


HEWLETT PACKARD

SPEED YOUR CIRCUIT DESIGNING
hp 155A /15S0A features push-button programmability - No DC Draft,

and calibrated ± 25 cm offset for precise measurements

Cut the time required to optimize your circuit designs by pre-setting repetitive tests with the new
high sensitivity. high frequency (5 mv/cm. 25 MHz) hp model 155A/1550A, Push-button Programmable
Oscilloscope. Pressing one push button automatically programmes all major scope functions -leaves you
free to concentrate on your circuit design - without adjusting scope controls. If the need arises. you can
override the programme mode at any time to look around.

Each programme set into scope digitally controls any, or all. of the six major oscilloscope functions - including
sensitivity. input coupling. vertical positioning. sweep time. trigger source and trigger. Choose the test
point. press the programme button. then read the trace.

For the first time in any scope. you have the advantage of calibrated DC positioning - new hp DC
stabilizer, conventional DC coupled amplifiers. This driftless operation coupled with wide dynamic range
makes the calibrated DC positioning possible. Trace can be offset to ±25 cm and expanded for increased
waveform resolution and accuracy.

Typical DC measurement accuracy is ±2 per cent. You measure with voltmeter accuracy. You can also
si multaneously observe triple and transients with the DC level.

Test programmes can be changed qUickly. Only a few minutes are required to set up or change a com­
plete programme in the 15"x 10" diode pin board.

For non-routine tests. the 155A/1550A scope operates as a regular high sensitivity. high frequency oscillo­
scope - with the added advantage of push.button convenience and calibrated DC positioning.

For details please write to:
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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General
Laboratory
Instruments

Chemical
Laboratory
Instruments

GAS PLANTS

ROTAP SIEVE SHAKERS

CONSTANT TEMPERATURE BATH

SOXHLET EXTRACTION MANTLES

MICROKJELDAHL DIGESTIOS UNIT

MULTIMANTLES 0- HtATING MANTLES

SIEVE SHAKERS

THERMOSTATIC WATER nATH

VACUUM PUMPS

pH METER

POLAROGRAPH

ELECTROPHORESIS APPARATUS

TITRATION POTh'NTI0111ETER

CONDUCTIVITY BRIDGE

THIN LAYER CHROMATOGR.--IPHY

EQUIPMENT

PHOTOELECTRIC COLURIMETER

TURBIDITY METER

DENSITOMETER

CHROMATOGRAPHY CABINETS 0-
DRYI1VG OVENS

U.V. LAMPS

and

a wide range of Electronic Instruments, Physics Laboratory Instruments,
Petroleum and Oil Testing Instruments also available

,

7OSiYiiWii1
SERVES RESEARCH &INDUSTRY

SOLD .\ND SERVICED BY

TOSHNIWAL BROTHERS PVT. LTD.
198 JAMSHEDJI TATA ROAD, BOMBAY 1
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Kacbery Road
AJMER

8SA Sarat Bose Road
CALCliTTA 26

Branches at

3E/8 Jhandewalan Extension
NEW DELHI 1

Round Tana, Mount Road
MADRAS 2
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RAW MATERIALS FOR
RESEARCH AND INDUSTRY

I. VACUUMSCHMElZE AG. (WEST GERMANY)
Manufacturers of heat resistance material, rfsistance wire, magnetic shields, soft magnetic alloys"
C-type cores PERMENORM. MUMETAL. TRAFOPERM etc. Bimetals and nickel iron alloys. copper
beryllium alloys. hith purity glass sealing alloys. titanium alloys for electrical industry.

2. DR. E. DURRWACHTER-DODUCO·KG. (WEST GERMANY)
Manufacturers of all types of electrical contacts from different materials, high purity metals for
semiconductor technique, liquid gold for porcelain industry, special solders and all types of
preciou'i metals.

3. VEREINIGTE DEUTSCHE NICKEl·WERKE AG. (WEST GERMANY)
Manufacturers of pure nickel, nickel silver, monel, inconel, nickel bronzes, copper bronzes and
other special nickel alloys, anodes and nickel clad materials.

4. RINGSDORFF-WERKE GMBH. (WEST GERMANY)
Manufacturers of cinema carbons, photo carbons, spectroscopic carbons, carbon brushes, auto­

motive carbons. carbon blocks, carbon seals and rings for chemical pumps and compressors.

5. JENAER GLASWERK, EL. DEP. (WEST GERMANY)
Manufacturers of unfinished bulbs (or ultra-violet, infra-red and mercury vapour lamps. transmitter

valves and switching tubes. Sealing glasses and glass metal seals for construction elements for
semiconductors, relays etc.

6. SCHOELLER & HOESCH GMBH. (WEST GERMANY)
Manufacturers of all ki"ds of technical and high quality papers required for manufacture of
various condensers cable insulating papers, carbonis;ng papers etc.

7. ALUMINIUM WALZWERKE SINGEN GMBH. (WEST GERMANY)
Mallufacturers of aluminium and aluminium alloys in strips, sheets, circles, pipes and wires etc.
REFLECTAL super purity aluminium for art jeweliery and industrial uses.

8. METALLWERKE SCHWARZWALD GMBH. (WEST GERMANY)
M"ufacturers of brass materials in form of rods, sheets, tubes, soctions etc. (specify ALLOY
required).

9. WICKEDER EISEN-u.. STAHLWERK GMBH. (WEST GERMANY)
Manufacturers of aluminium copper. nickel and silver clad materiais. Cold rolled steel strips
and bright flat steel bars. Aluminium clad strip steel a speciality.

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 tapes, plain copper and brass tapes, tinned andjor silvered
copper tapes and fOils, copper and brass foils etc., for various applications such as in Condensers,
Radiators, Gaskets, Eiectrotechnical Parts, Clocks and Watches, Cables, Patterns, Transformers,
Electrical Measuring Systems etc.

For further particulars contact:

K. S. HI R LE KA R
Western India House, Sir Phirozshah Mehta Road

BOMBAY I
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~CH~ THE GROWTH OF OUR "FAMILY"!
WHAT'S NEW?

MONOPAN
The Students Microscope

DIAPAN
The Research Microscope

THERMOPAN
The Microscope For An

Analytical Chemist

I
I
i

-4:;•..:_ .-­

NEOPAN
The Teaching and

Laboratory Microscope

FLUORPAN
The Routine

Fluorescence Microscope

A6

COMPACT-ELEGANT-VERSATILE
Outstanding Instruments with the New Exclusive SIMULTAN focussing
concept that set the pace in microscope design for years to come.
All this in addition to the vast range of existing microscopes, microtomes
& accessories.
The right instrument for the right job for every customer.
Sold and Serviced in India by:
Exclusive Agents and Distributors

NEO-PHARMA INSTRUMENTS CORPORATION
Kasturi Bldgs., J. Tata Road, Bombay-1.

Technical Service Offices: Bombay. Calcutta· Delhi. Madra<;
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Ga1'\scns

ELECTRICAL &
NON-ELECTRICAL

MODELS
EFFICIENT,
ECONOMIC

CLEAN & HYGIENIC

FOR INuUSTRIES - TEXTILE. GLASS. ENGINEERING AND ALL OTHER INDUSTRIES FOR CONT.
ROLLED & EFFICIENT HEATING. FOR PLANTATIONS-DRYING AND ROASTING OF TEA. COFFEE
AND CASHEW NUTS. FOR LABORATORIES-COLLEGE. RESEARCH. INDUSTRIAL. FOR HOME AND
CANTEEN ETC.-COOKING & HEATING IN KITCHENS. DORMITORIES. HOSPITALS & HOTELS,

MAKERS & DESIGNERS OF: GAS BURNERS. LABORATORY EQUIPMENT. WATER STILLS. WATER BATHS,
SHAKERS. OVENS AND INCUBATORS. EQUIPMENT FOR HANDLING AND STORING ISOTOPES, STAINLESS STEEL

'ABRICATIO~. G
anSCnSpVT.ll M ITED~

INDUSTRY MANOR IOMIAY·]1~

THE INTERNATIONAL
CHEMICAL INDUSTRIES

103·8. UPPER CIRCULAR ROAD
(ACHARYA PRAFULLA CHANDRA ROAD)

CALCUTIA·9

A7



THE 'ROTO SUPER'
CENTRIFUGE

An efficient HIGH-SPEED (6000 r.p.m.) LABORA­

TORY CENTRIFUGE with all the features of

Modern Centrifuge Engineering.

With brake and regulating ring transformer, electric speedometer, automatic timer
with safety device to avoid any sudden start, with control lamp, and complete
with the following accessories:

• Swing Head for 4 X 100 mi. complete with shields of V2A steel and glass tubes

• Reducing Insertion of SO mi. complete with glass tubes (fitting the swing head)

• Multi-Carrier of 2 x 25 ml. complete with glass tubes (fitting the swing head)

• Multi-Carrier of 4 x IS ml. complete with glass tubes (fitting the swing head)

literature and prices on request

DIRECT IMPORTERS & STOCKISTS OF SURGiCAL & SCIENTIFiC GOODS

27/29 POPATWADI, KAlBADEVI ROAD, BOMBAY 2

B. PATEL & COMPANYVarious other

models also

available Phones: 38689 & 39702 Grams: GLASALSORT

SP/BP

From Ready Stock

pH Meters, Balances, Photoelectric
Colorimeter, Tintometer, New Compa­
rator, Ovens, Incubators, Hot Plates,
Laboratory Glasswares, Pyrex, Corning,
D.G.W., Sigcol, etc.

Silicaware, Porcelainware, Filter Papers,

etc.

BIOLOGICAL ITEMS

Slides, Specimen, Models, Charts, Micro­
scopes, Microtomes, Epidiascopes, etc.

Also Indentor for Thermal Syndicate,
Worchester, Royal Porcelain, Arthur H.
Thomas, U.S.A., and Difco Chemicals

Jl Hm~ GRAM: : "ASHACOM" PHONE: 22855

~,."?,P ••r gW1 SUPERIOR LAMP BLOWN
iJ mw PYREX GLASS APPARATUS;
i'g? mm ASSEMBLIES ACCESSORIES

_ 111111 OF ALL TYPES

~ ""'i:tf!!"6 Manufactured by

SCIENTIFIC EQUIPMENT
MFG. CO.

An associate of

ASHA SCIENTIFIC CO.
DIRECT IMPORTERS & MANUFACTURERS" REPRESENTATIVES.

503, GIRGAUM ROAD, BOMBAY 2.

Post Box No. 2358, 24 First Dhobi Talao lane
BOMBAY 2 BR

SCIENTIFIC SALES SYNDICATE

Telephone: 29160

AS

Telegrams: CENTROFIX

Interchangeable Laboratory
Glassware 'Our Special it/

.'u•••

WE SUPPLY COMPLICATED RESEARCH APPARATUS
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Central Glass &
Ceramic Research Institute
Bulletin

A quarterly publication devoted to the cause
of the advancement of glass, ceramics and

allied sciences and industries

For full particulars write to

THE EDITOR, BULLETIN

CENTRAL GLASS & CERAMIC RESEARCH INSTITUTE

JADAVPUR, CALCUTTA 32, INDIA

eNS DRUGS
A Symposium

Contains 32 papers covering diverse aspects of CNS drugs such as chemistry and

pharmacology of new drugs and known drugs. structure-activity relationships.

theories on the mechanism of action. development of tolerance and related

subjects. presented at the international symposium on CNS Drugs held at the

Regional Research Laboratory. Hyderabad. during January 24-30. 1966.

Pages xv+367 Royal 8vo Price Rs 33.00; Sh. 66 or $ 10.00

Can be had from

SALES & DISTRIBUTION SECTION

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

HILLSIDE ROAD, NEW DELHI 12
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Announcing the publication of

FLUIDIZATION AND RELATED PROCESSES
A Symposium

Held under the auspices of the Chemical Research Committee at the
Indian Institute of Technology, Kharagpur, 6-7 January 1964

Contains twenty-seven papers distributed under five sections: (i) Fundamental Measure­
ments (2 papers), (ii) Physical Interpretation and Momentum Transfer (9 papers), (iii) Mass
Transfer in Fluidized Beds (3 papers), (iv) Heat Transfer in Fluidized Beds (S papers) and
(v) Chemical Reactions in Fluidized Beds (8 papers)

Pages xii+172, Royal 8vo. Rexine bound

*

Price Rs 14.00. Sh.48.oo. $ 8.00

INDIAN FOSSIL PTERIDOPHYTES
by

K. R. SURANGE
Director. Birbal Sahnl Institute of Palaeobotany. Lucknow

All available information on Indian fossil pteridophytes has been brought together in this
compilation. It deals in detail with descriptions and taxonomy of fossils. Useful for
students, teachers and research workers in palaeobotany.

Pages viii+110. Royal 8vo Price Rs 13.00. Sh.46 or $ 8.00

AIO

Copies available from

Sales &: Distribution Section
Publications &: Information Directorate, CSIR

Hillside Road, New Delhi 12
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In laboratories and industrial plants. for analysis and process control, and in a host of other
.pplications, these indicator papers are in continual use. They are the quickest and handiest
means of making pH checks'on the spot', the paper covering the appropriate range simply
being dipped into the test solution; the colour which develops is compared with the standards
shown on each book. It is olten an advantage to use B.D.H. Wide Range pH indicator papers in
the first instance, followed by the appropriate Narrow Range papers for an accurate pH determi·
nation. Where both the Wide Range and Narrow Range papers are in use the B.D.H. Multi·
Range package is very convenient.

B. D. H. Narrow Range Indicator Papers 0 B. D. H. Wide Range Indicator Papers
B. O. H. Multi-Range Indicator Papers 0 B. D. H. litmus Papers

ISIR-MAY 1967

@ Laboratory Chemicals
British Drug Houses (India)
Private Ltd..
Laboratory Chemicals Division.
8 Graham Road, Bombay 1
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'BASYNTH'VACUUM PUMP
MULTI-COUPLINGS OF OIL-SEALED ROTARY PUMPS

'**C~-.;e·

FOR OPERATION IN LIMI rED SPACE IN ONE HOUSING WITH COMMON DRIVE
3&.1. bS vw- ·CiS

WE SUPPLY TSRP175 TYPE TWO-STAGE ROTARY VANE PUMPS IN 6-FOLD
COUPLINGS. THE MULTIPLE PUMPS ARE DRIVEN BY BEVEL-PINIONS
THROUGH A COMMON SHAFT ALL SUBMERGED IN OIL. THE WHOLE UNIT
IS SO COMPACT THAT IT CAN BE ARRANGED UNDERNEATH THE AUTO·
MATIC VACUUM PLANT. II EACH INDIVIDUAL PUMP MAY BE REMOVED
AND ALSO REPLACED WITHOUT DISTURBING THE OTHERS.

Pro&reuive/BSC'8

Manufactured by BASIC & SYNTHETIC CHEMICALS PRIVATE LIMITED
~ 6, E A 5 T R 0 A D, J A D A V PUR. CAL CUT T A • 3 ~

Avai lable ex-stock

BOSCH & LOMB USA MAKE

SPECTROPHOTOMETER-

cum-

COLORIMETER

MODEL 'SPECTRONIC·20'
·SPECTRONIC·20· SPECTROPHOTO~lETER

Also
KLETT-SUMMERSON PHOTOELECTRIC COLORIMETER, B & L STEREOSCOPIC MICROSCOPE,

ABBE REFRACTOMETER, BECKMAN pH METER, CENCO VACUUM PUMPS, ETC.

FOR DETAILS PLEASE WRITE TO:

RATIONAL SALES ASSOCIATES
Registered Office

382-83 Lalji Nathu Building, TeJang Cross Road No.2
MATUNGA, BOMBAY 19 DO

Phone: 327647
Soles Office

65.66 Sutar Chawl, BOMBAY 2 BR

AI2

Bronch
1215 General Bazar, SECUNDERABAD
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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 - 1966

(Post Free)

Country

India

U.K.
U.S.A.

Other countries

Annual

Rs. 24

£2/5
$ 6.50

Equivalent of
Rs. 30

Indian currency

6l- per cent discount to Agents

Single Issue

Rs. 7

Sh. 14

$ 2.00

Equivalent of
Rs. 8

Indian currency

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

Bangalore 12

1967 Subscription Rotes ore now under revision

All communicotions should be addressed to:

THE ASSOCIATE EDITOR

JOURNAL OF THE INDIAN INSTITUTE OF SCIENCE

BANGALORE 12, INDIA
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ASSOCIATION OF FOOD TECHNOLOGISTS
(INDIA)

CENTRAL FOOD TECHNOLOGICAL RESEARCH INSTITUTE
MYSORE

(A professional and educational organization of Food Scientists
and Technologists)

AFFILIATED TO THE INSTITUTE OF FOOD TECHNOLOGISTS, U.S.A.

OBJECTS

I. To stimulate scientific and technological research on various aspects of Food
Technology.

2. To provide a medium for the exchange. discussion and dissemination of
current developments in the field of Food Science and Technology.

3. To promote the profession of Food Technology.

The ultimate object is to serve humanity through better food.

MAJOR ACTIVITIES

I. Publication of the Journal of Food Science and Technology -a quarterly.

2. Publication of authoritative critical reviews by specialists in different branches
of Food Science and Technology.

3. Arranging lectures for the benefit of members.

4. Holding symposia on different aspects of Food Technology.

MEMBERSHIP

Membership is open to graduates and diploma holders in Food Science and
Technology, and also to others interested in Food Science and Technology and
allied fields. Regional branches of the Association are being establis hed.

Admission Fee Re. I Annual Membership Fee Rs. 15 or $ 3.50

Annual subscription to Journal Rs. 20 or $ 5.00

For membership and other details, kindly address:

THE HONORARY EXECUTIVE SECRETARY

ASSOCIATION OF FOOD TECHNOLOGISTS (I NOlA), C.F.T.R.I., MYSORE 2, INDIA

JSIR-MAY 1967



Imagine a world without colour-a light-and-shadow world instead or
our multi-hued universe. Colour implies life, vigour, variety ...
rrimitive 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
10 make himself fearsome in battle.
~Iodern man uses colour even mo«-to make life varied and joyful­
with bright colour schemes for homos, offices. automobiles- and beauliful
illustrated magazines, multi-coloured rubber and plastic articles.
AD these and many others need pigments. and more so organic pig;"ents
sueh as those manufactured by COLOUR-C!fE~l.

Textile printers use organic pigment emulsiuns as well as synthetic binder
materials. both of which COLOUR·CllEM were the first to manufacture
in India. Wilh the technicall:nowledge of Germany's leaders in the ficlJ­
fARBENFABRtKEN BAYER AG. ami FARBWERKE llOECHST AG.-
end skill born of experience and unceasing research, COLOUR-CllDI
continue to manufacture the finest quality products.

UNQUESTIONABLY

COLOUR-CHEM
Distributed throllgh.-
• CHIKA LIMITED. Mehta Chambers, 13, Mathew Road, Bomba}"-4.
• HOECHST DYES &. CHEMICALS LTO.,

Parekb Mahal, Veer Nariman Road. Bombay-I.
• INDOKEM PRIVATE LTD., 221, Dadabhoy Naoroji Road, Bombay-I.

ItMi*1 COLOllR-CHEM LIMITEO
Fort House, 221, Dadabhoy Naoroji Road,
Fort, Bombay-I.
Makers ofPigments & Binders

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

J5IR-MAY 1967 AI5



from 0 to 150 mm
from 0 to 75 mm

5 microns

AND

as well as binocular observation of
the microscopic image and optimum
operational comfort are the main
characteristics of the new Projection
Toolmakers' Microscope made in JENA. Necessary manipulations are reduced to
a minimum and can be done in seated position. As compared with the Large
Toolmakers' Microscope, the times for preparation and for measurement have
been considerably cut down. Subjective influences on the measuring result
have been largely eliminated.

Measuring ranges:

in x-direction
in y-direction

Scales read to

PROJECTION

MEASURING SCALES

TEST-PIECE

OF

Precision and quality
of world renown III VEB Carl Zeiss

GERMAN DEMOCRATIC REPUBLIC

dENA

SOLE AGENTS:

GCADHANCAS DESAI PRIVATE LTD.
KERMANI BUILDIN •• SIR PHIROZSHAH MEHTA ROAD, BOMBAY-t 8ft
BOMBAY MADRAS CALCUTTA NEW DELHI BARODA

A16 JSIR-MAY 1967



Announcing the publication of

ILLUSTRATIONS TO THE FLORA OF DELHI
by

DR. J. K. MAHESHWARI

Tbis "olume is a supplemem to the Flo," of Delhi, published by the (SIR in '963' It provides a set of 278 plates,
illustrating in line-drawings the same number of plants. Eaeh plate depicts separate figures of small parts, such as
spikclcts, florets, secus, etc.) which :Lre dr.1wn on :l magnified scale. The nomenclature of tbe plant is up to date.
Thirry-seven additional species arc dcsl:ribcd in the introductory pan. An adequate index is provided.

The volume is handy and h1S an attractive got-up. It will remain an ideal book of reference on the plants of Delhi
and its environs for many years to com;:. It deserves a place in your bookshelf.

Royal 8vo; Pages 282+xx Price Rs 28.00; Sh.56 or S8.00

jSIR-MAY 1967

Can be had from:

SALES & DISTRIBUTION SECTION

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR
HILLSIDE ROAD, NEW DELHI 12
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PERKIN-ELMER ~JlODEL 137UV
SPECTROPHOTOMETER

GIVES HIGHEST
UV-VIS PERFORMANCE
AT LOW COST

A18

An ultraviolet-visible spectrophotometer-the
Perkin-Elmer Model 137UV provides photo­
metric & wavelength capabilities you expect
from more expensive instruments. Its low price
brings it within the range of any lab budget.

The Model 137UV covers two regions: 190 to
390m~ in the ultraviolet, and 350 to 750m~ in the
visible. Two scanning speeds -two and eight
minutes per scan-are available for surveyor
precise work.

FEATURES:
EASE OF OPERATION: Minimum controls, plus
Automatic Gain Control and slit programming,
make the Model 137UV easy to run. Records
linearly in absorbance units (0-1.5)

OPTICAL NULL RECORDING: For high accu­
racy in quantitative analysis, plus high repro­
ducibility.

AUTOMATIC GAIN CONTROL: An exclusive
feature, automatically increaseS energy ot the
system in high absorption areas.Makes the most
difficult differential analyses routine.

Notebook-lize Chart: Spectra of each range
,ecorded on standard Sf' x11" chart, with large

ordinate for accuracy. Linear wavelength presen­
tation. Specifications are:

ULTRAVIOLET VISIBU

Resolution O.2mJlaI250m.l' '.!imp at 6OOm"

Photomeiricacc'Jracy
in abso(b~ncc unit,:: ±O.O1 ± 0.01

Ph(,\!omclfic.. t('pr·?duti·

bili:y in absorbance units O.OOS 0.005

Wavelength accuracy ±O.5m l' ±1.0ml'

Wavelength

rel'foducibihly O.3m" O.5m"

Ask for free literature
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Current

Symposium on Indian Ocean

THE three-day symposium on Indian Ocean,
organized jointly by the Indian National Com­

mittee On Oceanic Research (INCOR) and the
National Institute of Sciences of India, from 2 to 4
March 1967, was meant to bring together aU workers
in different disciplines of oceanography from various
institutions in the country, and discuss the results of
investigations carried out as part of the programme
of the International Indian Ocean Expedition (HOE).
Though several symposia and seminars on different
aspects of the programme were organized earlier,
the present symposium represents the first attempt
to take stock of the results of investigations in aJl the
areas during the HOE and of earlier work. The
symposium was weJl attended, the participants
being drawn from several research establishments and
universities, and included several foreign delegates.
One hundred and fifteen papers covering diverse
aspects of oceanography were presented and discussed
(see p. 190 for detailed report On the symposium).
These are indeed welcome signs of the general
awareness of an interest in oceanographic study and
research in the country.

Much new knowledge has been gleaned about the
Indian Ocean, primarily as a result of the HOE
programme. Apart from this, the establishment of
the International Meteorological Centre at Bombay
and the Indian Ocean Biological Centre at Cochin,
as part of the llOE programme, has provided
valuable training grounds for future oceanographers
in two important areas of oceanography.

The papers presenh'd at the symposium reveal
that the contributions of Indian workers to different
fields of oceanography, with particular reference' to
seas around India, are substantial. Academic studies
of interest are concerned with such topics as origin of
the Indian Ocean, evolution of the Indian coastline,
theories regarding the origin of the monsoons, etc.
Upwelling studies along the coastal regions have
yielded basic data on organic production. Circulation
patterns in the upper layers of water masses in the
Bay of Bengal and the Arabian Sea are better
understood now. Chemical oceanographic studies
have revealed the distribution characteristics of
various chemical factors and nutrients in different

Topics

parts of the Indian Ocean. Geochemical studies have
provided information on thc concentration and
dispersal of radionuclides from atomic reactor wastes,
the circulatory mixing processes in the sea, and the
heavv water content of sea water COncentrates and
salt bitterns. Results of practical interest have also
emerged from investigations relating to marine
sediments of the coastal regions, exploration for
minerals such as phosphatic deposits, ilmenite,
monazite, calcareous deposits, etc. Work in the
important field of marine biology, including producti­
vity and Indian Ocean plankton, has formed the
groundwork on the proposed atlas On the chemical
biology of the Indian Ocean.

Fisheries is a subject of primary importance and
immediate concern to Inc1ia, and the investigations
carried out have provided valuable information On
fish resources as well as the metllOdoJogy and tech­
niques involved in locating fisheries and in fishing.
Work On mark-recovery studies on commercially
important marine fishes of India deserves particular
mention as it is the first large-scale attempt at tagging
marine fishes in the country.

Thanks to the HOE programme, oceanographic
research in the country got a tremendous fillip, but
oceanography is largely in its beginning stages
in India and it is still a virgin field full of vast
potentialities. Oceanographic research is expensive,
and research effort should be wisely directed towards
areas which would aid the economy of the country,
and investigations which would help in the develop­
ment of coastal and deep sea fisheries should receive
priority. The scientific study of the Indian Ocean
and the problems of its practical utilization must be
closely connected and always kept in the forefront.
The National Institute of Oceanography, which
started functioning from January 1966, has chalked
out a balanced and phased programme of research,
and the knowledge gained from the research pro­
gramme should be applied to improving the utilization
of our marine resources as well as solving problems
relating to coastal erosion, pollution, navigation,
defence, etc. It would be worth while for the
U,COR to organize symposia at suitable intervals
to explore ways and means of applying the results of
laboratory investigations to large-scalc practical
situations.
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Department of Geology, Andhra University, Waltair: Twenty-five Year
Progress Report

1'. ASWATHAN,II{,\YAN,\*

Deparhnl'nt of Geology, Andhra l'ni,'C'p;ity, \Valtair

ON the completion of a quarter century of its
existence as a leading centre of teaching and
research in earth sciences in India, the Depart­

ment of Geology, Andhra University, celebrated its
Silver Jubilee recently. Both Nature and Man had
a hand in shaping the research interests of the
Department. The location of the University in the
Precambrian terrain, facing the blue waters of
the Bay of Bengal, accounts for the interest of the
Department in Precambrian geology, beach studies
and marine geology. Under the stewardship of the
late Prof. C. Mahadevan, the Department has grown
from its humble beginnings into its present status,
and he left a profound impression on every facet of
the departmental activity, including, of course, the
research programmes. Thanks to the generous
financial assistance from the University Grants
Commission, the Council of Scientific & Industrial
Research and the Department of Atomic Energy,
the Department is reasonably well equipped and
well staffed and should be able to give an even better
account of itself in terms of quality and quantity of
research output under the able guidance of Prof. A.
Sriramadas, the present Head of the Department.

The present review is concerned with some of the
areas of earth science to which members of the
Department made notable contributions.

Petrolol1y-Mineralol1y, Structure and
Tectonics of the Precambrian of
Parts of South India

The geology and petrology of the chromite-bearing
ultramafic rocks of Kondapalle Hill Range, Krishna
district, and the petrography, petrogenesis and struc­
ture of the Kondavidu Hill Range, Gnntur district,
constitute some of the earlier investigations to be
taken up by the Department. Systematic attempts
were made to map geologically the contiguous areas
of Andhra Pradesh, quadrangle by quadrangle, and
this programme has been fairly successful. The
petrology-mineralogy, structure and tectonics of the
rocks of the Eastern Ghats (khondalites, charnockites,
leptynites, calc-granulites, granites and the so-called
, kodurites ') have been the concern of several
members of the staff. The mineralogical studies
include detailed X-ray and chemical investigation of
pyroxenes, feldspars and garnets in charnockites and
hybrid rocks. The nature and sequence of the
multiple-fold movements to which the Eastern Ghats
appear to have been subjected have been examined.
Another fruitful area of investigation which is in
progress concerns the Cuddapahs (the geological and
structural studyof the Cuddapah-Archaean boundary,
the geological and structural history anel palaeo-

·Present address: Visiting Professor, llnh-ersity or Western
Ontario, London. Ontario, Canada.
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environments of the Cuddapah basin, the nature of the
relationship of Cuddapahs with stratigraphic units
like Painads and Pakhals).

More recently the geological and structural studies
have been extended to Dharwars and some members
of the Department have taken interest in this study.
A detailed geological, geochemical and radiometric
examination of the Closepet granite complex is
in progress under the Indian National Programme
of the International Upper Mantle Project.

Economic Mineral Deposits

The Department has been having a strong interest
in the manganese deposits occurring in Visakha­
patnam, Srikakulam and Korapllt districts and
notable contributions have been made to our
understanding of the geological setting, structure,
controls of mineralization, trace elements, ore micro­
scopy, ore beneficiation and industrial utilization of
manganese ores. The mineralogy, temperature of
formation, controls of mineralization, etc., of the
copper minerals of the Mosabani Mine, Bihar, have
been investigated. The members of the Department
played a major role in prospecting for and proving
of the following economic mineral deposits: float iron
ores of Gandrai, Krishna district; graphite, magnetite,
clay and apatite deposits of East Godavari, Visakha­
patnam and Srikakulam districts; copper ores of
Yenambail, Khammam district and Garimanipenta,
Nellore district; lead-zinc minerals of Karempudi,
Guntur district; steatite in the Mutchukota area,
Ananthapur district; and radioactive minerals and the
micas in the pegmatites of Nellore district. Geology
students participated in some of the mineral prospect­
ing programmes which were aided by the Government
of Andhra Pradesh.

Geochemistry

The trace element distribution in the Kolar Gold
Field Mines, My-sore, and in the manganese ores of
Srikakulam and Visakhapatnam districts has been
studied. The pattern of movement of trace elements
across the contact of Vempalle limestones and dykes
has been employed to throw light on the mode of
genesis of steatite in the Mutchukota area. The
geochemical ('nvironment, in which the siliceous
black shales of Nagarjunasagar dam site were
deposited, has been investigated by using the degree
of concentration of and interrelationships between
uranium, organic carbon, iron, sulphur, etc. A
comprehensive geochemical study of the uranium
prospect in the Umniarea, Rajasthan, has been made.
The primary and secondary rlispersiOIl patterns of
uranium, copper, cobalt, nickel, vanadium, magne­
sium, potassium, sodium and calcium in the rocks,
soils and waters have been shown to be conditioned
by the geology of the area, climatic and hydrological
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conditions, geochemical factors such as pH and Eh
and tIll' geochemical behaviour of the clements
concerned. The uranium, thorium and potassium-40
contents of a suite of ultramafic rocks are being
determined by nentron activation analysis in ;111

attempt to investigate as to which of them, if any,
approximate to Upper Mantle material.

Marine Geology, Beach Studies and
Sedimentology

The Department has been a pioneer in marine
geological research. The bath~'metry of the Bay of
Bengal, particularly the shelf region along the
east coast of India, has been drlineated. The studv
revealed, among other things, the existence of several
submarine canyons along the cast coast, some of
which were located off the river mouths. The sea
floor sediments off the cast coast have been extensive­
ly sampled and the snapper and core samples thus
collected have been analysed for mineralogical
composition, grain size distribution, coarse fraction
studies, identification of clays by differential thermal
analysis and X-rays, radioactIvity, distribution of
calcium carbonate, organic matter and manganese
contents. The data have been employed to work out
the physico-chemical nature of the depositional
environments of the Bay of Bengal.

The lagoonal environment of the Pulicat lake,
Kakinada Bay and the Chilka lake and the deltaic
environment of the Godavari delta were examined in
considerable detail. The studies include the genesis
and physiographic evolution of the lagoon/delta,
the geochemistry of the sediments and waters and the
nature of the base exchange processes operating,
the nature and abundance of the different clay com­
ponents of the sediments and their trace element
content, mineralogy, size and shape of the grains and
the carbon-14 age of the shells in the core.

The rotary currents of the Bay of Bengal and the
vertical temperature structure of the upper layers
of the sea off the east coast of India have been
investigated.

Considerable attention was devoted to the nature
and magnitude of sand movement along the Visakha­
patnam-Waltair beach which is subject to three
distinct influences: rhythmic short period tide cycles,
random 'cataclysmic' events like rain storms, and
beach erosion induced by the construction of the
break-water at the entrance of the Visakhapatnam
Harbour Channel. Under the auspices of the
Department of Atomic Energy, Government of India,
a reconnaisance survey was made of the monazite­
bearing heavy mineral sand deposits on the beaches
of the coast of Andhra Pradesh. The extents of the
deposits were delimited and the tonnages of heavy
minerals in different patches were estimated. The
same agency sponsored a fundamental study of the
origin of heavy mineral sand deposits of the south­
west and east coasts of India, which involved a
detailed sedimentological, mineralogical and radio­
metric study of river, lake and beach sands of
parts of south-west and east coasts. The pattern of
distribution of heavy mineral dl'posits has been shown

to be the consequence of operation of the following
factors cumulative!y: lithology, structure, weathering
and erosion of the geological formations constituting
the primary provenance, the geomorphic history and
physiography, the gradient of rivers and the quantum
of river discharge, the nature of the long-shore currents
and sea lewl oscillations, events leading to the
emergence of land, and flooding of river valleys.
Local high concentrations of heavy mineral sands
may be brought about by coastal erosion (examples:
Visakhapatnam and Uppada on the east coasts) and
high waves.

The nature, environment, depositional history and
fabric of the sedimentary rocks of the east coast of
India have been investigated. Heavy mineral suites
have been employed as a criterion for the correlation
of the sedimentaries in parts of East Godavari and
Visakhapatnam districts.

Radioactivity and Geochronology

Radioactivity has been determined for several
hundred rocks (khondalites, charnockites, leptynites,
granites, schists), sands (beach, lake and river sands)
and sea floor sediments off the east coast of India.
Radioactivity of rocks has been shown to be
conditioned by the chemical composition, minera­
logical constitution and petrogenetic history of the
rocks concerned. Mineralogical composition, environ­
ment of deposition and geochemical factors control
the radioactivity of sand and sea floor sediment
samples.

Employing the radioactivity decay techniques,
the Department did pioneering work on the dating of
major orogenic cycles that shaped the Precambrian
shield of India. The 'chemical 'and isotopic
(Pb-U-Th) ages of pegmatitic radioactive minerals
and galenas, Rb-Sr and K-Ar ages of whole rocks and
mineral separates from different Precambrian belts of
India (particularly, the Eastern Ghats and the
Cuddapahs) have been determined. The radiometric
age data have been interpreted in the light of the
geological and structural history of each belt and the
post-formation history of the rock/mineral concerned.
Some of the orogenic cycles recognizable in India
(2600-2700, 1600-1700, 900-1000 million years) are
found to be world wide, but a few (450-550 million
years, for instance) apparently have counterparts
in the Indian Ocean area only.

Geomorphology and Terrain Evaluation
Studies

In an attempt to reconstruct the palaeogeography
of the Cuddapah basin, the drainage pattern on either
side of the Archaean-Cuddayah boundary and the
effect of uplift and structure in the southern part of
the Cuddapah basin have been studied. The geo­
morphological and palaeoclimatological significance
of coastal laterites has been examined. Under the
terrain evaluation programme of the Ministry of
Defence, Government of India, the lithology, structure
(major and minor), soils (nature, strength), vegetation,
water table, etc., of a small area in Visakhapatnam
district are being comprehensively investigated.
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Research In Indian Medicine
l\l. SmSI

Pharmacoltl~Y Lahllratory, Indian lnstitHtc o( Science, Bangalorc 12

THE resurgence of interest in ancient Indian
systems of medicine has resulted in the
establishment of various institutions devoted

to the study of Ayurveda all over the country and
much interesting and useful work is being done in
many of them. However, the results of investigations
carried out in these institutions are not easily and
promptly available. It is essential that the results
of researches from these institutions are published
under the auspices of a competent central organiza­
tion. This would facilitate quick communication
among the research workers engaged in this field of
study. It is in this context that the starting of the
]o'ltrnal of Research in Indian Medicine (JRIM)*
should be welcomed.

The concepts of Indian medicine, explored and
tested under scientific conditions, have the potentia­
lities of making notable contributions to the solution
of some of the health problems facing mankind.
Close collaboration between teams of workers belong­
ing to Ayurvedic and modern systems of medicine
to subject the hypotheses and practices of Ayllrveda
to a strict scientific screening as envisaged at the
Institute of Indian Medicine, Varanasi, and other
institutions in the country is the only way to bring
out the hidden treasures of our ancient medical
wisdom and apply them for the benefit of mankind.

This type of centralized publication by an
authoritative body is all the more necessary since the
research communications in tlus field have so far been
published in journals not entirely elevoted to Indian
medicine and thus could easily escape the attention
of fellow workers in the field. Research in Indian
medicine is now being conducted not only by
institutions and hospitals entirely devoted to
Indian medicine but also at various laboratories of
research institutes, pharmaceutical firms and medical
colleges all over the country. The results of such
studies are to be found in hospital bulletins, college
magazines and souvenirs, in journals of pharmacy,
pharmacology and other publications dealing with
medical research in general.

At present, there is no abstracting service to bring
the entire research publications of Indian medicine
which are widely dispersed in various journals. It is
almost impossible to know quickly what has been
recently done and what work is currently in progress
in tlus field at various research centres. This has
many a time Jed to duplication of study and has
considerably hindered the progress of research.

The]RIM should serve as an important medium
for the publication of all research communications in
Indian medicine. The Central Council of Avurvedic
I{esearch being the sponsors of this journal"and the
reputed Post-Graduate Institute of Indian Medicine

*TheJl1urnal of Research in IndiuJl, l1ledicinc, '-(,l. 1, ~o. 1,
1966, published by Post-Graduate lustitute o[ ludian ~Iedi­

cine. Banaras Hindu Lniversity, Varanasi, for the Central
Council of Ayurvedic H.e~carch, Government. of India.
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at Varanasi having been entrusted with the task of
editing and publishing the journal, the journal
could not have had a mure auspicious start and a
more congenial environment.

The articles in the inaugural i,sue present mostly
the research activities of the Post-Graduate Institute
of Indian Medicine, Banaras Hindu University,
Varanasi. Utilizing modern laboratory methods and
biochemical techniques an attempt has been made to
evaluate the pharmacological properties of some
Indian medicinal plants and to place their clinical
application on a rational and scientific basis.

The treatment of jaundice due to infectious
hepatitis by Picrorhiza kurroa l<oyle ex Benth.,
the role of Dalbergia lanceolaria L.t. in the manage­
ment of rheumatoi(l arthritis, the efficacy of Embelia
ribcs Burm. f. in ascariasis, and comparative
evaluation of Ipomoea petaI01:dea. Choisy as a
cathartic arc the clinical studies presented in the
issue under review. After a brief discussion of
hepatitis in general and infectious hepatitis in parti­
cular, the results obtained in the treatment of
jaundice in infectious hepatitis with P. lmrroa, singly
and with combined therapy in the form of ' Arogya­
vardhini' tablets (a herbomineral combination of the
drug with copper, mercury, sulphur, iron, etc., and
other herb~) and' Phaltrilladi' decoction [a herbal
combination of Temlillalia (!tcbula Retz. (Sanskrit:
Haritaki) , Terminalia belcrica Roxb. (Sanskrit:
Biblzitalia) , Embl£ca ojjicinalis Gaertn. (Sanskrit:
Amalalii) , Tinospora crispa Miers ex Hook. f. &
Thoms. (Sanskrit: Amrita), P. kurroa Royle ex
13enth. (Sanskrit: K utalii) , Melia azedarach L.
(Sanskrit: Nimba) , (Sanskrit: Vasa) and (Sanskrit:
Chirayata)] have been detailed, and the beneficial
effects have been claimed for the treatment.

The crude drug and petroleum ether extract of
Dalbergia lanceolaria (Sanskrit: Gaurakha) have been
found effective in experimental arthritis and good
response has been observed in clinical cases of
rheumatoid arthriti,. The controversy about the
identity of I. pctaloidea Choisy (Sanskrit: Vidhara)
and its pharmacognostic characteristics, qualitative
analysis of soxhleted solvent extracts and a clinical
trial of the resinous and non-resinous portions have
been presented. Purgative activity for the resinous
portion, almost equal to that of scammony resin,
has been claimed.

Crude extracts of some plants have been subjected
to pharmacological investigations. Hypotensive
effects of extracts of a few indigenous drugs, with
special reference to C. plurcicaulis, have been reported
employing anaesthetized dogs and on frog's perfused
heart. Fresh juices of A ristolocllia indica L.,
Plmnbago zeylanica L., Gossypimn herbaceum L. and
Bambusa amndinacra have been tested for their
in vitro action on isolated rat and human uteri.
The general pharmacological properties of the water­
soluble part of the alcoholic extract of the barks of



SIRSl: RESEARCH IN I:\DlAN MEDICINE

erataeva nurvala Buch.-Ham. (Sanskrit: Bil<Mpatra)
have been studied. The drug is shown to exhibit
both nicotinic and muscarinic actions. An aqueous
soluble fraction from cthanol extract of the entire
plant of Selaginella mpestris Spring (Sanskrit:
Sanjivini) has been studied. Intestinal relaxant
action and oxytocic action in vi/rv in some species of
animals have been recorded.

In the field of toxicology, the toxicity of Scmecarplls
allacardium (Sanskrit: Bhallatalla) has been described
and the depletion of ascorbic acid from adrenal glands
by Tamra bhasma is mentioned. A study of the
relation between dosage and toxicity of the oil
extracted from Bhallataka nuts in rats and rabbits
has been conducted. Given in doses recommended
for clinical use, the oil is not toxic to liver and other
organs. Tamra blzasma has also been reported to
induce a depletion of the adrenal ascorbic acid in
rats and guinea-pigs.

A paper entitled' Therapentic advances in Diabetes
mellitus through ages' emphasizes the lacunae in our
knowledge about this disease and briefly reviews
the antidiabetic effect of some Indian medicinal
plants.

Use of Indian medicines in surgical practice arc
we!come studies and they open up a new field of
investigation. The feasibility of reducing the con­
valescent period after certain surgical procedures
involving gastro-intl·stinal tract by premedication by
herbal products, and the acceleration of healing time
by ghee (butter fat) medicated with Jas11linum
allriCillatllm Vahl in experimental burns have been
highlighted. The effeel of Pur)·a karma (pre­
operative preparation on the convalescence of surgical
patients) is a study of the influence of administering
aqueous extracts of Crlltlll'1.'a religiosa syn. C. nurvala
(Sanskrit: Varuna) and M vringa vlC/fera Lamb.
(Sanskrit: Shubhanjalla) during the preoperative
period of gastrectomy or gastrojujenostomy, on bio­
chemical changes and on post-operative recovery.
Reduction in convalescence period and favourable
metabolic alterations have been observed by the
administration of the plant extracts.

A comparative study of healing in experimental
burns has been carried out utilizing a technique

developed in the laboratory by which second degree
burns can be produced in rats. The effect of
application of ghee medicated with]. auriculatum
has been studied. Mucopolysaccharide and collagen
estimation of the burnt tissue during the process of
healing and a comparative evaluation of healing time
has clearly revealed a definite acceleration of healing
time by the medicated ghee.

The varied topics and the wide coverage of the
articles in the fields of pharmacognosy, experimental
pharmacology, toxicology and clinical evaluation
published in the journal are indicative of the
intensive and coordinated research activity at the
Post-Graduate Institute of Indian Medicine, Banaras
Hindu Universitv. Varanasi. These studies also
reveal the intense'desire of the investigators to obtain
a scientific basis for the many therapeutic successes
reported with Indian medicinal plants. However,
many of these investigations are only of a preliminary
nature. The foremost difficulty in replicating the
results obtained with crude drugs is the standardiza­
tion of the medicaments. Until quality control of
manufactured drugs is established either by isolation
and characterization of the active principles or
by biological standardization of the crude drugs,
therapeutic results obtained with indigenous drugs are
liable to great fluctuations.

The limitation of the application of the results of
animal experimentation to the human being has
to be kept in mind. Since species variation is the rule
rather than exception, the observations, particularly
in vitro effects of drugs, cannot be translated in toto
to the human beings. This is well recognized by
all pharmacologists and clinicians engaged in chemo­
therapeutic studies, but still the reviewer wishes
to emphasize this aspect in view of the wide conclu­
sions drawn by many investigators on insignificant
data.

Clinical trials pose another problem. In our
enthusiasm to rejuvenate the ancient systems of
medicine, one should not lose sight of the fact that
there are now recognized procedures for clinical trials
in international practice. These procedures should
be adopted for establishing the efficacy of a drug,
particularly when marginal benefits are claimed.
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Symposium on Indian Ocean

R. J,\YARMIA:-;;

~ational Tnstitutc of Oceanography, !\l'W Iklhi 1

THE International Indian Ocean Expedition
(IIOE), which is a multi-national project
for the scientific exploration of the Indian

Ocean and in which 19 countries took part with
38 ships, completed its field programme on 31
December 1965. India has been an active parti­
cipant in the HOE not only because of its geogra­
phical position hut also because several phenomena
occurring in the Indian Ocean directly affect the
lives of the Indian people. During IIOE, a num­
ber of scientists of different countries belonging to
different disciplines participated in the expedition
and collected a vast amount of data. It was,
therefore, considered necessary that the results of
the studies should be brought to light either during
the expedition itself or as early as possible after
the conclusion of the field programme. During the
expedition period itself a number of seminars and
symposia were held by several participating coun­
tries where the preliminary results were discussed.
In India also a number of seminars were hpld
whenever any of the foreign participating ships
called at our port". In these seminars, which were
more of the nature of informal discussions, an
opportunity was provided for our scientists to come
into contact with oceanographers of other countries
and to discuss scientific problems relating to the
Indian Ocean. In addition to these informal
seminars, two symposia were held in India during
the period of the expedition. The first was organiz­
ed in December 1964 during the International
Geological Congress in Delhi when group discussions
were held on the geological and geophysical results of
the IIOE and a number of interesting findings were
brought to light. [Prior to this, in lI:ovember 1964,
the Royal Society, England, also held discnssions on
the Geological Results of the HOE.] The second
symposium was convened in July 1965 on the
Meteorological Results of the lIOE in Bombay, and
it was organized jointly by the Unesco and WMO.
As the data collection and processing were ,till
continuing, there was not much time for detailC'd
studies on these data and hence the results presented
in all the symposia should be considered as more
or less tentative. During the Second Internation~l

Oceanographic Congress held in Moscow dnring
May-June 1966 a number of papers were presented
on the scientific results of the II OE,

In the Indian programme of the HOE, 1962-65,
scientists from several organizations and govern­
ment departments in the country participated in
the cruises of both the Indian as well as some of the
foreign research ships, and collected a large amonnt
of data under the various disciplines of oceano­
graphy. In order to provide a common forum for
discussing the results of all the Indian worker;;,
the Indian National Committee on Oceanic
Research, at its meeting held on 3 April 1964, strongly
recommended that a symposium on the resnlts of
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the lIOE be held joint.ly with the National Institute
of Sciences of India (NISI).

The symposium, org-ani1.ed jointly hy the National
Institute of Sciences of India and the Indian
National Committee on Oceanic Research (CSIR).
was held from 2 to 4 March 1967 at the auditorium
of lI:ISI, New Delhi, under the following five St'C­
tions: (1) Physical and chemical oceanography
including geOChemistry and radiochemistry;
(2) Geology and geophysics; (3) Marine biology
including productivity; (4) Fisheries; and (5) Mari­
time meteorology. One hundred and fifteen scien­
tific papers were presented at the symposium.

Dr Panikkar, Director, National Institute of
Oceanography (NIO) and Secretary, NISI, welcom­
ing the dcleg-ates reviewed the work done in the
Indian programme of HOE where a number of
young scientists from different organizations and
g-overnment departments have participated and
contributed to the scientific programme. He ex­
pressed satisfaction that most of these scientists
who had participated in the Indian programme and
some of the senior scientists have come to present
thpir results. It was also gratifying, the speaker
said, to find scientists from USA, USSR, West
Germany and Japan, and also nwmbers of the
Indian Ocean Biological Centre's Consultative Com­
mittee participating in the symposium on our
invitation and giving- us the benefit of their
scientific experience. The Indian Ocean Expedition
has brought about a g-eneral awareness and has
created a great amount of enthusiasm for the study
of oceanography in India.

Dr Atma Ram, Director-General, Scientific &
Industria! Research, who spoke next, stated that the
CSIR has dpep interest in the development of
oceanography as one uf the scientific activities in the
country. He expresscd the hope that the science of
oceanography would make material contribution to
the country through the study of living resources and
the mineral reSlJurces, and provide basic information
of value in meteorology and oc(,anic transportation.

In his inaugural addre'S, Dr D. N. Wadia. Natio­
nal Professor and Chairman of the Indian National
Committee on Oceanic Research, stated that the
International 1ndian Ocean Expedition, 1960-65,
was a grcat event of tIll' decade and said that
everyone who had sornetliing to do with the expedi­
tion is looking forward to till' publication of the
results. l~eft'rring to the symposium Dr Wadia
said that it was an important day in the history of
oceanograph~' in India, as more than a hundred
young Indian disciples in this new science were
taking part in collahoration with reputed foreign
scientists. He also rpferred to two important
cooperative projects that have bet'n developed in
connection with the expedition. The first was
the International Meteorological rentre in Bombay
which dealt with the larg-e volunlt' of meteorological



JA\"1\ RAMAN: SYMPOSIUM ON INDIAN OCEAN

data collected during the. expedition, and the
second was the Indian Ocean Biological Centre in
Cochin, established to handle the large amount
of zoopbnkton collections taken with the Indian
Ocean Standard Net. He also expressed satisfaction
that the members of the Consultative Committee for
the Indian Ocean Biological Centre were taking
part in the symposium.

from the geologist's point of view, Dr Wadia
said that the expedition work is very notable in
revealing new features uf the bottom topography
of the Arabian Sea and the Ba~' of Bengal. The
work during the expedition has brought to light
several interesting buttom features such as sub­
marine volcanoes, mid-uceanic mountain ridges,
submarine valleys and canyuns. But, according to
the speaker, the most notable achievement would
be the light it would throw on the vexed contro­
versy of mudern geology regarding the continental
<Irift. Elaburating further on the problem of
continental drift, Dr Wadia said, the bottom sedi­
ments and the cores obtained during the expedition's
investigations is bound to throw some light on the
question whether the subcontinent uf India has
been stationary, detached from Africa or Australia
by the foundering of the portions of the old Gond­
wana continent, or whether after its separation
from that continent, India has wandered some
thousand miles from south of the equator into its
present position in Eurasia. It is the helief of some
geologists that India has come all the way from
south of the equator and is, therefore, an intruder
in Asia. Referring to the development which have
taken place in oceanography since the start uf the
International Indian Ocean Expedition and compar­
ing it with the earlier studies, Dr Warha said that
oceanographv has now been put on the map of
Indian science. From this small beginning it is
yet to grow into a substantial national effort. He
felt very happy that he has been associated with
the oceanographic group since 1960 ant! he hoped
that as a result of the discussions which would be
taking place during the symposium much new
knowledge would emerge out and would contribute
to further development of oceanographic studies.

Prof. T. R. Seshadri, President, l'\ational Institute
of Sciences of India, stated that he was very happy
that this symposium on Indian Ocean has been
organized under the auspices of the NlSI. Apart
froIll many benetits the study uf ocean would bring
to India, he said he would particularly emphasize
on one aspect, viz. the study of organic chemistry
of the ocean waters and the various plant and
animal material contained therein, and he hoped
that such studies would enable di'covery of new
types uf biochemicals.

With the proposal of vote of thanks by
Dr Ganguly of the Bhabha Atomic Research Centre,
Bombay, the inauguration function concluded and
the symposium was continued in different scientific
sessions.

Physical Oceanography
The first session on physical oceanography was

presided over by Dr E. C. LaFond (US Navy Elec­
tronics Laboratory), who in his paper dealt with

the oceanic circulation in the Bay of Bengal. He
dealt mainly with the work carried out by the
US research vessel, Anton Bruun, during her first
IIOE cruise in the Bay of Bengal during March-May
1963, and stated that in the early part of the cruise
the prevailing NE monsoon winds gave rise to
upwelling along the Burmese coast, while in the
latter part of the cruise there was upwelling along
the east Indi8n coast. Influence of tides and
internal waves on the circulation patterns was also
discussed by him. The resulting effect of upwelling
on the organic production and chlorophyll content
based on the data of the Anton Bruun was also
indicated in the paper.

Dr Lafond's paper was followed by four more
papers on the Bay of BengaL The first one by
L. V. G. Rao and R. Jayaraman (National Institute
of Oceanography), presented by Jayaraman, gave
an account of the general hydrographical features
of the central and southern Bay of Bengal based
on INS Kistna data for 1962-63. The presence
of certain typical water masses, particularly one of
low density formed by the mixing of dilute waters
from off the Burmese coast with those of the Pacific
origin entering the Bay of Bengal through the
Malacca straits was indicated, based on T-S relation­
ships. The papers by Varadachari, Murthy,
Thirupad and others from the Physical Oceano­
Ijraphy Division, NIO, dealt with water masses,
internal waves and thermocline features in the
Bay of Bengal, and also the circulation patterns in
the upper layers of the bay. The choosing of level
of no-motion at 500 metres for dynamical computa­
tions, e.xistence of long-period internal waves, of
wavelengths varying from 150 to 500 km., and
the effects of these waves on the dynamic computa­
tions of currents were discussed. The authors also
discussed the methodology adopted by them in
choosing the reference level. Variations in thermo­
cline levels and the probable causes were also ex­
amined by these authors. Two interesting papers
giving the results of direct current measurements
were presented by scientists from Health Physics
Division of the Bhabha Atomic Research Centre,
Bombay. The /irst one by Nair, Neralla and
Ganguly presented results of current measurements
off Mormugao harbour in January 1967 and the
second one bv Nair and Bhatt.athiri on current
measurements - at the Angria bank late in 1965.
An Ekman-Mer? current meter was used in these
studies. The current measurements off Mormugao
showed that the currents were mostly towards the
north-west with practically no southerly component.
The speeds ranged from 0-04 to 0·60 knot. The
tidal currents were also found to be verv weak_
The current measurements in the Angrla bank
region over a 26 hI' period covering two tidal cycles
showed current speeds ranging between 0·17 and
0-75 knot, in general, in all the three depths mea­
sured - surface, mid-depth and bottom. The direc­
tions were mostlv west to west-sQuth-west. The
current measurenlent data were found to be in
accordance with computations based on salinity­
temperature measurements.

On Arabian Sea also there were a number of
papers, the chief being one on water masses of the
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Arabian Sea in the upper 500 metres by K. V. S.
Ramam and coworkers from the Indian Naval
Physical Laboratory, Cochin. Geostrophic currents
in the Arabian Sea, and transparency measurements
were also discussed by the same authors. There
was a paper on the scattering layers over the
continental shelf off Konkan coast by H.ama Raju
of the Physical Oceanography Division, NIO, where­
in the author showed that the scattering layers arc
not due to the physical discontinuity (thermocline).
One of the most interesting papers in the series was
that presented by Balakrishnan of the Indian
Naval Physkal Laboratory, Cochin, on equipment
and facilities designed for the calibration and check­
ing of bathythermographs at the Naval Physical
Laboratory.

Maritime Meteorology

The session maritime meteorology, which was
held on the afternoon of 2 March 1967, was
presided over by Dr K. R. Ramanathan of the
Physical Research Laboratory, Ahmedabad. The
major discussions were about the monsoons, theories
in regard to their origin and their main features.
The paper by B. N. Desai was on the air masses
over the Arabian Sea during the south-west mon­
soon season and this discussed in great detail the
earlier views held on the origin of the monsoon.
According to the author one of the most favourable
conditions for the onset of the vigorous monsuon
on the west coast of India is the characteristic air
mass stratification uver the Arahian Sea with moist
deflected trades in the lower levels and the drv
unstable air from Arabian Sea and the neighboUl:­
hood. The strength of the deflected trades and
their normal component to the Western Ghats
govern the rainfall on the west coast of India.
The observations bv Pisharotv, which are some­
what different from those of Desai's, were presented
in a paper by him entitled' Cross-equatorial airflow
over the Indian Ocean '. According to him, as
the cross-equatorial flux is transported eastwards
mostly south of lOON, a significant part of the
monsoon water vapour flux across peninsular India
consists largely of water vapour evaporated from
the Arabian Sea itself.

Y. P. I{ao and Raghavendra (India Meteoro­
logical Department) discussed the variation of rain­
fall across the equator. The data are based on
ship's reports in the Indian Ocean in the Far
1964. The authors showed that there is no appreci­
able tendency for dry weather near the equator.
Another interesting paper was by Rama of the
Tata Institute of Fundamental Research 011 radon
in the monsoon current. The paper gave an account
of radon measurements in sea level air at Bombay,
and also in surface air over the Arabian Sea and
the Indian Ocean. Low values, characteristic of
south-east trades, were observed up to a few degrees
north of the equator. The implications of such
measurements in terms of il1teraction between the
south-east trades and continental air masses during
the monsoon season were discussed. Another paper of
special interest was by Rarnamurthi and Jamhu­
nathan of the India Meteorological Department
(Indian Ocean & Southern Hemisphere Analysis
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Centre, Poona). This paper is based on the
information collected by the use of automatic
picture transmission (APT) sub-system installed
at the International Meteorological Centre, Bombay,
in December 1963. Interesting features were
revealed of cloud developments associated with the
first burst uf the south-west monsoon over the
Kerala coast of India. A p<iper presented by C.
H.amaswamy on weather routing of ships gave an
account of an important application of meteorology
to navigational aspects in the Indian Ocean.

Chemical Oceanography Including
Geochemistry and Radiochemistry

The session on chemical oceanography was
presided over by Dr A. K. Ganguly of the Bhabha
Atomic I~esearch Centre, Bombay. Thirteen p"pcrs
were presented at this session which included such
varying topics as distributional studies on the
various chemical factors such as oxygen, carbon
dioxide and nutrients in the variuus areas of the
Indian Ocean; geochemical, radiochemical and trace
element studies on sea water and marine sediments;
methods and techniques; application of radio tracers
to the study of water and sediment movement, etc.
The paper ;m the distribution of phosphorus in the
northern Indian Ocean by K Viswanathan and
A. K. Ganguly of the Bhabha Atomic Research
Centre, presented by Viswanathan, gave data on
inorganic and total phosphorus in the upper 500
metres in the northcm Indian Ocean and the Bay
of Bengal. Valuable data were presented on the
integral mean concentration values of phosphates
in the upper 100-metre column (which is an index
of available phosphorus for biochemical and bio­
logical activities and for organic production to
take place) in the various areas and it was shown
that there was considerable regional variatiolis in
the mean concentrations which could be used to
characterize areas of high and low productivity.
This paper was followed by papers giving the distri­
bution <I.nd cvcle of other nutrients like nitrates and
silicates by C. V. G. }{eddy and V. N. Sankara­
narayanan (11<10). These authurs presented data
relating to nutrient chemistry collected from
Arabian Sea, Bay of Bengal <ind northern Indian
Ocean during the cruises of the INS Kis/lla and
R.V. VaYlttla. The interesting variations in the
pattern of distribution and the influence of up­
welling and other types of circulation on the distri­
bution in the upper layers was discussed. The
nutrient enrichment due to upwelling was also
pointed out by the authors. The patterns of
distribution of oxygen discussed in the papers by
Anand et aZ. and Garg ct aZ. of the Directorate of
Scientific Research (Navy) provided additional
supporting data for the regional and season<il
variations in upwelling indicated earlier from other
physical data. Krishnaswamy of the Tata Institute
of Fundamental Research presented a paper on
• Trace elements geochemistry' by Bhat et aZ.,
wherein he described a technique of concentrating
cosmic-ray produced isotopes from sea water by
dragging from a ship underway a container con­
taining sponges impregnatcel with ferric hydroxide
and subsequent elution of the adsorbed material.
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The quantitative aspects of the teehniclue were
discusseJ and it was stated that the method has
95 per cent efficiency. In <L paper on geochemic~ I
studies off Tarapore coast by Sarma and other,; of
the Bhabha Atomic Research Centre, information
regarding concentration and dispersal of radio­
nuclides from the atomic reaelor wastes and the
role played by marine organisms ~nd the circulatory
and mixing processes in the sea were discllssed.
The paper on heavy water contpnt of sea watpr
concentrates and salt bitterns bv Chaudhuri of the
Central Salt & Marine Chemicals "Research Institute,
Bhavnagar, and the paper on osmium in sea water
by Sharma and Parikh of the same institute provided
interesting and valuahle information.

Geology and Geophysics

Under the session geology and geophysic,:,
15 papers were presented. The sessIOn was pre­
sided over by Prof. Wolfgang Schott of Bundesan­
stalt fur Bodcnforschung, Hannover, West Germall\'.
Prof. Schott first presented his paper on the' HeCl'nt
sedimentation in the Indian Ocean' (first results of
Meteor in the Indian Ocean Expedition). In this
paper he discussed the various aspects of the facial
change of sediments from shore-line to the oceanic
basin. According to him a number of differC'nt
facies zones can be distinguished running paralld
to the coast. Off East Africa five and off the
Indo-Pakistan coast seven ZOOl'S have been foullcl.
These first results arc in agreement with ohserva­
tions in other shell areas, for instance, off the Indian
east coast.

The paper by Prof. M. S. Krishnan on the gC'o­
logical evolution of Indian coastline dealt in detail
with the origin of we,tern coast of India up to the
Kathiawar and Kutch regions. He brought out
evidence to show that the island of Madagascar
separated from India leading to the formation of
Indian west coast in the Upper Cretaceous.

An interest.ing paper on the origin of the In,lian
Ocean bv F. A. Ahmed (Aligarh Muslim University)
discussed two hypotheses, one based on continental
drift and the other which states that the continents
have been where they arc and only minor changes
have taken place. According to the author, the fael
that mountain ranges are continuous from Assam to
Turkey shows that Jnclia has not drifted indepen­
dently from Africa, as " linear translation of the
Indian lanel mass would have resnlted in a distinct
break in the mountain ranges.

A paper by Varadachari, Nair and Murthy (KIa)
on 'Submarine canyons off the Coromandel coast'
was presented by If R Nair. This paper is based
on echogram data obtained on board the INS Kistna
during her cruise along the east coast of India
during 1965. Three sets of submarine canyons on
the continental slope and shelf betwef'n Cuddalore
in the south and the month of l'alar river were
indicated in this survey anc! t.he geomorphological
features of these canyons were discussed.

Another paper on the bathymetric features of
t.he Bay of Bengal was presented by T. C. S. Rao
of Indian Naval Physical Laboratory. Rao pre­
sented his analysis of echograms from the INS
Kistna cruises in the years 1963 and 196+. The

main features revealed in the study are an oceanic
rise along 83°E meridian between 110 and 15°N, a
trench along the east coast of Ceylon and India
(with the greatest depth of 4400 metres) and
submarine valleys off the mouths of Mahanadi,
Godavari and Krishna rivers on the east coast of
India. The extensions of the Ganges submarine
canyon in the Bay of Bengal basin down to 9°N
were also indicated.

Four papers were presented on marine sediment
characteristics off the east coast of India and
three off the west coast. M. Poornachandra Rao's
(Andhra University) paper was OF! oolites from the
continental shelf sediments off the east coast of
India. Subba Eao and Vedantam (Andhra Univer­
sity) presented a paper on distribution of foramini­
fera in the shelf sediments off Visakhapatnam,
based on the data colleeled during the geological
cruise (18th cruise) of the INS Kistna. Madhu­
suclana Rao and Murthy (NIO) gave more detailed
account of shelf sediments off the Madras coast.
Papers on the characteristics of west coast marine
sediments included one by Prabhakara Rao (Atomic
Minerals Division, Department of Atomic Energy)
on the nearshore sediments of the Neendakara­
Kayankulam coast, Kerala, the second one by
R. R. Nair and Pylee (NIO) on the size distribution
and carbonate content of the sediments of the
western shelf of India, and the third one by
Chatterjee and Gururaja (Geological Survey of
India) on the foraminifera of Mangalore coastal
sediments. C. Karunakaran [Geological Survey of
India (GSI)] presented two papers of more or less
general interest, one bearing on mineral exploration
possibilities on the Indian continental shelf, and the
other on revision of the stratigraphy of the
Andaman and Nicobar Islands. The paper on the
mineral exploration possibilities dealt with in a
general way the possible occurrence of different
types of mineral deposits like phosphatic deposits,
ilmenite and monazite, calcareous deposits and
highlighted a proposed scheme of studies at the
GSI on mineral exploration from marine sources.
Most of the papers being more or Jess descriptive
and in view of the relatively large number of papers,
the discussions were mainly restricted to a few
papers where some theories and hypotheses were put
forward.

Marine Biology Including Productivity and
Indian Ocean Plankton

The largest number of contributions were in the
session on marine biology, the total number
being 33. This session was, therefore, divided into
two sub-sessions, one on Indian Ocean plankton
and the other on marine biology (general) including
productivity.

The sessions under Indian Ocean plankton and
produelivity were chaired hy Dr M. Anraku from
Japan. The first three papers were of an intro­
ductory character. Prof. Krey from \Vest Germany
presented a paper on plans and first draft for the
atlas on chemical biology of the Indian Ocean.
He discussed the type of projection used for this
type of atlas and indicated the various steps leading
to the preparation of these atlases. The atlas is
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to consist of sections like primary production,
chlorophyll and carotenoids, biomass of phyto­
plankton, seston, particulate carbon. etc. Prasad
(IOBC, NIO) gave an account of the preparation
of atlases on displacement volumes in respect of
zooplankton at the Indian Ocean Biological Centre
(IOBe), Ernakulam. The basic work leading to
the preparation of the atlases was highlighted by
the speaker. He also showed some atlases which
have already been prepared, indicating the monthlv
distribution of zooplankton volumes for the Arabian
Sea and the Bay of Bengal.

The paper by Prasad was followed by 11 detailrd
papers on the various aspects of specialized studies
carried out on the international collection of zoo­
plankton at lOBe. The introduction to this series
of papers was given by E. Brinton, Unesco Curator
at the centre. While introducing these papers,
Brinton briefly summarized the sorting and research
programmes at the IOBC and the specialist studies
undertaken on the sorted samples. Following this
introduction, he presented a paper by Vijayalakshmi
Nair on the quantitative aspects of the distribution
of chaetognaths in the Indian Ocean during both
the south-west and north-east monsoon periods. The
next paper was by Kasturirangan on ' Zooplankton
atbs' with particular reference to copepods. He
dealt with the processing of data relating to this
large group of organisms with a vie\\' to incorporat­
ing them in the plankton atlases currenth' in prepa­
ration at IOBC. The special stndies on the various
sorted groups were indicated by a number of per­
sons from lOBe. George Peter gave a paper on
pelagic polychaetes, K. J. Peter on fish eggs and
larvae, Jacob George on planktonic ostracods,
Gopalakrishnan on decapod larvae, both a general
survey and special studies on Penaeidae, Sakthivel
on pteropoda. Aravindakshan on Carinariidae, an (1
Balachandra lenon jointly with N. K. l'anikkar
on planktonic anthozoa (Coelenterata) - all from
the nOE collections. Apart from the papers by
the group from IOBC, there were a few other
interesting papers by Daniel and others based on
the work carried out during the HOE. The paper by
A. Daniel and R. Daniel was on siphonophores collect­
ed during the 35th cruise of the Soviet research ship
Vityaz, wherein the authors described a new genus
and species of Physonectae. Daniel, Nagabhusha­
nam and Daniel gave a very interesting paper on
the organisms constituting the sonic scattering
layer in the Bay of Bengal and eastern fndian
Ocean, also based on Vityaz collections. The or!-:<t­
nisms were those sampled using an lsaacs-Kidd
midwater trawl and the group consisted of si phono­
phores, pelagic tunicates, euphausiids, fIShes, shrimps
and medusae with a few squids, cope pods and
heteropods. The variations in the depths of the
sonic scattering layer in relation to other oceano­
graphic parameters were also discussed by these
authors.

!\. few papers were abo presented on phyto­
plankton pigments, primary production. an(l phyto­
plankton composition. Among these, mention may
be made of one by Shah (Kerala University Oceano­
graphic Laboratory) on the diurnal variations in
chlorophyll content at a single station off Cochin
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in the Arabian Sea. and the papers by Ramamurthy,
Krishnamurthy and Venugopalan on primary pro­
duction and phytoplankton composition in the
nearshore waters off Porto No\'o ou the cast coast
of India. The only paper on marine bacteria was
presented by Velankar of Central Institute of
Fisheries E(lucation, BombaI'. The author, while
reviewing the Indian work 'on the subject, dealt
with qualitative and qnantitative aspect of marine
baeterial distribution in the Indian waters, the
various physiological gronps of marine bacteria,
including those responsible for fish spoilage and
also the role of bacteria in the ecology of the ocean
with particular refNence to bacteria-phytoplankton
relationships.

In the next session, wl,ich lll'alt with papers on
marine biology and productivity (general aspects),
and which was presided over by Prof. 1'. N.
Ganapati of Andhra University, Waltair, 12 papers
w•.'re presented which included snch varied topics
as: H.eproductive and nutritional cycles in a few
vertebrates from the cast coast of India by S.
Krishnaswamy of Madurai University; Fouling
organisms in Bombay harbour by Karande of the
Naval Chemical ani I Metallurgical Laboratorl',
Bombay; Radioactivity and trace elements levels
in marine organisms by Patel and Pillai of the
Bhabha Atomic Research Centre, Bomb'll'; and
Seaweed drift on [mlian seashore by V. I{rishna­
murthv of the Central Salt & Marine Chemicals
Resea,:ch Institute, Bhavnagar. Based on tlie work
at the Zoology [),'partment o[ the Andhra l:niver­
sity, two papers were presented at this session.
The first one was on the fauna of Kakinada Bal'
by Radhakrishna and Ganapati, and the second
one lVas on 'lnantitati\'e studies on zooplankton
of the Godavari cst uar\' bl' Chandra :'l'Iohan.
Benthic fannal studies iil t1il' nearshore regions
off the south-west coast of India w('re discussed in
two papers, the Jirst one by Desai and Kri,;hnan
Kutty o[ the Biological Oceanographic Division,
NIO, and the other by Kurian of the Kerala
University Occanograpliic Laboratory', Theodore
Srinivasagarn from Madurai UniVl'rsity presented
an interesting paper on a ' New approach to settle­
ment studies' wherein he highlighted the role
played by some nitrogenous substances including
amino acids in conditioning sea water aml making
it favourable for the sl'ttlin~ of some types of larvae,
particularly! the larvae of the serpulid, Hydroidcs
norv<'gica. Although somewhat outsidl' the scope
of the symposium, the importance of tl,e paper
lal' in the fact that studi ...s ef tlJis type would
help characterization of some of the dissolved organic
constituents in the ocean, particularly of those
described as • ectocrines' which play an indirect
role in the economy of the sea. Thlis the marine
biology sessiuns provid('d extensive cover;lge of
scil'ntific topics.

Fisheries

The last of the scientific sessions was on fisheries
- both dealing with resources as well as special
topics including methodology and techniques.
There were 14 papers in this session which was
chaired bv Prof. T. S. l~ass of the Institute of
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Oceanology, Academy of Scirnces, lTSSR, Mosco\\'.
Prof. Rass presented first his paper on . Ichthyo­
logical studies by Soviet participants in the JIOE '.
According to Rass, deep sea fish fauna in the
Indian Ocean seem to he unclPr-investigated as
compared with other oceans. He outlined the
studies made by the Soviet group as a whole and
stated that oceanic ichthyofauna of the pebgic
and the deep sea realms formed the subject "f
investiRations by a number of groups of work..rs.
ReprOlfuction and life history studies have 'lis"
been undertaken by these scientists. The author
has also listed the· various groups of fishes which
have both scientific as weJl as commercial im­
portance in tbe Indian Ocean region. l'anikbr's
paper on the fishery resources of the Jndian Ocean,
Berry's on clupeoid resources and Dwivedi's on
tuna resources were tliree important papers on the
resource aspects of fisheries of the Indian Oceml.
Panikkar discussed two bro:!tl patterns in the distri­
bution, the south temperate fisheries represented
along South African and Western Australian coasts
ami tropical and subtropical fislieries of the rest of
the Indian Ocean. He indicated that there is
considerable scope for the increase of production
from the present yield of about 2·5 million tons
to 10 times its value by iutensive oceanographic
studies to locate new resources and also newer
techniques in fishing. Tlie importance of the
Arabian Sea as a region cnlling for special attention
in increasing tisheries production and for intensive
oceanographic studies owing to the unstable condi­
tions was specially emphasized by the author in
his paper and during discussion.

Berry's paper on the clupeoid resources and
research in the Indian Ocean region laid stress on
the need to improve our knowledge concerning the
systematics uf this important group. He gave an
account of the work undertaken by him in col­
laboration with the research teams in Andhra
University an(l the Porto !'lovo M,'rine Biological
Station of the Annamaiai University. .

On the subject of fishery biologv including
techniques and methodology mention is made of
the paper by Dwivedi (!'lJO) ou till' identification
of fish populations with particular reference to the
p~lagic stocks of the Indian Ocean region; till' one

by Alikunhi and George of Central Institute of
Fisheries Education on • Mark-recovery studies
on commercially important marine fishes of India' ;
Gopalan's (NlO) paper on the silver pomfret,
Parnplls il'rgenteus; and Pradhan's (Deep Sea Fish­
ing Station, Government of India, Bombay) paper
on the Indian Ocean flat fish, Psettodes erumei.
Dwivedi's paper dealt with a new modification of
starch gel electrophoresis method for the identifica­
tion of populations in respect of clupeoid, scombroid
and other pelagic fishes of the Indian Ocean. The
paper by Alikunhi and George gave a description of
the taggillg experiments carried out by them on the
sardines and mackerel in December 1966, conducted
from Goa. In the same paper they have indicated
the possibility of carrying out similar tagging
studies on fishes like pomfrets and demersal fishes like
scienids, etc. This has apparently been the first
large-scale attempt at tagging marine fish in India.

The relationship between hydrographical factors
and fisheries was given in the paper by Qasim and
Sankaranarayanan with reference to Cochin region.
In regard to studies on fishery yields, the theoreti­
cal yield studies on Cynoglossus macrolepidotus by
Krishnan Kutty and Qasim and the more practical
one based on trawling operations by Joseph (off­
shore Fishing Station, Mangalore) deserve mention.
On the subject of fish eggs and larval studies,
K. J. Peter's paper on the larvae of Rastrelliger
lwnagurla, the paper by Balasubrahmanyam et al.
(Porto Novo) on larval and juvenile stages of the
flying fish Exocoetus volitans Linn. and Hirundi­
chthys cormnandelensis (Hornell), and the paper on
distribution of fish eggs and larvae in Bay of Bengal
by Solomon I~aju and Ganapati deserve mention.
A. G. K. Menon and Rama Rao (Zoological Survey
of India) described in a paper the first occurrence
of the flying fish, Hirundichthys speculiger (Valen­
ciennes) in the Indian Ocean. The paper by Peter
on the larval stages of the Indian mackerel was
specially noteworthy as being the first account of
these larvae from the Indian Ocean.

The scientific sessions were concluded with an
appreciative reference by Dr Panikkar to the fine
response to this symposium. The contributions
will be issued as a special Symposium Bulletin of
the National Institute of Sciences of India.
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Symposium on International Upper Mantle Project
S. 13ALAKRISH~A & M. N. QURESHY

National C:eophysieal Research Institute. Hyderabad (J\P)

A SYMPOSIUM on the International Upper
Mantle Project was organized by the National
Geophysical Research Institute, Hyderabad,

India, during 4-8 January 1967. The symposium was
jointly sponsored by the Geophysics Research Board,
the Geological Survey of India, the Geological Society
of India, the Indian Geophysical Union and the
National Geophysical Research Institute. The main
objective of the symposium was to take stock of the
work done in the country so far and to draw up
programmes of studies for the remaining period uf
the Upper Mantle Project. An organizing committee
was formed with representatives of the sponsuring
organizations to plan the working of the symposium.

The symposium was attended by over 200 delegates
from all over the country. In addition, 12 foreign
scientists also participated. The symposium was
inaugurated by Dr S. Bhagavantam, Scientific
Adviser to the Minister of Defence. Dr D. N. Wac\ia,
National Professor of Geology and Geolugical Advisl'J'
to the Government of India, delivered the presidential
address. Dr Atma Ram, Director-General, Council
of Scientific & Industrial Research, and a number of
other distinguished scientists were present at the
inaugural function. Dr K. R. Ramanathan, Chair­
man, Geophysics Research Board, presided over the
function.

Madame 1. P. Kosminskaya and Dr Khitarov uf
USSR, Dr H. Closs of West Germany and Dr John
Healy of USA were among the distinguished foreign
scientists who participated in the sympusium. A
number of delegates from Geophysics ResearchBoard,
Indian Geophysical Union, Geological Society of
India, Geological Survey of India, Indian Agricultural
Research Institute, Defence Research & Development
Organization, India Meteorological Department,
National Mineral Development Corporation, Explora­
tory Tubewells Organization, National Geophysical
Research Institute (NGRI), Oil & Natural Gas
Commission (ONGC), Department of Mines &
Geology, Gujarat, and the Universities of Roorkee,
Banaras, Andhra and Osmania also participated
in the symposium.

Dr Hari Narain, Secret<u'y, Geophysics Research
Board and Director, NGRI, welcomed thc scientists
and guests. In his report, he gave a brief history of
the Upper Mantle Project studies in India and
recalled the participating organizations and the
studies which were in progress. He mentioned,
in particular, the projects which have been under­
taken at the National Geophysical Research Institute
in connection with the Upper Mantle Project and the
progress made in gravity studies, physical properties
of rocks, geomagnetism and geoelectricity, seismology,
theoretical geophysics, palaeomagnetism, heat flow
measurements and integrated band studies in the
Dharwars and the Cuddapah basin.

In his inaugural address, Dr S. Bhagavantam
stressed the urgent need for geophysical and geo-
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lugical studies uf the solid carll I for the exploitation of
mineral resources and fur scientific enquiry.

In his presidential address, Dr Wadia pointed out
that" modern geolugy, in spite of its advances in
many spheres, is yet faced with the uld problem,
what caused the abrupt inequalities of the earth's
surface". He emphasized that by virtue of her
unique geodetic environments, India occupies a very
special place in the field uf geophysical studies and
has many valuable geuphysical data to contribute
to the world body at large. He alsu pointed out the
impact Upper Mantle Project may have on our insight
of the processes leading tu the furmation and concen­
tration of economic mineral deposits.

The deliberations uf the symposium were divided
into the following sessions (presidents of the sessions
are given in parentheses): (I) Magmas and their
relationship to tectonics of crust and mantle (Dr M. S.
Krishnan); (Il) Seismulogy and gravity studies
(Dr A. N. Tandun); (UI) Physics of the crust and
mantle (Dr S. Bhagavantam); (IV) Geological,
gcuphysical and geochemical studies on the Dharwar
region (Shri B. Rama I{ao); (V) Geological, geo­
physical and geochemical studies on Cuddapah basin,
Gulf uf Cambay and Andaman and Nicobar Islands
(Shri W. B. Metre); (VI) Geological, geophysical and
geochemical studies on Singhbhum and Aravalli
regions (Shri A. K. Dey); (V11) Studies on continental
drift (Dr F. Ahmed); (VIII) Special sessions: (i) Deep
seismic sounding (Mme 1. 1'. Kosminskaya); (ii) Dhar­
wars, Aravallis, Singhbhum (Dr B. P. Radhakrishna);
(iii) Cuddapah basin (Dr M. S. Krishnan); and
(IX) Concluding session (Dr D. N. Wadia).

All the sessions brgan with the presentation of a
key paper from one of the leading authorities in that
particular sphere. These papers gave a critical
appraisal of the present status of the studies and
drew attention to some of the outstanding problems.
Other papers dealing with the same or connected
topics were presented latcr and at the end of each
paper very lively discussions ensued. Informal
discussions took place in the special sessions.
l{ecommendations that emerged from the dC'libera­
tions of the symposium were presented and approved
in the concluding session which was presided over by
Dr D. N. Wadia.

The following were some of the major recommenda­
tions of the symposium.

General- (1) There should be some means of
communication among the geoscientists within the
country. For this purposc a news bulletin on
geosciences may be issued at least twice a year,
which should report the work in geology, geophysics
and g('ochemistry in progress at different institutions
and universities; (2) There shuuld be better co­
ordination in granting research schemes by the
Council of Scientific & Industrial Research, University
Grants Commission and other guvernment agencies
on the one hand and different institutions engaged in
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studies on earth sciences on the other. The research
schemes should be oriented towards specific problems
fitting in the overall framework of the broader
problems of geosciences in India; and (3) In each
of the four regions of combined geological, geophysical
and geochemical studies, the three disciplines of
geology, geophysics and geochemistry be kept
under an Investigator-in-Charge. He should be in a
position to coordinate the work for the respective
region and also judge the work and compile it for
sending for publication under the International
Upper Mantle Project.

Cuddapah basin - (1) Regional gravity and
magnetic anomaly map of tbe Cuddapah basin
may be prepared jointly by the NGRI, Osmania Uni­
versity and Andhra University; (2) Representative
rock specimen collection as far as possible for the
gravitv observation stations to be made for petro­
logical and sedimentalogical work by all the parties;
and (3) Geological Survey of India may be requested
to carry out seismic soundings or profiles as required
in areas where such work can be carried out in tbe
Cuddapah basin.

Dharwars - (1) Recognition of tbe basement on
which the Dharwar sediments were deposited;
(2) Systematic geochronological studies by NGRI and
Indian Institute of Science, I3angalore, in addition
to GSI and preparation of stratigraphic time scale
for the Precambrians of the different regions; (3) Pre­
paration of gravity and magnetic anomaly maps
of the region on 1:1 million scale; and (4) Deep
seismic sounding along selected traverses.

SinghUhwn rcgion- (1) Integrated geological,
geophysical and geochemical studies in the entire
region; and (2) Detailed geochemical studies and
trend of distribution of the major and trace elements
up to a depth of 2500 ft to be undertaken with the
help of samples obtainetl from various cores.

Magmas and magma tectonics - (1) Study of the
Precambrian andl'ost-Cambrian basic and ultrabasic
intrusions; (2) Measurements of terrestrial mineral
phases in the fresh and altered basic rocks including
the amphibolites in order to get an idea of thermal
gradients; and (3) Study of liquid inclusives occurring
in these rocks in order to get an insight in the hydro­
thermal phase which will directly reflect on the
composition of deep-seated substratum.

Crustal thickness studies - (I) Travel time curves
and amplitude studies of existing data for similar
areas in other countries pertaining to Indian concli­
tions should be carried out; (2) Background noise

studies in the areas, where deep seismic sounding
profiles are to be laid should be undertaken; (3) To
start with deep seismic sounding profiles should be
laid only in the shield area of India because it offers
much simpler problems to be tackled: and (4) For the
study of the shield area by deep seismic sounding
method, shots can be fired much easily in the sea
along the Indian coast and recorded on the land.
Such a shooting programme will require much smaller
charges for the same purpose. This will also enable
reverse profile shooting on the land using shots
in the sea both along the eastern as well as western
coast of India.

In the concluding session, Dr H. Closs, Director
and Professor-in-Charge, Bundesanstalt fiir Boden­
forschung, West Germany, elaborated how Upper
Mantle studies not only broaden our understanding
of the earth·s interior but also augment natural
resources for the welfare of the human society.
Dr Closs stressed that contrary to the common notion,
the Upper Mantle Project is not only an important
fundamental research programme but it also possesses
strong utility bias, and will help in a better
understanding of mineralization and exploitation of
natural resources.

Madame 1. P. Kosminskaya, Chairman of the
Commission on Continental Margins & Island Arcs
of the International Upper Mantle Project and a
top-ranking H.ussian geophysicist, advocated the
need of starting deep seismic studies in India.
Technically known as 'deep seismic sounding',
this method consists in experimental study of elastic
wave propagation caused due to deep artificial
explosions. In the USSR deep seismic soundings are
being carried out along a number of profiles for
delineating. geological structures up to a depth of
40-50 km. and in some cases even up to 100 km.
According to her, India has many features which
may help in very effective utilization of this
potential technique and the Deccan shield is an
ideal place to make a start. The explosive for these
investigations may profitably be detonated in the
sea.

Dr John Healy of the US Geological Survey
endorsed the views of Madame Kosminskaya. He
expressed that various organizations in India such as
the ONGC, NGRI, Atomic Energy Establishment,
etc., should pool their resources for a successful
execution of the project. A coherent integration of
such regional surveys will enrich our knowledge
of the crust and the upper mantle.
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Cerium-I4I & Cerium-I44 in Ground Level Air at Bombay
L. U. JOSHI & T. X. ~L\IL\DEVAN

Health Physics Division, Bhahha .\tomic Hcscarch Cf'nlrc, Bombay 74

*Yalllcs within p'lfcnthcsrs represent p('rccnt~g<..' yield for
the gi,'en (·ncrg~!.

The isut"l'cS <c·133. Cc-134. Cc·135. Ce-136. Ce-137.
Ce-138 <'llld Cc-139 WeTc not pTtldul'c(1 in li~siol1; tile Tl'st 'If
the isotopes were prudut'cd in fission.

Natural ahundanc(' of stahle isotopt's: Cc-136, 0-19;
Ce-\3S. 0·26; ("e·140. 88·47; and (,('-142, I\·OR.

single chalJlll'l analyser. The sample counting times
wert' adjusted to give ;\Il accuracy better than
±5 per el'nt (or illl the sil1l1pks. The samplr·s were
recountcd aftN 30 davs to determine the activities
due to Cf'-141 and Ce-144 separately. The precipitate
was ignited after the s('cond counting to deter­
mine th(' c])('mical yield. Th,' activities of Ce-141
and C('-144 in tl)(' air filter samples are gi\'cn in
Tahk 2.

Activity Data

The Icn" of ,r'rium-144 in air filter samples
collected at Bomhay during Nowmber 1961-June
1<)65 is given in Fig. 1. It is scem that the levels of
ccriull1-144 arc comparatively higher during late
wintr'r ancl early spring of each )'l'ar. This periodic
increase in activit\' is attributed to seasonal effects
in th(' mixing hrtwc('J1 til" stratosphere and the
lToposph('re. ~('arly similar variations ha\'c becn

Ce-D] 0·3 hr ~, 1-3
'f 1·8

(e-l34 72 h,. i<-x
Ce-\35 22 hr ~, 0·81
Ce-136 Stobie
Ce-\37 Y hr '( 0·4+5 (3')
Cc-\3S Slahlt·
Ce-\39 140 d;,,·s '( 0·166
Cc·140 Stahle
Ce-J.ll 32'5 days 4·3 ~- 0·4+2 (67)

'( 0·145 (49)
("c-142 Stat,le .. -
('c-143 33 hr 3-6 ~- 1·\3 (40)

1'40 (37)
-r 0·29 (oB)

\c-l4+ 285 da,-s 3·3 W 0·309 (76)
'( 0·\33 (10'~)

Ce-145 3 min. 2,')
g-

2·0
,
'r

\e-146 14·6 min. 2'5 ~- 0'7
'( 0·27

C,,·147 9 sec. 2·2
Cc-148 7 !iCC. 1·9
Ce-14~ 3·5 sec. 1-6
('c-\50 2·5 sec. \·3
Ce·151 2 sec. 1·05
('e·152 1'5 S('C. 0·75
Ce-153 1·5 St:..:. 0·52
Ce-154 1 sec. 0·36

'fA BU'': 1 - fSUTOl'ES OF CERIUM

Prominent Encq.{)' of
radiation prominent

radiation
MeV.

Half·life Fission
chain yield
(14 -,icY.)

Ceriulll

THREE major series of nuclear \\'capon tc,;ts
were carried out during the period Septem]}l'r
1961-December 1962. Most of these t('"ts

were of high yield and hence significant quantities of
fission products were injected into the atmosphere.
Studies on many of the important fission product"
were carried out at this centre. The two compa­
ratively longer lived isotopes of cerium produced in
fission are cerium-141 and cerium-144 having fis,;ioll
yields of 4·3 and 3·3 per cent respectivf'ly for
14 MeV. neutron fission of U-238 (Table I). Due to
their larger production in fission, "tudy of tllPse
two isotopes of cerium provides a u,;l'1"ul indication
of the variations in fallout in the I!;round level air
following high yield tests.

The quantities of cerium-141 and cerium-144 in
the samples have been found by chemically separating
cerium and analysing for the two isotopes by the
decay of their gamma enerl!;y peaks in tbe gamma ra\'
spectra of the samples. This is possible due to thl~

large difference in their half-lives - 32·5 and 285 da\',
for Ce-141 and Ce-144 respectively.

The measurements were carried out during the
period 1961-65 following the three s('ries of nuc!t'ar
weapon tests, i.e. the Arctic test series of Scptemher­
November 1961, the Pacific test seri<'s carried out
during April-July 1962 and the Arctic test series
from August to December 1962.

The air filter samples were collcctcd b\' sucking
2-60 X 103 cu. m. air per month through HV-70 filters
using blowers. These samples were ashed at 250'C.
Twenty mg. of cerium carrier (10 mg. Cejm!.) \\'ere
added to each sample and then fused with sodium
carbonate for about 4 hr. The fuscrl mass IVa,;
dissolved in nitric acid. Ccrium and other rare earth,;,
iron, etc., were separated from alkali elements and
alkaline earths by Iwdroxide precipitation. Tlw
rare earths were precipitated as oxalates,,2 at pH 5,5,
while iron remained in solution. Excess of ammonium
oxalate dissolved zirconium and thorium.

Cerium and other rare earth oxalates were dissoh'c<1
in 1: 2 nitric acid. Cerium (Ill) \\'as oxidized to
cerium(IV) by potassium bromate and then prel'i­
pitated as iodate3,' by adding excess potassium iodat('.
Cerium was thus separated from the other rare
earths.

The eeric iodate precipitate was dissoh'ed in nitric
acid. Cerium(IV) was converted to cerium(III) hv
hydrogen peroxideS in acid medium. Zirconium was
precipitated as iodate. Thorium and plutonium w('re
co-precipitated with zirconium as iodat(', while
cerium(fII) remained in solution.

Cerium(III) was oxidized to cerium(IV) as bpfo1'(,
and then precipitated a.<; iodate. It was th,'n
converted to oxalate6 by heating with oxalic acid.
The oxalate precipitate was transferred to a Iwrspex
tube of 0·4 in. diameter and 1·25 in. long.

The samples were counted using a NaT(TI) cry,;tal
(2 in. diam. X 1·75 in. thick, well type) coupled to a
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TABLE 2 - CERIUM-HI AND CEllIUM-I44 ACTIVITIES '" AIR FILTER S,"'PLES COLLECTED AT BOMBAY

Sample Period of Cerium-HI Ccrium-144 Ce-141 Vol. 01 air Cc-141 Ce-144
No. collection activity on activity on sampled

collection collt...·etion Co-144 (m') m.3 m.'
date (1111C.) date ((,!,C.)· (!'I,C·/m.') (!,!,C·/m.')

1961

1 Nov. 814·0 1965 0·41
2 Vee. 1702·0 2500 0·68

1962
3 Jan. 1775·0 2460 0·72
4 Feh. 1531·8 2220 0·69
5 MardI 2284'<) 2870 0·80
6 April 2300·4 2500 0·92
7 Mav 310·0 998·0 0·31 4160 0·07 0'24
8 JUlie 663-4 704-7 0·94 2430 0·27 0·29
9 July 70·5 240·3 0·29 2667 0·03 0·09

10 Allg. 159·6 271'99 0'59 2660 0·06 0·10
11 Sep. 57·05 317·35 0·18 2852 0·02 0·11
12 Oct. 1108·65 1138·20 0·97 2980 0·37 0·38
13 !'\ov. 543·68 1006'14 0'54 2760 0·20 0·36
14 Dcc. 816'75 793·00 1·03 1815 0·45 0·44

1963
15 Jan. 1016·40 2160'50 0·47 2479 0·41 0·87
16 Feb. 658·60 1773-10 0·37 2533 0·26 0'70
17 March 36035 21197 1·7
18 April 34710 19544 1·776
11) May 29426 19617 1'500
20 .It1l1e 14347 19654 0·73
21 Jnil' 1504 9230 0·163
22 Ailg'. 1024 3200 0·32
23 S~~p. 2388 3803 0·628
24 Oct. 1423 4326 0·329
2'> Nil\'. 1433 5045 0·284
26 1>cr. 3784 9298 0·407

1964
27 Jan. 7109 19746 0·360
28 Fe!>. 10336 18793 0·55
29 !\Iarch 12920 18330 0·705
30 April 17850 17850 1·000
31 Mav 11870 26378 0·450
32 JUIlC 6397 37635 0·170
33 july 7510 46936 0·160
34 AUI-!. 2140 35654 0·060
35 Sep. 2816 40224 0·070
36 Oct. 7517 53691 0·140
37 Nov. 4430 55370 0'080
38 Ike. 5630 67837 0·083

19(,5
39 Jan. 3629 60478 0·06
40 Fl'iJ. 7027 63882 0·110
41 Man:h 7668 47925 IH60
42 April 4189 38080 0·110
43 Mav 5528 55276 0·100
44 ] lII;e 2484 49688 0·050

·Ce-l44 activities were calculated <>n the hasis of 10·9 per cent '( abundance for 0·133 MeV. (ref. 8).

observed at Bombav in th" conc('ntration" of
cesium-137 in air during 1961-65 (ref. 7).

The high \'a1ue~ of cerium-l44 in 1963 compan'd to
1962 are due to the series of t\'sts carrie,l out during
the s('cond half of 1962.

Since Ce-l44 dl'cavs with a half-lif" of 285 days,
the decrease in acti'vitv during succI'~siv" y('ars is
partly due to radioactive decay amI partlv dUI' to the
<kpletion of the stratosphl'/ic l'('sl'I'I'oir of fission

products. This is evident from Fig. 1, where
Ce-144 values corrected to a common date, i.e.
January 1963. are shown. The period January 1963
chosen as weapon testing was stopped after
Decemher 1962 and no fresh activity was introduced
for several months as indicated in Fig. 2.

The ratio for May 1962 (Fig. 2) indicates that the
activity is from 1961 tests. However, the arrival of
fresh activity from Pacific tests is indicated by the
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Fig. 1 - Cerium~l44 activity of groHnd level air ouring
1961-65 at Bombay [The dotted line sh,ms the valucs uf
cerium-144 activity corrected back to January 1963 lor

radioactive decayJ

J. SCIENT. IND. HES., YOLo 26, "fAY 1967

ratios observed during the period July-September
1962. After September, the ratios again show an
increase due to arrival of fresh activity from the polar
1962 tests. With the cessation of tests in December
1962, the ratios decrease with the approximate
half-life of cerium-HI, indicating the absence of
further influx of fresh activity.

The high values in 1964 comparable to 1963 show
the presence of large quantities of fission products
in the stratosphere nearly a year after the cessation
of the tests. Since the activity is fairly rapidly
removed from the lower stratosphere with a half-life
of 6-12 months, the high values in 1964 indicate the
presence of debris in the upper stratosphere which
descends slowly into the lower atmosphere. The
levels in 1965, however, show a sharp decrease,
indicating the depletion of the stratospheric reservoir
of fission products.
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Plant Cell Wall Structure with Special Reference to Cotton Fibre*

S. ~l. BETRABET

Cotton Technological Hcscarch Laboratory, Bombay 19

Fig. 1 - Cellobiose unit and cellulose chain

cellulose 1 (Fig. 3) could be noted the strong lattice
interferences 101, lOT and 002 corresponding to the
spacings of 6'1, 5·4 and 3·9 A. of which 002 is the
most prominent. Each unit cell (Fig. 4) has the
dimensions: a = 8·35 A.; b (fibre axis) = 10·3 A.;
c= 7·9 A.; ~ = 84°. Along the b axis, the glucose
unifs of the chains arc firmly held together by means
of 1,4-~-glucosidic main valence linkages; along a axi~,

the adjacent chains, which run in alternate directions,
are held by hydrogen bonding; and along the c axis,
the lattice is held by weaker van der Waals' forces.
In the unit cell, along the a axis, the anhydroglucose
rings are separated by a distance of 2·5 A. which
probably favours ready hydrogen bonding, while
along c axis, the nearest distance between atoms is
3·1 A. However, with the exception of certain
~eaweeds like valonia and cladophora, microfibrils
built up entirely of cellulose are rather rare.

Cell Walls of Algae and Higher Plants

The complexity of plant cell walls is well brought
out by the data presented in Table 1 (Preston').
Apart frem the amorphous cellulose, the incrusting
materials contain xylose, arabinose, rnannose, fucose,
galacto,e and uronic acid. There are three different
models of microfibrils proposed by Preston', R;'mby5

H OH

Hl~~ H

~o
C~OH

Fig. 2 - Electron micrograph of secondary cell wall of cott0t:J'
shadowed with Au-Pd (x21900) [Note the charactenstic

parallclization of microfibrils]

PLANT cell walls were traditionally cunsidl'rrt.l
the domain of plant anatomists. The earlier
information on its physica I structure was

mainly obtained with the help of the polarizatiun
microscope. However, with the advent of X-ray
diffraction analysis and the electron microscope,
the biophysicist, biochemist and fibre technologist
have been able to delve deeper into the fine and
molecular structure of plant cell walls. The progress
in the last two decades in particular has been
spectacular and has been reviewed in an excellent
manner by Preston" Frey-Wyssling~and Roelofsen:l.
The abiding interest in this ficld, which apparently
looks to be of academic nature, is not far to seck.
The plant cell walls in the form of cotton, jute, hemp,
coil', etc., provide us most of our clothes, sackings and
cordages; the entire paper and rayon industry
exclusively depends upon wood cells, and xylem
vessels in trees make the timber almost irreplaceable
by a man-made substitute.

Structure of Cellulose

Cellulose is all pervading in the plant kingdom.
The botanist Payen, in 1844, coined this word to
define the chief constituent of plant cell wall on the
basis of certain staining reactions. Botanists still usc
the term in this limited sense. It was, however, Nageli,
in 1858, who made real contribution to our knowledge
of cellulose structure. It was he who observed the
birefringent nature of plant cell walls and postulated
its crystalline nature. This was later confirmed by
X-ray analysis. To the fibre technologists, cellulm;e
refers to a structural component which can be isolated
almost in its original state by cl'rtain chemical
treatments, from certain flowering plants, which are of
commercial importance. The crystallographer from
X-ray studie~ has interpretcd it as a crystal lattice
containing long chain molecule~ of r~-I,4-anhydl'O­

glucose units associated with amorphous ann para­
crystalline regions of similar chemical constitUt'nts.
The electron microscope studies have brought out ~'d

another definition; the cellulosic material has rewakd
long, apparently endless thread-like bodies telmed as
microfibrils ranging 100-200 A. in diam. and are now
regarded as a morphological unit of plant cell wall.

All the aforementioned viewpoints could be
summarized in the definition that true cellulose is a
polymeric substance which, on extraction from plants
by standard chemical methods, consists solely of
microfibrils and which in turn give X-ray diagram
typical of cellulose I and yield only glucose on hydro­
lysis. Fig. 1 illustrates fhe ~-I,4-anhydroglucose

linkages of cellulose. The degree of polymerization,
according to most investigators, could be between
5000 and 10,000 glucose units. The characteristic
parallelization of cellulose microfibrils is illustrated
in Fig. 2. From the X-ray diffraction pattern of

"Based on a talk presented at the Session on Molecular
Biology held at Banaras Hindu University, October 1966.
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Fig. 4 - Unit cell of cellulose [Note the unit e..11 dimensions:
a=8'35 A.; b (fibre a"is)=10'3 A.; and c=7·9 /I..; ~=84°]
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ClllCllSt' !- xylose -
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T:\BI.E 1 - . CIlt-::'ollC,\1. ('OXSTlTtJEXTS OF CELl.l:l.OSE

MICROFIH'(II.S I;HOM \",\RlOlIS SOURCES·

anisotropic and the microfibrillar architecture is
basically the sallie whether in tracheids, ndonia or
cotton fibre. They pass helically aroullll the cell.
Most. cells, in general, possess ;It least two such
helically constructe(l Jayer~ differing in pitch or
angle of inclination with respect to the axi~ of the cell.
What. i~ more, the phenomenon of spiral growth
observed in seaweed~ and some fungi has also been
attributed to the helical growth of microfibrils
by some inVl'stigators.

Till recently, it was taken for granted that,
with the ('xception of fungi, plant cell walls arc mainly
cellulose. Depending on it~ origin, the cellulose
structure was considered to be embedded in the
matrix of hemicellulose and pectic compounds. Frei
and Pre~ton7, however, have shown that seaweeds
belonging to the order Caulerpales have microfibrils
made of ~-1,3-linked xylan and in the case uf Codiales,
the microfibrils are made of [1-1,4-linked mannan.
There are many algae which contain wall made of
two crystalline polysaccharides. These may be
any two of the trio cellulose, xylan and mannan.
Halicystis 8 contains both cellulose 11 and xylan;
Hydrodictyoll" contains cellulo~e I and mannall; and
j'urphyra has [j-I,3-linked xylall mixed with r1-I,4­
linked m:mnan. I'reston lO has very aptly summarized
these jinding~. He states, " It is, therefore, clear that
Nature has, as it were, ' expcrinlPnted ' with a variety
of sugar~ in the formation of wall skeletal polysaccha­
rides, and the range of sugar~ used may indeed be wider
than is at present known. Only one of these experi­
ments appears to have snrvived in higher plants."

Structure a IIII composition of plant cell walls,
both in growing and adult stage, have attracted the
attention of biochemists and biophysicists, and yet
there are very many jield~ not yet ~utlicientlyexplored
and questions not yet satisfactorily answered.

Why certain species of timber are impermeable to
preservatives while others apparently of similar
microscopical charactl'l'istics can be treated easily?
How exaetl~' pilloem transport takes place? What is
the mechanism of cell differentiation and cell wall
growth? Th('se arc some of the knotty problems
still awaiting to be unravelled.

Growth and Development of Cotton Fibre
India i~ the original home of cotton and its

antiquity dates back to Mohen jo daro period. The
cotton fibres arc seed hairs of plants bel'mging to
genus Gussypill1Jl. The short staple Indian cottons

1. Valonia. 'l!l'nlrirusCl
2. CIIlll'llllUorplut Jlldagr1llium
3. lil1ll'1'oJJl.orplw sp.
4. Furalcs
5. l.amillaria cli~i/llfll

6. }'/ihtn PlulIIlIsa
7. IiltrJdyl1irnia /,allllll/u
8. Elm wood
<J. Pillt' wood

02

--

,
i t i
~-.=8.35A.~

I-
I

and Frey-Wyssling6• They differ in dimensions. How­
ever, they agree on the basic fact that there is a central
crystalline core of glucose residues embedded in para­
crystalline and amorphous region made of glucose
residues and non-cellulosic sugars or ~ugar derivatives.

In higher plants, the composition of incrusting
materials is still more complex. Apart from cellulose,
many other substances like hemicellulo~es, lignin,
pectin, extraneous materials and even a small amount
of inorganic matter are also present. Microfibrils
can be extracted without any contamination of
incrusting materials and viewed under an electron
microscope.

The cell wall structure of elongated cells like
tracheids, collenchyma cells, fibres, etc., in higher
plants have been extensively studied. These are all

Fig. 3 - X-ray diffractogram of cotton; cellulose I [Note
the 101, loT and 002 interferences with the spacings of

6'1 /I.., 5'4 .'\. and 3·9 A. respecti\'l:ly]
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CRISS-CROSS

70·,lPPROX

of commerce or dcsi varieties belong to G. hcrbaccun!
and G. arborcmn species. However, in the last few
decades many long staple Indo-American varieties
belonging to G. hirsutmn and even the bblcd
Sea Island cotton from West Indies helonging to
G. barbadensc arc being cultivated in India. The
problem of growing such diverse varieties of cotton
under diverse climatic conditions could be well
imagined. We have not yet been able to produce
sufficient quantity of long staple cotton, economically
spinnahle to fine counts. Basically it is a problem of
growing a long staple cotton with adequate secondary
cell wall deposition on which to a considerable extent
depend the fineness, maturity and strength of the fibre.

Cotton fibre is a unicellular hair some 1000 to
5000 times as long as it is wide (Fig. 5). For about
18-25 days after fertilization of the ovules, the fibres
emerging from the seed coat grow merely in length.
During the lengthening phase, the fibre is hollow,
cylindrical, turgid and full of protopla~mic material
enclosed in a thin primary cell wall sheath. Once the
lengthening process more or less ceases, the secondary
cell wall development or the process of thickening
begins. A daily periodicity is observed in the deposit
of these layers. A cross-section of a fibre woulcl
reveal the so-called daily growth rings analogous to
annual rings in wood. The lamellar layers are laid
inwardly (Fig. 6) with the result the diameter of the
cell does not appreciably cl1<lnge. The secondary
cell wall deposition c0ntinues further for about
25-30 days, depending on the variety, season and
other factors. The extent of cell wall deposition is
not uniform in all the fibres, even on a single seed.
This results in large variations in what is called
fibre maturity. 1£ the thickening process has I)('('n :

Fig. 5 - A single cotton hair (x 80) [Note the enormous
length as compared to width]

Fig. 6 - Cotton fibre swollen in cnprammonium hydro­
xide (x 250) [Note the lamellar layers o( cellulose' and
constrictions fnrmed hy broken primnry wall givinJ{

ballooning ellect]

Fig. 7 -- Mature (top) and immature (bottom) cotton fibres
(x350j

l-'it;o S - :.\IicrulilJrillar structure of second,Hv cell wa.ll of
cotton 1ibre .

inadequate in large number of fibres, such a cotton
will have more of immature fibres as compared to
mature ones (Fig. 7). These immature fibres are
weak and create many difficulties in processing.

In Fig. 8 is presented schematicaIJy the micro­
rlbriIJar structure of cotton fibre and in Table 2 is
summarized the dimensions of vari.ous structural
components of cotton fibre.

The thin primary wall, about 0·2 I.l, has criss-cross
net.work of microfibrils laid about '70° to t.he fibre
axis. In the network are embedded the non-cellulosic
r:onstiluents like cutin, pectin, fats, waxes, etc.
The secondary wall, 3-5 I-'- thick, could be divided
into S\, S2 and S3 layels. These are all m~de of
microfibrils spiralling around the fibre axis in a
helical manner, the inner layer being laid progressively
steeper and steeper.

Broadly, S\ layers are .considered to have spiral
angle between 25° and 35° and S2 between
20° and 30°; the spiral angle of S3 is not well
established. In S2 layer are also present the
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",-------------------,
TABLE 2 --- DIMEr\SIONS OF GROSS AND FINE STRUCTURE

COMPONENTS OF COTTON FIBRE

CrvstalJites 0,015-0,1 SO
lJ"it cell of crvslal- 0·00103 (10'3 A.)

lites .
Glucose anhvdride 0·000515 (5'15 A.)

unit S'~3--;---7---7---;;----:--:----;I':-O~",---..::.,1~

..
;

o'
• I:l Dq.

",,_ 1!I

:

.0...
......

Width, f'

15·0
0·2
5·0

0·0003 x 0·0008
(3 A. x8 1\.)
0·005 (SO 1\.)

0·00079 x 0·000835
(7'9 A. x8'35 A.)

0·0003 X 0·0008
(3 A.x8 A.)

30000
30000
30000

1·8

Length, p.

Cotton fibre
Primary wall
Secondary wall
Cellulose chain

reversals, the most distinctive feature of cotton fibre
secondary wall.

The average spiral angle or the angle which
indicates the overall orientation of microfibrils has
a great influence on the mechanical properties of
cotton like strength, elongation, stiffness, toughness,
etc. The orientation can be determined by X-ray or
microscopy techniques. We shall be concerned here
with the latter technique only.

Convolutions and Convolution Angle
Convolutions are the characteristic gross morpho­

logical features of cotton (Fig. 9). It is a natural
twist imparted to cotton fibre during the desicca­
tion process when the cotton bolls open up and
turgid fibre cells begin to dry. Earlier workers were
fascinated with this peculiarity of cotton and tried
to correlate the number of convolutions with the
spinning performance of cotton. These studies were
not fruitful and BallsH had to remark, " Any cotton
is convoluted enough and that none are convoluted
too much ". It was, however, shown by Meredith l

"

that this natural twist or the convolution angle
in cotton influences the strength of cotton. He
reported from a study of 14 cottons that a high
correlation coefficient (-0'87) exists between con­
volution angle and strength. It may be pointed out
that out of these 14 cottons, 8 were fine hirsutumsand

\

Fig. 9 - Profile of convoluted cotton fibres (x 200)

CONVOI.UTlON ANGlE j de,.

~;-ig. 10 - ConVOlution angle in relation to Pn.:sslc}' strength
Index: ., G. arborewn. indicum; 6" G. arboycwll beugalense;
X J G. herhacewn; ., G. hirsutwn (Indian); O. G. hirsutum
(American); D, G. liIlrb"de"se (E~Yrtian); and •• G. barba-

dMS" (W. Indies)

!Jarbadenses and4were the other extremes, represent­
Ing very coarse Indian cottons. He had supported
the view of Berkley and Barker'3 that in so far as
strength-orientation relation is concerned, different
regressions hold good for different groups of cotton.

It was, therefore, felt that it would be worth while
to ascertain how far the relationship between con­
volution angle and Pressley strengh index (PSI)
holds good for Indian cottons of varied strength and
belonging to diverse species. Employing the quick
method ~or the determination of convolution angle
standarlhzed by I3etrabet et a[,14, the convolution
angle was derived by Meredith's formula

tan 0 = rc/2 (DIe)
where D is the ribbon width, C is the pitch of the
convolution and -DIG is the mean of DIG.

Convolution angle and PSI were determined on
67 cottons of Indian and foreign origin belonging to
four botamcal speCles: G. arbareum, G. herbaceum,
G. hirwtum and G. barbadensel.'. The trend of
relationship between strength and convolution angle
for all the cottons is illustrated in Fig. 10. G.
barbadense and G. hirsutum cottons are concentrated
above the regression line, the former at the top
and the latter at the bottom. On the other hand,
G. herbaceum, G. arbaremn indicum and G. arboreum
bengalensc cottons are predominantly concentrated
below the regression line. Another point of interest
IS that cottons belonging to G. hirsutum, G. lIerbaceum
and G. baruadense appear to group themselves species­
wise. Despite these differences, a common regression
hne seems to hold good for the entire data. The cor­
relation coefficient between convolution angle and PSI
for all the cottons was highly significant at -0,73.

Fig. II reveals the interspecific differences with
respect to strength-convolution angle relationship.
What stands out prominently is the identical
behaviour of coarse Indian G. arbareum bengalmse
and fine Egyptian cottons. The correlation coefficient
between the two parameters is highly significant at
-0·97 and -0'93 respectively, thereby indicating
a very close dependence of strength on fibrillar
orientation in these two species.

No correlation between the two entities was observ­
ed in Indian hirsutums and herbaceums which indicates

204



llETRABET: PLANT CELL \VALL STRUCTURE

Fig:. 11 - Species-wise relation beh\'ccn convolution angle
and Pressley strength index

that factors other than fibrillar orientation influences
the strength of cotton belonging to these species. It
is of interest to note that the two entities are
highly correlated at -0·82 in American hirsutums.

Lack of correlation between convolution angle
and strength in Indian hirsutum and herbaceum
may not be far to seek. These cottons, in general,
suffer from immaturity and have poor strength
which could be to a large extent due to improper
cell wall development. Incidentally, most of the
long staple Indian cottons called Indo-American
varieties belong to G. hirsutl~m species.

Most of the earlier work on strength-orientation
relationship in cotton was carried out mainly on
American hirsutums or barbadenses. I'rom our
exhaustive studies, the fact emerges that no
generalization could be made in strength-structure
relationship for all cottons inasmuch as the type of
cotton selected fur investigation influences the
trend of results to a great extent.

x X G. herbaceum

~ lXX -~

x x
x x

• G. hirsutum (Ir.dian)

•••
-~

••• •••
8tbo

G. barbadense (Egyptain)
r = ~O. 93

d?on

"""
G. arboreum bengiilense

Ii "
:t~·O.97

"""
A

A.

G. hirsutum (American)

0 0 r--O.82

0

0 0
0 0

G. barbadensc (W. Indies)

• • T:=.O.74

••.. ,.
... C. arboreum indicum

...... r=-O.68... .........
... ...

CONVOLUTION ANGLE. d.g.

Birefringence and Spiral Angle

Birefringence or the optical anisotropy is well
demonstrated by cotton fibres, under polarized light.
The fibre as a whole behaves as a positive uniaxial
crystal with optic axis parallel to the fibre axis.
Cotton has higher refractive index for light vibrating
along the optic axis of the fibre and a lower value
for the light vibrating at right angles to the optic
axis. If Ilil and 111. represent the refractive index
respectively, 1I1I -n.l. is the birefringence.

Meredith'6 has reported that specific strength,
measured at 1 and 10 mm. gauge lengths, and initial
Young's modulus of cotton are highly correlated
with birefringence. This lead Betrabet et al." to
investigate how far birefringence is corr.elated with
flat bundle strength and other mechanical properties.
Twenty Indian cottons possessing a wide range of
fibre properties and representing four chief botanical
species were selected for this study. The Becke line
method was used for the determination of refractive
index and Stelometer streJlgth tester was use.d to
determine strength both at 0 and 1/8 in. gauge length.
The stiffness and toughness were calculated from
strength at 1/8 in. gauge and percentage elongation.
The spiral angle denoting overall inclination of micro­
fibrils spiralling a.round the fibre axis was calculated
from Preston's formula which is deduced from the
geometry of ellipsoid of the cellulose crystallite.

The n'l values ranged from l'56!l to 1·578 and
11.1. values were mare or less constant at 1,529.
The birefringence value ranged from 0·0408 to
0·0481. The spiralangle ranged from 29·6° to 39'8°.
However, on subtracting the convolution angle values
(after correcting for the variation in ribbon width)
from the respective spiral angle values, the difference
was found to be approximately constant at 24·25° ±
0'37°, thereby strengthening the argument of Mere­
di th that the spiral angle of fibrils in the original
unconvolutedfibremay be about the same irrespective
of the variety of cotton. In Table 3 are summarized
the correlation coefficients between optical parameters
and mechanical properties of cotton fibres.

Strength is related to a number of structural
factors, chief among which 'are tbe molecular chain
length and orientation. The data presented in
Table 3 reveal that strength is highly correlated to
nil, birefringences and spiral angle. It is of great
interest to note that the correlation coefficients
between spiral angle and bundle strength at 0 and
at 1/8 in. gauge are more or less of the same order,
being -0'72 and -0'74 respectively. This is in
contrast to the observation of Rebenfeld and Virgin's.
They reported a correlation coefficient as 11igh as
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TABLE 3 - CORRELATIO:-I COJ.!FFlCIl~:-.JTS HKTWHE:-J OPTICAL PARA!o.lETEns A)iU )IECJIANICAL PROPE-RTIES OF
COTTON l;'n~RF;~*

Qptical propcrt it'S Fihre bundle strength Fall in Toughness Stiffness
-------- strength {~:,

o g';ltlgC 1i8 in. gallf"

Hdraclive index. "II 0·7\ (0'1 ':{,) 0·75 (0'1%) -0,36

Birefringence, 11 11 _1/.1 0·63 (1%) 0'74 (0'1 %) 0,45 (5%) 0'50 (5%) 0·54 (5%)
Spind anglp, 0 -0,72 (0'1 ';;',) -0'74 (0'1%) 0·35 -0-41 (5%) -0,65 (1%)

*After 13ctralJct it al. l1 . \'aluC's in parentheses refer to ~tatistical significance levels.
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It is the cxpericnce of spinners tbat the long
staple cottons evolved in this cLluntry for spinning
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bundle strength or fall in strength due to increase
in the test length. In the light of this, the weak
link theory of Wakeham and Spicer'", and H.adha­
krishnan et aUo needs to be re-examined as it may
not hold good for a large number of Indian cottons.

Structural reversals could at best be treated as
only some of the sources of weak points in cell
wall structure of cotton. Unfortunately, no practical
methods have so far been evolved to locate other
weak places in the cdl wall of cotton fibre.

According to Meredith", if it is assumed that
cotton is effectively a series of cells of length equal to
the average distance between reversals, the relation
between cell length and cotangent of the standard
angle at constant breadth is of the same form as that
found in wood tracheids and bamboo fibres.

Preston' had shown that in wood tracheids and
bamboo fibres the relationship L = A +.H cot 0
holds good where L is the cell length, A and Bare
constants ami 0 is the standard angle calculated for a
cell breadth of 24 fL. The values of 0 for cotton were
calculated from the equation

sin 0 = (24 ..IP) sin 24·25°
where P is the perimeter and 24·25° is the average
spiral angle of the unconvoluted fibre.

The relation between L and cot U is shown in
Fig. 13. The overall correlation observed was 0·60
for the two entities which was significant. But,
on excluding five values for G. arboreum indicmn
cottons, the correlation vastly improved to 0·88.
The striking feature of indicums to stand apart from
the rest can be related to their having few reversals
and a smaller perimeter. In contrast, bengalenses
and herbaceums have few reversals and large peri­
meter and hirsutums as well as barbadenses have
smaller perimeter and large number of reversals.

This peculiar behaviour of G. arboreum indicu1ll
cottons once again emphasizes the dominant part
played by the types of cotton included in the study of
structural properties of cotton.
Cell Wall Development in Two Problem
Indian Cottons

-0·92 between bundle strength and spiral angle as
measured by X-ray diffraction method. The correla­
tion coefficient, however, feU with increase in the test
gauge length. It was -0,70 at 1·5 mm. gauge length
and only -0·39 at 5·0 mm. gauge length. This once
again supports the view put forward earlier th~tt no
generalization could be made on fibrillar orientation­
strength relationship and that results are highly
influenced by the varieties selected for investigation.

Toughness and stiffness are the other two important
mechanical properties. The data presented in Table 3
indicate that these also appreciably depend upon
the optical properties or fine structure of cotton cell
wall. It could be concluded that higher the birefrin­
gence, stronger, tougher and stiffer are the fibres.

Structural Reversals
In cotton fibre the spiral structure in the secondary

cell wall undergoes abrupt reversal in direction from
left to right or vice versa along the fibre length.
They are called structural reversals (Fig. 12) and
can be located as dark bands when examined under
crossed polarizer and analyser. Wakeham and
Spicer" have reported that with most cottons,
tensile breaks occur preferentiaUy at the structural
reversal rather than in between reversals. Reversals
are, therefore, considered as weak links in cotton
fibre, and Radhakrishnan et al!O have demonstrated
that swelling in alkali of mercerizing strengths removes
the strains around the reversals and strengthens the
weak links to a considerable extent. It was,
therefore, of interest to know the distribution of
reversals in various Indian cottons.

The cottons selected for the study were the same
20 cottons whose birefringence was determined earlier.
In addition, 5 original barbadenses from West Indies
were also tested. Two hundred fibres were scanned
in the central 10 mm. region after irrigating with
18 per cent caustic soda17

.

From the figures quoted in literature, it appears
that the number of structural reversals in cotton is
quite high. For instance, Meredith 21 states that
they are about 20 per cm. while Wakeham. and
Spieer

"
report .them to be about 100 l1cr 1I1. I hese

results are mamly based on observatIOns made on
G. hirsutum and G. barbadcnse cottons.

Our investigation, however, established that distri­
bution of reversals is a genetic character'7. Their
number is very low, between 2 and 6 per cm. ill
desi cottons, belonging to G. arborcum and G. herba­
ceum species and high, between 10 and 30 per cm., in
G. hirsutum and G. barbadense species.

The number of reversals in cotton fibres did not
show any relationship with mean fibre length,

Fig. 12 -- Structural reversals in a cotton fiure Ousl'lve,!
uetween crossed Nicols (x 200)
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fine counts do not give the performance expected
of them as overemphasis has been laid on the
improvement of staple length alone. Importance of
fibre maturity, strength, etc., is being realized of late.
Hence, it was felt that acquisition of fundamental
knowledge on the fibre development, especially during
secondary thickening of these problem varieties,
would be helpful in improving their maturity and
strength. Deviraj belonging to G. hirsutum and
Vijalpa belonging to G. herbaceum were selected for
this study22. It may also be recalled that the study
on structural properties had shown that Indian
hirsutums and herbaceums do not have any close
relationship between strength and orientation.

Green bolls of the two cottons of known nge (from
24 days from the date of flowering to just prior to
opening of the bolls) and collected at an interval of
three days, were obtained in the preserved state.
Degree of thickening, a measure of cell wall thickness, .
was determined on undried fibres. The representative
dried fibres werc tested for convolution angle,
birefringence, reven;als and tensile strength.

Degree of thickening showed linear relation with the
age of development ancl was vigorous in herbaceum
Vijalpa as compared to Indo-American Deviraj.
The fibre from the side region of cotton seed
in Yijalpa showed higher cell wall deposition as
compared to fibre from chala7.al region (Fig. H).
This difference was not observed in Deviraj.

Convolution angle increased with improvement in
maturity. Just as degree of thickening, convolution
angle was higher for side region fibres as compared to
chalazal region fibres.

Birefringence valucs showed progressive increase
with age, indicating improvement in orientation.
Number of reversals was confirmed to be a genetic
characteristic. They were negligible in herbaceum
Yijalpa. However, in hir.,utum Deviraj, about 8 rever­
sals per cm. app~ared in 30 days old samples. Their
nllmber increased at a higher rate and was about
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Fig'. l+·-lJt.:g:n'l' of thickcnin~ during cell wall development
in Vijalpa (h"J'bucl'um) and L>eviraj (hirsutum) cottons

25 per cm. in 51 days old samples and remained
more or less constant thereafter.

The period of secondary cell wall thickening is
about 24-27 days for the two cottons which seems
to be inadequate especially for long staple Deviraj,
resulting in high immaturity.

Efforts are called for to experiment and find out
whether it would be possible to enhance the rate of
cell wall deposition and/or prolong the vital phase of
secondary cell wall development by any treatments
or agricultural practice with a view to producing
more mature and strong Indo-American cottons.
Some experimental work in this direction has already
been taken up at the Cotton Technological Research
Laboratory.

Microfibrillar Morphology
Whether it is the structure-strength relationship,

or distribution of reversals per unit length, or the
average distance between reversals in relation to
cotangent of spiral angle, species-wise behaviour of
some of the Indian cottonS has been rather peculiar.
It was, therefore, felt that an electron microscopic ex­
amination of some typical cottons representing them
may be fruitful. Hence, a very coarse herbaceum
Wagael (28,65 {L ribbon width), a fine Indian hirsutum
Laxmi (17,20 IL) and an American upland cotton
(18'30 1-') were selected for this investigation.

The fibres were cut into small fragments and
subsequently disintegrated for 15 min. in a blender
by beating in water. The slurry, after being dried
on the specimen grid and appropriately shadowed
with Au-Pel, was examined under an electron
microscope both at low and high magnification for
characteristic fibrillation pattern and distinctive
texture of fibrillar mass.

Figs. 15-17 clearly reveal the coarse microfibrils
(230x85 A.) in herbaceum Wagad, in contrast to
the fine microfibrils in Indian (120x 30 A.) and
American (110 X 25 A.) hirsutum cottons. This
also demonstrates that microfibril dimensions vary

Fig'. 15 - Electron micrograph of a coarse Indian herbacenm
cutton, shadowed with Au-Pd (x 18500) [Note tbe coarseness

of microfibrils]
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Fig. 16 - Electron micrograph of 0. fine Indian hirsublln
cotton, shadowed with Au-Pd (X 16100) [Note the fineness

of microfibrils]

Fig. 17 - Electron micrograph of a fine American hirsutulll
cotton, shadowed with Au-Pd (x 18200) [Note the fineness

of microfibrils]

in cotton inasmuch as the gross fineness in cot ton
could be traced even to the microti.brillar level.

Summary

Biophysics of plant cell wall structure is reviewed
in brief, summarizing the various viewpoints of tlte
chemist, the crystallographer and the microscopist.
Basic cell wall structure in algae and higher plants is
dealt, in some details, with particular reference to cell
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wall constituents and submicroscopic structure. The
importance of t his study has been emphasized in view
of the neglect of this branch of science in India. \"litlt
this background, the author's work carried out for
about a decade on the structure of cotton ti.bre cell
wall in relation to its important technological pro­
perties like strength and maturity is presented.

Beginning with convolutions, the gross morpho­
logical feature of cotton, which can bc examined
under an ordinary light microscope, the tine structure
study on birefringence, structural reversals and
microfibrillar morphology of Indian cottons, employ­
ing polarization and electron microscopic techniques
are reviewed. The structure-strength relationship
and structural reversals in cotton are dealt with in
particular, and species-wise differential behaviour of
Indian cottons with respect to structural charac­
teristics is brought out. Fibre cell wall development
in two typical Indian cottons prone to immaturity
and poor strength is touched upon and how the
fineness of cotton can be traced down even to micro­
fibrillar level is illustrated by electron micrographs.
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Synthetic Investigations of Curare Alkaloids
o. :\. TOLI-'ACHEV·

Un('sc() Expert in Technology of Fir.c Organi~ Chemicals, Indian lnstitutc of Techno]rgy, Hrmh.y

*Pr<.'sent ad<1r~ss: Lc..Hllonoso,·'s Jnstitutc of Fine Chcl11ica.t
Technology, Malaya I'img:'lvskaya Stn~tll, ~l()scuw.

CURARE, the extract from Chondrodendron
tomentosum and several species of Strychnos,
has been used by South American Indians as

an arrow poison l . There are three varieties of
curare, which are distinguished by their composition,
as tubo curare, calabash cumre and torf curare.
Tubo curare contains bis-benzylisoquinoline alkaloids
while calabash curare consists of indole alkaloids.
The following two types of alkaloids ha\·e been
isolated from tubo curare: (i) The tertiary bases,
which do not possess a specific curare activity, but
exhibit the general depressive action; alkaloids
chondodendrine (I) and isochondodendrine (II) be­
long to this group. (ii) Ammonium salts, curarines,
exhibiting a high and specific curare activity; the
principal representative, tubocurarine chloride, or
tubocurarine (III) is of considerable interest among
these compounds.

The physiological action of tubocurarine, called
the curarine paralysis, brings about complete relaxa­
tion of muscles, leading to immobility of the
animals2,3. Dimethyl ether of tubocurarine (IV) is
2-10 times as active as the parent substance and is
used in complicated surgical operations, especially
on the chest and the skull cavities',· in conjunction
with narcotics. The use of curare alkaloids permits
smaller doses of narcotics in surgical operations
and as a result no post-operative sickness is observed.

Though the physiological activity of curare was
well known even in the sixteenth century, the alka­
loid (+)-tubocurarine chloride was isolated in pure
and crystalline state in 1935 only·.

Low accessibility of these alkaloids has led to the
search for their analogues, and the total number
of these analogues known so far exceeds 100,000.
Majority of them has no high activity, or advantages
of curare alkaloids. These alkaloids are of great
theoretical interest owing to their specific structure.
The problem of their biosynthesis was also the sub­
ject of several investigations.

Synthesis of Tubo Curare Alkaloids
Macrocyclic molecules of tubo curare alkal?ids

can be divided into two fragments, benzyhsoqul11o-

lines and diphenyl ethers, both of which can serve
as starting materials for their rebuilding. Thus
two different modes of their synthesis can be pro­
posed depending upon the starting material used.

Syntlletic Patllway Employing Benzylisoquinolines
as Starting Materials

The oxidative coupling of benzylisoquinoline units
(coclaurine or its N-methyl derivative and ammo­
nium salt) seems to be the biogenetic route of their
formation 7- 9• Some b-is-benzylisoquinoline deriva­
tives were recently obtained in this wayIO An
interesting point to note is that bis-benzylisoquinoline
alkaloids are capable of splitting to the benzylisoqui­
noline units by means of sodium in liquid ammonia.
This method is widely used for the elucidation of
their structure. Japanese scientists have applied
the double Ullmann condensation of brominated
benzylisoquinoline unit with hydroxyl-containing
component to produce the macrocyclic structure.
But this method was shown to afford very poor
yields of the macrocyclic structure. Besides, it
does not give unambiguous resultsll.

Syntlletic Pathwoy Employing Substituted
Dipllenyl Etllers

The alternative synthesis of bis-benzylisoquinoline
alkaloids, employing substituted diphenyl ethers,
has been successfully used for building up alkaloids
of oxyacantine, berbamine and magnoline types.
The synthesis of the amino acidic diphenyl ethers,
the structural units of tubocurarine and isochondo­
dendrine is difficult due to the unsuitability of the
Ullmann reaction for their preparation. The most
perplexing point to note is the presence of the
hydroxy groups close to diphenyl ether linkage in
these alkaloids. Even the simplest compounds of
this type were obtained by means of Ullmann
reaction in small yields12. Such structural units are
of definite importance owing to their potential
physiological activity.

2- Hydroxy-3 -methoxy-S· (~-nitroviny1)-4'-carboxy­
diphenyl ether (X) was the first substituted diphenyl
ether which was synthesized in small yIelds from
5-bromovanilline (V) and 4-hydroxybenzoic acid
ethyl ester (VI), or from 3-methylgalLic aldehyde
and 4-bromobenzoic acid methyl ester via the inter­
mediate 2-hydroxy-3-methoxy-S-formyl-4'-carboxy­
diphenyl ether (VII)I3. The Ullmann reaction 111

the first case provides the desired compound (VII)
in 10 per cent yield. .

This method has been modified by introducmg an
active nitro group in one of the components, viz.
the bromo component (XI). Even this modification
does not increase the yield of the compound (VII)
to any considerable extent owing to an increase in
the number of steps, which are necessary to remove
the activating group. Grundon et al.14

,.I.; h~ve
published the synthesis of some similar ammo aCIds

111, R=R'=H
lV. R=R':::::CH3

II
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O-M.ethyl and O-benzyl derivatives of the same
amine (XV, R = CIT3, CH.C.Hs) were obtained from
the corresponding w-nitrostyrenes (XVIII, R = CH3 ,

CH.C.Hs) by Clemmenson reduction19•

Other starting materials were synthe ized by
usual methods. The total synthesis of tubocurarine

lIl-IYXXI

(III) and its dimetl)yl ether (IV) is illustrated in
Chart 1 (ref. 20-24).

This scheme is hased on successive building up of
the system, having the structural units of natural
alkaloids, the final step being the formation of the
second oxygen bric1ge. .

This scheme (Chart 1) was chosen because of the
relative stability of in termediate amides, the lower
number of steps involved and the easy availability
of the start.ing materials. The starting diphenyl
ethers (XXII) were isolated chromatographically
in two forms with the same molecular compositions
but with different melting points25. Their oxidation
showed that both had the same skeleton, and the
resulting compound was identified as 2,2'-dimethoxy­
5,4'-dicarboxydiphenyl ether (XXHI) on compa­
rison with an authentic specimen (Chart 2)2.. They
are also interconvcrtible since on condensation with
bromoamine they give the same amides (XIX).
But the llishlcr- apieralsky reaction of the
above diphenyl ethers results in the formation of
the different dihydroisoquinoline derivatives (XXIV)
and (XXVI), which on oxidation give different

Chart 1 - Synthdi..:. pathway til tullClCurarinc iodide and
its climethyl dClivatkc starting from fi-(3-mcthoxy-4-h~drox:r.

phcnyl) clhylaminc (XIV). p-hcnzyloxyphenylaeetl~ ac,d
(\.VJ) and 3-hrom,,-4'alkuxyphcnylacellc ester (X\ 11)

XVIII

XII1

XVXIV

Xl!

C")o~

M N",
0

9
(")

I'"
h

C02H

Synthesis of Tubocurarine Iodide and
Its Dimethyl Ether

These investigations finally led to the synthesis of
racemic tubocurarine iodide and its dimethyl ether
via the intermediate secondary and tertiarY bases.
The starting materials are ~-(3-methoxy-4-hydroxy­

phenyl) ethylamine (XIV), p-bel!zyloxyphenylacetic
acid (XVI), 3-bromo-4-alkoxyphenylacetic ester
(XVII) and ~-(3-methoxy-4-hydroxy-5-bromo­

phenyl) ethylamine (XV, R = H), the latter being
produced by bromination of (XIV) with dioxane
dibromide18• The position of bromine in the mole­
cule was established by comparison with a specimen,
produced by lithium aluminium hydride reduction
of the corresponding ol-nitrostyrene (XVIII, I{ = H).

in this way, the most important one being the
compound having the structure (XII).

The cyanomethyl diph~nyl eth~r (X.III) corres­
pondingto (X) wassyntheslzed~tar?ng wIth ~ldehyde
(VIII) via its O-methyl denvative, carb~nol and
chloride. The final product was also obt~med em­
ploying Ullmann reaction between 3,4-d:metho~t
5-bromobenzylcyanide and 4-hydroxybe~zOlc ester .

Some intermediate compounds and theIrhomologues
are useful for the elucidation of conformation of the
diphenyl ethers. Thus, the spectral investigations
have shown that diphenyl ethers have nonplanar
configurationl7•
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Chart 3 .- Synthesis of O,O'-dimethylchondodendrine (XXX)
from 1-(4'-benzyloxybenzyl)-6-methoxy-7-(2'-methoxy-S'­
carhomethoxymcthylphenoxy) - N-methyl-I.2.3,4 - tetrahydro-

iso'll1inoJine (XXVIl)

xxx

XXXI

This route was also applied to obtain racemic
monomethyl ether of N.N'-desmethylchondoden­
drine (XXI. R = CH3, R'= H)28. which was isolated
from natural sources and was known as chondro­
folint', the position of the hydroxy group in which
was not elucidated before. The biogenetic proposals
amI colour reactions lead to conclusion that the most
probable position of the hydroxyl was 2".

Thc intermedia te 1-(4'-benzyloxybcnzyl)-6-
mdhoxy -7 - (2"- methoxy - 5" - carbomethoxymethyl­
phenoxy) - N - methyl-I.2,3,4-tetrahydroisoquinoline
(XXVII) was also used to synthesize O,O'-dimethyl­
chondoclendrinc (XXX) with different configuration
at asymmetric centres29 (Chart 3).

When homoveratrylaminc was used instead of
bromoamine. noncyclic derivatives (XXXI) were
obtained, which are of great interest as the genetic
chain between tubo curare alkaloids and benzyl­
iso'1uino!ine alkaloids23 .ao . Dimethvl derivatives of

this substance- (XXXI. R = H,
H.' = l{" = CH3) and (XXXI,
}{" = H, H. = R' = CHa) were
recen tly isolated from natural
sources31 .32. and are known
as liensinine and isoliensinine
respectively,

Thc Bishler- Japieralsky reac­
tion was of special interest for
bromine cOl!taining compounds

products (Chart 2). The lower melting material
yielded the same tricarboxy-diphenyl ether (XX V),
obtained from natural tubocurarine by King"7. Both
the cyclization products, (XXIV) and (XXVI),
were transformed into tertiary bases (XXVII) and
(XXVIII) through a series of reactions as iHustrated
in Chart 2 (ref. 26).

The structure of thc compound (XXVII) was
confirmed by its synthesis from N-methyl-4'-0­
benzyl-coclaurine (XXIX)26. The data presented
above point to thc conclusion that the starting
diphenyl ethers have different special configurations.
The low melting diamide (XIX) and bis-tlihytlro­
isoquinoline base (XX) produced the desired final
product. Ammonium salts were separated by means
of crystallization in four racemic forms. This is in
harm-ony with the suggestion that such molccules
have two asymmetric centres and an asymmctric
nonplanar structure20-22.24.

XXVlI

Chart 2 - . The (ormation of the same oxidation prodlH.:t
(XX-Ill). anti t1itkn:llt tlihyuroisol)uiuolinc dcri\':ltivcs
(XXI\") and (XXVI) <>n eyclizatiol1 frolll the two diphenyL
ethers (XXlJ), and the transfurmatioll of the cyclization

products to till' tert iary hast·, (XX\' J I) ;II,d (XXV 111)
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The final compound (XXXV, R = R' = CHa)
undergoes degradation to known Hoffmann base
(XXXVI), obtained earlierlJ from natural N-methyl­
coclaurine.

Summary

A review of synthetic pathways to curare alkaloids
of bis-benzylisoquinoline structure such as tubo­
curarine iodide and their derivatives, starting from
benzylisoquinolines and diphenyl ethers is given.
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to obtain the starting material for the synthesis of
other representatives of these alkaloids. Thus 1-(4'­
hydroxybenzyl) -6-methoxy-7 -hydroxy-8 -bromo-3,4­
dihydroisoquinoline (XXXII)33 and 3-bromo-4'-O,N­
dimethylcoclaurine (XXXIII)3< were synthesized in
the usual way.

Similarly, ·2,7,4'-trimethyl-8,3'-dibromococlaurine
(XXXV, }{ = R' = CH3) was synthesizcd35• We
have shown, contrary to the earlier report36 , that
Bishler-Napieralsky reaction can be successfully
applied to benzyl derivatives as well as to methyl
and acetyl derivatives. But in the former case the
resulting 3,4-dihydroisoquinoline derivative (XXXIV,
R = R' = CH2C6H5) is a weak base, the hydro­
chloride of which is easily hydrolysed in acetone­
aqueous solution with the liberation of the free base.
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SCIEKTI FIC pursuits in every field have not
only enriched our knowledge in the respec­
tive field, but have also provided till' basis

for further technological advancement. Taking, for
instance, natural and synthetic polymers, it is easy
to recognize that compared to a few natural mate­
rials like cotton fibn'", lignin, natural rubber, glass,
etc., we hal'e a whole range of synthetic fibres,
rubbers of ever~' kind, plastics and different kinds
of leather. Two approachl's arc discernible in
"uch a,lvan'·l'ml'!1t. To start with, certain building
blocks like dh,'kne, isoprene, or a mixture of
polybasic acids and diamines are taken and the
building of chains ddilwrately induced by suitable
polnnerization techniqul's. Alternatively: the basic
polymer chain is retained, but further reinforcement
is effecterl with certain compounds which confer
remarkable "peci fic propertie" on the pol ymel'.
An example is natural rubber which is considerably
improved by ,'ulcanization wherein "tdphur imparts
the necessary stabilization. The building blocks in
keratins, skins alltl similar proteins are made up
of different amino acids and the links are of poly­
peptide (CO-NH) type. Further, the natural poly­
mer is present in certain oriented and sequential
structures with a helical form of high molecular
weight (75,000-90,000) containing in certain cases
as many 'h 3 indi"idual chains. Thne is a high
degree of order already pn'"c'nt in the chain with
hydrogen bon,!'; "tabilizing the structure and con­
ferring strength to the fibres which one would like
to preserve. However, the skin protein, collagen,
is easily attackel\ hy bacteria. Hence it is neces­
sary that the protein should be stabilized to make
it suitable for most of the end uses to which leather
is put. This treatment, tanning, is brought about
bv a variel,' of substances of wide structural
characteristic~. Among these, treatment with metal
salts is unique, in that the leather is made highly
resistant to heat due to additional crosslinks at
intra- and intermolecular levels.

Advent of Coordination Chemistry

Before the advent of coordination chemistry,
the stabilization of the polypeptide chain by the
metal salts was attributed to precipitation, salt
formation!, etc. From the simple postulates of
\Verner2 that certain metal salts can possess auxi­
liary valency bonds, this field has made tremendous
advances and even now holds the interest of
chemists because of the lack of dear understanding
of the forces between metal ions and ligands.
Further, in several other fields, a knowledge of
coordination chemistry has helped in understanding
the reaction mechanisms and resulted in consider­
able improvement in technology. An e;o,;ample is

"'Hascd Oil a ledure cklh'cn'd by Dr Y. Nayllda1l1ma at
:l\laharaja Sa.r~lji Hao Uni"ersity of Baroda Oil the occasion
"f the award or Dr K. (;. ]\'"il< Gold ~'l('d,,1.

the stereospecific polymerization of ethylene, pro­
pylene, etc., in the presence of organometallic cata­
lysts. Evcn in biological systems like haemoglobin,
chlorophyll, etc., metal ion complexes are well
known and have been characterized. Enzymes are
known to possess a coordinated metal ion. How­
ever, in fibrous proteins like collagen, depending on
the choice of metal ions and other factors, remark­
ably stable reversible structural entities can be
formed.

Metal Ion-Protein Interactions

It can be logically argued that strongly inter­
acting metal ions will form strong bonds and hence
function as efficient tanning agents. But actually
only a few metal ions behave as good tanning agents.

Proteins with thcir many reactive groups are
capable of binding most metal ions, but the charac­
teristics of metal-protein complexes vary widely,
Among the great variety of protein-metal ion inter­
actions the particular type in which metal ion is
coordinated to specific sites in the protein forming
an integral part in the structure and contributing
to stabilization is of interest to the leather chemist.
Collagen is made up of 19 amino acids with side
chains of both acidic and basic character contri­
buted by amino acid residues of glutamic and
aspartic acids, arginine, lysine and histidine and
polar groups of hydroxyproline, tyrosine, etc" in
addition to backbone ketoimide groups. Even
though several groups are available for interaction
with metal ions, only a few of them, especially
those of carboxyl groups, take part in coordination
resulting in stabilization, due to factors like steric
effect in collagen lattice, non-availability of reactive
groups under the conditions of interaction and
limitation to formation of bonding orbitals.

Most of the metal ions including some of the
salts of isopoly and hcteropoly acids like polyphos­
phates and silicates have been investigated' for
their tanning efficacy, but only the basic salts of
chromium, aluminium and zirconium have been
found to possess excellent tanning action. The
salts of cadmium, iron, titanium, bismuth, beryl­
limn anti cerium together with silicates, tungstates
and molybdates have been shown to possess only
mild tanning action, It is one of the major un­
solved problems in leather chemistry why certain
metal ions alone exert tanning action. In this
field, as in many others, practical technology has
advanced greatly, whereas the theory has lagged
behind considerably. During the last 25-30 years,
the factors responsible for tanning action have been
studied by different groups of workersS- 9•

Factors Governing Metal Ion Coordination
with Collagen

Neither the dried fibre nor the metal ion devoid
of coordinated aquo group can tan. The metal
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ions which are solvated in water medium undergo
substitution reactions, resulting in the formation of
complexes in the presence of ligands. However, in
order to possess tanning action, the complexes
should have intermediate stability and should be
capable of reacting further with available groups,
in the protein. Thus trioxalatochromiate and
cyanide and EDTA complexes of metal ions cannot
function as tanning agents. Extensive studies by
the schools mentioned have shown the effects of
anions, concentration, the charge characteristics of
the tanning agent, pH, etc., on the effectiveness of
the metal complex in coordinating with the re­
active groups of the protein. Work carried out
at the Central Leather Research Institute (CLlU) ,
Madras, has contributed to the understanding of
the metal complex formation with aluminium salts
and optimum conditions for tanning with alumi­
nium salts have been established10 The formation
of a coordination complex with oxygen of the
carboxyl group alone is no criterion for tannage to
occur, because many of the transition metal ions
and several other small sized ions do form stahle
complexes, but like copper are ineffective for
tanning. A probable explanation offered is that the
metal ion should also form polynuclear species.

Aggregation and Polynuclear Formation

Many silicates hydrolyse rapidly and form
large polynuclear species, whereas a few other
metal ions like titanium hydrolyse with difficulty
even to form binuclear species. Both these types
are not quite suitable for tanning.

Other metal ions like zirconium, chromium a!H1
aluminium, which do tan, form polynuclear com­
plexes in the presence of hydroxyl ion and certain
organic and inorganic ligands like phthalate and
sulphite respectively. However, quantitative data
on the hydrolytic and complex formation constants
of such complexes are restricted only to divalent
speciesll, whereas tripositive and higher charged
ions have been ignored, except simpler species like
iron, possibly due to the variety of products formed
and the complicating factors. Potentiometric titra­
tion technique alone is applicable in a majority of
cases12, whereas spectrophotometry has been applied
to some coloured and outer sphere (ion-pair) com­
plexes13 . The possible application of coulometriG
titration technique in studying hydrolysis and the
related aggregation phenomenon is being explored.
The optimum size of the complex and the concen­
tration of hydroxyl ion, etc., seem, at the present
state of knowledge, to be controlled and fixed by
practical tanning tests rather than on theoretical
grounds. The liquors formed themselves are GOI11­
plex mixtures and no single structurally uniform
compound can be crystallized and its constitution
and mechanism of interaction established, except
very few like dioxalatochromiate which do not have
practical utility. Any separation procedure disturbs
the equilibrium and modifies the complex in some
manner. Recent investigations have shown that
isotopie labelling coupled with ion ('xchange will
prove to be a powerful technique at least from
analytical and kinetic considerations, thongh not
for characterization and structural determination.
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However, the understanding of this subject suffers
from many drawbacks. Cobalt ion has been known
to form polynuclear species, yet it cannot function
as a tanning agent. Iron which can form a variety
of polynuclear species suffers from a great draw­
back as it reduces the strength of the protein
fibres amI defects occur in leather due to acid
development, surface peeling, etc. Possibly the
stability of intermediate forms of hydrolytic species
may be one of the deciding factorsH Howe\'er,
quantitative data arc lacking for arriving at any
conclusion. Zirconyl chloride possessing SO per
cent basicity ami polymerizing to discrete tetra­
meric forms does not exhibit good tanning effect,
whereas sulphato-zirconic acid, which forms poly­
nuclear species of indeterminate size, possesses
excellent tanning property.

Preparative Methods Affecting the
Nature of the Complex

In the preparation of the metal complex useful
for tanning, the oxidation state of the starting
materials, their availability, the acid used (especially
the concentration and the nature of the anion),
reducing substances used, if any, the competing
reactions and the mechanistic pathways determine
the nature of the products and their utility and
commercial importance. Complexes derived from
trivalent chromium salts, which account for more
than 80 per cent of mineral tanned leather, are
obtained from hexavalent chromiuJll (dichromate)
by reduction with sulphur dioxide, sugar or any
other suitable reductant under optimum conditions
of acidity. Several variations in the product arc
brought about by selecting the suitable reducing
agent, whether it can effect one electron or multi­
electron transfer or whether it can get oxidized
and eliminated from the system or continue to he
present in the system and modify the nature' of
the complex. Thus sulphur dioxide reduces di­
chromate easily giving rise to unstable sulphato
basic chromium complex which gets stabilized to
predominantly cationic chromium complex of the
following empirical formula'·:

'+

With hypochlorit" as the reducing agent, how­
ever, mononuclear species predominate16 . The kine­
tics of many reduction steps are yet to be worked
out and the intermediate formation of Cr·+ and
Cr4+ species together with Cr2+ species has been
postulated without much experimental support.
Organic reducing agents have the advantage that
the products of oxidation, if oxidative degradation
is controlled, give rise to acids like acetic, formic,
etc., which can form complexes with the metal ion
by substitution of the aquo or sulphato group17.
Se\wal organic reducing agents like glycerol,
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molasses, coconut pith, bagasse, vegetable tannins,
oils, lac, etcy-20, have been investigated and the
oxidation products identified by chromatographic
and other techniques. Even in the presence of a
simple organic reducing agent like sucrose, the
material balance could not be obtained, nor al1
the products detected. Work is heing undertaken
using sucrose tagged with 14e. Conditions have
heen standardized for the preparation of powdered
extracts which have industrial application. Apart
from chromium salts, aluminium :tml zirconium
salts are abo nsed in tanning to a lesser degree.
Since aluminium salts hydrolyse rapidly, the stahi­
lization of the sulphates was accomplished by
judicious addition of citric acid, so that a basic
complex can be prepared21 With zirconium also
the conditions for obtaining sulphato-zirconic acid
from zircon sand have been standardized an(1
released for industrial exploitation.

\Vhen mon' than one mineral tanning agt'nt is
present in solution, the nature of the complexes
has been found to be different from that of the
individual mineral salt. Potentiometric, spectro­
photometric and electrophoretic techniques togetlwr
with the reaction on collagen have provided evidence
for the formation of complexes containing both the
metal ions, especially with chromium and alumi­
nium salts containing citrate and also with cluo­
mium and aluminium salts in the presence of
gluconate and tartrate22 .

Modification of the Complex and
Its Effect in Tanning

The salts present in the liquor used for tanning
modify the tanning action in a number of ways,
,·iz. dehydration of protein, buffer action and com­
plex formation. The effect of neutral inorganic
salts has been subjec!<'d to a great deal of study23
and their complexing ability has been related to
the concentration. However, controversy still exists
whether the hindrance to tanning effect, especially
at concentration beyond a molar ratio of I: I, is
due to complex formation or to the dehydrating
influence on the hide protein24 . Spectrophotometric
work done at CLI<r has knt support to the forma­
tion of a complex25,26. However, the effect of the
changed environment on the stability of the sul­
phato compk,x has not been studied in great detail,
though the complexes arc known to be unstable
and to get converted from negatively charged to
positively charged ones easily27. The problem is
being investigated llsing labelled sulphate. Com­
plex forming salts modify the tanning process to a
greater extent than nentral salts2H . Monocarboxylic
salts like formate, dicarboxylates like oxalate,
tartrate and succinate, hydroxy carboxylates like
phthalate, citrate and inorganic salts like sulphite
have been recommended and used. Too stable a
complex formation is detrimental for tanning action
to take place. However, with certain complex
forming metals like irun, best n'sults are achieved
onk in thl' pn's('nc{' of optimnm concl·ntration of
tartrall' or sulphophthala(('2!J. Tulsi Ham and
Nayudamma30 have conclusively shown that cerium
tannage is possible in the presence of phthalate as
the complex fonning ligand. Though the reaction

mechanism in the presence of such complexes has
not been worked out, it has been established that
bridged type of complexes are obtained in the
presence of phthalate. However, different types
of coordinating ligands behave somewhat differently
with various metal ions. Citrate and other hydroxy
aciels show preferential complexing for aluminium
and zirconium, assisting in the fixation and stabi­
lization of the complex formed with protein, where­
as in the case of chromium, formate and adipate
are the preferred ligands. The function of the
hydroxy acid as a ligand contributes to the ·co­
ordination of both hydroxyl and carboxyl groups,
since metal-oxygen bond is favoured. Some data
have been obtained on the stability constants of
metal-amino acid complexes. Shuttleworth and
Sykes31 ruled out chelation with JH2 group under
the pH conditions obtaining in mineral tannage.
The pK values of the ligands have also been cor­
related with the stability constants of the complexes.
However, with "', ~, Y and E amino acids, the reverse
behaviour was observed. Techniques have not yet
been standardized for sorting out and systematizing
the formation constants of individual complexes in
solutions and extending them to heterogeneous
systems. According to the complexing ability of
the ligands and the ease of substitution in the co­
ordination sphere, they have been arranged by
Stiasny32 in the following order: nitrate < chloride
< sulphate < formate < acetate < sulphite< oxalate.
This order has been modified for aluminium and
compared with zirconium and chromium by
Selvarangan et al.33 through pH titration studies
with alkali at different temperatures in the presence
of the complexing agent.

Separation, Characterization and .
Nature of the Complexes Responsible
for Tanning Action

In a solution of basic mineral salt used for
tanning, several complexing species having varying
charges and sizes and different types of ligands in
different positions exist in a dynamic equilibrium
depending on free ligand concentration and pH, as
illustrated in Chart 1.

Though all the reactions illustrated in Chart I
are possible, some predominate, depending on
the conditions like metal ion concentration, pH,
ligand concentration34, etc. The formation of highly

~ IH 01 ]+Polynucleor ~(.iu +-AggrtgQlion-tt< 2 '4
IOHI2

A:lJynutlcar spccit:.

Chart 1

215



J. SCIENT. IND. RES., VOL. 26. 'lAy 1967

aggregated complexes is restricted only to a few
complexes of high basicity.

Attempts to separate, crystallize and characterize
these complexes have not succeeded so far with the
exception of hexaaquo salt and mono-substituted
pentaaquo salt which do not possess tanning action.
This difficulty has been ascribed to the high hydro­
philic nature of the hydroxyl and aquo ligands.
Attempts to crystallize these complexes from non­
aqueous solvents like methanol have failed. A
few dioxane adducts have been crystallized with
certain other metal complexes, but not with chro­
mium complexes. The separation technique has
necessarily been restricted to methods employed
for characterizing differently charged complexes.
Electrophoretic and ion exchange techniques h,n-e
been used with some success. In electrophoretic
techniques, though considerable overlapping of the
charged components has been observed by a number
of workers, Kawamura and 'vVada35 and Devassy
and Nayudamma36 have succeeded in effecting
separations with well-defined characteristic spots.
Kawamura and Wada35 obtained five well-defined
complexes in nonaqueous conducting mediulll,
whereas Devassy and Nayudamma36 using acidic
perchloric-nitric medium for electrophoretic separa­
tion, obtained three spots for cationic complexes.
To prevent possible modification of the complexes in
acidic medium, amine buffers have been suggested
recently. •

The separated spots could at best give a quantita­
tive estimate of chromium and possibly of sulphate,
but further characterization was not possible.
Microcoulometric titration is being developed for
determining the hydroxide content of the complex.
Mean effective charge of the complex has been
found by making use of ion exchange technique37 ;
but several assumptions like binuclear nature of
the species present38 have been made.

The alternate ion exchange method suffers from the
drawback that elution procedures, especially those
involving acids, disrupt the nature of the complexes
and has so far been useful for obtaining analytical
data only. Separations involving differently cross­
linked ion exchange resins39 and possibly membranes
have been suggested, but no tangible results have
been reported. Recent attempts have shown that
by using radioactive isotopes of chromium and
sulphur, better separatIOns can be achIeved With
ion exchange procedures USIng metal perchlorates
as eluting agents.

Kinetics and Mechanism of Mineral Tannage
The affinities of different complexes for an ion

exchange resin are widely different and polynuclear
species resist elution even by 3M perchloric acid'O,41.
Gustavson first suggested that with chrome com­
plex, a small quantity, viz. 10 per cent, of the
complex is taken up initially by the resin in cross­
linked form, and the rest of the complex is linked
unipointly. Gustavson'2,'3 employed pyridine treat­
ment technique to determine ionically bound sul­
phate only and suggested that the crosslinked
chromium complex may not contain any residual
charge and hold ionic sulphate. This view has
been questioned by German research workers amI
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also by Bowes". Though the affinit~· between the
complex and ionic sulphate depends on the natlln'
of the complex, the real difficulty seems to be in
adducing experimental support for this hypothesis.
Methods for determining differentlv held sulphato
groups have Iwen critically reviewed'; and a new
method based on nonaqueons titration technique
for finding acidic groups has been proposed'6.
Here also !:tbelled liquor with both chromium and
sulphate should Iw capable of gi\'ing conc!usi\'e
evidence, sinCf~ the lability of the complex is always
associated with fast and rapid exchange. Further
work in this direction should Iw of considerable
value.

Theories of erosslinking have been generally
accepted for explaining the physical characteristics
and thermal stability of mineral tanned leather.
Though there is unequivocal evidence for the
carboxyl group of the collagen taking part in chrome
tannage, it is not SO with other mineral tanning
agents like zirconium and aluminilll11. The fixation
of zirconium has heen ascribecl by different workers
to basic groups of collagen and poh'peptide back­
bone'7-'" Hanganathan and Heed;o, by electron
microscopic investigations, found considerable de­
position of aggregated polyzirconates within the
fibre. l{ecent investigations have shown that
carboxyl gronps may also contribute to zirconium
tannage51 Sdvarangan'" explained aluminium tan­
nage to fall primarily in line with chromium tannage
<'xcept for the weaker nature of AI-COO link.
An attempt has been made to treat all mineral
tannages from the same standpoint and to evoln'
some sort of unified theory"3. Howe\'er, there arc
many gaps in snch a treatl11c'nt and far too many
simplifications have to be resorted to in order to
provide a reasonable understanding of the reactions
involved. Yd anotlwr consideration in the treat­
ment of chrome tann,lge, especially of cationic type,
is to ascribe coordination only to carboxyl group
and limiting crosslin king bdween two carboxyl
groups at favourable positions of steric orientation.
X-ray investigations have shown that onlv side
chain groups are in\"(Jlved in coordination. At the
pH obtaining in mineral tannage (3'5-4,0), the
possibility of free amino groups getting uncharged
and coordinating has been considered remote bv
Shuttleworth"'- Other possible sit,'s ;In' substitutecl
amidp. and groups where lone pair of electrons of
nitrogen atom mav pro\'ide sOl11e overlap. Since
no technique is availabk for investigating the type
of metal-lig;lI1d linkage in tanned leather, informa­
tion about the groups responsible for chemical
bond formation has been obtained from a study of
the complexes in solntion. No evidence has been
found for chelation of the amino group, when pre­
sent in IX-position to carboxyl group, with chromium
np to pHS, though differences exist between
spectrophotometric ciITves obtained with acetate
and amino acetate ligands;;. Another ionizable site
involving nitrogen is the N H group in imidazole
ring in histidine amino aci,l residne. Seyeral
imidazole complexes of other elempnts like zirco­
nium and also some transitional dp.ments arc
known. However, the pK val lit' of l\ H in imida­
zole group is around 6 and hence it 111'ly contribute
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negligibly to coordination. Nevertheless, the activa­
tion of the ionization by other side groups as
well as by coordination of other neighbouring groups
may possibly lower the pK value, in Wllich case
there is no reason why it should not coordinate as
well as crosslink. Evidence is being sought for the
presence of coordinated and crosslinked imidazole
groups in chrome tanning by conventional potentio­
metric and similar techniques. Controversy exists
also in anionic type of tannage in the mechanism
of chrome tannage. One group of workers main­
tain that in this rase, fixation is restricted to basic
groups5", whereas Shuttleworth" envisages eoordi­
nation to carboxyl groups as in case of cationic
chrome tannage. The argument advanced is ana­
logy to solutions where high ligand concentrations
lead to further coordination giving rise to maximum
coordination num her and negative charge with the
ligand. However, restrictions on the available
concentration of carboxyl groups together with the
alternate method of fixing negatively charged
complexes has heen overlooked. The repulsion or
attraction of the neighbouring group in the protein
network has been emphasized recently5". The
mechanism of formation of stable nonionic
complexes of chromium with hexametaphosphate
has been studied by Nayllllamma et a[S9 and the
part played by side chain polar groups like hydroxyl
during fixation of the complexes has been brought
out, confirming the earlier studies by Gustavson
and Holm"O and Gustavson"l on noncationic com­
plexes hased on phthalate and sulphite. These
liquors are unique in that they give negligible
increase in shrinkage temperature.

Stability and Factors Preventing Rupture of
Metal-Ligand Bond

Mineral tannage under a variety of conditions is
considered reversible, since by treatment with
strong complex forming ligands lik(~ oxalate, fixa­
tion is reversed amI the metal ion clisplaced from
the metal-protein complex almost completely. How­
ever, in practice tanned leather is subject to only
limited variations and the ability of the metal­
protein complex to withstand these conditions
determines its application. Moisture, heat, repeatell
mechanical ftexings, sweat, etc., are the main agents
causing damagl'. The difficulty in determining the
nature of the complex inside the collagen fibres
has alread v been referred to. It is all the more
difficult if 'one has to follow the changes and modi­
fications of the complex inside the leather. It has
been estimated that the bond energy along the
polypeptide chain is 70,000-90,000 kcal.(mole for
C-N-C bond anll the intermolecular cohesive force
per 5 A. chain length is 6,000-10,000 cal.(mole for
silk fibroin and polyamick62, although exact thermo­
dynamic data for collagen are not available. The
contribution to thermodynamic stability by the
tanning agent in terms of energy values is being
investigated. However, another approach is to
determine the bond dissociation energy for simple
systems containing bonels of the type Cr-OOC,
AI-OGC, Zr-amino acid, etc., and correlate it with
the stability of the complex. The poor stability of
aluminium tanned ll'athC'r is perhaps associated

with the weaker nature of the complex, though
quantitative results are not available. !'J.F values,
calculated from stability constant values, could be
employed for correlation. However, the slow break­
ing up of the bond causing deterioration and rupture
is difficult to study. Bowes and Raistrick"3 studied
the deterioration of chrome tanned leather and
compared it with the deterioration of other combina­
tion tanned leathers and showed superiority of
chrome-protein complex in withstanding deteriora­
tion. The criteria for analysis were visual
observation, stripped tanning agent, lowering of
shrinkage temperature and, sometimes, acidity.
The deterioration is ascribed to many causes, chief
among them being further hydrOlysis of the com­
plex to liberate acid which breaks down the protein.
Even organic acicls cause damage. The stabiliza­
tion of the complex to withstand this damage should
await detailed study of the fixed qJmplex and its
modification in changed environment. One of the
other chief deteriorating agents is sweat. Lactic
acid is known to complex directly with the metal­
protein complex and break it down causing deteri­
oration and detanning. Recent studies64 have
shown that glutaraldehyde combination tanning
with chrome tannage overcomes this defeet and
makes the tanned leather sweat resistant. Though
the mechanism of sweat resistance is not yet estab­
lished, the modification of the complex by aldehyde
has been suggested. Specific results show no
change in chrome complex as far as the formalde­
hyde in solution is concerned65. It remains to be
seen if a complex with huilt-in sweat resistance and
capable of retaining its tanning action can be
successfully prepared. Hydrophobic complexes like
fatty aeid complex of chromium in solvent medium
have been prepared and used suceessfully for
shower-proofing and waterproofing of gloving and
clothing leather"". The ability of aluminium salts
to complex with phenolic hydroxy acids is well
utilized by retanning myrobalan tanned leather with
basic aluminium sulphate resulting in high shrink­
age temperature6'. Recent investigations have
shown that a polymerized bnilt-in complex formed
by treating chrome liquor with acrylic acid possesses
some lubricating properties in addition to filling6B•

Acrylate polymerized complex with aluminium has
also been reported.

Thus tailoring the mineral tanning complex to
suit various end uses with specific ligands by the
application of principles of coordination seems to
have a bright future.

Summary
The role of coordination chemistry in stimulating

and promoting the growth of leather research and
in helping the understanding of protein-metal inter­
actions is reviewed. The progress made in this
field in general, with particular reference to the
contributions made at the Central Leather Research
Institute, Madras, has been brought out. The
problems remaining to be solved are highlighted.
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REVIEWS

IONOSPHERIC HADIO PHOPA(;ATION by Kenneth
Davies (Dover Publications Inc., New York),
1966. Pp. xiv+470. Price $ 2.25

This is the Dover edition of the National Bureau
of Standards Monog-raph No. 80, orig-inally pub­
lished in 1965 by the US Government Printing
Office. It replac(:s the previolls NBS publication
(Circular 462) with the same title, incorporating
the results obtained during the two great inter­
national scientific ventures: the International (;eo­
physical Year (1957-58) and the International
Quiet Sun Year (1964-65). Meant primarily as a
handbook for radio communication engineers, the
book mentions only briefly the orig-in, formation
and morphology of the ionospheric layers and
deals more exhaustively with the theory and tech­
niques of radiowave propagation. Thcre is an
excellent introduction to the magneto-ionic theory
of radiowave propagation (including a short note
on the g-eneralized magneto-ionic formulae), a
brief description of the various ionospheric sounding
techniques (with emphasis on the ionosonde), the
principles and mathematics of oblique propagation,
and a useful description of the factors affecting
signal strength. These arc followcd by a chapter
describing in some detail ionospheric propagation
prediction systems, including a description of the
method of numerical mapping of ionospheric charac­
teristics developed by GaBct and Jones, and chapt<'l"S
on VHF scatter propagation from ionospheric ir­
reg-ularities and from meteors and propagation of
low and very low frequency waves.

This is an extremely valuabk handbook to radio
communication ('ngineers, and to many of the
ionospheric physicists conCl'rJH'd with ionospl1l'ric
soundings.

THE DEVELOPMENT OF HIGH ENEHGY ACCELEHATOH
edited with commentary by M. Stankv Livingston
(Dover Publications Inc., New York), 1\)66.
I'p. xi-I-317. Price $ 2.50

The book under review deals with particle accekra­
tors whicb by projecting a highly concentrated
beam of ions and electrons cause the disruption
of atomic nuclei enabling an anah'sis of fun(lamt'ntal
particles from which the atom~ are formed. The
28 papers hroug-ht together in this book compriq'
the prewar innovative principks, concepts as well
as advances of the dcvelopnwnt of high t'nergy
accelerators.

The first section dealing with rlirect voltage
acceleration consists of an exposition of Cockroft
and Walton's voltage multiplier and five papers
by van de Graff, Tue, Harton, Herb and others on
the belt-charged electrostatic generator.

The second section on resonance acceleration
deals with the initial working mo<kls of the cyclo­
tron, the principles and mechanics of lilwar accele­
rators and the ht'Lttron in papers hy \Viucroe,
Lawrence, Sloan, Alvareg, Ginzton, Kerst an,1

others. Thc third section dealing with synchronous
acceleration collects together the papers by Veksler,
McMillan, Bohm, Brobeck, Livingston and others.
These papers describe the electron syncrotron, the
syncro cyclotron and the proton syncrotron.
Section four presents a description of the principles
of alternating gradient focusing by Courant,
Christofilos, Regenstreif, Blewett, Livingston and
Thomas. Thus this collection covers the basic
reports on the origin and development of the
technique and the science of high energy accelera­
tors which enable scientists to fathom the structure
of the atomic nucleus.

All the publications dealing with the growth and
devt'lopment of high energy accelerators employed
for effecting nuclear reactions are brought together
in this volume. The editor of this work is to be
congratulated for bringing out this work which
will be of immense value to the nuclear physicist
as well as to the students of nuclear science and
nuclear engineering.

SWAMI JNANANANDA

Aco USTICs: DESIGN AND PRACTICE: Vol. 1 (Asia
Publishing House, Bombay), 1966. Pp. xxviii+
539. Price Rs 50.00

The reviewer took time to go through this exquisite
volume of over 500 pages claimed by the publisher
to be written" from the standpoint of the practical
engineer ".

The work stems from the author's active planning
and design work of 30 years in the All India Radio
where he is the Deputy Chief Engineer. But unlike
other high officials who have necessarily to handle
from time to time diverse aspects of radio engineering,
the author has had the uncommon privilege of
continuously concentrating on a single subject
throughout. He has planned and designed, among
other things, 300 studios all over the country.
He has also scrutinized and critically analysed works
of his own design and gives to the reader of the book
t.he benefit of this extensive study. The author's
attachment to the subject and his eagerness to
share his experiences and to guide others in the line
is obvious throughout the book.

While the approach followed in the book makes it
a splendid treatise for the student of advanced
building acoustics, the sound guidance given and
the exhaustive information presented in it make
it an invaluable reference book for the practising
engineer.

The book is broadly divided into six chapters
b'~aring the titles: (i) Introduction and history,
(ii) Speed and hearing, (iii) Reverberation formulae,
(iv) Absorption coefficient, (v) Acoustical material,
aml (vi) Noise. At first sight the titles appear to be
a list of topics commonly dealt with in a work of this
nature. The unusual part is the skilful presentation
and coverage of the subject. The text presents
generally the basic theoretical picture using only the
minimum mathematical treatment essential for the
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purpose. The subject matter chosen for discussion
under each head has a strong practical bias. Diffi­
culties commonly encountered in noise control,
acoustical design' and acoustical measurement are
discussed very frequently with the obvious objective
of helping the field engineer in this task.

The subject of reverberation, absorption and
absorbing materials is given the priority, prominence
and attention it deserves. All relevant topics are
discussed at length in three consecutive chapters
followed by elaborate appendices. The chapter on
noise, covering over 200 pages, is comprehensive
enough to be an independent monograph. Its
inclusion in the book makes it a fuller guide on
noise control and acoustical design which are closely
linked topics. This section deals with measurement
and control of noise in buildings and control of shock
and vibration in machinery. Sections dealing with
noise abatement in relation to town planning and
control of noise in air-conditioning systems are
very useful additions.

A special feature of the book is that all this material
occupies only two-thirds of the volume. Then follow
four important appendices covering 114 pages.
The appendix on sound absorbing materials gives
details about the absorption properties and mounting
methods for various products, including proprietary
materials, not only of Indian origin hut also those
from UK, USA, Germany, Japan and many other
countries of the world. These elaborate and exhaus­
tive data make the book a reference work of immense
value. Maintenance and renovation of acoustically
treated rooms is a problem which receives scant
attention in text-books. This book incorporates a
special appendix on this topic. This is followed by an
acoustical terminology on fundamental propagation,
transmission systems, instruments, music and archi­
tectural acoustics as well as an additional appendix
on design and layout of acoustical laboratories.

The treatise inchides a number of useful tables,
diagrams and nomograms required for frequent refe­
rence in acoustical work as also 29 full-page plate
illustrations of acoustical materials, methods of
installation and acoustical instruments. Bibliography
of the literature cited is included at the end of each
chapter. Pictures showing 16 different Indian
musical instruments will be of considerable interest,
particularly to the readers abroad.

Noise and acoustical problems in buildings are now
receiving more prominence and it is necessary to
take them into account at the design stage. This
book will prove to be a valuahle guidebook to the
senior student and the professional man. It will be
an asset to any technical library and is sure to be
appreciated as a standard reference book by prospec­
tive readers in India and abroad.

M. PANCHOLY

ApPLIED OPTICS AND OPTICAL ENG1NEERING­
A COMPREHENSIVE TREATISE: Vol. 3, edited by
R. Kingslake (Academic Press Inc., New York).
1966. Pp. xiv+374. Price $ 15.00

This is an excellent compilation of information in
the' field of optics in a digested form. The need
for a handy reference book on optical components
in the English language has long been felt. and this
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work fills this gap. Written in parts by specialists
in each field and edited hy R. Kingslake, the volume
may be considered as a must for those engaged in
the design, production and usc of optical instru­
ments.

The volume consists of nine chapters of which four
arc devoted to general description of production
techniques, viz. lens design, optical manufacturing,
and the testing of complete objective and mirror
coatings. Each chapter gives an excellent survey
of the field in the style of the respective author.
An average reader finds in these chapters things of
his interest. The rest of the chapters are devoted
to specific details of optical components, viz. photo­
graphic objectives, microscope objectives, spectacle
lenses, mirror and prism systems and eyepieces and
magnifiers.

What a reviewer would have liked to comment
has been stated by the editor himself in the preface.
The level of academic sophistication varies consider­
ably from chapter to chapter; this is inevitable
when many authors having different interests and
backgrounds arc involved. H.apidly developing
topics such as the lasers have largely been omitted
hecau,e anything written would probably be out
of date by the time it is published. One does not
find any mention in this volume of projection or
telescope objectives, not to say of several other
items like components of polarizing equipment,
medical optical instruments, scale reading micro­
scopes of surveying instruments, and so on. It
will perhaps be worth while to revise, in the next
edition, the chapter on photographic objectives to
include also the projection objectives and add at
least two more chapters, one on telescope objectives
and the other on miscellaneous optical components.

Notwithstanding these remarks, the book should
be of immense value to all those associated with
optical instruments - designers, producers and
users.

RUI PRASAD

ELECTRON PROBE MICHOAN.'\I.YSIS by L. S. Dirks
(Interscience Publishers Inc., Kew York), 1963.
Pp. ix-I-253. Price $ 9.25

Electron prohe microanalysis is olle of the most
recent techniques developed for specialized chemi­
cal analvsis. The ahove is the seventeenth mono­
graph published on ' Analytical chemistry and its
applications'. The author, in the first chapter,
initiates the reader into the subject by describing
its scope an,l later on he develops the subject in
(lifferent chapters dealing with the historical back­
ground, electron optics and circuit systenl, mode uf
specimen observation and their preparation, X-ray
crystal optics, detectors and energy dispersiun, the
theory and the applications of the instrument to
various fields, etc. It also includes several appen­
dices dealing with excitation efficiency, intensity
function, mass absorption coeflicicnt, etc., useful
for the electron probe microanalysis technique.
The author has written the book admirably well
and it will he nseful to chemists, metallurgists anel
others who arc interested in this new powerful
tool.

A.G.
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SYMPOSIUM ON AVVA));CES I)); ELECTRON METALLO­
GRAPHY ANV ELECTRON PROBE MICROANALYSIS
(American Society for Testing & Materials, Phila­
delphia) , 1962. Pl'. v+207. Price $ 6.00 ;
$ 4.80 (Member;;)

This is the third publication by ASTM on the
techniques of electron metallography dealing with
thin films of iron, stainless steel, aluminium and
other non-ferrous metals, their characteristics, micro­
structure, etc. This publication also includes a
good review article on the techni4ue and applica­
tions of electron microscope by Bigelow, a paper on
the use of electron probe microanalysis in metallo­
graphic problems by Heise allli also a classified
bibliography on electron probe X-ray micro­
analysis.

A.G.

FUNDAMENTALS OF CHEMISTRY: A MODERN INTRO­
DUCTION by 1'. Brescia, ]. Arents, H. Meislich &
A. Turk (Academic Press Inc., New York), 1966.
Pp. xv+816. Price $ 8.95

The authors have attempted to present a modern
approach to the introduction of the subject matter
of chemistry at the freshman level. The book
consists of 29 well-written chapters and five appen­
dices, of which the first one is especially useful to
students. Each chapter is divil.led into neat com­
pact sections, dealing with specific topics. The
language used throughout the book is easy to read
and follow for a freshman student, and involves
clear statements without ambiguity and circum­
locution. The ligures in the hook are extremely
well presented and ad(1 to the ea,e of understanding
of the subjc'ct matter; for example, ·the illustrations
in the sections dealing with crystal structure, space
lattices, unit cell dimensions and ligancy. Bold­
face print is consistently employed in the chapter
to distinguish between the text and the data pre­
sented or tables or numerical examples solved in
the text. Sometimes this has resulted in several
contiguous pages being printed in bold-face print,
e.g. pages 571-573, where a numerical problem has
be"n solved.

The book presents a unified approach to the
teaching of chemistry at the basic level. The
atomic and molecular structures and bonding,
thermochemistry and thermodynamics, kinetics,
analytical aspects of chemistry, chemistry of
, organic' molecnles, electrochemistry, metallurgical
aspects, nuclear and polymer chemistry, all these
and other areas of the subject reccive a well­
balanced attention, without singling out anyone
for special treatment. The abstruse ideas of
quantum chemistry or band theory of metals are
presented with the same ease as the ordinary gas
laws. Numerical examples have been judiciously
introduced as a part of the text to enable students
to gain conlidence in th~ir understanding of the
subject. As far as possible, the authors have
attempted not to give a sense of fmality to con­
clusions drawn from data; the students are made
aware of other possibilities - for example, the
• epilogue' at the end of Chapter IX on 'Types of
chemical bonds' is extremely interesting, starting
with the sentence "Our discussion of the nature

and stability of compounds has significance only
with the fa~!liar reference frame of temperature
and pressure .

The problems given at the end of the chapters
add greatly to the value of the book by serving
two purposes: (i) to let the student practise on what
he has learnt in the text; and (ii) to arouse the
curiosity of the student for the subject matter of
chemistry. For example, the very first problem at
the end of Chapter I asks, " Refer to the table of
contents of a recent issue of Chemical Abstracts in
the library and list the sections you would expect
to scan if you were ... a chemist employed to
develop missile fuels".

There are a few typographical errors: for example,
on page 142, Table 7-10, HOpa should be Ho,oa;
on page 143, Tahle 7-1l, element Gr should be Cr,
BR should be Bk. But these are minor mistakes
and do not detract from the general merit of the
book. I have used this book for a course in general
chemistry at the freshman level and found it
extremely useful. The authors have not claimed
to have arranged the subject matter in any order
with finality. The numbering of sections in each
chapter affords the individual instructor a great
deal of flexibility to conduct the course in his own
manner. I recommend the book strongly for
adoption as a basic text for a one-year course in
chemistry at the freshman level.

V. RAMAKIUSHNA

EXPERIMENTS IN GENERAL CHEMISTRY - A LABORA­
TORY TEXT by C. N. R. Rao & U. C. Agarwala
(Affiliated East West Press Ltd, New Delhi), 1966.
Pp. v+222. Price Rs 9.50 or $ 2.50

About 50 per cent of a student's time at the degree
level in most Indian universities is spent in labora­
tory work and yet it is generally agreed that the
educational value that the students derive from
performing the present laboratory exercises is not
commensurate with the time devoted. It is being
felt that the syllabi for the laboratory work should
be revised to include more of the experiments which
illustrate the basic principles of chemistry and
which aim at developing the laboratory skill of the
student to enable him to handle more complex
experiments later. In tillS context the publication
of this book is a step in the right direction, A set
of 45 experiments are given from which a suitable
choice could be made for using this as a text for the
first chemistry course in general chemistry. It is
felt, however, that the portion dealing with basic
concepts, the laboratory, and laboratory techniques
(23 pages) is a bit sketchy; some of it could have
been left out without impairing the value of the
book.

H.C.G.

THE BIOCHEMISTRY OF COPPER edited by J. Peisach,
P. Aisen & W. E. Blumberg (Academic Press Inc.,
New York), 1966. Pp. xvi+588. Price S 23.50

This book contains the papers presented at the
Symposium on Copper in Biological Systems held
at Harriman, New York, during 8-10 September
1965. There are 40 articles, each by an outstanding
biochemist, biologist, chemist, clinician or physicist,
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with a summary at the end of each chapter. The
book is divided into six parts dealing with structural
problems of copper protein chemistry, a study of
the role of copper in electron transport and other
biological activity, cytochrome oxidase, polyphenol
oxidase and laccase, amine oxidases and hemo­
cyamin, and ceruloplasmin. There are uptodate
reviews of cytochrome oxidase, laccase, amine
oxidases, Wilson's disease and ceruloplasmin.

The book is well documented. The chapters on
ceruloplasmin are particularly commendable and
there is one chapter exclusively devoted to discus­
sion on ceruloplasmin. An excellent index adds
greatly to the usefulness of the book. The papers
presented cover every angle of the study on copper
proteins. The book is highly recommended for any
biochemist and as a necessity for any researcher
working in this field.

T. RAMAKRISHNAN

HORTULUS by WaJahfrid Strabo; translated from
the German by Ralf Payne; commentary by
Wilfrid Blunt, Hunt Facsimile Series No. 2
(Hunt Botanical Library, Carnegie Institute of
Technology, Pittsburg, Pa, USA), 1966. Pp. xi+91,
28 linoleum-cut page decorations by Henry Evans,
10 double-page facsimile plates 26·5 X 17 cm.
Price $ 12.00

This is a book, the sort of which one often dreams
about but seldom encounters. The printing, bind­
ing and general presentation arc of the highest
order, in every way up to the very high st~\T1dard

set up by the Hunt Facsimile series.
The subject of Hortulus is a treatise on garden

plants, their appearance and cultivation, their
medicinal virtues, etc., described in beautiful eas\'­
flowing Latin hexameter,.; the original of tliis
Hortulus does not seem to have been preserved;
the present edition is a reproduction of a manu­
script of 849; the MS. was discovered in 1509, and
from that time the Hortulus has been considered
one of the landmarks in gardening literature.
The present edition contains an account of tbe life
of the author (pp. 1-18), the manuscript of 849 in
facsimile from the original ill the Vatican Library
with a transcription in classical Latin form and an
English translation in free verse (pp. 24-65).

Walahfrid, the author, known by the nickname
of Strabo (' the squint-eyed '), was born in 809 in
South-west Germany; as a boy he was put 1l11der
various tutors in the Benedictine order, which he
joined as a monk; eventually he \vas elected Abbot
of St Gall's monastery. It was during his tenure
of this office that he wrote the twenty-seven po~ms,

which a later scribe grouped under the name of
IIortuills, or ' Little Garden'.

The Hortllius is a " down-to-earth practical but
very artful manual by a man who had a garden
of his own, who loved it and who himself cultivated
it". The garden was mostly a kitchen garden,
where both medicinal plants and vegetables and
a few fruit trees were grown. The titles of the
various chapters of the Hortulus will give an idea of
the contents of the same: On the cultivation of
gardens; the difficulty of thc undertaking; the
gardener's perseverance and the fruits of his labour;
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poems on Sage, Rue, Southernwood, Gourd, Melon,
Wormwood, Horehound, Fennel, Iris, Lovage,
Chervil, Lily, Poppy, Clary, Mint, Pennyroyal,
Celery, Betony, Agrimony, Tansy, Catmint, Radish,
Rose. The Hortulus closes with a dedication to
Father Grimald, an old tutor of the author.

To give a sample of the treatment of the various
subjects I shall (luote (in translatiun) a few lines on
the Lily:

Now the lily, and ah! what lines can my
simple Muse

Lean and meagre as she is,
find to praise

The shining lily? Its white is tbe white of
glistening snow,

lts scent the scent of sweetest frankincense,
Not l'arian marble in whiteness, not spikenard

in fragrance
Surpass our lily.
If a snake, treacherous and wily
"\s it is by nature, plants with deadly

tongue its parcel
Of venom in you, sending grim death through

the unseen wound
To the inmost vaults of the heart - then

crush lilies with a weighty
Pestle and drink the juice in wine. Now

place the pulp
On the top of the livid spot where the

snake's tongue jabbed;
Then indeed you will learn fur yourself

the wonderful power
This antidote has. Nor is that all: this

same pulp
Of crushed lily is good for limbs that are

twisted awry.
Pages 69-78 discuss tIle various editions of the

Hnrtulus from 1510 to 1957; then follows a list of
plants with the English and scientific names; the
book closes with three pages of references amI five
of index. The colophon states: " Printed by Joh.
Enschede en Zonen, Haarlem. Typefaces: H.omulus
and Cancelleresca Bastarda. Bound by Proost en
Brandt, Amsterdam. Paper used for book: Supe­
rior quality woodfree offset. Paper us~d for cover:
Linson vellum ... Edition limited to 1500 copies."

To summarize, I find the book one that is a
pleasure to a botanist, a treat to a Latin scholar,
and a feast to the eye for a lover uf good books.

H. SANTAPAU

THE PEPTlDES bv Eberhard Schroder & Klaus Lubke
(Academic Pre.,s Inc., New York). Vol. I : METHODS
OF PEPTIDE SYNTHESIS; 1965. Pp. xxix+481.
Price $20.00. Vol.ll: SYNTHESIS, OCCURRENCE AXD
ACTION OF BIOLOGICALLY ACTIVE POLYPEPTIDES;
1966. Pp. xxvii +632. Prict~ $ 30.00

Since the first synthesis of oxytocin by du Vigneaud
and his colleagues in 1954, there has been a
tremendous upsurge of work in the synthesis of poly­
peptIdes. The recent total syntlwsis of insulin, a
polypeptide consisting of 51 amino acids, by three
independent schools is no small achievement. This
success has been due mainly to the developments
during the last decade in the methods of peptide
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synthesis and selective protection of amino and
carboxyl groups. The Peptides in two volumes,. in
which SchrOder ami Lubke have set out to review
the present status of the synthetic aspects of
peptidp chemistry and synthesis, occurrence and
action of biologically active polypeptides, is most
welcome. Although addressed to the specialist,
these volumes will also be useful to those who desire
to have a general knowledge of the basic principles
of peptide chemistry, and would be particularly
valuable to those who are just entering this rather
speciali;~ed field and wish to get acquainted quickly
with the available information in the field.

Vol. I starts with a valuable section on nomen­
clature. followed by chapters on amino-and carhoxyl­
protecting groups, the formation of the peptide
bond and special problems of polyfunctional amino
acids. Following this presentation of the general
techniques of peptide synthesis, there are chapters
dealing with certain special areas of peptides, the
s\'nthesis of cyclic peptides, <lepsipeptides and
I>Cptoids, the plastein reaction, solid-phase peptide
synthesis and linally a chapter on the problems of
racemization. There is a comprehensive biblio­
graphy of over 2700 rderences, covering the litera­
ture up to the end of 1964. Almost every method
that has been used in peptide chrmistry has been
dealt with in this volu1l1e and, therefore, the whole
armamentarinm of technique is made available in
this volume. The only lacunal' that one can find
arc that the treatment. of the subject is not critical
and it is left to the reader to assess the usefulness
of different met.huLls in a particular situation (which
rna\, not be very helpful to a fresh entrant to this
field). very little attention has been paid to the
mechanistic aspects of the reactions mentioned,
and adequate justice has not been done to the
problem of racemization, which is of immense im­
portance in the synthesis of polypeptides.

In Vol. II, the synthesis and biological activity
of important natural peptides and their analogues
arc described; where necessary the synthetic routes
are schematically described, and comparative hio­
logical activity tabulated. This volume again starts
with a chapter on nomenclature with a view to
making this volume an independent reading. The
main part of the book is divided into three sections.
Section I deals with linear peptides and covers
tissue hormones like bradykinin, angiotensin and
related hormones, glandular hormones like MSH.
ACTH, glucagon, insulin and synthetic enzyme
models. Section II deals with heterodetic cvclic
peptides and covers the field of oxytocin, vaso­
pressin and depsipeptides. Section III deals with
homodetic cyclic peptides covering both homomeric
and heteromeric cyclic antibiotics and the toxic
principles of Amanita phalloides. As the authors
have stated in the introduction, "the biological
aspects are discussed from the chemist's point of
view and are intended to provide him primarily
with a source of condensed information on the
multiplicity of the biological arsenal of activity
display", the activity data arc thus easily compre­
hensibl~ to those who are not too w('ll versed in
the jargon of pharmacodynamics. This volume
covers the fielrl almost up to the middle of 1965

and has a comprehensive bibliography of almost
2800 references.

There are some typographical mistakes, e.g.
acidic on page 296, 3rd paragraph, line 9 should
rearl acetic, hut these are of a minor nature. The
languagl~ at places is also involved, but this is under­
standable judging that the book is a translation.

These two volumes imleed give a very compre­
h~nsive review of the field and would be most
nseful to those who arc interested or engaged in
peptide research.

NITYA NAND

SOME PIWIlLEMS IX THE THEORY OF CREEP IN
CONCI<ETE STRUCTURES - International Series of
Monographs in Civil Engineering, Vol. I, by
N. Kh. ArutYlinyan (Pergamon Press Ltd,
Oxford), 1966. Pp. xi+290. Price 80s.

Creep effects in materials, especially metals at
elevated temperatures and other construction mate­
rials such as concrete, wood and plastics, can be
quite significallt. Creep in concrete is a complex
phenomenon dependent on many variables, such
as humidity and the maturity of concrete at the
time of loading. Moreover, the effects of shrinkage
and creep often interact on each other. Although
voluminous analytical and experimental investiga~

tions have been carried out on creep on concrete
structures, a unified and clear presentation of this
complex problem has not heen attempted so far.
This timely translation frum Pergamon Press pro­
vides scholars in the English-speaking world with a
window on the valuable work done by Russian
scientists. The merit of the work is that it presents
an integrated picture starting with a theoretical
analysis of the elastic-creep problem and going on
to applications to concrete, reinforced concrete and
prestressed concrete structures. Hence the book
will have an appeal not merely to the research
scientist but also to the design engineer.

Chapters I and II are devoted to the development
(If the ba~ic theor~·. In Chapt"r III, the effect of
creep on thermal stresses in concrete structures
is considered. The important problem relating to
the influence of creep on shrinkage is considered in
Chapter IV. The analysis of structures undergoing
foundation settlement and creep simultaneously is
presented in Chapter V. Examples of a two-span
continuous beam and a railwav tunnel are discussed
to illustrate the application of the theory developed
to practical situations. The effects of creep on
reinforced concrete members - beams, pipes and
frames - are considered at length in Chapter VI.
Creep effects on prestressed concrete beam and pipes
are dealt with in Chapter VII. In the last chapter,
some nonlinear creep problems are briefly discussed.

Integral equations are extensively used in the
presentation.

G. S. RAMASWAMY

BOOK NOTES

IMDA SOUVENIR (All India Instrument Manu­
facturers & Dealers Association, Bombay), 1966.
Pp. Ix+97. Price Rs 5.00

The All India Instrument Manufacturers & Dealers
Association has hronght out a souvenir in connection
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with the decennial celebrations held in November
1966. The souvenir presents survey of various
instrument industries in India such as those
making glassware, laboratory equipment, optical.
surgical and clinical. electrical. electronic. material
testing and process control instruments, and
engineering measuring tools and gauges. Besides
listing the Indian standards for the various
instruments, the souvenir provides data on exports
and imports of instruments. The industrial licences
issued for the manufactures of tools and equipment
are also listed. The names and addresses of member
firms of the association and a directory listing their
products, a note on the training facilities in instru­
ment technology, and information on foreign col­
laboration in the industry make the souvenir a
useful reference book for 'both manufacturers and
users of instruments.

JOURNAL OF MINES. METALS AND FUELS. l\'hNIKG
TECHNIQUES AND EQUIPMENT - Special Number
1966 (Books & Journals Private Ltd. Calcutta).
1966. Pp. xiv+214. Price Rs 20.00

This collection of 25 feature articles on various
aspects of mechanization of the mining industry
attempts in a limited way a global survey of the
present status of the industry as well as the trends
and developments in mining techniques anrl equip­
ment. But for an article on the electrical equip­
ment in the Liberian iron ore mines and another
on gold mining in South Africa, the volume in
general emphasizes the recent progress made in
open pit and underground coal mining industries
in the following countries: USA. UK. USSR. France,
Germanv, Sweden. Poland, Belgium, Czechoslovakia,
Japan and India. The techniques discussed inclucle
automation and remote control systems. besides the
improvements on the less sophisticated conventional
methods.

The technical and management personnel of the
Indian mining industry will find this reasonably
priced and attractively got-up volume useful.

PUBLICATIONS RECEIVED

PROCEEDINGS OF THE SIXTH REGIONAL CONFERENCE
ON WATER RESOURCES DEVELOPMENT IN ASIA
AND THE FAR EAST (United Nations. New York).
1965. Pp. ix+400. Price $ 4.50; Rs 27.00
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MODULAR COORDINATION IN BlIll.DING _. ASIA.
EUIlOPE AND TIlE AMEHICAS (United ~ation".

!\ew York), 1lJ66. I'p. v+67. Price S 1.00;
Rs 6.00

I{EPOHT OF EXPERT GIUlI'P ON SECOXD-HAND EO\;II'­
MENT FOH DEVELOPINC; ('OU:'iTRIES (U~ited
Nations. ;ew York), 1966. I'p. \'i+24. Price
S 0.50; ){s 3.00

WORLD ENEHGY SUI'I'I.IES, 1'.J61-1lJ64 (United
Nations, cw York), 1%6. I'p. '.J9. Price S 2.00;
Rs 12.00

I{EPORT 01' THE UNITED l"ATIONS 1NTEHHEGIONAL
WORKSHOP ON TEXTII.E INDUSTHIES IN DEVELOP­
ING CO\;XTlUES (United !\ations, New York).
Pp. iii+92. Price S 2.00; I{s 12.00

AN EXAMINATION OF SOME ASPECTS OF THE UNIT­
LOAD SYSTEM OF (AH(;O SHIPMEXTS: ApPI.ICATlO>i
TO DE\,EI.OPIN(; COUNTRIES (United Nations.
Npw York). 1lJ66. Pp. vi+96. Price $ 2.00;
I{s 12.00

HOUSING IN AFHICA (United Natiolls, New York).
1965. 1'p. vii-j 221. Price $ 3.50; ){s 21.00

DEMOGHAPHIC YEAH BOOK. 1965 (United Nations,
New York), 1lJ66. Pp. viii+808. Price S 11.00;
Rs 66.00 (paper) and :5 15.00; Hs 90.00 (cloth)

ECONOMIC ASPECTS OF JHON-orUe PREPAHATIONS
(Unitl'cl Nations, New York), 1966. Pp. xiv+280.
Price S 4.00; I{s 24.00

WORLD POPULATION PHOSPECTS (Unitpcl Natiolls.
New York). 1966. I'p. vii+149. Price S 2.00;
Hs 12.00

ECONOMIC BULLETIN FOR LATIN AMEHICA. \'01. XI.
No. 1 (United l'\ations. ~ew York). 1966.
Pp. iv+156. Price $ 2.50; Hs 15.00

FOREH;N TRADI-: STATISTICS OF AFIHCA (United
l'\ation", New York), 1965. I'p.325. Price S4.50;
Rs 27.00

THE DIGITAL (OMPUTEHS by K. C. Parton (pergamon
Press Ltd, Oxford), 1966. I'p.125. Price 175. 6d.

PRINCIPLES OF INI>USTIHAL MICIWBIOLOGY by Alhlll
Rhodes & Derek J. Fletchpr (Pergamon Pres" Ltd,
Oxford), 1966. Pp. xviji+320. Price 355.

ELECTlWNIC AUTOMATIC CONTlWL DEVICES bv A. A.
Bulgakov (I'ergamon Press Ltd, Oxford), 1966.
Pp. xxiv+549. Price £: 6

THE MEASUREMENT OF All! Fl.Ow by E. Ower & J{. C.
Pankhurst (I'ergamon Press Ltd. Oxforcl), Fourth
Edition. 1966. Pp. viii+ 367. Priee 655.



Use of ascorbic acid as an
indicator for heavy metals

In an effort to decide the opti­
mum amount of the chelating
reagent, e.g. EDTA, etc., required
to react with the offending heavy
metal ions which often find their
way into the solutions as contami­
nants of water or other labora­
tory reagenb, J)r McNair Scott
of the University uf Pennsylvania,
Philadelphia, has developed a
simple method of titrating COII­

taminated water and solutions
using ascorbic acid as an inrli­
cator.

The new method is based on
determining the ;Imount of tlll~

chelating reagent i ust sufficient
to stop the catalytic oxidation of
ascorbic acid which is related
linearly to the concentration (If
the nietal ion, and consists in
following the oxidation rate of
the acid (5-8 X 10-5 molar in
double distilled water) added to a
test sample by the decrease in
absorption at 2650 A. in a spectro­
photometer followed hy addition
of the chelating reagent until
there is no further decrease in
ahsorption [Nat-ure, Lond., 212
(1966), 606J.

Electroviscous fluids

Some fluids which thicken and
even solidifv instantlv an(1
reversihly at 'high electrical field
strengths have been developed.
.'\. typical example of such a fluid
is a dispersion of silica in a naph­
thenic vehicle with a lIonionic
surfactant. Scientists have pro­
poserl an • induced polarization
mec1l<1nism' which explains most
of the experimental observation~.

The surface charges over the
dispersed rartic1es attract a Ja\"l'l"
of oppositely charged ions frum
the lIledillHi. These ions forming
the Jixed portion of an el<,ctrical
doubk layer attract a lIJore
diffuse layer of ions. The applied
electric field polarizes and distorts
the douhle laver, which tends to
elongate tow;\rds the electrode
having charge opposite to that
of the diffuse layer. Electrostatic
interaction between the distorted
double layers in a naphthenic
vehicle, which has a low dielectric
constant, requir<'s more energy
to stir the fluid. This extra energy
manifests as eleetroviscosity.

NOTES
The electroviscosity of a fluid

has been found to be proportionaI
to the square of the field strength
and inversely proportional to the
shear rate. Also, electroviscositv
increases with temperature. Both
these facts are in tune with the
pularization mechanism. If this
mechanism is correct, then the
dielectric constants of the fluids
should vary as electroviscosity
does, since dielectric constant is a
measure of the case of poJariza­
tion. This has been found to he
true with the fluids tested.

The unusual properties of electro­
viscous fluids are of theoretical
importance to rheologists and
physical chemists, and it would
Jead to a better understanding;
of the liquid state. Among the
applications which can resuJt from
research in this field are motion
control and detection instruments,
separation and purification me­
thods, catalysis and control of
chrmical reactions, solid state
electronic components, and devices
for selective transmission of electro­
magnetic and mechanical radia­
tion [Chem. Engng News, 44 (J 966)
(No. 26), 46J.

Determination of
minimum energy for a
chemical reaction

A direct measurement of Hw
minimum energy required for a
chemical reaction to take place
has been l1l,Hle for the first time.
Scientists at the California Insti­
tute of Technology, Pasadena,
USA, rmploying a new technique
of studying covalent reactions as
it function of entrgy have deter­
mined the threshold energy of
the reaction D+H2->DH+H to
be 0·33 cV. [Chem. Engng News,
44 (1966) (No. 15), 23].

The factors governing the
kinetics of elementary gas phase
reactions are the reaction cross­
section (a) which varies with
varying values of the relative
translational energy of the re­
agents (Ii), th\) threshold energy
(Eo), and the Boltzmann thermal
distribution function. Knowledge
of the energy dependence of the

& NEWS
reaction cross-section is important
for unrlerstanding the detaiJs of
chemical reactions on a moJecular
It'vel. As rate constants are not
too sensitive to cross-sections, a
direct method of measuring G(E)
is necessary. The only such
technique known, that of re­
actions in crossed moJecular
beams, is limited to a few ionic
reactions only because of insur­
mountabJe difficulties.

The Caltech scientists photo­
Jysed a mixture of D1 and H 2
with monochromatic light of
different wavelengths in the range
3660-3030 A. The DI absorbed
light and dissociated giving mono­
energetic D atoms of known
energy. The translationally hot
J) atoms formed DH by reacting
with H 2 molecules; the J) atoms
escaping this reaction became cold
and formed D 2 by reaction with
DJ. The concentration ratio
[DHJ![D2J is directJy related to
the energy difference of the energy
cross-section. When E equals the
threshold energy, Eo. this ratio
and cross-section vanish simul­
taneousJy.

The new tecbnique can be used
to study a whoJe famiJy of re­
actions and will prove useful in
testing the validity of various
models proposed for them.

Camptothecin. an alkaloid
with anti tumour action

Camptothecin, an alkaloid with
a novel ring system, showing
antitumour activity has bec'n iso­
lated from the Chinese tree
Camptothcca acuminata. From
high resolntion mass spectrometry
the compound was assigned the
molecular formula C20H16NP4'
The structure (I) consisting. of
11ve fused rings has been proposed
and the absolute configuration of
the asymmetric centre established
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by X-ray analysis. Leukemia­
inoculated mice administered with
doses of camptothecin have been
found to live longer than infected
but untreated mice. The National
Cancer Institute of USA has
chusen this compound for tests
in the cancer chemotherapy pro­
gramme. The activity uf this
compound is a'icribed to the
presence of a hydroxyl in proxi­
mity to a lactune ring - an
Cl-hydroxylactone ring is fused to
an <X-pyridine ring [Chem. Engng
News, 44 (1966) (No. 28), 19]

Spectrochemical method
for the identification of
compounds

The effectiveness of the semi­
quantitative spectrochemical pro­
cedure has heen extended to
include identification of simple
chemical compounds by record­
ing the voltage fluctuations of
the d.c. arc during sample con­
sumption. The recorded voltage
fluctuations differ sufficiently be­
tween compounds to permit identi­
fication by comparison with
reference patterns. A specially
designed cored graphite cathode,
filled with a I: 2 mixture of
BaCOa and graphite powder, has
been used to increase arc stahi­
lity so that the observed fluctua­
tions are attributable primarily
to effects originating from the
anode. Reference patterns uf
over hundred compounds have
been made and found to be func­
tions of both the analvtical con­
ditions under which J they arc
made (arc gap and cl~rrent,
electrode design and material,
etc.) and the properties of the
sample material (volatility rate,
ionization potential, molecular
weight, decomposition products
in the anode and their reactivity
with the electrode materialj.
Under standardized conditions,
voltage fluctuation patterns arc
characteristic of the compound.
All the reference patterns recorded
are characterized by a voltage
as a function of the amount of
sample material, and the lowest
voltage drop for compounds of
the same elements is approxi­
mately the same as determined
by the ionization potential of
that element. Compounds with
boiling points between 1000° and
3500°C. are suitable for identi-
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tication because of their reproduc­
tive patterns, while compounds
with boiling points less than
1000°C., with their short con­
sumption periods «20 sec.), make
it difficult to resolve slllall time
differences. Compounds with boil­
ing points above 3500°C. give
erra tic patterns because of un­
even and erra.tic distillatirlll
LAna/yt. Chem., 38 (1966), 1372J.

Ecdysterone, a new
metamorphosis hormone
of insects

From the whole body extracts of
Bombyx mori a new met.amorphosis
hormone, eedysterone, with moult­
ing activity has been isolated.
The aqueous extract of Bombyx
mori, free from the already known
ecdysone, was exhaustively ex­
tracted with ethyl acetate. After
evaporation of the solvent, the
residue was fractionated on an
alumina column with gradient
elution using methanol and ben­
zene. H.epeated layer chromato­
graphy on silica gel of the hormone
containing fractions yielded ecdy­
sterone. The new hormone crystal­
lizes in large anhydrous plates
(m.p. 226°C.) from ethyl acetate­
methanol ancl is three to five times
as acti ve as ecdysone in the
Calliphara test. It has the mole­
cular formula C27H440., with
an unsaturated <x,~-keto group,
-(CHa)2C-OH group of the steroid
side chain and two steroid methyl
groups at C-I0 and C-13. The IR
spectrum (K Br) of ecdysterone is
similar to that of ecdysone, but
carbonyl and ethylenic bonds lie at
1645 and 1612 COl.-I respectively.
Ecdysterone is probably a C27­
steroid with a cholesterol side chain
[Angew. chern. internat. Edn, 5
(1966), 248].

Rapid estimation of very
small amounts of proteins

The observation that a linear
relationship exists between areas of
the spots obtained on chromato­
grams of serum proteins on UFS
nitrocellulose membrane filters and
concentrations of the protein
solutions has led to the develop­
ment of an accurate, simple and
rapid method for the quantita­
tive determination of soluble pro­
teins in amounts as small as
I [J-g'{IlJ.

The method which consists in
measuring the areas of the spots
obtained after circular chromato­
graphy of the proteins on HUFS
nitrocellulose membrane filters can
he used hoth for micro-determina­
tions and routine protein deter­
minations. It can also be used
in following the course of various
column fractions of proteins with
minimal loss of protein material.

For calibration, a droplet of the
acetate buffer pH 3·7 (developer) is
applied on the glossy side of
the membrane with a glass capil­
lary to form a circular spot
5-8 mm. in diam. The standard
protein sample (bovine serum or
bovine serum albumin) is then
applied into the centre of the
wet spot by touch with a capillary
(internal diam. 0,02-0,03 mm.)
calibrated to 1 [J-l. and gently
blowing out the solution. After
drying the spots at 80°C. for
5-10 min., the membranes are
placed with the glossy side down
011 the surface of t.he staining solu­
tion (Amido black 10 B or azo­
carmine B in acid solution). The
areas of the protein spots arc then
plotted against the corresponding
concentrations of the standard
solutions of the protein [Nature,
Lond., 212 (1966), 75J.

Cytochrome c from Bacillus
megaterium and B. subtilis

A method for isolating cyto­
chrome c from Bacillus megaterium
and B. subtilis has been reported
by Tsutomu Yamaguchi and his
coworkers of the Departmen t of
Agricultural Chemistry, University
ofTokyo, Japan [Biochim. biophys.
Acta, 124 (1966),413]. Themethod
consists in preparing protoplasm of
B. megaterimn strain KM and B.
sltbtilis I FO 3026 with phosphate
buffer using 15-h nutrient broth
cultures grown at 37°C. and with
lysozyme'at 100 [J-g.{mg. dry weight
of organism; the stabilizing agent
is O' 5M sucrose.

The cytoplasmic fraction, a pink
pellet obtained from the protoplast
preparations, constituting about
17 per cent (wt{wt) of the initial
dry weight of the organism, is
suspended in distilled water (120 g.
dry wt{3 Iitres) and dialysed against
200 volumes of distilled water at
SoC. for 48 hI', changing the distilled
water every 12 hr. To the dialysed
suspension 0'02M NaOH is added



up to pH 8·0. After stirring for
20 min. at soc., the suspension
is centrifuged at 105000 g for
30min.

The clear supernatant is collected
and the pH adjusted to 6·0 with
0'02M HC\. The yellowish preci­
pitate is centrifuged off, and a
clear pink supernatant obtained,
to which trichloroacetic acid (final
cone. 2 per cent) is added and
allowed to stand for 10 min. in a
refrigerator. The red precipitate
formed is resuspended in distilled
water and dissolved completely
after addition of concentrated
ammonia (pH 7,0). The solution
is chromatographed on a Sephadex
G-50 (fine) column and eluted with
distilled water. The red fractions
are collected and Iyophylized.
The yield is about 0·005 per cent
of the cytoplasmic membrane.

Cytochrome c from H. subtihs
is prepared using dialysis and
alkali treatment to release the
cytochrome from the cytoplasmic
membrane.

A new diabetic strain of
mouse

A new inbred strain (C57BL/Ks)
of mouse with hereditary diahetes,
that can be used in the study of
human diabetes, has been develop­
ed by Drs Katharine P. Hummel,
Margaret M. Dickie and Douglas
L. Coleman of Jackson Laboratory,
Bar Harbor, Maine.

To have diabetes in full form
the mice must inherit the gene (db)
from both parents. Although dbdb
females do not breed (infertile),
their ovaries function normally
when transplanted into a normal
female. Ten out of 23 offsprings
resulting from cross between female
having dbdb ovaries and +db males
were of the diabetes phenotype
and they consequently develop
the disease.

The inbred diabetic mice appear
to be normal at first, but soon
get fat with a rapid increase in
body weight during the first few
weeks. The blood sugar of all
diabetics had concentration of
at least 200 mg.1m\. of blood by
8 weeks of age and all reached or
exceeded a level of 300 mg. 1m!. by
10 weeks, whereas the blood sugar
of control did not exceed 200
mg. 1m\. of blood at any age.
Apart from blood sugar rise
they have other symptoms like

NOTES & I'EWS

polyuria, polydipsia, polyphagia
and glycosuria.

In spite of fasting and losing
weight with lowered blood sugar
they soon regain weight and blood
sugar levels after the free availabi­
lity of food is restored. Attempts
to control weight by restriction of
food as has been successful with
obese mice have failed. As in the
caseof human diabetes, this disease,
when rampant, causes a drastic loss
of weight in mice also. Between
3 and 6 months of age the animals
cnter a terminal phase and usually
die.

Other ways in which the animal
disease parallels that in humans
include sensitivity to stress, ex­
cretion of sugar in the urine and
strikingly abnormal changes in the
islets of Langerhans. Some of the
diabetic mice have responded to
insulin treatment, but the proper
dosage remains to be worked out
[Science, 153 (1966), 1127J.

British Non-Ferrous Metals
Research Association

The annual report of the British
Non-Ferrous Metals Research Asso­
ciation for the year 1965 records
the progress made during the year
in over 50 research projects con­
cerning development of new mate­
riah;, melting, casting and fabrica­
tion and corrosion studies.

A new major experiment - pro­
duction scale stud\' of the con­
tinuous casting process applied to
copper and copper alloy billets and
rolling slabs - has been launched
satisfactorily, with the object of
examining the influence of mould
design and operating conditions
on the surface finish, soundness
and internal stress of the castings.
A horizontal continuous casting
machine for smaller sections in­
dueling strip for use as cast or
after cold rolling or drawing has
also been constructed, and graphite
dies are used to study the casting of
high conductivity copper and such
copper alloys which are elifficult to
hot work. Tests carried out with
hard impregnated graphite dies
for gravity die-casting of Cu alloys
for obtaining longer mould lives and
hetter surface finish than could be
obtaineel with metal dies have
indicated their lack of toughness.

A wrought cupro-nickel alloy
has been produced with hot work­
ability better than that of 70-30

cupro-nickel; the material can be
extruded and drawn into tubes,
forged into bends and has adequate
weldability. An Al-Zn-Mg alloy
has been developed with improved
stability in ductility and resistance
to stress corrosion than 10 per cent
Mg-Zn alloy for use in aircraft
castings. Another new material
prepared is a zinc base die-casting
alloy with high creep resistance
(Zn-Cu-Ti alloy with minor Al
additions) for use up to 150°C. An
attempt at developing two-phase
alloys with one of them being
fibrous has led to the development
of an interesting new type Cu base
alloy with unusual longitudinal
strength. An examination has
been made of the limitations of
various rapid shop-floor tests for
melt quality in the bronze industry.
The precautions necessary during
melting of complex brasses, to
avoid formation of iron inclusions,
have been established. For assess­
ing the suitability of lead clad
steel structure' for architectural
applications, the effect of thermal
cycling on such structures has been
studied. The influence of the
variation in grain structure in
medium strength Al-Zn-Mg alloys
having adequate resistance to stress
corrosion and acceptable weld­
ability and extrusion properties
has been tested. Work has been
initiated in the study of oxidation
and mechanical behaviour of
certain alloys of chromium which
are largely unexplored so far.
An investigation is underway to
determine the interphase energies
of dispersion hardened alloys, the
results of which would be useful
in the choice of the right kind of
dispersed particle. Transmission
electron microscopic studies of
quench sensitive alloys have indi­
cated premature precipitation of
hardening constituents during slow
quenching of some high strength
AI-Zn-Mg alloys.

The project on lubrication in
copper wire drawing has been
successfully completed and a large
improvement in die life has been
achieved. A studv of time-tem­
perature relationship in annealing
both fire-refined and electrolytic
high conductivity copper has shown
that fully soft wire could be ob­
tained with ultrashort annealing
time under suitable control, and
a commercial high speed strand
annealing unit has been adapted
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Ultrasonic vibra­
employed during
operations and

involved is under

for this purpose.
tions have been
wire drawing
the mechanism
investigation.

A theory of pitting has been
developed which can explain within
a single mechanism the effects of a
number of distinct factors, such as
the presence of brazing alloy or
carbon and other types of surface
films. An investigation of the
high temperature oxidation of
zirconium and the • breakaway'
phenomenon with electron probe
microanalyses has been completed.
The development of accelerated
tests for assessing the quality of
anodized coatings on aluminium,
a clear lacquer for copper and its
allovs in outdoor architectural
apphcations, and a surface treat­
ment' for non-porous thin gold
electrodeposits for use in printed
circuitry are other notable achieve­
·ments.

Central Electrochemical
Research Institute, Karaikudi

Among the major achievements
of the institute recorded in its
annual report for 1965 are: a
fluidized bed technique for obtain­
ing uniform, hard and adherent
deposits of lead oxide on graphite,
carbon and titanium electrodes; a
method for the treatment of cya­
nide effluents; successful reduction
ofp-phenetidine employing a rotat­
ing amalgamated cathode; and an
additive to water for laying con­
crete which inhibits reinforcement
corrosion. The sixth seminar on
electrochemistry was held during
the year.

A direct method developed for
the estimation of nickel sulphate
and nickel chloride in electrolytic
baths consists in extracting the
nickel salts with isopropyl alcohol
and estimating nickel with EDTA
using murexide indicator. Nickel
plating from chloride-free nickel
baths using insoluble anodes has
been attempted and the effect of
various variables on the current
efficiency and nature of deposit
has been studied. The chloride­
free bath has been found to have
certain advantages over Watt's
bath for interior plating. A bath
with a higher current efficiency
and bath life, and which can
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control the composition of thc
deposit better has been developed
for iron-nickel alloy plating.

Electrochemical reduction stu­
dies of o-nitrophenol, nitrobenzene,
maleic acid, nitrourea, nitroguani­
dine, p-nitrobenzoic acid and citral,
and electrochemical oxidation stu­
dies of p-nitrotoluene and y-pico­
line have been carried out. The
electrodeposition of lead dioxide
on graphite electrodes of different
shapes and sizes has been carried
out and the applicability of these
electrodes in the preparation of
chlorates and perchlorates of alkali
and alkaline earth metals is being
examined,

Salt water activated magnesium
cells (5 amp. br/l ,4 V.) using
locally developed silver chloride
electrodes have been fabricated.
Silver oxide-zinc cells have been
fabricated for low temperature
performance (-100 to -20°e.).
The cells have a capacity of
10-11 amp, hrfl·5 V. at subzero
temperatures and 20 amp. hr/
1,5 V. at normal temperatures.
Activated carbon, prepared by
beating a slurry of carbon-platinum
chloride at 800°e. in hydrogen
atmosphere, on a graphite plate
support has been used to make a
hydrogen-chlorine fuel cell. The
cell gives a voltage of 1·3 V. and
current densities of 10 m. amp,
and 40 m. amp. at 1·05 and O'52 V.,
with 10 per cent hydrochloric
acid.

The behaviour of a number of
metals and alloys in 30 per cent
KOH in the potential range be­
tween hydrogen evolution and oxy­
gen evolution has been investigated
and it has been observed that 321
stainless steel has better corrosion
resistance than 304 and 347 types.
With a view to replacing tin in
packing industry, the relative cor­
rosion behaviours of sprayed and
aluminized aluminium and tin have
been studied. Aluminium sprayed
steel sheets have been found to
compare well with tin in all the
electrolytes. It has been observed
that vapour phase inhibitors, when
incorporated in hard film solvent
deposited coatings, which are used
for the temporary corrosion pre­
vention of engineering stores, in­
crease the inhibition of corrosion.

The mechanisms of reference
electrodes, Ag/AgCl, Ag/AgBr and

AgfAgI, arc undrr investigation.
The Faradaic impedance of Ag/AgI
electrode in potassium iodide and
silver nitrate solutions of \'arious
concentrations ill 5M sodium nit­
rate supporting electrolyte have
bern measured in the frequency
range 400-2000 Hz. The bipolariza­
tion inducuj due to stray current
on the face of the metal plate
kept in a plating bath away from
d.c. lines has been studied. The
absence of the effect has been
noticed at a critical distance; at
high currents the anodic and catho­
dic regions lIlergr into each other.
The adsorption of formaldehyde,
cyclohexane, benzene, naphthalene,
decalin ,1I1d fonnamide at mercury­
solution interface has been studied.

Announcements

• Prof. C. N. 1<. Hao-The Faraday
Societv, London, lws awarded the
Marlow Medal and Prize for 1967
to Prof. C. N, H. Hao, Head,
Department of Chemistry, Indian
Institute of Technology, Kanpur,
for his original research contri­
butions in physical chemistry.
Prof. Hao has to his credit over
75 original papers and reviews
in the fields of chemical spectro­
scopy, molecular structures and
solid state chemistry. He is also
the author of two books on spectro­
scopy (Butterworths, London, and
Academic Press, New York), one of
which has been translated into
Hussian and Japanese.

• Raja Ravi Sher Singh of ]{Izalsia
Memorial Canccl' Research A'12'ard­
The Indian Council of Medical
}{es('arch has invited applications
or nominations for the award of the
above prizr of tlie value of 1<s 900
to an Indian national for out­
standing rrsearcli work in the
experimental or clinical aspects of
cancer carried out in 1966 or
outstanding work in the organiza­
tion and conduct of anv service or
service-cum-research 'programme
in tlie cause of cancer prevention
during the yrar 1966. Full details
of the work carried out, reprints of
published papers, and a bio­
graphical sketch of the worker
should be sent to the Director­
General, Indian Council of Medic,1i
Hesearch, P.O. Box 494, !\'ew
Delhi, belon' 31 August 1967.



THE WEALTH OF INDIA
A Dictionary of Indian Raw Materials and

Industrial Products

RAW MATERIALS: VOL. VII (N-Pe)

Provides a comprehensive survey of published information on the distribution,
availability and utilization of raw material resources of India.

Contains 301 entries-294 on plant species, 4 on animals and animal products,
and 3 on minerals.

The major entries included in the volume are:

Nicotiana (Tobacco), Papaver (Opium), Oryza (Rice), Pachyrrhizus (Yam
Bean), Paspalum (Kodo Millet), Pennisetum (Pearl Millet), Narcissus (Jonquil),
Nyctanthes (Night Jasmine), Ocimum (Basil), Pandanus (Kewda), Pelargonium
(Geranium), Olea (Olive), Palaquium (Gutta-percha), Passiflora (Passion Fruit),
Persea (Avocado), Nardostachys (Indian Nard), Nerium (Indian Oleander), Nigella
(Kalajira), Oxalis (Wood-sorrel), Pastinaca (Parsnip), Petroselinum (Parsley).

Oysters, Parasitic Worms, Oldenlondia, Onosma, Paeonia, Peltophorum, Neolistea,
Oroxylum, Ougeinia, etc.

Pages xxviii+330+ix, Demy 4to 9 plates and 140 illustrations

PRICE Rs 30.00, Sh. 60 or $ 9.00 (postage extra)

Can be had from:

Sales & Distribution Section
Publications & Information Directorate) CSIR

Hillside Road, New Delhi 12
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Contact Sole Selling Azents:

DEALERS IN LABORATORY EQUIPMENT
OF EVERY DESCRIPTION

'LAB-CHEM'

Gram: f Esvija<k·

•
BOMBAY II

ANALYTICAL BALANCES &

WEIGHTS

PEERBHOY MANSION

460 SARDAR VALLABHBHAI PATEL ROAD

BOMBAY 4 (BR)

INDIA SCIENTIFIC TRADERS

for

INDUSTRIAL, RESEARCH & COLLEGE

LABORATORIES

Phone: 356336

Manufactured by

LAB-CHEM BALANCE WORKS

• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••·•
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EVOLUTION AND ITS IMPORTANCE TO
SOCIETY

by Sir Gavin de Beer

Just issued

Vol. XVII (1967), No. I

AGRIDUS, INTEGRATION OF AGRICULTURE
AND INDUSTRI ES

by H. Halperin

SOME ASPECTS OF TOWN RECONSTRUCTION
(WARSAW AND SKOPJE)

by A. Ciborowski

THE APPLICATION OF NUCLEAR ENERGY­
TECHNICAL. ECONOMIC AND SOCIAL ASPECTS

by J. Gaussens & R. Bonnet

PLACE DE FONTENOY, PARIS 7e

9 fro
3 fro

lTD.

13/- stg
_4/- stg

$ 2.50
S 0.75

LONGMANS

• ORIGINAL ARTICLES ON SCIENCE
AS A SOCIAL FORCE

• BOOK REVIEWS

• BIBLIOGRAPHIES

IMPACT!

BOMBAY· CALCUTTA· MADRAS

ORI ENT
Send subscriptions to:

Annual Subscription:
Per copy:

Unesco's quarterly magazine for those
whose interest is the understanding
of science and the improvement of
social conditions.

•
•
•
•
•• ••••••••••••••••••••••••••••••••••••••••••••••
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•
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HONEYWELL
1706

VISICORDER

The lowest priced ultra-violet oscillograph ler
simultaneous recording of a number of rapid
changing variables.

This instrument. Ideal for laboratories with
limited budgets. features'

* 4 to 6 recording channels

* DC to 5000 cIs response

* 8 paper speeds: 6 to 800 mmlsec

* Built-in timer: 0.1 and 1 sec

* Drop-in paper loading

~ ...,-~.. '--\.

Other Honeywell oscillographs
available from 12 to 36 channels,
DC to 13,000 cis response, over
50,000'Isec writing speed: The
36-channel 1612 and UV31 are
the most sophisticated instru·
ments in the line. The 1108 is a
highly capable 24-channel model

• The 1508 is a compact 24·
channel instrument that takes

only r of vertical space in a relay
rack and is also suitable for
bench use. The 906 and the
2,500 handle 14 and 12 channels
respectively.
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Honeywell
Sold and serviced in India exclusively by

BLUE 'STAR
'Gel complete det.i/s from BLUE STAR offices 01:

Connaught House, Connaught Circus, New D~lhl 1
Band Box House, Annie Besant Rd., Bombay 18
7 Hare Street I Calcutta 1
23/24 Second Line Beach, Madras'
18 Kaiser Bungalow I Dindli Road, Jamshedpur
14/40 Civill.lnes. Kanpur
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INDUSTRIAL PLANTS & EQUIPMENT
FOR

fertilizers

Production' treatment of gal

Chemicals

Oil. Natural Gas

Cement

Refractory

Paper

Cardboard

Synthetic Fibr.

Cranes' Conveyors

Treatment of drinking. waste water

Communications

MOTWANE
PRIVATE LIMITRD
tt1 M.IIII"'~ Ga"ldlll Road. Post 80' No. IJI2 Bomba,· I
'"0''' 2~233' G""'I' CHIPHQNE' all QIr,en • 8'1r>tIlU tt
.... O.lh~ C.JC"lI'.llK'~O",KlnOUl, M.clrn Ind 8,nQIlor•.
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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

CORNING :RAND

LABORATORY GLASSWARE

manufactured by

BOROSIL GLASS WORKS LTD., BOMBAY

available from ready stock

APPOINTED ACCREDITED STOCKISTS & DISTRIBUTORS

LABORATORY FURNISHERS
DHUN MANSION, 186C VINCENT ROAD, DADAR, BOMBAY 14

Tel: 442761

Branch Office: Kapasia Bazar. Ahmedabad 2
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~

FLEXOTHERM
ELECTRIC HEATING CORD

For rapidly making flexible heating elements in
laboratories. Ease of Installation make this a
must for Research and Development La!>oratories.

FEATURES:

• Gentle and uniform heating to avoid charring or
overheating of material.

• Can heat intricate shap~s in gl>.ss.

• No time is wasted in designing or calculating or
locating sources of supply when a special type of
heating elements is required. Ready charts give
you the lengths and corresponding wattages.

• No skilled electrician necessary for installation.

• Surface temperatures upto 350'C.

TYPICAL APPLICATIONS:
Heating of fractionating columns, gas chromato­
graphy columns, condensers, flasks and vacuum
dessicators.

Contact
SJD Department

TEMPO INDUSTRIAL CORPORATION
Engineering Division of Primco (P) 1.td.
394 Lamington Road, Bombay" BR.
Phone: 358033

Alwoy' In,Ist on ~oborotory equlpments. They ore bocked by Service ofter Soles.
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STABILISED
power supply

Ideal for Colleges, Technical Institutes

and Chemi stry Laboratories

OUTPUT

D.C. 0-300 volts (+) at 150 m/a.
D.C. 0-150 volts (-) at 2 m/a.
A.C. 6.3 volts (floating) at 5 amps

VOLTAGE INDICATION

Rectangular Meter with a changeover
switch to indicate positive or negative

output voltages

Other Products
* BRIDGE OSCILLATORS

* VACUUM TUBE VOLTMETERS

* G.M. COUNTERS

* A.C. VOLTAGE STABILISERS

* CATHODE RAY OSCILLOSCOPES

* CO-AXIAL & RECTANGULAR CONNECTORS

* HERMETICALLY SEALED TRANSFORMERS

* MICROWAVE COMPONENTS

(Under collaboration with N.R.D.C. Process
developed at Central Electronics Engineering

Research Institute, Pilon;)

AR~UNA ELECTRONICS
Private Limited

BASHIR BAGH, HYDERABAD I (A.P.)

Grams: MICROPUlSE • Phone: 381041
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GLASS LINED
REACTION KETTLES

COMPLETE with all ACCESSORIES, VARIOUS
TYPES OF STIRRERS, THERMOWELLS, VALVES,

CONDENSORS (single or double walled)

Made from tested M.S. plate and perfectly
glass lined. Present capaCity from S gallons
to 100 gallons.
DISTILLATION UNITS complete with glass
coated pipes, bends, tees, etc.

These units are jacketed: suitable for steam
heating or cooling by brine.

EVAPORATORS, CONCENTRATORS, CRYS·
TALLISERS, all prepared and glass lined to
your specifications.
COMPLETE FILTRATION UNIT with sintered
glass filter plate fitted in.

PIONEERS, GLASS LINED EQUIPMENT

DR. RAO'S LABORATORY
Patel Compound, Near Nair Hospital

BOMBAY 8
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Paper Chromatography Implements by
VEB GLASWERKE ILMENAU

available from stock

I. Chropa developing implement for ascending and descending methods.
Cat. Nos. 001-1 and 001.1·2

2. Chropa drying implement for qUick drying of chromatographs at
various temperatures. Cat. No. 005

3. Chropa implement for applying substance. Cat. No. 009

4. Special Chropa Sprinkler. Cat. No. 006

PHARMA TRUST
114 Princess Street, Bombay 2

optical instruments
and

allied components
•

Available from Ready Stock

• Balances & Weight Boxes: BOSCH. Calori­
meters: HELLIGE.DUBOSCQ (Visual) • Incuba­
tor & Oven Combined: MEMMERT • Binocular
Research Microscopes: AUGUST-GERMAN
• Mlcrotomes Rotary & Minot: ERMA-JAPAN
• pH Meters: BECKMAN Model H2 & PHOTO­
VOLT Model 85 • Test Sieves: ENDECOTT'S
B.S.S. & A.S.T.M.• Laboratory Glassware:
PYREX, WESTGLASS, CORNING, etc.• Filter

Papers: WHATMAN & GERMAN

Also Sillicaware and Sintered Glassware

AND

'MODERN' Brand Laboratory Instruments such
as Ovens, Incubators, Water Baths, Water StiUs,
Heating Mantles, Furnaces, Temperature Control
Units, Kjeldahl Assemblies, Mlcro-Kjeldahl Diges­
tion Units, Melting Point Apparatus, Stirrers,

Cork Boring Machines, etc.

Please Coutact

MODERN SCIENTIFIC INSTRUMENT Co.
48A!48B SADASHIV CROSS LANE

BOMBAY 4

·GHARPURE & co.
P-l' INDIA EXCHANGE PLACE EXTN.

CALCUTTA I

Gram: MEENAMO • Phone: 22-206\
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REVISED SUBSCRIPTION RATES

from January 1967

Name of Periodical

I. Journal of Scientific & Industrial
Research (Monthly)

2. Indian Journal of Chemistry
(Monthly)

3. Indian Journal of Pure & Applied
Physics (Monthly)

4. Indian Journal of Technology
(Monthly)

5. Indian Journal of Experimental
Biology (Quarterly)

6. Indian Journal of Biochemistry
(Quarterly)

7. Research & Industry (Quarterly)

Annual subscription for a combined set
of six journals from SI Nos. I to 6

Annual Price per
Subscription Single Copy

Rs Rs

30.00 4.00

30.00 4.00

30.00 4.00

30.00 4.00

30.00 12.00

30.00 12.00

12.00 4.00

165.00

Twenty-five per cent rebate is permissible on subscriptions from individuals
who purchase the journals for their own use.

Cheque/D.D. should be made payable to Publications & Information Direc­
torate, Hillside Road, New Delhi 12.

Subscriptions at annual rates for all the periodicals are enlisted for full
volumes only, i.e. for the period from January to December only.

Please send your Subscription Orders to:

Sales & Distribution Section

Publications & Information Directorate, (SIR

Hillside Road, New Delhi 12
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LKB

'i
,J;

'" /0,1

j

LKB 9000 Produces the Right Answer

The answer- provided by the first commercial instrument to integrate a gas chromatograph. a molecule
separator and a mass spectrometer - to analytical problems in chemistry dealing with amino acid. steroids and
the bile acid esters, biological toxins and narcotics. barbiturates, tranquillizers, pesticides. carbohydrate
derivatives and many others.

The answer to the demand for speed. accuracy and flexibility of operation.

The answer to temperature sensitive or unstable samples as well as to samples with low vapour pressure­
the direct inlet system.

The answer to effluent containing unresolved compounds - the accelerating voltage alternator.

The answer in fact to everything a scientist could ask for in performance. convenience and dependable,
trouble-free operation - a new dimension in GC-MS.

If you have some more questions. write for
LKB 9000 Gas Chromatograph-Mass Spectrometer to

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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Designed in the tradition

of functional utility,

the novel

MIRROR
MONOCHROMATOR
"SPM 2"

J

for wavelength ranges

from 0.2 to 40 microns

Six interchangeable prisms and one

grating, supported by large slit widths

and heights as well as by an excellent

imaging quality, guarantee optimum

resolVing power and light-transmitting

capacity. Logarithmically adjustable pre­

cision slits and projection of the wave­

length scales - together with other

considerable improvements - afford the
utmost of operational comfort.

Birthplace and centre
of modern optics

VES Carl Zeiss dENA
GERMAN DEMOCRATIC REPUBLIC

SOLE AGENTS:

GOROHANDAS DESAI PRIVATE LTD.
KERMANI BUILDING, SIR PHIROZSHAH MEHTA ROAD, BOMBAY-l BR

BOMBAY MADRAS CALCUTTA NEW DELHI BARODA
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Bausch & Lomb
Spectronic 600E Spectrophotometer

Today there are enough good double beam UV Visible Speetrophotometcrs to make a
choice difficult until you see the Spectronic 600E.

"'-
With two 1200 grooves/mm. Gratings in series, you can take performance for granted.
Wavelength accuracy and bandpass are 0.5 nm. over the entire range ... stray
light is less than 0.5 per cent.

And when you discover the low price, the choice becomes obvious.

Accessories Available

• V.O.M. RECORDERS • CONSTANT TEMPERATURE CELL

• DT-20 DIGITAL READOUT • MICRO CELLS

• REFLECTANCE ATTACHMENT • FLAME ATTACHMENT

• END-ON PHOTOMULTIPLIERS • U-V REFLECTANCE ATTACHMENT

• FLUORESCENCE ACCESSORY

For full inforillatioll, plcase writc for illustratcd catalogllc to

SOLE AGENTS

MARTIN & HARRIS (PRIVATE) LTD.
SClEKTIFIC DEPARTMENT

SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1 BR

Printed and published by Shri A. Krishnamurthi, Publications & Information Directorate. Council of Scientific &

Industrial Research. New Delhi, at the Catholic Press, Ranchi, India

Regd No. PT-842
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