10. 1. A CNDO/2 Study of Nitrogen Oxides
(V. K. Kelkar, K. C. Bhalla and P. G. Khubchandani)

The Complete Neglect of Differential Overlap(CNDO/2) method
was U8ed to obtain electronic structure and certain features of the
molecular geometry of the following nitrogen oxides:

Nitrous oxide(N2O), nitric oxide(NO), dimer of nitric
oxide(N2O2), nitrogen dioxide (NO2), dinitrogen tetr oxide (N^O^) and
dinitrogen pentoxidef^Og). The equilibrium geometries of these
molecules were determined and compared with the experimental
ones. Dipole moments and ionization potentials have also been
compared.

It is concluded that the theory predicts correctly the bond
angles, as well as the planarity and diamagnetism for N2O4%

However, it fails to predict correctly the unusual length of the
central N-N bond in N^O .̂.

The calculated results are compared with the experimental
ones (given in brackets)

Compound

N2O
NO

N2°2
NO2

N2O4

N2°5
/

Dipole moment
(Debye)

1.40(0.18)
0.20(0 15)

0. 32(n. a. >
0. 70(0. 40)
0. 0(0. 0)

1.10(1.39)

Ionizatioa
potential(eV)

14.89(12 89)
12. 64(9. 40)

7. 765(n.a.)
13.82(12.3)
13. 19(n-a)

14.73(n.a.)

Structural feature
calculated

9 (N-N-G) = 180°(180°)
Bond length

N-0= 1. 152A(1.151)
c9 (G-N-N) = 90°(90°)
^ (O-N-0) = 138°(132°)
Bond length Q Q

N-N = 1.4A(1.7A)
^(N-o-N)=145°(180°)
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The agreement of the calculated dipole moment for £
with experimental value is quite good. The presence of this dipole
moment led Sidgwick(l) to think of N--O-'*N angle in N2Og to be
145° which agrees with the value calculated in the present study.
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3:5 10.2. The Unrestricted Hartree Fock(UFH) calculations of
Hydrogen Molecule
(V. K. Kelkar and P. G. Khubchandani)

The molecular orbital of the form

was found to give good results for

A wave function of the form

Was investigated by Bhalla and
Khubchandani(2), in v/hich it was showed that p=0. Hence the "p"
term has been neglected in this investigation*

Different orbitals °J and X* was used so that the
antisymmetric wave function becomes

The wave function of this type introduces electron correction, i. e,
tendency of one electron to be farther away from the other electron.
The -±— integral is an infinite sum of terms (k = 0 , 2 , 4 8)
etc. 12 arising out of Neumann expansion.' The convergence with
respect to k of the electronic energy (E electronic); the total energy
(E total), and the dissociation energy (D. E) are given below along with
the results of the previous work(2), and the experimental value{3).
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•"•electronic

^Total

D. E.

k =

k =
( k =

0

2
4

R = 1. 40 ;

yf(HF) Rydbergs
-3.693919
-3.692751
-3.692741

~2.2642 R

3. 592 eV

J

t .U. ]

'-3.714790 R

-3.715146
-3.715134

-2.2866 R

3. 897 eV

Experimental

-2.3490 R

4.74 eV
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3. 6 DESIGN AND CONSTRUCTION OF EQUIPMENT

3.6.1. Fabrication and Assembly of Vacuum DTA and TG Balance
(M. D. Karkhanavala, V. V. Deshpande S. R. Dharv/adkar and
A. S. Kerker)

(a) A new DTA equipment capable of operation in vacuum or
controlled atmosphere, using 2 to 10 mg samples and a sensitivity
for a differential signal of 10 uV/cm was designed and fabricated
and is being used in air. The vacuum system part has been assem-
bled and is being tested.

(b) A Sartorius electrobalance is being incorporated in
vacuum/controlled atmosphere thermobalance of 1 ug sensitivity.
The work of designing the thermobalance was completed and fabri-
cation of components is in progress. It is expected to be operative
during next year.

3. 6. 2. Automatic Range Extension for Potentiometric Recorders
($. B. Thatte)

A device was designed and built (1) for automatic extension
of the recorder range if a signal goes below the lower limit or above
the upper limit of the recorder span. This has been used with a
-1,0, +1 mV Honeywell recorder giving an extended range of
-11,0, +11 mV without loss of recording sensitivity.

References

1, Thatte, S. B., BARC/I-115 (1971)
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3.7. SERVICE ANALYSIS AND TRAINING

The section also provided service analysis to other Divisions
of BARC and other constituent units of DAE. When spare capacity
was available these services were also made for Universities outside
research institutions and industry, but for which charges were made
at the approved rates.

3,7.1. X-ray Powder Diffraction Analyses
(V. S. Jakkal and K. V. Muralidharan)

Powder photography and diffraction analyses were constantly
required. A total of 123 powder photographs, 413 diffractometric
analyses and 147 high temperature X-ray diffractometric analyses
were made, of which 1Z8 samples were analysed for

(a) Sections/Divisions of BARC
PPM Section of Chemistry Divn 54
RC Section of Chemistry Divn 5
Desalination and Effluent Eng. Dn 28
Spectroscbpy Divn • 3
Electronics Divn 2
Nuclear Physics Divn 2
Heavy Water Project 10

(b) Outside parties
National Chemical Laboratory, Poona 10
Indian Institute of Technology, Bombay 8
Gorakhpur University 3
Kudchadkar & Co. 3

3.7.2. Thermal Analyses
(V. V. Deshpande, Smt. E. B. Mirzsi and A. B. Phadnis)

Besides the• programme of research of the section, the services
for thermogravimetry and differential thermal analyses were required
by a number of parties. A total of 161 samples were analysed for

(a) Chemistry Division, BARC 70

RC Section 5
PPM Section 65

(b) BARC(excluding Chemistry Division) 52

Analytical Division 30
Health Physics Dn 5
Nuclear Physics Dn 3
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Desalination and Effluent Engg. Divn 8
Uranium Metal Plant 6

(c) Unites of DAE(excluding BARC) 20

Uranium Corpn. of India 2
(Jaduguda)
S. S. T. C. (Thumba) 16
TIFR 2

(d) Outside 19

Shri Ram Institute 10
IIT, Bombay 1
Kerala University 4
Marathawada University 4

3. 7. 3. Other Services

The staff and research facilities of the section were alBO
made available for routine work of other units: -

(a) Calibration of twenty four, thermocouples for Central
Workshops (A. S. Kerker)

(b) Determination of the glow curve of 18 samples from
NCL (J. M. Luthra, and N. M. Gupta)

3O 7. 4. Training

3. 7. 4. 1. Specialised Training

An important service rendered was the training of personnel
of other institutions in specialized experimental techniques such as
X-ray diffraction analyses, thermogravimetry and differential thermal
analyses. Training programmes were organized to meet individual
requirements. The following received training during the period
under review.

1. Shri I. K. Bhatnagar, IIT, Bombay - For training in
thermal analysis techniques.

3.7.4.2. Formal Teaching

The staff members participated in teaching formal courses
at the University of Bombay and at the Training School, BARC,.

(a) University of Bombay

Dr M. D. Karkhanavala - M. Sc. (Inorganic chemistry)
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(b) Training School, BARC
Drs M.S. Chandrasekharaiah, A.M. George, U.R.K. Rao

C. Manohar, M.G. Ramchandani, ShriS. R. Dharwadkar, Shri
0. M. Sreedharan, Shri S. K. Kulshreshtha, and Shri V. S. Jakkal
participated in the programme of teaching, Shri G. Chattopadhyay
participated in conducting the Tuitorials.

3.8, PUBLICATIONS

3,8,1 . Published in Journals

1. Studies in the system UO2-ThO2-O2: Part I. High temperature
hehaviour of U3O8"» A. C. Momin and M. D. Karkhanavala,
Ind. J. Chem. 8, 926 (1970)

2. Studies in the system UO2-ThC>2-O2: Part II. High temperature
behaviour of U3C>3-ThO2 mixture", A. C. Momin and
M. D. Karkhanavala,, Ind. J. Chem. £, 931 (1970)

3. A new type of crucible for TG/DTA, M. D. Karkhanavala,
V. V. Deshpande and A. B. Phadnis,, J. Thermal Analysis
2, 259 (1970)

4. Masstransport studies in nickel-liquid tellurium system,
A. K. Dua, M. C. Naik and R. P. Agarwala
Physica Status Soli* (a) 2, 131 (1970)

5. Diffusion of carbon in stainless steels, R. P. Agarwala,
M. C. Naik, M. S. Anand, and A. R. "Paul,
J. Nucl. Mat. 3£, 41 (1970)

6. Effect of Oxide method on impurity diffusion in aluminium,
M. S. Anand and R. P. Agarwala
Physica Status Solidi (a) 1, K. 41 (1970)

7. The Kondo effect and the spin flip scattering,
C. Manohar, Physics Letters 31A, 345 (1970)

8. The Kondo effect and the Hartree-Fock theory,
C. Manohar, Physics Letters 32A, 529 (1970)

9. Effect of exchange potential on the band structure of gold,
M.G. Ramchandani, J. Phys. F Metal Physics 169 (1971)

10. The crystal and molecular structure of 3-methyl- 4-0 x 0-,
1, 3-thiazine -2-thione,
V. Amirthalingam and V. S. Jakkal, Chemical-communications
1117 (1970)
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11. Relaxation Times in Nickel-Zinc fer rites by the Mdssbauer
effect, P. Raj and S. K. Kulehreshtha
Phys. Stat. Solid! (a) 4, 501 (1971)

12. Moesbauer studies of lithium-ferrite aluminate system,
P. Raj arid S. K. Kulshreshtha
J. PhyB. Chem. Solids 31̂ , 9-18 (1970)

13. Sexnlconducding properties of refractory oxides systems,
A. M. George
Radiation Effects, 4, 145 (1970) and
Nonmetallic Crystals (Gordon & Breach Science Publishers),
145-149, (1970)

14. Studies in the system UO2-ThO2-O2: Part III- dilatometric and
high temperature X-ray diffractiometric studies of Uranium-
Oxides, A. C. Momin, M. D. Mathews and M. D. Karkhanavala
Proc. DAE Chemists Symposium (Madras), 1̂  75 (1970)

15. Applications of some magnetic and electrical properties in
structural inorganic chemistry
M. D. Karkhanavala
Invited T :1k - Proc. DAE Chemistry Sym. (Madras) 1970
Vol.1, p. 23.

16. Effect of Micro structure on Mfissbauer line shapes in Nickel-
Zinc fer rite1, P. Raj and.S. K. Kulshreshtha
Proceedings of the Nuclear Physics & Solid State Physics
Symposium, Madurai p. 703 (1970)

17. The magnetic preceptibility and electrical resistivity of
Fe Ge2 near its Nael temperature, U.R.K. Rao and J. V. Yakhmi,
Proceedings of Nuclear Physics and Solid State Physics
Symposium, Madurai, Vol. in Page 683 (1970)

18. Effect of pressure on the Fermi surface of gold,
M.G. Ramchandani, Proceedings of Nuclear Physics & Solid
State Physics Symposium, Madurai, Vol. HI, Page 73 (1970)

19. Relation between Kondo effect ed Hartree-Fock theory
C. Manohar, Proceedings of Nuclear Physics & Solid State
Physics Symposium, Madurai, Vol. HI, Page 97 (1970)
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PUBLICATIONS

Communicated

1. Effect of grinding on the phase transformations of sodium
sulphate
Q. R. Goyal, V.' V. Deshpande and M. D. Karkhanavala
Communicated to Indian Journal of Chemistry.

2. CNDO/2 study of Nitrogen Oxides
V. K. Kelkar, K. C. Bhalla and P.G. Khubchandani
Communicated to Journal of Molecular structure

3. Electron Microscopic studies of oxide whishers
S. J. Vijayakar and R. P. Agarwala
Int. Conf. on Electron Microscopy held at Grenoble (France)
in Sept. 1970.
(Based on thesis of Shri Vijayakar of Met. Divn., BARC,
for M. Sc. degree in Chemistry. Bombay University under
R. P. Agarwala)
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THESES

Studies in Thermal Analysis
A. B. Phadnis, University of Bombay, M. Sc. Thesis,
1970, Guide: M. D. Karkhanavala

Diffusion and defect in metal and alloy
B. M, Pande, University of Bombay, Ph.D.. Thesis, 1970
Guide; R. P. Agarwala

Studies in Molecular Orbital Theory
K. C. Bhalla, University of Bombay, Ph.D. Thesis, 1970
Guide: P. G. Khubchandani

A study of the electron gas
A. P.G. Kutty, University of Bombay, Ph.D. Thesis, 1970
Guide: P. G. Khubchandani

Energy band structure of gold
M.G. Ramchandani, University of Bombay, Ph.D. Thesis 1970
Guide: P. G. Khubchandani
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BARC REPORTS

I. External

1. Post-irradiation thermal release study of fission gases
from fuel pellets, O. P. Chawla, M. C. Naik and
M.D. Karkhanavala, BARC-538 (1971)

2. Kinetics of release of Xe. from sintered (ThC>2-O.1%UC>2)
Pallets, M.D. Karkhanavala, M. C. Naik, K. N. G. Kaitnal
and O. P. Chawla, BARC-513 (1970)

3. Electrical conductivity of magnetically ordered alloys:
CrTe, U.R.K. Rao, J. V. Yakhmi and M.D. Karkhanavala
BARC-545 (1971)

4. Electrical resistivity of FeySeg: A preliminary study
U.R.K. Rao and J. V. Yakhmi
BARC-546 (1971)

5. Thin films - their physics and applications
A. K. Dua and R. P. Agarwala
BARC-487 (1970)

6. Dielectric response and electron correlation
A. P. G. Kutty and P.G. Khubchandani, BARC-503 (1970)

7. Theory of dilute magnetic alloys I
C. Manohar, BARC-494 (i970)

II. Internal

1. Automatic range extension for potentiometric recorders
S. B. Thatte, BARC/I-115 (1971)
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ORAL PRESENTATIONS

1. Applications of some magnetic and electrical properties in
structural inorganic chemistry
M. D. Karkhanavala
Invited Talk, DAE Chemistry Symposium, Madras 1970.

2. Effect of grinding on the phase transformation of sodium sulphate
V.V. Deshpande, Q. R. Goyal and M-D. Karkhanavala
Convention of Chemists, Madras (1970).

3. Lattice Grainboundary Diffusion of Cerium and Neodymium
in Nickel
A.R. Pai l and R. P. Agarw&la
Copventioc of Chemists, Madras, Dec. 1970.

4. Diffusion of nickel and tin in zircaloy 2.
B. M. Pande
Convention of Chemists, Madras, Dec. 1970.

5. Study of the electrical properties of thin films
R. P. Agarwala and A. K. Dua
All India Symp. on Vacuum Science, Tech. & Application

6. Gaseous Hydroxides
M. S, Chandrasekharaiah, S. R. Dharwadkar and O. M. Sreedharan
Convention of Chemists, Madras, Dec. 1970.

?. Solid Electrolyte Galvanic Cell and their applications in high
temperature thermodynamic property measurements
O. M. Sreedharan, M. S. Chandra sekharaiah and G. Chattopadhayay
11th Seminar on Electrochemistry held at CECKI,
Karaikudi, Nov. 1970.

8. Effect of pressure on the Fermi Burface of gold
M. G. Ramchandani, Nuclear and Solid State Physics
Symposium, Madurai (1970).

9. Relation between Kondo effect and Hartree Fock theory
C. Manohar, Nuclear & Solid State Physics Symposium,
Madurai (1970).


