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HEWLETT PACKARD
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TEST SIGNALS:50 ke to 40 gc

Accurate Microwave Signal Generators, Signal Sources, Sweep
Oscillators for every application

All microwave applications requiring signal
generating instrumentation find Hewlett-Packard
a source of equipment delivering the best
performance and greatest flexibility at prices

assuring the best value.

Hewlett-Packard offers a complete line of easy
to use hf, vhf, uhf and shf, signal generators,
special purpose signal sources and sweep oscil-
lators. Auxiliary equipment available includes
microwave amplifiers, modulators, frequency
stabilizing instruments and special purpose

equipment.

hp SIGNAL GENERATORS 50 kc to 40 gc

hp NODEL ‘ FREQUENCY RANGE \ CHARACTERISTICS

506A 5'5"!' Generawr | 50 ke to 65 mc | Output 3 v to 0.1 uv into 50 ohms; mod. band with dc to 20 ke, low drift and noise, low
incidental FM, low distortion, direct calibration

608D Signal Generator 10 to 420 mc | Output 0.5 v to 0.1 uv into 50 ohms; AM, pulse modulation, low incidental FM and drift,
direct calibration

8614A Signal Generator | 08 to 2.4 gc Output +10 to —127 dbm into 50 ohms, levelled below 0 dbm: internal square-wave, exter-

| nal pulse AM and FM; auxiliary rf output, direct calibration

Output |5 mw; precision attenuator |30 db range; internal square-wave, ex(ernl[ pu|se and

FM; auxlluary of Oulpu(

8614B Signal Source ’ 0.8 to 2.4 gc ‘
[t
(

618B Signal Generator 3.8 to 7.6 gc Output | mw to —127 dbm (0.1 uv) into 50 ohms; pulse, frequency or square-wave modula-
tion, direct callhrauon

628A Signal Generator ‘ 15 to ZI gc ’ Output +10 to —90 dbm; pulse, frequency or square-wave modulation, direct calibration

940A Frequen:y Doubler 26.5 to 40 gc ‘ Driven by 13.25 to 20 gc source, hp 628A, 695C or klystrons; 100 db precision attenuator

For details please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT .COMBANY LIMITED
ALLAHABAD BOMBAY CALCUTTA . 'MADKAS . MEW DELHI
Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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ERRATUM

Article entitled ‘‘ Organic Semiconductors ’, 24 (No. 6) (1965), pp. 282-288: The correct
versions of Figs. 1, 2 and 5 appearing on pages 284 and 287 are as follows:
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Fig. 1 — Electron transition in benzene molecule
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Fig. 5 — Synthesis of polymerized Cu™ derivative of dioxime
of 1,5-diacetyl-2,6-dihydroxy naphthalene
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-We are pr'oud .

...of our

JAWANS

Well done Fawans! We are behind YOU

TOSHNIWAL INSTRUMENTS FOR ALL REQUIREMENTS

Our Special Model EE 51 B Oscilloscope, our Hand Tachometers are serving
the Nation. The first Indian Oscilloscope ever to open a new front in Defence.

We are proud of our humble contribution.

The HOUSE OF TOSHNIWALS steps ahead to make the nation self-sufficient in
instrumentation.

® GENERAL LABORATORY INSTRUMENTS

e PHYSICS LABORATORY INSTRUMENTS

¢ ELECTRONICS AND ELECTRICAL INSTRUMENTS

e PROCESS CONTROL AND MEASURING EQUIPMENT
e INDUSTRIAL INSTRUMENTS AND MANY MORE

%
Rpo o
S REsgapch & WO

All made in India, thereby saving foreign exchange\

WRITE FOR DETAILED INFORMATION TO SOLE SELLING AGENTS:

TOSHNIWAL BROTHERS PRIVATE LIMITED

198 JAMSHEDJI TATA ROAD, BOMBAY 1

Branches

Kacheri Road 85A Sarat Bose Road 3E/8 Jlundﬂnhn Extension Round Tana, Mount Road
AJMER CALCUTTA 26 NEW DELHI MADRAS 2
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BOROSIL

NOW OFFERS

iy corning®

BRAND

BEAKERS AND FLASKS

LOW & TALL FORM R.B., F.B., & CONICAL
UPTO 2 LITRE CAPACITY UPTO 20 LITRE CAPACITY

FILTER FLASKS
HEAVY WALL

DISTILLATION FLASKS

STORAGE BOTTLES

NARROW MOUTH, WITHOUT STOPPERS
‘UPTO 20 LITRE CAPACITY.

Manufactured by :

BOROSIL

BOROSIL GLASS WORKS LTD.
CHOTANI ESTATES,

PROCTOR ROAD, BOMBAY-7
Phone: 71166

Grams: ‘BOROSIL’

Branches

8/9 THAMBU CHETTY .STREET,  19/90 CONNAUGHT CIRCUS 4 CANAL WEST ROAD,

MADRAS-1. NEW DELHI- CALCUTTA-15
Phone: 23775 Phone: 42176
Grams: '‘BOROSIL Grams: '‘BOROSIL’

CORN“\IGo is Registered Trade Mark of Corning Glass Works, New York U.S. A,
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Ab

Imagine a world without colour—a light-and-shadow world instead of
our multi-hued universe. Colour implies life, vigour, variety...

Primitive man realised the significance of colour and made it very much

a part of his life. He incorporated it in ritual. He used it for adornment or
to make himself fearsome in battle.

Modern man uses colour even more—to make life varied and joyful —
with bright colour schemes for homes, offices, automobiles—and beautiful
illustrated magazines, multi-coloured rubber and plastic articles.

All these and many others need pigments, and more so organic pigments
such as those manufactured by COLOUR-CHEM.

Textile printers use organic pigment emulsions as well as synthetic binder
materials, both of which COLGUR-CHEM were the first to manufacture

in India. With the technical know!edge of Germany’s leaders in the ficld —
FARBENFABRIKEN BAYER AG. and FARBWERKE HOECHST AG.—
and skill born of experience and unccasing research, COLOUR-CHEM
continue to manufacture the finest quality products.

UNQUESTIONABLY

COLOUR-CHEM

Distributed through:
e CHIKA LIMITED, Mehta Chambers, 13, Mathew Road, Bombay-4.
* HOECHST DYES & CHEMICALS LTD,,
Parekh Mahal, Veer Nariman Road, Bombay-1.
* INDOKEM PRIVATE LTD., 221, Dadabhoy Naoroji Road, Bombay-1.

(Dacked by 100 years of German experience)
Rlelild| COLOUR-CHEM LIMITED
Fort House, 221, Dadabhoy Naoroji Road,
Fort, Bombay-1.

Makers of Pigments & Binders

in collaboration with
FARBENFABRIKEN BAYER AG., Leverkusen, West Germany; and
FARBWERKE HOECHST AG., Frankfurt, West Germany.

.

mT.cC 2412
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THE FINEST
IMPULSE L]

BAJAJ Measuring and Testing Instruments
are standard equipment in educational and
research laboratories all over the country, and
play a vital role in training scientists and
technicians for the country's industrial and
technological progress.000CDOO0OO0OOOO

iaiMEASURING
aJaJAND TESTING

INSTRUMENTS

DA orccerscnae 1:::;*,*“

DIRECT ==
MIRROR GALVANOMETER POST OFFICE BOX READING POTENTIOMETER KOHLRAUSCH BRIDGE

heros' BE-240
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ELECTROLYTIC
GONDUGTIVITY
EQUIPMENT

Electrolytic Conductivity Solu Bridges, Indicators, Recorders and Controllers = Soil
Moisture, Salinity and Fertilizer Testing Equipment m Concentration Indicators and
Controllers for acids, alkalies, detergents, electroplating rinses, etc m Gas and Steam
Analyzers m Continuous Sugar Detectors ®m Dissolved Oxygen Analyzers

Portable Conductivity Recorder

Industrial Instruments Inc.

U.S.A. Get complete details from BLUE STAR offices at:

Connaught House, Connaught Circus, New Delhi 1
Band Box House, Annie Besant Rd., Bombay 18

Sold and serviced in India exclusively by 7 Hare Street, Calcutta 1

2324 Second Line Beach, Madras 1

7 1B Kaiser Bulngalow_ Dindli Road, Jamshedpur
14/40 Civil Lines, Kanpur
BLUE STAR ’
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Grating resolution

You can now have the advantages of high-reso-
lution analysis over the entire infrared spectral
range of fundamental analytical importance—
4000 to 625 wavenumbers (2.5 to 16u) —even if
your budget is limited. Perkin-Elmer Model 237
Double-Grating Spectrophotometer makes this
possible.

Basic to this high performance at low cost s the
Model 237's grating-filter design: the dispersing
power of gratings, used only in their first orders,
is complemented by filters to eliminate higher
orders of radiation. The result is outstanding
spectral purity achieved with simplicity and de-
pendability of mechanical operation previously
not available.

Flexible Presentation: You can specify a
Model 237 recording in either linear wavelength
or linear wavenumbers, as you prefer. Full
wavelength coverage is divided into two ranges:
4000-1300 and 2000-625 wavenumbers; or 2.5-7.7
and 5.0-16p. The analyst selects the range he
desires by the flick of a panel switch, thus
assuring maximum legibility of fine structural
detail.

Two scanning rates for each range are
available: Fast (8 minutes) rate for survey
scans or spectra of materials with relatively few
narrow spectral bands; slow (24 minutes) rate

JSIR—DECEMBER 1965

over fundamental IR range
with Model 237
SPECTROPHOTOMETER

provides details of very complex spectra. Here,
too, a panel switch puts both speeds at the
analyst's fingertips.

Optional auxiliary recorders are available to give
you continuous spectra at fixed wavelengths or
to let you expand or compress ordinate or abs-
cissa. The chart ordinate—a full 15 centimetres
—provides maximum accuracy in recording
band intensities.

Also available Model 337—range 4000 to 400
wavenumbers or 2.5 to 25 p

Ask for free literature

PERKIN-ELLMER

Sold and serviced in India exclusively by

"BLUE STAR

Get complete details from BLUE STAR offices at :

Connaught House, Connaught Circus, New Delhi 1
Band Box House, Annie Besant Rd., Bombay 18
7 Hare Street, Calcutta 1
23/24 Second Line Beach, Madras 1
1B Kaiser Bungalow, Dindli Road, Jamshedpur
14/40 Civil Lines, Kanpur
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FAR-REACHING....

Contact between peoples of the world is of first
importance in modern civilisation. Poor communications
can precipitate a crisis or stultify business and trade.
Links provided by telephony, radio and other forms of
telecommunication have brought far-flung capitals and
cities of the world nearer . .. within dialling distance,
you may say!

Single and Independent Side Band Transmitters and
Receivers are designed to meet heavy traffic requirements
in all climates. Made by BEL and used by the Overseas
Communications Service, these equipment have simplified
long distance radio telephone communications.

A contribution of far-reaching importance indeed!

GEARED UP TO MEET THE NATION'S NEEDS

BHARAT ELECTRONICS LTD.

Regd. Office: JALAHALLI —BANGALORE I3

EP-BEL-16
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B.I. CHEMICALS

It is long since Bengal Immunity started manufacturing chemicals for

pharmaceutical and laboratory use.

To-day the manifold activities of the

Company are based upon its accumulated experience and continued expansion

and as such it is in a position to offer a wide range of chemical products
—well known for their reliability and purity.

A SECTION OF ISONIAZID PLANT

o)

BENGAL IMMUNITY CO., LTD.
153, Dharamtala Street, Calcutta-13

@ AMINACRINE HYDROCHLORIDE I.P,
o BEEF EXTRACT

© CALCIUM LACTOBIONATE

@ CHLOROQUINE PHOSPHATE U.S.P.
@ CHOLIC ACID

© DEHYDROCHOLIC ACID U.S.P.

@ DI-IODOHYDROXYQUIN U.S.P.

@ HYDROPROTEIN POWDER

® ISONIAZID B.P.

© MAGNESIUM ALUMINIUM SILICATE
© MAGNESIUM HYDROXIDE CAKE

© MAGNESIUM TRISILICATE U.S.P.
@ MILD SILVER PROTEIN L.P.

@ OX BILE EXTRACT N.F.

o PEPTONE POWDER

© PHENFORMIN HYDROCHLORIDE

@ PROTEOLYSED LIVER LP.

@ PROTEOSE PEPTONE

© SULPHANILYLBENZAMIDE

o THIACETAZONE B.P.C.

o TRYPTONE
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‘LAB-CHEM’

ANALYTICAL BALANCES &
WEIGHTS

for
INDUSTRIAL, RESEARCH & COLLEGE
LABORATORIES

Manufactured by
LAB-CHEM BALANCE WORKS

BOMBAY 11

@

Contact Sole Selling Agents:

INDIA SCIENTIFIC TRADERS

DEALERS IN LABORATORY EQUIPMENT
OF EVERY DESCRIPTION

PEERBHOY MANSION
460 SARDAR VALLABHBHAI PATEL ROAD
BOMBAY 4 (BR)
Phone: 76336 Gram: ‘Esvijack’

FOR. CHEMICAL
EXPERIMENTS
AND ANALYSiS
USE ANALYTiCAL |

"REAGENTS
' MANUFACTUR_ED
BY. e o

THE INTERNATIONAL
<A7 CHEMICAL INDUSTRIES

103-B. UPPER CIRCULAR ROAD
(ACHARYA PRAFULLA CHANDRA ROAD)
CALCUTTA-9
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o WATER STILLS
® WATER BATHS
® OVENS & INCUBATORS

v
Also: Clamps, Taps, Spatulas, Hot
Plates, Beakers, Tongs, Racks,
Stands, Rings and Gas Burners.

GANSONS PRIVATE LIKHTED :.c.00x ssis. comonr s

optical instruments
and
allied components

GHARPURE & CO.

P-36 INDIA EXCHANGE PLACE EXTN.
CALCUTTA I

Gram : MEENAMO e Phone:22-2061

RAW MATERIALS FOR
RESEARCH AND INDUSTRY-10

CARL SCHLENK AG.
(West Germany)

One of the oldest and leading manufacturers of long
standing experience in the manufacture of tinned copper
tapes, plain copper and brass tapes, tinned and/or silvered
copper tapes and foils, copper and brass foils, etc., for
various applications such as in Condensors, Radiators,
Gaskets, Electrotechnical Parts, Clocks & Watches, Cables,
Patterns, Transformers, Electrical Measuring Systems, etc.

For further particulars contact:

K. S. HIRLEKAR

Western India House
Sir Pherozshah Mehta Road
BOMBAY |

Gram: INDBUREAU, Bombay Phone: 251931/252073
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Palynological Bulletin

Volume 1, 1965

Contents

Palynological Society of India — Inaugural Address— by T. S. MAHABALE
Prof. Birbal Sahni’s Contributions to Palynology — by R. V. SitHoLEY
Geological Sporology and Palynology — Past and Present — by R. Potoxig
Role of Tapetum in Pollen Development — by S. P. SINGH

Taxonomy of Fossil Sporae Dispersae — by S. D. SAKSENA

Normal and Abnormal Pollen Grains in Abies pindrow — by P. N. MEHRA and
P. D. DoGra

Studies on Pollen Storage of Lemon and Loquat—by S. K. MUKERJEE and
P. K. Das

Palynological Studies in Subtropical Fruit Trees—by R. D. Bamzar and
G. S. RaANDHAWA

Pollen Grains of Artocarpus —by M. R. SHARMA and T. M. VARGHESE
Pollen Morphological Studies of Eriocaulon I.. —by M. SHARMA
On Classification of Pollen Grains and Spores —by G. ERDTMAN

Palynological Studies in Indian Aidzoaceae (Ficoideae, Molluginaceae) — by
A. R. Rao, Pritt AwastHI and PREM KHARE

Pollen Morphology of Himalayan Daphnes —by P. K. K. NaIr

A New Record of Pediastrum delicatites from India—by C. P. VErMA and
N. C. SRIVASTAVA

Pollen Morphotypes in the Family Compositae from Parts of Western Ghats
(India) — by Pusupa D. CHAUBAL and G. B. DEODIKAR

Male Gametophyte and Pollen Structure in Furcraca giganiea—Dby M. C. Pax-
CHAKSHARAPPA

Price per copy
India (Rupees 7), Foreign (Rupees 10) plus postage charges

For copies, please contact

General Secretary-Treasurer, Palynological Society of India
National Botanic Gardens, Lucknow (India)
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Over twenty years’ proved
performance
(INDIA MADE)

X-RAY DIFFRACTION
APPARATUS

complete with

MACHLETT Shockproof Beryllium
Window Sealed Tubes of different
Target Materials

Single-valve Half-wave Rectified or
Two-valve Full-wave Rectified

MACHINE already incorporates voltage com-
pensator to compensate plus or minus
I5 volts supply change

Electromagnetic, Electronic, Servomechanical

or Chemoelectric STABILIZER can be added
to the filament circuit or to the entire
MACHINE for further STABILIZATION

CAMERAS of various types can also be
supplied for the MACHINE

also

X-RAY PLANT FOR BIOLOGICAL
RESEARCH & INDUSTRIAL IRADIO-
GRAPHY & HIGH TENSION
TESTING SETS

DELIVERY EX-STOCK
NO LICENCE REQUIRED

Further details from

RADON HOUSE

PRIVATE LIMITED

7 SARDAR SANKAR ROAD
CALCUTTA 26

RADIOTONE
PRODUCTS

RADIOTONE products cover a wide range of
articles in Electrical and Electronic industry.

* Selenium metal rectifiers
* Rotary switches up to Il pole Il way

* Potentiometers, adjustable resistances
for different ratings

* Spectral chokes/ballasts for SV, MV,
Wotan, Fluorescent Lamps, etc. etc.
These are our special products and in demand
with Industry, Trade and Government Depart-
ments.

Write giving details of your requirements.
You will find our quotations for these and
also transformers, rectifier units, etc. etc.,
very attractive.

RADIO ELECTRIC PRIVATE LTD.

Manufacturers of RADIOTONE Products
Lamington Chambers, Lamington Road
BOMBAY 4

PHONE : 22855

SUPERIOR LAMP BLOWN
PYREX GLASS APPARATUS;
ASSEMBLIES ACCESSORIES
OF ALL TYPES

G Manufactured by

SCIENTIFIC EQUIPMENT
MFG. CO.

An associate of

ASHA SCIENTIFIC CO.

DIRECT IMPORTERS & MANUFACTURERS' REPRESENTATIVES,
503, GIRGAUM ROAD, BOMBAY 2. -

D GRAM: : "ASHACOM'

Interchangeable Laboratory
Tl
Glassware ‘Our Speciality

WE SUPPLY COMPLICATED RESEARCH APPARATUS
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Available from Stock

* METROHM pH-METER E 350
o Measuring range 0-14 pH; —500+-500 mV e Accuracy of reading: 0.05 pH, 5 mV  Absolute
accuracy: 0.1 pH, 10 mV

* KUSTNER ANALYTICAL BALANCE, with and without air damping from Germany.
Models AL 49 and AF 48 with weight box

e Maximum load: 200 gm. « Sensitivity: | mg.

*« EDWARD VACUUM PUMP, Model RB 4 ‘Speedivac’ Combined Vacuum
Pump and Compressor

x ENDECOTT’S STANDARD TEST SIEVES

Contact:

PHARMA TRUST

114 PRINCESS STREET, BOMBAY 2
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 LABORATORY
EQUIPMENT

ELECTRIC OVEN
INCUBATOR

PARAFFIN EMBEDDIN
BATH -

(Electrical- AC) ‘
with Temperature Control Cw
i

WATER STILL
BATH

Manutactured by

TEMPO INDUSTRIAL CORPORATION
394, LAMINGTON ROAD, BOMBAY 4. BR.
Telephone: 41233 Telegrams: "TEMPOVEN"

A18
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Current Topics

National & International Trends in
Research in Chemistry

HEN one looks back into the history of chemi-

cal research in India, one finds that even about
two decades back, chemical research was confined
to a handful of laborafories mostly in the universities.
Since then scientific research in general, and research
in chemistry in particular, have taken long strides
in India, due mainly to the impetus given to it by
the Council of Scientific & Industrial Research
(CSIR). Through the national laboratories and
through the schemes, units and schools sponsored
by the Chemical Rescarch Committee (CRC), the
CSIR has now built a basic pattern of rescarch in
India.

To take it a step further, the future planning in
research should be based on an objective survey of
the current chemical research in India in the per-
spective of the world-wide research in general and in
the perspective of the needs of India in particular.
The need for such a survey was strongly felt by
Dr Husain Zaheer, Director-General, CSIR, and at his
initiative the CRC adopted a scheme for compiling
a rescarch directory of recent chemical rescarch in
India, the task being taken up by us in the Indian
Association for the Cultivation of Science, Jadavpur.
The compilation of the Research Directory in
Chemistry (1960-62) is now complete and it will be
published shortly; the compilation for the years
1963-64 is in progress. One main objective of such
surveys was to find out arcas of our deficiencies
in the light of modern trends in research — areas
which need more attention.

With the above objective in view the data ob-
tained from 1964 listing of papers in the journal
Current Chemical Papers of the Chemical Society,
London, were analysed in detail.

The number of papers with at least one Indian
author was about 1665 in a total of 33,760 papers.
This amounts to about 5 per cent of the total. If
one remembers that this estimate leaves out techno-
logical research, in which India is particularly lagging
behind and that, on the other hand, countries like
USA, USSR and Germany average to about 27,
19 and 8 per cent of the papers respectively®, the
figure for India would show that we have far to go
to catch up with the industrially developed countries
in chemical research.

In order to ascertain the exact arcas of deficiencies
a comparison was made between the national and
international trends of rescarch in the different

*These figures are from a survey of Chemical Abstracts for
1961 [Baker, D. B., Chem. Engng News, 39 (1961), 78). Com-
pare also the figures for papers in physical chemistry in 1961:
USA, 31; USSR, 25, Germany, 5; and India, 3-4 per cent
(Bhattacharyya, K., DRTC Seminar I, 1963, 53).

TABLE 1 — NATIONAL AND INTERNATIONAL TRENDS IN
RESEARCH IN CHEMISTRY IN 1964

S1 Subdivision A B Cc
No.
1 Sub-atomics (chemical aspects) 1-0 0-8 0
2 Atomic and molecular 112 121 8
structure
3 Phase structure and phase 59 43 1
relations
4 Surface properties 32 1-8 3
5 Colloids and macromolecules 83 44 12
6 Electrochemistry 4-0 54 10
7 Thermodynamics 24 21 8
8 Kinetics and mechanism 81 54 13
9 Inorganic 48 36 16
10 Organomectallic and organo- 84 9-6 5
metalloid
11 Organic
() Aliphatic 541 2:4 0
(i) Amino acids and peptides 2:5 2-4 1
(iii) Carbohydrates 16 12 1
(iv) Homocyclic 9-2 85 3
(v) Terpencs and steroids 2:5 6:0 10
(vi) Heterocyclic 97 1149 10
(vii) Miscellaneous 1:3 4-4 16
12 Analysis 9:5 121 8
13 Apparatus and techniques 13 0-9 2

A: Number of papers in cach subdivision as percentage
of total number of papers. B: Number of Indian papers
in cach subdivision as percentage of all Indian papers.
C: Number of CRC schemes.

subdivisions of chemistry. The subdivisions con-
sidered were the same as in the journal Current
Chemical Papers and are enumerated in Table 1.
A sample survey was made of the total number of
papers in each subdivision as also of the total number
of papers by Indian workers in itt. These figures,
expressed as the percentage of total number of papers
(total number of Indian papers in the latter case)
for the different subdivisions of chemistry, have
been compared in Table 1.

It is immediately apparent that the national
trend of research in chemistry is more or less similar
to the international trend. However, going into
details one finds certain areas in which the national
average is significantly below the international
average.

Thus, the areas of deficiency, from the number of
papers considered in the above survey, are — phase
structure and phase relations, surface chemistry,

tIt would have been more correct to list the work done in
India only in order that one can analyse the data in terms
of the status of work done by chemists in India. This,
however, was not possible as Curvent Chemical Papers does
not include the laboratory address. We can only assume that
the work done abroad will constitute but a very small per-
centage (in numbers) of the total number of papers by Indian
workers,
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colloid and macromolecular chemistry, kinetics and
mechanism, inorganic chemistry, aliphatic organic
chemistry, apparatus and techniques.

In the field of phase structure and phase relations,
except for certain papers on the determination of
crystal structure, very little is published on topics
like liquid structure and single or multicomponent
phase relationships.

Although colloid chemistry is known to be popular
in India, the figure for research in colloids and macro-
molecules is very much below the international
average. As surface chemistry forms an important
basis for colloid chemistry, it is significant that at
the same time the Indian figure for surface chemistry
is also well below the international average. In
the field of surface chemistry there is some work
done on catalysis and related gas-solid surfaces but
the other topics are neglected. Again, colloids and
macromolecules, though having tremendous indus-
trial applications are not tackled adequately. There
are a number of papers on the stability of lyophobic
colloids from the classical point of view. There are
lots of possibilities in the quantitative studies on
interparticle interactions, and their applications to
biocolloids. In the field of polymers, on the other
hand, most of the studies are regarding kinctics
and mechanism, while topics like the physico-
chemical properties of polymers, their degradation
characteristics and biopolymers are very much
neglected.

The figures on kinetics and mechanism may be
related both to surface chemistry in terms of kinetics
of adsorption and catalysis, as well as to polymeriza-
tion, and the dearth of papers is probably related
to the deficiencies discussed in the above paragraph.
Kinetics in solution is studied in several places,
but some important studies like photo-chemical
reactions, fast reactions, diffusion controlled re-
actions, perturbation methods and reactions of
biochemical interest are few and far between.

In inorganic chemistry one finds that most of the
papers are on complex compounds and their pro-
perties; relatively fewer papers are in ‘ general and
inorganic chemistry ’.

In organic chemistry, apart from a lack of interest
in aliphatic organic chemisiry, one finds a good deal
of work in the other subdivisions, and work in
heterocyclic compounds and alkaloids, terpenes and
steroids more than compensates the above lack.
The great possibilities of work on Indian medicinal
plants fully justify the interest in alkaloids and
indigenous plant products.
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It is difficult to judge the difference between the
national and international trends in the work on
apparatus and techniques. From personal experi-
ence, however, one is convinced that perhaps the
little difference is significant, and very little is done
in devising newer methods and apparatus, keeping
in mind the needs of India in particular.

The above considerations, based on the number
of papers alone, lcave out the questions about the
quality of the papers or their relation, if any, to the
needs of India. The quality or standing of a paper
is difficult to judge immediately. From the refer-
ences outside to papers published in Indian journals
one cannot but have the feeling that much of the
work published in Indian journals suffers from
obsolescence if not of lack of depth.  From column C
Table 1 we can have a rough idea of the number
of schemes of the CRC in the different subdivisions
of chemistry (a better idea could have been had
from the number of workers in cach field).  Although
it may not be proper to draw far-reaching conclu-
sions from just the number of schemes some of the
figures are encouraging. Schemes, however, have
to be considered individually and in the above
figures a greater number of schemes could signify
a greater effort being made for developing that line
only if steps were taken initially to scrutinize the
schemes to see that the work in its details would
not fall into obsolescence but be productive and
useful.  Just to take an example, in the field of
Indian plant products, why not consider the position
of research in India in comparison with the work
done in other countries, consider the cxploitation
of research by drug industry in India compared to
that in other countries, and accordingly plan and
intensify work so as to keep India ahead of other
countries in this respect? An effort to make
research more productive cannot but be beneficial
to all the parties concerned.

The present study is incomplete to the extent
that we had to leave out biochemistry and industrial
chemistry per se, as information on these subjects
is not available from Current Chemical Papers.
A much more complete and detailed study, using
Chemical Abstracts as the source of information,
with its much more elaborate subject classification,
is now in progress.

SANTI R. PALIT & SANTIBRATA GHOSH

Department of Physical Chemistry
Indian Association for the Cultivation of Science
Jadavpur, Calculta 32



First International Conference on the Raman Spectra of Crystals

R. S. KRISHNAN

Department of Physics, Indian Institute of Science, Bangalore 12

HE Tirst International Conference on the
T Raman Spectra of Crystals was held under
the auspices of the International Union of
Pure & Applied Physics in the Physical Research
Laboratory of the Faculty of Sciences, University of
Paris at Sorbonne, Paris, from 5 to 8 July 1965.
The proceedings were held in the famous lecture hall
of the Physical Rescarch Laboratory where world-
renowned  French  physicists like Madame Curie,
Prof. Fabry, Prol. Fizcau, Prof. Cotton and Prof.
Cabannes gave their lectures to the students of the
university. The conference was formally  opened
by Prof. Zallemand, President of the French Society
of Physicists, and it was followed by a welcome speech
by Prof. J. PP. Mathicu, the organizing Chairman of
the conference.  The author was given the honour
of presiding over the opening session.  This was in
recognition of the pioneering work on the Raman
spectra of crystals carried out at Bangalore. There
were on the whole 30 delegates from the different
countries — America, Canada, Great Britain, France
and India. Of the four Indians contributing papers,
only the author went [rom India. The remaining
three are working outside India.
Historical Review
The scientific programme was divided into five
sessions.  The first session started with an intro-
ductory talk by Prof. E. Burstein (Philadelphia)
who reviewed the milestones in the history of the
scattering of light and Raman effect in crystals, and
the experimental and theoretical aspects.  He traced
the work of Einstein, Brillouin, Raman, Rasetti,
Born, Krishnan and his collaborators at Bangalore,
Chandrasckharan, Gross, Stekhanov and their
collaborators, Mathieu and his collaborators, Birman,
Johnson, Loudon and others. He also indicated
broadly the future line of work both on the theoretical
and experimental aspects.  He particularly referred
to the work of Dr Russcll (UK) on the first- and
second-order Raman spectra of simple crystals using
laser sources, and especially the recording of the
principal Raman line of silicon by reflection. Future
work on the higher order Brillouin scattering, and the
Raman spectra of impurity doped crystals and of
crystals under high eclectrostatic field in order to
disturb the crystalline field was referred to by him.
His talk was followed by four contributed papers.

Recent Experimental Results on
Raman Spectra

The first paper was by Dr S. S. Mitra (USA) on the
Raman spectrum of ZnO which has the wurtzite
structure. He discussed the assignments of the
single phonon branches at the critical point corres-

5
ponding to k~0(T) and the multiphonon branches
with assumed values of Brillouin zone boundary
phonon frequencies consistent with the infrared

measurements. The next paper on the Raman
spectrum of solid hydrogen was presented by
Prof. H. L. Welsh (Canada). The vibrational line Q,(0)
of solid para hydrogen is very sharp and shifted by
11-3 cm.! fronvits frequency in the gas, the main part
of the shift being caused by the isotropic inter-
molecular forces. The experimental results on the
cffect of adding ortho-hydrogen were presented.
He showed that in the region of low concentrations,
exciton-excitation cannot apparently be sustained
by the fragmentary ortho-lattice and the components
observed are due to coupling with varying numbers
of ortho-molecules in the shell of nearest neighbours.
Dr J. P. Russell (UK) then reviewed the recent work
on the Raman spectra of crystals using gas lasers at
RRE, Worcs. In this method, the crystal is placed
in an external resonator built on to the laser resonator
and the scattered light is examined at right angles
with the aid of a spectrograph. He described the
techniques together with the results obtained on
GaP and CaF, over a wide range of temperature
up to liquid helium temperature, CaWO, at room
temperature and especially silicon which is practically
opaque at the operating wavelength of the laser.

Interpretation of Spectra

The second session started with Prof. H. L. Welsh
in the chair. The first of the three papers presented
by the author was on the Raman spectrum of magne-
sium fluoride recorded with A 2537 excitation. The
Raman active fundamentals and their identification,
the force constants taking into account the stretching
and bending of the various bonds in the Matossi's
model were discussed. A feature of the spectrum
was the presence of two lines on the high wavenumber
side, the origin of these being due to some impurity
modes. In the next two papers, the interpretation
of the second-order Raman spectra of GaP and CaF,
was discussed. The critical points T, L, X being the
representatives of the Raman supercell modes, their
frequencies were obtained with the dynamics of these
crystals postulated by Ramanathan. Simple selection
rules were also pointed out in the assignment of these
spectra. The next paper presented by Prof. E.
Burstein (Philadelphia) discussed the interpretation
of the second-order Raman spectra of CsI and CsBr
with space group selection rules of Ganesan and the
phonon frequencies at T', R, M and X given by Karo’s
calculations. The Raman and infrared spectra of
CaF, were also discussed utilizing the experimental
phonon frequencies and the space group selection
rules of Ganesan and the phonon frequencies at T, L
and X given by Ganesan’s calculations. The last two
papers of the session were on the Brillouin scattering
in crystals. Dr L. Cecchi (France) reviewed the
classical and quantum theories on the calculation of
the frequencies and the intensities of Brillouin
components and the experimental techniques using
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Fabry-Perot interferometer. He presented the results
obtained for NaCl, NaClO;, quartz and the variation
of the intensities as a function of temperature in
quartz. Dr V. Chandrasekharan (France) pointed out
that the unequal displacements of the anti-Stokes
and Stokes components correspond to the quadratic
relativistic Doppler effect and showed that these
shifts for the longitudinal components along [111]
direction for a diamond crystal, as an example, can
be verified by using modern laser techniques.

Theory of Raman Scattering

The third session was presided over by Prof. E.
Burstein (Philadelphia). Dr R. A. Cowley (Canada)
presented the first paper of this session. He discussed
the theory of Raman scattering from crystals of
diamond structure with detailed shell model calcula-
tions for the frequencies of the normal modes and the
matrix elements for the Raman scattering taking
into account the effects of anharmonicity on one-
phonon scattering. He pointed out that the details
of these spectra are dependent on the polarization of
the light and the orientation of crystal. Dr J. R.
Hardy (UK) and Dr A. M. Karo (USA) presented
their results on NaCl and CsCl type crystals with
dense samples of wave vectors, neglecting the selection
rules. They also discussed the spectra of RbI and its
NaCl-CsCl phase transition induced by pressure.
Dr R. Loudon (UK) presented a paper on the spon-
taneous and stimulated resonance Raman effect in
crystals. The effect of the proximity of the exciting
frequency to the intrinsic electronic absorption edge
on the Raman scattering by electronic levels of im-
purity atoms and by lattice vibrations was dealt with.
He showed that the optimum exciting frequency is
the one at which the absorption coefficient begins to
rise significantly from its zero value below the edge.

Selection Rules for Raman Effect

The next session was concentrated on papers on the
space group selection rules. Dr S. Ganesan’s (USA)
paper which was presented by Dr Burstein dealt with
group theoretical selection rules for BiF; and com-
pared them with those for NaCl and CaF,. Dr H.
Poulet’s (France) paper was on the representations of
ZnS lattice corresponding to the symmetry points
of the Brillouin zone. In the next two papers, Prof.
J. L. Birman (USA) applied group theoretical methods
to study the depolarization of the scattered light
which could give us information on the phonons
which produce the scattering. Detailed theory of the
evaluation of the elements of the Raman tensor,
symmetry principles of the Raman tensor including
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the effect of time reversal invariance and the results
based on approximation better than the conventional
Born-Oppenheimer approximation were also discussed.
The next paper by Dr M. Nosimovici (France) was
presented by Prof. J. L. Birman, who explained the
space group representatioris for wurtzite structure
and the selection rules for Raman and infrared
spectra. The breakdown of the Raman selection
rules and the anomalous angle dependence of the
Raman depolarization ratios in low symmetry
crystals were discussed in the last paper of the session
by Prof. O. Theimer (USA). A general quantum
theory of the phenomenon and its consequences were
dealt with in detail.

Impure Crystals

The last session of the symposium was devoted
to the Raman scattering from impure crystals.
The first paper by Dr M. Ashkin (USA) presented
experimental and theoretical results on the Raman
scattering from H~ centres in CaF,. The position
and the intensities of the fundamental and the
Raman active components of the first and second
overtone levels were calculated for a model of the
defect as a particle in an anharmonic potential
which was determined from the positions of the
Raman lines and compared with that obtained from
infrared data. In the next paper, Dr A. A. Maradudin
(USA) presented the general theory of the impurity
induced first-order Raman effect in rocksalt struc-
tures, with numerical computations in the case of
KCl containing U-centres. He showed that the
resulting spectrum is continuous and non-zero in the
range of frequencies allowed to the perfect host
crystals and that it displays a structure associated
with a resonance mode in the acoustic continuum
but not with localized modes which are inactive.
The last two papers by the Russian workers Prof. K.
Rebane, Dr I. Tehver, Dr E. D. Trifonov and Dr K.
Peuker considered the vibrational structure of the
Raman spectra of impure crystals, The intensity
distributions and the temperature dependence of the
vibrational structure calculated for various models
of the impurity centre and the agreement between
these calculated results and the experimental results
of Stekhanov and Eliashberg were discussed. The
resonance Raman scattering of an impure crystal and
its resemblance to luminescence spectra and the
selection rules for Raman intensities were examined
in detail. Due to the absence of the authors these
two papers were taken as read.

The conference concluded with a critical summary
by Dr R. Loudon (UK).



Summer School in Chemical Engineering

ASGHAR HUSAIN
Regional Research Laboratory, Hyderabad 9

NDER the auspices of the Council of Scientific
l | & Industrial Research, a Summer School in

Chemical Engineering was held during 14-26
June 1965 at the Regional Research Laboratory
(RRL), Hyderabad. The summer school, attended
by about 50 chemical engineers from different
educational, research and industrial organizations in
the country, was designed to cover recent advances
in chemical engineering and some allied fields. It
comprised lectures and pilot plant demonstrations;
23 one-hour lectures were given by 21 Indian

and 2 foreign scientists, of whom 5 were from the .

host laboratory. In the afternoon each day, practi-
cal demonstrations were given by the laboratory
staff in the various pilot plants available and
some of the analytical techniques. The school
was inaugurated by Dr G. S. Sidhu (Director,
RRL, Hyderabad).

Lectures

In the opening lecture, Shri N. Bhanu Prasad
(Andhra Foundry & Machine Co. Ltd, Hyderabad)
presented a survey of the materials used in chemical
plant construction. The cost of the materials of
construction in chemical industries is significant,
being about 50 per cent of the total. The selection
of a particular material depends upon a number of
factors, most important of them being its ability to
resist corrosion; besides this, compatibility, physical
strength, cost and availability are also to be taken
into account. In India, where choice is limited
to a few materials of construction, their cost and
availability become significant. Relative costs
of different materials in India and USA were
cited.

In addition to the availability and the cost of
material, the cost of fabrication, which differs from
material to material, has also to be considered.
The modern trend is to use two or more different
materials for the construction of a particular equip-
ment which will couple both resistance to corrosion
and enhanced physical strength. The use of clad
steel, for instance, is becoming more economical for
high pressure equipment.

Prof. N. R. Kuloor (Indian Institute of Sicence,
Bangalore) discussed the importance of electronic
computers in chemical engineering work. The
computer logic was elaborated and circuit dia-
grams were shown for addition, subtraction, integ-
ration, etc.

Prof. M. N. Rao [Indian Institute of Technology
(IIT), Kharagpur] reviewed the field of fluo-solid
systems. He discussed the subject under four
heads — momentum transfer, heat transfer, mass
transfer and reaction kinetics. Momentum transfer
was considered under four sub-heads: (i) fluid
behaviour in an empty tube, (ii) batch fluidization
where particles are in random motion, (iii) conti-
nuous fluidization, and (iv) pneumatic transfer.

The behaviour of a flowing fluid in a conduit is well
understood and equations for calculating pressure
loss have been established. These equations have
been modified for fluidized systems taking into
account the additional factors such as bed density,
porosity, particle size and shape. Equations were
presented for calculating the pressure drop and
size distribution in an air classifier.

In a fluidized bed there are two types of heat
transfer — one from the wall to the particle and
the other from particles to the surrounding fluid.
The laminar film adjacent to the wall is ruptured
by the random motion of the particles, thereby
reducing the resistance. Another factor contribut-
ing to the increased heat transfer in a fluidized
bed is that though the period of contact of the
particle with the wall is very small the heat
transferred to the particle by conduction is
considerable.

The rate of drying in a continuous fluidized bed
was shown to be related to the motion of particles
and their residence time. With a few examples
the complexity of the problem where chemical
reactions are carried out in a fluidized bed was
explained.

Dr M. V. Raghavacharya (Department of Chemi-
cal Engineering, Government Engineering College,
Trichur) dealt with instrumentation and automa-
tion in chemical industries. To automatize a
process, it has to be split up into different stages
based on the unit operations involved. The design
of automatic control equipment requires a thorough
understanding of the static and dynamic character-
istics of the process involved, which can be described
either by mathematical equations or obtained
experimentally in the form of a transient response.
Different methods of control with more than one
interconnected parameter and the merits and
limitations of non-interacting controllers were
presented.

Prof. G. S. R. Narasimhamurty (IIT, Bombay)
discussed the problem of two-phase flow consisting
of a gas or vapour and a liquid through circular
conduits. The problem is of great interest to
chemical engineers in the working of evaporators,
condensers and several other two-phase contacting
equipment. Flow studies have been carried out
in both vertical and horizontal pipes. A limited
amount of work was reported on fittings, entrance
effects and mode of mixing of the two phases.
For the correlation of pressure drop data, one
approach is that of Lockhart and Martinelli in the
form of the ratio of two-phase flow pressure drop
to that of single-phase flow at the same mass flow
rate, against the pressure drops of the liquid and
of the gas considering each of them to flow alone at
their own flow rates. Another approach is that of
Bertuzzi, Tek and Poettman correlating modified
friction factor based on two-phase flow with a
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modified Reynolds number based on an appropriate
combination of individual gas and liquid Reynolds
numbers. Several other workers have developed
separate correlations for pressure drop estimation.
Depending upon the flow rates of individual phases,
different patterns of flow have been identified as
bubble, plug, annular, spray and froth flow.

Prof. M. M. Sharma (Department of Chemical -

Technology, University of Bombay) spoke on ab-
sorption with chemical reaction of gases which are
sparingly soluble in the absorbent, such as CO,,
COS and H,S in aqueous solutions of alkalis and
amines. The importance of such an absorption can
be judged from the fact that in the manufacture of
synthesis gas for ammonia from coal or petroleum
sources, 1-2-2:2 times of CO, has to be removed
per tonne of ammonia produced. In such cases the
process is controlled by the liquid side resistance.
Two theories are available to account for such liquid
side resistance, viz. two-film and surface renewal
theories; however, there is not much difference
between the two regarding the effect of chemical
reaction on the absorption coefficient. As a simpli-
fied case, -an irreversible and kinetically second-
order reaction is assumed between gas A and re-
active species B in the solution to produce C in the
solution. In this heterogeneous reaction, four limit-
ing mechanisms are possible: (i) if the reaction is
very slow the reaction rate is entirely kinetically
controlled, the total interfacial area being un-
important and the scale-up of the reactor is fairly
simple from small-scale experiments; (ii) if the re-
action is slow, the rate will be controlled by the
transfer rate of A into the liquid; thus both the
interfacial area and liquid side mass transfer co-
efficient (k) will be important; (iii) in the case of
fast reaction, concentration of the dissolved gas A
is very small compared to the reactant B and the
dissolved gas undergoes a pseudo first-order reaction;
thus the transfer rate of A is independent of %
and the scale-up can be done simply on the basis of
effective interfacial area; and (iv) when the re-
action is very fast, i.e. instantaneous, the process is
controlled by the diffusion of the reactants to a
reaction zone close to the surface where the concen-
tration of both is zero. The scale-up of these re-
actions will follow the same pattern as in case (ii).

The mechanism of absorption with chemical
reaction can change significantly with the hydro-
dynamic conditions, concentration of reactive species
in the solution and partial pressure of the solute.

Dr O. P. Kharbanda (Larsen & Toubro Ltd,
Bombay) discussed the usefulness of nomographs
in chemical engineering calculations. The terms
‘class’ and ‘genus’ and determinant technique were
explained citing practical examples.

Shri S. Fareeduddin (Atomic Energy Establish-
ment, Bombay) emphasized the contribution of
chemical engineers to the growth of atomic energy,
mentioning specific areas in which chemical engi-
neering knowledge and skill have been utilized to
solve the various technological problems. These
include ore processing, fuel production and re-
processing, manufacture of moderators, cladding
materials and control rods, reactor design, waste
disposal, etc.
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Prof. Ramalingam Kaparthi (Osmania University,
Hyderabad) discussed the analogy between mass,
momentum and heat transport. These three im-
portant transport processes depend on molecular
properties of the substances involved and the
motion of eddies in a turbulent stream, hence a
close relationship between them is anticipated.
An analogy between the three processes has been
developed from the definition of basic concepts
and study of the transport phenomena in laminar
and turbulent regions of flow, by considering genera-
lized equations of change. Such an analogy helps
in understanding one from a knowledge of the
other well-understood process.

Dr P. K. Katti (IIT, Delhi) presented a theoretical
approach to the physical properties of liquids and
binary liquid mixtures, based on the principles of
molecular physics. A liquid can be treated as a
dense gas in which the effects of attraction forces
are weak and hence there is a lack of resistance to
shear stress. On the other hand, X-ray diffraction
patterns of the liquids reveal structures similar to
those of disordered solids referred to as quasi-
Molecular models deal with the nature
and the magnitude of the forces between the mole-
cules, relative orientation of the pairs of molecules
and their relative position with respect to a parti-
cular molecule. Saturated vapour pressures, latent
heats of fusion and vapourization, adiabatic and
isothermal compressibilities, cubical expansion, sur-
face tension, viscosity and thermal conductivity of
pure liquids are some of the physical properties
much sought after by chemical engineers and which
are amenable to treatment from molecular models.
When dealing with mixtures, in addition the excess
properties are to be considered which are indicative
of the nature and the magnitude of the forces be-
tween the pairs of unlike molecules and which
account for the deviations from ideality of the
mixtures. Tables of data were presented showing a
remarkable agreement between the experimental
and calculated values of boiling points under con-
stant pressure, viscosity and other properties of a
number of binary mixtures.

Prof. R. Bisanz (IIT, Madras) discussed chemical
engineering aspects in cellulose industry, presenting
a short survey of the sources, structure and chemical
composition of wood and eellulose fibres. Industrial
processes for the manufacture of cellulose pulp and
the types of equipment used were reviewed, with
stress on the purification of chemical pulp. A
comparison of the methods for making nitrocellulose,
acetic cellulose and viscose rayon was presented.

Prof. G. Narsimhan [National Chemical Laboratory
(NCL), Poona, now at IIT, Kanpur] elaborated upon
the concept and use of mathematical models in process
research. A model represents a system as com-
pletely as possible by bringing together related facts
and observations and correlating available data for
use in the prediction of the system behaviour under
unknown conditions. Two important areas of
model application are those dealing with analogue
simulation and scale-up and the other with process
control optimization. The technique of analogue
simulation helps the process designer in getting an
understanding of the fundamental mechanism of
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the process, by combining the rate data (measured
or assumed) of the chemical reactions involved in
a reactor in such a manner that the operation of
the reactor is simulated. Thus the pilot plant is
used to obtain data for use in the simulation
of the full-scale operation of the process, leading
to a more reliable scale-up to the production
plant.

Prof. G. S. Laddha (A.C. College of Technology,
Madras) covered the field of liquid-liquid extraction
dealing with the recent investigations on the effect
of solute transfer on dispersed phase holdup, drop-
let behaviour in packed columns and relationship of
holdup with overall mass transfer coefficients. He
presented a new model for the interpretation of
mass transfer data, involving overall mass transfer
coefficients based on actual area of the dispersed
phase and on superficial area of the packed column.
A knowledge of the interfacial contact area may be
obtained from dispersed phase holdup and the mean
droplet size.

Prof. O. M. Poltorak (Unesco Expert, IIT,
Bombay) discussed the theoretical and engineering
aspects of the adsorbed catalyst. An adsorbed
catalyst consists of an active component distributed
over a surface of inactive adsorbent. It was shown
that by varying the conditions of preparation of
the catalyst, for instance, platinum over silica gel,
it is possible to change the structure of the platinum
from crystalline to molecularly dispersed layers,
hence enhancing the specific surface hundred- and
thousandfold compared to the crystalline adsorbed
catalyst. Thus to have the same activity for a
given sample a much smaller amount of expensive
platinum is required. In addition, molecularly dis-
persed layers of platinum are much more resistant
to sintering and their properties are not altered
even at 500-700°C.

Dr D. V. S. K. Rao (Hindustan Lever Ltd, Delhi)
dealt with the drying of solids, which is an im-
portant wunit operation in the manufacture of
refractories, food, textiles, paper, etc. The earlier
theories of drying, i.e. diffusion and capillary, explain
most of the observed phenomena, but the recent
studies also take into account the effect on drying
of the properties of the material such as conducti-
vity and structure. The driers used in different
industries vary in their types and designs and are
developed to meet specific demands. The evolution
of two new types of driers, i.e. fluidized bed and
foam mat, opens new fields for investigation.

Dr Asghar Husain (RRL, Hyderabad) spoke on
batch distillation which is an important technique
used for the isolation and purification of substances
in the laboratory or pilot plant operations, or in
small-scale industries, such as the manufacture of
pharmaceutical and perfumery-grade products. In
view of its unsteady nature, the effect of variables
is much more complicated than in continuous
distillation; here holdup plays an important role,
whereas it does not have any effect in continuous
operation. Depending upon the values of the reflux
ratio, number of theoretical plates and relative
volatility of the mixture, the holdup-to-charge ratio
may have an effect, either beneficial or detrimental,
on separation.

A simplified method has been suggested for the
design of batch distillation columns incorporating
correction factors to account for the effect of holdup.
More rigorous methods are based on Zuiderweg’s
and Buiten’s theories. A two-stage concept has
been presented, in the first stage the column pro-
duces concentrated fractions in more volatile com-
ponent at a constant reflux ratio and in the second
stage it removes traces of the same component at
an increased reflux rate. Optimum conditions for
both stages can be calculated from the equations
derived on the basis of Zuiderweg’s and Buiten’s
theories respectively.

The field of chemical reaction kinetics was re-
viewed by Dr L. K. Doraiswamy (NCL, Poona).
Methods were outlined for determining the rate
equations for three distinct types of reactions —
vapour-phase reactions on a catalyst surface, gas-
liquid reactions, and non-catalytic solid-fluid re-
actions. These form important groups of chemical
reactions in the chemical industry. The establish-
ment of an equation adequate to provide a plausible
explanation for the effect of operating variables is
much sought after by a chemical engineer. However,
it must be emphasized that the development of a
rate equation is only the beginning and the factors
such as velocity of the feed, catalyst effectiveness,
recycle, degree of backmixing and the thermal nature
of the proposed operation have to be examined
in the complete design of a chemical reactor.

In catalytic reactions, the catalyst operates by
the adsorption of the reactants on its surface,
which may be either physical adsorption in the form
of thin films or an activated adsorption (chemi-
sorption); in the latter case, the reactants are be-
lieved to be in actual chemical combination with an
active centre on the catalyst surface. Any kinetic
model for interpreting the rate data should obviously
take into account the various steps involved, viz.
diffusion and adsorption of the reactants, actual
chemical reaction and desorption and diffusion of
the products to the main stream. The slowest of
these steps controls the overall reaction. Every
possible mechanism has to be assumed and constants
determined, thus eliminating all but one or two
mechanisms as the most plausible. Under non-
catalytic solid-fluid reactions, some of the important
industrial reactions are chlorination and reduction
of ores, decomposition of calcium carbonate, and
Kolbe-Schmitt carbonation of phenols in a liquid
medium. In such cases also equations of the form
developed for reactions catalysed by a solid surface
will hold good. But since the solid surface conti-
nuously decreases with time, a term will have to be
introduced for the changing effective surface area
of the solid.

Dr P. S. Murti (RRL, Hyderabad) spoke on heat
transfer to two- and three-phase systems, which is
of considerable importance in many chemical pro-
cesses such as in fixed bed regenerators, fluidized
and trickling bed reactors, liquid phase-solid cata-
lysed hydrogenation, oxidation reactions, etc. The
recent advances relating to interpretation and corre-
lation of heat transfer to gas-liquid flowing systems
in bare and packed tubes, and to three-phase systems
where the solids are kept in an agitated state were
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reviewed. Areas in which further work may profit-
ably be carried out were indicated.

Important aspects of mechanical operations which
comprise a wide field of great practical and economic
significance in process industries were brought out
by Prof. D. Venkateswarlu (IIT, Madras). These
include size reduction, size enlargement, separation,
mixing, storage and transport of materials. Each
of them may again be classified into several im-
portant and distinct operations. As a preliminary
to their study, properties of solid particles and
methods of determining particle size, shape, surface
area, pore volume and surface energy are to be
considered. The objectives of different operations,
classification, characteristics and performance of
the equipment used and factors to be considered in
their selection were dealt with. The theories of
Kick, Rittinger, Bond, Holmes and Harris for size
reduction of materials, concept of the degree of
mixing, flow properties of solids, etc., were also
discussed. A good account of work on fluid-energy
mill was given.

Dr P. K. Banerjee (RRL, Hyderabad) presented
a comprehensive survey of mass transfer columns,
mentioning the progress made in the past 30-40
years in developing various types of gas-liquid
contacting equipment. Bubble cap columns, the
oldest in this field, still hold a commanding position
followed by the other well-known sieve plate and
packed columns. The bubble cap plate construc-
tion itself has been modified in various ways to
give added advantage for specific separations.
During the last ten years tremendous progress has
been made in the field of new column constructions
to facilitate distillation of heat sensitive mixtures
under high vacuum; besides the advantage of their
low pressure drop are their high throughputs and
better mass transfer efficiencies. The constructional
features and performance characteristics of different
columns including the newer trickling columns, such
as plate packet nylon thread, Kirchbaum-Stora
column, horizontal column, and Luwa fractionator
were dealt with.

Prof. N. Gopal Krishna (Regional Engineering
College, Srinagar) discussed the design aspects of
fluidization columns, with emphasis on the charac-
teristics of mixed size beds, continuous air classi-
fication technique and importance of phase diagrams
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in understanding the flow regions of fluid-solid
systems. A correlation of the variables involved
was presented.

Solid-liquid extraction, with special reference to
oilseed extraction, was reviewed by Shri V. Krishna-
moorthy (RRL, Hyderabad). Different types of
extractors, problems related with preferential
extractability of major and minor constituents of a
solid feed, design principles, etc., were discussed.

Shri K. Seshacharyulu (RRL, Hyderabad) spoke
on problems related to project development. The
general approach to the organization of chemical
engineering project, use of models in scaling up,
and the influence of various design factors on the
total cost of the project were elaborated. An
account was given of the start-up procedures and
production planning and control methods. With
the help of diagrams the functions of various engi-
neering personnel were explained.

Demonstrations

Pilot plant demonstrations were given on the
following: (1) low temperature carbonization, briquet-
ting and gasification of coal; (2) tar hydrogenation
and distillation; (3) fractionation and extraction
of tar acids; (4) prototype plant for the manu-
facture of active carbons; (5) fatty acid distillation;
(6) sintering, clay washing, size reduction and sepa-
tion; and (7) processing of cottonseeds and conti-
nuous refining of crude oil.

Pilot plant experiments were arranged on batch
distillation, spray-drying, solid-liquid extraction and
esterification.

The analytical techniques of thin layer and
gas-liquid chromatography and gas analysis were
demonstrated.

Conclusion

On the closing day, comments and suggestions
were invited. There was a general appreciation of
the conduct and organization of the summer school,
and some suggestions were made for making the
future summer schools more useful. The topics
assigned to some speakers were considered too vast
to cover in an hour, though it was appreciated
that a general coverage rather than specialized
treatment of different subjects had been attempted
in this first summer school.



Some Aspects of Charge Transfer Interactions in
Non-electrolyte Mixtures®*

I. D. WATSON & A. G. WILLIAMSON
Chemistry Department, University of Otago, Dunedin, New Zealand

N most theories of the behaviour of non-
I electrolyte solutions the major contributions to

the deviation from ideal mixing defined by the
relation?!

AGigea = Zix; RT In x;

are attributed to the dispersion forces?. In such
theories the deviations are expected to be positive
and the theories would be expected to be applicable
to mixtures of non-polar molecules. Negative
deviations from ideal behaviour in mixtures of mole-
cules very different in size (e.g. solutions of poly-
mers) can to a large extent be accounted for in
terms of geometrical considerations only®. Large
negative deviations from ideal behaviour in mix-
tures of similar sized molecules have long been
attributed to an often unspecified ‘compound
formation’ between the components of the
mixtures®®. In many cases where there is a
possibility of formation of hydrogen bonds® between
the components this approach, which supposes that
the real mixture may be regarded as an ideal
mixture of the initial components A and B in
equilibrium with one or more ‘ complexes’ formed
on mixing, has been fairly successful. Among the
systems whose thermodynamic properties have been
correlated in this way are acetone + chloroform?,
and 1,4-dioxane - chloroform8®. There are, how-
ever, cases such as that of 1-hydropentadecafluoro-
n-heptane 4 acetone?, where the assumption of a
specific hydrogen bond interaction is inadequate
and there are also large non-specific interactions to
be accounted for.

The existence in the solid state of compounds
formed between molecules normally regarded as
‘saturated ’ and between which no chemical bonds
can be envisaged has been known for many years.
One of the earliest such compounds reported® has
the formula CHI,.3(C,H,N). Since the investigation
by Benesi and Hildebrand!*:'? in 1948 of an absorp-
tion band at 2970 A. in the ultraviolet spectrum of
solutions of iodine in benzene which is not present
in either pure benzene or in regular* solutions of
iodine, there has been a renewed interest, both
experimental and theoretical, in the ‘ charge transfer
interactions ’ leading to such spectral behaviour.
Theoretical aspects of charge transfer interaction
between molecules with electron donor properties
and those with electron acceptor properties have
been recently reviewed by Mulliken!® and Mulliken
and Person* and studies of the solid complexes
have been reviewed by Hassel and Romming?s.
Much of the recent interest has been in the solid

*Contribution to the Symposium on Chemical and Non-
chemical Interactions sponsored by the University Grants
Commission and held at the University of Gorakhpur,
Gorakhpur, UP, February 1965.

complexes formed by halogen molecules. As yet less
attention has been paid to the effects of this kind of
interaction on the behaviour of non-electrolyte solu-
tions and less still to solutions in which the electron
transfer interaction is between electron donors and
halogen atoms in molecules such as the tetrahalides.

Again, there is a long standing knowledge of solid
state complexes formed between tetrahalides of
group IV elements and electron donors. A brief
survey of the literature'®4? (also Kershaw, R. W. &
Williamson, A. G., unpublished work) reveals evi-
dence of more than 70 solid ‘ molecular complexes ’
formed by tetrahalides of C, Si, Ge, Sn and Ti with
ethers, amines, acid chlorides and aromatic com-
pounds. In the case of the higher atomic weight
members of group IV, there is some indication that
the interaction is between the donor atom and the
central atom of the tetrahalide although more
investigations are needed to clarify this. In the
case of carbon, however, this does not appear to be
so. Rather do the interactions appear to be directly
with the halogen atoms. The complexes formed by
carbon tetrachloride with which much of the remain-
der of this paper will be concerned are summarized
in Table 1.

Nearly all the evidence for compound formation
comes from binary solid-liquid phase diagrams.
The formation of a molecular compound, parti-
cularly one with a melting point considerably
higher than the eutectic temperatures, is a reason-
able but not necessarily conclusive indication of
strong interactions between the two components in
the liquid. The formation of the solid compound
depends on geometrical considerations and it is
possible, for example, to obtain compounds in which
this, rather than the interactions, appears to be
the main factor as, for example, in the system
dioxane + anisole?8. Further, the solid-liquid dia-
grams can give only a rough indication of the
relative strengths of the interactions via the slopes
of the solid-liquid lines and practically no direct
information of their nature.

Perhaps the best indication of the nature of the
interactions comes from the spectrophotometric
investigations, where the appearance of a ‘charge
transfer band ’- which is- conclusive evidence of this
kind of interaction, shows clearly that it is present
in solution and cdn be used to measure its strength.
The first such indication of charge transfer inter-
actions involving halogen atoms bonded to carbon
appears to be the work of Stevenson and Coppinger4?
who found a shift in the ultraviolet spectrum of
solutions of triethylamine with chloroform, carbon
tetrachloride, fluorotrichloromethane and bromo-
trichloromethane which could be attributed to
interaction between the nitrogen atom of the amine
and the halogen atom in the other compound. The
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equilibrium constants for the assumed process

A+D=4D
are given below:
Acceptor CHCI, CCl, CFClg
K|litre mole-! 0-085 0-096 0-074

It is interesting to note that two different specific
interactions have now been identified for mixtures of
chloroform and triethylamine, the hydrogen bond
interaction which can be identified and measured
quantitatively from the proton magnetic resonance
spectrum® and the charge transfer interaction
mentioned above. The only other systems in which
charge transfer interactions involving carbon tetra-
chloride appear to have been positively identified
from ultraviolet spectra are CCl; + benzene and
CCl, + mesitylene systems for which Anderson
and Prausnitz®® have measured the equilibrium
constants shown in Table 1.

In mixtures of carbon tetrachloride + benzene
the charge transfer interaction appears to be suffi-
ciently strong to have a significant effect on the
thermodynamic properties. The heats of mixing
while positive and ‘regular’ in form are rather
smaller than those for the similar system cyclo-
hexane -+ carbon tetrachloride, and whereas the
heat of mixing of a system in which only dispersion
forces operate usually decreases slowly with increas-
ing temperature, that for carbon tetrachloride 4
benzene increases rapidly with increasing tempera-
ture. Similarly, the temperature coefficient of the
volume of mixing for this system is large and positive
in contrast to the small temperature coefficients of
systems like carbon tetrachloride and cyclohexane.
Both of these properties indicate the fairly strong
specific interaction between the components in the
benzene + carbon tetrachloride mixtures.

It has been shown recently*® that the heat of
mixing of carbon tetrachloride and 1,4-dioxane
system is completely dominated by the specific
interactions between the components being large
and negative (—270 J mole! at x = 0-5) at 25°C.
and having a large positive temperature coefficient.
The volume charge on mixing at 25°C. for this
system (Kershaw, R. W. & Williamson, A. G.,
unpublished work) is also large and negative al-
though this alone should not be taken as an indica-
tion of specific interactions since it has been
shown®1:%2 that such negative volume changes can
be explained at least for some simple systems in
terms of van der Waals’ interactions only. Similar
results have been observed for the system poly-
(propylene oxide)-dimethyl ether in which the heat
of mixing and volume of mixing are negative over
the whole composition range (Kershaw, R. W. &
Malcolm, G. N., unpublished work). Preliminary
measurements on mixtures of carbon tetrachloride
with diethyl ecther, tricthylamine and pyridine
indicate that the heats of mixing of all these systems,
in which electron donor-acceptor interactions are
possible, are also exothermic.

Another approach to the investigation of the
charge transfer interactions in solution is via the
extended lattice theory of solutions developed by
Barker?? and Barker and Smith®. In this treatment
the quasi-chemical approximation is applied to the
distribution of contact pair interactions for a lattice
model in which the molecules are supposed to have
various kinds of ‘contact points’. An energy of
interaction Uy, the difference between the potential
energy of interaction of an #j contact pair and the
mean of the potential energies of 77 and 75 contacts
is assigned to each unlike contact. The properties
of the mixture may then be expressed as a function

TABLE 1 — MoLECULAR COMPLEXES IFORMED BY CARBON TETRACHLORIDE (A)

Donor molecule (D) Compound
Benzene AD
A,D
Toluene AD
p-Xylene AD
Mesitylene AD
Pseudocumene AD
Diethyl ether AD
AD,
Anisole AD
A,D
Tetrahydrofuran ?
1,4-Dioxane AD
Methyl-m-cresyl ether AD
Triethylamine
Pyridine A,D
Acetone AD

Ethyl acetate

AD? or AD,?
Butyric acid AD

Methanol Compds ?
AD,
Nitrobenzene Compds ?

m.p. or Ky Mcthod Reference
—34, I, 1 PR, P 31, 27, 36
j (A P, P, P 31, 27, 36

K = 0-009 uv 39
HE, VE 36, 41

—67-2 2 36

—4 P 43

K = 0113 uv 22

—433, —473 B, P 36

—86°5 P 27

1 P 27

—57-3 P2 36

I R 17

I P 18
=17-5, —182 e, P 38, 30

HE, VE 40

—42 P 17

HE —

=—A4%6 P 26

I £ 27

VE 42

1 £ 26

— P 44

—_ IR 25

P 44

—_ 2 45

I = incongruent; K = equilibrium constant in litre mole-!; P = phase diagram; HE = heat of mixing; VE = volume
of mixing; UV = ultraviolet spectrum; and IR = infrared spectrum.
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of the properties of the lattice, the relative numbers
of lattice sites occupied by each molecule, the
numbers of contact points of each type on the
molecules and the values of the Uj;. Positive
values of Uj; indicate that the interaction between
7 and 7 sites is weaker than the arithmetic mean of
the 7« and j-j interactions and negative values
indicate an attractive potential which is stronger
than the arithmetic mean.

This treatment has been applied to the mixtures
of carbon tetrachloride with poly-(propylene oxide)-
dimethyl ether in which the polymer is assumed to
have two kinds of contact point, hydrocarbon (I)
and oxygen (O) and the carbon tetrachloride is
supposed to have one type (Cl) (Kershaw, R. W. &
Williamson, A. G., unpublished work). Since the
lattice model is essentially one for constant volume,
the experimental data GF and HF at 5°C. and 1
atm. pressure have been corrected to values of
AE and UF at constant volume. Of the three
energy parameters Uo_1, Ur—q and Up_q it is found
necessary to make Ug_c negative in order to obtain
agreement between the theory and experiment.
It has also been found that the same numerical
values of Up_1, Ur—ci and Uo—q reproduced the data
for carbon tetrachloride 4 dioxane system (in which
the same kinds of contact point may be assumed)
within about 20 per cent. The data for this system
have been extrapolated to 5°C. from the experi-
mental observations and in view of the approxima-
tions made in the extrapolation and in correcting
the extrapolated values to constant volume such
agreement is quite promising. The negative value
of Uo_q required again suggests a strong attractive
interaction between the oxygen (donor) and the
carbon tetrachloride (acceptor).

It seems probable that the interactions between
carbon tetrachloride and electron donors might be
significant in a number of other systems. Dacre
and Benson®* have applied Barker’s theory to mix-
tures of several #-alcohols with carbon tetrachloride
allowing the contact points I (alkyl hydrogen),
O (oxygen), H (hydroxyl hydrogen) and Cl (chlo-
rine), and assuming that

Ur—o = Ur—a = Ui_u = Uo-a

so that only three energy parameters Uon, Una
and Ujo were required. Although the relative
magnitudes of the excess free energies and excess
energies of mixing of CCl, with alcohols ranging
from C,H;OH to CgH,,OH could be fitted fairly
well with Uog = —5000 cal. mole-!, Ug_c =—1800
cal. mole-! and small values of Ujo ranging from
0 to 13 cal. mole! the detailed shapes of the curves
for Uﬁ were not well reproduced. A common fea-
ture of the results was the inability of the theoretical
treatment to reproduce the rapid fall in UE at high
alcohol concentrations and the change in sign of
U7 in this region for the lower alcohols. Part of this
failure could well be due to neglect of the special
nature of the O-Cl interaction and it would be of
interest to see whether an extended treatment with

0> Up-a # Ui-o

would improve the agreement. Liddel and Becker2®
have suggested that the frequency shifts in the

infrared spectra of very dilute solutions of methanol
in carbon tetrachloride can be explained in terms
of a specific interaction between the carbon tetra-
chloride and the methanol.

Another system in which it has been suggested4?
that charge transfer interactions may be significant
but in which no detailed allowance has been made
for these effects is acetone 4 carbon tetrachloride.
The heats of mixing® for this system are not
‘regular’ having a maximum at ZXcetone = 0:25
compared with the value %acetone = 0:-54 which
would be expected if the system were regular®.
The volumes of mixing are also unsymmetrical being
negative over most of the composition range but
changing to positive at low acetone concentrations.

There is clearly much more work both experi-
mental and theoretical on carefully selected systems
which needs to be done to achieve a thorough under-
standing of solutions of halogenated compounds.
Spectroscopic studies will undoubtedly play a large
part in this, but further studies of thermodynamic
properties covering a wide temperature range are
also needed. More calculations are needed based
on theories such as Barker’s in which the detailed
interactions are considered. It is to be hoped that
such studies will be undertaken by those with
access to the computers which are virtually neces-
sary in order to carry out the tedious arithmetic
involved.

Summary

A search of the literature reveals evidence which
suggests carbon tetrachloride might act as an
electron acceptor with certain oxygen and nitrogen
containing compounds, and aromatics. Most of the
evidence occurs in solid-liquid phase studies, but
there is also spectroscopic and calorimetric evidence
available. In this review this evidence is examined,
and a possible interpretation in terms of lattice
theories for the interaction is discussed.
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Recent Developments in the Spectroscopy of Uranyl Salts*

K. V. NARASIMHAM
Applied Physics Division, Defence Science Laboratory, Delhi 6

tions on ‘the spectra of uranyl salts by many
workers, the spectra of these salts are not yet
well understood due to complexity in the observed
features and the difficulties in putting forward a
suitable theory for their interpretation. The di-
valent uranyl ion (UO3*) is chiefly responsible for
the observed features in the fluorescence and ab-
sorption spectra and the fluorescence spectra are
observed!-? in the region 4800-6500 A. while the
electronic absorption spectra of these salts
extend4:10-14 from about 4800 to 3400 A. It is,
therefore, of interest to review the progress made in
the interpretation of the observed features of spectra
of uranyl salts and indicate the scope for further
investigation.
The UO3* ion can be considered as a very stable
intermediate product of hydrolysis reaction!®

Ué*t + 40H — UOZ* + 2H,0

IN spite of a large number of detailed investiga-

*Paper presented at the Symposium on Solid State Physics
held at the National Physical Laboratdry, New Delhi, in
April 1964.
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and it behaves like a molecule. From the infrared
and Raman spectral®!? it has been established
that the uranyl ion has three frequencies at about
860 (v,), 210 (v,) and 930 (v;) cm.™, corresponding
respectively to the symmetric stretching, symmetric
bending and asymmetric stretching frequencies of
the uranyl ion. For the linear structure of the
uranyl ion, one would expect the absence of v, and
and v, frequencies in the Raman effect and v; in
the infrared absorption. However, experimentally
all the three frequencies have been observed both
in infrared absorption®1820 and Raman effect!®:1?
though the lines of the prohibited frequencies are
weaker than the allowed ones. These selection
rules are strictly valid only for free ions and do
not, in general, hold good when the ions are in-
fluenced by the crystalline fields. From the X-ray
diffraction studies?!23, there is good evidence that
the uranyl ion has a linear structure.

The interpretation of the fluorescence and the
electronic absorption spectra of these compounds
has been attempted by a few workers. Freymann
and coworkers? analysed both the fluorescence and
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absorption bands as due to one electronic transition
with a very weak or absent 0,0 band. On the
other hand, Pant%1° tried to explain the spectra on
the basis of two electronic transitions between two
close-lying ground states and a common upper state.
These two types of analyses are not satisfactory as
many of the observed features in the spectra could
not be explained. Dieke and Duncan* were the
first to take up a detailed systematic investigation
of the fluorescence and absorption spectra of a large
number of uranyl salts in the form of crystals and
powders. They have divided a large number of
bands in the absorption spectra into a number of
series depending on their experimental behaviour.

These different series of bands have been attri-
buted to the different electronic transitions from
the common lower state to the various excited
states with their associated vibrational levels: as
shown in Fig. 1. The fluorescence spectrum has
been interpreted on the basis of a single electronic
transition from the lowest excited state to the
ground state. This conclusion is based on the fact
that whatever may be the wavelength of excitation
from the ultraviolet to the blue region, the same
fluorescence spectrum is obtained. Frequencies not
only of the uranyl ion but also of the other radicals
in the salts have been identified in the spectra.
The above conclusions of Dieke and Duncan have
been verified by Narasimham and Ramakrishna
Rao, who made an independent study of the fluores-
cence and absorption spectra of a number of single
and double uranyl salts?:8:10-13,

The experimental arrangements to record the
fluorescence and electronic absorption spectra at
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Fig. 1 — Energy level diagram of CsUO,(NOy)s

low temperatures have been fully described by
various workers#:® 724,

Fluorescencé Spectra

The fluorescence spectrum of UOZ* consists of
about six to seven groups of lines having the maxi-
mum intensity in the second and third groups®.
The symmetric stretching frequency v, plays a
vital role in all the spectra of the uranyl compounds
since bands of this fundamental and its overtones are
the strongest in the spectrum and other frequencies
are observed only superposed on the fundamental
and its overtones. The appearance of the v; funda-
mental and its combinations with v, having strong
intensity may be explained as the violation of the
selection rules due to the crystalline fields surround-
ing the uranyl ion. Bands corresponding to the
bending mode of vibration (v,) are usually weak.
In some compounds, this vibration appears with
two frequencies of about 180 and 240 cm.”l. In
sulphates, more than one quanta of v, vibration are
observed and the intensities of the bands corre-
sponding to this vibration are quite considerable?5.

Some weak lines are usually observed adjacent
to the very strong bands of the spectrum with a
separation of about 430 cm.? from the main
bands. These could be attributed to a characteris-
tic frequency of the crystal lattice along with the
frequencies 860, 210 and 930 cm.! of the uranyl
ion711,12,14,24,26 Tp addition, lines corresponding to
the frequencies of other radicals in the compounds
are also obtained. For example, in the spectra of
the uranyl nitrate and cesium uranyl nitrate,
lines of the NO; frequencies and in the spectra of
the uranyl sulphate and potassium uranyl sulphate,
lines of the SO, frequencies have been obtained%8:11,
There are some lines whose origin could not be
established and they might be due to the lattice
interaction with the vibrations of the uranyl ion
and other radicals. Only further experiments would
clear up this matter.

Detailed analyses of the fluorescence spectra
have been given by Dieke and Duncan? for cesium
uranyl nitrate and cesium uranyl chloride and by
Narasimham and Ramakrishna Rao? and Narasim-
ham® for uranyl acetate, nitrate, sulphate, anhydrous
fluoride, fluoride I, fluoride II, chloride, phosphate,
oxalate, potassium uranyl sulphate and ammonium
uranyl sulphate.

- Electronic Absorption Spectra

Unlike the fluorescence spectrum, the electronic
absorption spectrum of a uranyl compound is
complicated due to the overlapping of different
systems. There are usually three distinct series of
bands in the visible absorption region and a fourth
series in the near ultraviolet, corresponding to the
fluorescence, magnetic, diffuse and ultraviolet series
respectively of Dieke and Duncan?. These four
series might be considered as due to four electronic
transitions from a common ground state to the
different excited states. In each system, the bands
can be analysed on the basis of the vibrational
frequencies of the uranyl ion, the crystal lattice,
and other radicals in the compounds as in the fluores-
cence spectrum.
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To classify the absorption lines into the different
electronic systems, polarized absorption experiments
in different directions with single crystals of
the compounds would be very helpful since the
component of a given electric dipole oscillation in a
given plane in the crystal is determined primarily
by the two electronic states whose combination
produces this oscillation. For each direction of
the crystal, the spectra are recorded with the two
polarized horizontal and vertical components sepa-
rated. Some bands are strong in one component
while they are weak or totally absent in the other
component. This method has been utilized by
Dieke and Duncan? for cesium uranyl nitrate and
cesium uranyl chloride and by Narasimham and
Ramakrishna Rao?*? for uranyl acetate and uranyl
nitrate.

Dieke and Duncan* gave the detailed analyses
of the absorption bands only for cesium uranyl
nitrate and cesium uranyl chloride, though they
have studied a large number of compounds. Nara-
simham!1%14 has proposed detailed analyses for
the electronic absorption spectra of uranyl acetate,
nitrate, phosphate, oxalate, chloride and three
different varieties of fluorides, on the same lines of
Dieke and Duncan.

The existence of a few more series in addition to
the above four series cannot be ruled out since the
origin of quite a few lines in the absorption spectrum
could not be established. It is probable that some
of them are due to the interaction of the crystal
lattice with the vibrations of the uranyl ion and
other radicals in the compounds.

Infrared Absorption Spectra

The infrared absorption spectra of a number of
uranyl compounds have been studied by many
workers including Lecomte and Freymann?,
Sevchenko and Stepanov!8, Jones and Penneman',
Narasimham?® and McGlynn et al.?. In all the
spectra, the antisymmetric stretching frequency vs
appears with great intensity whereas the bands
corresponding to v; and v, are usually weak. In
addition to the uranyl frequencies, bands belonging
to the vibrations of the ligands in the salts appear
in the spectra.

Effect of the ligand field — It is difficult to evaluate
precisely the effect of the ligand field on the uranyl
ion due to an inadequate knowledge of the position-
ing of the ligands with respect to the uranyl atoms.
Only in a few cases, the X-ray data are helpful.
For example, in the trinitrate uranyl ion, UOy(NOy)s,
the three nitrate ions are coordinated with uranium
in an equatorial plane. The two axial oxygens of
the UOZ* group are in a line with the uranium atom,
one directly above and the other directly below.
Thus the six U-O coordination bonds'lie in the
plane prependicular to the two axial U-O bonds of
the uranyl ion. The resultant equatorially applied
field will affect the uranyl ion and modify its spec-
trum to some extent, but since the axial U-O distance
is much shorter (1-60-1-92 A. depending on the
affixed equatorial ligands) than the equatorial
U-O length (~ 2-5 A.), the spectrum is primarily
influenced by the axial field, the equatorial field
exerting only a small perturbing influence. The
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- shift of 331 cm..

changes in ligation in different uranyl compounds
produce variations in the values of symmetric
stretching frequency v, (in the range 800-900 cm.™) and
the antisymmetric frequency v (in the range 850-1000
cm.”!). McGlynn et al.?® who studied the ligation
effects on the infrared spectrum of the uranyl ion
have shown that a ligand series may be defined
using the antisymmetric stretching frequency of
the UOZ* and this series exhibits a remarkable
parallelism with the spectrochemical series.

Isotope Substitution

Dieke and Duncan* have studied thé effect of
isotopic substitution on the spectra of CsUOy(NO,),
and CsUO,Cl,. When the spectra are taken with
the enriched samples containing from 53 to 83 per
cent U5 maximum shifts of about 07 cm.? are
observed for all the v; lines, agreeing with the
calculated value from theory. The v, lines do not
show any shift as required by the theory.

The results of O® substitution (1-:36 per cent O)
are more pronounced, as expected. Isotope shifts
up to 166 cm. have been observed in the fluores-
cence spectrum of CsUQ,(NO,);. Such a shift is
expected for the excitation of five quanta of vibra-
tions in the asymmetric molecule O#UO. A
shift of about 31-4 cm.™ has been observed for the
v, vibration agreeing quite well with the expected
As the O!® concentrations are
still very low, the shifts of v, lines are too weak to
be detected with any degree of certainty. It is
desirable to work with higher O!® concentrations as
the information to be derived from the oxygen-
isotope effect for the v, lines would be of decisive
value for their interpretation.

Zeeman Effect

The effect of the magnetic field on the uranyl
spectra was investigated by Dieke and Duncan*
Whereas Zeeman splitting is not observed in the
fluorescence spectrum, it is observed in the absorp-
tion spectra of uniaxial crystals. TFor the observa-
tion of the Zeeman effect in these compounds, the
0-U-O direction in the crystal must be a symmetry
axis. In such a case, the angular momentum
around this axis is quantized (quantum number }).
Except for the states for which A =0 (I states)
all other states (m, A, ...) are doubly degenerate in
the absence of a magnetic field. This degeneracy
is removed when the magnetic field is applied
parallel to the axis of the symmetry with the result
one of the two coinciding energy levels will be raised
and the other lowered by the amount

¢ o o G
4mc
where G is the amount of the normal Zeeman shift.

These theoretical predictions have been confirmed
experimentally? mainly in the absorption spectrum
of CsUOy(NO,);. The crystals of this salt have a
threefold axis of symmetry parallel to the U-O
direction. When a magnetic field is applied on a
single crystal of this salt with the symmetry axis
parallel to the field vector, many lines are split into
doublets. There is no splitting when the optic
axis is normal to this field.
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All the lines in the absorption spectrum do not
show the Zeeman effect. Only one series of lines
have been found to split into two components each
and this series was called the ‘ magnetic series’ by
Dieke and Duncan®. The name has also been used
for an analogous series of lines in compounds, in
which no Zeeman effect was noticeable.

Paramagnetism of the Uranyl Ion

The uranium atom has six valence electrons and
has the electronic configuration ... 5/36d7s? accord-
ing to Seaborg®. In the uranyl ion, twelve elec-
trons are involved in binding, six from the uranium,
four from each of the two oxygens and minus two
to account for the doubly positive charge of the

ion. By filling these electrons into the molecular
orbitals, we have the electron configuration as
follows:

(14)2(1og)*(1mu)*(1mg)*

This configuration gives a totally symmetric sing-
let ground state !X} for the ion®'. As there are no
unpaired electrons, the uranyl compounds are
expected to be diamagnetic. But a temperature-
independent paramagnetism has been definitely
observed by Freed and Kasper®® and Lawrence33.
Van Vleck® attributed this paramagnetism to the
matrix elements of the magnétic moment operator
BIL42S) between the ground state and higher
states. The contribution from the spin magnetic
moment is zero since all spins are paired off in the
ground state. As the largest orbital contribution
comes from the two 5f; bonding electrons, Eisenstein
and Pryce®® have assumed that f electrons are
responsible for the magnetism of the uranyl ion.
Belford?® and Belford and Belford®?” have shown,
from the orbital overlap integral calculations, that
the 5fc uranium orbitals do not overlap much with
the oxygen orbitals as the 64 orbitals do and that
considerable = bonding also might be involved.

Electronic States of the Uranyl Ion

There is little doubt from all experimental evi-
dence that the ground or normal state of the uranyl
ion is a X, for the uranyl ion. However, the nature
of the excited states is not yet understood with any
certainty. Of the various electronic transitions in
the absorption spectrum, only one has shown the
Zeeman splitting of the lines. In a dipole transi-
tion, the transitions for which A remains unchanged
will not be split in a magnetic field, whereas those
for which A changes by 1 will have doublets with
the observed width of splitting. These considera-
tions have led Dieke and Duncan* to assume that
all those systems without splitting in the magnetic
field are due to X-X transitions, while the upper
electronic state of the magnetic series which show
the Zeeman splitting might be a = state.

McGlynn and Smith3 have made calculations of
1-electron molecular orbital (MO) energy levels of
UOZ* and have come to the conclusion from group
theoretical considerations and also studies on the
solution absorption spectrum of UO,NO;3;.6H,O that,
in the visible absorption band of the uranyl ion,
there are at least three distinct electronic transitions,
which are the three components of a triplet-singlet
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Fig. 2 — Tentative energy level scheme of the UO2 ion
spectrum

process. Thus, according to them, the lowest lying
excited level is probably a 3r, as shown in Fig. 2.
Transitions from the X, to the three components of
the 3x, would give rise to fluorescence, magnetic and
diffuse series in the visible region, while the transi-
tion 1X,-1%, would give rise to the ultraviolet series
observed in the ultraviolet region. The absorption
spectrum has been attributed by them as due to
transfer of charge from the oxygens to the uranium.

Recently, Fayt ef al.3® from their studies of the
influence of complexation on the absorption spectra
of the uranyl ion have found evidence for the idea
of an excited triplet state.

Summary

The important recent advances in the spectro-
scopy of uranyl salts are reviewed. That the
fluorescence spectrum in these salts is due to a
single electronic transition from the lowest excited
state to the ground state is established beyond
doubt both by experiment and theory. However,
the number and nature of the excited states in the
absorption spectra are not thoroughly understood,
though there is some evidence for an excited triplet
state. No definite information is available about
the extent of interaction of the crystalline field on
the uranyl ion in different salts, though the fact
that the ligands in the uranyl salts affect the uranyl
frequencies to some extent is well established.
Further experiments such as studies of various
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isotope substitutions, polarization characteristics
in the absorption spectra, infrared spectra of com-
pounds of spectrochemical series and the effect of
the magnetic field on the spectra of a large number
of compounds would clear up many of the difficulties
encountered in the interpretation of the observed
features of the spectra of uranyl salts.
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Thermodynamic Criteria of the Nature of Bonding in Dye Aggregates®

(Miss) K. K. ROHATGI & G. S. SINGHAL
Department of Chemistry, Jadavpur University, Calcutta 32

studied by many workers in relation to

concentration quenching of fluorescence!-?
and wavelength dependence of fluorescence yield®:®.
In the case of chlorophyll, the study of the nature
of stacking of molecules in the aggregate has been
helpful in throwing light on energy migration in
photosynthesis!®. The evidence of aggregation has
been, in general, obtained from nonconformity with
the Beer’s law in the light absorption property of a
compound®'-13 from the concentration dependence
of standard electrode potential of a redox system
or from its electrical conductivity.

Various mechanisms have been advanced for the
aggregation of dyes in aqueous solutions?-813-15,
Since the process does not stop at the dimer stage,
the phenomenon has been associated with the addi-
tive forces of van der Waals’ type®7%13. It has
been suggested that London’s dispersion forces are
responsible for the stacking of dye molecules in
the polymer unit in parallel orientation. From an
extensive study of the heat of association of rhoda-
min dyes, Levschin and coworkers have suggested
that intramolecular hydrogen bonding or bonding
by sandwiched water molecules are involved in
this phenomenon!?-17,

It has been further observed that in alcohol or
glycerol solution aggregation is very small®67.
Addition of alcohol or glycerol to concentrated
aqueous solution may cause disaggregation. This
has been explained as due to influence of dielectric
constant of the medium. That this factor is not
very important has been shown by Arvan and
Zaitsevalt for a number of dyes in single and mixed
solvents of identical dielectric constants. In the
absence of the data on the microscopic dielectric
constant around the dye ion such correlation with
macroscopic dielectric constant may not always be
justified. These workers ascribed a substantial role
to hydroxyl groups of the solvent molecules in dye
aggregation. Thus no "single mechanism can be
put forward to explain the forces holding the dye
molecules together.

Very few attempts have been made for the study
of thermodynamic behaviour of aggregation of dye
molecules, as the accurate determination of the
equilibrium constant of the system is difficult due
to successive polymerization of the dye leading to
micelle formation. Simplification has been intro-
duced by confining to the preliminary stage of
dimerization. An early attempt to study dimer
equilibria and enthalpy changes on dimerization
was made by Rabinowitch and Epstein* for the
systems thionine and methylene blue. The equi-
librium constant for the dimerization of fluorescein

THE phenomenon of dye aggregation has been

*Contribution to the Symposium on Chemical and Non-
chemical Interactions sponsored by the University Grants
Commission and held at the University of Gorakhpur,
Gorakhpur, UP, February 1965.

anion has been determined by Levschin and co-
workers®? and Lavorel?, but a complete thermo-
dynamic study is still lacking. Such a study is
expected to be helpful in understanding the aggrega-
tion tendency of the dye and the nature of bonding
involved in the aggregates.

Study of Two Typical Dyes

Two typical dyes, sodium fluorescein and rhoda-
min B, have been investigated. Sodium fluorescein
at pH 12 has high quantum yield of fluorescence
and aggregates at relatively higher concentrations
as evident from the absorption spectra. Even in
solutions of concentration 10-2M the spectra are not
visibly distorted. On the other hand, rhodamin B
has low quantum yield of fluorescence and the
absorption spectra are deformed considerably at a
concentration of 10-*M. In each case a vibrational
shoulder in the monomer spectrum is enhanced in
proportion to the degree of association. This is
ascribed to the dimer peak.

The equilibrium constant for the reaction

dimer = monomer

has been calculated for the two dyes from the mono-
mer and the dimer peak heights at different gross
concentrations of the dyes. The value of AH for
the aggregating dye has been obtained from the
variation of the equilibrium constant with tem-
perature. For sodium fluorescein, the dependence
of quantum yield of fluorescence on temperature has
been found useful for the evaluation of the enthalpy
change involved in the breaking of the dimers.
From these data, free energy (AF) and entropy
change (AS) have been evaluated. The data are
presented in Table 1 for the dimerization process,
ie. reverse of the reaction as written above. The
experimental details are given elsewhere (unpub-
lished work).

Thermodynamic Criteria of the Nature of
Bonds Involved

Hydrogen bonding — The data presented in Table 1
are very interesting. The value of AH and AS for
sodium fluorescein appear to be normal values, as
is expected when two monomers combine to form a
dimer. The magnitude of these values suggests
that, in the case of this dye, the two molecules are

TABLE 1 — THERMODYNAMIC FUNCTIONS FOR THE
DIMERIZATION OF SopIiuM FLUORESCEIN AND RHODAMIN B
o

AT 30°C
Dye K3 AF AH AS
kcal./mole kcal./mole e.u.
Sodium 4-76 —0-96 —69 —-19
fluorescein
Rhodamin B 143103  —44 —1-0 +11-2
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held together by hydrogen bonding. The entropy
change is negative and the value is what is to be
expected for a single hydrogen bond formation.
This corroborates the suggestion by Levschin and
coworkers®7.

Hydyophobic  bonding — The nearly athermal
nature of dye association and positive entropy
change in the case of rhodamin B is noteworthy.
Many similar examples are available in the thermo-
dynamics of protein aggregation where the re-
actions are even endothermic to the extent of
6-8 kcal. with large positive entropy change!8. In
many instances these reactions go in the direction
they do because of their entropy change which at
room temperature greatly outweighs the enthalpy
effect (TAS > AH). In such cases hydrophobic
bond has been suggested as one of the more im-
portant factors. involved!®. The tendency of the
non-polar groups of proteins to adhere to one
another in water in an attempt to avoid aqueous
environment has been referred to as hydrophobic
bonding. Such hydrophobic interactions provide
most of the free energy that determine the stable
forms of nucleic acid and certain proteins in aque-
ous solutions.

An analogy to this behaviour of non-polar groups
is found in the thermodynamic changes involved in
the transfer of hydrocarbons from a non-polar sol-
vent to water, as discussed by Frank and Evans®.
The process of transfer is invariably exothermic or
athermal with large negative entropy change which
leads to the insolubility of the compound in water.
The process may be written as

Hydrocarbon in non-polar solvent=Hydrocarbon
in water

This shows that the tendency of the non-polar
groups to avoid aqueous environment is governed
not by enthalpy changes as would be required if
hydrogen bonds were broken, but rather by the
fact that by doing so, it will loose a large part of
its entropy. The entropic origin of the low affinity
of non-polar groups for water has long been recog-
nized20:2!, The positive deviation from Raoult’s
law observed for solutions of lower aliphatic alco-
hols in water suggests that the transfer of alcohol
in water is accompanied by increase of free energy
(AF > 0). Yet, it is well known that addition of
alcohol to a large excess of water is exothermic
(AH < 0). This can only mean that although
energetically the process is favoured, the unfavour-
able AF must be due to unfavourable entropy
change.

This entropy effect is also observed in molecules
containing non-polar groups and have been made
responsible for micelle formation by long chain
molecules like soaps and detergents?>-24. The origin
of these large entropy contributions are to be found
in the breaking of ‘ice-bergs’ in the terminology of
Frank and Evans, around the non-polar molecules
when they leave the aqueous environment. These
‘ice-bergs ’ are frozen water round the non-polar
groups and have a different structure than the
normal ice structure. This change in the water
structure has far-reaching implications in biological
systems in which molecules containing non-polar
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groups are always found in aqueous environment.
Hydrophobic interaction increases the association
of water molecules. Water is almost unique in this
respect since it has the highest energy per unit
volume and hence the highest surface tension.
Upon introduction of hydrophobic surfaces, water
associates with itself in order to minimize its surface
energy.

Recently, Mukerjee and coworkers?425 have used
urea as a probe to investigate the contribution of
water structure to dye association. Urea acts by
breaking up the water structure thereby weakening
the hydrophobic bonding, and leading to disaggre-
gation. They have shown that metachromacy of
methylene blue dye and its tendency for association
are governed by the same cause, that is gain in
entropy when non-polar groups leave the aqueous
environment and crowd in their own non-polar
regions to form hydrophobic bonds. A similar
behaviour is observed for rhodamin B in the present
study and, therefore, it may be concluded that the
association of rhodamin B is an entropy directed
phenomenon and not an enthalpy directed -one.
The effect of urea on the fluorescence quantum
yield and the degree of association?® also confirms
the hydrophobic nature of bonding.

_An indirect evidence supporting the view that
dimerization in sodium fluorescein involves hydrogen
bonding and that in rhodamin B hydrophobic
bonding has been obtained from the nature of the
absorption spectra of the dimers of the two dyes
(unpublished data). This completely establishes the
thermodynamic criteria of the nature of bonds
involved. These conclusions are in accord with
the structure (I) and (II) for fluorescein anion and

rhodamin B.
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The fluorescein anion has many more sites for
hydrogen bonding, whereas non-polar groups on
rhodamin may induce hydrophobic bonding.

Summary

The nature of thermodynamic functions AF,
AH and AS for the monomer-dimer equilibria in
dyes, viz. fluorescein and rhodamin B, has been
shown to give an indication of the type of bonding
involved. It has been established that dimerization
in the case of fluorescein involves hydrogen bonding,
whercas in rhodamin B hydrophobic bonding is
involved. The nature of the absorption spectra of
the dimers of the two dyes and their structures
provide additional support to the above view.
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Use of Computers in Dissemination of Scientific Information

A two-ycar experimental programme  sponsored
by the National Science Foundation (NSF), USA,
under a §2 million contract with the American
Chemical Society provides for the establishment,
by the Chemical Abstracts Service, of a computer-
based registry system for chemical compounds based
on chemical structure and for selected research.
About 400,000 references are expected to be fed
to the system cach year, of which 75,000 will re-
late to new compounds; the system will identify
any compound which has previously been pro-
cessed and assign the same number to it each time
1t appears.

Another project sponsored by the NSF with the
American Chemical Society relates to the development
of an economical method of sctting type in printing
by computer. Special attention is being given to the
problem of automatically setting into type of such
unconventional items as diagrams of chemical struc-
tures, tabular material and mathematical formulae.
The basic problem in computerized typesetting is the
development of a simplified method of input coding
to control or instruct the computer on editing.
Changes in author-editor-compositor relationships
that may result from increased use of computer
are under study.

625



Dipole-Dipole Interaction & Dielectric Polarization in
Polar Liquids & Solutions*

BAL KRISHNA, M. L. BALA & S. C. SRIVASTAVA

Laboratory of Physical Chemistry, University of Allahabad, Allahabad

Dipole Moment in Polar Media

CCORDING to Onsager! diclectric constant of a
mixture of polar components can be expressed

in the form
it [[f (DR el )
KT (2etead) (2e ea)

sai(ll)
where € is the dielectric constant of the mixture,
N;, p; and eg; are respectively the number of mole-
cules per cubic centimetre, the dipole moment and
optical dielectric constant of the sth species of the
polar components, and a; represents the radius of
ith species of the molecule. The above cquation
can be utilized? for calculating the electric dipole
moment of a solute dissolved in a polar solvent.
Expressing N; in g. mole/litre, and a? in terms of
molar volume of the pure component and differen-
tiating with respect to C, the gram molar concen-
tration, one obtains for a binary solution

1 o 1 d
(;3;—_;{ [‘rilg,L]C?Vz%rBlc(;VZ] J:—[F( 4 ) = I)’g] ..(2)

A, i dC;
where
4N 02 (e +2)2 (
le—cn[' e e i
H9000KT (2e|-eor)? <L eley1—1) eml}
e N
FBetea "

where the subscripts 1 and 2 refer to the solvent and
solute respectively, C} represents the concentration
of the pure solvent, and 4 and B are given by the
expressions

4=N4 (w1 +2)%e(2e+1)

4

Z9000KT (26t ey ()
4Ny (et 2)e(2e 1) s
27 9000KT  (2efegs)® .
 3Wieleai—1)
B ete) =
3V e(ena—1)
By P A o (7)

where V; and V, refer to the molar volume of the
pure component.

The measurement of de/dC, was carried out at a
frequency of 1 Mc/s. with the help of an instrument
described earlier®4, and the values of the dielectric

*Contribution to the Symposium on Chemical and Non-
chemical Interactions sponsored by the University Grants
Commission and held at the University of Gorakhpur,
Gorakhpur, UP, February 1965.
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constant of the solution were plotted against gram
molar concentration of the solution with water®
and pyridine® as solvents.  The values of dipole
moment obtained employing Eq. (2) are given in
Table 1 along with the values of dipole moment
obtained by Mizutani?.

The value for p for all the substances in pyridine,
with the exception of sucrose, have been found
by Mizutani? by a slightly different method of
calculation. A value of 2-8 D for sucrose obtained
by Landt® is necessarily inaccurate as no account
has been taken of the interaction of the polar
solvent molecules.  Further, with the exception
of glycine, no onc has determined the p values
for these substances in water. The p value for
glycine given by Buckingham® has been caleulated
taking into account the internal field function and
corresponds closely to the theorcetical value.  Our
own value of 11-60 for glycine is 1-7 units less than
13-30 obtained by Buckingham. But this difference
may be disregarded in such caleulations which are
necessarily approximate as no single formula gives
accurate values cither for the diclectric constant
ol a mixture ol two or more polar components or
clectric dipole moment of one or all the components
of the mixture. Buckingham’s formula® itself gives
negative values for electric dipole moment in some
cases.

A close examination of the data presented in
Table 1 shows that a value of 40 in pyridine
for p-ribose obtained by Mizutani’ or 39-17 in
water as obtained by us cannot be correct unless

TasLe 1 - VaLuks For ELECTRIC DIPOLE MOMENT OF SOME
SUGARS AND AMINO Acips IN PYRIDINE AND WATER

(Dipole moment values expressed as px 10" es.u.)

Substance Pyridine Water
Authors Mizutani? Authors
n-Galactose 11-41 11-30 11-64
L-Arabinose 9-22 9:60 11-49
Lactose 17:69 — 17-30
Glycine* —- — 11-60
a-Alanine = — 13-80
a-D-Glucose 799 14-10 12:05
p-Mannose — 11-30 11-93
Rhamnose — - 11-30
Sucrose 12-40 (2-8)1 14-30
Maltose 10-19 = =
(C1aHy,04y, H,0)

D-Ribose 12:66 40-00 39-17
p-Xylose 919 810 19-80
p-Arabinose 4-02 — —
L-Sorbose 11-39 — —

*Value determined by Buckingham?® in water, 13-30.
tValue determined by Landt®.
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the molecule of D-ribose forms a zwitterion. The
formation of zwitterion in the case of D-ribose
is not possible and hence the measurements in
this case needs further investigation. Similarly, a
value of 19-80 for D-xylose does not appear to be
correct. Barring these few exceptions and with
the exception of a-D-glucose, the values of electric
dipole moment as given in Table 1 may be regarded
as reasonable and the small differences observed in
the values obtained in various media and by different
authors may be disregarded in view of the approxi-
mations made.

Chemical and Non-chemical Interaction
between Solute and Solvent

The interaction between solute and solvent mole-
cules present here can be of two types: (i) the pure
electrostatic dipole-dipole long-range interaction be-
tween the polar molecules of the solvent and the
polar molecules of the solute, and (ii) the short-range
interaction leading to the formation of a chemical
bond (e.g. hydrogen bond). The former is already
taken care of by Eq. (1) given by Onsager!?, but
the short interaction or chemical interaction leading
to the formation of hydrogen bonds between the
solute and solvent, if present, would appear to
interfere with the determination of exact values
for electric dipole moment of solute molecules.
This question can be settled by a study of the relaxa-
tion time of the solute molecules in the microwave
region. If a number of solvent molecules are
attached to the solute molecule through hydrogen
bonds, the size of the solute molecules will be appre-
ciably increased and would result in an appreciable
increase of relaxation time and the diameter of the
solute molecules. However, the radius of the
solute molecules calculated on the basis of observed
relaxation time is found to be slightly less than that
expected from X-ray structure. This inevitably
leads to the conclusion that the solute molecules in
the present case rotate individually rather than
with groups of solvent molecules attached to them.

Microwave Absorption Studies

A short introduction to the microwave study is

- useful although the details ‘of measurements have
been given elsewhere. When a polar dielectric is
placed between the parallel plates of a condenser
under the influence of a low frequency field, the
molecules of the dielectric rotate towards an equi-
librium distribution in molecular orientation with
the corresponding dielectric polarization. When
the frequency of the applied field is very high, the
rotational motion of the molecules is not sufficiently
rapid for the attainment of equilibrium with the
applied field and absorptive polarization occurs.
In such cases dielectric constant is introduced as a

complex quantity defined by the equation

e = e —1€" ...(8)
where €* is the complex dielectric constant; €', the
real dielectric constant; and €”, the loss factor.

Both €’ and €” are frequency dependent and may be
expressed in the form

€ =e,+ Yl_(;zz ..(9)

and
= (eo_em)("yr
T 14w?r?

where o and v are respectively the angular frequency
of the applied field and relaxation time of dielectric.
At the frequency o, at which the loss factor be-
comes maximum the following equation holds good:

. (11)

Eq. (11) is usually employed for the calculation
of relaxation time. The same equation is employed
for calculating v when a polar substance is dissolved
in a non-polar solvent. However, there is a com-
plete lack of exact theory for the measurement of
relaxation time of one of the components when a
mixture of two or more polar dielectrics is taken.
Aaron and Grant!!, in the measurement of dielec-
tric loss of glycine in water, have employed the
expression

...(10)

Wyt = 1

A€’

_Here As = 2xC=, where 7 is the relaxation time
of glycine in water, A is the free space wavelength
and C is the velocity of light, and Ae¢’ and Ae”
are the increments in corresponding quantities
when measurements are made on pure solvent and
solution.

In the present case the microwaves (A = 3-04 cm.)
were generated by a klystron oscillator which was
coupled with the rectangular waveguide system
containing the dielectric®. ¢ and €” were measured
employing the equation

Q-] o
=12V wn

where A, is the cut-off wavelength; Az, the wavelength
in dielectric; and a4, the attenuation constant.
Measurements have been confined to seven sugars
dissolved in pyridine. One of the sugars, D-arabi-
nose, does not show any perceptible absorption.
The difficulty in measurement lies in the fact that
the solubility of sugars is little and hence the loss
increment Ae” is small as compared to the loss of
pyridine itself which is as 4-128 in the present
measurement. The radius of the various sugar
molecules was also calculated by employing the
Debye equation

ds'=h ..(12)

and

..(14)

_ Amaty
— KT

where a is the radius of the molecule and 7 is the
viscosity of solvent. The values of the various
quantities are given in Table 2.

From the data presented in Table 2 it is clear
that, with the exception of L-sorbose, the values of
relaxation time and the radius of molecules are in
the same order as their molecular weight. As a
matter of fact the values for radii are a little smaller
than expected from their structural formulae.
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TABLE 2 — RELAXATION TIME IN PYRIDINE AT 25°C.

Substance TFormula A¢’
Maltose CiaHuOy, H;O 0-6000
a-D-Glucose sH1204 0-4769
L-Sorbose C4H 5,04 0-8200
L-Arabinose sH 1005 0-2300
p-Ribose CzH 1,05 0-5484
p-Xylose CsH,;,05 0-9300

Ae” Ae” % 1082 a
Ae’ sec. A.
2-0300 3-3800 54-69 266
1-4220 3-1550 51-05 260
0-5800 0-7073 11-45 1-57
0-6800 29560 47-83 2-55
0-8720 1:6000 25-89 2-05
0-5300 0-5700 9-22 1-47

However, this definitely proves the fact that the
sugar molecules rotate individually rather than
with groups of pyridine molecules attached to the
sugar molecules. The same conclusion has been
arrived at by Aaron and Grant™ in their measure-
ment of dielectric loss for glycine in water. The
reason for this individual rotation is that the energy
required to rotate the individual molecule is slightly
less than the hydrogen bond formation between
solute and solvent and this is what should be
expected! since the bond encrgy is the energy
required to separate two molecules completely.
We are, therefore, justified in assuming that the
hydrogen bond formation does not interfere in the
present dielectric measurements.

Summary

Electric dipole moment data for some sugars
and amino acids in water and pyridine, calculated
by applying Onsager’s cquation, have been criti-
cally examined. It has been shown that, with a
few exceptions, the values of electric dipole moment
thus obtained are reasonably accurate. Chemical
interaction, occurring as weak hydrogen bonding
between the solute and solvent molecules, does not
interfere with the accurate determination of electric
dipole moment of solute molecule. Dielectric loss
measurements, carried out with six sugars at a
frequency of 9-84 kMc/s. with pyridine as solvent, lend
support to the view that in a high frequency field
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the sugar molecule rotates individually rather than
with groups of pyridine molecules attached to it.
Similar studies carried out with glycine in water
lead to the same conclusion.
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Chemical Reactions Induced or Catalysed by Ultrasonic Waves:

Decolourization of Dyes by Ultrasonic Waves

*

SATYA PRAKASH & SHEO PRAKASH
Chemical Laboratories, University of Allahabad, Allahabad

out a preliminary experimental survey of the

chemical effects of high frequency ultrasonic
waves, a large variety of chemical reactions have
been found to take place under the influence of
ultrasonic  waves. Oxidation®4, reduction®8, de-
composition? and hydrolysis® are some of the re-
actions that are cither initiated or accelerated by
ultrasonic waves.  The insonation of solutions of
amino acids?, proteins and carbohydrates'®" leads
to some interesting results, and some workers!'?
have reported that even the benzene ring could
be broken by ultrasonic waves. During the past
few years, we have been interested in carrying out
experiments on the decolourization ol solutions of
dyes belonging to triphenyl methane, azo, azine and
phthalein groups. Some ol the significant results
obtained have been reviewed in this paper.

Most of the reactions taking place in liquid media
under the influence of ultrasonic waves have been
explained on the basis of cavitation, i.c. the forma-
tion and collapse of the cavities produced in the
liquid.  Various theories have been put forward to
account for the activities associated with the cavi-
tation depending upon the thermal, clectrical or
pressure  phenomenon  which are  coincident  with
the bubble collapse. Lindstrom!3 suggested that
active molecules may be formed cither at the birth
of the cavity, durmg its lifetime or during the
collapse of the cavity, and also by the interaction
between the surface layer of the bubble and the
oscillating liquid medium. The energy released as
a result of the collapse of the cavitating bubble
disrupts the water molecule almost in the same
way as ionizing radiations such as X-rays and
Y-rays do'. Thus hydrogen atoms and hydroxyl
radicals are produced as a result of ultrasonic
decomposition of water:

H,0 -H+OH

What happens then with the free radicals thus
formed is a complicated process. The production
of hydrogen peroxide, hydrogen, nitrous acid and
nitric acid has been reported by several workers®14,
and this depends evidently on the many, often very
intricate, factors that influence the reactions where
the chain carriers are the free radicals. The pre-
dominant reactions are probably

OH-+0H —H,0+4-0
H+H ——H,

H+OH ——H,0
H+H,0, —~I,0+0H

SINC]‘Z 1927 when Richards and Loomis! carried

*Contribution to the Symposium on Chemical and Non-
chemical Interactions sponsored by the University Grants
Commission and held at the University of Gorakhpur,
Gorakhpur, UP, February 1965.

When oxygen is present, the possible reaction is
the formation of perhydroxyl radical.

H+0,——>HO,

When nitrogen is present, NO3, NOj or even am-
monia may be produced.

Thus the various types of chemical reactions
occurring under the influence of ultrasonic waves
are secondary ones caused by the active species
formed in the primary reactions.

Decolourization of Dyes

The cffects of exposing aqueous solutions of dyes
such as congo red®, chrysoidine!$, aniline bluel?,
brilliant green'®, rhodamine B!® and bromocresol
green® to the action of ultrasonic waves (1 Mc/s.)
for different intervals of time have been investigated,
and the changes in the colorimetric readings, hydro-
gen ion concentration and specific conductivity of
the readings have been recorded. It has been
observed that the specific conductivity and hydro-
gen ion concentrations of the dye solutions increase
with increase in exposure time. When a solution
of rhodamine B (1-42x 10-M, pH 7-1) is exposed to
the action of ultrasonic waves for 30 min., the pH
of the solution falls to 4-37. The specific con-
ductivity of the solution varies from 0-061x 10-4
mho to 0-454x10-* mho. A colorimetric study of
the kinetics of the decolourization process has shown
that the process is unimolecular. The rate of the
decolourization depends upon the initial concen-
tration of the dye solution; in the case of rhodamine
B solutions of concentrations 1-42, 1-78 and 2-13
% 10-M, the time taken for complete decolouriza-
tion is 30, 40 and 50 min. respectively.

When a small amount (4 per cent by volume) of
ethyl alcohol, #-propyl alcohol, #-butyl alcohol,
diacetonyl alcohol, ether, acetone, or dioxane are
added to the dye solutions (e.g. bromocresol green2?
and rhodamine B2!) before irradiation, the decolouri-
zation is almost completely inhibited. This has
been attributed to the high vapour pressure, sur-
face tension and internal pressure changes. Sub-
stances possessing high vapour pressure, low surface
tension and low internal pressure have been found
to suppress the breakdown of cavitation bubbles
and hence sufficient energy is not available for the
reaction to take place. In non-aqueous media,
ultrasonic waves have not been found to initiate
or accelerate chemical reactions. This has been
attributed to surface tension and the fact that the
values of surface tension and internal pressure for
water are 4 times greater than those of most organic
compounds. Higher the surface tension or internal
pressure, greater will be the cavitation, and hence
the energy released at the time of the collapse of
the cavity will be sufficiently large leading to
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various types of reactions observed in aqueous
medium.

The mechanism of ultrasonic decolourization of
aqueous solutions of dyes is different from that of
photochemical decolourization in the sense that the
primary act in ultrasonic decolourization is not
the activation of the dye molecule. The decolouri-
zation reaction is a sccondary reaction in the case
of ultrasonic waves and is due to the free radicals
produced as a result of subjecting water to the
action of ultrasonic waves. Experiments carried
out to find out whether decolourization is due to
the formation of hydrogen peroxide have indicated
that hydrogen peroxide in the concentration obtained
by ultrasonic exposure of water is not cffective in
decolourizing the dye solutions. In relatively high
concentrations, hydrogen peroxide may bring about
some decolourization but the process is considerably
slow. Since the amount of hydrogen peroxide
produced in water exposed to ultrasonic waves is
small, it is unlikely that there will be any indirect
effect resulting from the formation of hydrogen
peroxide. It is very likely that dccolourization
takes place with a more active reagent prior to the
formation of hydrogen peroxide, if any.

Spectrophotometric studies of the decolourization
of solutions of rhodamine B, brilliant green and
bromocresol green exposed to ultrasonic waves show
that the absorption maximum of the dyes does
not change with the decolourization of the dye on
prolonged exposure. This is because the dye mole-
cules break up into colourless products which do
not exhibit any absorption maximum. Thus the
same absorption maxima obtained for the dyes on
exposure for different intervals of time is due to
the presence of unbroken original dye molecules.

Decolourization of dyes by ultrasonic waves has
been found to be irreversible, and the colour of the
dye solution is not restored either by keeping it
for some time or by the addition of oxidizing or
reducing agents. This shows that the dye molecules
are permanently destroyed. As dyes belong to
many different chemical types, it is clear that no
single or simple mechanism can be put forward to
explain the decolourization of dyes as a class. The
decolourization of dye molecules by ultrasonic
waves may involve oxidation, reduction and de-
composition processes.

Summary

The results of investigations on the decolouriza-
tion of aqueous solutions of some common dyes,
viz. rhodamine B, bromocresol green, congo red,
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aniline blue, chrysoidine and brilliant green, by ultra-
sonic waves (1 Mc/s.) have been reviewed and the
mechanism of the decolourization has been discussed.
Some of the significant findings of the studies are:
(i) the decolourization reaction is unimolecular;
(i1) the pH and the specific conductivity of the dyve
solutions increase on exposure to ultrasonic waves;
(iti) organic substances, viz. alcohols, cther, acetone
and dioxane, inhibit the decolourization reaction;
(iv) in non-aqueous media, ultrasonic waves have
no cffect on the dyes; and (v) the absorption maxima
of the dyes do not change with the decolourization
of the dye. It is concluded that no single or simple
mechanism can be put forward to explain the de-
colourization reaction of dyes as they are of many
different chemical tvpes. It is suggested that de-
colourization ol aqueous solution of dyves may
involve oxidation, reduction  and  decomposition
processes.
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Acid Catalysed Rearrangements in the Sesquiterpenoid Series

T. S. SANTHANAKRISHNAN
National Chemical Laboratry, Poona 8

have indeed provided the stimuli for the crea-

tion of several new concepts and have contribut-
ed much to the general knowledge of reaction mecha-
nism. The chemistry of natural products is a rich
source of novel and interesting rearrangements which
is not yet exhausted. Among the natural products, it
was in terpenoids that rearrangements were earliest de-
tected and studied. A definition of what constitutes
a rearrangement has been put forward by de Mayo!
in a practical and broad sense as follows: ‘ Provided a
change in atomic disposition in the molecule (with
concomitant bond cleavage, ¢ or = and reformation)
has occurred, it has been accepted as a rearrangement
so long as chemical interest justified it ’.

The first modern attack on the theoretical problems
of 1,2 rearrangements was by Meerwein and van
Emster?, who in 1920 demonstrated that cationic
carbon intermediates were involved in the camphene
hydrochloride-isobornyl  chloride = rearrangement.
Although the earlier generation of chemists were
baffled by the structural aspects of the rearrange-
ments of bridged bicyclic monoterpenes (discovered
by Wagner), at present, these have been reduced to
order and clarity by the pioneering work of Winstein?
and others. Thus, among the many new concepts
that have been introduced in the interpretation of
the mechanism of rearrangements, mention may be
made of the hypothetical intermediates, which are
now being called by a variety of names, such as
‘ mesomeric, non-classical, bridged, synartetic, com-
plex ion’ which have replaced the classical, earlier
accepted, carbonium ion intermediates.

A glance in the literature of terpenoids would reveal
the abundance of several kinds of rearrangements
and these may be divided into five broad types: (a) re-
arrangements under dehydrogenation conditions in-
volving alkyl migration and ring formation and ring
cleavage; (b) photochemical rearrangements; (c) ther-
mal rearrangements; (d) base-induced rearrangements
involving carbanion reactions and non-carbanion re-
actions; and (e) acid catalysed rearrangements.

This review comprises a critical survey of the
acid catalysed rearrangements, observed in the field
of sesquiterpenoids. Selected examples are given
to emphasize a definite rearrangement in the original
skeleton; cases of a mere opening of the cyclopropane
ring without any further rearrangement are excluded.
Since the rearrangements discussed are characteristic
of a particular structure, these have been discussed
under each sesquiterpene separately.

REARRANGEMENTS in organic compounds

Caryophyllene

One of the outstanding characteristics of the
caryophyllene molecule is its facile cyclization
involving Wagner-Meerwein shifts under mild acid
conditions to tricyclic compounds.

Commercial caryophyllene (I) was reported®-®
to give on sulphuric acid treatment «-caryophyllene

alcohol, clovene (II) and caryolan-1-ol (III). Recent
investigations”8, however, revealed that highly pure
caryophyllene yielded under similar conditions clovene
and caryolan-1-ol only. No trace or detectable
amount of «-alcohol was produced. The formation
of clovene and caryolan-1-ol has been explained
as shown in Chart 1.

Hjﬁ;’@{’u'* e
H

() (1)
H H

H®

\’H+—'—>

H’, .. HO'
0.
H” MH
(1) (1)

Chart 1--Transformation of caryophyllene (I) to clovene (II)
and caryolan-1-ol (III)

Dehydration of g-caryophyllene alcohol [caryolan-
1-0l (III)] by acidic reagents resulted in the formation
of two new tricyclic hydrocarbons®10. Qne of these,
now called pseudoclovene, has been tentatively
assigned structure (IV) (Chart 2). The other hydro-
carbon, isoclovene, is now represented by formula (V)
on the basis of the X-ray crystallography investiga-
tions by Clunie and Robertson!?.

According to Barton ef al.® the conversion of the
alcohol (III) into isoclovene (V) represents an unusual
problem in carbonium-ion mechanism. As a possible
mechanism (Chart 3), they suggested either ring open-
Ing to a bicyclic cation followed by recyclization (b)
or migrations involving 1,3 hydride shift (a).
Alternative migration (c) would also lead to the
same product through another cation (VIII). Al
these routes involve intermediates (VI) and (VIII)
which are improbable and would be excluded on a
strict application of Bredt’s rule. But from inspection

H H
+
Ly ==y +
HO H
(1) (IV) (¥)

Chart 2 — Dehydration of B-caryophyllene alcohol (III) by
acidic reagents and the formation of pseudoclovene (IV)
and isoclovene (V)
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Chart 3 — Mechanism of the conversion of 8-caryophyllene
alcohol (I11) to isoclovene (V)

of molecular models, these would seem to be not
impossibly strained. Since it is known that this rule
breaks down in the reaction of caryolanol, Barton
et al. contended that this rearrangement can
also be considered as to involve similar degree of
unexpectedness.

It is not yet clear whether all these shifts take place
in a concerted manner or follow in stepwise. Accord-
ing to de Mayo, this rearrangement would be an
example of an ‘ interchange rearrangement ’ of which
the earliest analogous example is the conversion of
santonic acid to parasantonide, reported in 1950 by
Woodward and Kovach!2.

Another transformation (Chart 4) has been reported
recently by Warnhoff’®* on caryophyllene oxides.
An usual cyclization-rearrangement of the caryo-
phyllene skeleton takes place when caryophyllene
oxide was treated with aqueous acid%!. The
products comprised a C-9 epimer of the glycol which
has been assigned structure (X) on spectral grounds
and three carbonyl compounds, identified as aldehydes
and isolated as the 2,4-dinitrophenylhvdrazones.
On the basis of chemical and spectral evidences,

RiSR

CHO

(X10)

Chart 4 — Cyclization-rearrangement in

oxide (IX)

caryophyllene
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Chart 5— Mechanism of formation of glycol

structures (XI) and (XII) have been fixed for the
two carbonyl compounds (for the third carbonyl
compound, no structure has so far been advanced).

The formation of the glycol (X) from carvophyllene
oxide by mild acid catalysed hydration has been
explained by Aebi et al* as shown in Chart 5.
Similarly, the conversion of iso-caryophellene oxide
(XIII) to the C-9 epimer of the glycol (XIV) has also
been reported.

According to Warnhoff' a direct rearrangement of
the oxide with least structural changes results in the
formation of an cight-membered carbocevele (XI).
The assigned stercochemistry of the product (XI)
follows from the expected inversion during oxide
rearrangement.

The formation of the second aldehyde has been
explained as shown in Chart 6. This mechanism
received further support by the fact that the inter-
mediate (XV), when synthesized, gave the same
aldehyde (XII) in a higher yield without any trace of
(XI) or the third aldchyde. The other probable
structure (XVI), derivable by more complex trans-
formations, has been ruled out on the basis of
deuteration and mass spectroscopic studies.

Humulene

Acid catalysed hydration of humulene™® (XVII)
gave a saturated tricyclic alcohol, designated now as
a-caryophyllene alcohol, and this has been recently
assigned? structure (XVIII) on the basis of an X-ray
diffraction study® (Chart 7).

A especially simple mechanistic explanation for
the formation of a-carvophyllene alcohol (XVIII)
from humulene has been given by Corey and Nozoel?.
This transformation has been depicted as involving
a prototropic rearrangement of humulenc to the
isomeric conjugated triene (XIX), followed by

o, (]
S
HO "0H
(X)
H
9 OH
(XTI1) (X1V)
@ — t§3‘
R=CHO
or
CH'"'“@NOZ

(X) from
caryophyllenc oxide



SANTHANAKRISHNAN: ACID CATALYSED REARRANGEMENTS IN THE SESQUITERPENOID SERIES

+
s (XV) H
R
(XII)
H
R=CHO or CH=N-N O NO2
H NO.
{ch-on " ’
"~ o
oy > — R
H -
s
(XVI1)
R=CHO or
H
CH=N-N NO2
NO,
Chart 6~ Mcchanism of formation of aldehyde (NII) from

caryophyllene oxide

< i > 4t
—  j..)

u

( XVII) ( XVIIT )

Chart 7 - Formation ol g-caryophyllene alcohol (NVIIT) by
acid catalysed hydration of humualene (XVII)

protonation of the conjugated triene with subsequent
formation of the carbonium ions (XX), (XXI) and
(XXII). The final carbonium ion (XXII) would
lead to the formation of a-carvophyllene alcohol
as shown in Chart 8.

Longifolene

Longilolene, the tricvelic sesquiterpene with a
novel ring skeleton, gave, on treatment with HCI,
a solid monohydrochloride whose structure was fixed
unambiguously by the N-ray crystallographic study
by Moffett and Rogers®™.  This physical evidence
coupled with the excellent  degradative chemical
study by Ourisson and coworkers!-2t lead to the
formulation of longifolene as (NXIII). Irom the
structure  of longibornyl chloride (XXIV), it is
quite evident that this transformation involves a
Wagner-Meerwein shift as shown in Chart 9.

However, it should be noted that while camphene
(XXIX), of which longifolene may be considered as an
isoprenc homologue, gives with HCl isobornyl chloride
(XXX), longifolene forms exclusively  longibornyvl
chloride.  So the hydrochlorination is rigorously
stereospecific in the former case and stercochemically
abnormal in the latter. There are other abnormalities
scen in the case of longifolene, e.g. the acceleration of

(XVIL)

'\\OH/
~

( XVII ) ( XXT)

Chart 8 — Mechanism of formation of «-caryophyllene
alcohol (XVIII) from humulene (XVII)

solvolysis rate of longibornyl chloride with respect to
the bornyl and isobornyl chlorides and all these have
been explained by Ourisson and coworkers as
follows:

Longifolene (XXIII) can give the carbonium ion
(XXYV) easily and this cannot be stabilized either by
the formation of the tertiary chloride (XXVII) or
longi-isobornyl chloride (XXVIII) since the presence
of an exo substituent with respect to the seven-
membered ring at C-7 is sterically precluded on
account of enormous strain which results in the
proximity of exo groups. So the carbonium ion
(XXV) can be stabilized only by rearrangement
to (XXVI) and by the subsequent formation of
longibornyl chloride (XXIV).

+

wUw %

(XX ) (XXV) (XXIV)

( XXVIT )

TS

(XXVII) (XXVI)

o = g =%

(XXIX) (XXX)

Chart 9 -- Mecchanism of transformation of longifolene
(XXIII) and longibornyl chloride
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+
C J 1+ ! :
wt +
( XXXT) ( XXXI1 )

Chart 10 — Mechanism of formation. of B-patchoulene
(XXXII) by the dehydration using acidic catalysis of
patchouli alcohol (XXXI)

Patchouli Alcohol

Patchouli alcohol has recently been assigned the
structure (XXXI) on the basis of the X-ray crystallo-
graphic studies?. On dehydration with H,SO,, I,
boric acid, formic acid or any other acidic catalysts,
patchouli alcohol gave B-patchoulene which was
formulated as (XXXII) on the basis of chemical
evidences by Biichi and coworkers?6-28, This trans-
formation (Chart 10) involves a series’ of Wagner-
Meerwein shifts, apparently facilitated by release of
steric strain present in the original ring system.

A mixture of «- and Y-patchoulenes (XXXIII,
XXXIV) was converted quantitatively to B-pat-
choulene (XXXII) by exposure to acids. This
transformation again is accompanied by a Wagner-
Meerwein rearrangement as depicted in Chart 11.

Santonin

Santonin chemistry is replete with cases of mole-
cular rearrangements. A very interesting example
is the dehydration of santonic acid. Santonic acid
(XXXYV), the structural elucidation of which was
carried out successfully by Woodward et al.??, gave
on prolonged heating with acetic acid followed by
pyrolysis two isomeric neutral substances, santonide
and parasantonide, which have been shown to possess
structures (XXXVI) and (XXXVII) respectively,
by Woodward and Kovach'®. A mechanism by which
these stereoisomerides are formed has also been
postulated by Woodward and Kovach (Chart 12).

A simple interchange of group attached to
contiguous atoms by either of two processes (formulae
XXXVIIT or XXXIX as shown by arrows in
Chart 12) serves to transform the santonic acid
skeleton into that of parasantonic acid. But it is

+

™)

H ,
( XXXTI)
o
g@ -
H

( XXX1V )

Chart 11 — Conversion of «- and y-patchoulenes [(XXXIII)
and (XXXIV) respectively] to B-patchoulene (XXXII) by
exposure to acid
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Hooc Me Hooe Ve
( XXXV ) ( XXXIX)
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H > 7 —>
.’
HOHOC Me \rfo? ”
o 0
(XXXV ) (XL) € XLI1)
o
A
ot
0
(X)) ( XXXV1 ) or (XXXVII)

Chart 12 — Mechanism of formation of stereoisomerides
santonide (XXXVI) and parasantonide (XXXVII) by the
dehydration of santonic acid

considered highly unlikely that such transformation
could take place in such a simple fashion. So,
in order to account for the change in terms of
electronic processes, these authors suggested the
changes symbolized by the expressions (XL) to
(XLII).

The utilization of a process involving 3-membered
ring intermediates may be considered unusual,
but in other somewhat analogously constituted
rigid systems, similar 3-membered ring compounds
(e.g. tricyclene, etc.) have been isolated. Further,
all these processes shown above could be concerted
and hence the bonds in expressions (XLI) or (XLII)
need not be considered as normal cyclopropane ring
bonds.

Parasantonide (XXXVII) or the corresponding
parasantonic acid gave, on treatment with either
boiling hydriodic acid and phosphorus or with warm
conc. H,SO,, a mixture of two new isomers of para-
santonide, called «- and p-metasantonins. On the
basis of spectral and chemical studies, «- and £-meta-
santonins have been assigned structures (XLIII) and
(XLIV). The formation of these has been explained
by Woodward and Yates3® (Chart 13).

A series of acid catalysed changes (XXXVII->XLV
—>XLVI—-XLIV and XLIII, arrows) having proto-
types of impeccable authenticity has been postulated
by Woodward and Yates and the concerted nature of
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(XLVI)
0 0
Ry Me

| (¥
L]
E 0 Ho”
- -

) Me %

(XLIV) Ry=H; R= Me
(XLII) R;=Me; R=H

i;? :O ; ? :0

—> Me ——> Me

0 H | O H
(o] o

( XLvi)

Chart 13 — Mechanism of formation of «- and B-meta-
santonins [(XLIII) and (XLIV) respectively] from para-
santonide

two or more of these steps has not been overlooked.
Of the two probable migrations, viz. ‘a’ and ‘b,
subsequent degradative studies ruled out one of the
two migrations, viz. ‘b’, and thus paved the way
for arriving at the correct structures, viz. (XLIV) for
B-metasantonin.

Santonic acid (XXXV) formed by the action of
strong alkali on santonin (XLVIII) or the stereo-
isomeric metasantonic acid (XXXVa) gave Y-meta-
santonin when treated with warm conc. H,SO,.
Y-Metasantonin, on the basis of spectral and chemical
evidences, has been assigned structure (L) by Wood-
ward and Yates®l. This transformation (Chart 14)
has been shown by these authors to involve a
Wagner-Meerwein shift.

The tautomeric molecule (L) would be more stable
than (XLIX) according to these authors and hence
the former has been considered as perhaps the most
likely structure for the lactone on theoretical grounds.
Further spectral data confirmed the structure (L),
assigned for Y-metasantonin. The sharp contrast
noticed in the behaviour of santonic acid (XXXV—L)
and parasantonic acid (LI--XLIV) in the presence of
warm H,SO, is indeed baffling. A mechanistic
explanation has been given by Woodward and
Yates as shown in Chart 15.

0

.-H

Me
Ry R, [¢]

HOOC

(XLvit)

( XXXV ) R;=H;RzMe
( XXXV a) R=Me; R=H

u + A% QH
-t H f
Me ) Q

H me 0

H
X Me
(A
HOOC 0+

(o}

|

—_—
—
(o) N o
[¢] : A
0 Sty
(L)

(XLIx)

Chart 14 — Mechanism of transformation of santonic acid
(XXXYV) to Y-metasantonin (L)

The relative disposition of reactive groupings
in the two molecules are very similar and hence the
electronic path followed in the transformations
should be similar. So the divergent fates of
the two substances may be attributed to some
subtle stereo-electronic factors or the presence of
substantially different skeletal arrangements in the
acids. The relatively high degree of strain3? in the
bicyclo [2.2.1] heptane skeleton of (XXXV) favouring
the observed ring cleavage in this molecule has been
attributed as one of the probable reasons for this
divergent behaviour. Further, the cleavage reaction
shown previously must be preceded by enolization
of the appropriate carbonyl system and this process
may be expected to be considerably more difficult
for the cyclopentanone (LI) than for the cyclo-
hexanone®3 (XXXV).

(XXXV)

(o]
-H
Me
0 N
i Me ©
HOOC 0
o (L)

Me

| o

(o}
(XLIV)

showing the diffcrence in the
and parasantonic

Chart 15 — Mechanism
behaviour of santonic acid (XXXV)
acid (LI)
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<Chart 16 — Formation of cyclopyrethrosin acetate (L1I1) from
pyrethrosin (LII) by acetylation under acidic conditions

Pyrethrosin

Pyrethrosin, a sesquiterpene lactone, has been
shown?®:3¢ to possess the structure (LII). The most
significant single experiment on this sesquiterpene
was the attempt made to acetylate the compound
under acidic conditions. Treatment with acetic
anhydride and p-toluenesulphonic acid under reflux
gave in good yield a crystalline compound, cyclo-
pyrethrosin acetate (Chart 16). On the basis of
chemical and spectral evidences this derivative
has been assigned structure (LIII). The mechanism
of this transformation has been provided by Barton
and de Mayo.

Widdrol

The preparation of widdrol from thujopsene is
indeed a unique example of the acid catalysed
rearrangement involving an expansion of a ring.
The absolute configuration of thujopsene has now
been well established as (LIV). Hydration of
thujopsene®™# with oxalic acid furnished an alcohol,
shown to be identical with widdrol (LV), the structure
of which has recently been elucidated*>*? and con-
firmed later by synthesis!. Enzell suggested that
this transformation (Chart 17) involves first a frans
diaxial addition of water to the double bond, forming
the intermediate (LVI) followed by an acid catalysed
opening of the cyclopropane ring.

Dauben and Friedrich® have recently suggested
another mechanism (Chart 18). The process sug-
gested by Enzell did not find favour with these
authors, since the tertiary cyclopropyl carbinol
formed would rather go over to the cyclopropyl
carbinyl carbonium ion (LVII) than giving widdrol
by a simple opening of the cyclopropane ring. The
carbonium ion (LVII) which can also be obtained
by protonation of thujopsene can now rearrange
in two ways, as shown in Chart 18, giving widdrol.
The first pathway, which has been considered as

(LIV) (Lv1)

(LV)

Chart 17 — Mechanism of formation of widdrol (LV) from
thujopsene (LIV) suggested by Enzell#
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(LIX)
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(Lv)
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Chart 18 - Mechanism of formation of widdrol (L) from
thujopsene suggested by Dauben and Friedrich®

highly unlikely, involved the formation of allylic ion
(LVILI), followed by its collapse to the diene (LIX)
and finally the formation of widdrol by the hydration
of the diene. The other route which has been
considered as more likely involves the rearrangement
of the ion (LVII) to the isomeric cyclopropyl carbinyl
ion (LX) first and then to homoallylic ion (LXI) and
finally giving widdrol by direct hydration of the ion
(LXI).

By adopting the labelling technique, these authors
have succeeded to pinpoint the correct pathway, viz.
that involving the isomeric cyclopropyl carbinyl ions
(LVII) and (LX).

Epoxidation of widdrol*® (LV) afforded cis- and
trans-epoxy alcohols (LXIIT) and (LXIV) respec-
tively.  Acid isomerization of the trans-cpoxy alcohol
gave an hydroxy ether (LXVII) as the sole product
while the ezs-epoxyv alcohol vielded three  diols
(LXVIII, LXIX and LXX) (Chart 19).

This reaction has been extended to widdrol ethyl
ether (LXII) also and here again epoxidation lead to
the isolation of c¢is- and frans-cpoxy cthyl ethers
(LXIV, LXVI). Acid treatment of (rans-epoxy
ethyl ether (LXV) gave a complicated mixture
from which was isolated two isomeric hydroxy ethyl
cthers (LXXI, LXXII) and an unsaturated ether of
unknown structure. The cis compound gave under
similar conditions two isomeric hydroxy ethyl ethers
(LXXIII, LXXIV) (Chart 20).

These studies revealed that in ethyl ethers, the
migration of angular methyl group was independent
of the configuration of the cpoxide ring. Further,
in the case of frans-epoxides (LXIV and LXVI),
the acid catalysed isomerization could be easily
visualized as occurring by a concerted mechanism.
The behaviour of cis-epoxides (LXIII and LXY)
warranted further explanation. Enzell*? first sug-
gested a solvated intermediate to explain the occur-
rence of cis-methyl migration. But Ito et al®®
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(LV) R=H
{LXII)R=Et

(LX) R=H
(LXV) R=Et

(LXIV) R=H
(LXVI) R=Et
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Chart 19 — Epoxidation of widdrol (LV) to cis- and trans-
epoxy alcohols [(LXI) and (LXIV) respectively] and their
subsejquent isomerization in acidic medium

have ruled out this possibility on the ground that
such an intermediate would lead only to a triol
whose formation would be highly unlikely due to
triaxial interactions between the C-4 and C-11 methyls
and the newly formed 6z-hydroxyvl.  The removal of
non-bonded interactions between the C-4 and C-11
methyl groups has been considered by these authors
to be the driving force for methy] migration observed
in the case of czs-epoxides.

Finally, the non-formation of hydroxy ether in
the case of cis-epoxide (LXIII) has been attributed
to the fact that attack of the C-8 hydroxyl on the
carbonium ion at C-5 does not occur here since
the approach of these two centres being inhibited
by the increased non-bonded interactions between

p
ik OEt

OH
(Lxvi) (LXX1) (Lxxin)
! l OEi ; . : OEI
H
(LXV) CLXXHI) (LXXIV)
Chart 20 - Epoxidation of widdrol ethyl ether (LXII)

to cis- and trans-cpoxy ethyl ethers [(LXIV) and (LXVI)
respectively] and subscquent isomerization in acidic medium

ACID CATALYSED REARRANGEMENTS IN THE SESQUITERPENOID SERIES

the C-4 methyl and C-6 a-hydroxyl groups and
the formation of intramolecular hydrogen bonding
between the C-6 and C-8 hydroxyl groups.

Summary

The acid catalysed rearrangements, observed in the
field of sesquiterpenoids, have been critically re-
viewed and such examples have been selected which
emphasize skeletal rearrangement. Cases of a mere
opening of a cyclopropane ring without any further
rearrangements have been excluded.

Acknowledgement

The author wishes to express his deep gratitude
and sincere thanks to Dr Sukh Dev for going through
the manuscript and for his advice in writing up this
review.

References

1. pE Mavo, P., Molecular vearrangements, Part 11 (Inter-
science ublishers Inc., New York), 1964, 771.

2. MEerwEIN, H, & van .EMstERr, K., Ber. disch. chem.
Ges., 53 (1920), 1815; 55 (1922), 2500.

3. WinsTEIN, 8., Proceedings of the 14th international congress
of pure and applied chemistry (Birkhauser Verlag,
Basel), 1955, 137.

4. Asanina, Y. & Tsukamoto, T., J. pharm. Soc. Japan,
(1922), 463.

5. BeL, J. & HeExDERSON, G. G., J. chem. (1930),
1971.

6. Barton, D. H. R,, Bruux, T. & LINDSEY, A. S., ]. chem.
Soc., (1952), 2210.

7. Nickox, A., McGuixE, F. J., MAHAJAN, J. R, UMEzZAWA,
B. & Naranc, S. A, J. Admer. chem. Soc., 86 (1964),
1437.

8. GEmmeLL, K. W., PARKER, W., RoBERTS, J. S. & Sim,
5. AL, J. Amer. chem. Soc., 86 (1964), 1438.

9. Lutz, A. W. & REmw, E. B., J. chem. Soc., (1954), 2265.

10. HExDERSON, G. G., McCroxE, R. O. O. & ROBERTSON,
J. M., J. chem. Soc., (1929), 1368.

11. CruNIE, J. S. & RoBERTSON, J. M., Proc. chem. Soc. Lond.,
(1960), 82.

12. Woopwarp, R. B. & Kovach, E. G., J. Amer. chem.
Soc., 72 (1950), 1009.

13. WarNHOFF, E. W., Canad. J. Chem., (1964), 1664.

14. Aes1, A, Barton, D. H. R. & LINDSEY, A. S., J. chem.
Soc., (1953), 3124.

15. Ramace, G. R. & WiTEHEAD, R., J. chem. Soc., (1954),
4336.

16. DEv, S., Curr. Sci., 20 (1951), 296.

17. Corey, E. J. & Nozog, S., J. dmer. chem. Soc., 86 (1964),
1652.

18. MorFeTT, R. H. , (1953),
916.

19. Duront, G., Durou, R., NaFra, P.
Bull. Soc. Chim. Fr., (1954), 1075.

20. NarFa, P. & Ourisson, G., Chem. & Ind., (1953), 917.

21. NarFa, P. & Ourissoxn, G., ‘Bull. Soc. Chin. Fr, (1954),
1115, 1410.

22. OurissoN, I,
(1954), 1415.

23. OurissoN, G., Bull. Soc. Chim. Fr.,

24. Ourissox, G., Proc. chem. Soc. Lond., (1964), 274.

25. DoBLER, M., Dunitz, J. D., GUBBLER, B., WEBER,
H. ., BucHi, G. & Papira, O. J., Proc. chem. Soc,
Lond., (1963), 383.

26. Bichi, G. & EricksoN, R. E,, J.
78 (1956), 1262.

27. Bicul, G., Erickson, R. E. & WaxkapavasHi, N,,
J. Amer. chem. Soc., 83 (1961), 927.

28. Bucui, G. & Macreap (Jr), W. D, J.
Soc., 84 (1962), 3205.

29. Woopwarp, R. B., Brutschy, F. J. & BaEr, H,, J.

Soc.,

& RocGers, D., Chem. & Ind.

& Ourisson, G.,

& Ovurisson, G., Bull. Soc. Chim. Fr.,

(1955), 895.

Amer. chem. Soc.,

Amer. chem.

Amer. chem. Soc., 70 (1948), 4216.
30. Woopwarp, R. B. & Yates, P., J. Amer. chem. Soc.,
85 (1963), 553.

637



J. SCI. INDUSTR. RES., VOL. 24, DECEMBER 1965

31. Woopwarp, R. B. & Yartes, P., J. Amer. chem. Soc.,
85 (1963), 551.

32. ScHLEYER, P, vox R., J. Amer. chem. Scc., 80 (1958),
1700.

33. ScHwARzENBACH, G. & WittweRr, CH., Helv. chim. acta,
30 (1947), 669.

34. ScHwarzeNBACH, G., ZIMMERMANN, M. & PreLog, V.,
Helv. chim. acta, 34 (1951), 1954.

35. Barton, D. H. R. & nt Mavo, ., J. chem. Soc., (1957),
150.

36. Bartox, D. H. R, Bockman, Q. C. & ne Mavo, T,
J. chem. Soc., (1960), 2263.

37. Erprman, H. & Noriw, T., Acta chem. scand., 13 (1959),
1124; Chem. & Ind., (1960), 622.

38. Noriy, T., Acta chem. scand., 17 (1963), 738.

39. Kousavasui, H., Nacanama, S. & Axivosii, S., Bull.
chem. Soc. Japan, 32 (1959), 202.

40. NacaHama, S., Bull. chem. Soc. Japan, 33 (1960), 1467.

41. Konavasui, H., Nacanama, S. & Arwvosut, S., Bull.
chem. Soc. Japan, 34 (1661), 1123.

42. EnzerL, C., Acta chem. scand., 15 (1961), 1191; 16 (1962),
1553

43. 110, 5., Exno. K., TakesHITA, H., Nozor, T. & STOTHERS,
J. B., Chem. & Ind., (1661), 1618.

44. EnzeLL, C., Tetrahedvon Iett., (No. 5) (1962), 185.

45, Daunexn, W. G. & Frievricy, L. 1., Tetvahedron Letf.,
(No. 38) (1964), 2675.

46. Ito, S., Expo, K. & Nozok, T., Tetrahedron Letl. (No, 46)
(1964), 3375; Chem. pharm. Bull. Japan, 11 (1¢63),
132.

Pharmaceuticals & Drugs Research Committee, CSIR:
Progress Report for 1964

NITYA ANAND

Central Drug Research Institute, Lucknow

HE Pharmaceuticals & Drugs Research
T Committee is one of the eleven research
committees of the Council of Scientific &
Industrial Research. It was constituted in 1940
with the main objective of ‘ going into the question
of manufacture of important drugs in India’ in
order to suggest steps to overcome the shortage of
some essential drugs during the war years. With
this end in view the Committee sponsored research
schemes for developing indigenous know-how for
the manufacture of essential drugs, both synthetic
and of natural origin. After the end of the war
the Committee enlarged its scope to include schemes
of a more fundamental nature concerned with all
aspects of drug research. In addition to supporting
research schemes in various universitics and medical
institutions, the Committee rccommended setting
up of a laboratory where the various disciplines
involved in modern drug rescarch could be brought
together in an integrated approach to the problem
of development of new drugs.  On the basis of these
recommendations the Central Drug Research Insti-
tute was established in 1950 at Lucknow. Later
with a view to making available the more important
medicinal plants the Committee, in joint consulta-
tion with the Essential Oils Research Committee,
the Indian Council of Medical Rescarch and the
Indian Council of Agricultural Research, recom-
mended the setting up of a centralized agency for
the cultivation and collection of Indian medicinal
plants, and this ultimately resulted in the establish-
ment of the Central Indian Medicinal Plants
Organization.
The Pharmaceuticals & Drugs Rescarch Committee
has also been sponsoring the survey and compila-
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tion of data regarding indigenous medicinal plants
and the research done in the ficld of drugs in India.
The Indian pharmaceutical codex and the Glossary
of Indian wmedicinal plants arc the outcome of
schemes supported by this Committec. The pre-
paration of two reviews, ‘ Clinical trials of drugs
carried out in India’ and * Rescarch done in the
ficld of medicinal chemistry in India’, has now
been undertaken and these ave likely to be published
by the end of 1965.

The Committee has so [ar sanctioned about 180
research schemes on various aspects of drug re-
search which include: )

1. Pharmacological investigation of drugs

2. Chemical investigation of Indian  medicinal

plants

3. Synthesis of new drugs

4. Studies in antibiotics

In addition to these ad foe schemes, the Committee
has also been extending financial support for the
creation of schools of rescarch under the guidance
of scientists of proven ability and merit.  These
schools encourage scientists to take up long-term
problems of a fundamental nature and also help
in the training of voung scientists.  The Pharma-
ceuticals & Drugs Rescarch Committee is at present
operating six such units.

In order to provide facilitics for the clinical
evaluation of new biologically active compounds
that show promise in screening, the Committee has
set up a chnical trial unit at Seth G.S. Medical
College, Bombay.

With a view to utilizing the large amount of
chemical work heing done in the country in univer-
sitics and other chemical laboratories which do
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not have testing facilities of their own the Com-
mittee has decided to make arrangements at certain
specific centres for the systematic biological screening
of all compounds synthesized or isolated from plant
materials.

During the year 1964 the Pharmaceuticals & Drugs
Research Committee sanctioned the continuance
of 25 research schemes and three research units;
in addition, two units were sanctioned in the
mid-year meeting. Some of the highlights of
the work done during this period are summarized
below.

A new method of sequential screening for diuretics
has been standardized which would help in the
rapid screening of such drugs. Long-term experi-
ments on Indian pigs have shown that at the age
of 5 years they are prone to develop spontaneous
atherosclerosis simulating the human disease; this
may provide a suitable model for the study of
human atherosclerosis and coronary heart disease.
Two hypotensive drugs, phenoxybenzamin and
guanethidin, have been found to possess marked
antipruritic activity in atopic dermatitis. This
observation may find application in the treatment
of eczema and other skin infections. The chemical
investigation of cobra venom has led to the isolation
of a fraction which accounts for most of the lethal
action of the venom. It has been observed that
tetanus toxin is strongly fixed by the microsomal
fraction of brain homogenates which would perhaps
explain its neurotoxic action. A new dicoumarol
derivative has shown strong anti-coagulant activity
while a new isoquinoline shows antispasmodic
action. Extracts from 20 medicinal plants and
crude alkaloid fractions of another 25 plants have
been screened for antibacterial and antifungal
properties; two of these extracts possess antituber-
cular activity while three others are active against
gram-negative organisms. The chemical examina-
tion of eight medicinal plants has been carried out.
In a survey of natural sources for sapogenins it has
been found that Agave centella and A. sisalona
waste are good sources of hecogenin. The scheme
entitled ‘A study in chemical carcinogenesis —
Synthesis of heterocyclic steroids and polycyclic
hydrocarbons’ has been terminated. A short
résumé of the work done in this scheme is presented
at the end.

Pharmacological Investigations

Screening and other studies of diuretics — A sequen-
tial analysis method based on the effect of standard
diuretics in cases of oedema of various origins has
been standardized for studying diuretic response
in humans. An investigation of the diuretic re-
sponse in rats in relation to age and body weight
has shown that the best response is produced with
an average body weight of 180 g. A study of the
turnover of #Na in response to diuretic drugs was
carried out in rats as an additional method for the
screening of diuretics. A number of 5-mercapto,
carboxymethylmercapto-s-triazines, triazoles, tria-
zine hydrazides and urea derivatives were screened
for their diuretic activity. Of these, 2-amino-
4-m-chloroanilino-s-triazine was found to possess
potent diuretic activity in both rats and dogs.

chrome c.

This compound also had a saluretic action. In a
limited clinical trial, however, it was found to be
rather toxic (U. K. Sheth, G.S. Medical College,
Bombay, 1963-64).

Effect of ganglion blocking drugs on the responses
of rabbit aortic strip and tracheal chain — The action
of ganglion blocking agents on the responses of
various vasoactive agents on rabbit aortic strips
and rabbit tracheal chain has been studied. The
peripheral action of mecamylamine and chlorisond-
amine may be involved in the potentiation of the
responses of vasoactive substances, while the action
of certain other agents could not be explained in
these terms. The potentiation induced by ganglion
blocking agents may be the result of more than
one actlon which still needs further investigation.
During the course of this investigation, two hypo-
tensive drugs, phenoxybenzamine and guanethidin,
have been found to possess marked antipruritic
activity in atopic dermatitis, and reduced signi-
ficantly the severity of skin lesions in 26 patients
studied in the present work (O. D. Gulati, Medical
College, Baroda, 1963-64).

Role of enzymes in toxic action of vemom — The
purification of the lethal compounds of cobra venom
and the characterization of some non-protein consti-
tuents were undertaken. It was possible to separate
8 components by electrophoresis. Two of these
factors (F) and (H) were glycoproteins in nature
and proved lethal to mice when injected individually.
Some of the other components were by themselves
ineffective but were able to enhance the lethal action
of (F) and (H). The presence of a large glycoprotein
fraction which had very low mobility in the electro-
phoresis was also observed. Further analysis of
this glycoprotein fraction showed the presence of
sialic acid. The lethal fraction (F) did not contain
sialic acid. Purification of this fraction by treat-
ment with acid, ammonium sulphate fractionation,
and column chromatography gave a product which
sedimented as a single protein in the analytical
ultracentrifuge and showed a single band in the
agar electrophoresis. Molecular weight determina-
tion of the above product using Sephadex gave a
value of 10,000 as compared to 12,500 for cyto-
Factor (F) was found to contain galac-
tose, fucose and hexosamine. Treatment with
periodate resulted in the loss of toxicity by more
than 50 per cent. Amino acid analysis showed
that it contains most of the amino acids found in
proteins. It was found to contain a large number of
aspartic acid residues compared to glutamic acid
(B. M. Braganca, Indian Cancer Research Centre,
Bombay, 1963-64).

Chemical and pharmacotherapeutic studies in couma-
vins and velated cardiovascular drugs — To study the
hypothesis that the anticoagulant activity of di-
coumarols is due to their ability to form a cyclic
hemiacetal, a number of new dicoumarols having a
phenyl ring on the bridge methylene were syn-
thesized and screened for anticoagulant activity.
It was found that compounds containing two free
hydroxy groups in the 4-position were more active
than those in which one of the hydroxy groups was
involved in the formation of an additional ring.
Among the latter group anisal dicoumarol was
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found to be particularly active and was, therefore,
studied in greater detail. No untoward effects or
tolerance to the drug were noticed.

In a search for an experimental animal in which
atherosclerosis simulating the human type could
be produced, a study has been made of Indian
domestic pigs. It has been found that Indian pigs
show spontaneous atherosclerosis after five years
of age (R. B. Arora & T. R. Seshadri, All India
Institute of Medical Sciences, New Delhi and Delhi
University, Delhi, 1962-64).

Adrenal steroids and vitamin C in relation to
diabetes — In a study of the function of the adrenal
cortex in scurvy, the urinary excretion of 17-keto
steroids, and sodium and potassium levels of serum
have been investigated in both normal and scorbu-
tic rhesus monkeys. Scurvy was produced by
feeding scorbutogenic diet. It has been found
that the adrenal cortex becomes hyperactive during
scurvy.

Studies on intestinal transport of glucose in vitro
in normal, scorbutic, insulin-treated scorbutic and
ascorbic acid-supplemented scorbutic guinea-pigs
by the use of everted small intestine-sac technique
showed that the rate of absorption of glucose from
the intestine of scorbutic guinea-pigs was double
that in normal animals. Insulin treatment of the
scorbutic animals did not significantly alter the
glucose absorption. Ascorbic acid thus seems to
play a role in the intestinal transport of glucose
and this does not seem to be mediated through the
associated hypoensulinism observed in scorbutic
guinea-pigs (S. Banerjee, S.M.S. Medical College,
Jaipur, 1963-64).

Biochemical and immunological investigation of the
toxins of clostridia — With a view to studying the
role of ATP in the action of the toxin of clostridia
the ability by the various tissues of the susceptible
species like rat as well as the non-susceptible species
such as pigeon to produce ATP in the presence of
tetanus toxin has been investigated. It has been
found that the toxin had no action on the respira-
tion of brain and liver mitochondria of either of
the species. It, however, uncoupled the oxidative
phosphorylation of rat brain mitochondria. It has
no action on the swelling or shrinking of mito-
chondria. ATPase activity of rat brain mito-
chondria, measured by the increase in phosphorus
content, was also not affected by tetanus toxin.
A brain mitochondrial fraction was found to fix
the toxin, while rat liver mitochondria was not
able to do so. It is interesting that though the
pigeon is resistant to tetanus toxin, its brain homo-
genate had the same capacity to fix the toxin as
that of the rat brain mitochondrial.

Further, by studying sonicated mitochondria it
was found that the intact mitochondrial structure
was not necessary to fix the toxin but particulate
matter was required for its fixation. Preliminary
experiments with mice supported the claim that
clinical tetanus could be cured by treatment of the
patients in an oxygen pressure chamber. Experi-
ments on the effects of adrenaline in mice injected
with toxin showed that adrenaline iz vivo did not
protect the mice (H. I. Jhala, Hafikine Institute,
Bombay, 1963-64).
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Preparation and pharmacological screening of 3,4,5-
trimethoxybenzene  derivatives — Since  trimethoxy-
benzene is a common structural feature of many
centrally acting drugs such as reserpine, trimegla-
mide, mescaline, 3,4,5-trimethoxyamphetamine and
asarone, a number of trimethoxybenzene derivatives
were synthesized as simple analogues of reserpine.
Of these, 3,4,5-trimethoxybenzamide and its N-acetyl
derivative were found to have the most promising
activity. Gross observations on intact mice and
rats and avoidance behaviour studies have shown
that these compounds possess CNS  depressant
activity, potentiate pentobarbitone hypnosis and
exert a moderate effect on conditioned avoidance
response of trained rats (P. C. Dandiya, S.M.S.
Medical College, Jaipur, 1963-64).

Studies on Indian Medicinal Plants

Cultural and chemical investigation on brahmis
and belas — Chemical investigation of Centella asia-
tica Linn. (Urb.) yiclded an ester glycoside, iso-
thankunoside, whose aglycone isothankunic acid
has been found to be 3,5%,6,24-tetrahydroxy-urs-
12-ene-28-oic acid. The conformation of the hydro-
xyl groups and the position C-24 for the primary
hydroxyl group were arrived at through lead tetra-
acetate oxidation and examination of atomic models.
Methyl isothankunate on oxidation and alkali
treatment yiclded a diketo compound. Both the
diketo compound and isothankunoside show promis-
ing hypotensive and antifertility activity. Bacopa
monniera yielded a new triterpenic saponin, mon-
nierin.  Glucose and arabinose have been shown to
be the sugar components. IFrom other chemical
studies such as methylation and isolation of methy-
lated sugars, Barry’s degradation and the applica-
tion of Klyne's rule, monnierin is best represent-
ed by 3-O-[g-L-arabinofuranosyl-(1—-5)-O-z-L-arab-
inofuranosyl-(1—5)-0-z-L-arabinofuranosyl- (1-6)- -
0O-B-p-glucopyranosyl-10-hydroxymethyl-20-hydroxy-
16-keto-dammar-24-cne (U, P.  Basu, Bengal
Immunity Rescarch Institute, Calcutta, 1963-64).

Screening of Indian medicinal plants and antibio-
tics — Crude extracts of some twenty Indian medi-
cinal plants were screencd for their in vifro anti-
bacterial and antifungal activity. Of these Lawsonia
intermis Linn. (leaves) and Morinda citrifolia Linn.
(roots) were found to possess antitubercular activity
while Feronta elephantum (fruits) and Piper betle
Linn. (seeds) were active against S. typhosa,
V. cholera and Shigella dysentrac.

The alkaloid fractions of twenty plants were
also tested for antibacterial and antifungal acti-
vity. Only the alkaloids of Nymphea allea showed
antitubercular activity (S. S, Bhatnagar, Caius
Research Laboratory, St Xavicr's College, Bombay,
1963-64).

Cardivvascular  principle from certain species of
Leguminosae — In view of its reported cardiotonic
activity Cliloria ternatea Linn. was taken up for
detailed chemical investigation. Cold cthanol ex-
traction of defatted seed powder and fermentation
of the extract with the enzyme present in the seeds,
followed by treatment with freshly prepared lead
hydroxide, gave a mixture of glycosides. Fraction
crystallization of the mixture separated it into
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three main constituents A, B and C whose physical
characteristies are deseribed (M. P. Khare, Lucknow
University, Lucknow, 1963-64).

Chemical investigation of Indian medicinal plants
— From Sarcococca pruniformis three steroidal alka-
loids were obtained, two of which have been shown
to be  3-dimethylamino-20-acetylmethylamino-preg-
nane and  3-dimethylamino-20-acetylmethylamino-
pregn-5-cne (A, R. Kidwai, Aligarh Muslim Univer-
sity, Aligarh, 1963-64).

Synthesis of Potential Biologically
Active Compounds

Svathesis of new antispasmodics in the isoquinoline
series — The work on isoquinoline derivatives has
been extended to N-substituted 1,2,3,4-tetrahydro-
isoquinolines with a view to obtaining potent anti-
spasmodics.  Several compounds have been obtained
by reacting  o,%-bromoethyl  benzylbromide  with
aniline,  o-toluidine, o-anisidine and  4-aminoanti-
pyrine.  Similarly, 1-piperidino-3-aminoisoquinoline
and  1-piperidino-3-amino-4-cthylisoquinoline  have
been prepared by condensing piperidine with the
corresponding 1-bromoisoquinolines.  All these com-
pounds arce being screened for their physiological
activity.  N,N - bis - (3-methyl-1-isoquinolymethyl)-
z-methyl-2-phenylethylamine, prepared earlier, has
been found to possess twice the antispasmodic
activity of papaverine and it also exerts a neuro-
tropic action like that of atropine (U. P. Basu,
Bengal Immunity Research Institute, Calcutta,
1963-64).

Amino acid and peptide derivalives as possible anti-
tumour compounds — In view of the role of amino
acids as the carrier moiety in alkylating agents, the
svynthesis of certain new amino acids and arylbigua-
nides and their N,N-di-8-chlorocthyl derivative as
potential anticancer agents has been undertaken
and about 30 new N,N-bis-8-chlorocthyl arylbigua-
nides have been synthesized.  The arylbiguanides
were synthesized by three different methods: (i) by
condensation  of  N'-aryldicyandiamide and  bis-
fg-chloroethylamine hydrochloride; (ii) from N,N-bis-
chloroethyl-dicyandiamide and the appropriate aryl-
amine hydrochloride, and (iii) by condensation of
arvlguanidine and N-bis-chloroethyleyanamide. The
N-carbethoxy hydrazides were synthesized from
amino acid ethyl esters by condensation with
N,N-bis-g-hydroxycthylhydrazine,  followed by
N-carbethoxylation of the amino group and treat-
ment with thionyl chloride (A. B. Sen, Lucknow
University, Lucknow, 1963-64).

Synthesis of compounds allied lo pyrethrins and
thetr biochemical mechanism of action — Some  ali-
cyclic and cyclic ketones have been prepared as
starting materials for a projected synthesis of
pyrethrins.

In addition, a number of 2,4-dinitroacridones
have been prepared for their possible insccticidal
value. These were synthesized by condensation
of dinitro-p-chlorobenzoic acid with the appropriate
amines followed by cyclization with sulphuric acid
or phosphorus oxychloride (S. S. Parmar & A. K.
Sen Gupta, K.G. Medical College, Lucknow, 1964).

Synthesis and studies on antidiabetic drugs — In
view of the hypoglycaemic activity shown by certain

sulphonyl ureas and biguanides it seemed of interest
to synthesize compounds having both these chemical
moieties in one structure. Eight biguanide deriva-
tives containing a 1,3,4-thiadiazole moiety substi-
tuted at the S5-position with groups like methyl,
ethyl, propyl, isopropyl, butyl, phenyl, benzyl and a
8-ethoxyquinoline ring having an ethoxy group at
8-position have, therefore, been synthesized as
potential hypoglycaemic agents. These were pre-
pared by condensation of the appropriate amino-
thiadiazoles with dicyandiamide (U. P. Basu,
Bengal Immunity Research Institute, Calcutta,
1963-64).

Synthesis of chemotherapeuticals related to steroids
and lysergic acid — In a projected synthesis of lyser-
gic acid analogues of the type (II), a method has
been standardized for the synthesis of (I) and
attempts are under way to prepare compounds of

type (II).
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The investigation of the cyclization of 1-arylamino
or arylmercapto-3-butanones using polyphosphoric
acid has shown that due to intermolecular hydride
transfer a mixture of the tetrahydro and the com-
pletely aromatic structure was formed. A detailed
study has been made of the stereochemistry of this
hydride shift. The application of this reaction to
the synthesis of 6-azacquilenin and 6-azaestrone is
under investigation (B. D. Tilak, Department of
Chemical Technology, University of Bombay,
Bombay, 1963-64).

Synthesis of azasteroids — A number of aza ana-
logues of hexesterol of the types (III), (IV) and (V)
have been synthesized. These compounds can also
be considered as analogues of 2-arylaminopyrimidines,
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some of which possess anticancer activity. These
compounds have been tested and found to be
inactive against lymphoid leukemia L-1210 in
tissue culture and in tumours in mice (J. J.
Nerukar, Ram Narain Ruia College, Bombay,
1963-64).

Preparation of steroid hormones from diosgenin —
With the object of exploring the possibility of
indigenous production of steroid hormones, a survey
of various natural sources of steroidal saponins has
been carried out. The conversion of the saponins
to intermediates required for the preparation of
various steroid hormones including cortisone has
been studied. The yams of D. prazeri from Darjeeling
area and of D. deltoides from Kashmir are parti-
cularly rich in diosgenin’*. A method has been
developed® for the preparation of diosgenin from
these yams, in which the hydrolysis of the saponin
and extraction of the diosgenin thus formed is
carried out in one step. A study of locally avail-
able agave plants has shown that Agave cantalla
and A. sisalana waste contain 0-4-0-5 and 0-2-0-25
per cent hecogenin respectively®?. In the prepara-
tion of steroid hormones from these sapogenins
the usual method of treatment with acetic anhyd-
ride® has been modified®. Heating with triacctin
has been found to lead to the conversion of many
genins to pseudogenins, which can then be easily
converted to progesterone and other steroid hor-
mones.

During these studies it was observed that Rancy
nickel in boiling xylene could, in addition to con-
verting 3-hydroxy- to 3-keto steroids and hydro-
genating the 5-A, also bring about the conversion of
cis A/B ring junction to frans'®. This reaction has
been used for the conversion of biologically inactive
ctiocholon-3,17-diones into active Sz-androstan-
3,17-dione* (R. N. Chakravarti, School of Tropical
Medicine, Calcutta, 1953-64).

Heterocyclic steroids and  polycyclic hydrocarbons:
A study in chemical carcinogenesis — In view of the
marked biological activity of many steroids the
synthesis and study of various heterocyclic steroids
with the hope of modifying their activity has
attracted great interest and was pursued actively
in the present work. The synthesis of some
6-hetero steroids has been achieved. 3-Desoxy-2-
nor-6-thioequilenin and isoestradiol'®!® were syn-
thesized by the scquence of reactions given in
Chart 1.
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Synthesis of frnor-6-thioequilenin was carried out
by the reactions!* given in Chart 2.

DL-B-nor-6-Oxa-cquilenin was synthesized accord-
ing to the scheme?® given in Chart 3.

Trans-3-desoxy-4-nor-6-aza-b-homocquilenin - (V1)
was prepared by an ingenious one-step reaction?®
along with other products (Chart 4).
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Robert R. Williams: 1886-1965

The death on 2 October 1965 of Dr R. R.
Williams, at his Summit, N.J. home, removes
from the world a scientist whose achievements
were only equalled by his lofty philanthropy and
by his ceaseless efforts for the betterment of human
existence through combat of dietary deficiency states.
Born in India of missionary parents, Dr Williams’
strong and abiding interest in the East was only
natural. He began his career in 1908 in the Philip-
pines after graduate training at the University of
Chicago and quickly sensed the importance of studies
on the nutritional basis for prevention and cure of
beriberi. Though he returned to the US in 1915
and was Chemical Director of the Bell Telephone
Laboratories for some 20 years from 1925, he
continued unabated in his efforts at isolating the
anti-beriberi factor, even under pressure of jobs
in the wake of World War I. Together with his
son-in-law-to-be, R. E. Waterman and other
collaborators, he completed in 1936 the classic
and difficult chapter in chemical research = on
the isolation in pure form of the life-giving sub-
stance — Vitamin B,, thiamine —and its syn-
thesis.

In spite of the fact that he had devoted a quarter
century to this work as well as a great deal of his own
funds, Dr Williams, in keeping with his philosophy,
forsook the opportunity for personal wealth from his
invention which, he recognized, would mean so much
to the world. From out of the royalty income to his
patents was born the ‘ Williams Waterman Fund
for the Combat of Dietary Diseases * which, through
more than 300 grants totalling some $4 million,
supported a number of public health nutrition pro-
grammes, among them attacks on kwashiorkor,
anaemias and other deficiency diseases in Asia, Africa
and Latin America.

Dr Williams
isidentified with
theintroduction
of enrichment
of bread and
flours and of
corn meal. He
spearheaded the
enrichment of
rice, notably by
large-scale ex-
periments in
Bataan, Philip-
pines, and else-
where. Through
the years since
1945, Dr Wil-
liams thus achi-
eved outstand-
ing reputation
in the world of
science and has
been instrumen-
tal in bringing
about many con-
tributions to fundamental knowledge and public
health nutrition. Not the least among these efforts
are the Laboratories for Research in Nutrition at the
Christian Medical College and Hospital, Vellore, now
nearing completion and named for Dr Williams and
his wife and life-long partner in unselfish dedication.

A great scientist and a great humanitarian,
Dr Williams continued to remain active to the end
and was the recipient of numerous national and
international awards and distinctions. His influence
will be felt around the world for a long, long time.
A. SREENIVASAN

Dr Robert R. Williams
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RADIATION DAMAGE IN CRysTALs by Lewis T.
Chadderton (Methuen & Co. Ltd, London), 1965.
Pp. xiv+4202. Price 36s.

Although some aspects of the interaction of radia-
tion with solids have been studied for many years,
the very active interest in radiation effects in solids
at the present time stems largely from the need to
understand and mitigate the effects in nuclear
reactor materials, and from the possibility of con-
trolled introduction of defects by irradiation which
may either be exploited in devices or else is of
considerable academic interest. A large amount of
information, both theoretical and experimental, has
accumulated and there are some excellent books on
the subject. The present monograph is an intro-
duction to the physics of radiation damage to the
exclusion of the allied field of radiation effects.

An introduction to the concept of the crystal
defect, point and extended, is followed by a descrip-
tion of the manner of defect introduction under
irradiation. The influence of the ordered lattice
structure on the displacement cascade is next
examined and computer simulation of radiation
damage processes described. Discussions of fhe
models for the atomic interaction potential and of
range equations precede a closing chapter on some
special topics and techniques. There is an appendix
on the number of displaced atoms produced in
bombardment with heavy energetic charged particles.
A selected list of references is given at the end of
each chapter.

This is a good book and should prove useful to
not only the physicist but also to workers in other
disciplines such as chemistry, nuclear reactor techno-
logy, metallurgy, etc. The printing and get-up are
excellent, though some of the illustrations should
have been drawn a little more bold.

S. R. MoHANTY

FERROMAGNETIC RELAXATION THEORY by Marshall
Sparks (McGraw-Hill Book Co. Inc., New York),
1964. Pp. xii+227. Price $12.50

In the wake of World War II, important experi-
mental discoveries were made in the ficld of
magnetic resonance. The years 1945-46 gave birth
to nuclear magnetic resonance, electron para-
magnetic resonance and ferromagnetic resonance
techniques. Each technique has been found to be
of immense value in the elucidation of the structure
and properties of matter involving magnetic
moments (nuclear or electronic).

The interpretation of line widths and line shape
of the experimentally observed resonance lines
presents complex features of energy dissipation in
the system. The processes responsible for energy
exchange in magnetically concentrated systems
(e.g. ferromagnet) were not understood until
recently.

The book under review deals with the relaxation
processes which have been advanced in the last
eight years to explain ferromagnetic resonance
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(FMR) line widths. This is a book oriented towards
the explanation of experimental results. The con-
cept of magnons (quanta associated with spin waves)
is introduced at an carly stage. We then have an
account of the properties of magnons.

In the FMR experiments, it is the uniform modes
of magnons which are excited. The author dis-
cusses the various processes by which energy is
transferred from the uniform mode to other modes
involving collective excitations of the system, i.e.
magnons and phonons. This involves the descrip-
tion of magnon-magnon and magnon-phonon inter-
actions of various orders. The role of surface pits
and impurities in bringing about the coupling be-
tween magnons is adequately discussed.  The dis-
cussion of high radio frequency power saturation
effects, which are of recent origin, will be of great
value to many rescarch workers. The book is
supplemented by a fairly extensive bibliography.

There are certain aspects which have not been
covered satisfactorily. The reviewer was not satis-
fied with the phonon-magnon interactions and some
recent work in this field has not been touched.
The role of magnon-conduction clectrons in the line
width of ferromagnetic metals and alloys has been
left out. In fact, the materials selected are ferri-
magnetic insulators; however, different spin wave
branches for such systems ought to have been
discussed.

In short, experimental rescarch workers will find
the book extremely valuable for the interpretation
of ferromagnetic resonance results.  Theoreticians
will have to look clsewhere for satisfaction.

K. P. SixHA

CURRENT AERONAUTICAL FATIGUE ProBLEMS edited
bv J. Schijve, ]J. H. Heath-Smith & E. R.
Welbourne (Pergamon Press Ltd, Oxford), 1965.
Pp. viii+499. Price [ 6

The important and informative papers published

in this volume were presented at the Symposium on

Current  Aeronautical Fatigue Problems held in

Rome in April 1963. The subjects dealt with are

the elevated temperature effects, the crack pro-

pagation and residual static strength, and structural
fatigue testing, which are approached from  the
engineering point of view.

On clevated temperature effects, six papers are
presented. In the first paper, B. J. Lazan discusses
the importance of non-lincar interactions which
affect creep and strength properties under variable
stress and temperature. The author emphasizes
interaction studies in preference to single variable
testing. In the sccond paper, N. F. Harpur and
G. D. Sellers discuss the factors affecting fatigue
life of a light alloy supersonic transport aircraft.
The remaining four papers report experimental
investigations of the fatigue performance of alu-
minium and titanium alloys in the form of small
specimens and components. The testing conditions
are limited to constant amplitude loading and
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constant temperature. R. Lachenand discusses varia-
tion in the fatigue strength of AU,GN with tem-
perature and frequency.  Although the structural
specimens are unaffected by elevated temperature
up to 175°C. even alter prolonged heating, the rate
of crack propagation in sheet is shown to decrease
with both increasing temperature and  frequency.
J. Heath-Smith reports in his paper the improve-
ment of fatigue strength of L.65 notched specimens
under mean tensile stress due to creep at elevated
temperature. L. Locati and G. Artusio report that
the fatigue strength of RR.58 compressor blades is
10 per cent lower at 155°C. C. Panseri and L. Mori
report investigation of a titanium allov at tem-

peratures from —196" to 500 C. In this range
fatigue strength  reduced  with  increasing  tem-
perature.

Seven papers arc presented on the crack pro-
pagation and residual static strength. In the first
paper  Jacoby reviews the techniques of fracto-
graphy applicable to crack propagation problems.
In the second paper, Weibull reports some results
of crack propagation tests during which the stress
levels were changed.  Eugene develops a statistical
theory of crack propagation based on a model
involving accumulation  of spontancous micro-
cracks. This is shown to agree with experimental
measurements of crack propagation.  The paper by
Khun presents an integrated account of the effect
of notches on fatigue strength and the effect of
fatigue cracks on residual strength. Welbourne
analyses static and cvelic crack propagation data
in terms of an cffective strain concentration factor
for the crack. Hunt describes test programmes to
investigate residual strength under biaxial stresses
and the effect of crack stoppers. An analytica
method for the design of biaxial test specimens is
given and the redundant force method of matrix
analyses 1s applied to residual strength problems.
Finally, Capriolo describes fatigue tests on a rear
fuselage structure and forging in which particular
attention was paid to the development of cracking.

On structural fatigue testing four papers have
been presented.  In the first two papers by Melcon
and McCulloch and Schijve, the equivalence be-
tween a random loading and a programmed loading
sequence with respect to fatigue damage accumula-
tion is studied. A comparison is made by perform-
ing tests with a random load sequence derived from
strain records obtained in flight and tests with a
programmed load sequence involving numbers of
peak loads in the same proportions as the random
sequence. The study of Meleon and McCulloch was
made on a large number of small notched sheet
specimens and the comparison was made for two
values of the stress concentration factor, various
tvpes of loading (gusts, manocuvres, ground-air-
ground cveles, taxing loads and combination of
them). The study reported by Schijve was con-
ducted on a limited number of [ull-scale wing centre
sections and for crack propagation on sheet speci-
mens.  The load sequences represented gust loads
and ground-air-ground cycles. In both investiga-
tions the damaging effect of the ground-air-ground
cveles was made a point of special attention. In
the paper by Troughton several examples are

presented, illustrating the various possibilities to
introduce fail-safe characteristics in a wing structure.
Since the wing was previously designed and built
as a safe life structure, the author could compare
both wings with respect to weight saving, produc-
tion problems and costs. The paper by Herpers
deals with the planning, execution and results of a
full-scale test on a wing of a cargo transport air-
craft.

The various aspects of aeronautical structural
fatigue reported in this volume are the authoritative
contributions in this field. This work will be of
great use to both the industry as well as to the
research workers in this field.

B. Basava Raju

THE NATURE OF INDUCTION MACHINES by Philip
L. Alger (Gordon & Breach Science Publishers
Inc., New York), 1965. Pp. xiii+516. Price
$25.00

The author, a frequent contributor to the Trans-
actions of the American Institution of Electrical
Engincers, needs no introduction. As the jacket
says, in this book the author extends the scope and
updates his carlier book, The mature of polyphase
induction machines. There are 14 chapters and
starting with the first principles of electric circuits,
reactor, saturistor, the transformer and magnetic
energy storage, the equivalent circuit of a motor is
developed and formulae for performance calculations
derived. Extensive consideration is given to the
fundamental and harmonic magnetic fields pro-
duced by various types of winding. Sometimes the
author writes in a loose poetical strain, which de-
tracts the technical excellence of the work.

The various elements of motor reactance and
losses are explained and extensive formulae for
their calculations are given. Some analytical results
are given without derivation. The clarity and
correctness of expressions, sometimes, leaves much
to be desired. There are good chapters on speed-
torque-current relations, crawling and locking pheno-
mena and magnetic noise. In his effortf to deal
with diverse topics, the author makes some topics
discontinuous and the task of the reader more
difficult. One chapter is devoted to single phase
induction motors and the subject is not dealt with
exhaustively, especially the capacitor motor. The
figure numbers are wrongly given in the note on
‘The Dilemma of Single Phase Motor Theory .
Phase advancers and phase convertors have been
omitted; but the use of Alnico bars in rotor slots
and saturistors are treated in detail. Schrage
and synchronous induction motors are very briefly
mentioned. Extensive consideration is given to
part-winding and split-winding starting and step-
less speed control.

The book appears more like a presentation of the
papers published and work carried out by the
author, rather than as a text-book well adapted
for the needs of any class of readers. At the end of
each chapter there is a long bibliography. Some of
the references quoted should be very useful for
research and development workers in the particular
field; but some which are more than 40 years old
could have been omitted. The printing is good
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and the diagrams clear and informative. The book
should be very useful for students of induction
motor design and for research and development
workers in the same field.

T. V. SREENIVASAN

ADpVANCES IN HETEROcYCLIC CHEMISTRY: Vol. 3,
edited by A. R. Katritzky (Academic Press
Inc.,, New York), 1964. Pp. xiii+421. Price
$ 13.00

The Katritzky series (Academic Press), Advances in

heterocyclic chemistry, differ from the Elderfield

_series (Wiley) and the Weissberger series (Inter-
science) in several important respects. The latter
two series cover various types of heterocyclic
compounds in very great detail, and the Interscience
volumes in particular tend to be so comprehensive
in the literature survey that they are not easy to
read and are more useful as literature references
rather than books from which the non-specialist
in a certain area may be able to make a critical
assessment of synthetic methods, chemical pro-
perties and other aspects of heterocyclic types.
Although the Katritzky volumes also contain some
chapters on specific heterocyclic groups, usually
those which are 'less common and more recently
investigated, their special feature is the inclusion
of extensive chapters on general methods and physi-
cal organic chemistry. The volume under review
includes chapters on carbolines (R. A. Abramovitch

and Ian D. Spenser), 1,2,3,4-thiatriazoles (K. A.

Jensen and C. Pendersen) and pentazoles (Ivar

Ugi). The carbolines naturally occupy about ten

times the space of the thiatriazoles and pentazoles

because of the large amount of work carried out on
the carbolines after the discovery of serotonin and
the Rawwolfia alkaloids. G. F. Duffin has written

a most valuable chapter on quaternization, which

is important in any study of heterocyclic compounds.

H. H. Jaffe and H. Lloyd Jones have discussed the

ways in which the Hammett equation: can be applied

to heterocyclic systems, giving examples of such
applications and examining special problems arising
in the process. The chapter which was of the
greatest interest to this reviewer is on nucleophilic
heteroaromatic substitution by G. Illuminati, be-
cause it includes an excellent account of the re-
actions of cyanuric chloride, the main intermediate
for the preparation of reactive dyes. The kinetic
and mechanistic aspects are fully discussed. It
may be noted in passing that a considerable part
of the work in this field has been carried out by

Japanese chemists (K. Matsui, M. Goi and their

collaborators) and access to the original papers is

limited by the fact that they are all published in

Japanese and one has to depend on the abstracts.

Among the topics discussed by Illuminati are the

course and kinetic form of the reactions, reagent

and solvent effects, reactivity of the heterocyclic
substrate, and inorganic heteroaromatic substitution

reactions. Available kinetic data are presented in a

long table as an appendix. Illuminati’s treatment

is from the point of view of a physical organic
chemist, but it is of the utmost value for synthetic
purposes.

K.V.
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A GUIDE BoOK ToO MECHANISM IN ORGANIC CHEMISTRY
by Peter Sykes (Longmans Green & Co., London),
1965. Pp. xiii+269. Price 24s.

This is the second edition of the book which was

first published in 1961. The great utility of the

book has been well recognized by students, teachers
and researchers alike during the last four years.

This is amply borne out by the fact that it has

already been translated into four other languages,

viz. French, German, Japanese and Spanish. From
personal experience, the reviewer knows that the
author is an excellent teacher and it is a great
satisfaction that he has produced an excellent book.

The special features of the book are conciseness,

clear presentation of rather a difficult and new

subject, simple language, and reasonable price

(Rs 19.20). Undoubtedly, this is the best avail-

able account of reaction mechanism in organic

chemistry for a beginner. The reviewer, therefore,
unhesitatingly recommends it strongly for B.Sc.

Honours students of Indian universities. Even

such teachers and researchers who had not the

opportunity earlier to undergo training in reaction
mechanism will also find it considerably useful.
The second edition is essentially the same as the
first one; it has only 22 pages more. In the author’s
words, only such topics as are considered ° vital
omissions ’ in the first edition have been added;
they are nitrosation of amines, diazo coupling, ester
formation and hydrolysis, decarboxylation, etc.

But there is one distinct improvement over the

earlier edition; Dr Sykes has taken the opportunity

to clarify arguments further and to give precision
to certain statements made earlier at different places.

A. C. Jain
ORGANIC CHEMISTRY FOR GENERAL DEGREE
STUuDENTS: Vol. I — FUNDAMENTAL ALIPHATIC

CHEMISTRY by P. W. G. Smith & A. R. Tatchell

(Pergamon Press Ltd, Oxford), 1965. Pp. viii

+292. Price 25s.
This book is the first of the three volumes on
organic chemistry intended for candidates prepar-
ing for the B.Sc. general examinations of British
universities and similar examinations. Besides an
introductory chapter, there are thirteen chapters
dealing with atomic structure and chemical bond-
ing, paraffins, halogen derivatives of aliphatic
hydrocarbons, aliphatic alcohols and ethers, struc-
ture of multiple bonds, olefins, acetylenes and
diolefins, aliphatic aldehydes and ketones, aliphatic
monocarboxylic acids and their derivatives, syn-
thetic uses of Grignard reagents, B-keto esters and
diethyl malonate, introduction to stereoisomerism,
aliphatic nitro compounds and amines, and ali-
phatic sulphur-containing compounds. At the end
selected questions set at various British examina-
tions are given along with their answers.

The organization and development of the subject
matter is on the usual lines but a modern approach
has been adopted. The emphasis is on the chem-
istry of the functional groups and enough informa-
tion about the general methods of preparation and
properties of individual compounds is given to
enable the student to understand the main points.
Adequate attention is paid to processes of industrial
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importance. A welcome feature of the book is that
theoretical aspects and reaction mechanisms are
freely discussed throughout and this is in keeping
with the present view that the student should be
expused to these early in his training. This not
only helps him to strengthen the grasp of the
subject but also convinces him that organic chem-
istry is not just a catalogue of facts; there is order
in the behaviour of organic compounds and this
can be predicted, to some extent, from their struc-
ture. The chapters on atomic structure and chemi-
cal bonding, and the structure of multiple bonds
also help the student to understand the modern
views on these aspects. The questions at the
end will test the student’s grasp of the fundamen-
tals and also his ability to apply them to new
situations.

The get-up of the book comes to the high stan-
dard of the Pergamon Press publications and it is
printed in easy-to-read type. The formulae are
pleasing. The book may be recommended to the
first year students of the B.Sc. and B.Sc. (Hons.)
classes of Indian universities.

V. V. S. MURTI

STRUCTURE AND ACTIVITY OF ENzYMES edited by
T. W. Goodwin, J. I. Harris & B. S. Hartley
(Academic Press Inc., New York), 1964. Pp. viii
-+190. Price 37s. 64.

This timely publication contains twenty-three papers

presented at a symposium organized by the Federa-

tion of European Biochemical Societies in London
on 24 March 1964. The papers are arranged under
four main titles: Ribonuclease, Chymotrypsin, Active

Sites and Haemoglobin.

Among the more interesting papers is one by
F. M. Richards on the investigations of his school
on the chemical modification of ribonuclease-A and
ribonuclease-S. They have concluded that a parti-
cular amino acid residue may exhibit strong inter-
action with other parts of the protein structure; a
functional group located on this residue may or
may not have altered chemical reactivity, depend-
ing entirely on the nature of the local environment
and of the reagent used.

S. Moore has discussed the alkylation of the dimer
of ribonuclease. Evidence is presented that the
active site in each half of the dimer includes histi-
dine-12 and histidine-119 residues from two dif-
ferent monomer molecules.

A. P. Mathias and his colleagués have studied
the active site and mechanism of action of bovine
pancreatic ribonuclease using iodoacetate to bind
its two active histidine residues and cytidine
2',3’-phosphate as substrate. Kinetic studies indi-
cate that binding of the substrate can occur when
both imidazoles of the catalytic site are in the base
form. P. Venetianer and colleagues have presented
the results of their investigations on the enzyme
reactivation of reduced ribonuclease. They have
found that dehydroascorbic acid acts as a cofactor
in this reactivation and that the reactivating en-
zyme is not an oxido-reductase.

B. Keil and F. Sorm as also B. S. Hartley have
pointed out that the amino acid sequences around
two of the three histidines and around the  active

centre’ serine of trypsinogen are almost identical
with those in chymotrypsinogen.

B. Labouse and coworkers have shown that the
activation of chymotrypsinogen to 3-chymotrypsin
liberates an amino-terminal isoleucine residue whose
ionization state controls both the conformation of
the enzyme and its catalytic properties.

R. A. Oosterbaan and J. A. Cohen have discussed
the role of serine, cystine, histidine and methionine
in the active site of esterases. The unexpected high
reactivity of serine is not caussd by the incorpora-
tion of the serine hydroxyl into covalent ring
structures.

J. 1. Harris has dealt with the structure and
catalytic activity of three thiol dehydrogenases,
namely glyceraldehyde 3-phosphate dehydrogenase,
yeast and alcohol dehydrogenases. The active forms
of these enzymes are composed of an assembly of
identical polypeptide chains which are held to-
gether by non-covalent bonds in such a way that
each individual polypeptide chain acquires the
specific three-dimensional configuration which is
necessary for the manifestation of catalytic activity
within the quaternary ‘superstructure’ of the
active enzyme molecule.

E. A. Fischer has reviewed his work on the bind-
ing of vitamin Bg-coenzymes and labelling of the
active site of enzymes by sodium borohydride
reduction. The functional aldehyde group of pyri-
doxal phosphate has not been found to be necessary
for it to act as a cofactor for muscle phosphorylase
and the author assumes that the role of the co-
enzyme here is purely structural, maintaining the
protein in the proper conformation for enzyme
activity.

B. G. Malmstrém and his colleagues have studied
the active site of carbonic anhydrase. They have
shown that the recently discovered esterase activity
of the enzyme has many properties in common
with the carbon dioxide reaction and that possibly
the same part of the enzyme functions as the active
site in the esterase and hydrase reactions.

H. Theorell and T. Yonetaini have pointed out
the possibilities opened up by the production of
crystallized complexes of the enzyme with iodinated
pyrazoles occupying the alcohol’s active site.
W. D. Stein has devised a procedure which labels
the active centre of the glucose transport system of
the human erythrocyte. The reversible inhibition
of glucose entry by *C- and ®H-labelled dinitro-
fluorobenzene is the basis of this study.

E. Antonini and coworkers have discussed the
oxygen linked acid groups in haemoglobin. The
effect of pH on the oxygen equilibrium (Bohr effect)
is a model for pH effects in other proteins and
enzymes and provides an important regulatory
mechanism in respiration. The authors have shown
that the group responsible for the normal Bohr
effect in human haemoglobin is an imidazole.

Many of these papers have been published in
various journals since the symposium was held
and some interesting aspects on the structure and
activity of enzymes like the allosteric effect and
the chemical structure of haemoglobins have not
been dealt with in this symposium. Nevertheless,
many important papers on the subject have beesn
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compiled in one volume which will be invaluable
as a reference book in any research institution
interested in the mechanism of enzyme action.

T. RAMAKRISHNAN

PUBLICATIONS RECEIVED

PHOTOELECTRONIC MATERIALS AND DEVICES edited
by Simon Larach (D. Van Nostrand Co. Inc,,
New York), 1965. Pp. xi+434. Price $ 12.00

SPACE PROBES AND PLANETARY EXPLORATION by
William Corliss (D. Van Nostrand Co. Inc.,
New York), 1965. Pp. ix4-542. Price $7.75

SILLIMANITE by E. R. Varley (Her Majesty’s
Stationery Office, London), 1965. Pp. v-165.
Price 15s.

SYSTEMATICS OF THE ELECTRONIC SPECTRA OF
CoNJUGATED MOLECULES — A SOURCE  BOOK,
papers of the Chicago Group 1949-1964 by
John R. Platt (Jehn Wiley & Sons Inc., New
York), 1964. Price § 6.95 (paper); § 10.95 (cloth)

CONFORMATION THEORY: Vol. of ORGANIC
CHEMISTRY, A Series of Monegraphs, by Michael
Hanack (Academic Press Inc., New York),
1965. Pp. ix+4-382. Price $14.50

Foop TecunNoLocy THE WoORLD OVERr: Vol. 2 —
SOUTH AMERICA, AFRICA AND THE MIDDLE EAST
Asia edited by Martin S. Peterson & Donald
K. Tressler (AVI Publishing Co. Inc., Westport,
Connecticut), 1965. Pp. ix -+ 414. Price § 14.00
(US); $ 15.00 (foreign)

TraxsiTION METAL CoMPOUNDS: Vol. 1 — ORGANO-
METALLIC SYNTHESES by R. Bruce King (Academic
Press Inc., New York), 1965. Pp. xii4186.
Price $ 6.50

UrotricHALES by K. R. Ramanathan (Indian
Council of Agricultural Research, New Delhi),
1964. Pp. ix+188. Price Rs 21.50

SOURCE BOOK ON THE SPACE SCIENCES by Samucl
Glasstone (D. Van Nostrand Co. Inc., New York),
1965. Pp. xviii-+937. Price $7.95

ADVANCES IN CONTROL SYSTEMS THEORY AND APPLI-
catioNs: Vol. 1, edited by C. T. Leondes
(Academic Press Inc., New York), 1964. Pp. x
+365. Price $13.00

ORIENTED NUCLEI, POLARIZED TARGETS AND BEAMS
by J. M. Daniels (Academic Press Inc., New
York), 1965. Pp. xii+278. Price $9.00

INTRODUCTION TO MINE SURVEVING by W. W.
Staley (Oxford & IBH Publishing Co., Calcutta),
Second edition, 1965. Pp. viii+303. Price
Rs 30.00

ADVANCES IN FLUORINE RESEARCH AND DENTAL
CAriES PREVENTION: Vol. 2, edited by J. L.
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Hardwick, J. P. Dustin & R. H. Hans (Pergamon
Press Ltd, Oxford), 1964. Pp. viii4-218

ENGINEERING PrysicaL METALLURGY by Y. Lakhtin;
translated from the Russian (Gordon & Breach
Science Publishers, New York), 1965. Pp. 471.
Price $§ 14.50

THEORY oF Raxpvom Fuxcrioxs: Vol 1, by A.
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A new elementary particle

Scientists at the University of
Pennsylvania have reported the
experimental detection of a new
elementary particle called the S°
by using, for the first time, the
neutron time of flight counting
technique. The particle is reported
to have a lifetime of 10-20 sec.
About 600 S° particles were ob-
served during the experiment
which involved a steady run from
November 1964 through February
1965 on the alteMmating gradient
synchrotron (AGS) at the Brook-
haven National Laboratory,
Upton, NY.

Neutron time of flight counting
technique had been used earlier
in nuclear physics only and not
in elementary particle physics.
Thus the S® was the first resonance
seen with a method other than
the bubble chamber. The particle
was detected by counters and a
spark chamber.

Several properties of the particle
are the same as those of a vacuum,
as the S° has no spin or electric
charge. However, the S® has mass
and an identical mirror image.
It is one of the shortest lived
elementary particles known. In a
bubble chamber the S° had been
obscured previously by the pre-
sence of a nearby charged particle,
the Rho meson.

The S° decays spontaneously
into two pions. In the decay,
either both particles are chargeless
or one has a 4ve and the other a
—ve charge.

It is observed that many very
short-lived particles with given spin
and charge have their antiparticles.
The S° seems to be the counterpart
of the eta. All its properties
except mass and mirror image are
the same as those of the eta.

The decay of the eta is being
studied now by the team as a
few thousands of them were tracked
during the S° experimental run
[News Release from University of
Pennsylvania, dated 24 June 1965].

Recent advances in fusion
research

A concise account of the most
significant advancement in the
field of fusion research in recent
years, viz. the theoretical and
experimental investigations of Ioffe
and coworkers of the Soviet Union,
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has been given by Albert Simon
of the General Atomic Division of
General Dynamics Corporation, San
Diego, California, in a paper pub-
lished in the Proc. nat. Acad. Sci.,
Wash., 53 (1965), 866. Several
barriers are encountered in any
attempt to demonstrate the feasibi-
lity of controlled fusion reactors.
One of the major problems en-
countered is the removal or con-
trol of the various factors that
limit the plasma density, tem-
perature or lifetime. The recent
investigations of Ioffe and co-
workers has tackled this problem
of plasma stability from theoreti-
cal considerations coupled with
experimental confirmations of the
deductions made from theory.
Their studies have also indicated a
method of eliminating plasma in-
stability so far as it concerns
lifetime. The basis of the analysis
of this problem by Ioffe and co-
workers and their important deduc-
tions are as follows:
Theoretically in the absence of
surface perturbation the plasma
can be considered to be suspended
against a gravitational force by
the action of a strong magnetic
field and no charge separation
takes place. However, when a
small perturbation produces a
lump on the plasma surface a net
charge separation takes place and
the induced field increases the
size of the lump, thus making the
plasma unstable. Because the
magnetic lines in a highly conduct-
ing plasma are frozen-in, thisimplies
that the most common perturba-
tions are those-which extend uni-
formly along a field line and have
a general shape of a flute (hence
the name). In the analysis in the
case of a ‘ magnetic bottle’, such
as the mirror machine, it is not
actually gravity but the centri-
fugal force due to the particles
moving along the curved field
lines bounding the plasma that
has to be considered. When this
field curves around the plasma,
as it does in the simple mirror
machine, the centrifugal  force
points outward and instability
should result. Detailed analysis
shows that the flute should move

outward with a velocity propor-
tional to the thermal velocity of
the ions in the plasma.

Experimental studies made by
Toffe and coworkers have estab-
lished that the flute instability is
actually present in a mirror
machine. Attempts were made to
suppress the flute instability by
reversing the curvature of the
magnetic field arcund the plasma
(in the case of magnetic mirrors
by superposing a multipole field
on the original mirror field). It
was observed that about the point
at which the field reverses at the
plasma surface, there is a sharp
increase in lifetime of the plasma
from about 100 upsec. to about
3 msec.

Non-linear scattering of
laser beams

Non-linear scattering of the
radiations from a giant ruby laser
by liquids or fused quartz has
been observed when the laser
beam was brought to a focus
inside the liquid at the Scientific
Laboratory, Ford Motor Co.,
Dearborn, Michigan. The scat-
tered radiations (with energy about
10-13 of the incident energy and of
nearly twice the laser frequency),
which were found to occur only
in the focal region of the laser
beam, were due to both inelastic
scattering (with frequency dis-
placements characteristic of the
material) as well as elastic scatter-
ing. Both the types of scattering,
being non-linear in nature in this
case, depend upon properties of
material which are different from
those in the case of their linear
counterparts, viz. Rayleigh and
Raman scattering. Thus measure-
ments on this non-linear scattering
provide an important new tool
for the study of molecular struc-
tures and their interactions in
liquids.

In the experiment conducted at
the Michigan laboratory, a pulsed
ruby laser having a plane-polarized
(1 MW. peak power, 80 nsec.
half width, 2 per min. repetition
rate) beam was focused in water
(and also in fused quartz) at f/10
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and the scattered radiations were
collected at f/1. Measurements on
the scattered radiations were car-
ried out at just below the thres-
hold for diglectric breakdown or
Raman laser action in the sample.
The experimental observations
have been found to compare well
with the theoretical deductions
made on lines similar to the treat-
ment of first-order non-linear scat-
tering by L. D. Landau and
E. M. Lifshitz [Electrodynamics of
continuous media (Addison-Wesley
Publishing Co. Inc., Reading,
Mass.), 1960, 377], with suitable
modifications [Phys. Rev. Lett.,
14 (1965), 681].

A new free radical initiator

A new free radical initiator,
azobisisobutanol diacetate, which
may be useful for studying kinetics
of polymerization at high tempera-
ture (150-200°) has been prepared
in good yield. In the synthesis of
azobisisobutanol diacetate, azobis-
isobutyronitrile is first converted to
dimethyl azobisisobutyrate using
dry hydrogen chloride for bringing
about the conversion of nitrile
groups into ester functions. The
dimethyl ester is reduced with
LiAlH, in ether medium to azobis-
isobutanol which is subsequently
acetylated in methylene chloride
medium using pyridine acetic an-
hydride to obtain the desired
compound.
effectiveness as a controllable source
of free radicals, polymerization of
ethylene at 20,000 Ib./sq. in. and
167° were carried out for 20, 40
and 60 min. using 5-2 X 10-3M [litre
of the azodiacetate. The overall
tates of polymerization were 7-1,
6-5 and 6:8 per cent/hr. It has
beenfound that, kinetically, steady
state polymerization is achieved
and that the initiator furnishes
free radicals at a constant rate
[J. org. Chem., 30 (1965), 1632].

Reactive hot pressing: A new
ceramic process

A new ceramic process called
‘ reactive hot pressing’ for the
densification of clay materials has
been reported from the Department
of Metallurgy, University of British
Columbia, Canada. The process
does not involve high temperature
sintering and gives fireclay products
having a compressive strength of
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up to 30,000 lb./in.? at 700°C. in
10-15 min. It utilizes the enhanced
reactivity of a solid during a
decomposition or a dissociation
reaction. As such, it does not
involve very high temperatures.
As typical examples, the decom-
position reactions of hydroxides
and carbonates have been made
use of in conjunction with high
pressures to obtain dense products.
It has been observed that by the
application of pressure (3000-15,000
Ib./in.2) on the reactive solid a
considerable interparticle bonding
can be achieved in different ceramic
materials. In the case of clays and
talc the following decomposition
reactions have been made use of:

A1,0,4Si0,.yH,0 —> Al,0,.45i0,
+yH,;0

(*x=2o0r4 and y =1 or 2)

3Mg0.4Si0,.H,0 — 3Mg0.4Si0,
+H,0

In the case of aluminium hydro-
xide the following reaction takes
place:

Al 04.4H,0 — AL,O;+xH,0

Brucite: Mg(OH),— MgO+H,0

A typical decarbonation reaction
made use of is:

MgCO3; — MgO+CO,

The reactive hot pressing is
carried out in an induction heating
unit. Graphite and high tempera-
ture steel dies are used which serve
both as the susceptor and the hot
pressing component.

The raw material is first ground
in a porcelain mortar so that it can
pass through a 100-mesh sieve.
A hand press is used to compact the
ground raw material into cylindrical
form 1 cm. in diameter and 1 cm.
in height approximately. The loss
in weight indicates the extent of
reaction taking place during hot
pressing [Nature, Lond., 206 (1965),
392].

Determination of the activity
of viscosity-reducing enzymes

A rapid method for determining
the activity of such enzymes as can
be assessed by measurement of the
loss in viscosity of their substrates
in solution has been reported.
The method has been successfully
tried in the case of endo-poly-
galacturonase.

The initial flow rate of the
mixture of substrate and buffer
equilibrated to a specific tempera-
ture is noted and then a small
amount (0-1 ml) of an enzyme
solution is added to the mixture.
The flow times are determined at
regular time intervals after the
addition of the enzyme solutions,
the true time of each observation
being taken as the mid-point of the
flow time. Plot of the decrease
in viscosity against time are drawn.
The initial velocity of substrate
breakdown (V@rTs determined from
the first portion of the plot in each
case, taking care that the level
of 20 per cent substrate utilization
is not exceeded. Initial velocities
of enzymatic action (in cPx 102,
decreases per min.) is then
plotted against enzyme concentra-
tion, and the linear calibration
curve obtained used to determine
the activity present in text solu-
tions [Nature, Lond., 206 (1965),
510].

Estimation of silica in
sea water

A simple and sensitive method
for the analysis of soluble silica
in sea water in which there is
no interference from phosphates
has been reported. The method
consists in coverting silica in the
sample to silicomolybdic acid
followed by a single step extraction
of the silicomolybdate in an oxygen-
containing  solvent, preferably
ethyl acetate, and spectrophoto-
metric determination at 3350 A.
The method does not involve any
filtration and 12 analyses can be
completed in 1 hr.

To 30 ml. of the sample is added
1 ml. of the reagent prepared by
mixing 2 parts of ammonium
molybdate - solution [21:5 g.
(NH,)gM0,0,,.4H,0 dissolved in
500 ml. water] with 1 part of 1-0M
H,S0,, mixed well, allowed to stand
for 20 min. for silicomolybdate to
form completely and then 15 ml.
of 1:1 H,S0, added. The mixed
solution is transferred to a separat-
ing funnel containing exactly 10 ml.
of ethyl acetate. The organic phase
is separated and transferred to a
1 cm. spectrophotometric boro-
silicate glass cell and the absorbence
measured at 3350 A. in a Beckman
DU spectrophotometer. A calibra-
tion curve plotted by taking dif-
ferent quantities of a standard



sodium silicofluoride solutions is
used to correlate the absorbence
with the quantity of silica present
CAnalvt. Chem., 37 (1965), 764].

New method of determining
melting point of powdered
materials

The  principle that o sudden
variation of g-ray absorption is
caused by melting of powdered
materials has been made use of
in developing a new method for
determining the melting point of
powdered materials, at the Ship
Rescarch  Institute, Tokyo. An
instrument  has  been  designed,
based on this principle, which can
be used for finding melting points
of powdered specimens available in
small quantities and  does  not
require any visual observation as in
other methods.  The instrument
consists of a thin-walled differential
ionization chamber and an g-ray
source clectroplated on a substrate
which can be cooled or heated
thermoclectronically.  The distance
between the #-ray source and the
chamber is adjusted to be a little
shorter than the maximum range
of a-rays. The temperature is
measured with a thermocouple and
the ionization currents caused by
absorption of z-rays are recorded
against time, as the temperature of
the substrate is gradually varied.
When the powdered particles over
the substrate begin to melt they
spread into a laver whose thickness
is sufficient to cut off the e-rays.
Consequently, — the  ionization
suddenly decreases, and the tem-
perature  corresponding  to  this
phenomenon is the melting point of
the powdered substance deposited
over the substrate.  Experiments
performed  with  this instrument
using powdered benzene and p-
xylene as samples have shown that
the method is capable of giving
accurate values for the melting
point [Sei. Pap. Inst. phvs. chem.
Res., Tokyo, 59 (1965), 1.

Studies on the mechanism of
oxidative phosphorylation:
Purification of the reduced
cytochrome ¢ coupling

factor

Ever since Hansen and Smith
[Hansen, M. & Smith, A. L.,
Biochim. biophys. Acta, 81 (1964),
214] isolated a particle from heef
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heart mitochondria with the same
phosphorylative cfficiency as intact
mitochondria, attention has cen-
tred around the resolution of intact
mitochondria into its component
parts. The oxidative phosphoryla-
tion system of beef heart mito-
chondria has been further separated
into two major fractions, viz. a
submitochondrial particle possess-
ing very  poor phosphorylative
cfficiency and a soluble protein
fraction which partially restores
the phosphorylative efficiency of
the particle [Linnane, A. L., Bio-
chim. biophys. Acta, 30 (1958),
221; Pullman, M. E., Penejsky,
H. & Rocker, H., Arch. Biochem.
Biophys., 77 (1958), 228]. Evi-
dences have also been obtained
for the existence of three distinct
proteins in the soluble protein
fraction, each of which can speci-
fically restore a portion of the
phosphorylative ability of the
particles [Smith, A. L. & Hansen,

M., Biochem. biophys.  Res.
Commun., 8 (1962), 136; Webster,
G.,  Biochem. biophys.  Res.

Commun., 7 (1962), 245].

G. Webster {]. biol. Chem., 240
(1965), 1365] has described the
purification and some of the pro-
perties of a soluble protein from
beef heart mitochondria designated
as reduced cytochrome ¢ coupling
factor which specifically restores
the phosphorylation coupled to
oxidation of reduced cytochrome
¢.  Purification of this coupling
factor has been achieved by dis-
rupting the mitochondria by sonic
oscillation followed by centrifuga-
tion (stage I), chromatography on
DEAE-ccllulose (stage II), concen-
tration by treatment with carbo-
wax (stage III) and final chro-
matography on carboxymethyl-
cellulose columns (stage IV).

The author has shown that
optimal conditions for the maximal
phosphorylative ability of the
coupling factor are: ADP, 0-002M ;
Mg2', 0-01M; acetate buffer; pH
7-5; and temperature, 30°.  The
ideal condition for the preparation
of submitochondrial particles is
sonication for 1 min. at pH 7-5
in trisacctate buffer at 0°. The
stability of the coupling factor
progressively  decreases  with
increasing purity of the prepara-
tion. That the reduced cytochrome
¢ coupling factor is specific for the
phosphorylation step coupled to
oxidation of reduced cytochrome ¢

has already been shown by the
fact that it is completely ineffec-
tive on the phosphorylation accom-
panying DPNH or succinate oxida-
tion when phenazine methosulphate
is employed as electron acceptor
in a system inhibited by cyanide
[Webster, G., Biochem. biophys.
Res. Commun., 7 (1962), 245].
Using ferricyanide as electron
acceptor, the author has shown
that the coupling factor is in-
effective on the phosphorylation
coupled to oxidation of either
DPNH or succinate. Similarly,
the author has demonstrated that
coupling factor I responsible for
the phosphorylation at DPNH-
flavoprotein site and coupling
factor I essential for the phos-
phorylation at coenzyme Q-cyto-
chrome ¢ site have no effect on the
phosphorylation coupled to reduced
cytochrome ¢ oxidation.

The purified coupling factor
exhibits a single sedimentation
boundary in the ultracentrifuge
and has no detectable adenosine
triphosphatase or adenosine tri-
phosphate-orthophosphate ex-
change activity. However, it does
catalyse the ADP-ATP exchange
activity.— M. R. Laxman

Replication of RNA viruses

While much of our knowledge
about heredity comes from the
studies on DNA, very little is
known regarding the mechanism -
of replication of RNA. A start
towards evolving a mechanism of
RNA replication was made by
L. Shapiro and J. August
[J. mol. Biol., 11 (1965), 257] who
isolated and purified viral RNA-
dependent-RNA  polymerase from
the extracts of Esch. coli
infected with the RNA bacterio-
phage f, su 11.  This enzyme
shows a requirement for the ribo-
nucleoside triphosphates of adenine,
uracil, guanine and cytosine; Mg2*
and RNA. These requirements
distinguish this polymerase from
the other enzymes catalysing the
DNA or RNA-dependent-RNA
synthesis. The viral RNA-depen-
dent-RNA polymerase was first
observed by three groups of workers
[Baltimore, D. & Franklin, R. M.,
J. biol. Chem., 238 (1965), 3395;
Weissmann, C., Simon, L. & Ochoa,
S., Proc. nat. Acad. Sci., Wash., 49
(1962), 407; and Haruna, F., Nozu,
K., Ohtaka, Y. & Spiegelman, S.,
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Proc. nat. Acad. Sci., Wash., 50
(1963), 905] following RNA virus
infection. The precise role of this
enzyme in the virus replicative pro-
cess remains to be elucidated.

In the reaction catalysed by
this enzyme, the synthesis of RNA
has been shown by L. Shapiro
and J. J. August [ ]. mol. Biol., 11
(1965), 272] to be directed by the
RNA added to the reaction. Based
on hydrogen-bonded base pairing,
a template mechanism is suggested
by the dinucleotide base pair fre-
quencies of the RNA product.
The RNA product of the reaction
catalysed by the polymerase using
s-RNA as template is readily
methylated, the reaction being
catalysed by a specific s-RNA
methylating enzyme. This means
that the methylating enzymes
recognize particular base sequences
in the RNA, acting as methyl
group acceptor and that the criti-
cal sequence is present in the
double helical portion of the RNA
product also. The RNA product
of the reaction appears to have a
high degree of secondary structure
as indicated by its resistance to
RNase and renaturation after heat
denaturation.

The characteristics of the viral
RNA-dependent-RNA  polymcrase
reaction and the RNA product of
the reaction favour the ‘concept
that this enzyme functions in vivo
to catalyse the synthesis of a
complementary copy of the paren-
tal single-stranded RNA to produce
a double-stranded replicative form
of RNA. In addition to offering a
potential entry into the mechanism
of RNA replication, the researches
of August and Shapiro add another
possible approach for designing
antiviral agents.  The enzyme
system offers a specific assay for
agents that might inhibit RNA
virus through their replicative
mechanism.— K. SANTANAM

Role of valyl-sRNA
synthetase in enzyme
repression

The synthesis of amino acyl
derivatives of s-RNA by amino
acyl-s-RNA synthetases has been
well established. The role of these
synthetases in protein synthesis
has been shown by several workers
with cell-free amino acid incorpora-
tion systems and also by using
mutants. However, there is no
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report on the role of these enzymes
in the regulatory system by which
amino acids repress the formation
of their own biosynthetic enzymes.

A naturally occurring amino acid
regulates its formation either by
repression or by feedback mecha-
nism.  Recently, S. Schlesinger
and B. Magasanik []. mol. Biol.,
9 (1964), 670] working with Esc/.
colv and Aerobacter aerogenes sys-
tems reported that g-methyl histi-
dine, an analogue of histidine,
blocks the activation of histidine
but not its biosynthesis. During
the initial stages, the growth of
Esch. coli was inhibited by a-methy!l
histidine, but later growth pro-
ceeded at a slightly reduced
rate. The inhibition is attributed
to the blocking of histidinyl-RNA
synthesis and the recovery to the
increase in the histidine biosyn-
thetic enzymes which produce more
histidine to compete with the
inhibitor. On this basis it must be
the internal concentration of histi-
dinyl-RNA but not the free histi-
dine that controls the degree of
repression of these enzymes in the
cell. This and other reports led
L. Eidlic and F. C. Neidhardt
[Proc. nat. Acad. Sci., Wash., 53
(1965), 539] to study whether
amino acids must be activated
to repress enzyme  synthesis.
These authors describe experiments
with two strains of Esch. coli:
(i) KB, a prototropic wild strain;
and (i) 1-9, a mutant of KB with a
temperature-sensitive valyl-sRNA
synthetase.  The results showed
that the repression of the enzymes
of the valine-isoleucine pathway
requires the simultaneous presence
of all the four products of this
pathway: valine, isoleucine, leucine
and pantothenate. A limitation
of anyone of the products de-
represses both threonine deaminase
which is involved only in isoleucine
synthesis and the four enzymes
which participate in the valine
and isoleucine synthesis.

To determine whether valine
must be activated to participate
in the multivalent repression, the
syntheses of the enzymes — threo-
nine deaminase, acetolactate syn-
thetase, a-hydroxy-B-carboxy iso-
caproate dehydrogenase and orni-
thine transcarbamylase — were
studied at growth restricting tem-
peratures in the mutant. Cultures
were grown at 30° in a glucose
minimal medium containing valine,

isoleucine, leucine and pantothenate
and samples were removed for
enzyme assays.  The temperature
of incubation was increased to 36°,
which accelerated the growth of
the wild strain by 50 per cent and
stopped the growth of the mutant
after a short period of restricted
growth. When the cultures had
increased their protein content,
additional samples were taken for
enzyme assays. The results showed
that the temperature shift caused
a derepression of the two valine
controlled enzymes — threonine de-
aminase and acetolactate synthe-
tase — in the mutant resulting in a
tenfold increase over the dif-
ferential rates of synthesis in the
wild strain.  These two enzymes
were synthesized at slightly greater
rates in the mutant than in the
wild strain even at 30°. The cffect
seems related to the fact that even
at 30° the growth rate of the
mutant and henee its rate of valine
activation is below normal.

In another experiment the cul-
tures were grown at 287 and the
temperature raised to 36°C. at
the zero time and the enzyvmes
were assayed.  The repression of
the valine controlled enzyme, aceto-
lactate synthetase, commenced in
the mutant strain approximately
20 min. after the temperature shift.
Nochange inwild strain was observ-
ed. Neither strain showed derepres-
sion of the leucine controlled 2~
hydroxy-#-carboxyisocaproate  de-
hydrogenase. Chloramphenicol
completely blocked the increase in
the acetolactate synthetase acti-
vity, indicating that the tem-
perature shift was not activating
the preformed enzyme.  Similar
results were obtained when the
cultures were grown on the same
medium  devoid of amino acids
when the temperature was raised.
This shows that there is no short-
age of valine since valine deficiency
most likely results in leucine defi-
ciency which in turn derepresses
leucine controlled enzymes.

The results presented in  this
paper clearly indicate that valine
must be activated to repress enzyme
synthesis in Esch. coli. 1t may be
possible that this multivalent re-
pression  uniquely requires  the
participation of activating enzymes
and that other amino acids need
not be activated to repress their
biosynthetic enzymes.— M. K. C.
SRIDHAR



Conversion of shikimic acid
to anthranilic acid by
Neurospora crassa

The implication of shikimic acid
as a key intermediate in the bio-
synthesis of aromatic amino acids
has been recognized for a long
time |[Tatum, . L. & Perkins,
O. D., Annu. Rev. Microbiol., 4
(1950), 129}, although its formation
from the intermediates of carbo-
hydrate metabolism in bacteria
[Srinivasan, P. R., Katagiri, M. &
Sprinson, D. B., J. biol. Chem.,
234 (1959), 713] and N. crassa
[Cross, S. R. & Fein, A., Genelics,
Princeton, 45 (1960), 885] was
demonstrated much later. Recent
studices | Fenster, J. A., Biochem. J .,
85 (1962), 388; Srinivasan, P. R. &
Rivera (Jr), A., Biochemistry, 2
(1963), 1063; Levin, J. G. &
Sprinson, D. B., J. biol. Chem.,
239 (1964), 1142; Gibson, M. 1. &
Gibson, I, Biochem. J., 90 (1964),
248] with bacterial mutants have
indicated a sequence of reactions
starting from shikimic acid to-
wards the formation of various
aromatic amino acids.

It is likely, therefore, that shiki-
mic acid is converted to chorismic
acid by three enzymic steps, which
thus serves as the key intermediate
in the biosynthesis of aromatic
amino acids.

Genetic and nutritional studies
with N. crassa [Ahmad, M. &
Catcheside, D. G., Heredity, Lond.,
15 (1960), 55] indicate that the
first enzyme specifically catalyses
the formation of anthranilic acid
from shikimic acid. J. A. De
Moss [J. biol. Chem., 240 (1965),
1237 has investigated in detail the
formation of anthranilic acid from
shikimic acid in N. crassa extracts.
The results obtained show that
the extracts of N. crassa catalyse
the conversion of shikimic acid to
anthranilic acid only after the
removal of an inhibitor present in
the crude extracts by partial puri-
fication.  This inhibitor seems to
be a macromolecule, since it s
not separable from the enzyme
protein when passed  through a
column of Sephadex G-25. More-
over, it is precipitable in a narrow
range during ammonium sulphate
fractionation.

The enzyme reaction exhibits
an absolute requirement for Mg?t,
ATP, phosphoenol pyruvate (PEP),
TPNH and r-glutamine. Unlike
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the bacterial extracts which require
DPNH, this enzyme shows specifi-
city for TPNH. The very require-
ment  for reduced  pyridine
nucleotide  evokes  considerable
interest, since at Jeast the bacterial
system does not seem to involve a
net transfer of electrons.

If L-glutamine is omitted from
the reaction mixture, an ecther-
extractable intermediate accumu-
lates which when further incubated
with Mg?*, L-glutamine and N.
crassa extract forms anthranilic
acid.  The new intermediate is
identical to chorismic acid on the
basis of several of its properties.
Thus, this system resembles the
bacterial system in the sequence
of reactions towards the formation
of anthranilic acid. The conversion
of chorismic acid to anthranilic
acid would presumably be the first
step in tryptophan biosynthesis.
Although this reaction seems to
be a very complex one, the enzyme
activity has not been resolved into
more than one component even
after 83-fold purification of the
enzyme. Very low concentrations
of L-tryptophan completely inhibit
the enzyme activity which can be
reversed by chorismic acid. On
the basis of such a feedback inhi-
bition it is suggested that the
initial step in tryptophan bio-
synthesis involves the conversion
of chorismic acid to anthranilic
acid. Moreover, this enzyme acti-
vity is absent from all tryp-2
mutants of N. c¢rassa which are
known to be blocked prior to
anthranilic acid in the tryptophan
pathway. It 1is, therefore, pro-
posed that a single enzyme anthra-
nilate synthetase catalyses the
conversion of chorismic acid to
anthranilic acid.— M. R. LAXMAN

Enzymatic hydroxylation of
proline

The available evidence regarding
the sequence of steps in the hydro-
xvlation of proline indicates that
proline is first incorporated into
the polypeptide chain and then
the hydroxylation of the proline
takes place [Peterkofsky, B. &
Udenfriend, S., J. biol. Chem.,
238 (1963), 3966]. On the
contrary, evidence is also avail-
able for the presence of s-RNA-
hydroxyproline in the soluble frac-
tion of the chick embryo and
carageenan  granuloma  system

[Manner, G. & Gould, B. S,
Biochim. biophys. Acta, 72 (1963),
243; Coronado, A., Mardones, E. &
Allende, J. E., Biochem. biophys.
Res. Commun., 13 (1963), 75;
Jackson, D. S., Watkins, D. &
Winkler, A., Biochim. biophys. Acta,
87 (1964), 87]. The investigations
of M. Univetzky, J. M. Frei and
E. Meilman [Arch. Biochem. Bio-
phys., 109 (1965), 480] favour the
view that s-RNA-hydroxyproline
is an intermediate in microsomal
collagen  synthesis. However,
attempts by Peterkofsky and Uden-
friend to demonstrate the forma-
tion of s-RNA-hydroxyproline from
proline have been futile. A more
recent evidence against the involve-
ment of an intermediary s-RNA-
hydroxyproline and evidence for a
peptide precursor of hydroxypro-
line in the synthesis of collagen has
been obtained by L. N. Lukens
[]. biol. Chem., 240 (1965), 1661].
Recently, B. Peterkofsky and
S. Udenfriend [Proc. nat. Acad.
Sci., Wash., 53 (1965), 335] have
been able to isolate microsomal-
bound polypeptide, labelled with
radioactive proline which could
be used as a substrate for the
hydroxylation reactions.

Earlier work of these workers
points out that the incorporation
of proline-*C into the protein-
bound proline starts immediately.
But this label appeared in collagen
only after a 30 min. lag period.
Subsequently, they could success-
fully employ the prelabelled micro-
somes as substrate for the enzy-
matic hydroxylation reaction in
chick embryo. On assaying for
protein-bound hydroxyproline-14C,
the proline-1*C has been found
to be cenverted to hydroxypro-
line-14C.

They suggested that two mnon-
enzymatic factors are involved
(one in the boiled supernatant and
the other in the soluble protein
fraction obtained by ammonium
sulphate fractionation) in the re-
action and also that the micro-

somal fraction contains the
enzyme. .
Puromycin, at concentrations

inhibitory to protein synthesis,
does not inhibit hydroxylation.
It was shown ecarlier that the
incorporation of proline-14C into
protein-bound proline and hydroxy-
proline-14C is completely inhibited
by puromycin. Further, anaero-
biosis during the lag phase (and
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not after the lag phase) does not
inhibit the incorporation of pro-
line-1C into collagen. These facts
suggest that proline is bound in
peptide linkage before hydroxy-
lation.

The active non-enzymatic factor
in the boiled supernatant appears
to be ascorbic acid since ascorbic
acid could be replaced for the
factor. The factor contained as-
corbic acid. Other hydrogen donors
were also capable of replacing the
boiled supernatant fraction but
not as effectively as ascorbic acid.
It is possible that ascorbic acid
could also function indirectly by
producing TPNH which is active
as hydrogen donor in this system.
The other factor is possibly a
protein-bound metal, since ferrous
ions are known to function in
hydroxylases.

Thus, the labelled microsomal-
bound polypeptide can be con-
verted to  microsomal-bound
collagen by a system containing
hydrogen donors plus another non-
enzymatic factor in the soluble
protein fraction and microsomes.
The proline hydroxylase appears
to be in microsomal fraction as
evidenced by the heat lability of
the microsomes with respect to
the hydroxylase activity.— L. V. S.
SASTRY

A new tool for study of
metabolism of hormones:
The radioimmunoassay

The metabolic fate of protein
hormones ¢n vivo has long been a
subject of clinical importance and
biochemical interest; vet quanti-
tative studies on their turnover
rate, excretion pattern and the
tissue levels had not made much
progress till the late fifties, mainly
because of the difficulty in measur-
ing the low hormone level in
tissues or biological fluids, of the
order of millimicrograms.  With
the availability of highly purified
protein hormones, immunochemical
techniques such as quantitative
precipitin haemagglutination inhi-
bition and complement fixation
tests have come to be recognized
as standard techniques.  For
example, as little as 2:5 pg. of
growth hormone has been detected
by direct precipitation with its
antiserum [Li, C. H., Moudgal,
N. R. & Papkoff, H., [. ol
Chem., 235 (1960),1038]. C. H. Read
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and G. T. Bryan [Rec. Progr. Horm.
Res., 16 (1960), 187] have detected
2-20 upg. of growth hormone by
hacmagglutination inhibition test.

Radioimmunoassay is a combina-
tion of the highly sensitive isotope
methodology with the extremely
specific  immunochemical  tech-
niques. 3 is the most extensively
used isotope at present. Thus,
the sensitivity of the precipitin
reaction between human growth
hormone and its specific antiserum
has been increased as to measure
1 ug. of growth hormone by the
use of radioiodinated antiserum
[Greenspan, F. S., Caffel, J. C,,
Lew, W. & Peng, C. T., Clin. Res.,
9 (1961), 991.

At the low concentrations of
reactants employed in the radio-
immunoassay, no insoluble antigen-
antibody complex is formed.
Hence, various techniques have
been employed to separate the
hormone antigen-antibody com-
plex from the unreacted hormone.

The soluble complexes can be
immunoprecipitated by the addi-
tion of anti-Y-globulin serum.
Thus J.S. Skomand D. W. Talmage
[J.clin. Invest., 37 (1958), 783] have
precipitated insulin ! bound to
human Y-globulin serum during
their study of sera from diabetic
patients containing antibodies that
react with heterologous insulin.
In their radioimmunoassay deve-
loped for human chorionic gonado-
tropin (HCG), C. E. Wilde, A.
Hillary Orr and K. D. Bagshawe
[Nature, Lond., 205 (1965), 191]
have precipitated the HCG-anti-
serum complex by adding anti-Y-glo-
bulin scrum, and filtered through
Oxoid filter membranes, thus
achieving separation.

Another method of separation is
by  chromatoelectrophoresis, as
applied by R.S. Yaloand 5. A. Ber-
son in their immunoassay of endo-
genous plasma insulin in man [].
clin. Invest., 39 (1960), 1157]. Paper
clectrophoresis on cellulose acetate
strips has been used with a high
degree of success in separating the
complex and unreacted hormone
in their radioimmunoclectrophoretic
assay for human growth hormone
by W. M. Hunter and F. C. Green-
wood [Biochem. J., 91 (1964), 843].

Both immunoprecipitation and
chromatoelectrophoresis have been
successfully employed for the sepa-
ration of the soluble glucagon 13'1-
antibody complex from unreacted

glucagon ™! in a sensitive radio-
immunoassay by R. H. Unger, AL M.
Eisentrant, M. 8. McCall, S, Keller,
H. C. Lanz and L. L. Madison
[Proc. Soc. exp. Biol.,, N.Y., 102
(1939), 6217.

HC labelling scems to confer
decidedly better advantages over
BT Jabelling  for  radioimmuno-
assays. In their critical evaluation
of radioiodine labelling, P. J. Collip,
S. A. Kaplan, D. C. Boyle and C. N.
Shimizu | J. biol. Chem., 240 (1965),
143] brought out a contrast of "C
labelling against 1 labelling of
bovine growth hormone. They have
demonstrated that acetyl-1C label-
ling of bovine growth hormone
alters neither its biological activity
as compared to the unlabelled
hormone, nor its immunochemical
behaviour significantly. It has
also been shown by various workers
that iodination results in a con-
siderable loss of Diological activity
of hormones [Izzo, J., Rencone,
A. & Izzo, M. J., Fed. Proc. Fed.
Amer. Soc. exp. Biol., 22 (1963),
387; Greenwood, F. C. et al.,
Biochem. J., 89 (1963), 114;
Fraecnkel-Conrat, H., Methods in
enzymology, Vol. IV (Academic
Press Inc., New York), 1957, 247..
Thus further studies with 1C
labelled hormone seem to promise
a better picture of metabolism of
hormones as interpreted by radio-
immunoassay,  considering  the
relationships between modification
of chemical structure and altera-
tion in biological activity.

Circulating levels of growth hor-
mone  as  determined by radio-
immunoassay in  normal adult
human subjects ranged from 0 to
50 pg. per ml. [Utiger, R. D,
Parker, M. L. & Daughday, W. H.,

J. clin. Invest., 41 (1962), 2627 and

15-20 pg. perml. were found in series
of untreated acromegalic patients.
After treatment, the values ranged
from 0 to 27 pg. per ml. Con-
centrations as 0:06 TU per ml. of
HCG have been detected in urine
of pregnant women, and can be
used as a highly sensitive immuno-
logic pregnancy test, as well as
for an carly detection of chorio-
carcinoma {Wilde, C. E., Hillary
Orr, A. & Bagshawe, K. D., Nature,
Lound., 205 (1965), 191.  Thus
radioimmunoassay can be utilized
to differentiate between the hor-
mone levels in normal and patho-
logical conditions or in endocrine
disorders.— H. G. Mapwa Raj



Progress Reports

Applied Physics Research in
Australia

The CSIRO Division of Applied
Physics, which forms part of the
National Standards Laboratory,
presents its research activities
dealing with the maintenance and
improvement of standards of
length, mass, barometry, time and
frequency, etc., in the annual
report for 1963-64.

The Division, in its investigations
conducted in primary standards,
developed new forms of the krypton
86 lamp to remove some of the
difficulties involved in comparing
two such standard sources to an
accuracy of the order of 1 in 10°.
A new form of Fabry Perot
scanning interferometer is being
developed to enable rapid wave-
length measurements to be made
to an accuracy of 0-01-0-001
parts per million to help study the
spectral line profiles. Work on the
development of a hydrogen maser
oscillator (to serve as an indepen-
dent atomic frequency standard),
operating at a frequency of 1420
Mc/s. was started. This will be
used to control a very stable
2-5 Mc/s. quartz crystal oscillator
to an accuracy of more than 1
in 10%, .

Towards improving the self-
reliance of industrial and other

laboratories in the matter of
reference standards in transfer
capacitors, two air dielectric

parallel-plate transfer capacitors
with coaxial input have been
constructed. These are continuous-
ly variable from 50 to 500 pF
and may be calibrated at a.f. with
errors not exceeding the order of
0-2 per cent. The working fre-
quency range as reference standard
is from a.. to the region-of 100
Mc/s. The input impedances of
reference standard coaxial resistive
terminations using carbon film
elements have been computed
assuming the TEM mode as an
approximation. Agreement with
measured values up to 200 Mc/s.
was good to about 10 per cent.
The accuracy of finding the self-
resonant frequencies of low-loss
fixed coaxial resonators by the
frequency method has been im-
proved considerably, the absolute
error being of the order of 1 in 105.
The results and conclusions from
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measurements on the hardness of
crystals of NaCl, KCl and LiF
containing small concentrations
(105 to 10-% mole fraction) of
divalent ions are reported.

Results of the research conducted
in the current year to investigate
the various factors affecting the
pointing accuracy of a radio tele-
scope are presented. The inter-
ferometric ~method has been
developed further for the absolute
measurement of small vibrations.
In this method, one plate of the
interferometer vibrates so that a
group of fringes oscillates in the
optical field. An electronic fringe
detection was used dispensing with
the visual counting of the fringes.
The transducer was calibrated in
this way at a frequency of 60 cfs.
with a displacement range of
2:7-17 p.

Under production engineering re-
search, the results of the investiga-
tions on XK 1340 steel have shown
that for general machining purposes
the cold-drawn bar stock should be
supplied in the fully annealed
condition. Brittle fracture in the
machining of zinc has been further
investigated. The critical cutting
speeds for cleavage fracture ahead
of the tool were determined for a
range of grain sizes and depths of
cut and were found to be inversely

proportional to the square root of

the depth of cut for all grain sizes.
Two 2-component dynamometers
have been designed for use on
automatic lathes in the laboratory.
The sensing elements are air jets
which measure the change in the
dimension of a gap, the change
being produced by the tangential
and feed forces in cutting.

Textile Research Institute,
Princeton

The annual report of the Insti-
tute for the year 1964 records the
main achievements in its major
fields of work, viz. structure and
chemistry of cellulose fibres, studies
on keratin fibres and synthetic
fibrous polymers, thermal behaviour
of textile materials, physics of
fibres, properties of fibre assemblies,
and processing of cotton. During
the year, two new major projects
were taken in hand — studies of
fibre surface propertiesinrelation to
textile products, and thermoplasti-
city and resilience of chemically
modified cotton.

Studies on chemically modified
cotton undertaken with the object
of elucidating the interrelation
between thermoplasticity imparted
by chemical means and improved
resilience obtained by covalent
crosslinking have led to the develop-
ment of a new reaction for inducing
thermoplasticity in cotton cellulose
based on benzoylation of cellulose.
Benzoylation imparts thermoplasti-
city at relatively low DS (0-7) and
causes less deterioration of mechani-
cal properties of the fibre compared
to acetylation and benzylation.

A new chemical method develop-
ed for the introduction of
polysulphide crosslinks, e.g. tetra-
sulphide and disulphide linkages,
in cellulose involves the direct
reaction of alkali metal sulphides
with sulphorylated cellulose in
either aqueous or alcoholic media.
Analysis of the products obtained
on the disulphide crosslinking of
cellulose has suggested significant
modification of, and provided new
insight into the existing mecha-
nism of, cellulose crosslinking.
Studies on the mechanism by which
resin treatments improve the pro-
perties of cotton, such as wrinkle
recovery and resistance to micro-
biological degradation, have result-
ed in the development of new
analytical methods for ascertaining
the chemical structure of resin-
treated cotton products. Studies
on the structure of methyl cellulose,
with respect to the presence of
non-reducing end groups, have
given rise to new methods based on
gas chromatography for determin-
ing the number average degree of
polymerization of polysaccharides.
Studies on the structure of keratin
fibres in relation to their rheological
properties have provided basic
information about the mechanism
of permanent set, stress relaxation,
swelling and supercontraction.

Studies on dependence of per-
manent set of keratin fibres on
temperature have indicated that
the transition temperature (beyond
which a permanent set is achieved)
depends mainly on the SH content
of the fibres. Complete elimination
of SH groups raises the transition
temperature from its normal value
(72°C.) to 85°C., reflecting the
hydrolytic stability of the disul-
phide bonds. A programme of
work has been undertaken under
which - the stress relaxation of a
large number of synthetic fibrous
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materials is being studied as a
function of temperature, crystalli-
nity, orientation and other process
and structure variables.

Prof. G. S. Ramaswamy

Prof. G. S. Ramaswamy has
been appointed Director, Struc-
tural Engineering Research Centre,
Roorkee.

Prof. Ramaswamy (b. 3 October
1923) received his BE degree in
Civil Engineering in 1944 from
the Madras University.  After
serving the Madras PWD for a
brief period, he proceeded to USA
and obtained his MS and CE
degrees in Structural Engineering
from the California Institute of
Technology in 1947 and 1948
respectively.  On his return to
India, he joined the Government
College of Engineering, Kakinada,
in 1948 as Assistant Professor of
Civil Engineering. In 1949, he
shifted to Annamalai University as
Professor and Head of the Civil
Engineering Department where he
started the country’s first post-
graduate course in Structural
Engineering in 1953. He joined
the Central Building Research
Institute, Roorkee, in 1956 as
Assistant Director and was pro-
moted as Deputy Director in
1960. On the establishment of
Structural Engineering Research
Centre at Roorkee, in June 1965,
he was appointed as Scientist-in-
charge.

Prof. Ramaswamy’s special ficlds
of interest are structural engineer-
ing and engineering education. He
is largely responsible for popula-
rizing and promoting the use of
shell structuresin India. The funi-
cular shells developed by him and
his colleagues found application on
a large scale in “ Operation Amar”’,
the Rs one-crore Defence Housing
Project at Ambala involving the
construction of 1700 houses. He
is a member of the Executive
Committec of the International
Association for Shell Structures and
a member of the FIP (Federation
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International de 1la  Precon-
trainte) Commission on Prestressed
Lightweight Concrete.  He has
been a member of the expert
panels of the Building Projects
Team, Committee on Plan Projects
of the Planning Commission and
the National Productivity Council
Team on ‘ Factory Buildings —
Layout and Construction’ and
was deputed to Japan, USA and
Ttaly in 1959. He is Chairman,
Structures Group II of the Insti-
tution of Engineers (India) and
member of a number of committees
of the Indian Standards Institution.
As Chairman of the ‘ Criteria for
Design of Structures’” Sectional
Committee, he was largely respon-
sible for initiating standardization
in the field of shell structures and
folded plates. He was one of the
Chairmen for the World Conference
on Shell Structures held at San
Francisco in October 1962, and
his contributions in the field of
shell structures won him inter-
national recognition. He presided
over one of the sessions at the
International Symposium on the
Theory of Arch Dams held in
April 1964 at Southampton, UK.
He shared, with one of his col-
leagues, the John C. Gammon Prize
of the Institution of Engincers
(India) in 1963.

Prof. Ramaswamy is the author
of over 40 research papers in the
field of shell structures and pre-
stressed concrete, and two books,
Cylindrical sheets (National Build-
ings Organization) and Analysis
and design of shells and folded
plates (McGraw-Hill Book Co. Inc.,
New York) (under publication).

New Periodicals

Journal of Invertebrate
Pathology

Beginning with March 1965 issuc,
the title of the Journal of Insecct
Pathology  (Academic Press) has
been changed to the Journal of
Invertebrate Pathology. With this
change, the scope of the journal,

to be issued quarterly, has been
expanded to cover the entire field
of invertebrate pathology. Under
the new title the journal publishes
original articles and notes con-
cerned with the nature and study
of infectious and non-infectious
discases of invertebrate animals
(especially insccts), the suppression
of these discases in heneficial
invertebrates, and their use in
the control of pests.  Papers on
the microbiology of invertebrates
(i.c. the relation between inverte-
brates and microorganisms) are
also accepted.  The annual sub-
scription for the journal for insti-
tutions is § 22.00; the journal is
available to individual subscribers
at a concessional rate.

Announcement

» The Geochemical Sociely of India
— At a conference of geochemists,
geologists and geophysicists held
at Patna during 20-22 August
1965, the Geochemical Society of
India was brought into existence,
with headquarters at Patna. The
principal objective of the society
shall be to foster the study and
application of geochemistry in
national and international spheres.
In pursnance of this objective, the
society shall (i) work with any
interested  group in planning
symposia and other types of meet-
ings that are related to geo-
chemistry; (ii) sponsor the Journal
of the Geochemical Society of India;
and (iii) appoint commissions and
committees to study problems that
require an all-India  or inter-
national coordination.

Among the programmes of the
socicty are the following: (i) all-
India coordination of work done
in carth sciences; and (i) publica-
tion of quarterly bulletins con-
taining= abstracts and summary
data of the work being done in
India together with notes and
news  of important  rescarches
being carried out in different insti-
tutions of the country as well as
abroad.



For Controlled Temperature and Humidity

e Gallenhamp-

G13/100 HUMIDITY OVEN

for testing

% Components for radio and other
electronic equipment

% Protective coatings, paint, lacquer,
varnish, etc.

% Containers, packages and packing
material

% Many other manufactured products

Conditions available with the
basic oven and accessories include:

e BASIC OVEN

(a) Controlled temperature and humidity, continuous operation. (b) Controlled temperature only, with no added
moisture. (c) Controlled temperature at saturation.

o WITH TIME SWITCH

During a 24 hour (or other specified) period the oven heats to the desired conditions, as a, b or ¢ above, remains at
these conditions and then cools towards ambient conditions for the remainder of the period.

e WITH WATER SPRAY COOLER
Oven cools more rapidly and remains at saturation during cooling period.
e WITH FRESH AIR INJECTION
Oven humidity can be reduced rapidly and minimum attainable humidity is reduced.
s WITH REFRIGERATION
Oven can be operated down to 0°'C subject to ambient temperature limitations.
» WITH ULTRAVIOLET LAMP
The weathering effect of sunlight under various conditions of temperature and humidity can be simulated.
* WITH AUTOMATIC PROGRAMMING SYSTEMS

The oven will reproduce automatically the cycles of temperature and humidity preset on the controls. The program-
ming systems available vary in complexity from a simple time switch through complex switching systems as used for
the ISAT series to complete programming of both temperature and humidity.

Ask for details

ACCREDITED MARTIN & HARRIS (PRIVATE) LTD.

AGENTS Scientific Department Savoy Chambers Wallace Street Bombay | 2
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_PURITY IS OUR
‘ BASIC

APPROACH

‘BASYNTH' is your guarantee for
Standarised Reagent Chemicals
manufactured in modern laboratory
by qualified chemists—

Manufactured by :

BASIC & SYNTHETIC CHEMICALS PRIVATE LTD.

25, EAST ROAD * JADAVPUR * CALCUTTA-32

Progressive'BSC -4

FOR @ AND
OUALITY SERVICE

CENTRIFUGES

* Robust design for continuous and efficient running
‘QUICO’ MODEL SC CE 2 (ii) * Large range in speed variation * Noiseless and well
balanced (vibration force) movements * Lubricating

ball bearings and resilient rubber buffers * Different types like: Hand operated or electric, close
or open model, with aluminium tubes, holders, glass tubes, or buckets, free oscillating heads
to take 2, 4, 8 tubes, etc. Working on AC/DC supply, duly painted with hLospital white colour
or in metal finishing.

Please contact:

UNIQUE TRADING CORPORATION

SPECIALISED IN LABORATORY EQUIPMENT

221 SHERIFF DEV)I STREET, BOMBAY 3
Gram: ‘UNILAB’ Phone: 325611 & 323489
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RESEARCH ELECTROMAGNET

TYPE NP-53

The magnet provides reasonably uniform fields and an air gap continuously
adjustable from zero to 10 cm. The pole pieces are 10 cm. in diameter. A pair of
cylindrical pole pieces is provided with the magnet. Tapered pole pieces are
specially made and supplied. Energizing coils carry low current and are air-cooled.
Current Stabilized Power Supply for use with this magnet is available.

A number of these magnets are in use in Universities, Colleges and our
National Laboratories.

Also available
5 cm. Electromagnet, Type P-51 o 7.5 cm. Electromagnet, Type NP-52

LARGER ELECTROMAGNETS MANUFACTURED TO SPECIAL ORDER

Manufacturers :

UNIVERSAL SCIENTIFIC COMPANY

32 PAREKH STREET, BOMBAY 4
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HYDROCHLORIC ACID

LIQUID CHLORINE

: STABLE BL%ACHING POWDER

CAUSTIC SODA

CALCIUM CHLORIDE

FERRIC CHLORIDE
SULPHATE OF ALUMINA
COMMON SALT

BURNT LIME

‘CAUVERY s..cCHENICALS

Sor Indian Industry

Made according to modern methods...on modern equip—

ment...by fully-trained operating crews, CAUVERY brand

chemicals can always be depended- upon for their high
quality and constant uniformity.

% THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LIMITED

Mettur Dam R.S.

Salem Dt.

Managing Agents: SESHASAYEE BROTHERS PRIVATE LIMITED

CRITERION-MC. 368

MODERN SCIENTIFIC INSTRUMENT
COMPANY

48A/48B SADASHIV CROSS LANE
BOMBAY 4

*

Direct Importers & Stockists of

‘PYREX’ Brand

Laboratory Glassware and

Apparatus
*

Manufacturers of

‘MODERN’ Brand

Laboratory Equipment

SHABNAM

PLASTIC ANALYTICAL BALANCE
COVERS

HELP KEEP YOUR
LABORATORY BALANCES
FREE FROM DUST AND STAINS
AND ADD GLAMOUR TO YOUR LABORATORY

Available in Beautiful Clear Plastic
at Rs. 11.50 each

(They are cheaper 25 per cent by the dozen)

Manufacturers:

OCEANIC INDUSTRIES
(INDIA) PRIVATE LTD.

1-2 PRESIDENCY COURT
55 GARIAHAT ROAD
CALCUTTA 19
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MATHEMATICAL
PRECISION MAKES
CHEMISTRY AN
EXACT SCIENGE

The slide-rule and mathematical
formula both signify precision in
practice and theory.

In Chemistry, success depends
on precision. Sarabhai. Merck's
‘Guaranteed Reagents’ provide
utmost precision in Chemical
Research and Analysis.

For every requirement the
specific preparation is available
and the right selection proves
the expert.

GUARANTEED
REAGENTS

SARABHAI MERCK LTD
s N s

Shilpi 5.M, 86




JOURNAL OF THE
INDIAN INSTITUTE OF SCIENCE

A quarterly, containing papers on original research
carried out in the laboratories of

the Indian Institute of Science, Bangalore 12

SUBSCRIPTION
(Post Free)

Country Annual Single Issue
India Rs. 24 Rs. 7
U.K. £2/5 Sh. 14
US.A. $ 6.50 $2.00
Other countries Equivalent of Equivalent of

Rs. 30 Rs. 8
Indian currency Indian currency

6} per cent discount to Agents

Cheques should be made payable to the Registrar, Indian Institute of Science,
Bangalore 12

All communications should be addressed to:

THE ASSOCIATE EDITOR
JOURNAL OF THE INDIAN INSTITUTE OF SCIENCE
BANGALORE 12, INDIA
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S. H. KELKAR & CO. (PRIVATE) LTD.

DEVAKARAN MANSION, 36 MANGALDAS ROAD
BOMBAY 2

Gram: ' SACHEWORKS®, BOMBAY-DADAR

Manufacturers of

NATURAL ESSENTIAL OILS, AROMATIC CHEMICALS, RESINOIDS
& WELL-KNOWN ‘COBRA BRAND' PERFUMES, USEFUL
FOR ALL COSMETIC & TOILET PERFUMES SUCH
AS HAIR OILS, BRILLIANTINES, SOAPS,
AGARBATTIES, FACE POWDERS, ETC.

FOR SAMPLE AND PRICE, PLEASE WRITE TO THE ABOVE ADDRESS

SETT & DE

16 Ganesh Chandra Avenue
Calcutta 13
Phone : 23-9588

manufacturers of

MOVING COIL & MOVING IRON TYPE VOLTMETERS, AMMETERS (PORTABLE &
SWITCHBOARD TYPES), RESISTANCE BOXES, P.O. BOXES (PLUG &
DIAL), G.P.O. DETECTORS, EXTERNAL SHUNTS, RHEOSTATS
A.C./D.C. CONVERSION EQUIPMENT, ETC. ETC.

for
LABORATORY AND INDUSTRY

OUR SERVICE DEPARTMENT IS ALSO AT YOUR DISPOSAL
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OPTICA-INTERNATIONAL
RESEARCH MICROSCOPE

Large and heavy stand with wide body tube suitable
for microphotography

Coarse and fine focussing arrangements
Mechanical stage semibuilt-in type of the latest design

Substage with 2-lens condenser with iris diaphragm
movable by rack and pinion

Three achromatic objectives — 10x, 45x and 100x oil-
immersion

Two huyghenian eyepieces — 5x and 10x

Instruments and Equipment for Education,
Research and Industry

INTERNATIONAL "
AGENCIES

79 GHOGA STREET, FORT, BOMBAY | 7
RESEARCH MICROSCOPE Gram: ‘ SCIENAPP’ Phone: 253753

WE MANUFACTURE

e AUDIO OSCILLATORS e BATTERY CHARGERS e BATTERY
SUBSTITUTES e DOUBLE WOUND SINGLE PHASE
TRANSFORMERS e ELECTRONICALLY
REGULATED POWER SUPPLIES

VARITRAN

(substitute for ordinary toroidal wound auto-transformers)

Detailed literature available on request

LABORATORY FURNISHERS

DHUN MANSION, 186C VINCENT ROAD, DADAR, BOMBAY 14
Telephone: 62761 Telegrams: ‘LABFURNISH’, Bombay-Dadar

Branch Office: Kapasia Bazar, Ahmedabad
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REICHERT

MICROSCOPES *

and a
MICROTOMES
for
Research
and
advanced
Teaching

Sales & Secvice Centres throughoue the world !

Compact-Elegant-Versatile-Novel Equipment:
For Research and routine work in Science, Medicine, Technology and Industry

Specialities:

"Polyphos’ condenser for variable illumination for phase contrast,

dark and bright field,"Binolux™ Mercury llfuminator for contrast fluorescence-
Combination of phase Contrast and fluorescence.

Accessories for all modern techniques like micro vacuum heating,
cinephotomicrography, micro television, etc.

Sold and Serviced in India by:
Exclusive Agents and Distributors

NEO-PHARMA INSTRUMENTS CORPORATION

Kasturi Bldgs., J. Tata Road, BOMBAY-1.
Technical Service Offices: CALCUTTA-DELHI-MADRAS 2
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Safe & Dependable
INJECTABLES

A wide range of parenteral preparations for meeting the growing requirements of the
medical profession are processed in our laboratories. They are made from standard chemicals
employing double distilled and PYROGEN FREE water. Their containers (ampoules) undergo
rigid neutrality tests before they are selected for use. These injectables are, therefore, guaranteed
to be absolutely safe and dependable.

The following are but a few of our well-known injectables:

RETICULIN — A potent Extract of Liver
HEXOPURIN — An Urinary Antiseptic
CALCITOL — Injectable Calcium Gluconate
BEVITAMIN — Injectable Vitamin B,
CEVITAMIN — Injectable Vitamin C
GLUCOSE SOLN — Injectable Pure Dextrose

THE MYSORE INDUSTRIAL & TESTING LABORATORY LTD.
MALLESWARAM P.O., BANGALORE 3

Selling Agents :
Messrs Khatau Valabhdas & Co., Bombay Messrs Karnatak & Deccan Agencies, Hubli
Messrs Ventlax, Secunderabad

IMPORTERS &
MANUFACTURERS OF
SCIENTIFIC
GLASSWARES
FROM
PYREX GLASS.

SCIENTIFIL

INDUSTRIE S

11. ULTADANGA ROAD. CALCUTTA -4
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Specify ‘AnalaR’ whenever you need analytical reagents. Ensure factory-packed,
effectively labelled, completely reliable materials for every analytical procedure in
your own laboratories. ‘AnalaR’ reagents are not expensive, working hours are.
Unreliable results can be most expensive of all. For micro-analytical work there are
B.D.H.'M.A.R." reagents, and for all general laboratory purposes some seven thousand
B.D.H. Laboratory Chemicals, with well over a thousand of them carrying printed
specifications of purity.

ALSO AVAILABLE Organic and Inorganic Laboratory Reagents. Biochemicals. Volu-

metric solutions for analytical use. ‘Alfloc’ Solutions for water testing. Indicator and
Test Papers. Stains and Staining Solutions. Indicator Solutions for pH measurements.

Laborator'y Chemicals British Drug Houses (India) Private Ltd,

Laboratory Chemicals Division,
8 Graham Road, Bombay 1.

JSIR-- DECEMBER 1965 A29



CEMENT MAKING MACHINERY
OF ADVANCED DESIGN BY

For cement manufacture, we offer complete plant and equipment based on dry, semi-dry
and wet processes. For dry process, Polysius have '‘Dopolkiln’; for semi-dry, we have
Lepolkiln'including dish granulator, both covered by patents. For raw material and
cement preparation, we have various types of grinding mills including our double
rotator, turbo-separators, etc. We also supply complete material handling plants,
mixing and blending equipment, etc.

PIJlUS

POLYSIUS GMBH, i
West Germany MOTWAN E
PRIVATE LIMITED

Phone 252337 Grams' ‘CHIPHONE" all officas + Branches at
New Delhi, Calcutta, Lucknow, Kanpur, Madras and Bargaio e,

il 77/

Wy

I |
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Largest Stockists of

(Whatman & German)

FILTER PAPERS

and Other Scientific Instruments (imported) such as Ovens, pH Meters, Refractometers,
Laboratory Counters, Vacuum Pumps, Photoelectric Colorimeters, Flame Photometers,
Microscopes, Balances - -Single and Two-Pan, Heating Mantles, and all sorts of

Laboratory Glassware, Porcelain and miscellaneous items

For details contact :

RATIONAL SALES ASSOCIATES

382-83 LALJI NATHU BUILDING, TELANG CROSS ROAD No. 2
MATUNGA, BOMBAY [9 (DD)
Phones: 327617 & 327647 Grams: CREAMWOVE, Bombay 2

LABORATORY GLASSWARE, ETC. : Pyrex, Quickfit, Westglass
for Hygrometers, Hydrometers, Micro Cover Glasses and Slides, Vitreosil

Silicaware (Crucibles, Basins, etc.), Sintered Glasswares (Crucibles,

Filters, Funnels, etc.), Porcelainware (Crucibles and Basins), etc.

Iaboratory LABORATORY THERMOMETERS : Chemical Thermometers, all

types, Long Stem Thermometers by G. H. Zeal (London), etc.

and FILTER PAPERS : Whatman Filter Papers and Specialities, Quali-
tative Grades, Folded Grades, Single and Double Acid Washed,
Hardened Grades, Papers for Chromatography and Electrophoresis,

hospital Papers in Reels, Sterimat Pads, etc.

LABORATORY APPARATUS AND INSTRUMENTS : Analyti-
cal Balances and Weights, Centrifuges, Hand and Electrical, Colori-

[ 4
eq u I p m ent meters, Comparators and ColourDiscs, Haemometers, Haemocytometers,

Incubators and Ovens, Microscopes, Microtomes, Photocolorimeters,
Test Sieves, Stopclocks and Stopwatches, etc.

MEDICAL AND SURGICAL APPARATUS : BP Blades and Handles, Blood Pressure Apparatus, Diagnostic Sets,
Stethoscopes, Hypodermic Syringes and Needles, etc.

PLEASE CONTACT:

B. PATEL & COMPANY

DIRECT IMPORTERS & STOCKISTS OF SURGICAL & SCIENTIFIC GOODS
27/29 POPATWADI, KALBADEVI ROAD, BOMBAY 2

Phones : 38689 & 39702 - Grams: GLASALSORT
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TOWA-Rd-1A

'WE LEAD AGAIN ! |
' Jow

NDIA

TWMG
METALLURGICAL

MICROSCOPE

WITH
VERTICAL & MULTIPURPOSE
ILLUMINATION
FOR
RESEARCH, INDUSTRY
& ENGINEERING

AND

THESE

MICROSCOPES :-
® BINOCULAR HEAD

& STEREOSCOPIC.

@ RESEARCH, MEDICAL,
& STUDENT.

@ DISSECTING.
® MICRO PROJECTOR

/1] WA

IN ACTIVE COLLABORATION WITH ‘'TOWA’ JAPA
INDIA

TOWA OPTICS (INDIA) PVT. LIMITED
DEDICATED TO

4, DARYAGAN]), POST BOX NO 1685, DELHI-6, Phone : 271497 Cable : VISION
INSTRUMENT PERFECTION Branch : 15/16, Kondi Chetty Street, Madras-1.

A\

N\

AN

.edt o2 T

ELECTRONIC
INSTRUMENTS

L.T., HT. & E.H.T. Power Supplies, Transist-
orised Power Supplies, Temperature Controllers,
Timers, Constant Current Regulators, Electro-
magnetic Demonstration  Apparatus, Photo
Electronic Devices, Shortwaye Demonstration
Apparatus, E/M  Demonstration Apparatus
(with Cathode-ray tubes), Valve Characteristic
Apparatus.

for electronics, sclence and lechnology

POLYTRONIC CORPORATION

20A, Shaktl Sadan, Junction of Tardeo Bridge &
Lamington Road, Bombay-7 W8.

mass-pc-H
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LARGE
INCIDENT-LIGHT
CAMERA MICROSCOPE

Neophot 2

The introduction of new technologies and materials into the manu-
facturing process calls for more sophisticated optical equipment on
the inspection side. As a universal instrument for research and routine
examinations our NEOPHOT 2 incorporates a wealth of experience
in metallurgical microscopy.

Range of magnifications from 10x to 2,000x; optional employment of
three illuminators, viz., for low-power work, for KOHLER illumination,
and for polarization; rapid stage lift to expedite the interchange of
objectives; large-size 13 cmx |18 cm camera with built-in exposure
timer; special exposure timer for 35 mm and 6 cmx6é cm photo-
micrography attachable. Methods of observation: bright field, dark
field, phase contrast, polarization, measurement, interference, micro-
hardness tests, test-strip comparison, projection.

VEB Carl Zeiss JENA AT B
GERMAN DEMOCRATIC REPUBLIC m

Birthplace and centre of modern optics

Sole Agents in India

GDGORDHANDAS DESAI PVT. LTD. ¢

Equipment and instruments for all branches of science, technology and industry

KERMANI BUILDING « SIR P. M. ROAD « BOMBAY-1 BR (»

NO. 22, LING! CHETTY STREET, @ P-7 MISSION ROW EXTENTION, @ 4/2 B, WALA MANSION, ASAF ALl ROAD.
MADRAS-) CALCUTTA NEW DELHI

mass. czj. 65
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MAIHAK
Lasting Security for Hydraulic Structures

REMOTE CONTROL MEASURING INSTRUMENT

ROCK PRESSURE
INCLINATION
SOIL STABILITY
DEFORMATION
CONCRETE STRESS
CONCRETE TEMPERATURE
SOIL PRESSURE
PORE WATER PRESSURE
UPLIFT PRESSURE

The instrument for the determination of steady and slowly varying conditions is highly accurate and
sensitive.

It saves time: by permitting cconomical constructing and building by verifying the caleulation basis and
safety margin by gaining new knowledge for future projects.

It gives security: Avoid catastrophes, taking the security measures in time. [t climinates inaccuracy of factors
entering a calculation. It helps recognizing movements of danger.

H. MAIHAK AG HAMBURG WEST GERMANY

For further particulars, pleasc wrile lo -
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED

ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI

Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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SAUTER’S

ANALYTICAL RAPID SINGLEPAN BALANCE
‘MONOPAN’

Capacity: 200 gm.
Range of optical scale: 110 mg.
1 scale division: 2 mm. or 1 mg.

Readability: } of a vernier division: or 1/20 mg.

PLEASE CONTACT:

GORDHANDAS DESAI PVT. LTD.

Equipment and instruments for all branches of science, technology and industry

KERMANI| BUILDING « SIR P. M. ROAD « BOMBAY-1 BR

NO. 22, LING! CHETTY STREET, @ P-7 MISSION ROW EXTENTION, @ 4/2 B, JWALA MANSION, ASAF ALl ROAD,
MADRAS-1 CALCUTTA NEW DELHI
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Warld's leading
source for
Diffraction
Gratings. ..

in both Quality
and Quantity

Bausch & Lomb Diffraction Gratings are preferred by all major manufacturers of spectro-
scopic instruments as well as astronomers, spectroscopists and other scientists. As the
World’s number one source, B & L maintain a stock of hundreds of different gratings
and they can produce thousands of varieties from master gratings now on hand.

B & L interferometric control is your assurance of the highest precision standards
and finest quality gratings available. They are outstanding in their high resolving
power, low ghosts and high efficiency.

B & L has specialized in coating both gratings and mirrors with fast fired aluminium
plus MgF, for high reflectance at wavelengths shorter than 1500 A in the vacuum
ultraviolet. Coatings of gold or platinum are also available for gratings for the
extreme ultraviolet region.

BAUSCH & LOMB &

For full details write for Catalogue D-26] to
SQLE AGENTS:

MARTIN & HARRIS (PRIVATE) LTD.

(SCIENTIFIC DEPARTMENT)
SAVOY CHAMBERS, WALLACE STREET, BOMBAY |

Printed and published by Shri A. Krishnamurthi, Publications & Information Directorate, Council of Scientific &
Industgi=" Research, New Delhi, at the Catholic Press, Ranchi, India
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